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OPITAHU3ATOPU KOHO®EPEHINJE

\\ BUCOKA TEXHVYKA LIKOA
CTPYKOBHMX CTYAWJA
y HoBom Caay

Bucoka TexHHuka mKkona cTpykoBHuX cryaja y HoBom Cany ocHoBana je 1959. rogune. Mucuja
[IIkomne je ocTBapHBame LMIJbEBA BICOKOT CTPYKOBHOT 00pa30Bama, CTPYYHOT pajia U UCTPAKUBAKBA Y
IUBY TpaHcdepa 1 MpUMeHe CTeYEeHHX 3Hamba.
[Ikona obpa3yje HHXKemepe Ha 4YeTUpH ojceka, Ha 20 aKpeaUTOBAaHMX Iporpama OCHOBHHMX U
CIHELHUjaTNCTUYKUX CTPYKOBHHX CTYAH]a.
Ha Opnceky 3amture peanusyjy ce CTyAHjCKH IPOTPaMH:

e 3amrtuTa oA roxkapa,

e  bBesbenHoct u 31paBibe Ha pany,

e  3amTuTa XUBOTHE CPEAUHE, U

e  IluBmiHA 3aIITHTA U CTIAcaBamkE y BaHPETHUM CHTyallHjama.
On 2010. 3amruTa o moxapa u MHpopManuona TeXHOJIOTHja Cy aKPEAUTOBAHU CTYIMjCKH NPOTPaMU
y4era Ha JlaJbUHY.
CaBpeMeHHN HayJYHHU, TEXHHYKH W TEXHOJOIIKN HUBO MPOLECA Paja M MOCIOBamka JONPUHOCH CTATHOM
nosehamy ykynHor kBaiuTera pana y [lkomnm.

TECHNICKA UNIVERZITA VO ZVOLENE

OcHoBHa MucHja TexXHUUKOr YHHBEp3UTETa U3 3BOJICHA je MpYyKamke YHUBEP3UTETCKOT 00pa3oBama Ha
aKPeIUTOBAaHUM CTYAWjCKMM IIPOTpaMHMa, Kao M pa3BOj HAyYHO-UCTPAKUBAYKOT Pafa y pPasHHM
obyactiMa uHAycTpHje. TeXHHUYKH yHHBep3uTeT y 3BojeHy umHe detwpu ¢axynrera: llymapckwy,
TexHonomku 3a mpepany apsera, PakynTer 3a exonorujy u Maxkynarer 3a eKOJOLUIKY M HPOM3BOIHY
TexHoNorujy. Ofcek 3a 3aTUTY Of IoXapa je npu TexHoIomkKoM (akynaTery 3a mpepany ApBeTa.

DARY ATET
TEXHHUUKHX HAY K/
Y HOBOM CAQY

daxynreT TeXHMYKHX Hayka YHusepsurera y Hosom Cafy je BHCOKOIIKOJICKA M HAaydHO-HCTPa’KMBAayKa
ycTaHOBa, ocHOBaHa 1960. roxuHe, YHja je MyCHja pealn3alyja BHCOKOKBAUTUTETHIX OOPa30BHHX Ipoleca,
Pa3Boj HAYYHUX AUCIMIUIMHA U TpaHC(hep 3HAMmA y IPUBPEIIH.

Cryauje ce peanm3yjy y UYeTHPH HaydHa MOJba (TEXHUYKO-TEXHOJONIKO, HPHPOIHO MAaTeMaTHUKO,
JPYIITBEHO-XYMaHUCTHYKO M YMETHOCT), Ha 13 penapTMana u 88 cTymujcKkux mporpama, Ha CBUM HHBOMMA
aKaJeMCKUX U CTPYKOBHUX CTYIHja.

JenapTmaH 3a TIpaleBUHApCTBO M TeOfe3Mjy opraHusyje HacrtaBy u3 I'paheBunapcrBa, I'eomesuje u
VpaBibama pU3UKOM 07 KaTacTpodaaHux Aorahaja u noxapa (IUMIOMHPAHU U MACTEp MHKCHEPH 3alITUTE
o1 katactpodanHux aorahaja v noxapa).



ORGANIZERS OF THE CONFERENCE

\ HIGHER EDUCATION TECHNICAL
‘ SCHOOL OF PROFESSIONAL
STUDIES IN NOVI SAD

The Higher Education Technical School of Professional Studies in Novi Sad, Serbia, founded in 1959,
fulfills its mission in higher education, fields of expertise and research in order to apply the acquired
knowledge.
It educates engineers at four Departments in 20 accredited study programme of professional bachelor
and specialist studies.
In the Department of Protection Engineering the following areas are studied:

e  Fire protection,

e  Occupational health and safety,

e  Environmental protection, and

o  Civil protection and emergency rescue.
Since 2010 Fire Protection and IT studies are accredited distance learning programme. The continual
application of modern scientific, technical and technological processes of production and business
increases the quality of activities in the School.

TECHNICKA UNIVERZITA VO ZVOLENE
The main mission of the Technical University from Zvolen is to provide university education in
accredited study programme as well as to develop scientific research in different fields of industry. The
Technical University in Zvolen comprises four faculties: the Faculty of Forestry, the Faculty of Wood
Sciences and Technology, the Faculty of Ecology and Environmental Sciences, and the Faculty of
Environmental and Manufacturing Technology.

The continual application of modern scientific, technical and technological processes of production and
business increases the quality of activities at the University. Department of Fire Protection is at the
Faculty of Wood Sciences and Technology.
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The Faculty of Technical Sciences in Novi Sad is an institution of higher education and scientific
research founded in 1960, whose mission is to realize high quality educational programme, develop
scientific disciplines and apply the acquired knowledge in economy and society.
There are four disciplinary-related science and educational fields implemented by the FTS:

e engineering and technology,

e natural science and applied mathematics and

e human sciences and applied art.
Faculty consists of 13 departments implementing 88 study programme at the undergraduate and
postgraduate levels.
The Department of Civil Engineering and Geodesy offers a comprehensive study programme in the
field of civil engineering, survey (geodesy) and disaster and fire risk management: Disaster
management and Fire Safety B.Sc. Honours and M.Sc. Qualification levels. Disaster Risk Reduction
Centre established in 2007, has the mission to promote and contribute to the culture of resilience by
dissemination of the latest research results of hazard, vulnerability and risk-related indicators.
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HIPEATI'OBOP

Bucoka TexHuyka mkonia cTpykoBHHX cryauja y Hoom Cany TpaaumiuoHaiHo,
OpraHu3yje Hay4HEe W CTpYy4YHE CKYIOBE Ha HAjBHINEM HHUBOY Y 3€MJbH M3 OOJIACTH 3aITUTE
o]l ToXkapa u ekcruroduje. Ca MOHOCOM MCTHYEMO JIMJIEPCKY MO3MIN]Y Y 00pa3oBamy Kaja je
y IHTalky CTPYKa 3alITUTE O] ITOXKapa.

Jasue 1976. romuae y HoBom Cany je ompkano 1. JyrocjioBeHCKO caBeTOBame
3alITUTEe O] moXkapa M ekciuiosuje, Ha IlossonpuBpennom ¢akynrery y Hoom Cany.
OKynmuIlo je HajeMHHEHTHHje CTpy4Ymhake M3 OOJacTH 3allTUTE OJ I0XKapa Taallibe
Jyrocnasuje. Onprkana cy jour gBa caBeToBama, Takohe y HoBom Cany: 1984. ronune Ha
,»CIIEHC-y*, m 1989. ronune y xortemy ,,ITyTHUK®.

On 1994. rommne, kana je opranmzoBaHo 4. JyrocmoseHcko 1. Mehynapoano
CaBeTOBAaKkE 3aIUTHTE O IIOKapa M eKCIUIO3Mja, OBaj CTPYYHHM CKyNm IpepacTta y
MehyHaponau. Ilomoh cy Ham mpyXuim koJjiere W cTpydmany u3 Ykpajune, Ilosbcke n
Mabhapcke. Ox Taga ce caBeTOBame OpraHusyje cBake apyre roaune, a 2006. roaune, Koja je
Onta ¥ roaMHa JyOMITapHOT JIECeTOT CaBEeTOBamba, OHO MPEPAcTa y KOHIPEC CTPYKE.

Kondepennuja ox 2008. romuHe mocraje MelyHapoqHM HAy4YHH CKYI, KOjH C€
opranusyje y capauwu ¢ ®DaxynreroM TexHHYkux Hayka n3 Hosor Cama u TexHMYKUM
YHUBEp3UTETOM U3 3BoJieHa, n3 PenyOnuke CioBauke M OKyIUba CTPYYaKe M3 00jacTH
6e30exHocTH U 3amTuTe N3 CpOrje 1 HHOCTPAHCTBA.

Ca uctuM THMOM opranusyjemo u 4. MehyHapoany Hay4dHy KoHGepeHuujy u 14.
Mehynapoany koH(EpEHIH]y 3allITHTE O IToXKapa M eKCIIo3uja, oe, 2014, roaune, u 10 2.
u 3. oktoOpa y Bucokoj TexHWYKOj MKOIM CTpyKOoBHUX cryauja y Hosom Canmy. Lwp
koH(epeHlMje je pa3sMeHa HajHOBMJUX HAyYHUX Ca3Hamkba M HCKYCTaBa CTpy4Yihaka U3
oOnacTi MHXemepcTBa 0e30€IHOCTH, a OCHOBHA TeMa 3alITHTE O]l MoXKapa ce IOIMymyje
TeMama U3 00JIaCTH WHXKEHhEPCTBa 3allITHTE KUBOTHE CpeAnHe, 0e30eJHOCTH U 31paBJba Ha
pamy ¥ LUBHIIHE 3aIUTHTE.

VY muspy eduKacHUjer ynpaBibamba pU3NYHUM CHUTYyallljaMa, TOTPEOHO je U3BPIIUTH
UIeHTU(HKALU]Y CTarba, OMACHOCTH, W3YYWTH Y3pOKEe PH3MYHUX Aorahaja U H3rpajuTH
CTpaTerHjy clpeuaBarma pa3Boja U MOCICANIa pU3HIHAX Joralaja.

YK/byunBameM HaydYHUX pPaJHUKa W CTpy4maka Koju ce 0aBe HHKEHEPCTBOM
0e30eTHOCTH Y YIIPaBJbabeM MPOLIECHMA Y )KHBOTHO] U PaJJHO] OKOJIMHH, MOTY C€ OYCKHBaTH
MMO3UTHBHU pe3yiTatu. PasMeHa MUIIUBEHA M Ca3HAKa j¢ HEOMXOJ/HA U jeJlaH je O] Kopaka
KOjU TONPHHOCE MO3UTUBHOM IIOMaKy.

OpraHu3ainuoHu 0100P



PREFACE

The Higher Education Technical School of Professional Studies in Novi Sad,
traditionally organizes scientific and professional conferences on the highest level in the
country in the field of fire and explosion protection. We proudly emphasize our leading
position in education when it comes to professions concerning fire protection.

In 1976, 1% Yugoslav conference of fire and explosion is held at the Faculty of
Agriculture in Novi Sad. It gathers the most eminent experts in the field of fire of the former
Yugoslavia. Then, there are two more conferences, also held in Novi Sad in 1984, at
"SPENS", and in 1989 at the "Putnik™ Hotel.

In 1994, when 4™ Yugoslav and 1% International conference of fire and explosion is
organized, this conference grows into an international meeting with the help of our
colleagues and experts from Ukraine, Poland and Hungary. Since then, the conference is
organized biannually, and in 2006, on its 10" anniversary, it grows into the congress of the
profession.

In 2008 the conference is organized as an international scientific meeting prepared
in cooperation with the Faculty of Technical Sciences from Novi Sad and the Technical
University in Zvolen from the Slovak Republic, bringing together experts in the field of
safety and protection from Serbia and abroad.

With the same team, 4™ International scientific conference and 14" International
conference on fire and explosion is organized this year at the Higher Education Technical
School of Professional Studies in Novi Sad on 2" and 3™ October 2014. The aim of the
conference is the exchange of the latest scientific knowledge and experience of experts in the
field of safety engineering, and the main topic of fire protection is complemented by topics
in the field of environmental engineering, occupational health and safety, and civil
protection.

In order to efficiently manage risk situations, it is necessary to identify conditions
and hazards, study the causes of risk events and build a strategy for preventing their
development and consequences.

Positive results can be expected by involving scientists and experts dealing with
safety engineering and process management in the living and working environments. The
exchange of opinions and knowledge is essential and one of the steps contributing to
progress

Organizing committee






International Scientific Conference d

on Safety Engineering Novi Sad, October 2-3, 2014.
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ENERGY EFFICIENCY AND FIRE SAFETY OF HIGH-
RISE BUILDINGS

Abstract: Design of sustainable buildings is nowadays in the focus of interest of the entire professional
and general public worldwide. Energy efficiency and the need for sustainable buildings have
significantly increased the use of different thermal insulation systems, together with increasing their
thickness. External thermal insulation composite systems (ETICS) are just one of the possible solutions
for reducing energy requirements of buildings, while at the same time ensuring satisfactory climate
conditions within the building. The new approach to the design of the building's envelope is to
prescribe the required properties of the facade system depending on the specific use for which it is
intended for. This especially applies to fire safety in high-rise buildings, where there is a risk of fire
spread on the facade. Engineers educated and trained in the field of fire protection should definitely be
part of the teams designing the new and/or retrofit of existing building's in terms of energy efficiency.
This paper presents an example of testing of three different types of ETICS system regarding their fire
performance according to the BS 8414

Key words: high-rise buildings, building envelope, ETICS, fire performance testing

ENERGETSKA UCINKOVITOST I POZARNA
SIGURNOST VISOKIH ZGRADA

Sazetak: Projektiranje odrzivih zgrada je danas u fokusu interesa cjelokupne kako stru¢ne tako i opce
javnosti u svijetu. Energetska ucinkovitost i potreba za odrzivim zgradama uzrokovali su znatnijim
povecanjem uporabe toplinsko-izolacijskih sustava i to kao znacajno povecéanje njihove debljine.
ETICS sustavi na ovojnici zgrade su jedan od dobrih rjeSenja za smanjenje potrebne energije u
zgradama te osiguranje zadovoljavajuée klime unutar zgrade. Novi pristup je projektiranje ovojnice
zgrade na nacdin da se propiSu zahtijevana svojstva sustava ovisno o razli¢itim primjenama. To se
narocito odnosi na sigurnost od pozara u visokim zgradama gdje postoji opasnost prijenosa pozara po
fasadi. InZenjeri educirani u podru¢ju zastite od pozara svakako trebaju biti dio tima u procesu
projektiranja novih i/ili obnove postoje¢ih zgrada u pogledu energetske ucinkovitosti. Ovaj rad
prikazuje primjer ispitivanja tri razlicita tipa ETICS sustava u pogledu njihove otpornosti na pozar
prema BS 8414-1.
Kljuéne rijeéi: visoke zgrade, ovojnica zgrade, ETICS, ispitivanje otpornosti na pozar
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1. INTRODUCTION

The first high-rise buildings were constructed in the United States in the 1880s. They
arose in urban areas where increased land prices and great population densities created a
demand for buildings that rose vertically rather than spread horizontally, thus occupying less
precious land area. According (1) high-rise building, also called high-rise, multi-storey
building tall enough to require the use of a system of mechanical vertical transportation such
as elevators. The skyscraper is a very tall high-rise building. Another definition (2) is that a
high-rise is defined as a structure at least 35 metres or 12 stories tall. There are 134 cities
with 100 or more high-rise buildings in the world. Facades are the first aesthetical feature of
a building which distinguishes one building from another. Development in facades has made
it more functional, providing designers with the flexibility to create high performance
solutions, which are visually exciting, both internally and externally. The building facade
provides the separation between the inside and the outside environments but is also required
to provide acceptable light levels and a visual connection with the outside in the form of
views out of the building (3-5). Nowadays, after big high rise buildings service life
experience it could be said that the facade has to fulfill the basic aspects like protection
against fire and burglary, climatic influence and environmental pollution. Hall (6) in the
report provides an overall statistical perspective on the fire experience in high-rise
buildings, including analysis and discussion of risk in high-rise vs. other properties.
According to (6) in USA from 2007 till 2011, an estimated 15,400 reported high-rise structure
fires per year resulted in associated losses of 46 civilian deaths, 530 civilian injuries, and
$219 million in direct property damage per year. An estimated 3% of all 2007-2011 reported
structure fires were in high-rise buildings. The Arab Gulf countries are home to some of the
most spectacular high-rise towers in the world, but some building experts say that many of
those towers are sheathed in a highly flammable material that puts occupants at risk. Law in
(7) reported that in the UAE has estimated that 70% of the high-rise buildings there have
panel facade cladding made of a combustible thermoplastic core held between two sheets of
aluminium. When the panel ignites, fire spreads rapidly, racing to the top of the building and
sending flaming debris hurtling to the streets below. "Like a Roman candle" is how one
observer described it.

Figure 1 — Tamweel Tower blaze in Dubai (7)

Tamweel Tower's, Fig 1. aluminum cladding filled with PUR insulation burned
downwards in the early hours of Sunday morning, with abundance of burning droplets,
making hundreds of residents homeless.

The Western Balkan countries are now in progress to build high rise buildings which
should at the same time to fulfil the energy efficiently requirements. Also there are a lot of
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public buildings that should be repaired on the way to fulfil the energy efficiency
requirements according EU EPBD Il directive (8). ETICS systems are just one of the
possible solutions for reducing energy requirements of buildings, while at the same time
ensuring satisfactory climate conditions within the building. The facade constructed with
ETICS system reduces the heating and cooling energy needs, and additionally gives the new
look to the existing buildings that have gone through the refurbishment process. However, it
should be noted that the same concept and the design elements that are being used as energy
efficient are often in conflict with the requirements of safety regulations. One such example
relates to the use of combustible materials as a part of ETICS and other facade systems.

The project called “Facade Fire Testing” (FFT) consisting of the team of experts from
Sweden, Slovenia and Croatia together with representatives from Fire Safety Europe worked
on through 2013 and 2014 with the aim to disseminate the need of more knowledge in facade
systems design. Some of the fire resistance testing results will be presented in this paper. The
paper presents an example of testing of three different types of ETICS system regarding their
fire performance according to the BS 8414 standard. The conclusion of the FFT project is
that engineers educated and trained in the field of fire protection should definitely be part of
the teams designing the new and/or retrofit of existing building's in terms of energy
efficiency and more work should be done for better fire facade testing procedures.

2. ROLE OF FACADE IN BUILDING

The facade of a building also called building envelope is an important part of the
building. The fagade remains one of the most important exterior elements for building
functionality. While the facade is an elegant component that helps to define the unique
architectural aesthetics of the building, it also has the critical role related to energy
performance and interior function of a building. The National Institute of Building Sciences
(NIBS) is one of the organizations working to define these needed metrics, baselines,
benchmarks and verification strategies, specifically with respect to the building envelope (9).

As technology continues to improve, different options for improvement become available
for incorporation into building facades. These elements are geared toward improvement of
the building envelope performance. High performance in the building sector is most often
calibrated to energy efficiency, more specifically, energy efficiency during the operations
phase of a building. Human health and productivity are also frequent considerations of
contemporary architecture, and certainly essential to the high-performance building dialogue,
Fig 2. Energy performance, health and productivity are also fundamental elements of
sustainability. In fact, a review of the literature reveals that high performance is often
regarded as synonymous with sustainability. While energy consumption and resulting
emissions are a central issue, comprehensive assessment of building performance yields a far
more complex set of considerations. New buildings today are often erroneously labelled high
performance. Buildings that do legitimately qualify for high-performance standing may not
meet the true measure of sustainability. Energy performance, health and productivity are also
fundamental elements of sustainability. In fact, a review of the literature reveals that high
performance is often regarded as synonymous with sustainability. While energy consumption
and resulting emissions are a central issue, comprehensive assessment of building
performance yields a far more complex set of considerations. New buildings today are often
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erroneously labeled high performance. Buildings that do legitimately qualify for high-
performance standing may not meet the true measure of sustainability. A more concise
definition is required to bring clarity to these various ambiguities.

occupant health

and comfort

JOuM.

cupia®

Figure 2 — Attributes for Determining Performance of the Building Facade (9)

Consequently, a high-performance green building is a high-performance building that
outperforms similar buildings in the following areas:

o Item 1: resource efficiency, including energy and water

e Item 2: indoor environmental quality, including thermal comfort, lighting and
acoustics “that affect occupant health and productivity”

¢ |tem 3: environmental impacts to air and water, waste generation

o Item 4: use of bio based, recycled and nontoxic materials

e Item 5: reuse and recycling

e Item 6: systems integration

e Item 7: reduced environmental impacts resulting from transportation

e Item 8: consideration of human and environmental health impacts.

Fire safety is not the predominant consideration, as Bill Duncan mentioned during his

presentation at International seminar on fagade fire safety in Civil Engineering Faculty,
University of Zagreb (10).

New facade materials and processing techniques are continually being developed in the
search for better facade performance, making the design and procurement of the building
envelope a highly technical and complex process — yet one that is still immensely creative.
With sustainability now a key regulatory requirement, facade engineers carefully analyse the
environmental ‘behaviour’ of different facade designs using advanced techniques such as
thermal modelling, wind analysis, acoustic design, solar and glare studies. As engineers

4



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

develop new and leading facade design, it is important to develop an understanding of how
various components of the facade and the facade orientation can also influence fire
performance.

3. SOME EXAMPLES OF FIRE ON FACADES

There are both national and international reports of several fires involving the facades of
buildings, with the result that there has been a lively debate on the use of flammable
insulation in exterior walls. This raises the question of what our regulations have to say, and
whether they can be interpreted in different ways. However, one thing that could be said for
certain is that this is an area in which more research is required, and that international
cooperation is essential if the design and construction of robust fire resistant facades is to be
ensured.

Figure 3 — Fire in a freshly constructed Figure 4 — Mermoz Tower,
apartment building in Moscow [11] Roubaix, France, May, 2012.[12]

Fire happened in 2009 in a freshly constructed apartment building in Moscow, Fig. 3 but
luckily wasn’t still habitable. The question that arouse was: what are they making the
building’s facade from for it to burn like a torch? One person died and ten others were
injured in a fire that spread rapidly upwards from a second floor flat to the top of an 18
storey tower block in Roubaix, France, apparently via its flammable outer cladding,
penetrating other apartments, Fig. 4.

Front facades on two of the seven buildings damaged in the Front Street Fire in
Georgetown, SC, USA, on Sep 25, 2013, Fig.5. The fire started in one building, and then
went up into the shared attic and spread building-to-building. Ten buildings in total were
affected and one building is complete gone after the front fagade collapsed Fig. 6.

Figure 5 — Fire in the Front Street Fire Figure 6 — Collapsed building after fire (13)
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The New York Fire Department reported that the concentrated reflections from the shiny
stainless steel are so hot that they caused fires on the roofs of several nearby buildings over
the course of the last few weeks, including the Verizon Tower (shown below), Pace
University and New York Downtown Hospital. Fortunately, no one was injured during any
of the incidents.

Figure 7a) Figure 7b)
Figure 7 — Gehry’s Insanely Shiny Fagade [14]

4. ETICS SYSTEM

Buildings are responsible for the approximately 40% of the primary energy consumption
in EU (15) and USA, Fig. 8. (16). Building energy performance needs to be significantly
improved in order to reduce overall energy demand and, importantly, reduce carbon dioxide
emissions in line with the cost-effective potential and Europe’s GHG emissions objectives.
The question for policymakers is how to proceed. Energy efficient buildings (new
constructions or renovated existing buildings) can be defined as buildings that are designed
to provide a significant reduction of the energy need for heating and cooling, independently
of the energy and of the equipments that will be chosen to heat or cool the building. The
huge potential of energy efficiency in buildings has been recognised. Progress can begin
immediately because knowledge and technology exist today to slash the energy buildings
use, while at the same time improving levels of comfort. By using well-proven energy
efficiency measures, 70 to 90 % of a building’s energy need for heating or cooling can be
cut. A strategy for improved energy efficiency of existing buildings is a necessity if the
energy consumption is to be reduced significantly over a limited period of time. The life time
of buildings ranges from 50 to 100 years and improvement of the existing building stock will
thus have much higher impact than the tightening of requirements for new buildings.

That fagade present a challenge in terms of energy efficiency and fire protection is well
known. But there are some problems particularly nowadays with growing demands for the
use of flammable materials not only on the surface of fagades but also within the structure of
exterior walls.
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Figure 8 — Buildings Share of U.S. Primary Figure 9 — Example of ETICS [18]
Energy Consumption (2006) (16)

Flammable insulation, such as EPS, can be used to provide a simple and cost effective
solution that meets the energy targets. However, at the same time, the applicable
requirements for fire protection must be fulfilled, making it important to handle the material
in the light of its potential fire risks.

The fire protection target under building law for the outer wall of the building must be to
prevent a spread of the fire across more than 2 storeys above the one where the fire started
before the fire brigades start the fire-fighting. Endangerment of the emergency services
through falling burning droplets of the facade or large parts of the outer wall which fall down
must be prevented, said Kotthoff (17). ETICS is the solution and can be used to improve the
energy efficiency of both new and existing buildings, Fig. 9.

ETICS significantly reduces thermal transmission through outer walls and therefore helps
to reduce the heating and cooling costs by 50% or more. They also greatly improve living
comfort — both in hot and cold climates. Moreover, thanks to warm and dry interior surfaces
of walls, ETICS also improve hygienic standards in the interior of the building and help
prevent the formation of mildew.

The extensive use of combustible insulation materials in ETICS without proper fire
protections and barriers were believed to contribute to the uncontrollable fire spread in the
high-rise buildings. Characteristics of the spread of fire at the facade of the building are
explained in the paper at this conference (19).

5. FFT PROJECT

With the increasing use of combustible material in facade to reach energy performance of
buildings fire safety of facade is a growing issue. Although many believe that facades have
no or little impact on the spread of fire in buildings, a large scale test carried out in May
2014 by the team of experts from Sweden (SP Technical Research Institute of Sweden),
Slovenia (ZAG - Slovenian National Building and Civil Engineering Institute) and Croatia
(University of Zagreb, Faculty of Civil Engineering, Laboratory for Thermal Measurements -
LTM) and representatives from Fire Safety Europe and HUZOP (Croatian Association for
Fire Protection). Through the testing of three different types of ETICS system regarding their
fire resistance according to the BS 8414 standard has revealed that facade fires can in fact
spread very rapidly depending on the type of materials used. British Standards BS 8414
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simulates the development of a fire in the two-story building, which starts in a room and
spreads out of the window onto facade. Three specimens were constructed (Fig. 10), where
three different types of thermal insulation systems (Table 1) were erected on the brick wall.

Figure 10 — Erecting the specimens (left), finished specimens (right)

The same rendering was used for all three samples, i.e. organic rendering (acrylic render)
was used. Insulation thickness used was 15 cm for all three samples, while on the insulation
layer, reinforcing mesh together with render base coat and render finishing coat were
applied. The quantity of rendering on MW and EPS insulation was controlled and was
applied in the same quantity for all three specimens. All details were executed according to
the manufacturers’ specifications. Around the window opening, flange was insulated with the
insulation thickness of 5 cm, while all the corners and edges were executed with the
aluminium corner elements or metal edge strips, respectively. Specimen S2 had MW
insulation above the window (barrier at the Lintel of openings), as shown on Fig. 11.

Table 1 Description of the test specimens

Specimen s1 s2 s3
label
ETICS with
. combustible insulation ETICS with non-

Specimen combE;:kchli ;,r\:lstlt]lation (EPS) + organic render combustible
description (EPS) + organic render With fire barrlgrs msulatl(_)n (MW) +

around the openings organic render

(German standard)

z20p

=200

1< Betonsturz. .\

Sturzdammung

Figure 11 — Barrier at the lintel of opening — specimen S2
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Measurements of the temperature change was performed according to BS 8414 on all
three specimens, by using Type K thermocouples (Chromel — Alumel) mineral insulated, 1.5
mm nominal diameter with insulated junctions. While additional temperature measurements
were performed by using plate thermometers, together with 1 mm and 3 mm thermo couples,
respectively. Load cells were installed under the wood cribs of all three specimens in order to
monitor the change of the mass of the cribs, i.e. the change in the energy of the cribs.
Additionally, the specimens were monitored and the temperature was measured by using the
infrared thermography, Fig. 12.

Figure 12 — Thermograms of the specimens: 9 minutes after the fire start (left), 15 minutes after

the start of fire (right)

The test (Fig. 13) showed how the ETICS with EPS as insulating material, a type of
cheaper combustible thermal insulation nowadays extensively used, can behave
devastatingly in a fire. However the ETICS using only noncombustible, insulation had
minimal fire damage only to the finish layer, and even more importantly the fire did not
spread onto the neighboring floors, Fig. 14.

Figure 13 Specimens during testing Figure 14 Specimens after the test

This is a particularly important factor in buildings where, in case of fire, the safe and
quick evacuation of large number of people is paramount. This need to be taken into account
both in new constructions and energy renovation projects, especially for public buildings
such as shopping malls, schools, hospitals or care homes.

However, Lars Bostrom from the Swedish Institute SP after the end of the test, who has
besides a set of measurements according to this standard, conducted many additional ones,
said that 'existing standardized full scale fire tests do not cover all essential parameters for
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the development of a fire. These additional measurements will give valuable information to
supplement and update existing fire tests standards'.

6. CONCLUSION

The conclusion of the FFT project is that engineers educated and trained in the field of
fire protection should definitely be part of the teams designing the new and/or retrofit of
existing building's in terms of energy efficiency and more work should be done for better fire
facade testing procedures. Bill Duncan from Fire Safe Europe (FSEU), explained that this
test highlights a paramount problem: whilst fires are the same all over the world, while fire
protection regulations differ substantially. Our goal is to work with policy makers and
regulators to ensure that fire safety rules are drastically improved across the entire EU. This
includes ensuring that harmonized EU-wide rules are put in place to make sure that
construction products and practices consistently meet appropriate, higher and more
rigorously enforced fire safety standards. Tomislav Skusi¢, expert from LTM, express the
whole project team hopes that this test will contribute to further improvements in the
regulations relating fire protection products and will provoke our citizens and legislators in
Croatia to think about the importance of fire safety.
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FIRE RESISTANCE OF DIFFERENT TYPES OF SIMPLY
SUPPORTED FLOOR STRUCTURES

Abstract: This paper presents the numerically achieved results for the fire resistance of several types of
floor structures which are mostly used in our buildings, as: solid RC slabs and semi-prefabricated
reinforced concrete slabs system FERT and STIRODOM (with infill of extruded polystyrene -XPS).
Using the software SAFIR and FIRE, the effect of the intensity of the permanent and variable actions
and the effect of the thermal isolation on the fire resistance of simply supported slabs were analyzed.
The fire resistance was defined with respect to the criteria of usability of the structures in fire
conditions, according to Eurocodes and the standards in force.
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1. INTRODUCTION

Floor structures, as horizontal elements, have a very important role in providing bearing
capacity, usability and stability of the building as a whole. Their proper selection and design,
when they are exposed to different types of loads (mainly: permanent and variable), should
provide stable and safe structure during the exploitation period.

In case of fire floor structures do not have only load bearing function. In most cases they
are used as elements for separating the fire compartment. Where compartmentation is
required, the elements forming the boundaries of the fire compartment, including joints, shall
be designed and constructed in such a way that they maintain their separating function during
the relevant fire exposure [1]. This shall ensure, where relevant, that integrity failure does not
occur, insulation failure does not occur, thermal radiation from the unexposed side is limited.

The criterion Integrity (E) expresses the ability of the separating element of the building
construction, when exposed to fire on one side, to prevent the passage through it of flames
and hot gases and to prevent the occurrence of flames on the unexposed side. The criterion
Insulation (I) expresses the ability of the separating element of the building construction
when exposed to fire on one side, to restrict the temperature rise of the unexposed face below
specified levels and the criterion Load bearing function (R) expresses the ability of the
structure or the member to sustain specified actions during the relevant fire, according to
defined criteria. Criterion “I” may be assumed to be satisfied where the average temperature
rise over the whole of the non-exposed surface is limited to 140 K, and the maximum
temperature rise at any point of that surface does not exceed 180 K [1].

Does the floor structure meet the required fire resistance criteria mainly depends on:
mechanical and thermal characteristics of the materials used for the construction; initial
loading level; support conditions; dimensions of the cross section; steel ratio; concrete cover
thickness and fire scenario.

The fire resistance of the most frequently used floor structures in the multi story
residential buildings and in the individual housing construction is analyzed in this paper.
Mainly, the massive simply supported or continuous reinforced concrete slabs with different
thickness are used for the multi story residential buildings. For the individual housing
construction semi-prefabricated reinforced concrete slabs system FERT and STIRODOM
(with infill of extruded polystyrene-XPS) are usually used [2]. These types of slabs have load
bearing capacity only in one direction and from that reason only simply supported slabs are
analysed in this paper.

A durable structure shall meet the requirements of serviceability, strength and stability
throughout its design working life, without significant loss of utility or excessive unforeseen
maintenance. In fire conditions, as a result of a large number of real fire tests and
corresponding numerical analyzes, it was found out that the moment of failure of the floor
structure is always followed by significant deformation (deflection). If the structure is close
to the limit state, after the cooling phase the residual deflections are so great that it cannot be
used without significant rehabilitation. For these reasons, during the fire action, the
deformation (deflection) of the slab is limited to prescribed value. According to the ISO
standard, this limit value is L/30 (L is the span of the slab) [3].
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The actual deformations may differ from the estimated values, particularly if the values
of applied moments are close to the cracking moment. The differences will depend on the
dispersion of the material properties, on the environmental conditions, on the load history, on
the restraints at the supports, etc.

For design of floor structures with defined fire resistance, the proper thermal
characteristics of the applied materials should be taken into account. Comparing with the
traditional one, the new contemporary materials are lightweight and have better thermal and
acoustic properties, but it doesn’t mean that in case of fire the higher fire resistance should be
achieved. Some of these materials (Styrodur, Styrofoam, etc) are thermally unstable when
exposed to high temperatures. From that reason and based on corresponding numerical and
experimental analysis, the general recommendations on how to use these materials and the
need for the fire protection of the floor structurs should be provided.

This paper presents the numerically achieved results for the fire resistance of three types
of floor structures that are mostly used in our buildings: solid RC slabs and semi-
prefabricated reinforced concrete slabs, system FERT and STIRODOM. For comparison, all
three types of slabs were analysed as simply supported slabs and were exposed to ISO
standard fire from the bottom side, as most critical fire scenario. The RC slabs and the slabs
system STIRODOM were constructed with and without thermal insolation at the bottom side
od the slabs and the positive effect of the thermal insulation was confirmed. Based on the
numerically achieved results, certain conclusions that can be useful for metching the
prescribed fire resistance of these types of floor structures were obtained.

2. FIRE RESISTANCE OF SIMPLY SUPPORTED FLOOR STRUCTURES

The computer programs SAFIR (University of Liege, Belgium) and FIRE (Cvetkovska,
Ss. Cyril and Methodius University in Skopje, Macedonia), based on Finite Element Method,
were used for the fire resistence analysis of the simply supported floor structures treated in
this paper. Both programs are capable of conducting the nonlinear and transient heat flow
analysis and nonlinear stress-strain response associated with fire.

The program FIRE [4] consists of two modulus. The modulus FIRE-T solves the
governing differential equation of heat transfer in conduction by taking into account the fire
boundary conditions modeled in terms of both convective and radiating heat transfer
mechanisms. The response of a reinforced concrete elements and plane frame structures
exposed to fire is predicted by modulus FIRE-S. This modulus accounts for: dimensional
changes caused by temperature differences, changes in mechanical properties of materials
with changes in temperature, degradation of sections by cracking and/or crushing and
acceleration of shrinkage and creep with an increase of temperature.

The cross sections and the dimensions of the three different types of simply supported
floor structures were defined according to the current standards (rulebook BAB) and the
technical characteristics of the producers (Figure 1). The following parameters,
characteristics and conditions were assumed:

e The slabs were exposed to 1ISO 834 Standard fire only from the bottom side,
o A separate stripes with dimensions: b =1 m, L = 6m (typical section) were analysed,
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e The temperature dependent physical and mechanical properties of the siliceous
aggregate concrete (compressive strength f.=30Mpa) and the reinforcement (yield
strength f,=400Mpa) were assumed according to EC2, part 1-2,

e Phusical properties of other materials at ambient temperature were taken according to
the values provided by the producers and are given in Table 1.

] ;Tm AR o A A

| a) 4 b) -

DA A ML Sh
c) d)

Figure 1 — Different types of floor structures: a) RC slab; b) slab system FERT; c) slab system
STIRODOM with plasterboard as thermal insulation; d) slab system STIRODOM

Table 1 — Thermal properties of insulation materials

Properties/material brick | Plaster- | EPS |Concrete |Reinforce-
board ment
density kg/m®| 1500 | 1000 30 2400 7800
thermal conductivity |W/mK| 0.80 0.21 | 0.035 2.0 54
specific heat JlkgK| 920 1090 1450 960 440
Surface emissivity 0.93 0.85 0.90 0.92 0.69

As first case study the criterion Load bearing function (R) was analysed. For all types of
floor structures the design loads (permanent and variable) at ambient temperatures were
assumed to be the loads that cause vertical deformation equal to L/250 [1]. These loads were
considerably lower than the ultimate loads.

For the selected types of floor structures the fire resistance in time domain is presented in
Figure 2. The design loads that at ambient temperatures cause vertical deformation equal to
L/250 are taken as 100%. All other loads are given as a percentage of these limited design
loads (84%, 67% and 50%). Differences in the fire resistance of the certain types of floor
structures are not significant except for the slab system STYRODOM with ceiling of
plasterboard. This type of floor structure is more resistant to the effects of temperature and
the fire resistance is much higher than for the other types of floor structures. The same
structure, but without plasterboard at the bottom (ceiling) side (only thin plaster layer), has
the lowest fire resistance. The reason for that is the melting of the infill of extruded
polystyrene-XPS caused by temperatures over T=300°C. At temperatures T=450-500°C the
infill is completely burned and the temperatures in the cross section of the slab are much
higher than in other three cases. Consequently, the deflection rapidly increases much more
over the limited value L/30.
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Time dependant bending deformations (deflections) of the analysed floor structures are
presented in Figure 3. As a result of the excellent insulation properties of the plasterboard
lining, the slab system STYRODOM with plasterboard at the bottom side has the highest fire
resistance and smallest vertical deflection. During the heating period t = 60 min, as a result
of the initial stiffnes, the STYRODOM slab without plasterboard has small initial deflection,
but after this time period, as a result of melting of the infill, the bending deformation
(deflection) rapidly increases and after t=70 min reaches the limited value L/30. When fire
exposure is less then 40 min the RC slab has higher stiffnes and lower diflection then the slab
system FERT. The thermal conductivity of concrete is twice higher than of the brick,
respectively the temperatures in the cross section of the RC slab are higher then of the slab
system FERT, respectively the stiffness of the RC slab decreases faster and after t=90 min
both structures simultaneously reach the limited deflection L/30 (Figure 3).

450 | t( min)

2~ RCslab

—— FERT
STYRODOM with
insulation

Figure 2 — Fire resistance of different types of simply supported floor structures, as function of the
applied loads expressed as percentage of the design loads that cause deflections L/250
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Figure 3 — Time dependent vertical deflections of different types of simply supported floor structures
exposed to fire from the bottom side

As a second case study the Insulation criterion (I) was analysed. For fulfillment of this
criterion the average temperature rise over the whole of the non-exposed surface was limited
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to 140°C, that means the temperature was limited to 160°C (the ambient temperature before
action of fire was 20°C) and the maximum temperature at any point of that surface was
limited to 200 °C. The numerically achieved results for the temperatures in characteristic
points of the cross sections of the slabs are presented on Figures 4, 5, 6 and 7. The average
temperature of 160°C at the non-exposed surface of the RC slab (Figure 4) was reached after
t=250 min.

Time - Temperature Plot
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Figure 4 — Temperatures in characteristic points of the cross section of RC slab

In case of slab system FERT the temperatures of points 3 and 4 at the upper part of the
slab were different. Point 3 is over the concrete rib and point 4 is over the infill of brick.
Crucial role for the lower temperature in point 4 has the trapped air in the brick cavities
because it is an excellent insulator. The maximum temperature of 200°C was reached after
t=300 min (point 3 at Figure 5) and average temperature of 160°C (point 4) was reached after
t=200 min.
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Figure 5 — Temperatures in characteristic points of the cross section of slab system FERT
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In case of slab system STYRODOM without plasterboard at the bottom side the
temperatures in the cross section were highest (Figure 6). The reason for that was the melting
of the infill of extruded polystyrene-XPS caused by temperatures over T=300°C. The speed
of melting was 4-6,4 mm/sec. At temperatures T=450-500°C the infill was completely
burned. The maximum temperature of 200°C was reached after t=40 min (point 2 at Figure
6) and the average temperature of 160°C was reached after t=35 min. At point 3 the
temperature was lower than at point 2 because of the thickness of the concrete rib. In case
when thermal insulation of 1.5cm plasterboard was applied at the bpottom side of the slab,
the moment of melting was posponed and temperatures of the cross sectin were less then in
case without plasterboard (Figure 7). The maximum temperature of 200°C was reached after
t=70 min (point 2) and the average temperature of 160°C was reached after t=50 min.
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Figure 6 — Temperatures in characteristic points of the cross section of slab system STYRODOM
without plasterboard at the bottom side

Time - Temperature Plot

0 3000 6000 2000 12000 15000 18000 21000
Time [sec]

Figure 7 — Temperatures in characteristic points of the cross section of slab system STYRODOM with
plasterboard as thermal insulation at the bottom side

The analysis presented in this paper show that from all three types of floor structures the
RC slabs have the best performance at ambient temperature, as well as in case of fire.
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Concerning the Insulation criterion (I) for RC slabs no further improvements are needed, but
in most cases the Load bearing function (criterion R) is not sufficient. Therefore further
investigations were done and the influence of the concrete cover thickness and of the thermal
insulation on fire resistance of the limply supported RC slabs was analysed. The following
values were used: span L=5.0m, hight of the slab h=16cm, reinforcement $12/12.5cm,
yilding strength f,=400Mpa, siliceous aggregate concrete with compressive strength
f.=30Mpa, permanent load g=4.4KN/m?, variable load p=2KN/m?. The concrete cover
thickness was varied: a=2cm, 2.5cm and 3cm without changing the hight of the slab (the
lever arm was changed and consequently the initial stresses and initial difflections were
different). For the case of concrete cover thickness a=2.0cm a plasterboard with thickness
d=1,25cm was added as thermal insulation from the bottom side and the fire resistance of the
slab was compared. The results for all four cases are presented in Figure 8. For the same
thickness of the slab and the same permanent and variable actions, the initial deflections
increase with increase of the concrete cover thickness. In case of fire it is opposite. For a=2.0
cm the plastic hinge at the mid span of the slab is formed after 1.55 hours (93 min) of fire
action, while the limited deflection of L/30 is reached after 46 min. In case of a=2.5cm the
plastic hinge is formed after 1.9 hours (114 min) and the limited deflection is reached after
53 min. In case of a=3.0cm the plastic hinge is formed after 2.25 hours (135 min) and the
limited deflection is reached after 60 min. If plasterboard of 1.25cm thickness is used at the
bottom of the slab, the fire resistance is significantly increased and the limited deflection is
reached after 3.46 hours(210 min).
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Figure 8 — Deflection at the mid span of a simply supported RC beam exposed to fire from the bottom
side, as function of the concrete cover thicknes “a”
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3. CONCLUSION

The analysis presented in this paper show that from all three types of floor structures the
RC slabs have the best performance at ambient temperature, as well as in case of fire. The
performance of the slab system FERT when exposed to fire is satisfactory too, but we should
not neglect its lower stiffness and greater deflections at ambient temperatures. The fire
resistance of the contemporary floor structures (STYRODOM, ITONG, etc.) depends on the
thermal insulation of the slab. The infill of extruded polystyrene-XPS is sensitive on
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temperatures over 300°C, therefore we should no avoid these structures, but it is necessary to
provide protective measures. Findings in this paper underline the positive effect of using a
thicker concrete cover thickness or thermal insulation on increasing the fire resistance of
simply supported RC slabs.
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INFLUENCE OF HIGH FIRE TEMPERATURES ON
FIBRE REINFORCED CONCRETE

Abstract: This paper presents the results obtained by testing of concrete with the addition of
polypropylene fibers (1 and 2 kg/m®) in order to evaluate the suitability for use in the secondary tunnel
lining. The main focus has been given to the testing of the elements of the secondary tunnel linings
under fire conditions. Testing specimens were exposed to rising temperature in accordance with RWS
(Rijkswaterstaat) curve, which presents the most rigorous conditions of fire loading for tunnel
constructions. The study confirmed that the addition of polypropylene fibers in concrete mixtures
reduces the risk of explosive spalling and occurrence of cracks in concrete elements and provides cost-
effective fire protection for tunnel linings
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UTJECAJ VISOKIH POZARNIH TEMPERATURA NA
MIKROARMIRANI BETON

Abstract: U radu su prikazani rezultati dobiveni ispitivanjem betonskih mjeSavina s dodatkom
polipropilenskih vlakana (1 i 2 kg/m®) u usporedbi sa rezultatima dobivenim na referentnoj mjesavini
bez dodatka vlakana, a s ciljem ocjene prikladnosti spomenutih betona za uporabu za sekundarnu
tunelsku oblogu. Glavni osvrt je dan na ispitivanje armiranobetonskih elemenata sekundarne tunelske
obloge u uvjetima pozara. Uzorci su izlozeni porastu temperature koji prati RWS krivulju, a koja
predstavlja najstrozije uvjete optere¢enja pozarom za tunelske konstrukcije. Ispitivanjem je potvrdeno
da dodatak polipropilenskih vlakana u betonsku mjeSavinu smanjuje pojavu pukotina i eksplozivnog
pucanja u armirano-betonskim elementima sekundarne tunelske obloge te predstavlja ekonomski
prihvatljivo rjeSenje za poboljSavanje svojstava betona u uvjetima pozarnog opterecenja.

Kljuéne rijeéi: polipropilenska vlakna, mikroarmirani beton, tunelska obloga, eksplozivno pucanje
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1. INTRODUCTION

It is well-known that normal strength concrete (up to C50/60) have good resistance in the
case of fire exposure, because it is inorganic and non-combustible material. However, under
the impact of fire, different physical, chemical and mechanical processes in concrete can
cause degradation of the mechanical properties and explosive spalling of protective layer of
the reinforcement [1].

Due to the complexity of the phenomenon there is no generally accepted physical model
for the occurrence of an explosive spalling, but in the available literature there are two main
processes (shown in Figure 1), that are responsible for it. On the one hand, it is believed that
the explosive spalling is the consequence of high pore pressure in the microstructure of
concrete as a result of evaporation of water, which in turn causes a tensile stresses. When
tensile stresses in concrete material reach the value of its tensile strength, an explosive
spalling occur (Figure 1-1). On the other hand, the limited thermal deformations creates
biaxial compressive stresses parallel to the exposed surface of the concrete, which causes a
tensile stresses in a direction perpendicular to the exposed surface of the concrete element
(Figure 1-2) [2,3].

In both cases, the main property of concrete is its tensile strength. In addition to the
tensile strength, the following factors can influence the occurrence and intensity of explosive
spalling: the moisture content of concrete, its pore structure and permeability properties,
heating rate, maximum temperature reached etc. Occurrence of explosive spalling usually
occurs in the first 7 - 30 minutes from the start of exposure to high temperatures [3].
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Figure 1 — lllustration of explosive spalling influenced by 1) thermo-moisture processes; 2) thermo-
mechanical processes [3]
Tunnel structures are particularly exposed to explosive spalling of concrete cover (Figure
2), because temperature caused by fire develops much faster (up 250°C/minute) than in other
types of constructions (20-30°C/minute in buildings). Furthermore, the initial moisture
content of concrete (about 75%) is higher in tunells than in buildings (about 55%).
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According to PIARC document (Chapter VII. 4.3), explosive spalling can occur in the tunnel
lining after reaching a temperature of 200°C [4].

Figure 2 -Damages of secondary tunnel linings caused by explosive spalling of concrete [5,6]

The research in this area have shown that the risk of occurrence of an concrete explosive
spalling can be reduced or even completely eliminated by the addition of polypropylene (PP)
fibers in the concrete mixtures. Polypropylene fibers melt at temperature of approx. 160°C
and evaporate at temperature of approx. 340°C, creating tiny chanells in the concrete
material that allow pore pressure to be released [7,8].

This article presents the results of tests of reinforced concrete element for secondary
tunnel lining, which confirm the positive effect of polypropylene fibers in the concrete mix at
the resistance to explosive spalling. It also presents the results of tests of mechanical
properties (compressive and tensile strength bending) mixture at room temperature in order
to show how the initial mechanical properties have an effect on resistance to high
temperatures.

2. EXPERIMENTAL SET-UP
2.1.Mix compositions

The experimental study, presented in this paper were carried out on specimens made of 3
different normal - strength concrete mixtures (denoted with OPC, PP1 and PP2) whose
mixture proportions are given in Table 1.

Table 1 Mixture proportions, per 1 m?

M1 - OPC M2 - PP1 M3 - PP2
Cement 360 360 360
Limestone aggregates [0 — 4 (50%) and 8 — 16 m](50%)] [2364,9 2364,9 2364,9
\Water 165,6 165,6 165,6
Admixture (0,5 % per cement weight) 1,8 1,8 1,8
PP fibres - 1 2

Proposed concrete mixtures consisted of cement type CEM II/B — S 42,5 N, crushed
limestone aggregate with the maximum particle size of 16 mm, and the superplasticizer as an
admixture. In mixtures denoted with PP1 and PP2, polypropylene fibres (I = 6 mm, g = 16
pm) were added at dosage of 1 kg/m® and 2 kg/m® respectively.
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2.2.Mechanical properties of concrete at room temperature

Testing of mechanical properties at room temperature included compressive and bending
strength that were carried out in accordance with current Croatian standards [9,10], as well as
testing of flexural toughness in accordance with ASTM 1018 [11].

2.3.Fire testing

Fire tests were carried out in accordance with RWS (Rijkswaterstaat) curve, the highest
testing requirements for tunnels with heating rate in the range of 100-200°C/min. The curve
rapidly reaches 1200°C and peaks 1350°C (the melting temperature of concrete) after 60
minutes of fire exposure and then decreases gradually to 1200°C at 120 min [12].

Special testing device was constructed for these fire tests (Figure 3). Four specimens with
dimensions 60x50x30 cm were prepared for testing (thickness corresponds to the design
thickness of the secondary tunnel lining). Two specimens were made of concrete with
polypropylene fibers (PP1 and PP2) while two control sample were made of plain concrete
(OPC). All four specimens had 40 mm cover placed over steel reinforcement mesh at
exposed side of elements. Testing was simultaneously performed on the two elements made
of different mixtures divided with rock wool stripes from each other (Figure 3). Fire test
were performed using one-side fire exposure where area of heated surface was cca 0,45 m®.

Unstressed specimens were placed on the top of the furnace and directly heated from the
bottom side. The thermocouples for monitoring the temperature profile through the
specimens were embedded prior to concrete casting at three depths (40, 100 and 150 mm)
from exposed surface (Figure 4), while one thermocouple was provided for monitoring
temperature inside the furnace.

Figure 3 Testing device Figure 4 Placement of thermocouples before
concrete casting

After 120 minutes of fire exposure, hot specimens were cooled down with water
simulating “thermal shock” conditions. These conditions especially influence the concrete
with the limestone aggregate which expand when free lime combined with moisture form
expansive Ca(OH), and further increase the rate of spalling [1].
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3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1.Results of mechanical testing before fire exposure

The compressive and bending strength of concrete is not influenced by the addition of PP

fibres which is showed by the results presented in Table 2.
Table 2 Results of compressive and bending strength of tested concretes

Mixtures 28 — day 28 — day bending strength
compressive [MPa]
strength [MPa]

OPC 40,5 6,1

PP1 and PP2 38,0 7.5

The same results were obtained on concrete specimens from mixtures PP1 and PP2 as it
can be seen in Table 2.

Results of obtained flexural toughness for specimens with and without PP fibres are
presented in Figure 4. It can be seen that the occurrence of the first crack was followed by
the brittle fracture of the tested element made of concrete without PP fibres, while on the
specimen with PP fibres bearing capacity is observed after the occurrence of first crack.

16 7 Force, kN
149 — OPC
—— PP1and PP2
12 — — 1mm
10
8-
6 -
44
2
\ :
10 deflection, mm

Figure 5 Diagram of obtained flexural toughness for specimens without and with PP fibres

3.2.Results of fire testing

In the following tables (Table 3 and Table 4), observations noted during fire testing are
presented.

25



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

Table 3 Observations on specimens OPC during fire tests

Time [min] Observation
0 Start of the fire test
3 Crisping noises indicating spalling
5 The first cracks were visible
7 The great amount of reinforcement was released at the exposed surface
8 The reinforcement hung free
13 Spalling abated
15 Incandescent reinforcement
20 The end of spalling
45 Avreas of steam condensation were decreased
50 Melting of reinforcement
120 Heating stopped - end of testing

Table 4 Observations on specimen PP1 and PP2 during fire tests

Time [min] Observation
0 Start of the fire tests
3 First cracks occurred (4 — 5 cm)
10 Steam outflow through cracks
45 Avreas of steam condensation were decreased
120 Heating stopped - end of testing

These observations pointed out that first cracks occurred after just 3 minutes of fire
exposure.

Figure 6 presents developed temperatures through specimens recorded during fire testing.
Since the two OPC specimens were made of the same concrete mixture and were exposed to
the same heating conditions, they showed the same behaviour; here results are presented just
for one specimen.

As it can be seen from the figure, at the same distances from the exposed surface,
developed temperatures in the concrete specimens OPC were much higher compared to
temperatures in the both samples with PP fibres. On the other hand, when compare
specimens made of concrete with different dosage of polypropylene fibres, at depth of 40
mm (lower reinforcement level), higher temperatures were obtained in specimen with 2
kg/m® of PP fibres. It was totally unexpected and should be confirmed by further testing. In
depth of 100 mm and 150 mm, similar temperatures were obtained.
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Specimens OPC (plain concrete) Specimen PP1 (1 kg/m® of PP fibres)
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Figure 6 Temperature distribution in testing furnace and through tested specimens a) OPC, b) PP1 and
c)PP2

After cooling down with the extinguishing water, the specimens were visually inspected

(Figure 7). It can be seen that only small spalling and some crumbling varying from 1 to 2

cm in depth have occurred on surface of specimens made with PP fibres (PP1 and PP2),

while the average thickness of 11 cm of concrete was destroyed and spalled on specimens
OPC.

Figure 7a) Figure 7b) Figure 7c)
Figure 7 Fire exposed surface of specimen a) OPC, b) PP1 and c) PP2
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4. CONCLUSIONS

The positive influence of fibres on fire resistance was confirmed by study described in
this paper. After fire testing in accordance with RWS curve, only small amount of spalling
and some crumbling varying from 1 to 2 cm in depth have occurred on specimens made with
1 and 2 kg/m® of PP fibres, while the average thickness of 11 cm of concrete was destroyed
and spalled on specimens made of plain concrete.

This leads to a conclusion that an addition of polypropylene fibres in concrete mixture at
the dosage of just 1 kg/m® is an effective measure to prevent risk of spalling and
consequently to protect the reinforcing steel from high temperatures.

Since the mechanical testing were carried out on concrete unexposed to fire, in order to
evaluate the complete suitability of proposed concrete mixture in secondary tunnel lining,
further physical and mechanical testing of post-fire concrete properties should be required.
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Pammako KOCTUR! Opuzunannu Hayuuu pao

OTHHOPHOCT HA AEJCTBO ITOKAPA ITPET'PAJJHOI'
"IIVIACTBAY" 3UJIA Y PEAJIHUM YCJIOBUMA
NCIIMTUBAIBA

Pe3zume: Y pany ce H3JI0KEHH PE3yITaTH UCIMTHBAaKka OTIOPHOCTH Ha JCjCTBO MOXapa, MperpagHor
3uma, ypaheHOT Mo TexHoNoruju cuctema ' Ilnact6ay'. Mcnutupame je crpoBeieHo Ha TPOCHPaTHOM
mozeny (IT+2), yKyIHe MOXHE MOBPLIMHE jeXHOr crparta of 62,54 m? (CTemeHwmIITe, MPeacobibe,
XOJHHUK U TPU co0e), ca HCTOBjeTHUM PaclopesioM IpocTopHja 1o cruparosuma. [Toxap je uzsezneH Ha |
CTpaTy cpelE-e MpocToprje, moxHe moBpuiHe 13,79 m? o6pasyjyhir HeTe TOMIOTHE ycIoBe y ABHje
cycjenHe cobe, XOMHUKY I (acamn oGjekta. 3a MaceHo moxkapHo omrepeherse ox 50 kg/m?® omabpane cy
IIPBEHE jeJIOBe Ipeune, ca Mame of 12 % Brare.

Kibyune pujeun: "Ilnactday", moxap, OTIIOPHOCT Ha JCjCTBO MOXKapa, MPETPATHHU 3K, TEMIIEPATYypa.

THE FIRE RESISTANCE OF "PLASTBAU" PARTI-WALL
TESTED UNDER REALISTIC CONDITIONS

Abstract: The Paper presents the results of fire-resistance tests performed on parti-wall which was
built by using "Plastbau™ technology. The testing was conducted on a three-story model (GF + 2), of
62,54 m* total floor area for each story (staircase, foyer, hallway and three bedrooms), and the same
story layouts. The fire was set on the first story in the middle room of 13,79 m? floor area, forming the
same thermal conditions in two adjoining rooms, hallway and facade. Fir beams, with less than 12%
moisture were selected for 50 kg/m? fire load.

Key words: "Plastbau”, fire, fire-resistance, temperature.

! TIpod. np 30I1-a, Pakysrer 3a nocaoBHM MeHauMeHT y Bapy "LARS FIRE" 1.0.0. Kapahoplesa 5,

oxaropuma, Lpra I'opa, kosticr@t-com.me
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1. YBOJ

Texnonoruja cuctema "Tlinacrbay” mpejicraB/ba jeaH O] HajCABPEMEHHJUX CHCTEMa 3a
U3rpajly apMHUPaHO-OSTOHCKHX KOHCTPYKIMja, IPOJEKTOBAHUX IO CBUM IpaBHIAMa
rpaljeBUHCKE CTaTHKE, 3ypaljeﬂmx 0]l eleMeHara EKCIaHJIUPAHOT MOJUCTHpEHa (EHC-a)l,
rycrune 20 mo 25 kg/m®, ca momaTkom perappanTa (yCIOpHBava caropujBarmba), YNMe My Ce
06e36jelyje camoracusoct’ [2]. Enements oBor cucrema ce He yrpahyjy y Hocehe
KOHCTPYKIIHje, Beh ce KOopHCTe y cacTaBy BUCOKOTEXHOJIOIIKHX OIIaTa 3a HaIWBamke OeTOHA
U apMUpaHOr OeTOHa, HEemocpeqHo Ha rpamunuity [2]. YV ¢dabpuuu cy mopaljeHn Ha HHBO
KOMIUICTHUX KOHCTPYKTUBHHX KOMIIOHEHTH NpehaOpHKOBaHHX IaHela, a HAKOH H3JIMBaba
HOocehnx KOHCTpyKIMja Ha TPAJWIUINTy ce 00OCTpaHO MPEKPHBAjy CIOjeM IPOIYKHOT
MalTepa, y [Ba cjoja, NMpPeKo NOLUMHYaHE Mpexe, Y (QYHKIUjH 3aIUTHTE OJl MEXaHWYKHX
omrehema u moxapa™. Excrpymupamem ', je Moryhe, 3aBucHO o1 HaMmjere, iponsBect ETIC
elleMeHTe pasanunte KoHpurypanuje u aumensuja (7,0 no 8,0 m, na u Bume), yobuyajene
umpuse 10 2,4 m, u nedspune mo 0,3 m.

Y npakcu ce uzpal)yjy u xopucre paznunanti Tunosu EIIC enemenara:

o 3unau EIIC exementn (0601HU U IpErpaiHm) U
o EIIC emementu 3a mogne, MelycrpatHe 1 KpOBHE KOHCTPYKITH]E.

3a enemente ox EIIC-a, kapakTepuctudne cy cipenehe ocobune:

® JYTrOTpajHOCT, COO3MPOM J1a eKCHaHANPaHH MoicTHpeH 3anpemuHcke Mace 20 no 30
kg/m® mocjemyje 3amoBosbaBajyhy uBpcTohy M JMMEH3HOHANTHY CTaGHIHOCT (He
yIuja BJary M TPajHO MOCjeAyje W3BaHpeAHA TEPMHYKa M 3BYYHa H30JALHOHA
CBOjCTBA) U

e Maya TeXXHHA, IITO OJIAKIIaBa TPAHCIIOPT U oMoryhaBa jeIHOCTABHH]Y YTPadmby.

CucreM nMa CBe IMPEIHOCTH CaBPEMEHOT KOHIenTa rpaame 3rpaga ca EINC enementnma,
a To ce orneajy y:

MTOTITYHOj ETTMMHHAIU]H OTIIaTa 3a OETOHHpambe,

BHCOKOj MEXaHMYKOj OTHOPHOCTH,

BHCOKO] OTIIOPHOCT Ha JCJCTBO IOXKapa,

MOTITYHO] ENMUMHHAIM]U TEPMUUKUX MOCTOBA,

SJIMMHMHALMJK pU3UKa O] 3HayajHUX omrehema Manrepa M 3HI0Ba-3aBjeca, NpU
I€jCTBY 3eMJBOTpECa (apMUPAHH Cy U CIIOJEHH Ca [JIABHOM KOHCTPYKLIHjOM) H

'Ako ce EIIC NPOU3BOAM IO JUIEHIN peHoMmupane Hbhemauke ¢upme BACD, xomeprpioHaIHO ce
Ha3uBa CTHPOIIOP, a MIPBH je MyT MPECTaBJbeH CBjeTCKOj jaBHOCTH Ha cajMy y Jecynmopdy 1952. rox,
caMo JIBHje TOIMHE HAKOH NaTeHTupama [1].

TepmuH "camoracuBu” He Tpeba HICHTUPHUKOBATH ca ojMoM "Hecaropusu'. Camoracusoct EIIC-a je
EErOBO CBOJCTBO (IIOJATKOM XaJOT€HO-OPTAaHCKHUX jEAHI-CHA) a ¢€ Y KOHTAKTy Ca CIIOJballbHM
H3BOPOM TOIUIOTE (IIAMEHOM) YIajd M IOYHE J]a CaropHjeBa, ajli HEeIOCPEAHO HAKOH YKIAmamba
CIIOJhALIET U3BOPA TOIIOTE, CaM 0J1 ce0e ce racH.

3Moryh je Takohe u APYTH B 3aIITHTE: KEPAMHUKE [UIOUUIIE, IUTIE, OEKE MM THICAHO-KAPTOHCKE
Ioye.

*KOHTHHYHMPAHH HAYHH IPOU3BOIEE.
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e Hoceha KOHCTpyKIHMja HUje npedadpuKoBaHA CYBHM MOCTYNKOM Beh je MOHOJHMTHO
0OeTOHCKa KOHCTPYKIHja KOja je H3IMBEHA Ha TPaIFUTHIITY.

2. EKCIIEPUMEHTAJIHO HCIIUTUBAIBE

Mako KOHCTPYKTHBHO pjelIerme MojeNia Y MOTIYHOCTH OAroBapa ommrenpuxBaheHoj
TexHoioruju cucrema '"Ilmacrbay”, HEONXOAHO je JdaTW HeKa OO0jallmbema HEroBUX
KapaKTePUCTUIHNX 0cOOMHA, Koja Mory OuTH ox Beher yTumaja Ha pe3ynraTe CIpOBEACHUX
ucrnuTuBama [3]:

e Hocehy ckeneTHy KOHCTPYKLH]Y E€KCHEPHUMEHTAIHOT MoJiefla YWHE CIOJballbU U
VHYTpaIllllbl  apMHUPAHOHO-OCTOHCKH © OCTOHCKH CTyOOBH, ypahleHH myTeMm
apMHupama U HakHaJHOT OeTOHMpama BEPTUKAIHUX IIynJbMHA camoracuBux EIIC
NaHena CII0JbAllbUX H YHYTPAIIBbHX 3U10Ba.

e EIIC nmanenu 3uj0Ba U MeljycripaTHUX KOHCTPYKIIHja, 000CTPaHO Cy Ca CIOJballlEbUX
CTpaHa TOPKETHpameM 3alITHIeHH  CJI0jeM IPOIYKHOT MaiTepa Ol KpPEYHO-
IIEMEHTHO-ITJCIIYaHOT pacTBopa, ncopuHe 30 mm. Manrep je HaHHjET MPEKO
npocjedyeHe MONMHKOBaHE METaJHe Mpexe, ne0jpiHe 1 mm, ca oTBOpoM  mperpaza
ox 10 x 10 mm. Mpexa je nmpuuBpiihieHa MeTaTHOM XuIioM nedspune 1 mo 1,5 mm,
3a aHKepe Kkoju mpocujenajy macy EIIC-a, ¢pukcupanu jeqHuIM KpajeM y OETOHCKHM
WIN apMUPaHOOETOHCKOM CTyOOBMMa 3WJa WiIM y MeljycrpaTHOj KOHCTPYKIH]Y
(bUKCHpaHH Y apMUPaHOOCTOHCKY Macy u3Meljy manena, ca kopakom oa 300 mm.

e EKCIIEepUMEHTaIHO WCIUTHBAba OTIIOPHOCT Ha JAEJCTBO IOXapa, W3BPLICHO je Ha
rpal)eBUHCKO apMHPaHOOETOHCKOM MOJENy, CIPAaTHOCTH [I+2°, ca OCHOBOM
IpUKa3aHoj Ha ciaukuy 1, nrpahenor no texnonoruju cucrema "Ilnacrday”, ca:

O  WCTOBJETHHM Pacrope oM MPOCTOPH]ja 10 CIpaToBUMa (CTEIICHHUIIITE, TIPEACOOIbe,
XOJIHUK M TPU co0e) YKYITHO MOJHE MOBPIIKHE jeJHOT cripara o 62,54 m? u

O 1O jeaHUM yrpal)eHUM THIICKUM APBEHUM Ip0o30poM aumeH3uja 178 X 120 cm y
CBaKoj cOOM Ka0 M Ha CTajaMIITAMa CTCICHHUINTA, 3aCTaKJbCHUM TEpMOIIaH
CTaKJIOM.

o Iloxap je u3BeneH Ha | cipary cpenme mpoctopuje, (coda 6p. 5, moaHe MOBpLIMHE
oxm 13,79 m?), koja je mobwia HasuB coba 'KapuinTa mokapa', IpH YeMy je Ha
MOBPILIMHY 110/1a HAHECEH 3allITUTHH CJI0j 0/ IIeMEHTHOT pacTBopa aedspune 30 no 35
MM, IITO CKyIla ca apMUPAHOOETOHCKOM II0YOM 4YuHM ne0spuHy ox 60 mo 65 mm.
EIIC y 3umoBuMa u MeljycipaTHOj KOHCTPYKIIHja ca CTpaHe JejcTBa BaTpe 3amTuheH
j€ cltojeM mpoayKHOT MajiTepa aedspruHe 35 MM, mpeko JBHje MONUHYAHE MPEXKE.

e Payu 3amture EIIC-a ox nejcTBa Batpe, y mpocTopuju “kapumira noxapa”, namelhy
HPO30PCKOT W BpaTHOr OKBHpa (pama) yrpaljeHu Cy yJIOIINM OJf BaTPOOTHOPHOT
MaTepujaia Ha 0a3u Jakor Kepamo3uT-0eToHa nedspuae 60 mm.

1 .
Hanoureme mManTepa MAIIHHCKUM ITYTEM, IOJ] J€jCTBOM KOMIIPHMOBAHOT Ba3ayxa Ha MPHIPEMIbCHY
MOJJIOTY.

VmpaBo oBakaB pacropes npocropuja ode3djel)yje MmoryhHoct pactpocTuparma miiaMeHa 1 TaCOBUTHX
[POJIyKa-Ta CaropujeBarmba Kako 10 BEPTUKAIN TAKO M 110 XOPU30HTAJIM CBUX CIPATOBA.
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e Maceno noxapro omrepeheme ox 50 kg/m?, pacriopelieHo je Ha IjenoKyIHO]

TOJIHOj MTOBPIIMHK cobe "KapuIuTa Toxkapa”, a caunmbaBaie cy ra npeeHe (jenose)
rpeaune aumensuja 50 X 50 x 800 mm, umnja BiaxkHoCT HUje npenasuiaa 12 %. Ha
TOpP:0j MOBPIIMHK MelycripaTHe KOHCTPYKIHje, n3Has cobe "kapuinra moxapa” (Ha
noay cobe Op. 5, Ha ll-om cmpaty), Ha mIeCT APBEHHX MajeTa PaBHOMJEPHO je
pacriopeljero MexaHnuKo moxkapHo ornrtepehere (GeToncku Giokou) o 250 kg/m?.
VYia3Ha BpaTa MCHHMTHOT MOJeNla, ¥ BpaTa Koja MMOBe3yjy CTENEHHIIHH IPOoCcTopa M
npencobipe y NpU3eMiby U Ha CBUM CIIPATOBHMA, Y TOKY UCIIUTHBAaKka CYy OTBOPEHA,
JIOK Cy Bpara Ha CBUM IpocTopujama npusemiba u |l cnpara 3atBopena. Bpara Ha
cBuM mpocropujama | cmpara, ykipydyjyhn m coOy "kapuimra moxkapa”, cy cy
OTBOpEHa . 3a CTENEeH KHXOBE OTBOPEHOCTH ycBOjeHa je BpujenHoct ox 1/3. Ceu
IpPO30pH, Ha MOJECTYy CTEHEHHWIIHOI IIpOCTOpa, M y CBHM IpOCTOpHjaMa Ha
CIIPaTOBMMA CY 3aCTBOPEHH.

17
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Cnuxa 1. Cxemamcku npuxas ocHose ekcnepumenmannoz mooena (1171 x 691cm):

1 - cmenenuwnu npocmop 14,54 m? 4 - cycjeona coba " scapuwima nodcapa™ 9,11 m?

2 - npedcobe 5,52 m? 5 - coba "scapuma novcap” 13,79 m?

3 - x00nux 8,60 m? 6 - cycjeona coba “acapuwma nosicapa™ 10,98 m?

Pamu nobujama npenmsHuje cimke o noHamamwy EIIC-a m OeroHckuXx cryboBa y
IperpajgHuM 3UI0BUMA Y TOKY HOXKapa, TeMIeparype cy npalieHe Ha KOHTaKTHO] MOBPIIUHH
manrepa u ETIC-a, u EIIC-a u 6eToHcKor cTy0a, Kako ca CTpaHe U3JI0XKEHE JICjCTBY I0XkKapa,
TaKo W Ca He U3JIoXkeHe crpane 3uma (cycjemne cobe 6p. 4 u 6).

! OBakaB pacriopes 0TBOpeHOCTH BpaTa Mozena ypaljeH je ca mbeM 06esbjeljiBarma mTo Beher 1oToka
KHCCOHMKA, ca CTPYjOM CBEXKEr Bazjayxa y coOu 'kapuiita moxapa',
caropmjeBamba IPUCYTHOT MaceHOT MoXapHOT ontepehema.
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Temmeparypa y omaOpaHnM MjepHHM Tadkama IIPETpagHUX 3W0Ba, MPaTHIA CE XPOM-
ATYMUHH]YMCKUM TEpMOEJIEMEMTHMA, U TO:

Ca HeusnoxeHne crpaHe mokapa (y cycjeanoj codbu 6p. 4), Mo BepTHUKAIHO] CHMEpaIn
Ipecjeka OujaroHaja MperpajHor 3uaa, Y IOMPEeYHOM IpecjeKy 3uaa Ha 68 cm wmcmox
NOBpIIMHE MeljycrpaTHe KOHCTPYKIH]jE, TEPMOEIEMEHTH Opoj:

e 7 Ha NOBPIIUHY 34,

e 8 na 3 cM ucmox ManTepa (Ha KOHTAKTHO]j moBpurHE Majirepa u ETIC-a) u

e 9Ha9cm ucnox manrepa (Ha KoHTakTHO] oBpiHU EIIC-a n 6eToHCKOT cTy0a), ca
mubeM mpahema TpoMjeHe TeMmmepaType IO TOMPEYHOM TIpecjeKy HEH3JIOXKEeHE
CTpaHe T0Kapy, 3UIHOT [TaHeNa cycjeaHe cole KapHITa noxapa.

e Ca m3noxeHe crpane moxapa (y cobu "xapuinTa moxxapa" op. 5), 10 BepTUKAIHO]
CHUMeTpaJli Mpecjeka AujaroHana mperpajaHor 3ujaa, y MONPEeYHOM MPECjeKy 3uaa Ha
68 cm ucmox moBpIIMHE MeljycrpaTHe KOHCTPYKIIH]jE, TEPMOEIEMEHTH Opoj:

o 21 Ha MOBpIIMHY 3UAA,

o 22 wua 3 cmucnoxa Mantepa (Ha KOHTaKTHOj OBpInMHU Mantepa u EIIC-a) n

o 23 ma 9 cm wucnox mantepa (Ha kKoHTakTHOj moBpuuHH EIIC-a ¥ OeToHCKOT
cryba), ca 1ubeM mpahema MpPOMjeHe TeMIIepaType Ha MOBPIIMHH, Ka0 M IO
TIOTIPEYHOM TIpEcjeKy 3HU/1a, ca CTpaHe JIejcTBa BaTpe.

1200
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345
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Cnuka 2. Cxema npecjexa 3u0Hoe namena ca nosuyujama mepmoeiemerama usmelyy cooa 4 u 5
1 — 3qwmumnu cnoj marmepa 3 — 3uonu nanen EIIC-a

2 — NOYUHKOBAHA Mpeca 4 — bemoncku cmy6

e Ca HemsImOXKeHe cTpaHe TmoXkapa (y cycjeaHoj cobu Op. 6), MO0 BEpPTUKAIHO]
CUMeTpalii TIpecjeka MujaroHaia MperpagHor 3uja y MOMPEYHOM MPECjeKy 3uaa Ha
68 cm ncrox moBpmIMHE Mel)ycpaTHe KOHCTPYKIHjE, TEPMOEIEMEHTH Opoj:

O 28 Ha Ha NOBPIIUHY 313,

o 29 ma 3 cm ucrox ManTepa (Ha KOHTaKTHOj moBpimuHU ManTepa u ETIC-a) u

o 30 ma 9 cm wucnox mantepa (Ha koHTakTHOj moBpukHH EIIC-a ¥ OeToHCKOT
cryba), ca mmibeM mpahiema TpoMjeHe TeMmIeparype M0 MOMPEYHOM IPECjeKy
HEM3JI0XKEHe CTpaHe MoXKapy, 3UAHOT MaHeNa cycjeJHe coOe JKapuIlTa Moxapa.

e Ca m3noxeHe crpane moxapa (y cobm "xkapumra moxkapa" Op. 5), M0 BepPTHUKAIHO]
CHUMETpaJIU TIpecjeKka AujaroHaia MperpajHor 3ujaa, y MONPEeYHOM IIPecjeKy 3Huja Ha
68 cm ucmon nospiuHe MeljycrpaTHe KOHCTPYKIIH]je, TEPMOEIEMEHTH Opoj:

o 24 Ha NOBpILINHY 3H]A,
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o 25mnHa 3 cmM ucnon Mantepa (Ha KOHTaKTHOj HOBpInHU Mantepa u EI1C-a) u

o 26 ma 9 cm wucnox mantepa (Ha kouTakTHO] moBpumuu EIIC-a u GeTOHCKOT
cryba), ca mwbeM mpahema MpoMjeHe TeMIepaType Ha MOBPIIMHH, Kao M TI0
MOTIPEYHOM IPECjeKy 3uJa, ca CTPaHe JICjCTBA BaTpe.

a0

170
355

a5

Cnuxa 3. Cxema npecjexa 3ud0Hoe namneia ca nouyujama mepmoenemenama uzmely cova 5 u 6
1 — 3awmumnu cnoj manmepa 3 — suonu nanen EIIC-a

2 — noyuHKo8aHa mMpesica 4 — 6emoncku cmyd

3. PE3VYJITATU UCIIUTUBABA

Y Toky Tpajamba ucnuTHBaka on 150 MuH., TO pe3ynTatdMa  TepMoeleMeHara
eMIepaTypHa 3aBHCHOCT y (DYHKIHjH BpeMeHa IpHKa3zaHa je y Tabemm 1, a Tpaduuku
UIycTpoBaHa Ha ciukama 4, 5, 6 u 7 [4].

Tabena 1. Temnepamypua 3asucnocm y QyHKyuju 6pemena y moky ucnumuearsa

P.6p. Bpujeme, [min]
TE

0 |5 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 90 | 120 | 150
TE21 | 16 | 260 | 280 | 340 | 340 | 495 | 374 | 410 | 430 | 463 | 420 | 417 | 440 | 400 | 350 | 260
TE22 | 18 | 18 | 18 30| 50 | 72 | 120 | 108 | 110 | 113 | 116 | 116 | 120 | 170 | 247 | 282
TE23 | 15 | 15 | 15 15| 17 | 40 | 60 | 58 | 53 | 59 | 63 | 80 | 86 | 86 | 86 | 85
TE24 | 16 | 258 | 279 | 326 | 343 | 530 | 445 | 394 | 410 | 435 | 459 | 459 | 440 | 400 | 370 | 258
TE25 | 18 | 18 | 18 | 18 | 60 | 106 | 165 | 100 | 102 | 102 | 102 | 106 | 110 | 160 | 270 | 242
TE26 | 15 (15 | 15 | 15| 15 | 15 | 15 | 15 | 58 | 80 | 90 | 97 | 96 | 96 | 96 | 96
TE7 | 16 | 16 | 16 18| 24 | 47 | 70 | 76 | 82 | 101 | 103 | 107 | 110 | 110 | 102 | 94
TES | 18 | 18 | 18 | 18 | 18 | 19 | 20 | 24 | 36 | 52 | 52 | 54 | 54 | 56 | 52 | 44
TE9 15 |15 | 15 15| 15 | 15 | 15 | 15 | 15 | 15 | 18 | 30 | 47 | 25 | 50 | 47
TE28 | 16 | 16 | 16 | 19| 28 | 48 | 70 | 83 | 88 | 102 | 110 | 108 | 106 | 104 | 108 | 93
TE29 | 18 | 18 | 18 18| 19 | 21 | 24 | 28 | 36 | 46 | 54 | 54 | 54 | 56 | 36 | 36
TE30 | 15 | 15 | 15 15| 15 | 15 15 | 15 | 15 | 15 | 17 | 31 | 40 | 38 | 46 | 48

e Tepmoenement Opoj 21, y 6-oM min. perucrposao temueparypy o 300 °C, na 6u o
6-or mo 10-or min. ona omama g0 280 °C. Ox 6-or g0 24-or min. TemmepaTypa
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nocreneno pacre 10 496 °C, a 'y 31-om min. onazna go 370 °C. Hanawe, pacre 10
44-or min. go 480 °C, u 10 Kpaja MCTIMTHBAmA JIaraHo onana 10 260 °C.

e Tepmoenement Opoj 22, MpBy NPOMjEeHY TeMIlepaType perucTpoBao je y 12-oM min.,
on 18 °C, ma 6u mo 30-or min. oHa KOHTHHYMpaHo pacia g0 120 °C. o 80-or min.
Temmeparypa ce nosehasa 1o 138 °C u 10 Kpaja UCTIMTUBAKLA JIATAHO pacTe 10 282
°C.

e TepmoenemeHT Opoj 23, MpBY MPOMjEHY TeMIIepaType perucTpoBao je y 17-om min.,
on 17 °C, na 6u mo 30-or min. ona mopaciaa g0 60 °C. Ox 30-or mo 60-or min.
TeMmmeparypa KOHTUHyHpano pacte 10 85 °C, 10 Kpaja UCIUTHBAKA 3a/pKaBa Ce
HAa TOM HHBOY.
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Cnunxa 4. Temnepamype usmjepene y npeepadnom 3uoy (usmehy cobe op. 5 u 4) ca cmpane dejcmea
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Cnunka 5. Temnepamype usmjepene y npeepaotom 3udy (usmely cobe op. 5 u 6) ca cmpane dejcmea
noscapa
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e Tepmoenement 6poj 24, y 6-oM min. perucTposao Temmeparypy oa 294 °C, na 6u on
6-or 10 10-or min. ona onana g0 279 °C. Ox 10-or g0 26-0or min. Temneparypa pacre
10 534 °C, u 110 Kpaja MCIIUTHBaKa JaraHo onazna 1o 261°C.

o TepmoenemeHT Opoj 25, MpBY MPOMjeHY TeMIIlepaType perucTpoBao je y 16-om min.
ox 18 °C, ma 6u 1o 28-or min. ona nopacia x0 280 °C. Hagasbe, Temneparypa onana
10 33-er min. ua 98 °C, a Ha 25-oM min. pacre 1o 100 °C. Ha ToMm HuBOY y3 Maie
ocHuianyje 3aapkasa ce J0 88-or min., ¥ J0 Kpaja UCHHUTHUBAA JIATAHO PACTE JI0
242°C.

e TepmoenemeHT Opoj 26, MpBY MPOMjeHY TeMIlepaType pPEerucTpoBao je y 37-oM min.
ox 16 °C. lo 60-or min. Temneparypa KOHTUHY|paHo pacte 10 99 °C, na 6u ce Taj
TEpeH/I HACTABHO 10 Kpaja UCIIUTUBAbA.
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Cnunka 6. Temnepamype usmjepene y npeepaouom 3udy (usmely cobe op. 5 u 4) ca Heusnooicerne
cmpane nodcapa

e TepmoenemeHT Opoj 7, je perucTpoBao MpBY MpOMjeHy Temreparype y 11-oMm min.,
on 17 °C, ma 6u ox 1l-or mo 80-or min. ona mopacma go 117 °C. Op rtana
KOHTHHHPAHO OMajia, 10 Kpaja NCIUTHBamka Kajia n3Hocn 94 °C.

o TepmoeneMeHT Opoj 8, je perucTpoBao MPBY IMPOMjEHY TeMIeparype y 25-oM min.,
on 19 °C, ma 6u ox 25-or 50-or min. ona nopacna mo 52 °C. Ha tom HuBOY ce
saapkasa 10 80-or min., a y 90-om min. onazna no 25 °C. Taj TpeHx HacTaBba 10
Kpaja UCIUTUBarba, Kaaa u3Hocu 44 °C.

e TepmoenemeHT Opoj 9, je perucTpoBao MpBY MPOMjeHy TemIieparype y 46-oM min.,
on 16 °C, na 6u ox 46-or mo 60-or min. ona nopacna g0 47 °C. Ha Tom HuBOY ce
saapkasa 10 80-or min., a y 90-om min. omnaxa Ha 25 °C. J[o Kpaja McnMTHBama
narano pacte 10 47 °C.

e TepmoenemeHT 6poj 28, je TPBY MPOMjeHY TeMIIepaType perucTpoBao y 12-om min.,
on 17 °C. On 12-or mo 50-or min. Temneparypa pacte mo 110 °C, na 6u y3 Guare
ocuuanuje ocrana Ha Tom HuBoy 10 135 °C. Jlo kpaja ucnuruBama onana no 93 °C.
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e TepmoenemeHT Opoj 29, je mpBY MPOMjeHy TeMmIepaType perucrposao y 18-om min.,
0119 °C. Ogn 18-or no 47-or min. temneparypa pacre 10 46 °C, 1 Ha TOM HUBOY ce
sagpxkasa 10 105-or min. Jlo 115-or min. omana mo 36 °C, u 10 Kpaja ucnuTuBama
oCTaje Ha TOM HHUBOY.

e Tepmoenement 6poj 30, je mpBY MPOMjeHy TeMIepaType perucrposao y 48-om min.,
ox 17 °C. On 48-or no 72-om min. temneparypa pacre a0 50 °C, a 3aTum omanga y
98-om min. mo 30 °C. Hagmame, pacte go 125-or min. ma 49 °C, u Ha TOM HMBOY
3aJIp)KaBa ce 0 Kpaja HCIIUTHBambA.
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Cnunka 7. Temnepamype usmjepene y npecpaonom 3udy (usmehy cobe op. 5 u 6) ca Heusnoicene
cmpane nodxcapa

4. JUCKYCHJA PE3YJITATA

VY 3aTBOpEHOM MpPOCTOPY HENOCPEAHO HAKOH MO4YETKa IoKapa, JOoK je joum y ¢azu
pa3Boja, OH UMa KapaKTePHUCTUKE MOXKapa Ha OTBOPEHOM mpoctopy. To cTame mpecTaje na
BaXW KaJia CTCIICH 'PAaHUYHUX YCJIOBa NMOYUILEC a YTHYUC HAa HETOB JaJbU pa3Boj.

Y ¢a3u pasBoja J0da3w 10 CTAJIHOT IMIMPCHA JKApUIITA, a Kao pe3yiTraT (U3UYKO-
XEMHUJCKUX TIpoleca JOJNa3H JO €MHTOBama CBjeTJIOCTH, 00pa3oBama MpojayKara
caropujeBamba W ocinobahama TOmIOTE KOja MMa 3a IOCJBEAWI]y MOPACT IIPOCTOPHE
Temieparype. IIpeHoc ToOmIoTe Koja ce 0cIo00IM CaropHjeBameM MaceHOT IOXKAPHOT
onrepehicha Ha FaCOBUTY OKOJIHY CPEMHY OCTBapyje ce MyTeM KOHBEKLHje U 3paycrmha, a
Ha eJeMeHTe rpal)eBHHCKE KOHCTPYKIH]E M ITyTeM KOHIYKIH]e.

Y cBUM KOHTPOJHHMM Taukama "cobe skapuinra" moxapa y 6-oM MUH. JOIILIO je 10 HATJIOr
3acToja Temreparype, a 1o 9-or min. oHa je KoHcTaHTHO onagaina. OBako crame 0bjarnmaBa
ce YMIbCHUIIOM Jia je y aTMocdepu cobe ™kapuinTa moxapa” Ha padyH yuemiha y OypHO]
€r30TEePMHO] PEeaKIHju CaropujeBama MAaceHOT IMOoXKapHOT onrTepehema JOIIIO 0 CMamkeHe
KOHILIEHTpallfje KUCEOHHWKa y Ba3lyXy, a Kao IOCJbeIHUIa TAaKBOI CTama J0Ja3H 0
ycropaBama Mpolieca caropujeBama U Omnajiama MPOCTOPHE TeMIIeparype.
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Bpujeme o 18 min. o modeTka eKCIEPUMEHTA je Y3eTO Kao IMoUYeTak Ipyre ¢asze pa3poja
NoXkapa, KOjy KapakTepHIlle CTATHO MPUCYCTBO TUIaMEHa, KOHCTaHTHAa Op3HHa caropujeBama
MaceHoT TokapHor onrepehema, moBehame TeMIeparype U KOHTHHYpaHa Op3WHA H3rapama
Mace. Y OBOM IIepHOAY TeMIepaTypa Ha TIOBPUIMHM MPErpajHUX 3UI0Ba JOCTHXKE
BpujenHoct ox 540 °C, 10K y UCTO BpUjeMe Ha TPAHUYHO] OBpLIIMHU ManTepa u EIIC-a ona
ce kpehe oxo 100 °C, mto 10BoM 10 06pa3oBama (HpoHTA MPUTKCKA MAPA-TACOBUTE CMJEIIIE.
VY cTpykTypH HMCHOJ ManTepa o0pasyje ce HEeCTaOMJIHM TpaJujeHT NPUTHCKA W OH YIPaBO
MOCTaje TJIaBHU IOTEHLMjall 3a M3a3uBambe mopemehaja mace, Ha KOHTAKTHO] MOBPLIMHH
mantepa ¥ EIIC-a. Y rpaHudHOM cJ10jy YCJbel jaKuX KOJYKTHBHHX TOIUITHHX CTpYja 10Ja3H
10 o0pa3oBama BOJACHE Mape M3 YHyTpallhe MOBPIIMHE MONMPEYHOr Npecjeka ManTepa, Koja
ce xonnesyje Ha nosprionn EIIC-a, ma 1y momatHy Boxy EIIC He moxe nma amcopOyje,
TIOIITO Cy OTBOPH HETOBHX Hopa 2 10 5 % on yKymHE 3ampeMuHe. Y TOM CIydajy BOJCHA
napa uMa Temmneparypy ox 90 °C, m oHa mpoy3pokyje Tpoiueme (opme (Moryhe u ca
IjemuMIYHUM ToIubeeM), 1 EIIC nokamHo mocTaje KOMIAKTHY, 114 HE MPOIIYIITa HU KUTKY
BJary HU BOJeHy mapy. Kao pesyiaraT HMHTE3MBHOT IOBOheHwa TOIUIOTE M3 'KapHIUTa
noxkapa', MPUTUCAK Tape y TPaHHYHOM CJIOjy ce CTalHO TmoBehaBa, mape ce mperpujasajy, u
TO cTame NoBoaM 10 Tolubewma EINC-a. Ilpu masbem noBehamy NpHTHCKA UCTOIJBEHA OITHA
EIIC-a ce pamaza, mTO MpOY3pOKYje HAIIM Maj NpPUTHCKA. [Ipu cTamby HOBHIICHUX
temreparypa oko 280 °C, EIIC mMoske 1a ce TOmu, a Kao MOC/beAULa TAKBOT CTamba 00pasyjy
ce MpOAYyKTH TepMuuKe JecTpykuuje. Ho, mporec BUCOKUX TeMIeparypa je KpaTKOBTEMEH, a
Moryhe je, 1a ¥ Tako cTame MOXKe JJOBECTH JI0 pasiarama JjeauMuune konnunHe ET1C-a.

Ha konraktHoj moBpumnu EIIC-a u GeroHckor cryba TepmoenemenTH Ha 30-oM min.
perucTpyjy BpujeaHoct temmeparype oa 45 °C, na 6u Ha 60-om min. ona uznocuna 90 °C, u
Ha TOM HHUBOY c€ 3aJp)Xajla JI0 Kpaja UCIUTHBama. OUYUITIEAHO Ja OBE TeMIlepaType He
yTUYy Ha JecTpykuujy u Ttpomeme ¢popme EIIC-a, a oTmopHOCT Ha moxap OETOHCKMX
cTy0OBa y KOHCTpYKIHjU cucteMa "llnactday" mpakTHYHO je HeorpaHUueHa.

7 -
CrumaBamwe noxapa’, HakoH 90-or Min., KapakTepullle ce JIaraHUM OIaJiakheM Op3uHe
caropujeBama jOII yBHjEK HECaropeior MaceHOor MokapHor omnrepehema, enemeHara
rpal)eBHHCKe KOHCTPYKIIM]je U HUXOBOT JOrOpHjeBamba Y BUAY THIAA.

5. 3AK/bYYAK

Ha OCHOBY pe3yJiTaTa UCIIUTHBAA U3JI0OKECHUX Y OBOM paay, MOXKE CC 3aKJbYUUTH, Oa:

® Ca CBUM €JEMEHTHUMAa MOXKapHOT pU3UKAa U Ca YCIOBMMAa KOjU JNE(PUHHIIY IPEKH]
HCOUTHBAKA, MOXKap ce (Ga3sHO OABHMjA0 MO IpeABH)CHOM PEXUMY, OO IOTIIYHOT
cTHIIaBama HakoH 150 min.,

e OmNITa MOXAapHA CHTyalWja y TOKY H3Bohema EKCIEPHMEHTATHOT HCIUTHUBAKbA
NpaKkTHYHO C€ HHje pa3iuKoBajla OJf CUTyaldje Yy TUIHYHOM CTaMOCHOM
TpocmpaTHOM OOjeKTy, TpH TOXapy y jeAHOj OX TpocTopuja, m3rpalleHOM of
TpaauIMOHAIaHUX rPal)eBUHCKUX MaTepHjaia,

" Kada srednja vrijednost temperature plamena i dimnih gasova u prostoriji "Zarita pozara" opadne na
oko 0,8 % od maksimalno postignute smatra se da po€inje "dogorijevanje”, odnosno treca faza
razvoja pozara.
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® y TOKy u3BOlera UCUTHBAKkAa U 24 N HAKOH HEroBOT 3aBPILIETKA, HUje 3amakeHa

3Ha4YajHUja Jedopmalnrja HW30JAlHOHO 3aMITHTHOT ClIoja MalTepa, Kako y cobdu
"JKapuIlTa noxkapa', Tako Uy CYCjeIHUM co0ama,

y LjeNuHY, aHaIu3upajyhu pa3Boj Temreparype, Kako y coou '“kapuimra moxkapa',
TaKO M y OCTAJIUM KOHTPOJHUM TauKama MOJIelia Y TOKY Tpajarbha eKCIIepUMEHTATHOT
UCITUTUBAKA, YOUCHU CYy 3aKOHOMJEPHH HPOLECH, KOjU CY CarilacHH ca IPEHOCOM
TOIIOTE oOciobahHe mpu caropujeBamy MaceHor moxapHor ontepehema y
3aTBOpeHOM IIpocTopy. KuHeTnka oBHX Ipoleca 3aBHCH OJ BHIIE (akTopa, a
MPBEHCTBEHO OJ. KOH(pUTyparuja o0jekTa, pacropel YHYTPalllbUX IMPOCTOPH]a,
KOJIMYMHE W KapakTepa MPHCYTHOT MOXapHOT omnrepehema, Opoja W BenWYMHA
OTBOPA 32 yNa3aK KHCCOHUKA Ca Ba3IyXOM HTI.

Ha ocHoOBY npeaxoiHo yTBpheHHMX pelieBaHTHUX YHI-CHHUIA, caryiaHo oapendama CPIIC-

a¥.J1.240 ("Ca. muct CPJ", 6p. 83/94), Moke ce N3BECTH OMIITH 3aK/bydYak 1a rpaljeBHHCKA
KOHCTpyKIMja wu3paljeHa texHomorujom cucrema ‘'Tlimactbay”, wuchmymaBa 3aXTHjeBHY
OTIIOPHOCT Ha JICjCTBO mokapa mpeaBuleHy 3a 00jekte MIB-or cTenena oTmopHOCTH.
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FUNCTIONAL DEPENDENCE OF THE HAZARDS AND
MEASURES FOR FIRE SAFETY IN CORRELATION WITH
THE FIRE LOAD

Abstract: The analysis of the dangers of fire and explosions have determined the level and category of
endangerment of buildings and open spaces. From the calculations of the total and specific fire load,
the total value of the released thermal energy is obtained in terms of fire or explosion. Therefore, there
is a need for continuous monitoring of the change of the fire load for facilities and open spaces. Fire
load can increase or decrease depending on many factors. The design and construction of new buildings
on vacant land or construction on the site of demolished old buildings, completely change the living
and working environment. Previously established values of the danger of fire and explosions i.e. fire
load, is changing in those area. That is correlated with the use of preventive technical measures for
protection against fire and explosions, extinguishing the existing fire, rescuing people and material
values etc.

Keywords: analysis, fire, protection

O YHKINOHAJIHA 3ABUCHOCT PU3UKA U MEPA
BE3BETHOCTH O/ IIOKAPA Y KOPEJIALIUJU CA
MO KAPHUM OIITEPEREILEM

AncTpakT: AHaJH3a ONACHOCTH OJf OXKapa U eKCIIIo3Hje YTBphyje HUBO M KaTEeropHjy yrposkeHOCTH
objekaTta ¥ OTBOpEHOT mpocropa. M3 mpopauyHa YKYIHOT M CHEHU(GHYHOT MOXapHOr onrtepehema,
nobuja ce yKymHa BPEIHOCT Ocio0OljeHe TOIUIOTHE eHepruje y nokapy Wi ekcruosuju. Jlakie,
nocToju morpeba 3a KOHTHHyHMpaHMM mpalieeM mpoMmeHe moxkapHor omTepehema 3a objekre U
otBopeHne mpocrope. [ToxkapHo onrepeheme ce Moxe moBehaT UM CMABHUTH Y 3aBHCHOCTH OJ] MHOTHX
¢axropa. IlpojekToBame M HW3rpajma HOBHX oO0jeKkaTa Ha Ipa3HOM IIPOCTOpY WM H3rpajma Ha
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1. INTRODUCTION

Fire protection is a complex process that presents a set of preventive-technical measures
to prevent or reduce the risks and consequences of fires for people, working facilities,
environment and others.

Determining the extent of dangers of fires through values of the fire load also is a
complex process that often includes analyzes and determination of potential fire hazard.
Also, very important are the data for the degree of resistance of structural elements of
buildings, degree of technical fire safety, etc.

It implies analysis and anticipation of fire occurrence and consequences of it. Thus, it
regards monitoring of the change of the fire load of the objects and open spaces. The risks of
fire and extent of the fire load can be guided through the following basic questions: what,
when, where, how, why, what is the likelihood of fire occurrence and what consequences can
be expected?

Application of modern methods and use of new technical-technological achievements and
information technologies facilitate obtaining necessary values for specific fire load. All data
are important for determining the degree of preventive measures for protection, planning
tactical performance of firefighters to extinguish a possible fire occurrence etc.

2. CATEGORY OF DANGERS OF FIRE

Category of technological processes of objects [12] according to the dangers of fire is
divided into C1, C2, C3, C4 and C5, and are shown in Table 1.

Table 1- Category of dangers of fire

Category
of
dangers
of fire

Obijects and technological processes

- plants that work with material that can burn or explode under the influence of
water and oxygen;

- highly flammable liquids with a flash point below 23 °C and gases and
vapors whose lower explosive limit is below 10% (V / V);

- plants that work with metallic sodium or potassium, and phosphorus carbide;
- production plants and warehouses for explosive materials;

- plants for production of viscose fibers, extraction of petrol, petrol storage,
ether, acetone, etc.

C1

- plants that work with highly flammable liquid with a flash point between 23
°C and 100 °C and flammable gases whose lower explosive limit is above 10% (V / V);
- plants that process solid inflammable substances, which develops explosive
dust, especially plants and pump stations for liquid substances whose flash point is
between 23 °C and 100 °C;

- plants which create carbon dust, wood dust, flour, powdered sugar, etc.

Cc2

- plants that work with flammable liquids with a flash point from 100 °C to
C3 300 °C and solids with ignition temperature up to 300 °C;
- plants for mechanical wood processing, paper manufacturing, textiles;
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- plants for recycling of lubricating oil;

- storages for fuel and oil, closed storage for coal;

- pump stations for liquid with a flash point of 100 °C to 300 °C °C;

- garages for public housing and business facilities that can accommodate
more than 500 people.

- plants that work with solids, liquids with flashpoint above 300 °C and
materials that are processed in a heated, soft or melted condition, that emit heat
accompanied by sparks and flame e.g. plants for melting, casting and metal processing,
C4 gas-generating stations, boiler rooms, transformer stations;

- plants that burn solid, liquid and gaseous fuel;

- public housing and business facilities that can accommodate more than 500

people.
- plants that work with non burning materials and cold and wet material;
- plants for mechanical processing of metals, compressor stations;

- plants for production of non burning gases;

- facilities for obtaining and processing of minerals;

- plants for processing fish, meat and dairy products;

- objects that can accommodate 20 to 100 people.

C5

3. ASSESSMENT OF FIRE HAZARD

In certain regions or areas there are potential dangers of fire or explosion, and their
occurrence depends on a number of factors [1]. Expectation and systematization of the
dangers of fire occurrence is different for urban, industrial areas and open spaces. In urban
areas where there are old buildings and facilities, it is realistic to expect more dangers and
consequences of fire occurrence [2]. Unlike the old, the new urban areas with new residential
buildings or other new structures that are built in harmony with the new building regulations
which have contemporary technical fire protection installed, expected dangers and
consequences of fire are smaller [3]. Also, in parts of the urban communities where there is a
difference in percentage of population according to the age limit (old and young citizens), is
another prerequisite for potential or anticipated dangers of fire.

Thus, for a given area more factors and data for assessment and anticipation of the
dangers of fire occurrence can be taken into consideration. In the technical practice there is
development of the following factors that shape the potential danger of fire [11]:

e characteristics, types, schedule and quantities of the materials and objects;
e surface of the base, the height of the buildings, openings and distance of the
objects;
age and type of the construction of the buildings;
exposure of the objects to fire;
demographic profile;
geography, topography and road infrastructure;
statistics on fires, material damage and burnt areas and
e fire load.

All these factors as potential dangers of fire should be processed individually or

combined, depending on the area in urban community [10].

42



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

4. PROBABILITY OF FIRE OCCURENCE

Probability of fire occurrence in practice often is analyzed on basis on the data on the
frequency of fires that have occurred in a certain area in a certain period of time [8]. The
research and analytical processing of the data on occurred fires and explosions in certain
areas may be used in many ways of firefighting. Depending on the source and accuracy of
the data, they may be used for: the number and types of interventions of fires, material
damage, causes and time of the occurrence of fires, required time for localization and
extinguishing the fire, the number of needed fire engines and firefighters, etc., allows
designing, planning, dimensioning and continuous upgrading of the fire safety.

In the same direction of the investigation of the probability of occurrence of fire or
explosion [6] for certain areas, in practice there are analytical approaches on 5 levels [5] as
shown in Table 2.

Table 2 - Levels of probability

Description Level Particularities

- may occur in exceptional circumstances
Rare 1 - no incidents in the past 15 years

- could occur at some time, especially if circumstances
Unlikely 2 change occur

- 5 to 15 years since last incident

- might occur under current circumstances

- 1 incident in the past 5 years

- will probably occur at some time under current
Likely 4 circumstances

- multiple or recurring incidents in the past 5 years
- expected to occur in most circumstances unless
Almost Certain 5 circumstances change

- multiple or recurring incidents in the past year

Possible 3

Intensity of the incidents as information about a certain area is to be used as a general
guideline for determining the level of the dangers of fire [9]. For the same purpose, it is
useful to make comparisons of data from other studies and analyzes of fires from similar
areas in the urban areas of living e and working.

5. CALCULATION OF FIRE LOAD

From the basic definition of the fire load which is the amount of thermal energy that can
be released during combustion of the total amount of the fuel per unit area of the fire in the
firefighting sector. Specific fire load is calculated according to formula 1, and is expressed
via heat that can be developed in a certain area of the object [7].

. ¥ pi-Hi Vi
Pi = T (1)

Where:
Pi = specific fire load (J/m?);
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pi = apparent density of the material (kg/m®);
Vi = volume of the matter (m°);
Hi = thermal power (J/kg);
Si = surface of the base (m?).
Specific fire load is divided into three groups:

e Low fire load up to 1 GJ/m?;

e Middle fire load from1 to 2 GJ/m?;

e High fire load over 2 GJ/m*.

If the category of the object is taken into consideration according to the danger of
technological process, assessment of risks and the likelihood of fire occurrence and value (by
calculation) of the fire load, it can be said that they are in a functional dependence for
determining the degree of danger of fires. These results would represent the real basis for
proposing and undertaking the necessary preventive measures for fire safety.

6. PREVENTIVE-TECHNOLOGICAL MEASURES FOR FIRE
PROTECTION

The diagram 1 shows (optional) different values of the level of technical protection for
three types of objects that belong to the same category of dangers of fire.

i ~~——
Z ~—

\
——

| T

| Level of technical fire protection |

fire extinguishers

fire hydrants

Automatic alarm

Automatic system

system for fire fighting
—Objekt 1 4 2 1 0
—Objekt2 5 4 5
Objekt3 1 2 0

Dijagram 1 - Level of technical fire protection

According to the values shown in the diagram and the curves of objects from the same

category of fire danger and same fire load, but different preventive-technical fire protection,
it is evident that they have different level of protection in case of fire. Object-2 has the
highest level of technical protection and in case of fire, damage and consequences are
expected to be minimal unlike Object-1 and Object-3.
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7. CONCLUSION

By selection and application of the appropriate method for analysis of the dangers of fires
and explosions, it is expected the level and category of endangerment of fire of the facilities
and open spaces to be determined.

Continuous monitoring of the changes in the urban areas for construction of new
buildings on vacant land or construction on the site of demolished old buildings that
completely change the living and working environment. With new construction,
reconstruction or conversion of the buildings according to the technological process of work,
the fire load of those areas changes as well. Likelihood of fire occurrence in certain areas
correlates with the degree of application of preventive measures and technical fire safety,
planning tactical performance of firefighters to extinguish the fire that may occur, evacuation
and rescue of people [4], material values etc.
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ISPITIVANJE NA POZAR NOVOG INOVATIVNOG
PREDGOTOVLJENOG FASADNOG ELEMENTA

Rezime: Kao rezultat suradnje hrvatskih znanstvenih institucija i industrije nastao je ECO-
SANDWICH® - ventilirani predgotovljeni fasadni element izraden od betona s recikliranim
agregatom, te sloja ventilirane vune proizveden koristenjem odrzive Ecose® tehnologije. ECO-
SANDWICH® se sastoji od dva sloja betona koji su medusobno povezani resetkastim nosa¢ima od
nehrdajuéeg &elika i ECOSE® mineralne vune kao izolacijskog sloja. Inovativni dio ovog
predgotovljenog elementa je 4 cm ventilirani sloj izmedu mineralne vune i vanjskog sloja betona koji
sprje¢avanja vlazenje izolacijskog materijala. U cilju razvoja proizvoda za trzisnu primjenu i dobivanja
CE oznake ECO-SANDWCIH® mora ispuniti zahtjev otpornosti na pozar. Ovaj rad prikazuje
eksperimentalni primjer ispitivanja otpornosti na pozar specificnog predgotovljenog proizvoda koja
objedinjuje svojstva ovjeSenog i vanjskog zida.

Kljuéne rijeci: otpornost na pozar, predgotovljeni ventilirani fasadni element, ovjeSeni element

FIRE RESISTANCE TESTING OF NEW INNOVATIVE
PRECAST VENTILATED WALL PANEL

Abstract: In the cooperation with Croatian scientific institutions and industry, ECO-SANDWCIH®
was made as ventilated precast wall panel that utilises recycled CDW and mineral wool produced using
sustainable Ecose® technology. ECO-SANDWICH® consists of two precast concrete layers
interconnected through stainless lattice girders and ECOSE® based mineral wool as an insulation layer.
Innovation of this precast wall panel lies in 4 cm ventilated layer between mineral wool and outer
concrete layer with purpose of preventing damping of insulation material. In order to develop a product
ready for marketing application and CE - marking, ECO-SANDWCIH® had to fulfil fire resistance
requirement. This paper shows the experimental example of fire resistance testing of this specific
precast product which unites curtain and external wall.

Key words: fire resistance, precast ventilated wall panel, curtain wall
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1. UvOD

Gradevina u cjelini i njezini odvojeni dijelovi moraju biti prikladni za namjeravanu
upotrebu, posebno uzimajuci u obzir zdravlje i sigurnost osoba ukljuéenih tijekom Zivotnoga
ciklusa gradevine [1, 2]. Jedna od temeljnih zahtjeva koje svaka gradevina treba zadovoljiti
je 1 sigurnost u slu¢aju pozara (zastita od pozara). Prema Uredbi (EU) br. 305/2011
Europskog parlamenta i vije¢a od 9. ozujka 2011 [3] koja propisuje uskladene uvjete
trgovanja gradevnih prozvoda i ukida Direktive VijeCa za gradevinske proizvode
(89/106/EEC) [4] cilj novog gradevinskog proizvoda je uklanjanje tehni¢kih prepreka
trgovanja te poboljSanje slobodnog kretanja na trziStu Sto je omoguceno Izjavom o
svojstvima i CE oznakom. Za potrebe dobivanja lIzjave o svojstvima i CE oznake u
ovlastenom laboratoriju LTM d.o.o0. napravljeno je ispitivanje otpornosti na pozar novog
predgotovljenog ventiliranog fasadnog elementa. Prema [1, 2] otpornost na poZar je
sposobnost dijela gradevine da kroz odredeno vrijeme ispunjava zahtijevanu nosivost (R) i/ili
cjelovitost (E) /ili toplinsku izolaciju (I) i/ili drugo ocekivano svojstvo u slucaju pozara, a
iskazuje se kao vrijeme u kojem konstrukcija i elementi moraju ocuvati nosivost i druga
svojstva odnosno najkra¢e vrijeme u kojem su zadovoljeni postavljeni zahtjevi.

U radu je dan primjer ispitivanja otpornosti na pozar novog gradevnog proizvoda koji
objedinjuje svojstva i ovjeene fasade i vanjskog zida — ECO-SANDWICH® ventiliranog
predgotovljenog panela prema ispitnoj metodi HRN EN 1364-4 Ispitivanje otpornosti na
pozar za nenosivi elementi Dio 4: Ovjesene fasade (Djelomi¢na ispitna konfiguracija) [5]. Uz
eksperimentalni dio prikazani su i sami rezultati ispitivanja.

1.1.Ventilirani predgotovljeni fasadni panel - ECO-SANDWICH®

ECO-SANDWICH® je ventilirani predgotovljeni fasadni panel izraden od recikliranog
agregata i sloja mineralne vune proizvedene koristenjem odrzive Ecose® tehnologije, ¢ijom
se ugradnjom smanjuje potrebna godiSnja energija za grijanje i hladenje u zgradama. ECO-
SANDWICH® se sastoji od dva sloja betona koji su medusobno povezani reSetkastim
nosa¢ima od nehrdajuc¢eg celika, Slika 1. Unutarnji, nosivi sloj betona izraden je od
recikliranog betonskog loma, dok je vanjski fasadni sloj izraden od reciklirane opeke kao
agregata u betonu. Nakon ispitivanja mehanickih i trajnosnih svojstava [6], odluceno je da Ce
se unutarnji sloj ECO-SANDWICH® panela sastojati od 50% recikliranog betonskog
agregata, a vanjski fasadni sloj od 50% recikliranog agregata opeke. Kao toplinsko
izolacijski materijal koristi se novorazvijena mineralna vuna izradena koristenjem Ecose®
tehnologije koja umjesto formaldehida koristi prirodne smole kao vezivo. Izmedu sloja
Ecose® mineralne vune i vanjskog sloja betona nalazi se 4 cm ventilirajuéeg sloja zraka
kojemu je svrha sprjecavanje vlazenja izolacijskog materijala. Unutarnji sloj betona je
povezan s nosivom konstrukcijom zgrade (stupovima, zidovima) pomocu sustava priklju¢aka
od nehrdajuceg celika.
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ZRAKONEPROPUSNO
BRTVILO

KUTNO ZELJEZO
100 x 100 x 100 x 4 mm

- ZBUKA d= 2cm;
- UNUTARNJI SLOJ BETONA

(reciklirani beton) d=12cm;
- ECOSE MINERALNA VUNA d=20cm;
- VENTILIRAJUCI SLOJ d= 4cm;
- VANJSKI SLOJ BETONA

\\ (reciklirana opeka) d= 6cm;
\RESEFKAST\ NOSAC

L BRTVILO

%

Slika 1 - ECO-SANDWICH® predgotovljeni fasadni panel

Zidni elementi i proizvodni proces projektirani su u skladu s nacelima odrzivog razvoja
optimiziraju¢i upotrebu resursa te energijsku ucinkovitost, imajuéi pritom na umu ¢itav
zivotni vijek konstrukcijskih elemenata. Na taj nacin se znatno doprinosi teznji reduciranja
negativnih utjecaja na okoli§ — sprecavanje i umanjivanje zagadenja i onecisc¢enja, uc¢inkovito
gospodarenje otpadom, smanjenje emisije stakleni¢kih plinova — uz istovremeno
poboljsavanje socijalnih i ekonomskih u¢inaka uparujuci financijske prednosti s odrzivoséu.
Zbog svoje uskladenosti s Direktivom o energijskom svojstvu zgrada (Energy Performance
of Building Directive — EPBD 2002-91-EC) i EPBD Il (2010-31-EC) [7] te Okvirnom
direktivom o otpadu (2008-98-EC) [8], ECO-SANDWICH® ¢ée olaksati njihovu primjenu u
gradevinskoj praksi. Stvara se trziSte za gradevinski otpad kao sirovinu, umjesto njegovog
odlaganja u prirodu, te se znacajno smanjuju potrebe za energijom za grijanje i hladenje u
postoje¢im zgradama ili u sluéaju gradnje novih zgrada koristenjem predgotovljenih panel
sustava ECO-SANDWICH®.

2. EKSPERIMENTALNI DIO

ECO-SANDWICH® je inovativni proizvod koji objedinjuje svojstva i ovjesene fasade i
vanjskog zida. Prilikom faze pripreme uoleno je da navedeni inovativni proizvod ne
zadovoljava kriterije niti jedne od postoje¢ih normi za postupak ispitivanja otpornosti na
pozar. Naime, unutarnji sloj betona s jedne strane povezan je s nosivom konstrukcijom
zgrade (stupovima, zidovima) pomocu sustava prikljucaka od nehrdajuéeg celika dok s druge
strane nalijeZe na podnu konstrukcije i time objedinjuje svojstva i ovjeSene fasade i vanjskog
zida. U konzultaciji s ovlaStenim laboratorijem za ispitivanje otpornosti na pozar odluceno je
da se ECO-SANDWICH® ispita prema normi HRN EN 1364-4 Ispitivanje otpornosti
nenosivih elemenata na pozar — 4. dio: OvjeSene fasade — Djelomi¢na postava [5].
Ispitivanje prema normi HRN EN 1364-3 Ispitivanje otpornosti nenosivih elemenata na
pozar — 3. dio: OvjeSene fasade — potpuna postava (cijeli postav) nije moguéa jer normom
nisu obuhvaéena cjelokupna svojstva ECO-SANDWICH® panela. Druga referentna norma
ispitivanja je Ispitivanje otpornosti na pozar 1 dio: Opéi zahtjevi HRN EN 1363-1 [9].

Ispitni uzorak (S3) se sastojao od Cetiri zasebna montazna elementa (F-1, F-2, F-3 i F-4)
pojedinaénih vanjskih dimenzija 149,0 x 50,0 x 43,0 cm (Slika 2).
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Slika 2 - Nacrt, tlocrt i presjek ispitnih uzoraka u ispitnoj pozarnoj peci
Vanjski fasadni sloj uzoraka izraden je od betona razreda tlacne ¢vrstoce C30/37 s 50%

recikliranog agregata od opeke, debljine 6,0 cm. Unutarnji sloj betona izraden je od betona
razreda tlaéne ¢vrstoc¢e C30/37 s 50% recikliranog betonskog agregata, debljine 12,0 cm.

Na unutarnji sloj betona pricvrS¢ena je Ecose® vuna pomocu sidra za pri¢vrSéenje
vanjske toplinske izolacije debljine 20,0 cm dok je izmedu Ecose® vune i vanjske fasadne
ploce ostavljen ventiliraju¢i sloj zraka debljine 4,0 cm. Nosiva veza izmedu vanjske i
unutarnje plo¢e izvedena je pomocu resetkastih nosaca od nehrdajuceg celika @8 mm. Uz to
dodatno su postavljene i polimerne spone tipa Standard 8” Tie (ST200) kako bi se utvrdila
njihova postojanost u uvjetima pozara na montazna elementa F-3 i F-4.

Predgotovljeni elementi su ugradeni na tri nosiva armiranobetonska stupa (S1, S2 i S3)
dimenzija 30,0 x 27,0 x 300,0 cm na nacin da je pojedini element ugraden u gradevinske
otvore koje je nosiva konstrukcija omedivala sa stropom ispitne peéi (armiranobetonska
ploca debljine 20,0 cm). Unutrasnjost svih vertikalnih i horizontalnih spojeva ispunjena je
ispunom od kamene vune uz dodatno brtvljenje ekspandiraju¢im brtvilom otpornim na pozar
EI90. S prednje strane okvira pe¢i napravljena je pozarna komora od blokova pjenobetona.
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Pozarna pe¢ izradena je na nacin da omoguci standardnu ispitnu konfiguraciju 1 — prema
tablici A.1 norme HRN EN 1364-4. Na taj se na¢in postiZe istovremena izloZenost ispitanih
uzoraka unutarnjem pozaru prema logaritamskoj temperaturnoj vremenskoj krivulji (ETK) u
skladu s normom HRN EN 1363-1 i vanjski pozar prema vanjskoj pozarnoj krivulji u skladu
s normom HRN EN 1363-2 s obzirom na toplinsku izloZzenost i pritisak. ETK krivulja
definirana je prema slijede¢oj formuli:

T =log,,(8t +1)+20 )

gdje je:

T — prosjecna temperatura u peci (°C)

t — vrijeme (min.)

Normiran pozar u pozarnom prostoru ostvaren je pomocu $est plamenika. Temperatura u
peci mjerena je s Cetiri ravnomjerno rasporedena termoelementa (P1 — P4) u dijelu peéi sa
standardnom ETK krivuljom i dva termoelementa (P5, P6) u dijelu pe¢i s vanjskom
krivuljom na nacin da nisu u kontaktu s otvorenim plamenom iz plamenika te da su 100 mm
udaljeni od vatrom izloZene strane ispitanog uzorka. Temperatura na poZzaru neizlozenoj
strani uzorka mjerena je sa 24 termometara u skladu s normom HRN EN 1363-1 i to na nacin
da se mjeri povecanje prosjeCne temperature na neizloZenoj strani montaznih elemenata
(mjerna mjesta T1-T10), povetanje maksimalne temperature na neizlozenoj strani uzorka
(mjerna mjesta T1-T14), povecanje maksimalne temperature veznih elemenata (uévrséenja)

(mjerna mjesta T15-T22) i povecanje maksimalne temperature brtvljenog spoja izmedu
uzorka i podrzavajuce konstrukcije (mjerna mjesta T23-T24) — Slika 3 i Slika 4.

psCJ

Pe¢

7

Slika 3 - Skica polozaja mjernih mjesta temperature i tlaka u peci, te mjernih mjesta na pozaru
neizlozenoj strani uzorka
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ISPITNI UZORAK UGRABEN U ISPITNU PEC PLAMENIK TERMOELEMENT

STUPOVI S1,S2iS3 4 MONTAZNA ELEMNTA(F-1, F-2, F-3 i F-4) KONTROLNA PLOCA

Slika 4 Detalji ugradnje uzorka u ispitnu poZarnu pe¢ i prikaz kontrolne ploce tijekom ispitivanja

3. REZULTATI ISPITIVANJA

U tablici 1 prikazana su opazanja biljezena tokom ispitivanja, dok slika 5 prikazuje
povecéanje temperature na pozaru neizlozenoj strani uzorka.
Tablica 1 — Opazanja tijekom ispitivanja ECO-SANDWICH?® fasadnih elemenata.

\(/rg]lﬁn;; Strana* OPAZANJE
00:00 Pocetak ispitivanja
06:00 1S Otpadanje komadica betona sa stropa
11:00 IS Topljenje polimernih spona u uzorku
14:00 1S Otpadanje dijelova fasade praceno eksplozijama
18:00 NS Pojadano ,,znojenje uzorka
23:00 1S Ucestalo otpadanje vecih komada vanjske fasadne ploce
29:00 IS Jaka eksplozija pucanje betona stropne nosive konstrukcije
Betonske ploce uzorka (vanjska fasadna ploca) jako
35:00 IS oStecene (vidljiva armatura), izolacijska staklena vuna
oStecena
. Otpadanje dijela armature i ve¢eg dijela staklene vune sa
71:00 1S
fasade
78:00 NS Uocen crveni sjaj po spoju vertikalnog nosivog dijela fasade
) i pokrivne ploce peci
100:00 Prekid ispitivanja

*IS — pozaru izlozena strana; NS — pozaru neizlozena strana
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Dijagran srednje temperature na neizloZenoj strani uzorka Dijagram povecanja temperature na neizloenoj strani uzorka (mjerna
(mjerna mjesta T1-T10) mjesta T1-T14)
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Dijagram maksimalne temperature na horizontalnoj zraénosti
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Slika 9 — Temperaturni prikazi tijekom ispitivanja na neizlozenoj strani uzorka na mjernim mjestima
T1-T24

Na dijagramima se uocavaju odstupanja na nekim mjernim mjestima: T11, T18 i T20
koje su uzorkovane reakcijama uzorka na pozar (pucanje i ekplozija betona). U skladu s
normom HRN EN 1364-4, uocava se da dozvoljeno povecanje temperature na pozaru
neizlozenoj strani (140 K) (Slika 5a), dozvoljeno povecanje maksimalne temperature na
pozaru neizlozenoj strani (180 K) (Slika 5b), dozvoljeno povecanje maksimalne temperature
na brtvljenim spojevima uzorka (180 K) (Slika 5c), te dozvoljeno povecanje maksimalne
temperature na veznim elementima uzorka (500 K) (Slika 5d) nisu bile prekoraéene
tijekom100 minuta ispitivanja.

4. ZAKLJUCAK

U cilju plasiranja novog inovativnog proizvoda na trziSte, te dobivanja Izjave o
svojstvima i CE oznake, bilo je potrebno ispitati otpornost na poZar predgotovljeni
ventiliraju¢i fasadni element — ECO-SANDWICH®. Trenutatno u Europskoj Uniji ne
postoji norma za ispitivanje otpornosti na pozar panela koji imaju svojstva i ovjeSene fasade i
vanjskog zida. U konzultaciji s ovlastenim laboratorijem odlu¢no je da se ispitivanje
otpornosti na pozar napravi prema normi HRN EN 1364-4. Svi dobiveni rezultati ispitivanja
predgotovljenog ventiliraju¢eg elementa upucuju na razred EI90 prema HRN EN 13501-2:
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Fire classification of construction products and building elements — Part 2: Classification
using data from fire resistance tests, excluding ventilation services [10].

S obzirom na razvoj novih inovativnih proizvoda c¢ija svojstva nisu obuhvacena

harmoniziranim Europskim standardnim, potrebno su dodatna istrazivanja, a sve u svojstvu
razvoja novih normi.

5. ZAHVALA

Autori se zele zahvaliti Europskoj komisiji na potpori financiranju projekta ,Energy
Efficient, Recycled Concrete Sandwich Facade Panel — ECO-SANDWICH” kroz program
CIP-EIP-Eco-Innovation-2011, ¢ime se omogucilo daljnje istraZivanje i usavr$avanje ECO-
SANDWICH® fasadnih panela.
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VULNERABILITY OF PRECAST INDUSTRIAL
BUILDINGS EXPOSED TO FIRE

Abstract: Fire safety design of precast industrial buildings, nowadays, became a very important issue
due to increasing frequency of this type of construction. A large number of these buildings are designed
to meet both storage and sales function (shopping centers, big specialized stores ...) which is often
followed by high fire load. This paper represents an analysis of consequences of fire occurred in May
2013. at “Uradi Sam” business facility, Novi Sad. During the fire, the following were completely
damaged: parts of the interior, wirings, roof covering, facade coverings, as well as the entire supporting
roof structure, while reinforced concrete columns and facade beams suffered major damages. The aim
of this paper is to emphasize vulnerability of this type of building regarding building materialization
and construction-system fire performances, as well as the need for apply adequate preventive fire
protection measures.

Key words: fire design, precast structures, reinforced concrete, unprotected steel, vulnerability
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1. INTRODUCTION

Fire has been our foe for as long as man has walked this earth. Behaviour of a structure in
fire is more complex than in ambient temperature conditions, because changes in the material
properties and thermal movements cause the structural behaviour to become non-linear and
inelastic.

On May 2013, a fire broke out in the “Uradi sam” business facility in Novi Sad. Due to
the fire, the following were completely damaged: parts of the interior, wirings, roof covering,
facade coverings, as well as the entire supporting roof structure (RC binding rafters and RC
main roof carriers), while RC columns and RC facade beams suffered major damages.

An assessment and repair of reinforced concrete structure after the fire were realised in
June 2013. After detailed analysis, it was concluded that mechanical characteristics of
concrete and reinforcement were not reduced due to effects of the fire, although most of
concrete elements suffered serious damages. On the other hand, unprotected steel — tie rod
within roof structure deformed, due to the temperature increasement, and led to its rapid
collapse.

The aim of this paper is to emphasize vulnerability of this type of buildings regarding to
bilding materialization and construction-system behavior in fire, as well as the need for apply
an adequate fire protection measures.

2. FIRE SAFETY OF PRECAST INDUSTRIAL BUILDINGS

Prefabricated construction facilitates are more cost-efective than traditionaly built ones
due to the process of construction which reduces the work engagement and the time of
construction. However, it is no longer enough to build cheaply and modularly, neglecting
the aesthetics and quality or safety.

Nowdays, in all major cities, buildings built in mounting system are more frequent,
coated with sandwich panels, structural aluminum and glass facades. A large number of these
facilities is designed to meet the storage and sales function.

This type of construction system, despite the advantages, has its flaws that have emerged
with time and frequency of its use. One of them is vulnerability of this type of construction
to fire. Considering the possible impacts on the people and material goods, fire protection
issues have became most serious problem in the domain of security storage process in
general. Uncontrolled fires, with the spectar of buildings collapsing, the implied damage,
potencial injury and loss of life have created very negative image[1].

Fire is an ever present danger that must be addressed for all structures. It represents a
catastrophic event in regards to safety as well as cost. When a fire does break out, people rely
on the designers decisions to chose the fire safe solutions. It is unspoken expectation of
everyone who walks into any building [2].
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3. FIRE IN ,,URADI SAM“ BUSINESS FACILITY
3.1.Basic data on the object

»Uradi Sam* is single storey industry building, designed to meet the storage and sales
function.

The building’s dimensions in the base are 86.0x24.0 m. Total height of the hall from the
ridge of the roof to the floor of the hall is 9.3 m. Taking into consideration the great length of
the object in the middle part, dilatation was placed in the middle in the form of double
neighbouring columns and roof carriers. The object is placed on pad foundations. Columns
are placed as prefabricated, RC elements, dimensions of 40x60 cm. Facade beams are
prefabricated RC elements of G section, leaned directly on the columns. Roof binding rafters
are placed as prefabricated RC beams of T section, height 30 cm. The main roof carriers of
24 m spans are placed as composite structure, upper chord is reinforced concrete, cross
section 40x30 cm, and the lower chord is steel pipe —sag rod, strutted in the upper chord by
steel bracings in quarter spans. The base of the object, cross section and appearance of the
object before the fire are given in the Fig 1, 2 and 3.

Muzuz T
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%0m

Figure 1 - The building base plan

Figure 2 — Appearance of the building Figure 3 — Cross section of the building
before the fire

3.2.Materialization of structure elements

The fire resistant qualities of a material cannot be neglected in building construction, as
they determine how well the strucutural integrity of the building will be maintained when
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exposed to intense heat and flames. All construction materials progressively lose their ability
to support a load when they are heated.

Table 1 presents material specifications by Design plan of main construction elements in
“Uradi Sam”.

Table 1 - Material specifications, according to building design documentation

Concrete elements Steel elements Other
Columns GA 240/360 Thermopanels
;?Ji)afdsisg?rzgs Reinforcement RA 400/500
rafters C 35/45 MA 500/600 Facade
[\S;;:%ﬂzfgmers Main roof Tie rods covering Aluminium sheet
carriers - lower - - Mineral wool
Floor plate chord Diagonal bracings
Foundations C 25/30 Ve_rtlcal bracings Roof covering
Roof bracings

3.2.1.Concrete elements

Concrete structures are known for a good fire resistance and have very often a very high
residual strength. The fire-resistant properties of concrete are fairly easy to understand. The
components of concrete: cement (limestone, clay and gypsum) and aggregate materials, are
chemically inert and therefore virtually non-combustible [3]. Concrete structures generally
perform extremely well during and after a fire, resulting in the majority of fire damaged
concrete buildings being repaired and reused (Fig 4).

In “Uradi Sam”, after detailed analyse and evaluation of compressive strength of concrete
after fire, it was concluded that compact concrete core exists in all of the RC elements, it has
satisfactory mechanical properties and designed compressive strength class C35/45 [4].

! A7 e e B P

Figure 4 — Characteristic defects and damages of concrete elements in “Uradi Sam” caused by fire:
Peeling of crumbly concrete along the column edges, visible reinforcement, net-like fissures, change in
aggregate colour
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3.2.2.Steel elements

When considering using steel as a structural element, one of the main factors which
influence the design of steel buildings relates to the effects of fire on steel structures and the
methods to provide adequate fire protection. The main disadvantage with steel as a material
is it is susceptible to high temperatures and when steel is heated it expands and its strength
and stiffness decreases. Also structural steel has a high thermal conductivity, meaning that it
quickly reaches the temperatures it is subject to, giving limited amounts of time before the
structure begins to fail [5].

Steel always requires some form of fire protection to improve its fire resistance. The
cause of the steel’s reduced performance at higher temperatures can mainly be attributed to a
reduction of strength and stiffness. Structural steel typically has a very high ratio of surface
to cross-sectional area compared to typical structural concrete members. This combined with
steels high thermal conductivity leads to more rapid heating. A protective coating of concrete
or other insulative material can be applied to structural steel members, providing thermal
insulation and increasing performance in fire [6].

In “Uradi Sam”, according to the presented results from [4], the samples of ribbed steel,
taken from RC beam — binding rafter, which remained standing after clearing the demolished
roof structure, meet the technical conditions set in standard SRPS C.K6.020.

3.2.3.0ther materials

Aluminium has high conductivity (2 to 4 times the conductivity of steel) and low density
(one third of that of steel), which cause aluminium alloys to heat quickly. Therefore, most
aluminium structures need passive fire protection to meet standard fire resistance
requirements. In general, strength and stiffness of aluminium alloys are reduced significantly
at moderately elevated temperatures. At a temperature of 350 °C, the strength is already
reduced to 30% [7]. Combining with mineral wool, non combustible core with F60 qualified
fire performance, can be achieved. However, after the fire it was noticed that panels were
filled with pur foam (Fig 5) instead of mineral wool.

Figure 5 — Deformation of aluminium panels Figure 6 — Collapse of steel pipe

3.3.Construction system behavior

To avoid the collapse of a building structure, the combination of elements and their
supporting members must perform their load-bearing function for the duration of the fire. In
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many simple structures, collapse of one member will result in total collapse of the structure.
As individual members try to expand under heating, they create interactions with the
surrounding structure which do not occur under normal temperature conditions. ,,Uradi sam*
had unprotected lower steel chord within roof structure, that led to its collapse in a fire,
leaving the boundary columns cantilevering from the foundations after a fire (Fig 6, 7 and 8).
As the roof had collapsed, the fire was no longer ventilation controlled, and the burning rate
depended on the surface area of fuel available for combustion. Flexion of columns occurred
during the fire, due to fracture and fall of main roof carriers, which were at their ends
connected to the columns through two steel anchors. Most of the columns were not
deformed, nor was there excess of tension due to bending, because the main roof carrier fell
from their supports relatively fast. There was a good connection between the rafter and the
columns. Columns bended inwards, which is much less dangerous than outwards collapse.

Figure 7 - Collapse of the roof structure in fire  Figure 8 - Appearance of the building sight after
the fire

3.4.Fire protection measures

For structural steelwork the adequacy of fire protection plays an important role in the fire
outcome. Although concrete elements met the fire resistance demands, a lack of fire
protection measures applied on steel elements within roof structure caused its quick collapse
and serious damages on concrete elements.

Steel must be treated, coated or covered to meet fire requirements. Active protection
systems such as sprinklers, while effective in some cases, are not the entire solution and can
fail to perform at critical moments. This is especially important if materials have been used
that rely on sprinklers to slow their combustibility [8]. With the addition of passive fire
protection, such as spray-on fireproofing, buildings built in structural steel can sustain
stability when exposed to greater temperatures and, therefore, provide additional safety. The
best approach is a balanced design that combines active and passive protection systems.

4. CONCLUSION

The crisis has changed the demands of clients in the construction sector. Investors are
looking for a faster and cheaper way of building. Precast buildings meet this requirement.
But there are more important things that must be considered, such as quality of building that
must not suffer and bring human life in danger.
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As identified in this report, each building material behaves differently in fire and has its
own characteristics and performances related to fire and heat exposion. These need to be
considered when designing structures so that a suitable material can be selected and the
necessary protection measures implemented. Research into the behavior of structures in fire
has been ongoing for many years, however substantial development has been made in recent
years, considering the effects of real fires on complete structures as apposed to the individual
materials. This can only lead to more consistent safety levels, more robust designs and an
increasement of the opportunity for new technologies and innovative designs [5].

Due to the high fire load and the presence of a large number of people in these facilities,
it is necessary to ensure a sufficient number of properly marked emergency exits. If a fire
occurs, one of the best protection systems would be sprinklers, providing the ability to
extinguish the fire, while passive protection measures can only prolong the stability of the
structure. Also, it is recommended to perform risk analysis by creating scenario of events.
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1. INTRODUCTION
1.1.Flammable liguids

The chemical composition of flammable liquids based on elemental composition. Most of
the flammable liquid is made up of carbon, hydrogen and oxygen. This is particularly the
substances of organic origin. In addition to these elements may include the head of sulfur,
phosphorus, nitrogen, metals, and some of the chemical elements. [1, 2, 3]

Physical properties of flammable liquids supports combustion. In the evaporation of the
liquid from the free surface (rated saturation pressure above the free surface), emerging the
steam/cuoples, which are mixed with air to form a flammable mixture (based on the diffusion
of molecules with a few molecules of oxygen). Flammable liquids in fluid form don’t burn,
burn only the vapor mixed with air. [3, 4]

Fire or incident is always evolving from a material that interacts with the air or
surrounding environment for the presence of a suitable initiator. Flammable materials,
particularly flammable liquids such as petroleum products, are permanently present a risk of
fire. Flammable liquids are substances with low flash point, low boiling point and low values
of vaporization. Those parameters create excellent conditions for ignition, in the
establishment and development of fire. The burning of liquids in practice the fires usually
occur by external sources of ignition (hot compartment bodies, flame, sparks). The liquid
burns the free surface. The conditions of heat transfer and the physico-chemical properties of
liquids to produce a different rate of burning liquids. Burning rate depends on [5, 6] the
initial temperature, the cylinder diameter, height levels, airflow.

The aim of this paper is to specify the behavior of petroleum product Gasoline Super 95
(BS95) (nonpolar liquid) in the case of external ignition. Present various kinds of Class B
fires and track parameters depending on the size and execution time tank fire in the form of
large-scale experiments.

1.1.1.Fire of flammable liguids
Type scenarios for flammable liquids storage of specialists singled out for major
industrial accidents in the following variants (Table. 1).
Pool fire is evaluated following conditions:

e flammable substance
e bounded / unbounded

o tributary - the inlet velocity greater than the speed of combustion, and a pair of
burning the liquid
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Table 1 Type scenarios for flammable liquids [5, 7]

Type of results | Description

Pool Fire Pool Fire - ignited vapors of flammable liquids above the horizontal pool.

BLEVE Boiling Liquid Expanding Vapor explosion Explosion- few boiling liquid.
Arises as a consequence of external fire

Flash Fire Burning cloud of flammable vapors, formed in the initiation steam in

limiting of flammability. Cloud may also initiate further away from the spill
and then flash back.

Jet Fire / Jet Flame - arises from ignition of flammable vapors leaking from the

Jet Flame container under pressure through a small hole. Couples/ steam usually
entrained along a part of the liquid. Flare leaking material is quite sharp.

Boilover From boiling over (the edge of the tray)

\VCE Vapour cloud explosion

Fireball Fireball. Arises as a consequence Bleve effect

Scattering Scattering - Spreading a cloud of flammable vapors downwind and
subsequent dilution to concentrations below the lower explosive limit

LEL Lower explosive limit

UEL Higher explosive limit

1.1.2.Loss Rate Fire of Fire Class B (fire of flammable liguids)

One of the most basic and important data that characterize the combustion of flammable
liquids, the flow rate of fire. This parameter is used in evaluating the combustion of
flammable liquids. In the literature are often referred to different flow rates of burning the
same substance. Under these differences is signed inconsistent methodology for determining
this parameter, which is the result of different results from different authors. [5]

The loss rate fire of fire liquid is defined as the amount of liquid per unit time function.
Identifies two basic loss rate fire [8]:

- Linear.

- Mass.

Novotny - Turekova [9] emphasize parameter - the flow rate of fire as one of the primary
values, we need to calculate the necessary additional data during combustion of flammable
liquids. Calculation we can get the values that have practical use in evaluating the
combustion of flammable liquids.

For purposes of calculating the rate of fire is necessary to know the following parameters
[9,10,11]:

- Fuel type.

- Diameter pool.

- The quantity of the spilled liquid.

Novotny -Turekova [8] were used to calculate the linear loss rate fire correlation study
results Babrauskasa [10]. Those makers claim that values are valid for the case of no wind
and with minimal fluid overheating. [8.10]. Fire-rescue workers is an important indicator of a
reduction in the level of liquid fire from its inception to its extinguishing. [12]
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2. EXPERIMENTAL PART

2.1.Characterisation of fire class B samples

For the purposes of the experiment samples were selected specifically flammable
nonpolar liquids summarized in Table 3. It was the Super Petrol 95 (BS95). Features BS95
states MSDS. [24]

2.1.1.Experimental model of Fire Class B

For experimental measurements will be created three test models of class B fires from the
sample Gasoline Super 95 To implement models of fire class B, test baths were used:

o test bath to a small test fire extinguishing capability according to EN 1568-4 section
1.1.1 [25] (labeled MB), mean area fire / create pools D = 0,565 m,
o test bath 21B STN EN 3-7 + Al [26] (labeled 21B), mean area fire / create pools of
D =0,92 m (Table 2),
o test bath 89B STN EN 3-7 + Al [26] (labeled 89B) mean area fire / create pools of D
=1,89 m (Table 2).
In each test the tank fuel level of at least 20 mm.

Due to the increasing fuel consumption is also increasing interest in biofuels as
renewable energy sources [13, 14, 15].

Most motor fuel are made from crude oil, which are the most important component
hydrocarbons. The European Union promotes the use of alternative motor fuels based on
vegetable oils and alcohols, synthetically prepared fuels from coal, tar, oil sands, oil and
natural gas and their mixtures with hydrocarbon fuels [16]. The EU adopted Directive
2003/30 / EC to encourage the use of biofuels in transport. The Directive requires Member
States to replace 2% of diesel and petrol with biofuels in 2005 and by 2010 this had risen to
5.75% [17,18]. EU Strategy for the years 2020 and 2050 are bold, presenting a significant
increase in the share of renewable energy sources [18].

2.2.Experimental methods for monitoring fires Class B - Monitoring model
fire class B according to EN 3-7 + Al.

The implementation of the Class B fire models, were used test bath (Table 2 and FIG. 1).

Figure 1a) MB Figure 1b) 21B Figure 1c) 89B
Figure 1 - Test fire tanks for model class MB, 21B and 89B
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Table 2 Characteristics of reservoir modelsof fire class B

Fire Characteristic of test baths Labeled of area of
Clas ["Test bath The diameter Areaofthe | the tank (Fire
sB of the tank tank (Fire Area)
D [m] Area)
S[m?]
1. The small test fire 0,565 0,25 MB (FIG. 1a)

extinguishing capability
according to EN 1568-4

section 1.1.1

2. The test bath according 0,92 0,66 21B (FIG. 1b)
to 21B STN EN 3-7 +
Al [26]

3. The test bath 89B 1,89 2,8 89B (FIG. 1c)
according to STN EN 3-
7+A1 [26]

For the purposes of the experiment were used fuel gauges presented in Table 3,
Measuring conditions are presented in Table 4.

Table 3 Fuel consumption.
Fire Class B 21B MB spolu
Super Petrol 95 (BS95) 10 liter 25 liter 136 liter

Research tracking rate of burning liquids were chosen method combined with the
conditions of standard EN 3-8 [27].
Table 4 Conditions for model of Fire Class B, fuel - Super Petrol 95 (BS95)

Parameters MB 21B
Temporature of environment [°C] 10,8 11,5
Weather conditions [m.s™] 1,55 2,2
Density of the fuel [g.cm’] 0,78 0,78

Fire Time [min] 1 3 5 1 3 5
Volume of fuel mixture: 15 |

H,0-+BS95[I] 3 4,5 6 6 12 15

By monitoring the fire time and the amount of spent fuel were calculated and compared
with the Loss Rates to another model fires of Class B (presented in Table. 2).

After a specified fire time, fire was extinguished by covering a metal lid, which was
produced for each tank (test bath). On such phenomena that take place in the tank, it is
necessary to accept the tank overheating due to conductive heat transfer to the tank walls. So
it is unconditionally necessary when liquids fires immediately cool the tank wall.
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Figure 2 (11 part) — Overlap tank 21B to tank 89B.
The experiments were divided into two parts, namely:

e Mass Flow Rate of Fire - were examined many gallons of flammable burned for a
given unit area on an experimental test tank.

e On the basis of the calculation were through mathematical calculations derive the
following parameters: Loss Rate, Mass Flow Rate of Fire and Linear Flow Rate of
Fire (water column function of fuel). When the test was the most difficult task spent
of fuel, suffocation by preventing access of air, without causing injury to firefighters
(FIG. 2 and FIG.3). On the tank 21B and 89B were produced metal covers that its
size overlapped the entire tank. Was prepared lever pivot mechanism that dominated
one firefighter and implemented process interruption Fire Class B. Finally, wet
fabrics were used as insulation fluid from the air between the lid and the edge of the
tank to prevent access of air. At the same time a jet of water were cooled walls of the
tank and the lid to prevent the deformation and damage while covering material
(FIG. 3).
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L

Figre 3 - Descriptive sample tests which were made of burning the Fires Class 89B.
2.3.Evaluation of the results

On the basis of the experimental data was obtained:

e Amount the flammable liquid remaining after discontinuation of burning and fire
time.

Is calculated:
Loss Rate Fire in the tank (according to formula 4),
Mass Loss Rate Fire (the formula 5),
Linear Loss Rate Fire (according to formula 6).
These data are statistically evaluated, and the average value and standard deviation are
calculated from the formulas (4), (5) and (6).

To calculate the Loss Rate Fire was used the relation (4):

Vp 4)
t

m=

Where: m Loss Rate Fire[kg.min™], V Volume of the burning liquid [m®]
p  Density of liquid, t Fire time [min]
To calculate the Mass Loss Rate Fire was used the relation (5):

h, = (5)
S
Where: m, Mass Loss Rate Fire [kg min™ m?], M Loss Rate Fire [kg min™],

S Fire Area [m°]
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To calculate the Linear Loss Rate Fire was used the relation (6):

v =Y @)
St
Where: v; Linear Loss Rate Fire [cm min™], V Volume of the burning liquid [m?]

S Fire Area [m?], t Fire Time [min]

Amount of fuel (flammable liquid) burned and fire time was determined to always
remaining quantity of flalmmable liquid cover the bottom of the test tank continuous layer, in
order to conform to the fire spilled across the surface of the tank.

About the experiment was monitored as turbulent flame as [19,20] were characterized.
Experiments were carried out at the fire station ZHU Slovnaft in Bratislava. Repeated twice
for material and economic demands. At the same time, carrying out experiments originated
annoying black smoke, which infest the surrounding environment. In Table. 5 to tab. 7 are
summarized the data from the measurement sample BS95 for two fire area 0.25 m? (Fire
Class MB) and 0.66 m? (Fire Class 21B). For the purpose of seeking context was
progressively increased fire time tracking Loss Rate Fire [kg min™] and the Mass Loss Rate
Fire [kg min™ m?], in some literatures referred to as "mass rate of fire spreading" [21]. In the
literature [21] provides for petroleum products Mass loss rate fire 2,19 kg min®* m’.
Sometimes referred to as a parameter of evaporation (evaporation rates), which in our case
also describes the process. For all the monitored area fire comes relatively comparable value.

3. RESULTS AND DISCUSSION
3.1.Experimental resulats for Fire Class MB and Fire Class 21B

The obtained experimental results are shown in Table 5. Based on the initial volume V,
and watched the fuel is combusted fuel volume V4, and the rest after discontinuation of fuel
burning V.

Table 5 Experimental data model ofire class B, fuel gasoline Super 95

Fire Time Fire Area
No. MB / Volume fuel [liter] 21B/ Volume fuel [liter]

[min] Vo Vy Vz Vo Vy \
1 0,71 2,29 2,8 3,2
2 1 3 1,06 1,94 6 2,64 3,36
3 1,04 1,96 2,73 3,26
1 2,73 1,77 7,425 4,575
2 3 45 2,63 1,67 12 8,3 37
3 2.70 1.72 7,39 4.18
1 5,06 0,94 13,39 1,61
2 5 6 4,5 15 15 12,89 2,11
3 4.5 15 13.05 1.84

From the measured experimental data was calculated Mass Loss Rate Fire M and Mass

Loss Rate Fire per unit area M. Averaging and determining the standard deviation is
necessary to point out the resulting scattering intensity due to the implementation of the
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experiment. As seen from the results obtained with the increase of fire time increases linearly
fuel volume (Fig. 4) but the Loss Rate Fire for each fire times are confirmed. It is observed,
increase the Loss Rate Fire, depending on the area of the fire (Table 6).

Table 6 Average values of the Flow Area B gasoline Super 95 in the fire class MB and 21B.

) — Amount of Fuel Spent of fuel
Fire Area B | Fire Time £ burni
[m?] t [min] 0 “”;'”g - 4, | My [kg.mZmin
Vy [m ] m [kg-mm ] l]
1 1,01 +0,108 1,28 +0,352 5,21 £ 0,561
MB 3 2,68 +0,05 1,145+0,0025 4,58+ 0,085
0,25 5 4,78+0,28 1,27+0,087 4,90+ 0,285
X Average 1,23 4,89
1 2,7+ 0,090 3,484+0,105 5,28+ 0,155
21B 3 7,905+0,362 3,360,134 5,09+ 0,28
0,66 5 13,13+0,204 3,370,178 5,105+ 0,095
X Average 3,40 5,02

The power ratings depending of the flammable liquid burning on the fire time was
provided a graphic linear dependence of the fuel consumption with respect to time, which
plays an essential role as the width of the tank, whereas we used only one type of fuel and
yet the linear slope of the curve is significantly different (Fig.4). With increasing surface fuel
consumption is increasing.

BS95, spentof fuel [liter] ¢ MB e 21B —Linearny (MB) —Linearny (21B) ‘
16 -
) fr )
=10
£
5o :
£
g° (S
o
>
4 / /
2 —
0 T :

Fire Time [min]
Figure 4 The fuel consumption in Fire Class MB and 21B.

As seen with the increase in the area of fire, there is the enhanced model the fire class
21B of the linear dependence y = 2,6288x (FIG. 4), at the same time as the model of the class
of fire MB (of the linear dependence y = 0,9426x (FIG. 4)).From the extrapolated results
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may be indicative predicted by fire times the Flow Rate will fuel of burning at appropriate
time intervals (Fig. 5).

Spent of fuel —--MB  -e-21B ‘

45
40

35 /
30 /

25

20 /
) el PP

Mass Loos Rate Fire [kg/min]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Fire Time [min]

Figure 5 The linear dependence of the Mass Flow Rate gasoline model of fire classes MB and 21B.

When monitoring the evaporation rate would be more favorable parameter 'l min-1,
"which would indicate the amount of spent fuel per minute (Table 7). For fire MB based rate
much smaller, of the order of 1.5 times, an area to fire Class 21B.

Table 7 Evaporation "ml min-1" Gasoline for fire models MB and 21B.

21B (Fire Area
0,66m?)

I min™« 1,1 +0,12 2,63+0,73

Evaporate/ Linera Flow Rate MB (Fire Area 0,25m?)

Based on the results of Table 7 again it is possible to create a plot of the behavior of
gasoline in the tank when the fire of the quantity of spent fuel (Fig. 6). The above result is
important for the assessment of interference resulting fire class B, where the incident
commander must consider whether it is worthwhile to join the fire fighting equipment to
extinguish a fire, or is already in the advanced stage of the fire and the amount of spent fuel
in the tank is minimal, linear velocity high fire, so it is advantageous supervised let Petrol
burn (Fig. 6). This fact is illustrated in 15 minutes, the fire brigades range is within 10 min.
[22] The commander should have enough time to consider and compare the amount of fuel in
the tank. The similar procedure is presented by [28].
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Figure 6 Linear dependence of the evaporation of gasoline in fire class MB and 21B.

3.2.Comparison of mass flow rate and mass flow rate per unit area (mass
rate of fire spreading) of gasoline in the fire class MB (fire area 0,25
m?) and 21B (fire area 0,66 m?)

Basically the course of the values is the same for all measurements in the relevant area of
fire (Table 7), but three times higher on the average value of 3.40 kg.min value of Flow
Rate in MB fire (fire area 0.25 m?) (Table 5) as the 21B (0,66 m? fire area). The fire 21B to
obtain values of 1,23 kg.min™. Result confirms the well-known rule that with increasing area
of the fire class B increases the rate of burning. The BS 95 samples with increasing fire area
by 2,5 times increase in Flow Rate occurs three times.

When evaluating the obtained value of the resulting mass rate spread of fire were
obtained consistent results (Table 5). A positive result is a relative consensus rate spread of
fire, which was based on the difference of 0,26 (Table 5).

3.3.Experimental resualts for Fire Class 89B

For the purposes of monitoring during the fire class B in the model fire area 2,8 m?
termed according to EN 3-8 as 89B, it could not proceed as in the previous cases. Since this
is a large-scale experiment, which is demanding on technical merit The Fire could not be
repeated manner discontinued by covering fire area as it was in previous experiments. On
extinguishing of Fire Class 89B was chosen a gradual approach to the entire unburned fuel -
petroleum product. As result was monitored the time for which the process is carried out.
Again the calculated Mass Flow Rate.

Of burning shows some deviations from the measurement tank under 21B respectively
the container to the fire-test MB, which may be due to the way the test was carried out pre-
treatment of standard experiments and subsequently was theoretically calculated, according
to previous testing, the amount of fuel burning for 2 minutes, and it was then ignited.
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4. CONCLUTION

Based on the experiemntov it can be stated:
- Gasoline is readily combustible liquid (Class | hazard according Slovak Laws 96/2004

[23])

- The rate of burning gasoline is significantly influenced by the shape and size of the
container area level of gasoline

- Implementation of the above experiments is very demanding on the technical design
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ESTABLISHING ECONOMIC IMPACT OF FIRE

Abstract: The main topic of this paper is the economic impact of a fire. By knowing what the expected
damage is the stakeholders can take appropriate countermeasures. This may be an installation of a fire
protection system, e.g. a sprinkler system, introducing a higher level of compartmentation to the
building etc. However, in order to know what the expected fire loss, in monetary terms, is, one needs to
know to what size the fire will grow. The solution to this task has two parts. Firstly, the size of the fire
needs to be established and secondly, the expected damaged area must be converted into financial loss.
Both of these tasks are introduced in this paper and a worked example is provided. In the worked
example two scenarios with different levels of fire protection are compared. Probabilistic modeling is
used for establishing the size of the fire and the extent of damage. Subsequently, adequate economic
tools are applied to assign monetary value to the expected damage.

Key words: probability modeling, fire safety, economic loss, level of safety

OJAPEBUBAIBE EKOHOMCKOI' YTUIIAJA ITIOKAPA

Ancrpakr: ['1aBHa Tema OBOI paja je eKOHOMCKM yTHIaj moxxapa. Kanma ce 3Ha koja je oueKkuBaHa
HITeTa, aKTepH MOTYy [a Mpeay3Mmy oxarosapajyhe mporuBMepe. To Moke OWTH HMHCTanalMja cUCTEMa
3aIITHTE OJ I0XKapa, HIpP. CIPHUHKIEP CHCTEMa, YBOheme BHIIEI HUBOA KOMIIAPTMEHTAIH)e
(u3nmesbeHOCTH) Yy 3rpamd UTA. A, Aa OH ce 3HaNO IUTAa je OYEKMBaHH TIyOMTaK y HOXKapy, Y
(bMHAHCH]CKOM CMHCITY, MOpa Ce 3HATH KOJIMKH fie OUTH moxap. Pelieme OBOT 3a/1aTka HMa JBa Jea.
IIpBo, Tpeba OAPEAUTH BEIMYHHY MOXapa M JPYro, Mopa Ce yTBPAUTH (DPUHAHCHjCKH TyOWTaK 3a
ouekuBany omreheny obnact. Ob6a 3agaTka cy obpaljeHa y oBOM paiy, a Jat je ¥ KOHKpeTaH IpHMep.
Y npuMepy ce mopeae JBa CLEHapuja ca pa3IMYMTHM HHMBOMMA 3alUTUTE Of IOXapa.
[IpobabmmcTHyKo MOZIENOBame Ce KOPUCTH 32 YTBphHBamke BeTHYHHE MoXKapa U CTeleHa omrehema.
3aTM ce NpHMEBYjy onarosapajyfini eKOHOMCKM alaTd pagd oApehuBama HOBYAHE BPEIHOCTH
OYCKHBAHE IITETE.
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1. INTRODUCTION

Probabilistic fire modelling is a well established and widely recognised tool used in fire
risk analysis and design [1],[2]. The main objective of this type of analysis is to calculate
probabilities of occurence for selected scenarios or outcomes; this may be area damaged by
fire, life loss, injury etc. Unlike in deterministic fire modelling, exact quantities, such as the
smoke layer temperature, are not of primary interest. Instead, a more general objectives are
used, such as: What is the probability of fire spread beyond compartment boundaries?.

There may be a number of aspects to a fire risk analysis, depending on the objectives of
the individual stakeholders. For the enforcing authority, life safety is of primary importance,
however, the investor may be more interested in the economic implications of the design,
once the minimum life-safety criteria have been met. The standardised fire engineering
design concept, incorporates these objectives, which, once formulated, have to be quantified
and assessed for acceptability [3],[4].

Once the probabilities of interest are known, the stakeholders can make the decision,
whether the level of risk is acceptable or countermeasures must be incorporated into the
design. As mentioned above, some stakeholders may be interested in economic implications
and potential fire loss for the proposed design; what level of safety — avoided loss and other
benefits— will the funds ivnested in fire protection measures yield.

2. CALCULATION METHODOLOGY

For the analysis two calculation methods are employed; for risk estimation — the event
tree analysis and for economic loss — cost per-area-damaged method.

2.1.Event tree analysis

The analysis is undertaken in the form of event trees. According to [2], event trees are
most useful when there is little data on the frequency of outcomes of concern that are very
infrequent, e.g. multiple fire deaths. A general form of an event tree is shown in Figure 1.

The frequency of each of the outcomes F, is then expressed as:
F,=F]]P (1)

where F is the frequency of the initiating event — a fire starting in a given type of
occupancy, and P, represent the probabilities of nodal events occurring.

{odal Hodal Outcome

Figure 7 General form of an event tree [2]
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The problem with this type of analysis, however, is the limited availability of statistical
data of required detail and structure. Whereas the data for deterministic fire models may be
acquired via various methods of testing (e.g. [5],[6]) in relatively shorts periods of time,
gathering the necessary statistical data is a long-term process. Engineering judgement and
aproximation have therefore often to be used.

The primary probability — Initiating event (Fig. 1) — is the probability of a fire starting.
This probability is closely tied with the occupancy type — purpose group — of a building. In
general, the probability of a fire starting may be expressed as overall or area-dependent. The
overal probabilities for selected occupancy types are listed in Tab. 1. Tab. 1 also lists the
calculation conostants for equation (2), which can be used for the calculation of area-
dependent probabilities [2].

F=aA 0
Where:
Fi - probability (frequency) of a fire starting [y™]
A, - floor area of building [m?]

a, b - probability (frequency) calculation constants for particular building type [-]
Table 1 Overall fire occurence probabilities and area-dependent probability calculation constants

Overall probability of fire Probability of fire starting
Occupancy type starting Iy calculation constants [2]

SK[7] UK [2] a b
Education 15x10° 4,0 x 107 0,0002 0,75
Hospitals 30x10° 30x10* 0,0007 0,75
Hotels 1,9 x 10° - 0,00008 1,0
Industrial 8,1x10% 44 %107 0,0017 0,53
Office 41x%10% 6,2x10% 0,000059 09
Shops 8,5x10° - 0,000066 1,0
Warehouses - 1,3x10° 0,00067 0,5

2.2.Loss estimation — cost per area damaged by fire

In order to be able to estimate potential fire loss, the expected fire spread must be known.
In addition to the area damaged by fire, fire loss is closely tied with value concentration;
there is a vast difference between, say a 100 m? fire damaged area in an office and a
warehouse.

Similarly to the probability of a fire starting based on the building’s floor area (Eq. 2), [2]
and [8], give a formula (3) for the calculation of damaged area within the building, based on
its floor area; building-dependent constants ¢ and d are given in Table 2.

A=cA ()
Where:
Aq - probable area damaged by fire [m?]
A, - floor area of building [m?]

76



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

¢, d - fire damaged area calculation constants for particular building type [-]

Although this is a straighforward calculation, it does not give information about the
potential mitigation effects of fire protection measures which may be installed above the
minimum requirements; standard fire protection level, characteristic for a given type of
occupancy is accounted for in coefficients ¢ and d.

Table 2 Probable fire damaged area calculation constants

Occupancy type Probable fire damaged area calculation constants [2]
c d
Education 2,8 0,37
Hospitals 5,0 0,00
Hotels 5,4 0,22
Industrial 2,25 0,45
Office 15,0 0,00
Shops 0,95 0,50
Warehouses 35 0,52

As an alternative to the above, and the primary method of calculation, the fire-damaged
area is established, together with its occurrence probability, as an outcome of the event tree
analysis.

In both cases, the financial loss is then calculated as a product of the fire-damaged area
and an arbitrary value density (cost) per unit of area [EUR/m?] for the given type of building.

3. CASE STUDY
3.1.Descritpion of buildings and probabilty of fire starting

The building in question consists of two compartments, each having a floor area of
1000m?; the total floor area of each building is 2000m?. Each compartment is further
subdivided into at least two rooms. Three various occupancy types are assumed: office, shop
and industrial. There are two levels of fire protection: sprinklered and unsprinklered.

Since the probabilities of a fire starting calculated using Eq. (2) are the most conservative
from the available options, they were used in all subsequent calculations and are as follows:
Industrial — 0,096; Office —0,052; Shop — 0,132.

3.2.Event tree analysis formulation

Due to the lack of available statistical data for the Slovak republic, the probabilities from
[2] were used. The basic event trees for the sprinklered and non-sprinklered scenarios (values
in brackets) with the probabilities for the individual nodal events are shown in Figure 2.
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Fire
Confined to 1% Confined to contents Confined to
item ignited (minor structural damage) compartment of origin
E
Yes [0,79 (0,22) !
Ignition E,
Yes |0,57 (0,29)
No |0,21 (0,78) £
ves [0,75 (0,75) :
No |0,43 (0,71)
No |0,25 (0,25)
Es

*values in brackets denote Unsprinklered scenario

Figure 2 Event trees for modeled fire scenarios

The probabilities of the final node — failure of a compartment boundary — are based on
the reliability data for elements of fire protection from [2]. They represent the probability of
that the compartment boundary will achieve at least 75% of the designated fire resistance.

Table 3 Extent of fire damage and outcome frequencies for defined fire scenarios

Fire scenario Extent of damage Outcome frequency
Sprinklered Unsprinklered

Confined to 1% item E; max. 5m? 0,790 0,220

Confined to contents E, 50% of compartment 0,120 0,226

Confined to compartment of origin  100% of compartment 0,068 0,415

Es

Spread beyond comparment 2x compartment area 0,023 0,139

of origin E,4

3.3.Determining the probability, extent of fire damage and potential loss

Table 4 lists the probabilities and occurence intervals for the individual fire scenarios, E;
— E4; the values were obtained using Equation (1). The most probable outcome for each fire
protection level is in bold. It should be realized that the occurence of a fire does not decrease
for the individual fire scenarios E,, but is rather divided among the possible outcomes.

It is also very important to take into account the expected lifespan of a building, in order
to determine whether or not a fire scenario (event) is relevant to the buliding in question.
Remoy [9] states that buildings in Europe and America have an expected lifespan of 50-70
years. This means it is rather unlikely that a fire will grow beyond the first item ignited —
5m? for the sprinklered occupancies. On the other hand, with the exception of the office
category, there is a possibility for even the most severe — fire spread beyond the
compartment of origin — cosequences and damaged area.
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Table 4 Probabilities and occurence intevals for individual fire scenarios

Occupancy Fire starting El E2 E3 E4

P 0 P O P O P O P O
Sprinklered
Industrial 9,6.102 10 75102 13 1,1.10%2 87 6,5.10° 155 2,2.10° 464
Office 5,5.10° 18 4,4.102% 23 6,6.10° 151 3,7.10° 268 1,2.10° 803
Shop 1,310 8 1,0.10* 10 1,6.10% 63 8,9.10° 112 3,0.10° 336
Unsprinklered
Industrial 95102 10 2,1.10% 48 2,2.10% 46 40102 25 1,3.10% 76
Office 55102 18 1,210% 82 12102 80 2,3.10% 44 7,6.10° 131
Shop 1,310 8  29.10% 34 3010% 33 55102 18 1,8.10% 55

P — probability [y™]; O - occurence [y]

Taking the most likely outcomes into consideration, the fire-damaged area is 5m* and
1000m? for sprinklered and unsprinklered scenario, respectively, regardless of the occupancy
type. In comparison, Eq. (2) yields 69m? for industrial premises, 15m? for offices and 50m?
for shops, regardles of the level of protection.

Table 5 provides information on economic implications of the fire scenarios and how
sprinkler protection significantly decreases the potential total loss and loss per year, despite
the seemingly illogical (exlained above) shorter time period between fires. These simplified
fire scenarios give the stakeholder an overview of consequences, in the orders of magitude,
that may be expected.

Table 5 Probabilities and occurence intevals for individual fire scenarios

Occupancy Value density” Likely Likely loss Occurence Loss per
damage interval year

[EUR/M?] [m?] [EUR] vl [EUR/Y]

Sprinklered

Industrial 300 5 1500 13 115

Office 100 5 500 23 22

Shop 200 5 1000 10 100

Unsprinklered

Industrial 300 1000 300000 25 12000

Office 100 1000 100000 44 2272

Shop 200 1000 200000 18 11100

“Fabricated values — for demonstration only
3.4.Life safety

Although not as directly quantifiable as the potential for fire damage and loss, life safety
implications may also be predicted. Logically, if the fire is most likely not to extend beyond
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the first item ignited for sprinklered buildings, the fire will not pose such a significant threat
to the occupants as if it could grow further.

A study by Melinek [10] suggests that a 40% reduction in fatalities and 20% reduction in
casualties could by achieved if all fires were sprinklered, however, available statistical data is
not sufficient to make such a study for the building type in question.

4. CONCLUSIONS

Establishing economic impact of fire should form a standard part of the decision making
process. Since there are often a number of ways of achieving the required / desired level of
safety, the stakeholders should be able to make an informed decision as to which of them is
the most economicaly effective.

Probabilistic fire modelling, the Event three analysis in particular, offers a relatively
simple way of undertaking such an economic feasibility analysis.

The paper demonstrated an example analysis on a range occupancies, an the results are in
favour of sprinkler protection. Although commonly acknowledged as an superior fire
protection measure, initial and maintenance costs are a common reason for reluctance from
the investor. The economical benefits benefits — significant drop in total and yearly fire loss-
are often not enough, since they are only hypothetical in their nature, whereas the installation
and maintenance costs are real. These costs should be compared with the benefits, however,
were not available at the time of this study.

From a life safety point of view, sprinkler protection certainly represents an
improvement, however, the lack of statistical data makes it difficult to quantify.
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Abstract: The influence of process overcurrent different multiplicity damage the copper conductor
under an AC voltage of 220 V is considered. The results of the simulation of emergency fire hazard
mode overcurrent various ratios in the copper conductors are presented. Morphological and
metallographic analysis of traces resulting from overcurrent flowing through the conductor was carried
out. Shows the dependence of this traces on the ratio of current overload.
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Pesume: VY pany ce pasmaTpa yTHIQ] IPOIECA KOjH DE3YITHPajy PA3IUUYUTHM CTCIICHOM
omrehema OakapHUX MPOBOIHMKA 360r IpeonTepeheha Mo HATOHOM Hau3MaHUYHE CTpYje OJT
220 V. Tlpencrasibenu ¢y PE3yNTaTH CUMYJANMjE BaHPEIHE CHTyalHje OMACHOCTU O MoKapa ca
pasIMYMTHM CTemeHOM mpeontepehema ko OakapHHX MPOBOAHMKA. CrpoBeneHe cy
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1. BBEJAEHUE

HccnenoBanuio  MemHOM — 2JIEKTPONPOBOJAKM  Ha  MpeIMET  Halmuuusi  CJIEJOB
TTOXKapooIaCHbIX aBapI/If/'IHBIX IIpOoUEeCCOB, IMPOTEKAIOUINX B Heﬁ, TPaAUIIUOHHO YACIACTCA
0oco00e BHUMaHHE IIPH IPOBEACHUH CYOCOHOW MOXXKAPHO-TEXHHYECKOH IKCIIECPTH3BL.
Ka6eﬂ])HO'Hp0BO[lHI/IKOBLIe n3acing ABJIAKOTCA OJHUMU U3 HauboJee TMOXKapooIaCHbIX
BUJIOB TPOJYKLMH, IIOCKOJIIBKY B HHX COYETaeTcs Toprodas cpema (SIeKTPOH30JILHS,
0007104KK Kabelei u T.1.) ¥ UCTOYHHUKHY 3a3KUTaHUs! (UCKPBIL, IyT'H, HArPEThIEe JICKTPUIECKUM
TOKOM JI€Talld U T.IL), TIOSIBIIAIONIHECS MPH paboTe 3JIEKTPOOOOPYIOBAaHHS B aBapHITHBIX
pexxuMax. YcraHoBieHHE (aKTa aBapHHHOTO pexnma paboThl mpubopa MM YCTPOHCTBA U
IPUYACTHOCTH BTOTO PEXHMMa K BOSHHKHOBEHHIO IOXAapa KpaiHe Ba)KHO [UIS PELICHHS
BOIIPOCa O HEMOCPEICTBEHHO (TEXHUYECKOI) MPUYHHE MOXKapa.

Kak m3BecTHO, OCHOBHBIMHM aBapUHHBIMU PEXHMAaMHU B 3JIEKTPOCETSAX, NPUBOSIINMA K
noxapy, SBISIIOTCS KOpoTkue 3aMbikanus (K3), meperpy3ku mo TOKy M HamlpspKEHHIO, a
TakXKe TEIUIOBBIICICHUS B 30HaX OoNbImX nepexoanbix conpotuBienuit (BIIC). Hanboxee
W3YYEHHBIM  DJICKTPUYECKUM  [OKApOONAacHbIM  PEKUMOM, Kak C  I0XapHO-
MpO(OUITAKTUIECKOH, TaK W IKCIEPTHO-KPHUMUHAINCTUIECKON Todek 3peHus, smiserca K3
[1]. Bo BHMUIIO MBJ] CCCP mnopn pykooactBoM mpodeccopa I'.M. CmenkoBa Oblia
pazpaboTaHa TeopeTHYeCKass OCHOBa (METOJOJIOTHS) YCTAaHOBICHHUS TMPUYACTHOCTH
JNMEKTPUUECKUX aBAPUITHBIX PEKMMOB K BO3HHKHOBEHHIO IT0XKapa, CO3/aHa U MPAKTHYCCKU
peann3oBaHa repBasi OTEYECTBEHHAss HHCTPYMEHTAlIbHAs METO/IMKa YCTAaHOBJICGHHSI MOMEHTA
BO3HMKHOBeHMsI K3 Ha MemHBIX ¥  aIOMHHHMEBBIX IIPOBOZAAX, ITO3BOJIIOLIAS
mddepeHInpoBaTh JyroBble OIUIABJICHWS,, BO3HUKIIME B pE3ylbTare TaK Ha3bIBAEMbIX
«mepBUYHBIX» U «BTOpHYHBIX» K3 [2]. CBoe pa3BuTHE METOAWMKA MOIy4niIa B paboTax
BHMM MBJI CCCP u 3KI MBJ Poccuun [3]. Metoauueckue OCHOBBI HCCIEIOBAHUS
crienoB BIIC u3noskensl B pabote [4].

B nmamHOW  craThe  W3MaraloTCs  Pe3yNbTaThl  MOJETHPOBAHUS  aBAPUHUHOTO
MO’KAapOOMACHOTO PEXHMMa TOKOBOM MEperpy3Kd pas3iIM4HOM KpPaTHOCTH B MEIHBIX
npoBoaHukax. [IpuBeneHbl pe3ynbTaTbl MOP(OJOrMYECKOTO W METauIorpapuyecKoro
aHaJIM3a MOTYyYEHHBIX 00pa30B MEJHBIX IPOBOJHUKOB C OTUIABICHUSIMH.

2. DKCIHEPUMEHT

OKCIIepUMEHTHl TPOBOJMIN C MEIHBIMH MHOTOIIPOBOJIOYHBIMH H OJHOIIPOBOJIOYHBIMU
npoBonuukamu Tturma BB, TIBC, IIBBII, MI'IIB, NYM B [IBX-u3ouisdmuu Iuomanso
ceuenusa 0,5, 0,75, 1,5 u 2,5 MM’ Ha CIENMATBHOM AIEKTPOTEXHUIECKOM CTEHIE IPH
CIEYIONNX VCIOBWSX: HampspDKeHHe TepeMeHHoro Toka — 220 B; Temmeparypa
okpyxatorieit cpesbl — 20 °C; — HopManbHas atMocdepa. 3aKperIeHHbIH K IEKTPUYECKHM
KOHTaKTaM oOpasern npoBoaHuka aurHOoH 40 — 100 cM B W30JAIHAN TONAEPKUBAIICS CHHU3Y
MOJUIOKKOW W3 acOecra. Ilpy 5THX YCIOBHSAX uepe3 MNPOBOJAHUK IPOMYCKAIM TOKH
Meperpy3K pa3TmIHON KpaTHOCTH — OT 2 110 20 kpat ¢ marom B 1 kpat. Tak, HarpumMep, s
MEJIHOTO TPOBOJHMKA IIOMABI0 CEUCHHs 2,5 MM’ NPEIEIbHO JOMYCTHMBIM 3HAYCHHEM
Toka siBnsieTcs Toka mopsaka 30 A [5]. CooTBETCTBEHHO, B XO/€ KCIEPUMEHTa MPOBOIHUK
JTAHHOTO CEYEeHHMs MOJBEpraau Tokam mneperpysku ot 60 mo 600 A. Ilpu kaxkaoMm 3HauCHUH
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KpPaTHOCTH TEPETPy3KH OKCIIEPUMEHT TOBTOPSUTM TPWXKIBl. B XoJe sKcrepuMeHTa
CeKYHJIOMepOM (PHKCHUPOBAJIHM BpEeMsl OT MOMEHTA I10JIaud TOKa Ha o0pasell JI0 pa3pyLIeHUs
(pa3peiBa) mpoBoaHUKa. [losrydeHHbIe 00pa3Ipl H3ydaldd BU3YyaIbHO, OTMEYasi XapaKTepHbIC
MOBPEXKAEHHUS IPOBOJAHUKOB IIPU PAa3IMYHBIX KpPAaTHOCTSAX TOKa meperpy3ku. Jlanee
MIPOBOAMIN MeTauiorpaguiyecKknii aHauu3 OIUIABJICHWH, OOpa30BaBIIUXCS INPH KaXIOM
3Ha4eHUH KPAaTHOCTH TOKA MEPErpy3KkH, cieaylomuM oopa3oM. OT KW OTpe3aid y4acToK,
JUIMHOW 4 - 5 MM BMeECTE C OIUIaBJICHHEM H 3alpecCOBBIBAIM B (OPMY. 3alpeccoBKY
00pasioB B ¢eHonbHyto cMoiry «Phenocure (Bakelit)» ocymiecTsisim ¢ oMoIIpio mpecca
Simplimet 1000 (dupma «Buehler»). Pexumbr paboTbl mpecca: pasienue 270 bar,
temnepatypa 150 °C, Bpemst HarpeBa 1 mun 50 cekynau [TomydeHnsie 0Opasinsl mmrdosamm
U MOJHUpOBaIM Ha Merawiorpadudeckom cranke «Phoenix Beta» (dupma «Buehler). Jlns
BBISIBIICHUS TPaHUI] 3€PEH MEIH MPUMEHUTH XUMHUYecKoe TpaBieHue B 40 % CONIHOKHCIOM
pacTBOpe  XJIODHOTO  JKelesa. W3ydenne  MuKponumM$oB  TPOBOIWIM  Ha
metamorpapudeckom mMukpockone METAM JIB - 31 ¢ ucmosib30BaHHEM KOMITBIOTEPHOM
nporpamMbl i aHanusa u3o0pakenus «Thixomet Pro» npu yBenuuenusx 50, 100, 200%.
OmnpejeneHne KOJMYECTBA KUCIOPOJa B MeIM NPOBOJAWIIM C HCIOJb30BAaHUEM ATAJOHOB
MUKPOCTPYKTYD [6, 7].

[IpoTekaHue 1o MPOBOIaM CBEPXTOKOB, BBI3BAHHBIX TOKOBOH MEPETPY3KOH, MPUBOJHIO K
neperpeBy NPOBOJHUKOB IPAaKTHUECKH MO BCEH Tpacce IPOXOXKICHUS CBEPXTOKOB.
BoszHukaromue mpu 3TOM TEPMHUYECKHE TOPAKEHMS KW IO BHEUIHEMY BHIy CXOXH C
MOCJIEJCTBUSIMU BHEIIHEr0 TEIUIOBOTO BO3IEHCTBUS (IPOTSDKEHHBIE 30HBI OIUIABJICHUS,
W3MEHEHUsI CeueHus] W (OpMBI NPOBOJHMKA). B KOHEYHOM cueTe, NpH ONpENEIICHHOH
KpPaTHOCTH W JUIUTEIBHOCTH BO3/CHCTBUS TPOIlECC TOKOBOM MEperpy3ku MHpPUBOIMI K
Ppa3peIBY IPOBOJHUKA. Pa3pbiB MPOUCXOIUI B IOKAIBHON 30HE MM HECKOJIBKUX TOUKaX, IPH
9TOM, Ha KOHIIaX Pa30pBaHHOIO NPOBOJA OOPa3OBBIBAINCH OIUIABIICHUS, KOTOPHIE MMEIH
camble pasHooOpasHbie (HOPMBI: IIAPOOOPa3HYI0, KOHYCOOOpa3Hyro, B KOCOTO Cpe3a, BUI
MOTIEPEYHOT0  cpe3a, KparepoobOpasHylo (pucyHok 1). HeoOxommmo OTMETHTB, dYTO
MOpGOJIOTHST TaKMX OIUIABICHUH CXOJHA C IOCIEACTBHAMHU BO3ACHCTBUS Ha IPOBOHUK
ANEKTPUUYECKON AYTH KOpoTKOTO 3ambIkaHus (K3).

a) lllapoobpasznoe onnasnenue 6) Onnaenenue 6 6ude «<K0Co20 6) Onnasnenue 6 uoe
cpesa» «nonepeunozo cpesay

Pucynox 1 — JlokanvHvle onnasienus MeOH020 NPOBOOHUKA PA3IUYHOL (hopMbl, 00pa308asuiuecs 8
pesyiomame 6030elicmaus ceepxmoka
Ilpm ompemeneHHBIX 3HAYEHUSAX KPATHOCTH TOKa MEPEerpy3KH Ha IPOBOAHHKAX
BO3HHUKAIH crienuuueckue NeeKThl: 630Vmus, YMOAWeHus u YmouyeHus (weixu),
nogepxXHOCmHble Onnaelenus. BHEIIHWH BUA 3THX CIENOB NOKa3aH pucyHke 2. Hmke
MIPUBEICHO HX CIIOBECHOE OITHCAHHUE:

e30ymue — JIOKAJIBHOE€ OKpPYTJIO0€ O6paBOBaHI/Ie Ha TIOBEPXHOCTH IPOBOJHHKA, KakK
npaBujio, MTOJIO€ BHYTPH, 06pa3y}omeec51 B PE3YJbTATC BBITCCHCHUSA pPACIIaBJICHHOTO
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MeTalla TPOBOJHMKA HaJ €ro IIOBEpXHOCTHIO, BCIEACTBHE NPOTEKAaHMS CBEPXTOKa
(pucyHoxk 2 a, 6, B);

ymonuwjenue — yBelIuueHNUE TONEPEUYHOTO pasMepa MPOBOAHUKA BCIECICTBUE IJIABICHUS
MeTaluta, o0pasyromeecs B pe3ylIbTaTe MPOTEKaHHs CBEPXTOKA (PHUCYHOK 2 T, 1);

ymonuenue (wielika) — JIOKaIbHOE YMEHBIIEHUE IOINEPEYHOr0 pa3Mepa MpPOBOJHHUKA
BCJICACTBHE IUIABJICHUS MeTajlla, oOpasylolieecs B pe3ylbTaTe IMPOTEKaHHs CBEPXTOKa
(pucyHok 2 e);

nogepxHocmHoe onnagieHue — TPOTSHKEHHOE OIUIABICHUE ITOBEPXHOCTHOTO CIIOS
IIPOBOIHUKA ITPU COXPAaHEHUH ero (JOpPMBI U TuaMerpa (PUCYHOK 2 X).

6) Menxue 630ymus

a) Kpynnoe ¢30ymue

8) Mrooicecmsennvie menkue 830ymusi 2) Ymonwenue
0) ['pynna ymonwenuii

e) Ymonuenue (wetixa)

.?lC) HOBerHOCmHO@ onjiasjieHue

Pucynox 2 — Cneodwl, 0bpasyrouuecs Ha NOGEPXHOCHU MEOHbIX NPOBOOHUKOS 8 pe3yabmanie MOKo8ouU
nepezpysku Kpamtaocmoio ceévlute 3 ~ 4 (ceuenue nposoonuxos — 2,5 MMZ)
Taike ObUIO OTMedeHO, 4YTO mpu 18-kpatHOW M Oosiee meperpy3ke MPOBOJHUK
paszensiercst Ha HeCKOJIBKO (6oiiee 2-X) OTAETbHBIX (PparMeHToB (PUCYHOK 3). DTOT mporecc
Ha3BaH gpacmenmayueil.

IMporecc pasmencHus MPOBOJIHAKA HA YACTH HE BCETa MPOUCXOJIII 10 KOHIA, IIPH STOM
B «cIa0BIxX» MecTax 00pa3oBBIBaach JIHOO OTIIABICHHAS 30Ha (PUCYHOK 3 a), Ti00 TpelnHa
0e3 mpU3HAKOB OIUIaBiieHus (pUCyHOK 3 0). Metamtorpaduyeckue uccie0BaHus yIacTKOB,
Ha KOTOPBIX CHOPMUPOBAIHCH TPEIIUHBI, TIOKA3aIH, YTO pa3pylIeHUe MPOBOJHUKA UJET IO
rpaHULaM 3epeH. B ciydae, eciy MPOBOAHUK pasfeNiics Ha OTHACIBbHBIC YacTH, TO JKWIIA,
Kak MpaBuiIo, ObLIa OTUIaBJIeHa ¢ 000MX KOHIIOB (PUCYHOK 3 B).
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a) Hesasepwiennas gppacmenmayusi

6) Hesasepwennas gppaemenmayus. Tpewuna 6 00HONPOBOIOUHOM NPOBOOHUKE

~ \

8) @pazmenmuposanmvie U ONIAGIEHHbIE C O8YX KOHYOB IHCUTLbL

Pucynox 3 — @pazmenmayus MeOHbIX NPOGOOHUKOE 6 PE3YIIbMAMEe NPOREKAHUS. MOKOBOU Nepezpy3Ki
kpamuocmoio ceviuie 3 + 4. Paspyuiennvie u Oniagiennble yuacmKky ommeyersl CImpeikamu (ceuenue
npo6odHUK0s — 2,5 Mm?)

Hauunas c¢ 3+4-kpaTHOil mneperpy3ku MIPOUCXOIWIO pa3JeieHUe MPOBOJHUKA C
BO3HUKHOBEHHMEM JIyTOBOTO MPOIIECCa B MOMEHT pa3phiBa.

B numamasone ot 5 1m0 9-kpaTHOW meperpy3kd B XOJi€ HPOBEAEHHUS AKCIEPUMEHTOB
BH3yallbHO HaOIIOAIOCh MECTO, B KOTOPOM B JAIBHEHIIEM MPOHCXOAWIO pa3/ielicHHue
(pa3phIB) MPOBOAHMKA. DTa 30HA MPOSBISLIACE B BHJIE O0Jiee SIPKOTO JIOKAJIHHOTO CBEYCHHS.
MOXHO NPENIONIOKHUTh, YTO B HEH NMPOHCXOAWIO NPEIBAPUTENBHOE IUIABJICHHE MeETailia
BILJIOTH JI0 pa3pbiBa IPOBOJHUKA.

IIpu meperpy3ke meHee 8§ — 9 KpaT OTCYTCTBOBaJ BEIOPOC pPacKaJCHHBIX YacTHI[ —
MPOUCXOAWJIO JIUIITL Pa3jiesieHre MPOoBOJHUKA B | — 2 Toukax ¢ 0Opa3oBaHUEM OIUIABJICHUS
Ha KoHIax mpoBoja. [Ipu meperpyske cBbime 8§ — 9 kpar HAONIOJANCS aKTUBHBIA BBIOPOC
pacIIaBJIEHHOTO MeTaljla U3 30H pa3fieJieHHs IPOBOJHHUKA HA YaCTH.

Bonee BbIcOKass kpaTtHOCTH meperpy3ku (csoime 13 — 14 kpar) BbI3bIBaNa JIMIIb
HE3HAYNTENIbHYIO KapOOHM3ALUI0 M30JSIIUHN C BHYTPEHHEH CTOPOHBI, MOCKOJIBKY BPEMS OT
Hayaja AEHCTBHS CBEPXTOKAa IO MOMEHTA pa3JelieHHs] MPOBOJHHMKA PE3KO YMEHBIIANOCh U
COCTaBJIUIO Benu4yuHy MeHee 1 - 2 cekyHn. Ciemyer OTMETHTbh, UYTO IUIAMEHHOE T'OpEeHHe
M30JISIMU TIPH 3THX KPAaTHOCTSX TNEPErpy3kH He HaOII0Jaloch — pas3phiB AIIEKTPHUECKOH
LIeNU [TPOUCXOAUI OBICTpEe, YeM H30JILHUS yCIeBala 3aropeThes.

B pesynpraTe IpOBENEHHOrO  aHalW3a OIUIABJIEHUIl MEAHBIX IPOBOJHUKOB,
MOJIBEPIIINXCS BO3JCHCTBHIO TOKOBOM TEperpy3kd, MeETOAOM MeTtamiorpaduu  ObLTH
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BBISIBIICHBl IPU3HAKU, XapaKTEepHbIE IS JAHHOTO JJIEKTPHUYECKOTO aBapUHHOIO peXHMa.
JlaHHbIEe IPU3HAKU IIPUBENIEHBI HUXKE.

ITosepxnocmuoe onnagnenue — OIJIABICHHE IPOBOJHUKA IO €ro IOBEPXHOCTH U
BEITSIHYTOE BIONIb ero ocu (pucyHok 4). IlomoOHBIE OIUTaBICHMS, KaK MPABHIIO, OBLIH
npoTsHKeHHbI. VX HaOmoaeHne npu MetauiorpadMueckoM HCCIIeOBaHUM 3aBUCENIO, B TOM
qucie, OT TOTo, Kakas IUIONIAJb OIUIABICHHOW 30HBI IONaja B II0JI€ 3PEHUs IpU
poOoIoIroToBKe 00pasia. 30Ha IOBEPXHOCTHOTO OIUIABICHUS MPOBOAHUKA MPH BCeEX
KPaTHOCTSIX Meperpy3ku Obla HachIeHa okcumaoM meau (1).

Mestcnpogonounoe onnagnenue — 5STO COBMECTHOE pacIUIaBieHHE (CIUIAaBICHHE)
KOHTAKTHPYIOMHAX MPOBOJIOK MHOTOIPOBOJIOYHOTO MPOBOJHHUKA MPH MPOTEKAHUH TI0 HEMY
CBEPXTOKA.

IIpn meperpy3ke KpaTtHOCTbiO Ooyiee 3+4 B MHOTONPOBOJIOYHOM IIPOBOJHHKE
HAOJIOMANOCh PACIUIaBICHHE OTHENBHBIX YYacTKOB TPOBOJOK (pUCYHOK 4). VYwyacTku
pAacIIaBICHHS [IPU ATOM PE3KO OTIMYAIUCH MO CTPYKTYPE OT HEPACILIABJICHHBIX MPOBOJIOK,
[0 TIPUYMHE OKUCIECHMS MeIu M, Kak CJIeICTBHe, OO0pa3oBaHHSA JO3BTEKTHUYECKON
(Cu+a(Cu+Cu,0)), aprektnueckoii (3(Cu+Cu,0)) nnm, pexe, 3a9BTEKTUIECKOH CTPYKTYpBI
(Cu,0+3(Cu+Cu,0)). MHuKpOCTpyKTypa HEpPACIUIABICHHBIX MPOBOJIOK, Kak IMPaBHIIO,
COCTOSTA M3 KPYIHBIX 3€peH MEIU C JBOMHUKAMH OTKHIa BHYTPH, OOpa30BaBIUMXCS B
pe3ysibTaTe HarpeBa pH MPOTEKaHUU TOKA MEePEerpy3KH MO MPOBOIHUKY.

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 36
MOBEPXHOCTHOC OIVIABJICHH]

400 MKM

Pucynok 4 — Meacnposonounoe u nogepxHocmuoe oniasieHue MHO20nPO8OIOYHO20 NPOBOOHUKA NPU
MOK08OU nepeepyske Kpamuocmwio donee 3+4

Ilopucmocmyp
[IpoTekanne mO MeIHOMY IPOBOJHHUKY CBEPXTOKA, IPEBBIIIAIONIEI0 HOMHHAJIBHOE
3HaueHue B 3+4 u OoJiee pa3, BBI3BIBAIO B HEM 00pa3oBaHME MOP PA3IMYHOTO pazmepa. Tak,
B IICHTPANbHON YacTH OIUIABIICHUS HAOIIOJANCH MOPHI KPYITHOTO pa3Mepa (MaKpomophl), a
TaKKe MeJIKHe Tophl (MUKpOIOphl) (pucyHok 5a). [TomoOHOTO pona Makpo- U MHKPOIIOPHI
TakKe 00pa30BBIBANKCEH BHYTPH B3AYTUH (PUCYHOK 50).
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0e B31yTHe

MaKponopbl

MeJIKoe

B3/IyTHE

a) Maxponopa (8 yenmpanvhoi uacmu) u 6) Maxponopa, pacnonosicennas 6o 630ymuu Ha
MUKPONOPYbL 8 ONJIAGIEHUU HA KOHYE MEOHO20 NOBEPXHOCHU MEOHO20 NPOBOOHUKA
npOBOOHUKA

Pucynok 5 — Iopbl, 0bpaszosasuiuecs 6 pasnuinbix 30HAX MEOHO20 NPOBOOHUKA, NPU MOKOBOL
nepezpyske KpamHocmuio bonee 3+4

Onnaenenue Zpanuy 3epen

[lporekanme TOKA TIEPErPY3KH B MEIHOM TPOBOJHHUKE BbI3BIBAIO OIUIABICHHE
MEX3E€PEHHBIX TPAHUIl, KOHIIEHTPUPYIOIIUXCS B MPHUIIOBEPXHOCTHOM CJIO€ IPOBOA
(pucyHok 6). B pesynbTare OIUTAaBICHMS TPAHUIl 3€PCH TOSIBISIFOTCS HECIUIOIIHOCTH B
MaTepuaie MPOBOJHMKA, KOTOPHIC, B OTIHYHE OT TOp, OOMamaromux chepuueckoil u
OBaJIbHOU (hopMoOii Oe3 OCTPBIX YIIIOB, UMEIOT MPOU3BOJIbHYIO (OPMY C OCTPHIMHU yIIIaMH.
OmmraBiieHne MEX3EPEHHBIX TPaHWI[ MOXET BBI3BaTh TakKe (PParMEHTAIMI0O MEIHOTO
MIPOBOTHUKA, T.C. PA3/IC/ICHHE ero Ha YacTH.

—— o

1700 mkm

a) [lpunosepxnocmmuuiii ciotl, 8 KOMOPOM HAOMOOAIOMCA
ONNAGNEHUs SPAHUY 3epPeH 2paHuy 3epem

Pucynok 6 — Onnasnenue epanuy 3epen 6 npUROBEPXHOCMHOM ClO€e (OMMeyeHbl NYHKMUPOM)
HepAacniIasieHHol Yacmu MeoH020 NPO8OOHUKA NPU TMOKOBOL nepezpy3Ke KpamHocmuio 6onee 3+4

Cooepicanue Kuciopooa u popma 3epra 6 OniaeieHHbIX 30HAX

CopnepxaHue KHCIOpOJa B OIUIABICHHM MEIHOTO IPOBOJHMKA, OOpa30BaBIIErocs B
pe3ynbTaTe TOKOBOH TMEpErpy3KH, 3aBUCHUT OT BPEMEHHM, B TEYEHHE KOTOPOrO Melb
HAaXOJWTCSl B PACIUIaBJICHHOM COCTOSHHM. Ha 3T0, B CBOIO ouepenb, OKa3bIBAET BIMSIHUE
KpPaTHOCTh TOKa MEpPEerpy3KH — YeM OHa OblIa BBIIIE, TEM OBICTpEE MPOMCXOANT Pa3JeICHUH
(pa3pbIB) MPOBOJHHMKA Ha YaCTH M, COOTBETCTBEHHO, MEHBIIIE BPEMEHH MeJb HaXOAUTCS B
KHUIKOM cocTosiHMU. Ha rpaduke, npuBeIeHHOM Ha PUCYHKE /a, MOKa3aHa 3aBHCHMOCTD
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BPEMEHH OT Hayayua BO3JICHCTBUS CBEPXTOKa Ha MPOBOJHUK 0 MOMEHTa €ro paspbiBa OT
KpPaTHOCTH TOKa TMeperpy3ku. [paduk, NpUBEICHHBIH Ha pHCYHKe 70, OTpaxaer
3aBHCHUMOCTb KOHIIGHTPALMU KUCIOPOia B 30HE OIUIABJICHHS OT KPaTHOCTH TOKa HEePErpy3KH.
W3 cpaBHEHUsI JaHHBIX IPa(QUKOB BHIHO, YTO «IIOPOTOBO» KPATHOCTH MEPErpy3KH, MPH
JOCTH)KEHHM KOTOPOM PE3KO CHMKAECTCS KOHIIEHTPAIMSA KHMCIIOPOJA, SBIAETCS KPAaTHOCTD,
paBHast 8 — 10 (pucyHok 70). Ha pucyHke 7a 3TO COOTBETCTBYET BPEMCHHU IMPOTCKAHHS
aBapuiiHOTO TIporiecca B mpepenax 5 — 15 cexynmm OueBHAHO, P MEHBIIEM BpPEMEHH
NPOTEKAHHS ABAPHIHOTO DEXHMAa peakUus pa3orpertoil (pacIUIaBICHHOH) Meou ¢
KHCIIOPOJIOM TIPOMTH HE yCIICBaET.

035
70 \\ .
N 0,3 |
60 - T
S 025 S
50 \ E
&40 < § 02
£ ! £ 015
= 30 [ \
c
2 < g " |
10 Ny 3 005 et $
0 : 0
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Ratio of overcurrent, unit Ratio of overcurrent, unit
a) 3agucumocms 8peMeHU Om HaAYANd 0) 3asucumocms KOHYEHMPAYULU KUCTOPOOd 8
6030eticmelsl C6epXMOKA HA NPOBOOHUK OO ONnaasNeHUl Om KpamuHocmuy moxa nepepy3xu
MOMEHMA e2o paspuléa om KpamHocmuy moxa
nepezpysKu

Pucynok 7 — I'padpuru, ompadicarowue usmeHeHue pasiuyHulx napamempos
6 3a6UCUMOCTU O KPAMHOCMU MOKA Nepespy3Ka

ITpu neperpyskax MeHee 8+9 KparT comepKaHHEe KHCIOPOJa B 30HE OIUIABICHHMS, a TAKKe
Ha JIPYTHMX OIUIABJICHHBIX y4YacTKaX MEIHOrO IPOBOJHHMKA (MEXKIIPOBOJIOYHBIE U
MMOBEPXHOCTHBIC OILIABJICHUS, B3IAyTUS U T.1.), BapbupoBaiochk oT 0,10 mo 0,39 % u Gonee
(pucynok 8 a). Ilpu kpaTHOCTSX meperpy3ku Oonee 8+9 KOHLEHTpAILUs KHUCIOpPOJa B
Oonpuiell yacTM oObeMa OIUIaBJIEHHMs OCTaBalach Ha ucxogHom ypoue - 0,05 %
(pucyHok 8 0, B, T, 1, €).

Pucynox 8a) k =5-8;0,=0,20 % Pucynox 86) k =9; 0,~ 0,05 %
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Pucynor 82) k = 14; 0, = 0,05 %

v S—

Pucynox 80) k =17; 0, = 0,05 %

Pucynok 8 - Mukpocmpykmypel onnagienuti MeOHsix npo8OOHUKO8, 00PA308ABUIUXCS NPU PATUYHBIX
KpamHocmsx nepezpysku (K), u cooepoicanue kuciopooa 6 nux, 200"
3epHa B OIJIABJIEHHBIX 30HAX MPH TOKOBOH IMeperpyske KpaTHOCThIO Ooiee 3+4 mmenu
paszmuuHylo (GopMy M OpPHUEHTHPOBKY W MOTIM OBITh JCHIPUTHBIMH, BBITSHYTHIMH
(cTOIOYATHIMU) WIIA PABHOOCHBIMH.

Crnenyer oco00 OTMETHTb, 4YTO COJEp)KaHUE KHUCIopoga Hu Qopma 3epHa MOTYT
3HAYUTEIBHO OTIMYATHCS B MpejeliaXx oIuiaBlieHus. Tak B XOJe IKCIEPUMEHTOB ObLIO
MOJIy4CHO OIUTABJICHUE, OCHOBHOWH 00BEM KOTOPOIrO COCTOSUI M3 PABHOOCHBIX 3€pEH IpHU
koHIeHTpanmuu kuciopoma 0,05 %. OmHako, B OIUIaBICHHHM MMENCS IPHUIIOBEPXHOCTHBIN
cioit TommuHo# nopsiaka 0,1 MM, CTPYKTypa KOTOPOTO COCTOSUISA U3 ICHIPUTHBIX 3epEH MPU
conepxanuu kuciopona 0,2 %. TommuHa 3TOTO CIOS, M0 BUAWMOMY, 3aBHCUT OT MHOTHX
(hakTOpOB (KpaTHOCTh CBEPXTOKA, Ta3000pa3HBIM COCTAaB OKPYKAKOUICH cpelasl U T.O.) U
MOJKET 3HAYUTEIHLHO BapbUPOBATHCS.

HCO6XOI[I/IMO OTMETHUTDH, YTO YKa3aHHBIC BBINIC 3daKOHOMCPHOCTU BOCHPOM3BOJMIINCH Ha
MEIHBIX IIPOBOAHMKAX BCEX YKa3aHHBIX B CTATHE TUIIOPA3MEPOB.

3. 3AKIIOYEHHUE

B pesynbraTe mpoBeACHUS IKCHEPHUMEHTOB 0 MOJAETUPOBAHUIO aBAapUUHOTO PEXHMA
TOKOBOH TEPErpy3Ku Ha MEIHBIX OJHOIPOBOJIOYHBIX 1 MHOTOIPOBOJOYHBIX TPOBOAHUKAX C
MBX-u3osisiiuei ObUTH TOTYYEHBI CICAYIOIIUE PE3YIbTAThL:

e [loxa3zaHo, 4YTO JEHCTBHE TOKA IEPErpy3KU NPUBOIUT K PA3PYLICHHUIO U Pa3ACIICHUIO
MEIHOTO TPOBOJHHMKA HAa YacTH, a TAKKe K IOSABICHUIO Ha €ro MOBEPXHOCTH
XapakTePHBIX CJEJ0B: B3AYTHH, YTONIICHWA © ImeeK. TakKe BO3HHUKAIOT
TEPMUYECKUE TIOPAKEHUS KU - IPOTSIKEHHBIE IOBEPXHOCTHBIE 30HBI OIIABICHHUS -
[0 BHEITHEMY BH/Y CX0KHE C MOCICICTBHSAME BHEIIHETO TEIIOBOTO BO3/ICHCTBUS;
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e [lpu pa3geneHnn MEIHOTO MPOBOJHMUKA HA YaCTH B Pe3y/bTaTe TOKOBOW MEperpy3Ku
Ha €ro KOHIAX B 30HaX pa3pblBa 0Opa3yroTCs OIUIABICHHUS DA3INYHOH (DOPMEL.
Mopdoiioruss Takux OIUIABIEHUI CXOJHA C TMOCIEACTBUSIMHU BO3JEHCTBHS Ha
MIPOBOAHUK AYTH KOPOTKOTO 3aMBIKAHHMSI, YTO CYIIECTBEHHO YCIOXKHSET SKCIIEPTHYIO
muddepennnanuto cinenos K3 u neperpysku;

e [lpu meperpyske 17 kpar u Ooiiee, NeHcTBHE TOKa IE€PErpy3Kd MPUBOIUT K
B3pPBIBOOOPA3ZHOMY pa3feiICHUIO MEAHOTO MPOBOIHUKA HA HECKOJIBKO YacTeH;

e [loka3aHa 3aBUCHUMOCTB CJI€JOB TOKOBOM Neperpy3ku (B3AyTUl, yTOJIIEHUI, IeeKk U
(parMeHTaIum) OT KPaTHOCTH TOKA MEPErpy3KH;

e [IpoTekaHne cBepXTOKa B MEIHOM IPOBOJAHMKE BBI3BIBAET B HEM 00Opa3oBaHHE
crenupUIECcKnX CIIeI0B, KOTOPBIE MOTYT OBITh BBIABIICHBI METOJIOM METaJUIOrpaduu:
MTOBEPXHOCTHOE M MEXIIPOBOJIOYHOE OIUIABJICHWE, OIUIABJICHHE TPaHUI] 3€pEH,
HaJIM4ie MaKpOIOpPhI B IIEHTPAJIbHOM yacTu oriaBieHus. CopepKaHue KHCIopoaa B
OIUIABJIEHUSX, BEI3BAHHBIX TOKaMHU MEPETpy3KH, BapbupyeTcs B mpenenax ot 0,05 no
0,39 % u Benme. C yBenmMUCHNEM KPAaTHOCTH TIEPETPY3KH CHIDKAETCS COAEpKaHUE
KUCIIOpOoJia B omuiaBieHud. Tak, mpu 9-kpaTHO# meperpyske u Oosee conep)kaHue
KHCJIOPOAa B OIUIaBJICHUH METHOM XWIIBI ocTaeTcsa Ha ucxogaoMm yposae 0,05 %. B
IIpezienax OIUIaBJICHNS MOTYT HaONIOAaThCsS 30HBI C KapIUHAIBHO Pa3InYaroIIuMCs
coJlepKaHueM KUcIopoa U GopMoii 3epHa.

VYka3aHHBIE XapaKTEepHble OCOOCHHOCTH OIUIABIICHMH MOTYT HCIOJIb30BAThCS IpU
YCTaHOBJICHUH X IIPUPOJBI B X0/ IKCIIEPTHBIX HCCIEJOBAHUH MO AeJIaM O MoXKapax.
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FIRE PROTECTION OF BUILDINGS FOR MOTOR
VEHICLES WITH DRIVES LPG, CNG AND LNG

Abstract: The Article deals with the Slovak and international legislation for fire protection of buildings
and technical equipment designated for vehicles with LPG, CNG and LNG in the building are
permanently or temporarily. They are garages, services, repairers of motor vehicles and petrol stations
propane-butane (LPG) filling stations and compressed natural gas (CNG). In the end are the
recommended detectors gas leak into these buildings.

Key words: propane-butane, Liquefied Petroleum Gas — (LPG), natural gas, compressed natural gas
(CNQG), liquefied natural gas, (LNG) , lower explosion limit, fire protection, explosion protection

SAIITUTA O] IIOKAPA OBJEKATA 3A MOTOPHA
BO3MJIA CA IIOI'OHOM HA THI', KIII' 1 TIIT'

Pe3ume: Pax ce 6aBu cnoBaukuM U Mel)yHaApOIHHUM 3aKOHOJABCTBOM 32 3aLITUTY OJ MOXkapa objexaTta
U TeXHHYKEe ompeMe HamemeHHx 3a Bosmiaa ca THI, KIII' m TII koja cy y 3rpaau TpajHO WM
npuBpeMeHo. Pamy ce o rapaxama, CepBHCHMA, CEpBHCEpHMa MOTOPHHX BO3MJIA U OEH3MHCKHM
CTaHMIaMa, ITymnama ca nponad-6yranom (THI') u xommnpumoBanum npuponuuMm racom (KIII). Ha
Kpajy Cy HpernopyueHn JeTeKTOPH 3a Lypehe raca y OBUM 00jeKTHMA.

KibyuHe peun: nponan-Oyras, Teunu HadtHH rac (THI'), npuponsu rac, KOMOpuMOBaHH HMPUPOIHH
rac (KTT'), reanu npuponuu rac (TII'), noma rpaHnna eKCIuio3uje, 3alITUTa O] OXKapa, 3alITUTA O
eKCIIIo3Hje

! Ing. PhD., Department of Fire Protection, Faculty of Wood Sciences and Technology, Technical
University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak Republic, Tel/fax: 00421 45 5206
831/00421 45 5321 811, eva.mrackova@tuzvo.sk
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1. INTRODUCTION

Car manufacturers are resolving the issue of alternative drives in these days. After
conventional fuels such as petrol, diesel alternative drives followed by LPG, hybrids, CNG,
E85, LNG and Electric cars. Users choose motor vehicles not only because of driving skills
and vehicle safety, as well as the price of fuel. Alternative drives have a lower price than the
classic and therefore in recent years, their sales increased several times and continues upward
trend. Alternative drives for motor vehicles consist mainly of natural gas (CNG, LNG) and
propane-butane (LPG). Type of fuel E85 contains 85 percent bio-ethanol produced from
agricultural raw materials and 15 percent gasoline. Drive of hybrid vehicle uses a
combination of classical internal combustion engine and electric motor. Acceleration of the
vehicle provides both engines simultaneously and the excess energy from the combustion
engine to charge the battery. The popularity of CNG vehicles is growing. In Europe, there
are 1700000. This number is increasing even in a world where they are about 20 million. In
Slovakia, there are about 1,200 cars. It gives lots of benefits by using the drive of the car to a
propane gas LPG. The advantages of running on LPG gas are unambiguous despite some
specifics of service of gas-fueled vehicles. Number of operators of vehicles powered by LPG
continues is still growing [1].

Mentioned fuels belong to the group of flammable liquids and flammable gases which
may after the fulfillment of limit conditions cause fire or explosion. For this reason, there is
the current EU legislation, according to the buildings must comply with it, in which cars are
placed. These buildings include the garaging supermarkets, public garages, underground
garages, etc.. Fire safety of buildings shall also be respected in the fulfilling of flammable
liquids in filling stations, garages and repair of motor vehicles.

2. GASES FOR ENERGY PURPOSES

Gas produced by gasification various gases or degassing of coal, natural gas and liquefied
gases based on propane and butane achieved an important position for energy. Methane,
hydrogen and carbon monoxide are desicive components. Heat of combustion is between 17-
20 MJ / m3. Their calorific value depends on the methane content - ranges from 20 to 40 MJ
/ m3. Gases based on propane and butane are among the high calorific value. They are used
as a pure gas or a mixture known as LPG. Customers, in contrast to the above gases, they are
supplied in a liquid state. Heat of combustion depends on the ratio of propane and butane in
the mixture. Ranges from 101.7 (pure propane) to 133.9 MJ / m3 (pure butane). The use of
said gases is also linked to motor mechanics and are directly useful in the form of LPG, LNG
or CNG powered engines as a substitute for traditional gasoline or diesel. However, fire
protection had to be urgently updated just for building garages, service centres, repairers,
motor vehicles and petrol stations fuel [2].

3. PROPANE - BUTANE (C3H8- C4H10)

Propane, Liquified Petroleum Gas - (LPG) is a mixture of liquefied gas, which is at
atmospheric pressure and normal ambient gas. In addition it contains 3-5% of propylene in a
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mixture. The liquefied gas can be stored in a liquid state at room temperature and under its
own vapor pressure or in a cooled state at a lower pressure, whether at atmospheric pressure.
Propane-butane is stored and transported in liquid form in pressure containers and rail or
road tankers for economic reasons.

Tab. 1 Physical and chemical properties of propane and butane

Unit o | proPANE BUTANE
measure
Chemical designation - CsHg C4Hy
The molar mass g.mol* 44,094 58,120
Density of the liquid phase at 15 °C Ka It 0,508 0,585
Density of the liquid phase at 20 °C g 0,498 0,578
Density of the gas phase at 0 °C, 0,1 MPa kg.m'3 2,019 2,590
Specific volume of the liquid phase at 15°C | l.kg™ 1,972 1,710
Density of the gas phase (air = 1) - 1,562 2,091
Carbon content % by weidht 8,72 82,66
Hydrogen content 0Dy welg 18,28 17,34
Heat of vaporization (0,1 MPa, boiling point) | kJ.kg™ 444,05 387,791
Boiling point °C -42,6 -05
gp K 230,56 272,66
. . °Cc -190,16 -134,96
Melting point K 833 1382
Critical temperature °Cc 96,74 152,04
K 369,90 425,20
Critical pressure MPa 4,256 3,800
Critical volume cmmol® | 200,0 255,0
Lower explosion limit % by [2,1 15
Upper explosion limit volume 9,5 9,1
oS.péecmc state heat at constant pressure and 0 kJ.kg'l 2411 2,299
Heat of combustion (liquid phase) MJ.kg* 49,972 49,130
Heat of combustion (gas phase) MJ.m’3 95,500 125,719
Calorific value (liquid phase) MJ.kg? 45,980 45,343
Calorific value (gas phase) MJ.m? 87,863 116,025
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Vapor of density LPG is greater than the density of air (see Tab. 1), so in the case of gas
leakage flows in the lowest places (like flowed on the ground) and enters the lowest open
spaces where it is difficult ventilated. That means that a combustible mixture can be ignited
even at a considerable distance from the leak and flame penetration rates in urban escape.
Normal sources to initiate are for example flame or electric spark that occurs in connection
contacts, sufficient and electrostatic discharge. Electrically charged particles of bottled gas
can be one of the many sources of explosion of mixture petroleum gas with air [3].

4. NATURAL GAS

Extraction and processing of natural gas. Diesel gas is hormally stored in porous rocks
bounded by impermeable layers and water. Here it is a specifically lighter material
accumulated over thousands of years of layers of oil or water. Gas is mined by drilling led
directly into porous layers of deposits at a depth of 3 kilometers below the earth's surface. It
is mined from deposits on land (Russia, Algeria, the Netherlands) and also under the seabed
(North Sea).

Tab. 2 Physical and chemical properties of natural gas

Unit of measure Natural gas
State in gaseous state (at pressure 4 at
Color Colorless 10 MPaa 20°C)
Odor Odorless
The molar mass g.mol* 16,043
Density at 0°C, 0,1 MPa kg.m 0,7168
Density at 20 °C, 0,1 MPa kg.m'3 0,6323
Solubility in water at 17 ° C ml 3,5/100
Boiling point °C -161,49
Maximum combustion speed m.s? 0,338
Critical temperature °C 82,1
Critical pressure kPa 4641
Critical volume m*.kg™? 0,0061
Lower explosion limit % by volume 4.4
Upper explosion limit % by volume 17
Class of explosion - 1A
Combustion heat kwh.m 10,5
Calorific value kwh.m 95
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Natural gas is equally important energy source for internal combustion engines, heating
and also for the petrochemical industry. Natural gas is used as a compressed gas - CNG (20
MPa) or in liquefied form - LNG (at - 162 ° C). Natural gas is how more often used in the
form of CNG. Liquefied natural gas or liquefied natural gas (LNG) is a type of fuel. It is
liquefied under the extension, it can be transported to the outlet, usually using tankers.
Shipping natural gas can be transported only in the form of LNG. Shipping fleet to transport
LNG is limited but at the same time demanding safety and maintenance. The combustion of
natural gas emits a number of thermal energy, therefore,it is very important as an industrial
fuel. (see Tab. 2) [4].

Natural gas composition is determined by extraction site. Natural gas campaign in Russia,
Norway and the UK has a low proportion of non-combustible substances under 5 vol. %.
Conversely, natural quarried in the Netherlands, Belgium and France has a lower calorific
values and higher content of inert components (see Tab. 3). Leaking petroleum gas is a
significant hazard, and about it applies:

¢ is flammable and highly flammable gas

e energy or temperature required for ignition is very low

o speed of propagation of explosion in ignition of gas and accretion rate of explosion
pressure causes destructive changes in buildings

¢ is harmful to the human body (suffocation, neurosis) [5]

The most important ignition sources are natural gas explosion flame and hot combustion
products, lightning, self-ignition, ultrasound, thermal manifestation of mechanical energy,
electrical equipment and high-frequency electromagnetic waves.

Tab. 3 Percentage of the components forming gas [4]

Proportion | Proportion | Proportion | proportion

Component aF ormul gﬁisia ,(O(J\/Iog;eria S/;)A (I\(lj/eogherlands
Methane CH, 95,0 86,98 99,72 82,12
Ethane C,Hg 2,3 9,35 0,06 2,81
Propane C;Hg 0,7 2,33 0,0005 0,38
Butane C4Hy 0,3 0,63 0,0005 0,13
g%%’; co, 0,2 0,87 0,019 0,99
Nitrogen N, 15 0,71 0,20 13,43

5. BASIC MATERIAL PROPERTIES

Gases can liquefy by press. Some gas is easy to liquefy, just the touch at ordinary
temperature, the other must be deeply cooled to liquefy either light or increased pressure.
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There is a temperature limit for each gas, above which a gas cannot be liquefied no longer
even greater pressure. This temperature is called the critical temperature and the critical
pressure is pressure required to liquefaction at this temperature. Calorific value is calculated
from the heat of combustion of the gas. A flammable gas is only explosive when it mixea
with air (oxygen). If we ignitable mixture of combustible gas and air it may be burning under
favorable conditions spread so rapidly that it reaches the speed of several thousand m per
second: explosion occurs. All of the above hydrocarbon gases are solved pursuant to Act No.
67/2010 Collection of Legislative Acts of the Slovak National Council from the conditions of
that chemical substances and mixtures on the market and amending certain laws (Chemical
law), the Ministry of Interior Decree 124/2000 Coll. laying down the principles of fire
protection in activities with flammable gases and gases supporting combustion, extremely
flammable, F + and explosive under certain conditions.

Tab. 4 Critical values of selected combustible gases [5,6]

Gas Melti | Boilin | Critic | Calorific | Lower | Upper Ignition | Temp
ng g al value explos | explosiv | tempera- | era-
point | point | tempe | (MJ.kg™) | ion e limit ture (| ture
O (°C) rature limit (%by C) comb

O (%by | volume) us-
volum tion
e (°O)

LPG | -104/ | -42,1/ | 50 45,8 2,12/ | 9,35/ - -
-74 -0,5 1,86 8,41

Natur | - -161,5 | 50 46,35 4,3 15,0 _ -

al 182,5

gas

LNG | - - - 34,08 5 15,0 650 1957

6. CARS ON CNG

CNG is compressed natural gas. It is made of compressed natural gas compression
facilities under 20 and over (22, 25) MPa, which is over 200 atmospheres. Although it is
flammable, but not explosive gas and compared with gasoline is harder to ignite. The tanks
are fitted with valves that prevent pressurization or explosion. We should also mention the
different physical properties of fuels where natural gas flares at about 600 ° C, while diesel is
already at about 200 ° C. in air is lighter and natural gas leak at the dissipated, no leaking
liquid fuels remain in place, can contaminate soil and if there is a danger of careless handling
of fire. CNG car has a sophisticated solution in the case of a gas leak. In an accident a gas
controlled escapes into the atmosphere, thus risk is eliminating of any poisoning. You can
safely park CNG vehicle in the garage.

Fuel is environmentally friendlier to environment. By 99% less harmful substances gets
into the atmosphere by combustion of CNG, 75% less nitrogen oxide, 10 to 25% less carbon
by 45% less polyaromatic compounds and less greenhouse gases. During burning, there is
practically no carcinogenic substances. CNG emissions are moving at 120 to 140 g / km and
there is no contamination of the environment of leaking fuel. But parking cars on CNG is
conditional on the consent of the owners of the garage, which must be fulfilled the technical
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standards decree. This means, for example, well ventilated space of parking and facilities gas
leak detector. At present, manufacturers produce more than 30 kinds of personal and utility
CNG vehicles [7].

7. LEGISLATION RELATED TO THE CONSTRUCTION OF GARAGES

Newly built garage subjects to building permit to the following conditions of execution;

o road authorities must permit before the issue of the development connection Garage
on local road and parking

e garage compound shall comply with STN 73 6058 Mass garage and STN 73 6057,
single and serial garage

o road infrastructure shall be in accordance with STN 73 6058 Mass garage

o ramps in facility shall comply with STN 73 6058

o ramp surface must be non-slip, according to STN 73 6058 Mass garage with cement
and concrete with transverse ribbing

e must be observed size of garage sites according to STN 73 6057, single and serial
garage

e must be also observed width of the communication area according to STN 73 6057,
single and serial garage

8. SLOVAK CURRENT LEGISLATION RELATING TO THE FIRE
SAFETY OF BUILDINGS

STN 73 0802/01:2011 Structural fire protection.Common regulations

STN 73 0804/24:2010 Fire protection of buildings - Industrial buildings

STN 73 0821/23:2010 Fire protection of buildings. Fire resistance of engineering structures

STN 73 0822/21:2004 Fire resistance properties of materials. Flame propagation along the
surface of building materials

STN 73 0823/Z1: 2004 Fire resistance properties of materials. Flammability degree of
building materials

STN 73 0824: 2002  Fire protection of buildings. Heating value of flammable substances

STN 73 0825: 1991  Fire resistance properties of materials. Classes of fire hazard for
stocked materials

STN 73 0837/Z3: 2002 Fire protection of buildings. Small garages, single and serial

STN 73 0838/24: 2006 Fire protection of buildings. Multi-storey and underground garages

STN 73 6057: 1987  Small garages, single and serial. Basic provisions

STN 73 6058/b: 1987 Multi-storey and underground garages. Basic principles

STN 73 6059/Z22: 2004 Service stations for motor vehicles. Filling stations for fuels. Basic
provisions

STN 92 0800: 2002  Structural fire protection. Flammable liquids

STN EN 60079-10-1: 2009 Explosive atmospheres.Part 10-1:Classification of areas.

Explosive gas atmospheres
Fire protection garages is tatled in STN 73 0804/Z4: 2010 Fire protection of buildings -
Industrial buildings
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Where garages are divided into the following groups according to the type of vehicle;

Group 1 Garage - for passenger cars, delivery vehicles and motorcycles;

Group 2 garage - for trucks, buses and special vehicles;

Group 3 garage - for tractors and self-propelled work machines.

Further, they are divided according to clusters of parking stall garage is graded on;

individual garages - with maximum of three stands and with the only entrance

maybe;

e row of garages - with more than three stalls, which are either in one row or two rows
behind and every state in the first place has a separate entrance;

o collective garages - serving to shutting down (stabling garage) or parking (parking

garage) more than three vehicles with a common entrance

The types of garages, which are divided according to the type of fuels that contain
vehicles are no less significant and divided into two groups, namely:

o with liquid fuels or electrical sources (whether of a combination of these fuels);
¢ with gaseous fuels, eventually combination with an electric source [8].

8.1.American Standard National Fire Protection Association (NFPA)

The American Standard NFPA (National Fire Protection Association. The authority on
fire, electrical and building safety) NFPA 30A: CODE FOR MOTOR FUEL DISPENSING
FACILITIES AND REPAIR GARAGES This code helps mitigate fire and explosion dangers
by providing safeguards for dispensing liquid and gaseous motor fuels into the fuel tanks of
automotive vehicles and marine craft. NFPA 30A addresses gaseous motor fuels only where
dispensed at the same facility as liquid motor fuels. Provisions apply to motor fuel
dispensing facilities, both retail and fleet; marine motor fuel dispensing facilities; and motor
fuel dispensing facilities located inside buildings and at farms and isolated construction sites.
This code also applies to motor vehicle repair garages. Coverage includes storage of liquids;
piping for liquids; fuel dispensing systems; building construction requirements; electrical
installations; operational requirements; vapor processing and recovery systems for liquid
motor fuels; and requirements for CNG, LNG, hydrogen, and LPG.

9. GERMANY TECHNICAL REGULATION

The Germany technical regulation VVdS 2298:2002-06 Prevention - ventilation systems,
concept of fire protection - Instruction for planning design and production. The information
sheet VdS 2298 ventilation systems for fire protection concept complements from the
perspective of risk management, the existing building code regulations. This fire protection
guidelines for planning, design and operation of ventilation systems by the detailed
description of fire protection measures for selected applications are completed. They are
based on the extensive claims experience of Insurers and also take into account the latest
findings related to ventilation systems in general. If in protection engineering fundamental
changes occur, it is intended to revise the fact sheet in accordance with rework.

The technical regulation VDI 3957 Part 1:2014-09 Biological measuring techniques for
the determination and evaluation of effects of air pollutants on plants (biomonitoring) -
Fundamentals and aims
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The Germany technical regulation VVdS 3453:2013-04 Fire safety for farm - direction to
prevent damage to the German insurer

Tractors and machinery for agriculture and forestry - Sustainability - Part 1: Principles
(ISO/DIS 17989-1:2014); German version prEN 1SO 17989-1:2014

Technical rules TPG 304 01 Equipment for filling gas tanks, Filling LPG stations for
motor cars, Technical rules

Technical rules TPG 304 02 Equipment for filling gas tanks, Refuelling CNG stations
for motor cars

10. FIRE PROTECTION AND EXPLOSION PROTECTION IN GARAGES

It is necessary to take the opinion of the fire protection in designing the project
documentation for construction implementation garage with hydrocarbon gases LPG, CNG
and LNG, to sustain the safety and protection of persons and property from fire. Determine
the meaning of Directive ATEX 100, Zone 1 or Zone 2 Detection of flammable, explosive
gases for CNG or LPG must be secured with a sensor for ATEX zone 1 or 2 sensors are
suitable for industrial premises suitable to the "Ex" environment. Catalytic or infrared sensor.
Furthermore, it is necessary to provide a garage for the detection of carbon monoxide (CO),
which is appropriate to provide transmitters with electrochemical sensors (reeked = 26 ppm /
30min, Cp = 51ppm). Evaluation takes over and handles the addressable panel showing
specific values of the measured gas at the sensor, visible on the display panel (see Fig. 1).
Compact Amplifiers control panel serving to supply four gas sensors and full evaluation 1-
4.degree detection are indicated at the central states of all sensors, including disorders using
the built LCD display.

4 - — — S

Fig. 1 Panel showing the perceived values [9] Fig. 2 Detector carbon monoxide (CO) [9]

Detector (see Fig. 2) placed in the monitored area is designed to protect the health and
property of people in an environment where they can create a critical situation in the
accumulation of carbon monoxide. The sensor includes a sensor ensuring air temperature
sensing with subsequent evaluation of the actual gas concentration to a unified current signal
4-20 mA. It is necessary to built natural ventilation or emergency ventilation in the garage (at
20% LEL, 6 air changes "EX") [9] in case of high concentrations of flammable gas leakage.
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o - S
Fig. 3 Gas detector (CH4) CNG [8] Fig. 4 The detector gas (C4H10) LPG [8]

The detector (see Fig. 3) with a catalytic sensor (pellistors) works on the principle of
catalytic combustion - the concentration of the gas, measured by the amount of heat release
from the controlled combustion reaction. The reaction is supported by suitable temperature
and the presence of a catalyst. These sensors can be used to detect a wide range of
combustible gases. Sensors are characterized by fast response; long life and high stability
(see Fig. 4, 5). The detector is designed especially for detection and sensing in industrial and
commercial areas requiring ATEX certification or for areas with danger of explosion "EX"
(zone 1/2) [9] .

zéna 1l
112G Exdem lIB+H2T5

Fig. 5 Gas detector (C4H10) LPG [9] Fig. 6 Information pictogram of
an explosive atmosphere garage [9]

Detectable gas Measurement range Standard setting alarms on the panel
CNG (CH4) 0-100% LEL 1. degree .: 5% LEL

2. degree .: 10% LEL

3. degree .: 15% LEL

4. degree .: 20% LEL

The symbols of listed on the label (see Fig. 6) NSX [9] (according to ATEX):

Il 2G electrical equipment with explosion protection group Il, category 2G Ex Demba
The type of protection: d - firm conclusion e - secured by version mb - cementing material
1B + H2 Category of gases T5 Temperature class
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11. CONCLUSION

The article introduces the fire protection and explosion protection in garages where
vehicles are placed with flammable hydrocarbon fuels such as propane or butane as LPG and
CNG gas. Natural gas, liquefied LNG is used for transport by shipping. Referred alternative
fuels are flammable and explosive as evidenced by the physicochemical properties specified
gases. These gases have a low LEL (see Tab. 1 and Tab. 2). It is a risk of a gas leak for short
or long garaging of motor vehicles with LPG or CNG. Therefore the impending danger of
explosion and fire would be soon registered there are used detectors connected to the control
panel, which automatically evaluates the situation and provide early intervention and destroy
the fire in the beginning garages. In designing underground garages, filling stations, service
is compliance with legislation and technical standards to ensure fire protection and explosion
protection structures, and because of this the protection of persons and property is ensured.
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3opan JIOBPEKOBUR! Opuzunannu HayuHu pao
Jlparas KAPABACUJT?

KOMIIJYTEPCKA UI'PA 3A BATPOI'ACLIE

Pe3ume: VY pany je nuckyToBaHa MPUMEHa CUMYJIAIIMOHOT co(TBEpa 3a YB&KOaBamk€ TAKTUKE Talllemha
noxapa Ha pesepBoapy y paduHepHjaMa HIIM CIMYHUM noctpojeruMa. OcuM 3a BexOame, nporpam
UMa M IPaKTUYHY YNOTPeOHY KOMIIOHEHTY, OO3MpOM Ja Cy IpOpauyHH pecypca 3a Talleme
KOMIUTMKOBaHH M MOYTH, a OBJ€ MOTY OWTH NPHUIPEMJbEHH TOTOBH IUIAHOBH Ca KOMILJICTHOM
crierHKAI]OM pPecypca, orpeMe, JbY/CTBA U MOCTyNaKa y Cly4ajy aKIUIeHTa.
Kibyune peun: Cumynannonu coprsep, Beb ammkaryja, moxxap Ha pe3epBoapy

COMPUTER GAME FOR FIREFIGHTERS

Abstract: Use of the Simulation Software for practicing firefighting in case the fire on the tank in
refinery or similar installations. Except for exercising, this software have another practical component:
Considering that resource calculation for tanks firefighting may be very complicated and take a long
time, in real accident may be used prepared plans which was made by this software application, and
stored in application database.

Key words: Simulation software, Web application, Fire on tanks

Ipod. nmp, Bucoka Ttexumuka mkona crpykoBHux cryauja Hoeu Caxp, Illkoncka 1
lovrekovic@vtsns.edu.rs
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1. AECKTOI AIVIMKALIIAJA - 1O0C OIEPATUBHU CUCTEM

OcuM pesepBoapa, y pauHepHjama MOKapHa OMACHOCT MPETH W IPYTUM OOjeKTHMA,
MocTpojelbMa M Tperakanumruma. 30or melycoOne OmusmHe pesepBoapa, obejakara,
MOCTpPOjeha U MPETAKAIUILTA HAa TAKBUM MECTHMA, HEOTIXOHO je HE CaMO I'aCUTH pe3epBoap
y IiaMeny, Beh u XJaJuTH cBe pe3epBoape y 30HU XiIaljermba U INTHTHTH CBE Y 30HH 3aIlTHTE.
Ja Ou 3HanmM Kako W ca YMME JICjCTBOBATH Y CIIydajy IoKapa Ha pe3epBoapy, ITOTpeOHO je
W3BPLINTH MIPOPAYyH pecypca (Boje, IeHMIa, BO3MIa, MIa3HHLA, TONOBA HTH.), JbYICTBA, H
OJIpENTH 30HE 3aIITUTE U XJal)era, Te MpopadyyHaTH pecypce U 3a 3allTUTY U Xjaleme CBUX
pe3epBoapa y HaBelAeHHMM 30Hama. Takohe Tpeba OIpemuTH W MpoLeaype Yy MOTpeOHOM
penocieny Koje ce MOpajy W3BPIINTH, NMPUIA3HE ITyTeBE, NPHCTYIHE TayKe XUIPaHTCKO]
Mpexxu, uta. Cam mpopadyH pecypca 3aBUCH OJi MHOTHX (akropa: -BpCTE€ TOpHBa Y
pesepBoapy, Tauke Iajbea U Tauke KJbydama TOpHBa y pe3epBoapy, la JIM pe3epBoap uMa
CTaI[IOHAPHO, MOJIYCTAIIMOHAPHO, WJIM MOOHITHO Talllelkhe U XiIaheme, KOJIHMKa je BIKHOCT U
BHCHHA BOJE y pe3epBoapy, Koja je Bpcra pesepBoapa (IMIMHIPUYHH BEPTUKAIHU,
LWIMHIPUYHA  XOPU3OHTANHM, c(hepHH, KOHWYHM, WTH.), BpcTe KpoBa (rumBajyhw,
mrjadparma, chepHH, KOHHYHH, OJICEYaK JIONTE, WTI.), MPEYHHWKA pe3epBOapa, JyXKHHE,
LIMPUHE W BUCHHE TAHKBAaHE, BHCHHE LWJIMHAPHYHOr JeNa IUIaliTa M BHCHHE TOpPHBA Y
pe3epBoapy, AeTepMUHAHTE KPOBa, UTI.

Cam mpopadyH oOyxBara mprindaH Opoj GopMmyia, U pasjHKyje Cy ce 3a CBaky (asy
ropema, Tako na OM 3a KOMIUIETaH HpopadyyH 0Oe3 NpHMEHe OBakBOT co(TBepa OmiIo
MOTpeOHO HajMame HEKOJMKO CaTH, JIOK jé PacHoJ0oKMBO BpeME 3a MHTEPBEHIIM]y CBera
HEKOJIMKO MuHyTa. lIpuMeHa OBOT CHMYyJamHoHOT codTBepa OMOTyhyje mpopadyH
MOTPeOHHUX pecypca MPaKTUYHO y PEalHOM BpEeMeHy, Jakie y camo map MuHyra. CBaku
NpopayuyH y 3aBUCHOCTH OJ1 MOTpede MOoe OMTH CHUMJbCH Yy 0a3y mojaTaka aruidkaluje, a
3aTHM CEJIEKTOBaH W W3JIMCTaH, OZHOCHO OAIITaMIIaH onmax. HapaBHO, mpopadyH Koju je
ypaheH yHampez, TOBOAM JI0 pU3MKA Ja HEKH OJl pecypca HaBeleH y JIMCTH, HEelocTaje y
TPEHYTKY KaJa Tpeba IejcTBOBATH (Ha MpHMep KBap BO3WIIA, MIIA3HHIIE, U CIMYHO). Tana je
Moryhe Beoma Op30 U3BPILUTH PEKATKYIANHN]Y Y CKIaay ca PACIOI0KUBUM pecypcuma.

Hanexe 1991. ronune, ayropu oBOT paja Cy Ce€ YIYCTUIM y MUOHHUPCKHM MOAYyXBaT Ha
OBUM IIPOCTOPHMA M HalpaBHIM cO(TBEPCKY allIMKALMjy 3a [IPOpadyH pecypca y cilydajy
rokapa Ha pesepBoapy, 3a norpede Papunepuje Hapre HUC-PHII y ITanuey. Codrsep je
paauo mon omeparuBHuUM cucteMom JIOC u Ouo je ypaljeH kao AecKTOm aruiuKaiuja y
mporpamckoM jesuky kiumepy (Clipper), a nenosu ammkaiuje Be3anu 3a rpaduky y C++.
OwmoryhaBao je a ce yHecy MOTPeOHHU MOJAIM O pe3epBOapuMa, 00jeKTHMa, MTOCTPOjCHIMa
U TIpeTaKkaIUIITAMA, U J1a Ce 32 CBAKH OJ HBUX HAIPaBH MPOPAYyH ITOTPEOHUX MATEPHjaTHIX
pecypca, JbYACTBA, U JICTa IPOLEAYpa 3a rallekhe, U 3alTUTY U Xialjeme cBera noTpedHor
y 30HaMma 3amTiTe 1 Xinahema. Y TOKy IpopadyHa, 0 KOPHCHHUKA alUTHKALK]E j€ TPaXKeHo /a
yHece:
a3y ropema
BPCTY IIEHE 3a rallieHhe
KaraluTeT XUAPAHTCKE MPEXe
J1a JIU ce TacH ca XUIPAHTCKE MPEXe WU ca BO3UIIA
KarmamquTeTe MyMITU Ha BO3WJINMA U KalmtalquTETE MOHUTOPA
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caJprKaj CpelCTBa 32 raliehe

Hcra murama ce moctaBibajy W 3a xnaljerme pesepBoapa y 30HUH xuahema. Y TOKy
mpopadyHa, MporpaM yIo30opaBa Ha pecypce KOju Cy HeIOBOJGHH, H omoryhyje
npekoHpurypucame mocrojehux pecypca. Jbyncke pecypce onpelyje ayroMaTcku mpema
HOpMAaTHBHMa 34 JIaTa BO3WJIa, TOIOBE, UT/... Ha OCHOBY cBera oBora, n3padyHaBajy ce:

e © 6 o o o o o o o o o

MHTCH3UTET rallieiha pe3epBoapa,;

MHTCH3UTET ralllekha TAaHKBAHE,

MHTEH3UTET XJIalema pe3epBoapa;

MHTCH3UTET CTAl[MOHApHE 3alITHTE;

WHTEH3UTET MOOMITHE 3aILTHTE;

BpEMe Trallleha pe3epBoapa;

BpEMeE raiiema TaHKBaHe,

BpeMe xualjema pezepBoapa;

BpeMe 3allTHUTe;

moTpeOHe KOJIMYUHE NICHUIA;

norpeOHe KOJIMYKHE BOJIE 3a Tallleihe, XJal)eme U 3alTUTy U BOJIE YKYITHO;

norpeban Opoj BO3WIA, MOHMTOpA, BO3aya BaTporacana, Barporacamna pykoBaola
MOHHTOPAa W PYKOBOAMOIA Tamlelka M IOTpeOHO 0co0Jbe 3a NMyMIIHY CTaHHILY,
IIpeTaKame pe3epBoapa M ApeHrnpame rBajyher KpoBa, 3a ralemhe pe3epBoapa;
motpebaH Opoj Bo3wWja, MOHHTOpA, BO3adya BaTpoTracama, BaTporacama pykoBaoma
MOHUTOPA U PyKOBO/IMOLIA Talllekha 3a rallehe TaHKBaHe;

norpeban Opoj BO3MIa, MOHUTOPH, 1 JbYJICTBO 3a Xialjeme pesepBoapa,

norpebaH Opoj BO3MIa, MOHUTOPH, 1 JbYJICTBO 3a CTAI[IOHAPHY 3aIUTHTY,

motpedaH Opoj BO3miIa, MOHUTOPH, U JbYJCTBO 32 MOOWIIHY 3aIlITHTY,

W3riexn expaHa 3a yHOC ToJlaTaka y pe3epBoapy CTapor npopama, Jar je Ha cuiH 1:

Cnuka 1 Ynoc nodamaxa o pezepsoapy - JOC anmuxayuja
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CimuHM Cy W3IJIEAN €KpaHa M 3a YHOC TojaTaka O OO0jeKTHMa, MOCTPHjelMMa W O
nperakanuitaMma. [Ipukas pesepsoapa u o0jekara y OKBUPY aIlUIMKaIIK]e, 1aT je Ha CIUIH 2.

PRIKAZ REZERVOARA i1 OBJEKATA

Cauxa 2. Ilpuxaz pesepgoapa u objekama

CBu 1pHKa3H NOTPEOHUX pecypca Cy eKpaHCKOT THIIAa U MOTY C€ HITaMIIaTH Ha JIOKaIHOM
mITamIady.

2. BEB AIIVINKALIUJA

Ckopo 15 rogmHa y WH(GOpPMAIMOHO] TEXHOJOTHjH YHHU Ja je OIMHCAaHa aruTiKaruja
UCTOpUjcKU apTedakT, KOju ce AaHac He MOXe MOKpeHYTH HU Ha jexHoM PC pauyHapy (ocum
HEKOM CMEIITEHOM y My3ejy uHpopMamuoHmx TtexHojormja). Ca apyre crpaHe, cama
KOHIIENIIMja, CBU MPOpadyyHH pecypca W Mpolenype y ciydajy Hoxapa Ha pe3epBoapy cy M
JlaJbe aKTYeTHH U BeoMa YNOTpeOWBH, a TaMo Tlie je OMIo MOTpeOHO, U3BPIIEHE CY U3MEHE
y3 KOHCYNTOBamke HOBHX Ipomwca u nuteparype [1] u [2]. 3ato cy ayropu amnmkanmje (1
OBOT' pajia) MPUCTYIIIN PeAu3ajHupamy cOTBEPCKE aIlUTMKAIMje 3a MPOpPavyH pecypca 3a
rameme mokapa Ha pe3epBoapy. AIUIHKaINdja je KOMIUIETHO ypaljeHa xao Beb amnmmkarnuja,
LITO 3HAYH J1a je ocTaBJbeHa Ha BeO cepBep, U Ja joj ce MPHUCTYIa KOPULITEHhEeM BeO unTaya
(internet explorer-a, firefox mozila, wmu GuIo0 KOT MPYror), ca GUIIO Koje JOKalurje Koja nMma
MIpUCTYII BeO cepBepy. AKO je aluIMKallyja IocTaBJbeHa Ha jaBHU BeO cepBep, Taja ce MOXKe
MTOKPEHYTH ca OMI0 KOT padyHapa, ca OMIo Koje reorpadcke JIOKaIyje, y3 jeIuHI yCIoB /1a
je obesbehen mpucryn wuHTepHeTy. CoOQTBEpCKE TEXHOJOTHjEe KOPHIITEHE 32 H3pany
armmmkanuje cy PHP, MySQL u Apache Flex [3].

UN3rien ekpaHa 3a YHOC MMOJaTaka O pe3epBaopy MPHUKa3aH je Ha CIUIH 3:
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Cnuka 3. Ynoc nooamaka o pesepeoapy - Beb anmukayuja

Behunna noJba 3a yHOC mojiaraka cy Tuma “koM00 -00Kc”, rzie ce KIMKOM Ha IoJbe 1001ja
JUCTa MOHY)eHUX BPEAHOCTH U jeTHOCTaBHUM KIIMIKOM MHIIIA ce usabepe jeqHa ol BUX, WiIH
ce IyTeM TacTaType Kyla BpeAHOCT Koja je moTpeOHa, a Huje Ha aucTH. O3Haka pe3epBoapa,
n X u Y KOOpJOMHATa C€ YHOCE MCKJbYUHMBO IyTEM TACTaType. YKOJHMKO je YHeTa O3HakKa
pe3epBoapa W mojamM 3a Taj pe3epBoap cy Beh yHerw, cBa mospa 3a momaTke he OuTH
ayTOMaTCKH IIONYHhEHa PaHuje YHETHM BPEIHOCTUMA, J103BOJbaBajyhu KOPUTOBAaHmE YHETHX
BpenHoctu. Y pemerku ([Jara I'pum) y nomem peny expaHa Buae ce omabpaHH ITOJaIy 3a
Beh yHere pesepBoape. Jlucra pesepBoapa y perieTiia MOXe ce “CKpoJIoBaTH KJIM3aueM ca
JlecHe cTpaHe perrerke. KimmkoM Ha OWII0 KOjH pen perieTke (0THOCHO OMII0 Koju pe3epBoap
ca cricka Beh yHeTHX) CBHX IOJAIM 3a JaTH Pe3epBOap ce ayTOMAaTCKH MOIyHhaBajy y 1Mojba
W3HAJl pelIeTKe.

T kb 185 b g0 - &

Cxnsdn reamrenaa; 75

alélm ale « W - . -
Cnuxa 4. Ilpuxa3 nauuna ynoca nooamaxa o pe3epsoapy
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I[lo wmcrom mnpuHOMIY YHOCE C€ W MOJalM O OOjeKTMMa, TOCTpPOjelUMa U O
IpeTaKaJIuIITHMA.

3a mpopadyH pecypca KOPUILITEHa je UCTa JIOTHKA U3BpIIeHa IpopadyHa Kao U y CTapoj
aTUTMKAIMjA, OCHM IITO C€ JIUCTa IOTPEeOHWX MATepHjalHUX U JbYACKHAX pecypca W JIMCTa
IIpolielypa He MCIUCYjy Ha ekpaHy, Hero ce reHepuuie [1[1d dajn ca morpedHnM nonannma,
KOjU ce MOXe apXMBHPATH, TOCIATH MEJIIOM, WM IITaMIIaTH Ha IITaMIady padyHapa ca KoT
je IPUCTYIUBEHO aIUTMKALMjH I Ha MPEKHOM LITaMIavy.

Kama je y muramy rpaduukm mpukas jgena paduHepHje ca pe3epBoapoM 3a Koju ce
U3pauyHaBajy pecypcd, Kao M ca YOPTAaHMM 30HaMa Xjahjea W 3aliTUTE U CBUM
pesepBoapuma, OOjeKTHMa W MOCTpOjelbMMa M IMPETaKAIUIITHMAa YHYTap OBHX 30HA,
3ajpxaHu cy noanporpamu pahenu y C++ mporpaMckoMm je3uky, y3 He3HaTHE M3MEHE Y
OJTHOCY Ha CTapy aluIAKaIH|]y, Ta je IPUKa3 UCTH Ko Ha CIHUIH 2.

AyTopH IUIaHKpajy 1a mo6oIblIajy arutukaiujy npumesom Google Maps AITU-ja, rae 6u
Ce YMECTO CaJalliber IpTama Jea papuHepHje ca IoCMaTpaHUM Pe3epBOapoM, MPUKa3uBa0
Google Map npuka3s To aena papunepuje. Taga OU jeAMHO YMECTO KOOPAMHATA pe3epBOapa
y KOOpAWHATHOM cHcTeMy paduHepHje Koju camu (GOopMHpajy KOPHCHHIHN, 32 CBAaKH
pe3epBoap Ouiie yHeTe KOOpAMHATE Y OOJIMKY CTEeNeHH reorpadcke MUprUHE U Ty)KHHE Kako
Google Map saxteBa. Be6 crpanuma ca koje ce Moke mpeysern Google Maps AIIA je
NpHUKa3aHa Ha caunu 5.

Hakon umminementanuje opor AllM-ja, cama aruukanuja Ou Ouia pacroyioxkuBa y obe
BapHjaHTe -CaJalllb0j, M y BEP3UjU TJAE Ce JIoKaldja mpukasuje y3 momoh Google Map.
Kopucanim xoju Beh mMajy MMITIeMEHTHpaH CHCTEM ca CBOJUM KOOpAWHATama IIpoCTopa,
KOPHCTHIN OW TIPBY, @ OHH KOjH TEK NOYHIbY ca IPUMEHOM, BEPOBATHO HOBHU]Y BEP3H]y.

| < cr—— =< i - i

Google Maps Javascript APl v3

=
L ) pasoraps - |
; { : 2
)
O I S L EETTYTETY

Cnuxa 5. Google Maps AIIU nonaszna 6e6 cmpana

3. 3AK/bYUIIU

IIpBa Bep3uja oBe ammkanuje paheHa je 3a morpebe Barporacue Opurane Huc-
Padunepuje [TanueBo, npe naBHux 13 romuna. Amimkanuja je qocta 100po npuxsahena on
CTpaHe Imopyduiana, y3 oapeleHe pesepBe 300T HbeHEe KOMIUIEKCHOCTH M CBHX OIpaHHYCHa
KOj€ je HaMeTao TaJalllbu JOMET HHGOPMAIIMOHUX CUCTEMAa-IEeCKTOI alljIuKaluja, Koja paju
mox JJOC omepaTHBHAM CHCTEMOM, Ca BeOMa PYAMMEHTHpPaHUM rpadudkuM MoryhHOCTHMA
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U YCCTUM HCPCTYIApHHUM IPCKUANMA H3BPHICHA aHJ'II/IKaI_II/Ije Kao mocCjaeauie rpeuiaka y
KOPHUIITCHY O] CTpaH€ HETMOCPECAHUX U3BpLINJIALIA.

Cama oreHa ujeje, KOPUCHOCTH aIUIMKaldje M moTpede 3a WOM, HHKaga HUje Owia
VIHUTHA, HA OJ] JbYIU U3 padHHEPHje, HA O]l HaC KOjU CMO je CTBapaH.

Capmamma, BeO Bep3nja oBe cOPTBEPCKE aluINKaIyje, BeoMa je crabuiHa, 1 Komdpopma 3a
paj BarporacHor ocobspa. MHTepdejc je MHTYUTHBAH M JIAKO Pa3yMJbHB, CBE CBCHTYaJHE
rpelIke orneparepa IMPH KOPHUIUTEHY JOBOJE HMCK/bYYMBO JIO YIIO30peHa M 3axTeBa 3a
KOPEKIMjOM aKilije, a HUKaKo 10 Hemnpeaul)eHor npekuaa y paay ammkaiuje. CBU mopanu
Cy TOCTaB/bCHUW HA MPErJCIHHjA HAYHMH, JIAKIIE Cy MOCTYIIHH, W THME je aIuldKaidja
yrnoTtpebsbuBrja. Hema orpaHuuerma y MOIJIEAY ONMEPATHBHOI CHCTEMA WM HHCTAJaluje
610 kakBor co)TBepa Ja Ou ce ammkarmja Moria kopuctutd. Ocum momenyror Google
Maps, ayTopu pa3MHIIIBajy U yBOhemy (PUIMCKHX M ayAnO CEKBEHIH Y JIHCTY IPOIEaypa,
WTO OM JOJATHO OJAKIIANO pajJ Barporacana, a arldKalWjy y MYHOj MEpH YYHHHIO
MYATHMEIH]aTHOM.
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APPLICATION OF INFORMATIVE TECHNOLOGIES

AND CALCULATIVE METHODS IN THE FORENSIC

NORMATIVE EXPERTISE AND IN PROFESSIONAL
EDUCATION OF FORENSIC EXPERTS

Abstract: This article briefly considers types of main calculations used in forensic normative fire-
technical expertise. It also presents the mathematic modeling of fire parameters in order to determine
critical values. In addition, it deals with the determination of fire risk and methods used in the Russian
Federation to calculate this parameter. The article stresses the importance of the developed electronic
reference system in forensic analyses.
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INPUMEHA UHOOPMALIMOHUX TEXHOJIOI'NJA U
PAYYHCKUX METOZA Y ®OPEH3UYKOJ
HOPMATHUBHOJ EKCHHEPTU3U U Y CTPYUHOM
OBPA30OBABHY ®OPEH3UYAPA

Amncrpakr: OB3j pag yKpaTko pa3Marpa BpPCT€ INIaBHHX MPOpayyHa KOjUu ce KOPHUCTE y (OPEH3HUKO]
HOPMAaTUBHO TEXHHWYKO] EKCIEPTH3H Ioxapa. Taxole, mHpencraBba MaTeMaTH4KO MOJEIOBABE
napaMerapa nokapa y uiby yrBphuBama KpuUTHUHHX BpemHocTu. ITopen Tora, 6aBu ce ompehuBamem
MOXKapHOT PH3WKAa W MeToJaMa Koje ce Kopucre y Pyckoj denepamuju 3a m3padyHaBame OBOT
napamerpa. Paj HarnamaBa 3Ha4aj pa3BUjEHOT €JIEKTPOHCKOT PedepeHTHOr cucreMa y (OpeH3MIKUM
aHanM3aMa.
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Recently in Russian Federation increased the number of connected with fires and with
fire safety normative documents requirements violations cases. These cases are considering
in courts as subjects of administrative and civil legislation. During the period of five — ten
years there were considerable changes in the field of legal and technical regulation of fire
safety. In connection with this amount of fire-technical expertise, which are designated by
supervision activity bodies and by investigative bodies to EMERCOM of Russia Federal
Fireproof Service forensic-expert establishments, greatly increased, and so it called the
necessity of normative fire-technical expertise” existence as independent kind of forensic fire
fire-technical expertise. As a result at 2010 in EMERCOM of Russia Federal Fireproof
Service state forensic — expert establishments system appeared new specialization “Analysis
of normative requirements’ violations in the field fire safety, prognostics and expert
examination of its consequences”. One of the EMERCOM of Russia Federal Fireproof
Service state forensic — expert establishments’ system aims is education of experts.
Education of experts has several stages: education at high schools, professional retraining
and special training of experts before certification.

When we use the term “forensic normative fire-technical expertise” (CHIIT3), we mean
the kind of fire-technical expertise, consisting of normative fireproof requirements’
violations examining on the base of special knowledge and also examining of such
violations’ casual relation with beginning, development and consequences of fire (occurred
or potentially possible).

To proceed from experience of forensic normative fire-technical expertise (CHIITD)
realizing experts often should investigate such problems, for getting answers for these
problems it is not sufficient to use logic reasoning and theoretic knowledge in the field of fire
safety. Such problems require different kinds of calculations using computers, capable to
fulfill a part of intellectual work.

In this article we will briefly consider the kinds of the main calculations, which may be
used during forensic normative fire-technical expertise (CHTIID) realizing.

It may arise the necessity of next engineering calculations during forensic normative
fire-technical expertise (CHTIIJ) realizing:

1. physical-chemical;

2. thermo-physical;

3. hydro-aerodynamic;

4. mathematical simulation of processes, happening during fire and others.
Physical-chemical calculations

The main kinds of physical-chemical calculations, which may be used in forensic fire-
technical expertise, are the next:

1) The calculation of gas concentration in the case of leakage at the lodgment;
2) The calculation of gas-air and vapor-air mixtures’ explosion maximum pressure;
3) The calculation of gas concentration in a lodgment during process of vaporing
4) The calculation of oil products spread area;
5) The calculation of explosion pressure increase’ maximum rate;
6) The calculation of liquids flash temperature
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7) The calculation of liquids inflammation temperature
8) The calculation of flame propagation temperature limits

Most of these abovementioned calculations are used for determination of lodgment’s
category of fire-explosive and explosive danger and for determination of fire risk’s degree in
industrial buildings. Also calculations are used for evaluation of substances’ and materials’
fire danger when real tests are not possible (after fire, for example).

The main documents, regulating the order of such calculations’ realization, are the next:
[1, 2].
Thermo-physical calculations

Processes of conjugate heat exchange are considered in the process of thermo-physical
calculations’ realization. These calculations may be used for decision of next problems:

1. Plotting of temperature field during the warm-up of protecting constructions.

2. Determination of combustible materials’ ability for inflammation from various sources
of ignition (flame, match etc.).

3. Calculation of fire dynamics in assigned conditions.

One of examples of such calculations, used by forensic fire-technical experts, is
calculation of quenching distances on the base of the reasons’ analysis of fire propagation in
the area between buildings. In these calculations they compare the real (decreasing) density
of heat flow for radiated object with maximally admissible one.

It is possible to recommend mathematical approaches and calculation formulas, given in
[3], Ansys company’s universal packages for mathematic modeling and complex of
programs «Jkcmorex», developed by EMERCOM of Russia VNIIPO Fire Expertise
Research Centre [7].

Fire’s dangerous factor fields plotting

During the realizing of forensic normative fire-technical expertise (CHIITD) it is often
arise the necessity to make an analysis of fire’s dangerous factors (O®II) changing dynamics
in a lodgment and in building and to calculate it’s critical value. The most commonly used
calculation is plotting of fire’s dangerous factors field in which the least time of approach of
one of fire’s dangerous factors critical value (for given designed point in the lodgment and in
the building). It is necessary, as a rule, to execute the mathematic modeling of fire
parameters in order to determine critical values of fires dangerous factors’ parameters.

As an example of such calculation we may consider the expertise of the fire that
happened at the building # 2 of psycho-neurologic hostel “Oksochi» (Novgorod region) in
2013 when 37 people died.

The experts received questions about presence of threat to life and health for people at the
object in the moment of fire, providing of safe evacuation conditions, determination of
calculated and necessary time for people’s evacuation at the case of fire. In order to answer
these questions experts determined the critical time for each of fire’s dangerous factors
(temperature, heat flow, obscuration, low content of oxygen and others) as the time of
reaching the limiting admissible value by this factor on the level 1.7 meter from floor at the
ways of evacuation. Calculations were made using the field method of simulating the fire
with the help of program means FDS VER.6. The 3 D model of «Oksochi» psycho-
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neurologic hostel’s building # 2 is shown on the Figure 1, distribution of visibility field at the
259 second in the designed point 3 is shown on the Figure 2.

PT-03 Bbixog 3

PT-02 ebixop

Ouar noxapa

Figure 2. Distribution of the visibility field in horizontal section of building floor at the level 1.7 meter
from floor at the 259 second from the moment of fire beginning for the considered emergency situation
at the point PT_03

Further the experts determined the designed time of evacuation people from the building
and realized the comparative analysis of received values of time considering the presence of
system of warning and managing people’s evacuation in the case of fire at the object. The
designed time of evacuation exceeded greatly the time of fire dangerous factor’s critical
value approach. On the base of it the experts made conclusion about the presence of threat to
life and health of people in the building # 2 of psycho-neurologic hostel «Oksochi».

Simulating of the fire in lodgments is based on the conception of fire as physical
phenomena of transmission of mechanical, thermal energy and mass in corresponding
conditions of its propagation. The fire propagation’s conditions depends on location, the kind
of burning objects and construction characteristics of lodgment. The difference between
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main kinds of fire’s mathematic simulation approach depends on the way of description of
fire parameters’ distribution in the space [4].

The first of them — the use of gas medium state parameters, which are averaged by
volume, (density, pressure, concentration of medium’s various components, temperature)
with time. The mathematic models are called integral models, if they describe the change of
state averaged parameters in the process of its use. The main drawback of models,
considering the change of averaged characteristics with time, is the fact, that the distribution
of abovementioned parameters in space is not considered.

The integral method may be used for decision of next problems:

- forecast of fire’s dangerous factors propagation dynamic in building with developed
system of small volume lodgments and configuration of simple geometry, for example, in the
corridor type buildings ;

- forecast of fire’ dangerous factors propagation dynamic during imitation simulating at
that cases, when the account of fire’s beginning and propagation processes’ random nature is
more important than precise and detail forecast of its characteristics;

- forecast of fire’s propagation at the lodgments, where the typical size of fire base is
comparable with typical size of lodgment;

- preliminary calculations for detection of the most dangerous fire scenario.

It is possible to use program means AUNCC «Dxkcneprusa» [5] (Expertise) for
determination of fire’s dangerous factors critical values’ attainment time.

The zone modeling is the simplest way of fire parameters distribution account when
volume averaging of parameters is used. At this case several zones in a lodgment are
appointed, for each zone its own integral model of fire is developed. Within zone limits it is
possible to think that considered characteristics of fire are identical with designed degree of
accuracy.

According zone models there are forming two layers in lodgment: upper lay, consisting
of burning products (smoke-filled zone) and lower layer of non-disturbed air (free zone). The
gas medium state in zone models is evaluated by averaged thermodynamic parameters of
several zones, not one, and zone limits usually are considered as non-stable.

For example, zone model CFAST [6], developed in the laboratory of American National
Institute of Standards and Technology (NIST), permits to determine parameters of fire
propagation in the closed lodgment system, calculate the fire’s smoke and gas
concentration’s distribution and temperature in the a building for fire conditions, indicated by
user.

Zone method may be used: - for the prognosis of fire dangerous factors distribution
dynamics in the lodgments and systems of lodgments with simple geometry, dimensions of
are comparable;

For the big volume lodgments (where fire base dimensions are much more less than
lodgment dimensions) and also for calculating the time of smoke contamination of working
zones, located at different levels within the same lodgment (sloping hall of cinema-theatre,
entresol and so on), as example, for hall lodgments of big volumes and atriums;
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For determination of fire’s dangerous factors critical values time with the help of zone
method it is possible to use program complex «Expotech», block of calculation programs
“Calculation of fire parameters in the lodgment”, developed by [7].

The method of differential modeling, describing fire evolution more precisely and in
details, is the most interesting for fire’s dangerous factors calculation. Fundamental laws of
conservation of momentum, energy and mass, recorded for the elementary volumes, at which
the considered field of space is divided, are used in this case. Differential models are called
also field or CFD-models (Computational Fluid Dynamics). Mathematic models, considering
the processes of convective and radiation heat change, processes of burning in gas phase and
others, are the base of differential method. These models developed on the base of full non-
stationary Navier-Stokes equations system, energy and diffusion equation for reacting
components [8]. Analytical way of solution for similar equations systems are known only for
very few cases. For numerical solution of second-order differential equations systems in
partial derivatives the finite differences method or finite elements method may be used.
Using the differential modeling it is possible to calculate temperature fields, concentrations
of combustible materials’ vapors, oxygen and products of burning in the investigated field
for computation of hypothetic or previous fires.

The main difficulties of contemporary field models practical use are program products
high price, high level of requirements to computers and specialist qualification and big
volume of initial data, necessary for calculation.

The field method is recommended to use for consideration and analysis of next objects:

Lodgments of complicated geometry and also lodgments with plenty of inner
obstructions (atriums with the system of galleries and adjoining corridors, multifunctional
centers with complicated system of vertical and horizontal connections and so on);

Lodgments with one of dimensions greatly more (less) than others (tunnels, parking
zones of little height and with big surface and so on);

At other cases when zone and integral models don’t provide sufficient information or
there are reasons to suppose that pattern of fire developing may contradict with assumptions,
which are the base of these models (unique buildings, fire propagation along the building
facade, the necessity to consider the activity of fireproof system, which are able to change
the fire evolution’s pattern and so on).

It is possible to use this method for calculating such phenomena as the forming of heated
lay in the initial stage of fire evolution with one direction fire propagation and all directions
fire propagation; the evolution of fire initial stage to developed stage; dangerous factors’
propagation to adjoining lodgments or to the way of evacuation and for a number of other
tasks.

It is recommended to use the packet of FDS applied programs for fire parameters
calculation with the help of field method. This program reads out input data from the text
file, solve the system of differential equations, describing the processes of the fire,
numerically, and write in the output data, determined by user, to the files. Smokeview is an
attending program, which reflects FDS output files in graphic format. FDS has not graphic
interface, but there are programs (preprocessors), creating text files with necessary for FDS
input parameters in graphic format. More detailed information about work with FDS and
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Smokeview programs is in the wusers manuals and on the FDS-SMV site
http://fire.nist.net/fds.

Determination of fire risk value

When executing the cases, connected with violations of fire security requirements, often
appear the question, whether state of fire safety measures answered the fire safety
requirements. In order to answer such questions experts follow the requirements of “Fire
safety requirements’ technical regulations” article 6 [9]. One of main parameters, which
should be calculated in order to answer this question, is the value of fire risk. Furthermore
this fire risk value is compared with normative values, established by [9].

Now in Russian Federation developed, confirmed and in use 2 methods for determination
the fire risk: for public buildings — “The method of fire risk design values determination in
the buildings, structures and constructions with various degree of functional fire danger”
[10], for industrial buildings — “The method of fire risk design at the industrial objects”[11].

Application of calculative methods and informational technologies in a forensic
normative fire-technical expertise permits to raise scientific level, authenticity, evidential
worth and visibility of expert investigation results and also to reduce the time of expertise
duration.

The activity of EMERCOM of Russia Federal Fireproof Service forensic- expertise
establishments aimed at first to realizing of forensic fire-technical expertise, along with these
forensic-expertise establishments have the task of qualification advancement and additional
education of these establishments’ research workers. In order to optimize the effectiveness of
abovementioned activity there was developed the electronic reference system of information
accompaniment of forensic-expertise establishments’ specialists, containing the systemized
and timely actualized information, which is used by forensic-expertise establishments’
specialists for the analysis of normative requirements violations in the field of fire safety,
prognostic and expert investigation of its consequences in the process of realizing forensic
fire-technical expertise or in the process of additional professional education.

The developed electronic reference system is based on the program means, sufficiently
providing timely actualization of information, which provides its efficient application in
forensic-expertise establishments’ activity.

The actuality of information is a matter of principle, because forensic-expertise
establishments’ specialists would use normative base currently in force in their activity and
also information in the field of fire security and expertise of fires in order to compare
normative and design values of various characteristics or to get initial data for various
calculations [12].

The electronic reference system, which permitted forensic-expertise establishments’
specialists to use systemized and timely actualized reference data, methodic
recommendations, forensic-legal information in the field of fire expertise and other special
information, was developed considering that volumes of loaded information would increase
with time, the users’ access to information would change with time, the number of sections
would closed for indexation by search systems of information-telecommunication net
“Internet” Russian language segment, the content of sections is marked with key-words.

Abovementioned factors stipulated the certain requirements to electronic reference
system, connected with possibility to change the belonging to certain structure and the name
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of section, registration of users with different procedures of access to information and
internal functions, presentation of information search results both in opened for indexation
and closed for indexation sections.

This approach provided the possibility to use the method of dividing according to the
subject headings and taxonomy depending of loaded information’s volumes and semantic
components for relevant, full text search.

The selection of data processing and data application acceptable technologies was
accomplished considering of compliance with main requirements of source code,
multiplatform structure of the system, the work with different types of databases, web
content management, personalization, access, taxonomy.

The analysis of data processing existing technologies demonstrated that Drupal
technology, which is CMS (Content management system), is of most compliance to the
claimed demands. The CMS Drupal has the relational database as a database warehouse,
written by scripting programming language PHP (Personal Home Page Tools). Thus the
CMS Drupal was accepted as a base of the electronic reference system [13].

It is necessary to note that the electronic reference system displayed in full only for
EMERCOM of Russia Federal Fireproof Service forensic-expert establishments’ workers,
who registered and then got login in the system.

At present time (the data of 2014 July) the electronic reference system is placed at the
web-site http://info.fire-expert.spb.ru in the Russian language segment of information-
telecommunication net “Internet” and undergoes beta-testing. The program automatized
information complex “Expotekh” (Oxcmotex) [7], which includes information blocks
concerning reference and calculation methods, is the base of the electronic reference system.
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PRIMENA INFORMACIONIH SISTEMA ZA 1ZBOR
OPTIMALNE PUTANJE KRETANJA VATROGASNIH
EKIPA DO MESTA AKCIDENTA

Rezime: Sagledavanjem objektivnih uslova koji mogu da umanje efikasan odgovor na akcidentne
situacije (na primeru vatrogasne jedinice u Novom Sadu), pre svega uzimaju¢i u obzir povrSinu
teritorije koju ona pokriva sa samo jednom vatrogasnom stanicom kao i ograni¢en pristup podacima i
grafickim prilozima operativnih karata i informacijama iz operativnih procedura, uocava se potreba za
uvodenjem stabilnog i pouzdanog informacionog sistema kao podrske rukovodenju intervencijama.
Analizom postojeéih i1 potencijalnih metoda za odredivanje optimalnog puta do mesta intervencije
dolazi se do funkcionalnog resenja koji se preporucuje u zaklju¢ku ovog rada. Takav informativni
sistem zahteva kreiranje odgovarajuéeg programa koji ¢e da zadovoljva principe metode odredivanja
optimalnog puta i da sadrzi bazu podataka sa operativnim kartama i operativnim procedurama
potrebnim za intervencije vatrogasno-spasilackih jedinica.

Kljuéne reéi: informacioni sistem, akcident, optimalni put, intervencije, vatrogasna jedinica

IMPLEMENTATION OF INFORMATION SYSTEM FOR
SELECTION OF OPTIMAL FIRE ROUTE TO ACCIDENT
SIGHT

Apstrakt: After considering all the elements which reduce the effective response to fire emergencies
(using the fire unit in Novi Sad as an example), predominantly with regards to the territory which is
being covered by just one fire station, as well as to the limited access to data and graphic images from
the operational cards and information from the operating procedures, it has been recognized the need
for establishing and introducing a reliable informative system as a support to the management during
fire interventions. The analasys of existing and potential methods for determining an optimal route to
the place of intervention has lead to a functional solution, recommended in the conclusion of this work.
Such information system requires the creation of an appropriate application program that will be
conforming to the principles of the method of determining the optimal route and to contain a database
with operational cards and operating procedures, necessary for the interventions of fire and rescue
units.

Key words: information system, accident, optimal route, interventions, fire unit
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1. UvOoD

Osnovni problemi vezani za dejstvo vatrogasno spasilackih jedinica u Novom Sadu su
pre svega velika povr§ina grada sa relativno velikim brojem stanovnika, visokim pozarnim
rizicima, kao i postojanje samo jedne vatrogasne stanice koja se nalazi u blizini strogog
centra grada, §to zbog gustine saobracaja u tom delu grada definitivno prestavlja jedno od
najnepovoljnijih mesta za vatrogasnu stanicu.

Broj vatrogasaca u Novom Sadu je takode nedovoljan, potreban broj po sistematizaciji
radnih mesta u MUP-u nije dostignut, tako da je u odnosu na postoje¢u sistematizaciju
popunjenost jedinice oko 70 procenata. Evropski drzave imaju po jednog vatrogasca na oko
1000 stanovnika.

Maksimalna vreme stizanja do mesta intervencije u evropskim zemljama je propisana. U
Nemackoj je to vreme ograni¢eno na 10 minuta, u Velikoj Britaniji na 8 minuta dok u je
Svedskoj na samo 6 minuta [1].

U Srbiji, pa samim tim i Novom Sadu ne postoji propisana brzina stizanja vatrogasne
jedinice na mesto intervencije. Po pregledu statistickih podataka u poslednje tri godine [2],
prose¢na brzina stizanja na intervencije u Novom Sadu iznosi 7 minuta, §to znaci da se na
neke intervencije stizalo za 2 minuta, a na druge i za 12-13 minuta, a ponekad ¢ak i viSe.
Resenje za ovakvu situaciju u Novom Sadu je pre svega izgradnja viSe vatrogasnih stanica
adekvatno rasporedenih u skladu sa potrebama grada i zaposljavanje veéeg broja vatrogasaca
kao i opremanje adekvatnom tehnikom. Medutim, obzirom da je Srbija zemlja u tranziciji, sa
svim drustvenim, ekonomskim i politickim implikacijama i teSko¢ama koje takav status nosi,
vreme potrebno da se ovo realizuje nije izvesno.

Jedan od nacina na koji bi se ovaj problem u odredenoj meri ublazio je uvodenje
informacionog sistema koji bi generisao optimalnu putanju kretanja za vatrogasna vozila i
mogucnost greske operatera i/ili rukovodioca intervencije sveo na minimum.

2. ODREPIVANJE NAJKRACEG PUTA

Za odredivanje najkraceg puta od tatke A do tacke B se koristi teorija grafova [3] i
Dijekstrin algoritam. Teorija grafova je suvise kompleksna i prevazilazi obim ovog rada, ali
radi dalje analize objasnjeni su ukratko osnovni pojmovi: graf (G) se po definiciji sastoji od
nepraznog konacnog skupa skupa V(QG) ¢ije elemente zovemo cvorovi i konacnog skupa
E(G) razli¢itih parova elemenata V(G) koje zovemo grane (SI. 1.). Svaka grana ima svoju
tezinu.

Algoritam za odredivanje najkraceg puta u grafu, naziva se Dijekstrin algoritam. Njegova
primena se ukratko sastoji iz slede¢ih postupaka:

o U prvom koraku se odreduje ¢vor koji je najblizi po¢etnom ¢voru.

e U drugom koraku treba odrediti ¢vor koji je slede¢i po redu (drugi) najblizi
pocéetnom. Do njega se moze do¢i ili direktno granom od pocetnog ¢vora, ili preko
grane za koju je u prethodnom koraku utvrdeno da je najbliza pocetnom ¢voru.
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e Dalje se prosiruje skup ¢vorova do kojih su odredeni najkraci putevi koriStenjem
slede¢eg pravila: do nekog se ¢vora najkrac¢im putem dolazi ili direktno od pocetnog
¢vora ili preko nekog drugog ¢vora za koji je ve¢ odreden najkraci put.

e Postupak se zavrSava kada se utvrdi najkra¢i put do krajnjeg ¢vora

Slika 1. Nekoliko primera grafova (Baletic¢ V, 2008)

Za potrebe istrazivanja prikazanog u ovom radu sve raskrsnice su definisane kao ¢vorovi
grafa, a putevi izmedu raskrsnica kao grane grafa. Duzina puta je tezina grane. U ovom
sluc¢aju ¢e tezina grane biti neimenovani broj ekvivalentan sa duzinom puta u metrima.
Dakle, ako je duzina puta izmedu tacke A i B u realnosti 300 m, tezina grane A-B ¢e biti
300. Mesto akcidenta u ogromnom broju sluc¢ajeva nece biti na raskrskici, odnosno nece biti
u ¢voru grafa, tako da je neophodno na ciljnoj lokaciji generisati jo$ jedan ¢vor. Pocetna
lokacija (A) je zgrada (adresa) vatrogasne brigade a krajnja tacka (B) mesto (adresa)
akcidenta. Potrebno je zatim primenuti Dijekstrin algoritam da bi se definisao najkraci
moguci put.

Prednost ove metode je $to program sam generi$e rutu, ali kako je osnovni kriterijum
odredivanja optimalne putanje kretanja vatrogasnog vozila od sediSta brigade do mesta
akcidenta brzina stizanja na mesto dogadaja, a ne duzina puta, zakljuéujemo da ova metoda
nije optimalna za primenu u vatrogastvu.

3. ODREDIVANJE OPTIMALNOG PUTA

Da bi odredili optimalni put, odnosno put kojim ¢e na mesto intervecije vatrogasna vozila
do¢i najbrze, potrebno je primeniti metodu grafova i Dijekstrin algoritam, ali na drugaciji
naéin nego u prethodnom primeru [4]. Naime, potrebno je uneti dodatne parametre u proces
odlucivanja.

Prvi korak je definisanje/podela dve kategorije saobracajnica u gradu:

e Primarne putevi - bulevari sa $est traka, glavni putevi sa Cetiri trake kao i putevi sa
dve trake koji prestavljaju osnovne pravce kretanja u gradu i

e Sekundarne putevi - svi ostali putevi.

o Nakon toga je moguce kreirati prvi graf, koriste¢i samo primarne puteve (Sl. 2.i 2.a).
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Slika 2. Prvi graf kreiran od primarnih Slika 2.a “Ogoljeni” graf kreiran
puteva na geografskoj podlozi od primarnih puteva

Pri kreiranju ovakvog grafa potrebno je obratiti paZnju na jednosmerne ulice, raskrsnice,
kao i na bulevare koji su prakti¢no sastavljeni iz dve jednosmerne trake suprotnog smera.
Sledeci korak je kreiranje drugog grafa koji obuhvata sve ostale ulice (slika 3.i 3.a)
Metodologija utvrdivanja optimalne putanje dopunjenom metodom grafova sastoji se iz
sledeceg:
o Qdrediti najkraci put od polaznog do krajnjeg ¢vora;
e QOdrediti ¢vor koji je nablizi krajnjem ¢voru na prvom grafu (primarni putevi);
e Ako je put iz prvog koraka kraé¢i od puta iz drugog koraka onda biramo njega, a ako
nije idemo na slede¢i korak;
e Trazimo najkra¢i put od ¢vora dobijenog u koraku 2. do krajnjeg ¢vora.
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Slika 3. Drugi graf kreiran od dela Slika 3.a “Ogoljeni” graf kreiran
puteva na geografskoj podlozi od dela sekundarnih puteva

Zbir puta iz 2. i 4. koraka je zapravo na$ Zeljeni put. Medutim, da bi rezultat bio zaista
optimalna putanja, moraju se uzeti u obzir jo$ neki faktori koji uti¢u na brzinu kretanja, kojih
ima u prilicnom broju. Na primer: da li je no¢ ili dan, blizina pijace, pijacni dani za pijace
koje ne rade svaki dan, posecene diskoteke ili kafi¢i, blizina $kole, semafori itd. Uvazavanje
svih moguéih faktora koji uti¢u na brzinu kretanja bi bio veoma zahtevan zadatak, koji bi,
izmedu ostalog, podrazumevao i temporalno programiranje, kao i konstantno azuriranje baze
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podataka. Iz tih razloga je potrebno uzeti u obzir samo najvaznije faktore i napraviti
zadovoljavajuéu aproksimaciju, zahvaljuju¢i kojoj je moguée dobiti optimalnu izlaznu
informaciju. U ovom slu¢aju to su semafori i postojanje skola na putu ka mestu intervencije.

Prilikom analize uticaja semafora na kretanje vatrogasnih vozila odredenom putanjom
treba uzeti u obzir duzinu trajanja crvenog svetla, postojanje (odnosno nepostojanje) oznake
za uslovno desno kretanje i pravac kretanja vozila nakon semafora. To je vazno zato $to je
poznato da je na semaforu za skretanje levo potrebno najvise vremena, a za skretanje desno
najmanje vremena - pod uslovom da ima oznaku za uslovno desno. Ako je nema, mozemo
smatrati da je za skretanje desno na ovakvom semaforu potrebno isto vreme kao i za kretanje
pravo.

Provera prethodnih zaklju¢aka je predstavljena primerom, gde je pretpostavljeno da je
mesto akcidenta OS ,,Dositej Obradovi¢* u ulici Filipa Filipovi¢a u Novom Sadu. Na SI. 4.
su prikazani semafori na putanji koju analiziramo, a na Sl. 5 na putanji koja je najkraca.
Prime¢ujemo da semafori a, b i f imaju potpuno isti uticaj na kretanje vozila u oba ova
slu¢aja. Na prvoj putanji (SI. 4) na semaforu c, vatrogasno vozilo treba da skrene desno, na
semaforu d - levo i na semaforu e - desno. Na najkracoj putanji (S1.5), na semaforu g
vatrogasno vozilo treba da nastavi pravo, na semaforu h da skrene desno (s tim Sto ovaj
semafor nema oznaku za uslovno desno) i na semaforu "i" da ide pravo.

Racunskim putem, problem semafora se moze resiti tako $to se tezina grane grafa iza
semafora poveca za odredenu vrednost i to vrednost ,,I” za granu levo od semafora, ,,p” za
granu pravo od semafora i ,,d” za granu desno od semafora (ako postoji oznaka za uslovno
desno, u protivnom i za granu desno od semafora uzimamo vrednost ,,p”"). Uslov je da I>p>d.
U slicaju da na odredenom delu puta postoji skola (SI.5), zbog potrebe usporavanja pored
Skole, tezina te grane grafa se povecava za vrednost ,,§”. U datom primeru ukupna teZina
grane najkraceg puta se na ovaj nacin povecava i postaje veca od analiziranog puta, i na taj
nacin kao izlaznu informaciju dobijamo optimalni put koji sada ima najmanju vrednost
ukupne tezine grana. TeZzina grane grafa ¢e biti neimenovani broj ekvivalentan duzini u
metrima.

Slika 4. Pozicije semafora na analiziranoj putanji Slika 5. Pozicije semafora na najkracoj putanji

Ukupna tezina grana kod najkraceg puta (KP) je 2813, a kod optimalnog puta (OP) je
2909. Kada se uzmu u obzir semafori i Skolu na putanji kretanja dobija se da je KP= 2813 +
pt+8+p+p,dokje OP=2909 +d + 1+ d (zanemareni su oni semafori koji su zajednicki za
obe putanje, jer nemaju uticaja na krajnji rezultat).

Vrednosti ,,I, ,,p* i ,,d* se definiSu na sledeé¢i na¢in: Najpre se odreduje potrebno vreme
da se prode semafor u zavisnosti od pravca kretanja. Na osnovu iskustva usvaja se da je
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prosecno za skretanje desno gubi 4 sekunde, za kretanje pravo 10 sekundi, za skretanje levo
12 sekundi, a za prolazak pored $kole se prose¢no gubi oko 2 sekunde. Vrednosti ,,I*, ,,p%,
L4 1,8 se odreduju na osnovu toga koliki put bi preslo vatrogasno vozilo za usvojene
sekude u metrima, pretvoreno u neimenovanu vrednost (koja se dodaje na teZinu grane),
kre¢uéi se pri tom prose¢nom brzinom od oko 60 km/h, odnosno priblizno 16 m/s, pa je d =
64, p =160, I = 192 i § = 38. Kada se vrednosti uvrste u odgovarajuce formule rezultat je
sledec¢i: KP= 2813 + 160 + 38+ 160 + 160 = 3331 a OP= 2909 + 64 + 192 + 64 = 3229.
Dakle, moze se zakljuciti da OP ima manju ukupnu tezinu i da je zahvaljuju¢i ovom metodu
kao izlaznu informaciju moguce definisati optimalnu putanju.

Uz navedene parametre, obavezno se moraju uzeti u obzir i radovi na putu, koji bi bili
aZurirani u realnom vremenu i, U zavisnosti od toga da li je prolaz kroz ulicu u kojoj su
radovi potpuno ili delimi¢no onemogucen, odabrati optimalan put.

4. ZAKLJUCAK

PredloZzena metoda omogucava programsko odredivanje optimalne putanje do mesta
intervencije, Sto naravno ni u kom slu€aju ne moze biti dovoljno da se nadomesti
nepostojanje odgovarajuéeg broja vatrogasnih stanica, niti da se zbog postojanja ovakvog
programa zanemari obuka operatera i vatrogasaca u vatrogasnim jedinicama u poznavanju
ulica u gradu.

Takode, veoma je bitno, §to je i praksa u svim razvijenim zemljama, da vozac
vatrogasnog vozila, pre nego $to krene na intervenciju ima odStampanu kartu sa mestom
intervencije ili da u vatrogasnom kamionu postoji odStampana karta grada, jer se na taj nacin
eliminiSe moguénost ozbiljnih propusta prilikom dolaska na mesto intervencije u slucaju da
tehnologija iz bilo kog razloga zakaze.

Za ivakav informativni sistem potrebano je da se kreira odgovarajuci program, koji ¢e da
zadovolji principe metoda odredivanja optimalnog puta, ali i da sadrzi bazu podataka sa
operativnim kartama i operativnim procedurama potrebnim za intervencije vatrogasno-
spasilackih jedinica.

Minimalni hardverski zahtev za ovakav sistem je jedan PC koji bi se nalazio u
komandno-operativhom centru na kojem bi bio instaliran ovakav program, a pomo¢u kojeg
bi operater navodio vatrogasnu ekipu do mesta dogadaja putem radio veze. Efikasnost ovog
sistema bi se znatno unapredila kada bi se u svakom navalnom vozilu nalazio po jedan
portabilni racunar koji bi umrezen sa serverom u operativhom centru omogucio rukovodiocu
intervencije da direktno pristupi podacima koji su mu/joj potrebni. Implementacija ovog
sistema zavisi od pravovremene koordinacije vatrogasno-spasilaéeke jedinice sa drugim
sluzbama kako bi se informacije o zastoju ili nemoguc¢nosti saobrac¢anja u pojedinim ulicama
grada, kao na primer prilikom radova na putu, saobracajnih nesreca i dr. uvrstile u njega i
time postigla potpuna pouzdanost istog.

Na osnovu prednosti koje bi se pokazale praktiénom primenom ovog sistema, bilo bi
preporucljivo razmotriti njegovu primenu i u drugim sluzbama za hitne intervencije.
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Pe3ume: VY pany cy npuka3aHU MO3HATHjH PadyHCKH MOJIENH €BaKyalldje W aHAJIN3UPaHN HEKU BaXKHU
yJna3Hu napaMerpu. [ToceOHO cy aHanM3MpaHK HajBaXHUJH yIa3HH MOJAIM O Op3MHAMa KpeTamba JbyIH
TOKOM TO’Kapa, 3aBUCHH OfI CTPYKTYpe €BaKyHCaHUX JINIA, TOKCHYHHX I1apamMeTepa, T'yCTHHE JbYICKOT
TOKa W 3ay3€TOCTH mpocTopa. [lokazaHa je 3HayajHa pas3iivKa y MOjeIMHIM COPTBEPCKHM MOJEIUMA Y
3a/1aBamby YCIIOBa €BaKyalje U pa3Boja eekaTa rnoxapa.
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ANALYSIS PARAMETERS IN MODELING OF PEOPLE
IN FIRE EVACUATION

Abstract: This paper presents the known computational models of evacuation and analyzed some
important input parameters. Specifically analyzed the most important input data speeds people during
a fire, depending on the structure of evacuees, toxic parameters, density of human flow and occupancy
of space. There were significant differences in the individual software models of the conditions it is set
and the evacuation of the effects of fire development.
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1. ¥YBOA

OcHOBHM mpo0JeM KO [OHOIICHA OMIyKa O MpaBly M BpeMeHy MOTpeOHOM 3a
eBaKyalujy JbyIW W3 3alajbeHOr O0jeKTa W BaTpPOTacHy HWHTEPBEHIHU)Y je mpenBubame
Op3uHe M IMpaBla IIMpema ONAcHUX IMpojaykaTa noxapa. Takolhe, kperame Jbynu (JbyICKH
TOK) Kpo3 00jeKaT 3aBHCH Ol YCIIOBa OKPYXKEHa, CTPYKType 00jeKTa, APYruX YUeCHHKA,
n/uim napamerapa roskapa. Tokom ncropuje, y Behum ob6jexTrMa, 3a0esexeH je BeNUKU Opoj
KpraBa 300T HEpemICHWX EeBaKyallMOHWX IyTeBa, kao Ha mnpumep: 620 — OtBopeHO
nozopuinre, beu, Aycrpuja, (1881), 658 - Antoung nozopuiure, Kuna, (1937), 694 —
nosopurre  Xinjiang, Kuna, (1977), 63 - muckoreka Goteborg, IIsencka, (1998), 100 —
Cranuna — wohuu kiy6, Rhode, Ucnann, (2003), 465 - Asuncion Paraguay cynepmapker,
(2004), 309 - Hucko xiny6 Luoyang, Kuna, (2000), 92 — IlIkoaa, Tamil Nadu, Unauja
(2004)...

BpojHu cy MaTeMaTHYIKN MOJEINH, KOjH Cy Y Ty CBpXy ypal)eHH y CBETY M KOjH yriIaBHOM
ONHKCYjy TOK €BaKyaluje, Ille ce 3a jeJHaYMHE KpeTama yYeCHHKa KOPHCTE jeIHaYMHE U3
obnactu auHamMuKe (Qiayuaa wid MarHeTusMma. CIOXKeHHjH MOJIEN MOTY HMaTH MOryhHOCT
JIa y CHMyJalyjy eBakyanuje ykpyde u epekre moxapa [1].

2. MOI'VRHOCTHU MOJEJOBAIA — ITIO3HATHUJU MOJEJIN

JetassHn mpukas u komeHtap 30 omabpaHux Mojena eBakyaimje mar je y Review of
Building Evacuation Models, y usmamy National Institute of Standards and Technology,
Technical Note No. 1471, 2005, rae cy omucane moryhHocta nmpumene y [2]. ¥V HacraBky cy
HABEJICHU JTaHAC MO3HATHJH U 4eCTO KOPUIINCHU MOJICTH Y CBETCKO] IIPAKCH:

e FDS+EVAC: maker cohTBep 3a CUMYyJIalH]jy IMoKapa u 3a IoxapHe Bexoe,

e VULCAN: codtBep 3a moxapHy aHAIU3y 3rpaja,

e FDS / SMOKEVIEW (NIST US) / PyroSim (Thunderhead): codteep 3a
MOJIENOBabE KpeTama JiuMa — AMHaMHKa (iaynaa,

e FPETOOL (NIST US): maker HHXEHEPCKHUX TOKAPHUX TIPOTPaMa,

e ASKFRS (BRE UK): makeT nHXeHepCKUX MOKAPHUX Mporpama,

e BRANZFIRE (BRANZ NZ): MozenoBame moxapa y 30Hama ca BHIIE IPOCTOpHja,

e FIRECALC (CSIRO Australia): makeT nHXembepcKUX MOXKAPHUX IPOrpama,

e FASTLITE (NIST US): nmxkemepckn mporpaM 3a MPOIeHy pa3Boja BaTpe U AuMa y
30HaMa ca BHIIIE IPOCTOPH]a,

e CFAST (NIST US): Mozaen kperama BaTpe U JUMa y 30HaMa ca BHIIIE IPOCTOPH]a,

e DETACT (NIST US): Mosien akTUBHpama jaBjbaua U CIPUHKIEP CHCTEMA,

e HAZARD (NIST US): eBakyarisioHn MOJIET — KPETArhE TUMa,

In-house Fire Safety Engineering software: mozxenoBame moxapa y 3rpagama,

SIMULEX (IES UK): codtBep 3a MoeIOBabC eBaKyallnje,

STEPS (Mott MacDonald): codtBep 3a MoienioBae eBaKyaruje,

PATHFINDER 2013: codTBep 3a MoaenoBame eBakyalje,

EXODUS: maker caapxku Ter moxayrta, mehy kojuma u BuildingEXODUS -

neraibHUje mpukaszaHo y paay Kpmerun C., Kpmerun O. (2012) koju je y [1].
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e EvacuatioNZ Monte Carlo: coprBep 3a momenoBame eBakyanuje. (Pesynratu
CHUMyNalja OBAE Cy IPEACTaBJbEHH HAa NPOOAOMIMCTUYKH HA4WH, Kopucrehn
KyMyJIaTuBHHY GYHKUHjy pacnogene (auctpubyiuje). OBe KymyaaTHBHE (QyHKIH]E
TYCTHHE MOTY J1a C€ KOPHCTE 32 NCTIUTUBAKE TOTATHE €BaKyallHje WIH JUCTPUOYIH]Y
JMIA UK TYTHHUKA, KOjU MpoJiase Kpo3 oJpeheHr u3na3 y OAHOCY Ha BpeMe.).

Kako 0m ce oOe3bemmna epukacHa eBakyalmja ITUIa U3 00jeKTa, MOTPEOHO je ma ce
uzabepe IpaBWJIHA Tpaca €BaKyallMOHOT IIyTa, ONTUMalHA IIMPHHA CBUX €JIEMEHATa
€BaKyaI[MOHOT ITyTa, HEONXOoJaH Opoj, MpaBWJIaH pacropel W AWMEH3Wje H3Jas3a, Kao |
KOHCTPYKTHBHA pellierba eJeMeHaTa yTa 3a eBakyaiujy, koja he 06e30equTH BUXOBO LITO
Iyke Kopumheme y yclIoBHMa Iokapa, 0e3 mocienurie Ha Jpyne. CBe OBe NMPEBEHTHUBHE
Mepe MOTy ce€ NpPaBHJIHO YpPaJUTH CaMO aKO Ce€ Ha KOPEKTaH Ha4yMH NPEIBHIN CHEHAPUO
nodcapa, a KOju ce 3aCHMBA Ha OYEKUBAHOM KpeTamby IPOJIyKaTa IoXKapa U JbYICKOT TOKa.
OBH Ba)XHH MOXKapHH MapaMeTpH KIbYYHHU Cy Y CUMYNalMjaMa, aik 3Ha4ajHO ce PasiuKyjy
KOJ HaBEACHUX MOJIe/a, Te Cy MPEIMET OPOJHUX HCTPAKUBAHA Y CBETY.

3. NMNPUMEPHU NPUMEHE NOJEJUHUX ITAPAMETAPA IIOKAPA

FDS+EVAC je komOuHaIija Moiesa 3a MpopadyH eBaKyalije H MoJelia 3a CUMYJIaInjy
muaaMuke Gruynna (CFD momer). Moxe Outu xopumiheH U camo 3a pa3MaTpame pobieMa
eBakyaije 0e3 yTullaja mapamerapa moxapa, Tj. 3a HokapHe BexOe. Mojen cumynupa
eBaKyalrjy Jbyau Kopucrehn KOHTHHYaJIHH IIPOCTOP U BpeMe, a IIOXKAPHU U eBaKyalHOHH
MpopavyyHH ce MpeKianajy y o0JacTd KOHIIEHTpalMja JuMa U racoea. JlogaTHa MOrogHOCT
kopuithewa FDS mmatdopme 3a Mozen eBakyaluje je ITUPEKTaH M jeIHOCTaBaH IMPUCTYII
ocobrMHama moXxapa, Kao LITO Cy TeMIepaTypa raca, 'yCTHHE AUMa U raca, U HHBO 3paucma
TOIUIOTE HA CBaKOj Taukd Ha Mpekd. OBe KOJMUYMHE MOTY Jla C€ KOPHCTE 3a MOJEIOBame
MOHANIaha JbYM TOKOM eBakyanuje [3].

FDS+Evac kopuctu 3akoHe MeXaHHKe 3a Mpaheme myTame yYecHUKa y eBaKyaluju y
TOKY HpopauyHa. BenuuuHa cBakor y4eCHHMKa ce IIpeJCcTaB/ba IOMONy TpH Kpyra, KOju
MPHONIKHO TPEICTaBIbajy SMUITHYHN OOIMK MMOTPEYHOT MpeceKa JbYACKOT Tena (ciuka 1.).
BemmunHa mpojeKToBaHe MOBPIIMHE doBeKka, mMa Bpeasocts ox 0,10 mo 0,27 m’. Kao
MHHHUMAJTHY BpeIHOCT f, 3a mpakTuyHe npopauyHe Tpeba yzetu 0,22 m?.

R

Cnuxa 1. Anpoxcumayuja npedcmage yuecHuxa y esaxyayuju
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CBaky y4ecHUK CJIEIH CBOjy jeIHAYMHY KpeTama:

dzxi(t)_
Mz - fi+&(t),

rie je:

X; (t) - no3uuMja nojenuHna | uy Bpeme t,
fi(t) - je cuiia Koja Jieyje Ha TOjeIMHIa O] CTpaHe OKOJIMHE,
m; - je maca,

& (t) - Majie HaCyMH4He (PIyKTyalnjcKe CHIIe.
Bp3nHa yuecHuka je mata ca:
v,(t)=dx, /dt.
Cuta Koja Jieyje Ha y4ecHHKa | ¥Ma MHOTO KOMIIOHEHTH:
m( o ¢ | g C, gat ¢ | g oC att
f :T'(vi —vi)+ Z(fij +H04 1 )+ Z(fiw +f )+Z f
i j#i w k

r7ie TmpBa cyma ommcyje Mel)ycoOHe MHTepakimje ydecHHKa y eBaKyaluji, Apyra cyma
ONHCYje HMHTEpaKIMje YYECHUK-3HJ, a MOCIEAma CymMa MOTy OWTH Jpyre HHTEpakiuja
YYECHHKA Ca OKOJIMHOM, IIOIyT OAOOJHOCT OJ IulameHa W ciuyHo. [IpBu m3pa3 ca neBe
CTpaHe CTpaHe OIHCYje MOTOHCKY CHIly YuecHnKa. CBaKkM y4ECHHUK y €BaKyalWju TeXH Ja ce

. 0
kpehe cBojoM cneruduunoMm Op3uHOM Xofama V; =V,

0
V; ‘, Ka M3J1a3y WX HEKOM JIpYroM

muby. Ilapamerap penakcalmoHOr BpeMeHa 7; ojpeljyje MHTEH3UTET IIOTOHCKE CHIIE,
OJTHOCHO yTHYe Ha yOp3ame mpH xoaamy [6].
Y FDS+Evac mporpamy, y4ecHHUIM y eBaKyaliju ce kpehy ka usiasuma o BEKTOPCKOM

0 . .
noby V; . OBO BEKTOPCKO IOJbE c€ N00Mja Kao NPHUONMKHO pellerme MOTEHLHUjaIHOT

npobieMa TOKa y JBOJMMEH3HMOHAJIHOM HECTHUIIJEMBOM (UIynay y JAaTHM TpaHUYHHM
yCIIOBHMa, IZIe Cy CBHM 3UIOBU MHEPTHH, a M3JIa3HA BpaTa ce MOHaIlajy Kao IpoIesnep, Koju
W3BJIAaYM TEYHOCT U3 3anmpemuHe. OBaj METOJ, WM Npe TPHK, J1aje JISNO YCMEPEHO I0Jbe 3a
M3JIaXeHke Ka n3adpaHuM M3JIa3HUM BpaTHMa, ITO ce BUaU Ha ciuiu 2. [Tosbe oBor Tumna he
YBEK BOJWTH YYECHUKE Ka M3aOpaHWM H3na3HUM Bpartuma. OBaj myt Hehe OmtH Hajkpahm,
anu he Outu BepoBataH. OBO mnoJee hie BOJMTH BHIE YYECHHKA Ka NIMPUM IIyTeBUMa 32
OEKCTBO HEro Ka OHHM Y)KHM, 300T YHE-CHULE 1A je OBO IT0JbE PEIICHEe TOKa HECTHIJEHBOT
¢duynna. AHasoruja ca cTpyjameM HECTHLIUBMBOT (UIynaa HHje JIOoIla MOJIa3Ha TadyKa Ja
OrcTe MpOHANUIN MPaBIe KpeTama BEIMKOT Opoja Jpymu. Ha mpumep, Kaga jbyan HaIyIITajy
BEIIUKY CIIOPTCKY WM 3a0aBHY MaHH(eCTalujy, OHH OOMYHO cCaMo IpaTe W3Ja3HH TOK Ka
u3na3uMa, 6e3 MHOTO yTHIIaja Ha MPOIEC.
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Cruxa 2. J[600umen3uoHaiHo 6eKmMopcKo nosmwe Koje ce KOpucmu 3a yCmepasarse YUecHUKd Ka
u3nazuMa.

Jdum cMmamyje Op3uHe XoIama JbyAW 300T CMamCHE BUAJBHBOCTH, HPUTALMjE H
3arynubuBocTU. VcTpaxkuBameM je yTBpheHo nia ce Op3uHa KpeTama CMamyje ca MopacToM
KOHIIEHTpALHje AUMa [peMa (pOpMyYITH:

V(K,)=a+ K,

. . : =)
rae je K, xoepuumjent ancoprumje csermnoct, ([KS]:m ), a BpPEIHOCTH

xoeuumjenata & u f cy 0.706ms™ u —0.057ms™. V FDS+Evac yrunaj rycrune

JMMa Ha OP3MHY KpeTama yudecHuKa | ce oapehyje jenHaunHoM

v, (K, )= Max{ v, min, v, 1+£KS ,
(04

. . . ; 0 0o .
rie je HajMama Op3uHa KpeTama nojenuHua | Vi min :0,1Vi , TJ. YYECHHULIM HE

MIPEKN/Iajy KpeTame 1oJ1 YTHIajeM TyCTHHE TMMa, Beh HacTaBibajy KpeTame MajioM Op3HHOM,
CBE JIOK He OyIy OHEecrrocoOJbeHN TOKCHYHIM e(heKTHMa MPOayKaTa caropeBamba.

Y FDS+Evac ¢y uMIieMeHTHpaH# TOKCHYHHU eekTu npoaykara caropesama, CO u CO,
. YribeH AMOKCH 3ampaBo Hema TOKcuuyHe edekre N0 oapeheHuX KOHIEHTpaluja, aiu
CTUMYJIHIIIE IUCame, ITO nmoBehapa cTOMy yHOCA IPYTUX TacoBa.

TokcuuHM eeKkTH racoBUTUX MPOJyKaTa caropeBama cy TpeTupanu kpo3 [lypcepoe FED
xonyenm [5]. Tpenyrna Bepsuja FDS+EVAC mporpama KOpHUCTH KOHIICHTpAIlMje TracoBa
CO, CO, u O, 3a mpopauyn Bpeauoctu FED no3e.

FED,=FED., -HV,,,+FED,,

Jennaunna He ykspyuayje epekre HCN, xoju je Takohe Tokcuuan, a jenunu edexar CO; je
xunepBertunanuja. CO, HeMa TOKCHUHUX edeKara 10 KOHIEHTpaluje o/ 5%, ajlu mojcTuye
XUIePBEHTUIIALN]Y, KOoja moBehaBa yHOC IOPYrMX TacoOBHTHX NpoaykaTa caropeBama. (Y
nporpamy BuildingEXODUS, momohy motmporpama Hazards, moxe ma ce pasmarpa u
yTHIla] UPUTAHTHHUX TacoBa kao mro cy HCI, HBr, HF, SO, NO,... VTumaj racosa Ha
KpeTame YYeCHHKAa C€ MOKE BHJICTH MPEKO MOTYNHOCTH cHUMynapama OTEeKAaHOT U
ycrmopeHor Kperama. Takole moctoju MoryhHOCT M300pa APyror eBaKyallHOHOT IIyTa IPH
HAWJIACKY Ha JUMHY Oapujepy, a Ha OCHOBY IlapaMeTapa KOju OIUCY]y Mo3HaBambe 00jeKTa. )

VYaeo onecriocobspaBajyhe moze CO ce pauyHa kao:
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FEDo=4.607-107 *(Cep )™ -t,

e je t Bpeme y [S] ,aCly [ppm].
VYrneo onecriocobspaBajyhe nose (Henocrarka) O, ce padyHa Ipeko:

FED,,=t/[60exp(8.13-0.54(20.9-C,,,))].

rae je C, y npouentuma.

daxrop xurepBeHTIIIAM]e yeien yrumnaja CO, ce padyHa Impeko u3pasa:

HV.,, =[exp(0.193C.,, +2.0004)]/ 7.1

rae je Cq, v [%].

3a mojenuHIlA ce cMmaTpa Ja je oHecmocoOsbeH kama FED mosa nmocturhe jenuHuuHy
BpeaHocT. OHecrocoO/beHN TOjeIMHAIl ce MPEACTaB/ba KA0 YYECHHK Ha KOT HE yTHUY

. .. 0
COUJAJIHEC CHUJIC O] CTpaHEC APYIrux yUCeCHHKA U O 3UJ10Ba, U YHja J© 6p31/IHa Vi = O .

Bbp3uHa kperama Jbyl TOKOM €BaKyallje y MoKapy je HajBaKHUjH mapaMerap ¥ OHa ce
IPUIMKOM PasHAX MOJEIOBAEba, 3aBHCHO O I'YyCTHHE JbYACKOT Toka D (m%/mP), kpehe y
pacriony ox 15 mo 100 m/min. TIpema momemy Simulex, 3acHuBa ce Ha oaHOCY MehycoGHOT
pacrojama m3mel)y ydecHuka. Mojenl yK/bydyje NPETHILARE, POTAIHjy Teja, KOpadame
NOCTpaHIIe U Kopavawe yHazaa. Takole, y3uma y o03Up CTPYKTYpY Ipyle, Tako Ja 3a CBE
"My1ike kareropuje" Op3uHa Kperama usHocu oj 1,15 no 1,55 m/sec, a xencke rpyne 0,95
1o 1,35 m/sec. bp3uny kperama y mogeny Pathfinder 2103 orpannuasa u 3amanu mapamerap
Dmax - makcumaiHa ryctiHa 3ayseroctd mpocropuje (Max Room Density 0.0 < Dmax,
yobOuuajeHo =3.55 pers/m?), Koju KOHTpOJIHMILE 32 KOJMKO Jiniia he OuTH 103BoJbeHO Ja yhy
(npoly) y coby mpeko Bpara u crenenuinrta. Pathfinder xopuctn makcumanHy ryctuny
npocropuje 3a oxpehuBame Op3uHe Kperama. AKO je oBo nosehawe rycruHe Ha npumep 3,8
pers/m?, jenHaunHa Op3WHA WIE Ha HYIy W KpeTame y cobu he OuTH 3aycTaBibeHO. AKO je
jeaHa WM Buie Bpata oMoryhaBajy nunuMa koja ce kpehy, na yhy y eBakyanmoHu mpocTop
Opske Hero ImTo Mory na usalyy, yias (a) uehe no3sonmTu cranapuma aa yhy, ako 6u ce Tume
nosehana ryctuHa npeko Dmax. Kopuctehn Hucke Bpennoctu 3a Dmax (amp 2,8 pers/m?)
MOKe Ce YTHLATH Ha pe3yiTaTe YKYITHOT BpEMEeHa eBaKyalHje.

4. NIPUMEP CUMYJIAHUJE EBAKYALMUJE Y TIPOI'PAMY FDS+EVAC

IMocmarpa ce oGjekar ca cimke 3. y koM ce Hanmasu 100 ocoba, ca aBa usnasa [7]. Jeman
n3Ja3 je peloBaH, a JAPYrH 3a ciydaj omacHocTH. JluMensmje oOjexra cy 12x10.8x2,4m.
Cumynanuja tpaje 400 cexynmu. Iloxap u3buja Ha mpenpenu auMensuja 1x1x0.6m, koja
MOe€ TPECTaB/baTH HIP. PaAHY MOBPIIMHY. MaTepujan ropehe moBpiirHe je MoNInypeTaH.

Crenpduuano noxapHo ontepeheme je 1.000 MW/ m?.

VYdecHuIM y €BaKyalliju MOTY Ja Ce IMOJeje MpemMa MO3HaBamy MOJoXkKaja M3jia3a Ha
cienehy HaymH:
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® yYEeCHHIIU KOjU [03HAjy JIEBH U3J1a3,

e y4EeCHHIIU KOjH MO3HAjy JIECHHU H3JIa3,

® VUYECHWIIM KOjU TO3Hajy 00a m3nasa,

® U yYCCHUIIM KOjH HE TI03HAjy HU jeJJaH H3JIa3.

Y mocmarpaHOM Clly4ajy, CBaKOj OJ HaBEACHWX KaTeropHja MpHUmama mo 25 ydecHHKa.
[IpBu yuecHHK eBaKyallije HaIyLITa IPOCTOPU]JY HAKOH 15 ceKyH/H, TPEeKo JIEBOT H3Jia3a.

JecHu m3na3, oHOCHO M3JIa3 3a ClIy4aj OMAacHOCTH je ynoTpebsbeH nmpBu mmyT y 20-0j
CeKyHIH, a mocnenmu y 28-0j. Moxe ce KOHCTATOBAaTH JIa je JECHU M3Ja3 OJIOKUpaH JUMOM
Beh HakoH 28 cexyHIH.

VY no4eTHOM TpPEeHYTKY cUMyJanuje 48 ydecHHKa ce OJUTYYHIIO 33 €BaKyalujy Kpo3 JICBH,
a 29 kpo3 nmechu wm3na3. OBM MOJald Ce MeEmajy ca BPEMEHOM, y 3aBHCHOCTH O]
BHUJBMIBOCTH, Yy3HEMHpaBajyhmx ycioBa Ha TyTalkU eBaKyamwje, @ o1 Opoja Beh
€BaKyHCaHMX Yy4YeCHHMKa. 3a JECHM H3Jla3, HaKOH eBakyauuje Tpeher yuecHuka, Opoj
YUeCHHKA KOjH cy M3abpayiv Taj n3ja3 omao Ha HyIy, IITO 300T CMameHe BUAJBUBOCTH, IITO
300r (hakTOpa HEMO3HABaWka IPOCTOPA.

Hakon 30 cexyHau, HY jeJlaH 0] U3Ja3a HUjE BUIJBUB, U JIOJa3H JI0 JIBE CUTYaIlH]je KOje je
MoTpeOHO 00jaCHUTH. YUECHHUIIM Cy C€ MOJICNIUIIN Ha JIBE TPpYIIe, IpeMa MoJI0Kajy roxapa y
npocropuju. Kon neBor msnasza, ca kojuM je BehWHa ydecHWKa YIO3HATa, JOJNa3H JI0
(dopmupama peaa. Y AeCHOM Jely HPOCTOpHje, YYSCHHUIN M0Ka3yjy TUIIMYHO NOHAIIamke 3a
CUTYallljy CMamkeHEe BUAJBUBOCTH ycien AuMa, U (OopMUpajy TPYILY YHjU WIAHOBH JCjCTBY]Y
"ColMjaTHOM CHJIOM" jeJIHM Ha JApyre, a y NpaBly LEHTpa Ipyle, INTO je NMPHKa3aHO Ha
ci 3.

butHO je mpoKoMeHTapucaTH M TOKCHMYHH YTHIIa] TaCOBHTHX IIPOJAYKaTa CaropeBamba.

I'padumuku je Taj yTrnaj nprkasaH nIpeko IMpoMeHe 00je Top30a CBAKOT YUECHHKA OHA0CO0.
boja oarosapa Bpennoctu FED mo3e, mpruka3aHoj Ha CKaii ca JIeCHE CTpaHe.

VY tpenyrky t=242s, monasu 10 OAIyKe O H300pY JIEBOT M3Jla3a, YIPKOC HEIOCTATKY
BUJIJBMBOCTH, a Ha OCHOBY II03HaBara H3Jla3a M Takol)e Ha OCHOBY IIOHAIaa OHHX KOJH
MI03Hajy H3J1a3.

[IpBu uwnan apyre rpyme uznasu y TpeHyrky t=299s. V tom tpenyrky FED nosa je y
6nu3unu kputnuHe. [IpBa xpTBa ce nojasibyje Ha t=303s. Kpos uzna3 he ycmneru aa npohe
jour 7 ydecHMKa, IITO CBOAM YKylaH Opoj eBakyMcaHUX Kpo3 JieBM m3ina3 Ha 41 (t=323s), a
jeoaH CEeKyHJ HAKOH IPOJIacKa 3aImer yYeCHHKa Kpo3 jeBu u3na3 FED mosa moctmke
oHecnocobspaBajyhy BpeIHOCT 3a cBe mpeocTaie y npocropju (t=324s).

Konauan Onmanc cuMynamnuje mpemMa u3a3HoM ¢ajiy je:

e bpoj eBakyncanux Kpo3 JieBu u3nas: 41.
e bpoj eBakyncaHuX Kpo3 JIeCHH n3i1a3: 3.
e Bpoj xprasa: 56.
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Cnuxa 3. Buzyennu npuxaz cumynayuje y FDS+EVAC npoepamy (cauxa cope) u 3D cumynayuja
npema npozpamy Pathfinder 2013 (cauxa oone)

5. 3AK/bYYAK

[Ipuka3anu MozeaM MOTry OMTH jemaH OJ ajara MoMony KOjux OH ce IITO peaiHHje
nobmire wHDOpMaimje o MOryhmMm creHapujuMa y TOKYy IMokapa. [IpojektaHTHMa TO
oMmoryhyje aa Jakiie JOHECY OJJIYKy O pacrmopeay W Opojy CeBakyallMOHHX H3Jasa, a
OynyhnM KopuCHHIIMMa ¥ BIACHHIMMA 3Tpaje da orpaHmde Opoj JHma, KOju ce cMejy
HUCTOBPEMEHO mycTUTH y obOjekar. Cumynanuja edekara moxapa M TOKa €BaKyaluje,
MpeCTaB/ba HEOMXO0JaH KOpaK y (hasu mpojeKToBama U PEKOHCTPYKIIHMja 00jekara y Kojuma
ce Hayta3u Behu Opoj JbyaH, a IpHKa3aHe 3HaYajHE pasiiuKe y 3a]JaBaby yIa3HUX [apaMerapa
Mmo’kapa M eBaKyalldje MPHINKOM MOJCIOBama, YKadyjy a ce mpoOieM eBakyalije Mopa
JeTaJbHHjE UCTPAXKUTH.
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IMPUMEHA CAD (COMPUTER AIDED DESIGN)
AIIVIMKAIINJA Y OBPA3OBABY 3AHITUTE O
ITOKAPA

Pe3nme: Pax mpezcrBasba HOBE TPEHAOBE Y TEXHOIOTHjH 3alITHTE Of MOXapa. Y paiay je HariaiieH
3HaYaj MPUMeHe WHOBATHBHUX MOJIENa paja - TNpUMeHa codTBepa 3a MOJENOBAE W CHMYJAIH]Y
IoXapa y LHJby MOCTENEeHOr Ipeliacka ca TPaJUUMOHAIHOT Ha HOBO BHlelbe HacTaBe y 00pa3oBamy
MHXKCEEPa 3allTHTE O] II0XKapa.

Kmbyune peun: CAD (computer aided design), o6pazosare unocerepa sawmume, FDS, PyroSim

IMPLEMENTATION OF CAD (COMPUTER AIDED
DESIGN) APPLICATIONS IN EDUCATION OF FIRE
PROTECTION

Abstract: The work represents a new trend in the technology of fire protection. This study emphasizes
the importance apply innovative models of work - application software for modeling and simulation of
fire in order to gradually transition from a traditional to a new vision of education in the education of
engineers zaztite fire.

Key words: CAD (computer aided design), engineering education protection, FDS, PyroSim
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1. KOMIIJYTEPCKE CUMYJIAHUJE U bUXOBA IPUMEHA

CaMo MOpeKIIo peyur CUMYJTalija ETUMOJIOIIKH je BE3aHO 3a JIATHHCKY peu Simulatio, mro
3HAYM NPETBAPabe, OJHOCHO MPHUKA3UBAhEe HEKOI MPABOI CTaba Jpyravrje HEro IITo je y
ctBapu. [lopem Tor 3Hauema CHMYyJAlMja MPEICTaB/ba U METOLY KOJjOM ce YIBphyje
MOHAIIAkE CUCTEMA, MOJIENA U CJI. IPH IPOMEHEHUM YCIOBUMA.

Jenna on majmpocThjux nedmHHMIHMja je amepuuke Komamzme 3a 0OyKy W cuMYyIaimje
(STRICOM) koja yjeqHo mpeacTaBiba M BUXOB MOTO: ,,CBe OCHM paTa je cumynamuja““[1].

CUMynanyja je Ha4WH MpHKa3a MOHALIAka PEAHOT CHCTEMa WIIM HAdyMHA OJIBHjamba
peasHOT mpolieca, MyTeM eKCIepHMEHTHCaa Ha MOJeNly KOjU je HalpaBJbeH TaKo Ja
Mpe/CTaB/ba MPHUKA3 pEATHOr CUCTEMa WM CHTyaluje, oOyxBarajyhu oHe acmekre
peanHoctu (eneMeHTe W Bede u3Mely BHHX) KOjU Cy Ol MHTEpeca 3a mHpoydaBame. Y
JAHAIBE BpeMe, CHMYJIAMOHW MOJEIU W CHMYNAHOHH EKCIIEPUMEHTH OOWYHO ce
pa3Bujajy u kopucTe y3 moMmoh kommjyrepa.

CuMynanuje MOry OUTH TOTIYHO ayTOMaTH30BaHE WM HWHTEPAKTUBHE TIe KOPHCHHK
MOJKE€ YTHIIaTH Ha TOK Jorabaja.

Cumyanuje ce MOTy KiIacH(pMKOBAaTH Ha BHIIC HAaYWHA TAKO Ja C€ MOTY MOJCIWTH Ha
cUMYyJanuje 3a:
® HCTPAXHUBAKE U PA3BOj;
® TCCTHUPAE U MPOLCHUBAKBE;
® IIPOM3BOJIY U JIOTUCTHKY;
e aHanM3e u
e 00yKy 1 00pa3oBame.

IIpemMa yKJBY4EHOCTH 4YOBEKa cHUMyJanuje ce Hajuemrhe gene Ha WHTEpaKTHBHE H
3aTBOPEHE, a IpeMa YIoTpeOu TEXHOJIOTHje Ha KOMITYTEePCKE U PYy4HE.

Ha 6u cumynanrja nmana edekra y o0IacT ympasibamba, KOMaHIOBaka M KOOPAWHAIIM]C
Tpeba nocTuhu HeKe OCHOBHE 3aXTEBE U TO:

® PEATUCTUYHOCT,
® HEYTPAJIHOCT Ha JOHOIICHE OIYKa,
e ci000/a AeNoBama.

Cumynanuje ce KOpUCTHTE Hajuemhe Kajga ce CTBapHHU jgorahaju MM aKTHBHOCTH HE
MOTY peaiHO Jia ce U3Bejy, Kao LITO CY 3eMJbOTPECH, TIOIIaBe, TEPOPUCTHYKH HAMAJU U CII.
IMopen Tora oapelieHe akTUBHOCTH ce MOT'Y CTBOPUTH, Kao LITO je MOXap, OJAHOCHO OIacHe
aKTHBHOCTH y PEATHOCTH, W Taja ce MprOeraBa CUMYJalliju TAKBUX aKTHBHOCTH.

IIpenHocTH KoOje cUMYyJalje MIpyXkajy ce orjienajy y Hekojauko obmactu. Ha mpBom
MecTy je Opoj moTpeOHOT Jby/ACTBa 32 peann3alyjy CUMyJannje KOju jé MambH OJ OHOT KOju
6u Ono motpebaH y ciydajy TepeHcke o0yke. To 3a coO0M TOBIaYu ¥ Mambe (PHMHAHCH]CKE
TPOILKOBE, MPOTOPLHOHATHO OPOjy aHAKOBAHOT JbY/ICTBA.

Hpyra mpemHocT ce orieaa y 0e30eJHOCHMM aclieKTHMa O YYeCHHKE CHMYJaluja.
Tepencka oOyka je MHOrO H3a30BHHMja, ainu JAaje Buiie moryhHoctn 3a mnospeluBame
spyacTBa. [lopen Tora ompeMa Koja ce KOPUCTH Y TEPEHCKHAM BexkOaMa Huje moTpedHa Kana
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Ce paau O CHMYIaIijaMa, 9uMe ce oTpeMa dyBa O HEOTPEeOHOT Xabama, IMITo je jako OUTHO
U ca (MHAHCHU]CKOT acIieKTa.

CaBpeMeHHU TPEeHIOBH 00yKe IOCEOHY Maxkky HocBehyjy W 3alUTHTH OKOJIMHE, YHME ce
TOKOM CHMYJIAIl¥ja HEe KOPUCTE CPEICTBa KOja MOTY IPOY3POKOBATH OMIIO KakBy INITETY Ha
OKOJIMHY M HE 3ay3MMajy c€ MPOCTOPH M 3eMJBHIITE KOje MOKe OUTH MCKOPHUINTEHO Y Apyre
cBpxe. JlyknHa Tpajarba aKTUBHOCTH CHMYyJallyja je Hajuerrhe Mama O] TEPEHCKUX BEXOH.
Bpeme xao MeTeopoionika nojasa je Gpakrop Koju Huje Moryhe y TepeHCKHM YCIIOBHMa YBEK
Npe/IBUACTH HU MOJIECUTH TaKO OJIrOBOPA YCJIOBUMA CHMYJIaIlHja.

VY cumynauujama ce omoryhaBa mojelniaBamke BPEMEHCKUX YCIOBa Y 3aBUCHOCTU O]
moTpede M KeJbe JbYICTBa Ha OOYIM, OJHOCHO y 3aBHCHOCTH Ha mocrtojehm wim moryhm
CIICHApHO cUMyJalujcke BexxOe. CBe OBO jaCHO TOBOPH Jia je YIITEJa Y HOBILY CBHJICHTHA
IITO je jefHa O] HajOUTHHU]IX MO3UTHBHUX KapaKTePHCTHUKA CHMYJIalHja.

ITopen oBuX mpemHoCTH Ty Ccy M Apyre OeHuduIHUje Koje ce oxHOoce Ha OOY4eHOCT |
MIPUMEHY CUMYJIalija Kao LITo Cy:

® DPa3Boj y TAKTUYKOM CMUCILY,
e yBe)XX0AHOCT y KOMYHHKAIMjCKUM BEIITHHAMa, KOMaH0Baby, KOHTPOJIX U pPa3MEHU
nH(popMaIyja,
IIPUMEHA TOKTPUHAPHUX HAYEIa,
3ajeIHIYKU ¥ TUMCKH paji,
PEaTMCTHYHOCT JIelIaBamba Kao Ha TEPEHy,
Mepeme IuJbeBa o0yKe,
(hrexcnOMITHOCT cuieHapHja 3a 00yKy,
MpHUKa3 CUTYyallfja Koje Ha APYrH Ha4MH He Om Ommo moryhe mpukasaTu 300T 1eHe
nin 6e30eJHOCHUX 3aXTEBa,
e 00e30ehyjy peanucTMyaH OJ3MB Ha JOHETE OJUIYKE M INPHUMEHCHE IUIAaHOBE
AHTKOBaMba,
e TIOTOJHE Cy 3a: KpeWpame M yBexOaBame jequHUIa OWJIO KOr' cacTaBa,
ONPEMJbCHOCTH M jaudHEe, pa3IMYMTHX 3aJaTaka M MUCHja, Yy pa3IMYUTUM
CHUTYyalljama.

[Topen cBUX OBHX NPEIHOCTH, IOCTOjE U HEAOCTAIM KOjU HE MOT'Y J1a Ce U30ErHYy.

CuMyJanuje ¢y 4ecTo y 0YMMa YYeCHHKA HEIOBOJEHO 100ap HauMH 00yKe 1 He cXBara ce
cBpxa U Mecto cumynanuja. OBaj mpo0dJeM ce TOKOM BpeMeHa MOXKEe STMMHHHCATH HE CaMo
KpO3 CHMYJIallijCKe BeKOe, HEro M Kpo3 YIo3HaBambe yYeCHUKA M MOTCHIMJATHUX YYCCHUKA
0 IpeAHOCTHMA cuMyJanrja 1 MoryhHoctuma nocrojehux cucrema 3a cumynarmje.

[Ipumena cumynanuja, moceOGHO y NMOYETHOM IIEPUOJY, YECTO HHUje y IIpaBe CBPXE,
OJIHOCHO KpO3 CHMYyJalldje Ce HE MOry MpOBeKOaBatd oapeljeHH ILIaHOBH YIOTpeOe,
TECTHpaTH TNpaBIM jAejoBama U ci. OBae ce 3a00paBiba Ha CBpPXY CHMYIaldja, Koja je
CacBUM JIpyrauvja ¥ OJHOCH C€ Ha MpOLeAype YIpaBibamba, KOMaHI0Babha U KOOPAUHAIH]E.
[MoTeHIMjan cuMmynanyja ce HE CMe MOTHEHUTH M MOpPajy ce MO3HaBaTH MOTYhHOCTH Koje
cumynaija npyka. Yecto je (okyc ydeCHHKA CHUMYalldja YCMEPEH Ka TOME Ja
OecIpeKopHO pelle CUTYyaIdjy, 1a HeMajy MaTepHjalTHiX WIH JbYACKHX T'yOUTaKa, IITO HUje
mpaBu Wb cumyianuje. Llwp je na ce yBexOajy mpouenype, a He Ja ce pelie CBU
MTOCTaBJbEHH MTPOOIEMH.
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[oce6no je OuTHO McTahm nma cuMynamyje HeMajy MOTYHHOCT Ja MOAYIHpajy BOICTBO,
Mopall, CTpax, HUBO 00Y4eHOCTH, Kao U Jpyre cy0OjeKTUBHE U O0jeKTHBHE YTHLAje JbYIH U
OKPY)KeHba, IITO HETaTHBHO yTHYE HA KBAIUTET cuMynanuja. [1, 2]

2. UCTOPHUJCKHU PA3BOJ TIPOI'PAMA 3A CUMYJALINJY

CaBpeMeHU CHMYIIATOPH NPYXKajy, mopen ocehaja peaHe cuTyalije BU3yeITHUX MPHIa3a
U 3BYYHHX edekara, 1 KOMIjyTepcko nmpaheme cBUX rmapamerapa MojeIMHIA WIK THMa KOjH
ce HaJla3u Ha OOYLIM Ha HEKOM CHMYIaTopy.

Hanpenak je ocTBapeH memeceTWx TOJUHA MPOIJIOr BEKa y Pa3BOjy CHMYyJaluja 3a
NPOTUBBA3AyLUIHY OJOpaHy M ymoTpeOy pajgapa 3a paHo ymo3opaBame. Ca pasBojeM
KOMIIjyTePCKE TEXHOJIOTH]e Pa3BIIIM CY C€ M CIIOKEHUJH CUMYJIAIM]CKU TPOTPaMU M MOJIEIIH.
CenmaMzaeceTHx roJWHA MPOLUIOr BeKa IOjaBJbyjy €€ M NpPBE BHICO WIPHLE O KOJUX je
HajIlo3HaTHja ,,Spacewar kao rnpBa MHTEpaKTHBHA Urpuia. Beh HemrTo xacHuje pa3BujeHa
urpura ,,Mazewar koja je 1mo mpBH IMyT MpeACTaBHIa KOHIENT ON-ling urpaya kao aBarapa.
[Touerkom neBexecetux roauHa HakoH pasBoja SIMNET-a, kao ocHoBe 3a cumynanuje
TaKTUYKUX THMOBA Ha TEpeHy, y CHMYNALHjy Cy HWHKOPIIOPHPAHH OKJIOIHE jeIUHULE,
aBWjalfja, TeNIafvja, XCIMKONTEpH, KOMYHHMKAIlMja M JIOTHCTHKAa. Tume ce m00Ho
320KpPYXEH CUMYIIAIMJCKU CUCTEM KOJH je MpPYy»XKao TUMCKY, 3Jpy)KeHY M Ha KOONepauuju 1
KOMYHHKAIlMjH 3aCHOBAaHY CHMYJIALH]jy, TA¢ Cy YYECHHIM MOIJIM Ja BUJIE jeOHU Ipyre u
KOMYHHUIMPAJy Y pealHOM BpeMeHy nomohy paauo ypehaja.

Haxon npencrasspama miarpopme SIMNET 3a 00yky Boma 1986. roaune, mouuio je 10
MacoBHE ymoTpeOe OBHX CHMynaTopa, Tako nma je mo 1990. rommae 250 ympexeHHX
cuMynaropa ucropydeHo Ha 11 noxanuja amepuukoj Bojecuu. HoBu maker STORM xkoju je
pa3BHjeH KpajeM IBaJeceTor Beka oMoryhaBa CHMyNaIije akTHBHOCTH 4YeTa M APYTHUX
eneMeHata OOpOEHOT pacropeia W OICHEH je Kao CpeACTBO Koje omoryhaBa BeoMa
BEPOJIOCTOJHE CUMYJIAIlOHEe Moienie 3a 00yKy [2].

Cumynaropu cy ypehaju koju UMUTHPAjy paj opyxkja, CpelcTaBa Wid JApyre omnpeMe, Kao
IITO Cy aBUOHHU, O0OpOEHa BO3MIIA, PAKETHHU M apTHJBEPH]CKH CUCTEMH U ciI. HamemeHu cy 3a
00yKy 4JlaHOBA TOCAJIe Y yIPaBJbakhy CTBAPHUM TEXHUYKHM CHCTEMUMA.

[Mopen vHTEpakTUBHHX MOJIENa KpajeM ABaJeceTor M MOYETKOM JBaJeceT NPBOT BeKa
pasBmia ce rpyna T3B. arperHpaHuX Mojena. ,,Arperupanu Mojaenn O00opOeHUX AeNloBama,
wim O6opOeHN MOJENM BHIIEr pefia, Cy KOMILyTEPCKHM MOZIENH OOpOEHUX JeloBama KOjU
penpe3eHTyjy 00opOcHE elieMeHTe, BUX0Be (PYHKIUje, HHTEPAKIIHje U OKOJHHY y KOjoj ce
OHM Hajla3e Ha arperupaHyl (3APYKEHN) HauWH. . ATpEerupaHd MOJEIU ce KOPUCTE y 00yIH
KOMaH/{ BUIIMX HUBOA II0 UCTUM IPUHIMIINMA KaKo Ce pagu o0yKa y MOJeMMa BHUCOKE
pesoiyrje. 3a pasnuKy OXl Mojena BHCOKe pesonymuje kao mto je JAHYC, xoxm oBux
arperupaHux Mojena He MOCTOJU jefaH KOjH C€ JOMHHAHTHO KOPHCTH Y MHOT'MM 3eMJbama.
Heku o1 TakBUX MPOrPaMCKUX CHMYIAINjCKUX TTakeTa ¢y amepruku Corps Battle Simulation
(CBS), HamemeH 3a 00yKy o(dHIMpa Ha HUBOY KOMaHIH JUBU3Hja, KOPIyca U apMHja IOK je
Joint Theater Level Simulation (JTLS) Hamemen 3a 00yKy KOMaHIu 3ApYy)KCHUX CHara. Tu
MOJICJH CE CBE BHUIIIE ycaBpiIaBajy. Jenan o HajHoBHjuX je WAR-SIM 2000 koju je yBeneH y
opyxane cHare CAJ] a m uma MoryhHOCT Npe3eHTOBama [ECeT CTpaHa YKJbYYEHHX Y
aktuBHOCTH. CBpXa OBOT Mojena je o0yka JbyICTBa 3a pan y HeOopOeHUM orepanujama y
BPJIO CIIOKCHHM YCIIOBHMA Ha TEPEHY y3 Capajiby ca IIMBUIHUM CTpyKTypama. [1, 2]
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Pa3BojeM WHTEpHETa M KOMITjyTEPCKUX IIporpama CHUMYNalMje Cy IOcTaje OIIITe
NPUMEHUB HAauMH pajia, He caMO y OpY)XaHHM CHaraMa pa3HHX Jp)KaBa a MOCEOHO OHUX
MamHUX U ca MabHM OY[IETOM, HEro Cy IOCTalle CACTABHH JIe0 aKTHBHOCTH MCTPAKHMBAaYKUX
LIeHTapa, IKoja, (akyinTera, ra 4Yak W 3a JuuHy ynorpeOy. Ha eBporckoM TpikuiuTy
CHUMYyNarMoHnx npomssoaa, 2002. roguae 6mio je oko 150 mamux mnn Behux yrosapada
CHMYIAIMJCKUX TIPOU3BOJIA U yeiryra npu yemy cy Hajpehe kommanuje Tales, CAE u Saab.

3. MIPOI'PAMMU 3A MOJEJIOBILE U CUMYJIAIINJY ITOKAPA

Jlucty mporpama 3a MOJENOBaEmE M CHMYJIalWjy I0XKapa 00jaBHO je HaIHMOHAJIHU
HHCTHTYT 3a ctanmapae u texaomorujy (National Institute of Standards and Technology -
NIST) [4, 6]. Tlpema TOj JIUCTH TporpamMu Cy MOJE/bCHH y [BE Kareropuje, mnpema
oIp)KaHOCTH coTBEpa Ha:

e TpenyrHe copTBEpe
o FDS (Fire Dynamics Simulator)
o CFAST (Consolidated Model of Fire and Smoke Transport)

e ApxuBupane coprepe
3.1.FDS (Fire Dynamics Simulator)

FDS (Fire Dynamics Simulator) je codtBep 3a MojenoBame MOKapa 3aCHOBAHUX Ha
NpoTOKY (UIyH/a ca HarJackoM Ha UM ¥ IPEHOC TOILIOTE.

CFAST (Consolidated Model of Fire and Smoke Transport) ce kopucTr kKao mporam y
KOM C€ CUMYJHpajy yTUIaju IPOLUUIOCTH MM MOTEHIMjIHUX MT0XKapa U auMa y oapeheHoj
3rpaj.

FDS je codrtBep koju je OecruiaraH u oTBOpeHOr koxa paszsujeH ox NISTy US.
Smokeview je copTBep KOju ce MOke KOpUCTUTH y mpukaszy aHanuza FDS. Tokom cBor
pa3Boja, FDS ce pa3Buo y pemaBamy NpakTHYHUX NpoOieMa Y WHXUEEPCTBY 3aIUTHTE O]
mokapa, JIOK y HCTO BpeMe o00e30ehyje amaT 3a mpoydaBame TUHAMHKE IIOXKapa H
caropeBame.

FDS je mporpam koju pelraBa jeHA4YMHE KOje OMHUCYjy pa3Boj moxkapa. Kox je mucaHn y
nporpamMckoM je3uky Poprpan (ciauka 1) Koju MCUNTaBa yiIa3HE MapaMeTpe U3 TeKCTYaTHOT
JOKYMEHTA, [IPOpauyHaBa HYMEPUYKO PEIEhe 32 OCHOBHE je[JHAUYMHE, U UCIUCY]y U3JIa3He

nojgaTke y GopMaTy KOoju je 3a1a0 KOPUCHHK (CiHKa 2).
R algixi

e Ol Ve bt Fom b

Die|@l SO w 1rie- | B

Cnuxa 1 — Ipoepamcku koo FDS [9]
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Cnuxa 2 — Uznaznu nooayu FDS [9]

Smokeview je mpatefim mporam koju wucumtaBa FDS wus3nasuum ¢ajn u mnpukasyje
aHuMaIrje Ha ekpaH (cnmka 3). Smokeview mma jemHoctaBaH wuHTepdejc. FDS Hema
KOPHCHHYKH MHTep(ejc M TO ra YMHH TEKUM 3a pal, jep ce CBaka MPOMEHa MOpa YHETH Y
KOJA. 3aTO Cy ce pa3sBHWIM Pa3IMuUUTH JOJATHH IMPOrpaMu KOjU TEHEpHINy HapameTpe
motpedHe 3a FDS.

Smokeview 555 - Sep 62010 1

GSLCT PBX 2.60, QUANTITY='HBRPUV' / Mo  ShowiieNemes

GBLCY PBX+ .60, QUANTITY='RIXTUNE TRAC e
Urioad M rime 1990

E

Ha 6u npebamunn AutoCAD ¢ajn y FDS mopa se kopuctutu gonatau plag-in [5].

Cauka 3 — IIpuxas paoa y Smokeview npoepamy [10]

[pennoctu FDS nporpamMa cy jep je OTBOPEHOT KO/ U MOCTOJU BEIUKK OpOj T0JaTHUX
nporpama Koju Hagokmal)yjy Henocratke. Mnak merosa nmpumena y o0pazoBamy OM Mopaja
Ja YCIOBH M MpPOMEHY y IUIaHy M Iporpamy jep je HpPEeTXOIHO IOTPeOHO HAaydIUuTH
porpamckH jesuk @oprpas.

3.2.PyroSim nporpam

PyroSim je codrBep ca rpadMuKUM KOPHCHHYKHUM HHTEp(EjcOM 3a IAWHAMUYKY
cumynanujy moxapa (Fire Dynamics Simulator (FDS)). Ilomaxe y 6p3oM Kpeupamy H
yIIpaBJbamy JeTabMa y CII0KEHUM MojenuMa noxapa [3, 8]. I[Ipexnoctu kopumrhema oBor
copTBEpa Cy BUIIIECTPYKE:

o VYoamuBame AutoCAD DXF u DWG ¢dajnoa (cmuka 4-5). [Ipeno3naBame cBux 3D
MOBPILIMHA Kao MperpeKe U CBe NoJaTKe TUIa JHHHja, KpUBa U cil. kao nocedne CAD
mojaTke. AnrepHaTHBHO ce Moke Kopuctutd u gopmar GIF, JPG mmu PNG kao
[033IUHCKA CJIMKA Ha OCHOBY KOje Ce Jajbe LpTa MOJEN.

139


http://fire.nist.gov/fds

Melynapoona nayuna konpepenyuja
bBe3z6eonocnu undcerepune Hoeu Ca0,2-3. oxmo6ap, 2014,

71
Cnuxa 4 - DWG ¢ajn uz AutoCADa [3] Cnuxa 5 — Ilpukaz y FDS ananusu [3]

e VYmpaBieame ca BUIIE Mpexa (cnrka 6) Koje 103B0JbaBajy KopuInheme mapaJeTHux
mpoueca na Ou yOp3anm mpolec Josacka 10 pellerma, NpuiarohaBame Mpexke
reoMerpuju na Om ce cMmamuo Opoj hemmja W Bpeme pemaBama, W IPOMEHY
pe3outylyje pa3InuuTUX Mpexa Jia Ou ce JIOILIo 10 XKeJbEHOT Aella MOojena.

Cuuka 6 - Ynpasmware ca suue mpeoica [3]

e lHTerpuure napaieiHe mporece Ha jeTHOM HJIM Ha BHINE padyHapa Tako Ja camMo
jemHEM 070OHPOM J03BOJhAaBA MpPUKA3 CHMYJAIMje MOXKapa Ha jeJHOM HIH BHIIC
YMpPEXKEHHX padyHapa.

e V makery PyroSim moctoju MoryhHOCT paja Ha BUIlle je3uKa aad HaKaJlOCT jOII
YBEK HE ITOCTOJH Ha CPIICKOM je3HKY.

e Uurerpammja cucrema 3a rpejame, BeHTWiIanujy u Bazgyx HVAC (Heating,
Ventilation, and Air Conditioning) y CFD cumynauujy (ciuka 7). CBaka ocoOnHa
MOXe OUTH IPOMEH-EHA U BU3YeIIM30BaHA.
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Cnuxa 7 — HVAC cucmem [3]

o Kommatubunan je ca apyrum codrBepuma, 103BoJbaBa Kopuitheme n yOaruBame
npyrux FDS dajnosa

e Kopucre 6uOIMOTEKE Ca pa3IMuUTHM MaTepHjaliuMa, IOBpPIIMHAMA, 3arpeBambiMa U
zp.

e Jlo3BOJbaBa MHTEPAKTUBHH IIPETie]l U KOPUIOBame OCOOMHA CBHX oO0jekara y
Moy, ITO yOp3aBa KpeHWpame Mojela W cMmamyje rpemke. Ha commm 5 je
NpUKa3aHa MOBpIIMHA KOja YKJbydyje TaHICHUUjallHy Op3WHY Ja CHMYJHpa
BEHTHJIALMOHU OTBOP.

* PyroSim w4 Edition - *CAlamples 201N\ Tangentisl L_velocity psm S

XTAOBRRAK&O-L-
{RB[OBB] k&% + A & & 8 owe S

Cnuxa 8 — Cumynayuja ooywixa éazoyxa [3]

Cer anaTa 3a 1jpTame Koju omyryhaBajy 1prame, KOmupame, J0aBame 00jekara y MoJIe
ca CBHM TEKCTypama U3 MPey3eTux OHOIHOoTeKA.

Toxom ananmmze Moryhe je mokpeHyTH mporpam 3a cumynamyjy auma u3 NIST makera nma
0u ce MMao mperse]] 3aCTyIJbEHOCTH JUMa, TeMIleparype, TOKCHYHUX MPoayKaTa U JpYyrux
FDS ananusa.

Wnak oBaj mporam HUje OTBOPEHOT KOJa U MOpa ce KYIMTH JIMIICHIIA 32 KopuIllhiemhe MITo
yMambyje KOMILIETHY CIHMKY TPEIHOCTH KopHIhierkha OBOT Iporpama.
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4. 3AK/bYYAK

VY pany je mat pa3Boj KOIMJyTEPCKHX CHMYIIalldja M EBHUXOBE MpuMeHe. McrakHyTe Ccy
MPEIHOCTH MHOBAaTUBHUX METOJA paja, NpHMeHa coTBepa 3a MOIEIOBAKE U CHMYJALUjy
rnoXkapa y OJHOCY Ha TpaldlMOHanHe HaynHe oOyke. M31BojeHa cy &Ba mporpama 3a
CHUMYIAIMjy Koju O MOTJIH Jja ce IpUMEHe Y HacTaBU M OOYIH 3a WHKCHEpa 3allTHTE OJf
noxapa.

VYrnorpeboM cumynandja y oOymM CTyAEHaTa U 3alOCICHHX Y 3alliTHTH OJ ToXKapa
oMmoryhmio 6u ce ycmocraBjbame KOOPIMHHPAHOT, KOMIIATHOWIIHOT, WHTEPOIEPaOHIHOT
cucteMa Koju OuM oMOryhHo KBaJMTETHHjE AHTaKOBAE CBUX Yy CIIy4ajy BaHPEAHHUX
cUTyallMja- HacTaHka rnokapa. Jla 6u ce To ocTBapmiio Mopa ce, Ipe cBera, mocedHa NaKmba
MMOCBETHUTH CICHApUjUMa KOjU MPEJCTaB/bajy OCHOBY 3a KBAJIUTETHY H3Paay KOMIIjyTepKe
cumynaije. OBO je moceOHO 3HAYajHO y CUCTeMY 00pa30Bama IJIe CTYIACHTH W3 00JacTh
3aITHTE OJ TOXKapa MPUMEHOM CHMYyJAlWje WMajy NPIINKY Ja TIPUMEBY]y TeopHjcKa
CTCUCHHUX 3HaMA.
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ANDROID-BASED DECISION SUPPORT IN ACCIDENTS
INVOLVING THE TRANSPORTATION OF DANGEROUS
GOODS

Abstract: Vehicles carrying dangerous goods are part of our everyday lives, because transportation
by road has become the most common method in Europe due to its cost-efficiency and other reasons.
Repeatedly, we can see tanker trucks or lorries marked with ADR orange plates. However, the majority
of the population is not even aware of what these plates indicate. Our previous researches proved that
civilian population tend to carry out primary intervention in road accidents, as they take part in road
traffic as well. They are on the spot even before the arrival of the firefighters and they need to give help
and intervene without any protective equipment or special skills. This research is about the
development of the mobile Java software, UN-NUMBER, introduced in 2009 to keep up with
technological progress. This software assists civilian population as well as professional firefighters and
disaster managers to carry out interventions involving dangerous goods and to prevent further
accidents.

Keywords: decision support, disaster management, fire brigade, UN-number, ADR, mobile phone,
Android

AHAPOUI AIVIMKAIIUJA KAO ITOAPHIKA
OJJIYUYUBABY Y HECPERAMA KOJE YK/bYUYJY
INPEBO3 OITACHUX MATEPHUJA

AmncrpakT: Bo3mna koja npeBose onmacHe Marepuje Cy Ae0 Hallle CBAaKOJHEBHIIE, jep je IPYMCKU
TpaHCHOpT mocTao Hajuenthu Bux TpaHcropra y EBpomu 300r €KOHOMHYHOCTH W JIPYTHX pasiiora.
YecTo MOXEMO BHICTH KaMHOHE-LIIUCTEPHE WM KamMuoHe o3HaueHe ca ADR Hapanpactum Tabmama.
MehytuMm, BehinHa CTAaHOBHHUINTBA HHje HU CBECHA Ha INTa OHE ykasyjy. Hamia panuja mcTpaxuBama
MOKa3yjy Aa cy rpahaHu TH KOju NMpPBH MHTEPBEHHINY y caoOpahajHuM He3rogama, MOIITO Cy U CaMH
YUEeCHHIM y IpyMcKoM caobpahajy. OHE cy Ha JHIly MecTa M IIpe JoJlacka BaTporacaria, 1 oHu Tpeba
Jia pyxe momoh M MHTEpBEeHHIIY 0e3 MKaKBe 3alITHTHE OIpeMe WM 3Hama nmoceOHuxX BemrtHHa. OBO
HCTpaKUBamE je 0 pa3Bojy JaBa codrBepa 3a mobmtHe Tenepone, UN-NUMBER, koju je yBexen 2009.
na omoryhm apskame Kopaka ca TeXHOJIOIIKMM HarpeTkoM. OBaj codTBep moMake rpahanuma, amu u
npod)eCHOHaIHUM BaTporacalyMa 1 JIMIIMa Koja yrnpaBibajy KaTacTpodama, 1a 3BplIe HHTSPBEHIIHUje
ca OITacHMM MaTepHjama U [a crpede najbe Hecpehe.

KibyuyHe peuM: mojpiika oIJIydHBamy, ylpaBjbame KaracTpodama, Barporacuu, UN-number,
ADR, mobunHu TenedoH, AHIpoua
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1. INTRODUCTION

The development of the mobile phone application, UN-Number assisting the mitigation
of accidents which occur during the transportation of dangerous goods started in 2007 and it
was a great success in conferences both in Hungary and neighbouring countries, so in 2009 it
was welcomed by fire fighters in Nyitra, Slovakia, too[1]. The programme was compatible
with MIDP 2-based Java mobile phones, which were the most widespread at the time [2].
However, technological progress has not stopped and over just half a decade this type of
mobile phone has become obsolete. As a result of the technological progress, smart phones
and tablets have been ranked first place almost with every age group starting from the lower
grades of primary schools. These devices are easily used even by young children, and the
level of the applications, games is almost identical to those running on professional
computers. They are also able to access the Internet almost without any restraint. These
devices run Android operating system [3], their price is remarkably low and they are easy to
use.

1o ° L beet

Figure 1. And

roid Development Environment

2. PROBLEMS

Although the Java-based UN-Number, which has already been mentioned, can run in
Android-based systems under special circumstances, the majority of emulators [4] cannot run
this application properly or only to a limited extent.

Keeping up with the technological progress, it has become inevitable to adapt this
software to Android systems. Our purpose was to choose a development environment which
allowed development to various platforms at the same time. (Figure 1) The size of the data
base was already optimised and minimised during the previous developments. As a result, it
occupies little space, although Android-based devices can be almost freely expanded with
Micro SD memory cards. It was another important factor that the program should be
available in further languages as well, so the core of the program, the data base itself was
translated into Slovakian and English.
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3. CURRENT AND EXPECTED NUMBER OF USERS

The application has been installed by 4000 Hungarian or foreign fire fighters speaking
Hungarian and it is also used by employees of private transportation companies. As a result
of the spread of Android-based mobile phones, we expect an increase of 50-100% in the
number of phones capable of running this software. In addition, thousands more will be able
to use this programme due to translations.

Although the program was primarily designed for the professional staff of the fire
service, disaster management and police, its simplicity and clarity can make it a useful
application for the civilian population as well. Both drivers and professionals dealing with
the dispatch and control of the consignments found it helpful. Their opinions together with
their recommendations and criticism facilitated the development of the application.

4. FIELDS OF APPLICATION

In the application of the software there are no limitations since it does not require Internet
access or even mobile phone signal. The data base is stored on the device, so it can also
function in closed spaces, basements, tunnels or other spaces which are shielded from mobile
signal or radio frequency. Regular drills are held to prepare fire fighters for the dangers of
fire fighting in closed spaces. They are indispensible to improve their skills and decision-
making [5]. During these drills (Figure 2) the intervention crew is regularly presented with
unusual circumstances, such as dangerous substances or waste “stored illegally”. The
identification of the substance is generally assisted by the UN number shown on the package
if it is really present there. These drills are also important for the management in order to
acquire skills of decision-making [6]. With the help of the program they can continually
check their own or their team’s activities. The application of the program in the drills or in
our pastime as a hobby improves our competencies, which increases the speed of decision-
making in actual interventions.

Some dangerous substances may become explosive when coming into contact with air,
and mobile phones and other information devices intended for general use — similarly to
radios using the Unified Digital Radio Communications System (EDR) — cannot be used
nearby, though explosion-proof devices do exist. They were designed for working in the
vicinity in dangerous materials and in extreme conditions.

Figure 2 Hazardous material practice - Kazincharcika Source: www.langlovagok.hu
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5. THE RELEVANCE OF THE PROBLEM

The transportation of hazardous goods is a dangerous activity by itself. The dangerous
nature of the activity stems from the features of the goods transported and the transportation.
Even a properly labelled and documented consignment can develop extreme cases, not to
mention illegal or unlabelled goods. It is a well-known fact that traffic is one of the most
dangerous activities, where the highest number of accidents and deaths occur, and a potential
cause can be transportation by road. [7] The leader of the intervention crew is the person who
is in charge of the tasks completed or to be completed related to the mitigation following the
accident. Beyond possessing general knowledge, the leader of the intervention has to be
quick to notice the unique features, which basically determine the nature of the emergency.
During reconnaissance, he has to pay close attention to every detail in order to make the right
decision. The “situation” in this case includes all the factors that have to be considered
during the intervention in order to mitigate or eliminate the emergency. Different dangerous
substances may cause entirely different problems at the scene of the intervention. The signs
(markings, labels. placards) together with the specialist literature available (e.g. guides)
provide initial information on the main dangers, but the correct identification of the
substance is needed. [8] The software developed by us assists in completing these tasks,
increases the speed of processing the data available, thus supports decision-making.

6. SUMMARY

As a result of the development, not only an Android-based adaptation of an already
existing program was created, but an application containing an improved, faster and larger
data base, which can run on almost every Android-based smart phone and tablet. Although
Embarcadero Delphi XE5 development environment allows the development of
Multilanguage applications, the various languages can be downloaded separately for the sake
of convenience and smaller size. Thus, besides Hungarian, version 5.0 can be downloaded in
English and Slovakian as well.
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Bezbeonocnu unocervepune Hoeu Cao,2-3. okmobap, 2014.
Jlparan KAPABACHJT Ilpeeneonu pao
3opasn HUKOJIUR?

EBAKYAILIMJA /bY/N N3 OBJEKATA 3AXBAREHUX
HHOXKAPOM

Pe3ume: Pan aHanm3upa noHarame JbyIu IpH eBakyalju U3 objexara Koju cy 3axBaheHH HOXapoM
Kao M morpeby 3a NPUMEHY TEXHHUYKHX CHCTEMa 3a paHo y30ymuBame. Ilopen Tora aHamusupa M
HEONXOMHOCT eAyKalWje MojeAuHana y (opMaiHOM Wi HedopMamHOM oOpa3oBamy, Koja Ou
nonpuHena edukacHujoj esakyaruju. OOpahyje m mpobneme Be3aHe 3a €BaKyalllOHE ITyTeBE H
eBaKyaIllOHe U3J1a3e, KOjU aKo Cy MOTPEIIHO KoHIMpanu nosehasajy 0poj sxpraBa noxapa. [locebHo
je obpaheHo yBexxOaBame eBakyallMje, Koja JOIMPUHOCH CMamemhy Opoja KpTaBa y Cliydajy moskapa
objekTa. Yiora 3anocCiieHUX y OpraHu3aliji eBaKyucalmje je o KJby4dHOr 3Hauyaja jep 1mo3Hajy objexar
¥ TOTCHLHjallHE OMAacHOCTH M MOTY Ja ycMepaBajy 3aiyTaie, 3akacHele W oco0e ca MOoceOHUM
morpedaMa Ka HajOnmKkeM u3nasy.

Kibyune peun: eBakyaryja, HOHaIIAkbe JbYIH P €BaKyaIljH, 00pa3oBame 0 HokapuMa

EVACUATION OF PEOPLE FROM BUILDINGS
AFFECTED BY THE FIRE

Abstract: This paper analyzes the behavior of the people during evacuation of the buildings that were
affected by fire and the need for the implementation of technical systems for early warning. Also, it
analyzes the necessity of education of individuals in formal and / or nonformal education, which would
contribute to a more efficient evacuation. Processes and problems related to evacuation routes and
evacuation exits, which, if are incorrectly designed, increase the number of fire victims. It especially
analyzes practicing evacuation, which helps to reduce the number of victims in case of fire in a
building. Employees have key role in in the organization of evacuation is key because they know the
facility and the potential dangers and can guide the strayed, delayed, and people with disabilities to the
nearest exit.

Key words: evacuation, human behavior during evacuation, education about fire
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1. ¥YBOA

HctpaxuBama nmoHamama JbyAd IpH eBakyaluju u3 o0jekara koju cy Owuiu 3axBaheHu
noxapom rmouena cy camuMm modetkom 20. Beka. I'ommae 1901: ypaheHo je mpBo
UCTpaXUBake O Op3MHM KpeTama JbyId INPHIMKOM €BakyallMjeé M3 BHCOKHX oOjekara
3axBahennx moxkapom. OBo mcTpaxkuBame je ypaheno y New York-y 30or Bemmkor Opoja
nsrpaljeHnx Bucokux o0jekara y ToMm rpany. Mcrpaxkusame u3 1927: ,,Building exit code je
moceeheHo eBakyaIiju BHCOKHX objekara Ie Cy IIaHce 3a IpeXHWBJbaBame Maie. [ oamHe
1935. ce ucrpaxyje moHamame Yrpo>KeHUX JbYIM KOJH Cy MPOIIIN KPO3 HEKY BPCTy IIPOOHE
eBakyamuje. tbuxose mance ga npexuse cy 6mie MHOTO Behe 0] OHMX KOjH HHCY UMalll HU
jenHy MpOOHY eBaKyaIujy.

IMokazamo ce ma je, 3a cmac Jpyqu, HajBaKHUjC IMOHAIIAKE Yy MEPHOIY O] M30Hjama
mokapa J0 TOTIYHOT 3aJuMJbeba oOjekTa, pana (asza moxapa. CBe JOK IMOCTOJH CIIO]
Ba3lyxa y KOMe HeMa JJUMa MOXe Ce MPEKUBETH I KPEeTambeM HCIIO] IMMHE 3aBece.

2. MOHAIIAKE /JbYJIU HEITOCPEAHO HAKOH HACTAHKA
IHOKAPA

AKO y OTO)XKapeHOM 00jeKTy MMa ayTOMaTCKHX CHCTEMa 3a PaHO OTKPUBAmE I0Kapa H
anapMupame (Ha )alocT KOJ Hac Cy PEeTKHM) 1ojaBa ajgapMa jaeiioBalic CyreCTHBHO ¥ 00yUeHH
Jpymu he HamyctuTH yrposkenu mpocrtop. Kako Hajsehm O6poj objexara Hema ayTOMaTCKUX
CHCTEMa 3a paHO OTKTHBAIE I10Kapa M alapMHUpame jaBjba ce NpoliieM Kako 00aBeCTUTH
KOpHCHHKE 00jekTa na cy yrpoxxeHu? IloBumma, ,JiymameM y Iepny” Wik HEKOM IPYroM
MeTomoM. Tama cy Jbyad MPENyIITEeHH CcaMd Cce0M ¥ CBOJUM HMHTEJICKTYaTHUM
cnocobHocTMa. Kakse cy peakmmje:

e Jbyau ce yrIaBHOM TOHAIIAjy paldOHATHO, ald HEMajy yBeK ojnroBapajyhe
uupopmarimje.

e HeomnpapniaHo ce nuile 0 NaHUIM jep OHa HACTyIa KaJia je CBaka IIaHCa 3a CIIaceHmhe
n3ry0JbeHa. MHOTH YrpoXKEeHH yMpy IIpe Hero IITO CXBaTe Ja Cy Y J>KHBOTHO]
OTIaCHOCTH.

e Kaj jbyau noHecy MOTPEIIHY OJUTYKY OHJIA C€ TO NPHUIUCYje MAHUIH, HAKO je OATyKa
Owmia y CKiaay ca JOCTYITHUM HHpopManujama.

e AKO YrpoXeHH JbyaH He A00ujajy HHCTPYKIH]E, PEMyIITEHH Cy CaMH Ce0H.

e Jbynu cy Yak y cramy Ja ce CYNpOTCTaBe ymyTCTBHMA aKO 3aKJbyye Ja OHA HHCY
ONTHMAJIHA WJIU JIa HUCY ,,II0 FbHXOBOj MEpPH".

e Jbynu cy 3a Bpeme 1oskapa CKJIOHH Jia UMUTHPa]y MTOHAIIakhe JbYIH OKO cede.

e JloHalname MojenyHAlA HE yTHYE CaMO Ha BepoBaTHONY 3a COINCTBEHO CHAcaBame,
Beh 1 3a cmacaBame Jpyrux Jpyau!

e [lacwBHA peakifija OKOJHMHE Mpoy3pokoBahie ma byau He pearyjy Ha amapm. To je
BPJIO YECTa peaKiyja ako JbYIH He BUIC BaTPy WIH AUM.

e [lomekan BaTporacuy HUCY OOaBeIITEHH O MOXapy catuMa. Ha xamocT Hajsehn Opoj
KPTBa ce TeHepHlle y NMPBHUX IET MHUHYyTa noskapa. Jlakie BpeMeHa 3a ry0Osbeme
Hema!
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3. ®A3E PEATOBAIA NOJEJUHALIA HA TTOXKAP

AKo HeMa ayTOMaTCKHX CHCTeMa 3a paHO OTKPUBAmbE I0XKapa U ajapMHUpambe CBAaKU
mojeuHAI] Tpeba caM Jla yO4H OIAacHOCT, Op30 W MTO eUKacCHUje pearyje U MOTpaXkH CIiac
n3BaH o0jeKTa Koju je 3axBaheH M0kapoM U Jia ce ynajbu HajMame 15 Merapa on u3nasza u
mpo3opa. Paze Kpo3 Koje mpoa3u Cy yriaaBHOM cienehe:

e YouaBame OITaCHOCTH BUl)CHEM TMMa HIIH TUIaMeHa

e [IporeHa Koja ce CBOAM HAa OJUTYKY: OTHNM MJIM OCTaTH U FACHUTH.

e OmrydnBame MOIPa3yMeBa IOHOIICHEC OJUTYKE: OCTajeM TachM IoXKap, OexuM,
HOCHUM OHE KOjU Cy MU Jpard M IOMaXeM Yy eBaKyaluju HeMONHHX M HECBECHHX
ocoba u cin.

e AKO HEUITO KpEeHe M0 3]y CBE ITOYHIHE U3 TOYETKA.

e AHanu3upame JOHEUICHE O/UTyKe — IPEUCTTUTHBAbE.

[Nonamame Jpyu y noxapy HOHEKaJl MOXe OMTH W UpaIlMOHAIHO, TOTOTOBO aKO HUKaJa
HHUCY €IyKOBaHM WM OOy4aBaHM Kako Ja IMOCTYNajy. HUCY MPOIUIM HHUKAAa KBAIUTCTHY
00yky. EBo Hekux npumepa:

o [lojenuuu Jbynu, HemMajy HUKakBe HH(pOpMaLUje Koje Ou CTEKIIN Kpo3 00pa3oBambe.

o Jbyau Koju Cy J0KUBEJH MOXKAP IPE yOUaBajy OMaCHOCTH U JOHOCE OJTyKe.

e MHOTIH JbYAU HE BEpyjy YIO30peHhY O/ CTpaHe IPYTUX CBE JOK CaMH HE youe MoxKap.
o Jbynu Texe ga 6yay ONTHUMHUCTH M MIOHUAIITABA]Y ONACHOCT IITO UX Tepa Y CMPT.

4. THUIINMYHA ITOHAILIABA 3A BPEME ITOKAPA

Toskap je y CBeCTH JbYIU PErHCTPOBAH Ka0 JKMBOTHA OMAacHOCT. MehyTum maxka Jbynu
MOTyINTa Kaja je y muramy mnpalieme curyanuje y kojoj ce Hamaze. To uUX MpeBHINE
onrtepehyje U caMy Ty OMHCA0 OJarHaBajy y AyOoky mojacBecT. Kama omacHOCT mocraHe
OYMIJICJIHA CBH je TOTOBO HCTOBPEMEHO youe M MOYMI-e TpKa 3a KuBOT. OBa Tpka he
penoBHO (GOpMHUpATH TPYIIE ¥ TO HHCTHHKTHBHO. KakBe cy mocnenuiie:

Jbynm HacTOje ja ce OKyIe y TpyIie Koje Mapajnily TOK eBaKyaluje.

I'pyma maje ocehaj curypHOCTH KOjH je y CiTydajy eBaKyalnuje IOTIYHH IPOMAIIa;.
Jbyau decto rpeiie U3 He3HaWA.

[Tpumepu: He 3aTBapajy Bpara, pa3dujajy mpo3ope Aa Ou IONUTM 10 BasayXa, ako Cy
3apo0JBeHH Y TIPOCTOPHjH HE BpIIE 3aTBapame OTBOpa (HIIP. MOCTaBJbajyhinm MOKpe
TKaHMHE UCIIOJI U M3HAJl Bpara, y PaBHU 3alTHBaba) KaKo O CIIPEYMIIH TIPOANPAHA
IuMa.

TunuyHa NnoHamama Koja I0BOJE J0 CMPTHOT MCXO0/ia a Be3aHa Cy 3a rPYIUCama JbyIu
Cy HaBeJleHa y HaCTaBKYy.

4.1.30ujame y Kpao

Hececna Oopba 3a omcTaHak CBOjCTBEHa JKMBOTHE-AMa Kal ce 30WMjameM y KpJo,
rpynucameM U npahemeM Bohe Hanajy crnacy:

e VY ciydajy mojaBe HOXapa M HETOBOI TOTOBO HCTOBPEMEHOI OIaXama O CBUX
MIPUCYTHUX YrPOXKEHU Jbyau Kpehy Ka ncToM n3iasy, 0OMYHO HajONIKEM, U CTBapajy
Henpoxoany rommry (Cnuka 1).
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OBO je THITMYHO ¥ 32 00jeKTe KOjU MMajy JBa WM BHUIIIC U3JIa3a 33 CBaKyaIujy.
Behuna spynu jypuiiia Ha u3na3 Kpo3 KOju Cy YIILTH Y 00jeKar.
Jenan on mpumepa je moxap xoju ce gecuo y Poyn Ajnenny Hajsehn O6poj xprasa je
010 Ha rJIaBHOM yJa3y, Mako je o0jekar je MMao jour 3 u3jasa y ciiydajy rnoxapa.

o Mamu Opoj Jbyau Oexu y BUIlIe AeT0Be 00jekTa 1a Tamo Hale crac. HapaBHo na uay

Cnuxka 1. 36ujarse y Kpoo 0Ko e6aKyayuoHoe uziasa
4.2 llpexnaname NoJyKpyropa

e CMpPTOHOCHO Cy OTacHa JiBa u3Jsasa jeaan nopen apyror (Ciuka 2). OBo je THnHYHA
rpelika Be3aHa 3a MpPOjeKTaHTe, KOJU y OKBHUpPY CBOje CTpyKe y (OpManHOM
00pazoBamy HHCY U3y4aBAIM MEpE 3aIUTHTE OJ1 ITOXKapa.

e V 30HM NpeKianama MNOJIYKPyroBa, CBAKO je KpeTame OHEeMOTYNeHO HPHTHUCKOM
TOMHJIE, JbYIH OCTajy HEIOMUYHH U TTOCTajy KPTBE.

e Crpanajy oI TOKCHYHHUX IPOAyKaTa caropeBama y IUMY jep UM je eKCIIO3WIIHja
Hajayka 300T MPecnopor KpeTama WK crajamba y Mecty. He manu Opoj oBUX Jbynu
YMHpE U yclie]] Iylerha 300T IPUTHCKA TOMUIIE, KOJU TOJMKO IPUTHCKA IPYAHH KOII

Cnuxka 2. Ilpexnanarse nonykpy206a oko eeaKyayuoHo2 u3nasza
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4.3.30ujame y moJyKpyr

e [loTeHIMjaTHUM XpTBaMa je HajBaKHM]jE Aa cy mTo Omke m3nasza. OBa 3amMucao nux
YBOJIH Y TIOJIYKPYT KOjU CTBapa CHAXKaH el Ha W3/1a3y 3a €BaKyallljy U Ha Taj HAUYHH
ra roToBO OJIOKHpa M yCIIopaBa HallylITame omnacHe 30He; (Cnuka 3).

e YuecHulH eBakyaiuje GopMHPajy TOTOBO IMpPaBHiIaH MOJIYKPYT BEJIHKE I'YCTHHE.

e OBako rpynucany Jbyu CTBapajy KJIMH KOjU OJIOKHpa n3ias.

Cnuxka 3. 3oujarbe y norykpye oko e8aKyayuoHoe usiasd
4.4, Hanunasame 3u10Ba:

e [lojenuHum cy cnpemHH Ja ce Oope, HE IpeAajy ce JIako, Ma Tpake COINCTBEHO
pemieme Kako OM 3a00MIUTM OE3HaAEKHOCT KOjy MM CTBapa Ioriex Ha 30ujeHy
romuiy. Yryhyjy ce ka Apyrom msiasy 3a Koju 1 He 3Hajy Ja noctoju (Ciuka 4).

o [lunameM 3UA0Ba TpaKe U3Na3 U TO OOMYHO YCIIPABJbECHU YIUIIYhH TaKO TOKCHYHH
M KOJH UM BPJIO Op30 OIITETH U IMapajiile MO3aK.

o [Ipu oBOM Tpaxkewy OpHjeHTalIM]a je TOTOBO HUKaKBa 300r ci1abe BUIJBHBOCTH.

o /3710KEHOCT TOKCHHMMA W3 JHMMa je NyroTpajHHja HEro KOJ OCTauX KOJH CY Ce
N300pHIIH Ca I'Y’KBOM HCIIPE]] eBaKyallnOHOT H3J1a3a.

Cnuxka 4. Hanunagarse 3udosea npu mpasicery marbe onmepehenoe eeaxyayuonoz usiasa
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5. IMOBPATAK Y OIIO’KAPEHUM OBJEKAT

HesepoBatan mojarak je aa ce y omokapeHu obOjekar Bpaha 1/3 jbymu Koju cy ce Ha
jemBuTE jame eBaKyncain. Pasio3u moBparka JbYIH Y OMoXKapeHH o0jekar cy:

e rameme moxapa - 23%;

e cCrallaBam€e COIICTBEHE MMOBHHE - 17%;
pamo3Hanoct - 11%);

yI030paBame JPYrux Ha omacHocT - 8%;
romarame Barporacuuma - 7%;
cnacaBame KyhHUX JbyOumana - 7%
criacaBame JIpyrux by - 3%.

VrinaBHOM ce Bpahajy Mymkapiy. HakoH mTo cy cebe craciiyM HacTOje CIACHTH OCTalle
Jbyzie 3apo0ibeHe Y CMPTOHOCHO] Kionud. Hapodmro cy poauTesbu CKIOHH MOBPATKY Y
3amajbeHy 3rpany. MOTHBH TIOBparka y 3amajbeHd OO0jeKkaT Cy YecTo IUIEMEHUTH U
palMoHallHK, HamnpuMep cramabame KyhHux JpyOumana. Mehyrum, mocienuua je udecto
CMPTHH HCXOJ] ToBpaTHHKa. [loBpaTHHIM y ToxapoMm 3axBalieHH 0O0jeKaT OTekaBajy
€BaKyal[ljy NPeoCTalIMX JbYAH, KOjU ce M3 CBE CHAre TpyJe a YMakHy MCIpen Hanoinasehe
CMpTH.

6. EAYKALIMJA BE3AHA 3A EBAKYALIUJY

Enykanmja BezaHa 3a eBakyaldjy W3 YIPOXKEHOT MPOCTOpa Yy CHUCTEMY (OpPMAaIHOT
obpazoBama Mopa Hah# cBOje MECTO O NMPEIIKOICKUX YCTaHOBA JI0 IOKTOPCKHUX CTyAHja U
TO HE caMO INTO Ce THYe MOXKapa HEro M CBUX BaHPEOHHX cUTyaluja. To je jemaH of
HajBelinX MpoIycTa CPICKOr MIKOJICTBA. Ha jKaJlocT, JOHOCHOLUM OJUTyKa HHCY Y AOBOJBHHO)]
MEpH CBECHHM OBOT IpoOiieMa, a CTpydHe IKosie W (akyaTeTH Koju oOpasyjy OBY BPCTY
KaJ[poBa HHUCY JOBOJGHO YTHIIAJHH Ja HOACTAaKHY Ha pelllaBarme OBOT IpoOiieMa Ha BHIIEM
HUBOY — HUBOY JPKaBe.

6.1. YBexxkO0aBame eBaKkyammje

Jpyru Kopak je NpakTU4HO yBexOaBame eBakyaluje. MHOre HIKOJe, YaK U CTPy4YHe
BHCOKOIIKOJICKE YCTaHOBE, HUCY UMalle HU jeHy IpoOHy eBakyanujy. ¥ Enrieckoj To je Ha
mpuMep MecedHa 00aBe3a 3a cBe 00jekTe y Kojuma Oopasu Behu Opoj sbymu.

e Bex0e eBakyaiyje 3HauajHO CMarmbyjy BEpOBAaTHONY JbYICKHX JKpTaBa y cly4ajy
noxapa.

e BexOe cy om moceOHOr 3Hadyaja y HHCTUTYIMjaMa Ca BEJIHKHM OpOjeM JbYIH:
OoJTHHMIIE, IIKOJIE, XOTENH, TPrOBayKU JIAHIM, BEIUKH HPOCTOPH Ca MYHO JbYAU —
MIOCJIOBHE 3rpaje.

e Bex0e eBakyanuje 00aBe3He Cy TaMO I'Jie Ce pajiu ca JIako3arnabuBUM CHPOBHHAMA U
NPOM3BOHMA.

e [loceOHO je BaKHO [1a 3aIOCICHU 3HAjy MPOIECAYPY IPHINKOM €BaKyallyje, IITO Ce
MOCTHXE YBE)KOABAKEM.
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IocebHy 0JArOBOPHOCT 32 YCIEIIHY €BaKyallljy CHOCE 3arnocieHu pagauid. OHu ¢y cTy0
0e30emHOCTH 3a OHE Koje Tpeba eBakyWcaTH WHCIpen Hamojaseher moxkapa. 3amamu
3aI0CJICHUX CY:

Ja camm yrace moxape y paHoj (a3u, yKOJIMKO Ha Taj HaumH Hehe yrpo3utu
COIICTBEHH JKUBOT U YKOJIMKO CY 32 TO 00yYeHHU;

Kana ce ornacu cupena 3a eBakyaiijy Mopajy Jia OTBOpe CBe u3iiase u ynyhyjy jbyzae
npeMa BbUMa;

Mopajy umatH ToceOHO 3agyKeHe Jby[e 3a eBakyalujy ocoba ca moceOHHM
norpedama u OHHX KOjU Cy 3aTyTaId WU 3aKaCHIWIH 32 OCTAINMa;

[Nocne eBakyanmje, a mpe I0J1acKa Barporacaia, Tpeda 1a npoBepe 1a JId Cy CBU KOjH
Cy Ce HaJa3WIN y 00jeKTy Ipe MoYeTKa IoKapa HaIlyCTHIIN ON0KapeHH 00jeKarT;
[IpoBepe na 1 cy ce eBaKyuCcaHHU yIajbHiIM HajMawbe 15 MeTapa o1 n3iasa u mpo3opa
o0jekTa 3axBaheHOT TOXKapPOM.

KonTposnuiny 1 cripeyaBajy HEIOTPeOHO MOHOBHO YIIAXKEHE Y OMOXKapEHY 3rpajy.

6.2.Kax mouetn ca eBakyamujom?

EBakyanuja ce Mopa OrjacUTH CTaHAApHUAM CHTHAJIOM KOJUM PacHoJIaXKy ayTOMAaTCKH
CHCTEMH 33 PaHO OTKPUBAaKkE IIOKapa M ajapMUpame. AKO CHCTEM HHje jOLI pearoBao
ayTOMaTCK{ a 3alOCJICHH PAJHUK WIM [OCEeTHJal] MPUMETHO IIoYeTaK Ioxapa, paszduja
CTaKJIO PYYHOT jaBJjpaua IOXKapa W YKJbydyje cupeHy. Ha 3ByK cupeHe CBH Mopajy
HAITyCTUTHU 00jeKaT. 3arocieH: paJHUIM MOPajy HCIIOLITOBATH cieaeha npasuia:

AKO TIOCTOjU M HajMama CyMba Ja je eBakyaluja rnorpedHa tpebda NpHCTYIHTH
eBaKyaIuju.

Bosbe je HapaBuTH 100 BexOM eBakyamnuja, HETO MPOILYCTUTH jeIHY CTBAPHY.
Bp3nHa n epmKacHOCT eBaKkyallfje Cy YaK BaKHHMja OJf Talierka Mmokapa.

6.3.ly’KHOCTH 3aNI0CJIEHNX PAJHUKA

CBu 3amocnenu Tpeba Aa 3Hajy CBOjy YIIOTY Y ClIydajy HoXapa, KO TacH, KO ycMepaBa
JbYJICKH TOK Ka €BaKyallMOHOM U3J1a3y, KO yJajbaBa 0J1 3rpaje UT.l.

O06aBecTTH BaTporacie o BeXOu eBaKyalrje M 03BaTH UX Kao J1a je IpaBH Mmoxap.
3a Bpeme BexxOe eBakyauuje MOTPeOHO je IOHANIaTH ce Kao Jia je ped O IpaBoM
HoXapy.

Kan je eBakyaumja 3aBplueHa, CBH PYKOBOAMOLM Tpedajy NMPOBEPUTH JAa JIM CY
BErOBY NOJAPEl)eHN HaITyCTIITH 3rpany.

3a OHMMa KOjH Cy OCTaJIM OpraHu3yje Cce TpaXkeme M HCIUTY]y pas3lio3u
HEHAITyLITamka 3rpaje.

Tpaxxeme OHUX KOJU Cy OCTAIIM Y 3rpajiy BpIIE BaTPOTACLH WK 33 TO HCTPSHUPAHO U
00y4YEeHO 3aI0CICHO 0CO0IbE.

HeyBexx6aHoM 0co0Jby OTPEOHO je CIIPEYHUTH MOBPATaK Y OTOXKApEHY 3rpasy.
Haxkon Bex0e eBakyarije moTpeOHO je U3BPIIUTH aHAIH3Y.

[ToTpebHO je MemaTH CIeHApH]eE.

YoueHe HefocTaTke Tpebda UCIPABUTH | O MOTPeOH MPOMEHHUTH TIJIaH €BaKyalluje.
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6.4.Ko yuecTByje y BeskOama eBakyanuje?

e V mkomaMa M (akyliTeTHMa CBH Tpebajy a y4ecTBOBYjy Yy BekOama MpoOHHX
eBaKyaruja.

e VYV GonHHMIaMa, IIOMHMHT LIEHTPUMA, XOTEJIUMa U CIl., BexOe eBakyaluje Tpeba na
U3BOJIE CaMO 3aI0CICHH PaJHHULH (JEIHOM MECEUHO).

e Cge cmeHe Tpebajy OMTH yKIbyueHE y BexOe.

e [loTpebHO je eBakyHcaTH CBE IIPOCTOPHje, YKIbYUyjyhu u Toanere.

e [Ipenopyuyje ce yrmorpeba BEIITAYKOI HETOKCHMYHOT AWMa, Kako OW YCJIOBM Omin
IITO CIAMYHHUjU CTBApHHM. 3allOCICHH M TOCETHOIM OO0jekTa ce yBexOaBajy 3a
€BaKyalHjy y CATHYTOM MOJIOXKajy Kako OM M30erii yaucame TOKCHHA U3 IuMa.

e O eBakyal@jamMa ce TIpU4a, Ha Taj HAYMH ce Jbyau MHpopMunry u yue. Ha mpumep
CTYJEHTHU IIPEHOCE CBOja 3Hama U3 eBaKyanuje ca (akyireTe y CTyJeHTCKE JOMOBE
WM CONICTBEHE Kyhe MM 3rpajie 3a KOJIEKTHBHO CTAHOBAbE.

e -Kox BuimecmpatHux o0jekara CBaku crmpar Ou Tpebao mMatd ocoly Koja je
OJIrOBOPHA 3a €BaKyalHjy TOT Jeia 3rpaje.

7. 3AK/bYYAK

3a cripoBOljerbe 3aITUTE O] MOXKapa HEOMXOIHO je IIKOJIOBAE M YCaBPIIABAKE JIHLA 38
o0aBJbare IOCIIOBA 3aIITHTE O] TI0’Kapa, ajld U eAyKalyja cBUX rpahana jep ce cBako Moxe
Hahu y moxapy. OBo 3axTeBa jeqHO OmIITE O0Opa3zoBame 0e3 003upa Ha CTapoCHY 100, Te
3amrTuTa y BaHpPEOHUM CHTyanujama Tpeba ypreHTHo na Oyae yrpahena y QopmanHu u
HedopmamHu 1eo oOpasoBHOr cucrtema Cpobuje. IIpemmaxe ce ma ca OBOT CKyna IIOTEKHE
WHULMjaTHBAa Ja ce y MKOJCKH cucteM CpOuje HMHKOPHOpUpA 3aIITUTa y BaHPEIHUM
cUTYyalijaMa Ha CBMM HUBOMMA OJ1 IIPEIIIKOJICKUX YCTaHOBA JIO JOKTOPCKUX CTynuja. JenHa
0]l BUCOKOIIIKOJICKAX YCTaHOBa je Brcoka TexHMYKa LIKOJIa CTPYKOBHHX cTyauja u3 Hosor
Cana koja Moxe Ja 00e30equ BHCOKO 00Opa3oBaHM Kaxap W3 OBe 00JacTH, JUTEpaTypy,
KOOpAMHAIN]Y, eAyKaIHjy eIyKaTopa 1 JIOTUCTHKY.
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FIRE SAFETY AND INVESTIGATION OF FIRES IN
BUSES

Abstract: Everyday a lot of people travel by bus. The number of fires in buses will rise, as it will be
shown. Some of these fires in buses have serious consequences. It is clear that most common causes of
fire are technical defects. The investigation of fires in buses found that the fires started in the engine
compartment and in the luggage bay. Many buses had approved fire extinguisher, yet they were unable
to control or extinguish the fire.

Key words: fire in buses, investigation of fires in buses, fire causes, Interior materials, alternative
motor fuels

SAIITUTA O TOKAPA U UCTPAT' A TIOKAPA Y
AYTOBYCHUMA

AmncrpakT: CBakora JlJaHa MHOTO Jby/H ITyTYje ayroOycom. bpoj nmoxapa y ayro6ycuma he pacru, mro
hemo y pany u moka3atu. Heku of oBuX noxapa y ayroOycuMa numajy 030uspHe mocieauiie. JacHo je na
cy Hajuenthu y3pomu mokapa TeXHHYKH KBapoBH. VcTpara moxapa y ayroOycuMa je yTBpIWiIa Jia cy
HOKapy TOYHEbANH y ey Ca MOTOPOM WIIM y HPTJbaXHHUKY. MHOTU ayTo0ycu Cy MMalld aTecTHpaH
NPOTHBIIOKAPHH arlapar, alld ’bUMe HIje MOTao Ja ce KOHTPOJIHMILE HIIA YTacH I1oXkKap.

Kibyune peun: noxap y ayro0ycuma, ucTpara Ioxapa y ayro0ycuma, y3pok Mokapa, eHTepUjepCKH
MaTepHjalii, aNTepHaTHBHA MOTOPHA TOPHBa
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1. EXPERIENCE IN FIRE INVESTIGATION

The number of long-distance buses is currently growing by leaps and bounds on
Germany's motorways and trunk roads. If so, the number of fires in busses will increase,
which is yet to be seen. One thing is certain, the most common causes of fire are technical
defects.

The tragic bus fire on 4 November 2008 on the A2 near Hannover made Germany horror-
struck. At that time, 20 mostly elderly passengers died when suddenly a fire broke out in a
coach. In the meantime, there were repeated fires in buses. Unlike after the fire in the arrivals
level in Terminal "A" of the airport Dusseldorf on 11 April 1996, in which 17 people were
killed, in case of the bus accident in Hanover, however, no appreciable effect on the
improvement of fire safety in buses happened. The most common cause of fire is — technical
defect. [1] [2] A risk of fire exists in coaches while driving, especially by

Expiring supplies,
Electrics (z. B. Short)
Defective heaters.

Figure 1 Fire Investigation: Electrical Fire

A key problem is that the period between the outbreak and fire is often only a few
minutes. [3] [4]

When you fire the coach at Hanover presented one of the passengers just after the exit
"Garbsen" burning smell proof. When you open the toilet door it came in a split second to
shoot through — and abruptly stood the rear of the bus in flames. 13 women and six men 43-
80 years of age and a 13-year-old girl died in the blaze. Only the passengers on the front
seats could escape outside.

The bus driver immediately but unsuccessfully tried by the fire outbreak, to enter the
burning section of the bus to help the passengers in this area. After just a few minutes, the
bus could not be entered because the smoke and then the flames had spread too quickly. In
the fire investigation a technical (electrical) defect was found to be the cause of the fire.

Between 2005 and 2010, there were five buses of the type "Citaro™ Mercedes-daughter
Evobus, built in 2002, burned by the engine. The cause was unclear. The fires always went
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out from the engine compartment. No one was injured, bus drivers and passengers were able
to get to safety in time.

In October 2010, the Berlin Transport Services (BVG) had drawn conclusions. At that
time, 40 buses of this series were subjected to a security clearance. The BVG had agreed
with Mercedes as a producer for a common approach. After that, inter alia, in the short term,
additional fire fighting equipment fire extinguishing systems and fire alarm were installed in
the vehicles.

The investigation found that the fires started in the engine compartment and in the
luggage bay. The investigation includes many proposals for measures intended to improve
safety on buses, of which the following are examples:

e Manufacturers of fire extinguishing systems must ensure that the systems have
sufficient capacity to extinguish any fires that occur, even under difficult conditions.
All buses should be equipped with approved fire extinguishing systems.

Fire extinguishing systems should be inspected by an accredited company each year.
Warning systems and fire extinguishing systems should be installed in baggage areas.
Educate the bus drivers on what to do if a fire occurs, and carry out evacuation
exercises.

2. NOT ALL BUSES ARE THE SAME

Vehicles with more than eight seats plus the driver, intended for passenger transport are
called Automotive Omnibus (COM). Buses can be divided as follows [5]:

City buses,

Intercity bus,

Coach,

Special designs busses.

City buses up to 28 t have multiple entrances wide and low and low sill height of
windows with large glass surfaces. Although the number of passengers is high (up to 185
people), passengers can exit in case of fire the bus quickly, because they have more standing
than seating. These buses have drive variants of all kinds. On articulated buses (so-called in
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German "Schlenki's” can be up to four diesel tanks on the whole vehicle distributed, usually
over the wheel wells under the seats. Swivel buses are driven by the rear part.

The suburban bus up to 26 t has wide entrances with steps. However, the parapet of the
window is higher. When a passenger count of up to 115 people have lots of seating and
standing room only a few. Partial storage space is available in the subsoil. They generally
come with a diesel engine.

It is different with the "coaches" (up to 32 t). You only have narrow entrances with
several sometimes very high and steep steps. Also they only have seating for up to 105
people. The adjustable seat must be fitted with a lap belt since 1999. They usually have large
glass areas with a high parapet. Special components such as table are possible. Often toilets
and driver cabins are located in the lower area next to a large integrated luggage space still.
They have only a diesel engine.

Special types of buses are in the airport area and for prisoner transports. In addition, there
are US-school buses and buses for the mining industry (eg. Example based on the Unimog).

3. END OF THE RAIL MONOPOLY

Since last year, coaches may be on the move everywhere in Germany from a travel
distance of 50 km. A corresponding change in the law ended after more than 70 years the
monopoly of ,,.Deutsche Bahn“ (German Railway). Now to coaches to be a cheap
competition from DB. For this purpose, a network of coaches will continue to run through
the whole of Germany. There are mainly medium-sized companies that are active in the new
range of long-distance bus in Germany and many of which are now invested in their
businesses.

But there are already the first fears that the competition among themselves the provider
can lead to a loss of image and quality of the entire (long distance) bus industry. In this
context and in view of the future rising passenger numbers, the question of fire safety in
coaches again gaining importance. Fair competition must not be at the expense of the safety
of the passengers. From this situation, the following questions arise:

o [fthe required Coach fire protection comparable with that for rail vehicles?
¢ What about the fire at bus fires in tunnels?
o What challenges fire in buses is for the fire department?

Figure 3 Fire investigation after bus fire
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4. STANDARDS OF FIRE SAFETY IN BUSES

In bus fires - often without warning - a larger amount of people can be exposed to them
with unfamiliar surroundings directly contributing to apparent danger. By the structural
conditions on coaches, through a possible sight obstruction due to a lot of smoke and often
by panic reactions there are difficult conditions expected during the evacuation. [6]

In recent years, the structural design of the bus structure and the nature and extent have
significantly developed the interiors of coaches. The aim of the first project was, on the basis
of actual fire events and current valid rules and regulations to investigate the fire resistance
of coaches and improvement opportunities work out. The focus was the examination of
interior components to their potential hazard for passengers and the derivation of minimum
requirements. accompanying measures for preventive and organizational fire protection were
also in the overall considerations involved. The result of a fire hazard does not exist only
from the uncontrolled fire itself; it has rather the side-effects increased Attention be paid.
These include the rate of heat release, the optical smoke density, the amount of the
developed flue gases and their toxic components.

For the safety of buses, the materials used in the interior must meet the minimum
requirements for flame spread in accordance with legal regulations (EU and ECE). The
purpose of these regulations is to reduce vehicle fires, especially those whose origin is set by
matches or cigarettes inside the vehicle, and to prevent deaths and injuries to vehicle
occupants.

The Directive 95/28 / EC supplemented or replaced the national provisions within the
scope of the European Union. For the safety of buses must meet the materials used in the
interior minimum requirements for flame spread in accordance with legal regulations (EU
and ECE). These requirements of EU Directives 95/28 and the 2001/85 EC for the entire
vehicle be met by accredited coaches.

The requirements of Directive 95/28 / EC, Annex |, para. 7.2 shall survive the burning
behavior of interior materials for coaches with more than 22 passengers. The Directive 95/28
/ EC supplemented or replaced the existing conflicting national regulations within the scope
of the European Union. The directive, which consists of six appendices, describes in
Annexes IV, V and VI tests for determining the burning behavior. These include the
determination of the horizontal and vertical burning rate and the determination of the melting
behavior of the materials used. [7]

The requirements of the test described in Annex VI are fulfilled if the worst result, the
vertical burning rate greater than 100 mm / min is not. The smoke formation and propagation
is not or only marginally included in the examination. This is especially true for integrated
seats and their padding. A similar examination of the seats as rail vehicles according to DIN
5510 or prEN 45545-2 (Fire protection on railway vehicles - Part 2: Requirements for fire
behavior of materials and components) is not provided. [8]
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Figure 4 Fire cause: illegal bridging of fuses

In addition to requirements on the material and structural properties, it is purposeful, the
Fire safety in coaches to as the total complex. Since the fire a coach can not be excluded,
other approaches to achieve must maximum security be pursued as the pure material testing
for the bus occupants. Therefore, the following recommendations were identified by the
research contractors:

e Fire alarm systems should be binding in the engine compartment, in the on-board
toilet and the ceiling prescribed in the upper deck of a double-decker buses of
stairways will. In all other areas, these facilities should be optional. when triggered
the driver should be visually and audibly informed. An intrusion on the Intrusion
protection system when the vehicle is recommended.

e Automatic extinguishing systems are particularly recommended for the engine
compartment, but seen no legal obligation to install such systems. the Decision
should be left to the bus operator, wherein the part of the insurer could be given to
appropriate premium discounts.

e The existing legal provision to carry a fire extinguisher requires a Revision and
adaptation to the current situation standardization. We recommend this for a standard
coach a powder extinguisher for fire classes A, B and C as well as a Foam
extinguisher for fire classes A and B. The remain extinguisher sizes required left to
the designers, the minimum extinguishing media content exceeding 2 kg or 2 liters
are should. According to the current rules, the number of recommended units of
extinguishing agent, depending on the bus type, is calculated. All fire fighting
equipment must be clearly and for passengers clearly visible as such to identify.

o Information: Passengers should be before / when you travel over the safety devices
be informed of the coach. For this purpose, different media (leaflets, Info Videos,
flight magazines) may be used. For better understanding of the Emergency
information (also for foreign travel guests) could pictograms used will. The
documents should have at least the location and function of emergency exits, the
correct behavior in case of fire and the location of fire extinguishers and first aid
Material include.

162



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

e Smoking is prohibited in the area of battery boxes and tanks; highly recommended is
also a ban on smoking in the on-board toilet. For fire safety reasons is a general ban
on smoking even for the entire bus highly recommended; the decision should be left
to the bus operator.

o lIdentification of the battery boxes and live lines: battery boxes should be seen from
the outside with the icons "battery” and "power disconnect switch" be provided. In
the driver's compartment, a floor plan of information should be provided bus-specific
characteristics and the position of the current-carrying wires will.

e Automatic emergency call system: and against the background that better from
external page can be targeted react quickly if an accident or fire event help requested
and extensive information can be transmitted, is the Use of automatic emergency call
systems promising. Using satellite navigation it determines the current vehicle
position and the vehicle-as well as personal reported data to a central monitoring
station. A coupling with the future used smart cards for the EC-tachograph should be
taken into consideration.

e Toxicity test: In general, all products, with respect to the requirements of smoke will
be provided, are investigated on the toxicity of their combustion gases. as orientation
to the international guidelines AEGL (Acute Exposure Levels guidline) serve. As a
basis for the evacuation of coaches of AEGL-2 value (defined as threshold to serious,
long-lasting effects) for ten minutes exposure time considered appropriate. Carbon
monoxide (CO) is a Proposed limit of 420 ppm for hydrogen cyanide (HCN) this
value is not yet set (eg. Z. exist only corresponding reference values). Flue gas
samples are to to remove every full minute test and check. These limits must at no
the samples are exceeded.

e Special requirements to the space partition (partition walls between Passenger and
engine compartment, luggage compartment and battery compartment), the seats
(testing with the somentioned paper pad test) and the electrical installation (cables
and lines must consist of flame retardant, halogen-free materials and be self-
extinguishing) provided.

e Test Requirements for coach interiors: an alternative to the existing requirements of
the Directive 95/28 / EC test methods for fire safety of components or substances,
the Interior proposed; this depends primarily on the the two test standards EN 13501
and DIN 5510™.

5. FIRE HAZARDS OF MODERN TECHNOLOGY AND MATERIALS

Even before the bus industry, technological progress has not stopped. As is common
practice today in the automotive industry, it is also used in the manufacture of buses
increased the use of light metals such as magnesium or aluminum. Parts of this lightweight
metals are in buses, especially in the motor area, used for transmission or clutch housings,
with dashboard and seat back frame as well as doors and flaps. Magnesium and aluminum
are "combustible materials" and the fire class D.

Also, in addition come increasingly to the vehicles with conventional gasoline or diesel
engines buses with alternative drive systems used. Gas and fuel cell drives are no longer a
rarity. Especially in public transport (PT) buses with different engine variants are used.

163



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

However, there is the construction and the materials used some unique features compared
to the construction of a car. Way for. Example of much larger dimensions and heavier weight
must be assumed. The side walls and the roof are complete with insulating mats or
polystyrene (1) Lined.

In addition to the material of plastics used very often (in case of fire large amounts of
toxic fire smoke) and light metals (in case of fire high temperatures and cause problems
when deleting) it is the narrow aisles and climbs on double-decker tour buses (the only
escape routes), the major problems present in case of fire.

But the large glass fronts with side windows usually made (ESG), and double glazing
(two toughened glass with air space) are not without problems in case of fire in view of
escape and rescue. Their destruction is possible with the existing emergency hammer /
grains. In 2007, the "SP Technical Research Institute of Sweden" in attempts to self-rescue
from bus windows a wide temporal variability of the results determined. The fastest subjects
used their hands or feet to remove the broken glass. Others were more cautious. There were
no major differences between men and women and between different age groups. Most of the
subjects stated that they would have found it much easier than expected to destroy the glass.
The Fastest took eight seconds, and the slowest took nearly 90 seconds for the self-rescue
through the bus windows.

Another problem is the "driver's sleeping cabins" and toilets. They are mostly located in
the door area. Of them are through a small "window" visible. Access is generally from the
entry stairs. In case of fire must be checked whether there are still people in the cabin or in
the on-board toilet. As these areas are at risk in case of fire, showed the initially mentioned
bus fire on the A2 motorway near Hanover.

Figure 5 Fire investigation after bus fire

Non-hazardous are the side battery compartments, in which the formation of a hydrogen-
oxygen mixture is possible. For several buses a fire alarm / fire extinguishing system in the
engine compartment as optional equipment is available. Detection lines monitors the
temperature in the engine compartment. When exceeding a set value (eg., 160 ° C) is an
alarm message on the display driver and the driver of the text "Fire in engine compartment".
Similarly, the deletion process is initiated. Atomized into a fine mist, extinguishing liquid
exits at the extinguishing nozzles in the engine compartment
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6. WHAT CONCLUSIONS HAVE BEEN DRAWN?

Although it is the fact that extinguishers are required on buses, there are so many worse
misfortunes to be prevented (box). And there are over Germany after the present knowledge
and against the background of many Busbrédnde world and meet the fire protection
requirements and tests if necessary with legal regulations (EU and ECE) and the
requirements of EU Directives 95/28 and the 2001/85 EC for also satisfies these buses.

The existing legal provision to carry a fire extinguisher needs to be revised and adapted
to the current standards situation. In addition, the adopted fire scenarios actually related
materials and this results not fire curves meet. A subsequent improvement, comparable to the
requirements and tests of rail vehicles is an urgent need. [9] So built-in automatic
extinguishing systems are a recommended standard especially for the engine compartment.
Fire alarm systems should be made compulsory in the engine compartment, in the on-board
toilet and the ceiling of staircases to the upper deck of double-decker buses.

L MN——

Figure 6 The bus fire in which 20 people died

But when the policy is seen action in the requirements for fire safety in buses? After all, it
was only a month after the horrific bus fire in 2008 on the A 2, also near Hannover - this
time on the "A 7" at Hannover-Kirchhorst - again in a bus fire.

People across the fire and rescue services appear to be crying out for one central body

that will organize and harmonize communications across the board. Specific suggestions
include:

e One umbrella — data collection/interrogation, research, training packages,
programmes etc.,

e Consistent recording, storage and retrieval of information,

e Clear mechanism for dissemination of this information,

e Fire and rescues services work with regulators, especially for building regulations,
and

e Structured training for crew and watch managers in scene and prevention.
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Tarjana BOXXOBWR' Opuzunannu Hayuuu pao
Mupjana JIABAH?

Bepuua MAJIAHKO?

Caura BOI' JAHOB*

MOI'YRHOCT IPUMEHE BOAEHOI' CTAKIJIA 3A
SBAHITUTY APBEHUX KOHCTPYKIINJA Y ITIOKAPY

Pe3zume: OTmopHOCT Ipal)eBHHCKUX KOHCTPYKIMja Ha MOXKAap KapaKTepHILy ABa KPUTEpHjyMa M TO:
3allajbUBOCT MarepHjaja M IIOHALIAkhe MaTepujajia y mHoxkapy. JeoaH on IVIaBHUX TIpal)eBUHCKHX
Marepujaia je ApBo. JIpBo je ropHB MaTepHjal M HEroBa OTHOPHOCT Y MOXapy Moxe ce moBehatu
TPETHUpakEM Ca CHCLHjaHUM 3allTHTHUM MPEMa3HUM CpelCTBUMA. Y pajay Cy MPUKa3aHU Pe3ynTaTH
EKCIEePHMEHTAIKHOT HCTPaKUBama KOjU je CHPOBEICH y JadoparopHjckuM yciaoBuma. Llusb pama je
6ro na ce mcnuTa e(UKACHOCT NPUMEHE BOAEHOI CTaKjia Kao 3aIUTUTHOT CPEACTBA JpBETa IpH
JIETIOBay OTBOPEHOT IUIaMeHa. Y Ty CBPXY YIMOPEIHO Cy MCIIHTHBAHH Y30pIH YETHPH BPCTE JIpBeTa
(Tomoia, jenma, XpacT, opax) 0e3 3aIITHTe W Y30pIH KOjU Cy 3alITHheHN BOJCHUM cTakioM. Pe3ynrarn
KOjU Cy OOMjeHH yKa3yjy Ja ce BOACHO CTaKJIO MOXKE IIPHMETH Kao 3aIlTHTa 32 JIPBO y MOYETHO] (a3u
noxapa.

K/by4He peus: IpBo, 3alITHTA IPBETA OJf [10)Kapa, BOJCHO CTAKIIO

POSSIBILITY OF USE OF WATER GLASS IN
PROTECTION OF WOODEN STRUCTURES IN FIRE

Abstract: Fire resistance of building structures is characterized by two criteria: the flammability of
materials and the behavior of materials in the fire. One of the main construction materials is wood.
Wood is a combustible material and its resistance to fire can be increased by treatment with special
protective coatings. This paper presents the results of experimental research carried out in laboratory
conditions. The aim of this study was to investigate the efficacy of water glass as a protective agent of
wood exposed to the open flame action. For this purpose, samples of four types of wood (poplar, pine,
oak and walnut) were tested without protection together with samples protected with water glass. The
obtained results indicate that the water glass can be used as protection in the initial stage of fire.

Key words: wood, wood protection from fire, water glass
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1. YBOJ

[Tpu npojekToBamy U U3rpaamkH rpal)leBUHCKUX 00jeKkaTa, y 3aBUCHOCTH 01 HAMEHE, OCHM
rpal)eBUHCKHX YCIIOBAa, MOpajy C€ HMCIYHHTH W 3aXTEBH 3aIITUTE O]l MOXapa. Y ciydajy
Hoapa Mopa Jia ce:

® 04YyBa HOCHBOCT KOHCTPYKIIHje ¥ TOKY ozpel)eHoT BpeMeHa,

CIIPEYH MIMPEEHE BATPE U UMa YHYTap 00jeKTa;

CIpEYH IIMPEHE BaTPe HA CyCeIHE 00jeKTe;

omoryhu na ce 6e30e1HO M3BPIIM eBaKyalja U3 00jeKTa

oMmoryhu BaTporacHoj Opura Iy Py WHTSPBEHIIHUjU CII000IaH MIPUCTYI 00jeKTy

[Nonamame rpalleBUHCKMX MaTepHjaia IIPHU JIEjCTBY II0XKapa MOXKE C€ MOCMarpaTH y
OJIHOCY Ha!

e JIeNOBaEkE€ OTBOPEHOT IJIaMEHA Y MOXKapy,
e JIeNIOBam-E BUCOKHX TEMIIepaTypa y moxapy.

3a neduHuCcame MOHAIIaka MaTepHjaia y MoXKapy MOTpeOHO je mo3HaBatu cienacha
BErOBa CBOJCTBA: TOPHBOCT, 3allaJbUBOCT, OpP3MHY IIUpeHa MIaMeHa, OTHOPHOCT Ha JISjCTBO
no)kapa M MoHalIake MaTepHjaia Mpy ramemny moxapa. [1]

[MpaBuHEM U3060poM rpal)eBUHCKHX MaTepHjajia M MCIIPAaBHUM HAYMHOM YTpajibe, MOXKe
Ce YHAIlpeIUTH OTIIOPHOCT Ha IMoKap rpal)eBUHCKIX KOHCTPYKIHja 1 o0jekara. I'paljeBuHCKe
Mepe 3allTHTe OJ MOoXKapa Cy Mepe 3a CIpeyYaBame HIH OTe)KAaBakbe LIMpEHa MoXapa y
3rpajaMa, OJaKIIaBamke CIIAllaBakbe JbYNM, OJKUBOTHIGA, Talllela MOoXapa, CMambermba
MaTepHjalHUX ryOuTaKa. 3anabiBu rpaljeBHHCKH €JIEMEHATH MOTY Ce 3allTUTH MPEeMa3HUM
Cpe/CTBHMA, KOja MpYXajy y oapeljeHoM BpeMeHCKOM MHTEpBally OTIIOPHOCT Ha MOXap.

2. NMNOHAIIAIBE JPBETA HA IOBUIIEHUM TEMIIEPATYPAMA

JpBo je jenan ox Hajcrapuju rpa)eBUHCKUX MaTepHjajia U JJaHac UMa UIUPOKY IIPUMEHY Yy
rpaheBuHapCTBY. MoOXKe ce KOPHCTUTH 3a U3TPajiby CBHUX eleMeHaTa rpaljeBuHe: 3a TeMesbe
3UJ0Be, CTyOOBe, rpejie, KpoBHEe NOKpuBaue MTA. Kao Mmarepujai mMa HHU3 MO3UTHBHHX
ocobnHa, Kao IITO cy: A00pe MeXaHWYKe OCOOMHE, Maja MpPOBOIJBHBOCT TOIUIOTE,
MoryhHocT jeaHocraBHe oOpaze u ap. OTIOpHO je Ha pasHEe YTHLAje, a HajlnoryOHHjU
CIIOJBHM YTHIIA] Ha APBO MMa Bjara, Iia je 3a JpBeHe rpal)eBHHE 3aIlTHUTa OX Biare U BOJE
HajBaXHUJU YHHWIALl ¥ TPOjeKTOBamkY, Tpaamku U Kopumihemy. [log yrumajeM Biare ApBO
Tpyau U ryou Ha uBpcrohu [2].

3a rpaljeBHHCKE KOHCTPYKIMje MOTY ce ymoTpeOJjpaBaTh MHOTE BPCTE ApBETa, Y 3aBHC-
HOCTH 0]1 eroxe, Mo jHe0Jba, EKOHOMCKUX Ipuinka. Y CpOuju ce yriaBHOM KOPUCTE 4aMOBO
IpBO, CMpeKa M jena, a ocraie Bpcre IpBera pehe. Heke Bpcre npBera ce MCKIBYYHMBO
KODPHUCTE 3a JeKOpaIujy u ykpace 3a eatepujep [3].

[Nocroju Benmka paznuka n3Mel)y yzopaka jeqHe ucre Bpere apBeTa. Pasmor 3a 0Bo Moxe
OuTH BeOMa pa3zIMYMT M TO: OINIITA NpaBWIa pacTa IpBETa, AUMEH3Wje W MPaBHIHOCT
npupacTta, JIOKaIu3anuja y30pKa, 3alITUTa HTA. XeMHJCKH cacTaB JpBeTa He yTU4e OMTHO Ha
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BErOBE TEXHUYKE OCOOMHE. U Marbe, BHIIIC HCTH je 3a CBE BPCTE JIPBETa, a YMHE ra: YrIbeHUK
(C) 49,6%; Bogonuk (H) 5,9%; xuceonuk (O) 44,0%; azot (N) 0,28% u meneo.

JpBo je ropuB Marepujas. Bpeme morpeGHO &ia ce ApBO 3amany 3aBUCH OJ] TEMIIEpaType,
BIIQKHOCTH, 3allpeMHHCKE Mace (IpBO C€a MamOM 3alpeMHHCKOM MacoM, ca Behum %
MOPO3HOCTH, Jakiie ce mamd). CTeneH 3ala/buBOCTH JIpBETa 3aBHUCH OJ BPCTE JpPBETa, OJ
oOpaljeHoCTH NOBpIINHE, CTENIEHA YCHTH-CHOCTH, CTEIeHa BIAXKHOCTH, BEIMYMHE KOMaga U Jp.
TBpIo ApBO ce Texe naa. Mamu KoMa ce Jakue naine o Behux. Komaau unja je mospiurHa
XparaBuja JIakiie ce ajie 0J] KOMaJia ca rJIaTKOM TTIOBPIINHOM.

Jlo masbera apBeTa monasu Ha Temmeparypama og 250° mo 300°C, a oHa 3aBHCH OfI BPCTeE
npeera. Temiieparype najbemha HEKHX BPCTa ApBETa Jare ¢y y tabenu 1.

Tabena 1. Temnepamype nawera opeema

BpCTa ApBeTa TeMIreparypa najsema °C
Opect 270
jaceH 270
OykBa 275

MaxaroHu 285
Xpact 290
cMpeka 270
opax 275
jenoBuHa 290
OMOpHKA 270
rpab 275
HIIepIuioya 285

Temmeparype 3ama/bMBOCTH JIpBETa Y IMOXKapy pelaTUBHO Op30 ce MOCTHXKY, Tako Ja
JIPBO MOXE Yy KPaTKOM BPEMEHCKOM HHTEpBANy Jia MOuYMme 1a ropu. ['opemem ce cTBapa
KapOOHHM30BaHM CJIOj KOjU ITIPEJCTaBba TOIUIOTHU M30JIaTOP M YCHOPaBa Jajbe CaropeBambe.
Bpeme koje je moTpeOHO aa O IIaMEH 3aXBaTHO APBO 3aBUCH U O TEMIIEPATYPE OKOJIHMHE.
Ipu Temneparypu okomune o1 430°C notpe6Ho je camo 30 CeKyHIM Ja ce JPBO 3amnajld U
ToYHe caropeBaTy, a npu Temmnepatypu o 180°C notpe6Ho je oko 15 MuHyTa 1a 61 ce ApBO
samanuno. KapakrepucTuuHa Temmeparypa yribeHucama apeeta je 290°C. IlperBapame
JIPBETA y TIOYTJbEHH CJI0j TeYe BP0 cropo oko 0,4 1o 0,8 mm/min [4] [5].

Bp3vHa moBpHIMHCKOT ImMpema IlaMeHa cMamyje ce noBehameM crerneHa BIa)KHOCTH
JIpBETa U CMamemeM ritaTkohe nmoBpmmHe. [IpBo y mpBoj ¢a3u moxapa 3HATHO je Pe3UCTEH-
THH]jE OJ1 MeTaJia, 300T MaJie TOILIOTHE POBOJLMBOCTH (32 npBo u3Hocu 0,04-0,12 wm?K? a
3a genuk 50,2) m 300r TOra IITO YIJEHHUCAHM CIIOj HAa TOBPIIMHU JApBETa IETyje Kao
M30J1aTOP.
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3. 3JALITHUTHA INIPEMA3HA CPEACTBA

JlpBeHe KOHCTpYyKILMje MOTY OUTH Y TOKY CBOje €KCIUIOATalfje M3JI0KEHE MOBHIICHUM
TeMIepaTypaMa HacTajiuM y Hoxapy. Bpeme y OopOu HpOTHB TOXapa je NpecyaHo,
HapOYMTO Y NPBUM MHHyTama Ioskapa. Koj u3dujama noxapa, temmeparypa y npBux 15
MUHYTa y OPOCTOPUjH AOCTUrHe BpeaHocT o 700°C, a 3atum Hapacte u 1o 1100°C. a 6u
ce TOCTOjaHOCT Tpal)eBUHCKHMX MarepHjaja INpOJYXKWIa y TOKY IOXapa, OHH C€ MOTy
3aIITHTH PA3IMIUTHM CpeacTBuMa [7].

3a 3amTHTy O TMOKapa APBEHMX KOHCTPYKTHBHHUX €JIeMEHAaTa KOPHCTE CE Pa3InIUTH
IpeMasH, KOju IpeMa HaunHy 3alITUTE MOTY OUTH:

e TpeMa3H KOjH IOJ| yTHIAjeM TOILIOTE OYBPCHY Yy CJI0j AeOJbHHE 2-3 ¢m KOjU MITUTH
JPBO O aJbeT 3arpeBamba;

e IpeMas3H KOju TOJ YyTHIdjeM TOIUIOTe Ha0yOpe W CTBOpE TYCTH, MHKPOIOPO3HH,
W30JIAIMOHU CJI0j TIEHE, KOJH P 3arpeBamy CTBapa HHEPTHE I'acoBe;

e IIpeMas’ KOju TOJ yTHIIajeM TOIUIOTe Ha0yOpe W CTBapajy M30JAIMOHU CJIO0j TIeHE
KOja CIpedaBa JOTOK KHCEOHHUKA.

Jlanac ce Ha TpXKHMIUTY Hajla3e pasjiMunTa MpeMasHa CpeicTBa Koja ce Npernopydyjy 3a
3aITHTY OJ TOXKapa apBera. [Ipym NIpakTHYHO] NMPHMEHW IOKa3yjy paszinuuuTe edexre
MIOCTOjaHOCTH, a YecTo 300T BHCOKE IIEHE ce M HEe KOPUCTE WIIM C€ KOPUCTE Ha HE aJieKBaTaH
HauuH (OBako HeMajy HUKakaB edekar 3amrute). Ha Hamem TpXKHUIITY ce Hana3u BOJACHO
CTaKJIO KOje ce yrnoTpeOsbaBa yriIaBHOM 3a 3alITUTY IpBETa OJ Bare U MHcekara. Mehyrum,
BOJICHO CTAaKJIO C€ He KOPUCTH Kao NPEMa3HO CPEeACTBO 3a 3aIUTHTY OJ IOXKapa, U aKo
rmoceayje OTIOPHOCT Ha BHCOKe Temmeparype. JlocTymaH je mmpoj momymnauji 1 MOXe ce
Ha0aBUTH Y CBaKOj MPOJaBHUIM Ipal)eBUHCKUX MaTepHjasia uin dapoapy.

3.1.Boaeno crakjio

Bopeno crakimo je 34-36% pactBop HaTpHjyM-cuimKara. Hatpujym cuimkar, 1mojaBibyje
ce y o0omuky Na,SiOz u Na,SiO3-9H,0, pacTBopeH y BoaM [aje CTaKIacTy eMy/I3H]jy Kaja ce
HAa3WBa 600€HO CMAKIO WIH cmakieHa 60o0da. BoleHo cTakio je 0e300jaH, TpacmapeHTaH,
CTaKJIaCT, BHCKO3aH pacTBOp. YMOTpeOJbaBa Ce y HMHIAYCTPHjH U TpaljeBUHAPCTBY Kao
aIIXe3MBHO CPEJICTBO, 32 CIpeuaBame KOpPO3Hje, y NMPOM3BOIBU BaTPOCTAIHUX MaTepujaa,
Ka0 BUCOKOTEMIICpaTypHHM JIeNaK, y TpOW3BOJmU TekcTwia. Jlonmaje ce OETOHCKUM
MellaBUHaMa 1a OM ce cMambHiIa MPOIMYCTIFMBOCT BOJE y OETOHY. Y UBPCTOM CTamy BOICHO
CTaKJIO MOKE HJIpaXMTH OYM, aJli HAKOH BE3WBama C JAPYTMM MaTepHjajiiMa Hherosa ce
omacHa CBOjcTBa ryoe. be3 003mpa Ha meroa pellaTHBHO Ojiara INTETHA CBOJCTBA, HIIAK CE
IpU pagy ¢ BOJCHHM CTaKIOM MOpa KOPHCTUTH JIMYHA 3aliTHTHA (oAcha myrux pykaea u
HOraBuIa, 3aTBopeHa oOyha, pykaBuue on IIBLl wnm ciuyHor marepujajga W Haodape y
CITydajy TmpcKama.

4. EKCIIEPUMEHTAJIHU PAJI

EXIepUMEHTATHO UCITUTHBALE BPIICHO je Ca YETHPH paslIMYuTe BPCTE APBETA: XPacT,
opax, tomoia u jerna. OBe BpcTe ApBeTa Cy ogaOpaHe 300T CBOje IIMPOKE NpUMEHE, a
KOPHCTE Ce 3a:

® TOMOJIA: 33 TPAAIbY 3rpaja, 3a U3paay HaMellTaja, CTOJIOBA, IIPOU3BO/IHA CaHIYKa 1
KyTHja, IJI04Ya UBEpHILIa;
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e jema: 3a m3rpaamy 3rpaja (IEJIOBH KOjH HUCY U3JIOKCHH JICJIOBAEKY BIare), u3paia
cTyO0OBa, HaMeITaja, MY3WYKHX HHCTPYMEHAaTa, IMPOW3BONKBM BpaTa, (QYypHHUPA,
CaHJyKa,

e XpacT: 3a M3paly Iparosa, I10J10Ba U rpaljeBHHCKe cTOJapHje, U3paand HaMelTaja,
napkera, pypHupa, KINHOBA,

e opax: u3pajay HaMellITaja, IPOU3BO/IbY MapKeTa

Ja 0u ce yrBpamia TOPHBOCT JpBeTa 3amTHNEHOT IpeMa3HUM CPEICTBOM, U3BPIICHO je
UCTINTHBAkE ca y3opouMa 0e3 M ca 3allTHUTHUM TnpemazoM. Kao 3amTuTHH mpemas
KOPHCTHJIO C€ BOJACHO CTaKJo. VCIUTHBamE je BPIICHO Y LB 3a CIIAJBUBAILE, U HCITUTUBAHU
Y30pIH CY U3JIOXKEHH JICJIOBahY OTBOPEHOT IIaMEHa.

4.1.0nuc amapaType 4 MOCTyNnKa paaa

AmapaTypa ce cacTOju OJ METaJHOr LWIHHIpA, YHYTpallkber mnpedHuka 50 mm, u
nyxkuHe 165 mm. Iunuupap je npuuBpmheH Ha crajak nomohy npxkada, rue je
NpUYBpIIiEHO M OrJefano 3a HOCMAaTpame IMPOMEHa Ha Y30pKY Y TOKY HCIUTHBAmbA.
3arpeBame y30pka Bpiuu ce nmomohy ByH3eHOBOI ItamMeHnKka, ca TauHO JAUMEH3MOHUCAHUM
IUTAMEHOM KOjH je ToOHujeH caropeBameM cMellle Mpomal - Oyrad. Bpx mrameHa mopa Outh
ynasbed 10 mm oJ kpaja y3opka. Y30pak ce u3jnaxe IIaMeHy 2 MUHYTA, a 3aTHM C€ CKJIOHU
IUIAaMEHUK W cayeKa Jia ce IUIaMeH Ha Y30pKy caM Yracu WIM Jia NPeCcTaHe CcaropeBambe
y30paka. 3a CBaku y30pakK HCIMTHBAIbC je TIOHOBJREHO TpH IyTa. Ha cimmm 1 mpukasana je
anaparypa 3a HCIIUTUBAKkE TOPUBOCTH.

orieaano

L= L —MCTAJIHU LUJIMHAap

—y
— JiprKay LMJIMHAPA

cTaaKk—
—Yy30paK

R/ ByH3eHOB n1aMeHHK

B ——

Cnuxa 1. Anapamypa 3a ucnumugarse 20puU80CmuU Mamepujana
[Ipe wcnuTHBama M3MEpeHa je ModeTHa Maca y3opaka (mj). Y30pak ce IOCTaBH y
amaparypy Tako Ja Kpaj y3opka BHpH 5 mm wucnox nwimmHzapa. [locne 3aBpmeHor
UCIIUTUBARKA, IPEOCTAIN e0 oxJiaheHor y30pKa ce MOHOBO M3MepH (M), U M3padyHaBa ce
ryouTak mace.
Ha ocnoBy n3BpiieHor Mepema Matepujan ce kiacudukyje Ha cnenehn HauuH:

* TOPHB MaTepHjaJ, KOJ KOTa HCIUTHBAaHM y30paK HAacTaBH CAaMOCTAJIHO Jia TOpPH,
HoCJIe yajbaBama IUIaMEHHKA, TyXKe O jeJHOT MUHYTA, ¥ U3TyOU IPH TOM BHILE O
20% TexxuHe

* HeropuB MaTepHjaJ, OHaj KOju ryon mame o 20% TexuHe
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4.2 llpunpema y3opaka

UcnurtuBanu y3opiu cy mumensuja 35x150x10 mm. 3amruHu npeMa3 BOIEHOT CTakiia
HaHET je y TP Clioja C THM Jia Ce CBAaKW IPETXOJHHU CJI0j CymHno oko 24 yaca. Peakuuje
HCIIUTHBAHNX y30paKa Ha IejCTBO IUIaMeHa BHJbUBE CY Ca CIIHKE 2.

2a: y30pax npemasan 600€HUM CIMAKIOM 20: y3opax 6e3 3awumume

Cnuxka 2. Peaxyuja ucnumueanux y30paxa Ha 0ejmeo niameHnd

Heszamrrunhenu y3opiu npBeTa cy ce 3anajiiii y KpaTKOM BPEMEHCKOM MHTepBaiy oxa 10
10 30 cexyH1, y 3aBHCHOCTH OJ1 BPCTE JIPBETA U CaropeBajy MHTEH3MBHO y3 BEJIMKHU I'yOHTaK
Mace (Tabena 2).

Tabena 2 Pesynmamu ucnumugarsa y30paxa 6e3 npemasa

Maca y30pka (g) ryouTak mMace
ysopuu 663 3alaxambe
npemasa npe I10CJIC (g) (%)
caropeBsama caropesama
Xpact 22,5302 4,4222 18,101 | 8042 | Mamucey 30 cexynum, aracu
ce mocne 4,5 MuH.
15
opax 17,6750 3,6368 14038 | 79,52 fam ey 5o CekyRm
racu ce mocie 4,5 MuH.
10
Torona 15,9738 2,4945 13479 | 84,31 HAIH £ y TV ceRymm
racu ce mocie 4,5 MuH.
13
jena 12,4351 2,3865 10,048 | 80,64 MU ee y 72 ceryman
racu ce 3a 4 MuUHyTa

VY3opiu koju cy 3amtulieHn ca BOJASHUM CTAaKJIOM, [TOKa3ay Cy OTIOPHOCT Ha JIEJI0Bakhe
OTBOPEHOT TIAMCHA M HUCY CE 3alaJIiIM HU MOCNie 2 MUHYTa TpeTHpama. [ youtak mace y
3aBHCHOCTH 0J Bpcre npBera je 6mo ox 0,7884 mo 1,5243 rpama, ogaocHo ox 3,96 mo
10,68% (Tabemna 3).
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Tabena 3 Pesynmamu ucnumugarsa y30paKa npemasaux 600eHUM Cmarkiom

y30puu Maca y3opka (g) ryouTak mMace
TNpeMasaHu Maca 6e3 npe ocJjie RTREIRE
BOACHMM | MpPEMas3a | caropeBama | CaropeBama (9) (%)
CTaKJIOM
y30pakK ce HHje
Xpact 23,6859 25,2203 24,2528 0,9675 3,96 YIaano TOKOM
UCIIUTHBAKbA
Y TOKY HCIIMTHBamba
opax 17,7402 20,1558 19,1516 1,0042 4,99 y30pakK ce HHje
3amanio
y TOKY HCIIUTHBamba
TOIOJIA 16,6566 19,2976 18,5092 0,7884 4,14 y30pakK ce Huje
3amanio
Y TOKY HCIIUTHBamba
jena 12,7074 14,5063 12,9298 1,5243 | 10,68 y30pak ce Hije
3aIano

Ha conmm 3 cy mpukasanu y30piM JpBeTa Ipe u3jarama IulameHy (cinka 3a), y30pnu
3amTheHy ca BOACHUM CTAaKJIOM IIOCIE M3Jlarama JeloBamy IlaMeHa (cnuka 30) 1 y3opuu
0e3 3aIITUTE HAKOH TPETHpPamka OTBOPESHUM IIaMEHOM (CITHKa 311).

/17

Usorak broj: 1 Urarak brof: 2 Usarak broj: 3

opax Jjena monoaa xpacm

3a. yzopyu npemasaru B800EHUM CMAKIIOM npe ucnumuearod

ra: 1 zorak broj: 2 Uroeah bewj: 3 Urerak bro: | irak brojs 2 (] wopz T e broj: 3 || Usrakbroj: 1 Uszorak broj: 2 Uzarak broj: 3
opax

Jena monona xpacm

36. yzopyu npemasaru B80O0CHUM CMAKIOM NOC/IE UCNUMUBATLA

. -
o % i

. ' % st - 3
b aion. brofil  Usorakbroi2  UserskBES| | Gpurakbrejs 1 "

Jena monona Xpacm

Uzorak brok: 2

314 Hesawmuhenu y3opyu nocie ucnumuearba

Cnuxa 3. H32neo y3opaxa opeema npe u nocie usnazara 0e108ary niamend
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5. 3AK/bYYAK

Pe3yJ'[TaTI/I eKCHepI/IMeHTaHHOF HCIINTHUBAKA Cy IIOKa3aJi1i aa ce I[pBO MOJXKEC 3aIlUTUTH O
oXapa, YKOJHMKO C€ 3allITUTE MPEMa3uBaeM Ca BOJCHUM CTAKIOM. [IpeMa HCIUTHBAHO]
METOJY CBH Y30pIM Ca 3alITUTHUM IPEMa30M CE€ CBPCTaBajy Y HErOpHUBE, MOIITO MM je
ryourtak mace Mamu o 20%.

BozeHo crakiio je crpeuaBalio MPEHOIIECHE MJIaMeHa M0 IMOBPIIMHM y30paka, ma ce
MOKa3aJio Kao J00pa 3aIlTUTa Ha JICjCTBO OTBOPEHOT TuiaMeHa. Ha 0Baj HAaYMH ce mpoIyxaBa
OTIOPHOCT U 3alajbUBOCT JIPBETa IPH MOYETHOM MoXkapy. JpBo mpemazaHo ca HmHM HMa
BHCOK Cjaj ¥ JITT eCTETCKU e(eKar, a YjeIHO Ce TIOCTHIKE U 3allITUTA O Bjare U WHCEeKara.

Hda Om ce nmoOmia NOTIyHHja CIMKa O MOTYHHOCTH NpHUMEHE BOJCHOI CTakia Kao
3alITUTHOT ITpeMasa OJ T0Kapa, HOTPeOHO je HACTABUTH UCTPaKMBAaE, KAKO O ce BHUJIEIO
Kako he ce MOHAIIaTH BOJCHO CTAKIIO Kaja je M3JI0KEHO AeT0Bamy aTMocheprinja y JyKeM
BPEMEHCKOM IEePUO/y, OAHOCHO Ja i he U Taja 3aApKaTd CBOje IO3UTUBHE OCOOHHE.
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FIRE SAFETY SYSTEMS MINIMISE
ECONOMIC LOSS

Abstract: The paper provides an insight on the importance of fire protection systems which minimise
economic loss in buildings and technologies in the case of a fire, industrial accident or natural disaster.
The impact of fire safety systems is also important from the personal- and environmental-safety point
of view.

Key words: fire, fire safety equipment, personal safety, fireman safety, environmental safety

SISTEMI ZA ZASTITU OD POZARA MINIMIZIRAJU
EKONOMSKE GUBITKE

Rezime: Rad pruza uvid u znadaj sistema za za$titu od pozara kojima se minimizira ekonomski gubitak
u zgradama i tehnologiji u slucaju pozara, industrijskih nesreca ili prirodne katastrofe. Uticaj sistema za
zaStitu od pozara je takode vazan kako za bezbednost pojedinca tako i za zivotnu sredinu.

Kljuéne re€i: pozar, oprema za zastitu od pozara, lina bezbednost, bezbednost vatrogasaca, zastita

zivotne sredine
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1. INTRODUCTION

Current time is affected by a deepening economic crisis. The main interest of every
subject in the economic area is growth and economic stability. Any negative deviation from
the stabilised state of prosperity and growth may lead to the loss of market share and
subsequently to the decline of the enterprise. Incorrect economic decisions in setting mid-
and long-term goals are not the only negative deviations. Technological failures, industrial
accidents and emergency situations, such as fires and natural disasters also have significant
negative impact on the enterprise. The consequence of such emergency situation may be
personal losses, irretrievably damaged technologies, destroyed or severely damaged
buildings. In the case of environmental accidents, a technological process is breached by
human intervention or negligence, or due to a natural disaster. Apart from direct loss, the
enterprise — polluter — is also punished by financial and economic sanctions taking into
account the costs spent on the removal of ecologic accident consequences.

Early diagnostic of a malfunction state, discovery of service fluids leakage, dangerous
concentrations of gaseous substances, discovery, or elimination of a starting fire, all
minimise the consequences of the above events or at least reduce their impact.

In the field of fire protection such a group is known as fire safety systems.

2. TYPES OF FIRE SAFETY SYSTEMS

The basic categorisation of fire safety systems is defined in the protection again fires law
as amended [1].

Fire safety systems are:

fire extinguishers,

fixed and semifixed suppression systems,

smoke and heat ventilation systems,

fire detection and alarm systems,

park suppression systems and explosion protection systems,
o fire doors and shutters.

The law orders the responsible person to use technic and technological equipment in
accordance with the manufacturer’s instructions. Subsequently, the responsible person is
must also secure regular maintenance and inspection for fire safe operation and address
identified problems.

In subsequent clauses, the law orders the responsible to obtain and install in buildings,
taking into account the fire risk, “appropriate types of fire safety systems, keep them in
working order and provide regular inspection and maintenance by a professionally competent
person and keep service documentation”.

To be considered in working order, access must be provided to the fire safety system.
A responsible person shall not use any fire safety system which is not certified.

In accordance with the law, design, installation and maintenance and inspection of fire
safety systems may be carried out only by competent persons, professionally trained to an
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extent specified by the system manufacturer, having passed testing and obtained specific
certification [2].

3. INFLUENCE OF FIRE SAFETY SYSTEMS ON BUILDING SAFETY

Fire safety systems have an influence on the reduction of damage caused by a fire if they:
provide notification of fire occurrence,
have ability to restrict fire spread,
have ability to reduce fire intensity,
o secure early fire-fighting operations.
The above conditions are fulfilled by:

fire detection and alarm systems,

fixed fire suppression systems with automatic operation,
spark suppression systems for pneumatic conveyors,

e smoke and heat ventilation systems with automatic operation.

The above listed fire safety system may be considered active fire protection systems.
Other fire safety systems, despite their availability, completeness and functionality, are
considered only passive, since in the case of a fire they are not able to affect (suppress or
extinguish) the fire without direct intervention from the user.

3.1.Fire extinguishers

The starting point for the evaluation of fire extinguisher effect on the safety of a building
is meeting the requirements for the calculation of the number and type of fire extinguishers
and adhering to the rules of their siting.

Fire extinguishers are devices consisting of a pressure vessel containing a suppressant
which is after manual activation of the triggering device discharged by pressure from the
vessel onto the fire [3].

Depending on the suppressant, fire extinguishers are categorised as:

water,

foam,

halon,

powder,

carbon dioxide - CO,.

Advantages:

simple operation and easy use of the extinguisher,

high extinguishing efficiency when used during ignition or growth phases of fire,
low price and operating costs,

simple inspection, maintenance and repair,

minimal negative health effects on operator,

minimal negative environmental effects.

Disadvantages:

o insufficient suppressant capacity for fires in the second phase of growth,
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low resistance against intentional damage and theft,
high rate of error in the selection of a proper suppressant of a given type of fuel,
absence of an active member signalising damage or non-functionality of the device.

3.2.Fixed suppression systems

Fixed suppression systems are designed for suppression or extinction of a fire without
human intervention shortly after the start of a fire.

Fixed suppression systems are divided in the following categories, based on the type of
suppressant:

water,

gas,

halon
powder,
combined[4].

Advantages

active localisation and extinction of a fire without the need for human intervention,
high protection efficiency within the designated area, assuming that the design,
installation and maintenance rules are adhered to,

sufficient supply of suppressant in the case of water suppression systems,

high degree of protection against intentional damage or theft of systems components,
elimination of the possibility of inappropriate suppressant selection,

high reduction of required amount of suppressant when compared to amounts
required for fire-fighting operations in the developed stages of fire,

active signalling elements of all operation modes of the system (activation, damage,
non-functionality of fire suppression system),

elimination of adverse health impacts — employees need not to enter the areas
affected by fire,

minimisation of environmental impacts — fire suppression is in early phases of fire
therefore less combustion products is emitted.

Disadvantages:

high price and maintenance costs,

demanding inspection, maintenance and repairs,

possible risk of high damage on equipment and building in the case of fire
suppression system failure,

potential risk of negative health effects in the protected space by sudden (failure)
suppressant discharge (halons, CO,),

risk of inappropriate design,

nonfunctionality due to the building layout changes or use.

3.3.Smoke and heat ventilation systems

Large amounts of heat are released during fires, causing high temperatures is the fire
affected area. At temperatures above 800°C, it is not possible to carry out fire-fighting
operations in the vicinity of fire, which put high demands on the protection of the firefighters
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and their equipment; fire-fighting must be carried out from a distance. Firefighters need to
take actions which restrict spread of fire in the building and its vicinity. The exchange of fire
gases can be significantly affected by ventilation openings and smoke and heat ventilation
systems. Smoke and heat ventilation systems may be activated by:

e fusible-link device,

e pneumatic activation device,

¢ signal from fire detection and alarm system,
e manually.

Principles of smoke venting:

o natural ventilation (appropriate ratio of inlet and outlet ventilation areas),
o forced ventilation (positive and negative pressure ventilation) ventilation installations
and ventilators.
Smoke and heat ventilation systems help:

e maintain evacuation and access routes clear of smoke,
help fire fighting by removal of smoke from fire areas,
postpone or preclude flashover occurrence,

protect building and its contents,

reduce heat effects on building constructions,

¢ reduce loss caused by fire, heat and smoke.

Advantages

e active effect on gas and heat exchange in fires,

e prolonged use of unprotected escape routes (increased visibility, reduced
temperatures, reduced amounts of smoke gases in the air),

e reduced heat effects on building constructions prolonging their load-bearing ability
(primarily ceiling and roof construction),

¢ reduction of fire spread by flowing of hot fire gases into adjacent parts of buiding,

o better access for firefighters to fire-affected spaces,

o use of natural ventilation in single-storey buildings and top storey in multi-storey
buildings,

¢ reduced direct and subsequent losses on building and its contents.

Disadvantages

¢ high investments and maintenance costs associated with installation of smoke and
heat forced ventilation systems (underground areas and multi-storey buildings),
o low efficiency of negative pressure ventilation systems.

3.4.Fire detection and alarm systems

Fire detection and alarm systems are defined as systems of components including a fire
alarm unit, which, when designed and installed properly, are capable of:
o fire identification,
¢ fire indication to operating personnel,
¢ send predefined signals to interconnected and controlled devices.
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Basic fire detection and alarm systems consists of:

o fire detectors,
o device (fire) loops or lines,
o fire alarm panel — control unit,
o signalling loop or line,
o supplementary devices (alarm devices, information forwarding devices, control unit
etc.)
Advandates:

o reduction of fire discovery times and thereby the period of free fire growth,
o fire alarm signal to the local fire brigade,
e activation of devices which can significantly affect the development of fire —
ventilation systems, fire door holder release, suppression system activation...
Disadvantages

e errors — false alarms,

e need for operator being trained by the manufacturer or approved third party
organisation,

¢ need for permanent operator presence at fire alarm panel or in security room,

o failures due to changes in local ambient and environmental conditions,

e prone to damage (large number of system components),

3.5.Spark suppression systems for pneumatic conveyors and explosion
protection systems

For protection of pneumatic conveyors, a number of special safety and suppression
systems have been developed. These usually have two functions:

o identification and localisation of spark (fire or explosion initiator) in the starting
phase,
e activation of suppression device which extinguishes fire in its initial phase.
For spark suppression after successful detection the following suppressants are used:
water mist,
carbon dioxide - CO,,
gaseous mixutres replacing halons
extinguishing powder.
Advantages
automatic detection and suppression of fire or explosion ignition source,
independent of the conveyor operator,
continuous function without the need for interruption of production process,
high efficiency.
Disadvantages
¢ high investments,
o technically demanding system maintenance,
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Explosion protection systems are special additional systems and equipment installed to
technological lines in which a dangerous concentration of dusts, gases or aerosols may be
created. The group of explosion protection systems comprises:

o explosion suppression devices,

o devices restraining passage of explosions,

o explosion and pressure release devices,

o special application systems (e.g. automatic lines protection — painting booths).

4. CONCLUSION

Fire safety systems have their irreplaceable role in buildings. Their importance and effect
on building and occupant safety is often underrated. The return of funds invested in
installation and maintenance of fire safety systems is only obvious in the case of a fire (fire
extinguishers, fire alarms, fire suppression systems, smoke and heat ventilation systems).

Analyses of material losses caused by fires in buildings protected by fire safety systems
and those not have been prepared by well-known insurance companies. Literature [5] states
that, for example, in buildings protected by a sprinkler system, the material losses are
reduced by 70% and life loss of building users by 80% when compared to similar buildings
without sprinkler protection. Also, buildings without sprinkler protection suffer losses 6-10
times higher as buildings in which the fire suppression system was functional during the fire.
Interesting is also the information on the amount of water required for the extinguishment of
the same fire in a sprinkler protected and unprotected building; the ratio of used water is 2:9.

Fire safety systems have also a significant impact in environmental protection. The
smaller a fire grows, the less of smoke and toxic pollutants are emitted, meaning a lower
impact on the air and water.

Fire safety systems also significantly affect the safety of fire fighters during their
operations. Fire safety systems provide fast fire detection, alarm broadcasting, and
subsequent evacuation of occupants from the affected building. They prolong the time
during which the building interior is accessible for fire fighters (visibility, ambient
temperature, stability of building construction).

The investors and building users should realize, that the investments into fire safety
systems for securing of personal and building safety are not wasted funds, but rather a
guarantee of safety in the time of emergency situation.
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Miroslava VANDLICKOVA® Review paper

EFFICIENCY OF ACTIVE FIRE
PROTECTION SYSTEMS

Abstract: Nowadays fire protection systems represent an integral part of fire prevention
measures. We live in a society in which building of large undivided spaces, that represent a
risk of heavy losses in case of fire, are typical. In order to prevent such large fires right the
protection systems serve that on the basis of its functionality are divided into passive and
active ones. Active fire protection systems may, without direct intervention of device
maintainance, affect the development of fire, its sedation or disposal [12]. The article deals
exactly with this group of fire protection systems, and attention is paid especially to their
reliability and efficiency.

Key words: fire, fire protection systems, prevention, active fire protection, reliability, efficiency

E®PUKACHOCT AKTUBHUX CUCTEMA
SAHITUTE O/ ITOKAPA

Pe3ume: Jlanac cucreMu 3alITUTE of Moxapa IPEICTaBJbajy CAacTaBHU [0 Mepa 3a
npeBeHuujy on mnoxapa. JKMBUMO y IpYIITBY Y KOJEM Cy THIMYHE 3rpaje ca BEIUKUM
HETOJIeJbeHUM IIPOCTOPHUMA, KOjU TPEACTaBJbajy PHU3HMK OJ OTPOMHHX T'yOWTaka y ciydajy
nokapa. baw y IiUby ClipedaBamba TaKO BEIMKHUX II0XKapa KOPHCTe ce CUCTEMH 3allTHTE KOjH
Ce Ha OCHOBY CBOje (DYHKIIMOHAITHOCTH Jeje Ha NMAacHBHE M aKTHBHE. AKTHBHH CHCTEMH
3aIITUTE OJ1 TToXKapa Mory, 0e3 TMpeKTHE UHTEPBEHIIM]Ee Ha O/lpXKaBame ypehaja, yruaru Ha
pa3Boj moXkapa, meroso CMUpPHBabe WK ramiee [12]. Paxy ce 6aBu ympaBo 0BOM rpyrnom
CHCTEMA 3alllTUTE O]l MoKapa, a MmocedHa Makma je mocBeheHa HUXO0BOj MOY3MAaHOCTU H
e(pUKaCHOCTH.

KibyuyHe peum: noxap, cucremu 3a 3aIUTHTY OJ] TTOXKapa, MPEBEHIIMja, aKTHBHA 3alITUTa OX
noxxapa, Hoy3J1aHocT, e(pukacHocT
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1. INTRODUCTION

The main task of fire protection systems is to efficiently liquidate a fire in-cooperation
with forces of Fire and Rescue Services. Fire-protection systems are fire extinguishers, stable
and semi-stable fire extinguishing devices, smoke and heat exhaust ventilation systems, fire
detection systems, spark extinguishing systems in pneumatic conveyors and antiexplosion
elements and fire closures. [1] Generally spoken, the fire-protection systems help in
identifying the particular fire area, reducing the time since the beginning of the fire till its
announcement, drawing off smoke and heat from the fire area, tracking and putting fire
under control and they allow management of evacuation. [11] Fire protection systems are
divided into active and passive fire protection systems. Active fire protection systems such as
water sprinkler and spray systems are widely used in the process industries for protection of
storage vessels, process plant, loading installations and warehouses. Other more specialised
systems using inert gases and halogen based gases are used for flooding enclosed spaces.
Passive fire protection can provide an effective alternative to active systems for protecting
against vessel failure. The following factors should be considered in determining which kind
of active and passive fire protection systems are required — fire hazard posed by substance,
toxicity of substances and the smoke produced, inventory size, frequency of hazardous
operations, available access to fight fire, fire fighting capability of on site emergency
response team, response time of the nearest fire brigade, resources available to fire brigade.

[5].
2. FIREPROTECTION SYSTEMS

2.1.Active fire protection systems

Active fire protection systems protects buildings against fire in such way that they use the
action of moving parts. These systems can be automatic or manual but they require some sort
of action (e.g. based on smoke noticing) in order to work. Examples of active fire protection
can be fire alarm systems, sprinkler systems, etc. Vice versa passive fire protection uses
objects that slow fire (e.g. fire walls, fire doors, fire retardant materials, etc.), but take no
action in the process of fire fighting.

2.2.Basic division of active fire protection systems

Fire alarms

Fire alarms include electric equipments that work through visual and audio appliances by
detecting smoke at fire. Fire alarms tends to activate first giving the opportunity to evacuate.
Most fire alarm systems consist of a fire alarm control panel, a primary power supply, a
secondary (backup) power supply, initiating devices that can be manual (pull stations) or
automatic (smoke detectors), notification appliances (flashing lights, horns, etc.), building
safety interfaces (ventilation systems, etc.).

Fire alarm effectiveness can be hampered by the choice of inappropriate alarms for the
environmental conditions expected, which can cause nuisance activation and ignorance of a
real fire event. The second barrier to effectiveness can be human behavior - the tendency of
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people to ignore the alarm, to decide that the horns and strobes activating are “not the real
thing,” and to delay evacuation of the building. [8]

Fire sprinklers

Fire sprinkler systems are the most common form of active fire control and suppression.
The simplest and fastest method of control are wet pipe sprinkler systems filled with water
while dry pipe sprinkler systems have pipes filled with compressed air or nitrogen gas, which
holds the clapper on a dry pipe valve in the closed position. Foam sprinkler systems use foam
to extinguish fires in buildings. The fire sprinkler pump distributes the water and foam
mixture via the pipe-system and discharges the foam spray via the sprinklers. [13]

Figure 1 Foam sprinkler system [3]
Hand held extinguishers

Hand held extinguishers are devices used to extinguish or control small fires, often in
emergency situations. A fire extinguisher consists of a hand held cylindrical pressure vessel
that contains an agent which is discharged to extinguish a fire. According to extinguishing
substance hand held extinguishers can be described as water, foam, halon, powder CO,
extinguishers. [6]

Smoke and heat exhaust ventilation systems

Smoke and heat exhaust ventilation systems constitute an essential part of preventive fire
protection. Smoke and heat exhaust ventilation systems ensure the reliable and automatic
opening of exhaust apertures. They minimise the development of smoke in escape and rescue
routes, thus protecting people from smoke intoxication and property from damage. [7]

Spark extinguishing systems in pneumatic conveyors

Spark detection systems are primarily used as a fire prevention method in dust collectors,
mechanical and pneumatic conveying systems by detecting and extinguishing sparks and
embers. [4]

3. EFFICIENCY OF FIRE PROTECTION SYSTEMS

Many relevant information and results that are carried out in the area of determining the
effectiveness of fire protection systems are not published in books or major scientific
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periodicals. The reason is that such results remain mostly recorded only in laboratory reports
and internal sources of information, which do not often find way to general data bases.
Therefore, more comprehensive studies that deal with the effectiveness of fire protection
systems are still of a limited number.

Watanabe uses for the systems three different probability concepts:

Reliability - probability of performing the specified function under specified conditions
for a specified time without failure

Capability — probability of achieving the operational demand under specified cinditions
satisfacorily

Availability — probability of operating satisfactorily at any given time under specified
conditions

The effectiveness of the system is the product of these three factors. [2]
Based on several international studies (Warrington Fire Research Study in the UK, The
Australian Fire Engineering Guidelines in Australia, a compilation of fire statistics for Tokyo
in Japan and results of a study "in situ" of fire protection systems in Japan by Watanabe),
discussing the reliability of estimates of detection systems and fire suppression as well as the
design division of space in terms of fire safety, might be mentioned the following data given
in the following table 1.

Table 1Published estimates for active fire protection systems operational reliability [%] [9]

Warrington . - .

Protection System Delphi UK (Delphi Fire Eng Guidelines Japanese Studies
Australia (Expert Survey) (Incident Data)
Group)
Smolderin Flaming Smolderin | Flaming/flash Tokyo FD Watanabe
g g over

Heat detector 0 89 0 90/95 94 89
Home smoke alarm 76 79 65 75/74 N N
System smoke 86 9 70 80/85 94 89
detector
Beam smoke 86 88 70 80/85 94 89
detectors
Aspirated smoke det. 86 N 90 95/95 N N
Sprinklers operate 95 50 95/99 97
Sprinklers  control
but do not extinguish 64 N N
Spr_lnkl_ers 48 N 9% N
extinguish

Wherever possible, the data used should be directly applicable to the case under
consideration. For example shopping malls and airports collate data on the time it takes to
evacuate the building when the fire alarm goes off. Such data are unlikely to be released into
the public domain, but might be available when a study on the development in question is
carried out. In the following table 2 there are some data of reliability of automatic fire
detection and alarm systems (AFDA), sprinkler systems and smoke control systems.

186



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

Table 2Reliability data [10]

Fire alarm and detection systems

Improvement in probability of early detection in

buildings with AFDA General value 0,51t00,6
Reliability of alarm box, wiring and sounders General value 095t01
Commercial smoke 0,9
- Domestic smoke 0,75
Reliability of detectors Aspirating smoke 0.9
Heat 0,9
Flame 0,5

Automatic fire suppression systems

Overall reduction in loss due to provision of

sprinklers General value 50%
Maximum 0,95
. . . General: -
Probability of successful sprinkler operation Property protection 0.9
Life safety 0,8
Minimum 0,75

Probability of successful operation for other
AFS systems General value 0,9

Smoke control systems

Probability of system operating as designed, on
demand General value 0,9

4. CONCLUSION

Fire protection systems meet today its irreplaceable role in such emergencies, such as
fires of particular objects. In modern little divided area of shopping malls, large manufactural
halls or open - space offices there are suitable conditions for the rapid spread of the fire into
the entire space of the buildings. In order to eliminate production of huge property damage,
injuries or losses of lives it is necessary to instal the fire protection systems in the buildings.
These, of course, have to work with the efficiency as high as possible in order that rescue of
human health, lives and property exceed the financial costs of the purchasing and installing
of the fire protection systems in buildings and thus motivate all subjects to their installation.
As shown by some foreign studies, the effectiveness of different kinds of fire protection
systems are varied in particular intervals and to their reliable operation contribute, of course,
various factors. Efficiency area of fire protection systems is more complex issue and
involves the cooperation of many practitioners, as well as the fire protection systems
producers themselves.
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IMPROVEMENT OF SYSTEM FOR FIRE PROTECTION
IN FACILITIES WITH EXTREME WORK CONDITIONS
WITH THERMAL IMAGING AND VIDEO
SURVEILLANCE

Abstract: This paper deals with the operation analyzing and improvement of existing fire protection
systems in complex production facilities with high risk of fire. In the introduction part was presented
the role and the way of work of usual fire protection system, and then is, in examples from practice,
carried out a work analysis of existing systems for automatic fire detection inside of enclosed coal
conveyor systems in some of the most complex industrial production plants in Serbia. After the work
analysis and determination of major defects of existing automatic fire detection system, the paper
presents the efficient solution for the elimination of those defects and promotion with combining
thermography and video surveillance.
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YHATIPEBEILE CUCTEMA 3AILITUTE OJ] IOKAPA V
MOCTPOJEIbUMA CA EKCTPEMHHUM YCJOBUMA
PAJIA TIOMORY TEPMOBU3UJCKOT U BUJIEO
HAJI30PA

Pe3nme: OBaj pan ce 6aBH aHanIM30M U yHampeljemem mocrojehnx cucreMa 3alliTUTE OJ MmoXKapa y
KOMIUICKCHUM MPOU3BOAHUM MOCTPOjelbHMa Ca BHCOKHM IIOKAPHUM PH3MKOM. Y YBOAHOM [y
MIPEACTaBJbCHA j€ yJOoTa M HauuMH paga yoOM4YajeHHX CHCTEMa 3aIlTHUTE Of IOoXapa, a MOTOM je, Ha
npuMepuMa M3 Ipakce, M3BPIICHA aHaiu3a pajga mocrojehnx chcremMa 3a ayTOMATCKY JETEKIH]jy
nokapa y KOCHM TPAHCIIOPTHHUM MOCTOBMMA HEKHX OJf HAjKOMIUIEKCHHjUX HHIYCTPHU)CKHUX
NpOM3BOJHKMX mocTpojersa y Cpbuju. HakoH ananm3e paja W yTBphHBama IIaBHUX HeJOCTAaTaka
nocrojefinx cHcTeMa 3a ayTOMaTCKy ICTEKIHjy MoKapa, MpeICcTaB/beHoO je eduKacHO pelieme 3a
BUXO0BO OTKJIakbame U yHanpeleme yrmoTpeboM TepMOBH3HjCKOT M BHIEO HAI30Da.
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1. INTRODUCTION

Fire protection is one of the most important areas of prevention engineering, and the
reason is the enormous damage that fires create. Possible damage in manufacturing and other
facilities can be so catastrophic, to causing them to disappear completely. For this reason, the
use of fire prevention systems becomes the concern of state authorities and insurance
companies, which not only bound to the respective regulations, but also to encourage
innovation and the further technical development of effective components of fire protection.

The efficiency of fire protection largely depends on whether the fire was precisely
discovered. Early fire detection is therefore one of the key areas of interest for engineers and
developers which are looking for efficiency in fire protection. An effective fire protection
system requires constant monitoring of the development of new technologies and their timely
involvement in the protection systems.

The main elements of the typical system for automatic fire detection are smoke detectors,
heat detectors, flame detectors etc.., and for a long time they are in use as the main form of
fire detection. The reason for this is their low cost, a relatively easiness of maintenance,
long-term stagnation in implementation of new technologies, but also the impossibility of
applying any other form of fire detection in certain situations. However, because of their
principles of work, very often comes up to occurrence of false alarms caused by various
phenomena. Practice has shown that in facilities that in its production process as by-products
contain large amounts of coal dust and water vapor, most alarms are caused by those
phenomena. Despite the large selection of different types of fire detectors, in some situations
it is difficult or impossible to eliminate those phenomena that can lead to the appearance of
false alarms.

In addition to automatic fire detection system, systems for fire protection often contain an
automatic fire suppression system. If these systems work in collusion, the occurrence of false
alarms can lead to activation of the automatic fire suppression system, which may lead to
stop of working parts of facilities that are protected by such systems of protection. When the
other production facilities are directly or indirectly dependent on the facilities, whose work
has been stopped due to false fire alarm, the damage due to the delay of only one part of the
plant can be many times higher. For this reason, the occurrence of false alarms should be
reduced to an acceptable minimum, or even, if possible, completely eliminated.

2. EXISTING AUTOMATIC FIRE DETECTION SYSTEMS

The first automatic fire detection system is invented after the great fire of London in the
year of 1666, with an simple invention which consisted of a rope that was stretched over the
protected room, with one end over the pulley tied to a weight that was above the metal gong.
If the fire burned down the rope, the weight should fall on gong and caused a sound alarm
that was supposed to alert people to fire [1].

In the eighteenth century was patented, also in England, a device that looked like a
mechanical clock with a sound mechanism, which should be activated by bimetallic strip
deformed as a result of temperature raising. In the early nineteenth century was installed the
first known fire detection system consisting of a certain number of bimetallic detectors,
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power supply and fire alarm control panel (the basic elements of existing fire alarm system).
Development was continued only after the appearance of the first ionizing smoke detectors at
forties of the twentieth century. Today we have modern fire detectors that are in use in
almost all public facilities.

Smoke detectors detect the visible or invisible smoke particles from combustion [2]. The
two main types are ionization detectors and photoelectric detectors. The ionization detector
contains a small radioactive source that is used to charge the air inside a small chamber.
When smoke enters the chamber, it shields the radiation, which stops the current and triggers
an alarm. These detectors respond quickly to very small smoke particles from flaming or
very hot fires, but may respond very slowly to the dense smoke associated with smoldering
or low-temperature fires.

In a photoelectric smoke detector, a light source and light sensor are arranged so that the
rays from the light source do not hit the light sensor. When smoke particles enter the light
path, some of the light is scattered and redirected onto the sensor, causing the detector to
activate an alarm. These detectors react quickly to visible smoke particles from smoldering
fires, but are less sensitive to the smaller particles associated with flaming or very hot fires.

Heat detectors are normally used in dirty environments or where dense smoke is
produced. Heat detectors may be less sensitive, but are more appropriate than a smoke
detector in these environments.

Heat detectors use a set of temperature-sensitive resistors called thermistors that decrease
in resistance as the temperature grows. One thermistor is sealed and protected from the
surrounding temperature while the other is exposed. A sharp increase in temperature reduces
the resistance in the exposed thermistor, which allows a large current to activate the
detector's alarm.

Flame detectors are line-of-sight devices that look for specific types of light (infrared,
visible, ultraviolet) emitted by flames during combustion. When the detector recognizes this
light from a fire, it sends a signal to activate an alarm.

Alarms signals of automatic fire detectors are transmitted over the power lines to the fire
alarm control panel to signal processing and alarm management. When a signal arrives, the
fire alarm control panel provides a sound and light fire alarm. If a system for automatic fire
detection works in conjunction with a system for automatic fire suppression, a fire alarm
control panel for processing and transmitting an alarm signal provides for starting automatic
fire suppression.

3. WORK ANALYSIS AND EXPERIENCE WITH EXISTING
AUTOMATIC FIRE DETECTION SYSTEM

For a better understanding of possible work conditions of existing automatic fire
detection system in environments that are saturated with coal dust and water vapor, it will be
presented an example of enclosed coal conveyor systems environment in a thermal power
plant TPP TENT "A" in Obrenovac:

Work analysis of automatic fire detection system in winter period
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The highest production of electricity is needed right in the winter period, when a request
of regular and reliable supply is the highest. In that period, external temperatures are very
low, and the electricity consumption is extremely high [3].

In cold days, there is the largest coal consumption. All the coal transported from the
Kolubara coal mine is been immediately forwarded to coal hopper, and a very small amount
is postponed to storage pile. To be able to unload coal from the train wagons first need is to
unfreeze all the mechanical parts of wagons door, which are not in the function because of
freezing. Unfreezing is done by steam, which is over the steam line brought to the place for
coal unloading, and a conveyor system transport coal directly to the combustion chamber.
Coal absorbs some of the steam which in the transport of coal evaporates in space of
conveyor system. The highest evaporation occurs at the beginning of the coal conveyor
systems, which causes the activation of a fire detector.

How water vapor can interfere with the correct operation of the fire alarm, which is
shown by the analysis of the system for fire detection in February 2009, when the outdoor
temperature was -27°C. During this month with high request for electricity supply recorded
the highest electricity consumption, and each composition of coal that was transported from
Kolubara coal mine was send directly into the boiler combustion. Unfreezing with steam was
necessary for each wagon, and that caused a major emission of water steam in space of
conveyor systems. Because the conveyor systems belts are indoor, water vapor was always
directed directly onto certain smoke detector, and always to those who were the first to at the
beginning of conveyor systems. For these fire detectors this phenomenon has led to constant
defects in their work, and occasionally a complete cessation of work. Although coal
conveyor systems are protected with fire detectors whose work is based on the flame
detection, their work has been also blocked because of formation of the ice layer on optical
parts of the detector due to very low outside temperatures. False alarms caused by water
vapor require emergency response of fire units and process workers, and by the fire alarm
control panel gives the signal to start the automatic fire extinguishing. This phenomenon is
not confined to the conveyor systems only, but has always been extended to other supporting
facilities.

Work analysis of automatic fire detection system in summer period

The largest number of false alarms, faults in communication with fire detectors and other
errors of fire detection occurs precisely in this period. Outside temperatures in that period are
very high and critical for spread of fire, and high demands for emergency response of fire
units are also constantly present. Causes of disruption of proper operation of fire detection
systems are almost always high concentration of coal dust and smoke occurrence in
performing welding work. Based on the work analysis of automatic fire detection systems
can be seen that about 95% of all alarms was false alarms. Of course, it doesn't means that
we should not pay attention on alarm, because those remaining 5% is caused by appearance
of fire in its early stages of development, which has repeatedly led to the rescue of very
valuable asset.

During the summer months there is not much atmospheric humidity or steam as result of
unfreezing of mechanical train wagon parts, but the coal dust concentration in air in this
period is very high. To prevent coal dust buildup on metal walls of enclosed conveyor belt,
electric motors, cables and other parts of carrying bridges, it is perfomed their daily cleaning
and washing. However, despite all precautions, sometimes is impossible to eliminate a high
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concentration of coal dust from the air. If the outside temperature is increased, heated air
causes a floating coal dust and its buildup in the fire detectors. As result we got a disruption
in detectors operation, false alarm, or even complete elimination from use. This fine coal
dust, so named because of her granulation, has a very low specific weight and, if there is a
greater dust concentration in the area, the occurrence of flame could cause a fire or
explosion. Because of these work conditions and the danger that coal dust can cause, any
signal which occurs on enclosed coal conveyor systems (alarm, false alarm, defect,
interruption in communication of detectors and main control panel, error, etc.), requires
immediate response of fire fighters. As an example of the severity of these fires, please note
that a fire of enclosed coal conveyor systems in a thermal power plant TPP "Kolubara" —
Veliki Crljeni, that took place in 1993, from the moment of its formation until complete
combustion lasted only 17 minutes. From this example it can be seen that a necessity of
implementation of any form of fire protection system is absolute, and that the emergency
response in case of alarm must be taken immediately. In a case of false alarm, even when it
is well known that cause of alarm occurrence is not smoke but increased concentration of
coal dust which causing alarm activation, fire fighters action is still necessary.

Also, as the summer period is performed for annual repair works, coal transportation
from Kolubara coal mine has been reduced and use of coal from storage pile is much often.
Spontaneous combustion of coal is relatively low - about 300°C for dry lump of coal, and
about 170°C for coal dust. Spontaneous combustion is a type of combustion which occurs by
self heating (increase in temperature due to exothermic internal reactions), and on storage
pile it may happens for a couple of weeks. Fire extinguishing on large storage pile such as in
TPP TENT "A", is performed by backfilling the smoldering coal with unlit coal. Thus
consuming oxygen needed for combustion, but a portion of smoldering coal is excavated and
sent to coal hopper. When transporting of coal that is still burning began, it necessarily leads
to activation of a fire alarm, although it is not a threatening fire, so it requires permanent
presence of firefighters.

In summer time during the annual repair of worn-out parts of the coal conveyor systems
and other related equipment of transport bridges while performing a welding, cutting and
soldering, it leads to the appearance of smoke, sparks and open flame, which requires a
physical blocking of fire detectors that are located in the immediate vicinity of the works. To
do this, detectors must be blocked and wrapped with nylon, fireproof cloth or some other
blocking material, with permanent firefighters’ presence because of the absence of fire alarm
systems. Work place requires further preparation with washing, cleaning, and isolation from
the surrounding area with metal partitions, fire resistant cloth, spark catcher etc. With such
preparations for dangerous work it is eliminated a possibility of actuation of fire alarms, so
there are very rare cases of an alarms in the vicinity of the works. However, sometimes a fire
protection is not implemented properly and alarm still happens, and often fires been occur
after several hours due to a barely noticeable smoldering coal dust.

From the work analysis of an automatic fire detection system can be concluded that the
causes for activation of fire detector in enclosed coal conveyor systems in most cases are not
a fire, and that the improvement of fire protection systems for the conveyor systems is
necessary.

A similar problem occurs in other power plants, including coal mine Kolubara, in which
there is not yet embedded automatic fire extinguishers in all enclosed coal conveyor systems,
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but a system for automatic fire detection works. The number of false alarms is also a major
problem which, in the end, leads to laziness of process workers and fire units. In a case of a
real fire, this delayed response of workers and fire units can lead to disastrous consequences.

4. APPLICATION OF THERMOGRAPHY AND SURVEILLANCE IN
FACILITIES WITH EXTREMELY WORK CONDITIONS

Video surveillance is already for many years used as a basic protection system, and year
by year the development cheapens the implementation of the video surveillance system and
improves the quality of playback of standard video signals. Computer technology
development and a simple management of signal, easy processing and recording images for
later viewing, as well as the easy transmission of signals over existing computer networks to
remote computers, increased and improved the quality of video surveillance as one of the
basic physical and fire protection systems. Almost, there is no smaller or even larger
business building that is not protected with this security system. Today we are all witnesses
of its widespread use in physical or fire protection.

However, with development of new technology comes to a new knowledge about the
world around us and the physical and chemical processes that occur in nature. In this way it
comes to understanding that in the nature every body generates a certain amount of infrared
radiation, which is a result of its current temperature radiation. This fact has led to the
conclusion that the behavior of a certain body in nature and monitor its status can be viewed
from a completely new angle, which is invisible to the human eye.

Application of thermography has found its place in almost all areas: civil engineering,
mechanical engineering, electrical engineering, medicine, fire protection, military and etc. In
general, thermograpfy is useful whenever is necessary observation of a body or his parts,
whose temperature changes point to facts that may be interest for understanding of his
condition, behavior or changes, and predicting the outcomes to which these temperature
changes may cause.

Thermal imaging is a form of video surveillance. Thermal imaging cameras detect
radiation in the infrared range of the electromagnetic spectrum (roughly 9,000-14,000
nanometers or 9-14 pm) and produce images of that radiation, called thermograms. Since
infrared radiation is emitted by all objects above absolute zero according to the black body
radiation law, thermography makes it possible to see one's environment with or without
visible illumination. The amount of radiation emitted by an object increases with
temperature; therefore, thermography allows one to see variations in temperature. When
viewed through a thermal imaging camera, warm objects stand out well against cooler
backgrounds, and humans and other warm-blooded animals become easily visible against the
environment, day or night. As a result, thermography is particularly useful to military and
other users of surveillance cameras.

Development of thermal cameras has brought to the firefighters a great benefit: setting a
thermal cameras to a protected areas provides a clearer picture of temperature changes, parts
of facilities that can cause fires can be controlled with handheld or by a fixed thermal
cameras (electric motors, cables, conveyor belt rollers etc..), during fire fighting special
handheld thermal imaging cameras can help locate injured people in dark, dense smoke etc.
For protection of facilities where it is necessary to install fixed thermal imaging cameras, it is
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necessary to choose cameras with a good viewing angle, with appropriate monitoring
distance and wide temperature range. These cameras must be physically protected of the
working conditions in which they can be used, so it is necessary to choose the proper
compact dust and water resistant housing for them.

The protection system combining thermal imaging and video surveillance must enable a
fine monitoring of enclosed coal conveyor systems space, but also to provide fire detection
and a quick alarm check of automatic fire detection system. Easy managing from control
rooms must also be provided. Monitoring of conveyor belt using this system should be
enabled from the other locations as well (fire units, command blocks in the main operating
facility, the production engineer, technical manager, etc.).

To provide a completely reliable protection of conveyor systems with thermal imaging
and video surveillance system, first it is necessary to predict the possible fire causes and
potential places for fire occurrence, inside the conveyor systems bridges. From example by
TPP TENT"A", it will be suggested the way to install a combined thermal imaging and video
surveillance systems, which must protect coal conveyor systems from fire in his beginning,
entire inner surface and at the end of the bridge:

e In order to protect of conveyor belt from appearance of glowing coal from storage
pile, it is necessary to install a thermal scanner at the beginning of each conveyor
belt. By previous analysis of the technological process has been established that
appearance of glowing coal from storage pile is very common. For safety purposes, it
is necessary to alarm if this dangerous phenomenon appears. If we want to be timely
alarmed, then thermal cameras should be placed in that part of the conveyor belt in
which such coal may first occur, and this is their beginning. Since each conveyor
systems bridge carries two conveyor belts (operating and reserve), thermal imaging
cameras should be set just above the beginning of each. Camera must be directed at
the conveyor belt to be able to track the passage of coal, and this is done by setting
thermal camera-scanner on steel construction of a bridge or its walls (above belt
hopper), which is a sufficient distance between cameras and conveyor belts for
reliable detection of glowing coal.

e In order to ensure timely detection of fire in interior of the conveyor bridges, it is
necessary to make the proper disposition of thermal cameras and PTZ IP video
cameras, so that the space within the conveyor bridge is covered with adequate
thermal imaging and video surveillance along its entire length. Providing timely fire
detection in the interior of the conveyor bridges is done by a combination of thermal
imaging and video surveillance, which will allow full monitoring of critical areas.
Critical areas are:

o ceiling and wall of steel lattice construction that can accumulate coal dust which,
unlike to floor, is not desirable to be cleaned and washed daily,

o cable carrier which extends along the ceiling of the conveyor bridge along its
entire length,

o conveyor belt surface on, in the case of stoppage caused by a malfunction of
conveyor systems, fires may occur due to spontaneous combustion of coal after
prolonged standing, as well as due to the overheating of the conveyor rollers.

Protection of this area must be done by proper selection and arrangement of thermal and
video cameras. Based on determination of critical coal conveyor systems areas, it is
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necessary to choose a proper thermal and video cameras with maximum resolution, remote
monitoring and good viewing angle camera.

¢ Inorder to prevent fire expansion from the coal hopper above the coal pulverizer into
the conveyor systems space and vice versa, it is necessary to combine thermal
imaging and video surveillance at the end of the conveyor systems bridge. This part
can be controlled with a thermal scanner and nearest video camera from the inner
space of conveyor bridges.

Price of thermal and video cameras are falling down day by day, so the implementation
of these systems is getting cheaper, and equipment for providing a transfering and processing
of incoming signals from these cameras do not exceed the cost of equipment for the
implementation of small computer network. For securing of each enclosed conveyor bridge
is enough to use a few cameras and switches, one computer and a computer software for
signal processing from cameras.

Such systems can significantly reduce the response time to alarm from automatic fire
detection system, because if alarm signal occurs, time to begin an automatic fire suppression
is only 30 seconds. In those 30 seconds for inspection and possible recall of an automatic fire
suppression system, it is impossible to investigate the exact location of fire in over a 200
meters length conveyor bridge, like in the case TPP TENT"A", specially in conditions of
poor visibility due to large amounts of coal dust and water steam. To speed up this
inspection, it is necessary to implement the thermal imaging systems and video surveillance.
Because of very often alarm occurrence from automatic fire detection system, in some
situations, it was necessary to disable a communication and cooperation of automatic fire
detection systems and automatic fire extinguishing. This must be done in accordance with
authorized institutions. Starting of automatic fire extinguishing happens without any real
danger, and that stops the operation of conveyor belts and other related production systems.
This would never happend if a time for inspection is long enough to stop the automatic fire
suppression.

In addition to providing valuable time for inspection, a system of combined thermal
imaging and video surveillance allows setting of his own fire detection alarm: almost every
thermal imagers software allow you to set the process alarm in case of temperature deviation,
and also to detect a fire. In case of defect or work stoppage of automatic fire detection
system, system with combined thermal imaging and video surveillance allows continued
monitoring of the protected area.

As often happened that some people deliberately break the trigger on manual call points
in order to create panic, video surveillance would control this behavior. Finally, in the event
of fire with a strong smoke or low visibility conditions, finding vulnerable and injured
persons using system of thermal imagers and video surveillance would allow faster and
easier rescue.

5. CONCLUSION

There is no system for early fire detection that can prevent fire formation, so number of
fires occurred in object with some kind of system for fire protection statistically is same as in
buildings without them. However, the phase in which fire has been seen and time for reaction
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of fire unit and workers, are generally lower in facilities that are protected by some of the
system for early fire detection, and fire damage is minimal compared to the possible.

Increased number of false alarms in extreme work conditions may occur because of
operating mode of smoke and optical detectors, and sometimes thermal detectors also. In
most cases where we have a difficult working conditions, system for early fire detection
always works in conjunction with an automatic fire suppression system, so false alarms are a
big problem. In recent history problems with early fire detections have brought great
economic losses: in the year 1993 burned the conveyor bridge in TPP "Kolubara" in Veliki
Crljeni, and repeatedly burned several conveyor bridges in the coal mine Kolubara, therefore,
because of false fire alarms interventions of fire units in all these facilities are present today.

Implementation of a new system of fire protection by combining thermal imaging and
video surveillance opens a whole new era of fire engineering, and modern and complex
systems of fire protection will certainly be the basis for future development of fire protection
in all important facilities.
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Pammako KOCTUR! Cmpyunu pao

TAKTUKA I'AHIEIBA ITOKAPA MOTOPA ITYTHHUYKHUX
BA3TYXOIIJIOBA

Pe3ume: V ceujery rognmme oko 1300 Jpymu m3ryOm »XKHMBOT y Ba3IyXOIUIOBHMM Hecpehama. Aunm,
0Baj OpOj je 3HATHO MarbH, OMHOCHO CKOPO 3aHEMapJhbHB Y OMHOCY Ha IPYMCKH, MOPCKH U KEJbC3HHIKH
caoOpahaj u mpexncraBsba jefaH Of HAjCUTYPHHjUX BHIOBA TpaHcrmopra. Ha OCHOBY CTaTHCTHYKHX
mopata, HajBehn y3pok Hacpeha Ha BasmyxormioBy, dak oko 72 % wu3a3BaH je JbYACKHM (pakTopoM.
HcrpaxuBama Ba3lyXOIUIOBHUX Hecpeha yka3yjy Ha UYHMI-CHHIY KakO CBE BHILIC JbYIM YCIHjE Ia
NPEXUBH I1aJ Ba3IyXOIUIOBa, T¢ a cpeha uMa Maiio Be3e ca TUM. Y TaKBHM CIIy4ajeBHMa IMyTHHULH Ce
MOTy TNpPUIPEMHTH Ha pa3He HavyWHE, a CTPY4YmAald TBpPAE KaKO Cy IIAHCE 3a Clac y Clydajy
Katactpode Ba3ayxoriora, 4ak u 10 50 %.

K/by4He pujeun: TaKTuKa, raiene noxapa, TelKa BaTporacHa BO3uJIa, MyTHUYKH Ba3yXOILIOB.

FIRE-FIGHTING TACTICS FOR FIRE ENGINE
EXSTINGUISHING IN PASSENGER AIRCRAFTS

Abstract: Annually, around 1300 people round the world die in aircraft accidents. However, this
number is much smaller, and almost could be disregarded when road, sea and rail transport are
considered, which makes it the safest way of transportation. Based on statistical data, human factor
causes most of the accidents, even around 72%. Researches of aircraft accidents show that increasing
number of people manage to survive aircraft crashes, and luck has little to do with it. In such cases,
passengers can prepare themselves in various ways, and experts claim that in the event of disaster
chances to survive are even up to 50%.

Key words: tactics, fire-fighting, heavy fire trucks, aircraft.

! TIpod. mp, Dakyarer 3a nocnoBHu MeHanMeHT y bapy, "LARS FIRE" n.0.0. Kapahophesa 5, Tloaropuia,
Llpua 'opa, kosticr@t-com.me
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1. ¥YBOA

UzyzerHo Op3 pa3Boj Ba3AyxoIUIOBa M IMBUJIHOT Ba3lIylIHOr caoOpahaja kako 1o
MPOMETY MYTHHUKA, TAKO U IO MPHMjEHH HOBHX ThIOBa BazayxorwioBa (u mo 200.000,00 |
HOTOHCKOI TOpMBa M Ma3uBa), IOCTaBWJA j€ BeOMa OJrOBOPHE M O030MJbHE H3a30BeE
npunagaumuma aepoapomcke CBC'. BasiyXOIUIOBHH yIeCH Ha 3eMIbH TOKOM 3aiEbHX
TOJIMHA, YKa3yjy Ha YHILCHUILY J1a C¢ 3HATaH OpOj MYTHHKA M YWIAHOBA [MOCA/Aa MOTY CITACHTH,
YKOIIMKO C€ Yy POKy oX 2 - 3 MUHYyTa HaKOH HacTaHKa Mokapa e(pHKACHO CIIPOBEIE aKIHja
raiieta u CramaBama.

AepoipoMCKM  KOMIUIEKC MpEACTaBba CKYIl YUTABOT HH3a  CaBPEMEHHUX
pa3auyuTHUX o0jekata, KOjU 10 CBOM calpXajy MOpajy 3aJ0BOJEUTH CBE BHCOKE
0e30KjeJTHOCHE M TEXHOJIOIIKe craHaapae koju ce Hamehy crporum wmehynapoanum
MpoIICcHMa y Ba3ayImHoM caoOpahajy [1].

BasnmyxormioB mpesacTaBiha JICTHIIMIYy KOja je TeXa Ol Ba3ayxa, a JIeT OCTBapyje
aepoAMHAMHYKOM CHJIOM Y3TOHA, KOja HacTaje ycJbel KpeTama Ba3[AyXOIUIOBa Tj. HErOBHX
Kpuiia, kao Hoceher cucrema kpo3 Basayx [2].

Ox cBUX aKIMACHTHUX CHUTYyallMja KOjH C€ MOTY jaBHTH Ha Ba3AyXOIUIOBY, IOXap He
crajga y OHE KOjH ce€ TOKOM EKCIIIOaTallfje NCTUX HEMHHOBHO MOpa IojaBUTH. MehyTum,
Kaja Johe 0 mokapa HEroBO AEJCTBO MOXKE OMTH TOJMKO PA30PHO M OMACHO, KAaKO IO
CHT'YPHOCT CaMOT' Ba3IyXOIUIOBAa M HEroBe OKOJIMHE, TaKO M N0 0e30MjeJHOCT MYTHUKA H
YJIaHOBA NIOCAJE.

O03upoM Ha BETUKH Opoj CIeU(PHUIHOCTH KOje Ipare CBaKu MOoXkap, OH M0 NpaBHIIy UMa
U pa3liiuuTe YCIOBE Yy MOTJIe[y HACTAHKA, pa3Boja, Ay)KUHE Tpajama, Kao W HOCIhEANNa, Te
ce W3 THUX pa3liora MOXE 3aKJ/bYYUTH, Jla je CBAaKW IOXAap JeJUHCTBEH W MPAKTUIHO
HEMmoHOBJbMB. [l03HaBamkbe OKOJIHOCTH YCIIOBa HAacTaHKa Mokapa u mnpaheme MojaBa
XEMHJCKUX peakidja (pa3MjeHa TOIUIOTe, JUMa W TaCOBUTHX MPOJAYKATa CAaropHjeBarba)
omoryhaBa mpaBmiaH M300p CpeicTaBa M Paclopei] CHAara 3a HEroBO raileie, a CBe ca
nusseM Behe 0e301jeTHOCTH ITyTHHUKA W WIAHOBA II0Cale Ba3qyXOIUIOBA.

VY caBpeMEHOM CTEleHy pa3Boja 3alliTUTE OJ] IOXKapa Ba3IyXOIUIOBHA-BaTporacHa
TaKTHKa NpeACTaB/ba HAy4YHY AMCIMIUIMHY Koja ce 0aBW ycrjemrHoM OopOOM NpOTHB
nokapa, ymeca M KatacTpoda y CMECIYy H3ydaBamba HAacTaka M pas3Boja IoXapa Ha
Ba3JyXOIJIOBUMA, aJld jOj TO HHje NpHMapaH IMJb, OHA IOCEOHO TPETHpa €BaKyaluujy H
CralaBamke MyTHHKA M WIAHOBE II0CAJe M3 Ba3AyXOIUIOBA U CTBApame YCIOBa 3a HUXOBO
NpeKUBIbaBamke, 0e3 0031pa Ja JIM Ce paJy O yIecy Ba3ayXxoIUIoBa ca Wik 0e3 moxapa.

Ba3yxomioBHO-BaTporacHa TaKTHKa MOJApa3yMHjeBa pjelllaBame CJbeAehnx 3agaraka
B3I
e Jla pa3BHja CaMOIIOY3lame, WU3APKIBUBOCT U NCHUXWYKY CTaOMIHOCT IPHIACAHHKA
CBC npu pany y BaHpEJHUM CHUTYallljama, Kao ¥ HABHKY TaKTUYKOT Pa3MUIIbaba,
e na ocrocobu mpunamanke CBC 3a BjemTo M jeAMHCTBEHO [jENIOBAEmE Y YCIOBUMA
CJIOXKEHHX ONIEPaTUBHUX OKOJHOCTH y CaA€jCTBY ca JAPYruM ciyxbamMa U pecopuma,

! Cnacumauxo BaTporacHa ciyxo6a.
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e Ja ycaBpLIM BaTPOTAaCHO-TAKTUYKa 3HAmba W IPaKTHYHA JOCTHrHyha KOMaHIHOT
Kajpa y ylpaBJbamky CHaramMa ¥ TEXHHYKHM CPeACTBHMA Y O0pOH ITPOTUB MoKapa,

e Ja ycaBpIIN KOMaHIHHU-PYKOBOIHHU KaJap 3a 00ydaBame U 00pa30oBame MOAINHCHIX

e na omoryhu mpoydaBame OINEpaTHBHO-TAKTMYKUX KapaKTEPHUCTHKA aepoIPOMCKOT
KoMIUTeKca (yKibydyjyhu aepoIpoMcKe 00jeKTe U CBe BPCTE Ba3AyXOILIOBa).

Ba3nyxoIuIoBHO-BaTpOTacHa TAaKTHKAa [PH TallClhy MOXKapa Ha Ba3lyXOILUIOBHMA,
noceOHO paspabjyje BapHjaHTe y OJHOCY Ha KOHQHIypalujy TepeHa M METEOPOJIOLIKE
yCIIoBe, Kao U Kopuurhembe MOJEpHE TEXHOJIOTHje KaKo y ONPEMH TaKO M Y CPEeICTBHMA 3a
ramieshe moxapa.

Kaxo 6u npunagauny acpoapomcke CBC MOTIH YCIIjEIIHO HHTEPBEHUCATH, MOPajy OUTH
UcIymeHu cibenehu yenosu [2]:

e 1a pacmojaxy ca JOBOJBHUM OpojeM CTPYyYHMX M HW3BPIIHMX KaJpoBa 3a
OpraHMU30BaHU TUMCKH HACTYII IIPU UHTEPBEHIU]H,

® Jla pacloJiaXy ca JOBOJBHO TEXHHYKOM (JIMYHOM W KOJEKTHBHOM) ONPEMOM 3a
raieme 1

® J1a pacloJlaxKy ca JOBOJbHO KBAJIMTETHUM CPEICTBUMA 3a rallcke.

2. MOCTYHAK Y CIYYAJY HOXKAPA HA BA3AYXOILJIOBY

Hajuenrha nojaBa nosxapa Ha MOTOpPY Ba3yXOILJIOBa, JEIIaBa CEe MPUIMKOM CTapPTOBaba,
y3JIHjeTama Wik y TOKY JIeTa.

lameme moxkapa MOTOpa Ha 3eMJBM 3a BpHjeMe CTapTOBama Ba3lyXOIUIOBa, HA
IaTOpMH, NPHIMKOM TaKCHpamy [0 MaHEBapcKUM MoBpiuuHama, npunagauiy CBC,
JIejCTBYje M0 yCTaJbeHO] MPOIEAyPH Tallemhe moXkapa, OMII0 0 K0joj CHTYallHjH Aa je pHjed.
[No>xap HacTao Ha MOTOpY NpHje TONHjeTamba Ba3IyXxoIIoBa, 3a npunagauke CBC je makie
JIOKAJIM30BaTH, Ca Mame TEXHHKE U CPEACTaBa y OAHOCY Ha IOXKap KOjU je HacTao Ha
Ba3AyXOIUIOBY TOKOM JIETa HIIU IIPU CIBHjETAbY.

TakTnka ramema moXxapa Ha MOTOpPY Ba3IyXOIUIOBa, KA0 M IOTOHCKE TpyIe je 3a1aTak
koju npunagaui CBC Mopajy aa 3amouny u ycrjemHo y mro kpaheM BpeMeHy 1a 3aBplie.

OcHoBuu 3aiatak npunaganka CBC je crnamaBambe NMyTHHKa M WIAHOBE IOCAJE M3
Ba3AyXOIJIOBa, M jeé HEOMXOJHO McTahu na je 0BO MoTyhe OCTBapUTH TEK OHJA Kaja ce
IoYkap Ha Ba3/lyXOIUIOBY CTaBU IIOJ KOHTPOJIY, OJHOCHO Kaja je yrameH HajMame 90 %
noxapa. ExcriepumenTaiHo je yrBpheHo jaa rpaHuna U3Ap:KJbHBOCTH 32 JbYACKHA OpraHu3am
y 3anaJbeHOM Ba3IyXOIUIOBY M3HOCH 138 ceKyHIH, oJ TpeHyTKa HacTaHKa moxkapa. M3 thx
pasiiora noap Ha Ba3/lyXOIUIOBY CE MOpa YracuTH 3a HajBuie 60 cekyHIH, OJJHOCHO Mopa
ce yracutu Hajmame 90 % meroBor mHTe3urTera. HakoH Tora ce mpucTyna crialiaBamby U
eBaKyalllj! YIPOXXEHUX MYTHUKA M WIAHOBA MOCaJle, Koja ce Mopa 3aBpIIUTH 3a Mame o1 90
CeKyHIIH, O] TPEHYTKa HEeTOBOT HacTaHKa. Kako Ou ce y mpakcu octBapmia Op3a u eprKacHa
BaTporacHa MHTEpBEHIIM]ja, Ha aepoJIpoMy ce Mopa 00e30ujeuTH:

e norpeban Opoj npunaguuka CBC y cBakoj cCMjeHM 3a BpHjeME€ OTBOPEHOCTH

aepozpyma,
® OIPEMIBEHOCT CIIACHUIIAYKO BaTPOTacHE OIPEME U CPEJICTaBa 3a ralleme 1oxapa,
e npaBoBpeMeHa peakuujy npunaanuka CBC Ha 3Hak y30yHe n
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e edukacaH cCUCTEM KOMYyHUKaLHje.

ITo nobujamy nHbOpMAIHje 0 CIyKOCHHUKA acpOJAPOMCKE KOHTPOJIC JIeTa O IPUHYIHOM
ciujeTamy, Hecpehn, 030MJBHO] HE3rOOM WJIM HE3TOOU Ba3AyXOIUIOBA, JACKYPHHU
tenedonucra - qucnedep CBC, nyxaH je na [2]:

e 0]Max, CHPEHOM Yy IIPOCTOpHjaMa BAaTPOTACHE jeIMHUIE WIM Ha JPYrd MPUTOAaH
HA4YWH, J1aje 3HaK 3a y30yHY,

e xuTHO oOaBHjecTH ciykxOy XHWTHE MoMOhM Ha aepoApPOMy 3a TPYyXKame yCIyra
Ba3yIIHOT IPEBO3a U HAJUICXKHY CIYXOy Tparama U ClallaBamba,

® 10 HAJIOTYy PYKOBOJMOIA aKIHje ramiema Io)Kapa W CliallaBamba, 00aBHjelITaBa
HajOmmKe MeIUIMHCKE Ciryk0e U rpancky CiayxOy 3alITHTe U CclialiaBama u

e 0e3 ojularama Ipery3Me Mjepe MPOIKCAHE OMIITUM aKTOM O OpraHW3allUjH, pagy U
nmoctynay CBC.

Hpunmaganin CBC y ciaydajy mpuHYIOHOT CiHjeTama, AY)KHH Cy Aa, 0e3 oanarama, y
poky ox 20 cexyHIM 021 AaBamba 3HaKa 3a y30yHy n3al)y ca BO3WJIMMa U3 rapaxke.

3. PACIHIIPEJ] BATPOI'ACHHUX BO3WJIA TP UHTEPBEHLINJU

BarporacHa Bo3miia ce MOTy KpeTaTu MO CBUM caoOpahajHUIIaMa Ha aepoAapoMy M BaH
Bera, YKOJHMKO Ce 3a TO yKake motpeda. CBe caoOpahajHuIle Ha aepoapoMy Kao U MpHIa3HH
MyTEeBH MOPajy ce OJpKaBaTH TAKO Jia, CE€ BAaTPOTACHA BO3MJIA MOTY HECMETAaHO KPETaTtd y
CBHUM TPABI[IMAa Y CBAKOM BPEMEHCKOM TPCHYTKY.

INonoxaj BaTporacHa BO3WJA, BaTPOIaCHO-CIIACHIAUKEe OIpeMe M NOMOhHe ompeme je
BPJIO Ba)KaH NapaMeTap y TOKY HHTePBEHIHje IIPH Tallley I10)Kapa Ha Ba3IyXOIUIOBY. Y TOM
by y BUay Tpeba umatu cibenehe dakrope [2]:

e npuhin JiMIy Mjecta M3y3€THO OINPE3HO Tako Ja ce M30jerHe Taxeme HCHaX
NYTHUKA, OJYIUHE, 3aJepaBame Tia, IPOCYTOr TOpHBa MM APYrHX omnacHoctH. He
Tpeba BO3UTH KpO3 AWM, Kako He OM JouuIo 0 moBpehuBama myTHHKA, KOju ce
eBakyuiny. Takole, 1 BOXKEA NPEKO OJIyIIMHA Ba3IyXOIUIOBA MOXKE Ia IOBEJIE IO
BHUILECTPYKHX MyKOTHHA HA 'yMaMa BO3HUIIA,

e MoOpa ce y3eTH y 003Hup M CTaOWIIHOCT TepeHa, Harub 3eMJBHIITA W IIpaBall BjeTpa
IpHje yaacka y Xa3apIHy 30HY - 30Ha I1afa. YBHjeK ce BO3MJIA IOCTaBJbajy TAaKo JAa
BjeTap He HOCH JUM M TaCOBHTE MPOJYKTE Ha BO3MJIA, KaKo OM ce u30jerna ucrnapema
TOpHUBa KOje Ce CKYIJbajy Y HUKHUM 00JacTHMa,

® MO3HULHOHUPAKE BO3UIA U 0c00Jba Tpeba OpraHU30BaTH TAKO, 1a MOHUTOPHU H Mpyre
MOTY J1a IIOKpPHjy HEe CaMO TPEHYTHU I0Kap, Beh 1 eBeHTyallHO BeroBo MINpeme U Aa
ce MOHHTOPH MOTY YIOTPHjeOUTH 3a 3aIUTUTY TPYMa U 010AlUBaKY MMOKapa,

® II0CTaBJbCHA BO3WJIA HE CMHjy OMETaTH eBaKyallHOHE IyTeBe WIH ONEpaLH]jy
crianiaBama 0coda y Ba3ayXOIUIOBY,

e BO3WIA CE MOpAjy MOCTAaBHUTH Tako, Ja C€ MOTy Mperpymucatu (IpOMHjeHUTH
MoJiokaj) mTo je Moryhe nakmme, y ciy4ajy pasOykraBama IOXapa, JIOK Ce
MaHEeBpHCake BO3IIA Y Ha3aJ MOPa CBECTH HA MUHHMYM,

® IIO3WLMOHMpAaEkEe BO3WIA IPH MOXKapa Ha MOTOPY Ba3IyXOIUIOBa MOXE OHTH
OTEeXXaHO. 3aTO ce BO3WJIA OOMYHO MO3HIHOHUPA]y Y ONM3MHM HOCA Ba3IyXOILIOBA.
Kox Benmmkux Ba3zgyxormioBa, 0BO MOXe J1a Oyzae mpoOieM 300r moMera BogoOamaya.
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HonmaTtHa maxkma, YKOJIHMKO BO3WJIA MOTY Ja c€ MO3HIHOHUPAjy y PEIHOM IHjeny,
Mopa J1a ce 00paTH Ha MOTCHIMjATHY 30HY Tajla ¥ CIy4ajy CTPYKTYPHOT KOJIarica,
® KOJIGKTHBHA BaTporacHa ompema, Mopa OMTH Tako MOCTaBJbCHA [la CE Ca TOT MjecTa
MOJKE BHJIjeTH MjecTo 3axBaheHo MmokapoM,
e ompeMa Ce HE CMHje MOCTABHTH Yy II0JI0Xka] KOju OW je MOBEO y OMAacHOCT, 300T
pa3IMBEHOT rOpPUBA WIIH y CIy4ajy HoMjeparma Ba3IyXoIlioBa 1
e HU jeJHa BO3WJIA APYTUX CIYy>KOW HE CMHjy J1a ce Kpelly y 30HHM JiejcTBa MPHITaJHUKA
CBC - emeprenny 30Ha wim 90 M 0ko Ba3ayXoIIOBa.
Hdpyru dakropu koju Mopajy na ce y3My y 003up npu oapehuBamy Kpajmer M0J0Kaja
BO3MJIA TIPHU raniekhy U clallaBamkby 0c00a U3 Ba3lyXOIUIOBa, YKIbYUY]Y:

Opoj, TiIT 1 MOTYhHOCTH BO3HIIA,

0poj U CIIOCOOHOCT HHTEPBEHTHOT 0c00Jba,

JIOKaIyja ¥ CTambe OyIUHE,

Opoj U JToKaIMja MPEKUBJEITUX U

OCHOBHE OITacHE 00JIaCTH ITOBE3aHE Ca CTamEeM Ba3ayXOIUIOBa.

Temka BaTporacHa BO3WJA, ONPEMJbCHA MOHHTOPHUMa-BoNOOAallaynMa 3a MAaCOBHY
yrnoTpeOy cpejcTaBa 3a raiiemne, MOpajy ce IOCTaBUTH TAaKO Ja € MOHUTOPH UCKOPUCTE Ha
HajeUKaCHUjH HauuH. BeoMa je 3HauajHO da ce M30jerHy ryOHIlM, OTPaHHYCHE KOJTMYHHE
CpeJiCTaBa 3a raleme, 1a MOHUTOpE Tpeba KOPUCTUTH caMo KaJia ralerme noxapa ca mbHuMma,
naje Hajoosbe pesyntare. Mmajyhm y Bumy na he ce Ha mpocTOpy OKO Ba3AyXoILIOBa Y
TPEHYTKY aKIUJICHTa - I0)Kapa HaJa3WUTH BEIHMKU OpOj JbyOH KOjU NpPYKajy pasHe BpCTe
nomohw, BaTporacHa ornpeMa ce MOpa MOCTABUTH TAaKO Ja OHA HE PEMETH HUXOB e(pHKacaH
padz.

Takole, mpaBuiIaH pacriopes py4HHX U MIPEHOCHUX allapara 3a MMOYEeTHO rallemne Moxapa,
YecTo je OWTaH 3a ycljex omnepanuje ramema. [loueTHe KonnunHe mjeHe Tpeda Ja MoKpujy
Tpyn W jaa Oyay HUCHylITeHa Iy WUXOBHX OouHHMX crpaHa. JlomatHa cpencrBa Tpeba
HCKOPHUCTHUTH 3a OTKJIamame Toxapa. Kajga ce Oupa HajOooJba MO3UIIMja 32 OCTU3AkBE OBOT
nmba Tpeba o0paTUTH NMaXky Ha YTHUIA] BjeTpa, HA paclpoCTUPame TOIUIOTE, Ka0 M Ha
BEJINYHHY I10Kapa.

3najyhu cBe oBo, Tpeba omabpaTu mo3WIlMje amapaTa W KOPUAOpa 3a CIlallaBame
CTBapame yCJOBa 3a NMPEXHBJbaBa-e¢ Ha TaKaB Ha4yMH, Jla ce raje je rox to moryhe, Bjerap
HCKOPHUCTH Kao UCIIOMON y ITOCTH3amby IMIABHOT LIMJbaA.

0 km/h

20 km/h

30 km/h

40 km/h
Cnuxa 1. Kpemare ouma y moky noxcapa Ha az0yXonniogy y 00HOCY Ha Op3uny sjempa
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[lpy HajaBH BaHpeIOHE CHTyalldje Ha Ba3AyXOIUIOBY KOjU Ce Hala3d y Basdyxy,
npunagaui CBC ca onpeMoM M Bo3winMMa, 0Max, 0e3 OKIIMjeBama, M0Ja3e Ha YHalHje
oxpehere mozuiyje Iy MONHJETHO CIHMjeTHE cTa3e. Bos3mia, ompeMy u amapare Tpeba Tako
MOCTABHUTH []a CC BO3MJIMMA JPYTHX HHTEPBEHTHHX CIIY)XOH HECMETaH MPHiIa3 Ba3ayXOIIOBY
HAaKOH H-ErOBOT 3ayCTaBJbatba.

BarporacHo-cracmiiauka InpumpemMa Mopa jga o0yxBaTa IIMPOK cHeKTap Moryhux
cUTyalija y cilydajy moTpeOHEe HHTEpBEHIIMje, MCTOBPEMEHO IOoKa3yjyhn MakcuMalHy
HPHUIIPEMIBEHOCT OIIpeMe 3a Op30 ramieme moxapa.

[ ] 774

Cnuka 2. Pacnoped mewkux 6ampo2achux 603uid 0ko 6a30yXonaiosa y Kojem
Jje douino 0o nodicapa na Momopy y 0OHOCY Ha CMjep Kpemarea gjempa

1. Iymuuuxu eazoyxonnog 2. Tewko 6ampoeacto 603uio
3. Mnasnuuap 4. Cmjep xpemarsa sjempa

Cnuka 3. Pacnoped mewikux 6ampo2acHux 603uid 0ko 8a30yXonaiosd y Kojem
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Jje downo 0o nodicapa na Momopy y 0OHOCY HA cMjep Kpemarba gjempa

1. Iymnuuxu eéazoyxonioe 2. Tewiko eampozacho 603uno
3. Muasnuuap 4. Cmjep kpemarsa gjempa

=
7+

Cnuxa 4. Pacnopeo mewxux 6ampo2achux 603u1a oko 6a30yXonioed y Kojem
Je douwno 0o nosicapa na pezepsopuma y 00HOCY Ha CMjep Kpemarea gjempa

1. IDymuuuxu sazoyxonnos 2. Tewko 6ampo2acho 603uio
3. Mnasnuuap 4. Cmjep kpemama gjempa

4. 3AK/BYYAK

Ipema cratuctuukuM nojganuma 42 % mosxapa WiIn eKCIUIO3Hja Ha Ba3IyXOIUIOBUMA Ce
JielllaBa Ha CaMOM aepoJpoMy, WM aepojpomMckoj 3oHM mpeunuka 400 m, 25 % y 30HHM
npeuynnka 400 1o 800 m, a 33 % Ha pacrojamy npexko 800 m o 30He aepoapoma.

3Haun 67 % xaBpHja Ha Ba3AyXOIUIOBY JielllaBa C€ y 30HH, Tljeé O MPBOT TPEHyTKa
Mopajy aejctBoBatu npunagauym CBC.

Takolje, Ha OCHOBY CTaTHCTHYKUX IOAaTaka oko /2 % pocamammux Tparendja Ha
Ba3IyXOIUIOBY, U3a3BaHHU CY JbYACKHM (akTopoMm. Melytum, MHOTEe Hecpehe mecuiie ¢y ce u
cTunajeM HecpehHUX OKOHOCTH: 300T HEIOBOJHHO TOPUBA, OTMHIIA, IITHIIA, a HA yAap TpoMa
HUje 3aHeMapJbuB (GakTop.

HO)KapI/I Ha Ba3yXOIUIOBY MOTY Ja HaCTaHy.

e TOKOM JIeTa, yKJbydyje MOXKape KOju HacTajy 3a BpHjeMe Jera, (yriaBHOM Ha
ITOTOHCKO] TPYIIH, CTajHOM TpaIly, eIeKTPO OJjeJbINMa M HHCTaNalfjaMa, OJjeJbKy 3a
CMjeliTaj OJ[BOjEHOT MpTJbara M TOAIETY), a race Ce CPEIACTBUMA KOjU Ce Hajaze y
Ba3IyXOIIOBY. YKOJIHKO c€ MOKap HE MOXKE YracWTH 3a Hajkpahe BpujeMe, MIIOT
Tpeba sJa ITO TpHje CTUTHE JIO0 HaONMKer aepoapoMa, WM YKOJHMKO je MOXkap
CYBUIIC BEJIMKOT UHTE3UTETA JIa MIPUHYAHO CJICTH,

® Ha IMCTH, YKJbyuyje MOXKape KOjU HHUjecy MOoCbeaula MeXaHuukor omrehema
Ba3IyXOIUIOBa, Beli HEMCIPABHOCTH y TOKY IMPHUIIPENpeMe 3a HoHjeTame (Iymhemhe
TOPUBOM HJIM Ma3HBOM, €JICKTPONYHEhE PH MaJbeby, IPTIbAKHUA IPOCTOP | Ap). Y
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OBY TPYIly c€ YKJbY4Yjy M TOXapu KOjU HACTajy NpH CyHapy y TOKY TaKCHpPamy
PYJIHHM cTa3aMa WM Ha aepoJPOMCKY IIaThopMy

e y TOKy yzaeca, oOyxBara IOKape KOjU HAcCTajy Ha Ba3AyXOIIOBY NPHIHNKOM
clMjeTama Wi y3JHjeTaka Kao IOCJheIulla MEXaHHIKOT omTeherma Ba3ayxomioBa
(kBap Ha cTajHOM Tpamy WK Cyaap ca mpenpekoMm). BehnHa TakBux moxkapa je je
MOCJbEINIIa HEM3BYUEHOT CTajHOT Tpala, JOAUP TOYKOBA IIPHje IMHCTE, WIN H3JIa3aK
ca MHCTE ycJbe]] BENUKe Op3HHE.

Be3 o03mpa Ha BpcTy yaeca BazayxoruioBa, mpema tBpamama bbBll-a, y mpexo 90 %
Ba3IyxOIUIOBHUX Hecpeha mocToje npeskusjenu. HapaBHO, KO HEKMX CUTYaIlHja HE TIOCTOJU
HUKaKaB CIac WIX Haza 3a 0co0e KOju ce Hajla3e y Ba3ayXOIIOBY.

CracuTy KHMBOT ITyTHUKA ¥ WIAHOBA TOcaze je Moryhe camo OHJa, Kaja ce Ba3IyXOIlIOB
HaJTa3W Ha 3€MJBH WJIM KajJa CE 3aBPIIM CIIHMjeTame, IITO je OCHOBHM 33JIaTaK IPHITAIHUKA
CBC pa yrace Hacranu noxkap 3a HajBuiie 60 cexyHau, OJJHOCHO MOpAjy YraCHTH HajMarbe
90 % meroBOT MHTE3UTETA, HAKOH Yera ce MPUCTYIa CHallaBamby U €BaKyalUju YIPOKEHUX
MyTHUKA W YWIAHOBA MOCAJE, IITO CE€ MOpa 3aBPHIMTH 3a Mambe o1 90 CeKyHaM, 01 TPeHYyTKa
E-ETOBOI HACTAHKA.

5. JIMTEPATYPA
[1] 3akon o BazmymHoM caobpahajy ("Co. muct LI™ 6p. 66/08).

[2] TIpaBumauk o mpyxamy yciayra CHACHIIAYKO-BATPOTACHE 3AIITHTE Ha aepoJpOMHMA,
("Ca. muer L™ 6p. 47/12).

[3] Dosuour MaptuH, "Onacaoctu Ha aepoapomy”, Beorpan, 2004.
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Nada MARSTIJEPOVIC * Strucni rad
Velizar CADENOVIC 2

NAPON PARA I TACKA PALJENJA KAO OSNOV ZA
ODREDIVANJE PREVENTIVNIH MERA ZASTITE OD
POZARA I EKSPLOZIJE ZAPALJIVIH TECNOSTI

Pe3ume: Napon para i tacka paljenja su parametri koji ukazuju na stepen opasnosti od pozara kada suu
pitanju zapaljive tecnosti. Da bi se obezbedio veci stepen sigurnosti i bezbednosti pri skladistenju,
drzanju i prometu zapaljivih tecnosti, neophodno je poznavanje ovih parametara, na §ta ukazuje ovaj
rad.

KibyuHe peun: napon para, tacka paljenja, zapaljive tecnosti, bezbednost od pozara

VAPOR AND IGNITION POINT AS THE BASIS OF
PREVENTIVE MEASURES AGAINST FIRE AND
EXPLOSION OF FLAMMABLE LIQUIDS

Abstract: The vapor pressure and flash point are the parameters that indicate the degree of danger of
fire when it comes to flammable liquids. To ensure a higher degree of safety and security when storing,
holding and transport of flammable liquids, it is the knowledge of these parameters, as indicated by this
work.

Key words: vapor pressure, flash point, flammable liquids, fire safety

! Mr. Ministarstvo unutragnjih poslova Crne Gore marstijepovicn@gmail.com

2 Spec. struk. ing. Sluzba zastite i spasavanja Opétine Bar
206



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

1. UuvOD

Poznavanje fizicko-hemijskih osobina zapaljivih materija je od izuzetne vaznosti jer se
omogucuje da se preduzmu nephodne mere.preventivne zastite i time povecava stepen bez-
bednost pri rukovanju sa njima.

Ovim bi se osiguralo da se u Stampi manje srecu ¢lanci koji govore o zrtvama sadrzaja:
“poginuo u eksploziji“, ,,eksplozija plina digla krov u vazduh, radnik prebacen u KC* (koji je
kasnije i preminuo) itd.

Zapaljive tecnosti se upotrebljavaju kao goriva, u proizvodnji kao rastvaraci, kao sastavni
djelovi premaza, kao ekstrakciono sredstvo, kao polazna sirovina u hemijskoj sintezi.

Stepen opasnosti koju nosi sa sobom zapaljiva tecnost zavisi prije svega od osobine
teCnosti kao i od uslova, nadina upotrebe i skladistenja.

Osobine tecnosti koje su bitne za odredivanje stepena opasnosti su tacka zapaljivosti i
tacka samopaljenja, stepen isparljivosti, zatim interval zapaljivosti (eksplozivnosti).

Standardom je definisano da su zapaljive tecnosti, te¢nosti ili smeSe te¢nosti bez ili sa
suspendovanim ili rastvorenim ¢&vrstim materijama koje na temperaturi od 500C imaju
pritisak pare nizi od 3 bara (3kPa), a Cije se pare pale u pogodnom odnosu sa vazduhom u
prisustvu izvora paljenja (plamen, varnica).

2. ZAPALJIVE TECNOSTI

Zapaljive tec¢nosti se dijele na lakozapaljive tecnosti i zapaljive tecnosti.

Lako zapaljive te¢nosti su one te¢nosti koje imaju temperaturu paljenja ispod 38°C i &iji
napon pare ne prelazi 3 bara. Lako zapaljive tecnosti obrazuju I grupu zapaljivih te¢nosti ¢ija
je temperatura paljenja ispod 38°C djele se u tri podgrupe:

e |A- teCnosti ¢ija je temperatura paljenja ispod 23°C, a temperatura kljucanja ispod
38°C

e |B- tecnosti ¢ija je temperatura paljenja ispod 23°C, a temperatura kljudanja iznad
38°C

e |C- te¢nosti ¢ija je temperatura paljenja od 23°C do 38°C

Zapaljive te¢nosti su one te¢nosti koje imaju temperaturu paljenja 38°C i vise. Zapaljive

tecnosti obrazuju II 1 III grupu zapaljivih tecnosti i to:
e I grupu te¢nosti ¢ija je temperatura paljenja od 38°C do 60°C
e III grupu tednosti ¢ija je temperatura paljenja od 60°C i vise i dijele se u dvije grupe:
e |IIA - te¢nosti &ija je temperatura paljenja od 60°C do 93°C
e |IIB - te¢nosti &ija je temperatura paljenja 93°C ili vie.

3. SKLADISTENJE ZAPALJIVE TECNOSTI

UskladiStavanjem zapaljivih te¢nosti podrazumeva se svako trajno i privremeno drzanje i
smjestaj ovih teCnosti u objektima, na slobodnom prostoru, u posudama, bez obzira na
veli¢inu i vrstu posuda u kojima se drze.
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Zapaljive tecnosti moraju se drzati u posudama ili rezervoarima koji odgovaraju
propisanim tehnickim uslovima i standardima u koli¢ini i na nacin odreden propisanima
standardima za odredenu vrstu zapaljivih teCnosti. Osnovna opasnost kod skladiStenja
zapaljivih tecnosti je mogucnost da se u skladiStnom prostoru moze u svakom momentu
pojaviti smjeSa para zapaljivih teCnosti i vazduha u granicama zapaljivosti i ako se nade
izvor paljenja dolazi do pozara ili eksplozije.

Preventivne mere koje se preduzimaju su onda u smjeru sprecavanja izlaska tecnosti ili
njihovih para iz posuda u kojima se nalaze kao i eliminisanje svih potencijalnih izvora
paljenja iz opasne zone. Uzrocnici paljenja mogu biti: otvoreni plamen- (razli¢iti gorionici za
zagrijevanje, zavarivanje, plamen Sibice, upaljac, upaljene cigarete), varni¢enje (varnice u
elektricnom uredaju, mehanicke varnice), vruée povrSine (zagrijani vodovi, sijalice,
kalorifer, TA peci), atmosfersko praznjenje, staticki elektricitet. Veli¢ina i polozaj zona
opasnosti zavisi od vrste skladiSta i vrste rezervoara.

4. REZERVOARI

Rezervoari za ¢uvanje zapaljivih tenosti se grade kao nadzemni i podzemni. Osnhovni
problem koji se postavlja kod konstrukcije, postavljanja i eksploatacije rezervoara je da se
sprijeCi rasipanje te€nosti i izlaz pare tecnosti u prostoru gde je moguce stvaranje zapaljive
smjese.

Posebno se treba rijesiti pitanje ogranicavanja rasipanja velikih koli¢ina te¢nosti u slucaju
havarija. Do havarija vecih razmjera moze doc¢i prilikom zemljotresa, poplava, klizanja
terena, u pozarima i u ratnim uslovima. Do eksplozija rezervoara moze do¢i usljed poveéanja
pritiska, do ¢ega moze do¢i u ljetnjim mesecima kod viSih temperatura, ako je rezervoar
napunjen do vrha.

Manja oStecenja mogu nastati usljed korozije, mehani¢kog udara, popuStanja varova,
osteCenja na zaptivcima spojnica za armaturu i ostalu opremu. OSstecenja kod nadzemnih
rezervoara mogu se otkloniti lako $to nije slué¢aj kod podzemnih rezervoara. Rezervoari se
izgraduju od celicnog lima, a spajanje vr§i zavarivanjem, zakivanjem 1 zavrtnjima.
(premazivanjem, zaStitnim trakama, katodnom zastitom) i statickog elektriciteta. Nadzemni
rezervoari se grade sa Cvrstim i plivajuéim krovom. Kod ¢vrstog krova postavlja se zbog
moguceg povecanja pritiska ventil sigurnosti. Zbog moguée eksplozije i zbog usmjeravanja
eksplozivnog sagorevanja spoj izmedu krovnog lima i plasta je oslabljen.

Obavezna oprema kod nadzemnih rezervoara je:

e odusak normalni (zbog sprecavanja nadpritiska ili podpritiska kod punjenja ili
praznjenja rezervoara)

o odusak sigurnosni koji se moze izvesti kao pokretni krov na rezervoarima ili to moze
biti oslabljeno mjesto izmedu krova i plasta, ili se moze izraditi u obliku ventila
(kapacitet oduska-dimenzije moraju biti odgovarajuci)

e zadrza¢ plamena - zbog sprecavanja ulaska plamena postavljaju se na otvore
rezervoara (zadrzavaju plamen direktno u toku 10 min)

e pokazivaé nivoa te¢nosti
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e uredaji za punjenje i praznjenje rezervoara — moraju se izvesti tako da omogucuju
siguran prikljuéak za cjevovode
¢ uredaj za obezbjedenje od prepunjavanja
e otvori za pregled i ¢is¢enje
Kod podzemnih rezervoara oprema je u sustini indenti¢na sa onom kod nadzemnih. Kod

postavljanja oduske mora se obezbjediti da sve zavrSava na udaljenosti od najmanje 1 m od
zida bilo kojeg objekta, a visina izlaznog kraja mora da zavrSava na 30 cm iznad okolnog
terena. Obim zona zavisi od:

ventilacije
oblika rezervoara
izvora ispustanja
temperature (tacke) paljenja
e gustine pare
ZONA 0 - Prostor u kome su stalno prisutne eksplozivne supstance, ili su prisutne u
duzim periodima u koncentracijama izmedu maksimalne i minimalne.

ZONA 1 - Prostor u kome se mogu pri normalnom radu pojaviti eksplozivne supstance
¢ija koncentracija moze vjerovatno biti uzrok eksplozije.

ZONA 2 - Prostor u kome se samo u poremeéenim uslovima moze pojaviti koncentracija
eksplozivnih supstanci, ali samo kratko.

5. SAMOZAPALJIVOST ZAPALJIVIH TECNOSTI I GASOVA

U prakti¢noj primjeni zbog zastite zivotne sredine, zdravlja i bezbjednosti ljudi, Zivotinja
i biljaka i imovine potrebno je poznavati fizi¢ko-hemijske parametre i odnose, kao i
uslovljenosti odredenih procesa kako bi rad na pomenutom polju bio §to je moguce efikasniji
i bezbjedniji. Konkretno, u spre¢avanju negativnih uticaja a koji se najce$¢e manifestuju u
atmosferi, neophodno je upoznati se sa osnovnim osobimama zapaljivih te¢nost i gasova da
bi se odredene negativne posljedice mogle kontrolisati i blagovremeno sprijecavati.

Fizicke karakteristike ugljovodonika koji se koriste za motorna goriva u velikoj mjeri za-
vise od njihove molekulske tezine. Uglavnom, §to je veca molekulska masa ugljovodonika,
nizi je maseni odnos vodonika i ugljenika u jedinjenju, veca je gustina ugljovodonika, visi su
temperaturski opsezi isparavanja pa je samim tim veca i viskoznost goriva. Takode, struktura
ugljovodonika, kao i vrste hemijskih veza u molekulima, mnogo uti¢u na sklonost ka
samopaljenju.

Temperatura samopaljenja je temperatura do koje se ili treba zagrejati gorivo u prisustvu
vazduha, da bi se ono zapalilo samo od sebe ili interakcijom inicijalnog sredstva i dalje
sagorijevalo. Temperatura upaljenja je temperatura na kojoj se gorivo pali u prisustvu
spoljasnjeg izvora energije (plamena ili varnice). Ova temperatura je niska za lakoispariva
goriva kao $to je benzin. Zbog toga treba preduzimati posebne mjere predostroznosti pri
skladiStenju 1 manipulaciji ovakvih goriva. Dizel goriva imaju znatno visu temperaturu
upaljenja, pa su bezbednija za manipulaciju i skladiStenje.

Iskustva iz prakse nam pokazuje da sve gore navedeno kao preventivne mjere nijesu
dovoljne da se u odredenim slucajevima zbog propusta ugrozi ljudski zivot, materijalno
dobro i zivotna sredina. Iz tog razloga treba povecati ne samo preventivne mjere gore
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opisane, ve¢ pracenje fiziko-hemijskih parametara a to je napon pare i temperature (tacka)
paljenja kao obaveznu prevenciju a samim tim i podizanje stepen bezbjednosti na najveci
moguci nivo, kako bi se posljedice mogle minimizirati ili ublaziti na najmanji moguci nivo
ili izbjeéi.

6. ZASTO NAPON PARE I TEMPERATURA PALJENJA?

Decenijski nau¢no-istrazivacki rad u oblasti zapaljivih te¢nosti i gasova, kao i dogadaji
iz prakse daju nam za pravo da apelujemo u dijelu doprinosa na podizanje stepena
bezbjednosti a tice se bezbjednosti od pozara ili eksplozije i to kontrolisanjem temperature
(tacke) paljenja i napon pare.

Temperatura paljenja predstavlja karakteristiku koja je od interesa za bezbjednost od
pozara pri ¢uvanju goriva na skladistu, transpotru i u uslovima eksploatacije. To je naniza
temperatura do koje treba materiju zagrijati u propisanim uslovima ispitivanja pa da se iz nje
izdvoji toliko gorivih i isparljivih sastojaka da se mogu upaliti spoljasnjim izvorom toplote i
da trenutno sagore. Niska temperature paljenja kod dizel goriva ukazuje na prisustvo lakih
komponenata, ¢ije prisustvo moze biti Stetno po rad motora. Tako da za zapaljive tecnosti i
gasove treba predvidjeti strogu kontrolu parametara vezanih za pozarnu bezbjednost prilikom
skladiStenja.

Za zapaljive lake destilate (benzini) taj parametar je napon ili pritisak para. Napon para
definide lakoc¢u isparavanja (u ovom sluaju) benzina. Sto je napon para veéi benzin lakse
isparava i obratno. Opasnost predstavlja napon para veéi od standardom predvidenog
(postoje gornje graniéne vrijednosti za ljetnji i zimski period, dato u tabeli 1.) jer se usljed
prevelikog isparavanja formiraju vece koli¢ine zapaljive smjeSe pare goriva/vazduh, koje
predstavljaju potencijalnu opasnost po bezbjednost skladiStenja. Ova opasnost se povecava u
slucaju da veca koli¢ina lako isparljivih ugljovodonika dospije iz skladiStenog rezervoara u
atmosferu. U ovom slucaju javljaju se viSestruki problemi, kao $to su, povecavanje opasnosti
od pozara/eksplozije (ako se odnos pare benzina/vazduh nade unutar granica upaljivosti),
zagadenje vazduha (nesagorjeli ugljovodonici su zagadivaci vazduha, prije svega benzen koji
je lakoisparljiv toksican ugljovodonik), kao i povecanje gubitaka prilikom skladistenja
benzina (time se zagaduje i vazduh). Na drugu stranu, vrijednosti napona para ispod
standardom predvidenih loSe uti¢u na rad motora.

Tabena 1 - Karakteristike napona pare, goriva za motorna vozila — TNG (tecni nafini gas)

Godi$nje doba Datum Klasa isparljivosti
Prelazni period 01.april - 30.april C
Ljeto 01.maj - 30.septembar E
Prelazni period 01.oktobar - 31.oktobar C
Zima 01.novembar - 31.mart A

Za zapaljive srednje destilate (kerozin i dizel gorivo) taj parameter je tacka paljenja.
Opasnost predstavljaju vrijednosti tacke paljenja ispod minimalno predvidene standardom
(za dizel goriva za motorna vozila 55°C, za plovila 60°C) jer postoji opasnost od formiranja
zapaljive smjeSe pare goriva/vazduh unutar granica upaljivosti. Nize vrijednosti tacke
paljenja su, izmedu ostalog, posljedica mijesanja dizel goriva sa lakim destilatima,
benzinima, tokom transporta ili skladiStenja. U tim sluCajevima se dizel goriva moraju
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tretirati na potpuno drugi nacin da nebi doslo do nezeljenih posljedica. Takode, gasne - parne
faze su pare ugljovodonika teze od vazduha i one se dnevno mogu taloziti iznad tla gdje
predstavljaju potencijalnu opasnost za izazivanje pozara ( naroCito za te¢ni naftni gas TNG-
LPG). To prakti¢no zna¢i da se napon pare mora mjeriti unutar rezervoara jer moze do¢i do
mjesanja vazduha sa benzinskim parama i u sluéaju da dode do interakcije sa stranim
izvorom, moze do¢i do eksplozije ili pozara. Takode oko rezervoara isto treba da se vrse
mjerenja napona pare zbog zagadenja a samim tim i zastite Zivotne sredine. Nema te sonde i
detektora koji moze da bude toliko vjerodostojan u odnosu na standardom propisane metode.

7. ZAKLJUCAK

Cilj rada sastoji se u sljedecem:

¢ Da se fizi¢ko-hemijski procesi koji se javljaju u okviru Zivota i rada ljudi, povezu na
adekvatan nacin sa zivotnom sredinom, ¢ime bi se znatno smanjio procenat rizika i
mogucénost pojave akcidenta.

e Multidisciplinarni pristup treba uvazavati i njegovati, ali kroz postovanje nauke i
znanja iz nauke, a ne za one koji njihovom ne upuéeno$cu (neznanjem) minimiziraju
naucna znanja, nauku i nauc¢na dostignuca.

¢ Postavlja se pitanje da li pojedine osobe iz poZarne struke treba da znaju nesto vise o
naponu pare i temperaturi paljenja, posStuju¢i nauku ili da je negiraju, jer pozar i
eksplozija su fizi¢ko-hemijski procesi?

Zagtita zivotne sredine kao multidisciplinarna nauka, mora u vidu svojih djelatnosti teziti
povezivanju prirodnih tokova sa savremenim dostignu¢ima covjeCanstva, ¢ime bi se u
velikoj mjeri doslo do napredovanja u prakticnom ostvarivanju agende o odrZivom razvoju,
bez koje nema nade za opstanak zdrave planete i zivota.

Neznanje, sujeta ili kapric pojedinaca mogu dovesti do tragi¢nih poslijedica sa ljudskim
zrtvama. Samo podizanjem stepena bezbednosti mogu biti spaseni ili saéuvani ljudski zivoti.
I na kraju smatramo da bi pri razmatranju zakonskih propisa bila neophodna konekcija
crnogorske naucne i zakonodavne strukture a ne samo grupe ljudi koja nema dovoljnu
struénost (kao u ovom sluc¢aju: vojnoakademci, pravnici, bezbjednjaci, dijelom protivpozarci,
zastita na radi, elektro inzenjeri i knjizevnost) i glasanjem (dizanjem ruku) opstruiraju znanje
i nauku.

Ipak, uprkos svemu navedenom stru¢nom i manje stru¢nom, znanom i manje znanom,
ljudi iz egzaktnih nauka i poznavaoci tih nauka apeluju da treba podici stepen bezbjednosti i
oCuvanje svega onoga §to nas okruzuje u svakom segment Zivota, kao na primjer u ovom
slu¢aju: ¢ovjeka, materijalnih dobara, Zivotne sredine i potrosaca. Zar je to malo!?
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PEKOHCTPYKIINJA CTAIIMOHAPHE UHCTAJIALIMJE
3A TAHIEIBE ITOKAPA YI'JBEH-IUOKCHUIOM U
IMPEJHOCTH HOBOTI' YT PABEHOI' CUCTEMA Y XE
"BEPJIAII 1"

Pe3sume: V mwby noGosbllama 3alTUTE O NOXapa M e(UKaCHHjer raiieima I10Xapa, U3BpIICHa je
PEKOHCTPYKIIMja CTalMOHApHE HHCTAJAIH]je 3a Talleke IoKapa YIibeH-THOKCHIOM Koja ce cacTojana y
3aMenu nocrojehe Garepuje Ooma, 3aMeHH 3acTapenX pe3epBHUX OO0Ia, 3aMEHH CEKTOPCKUX BEHTUIIA U
KOMIUICTHpama ca CBHM HEONXOAHHM ypehajuma y ckmagy ca 3axrteBuMa aoMmalinx mpormca 3a
CTallIOHAPHE MHCTAJAllNje 3a rallehe 0Xapa yribeH- JUOKCHAOM U HeMaukux npomnuca-VdS. ITopen
omca rope HaBeJeHe HHCTalalkje y paay je aato u mopelheme HoBor yrpal)eHor ciucrema y OfHOCY Ha

crapy cTaOMIIHY HHCTaJAIH]y Ka0 ¥ MPETHOCTH HOBOT CHCTEMA.

Kibyune peun: CranpoHapHa WHCTaNAIMja, Tallelke MOXapa, CEKTOPCKH BEHTHII, YTJbEH-THOKCHUI,

AKTUBUPAKE

RECONSTRUCTION CARBON DIOXIDE
EXTINGUISHING SYSTEM AND ADVANTAGES OF NEW
EMBEDDED SYSTEM IN HE ’DERDAP 1>’

Abstract: In order to increase fire safety and effective firefighting, was reconstructed fix installation of
fire extinguishers of carbon dioxide, which consisted of replacing the existing battery containers,
replacement of spare bottles as obsolete, replaced the valve sector and completing all the necessary
equipment in accordance with the requirements of local regulations for stable installation of fire
extinguishers of carbon dioxide and German VdS regulations. In this paper, in addition to the
description above installation by comparing a new system built from the old fix installation as well as
its advantages.

Key words: fix installation, extinguishing fires, sector valve, carbon dioxide, activation

! XE "Bepman 1" Knamoso, Tpr kpasa Ilerpa 1, Knagoso, zoran.blagojevic@djerdap.rs

2 akynrer samTuTe Ha pagy y Humy, Yaprojesuha 10a, Hum, dusica.pesic@znrfak.ni.ac.rs
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1. PEKOHCTPYKIUJA CTAIIMOHAPHE UHCTAJIAIUJE 3A
IF'AHIEBE ITOKAPA YI'JBEH-IUOKCHUIOM

W3zBpmiena pexoncTpykuunja crabmmHor cucrema CO2 cacrojana ce y 3amenu mnocrojehe
Oarepuje Oo1la, 3aMEHH pe3epBHUX 0O0Ila KAO 3aCTapeinX, U 3aMCHU CEKTOPCKUX BeHTHIA (4
KOMaJia) U KOMIUIETHpama Ca CBHM HEONXOTHHM ypehajuma mpema 3axTeBuMa JoMahux
mpormica 3a crapoHapHe ypehaje 3a rameme moxapa ca CO2 u mpemMa HEMayKuM
mpomucumMa VdS.

3anpkaHo je KOMIUIETHO pemiere 3 [ maBHor mpojexra (1). 3agpxan je mocrojehn 6poj
6oma 2 x 10 xamanurera 30kg (mmyc 20 6oua y pesepsn). barepuja 6oua je peannzoBana y
CBEMY IIpeMa HeMayKhUM HopMaTuBMMa VdS U CBUM JpyruM Hpernopykama Koje ce OJHOCe

Ha CO2 kao cpeicTBO 3a Tamieme, Tako Jia cBe yrpalleHe KOMIIOHEHTE MMajy cepTHU(HKAT
Vds.

Y mwby carienaBama pealHHX radapura ompeme, 3a IOTpede CTaOMIIHOT CcHCcTeMa
kopumrhena je ompema ¢pupme "MINIMAX" n3 Hemauxe.

C oO3mpom na je mocrojeha wacTamammja (Ciomka 1) y (QYHKIIMOHATHOM CMHCITY
3a70BOJbMIIA Baxkelie 3axTeBe 3aIUTHTE OJ1 TMOXKapa, U3BPIICHO je MOBE3UBAIE LIEBOBOJA Ca
HOBOM Oatepujom Ooma. CpeacTBO 3a Tralieke je  YIJbeH-AUOKCHA. IIpojekToBaHa
CTallMOHApHA HWHCTANAIMja 3a Talllelhe I0Kapa ca YrJbeH-AUOKCHIOM Kao CPEICTBOM
rauiema je ayroMaTcKor JejCTBa.

= e s wie !

Cnuxa 1 Cmayuonaphu cucmem 3a zawerbe noxcapa yemeHn-ouokcuoom (Cmapu cucmem)
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OCHOBHHM KOHIICNT 3aITUTE ayTOMaTrcKuM ypehajeM 3a rameme Imokapa YrijbeH-
JMOKCHIIOM je ayToMaTcKa CHUTHaJIM3allMja IMOYKapHHUX BEJIWYMHA W3 30Ha 3amTuheHnx
ypehajem 3a rameme.

[Ipema oveKkMBaHOM PH3UKY O] IOXapa 3a JOjaBy MOXapa OxadpaHH Cy ayTOMAaTCKH
JjaBJbadH, KOJU Cy CMEIITEHH UCTIoA TadoHa mTHHEHNX CeKTopa.

VY onarosapajyhoj I1I1 meHTpanu ce cUrHajg OLEHH, ONTHYKH M aKyCTHUYKH ajJapMHpa.
ITocne BpeMeHCKoOr 3aTe3ama (BpeMe eBakyanuje) o 30 CeKyHIU CHTHAN ce Ipea KOMaH I
curHana (24B JIC) 3a aktuBupame ypehaja 3a rameme. OBaj CUTHaJ ce IPBO OJBOAM HA
oxroBapajyhu marHer Ha 6atepuju Ooua.

AXTHBHpame jaBjbaya MOXapa MMa 3a MOCJIEMIly aKTUBHpame ajapMa raiema. Oaj
amapM MMa BPEMEHCKO 3aapkaBame o (Max. 30 CeKyHIM) HAKOH uera TOYHibe yOaInBame
CO; y 30ny raimema(2).

CrannoHapHa ayToMaTcKa HHCTAJIAIMja CacTOjH Ce O/

e Oarepuje Oona (MeranHe Ooue HanyweHe CO;, racoM noa nputuckom on 51.7 Gapa y
KOMILIETy ca ypehajumMa 3a akTUBHpambe),

CEKTOPCKUX BeHTHIIA (4 KOMaja), 1

Mpexe ca MIla3HHUIaMa.

PexoncTpykiuja HaBeaeHOT cucremMa o0yxBaThia je cienehy onpemy u pajiose:
KoMIUTeT riaBHe Oarepuje on 10+10 6ona 3anpemune 40 1 — Hanymennx ca o 30kg
CO;, raca,

pesepsHe Oorre (20 6oria 3anpemune 40 1 Hanymenux ca mo 30kg CO, raca,

caOupHY LIeB IIaBHE OaTepuje ca HEMOBPATHUM BEHTHIINMA,

BEHTHJI CUTYPHOCTH Ha cabMpPHOj 1I€BH IJIaBHE Oarepuje,

KOJIEKTOP €a CEKTOPCKHM BEHTHUJIMMA Y KOMILIETY Ca HOCAunMa,

LIEBHH Pa3BO/] ca MJIa3HUI[AMA, U

WCIUTHBAE OTPEME U MYIITABE Y Pal.

VY cnydajy m3bmjama mokapa y IMPOCTOpPY KOJjU c€ IITHTH J0Ja3d 10 aKTUBUpama
ayTOMAaTCKHUX jaBJbada I0oXapa u npeHoca uHdopmaryje Ha oarosapajyhy I1I1 nenrpany —
raiieme je 30HCKO Tj. Moryhie je raimermne moxapa caMo y jeJHOj 30HH — CEKTODY.

[IT uenTpana y ckiaay ca OpraHM3alMOHUAM IUIAHOM aKTHBHPA IIOjeJMHE eJIeMEeHTE
CTallMOHApPHE NPOTHBIIOKApHE WHCTANAIMje 3a Tallelhe¢ IMoXKapa W Imajke HMIYIC 3a
€BEHTYaJIHAa HCKIbYUeHa.

Bentnn cBake Oomue crojeH je Hpeko (IeKCHOMIHOr ILpeBa BHCOKOI IPHUTHCKA ca
KOJICKTOPOM KOjH CKyIJba Tac W3 cBuX Ooma. Croj cBake OoIe ca KOJIEKTOPOM H3BENCH je
IIPEKO HETIOBPATHOI BEHTWJIA Tako ja je Moryha m3meHa nojenuHux Ooua Oe3 mpekupa y
pany cuctema (3).

Ha cBakoj 6o1n ce Hayla3u ¥ BEHTHJI CUTYPHOCTH — MeMOpaHa 6axxaapena Ha 120 6apa.

AyTOMaTCKO aKTHBUpame CUCTEMa ce BpIIM 0e3 UKaKBOT yTHIlaja YoBeKa, jep he cucrem
Jl0jaBe IMOKapa W3BPIIUTH CBE MOTPeOHE palibe alapMupama W aKTHBHPamba CHCTEMa 3a
ramemhe [0 IJaHy ajapMupama. IIpBo 1osia3sd 10 aKkTHBHpama CEKTOPCKOT (30HCKOT)
BeHTHIIa. CEKTOPCKH BEHTWJI C€ aKTHBHpA €JI. MarHETHUM OKHAAYeM 110 JI0OWjamy UMITyiIca
ca IIIl nenrpaine, a 3atuM ce akTuBHpa TiaBHa Oarepuja (10+10 Goma) ca CO, racom.
Barepuja ce akTBHUpa eneKTpo-MarHeToM no gooujamy ummyrca ca 111 nenTpae.
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ITopen ayromarckor akTHBHpama Trallemha MOCTOjH W IOJIyayTOMAaTCKO aKTHBUPAE,
MPUTHCKAbEM PYYHOT eJIEKTPUYHOT jaBjbaua KOjH Ce Halla3e UCIpEe/I 30Ha raliema.

[Mocrynmak akTuBHpama CHCTEMa 3a Trallele je HJICHTHYaH Kao M KOJ ciydaja
ayTOMAaTCKOT aKTHBHpamka Ia ra HHje MOTPeOHO TOCEOHO MOHABJBATH.

VY ciydajy MOTIYyHOT OTKa3WBama CHCTEMa JI0jaBe MOXKapa, raiiemhe MHCTANAjOM Ce
MOJKE 00aBUTH PYYHO.

PyyHo akTuBHMpame ce BpLIM IOBIAYCHEM pYydYHIE €J1. MarHera Ha MHIOT OOIH
CEKTOPCKOT BEHTHJIA Ka0 W KOMaHJHOI OpMaHa TjaBHe Oarepuje (Bplie ra camo o0ydeHa
JUIIA).

I'maBHU cacTaBHU JETIOBU HHCTANALH]E CY:

I'maBHa Oatepuja O6oma ca enekTpo ypehajem 3a akTuBUpameE,

e Pa3BogHWK 3a ramiele ca CEeKTOPCKUM (30HCKHM) BeHTHIMMa U ypehajem 3a
aKTHBHpambeE,

o [leBHa Mpexa ca MIa3HHIIAMA,
EneKTpuuHM CHCTEM 3a ayTOMAaTCKy MIETEeKIHjy, I0jaBy IMOKapa W aKTHBHPAHE
rauiema.

2. MPEJHOCTH HOBOI' YTPABEHOI' CUCTEMA

Kontpony HamymeHOCTH Oolla KOJ| CTapor CTaOMJIHOT CHUCTEMa je BPIIMIO CMEHCKO
ocobspe (oBnmamheHa smia) OOMIACKOM M HPOBEPOM Ka3aJbKM Ha Barama. YKOJIHMKO ce
KazaJjbke pa3MakHy Buiie o 10 MM, ucnuryje ce y3poK CMamerma TeXUHe 0o1ie.

Kon HoBOT yrpaheHor cucrema, y ciydajy aa aohe 10 TyOHTKa TEKUHE yCIie] UCTUIAba
raca 3a Bume ox 10% momasu no mopeMehaja mabuiHe paBHOTeXke U maga tera (Cimka 3),
IITO JIOBOJM 10 mpekuna nHppa npeerux 3paka (M1 6apujepe — Cruka 4), u ciama CUTHaNIA
y kyhunu cMeHcKor 0co6sba (JTaJbHHCKA KOHTPOJIA).

Cnuka 2 [Ipuxaz meza Ha boyu
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IC BARWERA =20

Cnuxa 3 Ilpuxasz UL 6apujepe
OyHKIMOHANHA MPo0a ramema KO CTapor CUCTEMa BpIIWIA ce ucmynaBameM ca 10%
npenBul)eHe KOJIMYUHE YIIbEH-AHOKCHIOM (IBE OOIIe), C TUM Jia CY IIEBH KOje OJIBOJIC yIJhCH-
JMokcu of1 boua no cabupue nesn (Ciuka 4) Mopase IMpeTXoJHO Jia ce 3aTBOpPE Kako ce He
6u akTHBHpale ocTaie 6ore Ha cucremy(4).

SABIRNA CEV

Cnuxa 4 Ilpukas cabupue yegu

Kon HOBor cmcrema cBaka Ooma TIOjeHHAYHO TIIOCEAYje CHCTEM OCHTYpama O]
AKTUBHUPAHA, TAKO Jia MOCTOjU MOTYHHOCT aKTHBUpAamka caMo n3adpaHux 0o1ia.

OnekCHOMIHUM LPEBIMa BHCOKOT MPUTHCKA ca HEMOBPAaTHUM BEHTHIMMA ce oMoryhasa
3aMeHa TNojenqMHuX Oona (cepBHcUparme 0olla) U3 Oarepuje MpH 4emMy U Yy OBOM CIy4ajy
CHCTEM OCTaje Y aKTUBHOM CTamby.

JenHa on HajOMTHUJUX IPOMEHA KOje€ je CTAIIMOHAPHU CHCTEM 3a TallleHkhEe M0XKapa yribeH-
JMOKCHJIOM IIPETPIIEO jecTe Jia y Clydajy raiema 1noxapa, iMamo 0olle y IOroHy (akTHBHA
Gatepuja) u Oote y pesepBu (macuBHa Oarepuja). OOe Oarepuje Cy MoBe3aHe U CIPEMHE 3a
€BCHTYAJTHO TalllCHkE MOIITO Ce aKTUBHPA BEHTWI oJroBapajyhe 6arepuje 6ora (Crnuka 5).
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Cruxa 5 Ilpuxaz éenmuna op.1 u op.2

Kon crapor cucrema pesepBHa OaTepuja Oolla HHje OMIa MOBE3aHA Ca WHCTAJIAIM]OM,
TAKO J1a YKOJIMKO je y MUTamy Talliekhe Moxapa Win nepuoanvHa koutpona Ha XBII, Mopajy
ce 3aMEHHUTH 0Olle Ha aKTHBHO]j OaTepuju Kako OM CHCTEM MOHOBO OMO CHpeMaH 3a Taliee.
OBakaB HauuH JoBohewa cucremMa y (GYHKIIMOHAIHO CTale 3aXTEBao je 3Ha4yajaH yTPOIIaK
BpeMeHa, Behu Opoj m3Bpmmiama, OJ0kaay cuUcTeMa JOK Tpajy paloBH, OpraHH30BaHO
BaTPOTACHO JCKYPACTBO, UT/I.

3. 3AK/bYYAK

HaBeneHa peKOHCTpYKIMja CTalMOHapHEe HHCTANAlMje 3a Tallelmhe I0Kapa YIJbeH-
TUOKCHIOM M3 CBEra MPHJIOKEHOT I0Ka3yje CBOjy OIPaBIAHOCT Yy CMECTY MOOOJbIIama
3allITUTE OJ] TIOXKapa ¥ e(YUKCHHU]ET Taliemha MOTEHIMjaTHOT 1oXkapa Ha XuupoenekTpanu XE
"BEPJIAII 1" koje ce ornena y OpxeM JOBOljemy cHcTeMa y ONEPATHBHO CTakhe y3 MarbH
Opoj aHTa)XOBaHUX JBYACKHX pecypca, Koje MOCIEANYHO JIOBOJIE U MATEPHjATHUX JOOUTH U
ylITesa, a HOHAjBHULIE Y IOY3JaHOCTH CHCTEMA 3a Talllehe MoXKapa.

4. JIMTEPATYPA

[1] ***: MHucramamuja 3a ramieme IOKapa [CMOHUje yJba, YIYTCTBO 3a
MaHHMITyJIalKjy U yOpasibame, 1976.

[2] ***: YmyrcrBo 3a ekcruioartaiujy ¥ MaHHITYJIAH]y WHCTAIAMje 3a TallCikhe I0XKapa,
1972.

[3] ***: YmyrcTBo 3a pyKoBame M 0JpiKaBarbe crabuinHor cucrema 3a 1113 yibHe aenonuje
yribeH-auokeuaom, Omera I'yapa, jyn 2010.

[4] ***: TlpaBmiHMK O TEXHHYKMM HOpPMATHBHMA 3a CTallMOHapHE ypehaje 3a ramieme
noxkapa yribeH-auokcunom ("Ci. et COPJ" 6p. 44/83. u 31/89)
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Wpana [TEJAYKH® Ilpeeneonu pao
Mupjana JIABAH?
JAOBPOBOJ/bHA BATPOI'ACHA JIPYHITBA Y
BOJBOJIUHU

Pe3ume: JloOpoBosbHA BaTporacHa IpyLITBa Cy yIpYyXKema rpal)ana 3a cpedyaBambe U ramietbhe noxapa,
Te cracaBame JbyJH U MaTepujamHuX nodapa y pasHuM Hecpehama. Hajcrapuja BarporacHa apymrsa
Ha TepuTopuju maHamme CpOuje ocHoBana cy 1868. y Bemmkom beukepeky (3pemanuny), 1870. y
3emyny, 1872. y Hoom Cany u IlanueBy, a morom y Kukunmu, Cy6orumm, Combopy u
IerpoBapaauny. OcHnBaun 1 wiaHoBH npBux JIB/l-a cy Owim yrieaHu 4IaHOBH JIOKaJHE JPYIITBEHE
3ajennune. Jlanac y cacraBy BatporacHor caBe3a Bojsomune nmenyje 4 rpaacka u 40 ONIITHHCKUX
caBe3a, ca npeko 20.000 wiaHoBa. Yiora 100pOBOJBHOT BaTPOracTBa je y JONPHHOCY 6e30eIHOCTH O
noxapa u peadupmanmju ommre Oe30eJHOCHE KyNType y HaIIeM APYIITBY, Kao H pa3Bojy
COJINTAPHOCTH U eMIIaTHje 3a OMDKIme — INTO Ce Yy BEeIMKO] MepH TI'yOM y HalluM CaBpPEMEHHM
COIMjaJTHAM ycioBHMa. JI0OpoBOJBHO BaTporacHo ApymTsa IleTrpoBapaguH je jeoHO 01 MHOTHX, Koja
Cy OIICTajia Kpo3 CBE CBE IPOMEHe U Telkohe 071 ’bUXOBOI HACTaHKa JI0 JaHac, a Pe3yjTaTu paja HUCY
U30CTaNN.

KibyuyHe peun: 6e30eqHOCT o mokapa, JOOPOBOJFHO BAaTpPOTacTBO, NMPEBEHIMjA MOXKapa, enyKaldja
rpahana

VOLUNTEER FIRE ASSOCIATIONS IN VOJVODINA

Abstract: Volunteer fire departments are associations of citizens for preventing and fire fiting and
rescuing people and property in other accidents. The oldest fire departments in the territory of Serbia
were founded in 1868 in the Veliki Beckerek (Zrenjanin), 1870 in Zemun, 1872 in Novi Sad and
Pancevo, then in Kikinda, Subotica, Sombor and Petrovaradin. The founders and members of the first
DVDs were eminent members of the local community. Today, the Fire Association of Vojvodina
operates four urban and 40 municipal unions, with over 20,000 members. The role of the volunteer fire
departments is to contribute to the safety of the fire and the reaffirmation of the general security culture
in our society, and to the development solidarity and empathy for others, which is largely lost in our
modern social conditions. VVolunteer fire department in Petrovaradin is one of many that have survived
through all changes and difficulties of their formation until today and the results of the work did not
miss of.

Key words: fire safety, volunteer firefighting, fire prevention, education of citizens

1 Wmxk. 3amrute om moxapa, JIOO“Helios-Co“, J[lanubopa @Dpannucruja 19., INerpoBapanuH,
ivanaldp@gmail.com

2 Jlouent nap, Yuusepsurer y HoBom Cany, ®akynrer TexHMYKMX Hayka, JlemapTman 3a
rpaheBuHapcTBO U reonesujy, Tpr Jocureja O6panosuha 6, Hou Can, mlaban@uns.ac.rs
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1. ¥YBOA

OcHHBamWbE BaTPOTAaCHUX jeAMHUIIA PETYIHCAHO je 3aKOHOM O 3aIlITUTH OJ1 ToKapa.

Jlo6poBoJbHa BaTporacHa JpyIuTBa cy JOOPOBOJbHA yApYKema rpahaHa 3a crpeyaBame U
rameme IoXKapa, T€ CllacaBame JbYAH W MaTepHjalHHX Ao0apa y pa3HUM Hecpehama.
JloOpoBOJbHA BaTporacHa jeMuHHIIA 00aBJba IEIATHOCT Y CKIAY ca BakehnM MpOMUCHMa U
[Tmana 3amTuTe Of MOXkKapa Ha MOAPYYjy 3a Koje je ocHoBaHa. [Ipm ramemy moxkapa
NpUNagHALY 100pOBOJPHE BaTpOracHe jeIMHMIIE UMajy IpaBa, 00aBe3e U OJrOBOPHOCTH y
00aBJbarby aKTHBHOCTH MIPONMCaHEe 3aKOHOM 3a BaTpOTacHE jeANHUIIE JIOKAJIHE CaMOyIpaBe.

JHanac ce He mpuaje 10BOJbAH 3HAYAj pady U 3ajaramuMa JOOpOBOJFHUX BaTporacana, a
MHOra JpYIITBa Cy y BEJMKMM Telikohama 300T HEIOBOJBHUX M CIIOPaJUYHUX H3BOpa
¢uHaHCHpama, IITO CIpeyaBa OJp)KaBamkbe M OCABPEMEHaBalbhe ONpeMe M CpeiCTaBa.
OO0jekTHBHE OKOJHOCTH W CBE MOCJIEOUIEe IPYIITBCHHX IIPOMEHa YTWIaJie Cy W Ha
JIeBACTalljy MOPAJIHUX U JAPYTUX APYIITBEHUX BPEITHOCTH U MEPHJIA, ILITO CE OJIPA3HII0 U Ha
WHCTHUTYIH]y AOOPOBOJFHOT paja YOIIITe, a HAPOUUTO NOOPOBOJFHOT aHTAXOBamka y OBOj
3aXTEBHO]j U crienudpu4Hoj obmactu [1].

2. JOBPOBOJbHA BATPOI'ACHA JIPYUITBA Y BOJBOOAUHHU

Batporacna npymrsa y BojBoamHu ocHuBajy ce y apyroj momoBuHH XIX Beka- y
Benukom beukepeky, nanammem 3pemannny 1868., 3emyny 1870., IlanueBy 1871. HoBom
Cany u Combopy 1872., Bpuity, Pymu n Cp. Murposuun 1873., Cenrn 1874., Kukunan
1875. Y BojBogunu je 1893. romune nenoao CaBe3 BarporacHux JjpyiurtaBa bauko-
Bonpomke xynanuje xoju je 29. jyna 1893. rommne oxpxkao Ckymmtury y Combopy. Y
Cage3 je ywrameHo 22 BaTporacHa JapymrTsa U 1 nmpodecnoHanHa BaTrporacHa jeIMHHUIA ca
ykymHO 1328 umanoBa. CkymmtiHa BaTtporacHor casesa bauko - Boxapomke xymanuje y
baju, onpxana je 22. aBrycra 1896. rogune, a 1897. y Kamwrxu u 1898. y baukoj Tonomm.

JoHomemeM 3akoHa 0 OpraHn3anuju Barporactsa 1933. rox. HaunbEH je OUTaH KOpak y
BaTpOracTBy, Kaja Cy WHTErpHcaHe CBe BarporacHe opranusauuje. [lonena BatporacHux
OopraHm3alldja ce MoIyJapana ca TonenoM 1o OaHOBHMHamMa. BpxoBHH Qopym je Omo
BarporacHu caBe3, y uMjeM cacTaBy Cy OMJiec BaTporacHe OpraHu3aiuje: J0OpOBOJHHE -
WHAYCTPHjCKe, 3aBOJICKE, 00aBe3HE U 3BaHMUHE - podecnonanne. JJoOpoBosbHE, 3BaHUYHE U
o0aBe3He BaTporacHe ueTe Cy IO 3aKOHCKUM OJpeadama IoThajane Hoj jaBHE BaTPOTacHe
jenuHMIE, OK Cy MHIYCTPHJCKE U 3aBOJCKE 4YeTe CMAaTpaHe NPHBAaTHUM TBOPEBHHAMA.
OOHOBa BaTporacTBa IOYMIE 10 YIYTCTBY o l.0kToOpa 1945. roamHe M HacTaBjba Ha
OCHOBaMa 3aKOHa O OpraHu3aluju AOOPOBOJFHHMX BaTpPOracHHUX JpyIiTaBa AOHETHM 1947.
TOJIMHE KOjHMa C€ CHCTeM 3allTHTE O] MOoXKapa 3aCHWBA HA Pajy BaTporacHe MHIMIMjE U
BaTpOracHUX jeqUHUIA Yy UHAYCTpHuju. JloHomemeM penyOnndykux npomuca 1947. roaune,
oxpeheH je mosoxkaj W MecTo AOOPOBOJPHMX BAaTpPOTACHMUX [pYIITaBa, Kao M HHHXOB
MarepujaHy rnoJioxaj. Hapoaau onbopu cy Ouimi 1yXHH J1a CBOja JOOPOBOJbHA BaTporacHa
JIpYIITBAa OCIOcO0e 3a TMPOTHUBIOXKAPHY 3alITHTY, Kao M Ja UM o00e30eme moTpeOHA
MarepHjajiHa cpecTBa 3a HabaBKy onpeme. YmaHCTBO je MOTJIO aa Oyne akKTUBHO, PE3EPBHO,
novyacuo u momaxyhe [1]. Tako cy 1948. romune, ciayx0y 3amTHTe OJ MOXKapa modesa cy
264 moOpoBoJbHA BaTpoOTacHa IpPYIITBA Yy TpaloBHMa W HacelkuMma ca 7.831 wianom u 4
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BaTpOTacHE je[MHUIC Y WHAYCTPHju ca 82 umaHa., 3aTuM cy 1949. romuam y BojBomuHu
oOpaszoBana 123 HoBa J100pOBOJbHA BaTporacHa apymTBa u 530 BaTporacHMUX jeAWHHUIA Y
naayctpuju. OcHuBameM BartporacHor caBeza Bojsoanue 1950. rogune Hacrama je KpoBHa
OopraHu3aiidja Koja ce CBaKOJHEBHO OpWHE M yjaKe Hamope Ja OMAacoBH JI0OpPOBOJbHA
BaTporacHa JpYIITBa W JONPUHOCH JACCHMEHAIMjd CTPYYHHX M TMPAKTHYHHX 3Haa 3a
MPEBEHIIMjY U Taliehe MoKapa W MOMON U ClAllaBamke MPH CIEMEHTApHUM HEMoroaaMa.
Hacespa y kojuma nenyjy wianuile BaTporacHor caBe3a BojeoauHe mpukasaHe cy Ha
ciuuu 1.

Barporacau caBe3 BojomuHe manac okymba 4 rpaicka U 40 ONIITHHCKHX caBe3a ca
npeko 200 100pOBOJEHHX BaTpOTacHUX JpyliTaBa. bpoj uiaHOBa J0OPOBOJEHHX
BaTporacHux apymrasa y Bojsoanau ganac ce kpehe m3mely 20 u 25.000, ox Tora je 5.000
4JIaHOBA CTPYYHO OCIIOCOOJEEHO 3a rallemhe IMoxkKapa.

2.1. lo6poBobHO BaTporacuo aApyurTeo Ilerpopapaaun

Jo6poBossHO BarporacHo npymrtBo IlerpoBapanun je ocHoBano 3. jyna 1875. romune.
OcHHMBaYN M HAJUCTAKHYTHjH (YHKIMOHEPH OBOT IPYIITBA OWIHM Cy: MpPEACeTHHK JocHI
Koxep, cexperap Jymuyc Jyba n 6narajunk Koncrantun Hal), a mo3nara mMena yriemxHux
Barporacaiia u3 oBor nepuoja owia cy u Mean Bykcan u Boka JXKusanosuh. IlpBa ceqnuia
onbopa oapxana je 8. ampuna 1895. roguae. OcHuBau npymTsa Jocun Koxeprr nmpormamieH
je 3a oYacHOT 3alloBeJIHUKA, a cekperap Jynujyc Jyba 3a modacHOr cekperapa. 3allMCHUK ca
OBE CeJHUIE BOhEH je Mo MpBHU IyT Ha XPBATCKOM je3WKY, JOK je IO TajJa y 3BaHHYHO]
yrnorpebn OHO HCKJbYYMBO HeMauku. [OoIuHY JgaHa KacHuje, 22. Mapra, TaJallibu
rpajonauenuuk IleTrpoBapaanHa u mnpenaceaHuk apymra Opamba MajluH UMEHOBaH je 3a
MOYacHOT TIpeJICe/IHNKA. Youu npBe cKymmTHHe JpymTBa, Koja je cazana 1898. romune.
usrpal)eH je BaTpOTacHH J0OM ca APYIITBEHHM IpocTtopujama. JpymTso je Beh uMaino cBoje
CIIPEMHUIIITE 32 BaTPOTacHY OIPEMY, ca APBEHUM TOPH-EM BHCHHE OKO 6 M. Barporacun nom
je W JaHac CMEIITEH Yy MCTO] ynuIu Koja ce manac 3oBe Ilana Jypumwmha Iltypma y
[TerpoBapaauHy. 3acTaBe JOOPOBOJFHOT BaTPOTACHOT IPYIITBA MPHKA3aHE Cy HA CIMKaMa 2.
u3.
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Cnuxa 1 Hacema y xojuma denyjy /lobpososna eampozacra opywmea y Bojeoounu

JobpoBosbHO BarporacHo ApymrtBo y IlerpoBapanuny oOHaBiba ce mocie (hopMupama
Kpameure Cpba, XpBara m CrnoBeHama, ddje mporiameme 1. mememOpa 1918. romuae
JpacTMYHO YyTHYe Ha TPOMEHY CTPYKType cTaHOBHHIITBa IlerpoBapammaa. OBuM
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IporyamemkeM  TpecTaje  AycTpo-Yrapcka 3a0OpaHa HacesbaBamba Cpba Ha IpocTopy
[lerpoBapaauna. Memwajy ce u apxkaBuu cumbonu: r1p0 KpameBune Cpba, Xpmara u
CrnoBeHara Aaje HaIlOHANTHO oOeliekje BaTpOracHUM IIIEMOBHMMA M O3HaKama, a YMECTO
HEMayKoI' je3uKa Yy aJMHHUCTpaluju ce AeHUHUTHBHO INPHUMEHYje XPBATCKO-CPIICKH, a

3aTHUM H CPIICKH je3HK.

3 T/HWA R M\‘q"‘é\
Cnuxa 2 3acmasa [{B/{-a Ilemposapaoun, Cauxa 3 3acmasa [{B/{-a Ilemposapaoun,
0aposHa 3acmasa “PETROVARADINSKO «DOBVROVOLJNO VATROGASNO
DOBR. VATR. DRUSTVO 1875—1900.” DRUSTVO 1875 1965 PETROVARADIN«

[emecerorogummpuny mnocrojama J[oOpoBoJsHO BaTporacHo apymrtBo IlerpoBapannH
CBEYAaHO MpOCIaBiba 15. m 16. aBrycra 1925. roaumHe, y3 MNPHUCYCTBO MHOTHX
noOpaTUMIBEHUX OpraHu3alija Kao M HOBOCAJICKHX MNOXKapHHKa. Ha cBewaHoj cemHMIM
MOBOJIOM jyOwmiieja, TOHETa je o/ulyKa 1a ou n3 cBake kyhe y IlerpoBapaguny Heko Tpebayo
na Oyne akTMBHU WM MOTHOMaxyhu uwiaH oBor japymTsa. OBakBa OmjIyKa je jefaH o
pasJiora 3a BeNHKH YCIIOH y paxy [pymTBa, Kao U 3a BETHKH OpOj WIAHOBA KOJH CE OJPIKA0
1o nanac. HakoH m3rpaime 1 myliTama Yy IpOMeT KOJICKOT U memadkor mocra 1927, roaune,
OCTBAapeHH Cy YCJIOBH W 3a YIpaBHO NpuKJbydewme llerpoBapammaa Hosom Cany koje je
mppiiero 1930. rogumne.  Tako cy HOBOcajcka H METPOBAapaJWHCKA JOOPOBOJEHA
BaTporacHa JpYIITBa JIOBE/ICHA Cy y AUPeKTHY Be3y. On Tana he muxoBa capalimba y OKBUPY
3ajeJIHUYKOT aIMHUHUCTPATUBHOT OKBUpa nocraTu yenrha [3].

CkpoMHa cpeJcTBa 3a KYIOBHHY CaBpeMEHHje TeXHUKE MPUKYIJbajy ce Ha mpHupendama,
0l I0OpOBOJFHHMX TIpuiora rpahaHa, 4diaHapuHa NOTIOMaXYyhMX uJaHOBa M PETKUX
IIOHAIMja, TaKO Ja je IPYIITBO OCTAJl0 Ha HUBOY PYYHE BaTpOTacHE TeXHHKe, cBe Mo 1939.
roJiMHe, KajJa je HabaBJbeHa NMpPBa MOTOPHA IITPLAJbKA U ayTOTaHK. VcTe rojuHe, NpBU MyT
jé yBEeIeHO IEeXYpCTBO Barporacama 3a BpeMe BpIIUAOE >KATaphIla, YUME je YIUEbCH
3HauYajaH HampeJak y BaTporacHoj mpeBeHTHBU [4]. Ha cnuim 5 npukazaHu cy 4iaHOBH
JBJ IletpoBapaanH ca mpBOM MOTOPHOM BaTporacHOM ImymroM u3 1939. ronune.
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Cnuxa 4 [IBJ] Ilemposapaoun, 1939. 2. Cnuxa 5 “Dobrovoljno vatrogasno drustvo
Bnacnux: JIB/ [lemposapadum. “Petrovaradin” osnovano 1875—1985. "

Tokom 1951. romune, mopen Barporacue HapomHe wmmmunuje u J{0OpOBOJBHOT
BatporacHor JpymTsa y [lerpoBapaguny, y HoBom Cany je paamno Beh 43 no6poBosbHa
JpYIITBA OpraHu3oBaHa no (abprukama u 3aBoanma. OBako opraHu3oBaHa Ciyx0a je, 6e3
o03upa Ha HEJOBOJBHY OINPEMJBCHOCT, IOKa3ala CBOjy NOOpY CTpaHy y HpPEBEHTHUBHO]
3aITHTA Of ToXkapa y QadOpukaMa ©W TPHIMKOM BpPIIHI0EC ¥ OCTaIMX CE30HCKHX
MoJbONIpUBpEHNX pagoBa. Onx 1952. romuHe ykuza ce HaIUIEKHOCT OOaBeIlTaBama o
MOXKapy eNeKTPUYHOM CHPEHOM ca BaTPOTacHOI TOPHA METPOBAPaJHHCKOI JOOPOBOJEHOT
BaTporacHOr IpymTBa. 300T HapacTama camor IlerpoBapaguHa y BUCHHY, TOpak BHIIE HHjE
6uo y ¢ysukuuju. Cama ce nmpymrBa 0aBe 00yKOM KaJpoBa, OpPraHU30BamEM BEXOH H
KypceBa, KOHTpOJOM crHpoBoljera Mepa 3amTHTe OJ TIoXkapa y mpexy3ehuma wu
nomahuHCTBUMA, NEXKYypCTBHMa y OMOCKOIMMa, Ha jaBHUM MECTHMa, Kao U 00e30ehuBamy
BaTPOMETa U MUTHHTA. 3aKOH O 3aIITUTH OJ IMoKapa U 3aKOH O TOOPOBOJEHUM BaTPOTACHIM
JIpylITBUMa, JOHETH 1956. roauHe, YCIOBWIM Cy JpacTU4YaH 3a0KPET y JIEIaTHOCTH
JOOPOBOJEHUX BaTPOracHUX JpyITaBa. 300T OCMOCOOJHEHOCTH MPOPECHOHATIHUX YeTa Y
CBaKkOM IIOTJIEy, AMPEKTHO AHTKOBambe y ramemy MoXkapa IpecTtaje ga Oye TiaBHO
TEXUIITE pajga 0OPOBOJBHUX ApymTaBa. JJoOpOBOJEHO BaTPOracHO APYIITBO YKPALICHO je
MHOTUM (oTorpadujama u TabIOMMa OJI CAMOT OCHUBAa JIPYIITBA KOJU CBEI0YE O BAKHUM
JIMYHOCTHMA JPYIITBA, alld U BOXXHUM 1orahajuma: jyOuiejuma, Be:xOama U BaTpOraCHUM
cmoTpama. Ha cimmmm 6 ce Moxe BupeTH Talno 10OpOBOJBHOT BAaTpPOTACHOT JPYIITBA
[erpoBapanuH 3a cBojux 115 roauna nocrojawa, 1985. rogune. Cevano je, 1995. ronune,
mpociaBibeHa M 120-romuIImuIla TOCTOjama, a 3a olelekaBame OBOT jyOmieja, mopen
yoOuuajHOT mporpama npociase, Mysej rpana Hosor Cana npupenuo je npuroHy u3inoxoy
Ha TIeTPOBapaINHCKO] TBphaswu [5].

Jo6poBosbHO BaTporacHo ApymTBo IlerpoBapamun nanac Opoju 93 wnaHa, umja cy
CTapoCHa CTPYKTYpa M CT€UEHa 3Bama Jlara cy y Tabenu 1. Ako ce oBoM Opojy €iaHOBa 0/
u 545 nomaxyhux uinaHoBa, n00HjaMO Jaa je ykymaH Opoj wianoBa J[0OpOBOJBHOT
BarporacHor npymrsa [lerpoBapanma 638.
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Tabena 1 — Cmapocra cmpykmypa u cmeuena 36arba 000p08OLHUX 8AMPO2aAcayd

CTAPOCHO JJOBA |BPOJ YWIAHOBA 3BABE BPOJ WIAHOBA
6-11 6 [Mnonup BaTporacaig 5
12-18 10 Barporacarg 27
18-60 56 Batporacuu nogoduuunp 23
IIpeko 60 21 Barporacau opunup 11
Bumm BatporacHu opunup 2
bes 3Bama 25
YKVYITHO 93

JpyLITBo ce gaHac, Kpo3 IpUIIPEeMe 3a TAKMUUCHE U IPyra OKyIJbamba, 0aBU eAyKallljoM
1 TIPOMOIIHjOM JTOOPOBOJBPHOT BaTpOTacTBa - MOIMKE CBECT TrpahjaHa o ToMme Koja je miaeja
JIOOPOBOJHHOT BaTpOracTBa M KOJIMKO je OHO B)KHO 3a Halle IpymTBo. Takohe, 1o6poBosbHH
Barporaciu 00e30el)yjy pasne apymrBeHe norahaje m manudecramuje. OpraHusyjy ce
JISKypCTBa y JIOMY IOOpPOBOJGHO BaTpPOTacHOT JAPYIITBA M OOWMIIa3aK IETpOBapaJdHCKO-
OyKOBauKO-KaMEHHYKOT aTapa ca BO3WJIOM 3a BpeMe XKeTBe M BPIINI0e CTPHUX YceBa.

JIoOpOBOJFHO BAaTPOracHO JPYIITBO  je Ha OpOJHUM TaKMHYCHMMa W CMOTpaMa
JM0OPOBOJBHUX BATPOTACHUX JAPYIITaBa IOCTUIIIO J00pe pesynrare. JpymTBO pasBhja W
Heryje moOpe omHOCe W capajmy ca JOOPOBOJBHMM BAaTPOracHUM JIPYIITBAMA KOje CY
ynanuie BarporacHor caBesa rpaga Hosor Cana, kao ¥ ApyrUx ONMIITHHCKAX CaBe3a.

[oTpebHo je ucrtahm a cy wiaHOBU T0OPOBOJBHOT BaTporacHOT ApymTea [letpoBapagnx
CBOjy CHPEMHOCT M XpabpocT moceOHO Moka3anu TokoM OombaproBawma Hosor Cana, y
nposiehe 1999. romune, kaga cy, pU3MKyjyhn CBOje >KMBOTE NPBU CTHINIM JO 3rpaje
Tenesusuje Hou Cap, Koja je roperna y Tpu HaBpara.

Jo6poBosbHO BaTporacHo npymTBO IleTpoBapaguH CBOjoM OOTaToM HCTOPHjOM,
moKpTBOBaHoIINy U UCTpajHOLINY MpeacTaBsba jeaan o nmoHoca rpahana [lerpoBapaauna u
Hosor Capa.

3. 3AK/bYYAK

Kana cy mouena aa ce opmupajy mpeBa BaTporacHa IpPYIITBA IMJb je OHO 1a Ce Jbyau
OKYII€ OKO MCTOT Ipo0JieMa U [IPU TOME MOMOTHY 3ajeIHUIIH.

VY npBUM JelieHHjaMa pa3Boja BaTpOTacTBa, y YCJIOBMMA Kaja je OMO HH3aK CTEIeH
OTIITE KYATYpPE U JbYACKUX Ca3Hamha, HU3aK CTENeH Pa3BUjEHOCTH MPUBPEAE, HAjyIIICAHU)H
Jbyau Tora noba (KBWKEBHHULM, JEKapH, TPrOBIM, CBEIITCHULH, YYUTEIHH U IPYTH), OWIIH Cy
OCHHMBAYM WJIM aKTHBHU WIAHOBH JOOPOBOJFHUX BaTPOTACHHX JpYyIITaBa. Y TO 100a, Kajaa je
BaTpOracTBO OMIIO y 3a4eTKy, Omia je BeJMKa 4acT W oOaBe3a CBAKOT YIJIEAHOT YOBEKa 1a
JONPHHOCH yHampehewy 3amTuTe o noxapa. OBoO je HMano U CHAXHOT yTHIaja Ha OCTaie
rpahane na ce ykibyde y paj AOOpPOBOJbHHX BarporacHux apymTasa. [lo cemy cynehu
M3rje/a 1a je OBa KOpUCHA Tpaauiyja Ko Hac 3a00paBJbeHa U HAIYIITCHA.

Ho6poBoJbHO BaTporacHo IpymTBo [leTpoBapaiuH je jenHO ox IpyliTaBa ca BeoMma
JIYyroM TpajuLHjoM W 3HAa4ajHUM OpojeM wWIaHOBa, ald M3 TOAWHE y TOJMHY CBE TEXE
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¢yHKIMOHMINE U oricTaje. bpoj wiaHOBa je y KOHCTAaHTHOM OMAJamky W YIIaBHOM HEJOCTA]y
miagu. butHo je mcrahm ma ce paj oBoOr ApyIITBa JaHAc YIJIaBHOM CBOJM Ha NPOMOLH]Y
J0OPOBOJBHOT BaTPOTacTBa KPO3 TAKMHYCH-C U CMOTPE H IOJN3AEE CBECTH O NPEBEHTHBHO)]
3aIITUTH OJ IOXapa Kao M O 3Hayajy JOOpOBOJBHOI BAaTPOracTBa 3a Halle JPYIITBO.
HecnopHo je ma cy pag W OCTBapHBame HPOrPaMCKUX AaKTHBHOCTH OTEXaHH 300T
HE/IOBOJbHUX (PMHAHCH]CKMX CpecTaBa, HMaKO Cy MpOTpaMH W TPOjeKTH BaTPOTaCHUX
OpraHu3aija OleHEHN Ka0 KOPUCHHU U MOTPeOHH. JeTHOCTaBHO, BOJba U €HTY3Hja3aM HUCY
JOBOJBHHU.

JoOpoBossHOM BaTporacTBy Tpeba Hahm mecTo y mpymTBy, 00e30emuTH MaTepujarHy
OCHOBY pajia, cTaOWIIHEe U3BOpe (MHAHCUpaha U MOBOJbAH TPETMaH, Kao IITO je TO ypaheHo
y npxaBama OmBmie COP Jyrocnamje (XpBarcka, CIOBeHHja), WM y APYTHM 3eMJbama
EBpomne u cBera. JJoOpoBOJbHO aHIaXKOBamE j€, IIPe CBEra, U3pa3 BEJIUKEe MOPATIHE BPEJHOCTH
U Ka0 TaKBO MOpa OMTH IOIITOBAHO U CTUMYJIHCAHO KOHKPETHUM TOTIPUHOCOM.

Bospm monoxkaj BarporactBa mMao OM BeNIMKHM YTHIA] Ha (opMmupame 0e30eTHOCHE
KYJATYpe H OIILITE APYLITBEHE CBECTH O 0e30€IHOCTH OJ MOXKapa, a CAMUM THUM M Ha CTarbe
6e30eqHOCTH JpyIITBa y LenuHu. JJoOpoBOJbHA BaTporacHa JpyIiTBa MOTY JaTH 3Ha4ajaH
JIOIPUHOC y WHOOPMHUCABY M eAyKAMju MIIAIUX, ald NPEBEHLHUjH KaTacTpo(aHUX
MoCJeIUIla MMOXKapa U eIEMEHTapHUX Hemoroja. Peadupmaiija 1o0poBOJBHOr BaTporacTaa
yTH4e U Ha OATOBOPHOCTH KOjy IMaMo IpemMa cedu U ImpeMa APYIITBY Y KOjeM >KHBHAMO.
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Jbyouma KPElhbAWR? Ipezneonu pao

JIOBPOBOJbHO BATPOT'ACTBO
LLIAHCA JPKABE U OJEJUHLIA

Pe3sume: Y pany cy Ha IEOBUT HAa4MH HMCTaKHYTH IOOpOOMTH Koje IOOPOBOJHHO BaTpOraTBoO
06e30ehyje Jdpxasu u rpahjanuma, pakTopu KOju oHeMoryhaBajy win yMamyjy YIHMHAK JOOPOBOJBHUAX
BaTporacama ¥ JaTh Cy KOHKPETHM IPEmJIo3N ca IMJbEM Ja ce YHANpeau pajx HO0OpOBOJEHHX
BaTPOTaCHHUX OpTaHM3allMja U YCTAaHOBH HOBH IPUCTYI M OOJBHM CHCTEM 3allTUTE Of Nnoxkapa. HaBeneHu
Cy HCTOPHjCKM TIOJAlM O pa3Bojy M yHamnpehewy OpraHM30BaHOT JOOPOBOJPHOI BaTpOracTBa,
KOHKPETHHU HOJalll O aKTUBHOCTHMA M PE3yJITaTHMA pajia JOOPOBOJEHMX BaTporacana M BaTpPOracHHX
caBe3a, Kao U OLICHE y3pOKa HEeJJOBOJbHE ToXkKapHe 6€30eJHOCTH JbYIH 1 MIMOBHHE.

Kibyune peun: ynpyxeme, 100p0OBOJEHO, XyMaHO, TallIe:e M0XKapa, IPEeBEHTHBA, OCIIOCO0JbaBamke

VOLUNTEER FIREFIGHTING - CHANCE FOR STATE
AND INDIVIDUALS

Abstract: This paper comprehensively highlights the benefits that voluntary firefighting provides to the
state and citizens, highlights the factors that prevent or reduce the impact of volunteer firefighters, and
gives concrete proposals in order to improve not only the work of volunteer fire organizations and fire
extinguishers, but to establish a new approach and better fire protection systems. The paper lists
historical data on the development and promotion of organized volunteer firefighting, specific
information on the activities and results of volunteer firefighters and fire unions, as well as the
assessment of causes of insufficient fire safety of people and property.

Key words: fire fighting, volunteers, civic associations, humanity, activism, prevention, safety

! Crpyk. mHk. 3aIITHTE KHBOTHE CpEIMHE-3aIITUTE OJ Toapa, Batporackn cases rpaga Hosor Caga,

Hogu Can, JoBana Cy6otuha 11, vsgns@eunet.rs
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1. YBOJ

3amtuTa o1 mokapa crapa je KOJHUKO M I0kKap, a MoXkKap KOJIMKO U YOBEYaHCTBO. Pa3Boj
3aIUTHTE OJ MOXAapa JIUKTHPaH je Kako IMPHPOTHUM II0jaBaMa M KIMMAaTCKUM MPOMEHaMa,
TaKo M IMBWIM3ALMJCKMM TekoBHMHama. OBH yTHIAjU Cy c€, KPO3 HCTOPH]y, PaslIMuuTO
WCIOJhAaBANIH, HEKAl Yy KOPUCT 0e30eqHOCTH Jbyau, MaTepHjalHuX mo0apa U >KUBOTHE
cpenuHe, a Hekan Ha mmrtery. [IpUpOJHO je ouekHMBame Ma HaydyHa AocTurHuhba doprinose
moBehama 6e30eIHOCTH, aly TO HHje YBEK CIy4aj jep morahaju 4ecTo YKIbYUyjy M BOJBHE U
HEBOJbHE TpOLIECe U IMOCTYIKE, KOjuMa OBa OUeKHBama OMBajy m3HeBepeHa. [IpoHanaxeme
Mozena epuKacHe 3alITHTE OJf MoXxapa Tpeba J1a je InJb CBUMa HaMa KOju ce 0aBe 3allITHTOM
on moxapa. IlyT 1o Tor umsba MOpajy rpaluTH Mpe CBera CTPYYHH U KOMIIETCHTHH JbYJIH,
aJli, MOpajy MMaTH OrPOMHY MOJPIIKY M NOMON CBHX HHCTHTYLMja CHUCTEMa, M HOMOh
rpahaHa.

Hucy cTpydHn CKymoBH jeMHO MECTO Ha KOME ce€ yKadyje Ha INTEeTHE IOCIeIHIe
oJkapa, Ha OIIaCHOCTH Koje I10Kap MOJKe ITPOY3POKOBATH, Ty CYy CBAaKOJHEBHA CAOIIITEHA U
nHpopMarmje o gorahajuma, a gyecto U npHe xpoHuKe. Hosu Caj je HaXXalnocT y CKOpH]joj
HCTOPHUjH UMaMO T0Kape ca TparundHUM IocieIunaMa: moxap y Auckoren ,,Konrpacr* rae
j€ KHBOT M3ryOMJIO IIeCT 0co0a u moxkap y kadey ,JIayHd* rie je )KUBOT M3ryOHIIO ocam
ocoba. CBe cy To Owinm MiIagW, TEpCleKTHBHH Jbyau, BehmHa ca (akynTeTcKuM
o0pa3oBameM W CaMUM THUM, MPETIIOCTaB/bUBO, 0apeM eleMEHTapHO O00aBeIITeHH U
YIIO3HATH ca ONACHOCTHUMA OJ II0Kapa M MOCTYNIHMMa Y IMoxkapy. AJM M IOpel OBaKBUX
Tparezuja, 3alITUTH OJ 0XKapa ce U Jjajbe He MocBehyje T0BOJFHO MaXKHbe.

Huje Temko mpemo3HATH HE3aWHTEPECOBAHOCT MM HENOBOJbHY 3aHMHTEPECOBAHOCT
MHOTHX Cy0jexaTa CHCTeMa 3allITUTE O] IoXKapa, oHa je ounryieana. CBe BHUIIE je OYUTIIeIHA
U 3aMOPEHOCT W PA304apaHOCT HAayJYHHX W CTPYYHHX DaJHHKA, CABECHHX W INPEIaHHX
,oopara“ 3a cTBapame Behe 6e30eaHOCTH 0J1 MoXapa u ycrnocrasibame efikasnijeg cucrema
3amTHTe O MoXapa. Mak, u gaHac 1mocroje Jbyau Koju unHehn OrymTBeHOo KOpHCHA Aeia ’
Jieqia 3a OMINTe J00pO, YCIIOCTaBJbajy JIMYHO 3aJ0BOJHCTBO M EbUMa BRKAH JTYXOBHH MHP.
ITocroje spymm KOju W3 pasjora MOPOAWYHE TpaiWIUje WM H3paKeHE KeJbe Oa Oymy
KOPHCHH WIAHOBH JAPYLITBEHE 3aje[HUIC, MAKO MM 3alITHTa OJ MOXapa HUje 3aHUMAbe,
CBOje CII000HO BpEeME, a 4eCTO M CBOja MaTepHjaiHa 100pa CTaBbajy y QYHKIH]y pa3Boja u
yHampehema 3amture o1 noxapa. TW XyMaHH, MOLITEHH, BPEIHU H APYXKEbYOUBH JbYIH C
MOHOCOM HCTHYY Ja cy J0OpOBOJbHHM BaTporaciy, MOHOCHO Hoce yHHdopMe U Ipyra
BaTporacHa o0eieXkja, CaBeCHO W II0XKPTBOBAaHO 00aBJkajy IOCIOBE Yy JOOPOBOJFHIM
BaTPOracCHUM OpraHusalmjama, CTPyIHO Ce OCIOC00JbaBajy U yCaBpIllaBajy, yCBOjeHA 3HAMA
MOKa3yjy Ha BaTPOTACHHM TaKMHYCHMMa, a CKPOMHO TIPHYajy O CBOJUM pe3yiTaTUMa U
CTU/IJbHMBO MPHUMajy MOXBaJe U NpH3HaWa. IbHUX0oBa CKPOMHOCT je BpenHa OUBJbCHA. bUXoB
YYHHAK je BpelaH MOIITOBamka. IbuXoB MOTEHIHjal je HeTOBOJEHO NCKOPHUIINEH.

YumeHuIa 1a CBH JbYJM HEMa]y MCTa HHTEpEeCOBamka HUTH HCTe TOTpede, Moxe aa Oye
o0jammeme 32 TO MITO HEKW JbyAW HE pasyMmejy M He Bepyjy ZJa HEeKO Moke M xohe
OecruiaTHO, JOOPOBOJBHO, YECTO M O CBOM TPOLIKY J1a TacH IOXKape, Aa UCIIyMIIaBa BOIY M3
MTOTUIABJBEHOT MMOJIPYyMa WJIM Ja ce CYMPOTCTaBH OyjuIly M Hamupyhoj BOIHM, ma mpuIpeMa,
yBexOaBa M BoaW Tyh)y Jlelly Ha BaTporacHa TakKMHUeHa, Ja noxala BaTporacHe Kypcese, Aa
TIOTIPaBJba M CTapa Ce€ O BaTPOTACHO] OTIPEMH M JIPyroj IMOBHUHH JTOOPOBOJHHOT BaTPOTACHOT
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JPYINTBA, Ia TPaIi BaTPOTACHHU JIOM, KPEUH, TOTIpaBJba KPOB, MEha J0Tpajajie HHCTAAIH]E,
Jla HeCEOMYHO MPEHOCH CBOjE 3HAKE HA APYre U Ja Y AyXy M00por KOMIIH]e CaBeTyje Kako
Ila ce TIPMEHE MTPEBEHTHBHE Mepe 3aIlITHTE OJ1 TIoKapa.

2. JOBPOBOJbHO BATPOT'ACTBO
2.1.J100poBo/bHE BATPOracy MOY3aHA CHATa 32 raiere moxapa

JIoOpOBOJEHO BaTPOTacTBO jeCTE HAjeKOHOMUYHHjU OOJIMK OPraHW30BAaHHUX BaTPOTACHHUX
cHara koju Tpeba m y CpOuju ma ce y MOTHYHOCTH NPUMEHH. Y MHOTHM HACEJbeHUM
MecTUMa JIOOpOBOJHHU BaTpPOTacIyl Cy HE JOIYHCKa CHara npoQ)eCHOHaTHUM jeAMHHUIIAMA,
HEro jeAMHa BaTporacHa cHara. MHoOra Hacejba Cy OJ CeIWINTa HAmJIe)KHE BaTPOIacHO-
CraciiIayke jelUHUIE yhaajbeHa Yak 20 M BHIIE KWJIOMeTapa ajd U MHOre BaTpOracHO-
criacuilauke jeIMHUIE UMajy 1o jeHOT WIIM JIBa BaTporacua y cmeHu. Kana ce y3amy y 003up
nyTHa MHQPACTPYKTYpa, BPEMEHCKHU YCIIOBH, reorpadcKy eIeMEeHTH, IPHPOIHE U BEIITaYKe
npenpeKe, KBAIMTET U 0Yy371aHOCT BaTPOTaCHUX BO3WJIA U IPYT'H €IEMEHTH, 3aKJbydyje ce Aa
BaTPOTacTBO M 3aIUTHTA OJ IOXapa, HUCY Pa3BHjeHH HUTH OPTaHW30BAaHM Ha MOTpeOaH M
3a710BoJbaBajyun HaunH. CeTMO ce noxkapa Kyhe y K0joj Cy u3ropena TpH JIeTeTa, a Koju ce
necuo y Hacesby Benmka KpcHa koje je o cenuinta Hajjie)KHE BaTpOTACHO-CIIACHIIAYyKe
jenwHUIE yaakeHo 18 xumomerapa.

Uumennna na je Opoj mokapa W >KpTaBa, BHCHHA MAaTEepHjalHAX IITE€Ta, ald U
yrpoXKaBama >KUBOTHE CPEAUHE Y IOPAcTy, 3aXTeBa O30WJbHY aHAIU3Y CTamba 3allTHTE O
mokapa. IloTpeOHO je aHaNM3MpaTH KBAINTET W YCKIa)EHOCT 3aKOHCKE peryiaTuBe,
ONPEMJbEHOCT M OPraHM30BaHOCT  BaTPOTacHUX  jeAMHHMNA  (JOOPOBOJBHUX U
mpo(eCHOHATHNX), YKJBYUEHOCT jeJUHMIIA JIOKaJHE CaMOYIpaBe Y OPTraHHW30Bame U
CrpoBoljeme 3alTuTe 07 MoXKapa, KBAINTET 0OPa30BHOT CHCTEMa M aHTa)KOBAHOCT KaJlpoBa
IIKOJIOBAaHMX 3a 3aIUTHTY OJl MOXKapa, OOYYEHOCT M OCIOCOOJBEHOCT KaIpoBa, KBAIMTET
yclIyra W KBAJIUTET ONpPEME M CPEJICTaBa 3a Talleke MOoXKapa M CBHX JPYrUX eJeMeHara
OWTHUX 3a 3aIUTHTY OX MoKapa. M3 TakBe aHanmm3e Tpeba Jla MPOUCTEKHY HOBa peliekha
KojuMa fie ce TOTIPHHOCUTH TOO0JBIIAKY CTakha y OBOj OOJIACTH.

2.2.0cBpT Ha MOTHBE U YCJI0BE J100POBOHLHOT AHIAKOBaIbLA

Y 10OGpOBOJFHMM BaTpOTaCHHM OpraHu3anujamMa ¥ y TpahaHCTBY MOCTOjH BEITUKH
MOTEHIMja]l KOju ce Tpeba MO3UTUBHO ycMepaBatu. JJoOpoBOJpHA BaTporacHa JPYIITBa ca
00Jp0M BaTpOracHOM OINPEMOM, y3 PelaTHBHO Maja (PMHAHCH]CKA CPEJICTBA 3a MaTepHjaiHe
TPOIIKOBE M APYIITBEHO KOPEKTHHjE BPEJHOBAIE W NPH3HABAaKkE HUXOBOT paja, jaja Ou
JpxaBu orpomHy nomoh y crnpoBohemy 3amTute o moxxapa. JloOpoBosbHa BaTporacHa
JIPYIITBA W BAaTPOTACHU CaBE3W y PaHUjEM TEPHOAY HUMAIM Cy MHOTO 3HAUYajHU]y YIOTY Y
pa3Bojy u yHanpehemy 3amTuTe O] MOXKapa U y OTKJIamamy IOCIeIla eIeMEHTapHUX
Heroroja u Apyrux Hecpeha. Yrieanu, caBecHu, boratu, XyMaHu U J0OpoHaMepHU rpalhaHu
cy 1872. romauHe oOCHOBaIM HOBOCAACKO JI0OpOBOJFHO BaTporacHo npymTBo, 1874.
¢yromko, a 1875. meTpoBapaarHCKO, a KacHHUje U npyra apymrsa. Jakie, mpeko 140 roguHa
Ha Teputopuju maHammer Hosor Casma aenyjy opraHM3oBaHM JOOpOBOJBHH BaTPOTACIIH.
Hoeu Can je tek 1923. romune mo0uo mpod)ecHOHATHY BaTpOTACHY jeOHUHHILY Koja je
dopmupana on Taga Beh HCKyCHHX J00pOBOJbHHMX Barporacana. Vcropuuapu Hanase
TparoBe OPraHM30BaHOT JOOPOBOJHHOI JEJIOBama jOII OJ paHHjUX BpeMeHa. BarporacHa
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IpymTBa y BojBomuHM ocHHBaHa cy y apyroj moioBuHM XIX Beka My TajallimeMm
beukepexy a manammem 3pewmanuny 1868, 3emyny 1873, IlanueBy 1871, Combopy, Bprry,
Pymu u Cpemckoj Mutposunu 1873, Centn 1874, u Kukuamu 1875. rogure. OcHUBaNIM Cy
UX yrjelHa rocroja, TProBUM M 3aHATIIMje, HajBUILE U3 NOTpede 1a 3allTHTE COICTBEHY
UMOBHHY. Bramapy, cyodeHn ca 4ecTuM M 1o OOMMY BEIHMKUM IIOXKapUMa, JOHOCHIH SU
onpeheHa mpaBuWia W Tporjace KojuMa cy obOaBe3uBanu rpahane Ha crpoBoleme Mepa
3alITUTE OJ1 OXKapa U Ha 00aBe3y raliema roxapa, aji cy U JaBaiu, Ha npumep, oapeheHy
KOJIMYMHY 300U 32 KO Koje cy oapehuBanu 3a Bydy BOJIE Ha IOKap, WK HEKOJIUKO MeTapa
OTPEBHOT JPBETA 32 UCTAKHYTE BaTPOTACIIE U CINYHO.

OcampieceTux TroJMHA MPOLLIOT BeKa A0OpPOBOJbHA BaTporacHa JpyiiTBa y BojBoanHu
nMmamna cy 45 580 umanoBa, 142 BarporacHa Bo3mia, 320 BaTpoTacHUX JOMOBA M CIPEMHUIITA.
Ha Ttepuropuju HoBor Canma pgenoBamo je 51 100OpoBOJBHO BaTporacHo APYIITBO
(TepuTopujaTHO W MHIYCTPH)CKO), a JaHac WX je cera 4. Ha crame opraHm3oBaHOCTH
BaTPOTacHUX OpraHM3alija HENOBOJbAH YTHIA] UMalH Cy IPYLITBEHO E€KOHOMCKAa KpH3a,
opyXaHH CykoOM y OKpyxkemy, pacnan COPJ, mporecu npuBartuzalyje U yHHUINTABAHE
JpYIITBEHE UMOBHHE, MPECTAHAK pajia BEIMKUX MHIY-CTPHjCKHX IPOU3BOJIHMX Tpernys3eha,
COoLlMjaJlHa paciiojaBarba CTAHOBHHMINITBA, Mope-Mehaju y cucteMy BpEAHOCTH M jOII MHOTH
apyra ¢akropu. Umak, mojenyHe BaTporacHe OpraHH3alldje W BENMKH 3aJbyOJbCHULIU, H Y
OBMM HOBHM OKOJIHOCTHMa, MWCTpajaBajy Ha OCTBAapHBamy IPOKIAMOBAHMX Hadyelna,
MPOTrPaMCKHX 3aJaraka M MOCTIKY 3Ha4yajHe pesy-ntare. Cama y Bojsoaunu mmamo 230
JOOpPOBOJEHUX BaTpOracHUX JpyliTaBa M 35 Barpo-racHa caBe3a y kojuma zaeryje 5300
AKTHBHHUX CTPYYHO OCIOCOOJbCHHMX MPHITAIHHKA BaTPO-TaCHHUX jSAMHHUIA M jOII TpeKo 15
XUJbaJla WIAHOBA JOOPOBOJPHUX BATPOTACHUX NPYIITABA.

Panx 100poBOJBHHX BaTPOraCHUX OpraHU3alMja, BHUXOB CTaTyC, MECTO, YIOTY H MOJI0XKaj,
OCKPHABWJIM Cy HOBH 3aKOHM M TO: 3aKOH O 3allITHTH OJ] MOXapa U 3aKOH O YAPYXKCHhUMa.
JoHoLiemeM OBHX 3aKOHA KOjH CY 3aHEMapWJIM BPEIHOCTH JOOPOBOJEHOI BaTPOTacTBa, alu
u norpede rpahana n YcraBoM 3arapaHTOBaHO IPAaBO HA JKMBOT U 0e30€IHOCT, yUUHbEHA je
orpoMHa ImnTera mnpe csera JlpxkaBu, cBUM TrpahaHMMa, a TOTOM U JOOPOBOJEHUM
BaTpPOTracHUM opraHusanujama. Komuko je 3akoH 0 3alITUTH OJ MOKapa MamKaB FOBOPH U
YMBCHHULA [1a Y OBUX IICT T'OJIMHA OJ] lIberOBOI' CTyIIakha Ha CHAry v 3BaHU4YHE IIPUMCHE, HI/Ije
Moryhe mojeauHe ojpende NPUMEHWTH HUTH JIOHETH MpelBHleHa MOJ3aKOHCKA aKTa, a
MHOTa BEOMa BaKHA MHTama Ma Yak U Iene 00JacTu, octana Cy HelopeyeHa, Hempeln3Ha
i Heperymicana. [Ipemtor 3akoHa 0 10OPOBOJEHOM BaTPOTacTBY CavynibeH je, BaTporacHn
caBe3 CpbOuje ra je mocraBuo CeKTopy 3a BaHpEOHE CHUTYallMje Paad CBEHTYaIHOT
yckinalhjpBama ca OPYyrUM 3aKOHCKHM MpomucuMa, ma O0u Morao Omtu ynyheHn CKymmnTwHH
Penybnuke CpOuje Ha ycBajame.

2.3.AHra:koBame I00pOBO/bHHX BAaTpOracana y BAHpeJHUM CUTyalijama

Kana cy 2013. n 2014. rogunre, y paBHOj BojBouiHN CHE)XXHU HAaHOCH M CMETOBH 3aBejaliid
myTeBe W 3apoOMJIM MHOroOpojHE BO3aye M BO3WJA, MOOPOBOJEHH BATPOracid Cy IITO
CaMOMHHUIMJAaTUBHO, IITO IO TO3WBY OMNIITHHCKUX M JPXKABHUX OpPraHa, OpPraHU30BaJIN
pa3yMuuTe BUAOBE aKTHBHOCTH M MpYyxKama nomohu. JJoopoBosbHu Barporacuu Cuibaria cy
KyBAIM W JACIWIN Yaj M XpaHy W OpTaHM30BalM 30pHmaBamke NMyTHHKa N0 Kyhama u
TpPaKTOpHMa M3BJIAYMIIM 3arjiaBjbeHa Bo3uia, y Pyckom KpcTypy cy Ha BaTporacHo BO3uio
MOHTHpPAJIM TPTa4y U pa3rpTajy CHEr ca BaXxHUjUX caoOpahajuuna m myreBa npema Kymu u
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Bpbacy, y Baukoj Tomonu cy momaranu y pacuumrhaBamby CHera, OpraHH30Bald MPUXBAT
JMIa KOja Cy XENUXONTepHMa eBaKyHCaHH H3 3aBEjaHUX BO3WJIA Ha AayTONyTy, OX
3peHaHMHCKHX JpyIITaBa Ha 4YuIuhely M Ipamkby MOyTeBa IIOCIHEe CHEXHUX HaHOCA,
ydecrBoBaiu cy Euka, CrajuheBo, Kunhauun, ®apkaxaun u Uenra.

OBorojumme OOWIHE MajcKe KHIIe, TMOIIaBWiIe Ccy CcTaMOeHe, EKOHOMCKE H
MOJBOIIPUBpEHE 00jeKTe, HHPPACTPYKTYPY, CTOUYHH (HOHI U MpUpoIHa OOTATCTBA, U Yy TUM
32 HapoJ BeoMa JpaMaTHYHMM M TEIIKUM TPEHyLMMa, JO0OPOBOJBHHM BaTpoOracuu cy ce
opraHu3oBaHo craBwin y pyHkuujy onodpane on nomaea. M3 Hosor Kuexesna, Kukunze,
Kammxe, Cprcke n Hose Llpmwe, [letpoBapagnna, Cunbama, baya n npyrux mMecra oTUIIIH
cy y Hlabar u Cpemcky Mutposuity fa 00y3aajy HaOyjainy CaBy. JJoOpoBoJbHM BaTporaciu
n3 Kucava mpurexnu cy y momoh koserama n3 Cpemcke Kamenniie Ha caHupamy mocienuma
Oyjuune mnortaBe, dymkaHu cy nomarajad CBOjUM TIOIUIaBHEHUM cyrpahannma. VY3
MHOTOOpojHe Tpahame, y kpyry JaBHor komyHamHor mpemyseha ,I'paacko 3ermeHHo,
BaTpOraciy U3 BUIIE BaTPOraCHUX JPYIITaBa MyHUIH CY [JAKOBE IIECKOM KOjH j€ OZBOKEH Ha
CaBy. [JlynaB je 2013. roamHe 030MJBHO YIpO3HO Hace/ha Ha mnpuobaspy. Kahanu cy Ha
Kamemapy mnpunomoraim mymeme U TocTaBbambe [akoBa. Caocehamn cy oHM ca
KamemwapriymMa jep 3Hajy mita je mormiaBa, HUCy 3abopaBuiu 1999. rogmHy Kajga cy ce
HEKOJIMKO MECeIy OOPMIIN ca KUIIaMa B TIOA3EMHIM BOJaMa.

2.4.CTpy4yHa ycaBpIIaBamba 1 00yKe

BatporacHuM KypceBHMMa M IpyrMM BHJOBHMMa OCHOcoOJbaBama, BarporacHu cases
rpaza Hosor Cana nocsehyje Benuky naxmy. CaMo y 0BOj TOAMHM OJipKaHa Cy TpU Kypca
3a Barporaciia (60 moyia3HuKa), 1Ba 3a BaTporacHOr momoduiupa (28 mojsasHuka) U jeaaH 3a
3Balbe MHOHMP BaTporacan (25 monasHmka). OpraHu3oBaHa je NpUIPEMHa HacTaBa 3a
roJlarame MCIUTa 3a BaTPOTAaCHOT CYIHMJy M 3a NpPOAYXKEHme cyaujcke jerurumanuje (41
cymuja).

OcHoBHa 00yKa 3allOCTICHUX W3 00JIaCTH 3alITUTe O mokapa 3a CaBe3 He mpeicTaBiba
caMo M3BOp OCTBapHBama NpHxojaa, Beh M IIaHCy Ja ce Ha TEpeHy carjiefajy YCIOBH Y
KOjuMa ce 00aBJba MPUBPEIHA ACNATHOCT U YIIOPEAN HUBO CIIPOBEJCHOCTH MEpa 3alITUTE O]
noxapa.

On 2010. roguHe no nanac, CaBe3 je MHTEH3MBHO PaJuo ca CKyNIUTHHaMa 3rpaja,
YIIO3HA0 HMX Ca HOBHUM O0aBe3ama KOje MM Yy 33aJaTak CTaB/ba HOBU 3aKOH O 3aIUTHTH OX
nmoxapa, u3pal)eHoO je yIyTCTBO 3a IOCTYNamke Yy CiIydajy Iokapa, 3a 3rpane cy palena
MpaBWiia 3allITUTE OJ T0Kapa M IJIAHOBU €BakyallMje, OpraHu3oBaHe Cy oOyke craHapa M
jaBHe BaTporacHe BexOe. [locne moxkapa y auckorenu ,,KoHTpacT, ”HTCH3UBHUpAH je paj ca
yYCHUIIMMA OCHOBHHMX W cpeambux Iukona. OpraHn3oBaHa cy NpeiaBama KojuMma je
MPUCYCTBOBAIO OKO 15 xwmipama cpemamoinkoiama, oko 20 Xuibajga y4eHHWKa OCHOBHHUX
IIKOJIa, U MPEeKo 4 XuibaJie 3aloCiIeHNX y IIKoiama. Enykanuje yueHHKa Mopej 4iIaHoBa
JIOOPOBOJBHUX BaTPOTAaCHUX APYIITABA BPUIMJIM Cy CTYJCHTH 3allITHUTE OJ1 10XKapa, 3aBpIiHe
TOJIMHE CTynHja Ha Bucokoj TexHHUYKoj mKomm cTpyKoBHUX cryauja y HoBom Camy. Ocam
CTyZeHarTa je y JBe LIKOJICKE roiMHe y BarporacHom caBe3y 00aBHJIO CTYIIEHTCKY IpaKcy Ha
KOjOj Cy OCHOCOOJeHM 3a eayKanmjy ydeHnka. CaBe3 je 3a OBY eIyKalHjy MITamIrao
pekylaMHU IuTakat ,JIperno3Haj pu3uk y cebu u oko cebe”, a 3a yUeHHKE HWXKUX paspena
OCHOBHHX IIKOJIa OIITaMIaHo je 18 Xmipama pacmopema d9acoBa WIYCTPOBAHHX Kao
IIpoTaraHiHy M eaykaTuBHM Marepujan. Ha tepuropuju I'paga Hosor Cana y mkoinckoj
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rOJIMHU MMa OKo 36 XuJbaZa OCHOBalA U OKO 16 Xuibaga cpemolukonana. Y paay ca AeloM
MPEIIKOJICKOT M INKOJCKOT y3pacta CaBe3 pemoBHO y4ecTByje Ha HHTep-apTOBO]
MaHHudecTanuju ,,Baby exit“. JJobpoBossHO BarporacHo mpymTBo Kah cBake npyre roauae
OpraHmsyje HarpaJHy U3J105K0y JMKOBHUX U JINTEPAPHUX PaZoBa, KOjoj IPETXOJE eayKaluje
YUeHHKA U TIOCETE BaTPOTaCHOM JIPYIITBY.

Barporacuu case3 rpama Hosor Cama je opramm3yjyhm pemoBHE cacTaHKE HHKEHEpa
3aIlUTHTE OJ IOXKapa M IPYruX JHLAa KOju ce OaBe IMOCIOBHMA 3alliTHTE O] IMOXapa,
0e30eJHOCTH U 37paBiba Ha pany ¥ ¢usuukor ode3dehema, mopen Mucuje OKylsbama H
NOBE3MBakba OBHX JHIA M ymyhwBamkba WX Ha capaimy, y IECETOTOIHIIEBEM IEPHOILY
OCH@)XHO HEKOJHMKO HWHXXEHepa Jia HalycTe HeyclellHe (QUpMe U 3aloyvHy COINCTBEHH
OnzHUC.

2.5.BaTtporacHa TakMu4ema, CMOTpPE U CyCpeTH

BarporacHa TakMuuema Cy OJl M3Y3€THOI 3Hadaja 3a yBeXOaBame M OBIIANABAE
BEIITHUHOM DPYyKOBama BaTPOTaCHOM ONPEMOM M HM3BpLIaBameM ojapel)eHHX 3anaTaka, Kako
OJIpaciINX 4WIAHOBA TAKO W BaTporacHor moamuiatka. Ilopen Tora, Ha OBMM TaKMHUYECHUMA CE
HETyje TpaJulnja, Heryje THMCKH pajl, IpUIpeMa 3a MPHUXBATambe OCTBAPEHOT PE3yiTaTra U
MOJTHOILIEhE TIOpa3a U mobejie, ycBajajy MmpaBuia AUCHUIUIMHE U MOLITOBaba MpoLenypa 1
LIepEeMOHHM]a IIPH OTBapamy, CIIPOBOl)eby U 3aTBapamy TAKMUYCHA.

VY TOKy jenHe TOQMHE OpraHu3yjy ce cieaehe TakMuaapcke MaHU(ecTaImje:

e MajcKkH cycpeTH BaTrporacama — oApacie eKuIe u3Bojie Op3y BexOy Ha BaTpOracHOM
BO3MJTY, @ BATPOTACHU ToIMJIIaIak Op3y BexOy ca OpeHTaduom

e Mewmopujan ,,PamquBoj CaBuH - Pama“ y OkBUpY Kojer ce €KuIe BaTpOracHOT
MOIMJIATaKa, JyHHOpa U OMJIaJIMHaIa TaKMHYe Y BexXOH ,,Ko Opke - ko Bumie™ u jou
4yeTHpH BexOe n3HeHahemwa

e PeoBHO TpajcKO BaTpOracHO TaKMHUCHE — y CBHM KaTeroprjama, a HM3BOJE ce
BexxOe mpema IIpaBMIHMKY O BaTporacCHHUM TaKMHUYEHMMa, €KUIEe BaTpPOTacHOT
MoJMIIaTKa TakMH4e ce y IUCHUIUIMHama ,Haman 3a rameme pydyHOM ITyMIIOM
operradyom™ wu llltadernHa Tpka ca MPEHOIICHEM BOAC™;, jYHHOPH HMAajy
,»BaTporacHy BexO0y ca npenpekama“ u ,,IlItaperHy Tpky ca mpemnpekama®, a ogpacie
eJIUIe ce TaKMHYe y JUcUUIUIMHama ,,Hanan 3a rameme ca MBII“ (cyBa Bex06a) u
»lTaeTHa Tpka ca mpempexama)

o Kswus3 ,Maiu BaTporacair’, 3a BATpOraCMHH IOMJIAIAK U JYHHOPE

e [llaxoBcku TypHHp BaTporacana

e TakMmunueme ,Majcrop Barporacan’™ - pacTaBjbar€ M CacTaB/bakb€ BAaTPOTAaCHUX
amapara

e UutepHo BatporacHo Takmuuewe JI'CII ,,Hoeu Can"

CBake japyre roauHe OJpXKaBajy ce KBIM(HKALMOHA TaKMHUYCHA 3a IMOIMIIANAK M
JYHHOpE, a CBake 4eTBpTe rojiuHe 3a cBe Kareropuje. OBe roaune Ha Ilerom [[pxxaBHOM
BaTPOTacHOM TakMuuewy y Kammxu, kao mpBany Jy>)kHOOaYKOT OKpyra HacTYIHJIIE Cy KHIIe
JBJI Kah - mommnaznak xeHcka u mymika, U JIBJ] bereu jyHuopw, jkeHCKa U MYIIIKa CKHIIA.
CBe exmrie Cy yCIIEITHO HW3Belle BexOe m ocTBapwie mobap pesynrar Ha Keusy, a mymke
eKHIIe cy ocBojuiie Menasbe. Manu Kahann cy na Ilerom kBu3y ocBojuim OpoH3aHy Melaby,
a berewanu cy y BexOHM OCBOjUIIM NPBO MECTO M Kao JApKaBHU MpPBAlM HpejacTaBibahe
Penyonuky Cpbujy cnenehe rogune Ha MeljyHapoJHOM BaTpOracHOM TaKMHUUCHY.
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Ha Tpry cmobome, y uentpy Hoor Cama, 2013. rommae oxapxkan je Ilerm cycper
IoOpoBOJBHUX Barporacana Bojsoauue. Jleduieom BarporacHux Bo3wia mopehaHux o
roJIMHaMa CTapoCTH, O[] MOTKOBUIIE Ha IUIATOY HMCIpel JKele3HH4Ke cranuue 1o Tpra cio-
0oze ¥ MOCTpojaBameM TOI BO3HOT mapka Ha Tpry, omoryhumu cmo rpahaHuma na Buze
Halry ompeMy. Y mporpaMy je Omia BexxOa ca BaTpOracHHM amapaTthMa y Ko0joj je ,.loxap
racuiio ¥ IpeKo CTOTHHY rpalana, BexxOe ca BO3WIOM y3 aTpaKTHBHO ca TpH 000jeHa Miaza
dbopmupame 3acraBe Pemybnuke CpOuje, CUMy/IHpaH je pasroBOp ca JACKYPHHM BaTpo-
racueM MpUIMKOM J0jaBe Hoxapa ,I' e Topu, TOBOpH™, TpaJCKUM YeTHHIUMA KOJ HBUX Ha
npujeMy, TpeacTaBbeHa je OpOjHOCT, ONPEMIBEHOCT, OPraHM30BaHOCT M CIIPEMHOCT J00po-
BOJbHE BaTporacHe opranusauyje. [Iporpam ce oaBHjao y3 3ByKe BaTpOTacHOT OPKECTpa.

3. SWOT AHAJIU3A

Swot anmamm3a moze da odgovore na neka vazna pitanja: mra HaMm Hemocrtaje, Koje Cy
Hallle CHare u ci1adocTy, a Koje aHce U npetme. CHare U c1aboCTH IO MOJIENY OBE aHAIM3e
je oHO mTO 3aBHMCH O HAC, a INAHCE WM MPETHE Cy OHO INTO HE 3aBHUCH o Hac Beh of
CHOJBHHX (haKTopa.

Cuare

CHare 3aBuce 0J1 T0OpOBOJGHOX BaTPOTaCHUX OpraHU3anuja:

e bpojHOCT, BEIHMKHU JbYCKH MOTEHIUja

o Tpagunwmja

e 3Hame U UCKYCTBO

e Jlokammja

e [loTpeba - HeonmxomHOCT Op30or JenoBama y BaHPEAHHM CHTYyalldjamMa WIIH
oipeh)cHUM XUTHUM CTamUMa

e AMOHWIINO3HOCT

CnabocTn

Crnaboctu 3aBUCE 0J1 BATPOTACHUX OPraHU3aIfja;

Kanposcka pemema
HenosnaBamwe nponuca
W3ocranak nponaranje, CyBeHUpa, UMHILIA
HenoBoJsbHa 3acTYIUbEHOCT Y MeMjuMa 1 ciiab mpoTok uHpopmanuja
HenosoJspHa onpeMibeHOCT
Hepmocrarak ¢pmHAHCHjCKHX cpecTaBa
BpojHocT (MacoBHOCT)
Ocrunanuje y paay
AMOUIIMO3HOCT
3aTBOpEHOCT
e Jlom oxroBop Ha goralhaj
lance

[lance koje He 3aBuce 011 JOOPOBOJBHUX BATPOTACHHX OpPTraHU3aIldja, a TO CY:
e Craparenko IaHupamke U MO3UIMOHUPAHE
e OnpeMJbeHOCT U (PMHAHCUPALE
e Banpenuu norahaju
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OnacHocTH
OnacHOCTH He 3aBHCE O] TOOPOBOJFHUX BaTPOTAaCHUX OpraHU3aIHja, a TO CY:

e Omnaname cTanmapa

e 3akoHcKa HeypeleHOCT n HeyckialeHocT
e AHTaronuzam

o Jlomr oarosop Ha norahaj

4. 3AK/BYYAK

JoOpoBoJsbHa BaTporacHa IpyIITBAa M BaTPOracHH CaBe3W Y PaHMjEM IEPHOAY UMAH CY
3HaYajHy YJIOTY y pa3Bojy 1 yHanpehemy 3aiuTuTe o MoXxapa 1 OTKJIamamy [ToCIeIULa eje-
MEHTapHUX U Apyrux Hecpeha. TakBy ynory n3ry0mia cy 3aKOHCKUM H3MEHaMa, ajld U He-
JOBOJAHOM oOmpesHonthy kpeatopa Ap)aBHe MOJUTHKE. [laHac, caMo MOjeAMHE BaTporacHe
opraHu3aigje ycreBajy aa paze y3 (HHAHCHjCKAa yiarama JOKaJHEe CaMOYIpaBe OJHOCHO
Hpxase. Unmennna aa je Opoj moxkapa, )KpTaBa W INTETa Y MOPACTY 3aXTe€Ba O30MIBHY
aHaIM3y CTama 3alliTUTe OJ T[0Xapa, 3aKOHCKE peryjiaTHBe, OINPEMJbEHOCTH U
OpPTaHMW30BAaHOCTH  Ba-TPOTACHHX jeauHHWNA (ZOOPOBOJBHMX ¥ MPO(eCHOHATHUX),
YKJbYYEHOCTH jEJUHUIIA JIOKAJIHE CaMOYIIpaBe y OpraHM30Bame U CIIPOBONEHE 3aIUTHTE 01
nmoxkapa, 0Opa3oBHOT CHUCTeMa, 00YyYEHOCTH M OCIOCOOJLEHOCTH KaJpoBa Ha TOCIOBHMA
3alITUTE OJ TO’Kapa, KBAJIWTETA YCIyra W KBAJMTETa ONpPEME M CPEACTaBa 3a Tallemhe
HoXKapa M CBUX JPYTUX eleMeHaTa OM-THUX 3a 3aIITUTY of noxapa. V3 TakBe aHanuse Tpeda
Ja TPOMCTEKHY HOBa pellema KojuMa hie ce NONPHUHOCHTH MOOOJBIIAKY CTamkba y OBOj
obnactu. Y 100OpOBOJEHMM BaTpO-TaCHUM OpraHu3alujaMa U y rpal)aHcTBY MOCTOjH BEJTUKH
MTOTEHITNjaJ KOju ce Tpeba apTUKYINCATH.

Jo6poBoJsbHa BaTporacHa ApymrBa ca 60J60M BaTPOraCHOM OIIPEMOM Y3 PEIaTHBHO Maja
(¢uHaHCHjCKa CpelcTBa 3a ompeMmy, 00jeKTe M MaTepHjalHe TPOIIKOBE ajd U JAPYLITBEHO
KOPEKTHHUje BPEIHOBAE U NPU3HABAKE HUXOBOT paja, Aana 6u JpxaBu orpoMHy nomoh y
CIIPOBOlerbY 3alITUTE O TT0XKapa. PyKoBoqHOLMa HHTEPBEHIIM]a Tallickha U CllacaBama WU
OTKJIamama IMOCJIeHULA eIEMEHTApHUX U ApYyrux Hecpeha, oj Benmke momohm Mory OuTH
NPUITQTHALDY  J00pPO-BOJBHUX BATPOTacHHX jEeAWHHLA jep OHHM TIOpel CTPYYHOCTH H
yBe:kOaHOCTH, UMajy ypelieH U yBexkOaH CHCTEM pyKOBOljema M MMajy HaBHKY Ja CIIYINa]y
HapenOy. Y ToMme ce pasfHKyje aHTakoBamke JOOPOBOJFHUX BaTporacama O]l aHTaKOBamba
rpahaHa Koju HUCY ITPOIUIN HH BaTPOTAacHy HUT BOJHY OOYKY.

I'pahanu KOju TMYHKUM pasioM JOTIPUHOCE CTBapamy 0e30eH1je IPYLITBEHE 3ajeAHULE, 1
3a ceOe MOCTIKY BHLIECTPYKY KOPHCT OJ] KOJUX ¥ BPJIO BaXXHO YHYTpAIhe 3310BOJBCTBO U
panoct. Hema HumTa XyMaHHje HEr0 OMOTYNHTH OBHM JbyIHMa Jia )KMBE y CKJIALy Ca TOM
CBOjOM IIPHPOIOM.

5. JIUTEPATYPA
[1]1 Beph I'an, (1972): 100 200una eampoeacmeéa Hosoe Cada. Hosu Can: N3nasau.

[2] W3BewuTaji BaTporacHiX opraHu3sanuja
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1. INTRODUCTION

Every organized and responsible society performs everything it can in order to organize
and conduct all necessary measures for protection and rescue of its citizens from possible
risks to their safety and health. A constant threat to the safety of the population of the
Republic of Serbia is the consequences of weather disasters and technical and technological
accidents, as well as the endangerment of the environment and citizens’ health due to
radiological, chemical and biological contamination. All subjects of defense are engaged in
these situations, especially civil protection (hereinafter: CP), as a part of the protection and
rescue system (hereinafter: PRS), a humanitarian and non-military activity vital to the
interests of the Republic of Serbia. It is being organized and prepared both in the times of
peace and war, in accordance with the Protocol | of 1977 (to the Geneva Conventions, 1949)
relating to the Protection of Victims of International Armed Conflicts, as well as other rules
of international humanitarian law.

CP started being developed especially after passing the Emergency Management Act [1]
and bylaw acts. CP in Serbia consists of:

1) Personal, mutual and collective protection;

2)  Measures and tasks;

3) Commissioners of CP, deputy commissioners and units of CP;
4)  Observation, notification and alert system;

5)  Authorized and accredited legal entities;

6) Humanitarian and other organizations enabled for protection and rescue
(hereinafter: PaR), and

7) A number of activities related to recruitment, providing material equipment,
training, enabling, mobilizing and activating CP [1].

CP in the Republic of Serbia is regulated by the following Acts and bylaw acts:

¢ Act with modifications and amendments to the Emergency Management Act [1]

e The Defense Law with amendments to the Law [2]

e Regulations on the amount of the emergency cash assistance (a one-time cash
payment) [3]

¢ Regulations on obligatory means and equipment for personal, mutual and collective
protection against weather disasters and other accidents [4]

¢ Rules on organization and usage of specialized units [5]

e Decision on appointing authorized and accredited legal entities for PaR in the
Republic of Serbia [6]

e Rules on training, curriculum and normative teaching means and equipment for
training the members of CP [7]

e Regulations on the method of using materials for PaR and the mode of achieving the
rights on reimbursement for using them [8]

o Rules on the uniform, tags and badges of PaR, badges of functions and specialty, and
the identification of the PaR members, with amendments [9]

e Regulations on service in active reserve in specialized units of PaR [10]
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¢ Rules on the contents and way of conducting the evidence concerning the members
of the bodies, units, services and other participants, and the means and equipment for
CP [11].

2. ELEMENTS OF THE CIVIL PROTECTION

The Emergency Management Act defines seven basic elements of CP, but this paper will
present only the basic functions of CP on which depend the safety of the population and
material and cultural goods in case of weather and other disasters and catastrophes, i.e. which
affect a successful functioning of PaR system in Serbia.

2.1.Personal, mutual and collective protection

In order to achieve personal, mutual and collective protection, state and provincial
bodies, as well as the bodies of local self-government, economic corporations and other legal
entities (hereinafter: subjects of civil defense) should all obtain and keep in working
conditions the necessary means and equipment for personal, mutual and collective protection
and train their employees in CP. The final deadline for obtaining these resources was the end
of 2011. The citizens and owners of residential buildings should have provided and kept in
working conditions the necessary means and equipment for personal, mutual and collective
protection by the end of 2012. Regulations on necessary means and equipment for personal,
mutual and collective protection against weather disasters and other accidents were passed
by the Government of the Republic of Serbia on 24" January 2011 [4]; according to those
regulations, all subjects of protection are obliged to have the minimum of protection
resources with them. Whether these resources have been obtained and, if yes, in what
amount, remains unknown.

2.2.Measures and tasks of civil protection

The subjects of civil defense prepare and conduct the following measures of CP: 1)
preventive measures; 2) measures of protection in case of immediate danger of weather
disasters and other accidents; 3) measures of protection once the weather disasters and other
accidents occur; 4) measures of minimizing and removing the immediate consequences of
weather disasters and other accidents. In order to achieve PaR of the population, material and
cultural goods from the dangers by weather disasters and other accidents, PaR tasks are
conducted: 1) notification and alerts; 2) evacuation; 3) displacement and urbanistic measures
of protection; 4) taking care of endangered and hurt people; 5) radiological, chemical and
biological protection; 6) protection from technical and technological accidents; 7) protection
from devastations and rescue from ruins; 8) PaR from floods and accidents on/under water;
9) PaR on inaccessible terrain; 10) PaR from fire and explosions; 11) protection from
unexploded ordnance; 12) first and medical aid; 13) sanitation of the terrain; 14) preservation
of goods important for survival; 15) immediately setting the necessary services of public
importance. The effect of conducted measures and tasks of CP was obvious during the
emergency situation in May 2014; it showed us the level of organization and preparedness of
CP, especially on the level of local self-government — cities and municipalities. The gained
experiences should enable the upgrade of the CP system, especially locally.
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2.3.Commissioners (and deputy commissioners) of CP

The commissioners of CP and their deputies are appointed in order to perform the tasks
of PaR in residential areas, parts of cities, residential buildings and villages, economic
corporations and other legal entities and public administration. The commissioners and
deputies are appointed and suspended by: 1) the managing director of the public
administration body (in public administration); 2) the manager or other persons appointed by
a general act (in economic corporations and other legal entities); 3) the emergency situations
headquarter of a local self-government (in residential areas, cities and villages). The
commissioners and deputies in cities are appointed according to the schedule in CP, and in
economic corporations based on their obligations. The commissioners and deputies perform
measures and tasks in order to include the workers in personal, mutual and collective
protection and other tasks of PaR of the citizens and material goods in the appointed objects.
The commissioners and deputies in cities perform immediate measures in order to include
the citizens in the measures and tasks of personal, mutual and collective protection; in
addition to that, they manage CP units of general use. The citizens from endangered and
destroyed locations are obliged to act according to the rules of the commissioners and their
deputies. The commanders of municipal and city headquarters for emergency situations have
to analyze and publicly present the role of commissioners in the emergency situation in May
2014.

2.4.Units of civil protection

Units of CP are formed, equipped and trained as operative forces for performing the tasks
of CP as both specialized and general units. They are formed in accordance with the
Assessment of endangerment for the Republic of Serbia, the units of local self-government,
economic corporations and other legal entities.

Specialized units of CP are formed, equipped and trained in order to perform complicated
tasks of CP on the territory of the Republic of Serbia, i.e. on the area of administrative
counties. They are also formed by economic corporations and other legal entities which, in
accordance with the Assessment of endangerment, present a potential source of
endangerment of the wider area. The specialized units of CP formed by appointed offices are
filled by the employees of the appointed offices, military draftees and draftees of CP. The
specialized units of civil protection are formed as: 1) the fire units; 2) the water and
underwater units; 3) the units for rescue on inaccessible terrain; 4) the first aid units; 5) the
units for discovering and destroying unexploded ordnance; 6) the units for CBR defense; 7)
the units for rescue under ruins; 8) the observation units; 9) the notification and alarm units;
10) the telecommunication units; 11) the care units. The sort and number of the specialized
units were proposed by the Ministry of Interior in the special Rules of the organization and
manner of specialized units of CP [3].

General units of CP are formed by the units of local self-government, economic
corporations and other legal entities as temporary group of volunteers and working-age
population, i.e. employees, in order to perform simpler tasks of PaR.

A contract on active reserve (in order to perform tasks in a certain period of time) is
signed with members of CP deployed in the CP units which have to keep a constant
readiness and are designated to perform specialized highly-technical tasks of CP on the
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territory of the Republic of Serbia, or to provide help to other countries. Their rights are
regulated by the Law and the contract. The members of active reserve are engaged in the
tasks of maintaining the operative and functional ability. The training and engaging on the
tasks of CP is in accordance with the signed contract. Planned training and conditioning the
members of active reserve enable a higher level of competence in comparison to other
members of the CP reserve. The employment of a member of CP enlisted to a task of CP in
accordance with the contract on active reserve is paused during the task, and they are obliged
to return to their jobs immediately after the completion of the CP tasks. The Government of
the Republic of Serbia announced the Regulation on the amount of emergency cash
assistance (a one-time cash payment) in case of death while on a CP task [4].

3. CIVIL PROTECTION IN THE UNITS OF LOCAL SELF-
GOVERNMENT

The Emergency Management Act defines that the units of local self-government
(hereinafter: municipality-town) are one of three main subjects of PaR system in the
Republic of Serbia and that they enable the formation of a unique PaR system on the territory
in accordance with the Law, regulations, programs, plans and other documents that define
the organization, development, preparation and use of PaR forces and means. They are
primarily obliged to conduct all means of protection — especially preventive and then the
means of protection under danger to the population, material and cultural goods. In order to
be able to successfully perform the measures of PaR, the municipalities are obliged to define
its territory’s the protection and rescue forces such as: emergency situations’ headquarters;
persons whose main activity is PaR, as well as the economic corporations and other legal
entities; associations enabled and equipped for PaR that can, with the help of the fire and
rescue brigades, the Police, the Serbian Armed Forces, the Serbian Red Cross, the Mountain
Rescue Service of Serbia, rescue the citizens and endangered material and cultural goods
from dangers and consequences of weather disasters and other accidents.

In order to exercise the rights and obligations of PaR, the municipalities, through their
bodies, perform fourteen defined tasks, the most important of them being: 1) passing a
resolution on organizing and functioning CP and enabling its performance in accordance
with the unique PaR system; 2) planning and locating financing sources for developing,
building and performing the PaR tasks and developing and performing the measures and
tasks of CP; 3) forming the emergency situations Headquarters; 4) following dangers,
alarming the citizens regarding the dangers and performing other preventive measures for
minimizing the risk from weather disasters and other accidents; 5) acquiring and maintaining
the means of alarming in the system of public alarming of the Republic of Serbia; 6)
organizing, developing and performing personal, mutual and collective protection; 7)
forming, organizing and equipping the general units of PaR.

Based on the act 15 of the Emergency Management Act, act 18 of the Local Self-
Government Act and the Statute of the town/municipality, the Municipal Assembly has
reached the Resolution on organizing and functioning of the civil protection on the territory
of the town/municipality. The Resolution regulates, among other things, organizing and
functioning of CP; determines the jurisdiction of the municipal authority and duties of town
authorities in PaR; forming the Assessment of endangerment and PaR Plans; appoints the
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commissioners and their deputies in residential areas; forming the general units of PaR
(hereinafter: GuPaR); arranges the inclusion of able legal entities and their activation; the
role of citizens, association of citizens and other organizations; coordination and
management of PaR in extraordinary situations; enabling personal, mutual and collective
protection (hereinafter: PMCP); conducting measures and tasks of PaR; functioning of the
public alarm system; training and enabling; planning and programming; financing the PaR
system; assessing damages; acknowledgements, recognitions, awards and other important
issues for organizing and functioning of CP. The Resolution determines the subjects of PaR
on the territory of town/municipality, as well as their tasks in the PaR system:
City/Municipality assembly; Mayor; City Council; City administration and their bodies;
enabled economic corporations and other legal entities vital to PaR, citizens, association of
citizens and other organizations.

4. CONCLUSION

The Constitution of the Republic of Serbia and the Local Self-Government Act clearly
define the municipality’s jurisdictions regarding the citizens’ protection. Those jurisdictions
are added by the Emergency Management Act (with bylaw acts) which defines the
municipalities as the core of the PaR system. A self-government unit is responsible for
conducting its and commissioners’ jurisdictions in a quality and efficient way. One of the
main jurisdictions of a municipality is organizing protection against weather and other major
disasters, as well as fire protection and creating conditions for its removal and minimizing its
consequences. Since there is a risk of extraordinary situations on the territory of
municipalities, it can be concluded that there are multiple threats to the citizens, material and
cultural goods and environment. The existence of risk is determined in passed Assessments
of endangerment on whose bases the Protection and rescue plans against dangers caused by
weather and other disasters and technical-technological dangers and catastrophes are formed.
The Municipal Headquarters for Extraordinary Situations organize, manage and perform the
actions of protection and rescue and measures that prevent, remove and minimize immediate
dangers and consequences, as well as ensure protection and rescue of the population and
material goods. The commissioners and deputies in residential areas and companies
undertake immediate measures in order to include the population in conducting measures and
tasks of CP and personal, mutual and collective protection, while the citizens of endangered
and destroyed locations are obliged to act in accordance with the instructions set by the
commissioners and their deputies.

The protection and rescue system, especially CP, is still being formed in the Republic of
Serbia. A lot has been done in the past five years, but not all elements of PaR have been
finalized. The emergency situation in May 2014 has shown certain weaknesses of the
existing system and pointed out further paths of work and development. Understandably, a
special attention is paid to CP in the units of local self-government where people live and
work. This area holds a special place in the future plans of local self-government. The
Decision regarding organization and functioning of civil protection on the territory of a
town/municipality has been reached in 95% of cases, but the implementation of that Decision
is slow and hard mostly because of the lack of funding and untrained cadre — in the
municipal administration, CP units, with enabled and authorized legal entities and citizens
who have mostly not had proper training yet. The emergency situation in May 2014 should
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serve as an example for all subjects of civil defense who should draw certain lessons and
conclusions conduct all measures insuring that a similar catastrophe does not occur again.
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In recent decades there is a tendency to an increase of number and scale of consequences
of natural and manmade emergency situations (ES). These emergencies occur in industrial
areas, major cities and inevitably lead to significant destructions and loss, as well as take
away hundreds and thousands of lives. One of the main reasons for the advent and growth of
ES is the rapid development of business and engineering human activity. The number of
accidents, human impacts and natural disasters in the Russian Federation is also increasing.
Therefore huge amounts of money are allocated for control an emergency, including the
Ministry of the Russian Federation for Civil Defense, emergencies and elimination of
consequences of natural disasters (EMERCOM of Russia), as to the main ministry dealing
with safety issues, in particular with the prevention or emergency elimination.

Currently there is a situation all over the world where it is necessary to live in a mode of
rigid economy. In this regard it is required to optimize management of resources
ofEMERCOMof Russia, receiving maximum efficiency from use of its resource potential.

The term "potential” contains two important aspects: existence of resources and target
orientation of their use. The concept "resource™ is divided into four groups: material, labor,
financial and information, which are limited in quantity and in quality. Andit turned out that
the main feature is the limitations.

It is worth understanding possibility of total volume of the administrative, labor, material,
financial, information resources, available at this stage of development united by use
purposes, and also the organizational and legal relations ensuring safety in the Russian
Federation (fig. 1) as the resource potentialof the sphere of EMERCOM of Russia.

Q‘ Administrative resources l<
Labour Material Finantional Information
resources resources resources resources
Buildings and
constructions OKSION
Transport Budger AHYCPCUC
AR Special equipment KACKAT
Psychologic service TPAHUT
staff training and
The activity of EMERCOM of Russia
The segment of monitoring The segment of The segment of The segment of The segment of
And forecasting of ES [Notification and contact | Emergencv response Prevention of ES [Elimination of E
Stateoftheenvironment

Nature

Technospher% Social and -economic

Figure 1 — Resource potential of EMERCOM of Russia
Administrative resources influence main types of resources: labor, material, financial and
information. This articleobserves each of them.

Labour resources are the most extensive and complex structured resources of
EMERCOM of Russia. It is connected, first of all, by that the huge number of tasks, both of
complexity and scale level is assigned to the ministry, which need to be solved as in daily
activity and the increased readiness, and in the emergency mode.Officersprimarily are labour
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resources: fire department, the Centers for Crisis Management (CCM) at various levels of
territorial subordination, search and rescue team of regions, psychological services, etc.

Undoubtedly, material resources belong to the most important resources of EMERCOM
of Russia. They are formed beforehand for ensuring effective work. The process of creation
of material resources joins in a complex of organizational and technical actions for the
prevention and elimination of an emergency, to decrease in risks of emergence and reduction
of possible negative consequences. Everyemergency is unique therefore it is difficult to
foresee about need of volumes and quantity of the used material resources, such as a special
equipment and transport (avia,auto and water transport). An important task of officers of the
ministry is safety in proper condition all material resources.

The source of financial resources’ formation of EMERCOM of Russia is budgetary funds
of federal, regional and municipal levels.

Information resources arealso an integral part in activity of EMERCOM of Russia. After
all the role of information, its completeness, quality and reliability takes an important place
in any sphere, especially, if it is connected with threat of life and human health or the
prevention of an emergency. EMERCOM of Russia uses different types of information
resources, each of which carries out certain tasks within employment activity. So Russian
National Integrated Population Notification and Warning System (OKSION) is difficult
system for informing citizens not only on all incidents, number of victims and rescued for a
certain period, but also preparation in the field of civil defense, protection against emergency
situations.

All above-mentioned resources form the activity of all ministry in general which includes
the solution of target tasks:

1. Constant monitoring and forecasting of possible emergencies and their consequences.

2. Notification and communicationsupport: with various levels of hierarchy in the
ministry (from lower to top and vice versa), with the population (through mass media, by
departure of SMS on mobile phones, radio, etc.), services of life support (the Ministry of
Internal Affairs of Russia, ambulance, housing-and-municipal services, etc.).

3. Response to an emergency and its elimination.

Having considered a question of resources' provision EMERCOM of Russia it is possible
to draw a conclusion that studying and its further research is a complex and fundamental
challenge where it is necessary to consider all numerous relations both in the considered
system, and from a position of the whole state for the purpose of obtaining maximum
efficiency from use of its resource potential.
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1. YBOJ

Ha edukacHocT cympoTcTaBibatba HAacTaIMM BaHpeqHuM gorahajuma, katactpodama u
BaHpe#HNM cuTyanujama (y gaskeM Ttekcty B/C), ommyuyjyhm yTtumaj mma KOMIUIEKC
OnaroBpeMeHo mpeny3eTux Mepa. Ilpumpema THX Mepa, HHXOBa peai3anyja,
KOOpAWHAIMja  aKTHBHOCTH BEIMKOT Opoja OpraHu3alija w Jbyau y OopOM ¢ HacTammm
TclieiiaMa BaHpeaHux porahaja, xaracrpoda m B/C nHemoryha je 0e3 opranm3oBaHOT
cucreMa pykoBohema. 3ajeJHIUIKe 0COOMHE 32 KarcTpode W BaHpPEIHE CHTYAIH]je CY:

® HEOYEKHMBAHOCT (M3HEHAIHOCT);
® BHCOK HHBO YIPOXKCHOCTH JKMBOTHO BaXXHUX HHTEpECa;
® U3paKEeH HEJ0CTAaTaK BpeMeHa 3a pejiy3uMame oropapajyhnx mepa

Crparernja W TakTHKa yIpaBjbakba W PYKOBOhema Ipe, y TOKY M IOCIE HAaCTaHKa
BaHpenHor norabaja, karacrpode u B/C mopajy 6utn mehycoOHO moBesane. Crparermka
peliekha, ycMepeHa Ha CIpevaBame BaHpeAHUX gorahaja, karactpode u BaHpeaHE
CHUTyanuje, OOMYHO Ce YCBajajy W peanm3yjy y paHuM (azama yrpapibamka Ipe HacTaHKa
norahaja. Ona ce y Behoj Mepu 3aCHUBAjy Ha aHAJIU3U YHILCHUIIA, Jorahaja, nHGopMalnja u
npeaBulamy pa3Boja CHUTYyaIlHje, HETO Ha TaYHUM W OOjeKTHBHHUM ITOJAIlIMa O BaHPEIHOM
norahajy, katactpodu u B/C. TakTH4ko pelieme ce ycBaja Ha OCHOBY TauHUX, MOTIIYHUX U
00jekTMBHUX MH(OpMallHja y TPEHYTKY HacTaHKa BaHpeAHUX norabaja, katactpoda u B/C,
any y TOM Cllydajy BpeMeHa 3a CIpedyaBarhe HCTUX MMa BeOMa MaJIo HJIM ra yOITIITe HeMa.

CrenuuuHOCTH pyKOBOhEWma  MPHIMKOM HacTaHaka Karactpoda W BaHpPEIHHX
curyanuja cy (Bopooses u ap, 2006):

e CTaJNHU yTHIAj PaKTopa HeoapeheHoCTH;

e CTaJHU yTULa] (hakTopa BpeMEHa;

e KOHCTAaHTHA W MOHAaBJbaHA MPOIEHA MPOOJieMa KOjU Ce I0jaBJbYjy y 3aBHCHOCTH O]
MIPOMEHA CHOJbAIELE CPEINHE;

e KOHCTaHTHA aHAJM3a CUTyalHje ¥ HHTEPHUX MOTYhHOCTH;

e ckpahuBame BpeMeHa pearoBarma Ha HacTtaje mpooneme;

o yckiahuBame PYKOBOIHE CTPYKTYpE ca MPOMEHECHUM YCIOBUMA U UJbEBHMA PaId
noBehama eprKacHOCTH pyKoBohema;

e TIPUMEHA CUTYallMOHOT M KOMIUIEKCHOT NIPUCTYIIA IIPH PelliaBamby Ipoodiema;

e MoOmnm3anmuja W Kopuiihewme CBUX TOCTOjehMX pajJHUX, MaTepHjalTHUX |
(UHAHCH]CKHX pecypca, HAyYHUX M TEXHHYKHX JOCTUrHyha UT/I.

PykoBoleme 3amanmma onKiIamama MOCIEAWIaa BaHpemHHX gorabaja, xatactpoda u
B/C je m3BpmHa ¢yHKIMja ymopaBbakba M IIOApa3yMeBa ycMepaBame IojeJuHana U
OpraHU3alMOHUX LEJIMHA Y W3BPLIaBaKY 3a4aTaka. PykoBOAMOIM HA PA3NIUYUTUM HUBOMMA
00aBJbajy mporecHe GyHKIMje TUIaHUPamka, OPraHn30Bamka, BPEAHOBAka U HaA30pa.

'Koopauuanuja um ycknahusame mogpasyMeBa BPEMEHCKY H IPOCTOPHY IIOBE3AHOCT ICTOBAA
CBUX YYECHHMKA y aKTUBHOCTHMA 3allITUTE U ClacaBama 10 erarnaMa crposohema 3ajaTaka, Kao U
npaBoBpemeHo nHpopmucame (Toth u ap, 2011).
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IMocroje Tpu HUBOA pykoBohema y B/C: crpaTemku; TaKTHYKH M ONIEPATHBHH, IIPU YEMY
ce ce TaKTHYKH W OIIePaTUBHM Haja3e Ha MecTy jJorahaja.

2. IITABOBU 3A BAHPEJJHE CUTYALIUJE

Crparemiko ympasibatbe y B/C y mpunnumny obaBsba 1moceOHO, 3aKOHOM JC(PHHUCAHO,
OTIEpaTHBHO-CTPYYHO Teno (opraH). Y pa3iIHYUTAM JpKaBaMa OBaj OpraH MMa Pa3IdIHT
Ha3MB, 10 NMPABWIIY TO Cy MTab0BH (KPU3HHM, IITAOOBH IMBHIIHE 3alITUTE U Jp.) WIN HUMA
aHAJIOTHU OpraHu (ympase, OWPEKIHje W Ap.). Y Hamoj 3eMJBH, Y CKIIAAy ca oapemdama
3akona o BaHpenHuM cutyanujama (Ci. I'm. PC 6p. 111/09, 92/11u 93/12), ynpaBibame y
B/C Bpme mTaboBu 3a BaHpeOHE CHUTyanuje, Koju ce o0pa3yjy Ha CBHM TEPHUTOPHjaTHO-
aJIMUHUCTPAaTUBHUM HUBOMMA (OINIUTHHA M Tpal, OKPYr, Mmokpajuna, Penybmuka). To cy
OIepaTHBHO CTPy4YHA Teja Koja 00e30el)yjy yrpaBsbauky (GYHKIMjy CHCTEMa y OTHOCY Ha
cBe cy0Ojexre 3amTHTe U cracaBama y B/C (wi. 33.). Iltabosu 3a B/C cy momohau (cTpydHO
CHELMjaIUCTHYKK) MEHalepcku (Ha uelly ce Hamase KomaHiaHTu) opranu (CreBaHoBuh,
2012). IMpunaxmajy rpynu GopMarHux U moBpeMeHnx (BehmHa) m cTamHux mrTaboBa (HIIp:
PenyOnmuuku mTab 3a BAaHpPEIHE CUTYAIIH]E).

CacraB mrTaboBa je KOHIMIHMPAaH Ja CBOJOM IIEPCOHATHOM CTPYKTYpOM 0O0jenumyje
aJIMUHHUCTPATUBHO-YIIPaBHY M CTpy4HO-omepatuBHy (QyHkuujy. Haume, unanoBu mrabda ce
UMEHYjy M3 pela pyKOBOAWIALA APKABHUX OpraHa y 4YdjeM ACIOKPYTY Cy IOCIOBH Ol
3Hayaja 3a 3aIITHUTY U ClacaBambe, PyKOBOIMIIANA IPYrUX OpraHa, OpraHu3aluja 1 yCTaHOBa
YHjH Cy IIOCIOBH y BE3W ca 3aIITUTOM M ClIacaBameM, PYKOBOIMJIAIA OpraHa JIOKaJHEe
caMmoynpaBe, CTpy4maka W3 IojeAuHuX obiactu u apyrux juna. llrabd cauumasajy
KOMaH/JIaHT, 3aMEHUK (OTIITHHE U TPaJIOBH), HAUCNIHUK IITabda 1 wiaHOBU mTaba. Hamnesxxau
OpraHu MMeHyjy KoMmaHJaHTa mraba (PemyOnwka u mokpajuHa) WM Cy TO IO IOJIOXKAJY
(HayeNHUK YIpPaBHOT OKpYra, rpaJoHa4ye]HWK W MPeICeAHUK ormmTuHe). HauemHunu
mTaboBa Cy pyKOBOJIMOIM TEPUTOPHjATHO HaJUIS)KHE OpraHun3aiione jequnauie Cexropa 3a
B/C.

[IITaboBH CBOje AaKTHBHOCTH OCTBapyjy y TpU pEKHMa: pEIOBHE JICIAaTHOCTH,
npurnpaBHOCcTH (Hapehyje mTad) n B/C (mtad npunpema npemior 3a mporianene):

® Yy peXHUMY PEIOBHE JETaTHOCTH — IOCMATPAke U KOHTPOJIA CTakba KUBOTHE CPEIUHE
H CHTyalldje Yy OKBHPY IIOTCHIHJaJHO OIACHUX oO0jekara; HHPOPMHCABE |
obaBellITaBakbe CTAHOBHHIITBA O PU3HIMA W ONMACHOCTHMA M MPEIy3eTUM Mepama
3a CMameme pH3MKa o] Karactpoda; mpurpema IlnaHoBa 3amTUTE U cliacaBamba,
opraHa yImpaBJbama, jeWHUIAa M CcpeacTaBa 3a AenoBame y B/C xao m IluBuine
3amtuTe; (GopMupame (QUHAHCHJCKMX M MaTepHjaIHO-TEXHHYKHX pecypca 3a
oTKNIamame nociaemuiia B/C u ap.;

® Yy PEXKHMMY INPUIIPABHOCTH — MHTEH3MBUPAHA KOHTPOJA CTamba JKUBOTHE CPEAUHE U
CHTyallWje Ha TMOTCHIHMjaJJHO ONACHHM OOJeKTHMa; MNpPOLCHA YIPOXKEHOCTH |
nporuosupame Moryhux pasmepa B/C; u3panma clieHapuja; mojayaH paja JCKYPHUX
OIlepaTUBHUX IIeHTapa; GOpMHparbe, YKOJIUKO je TO MOTPeOHO, OlepaTUBHE TPyIe 3a
MPOIIEHy CUTyalje y 30HM u3bujama moryhe B/C; paspama miaHoBa JenoBama
jeIWHWIa, IPUIPABHOCT CHAara 3a MIpPBU OATOBOpP; MOOmIM3anuja u ynyhuBame y
npeasuljeHe 30HE AenoBama; ypeheme oOjekata 3a 3amTUTY (OjadaBarse HacuIa,
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yumihebe CKIOHUIITA, IPOBepa UCIPAaBHOCTH MHCTaNalWja, monpaeka nocrojehe u
HaOaBka HemocTajyhe onpeme),

e y pexumy B/C — 3amrTnTa CTaHOBHHIITBA OJ WITETHHX JejctaBa Hu3Bopa B/C;
opraHuzaiija, HapehuBame ymoTpebe U pyKOBOheme akTHBHOCTHMa cyOjexaTa
cHcTeMa 3alliTUTE M cllacaBamba M CHara 3alllTUTE M ClacaBara Ha OTKIAmamy
nocnenuiia B/C; ¢opmupame ornepaTHBHOr Intaba © oapehuBame HEroBOT
pykoBonuona (KOMaHAAHT-PYKOBOIMJIALl WHTEPBEHILIM)E); JIOTHCTHYKA IOAPLIKA
(ocoOsbe, ompema, TPAaHCIOPT, CMEIITA]), €BaKyalllja M CMEIITaj CTAHOBHHUIITBA,
IUIAHUPAE OTIOPABKA 3ajeTHHUIIC.

VY cBuM pexumuMa PermyOmmuku mTab capal)yje ca HaIeKHHUM OpraHHMa 3allTHTE W
cracaBama CYCEAHHX JAp)KaBa Kao M pykoBoheme M KOOpAMHAlMja cipoBohema Mepa U
3amaTtaka 00HOBe, pEeKOHCTPYKIHje u pexadbmnuranuje B/C norohene 3ajennue.

ITopen oBux ommTHxX HamIekHOCTH mTaboBa 3a B/C cakm ox mrTaboBa MOjeAMHUX
HHUBOA MMa CBOje crenuduyHe MoCcioBe, 3a0aTke H HAUISKHOCTH. Pany peanusanuje cBOjHX
AKTHBHOCTH IITa00BM MOTY JOHOCHUTH: Hape0e, 3aK/bydKe M IMPEMOpPYKe U e Tof je TO
Moryhe oOpasmokeme Koje MmojapikaBa OMIYKY (Hapembe, 3aKJbydKe M TIpenopyke) Tpeda
Outn 3a0enexxeHo 3ajenHo ca camoM ojykoM. LlTad 3a B/C o0pasyje, mo mnorpedwu,
IIOMOliHEe CTpY4YHO-OIIEpaTUBHE THMOBE 3a CIEHU(UYHE 3aJaTKe 3allTHUTE U CllacaBamba.
Crtpy4HO OIEpaTHBHH - THMOBH, 10 IpaBWIy ce o0pa3yjy Mo BpcTaMa ONAacHOCTH 3a
W3BpIlaBamke 33J1aTaka 3allTUTE U ClacaBama W TO: €BaKyalluje, 30puibaBarmba, CKiambarmba,
PaJHOJIOIIKO - XEMHUJCKO - OHOJIOIIKE 3aIITHTE, 3ALITUTE O] M0XkKAapa U eKCIUIO3Hja, 3aIITUTEe
U cracaBambe OJ1 NOIUIaBa M HENOroZa Ha BOJAM M IOJ BOJOM, y CIIy4ajy TEXHUYKO -
TEXHOJIOIIKUX yJeca U Apyre 3afaTke Koje oapenn HamiexHu mrad 3a B/C. Hajuemrhe, mrad
3a B/C y 3aBHCHOCTH 0J HMBOA OPraHW30BaHOCTH 332 KOMaHIHO MECTO KOPHCTH MPOCTOP
HalMOHAJIHOT WM ONIEPaTUBHOT LeHTpa 112 uian cuTyaunoHOr HEHTpa.

CHaramMa 3a 3aIlITUTY M CllacaBam¢ aHTAKOBAHMM Y aKkIijaMa M OoIepalfjamMa y Kojuma
ydecTByje MHUHHCTapCTBO YHYTpPAIIBUX IIOCIOBA, HAa TEPUTOPUJH 3a KOjy j€ TMporJalieHa
B/C, nHemocpeHo pyKoBOM HamIexKHU opran-CeKkTop 3a BaHPEAHE CUTYallHje

3. ONEPATHUBHU LHITABOBH

Ocum mraboBa 3a B/C mocroje u omepaTuBHU MPUBPEMEHH MTa00BH, (HOPMHPAHH O
cTpaHe HammexxHUX mTaboBa 3a BC, Cekropa 3a B/C mmm Apyror HaUIe)KHOT Tena, Kai
HacTaHe BaHpenHu jorahaj Behux pasmepa win B/C. OB mTaOoBH MPHUMIAaajy TAKTHYKOM
HUBOY pykoBohema. OBHM, ONepaTBHHM INTA00OM pPYKOBOAW KOMAaHIAHT-PYKOBOIMIIAILL
HHTEpBEHIMje (PYKOBOUIAI] OTKJIamama nocieauna B/C) .

[lepmmkoM HacTaHka KaracTpoda M BaHpPEIHHMX CHUTYyalllja CTamke Ce aHAIM3Mpa Ha
OCHOBY ciierehnx ocHOBHUX enemenara (BopooseB u ap, 2006):

e Bpcra u pazmepe B/C, cTerneH onacHOCTH 3a 3aI0CICHE U 32 CTAHOBHHUIIITBO, TPAHUIIC
ornacHMX 30Ha (T0Kapa, paJMOaKTHBHE KOHTAMUHALIMjE, XEMH]CKOT U OHOJIOIIKOT
3aral)ema U Ipyro) v MpOrHo3e BUXOBOT MIHPEHA;

e BpcTe, OOMM U YCIIOBH HEO/IOKHUX PaJIOBa;

e noTpede y JbYACTBY U CPEACTBUMA 3a U3BONeme panoBa y Hajkpahem moryhem poky;
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e OpOJHOCT, TOIMYHEHOCT, CHAOJICBCHOCT W CIIPEMHOCT 3a JEJOBake JSJMHHUIA H
cpelncTaBa, pefociiel HUXOBOT yiryhnBama y 300y B/C.

[IpaBa xpraBa U IpeKUBETNX Cy HAjBAXKHU]jA M MOPAjy CE MOMITOBATH Y CBIUM OOIUIIIMA
omryunBama y B/C. Omryka o cripoBoljewy caHaryje, CiaCHIadKiX M JIpYruX HEOI0KHUX
oneparmja y 30au B/C mpencraBiba OCHOBY ylpaBibama U pykoBolema. OIyKy AOHOCH U
BCHO M3BpILICHE OpraHu3yje HauiexkHu pykoBomwial Cekropa 3a B/C wmu PykoBonuiarg
omnepaTHBHOT InTada, 3aBUCHO OJf HHMBOA mporjamaBama B/C. Omnyka ykibyuyje cienche
OCHOBHE €JIEMEHTE: KpaTKe 3aKJbydKe Ha OCHOBY IIPOILICHE CTama; IUIaH JeN0Bamba; 3a1aTKe
nonapehennm  jenuuuiiama; mepe 0e30eAHOCTH; IOAeNa ONEPAaTHBHUX 30HA-CEKTopa
JeJoBamka, ¥ yilora OIEPAaTHBHUX pPYKOBOMMIANA Kao M KOOPAMHAIM]Y JelOBamba;
00e30cheme nenopama jemuHMIIA.

Mory ce HanmpaBUTH M KPAaTKH 3aKJbY4lld Ha OCHOBY IPOICHE CUTYalldje W OHH Taja
cajipyke OCHOBHE MOJATKe O KapakTepy W pasmepama B/C, obumy mpexncrojehux pagoBa u
yCIOBHUMA HBUXOBOT CIIPOBOlea, jeIMHUIIaMa U CPEJICTBUMA KOja Ce MMajy Ha pachojaramby
U O BbUXOBUM MOFthOCTI/IMa.

VY mnany JenoBama HaBOJE Ce IMJBEBH KOje jeAUMHHMIE Tpeba Ja MOCTUTHY, OCHOBHH
3aJalli W pelmociel peaim3anmje pamoBa, oOjekTH (moapydja, JoKamuje) rae Tpeba
yCpeICpeUTH OCHOBHE HAllope, Ha4MH pacliopera W Tpylucama jeJUHUIa M CpeJcTaBa
(oopehuBame onepaTHBHUX CEKTOPA JAETIOBAMKbA).

[Tomro KOMaHIAHT-PYKOBOJMJIALl WHTEPBEHIIMjE MOJEIM OIEepaTUBHE 30HE-CEKTOpE,
’BUMa KOMaH/yjy ONepaTBHU KOMaHAWPHU (OTIEpaTUBHYU HUBO PYKOBONEHa), KOjH yIpaBibajy
aKTUBHOCTHMA CHara § CpeACTaBa 3alTHTE M CllacaBama y TOM IpocTopy. OCHOBHH
3aJaTak, OBUX, OMNEPATHBHHUX, KOMAaHIHpa je¢ yCMEpaBamke AaKTUBHOTH Ha CIAallaBamy
YIPOKEHHUX M CTPAJlAJIOT CTAHOBHUILTBA U HUXOBE MMOBHHE, NPYKakhe XUTHE MEAUIMHCKE
moMohm cTpamanmmM JWIUMa W OPraHU30BamkEe H3MEIITama (eBaKyalHje) Ha CHTYpPHE
JIOKaIMje HCTHX. 3a CBOj paj OINEpaTHMBHM KOMaHAMPU OJAroBapajy pPyKOBOAHOLLY
HHTEPBEHIIH]E.

[Ipu opranu3aiyju 3aje IHUYKOT JenoBama BaxHO je (Bopobses u mp, 2006):

e O/penuTH IpaHUIe 00jeKara AelI0Bamka CBaKe jeIMHUIIE (30HE-CEKTOPH);
e yTBphyje ce HaYMH JeNoBama Ha TPaHUYHHAM O0jeKTHMa, TTOCEOHO TPH H3BOHEHY
pazoBa KOju MOTY MPEACTaBJbATH OIMACHOCT IO CyCeIHE 00jeKTe MM MOTY YTHUIaTH
Ha BHUXOB Paj;
e ycarJyaiaBa ce BpeMe M MECTO KOHIICHTpHCamba JIejCTBa IPU 3ajeIHUUYKOM H3BOhemy
MOCEOHO BOKHUX M CJIOKCHUX OTIepallnja;
e ozpehyje ce cucreM pasMeHe IOJaTaka O M3MEHaMa CUTYalHje U O pe3yiTaTHMa
orepaiyja y rpaHIYHAM 30HaMa;
e yTBphyje ce HAUMH NpyKamba XUTHE y3ajaMHe IIOMONH.
[TpunmkoM BEMUKKMX W pacnpocTpameHuXx karactpoda n B/C, Ha kojuMa je aHra)xoBaHO
JIOCTa CHara M Cpe/cTaBa, 3a KOOpAMHALM]Y pajia BHUILIE OlEPaTUBHUX PYKOBOAMIIAIA, MOXKE
ce IOCTABHTH KOOPAMHATOP, KOJH 32 CBOj Pag OAroBapa pyKOBOAUOLYY OIlEpaTUBHOTr mTaba.

Kao ocHoBa 3a opranuzanujy onkamama nocienumna B/C coyxe [TnanoBu 3a 3amruty u
cniacaBame. PykoBoauonn cracuiiauykux CIyXOM W jelMHHIA KOjU NPBH CTUTHY y 30HY
JeoBama Ipey3uMajy opiamhiema pyKoBoIUIana IpH oJKIamamy nocieauna B/C cse no
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JIoJTacka PYKOBOJMJIAA KOJH Cy MMEHOBAHH OJ CTpaHe OpraHa Ap)KaBHE BIACTH, OpraHa
JIOKAITHE CaMOYIIPaBe WIIH PYKOBOJICTBA OpraHu3aIja.

Onknamame nocienuna B/C ce opranmsyje W peanudyje y CKIAAy ca OJUIYKOM
PYKOBOAMOIIA OTIEPATHBHOT IITa0a WM PYKOBOIMOIIA HHTEPBEHIN]jE KOja je ycariamieHa ca
pememuMa HaexxHor mTaba 3a B/C. ¥V onpehennm oGjektuma u penosuma 3oue B/C y
TOKY OIleparnuja, OJUIyKe Ha OCHOBY IIOCTaBJECHUX 33/1aTaka M KOHKPETHE CUTYaIlHje JOHOCE
KOMaHIMPH jeIMHHIA KOje Ty Jeiyjy. PykoBoauonn Ha CBUM HUBOMMA CY JIMYHO OJrOBOPHU
3a YCBOjCHA pellickha, MPUMEHY jeIMHHUIIA 110 CBOjOM KOMAaHIOM U Pe3y/TaTe oneparuja.

PykoBounan uHTepBeHIIMje 00MYHO KoMaHayje Ha MecTy B/C cinenehuM aHraxoBaHHM
CTPYKTYpama; BaTpOracHO-CIIaCHJIa4YKe jeMHUIIE; XUTHA MEIHUIMHCKA MoMoh; moniuiuja
(camo neo mociosa). Takohe MOry ce MOAPESTUTH U TENa WIH jSAMHUIC IIUBUIHE 3aITUTE,
CTeIHjaln30BaHd THMOBH 3a CHAacaBambibe, CKUIIEe 32 [EKOHTAMUHAILIU]Y U CJI. 3aBUCHO O]l
npupojie B/C u okoHOCTHMA y KOjMa CE OBHja OTKIAKAE MMOCIICANIIA.

Kanma Ha TakTHYKOM HHBOY JENyje BHIIEC OJ] jeJIHC OMEPATUBHE jCAWHUIC PA3TUIATUX
HUBOA (hopMupama, MOTpeOHA je peoBHA KOOPAUHALM]jAa TAKTHYKMX PYKOBOIMIIAIA, 1A OH
BUXO0BA TOjeIMHAYHA MeCTa Tpebana OUTH CMEIITeHa IITOo je Moryhe OIKe jeTHO TPYTroM.

VY3 pykoBoaHOIa UHTEpBEeHIMje (OpPMHUpA Ce ONEepPaTUBHM INTad, y YMjU cacTaB yiase
HEONXOJHU CTPYy4Halld, YKJbY4yjyhn M mpeiacTaBHHKE OpraHa M3BpIIHE BiacTh (opraHa
JIOKaJIHE CaMOYIpaBe), HAYYHHX, MTPOU3BOAHUX, MEAUIMHCKUX U JPYTHX OpraHu3aiuja, a
KOJjU Cy KOMIICTCHTHH KaJia c€ pajJy O MUTAkUMa JMKBUAAIM]e BAaHPEAHUX cuTyanuja. bpoj
YJIaHOBa OIEpaTUBHOr ImTaba oxapehyje ce Ha OCHOBY 3amaraka u obuma mpeactojehinx
orieparuja.

IIpu omepaTuBHOM IITa0y y 3aBUCHOCTH O] OTpeOe MOTy ce (OPMUPATH OMCPATHBHE

Ipyne-TUMOBH KOje Ce IMOIyHhaBajy CTpydhalliMa U3 pa3IMduTHX o0jacTH u 06e30ehyjy
(Bopo6rer u ap, 2006):

e nobujame nHpopmManmja o B/C u 1UX0OBO 10CTaBIbakhEe PYKOBOIUOIY HHTEPBEHIIH]E;

e npenBubame pazmepa u Moryher paszsoja B/C;

® aHAMTHYKY oOpany umHpopmanuja o B/C, mpumpemy BapHjaHTHHX pelIema 3a
AHTKOBAE U IPUMEHY CHAra u CpejcTaBa;

e yno3HaBame noapeheHnx oprana yrpase M jelMHULA Ca YCBOjEHUM PELICHEM;

® KOHTPOJTy pa3Boja H CripoBoljema omneparyja y CKIIaly ca YCBOjEHHM PELICHEM;

e [IOJHOMICHE U3BEIITAja O IIPOMEHH CUTYallHje y TOKY OIeparuja.

PykoBoleme omepanujaMa BpIIM c€ Ca ONPEMJBCHHX KOMAaHAHHUX ITYHKTOBA Tj.
MIPOCTOpHja KOje Cy ONpPEMJbEHE CPEICTBUMA 3a BE3y M OCTAJMM HEONXOJHHM TEXHUYKHUM
cpencrBuMa. CTaliOHApHH KOMAHIHU IIYHKTOBH C€ 10 PABHIIy CMEIITajy Y YIPaBHUM HIH
JjaBHMM 3rpajnaMa u o0jektiMa. MOOMIHM KOMaHIHHU ITyHKTOBH oMmoryhaBajy edukacHHju
pajl OllepaTHUBHOT Taba U MOTY OUTH CMELITEHH Y BO3HJIMMA U JIp.

PykoBoauinall onepaTHBHOT 1mTa0a (MHTEPBEHIM]E) MOXKE TTOBPEMEHO OOMIA3UTH MECTO
noralaja, ymo3HaBaTH ce JINYHO ca TPEHYTHOM CHTYallljoM, AaBaTH MOPAIIHY M CBaKy IPYyTy
HNOJPIIKY CBUM Y4YECHHIIMMa MHTEPBEHIMjE, Maja IIOCTOjU W MHILbEHE, I0CEOHO
crpyumbaka n3 CAJl, na je Hemoryhe BpmuTH €peKTHBHY KOMYHHUKAIN]Y U PyKOBOheme U y
UCTO BpeMe OOWIa3uTH MecTo HHTepBeHuuje. Ha kpajy, ako je uHTepBeHIMja Ouia
E€MOIMOHATHO Hamera (030MJ/bHE MOBPENE WM CMPT), PYKOBOIHUIIAI] OTIEPATHBHOT IITaba
(uHTepBeHIMjE) Tpeba Ja MCKOPHCTH IOTO/AH TPEHYTaK Ja Ce CYCPETHE ca aHTaKOBaHHM
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CHacuoIyMa M JIPYrMM YYECHHIIMMAa Kako OM MpOBEPHO HHHXOBO IICHXO(H3NYKO CTambe,
YHMe IaJbe jJaKy HOPYKY /1a OH Kao PYKOBOIMIIALL, AJIM M CHCTEM Y LIEIMHH, OPHHE O HBhUMa.

Hanpen omnucanm cucrem ¢opmupama W cacraBa OINEpaTHBHOI IITa0a HMMa HeEKe
3ajenanuke enemHTe ICS (Incident Command System) cucrema 3a pykoBolerme BaHpEIHIM
norahajuma y CAJ] (Mnahan u ap, 2012). V mouerky je ICS mpezacraBbao cucrem 3a
0o0paHy OJ BENMKMX MOXAapa U y HETOBOM LEHTPY C€ Hala3Wia BaTPOTacHO-CIACiadKa
cryx0a u HUje omMax mpuxBaheH of cTpaHe APYrux cirykO0u. MelhyTum, BpeMEeHOM HCTH
mpepacra y CHCTEM 3a pearoBame Ha cBe tunose B/C. 3akouncky motepay y CAJl, no6wuo je
1985. rox. m manac ce, y M3BOpPHOM OONIMKY, WIM MoauGHKOBaH, npumemyje y CAI-y,
Benukoj bpuranuju, Hemaukoj u apyrum napkaBama. ICS je 3acHoBaH Ha cieachum
MPUHIINTIIMA: ONITUMAaJTHA CTPYKTYpa 3a pearoBarme Ha OMIIO KOjy BPCTY BaHpEIHOT norahaja;
MIPUMERUB 32 CBAKy CIYXO0Y; KperpaH Kao e()eKTHBHA Be3a U3Mel)y BIIaJIMHUX U HEBJIAIMHUX
OpraHu3alfja, Kao ¥ BOJHUX CTPYKTYpa; PyHKIIMOHUCAKE CIYKOM HE 3aBHCH O] CTPYKTYpe
JMYHOCTH KOMaH/aHTa HWHIUACHTAa M FHEroBe WHAWBUAYyaIHE HHTeprperanuje norahaja.
Taxobe, ICS uma yetupu cexTopa: alMUHUCTPATHBHU CEKTOP, KOjH je HeonxoxaaH 3a B/Ckoja
Tpajy AyXe, paau JIOHOUICHa OJUTyKa Be3aHUX 3a (PMHAHCHPAkE U MUHUMH3ANHN]y YTPOIIKA
BpEMEHA M aHT@)XOBaHUX CPEACTaBa; CEKTOP 3a IUIaHMpame, Koju ozpelyje mpuopurere u
JOHOCH aKIIMOHW ITaH 3a BaHpenHy cutyarujy (Incident Action Plan- 1AP); cektop 3a
JIOTHCTHKY Koju 00e30ehyje noapuiky ocobsby ICS - a u omepaTHBHU CEKTOp KOjU MpyXka
MTOJIPIIKY CTAHOBHUILTBY KOj€ je yrpokeHo mHmmaeHToM. Komanmant manuaenta (Incident
Commander- IC) y3 moapumky pykoBoieher THMa Hairieia WHTEPBEHLH]Y, JIOTHCTHKY,
IUIaHUpame U aAMUHUCTpaTUBHU Aeo ICS. YV noTtmyHo pa3BHjeHOM OOJMKY, HITO Ce WHaYe,
BeoMa peTko fentasa, ICS nMa nmorennujan 3a pykosoleme ca oko 5200 yuecHHKa, IPH 4eMy
jelaH pyKOBOAMIIALl PYKOBOIHM ca 3-5 Jbyau.

Y chaydajy MamuX U CpellbHX BaHpPEIHUX gorahaja  pyKOBOAMIAI-KOMaHIHP
HHTEpBEHIH]E je Hajuenhe KOMaHIUp BaTPOTaCHO-CITACHIIAuKe jeMHUIE Ha MeCTy aorahaja.
VY oBUM cilyuajeBUMa PYKOBOAMIAI-KOMaHIUP MHTEPBEHIIMjE PYKOBOJU U KOOPAWHHPA Paj
aHT@XOBAaHWUM CHarama 0e3 (opmupama onepaTHBHOT mTaba. OBakaB HA4WH HETOCPEIHOT
pyKoBoljema ce ocTBapyje mpeKo:

e JIMIa-KypHp/Be3HCTa 3a OAp)KaBamkbe Be3e Ca HA/JICKHUM KOMaHIHO-ONEPAaTHBHUM
LIEHTPOM U M3BPILIABaAbe KYPUPCKUX H APYTUX TOCIOBA;

® DPYKOBOJIHOIA-KOMAaH/IUPa CEKTOpa pajia u

® DPYKOBOJIHMOIa-KOMaH/IUPa JJOTHCTUYKE CIYXOe.

Beoma Bakan mpunnun y B/C je ma cBaka XxuTHa ciayx0a M opraHusaiuja 3aapikaBa
OJIrOBOPHOCT KOMaHJE W KOHTPOJIC HAJX CBOjUM CiyxOeHHMIUMa. MelyTuMm, HpHHIHI
JIY’)KHOCTH OpHre o Jpyruma npuMemyje ce KOJ CBHX XUTHUX CIIY)XOH, TaKo Jia NpUIIaJHUK
jeIHe XUTHE CIIy0e nMa OJTOBOPHOCT y MOTJIe y moMohu U criacaBama, MPUTIAAHAKA APYyTe
ciryx0e, ako ce NCTH HaJla3M Y HEMOCPEIHOj ONAaCHOCTH.

4. 3AK/bBYYAK

JloObpo opraHn3oBaHO ymHpaBbake U pykoBohjeme y BaHpenHuM Jorabajuma,
KaTacTpoamMa M BaHpEAHHM CHTyalHjamMa 3a e(eKTe HMMa H3BpIIABamke 3ajaTaka y
HajkpaheM poKy Ipyu MHHUMAJIHNAM T'yOWIMa. Y CIENIHO MOCTUTHYhe TOT Iiba, y MHOTOME,
je oxapeheHo cTBapameM METONOJOIIKMX OCHOBAa CTPAaTEeTHjCKOr ¥ OIEPAaTUBHOT
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pykoBoahema y EKCTpEeMHHM YCIOBMMa Kao M OOyKOM pYyKOBOIWJIAlla YHje OCOOMHE
0JIroBapajy TOM BHIY JEJIaTCHOCTH.

VY pany je mpukazaHa OCHOBHA OpraHu3aliyja ¥ 3aaai oOpa3oBama U (QYHKIMOHUCAHA
CHUCTeMa pyKOBOhema y yciaoBHMMa BaHpeAHuX porabaja, karacTpoda W BaHPETHUX
CHTyalldja, HA pAa3JIMYUTAM HHBOMMA OpPraHM30BAHOCTH, IUIAHHPAE, OMCPATHBHO
pykoBoheme U CrIeu(pIIHOCTH TOHOIIEHA pelIekha Y YCIOBUMa KaTtacTpoda M BaHPETHUX
curyanuja. Takohe, y pagy npukasaH ITaOCKH HAYHMH PYKOBOleHa 3alITHTOM U CHIaCaBambeM
U OTKJIamameM IOCICANIIa BaHpeIHUX jorahaja, karacTpoda M BaHPEAHHUX CUTYaIlHja,
royeo je ca npumeHoM y Penyommmu Cpouju. Edextn oBakBor HaumHa pykoBohema, He
MOT'Y Ce MPOLICHUBATH Ha OCHOBY HEKOJIMKO HCKyCTaBa. 3a OleHYy e()UKACHOCT OBOT CUCTEMA
pykoBohema TOTpeOHO je MCKYCTBO W3 BHUIE Morah)aja pazmuuuTOr KapakTepa W y JyKeM
BPEMEHCKOM IepUO/y, AyOsba U CBECTpaHa aHAIN3a U YKIbYUHBakhE HayKe.
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TEIIKU METAJIN Y CYCIIEHIOBAHUM YECTHUILHAMA
IHPAIHIMHE Y LITAMITIAPUJAMA

Pe3ume: 3araljuBaun NpUCYTHH Yy PaJHOj ¥ )KUBOTHOj CPEAMHH, 300I HETaTHBHOT YTHUIIaja HA 3[paBJbe
JbYZI, TIPUBJIAYE BEIUKY MaXbY CTPydmaKa U3 pasHUX obnactu. IIpu pagy ce CBECHO MIIM HECBECHO
yrpokaBa 3]paBjbe, @ W JKMBOTHa cpeanHa. IToceOHO ce MCTHYE J€jCTBO YECTHIA KOje Ce MOry
YIaXHYTH y pecrnupatopHu cucreM. CyCleHJ0BaHE YeCTHIE INMpAlIMHE Cy HNPHCYTHE Y rpaduukoj
UHAYCTpHjH Hajuenhe y oesbey mTaMie. Y paay Cy MPUKa3aHU Pe3yNTaTH MEpeha TCIIKUX MeTaja
y IpamuHU Koja je MpHucyTHa y mTammapujama. C 003MpoM Ha INTETHO JAENOBamE HMpEeny3nuMajy ce
oznpehene Mepe 1a OM ce yMamHIO BUXOBO HETaTUBHO JIGjCTBO U PU3KK 110 31PABJbeE.

Kn,ylme pe4n: npamrHa, TEKU METaJIU, )KUBOTHA CPEANHA, 31paBJbE JbYU

HEAVY METALS IN SUSPENDED DUST PARTICLES IN
THE PRINTING OFFICES

Summary: Because of the negative impact on human health, contaminants present in the working and
living environment attracted great attention of experts in various fields. During the working process,
the human health and the environment are being consciously or unconsciously threatened. Especially
pointed out effects of particles that can be inhaled into the respiratory system. Suspended dust particles
are present in the printing industry most often in the department of printing. This work presents the
results of measurements of heavy metals in the dust that is present in the printing industry. Due to the
harmful effects the certain measures are being held to minimize their negative effects and health risks.
Key words: dust, heavy metals, environment, human health
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1. YBOJ

Yucr Ba3myX je OCHOB 3a 3/paBJbe M XKUBOT JbYAM M YUTABOT ekocucTeMa. Atmocdepa
CIIY’)KH W Kao CPeICTBO TpaHcmopra 3araljyjyhux maTtepuja 1o yoaJbeHUX JIOKaIyja ¥ Kao
cpenctBo 3arahema KkomHa M Boge. 3araheme Ba3zayxa 3aBHCH IPBEHCTBEHO OJ THUIIA
3arahuBada. ['maBHU W3BOpH 3araljema Ba3Iyxa Cy 3arpeBame CTAHOBA, HHAYCTPH]CKE aKTH-
BHOCTH W caoOpahaj. Hajuemhe 3arahyjyhe martepuje cy yriseamonoxcuz (CO), cymmop-
miokenn (SOZ), asormmokcua (NOj), mmkpouecture uwahu. Cnenmduune 3aralyjyhe
MaTepuje Ba3lyxa Cy U OJIOBO, KaIMHjyM, MaHraH, apCeH, HUKJI, XPOM, IIMHK U APYTH TELIKH
METaJIi ¥ OPTaHCKa jeIUb-Cha KOja HACTajy Kao Pe3ynTaT pa3NuIuTHX aKTHUBHOCTH.

Hajsehun 3arahjuBau Baznyxa je unayctpuja. MHIycTpuja reHepuiie paziuyuTe IOIY-
TaHTe Ba3lyXa Crelu(pUYHEe 33 MPUMEHEHH Npoliec Ipou3Boamke. [loctoju 5 OCHOBHHX HO-
JIyTaHaTa: YrjbeH-MOHOKCH]I, YIJbOBOJOHHWIM, OKCUAW a30Ta, OKCHAW CYMIIOPa, YECTUYHE
Marepwje (mpamruHa, gal)).

OcHOBHE TpaHe HMHIYCTPHje KOje Cy H3BOPH IIOJNyTaHaTa y BazAyXy Cy: €Heprercka
IocTpojemha Ha 0a3u caropeBama ropHBa, MHAYCTPUja M Jpyre JEeNaTHOCTH KOje KOPHCTE
pacTBapaue (HOp. IITaMIapHje), HEOPraHCKa XeMHjCKa HHIYCTpPHja, OpPraHcka XeMH]jcKa
WHIYCTpHja, NpexpamMOeHa HWHIYCTPHja, HWHIYCTPHja MHHEpPATHHX IpOW3BOJa, Ha(dTHA
UHYCTPUja, METalypruja, mpepaga ApBeTa. Y OBOM pajy je MPHKa3aHO Kako rpaduyuka
WHOYCTpHja, (IITaMIIapuje) yTudy Ha 3araljeme pagHe U )KUBOTHE CpEIHHE.

Xemujcke MaTepHje Koje ce KOpHCTe y IITaMIapHjaMa INTeTe 3ApaBJby 3alOCICHUX, a
MOTY M OCTaBUTH IYTOTpajHE IIOCIEIMIC HA >KUBOTHY CPEAUHY jep caipike HCIapJbuBa
opratcka jemumerma (VOC — Volatile Organic Compounds). [Topen ucnapuBux opraHCKHX
jeanmema y pajHOj OKOJIMHM Ce Hajla3e M TEUIKM METald, KOje 3aIllOCIeHH CBaKOJHEBHO
YHOCE Yy CBOj OpraHu3aM yAUCambeM. 3[paBJbe paJHHUKA MOXKE OMTH YIPOXKEHO Y OJCIbCHY
MIpHUIIpeMe ITaMnapcke GopMe U 'y camoj IITaMIapHju.

2. 3ATABYJYRE MATEPHUJE Y IOT'OHY LITAMIIE

CBaku 4OBEK TOKOM CBOT' JKHBOTA MPOBEJE IYHO BpeMeHa Ha pamHoMm mecty. OH je
NPUIMKOM 00aBJbakba CBOJUX AKTHBHOCTH H3JIOKCH pa3HUM YTUIAjuMa KOJH IOHEKal
IITETHO JIeNTyjy Ha 37paBike. Llvb CBUX 3amOCICHUX pagHUKa U pykoBonehux oprana, Tpeba
na Oyle CTBapame TAaKBUX YCIOBa KOju he CBUM 3aroCiICHUM 00€30CTUTH OYyBaHkE KaKO
(DU3HYKOT TAKO U IICUXUYKOT 3/[PaBJba.

[Tox mITeTHUM CyICTaHIIAMa IOAPa3yMEBaMO MaTepHje KOje Cy IO CBOJUM O0eIexjuMa,
KOJMYUHH ¥ KOHIICHTPAIUjH CTPaHe OpraHu3My, omrehyjy CTpyKTypy U QYHKIH]y TKUBA U
ocTaB/bajy 3a cobom oxapehene mocaemuiie, omrehema. IlpeacraBibajy omacHOCT 300T
MoryhHOocTH 030MIBHOT ommTehema 3paBjba HAKOH jeJHOT MJIM TIOHOBJHEHOT M3JIarama OBUM
cyrncranuama. Mory OMTH y pa3jIMYMTOM arperaTHom cramy. Jlo TpoBama OBHUM MaTepHjama
MOXe IOhM Kama CyICTaHIa J0CIie y OpraHW3aM T'yTameM, YAHCAlkeM WIH IPEKO KOXe U
ciry3okoske. Crernen omrehema Koju OHe MOTY Jia M3a30BY Bapupa y 3aBUCHOCTH OJ BPCTE
[ITETHE XEMHKAJIHje, HAaunHA KOHTaMUHHparba, IPUCYTHE KOHIICHTPAIH]je U BpeMEHa.
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Jenan on BaxkHMjUX BEIITAaYKMX WM3BOpa 3araljema je mHAycTpHuja. MHIycTpHja 3arahyje
BazayX, Boay W 3emubuinte. OBO CBE 33jeJHO HEraTHBHO YTUYE Ha KBAJIUTET JXHBOTHE
cpemune Jbynn. MHaycTprja Takohe Moske mponssecTH 3araljema paaujamujom u 6ykom.(5-7)
Bpoj 3akoHCKHX perynaTiBa pacTe u3 jaHa y naH u nocsehyje um cBe Beha naxma. bpura 3a
OUyBaKEM JKMBOTHE CpEIOWHE je IONPHUMHIAa TaKBe pa3Mepe Ja ce TOBOPH Kao O
Meh)yHapoHOM TpeHy, KOji JOMHHHUPA Y TPOrpaMUMa MHOTHX 3eMaJba.

[Ipema HekUM wHCTpaXUBamHMa Tpadudka HWHAYCTpHja je Owna jemaH ojn Behux
3araljuBada u pajgHe U KHBOTHE CpeanHe, Me)yTUM U y OBOj 00JIaCTH CBE CE BHIIIC Pa3BHjajy
3eleHe TexHoJioruje. Ha 3/1paBjbe HENOBOJBHO YTHYY CHPOBHHE, TpadHUYKH MaTepujaiu,
XeMHUKaIHje KOje ce KOPHCTE y MpOIlecy MpHIlpeMe Inrammapcke ¢opme, 0oje y mpoiiecy
IITaMIle, PacTBapayd, Pa3HH JICIKOBH, CPEACTBA 3a yHIIhemhe W Ipame MaIldHA ¥ PaJHOT
npocTopa WUTA. 3a pa3iiuKy OJl ONACHOCTH KOje Jeyjy Y KpaTKoM BpPEMEHCKOM IEpPHOJY
n3a3uBajyhm moBpenae pagHHKa, NPETXOAHO HaBEACHE INTETHOCTH JACYjy y IOyXeM
BPEMEHCKOM IEpHOYy ¥ N3a31Bajy pa3Ha 000Jbema.

boja je BaxkHa 3a poLiec ITAMIIE U HE MOXKe e N30ALUTH WM 3aMEHUTH HEYUM JPYTHM.
boje 3a mTamMny Mory na caapke HITETHE MaTepHje MOMYyT TeIIKUX MeTala M pacTBapaya
KOoju yOp3aBajy mpolec cylmiema. Y MpoLecy cyliemha H0JasH 10 HCIapaBamba
JIAKOUCTIapJbUBUX OPraHCKUX jeumbera. Jla OM cMammiM MITeTHA Mcnapema npouzsohaun
Cy TIPEeICTaBUIN HOBE 00je ca MaJOM KOJMYMHOM HCIIapJbUBHX OPTaHCKUX MaTepHja Koje Cy
Mame IITETHE 10 OKOJNHUHY. [locnefmHux TOMMHA ACIUMUYHO HJIM TMOTIIYHO 3aMembYjy
pacTBapaue ca BOJOM, yJbeM M IPYTHM Marmbe LITETHUM cyrcraHnama. Tako uMamo Goje Ha
0a3u Boje, Ooje Ha 6a3u yipa M Ooje Koje ce cymie aejctBoM YB 3pauema. Mehyrum, y
0ojaMa ¥ Jaske Cy IPUCYTHE Jpyre MITETHE MaTeprje Mel)y Kojuma Cy ¥ TeIIKH METaIH.

3. PE3VYJITATHU U JUCKYCHUJA

Temkn Meranmu y CyCHEHAOBaHMM 4ecTulama onpehyjy ce Meromom aToMcke
aTICOPIIIIMOHE CIIEKTPOMETpHje. Y CyClleHAOBaHUM decTuilama onpelyjy ce cienehm rermxn
METaJli: OJIOBO, KaJMHUJyM, IIMHK, MaHTaH, HUKJ, apCCH M XpOM (IIECTOBAJICHTHH). Y30paK
CYCIICH/IOBAaHHUX YECTHIA, a OM ce MOTrao aHAIM3MUPATH MOTPEOHO je MPEBECTH Y PACTBOPHH
o6nuk. Haunn npeBolemwa 3aBucu oj1 Bpcre ¢uirepa Koju je yroTpeOsbeH:

e Y30pIM CYCHEHJOBAaHMX YecTHIa aJcopOOBaHU Ha (GHUATEp Manupy O] CTAKICHHX
BJIaKaHa EKCTPaxyjy ce y ca a30THOM KHCEITHHOM;

e Vy30pIHM CYCIICHIOBAaHWX 4YECTHIA aicopOOBaHM Ha MeMOpaHCKUM (uITpuMa
pasapajy ce ca CMecOM a30THE M IepXJOpHEe KHCelMHEe Ha ojarosapajyhoj
TeMIlepaTypu;

Kopumhemem oarosapajyhnx mamnu u mojeniaBameM TalacHE JAY)KHHE 32 OUHTABAE
arnicopriyje onapeheHnx Merana 00Hjajy ce BPEIHOCTH 3a KOJMYHMHY TEIIKMX MeTana y
CYCIICHIOBAaHMM YeCTHIIaMa, m3pakeHe y g/ms. Y cmenehoj Tabenu mpuKasaH Cy TajgacHe
IOYKUHE 32 oJpehuBame NPUCYCTBA TEIIKUX MeTaa.
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Tabena 1: Tanache dyscune npu 00pehusarsy KOHYeHmMpayuje mewxKux Memana

Tewmku Meranu TanacHe nyxuHe
As A=189.042nm
Cd A=228.802nm
Mn A=259.373nm
Ni A=221.647nm

Pb A==220.353nm
Zn A=202.548nm

Tabena 2: Konyenmpayuje mewkux memana y cycneHOO8aHUM YeCmMuyama npauiune

Uzo| As Cd Co Cr Cu Fe Mn Ni Pb Zn

rak | (ppmy | (ppmi | (ppmy | ppmi | (ppmi | ppm | (ppmy | (ppmyi | (ppmy | (ppmy
1 0.855 | 0.9013 8.15 | 3149 | 1533 | 4932 | 108.2 | 60.63 | 3595 | 4893

2 109481 | 0.7883 | 76.87 | 54.12 | 268.7 | 7100 | 206.3 | 31.69 | 58.65 | 1039
3 10.0091 | 0.0799 | 0.5167 | 1.698 | 44.59 | 326.1 | 8.605 | 1.988 | 2.282 | 83.62
4 0426 | 0.1709 | 13.58 | 47.22 | 47.22 | 1763 | 56.2 | 11.78 | 26.51 | 2494
5 102747 | 0.1231 | 8424 | 9.09 | 4795 | 1684 | 4547 | 9.184 | 22.62 | 1954

6 | 05542 | 0.2124 | 6434 | 383 | 6572 | 2906 | 73.92 | 45.29 | 16.29 389
1.043 | 0.9215 | 23.72 42 0444 | 3363 | 1293 | 1354 | 5474 | 1552
8 | <0.005| 0.2037 | 5277 | 2495 | 1723 | 2794 | 5244 | 2876 | 15.6 6714
9 101018 | 05112 | 3591 | 94.18 | 65.58 | 2865 | 101.7 | 15.96 | 19.24 229
10 | 0339 | 03493 | 1087 | 1992 | 1195 | 3640 | 9149 | 1457 | 2186 | 70138

Mecra rae cy y3uMaHu y3opi cy ciencha:
1-yrao npocropuje

2,3,4,5,7,9,10-0k0 MamIrHa 3a MITaMIIake
6-MmainHa 3a caBHjame Hanupa

8-MainHa 3a moBe3

Co (ppm) Cr (ppm)
% 100
80 %
70 80
0 70
© 60
o [mco (ppm)] 50 —
o _
30 2 ||
20 i_i E 20 —
10 1 L
JO T A a a1l SO AT L 4 F ‘
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

I'pagpuxon 1: Konyenmpayuja kobarma (Co) Ipaguxon 2: Konyenmpayuja xpoma (Cr)
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Cu (ppm) Fe (ppm)

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Ipaduxon 4: Konyenmpayuja 2e0sicha (Fe)

Kaamujym (Cd)

OAs

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

I'paguron 5: Konyenmpayuja apcena (AS) I'paguron 6: Konyenmpayuja kaomujyma (Cd)
Matiran (Mn) Hun (Ni)
I'paguxon 7:Konyenmpayuja manzana (Mn) Ipagpuxon 8: Konyenmpayuja nuxaa (Ni)
Onogo (Pb) Uwhi (Zn)
1 2 3 4 5 6 7 8 9 10 ’ 1 2 3 a4 5 6 7 8 9 10
I'paguxon 9: Konyenmpayuja onosa (Pb) Ipaghuron 10: Konyenmpayuja yunka (Zn)

V mTammapujama y Ba3ayxy Hamasu ce Befia MM Marma KOHIGHTpaluja npariuse. Y
CYCIEHJ0BaHMUM YeCTHIIaMa Halla3e Ce Pa3HHU TEIIKU METalH KOju MOTHYY, yriaBHOM, U3 0oja
3a mramname. C acliekTa 3ApaBiba LEJIOKYIHE MOIyNalnuje, Haj3Ha4YajHUja Cy XPOHHYHA
TpOBama, jep HacTajy Kao MOCIeAulia AYrpOTpajHE M3JI0KEHOCTH MalUM J03aMa OMacHHX
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CYIICTaHIM. MeXaHU3MH JIeJIoBama Cy OpOjHU; Ha mpuMep, ONOKHPajy €H3MMCKe IMpolece
KOju Cy NPUCYTHH Y CBMM TKHBHUMAa M OpraHMMa JbYJICKOT OpraHu3Ma, CTBapajy ClI0o00/HE
paavkaie Koju Cy ITOBEISHH y Be3y C Pa3BOjeM MAUTHUX 000JbeHha, alld U pa3BOjeM IPEKO
CTOTHHY ApPYTuX 000Jbera/cTama, ymehy ce u pemere MeTaboiauyke myreBe y henujama ura.
[4] Kana cy y muTamy TelKu METaa U BbHXOB TOKCHKOJIOIIKH 3Ha4aj, faHac Hajseha maxma
ce nocBehyje 010By, )KUBH 1 KaaMujyMy. MeljyTum, of1 TEIIKUX MeTaia Koju ce Mory Hahu y
NOroOHMMa IITaMIIapuja npucyTHH cy apceH (As), kaamujym (Cd), manran (Mn), Hukn (Ni),
osoBo (Pb), umHK (Zn), kobant (Co), rBoxhe (Fe), 6akap (Cu) u npyru. Y oBom pany cy
NpUKa3aHU Pe3yNTaTi MEepeha Ha pa3HUM MECTHMa y OJIeJbetbY LITaMIIe.

OJI10BO je MeTal Koju UMa BEJHMKY IPUMEHY Y ITamIapujaMma, HHAYCTPUjH aKyMyJaTopa,
WHOYCTPHjH CTAaKJIa, TYMapCKOj MHIYyCTPUjH, HHIYCTPHUjU 00ja U TakoBa, HAPTHO] HHAYCTP]jH,
WHAYCTPHjU TIECTHLUA, MYHHIIMjE, JIMMOBa 3a KOoH3epBe MTA. Melhyrum, ycien nokazaHe
TOKCHYHOCTH M eeKara o eKOCHCTEM, IIOCTEIICHO je M30aluBaH U3 yroTpede U 3aMemheH je
jenumemeM Ha 0a3n maHrana. Hehemo cBUM jenHako ojpearoBaTH Ha YHOC MCTE€ KOJIMYHMHE
onoBa. Ham oxrosop he 3aBHCHTH 0X Hallle TEHETCKH YCIIOBJBEHE OCETJBHUBOCTH; APYIHM
peunma, 3aBucuhe 0/ CIIOCOOHOCTH HAIET JETOKCHKAI[MOHOT CHCTEMa Jla N3METadoJUIIe U
EJIMMMHHUIIIE 0JIOBO U3 Opranu3Ma. [4]

OI0BO Jieyje Ha MPOIYKIMjy SPUTPOIMTA M W3a3uBa MOjaBy aHemuje. JlemoHyje ce y
LEHTPAJIHOM U Nepru(epHOM HEPBHOM CHUCTEMY M H3a3MBa PA3IMUYMTE TErode — MpOMEHe y
MOHAIllahy, HECaHWIe, BPTOIJaBHIlE, INaBoOosby uTA. OIOBO je JOBEIEHO y Be3y U C
M0jaBOM MaJIMTHUX 000Jbeha Ko Jbymu. [4] ¥V cycneHZoBaHMM YecTHIlama MPAaIIMHE OKO
MaIllMHA 32 MITaMITy, HICUIIUTUBamEeM, He)eH je M KaMUjyM.

Hajehu neo yHoca xanmujyma y ycioBHMa HenpogecHoHaIHEe M3JI0KEHOCTH, MOTHYE 3
KOHTaMUHHpaHe XpaHe, Boje W Ba3ayxa. [lo ymacky y opranuzam, kaaMujym ce Hajpehum
JeOM CKIaOHIITH y OyOpesnuma, jeTpH, MUIIMNHMa, KOCTHMA; UMa ra U y CBUM APYTHM
TKHBUMa/opranuma. Kammujym je kmaciuuUKoBaH Kao CUTYpHO TOKa3aH kapuuHoreHn! [4]

[Tpema npaBUIHKMKY O 3aIUTHTH paJHHUKA OJ PU3UKA U3Jarama XEMH]CKUM CylcTaHIama
rpaHWYHa BPEIHOCT 3a TNPO(ECHOHAIHO H3JIarame 3HAa4YM MPOCEYHY KOHIICHTPAIH)y
XEMUKaJIHja y Ba3lyXy Ha paJHOM MECTy, YHYTap MOJpYyYja JUCamka, KOja HAueIIHO HE IITETH
31paBJby paJHKUKa aKo 31paB paJHuK paau 8 cat Ha faH (40 catu HeaesbHO). [1]

4. 3AK/bYYAK

Ha ocHoBy pesynrtara npuKa3aHUX Y OBOM pajy MOXE ce 3aK/by4uTH Ja Cy Yy
CYCIICHJIOBaHUM YeCTHIIAaMa IpanlnHe, Koja ce HaJNasM y IITaManpujama, IPUCYTHH TEIIKH
Metanu. OJ] TENIKUX MeTaia MPUCYTHU CY apceH, KaaMHjyM, kobant, XxpoM, Oakap, rBoxbe,
MaHTaH, HUKJI, OJIOBO M LMHK. TemKkuM MeTany MOy Oa H3a30By O30MJbHA 31PAaBCTBEHA
omrehema pazHux oprana. /la Ou ce crpedyno yHOC OBUX YECTHIIA Yy OpraHu3aM 3alloCieHN
ce MOpajy IpUIAPKABATH Mepa 3aIITUTE Ha PaJJHOM MECTY.
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Becua [IETPOBHR! Opueunannu HayuHu pao
Bopucias CAMEH I R?
Becna MAPUHKOBUR®

JAEKOMIIO3UIINJA ASBBECHO HEMEHTHUX
KPOBHHUX IIVIOYA ITPU TEPMUYKOM TPETMAHY

Pe3ume: Ymorpeba azbecta u mpousBona on asbecta je 3a0pameHa y BelMHHM €BPOICKHX IpiKaBa,
Mel)yTHM, OH ce joIl yBeK Hajla3u y BEeJIMKOM Opojy MaTepujaia ca KOjuM ce Jbyau cpehy y pagHoM u
JKUBOTHOM OKpYXKely. Y THM MaTepHjainMa a30ecT je YIJaBHO Be3aH y KOMIIO3UT M TaKo He
IpeJICTaBIba OMACHOCT 110 3PaBJbe JbyAU. Y OBOM paay Cy NPHKa3aHHU PE3yJTaTH TEPMHUUKOT TPETMaHa
a30ecTHe CAIOHHT IUIoYe, YMja ynorpeba Kao KPOBHOI IOKpHBa4a OHJIa M3Y3eTHO PacHpOCTpameHa y
nporextoM meprony. TepMIUKEM TperManoM (3arpesatse y nehu ma 400 °C, 500 °C, 600 °C, 800 °C u
1000 °C ca Bpemenckom 3agpurkom ox 1 h) cumyiupan je moskap, Ipa demy je npaheHo HoHawmAama 1
CTpyKTypa MaTepujana uHppanpsenoM cnekrpockonujoM (FTIR - Fourier transform spectroscopy).
PesynTaTn ¢y ykasaqd 1a TepMHYKHM TperMaHoM m3Hax 600 °C momasy 10 1eKOMIOSHIIH]e U IIPeKpH-
craju3anyje azoecra, Te HAKOH TOTa OH BHIIIE HE TIPECTaBIba OMACHOCT IO 3/[paBJbe JbYIH.

Kibyune peum: xujapaTucanu cuwiukath, kpmsotwn, asdecr, FTIR (Fourier transform infrared
spectroscopy)

DECOMPOSITION OF ASBESTOS SALONIT PLATES
DURING THERMAL TREATMENT

Abstract: By regulations, the use of asbestos and asbestos products have been banned in most
European countries, but it still is in many materials with which people meet in the working and living
environment. In these materials, asbestos is mainly related to the composite and thus does not pose a
threat to human health. This paper presents the results of thermal treatment asbestos panels, which use
as roofing was very widespread in the past. Heat treatment (heating in an oven at 400 °C, 500 °C, 600
°C, 800 °C and 1000 °C) simulated a fire to monitor the behavior of the material and the structure of the
infrared spectroscopy (FTIR - Fourier transform spectroscopy). The results showed that the thermal
treatment above 600 °C leads to decomposition and recrystallization of asbestos, and after that it no
longer poses a risk to human health.

Key words: hydrated silicate, chrysotile, asbestos, FTIR (Fourier transform spectroscopy)
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1. ¥YBOA

JenuHCcTBEHE (DU3HUKO-XEMHjCKEe 0COOMHE a30ecTa, Kao INTO Cy: eKCTPEMHO TaHKa BJia-
KHacTa CTPYKTypa (300T Koje WX OUIMKYje BHCOKa OTIOPHOCT Ha KHJIAmkc), Majla TOITUIOTHA
NPOBOUBUBOCT M BEJIMKA TEPMUUKA CTAOUIIHOCT (TeMmIleparypa Tolubema je ox 1200 °C mo
1500 °C) yruuane cy Ha IIMPOKY yoTpeOy OBUX MaTepujaia. AMEPMKaHIM Cy U30pojaiu 1a
oko 5000 mpou3Boa y MOJICPHUM eKOHOMHUjama caapku azdoect. Ocum oBux 5000 mpom3Boaa
a30ecT ce Hala3W W CByJa y NPHUPOAM jep je CacTaBHHU Je0 CTeHa Koje mirpalyjy 3emsbuHy
KOpy. 3aBUCHO oJ1 reosonike Qopmaryje mia cpehe ce y pazsnnunTuM KoHLIEHTpauujama. Tako
je HIp. y pypaJHHM MOJPydYjiMa KOHIIEHTpAlHja je Bpino Hucka W m3HocH 3-107 1o 10
BJIaKaHa 10 KyOHOM IIEHTHMETPY, JIOK je Yy ypOaHHM cpearHaMma F-eHa KOHIICHTpaIja 3-10*
1o KyOHOM LeHTHMeTpy 1 Buile [1]. MUKpOCKOICKH TaHKa BliakaHa a3becta (ayxuHe Behe on 5
LM ¥ MHpUHA Makbe 01 3 WM, @ OIHOC JAy)KUHE U mmpuHe je Behu ox 3:1) ce nako mory Hahu y
PaaHOj M HMBOTHO] CPEIMHHU YKOJIMKO CE€ IpaBe ITPOM3BOM OJ] a30ecTa MM HAaKOH JNECTPYKIIUje
MarepHjasa y KojuMa ce Haja3u azdect. OBa BIIaKHA Ce JIAKO MOJIKY Y Ba3AyX U YKOJHKO jaohe
JI0 MHXananyje y miyha, ona mory na npol)y npupojiHO GunaTpuparme 1 1a ce 32001y 1yO0oKo y
uryhHO TKMBO M M3a3WBajy 030MIbHE 31paBcTBEeHE pobieme [1,2].

Ceercka 3apaBctBeHa oprammszamuja WHO (Worl Health Organisation) medummmre
cienehe OoyecTH Koje Cy IMPEKTHO MOBE3aHe ca MHXajanujoM asbecra: AzbOecroza, Manu-
raa Gosnect riyha (lung cancer by asbestosis) u Mesotennomuja. Tloceban mpobieM Ko
SKCIIO3UIIMje a30eCTOM je TO INTO HKErOBO MPUCYCTBO HE HM3a3HMBa CHMITOME Kao INTO je
riaBobosba, 60yioBH y mummuhuMa uiu Heke npyre cumnrome. KymynatuBHU edexTH ce
npumMehiyjy Tek mociie Buiie o 15 rofnHa u Taga JoBOJIE 10 TIOMEHYTHX GosrectH [2].

Wmnak cBecT 0 omacHOCTMMa KOje WM3a3WBa HMHXajanWja azdecra JOBela je 0 HEroBe
3aMeHe HEKHMM JpYTUM MaTepujaiuma. MelhyTtum, ykinamame azbecta M MaTepHjana Koju
cagpke asbect y Beh yrpaheHuM mpousBoJMMa, je BeoMa CKyIl 3aXBaT Tako Ja Cy MHOTHU
JbyIM jOII YBEK y IHMPEKTHOM KOHTAKTy ca OBMM MAaTepHjaluMa y CBOM PaJHOM HJIH
KHUBOTHOM OKPYXKEHY.

2. YIHOTPEBA A3BECTY

U nopex cazHama 0 mTETHUM edekTHMa, a30ecT ce M Jajbe KOPHCTH IIMPOM CBETA.
[Ipema momanmma MHcTHTyTa 32 reonomke cryauje CjeaWmBEeHNX aMEepHYKHX Ip)KaBa Y
ceery ra je 2007. roguHe yTpOLISHO BHUINE OJ JBa MIIMOHa ToHAa. Hajsehm kopucHHK je
Kumna, ca oxo 30%, a 3a wom cnene Muauja (15%), Pycuja (13%), Kazaxcran u bpazun (o
5%). Ilpema noganmma Cetcke 3apaBcTBeHe opranuzanuje (WHO) u3 2007. ronune, oko
125 MunanoHa paJHUKA y CBETY je MU3JI0KEHO a30ecTy Ha paJiHOM MecTy, a HajMamwe 90.000
TOAUIIBEE YMUpE 0] 00JIeCTH Koje Cy moBe3aHe ca azdectoM. Ca3Hama O IUTETHOM JICjCTBY
azbecTa Cy UIaK JIoBeJia J0 IOoCTeleHe 3a0paHe NMPOou3BO/bhe U KopHihema pon3Boia Koju
ra caapxe [2].

Y Cp6uju cy 2010. roguHe noHEeTa ABa MPAaBUIHWKA KOja PEryIHITy IPUCYCTBO a3becTa y
PaHO]j ¥ )KUBOTHO] CPeIUHH, [IpasuiHuK o npeseHmueHuM mepama 3a bezdedan u 30pas pao
npu usnazary asbecmy W Ilpasunnuk o ocpanuuersuMa u 3a0paHama npouzeoowe U
cmaewsara y npomem u Kopuuihierse XeMUKauja, Koje npeocmaebajy Henpuxeam/bué pusux

265



Melynapoona nayuna konpepenyuja
Bezbeonocnu unocervepune Hoeu Cao,2-3. okmobap, 2014.

3a 30pasme bYou u HUugomHy cpedury. MehyTuMm, M mpe DOHOLICHa OBUX HPAaBHIIHUKA Y
rpaheBunapcTBy ce oH Beh ayro He Kopucti. OcuMm 3abpane y rpaljeBunapcTBy, y Cpouju je
MIPEKUHYTA U TIPOU3BOIba IPOU3BOIA KOJH caapike a30ecT.

W mopen HaBemeHMX Mepa, a Ipema H3BemITajy eBpomckor IIpojekra moampmike 3a
npuMeny 3abpane azbecra y CpOuju, a30ecT M Jajbe MOKE IpPE/ICTaB/baTH OINAcHOCT 3a
3IpaBJjbe W JKUBOTHY cpeamHy y CpOuju, jep je OocTa pacmpocTpameH, MOCeOHO Yy
rpaljeBUHApCTBY, y BOJOBOJHHMM II€BMMa, KOYHOHMM CHCTEMHMa Yy BO3WINMa U Yy
oponosuma. Ocum Tora, y CpOuju cy ce Haja3uia jaBa pynHuka asdecra, (Crparapu u
Kopnahe) xoju cy manac 3aTBopeHa, aimm cy mpema momanmuMma w3 2005. u 2006. roguae
npowussein 4.080, ogrocHo 4.500 Tona asbecra. [3].

3aKOHCKe perylaTuBe IpeMa KojuMa ce OrpaHudaBa U 3abpamyje ynmorpeba Ipou3BOJa
KOjH canpxke a3decT, Me)yTuM, HUje YHHUIITHIIA IPOU3BOJIE KOjU capike a30ecT Te je MpHcy-
CTBO a30ecTa M y paJiHOj U y )KMBOTHOj cpequnn y CpOuju peannoct. Tpeba Harnacutu 1a y
BehnHM pon3BoAa a30ecT HUje YHCT, HETrO je Be3aH y HeKHM KOMITO3UTHH Matepujai. TokoM
BpeMeHa, MeljyTHM, J0J1a3H A0 TPOILIeHa MaTepujania, MITO JOBOJH JO Pa3rpailke MaTpulle
KOMIIO3UTa U ociobahama a3becTHHX BilakaHa. 300T TOora je BeoMa 3HAYajHO HCTPAXKUTH
NPUCYCTBO a30ECTHHX BIlaKaHa y Ba3Ayxy Y PaJHOM U YXHBOTHOM OKDPYXEHY y KOjeM ce
HaJ1a3¢ IPOU3BO/IH KOJH Caapike a30ecT.

Ynorpeba a30ecTHUX CaJOHUT IUIOYa, KA0 KPOBHUX ITOKpUBaya, OWia je BeoMa pacipo-
cTapmeHa y CpOuju TOKOM ceaaMIeceTHX M 0CaMIeCeTHX T'OIMHA IBafieceTor Beka. Mako ce
TOKOM JEBEIECETUX MPECTAN0 ca TOM MHPaKCOM, KPOBHM MOKpUBa4YM Ha Beh u3rpaljeHum
00jekTHMa HUCY 3aMerbeHU. Y CpOujH MOCTOje YuTaBa Hacesba Koja uMajy a30ecTHE CaJlOHUT
IUI0YE Ka0 KPOBHE MOKpUBaYe. Y ciaydajy Mokapa Ha OBaKBHM O0jeKTHMa BaXKHO je 3HATH 1a
JIM TIOCTOjH OTTacHOCT ociobalama a30ecTHUX BiIakaHa.

3. TEPMHUYKA JEKOMIIO3ULINJA

TepMuuka JEeKOMITO3MIIMjAa YUCTOT a30ecTa ce OJjBHja KPO3 JBE TpaHCPOopMallje TOKOM
3arpeBamba. To cy mpollecu AeXuaparanuje u npekpuctatnsanuje [4-7].

[Ipaheme moHamama YHUCTOT KPH30THIIA (a30ecTa U3 TPYIE CEPIIEHTHHA) IPH TEPMUIKOM
tpermany, Hip. DSC ananusom, paructpyjy ce 2 nuka. [IpBu ik je eHJO0TEpPMHH U jaBjba ce
na mano msnag 500 °C, 1ok je mapyrum nmuk ersotepMHu M jaBiba ce usHam 800 °C. Ilojasa
NPBOT MHKA YCIIOBJbEHA je MPOLECOM Jexunaparaiuje (ryOUTaKk KpHCTalHe BOJE U3 MHUHE-
panma), a JApPYror mHKa MpOIECOM pekpucTanmuzandje (y KojeM HacTtajy (OopcTepuT u
ercrarut). [Iporec nekommo3unuje koju cy npemioxuiu Gualtieri u Tartaglia [4,5] npensu-

ha u noctojame Mehydase, Tako aa ce mpema mIMa IpoIieC OBUja Ha cienchn HauuH:
Mg (OH ), Si,O5 = Mg;Si,0, +2H,0 = M
Mg, SiO, (forsterite)+ MgSiO, (enstatite)+ 2H ,0

CIIMYHO TOME, TEPMUYKUM TPETMaHUM JAPYror THIa azdecta TpemMonuta (azdecra u3 rpy-
ne ampuboa) - Ca,Mgs SigO.(OH), HakoH mpoleca aexuapaTanuje jaBba ce MPEKPUcTa-
Ju3anMja aad Ha BummM Temreparypama (900 - 1000 °C) mpu gemy ce hopMupa AHOTICHT,
SHCTATHUT U KPHCTOOATHT:

CaMgSiO(OH ) = 2CaMgSiO(diopside)+ 3MgSiO(enstatite)+ SiO(cristobalite)+ H,O  (2)
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HaBenmenn mponecu nexuapataiije ¥ MpekpucTanusanuje cy, Mmehyrum, 3HaTHO Apyra-
YHjU Y CII0KCHOM LIEMEHT — a30€CT CUCTEMY Y KOjeM ce jaBjbajy OpOjHA KaJIIKjyMOBa je/Iu-
Beha, KAIIUT KBapll, MHHEe U a3dect (Hajuemhe kpu3otwi). Kako O ce yrBpamio mra ce
Ty memaBa mpahexu cy tepmuyku mpouecu g0 1200 °C [6]. Tlpsa dasa nexommosuiuje
BE3aHa je 3a KaOJHMH KOJ KOjer ce TMPOIleC AeXuIpaTannje japjba y HHTEPBAILy TeMIleparypa
400-600 °C mpema pemarmju Aly(OH),4Si>Os=Al,Si,O,(metakaolinite)+2H,0O [7]. ¥V oBom
o6imuky Al 1 Si MOTy ydecTBOBAaTH M KacHHjE Y BUCOKO TEMIIEPATYPHHUM MPOLIECHMa MPEKPH-
cranuzauyje. Jpyra daza je BezaHa 3a KpU3OTWII U Ty JI0JIa3M [0 Ipolieca IpeKprcTain3a-
myje y oncery temmeparypa 700-800 °C npema mpornecy (1). ¥ tpehoj dasu, ra oxo 900 °C
nonaszu o aekomnosunyje kaiauuta CaCO3;=>Ca0+CO0O,, npu vemy je nperxoaHo Ha 350 °C
KOJI Bbera Jo1wio 1o npse aekommosuije (CaS0;=>Ca0+S03). Konauna pekpucranusanuja
Jo crabunHor cunrkokapHotuta (Cas(Si0,),SO,4) he ce mecutn yKONIMKO ce HACTAaBU 3arpe-
Bame 10 1200 °C.

HakoH TepMHYKOT TpeTMaHa CJIOKEHOT IIeMEeHT — azbecTHOT Marepujaia go 1200 °C
no0uja ce MaTepHjal KOju MMa CacTaB CIMYaH [IEMEHTY CaMO ca BHIIKOM IBOXl)a M MarHe3u-
jyma. PazymeBame OBOTI' CIIOEHOT MpOIECa je HEOMXOJHO MPH ONTUMHU3ALHUU Mpolieca
rpejama TOKOM penukiaxe a3doecHor Matepujana [6].

4. EKCIIEPUMEHTAJIHU PAJl

VY 0BOM pajiy je NPUKa3HO UCTPAKUBAKHE TEPMUYKU TPETUPAHE CAJIOHUT IJI0YE Koja cajp-
KU a30ecTHa BIaKHA (KpU30THI). TepMUYKH TpEeTMaH, KOji y OBOM CiIy4ajy Tpeba na cuMmy-
JMpa MoxXap, je U3BpIIEH Ha KOMajay caJloHUT 1uiode 3arpejHoM y nehu Ha 400 °C, 500 °C,
600 °C, 800 °C u 1000 °C ca temnepatypHoM 3aapinkom ox 1h. Omabpano Bpeme je MakcH-
MaJIHO BpeMe Koje OM y peajHHM YyCJIIOBHMa HPOTEKIJIO O] IMOYEeTKa Morkapa JI0 3aBpIIeTKa
WHTEpBEHIIHje BaTporacara Ha 00jexTy. ExcriepuMenT je u3BpiieH ga Ou ce JoOHO OATOBOD
Ha TUTamke ,,J]a m, y cirydajy moxapa Ha 00jeKTHMa 4rja je KPOBHA IMOBPIINHA PEKPHBCHA
a30eCTHUM CAJIOHHUT IUIOYaM, MOCTOjJH OMACHOCT o ociobaljama a3becTHUX BirakaHa?”. Y
ClIydajy TOTBPAHOT OJIrOBOpA IOXKap Ha OBAKBUM O0jeKTHMa OH MPEICTaBJha0 AKIHACHTHY
cuTyanujy ¥ Owiia OM HEONXOJHa eBaKyalluja CTAaHOBHUILITBA W NOceOHEe Mepe 3allTHTe 3a
BaTporacre.

Hakon Tpermana, aHadm3MpaHu Cy KoMmazaa a30eCTHHX CAJIOHHT IUToYa WH(PaLpBEHOM
cnekrpockomnujom - FTIR — om (Fourier transform infrared spectroscopy).

5. PE3VYJITATH U JJUCKYCHUJA

FTIR ananmu3e y3opaka ypahenu cy Ha IR cnekrpomerpy Themo Nicolet Nexus 670 ca
PE30IYITHjOM OJ1 4cm™ na Yuusepsurery y HoBom Cany. CropamiieHu y30pIi CaTOHHT T104a
MOMEIaHu Cy ca mpaxoM kanujym opomuaa (KBr) u motom npecoBanu y gopmy Tabiere.
WHTepBan cHEMama je m3HocHo ox 4000 cm™ xo 400 cm™.

Ha cmuum 1 je mpukaszan FTIR cHUMak TepMHUYKH HE TPETHpaHE CAIOHUT IUIOYE KOJH je
MOTBPJHO MPUCYCTBO KPU30TWIA Y TUIOYH, AU j€ TOCIY)KHO M Ka0 KOHTPOJHU CHHUMAK IIPH
aHalM3aMa TePMUYKH TPETUPAaHUX y3opaka. Perucrtposana cy detupu mnuxa Ha: 440 cm™,
605 cm™, 1080 cm™ 1 3690 cm™, unju nonoxkaju y cuektpy oarosapajy kpusotiny. Hase-
JIeHE KapaKTEepUCTUYHE BUOpalrje KpU30THIIA Cy O3HAYEHE Ha CIUIIH.
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IIpema nmureparypHuM nojganuma [4-7] kpu3oTHI WMa jaky amcopuujy y cienchim
o6nactuma uHpaupseHor aena crekrpa: 400-440 cm?, 600-606 cm™, 1069-1080 cm™ u
3685-3691 cm™. OBe arcopmimje Cy moCIeMIE MOJIEKYICKAX BHOPAIHja W TO: TPBE IBE
obnactu cy yciosibene Mg-O ucrexxyhum Bubparjama, tpeha obmact je mocneauna Si-O
ucrexyhux BuOpanmja, g0k je amcopnuuja y panekoj |IC obmactu ycnosibena O-H
uctexyhum BuOparmjama y kpusortuny. Hajunremsuprmju muk (1500-1400 cm™), amn u
Brime Mamux mukosa (1100 - 1000 cm™, 900 — 800 cm™ u ~700 cm™), oxrosapajy
ucrexyhum u caBujajyhum BuOpanujama kamujym — kapoonara (CaCOs) [8,9]. HaBenenu
MIKOBH Cy PETHCTPOBAHH KOJ CBUX y30paka, 0e3 003upa Ha TEPMUUYKH TPETMaH, jep ce OHU
M0jaBJbyjy M KOJ KPHCTAJHOT U KOJ aMOp(HOT Kaiuujym — kapbonara [9]. Meljytum, kako
ce y pamy Tmpard JAeKoMmosundja azbecra - kpusormia nmukoBu CaCOj ce mehe maree
AQHATU3UPATH.

FTIR cHMMIMa TepMUYKH TPETHPAHKUX Y30paKa CAJIOHMT IJI0UE JIaTH Cy Ha ciukama 2 -5.
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Cnuxa 1 FTIR cnumak mepmuuru ne-mpemupane azbecmmue caionum niode
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Cnuxa 2 FTIR ananuza mepmuuku mpemupane azbecmue caronum nioye na 400 °C

TepMuuKiM TpeTMaHHMa a30e€CTHE CAIOHHT IUIOYE JO MAaKCUMAaJHUX TeMIeparypa of
400 °C, ognocno 500 °C, Huje 10110 10 HapyllaBama CTPYKType asoecta. Ha ciankama 2 u 3
npukazanu ¢y FTIR cHUMIU OBUX y30paka, a MUKOBH KOJH OJroBapajy a30ecty — KpH30TUILY
cy o0eleXeHN.
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Cnura 3 FTIR ananuza mepmuuxu mpemupane azbecmue caronum niaove na 500 °C
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Koz Tepmuukyu TpeTupanux ysopaka nodes og 600 °C, na FTIR cuumuunma (ciuke 4-6)
HHCY PErMCTPOBaHN KapaKTEPUCTUYHU ITMKOBH KPU30THUIIA, ajlk Cy O0EJIEKEHH T0JI0Kaju Ha
KojuMa Oum ce oHM Hanmaswi. OBO HaM yKa3yje Ja je TEPMUYIKHAM TPETMAaHOM CAJIOHUT ILIOYe
Ha 600 °C, 800 °C u 1000 °C ca BpemeHckoM 3aapmkom ox 1h, mouwio no pexpucranusanuje
a3z0ecra, M OBE CAJOHUT IUIOYE BHIIEC HHUCY a30ecTHe. OBakaB pe3yiTar je y cariacHOCTH ca
pesyaraTuma J0OHjeHUX PEHATCHO CTPYKTYPHOM aHAIN30M HCTUX y30paka [12].
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Cauxa 5 FTIR ananuza mepmuyxku mpemupane asbecmue canonum niove na 800 oC
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Cnuka 6 FTIR ananuza mepmuuxu mpemupane azdecmue caronum niove va 1000 oC

Pexpucrannzanuja a3zbecta y TEpMHYKM TpPETHPaHUM CAJIOHUT IUIOYaMa C€ OJIBHjaia
npema jemHaumHH 1. Tako ma ce merassHOM aHanmo3om OTUP crmmaka, cimke 4-6, Mory
younTu mukoBH dopcreputa Ha 408 cm™, 456 cm™, 506 cm™, 847 cm™ u 876 cm™ [10,11].

6. 3AK/bYYAK

VY pagy cy NpUKasHH pe3ylNTaTH UCTPaKHBamba TCPMUUYKH TPETHUpPaHE a30eCTHE CAJOHUT
Iioue 4uja je ynorpeda, Kao KpOBHOT NOKpHBaya, Ouiia BeomMa pacrpocrpameHa Tokom 70-
Tux u 80-Tux romgmHa 20-Tor Beka. TepMUYKH TpeTMaHH, KOjU Cy TpeOalu Ja CHMYIHPAjy
TEMIIepaTypHHU Pa3Boj MOKapa, Cy M3BPIICHH HAa KOMaJiMa CAJIOHUT IJIOYE 3arpeBambeM y
nehn ma 400 °C, 500 °C, 600 °C, 800 °C u 1000 °C ca TemmeparypHOM 3aapimkoM of lh.
Ananuza y3opaka je u3BpuieHa HH(paipBeHoM crekrpockonujom - FTIR-om (Fourier
transform infrared spectroscopy), a pesysararu cy yrmopeheHn ca TepMHIKH He-TPETHPAHUM
Y30PKOM.

FTIR ananusa je moxasaja IpUCYCTBO KPH30THJIA CaMO KOJI Y30paKa KOju Cy TEePMUUKU
tpetupanu Ha 400 °C u 500 °C,mTo ykasyje Aa je 3arpeBameM CAJOHHT IUIOYE Ha BHIIMM
temneparypama (u3uag 600 °C) moumio g0 pekpucTanu3aluje KpU3oTHia y HOBe (opme
((opcTeput U eHCTATUT) U MpecTaHKa er3ucTeHIuje az3oecta. Ha oBaj HauuH je yrBphieHo na
ykonmuko nohe mo pa3OykraBama TOXapa, Ha 00jeKTHMa KOjH Cy TMPEKPUBCHH a30eCTHUM
CANIOHMT IUI0YaMa, U JIOCTHTHE ce Temreparypa o Hajmame 600 °C makon lh y camonut
wioun he mohm no pexpucranm3anuje azdecta y opMe Koje He MPencTaBibajy OMacHOCT 3a
31IpaBJbe JbYAH (BaTporacara u OKOJHOT CTAaHOBHHILITBA).

271



Melynapoona nayuna konpepenyuja
Bezbeonocnu unocervepune Hoeu Cao,2-3. okmobap, 2014.

7. JUTEPATYPA

[1] www. chrysotile institute.com

[2] www. who.int

[3] ***: www.euractiv.rs/.../3578-zabranjeni-azbest

[4] AF. Gualtieri, A. Tartaglia, J. Eur. Cer. Soc., 20, 1409-1418 (2000)

[5] T.Zeremba, A. Krazakala, J. Piotrowski, D. Garczorz, J.Therm. Anal. Calorim., (2010),
101, 479 — 485.

[6] A.F. Gualtieri , G. EImi, European Conference on Asbestos Risks and Management,
Rome, 2006.

[71 A.F. Gualtieri, M. Bellotto, Phys. Chem. Minerals, 25(6), 442-452, 1998.

[8] Holger Nebel, Markus Neumann, Christian Mayer, and Matthias Epple, Inorg. Chem.,
2008, 47, 7874 -7879.

[9] F.A. Andersen, L. Brecevi¢, Acta Chim. Scand., 1991, 45, 1018 — 1024.

[10] S. Y. Wang, S. K. Sharma, T. F. Cooney, American Mineralogist, Volume 78, 469-
476, 1993.

[11] H. Sogawa, C. Koike, H. Chihara, H.Suto, S. Tachibana, A. Tsuchiyama, and T.
Kozasa, Astronomy&Astrophysics, 451, 357 - 361, 2006.

[12] TIerposuh B., Cumenauh b., AHanu3a TepMIUM TPETHPAHNX a30€CHUX CAIOHHT TUI0Ya,
Monumopune u excnepmu3sa y 6e3dednochom undicerepuney, 3, 3, 2013

272


http://www.euractiv.rs/.../3578-zabranjeni-azbest

Melynapoona nayuna kougepernyuja

be3zbeonocnu uncerepune Hoeu Cao,2-3. okmobap, 2014.
JKapko JAHKOBUR! Ipeaneonu pao
Cphau [JINILIOBUR?

CMAILEILE PUBMKA ITPY TPOJEKTOBAIHLY OIPEME
3A PAJI

Pesume: VYV pany cy JgaTéd ONIITH NPUHIMOM KOje MNPOjeKTaHTH Tpeda na mnpuMmeHe y asu
IIPOjeKToBama ornpeme 3a paj. IlomroBameM OBHX IPUHIUINA CMambyje c€ PU3MK KOJH MOXKE HACTaTH
npu kopumhemy onpeme 3a paj y npexsuleHuM HameHama. [laTH 3aXTEBH 32 CMamelme PH3NKa Cy
3aCHOBaHM Ha 00aBE3HO] NMPUMEHH CTaHAap/a NPHIMKOM IPOjeKTOBama ompeMe 3a pan. Y Luby
6e30enHor kopumhemwa onpeMe 3a paj JaTH Cy HaYMHM SIMMMHHMCAHba OMAcCHOCTH M INTETHOCTH,
OITHOCHO CMamelke pu3nKa y (asu mpojekToBama ompeMe 3a paa. CMamemeM pu3uka jom y ¢asu
[POjEeKTOBaba OIIPEME 3a pajl yTuue ce Ha noBehame 6e36eAHOCTH JIHLA KOja KOPUCTE OBY ONPEMY.
Kbyune peunm: pusuk, ompemMa 3a paj, 3alITHTHA Yypehaju, TEeXHHUYKH CHCTEMH 3allTHTE,
KOHCTPYHCame

RISK REDUCTION IN THE DESIGN OF WORK
EQUIPMENT

Abstract: This paper presents general principles that designers should apply in the stage of work
equipment design. Following these principles reduces the risk that may occur during the use of work
equipment for its intended purpose. The requirements for risk reduction are based on the mandatory
application of standards in designing work equipment. In order to achieve safe use of work equipment,
the ways of eliminating threats and hazards and reducing risk in the design of work equipment have
been given in the paper. Risk reduction in the design stage increases safety of persons using this
equipment.

Key words: risk, work equipment, protection devices, technical safety systems, design

! Ipod. np, Yuusepsurer y Humry, @axynter 3amture Ha pany y Humy, Yapuojesuhesa 10a,
Huu, zarko.jankovic@znrfak.ni.ac.rs
2 TIpod. np, Yuusepsurer y Humry, @akynrer 3amrute Ha pany y Humy, Yaprojeuhesa 10a,
Huu, srdjan.glisovic@znrfak.ni.ac.rs
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1. YBOJ

VY umiby cMamela pu3dka y (a3 mpojeKToBama OIpeMe 3a Pajl MPOjeKTaHTH MOPajy
npeny3eTu Mepe oleHe pusnka. OleHa pu3iKa Nourmbe ca oJpehuBameM rpaHuia ynotpebe
orpeme 3a paj, y3umajyhu y o03up cBe (asze mEHOTr KHMBOTHOT IuKiIyca. To 3HauM na je
MOTpeOHO HWACHTH(PHUKOBATH KapakTepUCTHKe U TmepdopmaHce ompemMe 3a pax y
HWHTETPUCAHOM TIPOIIECY, IITO MOJpa3syMeBa KOHCTPYHCAhE, HHCTAIMPAE OMpeMe, Bpeme
yroTpebe u mpecTanak kKopumhema, 1eTajbHuje oopaheno y [1].

Hakon onpehuBama rpannma ymorpede onpeme 3a paja, OUTaH KOpak je nACHTH(UKAIIH]a
OIaCHOCTH M WLITETHOCTH KOje C€ MOTY IpeABHIETH (CTajHE, IIOBPEMEHE M W3HEHaJHE
OIaCHOCTH KOje Ce€ MOTY I0jaBUTH HeoueknBaHo). CaMo Kajia ce OMACHOCTH U IITETHOCTH
UICHTH(UKYjY MOTY ce Mpeay3eTH KOpald 3a HHXOBO CIMMHHHCARE WIH 38 CMameHe
pmsuka. /la Ou ce maeHTH(]UKOBaNIEe OMACHOCTH W IITETHOCTH, HEONXOJHO j& ITO3HABATH
HauyMH Kopumhema ompeme 3a paia. [IpojekTaHT Mopa y3eTH y 003Hp CBE YMI-CHUIIEC KOje
MOTY yTHIIAaTH Ha pU3UK NpH Kopumthewy omnpeme 3a paxa. Jla Ou ce pu3uIyM CBelM Ha
HajMamky MOTryhy Mepy, HEOIXOJHO je KOPHCTUTH oApeleHe cTaHmapae MpH MPOjeKTOBABmY
ompeme 3a paa. Cranmapau 3a oxapeheHy omnpeMy TayHO IeQUHHILY HAUMHE 32 CMarbEHme
pH3HKa YaK U y CITy4ajy HEPAaBUIIHOT PYKOBAaHba OMPEMOM.

[TpuMepu omacHOCTH, ONACHUX CUTYyallMja ¥ OMAcHUX jJorahaja Koju MOTy CIIY)KUTH Kao
nmomoh mpu pemraBamy npobieMa CMamema PH3UKA KOJU ONpeMe 3a paj MOXe Ja
MPOY3POKYje, NeTaJbHuje cy omucanu y [1].

IMocne unaeHTH(UKAIMje OMACHOCTH U IITETHOCTH KOje MPOY3pOKyje ompeMa 3a paf,
CIIPOBOJIU CE€ MPOIICHA PU3UKA 32 CBAKY OMACHOCT M IITETHOCT o/ipejiBambeM HHBOA PU3HKA.
Pusuk xoju ce ogHOCH Ha opeljeHy onpeMy 3a paji 3aBUCH O]l HUBOA IITETE U BepoBaTHOME
mojaB/bHBamba ITeTe. HUBO IMITETe Ce MOXKE OIPEAWTH YKOJHUKO ce y3Me y 003up Opoj
moBpena Wik omrehema 3apaBiba (Jlakiia, Texka HIM CMPTHA MoBpena). BepoBatHoha
[10jaBJbMBaKA MTETE (YHKIIMOHATHO 3aBUCH O[T

e u3jarama ocoda OMmacHOCTUMA M HITETHOCTHMA,

e HacTajarba omacHor gorahaja,

® TCXHHUYKHUX U JbYACKUX MOFthOCTI/I Ja ce I/I36eFHe Wi orpaHuiun HITeTa.AKO
mocToje.

2. ®AKTOPU CMABEIBA PUBUKA

[Ipu ananm3m cMamema pu3nKa y Ga3u IpojeKToBama ompeMe 3a pal MoTpedHo je y3eTn
y 003up Hampesx HaBeJeHE UYMIbEHHIE Koje o0yxBarajy ozpehene dakrope 3a cMmameme
pH3HKa.

dakropu Koju ce y3uMmajy y o003Mp NPWIMKOM IIpOlCHHMBamka H3Narama ocoda
OMACHOCTUMA M IITETHOCTHMA Cy: MOTpeda MPHCTYNa 30HH OMACHOCTH, HAYHMH MPUCTYHA
(HITp. py4HO ylarame MaTepujaia), BpeMe IMpoBeJIeHO Y 30HHU OIIacCHOCTH, Opoj ocoba 3a Koje
Cce 3aXTeBa NPHUCTYII U y4eCTAIOCT IPUCTYIIa ONACHUM 30HaMa.

@DakTOpH KOjH ce y3UMajy y OoO3HMp NPHINKOM TpOLEHHBama HACTajahba OMacHOT
norahaja cy: NMOy3JaHOCT paja MalllMHe, J0CAJAllbe HEe3roJie W IITeTHH jaorahaju Koje
MalliHa IPO3POKYje MO 3APABIHE JbYIH.
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dakTopu Koje ce y3uMmajy y 003Up TMPHIUKOM MPOLCHHUBAbha TEXHUYKUX U JbYICKUX
MoryhHOCTH 3a n30beraBarma HIIM OrpaHHYaBamba MITETE CY: 0C00e KOje MOTY OMTH H3JI0KCHE
omacHocTUMa (HIp. OCHOCOOJReHAa WM HEOCHocoOJheHa 0c00a), CIocOOHOCT JByAHM Ia
n30erny omacaH moraljaj (HIp. CIPETHOCT, J00ap peduiekc U ci1.), oapeheHO HCKYCTBO H
3Hame (HIIP. 00y9IEeHOCT, PaJHO HCKYCTBO H CIL.).

HakoH 3aBpuieTka NmpolieHe pH3HMKA, HEONXOIHO jé CIPOBECTH M BPEIHOBAE PU3HMKA
palM casHama Ja I Ce 3aXTeBa CMambemhe pH3uKa y (a3 IpojeKToBama OlpeMe 3a pajl.
VYKOJIMKO Cy 3aXTEBU 3a CMambCHE PU3UKa ONPaBIaHu, OTPEOHO je u3abpaTu U NMPUMEHHUTH
oxarosapajyhe 3amtuTae Mepe o kojuma he mocedHO OuTH peyn.

AZIEKBaTHO CMambeHe PU3HKa y (ha3u IPOjEKTOBAba ONPEME 32 paj ce MOCTHKE Kaja Cy:
Pa3MOTPEHHU CBH YCIIOBHU pajia M CBE MPOLEAYPE 32 HHTEPBEHIIN]Y, ONTACHOCTH €IIMMUHHUCAHE
WIN Cy PU3WILHU CMamkeHM Ha HAjHW)KM MOTYhM HHBO, 32 CBE HOBE OIACHOCTH NMPUMEH-CHE
3aIllITUTHE Mepe Ha OAroBapajyhn HauMH, KOPUCHHULM JOBOJFHO MH(POPMHCAHH M YIIO30PEHU
0 MIPEOCTATINM PU3ULUMA.

3amTUTHE Mepe Koje ce MpeAy3uMajy y IHJbY CMameHka PHU3UKa MPH MPOJEeKTOBAMY
ompeMe 3a paja Cy KOMOWHAIMja Mepa HMIUIEMEHTUPAaHMX OJf CTpaHe MPOjeKTaHTa U
KopHCHHKA. MOKe ce KOHCTAaTOBaTH Ja Cy Mepe 3amTtute yrpahjeHe y ¢asu mpojeKToBama
ompeMe 3a pajl 3HaTHO e(pUKaCHHU]e 0] OHUX KOje Cy UMILICMEHTUPAHE HAKHAIHO O]l CTPaHe
KOPHCHHUKA.

3. IMJb CMABEBA PUBUKA

O0aBe3a npojekTaHTa je aa jour y Ga3u KOHIICIHCKOT PEICHkha ONpeMe 3a pajla PU3UK
cBeie Ha HajMamHu Moryhu HuBO. OBO ce MOXke MOCTHM YKOJIHMKO IPOjeKTaHT jorr y (asu
IIPOjEeKTOBAamka MMa Ha yMy Jia OllpeMa 3a paj Mopa outh 6e30eHa y cBUM (ha3zaMa >KUBOTHOT
IUKIyca U MOpPa HECMETaHO OCTBAapHUBATH CBOjy pamHy QyHKIHjy. be3deaHoct ompeme 3a
paz ce Mopa MocMaTpaTé Kpo3 cBe (a3e KHBOTHOI LHMKIyca INTO YKJbY4yje: TPaHCIOPT,
HHCTANHpamke, ynoTpedy, pyKoBame, JeMOHTaXY, CTaBJbalkbeé BaH MOTOHA W OJUlarama Ha
oTmaj.

OBaj mmip ce MOXe MOCTHNM YKONIMKO ce€ MpHMEHE Mepe 3aliTuTe NeQHuHUCaHEe
oaroeapajyhum cranmapmuma, [1].

3amTuTHUM Mepama Je(UHHCAHUM jolll y (a3H MPOjeKTOBama OIpeMe 3a paj CMambyjy
ce py3HLM. Mepe 3alTHTe Koje ce Ipeay3My Ipe KOHCTPYHCama ONpeMe 3a pajl Cy IpBH U
HajBaXXHUJH KOpPaK y MpOIeCy CMamema pu3uKa. To je 3aTo mTo je Hemoryhe pa3fBOjUTH
3alITUTHE Mepe Yy a3u MpojekToBama OJf KOHCTpyKIMje ompeMme 3a pan. Ilpema
HCKYCTBEHHM IOJallIMa MOXE C€ KOHCTaTOBAaTH Ja IOCIe KOHCTPYHCama OlpeMe 3a paj,
JIpyre 3alliTUTHE MEpe Cy yrlIlaBHOM Mambe eUKacHe W ce He TIOIITY]Y.

IIpojexToBaHe 3amTuTHE Mepe 00yxBaTajy (pakTope KOju ce 0JTHOCE Ha:
® T'COMETPH]CKH OOJIHK U
e (u3MUKe MapamMerpe onpeme 3a pa.

I'eomeTpujcku 00NMK ompeme 3a pax Mopa OWUTH TakaB Jga 00e30emu MaKCHMallHy
BHUBMBOCT TOJIpYydYja pafa U 30HE OIIACHOCTH O] yIIpaBibaduKke mo3umuje. CBH MPOjeKTOBAHU
JIETIOBH KOjU HWMajy OIITPE HWBHIE W YIJIOBE HE CcMejy OWUTH JOCTYHH jep MOry
MIPOY3POKOBaTH MIOBPEE, JIeTajbHUje BUACTH Y [2].
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Ou3naxu napamMeTapu onpeMe 3a paJ 0OJHOCC CC Ha:

e OrpaHMYaBamE CUJIC 32 MAHYEJIHO MOKpETame Je0Ba (Tako J1a HOKPETHHU EIOBH He
MOT'Y U3a3BaTH MEXaHHYKY ONIACHOCT),

e OrpaHHYaBamke Mace W/WIK Op3WHE MOKPETHHX JIEIOBa, OJTHOCHO HHXOBE KHHETHUKE
eHepruje,

e orpaHHYaBame eMHcHje Oyke U BHOpalja Ha U3BOPY,

e orpaHHYaBame eMHUCHje 3pauema (YKJbydyjyhn Ha mpumep; m3zberaBame ymoTpebe
OITaCHMX M3BOPA 3padeiha, OTPaHNYaBaAhEM CHAre 3pauctha Ha HajHKH MoTyhu HHBO
JIOBOJbAH 32 HOPMAJHO (yHKIMOHHCAHkE ONpeMe 3a paj, obeexaBame H3BOPa TAKO
Jla je 3paKk KOHIIEHTpHcaH Ha Iwb, noBehaBameMm pacrtojama u3Mmely u3Bopa u
pyKOBaoIa wix 00e30ehuBameM qaJbUHCKOT YIIPaBJbaba), AeTajbHuje BUaeTH y [3].

4. EPTOHOMCKHU 3AXTEBH

[Topen cBUX €KCIIOATAllMOHUX KapaKTEpUCTHKA OIpeMe 3a paj, IIpU MPOjeKTOBamby, Ce
MOpa BOIWUTH padyyHa O EPrOHOMCKHM 3aXTeBUMa Kako OM Ce CMamWIM MEHTAIHH I
¢usnuky Hanopu u ontepehema Ha pykoBaona. OBH 3aXTEBH CE€ aHAIM3UPA]y NPHIMKOM
KOHIETIIIHJKOT pelIemka OTpeMe 3a paj, jep KacHuje mpenpaBKe HUCY ehUKacHe a pU3UKe je
TEIIKO SJIMMHUHHUCATH.

IIpojexmanmu mopajy noceemumu nOCeOHy NAX*CHY Cledelium epeoHOMCKUM ACNeKMUMA
¥ ¢asu npojexmosgarea onpeme 3a pao:

e m30eraBame HAaNOPHUX IOJIOXKAja M KpeTama y TOKy ymoTpebe ompeme 3a pax (Ha
npumep, 00e30ehrBameM J1akor 1o elaBama 3a CBaKoT pyKoBaola),

® JIaKO PYKOBAmE ONPEMOM, TaKO Jia UM ce oMoryhu nakmm pap, ysumajyhu y o063up
JIaKO TOKpEeTame eleMeHaTa 3a ypaBibabe, Bojiehu pauyHa o aHaATOMHU)H 1IaKe, pyKe
U HOT®,

e orpaHHYeHe HHBOA Oyke, BUOpaIlyja M TOIIOTHOT yTHIIAja - Kao MITO Cy eKCTPEMHE
TeMIiepaType,

e 00e30cheme TOKaTHOT OCBETIBCHHA 32 MOJICIIABALE U YIIaramke 00paTKa,

® II0CTaBJbAKC U O3HAYABAKE PYYHHMX KOMAHJIHM 3a YIpaBJbalkbe MOpa OMTH Tako jaa
Oy/y jacHO BUIJBHBE U Jla C€ BUMa MOXe 0e30eIHO yrpaBibatu 0e3 OKJIeBama U 0e3
JBOCMHUCIICHOCTH (Ha TpUMeEp CTaHJapAHU pacmopen KOMaHIN cMamyje MoryhHOoCT
rpelike Kaga pyKoBaial KOPHCTH HEKY OPYTy OMPEMY CIIUYHOT TUIIA).

Komanme Ha ompemm 3a pajg Mopajy OMTHM Tako NOCTaBJbCHE @ FHHXOB pacropen,
KpETame U OTIIOPH MPH pady Oyay y CKianay ca ¢pyHKIHjamMa Koje ce M3BpIIaBajy, y3umajyhu
y 003Up epProHOMCKE MPHHIIHIIE.

VY mby cMamema pU3HKa, y Clydajy CIOXKEeHHje onpeMe 3a pall, ToTpeOHoO je n3adparwy,
NpPOjeKTOBaTH M YrpaJuTH BH3YEJIHM JIICIUIE] KOjU OJroBapa mapaMeTpuma |
KapakTepucTHKaMa JbYICKOT omnaxkama. CBe HWH(OpMaIdje Ha TUCIUIC]y MOpajy OuTH
TIOTOJIHO TIPHKa3aHe Kako OM MX pyKOBaJlall BHJCO M3 MOJI0XKaja 3a YIpaBibambe. Y KOJIHUKO je
Moryhe, ypehaju 3a ympaBibamke B KOHTPOJIY IOJ0Xaja MOpajy OMTH ITOCTaBJHEHH TaKo Jia
pyKOBajal Mo>ke IIocMaTpaTy MoJIpydje paja MM 30Hy OacHOCTH ca 0e30eJHOT ToJIoKaja.

Mexanu3oBanu ypehaju 3a ayromarcko ynaramke M Baljeme mpeamera U3 30He oOpaze
UMajy MO3UTHBHE e(eKTe y CrpevaBajy MoBpeaa paJHuKa, ajld UCTO TaKO MOTY OMTH y3pOK
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OIACHOCT NPHJIMKOM OTKJIambama KBapa. V3 THX pazmora moTpeOHO je BOIUTH pavyyHa Ja
ynoTpeba oBuX ypehaja He moBeau 10 JONATHUX OMACHOCTH, Ka0O LITO CY 3aXBaTambe WU
npurmkedere, mmely ypehaja u menoBa ompeMe WM pagHHX KoMaaa/MaTepujana KOju ce
o0palyjy. YKOJIMKO ce HaBeICHE OMACHOCTH HE MOTIY CIPEYHTH, MOpa CE MPEABHUICTU
yrpanma JOJaTHAX 3alITHTHUX ypehaja.

5. U3BOP 3ALITUTHUKA U SAIITUTHUX YPEBAJA

Kan ron 6e36emHocHOM MepoM yrpalleHOM y (a3u mpojekToBama OIlpeMe 3a paja HHje
npeaBuljeHa MOTYhHOCT NOTIYHOT OTKJIamkbamba OIIAaCHOCTHM WM CMamelha pHU3MKa Ha
NPUXBATJ/BUB HHUBO KOPHCTE C€ 3alITUTHHIM W 3amITUTHH ypehaju. Pasmmumre Bpcre
3aIITHTHUKA M 3alUTHTHUX ypehaja MOTy JeoBaTH caMOCTallHO HIJIM Y CKIIOMy ca ypehajuma
3a 3aycTaBjbathe. Y 3aBUCHOCTH O] HUXOBE H3paje, 3AIUTHTHUK Moxke OuTh Kyhuiire
MallrHe, OKJION, MOKJIONAl, 3aBeca, M CIM4HO. [IpeMa KOHCTPYKIMjH, 3aITUTHULIN MOTY
OWTH HEMOKPETHH, NMOKPETHH, IOJIECUBH, 3AIITUTHULM ca 3a0paBJpHBameM M OJIOKaI0OM,
JeTaJbHUje BHICTH Y [6].

INojenanHn 3aITUTHUIN CE MOTY KOPHCTHTH 3a 3aIITHTY OJ BHIIe onacHOCcTH. Ha mpumep
HETIOKPETHH 3alITUTHUK CIIpeYaBa MPUCTYN OIACHO] 30HM Kaja je MPHCYTHAa MEXaHHUYKa
OTIACHOCT, alli ce KOPHUCTU U 3a CMamemke HUBOA OyKe M CIpeuaBame MIHUPEHa TOKCHIHUX
CYICTaHIHU KOje MAIIMHA MOXE IPOY3POKOBATH CBOJUM PaJlOM.

W300p 3amTUTHHKA MOpa Ce HM3BPIIMTH Ha OCHOBY IOje/IMHAYHE OI[CHE pH3HMKa 3a
onpehenu Tun mammHe y3umajyhu y 003up cranmapze 3a 6e30eqHoCT MamuHa. AKO ce He
3axTeBa MPUCTYI 30HU OMACHOCTH TOKOM HOPMAJHOT pajia MAIMHE CUCTEM 3alITUTEe MOXKE
OWTH: HEMOKPETHU 3alITUTHHK, 3aIITHTHUK ca OJIOKazgoM U Oe3 Oiokane, camo3aTBapajyhu
3alITUTHUK WK 3alITUTHHU ypehaju oceTsbiBH Ha MpuTHCak. MeljyTuM, ykonuko ce 3axreBa
MPUCTYI 30HH OMACHOCTH Y TOKY HOPMAJHOT Pajia MalllHE, CUCTEM 3alITHTE MOXKe OUTH:
3alITUTHUK Cca 3a0paBJbUBAKEM KOJU MMa OJI0OKaay Wik Oe3 OJoKaze, CBETJIIOCHA 3allITHTHA
3aBeca, MOJUIOTE OCETJbMBE HA TMPHUTUCAK, T[OJCCHBU 3alITUTHUK, camo3arBapajyhu
3alITUTHUK WM ABOPYYHA KOMaH/Ia, eTaJbHUje BUJETH Y [6].

SamTUTHUI Ce MOPajy MPOJjeKTOBATH TaKO Na Oyay MOTOIHM 3a HpeaBul)CcHYy HaMEHY,
y3uMajyhn y 063up MexaHW4Ke U Apyre onacHoCcTH. OBU CHCTEMH 3alITHTE MOPAjy CMAalbUTH
CMETHE NIPU PYKOBAKY OIPEMOM 3a Pal.

3alTUTHALIM MOPajy HCIIYHUTH oapel)eHe 3aXTeBe U TO:

Jla UMajy YBpCTy KOHCTPYKLU]Y,

J1a He IIPOY3POKyY]jy OMIIO KOjy J0AaTHY OIIaCHOCT,

Jla He MOTY JIaKO J]a ce IIpeMecTe HiIH HCKIbYUe,

na Oyay MOCTaBJEEHHU Ha MECTO JOBOJHHO YNAJBEHOM OJ] 30HE ONACHOCTH,
Ila He cTBapajy Behe cMeTme y mpoliecy paaa,

e Jla 103BOJHABAjy MHTEPBEHIIM]Y IPU OIPABLY U OJ[PrKaBamby ONpeMe 3a pafl.

Jla 6u ce omabpaiu M NPOJEKTOBAIM THIIOBH 3alITHTHUKA KOJH OAroBapajy oapeleHoj
MAIIMHHA BAXKHO j€ MPOLCHUTH PU3UKE KOjU JIOHOCE PA3IM4UTE OMACHOCTH KOJ T€ MAIIHHE,
nerajbHUje BUAeTH y [1].

[IpunukoM TPOjeKTOBama 3aIITUTHHKA M FHUXOBE MPUMEHE HEOMXOAHO je Ha MpaBH
Ha4YMH Pa3MOTPHUTH W NPEIBHICTH YCIOBE pajHe CpeAuHe y KojuMa he ce ompema 3a pan
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KOPHCTUTH. AKO ce€ 0BO HE y3Me y 003up jomI y (ha3u MpojeKToBamka, pe3yiraT MoKe OUTH J1a
ompema 3a paj Huje Oe30emHa U 1a HE 3a10B0JbaBa 3axTeBe Kopulihema y oapeljeHoj paaHoj
cpenuHM (BHCOKA MIIM HUCKA TEMIEPTYpa, PEIaTUBHA BJIAYKHOCT U CIL.).

Ja Ou ce mpHCTyI 30HH OIIACHOCTH CBEO HA MHUHHMYM, 3aIITHTHUKE je MOTPeOHO
MIPOjEeKTOBAaTH Tako Ja je Moryhe o0aBibaTH PYTHHCKA IOJelIaBama, MOJMasvBama H
OJp>KaBame OIpeMe 3a paj 6e3 oTBapama WIH yKIambarba 3alITHTHHUKA.

YKOIHMKO ce Tociie OLIEHEe pU3WKa yTBPIOM Aa je MOTpPeOHO Ja MalluHa uMma onpelene
3alITUTHUKE, OHU C€ MOpajy 01abpaTH y CKiIaay ca 3aXTeBHMa Ha CIMIH 1.

HajBaxxHuju xpuTeprjyM 3a U300p 3alITUTHHUKA CY:

e BepoBaTHOhA HacTajarba MOBPEA,
® OIaCHOCTH HA MAIINHH,
® BPEMEHCKO M IPOCTOPHO AHTAXKOBAKLE PATHHUKA MTOPET MAIIHHE.

Ha jennoj MammHu MOXe ce KOPUCTUTH KOMOWHAIMja Pa3IMYUTHX THIIOBA 3ALITUTHHKA.
Ha npumep, ako Ha MaIllUHU MOCTOJU HEKOJIMKO 30HA ONACHOCTHU, a TOKOM pajia ce 3aXTeBa
MIPHUCTYII jeHOj O KX, 3alITUTHHUIN CE MOTY CacTOjaTH OJf (PMKCHOT 3allITHTHUKA KOJH je
KOMOMHOBAH C MOKPETHUM 3AIUITUTHULIMMA ca 3a0paBJbHBABEM.

Iopen yrpahjenux 3amTuTHUKA U 3aITHTHUX ypelaja BeoMa je BaXKHO J1a ompema 3a paj
noceyje ymyTcBo 3a ynoTpeOy. YIyTCTBO MMa 3a IIUJb Ja YKa)ke Ha CBE IpeocTalle pH3HKe
KOju HHUCY MOTTH OWTH OTKIOHCHH Yy (a3u IpojekroBama. MHpopmaruje HaBeaeHe Y
YIYTCTBY Cy HaMemeHe NpO(QeCHOHATHUM W/WIM Henpo(eCHOHAIHUM KOPUCHHLIUMA H
Tpeba ma canpxe cBe MOTpeOHE cMepHHIE 3a 0e30emHy W HCIpaBHY yImoTpedy ompeme 3a
pan. Ha oBaj HaYMH KOPHCHUIIM CE€ YII030paBajy Ha MPeocTaje PUsnKe.

ZASTITNICI NISU
POTREBNI

DA LI SU PRISUTNE
OPASNOSTI?

DALI JE POTREBAN
PRISTUP TOKOM
UPOTREBE?

NEPOKRETNI
ZASTITNICI

- SAMOZATVARAJUCI
ZASTITNICI
- PODESIVI ZASTITNICI

MOZE LI PRISTUP ZONAMA
OPASNOSTI BITI POTPUNG
ZABRANJEN?

- POMERLJIVI ZASTITNIK SA
NE | UREDAJEM ZA ZABRAVLJIVANJE|
SA LI BEZ BLOKIRANJA

- FIKSNI ZASTITNIK
- PODESIVI ZASTITNICI

DALI SE PRISTUP ZAHTE-
VA SAMO ZA PODESAVANJE
PROCESA, KOREKCIJU ILI
ODRZAVANJE?

DA LI SE PRISTUP
ZAHTEVAU
JEDNOM SMERU?

DA LI OTVARANJE
ZASTITNIKA NE IZAZIVA

OPASNOST KOJA PRESTAJE
PRE PRISTUPA?

| o»

- POKRETNI ZASTITNIK
SA ZABRAVLJIVANJEM
- KONTROLNI ZASTITNIK *)

POKRETNI ZASTITNIK SA
UREDAJEM ZA ZABRAVLIIVANJE
SA BLOKIRANJEM
ZASTITNIKA

DALI SE PRISTUP
ZAHTEVA TOKOM
RADNOG CIKLUSA?

NE

Cnuxa 1 H360p muna 3aumumHuxa
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Ha commm 1 cy mare cMepHune 3a u300p THIA 3aITHTHUKA Y CIy4ajy OIMAacHOCTH Koje
MIPOY3POKYjy IOKPETHH AEJIOBH MaIllHa, JeTajbHuje BUIeTn y [7].

CBaxo ymyrcTBO 3a kopuitheme ompeme 3a pajx Mopa caapxaru cienehe KOMIOHEHTe:
HayMH TPAaHCIOPTAa, MOHTaXe, Yrpaime, MylTaka Yy pajx, Kopumhema omnpeme
(monmemaBame, OOyKy, pagHu mpouec, uumheme, youyaBame OTKaza M OJAPXKaBaIbe),
JEMOHTaXKe MalllMHe, CTaBJbambe BaH ynoTpede U oarame Ha oTnaj. llltaMmnana ymyrcrea
je MOTPeOHO TMOCTABUTH TUPEKTHO Ha OTPEMH 3a paJ M OHA MOpajy OMTH TpajHa U OCTaTH
YUTJ/HMBA Y TOKY OYEKHBAHOT )KMBOTHOI' BeKa MalIMHE. 3HAIM WM IHCaHa YII030peHha KOju
ce cacToje camo OJ peud ,,0lacHO™ He cMejy ce KopucTtuTu. O3Hake, 3HAIM M IHCaHA
yIo3opewma Mopajy OUTH JIaKO pasyMJbHBH M HEABOCMHCIEHH. Jlako pa3ymibuBe 3HaKe
(mmxrorpame) Tpeba KOPUCTUTH MIPBEHCTBEHO 32 MHCAE YIIO30PCHha.

6. MNPUMEPU CMABEBA PUBUKA

Pagu Goseer pasymeBama IIOCTaBJHEHOT IMpoOJIeMa y OBOM METy je AAaTO HEKOIHKO
npuMepa Moryhux pusnka ¥ HauMHa Ha Koje je Moryhe elnnMHHHCATH OBE PU3HKE YTPaImboM
CHCTEMa 3aIITUTE joII Y (a3u MPOjeKTOBaka MAIIIHE.

[IpBu mpumep je MpeaBUINB PU3KK O] M30alMBamka Je10oBa U3 MalHe (Ha mpuMep JIOM
ajyiaTa WM MpeaMeTa Koju ce oopalyje). Y Tom ciydajy 3alITHTHHK ce TIpojeKkTyje n u3palyje
o oaroeapajyhux maTepHjajga Kako O ce MOJIOMJBCHHU JICNIOBH 3aipkanu. Ha mpumep y
cllydajy JiomMa ajarta npH oOpaan OpyllemeM, KOHCTPYKIHja 3aliTHTHHKA OKO anaTa 3a
Opyumieme Mopa OMTHM CauyMIEHA Jla CIPEYd HEKOHTPOJIMCAHO OJUICTAE IOJIOMIJBEHUX
KOMaJia anaTa, AeTajbHHje BUIETH ¥ [5].

Jpyru mpumep ce OIHOCH Ha NPEIBHIAMB PU3MK OJl €MHCHje ONACHHX CYIICTaHIH W3
MalMHe (HOp. TeYHOCTH 3a Xialheme, Hchaperma, TacoBH, ONMWJBLM, WCKpe, Bpyh wmmm
pacTOIJbEHN MaTepHjall, IPalIKHA). 3aAIITHTHUK CE MOpa MPOJEKTOBATH TaKO Jla UX 33JIPKHU U
OJICTPaHM M3 TPOCTOPa KaKO ce He OM YrpO3HMWIO 37paBibe JbYAU. YKOJIWKO 3alITUTHHK
IpescTaB/ba Je0 CHCTEMa 3a OJBOjeme IUTETHUX NpOoJAyKaTa U3 paJHOT HPOCTOpa, OBa
¢yHKIMja ce MOpa y3eTH Y 003up MPUIMKOM IIPOjeKTOBama, H300pa MaTepujaia, u3paiae u
MOCTaBJbakha 3AIITUTHUKA HA MAIIHHY.

Tpehu npumep cy 3alITHTHUIM KOjH CE TPOJEKTYjy ca LHJbEM CMamema Oyka Koja
notuye o MammuHe. OBM 3aIITUTHU MOpPajy HCIYHHTH OYEKHMBaHE 3aXTEBE Y IOTJIELY
CMambemha HUBOA Oyke M 00e30eIuTH 3alUTHTa OJ APYIHX ONACHOCTH. 3AIUTUTHULHU KOJH
JIeNyjy Kao akyCTHYHO KyhHIITe nMajy CrojeBe 3aNTHBEHE HA 0AroBapajyhu HauMH Kako Ou
ce cMamMiIa eMucHja OyKe, a BPJIO 9ecTO ce OMpajy MaTepHjail KojuMa ce cMamyje HHBO
Oyke u BuOpamuja. OBo ce Moxe moctuhu 00JbOM M30JIALMjOM (CTaBJbAEM aKyCTHYHE
MperpeKe Ha mpoa3 Oyke) W/WiH arncoprujoM (obiarameM 3alITUTHHKA OAroBapajyhum
MarepujasuMa Koju ancopOyjy OyKy) mim KOMOMHaLMjoM 00a.

YeTBpTH MpUMEp j€ PH3UK OJ H3Jlaramba OMACHOM 3paucky, I[JIE€ C€ IMPOJEeKTYjy
3aIITUTHUIM U Oupajy oarosapajyhin marepujanu (HIIp. yrnoTpeda 3aTaMEEHOT CTaKiIa Paau
cripeuaBama Oliecka NPHINKOM 3aBapuBamba). 3a ojpeljeHe mOpuUMeHe, Kao ITO Cy
3aBapHBamE WIK yrnoTpeda jlacepa, MOpajy ce n3abpaTH MaTepUjaid KOJH IITUTE OJT IITETHOT
3paucma.
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7. 3AK/bYYAK

Jowr y ¢a3u npojexroBarba MalllMHE MPOJEeKTaHT Tpeda J1a UAeHTUDHKYje U JOKYMEHTYje
OIIACHOCTH, Ka0 U OIacHy CHTYallWjy M oracaH xoral)aj Koju MOXe M3a3BaTH OIpeMa 3a paj
TOKOM CBOT KHBOTHOT 1uKIyca. CBe OmacHOCTH Tpeba JOKYMEHTOBATH YaK UAKO je PU3HK Y
BE3W Ca IHbUMa JOBOJPHO CMAmbCH 3AIITUTHHM MepaMma 3a CMambehe PU3UKa. Y CYIPOTHOM,
HEOKyMEHTOBaHA OMACHOCT MOXKe OUTH Y3pOK HACTAHKa MOBpPE/IC.

[Ipn u30opy 3amrTuTHHMKa y (pasu mpojekroBama OompeMe 3a paj, Mopa ce mohu on
YHIBCHUIIE KOjH 3alITUTHUK je HajeQUKacHWjU 3a CMameme pusnka. HajjemHocraBHHja
3alITUTA Ha ONIPEMH 32 paj] jé HEMOKPETHH 3AIITUTHHUK KOjU ce KOPUCTH Y CIIydajy Kaja ce
NPWINKOM yOOUYajeHNX paJHUX aKTUBHOCTH HE 3aXTEBa MpUiIa3 30HU onacHOTH. MehyTtum,
YKOJIMKO ce ToTpeba 3a 4yemhuM MPHCTYNOM 30HHM ONMACHOCTH NoBehaBa, HEONXOIHO je
MIPUMEHUTH aJITEPHATHBHE Mepe 3alITUTE (MOKPETHH 3alITHTHUK ca 3a0paBJbUBAHEM HIIH
CBETJIOCHA 3aIITUTHA 3aBeca). OmpeMa 3a pag Mopa OMTH IIPOjeKTOBaHA HAa HAUYMH HA KOjH ce
00e30ehyje amekBaTHa 3alITUTa PYKOBaolly, ajldi M Ja CE OCHI'ypa 3allTHTa 0co0Jby Koje
BpIIM IOJCIIaBame, OOYKYy, HCIHTYje KBapOBE, OCOOJbY 3aIy)KCHOM 3a YHIINCHE HIIH
oJpXaBame, 0e3 orpaHn4aBamba U3BpIIaBamba (QYHKIM]E 32 KOjy je onpemMa HaMmemeHa. CBe
MOTEHIIMjaJJHE PU3MKE KOJjU HacTajy y TOKYy Kopuinheme omnpeme 3a paj, MOTpeOHO je
SIIMMUHICATH WM CBECTH Ha HajMamy MOTyhy Mepy join y (a3u mpojeKToBama.
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Boxxo MJIAR! Ipezneonu pao
Bpanko CABUR?

SAHITUTA O CTPYJHUX YIAPA Y3POKOBAHUX
JYTAJYRUM CTPYJAMA

Pe3ume: Jlyrajyhe crpyje ce neduHumly kKao moBpaTHE CTpYje KpO3 3€MJbY M METallHE
KOHCTPYKITHje Y3POKOBaHE CICKTPUIHNM ypehajiiMa y HOpMaTHOM paiy WiIH IIPH CMETHaMa.
One Mory HacTaTé y caMHuM o0jekTiuMa, a Mory yhu u cnosea. [locnenune nojase iayrajyhux
CTpyja y 00jeKTHMa Cy pa3JInYUTH HETaTUBHU e(EeKTH, Kao IITO Cy: CMETHE M OTKa3H Ha
padyHapuMa U padyHapCKUM Mpexama, TeJICKOMYHHKAIMOHUM CHCTEMHMa, CHCTEMHMa 3a
3alITUTY OJ1 [I0YKapa U alapMHUM CHCTEMHMa, CUCTEMUMA BHJICO HaA30pa, 3aTHM ONACHOCTH
0]l TT0Kapa, ONacHOCTH OJ CTPYjHHX yzaapa H cil. Llnsb oBoT pazga je Ja pa3MOTpH OITaCHOCTH
0 JbyZie U OIpeMy O]l JiyTajyhux cTpyja, Kao U Ja MPEeANoKU Mepe 3a 3allTUTY JbYAU Of
CTPYJHHX yIapa y3pOKOBAaHHX JyTajyhum cTpyjama.

Kibyune peun: myrajyhe crpyje, cTpyjHH yaap, JbyAd, METATHE KOHCTPYKIIH]E, 3eMJba

PROTECTION ELECTRIC SHOCKS CAUSED BY STRAY
CURRENTS

Abstract: The stray currents are defined as the return current through the earth and metal
structures caused by electrical devices in normal operation or during disturbances. Stray
currents can occur in the objects themselves, and can enter and view. Results in the
appearance of stray currents in buildings are various negative effects, such as interference
and failures on computers and computer networks, telecommunications systems, fire
protection and alarm systems, video surveillance, then the risk of fire hazards from electrical
shocks, etc.. The aim of this paper is to consider the risks to people and equipment from stray
currents, and to propose measures to protect people from electrical shocks caused by stray
currents.

Key words: stray currents, electric shock, men, metal construction, earth

! Mp, Texuuukn mromncku mentap 3sopHuk, Kapakaj 66, bozoilic66@gmail.com
2 Ipod. np, Bucoka Texnuuka mkona crpykoBHux cryavja y Hosom Canmy, Ilkoncka 1,
savic@vtsns.edu.rs
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1. YBOJ

Jlyrajyhe ctpyje ce nmeduHHMITYy Kao TOBpaTHE CTpyje KpO3 3eMJby H METaJHE
KOHCTPYKIIHj€ y3pOKOBaHE eNeKTPHYHUM ypehajuma y HopMaTHOM pajly WM [IpU CMETHaMa.
Enextpuunn ypehaju mory cTBoputH Jiyrajyhe cTpyje caMo ako Cy y3eMJBEHH Ha BHUIIE OJf
jenHor mecta. Ypehaju Koju ©Majy caMo jeIHO y3eMJbCHE MOTY y3poKoBatu jiyrajyhe crpyje
aKo Ha jOII jeIHOM MECTy HacCTaHE CII0j ca 3eMJBOM. Ypehaju Koju HHCY y3eMJbEHH MOTY
MIpOy3poKOBaTH JyTajyhe cTpyje ako ce IojaBM 3eMJbOCIIOj Oap Ha JBa pa3lIMuuTa MEcCTa.
Uecro ce myTajyhe cTpyje perucTpyjy Ha Tako BEITMKOM pacTojamy O] BUXOBOT M3BOpa, Aa
Ce YaK He MOKe HH JIaTH IPETIOCTaBKa O HBHXOBOM Hopekiy. M3Bopa nyrajyhux crpyja y
3eMJbU MMa MHOT0, a T€ cTpyje ce MeljycoOHO pasiuKyjy 1Mo CBOM MOPEKIYy H BPEMEHCKO]
npomeHnu. ['maBuu u3Bopu syrajyhux crpyja cy [1-5]:

® jemHOCMEpHA eJISKTPHYHA By4a, KOja Kao IIOBPATHH BOJI KOPHCTH IIMHE O KOjUMa ce
Kkpehe enexTpoBYyYHO BO3WIO (TpaMBaju W METPOU MO I'paZ0BUMA, eIeKTpH(PHUKOBHA
JKeJIe3HMIa, pa3Ha BO3MJIa y HHAYCTPHjHU Koja ce kpehy 1o munama),

CHCTEMH KaTOJ(HE 3aIlTHTE,

ypehaju 3a 3aBapuBame,

JTAJICKOBO/TH BHCOKOT HAIlOHA jeJHOCMEPHE CTPYje,

HOCTPOjerba 3a eINEeKTPOJIU3Y,

H3BOPH jeTHOCMEPHE CTPYje Y UHIYCTPH]H,

JUCTPUOYTHBHE MPEKE ca BUIIECTPYKO Y3EMIJBEHUM HEYTPATHIM MPOBOIHUKOM,
EJIEKTPUYHE WHCTANAIN]E UTI.

2. HET'ATUBHU E®EKTU JYTAJYRUX CTPYJA

Be3 o03upa nma nu cy ymoie crojea WM Cy HAcTaje y caMoOj eIeKTPHYHO] MHCTANAIHjU
nyrajyhe crpyje Mory y3pokoBaTH pasinuute HeratuBHe edekre. [IpunmkoM nporuunama
myrajyhux cTpyja Kpo3 MeTalrHe KOHCTPYKIHje y 00jeKTy, Kao IITO Cy: IIEBU 3a BOJY, LIEBU
3a rac, II€BH 3a Ipejame, YellMdHa apMarypa y apMHpaHO-0€TOHCKOj KOHCTPYKIUJH 00jeKTa,
METaJlHM OMOTa4d HMHGPOPMALIOHO KOMYHHMKAIlMOHHX Ka0JoBa HWTH., MOXe Johu 1o
pa3IMYMTHX HETaTHBHUX edekara, Koji ce MOory KiacupukoBath, kao [6,7]:

® EJEKTPOJIUTHUKH,
® TEPMHUYKH U
® CIICKTPOMAarHeTHHU e(eKTH
Ilopen HaBeneHMX HETaTUBHHUX e(ekaTa MOCTOje M OIMACHOCTH IO JbYJE OJ CTPYjHOT

ynapa, Kao M IITeTaH yTHUIlA] CIIEKTPOMArHeTHUX MM0Jba KOja cTBapajy jayrajyhe cTpyje Ha
31IpaBJbe JbyH [4].

2.1. EnexTpoauTH4Ku epexTH JyTajyhux crpyja

Enexrponutnuku edextu nyrajyhux crpyja ce MaHU(ECTyjy y M0jaBH EIEKTPOIUTHIKE
KOpO3Hje, YCIIe] eIEKTPOIN3e METaTHe KOHCTPYKIIMjE Ha MECTY TJie JiyTajyha cTpyja usnasu
u3 e [4].
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2.2. Tepmuuku edextu Jyrajyhux crpyja

Tepmuuku edekTr ce MCIOJbaBajy y TOjaBH BapHUIIC WM NpErpeBama KOHCTPYKIHja
Kpo3 koje mpoTmuy nytajyhe crpyje. Pa3dnmka moreHmmjama crBopeHa u3Melhy MeTarHHX
KOHCTPYKITH]ja, y3pOKOBaHA MPOTHIAeM JyTajyhux CTpyja, YCIOBJbaBa MPOTHIAEKE HEKE
CTpyje u3jeaHavyema n3Mel)y THX KOHCTPYKIIHja aKo ce OHE EIEKTPHYHO Croje. YKOJIUKO Ta
CNIEKTPUYHA Be3a MJC MPEKO HEeaJeKBaTHUX IPOBOJHUKA KOjH HUCY HU MpeABUlCHH HH
JUMEH3WOHHCAHH 32 TO, Kao INTO CYy HUCKOOMCKH METAITHU OMOTa4d KOaKCHjaTHUX KablioBa
padyHapcKMX Mpeka, Moke JohM 0 HBHXOBOT IIperpeBama, Ia W HoXkapa. Y IpakcH je
BEOMa YECT CIy4aj Jla Cy KpajeBH OMOTada KOAKCHjaTHHX KabloBa pavyyHapCKUX Mpexa
BE3aHU 3a PassIMuiTe y3eMJbHBAYe, TaKo Ja JIyTajyhie cTpyje Kpo3 BbUX MOry NOCTUlH 3HATHE
BpeaHocTH [5].

2.3.Enextpomarnernu edpextu Jyrajyhux crpyja

EnextpomarneTtnu edekt ce MaHu(ECTyjy y HHAYKOBambYy HalloHa CMETHHU y BOJOBHMA
KOjH ce Hama3e y ONM3MHU METaJHHX KOHCTPYKIHja Kpo3 KOje MPOTHYYy HaW3MEHUYHE
nyrajyhe crpyje wim y Onm3uHM BoJOBa ca CTpyjamMa OJ[BOJa, KOje CTBapajy jaka
eJICKTpOMAarHeTHa Iosba. OBa eNeKTpOMAarHeTHa I0Jba MOTY MOBECTH [0 HHIYKOBamba
HallOHa CMETH-H Y BOJOBMMA Ha IITaMIIaHUM IIJIoYama eJIeKTPOHCKuX ypehaja, kao mro cy
MOHHUTOPY M JIpyra padyHapcka omnpema, Buzueo ypehaju, TB npujemHunu u ci. Axo ce
MOHHTOpP Hajla3W y NMPOCTOPHjH y ONM3MHM METATHHX KOHCTPYKIHja KpPO3 KOje MPOTHUY
nyrajyhe crpyje uam y OIM3MHHM BOJOBA ca CTpyjama OJBOJa, KOje CTBapajy jaka MarHeTHa
mmoJba, Taja CIIMKa Ha MOHHUTOPY MOXKE 3Ha4dajHO Oa ce aedopmmume (,IUTMBa“ WK
nTperiepu®). TlozHatm cy ciydajeBd, Kaja Cce MOHHMTOP NpeKpuje 000jeHHMM TIerama
Pa3IMYNTHX HUjAHCH, a IOHEKaJ Ce CIIMKA MOTITYHO WM IPUBPEMEHO n3ryon. OUnrienHo je
Jia je pajl 3a TAKBUM MOHHTOPOM IITETaH, a BPJIO YeCTO 1 HeMoryh.

2.4.1Ipumep U3 nMpaKce CMETHH Y3POKOBAHUX JyTajyhum cTpyjama

VY jennom nocnoBHoM 00jekty ca TN-C-S cucreMoM pa3Bosa eleKTpUYHE MHCTAJIaluje
youeHe Cy CMeTHe y paly padyHapa U padyHapckux Mpexa. Ilomohy ocuumockona
M3BpIICHA Cy CHUMama BPEMEHCKHX [HjarpaMa HamoHa wu3Mely ciemehnx Tadaka y
€JIEKTPUYHO] MHCTAIAIH]HU:

® 3AMTHTHE CTE3a/bKe Yy MPBO] CrpaTHOj pa3Boanoj Tadimu SRT1 u riaBHe cabHpHUILIE
3a U3jeIHAYCHC TTOTEHIINjaIa, CITUKA 1,

® 3AIITHTHE CTE3aJbKe Y JIPYroj CIpaTHOj pa3BoaHoj Tabmu SRT2 u rinaBHe cabupHuie
3a U3jeIHAUYCHE OTEHIINjaja, CIIUKa 2.

Ha mpukazaHuM qujarpaMuMa MOXKE C€ YOUHTH Jia TIOCToje oapeljeHe BpeIHOCTH HarmoHa
m3mehy HaBeaenmx Tadaka (om 1,19 go 3,88 [V]), ka0 m na mocroje u300IMUYEHa
CHHYCOUJATHUX 00JIMKa HAIOHA, KOja Cy M3a3aBaHa BUIIUM XapMOHUIMMA CTpYje.

Ja Om ce OTKIOHWIE CMETHE Yy paay padyHapa WM3BpIIEH je Tpeia3aKk eleKTpUiHe
uucrananuje ca TN-C-S ma TT cucreM pa3sBoia, OJHOCHO H3BPIICHO j€ pPas3liBajarbe
HEYTPAJIHOT U 3aITUTHOT [TPOBOAHUKA Y LIEJI0j EIEKTPUYHO] HHCTAIIH]U (Y MEPHOM OpMapy
U y pa3BOHHM Tabjilama) U yrpajma 3amTUTHOT ypehaja mudepeniujaiae crpyje. [Ipu Tome
je samrutHU TpoBonHUK (PE) moBesan ca cabupHHIIOM 3a W3jefHAaUYEHe¢ MOTCHIHjasa, a
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Heyrpanau npoBogHuK (N) je moBe3aH ca HEYTPaIHOM TAadKOM 3BE3AMINTA CEKYHIpaHE
cTpaHe TpaHcopmMaTopa y TpapoCaTHHIIH.

Agilent Technologies

f f Over(1): 0.0% A
________ _ _FreqC1): 4998z ||
Min(1): -1.19V )

PRINT_OO

Cnuka 1. Bpemencku oujazpam nanona usmely saumummue cme3asmke y npeoj CHPAmMHoj pa3zeooHoj
ma6nu SRT1 u enasne cabupnuye 3a usjednauerse nomenyujand

Agilent Technologies

Cnuka 2. Bpemencku oujazpam Hanoua usmehy 3aumumue cmesasmke y Opyeoj CRpamuoj pazgooHoj
mabnu SRT2 u enasune cabupnuye 3a usjednauere nomenyujana
Haxon npenacka ca TN-C-S nHa TT cuctem pa3Boja IOHOBO Cy CHUMaHH BPEMEHCKH
JWjarpaMy HaloHU u3Mel)y HaBeJEHMX Tayaka, ajld Cy Y OBOM CIIydajy BPEIHOCTH HaroHa
Owie jenHake Hymu. Moxke ce 3akbyduTd na cy npenackom ca TN-C-S Ha TT cucrem
pa3BojJia OCTBAPEHHU MO3UTUBHH e(EeKTH, jep Cy M3MEpeHe BPEJHOCTU HamoHa Ouiie jejHaKe
HYJIH, TaKO J]a Cy HECTaJle CMETH:E y Pay padyHapa U pauyHapCKHX MPEkKa.

3. ONACHOCTH O CTPYJHUX YJAPA Y3POKOBAHHUX
JYTAJYRUM CTPYJAMA Y EJJEKTPUHYHUM NHCTAJIALIMJAMA
CA TN-C-S CUCTEMOM PA3BOJA

[Iporumame nyrajyhux cTpyja IOBOOM A0 I0jaBe pa3iiMKa IOTCHIHjajla KOja MOXKeE
13a3BaTH OIIACHE HAIlOHE JIOJUpa U KOpaka.

OmnacaHu HaroH JOJMpa W3a3BaH JyTajyhuM cTpyjama MoKe ce M0jaBUTH y KylaTHiIuMa,

cayHama, IUIMBaukKuM Oa3eHuMa, y OJM3MHU OpoJIOBa, TOJHOTIPHBPEIHUM O0jeKTHMA,
ITOCIIOBHAM TIPOCTOPHjaMa, HHAYCTPHJH U CII.
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OmnacHY HalOH KOpaka ce MO IMOjaBUTH Y OJM3UHHU eNeKTPH(HUKOBAHUX KEITC3HHIKAX
npyra, y3emjbuBada, ypehaja 3a eIeKTpoiM3y M JPUTHX HOA3EMHUX METAIHHX eleMeHaTa
Kpo3 KOje mpoTudy IryTajyhe cTpyje.

JIyrajyhe ctpyje ce mory mojaButm y obOjektuma ca TN-C-S cumcremom pas3Bona
CJIEKTPUYHMX WHCTANIAIM]ja IPH HECUMETPUYHOM MM HermyHodazHoM onTepeliemy.

TN-C-S cucrem paszBojia eNeKTpUYHMX WHCTAJAlMja ce paHUje Ha3MBao HynoBame. Kox
OBOT' CHCTEMa Pa3BOJa 3BE3AUINTE CEKyHAapHe cTpaHe TpaHchopMaTopa y TpadOCTaHUIIHU je
MOBE3aHO Ca MOTOHCKHM Y3€MJBbCHEM U M3 Ihera je M3BeleH 3amTuTHO-Heyrpaianu (PEN)
npoBoaHUK. Tako ce ox TpadocraHuie 10 00jeKTa MPOCTHPY YETUPU MPOBOJHUKA, Ia je
Harajambe 00jeKTa 3aCHOBaHO Ha TPO(a3HOM CHCTEMY ca YeTHPH IPOBOJHUKA, TPH Cy (a3Ha,
a 4eTBpTH je 3amrtuTHo-HeyTpaiuu (PEN) mpoBognuk. Y cnparHoj pa3Boauoj Tabmu (SRT)
Cy 3alITHTHA W HEyTpajgHa cabupHHIA KpaTko mpecrnojene. 3Haud, kox TN-C-S cucrema
pa3Bojia caMo y jeTHOM JIeTy cucTeMa (IucTpuOyTHBHOj Mpexn) pynkuujy 3amrutHor (PE)
u HeyrpaiHor (N) mpoBogHHMKa 00aBiba jeqaH 3amTUTHO-HeyTpanHu (PEN) mpoBomHUK, HOK
Yy ENeKTPUYHO] WHCTANanmju oOjekTa Te (yHKIHje 00aBibajy IBa 3aceOHA MPOBOIHHKA,
uneyrpaiau (N) u 3amrtutau (PE) mpoBoanuk [1].

Ha ocHOBy wucTpaxuBama pa3MaTpaHe IpoOiieMaTHKe ayropH OBOI paja Cy Ha
WIYCTPaTHBAaH HAYWH, CIMKOM 3., NMPUKa3aJM paclojely JyTajyhnx crpyja Kpo3 MeTaiHe
koHcTpykuuje objekra ca TN-C-S cucremom pas3Boja eNeKTpHUYHE HHCTalaluje, MyTame
mpocTHpama JIyTajyhux cTpyja cy mpHKa3aHe HcOpeKngaHnM nuHHjama. Ca mpukasaHe
CITUKE Ce MOTY YOUHTH ONAacHOCTH 10 padyHape M padyyHapcke Mpexe o jyrajyhux crpyja,
Kao ¥ OIIACHOCTH OJ] CTPYJHUX yzapa.

VY cmydajy HeCHMETpUYHOT WK HemyHodas3Hor ontepehema (azopcku 30Hp CTpyja cBe
Tpu (aze pas3IMyuT je O HyJe, TaKo Ja Ce jaBJjha MoBpaTHa cTpyja ly koja ce Bpaha y
Tpadocranuiy. Yak u y citydajy cumerpudHor onrepehera ca HeJMHEapHUM TPHjEMHULIIMA
jaBJpa ce mOBpaTHa cTpyja y obmuky tpeher xapmonmka ly /3. MelhyruMm, cBa moBparHa
cTpyja ce He Bpaha y Tpadocranuily npeko 3amrtutHo-HeyrpaiHor (PEN) mpoBoanuka, oHa
ce y tauku croja HeyrpamHux (N), samrutuaux (PE) m 3amrutHO-HeyTpamHor (PEN)
NIPOBOHUKA (3aIITHUTHO] CAOMPHHUIM Yy pa3BOJHOj TabiM) rpaHa. JemaH aeo Te IOBpaTHE
cTpyje ce pacmnonesbyje mnpeko 3amrtuTHux (PE) mnpoBoaHMKa, MeTalHUX OMOTava
KOaKCHjaJTHUX Ka0JjioBa padyyHapCKMX MpeXka, NPOBOJHHMKA 32 M3jelHayeHe IOTEHIHjaa
(PA) u MetamHMX KOHCTPYKIHja y 00jeKTy, a 3aTHM Kpo3 3eMiby Bpaha y TpadocTaHwuiry.
Jpyru neo te noBpatHe cTpyje ce Bpaha npema TpadoCcTaHUIN MPEKO 3alITUTHO-HEYTPATHOT
(PEN) npoBoanuka 10 MepHor opmapa (MO) rae ce moHoBo rpana. Onatie ce 1eo Te CTpyje
mupektHO Bpaha y Tpadocranmiy mpeko 3amrtuTHO-HeyTpamHor (PEN) mpoBomgamka, a
IIpeocTalf JIe0 C€ MPEKO IPOBOJHMKA 32 M3jeAHAYCHE NOTEHIHWjala, y3eMJbema 00jeKTa,
3eMJbE M ITOTOHCKOI y3eMJbeia Tpadocranuiie Bpaha y tpadocranuiry. IloBparHe crpyje
KOje TpOTHYy KpO3 METalHE KOHCTPYKIHMjEe M 3eMJbY YCTBapW IPEICTaBJbajy IyTajyhe
ctpyje. OBe cTpyje MOTy MOBECTH 10 IOjaBe CTPYJHHUX yaapa 300T NMPEBHCOKHX HaloHa
JOAUpA.

3naun, kog TN-C-S cucrtema pasBoja y ciydajy HECHMETPUYHOT HIIM HEIyHO(a3HOT
onrtepehema 3eMiba MPAKTHYHO MPEACTaBJba MApAIENHYy IyTamkby 3alITHTHO-HEYTPaTHOM
(PEN) mpoBomauKy 3a moBpaTHe cTpyje. Tako ma Kpo3 3eMJby MPOTHYY 3HavajHe JyTajyhe
Ha Koje He jenyjy 3amTuTHH ypehaju mnpekomepHe crpyje (ocurypaun) y ¢asHuM
MPOBOJHUIIMMA, KA0 HU 3aITHTHH ypehaju mudepenimjande ctpyje (ZUDS). Ilto je mamu
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OTIOp y3eMJbeHha 00jeKTa M MambH OTIIOp MOTOHCKOT y3eMJbeHa TpadoCTaHUIE TO CY Te
nyrajyhe ctpyje jaue [3].

HapouuTto HemoBoJbHa CHUTyalMja HacTaje MPWIMKOM IPEeKHJa 3allTHTHO-HEYTPaJHOT
(PEN) nposonnuka, uzmehy mepror opmapa (MO) u tpadocranune, tana TN-C-S cucrem
npenasn y TT cucrem 3amrtute M cBa moBpatHa cTpyja ce Bpaha y Tpadocranuiy npeko
pa3sHUX METATHUX KOHCTPYKIHja Yy OOjeKTy, 3alITUTHOT Y3eMJbCHa, 3eMJbE U MOTOHCKOT
y3emiberba Tpadocranune. Tama he kpo3 MeTanHe KOHCTPYKLHMje W 3eMJbY NPOTHLATH
3HayvajHe JyTajyhe cTpyje Ha Koje Helie pearoBaTi HHU 3alITUTHU ypehaju npekoMepHe cTpyje
(ocurypaum) y ¢a3HUM IPOBOIHUIIMMA, & HU 3aITHTHU ypehaju mudepennujamae crpyje.
Jenan meo oBux jyrajyhinx cTpyja hie mpoOTHIIATH W KPO3 METAJHE OMOTauye KOAKCHjAITHUX
Ka0OJIoBa padyyHApCKHX Mpea, yclel 4era Moke JohM 10 HBHXOBOT IperpeBama, mna u
noxapa. Takohe moxe nohu u o cmerwu y paay wim omrehema padyyHapa U pauyHapcke
onpeme. Ilopen Tora HamoH HoaMpa Ha METaTHUM KyNHINTHMa NpHjeMHHKa MO)ke mpehn
JI03BOJbEHE BPEAHOCTH M TaKO CE II0jaBUTH OIACHOCTH O] CTPYjHHX yJapa NPOKOBaHUX
nyrajyhum crpyjama. Jeman meo oBuxX ayTajyliux CTpyja MOXKe MPOTHIIATH KPO3 CyCEaHE
o0jekre ca TN-C mmm TN-C-S cucremom pas3Boja, ma HaloH JOAWpPa HA METATHUM
kyhumTnma npujeMHUKa y TUM oOjekTHMa Takohe Moke mpehu J03BOJbeHE BPEIHOCTH M
Y3pPOKOBATH OTIaCHE CTpyjHE ymape [5].
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Cnuxa 3. Hnycmpayuja pacnooene nymajyhux cmpyja kpo3 memanne koncmpykyuje ogjexma ca TN-C-
S cucmemom pazeoda enexmpuune uncmanayuje, 2oe je: TS - mpancgpopmamopcra cmanuya, Ly, Ly, Ly
- ghaznu npogoonuyu, N - neympannu npoeoonux, PE - sawmummnu nposoonux, PEN - 3auumummno-
Heympanuu npoeoorux, PA - npoeoonuyu 3a uzjeonavere nomenyujana, E - semmo600, KPO - kyhuu
npurwyunu opmapuh, MO - mepruu opmap, SRT - cnpamua pazeoona mabaa, H - macnemno noswe, TU -
memesbHU Y3eMbUsal
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4. MPEIJIOI MEPA 3A CIIPEYABAIBE OITACHOCTHU OJ CTPYJHHUX
YIAPA Y3POKOBAHUX JIYTAJYRUM CTPYJAMA
Ha ocHOBY ucTpakiBarma pazmMarpane IpodiaeMaTHKe ayTOpy OBOT pajia Cy MPeaIoKUITH
cienehe Mepe 3a chpedaBame OMACHOCTH OJI CTPYJHHUX ylapa y3pOKOBaHHX JyTajyhum
cTpyjama:

Tpeba nzberasatu kopumihieme TN-C-S u TN-C cucrem pa3oja, 300r Tora Imro OHA
MoOTy y3pokoBaTH nyTajyhe crpyje. To cy Hajrmomuju anu U HajjepTHHHUJA CUCTEMHU
pa3Boja, jep UMajy jellaH MPOBOIHUK Mamke HEro JAPYTH CUCTEMH Pa3Boja.

IIpema texuuukum nponucuma IEC 60364-4-444: 2007 (EnextpudyHe WHCTaAImje
HHUCKOT HamoHa - [leo 4-44: 3amtuTa pany ocTBapuBama 0€30€JHOCTH - 3aIITUTA O
HallOHa CMETHH U €JIEKTPOMAarHETCKHX CMETHH) y o0jeKTnMa Tpebda NpuMemnUBaTH
TN-S cuctem pas3Boja €NEKTPUYHUX HWHCTaJacHja, 300T EEroBe eNeKTPOMAarHeTHE
KOMITaTHOMJIHOCTH, KOjU j€ je Yy3eMJbeH caMO Ha jeIHOM MeCcTy M TO Yy
tpadocranuim. Kpo3 1eo cucrem samruthu (PE) u Heyrpamau (N) mpoBogHHK Cy
pasnBojenn. Y TN-S cucremy pasBosma y nopehemy ca TN-C cucremoM yrpomax
MaTepHjaia 3a npoBojHuke je Behu 3a 20 mo 30%. Kox mpyrux cucrema pasBona
HaBeJICHa yIITeaa Ha oJBojeHOM 3amTuTHOM (PE) mpoBoIHHKY JOBOAW IO CMambCHa
6e36enHOCTH.

Takohe u TT cucrem pasBoza je 3HatHO noBosbHHjU o1 TN-C-S cucrema pasBona.
IIpena3 ca TN-C-S ma TT cuctem pasBoma moryhie je octBaputu 03 mojarama
MONATHHUX TIPOBOJHMKA, Al je TMOTPEOHO y pa3BOMHOj Tabmu 00aBE3HO YrpaauTH
3alTUTHU ypehaj nudepeHuujanHe crpyje, koju he omoryhutu noBosbHO Op30
HCKJbyUeHhEe Halajama Ipu mpobojy ¢a3e Ha metanHo kyhumre npujemanka. [lopen
tora notpebHo je na 3amtutHy (PE) u Heyrpaxuu (N) npoBoaHuuyM Oyay pa3aBojeHU
y 1IeJ10j eNEeKTHYHO] WHCTAJANHjH.

Kon u3Bohema enexkTpuuHNX MHCTaNanuja Tpeda BOAUTH padyHa lla ce HE HalpaBu
rpeliKa y MOHTQXH YTHYHHUIIA, Pa3sBOAHHMX TaOll WIM MEPHHX OpMapa KojoM Ou
monuto o crnoja Heyrpansor (N) ca samrutauM (PE) mpoBogHHKOM HITH 10 3aMeHe
BHUXOBHX MECTa Ha CTe3aJbKaMa.

[Mpunukom kopumhiera M OJAp)KaBama EJICKTPUYHUX HHCTajaluja Tpeda BOJIUTH
padyHa, Ja 300T JIOIIMX KOHTaKTHHX cIojeBa, omrtehema m3onanuje (MeXaHUYKHX,
TEePMHUYKUX, XEMH]CKUX W CJI.) WIM BJIQXKHUX 3UI0BA HE Johe 1o cloja HeyTpaJHOT
(N) mpoBomamka ca 3amTutHuM (PE) mpoBomHmkoM WM ca  MeTamHHM
KOHCTPYKI[HjamMa y 00jeKTy, Kao IITO CY: IIEBU 3a BOIY, IICBH 3a rac, I[CBH 3a IPejambe,
YeITMdHa apMaTpypa y 0€TOHCKOj KOHCTPYKITHH 00jeKTa UTI.

Tpeba crnpeuuTH, KOJIHMKO je TO Moryhe, ma y €IeKTPUYHHUM MPHjEeMHHIHMA 300T
omrehema M30alMje, JIOMMX KOHTAKTHHUX CIIOjeBa WM Biare He jgohe 1o cmoja
HeyrpanHor (N) ca 3amtutHuM (PE) mpoBoaHUKOM MM ca MeTaiHUM Kyhumrem
MIpHUjeMHUKA.

W3Bohemem m3jepHauena MOTEHIMjala MpeMa TeXHUIKuM nponucuma IEC60364-5-
54: 2002 (EnextpuyHe MHCTananuje y 3rpagama - [leo 5-54: M300p u nocrasibame
CJIEKTPUYHE OIpeMe - Y3eMJbCH-E, 3alITUTHHA MTPOBOJAHUIIN U 3AIITHTHH POBOJHULIH
3a U3jeTHavYeHE TOTCHIMjana) 3HaYajHO ce MOXKE CMambHTH yiasak JIyrajyhux crpyja
y 00jeKar IMpeKo METAHUX I[CBH U METATHAX OMOTa4a KabJioBa.
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e Tpeba KOPUCTHTH 3ajeIHUYKH y3€MJbMBAu KOjU IIOBE3yje CBE METAIHE CJIEMEHTE Y
00jeKTy Kao IITO Cy MeTajlHa KyhWINTa eJIeKTPUYHUX IMPUjEMHHKA, CBE IPOMOOpaHCKE
WHCTANAllMje, CBE METallHE IEeBOBOJE (3a BOAY, rac, IICHTPAJHO Tpejame), METAIHY
KOHCTPYKIHM]y  3rpalle, MeTalHe oMmoTaue KaOimoBa (eHeprercke  KaOJoBe,
TeJIEKOMYHHKAI[OHE KaloBe, KabJIoBE 3a TEJIEBU3U]CKE aHTEHE) U HAIOjeHU 3alUTUTHU
(PE) omnocHo 3amtutHO- Heyrpanau (PEN) npoBogauk. 300r oBe IIOBE3aHOCTH IIPOMEHA
BHUXOBOT IIOTEHIIHjaIa TpeMa pedepHTHOj TauKH ce He MaHU(ECTyje Kao MojaBa pasiiiKe
moTeHIHjana n3Mely MeTamHuX eneMeHaTa Mel)ycoOHO Wi pema 3eMibd, ¢ 003UpOM Ja
3ajeJHHYKN y3eMJbHBau oOe30elyje ma ce CBM MeTaaHU eIEeMEHTH Hajla3e Ha HCTOM
noreHnyjary. Ha Taj HaumH m3Mmely mojequHUX METANTHHX eleMeHara y o0jeKkTy Hema
pa3NuKe IOTeHIMjala HHUTH CMETHH 300r HEKOHTPOIMCAHOI TPOTHIAma CTpYje
n3jenHavyera, MpecKora BapHUIEC M CIMYHUX MaHu(ecTandja M0 HHCTATAMOHUM U
TENIEKOMYHHUKAI[HOHUM BOJIOBHMA, Ka0 HM ONAacHOCTH OJ] CTPYJHOT yaapa ycie ONacHUX
HAaIlOHA JJOAUPA U KOpaKa.

e VYV moapydjuma TIe ce YecTo I0jaBibyjy JyTajyhe crpyje y 3emibH, Tpeda MOCTaBUTH
M30JIAIIMOHE YMETKE y IIEBOBOJIE KaKO O Ce CIPeyro yia3ak JIyTajyhu cTpyja mpeko \mux
y o0jekar.

[IpumeHoM HaBeIEeHHX Mepa MOTIYHO C€ WJIM 3HAYajHO CIIPEYaBajy CMETHE M OMACHOCTH Y
pany nHGOPMALMOHO-KOMYHHMKAIIMOHUX TEXHOJIOTHjA, aJapMHUX M CHCTEMa 3a 3allTUTy Of
HOXKapa CHCTEMa, CHCTEeMa BUJICO HaJ30pa | CII.

5. 3AK/bYYAK

ITojaa myrajyhux crpyja y objekTHMa OMilo ma cy Hacraje y caMOM O0jeKTY WM Cy YIILTe
CII0Jba, MOXKE JIOBECTH JIO0 CMETH:HM, IPEeKnaa y paxy win omrtehiema padyHapa U paduyHApCKHX
MperKa, OIMacHOCTH OJ] CTPYjHHX yaapa U cI. MehyTum mprMeHOM oAroBapajyhiux TeXHHYKHX
IIpoIIHca TIPH MPOjeKTOBakY U U3BONemY eNeKTPUYHHUX MHCTalanuja, kao mro cy: IEC 60364-4-
444: 2007 u IEC 60364-5-54: 2002, ka0 ¥ HPUMEHOM APYTHX IMPELIOKEHUX Mepa HaBeIeHe
OIAaCHOCTH C€ MOT'Y MOTITYHO MJIM 3Ha4ajHO OTKJIOHHUTH.
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1. UvOD

No¢ni rad je tezi od dnevnoga rada zbog narusavanja bioloSkog ritma radnika. Time se
povecava psihicki napor i umor radnika, a smanjuje oprez. Smanjenjem opreza povecava se
mogucnost nastanka nesre¢e. Zbog boljeg odmora radnika, ako je to moguce, trebalo bi
konstantno mijenjati radnike iz noéne i dnevne smjene.

2. ZADATAK ISTRAZIVANJA

Zadatak istrazivanja je bio otkriti da 1i postoji problem u usredotoCenosti radnika tijekom
noc¢nog rada i koje se Stetne posljedice javljaju tijekom tog rada. Stupanj usredotocenosti
pojedinog radnika je subjektivan podatak. Zbog toga je trebalo napraviti istraZivanje koje ¢e
pokazati usredotocenost svakog radnika na tocno odredeni parametar.

3. CILJ ISTRAZIVANJA

Cilj istrazivanja je pomoc¢u ankete medu radnicima analizirati kako no¢ni rad utjece na
radnike, na njihovo fizicko i psihi¢ko zdravlje te na njihovu usredotocenost na rad. U ovom
slucaju istrazivanje ¢e biti provedeno na radnicima koji svoju radnu funkciju obavljaju za
strojem.

4. ISTRAZIVANJE

Anketa je provedena medu radnicima i bila je opisna analiticki. KoriSten je pismeni oblik
anketne kao instrument anketnog istrazivanja koja je sadrzavala pitanja sa predloZenim
odgovorima. Tvrtka u kojoj je provedeno istrazivanje je veli¢ine velikog poduzeéa u kojoj je
zaposleno 860 radnika. Glavna djelatnost tvrtke je proizvodnja dijelova za elektroenergetska
postrojenja i odrzavanje tih postrojenja.Oko 30% radnika radi u no¢noj smjeni.

Anketa je provedena na uzorku od 110 zaposlenih radnika, u zivotnoj dobi izmedu 20 i
60 godina. Svi anketirani su srednje stru¢ne spreme.

5. HIPOTEZA

Tijekom no¢nog rada usredotocenost radnika pada jer bi no¢ trebala sluziti Covjeku za
odmor. Po no¢i se ovjek viSe umara jer no¢ nije prirodni dio dana kada bi covjek trebao
raditi.

6. OBRADA | ANALIZA PODATAKA DOBIVENIH ANKETIRANJEM

Nakon provedenog anketiranja uslijedilo je sortiranje i obradivanje odgovora na anketna
pitanja.. Pitanja su vezana isklju¢ivo uz radno mjesto radnika, znaci sastavljena su na nacin
da se zaposlenici sa ovim ili sli¢nim situacijma susrecu svakodnevno na svome radnom
mjestu. Slijede rezultati istrazivanja po pitanjima iz ankete.
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I Sto mislite o noénom radu sa svog gledista ?
a) no¢ni rad uvelike iscrpljuju radnika

b) ugrozava njegovo fizicko i psihicko zdravlje

c) lose utjece na njegov drustveni i obiteljski zivot
d) nema $tetnog utjecaja na radnika

Od anketiranih radnika njih 55% odgovara da ih no¢ni rad uvelike iscrpljuje, 27% ih
odgovara da im je ugrozeno fizicko i psihicko zdravlje, 9% odgovora da loSe utjece na njihov
drustveni i obiteljski zivot, i 9% odgovara da nema $tetnog utjecaja.

Oa) uvelike iscrpljuje
@b) ugrozava fiziko i psihi¢ko zdravlje

Oc) lose utjece na drustveni i obiteljski
zivot

G

rafikon 1- Noc¢ni rad s gledista radnika

Analiza odgovora na ovo pitanje pokazala je da veéina anketiranih radnika osjeca Stetan
utjecaj no¢nog rada na njihovo zdravlje i znatno ih iscrpljuje. Ovi odgovori potkrepljuju
¢injenicu da bi no¢ trebala sluziti Covijeku za odmor. Po noci se ¢ovjek i viSe umara jer no¢
nije prirodni dio dana kada bi covjek trebao raditi. Upravo umor predstavlja najveéi razlog
pada usredotocenosti tijekom noé¢nog rada.

11 Koliko vam traju smjene?
a) 8 sati - 3 smjene b) 12 sati - 2 smjene c) 6 sati - 4 smjene

Od anketiranih radnika njih 73% odgovara da se radi u 3 smjene po 8 sati, 27% ih
odgovara - 12 sati 2 smjene.Vecina anktiranih radnika radi u tri smjene koje traju po osam
sati. Tako je najcesce rasporeden rad u metalopreradivackoj industriji. Razlog tomu je to §to
je rad fizi¢ki zahtjevan i $to radnik tijekom radnog vremena mora zadrzati odredenu razinu
koncentracije kako bi proizvod bio sukladan zadanom i kako ne bi doslo do povreda radnika
jer se rad izvodi na sredstvima rada sa poveéanim opasnostima najce$¢e tokarski strojevi,
glodalice, pile i slicna strojevi za obradu metala. Tako da se smjene od 8 sati nastavljaju
jedna na drugu neprekinuto u okviru 24 sata, jednog dana tako se omogucéuje da se strojevi
ne zaustavljaju a na njima se izmjenjuju operateri. Radi se na strojevima velikog
proizvodnog kapaciteta Sto postavlja povecane zahtjeve svakom operateru.

111 Koliko vam je vremena potrebno da bi se nakon odradene no¢ne smjene vratili u
svoj uobicajeni dnevni ritam ?

a) nakon odspavanih nekoliko sati uspijem se razbuditi i vratiti u uobi¢ajeni dnevni ritam

b) cijelog dana sam neispavan i iscrpljen tako da se ne uspijevam vratiti u uobicajeni
dnevni ritam

¢) ne osjeam se umorno

Od anketiranih radnika njih je 18% odgovorilo , nakon odspavanih nekoliko sati uspijem
se razbuditi i vratiti u uobiCajeni dnevni ritam, njih 82% odgovara - cijelog dana sam
neispavan i iscrpljen tako da se ne uspijevam vratiti u uobi¢ajeni dnevni ritam.Ovim se
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odgovorom izravno potvrduje Stetni utjecaj no¢nog rada. Kod ovog pitanja nije uzeta u obzir
starostna dob ispitanika buduci da se radi o grupi ispitanika koji su stari od 20 do 60 godina.
Za ocekivati je da su radnici s ve¢im radnim stazom, viSe iscrpljeni radom i teze podnose
no¢ni rad nego mladi.

O a) uspijem se vratiti u uobicajeni ritam

B b) ne uspjevam se wratiti u uobic¢ajeni ritam

Grafikon 2- Potrebni odmor nakon noc¢ne smjene

IV Nakon cijelog tjedna noéne smjene koliko vam dana treba da se vratite u
normalni dnevno - noéni ritam?

a) 1 dana b) 2 dana
c) 3 dana d) niti jedan dan

Njih 64% je odgovorilo - 1 dan , 27% je odgovorilo-2 dana, i 9% je odgovorilo - 3
dana..Ukupno gledaju¢i vrijeme oporavka radnika nakon noénog rada traje izmedu 1 do 2
dana, ra¢unajuci da za vrijeme tog opravka radnici odraduju neku drugu smjenu. Zapravo taj
oporavak se u pravom smislu nikad i ne dogodi jer nakon cijelotjednog odradivanja no¢ne
smjene dolazi do rotacije smjena te radnik nema vremena da se u potpunosti odmori.

Oa) 1 dana

@b) 2 dana

Oc) 3 dana

Grafikon 3 - Potrebno vrijeme za vracanje u normalni dnevno - noémi ritam

V Usporedujuci sa ostalim smjenama kako rad nocu utjece na vasu koncentraciju?
a) koncentracija je znatno smanjena

b) prema kraju smjene koncentracija jako pada

¢) pada do te mjere da lako moze do¢i do ozbiljnijih ozljeda radnika

d) koncentracija mi nije smanjena

Njih 27% odgovorilo je da je koncentracija znatno smanjena, a 73% odgovorilo je
odgovor da prema kraju smjene koncentracija jako opada,
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O a) koncentracija je znatno smanjena

B b) prema kraju smjene koncentracija pada

Grafikon 4 - Kako rad nocu utjece na koncentraciju

Anketirani radnici rade na strojevima za obradu metala visokih snaga i okretnih
momenata koje vrlo lako mogu ozlijediti radnika. 1z navedenih odgovora koji su kod svih
radnika sli¢ni vidljivo je da je koncentracija, a samimi time i radna efikasnost tijekom
no¢nog rada smanjena ali ne do te mjere da bi prouzrokovala ozbiljnije ozljede radnika ili
smrtne slucajeve.

VI Po vasem misljenju kako tjedna izmjena smjena i rad noéu utjee na vase
zdravlje?

a) opcenito lose utjee na zdravlje b) loSe utjeCe jer remeti
bioritam

¢) ne utjece na zdravlje

Od radnika 9% ih je dalo odgovor pod a) opcenito loSe utje¢e na zdravlje, 73% ih je dalo

odgovor pod b) lose utjeCe jer remeti bioritam, 18% ih je dalo odgovor c) ne utjece na
zdravlje.

O a) opcenito loSe utjece na zdravje

@ b) loSe utjece jer remeti bioritam

O c) ne utjec¢e na zdravje

Grafikon 5 — Kako izmjena smjena i rad nocu utjece na vase zdravije

Vecina radnika se izjasnila negativno jer tjedna izmjena smjena stalno remeti radnikov
bioritam odnosno ritam budnosti i sna. Za normalnu radnu aktivnost Covjeka smatra se
vrijeme ujutro od 07*° pa sve do popodneva 17°° odnosno 18% sati.

VI Jeste li vi imali kakvih zdravstvenih posljedica zbog rada u smjenama i rada
noéu?

a) pretilost b) nesanica
c) pothranjenost d) nema zdravstvenih posljedica

Njih 45% je odgovorio pod a) pretilost, 45% odgovorilo je pod b) nesanica,, dok njih
10% se izjasnilo pod odgovorom d) da nema zdravstvenih posljedica.
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O a) pretilost
B b) nesanica

O c) podhranjenost

Grafikon 6 — Posljedice rada u smjenama i rada noéu

Odgovorom na ovo pitanje jedan dio radika isti¢e nesanicu kao zdravstvenu posljedicu
rada u smjenama i noc¢u. Prema tome moZemo zakljuéiti da sve ovisi o fizi¢koj i psihickoj
pripremljenosti svakog pojedinog radnika.

V111l Po vasem misljenju koji sati noéne smjene su najtezi?

a) od 3:00 - 5:00 b) od 5:00 - 6:00
¢) od 4:00 — 5:00 d) od 3:00 - 4:00

Od ispitanih je njih 73% je zaokruzilo odgovor pod a) od 3:00 — 5:00, 9% je odgovorio
pod b) od 5:00 — 6:00, 18% je dalo odgovor pod c) od 4:00 —5:00

O a) pretilost
B b) nesanica

O c) podhranjenost

Grafikon 7 — Koji sati noéne smjene su najatezi

1z navedenih rezultata vidljivo je da radnici jednako tesko podnose sva razdoblja noénog
rada. Time se potvrduje teza i potreba Covjeka za snom te da je najdublji san Covjeka
sredinom no¢i.

IX Po vaSem miSljenju koliko vam je stanki ili pauza potrebno u noénoj smjeni da bi
odrzali odredenu razinu koncentracije i u¢inkovitosti?

a) dovoljna je pauza od pola sata b) svakih 2 sata pauza od 15 minuta
C) pauza od 1 sat d) bez pause

Njih 18% je dalo odgovor pod a) dovoljna je pauza od pola sata, 45% dalo je odgovor
pod b) svakih 2 sata pauza od 15 minuta, 27% radnika dalo je odgovor pod ¢) pauza od 1 sat

Oa) dovoljna je pauza od pola sata
@b) svakih 2 h pauza od 15 min

Oc) pauzaod 1 h

Grafikon 8 — Koliko je pauza potrebno u noénoj smjeni za ucinkovit rad
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Vecina anketiranih radnika iskazala je potrebu za ¢eS¢im i kra¢im odmorima (svaka 2
sata po 15 minuta). Smatraju da bi takvim izmjenama aktivnosti lak$e odrzali budnost i
poboljsali radnu ucinkovitost.

X Sto bi vam olakSalo rad u no¢noj smjeni?

a) slusanje radija $to je u pogonu zabranjeno b) klimatizacija prostora
c) bolja rasvjeta d) opcenito  bolji
uvjeti rada

Njih 27% dalo je odgovor pod a) siusanje radija Sto je u pogonu zabranjeno, nitko od
radnika nije dao odgovor pod b) klimatizacija prostora, njih 27% dalo je odgovor pod c)
bolja rasvjeta i njih 46% dalo je odgovor pod d) opcéenito bolji uvjeti rada.

O a) sluSanje radija
B b) Kimatizacija prostora

O c) boljarasvieta

Grafikon 9 - Sto olak$ava radu u noénoj smjeni

Gotovo svi anketirani radnici predlazu da bi im no¢ni rad olak$ala bolja rasvjeta ili
opc¢enito bolji uvjeti rada.To bi utjecalo na poveéanje njihove ucinkovitosti i smanjenje
Stetnih utjecaja.

7. ZAKLJUCAK

Ovim istrazivanjem nastojalo se utvrditi kakva je usredotocenost radnika i koji se Stetni
utjecaji javljaju tijekom noénog rada. Rezultati ankete potvrdili su hipotezu da tijekom
no¢nog rada usredotocenost radnika pada. Obradom rezultata dobivenih anketnim upitnikom
moze se zakljuciti da je usredotocenost i obavljanje radnih zadataka tijekom noénog rada
smanjena. No¢ni rad radnike znatno iscrpljuje i loSe utje¢e na njihovo psihofizicko zdravlje,
povecéava stres, stvara nervozna i depresivna stanja kod radnika, te stvara kroni¢ni umor i
neispavanost kojom dolazi do poremecaja kod njihovog drustvenog zivota. No sami utjecaj
noénog rada djeluje i na proizvodnju kojom se smanjuje efekt rada u noénoj smjeni. Covijek
se moze na nesto usredotoCiti odredeno vrijeme dok ne dode do umora. Upravo je zato
potrebno poznavati tehnike i na¢ine pobolj§avanja i zadrZzavanja usredotocenosti na visokom
stupnju. Svaki radnik prije posla, a pogotovo ako radi noénu smjenu, trebao bi se dovoljno
odmoriti, ali to nije moguce u potpunosti ostvariti jer nakon odradene no¢ne sjmene radnik
mora odradivati druge sjmene. Takvom uzastopnom rotacijom radnik nema puno vremena za
odmor zbog cega dolazi do umora tijekom rada i smanjena usredotocenost kod obavljanja
radnih funkcija §to rezultira povecanjem nastanka ozljeda na radu. Kako bi smanjili umor i
poboljsali usredotocenost radnika tijekom noéi, moramo omoguditi rad u Sto kvalitetnijim
uvjetima koji bi im znatno olaksao rad.
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1. INTRODUCTION

Complexity of technological systems with human participation requires involving the
human with its specificity for thorough assessment of safety and reliability during operation.
In contrast to assessment of the machine reliability, assessment of the human reliability is
more difficult owing to chosen tasks.

Human in the working system represents a highly sensitive and interactive element that
efficiency and reliability is expressed by naturally oscillating value of the human error
probability around the nominal human error probability. The nominal human error
probability represents the probability that in case of doing a given task, a failure will occur.
However, specific conditions of the working environment are not taken into account and the
personal specificity of operators as well [1].

Many methods of human reliability assessment utilise performance influencing factors
(PIFs), performace shaping factors (PSFs) etc. to describe many aspects of interaction
between the human and the system [2].

2. FACTORS INFLUENCING THE HUMAN PERFORMANCE

PIFs are factors that combine with basic human error tendencies to create error-likely
situations [3] and they represent a basis for human factors assessment in field of safety and
reliability [4].

However, PIFs are not associated only with negative influence. In the case of suitable
combination and scale of effect, they have a potential to affect human performance positive.
So they can improve human reliability in this way [3].

By using these factors, we can reach following goals:

exact determining the positive or negative effect on human performance,
¢ prediction of conditions that have potential to lead to the human errors,
o estimate of human error probability,

o qualitative information about possible scenarios [2].

These factors can have different names in various sources dealing with methods of
human reliability or human error rate [4], for example, PIFs, PSFs or EPCs (Error-Producing
Conditions) used in this contribution.

Abbreviations PIFs and PSFs have the same meaning in principle. The different
abbreviations are related with their origin and a field, in which they are used. PSFs were
created for using in methods of human reliability in the field of nuclear power plants [5],
however, if they are relevant to the system under analysis, they can be applied in any system
human-machine as well [1]. On the other side, origin and application of PIFs are related only
to process industries [5].

EPCs have their origin in the Human Error Assessment and Reduction Technique
(HEART). The HEART by EPCs expresses a contribution of specific conditions to a
probability of a human failure during performing a given task [6].

Different origins of these factors affect a classification, definition and the way of using
them by an assessment as well, because they are accurately adjusted to the developing
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technique. As a result, a specific state of these factors may be defined different. As for their
evaluation, they are given on scale from low to high influence in general [2].

Measuring or extrapolations of real values of affecting factors are not performed in the
universal way, as wall. Every method provides its own guidelines and advice how to perform
quantification [2].

2.1.General evaluation of PIFs

Potential of PIFs is not limited only to use in specific methods of the human reliability
assessment that producing probabilistic estimates of human failures, but their extensive set
can be used in practice as a tool for evaluation of conditions that influence human
performing given tasks and that have a potential to affect this perform and reliability. On the
basis of obtained information, we can look for a way of improvement of current work
conditions. Besides, this information can be useful in accident investigations, because they
can help investigators to create an image of circumstances (effects of single factors at
workplace) of an accident or another negative event [3].

A set of PIFs can be prepared or taken from some existing taxonomy. For example,
International Atomic Energy Agency [7] recommends in section for collecting the data for
purposes of human reliability assessment to see following PSFs taxonomies and make the
most appropriate choice:

THERP [1],
Bellamy [8],
PHECA [9],
SRK[10, 11],
Murphy Diagrams [12],
Altman’s [13],
NUCLARR [14],
INTENT [15, 16],
HEART [6],
HRMS [17],

e CORE-DATA [18].

By creation of point evaluating scale (the worst state — 1 point, the best state — 9 points)
for every factor, we get a tool for evaluating their effect on an operator. In case of some
factors, it can by necessary to use decomposition of the factor. Then, all subfactors are
evaluated separately and their mean value is equal to the total factor value. It means that
evaluation of the factor “fatigue” would be assessed by average of elements “working time”,
“amount of sleep” and “shift rotation” as shows Figure 1 [3].

Working time (5) Amount of sleep (7)

Shift rotation (6) |

Figure 10 Fatigue and its subfactors [3]

299



International Scientific Conference
on Safety Engineering Novi Sad, October 2-3, 2014.

2.2.Use of EPCs in HEART method

HEARTS is based on a number of assumptions. One of them is that EPCs degrade the
probability of the successful task performance exclusively, let us say, they increase the
human unreliability. They are defined by set of 38 EPCs with their maximum amount by
which can influence the human reliability. However, in reasonable cases, an analyst can
reduce the value of the numerator. Further aspect of EPCs in HEART is the proportion of the
affect. An analyst subjective judge the proportion of the affect of the total potential of EPCs
selected on the scale 0 — 1.0 [6].

Established value of every single EPC enters the following formula:
[{(EPC — 1) x (proportion of af fect EPC]] Q)
The total human error probability (HEP) is given on basis of product of nominal HEP by
the generic task table and the values given by formula 1 above [6].

For example, we can consider the task that is according to generic task table of the
HEART defined as “(C) Complex task requiring high level of comprehension and skill” with
suggested nHEP = 0,16. Further, we consider EPCs listed in Table 1.

Establishing the human error probability in carrying out the selected task is performed by
the following formula:

HEP = nHEP = [I{[(EPC; — 1) % (proportion of affect EPCJ] 4 (2)
HEP=016=1.06x% L.02=x16=10
Where:

HEP - is the total human error probability,

nHEP - is the nominal error human probability given by the generic task table,

EPC; - is the maximum amount of the selected EPC by which can influence the human
reliability negatively,

proportion of affect EPC; - the proportion of the affect of the total potential of EPCs
selected on the scale 0 — 1.0 (subjective judged) [6].

If total value of HEP takes the value above 1.0, the total HEP is assumed to be the value
1.0 [6]
Table 1 EPCs affecting the task performance

Max. |Proportion|

EPC amount | of affect | [(EPC — 1) x (proportion of affect EPC) + 1]
of EPC| EPC

High-level 13 | 02 1.06
emotional stress
Low workforce 12 01 1.02

morale
A conflict between

immediate and 25 04 16

long-term

objectives
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2.3.Use of PSFs in THERP

The method THERP provides 67 PSFs that are divided into 3 base groups and their
subgroups:

e External factors (situational characteristics, job and task instructions,task and
equipments characteristics),

¢ Internal factors (organismic factors ),

e Stressors (psychological stressors, physiological stressors) [1].

The handbook for THERP contain the tables with the single-point estimates of the
nominal HEP with the adjunct error factor (EF). EF creates the symmetric area around the
nominal HEP. This area should contain 90 % of the HEPs and is bounded by the uncertainty
bounds. Following example shows creating the upper and lower uncertainty bounds by EF
[1].

We consider that operator is to check a condition by analog meter, table 20-11 in the
handbook THERP [1] lists several possible conditions. Considered analog meter has easily
seen limit marks and so we take relevant nominal values of HEP (0.001) and EF (3). Then
the uncertainty bounds are calculated as follow:

UUB = nHEP = EF = 0.001 % 3 =0, ?3)
LUE = nHEP x EF = 0.001 = 3 = 0,00( 4
Where:

UUB - is the upper uncertainty bound,

nHEP - is the nominal error human probability,
EF - is the error factor,

LUB —is the lower uncertainty bound [1].

An analyst assumes the human failure probability on scale 0.00033 — 0.003. This
assumption should take into account the effect of specific environment factors and operator
individuality. The handbook does not show how to perform PSF assessment, so it is possible
to use the classicist general evaluation. An analyst chooses the value of HEP on the basis of
evaluation of specific conditions affecting the task performance [1].

3. CONCLUSION

Although we know many kinds of classification and different abbreviations of factors that
affect the human performance, given examples showed similarity in the way of their use.
Whether we speak about the general evaluating of PIFs and EPCs of the HEART, which
enter mathematical evaluating HEP or about PSFs of the THERP, which make a decision on
shift of the value of the HEP from basic, so called nominal value, each of them was used
with the goal to express specific conditions of any task.

As far as the level of subjective analyst input, the general evaluation of PIFs is focused
only on determining the PIF level on scale from the worst to the best. It gives to analyst the
image about conditions, by which the tasks are carried out. Similarly, we can assess PSFs in
the THERP and on the basis of that to determine the total value of a HEP. In case of
performing the analysis by HEART method, an analyst gets the value of a HEP by chosen
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type of a task, affecting EPCs, their proportion of affect and calculations directly. This value
takes into account specific conditions of performance.

Factors affecting human performance and reliability have to be integral part of any
human reliability analysis, because they introduce particularity of a plant and human
individuality into analysis. The way of application of PSFs and EPCs in the methods THERP
and HEART shows that a nominal HEP can fairly vary from HEP taking into account
specific conditions. That confirms irreplaceable place in the field of the human reliability
assessment.
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1. UvOoD

Zastita na radu je sastavni dio organizacije rada i izvodenja radnog procesa, a svrha te
zaStite je stvarati sigurne uvjete rada kako bi se na taj nadin sprijeCile ozljede na radu,
profesionalne bolesti i nezgode na radu te zastitio radni okolis. U tom kontekstu, sigurnost
radnog mjesta podrazumijeva odgovarajucu zastitu od buke kako bi se izbjeglo da upravo
buka bude uzrok naruSavanja zdravlja zaposlenih radnika i ljudi u neposrednom okruzenju.
Osim zaStitnih sredstava koje su radnici koji su zaposleni u postrojenjima u kojima je
prisutna visoka razina buke i vibracija duzni koristiti, na smanjenje buke moze se utjecati i
kroz niz vrlo uc¢inkovitih tehnickih rjeSenja i metoda za snizavanje razine buke na pojedinim
strojevima i instalacijama.Tvornica mineralnih gnojiva je kemijska industrija i kao takva je
sastavljena od niza postrojenja. Na pojedinim postrojenjima konstantno su prisutne velike ili
vrlo velike razine buke i vibracija, a kako su i zaposlenici svakodnevno u neposrednoj blizini
strojeva koji proizvode tu buku i koja zasigurno moze imati jako negativne u¢inke na njihovo
zdravlje, dalje u ovom radu ¢e biti rije¢i upravo o utjecaju te industrijske buke u tako velikim
postrojenjima na zdravlje radnika, mogué¢nostima zaStite zdravlja i koriStenju o0sobnih
zastitnih sredstava za zastitu sluha. Nadziranje buke na izvoru svakako je najpozeljniji oblik
ublazavanja buke, iako to moze biti i skupo i tehnicki dosta zahtjevno. Za svaki veliki izvor
buke potrebno je ispitivanje mehanizma za stvaranje buke te procjena kako odredeni stroj
odasilje buku. Zastita od buke svodi se prvenstveno na tehni¢ke mjere. Kada je to moguce,
potrebno je, prije svega, prikladnom kontrukcijom radnih prostorija smanjiti industrijsku
buku, a strojeve koji su izvor buke izolirati. Buku je moguce smanjiti: podlogom lezista
strojeva gumom, oblaganjem zidova radnih prostorija Supljikavim materijalima i sl. Dok se
mjerama za zastitu od buke zvuk ne smanji na prihvatljivu razinu, potrebno je koristiti zastitu
za organe sluha iako bi njihova upotreba trebala biti samo privremeno, a ne trajno rjeSenje.

2. BUKA UPOSTROJENJIMA TVORNICE MINERALNIH GNOJIVA

Tvornica mineralnih gnojiva Petrokemija d.d. Kutina potencijalni je izvor niza opasnosti i
ugroza za radnike obzirom da se radi o kemijskoj industriji sastavljenoj od niza postrojenja.
Kako se radi o poslodavcu koji zaposljava vise od 2 000 ljudi, ova tvrtka ima ustrojenu
posebnu sluzbu koja se bavi poslovima zastite na radu ( Sluzba zastitnih i op¢ih poslova).
Politika sigurnosti ove tvrtke osnova je za izgradnju sustava sigurnosti i zastite zdravlja
radnika u skladu s normama OHSAS 18001 ( Zastita zdravlja i sigurnosti na radu), IFA-inim
nacelima sigurnosti i Uredbom o sprjeCavnju velikih nesreca koje ukljucuju opasne tvari
(,,Narodne novine“ br: 44/14), a ciljevi politike sigurnosti su:

zaStita zdravlja zaposlenika

stalno poboljsanje sigurnosti rada i opreme
zaStita objekata

sigurnost cjelokupnog okruzenja

Za organizaciju i provodenje zastite na radu u Petrokemiji sukladno odredbama Zakona o
zastiti na radu, tehnickim normama i drugim podzakonskim aktima odgovorna je Uprava,
koja svoja ovlastenja prenosi na ovlastenike viSe i nize razine rukovodenja (neposredne
rukovoditelje). Radnici za koje procjenom opasnosti nije utvrdena potreba za
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osposobljavanjem za rad na siguran nadin, duzni su proéi program informativnog
upoznavanja s vrstama opasnosti i intenzitetom, te na¢inom prepoznavanja opasnosti i vrste
zastite.

3. METODIKA ISTRAZIVANJA

3.1. Problem istraZivanja

U ovom radu provedena je anketa medu radnicima Tvornice mineralnih gnojiva koji su se
izjaSnjavali o tome koriste li sredstva za zastitu sluha te vlastitom videnju potrebe za
osobnim zastitnim sredstvima, razlozima nosenja ili nenosenja i mogué¢im posljedicama.

Na razini tvrtke nisu provedena nikakva istrazivanja, ispitivanja i ankete na ovu temu.

Problem istrazivanja se ocituje u tome Sto veliki broj radnika koji su na svojim radnim
mjestima konstantno ili povremeno, izloZeni buci, nisu svjesni niti dovoljno educirani koliko
i na koji nacin ta buka loSe utjeCe na njihovo zdravlje. Problem je i to Sto poslodavac
nedovoljno educira radnike o potrebi noSenja osobnih zastitnih sredstava za zastitu sluha kao
i nedostatak kontrole na pojedinim radnim mjestima. Na temelju identificiranih problema,
osnovno pitanje je: Kakvo je stanje i problematika glede nosenja osobnih zastitnih sredstava
za za$titu sluha sukladno Pravilniku o upotrebi osnovnih zastitnih sredstava (,,Narodne
novine“ br. 39/06) i Pravilniku o najvi§im dopustenim razinama buke u sredini u kojoj ljudi
rade (,,Narodne novine* br. 145/04).

3.2. Cilj

Cilj ovog istrazivanja i provedene ankete je analizirati i utvrditi koliki broj radnika ne
nosi osobna zastitna sredstva za zastitu sluha iako rade u postrojenjima u kojima je buka
konstantno visoke razine. Kroz provedenu anketu pokusat ¢ée se utvrditi razlozi takvog
ponaSanja radnika, razina njihove educiranosti, kao i to koliko su im predmetna zaStitna
sredstva uopée dostupna.

3.3. Hipoteze
Na temelju utvrdenih problema, postavljenog opceg istrazivackog pitanja te cilja
istrazivanja, hipoteze istrazivanja su sljedece.

H1- Poslodavac je duzan o svom trosku osigurati zaposlenicima osobna zaStitna
sredstva za zastitu sluha.

H2- Svaki radnik je duzan koristiti sredstva za zastitu sluha.
H3- Radnici nisu dovoljno educirani i svjesni Stetnosti buke.
H4-Radnici ne koriste sredstva za zastitu sluha uvijek kad bi trebali.

3.4. Zadaci

Inicijativa za ovo istrazivanje proistekla je iz problema nenoSenja osobnih zastitnih
sredstava za zaStitu sluha u Tvornici mineralnih gnojiva gdje je buka u pojedinim
postrojenjima nerijetko prelazi najvise dopustene razine, a radnici unato¢ visokim razinama
buke, lakomisleno smatraju da im osobna zaStitna sredstva nisu potrebna, posebno ako je
izlaganje buci kratkotrajno.
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3.5. Metode

Metode koje su koristene u ovom istrazivanju su:

e Metoda analize sadrzaja da bi se doslo do saznanja o sadrzaju pisanih izvora
vezanih za problematiku ovog rada, kao i do odgovora na pojedina pitanja istaknuta u
zadatku rada.

3.6. Uzorak

Anketa je provedena na uzorku od 100 nasumi¢no odabranih zaposlenika svih dobnih
skupina i razliCitih razina obrazovanja. Svi ispitanici su zaposleni u sektoru proizvodnje
obzirom da je buka problem upravo u postrojenjima.

3.7. Naziv istraZivanja

Naziv ovog istrazivanja je ZASTITA OD BUKE U POSTROJENJIMA TVORNICE
MINERALNIH GNOJIVA pri ¢emu je objekt istrazivanja to da li zaposlenici koji su
svakodnevno izlozeni buci koriste osobna zastitna sredstva za zastitu sluha.

4. REZULTATIISTRAZIVANJA

1. Spol?

a) muski

b) zenski

Od 100 ispitanih radnika svi su muskog spola §to i ne ¢udi obzirom da ¢injenicu da su u
sektoru proizvodnje, na pogonima, zaposlenici gotovo isklju¢ivo muskarci.

2. Zivotna dob?

a) 18-25 godina — 30%
b) 25-40 godina — 30%
c) 40-50 godina — 20%
d) preko 50god. — 20%

Zastupljenost svih dobnih skupina u istrazivanju je vazna kako bi se utvrdilo ima li
eventualno razlike u koritenju i naCinu razmisljanja o osobnim zaStitnim sredstvima za
zaStitu sluha kod starijih i mladih radnika.

3. Stru¢na sprema?
a) NKV

b) SSS

¢) VSS

d) VSS

Izmedu ispitanika nije bilo niskokvalificiranih, od njih 10, 45% je srednje stru¢ne
spreme, 22% vise stru¢ne spreme, a 33% visoke stru¢ne spreme obzirom da se i viSe i visoko
obrazovani Cesto puta nalaze u situaciji da su duzni obi¢i postrojenja ili osobno intervenirati
u slucaju kvara i problema, a istrazivanje ¢e dalje pokazati da li razina stru¢ne spreme utjece
na znanje i svijest o potrebi koriStenja sredstava za zastitu sluha.
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Dobivate li redovito potrebna zastitna sredstva za zastitu sluha?
da

nekad zakasni

¢ekamo duze od mjesec dana

ne dobivamo

Rezultati odgovora na ovo pitanje su dosta zabrinjavajuéi, ¢ak i porazavajuci, buduéi da
je cak 40 % ispitanika odgovorilo da ne dobiva redovito zastitna sredstva za zastitu sluha,
njih 10% je odgovorilo da ista ¢eka dulje od mjesec dana, 30% ih je reklo da sredstva nekad
kasne, a samo 20% da sredstva za zasStitu sluha dobiva redovito. Ovakvi rezultati su iz
razloga §to je zakazao poslodavac koji je ocito propustio postupiti u skladu sa svojom
zakonskom obvezom prema kojoj je radnicima duzan osigurati potrebna zastitna sredstva, a
razlika u odgovorima vjerojatno je rezultat razliCitih radnih mjesta na kojima ispitani
zaposlenici rade.

Oda
20%
40% B nekad zakasni
Ocekamo duze od mjesec
30% dana
10% One dobivamo

Grafl.: Prikaz rezultata o dobivanju OZS
Nosite li redovito osobna zaStitna sredstva za zaStitu sluha?
da
ponekad

samo kad vidim inspektora, inzenjera sigurnosti ili poslodavca
nikad

Oda

20% 20%
B ponekad

Osamo kad vidim
inspektora

O nikad

60%

Graf 2. Koristenje OZS za zastitu sluha
S aspekta zastite na radu, ovakvi rezultati nisu zadovoljavajuci obzirom da iz dobivenih
rezultata proizlazi da samo 20% ispitanika redovito koristi sredstva za zastitu sluha, dok
ostalih 80% to ne ¢ini nikada ili samo ponekad, unato¢ ¢injenici da se kre¢u u vrlo bu¢nim
pogonima.
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Zasto ne nosite redovito osobna zastitna sredstva? *(samo ako ste ha predhodno pitanje
odgovorili na b, cili d)*
smatram da je nepotrebno nosenje
smetaju mi pri radu
imam zdravstvenih problema zbog nosenja pojedinih osobnih zastitnih sredstava
neznam da trebam redovito nositi osobna zastitna sredstava

Vezano za prethodno pitanje, ispitanici su upitani za razloge nenoSenja sredstava za
zastitu sluha pri ¢emu je svih 80% ispitanih koji su na prethodno pitanje odgovorili da
sredstva za zastitu sluha ne koriste nikada ili samo ponekad, sada zaokruzilo odgovor pod b)
smetaju mi pri radu. Ovakvi rezultati ukazuju da je potrebno ispitati zaposlene na koji na¢in
im ta sredstva smetaju te razmotriti mogucnost da se sredstva za zastitu sluha bolje prilagode
radnicima jer ako je iskljucivi razlog nenoSenja sredstava za zastitu sluha to Sto radnicima
smetaju, ocito je da je nuzno neSto mijenjati.

Sto mislite kako takav rad bez koristenja osobnih zastitnih sredstava za zaititu sluha
mozZe utjecati na Vase zdravlje?

¢ jednako kao kad nosim i ne nosim
e osjetam se sigurnijim, ali mislim da nemaju svrhu
e manja je mogucnost oStecenja sluha ako se koristim
Na ovo pitanje su svi ispitanici zaokruzili odgovor pod c) manja je moguénost ostecenja
sluha ako se koristim iz ¢ega proizlazi da su ispitanici upoznati s tim da im ta sredstva mogu
zastititi sluh i svjesni su njihove svrhe, ali to nazalost ne rezultira i njihovim postupanjem u
skladu s ovim odgovorom obzirom da je istrazivanje pokazalo da njih samo 20% sredstva za
zastitu sluha koristi redovito.
Da li Vas je poslodavac ili odgovorni inzenjer za zastitu na radu pitao za misljenje i
iskustva o opremi za zastitu sluha?

e redovito se interesiraju za iskustva sa uporabom
e ponekad pitaju jesmo li zadovoljni
e nikad

30%
Oredovito se interesiraju za iskustva s

uporabom

B ponekad pitaju jesmo li zadovoljni
70%

Onikad

Graf'3. Prikaz misljenja o OZS
Na ovo pitanje je 30% ispitanih odgovorilo da ih poslodavac samo ponekad pita za
misljenje i iskustva o opremi za zastitu sluha dok je njih ¢ak 70% odgovorilo da ih
poslodavac o tome nikada ne pita. Navedeno ukazuje na veliki propust poslodavca jer upravo
iz razloga $to se ne interesira za misljenje i iskustva radnika o opremi za zastitu sluha, nema
povratne informacije o tome da su radnici sa istima nezadovoljni, odnosno da im smetaju pri
radu, zbog Cega ih velika vecéina niti ne koristi.
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Da li Vas je poslodavac upucivao na Stetnost buke i vibracija za zdravlje i potrebitost
nosenja osobnih zastitnih sredstava za zastitu sluha?
e da
e mislim da nekada je
¢ nije nikada

0%

(]
40% da

B mislim danekadaje

0,
60% O nije nikada

Graf'4. Educiranost o Stetnosti buke

Na pitanje o tome da li je poslodavac izvr§io svoju obvezu i educirao zaposlene o
Stetnosti buke i vibracija za zdravlje i vaznost noSenja osobnih zastitnih sredstava za zastitu
sluha, 60% ispitanih je odgovorilo da ih je poslodavac uputio u navedeno, a 40% misli da je
to poslodavac nekada ucinio, iz ¢ega proizlazi da u ovom dijelu zastite na radu poslodavac
nije zakazao, ali je upitno da li je to u¢injeno dovoljno dobro obzirom da veéina radnika ipak
ne koristi ili ne koristi kad bi trebala sredstva za zastitu sluha.

10. Jeste li ikada upozoreni ili kaznjeni zbog nenosSenja sredstava za zastitu sluha?
e Jesam
¢ Nisam
11. Da li nakon upozorenja i kaznjavanja redovito koristite sredstva za zastitu sluha?
(odgovarate ako ste na prethodno pitanje zaokruzili a)
a) Da
b) Ne
Nitko od ispitanika nije bio kaznjen ili upozoren zbog nenoSenja sredstava za zaStitu
sluha. Obzirom da inZinjeri zastite na radu imaju ovlasti kazniti radnika kojeg prilikom
nadzora u pogonu zateknu bez zastite za sluh, vjerojatno se nadzor ne vrsi dovoljno Cesto

uzme li se u obzir ¢injenica da su rezultati ovog istrazivanja pokazali da velika velina
ispitanika, njih ¢ak 80% ne koristi sredstva za zastitu sluha nikada ili koristi samo ponekad.

5. ZAKLJUCAK

Cilj ovog istrazivanja bio je utvrditi koliko zaposlenika ne koristi osobna zastitna sredstva
za zastitu sluha iako rade u postrojenjima gdje je svakodnevno prisutna visoka razina buke,
pokusati utvrditi razloge nenosSenja tih sredstava, stupanj educiranosti radnika te koliko su im
sredstva uopce dostupna.
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Anketa je provedena izmedu nasumi¢no odabranim radnicima, svih dobnih skupina i
razina obrazovanja, a analiza je napravljena u odnosu na obveze i postupanje radnika, ali i
obveze 1 postupanje poslodavca. Nije utvrdeno da zivotna dob ispitanika ili razina
obrazovanja na bilo koji nadin utjeu na odgovore. Nakon analize dobivenih rezultata
moguce je zakljuciti slijedece:

Poslodavac ne osigurava redovito zaposlenicima sredstva za zastitu sluha.

Velika vec¢ina zaposlenika ne nosi sredstva za zastitu sluha ili ih nosi samo ponekad.

Zaposlenici ne koriste sredstva za zastitu sluha jer im smetaju pri radu.

Zaposlenici su svjesni da je manja moguénost oste¢enja sluha ako koriste osobna

zastitna sredstva.

¢ Poslodavac se uglavnom ne interesira za misljenje i iskustva zaposlenih o opremi za
zastitu sluha.

e Poslodavac je radnike informirao o Stetnosti buke i vibracija za zdravlje i vaznosti
noSenja sredstava za zastitu sluha.

e Poslodavac nedovoljno kontrolira da li radnici koriste sredstva za zastitu sluha.

Slijedom navedenog, o¢ito je da na strani poslodavca postoje propusti i da bi poslodavac
svakako trebao redovito radnicima osigurati sredstva za zastitu sluha, obzirom da mu je to i
zakonska obveza.. Sustav kontrole takoder nije u¢inkovit na §to alarmantno ukazuje ¢injenica
da 80% radnika ne koristi sredstva za zastitu sluha, a da zbog toga nikada nisu upozoreni niti
kaznjeni. Obzirom da je kao kazna predvidena obustava odredenog postotka place, vrlo je
vjerojatno da bi takvim kaznjavanjem vise radnika pocelo koristiti zastitna sredstva, kada ve¢
nisu dovoljno svjesni koliko loSe takvim postupanjem utjecu na svoje zdravlje.Obzirom na
navedeno, svakako bi trebalo dodatno educirati radnike o tome koliko im se sluh zaista moze
trajno oStetiti, razmotriti moguénost poboljSanja zastitnih sredstava i njihove bolje prilagodbe
radnicima, ali i u€estalije provoditi nadzor i kaznjavati one koji ne koriste zastitna sredstva,
nakon Cega bi valjalo ponovno provesti ovakvo istrazivanje kako bi se utvrdilo da li su
poduzete mjere dale pozitivne rezultate.
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Josan IIEPOBUR! Ilpeeneonu pao
Cvmsba MATAR?

OITACHOCTHU 1 (HE)BE3BE/THOCT HOJUIUJCKHUX
CJIYXBEHUKA

Pesume: V pany je nar mpuka3 pajga IOJHLMCKUX CilIyKOeHHKa, 0e30eIHOCT paja, OrpaHHuYCHa
MMOjeAMHNX HUXOBUX IpaBa, Ka0 W PH3HMKE KOje HOCH OBa mpodecHja, ycieq dera cy IMOJHUIN]jCKU
CITy>KOCHHIM TIEPMAaHEHTHO M3JI0KeHH cTpecy. Y paxy he 6utu peud o:

- TOjMy CTpeca U CTpecopa, O BpcTaMa CTpeca;

- HajuemwrhuM y3pOdYHHIIMA CTpeca Yy paay MONUIHjCKHUX CITyKOCHUKa;

- peakuuju Ha CTpeC U MOoCleMIaMa Koje OH H3a3HBa;

- KPHUBUYHONPABHO]j (HE)3aIUITHUTH MOJUIMjCKUX CITyKOCHUKA,;

- Mepama IpeBeHIHje y 00pOu MPOTHB cTpeca y paay MOJTUIHjCKUX CITY)KOCHHKA.
Hws pama je ma ce mpukaxe CTeneH (HE)Oe3HOEMHOCT IONHIMjCKOT IOCTHa W TOCIEAHIE Koje
NpoW3WIIa3e M3 IOCNa ITOJIMIHM)CKOT CIIy)KOCHHKa Kpo3 aHaiuu3y Opoja camMoyOHcTaBa IOJMIIN]jCKHX
cnyOeHHKa, 1 Opoj Hamaaa Ha TOJHUIH]CKE CITYKOCHHKE.

Kibyune peun: crpec, (He)0e30eJHOCT, HONUINjCKH CIYKOCHHK, TPEBEHIH]ja

HAZARDS AND (UN) SAFETY POLICE OFFICERS ARE
EXPOSED TO

Abstract: This paper will be about the safety of police officers, limitations of some of their rights, as
well as the risks of their profession, due to which police officers are constantly exposed to stress. In this
paper the following issues will also be discussed about:

- the concept of stress and the types of stress;

- the most common causes of stress in the work of police officers;

- reaction to stress and the consequences of stress;

- Criminal Law (un) protection of police officers;

- prevention measures to fight stress in the work of police officers.
The paper will be dealing with (in) safety of police work and the consequences arising from the work
of police officers by analyzing the number of suicides and the number of attacks on police officers.
Key words: stress, (un) safety, police officer, prevention

! Homuumjckn caernuk, LIOTTO Cpemcka Kameruia, jovan.perovic962@gmail.com

2 Crpyunn capamrnuk, 1Y y Hoeom Cany, smiljamatic63@gmail.com
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1. ¥YBOA

OCHOBHH Wb OBOT HCTPAKHBAbA je:

e lneHTndukanuja U aHaIN3a CTPECOTCHHUX (aKTOpa y MOJHUINjH, HA PATHOM MECTY
MOJIMLIU]CKOT CITY)KOCHUKa;

¢ OuemiBamke HUBOA CTPeCca HA PAaJHOM MECTY MOJHLHJCKOT CIY)XKOCHHKA MPUMEHOM
Mmetoze Bucoke Texuuuke wmkoiie y Hosom Cany;

e JloHomeme KOHKpeTHHX mpeiora [Iporpama 3a ouyBame U yHanpeheme 31paBiba U
MIPEBEHITN]Y CTpeca Ha paHOM MECTY MOJIUII]CKOT CIy>KOCHHUKA.

1.1.1lojam cTpeca u cTpecopa

Crpec je eHIJiecka ped Koja ce MOKe MPEBECTH Ha BHUIIE Pa3NUUATHX HaunHa. Kama ce
JIOBEZIe y BE3y Ca CTalEeM Yy OpraHu3My, MokeMo pehu na je crpec cTame HalperHyToCTH,
KOje HacTaje Mmoja MPUTHCKOM oxapehermx oxomHOCTH. OKOJIHOCTH KOje H3a3MBajy CTpec,
OJTHOCHO cTpecHH Joral)aju, Ha3uBajy ce cmpecopuma.

CTpCCOpI/I Mory OMTH CIOJBAIILU U YHYTpallmbu, (I)I/I3I/I‘IKI/I U IICUXOJIOIIKH.

e CroJspalikbu CTpECOpH OOMYHO Cy (PHU3MYKE NPUPOJE:HANOp, TOIMJIOTA, XJaaHoha,
Tpayma, XHpYpILIKH 3aXBar,

e VYHyTpalmy CTPECOpr MOTY OUTH ICHUXOJIOMIKH (CTpaX, HECUT'YPHOCT, pa30dapemne,
BeceJbe) U CoUMjaTHU (TIOHIKEEE, pa3BOJI, HETOBAamE ONMCKUX 0co0a moroheHmx
TCIIKMM HEH3JICYMBUAM O0OJieCTUMA, TyOMTaK Mocia) Wik (U3UOJIOIIKK (yrania,
Oomecr).

Kpurepujymu 3a xnacupukanujy u pa3InKoBamke Pa3HUX BPCTa CTpeca MOTy OMTH Beoma
pasiuyury.

e TICHXOJIOMIKK ¥ EMOLIMOHAIHA CTPECOPH - MOJMIHJCKU CITY)KOEHHUK HHje y CTamby Ja
MPOIIEHH TPEHYTHY CHUTYallMjy, HAYWH pa3MHILUbarha HHUjE IMOBe3aH (HAIETOCT,
noBehame HECTPIUBUBOCTH, HETOJIEPAHIMje, AyTOPHTETa W Mambak pa3yMeBamba
mpeMa apyruma, moBehasa ce obecxpabpeme).

e ®Du3nuKM CTPEecCOpH MOTY OWTH:TIaBoOOJba, mopemehaj crmaBama, HONHO 3HOjCHE,
nosehana u OosHA HaneToCcT MUMUha.

1.1.1.Bpcre cTpeca

e AKYTHH CTpecC je IPOJyKT HAlleTOCTH KOje )KUBOT CBaKOIHEBHO JJOHOCH;
e XpOHMYHHU CTpEC je AYyroTpajHOr Kapakrepa. JKpTBa TakBOI' cTpeca BHIIE HE BUAW H3J1a3
U3 CTPECHE CHTYaIHje (CHPOMAIIITBO, HE3aI0BOJbaBajylin 1mocao, HE3amoCICHOCT);
e Tpaymarcku cTpec je mocienuna HeKe Tellke Tpareauje (cuioBame, Hecpeha,
mpupoIHa Katactpoda);
e ComujaHH CTpec OJHOCH C€ Ha CBE YKYIIHY COIMjaHy CHTyauujy y onpeherom
BPEMEHCKOM pa3o0Jby Koja sienyje Ha Behuny jpyu.
VY npakcu ce mokaszano Ja y 3aHMMama [oBe3aHa ca BUCOKMM HHUBOOM CTpeca CIaiajy
MTOCJIOBU BE3aHHU 3a: eayKaiujy (IPoCBeTa U CIUYHO), OpUry 0 apyruma (METHUIIMHCKO 0C00-
Jbe), K0 ¥ TOJINIU]CKH CITY>KOCHHIIH.
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CrpecoreHe cutyanuje Cy HEU30€kKHE Y CBAKOJAHEBHOM JKUBOTY MOJHIIHjCKOT
cnyxOeHuka.

WunuBuyaHE OITOBOP Ha CBaKy BPCTY CTpEca, MOXKE ce MaHU(ECTOBATH Ha Pa3IHunTe
HavrHE (Ha (PU3HOJIOMIKOM, TICHXOJIONIKOM 1 OMXEjBHOIAPHOM HUBOY).

1.2.Hajuyemhu y3pouHHIM cTpeca y paay NOJHIHjCKHX CIyKOeHUKA CY:

CLICHE 3JI0YHMHA M HACHUJbA,
morudwuja Witk ImoBpeaa Kojere Ha Jy)KHOCTH,
OJITOBOPHOCT 3a CBOj KHUBOT U Tyle KHUBOTE,
CMEHCKH pajl, HeIIaHUpaH NIPEKOBPEMEHH pag,
JI0IIa KOMYHHKAI[}ja, XOPH30HTAIHO ¥ BEPTUKAIHO,
HEIOCTOjambe aZleKBaTHE OIIpeMe 3a paj UTA.

[To3HaTo je na je cBakM Mocao ¢ JbyAUMa BeoMa CJIOXKEH M Jla, TOTOBO yBEK, IpE/CTaBlba
3Ha4ajaH U3BOP CTpeca.

AKO ce MMa y BHIY Ja Cy IIOCJIOBH IOJIMLHje TEIIKH, CIOKSHH U Pa3HOBPCHU PajHH
3ajamy fepUHECAHH 3aKOHOM O MOJHIHH, jACHO je /A CY MONUIHjCKH CITyKOCHHIM KOHTH-
HYUPaHO M3JI0KEHHU Pa3IMuUTUM BpcTama onTepeherna, Koje ce MOTy CBPCTaTH Y TPH rpyIie:

e (usnuka onrepeherma, HacTajy TOKOM BHIIECATHOT CTajara y3 omnrepeheHocT Hao-
pyXameM U OIIPEMOM, ITOCEOHO MaHIUP-TIPCIYIMMA, YECTO Y CKYYEHOM IIPOCTOPY;

e ncuxo-(usnonomka ontepehema, 00yxBaTa CMEHCKM W HOWHM paj, HempaBuiIaH
puUTaM paja u 0AMOpa U Hampesame U ontepeheme uyna (Buga u cinyxa);

e MEHTaJlHA U €MOLMOHAJIHA Hallpe3ama, YMHE BENIMKY IpyIy onrtepehema, oa mpo-
LeHUBaka CUTYalyje 1 OJrOBOPHOCTH 3a IOHETE OJUTYKe, 10 BEOMa CTPECHUX CHTYa-
1IMja Koje cy HEeOJJBOjHBH A€o nocia (nocieaune caodpahajuux yneca, youcrsa...).

2. PE3YJITATU PEAKHHUWJE HA CTPEC U NOCJIEAUIIE KOJE OH
HN3A3UBA

Jbynu pa3nuuuTo pearyjy Ha CTpECHE CUTYyalluje, Ma Cy M MOCJICIHLE 10 HUXOB KHUBOT
pasnmuute. Ha mpumep, cBenonM CMO YMH-CHUIIE Ja MOJIMIUJCKH CIY)KOeHUIM cBe yemrhe
JUDKY PYKy Ha ce0Oe, MOHEKaJ M Ha YIAaHOBE CBOje MOPOJHIE, Na C€ MOCTaBJba 030MIBHO
MIUTamkE IITa je Y3pOK TOME, IITa je AOTPHHENO Ja A0 TaKBUX cUTyaruja nohe? Y nHeBHOM

1)Ip Panko Coxkonush KomeHnrap 3akoHa 0 MONHMIU)U ca MOJ3aKOHCKHM aKTOM, IHT. cTp. 22. Bes-
OeIHOCHA 3aIITUTA, IPaBa, cnodoaa M JMYHOT MHTErPUTETA JINIA, Kao U 3allITUTa UIMOBHHE; 06e30eqHo-
CHA 3alITUTa NIMOBHHE; CIPEYaBame,0TKPHBAhE M PACBET/haBakh¢ KPUBUYHUX JIENIa, TIPEKpIIaja U Apy-
THX JICIUKATa; OTKPHBAKE M XBATamhe WU3BPIIIANA KPUBUYHUX JIea U MPEKpIiaja | APYrux JHIa 3a
KOjiMa ce Tpara ¥ BbUXO0BO MPOBOhEHE HAATICKHAM OPTaHIMA,; OJpPKAaBam-€ JaABHOT pefia, IpyXKame Mo-
MohM y cllydajy ONMacHOCTH W MpYyXame Ipyre 0e30emoHocHe moMohn OHMMa KOjHMa je HEOIXOJHa,
perynucaime, KOHTpOIa, npyxame nomohu u Haj3op y caoOpahajy Ha myreBuMa; obe3deherme oapele-
HUX jaBHHUX CKYIIOBA, JMYHOCTH, OpraHa, o0jekaTa 1 MpoCTopa; 3allTHTa Ap)KaBHE TPaHUIIe; U3BpPIIaBa-
C 3a/1aTaKa YTBPEHHUX MPOIMUCHMA O CTPAHIIMMA; U3BPILIABAKE APYTUX 3aJaTaka YTBPl)CHUX 3aKOHOM
¥ TI0/I3aKOHCKHM aKTHMa JOOHETHM Ha OCHOBY OBIamhema u3 3aKoHa.
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mucty Ilommtuka, om 18. 6. 2012. Tommne, HaBome ce ciemehum momamu o Opojy
camoyOucraBa paguuka MYII-a:

e 2000.T.— 9 ciayuajeBa

e 2001.r.— 6 cirygajeBa
e 2002.1.— 6 cirydajeBa
e 2003.1.— 9 ciyuajeBa
e 2004.1.— 16 ciryuajeBa

2005.1.— 3 cimyuajea
e 2010. 1. - 10 ciryuajeBa
e 2011.r.— 7 cnyd4ajeBa (1o Maja Mecera)

Crnencha Tabena 1 nmokasyje pe3yirare u3 yIUTHHKA KOJUKO jé PagHO MECTO IOJIUIIH]-
CKOT CITY’)KOCHHKa OTIaCHO M Y KOJUM CErMEHTHUMa

Tabena 1. Onacnocm u wimemnocm paoHoe Mecma nOJUYUjCKUX cyscoenurxa

n (N =33) %
Mo (MyIIKH/5KEHCKH) 29/4 87.8/12.2

O6pasoBambe (Cpejimbe/BHILe/BUCOKO) 27/4/2 81.3/12.1/6.6
Pan Ha oTBOpeHOM (112) 25 75.7
Cy>x0€HO MOTOPHO BO3MIIO (71a) 27 81.8
Hedwusuonomku mosoxaj (aa) 30 90.0
Hocu opyxje (na) 31 93.9
Tlocnenuiie crpeca (na) 29 87.8
CwMmenckH pan (na) 25 75.5
Pan 3a Bpeme zip. mpasHuKa (1a) 24 72.7
Pax ca MapruHaj HUM rpymnama (aa) 28 84.9
MoryhHocT mort. 3apase (1a) 30 90.0
3a10BOJECTBO JIMIHUM JOXOTKOM (1) 3 10.0
H3noxeHoct MoOuHTY (1a) 10 30.3
Usnoxenoct crpecy (1a) 27 81.8

[oymmwjcku CITy>KOCHUIN Cy YeCTO MeTa M BepOanHuX 1 GU3NUKHUX Hamazaa rpahana. Kao
MPEACTaBHUIM 3aKOHA TOJIMIMJCKH CIY)KOSHHIM Cy 4eCTO y NMPHIIHMIM JIa Ha pa3He HauWHe
CaHKIMOHUIITY TIPEKpIaje Koje JbyIH YnHe, 1a OTy/a U Taj OTIop IpemMa muMa (Taderna 2).
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Tabena 2 Cmamucmuuku noxazamesnu I1Y Hosu Cao: 6p0{' npujasmenux auya 3a Hanaoe Ha
nonuyujcke caysicoenuxe

un. 23 | ogpxaBame | 3bC [IpoBepa | loBoheme
3JPM? JPM HAJICHTUTETA
2009. rox. 134 49 8 11 9
2010. rog. 157 52 10 15 7
2011. roxm. 132 62 12 11 7
VYxynno KJI 423 163 20 37 23
VKymnHO npHjaB. Iuia 470

V¥ tabenu je no wi. 23.3JPM, Hanaj Ha oBnamheHo CIy>KOEHO JIMIE y 3HATHOM ITOPacTy

Melyyrum, pax nonunujckux ciyx6ennka y Perry6mumu Cpouju MOIexKe U CIOJbaLlibo]
U YHYTpallk0j KOHTPOM. [lOMUIMjCKHA CIyKOCHHUIM, NPUINKOM OO0OaB/bamkba CBOJHX
rmocioBa mnpuMemryjyhn nonmimjcka osnamherma,” a Ha HBUXOBY NMpUMEHY TpahaHu umajy
NpaBo Ha NpUTYX0e 1 npeacraske (tabene 3 u 4).

Tabena 3 Cmamucmuuxu noxkazamenu I1Y Hosu Cad: 6poj noonemux npumyorcou

2 ® o = g ~ o = o= I
g e | E§5 | »55 5% | §% | 85 | 55
= josl = Qs > Q SIS = > Q=
= < o B S g, B E = S & [ST= = e B
g |5 | Fg | =fg |pI | &5 |fF2|=Ed
g > B S E S 2 o E > B SN E
=
20009. 69 6 45 (65,2%) 10 0 5 5 (50,0%)
(72,4%)
2010. 91 11 53 (58,2%) 20 0 0 19 (0,9%)
(79,1%)
2011. 96 12 45 (46,9%) 30 0 4 23(76,6%)
(70,8%)

L TIITY y Hosom Caxy (Mudopmaruja 6p. 66/2012) CTaTHCTHYKH OKA3aTeIbH.

? Ped je o Hanay Ha omarmlieHo cryx6eHo e 3JPM (3akoH 0 jaBHOM peiy i MHpY )

% Bokuh, 3. or. wur. cr 62.

* Uoun, cr. 62-65.

% ‘Boxuh, 3. or. wur. cr. 14 Hommmmjcka opnanthersa mpomuicana cy wi. 30 3aKOHA O TIOMHIH]H:
Vno3opewe u Hapehemwe; [IpoBepa u yTrBphuBame HIEHTHTETA JIMLA U WACHTH(HKAIMjA MIPEAMETa;
ITosuBame; JloBoheme; 3aapxkaBame JIMLIA U IPUBPEMEHO OrpaHHYeHE C1000/e KpeTama; Tpakermhe
obaBemTema, [IpuBpemMeHo oxysumMame npenmera; IIpersien mpocropa, objekara M JOKyMEHTaLUje U
MIPOTUBTEPOPUCTHYKU Tperiesl; 3aycTaBjbakbe W Mperyiefiakbe JHLa, NpeaMeTa U caoOpahajHux
cpencrasa, O6e3beheme u mpernmenq mecra forahaja; Ymorpeba Tyher caobGpahajuor cpencrsa u
cpeacrBa Bese; IlpujeM mpujaBa O y4YMIEHOM KPUBHYHOM Jeiy; JaBHO paclucHBame Harpasie;
CHUMamke Ha jJaBHUM MECTHMa, HOJIUTPa(CKO TECTUPAmE, MONUII]CKO Oaxame; Tparame 3a JIuuMa
U TpeaMeTHMa; 3allTHUTa JKpTaBa KPUBHYHHMX JAefa M Apyrux Jjmna; IIpukymsbame, obpaga U

Kopunrhem e TMYHUX MoaTaka, Mepe muibHE moTpare; Yorpeda cpeacTaBa MpuHye.
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Tabena 4 Cmamucmuuxu noxkasamenu I1Y Hosu Cad: Bpoj noonemux npedcmasxu

g < X
S| oK = 2 £ E <]
o Z I 2 £ 90 s E B H =
Sf | EgEd |gg228|E%2
=4 = c o =) g 2 28 asS s 8 EER
B g £ 5 S 5 =88 ° 25 RS | ¢ &a&
= > 8% ég :izg :ggo :;:i':
1
2009. 58 5 53 (91,4%) 2 0
2010. 44 8 36 (81,8%) 5 2 0
2011. 62 12 50 (80,6%) 3 0 2

VY Ttabenama 3 u 4 cy mpuKa3aHd MOJALM MOJHETHX HPUTYKOU M MPEICTABKU Ha Paj
MOJTUIIN]CKUX CIY)KOCHHUKA. 3a TP TOJUHE je 3a0elIe)KEH MopacT, Kao U OpOj OCHOBAHHX —
yTBpl)eHUX IpeACTaBKH, yCIIe ] Yera Cy MOKPeHyTe oaroBapajyhe caHkImje.

VYKOJHMKO MOJMIUJCKU CITY)KOSHHIIM HE KOPHCTE IPOIMUCAaHA U PACIIOJIOKHBA 3alITUTHA
CpencTBa, MOCTOju MOTYNHOCT HACTAHKA PA3IMYMTHX IITETHUX MOCIEAUIA, Kao HIID:

e Oyka y cTpeJbaHH, BO3HJIA Y KOjMa UMa BUOpalja, paj Ha YUY U HA PaCKPCHHULIA
NPUIMKOM KOHTPOJIE W peryiucama caoOpahaja WIM IPWIMKOM KOHTPOJIE H
00e30¢eherma MacCOBHUX OKYILIbatbha;

e HejoHM3yjyha 3pavema (pan ca BHACO-TEPMHHAIMMA, YITPABHOJIETHA 3pavycia,
uH(PAIPBEHU TajlacH y pady ca ypehajuma 3a ocMaTpame U JCTEKIH]y...);

¢ joHusyjyha 3pauersa (IIpoBepa Juliia U MpTjbara peHreH-ypehajuma);

e Ouonommky Matepujai (MoryhHOCT 3apase IpH MpeTpecy JINIa, CTBAPU U IIPOCTOPH]a);

e xeMmujcke mretHocTH (YBUhaj M 00e30eheme Ha MecTy XaBapHje, HHTCPBEHIUje Ha
MECTY eKCILIO3Hje U MoXKapa);

e ymoTpeda XeMHUjCKOT OpyXKja (Crpej A03€, pa3sHH MPOJEKTHIIH, paj y 1adboparopujama
KPUMHHAJIHCTHYKE TeXHHKe, (hoTo-1adoparopujama, Behe KOHIEHTpanrje W3IyBHUX
racoBa y caoOpahajHOj TyXBM MPOMETHHX YJHLA W PACKPCHHUIA, Yy rapaxama
CITy’KOCHOT BO3HOT TTapKa).

2.1.Mepe npeBeHnuje y 60pou NpoTHB cTpeca y paay noJuiuje

Huje nako GopuTH ce ca cTpecoMm, a joIr ra je Texe u3delin, ajau mocroje HauuHH J1a Ce OH
KOHTPOJIMILE MM CMambH Ha NPHXBATJEMB HUBO. Y TOM CMUCITY Tpeba HemTo pehu u o npe-
BEHIIMjK Y 00pOM mpoTuB cTpeca. Jla OM MONMIMjCKK CITY)KOSHHIIM OWIIM IITO Marmbe H3JI0-
KCHH CTPECHHM CHTYyallijama, Tpebano Ou 1a nMmajy y Buay cienehe:

e 00pO MO3HABAKE TIO3UTUBHO TPABHIX HOPMU;

¢ TCUXO(HU3MUKY CIIPEMHOCT paJHUKA 3a 00aBJhabe PEAOBHUX U BaHPECTHUX 33/1aTaKa;

® HEOMXOJHOCT CIIpoBOherma peIOBHUX M BAaHPEAHUX CHCTEMATCKUX IpEryiefla CBHX
3aI0CNICHHX;

e 00aBe3HE JIEKapCKe Mperjeic HAKOH 3aBPIICHUX CI0KCHUX CITY)KOCHHX 3a/1aTaka rie
j€ HEMUHOBHO JIO)KHBJbaBaE CTPECa;

e 1100py 00y4eHOCT 3a IPENo3HaBakE CTPECca KaKo KoJi cede Tako U KO APYTUX;

® CAMOWHUIIM]aTHBHO UCTHIIAKHC HECIIPEMHOCTH 3a 00aBJharhe MMOjeIUHMX 3a1aTaKa 0e3
cTuza u 6e3 cTpaxa 01 KOHCEKBEHIIH;
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® CTHIIAkE OCHOBHOT 3HAMba O CTpeCy U 0 GOpOM MPOTHUB CTpeca y MOCITY HONUIUjCKOT
ciyOeHHKa, KOje ce CTUYe KAaKO KPO3 TEOPETCKY HACTABY TAaKO M KPO3 IPAKTUYHE
BexOe(y LIOIIO-y Cpemcka Kamenuia).

VY mpeBeHIMjy cTpeca YKJbY4yjy Ce MHIUBHIyalHE M OPraHU3alMOHE M 3aKOHOJABHE
Mepe 3a CMamemhe CTpeca, jep TAaKBHM IMPHCTYIIOM C€ YKIamajy U M3BOPH U MOCICAUIS
cTpeca.

WupuBunyaise mepe:

Hahy BpeMe 3a CBOja IMYHA HHTEPECOBama (X00u ),
pasroBop ca OyMckuM ocobama,
MeIUTaIlN]a,
® CMeX je Hajjaue OpyXkje MPOTHB cTpeca.
Opranm3annone Mepe:
® MPaBUJIHO M PABHOMEPHO PACHOJICIUTH MOCIOBE Y 1IMJby H30eraBama crpeca.
e 3aKOHO/IaBHO-aJMUHHCTPATHBHE Mepe:
e perynucaTH IpaBa u 00aBe3e U3 3aIUTHTE HA Pady C acleKTa MPEBEHLHUje HACTaHKa
XPOHUYHOT U MPO(ECHOHATHOT CTpeca.

2.2. KpuBu4HoOnpaBHa (He)3aIITHTA MOJUIHMjCKOT CIy:K0eHUKA

VY rnaBu 29 Kpusnusor 3akonunka PemyOmuke CpOuje mpommcaHa Cy KpHBHYHA Jiena
IPOTHB APKABHHX OpraHa.’ 3akoHOM O jaBHOM peiy M MHpY, MpPOIHCAHA je 3alITHTA
paJHHKa ApXKaBHUX oprana.” OBO KPHBHYHO €O je y HajIexHocTH OCHOBHOT Cy/a, a He
Cyna 3a mpekpiaje.

3. 3AK/bYYAK

MHorn TONUIHJCKH CAYKOSHHIIM Cy Iald CBOj XHBOT W3BpIIaBajyhm cBoje pamHe
3amaTke M o0aBe3e, a LUTAT rocnoguHa Asrycra Bonmepa ojcnnkaBa TeXHHY HOJIHIMJCKE
npodecwuje:

1"F301<1/1h, 3. (2006). 36upka mpommca, uzgaBady MVIIL, crp. 187-191, KpuBuuHa jena mpoTHB
JIpXKaBHUX OpraHa: CIpevaBame CIy)KOSHOT Jena Juila y Bpliewmy ciyxbeHe paime wian 322 K3:
Haman Ha ciyx0eHo nuie y Bpuewy ciayxOeHe paame wian 323 K3; YdecTtBoBame y rpymu Koja
CIIpedH CIIy>kOeHO JuIle y BpIIewy ciryxOene panme wian 324 K3; [TozuBame Ha otrop wian 325 K3;
HeyuecrBoBame y OTKIamamy omiure omacHoctd wiaH 326 K3; Ckugame u moBpema ciyxOeHOr
neyara ¥ 3Haka wiaH 327 K3; oxy3umame U yHUIITEHE CIyKOEHOT IedaTa win cruca wiad 328 K3;
JIaXXHO npencraribambe wiad 329 K3; camosnamhe wian 330. (Cn. rmacauk PC, 72/2011, 101/2011) on
5.1.2012. rogune;

2 ‘Bokuh, 3. oIr. umrt. cr. 239 3akoHa o JaBHOM pelly W MHPY MPOIKCYje KPUBUYHO Aeno OMerame
oBnamheHor cIy)KOeHOT Jina y 00aBJbamy MOCI0Ba 0e30€THOCTH MM Ofip)KaBamba jaBHOT pefa U MUpa
yiaH 23 (Cn. rmachuke PC, 6p 51/92, 53/93, 67/93,48/94, 101/2005-1p. 3axon u 85/2005) ,,Ko yBpenn,
3JI0CTaBH, NpeTH na he HamacTy, MOKyIIa Ja HamajHe WIM HalajHe, WIM Ha APYTd HAauuH OMeTa
oBnamheHo cIy:K0eHo JuIle y 00aBJbamy MOCI0Ba 0e30€IHOCTH Wi O/IpKaBamka jJaBHOT pela U MHUpA.
AKO U3BpLICHEM Jefla M3 craBa | OBOr WiaHa Y4YHMHIJIAL OBJIAIIfiCHOM CIY)XOCHOM JIHIY HpETH
yrnotpeboM opyxKja MM Ce MAIlH 32 OpYXKje, WM My HaHece JaKy TeJIeCHY MOBPEAY, YHHH TeXH 00JIHK
0BOT' Jiena. AKO U3BpLICHEM Jea U3 craBa | OBOI 4WiaHa y4MHHIIAL] Ha OBJAINeHO CIy:KOeHO Juie
TIOTETHE OPYXKje, HJIM ra yInoTpeOH, WM My HaHece TEIIKY TEIECHY IOBpeay, YNHU TEXKH OOJIMK OBOT
nema”
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Jlommmajary Tpeda ma mma myzapoct CosomoHa, xpabpoct [aBuaa, cHary CamcoHa,
cTpIubeme JoBa, MpeaABoAHUIITBO MojcHja u JbydazHocT nobpor CamapuhanuHa, cTparerujy
Anexcarapa Bemmkor, Bepy Janujena, qumoMathjy JIMHKIIOHA, TOJEpaHI]y IPBOACIBE U3
Hasapera ¥ KOHa4YHO COJIMAHO 3HaHKE CBUX I'paHa NPUPOJHUX, OMOJIOMIKMX M JPYIITBEHHX
Hayka. [IpumagHrke monmnuyje oroBapa jaBHOCT, HCMEBAjy Ta Yy (HIMOBHMA, KPUTHKY]Y Y
JMCTOBMMA U HE MOJPKaBajy Ta HU TY)KHOLM HH cyauje, n30eraBajy ra oHH Koju ra ce 0oje,
KPUMUHAJIIK T'a Mp3e, CBH ra Bapajy, [Ny U IPEBAPAHTCKH IMOJMTHYAPU T'a LIYTUPAjy
HAOKOJIO Kao Ja je jorra. M3imoxkeH je OpojHHM HCKyIICHHMa W OTIAaCHOCTHMA, OCyhyjy ra
KaJia IpUMembyje TPOoInce, a OTIIYLITajy U3 CIIy)K0e aKko To He YMHH. Mucie 1a Mopa UMaTH
oOpazoBame BOJHHKA, JIEKapa, MPaBHUKA, TUIJIOMaTe M BaCIHUTAaya 3a IUIaTy KOja je Mamba O
OHE KOjy UMa HaJHu4ap“.

Bpura 3a MeHTalHO 3ApaBibe pajHHUKA, HAPOUUTO OHHMX KOjU ce 0aBe BPJO CTPECHHM
3aHMMamkAMa Kao INTO je MOCIHIH|CKU CIyXOeHWK, Huje JTykcy3 Beh mpodecmonanna
obage3a.

HuBo crpeca pacte ca moBehamem 3axTeBa paja, Tj. ca omajameM MoryhHocTu 3a
OJITyYHMBa-EM. 3a CMambEHE cTpeca je moTpebdan Mmpolec HACHTH(HKALMjE H3BOpa cTpeca y
PaIHOj CPEMHU U TIPEIy3MMAbEM Mepa 3a YKIIahamhe UICHTU(PUKOBAHUX U3BOPA.

VY nmemumudHo 00pal)eHOj MPOICHW pH3HWKAa 332 PagHO MECTO IIOJIHIHUjCKH CIY>KOCHHK
oOpaljeHe cy OracHOCTH ¥ IUITETHOCTH 32 HABEAEHO PaJHO MECTO, ca MPEIopyuYeHUM Mepama
3aIITHTE ¥ MepaMa 3a OJipyKambe HUBOA PU3HKA.

IMpemaske ce na HAacTaBe MCTPAXKHUBama y CBEPH CHEHU(UYHOCTH pagHOr MeCTa
TIOJIMIIN]CKOT CITY’KOEHHKA, KOJH HOCH BEJIMKY OJrOBOPHOCT 3a JKMBOTE JbYIH, a OBaj paj /a
Oyze camo jenaH y TOM HH3Y.
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3Bonnmup BYKTA?! Ilpeeneonu pao
Lsujo IIMAIA?

MOBERAGE BE3BEJJHOCTH HA PAJTY IPUMEHOM
BE3BEJHOCHUX METOJA PAJIA

Pe3ume: Bunieromumme 60rato HCKYCTBO cTedeHO y nmpakcu excriepara IBS Hoeu Can u mpodecopa
ca BTIICC Hosu Cag noBesio je 1o meljycoOHe capame y 00macTi 0e30eIHOCTH U 3/[paBiba Ha Pay.
HUcrpaxuBama y obsiacti 6e30€IHOCTH TIPpH pany Ha MallMHaMa IoKa3ana Cy CBY KOMIUIEKCHOCT OBOT
npobiema. Bpro decro mamimHe Cy n3BOp OmacHOCTH Koje ce He mory usbehu. To je pasnor nma ce y
MpOIeHN pH3HMKa o00e30erne TakBe Merone paga koje he y mrTo BeheM MNpOIEeHTY eTMMHUHHCATH
HefocTaTke MamnHa. VcTpakuBama Cy Takohe mokasana Ja ce y MpakCH HeJOBOJPHO Makibe obpaha
Ha OesOednocne memode pada IITO BPIO 4YECTO IpOy3pokyje Hecpehe Ha mociy. IlpuMenom
obaBe3yjyhux mporieaypa 3a pyKoBaolle MalliHaMa y BEIHKOj MepH O ce M30eriu yaecH, a TUME U
noBehasa 6e30eHOCT 3aMmoCIeHuX.

KibyuHe peun: 6e30eqHOCT MalInHa, MeToie 3a Oe30enaH pas.

ENHANCEMENT OF SAFETY AT WORK USING SAFETY
WORK METHODS

Abstract: Perennial practical experience of the experts from IBS Novi Sad and the professors of
VTSSS Novi Sad has led to mutual cooperation in the area of safety and health at work. Studies in the
field of safety with the use of machinery has shown the complexity of this particular problem.
Machines are often the source of risk that cannot be avoided. Therefore, it is necessary that the risk
assessment contains safety work methods to eliminate higher percentages of machinery deficiency. The
research also shows that insufficient attention is given to safety ocupational measures that frquently
cause accidents at work. By the use of mandatory procedures for machine operators accidents could be
avoided to a great extent, thus increasing the safety of all empolyees.

Key words: safety of machinery, methods for safe work.

! TIpod. Mp, Brcoka TexHHUKA MIKOA CTPYKOBHEX cryanja, Hosi Cax, bukta@vtsns.edu.rs
2 Jurut war MamuaCcTBa, IBS naerutyT 6e36ennoct, ibsns@sbb.rs
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1. ¥YBOA

Crpareruja nosuiema 0e30eJHOCTH W 3ApaBJba Ha pany y EBporickoj 3ajeaHunu Ha
MPBOM MECTY MOCTaBJba 0€30€IHOCT Y eKCIUIOATAlMji MAIHHA Y TIPOU3BOIHNM TIOTOHHMA.
Maiunaa Mopa Jia moce/yje Moy3IaHOCT U OMIEPATUBHY TOTOBOCT.

Hedununmja 6e30equoctu Mamuue u3 Cranaapaa EN 1ISO 12100 rnacu:

,,be30eTHOCT MaIlMHE je 0cOOMHA MalliHEe Ja 00aBJha CBOje (DYHKIMjE, 1a Ce MPEHOCH,
MOCTaBJba, TMOJCIIaBa, ONpXKaBa W pasMemTa [0 ycioBuMa yrmoTrpebe yrBpheHuM
yrmyTcTBOM 3a 0e3beqaH pag M oApkaBame 0Oe3 MOBpeia M IUTETHOCTH IO 37paBJbe
3anocienux.” [2]

Jla 6u ce ocTBapwia KOHTHHyaJHa MakKCHMMajiHa 0e30eIHOCT MallldHa MOpajy ce
NPEIBUIETH CBE OIACHOCTH KOjeé MOTY HAacTaTH y BHMXOBOj ekcruioaranuju. OGasese
npuMeHe 0e30eIHOCHHX Mepa Cy HCIpEIUleTaHe Kako OJf CTpaHe KOHCTPYKTOpa —
nmpou3Bolhjaua MalmIMHE TaKO M OJl CTpaHe KOPHUCHWKA. be3bemHOCHe Mepe OJ CTpaHe
KOHCTPYKTOpa — Ipou3Bolaya Maluxe cy:

e CMameme pU3UKa MOMOhY KOHCTPYKIIH]E,

e yrpaama 3alTUTHUKA,

e u3paza ynyTcTBa 3a 0e30e[aH paj U OJIpiKaBambe MAIlIMHE U

e 00aBemITEHE U YITO30PEHE KOPUCHHUKA O MTPEOCTATMM PH3HIMA.

OBe 0Oe3bemHocHe Mepe cy nedunHmcane ,,JIpaBrmiaHHKOM 0 0e30eTHOCTH MaruHA |
noapxane cranaapauma EN ISO 14121 (u3 2012.) u EN 1SO 12100 (u3 2012.).

Be3bennocHe Mepe koje Mopa 00e30eIuTH KOPUCHHUK CY:

00yKa pyKoBaoIa,

0e30eIHOCHE METOIC paja,

Haz30p,

MOCEI0BakE CTPYYHOT Hanasza (y KOHKPETHHM YCJIOBHMA OKOJIUHE) U
JIMYHA 3aIITUTHA CpeacTBa. [1]

2. BE3BEJHOCHE METO/IE PAJIA

Hapounty nmaxmy Tpeba oOpaTUTH Ha W3paay YIIYTCTBA M YIIO30pema 3a 6e36enan pajl.
YoyrctBa u ymo3opema 3a 0e30eman pax uspalyjy ce kao obaBesyjyha mporemypa 3a
MOCTYIIAK yIpaBJbarba MAITHHOM O] CTPaHe PYKOBAoIIa.

YryrcTBo 3a ynotpe0y MallMHE, 10 INPABHIy HE MOXKE Ja HAJOKHAIU MambKaBOCT
KOHCTpyKIHje (pan oOpaljyje HCKIbYYHBO YCIOBE EKCILToaTaiyje Beh HHCTaIMCaHuX MallliHa
y TIOTOHHIMA).

ITocebny mnaxmy Tpebda oOpatutu Ha YyBOhewe 0Oe3bedHocHux Mmemooda paoda.
besbeonocne memooe pada ce mory nedpunncatn kao odaBesyjyhe moHamame pagHuKa Ha
pamHOM MeCTy M 'y PaJiHOj OKOJIMHH KOje eIMMHUHHILE WK yMamwyje OMacHOCTU KOje HacTajy
y mporecy pana.

Hajuenrha nprmena 6e30eTHOCHUX METOa paja Cy:
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KpeTame paJHuKa y IOTOHUMA,

MOCTYMAaK YIpaBJbarkba MAalIMHOM,

T10JI0Ka] paJJHAKa y OJHOCY Ha M3BOPE OMACHOCTH HA MAIlINHH,
PYKOBame py4HUM IIPEHOCHBHM €JIEMEHTUMA MalllnHe (ajJaTuMa),
NIEHAkE Ha BUCHHY, UTI.

MoryhrocT 310ynorpede MammHe of CTpaHe PyKOBaolla, KOJ CTapHjUX TUIIOBA MAaIINHA,
KOPHCHHK MOpa HaJIOKHAIUTH yBohemeM Oe30eIHOCHMX MeToha pajga, oOykoM |
MOHHUTOPUHIOM OJ1 CTPaHe KOPUCHHUKA.

IIpeBenTHBHE Oe30eMHOCHE Mepe OJ CTpaHe KOpUCHHMKAa 00e30elyjy ce kpo3 ,,AKT O
MIPOLICHH PHU3HKA HA PaJHOM MECTY M PaJlHOj OKOJIMHHE‘, yBoh)ermeM obaBe3yjyhux mpoumenypa
y eKCIIIOATalMjH MallliHa OJ1 CTpaHe PyKOBaoLa.

Crpaternja u30opa 0e30€JHOCHMX Mepa IOJpa3yMeBa HMHTETPUCAHY IPUMEHY
KOHCTPYKTUBHUX 0e30eqHOCHHX Mepa W 0e30eMHOCHHX Mepa Koje Mopa TPUMEHHUTH
kopucHUK. KoHCTpykTHBHE 0e30e1HOCHE Mepe KoJ Beh Mpou3BeleHNX MalllHA BPJIO 4€CTO
ce He MOTY Pa3sHHM W HaKHAaIHUM PEKOHCTpYyKIHjama I0OO0JbIIATH IITO M3HCKYje IPHUMEHY
OCTAJMX MPEBEHTUBHUX 0e30€IHOCHUX Mepa Ol CTpaHe KOPHCHHKA. 3aKOHCKa peryiaTHBa
3axTeBa oOaBe3yjyhiu MepHOAWYHM TpErjea MallkMHa OJf CTPaHe KOMIICTCHTHHX U
oBJaieHUX MPABHUX JINIA KOJH M3/1ajy 3aIIUCHUK O CTPYYHOM Hasasy.

Konkperan wu30op 0e30eqHOCHE MeToAe pada Hajuemhe NPOW3WIA3H  AHAIN30M
MIPaKTHYHHUX UCKYCTaBa U3 NPOU3BOJIIBE.

Jobpa umxemepcka Mpakca MPeACTaB/ba BPJIO 3HA4ajaH U3BOP 3a CTUIAKBE 3HABHA O
BpCTama M y3poluMa MOTEHIHUjaTHUX OMACHOCTH HACTAUM y PaJHUM Ipolecuma. M3mely
ocTaJjior, TojaM Jo0pa WHXXEHmEpcKa Ipakca IPOM3alla0 je IOCMAaTpambeM IPaKTHYHUX
npuMepa NpH BElITauehy Ha CyAy U3 Pa3IMUMTUX CTPYKOBHUX 00JIaCTH.

3. BEHITAYEIE KAO JOIMPUHOC CTULHABY JOBPE
NHXEBEPCKE ITPAKCE

Bemraueme crnpoBeneHO Ha IpUMEpPY pYKOBama MAIIMHOM, KaJa je HacTallo
nospehuBambe pyKoBaola MallMHOM, IPH YeMy je KOHCTATOBAHO Jia TIOCTOJU Y3POYHO-
nociaeuyHa Be3a u3Mel)y moBpeae u pasa MalnHe.

Y npBOM KOpaky BEMITauekha W3BPIICH je MPErJiel MallMHE Ha JINIy MECTa Ha KOME je

Cnuxa 1 Ionoscaj mawune y npou3goo0Hom Cnuxa 2 3aomu uzened mawune
nO20HY
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Cnuka 3 [Ipedmwu uzeneo mawune Cnuxa 4 Hamnucha niouuya mawiune

Kao Outan ¢axrop pusmka je neduHHcambe HaMEHE MallMHE. BUINETHCHU IHpKyIap
¢yHKIIMOHMIIE TOMONY pe3HOr anmaTa KOJjH C€ CacToju OJ BHIIE KPYXKHHX TecTepa
MOHTHpaHUX Ha TIJaBHOM Bpatmiy. KpyxHe Ttecrepe ce o0phy BenukuM 0OOMMCKHM
6psunama (mpeko 30 m/s) u 06phy ce y cMepy kKa pyKoBaoity.

Y npyrom Kopaky BellTau€ma MperjieJaH je 3amuCHUK O CTPYYHOM Hayla3y KOJH je y
KPUTHYHOM BpEeMEHY OHO aKTyesaH.

PykoBame MalInHOM 3aXTeBa Jia ce PaJHHK MPUApKaBa 00aBe3HNX MpaBUiIa y CKIaIy ca
be36e0nochom memooom pada. CBU TIOJCKIONOBU Koju 00e30elyjy ocHOBHY (yHKuHjy
(pe3ame) m momohHe (yHKIHMje KpeTama Jacke Cy OWiIN y MCIIpaBHOM cTamy. be3denHocHH
HOJCKJION — IMIMJBIM KOJU CIIpeyaBajy IOBPAaTHHU yAap Aacke Ka PajHHKy Cy Takohe Ouam y
(GYHKIM]U Y HCTIPAaBHOM CTamby.

M3JIASHA CEKIIMJA ECEKHHJA : VJIA3HA CEKIIMJA
i PE3AIbA

)
D
D

\
.
i
N
/a
N
i
N

7

1 - nomucnu éamax na ynazy y Mawury (Ucnpeo yupkyiapa) 2 - ROMUCHU 8a/bax HA U3NA3Y U3 MAUIUHE
(uza yupkynapa)
3 - 6amyu ucnpeo yupkyrapa 4 - 6amak uza yupkyiapa S - npunpemuu 8amsyu Ha yiasHoj cexyuju 6 -
3AUMUMHY UYL

7 — yupxynap 8 - eamyu y cekyuju pezarba (ucnpeo u usa yupKyiapa)

Cnuxa 5 L{pmanu npukaz paonux eremenama suwenucroz yupkyiapa muna DKV-2A
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VY Tpehem kopaky BemTauema W3BpIICHa je cuUMynanuja porahaja. PexoHcTpykimja
norahaja nana je nerasbaH YBHI Y Y3poke U nocnenuie aorahaja.

Cnuka 6 H3zened Hocaua u 3aumumnux Cnuxa 7 H32ned squumumnux wubaxa (noaieo
wumaxa (noaned 000320) cnpeoa)

Hakon crpoBeneHux cBux (asa BewTauema yTBPHEHH Cy MPOIYCTH Y PYKOBamby
MAalIMHOM, KOjU Cy JIOBeNU J0 moBpehuBama pykoBaola. PykoBaoll HUje MPUMEHHO CBE
enemMeHTe obaBesyjyhe nponenype 0e30eIHOCHUX METOA Pajia v TO:

® HENPABMIIHO IOJeNIaBabe YIa3HO-N3Ia3HUX OTHCHUX BaJbaka (BEJIHUK 3a30p U3Mely
JacKe M Bajbaka), TC je ByYeHE macke OWI0 OHeMOryheHO O CTpaHe MalllHHE.
[TomohHO KpeTame 00paTKa yMECTO MAIIHHE PAIHUK je BPIIHO PYIHO;

® DajJHUK HHje cayeKao Jia MPeTX0AHN 00pajak HaIlyCTH PajHU IPOCTOP MAIUHE TE je
JIOIILTO /IO CyJapa MPeTXOJHE W HapeqHe NAacKe Koje je MPOy3pOKOBAIO MOBPATHO
KpeTame JacKe;

® paJHUK je cTajao y paBHU 0OpTama pe3Hux ajaTta (Mopa cTajaTu BaH paBHU OOYHO 01
MaIlIfHE) IITO je JOBEJO JI0 yIapa JacKe y TeJo palHuKa;

® y TOM IOJIOXKAjy PaJHUK HUje OO y MOTYNHOCTH J1a aKTMBHpA TacTtep ,,XUTHO " U Jia
3ayCTaBH paj MallnHe.

Cnuka 8 Tpaconowka udenmugpuxayuja Ha obpalhusanoj dacyu
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4. 3AK/BYYAK

BezbenHocHN pu3MK Ha pany je BpJIO KOMIUIEKCHA mojaBa u gorabaj. Hajuemrhe ce kao
(bakTopu pHuznka HICHTH(HKY]Y OMACHOCTH KOje CTBapa MalliHa, [1a C& OHA KOHCTPYHUILE
MPOU3BO/IM Ca HEOTIXOAHMM 3alITUTHHUIIMA, YBOhEHEM ayToMaTH3alllje Kao 3aMeHa PyIHOM
yIpaBJpamy, MOy3HaHOIINy MalldHEe, Te CaMOM KOHCTPYKIHjoM HWTA. Takohe ce kao
IIpEeBEeHTUBHE Mepe Oe30emHocTn yBoze (mTo Oum Tpebano na je mocienma Oe3beqHOCHA
Mepa) Y CUCTEMY 3aIlTHTE.

ITopex moMeHYTHX IpPEBEHTHBHHX Mepa BaXKHO MECTO 3ay3uMa IOKyMEHTalHja 3a
Oe3benman pax M oapkaBame. Pan HapouuTy Naxmy INoKIama yBohewy OezdeonocHux
Memooa pada Kao BPJIO 3HAYajHy MPEBEHTHUBHY Oe30emHOCHY Mepy. be3benHocHe merone
pazna aajy ce kpo3 obaBesyjyhe mpouenype y npolecy pajga u BpJio ¢y OUTHE ca CTAHOBHUILTA
CUT'YpPHOCTH, IITO ¥ MOKa3yje HaBeICHH PUMED.

5. JIMTEPATYPA

[1] *** [IpaBuinuk o 6e30enHocTH ManiuHa (,,Ciyx6enu ['macauk PC*, 6poj 13/2010)

[2] *** Crammapn EN ISO 12100: 2012.; Be3beanoct mammHa — OMNIITH NPUHIUNA
MpojeKToBama — [IpolieHa PH3NKa 1 CMambHBAGEC PU3HKA

[3] *** Crammapm EN ISO 14121: 2012,
[4] *** Hana3s u munuberse Bemraka: op. 2: I12503/2011
[5] *** 3amucHuk o ctpyunom Hanasy: 6p. 01-1697/2 ox 27.09.2006.
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aH MpPYUYHU pa.
yiranr TABAHCKH * Cmpyunu pao

BE3BEJIAH PAJI HA PABHAJINIIN

Pe3ume: Pan Ha paBHaIMIM y HEMOCPEAHO] je BE3U ca MHOTOOPOJHUM PHU3UIMMA KOjU TPETE J1a yrpo3e
0e30eMHOCT W 37paBibe 3alOCIEHOr. Y pamy je b IpyXamke MOMOhM JMIHUMa 3agyKeHHM 3a
0e30€IHOCT M 31paBJbe Ha pajy W MPOLCHUBAYMMA Yy HOCTYNKY HPOICHE PU3HKA 33 PAIHO MECTO —
PYKOBasall paBHAJIMIIOM, IIPENO3HaTe U YTBpheHe MOTeHIMjalHe ONACHOCTH M INTETHOCTH U JlaTe Mepe
3a YIpaBJbambe PH3UKOM.

Kibyune peun: Papnammiia, 6e30€1HOCT, OIAaCHOCT, PU3HK.

SAFETY WORK ON HAND-FED PLANING MACHINES

Abstract: Working with planing machines carry a number of risks towards the safety and health of
workers. In order to assist health and safety officers as well as risk assessors during the process of risk
assessment for the planing machine operator, potential hazards and harms are identified and measures
for risk management are given.

Key words: Hand-fed planing machine, safety, hazard, risk.

! TIpod. np, Bucoka Texmmuka mikona crpykoBHEX cryauja y Hosom Caxy, Ilkomcka 6p.1,
gavanski@vtsns.edu.rs:
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1. YBOJAHA PASMATPAIbA

IMocnonaBan je nyxaH na, y ckiaay ca wiaHoM 15. craB 7. 3akoHa o 0e30eaHOCTH U 311~
paBiby Ha pany [1], aHraxyje mnpaBHO JHWIe ca JIMIEHIOM Yy LMY CHpOBolhema
NIPEBEHTUBHHUX M IIEPUOJMYHMX Iperjiefa W HMCIUTHBama ornpeme 3a paa. Y PenyOmunu
Cpbuju cy y wnany 3. [IpaBmiHIKa O IOCTYIIKY MpeTiiea M HCIUTHBAKka OMpeMe 3a pax 1
WCIIUTHBAKkA YCIOBA pajHEe OKOJNMHE [2] mpommcaHe KaTeropuje ompeme 3a paj Koje
MOJJIC)KY IPEBEHTUBHUM U NTEPHOANYHIM IIPEriIeNMa U HCIIHTHBakba. MammHe 3a o0pany u
npepajay JpBeTa Cy eKCIUTMIUTHO HaBEACHE y WIaHy 3. 10/ TaYKOM 7.

Mammne 3a 00Opagy ApBeTa CBPCTaBajy ce y HajollaCHUje MalllMHE W3 Ipyle 3a oOpamy
Marepujajia, MPBEHCTBEHO 300T BeJMKEe Op3WHE PEe3HOr ajaTa alu M 4ecTHX NoMohHMX
omepalmja Koje ce 00aBIbajy pydHO MPH MOTUCKUBAkY MaTepHjaa.

Ha ocHOBy HaumHa MexaHHWYKe 00paje W Ipepaje ApBETa M CIMYHHX MaTepHjaia, OBeE
MaIIMHEe Ce MOTY MOJETUTH Ha:

® Mauune 3a pe3aive, ceuerve U byumerbe — ckuoare cmpyeomune (Tatepu, KpyxKHE U
TpakacTe TecTepe, paBHAIMIE, AcObade, MoJaIUIe, JyOunune, Opycunune, Oymm-
JHIe 1 KOMOWHOBAHE CTOJIAPCKE MAIITMHE) U Ha

® Mawune 3a obnukosarse degpopmucarwem (Ipece, MAIIUHE 332 CaBUjalbe, MAIIMHE 32
HAHOIICHE Pa3HUX MPeMasa U MaIlliHE 32 JieTbehe QypHupa), [3].

PaBranmme (abpuxrepn) cy MaImHe KOje ce KOPHCTE 3a paBHAK-E MOBPIIMHA Ha TacKama
WY TpeAama y IHJbY CTBapama 0a3He MOBpIINHE 32 Jajby 00paay Ha IPYruM MallnHaMa.
Amnar cy HoxeBu (1) kxoju wu3Bome riaBHO oOpTHO (G) Kperame, a mOMOhHO

npaBosmHUjcko (P) Kperame ocTBapyje mpeaMer odpame — aacka (2) pydyHHM MOMEparbeM,
IITO je MPUKa3aHo Ha CIUIH 1.

Cauxa 1 Kpemara npu obpaou na pasuanuyu  Cnuxa 2 Pagnanuya ca nasnaveHum onacHocmuma

2. OMACHOCTU ITPU OBPAJIN HA PABHAJIMIIN

[1pu o0aBbaby paJHUX aKTUBHOCTH HAa PaBHAIULM, TPUKA3aHOj HA CIHMLM 2, U y CKIIaxy
ca wiaHoBuma 8. 1 9. [IpaBuiHNKa 0 HAYMHY U NOCTYIKY IPOLIEHE PU3MKA HA PAJJHOM MECTY
u y pamHoj oxkomwHu [4] mpemosHate cy W yrBpheHe ciemelie OMacHOCTH M IITETHOCTH,
tabena 1, Koje MOTY YrpO3HTH JKUBOT U 3/IpaBJbe PaJHUKA.
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Tabena 1: Ilpenosname u ymeplhene onacnocmu u wmemHoCmu npu oopaou Ha pasHaIuyu

P. | OITACHOCTU 1
ITMCHA AHAJIN3A
6p. | IITETHOCTU Ornc 3
3axBarame NPCTHjy WIM IIaKe paJHHKa HOXKEBHMa 3a BpeMe obOpane
(cmuka 2, mo3unmja 1), kaga ce paBHaJIMIA KOPUCTH O3 3alTUTHHKA
W3HaJ BpaTHia ca HO)KEBHMA U PYYHOT OTHCKHMBAYa WK Kajla PaJHUKY
pyKe CKIIM3HY JOK HOTHCKYje MpexMeT IpeMa HOXXEBHMa WM Kaja ce
paBHaIHIIA TO/IeIlIaBa U TTOJMa3yje 0K je y MOKpPETY.
3aHolIekhe pyKe Ha HOXKEBE IPH 00pajy Majnx KOMaja WIH KO paja
. Porupajyhn wm |13 PABHATAIM 6e3 Boquiune (cnuka 2, mo3unuja 3), [5].
" | mokpernu nemosn | Bpahame n onbauuBame npesmera oOpaje yHasaj INpema pajHUKy
(moBpatHH yxap, civka 2, mozunmja 4), [5].
3anumbame U HOTPENIHO OJBOheme KOMaJa Ha PajgHOM CTOJIY 3a BpeMe
o0page (cmika 2, mosunmja 5), [5].
Vknamame OTnajaKa i CTPYroTHHE ca HOXKeBa M PajHOr CTojNa pyKama,
6e3 xopuihersa moMohHor anata (Civka 2, mosuimja 7).
Ciy4ajHO yKJbYydeHe paBHAIMIE y paj (cnuka 2, mo3unuja 8).
€JTOBH M YECTHIIE .
2. A . .
koje JieTe Opnerame CUTHUX YECTHLA y OKO PaJHHKa (CluKa 2, mo3uiuja 6), [5]
Omnacue
3. mbacTy ¥ OIITPU HOXKEBH.
MOBPILIHHE
CrorHiame 0 eNIeKTpUIHE KabJIoBe U 11aJ] paJHIKa Ha HOKEBE WIIH Ha IO
HPOCTOpHUje YCNEA 3aKPUCHOCTH M HEYPENHOCTH pajiHe TOBpIIHHE
4 Knuszame nim (TIpocTop OKO MaIIIMHE W TIPOCTOP 3a MPHUIIPEMY U OJuIarame oopaheHnx
’ CIIOTHIAEE npeaMera).
Kimzame ycien npocunama yiba 1o MOAY Y 30HH paja (CIHKa 2, TI03H-
uuja 10).
OmnacHocT o1 Yaap enekTpUdHE CTpYje MPUIMKOM IOJHpa ca OlTeheHuM eneKkTpud-
5 JUPEKTHOT 1 HHUM Ka0JIOBMMa, yTHYHUIIOM HJIH IIpeKHaadeM (Civka 2, mozunuja 9).
' HWHAUPEKTHOT 1
noampa olIe y3eMJbECHE MallHHE.
Xenmicka IIpn pamy ca apBeToM M CIMYHUM MaTepujajuMa Joja3u 1o ¢op-
6 H_ITeTHJO or - MHparba CUTHHX 4eCTHLA JAPBEHE NPAIlINHE Y Ba3ayXy, I1a Cy paJHULU
' . W3JI0KEHH MHXAJAIMjU TPalINHE U TEIIKAM aleprijCcKUM 000JbemhIMa
p JIMCajHUX OpraHa M I10jaBy KaHIlepa Koj o0paje xpacra 1 Oykse.
PAJI HUJE HAMEWBEH JA OBYXBATH CBE IIOTEHIIUJAJIHE OITACHOCTU 1
HITETHOCTU ITPU PATY HA PABHAJINIIN.

3. MEPE BE3BEJHOCTMH TP OBPAIU HA PABHAJIULIA

AHaIHM30M TEXHOJIOIIKOT Mpoleca o0paje ApBeTa U CINYHUX MaTepujaia W MPerno3HaTHX
OIIaCHOCTH M LITETHOCTH yTBpheHe cy cienehe Mepe 3a cripeyaBame, OTKIamamhe W/HIH cMa-
EBCEbE PH3UKA:
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® KOPUCTUTH PAaBHAJHUILY y CKIIaIy ca HAMEHOM,

e OJp)KaBaTH PAaBHAJHMILY IIpeMa YIIyTCTBY IPOM3BOhaua y ckiaay ca wiaHoMm 15. cTaB
6. 3akoHa 0 6e30eMHOCTH U 3/1paBsby Ha paay [1],

e OJ|pKaBame, MOMPABKY M MO/ICIIABAKbE PABHAIUIIC JEANHO MOXKE BPIIUTHA CTPYYHO U
oBJIalIheHo JuIE,

e BPIIUTH NEPHOJUYHE MPErJIeie U UCIHUTHBAbA PaBHAIUIE Y CKJIaLy ca wiaHoM 15.
craB 7. 3akona [1] u [IpaBunHuKa [ 2],

® BPIIUTH OCIOCOOJbaBARE 3AMOCICHNX 32 Oe30eaH pajl ca paBHAIUIOM y CKIaay ca
ynanosuma 27. u 28. 3akona [1],

e 00e30eUTH JOTYHCKA yIIO3HABama 3all0CICHUX Ca OTMACHOCTUMA IyTeM YIIyTCTaBa,
HATIHCa ¥ 3HAKOBa YyIO30pema Ha ocHOoBy wiaHa 30. craB 1 3akona [1], a mpema
[MpaBuiHUKY 0 00e30ehuBamy 03HaKa 3a 6e30eIHOCT U 3ApaBJbe Ha pany [6],
BPLIUTH JHEBHY IPOBEPY UCHPABHOCTH PaBHAIMLIE,
00e30eIMTH TPaBIIIHO KOpHWIINeme MPONMCAHMX CpeICTaBa 3a JMYHY 3aIllITUTY Ha
pany,

e 00aBe3Ha MPUMEHA 3aIITHTHUKA 33 TIOKPHUBAGE JieJIa BPaTHIIa Ca HOXKEBHMA Ha KOME Ce
HE pajm,

Haj3snauajHuja omacHOCT 3a Bpeme 00paje Ha paBHalIMIaMa je 3aXBaTame MPCTUjY
paIHuKa poTHpajyhuM HOXKEBUMa OK PaJHUK MOTHCKYje mpenmeT obpane y 30HH HOXEBa,
cinuka 3.

Cruxa 3: Onacnocm na pasuanuyu 00 3ax6ama npcmujy HOdiCesuMa

I[Npe mouerka pasa Ha paBHAIMIN 00aBE3HO je HAMECTHTH 3aLITUTHHK 33 TOKPUBAmbE Jeia
BpaTHiia ca HOXKEBUMa. Y MPaKCH c€ KOPHCTE 3AITUTHUIM y OONMKY OKpETHE IuIoUe, y
00IMKy MOCTa WJIM IUIaCTUYHM ca 3MVIOOHO MOBE3aHHWM EJIEMEHTHMA, KOjH 3a/10BOJbaBajy
OCHOBHY (QYHKLHjy 3aIUTHTE PyKe paJHHMKa Tako IITO CIIpedaBajy ZOIUP ca porupayhum
HOXEBHMMa y TOKY paja.

OCHOBHH 3a[aTaK CBHX 3alITHTHHKA je Ia MOKPHBajy y mTo Behoj Mepu omacHu pamHu
MPOCTOpP, OJIHOCHO 30HY KOja HacTaje 0OpTameM HOXEeBa, Ia Cy CBH OBH 3aITHTHHLM 3a-
[PaBo MOKPHUBAYHU OMACHE 30HE.

3amTUTHUK y OOJIMKY OKpETHE IUIoYe, IPUKa3aH Ha CIAULH 4, BPIIM [OKPHBAEHE PE3HOT
nena amara. Kama 3amoune mporec oOpajge OKpeTHa Iuo4a ce okpehie oko BepTHKaiHE
OCOBHHE, OJHOCHO [IOMEpa Ce ¥ CTPaHy 3a MINPUHY JACKe WM Tpele NOKpuBajyhu aeo amara
KOjU HHje y 3axXBary ca mpeaMmeroM oOpane. HakoH 3aBpiueHe oOpaje OKpeTHa IUiova ce
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Bpaha y modeTHH MojoXkaj (10JI0XKa] KOJH KOJI MHpPOBama paBHAIWIE MOTIYHO IMOKPWBA

HOYXEBE M0 JI’)KMHH U IIUPUHU) oMOoNy onpyre Koja 00aBuja BEepTHKAIHY OCOBUHY, [3].
BOAMNUUA

NPEAMET
OBPAQE

Cnuxa 4 Oxkpemna nnoya ca onpyeom

3amTUTHUK y OONHMKY MOCTa, TIPUKa3aH Ha CIUIN S, IOKPHBA PEe3HH N0 anmaTa. Y Mpo-
Lecy pes3ama crpedeHa je moryhHocT moBpeljuBama jep mpeaMeT oOpazge (macka) ce
MPOBJIAYM HCHOJ MocTa. [Ipy paBHawy npeaMera o0paje pa3iuduTHX [e0/bHMHA MOCT Ce
roMepa y CTpaHy, HOJMXKe WM CITyIlTa Ha ojpeljeHy Bucuny, [3].

1

==

L

Cnuxa 5 3awmumnux y o6auxy mocma

Hajumre ce yrmoTpe6ibaBa JaMeHO-3rI00HN OKPHBaY 30HE HOXKEBA HA PaBHAJHIIA, OJT-
HOCHO 3alliITUTHHK CacTaBJbCH OJf MaluX IUIACTUYHUX eJeMeHara MeljycoOHO 3rio0Ho
[IOBE3aHUX, CIIMKA 6.

Cruxa 6 3aumumnux 00 Manux naacmuyHux mMelhycooHo nogesanux enemeHama

3r00HO moBe3aHe Jiamene (GopMHpajy JIaHall U MOTY ce, IpeMa MmoTpeOH, 3aBUCHO OJ1
LIMPHHE MTpeaMeTa 00pajie, MojeIMHAYHO TU3aTH U CIyIITaTy, [5].

® IIPAaBUJIHO CTE3alk€ HOXKEBA HA BpaTHiIo,
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® [I0/ICIIaBAbE HOXKEBA U 3alITUTHUKA CME CE M3BOJUTH CaMO Kajla Cce MallnHa HOTITYHO
3ayCTaBH, a JOBOJ €HEPrHje UCKIbYYH,
® BpJIO je BAXKHO Ja C€ YECTO Nperiiesia U KOHTPOJIUIIE MOJIOKa] HOXKeBa M FbHXOBA OLIT-
puHa,
® BPATWJIO Ca HOXKEBHMA MOpa OUTH KPYKHOT IpeceKa,

Hajsehu Opoj moBpena npu pangy Ha paBHaNIMIaMa HACTaje yCcleld TOAUpa ca Pe3HUM aia-
ToMm (potupajylinm HoxeBuMma). [ToBpene pamHuka Ha paBHAIHIM JAHAC CYy MHOTO JIAKIIe
MIPUPOJIE, jep HOXKEBU OOMYHO U3BpIIIE OAPE3HBamhe caMo jacTyyrha Ha BpXOBHMa IMPCTH]Y,
JIOK je paHuje moBpe/a Iake Ouiia yecra rnojasa, [7].

INorehana Oe30emHOCT y paay, OJHOCHO CMambCHha TEKHHE IMOBPEIC je MOCTHTHYTa
00aBe3HOM TIPHMEHOM OKPYTJIMX BpaTH/Ia ca HOXKEBMMA, JIOK Cy KBaJpaTHa BpaTuia (CITHKa
7) motnyHo u3bayeHa u3 ymorpeode.

Hcnpen HoKeBa ce HallasH KJbeO y HJbY MITO OOJBbET YKIIamhamka MaTepujaia ca HOXKeBa.
XKrbeb (cmuka 8) He cme Omtn myospu ox 11 mm, mutw mwmpu ox 16 mm, [7].

?&6

Cauxa 7 Keaopammuo epamuno Cnuxa 8 XKweb ucnpeo nodcesa ca nosicesuma 3a
VKNAtearbe Cmpy2omuHe

® TIPaBHJIHO KOPUCTUTHU IIOTUCKUBAYEC U BOAUIIUIIE,

[pu pe3amy TaHKUX, Y3aHUX M KPaTKHX KoMaza qpBera 1o 50 CM pagHuK 10j1a3d MpCTH-
Ma y OnusuHy HoxeBa. [la Ou ce chpeuuie HmOBpelie KOje IIpU TOME MOTY HacTaTH, Tpeba
00aBe3HO KOPUCTHTH OAroBapajyhin pydnu motrckuBad (cmuka 9) 3a MOTHCKHBaWkE peaMeTa
oOpaze a HE TO PaAUTH pyKaMma.

Cnuxa 9 Pyunu nomuckueau
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Boanmuma mopa OuTH paBHa ¥ T7IaTKa ca cTpaHe Bohema mpexmera odpane u u3paheHa
oJl jeaHor komana, cirka 10/A. Bucuna Boquuiie Mopa Jia M3HOCH HajMarhe MOJIOBUHY MaK-
cuMaiHe e0JpiHe mpeaMera Koju ce oopabyje, [5,7,8].

Kopumrheme Boaumuiie 3HaTHO oBeha 6e30eTHOCT Ipu 00pa i Ha paBHAIUIU U Tpeda je
3aTo yBek ynorpeOspaBatu. Tpeba HariacHTH Aa €0 PEe3HOT ajara M3a BOAWJIHIE Tpeda na
Oyne cranHo 3amTrhieH, 0THOCHO MOKPHUBEH, LITO je U Iprka3aHno Ha ciuuum 10/B, [7,9].

Cnuka 10: Boounuya

e CTPYrOTHHY YKJIaHaTH ca PaJHOT CTOJA YeTKOM WM METJINIIOM,

e IIPaBWJIHO ITOCTABHUTH HCHIpaBaH ypehaj 3a omBoheme mparmmHe W CTPYrOTHHE, CIIFKA
11,

Cnuxa 11: Jlokanna uzdysna senmunayuja Ha pagHaiuyu

e 3a0pameH je pal ca PaBHAIHMIIOM YKOJIMKO MOCTOjH MEXaHWYKO olnTeheme kadioBa
win npubopa 3a Halajambe eICKTPHIYHOM SHEPIUjoM,

e TIpe noyeTka ynnherma, MoNpaBKe WIK HEKe JpYyre HHTEPBEHIU]e HAa paBHAIUNN, Ko
W HAKOH 3aBpIIETKA THEBHOI pPaja, 00aBE3HO HMCKJBYYHTH TJIABHM INpEKUIad 3a
Harajame paBHAJMLE EJICKTPUYHOM EHEprujoM M 00e30eauTH je 0] CliydajHor
MIOHOBHOT YKJbY4eHa 1

e KaJa 3aBpIINTE Paj, paJHO MECTO PACIPEMHUTH U PAaBHAIUIY OYUCTUTH — PajHH
npocTop Tpeba oapkaBaTu na Oyle ypenaH u 6e3 mpenpeka.
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4. 3AK/bYYAK
Pan je nokazao pa3HOBPCHOCT U CIIOKEHOCT OMACHOCTH U HITETHOCTH, KOje Ce 110jaBJbyjy
npu Kopumhemby paBHAJHIIE.

Ha ocHOBY nckycTBa ayropa HaMmehe ce HEOMXOJHOCT JIa PaBHAIHIIE MOPajy OUTH OTIpeM-
JbEHE 3aIITHUTHUIMMA U Oe30e1HoCHUM ypehajuma.

Ommite je MO3HATO JAa 3aITUTHUIM U Oe30e1HOCHH ypehaju He MOTy CIpeyuTH CBE TOB-
pele Ha paxy, Ia je 300T Tora HEOIXOIHO KOPHCTHUTH CBA IPONHKCAaHA CPEACTBA JIMYHE 3all-
TUTE Ha Pajy ¥ BPIINTH NEPMAaHCHTHO OCIIOCO0JbaBame 3arocieHux 3a oe3oenan pasu.
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OUTSOURCING U VATROGASTVU

Rezime: Zakonom o vatrogastvu u svojim temeljnim odredbama, vatrogasna djelatnost je definirana
kao stru¢éna i humanitarna djelatnost od interesa za Republiku Hrvatsku. U zadnjih desetak godina
pojavljuju se anomalije u tumacenju i primjeni Zakona o Vatrogastvu. Tranzicijom drustva u drustvo
liberalnog kapitalizma gdje je profit iznad svega, gdje se iskrivljuju standardi i propisi i gdje je forma
bitnija od sadrZaja, do$lo je do pojave outsourcinga u vatrogastvu.Outsourcing (vanjsko ugovaranje
usluga) se angazira za uglavnom sporedne poslove. U praksi se pokazalo da outsourcing u vatrogastvu
nije zakonom predviden, da tvrtke koje se bave outsourcingom vatrogasaca nemaju status Agencije za
priviemeno zapoSljavanje, da kvaliteta, stru¢no znanje i operativna sposobnost ,,iznajmljenih®
vatrogasaca nije niti blizu sposobnosti vatrogasaca koji su zaposleni u profesionalnim postrojbama.
Posto je vatrogasna djelatnost od opéeg interesa za Republiku Hrvatsku, ne bi se smjele koristiti usluge
outsourcinga.

Kljuéne rijedi: Zakon o vatrogastvu, vatrogasna djelatnost, outsourcing

OUTSOURCING IN THE FIRE SERVICE

Abstract: Firefighting Law in its fundamental declarations states that fire activity is defined as
a professional and humanitarian activity of interest to the Republic of Croatia. In the last
decade anomalies with interpretation and application of the fire service are appearing.
Transition of society into a society of liberal capitalism where profits is above all else, where
standards and regulations are distorted and where the form is more important than the content,
occurrences of introducing outsourcing into the fire service started to happen. Outsourcing
(external contracting services) is usually used for secondary services. Practice has shown that
outsourcing in the fire service has not been predicted by the law, that the Company engaged
in outsourcing of firefighters don’t have the status of a temporary employment agency, that the
quality, expertise and operational capacity of "leased" firemen's in nowhere near the ability of
firefighters that are employed in professional units. Since the fire activity is of general interest
to the Republic of Croatia, outsourcing services should not be allowed.

Keywords: Law of firefighting, fire activity, outsourcing
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1. UvOD

Djelatnost profesionalnih vatrogasnih postrojbi je od posebnog javnog interesa te se
ukazuje potreba za organizirani pristup, kako u spaSavanju osoba i imovine tako i u zastiti
zdravlja i sigurnosti vatrogasaca, te o¢uvanje operativne sposobnosti vatrogasnih postrojbi.

Radi zastite zdravlja i sigurnosti vatrogasaca potrebito je za izgradnju tehnicko-
tehnoloske sposobnosti, organizaciji i edukaciji vatrogasaca primjenjivati pravila zastite na
radu koja propisuje Zakon o zaStiti na radu, te se time razina rizika u aktivnostima
vatrogasnih postrojbi smanjuje na najmanje mogucéu mjeru.

Vatrogasci pripadaju radnoj populaciji koja obavlja poslove u posebnim radnim uvjetima
skoro svakodnevno izloZeni teSkom radu u ne-psiholoskim uvjetima nepovoljne mikroklime.
Pored psiholoskog tereta, vatrogasci su izlozeni mentalnom stresu na koji reagira njihov
autonomni zivéani sustav.

Aktivnosti vatrogasaca tijekom radnog dana strogo je odreden planovima koji ukljucuju
niz aktivnosti, uvjezbavanje taktickih zadataka, provjeru opreme i vozila, svakodnevno
usavr$avanje teoretskog znanja i razne vidove kondicionih vjezbi kako bi bili §to spremniji
za obavljanje vatrogasnih intervencija.

2. ZAKON O VATROGASTVU

Zakonom o vatrogastvu ( ZOV 139/04, 174/04, 38/09, 80/10 ) je utvrdeno da je
vatrogasna djelatnost sudjelovanje u provedbi preventivnih mjera zaStite od pozara i
eksplozija, gaSenje pozara i spaSavanje ljudi i imovine ugroZenih poZzarom i eksplozijom,
pruzanje tehni¢ke pomoéi u nezgodama i opasnim situacijama te obavljanje i drugih poslova
u nesre¢ama, ekoloskim i inim nesre¢ama. Nadalje, vatrogasna djelatnost je definirana kao
strucna 1 humanitarna djelatnost od interesa za Republiku Hrvatsku.

U ¢lanku 2 Zakona o vatrogastvu obrazlaze se tko obavlja vatrogasnu djelatnost:
vatrogasne postrojbe, dobrovoljna vatrogasna drustva i vatrogasne zajednice kao struc¢ne i
humanitarne organizacije koje ostvaruju pravo na olakSice i povlastice, sukladno propisima
te ujedno navodi i vrste vatrogasnih postrojbi:

e javna vatrogasna postrojba koja se osniva za podrucje opéine ili grada, dobrovoljna
ili profesionalna (JVP)
postrojba dobrovoljnoga vatrogasnog drustva, (DVD)
profesionalna vatrogasna postrojba u gospodarstvu, (PVPG)
postrojba dobrovoljnoga vatrogasnog drustva u gospodarstvu, (DVDG)
postrojba za brzo djelovanje (u daljnjem tekstu: intervencijska postrojba).

Prema Zakonu o vatrogastvu profesionalna vatrogasna postrojba u gospodarstvu ne mora
biti samostalna pravna osoba ve¢ moze djelovati unutar pravne osobe, najéesée privatne
tvrtke.

Takve postrojbe osnivaju se temeljem kategorizacije (kategorija zastite od pozara I i II)
prema Procjeni i Planu zastite od pozara za opasnosti koje nastaju ili su sastavni dio
proizvodnog procesa.
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Preventivne mjere zaStite od pozara nadopunjavaju se operativnim djelovanjem
vatrogasne postrojbe koja u sluaju da ne moze pogasiti pozar trazi pomo¢ od javne
vatrogasne postrojbe iz jedinice lokalne samouprave.

3. OUTSOURCING U VATROGASTVU

Outsourcing" je engleska rije¢ koja se najcesc¢e prevodi kao "izdvajanje". To je model
ugovaranja u kojem tvrtke ili javne ustanove radi poboljSanja produktivnosti ustupaju
odredene, uglavnom sporedne poslove, vanjskim poduzeé¢ima koja se njima bave. Najvise se
izdvajaju usluge logistike, upravljanja skladiStima, ¢iS¢enja, kuhanja, posluzivanja i pranja,
IT-a i upravljanja ljudskim resursima.

Zagovaratelji outsourcinga istiCu da je njegova glavna znacajka efikasnost, odnosno
smanjenje troSkova uz uvjet da proizvod i usluga ostanu iste kvalitete. Zbog toga ugovori o
prepustanju dijela poslova moraju biti dobro pripremljeni, u suprotnom moze do¢i do pada
kvalitete.

U praksi se dogada da pojedine pravne osobe iz zastitarske djelatnosti obavljaju pravnim
osobama I i II kategorije zastite od poZzara, usluge iz podrucja vatrogasne djelatnosti. Ovim
nadinom pravne osobe iz zastitarske djelatnosti ulaze u vatrogasnu djelatnost ali ne nude
cjelovitu uslugu vatrogasne djelatnosti, preuzimaju signal vatrodojave u svoje centrale
(dezurstva 0-24) ali ne preuzimaju i obvezu izlaza na intervencije gasenja poZara u roku od
petnaest minuta, nego upucuju ophodnje djelatnika zastitara na provjeru intervencije gdje se
gubi dragocjeno vrijeme.

Zakon o vatrogastvu govori o vrstama vatrogasne postrojbe a zastitarske tvrtke nemaju
svoju vatrogasnu postrojbu temeljenu na zakonu o vatrogastvu. Na trgovackom sudu
zastitarske tvrtke su registrirane za poslove zastite od pozara odnosno za slijedece poslove :

¢ izrada prosudbe ugrozenosti, planova zastite za zastitu djelatnost, zastitu od pozara i
eksplozija

¢ projektiranje, izvedba i servisiranje vatrodojavnih sistema

e zashivanje i izrada nacrta (projektiranje) zgrada, izrada nacrta strojeva i industrijskih
postrojenja, nadzor nad gradnjom, inzenjering, projektni menadzment i tehnicke
djelatnosti

e razvoj, proizvodnja, montaza i odrzavanje sustava zastite od pozara i eksplozije

Dakle, zastitarske tvrtke nisu registrirane za obavljanje vatrogasne djelatnosti i prema
vazeCem Zakonu o vatrogastvu ne mogu obavljati poslove vatrogasne djelatnosti. Prema
vaze¢em zakonodavstvu Republike Hrvatske i Zakonu o zabrani i sprjeCavanju obavljanja
neregistriranih djelatnosti (NN 61/11) obavljanje neregistrirane djelatnosti je zabranjeno [1].

Kroz djelatnost zastite od pozara provode se mjere i radnje da se umanje mogucnosti
nastanka pozara a vatrogasna djelatnost provodi operativne mjere i radnje da se nastali pozar
lokalizira i ugasi u $to kra¢éem vremenu.

Iznajmljivanjem djelatnika vatrogasaca zastitarskih tvrtki predstavlja vatrogasnim
postrojpama nelojalnu konkurenciju, bez obveza koje moraju ispunjavati vatrogasne
postrojbe (vatrogasna vozila, struéni ispit, broj vatrogasaca, edukacija vatrogasaca — obveza
nastave).
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Upitno je da profesionalna vatrogasna postrojba u gospodarstvu (PVPG) ima u svojoj
postrojbi dvije kategorije gasitelja, vatrogasce zaposlene u PVPG i kooperante (zastitare) s
najmanje re¢eno dvojbenom situacijom da se na intervenciji i u svakodnevnom poslu u istoj
tvrtki, nalaze dva industrijska vatrogasca koji svoje poslove obavljaju uz razlicitu placu
(gotovo dvostruko veca primanja vatrogasaca PVPG).

Sukladno Zakonu o kriticnoj infrastrukturi (NN 56/13) ¢l. 3. nacionalne kriticne
infrastrukture su sustavi, mreze i objekti od nacionalne vaznosti ¢iji prekid djelovanja ili
prekid isporuke roba ili usluga moZe imati ozbiljne posljedice na nacionalnu sigurnost,
zdravlje i zivote ljudi, imovinu i okoli§, sigurnost i ekonomsku stabilnost i neprekidno
funkcioniranje vlasti. Sektori nacionalnih kritiénih infrastruktura mogu biti osobito
energetika (proizvodnja, ukljué¢ivo akumulacije i brane, prijenos, skladistenje, transport

energenata i energije, sustavi za distribuciju).

Iz ¢itanja zakona o kriti¢nim infrastrukturama vidljivo je da su objekti i sustav energetike
izuzetno znacajni, od nacionalne vaznosti i prioriteta. ZaStitarska tvrtka zaposlila je
vatrogasce s odgovaraju¢om struénom spremom ali bez radnog iskustva ili s minimalnim
radnim iskustvom u vatrogastvu. Djelatnici koji se prvi puta zaposSljavaju u zanimanju, u
ovom slucaju vatrogasci trebali bi prema zakonu o radu biti u statusu pripravnika 12 mjeseci

(1 godina).

4, PRIMJER IZ PRAKSE

Primjer outsourcinga u vatrogastvu susre¢emo u Profesionalnoj vatrogasnoj postrojbi u
gospodarstvu u rafineriji nafte u Rijeci.

U postrojbi rafinerije nema dovoljan broj vatrogasaca niti postoje¢i imaju kvalitetnu
osobnu zastitnu opremu, vatrogasci nemaju zakonom trazeno radno iskustvo. [2]

Uprava rafinerije u zadnjih desetak godina poslove protupozarne zastite odlucila je
najve¢im dijelom povjeriti outsourcing tvrtkama, a od konca prosle godine taj posao preuzeli
su djelatnici poznate zastitarske tvrtke.

Na upit zastitarskoj tvrtki o broju djelatnika na poslovima vatrogasaca u rafineriji nafte
Rijeka te o njihovoj obuéenosti, opremljenosti i popunjenosti smjena, odgovor iz uprave
zaStitarske tvtke glasi da su te informacije i ugovor koji su sklopili s rafinerijom poslovna
tajna

Za uspjesno obavljanje vatrogasnih poslova u zahtjevnom okruzenju rafinerije bilo bi
idealno da veéina vatrogasaca ima barem tri do Cetiri godine iskustva u radu na konkretnim
rafinerijskim postrojenjima s ciljem da u slucaju pozara u rafineriji da vatrogasci temeljito
poznaju tehnoloski proces

Prema zakonu o radu postoji moguénost zaposljavanja putem Agencije za privremeno
zapoSljavanje, ali zaStitarske tvrtke nisu jo§ zatrazile ovakav status. Medutim, iz same
definicije outsourcinga, jasno je da se izdvajanje ili outsourcing primjenjuje samo na
sporedne djelatnosti.
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5. ZAKLJUCAK

lako je vatrogasna djelatnost, prema Zakonu o vatrogastvu u svojim temeljnim
odredbama definirana kao struna i humanitarna djelatnost od interesa za Republiku
Hrvatsku, i u 2. Clanku definirane su vatrogasne postrojbe koje svoju djelatnost obavljaju
kao javnu sluzbu, u zadnjih desetak godina pojavljuju se anomalije u tumacenju i primjeni
Zakona o Vatrogastvu.

Tranzicijom drustva u drustvo liberalnog kapitalizma gdje je profit iznad svega, gdje se
iskrivljuju standardi i propisi i gdje je forma bitnija od sadrzaja, doslo je do pojave
outsourcinga u vatrogastvu. Mozda to i nebi bio problem kada bi se to zakonom reguliralo i
kada bi se zadrzali standardi i norme za one koji obavljaju vatrogasnu djelatnost a da pri
tome ne izgube svoju osnovnu bit kao §to su strucnost i humanost.

U praksi se pokazalo da outsourcing u vatrogastvu nije zakonom predviden i da tvrtke
koje se bave outsourcingom vatrogasaca nemaju status Agencije za privremeno
zapoSljavanje, da kvaliteta i stru¢no znanje i operativha sposobnost ,iznajmljenih*
vatrogasaca nije niti blizu sposobnosti vatrogasaca koji su zaposleni u profesionalnim
postrojbama. Iznajmljeni vatrogasci nisu izjednaceni s profesionalnim vatrogascima u
primjeni Zakona o radu i Zakona o vatrogastvu $to ima za posljedicu potpladenost za iste
poslove koje obavljaju industrijski i profesionalni vatrogasci, manju motivaciju za obavljanje
ovoga posla te manji interes za stru¢no napredovanje i usavrSavanje.
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ON THE APPLICATION OF UNIFORM HAZARD
SPECTRA IN EARTHQUAKE ENGINEERING

Abstract: In Eurocode 8, spectral shapes are chosen with respect to the size of one or a few
earthquakes that dominantly influence the PSHA (Probabilistic Seismic Hazard Assessment) estimate
at a given location, while the whole spectrum is scaled by the PGA (peak ground acceleration) value
that is defined through the PSHA analysis, that is, by taking into account all prospective earthquakes in
the considered region. The problem lies in the simple fact that different ordinates of the Eurocode 8
spectrum will not have the same probability of (not) being exceeded as the PGA values. However, if
the PSHA analyses use a series of empirical equations for scaling different spectral amplitudes instead
of a single attenuation equation for PGA, the so-called Uniform Hazard Spectra are obtained. In this
Paper, main features of the Uniform Hazard Spectra are presented and compared to the normalized
spectra.

Key words: Eurocode 8, probabilistic seismic hazard assessment, uniform hazard spectrum

O PRIMENI SPEKTARA UNIFORMNOG HAZARDA U
ZEMLJOTRESNOM GRADEVINARSTVU

Pe3ume: YV EBpokoany 8, crmekTpamHu oOmuuu ce OUpajy y OAHOCY HA jaudHy jEJHOT WIIH BHIIEC
3eMJBOTpEca KOjH JOMHHAHTHO YTHUYY Ha MPOOaOMIMCTUYKY MpOIeHy cem3Muukor xasapaa (PSHA —
,,Probabilistic Seismic Hazard Assessment ““) Ha aToj JIOKaI#ju, JOK CE LIE0 CHEKTap CKajaupa moMohy
jemne PGA (,,peak ground acceleration ) BpemHocTH koja ce nedunume myrem PSHA anammse, Tj.
y3UMameM y 0031p cBUX MOryhnx 3emiboTpeca y mocMarpaHoM pernony. [IpoGiem je mro paziuaute
opnunate EBpokosoBor criekTpa Hehe umaTu HCTy BepoBaTtHOhy fa (He) Oyny mpeBasulene kao PGA
BpenHoctu. Mehyrum, ako PSHA anammse xopucre HH3 EMIHPHjCKHX jeJHAYMHA 33 CKaJMPAbe
PA3IMYATHX CIIEKTPAIHUX aMIUIUTYAa YMECTO jeHE aTeHyallmoHe jemHadnmHe 3a PGA, moOujajy ce
criektpu yHupopmuor xasapnaa (UHS — ,, Uniform Hazard Spectra®). V oBom pany cy npe3eHTOBaHE
rnaBae ocoonne UHS criekrapa u ynopelene ca ocoOrMHaMa HOpMaIU30BaHUX CIICKTapa.

Kibyune peun: EBpokox 8, mpoGabanicTuuka MpoleHa CEM3MHUKOr Xasapia, spektar yHudopmHOr
Xazapza
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1. INTRODUCTION

Eurocode 8 [1] design spectra are the normalized spectra scaled by the peak ground
acceleration (PGA) values that are obtained as results of probabilistic seismic hazard
assessment (PSHA) analyses. The design ground acceleration on the ground type A (i.e., on
the rock), ag, by which the Eurocode 8 elastic response spectra are scaled, is a probabilistic
value, that is, the value obtained trough the probabilistic hazard assessment for the site® in
question. More precisely, the design acceleration, ag, represents the product of the reference
peak ground acceleration, agz (see Clauses 2.1 and 3.2.1(2), in: [1]), and the “importance
factor,” v, (Clauses 2.1 and 3.2.1(3), in: [1]), by which the reliability differentiation is also
implemented in Eurocode 8 by classifying structures into different importance classes.
Reference acceleration, agg, is associated with the reference probability of exceedance Pycgr
= 10% in t = 50 years, that is, with the return period Tycg = 475 years, for the no-collapse
requirement (the requirement that the structural integrity and a residual load bearing capacity
will be retained after the earthquake), and with the reference probability Pp g of 10% int =
10 years, that is, with Tp g = 95 years, for the damage limitation requirement (the
requirement that the costs of prospective damages are also limited). The importance factor,
v, is further assigned to different importance classes (related to different types of structures),
and if it is feasible this factor is to be derived so as to correspond to a higher or lower
probability of exceedance of the seismic event (with regard to the reference probability) as
appropriate for the design of the particular class of structures. On the other hand, shape of the
Eurocode 8 elastic spectra, Se(T) or S\(T), is selected with respect to the magnitude of the
earthquakes “that contribute most to the seismic hazard defined for the purpose of
probabilistic hazard assessment” ([1]: Note 2 in Clause 3.2.2.1(5), Note 1 in Clause
3.2.2.2(2)P, and Note in Clause 3.2.2.3(1)P).

Thus, according to Eurocode 8 [1], spectral shapes are chosen with respect to the size of
one or a few earthquakes that dominantly influence the probabilistic seismic hazard estimate
at a given location, while the whole spectrum is scaled by the value of the peak ground
acceleration that should be found, for the given location, on an appropriate PSHA
(Probabilistic Seismic Hazard Assessment) map that was on the other hand derived by taking
into account all prospective earthquakes in the considered region. As we shall see in the
following text, the problem lies in the simple fact that different ordinates of a Eurocode 8
spectrum do not have the same probability of (not) being exceed as the peak ground
acceleration (i.e. as the spectral ordinate at T = 0 s). Instead of using such method for
creation of design spectra, it is possible to carry out a probabilistic hazard analysis for each

! There are two basic philosophies for seismic hazard analyses: the deterministic seismic hazard
assessment (DSHA) and the probabilistic seismic hazard assessment (PSHA). Although there is no
generally accepted deterministic approach for all parts of the world and all application areas, it can be
said that the DSHA approach proposes design for only one (e.g. maximum credible) or just a few single
prospective earthquakes of a particular size (magnitude) and with the origin (source) at a particular
distance from the given site, while the PSHA approach, on the other hand, estimates the probability that
a particular level of strong ground motion will be experienced or exceeded during the expected lifetime
of the analyzed structure, considering all conceivable prospective earthquakes that could occur in the
region surrounding the considered site.
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spectral ordinate by using empirical equations for scaling response spectra, and for each site
in the considered region to obtain a Uniform Hazard Spectrum. In the following pages, main
features of the Uniform Hazard Spectra will be presented and compared to those of the
normalized Eurocode 8 spectra scaled by the peak acceleration values that are obtained
through probabilistic hazard analyses.

2. PROBABILISTIC SEISMIC HAZARD ASSESSMENT

Probabilistic seismic hazard assessment (PSHA) is being used to calculate the
probabilities of experiencing a particular level of a ground motion parameter due to all
different seismic events that could occur in some area around a given structure during its
estimated life period. Although there are several different methodologies that can be used for
the PSHA analyses (read, e.g., the related discussion in: [2]), for the illustration purposes, the
still widely used “deductive” approach will be used. This approach is called “deductive”
because beside using the catalogue of historical earthquakes and the appropriate empirical
attenuation equations for the region', we are also trying to deduce what are the possible
faults and earthquake sources for the selected region, as well as what are the seismicity
features of these sources.

The first widely available computer program for performing elementary PSHA based on
the work of Cornell [6], was presented in 1976 by McGuire [7], while the first complete
deductive methodology for introduction and modeling of the tectonic region, and for
producing complete response or Fourier spectra having a constant probability of no
exceedance (“Uniform Risk Spectra”) was developed a year later by Anderson and Trifunac
[8-9].

The concept of “Uniform Risk Spectra,” which was introduced by Anderson and Trifunac
[8], was later renamed to Uniform Hazard Spectra or the UHS approach. Up to date, many
variations of the original deductive approach have been developed, and the detailed
descriptions of the theory behind these methods can be found in numerous publications (see
e.g.: [10-12]). Now, the most important steps of the deductive method will be briefly
presented, and the standard misconceptions made frequently by engineers and researchers on
reliability and probabilistic nature of the obtained results, will be further discussed.

The first step in any deductive PSHA method is the characterization of the various
seismic sources that may affect the given site [13-15]. After delineating the source zones and
defining their focal depths, it is necessary to define the seismicity (i.e., the expected rate of
occurrence of earthquakes of different size), expected to occur in each zone during a
specified period of time. The seismicity is usually estimated through a least square regression
analysis of the data on past earthquakes, defining the parameters a and b of the Gutenberg
and Richter [16] recurrence relationship:

! The ground motion attenuation relations are equations specifying the values of the selected
ground motion parameter at a particular site, as a function of: earthquake size, distance from the
earthquake source to the site in question, local soil conditions, and sometimes also some other local
soil, geology or earthquake characteristics that influence ground motion (see e.g. state of the art papers
on attenuation equations by Douglas [3], Lee [4], or a paper by Lee and Mani¢ [5]).
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logNgz(M)=a-bM, @

where Ngr(M) is the mean yearly rate of occurrence of earthquakes with magnitude
greater than or equal to M, a characterizes the mean yearly number of earthquakes, while b
describes the relative frequency of larger earthquakes to the smaller ones. If we assume that
sizes (magnitudes) of earthquakes are temporally and spatially independent, and want to use
such assumption for the estimation of the seismicity characteristics of the selected source
zone, in that case the foreshocks and aftershocks should be first removed from the
corresponding part of the seismic catalogue. Probability density function of magnitude for a
double-truncated (bounded by limit magnitudes from both sides) Gutenberg-Richter
recurrence relationship, can be further expressed (for a Poisson-distributed main shocks) as

i (M) =p—2PEAM M)l oy e, @
1- exp[_:B(M max M min )]
where Mpin and M. are the lower and upper bounds for magnitudes, g is equal to
(In10)b, while the annual rate of earthquakes exceeding the magnitude M, can be defined as

v=exp[ain1l0—-(bIn10)M,,]. (3)

For the fault-specific sources it may be sometimes more appropriate to propose special
time-varying distributions, while the time-invariant probability distribution as defined by Eqg.
(2) could still be used to describe the seismicity of areal source zones (which typically
comprise a number of different faults). The temporal and spatial variations of the seismic
potential can be incorporated into the seismic hazard analysis (refer, e.g., to: [8, 9, 11, 17-
18]), but such analyses are feasible only when there are enough data [19].

The next step is to define the empirical attenuation relationships. The general form of the
attenuation equations can be expressed as

Y = f(M,R, Pi), (4)

where Y represents the selected ground motion parameter (e.g. peak ground motion, an
ordinate of a response spectrum, duration of strong ground shaking, etc.), M is the magnitude
or some other measure of the earthquake size, R is the distance from the earthquake source to
the site in question, while Pi represents all other parameters that describe earthquake source
mechanism, seismic wave path effects, or local shallow and deep geology characteristics,
which will influence value of the used ground motion parameter at the given site. In order to
develop an attenuation equation for a region or country, one has to possess a series of strong
ground motion time histories recorded in that region. Using large number of such strong
motion data, it is possible to derive the attenuation equation empirically. Hence, there is no
definite, once for all, empirical attenuation equation, and these equations must be updated
whenever significant number of new data for the region becomes available. Further,
attenuation equations usually specify median amplitudes (i.e., the 50™ percentile values on
the empirically obtained cumulative distribution function) while the scatter of the amplitude
values around the median estimates is usually assumed to follow log-normal or a similar
probability distribution. It is important to mention, however, that the probability distributions
that are associated with the attenuation equations, are usually not truncated, and thereby the
values of the chosen ground motion parameter (that can be predicted by such scaling
equations) are not limited [20]. Thus, the strong earthquake ground motions that are
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physically not conceivable for the real seismo-tectonic and geological conditions in the
considered region, can still have a definite estimated probability of exceedance (in t years).
Having in mind that even very small probabilities can sometimes be required (e.g. for the
design or safety assessment of dams, nuclear power plants, long-span bridges, high-rise
buildings, etc.), the upper bounds for the strong ground motion values that can be estimated
by attenuation equations, should be defined for each seismically active region or country.
Definition of the upper bound ground motion values is an important issue for both the
deterministic and probabilistic seismic hazard analysis [21], and has been recently discussed
by a number of researchers from all over the world [22].

Now, if we, for example, follow the formulations of the PSHA method developed by
Cornell [6] and McGuire [7,10], and assume that the overall hazard at a site is composed of
the respective contribution from each source zone i (out of the set of zones 1), by using the
so-called “theorem of total probability” [23], the mean annual rate of occurrence (that is the
mean annual expected number) of the earthquakes that cause an amplitude Ay, of a ground
motion parameter to exceed the expectation A, can be expressed as

max Rmax

NA) =37 [ [6(Ay > AMLRIT, (M), , RM)IMAR, ®

iel Mmin min

where v indicates the annual rate of earthquakes exceeding the lower bound magnitude
Muin, Mmax 1S the upper bound magnitude, Ry, and Ry.x define the bound values for the
distance for each source zone; G(Agmp>A|M,R) denotes the conditional cumulative
distribution function defining the probability that the expectation A, of the ground motion
amplitude is exceeded under the condition that an event of magnitude M occurred at distance
R (it is defined from the selected attenuation equation for the used ground motion parameter),
fm denotes the probability density function of magnitude (see Eq. (2)), and fyn is the
probability density function for the source to site distance, which depends on the spatial
relationship between the source and the site. Thus, to compute the total seismic hazard at the
chosen site, the contributions from each of the considered source zones are first integrated
over all magnitudes and distances (inside the limits defined for each source zone), and then
summed for all zones. If we further assume that all seismic events in the region (i.e., in all
considered zones), are both temporally and spatially independent, then by following the
Poisson distribution [23], the probability of at least one exceedance of the expectation Agm,
of a ground motion parameter of interest, in a period of 1 year (the so-called “annual”
probability), can be calculated as

P(A)=1-exp[-N(A)] (6)
and this probability is considered to be time-independent. Furthermore, by using the so-

called Binomial distribution [23], the probability Py(A.) of at least one exceedance of the
expectation A in a period of t years can be calculated as

R(A)=1-[1-P(A)T. 7

Calculations for P(A.) are usually performed for a certain number of expectation values
A, of a strong ground motion parameter, and after that is done, the interpolation is used to
find the values of A, for the chosen probability levels. By fitting a curve to the calculated
probabilities for a range of values A, one can create a hazard curve for each investigated
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site. By further creating a closely spaced grid of sites covering the complete territory of a
certain region, one is able to develop a whole seismic hazard map for a selected value of the
probability P(A) or Py(A), simply by contouring the sub-areas for which the values of A, fall
in the same range (refer, e.g., to: [24]).

Thus, the purpose of the PSHA is to calculate the probability of (no) occurrence, P(A,),
and not the return period, defined as T, = N(A.)™, because such parameter does not have a
clear physical meaning, regardless of the fact that it has been used by many researchers (and
also even in Eurocode 8 [1]) as an alternative way for the quantification of the seismic
hazard (see Table 1). In other words, the return period, T,, defined as the reciprocal value of
the annual frequency of exceedance of a certain level of ground motion, cannot be directly
converted to the definition of a single earthquake that will contribute most to the seismic
hazard at a site, because the outputs of the PSHA analyses are composed of the respective
contributions from all plausible earthquakes that had been taken into account in the PSHA
analysis.

Earthquakes that contribute most to the hazard, that is, to the calculated values of the
probability P(A¢) or Py(A¢), however can be found, and the process of the decomposition of
the PSHA estimates into the respective contributions of different seismic events is called
“de-aggregation” (of the seismic hazard) [25], the purpose of which is to identify “hazard-
consistent” [26] earthquakes'. Beside the size and the location of the hazard-consistent
earthquakes, by a de-aggregation procedure usually some measure of the uncertainty is also
defined, like, e.g., the number of standard deviations from the median ground motion
predicted by an attenuation equation [25,31], and the finding of the most appropriate de-
aggregation procedure, which includes the treatment of the uncertainties, is still a subject of
an extensive research (see e.g.: [34-35]).

Table 1 Set of the corresponding values for different PSHA measures: a) P(A) are the probabilities of
at least one exceedance of the expectation A of a ground motion parameter in the period of one year, b)
P10(Ae) and c) Pso(Ae) are the probabilities of at least one exceedance of A, during the time period of 10

and 50 years, respectively, and d) T,(A.) denotes the values of the so-called “return periods.”

P(A) PoA) 6] | P [%] I U T
al il Y UN(A) T P(A) 1-41-R(A)

0.020000 18.29 *63.58 50
0.010481 10 40.95 941 (EC8 “damage limitation” requirement)
0.005000 4.89 22.17 200
0.002105 2.09 10 4706 (EC8 “no-collapse” requirement)
0.001000 1.00 4.88 1000
0.000100 0.10 0.50 10,000

* The probability values of at least one exceedance of the expectation A, in the period of T, years (i.e.,
in the time period of the return period itself) rapidly decrease from 100% for T,=1 year to 75% for
T,=2 years, than gradually decrease and are equal to ~ 63% for all return periods T, > ~50 years.

! These earthquakes can be identified in terms of ranges of magnitudes and distances [25, 27-30]
for which the relative contribution to the corresponding hazard estimate, P(A,) or Py(A), is the largest,
or in terms of the latitudes and longitudes, which define the exact locations of the earthquake sources
[31-32], so that the predominant earthquakes can be directly identified in specific source zones or on
specific active faults.
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3. UHS APPROACH

In the case when the seismic hazard maps are expressed only by the values of the peak
ground acceleration, one has also to define, beside the seismicity characteristics and
geometrical distribution of plausible seismic sources, an appropriate attenuation equation for
estimation of the PGA values at a certain source-to-site distance and for a certain earthquake
size, and the probabilistically estimated PGA values are then used for scaling the design
spectra of a normalized shape. However, if instead of a single attenuation equation for
estimating PGA, one uses a series of attenuation equations for estimating different spectral
amplitudes, then by applying virtualy the same PSHA procedure as for the PGA values, the
probabilistic estimate can be found for each spectral ordinate and thus the so-called “uniform
hazard spectra” can be derived. Expectations of all spectral UHS amplitudes will have the
same probability of exceedance in one or in t years. In other words, by following exactly the
same PSHA procedure as for the PGA values, the “uniform hazard spectra” can be created
for any site [8-9, 11, 13, 35-37].

4. UHS AND DESIGN OF ENGINEERING STRUCTURES

It is further important to remember that in a probabilistic seismic hazard analysis every
probability of exceedance is obtained by considering all earthquakes in the region that can
contribute to some extent to the seismic hazard at a site, and thereby any uniform hazard
spectrum does not correspond to only one of those contributing earthquakes. In fact, the
PSHA estimates of the strong ground motion at the same site and with the same probability
level (annual or in t years), but for different frequency ranges, are governed by earthquakes
with different magnitudes and/or source-to-site distances [38], and in general it is not
possible to define one most contributing earthquake for all ordinates of a uniform hazard
spectrum.

Hence, strictly speaking, it will be a conservative approach to apply a multimodal
response spectrum structural analysis by using the ordinates of a uniform hazard spectrum,
because in that case one would combine maximum modal responses for each vibration
period. Again, strictly speaking, the UHS provide the most probable results if the dynamic
response of a given structure can be realistically modeled by a simple single-degree-of-
freedom oscillator. Gupta [39] and Todorovska [40] have presented a method of how to carry
out a seismic evaluation also of the multi-degree-of-freedom systems, at least for structures
with small modal damping and natural frequencies that are not too close, but such issues will
remain out of the scope of current discussions.

Furthermore, one can disaggregate the obtained PSHA estimates, define a series of
different earthquake scenarios, construct scenario response spectra, and then use the obtained
scenario spectra as input in the multi-modal analyses.

However, the earthquakes that contribute most to the PSHA estimates for the selected site
usually have the predominant influence on the shapes of the estimated uniform hazard
spectra, and hence it is not over-conservative to use the Uniform Hazard Spectra for the
multi-modal response spectrum analyses, provided that the shapes of the UHS for the given
site had been previously compared to the shapes of the corresponding UHS-consistent
empirical scenario spectra and that no significant discrepancies between the two were found.
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An alternative, and a liberal, approach, is to create and use the conditional mean spectrum
(CMS), as discussed, e.g., by Baker and Cornell [41].

5. CONCLUSIONS

Eurocode 8 [1] design spectra are scaled by the peak ground acceleration values that are
defined for the given site through a probabilistic seismic hazard analyses (PSHA). However,
spectra that are created by combining the empirical shapes with the single PSHA-defined
scaling factor will not represent the so-called Uniform Hazard Spectra (UHS). Moreover, the
very shape of the Eurocode 8 elastic spectrum (Type 1 or Type 2) is selected with respect to
the magnitude of the earthquakes “that will contribute most to the seismic hazard defined for
the purpose of probabilistic hazard assessment...”. Such definition is obscure since these
“most contributing” earthquakes are, even at the same site and for the same probability of no
exceedance in one or more years (that is, for the same “return period”), different (in a general
case) for spectral ordinates at different vibration periods, while the whole Eurocode 8
spectrum is scaled by using only the PSHA estimate of the spectral ordinate at the vibration
period T =0, i.e. for the peak ground acceleration.

The example presented in [42-43] indicates further that use of the Eurocode 8 [1]
response spectra may in some cases lead to underestimation and in some other to
overestimation of the design seismic action, that is, they can lead either to grossly un-
conservative or to even over-conservative seismic design, and hence advocate that the so-
called Uniform Hazard Spectra should be created for a dense network of sites and used
instead. As for the choice of how many and which one of spectral ordinates are sufficient for
definition of the design Uniform Hazard Spectra in the region of the north-western Balkans,
this choice can not be made a priori, that is not before the responsible national authorities
use reliable regional empirical equations in the PSHA analyses and perform a thorough
analysis of the UHS shapes for a series of different sites in this region.
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Boxunap BAHOBUR 3

I'EOIIPOCTOPHA U BPEMEHCKA JUCTPUBYILINJA
HOYHAMMHUJA KAO ITPUPOJHUX KATACTPO®A

Caxerak: IlpenMer wucTpaxkMBama MpEACTaBba yTBphHBama TIEONPOCTOPHE K BPEMEHCKE
JTCTpUOYIIHje IIyHaMHja y CBETCKOM TeonpocTopy y nepuoay ox 1900. mo 2013. romune. Mmajyhu y
BUY Jla C€ paJd O MacOBHOj IOjaBH KOja C€ CACTOjH W3 MHOIITBA jCAMHUIIA, HAJIPEIOPYUSbUBHjU
HAay4YHH METOJ 3a JOHOLICHE 3aKJbydaka O LlyHaMH]jy jecre craTucTuuka merona. Ilpu Tome, camo
CTaTHCTUYKO HMCTPAXKUBAKHE j€ CHPOBEACHO HA Taj HAYMH IITO Cy y IPBOM KOpaKky Mpey3eTH
HeoOpah)eHH momanmu o CBUM MNPHPOAHUM Karactpodama (25.552) y Bumy ,.Excel” ¢ajma m3
melhyHaponHe 0ase momaraka o katactpodama (CRED) y Bpucemy, a 3aTuM Cy aHamm3upaHu y
nporpaMy 3a CTaTHCTHUKYy oOpaay mnozxataka SPSS. VYV okBupy TreonpocTopHe TUCTPHOYIIH]je
aHaNU3MPaH je YKynaH Opoj ¥ MOocCIeuIle [yHaMHja 10 KOHTHHEHTHMa. 110 HCTOM NPUHIHITY, Y OKBHPY
BpEMEHCKE aHalIW3e pa3MaTpaHa je IUCTpHOylHMja yKymHOr Opoja W Mocienuia IfyHaMmuja Ha
TOJMIIEHEM, MECCYHOM U JIHCBHOM HUBOY.

KibyuHe peun — 06e30eIHOCT, BaHpEIHE CHUTYyalMje, IPUPOJHE KaTactpode, CTaTHCTHYKA aHAIHN3a,

TeolpOCTOpHA M BpEMEHCKa TUCTPUOYIIHja, ITyHAMH.

GEOSPATIAL AND TEMPORAL DISTRIBUTION OF
TSUNAMI AS A NATURAL DISASTER

Abstract: The subject of research is determination of geospatial and temporal distribution of tsunami
in the global geospace in the period from 1900 to 2013. Bearing in mind that this is a mass
phenomenon that consists of multiple units, most preferred scientific method to draw conclusions about
the tsunami is a statistical method. In addition, a statistical study was conducted in such a way that the
first step to take raw data about all natural disasters (25,552) in the form,, Excel “"file from the
international database on disasters (CRED) in Brussels, and then analyzed in program for statistical
analysis SPSS. Within the geospatial distribution analyzed the total number and consequences of the
tsunami across the continents. By the same token, within the temporal analysis examined the
distribution of the total and the consequences of the tsunami on a yearly, monthly and daily.

Key words: security, emergency situations, natural disasters, statistical analysis, geospatial and
temporal distribution, tsunami.

! Acncrent, KpiMHHAIICTHYKO-TIONAIIjcKa akanemuja, Beorpax, vladimir.cvetkovic@kpa.edu.rs.
2 Acucrent, KpiMUHATHCTHYKO-IONMIMjCKA akagemuja, Beorpaz, bojan.jankovic@kpa.edu.rs.
® Mpodecop ap, Hpaeuu dakynrer y Kparyjesiy, bbanovic@jura.kg.ac.rs.
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1. YBOJ CA METOJAOJIOINKUM OKBUPOM UCTPAXKHNBAIbA

leompocTopHe M BpeMEHCKE aHalW3e YKYIHOr Opoja W Mociequla pa3IuYUTHX
NPUPOJHUX KaTacTpoda y CBETY, HEIBOCMHCICHO yKa3yjy Ha HHXOB IOpacT, IUTO
YCIIOBJbaBa HEOMXOAHOCT IITO 0OJbe CIPEMHOCTH CTAHOBHHMIITBA 32 PEAroBame y TAKBHM
curyanrjama. [1][2][3][4][5] Ynupaso crora, BeoMa je 3HaYajHO carjie[aTH U TeOMPOCTOPHY 1
BPEMEHCKY IUCTPUOYLIUjY IIyHAMHU]a.

I{ynamu je oOMYHO M3a3BaH MACHBHUM CMEHaMa MM IOMEpameM BOAE OOWMYHO ycien
KpeTama MOPCKOI AHA KOje IpaTH IOAMOpCKe 3emiboTpece. [6] Mory Outi n3a3BaHu u
JIpYrUM MeXaHU3MHMMa KOjH H3a3WBajy Harja NOMepame BEeJIMKHX KoinduHa Boje. OBO
YKJbY4dyje BYJKAHCKE epylluje, KIM3MIITa WK OJpOHe, Maj Jeja BYyJKaHa M yIapu
acteponna. HajcMpTOHOCHH)H Cy 01l CBUX Tanaca. Mory na mytyjy op3uHama on 950 km/gac
U Kaga mohy on obane mory O6utu Bucoku 30 merapa. [7] Llynamu He Moxke na Oyae camo
jeIaH Tajac Hero JiaHall Tajac, a MPBH je peTko Hajehm. MacuBHUM 3WIOBM BOJE MOTY Oa
3aIUbYCHY 00aly Ha HEKOJIMKO caTH, ckuaajyhu mecak ca miaxa u uynajyhum npsehe u
Bereranujy. bpsa Boga Moxke ma momeTe OCTpBO, MOIUIABH 110Jba M IIPABH XaoC y IPaJoBUMa
n cenuma. llyHaMuju w3a3BaHM 3eMJBOTpECHMa M BYJKaHUMa (TEKTOHCKH IYHAMHjH) CY
JIOBOJbHO MONHHU 1a MpeoOuKyjy 00ady W MOTY [a MyTyjy XujbaJaMa KhJoMeTapa MpeKo
okeana.[8][9]

Camo uCTpakmBame NUCTPUOYyIHje IyHaMHja je CIPOBEICHO Ha OCHOBY MaTepHjaia
LIEHTpPa 33 UCTpaXKuBame enuaemuosoruja karactpodpa (CRED). [10] PeanuzoBano je Ha Taj
Ha4WH, IOTO Cy Yy NpPBOM KOpakKy HeoOpahemm momanm y Bumy ,,Excel“ ¢dajma ca
perucrpoBanuMm 25.552 norahaja mpeyszet u3 neHtpa (www.emdat.be). Hakon Tora,
mojay cy obpaljeHn mporpaMoM 3a CTaTUCTHYKY oOpanmy monpaTaka ,,]JBM SPSS advanced
statistics 20.0%, m3padyHaTe cy (ppeKBeHIHje U NPOICHTH pa3MaTpaHUX Bapujadim, uzpalheHne
cy tabesne u rpadUKOHH, KOju Cy goaaTtHo oopahenu y ,,MS Word 2013, Pe3ynratu obpane
KBAaHTHUTATHBHUX II0JIaTaKa Cy NPHKA3aHU TEKCTyallHO, TabeJapHO W TpaUyKd y BHAY
Kaprorpadcke BU3yenn3aluje METOJI0M TEMAaTCKOT KapTUparba — 3alIPEMHHCKOT KapTorpama.
3Hayema MMojeIMHIX TePMUHA KOjH Cy KOpHIITheHH y paay cy: Opoj MOTHHYIUX - Opoj JbyIu
KojuMa je motBpheHa cMpT U Opoj HecTaMX, OYMTIIETHO MPTBUX JbyIH; Opoj nmoBpehenux -
0poj JbyIW KOju maTe OJ] ICUXHMYKUX MOBPEa, TpayMa WM 3aXTeBajy TPEHYTHY MEIUIIMHCKY
nomoh; Opoj moroljeHux - Opoj JbyAM KOjU 3aXTeBa MOMEHTaIHy IOMOh TOKOM M Tocie
karactpode, ykJbydyje pa3MeIITCHE WK eBaKyrucaHe Jbye; 0e3 moma - Opoj JbyIu KojumMa je
moTpebaH XWTaH CMEINTaj jep Cy OCTamu 0e3 cBora JoMa; YKYIMHO IMOToheHH — 30WpHH
nperien nopehenux, 6eckyhHnka m moroleHux; yKymHa MaTepHjajiHa miTeTa - riio0amHa
CJIMKa eKOHOMCKOT yTHIIaja [iyHaMHUja, aTa y aMepHUYKHM JI0JIapUMa.

Kako ce pamu o 3amcra OOMMHOj MaTepHju, HpeaMeT pana Oulie aHanm3a oOIHMKa
UCIIOJbaBama, Opoja, Mmociequna U BPEMEHCKOI M T€ONPOCTOPHOT pa3MellTaja IlyHamHja.
deHOMEHONIOTHja OCTAIMX BHJOBa MNPHPOJAHMX Karactpoda Ouwhe mnpenmer Oynyhux
HCTPAXHBAIbA.

2. AHAJIM3A TEOINPOCTOPHE JMCTUBYLUUJE HYHAMUJA

Ha ocHOBY mpuKyIUbeHHX W oOpaleHMX TomaTtaka O TeONPOCTOPHOM pasMEINTajy H3
HaBezieHe Oa3e Moxe ce pelin 1a ce HajBHIe IlyHaMHja Yy TocMaTpaHoM nepuoay o 1900. mo
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2014. roguae moromwino y Eporm 671, a Hajmame y Oxkeanuju 36. majyhu y Bumy cee
KOHTHHEHTE, 110 Opojy cylia Ha mpBoM MecTy je EBpona, na Amepuka, Appuka, A3uja u Ha
kpajy Okeannja (Tabena 1).

Tabena 1 - Ilpezneo yxynnoe 6poja u nocneduya yynamuja no syoe y nepuody oo 1900. oo 2013.

200une, pasgpcman no konmunenmy. M3eop: karkyrayuja aymopa.

. . . . - VeynEa
HKosTHHEHT Epaj . ];pnj] Epoj Epoj Be3 qoma Yacyreo MATEDH]AIHA
aorahaja morEEy.IH noepefennx morofenmx norofemax rrrera (5)
Azmja [] 2394 402 SBTTE 37068 116248 [1]
Amtepema 321 ERTH G744 10537094 472020 11018358 5043454
Eepona 671 44414 5430 3243040 T8E5106 16142636 5633832
Adypaa 138 3308 932 58314 EEL] 62 ]
ja 36 1052 104 4326 36000 40630 &
Yevmeo 1226 119354 20872 18807252 8467444 27395568 16E95596
— —hn Eapoma o AsEaye
< -— .
Abpraca
-—
O rcemrrn;a
) — —

Cnuka 1. Temamcka kapma ykynnoe 6poja u nocieouya yynamuja y ceemy 3a nepuoo 00 1900 oo 2013.
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2ooune. H360p: kankyrayuja aymopa.

— —
Addprka AMepHka Asuja EBpora Oxeanija
e BPOj MOTHHYMIX —e— Bpoj nospeheHx Bpoj norohenns Bes noma

I'paguxon 3. [Ipoyenmyannu npeened nocieouya yynamuja no asyoe y nepuoody oo 1900. 0o 2013.

200une, pazepcman no Konmunenmuma. Mzeop: kankynayuja aymopa.

Op mocnenuna IyHaMHja, Y OJHOCY Ha KOHTHHEHTE, HAJBUIIE MOTHHYINX OWJIO je Y
Asuju (71,05%), 3atum y Amepuuu (17,13%), y Espornu (10,85%), a Hajmame y Oxeanuju
(0,13%). Pacriopen KOHTHHEHATA je HCTH M KaJia ce II0CMATpajy apyre MOCIeuIle, TaKo 1a y
Azuju nMma Takohe m Hajpume moBpeheHux (65,97%), morohenux (77,28%) u Oe3 moma
(70,44%). Tlopen HajMamer GOpoja moruHymux, y OKeaHuju je u HajMamu Opoj moBpeheHnx
(0,12%), morohennx (0,46%) xao m oHmX Koju cy octanmu 0e3 moma (0,09%) ycien
nocneauna nynamuja (I'paduxon 3).

Tabena 2. Ton nem opacasa no opojy yynamuja y nepuody 00 1900. oo 2013. zooune. Hzeop:

Kanxkyiayuja aymopa.

3 Epoj Epoj Epej Epoj Bes Fagymmo ¥Fagmma srarepnjanna
emma :
sorahaja  mormeyamx mospehesmx morobemmx a0nta morohensx f—
e 118 437452 52608 4483474 3700800
Haaomesnja 3 4502 1074 7085092 75710 786376 241450
Huasja 84 9524 1062 444600 133257 7678232 109000
Fomymbmja 78 5928 7038 40540 12126 So724 500
17068 524 1561480 15552 1581356 30627000

354



Melynapoona nayuna Kougepenyuja
be3zbeonocnu uncerepune Hoeu Cao,2-3. okmobap, 2014.

VY mepuoay ox 1900. no 2013. roaune, Hajumie myHamuja ce moroawio y Kunm 118.
Haxme, mo Opojy IiyHamuja Ha mpBoM Mecty je Kuna, Mumonesuja 96, Uuamja 84,
Konymo6uja 78, u [epy 64 (Tabena 2).

Tabena 3.Ton nem Opaicasa no 6pojy nocunyIux wyou y yynamuuma y nepuooy oo 1900. oo 2013.
200une. H360p. kankynayuja aymopa.

. . . . - ¥
jona 0ol 5oe1 ool Bl pune | Veme tmm
; morahaja MOTHEYTHX moepefenax morofesEx norofesEx - wrrera (5)
CCCP (68E) 12 24364 a [1] 3000 000 E46000
Ilepy 64 TOGE 324 13614380 18532 1381336 2027000
Kuma 118 0642 3374 4427482 2608 4433474 3700800
Haaxsja 84 9524 1062 444600 T232570 7678132 105000
Komymbmja 78 3528 T03E 40540 2126 39724 800

Y nmepuony ox 1900. no 2013. roauwHe, HajBUIIC MOTUHYIUX JbYAU YCJEI MOCICIHUIIA
nyHamuja je ommo y CCCP-y (6uB.) 24.564. Jlakie, mo Opojy MOTHHYIHX JbYAU YyCIEX
nocieauua yHamuja Ha npsom Mecry je CCCP (6uB), Ilepy 17.068, Kuna 10.642, Unauja
9.524, Konym6uja 5.928 (Tabena3).

Tabena 4.Ton nem dpoicasa no 6pojy nospehenux byou y yynamuuma y nepuody 00 1900. oo 2013.
200une. H360p. kankynayuja aymopa.

T
Epoj Epoj Epoj Bpaj Vigrmao > rmma
3ena aorahaja  mormmimx mospehemsx moropemmx  BeAOMR D seaTepnjames
K i TE 5928 T058 40540 1212 59724
Kusa 118 10642 3374 4427452 3260 4433474
Fmzonesnja 56 4502 1074 709552 7571 786376
Huamja 34 9524 1062 134600 7232570 7678232
2 [ 4882 924 SBE14Y 26024 633052

VY nepuoay ox 1900. mo 2013. roauue, Hajpuimie moBpeheHUX JbYIU yCIlel MOCIeauIa
nynamuja omwno je y KomymOuju 7.058. Jlakme, mo Opojy moBpeheHHUX Jbyau ycien
nocieaMIa IyHamMuja Ha npBoM Mecty je Komym6Owuja, ma Kuna 3.374, Unnonesuja 1.074,
Nuauja 1.062, Oumununau 924 (Tabena 4).

Tabena 5. Ton nem opacasa no 6pojy nocohenux wyou y yywamuuma y nepuoody oo 1900. oo 2013.
200une. H360p. kankyiayuja aymopa.

Jenima Bpoj . Bpaoj EBpoj Bpoj Bez ¥ioymEo ¥VryOHa MATEDHjaTHA
aoralfaja OTHEYIHL noepelesnx norofjesnx aona morohessx wrera {
Epazma 46 3312 423 3180340 254200 3474968 172054
Kana 113 10642 3374 4427492 32608 4483474 3700800
Tepy 64 17068 324 1561480 19552 SE1356 2027000
Hemax 38 3262 243 724588 160400 85216 [1]
H j L 4502 1074 709592 75710 TBEITE 241430

Y nepuony ox 1900. mo 2013. roauHe, HajBUINE MOTON)CHUX JbYIU YyCIEH MOCIEIHUIA
nyHamuja je Owro y bpasmnmy 8.180.340. Jlakne, mo Opojy moroljeHWX JbyAum ycien
moclieiuIia IyHaMuja Ha TpBoM Mecty je bpasun, ma Kuna 4.427.492, Tlepy 1.561.480,
Herman 724.588, u Unmone3uja 709.592 (Tabena 5).

Tabena 6. Ton nem opocasa no 6pojy bYOu Koju cy ocmanu 6e3 00mMa y YyHamuuma y nepuooy 00
1900. 0o 2013. 200une. H3eop. karxyrayuja aymopa.

-
Jesiza Epoi Eeoi Bpoj Epoi Bes aoma Varmmo osatepmjansa
aorabaja P —— nospehensx norohessx norohesmx arepmiat:
Hoanja = 9521 1062 EEET TI3I570 7678252 109000
Epasaa S 5312 42 8150340 293200 2474968 172054
Heman 38 5262 243 724588 160400 853236 o
Taunxscran 22 710 46 72928 121794 154768 179400
Tearewana 18 614 356 5440 103200 107876 1000000

VY nepuoay ox 1900. mo 2013. roauHe, HajBHIIE JbYAU KOJU Cy OCTalH 0€3 IoMa ycien
mocneaune nyHamuja je owro y Mammju 7.232.570. [lakie, mo 6pojy Jbyau KOju Cy OcTain
0e3 nmoma yciien mocieaWia IyHamuja Ha IpBoM Mecty je Mummja, ma Bpasun 294.200,
Hemnan 160.400, Tayukucran 121.794 u Ha xpajy I'saremana 102.200 (TabGena 6).
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Tabena 7.Ton nem Opacasa no NPOYErEHoj pEOHOCIU MAMEPUJATHe Wmeme y YYHAMUUMA y nepuody
00 1900. 0o 2013. 2o0une. Hzeop: karkynayuja aymopa.

Senama Epoi Bpoi Epoj Epoj Bes zonta Vaoymeo Vinmea maTepmjamaa
aorabaja mormEyTET nospeh morohensx norohennx mivera (3)

Jamam 115 3SE740 314246 1882986 2785472 715324800

Frma 277 1751161 1308163 132365104 122703619 200231414

Frraamja 64 231290 25698 1550744 2109042 SE360704

CAT 50 STz 26024 77428 40478 123930 E2083340

e S8 115056 155082 14663964 2637150 17454196 69224140

Y nmepuony ox 1900. mo 2013. roaune, Hajseha mponemeHa MaTepHjalHa [ITeTa HacTana
ycaen mocieauiia IfyHamuja je Owna y Jamany 719.324.800. Jlakie, mo mpoOLEHCHO]
MaTepHjaTHOj IITeTH HaCTaj0]j ycien MOCIeAnIia IyHaMIja Ha IPBOM MecCTy je JamaH, ma
Kuna 200.231.414, Uramuja 98.569.704, CAJ] 82.083.340, u Uuie 69.224.140 (Tabena 7).

3. AHAJIM3A BPEMEHCKE JUCTPUBYIHUJE IYHAMUJA

VY mepuony ox 1900. mo 2013. romune, moroamino ce 1226 myHamuja, IMOTHHYJIO je
119.954, mospeheno 20.672, moroheno 18.907.252, u Ge3 moma octano 8.467.444 spymu.
Haxire, Ha ronumrmeM HUBOY norahano ce 10.8, meceuno 0.9, maeno 0.0 mynamuja (Tabena
8).

Tabena 8. Ilpeaned ykynnoe b6poja u nocieduya yywamuja y nepuody 00 1900. oo 2013. 2oourne, ca
0C6PMOM HA 200UULIY, MeCedHy U OHesHy oucmpubyyujy. M3eop: karkyrayuja aymopa.

Epoj Epej Bpoj Epoj i Vacvnma
Bpcra oy, D ' . Bl Dol Ee3 goma Veyoao omrelensx MATEDH]jAMHEa
morabaja  morsmEyTEx noepehennx morohesmsx makiotapes
1900-2013. 1226 119554 20672 18507252 B467444 27355368 16895596
ToaEmese 10.8 1061.5 1325 1673208 74933.1 242436.5 148537.5
MMecenno K] 88.5 153 135434 [EEXY 20203.1 12463.1
Jdueeno 0.0 29 0.3 4648 208.1 £73.4 4154
40 0024
35.00%a
30.00%
25 00%a
20.00%a
15.00%
10.00%
5.00%% ——

0.00%% —
1900-12101210-1920 1820-1930 1930-1940 1940-1950 1950-1960 1960-1970 1270-1980 18980-1990 1980-20002000-2013

Tpaghuxon 4. Illpoyenmyannu npeaned ykynuoz o6poja yynamuja y nepuody 00 1900. 0o 2013. cooume,
passepcmad no nepuodwwa 00 no decem 200und. H360p.’ Ka]le]laLﬂ{]’a aymopa.

Cge 1o 1970. rogure myHamu cy ce gorahanu y mpocedHoM Opojy Koju je m3Hocuo 5%.
Haxon tor nepuona, npumehyje ce 3HayajaH nopact Opoja IyHaMHuja, a BpXyHall je TIepruo.
on 2000. no 2013. romune kaga ce pmemasa 27,94% onx ykynHor Opoja IyHamuja 3a
mocMmarpaHu mepuon. HajMamu Opoj myHamuja ce gecmo y mepuony onx 1910. mo 1920.
rojuHe, a uzHocu 1,98% (I'padukon 4).

I'paguron 5. [Ipoyenmyannu npeeneo ykynnoe 6poja yynamuja y nepuoody 00 1900. oo 2013. 2oouwne,
pasepcman no nepuoouma 0o no dgadecem 200uta. Mseop: kankyiayuja aymopa.
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VY nepuomuma o o ABajieceT roauHa Hajehn Opoj IyHaMuja ce TOTOIHO Y TIEPHOIY O
1980. xo 2000. rogune (37,26%), a Hajmamwu y nepuoay oa 1900. go 1920. roaune (4,60%)
(I'padukon 5).

1z0.00%4

s0.00%6

1s00-1950 18 s0-2013

I'paguxon 6. [Ipoyenmyannu npezned ykynnoz 6poja yynamuja y nepuody oo 1900. oo 2013. 2ooune,
pazépcman no nepuoouma 00 no nedecem 200una. M36op. kaikyrayuja aymopa.

Kana ce mocmarpa mepuon of mo nenecer roauHa, npumMehyje ce na HakoH 1950. roanHe

JoJla3y 10 3HauvajHo Beher Opoja mynamwuja. Tako, ykyman O6poj ox 1900. mo 1950. roaune
n3HocH 15,54%, a ox 1950. mo 2013. rogune 84,46% (I'padukoH 6).

Tpaghuxon 7. [Ipoyenmyanuu npezied nocieduya yynamuja no myoe y nepuody oo 1900. oo 2013.
200uHe, pazepcman no nepuoouMa oo no decem 200una. Mzeop: xankyrayuja aymopa.

VY mpomeHTHMa, OJ MOCIEeIWIla I[yHAMHja, HajBUINe Jbymu je morunyino (27,76%),
noBpelheno (51,77%), noroheno (53,30%) u ocrano 6e3 noma (52,75%) y nepuony on 2000.
1o 2013. rogune. Hajmamwe norunynmux oz mocieauna myHamuja (1,46%) je y nepuonay on
1950. mo 1960. ronune, HajMame moBpehernx (0%) y mepuomy ox 1900. mo 1910. romune,
HajMame norofenux (0%) y nepuony ox 1910. o 1920. rogune, a HajMame JbYIH je OCTAIO
6e3 noma (0%) y nepuoay ox 1900. no 1910. u ox 1910. o 1920. rogune (I'padukon 7).

I'paguxon 8. Illpoyenmyannu npeened nocreduya yyHamuja no myoe y nepuody 00 1900. oo 2013.
200une, pazepcman no nepuoouMa 0o no osadecem 200una. Mzeop: kaixkynayuja aymopa.
I'memano mo mepuoguMa O 10 ABaJASCET rOAWHA, HAjBHIIEC MOTHHYIUX je Y IEPUOIY O
2000. 1o 2013. romusne (27,76%), 3atum cieau nepuos oa 1920. no 1940. rogune (24,05%),
a HajMame NoruHynmux je y nepuoay on 1980. no 2000. ronune (6,18%). 3annmibuBO je aa
Ha CBaKWX JBaJIeCeT TOIMHA JOJIA3W 10 HAaW3MCHHYHOT CMamHBama W Iopacta Opoja
noruHynux. Cnnyad TpeHz ce npumehyje n kox 6poja moBpeheHnx, Tako jaa Mocie ABajeceT
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roJMHa pacta 0poja MoBpeljeHnxX Jomasu, Mo MpaBHily, IEPHOI O] IBaJeceT FOANHA Kajia ce
cMmamyje 0poj mospehenux. Hajmame mospehenux je y mepuoay ox 1900. mo 1920. romune
(0,9%), a majume y nepuoxy 2000. mo 2013. rogune (51,77%). Bpoj norohenux u 6poj
OHUX KOjU OcCTajy 0e3 Joma ycliel Mocieauia IyHaMHja ce KOHCTaHTHO moBehaBa M To
TOTOBO HJIEHTHYHOM y37a3HOM JuHHjoM. Hajmame morofenux je y mepuoay ox 1920. mo
1940. rogune (0,08%), a HajBumre y nepuoxay 2000. no 2013. rogune (53,30%). Hajmame
Jbyau je octano 6e3 moma y nepuoay on 1900. mo 1920. rogune (0%), a HajBHIIIC Y TIEPHOTY
2000. mo 2013. romune (52,75%) (I'padukon 8).

Tabena 9. Ton nem 200una no 6pojy nocunynux ycieo nocieouya yynamuja y nepuody oo 1900. oo
2013. eooune. Uzsop:karkyrayuja aymopa.

Epoi Epoi Bpoi Bpoj

FcymEo FeymEa MaTepEjaaEa
Tome=a noraBaja __ mormmymes mospehemm: norab, Bezzoma porg) " mrera (53
1949 ] 24000 1] 0
1541 2 10000 [1] [1]
1973 10 TOBZ 0 0
2010 62 6304 1574 1800046 1183590 1919810 2554156
1563 4 4066 1] 0 0

VY nepuoay ox 1900. no 2013. rogune, 1949. roauHe je MOTHHYIIO HAJBUIIE JbYIU YCIE
nocieauua mynamuja u to 24.000. Ha nmpBoM MecTy o  6pojy HOTHHYIIMX ycie[| ocieina
nyHamuja je 1949., ma 1941, 1973, 2010, u Ha kpajy 1963. roguna (Tabena 9).

Tabena 10. Ton nem 2oouna no 6pojy nospehenux ycieo nocneduya yynamuja y nepuody oo 1900. oo
2013. eo0une. H3zsop: kankynayuja aymopa.

Fomema Bpoj Epaj Epaj Epoj Bex xonta YivmEoe Veyoaa mMaTepHEjaTHa
zorahaja DorHHYaEX mospeherex morohesnnx morohemsmx mreTa
98T 26 2408 &000 62238 2080 T2318 1251600
988 3 1904 2310 116610 11570 130290
274 2 1808 2000 24000 3000 25000 43400
2010 & &304 1374 4300046 118350 4519310 2534136
2003 4 1412 396 915374 1026 917296 103922

VY nepuony ox 1900. no 2013. rogune, 1987. rogune je moBpeleHo HajBHIIE JbYAN YCIST
mocneanna myHamuja u To 6.000. Ha mpBom Mecty 1o 6pojy moBpeherux ycinen mocuennmna
nyHamuja je 1987, ma 1988, 1974, 2010, u na kpajy 2003. (Tabena 10).

Tabena 11. Ton nem 200una no 6pojy nozofenux wyou ycied nocreduya yywamuja y nepuody oo 1900.
00 2013. 2ooune. H360p: kankyrayuja aymopa.

Epoj Bpoj Bpoj Bpoj FrymHo ViyvnHA MaTEpHjATHA INTETA
Tomwsa  .orahaja  normiyamux  nospebemux  morohemmx  BUAME porcheny ’ 5
1986 18 1003 38 612 5000733 3001400
1995 32 3042 £44 31156 2236790 22868750
2000 56 2024 454 133270 286580 430304
2006 40 3276 152 667560 1965600 864312 802
1993 42 2816 482 186286 124514 311382 1936980

VY Toky 1966. romuHe je moroljeHO HajBHINE JHYAM YCIEH IMOCIeAWIa IyHaMHja U TO
8.000.000. Ha mpBoM MecTy 1o Opojy morol)eHux Jbymu yciie mocieauna iiyHnamuja je 1966,
ma 2010, 1983, 2003, u Ha kpajy 2006. roauna (Tabera 11).

Tabena 12. Ton nem 2o0una no 6pojy wyou Koju cy ocmanu 6e3 0oma ycied nocieouya YyHamuja y
nepuody 00 1900. oo 2013. zooune. H360p: karxyrayuja aymopa.

Toanma Epoj Epoj Epoj Bpoj Bes aonia Feymmo Vigmna MaTcpujagaa
sorahaja mormEyTES nospehenmx norohennx morohennx mrrera (3)
2010 &4 6804 1374 4800046 118390 4915810 3554156
1983 30 3318 466 1450000 0 1450466 1577600
1993 a2 2816 482 186286 124614 311382 1936980
1998 DS 2282 562 413386 11678 425626 1837400
1999 38 890 &2 20800 720 30582 1498200

VY toky 1986. roguHe je HajBUIIE JBYAM yCIE[ IMOCIEeNnIa IlyHaMIja ocTaino 0e3 1oMa u
T0 5.000.732. Ha npBOM MecTy 1o Opojy JbyIU KOjU Cy OCTaIH 0e3 JoMa yCiea MOCIe Ui
nyHamuja je 1986, ma 1995, 2000, 2006, u Ha kpajy 1993. roauna (Tabena 12).
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Tabena 13. Ton nem 200una no 6pojy myou Koju cy ocmanu 6e3 0oma ycied nocieouya YyyHamuja y
nepuody 00 1900. 0o 2013. cooune. Hzeop: karkyrayuja aymopa.

Togmaa bpoj Bpoj Epaj Bpoj bes goma YRymHO Y¥EYTTHA MATeDHjaTHA
aorahaja MOTHHEVIHX noepeljernx norohenm: norohennx wrera (3)
2010 [ 6804 1574 4200048 118390 4916810 2554136
1933 30 2318 466 1430000 1] 1430465 1977600
1903 42 2818 482 186286 124514 311382 1936080
1998 44 2282 562 413386 11678 425626 1837400
1909 36 830 62 20800 9720 30582 1408300

Hajeeha mponemena mMaTepujasiHa IITeTa HacTaja ycliej Mociequna IyHaMuja je Owmia
2010. roguae u 1O 2.554.156. [lakie, Mo MpOIEHEHO] MaTepHjalIHOj IITETH HACTANO] YCIE
nocieayua IyHaMmuja Ha mpBoM Mecty je 2010, ma 1983, 1993, 1998, n nHa kpajy 1999.
roauna (Tabena 13).

4. 3AK/bBYYAK

BehinHa 1yHamuja ce cTBapa TOKOM IOJBOJHHX 3€MJBOTpECa Ca IUIUTHKAM (HOKYCOM
NOBE3aHUX Ca W3HCHAIHUM IOJU3akbEeM WM CIYIITAHkEeM MOPCKOT JHA IITO HCTHCKYje
BEIMKY KOJNWYHY Boje. lLlyHamMm Kojer reHepuiie 3eMJbOTpeC ce JelaBa Hajuenhe
NOMEpamkeM OKEaHCKOT JHAa Ha IIOMepamy IIYKOTHHE y 30HH cyOnykuuje. Y 30HH
CyOayKIHje OKeaHCKa OOMYHO KIM)KE IMOJ] KOHTHHEHTANIHYy jutochepy. Mako ce mioue
IIOMepajy Mo CKOpo KOHCTAHTHOj CTOMH, TpaHWIa mi3Mely IBe miode ce cabWja MHOTO
rogmHa. e ce TakBe IUIoYe crajajy, KOHTHHCHTAaJHA HMBUIA CE Typa Hamoje U Ka
KOHTHHEHTY Kako ce cydaykuupajyha mroga momepa moj mera. CBe To n3asuBa jaa ce Iioda
KOja je WCIOJ caBHMja Ha Trope y mprobanHoj W300YMHU, Ha WUCTH HAYMH KaKo Ce KOMaj
nanvpa U3JMiie Ha TOpe ako IMOBYYEHO HBEeroBy Jajby MBHUILY Ka ceOu. Kaxa nohe 1o cBojux
rpaHuLa, KOHAYHO MyLa Y 3¢MJbOTpPEC, HBUIIa KOHTHHEHTA IIyLla Ha TOpe U IPeMa OKEaHy.

VY KBaHTUTATUBHOM HCTPaXXHBabYy KOjeé C€ OJHOCHIIO HA HCIUTHBAHKE I€ONPOCTOPHE U
BPEMCHCKE IHCTPUOYIMje IyHaMHja JONUI0 CMO JO clenachux 3akjpydyaka: HajBHIIC
yHamuja ce noroawio y EBporm 671, a Hajmame y Okeanuju 36; HajBHIIIE TIOTUHYIHUX JbYAN
ouno je y Asmju (71,05%), a Hajmame y Okeannju (0,13%); mo 6pojy nynamuja (118) Ha
npeom Mmecty je Kuna, nmorunymux spymu (24564) ouum CCCP, mospehennx (7058)
Komym6mja, morohennx (8180340) Bpasun, BpemuocTn marepujanae mrere (719324800)
JanaH; mocmarpaHo Ha rojauIIKBeM HUBOY, norahano ce 10 nynamwja; y Toky 2000-2013.
TOJIMHE, TPOIEHTYATHO MocMarpaHo (27.94%), moroammno ce HajBHIIE I[yHAMHja; HAJBHUIIC
NOTHHYJIMX JbyIH ycien IyHamuja, 6mwio je 1949. romune (24.000); 1987. ronune 6mio je
Hajeuire mospehenux (6000); 1986. roauHe je HajBuine Jpymu octano 6e3 moma (5000);
2010. roguHe je HaHeTa HajBHIIA MaTepHjaHA LITETa Y M3HOCY ox 2.554.156 amepuukux
Jonapa.

U3 cBera HaBeneHOT, MOTPEOHO je HACTABUTH CTallHA UCTpPaKMBamba (DEHOMEHOJIOTHjE U
MeTonoJoruje npahema U npenBuhama IMyHamMIja Kako Ou ce 0e30eqHOCT JbyAru U HBHXOBE
HMMOBHHC IIOaUTIJIa HA a/ICKBaTaH HUBO.
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Jlyman BPAFBEII * Ipezneonu pao

CTAIBBE U MJEPE 3AHITUTE O/l IOIIJIABA HA
HoAPYUJY IrPAJJA ITPUJEAOPA

Pesume: TlomiaBe mnpeacTaBibajy Haj3HAYajHHjy OMACHOCT 32 YrpOXKaBakbe CTAHOBHHUIITBA U
MaTepujalHuX nobapa Ha moApydjy rpaaa [lpujemopa. Yecta mojaBa moruiaBa Ha OBOM MOIPYYjY
Y3pOKyje BellKe MaTepHjaiHe LITeTe U Jerpajalinjy )KuBoTHe cpeauHe. Llnsb oBor paja je aa ce ce Ha
0a3u aHaIM3e CTamka YIPOXKEHOCTH Of MOIUIaBa M IUIAHMPAaHUX Mepa 3alliTHTEe O IIOIUIaBa OBOT
moJpydvja yTBpIe aKTUBHOCTH M Mepe Koje OM fane 3HaYajHHUjU JONPUHOC MPEBEHIMJU U 3alITUTH O
MOIIaBa. 3a YCHOCTaBJbamhe KBAJMTETHOT CHCTEMA 3aIlITHTE Of BOJAA HEOIXOAHO je cupoBoljeme Hu3a
OpraHM3alMoOHMX (MHAHCHJCKUX M IPYyrux Mjepa koje he omoryhutn perynarmjy BOJOTOKa pHjeKa
Cane, u3rpaamy BOJO3ALITUTHHX o0jekaTa Koju he cMamHTH IHOBPIIMHE YrpOKEHE IOIUlaBaMa Ha
OBOM TMOApPY4Yjy. VICTOBpEMEHO je HEONXOAHO M3BPLINTH KBAIUTETHE IPUIPEME 3a IUIAHCKO H
OpraHM30BaHO CIPOBOEH-E ONEpaTHBHHX Mjepa 3aliTHTE | ClAllaBaka CTAaHOBHHINTBA U
MaTepHjaHuX Jodapa.

K.]'by‘lHe peun: 1rorJiaBe, yrpoKE€HOCT O ITo1uIaBa, MEpE 3alITUTE O ITOIIaBa

STATE AND PROTECTION MEASURES FLOODS IN THE
TOWN OF PRIJEDOR

Abstract: Floods are the most significant risk to people and property in the town of Prijedor. The
frequent occurrence of floods in the area causing major property damage and environmental. The aim
of this paper analysis of the threat of flooding and the planned measures for flood protection in this area
determine the activities and measures that would give the most significant contribution to the
prevention and flood protection A survey and analysis of the current state of vulnerability to flooding
of the area show that the hydrological characteristics of water resources and wealth with poor quality
solved the issue of maintaining the current system of protection against water. Establishing a quality
system for the protection of water it is necessary to implement a number of organizational financial and
other measures that will enable the Sana river beds, construction of water protection facilities, which
will reduce the area affected by floods in this area. At the same time it is necessary to make good
preparations for a planned and organized the implementation of operational measures for the protection
and rescue of people and property.

Key words: floods, flood risk, measure of the floods protection

! 1p, Tpancka ympasa Ipujenop, dusan.vranjes@opstinaprijedor.org
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1. YBOJ

ITomaBe Ha moapyyjy rpama Ilpujeopa mpeacTaBibajy €lIeMEHTapHY HEMOToAy Koja
CKOpO CBake TOJWHE YrpoXKaBa CTAHOBHHIUTBO, JKMBOTHY CPEAMHY W HAHOCH BEIIMKE
MaTepHjajiHe IITeTe Ha OBOM IOjpy4jy. 300r Tora je eBujaeHTHa cBe Beha morpeba 3a
OPraHU30BaHOM 3aIUTUTOM U IPOBOlCEHEM NMPEBEHTUBHUX U ONEPATHBHUX Mepa 3alliTUTE Of
MOIIaBa y Koje Mopajy OWTH YKJbYYeHH CBH CErMeHTH JApyiiTBa.OpraHu30Bame
OTIEpaTHBHUX Mepa Ha 3aIITHTH W CIAllaBaky je rmoceOHa Opura W 3amaTak IMBIUTHE
3aIITHTE KOja je Kao M KOJ OCTaJuX Hemoroja u Hecpeha Behux pasmepa Hocuial u
OpraHU3aTOpP CBHX aKL¥ja 3alITHTE U CHALIABambA.

Ha moapydyjy rpama Ilpujemopa moruiaBe MOry OWUTH Y3pOKOBaHE: HMHTCH3UBHHM H
JIYrOTpajHUM MaJaBHHaMa, IMOjaBOM H IPOJOPOM MOJI3EMHHX BOJA, ycien Oyjuua u eposuja
Kao W EBEHTyaJHOT pyllewma OpaHa. HepujemeHn wiau HENMOTHYHO pHjEIICHH NPOOJIEMH
perynainyje BOJOTOKa M HEOTIyHa M3TpalleHOCT BOMO3AMTHTHUX oOjekaTa W HealeKBaTaH
CHCTEM 3allITHTE 0 BOJa 3HaYajHO JONPUHOCE 110jaBU TOIIaBa Ha OBOM HOAPYY]y.

CnpoBoljeme MpeBEeHTUBHUX Mepa 3allITUTE OJ] IIOIIaBa jOIl yBEK He rapaHTyje NOTIYHY
3alITUTY O] TOIUIaBa 300T Yera je HYKHO NPUIPEMHUTH M OPraHW30BaTH CIPOBOhEHe
OTlepaTHBHUX Mepa 3allITHTE W CHallaBamba JbYJH M MaTepHjalHuX No0apa Ha MOAPYYjy
YTPOXKEHOM IOTIIaBaMa.

CnpoBoheme omepaTUBHUX Mepa 3allTUTE OJf IOIUIaBa 3aBHUCU OJf BPCTE IOILIABE,
KapakTepUCTHKa 3axBalleHOI IIpoCTOpa, BpeMEHa IpHIpeMe, AWHAMHKE H3BOhema
oa0paMOeHHUX pafoBa Kao M CTENEHAa OPraHM30BAHOCTU. YCIEX Ha 3alITUTU U CHAIIaBaby
our he cpasmepaH NPaBOBPEMEHOCTH pealn3alije IOjeANHUX paglbh M IOCTYyIakKa
npeaBul)eHNX TUTAHOM Y3 YBaKaBare HaBEICHUX CHEIU(PHIHOCTH.

OCHOBHH YCIJIOBH 32 YCHCLIHY 3AIITUTY H CIIAIIABAKE JbYACKIX KHBOTA U MATECPUjATHHX
nobapa cCy KBaJMTETHO pYKOBONCH€ akildjaMa CraiiaBamka, BPEMEHCKH YycKialjeHu
MTOCTYIIIH, PAIMOHATHO KOPHUIITEHE CHara U CpencTaBa M Op30 JoHomewme omryka.OBmje je
OJl U3y3eTHE Ba)XKHOCTH M YIO3HATOCT CTAHOBHUILITBA Ca OMNACHOCTUMA W MOCTYILUMA Y
o0paHu 01 IOTLIABA.

2. TMOJABE NOIIJIABA HA TOAPYYJY I'PAJA IPUJEJOPA U
MOI'YRHOCT 3AIITUTE

IIretHo [mjenoBarke BoJa Ha NHOApPYy4jy rpaga Ilpujemopa yCIOBJbEHO  je
HEpaBHOMjepHOIINY ¥ HEPaBHOTSIKOM OpOJHHX NPHUPOIHUX (akTopa (BOAHOI PEKHMMA,
KJIMMATCKUX, TEOJIOMIKUX, Tormorpadckux Qakropa W Ci.) U JbyIACKUX ajenaTHoctd. Cius
pujeke Cane, kao OCHOBHe xuiporpadcke aprepuje rpama Ilpujemopa, KapaKTEpHIIE
pa3BujeH pesbed ca peTaTHBHO BEIMKOM KOIMYMHOM [aJaBUHA, KOje Cy H3Pa3HTO
HEpaBHOM]jEpHO pacnopeheHe.

360r BENMKOr CIAMBHOI IOJPY4Yja, HAPOYHTO y TOPHHUM TOKOBMMa pujeka Cane u
TomjeHuie, y ycloBUMAa BEIUKHX MaJaBUHA MM HArJIOr TOIUbEHa CHHUjera, J0Jia3u [0
nmpuxBaTama Behux KOJMYMHA BOJE, ITO Yy YCIOBHMA Mpe3acHheHOCTH 3€MIBHUINTA BIIArOM
uMa 3a HOoCJbenuIly u3nujeBame pujeke Cane u menux npuroka ([omjenune, ITyxapcke,
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Munomesurie, Cetume, Luranyme, JbyOujcke pujexe W Ap.) W3 KOpHTa, yrpokaBajyhn
CTAaHOBHHUINITBO M MaTepHjajHa 100pa Ha MHUpeM moaApy4jy rpana. [lpu Bogocrajy ox 420 cm
1 y ycIoBHMa Kaja pujeka YHa Ha ymhy y HoBom ['paxmy mma Behm BomocTaj onm pujeke
Cane, npasehu Tako mweH ycrop, goJsa3u 0 GopMHpama IUIaBHOT Baja, KOjU c€ IIUPU [0
paBHMYApCKOM TEpeHy Y3 pjedHe TOKOBe, YHMHENHM BENUKYy MaTepHjajHy IITeTy Ha
cTaMOeHNM 00jeKTMa, 00jeKTHMa HH(PPACTPYKTYpPE M Ha MOJLONIPUBPEAHUM Maplieiama.

Ha xputnunom Bomocrajy, on 460 cm, pujeka CaHa IUIaBM W MarucTpajHH IIyT
[Mpujenop- Cancku Moct, Ha moTe3y ol TPaJICKOr MocTa 10 packpcHuue 3a Jbyowujy, y
myxuan of 300 m, myT 3a MecHy 3ajeqHunly bumrhane y myxuau on 400 m, Te myT Kpo3
HaceJbe PamkoBar (ctapu niyt 3a HoBu I'pan), y nyxxunau ox 200 m. [8]

HajyrpoxeHuja mojpydja cy Hacesba y3 OBe BOAOTOKoBe U To: TykoBu, I'omjeHua,
PamxoBar, [Ipujenop LenTap, bpesnuann, Omapcka, ['pagunaa, Mapuhka, [loma Jbybuja u
OpioBaua (tabena 1). Behn nno oBux Hacesba ce HaJla3u Ha HaJAMOPCKO] BUCHHU of 145 m,
te nx Cana u 'omjeHnma yrposkasajy Ko Bomoctaja 420cm.

Tabena 1 Ilpuxas HajyeposiceHujux Mechux 3ajednuya ca npe2iedom bpoja oomahuncmasa

P.op. Ha3uB MecHe 3ajeqHunue BoxoTtok Bbpoj nomahuncrasa
01. TykoBu pexa Cana 450
02. Tomjennna pexa I'omjennma 430
03. PamxoBarg pexa Cana 120
04. Bpesuuanu pexa Cana 50
05. Omapcka pexka ['omjennma 100
06. I'paguna pexa I'omjennma 60
07. Maputika pexka ['omjennma 85
08. Homa Jbyouja Jbybujcka peka 130
09. OpioBaua MOTOK MuuiomeBuna 180
10. IMyxapcka notok I[Tyxapcka 100

Haj3nauajHuje BoJeHE MOBpIIMHE KOj€ IMOTEHIM]EITHO MOTY YIPO3HTH MNOJpY4Yje rpaja
[Ipujenopa mIaBBeHEM Cy MOBpIIMHE puOmaka "CaHW4aHH" M BjelITA4kO je3epo y
I'paguan. PXXP "JbyOuja" y cBOM TpOW3BOJHOM IMPOIECY CTBapa OTHATHU MYJb 32 UHje
JienoHoBame cy Takohe marpahene axymynamuje XKyne" m "llukuh" cjeBeposananHo on
Hacespa Jloma JbyOmja ca 3emipaHMM OpaHama mopen KOjuX cy (QopMHpaHa BjelITadka
jesepa. OBe OpaHe cmaiajy y pel BUCOKHX OpaHa,003upoM na BucuHa Opane JKyHe u3HOCH
47m, 3anpemuna 2,2x 106 mH ca KoToM kpyne 303 m. Bucuna 6pane "Ilukutin" usnocu 57
m, 3anpemuna 7,8x106 m® u kota kpyse 272,60 m, Te Gpana "Meheha" ca 7,7x 106 m® Boze,
KoTOM KpyHe 202 m, u BucuHOM Opane 34 m. [8]

INomiae Ha moapyyjy rpana IIpujemopa npeacTaBsbajy eIeMEHTapHY HEMOToy Koja HaM
CBaKe roJMHE JOHOCH BeIIMKE MaTepHjaiHe mTeTe. [Iperie] nojapa 1 yuyecTaaoCcTH MOILIaBa

npukaszana je Ha tebenu 2. [Tormase Behux pasmepa Ha noapydjy rpaaa [Ipujenop aecuiie cy
ce: 1955.,1970.,1972., 1973., 1976., 1982 u 2014 roause.
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Tabena 2 [lpeaned nonnasa na noopyyjy epa

0a Ilpujedopa 3a nepuody 00 2006 oo 2014.

Pex. TOJVHA
Gy | SHREEL 2006. 2007. 2008. 2010. 2014,
01. JAHVAP 1-3 2-3 - 9-11 -
02. | ®EEPYAP - - - 20-22 -
03. MAPT 24 - 23-26 - -
04. ATIPII 35 - - - 24-27
4.7
05. MAJ - - - - 16.26
06. JVH : - R 20-24
07. IV - - - - -
08. | ABIYCT - - - - -
09. | CEITEMBAP - - - - -
10. | OKTOBAP - - - - -
11. | HOBEMBAP - - - - -
12. | JIELIEMBAP - - - 1-5 -

2.1.CTpykTypa nIeHTH(UKOBAHUX
rpaga Ilpujenopa

pU3HKA NOjaBe NMOIUIaBa HA MOAPYYjy

Ha 6a3u ananmuse crama U MOTCHIMjATHUX ONACHOCTH M CIICHapHja IojaBe MoIuiaBa Ha
noapy4jy rpaga Ilpujemopa, Moxke ce KOHCTaTOBaTH Ja Cy NPUCYTHH PH3UIM 32 II0jaBy
TI0IIIaBa Ha OBOM II0/IpY4jy KOjU Cy pUKa3aHu y Tabenu 3.

Tabena 3 Jlucma uoenmughuxosanux pusuxa nojage

noniaea Ha noopyyjy epaoa Ilpujedopa [7]

WnentudukoBanu Pusunm

Kapakrep puszuka
oreHuyjanau | IIpekorpann4Hu

CrayiHu

M3nujeBamwe pujeke CaHe y 30HU Hacesba TyKoBH,
IPamkoBan 1 bpesnuanu

+

M3nujeBambe pujeke ['oMjeHHIIa y 30HH Hacesba
omjennIa

M3mjeBatbe pujeke MuulomeBnIe y HacebUMa)
[Tononuk u BpOuie

M3nujeBame pujeke CaHe y pypajHUM AUjeIOBHMA
rpamga: Hwumrasmw, [ahanwm, bumrhanwm,Jyrosun,
IHukore n Jlomwa [parotuma.

M3nujeBame pujeke ['oMjeHuIle HA MOAPYYjY cenal
['pamuna, Mapuhka, IlerpoB I'aj, Kesmanu u
[TpHOMOJBE.

M3nmujeBatbe MamuX OyjHYHHX BOJOTOKA Hal
monpy4jy cena Pakenwhu, Koszapan u Jlomu u
Copwu OpioBiy.

[Myname OpaHe W 3eMJbAaHHX HACHIIA Y PHOHAKY|
CaHuvaHu.

IMyname 6paHa Ha MyJbHUM akymynanujama JXKyHe
u lukuhu u nnasmbewme Hacesba JbyOuja, [oma
Ubybwuja, Jbeckape, Jyrosuu u Iluxore.

[Myname OpaHe HA MYJBHO) akyMynaunju Meheha ul
M1aB/beH-€ Hacesba y 30HU M3: Omapcka, I'paguna
n Jenuhka.
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2.2.AHanu3a UAEHTH(PUKOBAHNX PU3MKA H M0jaBa NOMJIABA

[T1aBibeme aUjesioBa HAcCeJha Y OBOj 30HH 3alOYMEbE Ca HUBOOM BojocTaja pujeke Cane
ox 420 cm. JlaJbm pacT BOIOCTaja TMPOY3POKyje IUIABJBCEH-E CTAMOCHHX ¥ TOMONHHX
oQjekara, Kao M Ipecujelame, Ha HEKOJIMKO MjecTa, yTHe KOMyHHUKallMje KOja BOJH IpeMa
cexry bumtharu. Ha Bomocrajy pujexe Cane ox 460 CM 3amounse TIaBIJbEHE TUjea Hacelba
Tykosu, 'omjenuna u Pamkosar.

VYKONMKO y y TOpHEeM TOKY pHjeke ["'omjennie nohe 1o 3HaUajHUjUX MalaBHHA KUIIE HIIH
HarJIoT TOTUBbEHAa CHHjera J0Ja3H JI0 ycIopa IpujeMa BoAe U3 pujeke [ 'omjeHure y pujexy
Cany , mTO 32 MOCHEAWI]y MMa HariM IOpacT BOAOCTaja pHjeke ['oMjeHuIle W HEHO
mpejujeBame MPeKo Mmocrtojehnx Hacuia, OMHOCHO IUIABJbCH-E TEPEHA M CTAMOCHHX W
nmomohHux objexara y Hacesby ['OMjeHHIIa CBe O perHOHAHOT ImyTHOT Tpasna [Ipujenop -
Tomamnna.

[MomaBe y HaBe#eHMM HacejbMMa JiElIaBajy Ce ycile] MHTCH3WBHUX I1aJaBUHa WA
HAarJIor TOIUbEHA CHUjera y 30HM IutaHuHe Kosape kaza pujeunna MujomeBnna nonpumMu
Oyju4yHM KapakTep M Kaza 300T BEJIMKOT BOJIOCTaja pujeke I'oMjeHna 1 ieHe HeMoryhHocTH
a TIPUMH CBY BOAy W3 MMJIOIICBHIlC, M0he 10 MpeidjeBama BOAE NPEeKko mocrojehnx
obanoyTBpna y Hacesba Tomnonuk u Bpoure.

Jo momiaBa y OBUM JMjeioBHMMa rpaga llpwjenopa mosiasu yciiel BHUIIEIHEBHUX
0OWJIHHM]UX NaJIlaBUMa ¥ TOIJbEHha CHHjera y TOpHhHUM TOKOBHMA pHjeKa M MOTOKA. YTJIaBHOM
ce maBe Behe MOJHONPUBPETHE MOBPIIMHE U MamkbH Opoj ctamOeHnX u moMohHuX o0jexaTa
Kao M jeJaH Opoj JIOKaJHUX ceociux myreBa. OBe MoriaBe y NPUHLMITY HE Tpajy Ayro U He
IpaBe BEJIMKY MaTepujaliHy IITETY jep ce JeliaBajy y BpujeMe Kajia, OCHM 3acHjaHuX 03UMHUX
KYJATYypa, Ha FbUBaMa jolll HHje 3aroyesia MpoJbEeTHA CjeTBa..

Osga BpcTa cueHapuja HHje ce , Ha cpehy, 0 cama nemaBajia 3axBasbyjyhm mpe cBera
[PaBOBPEMEHOM CIIpoBOlerbY Mepa Ha pelOBHOM OJprKaBamy H3rpalene OpaHe u Hacuma y
30HN pubOmaka Canndanu. [loBehaHa omacHOCT 3a IemaBame OBE II0jaBe Owia OM cTame
OOWJIHMX BHIICJHEBHHX Ia/IaBMHA M KPajie HEIOBOJbHA XHMIPOJIOLIKA CUTYyalMja y HINPEM
OKpy)Kemy Kaja OM ycien peKOpAHO BEIHKOT BOJOCTaja PHjeKa M CTATHOT HPUCTH3amba
HOBHX BEJIMKUX KOJHMYHMHA BOJIE JOIIJIO JIO M3/IM3amha BOJOCTaja y pudmaimma,

3emMipaHe OpaHe KOje Cy M3rpaljeHe Ha BjelITaukKUM BOJHHMM aKyMmysamnujama 3a IoTpeode
cerapanmje JKebe3He Pyle Clanajy y pel BHCOKHX OpaHa M MPEICTaBJbajy MOTCHIIUjAITHO
oracHe 00jeKTe BHCOKOT PU3MKa MO CTAHOBHMINTBO M MaTepHjaliHa CPEICTBA KOja ce Haase
HU3BOAHO of WuX. I[lojaBa mymama OpaHa Huje ce Ha cpeliy Hukaj nemiaBana, anud y
yCIIOBMMa HACTaHKA MHIMICHTA T€ BPCTE AOLLIO OU, 300T Op3uHE HCTHLAKka BOJE H KUTKOT
MyJba Ka0 M BHCHHE YEOHOI YJIapHOI Baja Te HEMOTrYhHOCTH mpeny3uMama XUTHHX
CBPCHCXOZHHUX Mjeépa Ha 3alITUTH W CllacaBalby CTAaHOBHUILNTBA, JI0 BEIMKHUX JbYACKHX
KPTaBa U TPAJHOT pYILIEHa U IIPEKPHUBamba MyJbOM 00jeKaTa M IjeIOKYITHEe HHPpaCTPyKType
HU3BOJHO OJ] OBMX OpaHa CBE 0 MjecTa y/HjeBama OBHX BOJa y BOIOTOK pujeke Cane y
Mmjecty Lnkore.

Martpuna pu3uka IojaBe NOIUIaBa Ha Hoapydjy rpama Ilpujenopa je nprkazaHa Ha
rpagukony 1.
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YECTO (5)
W3nepame
MOV3IAHO peke
@) l'omjenune y
Hacespy
I'oMjennma
HzneBame
HzneBame
MATIX WzneBame peke
JEIIABA peke Canme y | Mmomesun
BOJOTOKA Y
CE (3) PYpaIHHM e y
pypaHIM
30HaMa Bpbunama wu
30HaMa
Tononuky
PETKO (2)
[yname Ilynanje
CKOPO Opane u Opana Ha
HUKAA HacMma  Ha MYJEHIM
1) puOHmaKy aKyMyJianmja
Cannvanu Ma
BE3HAYAJH | MABA TPAJ. BEJI. KATACTPO
0(1) LITETA (2) HITETA(3) HITETA (4) DA (5)
Jlezenoa
I BPrJIO BUCOK PU3UMK
BHCOK PU3UK
ITPOCJEYAH PU3UK
HM3AK PU3UK
BPJIO HU3AK PU3UK

Tpagpuron 1 - Mampuya puszuxa nojage nonnasa na noopyyjy epada Ipujeoopal7]

2.3.Crame nocrojehux Boa03alITUTHUX 00jeKaTa U 3aIITUTA O] BOAa

Kapna je y nutamy u3rpajma BOJO3AITHTHAX 00jekara, OJJHOCHO PEryiicame BOJOTOKA,
10 cajia Cy U3BPILICHH PaJOBH Ha :

e 3rpaamu obanoyTBpaa Ha pujenn CaHH, Y3BOJHO OJ I'paJCKOT MOCTa (HACHIH H
JIMO 3alITUTHHOT 3H/a Ha JiijeBoj obanu pujeke Cane y 30uu M3 TykoBn ),

W3rpa/iIlbK HacUIa y3 J0kH TOK pujeke ['oMjeHurie,
perynamuju Bonotoka [lyxapcke kpo3 Hacesbe Ilehanuy,
perynanuju U unmheny BOIOTOKa prjeke "MuorieBurie",
mo6ospIamy nporrycHe Mmohn Musomeswnnie y 30au CteBuha MocTa u

U3rpajby OpaHa Ha BjEIITAYKMM aKyMYJIallHOHUM je3epruMa y CacTaBy pyIHHKA.

Huseomuo om rpaackor mocra, pujeka CaHa HHje peryiicaHa, Tako Ja JOJIa3d 10

IUIaBJbCHbA 30HE M3BOPHIITA 32 BOAOCHaOmujeBame rpaaa Ilpujemopa (Matapyiiko mosbe),

HITO yrpo’kaBa paj OyHapa U HapylllaBa CAaHUTAPHO-XUTHJEHCKH PEXKUM CHaOIMjeBama rpajia

MMUTKOM BoJOM. TpeHyTHO crame wm3rpaleHMX BOJO3AITHUTHHX oOOjeKkaTa HUje

3aJj0BoJbaBajyhe HapouyuTO Yy 30HaAMa HHM3BOAHO OJ TPAJCKOT MOCTa Thje je 000oCTpaHo

moTpeOHO M3rpaguTh oaroBapajyhe odanoyrepae (Hacue) u Hacesby TYKOBH Tje HemocTaje
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oko 400 m mapanernor 3uza. [Ipernen 30Ha y KjuMa je HEOMXOJHO M3BPIIUTH PETyIalnjy
BOJIOTOKA U U3rPaJithy BOJO3AIUTUTHHUX 00jekTa nat je Ha kapTH.1.[§]

U oBaj cuenapuo cnajga y pel OHHX KOjU ce JI0 €aJia HUKaJ HUCY JIeCWJIM Ha MOJAPYY]jy
rpana [Ipujenopa. bpana Meleha usrpaljena je 3a ucre HamjeHe U IO UCTOM MPUHIUITY Kao U
Opane Ha yokanuju Jbyouje. Ha oBoj OpaHuM ycrocTaBibeH je CHCTeM cTaimHor npahema u
CHCTEM jaBHOT y30ymHBarba CTaHOBHMINTBA. Wmak y ciydyajy WHIMICHTA jecuie Ou ce
HEMHWHOBHO JBbY/ICKE JKPTBE U TpajHE MaTepHjaIHE IITETEe Ha 00jeKTHMa U MHPPACTPYKTYPH.

JGRAD PRUEDOR ITWK -
AR e P AT, 15

h‘ ~regulacija potoka Puharska  §30.000 KM

| D 2 -glavai odvodai kanal do Milosevice 1,250,000 KM
nuom * < 4 e (preduslov: uredena Oclovata) b

ORLOVACA

-5, Orlovata 2,450,000 KM
-glavni dovodai kanal 1,040.000 KM

3.490.000 KM

TR e
LEGENDA
1 w— obodni kusal -
o| -nasip uz Sanu nizvodno od mosta 2,550,000 KM 2 ' S w— granice branjenih podrutia
N -nasip uz Sanu wrvedno od trafo ssnice Y < ’ °

glavai odvodni kanal

R
K T

GOMJENICA

i -P.S.Gomjenica 2,450,000 KM
4 -obodni kanal Sanicani-Cela  2,000000KM |75
-glavai obodai kanal $30.000 KM

Kapma 1 Ilpezneo 30na 3a naancky pesyiayujy 6000mMoKa u 3aumuny 00 800d :

2.4.Ilocneauue mnojase momiaaBe Ha noapyyjy rpaga Ilpujenopa m mepe
3alITHTe 0] BOJA

C 003upoM Ha KapakTep BOJOTOKA M reorpadcke KapakTepHCTHKE MOIUIaBe HA MOAPYUjy
ITpujenopa cy TakBOI KapakTepa Ja He NpeACTaBibajy 00jeKTUBHY ONACHOCT YrpoXKaBamba
uBoTa Jeynu. [locTeneHn pacT HMBOAa BOZOCTaja M M3JIMBAHC BOJOTOKA y IUIABHE 30HE
omoryhaBajy npeay3uMame CBUX Mepa 3alUTUTE CTAHOBHUILTBA (eBaKyallnja, 30pHmbaBambe U
ci). TlomaBe Ha HamieM HOJAPY4Yjy Y3POKYjy MaTepHjaliHE LITETe OJHOCHO YIPOIKAaBahe
MaTepHjaTHUX 100apa W MOJLONPUBPEAHUX KyATypa (TpadMKoH 2), Te 3HAYAjHO JIOMPHUHOCE
yrpo’kaBary )KHBOTHE CpeMHE U 00jekaTa KOMyHallHe HH(ppacTpyKType. [2]
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I'paghuron 2 IIpeaned nocreduya nojase noniaga na noopyyjy epaoa Ilpujedopa

Kaga je y muramy ycnemrHa 3aliTUTa oj IOIUIaBa CIPOBOheeM NpPEeBEHTHBHUX Mepa
3aITUTE O]l TMOIUIaBa  OCTBapHO OW ce Haj3HAYajHUjH JOTPHHOC  3AlITUTE OJ
nomasa.lIpoBoheme omepaTMBHHX Mepa 3alITUTe OX IIOIJIaBa Takohe MpeacTaBiba
3HayYajaHy aKTHBHOCT CHCTEMY 3alliTHTe oX moruiaea. [2] Kako crnpoBoljeme mpeBeHTUBHUX
Mepa 3allITUTE OJ] OoIUIaBa MoJpasyMeBa Mpeay3uMamke YNTAaBOTI HU3a aKTUBHOCTH U Mjepa,
Haj3HAYajHUja aKTUBHOCT TIPEACTaBJba PETyNallija BOJOTOKA W M3TPalmba BOIAO3AMITHTHUX
objekara.(rpadukoH 3)

Perynaumja BogoToka n nsrpagma
BQOEaUTUTHVK dgesara

m| Ob6yka u npunpema
CraHoBHALTBA

63,69%

0| Onpemarnse n obyka jeamHuua
A AILARAHe HA RO

O] Ob6aB eLwiTaB awe
CraHoBHALTBAa

I'paguxon 3 Ipuxas npesenmusnux mepa sautmume 00 noniasa noopyyja epaoa llpujedopa

Kako cmpoBoleme omepaTMBHUX Mjepa 3alITHTE OJ IIOIJIaBa IPEACTaBJba H3Y3E€THO
3HaYajaH CeTMEHT CHCTEeMa 3allITHTE O] IOIUIaBa Haj3Ha4YajHHja aKTUBHOCT KOJ CIpoBohema
OBHX Mjepa 3alliTUTE OJ] IOIUIaBa je W3rpalmha NpUBpeMeHuX Hacuna (rpadukoH 4), u
30pHbaBakE YIPOKEHOT CTAHOBHUIITBA.
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Perynaumja BogoToka n usrpagsa
8,24% BQOpeaLTUrHiK cgesara

m| O6byka u npunpema
Ccra-HoBHALTBA

63,69%

0| Onpemarnse n obyka jegnHuua
2A CrALLARAHe HA RO

0| ObaBewwTaBake
Cra-HOBHALTEA

Tpagpuron 4 [lpuxaz onepamusnux mjepa 3aumume 00 HONAABA
2.5.I1peasior Mepa ¥ aAKTHBHOCTH M3 00JIaCTH 3aLUTHTE 01 NOMJIABA

Ja 6u ce o0Oe30ujequia ajekBaTHA 3aIUTHTA O]l IOIUIABA M HEraTHBHHU e(eKTH MOIUIaBe
CBEJIM Ha MHHUMYM, NOTPEOHO je Jajbe pa3BUjarbe CHCTEMa 3allTHTE M ClialllaBaba JbYIH U
MarepujaiHuX Jo0apa y CKiajly ca peajHHM MoOryhHoCTHMa JOKanHe 3ajefHulle |
MHCHUCTHPAkE HA PETYIANjI BOAOTOKA U (pa3HOj M3TPagb HEJOCTajyinX BOMO3AIITHTHUX
o0jekara.

IMocrojehe BomozamrTuTHE OOjekTe MOTPEOHO je IUIAHCKM W PEJOBHO OApXKaBaTH M
HajzorpahuBatd a 3HAYajHO YHANPH]EAUTH KBAIUTET YIpaBJbathba BEIUKAM XHUJPO
aKyMyJaujama, a moceOHO OHMM Ha KOjUMa €T3HCTHPajy BUCOKE 3eMJbaHE OpaHe Kao IITO
cy akymynanuje XXyne u Illukuhu Ha noapydjy JbyOuje, NmpBEHCTBEHO H3rpaaboOM
HepocTajyher cucrema 3a jaBHO y30ymuBame rpal)aHa u oOMIbeKaBamkeM 30HA MPOCTHPAHA
MIpoTaralioHor Bajla Kao 1 yBohemeM cramHor npahema crama Ha OpaHama.

VY nwiby KBaJMTETHE 3alITUTE OJ IOIUIaBa, IPHOPUTETHO Tpeda mpeny3eTn cibesnehe
Mjepe:

e TPHUCTYIUTH H3TPalmBH HeAocTajyhnx Bomo3amTHTHHUX oOjekata Ha pujenn CaHu,
'oMjeHHIIM ¥ APYTUM BOZOTOLIMMA M TO 3ajeIHUYKUM HarloprMa JIOKaJIHEe 3ajeJHULE
U HaJeXHUX PemyOnmuKux oprata.

e Ipemy3eTH aKTHBHOCTH Ha DPENOBHOM OJp)KaBamy HocTojehux BOmO3aITHTHHX
oOjexara, ynnthewy 1 npoyOJbHUBaby PHjEUHHX KOPHUTA, Y LMIbY NoBehama mHUxoBe
nponycHe Mohu.

e lI3BpmMTH HabaBHKY HEONXOJIHHMX MaTepHjaJTHO-TEXHUYKA CPEJCTBA M OINpeMe, 3a
pan Crienujann3oBaHUX jeAWHUIIA OWBWIHE 3alITUTE W APYIHX CcyOjexaTa KOju ce
YKJbY4Yjy Y 3aLITUTY U CIIallIaBakbe CHallaBarke Ha BOJAU M T10J BOJOM.

e 3a0paHUTH W3rpajby oOjekaTa y NMPHPOJHMAM JAeTpecHjaMa M IUIaBHUM 30HaMa y
KOjUMa C€ aKyMyJHpajy BHUINIKOBH IUIABHHX BOJA KOje HE MOXE MPHUXBATUTH
BOJIOTOK.

e U3BPIINTH peryianujy BomoTroka pujeke Canme, ['omjenune, Mrmomesune u
[Tyxapcke y 30HamMa y KOjuMa HHje M3BpIlIEHa BHX0Ba peryaija.

369



Melynapoona nayuna konpepenyuja
Bezbeonocnu unocervepune Hoeu Cao,2-3. okmobap, 2014.

3. 3AK/bYYAK

ITojaBe mormaBa Ha moapy4djy rpaga Ilpujemopa mpencTaBsbajy CTalHY ONACHOCT
yrpoKaBarma CTAHOBHUINTBA, MATEPHjATHHX J00apa M JKUBOTHE CPEIHUHE

WHTeH3UTET OMACHOCTH W IITETE KOje Y3pOKYjy IIOIUIaBE YCIOBJEEH je HHBOOM
peryiaiuje BoJoToKa ¥ U3rpal)eHOCTH XUIPOTEXHHUKUX 00jeKkara U mojaBaMma mpeKOMEpHUX
ceda ImrymMa Ha OpJCKUM IO/IpydjuMa IITO y3pOKyje TmojaBe OyjydHUX BOJA.

IMomaBe Ha moapydjy rpama Ilpujemopa yriaBHOM Y3pOKyjy MaTepHjajiHe MITETe
OJTHOCHO Yrpo’KaBame MaTepujaliHuX Jobapa M moJsonpuBpeaHuX Kyntypa.Takohe, mojase
MoTIaBa y 3Ha4ajHO] MEpH Y3poKyjy omreheme oljexara MHPPACTYKType U yrpoKaBame
JKHBOTHE CPEANHE ITOIUIaBJbEHHUX HOAPYYja.

CnpoBoljeme Mjepa 3aluTHTE O BOJAa Ka0 U MPEBEHTHBHHUX MEpE 3alITHUTE O] TOIIaBa
YCIIOBJBECHO je KBaJMTETOM W HUBOOM OpraHM3alje W M3/Bajama (UHAHCHJCKUX Cpe/ICTaBa
3a pjellaBame MHUTama 3alITHTE O]l BOJa M 3alITHTE W CHacaBarmba CTAHOBHUIUTBA H
MaTepwIaIHuX jo0apa.

CnpoBoheme Mepa 3amiTuTe OJ IOIJIaBa HEOIXOJHO j€ YCMEpPHTH Ha JoBoheme y
(YHKIIMOHAIHO CTale CHCTeMa 3allTHUTE O] MOIUIaBa Ha peKama, perylialujy BOJIOTOKa M
H3TPaIHy BOIO3AMTHTHUX 00jeKara.

Mjepe 3amTuTe U CcriacaBamba CTAHOBHHUINITBA M MaTepHjalIHUX I00apa y CiIydajy ImojaBe
HOIUIaBa MOPajy C€ CIPOBOAUTH IUIAHCKH, OPraHU30BaHO Y MOTIYHO] KOPJUHAIM]U Ca CBUM
cy0jeKTHMa KOjH y4eCcTBYjy y CIpoBOlemy Mjepa 3aIllITUTE U CIacaBama
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AHAJIM3A BETPA HA ITIOAPYYJY HEI'OTUHA CA
ACIIEKTA YI'POXEHOCTH IITYMA O/1 IIOKAPA

Pe3aume: YuecTaocT IoOjaBe IIYMCKHX IOXapa, YCHeX Traliemha W BeIWYHMHA NPUYMEbEHHX IITETa
3aBHCE 0] A00pO MPOYYEHHX M JETaJbHO pa3paljeHHX KIMMATCKHX YTHIAja U HNPOMEHA KIMMAaTCKUX
napamerapa. Berap mocpenHo u/niM HEMOCPEOHO yTHUE Ha TEMIIEpaTypHU PEKHM Ba3lyXa, caipiKaj
BOJICHE Mape y Ba3[yXy Kao U Ha MHTEGH3UTET €BallOTPAHCIMPALMOHUX MHpoleca. Y pajy je Ha OCHOBY
nojaTaka W3BPIICHMX Mepema M HCIHTHBaba JaTa KBaHTH(UKanWja BeTpa Kao W YTHIA] Ha
YIPOXKEHOCT LIyMa Ol Ioxkapa Ha noapydjy Herotuna. JlobujeHn pe3ynTaTtu HCTpakuBamba yKasyjy Ha
BHUIIECTPYKY YJIOI'Y BETpa M TO KaKO Ha CTambe IOPUBOT MaTepHjajia, TaKO M Ha pa3Boj Hmoxapa U
YCIIEIIHOCT Tallemba.

Kibyune peun: Berap, nryma, mokap, Kiimma

ANALYSIS OF THE WIND IN THE AREA OF NEGOTIN
FROM THE ASPECT OF RISK FROM FOREST FIRES

Abstract: The frequency of the appearance of forest fires, the success of extinguishing the fires and the
volume of the caused damage, depend upon well studied and detailed climate influences and changes of
climate parameters. Wind has a significant influence on the characteristics of climate elements. Wind
indirectly and/or directly influences the temperature regime of the air, the contents of the vapor in the
air and the intensity of the evapotranspiration process. In the paper, based on the data of the carried out
measurements and surveys, the quantification of the wind is given as well as the influence of
vulnerability of the forests from fires in the territory of Negotin. The obtained research results point to
multiple roles of the wind affecting the balance of fuel material, as well as the development of the fire
and the efficiency of the fire.

Key words: wind, forest, fire, climate
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1. ¥YBOA

Berap je BakaH KJIMMaTCKU IapaMeTap yTHIajaH Ha GpopMHpame BPEMEHCKUX IPUIIUKA
HEeKor nojapydyja, [3, 7]. V u3BecHHMM cilydajeBUMa ce cMmarpa jJa je Berap (akTop Koju
onpehyje m ocrane ximmarcke eineMmeHte. Hamme, mpomeHa mpaBua Berpa (ToceOHO Y
YMEpeHUM LIMpHHAMa) MOXE 3a BPJIO KpPAaTKO BpeMe Ja JIOBEAE JO NPOMEHE M OCTAIUX
KJIMMaTCKUX €JIeMEHaTa, Ipe CBera TeMIleparype, BIa)XHOCTH, 00JIaYHOCTH, MaJlaBUHA HTA.
bp3uHa, mpaBam M ydecTaJocT BeTpa Cy OJ BEJHMKOr 3Hayaja Ha BereTauyjy Kao W Ha
3emspHITe. [lojauaHO KpeTame Ba3IyIIHMX Maca YTHYE Ha II0jadyaHO HCIapaBame ca
c1000JHE TIOBPIIMHE BOJE, 3€MJBHIITA Ka0 M ca OMJBHOT MOKpHBada. Y CYIITHHH, BETap je
HOCNIeNuIa KpeTamba Ba3OyIIHAX Maca C IOJApYyYja BHCOKOT NPHUTHCKA Ha MOJPY4je HHUCKOT
MPUTHCKA, OJHOCHO KpETame Ba3AylIHE Mace YCIOBJbEHO TEMIEPaTYpHUM CTambeM
Ba3AylIHUX Maca. CBakW BeTap NMPEHOCH ca cOOOM KapaKTEepHCTHYHE OJIMKE OHE KIHMME
oJlaKJie JyBa. YKOJIMKO BeTap JyBa U3 JyOOKMX KOHTHHEHTAJIHHUX IpeJieia JJOHOCH 0COOMHE
KOHTHHEHTAJHE KIMMe, a ako J0Jla3d ca MOpa U OKeaHa JOHOCH OCOOMHE MOPCKE KIIHMe.
bp3una u jaunHa BeTpa YCIOBJbEHE Cy pas3jiikama y TPUTHUCKY, OJHOCHO TEMIIepaTypH
BazaylmHUX Maca. Berap Hajuemrhe He ayBa uctoM Op3uHOM Beh je Hajuenihe ca yOp3aHum
KpeTamKMa U 3aTuiijuMa, [3].

IIpomene y mpaBiy u Op3WHHM BeTpa Hajuemihe HacTajy y NMEpUOIy PaHOT IIOTIOJHEBA
KaJia Cy HajBUILE JHEBHE TeMIlepaType Ba3ayxa. bp3uHa BeTpa pacTe ca MmopacToM BHUCHHE
TaKo /12 je HajMara Op3MHa BeTpa U3HAJA caMe 3eMJbHHE moBpmuHe. CMameme Op3nHE BeTpa
HacTaje ycjeq Tpema Ba3ayxa O MOJUIOTY IITO Ce HapOYMTO HCIIOJbaBa Kaja je 3eMIBUILTE
MOKPUBEHO OMIpHMM mokpuBaueM. lllyme cripedaBajy BETpoBe Yy XOPH30HTAIHOM KpPETamy T€
ce 4YecTO KOpHCTe M Kao BETPO3AIITHTHHU I0jaceBH HacesbeHUX MecTa. [Ipexo moiuiore
MOKPUBEHE CHEroM Kao M MPEKO je3epa BETPOBH ce Kpelly ca HEe3HATHUM YCIIOPEHEM H JIAKO
MIPEHOCE CBOje OCOOMHE /IO BENIUKUX JaJbuHa, [3].

2. TMMOJALA U METOJI PAJIA

3a caryenaBame aHaIu3e BeTpoBa Ha moapydjy Herotwna, kopuimmheHn cy mopmamm
MPU3EMHHUX METEOPOJIOIIKUX Mepema PenyOinnykor XuApOMETEOPOJIONIKOT 3aBoja 3a
MeteopoJiomky cranuily Herotun. Ananmuze cy ypaljene 3a nepuox 1961-2010. roauna.
[IpaBan je oapehen pyxom BerpoBa u3 16 mpaBua (crtpaHa ceera). [IpaBim Cy O3HaYCHHU
MMOYETHUM BEIIMKMM CJIOBOM pe4Yd 3a oAroBapajyhu mpaBall, Ha €HTJIECKOM je3uky. Ha
OCHOBY IMOJaTaKa IPEy3eTHX U3 TONUIIbAKa PemyOoianykor XUIpOMETEOPOJIOMIKOr 3aBOja
Cpbuje ypahene cy pyxe BerpoBa 3a MepHy cranuny Herorun. Ilogamu cy oGpahenn y
nporpamy webMathematica y ckimomy wHTepHeT crpaHuue lcTpakmBaukor IEHTpa 3a
cMameme pusuka on Karacrpogpa’. WebMathematica je mnporpam koju omoryhasa
MHTEPaKTHBHO W3padyyHaBamke M BU3YENH3allMjy Ha HHEPHET CTpaHHULaMa TaKo IITO IOBE3Yje
MaTeMaTuKy ca HajHOBHjOM TEXHOJIOTHjOM web cepBepa. YTHIA] BeTpa Ha YIpOKEHOCT
IrymMa o]l TokKapa je carjeJaH Ha OCHOBY yTHIlaja BeTpa Ha CTame TOPHUBOT MaTepHjaia U Ha
Ppa3Boj moskapa.

! Disaster risk reduction research ftn http://www.drrrc.rs/
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3. YTHULAJ BETPA HA CTAILE TOPUBOI' MATEPUJAJIA

Berap yruue Ha cTame ropuBOor Marepujasia rnoBehameM HHTEH3MTETa CyIICHa
eIMMHUHHUCAkEeM Biiare y ropuBy. CyB ropuBH MaTepHjall Calp)Ku Mame Bllare Te ce M3 ToT
pasjiora paHuje maaun u Opxe caropeBa. IlormyHo ocymieHo apBo caapxu 40 mo 60%
nemynose, 25 no 30% murauHa, 12 1o 17% cMone, TaHuHA, IpBHE TYMe, BOCKOBa, mehepa u
MUHEpaJHUX MaTepuja. JpBo ca caapkajem Biare oj mpeko 30% temko he ce 3amanuTi.
Joctuzame paHOTESKHOT cafpiKaja BiIare ce Hajopike /emaBa Ko (GUHOT TOpHBa Te je U3 TOT
pasiiora oBa BpcTa rOpHBOT MaTepujajia Hajllo/I0KHHU]a MTaJbeby U OP30M LIMpEmY MoKapa.
Cpenme KpymHO W KPYITHO TOPUBO CIIOpHje T'yOM CI0OO0IHY BIIATy T€ je M Mame MOXKapHO
yrpoxeno. Ilox ycnoBuma cranmapaHor naHa (temmeparype 21°C, penaTuBHE BIIaKHOCTH
45% u Op3uHe BeTpa of 3,6m/s, y 12 caru) motpeOHO je 12 maHa Oe3 magaBuHa Behux o1
1,5mm na cpemme KpymHO TOpHBO M3ryom 2/3 cBoje cnobomHe Bmare. Kon ¢uHor ropmsa
cajp)Kaj BJare ce He Mema YKOJIHUKO cy majaBuHe Mame ox 0,5mm. Behe kommumne
MajaBrHA 07 5,8mm He yTHdIy Ha BIaXHOCT (UHOT ropuBa 300T HeroBoT 3acuhema.

CyB Ba3ayx ca HHCKOM pelaTHBHOM BiIaxHOmNy yTmde Ha moBehame koeduiujeHrta
€BaroTpaHCIMpaIfje a THME M CHIDKCHE CcajpikKaja Bilare y TOPHBOM MaTepujaly, H
00pHyTo. YecTa je mojaBa crapyiieikhe Ousbaka yCcie] HHTCH3UTETa TPAHCIHpPaIrje, Koja je y
BEJIMKO] 3aBHCHOCTH OJ JAejcTBa BeTpa. llojaBa cmapymiema je U3paKeHHja y MamHuM
HIYMCKUM KOMILJIEKCHMa U Ha 3eMJBHMINTY KOje HHje 3aKIIOHEHO OJ1 JISjCTBA CYBHX BETPOBA.
Benuky mrymMcku KOMIUIEKCH Cy ca BHIIMM Caip)kKajeM BIQXHOCTH Ba3dyxa Kao W Behum
pe3epBaMa BoJie y 3eMJbHIITY. Biaxkan Ba3ayx, 300T BUCOKE penlaTUBHE Biiare, He arcopoyje
BJIary U3 ropuBor Marepujana Beh je Bpaha ycies yera Matepujai nocraje Texe 3anapus. Ca
acrieKTa 3allTUTE O] T0XKapa MoceOHO Cy WHTEPECAHTHH NPOAYKEHH MEPUOJH ca HHUCKAM
campkajeM Bjare y Basayxy kaga je u moehana omacHocT ox mokapa [9]. Ha
HCTPaKMBAHOM IIPOCTOPY PeNaTHBHA BIaXXHOCT Bazayxa ox 70 mo 75% je mokasartesb cyBOT
BpeMeHa. BeTpoBu jayer MHTEH3UTETa JIOME FPaHYKILIe, IPaHe Wik 00apajy Lene OUibKe Yume
ce moBehaBa ropuBM MaTepujai y IpU3eMHOM ey myMme, [6].

4. YTHUULAJ BETPA HA PA3BOJ [TIOXKAPA

YTHiaj BeTpa Ha pa3Boj U MOHAIIAKkE IT0XKapa ce oriiefia y yop3amy HHTEH3UTETa Topema
u Op3uHe mMpema nokapa ca Moryhnouthy u npebaruBarma rnoxapa npeko nokapHe JIMHU]E.
V3neHagHa mpoMeHa INpaBlla BeTpa MOXKE NPOMEHUTH IpaBan (poHTA IMOXKapa U TUME
yrpo3uT 06e30eHOCT NPHCYTHOT JbYJACTBA M OTEXKATH JIOKaJIM30Bame. Berap jauer
MHTEH3UTETa YTUYE Ha M0jaBy BUCOKHX M0apa KaJa ce BaTpa LIMPH 10 Kpolumku npBeha u
NpeTude HHUCKY MOBPLIMHCKY Batpy, [2]. Y mepuoxy BpeMeHa 0Oe3 BeTpa TOpeme IO
Kpourmama apseha ce He NIMPH, HIIM BEOMa PETKO.

VYTHIaj BeTpa Ha NIMPEHE ToXkKapa y IIyMH ce orieaa y cieachem:

noBehaBa HHTEH3UTET CYIICHa TOPUBOT MaTepHjaia CIMMHHNCAIHEM Biare

noBehaBa JJOTOK CBEXKET Ba3/lyxa y 30HY ropema u yop3apa mporiec ropema

H3a3uBa Op)Ke U HEeyjeJHAYCHHU]e IIIUPCH:E ToXKapa

M3a3MBa HOBE MOXKApe MPEHOIICHEM XKHUIIKE U 3aMa/beHNX Yyrapaka Ha mpocTop KOju
HUje 3axBahien noxapom
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e CTBapa Ba3AylIHE CTpyje IOMEpameM IIPEerpejaHor Ba3jayxa H3HaJ IoXapa LITO
CTBapa JOTOK XJIaJHOT Ba3[yXa y 30HY ropea, H IPOMEHOM IIPaBLA MOXKE CKPEHYTH
rJIaBHE (POHT MOXKapa W yMamUTH e(HKACHOCT Talllelha U YIPO3UTH 0co0e Koje
YUECTBY]Yy y raiiemy.

Berap, Mmaga u cnab, ycMepaBa IUITaMeH y IpaBIly 3alabUBOT MaTepujaja M yOp3aBa
BHUXOBY TEPMHUUKY - OZHOCHO TOILIOTHY mpunpemy. [loctoju yrBpheHa 3aBUCHOCT Op3uHe
HarpeaoBamba (QPOHTA MOKapa U MHTEH3UTETa ropema oJ Op3uHe BeTpa. bp3uHa mmpema
mo’kapa je y JUPEKTHOj 3aBUCHOCTH OJI jaulHe BeTpa, [1]. Hajcmopuju paszBoj moxapa je 3a
BpeMe YeCcTHHEe THIIMHA a Hajsehu mpu jakoM BeTpy. YTHIA] BeTpa Ha Op3WHY LIMpEHa
no)kapa 3aBHCH W O] KOJIMYMHE TOPHBE BETeTAlMje Y jeAHHHYHOM BOJYMEHY IIPOCTOpA.
Bbp3una mmpema noxkapa pacte Ha TepeHHMa ca MambOM I'ycTHOM Bererauuje. CyBa TpaBa
omoryhaBa HajBehly Op3uHy mmpema moxapa kao W Hajehe yOp3ame. OOjammeme oBe
TojaBe je /a BeTap rypa IJIaMeH IpeMa Harpes oMoryhaBajyhu aupekran KOHTaKT IuiaMmeHa
W HeW3ropesie Bereralndje Kao W Ja HMCTOBpeMeHO noBehaBa 3pademe ca H3BOpa Ha
NPUjEMHUKE TOILIOTE.

VY1umaj BeTpa Ha pa3Boj U IUPEHE IIYMCKOT M0XKapa 3aBUCH OJ:

e BEIMYMHE TOPUBUX YECTUIA
® KOJMYMHE TOpPHBa Y jeANHNYHOM BOJyMEHY IIPOCTOpa, U
e Op3HHE U CMepa BeTpa.

[osehamem Op3uHe BeTpa mosehaBa ce Op3uwHa mupema moxapa. [Ipu Op3uHN BeTpa of
55km/h noctike ce MakCHMaNHO HampeaoBame GponTa noxkapa ox 0,74km/h, a na kacHwuje,
npu BehuM Op3mHama BeTpa JoNa3d A0 Omajama Op3uMHe HampeloBama (poHTa MOoXKapa.
Berap jader uHTeH3UTETA, (CMATpa Ce JIa je BEeTap jak YKOJIUKO uma Op3uny Behy ox 18km/4),
cMamyje yrao ImaMmeHa ,,rypajyhu’” mramed Oimyke 3eMJbH IITO JOBOJAW O OpIKeT IHpema
nokapa. bp3uHa Berpa je yTHIajHa ¥ Ha BUCHHY IUIaMEHA MOXKapa Tako Ja je MPU MamuM
Op3uHama BeTpa Beha BHCHHA IIaMeHa Mokapa U oOpHyTo. JlaTa 3aBHCHOCT je HapO4UTO
yTHIajHA Ha MOTYNHOCT MpeHOoIIema IoXKapa Ha yaajbeHHja MecTa OJf MecTa IoKapa.
JyxuHa mpeckoka Batpe, mpu 6p3unu Betpa 21,6km/h, ko Gp3or mupema BHCOKUX MoxKapa
MOJK€ M3HOCHUTH W BUINE JCCETHHA MeTapa a Hekaaa u Bume. Ha Crnumu 1. mart je mpukas
yTHIIaja BETpa Ha KOHTYpE MoKapa M Ipasall Ipyxama.

Pyxe BeTpoBa u THIIMHE yTHYy Ha KOHTYype (pOHTa NOXkapa Koju he OMTH KpYKHHU WU
SJIMNTHYHU. YKOJIMKO ce OJaroBpeMeHO OTKpHje MoXap MOBPIIMHA 3axBahieHa MokapoM je
mpuOIMKHOT 00nuKa KpyxkHuie. Hakon 10 no 15 MuHyTa 01 mOYeTKa roperma IMPUCYCTBO
BeTpa yrunahe Ha Qopmupame KOHType HempaBuiHor oOnwmka, (Cinuka 1-a)) ca jacHo
M3pAXECHUM TJIaBHUM IIPaBIIEM HEKOHTPOJIMCAHOT HIMpEHa y CMepy AyBama BeTpa. Ilopen
TJIaBHOT TIpaBlia IMPEma Mokapa MPUCYTHO je U OOYHO IIUPEHE Kao M MINPEHE CYIPOTHO
O] TIpaBIla ayBama BeTpa. MIHTEH3UTEeT M Op3uHA roperma FOPUBOT Marepujajia 3axBaheHor
0OYHMM IIMpEHEM M LIMPEeHEeM Ka “‘yHasal’ 3aBUCH OJi KOH(pUrypaiuje TepeHa, Op3uHE
BeTpa u ¢, [5].
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Cnuka 1 Passoj noscapa

a) Bemap oyea y npasyy nadune

Jomunanman ymuyaj éempa

b) Bemap oyea nu3z naouny

Homunanman ymuyaj éempa Jomunanman ymuyaj nacuba

Cnuxa 2 IIpasay wupersa nodicapa y 3a6UCHOCmu 00 OOMUHAHMHO2 NPAsya eempa u Haeuba mepena (
N - gexmop nazuba, V - eexmop eempa, R - pesyimanma npasya wupera noxcapa)

Bp3una mmpema moxapa ce mosehara uak 10 30 myra ocHOBHE Op3MHE IMIMpEmka TMoxapa
YKOJIKO Harub Tepena Hapacte ca 0° Ha 30° mo 40°, [1]. Kondurypauuja TepeHa HaIUK Ha
KambOH IIPH TOPeHhY HUCKOT pacTHmBa MOXKE YTHIATH Ha IojaBy ()EHOMEHA epyITHBHOT
moxkapa “fire blow-up”. Harub® TepeHa u cMep BeTpa Cy BEKTOPCKE BEIHMUYMHE YTHIAjHE Ha
yTBphHBame NOMHUHAHTHOT TpaBlia MIMpema moxkapa, [5]. Harub tepena moxe cMamuTH
yTHIaj BETpa, alli Ta, UCTO Tako Moxke W moseharn, Ciuka 2. Y onpeheHuM ycioBuMa ca
BelioM Op3MHOM BeTpa OrpaHHYeHa je Wi MOTIYHO OHeMoryheHa akiuja TMpEeKTHOT ramema
moxkapa, [2]. YUecte m HW3HEHagHE IMPOMEHE y MPABIy M HHTEH3UTETY BeTpa yTHUUY Ha
HEKOHTPOJIMCAHO LIMPEHE IMoXapa y MpOCTopy M BpeMeHy. llpaBall ¥ MHTEH3UTET BeTpa,
nusMely ocranux ¢daxropa, yrndy Ha u300p TaKTHKE M ONpPEME M CpPE/CTaBa 3a TallieHmhe
roxkapa.

5. AHAJIM3A BETPA HA IIOJIPYYJY HEI'OTHUHA

Ha monpydjy Herotnna Hajsehy decTHHy nMa JIOKAIHU BeTap, KOIIaBa U CEBEPO3aITaHH
W 3alaJJHd BETPOBU. 3alajiHu U ceBepo3araHy Berap (KOJl JIOKAJHOT CTAHOBHHIITBA TIO3HAT
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Ka0 TOpH-aK) OJJIHNKYjy C€ 3HATHOM jaurHOM (0 32m/s a HeKaJ ¥ BHIIE), yCled 00pyIIaBama
Hu3 naauHe ranuHa Jenu JoBan u Benuku ['peben. HapounTo mo yuectanocT W jaunHH
BeTpa cy mo3Hara mecrta [lomammja, namelhy e JoBana u Benukor ['pebena, n Pacagauk,
n3mely Benukor I'pebena u Mupoua, Ha KojuM JIOKalujama cy ¥ cradia apseha HarHyTa y
CYIIPOTHOM cMepy. 3a OBaj BeTap ce decTto Kaxke na oxapelhyje xmmy HerotnHa n okonmHe.
Ha npumep, kana je Tuxo Herotun je mehy Hajxmagaujum mectuma y CpOuju Te 3aT0 U MMa
Ha3uB “cprcku Cubup®. Komrasa je MCTOYHM U jyrOoMCTOYHHM BeTap Koju nyBa ca Kapnara,
YCIIOBJBEH BHCOKHMM aTMOC(EpCKHM IPHUTHCKOM OKO HCTOYHOT Jena PymyHuje, mpoampe
kpo3 bepaancky kiucypy u y3 peky Tumok u npebaryje ce najbe npema 3anany. Komasa
Hajuenthe nyBa 2 1o 3 naHa HenpekuHo, pehe on 2 1o 3 Henelbe, MPETEKHO Y TOKY 3UMCKHX
Mmeceny. Berap xomaBa nma ocoOuHy cyBor maznajyher ¢geHa ImTo 3a BpeMe BEreTaloHOT
MIepHOJia, HAPOUYNTO TOKOM MECEIa aBTyCTa M CenTeMOpa, Ipy MHAYE CyBOj 3€MJBbH, yTHUE HA
jour 3ejeHy BereranMjy IOJl YMjUM ce JejcTBOM Omibke crapymie. IlojaBa crapymiema
BereTalije HapoduTo 0Ja3u 0 M3pakaja Ha 3eMJBUINTY KOje HHje 3aKJIOHEHO OJ CyBUX
BeTpoBa. Cpenma Op3uHa Komase je o1 5 1o 10m/s npu yemy MojeinHu yapyu MOTy OUTH ca
Op3unom u mpeko 30m/s, [4]. Berap xomaBa mojpikaBa MPETEKHO CYBO M BEAPO BpEME.
KpajuHCKH peoH KapakTepHile HajBehly aHTHIMKIOHCKY BpeMEHCKy cutyarujy, [3]. ITospe
BETpa OJ[pa’kaBa MHOT'C pealHe KapaKTePUCTUKE CTPyjama 3aBHCHE 01 oporpaduje OQHOCHO
BHCHHE ¥ NPABLA NPYKamba IUIAHMHCKUX BEHAIld, KOTJIMHA ¥ PEYHHX JI0JHMHA, Ka0 U TPeHha 1
3arpeBama.
Tabena 1 [lpoyenmyantue 200unuirbe 6peOHOCMU YeCMUHA 8eMPO8A U MULUHA

y Hecomuny (% ) 1961-2010

Mecto YecrrHa BeTpoBa 1 THIIHHA ( % )

NNE| NE|ENE| E |ESE [SE|SSE| S| SSW | SW | WSW |W | WNW |[NW | NNW [N | C

Nerotun

38 | 36| 54[58| 49 |24]| 16 |12]| 13 17 34 |62] 184 60 49 |39]254

*Hapomena: N-cesep, NE-cesepoucmox, E-ucmox, SE-jyzoucmox, S-jye, SW-jyzozanao, W-3anao, NW-
cegepozanad, C—muwuna

IIpema Tabenm 1 BumM ce ga je ogHOC BeTpoBa M THmMHA 74,6:25,4. Ha monpydjy
Herotuna nHajseha yectnna Betpa npunana tuinuiu (C) (25,4%). OnyjHu BETpOBU CY BpPJIO
perkn. OHOC BEeTpOBa M THIIHMHA yKasyje Ha denrhe yecTHHE BETPOBa Y OJHOCY Ha THUIINHE
Ha MeTeopoJiomkoj cranuiuy Herotun. UecTrHe BeTpoBa ce MOTY MpHKa3aTH M rpaduyKu
Tako na ce mobuja T3B. “Pyxka BeTpoBa” Koja ca omaromapajyhmm Op3nHama Aaje CIUKY O
MIPOCEYHOM CTpyjamy Ba3ayxa, Ciuka 3.

W NNE

Cauka 3 Ilpuxa3s pacnoodene éemposa 3a mepHy cmanuyy Hecomumn, janyap-oeyembap 1961-2010 na 10
m sucure

JuesHa nojaBa Yectuna BerpoBa n tTummHa ( % ) 1961-2010, je npuxazana na Crunn 4.
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Cnuka 4 J[nesna nojasa Yecmuna semposa u muwuna (% ) 1961-2010

Ha Caum 4. ce BuaM Ja je THIIMHA BHIIE M3paXKeHa y jyrapwmuM catuMma (7 cath) a
HajMame y Toky monHeBa (14 catm). CarnenmaBajyhn mpaBiie BeTpoBa M HBHXOBE I0jaBe y
TOKY JjaHa, yodaBa ce ja je npaBary WNW, koju je Hajuemrhu Ha OBOM MOJpY4]jy, HajBHUIIE
M3pakeH y TOKy nmonHeBa. Hajmama nojaBa Betpa je u3 npasna S, SSW, SSE, SW, u SE.

[IpouenTyanHe MecedHe BpeOHOCTH MojaBibMBama BeTpa Ha MCa Herotun 3a mepmoxn
1961/2010, cy nare cnukama 5 o 16.

Cnuxa 5 Kapma yecmune semposa y Hecomuny — Cnuka 6 Kapma uecmune eempoga y Hecomumny
y moky janyapa 3a nepuoo 1961-2010 y moky ¢ebpyapa 3a nepuod 1961-2010

wsw R A T e wsw e -

SE sw

Cnuxa 7 Kapma wecmune éemposa y Hecomuny — Cnuxa 8 Kapma uecmune semposa y Hecomumy

v moxy mapma 3a nepuoo 1961-2010 y moky anpuna 3a nepuoo 1961-2010
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Cnuxa 9 Kapma uecmune eemposa y Hecomuny Cnuxa 10 Kapma wecmune éemposa y

y moky maja 3a nepuoo 1961-2010 Heeomuny y moxy jyna 3a nepuoo 1961-2010

WNW

Cnuxa 11 Kapma uecmune eempoéa y Cnuxa 12 Kapma wecmune éempoéa y
Hezomuny Hezomuny y moxy aszycma 3a nepuoo 1961-
2010

y moky jyna 3a nepuoo 1961-2010

Cnuxa 13 Kapma wecmune éemposa y Hecomumy Cnuxa 14 Kapma wecmune eemposa y
y moky cenmembpa 3a nepuoo 1961-2010 Hezomurny y moxy Og’gfgpa 3a nepuod 1961-
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Cnuxa 15 Kapma wecmune éemposa y Hecomumy Cruxa 16 Kapma wecmune éemposa y
Hezomuny y moky oeyembpa 3a nepuoo 1961-

moky Hosembpa 3a nepuoo 1961-2010
Yy Y /4 P 2010

6. 3AK/bYYAK

Betap urpa 3Ha4ajHy ynory y cTBapamy IOTOJHUX YCJIOBa 3a HACTaHAK U pa3Boj Moxapa
y npupogu. KiuMaTcku nmapaMeTpy Cy YTHLAJHH Kako Ha HAaCTaHaK M Pa3Boj a Tako M Ha
MOCTYNAK Tamema Moxapa. BeTpoBu Cy jemaH o BaKHUJUX eleMEHATa JIOKAaJHE KIUMe
YIJIaBHOM OJipel)eHn MHpOM BPEMEHCKOM CHTYaIMjOM OJHOCHO IIOJIOXKAjeM M KpEeTamheM
[IUKJIOHA ¥ aHTHLUKIIOHA, 3aTHM pesbe(poM Kao U 3arpeBameM U XilahemeM Tia. Yiiora BeTpa
je BUILECTpyKa Kako Ha CTame FOPHBOT MaTepHjajia a TaKo M Ha Pa3Boj I0XkKapa U YCIEITHOCT
ramema. bp3uHa, mpaBall M ydecTaJoCT BeTpa yTHUYE Ha IOHAIIamke M0Xapa y LIYyMH.
YTBphHuBame CBUX IapaMeTapa BeTpa je oI 3Haudaja 3a yTBphuBame Op3WHE W TpaBIa
mIMpemka 1MoKapa a THME M MOTPeOHUX Mepa 3a rameme Kao U n300p motrpedHe omnpeMe U
CpezicTaBa 3a ramemne. Y by Kpenpama ClieHapHja 3allTHTE [TyMa O/ [oKapa MoTpedHo je
Kao jeJaH 0] 3Ha4ajHUX KJIMMATCKHX MOJaTaka pa3MOTPUTH U YTHLIA] BETpa.

HcrpaxeHn moJany ca METEOPOJIOIIKe cTaHule HerotH ykasyjy Ha MHOTE pas3iiHKe Y
nmpaBly M HHTeH3uTeTy Berpa. [IpeoBnahajyhm mnpaBum BerpoBa MOry ce 00jacHHUTH
KOH(UTYpanujoM TepeHa U THIIOBMMa BpeMeHa. Ha uctpaxkuBaHoM mpocTtopy npeosialyje
KOHTHHEHTAJIHA KJIMMa Ca W3PAXCHUM YTHUIIajeM KOIIABCKOT M IUIAHWHCKOT THIIa BPEMEHA.
Bp3une Berpa ce Hajuemhe monymapajy ¢ AHEBHHM KpeTameM TeMIepaType Bazayxa
OJHOCHO MHMHHMYM y HOWHMM caTMMa a MakCUMyM y noaHe. Ymopehyjyhm monarke
4yecTuHe, Op3uMHE M pyXKe BETpoBa MOXKE C€ 3aKJbY4UTH lla ¢y Ha noapy4jy Heroruna y
TOIUIOM JIeJTy TOAMHE TOMHHAHTHHU BETPOBH Ca 3aIajia U ceBepo3anaaa. ToKoM XJIagHor nera
TOANHE TOMUHHUPA UCTOYHU I/ijFOI/ICTO‘-IHI/I BETap-KoIIaBa.
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Anexcannap bABTh ! Cmpyunu pao
IIpenpar NJIMh 2

3HAYAJ 1 YJIOT'A IIVTAHA 3AIITHUTE U CITACABAIHA
O EJEMEHTAPHE HEITIOT'OAE U IPYI'E HECPERE

Pesume: EnemenrapHe Hemoroge Cy mHpobieM KOju MOC/EAHUX TOJWHA CBe BHIIE omrepehyje
YOBjEYaHCTBO M 3HAYAjHO yTHYE Ha )KUBOT U paj jbyau. Y paxy ce oOpalyje mpobiieM eleMeHTapHUX
Heroroz1a, kao u obase3e y 00nacty 3amrTuTe U cnacaBama y P. Cprickoj. Yka3aHo je Ha 3Hauaj U yJaory
IUIaHA 3aIUTHTE U CIacaBama O]l CIEMEHTapHE U Jpyre HEMmoroje W AaT je U moceGaH OCBPT Ha yTHIA]
eIIeMEHTapHHX HENoroja Ha NpuMjepy MEANUINHCKE YCTaHOBE, Y K0joj OOJIEeCHUIIN YnHE HajpambUBUjy U
yIPOJKEHY KaTeropujy cTaHoBHHINTBAa. ONAaCHOCTH Of Mpolleca paja y IUPEKTHOj je Be3n ca
aKTHBHOCTHMAa KOje c€ OJBHjajy W MoapasyMujeBajy Opury o Behem Opojy nmma. JlaT je mpermen
YIPOJKEHOCTH Of €JIEMEHTapHUX M JAPYTMX HENOroAa, IPHjeUIor OpraHU3alMje 3allTHTE U CIacaBamba 1
npyre obaBese.

Kibyune peun: nporjjeHa yrpo>keHOCTH, IIJIaH 3aIITHTE U ClIacaBarba, BAHPEHE CUTYAIH]je

THE IMPORTANCE AND ROLE OF THE PLAN OF
PROTECTION AND RESCUE FROM NATURAL
DISASTERS AND OTHER CATASTROPHES

Abstract: Natural disasters are the problem that in recent years has burdened humanity more and more
and it had the significant impact on people's life and work. In the work the problem of natural disasters
have been dealt, as well as obligations in the area of safety and protection in the R. of Srpska. It has
been suggested to the importance and role of the plan of protection and rescue from natural and other
disasters, and it has been given the special emphasis on the impact of natural disasters in the example of
a medical facility, where patients make the most vulnerable category of the population. Dangers of a
process of work is directly related to the activities that take place and involve care of a greater number
of persons. Regarding this an overview of threat of natural and other catastrophes has been given, the
proposal of the organization of protection and rescue, as well as other obligations.

Key words: risk assessment, plan of protection and rescue, emergencies.

! crp. umxk. 3om, JHY Hucruryr 3a 3amrtuty u ekomorwjy Pemybiuke Cprcke, bama Jlyka,

Bunosnancka 43, aleksandar.babic@institutzei.net
2 jon. 1p, JHY Uucruryt 3a 3amtuty U ekosnorujy Peny6muke Cprcke, bama Jlyka, Bunosnancka 43,
pedja_1979@yahoo.co.uk
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1. ¥YBOA

EnemenrapHe Hemoroze (3eMJbOTpPECH, MOIUIABE, ONIyje, CHET, KIH3ambe TEPeHa,...) Cy Of
YBHjEK IIpeCTaBJbalie BEJIINKY ONACHOCT YHje Cy MOCJbeaAnIle Omle TeKe U KaTtacTpodaHe-
MHOT0 JbYJICKHX XPTaBa, BeJIMKa MyCTOILIeHa U pazapama. [lopea OpojHHUX JbyJCKHX KPTaBa,
Temknx nopemehaja corujanae W MCUXOJIOIIKE MIPUPOJE, HENPOIjelhHBa je M MaTepHjaTHa
mrTeTa KOjy Cy CTaHOBHMIM U jpkaBa mnpertprjenu (babuh, 2012). Cpake roamHe
eJleMeHTapHe Heroroe u apyre Hecpehe y cujery yruay Ha 200 mumrona eymu (Bandrova
& Konecny, 2006). IMoBehame (GpeKBEHTHOCTH U O30MJBHOCTH CaMHX KaTtacTpoda u
BUXOBUX TOCJhEAMIIA YKa3yjy Oa mpobieM kartacTtpoda Mopa OWTH y (OKYCy CBjeTCke
3ajenHMIe y ToanHaMa koje nonasze (Cakyncku u cap., 2012). OBe omacHOCTH Hacraie cy,
YIJIaBHOM, ca 110jaBOM U CTaJHUM Pa3BOjeM MHAYCTpHje U TexHuke. OHE ce MOTy jaBJbaTH
Kao: moxkapu, Hecpehe y pynmHMIMMa, pasHe exciuiosmje, caoOpahajue Hecpehe, 3araleme
atMocdepe, pyuieme Opana xunpocucrema u ci. (badouh, 2012). Enemenrapae Hemoroje u
npyre Hecpehie mW3a3uBajy BeJHKe INTETe 3eMJbamMa y pas3Bojy, IHHMXOBHUM EKOHOMHjaMa,
’KMBOTHO] CPE/IMHM Y CBUM perujama CBHjeTa U CaMUM THUM YIpokaBajy 0e30je/HOCT Jbyiu y
uctuM. [lpucTynu cMmamemy Mocjbeluia O]l eIeMEHTAPHUX Heroroja W JApyrux Hecpeha
nocrany ¢y komiutekcHu (Cakyncku u cap., 2012).

2. 3AKOHCKA OBABE3A Y OPTAHU30BABY 3AHITUTE O
EJJEMEHTAPHE HEITIOI'OJE U IPYT'E HECPERE Y PEIIYBJIMIIN
CPIICKOJ

Onpenbama 3akoHa O 3aIITHTH M CllacaBamy y BaHpeaHuM cutyarujama (“'CiayxOeHn
rnacuuk PemyGmuke Cprcke”, 6p. 121/12), npornucan je HauMH MpoBohema U yHanpelhema
3aIITHTE U CIIacaBamba y BaHPESIHUM CHTYaLlijama.

Onpenbowm uana 22. 3akoHa yrBpleHe cy o0aBe3e CKyMIITHHA OMIITHHE, OJHOCHO rpaja
Jla JOHecy IUTaHOBE 3alliTUTE M ClacaBama O] €IEMEHTapHe Heroroje M apyre Hecpehe.
Onpenbom unana 23. 3akoHa yrBpl)eHe cy o0aBe3e CKYIIITHHA OIMIITAHE, OJHOCHO Tpaja aa
JIOHECY OJUTYKY KOjoM ozpel)yjy npuBpeaHa IpynITBa U Apyra npaBHa JHIa Koja cy o0aBe3Ha
MOCTYIATH Y CKiIay ca wiaHoM 23. ctaB 1. 3akoHa, OTHOCHO Jia YTBPJE MPUBPEAHA IPYLITBA
W Jpyra npaBHa JHIA Koja Cy Iy)KHa Ja M3paae MpPOLjeHY YIrPOXKEHOCTH OJ] eJIeMEHTapHE
HEeIoroJie 1 Ipyre Hecpehe, MiIaH 3alTUTE U CHacaBamba OJ1 EIEMEHTapHE HEIOroJIe U JIpyre
Hecpehe ¥ mpoBoe Mjepe U 3aJaTKe 3alITHTE U CIIacaBamba.

3. YIIPAB/BAILE AKIIMJEHTHUMA H IIJIAH 3AILITHUTE OJ
EJJEMEHTAPHE HEITIOI'OJE U IPYT'E HECPERE Y PEIIYBJINIIN
CPIICKOJ

[uxiyc yrnpaBibamba aKIMICHTHUM PH3HLMMa TOJIpa3yMHUjeBa CyMY CBUX aKTHBHOCTH,
Mjepa U mporpama Koju ce Mpeay3uMajy Mpuje, y TOKY U HAKOH aKIUJICHTA Y LHJbY HErOBOT
nsbjeraBama, CMamemha HETOBOI YTHIIAja U ONOpaBJbatba OJ IMPETpIUbeHE IuTere. Tpu
Kby4He (a3e y OKBUPY yIpaBibarba aKIUACHTHUM PH3ULUMA CY:
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1. ®a3a mpuje aKHUICHTA!

AKTHUBHOCTH KOje ce peay3uMajy y 0Boj a3y MMajy 3a IUJb CMAkCHC MOTCHIN]aTHUX U
MaTepHjalIHUX T'yOuTaKa y ciiydajy akuunuenrta. Ha npumjep, cripoBoleme kammama 3a paHo
yII030peme, ojauaBame mocrojehmx cmabux CTpyKTypa, MpHIpeMame IUIAHOBA Y OKBUPY
yIpaBjbarkba PU3WIMMa Ha HHUBOY AoMahwHCTBa W 3ajeqHuna uTH, Kao mrto je u [lman
3aIITHTE U ClIacaBarka 0] eJIeMEHTapHe Heroroie u Apyre Hecpehe, unja je n3paga obaBe3Ha
y Penryomumm Cprickoj (3akon, 121/12). AktuBHOCTH Tpeny3eTe y 0BOj a3y Ha3HMBajy ce
Mjepe IPUIPABHOCTH U yOlakaBamba.

2. ®aza TOKOM Tpajarba aKIUICHTA:

[MTonpasymujeBa Kopake Koju ce Mpeay3umajy pajau mro edeKTHUjer 30prumbaBama KpTaBa
U CMamClkha HaHMjeTe InTeTe. AKTHBHOCTH IIpedy3eTe y OBoj (asm HaszmBajy ce Mjepe
TPEHYTHOT pearoBarmba Ha yJec.

3. ®a3a HaKOH aKLUJCHTA:

[onpaszymujeBa Inpeny3uMame WHHLMjaTHBE 32 pearoBame Ha yjaec y LWiby Op3or
OTopaBKa MOrol)eHOT CTaHOBHMINTBA HENOCPEIHO HAKOH INTO CE aKuuAeHT omurpao. Oe
aKTHBHOCTH C€ Ha3MBajy Mjepe Op30T pearoBama M OMOPaBKa.

dase ynpasbarba aKIUICHTHMA CY:

e VY0naxaBame - NOAPa3yMHjeBa MHHHMH3HPAC HEraTHBHHUX e(eKara aKUUICHTA.
[IpumMjepu: rpal)eBUHCKH TPOMHCH, aHATU3E PABUBOCTH, 00pa30Bame M IPHIIpEMa
JAaBHOCTH...

e [IpunpeMIbCHOCT - MOApa3yMHjeBa IUIaHHpame onropopa. IIpuMjepu: IUIaHOBH
3alITUTE M ClacaBama, OCHOCOOJbaBame 3a ciiydyaj omacHoctu (3akon, 121/12),
CHCTEMH YII030peHa...

e PearoBame WIN OJIrOBOp - NOAPa3yMHjEBajy c€ HAIlOPHU 3a CMAambEHhe NMOCIbEINIA O
xazapaa. [IpumMjepu: XUTHO yKa3uBambe MOMOLM, MOTpara 3a )KpTBaMa U CHallaBame...

e OmopaBak - Bpahame 3ajemnurie y Hopmany. [lpuMmjepm: MeaumuHCKa mOMOR,
NPUBPEMEHA MPUXBATHIIUINTA, MOHTaxHE Kyhe, cyOBeHmwje... (Cakyiacku u cap.,
2012).

Cxomao VYpenbu o campajy W HauWHy H3paZe IUIaHa 3allITHTE OJ eJCMEHTapHe
neroroge u apyre Hecpelie ("Cmyx6Genu rnacHuk Penybmuke Cprcke”, 6p. 68/13) vy
PenyOonuim Cprickoj yTBplyje ce METOmO0JIOTHja, MPEeaMeT, CBPXa, IUJBEBH, HOCHOIM H
HauyuH u3paje [I1aHa 3amTuTe o1 eJIeMEHTapHe HeMoroe U apyre Hecpehe.

[lnan 3amTHTe U CriacaBama YMHE cibeehn JOKYMEHTH:

a) IIpo1jeHa yrpoKeHOCTH OJ1 eIEMEHTapHE HEeMoroie U npyre Hecpehie,

6) Ilian MpeBEeHTHBHOT JIjeNioBamkba,

1) [nan npunpaBHOCTH,

1) Ilnan MoGunm3anuje u

e) Ilnan XUTHOT MOCTyIama.

Beoma je 6utHO ma ce monece (u3paam) IlmaH 3amTuTe W CracaBama O] CJIEMEHTapHE
Henorone u apyre Hecpehe, kojum OM ce ycarmacmio mocrojehe crame 3amrTuTe 0f
eJIEMEHTapHE HENoroje W JApyre Hecpehe ca mpommcuMa W3 OBE OOJIACTH, a YjeIHO aiia
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pjeliema U AedHHICATN NPOOIEMH 3allTHTE Of eIeMEHTapHe Hermoroje u apyre Hecpehe
KOjU HHUCY Ae(DUHHCAHU TPOITHUCHUMA.

IInaHoM 3amTHTE W CIacaBama IUIAHUPAjy Ce NPEBEHTUBHE U ONEpaTUBHE Mjepe 3a
CIIpeYaBame U CMakbEHE MOCIbEANIIA eIIEMEHTapHUX HEloroa, yaeca U KaracTpoda, Kao u
CHare W CpeACTBA 3allTUTE M CllacaBama, OpraHM3aldja JjenoBamba Yy BaHPEAHUM
CUTyallijaMa y IWJbY 3alITUTE M CHacaBamba JbYAH, MaTepUjalHUX M KyJATYpHHX nodapa u
00e30jel)erba OCHOBHEIX YCITOBA 32 KUBOT.

[Tnan 3amTHTe M criacaBamba jeé OCHOBHHM IUIAHCKU JAOKYMEHT YMjH je IHJb yTBphHBame
3ajaTaka CBUX CyOjeKara 3allTUTE ¥ CIlacaBamba, IUIAHCKO U OPraHM30BAHO AHIAXKOBAME
KananuTera, yckialjBame aKkTHBHOCTH Y CIpOBOheWmY Mjepa W 3ajaTaka 3allTHTEe |
cracaBama.

[Tnan 3amTuTe M cracaBama ce pagd Ha OCHOBY IPOLjEHE YTPOKEHOCTH a y CKIaly ca
COTICTBEHUM PACIOJIOKMBUM KamaiuTeTiMa 1 MoryhHoCcTHMA (CHAre U CpecTaBa).

Kao jeman on HajOmTHHjux ememeHara llmaHa 3amTUTe W CracaBama j€ IPOIjEeHA
YIPOXKEHOCTH OJ elieMeHTapHe Hemnoroge u apyre Hecpehe. IlpowujeHa yrpoxkeHocTH je
OCHOBHH JOKYMEHT KOjH ce€ IpumpeMa 3a u3pany [lnana 3amrTure M criacaBama OJ
eJIeMEHTapHe HeloroJe u Apyre Hecpehe oprana, opraHuzaliyja ¥ NPUBPEIHAX IPYIITaBa.

[Iporjera yrpoXeHOCTH Orjiefa ce y WACHTH(HKALWjH, aHAIM3H, MPOLJCHH W OIjeHU
pusuka. Mnentudukanuja pusuka ol eIeMeHTapHe Henoroje u apyre Hecpehe paspahyje ce
o BpcTaMa oOmacHOCTH. VpeHTnukanmja pH3MKa C€ BpPIIM  ITOBE3MBAKBEM
IWBHUX/PU3NYHUX Tpyna W Jorahaja Ha OCHOBY HCTOPHMJCKMX I10/IaTaKka, HCKYCTaBa,
M3BjellTaja CacHIavYKUX U XUTHUX CITyxOu (Bpcra, 00MM U mocibenulie Hecpeha, BpujemMe U
MjecTo Hecpeha, KOIMKO 4ecTo Cy ce JAelllaBane y oApeeHOM BpPEeMEHCKOM IEepHOIy) U
roJiaTaka MpUKyIJbEHUX OJ] IPYrHX PeJeBaHTHUX cyDjeKara.

HaxoHn 3aBpuieHe npeivMUHapHe WASHTU(HKALUje PU3MKa BPIIM CE aHalM3a PU3HKa,
KOja ce peann3yje MpeKo aHaji3e CleHapHja U aHaIn3¢e KarauTeTa.

Anamm3a creHapuja oOyxBara wu3pagy Moryhmx cIeHapHja Ha OCHOBY paHHje
neuHICAaHUX NUIJBHUX/PU3HMYHMX Tpyna U norahaja, 0HOCHO pH3HKa, JOCTYIMHHX I10/1aTaKa
1 TIPETIIOCTAaBKH W aHAJH3Y CLIEHApHjIMa MPETIOCTaBFeHUX Hecpeha mo o0umy, moapydjy,
BpPEMEHY, IPOCTOPY, YIECTAIOCTH U MIOCIbEeIUIIaMa.

Ananusza KananuTera oOyxBara WAEHTH(HKALWjy W TPOLjEeHY CTama KaralureTa 3a
MIPEBEHTUBHO [jeJIOBabe M KanaluTeTa 3a MHTEPBEHTHO MjENIOBAe U MMa IMOJIA3UILTE Y
pENpe3eHTaTUBHAM CLICHAPHjIMA.

AHanmza pu3nKa pe3ynaTyje JeTepMUHNCABEM HIBOA PH3HKA.

Pmsuk mpencraBipa MoryhHOCT nma ce Hekd ITeTaH norahaj peanmsyje W HM3a30Be
HeraTHBHE e(eKTe 10 NITHheHe BpUjeTHOCTH.

HaxoHn ananuse ce paau npoljjeHa pu3uKa, Ha OCHOBY KOje ce oljemyje pu3uk. Lnip
OlljeHe pHU3HKa je MOMON y TOHOIIEHkY OUTyKa Ha OCHOBY PE3yJ/ITaTa aHaIU3€e PHU3UKa O TOME
KOjUM ce pu3HLUMa Tpeba 0ABUTH W O MPHOPUTETUMA TpeTMaHa pu3uka. OljeHa pu3uKa
oOyxBata mopeheme creneHa pusMka KOju Cy MpoHaljeHH y TOKy mpolieca aHalu3e U
KpPUTEpHjyMa 3a PH3HMKE KOJH CY YTBPhEHH y TOKY pasmaTpama 4uTaBor KoHTekcTa. Omiyke
Tpeba qa y3My y 003Hup LIMPU KOHTEKCT PH3HKA H YKIbYUe pa3MaTpambe TONCPaHIIHje PH3HKA.
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VYKOJIMKO CTEIEeH PU3MKa HE 330BOJBU KPUTEPHUjYM 3a pu3MKe (IPUXBATIFHBE PU3HKE), OHIA
ce TUM pU3uKoM Tpeba 6aBuTH (pU3uK O Tpebdaio Ja Oyne pa3MaTpaH-TPETHPaH).

OwujeHa pusuka Moxe Takohe BOAUTUM M Ka OJUIYyIHM O TOME Ja Ce€ PHU3MK Jajbe He
yOnakaBa HA Ha KOjH JPYTH HAYHH OCHM pean3alijoM nocTojehe KoHTpose pu3nKa.

Panm omjene pusnka BpIIM ce KiIacH(pHKaNHja pU3NKa y KaTeropuje pusuka (AxamoBuh n
cap., 2014).

4. OPTAHU3ALMJA SAILITUTE U CIIACABAIbA

MenuuuHCKe ycTaHOBE, alld W JAPYTH IPUBPEIHHM CYOjEKTH OJ MHTEpeca 3a 3allTUTy U
cracaBame, Cy Iy)KHE Jla YCIIOCTaBe BIIACTUTY OPraHHM3alMjy 3a CIpoBOheme aKTHBHOCTH,
00e30mjenie 00yKy U CIPOBOJIE IPUIIPEME 32 J[jeTIOBAE Y CITydajy eIeMEeHTapHe HEeIoToAe U
npyre Hecpehe.

Opranuzanyja 3allITUTEe U cllacaBama 00yXBaTa yCIIOCTaBJbae BIACTHTE OpraHM3aluje
3a cmpoBoleme akTHBHOCTH, 00Oe30jehera oOyke W TpHIIpeMe 3a IjeloBamke y Ciaydajy
elleMEeHTapHe HemoroJe u apyre Hecpehe.

Opranu3oBame ¥ NpoBolere 3allITUTE M cllacaBamba 0 eJIeMEHTapHe HEeroroJie U Apyre
Hecpehe Bpmm ce Ha ocHOBY 3akoHa ("Cnyx06enu rinacauk Pemy6muke Cprcke", 6p. 121/12)
U TIPOTIMCA TOHECEHUX Ha OCHOBY HCTOT.

Cxonno unany 48. u 49. 3akoHa, ¢opmupaT mTad 3a BaHPEIHE CHTyaIlHje KOjU Ce
ypehyje ommTuM akTOM WM OJPEAWTH TOBjEPCHUKA 3aIITHTE M CllacaBama y CKIaay ca
YHYTPAIIFOM OPraHU3annjoM U OpojeM 3aroCIeHHX.

IToBjepernk mpexy3mma Mjepe W aKTUBHOCTH Koje omoryhaBajy yderrhe pagHuka y
cripoBoljersy JIMUHE, y3ajaMHE M KOJICKTHBHE 3allITUTE M Mjepa 3alliTUTE Pajad cliacaBarba
JbyAd M MarepujanHux noOapa. IloBjepeHmKa MMeEHyje W paspjemaBa AUPEKTOP, OJHOCHO
JPYTH HAIUISKHH OpraH oJpel)eH ommuTHM akToM.

PykoBoheme y cucremy 3amTuTe W CriacaBamba BPLIM JUPEKTOp WM OpraH ojpehen
OTIITUM aKTOM MEIUIIMHCKE YCTaHOBE.

VY pykoBohemy akiyjama 3amITHTE M CllacaBaiba, CarJlaCHO 3aKOHY, PYKOBOJIMJIAIL
3alITUTE U ClIacaBama Yy MEAUIMHCKO] YCTAHOBH OBJIAIITEH je [1a:

e omrydyje o ynyhuBamy CHara M CpejicTaBa 3allTUTE W CllacaBama Ha IOJApYyYja U
MjecTa raje Tpeba Jna ce BPIIM 3alliTUTa M CIacaBambe YrPOXKEHUX M HACTPaJaanx
JbYIU ¥ MaTepHjalTHUX 100apa,

e Hapel)yje Mjepe 3amITHTe U cllacaBama Koje Tpebda aa ce CrpoBoe,

e ycMjepaBa, KOOPAMHHPA M PyKOBOAH aKlMjaMa 3allTHTE U CllacaBamba CBUX y4ECHHUKA
AQHT)KOBAHMX Ha 3allITHTH U ClIacaBamby U

e pjenraBa cBa MUTama Koja ce T0jaBe y TOKY CIIPOBONeha aKTUBHOCTH Ha 3aIUTHTH
criacaBamy M aHT@)KOBama CHAra M Cpe/ICTaBa 3alliTUTE U CIacaBama.

5. HUBO IIPEBEHTUBHUX MJEPA U AKTUBHOCTHU 3AIUITUTE U
CITIACABAIbBA

CrpoBohjerse TPEBEHTHBHHX Mjepa 3HA4YajHO yMmamyje TyOMTKe HacTaje ycIbend
JjesioBara eleMeHTapHe Henorose u apyre Hecpehe. Y ckiamy ca mpeTXoJHUM aHaln3ama
JIOHOCH C€ HH3 INPEBEHTHBHUX Mjepa, KOje peryiuile NUTambe 3alITUTE U ClacaBamba,
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IpaBWia TIOHAIIaka Yy CIy4ajy OMACHOCTH, PYKOBAmbE 3aIITUTHOM ONPEMOM M Mjepa
Mpy)Xama MpBe MoMohH U JIp.

HeramHo ce [lnaHoM mpomucyjy Mjepe, CXOIHO 3aKOHY O 3allITUTH W ClacaBamy, ajld U
JIPYTHAM TIPOITHCHMA KOjH Ce THYy 3aIlITUTE W CllacaBamsa, Kao IITO Cy MPOIHCH U3 001acTH
3alITUTE O] 0Xapa, 3alTUTE Ha PAJY, 3alITUTE )KUBOTHE CPEUHE, XeMUKAITHja U JIp.

3a ycmjemHo crpoBoleme Mjepa 3alUTHTE W ClacaBama HEONXOIHO j€ CTPUKTHO
MOLITOBAKE CTAHJAP/IA U MPOIKCA y OBOj 00JIaCTH, HajMabe jeaHITyT MOJUIIBE pa3MaTpaTH
cTambe 0e30jeJHOCTH 3alOC/ICHHX W OOJICCHHKA y MEAMIMHCKAM YCTaHOBaMa M BPIIUTH
@Xypupame INpoljeHe YIPOXKEHOCTH M IUIaHOBa 3aIUTHTE U cracaBama. HeomxomHo je
YIIO3HATH 3aI0CIIeHe ca cagp XuHoM [11aHa 3aTure u cracaBama.

VY unsby 3amITUTE 3allOCICHUX M OOJICCHHKA Y MEAUINWHCKUM YCTaHOBaMa CIPOBOIUTH
Mjepe 3alITUTe oA Ioxkapa npeasuleHe 3aKoHOM KOJUM ce IPOIHCYje 3alllTUTa OJ] I0XKapa, a
Koje mojapa3ymujeBajy 06e30jeheHoCT MeAUIIMHCKEe yCTaHOBE JAOBOJEHUM OpojeM amapara 3a
ramieme rnoxkapa, o0yKy 3alociIeHHX 3a PYKOBame TUM alaparuMa U IOHallamke y cirydajy
OTAaCHOCTH W PEIOBHY KOHTPOJY OOYYEHOCTH DPaJHWKa, ajld U CIPOBOJUTH Jpyre Mjepe
3aIITUTE O] IoXKapa.

6. 3AK/bYYAK

Enemenrapne Henoroje cy mocraie cse Behu mpoGiiem dosjeuancrsa. Cyie, MoIiaBe,
NoXapH, KJIMMarcke MpOMjeHe M CIl. cy mocrajie Hepaha IulaHeTe 3eMJbe U CBHX HEHHX
craHoBHUKa. EnemenTapHe Hemoroze ce demrhe jaBibajy HETO y paHHjeM MEepPHOIY, OJTHOCHO
ckpaheHH Cy IMKIMYHM NEPUOH IIOHABJbama EJIEMEHTAPHUX HEIOroJa U CBE CHAKHH]jE
0CTaBJbajy MOCIJbEINIIC TI0 YOBjeHaHCTBO. MHOTE IpXKaBe CBHjeTa Cy 3aKOHCKH peryircaie
MUTamke eJIeMEHTAapHUX Heroroa u Ipyrux Hecpeha, mehy kojuma je u Pemy6amka Cpricka,
Y K0joj je oBa ofact Ouia y 3HauajHOj MjepH 3aHeMapeHa, Y K0joj Cy 10 HHEepLHUjH npey3eTa
pjelemha 1 METOIONOIIKH IIPUCTYII KOJH je IMao cBojy npuMjery y COPJ, a xoju Huje BuIIe
0JIroBapao TEOPHjH U TPAKCU Koja ce MPUMjeHyje Y CBHJETY.

JloHoIIEeHheM HOBUX IPOIUCA y 3HAYajHOj MjEpH je PEryJIMCaHO MUTame eeMEHTapHUX
Hemnoroza u Opyrux Hecpeha, Ha ocHOBY Kojux ce m3palyje [lman 3amTure u criacaBama Of
eJIEMEHTapHEe HEToTo/Ie U ipyre Hecpehe, Koju je KJbydHH JOKYMEHT KOJUM Ce Jaje Mmperie]
YIPOXKEHOCTU OJl eIeMEHTapHHX HeNoroja u Apyrux Hecpeha, mpujennor opraHusaryje
3allITUTE U CIacaBama M Ipyre o0aBe3e y 0Boj 001acTH.

7. JIMTEPATYPA

[1] Anamosuh, C., lanojeBuh, C., badbuh, A., [paruuesuh, 1. (2014). [lnan 3amrure u
criacaBama OJf eleMeHTapHe Hermoroje u apyre Hecpehe 3a Jlom 3apaBiba bama Jlyka.
JHY Hnucmumym 3a sawumumy u exonoeujy Penyoauxe Cpncke, barma Jlyka.

[2] Ba6uh, B. (2012). 3amThTa CTAHOBHMINTBA W MMOBHUHE y BaHPCIHHUM CHTYyallHjaMa.
36opHuk padosa, 10. medunarodni naucni skup Sinergija, 117-125.

[3] Bandrova, T., & Konecny, M. (2006). Kartografiranje prirodnih rizika i elementarnih
nepogoda za potrebe obrazovanja. Kartografija i Geoinformacije, 6, 4-12.

[4] Cakyncku, /., hocuh, b., [lomos, C., [laBnosuh, A., Ilomosuh, Jb., HoBakosuh, T.,
Cumuh, J. (2012). Vopabame akIUICHTHHUM pPU3UIUMA-CKPUNTA. YHueepzumem )
Hosom Cady, @axynmem mexHuukux Hayka, /lenapmman 3a uHdiCerbepcmeo saumume
Jrcugomue cpeoune.

387



Melynapoona nayuna konpepenyuja

Bezbeonocnu unocervepune Hoeu Cao,2-3. okmobap, 2014.
Jlyman BPABEILL, Cmpyunu pao
HeGojura MAJBYILI?

ITPOIIEHA YI'POXXEHOCTH O IIOZKAPA ITOAPYYJA
I'PAJA IPUJEJTOPA 11O MOJEJIY PUBUKO
BASUPAHOI' IMMEH3NOHUPAIBA

Pe3ume: 3a uspany [lpornene yrpokeHocT moapydja rpaga [Ipujemopa mpumermeH je
METOIOJIOIIKH MPUCTYT ,, PHU3UK0-0a3upaHo TUMEH3HOHHUpamhe™ KpPO3 KOjH Cy TTOBE3aHH CBH
nokymenrtu Ilnana 3amrure u cnamasamwa. V3pana [Iporjene yrposxkeHOCTH cactojaia ce of
meT TmoBe3aHMX M MelycoOHO 3aBucHHMX (aza, Koje omoryhaBajy mpuiarohaBame
UICHTU()UKOBAaHUM pPHU3HLMMA CIACWUIAYKMX W JPYTMX XUTHHX Cciayx6u. Iloxkap kao
OIacHOCT Ha NoJipydjy rpaja I[Ipujenopa mpema cBojoj ydecTaloCTH U IpeMa LITeTaMa Koje
MPOY3pOKyje 3ay3uMa BHCOKO MecTo y cmucky Hecpeha. Jla 0um ce 006e30emmmn ycloBH 3a
eUKacHM]y 3alITUTY OJ TOXapa Ha NoJApy4jy rpana [Ipujenop HEONXOTHO je TOAU3AME
HHUBOA ONPEMJBCHOCTH M 0OYUSHOCTH 3a 3alITUTY OJ] I0Kapa, IPeIy3eTh cBe MoTpedHe Mepe
Ha CIIpeyaBamby I0jaBe I10Kapa Ha OTBOPEHOM IIPOCTOpPY, NOHETH oiroBapajyhe ranoBe
3aIUTHTE OJ] I0XKapa W MpeLHU3UpaTH HayMHE CrAllaBamba JbYyJH M MaTepHjallHuX no0apa Te
00e30MjenuT erKkacal Haa30p U KOHTPOITY y 0OJaCTH 3aLITHTE OJ1 MOXKapa

KibyuHe peyu: moxap, npoiieHa pu3rKa, OMacHOCT O] MoXapa, MPEBEHIH]ja, 3aIlITHTa O]
moxapa

RISK ASSESSMENT FIRE AREA OFPRIJEDOR DONE
ACCORDING TO RISK BASED SIZING

Abstract: To create a risk assessment area of Prijedor was applied methodological approach
"Risk - based sizing " through which all documents related to protection and rescue.
Development of risk assessment consisted of five interconnected and interdependent phases,
which allows adjustment of the identified risks and rescue and other emergency. Fire hazard
in the town of Prijedor is high on the list of accidents due to their frequency and damage
caused. In order to provide conditions for effective fire protection in the city of Prijedor, it is
necessary, first of all, to improve the equipment and training for fire protection, as well as to
take the necessary measures to prevent the occurrence of fires in the open space (burning
weeds, etc), and to make appropriate plans for fire protection and precise way of saving
people and property and to ensure effective oversight and control in the field of fire
protection

Key words: fire, risk assessment, fire hazard, prevention, fire protection

Y1p pancka ynpasa Ipujenop, dusan.vranjes@opstinaprijedor.org
ot uar Mair, OO Tepuropujasina BaTporacHa jeaunuia [pujemop
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1. ¥YBOA

IMosxap kao mpodui1 OaCHOCTH Ha moapydjy rpana IIpujemopa npeacraBiba 10CTa YECTY
[0jaBy | 3ay3uMa BHCOKO MECTO y cmHcKy Hecpeha koje yrposkaBajy oBo monpydje . Kako
MOKap MpaTH M JApyre OOJHKE yrpoKaBama, MojaBJbyje Ce KOJ eKCIUIO3uja, PyIleHha U TII.,
Mepe 3aIlTUTE a MpHje CBera MPEeBEHTHUBHE Mepe 3aIlTUTE O]l IMoXKapa Mopajy OuTh obaBesa
cux cybjekara npymra u cux rpahana. [lojaBe moxxapa y Hajsehem Opojy ciydajeBa ce Mory
CIIpeYnTH WM H30ehn eJeMEeHTapHHUM MOCTYIIMMa MPEBEHTHBHE 3aIUTHTE O] ITOXKapa U
onpeheHOM KyITypoM MOHaIIaka Y HOXKapy.

[po1jena yrpo>keHOCTH 0O MOXKapa OBOT IOJpYydja H3BpIICHE je Ha 0a3y aHAIM3e CTamba
U uaeHTH(UKaLMje pU3MKa HAKOH KOje je U3BpIICHA aHallk3a pu3uKa (aHanu3a CleHapuja u
aHaJIM3a KaramureTa).Y3polu 300T KOjUX HacTajy Mo)kKapd Ha OBOM HOAPY4jy Cy BpIO
pa3IMYUTH a Hajuemhe ce jaBJbajy MOKapH y HACEJHCHUM MECTHUMA Kao U IIYMCKH MOXKapHu.
Hajuenrhu y3pok je 4oBek, ¥ TO MPBEHCTBEHO 300T: HETPABIITHOT ITOCTYIIAamka Ca 3aIIaJbiBOM
MaTepujoM, HENIOIITOBAkE ITPaBUIIa U 3a0paHe JIOKEHa Ha OPBOPEHOM IIPOCTOPY, TPElIaka y
MIPOjeKTOBaky, HEHAMEHCKe ymoTepOe MamuHa, ypehaja um ompeme, m 300r Iymiema Ha
HE/I03BOJLEHUM MECTHMA.

Ha 6a3u u3BpuieHe ananuse clieHapyja 1 aHaJIM3e KaraureTa | norpeda 3a ooes0jelheme
e(HrKacHOr CHCTeMa 3aIUTHTE O MOXKapa WICHTU(QHUKOBAHU CY NPHCYTHH NPOOJIIEMH MU
yTBphebe Mepe Koje je HEIOIX0AHO CIIPOBECTH Yy CHCTEMY 3allTHTE OJ IT0Kapa Ha HOAPYYjy
rpana [pujenopa. Mepe 3amruTe 0J noxapa Mopajy OMTH CUCTEMCKH OpPraHH30BaHE a OHE
moIpa3yMjeBajy mopea Jo0po OpraHu30BaHUX MPEBEHTHHHUX Mepa u (popMupame, OlpeMarmke
n o0yky mnpodecHoHaTHHX U JOOPOBOJBHMX BaTPOTacHHX jEAWHHMIA KOje TOKPUBAjy
koMmIuteTHO nojpydje ['paga. EduxacHo ¢GyHKIIMOHHCAmE Y TOMEHY 3aIITHTE O] TMOXKapa
Takolje moapasyMeBa JOHOMEHE KBATUTETHUX ONEPATHBHUX TUIAHOBA 3AIUTUTE O] MOXKapa H
IT00p0 HOPMATHBHO pEryjiucame OBE MMpoOJeMaTHKe Kako Ou ce o00e30eamina modpa
KOOpAMHAIMja aKTHBHOCTH a MTOTOTOBO Y CHUTYAIIHjH T0jaBe Mmokapa Behnx pa3mepa 3a duje
raiieme je HeonxoAHo yderihe BUIIE jeIMHULIA 32 Talleke MoxKapa.

2. IIOJABE IIOKAPA HA IIOAPYUJY I'PAJIA ITIPUJEJIOPA N
MOI'YRHOCT 3AIITHUTE

Ioxapu Ha monpydjy rpaga Ilpujenopa ce Hajuemmhe jaBipajy Ha CTaMOCHUM H jaBHUM
o0jektiMa ¥ O00jeKTHMa y KOjUMa C€ KOPUCTH WM CKIAJUINTH JIAaKO3alaJbUBH
Matepujai,(OCH3MH, rac U ocTaau aepuBaru). I[loceban mpobiieM y 00JacTH 3alITHTE OJ
no)kapa OBOT MOJpYydja MpelCTaB/ba NOTSHIHMjaJHA OIACHOCT OJ] IIYMCKUX IT0Kapa KOjH ce
M3Y3€THO TEmKo race y nokanu3yjy [2]. Ilpernen nHajuernhux Mecra HaCTaHKa MOXapa Ha
mopyyjy rpama Ipujemnopa npukasad je Ha rpadukony 1 [3].
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@ |Moxapn y yp6aHum 3oHama

15,06%

LLlymcku noxap

O |Moxxapn y ceocknm noapydjuma

[m] Moxkapwn y HayCTpuUjckMM 30Hama

Ipaguron 1 [lpeened mecma nacmanka nodxcapa na noopyyjy epaoa Ipujedop

Hajuemhu y3pox moskapa Behux pa3smepa Ha OBOM IMOAPY4YjYy Cy HECABECHO IOHAIIAE
NojeJMHALA, T HEHUCIPABHOCT €JICKTPHYHUX HWHCTANAlM]ja, NMaJbeHhe KOPOBAa M HEMPABHIHO
pYyKOBame 3anabuBuM MaTepujarma. (rpaduKoH 2)

S
a
=

]
]
]

]

]

HecasecHo
noHacare
nojeauHaua
HewucnpasHocT
ENeKTPULIHUX
VHCTanauuja
HewucnpasHocT
TEXHULLKMX
ypenjaja
HenpasunHo
pyKoBarse
3anarbusum
maTtepujama

Ipaguxon 2 [lpuxa3z y3pounura nodxcapa eehux pasmjepa Ha noopyyjy epada Ipujeoopa.

Hajuemhe nokamumje HactaHka moxkapa Ha monpydjy Tpanma Ilpumjemopa mperncraBibajy
JjaBHH U cTaMOeHH 00jeKTH y KOjUMa Ce KOPUCTH WM CKIAJMIITH JIAKO3allaJbuBU MaTepHjall.
[ocrojehn mpuBpenHM KamamuTeTH KOjU PACIoNaxy ca BeMM KoJWYMHAMa 3amabHBHX
MaTepHjajia, a HapOYMTO CKJIaaumTa Hadre u OEH3MHCKE IyMIle Te CKiaaumTa 3a rac AJl
"Mupa", pacmnonaxy ca 0Croco0/seHUM JbYICTBOM 3a Talllehe MoXkKapa Kao U ca MOTpeOHOM
orpeMoM. VHTepHe jenuHMIE 3a raleme noxkapa y npenysehnma ce onMax akTUBUPAJy Y
cllydajy MosKapa, ajii ce y ciiydajy Beher moxapa akTuBupa U TepuTopujaiiHa BaTporacHa
jemmanma. Kao momohne cHare 3a cy30mjame mokapa Moryhe je aHra)koBaTH TOOPOBOJHHE
BaTporacHe jeAWHMIIE M jEJMHUIIE OIIITE HaMjeHe, OJHOCHO TpahaHe y MjecHUM
3ajemHMIIaMa M Tpexy3ehmma. Y cioydajeBHMa IojaBe IITyMCKOT Tokapa Behmx pasmepa
takohe ce anraxyje o0y4eno spynctso y HIT «Kozapa» u Hlymckor I'aznuncrsa [pujenop, a
mo motpedu u npunanauny nosuije u3 CJb Ipujenop u Bojuuin OC buX u3 'apHu3oHa
pwujenop.

2.1.CTpykTypa naeHTH(UKOBAHHX PHU3HKA MOjaBe IMOKapa Ha MOAPYYjy
rpana Ilpujenopa

Ha ocHoBy aHanm3e cTama U MOTCHIMJAIHUX OMACHOCTH M CIICHAPH]ja 3a M0jaBy MoXKapa
Ha mopy4jy rpama [Ipujemopa Moke ce KOHCTATOBATH Jia Cy MPHUCYTHHU cibenehn pusuim 3a
ojaBy MOXapa Ha OBOM TOAPYHY]Y:
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[TojaBa no>kapa Ha cTaMOeHNM 00jeKkTHMa y YpOaHOj 30HH Tpaja
[NojaBe nmo>kapa Ha WHAYCTPH]CKUM M CHEPIeTCKUM KalalupeTrnMa
I[MojaBa nIyMcKHX moxapa

[TojaBa mo>kapa Ha 00jeKTHMa y CEOKOM TIOAPYY]Y

¢ [lojaBa mokapa Ha caoOpahajHIM KamaruTeTuMa

e [loxap y o0jekTy y Kojem OopaBH BEJTUKH OpOj Jby 11

[pernen uneHTU(PHUKOBAHUX PH3HMKA 32 TOjaBy IOXKapa, YU4ECTAIOCT jaBJbalba M OIHC
uaeHTU(HUKOBAHUX PU3MKA JaT je y Tabenu 1[7].

Tabena 1 [lpezned uoenmuguxosanux pusuka — nojase noxcapa

VYuyecranocrt

Pen. Unentuduxosann jaBibarba Omnuc

0poj Puzumm Cranman | [lorenu-
HjaITHI

1. TlojaBa oXxapa Ha Bpiao  ydecranm  moxapu — ca
craMOeHUM oOOjekTnma y + MIPUCYTHOM ONACHOCTH INUpeHma H
yp6aHoj 30HU rpaga yrpokaBama BEIUKOT Opoja Jbynu U

BEJIMKHX MaTepUjaIHHX IITETa

2. [ojase moxkapa Ha Pjehe ce jaBipajy amum mmajy BpIo
HUHIYCTPUjCKUM u + omacHe mocibeaune 300r 1ojase
CHEPreTCKUM JpYrux o0JMKa aKIuaeHaTa
KaranupeTuma

3. TlojaBa mrymckux noxapa Wmajy  Bemuky — ydecralmocT — a

+ IPUCYTHA je BEJHKAa OHACHOCT
mupewa M H3a3UBamba  BEIMKHX
MaTepHjaIHUX U SKOJIOIIKHX [ITEeTa.

4. IojaBa noxkapa Ha Benuka ydecramocr u mpucyra”
o0jekTHMa Yy  CEOKOM + npo0neM BeNHKE YAaJbeHOCTH U
noApy4jy OnarospeM. MHTepBeHIHja.

5. Tlojaa mokapa Ha [IpucyrHa omacHOCT mojaBe IPYTUX
caobpahajuum + o0nMKa akuuaeHTa (eKCrjio3uja Hu
KalaluTeTHMa I[ypea TOKCHYHUX KOMIIOHEHTH).

6. Tloxap y objekry y kxojem YrpoxkeH Benukd Opoj Jbyad U
0OpaBH BEJHMKH OPOj JbYIU + Hy)XHa J00pa opraHu3aiuja u Op3a

eBaKyalyja MPUCYTHUX

2.2. AHa/in3a pU3MKa y 00J1aCTH 3aIUTHTE 0] M0Kapa
2.2.1.Ananu3a pu3uka

Ha 6a3m amanmmse crieHapuja pu3nka 3a IOjaBy IoxXapa Ha HoApydjy rpaga Ilpujemopa
MOX€E Ce KOHCTAaTOBaTH Jia je INpHCyTHa BHCOKa BepoBaTHOha IOjaBJbHBamba IIYMCKHX
no)kapa ca KpUTHYHUM HOCJbEIUIaMa M BEIMKUM MaTEePUjaIHUM M E€KOJOIIKHM IITeTama.
[NojaBa moxapa y ypbanoj 3ouu rpazna [Ipujenopa nma takole Bucoky BepoBaTHOhy U BpiIo
030UJbHE TOCJBEIUIIE MOTOTOBO 300T YrPO’KEHOCTH BEIMKOT Opoja Jbyau u MoryhHocTtn
mupema noxapa. Hemro HuKy BepoBaTHONY I10jaBJbHBaEma Ca KPUTHYHAM HOCIbEAUIIaMA
uMajy TOXapu Yy HWHIYCTPHJCKAM MW CKJIaJMIIHMM KallallUTeTUMa Kao W IoXKapu Ha
objekTMa y KOjuMa OOpaBH MOBPEMEHO WM CTATHO WIIHM C€ OKYIJba BEIUKH Opoj Jbyau
(mkone, BpTHhu, 3apaBCTBEHE yCTaHOBE W Cil.). Bpio BucOKy BjepoBarHOhy M BHCOKY
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BepoBaTHONY II0jaBJbMBaFba HMMAjy MOXKAPH Y pPYPAJHUM MOJpy4YjEMa W IOXKApH Ha
caoOphajuum kamaruternuMa.OBH MOXKapH MOTY UMaTH 030MJbHE MMOCIHEIHIIC C 003UPOM Ha
OrpaHHYeHy e(EeKTHBHOCT AEJIOBamba U ralleiha OBHX II0Kapa Kao I0jaBe M IOBE30HOCTH
rnoXkapa Ha TPAHCIIOPTHMM KallallMTeTUMa ca II0jJaBOM JIPYTMX BpCTa aklMJeHara
(excmiosmje, mypeme TOKCHYHUX KOMIIOHEHTH | CII.). MaTpHIla pu3uKa U aHajm3a clieHapHja
3a 10jaBy Mo>kapa Ha nojpy4jy rpaaa [Ipujenopa nara je Ha rpagukoHy 3.

Bpno Bucoka I;I::éilghi]
BepaTHoha (5) e —
Bucoka L)
Tloxap nHa TpafCcKuM
BepoBaTHoha cao0p.Karl. cTamo.
“) o
IIpoceuna Iloxap Ha uHA. 1
BjepoBaTHOha CKJIAAAIIHUM
(3) KalaluTeTuMa
BE Ij::f:oha Toxap —wkoze
p @) OoHMIa, BpTHhY
Bpio Hucka
BepoBaTHOha
1)
Bpo
Orpanuden | Ocpenme O36mbHO (3) 03GHILHO Kpuruuno
o(1) @ @ (5)

Bucok pusux
Ipocevyan/npuxBaTibu
B PU3HK
Huzak pusuk

Bpno Husak pusuk
I'paghuxon 3 Mampuya pusuxa nojase nodxcapa na noopyyjy epaoa Ilpujedopa

2.3.AHa;In3a pacnojoKUBUX KANANMTETA 32 pearoBambe

OxocHHIIa cHCTeMa peakiMjeHa noxap Ha noapy4jy rpana [Ipujenopa je Tepuropujanna
BaTpOTacHa jeJMHHMIA KOja pacrlojake ca OCHOCOOJbEHHM JBYICTBOM M KBAJTUTCTHOM
TEXHHKOM 3a rameme noxapa. OBa jeuHHIA CE aKTHBHPA y CBHM CIydYajeBHMa II0jaBe
mmo’kapa Ha TMOJPY4jy — TEPUTOPHjH Tpaja a HWCTOj y oApeleHHM ciydajeBIMa MOMaxy
jennHune Ha TepeHy. [locrojehm mpuBpenHHM KamamuTeTH KOjU pacnojaxy ca Behum
KOJNIMYMHAMa 3allaJbUBUX MarepHjaia, a Hapoumto, "Mmupa", Pymauk «Arcelor Mittal»
[pujenop «Toranay, pacmoyiaxy ca 0CIOCOObEHHM JbYACTBOM 3a ralleke Moxapa Kao
ca motpebHOM ompeMoM. OBe HMHTEPHE jeAMHUIC Yy mpeday3ehnMa ce oaMax aKTHBUPAjy Y
clydajy Iokapa, ali ce y cilydajy Behier mokapa akThBupa TepHTOpHjaiHa BaTporacHa
jemununa. Kao momoliHe cHare 3a cy30Oujame mokapa Mmoryhe je aHraxoBaTd jeUHHIIC
ONIITe HAMEHE Yy MECHHM 3ajeqHuIaMa W mpexy3ehmma. Y ciaydajeBuma Behmx moskapa
Takole O ce aHTaXOBATH MPUMATHUIK MPO(YECHOHATHUX BATPOTACHHUX jeMMHHUIIA U OMpeMa
ca kojom pacrnonaxe ['apanzon OC buX y Ilpujenopy.
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Ha noxapyujy rpana Ipujenopa GyHKIHMOHUITY ABa 10OPOBOJFHA BATPOTACHA APYIITBA U
To JlopoBoJbHO BaTporacHo apymTBo ,,Kozapai“ um JloOpOBOJEHO BaTPOTACHO JPYIITBO
,»Omapcka®“. Oba oBa JpymTBa y CBOM CacTaBy MMajy IoOpOBOJBHE BATpOTAacHE jeAMHUIIE
Koje cy 00yueHe U 0CIIOCOOJbEHE 3a aKIMje raiieha Mokapa Ha MoIpydjuMa Koje MOKpUBajy.

Omnpemsbenoct TeputopujanHe BaTporacue jeaunune [Ipujenop cpeacTBUMa U OMPeMOM
3a rameme moXxapa je gocta noopa. Takohe u apyra mpenyseha rie je mpucyTHa OmacHOCT
oIl MmoXapa Mocjelyjy moTpeOHa CpeicTBa M ONpeMy 3a Tallielkhe MoKapa, a Ipe CBera
JIT"Mupa", «Arcelor Mittal» Tlpujenop. JaBHa mpemyseha u ycTaHOBe Kao M NPUBATHH
ITOCIIOBHU OOjeKTH YIiIaBHOM cy o0e30jeheHu ca BarporacHuM amapatuma. Llto ce Tmue
00e30jeherba cramOeHuX 3rpaja BaTPOTaCHUM amapartuMa CTame HHUje 3a710BojbaBajyhe jep
HajBehn Opoj cramOeHWX 3rpaja He Iocjemyje oBe amapare. Takohe je Bpimo Jomra
OMPEMIBbEHOCT jeJIMHUIIA IIMBUITHE 3aIITUTE OMIITC HAMEHE MOTPEOHUM alaToM M OImpeMe 3a
npykarme MoMOhH CITeNnjain30BaHo]j jeIMHHIIN 3a ramemne moxapal3].

Teputopujanna BaTporacHa jeaununa llpujenop pacmonaxe ca cibeaehum marepujaiHo
TEXHUYKHM CTPEICTBUMA U OMPEMOM:

® HABATHA BOBHIIA....eevieueinreemrenrenieenieeitensenieenresteeeenieeneeneennes 3 xoM

® IIHCTEDHA ..vveeunreeneieiieetreenieenatesnteesueesateenneesseesseesusesnseesnseas 2 KOM
®  CIICTIMJATHA BOBHIIA ....eovveereneeeneenneeneeeseeneesseansesseessesesssensens 5 koM

® TCXHUUKO BOBHIIO ....vevireerineensenseeesseseasensessensessassenessessessens 1 koM
® IIPEHOCHE MOTOPHE ITYMIIC. ....ccueimeeereerenneaneesueeneen saeeneeeneennes 4 xom
® IIPEBO3HA MOTOPHA ITYMITA. .....c..ermeemrerrrennreannenrenneerieeneeneennes 1 xom
®  AYTOMEXAHUUKE JBECTBE. ... .euvereeurereerteneerinienseniensesarensensensenee 1 koM
® JBECTBE PACTETAUR......euverererenrenseneeneesteseesesiessesenenseseenseneenes 3 koM
®  JBECTBE KYKAUC. .. .curerereeererreeesseseesseseesensssatessesseseessessessensenns 4 xom
e BarporacHa mpujeBa P- 52 MM........ccccoeoeviiiiiiiiees 80 xom
e BarporacHa npujeBa P- 75MM.........cccoceeveniniineniiienes 60 xom
®  H3O0JIAIIUOHH ATIAPAT .. .eevveeereenereenreenseessreanneenseessseesseesees .10 xom
® DATHA OHJCIIA. .. ccuvereerrenreerrenseensresenseesessaessesseessens 32 xomriera
® KHUIITHE KAOAHUIIC. ....c.veuveuveneenreneerenieerenieseeuensenseneeseeneeneens 12 xoMm

® IIJBEMOBH

[IpaBHIHUKOM O YHYTpallKk0] OPraHU3alUjd U CHCTeMaTH3aluju pagHux mjecta y TBJ
[pujenop cucremaruzoBaHo je 57 paguux Mmjecra a TBJ Ilpujenop, mocioBe u 3anatke Ha
3aIITHTH O TI0XKapa M CIPOBOlemY APYrux 3ajaTaka 3alliTHTE M CliallaBamba W3BpIIaBa ca
YKYIHO 32 3al0ciieHa paHHKa.

2.4, KapakTepucTHKe H 00MM MOTPEOHMX MPpOMeHa U mpuiarohaBama

Ha 6a3u ananuse npeaxonmuux ngoraljaja, moTpeOHO je YHANPEAWTH MPEBCHTUBHE MEpe
pamn mpenymnpehema mokapa Ha cramOeHHM oOjekTMMa y ypOaHO] 30HHM Kako Ou ce
CIpeumsie IojaBe TMOXKapa M M30€riio YrpoXaBike CTAHOBHHUINTBA M H30ETyie BEJIHKE
MmarepujanHe mrere. Takohe Bennke nmpoMeHe W mpuiarohaBama MOTPEOHO je M3BPIIUTH
pamu moOoJplamba ONEPAaTHBHUX AaKTHBHOCTM 3a YCHENIHO Traliekhe Iokapa Ha
WHIIYCTPHJCKUM KanalMTeTUMa M y CIy4ajy IIYMCKHX IOXKapa, Te y 00jeKTUMa y KojuMa
OopaBu BenmuKH Opoj Jpyau (IIKOJe, 3ApaBCTBEHE ycTaHOBe W ci.). Kama je y muramy
OTKJIamame IMOCJeNIa TI0jaBe MoXkapa BEJHMKe NMPOMEHe W IpuiarohaBama MOTpeOHO je
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W3BPLINTH 33 OTKJIAKaKke MOCIbEIHIA M0XKapa Ha HHAYCTPHJKCHM KallallUTeTUMa H 1oXKapa
Ha 00jeKTHMa y KOjuMa OOpaBH BEJIUKH OpOj JbyAH. 3a CBE OCTale HACHTH(UKOBAHE PU3HKE
MOTpeOHO je M3BPHIMTH MpuiaroaBama Kako Ipe IOjaBe MHIUACHTA TaKO W 332 BpeMe U
nocre uHnuaeHTa [7].

[Ipernen Mmoryhmx cueHapuja mojaBe IOXapa Kao W IMOTPEOHOT HUBOA MpPOMEHA H
npuiarohaBama npukasat je y tadenu 2

Tabena 2 Mampuya npoyene kanayumema 3a 3aumunmy 00 noxjcapa

Crenapyj pu3uka Iporena kanamurera
IIpe unnunenta 3a BpeMme
P A P ITocne
. (3aKkoHH, UHIUIEHTA
bpoj u Ha3uB WHIUJICHTA
. MIPOLeHa, INIAHOBH, (kamanuTeTH 3a
CIieHapuja (kamanureTH 3a
npouenype, OJITOBOP U CMambCH:E onopaa)
MIPEBEHTUBHE Mjepe.) MOCIBETUIIA) p

1.IToxap Ha cTamb.
o0jexTuMa (Tpan) .

2.Ioxapa Ha
HHJTyCTPHjCKHUM KaIl.

3.ymcku moxapu

4.Iloxap y
CEOCKOM TOZIPYYjy
5.Ioxap Ha
caoOpahajHuM Karr.
Toxap y objexry
ca BEJMKUM Op. Jbyau

000|000 @
@00 000
@00 |0eO0

Jlecenoa
‘ IoTpebHe Benuke npoMeHe
O IMotpebHo npunarohapame
. He Tpeba HumiTa MewaTH

2.5.AnenTudukoBanu nodjaeMu y 00/J1aCTH 3aLITUTE 0] MOKAPa

ITojaBe moxapa Ha mozapy4jy rpama Ilpujemopa 3ay3umajy BHCOKO MjECTO y CITHCKY
Hecpeha koje yrposkaBajy oBo moapydje. [loTeHnmjanHa sxapuinTa 3a HacTajame Imoxapa Ha
moapy4jy rpaza [Ipujemopa npeacTaBibajy jaBHE U CTaMOCHH O0JCKTH M 00JEKTH y KOjUMa Ce
KOPHMCTH WM CKJIAQIUIITH JIAKO 3allaJbuBU MaTepujall, OEH3UH, IUIMH U TOTOBH IIPOM3BOIH HA
0a3u HaTHUX nepuBaTa. Kao moceban mpobiieM y 00JIacTH YTPOKEHOCTH TEPUTOPHjE Tpaja
O]l TIOKapa HarjamieHa je MOTYhHOCT mojaBe IIYMCKHX IOXapa KOju 3a KpaTKO BpHjeMe
IIpOy3poKyjy Behe MarepujajHe IITeTe, a YHje JIOKaJU30Bamhe U ralliekhe je 0TeXaHo 300T
3aKalllibENIOT yoUuaBamba Kao0 W HEIOBOJHHE MPHUCTYNAYHOCTH TepeHa OJJHOCHO HM3rpaljeHOCTH
NYTHUX KOMYHHKalMja Kpo3 IIyMmcke peBupe. CTENeH MOoXapHe YTPOXKESHOCTH UCKIbYUYHBO
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3aBHCH O] TYCTHHE U3TpaljeHOCTH objekara y mojeIMHuM 30HaMa rpaja. [IpucTTar mpoaemMu
3aIITHTE O] MOXKapa MaHU(ECTH]y ce Kao:

OTeKaHO CHabpjeBam-e BOJOM XHJAPAHTCKE Mpexke, 300T mo3HaTHX mpobiema ca
BojiocHabOmjeBameM y [Ipujenopy, Te HemsrpalleHOCT OBEe Mpexe y CBUM JEIOBUMa
rpaja 1 BehnM HaceJbeHHMM MECTHUMa,

HEIOBOJbAH KamalMTeT NpO(GECHOHATHE BAaTPOracHEe jeIUHHIIC Y CIIy4ajy I0jaBe
BehHX myMcKuX mosxapa,

cmaba OmpeMJBEHOCT JOOPOBOJEHMX BAaTPOTACHHUX jEAWHHUIIA M CTaMOEHHUX 3rpazaa
OTIPEMOM 3a raiieme 1moxapa,

HEJJOBOJPHO Pa3BHjeHE aKTMBHOCTH HA IPEBEHTUBHO] 3aITUTH OJI TI0Kapa,

Joma o0y4eHOCT M IUNPEMIbEHOCT CTAHOBHHUINTBA U jeJWHHIA OIIITE HAMEHE, 32
noMoh BaTporacima y ramemy noxapa Behux pasmepa,

HEJOBOJbHA H3rpa)eHOCT HIYMCKHX M MPWIA3HHX IyTeBa, 10 CBHX IIYMCKHX
KOMILIeKca,

caobpahajuo npeontepeherme rpaJckux ymuia, 1 HeMOTYRHOCT MPUCTYTIA TIOjSAMHUM
objexktMa y ypOaHOj 30HH IITO HETaTUBHO yTHYE HA €(PHUKACHOCT Talierkha Mmokapa
BpEME CTH3ama BaTpOracHe jeIMHUIIE Ha MECTO HacTaHKa Moxapa,

HEIO0BOJhAH Opoj ypeh)eHUX IPIHIIHUINTA 33 3aXBaTamke BOAC U3 OCTOjeinX BOJOTOKA,
JIOIIe OPTraHU30BAHO OCMAaTPamkE TEPUTOPHje- IIYMCKOT MOJpYdja U JI0jaBJbHBABE O
HaCTaHKY Moapa.

2.6.IIpensior Mmepa M aKTHBHOCTH 3alITHTE O] MoKapa

Ja Ou ce mnpucyrHu mnpoOiieMd y 00acTH 3alITUTE OJ I0XKapa MOTJIHM pellaBaTH
HEOTIXO/IHO j¢ MHTCH3WBHH]jE TPOBOJANTH MepE 3allITUTE O] TI0Kapa a mpe CBera:

06e30eheme MOTpeOHMX KOJMYKMHA BOJAE W JPYTUX CpPEICTaBa 3a Tallieikhe MoXKapa,
MOCEOHY MaXX\by MOCBETUTH U3TPalbU U OJIpJKaBakby XUAPAHTCKE MPEXKeE,

KpO3 TOJM3ake HHBOA OMPEMJBCHOCTH M 00yueHOCTH TepuTOpHjajiHe BaTpoTacHe
jemuaunie Ilpujemop w mOOpPOBOJGHMX BATPOTACHUX jeAWHUIA TIOOOJBIIATH
e(pUKACHOCT 3aIITUTE OJ1 TI0XKAapa,

00e30jemuTH TEXHWYKY HWCHpaBHOCT ypehaja m NpHUMEHYy TNPEBEHTUBHUX Mepa
3aIlTHTE O] TI0XKapa,

npeny3eTd CBe MOTpeOHE Mepe Ha COpedyaBamy I[OjaBe BaTpe Ha OTBOPCHOM
mpocTopy (Majkeme KOpoBa H CIi),

y CTaMOEHHM U PYr'uM o0jeKTHMa 00e301jeITH arapaTe 3a raliemhe oxapa
JOHETH ojaroBapajyhe MIaHOBE 3alITHTE OJf MOXKapa M TMPELU3HpaTH HavyHuHE
cramaBama JbYIU U MaTepHjaaHux nobapa,

00e30euTH oroBapajylly CUTHaIHM3aIKjy U ayTOMaTH3allH]y Y 3aIITUTH OJ1 MoXKapa,
00e30euTH ehuKacaH HAA30P U KOHTPOIY Y 00JACTTH 3AIUTHTE O] MOXKapa,
00e30eJUTH KBATUTETHO OJP)KaBamke M PEIOBHY KOHTPOJY HCIPAaBHOCTH ypehaja u
WHCTaJanuja,

OpraHu30BaTH OCMAaTpavke Ciayx0e ¥ 00e30eAUTH ONpeMy M CpPEICTBa 3a ralleHhe
HIYMCKHX TI0Xapa.
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3. 3AK/bYUYIIU

o [lojaBe mokapa Ha moapydjy rpamga I[lpumjmopa mpema HEroBoj y4ecTANIOCTH U
nocienuiiamMa NpeCTaBbajy jaJaH O] Haj3Ha4YajHUjUX OOJIHMKa yrpoKaBama OBOT
mopydja.

e OBo nojpy4je KapakTepuile BUCOKA OCETIBMBOCT Ha IIYMCKE MOKape ¢ 003MpoM Ha
pacIoyioxKuBe IIYMCKE pecypce Ha moapydjy I'paa y3 mpucyTaH BpiiO HU3aK HHUBO
MOryhHOCTH 0JIroBopa Ha IyMCKe IoXape.

e [loxapu Ha OBOM MOJPY4Yjy CY y3pOKOBaHH Ipe CBEra HECAaBECHHM ITOHAIIAHEM
NojeJMHALA, YCJbell HeHCITPAaBHOCTH eNEKTPUYHHMX MHCTaalyja ¥ Majbelha KopoBa y
PYpPaIHUM TOApYYjUMa a Y3pOKYyjy MaTepHjallHe IITETe OJHOCHO YIpPOKaBame
MaTepHjaTHuX no0apa ¥ )KHBOTHE CpeIMHE MoApydja 3aXBaeHOT MOXKapoM

e 3aedukacHy 3alITUTY OJ1 TIOXKapa Ha NoApy4jy rpana [Ipujenopa HEOTXOIHO je :

o VHTeH3WMBHpaTH aKTHBHOCTH Ha IIPEBEHTHBHO] 3aIITHTH O] OXKapa

O YTBpOWTH M YpPEIUTH UPHIIMIITA Ha BOAOTOIMMa, Te 00e30jeAnTH IpuiIase
UCTHUM, OCIIOCOOHMTH Y IIJeJIOCTH XUAPAHTCKY MPEXY Y TPaiCKOM HOAPYYjy, Te
XuApaHTCcKe Mpexe y Hacesbuma Jbyouja u Kozapar,

o UsBpmmmtu HabGaBKy Henoctajyhux cpeincraBa u ompeMe 3a TepuTopuiianHy
BaTPOTacHy jeAMHHUILY;

o OO0e30jemUTH KBAIUTETHO OCMATpame TEPUTOPHje M OparaHu30BaH HauUH
obaBjemTaBama 0 IOXKAPHMA;

O DBpmmTH KOHTHHYMpPaHO M KBJIMTETHO oOOydaBame Kako IPHIIAJIHUKA
mpoecHOHATHINX BaTPOTAaCHUX jeAWHUIA TaKO M JOOPOBOJFHHX Barporacara H
CTaHOBHUINTBA.
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I'opan POPBEBUR! Cmpyunu pao
Muxajino PATKHUR?

Coma BPAHKOBUR®

Munan [IETPOBUR?
KOHUIEIIT U3PAJE IIJIAHOBA 3AIITUTE IIYMA O/]
IHOXKAPA - IIPEAJIOT JOIIYHE TIOCTOJEREI
INPABUJIHUKA 3A U3PAJ1Y IIVIAHOBA 3AILITUTE OJ1
IMOXKAPA

Pe3ume: Benuku Opoj mryMcKkux Imokapa, BEMKa MOBPIIMHA ITyMa 3axBaheHa mokapuma W BENTHKE
MaTepjajiHe IITeTe, yrpoKaBame JbyIW M 00jeKTa M YrpoXKaBambe KUBOTHE CPEIMHE HPEJ CBAKOM
JIpKaBOM ITIocTaBJba IpobieM. M3pana maHCKUX TOKyMEHAaTa Kao IITO Cy ITAHOBH 3aITHUTE IIyMa OJf
no)kapa TpeacTaB/ba MOYETHY OCHOBY 3a NMPAaBHJIHY M e(UKacHy 3aIITHTY ImIyma oj mokapa. HoBum
3aKOHOM O 3alITHTH OJf MOXKapa INPEUU3HPaHO je JAa je IOTPeOHO M3BPIINTH DPa3BPCTABAKE Y
KaTeropHjy Yrpo>K€HOCTH OJ] T0Kapa ¥ 3eMJbHILUTE, OJHOCHO M HOBPLIMHE KOje Cy IO KBaJUTEHOM
oryMoM. 3a OBakBe MOBPIIMHE MOTPEOHO j€ ypaauTH U TUIAHOBE 3aIITUTA OIyMa OJ MokKapa KOju ce Mo
CBOjO] CaJpKHHH W KOHLENTY J0CTa PasiMKyjy O OCTaJMX IUIAHOBA 3alITUTE LIyMa Of Hoxapa. Y
CajlallllbeM MPABIIHYKY 3a M3paay IUIaHOBa 3allTHTE O II0XKapa, HUje JaT HauMH U3paje W IJIaHOBa
3alITUTE ITyMa OJ [OXapa, INTO IpPEACTaBba IOTEMKOhy NPHIMKOM H3paje OBUX IUIAHCKUX
JIOKyMeHaTa, Kako KOJ KOPHCHHKa IIyMma, TaKO M KOJ JIMIa Koja Tpeda Ja M3BpIIe Mperjien U Aajy
CarJacHOCT Ha IUIaH 3aIITUTE IIyMa Off IoXapa.

KibyuHe peun: 1iaH 3aIITHTe Of TIOXKapa, IIyMa, ITyMCKH IT0Xap

CONCEPT OF MAKING FOREST FIRE PROTECTION PLANS
— SUPPLEMENTATION PROPOSAL FOR CURRENT RULES
OF MAKING FIRE PROTECTION PLANS

Abstract: Large number of forest fires, large forest area under fire and huge material damage, people,
building and environment endangerment makes a problem for every country. Making plans like forest
fire protection plans represents a basis for exact and effective forest protection from fire. The new Law
of fire protection defines the need for assortment of quality forest area in fire endangerment category.
For such areas there is a need for making fire protection plans which are different by content and
concept from other forest fire protection plans. In current rules for making forest fire protection plans is
not given the way of making forest fire protection plans which makes the difficulty with creating these
planning acts for forest exploiters and officials who need to examine and approve of a forest fire
protection plan.

Key words: forest fire protection plan, forest, fire

! 1p, Cextop 3a Baupeane curyaunje MYII PC, Onesseme y [Toxapesiy
2 np, Uacturyt 3a nrymapcerso beorpazg
% xp, Umcruryr 3a mymaperso Beorpan
* JT1,,CpGuja myme* Beorpax
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1. YBOJ

[Tnan 3amTuTe IIymMa of moXapa je BakaH JOKyMEHAT KOjH Mopa Ja JOIpHHECe
00J50j ¥ e(hMKACHM]O] 3aLITUTH LIyMa O MoXKapa U a OJpeaAr BaKHE eJIeMEHTE KOjH
yTHUUYy Ha CHCTEM YIpaBJbarba PU3UKOM Y 3aIITHUTH IIyMa OX moskapa. Jlocamamma
n3paja MjaHoBa 3alUTHTE IIyMa O]l M0oXKapa HUje JaBajla KOMIUIETHY CIIMKY CTamba
3aIITUTE Ka0 HU aJleKBaTHE Mepe Koje Tpeba mpemay3uMmaTH Ja Ta 3amTuTa Oyze
0osba ¥ eduKacHUja, a caMa OpraHu3alMja NPUIMKOM 3alITHTE O IMOXKapa Kaaa
rmo’kap Hactane Oyne Opka W JEeTOTBOPHA Kako OM Ce IMTeTe W TPOKOBH HACTAIH
NPUIIKOM 3alITUTE U Talllekha CBEIM Ha IITO Mamwy Mepy. [Ipoliem u3pane miaHoBa
3aTHTE IIymMa OJ TOXapa je KOMIUIEKCaH, 3aAupe W o0yxBaTa MHOTe 00JIacTH
(1rymapcTBO, METEOPOJIOTH]Y, 3aIUTHTY O]l T0Xapa, BaTpOracTBO, OHOJIOTHjy U CIL.)
W'y MHOTOME C€ pa3jiiKyje O] U3paje IIaHOBa 3allTUTE O] TIoKapa 3a rpaljeBUHCKe
objexre. JloHomemeM [IpaBniHuka 0 HaunHy H3pajae U caapkajy Ilmana 3amTuTe
0]l TIO’Kapa ayTOHOMHHUX IOKpajuHa, jeJMHUIA JIOKATHE caMOoylpaBe U cyOjexara
pa3BpCTaHMX Y MPBY ¥ JAPYTy KaTeropyjy yrpoKEHOCTH OJ MOXapa HUje JaT HaYuH
u3paze ¥ OBOT IUIAHCKOT JOKYMEHTa INTO je OUTHU HEeIOCTaTaK HapOUYHTO aKo Ce
y3Me a Ypenba o pa3BpcraBamy oOjekara, IEIaTHOCTH M 3€MJBUINTA Y KaTeTOpHjy
YIPOKEHOCTH OJ1 TMoKapa Ne(pHUHHUIIE U pa3BCTaBamke MOBPIIMHE IPOCTOpa U BPCTE
OMJBHOT TTOKpUBAYa, OJHOCHO ITOBPILIHHE MO ITyMOM.

2. TIPABHA PEI'YJIATUBA Y JOHOIIEBKY IIJIAHOBA 3AIITUTE O
IHOKAPA

['maBHM mpaBHM OCHOB KOjU PETYJHIIE JOHOMICHE TUIAHOBA 3aITUTE O] MOKapa
je 3akon o 3amrutH ox moxkapa ("Cm. rmacamk PC" 06p.111/09), xoju cBojuMm
yraHosuma 20, 22, 23, 24 u 27 perynuiile KO Mopa Aa JOHEce IUIaH 3allTHTE Of
Io’Kapa, 1 IITa OH MOpa Jia CaipKu.

Ypenbom o pazBpcTaBamy 00€KaTa,JellaTHOCTH M 3EMJBHINTA y KaTeTOPH]Y
yrpokaHoct ox mnoxapa ("Ci. rmacauk PC" 6p.76/2010) ce paje HauuH
KaTeropmsaiyje cy0djekara 3alTUTe o] TIoKapa, mpeMa Kojoj cy0jeKTH pa3BPCTaHH Y
NpBY U JPYry KaTeropujy YrpOXKEHOCTH O] MOKapa MOpajy a JOHEeCy M ILIaH
3alITUTE OJ1 TIOXKapa.

Honomemem mocebHor [IpaBmiHuKa o HauMHy H3paae W caupxkajy [lmanosa
3aIITHTE O] TOKapa ayTOHOMHE MOKpajuHEe, jeqUHHUIIA JIOKAIHE CaMOyIpaBe H
cy0jexTe pa3Bpcrane y npBy u Apyry kareropujy ("Ca.rmacauk PC" 6p.73/10) nare
Cy CMEpHHIIE U YCIIOBH 3a M3pajly ILIaHOBA 3aIITUTE O rmoxapa. OHO MITO HHje 1aTo
NPaBUIIHUKOM M LITO je BETUKH HEJOCTATAK j€ Taj Jia HUCY JlaTe CMEPHHMIIE 3a U3pary
[UTaHOBA TMpaBHHX cy0jekara 4YHWje je 3eMJBHIITe M TOBPIIMHE IO IIIyMOM
pa3BpCTaHO y MPBY WK JIPYTY KaTETOPHU]y YTPOKEHOCTH O]l TOKapa,0THOCHO HHUCY
JIaTH yCJIOBM Ha KOjU HA4YMH M IITa Tpeda Ja cajpike IUIAHOBH 3aIITHTE IIyMa O
noskapa.
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2.1.Cagp:kaj niiaHoBa 3aLUTUTE 0] MOKapa
[Iman 3amTuTe om moxkapa 0e3 o03mpa Ha cybjekaT KOjU ra JOHOCH Mopa na
CaJlpKu:
e mpwuka3 nocrojeher crama 3alTUTe OJ MOXKapa
® [POLEHY YI'POKEHOCTH Of IIoXKapa
e OpraHu3auyjy 3alliTUTE O]l IoXKapa

e Mpemyior TEXHUYKHUX W OPTaHM3alMOHHUX MEpa 3a OTKIIambame HeJocTaTaka u
yHanpeheme cTama 3aIlTHTE 0] MoXKapa

e TpopadyH NOTPeOHMX (PMHAHCH]CKHUX CPEICTaBa
® [POIKCAaHEe IPOPAUyHCKE U TpauyKe IPUIIore

VY miaHoBMMa 3amTHTE OJ TOXapa cyOjekara pa3BpCTaHHX y IPBY H JIPYTY
KaTeropujy yrpoXeHOCTH OJf Hoxkapa OJmke ce MpuKazyjy W mojaum o Opojy
BaTporacara, TEXHWYKO] ONPEMJbEHOCTH U OOYYEeHOCTH BaTPOTACHHX jEIMHUIIA,
OpraHu3alyju TPEBEeHTUBHUX Mepa 3alTUTE Of IO0Kapa, CTAIHOT AEKypCTBa U
nojamy o 6pojy CTpydHO 0CIOCOOBEHHX JIMIIA 33 CIIPOBONEmbE 3aIUTUTE O] TOXKapa.

2.2.llpensior HaYyMHA M3paje W caJp:;kaja NJaHOBAa 3alUTHTE IIyMa O]
noxapa

[To npBu myt 3akoHoM o 3amtutd o noxapa ("Ci. rmacauk PC" 6p.111/09) u
ypendboM o pa3BpcTaBamy oOOjekara, JEIaTHOCTH W 3EMJBHMINTA Y KaTeropujy
yrpoxxkeHoctu ox moxkapa ("Cm. rtmacauk PC" 06p.76/10), npeasuha ce u
KaTeropusalyja 3eMJbUIITa Y OAHOCY MOBPUIMHE IPOCTOPA M OMJBHOT IIOKpPHUBaYa.

Ypenoom je nepunucana cieacha kareropusaiyja 3eMJbHUINTA U TO:

e V 1.7 pa3BpcraBajy ce MPOCTOPH Ca 3aMTHNEHOM W BHCOKOKBaJIUTETHOM
1ryMoM ( HALMOHAHU MApKOBH M CI1.) ca nospiumHoM Behom o 10 000 ha.

e VYV 1.8. kareropujy pasBpcTaBajy ce TMPOCTOPH ca 3allTHheHOM U
BHUCOKOKBAIUTCHMOM IIIyMOM ca noBpiiraoM o1 5000-10 000 ha.

e V 2.1. xarteropwjy pa3BpCTaBajy ce¢ mOpocTop ca 3amTuheHoM u
BHCOKOKBaJIMTEHMOM IiryMoM moBpiumte ox 800-5000 ha

e VYV 22, kareropwjy pa3BpcTaBajy ce TMpocTop ca 3amTuheHOM |
BHUCOKOKBAJIMTETHOM IITyMOM moBpitraHe 10 800 ha

Kareropuzanuja oBOr 3eMJbMINTa 3axTe€Ba M3pajy IUIAHOBA  3alUTHUTE
BHUCOKOKBAJIUTETHE LIyMe Koju [IpaBUiIHHKOM 3a n3pay IIaHOBA HUj€ CaApiKaH.

2.3.Ilpuka3 nocrojeher ctama Tpeda ca canp:ku caenehe exemente

e [loBpmmHy 3eMJbHIITA, BPCTY BereTalyje, moAeily Ha 0JeJbeha U OJCeKe
e Bpcry Bererammje mo opebemeMa M ofcenrMa (YETHHApCKe IIyMe,

JUCTOIIaHE IITyMe, MEIIOBUTE, ACTpaAupaHe, IMUKape U MTHUOJbaIlH U CJ1.)
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e Crapoct mymckor apseha 1o BpcTaMa M KOJUYWHH MOBPIIMHCKUX Haclara
Kao U Y3TOjHE rpyIe U Kiace)

e  OTBOPEHOCT LIYMCKUX MOJpYyYja y OJJHOCY Ha MpPEXY IyTeBa

e Crame M KBAJIMTET ITyTeBa JI0 MOBPIINHA Ca BUCOKOKABATUTEHOM IIyMOM U
MyTeBa YHyTap HOBPIIMHA Ca BHCKOKBAIUTEHHOM HIYMOM M MOTYhHOCT
npuiacka Bo3wia (BaTpOTaCHMX, BO3WIA 32 MPEBO3 JbYIU H OIpeMe,
MeXaHHU3allMje 3a Tallerke Mokapa u CI.)

e Moryhe onacHOCTH M y3pOKe HacTaHKa Mo)Kapa Ha 3aCTYIUbEHOM MHOAPYYjY
(mocrojame hymypana, OUBJBHMX CMeETJHMINTA, OOjeKaTa ca OTBOPCHOM
BaTPOM, M3JICTUINTA U CII.)

e (Crame U3BOPHINTA BOJIC M HAYMH BOJOCHAOIEBaba Y CIIydajy Mmokapa

e (Crame U pacmoJIOKMBOCT OTPEME 3a TalleHke ToXKapa (IpaBHOT CyOjeKTa,
BaTPOrCHE jelMHMLIE, HAjOIKEe BaTPOTacHO CriacHiIaukKe jeJUHULIE U CIL.).

e [lponeny aa i npunanajyha onpema oarosapa u 'y KOM CTEIICHY 3a Talllemhe
HIYMCKHX II0Kapa Ha TOM MOJAPY4Yjy MMajyhu y BHUAY Jla c€ CBH LIYMCKH
H0’Kapy HE race HCTOM OIIPEMOM.

e Crame ciryx0u 1 6poj pacnoIOKUBUX JbYIU 32 Talleme moxapa (y mpaBHOM
Cy0jeKTy, BaTpOTaCHUM jeAHUIaMa, JOOPOBOJBHUM jeIMHHLIAMA, HajOIIMKO]
BaTPOTaCHO CIACHJIAYKO] jeMHUIIM, CICLHjaAIM30BaHUX jEeANHUIIA [[UBHITHE
3amTUTe, Opoj JeTenwia Koje ce MOry VYIOTpeOMTH 3a u3BHlame,
OCMaTpame U Tallemne U Cil.)

e Crame cucTeMa 3a ocMmaTpame (HaUYMH OCMaTpama, CTalke H 0poj
OCMaTpavyHHIA, OCTAJIM CHCTEMH 32 OCMAaTpParbe)

e Hauunm oTkpuBama W J0jaBe Mmoxkapa (ca 3emJbe, U3 Ba3ayxa, Kamepe 3a
ocMaTpame U c1.)

e MoryhHocT ramema noxapa u3 Bazayxa (MoryhHOCT, HAYWH CHa0/eBama
BOJIOM H CII.)

e [lpumemeHe OHONOMIKO TEXHHYKE Mepe 3alTUTEe (TPEHYTHO CTame-
MEIIOBUTE INyMe, OHONONmIKE TIOKapHe Tpyre, HAaKHAaHO u3rpalhene
MoKapHe npyre, mupeme nocrojehux npoceka, unirheme U Hera )

e Bpcre noxapHUX Hpernpeka, ImyTeBa, Mpoceka U BUXOBO CTame (BpcTa, Opoj
, IIAPHHA, CTale Y CBaKO 100a TOAWHE U CI1.)

e Crame cucremMa 3a cHabaeBame BOJOM (IPUPOIHH H3BOPH U HHHXOBA
ypeheHoct, BemTaukyu W3BOPHU U MOTYRHOCT ymoTpede W y KOM TOIUIIHEM
nepuozy, MoryhHocT nocraBibama 0a3eHa U HAUMH BUXOBOT MYHCHa H CII.)

e MoryhHocT ynorpebe cucremMa 3a MPOTHO3Mpame OMACHOCTH OJf HacTaHKa
IIYMCKH TI0%apa Ha CBOjO] TEPUTOPHUjH.

e MoryhHocT U HauMH KOMyHHKanuje Mel)y cBUM cyOjekTuma 3aliTHTe O
mokapa (pagwo Be3a, TeleoHCKa Be3a, NPYTrd BHUAOBH KOMYHHUKAIHja H
Op3uHa yCIOCTaB/baiba Be3e).
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MoryhHoct Op3or ycmocTaBibama caOMpHHUX IEHTapa 3a JbYAE U OINpPEMY,
MoryhHOCT ynoTpebe XeMHUjCKUX cpeAcTaBa (peTapAaHTH U CYPECTAHTH).
Haunn xopauHamuje ca mraboBuMa 3a BaHpeIHE CUTyaluje (permyOlIniKy,
OKPY>KHH, TPAJICKH, OTMIITUHCKH U CJ1.)

Hauun noructiyke moapIike NpUIMKOM Taliemka moxapa.

[TocTojame omepaTMBHUX KapaTa raiiema Iokapa 3a onpeheHa moxapydja
MPaBHOT CyO0jeKTa.

MoryhHocT yrpokaBama rpaljeBUHCKHX o0jexara, JbyIH U Ipyrux nobapa
KOjU Cce Hajla3e y IIyMy WM y OJIM3WHHU YTPOKEHE MOBPIITMHE W MOTYhHOCT
Op3e 3amTure.

Hauvau Oopbe M HayMHU Mpegy3uMama Mepa NpeMa MOTCHLHjaTHUM
M3a3MBavyMMa I0XKapa ca MpOLeHOM e(UKaCHOCTH.

PerucrpoBanu moskapu ca y3pouuma HacTajama y nocieamux 10 ronnHa

3. IMPOHEHA YI'POXXEHOCTHU IIYMA O/ IIOKAPA

[Tpouena yrpoeHOCTH ILIyma O] IoKapa BpIIM C€ HMPeKo HoceOHe MeToie U
cUCTeMa IPOIIeHe Koja je TauHOo ne(rHUCaHa U MCTa je 3a CBe cy0jeKTe.

['maBHUM 1MIb METOIE 32 MPOLIEHY YTPOKEHOCTH IIIyMa O TIoXapa je:

Ja npukaxe TayHy CIMKYy yCTaHOBaMa Koje ce 0aBe 3alITHUTOM LIymMa Ol
Mo’kapa O CTENeHy YIPOoKeHOCTH IIIyMa Off ToXKapa.

Ha ompemn u KiacuuKyje ONMACHOCTH OJ IIYMCKHX TIIOKapa Ha
MMOCMAaTPAHOM MOAPYY]JY.

Jla ykake Ha MOTYhHOCT 3amITHTE IIymMa OJ TIOXapa Ha ojapeheHoM
MOJIPYYjy U MPUMEHY JOJAATHUX Mepa 3allTHTE.

Jla ykaxke crienyjajir3oBaHuM Ciry)k0ama Koje ce 0aBe 3allTUTOM Off IoXxapa
U KOje y4eCTBYjy y Talllemhy MoKapa Ha CrelM(pUIHOCTH U OMACHOCTH O]
nokapa Ha MoCMaTpaHoOM MOAPYyYjy.

Ja ce m3Hal)y Momenn MOMYHCKHX Mepa 3allTUTe W e(pHUKacHHjer raiiema
KaJia oXkap HacTaHe Ha OJpeeHOM MoApyYjy.

3.1.ITapameTpu 3a NpoleHY YTPOKEHOCTH IIIyMa OJ1 MoKapa

[NapameTpu Koju yTH4y Ha YrpOKEHOCT LIyMa OJ MoXapa cy MHOTOOPOjHU aiiu
300r JIaKIIe MpUMeHe y MPaKCH Yy METOAY IMPOIEHe YIPOKEHOCTH Y3UMajy ce camo
OHH 3a KOje ce cMaTpa Jia Cy HajOMTHHUjU M KOjU HajBHIIE YTUUYy Ha YTPOKEHOCT
IIyMa OJ1 TIoKapa.

HajOoutHuju mapameTpu KOju Cy BaXKHH 3a TPOIEHY YIPOKEHOCTH IIymMa OJ
noskapa cy:

BereTaunyja 1 TOpUBU MaTepujai
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® [IPHUPOJHE I0jaBe KOje yTUIy Ha HaCTaHAaK Mmoxapa
e anTponorenu (hakTop ( pU3HK O] YOBEKa)

® KJIUMaT

®  CYIIHU NEPHOJ

e mojurora (MaTHYHH CYIICTPAT M THUI 3€MJBHIIITA)

e optorpaduja

e ypeheHoct myma

e JCTOpHja HOXapa Ha MOCMAaTPaHOM MOIPYYjy

CTeneH yrpo:KeHOCTH IIyMa OJ1 MoKapa

Ha ocHOBy M31I0KEHUX Tapamerpa 3a MPOIeHY YIPOXKEHOCTH IIymMa O]l ToKapa
BpIIIH CE 3a MOCMAaTPaHO MOJpYy4je cabuparme Opoja MoeHa CBUX MapameTapa Koju ¢y
3aCTyIUBEHU W Ha OCHOBY Opoja moeHa ofpeljyje ce yrpoKeHOCT ITyMe O ToXapa.
Hauwnn u3pauynaBama oOpal)eH je METOJOJOTHjOM MPOIEHE YTPOKEHOCTH IIyMa OJ1
noxapa.

VYV Tabenu 1 mara je xareropuzalifja YrpoXE€HOCTH IITyMa OJ IMoXapa Ha OCHOBY
Opoja moeHa.

Tabena 1 - Kamezopusayuja yeposceHocmu wyma 00 noxcapa

CremneH yrpo:keHoCTH IIyMa 0/ YxynaHn 0poj nmoena
noskapa
IIpBHu cTenen-seoma BenuKa npexo 520
YTPOKEHOCT
Jlpyru creneH-BeIrMKa yIpOKEHOCT 421-520
Tpehu crenen-cpenma yrpoKeHOCT 321-420
YeTBpTH CTENEH-Maja YTPOKEHOCT 1o 320

Ha ocnHoBy onpehernx OpojuaHuX MoKazaresba YTPOXKEHOCTH ITyMa O ToXapa
cauMmaBa Ce KapTa YIpOKEHOCTH HA Ta] HAYMH INTO C€ YIPOKEHE IOBPIIMHE
MpuKa3zyjy y oarosapajyhum 6ojama u To:

e [lpBu creneH-pBeHa 6oja
e Jlpyru creneH-HapaHyacTa
e Tpehwm cremen-xyra

e UYerBpTH CTENEH-3€]€HA

Hocanamma mporieHa YrpoKEHOCTH IIyMa O]l MOXapa 3acHHUBAa CE caMO Ha
MPOLIEHN KOja y3uMa MPETeXHO 3aCTYyIUhEHY BEreTaiujy, IITO jé HEZOBOJFHO 3a
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CBEOOYXBaTHY MpPOLEHY YrpoKEHOCTH, YHME C€ HOBOM METOJOM TMpOICHE
YIPOXKEHOCTH IIymMa OJ IIOXKapa IOCTIKE cBeoOyxBaTHOCT M Behu KBamuTeTr
MIPOLICHE.

3.2.

3.3.

Opranu3anuja 3alITATE HIyMa 01 oKapa Tpeda 1a 06yxBaTu

HauvH Ha Koju je opraHM3oBaHa 3allTUTa OJ MOXapa y CYO0jeKTy Koju
rasqyje WM KOPUCTH IIyMe M IIyMCKO 3eMJbumTe (Opoj JbyH, BaTporacHa
JEIHHMIIA, TIOBE3aHOCT U CIL.).

Haunn Ha koju he ce ocTBapuTH KOMYHHKAIHja ca APYTUM CyOjeKTuMa KOju
ce OaBe 3amTUTOM HIymMa oj moxkapa (MwuHuUcTapcTBa, jaBHa mpenyseha,
3aBOJIH, MHCTUTYTH, IPKABHU OpTaHH, IITA0OBH H CI1.)

CpencrBa 1 HAUMHH €a KOjUMa Ce€ BPIIN KOMYHHUKAIH]ja

INomarm o city:x0M 3aIlITUTE, BaTPOTacHO] jeAUHUIM, OpOj OCHOCOOJHEHUX
JIMIIA 32 3AIITUTY OJ1 TI0Kapa.

Haunne mocrynama cBuX cyOjekara y akiujaMa 3allTHTE IIyMa M Tamemy
nokapa | NpolieJlype KojiMa ce peryiuile HaYWHU IMOCTYMamka MPIITHKOM
NPEBEHTUBHUX M PENPECHBHUX Mepa 3allTUTe ca TadyHUM HAYHMHOM
KOpAMHAIH]e

OmnpeMa 3a rameme moxxkapa, \beHe KapaKTepUCTHKe U MOTYhHOCT epukacHe
MPUMEHE Ha MpeBUl)CHOM MOAPYY]jyY.

Hauna u mporpam o0yke cybjekaTa y Aeiy 3amITHTE ITymMa O] IoKapa
OCHOBHA M TIoceOHa 00yKa).

Ipemior TeXHHYKHX W OPAHU3AIMOHUX Mepa 3a OTKJIambambe
HeI0CTAaTaKa y 3aIlUTHTH IIyMa 01 MoKapa Tpeda 1a caap:Ku

Mepe koje Tpeba mpemy3eTu Ja Ou ce cMamUO PU3HMK OJ1 HACTAHKa MoKapa
IIymMa ¥ Mepe 3a T000JbIake Y YIpaBbathy PU3UKOM Y 3allITUTH IIyMa O]
noxapa (MPEBEHTUBHO [CJIOBAbE, MMPHUIPABHOCT, JEIOBambe Kaja MOoKap
HACTaHE U CaHallija TePEeHa).

Bbrononiko-TexHHYKe Mepe 3allTUTe NIymMa O] MoKapa Koje ce OJHOCe Ha
MO/TU3a¢ HUBOA 3aIITHUTE

Mepe 3a 60pOy MPOTHB MOTEHIIMjaTHAX H3a3UBava Moxapa

Mepe 3a mo0OoJbllIakbe CHUCTEMa MPOTHO3UpAma OMACHOCTH Of MIYMCKUX
noxapa

Mepe 3a moboJplame cHcTeMa OTKPHBaKka HACTAHKA IIYMCKUX II0XKapa,
yHanpeheme cuctema ocMaTpama W yBOCHEe HOBHX MOJCPHHX CHCTEMA
ocMmarpama, Mepe 3a Op3y U euKacHy J0jaBy HacTaIuX IMoxapa

Mepe u nipunpeme npes NovyeTak moxKapHe Ce30He
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Mepe u npunpeme y Ce30HH OMMaCHOCTH OJ] IIYMCKHUX MOXKapa

Mepe Ha U3rpaambu U OAp)KaBaby HOXKAPHUX IyTeBa y LUJbY IPEBEHTHBHOT
U PENPECUBHOT JIEJI0BAba Ha I10XKap

Mepe Ha moOoJpIIaky yciioBa 3a cHal0JieBambe BOJAOM 3a raliermne moxapa o
ypeheme Bosio3axBara U U3rpajimhy HOBUX M3BOPA 32 CHA0JICBAmkE BOJIOM 3a
raimeme moxapa

Mepe 3a onpkaBame M 00e30eheme M3NETHIITA W MecTa Ha KojuMma ce
okyruba Behu Opoj Jbya¥ y IIyMHU y LWJbY CMambeHha PU3MKa OJI HACTaHKa
mno>kapa

Mepe nnanupama u HabaBke oarosapajyhe onpeme u cpencraBa 3a ramemne
LIYMCKHX II0Kapa IpeMa KapakTepUCTHKaMa TepeHa.

Mepe opranuzanmje 1 pykoBolema akiyjama raiema noxapa y by 00jbe
MOBE3aHOCTH CBUX cy0jeKaTa W MpaBWIIHY YIOTpeOy cpelicTaBa u orpeme 3a
rameme

Paspama Meroma W TaKTHKA ramiemha NIYMCKHX TIOKapa y OJHOCY Ha
KapaKkTepUCTHKE TIOBPIIMHA II0J I[IYMOM H TPOIEAYpPE 3a MNPUMEHY
onpehenux merona ramema

Mepe y Be3m ca THajbemeM BaTpe W cChajbuBamba OMJBHOT OTMafa Ha
OTBOPEHOM INPOCTOPY U y OIM3MHHU pyOoBa IIyma

Mepe 3a u3MeHy UM AOIPalilby CUCTEMA BE3€

Paspany cuctema 3a Mopenupame LIYMCKHX IOXapa y by HpPEIUKIHje
oBHX Jorabaja

MoryhHocT npyxama Op3e U epuKacHe mppe ToMohH MmoBpeheHNM JTHUIHMa
NPWIMKOM Tallemna Mnoxapa

Mepe 3a caHalyjy TepeHa mocie HacTaIuX MoKapa 1 OIo)KapeHe MOBPIINHE

[Ipumena u wsrpangma HWHPOPMAIMOHWX CHCTEMa Yy  TO00OJBIIABKY
yIpaBbakba PU3UKOM Y 3amTuTH myma of noxapa (I'MC, mereoponomku
I/IH(i)OpMaHI/IOHI/I CHCTEM, CHUCTEM 3alITUTC KHUBOTHE Cpe€auHe,
uHpopmarmonn cucteM MYVYII, cuctem oOaBemtaBama W y30WBHBama U
CIL.).

3.4.1TpopauyH noTpeOHUX (PMHAHCUjCKUX CPeACTaBa KOju Tpeda 1a caap:ike

Peanno carnemaBame (I)I/IHaHCI/IjCKI/IX cJIeMEHaTa NpeajIoKCHNX TEXHUYKUX U
OpTraHUu3allMOHUX MEpa 3allITUTC O IOKapa

JluHaMMKy U3BpIIEHa TEXHWYKHX W OPTraHU3alOHUX Mepa ca IUIaHOM
(hvHAHCHjCKHX CpeAcTaBa 3a Mepro/l O] TIeT TOJUHA
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3.5.I'padmuke noajore Kojuma ce NnpuKasyje

OnepaTtuBHe KapTe ca MpUKa3aHUM MOAPYYjHUMa ca HajBehuMm pusukoMm ox
n30ujama MIyMCKHX IoXapa

Kapte u Tabene ca mperienoM MOBPIIKWHA MPEMa CTETICHY YTPOKEHOCTH O
noskapa m3rpaljeHux npema ojapeheHoj MeTo0JIOTHjHu cucTeMa o/ipehuBama
YTPOKEHOCTH IIyMa O] TIoXKapa ca CBUM MpeABU)EHUM eJleMEeHTHMa

Kaprorpadcku mnpukas myrteBa, MOXapHUX Npyra W KaHaja, MecTa 3a
cHablleBambe BOJOM 3a Tralleme IMoXkapa W 00jeKTe KOju ce Yy CiIydajy
HACTaHKa M0Kapa MOpajy MPUOPUTETHO IITUTUTH.

Kapry npumemnBe onpeme 3a oapelheHo moapydje ca MpUKa3oM MOBPIINHA
Ha KOjUMa ce TMOjeJHa OIlpeMa MOKe e(QHUKacHO KOpUCTUTH ( pydHa
ompema, OompeMa 3a Tamlelhe¢ BOJOM, MEXaHW30BaHA OIpeMa, OompeMa 3a
ramiere U3 Ba3ayxa)

Mecta ca ocmaTpavyHMIlaMa W APYTUM CHUCTeMHMa 3a Op30 OTKpUBamkE U
JI0jaBy HACTaJNX ITOXKapa.

Kimmmarosnorike qujarpame 3a oapeljena noapydja.

IIpuka3z mecra 3a cHabneBame BojoM (ypehena u HeypeleHa), mecra 3a
MOCTaBJbalbe MOCCOHMX pe3epBoapa ca BOJIOM y CiIydajy Mmoskapa, MecTa 3a
MyIHEHhEe aBUOHA 34 TaIICHHE U3 Ba3ayXa.

Mecra 3a cabupHe LEHTpe 3a JbyAE , ONPEMYy M XEMHjCKa CPEecACTBa 3a
raimieme MPIIMKOM HacTaHKa MoXapa 1 HajIIoBOJbHIja MECTa 3a OTIepaTUBHE
mraboBe 1 mTaboBe 3a BaHpeaHe cuTyauuje ( 6Ju3y NOBpIIMHA, 3auTHheHa
u 0e30e/Ha, ca cpeICTBMMAa KOMYHHUKAIH]je, TOrUCTHYKa IoMoh | ¢I1.).

Kapty mocebHO yrposkeHunx moBpiiMHa ca HajsehuM OpojeM HacTamux
noxkapa y nporexknux 10 roguna.

CBu mojialy y IJIaHOBUMA 3aIlTUTE [IyMa O]l MoXapa Mopajy nia Oyny jacHw,
MPenr3Ho U TayHo ojapehenn u nma He onrepehyjy miaH HEMOTPEOHUX elleMEHTHMA,
KaKO Y TEKCTYaTHOM Tako U rpapHuKoM Jemy.

4. YCJIOBHU 3A U3PAY IIJTAHOBA 3AIITUTE O IIOKAPA

[IpaBunHuKoM je AeduHUCaHO KO MOKE Ja BPIUM H3paay IJIAHOBA 3alITUTE O]
noxapa. [lnan 3amTuTe 07 MoXkapa M y OKBHpPY Hhera HPOLEHY YIPOXKEHOCTH O
noxkapa ca o03upoM Ha AeuHHCaHe KpUTepujyme Mory Aa uspal)yjy mpuBpenHa
JIpYIITBAa WJIM Jpyra MpaBHA JIHIA KOjU TMOCceqyjy oBiamhema 3a u3pary TJIaBHOT
MpOjeKTa 3alTUTe Of MOoXapa W oBjlamhiemha 3a NPOjeKTOBakE MOCEOHUX cHUCTEMa
3aIITHTE O] TT0Kapa, OJJHOCHO THM CTPYy4Hhaka ca oAroBapajyhuM iumeHmama.
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OAroBopHO JHIle Yy ayTOHOMHO] MOKPAjHUHHM, OMIITHHH, Tpamy U CcyOjeKThma
pa3BpCTaHMX y TpPBY M JPYry KaTeropujy YrpOXKEHOCTH O] ToKapa 3a dYHje
rpaljeBuHCKE 00jeKTe U MPOCTOp ce n3palyje MiaH 3alTUTE O MOXKapa U Y OKBHPY
Iera IPOLeHEe YTPOKEHOCTH, yrno3Hahe 0AroBopHO JwIe 3a N3pady IUIaHa ca CBUM
PacIoNoKUBHUM TIOAALMMA U ITPEIY3eTH MEpe 3a 3aIUTHTY M0JaTaKa.

VY u3pagu miaHoBa 3aIUTHTE LIyMa OJ IOXKapa MOpajy Aa YUYecTBHjy JIHLA
IIyMapcKe CTpyKe, METEOPOJIOIIKE, 3allTUTE OJ ToXapa W JHUIa Koja ce Oase
3alITUTOM HIyMa OJ MoKapa Kao W mpeay3eha M MHCTHTYTH KOju ce 0aBe OBOM
po0JIEMAaTHKOM Y3 MOCEOHO 3a TO M3JaTOM JIMLICHIIOM.

5. 3AK/bYYHO PASMATPAIBE

[TnanoBM 3amTHTe O/ TMOXKAapa Cy MPOIMUCAHU 3aKOHOM O 3aIITHTH OJI T0XKapa
("Cn.rmacauk PC" 6p.111/09) u nedunucamum ko Mopa na ux jgoHece. Kao
NO3UTHBHA HOBHMHA JIOHET je NMpaBWIHHK O HAuWMHY U3paje W caapxkaja [lmana
3alITUTE O] MOKapa ayTOHOMHHX IOKPajHUHA, jeIUHMIA JIOKATHE CaMOyIpaBe U
cy0jekara pa3BpCTaHUX Y MpPBY W JAPYrY KaTEropujy YrpOXKEHOCTH O] IMoxKapa
("Cn.rmacauk PC" 6p.73/10) koju neduHuIIe HAYMH U caApXKaj] OBUX JOKyMEHara,
mro Ou Tpebano Ja JoHece YHU(DUIMPAHOCT y y3pajJud OBUX akarta Kao U OOJbU
KBAaJIUTET.

[InanoBu Tpeba ma caapke HajBUINE TPOIEIype 3a MOCTymame y oapeheHum
CUTyalldjamMa y PEBEHTUBHOM M PEMPECHBHOM CMHUCIY IITO je€ HAYWH paja Koju je
omepaTuBHHUjU U epuKacHHju U TpuMemyje ce y Behmuu 3emarpa EY. Jeman on
Behinx HemocraTaka je HeAe(QUHUCAHOCT HM3paje IJIAHOBA 3a 3aIITUTY IIyMa OJ
o’kapa, CXOTHO J1a je HOBUM 3aKOHOM, Kao W ypeadoM O pa3BpCTaBamy 00jekarta,
JeTaTHOCTH M 3eMJBHILTA y KaTeropujy yrposkeHoctu ox noxapa ("Ci. rmacauk PC"
0p.76/10) nedwHHCaHO Ja c€ 3EMJBHMINTE M BUCOKOKBAJIWTETHA IITymMa TakKohe
Kareropusyje, Tako Ja je y paay Jar jeaaH oj Moryhux mozena u3pazne ¥ OBHUX
IIaHoBa, ynMe OW moctojehm mpaBwiaHHMK Tpebamo momyHuTH. M3pana 1uraHoBa
3alITUTE IIyMa OJ MOKapa MO CBOjOj CaIp>KHUHU, Ka0 M MO MEAOJOTHjU HU3paje
OMTHO Ce pa3NIMKyje O IUIaHOBA 3aITHTE O IMOXapa 3a rpal)eBHHCKE 00jeKTe.

Mertoponoruja yTBphuBama YrpoKeHOCTH IIymMa OJi MoXkapa KOJ| Hac HHUje
paspaljeHa ¥ yriaaBHOM ce y3UMa caMO BpCTa BEreTaluje Kao MEpPHIO 3a MPOLEHY
YIPOKEHOCTH IIyMa O ToKapa IITO HHje aJeKBaTHO W HE Jiaje MpaBy CIUKY
CTBapHE YIpO>KEHOCTH U PU3MKA OJ1 OXKapa.

[IpuMeHa npyrux ereMeHara 3a U3pajy IUIAHOBA 3aIITHUTE IIyMa OJ1 MoKapa Koja
ce KOPHUCTH, IITypa je W YeCTO He MpyXka onaroBapajylly CiIvKy M eJleMeHTe 3a
epuKacHy 3alITUTy [IyMa oA moxapa. KOMIIEKCHOCT OBe 00JacTH 3axTeBa
JIpyrayuju MPUCTYI U YKJbYyYUBaHE CBHX CyOjekaTa KOju ce 0aBe 3alliTUTOM IIyMma
0]l TIOXKapa.
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1. INTRODUCTION

Composition of the cell wall changes with the type of wood or plant, but generally
speaking, 40-45% of wood is cellulose, 25-35% are hemicelluloses, 15-30% is lignin, and
other compound are represented up to 10%. Bonds between different components of wood
can be hydrogen and covalent (ether, ester, glycoside).

Lignin is a highly cross-linked polyphenolic polymer, with molecule masses over 10000,
whose structural units doesn’t repeat regularly and which presents one of the most complex
organic aromatic polymers in nature. Lignin fraction of biomass is important source of
benzene, phenol and dihydroxybenzenes during combustion. From the main components of
the biomass, lignin represents the greatest difficulty in understanding the relationship
between structure and production mechanism of the gaseous products during typical
thermochemical conversion processes. This feature is caused by the complexity of its
structure and problems in relation to its isolation from the original material, without
disturbing its natural structure. The structure of lignin is based on three different cinnamyl
alcohols as precursors (p-coumaryl alcohol, coniferyl alcohol and sinapyl alcohol), Fig. 1, [1]

[2].

OH OH

HyCO

OCH
1 2 ® 3

Fig. 1: Cinnamyl alcohols: 1 p-coumaryl alcohol, 2 coniferyl alcohol and 3 sinapyl alcohol

Polysaccharide components of the cell wall of the plants are highly hydrophilic,
according to that, they are water permeable, while lignin is more hydrophobic. Lignin is one
of the slowest decomposing components of a dead vegetation and represents dominant
source of material for creation of humus, due to its own decomposition [2]. Humic acids are
the main representatives of the humic substances which are the main organic constituents of
the ground (humus), peat and coal [3]. From the dead plant to the metamorphic rock
(anthracite), there is a need to pass staying at the mud of a swamp, where anaerobic
degradation followed by releasing of volatile substances takes place, to the continual
»penetration” further into the depth of the Earth followed by increased pressure and
temperature, with permanent lack of oxygen and further releasing of water and volatile
substances, by which level of polymerization and carbon content are increasing [4]. The
fragment of lignin structure is represented on the Fig. 2, and a fragment of humic acid is
represented on Fig. 3, so it can be noticed that the number of mutually condensed rings in
humic acid increases in relation to lignin.

Properties of wood as a material depend on a type of wood from which it is obtained. The
wood density varies with species, and strength depends of its density (mechanical
properties). Any wood is usually classified as softwood or hardwood. In the chemical aspect,
difference between hardwood and softwood tree is caused by the composition of its lignin.
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The lignin of the hardwood tree is primarily derived from sinapyl and coniferyl alcohol,
while lignin from the softwood is dominantly derived from coniferyl alcohol [5].

Fig. 2: A small piece of lignin polymer, the
image downloaded from the Internet,
reference [2]

The hardwood tree as a fuel has greater reputation than the softwood because it produces
less smoke and burns longer [5], and pellets obtained from these two types of wood behave
similarly [6]. High lignin content wood is an excellent fuel, since lignin gives more energy
during combustion than cellulose [2]. Percentage participation of cellulose, hemicelluloses
and lignin in composition of chosen lignocellulosic materials is represented in Table 1 [7].

Table 1: Percentage composition of chosen lignocellulosic materials

Fig. 3: Example of a typical humic acid, the image
downloaded from the Internet, reference [3]

Lignocellulosic materials Cellulose (%) |[Hemicelluloses (%) Lignin (%)
Hardwood stems 40-55 24-40 18-25
Softwood stems 45-50 25-35 25-35

Nut shells 25-30 25-30 30-40
Corn cobs 45 35 15
Grasses 25-40 35-50 10-30
Leaves 15-20 80-85 0
Paper 85-99 0 0-15
Newspaper 40-55 25-40 18-30

2. FLAMING COMBUSTION, SMOLDERING COMBUSTION, GLOWING
/ EMBERING COMBUSTION

Combustion or burning is the sequence of exothermic chemical reactions between a fuel
and an oxidant (oxygen, fluor, chlorine) accompanied by the releasing of heat and chemical
transformations of substances. Released heat produces light in the form of glowing or a
flame. The combustion can be complete and incomplete, which conditions type of produced
products. Any combustion on high temperature in the atmospheric air, which contains 79%
of nitrogen, produces also small amounts of nitrogen oxides (NOy).
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For most fuels (diesel oil, coal, wood) pyrolysis emerges before combustion. During
incomplete combustion, products of pyrolysis remain unburnt and contaminate smoke with
dangerous particles and gasses. The partly oxidized substances are also problematic, as for
example acetaldehyde produced by incomplete oxidation of ethanol [8].

The smoldering/smouldering combustion is a slow, low temperature form of combustion
without flame, maintained by the heat which develops during direct attack of oxygen on the
surface of a solid fuel. The smoldering represents serious fire hazard from two reasons. The
first reason is that smoldering may cause transformation of fuel into dangerous compounds in
a much greater degree than flaming combustion (although it develops at a slower rate). The
second reason is that smoldering often represents predecessor of flame, causing indirectly
flame, by thermal sources too weak to directly produce flame. Sometimes the term
smoldering is used inappropriately to describe no flame response of solid and liquid organic
materials to an external heat flux. Any type of organic material, when exposed to enough
heat flux, is going to decompose, releasing gaseous products and smoke. This process of
gasification usually doesn’t include, or includes in a small degree, oxidation, so it is
endothermic. So, such a process can more appropriately be called forced pyrolysis than
smoldering [9].

Smoldering is usually incomplete combustion reaction. Solid materials which can keep
smoldering combustion include: coal, cellulose, wood, cotton, tobacco, peat, duff, humus,
synthetic foams, charring polymers (including polyurethane foam) and dust. Usual examples
of smoldering combustion are initiating of the residential fires from the upholstered furniture
by the effect of weak sources of heat (for example, cigarette, wire with short-circuit) and
persistent combustion of biomass behind the fire front.

Substances or materials which undergo combustion are called fuels (natural gas, propane,
kerosene, diesel, petrol, charcoal, coal, wood, etc.). Combustion of a liquid fuel in an
oxidizing atmosphere actually occurs in a gas phase. It is the vapor that burns, not the liquid.
So, liquid will normally start to burn only above certain temperature (its flash/ignition point).
Ignition point of the liquid fuel is the lowest temperature on which it can form an ignitable
mixture with air. It is, also, minimum temperature on which enough evaporated fuel exist in
the air to start combustion [8].

Combustion of solid fuels consists of several different phases which are not sharply
separated, but overlap to a certain degree. These phases are: pre-heating or pre-combustion,
flaming combustion, smoldering combustion and glowing or embering combustion. As fire
goes forward through the fuels, released heat produces convection column which vertically
lifts created products in a form of gases, vapors and particles (smoke). In the pre-heating
phase, fraction of fuel located in front of the fire front starts to absorb the heat which
provokes drying of the fuel. The heat causes the thermal degradation (pyrolysis) of certain
components of fuel (imagine wood as a fuel), causing the release of combustible organic
gases and vapors.

During the pre-heating phase, the fuel absorbs heat energy which causes releasing water
vapor and combustible ingredients: tar, pitch and gases, Fig. 4.1. These ingredients ignite in
contact with oxygen initiating the flaming combustion phase, Fig. 4.2. The flaming
combustion phase is light-emitting oxidation of gases produced by fast thermal
decomposition of fuel. This phase follows the pre-heating phase and precedes the smoldering
phase, which develops at a much slower rate. The water vapor, soot and tar are the
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ingredients of a visible smoke. Relatively efficient combustion produces minimum soot and
tar, giving white smoke. High fuel moisture content also produces white smoke.

The smoldering combustion is combination of the dehydration process, pyrolysis,
oxidation of solid phase, scattered regions of the flaming combustion and the glowing
(embering) combustion, which appears after the flaming combustion, Fig. 4.3. The
smoldering combustion is often characterized by large amounts of smoke consisted mostly of
tar. The emissions are two times larger in relation to the flaming combustion phase
(combustion with flame). In the case of large wooden ruins or deep organic soils, the
smoldering combustion can last for days or even for months [10].

The example of the smoldering (subsurface fire) is combustion the debris of the World
Trade Center. After that attack, fire and subsequent collapse of the Twin Towers on
September 11th in 2001 year, huge pile of ruins that remained on that place was smoldering
more than five months, with occasional emergence of a sudden flame near the free surface.
This pile was resisting the firefighters” attempts to extinguish it until most of the ruins were
removed. The levels of pollutants typical for the life environment in the lower Manhattan get
back to the background level after about 200 days [11].

The embering (glowing) combustion phase is the final combustion phase after the
flaming and smoldering combustion. The embering combustion is the process by which solid
fuel is oxidized, and it is accompanied by incandescence of the fuel itself, Fig. 4.4. All
volatile substances are already gone, oxygen is in contact with the surface which combusts
and there is no visible smoke. This phase follows the smoldering combustion phase and
keeps on while temperature drops under the limit necessary for the combustion, or until only
non-combustible ash is remained [10]. Therefore, the embering combustion can be
characterized as an intensive smoldering combustion, which has characteristics of higher
temperature and greater accessibility of oxygen in relation to smoldering combustion [10-
12].

Fig. 4: Phases of solid fuel combustion

Fig. 4.1: Pre-heating Fig. 4.2: Flaming Fig. 4.3: Smoldering Fig. 4.4: Glowing or
or pre-combustion combustion combustion embering combustion
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3. EXPERIMENTAL PART
3.1.Experimental methods

The experiments were performed in digester, with risen glass front, without artificial
ventilation, by using of the apparatus presented in the reference [13]. Gas burner burns the
mixture propane-butane. The samples are thermally treated on the panels of inox
(20Xx20X%0.1 cm). The pyrolytic process is carried out on the compact plate, and the
combustion process on the plate of the same dimensions, which in its central part
(dimensions 10X 10 cm), has 81 openings with diameter 2.5 mm, evenly arranged. The edge
of funnel is placed on the distance 105 cm from the surface of table (so the absorbed gases
were on a room temperature). During the experiment, the ambient temperature and pressure
in the room were measured (27°C, 101.8 mbar). The mass of each sample was measured
before the thermal treatment, and then it was treated, and the measured parameters are
represented in the Table 3 and Table 4. During the combustion process, the gas burner was
put out at the moment of ignition the sample. During the pyrolysis process, the gas burner
remained turned on till the sample changed to ash. The sampling of gas products, with the
goal to determine benzene, toluene, ethylbenzene and xylene, BTEX compounds, was
performed with the Apex Persona Air Sampling Pump with air flow of 1 I/min. Temperatures
of the samples were measured by using digital thermometer DTI, by thermocouple NiCr-Ni,
with accuracy of measurement 1°C.

BTEX Were adsorbed from the air by sorbent tubes with activated charcoal Orbo 32
Large, LOT: ORB00231, Cat. No. 20228, desorbed with 1.5 ml carbon disulfide (CS,) and
analysed by the gas chromatograph.

Standard BTEX solution, concentration 2000 pg/ml for each individual component,
manufacturer Supelco, the catalogue number 47993, was used for the quantitative
determination. Extracts were analyzed on the gas chromatograph Agilent 7890 A with FID
detector. The non-polar column HP — 5, 30 m x 0.32 mm, and nitrogen as a gas carrier were
used for separation.

Temperature program of column: initial temperature 40°C, 2 minutes; first ramp
20°C/minute; 230°C, 2 minutes. Duration of the analysis 16.5 minutes.

The particle size distribution, in the sample of poplar wood sawdust, was determined by
means of the vibrating device, VEB LABORTECHNIK THYR 65375, which contains a set
of sieves of various sizes of openings, and the results are shown in Table 2.

Total moisture content, in the sample of poplar wood sawdust, determined according to
standard SRPS EN 14774-2 [14], and the result is shown in Tables 3 and 4.

3.2.Results

Table 2: Particle size distribution, in the sample of poplar wood sawdust

Fraction number Particle size (mm) Mass of fraction (g) Mass fraction (%)
1. >2 35.93 35.93
2. 1-2 37.56 37.56
3. 0.5-1 14.78 14.78
4. 0.315-0.5 6.85 6.85
5. 0.125-0.315 3.87 3.87
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Continued Table 2: Particle size distribution, in the sample of poplar wood sawdust

6. 0.063-0.125 0.56 0.56
7. <0.063 0.18 0.18
Sum mass of fractions (g) 99.82
Mass loss (g) 0.18
Initial mass of sample (g) 100.00
Table 3: Combustion process
. Sample Sample Sample
(CemmlalE e number 1 number 2 number 3
Mass of sample (g) 5.00 5.00 5.00
Total moisture content of the sample (%) 6.23
Volume of air sampled (I) 16.5 16.5 16.1
Initial sample temperature (°C) 28.3 33 27.7
Temperature of appearance of smoke (°C) 30.3 34 29.2
Time of appearance of smoke (s) 15 9 16
Temperature of appearance of flame (°C) 86 99 90
Time of appearance of flame (s) 71 74 100
Max temperature of sample (°C) 576 403 455
Temperature when flame stops (°C) 404 317 436
Time when flame stops (s) 183 196 194
Max temperature of ember (°C) 466 338 369
Time when combustlon/?sr?berlng stops completely 087 992 965
Mass of benzene per kilogram of sample (mgkg?) 1.72 1.86 1.80
Average benzene concentran%n in sampled air 052 056 056
volume (mgm™)
Table 4: Pyrolysis process
. Sample Sample Sample
PUTETEE number 1 number 2 number 3
Mass of sample (g) 5.00 5.00 5.00
Total moisture content of the sample (%) 6.23
Volume of air sampled (1) 12.6 11.7 11.2
Initial sample temperature (°C) 275 27.3 27.3
Temperature of appearance of smoke (°C) 28.2 28.2 34.8
Time of appearance of smoke (s) 17 16 20
Temperature when smoke stops (°C) 233 320 346
Time when smoke stops (s) 184 187 192
Max temperature of ember (°C) 390 398 480
Time when gIOW|ng/en(1$t;er|ng stops completely 755 702 670
Mass of benzene per k||1(;gram of sample (mgkg’ 188 173 175
Average benzene concentration in sampled air 074 0.74 0.78

volume (mgm’®)
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4. DISCUSSION AND CONCLUSIONS

In our previous investigations with the poplar wood pellets, we proved that from BTEX
compounds, during pyrolysis and combustion, only benzene was detected. The mass of
produced benzene per unit of fuel mass (pellets) was the same size range for the both
processes [13].

The goal of this paper was to investigate if the poplar wood sawdust (raw material for
producing the pellets used in work [13]), during processes of pyrolysis and combustion, also
produced the same BTEX compounds, and in which mass per unit of fuel mass (sawdust).

It was determined that from BTEX compounds, only benzene was produced by pyrolysis
and combustion of the poplar wood sawdust. Benzene is produced by thermal decomposition
of lignin component of wood (sawdust, pellets).

By comparing the average mass of benzene released per unit of fuel mass for pellets
(combustion: 1.66, 1.66, 1.70 [average: 1.67 mgkg™]; pyrolysis: 1.82, 1.73, 1.82 [average:
1.79 mgkg™]) [13], and sawdust (combustion: 1.72, 1.86, 1.80 [average: 1.79 mgkg™];
pyrolysis: 1.88, 1.73, 1.75 [average: 1.79 mgkg™]), it can be noticed that size range is the
same in all cases, and the smallest value is during process of pellet combustion. Based on
above mentioned, it can be concluded that during peletting poplar wood sawdust chemical
composition doesn’t change considerably, so by that very fact, type or amount of the
combustion products also doesn’t change.
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DETERMINATION OF ACTIVATION ENERGY VIA
CONCENTRATION OF CARBON MONOXIDE IN
COMBUSTION GASSES

Abstract: This article deals with the application of non-isothermal, model-free methods for calculation
of activation energy from carbon monoxide concentration in combustion gases. The following methods
were applied for the mentioned purpose: Kissinger method, Ozawa method, Boswell method, Tang
method and Straniks methods. The temperature at maximal mass loss or more precisely, the
temperature at the same degree of conversion was substituted by the temperature at the maximum
carbon monoxide concentration in gaseous products of thermal decomposition. Samples of beech dust
were used for the experiment. Test took place in the air flow at the heating rate of 1.86 °C.min%, 3.78
°C.min, 5.79 °C.min, 7.80 °C.min™ and 10.11 °C.min™%. Based on the individual mentioned methods,
the activation energy was determined in the range from 57.5 kJ.mol™ to 67.3 kJ.mol ™. The squares of
correlation coefficient represented values from 0.9709 to 0.9793.
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OJAPEBUBAILE EHEPTUJE AKTUBAIIUJE HA OCHOBY
KOHHETPAIIMJE CO 'ACOBUTUM ITPOAYKTUMA
CAT'OPEBAIbBA

Ancrpakr: Ilpeamer paja je NpuUMEHa HEW30TEPMHHX, O€3 MOJEIHHX MeEToJa 3a IpOpavyyH
aKTHUBAIIMOHE CHEPTHje U3 YIJbeH MOHOKCH/A y TACOBHTHM IPOIYKTHMA caropepama. [IpuMermeHe cy:
Kucunyep meron, O3zaBa meron, bocsen meron, Tanr meron u Crpanukc meron. Temmeparypa
MaKCHMAJTHOT TyOMTKa Mace WM Hpelu3Huje, TeMIepaTypa Ha HUBOY caMe KOHBEp3Hje je 3aMemeHa
TEMIIEpaTypOM MaKCHMaJHOT HHBOa KoHIeHTpauuje 1O y TracoBHTHM HPOXYKTHMA TEPMHUKE
JCKOMITO3UIMje 32 CKCIEPUMEHT Cy YIOTPeOJbeHH Y30pLH NpallfHe OyKBe. YCIOBH TECTHpama Cy
Owm cnenehu: mporok Basgyxa Ha Temmeparypu 1.86 °C.min-1, 3.78 °C.min-1, 5.79 °C.min-1,
7.80°C.min-1 u 10.11°C.min-1. Ha oCHOBY HaBeJeHMX METOJa HABEIEHA EHEprHja aKTUBAIKjE je
onpelena y pacniony on 57.5 kJ.mol-1 go 67.3 kJ.mol-1.
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1. INTRODUCTION

The 1 projects that world energy consumption will grow by 56 % between 2010 and
2040. Total world energy use rises from 524 quadrillion British thermal units (Btu) in 2010
to 630 quadrillion Btu in 2020 and to 820 quadrillion Btu in 2040 (Figure 1). Much of the
growth in energy consumption occurs in countries outside the Organization for Economic
Cooperation and Development (OECD), known as non-OECD, where demand is driven by
strong, long-term economic growth. [1]
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Figure 1 World energy consumption, 1990-2040 [1]

The environmental and energy policies in most nations worldwide aim at replacing fossil
fuels with renewable sources of energy. The use of wood pellets made from sawdust is
rapidly increasing. [2] On the other hand, households in many non-OECD countries still rely
heavily on traditional, nonmarketed energy sources, including wood, for heating and
cooking. [1] Biomass combustion was clearly defined by three main stages: devolatilization
stage (Dev. stage), char oxidation stage (Oxid. stage) and remaining char burning stage
(Rem. stage). [3]

Pyrolysis of biomass can be divided into five thermal zones:

zone |: <100 °C mainly moisture evolution

zone I1: 100 °C — 250 °C extractives start decomposing

zone 111: 250 °C — 350 °C predominantly hemicellulose decomposition

zone 1V: 350 °C — 500 °C mainly cellulose and lignin decomposition

zone V: > 500 °C mainly lignin decomposition [4]
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Thermal decomposition of biomass is complex functions of the experimental conditions,
under which the pyrolysis process proceeds. The most important factors, which affect the
yield and composition of the volatile fraction liberated, are: biomass species, chemical and
structural composition of biomass, particle size, temperature (i.e. temperature-time history),
heating rate, atmosphere, pressure and reactor configuration. [5]

Ignition temperature and burnout temperature of biomass samples are found to increase
with increasing heating rate. It is observed that the reactivity of biomass fuels is due to the
combustion of light volatiles; however the energy release of biomass fuels is mainly due to
the combustion of fixed carbon. [6]

The activation energy is often interpreted as the energy barrier opposing the reaction.[7]
A relatively large number of works deals with determination of the activation energy of
thermal decomposition of the wood.
As we can see in the tab. 1 the presented activation energy values are relatively dissipated
depending on the conditions of the measurement and the used method of determination.
Table 1 Activation energy of various lignocellulosic materials

. Heating rate Activation energy
Material Atmosphere (°C.min'1) Method (kJ.moI'l) Source
Beech Air 5-20 - 113.0-200.4 8
Beech N, 10 Friedman 72.7-208 9
Friedman 156.0
FWO 155.8
Maple N, 2-15 Coals- na
Redfern '
Kissinger 153.7
10
Friedman 1615
FWO 161.8
Pine N, 2-15 Coals- o0
Redfern '
Kissinger 159.3
Pine N, 5-20 Friedman 44-160 11
Pine He 10-50 Ozawa 167.6
branches
Pine
79He+ 210, 10-50 Ozawa 89-133.8
branches 12
Pine bark He 10-50 Ozawa 184.3
Pine bark 79He+ 210, 10-50 Ozawa 22.6-94.5
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Pine He 10 - 50 Ozawa 164.3
needles
Pine
79He+ 210, 10-50 Ozawa 89.9-131.7
needles
. 21% O, + 79% Coats-
Pine bark Ar 10-80 Redfern 95-610 3
Pine Air 10 - 30 coats- 15.29-136.02 13
Redfern
Kissinger 153.92
Poplar N, 2-15 KAS 104.95-209.90 14
FWO 107.86-209.49
Kissinger 138.65
Poplar N, 10-80 15
Ozawa 141.25

2. EXPERIMENTAL PART

Five beech wood samples of weight from 2.000 g to 2.002 g were tested. These samples
were in a form of dust with a fraction size from 150pum to 200um. Before testing the wood
dust was being dried-up at 105 °C during 24 hours. The samples were put in the Setchkin
furnace and furthermore thermally stressed by a steady heating of these parameters: 1.86
°C.min?, 3.78 °C.min™, 5.79 °C.min*, 7.80 °C.min™ and 10.11 °C.min™. The testing took
place under air flow conditions of 6 dm*.min™.

On the figure 2, the testing apparatus scheme is displayed. The steady heating of the
wood dust was accomplished by using a hot air furnace in accordance with the 1ISO 871:2010
(2). The sample was paced into a metallic vial using a designated sample holder (1). The
amount of carbon monoxide was monitored by a combustion products detector Testo 350X/L
(3). The detection probe which took away the thermal degradation gaseous products of the
wood dust was located 5 cm above the top opening of the furnace. Obtained values were
distributed into the computer and recorded every 10 seconds.

w

6

Figure 2 Schematic chart of measuring device; 1 — designated sample holder, 2 — hot air furnace, 3 -
metallic vial with a testing sample, 4 — gas sampling probe, 5 — emission analyzer, 6 — computer
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3. MODEL-FREE METHODS

Activation energy of thermooxidation of beech wood was determined by Kissinger
method, Ozawa method, Boswell method, Tang method and three Starink methods.

3.1.Kissinger method

In differential thermal analysis, the temperature at which the peak deflection occurs for a
given heating rate is determined both pre-exponential factor and activation energy. If the
heating rate is changed, the peak temperature is changed. The variation of peak temperature
with heating rate is governed only by the activation energy:

In [Tﬁzj = COoNs tant—%
m 1)

m

2
m

1 E
Plotting In [Tﬁj Versus T_ should give a straight line of slope —E. [7]

m

3.2.0zawa method

Ozawa method utilizes the linear relation between peak temperature and logarithm of
heating rate:

log g =constant —% )

m

[16]
3.3.Boswell method

A less known method to calculation of activation energy was proposed by Boswell [17]:

B

E
In—:constant—ﬁ
m m (3)
There are also methods (Tang method, Starink methods...), which are based on the

temperature at given value of conversion. For the calculation of activation energy it was
substituted by peak temperature.

3.4.Tang method

Tang’s equation for the evaluation of non-isothermal kinetic parameters has been
obtained from the dependence, which can be put in the form:

1,894661 RT

a a

In (—ﬂ ] =constant — 1.00145033E, 4
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1
Plotting In [%J versus_l_— , the activation energy E_ is obtained from the slope.

a a

[18, 19]

3.5.Starink methods

Starink in his works presented three isoconversion methods for obtaining activation
energies from experiments performed at constant heating rate. Similar to Ozawa and
Kissinger methods they are based on obtaining the slope of a logarithmic function containing

1
the heating rate versus — . [20]

a

The equation of Starink I. method has form:

B E,
In_l_ 5 :constant—AR— ()
A=1,0070-1,2.10"°E, )
The activation energy is obtained from the slope of a plot of In Tﬁl)g Versus T_ .
The equation Starink I1. method is:
E
In {;95 =constant ——=
T R
a a (7)
The Starink 111. method used to calculation of activation energy equation:
E
In '1892 =constant-1,0008 —=
T RT
a a (8)
In these methods, activation energies are determined from the slopes of plots of In -|-1i95
: B 1
respectively In —= versus —.
[20; 21]
The equations of all previous methods can be written in one form:
E
In s -=X-Y = 9)
T, RT,,

where s, X and Y are specific constants for each method.
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The mentioned activation energy calculation methods are used mainly for activation
energy determination from data obtained from thermogravimetric analysis. According to the
fact that it is possible to determine the initiation and the rate of combustion through the
concentration of gaseous products, it seems that these methods can be used for calculating
the activation energy values from the gaseous products of the thermal degradation of the
samples. The combustion products were not captured but the concentrations of the gases
were analyzed in their flow and as for the location of the detection probe higher above the
top opening of the furnace, the isoconversional methods used for activation energy
calculations were modified, and therefore the calculations were done from temperatures that
represent maximal concentrations. For this reason a sole activation energy value was
obtained by each method. This procedure, but done vice versa, was used in the past for
today’s most frequently used Kissinger-Ahahira-Sunnose method and Flyn-Wall-Ozawa
method which are applications of the Kissinger method and the Ozawa method for certain
levels of conversion of the sample. Carbon dioxide was chosen for the measured agent
because its levels can be easily determined and during thermal degradation of lignocellulose
materials it reaches a clear maximum.

4. RESULTS

As we can see in the figure 3, the thermal decomposition of biomass can be divided into
four phases according to the carbon dioxide release rate. No dramatic raise of carbon
monoxide amounts of thermal degradation products of the beech wood were observed within
temperatures under 200 °C. This is probably the phase of the heating during which the
sample is stable and it does not undergo any decomposition. This phase is followed by
a strong raise of CO concentration ended in a sharp peak. A gradual decrease phase follows.
In the case of the samples heated by 1.86 °C.min™ and 3.78 °C.min™ one more peak is visible
which is however less remarkable as the first one. During the last phase the concentration of
the carbon monoxide reaches next to zero values. This phase is clearly visible with the
samples heated by 1.86 °C.min? and 3.78 °C.min™ and 5.79 °C.min™. As the carbon
monoxide release rate raises along with the heating rate towards higher temperatures, the last
mentioned phase did not occur within the thermal interval of the test with the samples heated
by 7.8 °C.min™ and 10.11 °C.min™.
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Figure 3 Carbon monoxide concentration within the thermal degradation gaseous products of beech
wood versus ambient temperature dependence.
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Slopes of dependence shown on the figure 4 were produced according to obtained results
using equations (A), (B) and (C). The values of the square of the correlation coefficient are
in all cases between 0.97 and 0.98. From the shown progresses we can determine that the
trend lines are almost parallel and therefore their slopes differ minimally. This fact is
reflected on a relatively small spread of activation energy values obtained by using the
described methods. The maximal activation energy value (67.3 kJ.mol™) was determined by
the Ozawa method whereby the square of the correlation coefficient scored highest. On the
contrary, the lowest activation energy value (57.5 kJ.mol™) was obtained by the Kissinger
method. The activation energy values obtained by the Kissinger method, the Tang method
and the Starink methods scored almost identically. Activation energies values along with the
squares of the correlation coefficient values are presented in the table 2.

1v5 .\.\.\\\
[ ]
-05
-2,5
+ Kissinger
nOzawa
E 45 — 4 Boswell
] \ xTang
=
- 1 x Starink |
65 o Starink !
- + Starink I
-85
\k x
-105 M \5\*
\\\\‘\\\_
L]
*
-12,5
1,55 16 1,65 17 1,75 18 1,85
1000/T

Figure 4 Dependence described by various model-free methods.
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Table 2 Activation energies and the squares of correlation coefficients for the particular methods

Method  |Activation energy [kJ.mol™]|Square of correlation coefficient [-]
Kissinger 57.5 0.9709
Ozawa 67.3 0.9793
Boswell 62.4 0.9756
Tang 58.0 0.9714
Starink | 58.1 0.9719
Starink 11 57.8 0.9711
Starink 11 575 0.9713
Average values 59.8 0.9731
5. DISCUSION

Similarly to other papers which were focused on the influence of temperature on
lignocellulose materials [22, 23, 24] the short time resistance of wood to temperatures under
200 °C was also confirmed in case of the carbon monoxide release. The sharp maximum of
the carbon monoxide slope is probably caused by the initiation of flame combustion of the
sample. Based upon the previously mentioned assumption, the second (less clear peak), that
occurs with the samples of lower heating rate could be possibly assigned to the termination
of the flame combustion. In the end there also comes to the termination of the flameless
combustion which leads to a next to zero concentration level of carbon monoxide.

During thermogravimetry the beech woods T e Was determined as 314 °C [8] with the
heating rate of 5 °C.min™ what corresponds with the results stated in this study, where by
using linear interpolation we can set the T . as 313.9 °C for the mentioned heating rate. All
obtained temperature values that represent the maximal concentration of carbon monoxide
are at the same moment lower as the value stated by Gémez et al. as 380 °C for the
thermogravimetric analysis in argon atmosphere. Despite the fact that this higher temperature
is partially caused by a higher heating rate (20 °C.min™) [25] we can assume that the
atmospheric oxygen that speeds up the thermal decomposition of flammable materials also
significantly expanded the gap between these temperature values. From the obtained results
we can derive a conclusion that the most expressive weight loss during the thermo oxidation
of wood occurs shortly after the initiation of the combustion process. This is characterized by
an intense drop of CO and a raise of CO, in the products of its thermal decomposition.

The determined activation energy values are lower than the values set for lignocellulose
materials in works of most other authors [3, 8-15] which are shown in the Tab 1. This fact is
probably caused by the testing conditions.
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6. CONCLUSION

From the view of carbon dioxide release during thermal decomposition of beech wood
we can divide this process into four phases:

e phase of wood thermal stability characterized by a low release rate of carbon
monoxide

e phase of an intense raise of carbon monoxide levels

e phase of lowering the carbon monoxide concentration levels within the gaseous
products of thermal degradation

e phase of residue heating during which an omissible amount of carbon monoxide is
being released

By the application of model free methods for calculation of activation energy values
using carbon monoxide concentration levels from products of thermal degradation, 57.5
kd.mol™* to 67.3 ki.mol™ values were obtained and they correspond with the lower ones
stated by other authors in their works. The highest activation energy value was calculated
using the Ozawa method and the lowest one by using the third Starrink method. Square of
correlation coefficient values were determined from 0.9709 to 0.9793 depending on the used
method. Based on these results we can state that it is possible to calculate the thermo
oxidation activation energy value of the sample by measuring the concentrations of the
gaseous combustion products.
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Ierpa BAJIABAH* Ilpezneonu pao

EKOJIOIIKO BPEJHOBAILE ' PA®UYKE AMBAJIAXKE

Pe3nme:V mpBoM Jieny pana je AaT KpaTak OIMKC CKOJIONIKUX 3aXTeBa Y MOjeMuHUM (hazama KHBOTHOT
HuKIiyca rpaduuke ambanaxe (M3 manupa, KapToHa U IIIACTHKE).

U3 Tor onuca npon3anum cy KpUTEPHjyMH 3a OLleHe BPEIHOCTH, Kao M 3Ha4aj MOjeANHUX KPUTEpHjyMa
BPEIHOBAMA.

Haxon kpaTke aHanm3e ocTyInaka, 1aTa cy Ba IpuMepa IMOoCTyIKa BpeIHOBamba. Y IPBOM IPUMeEDPY je
BpEHOBaWkE ca INUpEr acrekra onTepehema OkoMMHE aMOanakoM W3 KOMOHMHOBAHOT Tpauykor
Marepujana Manup/CHHTETHYKH MaTepHja/alyMHHUjyM. Y IpyroM HpUMEpY jeé YKpaTKO HaBelIeH
HOCTYIAK Ca jeTHOCTAaBHU]jOM CKaJIOM 32 OLIEHY €KOJIOIIKE BPSAHOCTH KPUTEPH]jyMa.

Moxxe ce 3aK/bydWTH [a je MOY3JaHO EKOJIOIIKO BPEAHOBame aMOanaxke, ca KBAHTHTATHBHUM
KpPHUTEPHjyMHMa, 300T KOMIUIEKCHOCTH, 3aKOHCKHX IPOITUCA U TPOIIKOBA, TEMIKO H3BOAUBO.

Y oBOM paxy je KOpHWINTEHa MeTOoJa BHIIEKPHTEPHjyMCKE aHalnM3e YHOTpeOHE BpPEIHOCTH, ca
CyOjeKTHBHHMM BPCIHOBAKEM M IPYOJHHM CKallaMa 3a OIICHY BPEAHOCTH. ToM MeromoM je Moryhe y3
PEeIaTHBHO MakbH YTPOIIAK BpeMeHa JaTH NPHOIIIDKHY €KOJIOLIKY OlleHy rpadudke ambataxe.

KibyuHe peumn:eKoJI0IIKO BpeJHOBaKkEe, rpaduuka ambanaxa

ECOLOGICAL EVALUATION OF GRAPHIC
PACKAGING

Abstract:The first part of the paper gives a brief description of the environmental requirements in
certain phases of the life cycle of graphic packaging (from paper, cardboard and plastic).

From this description,the criteria for the assessment of value are derived and the importance of the
individual criteria are highlighted.

After a short analysis of the procedures, two examples of the evaluation process are given.The first
example is the evaluation of the broader aspects of environmental burden from packaging made of
combined graphic material from paper/synthetic material/ aluminum. In the second example, procedure
with a simpler scale for evaluating the ecological value of the criteria, is briefly mentioned.

It can be concluded that are liable ecological evaluation of packaging, with quantitative criteria, is
hardly feasible due to the complexity, regulations and costs.

In this paper, the multi-criteria analysis of usage value, with subjective evaluation and coarser scales
for assessing the values, is used. With this method, it is possible to give an approximate environmental
assessment of complex graphic packaging with are latively smaller amount of time.

Key words: ecological evaluation, graphic packaging

! IpenaBau, mp, Bucoka TexHuuka Imkona crpykoBHuX crymuja y Hoom Cany, Hoeu Cap,
balaban@vtsns.edu.rs
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1. ¥YBOA

Omrepehera KUBOTHE CpeuHe yeiea rpadudke ambanake, Mo KOjoM CE y OBOM pamy
[o/Ipa3yMeBa MarmupHa, KAPTOHCKA M [UIACTHYHA aM0aiaxa,MOTy HaCTYIIUTH KO JoOHjama U
NpUnpemMe CHUPOBHHA, H3paje aMOalaXHOT MaTepHjana, u3paje ambanaxe, mporeca
[aKOBamba, TPAHCIIOPTA M CKIANUIITeHA, Kopuiilierma U 30pHibaBamba.

EKOJOIIKM OpHjeHTHCAHHW 3aXTE€BU IMPOMW3Ja3e M3 IMJba, Ja CE JKUBOTHA OKOJHMHA 3a
BpEME YKYITHOT €KOJIOUTKOT KMBOTHOT ITUKITyca ambaniaxe mTo je moryhe mawme ontepehyje,
ca 4MM MambKUM KOPHIITEHEM CHPOBHHA M €HEpPTUje M UMM MamuM HaCTajaheM OTMaja U
emucHja. Ty 3aXTeBU npenMeT cy obpane y IpBoM Iedy oBor pana. V3Bohemwe kpurepujyma
3a BpeJHOBAE U3 THUX 3aXTeBa, MPOoOJIeMH KoJ oJpelrBama HUXOBUX BEMUUHA U (aKTOpa
3HaYaja Te MPUMEPH OLCHE YKYIIHE eKOJIONIKE BPEIHOCTH rpauuke ambanaxe MpeaMeT Cy
Jpyror jena paja.

2. EKOJIOIIKO OPUJEHTUCAHMU 3AXTEBU 3A BPEJHOBAIBE
I'PAOUYKE AMBAJIA’KE

Ha ocHoBy nureparypaux n3Bopa[1,2,3] u BmacTUTUX ca3Hama, y cienehieM ce yKpaTKo
HaBOJIE OIIITH EKOJOIIKM 3aXTeBH rpaduuke amOanaxe. EKONOMIKM KpUTepHjyMH 3a
BPEAHOBAE CY:

Marepujan
Ca ekoJIOLIKOT acreKTa MaTepujai je HajBaKHHU]U KPUTEPH]yM 32 BPETHOBAbE.

IIpoussodrwa mamepujana.ouemyje ce EKOJOIIKH 3Hadaj IPHUMEEHEHOr MaTepHjana C
003MpOM Ha TOTPOLIKY CHEpPruje IPH IPOU3BOMIbH, HCLPIJBEHOCT CUPOBUHCKUX H3BOPA,
PHU3HK 32 BOZLY, 3€MJbY M Ba3fyX IIpU NPOHM3BOABUM onTepeheme OKOJIMHE ca ocTaluMa
MaTepHjaia.

Kopuwmere xombunosanoe unu mewanoe mamepujana.onemyje ce mpoOieMaTHIHOCT
penmKIaxe 300r KOMOMHAITM]E WIIH MeIllamka MaTepHjaja.

[ToxxespHU Cy TPOM3BOAM M3 jeAHE BpPCTE MaTepHjajia, JOK Cy KOMOWHamuje WiH
MeIIaBHHE MaTrepujaia HIp. IUIacTUOUIMPAHU METaH, JIAMHHATH UT]I. HEMOXKeJbHU 300T
OTe)kaHe MOHOBHE MPepaic0JHOCHO IIPUMEHE.

Ipumena peyuxnupanux mamepujaia: OXKeJbHA je M3paga aMOaake U3 PELUKIMPAHOT
Marepujasia (HOp. M3 PEHMKIOBAHOT MOJMMEpHOr Matepujana u mnanmpa). 100 %
PELMKIOBAaHK MaTEPHjaIl CE OICHbY)e HAJBUIIIOM OI[CHOM.

Ilonosna ynompeba: oBie ce paid O NPUKIAJHOCTH MaTepyjajia 3a PELUKIaXy U O
MUTamky Y KOjOj MEPH CE MOXE MOHOBO YHMOTPEOUTH 32 BUCOKOBPEIHE POU3BOJIE.

Hznyuuearwe onacnux mamepuja: oBlie ce OLEHYje Jla M MaTepHjal 3a BpeMe oOpaje,
npepaje, CKIaAUuIITeHha, TPAHCIOPTa U/UIIN KOPUIITEHha MOXKE U3JIydUBaTH OIIaCHE MaTepuje
U J1a JIM TIOCTOjU PU3HK Y BE3U YIPOXKSHOCTH Ba3iyxa, Boje M 3eMibe. [Ipon3Boam Ko KOjUX
j€ To HCKIbYUeHO 100Mjajy BUCOKY olieHy. UM Behu je pu3MK, THM Mama je OlleHa.

Exonowrxo 30purwasarse. ako ce Marepujaid HE MOTY IIOHOBO YIIOTPEOUTH WU
PELMKINPATH 3a TIOHOBHY YIOTPeOy, MOPajy C€ CKOJIOMIKK 30pHUHYTH. Marepujain Koju ce
6e3 mpobiiema MOT'Y CHAJIMTH WJIM YKIOHUTH Ha JIETIOHNU]Y, T0O0H]jajy BUIY OLICHY.
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M3papna

Tlompowira enepeuje. CaeKOJOLIKOT CTAHOBHUILNTA M M3 €KOHOMCKHUX Pa3Jiora MOCTYITLH
u3pajge ambanaxke Tpebajy MMaTH MTO je Moryhe Mamy MOTPOIIKBY CHEpPruje, ca 4uMme
no6ujajy Behy omeny.

Omnaod: BpIO HUCKA OIIEHA CE Jaje 3a OTMaJl KOjH CE TEeIIKO YKJama (HIIp. IITaMItapcKa
60ja, nenuia).

Hacmajarve wimemnux mamepuja. ako ce MOXE HCKJBYYHTH HACTajarbe LITCTHHX
MaTepHja [Py U3paau MPOU3BoIa U 3araljeme Ba3ryxa, BOJIE U 3eMJbe, /1aje Ce BUCOKA OLEHA.
UnwM je Behn pu3uk y TOM HOTIIEAY, THM Mamkba je OIleHa.

3anamusocm u onacrhe mamepuje: YKOIWMKO Cy HW3JIydMBama TracoBa 300r Moryhmx
IperpeBama U MoxXapa OIlacHa, OLICHA je HIXKaA.

Penmkiiaxka ¥ eKoJIOIIKO 30pHIbABAME

OsHnaka mamepujana: OlEHA ce Aaje ¢ 003upoM Ha MOTyhe MOHOBHO KOPHIITECHE. Y TOM
OUJBY MaTepUjaid MOpPajy OWTH JTaKO MPEMO3HAT/FMBU M JIAKO PacTaBJbHBH. AMOanaxa ca
HOPMHpPaHUM M JOOpPO YMTJFMBHM O3Hakama noOwja Behy omeny. [lmactTuynm ambanaxHu
MaTepujaau 0e3 03HaKe N00H]jajy HaJHIDKY OICHY.

CenapayujalpasaBajaie: olembyjy ce MOIYhHOCTH M TPOIIKOBH Cenapardje/pasiBajama
Marepujasia ambaaxe, y HHJby IIOHOBHE yHOTpeOe OTHOCHO PeLUKIIaxKe.

Ilpepaoa 3a nonosHy ynompedy: MaTepujanu ambanaxke KOju Cy peliKInpaHd U MOTY ce
Kao Marepujaj KOPUCTUTH 3a IPBOOUTHY HaMeHY, 100ujajy BUCOKY olLieHy, AMOanaxa Koja
ce  MOXe joml  caMO  CHEPreTCKM  HWCKOPUCTUTH, Jo0HMja  HHXKY  OICHY.
Konuuuna otnama-yMMHIKA je KOJMYMHA KOja MPEOCTaHEe HAKOH WITO j€ HCUpIJbEHA
MoryhHOCT MOHOBHE yIOTpeOe Wi HAaKOH peruKiIaxe, THM 00Jbe ce BpeaHyje.

3bpurwasarve npeocmanoe omnada: OBAE ce pamd O OTHAAy KOjU CE€ HE MOXKE BHIIE
npepahuBaty 3a MOHOBHO Kopuiiheme. UnM je Jakiie \eroBo 30pHmaBame (ICTIOHOBAE
WK criajbuBame) TUM Beha orieHa ce naje. AKO ce paju O CIeIUjaJIHOM OTIaay, OHJIa ce Jaje
TUM HIDKa OIICHA, YUM TpoOiieMatnyHuje je Oyayhe 30pumaBame (MCIO WIH H3HAT 3eMJIBE,
CraJbHBare, JICTIOHH]E).

boje u nenuna

Boje camomanMa u Be3uBHMa (CMOJIE, YJba, MOHOMEPH, pacTBapaud) Kao W JOJaTHE
MaTepHje 3a CyIICHe, KO ITaMitane rpadguyke ambanaxe uMajy Takol)e eKOJIOIIKO ACjCTBO.

Jlemuna mpUpOTHOT TMOpeKia MUMajy MpeaHocT 300r MoryhHocTH mpuponaHe pasrpa-
JWBOCTH, a KOJ JIEMHMJA ca pacTBapadynMMa IOCTOju MOryhHOCT mpenacka pacTBapada y
cazipikaj.

Penuknaka ambanaxxHor marepujana ca jemwiuMa (Hop. manup, I[IET) moxe Outn
npobieMaTryHa KoJI BehuX KOJM9IHHA.

3. EKOJIOIIKO BPEJHOBAIE TPA®UYKE AMBAJIAJKE

Ca eKoJIOIIKOT CTaHOBHUINTA 01 o/Tydyjyher 3Hauaja je BpeaHOCT M M300p ambanaKHOT
Marepujana, jep ce Hajuemhe IMpOM3BOJE ca TEXHOJIOTHjaMa Koje omrtepehyjy okonuHy U
TPOIIIE CHEPrujy, a Ha Kpajy ymorpede ce UCTH MOpPajy PEUUKIMPATH WU CKOJIOIIKH
30pHUHYTH.
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OreHe BpeIHOCTH KpUTEpHjyMa Ce [ajy Ha paziIHuuTe Ha4WHE, Of Kojux he oBae Outh
HaBe/ICHA J[Ba IIpUMepa.

VY npBoM npHMepy ce BpIIM BPEAHOBamE Ca IIUpEr acrnekTa onrepehema okonmHe
aM0aya)xoM Ha IMpUMEpy OoJadpaHOT KOMOWHOBAaHOT TpadUUKOr Marepwjana. Y Apyrom
IpUMepy je caMO YKpaTko HaBEAEH IIOCTYNaK ca jeJHOCTAaBHHjOM CKaJIOM 3a OIIeHY
€KOJIOIIKE BPEIHOCTH KpUTEpHjyMa.

CBeoOyXBaTHO BpPEIHOBAHmE CBHX EKOJIOUIKMX KPUTEPUjyMa, OJ] TOTPOIIKE CHPOBHHA H
NOMONHMX MaTepHjana, IOTPOIIbEe CHEpruje, OTHAJHUX HPOU3BOJA, OCTaTaka, eMHUCH]E Y
Ba3IyX M BOJAY, KPO3 YHTaB >KUBOTHH IMKIYC amOanaxe, ol J00Hjamba CHPOBHHA H3PAJC
ambaJa)XHOT MaTepujaia, Hu3pajge ambanaxe, TPAHCIOPTa W CKIAJMINTEHA, Ipolieca
NaKoBama, Kopulrhewma/mpuMeHe, TOHOBHOT Kopumihema W 30pHmaBama, BeoMa
JEKOMIUIEKCHO WM KOJ TIOYy3[JaHWjel BPEeOHOBama ca OO0jeKTUBHUM OJH. KBaHTUTATHBHUM
roJlaiiMa U3UCKYje BEJIMKE TPOIIKOBE M YTPOILaK BpEMEHa.

C npyre crpaHe NOCTOje HPAaKTHYHM M TIPaKCH OJNMCKM MOCTYILH, KOJU 3aXTEBajy
penaTuBHO MaJyio yrpouieHor BpemeHa. OHu ce noaymie 06a3upajy Ha pejaTUBHO IPyOUM
NpUOIKeUMa U KBATUTAaTHBHUM OLICHAMa BPEIHOCTH aMOanaxe, Koje WIaK NOIPHHOCE
caryieziaBamy rpodsemMa 1 yoyaBamy ciabiX MecTa y )KMBOTHOM LIUKITYCY aMmObaliaxe.

Jeman o TakBHMX MOCTyIaKa BPEIHOBAba je aHalW3a yrnoTpeOHe BpeanoctH [4], koja je
KOPHIITEHA y IPUMEepHMa JaTHM Y OBOM Dasy.

4. NIPUMEPH EKOJIOIIKOI' BPEJJHOBAIA MATEPUJAJIA
AMBAJIAKE

4.1.1lpuvep BpeaHOBama ¢ 003MPOM HAa KOHKpeTHe MoryhHoctm 3a
CMamemhe  eKOJOoIKOr onrtepehema  y3pokoBaHor rpaguykom
ambaJiaxxom

BpenHoBame je mpukasaHo 3a komOuHOBaHM Matepujan (mammp 82 % ca 70 % Beh
yroTpeO/hbeHOT Marepujaia, CUHTETHYKU Mmarepujan 14 % u anymunujym 4 %) koju ce He
MOXK€ Pa3ABOJUTH O] CTpaHe KOpPHUCHMKA. BennuumHe mojaraka cy HpHOMIDKHO oapehene
mpema [1,5] mwim cmoOOTHOM TPOLIEHOM M HUCY MPOM3AIUIN M3 HEKUX HCTPaKUBama WM
MIPOTIKCa, HETO Cy BUIlle KOpUIIheHH 3a IPHKa3 MOCTYIKa BPETHOBAbA.

Hompowrwa cuposuna u nomohnux mamepujana (N;=9)

OreHa BPEIHOCTH OBOT KPUTEpPHjyMa c¢ BpIIM Ha 0a3u IIeMe 3a OLEHY BpPEIHOCTH
ambanaxe:

8-10 JOKa3MBE KapaKTEPUCTHKE MaTepHjaia, CHCTEMY IPaBjbamba KPY)KHOT TOKa
MaTepujana
6-7 JIOKa3UBE KapaKTepHCTHKE MaTrepHjaja, IpPOW3BOJHAa M 30pHmbaBame

MOJTHOIIJBMBY 32 OKOJIMHY WJIM HEJJOKa3HuBe KapaKTepPHCTKEe MaTepHjaia, CUCTEMY MpaBJbatba
KPY)KHOT TOKa MaTepHjaia, BEJHK y/Ie0 CeKyHIapHHUX MaTepHrjana

4-5 HEYTPaIHO BPETHOBAMk-E MaTepHjajia
2-3 KapakTepUCTHKE MaTepujalia ce He MOT'y J0Ka3aTu
0-1 TOKCHYHU MaTepHjalid
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BpenHoBann Marepujal MMa BHCOK yJe0 OOHOBJBMBHX M CEKYHJApHHX CHPOBHHA, ca
MaJIM YJEJIOM CHPOBHHA KOje Ce HE MOTY pereHepHcaTy.

Tompowra enepeuje (ny=T)

Benuka norpeOHa eHepruja 3a Maiy caipxkaj allyMHHHjyMa ce KOMIleH3yje Kpo3 Behu
yJIe0 Manupa 1 MambH y/e0 IACTHIHOT MarepHjana (ToanoneduHa).

Emucuje y 8azoyx u 600y (n3/n;=6/6)
VYo63up nonaze emucuje SO,, NO,, CH (CH,), HCI, CO,,CO, FCKW.

3a Bpe/HOBambE EKOJIOMIKOT onTepehema Bojla MOTY Ce y3€TH BEIHYMHE U3PaXKeHe KPo3
OUOJIONIKE W XEeMHUjCKe MOTpebe KHUCEOHHKa, Yjele TEHIKUX MeTana W PacTBOPEHUX
OPraHCKHX yrJbOBOJOHHKA.

Ocmayu (ns=T)

Ocramy npu goOujamby CHUPOBHHA, M3paAu aMOalaXHOI MaTepujana U amOanaxe, UCTO
TaKo ce y3uMajy y 003up Kao ocTaly NOHOBHOT Kopuihema oTmnaza.

OCHOB 3a BpeTHOBamkE OCTaTaKa HAaKOH KopHIIhema ambanaxke canpkat je y [Iponmncuma
3a ambanaxy [2,7].

Moeyhnocmu ¢ 063upom na cucmem uckopuuthersa amoanadxce (Ne=4)

OreHa BpeTHOCTH OBOT KPUTEPHjyMa ce BPIIH Ha 0a3u meme:

8-10 0JIBOjEHO CaKyILbame, BETMKN OOMM U KOJMMYNHE UCKOpHUIIhema, Moryhe

nckopuiheme CeKyHIapHUXCHPOBHHA Y MOAPYYjy ambanaxe

6-7 MELIaHO CaKyIlJbame ca HAKHAJHUM COPTHPAKEM, BEJIMK O0OMM M KOJIMYHHE

nckopumhema

4-5 MEIIaHO CaKyIUbalkhe Ca HAaKHAIHUM COPTHPABEM, CpeAlbu O0MM H
KOJINYMHE UCKopuInhiema

2-3 MELIaHO CaKyIJbame Ca HAKHAJHUM COPTHUPAKEeM, Majli OOUMH KOJMYHHE

uckopumhema

0-1 HemocTajyhn CHCTeMH cakyIibama, JoOHjamke MaTepujaia Hije CUTYPHO

Moeyhnocmu uckopuwherna ambanasice (n7=3)

8-10 MCTOBPCHE KOHCTPYKIIH]E, Ca 03HAKaMa

6-7 HCTOBPCHE KOHCTPYKIMjEe, Ca MMM YACJIOM JIaKO PacTaBJBHBUX JEI0Ba
amObanaxxe

4-5 pa3nnuuTe BpcTe KOHCTPYKIIH]a, JIAKO PAacTaBJbHBE

2-3 pa3IMYHTE BPCTE KOHCTPYKIIM]a, TEIIKO PACTABIBUBE

0-1 HepacTaBJbUBH CIIOjeHN MaTepHjan

Moezyhinocmu uckopuwhera ambanaxcnoz mamepujana (ng=3)

8-10 amMOaaXHi MaTepHjai BpJo Ho0ap 3a peruKiIaxy, TO 3Ha4d Oe3 Wi ca
HE3HATHO CMAbEHUM KBAaJIUTETOM

6-7 J00pO MCKOPUCTUB aMOaaXHU MaTepHjall

4-5 HEyTpalHa OlleHa
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2-3 €aMo y3 BEIMKE TPOIITKOBE UCKOPHCTUBHU aMOalla)kHH MaTepHjat
0-1 aM0aa)XHU MaTeprjall HHje 3a PeIUKIaXy

[MomTo ce pagym 0 KOMOMHOBHOM Tpa)iIKOM MaTepHjaly ca BEIHKHM TPOIIKOBHMA 3a
paszBajame, TO ce 0Ba 0coOOMHa MaTepHjajia MOXKE OLICHUTH Kao cj1ada 10 MO JHOIIJbUBA.

OnpehuBame eko0IKOT (paKTOpa 3HAYAja KPUTEPUjyMa

Cuposune u nomohnu mamepujan- 15% (06GHOBIbMBE CHPOBHHE MMajy MPEIHOCT, 360T
Mamke MOTPOIIE CHEpPruje, MamHX eMUCHja W J00pux MOryhHOCTH 3a IOHOBHO
nckopuurheme).

Hompowmwa enepeuje -25% (moTpolimba eHEpruje Kao CyMapHH apamerap 3a MOTPOIIbY
HEpEereHepaTUBHUX pecypca y OKBHUPY MPOU3BOIE CHEPruje M, mpe cBera, arMochepcke
E€MUCH]e, OBJIE je PeIaTHBHO BHCOKO OIICHH-CHA).

Ammocghepcke emucuje cy oyervene ca - 15 %, emucuje y 600y - 10 % u uepcmu omnao
ca - 10 %.

Moeyhinocmu uckopuuthiersa ¢ 063upom na cucmem- 10 %.
Moeyhinocmu uckopuuthiersa c 063upom Ha ambanagicy- 5 %.
Moeyhinocmu uckopuuihiersa c 063upom nHa mamepujan amoanasice- 10 %.

30pumaBame je OICHEHO Kao W IMOTPOIImha eHepruje ca 25%, MomTo ce eKOJOMIKU
MOTHOIIJBMUBUM 30pHIHaBaEM TTOCTHKE IITE/IHAa PECYpCa, CMabEhe TOTPOLIHE SHEPruje 1
CMambeHhe eMHCH]a.

VYKynHa €KOJIOUIKa BPEIHOCT 3a HABEACHH NPHMEP OLEHEHUX BPEJHOCTH M (akTopa

3HayYaja KpuTepujyma rpaduuxe ambanaxe je:
]

Ng:Znigi:‘B-ﬂ,'lS+?-0,25+6-0,15+6-0,10+?-0,10+
1

4-0,10+3-0,05+3-0,10 =57

HJIK U3PpaKCHaA €a CTCIICHOM HCIYHhCHhd CKOJIOIIKUX 3aXTCBA!
9+7+6+6+7+4+3+3
8-10

N, = = 0,562 (56,2%)

W3 pesynrata mpomsnasw Aa ce MpoHW3alula EKOJIONIKa BPEJHOCT aMOaiaxe MOXKe
aKIENTHpaTH, aju Ou OUII0 TIPENOPYINBO UCITUTATH MOTYHHOCT €BEHTYAJIHOT TT000JbIIAbA.

4.2. XUnoTeTHYKHU NMPHMEP BPeTHOBAHA

3a pa3nuKy O] MPBOT ITpUMepa KOJI KOjer je BpeAHOBaH KOHKpETaH rpauiyKkyu MaTepujal,
y OBOM IIpUMeEpY j€ HaBeJeHa jeAHOCTaBHMja CKaJla ca XMIOTETHYKUM BeJIMYMHAMA 32 OLIEHY
BPEJHOCTH €KOJIONIKUX KpuTepujyma. OueHe cy nare 1o cienehem npuHIUITY:

He3HaTHO omnTepeheme OKOJIMHE ~ BHUCOK CTEINEH HCIYHhEeHha 3aXTeBa ~ BHCOKA OICHA
(maxcumanHa 10)

jako ontepeheme OKOJIMHE ~ HU3aK CTEIEH UCITYHhEha 3aXTeBa ~ HUCKa olleHa (HajHMKa
0).
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Bpennoctn kpurepujyma cy nj = 1 mo 10, a dpaxropu 3uaqaja g; = 0 1o 100 % (HaBexeHH
KOJ CBaKOI' Ha3WBa Kpurepujyma). Y Tabenu | je maT OmuMcC BPEIHOCTH KPHUTEPHjyMa 3a
MaTepHjall amOanaxe.

Tabena 1: Oyene spedHocmu Kpumepujyma 3a amoaniaxcHu Mamepujau

Kosrenmivam Bpemnocr "n"
s 1-3 4-6 7-10

1. Tlpoussoamamarepujaia(gi=0,04)
1.1 ucuprsbeHOCT

BEJINKA cpenma Mana
CHPOBHHCKHXHU3BOPA
1.2 mpou3BOAmaCHEPTH]C

BEJHKa cpenma Masa
MIPUITPOU3BOU
1.3 exonomko ontepeheme

BEJIKO cpenme Majo
3eMJbe, BOJIE U Ba3llyXa
1.4 exon. ontepeheme ycmen

BEJINKO cpenme Majo

ocTaTka Marepujana

3a cpeamy BPEIHOCT KPUTEPHjyMa ce y3uMa
apuTMeTnuka cpeauna: Ny =1/4 X (Ny3+Nnp+Ni3+Nny,)

2. KombuHoBaHN/MemaHN
marepujan  (9;=0,02)
OTex)aHoCT penukiaxe 300r OTEXaHO JIEeTMMUYHO HUjCOTEeXKAHO
KOMOHMHAaIje MaTepujana (HIp.
JIAMHMHATA, eJIeM. 3a JITHPAmbe)
3. [IpuMeHa peuukIMpaHor
Mmarepujana (gi=0,02)

3.1 Kopuirenu % penuxiaTta 02030 % 302070 % 70-100 %

y MaTtepHjany

4. TlonoBHa ynorpe6a (gi= 0,04)

4.1 CriocobHOCT MaTepujaia 3a craGa JeTAMEHS 1106pa
PELUKIIAKY

4.2 KonnuuHa yTpoOII€Ha eHeerje 3a BEJIMKA cpenma Maja
PELUKIIaKY

4.3 KBanuter cenapalyje Marepyjaia | JIoll cpenmby nobap

Ha YHCTE BpCTe

4.4 Bpenwoct cexynniapnor HHUCKOBpE/IaH ocpenmu BHCOKOBpE/IaH

MaTepujaia u3 peuKiIaTa

Ny =1/4 X (N33 +N35+N33+Ny4)

5. M3nmy4rBame 0macHUX
marepuja(gi=0,09

puja(gi=0,09) nogonpeleHnm
Jla 1 ce npH POHU3BOAH, CKJla- na HE

OKOJIHOCTHMa

JUILITEY U TPAHCIIOPTY MOTY
0cJI000INTH IITETHE MaTepHje?
6. Exomnomiko 30pumaBame
HEpPEeLNKIOBAHOT MaTepHjalia
Panr: kyhHuorna> TEIIKO cpenme 6e3mpodiaema
CIELHjaTHOT CIIaJbUBaba>CIIeH.
JICTIOHOBamba
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[Ipurom mpencraBibajy OmeHe:

1 1o 3 cnaby eKOJIOTHIHOCT

4 o 6 HOpMaITHy €KOJIOTHYHOCT

7 o 10 HapOpoceuHy eKOJOTUYHOCT

[MomrTo je oBOE pa3mMaTpaH mpuMep aMmOaIake ca XUIOTETHYKUM BeTHINHaMa, To ce Hehe
HaBOJMTH EKOJIOIIKE BPEJHOCTH Kao y IPBOM MNPUMEPY 32 KOHKPETHY BPCTY Marepujajia,
Hero he ce camo 3akibyuuTH ciezehe:

Ha ocHOBy mpuka3aHOT HauMHa EKOJIOIIKOT BPEJHOBAaMmA MOXKE CE 3a CBAKH Marepujai
N3padyHaTH HET0BAa BPEAHOCT OJHOCHO KBAJIUTET H-ETOBOT HMCIYHCHA CKOJIOMIKUX 3aXTeBa
n3paxet y %o:

N, = s

Z " Mmax
I... HHAEKC aJITePHATUBE
j -- MHACKC KPUTEpHjyMa

z-0poj kpuTepujyma
Nmax-MaKCHUMaTHO MOTyha BpeIHOCT KpUTEpHjyMa

ITpema [5] moxe ce 3a 1o0OKjambe €KOJOMIKUX BPEAHOCTH Ipenopy4ynuTy cienehe:

BpenHoct ucnog 50 % - marepwjan je KpUTH4YaH, Ma ce Mopa MOTPKUTH 00Jba
aJITepHATUBA

BpeaHocT 50-80 %, marepujan ce MOXKe aKLENTHPATH, ajld Pa3MOTPUTH M MOryhHOCTH
€BEHTYaJIHOT 1000JbIIaka

BpenHoct npeko 80 %, Marepujai ce MOKe MOTIIYHO MPUXBATUTH

Y oBOM mpHMepy je pazMaTpaH caMO MaTepHjall, ajli je METOJa aHaJIOTHO IPHMEHHBA U
3a ocTaie KpUTepHjyMe eKOJIONIKOT BPEAHOBAmka aMOaIaxe.

5. 3AK/bYUYAK

(0] OBJI€ YKpaTrKO OIHCaHUM OIINTUM Ha4Y€jiuMa W 3axXTC€BHUMa KOJ CKOJIOIIKH
OpI/IjCHTI/IcaHOF BpE€aHOBamba rpa(bI/Iqu aM6aJ1a>Ke, MOpa €€ BOAUTHU pavYyHa Y TOKY HCHOT
YHUTABOT ) XUBOTHOT UKITyCA.

U3 ommca 3axTeBa MPOU3JIa3K Ja CE y TOM IHMKIYCY T0jaBJbyje YATAB HU3 KPUTEPHUjyMa,
KOjH 300T KOMIUIEKCHOCTH, 3aKOHCKHX IPOTHCa, 00jeKTHBHOCTH BPEJHOBAKba M TPOIIKOBA
0TeXaBajy Moy3aHy OLIEHY EKOJIOLIKE BPEAHOCTH rpaduuke ambanake.

Bpe,HHOBaH)e Cca KOMIUICKCHUM H CKYIIMM IIOCTyIIHMMa Ha 6asu Moy3aaHux
KBAHTUTAaTHBHUX ITOJaTaKa, TCIIKO je HU3BOONBO.

IMomohy mojemHOCTaB/bEHUX MOCTYIAKa CKOJIOMIKE OIIEHe, O] KOJHX je Y OBOM pajayca
JIBa [IpUMepa, KOPHUIITEHA METO/Ia BUIIEKPUTEPHjYMCKE aHAIN3E YIIOTpeOHE BPEHOCTH, KOja
ce y HajBeho] Mepu 3acHHUBaHA CYOjEeKTHBHOM BpPCAHOBAmbY U IPYOJBHM CKajlama 3a OIICHY
BPEIHOCTH, MOTyhe je y3 penaTuBHO MamHu YTPOIIAK BPEMEHA JAaTH MPUOIIKHY €KOJIOUIKY
OIIeHY rpaduike amoOaIaxe.
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VBan AYKOBUR* Ipezneonu pao

I'AIIEBA ITOKAPA EKOJIOIIKUM CPEACTBUMA

Pe3ume: 300r mTETHOr [jenoBama Ha O030HCKH oMoTad, MoHTpeanckuMm crmopazymoM u3 1987. rox.
Koju je oapxkaH y Kanamckom rpamy MoHTpeany W HeroBuM KacHHjuUM peBusujama 1990. rom. y
Jlonmony u 1992. ron. y Konenxary, 3atpaxeno je aa ce u3 ynorpede on 2000. ron. moTmyHO U36amu
XaJIOH, CPEJICTBO KOje ce KOPHCTHIIO 3a Talllermhe noapa. HakoH Tora, HcTpakiBama Cy ycMjepeHa Ha
U3HAJIAXKEHE HOBUX AITEPHATHBHUX pjelliera, OAHOCHO HOBHX EKOJIOLIKMX CPEACTaBa 3a lalllehe
moxxapa, Koja OM y HMOTHYHOCTH 3aMHujeHHIa XayjoH. CaBpeMeHa 3allTUTa Of IokKapa MOCTaBHia je
3aXTjeB Jja HOBa CpelcTBa OyIy TakBa, [ja CIyXKe 3a 3alITHTY JbYACKHX KUBOTA, MaTEpHjaIHUX J00apa
U Ja OITeTHO He Jjelyje Ha JKUBOTHY cpeiuHy. Pa3Ha HcTpakmBama Koja cy BoheHa y LIIBY
MpOHaJIaXKeha HOBUX CPE/ICTaBa JIOBeJa Cy JI0 IIPOHAACKa HEKOJIMKO HOBHX €KOJIOIIKMX CPECTaBa 3a
raieme rokapa Koja y HOTIIYHOCTH HCITyHaBajy eKOJIOIIKe 3axTjeBe, kao mro cy FM - 200, 1G - 541
(Inergen), 3M™ Novec™ 1230.

Kiby4He pujeun: noxap, XajaoH, 030HCKH OMOTa4, €KOJIOIIKO CPE/ICTBO, 32 rallleHhe MoXkKapa

FIRE FIGHTING ENVIRONMENTAL FUNDS

Abstract: Due to the adverse effects on the ozone layer, it was requeshed in Montreal Protocol from
1987 and its subsequent revisions from London in 1990 and Kopenhagen in 1992, not to use halon by
2000 as a fire extinguisher. After banning the use of halon, researches have been focused on finding the
alternative solutions and the new ecological fire extinguishers which would completely replace halon.
Modern fire protection has set the requirement for the new gas to be the gas of future, to protect human
life, material goods and not to pollute the environment. The studies that were conducted with the aim
of finding the new means, have led to a wholy new range of ecological fire extinguishers such as: FM -
200, IG - 541 (Inergen), 3M™ Novec™ 1230, which fully meet the environmental requirements.

Key words: fire, halon, ozone, ozone layer, ecological fire extinguisher, Fire extinguisher

! CrpykoBHN MEKeIbep MAIIMHCTBA M 3alUTHTE OX MOXapa - cremmjamicta, "LARS FIRE" m.0.0.
Kapaljophesa 6p. 5., IToaropura, Lpua I'opa, pokret_njegos_ivan@yahoo.com
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1. YBOJ

YKONUKO ce y MpolLec caropujeBama, Iopes 3alabiBe MaTepuje W KUCCOHMKA, yBele
HOBa MarepHjaliHa KOMIIOHEHTA, KOja je HMHXMOUTOp IpoLeca caropeBama, MpoLec ce
3aycraBsba. OBa UMHEHUIIA IIPEJCTaB/ba OCHOBHHU II0jaM 3a ralleme I10)Kapa U 3aJ0BOJbaBa
OTIIITH 3aXTjeB KOju Tpeda [1a 3aI0BOJbH CPEACTBO 32 TaIlICHE.

INoxapu cy pasBpcTaHM IO Kilacama M AeHHICaHa Cy CpPelCTBa Koja ce KOPHCTE 3a
raieme nojequHux kiaca. bymyhu na nmocroju Benuku Opoj 3anajbUBHX Matepuja U ypebhaja,
oBa Kjacu(uKaigja je ommTa 1 MoHeKa] moMohy me Huje Moryhe yTBpAWUTH KOje CPEeICTBO
3a ramieme je HajupukiagHuje. YujeHWna je na ce HoXapu HacTald Ha ENEeKTPUYHHM
ypehajuma u Ha HadTH ¥ HAQTHUM JAepUBaTHMa HE CMH]y racuTH BoJoM, Beh ce race momohy
Ba3NyIIHE IIjeHe, OOpa3oBaHE CMjEIIOM BOJEC M €KCTpaTa KOjH je MPOTEHHCKOT WIIH
CHHTETHYKOT TIOpHjeKia. 3a Taliemhe IoXapa Ha eJeKTPOHCKHM ypehajuma om kpaja
[Ie3eCeTHX TOIMHA TIPOLUIOT BHjeKa KOPHCTHO C€ XalloH, Kao Haje(MKacHHje TAaCOBHUTO
CPEJICTBO JI0 Taja pa3BujeHo. Mel)yTuM, XajioH Kao 1 anTepHaTHBE Ha 0a3u XaJloHa XeMH)CKU
Cy MPOM3BOMH KOJH TPHUIIaAajy rpymu ¢peoHa ((Gpayop-XIOpyribeHHK), KOjH ce Ha BHCOKAM
TeMIepaTypaMa [OKapa pasiaxy Ha HyCIOPOH3BOJE ONACHE IO O30HCKH OMOTAd'.
Omreheme 030HCKOT oMOTadua W (GOPMHUPAmHE O30HCKHX pynaz, JIOBOJM JI0 CMambCHha
3alITHTE IITETHOT JejCTBA YITpajbyomdacTor 3paderma. OBO je HaMeTHYJO MOTpedy Ja ce
npeny3My Behe 3amTure.

CXOHO HAaBEICHHM uMIbGHMIAMA’, EBponCcka 3ajefHuIa [OHHjena je ypeaby o
CTPUKTHO] 3a0paHu Kopuimhema XaloHa Kao CPEICTBa 3a Tallelke MoKapa Tako Oa Cy ce
MocTojeli CTallMOHApHU CHCTEMH Ha 0a3H XalOoHa MOpATH HCKJBYYHTH H3 ymoTpede o
nouerka 2010. rogune. OBO je 3aXTHjeBaJO Ja MPOM3BOhaUYM XEMHJCKHX CPEJICTaBa OCBOje
HOBa CpEACTBa Koja OW 3amujeHmna xajtoHe. OI THX XEMHjCKHX CpeICTaBa Cy IOpen
CIIOCOOHOCTH Talllela, 3aXTjeBaHe M JpYyre KapaKTEepUCTUKE, MOCEOHO Ja He YTH4e Ha
O30HCKH OMOTa4, Jla HHje TOKCHYAH ¥ IIKOJUBMB 32 Marepujasie. HoBa cpencra cy Mopana
JOOWTH aTecTe OJ HAUIeXKHUX J1aboparopuja (kao cto je manp. Underwriters laboratories),
EKOJIOITKK aTecT OJ WHCTHTYIHja 3a EKOJIOTHjy W 3aIUTHTY JKWBOTHE CpeIuHE (arcHIIja
Environmental Protection Agency - E.P.A.) u ucniymapame 3axtjea kanurera 1SO 9002.

HoBa cpencrBa koja 3a10BoJbaBajy TECT KBaJUTETa y NOIMJIEAY Tallema IoKapa
3aCHOBaHa Cy Ha yIoTpeOu HHepTHHX cpencrasa. [Ipu u30opy cpencrasa 3a raieme noxapa
OJT1 IPECYIHOT je 3Hadaja BPCTa W KOJMYMHA MaTepHje KOja TOpH, Ha OCHOBY Uera ce oapehyje

L 0son je anorporncka MoauduKaImja KUCEOHUKA YHjU C€ MOJIEKYJ CACTOJH OJ TPH aTOMa KHCEOHHKA.
Hacraje pjenoBambeM yaTpasbyOM4acTHX 3paka Ha KHCEOHHMX M3 BaslyXa Y BHIIMM CJIOjeBHMA
atMocdepe. O30HCKH oMOTay ce Hanasu y atMochepu usmelhy 15 u 40 km. Kibyuna yiora 030HCKOT
oMoTada y onpkaBamy Omoctepe je amcoprmuja yrarpasbyomdactor aujena CyHUEBOT 3padema.
O30H clpedaBa NPOANpPAE YATPaJbyONdacTor 3paderha, Tako Aa Ha 3eMJbYy JOCIHjeBa MHOTO MambH
U0 CyH'—[eBOF 3padycma, ca MalbUM UHTE3UTETOM U I/lSMI/ljBH:CHI/lM CIICKTPOM 3payca.

2 OszoHcka pyra je je 06macT y Kojoj je 0361IbHO omTeheH 030HCKH OMOTAY.

% MouTpeancku criopasymoM, noTnucanuM 16. cerrembpa 1987. roauue., a peBu3uja ucrora je paleHa
1990. ron. y Jlonmony u 1992. ron. y Konenxareny.
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KOje je cpelcTBO HajehHKaCHHM]e 3a ralemke MoXkKapa U ClIpeuaBamke BEeroBOT Jajber Npemba.
V mpakcu ce Hajuenthe memiaBa Jia MoKap 3aXBaTH BHUINE 3aajbUBUX MaTepHja PasiuauTUX
BpCTa, OJHOCHO PAa3IMYUTHX OCOOMHA. Y TOM ciy4ajy, mo MoryhHocTtH, Tpeba m3abpatu
CpPe/ACTBO 3a raiemwe koje edukacHo racu BehnHy 3anajbuBUX Marepuja Koje cy 3axBaheHe
HOKapOM.

2. KAPAKTEPUCTHUKE U IPUMJEHA EKOJIOIIKUX CPEACTABA

Exonomka cpexcraB FM-200, 1G-541 (Inergen) u 3M™ Novec™ 1230 ce majuenthe
NpUMjeYjy y ayTOMaTCKUM CTAl[MOHAPHUM HHCTalalMjaMa 3a raieme moxapa. [Ipouec
ramema ce CacToju y A0CTH3amy oApeleHe 3arpeMuHCKe KOHIICHTPAIHje YUCTOT CPEeICTBA Y
NPOCTOPHUjU Y KOjOj Ce Jecuia akIHMACHTHA CHTYyaluja - HOXap. AYTOMaTCKU CTallHOHAPHH
CHCTEMH 32 ralieme 1moxkapa eKoJIOMIKUM CPEJCTBUMA CE CacToje O/

e 1wjena 3a AETeKIHjy (IeTeKTOPH PYIHHU M ayTOMATCKH, TOIJBbHBH €JIEMEHTH...),

® EIIEKTPO MHCTAJIAlMja 32 OBE3UBALE Ca IPOTUIIOKAPHOM LIEHTPAJIOM,

e Oarepuje ca Oomama y KOjuM je moj oapeheHUM IPUTHCKOM CMjemiTeH rac (ca
caOMpHHULIaMa, CEKTOPCKUM BEHTWJIMM, BEHTHJIMMA, TETOBHMA W  OCTAIUM
MAaIIMHCKAM KOMIOHEHTaMa) 1

e I[jeBOBOJ ca MJIa3HHIIAMa.

FM - 200 npunana rpynu 4uCTHX CpeCTaBa 3a rameme noxapa, 6e3 6oje n Mupuca, He
MPOBOAY EJEKTPUYHY EHEprujy, HETOKCHYaH je W HEIIKOJUbHMB 3a JbYICKH OpraHHu3aM.
Komeprmjanan wasus FM - 200 (HFC-227 ea) jecte xemraduiyopomporiaH, XeMHjcKe
dopmyne CsHF;, ckpahenuiia o mmena npoussohaua "Fire Master 200". Hanmasu ce y
TEYHOM CTamy y 6oraMa o1 mputuckoM ox 25 bar u temneparypu ox 21 °C.

IG - 541 (Inergen) wiu Inert Gas Blend (Inergen) je MjemiaBuHa Tpu MPHUPOJIHA Taca:
azora (52 %), aprona (40 %) n yrssenauokcua (8 %), mpunaaa rpyrnu 4YUCTUX CpeAcTaBa 3a
ramiemwe noxapa. To je 6e300jaH rac, He MPOBOAM CIEKTPUYHY CHEPrHjy, HETOKCHYAH je U
HEIIKOJUBHMB 3a JhyAcku opranuzam. Komepuwjamau HasuB |G - 541, xemujckor cacraBa
N,+Ar+CO,. Hana3u ce ka0 koMIpuMoBaHu rac y 6orama non nputrckom oz 200 no 300
bari (ua 15 °C). YBujek je y racoButoj ¢a3u U He MHjeHa arperaTHO CTambe.

3M™ Novec™ 1230 je xemmjcko CpEACTBO 3a Talieme TMOXKApa HHjy OCHOBHY
komroHeHty ynHU 99,9 % HoHa-(iayop-Tpu-diryopomerxmin-nientanoH, CgF1,0, cTpykTypHe
dopmyie CF3CF,C(=0)CF(CF3) u 0,1 %, xexca-(uyop-erana ¢uypokeron, C,Fs. 3M™
Novec™ 1230 je ucnapsbuBa Teunoct 6e3 Goje ca GIarkM MHPHCOM. 3a PasiHKy O CBHX
OCTIMX XEMHJCKHX CpeliCTaBa 3a raimeme IoXkapa Ha aTrMoc(epcKoj TeMIeparypu ce
HaJla3d Y TEYHOM CTamby.

[MTox XxeMHUjCKUM CpeICTBUMA 3a Talliehe IToKapa I0Apa3syMeBajy ce CpeAcTBa Koja Imoxap
race XeMHjCKuM IyTteM kao mrto ¢y FM - 200 u 3M™ Novec™ 1230. WNuepTHM TacoBH, Kao
mro je IG - 541 (Inergen) mokap race (UM3WYKHAM IIyTEM, 3arylidBameM. lIpu Tome
3anpeMuHcka KkoHneHTtpamja IG - 541  (Inergen) Mopa CMamHTH 3a0pPEeMHHCKY
KOHIICHTPALN]y KUCEOHHKA y Ba3ayxy Ha 15% nim mMame.
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ExoJonika cpeicTa 3a raieie Iokapa He IITeTe 030HCKM OMOTad M 0J00peHa cy 3a
xopumtherse o1 crpane osnamhennx mehynapoauux uncruryimja UL8! u EPA? u kopucre
ce 3a Tameme MoXkapa TaMo rije je moTpebHo u3djehm omrehema CKynmUX W BpHjeIHUX
MaTepHUjaTHUX 100apa, KOju Cy CMJELITCHU Y 3aTBOPSHOM IIPOCTOPY, KAa0 Ha MPUMjep:

® KOMIIjyTepCKE U KOHTPOJIHE cole,

pauyHapcke LeHTpae - cepBep cooe,

Tpe3opu OaHaka,

EJIEKTPOHCKA OTpPeMa,

TpaHcopMaTopH y 3aTBOPEHUM IPOCTOPHjAMA, ,

3anajbuBe TEYHOCTH U

BelinHe mojkapa YBpCTHX MaTepuja W3y3eB HEKOJIMKO aKTHBHHUX METalla i METaHUX
XUJPHUJIA U MaTepujaia KOju caapKe OKCHJIE, Kao IITO Cy HUTPAT Lenya03e, 0apyT u
Ap.

Exosouka cpeacras FM-200, 1G-541 (Inergen), 3M™ Novec™ 1230 ce mory kopucrutn
3a raineme noxapa kimace A, B, C u D, oqHOCHO moapa YBPCTHUX, TEYHHUX U TACOBHTHX
Mmatepuja. Takohe, exoJolka cpeicTBa He Tpeba KOPUCTUTH 3a raiiemne moxapa cienehnx
MaTepujana:

L4 XCMI/IKaJ'H/IjG KOje I/IMajy COIICTBCHU U3BOP KUCCOHUKA, Ka0 CTO CYy LCIYJIO3HU HUTPAT

u bapytu
e PeakTuBHM MeTalld Kao CTO CY. HATPUjyM, KallMjyM, MarHe3ujyMm, THUTaH, JTUTHjyM,
ypaH | IUTYyTOHHjYM.

Tabena 1 Dusuuro xemujcxa ceojemea 1G-541 - (Inergen), FM-200 1 3M™ Novec™ 1230
Ocobume IG-541 - (Inergen) |HFC- 227ea- FM-200]  3M™ Novec™ 1230
Xemmujcku cMjelia a3oTa, aproHa xentadiyop

(hiryopokeToH
cacraB M YTJbCIHOKCHIA Iponan
. , 756-13-8 (CoF1,0)
CAS” 6poj cMjeria 431-89-0
76-16-4 (C,Fy)
M . CeF1,0
e Ny, Ar, CO, C:HF, 612
bopmyna CaFs
Temeparypa 1196 °C -131°C -108°C

Torubemba (1)

Temeparypa -78,5°C -17,3°C 49,2°C

KIbydama (fy)

0,404 bar
Hanon nmape (py,) 152 bar 4 bar 275 bar
Cremnpmina | g 5741 30K 1,184 ki/kgK 0,105 kJ/molK
TomoTa (Cp)

! Underwriters Laboratories.
2 Environmental Protection Agency USA.
% CAS (Chemical Abstracts Service) - JEAMHCTBEHH UAEHTH(UKAIIOHN OPOj XEMH]jCKe CYIICTaHIIE.
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MexaHnuzam I/I3OJ'I3HI/IjOM u
xnahemeM 1 .

MpEeKHUIamka HCTHCKMBAbHEM b . xnahemeM 1 XeMHUjHCKI
XEMUJUCKH

ropema 0,
[Ipurucak y
C 200 mn 300 bara 25 unn 42 bara 25 nnm 42 bara
yay

ATperaTHo CTame

Tac TeuHocT U Tac Teunoct
y cyny
Bpujeme
60-120 cexynne 10 cexynne 10 cexynne
npasmbemha
ODP! 0 0 0
GWP* 0 3500 1
ALT® 0 31 - 42 ronuHe <5 nana
NOAEL* 43 % 9% 10 %
LOAEL® 52 % 10,5 % <10 %
AKkyTHa
i 80,00% >10 %

TpoBama LC50

Jla Ou ce akTHBMpAO CHCTEM KOjH YMHHM Oarepujy Oola, alapMHO KOHTpoJHMcaHa Oorma je
OTpeMJbeHa Ca eJIEKTPUYUM aKTHBHpPajyhuM ypehajeM koju oTBapa BEHTHJ Ha OOLM, CBaKH
IYT KaJia je aKTHBUPaH CHCTEMOM J0jaBe WK KOHTPOIHHM CHCTEMOM. 3aTHM Ce THEYMaTCKU
MPEeKO BEHTWJIA Ha ocTaiuM Oolama y Oarepuju Oolla, rac HMCIYIITAa MPEKO KOJIEKTOPa,
IIHjeBHOT pa3BoJia ¥ MJIa3HUIA Y IITHhEHN TIPOCTOP.

Ha 6u ce oxpikana HEONMXOAHA KOHIEHTPAIMja raca EKOJIOIIKOr CPEACTBA - raca y
mtrheHoM IpocTopy MOTPeOHO je ypaauTH ciexache:

® 32yCTaBUTH BEHTWJIAIIMOHU CUCTEM,
® 3aTBOPUTH OTBOpE, U
® ayTOMAaTCKH 3aTBOPHUTH CBE OCTalie OTBOPE Kao IUTO Cy BpaTa, UT/.

VY mnpocropujama u ypehajuma y kojuma cy mnpenBuljeHe cTaOMIIHE ayTOMaTCKe
MHCTAJalMje 3a Talllcikhe IOoXKapa Cca CKOJOUIKAM racoM ayTOMAaTCKH jaBJjbauyd C€ BE3Yjy
MHUHUMAJHO Y JBO30HCKO] 3aBHCHOCTH Kako Om ce m30mjerma MOTYRHOCT aKTHBHpama
WHCTaJIAllMje 3a Talllekhe N0XKapa Ha JIAKHU ajapM.

! ODP (Ozone Depletition Pontential) - moremmujan cMamema 030HCKOT OMOTAud, jé HHACKC KOjU
y3uMa y 003Mp BPEMEHCKO YHHIITaBame 030Ha onpeheHe KOJIMUMHE HEKe IacoBUTE MaTepuje y
OJIHOCY Ha BpHjeMe Koje je oTpeGHO HeToj Konmauan dpeora 114

2 GWP (Global Warming Potential) - je Mjepa yruuaja Heke maTepuje y aTMocdepd Ha TIOGATHO
OTOIJbABAKE.

% ALT (Atsmosferic Life Time) - nedummie BpujeMe orcrajarma raca y aTMocgepi.

4 NOAEL (No Observable Adverse Effect Level) - najseha 103a i HHBO eKCIUIO3HLHMjE IIPH KOjOj CE HE
jaBJbajy IITETHH €EKTHU 110 3/IPABIHE.

5 LOAEL (Lowest Observable Adverse Effect Level) - Hajumka 103a WiIi HHBO SKIIO3HI]E KOjH H3a31Ba

mTeTHe edexTe 1Mo 3apaBibe.
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Hakon aktuBupama MUHIMYM JIBa jaBJhada (T3B. TBO30OHCKO jaBJhame) KOJU CE Hama3e y
NPOCTOPHjH Y KOJOj je IMOCTaBJbeHAa CTAllMOHApHA ayTOMaTCcKa WHCTajalldja 3a ralleme
Mo’kapa, 3BYYHH W CBHUJETIOCHH CHTHAI YIIO30paBajy O aKTUBUpAmky HWHCTAJANHje 3a
rameme. Vcro ce JemaBa M y ciiydajy akTUBUpama PYy4YHOT jaBjbada KOJUM CE€ aKTHBHpA
rameme. HaunH akTuBUpama 0ole je MpeKo eNeKTPUYHOT aKTyaTopa - BEHTHJIA Ha IPBOj
60111

Kox wuHcTanmanmmja cy cBe KOMaHIe eJIEKTpHUYHE. Y CIlydajy TOXapa, IOJa3H Mo
aKTHBHpamka ayTOMATCKHX jaBJbaua I0Kapa, eJIEKTPUYHH HMITYJIC Ce IPEHOCH, NojayaBa H
npeTBapa y eJICKTPHYHY KOMaHy Y KOHTPOJIHOM IIaHely 3a JA0jaBy H0oXapa M Jajbe IPEHOCH
U akTUBHpa NpBY 001y y Oarepuju 6o1a, a 3aTUM ITHEyMaTCKe BEHTHJIe Ha Oonama.

[pensuhHo je kammeme aujenoBama ramema o1 30 cekyHmu, o ucteky 30 CeKyHIH,
rac ce ayrOMaTCKH WCITyITa y mpoctopHjy. [IpuTHckoM Ha Tactep 3a OJOKady ramiema, y
Toky Bpemena o 30 cekyHu, Moryhe je MPUBPEMEHO OJJIONKUTH JUJETIOBAbE ayTOMATCKOT
ramniema.

Henocpenno mpuje oTBapama BEeHTWIA Y IMJbY UCIYLITama Taca, IEHTpala 3a J0jaBy
ToXkapa HUCKJbydyje BEHTHIIAIHM]y MPOCTOPHje KOja Ce HITUTH EKOJIOMIKMM CPEJICTBOM, KakKo
0u ce CIpHUjeurio OTHIAkE raca BEHTWJIAIMOHUM KaHajiuMa. Y CBaKOM CEKTOpY raliermha
IIOCTaBJbEHE Cy CUPEHE 32 alapMHpame 0co0sba.

IIpn akTUBHpamy ayTOMAaTCKUX jaBJbadya, HCTOBPEMEHO C€ BPIIM H YKJbYUHBAmE
anapmuux ypehaja. [Topen ayromarckor noctoju MOryhHOCT M py4HOT aKTHBUpabha.

CBu 71jenoBH cHcTeMa KOjU TpOIIE €JEKTPUYHY E€HEPTHjy MOpajy ce HamajaTh M3 J1Ba
HE3aBUCHA U3BODA.

VY mpocropujamMa y KOJUM je JOIIIO J0 aKTHBHpPamka CHCTEMa 332 ayTOMAaTCKO Tallermhe
noxkapa racom FM - 200 wm 3M™ Novec™ 1230 neomnxomHo je ma ce mHcTanmpasa
XaBapujcKa BEeHTUJIAlK]a, JOK y MPOCTOpHjaMa y KOjUMa je JIOLUIO JI0 aKTUBHpama CUCTEMa
3a ayToMarcKko rameM noxapa racom IG-541 (Inergen) Ha 3umoBHMa je TOTPEOHO MOCTABUTH
pacTepeTHe KIalHe.

Acniekr npumjese FM - 200 , 1G-541 (Inergen) u 3M™ Novec™ 1230 kao cpencrsa 3a
ramrere Mnoxkapa JISKH y YHICHUIN J1a HeMa OIIaCHOCTH OJ1 TYIIEHha YTPOKEHUX 0c00a KOjH
ce 3aTekHy y mtrheHoj npocropuju. CMameHN NPOLEHAT MPUCYCTBA KHUCEOHHUKA Y Ba3ayXy
HaJgokHalyje ce NMPUCYCTBOM YIJbEH-IAHMOKCHIA, YHNME Ce HE peMeTe YCIOBH 3a HOPMAHO
JMCake YrPOXKEHHX 0c00a, a Mopes Tora, HeMa HUKaKBUX OTPOBHHX HY3IPOAYKaTa.

JlaGoparopujckuM HcuTHBaBeM je yrBpheno ma FM - 200, 1G-541 (Inergen) u 3M™
Novec™ 1230 me yruuy Ha aucajHe opraHe M KapJIMOBACKYIAPHH CHCTEM KO JbYIIH.
YrpoxeHne ocobe koja ce Hal)y y aTMOocdepr OBOT Taca MpH ramemny mojkapa MOTY U3BjeCHO
BpHjeMe OOpaBUTH Yy TOj IPOCTOPHjH, LITO HHjE CIy4aj NPH Tallekhy I10Kapa XaJOHOM MU
YIIJbEH-TUOKCHIOM.

FM - 200, 1G-541 (Inergen) u 3M™ Novec™ 1230 je Meuummckn ucnuTan i nposjepen
0]l CTpaHe MHOTHX CBEJeTCKHX MHCTHTYIHja. CBe OHE Cy NpHXBaTHJEC HaBeIEHa CpPENCTBa
Kao CpelCTBO 0e30je1HO 3a yrnoTpedy y cpennHaMa "HOpMajIHe KOHIICHTPAIH]jC JbYIH .

Ipumikom ucturama FM - 200, 1G-541 (Inergen) u 3M™ Novec™ 1230 u3 cucrema 3a
ayTOMAaTCKO Tamiemhe y INTHNEHOM NpocTopy ce He obpa3yje Maria, Tako Ja Cy CBH
€BaKyallMOHU MyTEBH Yy HCTOM CTamby Kao MpHje aKTHBHPama OBOI CHUCTeMa. Y BIaXKHO]
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atMocepr MoXe JOhHM 10 Malor CMambemha BHIUBHBOCTH YCIIEN 3aMarjberba Iph
KOHJICH3AIIMj! BOJCHE Mape W3 Basdyxa. [IOTCHIMjaHE HENAroJHOCTH Ha Koje Tpeba
00OpaTUTH MaXYy, TIPH EBEHTYAIHOM Tallleiha ToKapa ca HaBeICHUM CPEICTBUMA Cy OyKa 1
TypOyneniuja. Takohe, wcTUIakEe UCTUX CPEICTaBa, MOXKE IPOM3BECTH 3HAYAjaH XYK U
OyKy, CacBUM [OBOJFHO Jia YCIAHWYM YTPOKEHE 0cCo0e and HEIOBOJHHO Ja H3a30BE
TpayMaTcKe MOCIIe THIIE.

2. PUHLOMUII TALIEBA

Kopumheme raca FM - 200 3a rameme mokapa He M3a3MBa IITETaH edekar riodarHor
3arajuBamba JKUBOTHE cpeauHe. [lpuHimn ramema racom FM - 200 je xemujcku u
xnahemem, aHTHKatanuTHdku edekar. Mako He caapxu XJIOp ¥ MMa J00pa CBOJCTBA MPH
raiiemhy mnoxapa, 36or Bucokor wumekca GWP u myror Bpemena pacmaga y atmocdepw,
"Kjoto cropazymom" (err. "Kyoto agreement") mpemnopydeto je mocrerneHo usbamusame FM
- 200 w3 mpowusBoImBEe M ymoTpede. 3a pasBHjeHE 3eMJbe HMPOU3BOMAma mpectaje y 2010.
TOJMHM, JOK POK 3a MOTIYHO H30annBame W3 ymoTpebe jomr Huje noHujer. Takohe, u 3a
3eMJbE y Pa3BoOjy joul HUje onpeleHO BpHjeMe IMpecTaHKa MPOU3BOAKE U YIIOTpeOEe OBOT
CpelcTapa 3a raiieihe moxapa.

IMpumjena 1G-541 (Inergen) kao cpemcTBa 3a ramieie MOXapa JEKH y UHEBCHUIH
NOTIyHE EeNMMHHUCAHEe ONACHOCTH O] TyIIeHha YIrpOoKeHHMX ocoba KOjH ce 3aTeKHy Y
mrnhenoj npoctopuju. CMambeH 3alpeMUHCKH MPOIEHAT KHCEOHUKA Yy Ba3Ayxy ITHheHe
mpocTopuje HagokHal)yje je IPUCYCTBOM YIJheH-IHOKCHAA, YHNME Ce HEe peMeTe YCIIOBH 3a
HOPMAJTHO JIHCame YTPOXKEeHUX 0coba. OCUM TOra, HeMa HUKaKBUX OTPOBHHX HY3IPOAYKATa.
Exonomko cpencreo 1G-541 (Inergen) mpekuaa mnpoiec ropjera Ha Taj HAYUH IITO
HCIyEhaBa 3aTBOPEHH MPOCTOP, HCTHCKYje Ba3AyX M TAaKO MHjeHa KBAaHTHTET Traca y
3aTBOpeHOM Tpoctopy. Koj raimierma 3amabeHUX €ICKTPHYHUX MHCTalaluja u ypehaja He
NPOY3pPOKyje TOpacT CTaTHYKOT ENEKTPULUTETa, CMamyje BIAXHOCT Tako 1a To,
HEIOCPEHO, CMambyje eJIeKTPO MPOBOJBMBOCT JIOKATHE aTMOc(epe Y MPOCTOpUjH. 3alITuTa
nMoBHMHE cactoju ce y Tome mro rac 1G-541 (Inergen), He mpoy3pokyje KOpO3Hjy
MarepHjajia u He olTehyje elneKTpoHCKy U APYTy BPEIHOCHY ONpeMy MPH Tallieky MoxKapa.

OCHOBHA J€jCTBA Y MEXAHH3MY IPEKHIaka CArOpHjeBama eKOIOMKOr cpexcta MM
Novec™ 1230 cy Bennkn koeduIujeHT ancopiuuje TOILIOTe U XeMH]CKa peakiuja Koja ce
ONHOCH HAa BE3WBAWkE TOPUBUX MNHPOJUTHYKHX MNPOAyKaTa W rpaljere HEropuBux
KOMIIOHEHTH y 30HH caropesama. Cpeacro 3M™ Novec™ 1230 je cpemctBo ca Beoma
HHUCKUM CTETICHOM OTPOBHOCTH M H3Pa3HTH JUCICKTPHK, IITO MY Jaje HIUPOKY NPHMjeHY,
MOoCeOHO KOJ 3alliTUTE CICKTPOHCKUX ypehaja u y cpemmHama rije mma Jeymu. To je
CPEICTBO KOje alcoJIyTHO HE IMPOBOAM CTPYjy, TaKO J1a €IEKTPOHCKU ypehaju mory ma Oymy
CKpO3 HOTOIUBEHH y OBO cpelcTBo Oe3 omrehema. OBy 0cOOMHY HE HOcenyje HU jeIHa Ol
MO3HATHX XEMHJCKHX CpecTaBa 3a rameme noxapa. Ilonjennako je epuxacaH xaga ce Ha
MJECTO ToKapa HAaHOCH Y (PMHO PACTpPLICHHM YeCTHIIAMa WITH KaJa ce lUME MjecTo moxapa
JMETMMUYHO WJIM TOTIYHO HaTama Te4HoM (asom. MpeamaH je 3a mjecra rije ce mopen
OIACHOCTH OJ] TIOXKapa jaBJpajy M JApYyre ONAacHOCTH BE3aHE 3a rallleke IoXapa, Kao IITO Cy
[0jaBa OMAaCHUX MaTepHja.
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3. 3AK/bYYAK

Ipumjena exonomkux cpeacrasa FM - 200, 1G-541 (Inergen) u 3M™ Novec™ 1230 xao
CPEJICTBA 32 Tallieihe MMOKapa JISKU y YHHCHUIM J1a OMACHOCT O] TYIICHha YTPOKEHHX 0c00a
KOjH C€ 3aTeKHYy y ITHNEHO] MPOCTOPUjH CBEJACHA HA MHHHMYM, a 3allITHTa »XHBOTHE
CpeluHe OTJjiela ce Yy TOME IITO Ce He pa3apa O30HCKH OMOTay, He MPOY3pPOKYje KOpO3ujy
MaTepHjajia ¥ He omrehyje eneKTpOHCKY M APYTY BPHjeHY ONPEeMy IPH ramemy noxapa.

Henocrak raca FM - 200 je Taj mo, cxomHo " Kjoro cnopazymom”, merosa 3abpana
MIPOM3BOAGE 32 pa3BHjeHe 3eMibe je mouena 2010. roa., TOK poK 3a MOTIYHO HCKBYUIYyje U3
yrnorpebe joll HHje JOHUJETO M3 pasiiora IITO HKEroBO OICTajamke y arMocdepH TauHHje
BpHjeM pacnaja tpaje ox 31 - 42 ronune. Jour jenHa o1 MaHa CTAllMOHAPHUX MHCTANAIM]ja 32
rameme mokapa Ha 0asm FM - 200 je ma y mtmheHoM mpocTopy M Mopa IIOCTOjaTH
XaBapHujcKa BEHTUIIAIH]a, ITO KOJ| CHCTEMA 3a ramieme nmoxxapa racom 1G-541 (Inergen) auje
oTpeOHO.

Ipennoctu raca @M - 200 je Besnrka eUKaCHOCT Talliemha ca MAJIOM KOHI[CHTPAIMOM.

Exomomko cpenctBo 1G-541 (Inergen) moxe ce pehu ma je cpencTo Koje HeMa BEJHKE
Henocrake. Kana ce rac 1G-541 (Inergen) ucmycTu U3 cHCTeMa 3a Talllekhe M0XKapa HBEroBH
CacTaBHU CIIEMCHTH CaMO HACTaBJhajy CBOjy MPHPOIHY YJIOry y armocdepH, jep je OH
CMjellia TacoBa a3oTa, aprona u yrieeamokcuma. Ipennoctu IG-541 (Inergen) je mupokom
CIIEKTapy NpHMjeHe.

3M™ Novec™ 1230 racu noxap arcopGyjyhu TomnoTy u3 miamena u eeKTHHH je KO
ramiema MoXapa ca IIaMeHOM HETOo KOJ THBbajyhux mokapa. Y OCHOBH, IJIaBHA IPEIHOCT Y
onHocy Ha FM-200 ce oryiena y IpacTHYHOM CMameby YTHIAja Ha KIMMATCKE TPOMEHE U
KUBOTHY cpenuHy. KommanHe moTpeGHe 3a rameme moxkapa mpu IpuMjeHn 3M™ Novec™
1230 y ogrOCy Ha nmpyre 3aMjeHe 3a xanoHe, uzyzes FM -200, cy aBa myTa Mame 3a raiemne,
HITO ce OMTHO OJpaXkaBa Ha HETOB YTHIA] HA OKOJMHY a W BEJIMYMHY WHCTalalMje 3a
rameme. [lopex HaBeAEHWX MPETHOCTH je M Ta IITO je TpaHCIOPT Moryh y oOWYHHM
CYZOBUMA, a HE CY/IOBHMA I10]] IIPUTHCKOM.

Jeman on HemocTaTaka CTAalMOHAPHMUX HMHCTANlallMja 3a ramielke moxkapa Ha 6a3u raca
™ ™ ; i
3M™™ Novec ™ 1230 na y mituheHOM MpPOCTOPY KOJU C€ LITUTH racoOM Mopa IOCTOjaTH

XaBapI/IjCKa BGHTI/IJ'Ia]_[I/Ija, Kao 1 KOJ CTallMOHApHUX HI/ICTaﬂaHI/Ija 3a ralicwk e noxapa racom
FM - 200.
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Jbumana JIVUUR! MPEIJIEAHU PAJT

CEIMH OIIIITHU EKOJIOIIKN AKHUOHHU ITPOI'PAM
EY: JKUBETHU JOBPO YHYTAP OI'PAHUYEIBA KOJE
IHOCTABJ/bA HAIIA TIJNTAHETA U O3EJIEIbABAIBE
IMPUBPEJIE N 3AIIOIIJbABAIBA

Pe3nme: Y pany ce ananusupajy HoBa gokyMenta YH u EY on 3Hadaja 3a onp>KuBH MPUBPEIHU Pa3Boj
U 3aKkJbydyje jga je y uHTepecy Oosber xuBota y CpOuju, MOTPEOHO YCKIAAUTH 3aKOHOTABCTBO M
CTpaTerdje W MPWIATOAWTH Tpakcy HOBUM mpaBuwiuMma. Y 2011. roguam y Cpbuju je ycBojeHa
Hayuonanna cmpamezuja 3a anpoxcumayujy obracmu sxcusomue cpedure. CTparerija je ycBojeHa Ha
ocHoBy Bakeher YH okBupa 3a onpxusu pa3soj, lllecror exonomkor nporpama EY u oxgrosapajyhux
nomahux gokymenara u3 2008. rogune. Y MmehyBpeMeHy eKoJOTHja ce 3ajeIHO ca CKOHOMCKHUM H
JPYIITBEHUM aCHeKTOM YKJbydyje Y LHJbeBe OJPIKUBOT pa3Boja W MPOMOBHILE 3eJIeHa MPHUBpEa, a y
EVY exonomika onp>XKMBOCT HHTETPUILIE Y CBE MOJIUTHUKE.

Kibyune peun: Puo+20; Tpu acnekta oJp>KHBOT Pa3Boja; eKOJOIIKA OIPIKHUBOCT; CKOJIOLIKH IPOrpaMm;

3€JICHA MPUBpEA; 3€JICHO 3allONIJbaBabE;

THE SEVENTH OVERALL ENVIRONMENTAL ACTION
PROGRAM OF THE EU: LIVING WELL WITHIN THE
LIMITS OF OUR PLANET AND GREENING THE
ECONOMY AND EMPLOYMENT

Abstract: This paper deals with a new document of the UN and the EU are important for sustainable
economic development and finds that should harmonize legislation and strategies and adapt practice
the new rules,that in the interest of a better life in Serbia. In 2011. Serbia has adopted a National
strategy for the approximation of environmenta. The Strategy was adopted on the basis of the current
UN framework for sustainable development, the Sixth EU Environment Programme and relevant
national documents from the 2008th year. In the meantime, ecology, together with the economic and
social aspects has been involved in sustainable development and promoted the green economy, and
environmental sustainability has been integrated into all EU policies.

Keywords: Rio +20; three aspects of sustainable development; environmental sustainability;
environmental program; green economy; green employment;

! TIpod. np, VuuBepsurera, Brucoka TexHMdKa mKoma cTpykoBHHX crymmja Hosm Cax Ilkoncka 1
lucic@vtsns.edu.rs
449


mailto:lucic@vtsns.edu.rs

Melynapoona nayuna konpepenyuja
Bezbeonocnu unoicerepune Hoeu Cao,2-3. okmobap, 2014.

1. YBOJAHA PASMATPAIbA

VY oBoMm pany ananuzupa ce CeaMH OIIITH eKOJIOUIKH akUoHH rporpam EY, nokymenra
KOja Cy MY IIpeTX0/IiiIa 1 Koja je IOACTaKao, ¥ 3aIll0UeTH TPOLeC U3TPaibe 3eJIeHE IPUBPEE
y EY. Ceamu ommtu  ekosomiku akiuoHu mporpam EY mon HasuBom ,,)Kupetu n00po
VHyTap OTpaHHYema KOje MOCTaBJba Hamla IuTaHeTa™, pedIiekTyje mpey3ere obaBese H3
Peszonymuje YH ,bynyhHoct kojy xemumo™ ycBojene Ha KoHdepeHIMjn 0 0ApKHBOM
pa3Bojy y Pruo 2012. rogure. Y Pe3onymuju ce uctide 1a Cy APYIITBEHO-EKOHOMCKH pa3Boj
U EKOJIOIIKA OJP)KMBOCT HEPACKHIIMBO IIOBE3aHW M Jia C€ 3ajeHO YKJbYUYy]y Y 3eJIeHY
MpUBpeRy, a Ja je 3eleHa IpHuBpeAa ,,jelaH 3HauajaH WHCTPYMEHT pAacIlOJIOKUB 3a
JOCTH3amke OAPKUBOT paszBoja“. C ob3zupom na je Cpbuja ycojuna Pezonymujy YH y Puo
2012. rogune, a paHuje mpeysena u ompelhjeHe obaBese y omHocy Ha EVY, nurame 3encHe
TIPUBpEJIEC je BEOMa aKTyeIHO.

Pan nmopen YBogHMX HAallOMEHa M 3aKJbydKa CaJp U TPU NOTJIaBjba. Y IPBOM IOIJIABIbY
Koje HocH Ha3uB Pno+20 aHanu3upajy ce KOHLENTH OAPKUBOT Pas3Boja M 3eJIeHe IPHUBpEe
Ha OCHOBY JokyMeHara YH um meHHX areHmuja. Y APYroM TOTJaBJby KOje HOCH HAa3HB
Osenemasame npuspene y EY ananmsupa ce CeaMu OIIITH €KOJIOMIKH aKIMOHH MPOTPaM
EVY 3a nepuon 2014-2020 u mpyra DOKyMEHTa KOjUMa € YCTaHOBJbaBa M3TPajiba 3CJICHE
MIPUBpEZIC HA OCHOBY 3€JICHOT PacTa M 3€JCHOI 3alolubaBama. Y TpehieM MornaBipy Mox
Ha3uBOM 3ejieHa npuBpena u CpOuja HaBoze ce JoKyMeHTa KojuMa ce y P CpOuju perynuiry
MIUTamka KUBOTHE CPEANHE W OJPKHUBOT pa3Boja M 3aKJbydyje Aa MHBECTUPAHE y )KUBOTHY
CpelMHY 3axTeBa BEJHMKAa CpEACTBA, ajlM Ja Cy JOOMIOM ¥ KOPHUCTH IOTEHIUjaJIHO
BHIIECTPYKO Behm.

2. PUO+20

Kongepenmuja o oapxuBoM pa3Bojy koja ce oapxkana y Puy 2012. romune, cumMO0ImdHO
je HaszBana Puo+20 na o3HauM jga je mpouwio aBangecer roauHa on npee Kondepenuuje o
€KOJIOTHjH M Pa3BOjy y MCTOM TOM rpaxy. Ha meljyHapoaHOM HHMBOY €KOJIOIIKE TeMe U
OJIp’)KWBU pa3Boj pacmpaBibaHe cy mpeu myT Ha Kougepenmuju YH o XymaHO] KHBOTHO]
cpenunn y Crokxonmy 1972. ronune, a Hakon Kongepenuuje y Puo, Ha CBeTckoM caMuTy O
OJIp’KUBOM pa3Bojy y JoxanecOypry 2002. ronuHe kao U Ha MuneHujymMcKkoM camuty YH y
2000. roquau. Y 1992. ronunu Ha Kondepenuuju y Puy ycBojena je Jlexnapanmja ca 27
MPHUHIKIIA, KOja MpeACTaB/ba Mel)yHapOJHH OKBHUP 3a OAPXKHMBU Pa3BOj M yIBpheHa AreHma
21 - nymaH aKTUBHOCTHM 3a IPHMEHY IIOJIMTHKA OJPKMBOI pa3Boja Ha IJIOOAIHOM,
HallMOHAITHUM U JIOK&JTHUM HUBOMMa, 3a opranu3anuje YH, Biane qpkasa U MIaBHHUX rpyra.
Ha MunernujymckoM camMuty yTBpheHH ¢y MuieHnjyMcKH TUJbeBH pa3Boja (MLIP).

KuBoTHa cpeMHa W TPHBPEIHH Pa3BOj NPBU IMyT €€ IOCMATPajy jEIWHCTBEHO Y
UzBemirajy CBeTcke KOMHUCHjE 32 OKpYXeHe M pa3Boj u3 1987. roauHe, Koju je MOTIHCAO
I'po Xapmem BpyHnTnana u koju je mo meMy Ha3BaH BpyHATIAHOOB WM3BemTaj. Y OBOM
WzeemTajy[1] koHumenT oapXuBOr pa3Boja NeQUHHCAH je KAao pa3Boj KOjH 3a0BOJbABA
moTpede camanmux reHepaiuja 0e3 1a A0BeAe y MUTame CrocoOHoCT Oyayhux reHeparuja
Jia 3a/10BoJbe cBoje rmorpede. OH yKJbydyje ABa CYIITHHCKA KOHIIENTA: a) KOHIENT IoTpeoda,
MOCEOHO CYIITHHCKUX TMOTpeda CHpPOMAIIHOT CBeTa KOMe Tpeba JaTh MpPEeBacXOHHU
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MpUOpUTET, W 0) HWAejy Ja ce OTpPaHWYH IMPHMEHA TEXHOJIOTHjEe ¥ YTHIA] OPYIITBA Ha
CIOCOOHOCT OKpY)KEHa Ja 3aJ0BOJbH cajalime u Oymyhe morpede. Y HOKyMEHTHMa Ha
Kongepenmmju y Puo 1992. romgmne, koje cy ycBojuie 0Oe3Malo CBe Op)KaBe CBETa,
LEHTPAIIHO MECTO Y OJAPKHBOM pa3Bojy IOOWIM Cy OpHra 3a 4YOBEKa, HCKOPCH-ABAILE
CHpOMAIIITBA, 3HA4Yaj €KOJIOTHje 3a cajamimke M Oyayhe reHepammje, 3emMjbe y pas3Bojy,
noceOHe APYIITBEHE Ipyme, oInpelesbehe aa 3arahusau maha, onpenesbeme na Apkase 3a
pellaBame eKOJIOMIKUX pobieMa ycBoje oAroBapajyhie 3akoHOIaBCTBO.

3a pasmuky on mnperxoane koHdepeniuje, Koudepeniuja Puo+20 Huje monena
panukanHe mpoMene. [Ipema AreHuumju 3a 3amITHTY >KuBOTHE cpeauHe P Cpowuje:,,3aBpurHu
JMIOKYMEHT KOju je Ha CaMuTy YCBOjeH O] Ha3MBOM BbymyhHOCT KOjy jKelnuMo, KpeupaH je
NOJI CHAXHHUM YTHIAjeM MYJITHHAIIMOHAIHAX KOMIaHHja. Y TOM JOKYMEHTY ce Iopen
OJIP)KMBOT pa3Boja, CBE BHIIE CIIOMHUILC HOBAa KOBAaHMIA OJPKHMBU pacT. OcTainu 3HaYajHU
pesyaratu CaMmuTa cy: ycBajame AECETOTOAHIIET IIPporpaMa 3a OAP)KUBY IPOU3BOAKBY U
MOTPOLIbY; 0Xpadpyje Ce pacT 3eleHe EKOHOMHjEe M YHCTHUX TEXHOJIOTHja M IOoceOHO ce
UCTUYY NpUMEpH KOMIIaHHWja, KOjeé Cy Y CBOje IIOCIIOBHE AaKTUBHOCTH YBENE T3B.
M3BEIITaBaE O MPUPOAHOM KalKTally; J0TOBOpeHo je aa ce 1o 2015. roxune cactaBu mcra
[UJbCBA OJIPXKHMBOT pa3Boja, kKoja hie A0daTHO (OKycHpaTH CBET Ha pelllaBame MpodsieMa
XpaHe, eHepruje 1 BoJe; ocaM HajBehnx MyNTHIATepaTHUX Pa3BOjHUX OaHaKa JOTOBOPHIIO
ce Ja y HapeIHUX JeceT ToAuHa YIOXH 175 Munujapau nojiapa y pasBOj OJPIKHBOT
TpaHCIIOPTA y CBETY Kako Ou ce cmammia emucrja CO2 y atmochepn. [2]

[punpemy, Tok U ucxon Koudepenuuje Puo+20 ompenenuno je HEKONMKO BaXKHUX
OJIpEAHUIIA: HETIOBOJPHU M3BEIITAJH O Peasi3alliji JOrOBOPEHHUX IIMJBEBA OJIPXKHUBOT pa3Boja
u MIIP u HeratuBHe mocneauie CBeTcke eKOHOMCKe kpuse. M3meljy ocrayior jemaH of
pasjiora Heycriexa Ouiia je YMICHHLA Ja je CaMO EKOJIOIIKA MOJHMTHKA [HJbaja €KOJOIIKE
LUJBbEBE, JIOK Cy JpYyre MOJHUTUKE Yy peaju3alyji CBOJUX LUJbEBA 3aHEMapUBaJe EKOJIOLIKY
OIPKUBOCT M YaK JOIPHHENE Jla Ce CTame KMBOTHE cpeanHe moropmia. M3 tora pasnora y
Pesonynmju ByayhHOCT KOjy ’KenMMO UCTAaKHYT je 3Hayaj 3eJieHe NPHUBPENE U HEPACKHUIMBE
Be3e m3Mel)y eKoJIoTHje U APYIITBEHO €KOHOMCKOT pa3Boja M MHTETpallfje TpU KOMIIOHEHTE
OJIPYKMBOT pa3Boja HA XOJIUCTHYKH U Mel)yCEeKTOPCKH HAuMH.

VY Ttpaxemy oxrosapajyhe nedunuimje 3a 3esnene mocnose, jomr 2008. roxuHe y cBOM
N3eemrajy UNCTAD ce oapeano craBoMm: ,,Kao 3eJeHu MOCIOBH MOTY c€ Je(QUHHCATH CBH
MOCJIOBH KOJU 3HATHO JIOTIPUHOCE OJPXKaBalby UJIHM PEYCIIOCTABIhaly KBAIUTETA JKUBOTHE
cpenuHe W m30erapajy ornrehema 3eMJBHHOT ekocucTema y Oyayhaoctr. OHH YKIBYYY]Y
MO3HIUje Y TOJbONPUBPEAN, TPOU3BOIHH, rPal)eBUHAPCTBY, MOHTAXH, OJPIKABAbY, Ka0 U Y
Hay¥ ¥ TEXHHUM, aJMHHUCTPAlMjU M YyclIyrama KOjU Cy IIOBE3aHH ca HaBeICHUM
CeKTOpUMa, KOjU JIOIPUHOCE OJPKHBOCTH Yy OUYBalhy M PEYCIIOCTaBJbalhy KBAJIHUTETA
JKUBOTHE cpeauHe. [3]

VY 2012. romuan UNCTAD je Ha OCHOBY cTaBa Jia IPHOPHUTET 3a CBE 3eMJbe Tpeda aa
OyJe MOOHMIHCAhe HHBECTUIH]A KOje ie CHTypHO MOTPHHETH IHMJbEBUMA OJIPIKUBOT Pa3Boja,
IIPOMOBHMCA0 HOBY TEHEpalMjy HWHBECTHLUHOHMX mnoiutuka. OHa wuMa 3a Wb Ja
OTIepalOHAIN3Yje OJP)KMBU Pa3Boj y KOHKPETHE Mepe U MeXaHu3Me M 3a (a3y Kpeupamba
MOJIMTHKE ¥ 32 HBCHY NPUMEHY Kako Ha HAIMOHATHOM Tako M Ha MelyHaponHoMm HuBOY. Jla
6u ce npeBazunun Moryhu npodnemu UNCTAD je pa3zsuo OkBup koju ce cacroju ox: 1.
ceTa TPHUHINIA; 2. CMEpHHIA 3a HAIWOHATHM HHMBO W 3. pemema 3a MelyHapomHe
cnopasyme. [4]
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3. O3EJIEIbABAIGE IIPUBPEJIE EY
3.1.Crae EY npema Puo+20

On 1992. rommue EY y KOHTHHYHTETY HMa KJbY4HY Yyiory y wmehyHapoaHum
AKTUBHOCTMMA Y BE3W ca KHBOTHOM cpenuHoM. EVY je cBoje ompenesbeme Mpema
koH(epeHju Prno+20 nedurucana y moxymenty Puo+20: Ilpema 3eneHoOj mpuBpeand u
60sp0j BnamaBuHu.[5] EVY je mokpenyma pedopMy 3a NpoMEHYy Ha4yMHA YIpaBJbarba
OJIP’)KUBUM Pa3BojeM, 3aJI0KMIIA ce 3a epUKacHO Kopummheme pecypca 1 100py BIalaBUHy U
WHKJIY3MBaH M OJpXHBHU pact. Pazior je mto je EY yunHunna 3HayajHe Hanope aa MCITyHH
npeysere o6aBe3e W NPYXKHIA BEIMKH JONPHHOC pEaIM3alijd MOCTABJbEHHX LUIbEBA
OJIP>KUBOT pa3Boja Ha MI00aTHOM HHUBOY, MehyTM ca jenHe cTpaHe e()eKTH HUCY Kao IITO ce
OYEKHUBaJo, a ca Jpyre CTpaHe CBETCKa €KOHOMCKA Kpu3a HaMeTHYJa je npobieMe YHUjH 3a
KOje TpaXKu Haje(pMKaCHHja peliema.

VY mocieamuM JIelieHHjaMa U TIope]] HallpeTKa U IIO3UTHBHUX IMIOOATHHX TPEHA0Ba, Mehy
KOjuMa je cMameme cupomamrsa (y onHocy Ha 1990. y 2012. roauHu 6poj JbyIu KOjU KHBU
ca Mame ox 1,25% Ha naH cMatbeH je 3a 700 mu. Jbyan), ynanpehemwe o0pa3oBamba, 31paBiba
1 TIPUCTYTIA 3]IPaBOj BOAW, IPOOJIEMH Cy M JJaJbe BEOMA BEJMKH. Y CBETY JKMBH H jgajbe 1,2
MJpJ. CTaHOBHHMKA Yy EKCTPEeMHOM CHpPOMAIITBY, CKOpo 15% cBeTcke momysiamnuje je
rnagHo[6], MIeCTHHA CBETCKE IMOIyJalnudje je HeyXpameHa, a Jla HCTOBPEMEHO EKOJIOIIKE
npeTHke HUCY npeBasuliene Hero cy nocrane jou Behe. [ToBehana je Tpaxmwa 3a pecypcuma
(xao mTo je 3emMJba, BOAA, IIIyM€, EKOCHCTEMH) IIITO j€ OBEIIO IO pacTa BHXOBOT TPOIICHA H
Jerpajanrje. YIpKoc Harperky y UMILIEMEHTAIMji Mel)yHapoJHUX KOHBEHIH]ja, U3JIarame
OIIaCHMUM CyMcTaHIama (OMacHOM OTHay OJ TMEeCTHIINAa) HACTaBJba CE M y Pa3BUJEHUM U Y
3eMJbaMa y pa3Bojy. MHOTH 0J1 €KOJIOIIKUX Ipo0JieMa HUCY He3aBHCHH HETo cy MeljycoOHO
MTOBE3aHM U 3aBUCHU. AKO ce Oyne 1o0po ympasspano OyayhnM eKOHOMCKHM pacToM 3a Kora
ce ovekyje a Oyne HajOpxKH y 3eMibama ca TPXKUIITHOM HPUBPEIOM Y HacTajamby, eKOHOMCKA
pact Moxe momohu Jbyauma na uzahy u3 cupomamTa. Meljyrum, HacTaBak cajalliber
oOpacIia IOTPOIIkHE W MPOU3BOAKBE Y MHOTHM 3eMJbaMa mmpoM cBeTa mosehahe ymorpeby
MIPUPOJHKUX pecypca, yOp3aTH Aerpajialiijy *XKMBOTHE CPEAMHE U MOTOpIIAaTH KIMMAaTCKe
npomere. Exonomky mpuTHCOM W yTHHAju Omhe mojadaHm 300T pacTta MOIyJarje
(ouckuBama cy 1a ce 6poj cranoBHUKa y 2050. ronuuu noseha Ha 9 Mups.), ypOaHu3auje u
COIMjaTHUX TMpoMeHa (MpoleHa je ma he ce y 3emMajbama ca TPXKHIIHM TMpUBpenama y
HacTajaky Opoj pHUIaIHUKA Cpeake Kiace mosehatu 3a jom 1,2 Mipa. jbyam).

VcroBpeMeHO 4WMHE ce 3HAYajHM HAMOpH Ja ce mpuBpena y camoj EY omopaBu ox
MOCJIeIUIla CBETCKE SKOHOMCKE KpH3e y Kojoj je y mepuoay on 2008. roamue go 2012.
TOIMHE M3Ty0JFeHO MPEeKo 6 MHUJIMOHA PaJHUX MECTa M CTOMa He3alocJIeHOCTH moBehana Ha
npexo 10%. Pemema ce Tpake u 3a npodieMe Koje y3pokyje cBe Beha 3aBUCHOCT 011 yBO3a
€Hepruje W CHPOBHHA IITO j€ MOCIEANIA TyTOPOYHOT TJI00aTHOT TPEHJa PacTa OCKYAHOCTH
pecypca u pacra LieHa eHepruje U cupoBHHA. Tpeba umaru y BUAy U Ja je y Yrosopy o EY
YCTAHOBJBEHO Ja je Iiib EY ycmocraBibame MyHE 3aoCICHOCTH U coljasine Koxesuje. Ja
6u mpeBasumia oBe npobieme EY cnpoBonn 3HauajaH Opoj MOJHTHKA M CTpaTeruja Koje
HMajy 3a Wb Ja MOJPXKE TPAH3UIM]y HA NMPUBPENY KOja ePHUKACHU]E KOPHUCTU pecypce U
eMHUTYje Maly KOJHYHNHY racoBa KOjU N3a3MBajy edekaT cTakieHe Oarire.

CraB EV mpema Pno+20 6mo je yremesseH Ha KOHCyATanujamMa, TeKyhnM mporpamuma
KOjH criazajy y obriacT oapkuBor pasBoja 1 Ctpateruje pa3Boja EVY koja je ycBojena 2010.
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romuHe o HazuBoM EBpoma 2020: Ctpareruja 3a mamMeTaH, OJpKUB U HHKITY3UBaH pacT. Y
2011. ronunu EY je ycBojuia nokyment Pactyhn yrunaj pazsojue nonutuke EY: Arenpa 3a
mpomeHe. [ 1aBHa moMepama y pa3BojHO] MTOJUTHIN U3BpPIIeHA CY V (hoKycHupamy Ha JOOpy
BJaJaBUHy W WHKIY3UBaH WU OJPXKHBH PAacT y3 UCTHUIAE KOXEPEHTHOCTH IIOJIMTHKA Kao
jeIHe 0/ HajBAKHUJUX KapaKTepucTHKa. KOXepeHTHOCT pa3BojHE MOJUTHKE 3HAYH J]a OCTale
TIOJIMTHKE, TPTOBUHCKA U TTOJBOTIPUBPEIHA, HEMA]y HEeraTHUBHE e()eKTe Ha Pa3BOjHY MOJIUTHUKY
EY u na pa3BojHe moiuTHKe Ap)KaBa wiaHWla Hehe OMTH y KOHTPaIMKIHUjU ca Pa3BOJHOM
noymTukoM EY.

3.2.EBpona 2020: CtpaTeruja 3a mamMeTaH, OJp»KUB M WHKJIY3UBaH pPacT u
Pactyhu yrunaj passojue nonutnke EY: Arenna 3a npomene

Crpareruja Espona 2020[7] nymau Busujy EBpore 3a XXI Bek Kao colMjaiHe TPIKHUIITHE
npuspene. CpeacTBo 3a peanu3anmjy cy: 1. mameraH pacT - 3aCHHBAmbE Pa3Boja MpUBpEC Ha
3HaBby W WHOBalMjamMa; 2. OJPKUBH PacT - NPOMOBUCAE 3€JIEHHje M KOHKYPEHTHHjE
mpuBpesne Koja e(uKacHHje KOPHCTH pecypce W 3. MHKIY3UBHH pacT - jadame BHUCOKO
3arociieHe TpuBpene Koja omoryhaBa couujaiHy W TepUTOpHjaiHy Koxeswjy. Llnib
CTparervje UcKa3aH MpeKo KBaHTUTHBHHUX IMJbAHUX BPEAHOCT, jecte na y 2020. roauHu y
EBporn Oyze 3anocieno 75% craHoBHHIITBA cTapocTd u3Mely 20 n 64 rogune n na ce: 3%
BT unBectTupa y uctpakupame U pa3Boj; cMamy emucuja CO; 3a 20% y ogHOCY Ha HUBO
n3 1990. romune (nmm 3a 30% axo To ycinoBu omoryhe), moseha yneo 0OHOBIBHBE €HEPTH]E Y
yKynHOj notpoursbu eHepruje Ha 20% u 3a 20% noseha eHeprercka epukacHOCT; cMambu
CToma paHOr HamymTama mkoje Ha ucrog 10% u Gapem Ha 40% mnoseha mpomeHar
CTaHOBHUINTBA ca (aKyJITETCKOM IHMIUIOMOM; CMambHi Opoj JbYyIH KOjU >KHMBE HCIIOJ JINHH]E
cupomamTsa 3a 20 MIJIFOHA, 0THOCHO 25%.

300or HepeanmzoBaHMX mWibeBa MIIP, y mnepnomy WHTCH3WBHHX IpHIpeMa 3a
koH(pepeHmjy Pruo+20, Ha Mmel)yHapoJHOM HHBOY BOJAMIIA CE paclpaBa U O pa3BOjHOj arCHIH
nakoH 2015. ronune. Ha mehynaponHom HuBoy EBporicka komucuja[8] 3amaxe ce 3a mepe
KojuMa he ce MCTOBPEMEHO WCKOPEHHWTH CHPOMAIITBO, NMPHUBpPEIa Pa3BHjaTH HA OIPKHUB
HauuH U OCUTYpaTH NpHCTOjaH *HUBOT 3a cBe a0 2030. roxune. CBoje onpenesbeme EY je
yrpammia y AOKyMeHT kora je ycBojuima 2011. rogmae mox HasmBoMm Pactyhm yrumaj
pa3BojHe nonutike EY:Arenna 3a npomene.[9] Arennom je 3aupraHo aa he EY ycmepurn
CBOjy IIOHYAy Ha IAapTHEPCKE 3eMJb€ y KOjUMa MOXE HMaTdH Hajehin yrunaj u
KOHIIEHTPHCATHU CBOjY pa3BOjHY capa/iby Ha IMOAPIIKY: l. JbyACKUM NpaBUMa, IEMOKPATHjU 1
OCTaJIUM KJbYYHUM €JIEMEHTHMA J00pe BiIalaBUHE KOja je y CBOM MOJUTHYKOM €KOHOMCKOM,
COIMjAJTHOM M €KOJIOIIKOM H3pa3y O] BUTAJIHOT 3Hayaja 3a MHKITY3HBHH M OJPXKHBHU Pa3Boj;
W 2. MHKIy3UBHOM OJIp)KMBOM pacTy 3a XyMaHH pa3Boj. Y AreHau 3a IpPOMEHE jaCHO ce
HCTHYE CTaB Jla pa3Boj HHUje OAPKWB ako omTehyje KUBOTHY CpeluHy, OHMOIMBEP3UTET U
IpUpo/iHE pecypce M ToBehaBa M3JI0KEHOCT NPHPOJHUMM KaTtacTpodama. DuHaHCHjcKa
mojapmka Ouhe ycMepeHa mpe cBera: 1.y ceKTope KOju rpajae OCHOBE 3a PacT: COIHjaHy
3aIITUTY, 3/IpaBJbe, 00pa3oBame U OTBapame HOBUX PAJHUX MECTa; 2. Ha jadare MOCIOBHOT
OKpYXema U Npoy0JbaBame pernoHAIHE WHTErpalutje U 3. Ha OJP)KUBY TOJBONIPUBPENY U
eHeprujy. Jla 6u ce o0e30emmio nma ce momoh TPOIIM IETOTBOPHO M 1Ma (hWHAHCHpPAME
pe3yaTupa HajooJbUM MOTYHHM pe3yaTatuma, yTBpEHO je J1a ce OBO ONPEICIhCHE pealnsyje
KOOPAWHMPAHO, Y3 NOOOJBLIAe KOXEPEHTHOCTH MoJHuTHKa EY 1 y capanmu ca mpuBaTHOM
CEKTOpOM, (oHanrjaMa, IUBIIHAM JPYIITBOM U JIOKAJTHUM U PETHOHAJIHHUM BJIaCTUMA.
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3.3.llmbeBn Onmrer €KOJOMIKOT AKNHOHOT mporpama , Kuseru m06po
YHYTap orpaHuyema Koje MocTaBba Halle niaHere”

HenoBame EY y o6nactu *uBOTHE cpeuiHe oBHja ce o 1973. roanHe Ha HAYMH KOjH je
yTBphEeH eKOJIOMIKUM TIporpaMuMa Yrje Tpajalbe KOMHIUANPA NepHoIuMa 3a KOje ce JOHOCH
cpenmopounu ¢puHaHCHjcku okBUp EY - OuHaHCH]CKa MTEpCIeKTHBA YHjH CACTABHHU JE0 CY H
MporpaMu M3 JPYIHX CEKTOPCKUX MoiuTHKa. Y HoBeMOpy 2013 romune EY je ycBojuia
CenMu OMIITH aKIMOHH TPOrpaM Mepa y 00JacTH KMBOTHE cpenune 3a nepuoa 2014-2020
roguHa. CeMH OIIIITH €KOJIOMIKM aKIIMOHHU Iporpam ,, KuBeTH 1oOpo yHyTap OrpaHHuCHa
KOje ITOCTaBJba Hallla IuTaHeTa” pediekTyje obasese koje je EY mpeysena Ha koHbepeHIHjH
Puo+20 u 10 ma he mo 2020. rommme: l.pesynratu koH(pepeHmuje Puo+20 Oumtu y
NOTIYHOCTH yrpal)eHH y yHyTpallky U crospbHy nonutuky EY; EY ycnemno gonpuHocuTH
CBETCKHM HacTOjarbMMa Jla ce MMIUIEMEHTHPA]y TOTOBOpEHE 00aBe3e yKibydyjyhn u ob6aBese
yrBphene y Pro koHBeHIMjaMa U MHUIMjaTHBaMa Koje MMajy 3a IIUJb TPOMOLH]Y TPpaH3HUIINje
Ha I00ATHOM HUBOY Y WHKIIY3UBHY U 3€JICHY IIPUBPEAY y KOHTEKCTY OJPKHMBOT pa3Boja U
HCKOpemaBama cupoMainTsa; 2. EY o00e30equTy 1eI0TBOpPHY MOAPUIKY HAIMOHAIHUM,
pErHoHaIHUM U MeljyHapOJHUM HallopHMa Jia ce pellle eKOJIOMIKA U KIMMAaTCKU U3a30BU U
ocurypa OJp>KMBHU pa3Boj; 3. CMamUTH MOTPOIIKY YHyTap rpannia EY koja uma yrunaj Ha
JKUBOTHY CpeAnHy BaH rpanuna EVY. [10]

Cenmu ekosiomiku mporpam peduiekryje o6aBesy EY nma ce tpanchopmuiie y
WHKIIY3UBHY 3€JIeHYy TpHUBpENy U Jla Y TakBy NpPUBpeIy HHBectupa. Pasnor je mro camo
3eJIeHa NMpHUBpeJa MOKE HCTOBPEMEHO Jja OCUTYpa pacT U pa3Boj, UyBa JbYACKO 3/IpaBJbe H
n06pobut, 00e30ehyje TpHCTOjHA pagHa MecTa, CMamyje HEJeIHAKOCTH, CYIITHHCKH
JOTIPHHOCH JBbYACKO] NOOPOOUTH M EKOHOMCKOM HAIpEeTKy W  4yBa OHOAMBEP3UTET U
exocucreM. TpaHchopmalija y HHKITY3UBHY 3eJieHY MPUBPEY 3aXTeBa MPOMEHY MPUCTYIa
y OJIHOCY Ha €KOJIOIIKA MHUTama. 3a PasjiuKy O] JOCA/Allber MPUCTYa Tle CYy [UJbEBU
yHanpelewa )KUBOTHE CpeIMHE NMOCTaBJbaHU U aHAIM3UPAHHU HE3aBHCHO 0f edekara Ipyrux
MoJIMTHKA, 0Baj [Iporpam MpoMOBHIIIE 03€ICHaABALE TPUBPEC, OJHOCHO 3€JICHU PACT Paju
W3rpa/ilbe 3eJeHe MPHUBpPEeZe Koja MPETHOCTaBIba YIrPadlhy E€KOJOUIKUX MMUTaka U IUJbEeBa Yy
JIpyre TOJNHTHKE, Kao INTO Cy EHeprercka, caoOpahajHa, TOJGONPUBpENHA, IOIUTHKA
pubapcTBa, TPrOBUHCKA, EKOHOMCKA W WHJIYCTPHjCKA, HCTPAXKHBAKE W UHOBAIH]E,
3anolbaBarka, pasBoja, CIOJBHUX IOCIOBa, 0e30emHOCTH, 00pasoBama M OOyKe Kao u
COLIUjaJIHA U TIOJIUTHKA TYPU3MA.

KoncratoBano je ma cy 3ak/pydHo ca IllecTHM €KOJIOIIKAM IIPOTPaMOM IMOCTHTHYTH
3HAYajHH PE3yNITaTH, ajli Ja U Jajbe MOCTOje HEOAPKUBH TPEHIOBH Y UETHPH MPHOPUTETHE
obracTH: KIMMAaTCKe TIOMEHE; TIPUPOAa ¥ OMOTUBEP3UTET; KUBOTHA CPEIMHA W 3PaBIbE U
KBJIMTET KUBOTA; MPUPOIHHU pecypcH u oTmai. M3 tor pasmora CeaMu eKOJIOMIKH Porpam
Mepa yCMEpEeH je Ha OCTBapeme TPH MPHOPUTETHA TeMAaTCKa Iuiba: 1. 3aIlTHTa, OUyBamke U
yHanpeheme TpUpoJHOT KamuTaia; 2. MpeycMepaBame IPUBPEIE y 3eleHy MPUBPEdy ca
HUCKHM HUBOOM emucuje CO, W KOHKYPEHTHY MPHUBPENY Koja e(hUKacCHO KOPUCTH pecypce;
3. 3amtuta rpahaHa oJ] eKOJOIIKAX MPUTUCAKA U PH3HMKA 110 BUXOBO 3/[paBJbe U T0OPOOHT.
VY Ilporpamy ce umctude jga OW Ha pealu3aliju IOCTAaB/BCHUX IMJbCBA TPEOAIO paauTH
mapajenHo 3aTo mTo ¢y MehycoOHO moBe3anu Tako aa he aKTHBHOCTH MpEIy3eTe pau
peaju3aiije jeIHOr [iJba JOMPUHETH MOCTU3akhYy OCTANX [IUJbEBA.
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3a peanu3andjy HaBENCHHUX TNPHUPUTETHUX TEMAaTCKUX IMJbeBa YTBpheHe cCy
XOPU30HTATHE MEpe ca LUJbEM Ja CE pPeau3yjy U OCTald JOTOBOPEHH HPUOPHUTETHH
LWJBbEBU: 4. MAaKCUMUPATH KOPHCTH OJ1 eKoJIomKe perynatuse EY meHoM 00/60M IPUMEHOM;
5. moBehaT 3aCHOBAHOCT €KOJOIIKe HoauThke EY Ha HaydyHOM 3Hamy U Oa3ama I0JaTaka;
6. 06e30eUTH MHBECTHUIH]E 32 EKOJIOMIKY W KINMATCKy MOJIUTHKY M PEIIaBaTH EKOJIOIIKE
eKcTepHanje; 7. moBehaTn MHTErpUCAHOCT M KOXEPEHTHOCT EKOJIOIKE MOJIUTHKE.

[Iporpamom cy yTBpheHa M 1Ba NPHOPUTETHA IMJbA YHjOM pealu3alnjoM Ou ce
OJrOBOPUIIO Ha AakTyelHE JIOKaJHE, PErHMOHalIHE MU TIJlo0alHe M3a30Be: 8.yHAIPEIUTH
oxpxkuBoct rpagoBa EVY; 9. noseharn nenorBopHoct EY y pemaBamy melyHapomHux
13a30Ba y BE3U Ca €KOJIOTHjOM M KIUMOM.

3.4.03enemaBame NMpPUBpPee H HOBO 3aN0II/baBabe

EY nedunuure 3eneny nmpuBpeny Kao NpuBpery Koja FeHepHIle pacT, Kperupa HoBa pajHa
MecTa M UCKOPEIYje CHPOMAIITBO MPEKO UyBamka M MHBECTHUPAMmA y MPUPOJHE PECypce On
yera 3aBHCH OIlcTaHak Hamle ruraHere.[11] 3enena mpuBpena carienaBa ce Kao o0jacT 3a
eKCIaH3Mjy 3aloNUbaBama ca MOTEHIHjaoM aa oTBopu 20 mmi. pamHux Mmecra mo 2020
roguHe.[12] OHa ykipydyje ceKTope Kao HITO Cy yIpaBJbame MPUPOJHUM pecypcuma yciuyre
eKoCcHCTeMa, TpeTMaH BOJE, TPETMAaH OTMaja, pEelUKiIaxa, eKO HHOBAllMje, OJpPKHBa
MOJEOTIPUBPEZIA, OAPKMBE INyME, EKOJOIIKM mpowsBoan u ycayre. C o03upoM Ha
Jocaiammbe pesyarare, y EY ce ucruye na je exosollka IOJIMTHKA CBE BHUIIE Y BE3W ca
pacToM M HOBHM pagHuM MectuMa. O3ellemaBame NMPUBPEIE 3HAYM IIPE CBETra ylarame y
KHMBOTY cpeauHy. Jlocanamima HCKycTBa TOBOPE J1a €BPOIICKA €KOJIOIIKA ITOJIMTHKA J0Ka3yje
Jla MOXe Ja o00e30eaM MO3WTHBHA M KOHKpETHa NOCTUTHYha M Jia je HMHBECTUPAmbE Y
€KOJIOIIKY ITOJINTHKY YCIIEIIHO MHBECTHpame y eBporcky OynayhHoct. Tako Ha mpumep: y
nepuoxy on 1999. no 2010. roguHe 3B03 eKOJOMKHUX Hobapa u yciayra mosehao ce ckopo
Tpu niyta 1 'y 2010. roAuHU IOCTUrao U3HOC 011 PEKo 24 MIp.. eBpa; OUHCKA UCTPAXKUBAKA
oKa3yjy a 1 eBpo jaBHOT HHBECTHPAAa y 3aIITUTY IPUpoe pe3yitupa y 20 eBpa npuHoca;
Ha OCHOBY IOCTHUTHYTOT Iporemyje ce ma he mo 2020. rogmHe MOCTH3amke MOCTABIFCHUX
LIMJbEBA y BE3W Ca YUCTUM Ba3JyXOM JOHETH KOPHCT O] 37[paBjba y HOBUYAHOM H3pa3zy 12 o
37 myra Behy Hero mTo cy TPomKoBH. [13]

VY EVY je morosopeno aa ce 10 2020. roguHe mpeay3Mmy Mepe Ha 00HOBH HHIYCTPHUjE TAKO
na ce yuemhe nagycrpujckor cekropa y B/IIT noseha ca camammux 15% na 20% u na ce
perHAyCTpHUjaiH3alija BpIIX MPEKo o3ejekhaBama NpuBpeae. Y AKIMOHOM 3€JICHOM ILIaHy
3a MCII-a[14] jacHO je yrBpheno kako EY HamepaBa ma, y capagmu ca JAp)kaBaMa
YjaHuaMa u peruonnma, nomorse MCII-a na uckopucre MOryhHOCTH KOje HyAu ITpenasak
Ha 3eJeHy npuBpeny. Llws je ma ce: 1. mobospma eguxacHo kopumheme pecypca y MCII-a;
2. TIONPXM 3€JE€HO TMpPEIy3eTHHUINTBO; 3. HCKOpHCTE MOTYhHOCTH 3eleHMjUX JiaHaua
BPEIHOCTH; U 4. OJaKIIa TPXKUITHU TpUcTyn 3a 3eneHe MCII-a.

Takohe, a ¢ o03MpoM nga mpenasak Ha 3€lEHY EHEPreTCKH M PECYypCHO e(UKacHy
NIPUBpENY 3HA4YajHO MpeoONKyje TpxKumTa paga, EY je ycBojuna MaunujatuBy 3a 3eseHO
3anonubaBame[15] 1 y B0oj moceOHO HcTakia: TpaH3uuuMja Ha 3eJeHy NpuUBpeny Hamehe
notpeOy 3a oapel)eHnM BeITHHAMA, Tako Ja he YCIeAUTH PacT TPAKEbE 33 PAIHOM CHaroM,
iy 3HAyYajHO IIPOMEH-EHE CTPYKType. Y CBHUM CeKTopuMa Ouhe HEOnXoJHE a0jJaTHE
BEIITHHE Kao IITO Cy 3Hama O HOBUM H30JIAIIMOHMM MaTepHjajiiMa, HOBOM IIPUCTYITY
rpaleBUHCKMM MaTepHjaiiMa, JAu3ajHy, HHXKCHEPUHTY, O peryiaTuBH. Y HEKUM
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CllyJajeBUMa 3a W3BECHE 3aJaTKe M OJrOBOPHOCTH KOjU 3aXTEBajy ceT cHeHU(DUYHHX 3HAbha
U BeutuHa ouhe GpopMupany HOBH Npo(ecHOHATHH PO PHIIH.

[ToBosom npe3entoBama Muunujatuse EBporcka koMucHja je moceOHO HCTaKiIa CEKTOpe
y kojuMa he ce u y koM O6pojy oTBapaTu HOBa pamHa Mecta. [locToju 3HadajaH MOTEHIHjaI 3a
OTBapame HOBHX PaHUX MECTa IOCTOJU Y MPOU3BOJILH €HEPrHje MO OCHOBY OOHOBJBHHX
W3BOpa, CHEpreTcke e(QUKAacHOCTH, OTMaja W yIpaBjbamka OTHAAOM, ajanTanuje Ha
KJIMMAaTCcKe MPOMEHe U pa3Boja 3eneHe uHppactpykrype. [Ipouene cy cienehe: yHanpeheme
NpeBeHLUje U ynpaBJbamke oTnanoM uma noreHuujai 3a 400.000 HOBUX pamHHX MECTa, y3
nmomataux 180.000 mo 0CHOBY HOBOT 3aKOHOJIABCTBA M3 OBE 00JIACTH; Y3 CTOIy pacta ox 1%
y UMHIYCTPHjU BOJE, OB3j CEKTOp MMa MOTEHIHMjal 3a oTBapame usmehy 10.000 u 20.000
HOBHUX PaJHUX MECTa; CEKTOPHMa SHepruje, TPaHCIoPTa, MOJbONIPUBpee U rpaljeBuHapcTBa
MPEJICTOjU YHYTpallkha TpaHchopMallyja u pelepuHICcamke MoCaoBa 300T BUCOKOT yueriha y
eMHCHjU racoBa Koju mpomsBozae edekar craxieHe Oamre - 33%, 20%, 12% u 12%
pEcCIeKTHBHO;rpal)leBUHCKH CEKTOp MMa MoTeHuujal 3a oTBapame HOBHX 400.000 pamgHmx
MecTa 110 OCHOBY HM3IPa/ibe CHEPreTcK ehUKacCHUjUX 3rpaja, a y ckiaay ca JJupekTuBom o
SHEpreTcKoj e€(PUKCaHOCTH;y EHEPreTCKM WHTCH3WBHUM IpPUBPEAHUM TpaHama (XeMHjCKa
UHJIyCTpH]a, KeJbe3ape M MHIYCTPHja YelMK) CUTyalHuja je MHOTO CIIOXKEHHja 3aTo IITO Y
OBUM TIpaHaMa I0CTOje Kako MOTyHHOCTH Tako U onpeheHH H3a30BH KOjH Cy IOCIeHIa
norpede a ce yojaku eMHCHja U pa3BHjy HOBU CEKTOPU W IIPOM3BOAM; Aa OM ce pelmno
mpoOsieM KOHKYPEHTHOCTH OBHX CEKTOpa KOjU Cy M3JI0KEHH PH3HKY O] peajiokamuje 300T
yTHIIaja KIMMAaTCKUM IPOMEHa, IpeaBuha ce ycrocTaBibambe Mepa KojuMa he ce cnpeuntn
Lypeme YribeHUKa; Mpoliewmyje ce na he o3enemaBambe XEMHUJCKE WHIYCTPHje CTBOPUTH
HOBHX paJHUX MecTa BHIle Hero HadTHa MHAYCTpHja U nocTtojeha xemujcka MHIYyCTpHja. Y
UHIYCTUJH YeJMKa J0 TJIaBHE IITEIH¢ SHEepPruje M MO TOM OCHOBY IO3MTHBAH YTHUIIA] Ha
KOHKYPEHTHOCT CEKTOpa JOJIa3d OJ yHoTpeOe pelUKIMpaHOr Marepujaia , Kao LITO je
YeaMuHU oTmaj;npeny3eha y ocraimm cekropuma OpUBpPENE MOTY IMPOIIUPUTH CBOje
TPKUIITE W OTBOPUTH HOBA pajgHa MecTa TpaHchopmalmjoM moctojeher mocioBama, Ipexo
pacra eMKaCHOCTH HPOW3BOJHUX IPOIEca, YCBajarbeM MHOBAaTHBHUX pelIeHha 3a MITEIby
pecypca, pa3BHjarbeM HOBHX ITOCIOBHHX MOJIETa MIIM MOHYIOM BHIIE OAPXKMBUX H00apa M
ycIlIyra; IpoLeHa je ja Ou ce, y3 pacT MPOAYKTHBHOCTU IO JOCAJalllbMM CTOMAMa, MOTJIO
OTBOPHUTH BHIIIE OJ1 2 MHJIMOHA PaTHUX MecTa. [16]

4. 3EJIEHA IIPUBPEJA U CPBUJA

VY3 nomoh IIporpama 3a passoj YH (YH/II) u Ilporpama 3a xwuBoTHY cpenuny YH
(YHEII) Cpb6wuja je mpunpemmna 3a Koudepenmujy Prno+20 mHanmoHamHH H3BEmITaj KOjU
HOCcH HasuB ,HalmoHalHa CTyndja O 3€JEHOj NpHBpEIN W OAPKUBOM pas3Bojy” [17].
AreHIldja 3a 3amTHTY XHBOTHEe cpeamHe P CpOuje umcruye ma je y oBom I3Bermrajy
neduHMCcaHO 5 KIbYYHUX LIMJbEBA KOjH OM oMOryhuiu TpaH3MLMjy Ka 3eJeH0) eKoHOMUju: 1.
XapMoHM3aIHja COI[MOCKOHOMCKOT pa3Boja ca mojutukama EY y oOmactu edukacHOT
kopunihema NPUPOJIHUX pecypca W pasBoja mpalieHOr HHUCKHM €MHCHjaMa TacoBa ca
eekTOM cTakiieHe Oamnte (Koja ykJbydyje eduKacHO KopuIIheme MPUPOTHUX pecypca U
SHepruje, NPUHIMI OJP)KUBE NPOU3BOIKE U MOTPOIILE, 3elicHe jaBHe HabaBke, pedopme
€KOHOMCKE M (pHCKaJIHE TOJIMTHKE Koje he ycrocTaBUTH aJeKBAaTHE CUTHAJIE 3a TPXKHIITE,
Mepe y MpaBIly eKOHOMH]jE Ca HUCKOM MOTPOIIHOM YIJheHHKA, 00pa3oBame W MHOBAIH]E 32
OJIP’KUBHU Pa3Boj, WUTH.);2.YHampeheme coldjaiHe MHKIY3Hje U CMamemha CHPOMAINTBA ca

456



Melynapoona nayuna Kougepenyuja
bezbeonocnu unsicervepune Hoeu Cao,2-3. okmo6ap, 2014.

aKIICHTOM Ha T3B. OCETJBUBE TPyl CTAHOBHUIITBA;3.Jauame M IOJAPIIKA CEKTOPY KUBOTHE
cpeauHe (yKJbydyjyhium IpeBacxXoJHO TOJAPIIKY pa3Bojy HH(PACTPYKType Yy IKHUBOTHO]
CpeIMHH KOja TUPEKTHO YTHYe Ha )KUBOTHH CTaHAap[ rpahana);4./leduHncame QyropodHor
WHCTUTYLMOHAITHOT M (PMHAHCHJCKOT OKBHpPa Ka0 MOJPIIKE OJPXKUBOM pasBojy (ykibyuyjyhu
IocTojare 00aBe3He OyleTCKe JIMHM]E 3a OJPKUBH Pa3BOj Y CBAKOj KIJbY4YHO] HHCTHTYIIH]H,
yBoheme cucTeMa aHalu3e YTHIAja Ha OJpPXHBH pa3Boj, IPOMOBHCamE cTalMIIHE
HHCTUTYLIMOHAIIHE opraHuzaiuje y3 (uHaHCHjCKU OKBUD 3a OJPIKUBU
pa3Boj);5.IIpoMoBHCamEe MOJPETHOHANIHE capaimke, MOCeOHO paau pa3MeHe 3Hama U
ekcrieptuse Mel)y 3eMibama KanauaaTuMa 3a wianctBo y EY.“ [18]

Hasenena Crynuja He mpencraBiba 3BaHWYHHM JokymeHT P CpOuje, a HMje HM HAKOH
2012. romuHEe MHKOPIIOpHCaHa y onroBapajyhia JOKyMeHTa, Tako Jla Cy 3a IMHUTamka KUBOTHE
cpeaWHE M Jlajbe OJ 3Havaja, HanmoHanHa cTpareruja o oAp>KMBOM pa3Bojy, HarmoHamHu
IUTaH 3a 3aIITUTY )KHBOTHE cpeanHe M HarmoHanHa cTparernja 3a ampoKCUMAaIujy y o0macTa
JKUBOTHE CpEAMHE YCBOjeHHU Ipe Tora. Tpeba MMaru y BUIY /1a WHBECTHPAHmE y JKUBOTHY
CpeIHHY MPEeICTaB/ba HHBECTHPAhE y MPOCIepuTeTHy OyayhiHocT u aa ce mpouewmyje aa he
Cp6uja no 2030. romune y mporecy npuiarohasama npaBHUM TekoBHHaMa EY y oGmactu
JKUBOTHE CpeirHe uMmatu Tpoinak ox 10,6 mupn eBpa, a na he UCTOBPEMEHO TOKOM HCTOT
meproia KOPUCTHU O] yiarama HaJMaIIUTH Tpommkose 2,4 myrta[19].

5. 3AK/bYYAK

Y HapegHOM NepHOLY IIpOleC O3ejlemhaBamba MpPUBPEJa MOXE CTBOPHUTH HOBE
MoryhHOCTH 3a pa3Boj 1 3aN0LbaBabE , AW MOXKE OMTH M JJ0CTa IpodiieMa Ha IyTy pa3Boja
moceOHO Mame pa3BHjeHHX 3eMajba. M3 Tor pasjora JoOpO OCMHIIIBEHE HAIlMOHAITHE
CTpaTervje OJIpXXHMBOI pa3Boja M CTpaTervje 3a IMOACTHIAE CTPAaHUX HHBECTUIHjA CY
HEOIIXOHE U IOCTajy ycioB 0e3 Kora HeMa Hajie y Op3H OIOpaBak OJf IOCIEAUNA CBETCKE
KpH3¢ ¥ HANPaBJLCHOT 3a0KpeTa Ha TI00alHOM HUBOY y HAUuMHY YTBphUBama U MPUCTYIY Y
peanu3aiiijy pa3BojHIX IHJbEBA.
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WBan BUJINR* Cmpyunu pao

YBOBEIGE YIIPABJBAIBA 3EJIEHOM YUYUOHUIIOM ¥
PAZTHO OKPYKEIBE

Pe3ume: Jeman on HajBehmx M3a30Ba JaHAIIBHIE je CMaHEH¢ HETaTHBHUX YTUIaja Ha >KUBOTHY
cpenuny. OcuM cMmamema yTHLaja WHAYCTPHje Ha JKUBOTHY CPEAMHY, CBE BHIUE CE pa3Marpajy
MOTryhHOCTH cMamema yTullaja U U3 OCTAIUX 00NacTu. Y paay Cy MpencTaBJbeHH NO3UTHBHU €()eKTH
Ha JKMBOTHY CpEIMHY YyBOhCH-EM YyIpaBjbara 3¢JICHOM Yy4YHOHMIOM. IIpukasaHe cy MoryhHocTH
yiitene eHepruje GopMHpameM OBaKBE yYHOHHMIIE, YMME OU CE MOCTHUIIIO CMAbCHE KIMMa TracoBa U
ocranux WTeTHUX yruuaja. IToceban ocept nar je cloud computing-y xao moryhem HaumHy pana.
Cloud computing ka0 HOBH KOHILIENT Aaje ymTeae He camo y Opojy KopuinhieHuX padyHapa, Beh u y
HOTPOLILH EIEKTPUYHE SHEpruje.

KibyuHe peun: yrnpapibame 3eICHOM yIHOHHIIOM, eHeprercka edukacHocr, cloud computing, ymrena
eHepruje.

INTRODUCTION OF GREEN CLASSROOM
MANAGEMENT IN WORKING ENVIRONMENT

Abstract: One of the greatest challenges of our time is the reduction of the huge environmental impact
of the technological developments, which began in the twentieth century. In addition to reducing the
impact of industry on the environment, the possibilities of reducing the impact in other areas, including
education, have been investigated. The paper discusses the advantages of introducing the green
classroom management. Possibilities of saving energy by forming such a classroom, which leads to a
reduction in emissions and other adverse environmental impacts, is presented. Special emphasis is
given to cloud computing as a possible way of work, which is a new concept that provides cost savings,
both due to fewer computers and in lower power consumption.

Keywords: green classroom management, energy efficiency, cloud computing, energy savings.

! crien. MHX., Bucoka TexHHuKka mkona crpykoBHux crynuja y HoBom Cany, Illkoxncka 1, Hoen
Cap, bilic@vtsns.edu.rs
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1. YBOJ

Caakor aaHa Benuku Opoj haka u HacraBHHMKa moxahja mmikosie U yauonuiie. Ha xanoct
00pa30BHU 0GjEKTH CY Y TOPEM CTamy HETO OWIIO Koja apyra uHppacTpykTypa (yKibyuyjyhu
M 3aTBOPE) YaK M y pasBHjeHUM 3eMJbama. Y BehwHM 00pasoOBHHX YCTAaHOBA IOCTOje JIOIIH
JKMBOTHH YCJIOBH, KOjU MOTY YIPO3UTH 31paBjbe U 0e30emHOCT ocoba Koje MX KOPHCTE.
OnacHOCTH Koje ce jaBJbajy cy a30ecT, 0JIOBO, paJiOH, MHCEKTHIIUIH, CPEICTBA 32 YHIINCHE,
rpal)eBUHCKM Marepujai, JIOIIM KPOBOBH, pPE3epBOApH 3a TOPHBO, JIONIE Tpejakbe U
BEHTHJIAINja, OCBETJhCHC, HeaJeKBaTaH BOJOBO... lIpoOieMe moropiiaBa BeIWKH Opoj
ydeHHKa Ha Majoj moBpmnHH. Ha Kkpajy, oOpa3oBHe ycraHoBe MMajy MHoro Behm Opoj
NYTHUKA 110 KBaJJPaTHOM METpPY [IPOCTOpa HEro OCTaje YCTaHOBE.

VY cBeTy HOCTOjU TPEH AU3ajHUPamka U U3TPaibe 3eJICHUX LIKOJIa ca HAMEPOM IpYKarbha
3/IpaBoT, YIOOHOT M MPOAYKTUBHOT OKpYKeHa 3a OopaBak H yuewme. MeljyTum, ocTaBiba ce
MUTakE MITa PAIUTH Ca CTAPHUM IIKOJIaMa Koje cy rpal)eHe mpe MHOro TojMHa, a MOCceOHO ca
mIKoJiaMa Koje W HHCY rpaljeHe Kao mKose Beh je decto BpIIeHa IpeHamMeHa HocTojehmx
3rpana. CBU OBH 00jeKTH Cy €HEpreTCKH Hee(hMKAaCHU U €KOJIONIKU HecaBecHU. Mako 3eneHe
[IKOJIE TPYXKajy HU3 MOTOJHOCTH, HEMA KOHKPETHHMX I0JaTaka O €MHCH]H IITETHHX racoBa
KOHBCHI[MOHATHUX IIKOJA KAa0 M I0JaTaka O YTHUIIA]y JIOIIMX NIKOJCKUX oO0jekara Ha
IIpUMED, Ha 3paBJbE UM Ha YCIIEX YUYECHHKA.

Msore nocrojehe MIKOJe HUCY NU3ajHUPaHE Y CKIAAY ca eHeprerckoMm edukacHorihy
HUTH Cy IU3ajHUpaHe J1a 06e306ene yao0Ho, MPOAYKTUBHO U 37JpaBO PATHO MECTO 33 YUCHUKE
n HacraBHUKe. OBakBe 00jekTe je MOTpeOHO HaKHAJHO MOIU(HUKOBATH 300I OHUX KOjH
OopaBe y muMa. MehyTum, MOCTOjU TIpe cBera HEAOoCTaTakK IMojaTaka O MOTU(PUKOBAHUM
IKOJaMa y TIOTJe[y KOMIIapaTWBHHUX I10JIaTaka O JOOpOOHMTH YUYCHHKA, CMAambemy
ONepaTMBHUX TPOINKOBa W mMoBehamy KBaaurera mmkosicTBa [1]. 30or cBera usHeror, 3a
yBOl)erhe 3€NICHUX YYHMOHHIA Y IIKOJIe TOTpeOHO je mohm ox Beh MoO3HATHX W TMPH3HATHX
METO/1a KOjU Ce MPUMEHY]Y Y YIIPaBJbaHy 3€JCHUM KaHIenapujama [2].

2. IIPUIIPEMA 3A 3EJIEHY YYUOHHUILY - YUUOHULY 21. BEKA

MHoru Koju pajie y 1mIKkoJiama JaHac, 3Hajy Jia je BEIMKU mpoOyieM oTmai. PazymeBameM
BPEAHOCTH pecypcea, (Kako MyIpo KOPUCTHTH MaTepHjaie, €HEprijy M BOAY Y MIKOJH U KO
kyhe) crioco6HoCT haka na yue y 6e30eHOM U 3paBOM OKPYKEHY j€ YBEIHKO M0O0JbIIAHA.
[Ikone y cBery Tpaxke (GopMyiie 3a YCIOCTABIHAMGE YCIEIIHOT, JYTOPOYHOT M e(UKACHOT
mporpama 3a ouyBame pecypca. [lomiro je cBaka mmkosa crenupuyna marudae GopMmysie Hema.

IocToju meT OCHOBHHX INpenopyka 3a HIKOJIE Koje MOMaxy Ja ce CMamu ynotpeda
Mmarepujana, exepruje u Boxae [3]. Ilpenopyke ce ogHOCE Ha PYKOBOAMOIE, HACTABHHUKE,
HEHACTaBHO 0co0Jbe, YUCHHKE, POJMTEIHE U CBE OHE KOjU MOTY YTHLAHTH Ha IOOOJbIIAHE
3IpaBJjba M JKMBOTA KAaKO IIKOJIE TAaKO W OKpYyXKema. [Ipenopyke ykibydyjy paj ydeHUKa y
cpoBoljery mporeHe pecypca, MaTepujaia, eHeprije W BoJa, Ipero3HaBamke MOryhHOCTH
noOoJpinamba epUKaCHOCTH pecypca, IUIaHupame, npaheme 1 u3BelTaBame. 3a IPOMEHE Y
HAYMHY Ha KOjU IIKOJIa TPOILIH pecypce, MOTPeOHO je BpeMe, CTPIIbEHhE U CIIOCOOHOCT Ja ce
Opranmsyje U MOTHBHIIE 0co0Jbe. TO HHje Ocao Koju MOXe Jia ypaau jelaH HACTAaBHHUK HIIH
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jemaH YYeHHK, a CBaKaKO HHje MOCao KOjH ce MOYe 3aBpIIMTH 32 HEKOJIHMKO naHa. To je
JyrOTpajaH MPOIeC KOju 3aXTeBa aHMaKOBAhE CBUX.

[ITa ce nobuja ca moboJsbinameM y eprukacHocTH Kopuinhema pecypca?

Ydyennnu: OBO je mpuiMKa Ja Y4YEHHIHM JOHOCE OJJIyKe M cxBare pasnuky. Kana
YUEHHIIN OIIeHYjy ¥ aHAIM3HUpPajy ToJaTKe, OHU OTKPUBAjy Be3y m3Mel)y pazyma u perraBama
mpobiema.

Hacrapaumu: OBo je mpwiMKa Ja c€ Y9M M Hay4dd. AKTUBHOCTH Ha MOOOJBIIAmY
e(pUKaCHOCTH pecypca MpyKajy OJINdHe MOTYRHOCTH /a ce Kpo3 MpaKkCy y9u MaTeMaTHKa,
JIPYIITBEHE HAYKe, O 3/IPaBJbY, YMETHOCTH U EKOJIOTHU]jH.

HenactaBHo ocob/be: OBO je MpWIMKa Ja Hayde MPUjaTeJbCKH OJHOC IpeMa MPUPOIH.
[MpakTukOBame MoOOJbIIAKa €PUKACHOCTH pecypca MOXKE Jia YIITEeId HOBall M OYyBa
JparoleHe pecypce.

PykoBoanonu: OBo je mpmimka aa no0ujy catucthakuujy. obujame mpusHama 3a
€KOJIOIIKE MporpamMe He camo Ja jaua mkosy, Beh jaua u 3ajequuily. AKTUBHOCTH Ha
mo0oJbIamy eHPUKACHOCTH pecypca MOTY TOBECTH JI0 HOBUX MapTHEPCTaBa.

3. IMPEMNOPYKE 3A NIOBOJBIHAIBE EOUKACHOCTHU PECYPCA

Hako ce Heke oJ] MperopyKka MOTY OCTBAPHUTH II0jeIMHAYHO, IOCTOjH MHOTO TpeKIianamba
mehy muma. [Ipumep 3a 1o je npaheme 1 n3BemraBame. CucteM 3a mpaheme W N3BEIITaBAbe
ce IpeKJiana ca eayKauujoM u npomMorjom. OBO 3HAUM Jja Ha HEKUM 33J1alliMa Mopa Jia ce
pamy mapajenHo y WCTOo BpeMme. MehyTuMm, OIBOjeHO MOcCMaTpame moMaxke y mpahemy
HalpeoBamba U OpraHu3alujHy.

Iler npenopyka 3a mkoJe cy [4]:

e YK/byuHBaI-€ U eIyKaluja ydeHuKa H 0cod/ba. [Iporpam xoju ¢e ycreru je camo
oHa] koju oOyxmara cBe. [loTpeOHO je YKJBYYHUTH CBO 0cCO0OJbe y IIaHUPAHE
nporpama. CBu Tpeba Ja Hayde Kako Ja paje y OKBHUPY Iporpama, a 3aThUM Ja
MIPOMOBHIILY pe3yJiTare.

e Ilponena pecypca m peBusuja ormana. [lo3HaBame OHOra IuTa MIKOJIA KyIyje H
KOPHCTH, a [ITa 0ala je Ba)XKHO 3a MOCTaBJbatbe Nporpama Koju he 3amnpaBo CyKHUTH
ouyBamy pecypca. IIporeHa pecypca oOpasyje ydeHHKE KOjU Cy YKJbBYHYCHH Y
HIKOJICKY 3ajCTHHILY.

e JloHomewe IIaHa 3a paloHAJHO Kopuinheme pecypca M cMameme 0THaja.
[nan je BaxkaH WHCTPYMEHT 3a mpalickhe HMHpOpMAIHja KOje MOJCTUYY OYYBaHE
pecypca. Takohe je BeomMa KOPHCTaH y aJAMHHHCTPATHBHO] MOIPIINKA K CaMmoj
OpraHu3aIyju.

e Ilpahewe u u3BemTaBame 0 pe3yJTaruMa. AKO Ce aKTUBHOCTH He mpate, Hehe
outn uHMOpPMAIMja O TOME J1a Ji ce A00po Wiy morpemHo paau. Takohe Heée OuTH
naeHTUGUKOBaHa JocTUrHyha. PesynraTu ce Mory mpatutu u 6e3 myHo Hamopa u 6e3
MHOT0 JIOCa/IHE MaNNpPOJIOTHjE.

e OmoryhaBame ayrorpajHoctu aooujenux edexara. [ToTpeOHO je HHTErpHcaTH
mporpaM Tako jaa Oynme aeo mkose, a uHGPacTpyKTypa Tpeba nma je mpuiaroljeHa
mo0oJpmamy ehUKacCHOCTH pecypcea.
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3.1. Yk/byuuBame 1 eIyKaluja y4yeHnKa 1 0co0/ba

Jla Ou ce ycmoctaBHO TpoOrpaMm, aid W jAa OW [porpam HampeaoBao MOpajy OuUTH
yKJbYUeHH CBU. be3 003upa 1a nu ce TeK MOYMbe, WK Ce paad Ha IUlaHy moOoJbliama, y
nporpam Tpeba yK/bYYUTH HACTaABHO M HEHACTABHO 0COOJbE, YIIPaBy M ydueHHKe. CBH OHH HE
Tpeba 1a MPUCYCTBYjy CBAKOM CacTaHKY, alld je TOTPEeOHO Aa Oyay YKIJbYUeHH Y KIbYUHHM
TpeHynrMa. PYKOBOJCTBY je MOTPEeOHO 1a MMa MyHY HOJPIIKY aIMHHUCTPAIHjE y PaHO]
(hasu mpojexTa. YKIbyUHBame U eayKaldja Cy Ba HajBXHM]jA anara. YUeHHUIId U HaCTaBHUIU
he yuectBoBaTH camO ako cy m0Opo WMH(GOPMHUCAHM O Tporpamy u OcHedwuIMjamMa Koje OH
JIOHOCH.

Crpareruje 3a yK/bydHBame U 00pa3oBame Cy:

e dopmuparbe Tpyre 3a IIaHHUPakbe U HAATICIAmbe.
e OppxaBare HHUIHJATHOT CaCTaHKa.

o [lnaHupame emykanuje.

e JloOujame npu3Hama.

3.1.1.®opmupame rpymne 3a miiaHupPame H HAATJIeIame

Haxo jenna ocoba Moxe 1a IOKpPEHEe OBE aKTHBHOCTH, Ta 0c00a HE MOXKE CBE Jia ypaau
cama. IToTpeOHO je 3HamEe M CTPYYHOCT CBHX 0co0a Koje Cy HemocpemHo oOyxBaheHe
mpojekToM. [loTpebHo je dopmupaTu rpymy kKoja 6u Tpebamo ma Oyae y cTamy a peIOBHO
OJIpkaBa cacTaHKe TOKOM HACTaBHOT MEPUOJIa, a aKTMBHOCTH 0co0a U3 rpyme Tpeba aa cy y
CarJIaCHOCTH Ca HUXOBUM PEAOBHUM IMOCIIOM.

s popmupama rpyna je ja IMoKpeHe IporpaM, a KacHHje U 1a Haarjiena noboJpliama.
Moryhe je ¢opMmupaTH ¥ HEKH OpraH y OKBUPY IIKOJCKOT 0O00pa WM YYCHHYKOT
nmapiameHTa koju he ce 6aButu oBUM mporpamoM. Jlomria ctpaHa OoBe BapHjaHTE je TO IITO
IIporpaM MO>Ke€ UMaTH JUCKOHTHHYUTET aKO YYSHHMIH 3aBpIlle IIKOJY WJIH 3all0CICHU Oy U3
yCTaHOBE, TaKO J1a MMPETHOCT UMa Ipymna y Kojoj cy ocobe 3aMeHIpUBE jep he mporpam Tako
MohH J1a ce HaCTaBH.

I'maBHU 3amamm rpyme oOyxBarajy:

CnpoBoleme npolieHe pecypca U peBu3Hja OTIaza.

JloHoOIIeHhe aKIMOHOT TUIaHa U Fer0Ba UMILICMCHTAIIH]A.
YcnocraBsbamke KOHTUHYHPAHE eyKaluje 1 yHarnpel)eme akTHBHOCTH.
[paheme u u3BeIITABakE O pe3yiTaTuma.

Pan Ha noOujamy npr3HaBKa 3a CBOj TPYA KPO3 MPOMOITH]Y.

3.1.2.0ap:xaBame HHULIHjATHOT CACTAHKA

Hakon mTo ¢y u3BpieHe nporeHe epuKkacHOCTH pecypca, uaeHTH(GrKoBaHe MOTYNHOCTH
¥ YCBOjEH IUTaH aKIuje, TOTPeOHO je OpraHu30BaTH cacTaHaK Ha KOM he OMTH mpencTaBibeH
MpojekaT 1 Ha KoM he CBM ca3HaTH IITa ce 04YeKyje O] IPOjeKTa, Ko U mita Tpeba ia ypamu u
KaKoO IOjeJMHIN MOTY OUTH YKJbydeHH. VIHUIMjamHU cacTaHak Tpeba Ja 1a BU3H]jy IPOjeKTa
U TEHEPHUIIIe CHTY3Hja3aM.

Hexke npeje 3a MHUIMjaTHU cacTaHaK:
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e [lpunpemutn mnpeseHtauuje (mIakare, IITaHOOBE) U3 00NacTH  eQUKACHOT
kopunthemwa pecypca. OBO MOT'Y PaAUTH M HACTABHHUIM ¥ YYCHHUIIH.

e HanpasuTn B0 npe3eHTanujy o 3Ha4dajy eukacHor kopumhema pecypcea.

e OnpxaTu TakKMUYCHE Y TOME KOjU he paspen WM KaHIeNapuja BHIIE OKyMeHara
[ITaMOAaTH 000CTPAHO y TOKY jeHE pajiHe Helesbe.

e OnpxaTé TakMHYEHE Yy M3paiu Iulakata. CBakM pa3pen MOXKe Ja HalpaBH IIIakaT
KOjH TI0Ka3yje IITa MOXe, a IITa He Jla Ce CTaBH Y KYTH]je 32 PEIUKIaXy WIH 3allTO je
Ba)XHO YyBaTH pecypce.

e BoJIOHTEpCKHU CIIPOBECTH PEBU3U]Y OTIAJa y IIKOJIH.

3.1.3.llnanupame exykanmje

IMoTpeban je maaH Kako Ja CBH YYECHHUHU mpojekrta Oyny wuHopmucanu. Ilian
exykarmuje Tpeba Ja YKIbYUH U3BEIITaje 0 HAPeTKy and U 00pa3oBHE eleMeHTe. M3BemTaju
0 HANpETKy 3aXTeBajy NMepHoaUYHO Npaherme KOJMYMHE OTIaja Kao U HEroBy peBH3Hjy. Y
M3BEIITaje je Takohe MOTpeOHO YBPCTUTH TPE3CHTAIlMje O TOME KaKO IOjeIUHITU paje Ha
noGosplaky epukacHOCTH pecypea. [lnan Tpeba na caqpku U CTaNHHU MporpaM o0pa3oBarmba
KOjH je YCKO BE3aH 3a MOCTaBJbEHE I[HJbeBE M000JbIama e(PUKACHOCTH pecypca.

Tpeba HaydnTH Kako MPaKTUKOBATH KOHIIETITE O4YyBama pecypca y yunoHumnu. OBo Ce
3aXTeBaTH HCTPAKHUBAKE JOCTY[IHUX MarepHjajia M aKTUBUPAE HACTABHOI 0CO0Jba.
®dopmupana rpymna He Tpeba Ja Haarieqa CBE, alM j¢ MOTPEOHO [1a OCHrypa OJBHjame
MpojeKTa.

Hexke nneje 3a mporpam emykaruje:

e Ocroco0sbaBambe Tpyle yIeHUKA 3a €IyKalMjy OCTAMX YYEHHKAa O TOME Kako Ja
YUYECTBY]Y Y aKTUBHOCTHMA TT000JbIIaka ePUKACHOCTH pecypca.

o [lucame PEAOBHUX 4YJIaHKAa Yy MIKOJICKMM HOBHMHaMa W JApYru BUA CaolllTCHha O
Haropuma u focturayhuma.

e VYuenurm Tpeda aa MPE3CHTY]y OpraHMMa YIpaBbakba IIKOJIC 3HAYaj CMambCHha
OTIa/Ia ¥ HAYMHE HA KOjU OB OPTraHU MOTY Jia YYECTBY]y Y IpOrpamy.

e HampaBuTu mnpe3eHTalyje, IUIAKaTte, MNPEJCTaBE WM MPOJEKTOBAaTH (HUIMOBE O
MoryhHOCTHMA pelUKIaxKe.

3.1.4. 1o6ujame npu3HambHa

Jobujame Tpu3Hama 3a CBOj MporpaM MOTHBHIIEC Jbynae na paiae Oosbe. [IpusHame
MOJIFDKE CBECT Yy 3ajeJHUIIH, & JbYIU MMOYUIbY J]a PA3MHUIILBAjJy O TOME IITa CBE MOTY Ja ypaje
Yy CB0jOj KaHIENAPHjH, YYHOHWIH WIM Koja Kyhe. 3a moderak moTpeOHO je JOACIbUBATH
MpHU3HaKka YHyTap yctaHoBe. [IpOBEpUTH Ja Jiv CY YUCHHUIU M BOJIOHTEPH KOJH HAIIOPHO Paje
Ha OYyBamky MPUPOTHOT OOTATCTBA JOOHIM HEKO MPHU3HAKE O] YICHUIKOT IMapiIaMCeHTa HJIH
IIKOJICKOT 07100pa, Kao IITO TO J00Ujajy HajOObH YICHHUIIH.

Konkypucaru 3a cpeacTBa M Harpajie Koa HaJIeKHUX MHCTHTYIHM]a, jep OBO HE 3HAYM U
JIOJTATHH TI0cao. AKO ce KOpHCTE anaTtH 3a mpaheme, nHpopMalije noTpedHe 3a mpHjaBe Ha
koHKypce Beh moctoje. OBo Tpeba na OyJe 3aayKeme jelHe 0co0e y TPYITH.

Heke uzeje 3a npu3Hama 1 Harpasie:
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e VYcHocTaBUTH MECeYHy Harpaay 3a paspesi WId Ipyly ca HajOoJbHM IIIaKaTOM O
MoryhHOCTHMa O4YyBamba Pecypca U CMarbeha OTIaJA.

e BoauTH eBUICHIMjy O M3HOCY NPUKYIUBCHUX CEKYHIapHUX cupoBHHa. [locMmaTparu
Kako ce noBehaBajy 1 y KaKBOM Cy OJTHOCY ca 09yBameM pecypca.

e BoauTH eBHICHIHMjy O KOJMYMHU HOTPOLICHUX cpencraBa. [IpHka3aTé Kako ce
CMamyje MOTPOLIHA BOJIE, EINEKTPUYHE EHEPruje 1 MaTepujaia.

e Bomutyn eBuaeHIujy o KoJmunHK 6avyeHor otnana. [Ipukasatu kako ce cMamyje.

3.2.1IpoueHa pecypca 4 peBHU3Hja 0THAAa

[Iponena pecypca u peBu3Mja oTHaga oOyXBaTajy IOCMAaTpame CBEra IITO J0Ja3d y
LIKOJIy Y BHAY MarepHjaja KOju ce KOpHCTe Kao M OHOT IITO M3Ja3d M3 IIKOJE y BHIY
ornazna. [IponeHa pecypca o0yxBarta OHO INTO €€ Kylyje W TPOLIM, a PEBU3MjE OTIAaa je
JeTajbaH Tperies oHora mro ce Oana. [IpoueHa u peBu3uja MOTYy OMTH MHTErpHUCAaHE y
MaTeMaTH4Ke HayKe WM COLHjalTHe CTyIHje.

HoBu 3ajemHuuky IMJBEBH HACTABHOT IUTaHA M caipXKaju CTaHOapAa YKIBY4yjy
Kopuiiheme OCHOBHHX HAay4HHUX IIpolleca, Kao MITO Cy IocMaTpame, Mepeme, Kopuiiheme
OpojeBa, KiIacupUKaIWja, 3aKJbYUIHBamke, IPETIOCTABIbamkhe, KOMYHHKanuja. Y OKBHPY
JWYHMAX W JPYIITBEHUX IEPCHEKTHBA, YUYCHUIIM he MOpaTH Ja ONHUINy CBaKOJHEBHE M300pe
MojefiHala, ¥ Kako OHHU 33jeJHO YTUYy Ha TJI00alHy MOTPOIIY 3ajuxa MPHPOJHUX
pecypca, ¥ eKOCHCTEM YOIIIITE.

[Ipunrkom ncnmTHBama Kopuinhema pecypca MOTpeOHO je pasMHUILBATH O cienehum
MUTakIMA!

e Jla i1 je 0BO NOTPeOHO?

e Moske JIi ce KOPUCTUTH Mame?

e MoKeMO JIi OBO KOPHCTH e(pUKACHH]E MM IOHOBO UCKOPUCTUTH?
e MoKeMO JTi T'a peHUKIHPATH?

JeanHo oHO mTo OM Tpebaino na Oyne y kKaHTH 3a cMehe cy OHM MaTepHjalid KOjH 3anucTa
HEMajy BPEIHOCT - TO je oHO mTo je cmehe. To cy ycrBapu Marepujaiu Koje HHjEe MOTycCe
HAIUTaTUTH, a HUCY LITETHH, OAHOCHO HHje MM MOTpeOaH mocebaH TpeTMaH. Y IIKOJaMa,
HAajBUIIIC OTMaja TCHEPHIIIE CC Y YUHMOHUI[AMA U KaHTHHAMA/KyXHbama. Y HEKHM IIIKoJIama
KOje TIoceyjy KyXHiY, IOJIOBHHA OTHana 0a4eHoT Yy jeIHOM JaHy je TeHepHcaHa 3a camo
JiBa cara 3a BpeMe pyuka. OBo je mecto rze Tpeda noueru. [Ipocropuje koje Tpeda ucruTaTH
Cy: KaHIlenapuje, 1abopaTopuje, mTamMIapuje, CKIaIuIITa. ..

Hudopmanmje Koje ce MPUKyIe O MPOIEHH pecypca W PEeBHU3MjU OTmaza Tpeba ma ce
KOpHCTE 32!

o [lucame miana akuuje.
o [Ipaheme HampenoBama nporpama.
e JloOujame npu3Hama 3a Hanope 1 AocTurayha mkore.
Tek HakoH 00aBJbEHE MPOLICHE pecypca W peBU3Mje OTmnajxa, Moryhe je HampaBUTH IUIAH
3a Kopulltheme pecypca U CMambemhe OTIaza.
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3.3./loHonIeme IUIAHA 3a palMOHATHO Kopuiheme pecypca U cMameme
oTnaja

[mar 3a moOoJsblrame eQUKACHOCTH pecypca MedHHHINE CTPATEeTHjy Koja YKIbYYyje
O4YyBamC MaTepHjajia, CHEPruje M CMameme OTmana y paay mikoje. CBpxa IJiaHa je na
UOCHTUHKY]je IIIIbeBe M0oOO0bIIama ehUKACHOCTH pecypea U Ae(hUHHIIE HI3 aKTHBHOCTH 33
MOCTH3aE TUX LIUJbCBA.

Hakxon d¢opmupama rpyme, o0e3dehera aJAMHHUCTpaTHBHE IOJPIIKE W CIIPOBEJCHE
MIPOIICHE pecypca U PEBH3Hje OTIajJa BpeMe je J1a ce Hamwuile TuiaH yHanpehema edpukacHoctn
cpencrasa. [Tnan Ou Tpebano a HanuIe rpyna 3ajeaiHo, a He NMOojeJMHAaLl U MOJKe 1a 00yXBaTH:

o [IIkoJCKY NONUTHKY 3ALITUTE )KUBOTHE CPEMHE UM €THUKY U3jaBy.

e MepJbuBe LIJBEBE 33 CMabEeHE MOTPOLIBE MaTepyjaia, eHepruje 1 Boje. YKIbYIUTH
POKOBe U cTaHAapAe 3a npaheme HanpeTka.

o Kpurepujyme 3a u3d0p pecypcea unja hie ce ehUKaCHOCT MEPHUTH.

e Hauun Mepema edukacHOCTH n3abpaHUX pecypca.

e KoHKpeTHEe aKTHBHOCTH KoOje Cy IUIaHHpaHe jaa ce mpenysmy. Jlucra 3amaraka
YKJbydyje POKOBe 1 0coOe OroBOpHE 3a onpeleHe 3amaTake.

3.4.Ilpaheme n n3BeITABAIbE 0 PE3yJITATHMA

IToctoju MHOTO HauuHa 3a npahicibe Hamopa Ha MO00JbIAKY ePUKACHOCTH pecypca 0e3
Myke. EHeprercka e(pHMKacHOCT M MOTPOLIEKA BOJE MOXE C€ NPATUTU NPEKO MECCYHHX
pauyHa Koje mKoJa 1o0uja 3a yTpollak eleKTpuyHe eHepruje u Boxe. Ilocroje codreepcku
MaKeTH 3a PavyyHOBOJICTBO KOju oMoryhyjy mpaheme moTpomme BoIe U SHEpPTHje Ha BeoMa
JIJaK HaA4YUH.

Otmax Moke aa ce KBaHTHU(HKYje oOuMMOM wian TexuHoM. KoHTejHepw 3a oTman Cy
00OWYHO CTagapAHUX JUMEH3Wja Ha mpumep 1 m® wmu Behu ox 5 m®. Jlako Mosxe ma ce
u3padyHa uU3HeTa KojuduHa cMeha 3a Helesby JlaHa aKko ce MOMHOKHU BEJMYHHA ca OpojeM
HalylmeHuX KoHTejHepa. OBaj Opoj ce Moke KOHBEPTOBATH y TOHE ako ce Jo0ujeHa
BpemHOCT ToMHOXH ca koepuimjertom 0,15 [5]. Takohe ce Moke OAPETUTH KOIMIWHA
0TIaja KOjH Ce OJUIaXe 10 0COOH HEeIEHHO.

MHoru nporpamu HarpahuBama y CBETY ce 3aCHMBajy Ha KOHKPETHUM HH(pOpMaIijama o
CMamkCHhy KOJHMYMHE OTMaja W MOTPOIIkE pecypca WM KOJMYMHE OTMaja KOju ce
permkiupa. [TorpeOHO je cTamHO mpath oBe HH(OpPMAIHje U aHATU3UPATH WX HA TOIHUIITHEM
HUBOY. To je oyIM4aH HAYMH J1a ce IPaTH Hapeaax.

3.5.0moryhaBame ayrorpajHocTu n00ujeHux edexara

Jomr Ha moueTky mporpama, JIOK C€ PajJu Ha YCIOCTaBJbalky, MOpa CE Pa3MHUILIBATH O
ToMe Kako he mporpam 3axmBeTH M OWMTH QyrorpajaH. AKo ce oOyxBaTe HauMHHU 3a 00YyKYy
HOBHX 0C00a U cTaiHO mpahiemke pe3yiitaTa, a HOBPEMEHO HHGOPMHUIITY YUCHHUIH U 0CO0IbE,
nporpam he TpajaTu myxe.

HajBaxxHHj 1eo je yKJbydumBame aKTHBHOCTH IpOTpaMa y pEIOBHE paiHe 3aJaTKe
IKOJIE.

Hexu o HaunHa ja mporpaM cMamemha oTnaja Oyze TpajaH:
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e YCBOJUTH TOJIMTHKY 3aIUTHTE )KUBOTHE CPEIHUHE IIKOJIE M YKIBYUUTH je Y yUOSHHKE.
Hexka 3enene yanonwuie Oyay Z1eo TuraHa 3a mo0oJbIIame paja mKoe.

o [lonmenuTy 3amyxerba 3a IPOMOLIH]Y, AYKY]y, IPUKYIUbamhe CEKYHAAPHUX CHPOBUHA,
npaheme pesynraTa W Harpaae 3a TpyA paBHOMepHO Mel)y cBMM 3amocieHuMa U
YYEHUIMMA.

e Uurerpucaru mporpam 3a CMamelme OTHajJa y HacTaBHM IUIaH o0pa3oBama, MO
MOryhcTBY Y OKBHPY BUILE IIPEAMETA.

e HampaButu minaH 3a 0OyKy CBHX 4WIAHOBA IIKOJCKE 3ajefiHHLe, YKbyuyjyhu u
noMohHo ocobJbe.

e HanpaBuTti nmrcanu oOpa3oBHHE MaTepHjal U HajHOBHje HH(POPMAIIH]jE O IMPOrpamy aa
O JbyIIH JTaKIIe CXBAaTHIIM U MPUXBATWIIN MPOTPaM KaKo OM ce YKIbYUHIIH y EEroBY
peanmzanyjy.

4. MOT'YRHOCT NPUMEHE CLOUD COMPUTING-A Y 3EJIEHOJ
YUYNOHUIIN

Y3 ekOHOMHUJY Y pelecHju u OyleT KOjU je MPHINYHO TaHAK, MHCTUTYIIH]E TOKYIIABa]y
Jla OCMHCIIE METOJIE 32 CMambEehe TPOIIKOBa. MMIuieMeHTaja yaruoHuIle 0e3 manupa Heje
caMo IIpUIpeMa YYeHHWKa 3a pajHa MECTa ca MOJIEPHM TEXHOJIOTHjoM, Beh Moxe M Ja
MOMOTHE OYIIET YCTAaHOBE KPO3 CMamCHC¢ YTPOIIKAa MamMpa W TOHepa 3a mrammade [6].
Jobmnjame monaTtaka o TEXHOJOTHjamMa Oe3 Tammpa W OCTBapeHe ymTene he momohm y
yBOl)erbYy KOHIIENITa 3€JIeHEe YYHOHHIIE.

Kopuniheme texnonoruje 3acaosane Ha cloud computing-y, 3a nejbembe mMarepujana 3a
yueme W 3a CKIAIUINTEHC I0JaTaka, Mpyka MHOTe IPEIHOCTH Yy pany 3a obe cTpaHe
KOpUCHMKA, U y4yeHuke W HactaBHuke [7]. CodtBepcku amatu 3acHoBanu Ha cloud
computing-y, mpykajy KOPHUCHHIMMa MHOTO IIOTOJHOCTH, Kao INTO je 24-yacoBHa
MIPUCTYIIAYHOCT M3 OWMIIO KOT Kpaja CBeTa Ie MmocTtoju MHTepHeT KOHEKIUja, eJICKTPOHCKa
apxuBa CBHUX (hajuoBa, YKHJAmke TOMHJEC Ianupa M Ha Kpajy CMambeme KOJIUYMHE
M3TyOJHEHUX IT0/IaTaKa.

TpaauiuroHAaNIHA YYHOHHUIIA MHTCH3UBHO KOPUCTHU MANHP, 4 HAPOUUTO HMPUIUKOM H3Paje
3a/aTaka Kao IITO CYy CEMHUHAPCKH PAZOBH U MHCMCHHU HCIUTH. Y HACTOjamby Jla CE CMArbH
MOTPOILHa MAMUPa Y 3€JIEH0] YIMOHUIM MPEIaxe ce Ja e CEMHUHAPCKU M OCTAIH PaJ0BU
Npeaajy y eIeKTPOHCKO] (OpMH, a Ha UCTH HAYMH OM M YUSHHIIM MOTJIM JOOUTH MOBpaTHE
unpopmarmje o npodecopa. Ilomarame oapeljeHor rpagusa win gomalinx 3agaraka Ou ce
MOIJIO OpraHW30BaTH MPEeKO HeKkuX codrTBepckux miatdopmu 0Oasupanux ua Ccloud
computing-y, mTo 64 cMamKUIIO MOTPEOY 3a MAUpPOM.

Online yueme He MOKE PEIIUTH EKOJIOIIKE MTPobiieMe, alu je GakTop Koju yrude. Y THIA]
00pa3oBama Ha )KUBOTHY CPEJMHY HHUje BEIIMKU Y OJJHOCY Ha Jpyre (pakTope aiu UCTH M3HOC
Cpe/CTaBa MOXKE Ce KOPUCTUTH 3a IpeAaBama XWibajama JbYAM 32 Pa3MKy OJ HEKOJIMKO
necetrHa y yaronuim. OTpoMHa pasiiiKa je camo y motpebrom mpoctopy [8].

HHuTepecanTaH MojaTak jeaHe CTyAdje O IEHW W YTPOILIKY IMamupa je [a je 1eHa caMor
JIMCTA Manyupa MHOTO Maiba OJ CBHX OCTAIMX TPOIIKOBA YMOTpeOe TOT JIKCTA Mamupa U 1a
3aBUCH OJ] Tora kako he ce ynoTpeOuTH. AKO ce Harup KOPHCTH 32 KONUPAHE BPEAHOCT
nanmpa je 45 % oxn BpegHOCTH TOTOBE KomHje, 35 % ako ce KOPUCTH 3a IMITaMIIamke, a caMo 5
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% aKo ce KOPHCTH 3a ciame (akCoOM WM TOIITOM, 0K BPEIHOCT KYyIJbEHOT TMamupa
yuecTByje y 6adenom manupy ca 10 %. Onx cror manupa, 30 % ce KOpHCTH y apXuBama Koje
he Ha Kkpajy 6utn Gauete [6].

Hexka nctpakuBama yKasyjy Ha TO J1a KOJ CTyICHAaTa IIOCTOjH BICOK HUBO MOTHBALHjE 3a
Kopuiihiele TeXHONOoTHja Oe3 manmupa Oa3upaHux Ha VIHTEpHET TEXHOJIOTHjaMa IITO yTHYE
Ha MOOOJBbIIAE KBAUTETA JKUBOTHE cpeluHe. Heku ucTpakuBauu Cy Mak ONPE3HUjH H
MKTajy ce Jia JIM je YIWMOoHHMIa Oe3 mamupa 3aucta moryha. J[pyru TBpie na Oe3 mamnupa He
3Ha4yM 3aMcra Oe3 mamupa, Beh Oa 3HaYM Ja HAM HOBE TexHOJorwje omoryhyjy ma ce
KOJIMYMHA TOTPOIICHOT MAaupa CMarby 1ITO he 3a pe3yaTaT UMaTH yITeny.

VY oBoM TpeHyTKy HHje Moryhe mpehm Ha motmyH panx 0e3 mamupa, anmm je Moryhe u
JETHOCTaBHO Jia Ce CTBOPH OKpYyXeme 3a yuewme 0e3 ¢uinuke pazmeHne mamnupa. Tpeba
TPOXUTH O] CTyACHATa Ja KOPUCTE eNEeKTPOHCKY pa3MeHy mnojaraka. HacraBHuim Ou
MOpaJllH Jia ce IpUiIarojie OBaKBOM Ha4yMHY Paja, IITOo je 3a HEeKe BeoMa TEIIKO, Maja MocToje
3Ha4ajHe MPEAHOCTH Kao IITO je JIaKka mpeTpara IojaTaka.

[Mpema HEKUM HCTpaKMBakMMa YYCHUIM OU Pajj0 KOPUCTWIM EJIEKTPOHCKY pa3sMeHy
roJlaTaka, a y MpeIHOCTH HaBoJe U 00JbE yNMpaBJbamke CBOJUM pajioM, 00Jbe KOHTPOJIHCAIHE
POKOBa W3BpLICHA, a MHOTH OW BpJIO Pajo KOPUCTHJIM OBE TEXHOJOTHjE YMECTO Mamnupa.
['eHepallHO, CTYJCHTH MMajy IO3UTHBHO MUIBSHE:E 0 YYHOHULH Oe3 nanupa. [loTeHnmjaino,
yBolhere HOBHX TexHOJOTHja Oasupanux Ha UutepHety u cloud computing-y moro 6u 6utu
HETNOBOJBHO 32 CTYJEHTE KOjH TEIIKO YCBajajy HOBe coTBepe.

IToTpeOHO je MCTpaKUTH KOju OM ce CBE 3amalM MOTJIM 00aBjbaTH 0e3 mamupa WM ca
CMameHOM KOJIMYMHOM mnarmpa. [Ipernopydyje ce aa mkoie u pakynaTeTn pa3Bujy Mozeie 3a
Kopumceme eIeKTPOHCKOT HauyMHAa KOMYHHKaIHje y deMmy Om Iuiat¢opme 3acHOBaHE Ha
cloud computing-y umare Benuku 3Ha4aj.

5. 3AK/bYYAK

JacHO je ma pememe mpoOiema 3araljera JKMBOTHE CpEAWHE yTHYEC W Ha JIOKATHY
E€KOHOMCKY W couujanHy kopuct. Kopucrehnm mame eHepruje He camo Ja Ce cMamyje
riobaHo 3arpeBame, Beh ce cMamyjy U TPOIIKOBH 3a €HEeprujy mTo oMoryhyje yHampeheme
JIOKaJIHE TPUBpEIE.

KoHnuenr 3enene yunoHwuie npeasul)a pannoHanto kopuinhermne IPUPOJHUX pecypea mpe
CBera CHepruje Kao M CMamCHe OTMala, a HAPOUHTO CMameme yrmorpebe mammpa, jep ce
cMambemeM Kopuinhiema mannpa mrreIH, He caMo Ha Manupy, Beh ¥ Ha TPOITKOBHMA BE3aHUM
3a Taj manup. Y 0BoM cMmepy ce kpehe u ymotpeba cloud computing-a, koju Hyau aa ce Ha
eduKacaH Ha4MH Ha Kpajy CTBOPH JOJAaTHA BPETHOCT KPO3 yIITeAe. YIpaBo 300T Tora o
cloud computing-a ce y 6yayhHOCTH OYeKyje MHOTO.

Ha kpajy octaje Haga na he ce nmak Ha Kpajy mpoOyAUTH CBECT JbYIU KOju hie qonmpuHeTH
OYyBamy IMPHPOIHHX pecypca M CMamemhy Kopulihema eHepruje. Ycien NpHUMEHe
MpeUIOKeHNX Mepa, Tpebano OM Ja ce OCTBapH W CMAamCHE TPOIIKOBA 00pa30BHUX
yCTaHOBA KOj¢ YBEIY KOHIICNIT yIIPaBJbatba 3¢JICHOM YIHOHHIIOM.
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Tlysa MAHJINR?

CBECT 3AIIOCJIEHUX Y HITAMITIAPUJAMA Y
IHOTJVIEAY O4YBAIbA ) KUBOTHE CPE/IMHE

Pe3ume: YoBek y TOKy CBOjUX AaKTHBHOCTH CBECHO WJIM HECBECHO YIpOXKaBa JXXMBOTHY CPEIUHY.
MelyTiM, HUCY CBH JOBOJFHO CBECHH IITA CBE YTPOXKaBa )KUBOTHY CPEIMHY, KaKBe Cy ITOCIEANIIE U a
CBaKO OJ] HaC ca MaJo TPyJa MOXe 1a y4uHU myHO. CBH 3allOCIEHH HHUCY JOBOJbHO MH(OPMHCAHU O
3Ha4ajy OuyBama XXUBOTHE CPEIMHE M KAaKO OHM CaMM MOTY Jia NOMOrHy Opurom o ormany. OBo
NPOM3WIIA3M M3 pe3yiTaTa UCTpaKMBama Koje je ypah)eHO y BHIY aHOHHMHOT NMHCMEHOT YITHTHHKA
3alI0CJICHHX y IITaMIlapyjama. VICUTaH!uIM Cy AaBajy Or0BOPE Ha NPHIIPEMIbCHA [TUTAba, HA OCHOBY
KOjUX Ce MOTJa IPOLEHUTH BUX0Ba eIyKoBaHOCT. [IoTpeOHO je mTo BHIIEe eayKOBaTH JbYHE jep Camo
NoceIoBamk-eM 3Hamba Mohu he camu /1a 4yBajy )KHBOTHY CPEIUHY.

Kiby4He peun: ®HUBOTHA CpeMHA, CBECT JbYAHU, OTMAL

AWARENESS OF EMPLOYEES IN THE PRINTING
OFFICES IN REGARDING ENVIRONMENTAL
PROTECTION

ABSTRACT - Consciously or not, we damage the environment in the course of our activities.
However, many people are not aware about what actually threatens the environment, and that everyone
could help to prevent damaging our environment. Not all employees in the printing are well informed
about the importance of environmental protection, and how they could help.

This results out of the research conducted in the form of a anonymous written questionnaire employees
in the printing. The respondents answered to previously prepared questions on the basis of which it was
possible to evaluate their knowledge. It is necessary to further educate people, for only with the
knowledge they will be able protect the environment.

Key words: living enviroment, people’s awareness, waste

! Tpod., ap, Bucoxa TexHHYKa LIKOJIA crpykoBHuX cryauja y Hosom Cany, Hosu Cap,

stevanovic@vtsns.edu.rs

Z Cryment, Bucoka TexHudKa mKoma CTpyKoBHEX crymuja y Hosom Caxy, Hosu Cax

469



Melynapoona nayuna konpepenyuja
Bezbeonocnu unoicerepune Hoeu Cao,2-3. okmobap, 2014.

1. YBOJ

3ak0HOM O 3alTHTH XMBOTHE cpeanHe 00e30ehyje ce ocTBapuBame MpaBa 4oBeka Ha
JKHBOT Y 3IpaBOj )KUBOTHO] CPEJMHH U YPABHOTE)XEH OJJHOC IIPHUBPEIHOT Pa3Boja U )KUBOTHE
cpequne [1]. 3araljeme KHBOTHE cpeauHe jecTe yHoueme 3aral)yjyhux marepuja wiu
SHEepruje y )KUBOTHY CPEIMHY, H3a3BaHO JbYICKOM JeNaTHONIhY WM PUPOJHUM HPOLECUMA
KOje MMa WJIM MOXE MMATH IITETHE MOCIEAUIIC HAa KBAIUTET KMBOTHE CPEMHE U 3IPaBJbe
swynu. [1] Jeman ox Hajeehux mpobiaema y CpOuju mpescTaBiba oyIarame OTIaia.

[Mltamma je mpucyTHa y CBHM IMOJAPYYjUMa MacOBHE IOTPOLIHE Kao INpexpamOeHa,
(apmarieyTcka, 1yBaHCKa, XeMHjCKa U Apyre nHayctpuje. Heka ucrpakuBama roBope Jia ce
rpaduyka MHIYCTpHja Hajla3d Ha y BpXy JIMCTe 3araljuBaukux HMHIYCTpHja, a pasjor je
BHCOKa MOTPOIIa CHepruje, xeMukaidmja a u 30or mnpareher ormama. ['oToBo cBaka
orepalja cTBapa HeKy BpCTY oTmazna. Taj oTmam ce cTBapa Kao MOCIEAWIA Pa3sIHuUTHX
mporeca Kao MITO Cy M3paja INTaMIapcKe Iuiode, oOpama CiMKe, MITaMIamke W 3aBpLIHA
rpaguyka oOpaja W pa3iMKyje ce 3aBHCHO O] TexHuKe Iramme. Hajoosse pememe je
CTBapame yCJIOBa 32 CMakEHke OTIa a Ha CaMOM MECTY CTBapama Tj. ONTHMHU3AIIMja IIpoLeca
U TOTpOLIE CHpOBHHA. Jlpyra MOTYhHOCT je penuKiupame a MOCIeAma, HajMame
ompapjaHa, 0e30eiAHO ojarame oTnajga. HemoBospaH yTHIA] HAa JKUBOTHY CPEOUHY H3
rpaduuke o01acTH UMajy CHPOBHHE, TpadHuKH MaTepHjalld, IPOLEC IPUIPEMe IITaMIIapcKe
¢dbopmMe, mTamma, 3aBpIlHA A0panga, aMmOalaxka y KOjy Cy IMaKOBaHE CHPOBHUHE a M TOTOB
mpom3Boa. [la O6m ce oTmany penykoBao, mpemyseha Mopajy BOAWTH BHUIIE padyHa O
yIpaBJjbamby OTHanoM. To 3axTeBa NpOMEHE CTaBoBa M Ipakce mpeayseha moceOHO Ha
CrpeyaBamy M PEAyKOBamy OTIafa BHIIE HEr0 Ha TPETHUpAky U YKIamamy OTIala, jep
CBaKH OTHAaJl IIPEICTaBIba BEIIMKH I'yOUTaK.

Ha xoMm HHBOY je cBecT 0 O4yBamy >KMBOTHE M 3Hayajy yHpaBjbama OTIAJOM, TOBOPE
cBakoZHeBHH mpu3zopu. Y CpOuju ce NONako pa3BHja CHUCTEM YIpaBibalba OTHAIOM M
pennKiIaxa, ajy ce UCTO TaKo 3Ha Aa rpa)aHu HUCY IOBOJPHO €AYKOBAHH.

7. IWTAMITAPUJE U 3AI'ABEBA )KUBOTHE CPEIMHE

VY MOIepHOM APYLITBY CKOPO CBE LITO HAC OKPYXYyje IOCIe HEKOI BpeMeHa MocTaje
HEynoTpeOJpUBO M Tpenasu y oTnan. CBaka MHCTHTYIMja 1a U ocola je mpou3Bohau HeKkux
BpcTa oTmafga. OTHazn je CBaku CyBHIIAH M HEYMOTPEOJPHB MAaTEPHjall KOjH C€ BUIIIEC HE MOXKE
KOpUCTUTH M OuBa OadeH M CKIAJMIITEH Ha perucrposaHe jaenoHuje. Hajuemhe ce
cycpehemo ca ambanaxxauM oTnaaoM [2]. OcuM MITO ce CBaKOAHEBHO MPOW3BOJU OTIA] j€
moTpeOHO o/yIaraTW Ha TpomrcaHa MmecTa. BaxHo je ma ce 3araljyjyhe marepwmje, koje ce
HajAy)Ke pasjiaxy, PEHUKINpajy Aa Ou ce YOJIaKWIM HEraTUBHH €(EKTH IO JKUBOTHY
cpenuHy. Pernukiaxa je mpeTBapame OTIAIHOT MaTepHjajia y HOBH NPOU3BOJ C LMJBEM
NOHOBHOT Kopuiihema. Of CHpOBHHA KOje C€ KOPHUCTE YBEK Tpeba 0OpaTUTH Maxmby Ja ce
KOPHCTE CHPOBHHE KOj€ Cy €KOJIOIIKH OIIpaBJIaHe.

Hexu on xopaka 3a ympasipame oTnagom cy cienehu [3,4]:

e Mopa ce mo3HaBaTH BpcTa OTNajaa (01 4era ce cacTojH, KOJIHMKO ce IPOU3BEE, Koja je
IeHa YyKJIambama); [VIaBHU OTHaJ CTBOPEH OJ CTpaHe rpaduuke IPOU3BOAE
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yKJbydyje: OTMAJHH MAaNup, OTHAaZHY BOXY, (OTOXEMHjCKE PacTBOpE, MOTPOIICHE
0oje, oTnasHe pacTBapadye, IITAMIIAPCKE TUI0YE, KOHTEjHEpeE 3a 00jy, KOHTAMUHHUPaHE
OTHATKe U KpIIe;

Tpeba nzberaBaTu MPOAYKTE KOJU C€ HE MOTY PEIUKIIHPATH;

PeayxoBatu yrotpedy maTepujaia

Kan rox je moryhe nckopucrutu Beh kopuirhen marepujai;

Cratu MaTepujajie Ha peluKIaxy (HIIp. ATyMHHHjyMCKE TUIOYE).

Benuku exosoniky mpoOyieM MITaMIIapcke HWHAYCTPHjE j€ HCIYIITame HCIapJbUBUX
OPTaHCKHX jeaumbersa. [lox ncrnapsbUBUM OPraHCKHM jeJHI-CHMMA IOApa3yMeHa Ce CBAaKoO
OPraHCKO jeAMICHE KOje pearyje ca a3oT-OKCHJIOM M Yy IPUCYCTBY CYHYEBE CBETJIOCTH
cTBapa 030H. McrnapsbBa Opraicka jeiubeba ce CTBapajy y pa3sHHUM eTanaMa ITaMIlama, a
KOJIMYMHA 3aBUCH OJ] TUpaXa IITaMIle, THIIA CHPOBUX MaTepHjalia, TEXHOJOTHje Koja ce
KOPUCTH, Kao W O] TUIa KOHTPOJIC WCIyIITamha OBUX jeiuibera. HajBuine mcnapspbuBhX
OpPTaHCKUX jeIWibeha IMOTHYe W3 00je TpH INTaMIIalky, M3 CpPEICTaBa 3a BIAXKCHE H
cpezcTaBa 3a ynmheme, pa3Bujada H JICIKOBA.

VY rpaduukoj MHAYCTpUjU TOCTOje pa3HE BpCTE OTHaga KOjU CE€ MOTY IOJEIHTH Y
HEKOJIUKO Ipymna:

VY wucnapspuBa  jeiumbela Mprajnajy 0oje (aaKkoXoiM, KETOHH, KCHIICHH), KHCENWHE,
JICTIKOBH, PACTBOPH 33 BIIAXKCE:E, PACTBOPH 3a uniilierse (aleToH, KepOo3rH, METaHoI, HadTa,
TOYJICH) HCIIapJbUBa jeIHBCHa PACTBOPA 3a 00paLy IUIova,

Y Teunu ornanm ce yoOpajajy Boaa mociie (OTOmpolreca, pasBHjayd, CPEICTBa 3a
¢uKcHpame, pacTBapad (aIlleToH, €TaHOJ, eTHIOCH3EH, N30IPOIIaHOJ, METAHOM), OTIIaIHE
0oje ca pacTBapaunMa W TEUIKMM MeTalnuMa, jake kucenuHe ( a3oTHa, (ocdopHa,
XJIOPOBOJJOHMYHA W CYMIIOpHA KHCENWHA), jaK alKalH{A OThnajx ( aMOHHjyM XHIPOKCHI) H
OWIIO KOJU TEYHH OTIAJa OaYCH y CIIMBHUK.

UYBpcTH OTIAA YMHE OCTAlM (riIMa, OTIAIHE MOJJIOTE 33 ITaMIIamkbe (TMaup, NOJIUMEPHA
Marepujajii) KOoju ocTaje mocie oOpe3uBamba, 0J0a4eHU MarTepujajid, BUILAK Marepujaia,
MarepHujaii 3a HpPOOHE OTHUCKE, HEKBAIUTETHO OJIITAMIIAHW M HEHPABWIHO MOBE3aHH
Marepujaiy, ImrTaMmapcke ¢opme, 0oje, mpazHa ambaaka y KOjy Cy HakOBaHH (DHIMOBH,
wio4e, 60je 1 pa3He XeMHKalije, KpIe 3a Yniheme Ha KOjuMa 0CTajy pa3Hu PacTBOPH.

OcuM 1ITO ce y caMOM IpOLECY IPOU3BOAIE CTBApajy pasHEe BPCTE OTMAjAa >KUBOTHA
CpeAnHa ce MOXKe 3araJiTh HENpaBWIHHM DPYKOBAamEeM MaTepHjajioM, a TO o0yxBara
cienehe: HempuKIafHO OJIarame U OJBOXKCEHE OTPOBHMX 00ja, pacTBapada M APYIHX
MaTepHja, HENPHUKIATHO Kopumiheme 0oja Koje MOTy Ja caJpKe XEMHKAIHje ITOMyT
OapujymMa W 0JIOBa, ONAcCHO MeEIIake TEYHHUX pacTBapada OJi IMPETXOJHOr uuiihema,
HeoOele)kaBame W HEMNONHCHBAamkEe OTPOBHUX MaTepHja, Lypeme Oypamnm 3a oiiarame
0TIIa/1a, HENOTIIYHE WJIM HeTauHe MH(pOpMalyje O oajaramy MOTY JIOBECTH 10 NaJbema,
Iypema U Mellama ca JPYTUM CyIICTaHIaMa, Oaname 00ja 1 APYruX CYIICTAHIN Y CIMBHHKE.

[TocToju HEKONMKO HAuYMHA HAa KOJU MOXXEMO CMamHUTH 3araljerbe KMBOTHE CpEelUHE Y
rpau4Koj MHAYCTPUJH a TO Cy: CMAambUTH KOJMYUHY OTIA/A, MPAaBMIIHIM OJUIarambeM CBHX
Bpcra oTnana, kopumihemeMm 0oja Koje MMajy Mamy KOJMYMHY HCHAPJBUBUX OPraHCKUX
Marepuja, KopuheleM peluKIMpaHoOT Haupa, IPEMEHOM HOBUX TEXHOJIOTHja y TPOLECY
n3paje mramnapceke Gopme, mTaMnapceke Iiode ciaTi Ha perykiaxy.[3]
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Boja je BaykHa 3a poLiec ITaMIIe K HE MOXKE c€ N30AIUTH WM 3aMEHUTH HEYUM JPYTUM.
Mehyrum, Goja Moxke OMTH MpoOIeMaTH4HA Ca CTAHOBHIITA OYyBarba XMBOTHE CPEIHHE.
boje 3a mtamMny Mory Jja cajipxe LITETHE MaTepuje MOIMyT TEIIKUX MeTaja M pacTBapada
KOju yOp3aBajy Tmpouec Cyliewma. Y TMpolecy Cyliemka J0ja3d 0 HClIapaBama
JIAKOWCIIapJEUBUX OPTraHCKHUX jeAWbErha, a CBa Ta WCIApea MMajy HEMOBOJhAH YTHUIlA] Ha
KMBOTHY cpeluHy. [la OM cMamuiM mMTEeTHA Hcnapema Mpou3Bohadn cy IpecTaBuIn HOBE
0oje ca MajoM KOJIMYMHOM HCHApJbMBUX OPraHCKUX Marepuja Koje Cy Mambe IITETHE I10
okonuHy. bBoje Koje Cy EKOJOMKM NpUXBaT/bHBHje OX 0oja Ha 0a3u pacTBapada cCy:
yntpasyoudacte (YB) Ooje, Ooje Koje ce CyIie €ICKTPOHCKMM CHOIOM, 0oje Ha 0a3u
OwJBHOT yJba 1 Oe3BoxHE Ooje. [5]

Hormje Ttexnomnormje mmajy yrpaljeHy ,UHCTHjy NPOHW3BOIKBY  y MHOTHM TpaHama
WHAYCTpHje Ma W y Tpaduukoj. AW BeNITHHA je OCMHCINTH H3MeHe Yy moctojehoj
TEXHOJIOTHjX M NOoCTHhM Ja ce Mpou3BeAe MCTa KOJMYMHA MPOU3BOJA Y3 Mamke OTHana. 3a
pa3iuKy OJf TNOjeMHAYHUX IIOKyIIaja, MOTpeOHO je mocTuhn Ja YHCTHja NPOU3BO/HHA
NOCTaHe CTaJIHU IIMJb U TIpaKca GUPMH.

8. PE3VYJITATU U JUCKYCHJA

VY nwpy nobujama mojatraka O CBECTH JbYIHM O BaKHOCTU OUyBamba )KUBOTHE CPEIUHE,
yIpaBJbatba OTIIAJI0M U PELKIaxe ypal)eHo je HCTpaKMBambe 3aIOCIICHHX y IITaMIIapujama.
UctpaxuBamwe je ypaheHo y nrcMeHoj GpopMmu, 1o NPUHLMUIY CIy4ajHUX y3opaka. [Intama
Cy cacTaBJpald ayTopH. Y Oajboj oOpamu mojaraka OJrOBOPH Cy CTaTUCTHUYKU oOpalheHn u
rpauyKy MPUKA3aHH.

28.57%

®pa
e

7143%

I'pagpuxon 1 JJa au nocedyjeme cepmughuxam ISO Ipaguxon 2 Jla au Bawe npedyszehe 6oou
140007 0060/bHO PAYYHA O YNPAB/HAY OMNAOOM KOjU
cmeapame?
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14.28% 7.69%

Opa
B he

85.72%
92.31%

I'pagpuxon 3 [a mu mamepujane (nanup, I'pagpuxon 4 [a mu ce omnao nonym
ANYMUHUJYMCKe naoYe) wasbeme Ha peyuriaxicy? Gomozpagpcrux kynku, passujava, pacmeopa 3a
uchuparoe pedyKyjy Ha UCHpasan Hawun?

8%

I'paghuxon 5 /la mu ce 3a wuwherse sawvarxa 3a T'pagpuxon 6 La au ce konmamunupana omnaoua
00jy u npecenraxa 3a yuiunope 600a 3a nparee Guama cKIaoUWmu Ha UCNPAaH
xkopucme: 1) pacmeapaue 3a wuwherbe Koju cy Hauun?

KIACUPUKOBAHU KAO TUDAMUYHU U ADOMAMUYHU
Y2/b08000HUYU 2)KOMOUHOBAHE OP2AHCKE
pacmeapaye ca 6000M U emyneamopom 3)

meunocm 3a yuuwherse mxs. BIIA (Vegetable oil

based Cleaning Agent) 4)ne snam
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14.28%

15.38%

84.62% 85.72%

Ipaguron 7 JJa au ce omnao nonym T'pagpuxon 8 Ha nu npu ooabupy 6oja u opyeux
@omoepaghckux Kynku, pasgujaia, pacmeopa 3a  XeMUKAiuja Kynyjeme one Koje Cy Marse wmenHe
UChUpare NPOCUnajy y KaHamusayujy? 3a HcuBOmMHy cpeduny 6e3 oozupa na yeny?

15.38%

38.46%

o6

53.84% Oy
On
84.61%
Tpagpuron 9: Jla nu cme ynoswamu ca I'paguxon 10: Axo He cnposodume mepe Koje
npeoHocmuMa OuSumante wmamne y no2neoy YY8ajy HCUBOMHY CPEOUHY KOjU je pasnoe:
exonozuje? a)senuxu mpowKogu 6)Hucam céecmat oda

VHUUMABAM HCUBOMHY CDEOUHY Y)He bpunem ce
30 JHCUBOMHY CPEOUHy 0) Opyeu paznosu

VYupkoc tome mto BehuHa ucnuTaHux npenyseha cMmartpa Ja je odyBame JKHBOTHE
CpeZiMHE BeoMa BaxHO, He moceayje ceprudukar SO 14000. Yrnora oBor cranmapna je na
00e30e/iM OKBUD 3a CTPATEIIKW MPUCTYIl OpraHu3alfjama 3a KPeuparmbe IMOJUTHKE OJHOCA
npeMa XMBOTHOj CPEJIMHH, MPOjeKTOBAkE aKTUBHOCTH KOje HE IITETE KMBOTHOj CPEIUHHU U
BUXOBO ycIemHo cripoBoljere. Omoryhasa oprann3anuju OmiIo Koje BeIHIUHE Ja:

uieHTU(HUKYje M KOHTPOJIMIIE YTHIA] CBOJUX AKTHBHOCTH, MPOHM3BOAA W YCIyra Ha
KHUBOTHY CpPEJIINHY;

mo0oJbIIa 0THOC TIPeMa KUBOTHO] CPEINHHY;
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HUMIUICMCHTHUPA CUCTECMATCKU TIPUCTYIL KOjI/IM he mocrmzaTu ONJBCBC KOjI/I C€ OJJHOCEC Ha
3alITUTY )KUBOTHE CPCIUHE .

VYrpkoc TEWIKUM YyCIIOBMMa y KOjuMa IITamIapuje pajae, MOXKEMO IPUMETUTH Jia ce
BehuHa npenyseha Tpynu a Ha IITO NMPAaBWIHWJM HAYMH OJUIaKE W CKJIAJUINTH OTHATHH
Marepujaj, Yyak M y cilydajeBHMa Kaja To 3axTeBa Behe Tpomkose. CiiameM Marepujaia, Kao
IITO Cy Manup ¥ alyMHHHUjyMCKE IUIOYE HAa PELUKIaXy JI0Ja3H IO BEJUKE YIITEAE BOJE,
eHepryje, myma, a CaMMM TUM OUYyBamba )KHBOTHE CPEANHE.

N36eraBameM mpon3Bosia KOju ce HE MOTY PELUKINPATH M XEMHUKaIHja KOje Cy IITeTHE
3a OKOJHHY, JOJa3W 10 IIHPEHa CBECTH O BAXKHOCTH JKAIITUTE XUBOTHE CPEOUHE U
yKa3uBama JIpyruM KOMIIaHHjaMa Ha MOTyhHOCT HecMeTaHoT paja 6e3 3arajuBama OKOJIMHE.

Bugnmo ma cy mtammapuje yro3HaTe ca THM Jia ¢cé MHOTH OJ IpoOiieMa KOju ce THIy
3araljema )KHBOTHE CPEIMHE MOTY PELIMTH MPENTacKOM Ha JUTHTAIHY LITAMITY, IITO YIIPKOC
BHCOKHUM IieHama BehnHa npemy3eha muannupa qa octBapu y cKopujoj OyayhHocTH.

Ha ocHOBY cBUX onroBopa MOXKe ce BUACTH Jla BehrHa 3aI0CIeHUX je CBECHa 3araljema
JKMBOTHE CpEeIUHE IpU NpollecuMa rpaduuke MpOM3BOIKBE M TPYyAUW Ce Ja HpHMEHbYje
onpehene mepe koje he cmamutu 3araljersa. Hajseha mpempeka momiToBama CBHX Mepa
3aIITHTE JXMBOTHE CPENUHE Cy BEJIMKH TPOLIKOBH MPAaBHJIHOI OJUlarama pasHUX BpPCTa
oTnaja mocebHo omnacHOr. JKMBOTHY cpenyHy MOXXEMO OYyBaTH Haj0OJbEe IMPEBEHTUBHO
cMamelheM 3aralera Ha MeCTy HaCTaHKa, Al HajBaYKHH MPETyCIIOB je ITo 00Jba eayKarja
CBUX 3aIl0CIICHUX Y rpaMuK0j HHIYCTPHU]H.

9. 3AK/bYYAK

Kao m ocrame rpane mHumycTtpuje rpaduuka HHAYCTpHja MOXKE Ja Yrpo3W 37paBbe
3aII0CIICHUX paJHUKA U )KUBOTHY cpefuHy. Ha 0CHOBY pe3ynTara nmpHKa3aHUX Y OBOM paiy
MOXKE C€ 3aKJbYUUTH Ja PaJHHUIN KOjH Cy 3allOCICHH y TpadU4Koj MHIYCTPHUjU OpUHY O
KMBOTHO] CPEJMHHM ajHi HEIOBOJbHO, 3aTO HMX je MOTpeOHO INTO BHIe eaykoBaru. Ha
3[paBJbe 3AIOCICHUX W KHBOTHY CPEIMHY yTHYE M CaMO HHXOBO IOHAIIAkhE Y IMOTJIeNY
HOIITOBama Mponuca. 3arajeme )KUBOTHE CPEAUHE, Ba3yXa, 3eMJbE U BOJE Tpeda CIIpeuuTu
0]l caMoT TI0YeTKa, JaKje IPEeBEHTUBHO. EKOJIOIIKa CBECT CBUX 3aIlOCICHHX je IIPELyCIIOB 3a
60Jbe OUyBamE JKUBOTHE CPEUHE.
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ENERGETSKI EFIKASNA RESENJA U SISTEMU
RAVNIH | KOSIH KROVOVA SA POSEBNIM OSVRTOM
NA ZASTITU OD POZARA

Rezime: Motiv za pisanje ovog rada je primena regulative u oblasti Energetske efikasnosti u Srbiji, sa
posebnim osvrtom na poziciju termi¢kog omotaca — ravan i kos krov iznad grejanog prostora, odnosno
razmatranje odgovarajuéih efikasnih reSenja u smislu pravilnog modelovanja datih delova termic¢kog
omotaca na konkretnim objektima. Takode, Zelimo da u fokus stavimo, pored energetske efikasnosti
kao primarnog cilja stavimo i zastitu od pozara kao bitan segment ostvarivanja gore pomenutih zahteva
za ustedom energije kao i brige o ljudskim Zivotima i materijalnim bogatstvima koje je potrebno da
ponudenim resenjima takode §titimo.

Kljuéne refi: Energetska efikasnost, zaStita od pozara, gorivi i negorivi materijali, Pravilnik o
energetskoj efikasnosti zgrada, energetski razred, mineralna kamena vuna

ENERGY EFFICIENT SOLUTIONS FOR FLAT AND
PITCHED ROOF SYSTEM WITH SPECIAL EMPHASIS
ON FIRE PROTECTION

Abstract: The motivation for writing this paper is the application of regulations in the field of energy
efficiency in Serbia, with special emphasis on the position of the thermal envelope - flat and pitched
roof above the heated area and consideration of appropriate efficiency solutions in terms of proper
modeling parts given thermal envelope of the building. We also want to put in focus, other than energy
efficiency as the primary goal put the fire protection as an important segment to exercise their demands
for energy savings as well as care for human lives and material resources that is necessary to protect the
above mentioned solutions.

Key words: Enegy effficiency, fire protection, noncombustible and combustible materials, Energy
efficiency regulative, Energy class, mineral stone wool
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1. UvOoD

Proces implementacije zakonske regulative iz oblasti Energetske Efikasnosti (u daljem
tekstu EE) zgrada definitivno je pocela da se u punom iznosu primenjuje. Pre svega ovde
mislimo na pravilnike koji definiSu ovu oblast (Pravilnik o energetskoj efikasnosti zgrada [1]
i Pravilnik o uslovima, sadrzini i nadinu izdavanja sertifikata o energetskim svojstvima
zgrada [2]). Moramo priznati da je pocetak primene gore pomenutih pravilnika oznacio
pocetak jedne nove faze u projektovanju zgrada — objekti koji su veliki rasipnici energije su
definitivno proSlost, bar kada je faza projektovanja u pitanju. U prvoj godini primene
mozemo sa sigurnoscu reci da, uprkos odredenih rezervisanih prognoza o implementaciji, svi
akteri u procesu su zauzeli svoje pozicije i u¢estvuju u procesu.

Jedna od kljuénih stvari u uspe$nom procesu implementacije je i proces edukacije
inzenjera koji se bave EE — pre svega licencirani inzenjeri EE sa licencom 381; do sada je
preko 1000 inZenjera polozilo strucni ispiti i kvalifikovalo se za izradu Elaborata EE kao 1
izdavanja energetskih pasoSa u procesu pribavljanja upotrebne dozvole za zgrade. Jedan od
motiva pisanja ovog rada, odnosno komentara pozicija ravnih i kosih krovova jeste i
susretanje sa mnogim pitanjima kolega koji prolaze kroz proces obuke za polaganje stru¢nog
ispita, ali i rada na realnim projektima a to je: kako resiti pojedine pozicije u objektu u skladu
sa novim propisima( pre svega zadovoljenje Umay)?

1.1.Dozvoljene vrednosti Umax za deo toplotnog omota¢a: Ravan krov
iznad grejanog prostora (RK) i kos krov iznad grejanog prostora (KK)

Pravilnikom o EE zgrada [1] su u tabeli 3.4.1.3. date maksimalne vrednosti koeficijenta
prolaza toplote za sve relevantne pozicije omotada objekta. na sl. 1 dat je parcijalni pregled
tabele gde se vide pozicije referentnih vrednosti Umax za KK i RK za nove i postojece
zgrade. Pregledom koeficijenata moze se odmah primetiti da je dozvoljena vrednost
koeficijenta prolaza toplote najrigoroznija od svih propisanih i ona za KK i RK novih
objekata iznosi U= 0,15 W/m’K.

Tabela 1 pregled koeficijenata Umax za elemente omotaca zgrada
(tabela 3.4.1.3. Pravilnik o energetskoj efikasnosti zgrada RS) [1]

Opis elementa/sistema Postojeca zgrada Nove zgrade

Unax (W/m?K) Umax (W/m?K)
Ravan krov iznad grejanog prostora 0,20 0,15
Kosi krov iznad grejanog prostora 0,20 0,15

Kada kazemo ,rigorozan® kriterijum  pre svega mislimo na pregled regulative u
ostalim zemljama, pre svega Evropske Unije (EU) kada je u pitanju pozicija krovova:

Sa slike 1 se vidi kakva je trenutna situacija sa Umax za neke od zemalja Eu i kakvi su
trendovi propisani za naredne godine. 1z svega se jasno vidi da je Srbija u ovoj raspodeli
usvojila ograniCenja na nivou najstrozijih kriterijuma. To moze da se tumaci samo kao
racionalno i EE razmi$ljanje jer nam je svima poznato da su gubici toplote kroz poziciju
krovova jedno od najvecih. Sa druge strane, zbog naglog skoka u debljinama (pre svega
izolacionog sloja) same krovne konstrukcije, pojavila se potreba da se modeliraju
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odgovarajuca reSenja koja ¢e inkorporirati potrebne debljine izolacije i realan momdel na
objektu, tj. kako to izvesti na realnom objektu.
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Slika 1 Pregled U koeficijenata u zemljama EU za poziciju ravnog krova[4]

Dodatni izazov jeste i otpornost prema pozaru krovne konstrukcije, pogotovo tamo gde je
to jedan od bitnih uslova koje je potrebno zadovoljiti (krovovi trgovinskih centara — ,,8oping
molovi®, proizvodnih hala, stambenih objekata i sl.) pa je samim tim i reSenje koje je
potrebno ponuditi kompleksnije i sveobuhvatnije od prostog slaganja sistema i zadovoljenja
U max.

2. RAVNI KROVOVI IZNAD GREJANOG PROSTORA

2.1.Ravni krov kao deo toplotnog omotaca objekta

Krov nije isto §to i nadstresnica za zastitu od padavina, ve¢ konstrukcijska i funkcionalno
sloZzena gradevinska celina koja izgleda jednostavno samo na de¢jim crteZima.

Prema tipu i obliku krov naglasava prepoznatljivost pojedine zgrade, ulice ili naselja, a
ponekad i celog grada, bilo da se radi o ravnim krovovima, kosim dvostre$nim ili krovovima
na viSe voda, raznolikih i razvedenih kombinacija, Satorastim, mansardnim krovovima,
terasama, kupolama, zaobljenim krovistima itd.

U zadnjih 50 godina u stambeno-poslovnoj gradnji dominira ravni krov kao odlika i
prepoznatljivost nastavka moderne arhitekture i urbanizma. Krov je gradevinski element koji
je najjace opterecen klimatskim i gradevinsko - fizikalnim uticajima.

Svaki krov mora biti mehanicki otporan, ¢vrst i stabilan, prvenstveno vodonepropusan,
postojan na UV-zrake, otporan na vatru te sposoban odupreti se nastanku kondenzata u
krovnoj konstrukciji, odnosno uspje$no odvesti difuznu paru iz iste. Krov takode treba biti
izveden na nacin da s njega ne smije pasti niSta Sto bi moglo ugroziti prolaznike, ukljucujuci
sneg i led.

Zbog ucestalih problema s prokiSnjavanjem ravnog krova prosirilo se nepoverenje u ravni
krov, kako medu ,,struénjacima“ tako i medu nestru¢njacima. Zbog ,,Stednje* se najéesée ne
traze uzroci proboja padavinske vode ve¢ se preko postojece hidroizolacije izvede jo§ jedan
hidroizolacioni sloj.
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Nedavno istraZivanje S$teta nastalih na ravnim krovovima u zemljama EU pokazalo je da
u ukupnim S$tetama na ravnim krovovima greSke u projektovanju i izvodenju, koje se
uglavnom svode na nedovoljno poznavanje gradevinske fizike, ucestvuju sa 75%, §to znaci
da je veéina Steta na ravnim krovovima posledica neega Sto se s malo viSe znanja i paZnje
moglo spreciti.

Stoga je dilema ravni ili kosi krov nepotrebna. Dokaz tome su milioni metara kvadratnih
razli¢itih vrsta ravnih krovova Sirom Evrope, koji su ispravno projektovani, brizljivo
izvedeni te odgovarajuc¢e odrzavani i koji vrSe svoju funkciju bez nedostataka ve¢ desetine
godina.

2.2.Vrste konstrukcija ravnih krovova (izbor)

Za ovu priliku ¢emo navesti nekoliko tipova realizacije pozicije ravnog krova u smislu
noseceg kontrukcionog elementa :

e nosiva AB ploca,
e nosiva laka montazna tavanica (,,LMT* tavanica),
¢ laka nosiva konstrukcija— TR lim

2.2.1.ReSenja za ravan krov

U ovoj tacci ¢emo ponuditi reSenja za ravan krov a u skladu sa potrebnim debljinama
termoizolacije od 25 cm. Pre svega, ovde ¢e biti data reSenja od kojih se zahteva da pruze i
odredeni stepen zaStite od pozara o ¢emu ¢e biti reéeno detaljnije u poslednjem poglavlju
ovog rada.

Sa primenom nove regulative javili su i prakti¢ni problemi za neka od to tog momenta
standardnih reSenja za pozicije ravnog krova kao §to su krovni paneli; vecina evropskih
proizvodaca nije u stanju da u ovom momentu ponudi panele sa debljinama od 25 cm §to je
sada realan zahtev. Ovde pre svega govorimo o ukupnim debljinama sa ispunom od
negorivih materijala ili materijala sa klasifikacijom A2 po SRPS EN 13501-1 [3].

Jedno od reSenja, koje je primenjivano i pre donosenja nove regulative, a pogotovo po
njenom donosenju je sistem ravnog krova slaganog tipa koga ¢ine osnovni elementi:
nosiva konstrukcija — ¢eli¢ni trapezasti lim odredene profilacije i debljine,
parna brana,
termoizolacija
krovna traka — hidroizolaciona membrana.

Zasto se ovo reSenje nametnulo kao optimalno?. Jedna od najvaznijih stvari je da sa
primenom ovog re$enja nemamo ogranicenja u potrebnoj debljini izolacije — ona je prakti¢éno
neograni¢ena uz uvazavanje optereéenja 1 definisanje potrebnog lima u odnosu na
opterecenje i nacin realizacije podkonstrukcije koja nosi lim (pre svega vrstu i razmak
roznjac¢a). Takode, ne manje bitno je da se pokazalo kroz eksploataciju da ovaj nacin
realizacije ravnog krova daje vrlo povoljan odnos uloZenih sredstava i kvaliteta koji
dobijemo, pre svega kroz vreme koris¢enja. U slucaju incidentnog proboja membrane, lako
se ,,zakrpe* oSte¢ena mesta ali i u slucaju naknadnih prodora kroz krovnu ravan ista se
relativno lako realizuje.
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Na S$ta se mora obratiti paznja kada se ugraduje ovaj sistem ravnog krova?. Prilikom
polaganja termoizolacionih plo¢a bitno je da se iste smaknu( uvek se postavljaju bar 2 sloja
do potrebne ukupne debljine termoizolacije) kako bi se umanjili gubici na procepima
izolacije (ovi gubici su definisani i standardom SRPS EN 6946).

Slika 2. Sistem slaganog ravnog krova sa kamenom mineralnom vunom [4]

Sve prethodno navedeno upucuje da je sistem slaganog krova gotovo siguran izbor za
reSavanje sklopa ,;ravan krov iznad grejanog prostora®, pogotovo kada su to objekti velikih
povrsina (i zapremina) tipa trznih centara (§oping molovi), proizvodne hale, sportski objekti i
sL., $to je naroCito vazno, jer se tu okuplja i veliki broj ljudi.

3. KOSI KROVOVI GREJANIH PROSTORA
3.1.Kosi krovovi kao deo toplotnog omotaca

Kosi krovovi odnosno grejana potkrovlja su veoma Cesta pozicija u svakodnevnom
projektantskom poslu a neretko i izbor prilikom sanacije objekata - stambeni prostor je sve
dragoceniji i potkrovlja koja se ne koriste su sigurno prava prilika za pretvaranje u stambeni
prostor. Ali i ovde ¢e nas sacekati isti uslovi koje treba zadovoljiti kada je EE u pitanju — vec¢
smo u tabeli 1 mogli da zapazimo da je koeficijent prolaza toplote Umax takode ograni¢en na
0,15(0,20") W/m’K. Po analogiji sa situacijom sa ravnim krovovima ponovo se susreéemo sa
potrebnom debljinom izolacije od 25+cm za nove objekte, odnosno 20+cm za postojece
objekte. Problem koji se pojavljuje je novi pristup modelovanju celog sklopa u koji je
potrebno ,,smestiti gore pomenute debljine izolacije jer je dosadaSnji nacin postavljanja
izolacije neprimenljiv, odnosno nije dovoljan. Takode, razmotricemo i jedan specifi¢an
sluc¢aj kada imamo za obavezu da uradimo energetsku sanaciju u kosom krovu postojeceg
objekta uz uslov da ne mozemo da imamo bilo kakve aktivnosti unutar potkrovlja nego samo
izvana, sa spoljne strane krova (npr. situacija kada je enterijer u potkrovlju pod nekim vidom
zastite ili predstavlja izuzetnu vrednost te se ne sme intervenisati na njemu).

3.2.Klasi¢na konstrukcija kosog krova - drvena konstrukcija

Klasi¢na drvena konstrukcija krova (rogovi, roznjace, sistem letve/kontraletve) su jedna
od najc¢esc¢ih varijanti realizacije konstrukcije potkrovlja.

! blazi kriterijum za postojece objekte
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Na slici 3 se vidi kona¢na realizacija sklopa u varijanti novog kosog krova i tu mozemo
da primetimo sledece slojeve (od unutrasnjeg ka spoljnom prostoru)

gips-kartonske ploce sa izabranom zavr$nom podlogom,
parna brana,

staklena ili kamena mineralna vuna(ispod linije rogova)
kamena ili staklena mineralna vuna(izmedu rogova)
rogovi,

razmaknute daske,

paropropusha - vodonepropusna folija,

letva — kontraletva,

krovni pokrivac.

Slika 3. Model kosog krova (resenje u skladu sa pravilnikom EE zgrada) [4]

U predlozenim reSenjima figuriSe kombinacija kamene i staklene mineralne vune pa
¢emo ukratko objasniti zasto za poziciju kosog krova predlazemo ovakvo resenje. Kamenu
vunu predlazemo u sloju izmedu rogova (sloj blize spoljnom vazduhu) pre svega zbog
letnjeg rezima gde kamena vuna sa ve¢om gustinom omogucéava da se amplitudi upada
toplog vazduha u unutrasnji prostor potkrovlja umanji intenzitet i pomeri period za odredeno
vreme kako bi u najtoplijem delu dana sprecili da se potkrovlje preterano zagreje, odnosno
da smanjimo toplotno optereéenje (Slika 4).

spolja unutra
i * o = gustina materijala p
™ i o A - specificna toplota
7\ materijala ¢ (J/kgK)
JAR - toplotna
& / \ provodijivosti A
0 : - / \ i (W/mK)

Slika 4 Faktor prigusenja oscilacije temperature i kasnjenje oscilacije temperaturepri prolazu
temperaturskog talasa kroz krovnu konstrukciju

Kao poslednja mera koja je neophodna da se primeni, ukoliko Zzelimo EE sklop kosog
grejanog krova su folije (ve¢ smo pomenuli u popisu elemenata kosog krova) a tu mislimo na
parne brane (vrsta se predlaze u skladu sa proracunom gradevinske fizike o tu varira Sd
koeficijent koji je potreban da parna brana zadovolji) i paropropusna vodonepropusna folija
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u sloju ispod letve-kontraletva sklopa. Folije utiCu pre svega na zaptivanje (Eng.
airtightness) jer kao $to se moZe videti na slika 5 ukoliko nemamo foliju imamo “curenje
”toplog vazduha“ (Eng. Air leakages ) na spojevima izolacionog materijala:

100.em

| VN
10¢m %///////2 ;/7//////// [

Slika 5. Prikaz gubitaka toplote kroz procepe u spojevima izolacionog materijala [4]
3.3.Energetska sanacija kosog krova izvana

Veé smo pomenuli da u nekim sluéajevima nismo u prilici da sanaciju krova radimo
iznutra. Tada na raspolaganju imamo samo prostor izmedu rogova (kome pristupamo sa
spoljne strane) i kako je to u veéini sluajeva 10-14 cm, jasno je da sa ovom debljinom
izoacije ne mozemo da dostignemo zadati Umax=0,20 W/m2K. Tada mozemo da se
posluzimo resenjem koje podrazumeva da na rogove sa gornje strane postavimo dodatni sloj
izolacionog materijala od kamene mineralne vune (jako tvrde ploce koje koristimo za
izolacioni materijal kod intenzivnih(prohodnih) ravnih krovova te na taj nadin reSavamo
ovakve, ipak nestandardne slucajeve. Na slici 6 se moze videti na koji nacin postavljamo sve
slojeve sistema.

Slika 6 Resenje energetske sanacije sa spoljne strane krova - TERMOTOP®©[4]

Krov otvaramo sa gornje strane i redosled je slede¢i:

postavljamo odgovarajuéu parnu branu,

popunjavamo prostor izmedu rogova staklenom ili kamenom mineralnom vunom,
postavljamo sloj tvdo-presovane krovne vune,

postavljamo paropropusnu - vodoneproposnu foliju,

postavljamoletve i kontraletve kao podlogu za krovni prekrivac.
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Ovo resenje je primenljivo gotovo uvek a posebno je isplatno ukoliko je sanacijom krova
predvidena zamena krovnog pokrivaca i podkonstrukcije

4. ZASTITA OD POZARA U SISTEMU RAVNIH KROVOVA

Zagtita od pozara predstavlja jedan od najbitnijih izazova celokupnog projektovanja
objekata i sklopova. Ova tema bi svakako mogla biti tretirana sa posebnim radom pa ¢emo se
za ovu priliku ograniCiti na zaStitu od pozara krovne konstrukcije iznutra za poziciju
toplotnog omotaca ravnog krova iznad grejanog prostora.

4.1.0snovni pojmovi koji definiSu zastitu od pozara

Osnovna klasifikacija koju ¢emo napraviti je klasifikacija vezana za gradevinske
materijale — gorivost a to je osobina materijala da izloZen standardnom porastu temperature,
u standardnom predvidenom prostoru, izazove pojave na osnovu kojih se vrSi njegova
klasifikacija. Sledeca bitna klasifikacije je vezana za konstrukcije a to je Otpornost
konstrukcija prema pozaru i definisana je vremenom u kome konstrukcija ne izgubi ni jednu
od standardom odredenih namenjenih funkcija, dok je podvrgnuta standardnom razvoju
poZzara.

4.2 Klasifikovanje materijala prema ponaSanju u slu¢aju poZara

Po jo§ uvek vazeCem standardu SRPS U.J1.050 podela gradevinskih materijala prema
ponasanju u pozaru je na negorive i gorive materijale.

Kada su pitanju Evropske norme (koje smo ve¢ usvojili ili smo u finalnom procesu
usvajanja) standard EN 13501-7 /3] definise klasifikaciju gradevinskih materijala s obzirom
na reakciju na pozar.

Reakcija na pozar je definisana kao reagovanje materijala u smislu doprinosa razvoju
pozara kome je izloZen usled sopstvenog razlaganja, pod odredenim uslovima npr. Bs1d0.

4.3.Stepen otpornosti elemenata konstrukcije prema poZaru

Prema jo§ uvek vaze¢em JUS standardu propisane su vrednosti ( u minutima, odnosno u
Casovima) koje pojedini elementi konstrukcije objekta u zavisnosti od poZzarnog opterecenja
moraju da ispune. Po toj klasifikacija mozemo da vidimo da nam je za krovnu konstrukciju (
a slagani ravan krov to sigurno jeste) potrebno vreme koje konstrukcija krova treba da izdrzi
je 0,5do 1 h, zavisno od zahteva SOP-a. Kada su u pitanju zahtevi za poziciju meduspratne
konstrukcije (a ravan krov se moze svrstati u ovu grupu u klasifikaciji) a sve na osnovu SOP-
a prema SRPS U.J1.240[5] sledi izvod iz date Kklasifikacije:

Tabela 2 izvod iz tabele SOP-a za pojedine elemente konstrukcije

u skladu sa SRPS U.J1.240 [5]

Vrsta Metoda Polozaj Stepen otpornosti prema pozaru (SOP)
konstrukcije ispitivanja Elemenata konstrukcije zgrada (u satima)
| 1 1 v \%

(NO) | (MO) | (SO) | (VO) | (WO)
neznatnal mala | srednja | Veca | velika
Meduspratna u.J1.110 Na granici pozarnih | 1/4 1/2 1 15 2
konstrukcija sektora
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Kada je u pitanju ispitivanje ravnog krova na pozar iznutra (Slika 7), to se radi
standardizovanom metodom na horizontalnoj pe¢i (ispitivanje se radi po HRN DIN 4102-2
koji je u pogledu osnovnih i specifiénih uslova kompatibilan sa metodima definisanih u
SRPS ISO 834, odnosno SRPS U.J.1.110:1986) gde se realan uzorka (dimenzija aprox. 3*5
m) konstrukcija izlaze standardnom pozaru, sve u odnosu na traZeni kriterijum (vremenski
zahtevana otpornost krovne konstrukcije.

ol

Slika 7 Ispitivanje sistema slaganog krova ,,poZar iznutra “- horizontalna ispitna peé[4]

Detalje samog ispitivanja mozete naci u prilozima a sustinski rezultat koji je dobijen za
sistem slaganog krova sa termoizolacinim slojem od kamene mineralne vune je 1 h ( 60
min), kako za krov debljine izolacije 26 cm (u skladu sa preporuc¢enim debljinama za krov
iznad grejanog prostora) tako i za debljinu izolacije od 12 ¢cm ( za krovove koji se nalaze
iznad negrejanih prostora ili povremeno grejanih za koje nije obavezna primena Pravilnika o
EE zgrada [1] ). Za sada se ove vrednosti otpornosti ka pozaru iznutra dobijeni jedino za
varijante re$enja krovova sa ispunom od kamene mineralne vune jer setimo se da su
mineralne vune po klasifikaciji Evropskih normi i u sladu sa EN 13501-1[3] materijali Al
klase (nije potrebna dodatna klasifikacija) a po jo§ vaze¢im domaéim propisima negoriv
materijal.

5. ZAKLJUCAK

Pozicija toplotnog omotaca Ravan krov iznad grejanih povrS§ina je veoma znaéajna
pozicija, pre svega zbog velikih kvadratura tj. povr§ina na kojima se realizuju razliCite
varijate reSenja same kontrukcije ravnog krova. Bez obzira na samu vrstu konstrukcije,
primena novih propisa o EE zgrada donela je nove, povecane debljine izolacije od preko 25
cm $to je donelo odredene izmene ali je ipak proteklih godinu dana primene pokazalo da je
moguce uraditi tehnicki i tehnoloski korektna resenja i mnogi izvedeni objekti to potvrduju.
Kada su u pitanju Kosi krovovi iznad grejanih prostora (grejana potkrovlja) doslo je pre
svega do promene svesti i ustaljene prakse da se izolacija postavlja izmedu rogova i da je to
dovoljno!. Ponudena su reSenja i za ovu poziciju koja zahtevaju donekle novi pristup, da se u
fazi projektovanja raduna na dodatnu izolaciju u unutragnjem prostoru potkrovlja. Cak i kada
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ne mozemo da interveniS§emo sa unutraSnje strane, postoji reSenja za (energetsku) sanaciju
spolja.

Pravi zakljucak bi mogao da bude se usvajanjem regulative u oblasti EE i jo§ vaznije
njenom primenom Republika Srbija svrstala u zemlje koje su krenule velikim koracima u
drustvo zemalja koje svoj razvoj zasnivaju i na EE, pre svega u zgradama gde su i tro§i
najviSe energije. Na nama (struci) je da se ponude odgovarajuca resSenja kako bi
implementacija bila uspes$na.
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Cmasuma BOI'YHOBWR! Ipezneonu pao

TEXHHUYKA PEI'YJIATUBA Y OBJIACTHU
BE3BEJHOCTH OJ ITOKAPA ®PACAJHUX 3UTOBA

Pe3ume: ITosehame pru3uka o nojaBe moXkapa Kao ¥ motpeda 3a HHOBHPAKEM 3aKOHCKE PEryJIaTHUBE Y
obnactu 6e30€IHOCTH OJ1 MoXKapa MPOU3BEIH Cy MOTPeOy 3a M3paJoM HOBHX mpomuca. Y 3emibama EY
je Ge3benHOCT Of1 MOYXKapa jeaaH Of celjaM OCHOBHUX 3axTeBa AeuHuCcaHUX YpenOoom o rpal)eBHHCKHM
MPOU3BOANMA, TOK CY IETajbHUjH YCIIOBU MPOMUCAHH 3aKOHOABCTBOM IIOje[IMHIX 3eMalba WiaHuma. Y
pamy je amanmsupana moryhHoct yHampelhema Oe30emHOCTH Off MOXapa, Kako HOBHUX, TaKO U
nocrojehnx cramMOeHHX, IOCIOBHHX M jaBHHX 3rpaja, NPUMEHOM onpendu HoBor IIpaBmiHmka o
TEXHHYKHM 3aXTeBUMa 0e30€IHOCTH 0] IToXapa CIIOJBHUX 3UI0BA 3rpaja.

KibyuHe peun: 6e30eaHOCT 07 oxapa, GhacaaHu 3u1, TEXHUIKH MPOMHCH

TECHNICAL RULES ON FIRE SAFETY
OF EXTERNAL BUILDING WALLS

Abstract: Eenlargements of fire risks, as well as the need for upgrading fire safety legislation, caused
the preparation of new technical rules. The EU regulations consider fire safety as the one of seven basic
requirements defined in the Construction Products Regulation, while further conditions and demands
are prescribed by the legislation of individual Member States. In order to harmonize national legislation
with the EU legislation, the Rule on technical requirements of fire safety of external building walls
have been prepared. This paper provides an overview of possibilities to improve the state of fire safety,
by applying the provisions of the new Rule on the technical requirements of fire safety of external
building walls, both new and existing residential, commercial and public buildings, was specifically
analyzed.

Key words: fire safety, facade wall, technical rules
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1. MIPOMEHA AMBUJEHTA Y KOME CE I'PAIN
1.1.Marepujaau u rpaljeBHHCKH TPOM3BOIH

WuTeH3uBHHU pa3Boj rpaljeBHHAPCTBA Y IPOTEKIMX HEKOJIHUKO JIELEHH]ja, OPEI OCTAJIOT je
o0enie’)keH M M3pasUTo JMHAMHUYHMM IIPOMEHaMa BE3aHUM 3a II0jaBy M yHnoTpedy HOBHX
rpal)eBUHCKUX MaTepHjaia U TEXHOJIOTHja rpelema.

Tpagunnonanan rpal)eBHHCKH MaTepHjaid IOMyT KaMeHa, OIeKe, JApBeTa, OeToHa,
MeTaja ¥ CTakJa, y 3Ha4ajHOj MEpHU Cy YCTYIHIIM MECTO HOBUM I'pal)eBHHCKMM HPOU3BOIMMA
KOju cy 0a3WpaHM Ha MPUPOIAHMM CHpPOBHHAMA ald W OHMMA KOJ KOjuX cy y Behoj mim
Mam0j MEpH 3aCTYIJbCHU M Pa3IMYUTH CHHTCTHYKH Marepujanu. JlaJbuM pasBojeM U cBe
BehuMm yrunajem “rpaleBuHcke XeMuje” HHTEH3UBHUPA Ce MMPUMEHA CHHTETUYKUX MaTepujajia
KOju ce, Owio y (opMH jeAWHCTBEHHX NPOM3BOJAA, OmiI0 y (OpMH KOMIIO3HWTA WIIH
Kommo3unuja yrpalyjy y 3rpazge. Y TOM cMHCIy, a MOceOHO MMajyhu y BHIYy WHTEH3UTET
IpUMEHe, II0CeOHO ce UCTHYY Pa3INIUTe BPCTE TOIUIOTHOM3O0JIAMOHMX II0Ya M MaTepHjana
Koju ce y 3rpajsie yrpal)yjy HermocpenHo y BUay ciojeBa cuenupuiHe HaMeHe, U ITOCPEJHO
Kao cacTaBHHM MEJOBH JAPYIWX Ipou3BoAa (mpedabpukoBaHM MaHETH ca 00OCTpaHOM
00JIOTOM OJ1 METaIHUX JHMOBA). Y OBOM CMHCIy c€ HEe MOXe 3a00uhu M Besmku Opoj
MPOU3BO/Ia KOJU C€ KOPHCTE 3a o0Jiarama MPHInKOM (HHATHE 00pajie MOIHUX, 3UAHUX HIIH
1A OHCKUX MOBPLINHA.

1.2.I1pomeHe TexHoJioruje rpahema

TpaauoHATHY HAYWHU M3TPalibe Y KIACHYHOM CMHUCIY, U3y3eB Y OOJIACTH W3TPaimbe
WHMBUYAHUX U CIMYHUX 3rpajia Mame IMOBPLIMHE je IPAKTHYHO HAMyIITeH. YBOhemeM
WHOYCTPHjalli30BaHEe WM3TPagme - Koja je y jeOHOM TpeHyTKY pas3Boja Tpebaimo naa
MOTHOMOTHE paspeliemke npobdiaeMa HeJocTaTka uirpaljeHor (IPBEHCTBEHO CTaMOEHOT)
MPOCTOpa, a KaCHH]je WIIAaK MCTAaKiIa CBOje OCHOBHE aTpuOyTe Be3aHe 3a 00e30eheme ycmona
3a Op30 M eKOHOMHWYHO Tpaljeme y muipy 00e30ehema mpoduTa - ycrmocraBjbeHa je HOBa
TEXHOJIOTHja. JeHO O/l KEHHX HajOJOMHUHAHTHHUJUX o0elexja je mojaBa npedadpuKoBaHUX
elleMeHaTa U KOHCTPYKIIHja, Koje Cy TIpH TOMe HOXHBeJe He camo mpoMeHy ¢opme, eh je
JIOIIJIO U JI0 CYIITHHCKUX U3MEHA y IPUCTYIy pa3pelaBama MOCTaBJbeHNX (YHKIIMOHATHUX
3axTeBa.

WiryctpaTHBaH mpuMep cy 3MIaHH CIOJBHHU 3HIOBH, Ca JeJHUM MYITU(QYHKIHOHATHUM
ClI0jeM, KOjU Cy 3aMEH-E€HHM BHUILIECIOJHUM 3WJA0BHMa KOJ KOJUX je CBaKOM I0jeAMHAYHOM
ciojy nenerupana cnenuduyna (yHkKuMja (KOHCTPYKIMja, TOIUIOTHA 3allTHTa, 3BYYHA
3aITHTA, 3aIITUTA OJ1 JcjcTBa aTMochepmrja u ap.). [lpu ToMme je Texkma ka MaKCHMaTHOM
ONTHMHU30Bamky JOBENa IO JOJAaTHOT YCIOXKIaBama MpodiieMa: Ja ce Y CBE CBEICHUJUM
IUMEH3MjaMa W BOJIYMEHY OO0jeIIMHU CBE BHIIE — MOHEKa] W MehycoOHO CyMpOTCTaBIbEHUX
byHKIHja.

1.3.06mkoBame npoctopa, Pexkoncrpykunje, Eneprercka epuxacHoct

VY nopehemy ca yoOnuajeHUM HaYMHOM OpraHH3alfje apXUTEKTOHCKOT MpoCTopa, KOju
ce mo mpaBwiIy Oa3upao Ha AePUHHCAmY M W3/ABajarby (DYHKIMOHAIHUX IIeTMHA, HOBH
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TPEH/IOBH Y OBIMKOBALY BPIJIO YECTO MOAPA3yMEBa]y MOBE3UBALE U OPTaHU3AIM]Y CPOIHUX
GbyHKIMja Y OKBHPY jeIMHCTBEHOT BosyMeHa, pusnuke mozene (open floor plan).

Y oBoM cmuciy, cnenuuyaH clly4aj CYIITHHCKA HOBOT IPUCTYNA Y OpraHu3aluju
npocTopa oapeheHe HaMeHe MPeICTaBIbajy BEMUKH TpKHU HenTpH (shoping malls) ca ceojom
KOMIUICKCHOM (hOPMOM: jeTHOCTIPAaTHH WM BHILIECIIPATHH Ca Pa3NIUYUTUM (yHKIHjama
(mpoajHu TIPOCTOP, KaHIENapHje, PECTOPaHU, ONOCKOMN...) OPTaHU30BAaHUM OKO aTpHjyMa U
KOMYHHKaIlHja MOBe3aHKX (MMOKPETHUM) CTEIICHUIITHMA U JIMPTOBHMA, alld U 3rpaje Koje cy
IpenMeT PeKOHCTPYKIYje Y by IIPeHaMeHe MPOCTopa.

IToceban BHI PEKOHCTPYKIIMje 3rpaja Cce OJHOCH Ha aKTHBHOCTH KOje MMajy 3a LUJb
noBehame creneHa eneprercke edukacHocTd. Ha OCHOBY cariieaBama OIIITHX TPSHAOBA Y
0BOj 00JIacTH, MOXKE Ce MPETIIOCTABUTH Ja ie 0Ba BpcTa PEeKOHCTPYKIMja MMaTH 3HavajaH

yZeo y YKyIrHOM Opojy.

2. BE3BEJHOCT OJ ITOKAPA
2.1.1loBehamwe cTenena pu3MKa Kpo3 yTHIAj HA AMHAMMKY pa3Boja mo:kapa

3a pa3nuKy OJl TPAJUIIMOHAIHUX Marepujajia, Yrja Cy CBOjCTaBa peakiyje Ha MoKap U
yTHIA] HA HACTajalbe¢ W pa3Boj MojeArHuX (aza mokapa M00Opo Mo3Harta, oArosapajyha
CBOJCTBA CaBPEMEHUX MaTepHjaia Cy PeNaTHUBHO Mame HcmuTaHa ¥ y Behoj mepu cy
MOJUTOKHA BapHjalMjaMa y 3aBUCHOCTH OJ] KOHKPETHUX YCJIOBa MPUMEHE M WHTEPaKIHje ca
IpYyruM MatepujanuMa. MMajyhu y BHAY ymeo OpraHCKHX MaTephja y BHXOBOM CacTaBy,
TeHEPATHO CE€ MOKE TOBOPHUTH O HEMOBOJHHOM YTHIIA]y OBUX MaTepHjaia Ha 0e30eIHOCT 01
MosKapa 3rpaja y meTnHH.

[open rpaheBUHCKHX TPOM3BOIA U MaTepHjajia U Ipyru (pakTopu momnpuHOCE moBehamy
CTEIIeHa pU3WKa O] pealn3aliije HENOBOJHHOT CIIEHapHja pa3Boja IoKapa y CaBPEeMEHHUM
srpagama. [loomrpaBame KpHUTepHjyMa BE3aHHX 3a HUBO TOIUIOTHE H30JalMje 3rpaja —
YCIIOBJbEHUX HOBOM PETYJIAaTHBOM y 00JIaCTH eHepreTcke eUKacCHOCTH — HEMOCPEIHO YTHYE
Ha 3HA4YajHO CMambeHe TOIUIOTHE AM(Y3UBHOCTH CIIOJBHOT OMOTaya 3rpaje. Koju Hajuyeurhe
YMHA W TPaHWIE NOXapHO WU3ABOjeHHX IenmHa. CropedeHo onBoheme TommoTre Yy
WHHULMjaTHO] (a3u ToXkapa JONPHHOCH Op3WHM pa3Boja MOXKapa, OJHOCHO CMAambemy
moTpeOHOT BpeMeHa 0 HacTaHKa (hacX oBep-a M Ipeliacka IoXapa y HOTIYHO pa3BHjeHY
¢a3sy.

Ha ocHOBY pacmoJjioKHBHX IMOJaTaka, IpoceyHo BpeMe on nasbewa no flash over-a je
1950. ron u3Hocwiao 15 MuHYTa, qBAIECETIIET FOIMHA KaCHUjE 5 MUHYTA, a JaHAC M3HOCH 3
MUHYTA.

2.2.Mpoaykuuja numa (IMM, TOKCHYHOCT, BUIJLUBOCT)

VBoljeweM y Mpakcy caBpeMeHHX Tpal)eBHHCKHX MPOM3BOJAa W MarepHjaia, mpobiieM
MPOIYKIMje AUMa W racoBa KOju ce ociiobaljajy MpUIMKOM TOXapa je MHTCH3UBUPAH, a
BUXO0BA JIBA HAjBAXHM]A ACTIEKTa CY: TOKCUYHOCT M BHJBHBOCT.

AKTyeJHa TeXHMYKA peryjaTHBa Be3aHa 3a 3aIUTHTY OJ M0)Kapa ce y HEJOBOJEHO] MEpH
0aBu medUHMCABEM MOCTYIaKa aHAJIHM3€ TacoBa M NPYIHX IMPOJyKaTa HACTaINX Y IOXKapy,
YKJbY4yjyhH HBHUXOBO aKyTHO M XPOHHYHO TOKCHYHO JA€jCTBO Ha Jbyne. CBM CHHTETHYKU
MaTepHjallil Cy 3allaJbHBH, a MPIIUKOM caropeBama ociiobaljajy IuM W TOKCHYHE TacoBE
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Melhy KojuMa TOMHHHpPA YTJbeH MOHOKCHJI, ajli MOTY ONTH T€HEpHCaH! W IMjaHOBOIOHUIIH,
(o3reH, XJIOPOBOJIOHUIIM U AP. BUCOKO TOKCHYHA jeTHCHHA.

W3narame JejCTBY TOKCHYHHMX TIacoBa KOJl JbYAHM CYKIECHBHO JOBOAU 1O
JIE30PjeHTUCAHOCTH W T'YOUTKa CIOCOOHOCTH PAIllIOHANHOT Pa3MHUILbamka, TYOHUTaK CBECTH,
yCIOpaBame WIN 3ayCcTaBJbaibe JHcama, olTeheme MHOKapaa W mpekuaa Kapano/miayhue
koMyHHKaruje. OBakaB CIEHApHO je Y3pOK MpoIeHTyarHo Hajseher Opoja >xpraBa y
noXapuma.

O06e36¢ehere HEeOXOAHOT HUBOA BHJBMBOCTH, HAPYLICHOT YCJIEA MPOAYKIHje AUMA,
notpeda HEroBOor OJBoheHma Kao MPEAyCIoBa 3a pealu3alldjy eBakKyalldje KOPHUCHHKA U
CIIPOBOljeEe Talllera OJ CTpaHe Clacuiiana IpeicTaBiba 3HayajaH npodiem. CaBpeMeHa
TeXHHUYKA peryiaThBa TocBeliyje CBe BHUIE TMaXHkE OBOj MNPOOIEMATHIIM, TOYECBIIA Of
yIBphHBama eJeMeTapHUX CBOjcTaBa rpal)eBHHCKHAX MPOW3BOAA y TOTIIENY EMHUCH]E TIMa
NPUIIMKOM caropaBama 10 AcUHHCama yclIOBa M 3axTeBa 3a oAroBapajyhie cepBHCHE
CHCTEMe yHYTap 3rpaja.

2.3.EBakyanmuja

I'enepanno nocmarpano, nosehame noxkapHor onrepehema y 3rpazama npoy3poKoBaHO
yBohemeM y ymoTpeOy BelaMkor Opoja HOBUX TIpal)eBHHCKHMX INPOW3BOJA M MaTepHjaia,
NPUMEHOM HOBHX TEXHOJIOTHja rpaljera, 3akJbydHO ca NOoBehaHMM YHOCOM TOPUBHUX
Matepujana y ¢opmu mparcher moOmmmjapa, moBemu cy mo Opsker OIMpema IoXKapa,
ckpahema BpemMeHa /10 (acxoBep-a ¥ TeHepaHuX [TPOMEHa y TMHAMHIM [0Kapa, LITo je y
KpajlbeM pe3ynTupaio ckpahmBameM BpeMeHa y KOME Ce MOKe OOaBHTH €BaKyalwja M
OUyBaTH MeEXaHWYKa CTaOMIIHOCT 00jeKTa, ca CBUM HMIUTHKanujamMa Ha Oe30emHoCT
KOPHMCHHKA H CIIacHJIana.

2.4. lllupeme no:xapa npexo gacane

N3meHama y obacT peryiaThBe Be3aHe 3a 00JacT TOIUIOTHE TEXHHWKE Y 3TPajapcTBy,
KOje Cy HacTymuiie JOHOIIeHheM ,llpaBuinHuka o eHeprerckoj edukacuoctu 3rpama” [1]
neUHUCAHM Cy 3aXTEBU KOJU C€ OJJHOCE Ha CHEPreTCKa CBOjCTBA 3TrPpajie KOju MOIpa3yMeBajy
MpopadyHaTy WM HW3MEpPEeHy KOJNWYMHY eHepruje Koja je moTrpebHa kako Oum Omre
3aJI0BOJECHE CHEPreTCKe MoTpede Koje 0AroBapajy yoOuvajeHoM HaunHy Kopuiiherma 3rpaje
U KOje YKJbYUyjy IIpe CBera €Heprujy 3a Tpejame, xiaheme, BEHTHIAIH]y, MPUIIPEMY
CaHHTapHE TOIUIE BOJIC U OCBETIHCHHC.

OBaj npaBUITHKK [IPUMEHY]E CE Ha U3TPaJIiby HOBUX 3rpajia, PEKOHCTPYKIH]Y, TOTPaiby,
OOHOBY, ajamnTallljy, CaHAIM]y W CHEPreTCKY CaHaIlMjy moctojehnx 3rpama u 3rpaje Wid
JIeTIOBE 3rpaja Koje YMHE TEeXHHYKO-TEXHOJIOMIKY WM (DYyHKIHMOHATHY LEIUHY, a Koje ce
MPOJIajy WK J1ajy Y 3aKYIL.

Ha ocHOBy 3axTeBa MmocTaB/beHHX ,,IIpaBHIIHUKOM™, MOXXE€ CE OYCKHMBATH 3HAYajHO
noBehame HUBOA TOIJIOTHE M30JI0BAHOCTH 3rpajia, a CaMUM TUME U JIeOJbHHA NPUMEHCHE
TOIUIOTHE HM30JIAllHje Y OKBHPY KOHCTPYKIIMja KOje Ce TpaHHYe ca CIOJbHUM/HErpejaHuM
MIPOCTOPOM.

Hedununyhn 3axTeBe Be3aHe 32 EKOHOMUYHO KOpHIINemhe eHepruje  4yBambe TOIIOTE,
»»| [DABIITHUK j& AETMMUYHO OTICEPBUPAO U MOjEANHE Ipyre ONTHE 3aXTeBE MPUMEIbJbUBE Ha
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rpaljeBHHCKE TIPOM3BOJE W pajoBe [2], mpu deMy OWTHU 3aXTEBH BE3aHM 3a 3AIUTHTY OJ
HoXapa HUCY y3€TH y Pa3MaTpame.

Henocrarak oBor Jena peryiaaTiBe MOXe MMAaTH 3HauajaH yTHIA] HAa CMambElhe HUBOA
0e30eqHOCT OJ1 TIoXKapa y 3rpajiaMa y CMHCITY CTBapama MOTYhHOCTH 3a 3Ha4ajHO moBehame
NoXapHOT omnrTepeherma Kao TNOCIeAWIe TNPHMEHE TOIIOTHOM3O0JIAIIMOHMX Marepujaia
HeaJIeKBaTHUX CBOjCTaBa M FUXOBE HEaIeKBAaTHE yrpalme — MOCEOHO y cucTeMe (hacaTHIX
3upoBa. [IpeHomeme noXkapa ca JOBHMX Ha TOPHE CIPaTOBE, KPO3 MPO30pe U JajbUM
HIMPEHEM IyTeM Topema rpaljeBUHCKUX MpOM3BOAa U MartepHjasia yrpaheHux y dacaane
3UI0BE, MOXKE IPOY3POKOBATH NOryOHE edeKkTe IO JbYACKE )KUBOTE M MaTepHjajHa qoopa.
Ha oBaj HauMH mnokap ce MOXE NPOLIMPUTH HM3Y3eTHO Op30, HapymaBajyhu mnoxapHo
pa3zBojeHe IeNMWHe W ApaMaThdHo ckpahyjyhm Bpeme u moryhaOoCT eBakyamwmje. [Ipm
OBAaKBOM CLIEHapujy, MOpe] JbyJu YHyTap 3rpaje MOTy OUTH YrpoxKeHe M ocode mopen
3rpajie — ClIaCHOIM U €BaKyMCaHH KOPHCHHLM — ycie MoTyher oTnagama JeoBa CHOJbHUX
obora nnu ropyhux gecruna.

3. PETYJIATUBA
3.1.0n1utHu ocBpT

Hako cy npoOneMu Be3aHH 3a MIMPEHE T0Kapa MpeKo (acaae NCIOJbeHH 3HATHO paHuje,
CTBapHa II0’KapHa CBOjCTBA M MOCEOHO peaklyja Ha MOXKap OBHX CHCTEMa HHje NOBOJHHO
MO3HaTa HUTHU JOKyMEHTOBaHA. TeK y CKOpHje BpeMe Cy MHTEH3MBHpAaHE aKTHBHOCTH KoOje
MMajy 3a Wb J1a ce OBa 00JacT JeTajbHHje MPOYYH U Ne(UHHUITY OKBHUPH 32 TOHOIICHE
TEXHUYKHX MPOIUCA U CTaHAap/a Kao OCHOBE 3a yTBphuBame neppopmMaHcu.

3.2.CTanaapam — METOIM UCITUTHBAHA

3.2.1.Peakuuja na moxxap — medium scale test

Hajuemrhe xopurrhern npuctym 3a oapehruBame moXapHUX CBOjcTaBa ¢acaga — moceOHO
¢acagaux obmora tuma ETICS (koHTakTHM acagHy TOIUIOTHOM3OJALMOHM CHCTEMH Ha
OCHOBH €KCIIAaHIMPAHOT MOJMCTHPEHA MM MUHEpaiHe ByHe) [3] U BeHTHIMCAHE cHCTeMe 3a
obnarame Gacana [4] — cy ucnuTuBama y HHby KiIacu(UKalje peakuuje Ha Ioxap mpema
eporickom craugapay EN 13501-1 [5-8]. UcnuTtuBame Koje MpeTXoau Kiacu(DUKAIIjU ce
cBoau Ha crpoBoljerbe SBI Tecta m mparehmx TectoBa [9-12] y 3aBHcHOCTH 01 Kilace
peakuuje Ha nokap. TecT je u3BeieH M3 METOJa MCIUTHBAmha TOPUBUX MaTepHjasia y yriy
cobe (room corner test) y cxiany ca cranmapaoM 1SO 9705 u mompasymeBa HCIIUTHBAE
MarepHjajia, KOMIO3UTa, KOMIO3UIMja T1a M CKJIOIOBa KOJH CIIyXe 3a o0larame 3MI0Ba,
n3Boheme mperpana u ci. MoHTaxa, Kaueme W CJ. Ce U3BOJU Kao y yCIOBHUMAa KOHAuyHE
IpUMeHe, a TUMEH3HUje y30pKa Koju ¢opmupa yrao cy 500 mm + 1000 mm, Bucure 1000
mm. JleGspuHa y30pka je orpanuveHa Ha 200 mm, ykipydyjyhu mojjiory u Ba3aylliHE
MelympocTope.

Ha ocHOBy auMeH3uja y30pKa MpPEAMETHH TECT CE CBPCTaBa y PEl TECTOBA CPEIbUX
pasmepa (medium scale test), 30or yera je KoJ HEKUX KOPUCHHUKA H3PaXKEHA CYMEba Y BbETOBY
MIPUMEBUBOCT M PEATMCTUYHOCT NOOMjEHUX pe3ysiTaTa KOJ UCIIMTHBAba Peakiyje Ha Moxap
¢acana.
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3.3.UcnuTuBame pacaga — large scale test

3a ucnHUTHBamkC MOHAIamka y Mmoxapy ¢acaga, MOCTOJU M HEKOJHKO HAIMOHATHUX
TecToBa BeNuKuUx pasMmepa (large scale test) ox kojux cy HajmosHaruju 1SO 13785-2 [13],
BS 8414-1i DIN 4102-20.

Y OCHOBHU CBM TECTOBHM IOJpa3yMeBajy oapehuBame peakiyja Ha MoXkap Marepujana u
KOHCTpyKIMja (acagHux obsora kaja Cy M3JIOKEHH TOIUIOTH U IUIAMEH M3 CHUMYIMPAHOT
YHYTpaLIBkEr IPOCTOPa, ca BAaTPOM Koja Kpo3 OTBOP IPO30pa AUPEKTHO Aeiyje Ha dacany.

Pa3Boj XxapMOHM30BAaHOT' €BPOIICKOT CTaHJap/a je Y TOKY.

4. MMPABWJIHHUK O TEXHUYKHUM 3AXTEBUMA BE3BEJHOCTH O
INOKAPA CIIOJbHUX 3UJTOBA 3I'PAJIA

4.1.Pa31031 32 1OHOLIEH-¢ MPABUJIHUKA

BaxehnM TeXHWYKMM HOpMAaTHBMMAa KOjU Ipare 3aKOHE M AaKTYeNHY TEXHHUKY
perynatuBy HHje paspahena mnpoOinemarnka 0e30eJHOCTH O] MOXapa CHOJEHHX 3UI0Ba
3rpajga MPIINKOM oOlarama 3rpaja MaTepHjalnMa Koju NmoOOJbIIaBajy HBeHa H30JIaIHoHa
CBOjCTBa, Ma je paau 0e30eqHOT OoJBHjarba TOT IOCTYNKa OO MOTPeOHO M3PAIUTH HOBU
MIPOTIKC MpeMa MCKYCTBMMA pa3BHjeHHX 3eMasba yBakaBajyhu u eBporicka mpaBuiia Koja ce
OJJHOCE Ha rpaljeBHHCKe Npou3Boae. TOKOM H3pajie Ipeaora OBOT PpaBHIHKMKA KOpUIIheH:
Cy IPOTHCH Pa3BHjEHUX 3eMasba IIPeMa KOjuMa je MpeyIoT U CAYHEbEH.

Wzpanom IpaBuiiHKUKA MOCTHIKE CE IMOCTABJbEHH 1IMJb, @ TO je Ja C€ OBAKBE 3IPajie MOTY
HCIPOjeKTOBATH M M3BECTH Ha Oe30emaH HA4YMH 10 JbyAE€ W UMOBHHY. VcTOoBpemeHo Om ce
npuMeHoM ojpenou [IpaBmiHMKa mpeaynpeauio HeanekBaTHO M HeOe30emHO Tpabeme
objekaTa a caMMM THM YrpoXaBame J>XHBoTa TpahaHa M mHXoBe HUMOBHHE. OBUM
MPaBUJIHUKOM IIOCTIKE C€ YCKIa)eHOCT ca €BPOIICKOM peryiaTuBoM W omoryhaa
NOCTH3ak¢ OCHOBHH LIMJbEBA 3aLITUTE O/ 110XKapa:

Jla ce 0YyBa HOCHBOCT KOHCTPYKIIHje TOKOM oJjpeljeHor BpeMeHa,

JIa ce CIIpeyH IINPErhEe BaTpe U AUMa YHyTap 00jeKTa,

JIa ce CIIpeyH IINpPEhe BaTpe Ha CyceHe 00jeKTe,

ma ce omoryhm curypHa u 0Oe30emHa eBakyalja JbyId, OIHOCHO H-HXOBO
CIalIaBamkbe,

e ja ce oMoryhu 3amTuTa BaTporacana cracuiana.

[MTorpeba 3a yHanpehemem Oe3beqHOCTH 0/ MOXKapa y noctojehuM M HOBHM 3rpajaama,
Kao W 00aBe3a ycariamasarma JoMaliiX TEXHHYKHX Ipornuca ca npomicuma EY, nannmpana
je mpany [IpaBuiHHKA O TEXHUYKUM 3aXTeBHMa Oe30€THOCTH O/ MOKapa CIOJbHUX 3UI0BA
srpaza. OBHM NPaBHIIHUKOM Ce IPOIUCY]Y TEXHHYKH 3aXTEBH KOje Ipal)eBHHCKH MPOU3BOIH
y CcacTaBy CIOJbHHX 3MIOBAa MOpajy Aa 3aJ0BOJbC MPUIMKOM MPOJEeKTOBaHa, U3rPalime U
eKCIUToaTaIfje CTaMOCHHX, ITIOCIIOBHUX U jaABHUX 3Tpaja.

ub 3axreBa NeUHUCAHUX y OBOM IPABHJIHUKY jecTe Jia Ce CHpPEYd 3alabere
MPOU3BOJIa W eleMeHara yrpaljeHuX y croJbHE 3HIOBE 3rpajic WM Ha 3rpamy, IPEHOIICHE
Mmo’kapa Ha CyCeIHe 3rpaje, W Ja ce KOpHUCHUIMMA oMmoryhu ma 0e30eaHO HamycTe 3rpamy,
OJTHOCHO J]a BaTPOTaCHO — CIacHjIauke jequHuIe 6e30e1HO0 HHTEPBEHUIITY.
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OcHoBHUM ozpenOamMa [IpaBuiTHHKa je maTa oONacT MpUMEHe W O0jallmkbemhe TEpPMUHA U
neduHunnja kopuiheHUX y TEKCTy MpOoIuca.

YcraHOBIBCHA je MOJIeNa 3rpajia y KaTeropuje npema 3axTeBuMa 0e30€JHOCTH 01 IMoXKapa
CIOJAHUX 3HUJIOBA 3Trpaja IITO Jaje OCHOBHE IOJATKE O KIACH(HKALNHWJH M Pa3BpCTABABY
3rpaja 3a morpebe OBOI MpOMHUCAa M YBOIM C€ Ipajalvja KapaKTepHCTHKa KOje CIIOJbHU
3UI0BH MOPajy UCIIYHHTH y morieny 0e36emHocty o noxapa. OBaKBOM TOETIOM CTBapajy
ce YCIIOBH 3a 00jeKTUBHY IPHUMEHY A¢(UHUCAHUX 3aXTeBa MOKapHe 0e30eJHOCTH 3rpaje.

Kitace peakimje Ha mokap Marepujaja Kao CacTaBHHX ejeMeHara CIIOJbHHX 3HI0Ba
3rpaja, Kao 1 CHCTeMa KOju ce Haja3e y QyHKIUjH CIIOJBbHUX 3MI0BA 3rpaja ycarjaiieHe cy
ca eBPOTICKOM KJIaCH(PHKAIHjoOM TpaljeBHHCKHAX MPOU3BOJA U OIEHYjy Ce MpemMa CTaHaapay
SRPS EN 13501-1.

Ipu w3paau mpaBUIHHMKA CE HAPOYUTO BOJIJIO padyyHa O pellekhuMa Koje je moryhe
peaHO CIpOBECTH, Kako KOJ HOBHX 3Tpajia, Tako M KoJ Beh m3rpal)eHux 3rpana Ko Kojux ce
M3BOJIE PaJIOBH Ha TOO0JBIIAKY TEPMHUUKE 3aLITUTE U YHANpel)ewy eHepreTcke eQuKacHOCTH
3rpaje.
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Munan CPJIJAHOBUR! Cmpyunu pao
JbyGuia KPHIbAWR?

Bepuua MAJIAHKO?

EAYKAIMJE U3 OBJIACTHU 3AIITUTE O/1 ITIOXKAPA
YYEHUKA Y CPEAIBUM HIKOJIAMA

PE3UME: V pany cy npuka3aHu pe3yiTaTd eIyKalHuoHOT NpojekTa ,,JIpernosHaj pu3nk y ceOn 1 OKo
cebe” U3 00JacTH 3aITUTE O] MOKapa, KOju je crpoBeneH Mehy ydeHHIMMa CpeamuXx mikomia. L{ub
npojekTa je 610 a ce Kpo3 eAyKaTHBHH MPOorpaM MiIaau 00Jbe YIO3Hajy ca OMacHOCTHMA OJ1 M0oKapa u
HAYHHY PearoBama yKOJIUKO CE 3aTEKHY y MOXKapy.

Kibyune peun: 3amTnTa of IoXKapa, eayKanuja, 00pa3oBame U3 3aIITHTE Of IoXKapa
FIRE SAFETY EDUCATION IN HIGH SCHOOLS

ABSTRACT: The paper presents the rezults of fire safety educational project ,,Recognize the risk
inside and arround yourself*. The aim of the project activites was to educate the youth people about fire
hazards and how to react if the fire accurs.

Keywords: fire safety, education, fire safety education,

! CTpyK. HHX. 3aLITUTE OJf IOXKapa
2 CIpyK. MEXK. 3aIITHTE XUBOTHE CPEIMHE-3aIITHTE Off Ioapa, Barporacun cases rpaza Hosor
Capna, Hosu Can, JoBana Cy6oruha 11, vsgns@eunet.rs
® Mpog. ap, Brcoka TexHMYKa LIKONA CTPYKOBHUX cTyauja, Hoeu Caz, milanko@vtsns.edu.rs
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1. YBOJ

Y Peny6nuum CpOuju y 3aamHX HEKOJMKO TOJMHA JOTOAMO C€ HW3BecCTaH Opoj
KatacTpoaTHHX TMOXKapa y KojuMa Cy KpTBe Omie muage ocobe (kade ,JlayHnu*, xiryd
»KoHTpact®). [locraBsba ce onpaBaaHO MUTAkE A2 JIM Cy ce MOIIIM M30ehu TparnyHu ucxoau
Ja cy MIlagd MMali BUIIEe HH(POpMALHja O 3alITHTH OJ II0)Kapa M HaYWHY pearoBama Kaja
Cy Ce HallUIM Yy TaKkBOj cHTyanuju. Hajmakmm myT na ce crpoBene enykaiuja u3 o0JiacTé
3aIITHTE OJ TOXapa, je 1a ce y 0Opa30oBHH CHCTEM Hallle 3eMJbE YBele IMporpam Koju Ou ce
06aBHO OBOM TEMaTHKOM.

Y o6pazoBHe ycranose y PenyOmmiu CpOuju, crianajy npeamiKkoicke ycraHoBe (BpTuhn),
OCHOBHE LIKOJIE, CIICIHjaJIHe OCHOBHE LIKOJIE, CPEAbEe CTPYUHE IIKOJIe, TUMHA3H]e, CPEAhe
LIKOJIE 32 CHELHjaTHO 00pa30Bambe, BUCOKE HIKOJIE U (DaKyITeTH.

Cpake rommue y CpOuju ce HOTOOM HEKOJNHKO JECeTHHA TMoXKapa y INKOoJaMa H
BHCOKOIIIKOJICKMM YCTaHOBaMma, ajli M y BpTHhiMa, ITpy ueMy HacTaje BeJHMKa MaTepHjaiHa
mrera. [Tomamu o Opojy moxapa y mkonama y Cpbuju cy npukazanu y Tabemn 1.

Tabena 1 Cmamucmuxa noxcapa y wxoaama y Cpouju [1]

ToauuHa 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
IMoxxapu y mKonama,
BptuhuMa u
BHCOKOIIKOJICKMM
yCTaHOBama
VYKymHO TOXXapa y TOKy
TOJANHE
VYneo noxapa y
00pa3oBHEM
yCTaHOBaMa Yy OJHOCY
Ha yKymaH 0poj moxapa

95 79 64 72 70 120 70 73

15518 | 19097 | 15031 | 19271 | 20301 | 24008 | 35567 | 30668

0,6% | 0,41% | 0,42% | 0,37% | 0,34% | 0,49% | 0,2% | 0,24%

U3 monataka y Tabenu 1., MOXe ce 3aK/by4HWTH Ja MOXapH Y 0Opa30BHUM yCTaHOBama
3ay3uMajy ucrnox 1% ox ykynHor Opoja moxkapa y Cpouju. Melytum, ako ce y3me y o63up
Ja ce y HammM OOpa3oBHMM yCTaHOBaMa Haiasd OKO 1,5 MUIHOHA jene OMJIaiuHe H
HacraBHHKa [2], yrpoxeno je oko 30 000 oco6a. OBaj mojarak He CMe Jia Ce 3aHEMAapH, jep y
clydajy [a ce JOTOJM MOXKap Y HEKOj IIKOJIH, U YKOJIHMKO Ce eBaKyalldja He CIIPOBeIe KaKo
Tpeba, Opoj moBpelheHnx M MpPTBUX OM Morao Outu orpoman. OBO CBakako ykaszyje Ja je
MOoTPeOHO Oap HEKO eNEMEHTAPHO 3HAE M3 00JIACTH 3AIITUTE O] MOYKapa.

2. MMPOJEKAT EAYKIIUJE U3 OBJIACTU SALUITHUTE O MOKAPA
»IIPEIIO3HAJ PU3UK Y CEBU U OKO CEBE*

[Tpojexar enykamuje u3 o0NacTu 3alITUTE O MOXKapa MoJ UMEHOM ,,JIpeno3Haj pusuk y
cebm m oko cebe™ peanm3oBaH je o cTpaHe Barporacuor cases3a rpama Hosor Cama y3
nomoh npodecopa u crynenara Bucoke Texnuuke Illkone CtpykoBHux Cryauja y HoBom
Cany. Uneja 3a mpojekar HacTaja je HaKOH Mokapa y muckorerd , Koutpact™. Y by
JIeTIOBarba Ha CBECT OMJIA/INHE, YCBajarba 3Hamka O OIACHOCTHMA O] TToKapa 1

500



Melynapoona nayuna Kougepenyuja
be3zbeonocnu uncerepune Hoeu Cao,2-3. okmobap, 2014.

ocrioco0spaBama Jia ce pearyje Ha IpaBHiIaH HauMH aKo je JOIIIO J0 IM0Kapa, CIPOBECHA je
e/lyKallyja MpBo y CPebUM LIKOJIamMa, a 3aTHM M y OCHOBHHUM ILIKOJIAMa.

2.1. llnan exykamnuje

VY npojekar cy ykJbydeHe CBe Cpefihe mKkoJie Ha Teputopuju ['pana Hosor Cana, yKyIHO
16661 yuenmka. [lopexm cpemmmx mkona y Hosom Cany, emykammja je HW3BpIICHA Y
rumHa3uju ,,Ceero3zap Munetuh* y CpooOpany.

[Ipe mouerka enykanmje, U3BPIICHO je aHKETHpame Kako a O ce YBHIENO TPEHYTHO
CTame CBECTH yUCHHKA O 3alITHTHU OJ Mokapa. Y Tabenu 2 1at je u3rie] aHKeTHOT JINCTA.

Tabena 2 Ankemuu 1ucm 3a yueHuxe

[omn: M XK Tl'opguna mxonosamwa: | 11 111
v
1. | Ja mu cy y Bamoj mxkomn obemexenn myresn 3a | JA | HE HE 3HAM
eBakyanujy?
2. Ha xoju 6poj Tenepona OucTe mo3Baau BaTporacie y 93| 193 119 H”J()?aH
i ?
CiIy4ajy noxapa? Homyherix
3. 1. Jupexrop
Ko 6u mo Bamiem MHIBE®Y | o Paspeuu crapemmnsa
Tpebano na opramusyje | u .
eBakyaujy y cyuajy mokapa | o ACTABHHK KOjH TPCHYTHO JPXKH HACTABY HIH
y mKomH? je y HerocpenHoj OJIM3HHH
4. [xoncku gomap uinm pagHuK 06e3dehema
4. | la nn 3HaTe TAE ce Yy ILIKOJM Haja3e BaTPOTACHU A HE
anaparu?
5 | la mm {J}a BOXKHO 3HATH pYKOBAaTH BaTPOTaCHUM A HE MOXIA
araparom?
Jla mu mkona uma 3uaHe xuapasre? A HE HE 3HAM
Ja mm cmarpare ga je moTpeOHO Yy mporpame
o0pa3oBama YBPCTHTH IpeAaBama 0 OCHOBaMma 3amrtute | JIA HE HE 3HAM
on mokapa?
8. 1. Hamycrro/na 6ux mpocTopujy 1 103Bao/yia BaTporacie
IlIta Gucre ypamumu | 2. [lokymao/na 6ux ja yracum noskap BaTpOracHUM anapaToM WM
y choydajy mojaBe | IPHPYYHHM CPEICTBUMA
noxapa? 3. AKTHBUpao/na OUX PYYHH jaBibad
4.
9. | Vkomuko uyjere moxapuu | 1. Pacnurao/na Gux ce wra ce femasa
amapM, a He npumehyjere | 2. Ilocrymao/ma 6HX mpeMa HCTAKHYTOM YIIYTCTBY 3a
3HaKe ToXapa, Kako OHCTe | MOCTyHame y HoxKapy
OCTYIHINA? 3. Urnopucao/na 6ux agapm
10. | da mm 9_]6 0e30enH0 Kopuinheme nudra y chaydajy A HE HE 3HAM
nokapa?
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unse ankeTe 3a y9eHHUKE je OMO Ja ce BHIU:

Ja nu yuenunu oOpahajy maXksy Ha ONPEMJBEHOCT EHHXOBE IIKOJIC 10 MUTAHY
3aIUTHTE O] 0XKapa.

KakBo je oniuTe 3Hambe 1 MULIJBEHE O 3aIITHTH 01 OXKapa.

Kounuko cy ynyhenu y mkosicka npasuiia 3aliITUTE O] OXKapa.

Kako 6u ce moHamanu y cirydajy rnosxapa.

Hda nu cmatpajy nma je moTpeOHO yBoheme mpeiaBama O 3alUTHTH OJ IMOXapa y
HIKOJIama.

IIporpamoM je WCIDIaHWpaHO Ja enyKalHje YYeHUKa Tpaje jedaH IIKOJCKU dac, 45
MHHYTa, U OH j€ M0/IeJbeH Ha TPH LeJTHHE!

[Ipeu neo (10 MuHyTa): TpeACTaBIbAkE M MYIITalkE YUYCHHNHMA (QHUIMA ca TEMOM
rokapa y AUCKOTEIH.

Hpyru neo — riaBuu (30 MuHYTA): TpenaBame O 3alITUTA O] MOXKapa y3
MIPE3CHTAIIH]Y.

Tpehu neo (5 MuHyTa): IMTama y4eHUKA.

YueHnumnmma cy npeseHToBane ciienehie TeMaTcke o0IacTu:

[Ira je moxap n xKako HacTaje?

3amTo je BaXKHO CIIPEYUTH MoKap?

Ta n xako ropu?

[IITa ypaautu y ciaydajy moxapa?

ITonamame Jpyau y noxxapy?

®dynkuuje Mo3ra y noxapy?

Kako yracutu noxap (ynorpeda anaparasa rameme moxapa)?
Kako npeno3naru moxap y o0jexry (curaaimm)?

Kako ce eBakyncaTtu u3 objexra?

Kaxo no 6e30enHe mxose?

3agarak eykanuje je OMo 1a ce y4eHWIM KOjU NPUCYCTBYjy IpeAaBamy YIO3Hajy ca
CBUM TIOTJIaBJbMIMA U3 MpPE3CHTAllM]e, Ja Y TOKY MpelaBama MITO 00Jbe CXBAaTe CHTyalHUje y
KOjIMa MOTy Aa ce Hal)y 1 Hay4e Kako IPaBHIIHO Ja pearyjy y \buma.

2.2.Enykanuja u3 3alITUTE 0J Mokapa y rumHasuju ,,Cerozap Muaeruh“

y CpOodpany

VY mpojekar enykanuje, Mopex CpeAmHMX IIKojia Ha TepuTopuju rpaga Hosor Cana,
YKJby4CHA je M jeqHMHA cpearsa Imkona y omurtuad CpboOpaH, rumnasmja ,,CBero3ap
Munetuh [3]. 3axBasbyjyhu no6poj capaam ca AMPEKTOPOM THMHa3sMje, Koja je
NpUXBATUIIA UIC]y Ja Ce CIPOBEIe MpOjeKaT Be3aH 3a eayKaiujy, oMmoryhieHo je ma ce y oBaj
mporpam ykJbyhu 1 HacTaBHO 0CO0JbE U J1a ce CIIpOBeIe 1 MpoOHa BexkOa eBaKyallrje IIKoJIe.
EnykaTuBHU nporpam je cripoBesieH kpo3 ciienehe dase.

aHKETHpame yICHHKa,
aHKeTUpame npodecopa,
elyKaluja yucHHKa,
MOHOBHO aHKETHPAE YICHUKA,
enykanuja mpodecopa,
mpoOHa BexkOa eBakyanuje
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2.2.1.Pe3ynTaTu aHKeTe NMpe eAyKanmje

Ilpe enykauumje yuenuka rumHasuje ,,CBero3ap Mmiernh®, ydeHunnMMma je mnojesbeHa
aHOHMMHA aHKeTa Kao W y cpelmuM ImkonaMa y Hosom Cany (tabena 2.). CTaTHCTHYKOM
00paoM MojaTaka pe3yaTaTd aHKeTe MPUKa3aHu Cy Ha CIHIH 1.

MNpea roguHa [Apyra roguHa

\

K]

»

L]

45 -
40
5 5
» o—
2 ‘ mogosop? || 15
15 ‘ - mogrosopd || 49
10 } moprosop 4 B
5
0 1 0
A

(L 1““

m0prosop 1
Hogorop 2
" oarosop 3

Hopyosop 4

& & w“ &
(ﬁ“;@“r a\“{}@‘?@‘@f&‘;v‘f iﬂ‘ J’ & o"fl f{ef e“‘
Tpeha roguua Yerepra roguHa

15 30

30 25

5 Eﬂ

0 H u Oprosop 1 15 " Oprosop 1
15 Wozyros0p 2 H Wogrosop 2
10 H mogrosop3 | 1 H # opyosop 3
5 “ | moarosopd 5 | W onmeopd
N WA N'E R

\ﬂg d"" x J fm [
"’"Lf“*’u é‘f“«f“” *’“ qﬁ«ﬁ‘@«?#«wﬂ cf‘

Cnuxa 1. I'papuurku npuxas pesyimama npee akHeme, 0080jeHO NO 200UHU UKOO08ATLA

Ananm3za, 320Kpy’KEHIX OJTOBOpa Ha MHTama JoBeNa je a0 Beher Opoja 3akipydaka Io
MUTamky TPEHYTHOT 3Haa M CXBaTamba YIeHNKa O 3alITHTH O] IToKapa.

® YYeHHIM YEeTBPTOT pa3pela MHOTO 0oJbe cy ynmyheHu of ydeHuka miuahux paspezna y
MOCTOjarbe MyTeBa eBaKyaluje y IKOJIH.

o (CBH yUeHHIH I0J[jeTHAKO MMO3HA]y OpojeBe BaTpOracHO CracHuiadke ciryxoe.

VYdeHuIM yriiaBHOM cMarpajy Jia y cllydajy eBakyalMje W3 IIKolJie Tpeba Ja ux

u3Bene npodecop Koji UM JP>KH HACTABY, IITO je HCIPABHO Pa3MUILLLBbAE.

BehnHa ydeHnKka 3Ha rie ce Hajase arapary 3a raiesme moxapa.

Behuna cmarpa z1a je moTpeOHO 3HATH PYKOBATH alapaToM.

Cpa3MepHO AyXKHMHH IIKOJOBamkba YICHUIM 3Hajy Jla IOCTOje XUAPAHTHU Y LIKOJIH.

YeTBpTH paspeau Cy KOJ CEAMOT MUTama McKaszamu Hajsehy 3pemoct, y Behunu cy

OJTOBOPHWIIH 1A je TIOTPEOHO yBOleHmEe 3alITHTE OJ] OXKapa y Imporpame o0pa3oBama,

3a BUMa uay Tpehu paspead, a MPBH M APYTH paspend cy y BehumHH ciiydajeBa

OJITOBOPHJIA HETaTUBHO.

e Belin Opoj yueHunka 3Ha ja TUQT HE CME J1a C€ KOPUCTH y TOKY T0XkKapa.

503



Melynapoona nayuna konpepenyuja

besbeonocnu unscerepune

Hoeu Cao,2-3. oxmobap, 2014.

2.2.2. AHKeTHpam€ HAKOH eAyKaluje

HakoH npBe aHKeTe U OAp)KaHOT MpelaBama, yIYCHUIMMA je MoJeJbeHa JIpyra aHKeTa ca
16 nmutama. [IpBux 10 nurama Ouna cy ucta Kao M y IPBOj aHKETH, a OCTaJIa MUTamka Ouia cy
HaMEHCHA JIa Ce YTBPIM 3HAaWe HAKOH enykaije (Tabena 3). 3a pasyiuKy O] MpBE aHKETE,
Jpyra aHKeTa HHje Onia aHOHWMHA, CBaKH YUSHUK je MOPao Ja ce TOTIIHIIE.

Tabena 3 [lumara koja cy 0dodama ankemu nocje usgpuiene edykayuje

VYkonuko n3duje noxap Ha HEKOM EIeKTPUYHOM ypehajy, unme LIeckom3. AeGerom
1. U P P ypehayy, 2.Bomom4.ITpaxom
Oucre ra racunu?
1.0x Batpe (TOmNOTA, IIIAMEH)
2. Illra mucnure, oxm dvera ce Hajuemhe ctpama y 2.01 npoxykata caropesama ( CO )
noxapy? 3.0n  ypymaBama  KOHCTPYKLH]jE
objexra
a 1M yhmajbeHa LUrapera MOXe Ja H3a30Be
A ym uurap A A HE HE 3HAM
3. | noxap?
1.CkokoM ca Tepace
4. 2.IlyreM KOjUM CTe YIUIH
VKONMMKO Ce Hala3uTe y OHNOXKAPEHOM BHIIECHPATHOM .
. y objekar (II03HAT ITyT)
objexry, eBakyuncahere ce?
3.Yupranum yTeM
eBaKyaluje
1.ITomohHO ocobsbe
5 BatporacHu anmapat u XHAPaHT y IIKOJIH CM€ J1a KOPUCTH? 2Ipodecopu
P P ApAnTy f1a Kop ’ 3.CBu IpucyTHH
4. JlupexTop
Kako ce 'y Bamoj KoMK  BpIIK 1. JemHuM Qyrum 3BOH-CHEM
6. | obaBemTaBarbe OXHOCHO aaPMHpAILE Y CIIy4ajy 2. Buxkowm (moxap, moxap!)
noxapa? 3. ¥Y3acTOIHUM 3BOK:EHEM TPH 3BOHA
160
140
120 —
100 —
B Oarosop 1
30 . moparoeop 2
oarosop 3
60 —
moparosop 4
0 .
Mutaree 11 MuTarbe 12 Murtarbe 13 MuTtakbe 14 Mutarbe 15 MNuTarbe 16

Cnuxa 2. I'paguuku npuxasz odeoéopa na numarea 11,12,13,14,15 u 16.

JonatHa muTama Omia cy HEIITO KOMIUICKCHHja M Ha BUX jé Y MOTHYHOCTH TadyHO
OJI'TOBOPUO CaMO OHAj YYEHHUK KOjHU je Ma)KJbUBO MPATHO CBAKH CETMEHT Ipe/IaBamba.
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2.2.3.AHaju3a 0Ar0BOPA HA 10AATHA MUTAKA:

e Ha murame: ,,YKOIHKO U30Hje MOXKap Ha HEKOM eJeKTpUIHOM ypebhajy, unme Ou ra
racuwian?“ ¢ 003MPOM Ha CIIMKY KOja Ce Halla3u y MPE3CHTALUjH, TIC je 3amabeH
TOCTEp yralieH Iemkupom, Hajsehn Opoj oarosopa 6mo je mox 3. hebetom.

e Ha murame: ,,On uera ce HajBuIle cTpaga y moxkapuma?* BelinHa ydyeHHKaA je
OJIrOBOPHIIA TAYHO.

e Takohe na murame: ,Jla mu murapera Moke Ja n3a30Be MOXkap?* TOTOBO CBH CY
OJITOBOPHJIN TIOTBP/IHO.

e Ha mnwurame: ,,YKOIIMKO CE€ HaJla3UTe Yy OIOXKAapEHOM BHILIECIPATHOM OO0jEKTY,
eBakyncahere ce? pehnHa je oAroBOpHia IIyTeBHMa €BaKyallfje IITO 3HAYH Ja Cy
CXBaTWIIM TIPaBUJIa €BaKyallyje u3 o0jeKTa.

e Ha murame: ,,BarporacHu amapar u XHApaHT y OIKOJIN cMe J1a KopucTu? Behuna je
OJI'OBOPHMJIA JIa CBU MOTY J1a KOPHCTE HITO je Ta4yaH OJIrOBOP.

W3 paznora mTo je HAaKOH aHKETEe IDIAHHMpaHA eBaKyallfja IIKoJe, Ha Kpajy aHKeTe
MOCTaBJbEHO je MUTame: ,,Kako ce y BaIlloj IIKOJHM BPIIN 00aBEIITABAE, OJHOCHO
aapMupame y CiIydajy mokapa?* Hajehinm Opoj ydeHHKa je OATrOBOPHO TadHO, Ta
TeMa je MoceOHO CIOMEHYTa y TOKY IpelaBama, U HajBepOBaTHHjE U3 TOI' pasliora,
KaJia ce y TOKY IIeCTOT Jaca OTJIacHo ajlapM, eBaKyaldja je Ouia ycrenrHa.

u Ogrosop 1
® oarosop 2
opronop 3
 ofrosop 4
o ) 'B\&.;D

A
& &
SRS o

oF

2.2.4. Ananu3a oap:KaHe eqyKaiuje

o
s

g ¢
o e &
& S

140

120

100
80
60
40
0 i
MY ‘,,7:’ o ;"9

o

Cnuxa 3.0 pagux cmarwa npe edykayuje

80 ®mOgrosop 1
moarosop 2
60
oarosop 3
40 Hoarosop 4
B} 1|
0 -
& s

Cnuka 4 I'paghux cmarea nocie edykayuje
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Ynopeauum mperiieiomoba rpaduka Koju MPHKa3yjy IEJTOKYIHE pe3yirare OJroBopa
CBUX YYCHHKA IIKOJIC, MOKE CE CMATpaTH Ja je eayKaluja yueHuka y TuMHasuju ,,CBeTo3ap
Mutetnh* y CpboOpany O0muina n3y3erHo ycrnemHa. [loBehan 6poj TauHIX 0roBOpa I0Kaszyje
Ja KpaTKo, CaJpKajHO W 3aHHUMJBHBO MpEAaBale MOKe Jga moBelia CBECT M MPOMEHH
MHUIIJBCHE OHUX KOJU CY I'a MPaTHJIH.

3. 3AK/bYYAK

Op ykymHOT Opoja aHKETHpAaHMX M EAYKOBaHHMX Y4eHHKa cBHX mkona (oxo 17 000
y4YEeHHKa), caMo je y jeJHOj IIKoJM Ha Opojy ox oko 180 ydenwka, ruMHa3uju ,,CBeTo3ap
Muneth” y Cp6o0Opany, ypahleHO aHKeTHpame HAaKOH H3BpIICHE emykanuje. Ta aHkera
MoKaszajna je ja ce CTame APacTUYHO mpoMmeHmIo. MHoro Behu mporeHat oarosopa GHo je
Ta4yaH, YYEHHUIU CYy CXBAaTWJIU BaKHOCT IIOCE0OBamba 3HAMBa U3 00JIACTH 3aITHTE O] II0XkKapa,
a aHKeTy Cy MHOTO 030MJpHUje CXBATHIIN U TIONYHIIIN HETO aHKETY Mpe eAYKIIHje.

AnKeTa Koja je palleHa HaKOH OJp)KaHE eAyKalWje, yKazyje Ha BaXXHOCT CIIPOBOhema
OBaKBHX aKIl{ja, W MOKa3yje Ja YYCHHUIM Ha MpelaBamy y Tpajamby OJ jeIHOT IIKOJCKOT
yaca, MOTY J1a ycBOje oApel)eHo 3Hame KOoje MM y OMacHHM CHUTyalHjaMa Moxe rmomohn ma
crace JKMBOT ceOM u apyruma. Takole, pe3ynratd oBe aHKETe JOBOJE /0 MHTama: ,,KakBo
OM HUXOBO 3HakEe M Pa3MHIUbakbe OWIO Ja y CKIOMNY OOpa3oBHOT CUCTEMa IOCTOJU
KOHCTAaHTaH IpoLeC eAyKIHMje YIeHHKa M3 obiacT 3amrure oX noxapa?“. KoHcraranuja
KOja MOJKeE JIa Ce IOHECE M3 LIEJIOKYITHO CIIPOBEICHE aKIHje jecTe: ,, YKOJIMKO O YYCHUITH, O
IMOYeTKa CBOT IIKOJIOBAama Ia CBE IO Kpaja, MMald KOHCTaHTHO oOpa3oBame U3 001acTh
3aIITHTE OJ MOXKapa, CTame 3aITUTE Of MoXapa y JIpxaBu Omiao Ou MHOro 0oJbe, a Opoj
KpTaBa y Mokapuma Oum ce cmamuo®. LlemokymHo aHKeTHpame JOBOAW O jOII jeTHOT
3aKJby4YKa, YYCHHIM CPa3MEpPHO TOJHMHAMA CXBaTajy O30WJbHHUjE WIH Mame O030HIbHO
CIPOBEJACHY aKIWjy. YUCHHIM YETBPTUX paspena 030M/bHHUjC Cy MPHUCTYNUIH PEIIaBamkby
AQHKETHUX IHTamka, JOK HajBelly He030MJPHOCT MOKa3yjy yYCHHLM MPBHUX M IPYrUX paszpena.
[Mopen crapoctu yueHuka BakaH (akTop je W NOJ YUEHHKa, YYEHHIE >KEHCKOI IIoJja,
MPOLCHTYAJHO CY Jjajle MHOTO Mame HEO30MJBHHX OJrOBOPA OJ1 YYSHUKA MYIIKOT HOJIA.

BaxHa cTBap je mro ce ogHoc npodecopa M yrpase MIKOJE Y BE3H 3alITHTE OJ] MoXapa
Takohe NpoMeHHo, CIIPOBE/ICHa eBaKyalltja JIOBeJia je JI0 Tora Jia ce CBaku mpodecop 3amura
KOja je lBeroBa Iy)KHOCT 1 00aBe3a y ciaydajy moskapa.

Pan je npoucTexao U3 mojaTaka KOju Cy JOOHjeHH U3 mpojekta y ,IIpernosHaj pusuk y
cebu 1 oxo cebe”.
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Mapujora BOXKOBUR * Cmpyunu pao

BACIIMTHO OBPA3OBHA U UTH®OPMATUBHA
AEJATHOCT Y ®YHKINJU SALILUTUTE N
BE3BE/THOCTH

Pe3ume: Ilpeamer pasa je aHanM3a CTamka U MPEAJIOT Mepa 3a yHanpeleme cBecTH 0 3Ha4ajy eayKaluje
1 00pa3oBama y CHCTEMY 3alITHTE U 0€30€THOCTH

K.]'by‘lHe pe4u: 3alITHuTa, 06pa3013aH)e, 3allTUTa )XUBOTHE CPEAUHE, 3allITUTA O IMOXKapa

EDUCATION AND INFORMATION ACTIVITES IN
PROTECTION AND SAFETY FUNCTION

Abstract: The aim of the paper is to analysis actual state and to propose additional measures in order to
improve awareness about importance of safely education and public information.
Key words: education, environmental protection, fire protection
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1. YBOJ

VY wucropuju JbYACKOr IOpPYIITBA JEIIaBaid Cy c€ OpojHH apaMaTtuyHu norahaju u
kaTacTpode. YoBeK W JaHAC KMBU Ha 3eMJBHM IPENYHOj OMACHOCTH KOje YrpOXKaBajy HEroB
OTCTAaHAK | jaBJbajy C€ Y pa3HUM 0OJHIMMa, OWIO Ja Cy IPUpPOIHE, OMIIO Ja X je OH caM
cTBOpHO. TOKOM CBOT' €BOJYTMBHOI pa3Boja YOBEK ce TPYIHO, HA pa3sHe HAa4yWHE, Ja CBOjY
cpenuHy yunHHU 0e30eHHMjoM U Ja cy30Hje onacHOCTH Koje cy ra rpybo yrpoxasane. Y Toj
BEYNTOj OOpOM ca OMacHOCTMMA, YOBEK je y TpaHHWIaMa CBOJUX YMHHX, (U3NYKHX H
TEXHUYKMX MOT'YhHOCTH ycIieo Jia HeKe OJ] OIIaCHOCTH YMamb¥ MJIM €IMMHHUILE, a 33 HeKe Ja
npoHalje ajiekBaTaH Ha4YMH 3amTuTe. MeljyTum, Hako cy cBa JOCTUTHyha caBpeMeHe HayKe y
BErOBOj CIY)XOH, HEeMY joIll YBEK IPETH OIACHOCT OJ OHUX UCTHX MCKOHCKUX HelpHjaTesba
KOjU Cy ra Kpo3 BEKOBE MpOTamalll: 3eMJbOTpeca, oxKapa, MoIuiaBa, BYJIKaHCKHX epyIIluja,
3apa3HHUX OOJIECTH U JAPYIHX OIMIACHOCTH YHEPEHHUX MPOTHB YOBEYAHCTBA. MOXKEMO C IPABOM
pehu u To na je WoBeK IiIaBHM KpHBAIl 3a I0jaBY MHOTMX HOBHMX OIIACHOCTH jep HErOBO
HEaJeKBaTHO IOHALIake Yy IOKYIIajy Aa MPUPOLY CTaBH IIOJ CBOjy KOHTPOJY IOBOIU 1O
MHoOTUX Hecpeha.

Pernon Jyroucroune EBpome cBe BuIle je YrpoXKeH pasHHUM BpCTaMa IMPHPOTHUX
omacHOCTH (TOXapw, TOIUIaBe, CyIlle, EKCTPEMHO BHCOKE TEMIIEpaType, 3eMIbOTPECH,
KIIM3MIITA, OJIyjHE HEIOTO/E, UTH), TEXHMIKO-TEXHOJIOMKIM Hecpehiama, JIejCTBOM OIaCHHX
Marepuja ¥ APYIHX CTama ONACHOCTH. [ obaiHe KiIMMaTcke MmpoMeHe Takohe IonmpuHoce
Jerpaaliji )KUBOTHE CPSANHE, Ca IITCTHUM YTHIIAjeM Ha 3/IpaBJbe JbY/IH, OIICTAHAK MHOTUX
OPUPOJHUX BpcTa W KynTypHo Haciehe. KomOunanmja HaBemeHux (akTopa 3axTeBa
CBeOOyXBaTHY CTpaTerHjy 3alTHTE M ClacaBama Koja o0yXBara CHCTEME MpPEBEHIIHje,
yOnakaBarma, 3allTHTE U CriacaBamba i 00HOBe. [lokapu Cy 0] MaMTHBEKa BEIUKA OMAacHOCT
10 YOBEKAa, HErOBa MaTephjanHa ao0pa Kao W KUBOTHY cpeauHy. Iloxkapu cy y CBUM
CaBpeMCHHM JPYLITBMMa W JpKaBaMa 3HadajaH IPYIITBCHH, SKOHOMCKA W TEXHHYKO-
TEXHOJIONIKU POOIIeM.

2. INOJAM 3ALUTUTE O] IIOKAPA U EKCIVIO3UJA

3amTuTa O]l MOXapa ce MOXE CXBaTHTH Kao CKYN Mepa U pajibl 3a IUIaHHpame,
(buHaHCHpabe, OPraHU30Babe, CIPOBOleHE U KOHTPOIY Mepa M PAIibHU 3aIITHTE OJ1 TI0Kapa;
cripeyaBame M30Hjamka 1 HIMPema M0Kapa; OTKPUBALE U TallleHhE T0Kapa; CliacaBame JbYAu
Y UMOBHHE, 3alITUTY )KUBOTHE CPEJMHE; YTBPhHBabe U OTKIIabambe y3poKa MMoxKapa Kao H 3a
npyx)arme IoMohH KO OTKIIamarma MOCIeIULA IPOY3POKOBAHUX OKAPOM.

Cse oBe MEpC YCMCPCHC Cy Ka 3alllTUTH JbyAW WU MMOBHHC O ITOXKapa U OHC CC MOTY
CAXETH y IB€ OCHOBHEC I'PYIIC: IMTPEBCHTUBHE U OIICPATUBHEC MEPE.

VY cknany ca THM, TEXKHIITE aHT'KOBaba y 00JIaCTH 3aIITHTE O] IT0Kapa YCMEPEHO je Ha
o0e30chuBame MOTIYHHjE 3aMITHTE JbYIH U UMOBHHE O TO0Kapa, €KCIDIO3Wja M IPYTUX
CTamba ONACHOCTH (eJeMEHTapHe HENOroJje), INEePMaHEHTHY KOHTpPOJIy HpUMEHEe Mepa
MIPEBEHTUBHO-TEXHIYKE U 3aIITUTE O] ToXkapa y oOjekTima Beher crerneHa yrposkeHOCTH 0T
rmokapa, o0jeKTHMa 0] TToceOHOT 3Hadaja 3a PermyOnuKy, Kao M y 00JacTH MPOU3BOJLE U
MMPOMETa eKCIJIO3MBA U IPYrUX onmacHuX marepuja. [loceOHa Mepa mocBeheHa je U MOTIIYHO]
TEXHUYKO] OIPEMIBEHOCTH BAaTPOTacHO-CIIACHIIAUKHX jeIMHUIA WM moBehamy e(pHKacHOCTH
MHTEpBEHIIMja Ha Tallelhy I0Kapa W cliacaBalkby JbYyAW M HUMOBHHE YIPOKEHHX OBHM
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nmorahajuma. Takohe, moceOHa maxma ce mocBehyje CTPYdHOM YycaBpIIaBamy U
ocroco0sbaBamky paJHUKA HAa OBHM IIOCIOBUMA.

HeomnxoaHo je 1a mOMEHEMO U TO Jia CBE Mepe Koje ce MPeay3uMajy y IUJbY 3allITHTE OJ1
Mmo’kapa TOBepaBajy ce CcyOjeKTMMa KOju Aelyjy Y HalWOHATHOM CHCTEMY 3aIliTUTE O
noxapa. Kao u y npyrumM 3emspaMa M y Hamioj 3eMJbH Jienyje Behu Opoj cybjekara, cBaku ca
CcBOjUM (YHKIHMjaMa W OpraHW3al{joM, YHHENM jeIMHCTBEH CHCTEM 3alllTUTE OJ MoXapa
KOjH CBOjy OCHOBY HMMa y 3aKOHCKO] perynatiy. CyOjeKTH y HaIlleM CHCTEMY 3allTHTE O]l
noxapa cy:

e Jlp>xaBHM OpraHu,

e OpraHu ayTOHOMHE IIOKpajHHe,

e Opranu jeAdHUIIA JOKATHE CAMOYIIPaBe,
e [IpuBpenna npyiTsa,

e Jlpyra npaBHa u $u3nuka guna [4].

Takohe, moxxemo pehu nma ce mox mojMOM Mepa 3alITHTE OJ IOXKapa IoApasyMeBa
o/ipeljuBarbe HaYMHA M MOCTYyNaKa KOjHMa Ce BPILIHU CIIPEYaBabe WM OTKIIAmakhe OMIaCHOCTH
0J1 TI0YKapa Ha )KUBOTE JbY/IU, TEIECHU HHTETPUTET, MaTepHjaiHa J00pa U )KUBOTHY CPEIUHY,
IIOK ce 0e30emHu yCIOBH yTBphyjy HOpMAaTHBUMA Caap)KaHUM Y MPABHUM HIIM TEXHHYKAM
MpoNMCHMa Kojuma ce ojpeljyjy ersakTHa Mepuiia, YuMe ce MOCTIKE ojpeljeHa TadyHocTt
00aBE3HOT YHECHa WIH HeUNHCHA.

3amrTuTa 011 MOXKapa je crapa KOJIMKO M OTKpuhe BaTpe U TOKOM HUCTOpHje CE pa3BHjalia y
CKJIaly ca HAyYHMM W TEXHHYKHM HaIllpeTKOM JbyACKOr apymrTBa. OCHOBHE TEXHHKE 3a
0opOy MpOTHB TOXapa M CIIpedYaBamke IHETOBOT IIMPEHA Cy CEe y TMOYETKY CBOAWIE Ha
YKIIamamke TOPUBE MaTepHje, 3aTUM Ha CMamHBame M OnBolerme TOIIOTe M Haj3ah Ha
CHI)KaBamke KOHLCHTpALMje KUCCOHHKA Ja O ce YCIIOPHO WM IPEKUHYO JaHALl XEMUjCKHX
peaknuja koje ce gorahajy TOKOM caropeBama. HaBeieHa TpH MPHHIMIIA M JaHAC YHUHE
OCHOBY 00pO€e MPOTHUB TOXKApa.

[ouenn oprannzoBanHe 3amrTuTe oA moxapa y CpOmju Be3yjy ce 3a BpeMe BIaJlaBUHE
kHe3a Munoma O6penoBuha, 0JTHOCHO 3a JIOHOIICHE Ypeade mpoTus moxapa 1834. roaune.
Op Tor BpeMeHa 3aIlITUTa OJ IOXKapa pa3BHjayia ce y CKIagy ca PazIHuUTHM OOIHIMMAa
JipKaBHOT ypehewa 1 y KOHTHHYUTETY CBE 10 JlaHac.

3aKkoH 0 3alWTHTH OJ MoXkapa u3 1988. roanHe MOHET je y BpeMe Kaja je JOMHUHaHTaH
00JMK CBOjUHE OWja IpyIITBeHa CBOjUHA. /[0 JOHOIICHa 3akoHA O 3AINTHUTH OJ MOXapa
("Cayx6enu riaacauk PC", 6poj 111/09) opranu jennHUIA TOKATHE CaMOYIpaBe M AP>KaBHU
opranu o0aBe3yjy ce Ha CIIpOBOheme Mepa 3allTUTe OJ MOKapa W HaJA30p Haj HHXOBUM
cnpoBolemeM. 3amTHTa 0 MoXkapa y BehuM mpuBpegHUM CHCTEMHUMA M KOJ TIPaBHUX JIMLA
n00po je ¢yHkumoHHMCanma cBe JOK YOp3aH Mpolec NpUBAaTH3alMje M BIIACHUYKE
TpaHchopMalyje MpaBHUX JIHMIA HYje YTUIIA0 Ha pealn3anijy IIaHOBa 3aIITUTE O] IM0XKapa
y ONmITHHaMa M mpeny3ehuma, mTo je J0Beso A0 Tora Aa ce IMOCIEImbHUX TOANHA CIIPOBOJIE
caMO OCHOBHE Mepe 3aIlTHUTE.

3akoH je yckialjeH ca ycTaBHMM ojapenadamMa W mOpomnucuMa EBporicke yHHje U
KOMIUIEMEHTapaH je 3akoHy o BaHpemuuM curyanujama ("CmyxOenu rmacauk PC", Op.
111/09 u 92/11). 3akoHoM ce ypebhyjy cucTeM 3amiThTe Of IOXKapa, npaBa M oOaBese
IOpKaBHHX OpraHa, OpraHa ayTOHOMHHMX IIOKpajuHa M OpraHa JIOKaJHe CcaMOyIpaBe,
NPUBPEIHUX IPYIITaBa, NPYrUX MPaBHUX M (M3MYKUX JIMIA, OpraHM3alldja Barporacana,
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Hag30p Haj copoBohemeM 3akoHa, (UHaHcHMpame M JApyra NHTama O 3Hayaja 3a
(GhyHKIHOHKCAkE cHcTeMa 3amTuTe o mnoxapa. Ompende 3akoHa MpUMEHYjy Ce W Ha
3aIITHTY OJ eKCIuio3nja. 3akoHoM je yrBpheno ma he ce Crparermjom 3amrTuTe 0oJ MoXKapa
CTBOPUTH OCHOB 32 e(pMKaCHH]y 3aIUTHTY JbyIM U MaTepujaiHux jpobapa. Takohe, 6osbe he
Ce YpeauTH OpraHu3aIija U 0CcrocoOJFEHOCT BaTPOTACHO-CIACHIAYKUX jeJMHNIA, CTBOpHhe
ce OCHOB 3a e(HMKACHHjy NMPUMEHY TEXHHUYKUX IPOIMHKCA, IT0jayaTH OATOBOPHOCT cyOjekara
3alITUTE O] [TOXKapa U YPEeIuTH Apyra nuTama [7].

Onmru tus Crpaterdje 3amrtute on mokapa 3a mepwox 2012-2017. romune je
yHarnpeleme 3amTuTe 01 moKapa NPeBEHTUBHUM JISIOBAEM KPO3 MPEIy3UMame U IPUMEHY
Mepa 0e30e1HOCTH CBUX CyOjexaTta u uHpopMucaHoCT rpahana.

3. OBPA3OBAIbLE Y ®YHKIHNJU 3AIITUTE )KUBOTHE CPE/IUHE,
3AIUTUTE O/l IIOKAPA

O03mpoM [a Cy TOXapW y CBHM JpPYIITBUMa W [pKaBamMa 3HadajaH IpPYIITBEHH,
€KOHOMCKH U TEXHHYKO-TEXHOJIOLIKH MpoOJIeM, 3allITHTa OJ1 I0Kapa je Mo CBOjOj CYIITHHHU
JeaTHOCT OJ] ONIITEr JIPYIITBEHOI MHTEpeca, TO je aKTUBHOCT KOJOM C€ IUTHTH pagHa U
KHMBOTHa cpeanHa. [lopen HU3a aKTHBHOCTH KOje ce MPEeAy3uMajy y LUJbY OpraHU30Bamba U
CrpoBohema 3alITHTE OX MoXkapa, oOpa3oBame 3a 3aIUTHTY O] IHOXapa 3ay3uMa BeoMa
3HAYajHO MECTO.

Temess 1 0CHOBY 00pa3oBarba 3a 3allTUTY )KUBOTHE CPEIMHE a CAMUM THM U 3aIUTUTY OJ
rojkapa YMHHM IIPaBO YOBEKA Ha JKUBOT W Paj Yy 37paBoj )KUBOTHO] U PaJHOj CPEIUHU Koje je
Kao OCHOBHO YOBEKOBO MpaBo yTBpheHO m mpuxBaheHo on MeljyHapoaHe u Hamie 3ajeTHuIe
[1]. UcToBpemeHo je mpaBO 4YOBEKa Ha JKHBOT Yy 3APABOj KUBOTHOj CPEAWHU HEOBOJUBO
TIOBE3aHO ¥ Ca IIPaBOM Ha 00pa3oBame U ydemne.

Taxole, Benuku Opoj TeopeTHyapa ykasyje Ha TO Ja oOpa3oBame 3a 3aIUTUTY KUBOTHE
CpelHEe MOpaMO MOCMATpPaTH KPO3 CHUCTEM MEPMAHEHTHOI (KOHTHHYHpPAHOT) 00pa3oBamba.
O0e30chuBambeM crajHe JONMyHE M ycaBpIlllaBamba 3Hama Moryhe je pemuTd
npoTuBypedHocTH m3Mely moctojeher (pacroioXuBor) M IPYIITBEHO HEOMMXOAHOT HUBOA
3HaWbAa KO Jbyau [2].

OpjeHTanyja TEpMaHEHTHOI oOpa3oBama M YycaBplIaBamba LIMPOKEe 00pa3oBHE
momynamnyje (ydeHWKa, CTy[AeHara, CTPyYhaka H OCTalor CTAaHOBHHINTBA) MpPEICTaBIba
HEOITX0JIaH KOpaK y MpaBly NpUOIMKaBamka CHCTEMa BacluTama U 00pa3oBamba 3aXTeBUMa
BpEeMEHa y KOjeM XXHMBUMO M Koje monasu. Kana HampaBUMO OCBPT Ha cucteM (opmaiHor
o0Opa3oBama MOXEMO HAKOH MHOTO W3HETHUX YMI-CHHIA MCTahW N1a je JaHac HajaKTHBHH]U
JICO HaIller APYIITBa HEJOBOJHHO 00pa30BaH 3a 3allTUTY PajHe U )KUBOTHE cpeauHe Muciehu
IIPY TOM M HA 3aIlTHTY OZ MoXapa. To Ipou3miIa3i U3 YHHEHHLIE Ja Cy MHOTe TeHepalLyje y
TOKY CBOT' IIKOJIOBama HEJIOBOJLHO EKOJIOIIKM OINHCMEHaBaHE, OJHOCHO HUCY J00uie
oxarosapajyhe oOpazoBame 3a 3aIITHTY )KHBOTHE cpenuHe. Takole HamI cucteM oOpazoBarma
joII yBEeK matu o MHOTHX ciabocTu M Hepmocraraka. CBECHM CBHUX OBUX HEJOCTaraka, y
HAIlIOj 3eMJbHM CE€ Tpeay3uMajy onapeljeHH Kopaly y TMpaBIily eKoJiorusaije (HopMasHOT
cucreMa obparoBama. Kazna je y nuramy HepopManHu o0k 00pazoBama, Kao U y IpyruM
3eMJbaMa, TaKo M KOJI HaC IOCIeIbUX TOANHA Ce CBE BUILE MPUAaje 3Hauaj HeopMaHOM-
BaHIIKOJICKOM HayuHy o0Opa3zoBama. Tako ce, mopel oOpa3oBHHX Iporpama, KOju Cy
IpuiIaroheHn yspacty ¥ npogecHOHaTHOj OpjeHTalMju KOPUCHUKA Koju cy oOyxBaheHn
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OCHOBHHM, CpPEIIbMM, BHCOKHM W TOCICIMIUIOMCKAM HHBOOM, CBE BHILNE C€ YTBPYYjy U
pa3BHjajy U NpOrpamMu IIMPOKOT BAHIIKOJCKOT 00pa3oBama 3a 3alITUTY PajHE M KUBOTHE
cpemune. [3]. OBa akTHBHOCT je joml yBeK y (ha3u Tpaxkema H (hopMHUpama MOCeOHMX
00pa30BHUX Ca/ipikaja, OPraHU3aNUOHUX O0JIMKA U METOIa Paja.

Tpeba ucrahu u To 12 ce MocneNHBUX rOJMHA POrpaMu, oO0yke M OCrocoObaBama CBe
BHIIIE U BHIIE YKOPEHYjy Y HAIIO] CBAKOTHEBHEBHUIIN, ajlH je Takol)e W HecropHa moTpeda
BHUXOBOT IIEPMAHCHTHOT HHOBHPAkha y CKIIaAy ca 3aXTeBMMa HOBUX TEXHOJIOTHja.

IMocMmaTpaHO ca acreKTa BaHIIKOJCKOT 00pa3oBama 3a 3alUTUTY PaJHE M JKHBOTHE
cpeAuHe, a caMHM THM W 3alliTUTE OJ] M0oXKapa, Morjo Ou ce pehu 1a oBo oOpazoBama Ha
HalIMM MPOCTOPHMA jOII YBEK MMa HEIOCTaTKe y MOIJieNy KOOpIHHALHWje H capaame Mehy
3HAYajHUM JIPYLIITBEHHM YHHHOIMMA Y 0BOj 001aCTH, Takol)e 0J1 HeZOBOJbHE aHTa)KOBAHOCTH
OJ1 CTpaHE IOjeJMHUX WHCTUTYIHja, HemocTaTka (ZWHAHCHJCKE W Ipyre MOAPINKE, Kao H
HEJOCTaTKa HAYYHOT MPHCTYIa U HAYYHUX UCTPaXKUBama y 0BOj oOnactu. Hasemhemo Heke
0l IpUMepa aKTHBHOCTH M O0yKa 3a pearoBame y BaHPEIHHMM CHUTYyallHjaMa Iie Kao y3pOK
MOT'y OWTH M ONIACHOCTH M3a3BaHe moxapuma [6].

MUHHCTAPCTBO YHYTPAIIBUX MOCIOBA MMa MPUMAPHY YJIOTY y TOJM3amkhy KamaluTeTa
cyOjekara chcTeMa 3alliTUTE W CllacaBama y BaHPEIHMM CHTyalldjama, 3a CIydaj Ioapa,
eJleMEHTapHHUX HETOTo/1a, TEXHWYKNX W TEXHOJOMIKKUX Hecpeha, ejeTBa OmacHuX MaTepHja u
JIPYTUX CTaba OMacHOCTH.

OOyka y HaunmoHasHOM TpEeHMHT LEHTPY MUHHMCTapcTBa YHYTPAILIBUX IOCIOBA M
PEruoHaJIHUM IEHTpHMMa HMMa 3a 1IWJb NOAN3arb€ HUBOA 3HAka W BCIITHHA HOje}IPIHaLIa,
jenmHMIA W mTaboBa 3a BaHpENHE CHTyalMje 3a H3BpIIAaBamE 3ajaTaka 3allTHTe M
CriacaBarba, CaMOCTAJIHO WIIM Y CaCTaBy HalMOHAJHUX M MeljyHapoaHO 3ApYyXKEHHX cHara 3a
3aIITUTY O] eJIeMEHTapHUX Heroroja u Ipyrux Hecpeha. OOyka je ycMepeHa m oOyxBara
OpraHn3allMOHE aKTUBHOCTU U JIMLA I[e(bI/IHI/IcaHa 3aKOHOM U APYTMM IpaBHUM aKTHUMa, 3a
NOCJIOBE IUIAHUpama, NMPUIPEME M pearoBama y Cllydajy HacTaHKa BaHPEAHHX CUTYyaluja,
OJIHOCHO crnpoBoljera OnepaTMBHUX aKTHBHOCTM Ha CMamelhy IOCIeNUlla HacTajIor
nmorahaja. Y okBupy HarmoHamHOT TpeHMHT LIEHTpa 3a BaHpEIHE CHTYalldje IUTaHUpaHa je
oOyka 3amocnennx Cekropa 3a BaHpEAHE CHUTYyalldjeé KpO3 OCHOBHY M CIICIHjATMCTHYKE
00yKy, OOyKy pyKOBOAMOLA, Ka0 M IIEPMaHEHTHO YCaBpIIABalke KPO3 peau3alujy
ceMuHapa, paJloHuIa, CUMYJIalKja U BEXOH.

IMocebHa maxkma mpuaaje ce pa3sHUM BHIOBHUMA OOYKE 3a pearoBame y BaHPETHUM
cutyanrjama. Tako je y jyHy 2009. romune, y OmmaguackoM Kammy y Koauwiiy,
MUHHCTapCTBO YHYTPAIIKBUX IIOCIOBA OpraHU30Baio o0yKy mox HazuBoM "J{oOpoBosplu y
3amTuTH o moxkapa - Kosaumma 2009", u 1o y okBupy Ilporpama 3a miaHupame u
pearoBame y BaHPEAHHM CHTyalnHjamMa AMEpHUYKE arcHIdje 3a MeljyHapoaHu pas3Boj
YCAUWJI. Llmwe oBe oOyke je emykamuja aene y3pacta on 14 mo 18 romuna 3a 3amTuty 01
roJkapa M pearoBambe y Cilydajy MpUpOJHUX U M3a3BaHUX KaTacTpoda.

ITon nmoxpoBuTesbcTBOM MHUHHMCTApCTBA YHYTpAIIBUX M1OCI0BAa U MUHUCTAPCTBA 3a paj
U COIMjaHy MOJHUTUKY, y beorpany ce TpaaumuoHaiHo oapykaBa Mel)yHapomHu cajaM 1oz
Ha3uBoM "3amTuTa M Oe30emHOCT", Y UMIbY Ja ce Ha jeAHOM MecTy Hal)y Bonehu sbynu
CIykOM 3a 3alITUTYy W cHacaBake y EBpomm, cTpydymann y oBOj oOiacTé pama o
npou3Bohauu onpeme, Kako OM pa3MEHWIN UCKYCTBA, YIIO3HAJIM CE€ Ca HOBUM TE€XHOJIOTHjaMa
MU TMOCTUTIIM JO0TOBOpP O Oyayhoj capammy Ha MOJbY 3alITHTe W 0€30€THOCTH JbYIAH |
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MarepHjatHuX gobapa. Y TOM CMHCIy OpPraHW30BaH je He CaMO HM3Jaradyku, Beh m cTpydHH
nporpam, Koju o0yxBara CaBeTOBamba, PaAHOHHUIIC U IPAKTHYHE AeMOHCTparwmje [6].

4. YMECTO 3AK/bYYUKA

3a ycHeuiHo crpoBoljeme 3alliTHTe >KUBOTHE CpPEelMHE a CaMHM THM M 3allTUTE O]l
mokapa Tpeba mocebHy maksy 0OpaTUTH Ha MHUTame U300pa W peann3aiije o0pa3oBHUX U
MH(QOPMATHBHUX CaapiKaja KOjU ce OJHOCE Ha MHTama U npoodieMe 0e30eIHOCTH U 3alITHTE
KHBOTHE cpearHe. To je pasyMJbHBO, aKO Ce HMa Y BHIY YHI-CHHIA J]a Ce PAIU O CIIOXKEHO],
KOMIIJIEKCHO], MHTEPANCHUIUIMHAPHO] MaTEepHjU KoOja IoJpa3yMeBa MEPMAHETHO Y4YEHEe U
MMO/IN3aEe jaBHE CBECTH O 0e30eqHOCHHM IMpobieMuMa M MPOoOIEMHMa 3allITHTE Off CBHUX
Moryhux omacHocTd. Pesynratim wmcTpaxkuBama MOTBphyjy mOTpe0y oOpraHm3anyje
00pa30oBHUX ¥ MH(POPMATHBHHX aKTUBHOCTH M TO, IPBEHCTBEHO, ca cajpkajuMa Koju he
outn HerocpenHo y GYHKIUjH 0e30€THOCTH, 3alITUTE 3[IPaBJba M MMOBHHE CTAHOBHHIITBA.
YcrnemHo pemaBame NHTakba U IpodieMa Be3aHnX 3a 3alITUTY OJ] oXkapa Kao U mpobiiema
3aIUTHTE XXMBOTHE CPEIMHE 3aXTeBa CHAXXHY HHCTUTYLHOHAJIHY OCHOBY, KOja Ce MOXe
noctuhu Kpo3 jadarme KamanuTera, J00po yIpaBJbamke, OJaKIIaH! IPOTOK MHpopManuja u
euKacHe KOOpIUHAIOHE MexaHu3Me. Tpeba 00e30eMTH KOMIIETEHTHOCT, 00pa30BaHOCT U
00y4eHOCT CBUX YYECHHKA KOJH Cy 3aIyKEHH 3a 0e30€IHOCT KUBOTHE CpPEMHE KOja MOXKE
OUTH yrpo’keHa pa3HUM BUAOBMMa omacHocTd. OTyza je JOTMYHO J1a HEONXOJHA 3Hama,
KOHKpETHa peIlckha W METOJC YIpaBJbaka 3alITUTOM paJHe W XKHBOTHE CpeAuHe Oyny
MpeAMeT NepMaHEeHTHOT 00pa3oBama U yuema y 0BOj 001acTH. Y TOM IOTJIeay, CaBpeMEeHN
00pa30BHHU NIPHUCTYN 3aCHOBAH HAa METOJaMa aKTUBHOT ydeHa U CTajHe IMapTHLHUIANN]e CBUX
3aI0CIeHUX Y aMOMjeHTy “OpraHu3aiyje Koja y4u' iMa HelpolehUB 3Ha4a] Y OCTBApHBALY
3axTeBa OJIPXKHUBOT pa3Boja y oyayhuoctu [3].

Heonxonno je ycnocraButu uBpuihe Bese msmely ¢opmaiiHOr, HEOpPMATHOT U CBUX
JIpyrux o0JHKa ydema u 00pazoBama Kako 0u ce omoryhmio yeoheme drnozoduje u mpakce
JO>)KUBOTHOT yd4e€Ha, OJHOCHO MOryhHOCT oOHaB/bama U OCAaBpPEMEHUBAKHA 3HABA U
CIIOCOOHOCTH TOKOM LIEJIOI JKMBOTa. Y KOHAauHOM 3a0KPY)XUBaky 3akjbydaka OBOT
HCTpaKMBamka YNHNM HaM Ce YIIYTHUM Jla YKQKEMO Ha HeKe 00jeKTHBHE U HEOIIXOJHE Mepe U
HAayYHOMCTPaKWBAYKe aKTHBHOCTH KOje O ce MOTJIe OCTBapUTH y cirefiehim npasmmMa:

e caapxaje U TeMe U3 o0JIacCTH 3alITUTE YKUBOTHE CPEIHHE, a MOCeOHO 3allTUTE OJ
HoXKapa YBECTH Y HAI[MOHAJHE HACTaBHE IUIAHOBE U IIPOrpaMe CBUX YCTaHOBA
o0pa3oBama U BaCIIUTamba;

e pasBujaty HanmoHaHe n permoHanHe TPEHHUHT LIEHTPE 3a BaHPEIHE CUTYalHje Kao U
Jpyre Hocuolle 00yKe M CTpy4YHOT ycaBpllaBama Cy0jekaTa MHTEIPHCAaHOI cUCTeMa
3aIITHTE U CIIacaBamba;

e npesasuhu uiaM cripeunTy Oapujepe NapTULUIAIMjE CTAHOBHUIITBA Y aKTUBHOCTHMA
obpa3oBama 3a 3allTHTY XXHBOTHE CPEMHE U 3aIUTHUTY OJ IT0XKApa;

® IIOJCTULIATH MENIOBamke IOPOAMIIE, MIKOJIE, MEOHWja W PAJIMYUTHX APYLIITBEHHX
Opranm3aija y pasBujamby 00pa30BHHX HOTpeda 3a 3aIUTHTY )KUBOTHE CPEJUHE U
3aIITUTY OJ IOKapa II0OCeOHO y CpeluHaMa Koje Cy H3JI0KCHE PH3UIHUMa Of
HaCTaHKa UCTHX;

e o0e30ehuBame cucteMa epMaHEHTHOT o0pas3oBama M ydera 3a 3alITHTY pajgHe H
JKMBOTHE CPEJJMHE KaKo Ha PEIyOIMYKOM TaKo M Ha JOKIHOM HUBOY;
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e OCTBapuTH (PYHKLUMOHAIHY ITOBE3aHOCT HAy4YHO-HCTPAKMBAYKMX OpraHu3anuja ca
KJbYYHHM aKTepHMa HHTETPUCAHOT CUCTEMA 3aIlTHTE U CIIacaBama;

e Dpa3BHjaTH CBECT U KyATYypy Oe30emHocTH rpaljaHa y 00IacTH 3alITHTE H ClIacaBarba
U CMambHBaTH PU3UKE 0J1 KaTacTpoda;

® YCIIOCTAaBUTHU M YHAIPESIUTH IITO eQUKACHU]Y KOOPIHHALU]Y U ONIEPATHBHY capaliby
cBUX cy0jekara HHTEIPUCAHOT CUCTEMa 3aILUTHUTE U ClIacaBamba;

e 1000JbIIATH PETHMOHANHY W MelyHapoqHy KOOpAMHaUMjy W capaamy npahemem
cTama, pa3MeHOM HMH(OpMaIja U 3ajeqHHYKAM OOyKama jeJHHIIA MHTETPHCAHOT
CHCTeMa 3allTHTE U CIIacaBamba.
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Bpanko BYKUR Cmpyunu pao
Jlparas KAPABACUJT?

Cnasko CMUJbAHUR®

INEHUJIA 3A TAIIEIHE ITIOKAPA, KBAJIMTET,
IHPUMEHA U IOTPOIIIBA

Pe3ume: Ilennna ce kopucre 3a eUKAacHO ramiemke Mmokapa YBPCTUX MarepHjajia Kao IITO CY JAPBO,
yrasb, namip u ap. (kmaca A), Kao M 3ana/bUBUX TEYHOCTH KOje Cy MEIUBbMBE WM HEMEILbHBE ca
BozoM (knaca B). YV Cpbuju je ycxmagumreHo 500 no 600 tona menmna. [ogumme ce HabaBu 80 1o
100 ToHa HOBoOr meHmna. JJOMHHAaHTHU NPOM3BOhaul KOjH Cy 3aCTYIJbCHH Ha HAIleM TPXKHIUTY Cy W3
Hemauke u IlIBencke.

Behnna menwna HabaB/ba ce MyTeM TeHIepa 3a jaBHe HabaBke. Jlo0aBibauu 3HAYAjHO YTHYY Ha
dopmupame kputepujyma TeHmepa. Hajuemhe ce He Bomu padyHa O KBajuTeTy meHwna Beh o
onpeheHnM mapamerpuma, Koje Aaje cam mpousBohay. HajmMame MM TOTOBO HUKako HE Tpaxe ce
mapaMeTpy BaKHHU 3a Tallelkhe MoXkapa. Y pady je OaT NMpuKa3 aHajdn3e HEKHX jaBHUX Ha0aBKU ca
[MJBEM Jla CE YKake Ha HEHOCIETHOCT TPAXKEHUX KPUTEPHjyMa MO TEeHAEPCKO] TOKYMEHTAlUjU mpeMa
BaxehuM cranmapauMa.

Kibyune peun: nenuso, TeHuep, HabaBka

FIRE FIGHTING FOAMS, QUALITY, USAGE AND
CONSUMPTION

Abstract: Foam is used for efficient fire fighting on hard materials such as wood, coal, paper and
others. (class A), as well as flammable liquids that are miscible or immiscible with water (Class B).
Serbia has stored 500 to 600 tons of foam. Annually, 80 to 100 tons of new foam is bought in our
market. The dominant manufacturers, that are present in our market, are from Germany and Sweden.
Most of foam on our market is bought through tenders. Suppliers significantly affect the formation of
the criteria of the tender. Most often they do not consider quality of the foam, but they consider certain
parameters, gotten from the producer. At least or almost never, buyers look for foam to meet
parameters important for fire fighting. This paper presents an analysis of public procurement in order to
point out the inconsistency of the criteria required by the tender documents according to current
standards.

Key words: foam, tender, purchasing

L Vapyxeme nmkemepa cpGije 3a KOPO3H]y ¥ 3aIITHTY MaTepHjaa
Bucoka TexHHUKa 1IKoIa CTpyKoBHUX cryauja y HoBom Cany, karabasil@vtsns.edu.rs
® TexHonOWKK (axynrer, 3BOPHUK
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1. YBOJ

ITennno (KOHIIEHTPAT, EKCTPaKT) y omHocy 1-6 % ca 99-94% Boxe, epaiijom Ipexo
MJTa3HUIIe CTBapa MEHy Koja Ce HAHOCH Ha moxkap U edukacHo ra racu. [ameme moxapa
BpLIM Ce YryuuBaewmheM U xiuahemeM. [IeHoM ce race mokapu HacTaly MajbelheM YBPCTHX
Matepujana (OpBO, yrajs, IMamup W JAp); A Kilaca Iokapa, Kao W 3alajbHUBHX TEYHOCTH
MEIUBHUBHUX Ca BOJOM M HEMCIUBUBHX Ca BOJIOM (QIKOXOIH, alleTOH, HAQTHU ACpUBATH H
Ip); b xmaca moxapa.

Hajsehn moTtpomaun nennia 3a rameme noxapa y Cpouju cy: Hapraa mnnycrpuja -
paduHepHje, CKIaguIITa U NpPETaKATUIITa HAQTHUX IEpPHUBATa, TEPMOCICKTPAHE, PYIHULIM
yIjba, TOIUIAHEe, aepoAPOMH, (adpuKe jeCTUBOT U MAIIMHCKOT yJba, MUHUCTApCTBO 00paHe,
OpoICKe TPEBOJHHUIIE, XEMHjcKa WHIYCTpHja, OpBompepaluBauka WHAYCTpPHja, TPasCKe
BaTporacHe jeIMHUIIE, TyMapcKa HHAYCTpHja, habprke alkoxoia u Jp.

lameme moxapa meHoM y CpOuju BpIIM ce ca CTAMOHAPHUM WHCTajalfjaMa WM ca
MoOmwHNM ypehajuma Tj. mpeko BarporacHMX Bo3mima. Kom Hac ce cmabo Kopucte
BaTPOTaCHU arlapaTd 3a ralleme CHOM.

Moxe ce mpouienuty 1a ce y Cpouju rogumime Kynu 80-100 ToHa HOBOT 1eHHIIa, a ja Cy
samuxe 500-600 tona. OOHaBspame 3anuxa 15-20 % je HEZOBOJHHO, jep Ou Ha BexOame
BaTporacaia Tpedano Tpommti MuHIMYM 20-30% neHnna koje ce HabaBJba y TOKY TOAMHE.

VY nojemuanuM QabpukaMa WM MHCTHTYLHjaMa Halase ce IeHWIa crapa W Bume ox 30
roJMHa a Jia HUKaJ| HUCY UCIIMTaHa WK MpoBepaBaHa. [IoHekasx ce Koj morpoiaya He MOXe
nobutn mH(pOpMAaIHja 0 KOM NMEHWIy Ce paad WM Koja je TOOMHa Ipom3BoIme. HabaBka
neanina y Cpouju Bpimm ce BehMHOM myTeM jaBHMX Ha0aBKH, jep Cy MOTpPOLIaYH - KYIIH
jaBHa npeny3eha, mpuBpeHa APYIITBA U Ip>KaBHE HHCTUTYITH]E.

TeHaepckoM IOKYMEHTAIMjoM Tpebaao OW Mperu3upaTH: MpeAMeT HabaBKe ca CBUM
napaMeTpuma npema qoMahuM cTaHAapAnMa a He TPaXXUTH HeOMTHE mapamerpe, a OUTHE He
noMumatd. Hamp. HMKO He MOCTaBJba 3aXTEB Jia IEHWIO e(PUKACHO TacH IOXKap, alu
3axTeBajy BUCKO3UTET Ha -18°C, wim jemna ¢pupma Tpaxku 1a je TpajHoCT | ToauHy , a apyra
MuH 25 ronuHa 3a HMcTo neHwio. Hajuemhe ce Tpaxe mapamerpd OJ IMOTEHLUjalHOT
HCIIOPYYHOLA IITO je HEAOITYCTHUBO.

DuHAHCH]CKU YCIIOBH 32 MOHYAY CY Pa3JIMYUTH OJ] COJI0 MEHUIIE 3a MOHY/Y U TapaHIuje
3a J0OpO M3BpIICHE 10 OaHKAPCKE rapaHIlyje 3a TOHYAY U 3a JOOPO M3BpIICHE,

[IpaBaunu 6u Tpebayo Aa Mpenu3HO AePUHUITY POKOBE, CTaHAApE KOjH Ce IPUMEHY)Y
u ci1. HemomycTuBO je ma POKOBU 3a Mpenajy MOKyMeHTaldje Oyay kpahu onl 3aKOHOM
npenBuheHUX WIK Ja ce MPUMEbYjy JaBHO IIOBYYECHH CTaHIApAHW, a HE aKTyelHH Homahu
CTaHIApAX WK J1a Ce TPaXKH Jia arcHIMje Jajy carjacHOCT aKpeAUTOBaHUM jaboparopujama
Ja paje aHajun3e, YMECTO Ja areHIlje Jajy 3aXTeB 3a KBAJHTETOM a JlabopaTopHje paje
aHaJIM3e Ha OCHOBY OBJalIficha aKPEAUTALIMOHOT TeJa U CII.

[Ipema mapamerpnuma n3 3axTeBa 32 HaOaBKY MOJKE C€ JI0CTa MPELH3HO MPETIOCTABUTH
OJ] KOTra ce HaMepaBa KyIIUTH MEHWIIO, a KaJl ce OTBOpE IOHYAE TO je MOTIIYHO jacHO, jep ce
LIeHe pas3nuKyjy u 10 90% Tj. oHaj 3a Kora je mpHUIpeMaH TeHep uMa 1eHy Behy u mo 90% y
OJIHOCY Ha peaJlHy LIEHY.
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ITns oBor paga je ma ce ykake Ha mpoOneme y jaBHUM HaOaBKaMa NEHWIIA 3a TalleHkhe
noxapa.

VY oBoM pazy Ouhe oOpahen onpehen Opoj jaBHUX HaOaBKM IEHUIIA 3a ralene oXapa, ¢
TUM 112 Hehe OuTH 00jaBIbeHN HaOaBJbaUM HUTH N00ABJBauM, YKOIUKO CE€ HEKO IMPEro3Ha TO
HUje npolbiieM ayTopa.

YocTanaom TeHiepH Cy jaBHU W 00jaBJbEHH Cy Ha TIOPTAIMMa jaBHUX HAOABKH.

2. KBAJIMTET IEHWJIA (EKCTPATA, KOHIHEHTPATA) 3A F'ALLIEIHE
MHOKAPA

[lennna cy cmerte (O1€HIWHT): TOBPIIMHCKH aKTHBHUX MaTepHja (HEjoreHe, KaTHjOHCKE
WIA aHHJOHCKE), BUIINX MacHHUX ankoxona (C atoma Bumie oX 12 y MOJIeKy/n), pacTBapada
Ha 0a3u INIMKOJIa, BOJE W JIp. Y 3aBUCHOCTH O] 3aXTeBa 332 KBAIUTETOM MPOM3BOJA, KOjU Y
pacTBOpy ca BOJOM CTBapajy Macy Koja ITyreM MIIa3HWIa (aepammjoM) CTBapa IEHy 3a
ramieme rnoxapa.

Ilenuna ce kopucre kao 6%, 3%, 1%-THU pacTBOp 3a TEUIKY MEHY WM HHUCKO-
€KCIIaH3HOHY.

IIpema HameHW, MeHWIa ce Jeje Ha MeHWsa 3a Tallelke MoXkapa YBPCTHX MaTepuja -
KJIACA TTOXAPA A u nenuna 3a raieme noxapa Jako 3anapuBux TeqHoctd - KITACA
ITOXAPA b, a o1 Tora pa3iukyjy ce MEHUIA 3a ralieke MoXKapa JIaKo3arabuBHX TCUHOCTH
HEMEIIJBMBUX Ca BOJOM-Ha(THH JEPHUBATH W JaKO3alaJbHBUX TEYHOCTH MENIJBMBUX Ca
BOJIOM-aJIKOXOJI PECUCTEHT-IICHUIIA.

CrangapauMa cy neuHUCaHH THIIOBH IIEHWIIA, KBAJUTETa, ITaApaMeTpyu U METOO0JIOTHja
onpehuBama mapamerapa.

VY Peny6munu Cp6uju ycBojeH je EBpOTICKH cTaHmapa Kao HAIMOHAIHH CTaHAApia ca
o3nakom SRPS EN 1568-1,2,3,4:2008. O3nake 1,2,3,4. oJHOCE ce HA TUIOBE TICHE: CPEIEHE
€KCIIa3MOHa - Cpellihba, BUCOKO €KCIIaH3MOHA - JlaKa, HHCKO eKcal3WoHa - Telllka WM 3a
TEYHOCTH MENUBMBE ca BOJOM-ankoxoiHa meHa. C 003upoM Ia je 3aKOHOM O jaBHUM
HaOaBkaMa mpeABHhEHO TPBEHCTBEHO Ja ce MpHuMewyjy zAomahu craHgapau, Kox
onpehuBama TEXHWYKHX CIeUU(UKAIja MPH jaBHUM Ha0aBKama, 3HA4YW Ja je oOaBes3a
Ha0aBJbayua Ja TO MPUMEHYje.

Bpcrte nenuna-koHIeHTparTa:

® CHHTETHYKH KOHIICHTpAT 3a NeHy (S),

® IIPOTEUHCKH KOHIIEHTpar 3a neny (P),

e (uryoponpoTenHckH KoHIeHTpaT 3a neny (FP),

e KOHIICHTpAT 3a IeHy Koja 00pa3yje BoxeHu M (AFFF)

¢ (hIyopIpOTEHHCKM KOHIIEHTPAT 3a MeHy Koja oopa3syje ¢punm (FFFP),
e KOHIICHTpAT 3a MeHy OTIMOPHY Ha ankoxoi (AR).

CBU TIPETXO/JHH KOHIIGHTPATH MOTY OWTH OTIIOPHH M Ha AJKOXOJ, aJld CE y3 O3HAKy
nmonaje u o3Haka AR.

HpeMa eKCHaH3I/IjI/I TICHWJIA - KOHIICHTPATH CC ACJIC Ha!
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® HICKO EKCIAaH3HOHY - TEIIKY IEHY W OJHOCH C€ Ha IMEHY eKCIIaH3MOHOI OJHOCa
(6poja) uzmehy 1 u 20,

® Cpelme eKCIIaH3HOHY - CPelliby NeHY W OJHOCH Ce Ha IEeHY eKCIIaH3MOHOI OJHOCa
(6bpoja) uzmehy 21 u 200,

® HHCOKO €KCIIaH3HMOHY - JaKy IeHY U OJHOCH ce Ha ITeHy eKCIa3noHoT oaHoca (Opoja)
Beher on 201 u Ha oaromapajyhy ompemy, cucreme M KOHIEHTpaTe 3a Jo0ujame
TICHE.

[MapameTpu xoju ce oapelyjy mpema cranmgaprxy CPTIC EH 2008:

® eKCIaH3UMOHM OJHOC (Opoj, OIHOC 3alpeMUHE TeHe MpeMa 3alpeMHHH pacTBopa 3a
NIeHy U3 Kora ce Joouja,
e BpeMe 3a JpeHaxy 25% meHe, BpeMe NoTpeOHO Ja ce u3 meHe ouenu 25% pacTBopa
YIOTPEOIHEHOT 32 ICHO TeHEPUCAIhe,
e Bpeme 3a apeHaxy 50% mene, BpeMe noTpebHo na ce u3 neHe oneau 50% pactBopa
YIIOTPeOIHEHOT 3a FeHO T'eHEepHCambe,
BHCKO3HUTET KOHIIEHTPATA,
Taynor (CeIMMEHT) HepacTBOPEHE YECTHIIEC Y KOHIIGHTPATy 3a TeHY,
PpH BpenHOCT KOHIIEHTpaTa 3a IeHy,
MOBPIIMHCKY HANlOH KOHLIEHTPATa,
rokapHe nepdopmance:
O  BpeMe raiiema noxapa Ha CTaHAapHOM MOXKapHOM O00jeKTY,
O  BpeMe MOHOBHOT MaJbema , burn back test (BBT),
e TYCTHHA KOHIIEHTpATa,
e TeMIepaTypa 3aMp3aBarba KOHIEHTpaTa.

On HaBenenux napamerapa Crannapaom SRPS EN 1568 2008. rpanu4He BpeJHOCTH CY
nare camo 3a: pH = 6.0 - 9.5, Tayor - cemumenT mamu o 0.25% u noxxapHe nepdopmance.
[Mo>xapHe nepdopmance 3a EHWIIA Cy HajBXKHUJU NTapamMeTap KBaJMTETa IIeHWa.

Kiace n xopuihemwe KoHIIEHTpaTa 3a eHy
KonueHTpar 3a neHy Mopa ce KJIacu(HUKOBaTH Ipema:

o mnepdomancama ramrema moxxapa Ha I, I wam 111 xiracy
® OTIOPHOCTH HA MIOHOBHO MaJkekbe y HUBOE A;B;C;D.

V tabenu | mpukazaHa Cy MAKCMMAllHa BPEMEHA Tallleiba U BPEMEHA MIOHOBHOT NaJberba
(burn-back Tect) y MuHyTama 3a rameme ToKapa TCYHOCTH HeMenubHBe ca BojgoM SRPS
EN 1568-3, a y TtaGenn 2 mMakcuMajiHa BpeMEHa Tallelha U BPEMEHa IIOHOBHOI Iajbera
(burn-back Tect) y MunyTaMa 3a raimieme moxapa TeUHOCTH MENUBHBUX ca BojioM, CraHmaps
SRPS EN 1568-4 :2008.

3a cpemmbe CKCIAH3MOHY M HECKO CKCIIaH3WOHY IICHY HHCY paljeHe Kiace raiierba
no)kapa HUTH HHBOW MOHOBHOT masberba (burn-back recr).
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Tabena 1 Bpemena cawersa u épemena nonogroe nasersa (burn-back mecm)

HcnutuBame nocpenHe HcnutuBame 1upexTHe
Hugo HpUMEHE NeHe HpUMEHE NeHe
Knace npema
OTIIOPHOCTH Bpewme Bpeme Bpewme Bpeme
neppopmaHcama
Ha IIOHOBHO raiiema, He HOHOBHOT raiiema, He MOHOBHOT
raiema noxapa
NaJberme JIy’Ke 0] najpea, He IIy’Ke oL najbema, He
(MuH) mpe (MHUH) (MuH) mpe (MHUH)
A Huje npuMeHIbUBO 3 10
B 15 3 .
! ¢ 10 3 I/ICI‘IE”:EIEaHO
D 5 3
A Huje npuMeHIbUBO 4 10
B 10 4 .
! ¢ 10 4 chyI;ITI/EZaHo
D 5 4
B 5 15
I C 5 10 Huje uctiutuano
D 5 5

Tabena 2 Bpemena cawersa u pemena noHosHoe namera (burn-back mecm)

Kiace npema HuBo ornopHoctu Ha Bpeme nonoBHor
Bpewme ramema, ne
nepdopmMaHcama MIOHOBHO TaJbEHhe nasbema, He Ipe
nyxe of (MuH)
ramiema rnoxapa (MHH) (MuH)
A 3 15
| B 3 10
C 3 5
A 5 15
1 B 5 10
C 5 5

3. AHAJIM3A NOJEJAUHUX HABABKU IIEHUJIA

VY mHacraBky, y Tabemm 3. TMpHKa3aHH Cy KPUTCPHUjyMU TPaKEHH II0 TEHICPCKO]
JIOKYMEHTaIlMju Ha TEeHJAepuMa y Hamoj 3eMibH. IloTpeOHO je HaroMEeHYTH jJa ce paau o
CTBapHUM TeHAeprMa npeay3eha Ha Koje ce mpuMeryje 3aKoH O jaBHHUM HabaBKaMa.

IoTporraun kao 1mrTo je HaTHA WHAYCTPHja, HHAYCTPHja JECTUBOT yiba, CKIAIMIITA U
MpeTaKkaluIlITa TOPUBA U JIp. HAa KOje Ce He MpHMermbyje 3aKOH O jaBHUM HabaBKama HHCY

O6YXBaheHI/I OBOM aHaJIM30M, a Ha IOMEHYTH CEKTOP OJHOCH CE OKO 50% YKYIHC IMOTPOLILEC

nexmna y Cpouju.

3.1. KAKO INPENMO3HATHU JOT'OBOPEHE TEHJAEPE

JloroBopeHn TEHAEPH CE MOTY IPENO3HaTH II0 EKCTPEMHO IIOCTaBJHEHHM 3aXTEBHMa

HalpuMep:

e TeMmeparypa 3amp3aBama -18°C u mame,
® W3y3eTHO HM3aK BHCKO3MTET < 4 mm?/s
e pOK Tpajama xyxu ox 10 roguna Hamp. 12, 15 n 25 ronuna,
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e T0CTaBJbame OJpeleHnx 3axTeBa Koje Hapy4yuial HU JoOaBbad He MOTy Jia o0jacHe,

e Ha noroBopeHe TeHziepe jaBijba ce 1O NpaBwiy Maiau Opoj moHyhaua. OHHM KOju

IITUMajy TeHIepe He KOHKYPHIIY Ha JOTOBOpeHe TeHiaepe npyre crpaHe. Ha

JIOTOBOPEHE TEHJIEpe jaBibajy ce "JoroBapaud" M cHOpaguyHH HoHyhauum Koju He

HI03Hajy CUCTEME JIOrOBapama.

AHanu3MpameM TeHJepa Kylia - HabaBjbaya MOXE Ce KOHCTATOBAaTH Ja je MHOTO 0oJba

curyandja (CTPYYHHjH HPUCTYI, Mame IITUMama U CII) KOA APKaBHUX MHCTUTYIHja HETO
KOJI jaBHUX npeny3eha 1 NpUBPEAHUX IPYLITaBa.

Tabena 3 Ynopeonu npeeneo 3axmesa napamemapa nenuna 1-6% pacnucanux menoepa

1-6% HabaBka
Tennep
Bbp.3 Bp. 7 Bp. 8

3axTeBaHU

napamerpu

I'ycruna
kg/m®
Bucko3surer,
20 °C
PH -
BPETHOCT

1,02 £ 0,04 kg/l 10+11 --

<20 mm?/s <20mm?s | =2,0cSt

6+8 6,085 70+1,0

Tanor - - <0,12% <01%
JCIIO3UT

Tew. -15°C <-15°C -
3aMp3aBaH,a

[loBpuinHCKM
HAarfoH

Tpajaoct S5ron S5rox 1 rox
Bex
JIarepoBarba

Tewm.
JlarepoBama

Excnan3uonn
OTHOC

Oreheme
25%
Oneheme
50%
[oxxapue
nephopM.
Konnunne 3.000 kg 20.000 | 5.000 |
Iocebun

3aXTCBU
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Tabena 4 Ynopeonu npeaned 3axmesa napamemapa nenuia 3% AFFF pacnucanux menoepa

3% AFFF HabaBka
Tennep

3axTeBaHH
mapameTpu

Bp.1 bp.2 bp. 4 bp.5 Bbp. 6

I'yctuna

kg/m? 1,045 +0,01

1,06 £0,02 -- -- --

<60
mm?/s 0
°C
6,0 +

Buckosurer,
20 °C

pH-

1.350 mPas <20 cSt - --

BPEIHOCT

75+1,0

78+05

6,0+9,5 -

85

Tauor -
JICTIO3UT

03 %

0,2%

0,1%

Temm.
3aMp3aBamba

-15°C

-28°C

[loBpuinHCckHn
HAaloH

< 20,0 mM/m

<19 dyn/cm

TpajHocT --
Bek
JlarepoBarmba
Tem.
JIarepoBarmba

-- 12 rog

10 ron >15rox -- - -

Excman3nonn
OJTHOC
Oneheme
25%

Oueheme >18

50% min
Tloxapue Hedunncan
nephopMm. 3aXTeB
Kommanne 20.000 |

15.000 | 9.0001

OreHa He
crapuja o 10
TOJ[

1.0001 10.0001

3axTeB
ICAO

Ilenuno
Sthamex

ITocebuun
3aXTEBU

Artect Jlojx
perucrap

3axtes ICAO

4. 3AK/bBYYAK

AHAIM3UPaHO je 0caM TeHIEpa jaBHUX HAOaBKH MCHHUIIA 3a Talllekhe TI0Kapa U YyOUEeHH Cy
oapehenu HemocTaiy:

e [Ipenmer HabaBke ca TEXHHYKHAM CcIeUHUKanMjaMa Tj. KapaKTepUCTHKaMa je
HEJIOBOJBHO MpPELU3UpPaH YECTO ce JeQUHUIIY HEBXHU IapaMeTpH a BaXKHU Kao
noxxapHe nepQopMaHce yorIlITe ce He TpaxKe.

e HemososbHo ce momtyje 3akoH o JH aktyenmnu craHmapau M 3aKOH O MEPHHUM
jenmHMIAMa W MepwinMa. Huje NOBOJAHO KOPHCTHTH C€ EKCKIY3WBHHM IPaBOM
MOCTaBJbAEM KpUTEpPHjyMa 3a HabaBKke a He Bojehn pauyHa o o6aBe3ama Kako Jia ce
MIOCTaBE 3aXTEBH.
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e [lo mapamerpuMa Koje ce 3aXTeBajy KOJ jaBHUX HA0ABKH W jOII HEKHM eJeMEHTUMa
MOXE C€ 3aKJbYyYWTH Ja A00aBJpayd WMajy 3HadyajaH YTHIA] Ha KyIa IpH
(dopmupamy KpuTepujyma 3a HabaBky. Kynuu ytuuy Ha GopMupame KpUTepujyma
rma CBe J0 3axTeBa 3a HabaBKOM NeHWIa oj oapehene ¢upme oaromapajyher Tuma.
AHanM30M ocaM TeHJiepa y IIIECT CIydajeBa MOKE Ce KOHCTAaTOBAaTH 3HavajaH yTHUIA]
Jla ce MOYKE OCHOBAHO CYMH»ATH JIa Cy TEH/IEPHU JIOTOBOPEHH ca J100aBsbadeM.

e JloroBapameM KpuTepHjyMa 3a pacHHCUBame TeHiaepa (IoJelaBamke TeHJepa)
nobaBspadu popMHpPajy HEpEaTHO BHCOKE IeHe. Moxke ce cMaTpaTH Aa JOTOBOPEHH
TeHJepH uMajy Behe 1eHe ol KoHKypeHuje win peannux 20-90% moryhe je u To
KBaHTH()UKOBATH.

o [Ipema aHamu3ama MOjeIMHUX TEHIEPA MOXKE ce M3BYhH 3aKjbydak 1a je hopMuUpame
TEXHUYKHX CcIenudukanyja (mapaMerapa) MHOTO KBaJUTETHHjE TPHUCTYI KOI
JNpKaBHUX WHCTUTYLMja HEro KOJ jaBHUX Ipeiy3eha v npuBpeJHUX APYILITABA.

e Ako OM oOLEHHBAIM CTakbe Yy BAaTPOracCHUM jeAMHHMIAMAa IpeMa TEXHUYKUM
cnmudurkanujama (mapameTpuMa) y TEHAEpHMMa W OATOBOpMMa Ha IOCTaBJbEHA
MUTama Tpedaao ou aa OyneMo 3a0pUHYTH 3a CTamkbe Y TUM CIykOama.

e Ha0aBka neHuna KoJ: NpUBaTHUX npenyseha, akiMOHApCKUX ApyLITaBa, MEIIOBUTUX
npeayseha u ap, He BpIIM ce IyTeM TEHJepa, alld MOXE Ce IPETHOCTABUTH Ja je
cirynaa kao u kox JI1, I1/] u ap>kaBHUX MHCTUTYIH]A.

e Moryhe je ma Ou ce crame y OBOj 00ONaCTH MOMPABUIIO Kaja OM MMOCTOjajie OUITPH]jE
CaHKIIHje 32 OHE KOj! JIOTOBapajy Tj. MOJICIIABa]y TEHACPE.

5. JIUTEPATYPA

[1] WeanoBuh u ap: [lenuna 3a eawere nodxcapa, pasgoj u npumena, 300pHUK pagoBa 95-
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Pamosan JOBAHOB! Cmpyunu pao

HY/XKHOCT OAOBPEIHA JIOKAIINJE 3A U3I'PAABY
OBJEKTA 3A CMELITAJ OCAM BOIIA OA 11O 35 KG.
THI'-A

Pe3ume: Cse Behu Opoj objexara jaBHE HaMEHE je CIIOPTCKOT KapakTepa. Ty ce moceOHO MUCIM Ha
kopuihieme c1060IHOT IPOCTOPa Y BUIU U3TPaibe U MOCTaBIbamba 6aloH xaja. Mako cy mpuBpeMeHOr
KapakTepa 3a BUXOBO KOpUIINCHe y 3UMCKHM YCIOBHMA MOTPEOHO je YBECTH H Tpejame. Y LHby
cripevaBara yIecHHX jaorabaja-mokapa W eKcruio3uja, y cBe Behoj mepu je mpumemeHo IC rpejame.
be3 063upa Ha TO @ M ce KAaO CHEPreHT KOPHCTH 3eMHH rac wid TNG mpeBacXogHO ce Mopa
OJpEeIUTH MECTO 3a JIOKAlMjy eHeprenrta. Y paay je oOpahen mpumep kopuiihema 6oma ca TEIHUM
HaQTHUM racoM u JeduHIcaHe cy moTpedHe Oe30eqHOCHE Mepe.

Kbyune peun: Teunn HadTHU rac, 6anoH xana, iokanuja, IC rpejame.

THE NEED OF LOCATION APPROVAL FOR
CONSTRUCTION OF EIGHT 35KG LPG BOTTLES

Abstract: An increasing number of public facilities has a sport character. This particularly refers to the
use of free space for construction and installation of balloon halls. Although the nature of their use is
temporary, in winter conditions there is a need for heating. In order to prevent fire and explosions,
infrared heating is applied increasingly. Regardless of whether fuel gas or LPG is used, the place of
location of energy source needs to be determined primarily. The author gives an example of using
bottles with liquid petroleum gas and defines the necessary precaution measures.

Key words: LPG, balloon hall, location, IC heating

! mp, UHH “Bunua” Ilenrtap 3a nepmamentHo oGpasosame, Komcamumhes Bemam 29 11000
Beorpap, vinskol@eunet.rs
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1. OMIUTH MOJALIA

Oo6jekar: banon xana
AKT 0 ypbanucTHukuM ycrmouma: 6p.353-1732/2005-06 od 25.11.05.

HOpMaTI/lBHa perynaTnBa: 3aKOH O €KCIIJIO3UBHUM MaTepMjaMa, 3ar1aJbMBUM T€YHOCTHMA
u racosuMma ("Cr.rmacauk CPC", 6p. 44/77)

Texuuuka peryiaaThBa: MPaBHJIHUK O H3TPALbU IIOCTPOjerba 3a TEYHH Ha(QTHH rac Io
yCKJIaUIITaBamby 1 NpeTakamy TeuHor HagTHor raca ("Cu.ouer COPJ", 6p. 24/71 U 26/71)

TRF 1988- Technishe Regeln Flussiggas
DVGW Deutscher Verein des Gas und Wasserfaches e.V.Berlin

W3Box 13 3aKOHCKUX 0/ipe0u: (wi.29 3aKOHa O eKCIUIO3MBHUM MaTepHjama, 3alaJbuBUM
TEYHOCTHMA U TaCOBUMA)

[MomHocunan 3axTeBa 3a H3IaBame o0a00pema 3a JoKauujy oOjexTa (CKiIamumTa,
MaraiHd W pe3epBoapd, Ha(TOBOAM W TACOBOJM, CTAHWIE 3a CHAaOICBalbe TOPHBOM
MOTOPHHX BO3MJIA) MOPA Y3 3aXTEB IPHIIOKHUTH:

® CHUTYyallMOHM IUIaH TepEeHA ACHUCTEHIIMjy KOME HaMmepaBa TpajJuTH 00jeKaT 3a KOju
TpaXku 0JI00pee MecTa ca yIpTaHUM rabaputuma nocrojehux objekara,

e TEXHHYKH OIHC TEPEeHA IPUKA3aHOT HAa CUTYAllHOHOM ILIaHY,

® TEXHUYKH ONHUC 00jeKTa KOjU HaMepaBa IPaJuTH U OITUC TEXHOJIOUIKOT Mpolieca,

® [IOIMUC BpCTa HW KOJUYUHA 3allaJbUBUX TEYHOCTH W TracoBa Koje HaMepaBa
CKJIAJUIITHTH HWIN BPLIUTH IIPOMET,

e 0Ka3 Ma je W3BpIIeHO mpuiarohaBame oOjexTa morpebama HapoIHE OIOpaHe y
CKJIJly ca TIPONIMCHMAa M3 00JIacTH HapoIHe o10paHe, KOju M3/aje MUHHCTapCcTBO 32
onbpany-CekTop 3a Tpal)eBHHCKO-YpOAaHHCTHIIKY IETaTHOCT, YIpaBa 3a ypeheme
npocTopa U HHPacTpyKTypy oxOpaHe.

Cnuka 1 Cumyayuonu naawn o6jexma 3a cmewimaj 6oya ca TNG-om na kamacmapckoj napyenu 1032/1
KO Huwxa bara
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W3Box U3 3aKOHCKUX 0Jpenon:
(w1.29 3aKkoHa O eKCIUIO3UBHAM MaTepHjaMa, 3arajbiBUM TEYHOCTHMA M TaCOBHUMa)

I[omHocmman 3axTeBa 3a HW3gaBame ono0Opema 3a JOKalujy oOjekra (CKIaumITa,
MaraldHd ¥ pe3epBoapu, HAPTOBOIM M TacOBOJAM, CTaHHUIC 3a CHA0JEBamE T'OPHBOM
MOTOPHHUX BO3HJIa) MOpa y3 3aXTEB MPUIIOKUTH:

e CHUTYyallMOHM IUIaH TEpeHA Ha KOME HamepaBa TpaJuTH O0jeKaTr 3a KOju TPaKu
ono0peme MecTa ca yipranuM radaputuma Beh mocrojehinx odjexara

® TEXHHUYKHU OMHKC TepEeHA MPUKA3aHOT HA CUTYAlHOHOM IUIaHY,

® TEXHUYKHU OIMHUC 00jeKTa KOju HaMepaBa rPaJuTH U OIKC TEXHOJOIIKOT Mpolieca,

e IONKC BpCTAa M KOJMYMHA 3alaJbUBMX TEYHOCTH M TracoBa KoOje HaMmepaBa
CKIIQAUIITUTU UJIX BPUIUTU IIPOMET,

e JI0Ka3 Ja je M3BPIICHO NpuiarohaBame oOjekra moTpedama HapoJIHE OAOpaHe y
CKJIaIy ca MPOMUCHMa 13 00IacTH HapoIHe og0paHe, KOju u3gaje MUHUCTAapCTBO 3a
onopany - Cekrop 3a rpal)eBUHCKO-ypOaHHCTHYKY NEJIaTHOCT, YTpaBa 3a ypeheme
mpocTopa ¥ HHPaCTpYKTypy oadpaHe.

1.1 Kapakrepucruke THI -a

Teunn HadTHHM Tac,MehjyHaponno npuxsahiena o3unaka JIIII'- Jluryeduen Ilerponeym
l'ac, je mpupomaH rac mpomaH W OyTaH KOju 4UYMHE OPraHCKHM JiaHanm 3acuheHux
YIJbOBOJIOHMKA,KOJU CY y TACHOM CTamy I0Jl aTMOC(EPCKUM IPUTUCKOM M TEMIIEPaTypoM
oz 15°C. V TeuHo crame mpeinase 1noj nputuckom o 1,7 no 7,5 6ap. 3aXTeBu 3a KBAJIUTETOM
THI-a cy nemHHCcaHy HAMOHAIHUM CTaHIAPJIOM H TO:

npoman-0ytad cmema y ckiaay ca CPIIC b.X2.134 (ITIBC)

nponan y ckiany ca CPIIC b.X2.130 (ITH)

Oyran y ckiany ca CPIIC B.X2.132 (BH)

TemmepaTypa nasbema -60°C

TeMmepaTypa camosanajbema 365°C

Temreparypa kbydama -10,5°C

pelaTMBHA TE)KHHA Y OJIHOCY Ha Ba3ayx 1,6-2

€KCIUIO3MBHA Ipyna A

TeMIiepatrypHa kiaca T2

JIOH-a TPaHMIIa 3allaJbUBOCTH (€KCIUTO3UBHOCTH) 1,5% 3anmpeMuHCKH
rOpma rpaHmIla 3aMajbuBOCTH (excuio3uBHOCTH) 11% 3anpeMuHCcKn

30He OMacHOCTH CMellia 3alla/bUBUX TacoBa W Iapa 3ala/bUBUX TEYHOCTH Ca Ba3IdyXoM
o3HauaBajy ce ca 0, 1 u 2.
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O3HAYABAIBLE 30HA OTIAC YKAMA 1EC-a

YCTH IIPEMA NPEN

2. TEPMHWHHU U JE®@UHULINJE

Teunn nadTHH Tac-cy HaTHH YrJbOBOJOHHMIM (IIpOTIaH, MpoIieH, OyraH, OyTeH U
IbMXOBU M30MEpH) M BUXOBE CMEIIe y TEYHOM WJIM T'aCOBUTOM CTamby, YMjU MapHU
mputhucak mpenasu 1,25 Gap mpm 40°C, xoju oxaromapajy jyrocloBEHCKHM
CTaHaapauMa.

IMoctpojeme 3a rac je peepBoap,oo1a win apyru ypehaj,0mHocHO ckym ypehaja koju
Npe/ICTaBJba jeIHY TEXHOJIOUIKY IIEIHHY.

Bora 3a rac je mocyna WIMHAPHYHOT 00JIHMKA KOja C€ MOXKeE ynoTpeOspaBaTu caMo y
BEPTHKAIHOM IIOJIOXKA]y

VYckraauinTaBambe Taca je CBakO TPAjHO MM IIPUBPEMEHO JApXKame raca y
pe3epBoapuMa M Oomama,Ko  IMPOM3BOAME  (CKiIagumiTe  mpousBolaua),
mucTpuOyIje (CKIaguImTe TUCTpHOyTepa) HIIOTPOLIHe (CKITaIHINTa TOTPOIIaya).
CurypHocHHU ypehaj je BeHTHI WM Jpyra HalpaBa Koja IITHTH JIeJI0BE IOCTPOjemha
OJ1 IPUTUCKA M3HAJ( IPOITMCAHUX BPEJHOCTH.

3amopHu OpraH je BEHTHJ 3a 3aTBapame, 3aCyH, CJaBMHAa WIM CIMYHU ypehaj
MOCTaBJbCH Ha MOCTPOjeEbY 3a 3aTBaparbe TeUHE WK racHe (ase raca.

Cucrem ca Oomama je cBaka HMHCTaNaldja 3a Kopuimheme Taca KoI Koje ce 3a
YCKJIaIUIITEHE raca KopucTe oolle.

OnroBapajyha BeHTHianmuja je BeHTWIAIMja Koja OHeMoryhaBa cTBapame
KOHLIEHTpalLuje raca y Ba3nyxy Behe o1 25% oj 1ombe rpaHHuiie 3anabuBOCTH.
ExcriozuBHa aTtMocdepa: cMelia 3ama/bMBHX MaTepHjajia ca Ba3AyXoM y OOJIHKY
raca,jape WJIM Marje, 1oJ aTMOC(EpCKHM YCIOBHMa, Y KOjOj C& HAKOH NaJbeha
MOXap MIMPH 110 YUTABO] HEIOTPOLIEHO] CMEIIIH.

3oHa onacHocatu 0: MPOCTOP Y KOjeM je eKCIUIO3MBHA aTMoc(depa MPUCYTHA CTATHO
WM TyXKH Iepruo] BpeMeHa.

30Ha 0mMacHOCTH 1: mpocTop y KojeM je BepoBaTHO 1a hie ce ekcio3uBHa aTMochepa
MIOjaBHUTH 32 BPeMe HOPMAHOT IIOTOHa.

30Ha OMacHOCTH 2: MPOCTOP Y KOjeM HHje BepoBaTHO mda he ce CKCILIO3MBHA
atrMocdepa 1ojaBupH 3a BpeMe HOPMAaJHOT TOTOHA, a aKo CE WIaK IojaBH, Tpajahe
caMo KpaTko BpeMe.
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3. YCJIOBH 3A JIOKAIINJY TPABEBUHCKOT OBJEKTA3A
CKJAIUIMTEILE TEYHOT HA®THOT TACA Y CUCTEMY CA
BOIIAMA

Cuctem ca Oorrama cactoju ce oj 0011a 3a rac ¥ HEMOKPETHE HHCTAJIAIH]e 33 pa3BO/ raca
mo tpommmia.Jlokamuja objekra 3a criIamumTeme Ooma oxapelyje ce mpema yciaoBHMa
nponucanuM y Tad.5.2.2 IlpaBuiiHMKa O U3rpajbu MOCTPOjeha 32 TeYHH Ha(THH rac U o
YCKJIQIUIITABakY U PETakamby TeUHOT Ha)THOT raca.

IIpu Tome oOjekar ca Oomama He cMe J1a yrpoxasa ONMmKy WiH Jajby okonnHy.JIokarija
o0jeKTa je ycioBJbEHA pa3/lajbUHOM OJI jJaBHOT IyTa, Moryher u3Bopa Hajberha,3HaudajHuX
objexaTa ¥ IyTeBa yHyTap JIOKaIuje

Kopx o6jekata y kojuMa ce HHCTaJIupa CUCTeM ca 0olLiama, a KOju Cy IPUCIIOmhEHH Y3 HEKH
Ipyru o0jexar, Mopajy ce Mpeay3eTu Mepe Koje oHeMoryhaBajy mupeme moxapa ca jeJHOT
o0jekTa Ha APYrH, KaKo je To aeduHucaHo oapeadama tad.sS.2.2.10 nomenyror [IpaBrnHuka.

W3znan ojekra ca cucteMoM ca 6ollaMa He MOTY ce HaJa3MTH €JIEKTPOCHEPreTCKH WIIH
TEJIEKOMYHHUKAIIOHU BOJOBH, 0e3 0031pa Ha HAIOH.

Borie xoje ce kopucte 3a THI' mopajy ma 3amoBosbe ycioBe m3 cranmapma CPIIC
M.32.400, CPIIC M.32.401, JYCM.32.402,

CPIIC M.32.403,CPIIC M.32.500,CPIIC M.32.501,CPIIC M.32.502,
CPIIC M.32.510,CPIIC M.32.511,CPIIC M.32.515,CPIIC M.32.550 u
CPIIC M.32.555.

VY cin0601H0 cTojehieM MITH MPHCIOKBEHOM 00jeKTy y KOME ce Hajla3| CHCTEeM ca OoIjama
KOjU HE KOPHCTH MCIapHBad, Taj CUCTEM MOXKE MMAaTH MakCHUMaiHO 28 Ooua, ykibyudyjyhu
panHe u pe3epBHE Oore.

3a 3aBapeHe dYenmuHEe OOIle ca BEHTHJIOM KOje ce IyHE IIPONaHOM,0yTaHOM HWIIH
MEIIaBHHOM TIporiaHa u OyraHa y konuuuHama of 1,2,3,5,10,25 u 35 kg u xoje cy HamemeHe
[MOHOBHOM MYE-CHY,IPUMEEY]e Ce Hapea0a 0 00aBe3HOM aTeCTUPADY.

4. 30HE OITACHOCTH BOLE 3A TEYHU HA®THU I'AC TIYIbEHA OJ]
35 KG

30He onacHocTH 0olle 32 TeUHH Ha(THHU rac mymeHa ol 35 Kg mpukasaHe cy Ha CITHIH 2.
[Moapydje A je ekBUBaJICHT 30HU OIACHOCTH 1, a mojpydje o3Ha4eHo Kao b, 30HM omacHocTH
2-y ckmany ca oxapenbdama cranpapaa CPIIC H.C8.007. I'panuiie pacrnpoctupama 30HA
OIaCHOCTH Cy:

e 30HaomacHoctu 1: P=1m
® 30HA OMACHOCTU 2: p=2M

OBako kiacu(UKOBaHE 30HE Cy OCHOBa 3a Kiacu(HKalWjy 30HA OIIACHOCTH Y
rpaleBuHCKOM 00jeKTy cucTema ca bomama.
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Cnuka 2 3one onacnocmu 6oye ca THI-om 00 35 kg.

5. TEXHHUYKH OIIUC BYAYRET CTAIBA

IMpeaBuajeHo MecTo 3a M3rpaamy objekTa 3a cMmelnTaj cuctemMa o 8 6oia ca mo 35 kg
THI -a, oj1 yera cy YeTUpPH pajiHE a YSTUPU PE3EPBHE U MOCTABJbAE OAIOH Xaye MPUKA3aHO
je Ha cutyaronoM nptexy. [laprena kar.0p.1032/1 je paBHa u HempaBIJIHOT OOJIMKa, ca
mupuM GPOHTOM Ipema yiuiu [IpocBeTHa.

ITocrojehe caobpahajuuiie 06e30el)yjy HeoMeTaHy Temauky caoopahajHy KOMYHHKAIIU]y
Y TI0OKApPHU TYT.

Oobjexkar 3a cmemTaj 6oma ca THI-om 6uhe usrpalen y3 Oanon xairy, o1 Marepujaia Koju
00e30ehyje BaTpOOTIOPHOCT KOHCTPYKIH]je TpeaBul)eHy 3a HajMambe 2 Yaca. M yIaJbeH je 3a:

e 35 m ox HOBOMpOjeKTOBaHe caobpahajuuile,
e 33 mox oce ynuie Bojsone Crene,
e 55 mox oce ymuue Tpr Peny0iuke.

OcHoBa 00jekTa nprKa3aHa je Ha CIIHIH 3.

B
&
]

Cnuka 3. Ocnosa objexma 3a yckraouwmerse boya ca THI -om y cucmemy ca boyama
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VY 1mipy cripedaBama IIUPEHa CBEHTYATHOT IMoXKapa Ha OalloH Xay,3ua mpema ucroj he
outy n3rpaljeH kao mokapHu, BucuHe 30 CM n3HA KPOBHE PaBHU 00jeKTa U IIMPHHE ca 00e
6oune ctpaHe ox 1 MeTpa. OTHOPHOCT KOHCTPYKIIHje Ha moxkap Ouhe 120 muHyTA.

Usrnen Oynyher o0jekra y mpeceKy Oat je Ha CIUIH 4.

—
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Cnuka 4 U3zened npomusnooicaproe 3uoa odjexkma sa cmewimaj 6oya ca THI-om (cucmem ca boyama)

OBUM TEXHUYKHM pelickheM Oulic HCIymEeHH Cy YCIOBH H3 oapeadm Tau.5.2.2.8.
T1a4.5.2.2.10, tau.5.2.2.13, tau.5.2.2.14 u tau.5.2.2.16 TeXHUUKHX MPOMHCAa O W3TPATHU
MOCTPOjerba 3a TeUHH HATHU rac U yCKIMIITABAbE U ITPETaKambe TeUHOT HadTHOT raca.

Ha ocHOBy aHanm3e CBHUX pelieBaHTHHX IMapaMeTapa,30Ha OMAacHOCTH Yy YHYTPalImbOCTH
objekTa 3a cucteM o npeasuleHnx ocam 6ota je 3OHA 2.
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PERFORIRANA RESETKA, dim.15smx15sm

115

= 100 4,,@",,;’ 4 S |- R (N | WU WAL - -

\
|
~ ‘:1‘ :
Cnuka 5 3ona onacnocmu 2 'y ynympawrocmu o6jekma 3a cucmem ca 6oyama (4+4)

| nmn

6. NMPEBEHTUBHE 3ALITUTHE MEPE
6.1.IlpoBerpaBame
Hema npenpeka npupoIHOj MUPKY/IAM]HA Ba3ayxa
6.2.IIpuctynaynoct

Ob6jekar ca cucreMOM Oolla je Tako JIONHMPAaH Ja IOCTOje JOBOJbHA Oe30eqHOCHA
pacTojama y CKIIajy ca TEXHHIKUM TIPOTIHCHMA.

6.3.I1okapHa U €KCILUIO3MBHA 3aIITHTA

3axTeBH 3a MOKAPHY U EKCILIO3UBHY 3aIITUTY CYy HCIYHBHCHH KaJia je 00pa3oBame OMacHe
eKCIIJIO3UBHE aTMoc(epe CIpedyeHO WM OTrpaHH4YeHO (IpUMapHa eKCIUIO3MBHA 3allTHTA) U
Ka/ia je CIpedeHo Najbemhe ONacHe eKCIIO3MBHE aTMochepe.

6.4.03HauaBame eKCIJI0O3UBHO ONACHUX MOAPYYja

Excriio3uBHO omacHa mojpydja ce MoOpajy jacHO, IPUMETHO M TPajHO O3HAYUTH Ca:
"3a0pameHO TyIIeHe W TPHUCTYIl OTBOpEeHHM IutamMeHoM", "HezamocieHum mpucTym
3abpamen", "OnacHocT on moxapa W ekciuiosuje”, “ObaBe3Ha ynotpeba ajara Koju He
BapHHYH”’,”ONacHOCT O] eKCIIO3UBHE aTMochepe”.

W3rnen HATOUCHUX TUIOYA TIPUKA3aH je Ha CIUIH 6.
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Visoko zapaljivo [

Vatra, otvoren plamen i

, Nezaposlenima ulaz zabranjer
pusenje zabranjeni

OPASNOST OD EKSPLOZIVNE ATMOSFERE

Cnuka 6 Uz2ned namnuchux nioua

7. JINTEPATYPA

[1] Josamos P., ITaBmosuh A., JoBanosuh C. (1996): Memooonrozuja odpedjusarea 30Ha
onacrHocmu-3anamsuee meynocmu u eacosu. beorpan: MHH “Bunua” Ilentap 3a
IIepMaHEHTHO 00pa3oBame.

[2] Bymak Bmanmera (2005): Hucmanayuje 3a nponan-6yman. Ipojexmosaive, epadiwa u
excnroamayuja manux nocmpojersa, beorpan: I'pal)eBuHcka Kibura.
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PenyGnuka Cp6Ouja
AyTtoHoMHa nokpajuHa BojBoauna
UzepmHo Behie AIl BojBoaune
21000 HOBU CAJ, byneBap Muxajna I[lynuna 16
MHNOKPAJUHCKHN CEKPETAPHUJAT 3A HAYKY U TEXHOJIOLIKHA

PA3BOJ

BATPOI'ACHHN CABE3
NrPAQAQA HOBOI' CAQAQ

Ten/dbaxc: 021/520-996
Hosu Cag, JoaHa Cybotuha 11 — 021/529-595

E-mail: vsgns@eunet.rs; www.vsgns.org.rs

Acoljanpja 10OpOBO/BHUX BaTPOTaCHUX JIpyILITaBa

- HEroBame M 00yuyaBare BATPOTACHOT MOAMJIATKA,

- kBu3 “Manu Batporacai”

- BaTpOracHM KypceBM 3a I00pOBOJbHE BaTporaciie U rpahaHe

- paj ca JeloM LIKOJICKOT M MPEALIKOJICKOr y3pacTa

- BaTpOracHe jaBHe BeXOe, CMOTPE M TaKMUYCHA

- enykaiuja rpahaHa, pan ca rpeaceIHUIIMMa CKYIIITHHA 3rpana

- TIPEBEHTUBHU Tperjiean joMahmHcTaBa

- 3alTUTA O] MoXapa CTPHUX yceBa U XKETBE

- BaTporacHe ctpaxe u obesdeherba

- OKYI/baHe MHXEHepa 3alUTUTE O Moxapa U JuLa Koja paae Ha
MOCJIOBMMA 3aLITUTE O] MoxXapa, 6e30eIHOCTH U 3IpaB/ba Ha paLy
n dhusnukom obesdehery paau ocTBapuBara MehycoOHe capaimbe

- CTpy4He aHaju3e jnorahaja 1 KOHCAJITUHT yCIIyre

- HEroBame TpaauliMje M YyBame CTape BaTpOracHe orpeme U apxuBcKe rpahe,

- U3J0X0€e M3 UCTOopHje BaTporacTaa
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@ Bachelor i Master studije
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() Organizacija nauénih () Saradnja sa priviedom () Nauéno-istraZivacki rad
skupova
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institut vatrogas

Zastita od pozara, bezbednosti i zdravlje na radu i zastita Zivotne sredine
21000 Novi Sad, Bulevar Vojvode Stepe 66
Tel:021/6403-181, 6398-060, tel/fax:6398-929

iblnstitut za preventivu

zastitu na radu, protivpozarnu zastitu i razvoj d.o.o. Novi Sad

AB/J1
wJIA3A KOCTHR"

Horu Cap
Joeana Cybotuha 11

Ten.: 021/520-956
Parc: 021/525-555
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NUZOPRS

NACIONALNO UDRUZENJE ZASTITE OD POZARA
REPUBLIKE SRBIJE

Nacionalno Udruzenje Zastite od pozara Republike Srbije (NUZOP RS)
osnovano je sa ciljem da svojim inicijativama i aktivnostima, kao stru¢ni
partner drugim institucijama druStva, ucestvuje u izgradnji sistema
bezbednosti od pozara u Republici Srbiji.

Osniva¢i NUZOPRS su priznati struénjaci i predstavnici akademske
javnosti iz razli¢itih oblasti nauke, privrede i drustva, koji Su se u svom
dosadasnjem radu afirmisali u oblasti bezbednosti od pozara, a koji su
prepoznali da NUZOPRS predstavlja adekvatnu platformu za izgradnju
sistema bezbednosti od pozara u Republici Srbiji.

NUZOP RS je u periodu od osnivanja do danas, pokrenuo i realizovao
razli¢ite inicijative, koje se ti€u osavremenjivanja pristupa bezbednosti od
pozara u Republici Srbiji. Pokrenute su razli¢ite teme putem okruglih stolova,
strucnih edukacija i drugih projekata. Inicirana je izrada tehnickih propisa u
harmonizaciji sa EU tehni¢kom regulativom koji su se pokazali neophodni da
bi se kvalitetnije regulisala oblast bezbednosti od pozara, i time omogucila
osnova za uspostavljanje sistema kvaliteta u oblasti bezbednosti od pozara.

WWW.NUZOP.Oorg.rs


http://www.nuzop.org.rs/

INZA

protecting.people

O INZA grupi

" X

Poslovnu grupu okupljenu oko brenda "INZA protecting people" ¢ine:

- INZA Institut za zastitu od pozara i eksplozije Sarajevo,

- INZA Institut za upravljanje rizicima i nau¢noistrazivacki rad Beograd,

- INZA Lab, drustvo za laboratorijska ispitivanja, tehnicke analize, projektovanje i nadzor, -
INZA Agencija za zastitu ljudi i imovine.

Vet 45 godina uspje$no poslujemo na domaéem, regionalnom i inostranom trzi$tu. Poslovna grupacija
INZA zaposljava vise od 70 visoko obrazovnih struénih kadrova koji u svom poslovanju koriste
najsavremenije metode, opremu i standarde.

U saradnji sa Ministarstvom sigurnosti Bosne i Hercegovine razvijamo i unaprijedujemo sistem zastite i
spasavanja u BiH i regionu, u okviru aktuelni domacih i medunarodnih projekata.

Partneri smo Efectis grupacije-najvece evropske porodice certifikacijskih kuca i ispitnih laboratorija u
oblasti zastite od pozara i CoESS-a confedracije evropskih security servisa, te ujedno predsjedavamo
Asocijacijom zastite i spasavanja u BiH pri Vanjskotrgovinskoj komori BiH u okviru koje je i sekcija
zagtite od pozara. Clanovi smo Odbora Asocijacije akreditovanih tijela za ocjenu kvaliteta, certifikaciju
i verifikaciju OCV i tehnic¢kih komiteta: TC7 Zastita okolisa, TC13 Zastita od pozara, TC37 Zastita
konstrukcija od pozara, i drugih strukovnih komiteta pri Institutu za standarde BiH vezanih za naSe
poslovanje.

Medu prvim nauénoistraziva¢kim ustanovama u region smo proveli integrisanu certifikaciju prema
standardima: 1SO 9001:2008, 1ISO 14001:2004 i BS OHSAS 18001:2007.

Nas forenzicki laboratorij je jedini termodinamicki laboratorij u Bosni i Hercegovini za metode
otpornosti i reakcije na pozar. Akreditiran je po standardu BAS EN ISO/IEC 17025:2006, od strane
Instituta za akreditiranje Bosne i Hercegovine pod brojem LI-35-01. INZA je organizovana u Getiri
glavna sektora:

1. nau¢noistrazivacki rad i edukacija,

2. laboratorijska ispitivanja i certificiranje gradevinskih proizvoda,

3. inzinjering, projektovanje i planiranje,

4. tehnicka zastita i servisi

Kontakt osoba:

Edin Garaplija, direktor , br.tel.: +381 65 3333880, email: edin.garaplija@inzagroup.eu;
Amer Salihovié, menadZer prodaje, br.tel.: +387 66 022515, email: amer.salihovicnzagroup.eu.
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HELIOS - CO

SERVIS APARATA | OPREME ZA GASENjJE POZARA
TRGOVINA NA VELIKO | MALO

Dalibora Francistija 19., Petrovaradin

Tel: 021/6431-097; 063/653-688; 063/643407

E-mall: hellos.co@neobee.net

www.facebook.com/doohelios.co

=

FIRE

BREAK GLASS
——
PRESS HERE

- PRODAJA I SERVIS APARATA ZA GASENJE POZARA I HIDRANTSKE
OPREME

- POSTAVLJANJE, POPRAVKA | MERENJE GROMOBRANSKE
INSTALACIJE

- PREGLED ELEKTROINSTALACIJE

- PREGLED | UGRADNJA PANIK RASVETE

- PREGLED SISTEMA ZA DOJAVU POZARA

- 1ZRADA DOKUMENTACIJE : PRAVILA ZOP, PLAN EVAKUACIJE,
UPUTSTVO ZA POSTUPANJE U SLUCAJU POZARA, SANACIONI PLAN

- OBUKA RADNIKA IZ OBLASTI ZASTITE OD POZARA

- PRODAJA HTZ OPREME | APOTEKA ZA PRVU POMOC




AWDIEEI

NZENJER

ZA ZA§TITU OD POZARA,
INZENJERING * SERVIS * PROMET

VISE DECENIJSKO ISKUSTVO NAS UPUCUIJE DA USLUGE
KOJE PRUZAMO, VRSIMO NA NACIN KOJI OBEZBEDUJE
KVALITET, POUZDANOST I SIGURNOST.

TEHNICKA OPREMLJENOST I KADROVSKA PODRSKA

NAM TO GARANTUJU, I BROJNI NASI KORISNICI

USLUGA.

ODRZAVAMO STACIONARNE SISTEME ZA GASENJE
POZARA * SISTEME ZA OTKRIVANIJE I DOJAVU

POZARA.

PUMPE ZA POVECANJE PRITISKA VODE * HIDRANTSKU
INSTALACIU, * VATROGASNE APARATE ZA GASENJE POZARA
PROTIV PANICNU RASVETU

[ZRADUJEMO NORMATIVNA AKTA, PUTEVE EVAKUACIJE.
PRODAJEMO OPREMU, PO SNIMANJU STANJA | PREDLOGU
ZA PROIZVODNE HALE | ADMINISTRATIVNE OBJEKTE
OVLASCENA SMO LABORATORIJA OD STRANE /ATS/

ZA HIDRAULICNO ISPITIVANJE SUDOVA NA PRITISAK

SVE DRUGE USLUGE PROPISANE POZITIVNIM ZAKONSKIM
PROPISIMA.

OSTAJEMO VAS POUZDAN PARTNER U ZASTITI OD POZARA

21000 NOVI SAD, SRBIJA

SVETOZARA MARKOVICA 4A

TEL: 02147802 72 FAKS: 021 6411817
E-mail: vulkaning@open.telekom.rs
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MEBYHAPOIIHA HayyHa xondepenumja BesGenpocHu urpkesepuHr (4 ;
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