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OPTAHU3ATOPU KOH®EPEHIIUJE
BWCOKA TEXHWUYKA LIKOAA

‘\\ CTPYKOBHMX CTYAWIA

y HoBom Caay

Bucoxa TexHruka mkona cTpykoBHux cryarja y Hosom Cany ocHoBana je 1959. romune. Mucuja
[Ixosne je ocTBapUBamE LIMJbEBA BUCOKOT CTPYKOBHOT 00pa30Bamba, CTPYYHOT Paia U HCTPAKUBAbA Y
LMJbY TpaHcdepa ¥ IpUMEHe CTCUCHUX 3Hamba.

[lIxona oOpa3syje MHXKEHEpe Ha 4eTUPH Ofceka, Ha 20 aKpeIuTOBaHMX INPOrpamMa OCHOBHHX M
CICLMjATUCTHYKIX CTPYKOBHUX CTYIH]a.
Ha Opnceky 3amTute peaiusyjy ce CTYAHjCKH IPOrpaMHu:

e  3amTHTa Off HOXapa,

e BesbenHocT u 31paBibe Ha pany,

e 3amTHTa JXUBOTHE CpENUHE, U

e  [luBMIIHA 3aIUTHTA U CHIACABAKE Y BAHPEAHUM CHTYyallHjaMma.

CaBpeMeHM Hay4HU, TEXHUYKH M TEXHOJOIIKM HUBO IPOLECa paja U MOCIOBama JAONPHHOCH
ctaiHOM noBehamy ykymHoOr kBanuTera paga y [llkomn.

TECHNICKA UNIVERZITA VO ZVOLENE

OcHoBHa MucHja TeXHHYKOT yHUBEP3HUTETa U3 3BOJICHA j€ TPYKAE YHUBEP3UTETCKOT 00pa3oBama
Ha aKpeJUTOBAaHUM CTYAM]CKHM HPOTrpaMHMa, Kao U pa3Boj HayYHO-UCTPa)KMBAYKOT pajia y pa3sHUM
obnactuma MHAycTpUje. TeXHUYKH yHUBEpP3UTET Y 3BOJeHy uMHe ueTupu ¢akynrera: Ilymapcku,
TexHomnoku 3a npepany apsera, akynreT 3a exoiorujy U akynTeT 3a €KOJOIIKY U IIPOU3BOAHY
TexHoJorujy. Oncek 3a 3alTUTY Of moXapa je npu TexHOoTIomKoM (akynTeTy 3a npepaay JpBera.

u‘.‘s’\ﬂi';w@o
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TEXHHYKHX HAYKA
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QakynTeT TeXHHYKHX Hayka YHuBep3utera y HoBom Camy je BHCOKOLIKOICKAa M HAy4HO-
HCTpakMBayKa yCTaHOBa, ocHOBaHa 1960. romune, 4rja je MICHja peann3anuja BUCOKOKBAIUTETHUX
00pa30BHUX TIpolieca, pa3Boj HayUYHHX AUCLHUILIMHA U TpaHcdep 3Hamba y IPUBPEIH.

Crynuje ce peanu3yjy y YeTUPH Hay9HA [10Jba (TEXHUIKO-TEXHOJIOMIKO, IPUPOIAHO MAaTEMaTHYKO,
JPYIITBEHO-XyMaHUCTUYKO M YMETHOCT), Ha 13 nmemaptMana u 88 CTYOMjCKHX Iporpama, Ha CBUM
HUBOVMa aKaJeMCKHUX U CTPYKOBHHX CTYIIHja.

Jemaptman 3a rpal)eBHHApCTBO U reofie3njy opranusyje HactaBy u3 [ paheBunapctsa, [eonesuje
" YIpaBJbamba pU3UKOM O KaTacTpodaiHux goralaja u moxkapa (IUINIOMHPAHH U MACTep HHKCHEPH
3aITUTE Of] KaTacTpodanHux norahaja u moxapa).



ORGANIZERS OF THE CONFERENCE

)
The Higher Education Technical School of Professional Studies in Novi Sad, Serbia, founded in
1959, fulfills its mission in higher education and 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
e  Civil protection and emergency rescue.

HIGHER EDUCATION TECHNICAL
SCHOOL OF PROFESSIONAL
STUDIES IN NOVISAD

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 programmes 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.

i FACULTY OF
S _mma %t UNIVERSITY TECHNICAL
2%, ,7CF OFNOVISAD
SRS SCIENCES

A3

P ANT

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 programmes 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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INPEAT'OBOP

Bucoka TexHWuka ImKoja CTPyKOBHHX cTymuja y Hosom Cany TpaguiMoHaIHO
OpraHM3yje HayyHe M CTpy4YHE CKyIOBE Ha HajBUIIIEM HUBOY Y 3MJbH U3 00JIaCTH 3aIlITUTE
o7l Iokapa u exciriosuje. Ca MIOHOCOM UCTHYEMO JIHJEPCKY MO3UIH]y y 00pa3oBamy Kajia
j€ y muTamy CTpyKa 3alTUTE O NoXapa.

Hasre 1976. romnae y HoBom Cany je ogpskano 1. JyrocIOBEeHCKO CaBeTOBa-€ 3aITHTE
oJ mokapa u excruosuje, Ha [lossonpuBpenaom dakynrery y Hosom Cany. Oxynmio je
HajeMIHCHTHHjE CTPyYmake W3 00JacTH 3amITHTE Of MoXKapa Tamaimme Jyrocmasmje.
OnprkaHa cy jomr JBa caBeToBama, Takohe y Hosom Cany, 1984. ronune va ,,CIIEHC-y*,
u 1989. romune y xoreny ,,[lyTHHK".

On1994. romune, kanaje opranu3oBano 4. JyrocinoseHcko 1. MeljynaponHo caBeToBame
3alITUTE O MOXKapa M eKCIIO3H]ja, OBaj CTPYYHHM CKyH mpepacta y Meh)ynapoanu. [Tomoh
Cy HaM MpYXXHJIH KOJIere U cTpydumanu u3 Ykpajune, [losbcke m Mahapcke. O tazna ce
CaBeTOBamE OpraHusyje cBake jpyre roauHe, a 2006. romune, koja je Owia W roguHa
JyOHIapHOT IeceTor caBeToBamka, OHO MPEPacTa y KOHIpec CTpyKe.

Kondepernmmja ox 2008. rommHe mocraje Mel)yHApomHHM Hay4dHH CKYI, KOjH ce
opranusyje y capammi ¢ PaxynTeTroM TeXHHUKHX Hayka 3 HoBor Cama m TexHudkuM
YHHBEp3UTeTOM 13 3BoneHa, n3 PemyOnmke CiioBauke M OKyIJba CTPyUYH-aKe M3 00IacTi
6e30exHoCTH M 3amTHTe N3 CpOHje 1 MHOCTPAHCTBA.

Ca ucTuM TUMOM opranmsyjeMo u 5. MeljyHaponHy HayuHy KoH(epeHuujy u 15.
MelynaponHy koHdepeHIHjy 3alTUTe O NMoXkapa M eKciuiosuja, ose, 2016. ronune, u
TO 011 5. 10 7. okTOOpa y BHCOKO] TEXHUYKO] IIKOJIH CTPYKOBHUX cTyauja y HoBom Cany.
b xoH(pepeHnyje je pa3MeHa HajHOBHjUX HAyYHHX Ca3Hamba M HCKyCTaBa CTpyYrhaka u3
o0acTi MHXemepcTBa 0€30eJHOCTH, a OCHOBHA TE€Ma 3allITUTE Of] IIoKapa ce JOMymbyje
TeMama 13 00JIaCTH MHXEHEePCTBa 3aIlITUTE KHUBOTHE CpelUHE, 0€30eJHOCTH U 3]paBiba
Ha pajJy ¥ HUBHUJIHE 3aIITHTE.

VY miby epuKacHUjer yrnpaBibarkba PH3NYHAM CHUTyalrjama, MoTPeOHO je M3BPIINTH
AOCHTU(UKAIN]Y CTama, OMTACHOCTH, M3YYUTH Y3pOKe PU3NYHUX Jorahaja W M3rpamuTH
CTpaTeTHjy ClpeyaBama pa3Boja v MocIenuila pH3HIHUX gorahaja.

VKJbyunBamkbeM HayYHUX paJHHKa W CTpy4maka Koju ce 0aBe HHKEHEPCTBOM
6e30eJHOCTH Y YIIpaBJbambeM IpoliecMa y JKMBOTHO] M pajJHOj OKOJHMHH, MOTY ce
OYEKMBaTH TO3UTHBHU pe3ynTaTd. PasMeHa MUNbeHa U Ca3Harba je HEONXoAHa U jeJjaH
j€ Of1 Kopaka KOjH JOMPUHOCE MO3UTUBHOM TIOMAKY.

Opranu3zanuonu ogoop



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, 1st 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 4th Yugoslav and 1st 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 10th 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, 5th International scientific conference and 15th International
conference on fire and explosion is organized this year at the Higher Education Technical
School of Professional Studies in Novi Sad from 5th to 7th October 2016. 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
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1. INTRODUCTION

In the past decades the number of natural and anthropogenic disasters and fires has
shown a significant growth in the Western Balkans (WB). Human losses, extensive
damages to the urban areas, negative environmental impact and further weakening of the
regional economy are some of indicators of increasing vulnerability.

Preliminary surveys [1], targeted to identify the problem origin, indicated that
competences, knowledge and skills of the existing staff in the field of Disaster Risk
Management and Fire Safety Engineering (DRM&FSE) are insufficient to solve its growing
problems, as they acquire knowledge and skills from other engineering disciplines.

Skills shortages in this sector are already being identified by great interest shown after
2014 flood in the WB, while the expected climate change and hazard events expansion will
only exacerbate the situation. Within the expanding emergency sector labour market, an
urgent demand is expected for more post-graduate trained staff, as well as for continuing
education in DRM&FSE field.

The resilience of the WB societies to hazards has to be improved, and that can be done
by introducing new study programmes and lifelong learning (LLL) courses in educational
offer. It will provide a sustainable education in DRM&FSE field in WB countries and
ensure national highly skilled professional resources and regional capacity for resilient
society.

Based on the above, the project proposal Knowledge FOr Resilient society — K-FORCE
was successfully prepared by University of Novi Sad in cooperation with 11 HEIs from
Denmark (DTU, AAL), Sweden (LU), Slovakia (UNIZA), FYR Macedonia (UKIM),
Bosnia and Herzegovina (UBL, UNTZ), Albania (UT, EPOKA), Serbia (VTSNS) and 5
non-academic partners (Protection and Rescue Directorate of the Republic of Macedonia,
National Fire Safety Association of Republic of Serbia, European Youth Parliament
Serbia, Ministry of Security of Bosnia and Herzegovina: Protection and Rescue Sector and
Sector for International Cooperation and European Integrations and Union of chambers
of commerce and industry of Albania). The K-FORCE project proposal has been selected
for funding in ERASMUS+ program Capacity Building in Higher Education — EAC/
A04/2015. The three years period of the project realization will start in October 2016.

2. THE RESILIENCE IMPROVEMENT BY CAPACITY BUILDING IN
HIGHER EDUCATION

To become resilient society, it is necessary to implement the EU Civil Protection
Mechanism at a regional level and intensively cooperate and communicate, for which a
new skilled young workforce is required.

In recent years the number and severity of natural and man-made disasters has
significantly increased. Also, future disaster will be more extreme and more complex
with far-reaching and longer-term consequences as a result. Consequently, Decision No
1313/2013/EU on a Union Civil Protection Mechanism emphasizes an integrated approach
to disaster management as increasingly important.

According to European Parliament Resolution Community approach on the prevention
of natural and manmade disasters, prevention has a crucial significance for protection
against disasters, requiring a further action. Reaching the prevention objectives and
carrying out prevention actions, improving the disaster risk knowledge base and facilitating
the sharing of knowledge, best practices and information, were defined as the first ranked
action to take.
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Education and training (ET 2020) lie at the heart of the Europe 2020 strategy (ET 2020)
to exit the recession and establish the foundations for future knowledge-based growth and
social cohesion. The same goal is promoted in multiple EU documents, e.g.: European and
Mediterranean Major Hazards Agreement (EUR-OPA), South East Europe 2020 Strategy
— Jobs and Prosperity in the European Perspective (SEE 2020 Strategy) and Supporting
growth and jobs — an agenda for the modernization of Europe’s higher education systems
COM (2011) 567 final.

The above listed are common objectives and goals both for EU and WB region,
considering the on-going European integration process in the Balkans. The resilience
improvement by developing higher education (HE) is also in compliance with Balkan
countries’ national higher education strategies and action plans, as well as national
strategies in the field of fire protection and emergency situation.

3. STATE AND DEVELOPMENT PERSPECTIVES OF DRM&FSE
HIGHER EDUCATION IN WESTERN BALKANS

Within civil protection in Western Balkans Region, disaster risk reduction and disaster
management need to be treated as a matter of priority, particularly in the light of the severe
floods in 2014.

In July 2015 Serbia became the 33" participating state in the EU Civil Protection
Mechanism. Serbia will have to accomplish a countrywide risk assessment and assessment
of its risk management capabilities.

The floods in the south of the country in February 2015 showed the need for Albania
to further strengthen its capacity in this sector. As regards civil protection, the 2014-2018
national strategy for disaster risk reduction and civil protection has not been adopted yet.

Bosnia and Herzegovina expressed its interest in becoming a member of the EU Civil
Protection Mechanism in 2014 and concluded a protocol on cooperation and establishment
of a point of contact with the mechanism. Further coordination and cooperation efforts and
further preparations for joining the mechanism are needed.

Western Balkans’ higher education needs to respond and to educate and train young
people for the sector that will significantly grow as these countries need to fulfil Chapter
27 requirements according to EU Enlargement Strategy.

In Serbia there are 11 available study programs in DRM&FSE field, based on [2].
Among those, there is only one 1% level — bachelor academic study program and three
on the 2" level - master of academic studies. Regarding the professional studies, there
are 4 bachelors and 3 specialist study programs or modules. Academic bachelor studies
are implemented only at University of Novi Sad and there is also one master academic
program, while there are two master programs in University of Ni§. However, the majority
of available programs in the area are in fire protection field, and there is a lack of subjects
treating fire risks theory and fire safety issues. Also, within existing programs students
learn to deal with the consequences, instead the disaster and fire prevention. Preventive
measures are treated only as prescriptive ones. Very few programs are in the emergency
situations or civil protection field.

In Bosnia and Herzegovina there is only one study program in this area - Civil
Protection academic bachelor program at Independent University of Banja Luka, Faculty
for Safety and Protection.
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There are no higher education study programs in the DRM&FSE field in Montenegro,
Albania, nor in FYR Macedonia.

There are an insufficient number of master degree programs and there are no PhD
programs in Balkan region that would ensure sustainable and uniform capacity building in
human resources in this area. Number of graduates is insufficient for regional or national
needs. Consequently, there is a need for experts who are competent to operate in all phases
of the catastrophic events and that are able to solve problems in the field. Also, there is a
need for education of competitive experts who will be able to create a sustainable financial
plan for disaster preparedness and preventive measures, according to regional economy
recourses. At this moment, existing HE programs do not meet the mentioned WB countries’
needs for qualified staff. Moreover, disaster risk management basic terminology in Balkan
languages does not exist in curricula.

In order to improve regional resilience to hazards and capability for regional
cooperation in risk prevention and response, it is necessary to provide the required
number of multidisciplinary experts by modernizing and developing higher education
at the regional higher education institutions in subject field. It also includes continuous
professional development of employees in DRM&FSE sector in WB countries, through
creation and implementation of certified LLL courses for practitioners. Aim is to build
regional-based disaster preparedness and a culture of safety and resilience at all levels
according to EU Integration Strategies and National relevant strategies.

The Balkan’s higher education institutions (HEIs) need to assess the level and quality
of HEIs capacity (infrastructure, facilities, laboratories, workforces etc.) in this field and to
identify the key competences, knowledge and skills necessary for contemporary practice
and future needs. It will help harmonization of new programs content with the Region’s
needs. Acquired knowledge in the field of Disaster Risk Management and Fire Safety
Engineering will provide the base for building a resilient society.

4. ROLE OF EUROPEAN COOPERATION IN FURTHER
DEVELOPMENT OF DRM&FSE HIGHER EDUCATION IN WB

Compliance of the regional study program with similar programs, developed in the
EU countries, strengthens the capacity of individual countries and the region as a whole in
the process of European integration. Therefore, the brief analysis of available master and
doctoral study programs in HEIs in the field of Disaster Risk Management and Fire Safety
Engineering was done on the European level [1].

It was found that the majority of the most advanced engineering study programs in this
field are available in Sweden at Lund University, Denmark at Danish Technical University
and Aalborg University, Great Britain at University of Edinburgh and in FYR Macedonia
at Ss. Cyril and Methodius University in Skopje. All of the studies are established in a
close connection to Faculties and Departments of Civil Engineering. There are also fully
developed study programs, at all three levels in Slovak Republic, at Faculty of Special
Engineering, University of Zilina.

As Risk Management and Fire Safety education are not widely found in WB HEIs’
curricula, the transfer of know-how of European HEIs to WB HEIs is special valuable,
and response to the need for enhanced staff expertise which can underpin new curriculum
modernization or development in a way to meet standards developed in EU.
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Cooperation with the European HEIs and their contribution is crucial for new programs
quality due to knowledge sharing, experience transfer in the fields of scientific research
and education, particularly in developing similar programs and modules and assistance in
defining needs for program content and teaching methods improvement and modern ICT
and computer technology use in the education process coinciding with higher education
development in the EU.

5. THE IDEA ABOUT COMMON REGIONALY-BASED STUDY
PROGRAMME IN DRM&FSE FIELD

5.1. A brief insight into new study programs

DRM&FSE subject area refers to multidisciplinary and interdisciplinary disciplines.
Curricula include subjects from various academic disciplines, with Engineering and
engineering trades as the dominant academic discipline, Environmental protection,
Architecture and Construction, Civil Protection, Fire Science, Rescue studies, Climatology,
Hydrology, Seismology and Economy as well as other disciplines (Health, Sociology).

The implementation of interdisciplinary DRM&FSE study programs in the field
of Technical Sciences will enable continuation of the studies for a number of different
profiles of engineering undergraduates, as well as continual education of professionals by
offering LLL courses. Introduction of a novel interactive ICT platform for staff, student
and workers’ training will enable preparation of real-life case studies.

These programs support the creation and dissemination of Open Educational Resources
in diverse European languages. Study programs, learning material offered by Flexible ICT
learning platform, LLL courses, Glossary of DRM&FSE key words and terms, as well as
an On-line Library will be available in English and regional languages (Serbian, Albanian
and Bosnian).

Educational ICT based laboratories created in Balkans’ HEIs with interoperability
capabilities and On-line library will provide national, regional and international case-
studies, integrated risk methodology assessment, hazard, risk and vulnerability regional
cross-border mapping and results publications. That will insure continuous common
regional problem based approach and compatibility of knowledge and skills, also aligned
with contemporary trends in DRM&FSE field. Interdisciplinary, multi-language and ICT
based both higher and continuous education approach insures regional and international
cooperation will allow the exchange of knowledge and the mobility of students, teachers
and workers, and strengthens national and regional capacities in EU integrations. Teaching
methods improvement and modern ICT use in the education process will coincide with
higher education development in the EU. This is especially true in knowledge about
best available practices, EU legislation, practical laboratory skills and consequent
harmonization with EU curricula.

Within implementation process, European HEIs will have crucial role. They will be
responsible for knowledge transfer and experience sharing in including scientific research
into education, thus securing curriculum quality from the start. They will steer the content
of curriculum and syllabi, define student-centred learning and teaching methods, share
case studies for capstone-type subjects and advice on best usage of modern ICT in the
education process. This way, DRM&FSE programs will also have European dimension,
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with respect to international co-operation of the WB countries. With the expertise of EU
HEIs, the new curricula will be aligned with EU ones and thus secure that obtained degrees
are fully recognized in European job market, as well as in the European Higher Education
Area (EHEA). This should also enable our students to participate in various credit-bearing
mobility schemes.

5.2. Students and staff mobility

These kind of programs will foster cooperation amongst HEIs in promoting and
supporting mobility of master and doctoral candidates, develop infrastructure for mutual
recognition of awarded master and doctoral degrees, initiate exchange of post-doctoral
researchers, participate in collaborative research grants in order to increase institutional
capacities both in research expertise and infrastructure.

Experience gained during mobility represent good basis for fostering of international
educational and research cooperation, as well as international academic networking.

Activities foreseen under mobility will contribute to the improvement of DRM&FSE
Master programs, Modules and PhD programme that will be implemented. Also, it will
help development of cultural awareness among students and provide them international
learning experience. For staff, these activities will enable exchange of innovative teaching
practices, learning about teaching methods and practices from European HEIs and also
will enable development of complementary skills and competencies in the field.

Some of expected results of mobility activities are improved teaching skills and
methodologies, gained teaching experience in an international context, strengthened
intercultural competences of all parties involved and students provided with a wider range
of topics and international perspective in the field of DRM&FSE.

This mobility action will provide development of a pool of well-qualified, open-
minded and internationally experienced young people as future professionals. Mobility of
WB teaching staff will underpin new curriculum modernization or development in a way
to meet standards developed in EU. Increased level and scope of student and staff mobility
between HEIs encourages the advancement of procedures and the strategic orientation
towards internationalisation and can be seen as a capacity-building mechanism.

5.3. Expected impact of modernized and newly developed study programs

It is expected that modernized and newly developed study programs will contribute to
resilience improvement of societies in several ways.

Firstly, students will be educated within an interdisciplinary and problem-solving
framework, through acquiring theoretical, practical and applicable knowledge, skills and
competences, according to National qualifications framework and European qualifications
framework, WB countries’ needs and EU trends, which will be well recognized by the
national and regional labour market. Students on other HEIs study programmes will gain
basic or improved knowledge of DRM&FSE issues, consequently resulting in raised
awareness among student population.

Implemented programs will enable regional and international mobility of students and
teachers from WB and their horizon broadening in this specific field.

Teaching staff will have opportunity to upgrade their teaching experience, capacity to
pass on the knowledge updated with novel trends both in the field and teaching tools and
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methodology. Teaching staff in other disciplines will be able to foster their knowledge and
capacity to introduce and interconnect DRM&FSE issues into their disciplines.

Non-profit NGOs will have opportunity to realize their own visions and missions in
building national and regional capacities for safe and prospective WB societies, on the
path towards EU.

Professionals in DRM&FSE area will expand and upgrade their knowledge and skills
through LLL courses.

Public bodies and administration in charge for civil protection will improve qualification
structure and better act as liaison between the emergency sector and scientific and
education institutions as well as liaison between educational institutions and stakeholders
from the emergency sector.

Employees in various industrial sectors will have an open access to created On-line
Library, ICT portal and LLL courses database, through which they can gain knowledge on
various DRM&FSE issues, thus raising their awareness about fires and disasters.

6. CONCLUSION

Western Balkans countries manifest certain weaknesses in case of natural disasters
and fire-related hazards, which requires raising the level of protection and response at the
higher level.

The most effective approach to the problem is raising the level of knowledge and skills
that can be done by introducing new study programmes and lifelong learning courses in
educational offer.

There are a few study programs in this field in our region and it is insufficient and
unsustainable at regional level without further development. In addition, the lack of
specialist in DRM&FSE area has condition the high dependence on international support
in national projects and programs addressing these issues [3].

Based on these problems, in order to improve resilience of the Western Balkans
societies to hazards, the project proposal Knowledge FOr Resilient society — K-FORCE
was successfully prepared and selected for funding in ERASMUS+ program Capacity
Building in Higher Education — EAC/A04/2015.
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eKcIUIo3uja, y kojuMma je 1.351 spynm norunyno, 4.568 nospeherno u 4.414 cnaceHo (3a mepuox
2006-2015). Caku jiaH, BaTpOTacHO-CIIACHIIAYKe jeMHUIIE Yracuiie Cy y MpoceKy 57,6 moxapa,
mpu demy je 0,23 spymu morunyno, a 0,78 moBpeheHo y oBUM mokapuMma. AHam3e IMOKa3yjy
TeHAeHNHWjy noBehama pu3WKa of HacTaHKa Iokapa M Opojy moBpehenux. Pusmk om Hactammx
CMPTHHX TIOCIEAMIA y MOXKapuMa M eKCIUIO3HMjaMa y OBOM IIEPHOAY jé OCTao CKOpO HCTH, C
003UpoM J1a c€ y OBOM MIEPHOY CMambHO Opoj cTaHOBHHKA y CpOuju. AHamn3a pu3nKa of moruoduje
y ToXapruMa Ha HUBOY MOApYYHHX [lonuiujckux ynpasa-opranusanuonux jequauna Cexropa 3a
BaHpenHe curyanuje 3a 2013. roguHy mokasyje 3HadajHe pas3iIiKe 110 MOJIMIUCKUM ylpaBaMa U
3aXTeBa HCTPAKUBARE 32 Ty)KU BPEMCHCKH MEPHO.

KibyuHe peun: moxxapy. pusuK, MOTHHY/IH, oBpehern, Cpouja

THE ANALYSIS OF STATISCAL FIRE RISK
INDICATORS IN THE REPUBLIC OF SERBIA

Abstract: Annually there are more than 7 million fires worldwide. These events cause minor or
severe injuries of around 500,000 to 700,000 people, while around 70,000 to 80,000 people lose
their lives. In the Republic of Serbia the official statistics during the period of 16 years (2000-2015)
has registered 336,507 fires and explosions in which 1,351 people died, 4,568 were injured and
4,414 rescued (for the period 2006-2015). Every day fire and rescue units extinguish in average 57.6
fires, with 0.23 people killed and 0.78 injured in these fires. These analyses refer to the tendency
of increase of both fire risk occurrence and the number of injured people. The risk of casualties in
fires and explosions in this period remained almost the same, considering that in this period the
population of the Republic of Serbia has decreased. Analysis of the fire casualty risk at the level
of regional police departments and organizational units of the Sector for Emergency Management
for 2013 shows significant differences by police departments and requires additional research for a
longer period of time.

Key words: fires, risk, casualties, injured, Serbia
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* Iomohuuk HayenHuka Cekropa 3a Banpene curyanuje MYII PC, goran.nikolic@mup.gov.rs
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1. YBOJ

Caake TOIMHE Y CBETY HacTaHe BUIIE O 0 7 MUJIMOHA MOXKapa, y KojuMa ce JIaKIe
i Texxe moBpeau 500.000 — 700.000 u morure 70.000 — 80.000 spymu. Y mpocexy 1
cranoBHUK Ha 100.000 cTaHOBHHKA MOTHHE y TOXKapy TOAMIIRE y CBeTy. [omummn
WHJECKCH Y 3BAaHUYHHUM JOKYMEHTHMA MOT'Y PETPOAKTHBHO Jla C€ MEHajy yciea IpoMeHa
y METOJIOJIOTHj! MTPUKa3a CTAaTHCTHYKHX IT0JaTaka y 3eMJbama.

IlITeTa Ha UMOBHHHU Y3pOKOBaHA MOKApHMa Y MHOTHM pa3BUjCHUM 3eMJbaMa HUjC
Mama o 1% Opyro HarnmonamHor nmpoussona (Brushlinsky u ap., 2016).

[Ipema 3BaHmYHNM ToganMa TokoMm 16 rommaa (2000-2015) y Penyommmm Cpouju
je perucrpoBaHo 336.507 moxkapa m excruio3mja, y kojuma je 1.351 spymu moruHyImo
(mpoceuno 84,5 romummse), 4.568 moBpeheno (mpoceuno 285,5 romummme) u 4.414
cnacerno (3a mepuon 2006-2015). Anamm3om Huje oOyxBahieHa TepHUTOpHja ayTOHOMHE
mokpajuae Kocoso.

Mepa BepoBaTHOhe HacTaHKa OIIACHOT Jjorahjaja, y HalleM coy4ajy noxapa, 1 HacTaaux
nocnenuna je pusuk. Pusukom ce mepu crposoljeme moryhHoctu onpelene omacHoctu
WIN BEHUX TOCIIeNnna y oAroBapajyhum jenuannama. Mely nnankaropuma 3a Mepeme
pu3KKa oz noxapa rasuu cy (bpynmackuii u np., 2004.):

a) R, - pusuk 3a nmue na ce Hahe y cutyanmjama noxapa y jemuaniy Bpemena. [lo
NIPaBIITY KaJeHJapCcKa TOAMHA ce KOPHCTH Kao jeIMHHUNA BpeMeHa. 3padyHasa
ce Kao KOJIMYHHK Opoja 1mokapa i CTAaHOBHHIITBA PETHOHA HIIN 3eMJbE,

b) R, - pusuk Ja ocoba moruHe y noxapy IO jeIMHHIIM BpeMeHa. M3pauyHasa ce
Ka0 KOJIMYHUK Opoja MOTHHYJINX U Opoja moxapa;

c) R, - MHAMBHIYQTHA PH3WK Ja ocoba mormHe 300T OMACHOCTH — MoXapa, Mo
jemmHAI BpeMeHa. [lorpeOHO je wWMarn WHGOpMAIHje O CTAaHOBHHUILITBY
3eMJbe (pernoHa) y JaToM MepuoAy BpeMeHa Ja O ce M3padyHao Taj pU3HK.
W3zpayyHaBa ce Kao KOJIMYHHK MOTHHYIHX Y IIOXKApUMa M TOIyJaluje
3emibe (pernona) y onpehenoj romunn. R, pu3MK Kapakrepuile BepoBaTHOha
peanu3almje OMacHOCTH-NIoKapa, a pusuke R, u R, kapakrepunry oznpehene

AMIUTAKAIT]e OBE pean3allije.

2. TIOAALIA M METO/IE

[IpaBmitHO Tymaueme cTamba OCHOBHHUX IOKa3aresba pu3ka of rnoxapa y PemyOmunm
CpOuju je moryhe ymopehnBamem ca momanuma W3 JPYrHX, P CBEra 3eMajbama, ca
CIIMYHUM KapakTepucTHkama (Opoj CTaHOBHHKA, KIWUMa, WHIYCTPHja, HAYMH TPAIHe
oOjekara u 1ip.).

3a aHanmM3y CTama MOXapHOT PH3HMKa y CBETy KopuinheHa je 6aza momartaka LleHnTpa
3a MoYKapHy CTaTUCTHKY Mel)yHapomgHe acouujariije MoKapHUX M CIIACHIAIKUAX CITYKOH
(CTIF) (Brushlinsky u ap., 2016).

3a aHanu3y crama MoxkapHor pusuka y Pemy6mumu CpOuju xopuiiheHa je 0aza
MoJIaTKaKa JEAMHCTBEHOI TporpaMa eBujaeHuuje norahaja ,,JJOI™ Munucrapcrsa
yHyTpanmux nocioBa Penyomuke CpoOuje koju je yBeneH ox 1. janyapa 2009. roxune.
Iomamwm o moxapuma 3a nepuon ox 2000 mo 2009. ronuHe NOOHMjCHU CYy U3 EBUACHIUja
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VYopage 3a BaTporacHo - cracuiadke jeaunuiie Cekropa 3a BaupeaHe cutyamnuje MYII-a.

PemyOnuyakn 3aBox 3a CTAaTUCTHKY je y KBbu3M ,,CTapocT U Mmoi™ 00jaBno KOHAYHE
pe3yiTaTe momnuca CTaHOBHUINTBA, noMahnHcTaBa n crtaHoBa 2011. romune (7.186.862
CTaHOBHHKA y omHOCY Ha 7.498.001 xomuxko je 6mmo 2002.). Takohe, mpema momammma
PenyOmiraku 3aBo1 3a CTaTUCTHKY, OpOj CTaHOBHUKA 32 pernyonuky Cpoujy y 2013 roqman
je 716552,y 2014 roquau je 7.131.788 u 3a 2015 ronuny je 7.095.383. bpoj cranoBHHKA
o ITommmujckum yrpasama 3a 2013 romuny je': Kukunna 137.721; CyGoruua 186.906;
Combop 118.205; HoBu Cag 619.421; 3pemannn 213.522; [TangeBo 293.730; Cpemcka
Murtposuma 248.655; beorpan 1.765.794; 111a6ar 298.931; BasseBo 174.513; Kparyjesan
293.308; CmenmepeBo 175.503; Iloxkapesar 183.625; Bop 124.992; 3ajewap 154.230;
Jaromuna 223.686; Yauak 212.603; Vxume 179.327; Ilpujenosse 80.830; Hosu Ila3ap
154.881; KpasmeBo 177.693; Kpymesan 241.999; Ilpokymbe 86.490; Hum 375.148;
ITupor 92.479; Jleckosan 213.589; Bpame 159.081.

WHaekcu/mokasaresby 3a Meperbe PU3UKa Off MoyKapa Cy U3pauyHaTH y jeAHHUIIaMa:

a) R, ,6pojnoxapa/1000 cranosHuka Pemy6mnyke nimm 6poj noxapa/6poj CTaHOBHUKA
[Monuuujcke ynpase, ronuIIbE;

b) R, 6poj xprasa (nmorunynu, nospehenn)/100 noxapa, TonUIIbE;

¢) R,, 6poj norunynux/100000 cranoHuka Pemy6nuke unu 6poj norunyaux/opoj
cTaHoBHHKa [lonuiMjcke ynpase, FTOAUIIILE.

Pesyararu cy mpoBepeHHM 3a HOpMajJHY pacrojerny. JWHaMHuKa M IIOKa3aTesbu
TPEHIOBa Cy YTBpheHH aHaIM30M BpEeMEHCKHX cepmja mporpamom Microsoft Excel.
IMomuaomckrn TpeHn 1. pexa je kopuinlieH 3a aHaIW3y BEINHMKOI CKyNa MOjaraka
HEeCTaOMITHUX BPEIHOCTH.

3. PE3VIITATU U AHAJIN3A-JUCKYCHJA

3.1. OcCHOBHM NMOKAa3aTe/bH PU3KA O]1 MOKaApPa y CBeTy

[To>xapHe CTaTUCTHKE II0Ka3yjy [a CBake TOAMHE MMa BHILE OX 7 MIJIMOHA ITOXKapU
y cBeTy, y kKojuma ce moBpeau 500-700 xmibamga nsryou xuBoT 70-80 xwmpane jpyam. Y
mpoceky 1 oxg 100.000 craHoBHHKa y CBETy NOTHHE y mokapy. BehimHa 3emipa y cBety
UMa pa3IMYUTe TeHepali30BaHe-YOILITeHe HHACKCE/TIOKa3aTesbe IMOKapaHOT PHU3HKA
(Tabemna 1). [loganu 3a cBe roanHE ce CTaXHO mpepal)yjy U IOMymbYjy HOBHM H3BOPHMA
nH(popMaIrja, TAako 1a ce OpPOjHH MOKa3aTesha MOTY MEFHATH PETPOAKTUBHO.

IIpoceune BpeAHOCTH MHAMBHAyalHOT pu3uka (Opoja kprasa y moxapuma (R))),
3ajeJJHO ca OCHOBHHUM IOKa3aresbuma 3a 27 3emaiba, 3a mepuon 2010-2014. romune,
pasBpcTaHe y 5 rpyna pu3HKa IprukasaHe cy y Tabenu 2. PaHrupame 3eMajba U3BpIICHO je
npema noseharwy BpenHOCTH pu3Kka R..

W3 Tabene 2 MpoM3uiIasy 1a je 3a IPBUX MIECT 36Majba MHTEPBAT BPEMHOCTH R, — o1
1,0 x 10 10 5,0 x 10, 3a mapennux cenam 3emaba R, m3nocu ox 6,0 x 1010 9,0 x 100
¢, 3a HapenHux cenam 3emasba o 1,0 x 107 1o 2,0 x 107, a Ha kpajy Taberne cy 3eMibe ca
uHTEpBaIoM BpeaHocTr R, 01 0,2 x 1010 1,0 x 10,

TIpeysero ox: 10. jyounapua Mehynapoana xondepenmuja bezdeanoct caobpahaja y nokanHoj
3ajeqHuIM, U3 ofaraka 3a Many CaobpahajHu NOHIEpHCAHU PH3HK CTPaiarha Ha IyTeBUMa U
yAUIIaMa o TIOJUIHjCKUM yrpaBama y Cpouju, Kparyjesam, 2015.
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Tab6ena 1. Ilpecned 0CHOBHUX - YORUIMEHUX NOKA3AMEDA NOJCAPHOZ PUSUKA Y C8EMY 3a NEPUOO
2005-2014. eooune [6]

IloxkapHu pusuk
"
—_ =
£ : = g2 g E E z Cpenmu 0p. Cpengu 0p. Cpenmu 6p.
= il EE E > g g 2 noxapa HOTHHYINX Ha HOTHHYINX Ha
{% E E = &= 'E z Ha 1000 100 noxapa 100000
& CTAQHOBHHKA CTAHOBHIKA
2005 45 3,5 43 57,4 1,2 1,3 1,5
2006 37 3,6 4,1 52,2 1,1 1,3 1.4
2007 49 3,8 4,0 52,5 1,1 1,3 1,5
2008 31 35 3,6 483 1,0 1,3 1.4
2009 31 34 33 44,7 1,0 1,4 1,3
2010 33 2,2 32 46,1 1,5 1,4 2,1
2011 34 2,3 33 48,2 1,4 1,5 2,1
2012 35 1,1 3,1 23,7 2,8 0,8 22
2013 31 1,1 2,5 21,7 23 0,9 2,0
2014 32 1,1 2,7 20,7 2,5 0,8 1,9

Tabena 2. Bpeonocmu unousudyannoe pusuxa (bpoja noaunymux) y noscapuma (R,) 3a nepuoo
2010-2014. co0une[6]

TIpoceuan 6poj normHyJIux
= = NPHJIMKOM N0Kapa
= =
= =
H S
g 5] 82 g
Ne g | & £3 ¢ 2 2
E = =22 9 S S E =
< E gf ; < ; - A = S E 13}
2 S = & a8 g = S 2 = £
- = 2 Q0 ® 28 = = = = L =
3 g g = 2% - X s SE | E 2 -
= [P SIC =)= ==5 g =l 25 |0 & &
1 Uramnja 61 000 210 843 3,46 120 0,05 0,2
2 Aycrpuja 8544 43 660 5,11 30 0,1 0,3 L 0-10
3 CroBenuja 2063 4926 2,39 8 0,2 0,4 W
4 I'puxa 10 788 32479 3,01 43 0,2 0,4 so 10_6'
5 Xomamzmja 16 829 91 160 5,42 75 0,1 0,4 ?
6 Hemauxa 82218 197 393 2,4 375 0,2 0,5
1 ®DpaHirycka 66 030 302 891 4,59 372 0,1 0,6
2 B. Bpuranuja 61370 253 060 4,12 366 0,1 0,6 6,0-10°¢
3 Benruja 10 700 21299 1,99 59 0,3 0,6 i
4 Xpearcka 4290 8255 1,92 33 0,1 0,8 9,0-10°¢
5 CrioBauka 5412 12 761 2,36 46 0,3 0,8
6 Kunap 858 7457 8,69 7 0,1 0,8
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1 CAJl 318 907 1326800 | 4,16 3135 0,2 1.0
2 Cpbuja 7187 24770 34 79 0,31 11 1,0-10°
3 Yenka 10 505 18 578 1,77 120 0,4 1,1 iR o
4 PywmyHuja 20 121 27734 1,38 231 0,8 1,1 2,0-10°
5 Malapcka 9877 24 699 2,50 119 0,5 12
6 Jaman 128 130 46 486 0,36 1698 3,7 13
7 Byrapcka 7245 33592 4,64 93 0,7 1.3
8 Tosbcka 38 462 152389 | 3,96 536 04 14
1 Motronuja 2997 3429 1,14 67 34 2.2
2 Monnasuja 3553 2005 0,56 148 1,0 42 0,2:10
3 Ecrounja 1313 6070 4,62 59 1,2 45 il
4 Jletonuja 2001 9643 4,82 113 0,9 5.6 1,0-10*
5 Vipajuna 43001 64 893 1,51 2636 4,1 6.1
6 Pycuja 144 000 162 800 1,13 11458 7.0 8,0
7 Benopycuja 9481 18 898 1,99 810 3,3 8,5

BaxxHy OIleHY y METOIOJIOTHjH CTATUCTUYKE MPOIICHE PU3HKA IIPEJICTABIba KOHIICTIIH]a
MPUXBATJLUBOI - JIOMYIITEHOT pH3MKa. KpUTepHujyMu JOMyIITEHOr pH3MKa (TpaHUYHE
JIONYIITEHE BPEIHOCTH PU3MKA) Y MHOTHM 3eMibama ojpelhyjy ce mupexruBom. Taxo,
Ha npuMep, y XONaHIUju MaKCHMAJHA JOMYIITEeHA BPEJHOCT HHMBUAYATHOT PU3HKA
usnocu 10°rox! (jeman morunynu Ha 1.000.000 craHOBHUKA).

IIpema ananu3ama ypaljenum nHa ocHoBy mnonaraka CTIF Behinna nopehenux wu
NIOTHHYJIMX Y CBETY, HACTaje, IPUIIMKOM IIOKapa y 00jeKTHMa 3a CTAHOBAE JbYIH (CIIUKA

1) [4].

Oeram objer T

jlny;

Cnuxka 1. Pacnopeo nocubuje 5you npema 00jekmuma HACMAanKa nodcapa y 3eMapama céema
(2000-2010.)
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3.2 OcHoBHM noka3aTe/ba pu3Ka o noxapa y Pemyoanumn Cpouju

[Ipema 3BanmunnM nomanuma MVYII-a PC (TaGena Op. 3) Tokom 16 rogmna (2000-
2015) y Perrybnumm Cpouju je peructposano 336507 mokapa u €KCIIO3Hja, y KojuMa je
1.351 spyau nmorunyno, 4.568 nospeheno u 4.414 craceno (3a nepuon 2006-2015).

Bpoj MHTEpBEHLM]a M NOMKapa M eKcnno3uja 3a nepuog, 2000-2015.

50,000
45,000 /\
40,000 /

(1]

Q

(1]

¥ 35000 |

Q

[ =

= 30,000

‘m
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2 25,000

L0

g e

& 20000 |\ : 36x+1

£ d =20.221
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=, 15,000
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s Yy NaH OPO] MHTEPBEHUM. e \{\MTHO NOKEPA U BKCNN03M]A

--------- Linear (YkynaH 6poj MHTEPBEHUM.)  +==o=ee Linear (YKYNHO NOMaPa U EKCNNO3M]A)

Ipagukon 1. Juuamuka u mpeno 6poja unmepsenyuja, noxcapa u excniosuja y Penyonuyu
Cpbuju y nepuody 2000-2015.
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5-7. oxmobap 2016. 15. Melynapoona kongeperyuja

5. Mehynapoona nayuna konghepenyuja

3awmume 00 nodxcapa u excniosuja

Hosu Cao

besbeonocnu uncersepune

Tabena 3. OcnosHu noxazamesvu puzuxa 00 noxcapa y Penyonuyu Cpouju [2]

PUT| OCT| 0T | 90| T| STT| TT| LIT| 9T OUT| TT| OUT| 6IT|SCT | 1| 060 60T
i 5 : I 5 5 i 5 5 i 5 i P b i HM
B0 | 650 | PEr0 | ET0 | LOT0| LTO| LKO| #0| #E0| 0E0| 60| #9°0| 650 |80 | 080 | L[S0| LED
i i ] i i ] ‘ : i (R ok i i i i .
7| We| SET| TE| 0G| e¥| LET| €6T| €F| L8| 8€T| S6T| 0T |%T | 86T| ST| 687
THHAIPID)
00%Thy | 99€| STb | TS| €| CIE| LS| OL§| OSC| 6OL £ fodg
eNE[HCOUTNI
H exHdegon
{ xmafjadson
PIES | S8¢b| SLE| Ob| LBF| I0b 68| IIE| PLE| 6OF| 60| ILC| TLT| 81| €60 f#IT| L [odg
ene[HEormNg
Henndewon
A YU {HHION
660 06| €L| 0| S| | I8 9| ¢f6| 98 8| Po 65| 6| +8 80 18 [odg
EIHEOLTIDNG
H edewon
LOSOEE | 6LETT | SOBOT | 8POTT | LSLEE | OCOTE | BOELT | £TOTT | £ovbT | 18587 | 9BSLL | TOLPT | LGOST | €TE6T | TG8PT | TOLILL | SELIT |  ommdnyg
e[uimagdaiun
6P00FF | 0LCGT | TPOLT | EPFST | BLSHP | GTESE | OPSST | TIPST |STLOC | 960SE | TSKFT | OTLOT | 6TOOT | POOFT | SGEOT | pOSST | LGLST | fodgmeming
omIANK [ €107 | FI0C | €107 [ZI0C | TI0C | OTOZ | 600C | 800T | LOOT | 9007 | S00C | FOOZ | €0OT | 700C | 100 | 0007 ONATH]]

EHHI'0 ]
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[TonuHoMmcku TpenaoBH (rpadukoH 1) ca momanuma 3a PermmyGnuky CpOuju nokasajy
noseharme kako Opoja MHTepBeHIMja (KoehuuujeHt aerepmuHanuje R?2= 0,3724), tako
u Opoja Opoja moxkapa u excriosuja (R?= 0,2221), npu demy je mano Behu TpeHn
0poja YKyNMHHX MHTEPBEHIM]ja Y OMHOCY Ha TpeHJa Opoja moxkapa, IITO je y CKIagy ca
noBehameM HaICKHOCTH (YCBajarmbeM 3aKOHA O BaHPEIHUM cuTyaijama, Cekropy 3a
BaHpeaHe cutyanuje MYTI-a ¢y y OCHOBHY Ha/IJICKHOCT JTOJICJHEHHU U ITOCIOBH IIPECBCHTBE
U OJroBOpa Ha eJeMeHTapHe Heroroje, Behe xemujcke ynece um BehiMHY BaHpEIHHX
cHUTyalMja) 1 o0uMa 1ocna.

R,
6poj noskapa Ha 1000 cTaHOBHHKA

6.000

5.000

4.000 y = §.0996x + Z.00},
R*=0.2501
3.000

2.000
1.000

0.000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
R1 Linear (R1
cpea. 6p noxapa Ha 1000 cTaHOBHMKA cpen. 6p. noxapa Ha 1000 ctaHoOBHMUKA)

I'pauxon 2. [Junamuxa u mpeno pusuxa R, (pusux 3a epahanuna oa ce nale y cumyayujama
nooicapa y jeounuyu epmena-eoounu) y Penyonuyu Cpouju

Jo mosehama ykymHOT Opoja mokapa u eKCIUIO3Hja Y TOCMaTpaHOM HEepHOAY AOIILIO0
je ycuen HCTPOLICHOCTH OIpeMe, 3acTapeliOCTH CpeicTaBa 3a paj, TEXHOJOLIKHX
HEJOCTaTaka M HEJIOBOJHHOT yiarama y 3alUTHTY O IO)Kapa, HapyIlaBamka TEXHOJOIIKE
W pajHe AWCLUUIUIMHE, HENOIITOBAaKka Mepa 3aIUTUTE IPU HPOU3BONILH, YHOTPEOH H
TpaHCHOpPTy poba W yciyra, HEOArOBOPHOM OAHOCY IIpeMa OTBOPEHOM H IIYMCKOM
MPOCTOPY, HEJOCTAaTKa CBUX BPCTA CTPYYHOI KaJapa M HEIOBOJbHE OOyKe 3alOCICHUX H
cTaHoBHHUINTBA. Ha moBehame Opoja moxkapa yTHdy U MIPOMEHE y CBOJHHCKO] CTPYKTYpPH
HMMOBHHE, Kao IIOCICAMIAa IPOMEHa IPYIITBEHO - MOJUTHYKOI ypehema W InyrorpajHe
E€KOHOMCKE KpH3e U CaHKIIHja KojuMa je Onna u3noxxeHa Pemyommka Cpouja (baduh u ap.,
2013).

I'papukon Opoj 2. mpukasyje auHamuky R, npu demy IOIMHOMCKH TpEHI ca
xoepunujentom aerepmunanuje (R*=0,2501) npukasyje nosehame R , unu 6poja moxapa
Ha XUJbaly cTaHoBHHKa CpoOuje.

JlaJeoM aHaJIM30M ce oJIa3| [0 3aKJbydKa Jja TOCTOjH BEJIMKA Pa3jinKa y AMHAMHLH
U TPEHJOBUMa IOBpeheHHX M MOTHHYIHX Y MOXKapHMa ¥ eKCIUIO3MjaMa y OCMaTpaHOM
nepuozy. ITOMMHOMCKH TpEeHA ca 3HadajHuM KoeduuujeHToM aerepmuHandje (R? =
0,7383) mpukasyje craTHCTHYKH 3Ha4ajHO moBehame Opoja moBpeheHNX y moxkapuma u
excruto3ujama (rpadukoH 3). AHamm3a pasiora oBor nmosehama HHje IpeaMeT OBOT paja,
a 3aCITyXyje IOCeOHY Maxmy U MOoTpely 3a HCTPAKUBAE.
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Tpenn HeznarHor nosehama ce npuMehyje y MOJTMHOMCKOM TPEHAY M KOSQHIU]SHTY
nerepmunanyje (R*=0,011) 3a spyne moruHyse y noxxapy u ekcruiosujama (rpadukos 3).

Bpoj noruHynux, nospeheHux v cnaceHux y noxapuma y Cpbuju 3a nepuop,
2000-2015.
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e 5DO] NOTMHYNUX Y NOMEPUMaN EKCTIO3M]aMA bpoj noepefeHnx y Noxapuma U excnnosujama

mm— bpO] CRACEHAX  esseeee Linear (bpoj NOrMHYAKX Y NOXapUMan eKcnao3njama )

Linear (bpoj noBpeheHux y NoXapuma v eKcnnosujama) « - Linear (bpoj cnacexux)

I'pagpuxon 3. JJunamura u mpeno xcpmaea (noepehenu, nocsunyiu, CnauleH) y noxcapuma 3a
nepuod 2000-2015. y Penybnuyu Cpouju

C TuM y Besu, a uMajyhu y Buay 6poj CTAHOBHUIITBA Y IPOTEKIOM MEPUOLY CMAHUO”
MOXe ce JOohM 1o 3akjbydka Ja je PHU3HWK Of CTpajama Ha MOXKaphMa M eKCIUIO3Hjama
Y HCTpa)XCHOM Iepuoay y Mainoj mepu nosehao. bpoj cmaceHnx cTaHOBHHKA IPHIINKOM
aKldja ralema nokapa Of CTpaHe BaTporacalna-cracuiala UMa CTaTHCTHYKO oBeharmbe
(R* = 0,0037), wro yka3zyje u Ha moBehiaHy e(hHKAaCHOCT BATPOTACHO - CITACHITIKHX
jemVHUIA Y W3BpIIABAY 3aaTaKa.

I'paukon 4. npukasyje nunamuky R, y ciydajy morubuje on noxapa. IlomiHomcku
TpeH TMoKasyje TeHAeHuujy R, y cMamemy CMPTHHX ciydajeBa (KoedHIHjeHTH
nerepmunanmje R, = 0,3317) na 100 nosxapa.

2V Pemry6nuiu ce 6poj CTAHOBHHINTBA CMambHo ca 7.498.001 (mommc u3 2002 1) Ha 7.186.862
(mommc u3 2011 1), a mpojexunje 3a 2015 roBope xa ce y CpOuju 6poj CTAHOBHUKA CMAFHO

Ha 7.095.383 , ma ce MoXKe 3aKJbYUYHTH Ja CE Y aHAIM3UPaHOM BpeMeHy o 16 roguna 6poj
CTaHOBHMKa cMamHo 3a Buie o 500000, a yneo nuna crapux 65 U BUllle TOAWHA Yy YKYITHOM
craHoBHHUIITBY Pemybnuke Cpouje uznocu 17,4%, a yneo minalhjux oz 15 ronuna je 14,3%, mro
yKa3yje Ha TO 1a c€ HAJIa3MMO Yy TI00IMAaKIIO0]j (ha3u AeMoTpadCKOr CTapema.
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R.
opoj mormnyaux Ha 100 mo:kapa
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N
500 |—0TL y A > (/ \ v = -0.0152x 4 0.5548

________ -\ Rf=0.317
0.400 ,/ N\
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—R2 e Linear (R2

cpen.6p. NOrMHY. M Ha 100 noxapa cpen.6p. NOrMHYAK Ha 100 noxkapa)

Ipagpuxon 4. Jurnamuxa u mpenao pusuxa R, (pusux oa epahanun nozurne y nodxicapy no jeounuyu
epemena-eoounu) y Penyonuyu Cpouju
[omuHoMCcKHM TpeHa ca KoeduimjentoMm aerepmunandje (R? = 0,0036) mokasyje
MUHUMaTHO ToBehame Opoja CMPTHHX CiTydajeBa y nokaprma Ha 100 Xxnuspaza CTaHOBHUKA
(rpaduxon 5).

R;
opoj moruayaunx Ha 100.000 cTaHOBHHKA

1.40 v = 0.0016x+1.1338
R*=|0.0034

1.20 o S . //\ pd

.................................................... e \v/ \/

1.00 \//

0.80
0.60
0.40
0.20
0.00
2000 2001 2002 2003 2004 2005 2006 2007 2008 2002 2010 2011 2012 2013 2014 2015
—R3 e Linear (R3
cpen,. 6p cpen. 6p.
MoruHynn100000 cTaHOBHUKA MoruHy 100000 cTaHOBHWKA)

I'pagpuxon 5. [Junamuxa u mpenad unousudyarroe pusuxa R, (pusux da cmanosnux noaume 3602
onacrHocmu - nodcapa, no jeOunuyu epemera-eoounu) y Penyonuyu Cpouju

3.3. OcHOBHM MOKa3aTe/bH PU3KA O/ MOKAPA N0 TEPUTOPHjH MOAPYUYHHUX
Hoanmujckux ynpasa — opranusannonux jenuauna Cexropa 3a BC

Pusuk ox HacTaHKa mokapa, moBpehuBama W MOTHOHjE je Pa3iIuIuT U UMa CBOje
cenudpuIHOCTH y CBUM JienoBuMa Penyonuke Cpbuje. Y Bpemerckom nepuof ox 2009.
mo 2013. 6poj cTpagamux cTaHOBHUKA 1O [lonmumujckuM yrpaBaMa — OpraHHU3aIIOHIM
jeIMHWIIaMa TIpUKa3aH je Ha rpadukony 6.
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Bpoj noruHyAMX y NoXapama 1 ekcnaoaujama no Mogpy4HUM NOAMLMICKUM YnpaBama-0praHH3aLMOHUM
jepuHuyama Cextopa 3a BC 3a nepuog 2009-2013 roguHe
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Ipaguxon 5. Bpoj nocunynux y nosxcapuma u excniosujama no Ioopyunum nonuyujckum
ynpasama-opeanuzayuonum jeounuyama Cexkmopa 3a BC 3a nepuoo 2009-2013 zooumne.

Bpennoctu unpusupyansor pusuka (R,) 3a 2013. romuny, mo mnoapyuHum
[MonunujckuM yrpaBama — OpraHu3aluoHuM jeauHuiiamMa CeKTopa 3a BAHPEIHE CUTYaIlHje,
kiacuguKoBaHe Cy y 6 rpyna u npukasane Ha Manu Peny6nuke CpOuje, y npuiiory pana.

4. 3AK/bYYAK

IIpema 3BannyHMM nopanuMa TokoM 16 roguna (2000-2015) y Penyominum Cpouju
je perucrposano 336.507 moxapa u exciuiosuja, y kojuma je 1.351 spynm morumHyno
(mpoceuno 84,5 romumme), 4.568 mopeheno (mpoceuno 285,5 romumme) u 4.414
crnaceHo (3a nepuoxa 2006-2015).

VY ananu3upanom BpemeHckoM neprony ox 2000-2015. roqune y CpOuju je npocedHu
pusuk R = 2,85 (na ceakux 1.000 cranoBnuka nonasu 1o 2,85 moxkapa U €KCIUIO3Hje
TO[MIIbE), Y MOKapuMa U eKCIUIo3WjamMa je MOTMHYJIO NpOce4yHO 84 CTaHOBHHKA,
onHocHO R,= 0,43 (1a 100 moxkapa u ekcruiosuja norunyio je 0,43 cTaHOBHHMKA), IITO
Jaje BPEHOCT MHAMBMAyaTHor puskka R, = 1,14 x 107 (3Haum na Ha csakux 100.000
CTAaHOBHHUKA TOANIIHE A0JIA3H Y POceKy 1,14 MOruHyIHX y moXkapy U eKCILIO3HjH).

VnopehuBameM ca nojanuMa OCHOBHHUX HOKa3aTesba PU3KKa Off 10XKapa U eKCILIO3Hja
y 27 3emaspa y cety 3a nepuog 2010-2014. CpOwuja je cepcrasa y Tpehy, ox getnpu, no
BEJIMYMHH, TPYIy 3eMajba ca MHTepBasoM pusuka R.—on 1,0 x 10°10 2,0 x 107,

Mepe 3a cMameme PU3KKa Off TOKapa M eKCIUIO3U]ja, PEay3eTe Y HapeAHOM IIEPHOIY
o crpaHe cBuX cy0Ojekara y PenyOmuim CpbOuju, Tpebajy o0e30eauTH mnpenasak u3
tpehe y npyry kareropujy 3emMasba CBPCTaHHX 110 BPEIHOCTHMA HHANBHIYAIHOT PH3UKA

35



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

Ol TIOKapa U EKCIUIo3Hje, a To OM 3HAUMIIO CMambehe Opoja MOTHHYIHNX y MoXKapuMa U
eKCIUIO3UjaMa TrO/IUIIbE, ca CalallibuX y mpoceky 84,5 Ha 69 cTaHOBHHUKA, ITpU YeMy OU
pu3uk na noruny 6uo 0,9 (3Haun na Ha cBakux 100000 cTaHOBHHMKA TOAMIIE OU TOLIO
y npoceky 0,9 MOrHHYyNIHX y HOXapy U eKCII03UjH).

AHaNuM30M TMojaTaka IOTHHYJIMX MO TNOApYYHHM [loJMHMIMjCKMM —ynpaBama-
opraHuzanoHnM jeanHunama Cekropa 3a BC, Moke ce 3aKkJby4UTH BENIMKa pasjvKa y
Opojy cTpajganux u NOTPeOH NaJkeT HCTPAKUBamka Kopenaiija u3Mel)y Opoja moruHymmx,
moBpel)eHnX, craceHnx u Opoja CTaHOBHUKA.

5. JINTEPATYPA

[1] baouh, B., Mnaban, /1., ,,AHann3a oka3aTesba pU3MKa O] IOXkKapa U SKCILIO3Hja C
noceOHM ocBpTOM Ha Penyonuky Cpoujy*, MYII PC-Yaconuc ”’be3bentoct™,
beorpan, ronuna 2013 op. 3, ctp. 117-129

[2] ba3a nomaTkaka jeAMHCTBEHOT IporpaMa eBuacHIuje gorahaja ,,JJOI™
MuHucTapcTBa YHYTpallmbHx nociosa Penyonuke Cpouje

[3] bpymmuackuit H.H., Cuctemusiii ananus nesreinbHocTd [0cyaapcTBEeHHOM
MPOTUBO-TIOXKAPHOH ciTyxk0b1, MockBa, 1998

[4] bpymmuacku, H. H., Coxonos, C. B., ,,Ponb cTarucTuku mo>kapoB B OI[EHKE
MOXKapHBIX PUCKOB™, sxypHa [IpoOieMbl 6€30MaCHOCTH U YPE3BBIYAHBIX
cutyanuii, 2011, crp. 112-124

[5] Brushlinsky, N. N., Hall, J. R., Sokolov, S. V., Wagner, P., World Fire Statistics,
Center of Fire Statistics of CTIF 2016, Ne21

[6] Brushlinsky N. N., Hall, J. R., Sokolov, S. V., Wagner P. Humanity and Fires. —
German Fire Protction Association, Leipzig, 2010

[7] Global Concepts In Residential Fire Safety. Part 2 — Best Practices from Austra-
lia, New Zealand and Japan. Philip Schaenman, TriData, a Division of System
Planning Corporation, 2008

[8] Global Concepts In Residential Fire Safety. Part 3 — Best Practices from Canada,
Puerto Rico, Mexico, and Dominican Republic. Philip Schaenman, TriData, a
Division of System Planning Corporation, 2009

[9] Mnahan [I., CipeyaBame u cy30ujarbe moxapa, XaBaprja U eKCIUIo31ja- yIIOCHUK
- KIIA; Bbeorpan, 2009.

36



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

Cvetanka CHIFLIGANEC!'
Meri CVETKOVSKA?
Milivoje MILANOVIC?
Milica JOVANOSKA*

FIRE COMPARTMENT INFLUENCE ON STUCTURAL
BEHAVIOR OF RC FRAME

Abstract: This paper presents the results from a 2D nonlinear analysis of a reinforced concrete frame
subjected to fire. The RC frame consists of three bays and two storeys and is exposed to different fire
scenarios which are located only in the second storey. The analyses are conducted with the program
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scenarios are similar, but the biggest deflections of the beams, as well as the global failure, occur in
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Key words: fire scenario, fire resistance, RC frame structure, deformation

YTHULHAJ HOKAPHOI' CEKTOPA HA ITIOHAITAIBE
ABb PAMOBCKE KOHCTPYKIIMJE

Pesume: VY pamy cy mnpesenTHpaHu pesynatatd 2D HenmHeapHe aHalU3e apMHPAHOOETOHCKE
PaMOBCKe KOHCTPYKIMj€ U3JI0KEHE NOXKapy. AHAJIM3UPaHa Cy TPU PAa3INUMTA MOXKAPHA CLIEHApHja.
PamoBcka KOHCTpyKIIMja ce cacToju OJf TPH I0Jba M JBA CIpara, a IMOXKapHU CEKTOPU Cy CaMo Ha
JpYTOM cIipaTy. AHau3a je cripoBeneHa npuMeHoM nporpama SAFIR 2014. Pesynraru cy rpaduaku
TIPUKa3aHU U KOMEHTapHcaHu. [loxkapHa OTHOPHOCT aHATM3UPAaHNX MOJKapHUX CIIEHAPHja je CIIMIHA,
JIOK ce HajBehn yrubu omoxapeHux rpeaa, Kao ¥ mo0aIHU JIOM KOHCTPYKIH]E, jaBJba Y Cly4aj Kag
11€0 IPYTH CIIPAT MpPEeJCTaBIba jeaH MOXKaAPHHU CEKTOP.

K.rl,y!me peuu: IMOoXapHU CHEHapuo, I0XXapHa OTIOPHOCT, Ab paMOBCKa KOHCprKL{Hja,

nedopmanuja

! Assist. MSc, Faculty of Civil Engineering, University “Ss. Cyril and Methodius”, Skopje,
Republic of Macedonia, e-mail: c.chifliganec@gf.ukim.edu.mk

2 Prof., PhD, Faculty of Civil Engineering, University “Ss. Cyril and Methodius”, Skopje, Repub-
lic of Macedonia, e-mail: cvetkovska@gf.ukim.edu.mk

? Assist., PhD, Faculty of Civil Engineering, State University in Novi Pazar, Serbia,

e-mail: milanovicnp@gmail.com

* Assist. MSc, Faculty of Civil Engineering, University “Ss. Cyril and Methodius”, Skopje, Repub-
lic of Macedonia, e-mail: m.jovanoska@hotmail.com

37



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

1. INTRODUCTION

Fires in buildings are rare events, but their impact on human lives and goods could be
severe. Damage of buildings from these hazards could be irreparable and irrecoverable.
That is why buildings need to be designed not only to accept the permanent loads, the live
loads and seismic actions in seismic active regions, but they also need to be designed to
resist fire for the time period necessary for evacuation and structural integrity not to be
compromised until the fire is extinguished [1].

The analyses presented in this paper are conducted on a reinforced concrete three
bay two storey frame for which the fire safety design was not conducted, but its fire
resistance was determined. Three fire scenarios are considered and the internal forces
and deformations, as well as the temperature distribution in some cross-sections are
graphically presented.

The nonlinear thermal and dynamic analyses have been conducted with the program
SAFIR 2014 [3]. Nonlinearity of the problem comes from the changes in material
properties by high temperatures (mechanical and thermal) [1], the nonlinear temperature
distribution in the element cross sections (no heath transfer is considered along the axis
of the beams and columns) and the continuous change of the internal forces [2, 4, 5,
6]. Fire exposure of the frame elements is simulated with the standard temperature-time
curve ISO 834. Depending on the fire scenario, columns cross-sections are assumed to be
fire exposed on one or two sides, the beams at the first floor are fire exposed only from
the upper (top) side and the beams at the second floor are fire exposed from three sides
(bottom and side surfaces). The analyzed RC frame with columns fully fixed at the bottom
is shown in Figure 1. Storey height is 3 m and all spans are 5 m. A uniformly distributed
load of 50 kN/m (including self weight) is applied on the beams (q/q,= 0.6) and force of
12 kN is applied at the beam to column joints of the first floor. The structure is made of
concrete with compressive strength /= 30 MPa and reinforcing bars with yield strength fy
=400 MPa. The cross-sections of all beams are 0.35x0.45 m? and the columns sections are
0.40x0.40 m2. Column and beam reinforcement is shown in Figure 1.
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Figure 1. Fire scenarios and reinforcement in the structural elements of the RC frame
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Beams deflections in case of fire, before failure, are controled and have to be lower
than L?/(400*d)=13.9 cm. Axial dilatation of the columns have to be lower than 0.01H.

According to the convention in the program SAFIR, bending moments in beam elements
are positive when fibres with positive local coordinate yi, measured on the local axis L1
(i.e. positive normal), are in tension, which is opposite of the common convention for
positive bending moment. The ,,time-bending moment* diagrams are presented according
to the convention and the integration procedure used in the program SAFIR

2. STRUCTURAL FIRE ANALYSES

2.1. Fire scenario I

The Fire scenario I assumes that the fire compartment is the first floor left bay. The fire
exposure is: on three sides for the second floor beam, on the top side for the first floor beam
and on the inner (compartment) sides for the columns. In interest of space, only temperature
distribution in cross-section of the second floor heated beam is shown (Figure 2).

a)

Time - Temperature Plot

PointA

Point B _.—=1

=== Fointc

1500 3000 4500 G000 7500 9000 10500 12000 13500 15000 16500 18000
Time [sec]

Te=702°C I /

Figure 2. Thermal results for the cross-section of beam element 34 a) Temperature distribution at
moment t=170 min b) Time-temperature diagram for the rebars

The fire resistance in this fire scenario is t=172.8 min=2.88 hours. The failure is local
and only the affected compartment has severe deformations and exceeds moment capacity
of the structural elements. The bending moment diagrams and deformation are shown at
the beginning of fire (Figure 3) and at the moment of failure (Figure 4).

a) ’ b)

Figure 3. Bending moment diagrams at different moments: a) t=20 sec (beginning of fire), b)
t=31 min
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Figure 4. Bending moment diagram and failure mode for Fire scenario I at moment t=172.8 min

In the first minutes of the fire action, the negative moments at the ends of the second
floor heated beam increase, while the positive mid-span bending moment decreases and
even becoms negative (left diagram on Figure 5 and Figure 3). Because of the nonuniform
temperature distribution in the cross-section of the second floor heated beam, bottom
fibers are hotter and are in compression and the top fibers are relatively cold and are in
tension. After t=31 min the temeperature diference in the cross-section becomes smaller
and the bending moment diagram for this beam tends to go back to the shape as wihout
heating, but with different values. For the first floor heated beam, in the first 10 minutes
of the fire action, the mid-span bending moment increases because of the superposition of
the positive moment coused by the q load and the effects caused by the fire (the bottom
cold side of the beam is in tension) and the negative end moments decrease (Figure 5 and
Figure 3). After this moment, the mid-span bending moment has relatively the same value,
the right end moment od the beam decreases and the left end negative moment tends to
increase.
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Figure 5. Time-bending moment diagrams for beam elements of the second and the first floor
heated beams
The negativ axial force (compression) in the second floor heated beam decreases till
aproximately t=75 min and after this period it becomes almost constant. The axial force in
the first floor heated beam becomes from positive (at the first minutes) to negative (Figure
6). This behaviour is a result of the enabled or disabled axial dilatations of the beams.

More detailed explanation for this is given in the conclusion section.
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Figure 6. Time-axial force diagrams for the second and the first floor heated beams

2.2. Fire scenario I

In the Fire scenario II, the fire compartment is assumed to be the left and the central
second floor bays. The left central column is heated from two sides. The fire resistance in
this case is t=174.44 min=2.91 hours. The bending moment diagram and the deformation
at the moment of failure are shown in Figure 7.
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Figure 7. Bending moment diagram and failure mode for Fire scenario Il at moment t=174.44 min

The axial forces in the second floor heated beams are similar in values and shape
and always negative, but in the first floor heated beams the positive axial force becomes
negative during the first moments of the fire exposure and has largest value in the first floor
central beam (Figure 8 a). The second floor central column, heated froom both sides, has
the highest value of compresion force in comparison to the other second floor columns and
the first floor left central column has even higher value of compresion force than the other
first floor columns (Figure 8 b).
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Figure 8. Time-axial force diagrams a ) first and second floor heated beams b) first and second
floor columns

The other second floor heated beams have similar behaviour. At the beam ends, there
is an increase of the negative values in the first minutes of the fire exposure and after
that an opposite effect occures. During the first minutes, the positive mid-span bending
moments decrease and even become negative (in the case of the first floor central beam),
but afterwards the moments go back to positive and after t=125 min their values are
constant (Figure 9a and Figure 9b).

After the decreasing phase of the negative moments at the ends of the beams and
increasing phase of the positive mid-span moments of the first floor heated beams (during
the first minutes of the fire action), only at the left span, the left end bending moment
shows a significant increase of its value (Figure 9¢ and Figure 9d).
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Figure 9. Time-bending moment diagrams for beam elements a) second floor left bay heated beam
b) second floor central heated beam c) first floor left bay heated beam d) first floor central heated

beam

42



o1 B

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

2.3. Fire scenario I11

In the Fire scenario III, the fire compartment is assumed to be the whole first floor of
the frame. The fire resistance in this case is t=173.15 min=2.89 hours.
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Figure 10. Bending moment diagram and failure mode for Fire scenario Ill at time t=173.15 min

The maximal vertical displacement of the beams is little higher than the maximal
allowed vertical displacement in fire conditions, mentioned in the introduction section
(13.9 cm). Because the program used for the analyses doesn't have a deflection criterion
for defining the failure point and the calculation continues until failure at a point of
structure accures, the fire resistance of the farme is accepted to be just a second before i.e
t=173.14 min with vertical displacement of the second floor left beam of Ay=0.13687 m.
The incresements of the horizontal displacements in time, at characteristic nodes of the
frame, are shown in Figure 11.
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Figure 12. Axial forces in a) beams b) columns

Bending moments and axil forces for the beams and columns are similar to those
previously shown for the other fire scenarios. Axial forces in beams change in time, but
the axial forces in the columns don't change much in time.

3. CONCLUSION

The analysed fire scenarios of the RC frame presented in this paper show that the type
of failure depends on the dimensions of the fire compartment. If only a part of the storey
is exposed to fire, the failure is localized, but if the fire compartment is assumed to be the
whole storey than a global failure mechanism occures.

As aresult of the comparison of the three analysed fire scenarios, it could be concluded
that the fire resistance is almost the same and the diferences are in the range of minutes,
but the faulure mode is completely different.

The horizontal displacement at node 86 (at the top of the frame) has the largest value
in Fire scenario II, smaller value in case of Fire scenario III and it has the smallest value in
case of Fire scenario I. The reason for that, in case of the Fire scenario I, are the cold and
stiff central and right span beams and columns that cause lateral restraint.

The deflection of the left span second floor beam has the same value in the Fire
scenarios I and II and its biggest value is in the case of Fire scenario III where exceeds the
acceptable limit in fire conditions.

All beams exposed to fire from the bottom side tend to move up during the first minutes
of fire exposure, till the moment when the temperature difference between the heated and
the cold part of the cross section will be stabilized. Because of the pressure coused in the
lower heated parts of the beam's cross-sections, the negative bending moments at the
beam ends decrease and the positive mid-span bending moments tend to become negative.

As aresult of the compressed heated side, all beams exposed to fire only from the upper
side tend to enlarge the positive mid-span bending moments and decrease the negative
bending moments. These beams develop plastic hinges in the mid-span much earlier than
the beams exposed to fire from the bottom side.

First floor beams, heated only from the top side of the cross-section, have a significant
increase of axial compressive force after the first minutes of the fire action, especially
the central first floor beam. The cold (unheated) ground floor columns and the cold lower
parts of the beam cross sections form rigid joints and restrain the axial dilatations of the
beams. In the case of the second floor heated beams, conected to heated colums, the axial
dilatation is enabled and therefore the compressive forces decrease in time.

44



abn

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

4. REFERENCES

[1]

(2]

CEN. (2004): EUROCODE 1: Actions on Structures, Part 1-2: General actions
- Actions on Structures Exposed to Fire, Brussels.

Cvetkovska M. (2002): Nonlinear stress strain behavior of RC elements and
RC frames exposed to fire, PhD. Thesis, Ss. Cyril and Methodius — Skopje, R.
Macedonia.

Franssen J. M. (2005): SAFIR: A thermal/structural program for modeling
structures under fire, American Institute of Steel construction, Vol. 42(3), 143-
158.

Law A. (2010): The Assesment and Response of Concrete Structures Subject to
Fire, The University of Edinburgh

Law A., et al. (2011): “The influence of travelling fires on a concrete frame,”
Engineering Structures, Vol. 33, No. 5, pp. 1635-1642.

PR Sun, ZH Huang, IW Burgess (2011): Behaviour of frame columns in localised
fires, Application of Structural Fire Engineering, Prague, Czech

45



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

Marija JELCIC RUKAVINA'!
Ivanka NETINGER GRUBESA?
Dubravka BJEGOVIC?

Milan CAREVIC?

EXPLOSIVE SPALLING OF CONCRETE ELEMENTS
IN FIRE

Abstract: If reinforced concrete elements are exposed to high fire temperatures, explosive spalling
of the protective layer (but also of the deeper layers) of concrete element can occur. The occurrence
of an explosive spalling is influenced by various factors of which the most significant being a low
permeability, low porosity and high moisture content in concrete. Although this phenomenon can
occur in all types of concrete, it is more common in self-compacting and high performance concrete,
because of their dense microstructure of low porosity. Furthermore, reinforced concrete elements
situated in the environment with high humidity, especially reinforced concrete tunnel linings have
high risk of occurrence of explosive spalling. The paper gives the overview of up-to-date research
on the occurrence of explosive spalling in concrete elements, the causes and factors that influence
that phenomenon as well as protection methods.

Key words: fire, reinforced concrete, explosive spalling, polypropylene fibres

EKSPLOZIVNO PUCANJE BETONSKIH ELEMENATA
U POZARU

Abstrakt: Uslijed djelovanja visokih pozarnih temperatura na armirano betonske elemente moze
do¢i do pojave eksplozivnog pucanja zastitnog sloja betona, ali i dubljih slojeva elementa. Na
pojavu eksplozivnog pucanja utjecu razli¢iti faktori od kojih se kao najvazniji mogu izdvojiti niska
propusnost i poroznost i visoka vlaznost betona. Iako se ova pojava moze javiti kod svih vrsta
betona, cesce se javlja kod samozbijajucih i betona visokih uporabnih svojstava koji imaju gustu
nepropusnu strukturu, niske poroznosti. Nadalje, armiranobetonski elementi u uvjetima visoke
vlaznosti, posebno armiranobetonske tunelske obloge su izloZene visokom riziku ove pojave. U radu
se daje pregled podrucja vezanog za pojavu eksplozivnog pucanja betonskih elemenata u pozaru,
uzroke i faktore koji utje€u na samu pojavu ali i metode zastite.

Kljuéne rijefi: pozar, armiranobetonski elementi, eksplozivno pucanje, polipropilenska vlakna
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1. INTRODUCTION

Concrete is most used construction material worldwide, and historically especially
in countries belonging to Apennine Peninsula and Balkan region [1]. Even though
performance of concrete at high temperatures is relatively favourable in comparison with
other building materials (due to inorganic nature and non-combustibility, in particular),
exposure to elevated temperatures can result in explosive spalling and degradation of its
mechanical properties [1, 2].

Explosive spalling of concrete is defined as the breaking up of layers/pieces of
concrete from surface of a concrete element when it is exposed to high and rapidly rising
temperatures such as those appearing in fires, Figure 1 [3, 4]. It is accompanied with
sudden release of energy and typically loud explosive noise. When spalling occurs, deeper
layers of concrete, including reinforcement, are directly exposed to high fire temperatures.
In that case, the temperatures in the reinforcement rise rapidly leading to a faster decrease
in capacity of the structural member. The strength loss in the reinforcement combined
with the loss of concrete due to spalling may significantly decrease stability and integrity
of reinforced concrete element. It was noticed that explosive spalling usually occurs up to
concrete temperatures of about T = 500 °C [5].

Figure 1. Surface of spalled concrete element [4]

Spalling of concrete exposed to fire was noted even 150 years ago by Barret who wrote
that "if flint is used as an aggregate in concrete, it would split under action of fire " [6,7].
Although, since then, an extensive research has even been undertaken on the mechanisms
and influencing parameters of fire spalling, those mechanisms are still not fully understood
and spalling is still "hot” topic for PhD research worldwide [8-10].

The main objective of this paper is to give overview of up-to-date research on the
occurrence of explosive spalling in concrete elements, the causes and factors that influence
that phenomenon as well as code requirements for taking spalling into account when
designing concrete structures.

2. MECHANISM OF EXPLOSIVE SPALLING

Due to the complexity of the phenomenon which takes into account interaction
between hygro-thermal and mechanical properties at high temperature, there is no
generally accepted mechanism for the occurrence of an explosive spalling. In the available
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literature two main processes are mentioned, shown in Figure 2, which are now accepted
by the most of researchers in this area [11]. The first is a rapid build-up of pore pressure.
When the concrete element is exposed to fire, capillary water vapour migrates towards the
surface and the other side, the core of element. Since the core of the element is of lower
temperature, compared to the exposed surface, water vapour migrating towards core tends
to condensate there. This condensed water vapour tends to form impermeable layer of
condensate, which is called “moisture clog” [12]. This impermeable layer prohibits further
transport of water vapour and raises the vapour pressures. Pressure will build up according
to the degree of pore saturation and the temperature. This pressure will induce bursting
stresses in the concrete leading to failure when the tensile strength exceeded.

The second is thermal stresses close to the heated surface due to preload or a high
temperature gradient caused by a high heating rate. Thermal stresses closed to the heated
surface are developed because of temperature gradients and restrains across the section.
These gradients will increase with rapid heating rates. A high amount of potential energy
is accumulated in the near surface zone in this way. Failure due to spalling is considered to
exceed the compressive strength of the concrete close to the heated surface.
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Figure 2. lllustration of explosive spalling influenced by 1) thermo-moisture processes; 2) thermo-
mechanical processes [11]

The experience and analysis from several tests carried out over the last few decades on
explosive spalling showed that spalling by one single mechanism (thermal stresses or pore
pressure) is a rather rare occurrence. However, concrete mixes with a low permeability
as observed with common HPC and UHPC mixes shifts the governing mechanisms of
explosive spalling in the direction of high pore pressure [3].

3. INFLUENCING FACTORS

In the available literature, it could be found that many factors influence the risk of
explosive spalling occurrence, but the main factors include: heating rate, moisture content,
permeability of concrete, aggregate size and type, concrete strength etc. [3, 10].
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Spalling is stronger in the fires that have fast growth due to the higher increase in
temperature and moisture gradient. Furthermore, heating more than one side of the cross
section of concrete element (eg. 4 sides in column) increases the likelihood of spalling.

Moisture content defines the amount of evaporable water and is therefore expected
to have a significant influence on the generation of pore pressure, provided sufficient
thickness of the section. Experimental data lead to the conclusion that the increased
moisture content enhances explosive spalling of concrete, whereas dry concrete does not
experience explosive spalling at all [13]. Therefore, reinforced concrete elements situated
in the environment with high humidity, especially reinforced concrete tunnel linings have
high risk of occurrence of explosive spalling.

Permeability governs the ability of concrete to resist ingress of liquids and gases.
Analogously, it also governs the rate at which water and water vapour can be transported
thought concrete, and directly influences the generation of pore pressures. Although
explosive spalling can occur in all concrete types, high performance concrete, including
self-compacting concrete, is more susceptible to spalling due to its dense and impervious
structure with low porosity.

Related to the aggregate type, it can be expected, in general, that lower thermal
dilatation of aggregates leads to a less pronounced mismatch between cement mortar and
aggregates, thus decreasing the probability of explosive spalling.

As mentioned earlier, many experimental studies have demonstrated the increased
susceptibility of high strength and high performance concretes to explosive spalling
mainly because of the lower permeability of concrete mixes with a higher strength grade
[3, 8].

4. REGULATION IN PRACTICE AND PROTECTIVE MEASURES

Spalling behaviour is a property that is unique to concrete and can be the governing
factor in determining the fire resistance of an reinforced (RC) structural member. In
accordance to the European design standard for concrete structures, EN 1992-1-2 [14],
explosive spalling shall be avoided or its influence on the structural resistance must be
taken into account when verifying the structural fire behaviour. Considering the second
aforementioned requirement, it is difficult to take spalling behaviour when verifying the
structural fire behaviour. Namely, with the current knowledge, it is not still possible to
theoretically determine in which conditions a specific type of concrete will spall or not,
and even more difficult is to estimate the amount or severity of eventual spalling. In two
different scenarios, the same type of concrete can act totally different, i.e. in one scenario
it may not spall, but in other application and with different geometry it may spall severely
[7]. The only way to assess the possible occurrence of explosive spalling is by testing, but
standardized tests for a reliable determination of the possible occurrence of the spalling in
concrete structures are not yet available.

On the other hand, EN 1992-1-2 gives recommendation to avoid explosive spalling
distinguishing between ordinary concrete, OPC, and high-strength concrete, HPC.

For OPC, mentioned standard states that if the moisture content is less than k%, the
risk of spalling is low. The factor k can be defined on national basis, and recommendation
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is 2,5 — 3,0% in mass. Nevertheless, research in this area showed that fixed moisture level
is not good indicator of possible spalling occurrence [7, 8].

For HPC, EN 1992-1-2 gives four different methods to prevent explosive spalling,
namely 1) use of a secondary reinforcement mesh (with maximum spacing of 50 mm and
minimum diameter of 2 mm) with a concrete cover of 15 mm, 2) use a type of concrete
that previously has been shown, by local experience or by testing, that no spalling occurs
under fire exposure, 3) the addition of 2 kg/m? of polypropylene (PP) fibres in the concrete
and 4) use of thermal insulation.

The first proposed method is proven as an ineffective in some situation [7, 10].
Regarding the second one, the important thing is that application of tested concrete
element has to be the same as when tested [7]. Therefore, the most promising methods are
use of PP fibres and thermal barriers that are further described in the paper.

4.1. Polypropylene fibres

PP fibres are today considered as the most effective type of fibres increasing the
resistance of concrete to explosive spalling. Polypropylene fibres melt at temperature of
approx. 170°C and completely evaporate at temperature of approx. 340°C, creating tiny
channels in the concrete material that allow pore pressure to be released [3, 15-17]. During
exposure to elevated temperatures almost 99% of fibres are lost due to ignition. Voids
left act as pore space assuring a path of escape for developed steam, without the pressure
exceeding the tensile strength of concrete and therefore causing damage [3]. Liu et al.
[18] confirmed mentioned mechanism from backscattering electron microscopy (BSE)
and gas permeability testing, i.e. the melting of the PP fibres increased the connectivity of
the isolated pores leading to an increase in permeability, with peak permeability occurring
at approximately 200°C or soon after the melting point of the polypropylene. It has to be
highlighted that fibre additions will not prevent failure under such extreme conditions, but
fibres have been successful in extending the safe time of fire exposure for many practical
and proven applications.

In EN 1992-1-2, apart from the amount of monofilament PP fibres, to be added to the
concrete, no further specifications in terms of fibre geometry or melting characteristics are
mentioned. Research showed that PP fibres with length of 6 - 12 mm and diameter of 15
um seem to be most effective fibre admixture. Thinner fibres decrease the workability of
the concrete, while thicker fibres are less effective.

Although Eurocode 2 states that 2 kg/m® should be added to the fresh concrete mix,
usual PP contents that can be added to concrete to prevent explosive spalling range from
1-3 kg per m® of concrete. When fibre contents exceed 3 kg, it may influence the workability
of concrete, but if added in content below 1kg, the effectiveness can be reduced [16, 19].

In recent decades, other types of synthetic fibres (Nylon, PVC, PE, etc.) have been
tested in terms of melting characteristics, workability and overall performance with the
aim of reducing the risk of spalling, but the most promising effectiveness concerning
explosive spalling has been achieved with PP fibres. Promising results were also obtained
by using recycled tyre polymer fibres instead of PP ones [20].
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4.2. Thermal barriers

Thermal barriers or linings limit the temperature increase and the maximum temperature
at the concrete surface. As mentioned previously EN 1992-1-2 states for protective lining
as one protective measure of explosive spalling but no design criteria regarding the cover
thickness or the lining itself are provided. This type of protective measure includes sprayed
or a hand applied mortars or prefabricated boards.

The use of lining as protective measure is known since the 1970’s. Linings have a
significantly lower thermal conductivity compared to concrete. In accordance to Mayer —
Ottens [21], insufficient reinforcement cover, which he indicated as one source of spalling
in fire, can be compensated by using a lining. Usually, 10 mm missing concrete cover can
be compensated with 4 - 5 mm of lining.

Related to sprayed or a hand applied mortars, they historically included vermiculite-
based products (with relatively weak compressive strength of 2,5 MPa), but nowadays
include products that are typically based on light weight concrete technology giving
compressive strength up to 15 MPa. The main disadvantage of this type of protective
measure is its resultant surface finishing.

On the other hand, prefabricated boards, with design thickness and curvature according
to individual project requirements, have an excellent surface finish and are fixed to the
structure via stainless steel fixing bolts Disadvantages of prefabricated protection systems
are high costs and vehicle collision maintenance problem, especially in road tunnels [22].
Nowadays, protective linings are usually used to increase the fire resistance of existing
structures.

Another method of creating thermal barriers is the use of intumescent coatings that is
usual protective material for steel structures. At high temperatures, intumescent coatings
tend to develop a large increase in volume and provide a sufficient thermal barrier. They
are rather new materials that can be applied on concrete structures, so no sufficient design
criteria are available yet [9].

5. CONCLUSION

Concrete is one of the widely used construction materials in the world. With the respect
to fire resistance, concrete behaves very well, but under certain conditions concrete element
will spall and its loadbearing capacity can be reduced. In the present paper, current state of
knowledge in this topic was presented pinpointing that although this topic was the theme
of many PhD projects, further research is needed, especially in finding verified models for
reliable predictions of concrete spalling and also appropriate test(s) for reliable assessing
of spalling. The current methods, given in Eurocode 2 for taking explosive spalling
into account when designing concrete structures, present only robust way to ensure that
spalling will not result in the failure of structural element or structure itself, but only by
protection. So, explosive spalling will certainly be an interesting research topic in the next
future period.
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BEHAVIOUR OF ECO-FRIENDLY CONCRETE
EXPOSED TO HIGH TEMPERATURES

Abstract: Concrete has an excellent behaviour when exposed to fire, especially when compared to
other building materials. However, due to the thermal incompatibility of the structural components,
and the temperature gradient within the concrete, damages are unavoidable. The selection of
appropriate component materials, especially aggregate and binder, has a crucial influence on its
behavior when exposed to high temperatures. In recent years, in order to reduce CO, emissions
and meet the principles of sustainable development, new eco-friendly concretes are designed by
replacing a part of cement with alternative, recycled or waste materials, such as: slag, fly ash,
biomass ash, silica fume, zeolite, metakaolin etc. Besides the ecological aspects, these concretes
show better behavior when exposed to fire in relation to the conventional concretes. This review
summarizes research conducted on concrete containing alternative materials after exposure to fire.

Key words: eco-friendly concrete, fire, damages, waste materials, sustainable development

IHOHAIIABE EKO-BETOHA IIPU U3JIATABY
BUCOKHUM TEMIIEPATYPAMA

Pe3ume: beToH nMa penaTuBHO OBOJEHO MTOHAIIAKE KaJla j€ N3JI0KEH [IejcTBY Noxkapa. Mmak, yciexn
TEPMHYKE HEKOMIATHOWIHOCTH CTPYKTYPHHX KOMIIOHEHTH M TEMIICPAaTypHOI TpajiijeHTa yHyTap
OeToHa, jaBJbajy ce omtehema. M300p oarorapajyhnx KOMIOHEHTH OCTOHA, MOCEOHO arperara u
BE3WBa, UMa INpecylaH YTHIa] Ha FHEroBO IOHAIIAKkE MPU M3Jaramby BHCOKHM TeMIleparypama.
V HOBHje BpeMe, y IHIbY cMamema emucHje CO, 1 3a10B0JbEmba MPUHIMINA ONPKHUBOT Pa3Boja,
YKy ce HalopH Jia ce JIe0 LIEMEHTa y OCTOHY 3aMEHH alTCPHATUBHHUM, PEUUKIMPAHUM HWIIH
OTHaJHUM MaTrepujaiiMa, Kao INTO Cy: 3rypa, jJerehm memeo, Ouoreneo, CHIMKaTHA MpallivHa,
3€0JIUT, METAKAOJIMH U CIIMYHO, T CE TaKBU OSTOHHU 30BYy eKo-OeToHu. [Topes ekoomKor acnekra,
OBHU OSTOHM Cy ce ToKa3anu JoOpUM ca acleKTa IOHallamka MPU U3Jaramy noxapy. Y paay je aat
IIperiie]] MaTepyjajia Koju ce KOPHCTE Kao 3aMeHa Jiella [IEMEHTa ca aKI[eHTOM Ha IbHXOB yTHIAj Ha
MIOHAMNIake OETOHA N3JI0KEHOT BUCOKUM TeMIIepaTypama.
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1. INTRODUCTION

Concrete is predominantly utilized in buildings and infrastructure worldwide; it is
mainly produced by using ordinary Portland cement (OPC) as a binder. In recent years,
the annual world cement production has grown from 1.0 to approximately 1.7 billion tons,
which is enough to produce 1m? of concrete per person. As a result, the cement industry is
commonly regarded as being in a period of high growth. However, the industry has been
confronted since the late 1990’s by the need to reduce its environmental load, including
carbon dioxide emissions. Some estimates suggest that the amount of CO, emitted from
the worldwide production of OPC may be as high as 7% of the total global emission [1].

Manufacturing of OPC concrete consumes huge raw materials, approximately 1.5
tonnes of raw materials per ton of concrete. Consequently, cement is the most costly
component of concrete. The problems of air pollution and unit cost of concrete can be
mitigated by replacing part of cement with by-product materials, such as fly ash and
slag, other waste materials or natural pozzolans. Use of these materials makes waste
management more efficient, reduces energy consumption during cement production and
lowers CO, emissions [2].

Although concrete is recognized as an excellent thermal-resistant material among
various construction materials, critical deterioration of concrete is observed when it is
exposed to high temperature. A number of physical and chemical nonreversible changes
occur in concrete when subjected to high temperature. Concrete damage due to high
temperatures includes weight loss, reductions in strength and modulus of elasticity, and
formation of cracks and large pores. Fire resistance of concrete is affected by factors like
the type of aggregate and binder used in its composition, the temperature and duration of
the fire, size of structural member, and moisture content of concrete.

Recent research has shown that industrial by-products and solid wastes, as well as some
other alternative binder materials, could be used in concrete as a replacement material to
reduce harmful effects of concrete industry on the environment and improve concrete
behavior when exposed to fire. The objective of the present study is to analyze high
temperature resistance of concrete produced with different waste or alternative materials,
found in Serbia, as partial replacement of cement.

2. ALTERNATIVE BINDER MATERIALS AVAILABLE IN SERBIA

Fly ash (FA) is a by-product of the combustion of pulverized coal in thermal power
plants. It has been widely used to attain sustainability in the cement and concrete industry
for many years. In addition to its environmental benefits, the proven technical benefits
of using FA to replace cement in concrete include reduction in the temperature rise in
hardening concrete and overall improvement in durability. In Serbia, there are six coal-
burning power plants which cover about 70% of the country’s electric energy needs.
During 2010, about 40 million tons of coal was exploited and transported from “Kolubara”
and “Kostolac” mines. But these processes have a major environmental consequence — 6
million tons of fly ash obtained per year, mostly produced in “Nikola Tesla A” and “Nikola
Tesla B” power plants. In Serbia, about 200 million tons of fly ash is being currently
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deposited at surface area of 1.500 hectares and only 2.7% is used by the construction
industry [3].

Besides fly ash, blast furnace slag is a nonmetallic co-product produced in the process
of production of iron. It consists primarily of silicates, alumo-silicates, and calcium-
alumina-silicates. Different forms of slag product are produced depending on the method
used to cool the molten slag. These products include air-cooled blast furnace slag,
expanded or foamed slag, pelletized slag, and granulated blast furnace slag. All these
slags may be used in building material industry. Large deposits of slag are located in
Serbia in Bor. Approximately about 700-1000 tons of daily produced slag in Bor Copper
Mine are deposited in smelter slag dumps, with total of 16.5 million of tons for over 100
years of exploitation in Bor. From an economic, environmental and energy point of view,
slag is most effectively used for the production of concretes without cement. According
to estimates, there is currently about 70.000 tons of granulated blast furnace slag located
in Serbia [4].

Since Roman times zeolitic tuffs have been used as a binder together with lime in
concrete for construction (Roman concrete) [5]. Natural zeolites (NZs) are microporous,
crystalline, hydrated aluminosilicate minerals of alkali and alkaline-earth metal cations;
their framework consists of an open, three-dimensional network of silicon-oxygen [SiO,]*
and aluminium-oxygen [AlO,]* tetrahedra [6, 7]. The presence of the cavites and channels
increases the internal and external specific surface areas and influence on high reactivity of
NZ [8] as well as its metastability [5], pore size distribution, chemical and mineralogical
composition, cation-exchange capacity and Si/Al ratio of the NZ framework [5, 8, 9,
10]. In mixture of cement, NZ and water, NZ starts to decompose under attack OH-, on
[SiO(OH),]" and [AI(OH),], that react with Ca** and form C-S-H and C-A-H gels [8].
As a result of NZ pozzolanic reaction microstructure is improved and mortar/concrete
becomes more durable [8]. Zeolite deposits are widespread in Serbia and those of high
quality containing more than 70% of zeolites (e.g. Beo¢in, Igros, Jablanica 1, Toponica
and Zlatokop) [11].

Metakaolin (MK) is a termally activated alumino-silicate pozzolanic material
produced from high-purity kaolin clay through a calcining process at 650-800°C [12,
13]. The utilization of MK enhances the strength and durability properties of mortar and
concrete mainly through the filler effect, the pozzolanic reaction (consumption of calcium
hydroxide) and the acceleration of OPC hydration [13]. Serbia has high-quality kaolin
clay deposits at Arandjelovac, Kolubara, Vranje and Kriva Reka basin [14].

3. FLY ASH CONCRETE SUBJECTED TO ELEVATED
TEMPERATURES

Nadeem et al. investigated the performance of fly ash concrete at elevated temperatures
[15]. Variables of the test program include partial replacement of cement with FA from
20% to 60%, temperatures from 27°C to 800°C. FA concretes showed higher compressive
strength than control mix at 27°C. This increase in strength is due to micro filler effect
coupled with pozzolanic reaction with CH. The loss in compressive strength at 400°C was
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up to 14% (less than 18% for OPC), whereas at 600°C and 800 °C, the strength loss was up
to 44% and 79% respectively, Fig. 1. Major strength loss occurred after 400°C.

Similar results were obtained by Rashad [2] where the behavior of high-volume fly
ash (HVFA) concrete was investigated under the effect of elevated temperatures. Cement
has been partially replaced with a Class F fly ash at a level of 70% to produce HVFA
concrete. All types of HVFA concretes showed better fire performance than that of the
neat PC concrete. This better performance might be attributed to the reaction of pozzolan
with free lime. The neat PC concrete showed a reduction in its original strength after being
exposed to 400 and 600°C, Fig. 2. On the other hand, all types of HVFA concrete showed
an increase in their original strength. They reached their maximum residual strength
at 400°C. The rapid increase in the residual compressive strength was attributed to the
transformation of semi-crystalline CSH phase to tobermorite.

140 60
mPC ®=FA20 =FA40 ®=FAG0

120 50
100 20

80
30
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2

40
: [ .

27 200 400 600 800 0 200 400 600 800 1000
Figure 1. Compressive strength of concrete Figure 2. Residual compressive strength at
mixes in relation to elevated temperature different elevated temperatures [2]

[15]

Based on the obtained results of several conducted experiments, it can be concluded
that the fly ash concrete appeared more useful than the neat PC in fire resistance, especially
after being exposed up to 400°C. This is a direct consequence of the pozzolanic reaction of
FA, as its contribution to strength occurs at later ages.

4. BLAST FURNACE SLAG CONCRETE SUBJECTED TO ELEVATED
TEMPERATURES

Siddique and Kaur [16] investigated the properties of concrete containing ground
granulated blast furnace slag (GGBFS) at elevated temperatures. Concretes were subjected
to temperatures of 100, 200 and 350 “C. Reduction in the values of compressive strength,
splitting tensile strength and modulus of elasticity remained lower than 40% of the initial
value even after a temperature of 350 °C was applied , Fig. 3. At temperatures between 200
and 350 °C, the mass loss is not very significant. From the results it can be easily concluded
that up to 20% GGBFS could be suitably used in concrete designed for nuclear structures.

Poon et al. [17] conducted the comparison of the strength and durability performance
of concretes incorporating silica fume, fly ash (PFA), and blast furnace slag at elevated
temperatures up to 800°C, Fig. 4.
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28 days [16]

The PFA and GGBFS concretes performed better and showed no spalling or cracking
except hairline cracks. The better performance of PFA and GGBFS concretes is due to the
reduced amount of Ca(OH),, which otherwise results in strength loss and disintegration.
The beneficial effect of pozzolans was more pronounced at temperatures below 600°C
with the optimum replacement levels at 40% GGBFS.

5. NATURAL ZEOLITE CONCRETE SUBJECTED TO ELEVATED
TEMPERATURES

There is a small number of papers that deal with the effect of NZ as supplementary
cementitious material (SCM) on high temperature resistance of mortar/concrete.
Generally, assessment of fire-damaged concrete includes visual observation (color change,
cracking, spalling), measuring the residual compressive strength and weight loss, as well
as microscopic analysis [18]. Exposed to fire, concrete color changes from normal to pink
or red (300-600°C), to whitish gray (600-900°C) and buff (900-1000°C) [18, 19].

Akcadzoglu et al. [20] investigated the effect of elevated temperature on concrete
containing clinoptilolite from Gordes region, Turkey. Seven mixtures were prepared
with water/binder ratio of 0.475, one control and six including 5%, 10%, 15%, 20%,
30% and 40% clinoptilolite as SCM. In all concrete mixtures OPC and three types of
aggregates (uncrushed, quartzitic natural sand, 0-3 mm and 0-6 mm, and crushed basaltic
coarse aggregate, 5-15 mm) were used. After curing, samples were exposed to elevated
temperatures of 250, 500, 750 and 1000°C. Two methods of cooling were applied, slow
cooling (SC) in laboratory conditions and fast cooling (FC) in water at 20+2°C. The
residual compressive strengths of SC and FC samples which were exposed to elevated
temperatures were determined and compared to the compressive strength before heating
(22°C). The compressive strength values of both SC and FC samples exposed to 1000°C
are not presented because the sample were disintegrated at the specified temperature.

The compressive strength values of the samples containing clinoptilolite which were
not exposed to elevated temperature were lower than control samples (C0). According to
Akcaozoglu et al. [20] the cause is most probably a low finess modul value of clinoptilolite
used in mentioned investigation (3900 cm?/g).

58



abn

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

The residual compressive strength of both kinds of samples decreased significantly with
the temperature increasing. At 250°C, C5 and C20 samples showed better performance
compared to control CO. The residual compressive strength of SC samples decreased
between 14% and 25% at 500°C, probably due to calcium hydroxide dehydration (about
550°C) that led to the shrinkage and strength loses of concrete [20]. With the increase of
temperature up to 750 and 1000°C the strength losses increased, due to the decomposition
of C—S—-H gel that led to complete devastation of samples at 1000°C. At 750°C, the
compressive strength of SC samples decreased between 34% and 54% and C5, C10, C15
and C20 samples showed better performances than C0. Cooling regimes can additionaly
decrease residual compressive strength of concrete for 20-30%. Rate of the decrease for
FC samples was greater than for SC samples due to the formation of cracks. Strength loses
of FC samples at 250°C were 21-34%, at 500°C 28-39% and at 750°C 59-67% [20].

According to Karakurt and Topgu [19], based on the compressive test results, the
optimum usage of natural zeolite in blended cements was found to be 30%. Therefore, fire
resistance tests were carried out on 30% blended cements. Clinoptilolite type of natural
zeolite from Manisa Gordes region was used. Mortar bar samples (40x40x160 mm) were
cured in lime-saturated water at 20+£1°C for 28 days. Afterwards samples were exposed
to elevated temperatures of 100, 300, 450 and 600°C for 3h. After the heating process,
samples were exposed to slow cooling (SC) in the air for 24h and residual compressive
strengths were determined.

Although it was found that the main compressive strength reduction comes at 450°C
and above, for mortar sample containing 30% natural zeolite, the decrease started above
100°C, Table 1. Strength lose of SC samples at 100°C was 0%, at 300°C 27%, at 450°C
40% and at 600°C 59% [19].

Table 1. The residual compressive strength of SC samples [19]

Cement code 28-day Residual compressive strength, (MPa)
compressive
strength, (MPa) 100°C 300°C 450°C 600°C
CEM 1425 452 47.11(104%) | 45.78(101%) | 40.00(88%) | 20.55(45%)
ZBC-30 453 45.32(100%) | 33.07(73%) | 27.42(60%) | 18.68(41%)

6. METAKAOLIN CONCRETE SUBJECTED TO ELEVATED
TEMPERATURES

Poon et al. [13] investigated the residual compressive strength of MK concrete after
exposure to elevated temperatures up to 200, 400, 600 and 800°C. Four normal (NSC) and
four high strength concrete (HSC) mixtures incorporating 0%, 5%, 10% and 20% were
prepared with water to binder ratios of 0.30 and 0.50, respectively. At the age of 60 days
samples were exposed to elevated temperatures. After cooling, the residual compressive
strength was determined by an unstressed compression test, Figure 5 and 6.
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Due to the effect of elevated temperatures on residual compressive strength of MK
concrete, the heating regime can be divided in two regions (0-400°C and 400-800°C). Up
to 200°C MK concretes showed an increase in residual compressive strength probably
caused by the hydration of un-hydrated MC particles [13]. Up to 400°C, HSCs residual
compressive strength remained on the level of original, accept for MK5 which maintained
higher strength, while decrease of 10-20% was observed in NSCs. At the temperatures
higher than 400°C there was a sharp decrease in residual compressive strength followed
by explosive spalling and severe cracking. Also it was determined that due to very dense
pore structure of MK concrete that enhanced vapor pressure, with increasing the MK
content increased the degree of damage and strength loss of samples.

On the other hand, according to Nadeen et al. [15] residual compressive strength
of MK concretes continuously decreased with increasing the temperature. Under slow
cooling regime the loss in strength was up to 9, 22, 40 and 81% at 200, 400, 600 and
800°C, respectively, while under fast cooling regime was up to 15, 53, 60 and 82%. The
variation in the results obtained under 600°C probably was influenced by different heating
rate and different curing and heating duration.

7. CONCLUSION

Pozzolanic concretes are used extensively throughout the world, meeting the principles
of the global sustainable development. This paper presented a brief review of the previous
research conducted on the fire performance of pozzolanic concretes and results are more
than promising.

The PFA and GGBS concretes were found to be able to retain their properties at
elevated temperatures and can be used in places with a high risk of fire, with limitations.
Based on the obtained experimental results, it can be concluded that optimal level of
cement replacement with fly ash or slag is around 30%, while lowest strength loss occurs
after exposure to temperatures up to 400°C. This is a direct consequence of the pozzolanic
reaction, as its contribution to strength occurs at later ages. The better performance of PFA
and GGBFS concretes is a result of the reduced amount of Ca(OH),, due to the reaction of
pozzolan with free lime, which otherwise results in strength loss and disintegration.
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The residual compressive strength of natural zeolite concrete decreased significantly
depending on obtained temperatures and applied cooling regime. Slow cooling method
resulted in lower strength loss than fast cooling. Optimal level of cement replacement was
found to be up to 20%.

Regarding influence of metakaolin, there are variations in the results according
to different authors. In general, concrete mixes should be used with care especially in
structures which may be subjected to temperature of 400 °C and above.

In addition, ECO concretes, if used in closed rooms, can be problematic due to the
presence of radon (slag concrete or concrete with fly ash), hence it is necessary to take care
of their application places.
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LABORATORY DETERMINATION OF
GRANULOMETRIC ANALYSIS AND THE LOWER
EXPLOSION LIMIT OF SELECTED WOOD DUST OF
FRUIT TREES

Abstract: The article presents the results of granulometric analysis and the experimental determina-
tion of the lower explosion limit (LEL) of selected fraction of combustible wood dust of wild cherry
(Cerasus avium L.) and damson plum (Prunus domestica L.). We obtained pure samples of wood
dust by grinding of compact plants, from which we removed non- dust particles by sieve analysis.
Our achieved results of lower explosion limit in the detonation chamber VK 100 for wood dust of
bird cherry (Cerasus avium L.) and damson plum (Prunus domestica L.) They are comparable to
results in a scientific literature.

Key words: combustible dust, bird cherry (Cerasus avium L.), damson plum (Prunus domestica L.),
lower explosion limit, granulometric analysis

JJABOPATOPUJCKO OJAPEBUBAIBE
I'PAHYJIOMETPUJCKE AHAJIM3E U JJOIBE
I'PAHULE EKCIIVIO3BUBHOCTHU NU3ABPAHE

OPAKHUJE IPBHE ITPAIIIMHE BORAKA

Pesume: YV pany cy IpHKasaHH pe3ylNTaTd IPaHYJIOMETPHjCKE aHaIu3e U eKCIEPUMCHTAJIHOT
onpehuBama nomwe rpanuie excruiosuBHocTH (LEL) n3abpane dpakiyje 3anapise ApBHE MPALIMHE
tpemme (Cerasusavium L.) n nubuse (Prunusdomestica L.). Yucrn y3opium npanivHe 100ujeHu cy
CTpyrambeM KOMIIAKTHUX cTabaia, W yKIambamkeM KpyIMHHX 4YeCTHIa M3 IpamivHe Ha cuTy. Hamm
TIOCTUTHYTH PE3YIITaTH I0ke TPAHHIe eKCIUIO3UBHOCTH y AeToHanujckoj komopr VK 100 3a npeHYy
npamuHy Tpemmke (Cerasusavium L.)  nupuse (Prunusdomestica L.) cy ynopenusu ca pesynraruma
y Hay4HOj JIUTEPaTypH.

Kibyune peun: 3anaseuBa mpammna, Tpemma (Cerasusavium L.), msuBa (Prunusdomestica L.),
JI0Fba TPaHMIIa eKCIUIO3UBHOCTH, TPAHYJIOMETpH]jCKa aHaIH3a
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1. INTRODUCTION

In Slovakia there were two dust explosions followed by fire with direct damages €
8,500 in 2013and in 2014 it was a dust explosion followed by fire with direct damages €
3,000 without injury and death. In 2015 there was no dust explosion in factories.

Although air-dust mixtures are not daily reality in industrial plants, there is always
a risk of explosion, which can not be underestimated. As consequences of such as these
explosions could be extensive damage of technological equipment or buildings and in
many cases there is damage of health, or even death, mostly employees’death. If we want
to effectively protect against these explosions, it is important to know how it arises, how it
happens, and what are the possibilities of prevention against explosion.

Wood dust in these factories is actually part of the working environment and it is
produced in the vast majority as waste from processing and wood treatment. This dust
has many negative effects, among which includes above explosiveness. That is why an
explosion preventive security is a necessity for wood processing factories, for which
design it is necessary to assess behavior of any combustible wood dust and detect their
dangerous concentration in a confined space.

We dedicate in this article on experimental determination LEL of fruit trees” wood
dust which are deciduous with crescent-porous structure of wood. Normally they grow
in our gardens - walnut, cherry, plum or apple trees. From these plants we have chosen
as representatives for the experiment cherry and plum. Tree species characterize by
interesting colors from brown-gray through reddish to purple and are used in furniture
manufacturing.

2. EXPERIMENTAL METHODS

To determine the lower explosive limit, we proceed with the following operating
method which consists of obtaining pure samples of wood dust, further, we conducted
particle size - sieve analysis, where we eliminate non-dust particles of wood material and
then we experimentally determined lower explosion limit of detonation chamber CV 100

and finally, we compared the values of LEL with other measured values in the literature.

2.1. Material

The elemental chemical composition of wood (wood dust) generally comprises
approximately 49.5% of carbon (C), 44.2% of oxygen (O) and 6.3% of hydrogen (H).

2.1.1. Bird cherry (Cerasus avium (L.) Moench.

Wood Group: deciduous tree with a crescent-porous structure of wood.

Wood description: nuclear, longitudinal (green-yellow) striped, has a characteristic
pleasant smell. Narrow sapwood (1-3 ¢cm) is yellowish white to light pink. Core is yellow-
brown to reddish.

The characteristics of the tree rings: a clear line between rings of annual growth. Visible
zone of the spring and summer timber within the annual ring - lighter coat spring wood is
due to a higher incidence of microvascular. In the wood there is found only microvessel
(longitudinal sections are smooth) [1].
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Bituminous channels: they are present in the wood.

Wrinkled beam produces lots of tiny mirrors which can be seen only on the radial (R)
section.
Texture: grain structure in the tangential section (T) and striped in radial section (R). The
wood is very bright (especially in the R-section) and decorative.
The density and hardness: wood is medium weight 610 kg/m® and medium-hard 62 MPa.
Workability: it can be well processed, stain and surface treatment.
Durability of wood: sapwood and core are less durable.
The use of wood: reddish color and nice texture makes it suitable for furniture, decorative
veneers, parts of musical instruments, cigarette tips and manufacture of small, decorative
and supplements. That the reason why it is used mainly in joinery, woodcarving, turnery
and haberdashery [2].

Figure 1. Basic saw through cherry wood Figure 2. Detail texture of cherry wood

T - tangential cut
R - radial cut
P - cross section

2.2. Damson plum (Prunus domestica L.)

Group of the wood: hardwoods with crescent-porous structure of wood.

Description of the wood: Wood, in term of texture and color, is very nice and core. The
narrow sapwood (1-3 cm) has a yellowish color. The core is pinkish to reddish brown
(sometimes purple tinted).

The characteristics of tree rings: a clear line between rings of annual growth; visible zone
of the spring and summer timber within the annual ring. Layer lighter spring wood is due
to a higher incidence of microvascular. The wood is found only microvessel (longitudinal
sections are smooth).

Bituminous channels: they are present in the wood.

Wrinkled beams create tiny mirrors which can be seen only on the R section.

Texture: grain structure due to color bars (T) and design (R). Wood is decorative.
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The density and hardness: hard wood is 760 kg / m3 and 85 MPa hard.

Workability: Surface treatment can be used there, but it is badly digested and dried
(during drying of wood cracking and form the so-called. dried tears).

Durability of wood: Wood is little durable.

The use of wood: for its decorative appearance and interesting texture it is used in
woodcarving and in artistic carpentry, for the production of inlays, various ornaments and

tools [2, 3].

Figure 3. Basic saw through wood plums Figure 4. Detail texture of plum wood

2.3. Wood dust particles

Dust samples were obtained by grinding of one cherry wood plate and one plum
wood plate using a belt sander Bosch GBS 75 AE Professional with installed sanding
belt P80 with aluminum oxide abrasive surface specified for the belt sander, with which
we obtained pure samples of wood dust for laboratory particle sizing of particles. Grain
number (P) indicates how many grains fits in sorting sieves in the area of one square inch
(inch = col = 25.4 mm).

The higher the number of dithering means more abrasive grains on the surface fit, the
abrasive is finer and also polished dust particles from wood.

2.4. Granulometric-particle size

Granularity (particle size distribution) is an indication that characterizes the
quantitative representation of individual particles of a certain size in the whole volume of
bulk materials. If we assume that the loose material is generally a polydisperse system, ie
a system with different particle sizes, more limited ranges of particle size distribution are
for the identification of the bulk materials that particles of a certain size classify in each
class - fractions [4].

Sieve analysis was performed on samples of wood dust of cherries and plums, in which
we have carried out 10 measurements for each sample of dust, and each measurement was
performed with a mass m = 50 g, the time of the crosslinking t = 10 min, the set of sieves
with mesh sizes of gaps of the mesh: 0.5 mm, 0.081 mm, and bottom. Weight fractions by
sieves are determined on laboratory scales capable of weighing 0.01 g.
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2.4.1. Input data

Range - wood dust (dust samples obtained from wood cherries and plums)
Wa humidity = 5%

Weight of weighing pan m_=13,00¢g
Weights network:

sieve. 1 - the sizes of the gaps in the mesh 0.5 mm m, =309,00 g

sieve. 2 - the sizes of the gaps in the mesh 0.081 mm m, = 265,50 g
the bottom m, = 360,00 g
The total gross weight of the dust samples m_= 500,00 g
Made-ground weight m =350,00g
Number of measurements P=10
Sieving time for one measurement t=10 min

2.5. Experimental detection lower explosion limit (LEL) by detonation
chamber VK100

Studied stuff is dispersion of dust in air system, which is initiated with a known source
of energy. From the increase in the temperature of the thermocouple that is placed inside
the detonation chamber and the visual assessment of the size of the flame at various
concentrations of dust we set lower explosion limit (see Fig. 5).

We detect LEL from the laboratory samples of wood dust cherries and plums, which we
have prepared using sieve analysis. The aim of measurement is to determine the minimum
concentration of dust in the air which leads to spread of dust explosions mixed with air
at the initiatory energy [5]. We conducted the evaluation of experiment on the basis of
positive and negative results of individual explosions and the increase in temperature in
the detonation chamber after the explosion, compared with an increase in temperature
after the explosion of ignition source. We considered this measurement as positive to at
least three positive blasts out of a total of five explosion attempts [6].

flange

FECETAISIS 1R pacer mambrans

Figure 5. Detonation chamber VK100 scheme

To determine the lower explosive limit in a detonation chamber VK 100 we set the
parameters for expertiment above in Table 1.
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Table 1. Conditions detonation of chamber VK 100 for experiment
Moisture 5%
. The air pressure 0,25 MPa
Conditions - -
. Time stirred 0,2s
of swirl - EIIT -
The delay time after the initiation of swirl 0,1s
Ignition energy 0,1 KJ
Temperature of area 19 °C
emperafure The temperature after initiation of ignition sources 36 °C
(Electric detonator + nitrocellulose)

After a laboratory setting values of LEL for wood dust cherries and plums we assign
them to the class and evaluate according to the criteria set out in Table 2.

Table 2. Classes of combustible explosion dust [5]

The class 1 2 3 4
The characteristic Highly explosive | Explosive Difficult explosive | Non explosive
dust dust dust dust
o 4 gm? 40 g.m?3 200 g.m? 3
The criterion <LEL< <LEL< <LEL< 101(3 Eéng
40 g.m? 200 g.m? 700 g.m?

3. RESULTS

3.1. The results of sieve analysis of wood dust samples from the wild cherry
timber (Cerasus avium L.) and damson plum (Prunus domestica L.)

During sieve analysis of dust samples from cherry wood, we found the representation
of the various fractions of the wood dust. At site 1,which has the size of the gaps in the
mesh of 0.5 mm, it left us together m =9 g of particles (1.8% of the gross sample of dust),
which are not the dust because their size is greater than 0.5 mm, which means that they do
not fulfil the dust parameters, and therefore, this fraction can be considered as sawdust. At
site 2, which has the size of the gaps in the mesh 0.081 mm, it left together m,, =294,5 g
of particles (58.9% of the gross dust samples). This fraction has a particle size of from 0.5
mm to 0.081 mm, which shows that these particles fulfil the dust parameters and that is
the reason why this fraction will be part of the laboratory sample. On the bottom it left m
=196.5 g of particles (39.3% of the gross dust samples). This fraction has a particle size
of 0.081 mm or less, that means the dust particles are very fine. The higher proportion of
this fraction in the laboratory sample dust is, therefore the mixture will be more explosive.
That meas with an increasing proportion of fine particles the lower explosion limit should
fall.
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Carrying out sieve analysis of gross wood dust sample of damson plum wood, we
found similarly, as in bird cherry sample, abundance of the various fractions. On a site 1
with gaps in the mesh size of 0.5 mm, it left 14.53 g of dust particles representing 2.91%
of the original dust sample. This fraction is irrelevant for us, we consider it as sawdust. On
site 2 to the size of 0.081 mm gap, it remained 19.27 g of dust particles, which represents
3.86% of the original sample of dust. On the bottom it left 138.34 g of dust particles, which
represents 27.67% of the gross dust samples. The mass values of the laboratory samples of
cherry and plum wood dust with a percentage abundance of fractions are shown in Table
3 and Figure 6.

Table 3. The weight of laboratory samples of wood dust cherries and plums with a percentage
fraction abundance

The sort of Measurement Fraction No.1 No.2 Laboratory
wood dust (particle size | fraction fraction sample of
greater than | (particle (particle size | dust
0.5 mm size 0.5 smaller than
mm - 0.081 | 0.081 mm)
mm)
Wild cherry Weight (g) 9 294.5 196.5 500
(Cerasus ]
avium L) Representation 1.8 58.9 39.3 100
of fractions (%)
Damson Weight (g) 14.53 77.135 123.199 500
plum .
(Prunus Representation 291 43.93 53.17 100

domestica L of fractions (%)

70

60

50

B fraction of particle size

30 A 0.5mm-0.081mm

M fraction of particle size

smaller than 0.081 mm
10 -

Expressed as a percentage (%)

Wild cherry Damson plum

The sort of wood dust

Figure 6. The Expressed as a percentage of the particle size of cherry and plum dust timber
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3.2. Experimental results of LEL in the detonation chamber VK100

Determination of the lower explosion limit for the selection we have made for wood
dust collected samples of dust from wild Cherry wood (Cerasus avium L.) and Damson
plum (Prunus domestica L.) in two crops intended by particle size analysis. The first
measurement was for the size of dust particles of dust from wood wild cherry (Cerasus
avium L.) and Damson plum (Prunus domestica L.) Fraction lparticle size 0.5 mm - 0081
mm and the other size measurement was for particles smaller than 0.081 mm. Fraction 2
(particle size smaller than 0.081 mm).

The resulting experimentally determined value of LEL Wild cherry (Cerasus avium L.)
for fraction 1 (particle size 0.5 — 0.081 mm) is 54 g.m-3, and the particle size fraction 2
smaller than 0.081 mm is 50 g.m-3, which is marked by color in Table 4.

Table 4. Experimental determination LEL of wood dust from Wild cherry (Cerasus avium L.)

The experimental results The experimental results
No.1 fraction (particle size 0.5 | No. 2 fraction (particle size
- 0.081 mm) smaller than 0.081 mm)
sample LEL N - Negative N - Negative
No. weight (g.m) P - Positive P - Positive
(®
Number of experiment Number of experiment
1 2 3 4 5 1 2 3 4 5
1 7 70 P P P P P P P P P P
2 6 60 P P N P P P P P P P
3 5,5 55 N P P P P P P P N P
4 5.4 54 P P N | N P P P P N P
5 5 50 N | N N N|N|N/|N P P P

The above result shows that wood dust from the cherries, which is actually present in
the wood factories, it is explosive and the lower limit is even lower the fraction of wood
dust with smaller dimensions than the wood sawdust of the first fraction with particle size
0.5 —0.081 mm (see, Tab. 4).

Lower explosion limit of wood dust from Damson plum wood (Prunus domestica L.)
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Table 5. Experimental determination LEL of wood dust from Damson plum wood (Prunus
domestica L.)

The experimental results The experimental results
No.1 fraction (particle size 0.5 | No. 2 fraction (particle size
- 0.081 mm) smaller than 0.081 mm)
Sample LEL N - Negative N - Negative
e, weight (gm™) P - Positive P - Positive
(2)
Number of experiment Number of experiment
1 2 3 4 5 1 2 3 4 5
1 7 70 P P P P P P P P P P
2 6 60 P P N P P P P P P P
3 5 50 N P P P P P P P N P
4 4,8 48 P P N N N P P P N N
5 4.4 44 N N N N N N N N N

The resulting experimentally determined value of lower explosive limit is 50 g.m™ for
the first fraction of wood dust with a particle size from 0.5 to 0.081 mm which is in Table 6
marked by color and also it was confirmed that with the smaller wood dust sizes the lower
explosion limit is reduced, which in this case was 48 g.m™ (see Tab. 5).

Results found in an experimental setting the lower explosive limit of selected wood
dust in a detonation chamber VK 100 were compared to the table values of LEL for the
same and different types of wood dust reffered in the literature (see Tab. 6). In scientific
and professional works from the referred literature, we did not find defined fractions for
which the lower explosive limit was determined. However, our LEL measured values and
the values reported in the literature are comparable.

Table 6. Comparison of LEL according to academic literature and experimental gathered results

[7,8, 9]

LEL LEL LEL LEL
The sort of wood dust by Groh by by experiment

(g.m?) Bussenius Eckhoff No.1/2

(g.m?) (g.m?) fraction
(gm?)

ZV)lld cherry (Cerasus avium 60 60 30 54750
Damson plum (Prunus
domestica L.) ) ) . 30/48
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4. CONCLUSION

In the article we pursued two species, bird cherry (Cerasus avium L.) and domestic
plums (Prunus domestica L.), which are processed in the manufacture of furniture for their
ornamental wood texture. We produced an experimental laboratory clean wood dust and
we determined the size of dust particles.

Particle size of dust bird cherry (Cerasus avium L.) and domestic plum (Prunus
domestica L.) depends on:

- Hardness of the wood,

- Facing the grinding in the cut (T, P, R),

- Use of abrasive belt of hardness and softness in the treatment of wood bulk materials.

Wild cherry (Cerasus avium L.)
Number 1 fraction (particle size 0.5 mm - 0.081 mm) was 58.9 %
Number 2 fraction (particle size smaller than 0.081 mm) was 39.3 %
Damson plum (Prunus domestica L.)
Number 1 fraction (particle size 0.5 mm - 0.081 mm) was 43.93 %
Number 2 fraction (particle size smaller than 0.081 mm) was 53.17 %

In the survey of LEL wood dust samples we used a detonation chamber VK100.
LEL for bird cherries wood dust (Cerasus avium L.) we set:

- For the fraction having a particle size of dust particle size 0.5 — 0.081 mm for the 54
g.m>,

- The fraction of dust particles with a size less than 0.081 mm on a 50 g.m?

and for wood dust domestic plum (Prunus domestica L.),

- The fraction having a particle size of dust particle size 0.5 — 0.081 mm for the 50
g.m>,

- The fraction of dust particles with a size less than 0.081 mm on a 48 g.m?,

- Fractions of finer averages of dust particles show lower LEL.

In the final table (see Table 6), we compared the values of LEL examined dusts table
values reffered in the literature and we can conclude that the results are comparable,
wood dust is explosive. In essence based on the chemical composition and the physical
properties of wood.
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CHANGES OF EXPANDED POLYSTYRENE DUE TO
THERMAL LOADING

Abstract: This paper deals with determination of gaseous thermal degradation products of
polystyrene carried out at temperatures up to 250 °C. Styrene polymers have very adverse fire-
technical characteristics. It is easy to ignite them, they burn quickly, and combustion is attended by
formation of large amount of heat and toxic volatile degradation products. Samples of expanded
polystyrene were thermally loaded on laboratory experimental device, expanded polystyrene
changes were observed and samples of arising gaseous products were collected, after they were
analyzed by gas chromatography-mass spectrometry (GC-MS) method. The largest part of analyzed
products represents styrene. Derivatives and dimers of styrene and various alkylated polycyclic
aromatic hydrocarbons were formed at the temperature 200 °C.

Key words: polystyrene, thermal degradation, gaseous products, styrene, GC-MS

INPOMEHE EKCITAHAUPAHOI IIOJIMCTUPEHA
YCIEA TEPMUYKOI OIITEPEREIBA

Pe3ume: Pay ce 6aBu oxpehrBambeM racoBUTHX NPOyKaTa TEPMUYKE AETPaIALije KO HOJIUCTHPEHA
Ha Temrieparypama 10 250 °C. [Tonumepu cTupeHa NMajy BpJIO IITETHE IPOTHBIIOKAPHE H TEXHUUKE
kapakTepuctuke. Jlako ce 3amaie, 6p30 usrope, a caropeBame je npaheHo GopMHpameM BeIHKe
KOJINYMHE TOIUIOTE M TOKCHYHMX HCIApJbUBUX MPOAYKaTa Jerpajganuje. Y30piH eKCIaHIHupaHor
TIOJIMCTUPEHA Cy TEPMUUKH onTepehieHH y 1ab0opaTopHjcKOM eKCIIepIMeHTaTHOM ypehajy, npahene
Cy IpOMEHE eKCIIaHIPAHOT IOJIHCTHPEHA U IPUKYIUbEHH Y30PIH HACTAINX FACOBUTUX IIPOU3BO/A,
HaKoH MITO Cy aHAJNM3MpaHW TaCHOM XpomarorpadujoM-mMaceHoM crekrpomerpujoM (GC-MS).
Hajsehu ieo aHann3upaHuXx NpoM3BO/ia PEACTABIbA CTUPEH. JlepuBaTi 1 AUMEPH CTUPEHA U Pa3HUX
AJIKMJIOBAHUX MOJMLHUKINYHUX apOMAaTHYHHUX YIJbOBOJOHHKA Cy (OPMHUPAHH Ha TEMIIEPAaTypH OJf
200 °C.

Kibyune peun: monucTupeH, TepMHUUKa Jerpafaliyja, TacOBUTH npon3Boay, ctuper, GC-MS
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1. INTRODUCTION

Polystyrene (PS) is a commodity polymer that is used in a number of commercial
products. In 2001, PS was counted amongst the quantitatively most important
thermoplastics. The main applications include packaging, extruded sheets and consumer
electronics. The thermal stability of polystyrene depends on a number of parameters
including the presence of additives, number of weak bonds, method of synthesis, etc. [1,
2].

Styrene polymers have very adverse fire-technical characteristics. It is easy to ignite
them, they burn quickly, combustion is attended by formation of large amount of heat and
they contain a phenyl group in a side chain — for this reason burning is accompanied by
release of large amount of smoke particles. Polystyrene heating by temperatures above
80°C causes its degradation at first, which is attended by properties changes. Cleavage of
large amounts of chemical bonds takes place at higher temperatures, so the decomposition
of polystyrene starts and gaseous products are formed. Upon thermal decomposition
polystyrene yields the styrene monomer as a major product and various low molecular
weight gaseous products, including toluene and benzene. Partially depolymerized viscous
residue is containing dimer, trimer and other oligomers of styrene [2, 3, 4].

Aromatic hydrocarbons and their oxidation products such as styrene, o-methyl
styrene, benzaldehyde and acetophenone, which are generated by the oxidative thermal
degradation of PS, are an important group of carcinogenics, tumorpromoting agents and
irritant compounds [5].
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Figure 1. Visualization of possible health problems associated with different molecules released
from tested polystyrene. ?= no information available [6]

The aim of this paper is to identify products of thermal degradation expanded
polystyrene (EPS 70) at different temperatures up to 250 °C. Importance of this research
is to observe the behavior of polystyrene at lower temperatures from environmentally or
safety point of view.
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2. METHODS

The samples of expanded polystyrene (EPS 70) were thermally loaded by laboratory
experimental device at different temperatures up to 230 °C (180 °C, 200 °C and 220 °C).
The arising gaseous products were exhousted through the active coconut charcoal (ORBO
tube, SUPELCO), laboratory processed and analysis of formed volatile products were
performed by method GC-MS [7] (column: HP-5MS, carrier gas: He, thermal program:
40-270 °C). The identification of determined compounds was performed using comparison
of the measured mass spectra to the spectra of library NISTOS5. For the quantitative
determination of some volatile compounds we used method of external standard.

3. RESULT AND DISCUSION

The research was target on thermal degradation of polymer samples at lower
temperatures (without flame), at temperature 230 °C the flame appears. Visually were
observed changes of polystyrene samples by the process of flameless combustion.
With increasing temperature could be observed processes like shrinking, bubbling and
liquefaction of the expanded polystyrene (figure 2).

Figure 2. Material changes (compact form, shrinkage form, bubbling form, liquid form)

The formation of smoke is very high in this used conditions, the arising gaseous products
could be change due the temperature and mutual interaction to other volatile compounds with more
toxic effects (PAHs). There are the results of determination of the gaseous products from thermal
degradation of the expanded polystarene samples at the temperatures of 180, 200 and 220 °C in tab.
1.

During the thermal degradation of the EPS 70 samples was released a significant amount of
styrene, methylethylbenzene, toluene, ethylbenzene and benzaldehyde according the peak area on
the chromatograms. Other gaseous products formed in smaller quantities, e.g. Xylene, o-methyl
styrene and styrene dimers. An example of the chromatogram of smoke sample of EPS is shown in
figure 3.
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Table 1. Products of thermal degradation of expanded polystyrene at different temperatures

Name RT (min) Ions 180 °C (200 °C |220°C
toluene 4,1 91,92,65 + + +
2,5-dimethyl-1,4-dioxane 5,8 42,45,116 + - -
ethylbenzene 6,753 91,106,51 + + +
xylene 6,999 91,106,105 - + +
styrene 7,706 104,103,78 + + +
(1-methylethyl)-benzene 8,846 105,120,77 - + +
1-ethyl-4-methyl-benzene 8,876 117,118,91 + - -
propyl-benzene 9,858 91,120,92 + - +
benzaldehyde 10,222 77,106,105 + - +
alfa-methyl styrene 10,861 118,117,103 + + +
1,1-diphenyl-1,3-pentadiene 31,408 205,220,204 - + +

Figure 3. Chromatogram of EPS sample

We confirmed the allegations of Gurman, Baier a Levin [4] a Jiao a Sun [8], that
it is possible to capture these products during thermal degradation of polystyrene. It is
generally agreed that the major volatile component produced from the thermal degradation
of polystyrenes is styrene monomer. The amounts of some determined volatile compounds
are listed in table 2. Dominant thermal degradation product of EPS 70 samples was styrene,
its amount increases with increasing temperature. Toluene and xylene were e.g. Xylene
was not detected at 180 °C.
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Table 2. Amount of volatile products at different temperatures

Name Temperature Concentration (mg/g)
180 °C 0,825
toluene 200 °C 0,842
220 °C 0,859
180 °C 0,900
ethylbenzene 200 °C 0,895
220 °C 0,860
180 °C nd
xylene 200 °C 0,887
220 °C 0,886
180 °C 0,951
styrene 200 °C 0,964
220 °C 1,315

All of these chemical substances — products of thermal degradation of expanded
polystyrene considered, are toxic and dangerous for living organisms. Formation of
dangerous chemical substances of EPS 70, which is used in the insulation system, is
detected even at 60 °C (what we could confirm in our further research [10]). By increasing
the temperature, during thermal degradation, dangerous compounds are released and they
endanger human lives and health.

4. CONCLUSION

The aim of this paper was to identify thermal degradation products of expanded
polystyrene — EPS 70 at different temperatures. Thermal loading at temperatures up
to 250 °C were performed by laboratory experimental device. The analysis of thermal
degradation products were performed by GC-MS method. Flameless combustion was
observed during thermal loading of samples at higher temperatures and ignition of the
samples didn’t occur. Visually, we observed melting of the sample, after that it evaporated
slowly and volatile products were released into the environment.
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WOOD DUST RISK ASSESSMENT BY
GRANULOMETRY OF SELECTED WOOD DUST

Abstract: The article deals with granulometric analysis of selected samples of wood dust sessile
oak (Quercus petraea Liebl.) and from deciduous multiple-pore wood there was chosen European
beech (Fagus sylvatica L.) and alder (Alnus glutinosa L.) and the mixture taken directly from timber
production of grinders SCM SANDYA 300RCS) for the purpose of selecting the percentages of the
various fractions (0.032; 0.063; 00:08; 0.125; 0.250; 0.5; 1; 2 mm) of samples of wood dust. Wood
dust samples were made using a hand orbital sander BOSCH PSS 200AC and sizing on the automatic
mesh vibratory sieve shaker Retsch AS 200 control. The most frequent percentages of dust particles
(between 50-79 %) in all samples of wood dust there were fractions of 32 pm and less than 32 um
(bottom). It creates conditions of the risk of inhaling and respirable components contained in the
fraction over 32 pm and the potential of formation of a dust-air explosive mixture. Comparison of
results granulomertic fractions contribution of wood sanding dust typically processed wood in the
furniture industry (beech, oak, spruce, fir, alder) was significantly confirmed of the particle size.

Key words: wood dust, orbital sander, granulometric analysis

INPOLHEHA PU3UKA O APBHE ITPALIIMHA
I'PAHYJIOMETPUJCKOM AHAJIN30M OJABPAHE
JAPBHE ITPAIIIMHE

Pe3sume: Paj ce 6aBu rpaHyJIOMETPH]CKOM aHAINM30M ofabpaHUX y30paka ApBHE IpallfHa XpacTa
kuTaka (Quercus petraea Liebl.), 10k cy o JUCTONAHNUX BPCTa APBETa Ca BUIIECTPYKHM HOpama
n3abpane eBporcka Oyksa (Fagus sylvatica L.) u upHa joa (Alnus glutinosa L.), a cMeia je y3era
IMPEKTHO W3 Tpepane apBera MammHOM 3a MieBeme SCM SANDYA 300RCS pamu omadbupa
nporneHara paznumautux gpakmmja (0.032; 0.063; 00:08; 0.125; 0.250; 0,5; 1; 2 mm) y3opaka ApBHE
MpanvHe. Y30py npamuHe ¢y 00ujeHn kopuinhemeM pydHe BuOpanuone Opycuinaa BOSCH PSS
200AC v npocejanu Ha MpeXxH ayToMaTckor Bubparmonor mrejkepa Retsch AS 200 control. Hajuenthu
npoiieHar yectuia npamune (u3mehy 50-79 %) y cBuM y3opiiima ApBHE mpariiHe 6o je dpakiuje
o1 32 pm u Mame ox 32 um. OH cTBapa ycJOBe pH3HKa O yIucama, a pecupalbiiHe KOMIIOHEHTE
Koje ce Hajtase y pakuuju mpexo 32 um u noTeHIujain hopMupara eKCILIO3UBHE CMeNIe MPaIuHEe U
Bazayxa. [lopeheme pesynrara rpaHyoMepTHjcKe aHaTU3e (paKiija IpamHe o1 JpBeTa odpaheHor
OpymiemeM, Kako ce 00MuHO oOpalyje ApBo y MHAYCTpHju HamemTaja (OyKBa, XpacT, cMpya, jena,
L[pHA jOBa), je Y 3Ha4YajHOj MepH MOTBPIIIO BEIUYHNHE YSCTHULIA.

KipyuHe peun: npBHa nmpammHa, opOuTaiHa OpyCHIINIIA, TPAHYIOMETPHjCKa aHAJIH3a
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1. INTRODUCTION

The timber industry belongs to the sectors where dust is generated as an undesirable
waste (Krentowski, 2015, Top et al., 2016). It can be supposed in which form the wood
dust occurs in premises on the basis of the particle size of the wood dust. The fractions
with a larger size have tendency to settle (Turekova, et al., 2007, Turekova, 2008). The
mechanical processing of wood (sawing, planing, milling and grinding) is creating a
large amount of dust and chips, which in terms of risk assessment represents a potential
danger of adverse events and harm employees (Tomaskin, et al. 2008). Wood dust,
which is created in wood working, especially in grinding, it is flammable and can form
with air an explosive mixture (Zigo, et al., 2014, Amyotte, P. 2013, Amyotte, Eckhoff,
2010). Microfractions frequency (less than 100 um) evokes the formation of turbid dust
forms. These particles are typical especially in sanding wood, which is the most essential
technological operation of each timber product before its final surface finishing. Different
types of wide-belt sanders, narrow-belt sanders, special sanders and hand sanders (belt,
disk, vibration) with various ways of extraction are parts mainly in furniture establishments
(Ockajova et. al. 2014). Modern devices have already built-in vacuum system, which aim
is to remove up maximally wood dust from the operation, but not all premises have the
latest technology, resulting the occurrence of dust in the work area. Similarly, it is also in
the use of hand-held electric sanders, which include a built-in extraction system, but its
production is not as effective as a central extraction. Amount of incipient dust, the size and
shape of individual dust particles depend on the particle size distribution of the grinding
tool, pressure of the grinding tools on grinding material, grinding speed, ground material
and grinding direction.

Wood dust is a part of the biomass, currently used alternative fuel such as renewable
energy sources. In the result of existence of the proportion of wood dust in variable
particulate forms. Experts (Rohr et al., 2015) assess the potential concerns associated with
the use of biomass fuels during combustion in terms of health and safety as well as the
risk of explosion.

It is first necessary to know the particle size distribution, its frequency or weight
frequency of the particles in certain extent of their size to assess the behavior of dust
from different aspects, such as its ability to separation of different types of separators, his
health action, its settling ability, explosive abilities (Mrackova, et al., 2016). Exclusively
polydisperse powders containing particles of different sizes are produced in assembly
process (Oc¢kajova, Banski, 2013). Degree of crushing of the base material is determined
by particle size analysis, which is one of the characteristic ability of powder to produce
dispersion system (Mrackova et al., 2016). The particles which pass through a sieve of the
mesh size and locate on the next smaller sieve of mesh size are added to the fractions with
the size range of the given two mesh sizes. Set of particles in each size range is formed by
sizing, from where the cumulative grading curve derives with the appropriate procedure
(Oc¢kajova, et al., 2014). Depending on the size of dust particles it is divided into broad
and silk (airborne), its the particle size is up 30 pm. Part of airborne dust up the particle
size of 5 pm is called respirable dust (Turekova, 2008). Their penetration into the airways
depends on the size of dust particles. Dust particles with dimensions > 100 um in the
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environment quickly settle and do not penetrate into the body (Turekova, 2008). Smaller
particles with dimensions <5 pum, so-called respirable fraction tend to remain in the air and
in case of inhalation they penetrate into the lungs (Turekova, 2007 Aghova 1993, Demers,
Weinrich, 2005).

The aim of this paper is analysis and comparison of granulometric structure fractions
of wood sanding dust from typically processed wood in the furniture industry (beech, oak,
spruce, fir, alder) prepared by hand belt grinder (Bosch) and dust mixture (beech, oak,
spruce) obtained in furniture establishments, focusing on microfractions (particles with
a diameter of < 100 um) and impact assessment woods and particle size [particle size <
100um]. Grinding was chosen as the technological process of machining of wood, which

assumes increased demand for separation device and fire safety.

2. MATERIALS AND METHODS

Three folders were prepared for the preparation of wood dust with dimensions
(300x50x50 mm) for any wood species that have been dried to a moisture content of about
8 + 10%. Five wood samples were selected with regard to their most frequent industrial
processing and furniture establishments and also well represent coniferous, deciduous and
circular-porous deciduous multiple-pore wood. From coniferous wood there were selected
spruce (Picea excelsa) and fir (Abies alba), from deciduous circular-pore wood oak was
selected (Quercus petraea Liebl.) and deciduous multiple-pore wood European beech was
chosen (Fagus sylvatica L.) and alder (Alnus glutinosa L.). The sixth sample was taken
directly from timber production from the premises of grinder (SCM SANDYA 300RCS),
powder mixture consists of spruce, beech and oak dust. Wood dust samples were made
using a hand orbital sander BOSCH pss 200ac. Samples were prepared by a specialist in
grinding. For the purpose to bring grinding process as close to realityas it is possible, in
terms of pressure of the grinding surface of the component, grinding speed and grinding
direction (cross). Sandpaper was used with grain size P 80 in experiments (P 80 Norton
H231). The dust was collected in a manual extraction equipment pocket of belt sanders,
from where it spilled into plastic bags, which were carefully sealed in order not to increase
the moisture of obtained dust. About 300 g of dust was obtained from each folder, which
was mixed and this prepared sample for all wood species (1 kg) was the basis for the
granulometric analysis.

Wood dust samples moisture was determined by gravimetric method (Table 1) and then
sieve analysis was made on an automatic vibration sieving machine AS 200 (f. RETSCH)
by STN ISO 3310-1:2007-03 (25 9610). The bag is cleared after each wood dust species
by used a vacuum cleaner. Different types of wood dust were divided in nine fractions
according to the mesh size sieve on sieving device based on sieve analysis.

Table 1. Gravimetric determination of moisture of wood dust samples

Kind of dust Spruce Oak Beech Alder Fir Mixture

Moisture [%] 6,4 6,5 6,2 6,4 6,4 6,1
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Sieve analysis was carried out on an automated vibratory screening machine Retsch
AS 200 control; a set of control stainless steel sieves, diameter of sieve 200 mm, height
50 mm, diameter of sieve mesh 0032; 0063; 0:08; 0125; 0.250; 0.5; 1; 2 (mm). Shares
of residues on each sieves and bottom were researched using digital laboratory balance
Radwag WPS 510/C/2 with accuracy of weighing 0.001 grams. Sieving parameters:
amplitude 2 mm/”’g”, with an interval of 10 s, sieving time 20 minutes.

Measurement process according to STN ISO 3310-1: 2007-03 (25 9610):

- Location of sieve stack on the vibration sieving machines Retsch AS 200c.

- The weighed sample of the grinding dust (30 g) on the laboratory scale and the
relocation to the upper sieve of sieve shaker.

- Containment of a set of glass lid, sieving 20 minutes.

After the finishing of sieving on the residues in the sieves and we weighed on the bottom
and wrote down into the table. For each sample there were carried out five measurements
used for evaluation of average values from 5 measurements.

3. RESULTS AND DISCUSSION

We evaluated results of the sieve analysis using the distributive curves of selected
wood dust samples as well as by one-way analysis of variance to determine whether there
is statistical significance of the impact of tree species on the particle size distribution
of grinding dust and whether there is a statistical significance of the effect of wood on
dust particles proportion less than 100 pm. By weight and the percentages of the various
fractions of selected samples of wood dust after the sieve analysis were evaluated using
distributive curves. The percentage sum of obtained values is always less weight compared
to samples from the loss during sorting. The obtained distributive curve (Figure 1) define
the dependence of proportional representation of weight of certain grain sizes (fractions)
in the analyzed group of natural ground.

The most abundant fractions in all wood dust sample fractions were 32 pm and less
than 32 pm (bottom), which represented in oak samples 55,83% of the total sample of
oak wood dust (Figure 1). Fractions of 2 mm and 1 mm (0,99% of the total weight of the
sample) were the least abundant fractions of oak wood dust samples. In a sample of beech
wood dust fraction consisted of 32 pm and 32 um less than 49,58% of the whole sample.
Least abundant fractions were fractions 2 mm and 1 mm (0,5% of the total sample weight
of beech wood dust).

In the sample of spruce wood dust fraction 32 um over 32 um and formed 65,13 % of
the total sample less than spruce and abundant fractions are fractions of 2 mm and 1 mm
(1,01 % of total weight). Fir wood dust sample is represented in 59,27 % fraction formed
32 um less than 32 um from weight of the sample and 0.98 % from weight represent
fractions of 2 mm and 1 mm. Alder wood dust sample has the highest representation in the
fraction of 32 pum, less than 32 pm and that o 78,26 % from weight of the entire sample.
The least a number of fractions were fractions of 2 mm and 1 mm, which formed 1.21 %
of the total weight compared with the other samples. A wood dust mixture sample copies

the frequency of alder wood dust samples, where fractions of 32, um less than 32 pm
and they formed 78,74 % of the entire sample (Figure 2).
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Figure 1. Distributive granularity curves of selected wood dust samples
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Figure 2. Mutual comparisons of the frequency of dust particles in selected samples of wood dust
samples — the percentage fraction of 32 um, and the percentage fraction less than 32 um
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It is very interesting that in the researched wood dust there were some percentage
differences in all the fractions, however, in a percentage comparison of all the fractions
of less than 100 um (bottom, 32 pm, 0,63 pum, 80 um) there were obtained very similar
results for all monitored wood dust in the range from 86,4 % to 93,1 %; 86.4 % for oak,
87,23 %, for beech 87,13 % for spruce, 88,4 % for fir, 93,1 % for alder and 90,61 % for
the mixture.

Obtained results are also correlated with the authors Ockajova et al., (2014), where
they studied beech dust obtained using hand grinders (laboratory experiment), which
worked in an embedded system with a constant contact pressure, constant cutting speed
and carefully selected timber sample (no bumbs and other wood defects). Percentages part
of particles <100 um 94.28 % was obtained for a hand abrasive-band grinding machine
(in grinding apeak on the fibers) and the percentages part of those particles 96,29 % was
for the hand-operated circular grinder. These values are higher compared to the values
obtained in the real process, which can be justified by the fact that just in laboratory
experiments pressure of the grinding equipment may not be optimal elected to the sample
surface, speed grinding, grinding model, the cross-grinding was not used (combination
of sanding along the fibers and vertically on the fibers) and the results could affect the
specific physical and mechanical properties of edged wood.,

These results correspond with the results (Ockajova,Banski, 2013), which studied the
quantity of particles under 100 um in wood dust samples of beech, pine and spruce obtained
from narrow-belt grinder in premises. Our research also answered this question that the
quantity of particles less than 100 pm are following: 91,95 % for beech (granulity 80),
85,07 % for pine (granulity 80), 95,01 % for spruce (granulity 120) (Ockajova, Banski,
2013). Higher values can be caused by wood species, where diffusion of properties
depends on growing conditions, from the point of strain, from individual downforce of the
grinding heel by the operator himself, it is also used other granulity of the grinding agent
in spruce, where we have supposal for the formation of finer particles using the grinding
equipment with a higher grit number.

3.1. Mathematical and statistical analysis and evaluation of results

Obtained results were subjected to statistical analysis to evaluate the impact of tree
species on the particle size distribution of grinding dust and the impact of tree species on
the proportion of dust particles less than 100 pm, using a statistical analysis model (Table
2) according by multifactorial analysis of variance (ANOVA) using LSD (95 %, 99 %
levels for demonstrating) test (sotware Statgraphics version 5.0), where as the influencing
factors were used: the type of wood (beech, oak , spruce, fir, alder) and the value of the
particle size (0.032; 0.063; 0.08; 0.125; 0.250; 0.5; 1; 2 mm).

Basic tabular analysis of variance (table 2) shows that differences between the
fractions in the trees are not statistically significant. Division into factions is not uniform.
Percentages proportion of the various wood dust samples is significantly different from
size fractions (table 3). Then, there were evaluated correlation values of the various
fractions (Table 3) via 2-factor analysis of variance (ANOVA) using the LSD (a = 0.05).
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Table 2. Basic tabular analysis of variance of wood dust samples and their fractions

Source of variation ~ Sum of d.f. Mean Square  F — atio Significant
Squares level

Fractional size 9103.3871 8 1137.9234 45.719 .0000

Wood .0445 5 .0089 .000 1.000

Residual 995.57297 40 24.889324

Total (Corrected) 10099.005 53

Table 3 confirms difference statistically insignificant in the first four fractions.
Statistically, most of the particles are in fraction 32 pm, and in the fraction > 32 um.
Statistically significant differences are not in the fractions of 125 pm, 80 pm, 63 pm and
in the first four fractions (2 mm, 1 mm, 500 pm, 250 pm).

Table 3. Correlation values of the various fractions (Table 3) via 2-factor analysis of variance
(ANOVA) using the LSD (a=0,05)

Method: 95 % LSD

Level Count LS Mean Homogeneous group

2000 6 .310000 X
1000 6 .663333 X
500 6 1.361667 XX
250 6 1.583333 XX
125 6 6.890000 XX
63 6 11.72667 X
80 6 12.61667 X
30 6 22.41667 X
32 6 42.051667 X

XX — significant differencies

Statistical evaluation of the results of sieve analysis shows that statistically the most
particles are in fractions of 32 pm, then in the fraction over 32 um. Due to excessive dust
formation just above fractions, which also include a respirable dust component, the risk of
serious danger to the health of employees is increasing. Dustiness in the workplace, due to
the formation of wood dust is harmful to the human body (Turekova, 2008) and represents
one of the fundamental issues of safety and workplace hygiene. Turekova (2007) presents
the results of studies dealing with the issue of harmful effects of dust on human health
and notes that a small portion of dust is inhaled into the lungs in dust inhalation so
called respirable fraction, which consists of particles with dimensions smaller than 5,0
pm. The greater part of the dust is collected in the conducting airways (nose, larynx,
tracheobronchial tree). Hygienic aspects presented by the conventions of dust in the dust
in terms of STN EN 481 and US-EPA present the character of dust according to its size. An
intervention fraction 20-30 um comes to our attention, where the possibility of inhalation
of wood dust is manifested.

86



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

The US Agency for Environmental Protection US-EPA (Environmental Protection
Agency) has introduced additional criteria for evaluation of dust, concrete values M,
PM, ; and PM, put in pg.m® M, represents the dust in pg.m?, where at least 50 % of the
particles are smaller than 10 pm (particles with an aerodynamic diameter of 10 mm).
Significant percentages proportions of samples fractions of wood dust were obtained
(Figure 2), which are significantly different, but it cannot be said with certainty that M,
PM, ; and PM, are in above fractions.

Obtained results by our experiment that copied the classic premises (pressure of the
grinding agent was not expressly intended to the surface of the workpiece, a grinding
speed was not designated, grinding direction was not intended and expertise operating
the grinder was used in grinding) they did not show statistical significance of influence
of timber on the proportion of particles less than 100 pm even generated under the same
conditions of grinding. These claims can be supported by Ockajova et al. results (O¢kajova
A. et al., 2014), where the use of other types of grinders (wide) and similar results were
obtained in grinding of various sintered materials. Proportion of particles less than 100
pum 96,16% was obtained in sanding MDF on the wide belt sander, proportion of particles
<100 pum 89,21% was obtained in grinding DTD on wide belt sander.

Emerging percentages proportions of dust fractions represent an increased risk of
explosive dust- air mixtures formation in an enclosed workplace. According to STN 26
007 (STN ISO 3569: 1995-09), based on the size of the particles dust is classified into a
very fine powder designed as A D2 (0.07 to 0.40 millimeters), fine dust D1 (0,50 to 3,50
mm ), fine-grained dust C (3,60 to 13,0 mm), medium grained B (14,0 to 75,0 mm) and
coarse-grained (more than 75,0 mm) and irregularly shaped - fibrous dust particles E (
Ockajova et al., 2006), (L & Dzurenda Orlowski, 2011)). It can be stated for all tested
samples that a very fine and fine dust are the dominant components. In terms of the risk
of explosion there is given fraction with an optimal fuel and concurrently, the risk of
explosion increases with an increase of the very fine dust proportion. The finer dust means
the higher maximum explosion pressure and the maximum rate of explosion pressure rise
(brisance), and thus the smaller ignition energy is required to initiate dust-air mixture.

4. CONCLUSION
We can make the conclusion based on applied experiments that:

- percentages proportions of particles 32 pm over 32 um represent the values from
49,58 % of the total sample weight of beech wood dust up to 78 % of total weight
of alder wood dust sample from the sanding process with orbital sander GOSH pss
200Aac,

- atleast abundant fractions of samples of wood dust fractions were 2 mm and 1 mm,
from 0.5 % to 1 % of the total weight of the sample,

- the most abundant percentages proportion creates premises of the risk of inhaling
respirable components contained in the fraction less than 32 pm and potential of
dust- air explosive mixture CREATION.
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REACTION TO FIRE SELECTED COATING
MATERIALS

Abstract: Paper deals with selected upholstery flammability test materials with the contents that in
case of fire can cause a risk of spreading the fire. Of the selected materials we used the most frequent
materials for upholstery. We monitored them to initiate spontaneous flammability on various sources
of ignition, and flame propagation speed. All tests are performed in accordance with applicable
Slovak technical standards. In the paper are described methods of individual tests and proposals for
action by various retardation.

Key words: coating materials, flammability, flame propagation, fire, testing methods

PEAKIINJA HA ITOXKAP OJABPAHUX
TAIIETAPCKUX MATEPUJAJIA

Pesume: Pan ce 0aBu TecTHpameM 3ama/bMBOCTH Ofa0paHMX TaleTapckux Martepujajia ca
caapkajeM KOjH y Cilydajy Mo)kapa MOXKe HM3a3BaTh PHU3HMK O] LIMpema noxapa. Onabpanu cy
Hajuenthe kopunrheHH MaTepHjaay y TarmeTapcTBy. I[IpaTmim ¢MO MX O CHOHTAHOT INajbermha Ha
Pa3IHUYNTHM HM3BOPHMA TaJberha, U Op3WHEe MpocTHpama IraMeHa. CBH TECTOBH Cy U3BEHEHH Y
CKJIQly Ca Ba)KEhMM CIIOBAUYKMM TEXHUUYKUM CTaHAApANUMA. Y pajy Cy OMHCaHEe METOAE IOjeINHUX
HCITUTUBAKA, U TIPEIJIO3H 32 YCIIOPABaHke TOPEHha Pa3IHIUTHM CPEACTBUMA.

Kbequ peum: TareTapCcKu MaTepI/IjaJ'II/I, 3allaJbUBOCT, HIMPCH-a IJIaMC€Ha, II0XKap, METOAC
HCIIUTUBaKkA
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1. OVERVIEW OF THE CURRENT SITUATION

Safety issues of upholstered furniture are on the agenda of the European Parliament
represented by Furniture and Furnishings (Fire Safety) regulation concerning upholstered
furniture, where the Article 3 states:

“Upholstered furniture must meet the requirement of non-ignition.” The requirement
of non-ignition lies in limited response to ignition from a cigarette so that the fire does
not spread into the surrounding area” A press release of the European Commission in
Brussels refers to cigarettes which, when unattended, become one of the primary causes of
fatal fires in Europe and the Member States quote up to 30 000 fires caused by cigarettes
reporting 1000 casualties and more than 4 000 people injured. The European Union
has adopted new safety standards reducing fires by more than 40 % by thanks to the
introduction of reduced ignition propensity cigarettes which self-extinguish when thrown
away. (Published, Official Journal of the EU, 17.11.2011) Companies producing cigarette
paper were forced to change the method of production so that the two bands of thicker
paper are inserted into the cigarette lengthwise in two points. Tobacco of a discarded
cigarette, when left unattended, meets one of the strip that reduces the air and oxygen
supply ensuring that the cigarette goes out (Fig. 1).

Figure 1. Fire-safe cigarette [9]

Cigarette paper belongs to the category of paper specified for the production of tobacco
products where cellulose is the crucial element; white colour is obtained by adding chemical
additives such as magnesium carbonate, calcium carbonate or potassium nitrate. The paper
ensures harmonic burning. Cigarette filter reduces the amount of harmful substances in
the inhaled smoke. They are produced in different forms depending on the manufacturer.
It consist of the three main parts: filling - bundle of fibres of cellulose acetate or paper;
with more expensive cigarettes, these fillings are replaced by cotton; cheaper ones have
different replacements which create the main part of the filter; a plasticiser — softening
agent added in small quantities binding the filter fibres and keeping it soft; tipping paper
— paper wrapped around the filter and connected to cigarette rod containing tobacco filling
— it is considered to be a part of the filter; the last part is represented by adhesive ensuring
that the cigarette will not unroll [5].

The most common causes of fire, as a consequence of a cigarette as the initial source,
are nowadays extremely problematic. Finding direct evidence concerning the issue is very
difficult, and, in most cases, only indirect evidence can be found. Materials that are the
most common causes of fire are listed in table 1.
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Table 1. Initiating materials
Material Percentage [%]
Cotton, silk, untreated fabrics 54,3
Treated or hand made fabrics 13,7
Untreated, bare paper 9,6
Fabrics, textiles, imitation leather 3,7
Sawn timber 3,2
Polyurethane 1,6
Tobacco 1,4
Miscellaneous 1,4
PVC 1,2
Plastics 0,9
Other 6,7
Unknown material 23

2. METHODOLOGY OF THE EXPERIMENT

This European standard specifies the test method for flammability tests of material
combinations such as upholstery covers and paddings/stuffings used for the manufacture
of upholstered sitting furniture where a smouldering cigarette represents the source of
ignition. The test only determines the flammability of material combinations upholstered
sitting furniture consists of and does not determine the flammability of individual
materials used for its manufacture. It indicates its flammability but cannot provide
reliable information about the flammability course of the final product (furniture) [6].

Upholstered furniture tests have been carried out using three basic samples which are
often used and are easily available. The sample have been cut into desired dimensions in
accordance with the Slovak norms in force. Each test specimen has different composition
and surface. Test procedure and results are shown in the following section.

Sample No. 1: Artificial leather-ROMA (Fig. 2). Technical parameters of the upholstered
material: No surface treatment, clean with natural texture

Quality: artificial leather,

Composition - surface: 100 % polyvinyl chloride, Fabric: 100 % polyester.

Width - 140cm,
Weight - 390 g/m>  +/-5 %,
Thickness - 0,70 mm +/- 0,1 mm,

Martindale (the most popular method for wear resistance tests) - 60 000 MD [21].
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Figure 2. Artificial leather - Roma (Source: author, 2016)

Sample No. 2: Suede — OPAL (fig. 3). Technical parameters of suede (of light colour):
leather with a protective layer ensures greater resistance against sunlight, water and
dirt.

Quality — suede,

Composition — 80 % polyester, 20 % acrylic,

Width — 150cm,

Weight — 280 g/m?,

Thickness — 0,65 mm +/- 0,1 mm,

Martindale 45000 MD [22].

Figure 3. Suede - OPAL (Source: author, 2016)
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Sample No. 3: Microplush— ROMA (fig. 4). Technical parameters of furniture microplush
(of red/wine colour): covering material - microplush - with a delicate print and delicate
patterns - is soft and resistant to sunlight.

Quality — microplush,

Composition — 98 % polyester, 2 % cotton,
Width — 140 cm,

Weight — 280 g/m?,

Thickness — 0,70 mm +/- 0,1 mm
Martindale — 50 000 MD.

=
Figure 4. Microplush - Pony (Source: author, 2016)

3. TEST PROCEDURE ACCORDING TO STN EN 1021-1: 2006

The test procedure — a set of upholstery materials shall be exposed to the ignition
source — a smouldering cigarette. The materials are arranged so that the set matches
with the place between the bottom of an armchair and the armrest. Flammability of the
set is determined by using smoking equipment such as a cigarette. The method tests
the flammability of the whole system i.e. upholsetery cover, interliner, paddings and
stuffings etc. in the arrangement suitable for the test equipment [6].

Within 20 minutes after taking the materials out of the conditioning atmosphere, a
cigarette is lit and the air is absorbed through it until the end of the cigarette is visibly
burning. During this stage, at least 5 mm but no more than 8 mm of the cigarette length
should be spent [6]. Burning cigarette shall be positioned along the contact line between
horizontal and vertical part of the test assembly so that the cigarette is at least 50 mm from
one of the edges or from any area potentially damaged by the previous test. At the same
time, the timer has been launched [6].

Burning course has been monitored and any traces of sustained smouldering or flame
combustion of the padding or cover have been recorded. If sustained smouldering or
flame combustion of the layers of the upholstery occur, test assembly is put out and the
information is recorded; time between placing the cigarette onto the test assembly and
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extinguishing it is recorded as well. If ignition by sustained smouldering or by flame
combustion do not occur or the cigarette does not burn its full length, then the information
is recorded and the test shall be repeated once again using a new cigarette at 50 mm
distance from the area potentially damaged by the previous test [6].

If no ignition caused by sustained smouldering or flame combustion occur; or if the
cigarette does not burn its full length during the second test, then the data is recorded and
final inspection is made [6]. Cleaned test equipment unfolds and both the upholstery cover
and the interliner (if there is any) are fixed to a bar. Stuffings and paddings are placed
below the interliner and are fixed into frames. The frame is covered by the upholstery
cover and 20 mm of the cover must be sticking out. By using at least four clips for each
side, the cover is than fixed onto the frame on the top and bottom part of the frame. Clips
must be at least 60 mm long (Fig. 5) [7, 6].

Figure 5. Test equipment (Source: author, 2016)

OWA LABOR calibrated scales (fig. 5), II. class of accuracy with non-automatic weighing
instruments were used to weigh the source of ignition - the cigarette. Ignition Source:
smouldering cigarette, cigarette of circular cross-section must be used, with no cigarette
holder, meeting the following requirements.

4. MEASURED VALUES

Fig. 6 shows an upholstery material, artificial leather — Roma, which was used to carry
out the test with a smouldering cigarette as the ignition source. According to the above
mentioned criteria, the test specimen has burned through its thickness whereas the whole
test assembly hasn’t. During the first test, the length of burnt part was 3 cm; during the
second test, the length was reduced to 2.6 cm. Time of smouldering of the ignition source
(cigarette) was 27 minutes during the first test, the second test had a similar time frame of
29 minutes [1].
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Figure 6. Smouldering course of artificial leather — Roma (Source: author, 2016)

Table 2. Smouldering test of artificial leather - Roma

burning

Cigarette 1 Cigarette 2

Burning spreading dangerously No No

Test assembly has burnt out No No

Test assembly has burned through by No No

smouldering towards edges

Test assembly has burned through by Y Y
Criteria of smouldering in its thickness es es
smouldering Smouldering of the test assembly for No No

more than 1h

Presence of active smouldering during

the final inspection No No
Criteria of

Occurrence of flames No No

4.1. Sample no. 2

Figure 7. Smouldering course of suede - OPAL (Source: author, 2016)
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Smouldering and burning test were carried out on a suede sample - Opal. During the
test, the upholstery material burned through - the figure 7. After the cigarette has burned,
the length of burned throuht part was 5,1 cm during the first test and 6,5 cm during the
second test [2].

Table 3. Smouldering test - suede - Opal

Cigarette 1 Cigarette 2
Burning spreading dangerously No No
Test assembly has burnt out No No
Test assembly has burned through by N N
smouldering towards edges 0 0
Test asserpbly h:els bumed through by Yes Yes
L. smouldering in its thickness
Criteria of Smouldering of the test bly ft
smoulderin mouldering of the test assembly for
& more than 1h No No
Presence of active smouldering
during the final inspection No No
Criteria of Occurrence of flames
. No No
burning

4.2. Sample No. 3

With the final sample — micro-plush Pony (Fig. 8) - smouldering and burning tests have
been carried out as in the previous cases. During the test, the test sample burned through
according to the above mentioned criteria [3].

Figure 8. Smouldering course of micro-plush - Pony (Source: author, 2016)
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Table 4. Smouldering test - micro plush Pony
Cigarette 1 Cigarette 2
Burning spreading dangerously Yes Yes
Test assembly has burnt out No No
Test assembly has burned through by No Yes
smouldering towards edges
Test assembly has burned through by Yes Yes
Criteria of smouldering in its thickness
smouldering Smouldering of the test assembly for more No No
than 1h
Presence of active smouldering during the No Yes
final inspection
Criteria of Occurrence of flames Nie Ano
burning

5. EVALUATION AND RECOMMENDATION

The test was carried out according to the STN EN 1021-1:2006 norm; samples no.
1 and no. 2 — smouldering depending on the smouldering cigarette without any flame
combustion; sample no. 3 — sustained smouldering caused flame combustion of the
upholstery material which spread rapidly towards the edges, dripping of the burning parts
occurs and the sample must have been extinguished.

Time of cigarette smouldering [min.]

16,42

12,23

Sample no.1 Sample no.2

Test sample

Figure 9. Time of cigarette smouldering

98

13,25

M Cigarette no.1
H Cigarette no.2

Sample no.3

(Source: author, 2016]
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In all of the cases, cigarette smouldering took place in different time intervals which
had an impact on the size of burned area of the fabric; the times were not identical in any
of the tests. None of the test specimens, carried out according to STN EN 1021-1 norm,
were burning for more than 1 hour and the whole test assembly did not burn out either.
Cigarette burning is affected by air speed in particular; this was proven by the test no. 3,
where, on the basis of higher temperature and air circulation, thermal degradation of the
material occurred; that has released thermal energy triggering substantial cigarette burning.
Evaluation of the experiment with a smouldering cigarette after putting it onto the sample
no. | (artificial leather — Roma), the test sample burned through its thickness, rapid spread
of burning has not occurred. Active smouldering of the sample has not been recorded.
Sample no. 2 (suede — Opal); active smouldering has not occurred in neither of the tests,
the cigarette burnt through its thickness and went out. Sample no. 3 (microplush - Pony);
smouldering occurred during the first test but it did not cause any rapid spread of burning;
as in the previous cases, the sample has burnt through its thickness. During the second
test, active air has been pumped into the laboratory room causing dangerously spreading
burning, the source and the air flow triggered a flame which spread out towards the edge of
the assembly. The best properties during the test procedures have been achieved with the
sample no. 1 (artificial leather - Roma) and the sample no. 2 (suede - Opal). Fig. 9 shows
the time of cigarette smouldering for the individual test samples.

6. CONCLUSION

Upholstered furniture is a risky category in terms of safety, thermal stress, self-
ignition and burning. In the event of potential fire, characteristics of different materials
on the basis of chemical, natural and metallurgical fibres is from the point of view of fire
safety the riskiest part of the interior and exterior. Material composition of textiles must
be sanitary; suitable choice of material can influence or mitigate the consequences of
fire. Getting to know the fire-technical properties of textiles and materials is a decisive
factor, not only from the point of view of its design and comfort but also to asses how
these materials influence burning course and consequences of a fire. In contact with a
small source of ignition, upholstered material is easy to ignite and tends to burn with an
increasing intensity.
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FIRE-TECHNICAL CHARACTERISTICS OF CHOSEN
COMBUSTIBLE FOOD DUSTS

Abstract: Combustible dusts in food industry are a significant risk, especially with regard to their
explosion. Under certain specific circumstances it may occur in food companies very quickly
and damage that can be caused by such explosions, mostly climb to huge amounts. Loss of life
or injury of workers” health are no exception. Therefore, it is important to pay attention to fire-
technical characteristics of combustible food dusts to protect against emergencies as a result of
the explosion. The article deals with the characteristics of combustible dusts, especially the fire-
technical characteristics, as well as with an explosion protection in food business.

Key words: combustible dust, flammable dust, food industry, fire-technical characteristics, dust
explosions, explosion protection

MNOKAPHO-TEXHUYKE KAPAKTEPUCTUKE
OJABPAHUX BPCTA I'OPUBE ITPEXPAMBEHE
IHHPAIIMHE

Pe3ume: TopuBa npammba y npexpamMOeHOj HHAYCTPUJjH NpPeICTaBkha 3HAUajaH PU3HK, HAPOUUTO
¢ ob3upom Ha MoryhHocT meHe ekcruosuje. Ilonm onpeheHnM okonHOCTHMA y HIpexpaMOeHo]
WHAYCTpHjHU MOke aohm 1o me Beoma Op30, a INTeTa Koja MOXKe OMTH Y3pOKOBaHa TaKBUM
eKCIIO3MjaMa, YIIIABHOM C€ MEHe 10 BEIMKHUX M3HOca. ['yOMTak »KMBOTA WJIM IIOBPEAE paJHHUKa
HHCY u3y3eTak. Ctora je BaXKHO OOPAaTUTH NaKkby Ha MOKAPHO-TEXHUYKE KAPAKTEPHCTUKE TOpUBE
MpaniHe TOPEKIOM OJf HAMHUPHHIIA KaKO OMCMO Ce€ 3alITUTHIM OfI BAHPEIHE CUTYyalldje Koja je
pesyarar ekciuiosuje. Y paxy ce pa3sMarpajy KapaKTepUCTHKE TOpHBE IpallnHe, I0CEOHO OHe
MOKAPHO-TEXHHYKE, Ka0 M 3alITHTA OJI EKCIUIO3Kje y mpexpaMOeHnM npenysehnma.

Kbyune peum: ropuBa mpallfHa, 3amajbhBa IpaIIfHA, HpexpaMOeHa HHAYCTPHUja, MOXKAPHO-
TEXHNYKE KapaKTEePUCTHKE, EKCIUIO3Hja MPAIIHHE, 3aITUTA Off eKCILIO3Hje

!'Ing., Ph.D., University of Zilina, Faculty of Security Engineering, Department of Fire Engineer-
ing, Street of the st May 32, 010 26 Zilina, Slovak Republic,
Miroslava. Vandlickova@fbi.uniza.sk
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1. INTRODUCTION

Since time immemorial it has been used and worked with flammable dusts
in food industry. The dust is mainly worked with in mills and different silos.
Because of the flammability of the dusts a hazard of fires or explosions there
has been always present in our society. The risk caused due to the manifestation of this
danger has been increased in recent decades when these dusts began to be produced
industrially. In this industrial area there is the risk of sedimented dust higher because of
his big amounts, and there is also the frequency of equipments that may figure as ignition
sources of fires and explosions higher. The consequences of such events may have strong
influence on the used technology but also on the health of workers. In an environment
where an explosion of combustible dust is present there must be met simultaneously several
conditions for physico-chemical properties and fire-technical characteristics of the dust,
which are necessary for determining formation of dust explosion. Therefore it is necessary
to know all chemical and physical properties and also fire - technical characteristics of the
dusts which is under construction. It is also necessary to use verified practices and to have
also installed safety devices that can protect the technology against fires or explosions, or
they can dispose of them very quickly in time.

2. SPECIFICS OF FLAMMABLE DUSTS PRESENT IN FOOD
INDUSTRY AND AGRICULTURE

Food factories have some specifics that make the situation more favorable compared to
other industries. They have a higher level of hygiene and cleanliness in the workplace, so
there is usually not used to manipulate with higher amount of dust out of the technology
and thus the risk of explosive atmospheres creation relates in the vast majority only to
the interior of the devices (for example, in tanks and silos of flour, sugar, cocoa and other
loose (powdery) materials and in transport systems or machines for mixing raw materials.
But at that same time, however, this fact conceals a big danger of underestimating of
situation. Operation, which for the first view looks clean and dust-free hides considerable
risks at places which are not visible.

Agricultural operations are doing from this point of view considerably worse. Often
the material is handled in an open area outside of the technology (such as income trashes,
loose grain stores). It is raised a large amount of fine waste dusts during processing and
cleaning of agricultural products (cereals, corn, to a less extent also canola and poppy).
And also housekeeping in some areas, particularly in building silos and crop lines, is often
problematic [6].

2.1. Real industry accidents caused by explosion of combustible food and
agricultural dusts

Historically, the explosion of food and agricultural dusts are known phenomenon for
more than 200 years. The first explosion that was recorded was mill dust explosion in a
warehouse in Turin in 1785. During following period there were many dust explosions in
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warehouses and food industries. E.g. in 1979 in Germany, an explosion destroyed almost
the entire mill and caused 14 deaths. In 1982 there were also two major explosions in
France in silo of the sugar factory “Boiry Sainte Rictrude” and malthouse “Metz”. For
example, there were killed 12 people [3].

On February 7, 2008, a huge explosion and fire occurred at the Imperial Sugar refinery
northwest of Savannah, Georgia, causing 14 deaths and injuring 38 others, including 14 with
serious and life-threatening burns. The explosion was fueled by massive accumulations of
combustible sugar dust throughout the packaging building [4].

7% i . 3 )

Figure 1. Imperial Sugar Refinery after explosion of sugar dust [4]

2.2. Fire-technical characteristics of food and agricultural dusts

To occur flammable dust explosions there are simultancously present the
following elements needed: combustible dust, initiating ignition source, oxygen
(air), dispersion of combustible dust particles and their occurrence in a confined
space (eg. in a container room in a manufacturing or processing facility) .
Experimental tests can provide information about a number of basic fire - technical
characteristics of dust, among which we include for example lower explosion limit,
maximum explosion pressure, maximum rate of pressure rise, explosion constant K,
minimum initiation energy, combustion temperature of sedimented dust, the combustion
temperature of the swirled dust, the ignition temperature of sedimented and swirled dust,
limit oxygen number.

For large number of combustible dusts it can be found these fire - technical
characteristics in tables or specialized technical literature. However, it should be kept in
mind that the values of these characteristics have the character of intervals, so they need
to be understood just as approximate guide values. Safety parameters of combustible dust
always depend on a specific technology and on conditions of handling with the substance
[5]. In following tables there could be seen the fire-technical characteristics of particular
food flammable dusts stated in technical literature.
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Table 1. Fire-technical characteristics of dried milk [2,8,9]

DRIED MILK
Lower explosion limit [g/m?] 60
The ignition temperature of the seated dust [°C] 330
The ignition temperature of the whirled dust [°C] 520
Maximum explosion pressure [MPa] 0,86
Explosion constant K, [bar.m/s] 90
Minimum ignition energy [MJ] 35

Table 2. Fire-technical characteristics of cocoa [2,8,9]

COCOA
Lower explosion limit [g/m?] 65
The ignition temperature of the seated dust [°C] 200
The ignition temperature of the whirled dust [°C] 500
Maximum explosion pressure [MPa] 0,47
Minimum ignition energy [MJ] 100

Table 3. Fire-technical characteristics of dust sugar [2,8,9]

DUST SUGAR
Lower explosion limit [g/m?] 45
The ignition temperature of the seated dust [°C] 400
The ignition temperature of the whirled dust [°C] 370
Maximum explosion pressure [MPa] 0,75
Explosion constant K [bar.m/s] 126
Minimum ignition energy [MJ] 30

Table 4. Fire-technical characteristics of wheat flour [2,8,9]

WHEAT FLOUR
Lower explosion limit [g/m?] 125
The ignition temperature of the seated dust [°C] 360
The ignition temperature of the whirled dust [°C] 480
Maximum explosion pressure [MPa] 0,7
Explosion constant K, [bar.m/s] 63
Minimum ignition energy [MJ] 40
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3. EXPERIMENTS

There are two basic methods for measuring of ignition temperature of food dust,
and those are measuring in sedimented state and measuring in whirled state of dust. Our
experiments shown in this article are provided according to the second method. The
measuring equipment is shown in the following figure 2.

Figure 2. Equipment for measuring of ignition temperature of whirled dust. Legend: 1 — furnace
shell, 2 — top cover, 3 — lower cover, 4 — adapter, 5 — tube, 6 — sleeve, 7 —mat, 8,9 — flange for
thermocouple, 10, 11 — locknut, 12, 13, 14, 15, 24 —mat, 16 —ring, 17 — pin, 18 — sleeve, 19 — nut,
20, 21 — thermocouple, 22 — countersunk bolt, 23 — convex nut, 25 — therminal, 26 — Kanthal wire,
27 — compression spring, 28 - rack ovens, 29 — hedging ring, 30 — dust collector [7]

The values measured by the equipment for measuring of ignition temperature of
whirled dusts are shown in the next table 5. As it can be observed in comparison with
the values written in technical tables and literature there are some small variations in our
laboratory measurements. They can be caused, as it is mentioned above, by the particular
structure of the dust, by the size of its particles, by humidity of the dust, etc.

Table 5. Fire — technical characteristics of particular food dusts measured in our laboratory

Minimum ignition temperature of whirled dusts [°C]
Dust Measured value Tabled value
Flour 390 485
Whole grain flour neg -
Dust sugar 380 360
Cocoa 480 500
Dried milk 510 520
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4. CONCLUSION

Fire-technical characteristics of combustible dusts such as ignition temperature of dust
in deposit state, ignition temperature in whirled state, minimum ignition energy, explosion
constant K , etc. are not physical constants [1] and are depending on test conditions, on
structure of the dusts, on size of dust particles, on humidity and many others circumstances
and conditions. Using direct value of particular fire-technical characteristics without
measuring for particular dust is not the right way and the safety in the food industries
and agricultural companies could not be exact. That is why every food and agricultural
plant needs to have measured all fire-technical characteristics of the dusts that occur in the
particular company. Such way of characterization of the sample could lead to higher safety
of the food industry and to protecting many lives of workers and property.
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Iveta CONEVA!

DETERMINING THE FLASH POINT IGNITION AND
SELF-IGNITION TEMPERATURE OF TISSUE PAPER

Abstract: The aim of experimental investigations was to verify and compare the effect of bleaching
agent hydrogen peroxide and the enzyme for cellulose products combustion processes. Subjects of
tests were input raw material samples — waste paper, wood pulp and intermediary product — tissue
paper. Namely, following fire technical parameters: flash ignition temperature and self-ignition
temperature of selected cellulose materials were determined and compared by method in STN ISO
871:1999 Plastics. In the determination of ignition temperature was used a hot-air furnace.

Key words: combustion cellulose products, waste paper, tissue paper, flash point ignition
temperature, flash point self-ignition temperature, oxidizing agent, hydrogen peroxide, an enzyme

OAPEBUBAILE TAYKE ITAJbEIbA U TEMIIEPATYPE
CAMO3AITA/BEIbA XUT'MJEHCKOI ITAIIUPA

Pe3ume: L{nip excriepuMEeHTAIHUX UCTPaXKMBamka je OMO Ja ce MPOBEpH U ymopean edekar areHca
3a u30esbUBabe BOIOHMK MEPOKCHAA M CH3MMa KOJ ropema LEeNYJI03HUX Npou3Boma. [Ipenmer
UCITUTUBAA CY OMIIM Y30PIIM CHPOBHHA — CTApOT MAIKpa, Lenyno3e 1 Mehynpon3Bo/ia — XUrHjeHCKOT
nanupa. Hanme, metomom u3 STN ISO 871:1999 Plastics onpehenu cy u ynopeheHn TexHUUKH
rapaMeTpH IIoXapa: Tadka Majbelhba M TeMIleparypa camo3anaberha OJadpaHuX MeNTyJIO3HUX
Marepujana. 3a onpehuBame Temeparype nabemba KOPHCTHIN cMO Tieh 3a Tomao Ba3ayX.

KibyyHe peum: caropeBame ILENYJIO3HHX HPOM3BOAA, CTapy Manupa, XWIHWjeHCKH Mamup,
TeMIlepaTypa Najbeha, TeMIeparypa caMo3anaberha, OKCHIAOHO CPEACTBO, BOIOHHUK MIEPOKCH,
CH3UM

!'Ing., Ph.D., Slovak Republic, University of Zilina, Faculty of Security Engineering, Department
of Fire Engineering, str. 1. maja 32, 026 01 Zilina, e-mail: iveta.coneva@fbi.uniza.sk
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1. INTRODUCTION

1.1. Fire danger pulping

Structural fire safety depends on many factors:e.g. on amount and type of flammable
products, materials and substances placed in those [1, 2, 3, 4]. In building structures
and in technologies, too, flammable cellulose materials are present frequently [5-25],
(for example wood, wood pulp, cellulose, paper, waste paper, tissue paper, etc.) In
technology of paper production and processing, namely of tissue paper from basic input
raw materials: wood pulp and waste paper, pulping operation connected with treatment
and removal of unwanted printing dyers belongs to the most hazardous as regards possible
origin of fire. During bleaching, contact flammable input raw materials (wastw paper)
and strong oxidizing agent, hydrogen peroxide, takes place. Hydrogen peroxide itself is
not flammable but significantly supports burning process and thus increases fire danger in
pulping operation at pulp cellulose preparing and in technological process of production
tissue paper products: hygienic toilet paper, hygienic napkins and handkerchiefs [5-25]. It
is possible to substitute used bleaching agent, hydrogen peroxide, by other more suitable
and more fire safety substance in practice. This substance is an enzyme that causes more
effective enzymatic bleaching of waste paper input raw material. Presence of cellulose
materials as well as products significantly influences burning process thus i tis important
to know their fire technical parameters, for example the flash ignition temperature and
self-ignition temperature. Measured results can serve for comparison and assessment of
fire origin possibility in technology of tissue products production focused on a bleaching
process by two different methods- the peroxide one and the enzymatic one. Effect of used
bleaching agents (hydrogen peroxide and enzyme) on inflammability of completed tissue
products will be evaluated: that finally affects solving of fire protection topic in various
building structures, namely in technological process of tissue product production [9, 10,
12].

2. DETERMINATION OF FLAMMABILITY IN A HOT-AIR FURNACE

2.1. The flash point ignition and self-ignition temperature

Fire technical characteristics-flash ignition temperature and self-ignition temperature
of selected cellulose materials are to be determined and compared by method of STN
ISO 871:1999 Plastics: Determination of ignition temperature using a hot-air furnace.
This standard STN ISO 871 refers to the laboratory method of determination of ignition
temperature using a hot-air furnace [9, 10, 12], [26-30]. Results of this test can be used as
elements of fire hazard estimation when all factorsb relating to fire hazard estimation in any
specific case are taken into account. Tests carried out under this method conditions have
relevant significance at comparison of relative flammability characteristics of different
materials. Obtained results represent the lowest temperature of ambient atmosphere
when inflammability of material occurs under test conditions. Measured values allow
arranging materials according to their susceptibility for inflammability under common use
conditions. Determination of inflammability in a hot-air furnace is a suitable test also for
polymeric materials on cellulose base [9, 10, 12],[26-30].

Flash ignition temperature (FIT) is the lowest temperature at which, under specified
test conditions, sufficient flammable gases are emitted to ignite momentarilyon application
of a pilot flame [9, 10, 12, 14].
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Spontaneous-ignition temperature (SIT) is the lowest temperature at which, under
specified test conditions, ignition is obtained by heating in the absence of any additional
ignition source [9, 10, 12, 14].

2.2. Principle of the test, testing apparatus and specimens

A specimen of the material (Table 1) is heated in the hot-air furnace within a heating
chamber using various temperatures.
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Figure 1. Cross-section of the hot-air furnace [9]

A — thermocouple TC,, B — fire-resistant disc cover, C — sealing ring, D — terminals of heating
spiral, E — support rod, F — thermocouple TC,, G — opening (diameter 25 mm), H — pilot flame,
I — thermocouple TC,, J — air-flow meter; K — mineral fibre wool, L — air-flow tangential to
cylinder, M — specimen pan, N — 50-turns of No 16 Nichrome wire in heat resistant tunnel,

O — three distant blocks to spice inner tube location and support it, P — thermal insulation, R —
inspection plug, S— metal fastening clamps

Flash ignition temperature is determined by is determined with a small pilot flame
directed at the opening in the top of the furnace to ignite evolved gases. The spontaneous-
ignition temperature is determined in the same manner as the flash-ignition temperature,
but without the pilot flame [9, 10, 12],[26-30].The hot-air furnace and its cross-section
is in Figure las a part of testing apparatus intended for determination of inflammability
according to the STN ISO [9, 12]. The goal of investigation is verification and comparison
of bleaching agents (hydrogen peroxide and enzyme) effect on inflammability of cellulose
materials. Subjects of test are specimens of input raw materials — waste paper, and
intermediary product — tissue paper [12, 31, 32] detailed referred to in the Table 1.

2.3. Preparation of tested specimens

Prior to the test, Specimens A, B, C, D, E were adjusted in roll forms with the mass (3,0
+0,2) g and tied by a wire and conditioned at the temperature (23 + 2)°C and the relative
humidity (50 = 5) % for 40 hours in accordance with ISO 291 [12, 32].
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Table 1. Essential data on cellulose material specimens [12, 31, 32]

group quality C* — input raw
material; better quality types

Specimen identification Essential Note
data (represented by)
A - input raw material | Mixture of waste paper; | white newspaper; journals and

newspaper with minimum text,
pieces of paper sheets and cut
white colour

stripes printed by minimum text

B - input raw material

Mixture of waste paper;
group quality B* — input raw
material; middle quality types

journals and newspapers, pieces
of paper sheets and cut white up
to yellow colour stripes printed by
text

C - intermediary
product from 100 %
wood pulp

Tissue paper —intermediary
product made from 100 %
wood pulp

non-bleached tissue paper suitable
for production of final hygienic
tissue products

D - intermediary
product from waste
paper bleached by
enzyme

Tissue paper —intermediary
product made from mixtures
of waste paper (C*30 % + 70
%B*?) by enzymatic bleaching

tissue paper made from mixtures of
waste paper bleached with enzyme
and suitable for production of final
hygienic tissue products

E - intermediary
product from waste

Tissue paper —intermediary
product made from mixtures

tissue paper made from mixtures
of waste paper bleached with

paper bleached by of waste paper(C* 30 % + 70 | peroxide and suitable for
peroxide %B?) by peroxide bleaching production of final hygienic tissue
products
* Note:

Waste paper according to the standard STN EN 643 is divided into four main groups in which more
subgroups are defined; the A group: types of lower quality; the B group: types of middle quality; the
C group: higher quality types; and the D group: types containing sulphates [12, 31, 32].

B? — mixture of waste paper from the B group: middle quality types, actually it was represented by
old newspapers [12, 31, 32].

C2- mixture of waste paper from the C group: middle quality types, actually it was represented by a
mixture of printing scraps wi th bright multi-coloured colours [12, 31, 32].

3. EVALUATION OF EXPERIMENTAL RESULTS AND DISCUSSION
REFERENCES

Measured values of the flash ignition temperature and spontaneous ignition temperature
of cellulose material specimens are referred to in the table 2 and shown in graphic form in
the Figure 2 [12, 32].
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Table 2. Measured values of the flash ignition temperature and spontaneous ignition temperature
of cellulose material specimens [12, 32]

Specimen - ) Flash ignition Spfmt.afleous
material Essential data temperature ignition
[°C] temperature
[°Cl
A - input raw Zmes zberovych
material papierov, kvalita
skupiny C* — vstupnd 370 430
surovina, lepsie druhy
B - input raw Zmes zberovych
material papierov, kvalita
skupiny B* — vstupnd 320 410
surovina, stredné
druhy
C - intermediary Tissue papier
product from 100 % — polotovar,
wood pulp medziprodukt vyrobeny 270 420

zo 100 % buniciny

D - intermediary Tissue papier
product from waste — polotovar,
paper bleached by medziprodukt vyrobeny
enzyme zo zmesi zberovych
. 310 410
papierov
(C*30% + 70 % B”)
enzymatickym bielenim
E - intermediary Tissue papier —
product from waste | polotovar, meziprodukt
paper bleached by vyrobeny zo zmesi
peroxide zberovych papierov 260 410

(C*30% +70 % B" )
peroxidovym bielenim

3.1. Discussion on experimental results

Cellulosic material, flash point range in the range from 260 °C to 320 °C, flash point
temperature values of the samples A, B, C, D, E are given in Table 2 and Figure 2 - a
graph. From the measured values of the flash point can be established that the value of
the flash point of tissue paper produced from a mixture of papers of bleached the aid of
the enzyme (sample D) is comparable to the flash point of the mixtures of waste paper
(samples A and B), i.e., the enzymatic bleaching of waste paper no significant effect on
change in value of the flash point. The analogue comparison of the same of the ignition
characteristics of tissue paper produced from a mixture of papers of bleached the aid of
hydrogen peroxide (example E), tissue paper made from 100 % pulp (Sample C), and
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mixtures of waste paper (samples A and B) shows that it bleaching process hydrogen
peroxide and possibly bleaching methods used to obtain 100 % of pulp affects the value
of the flash point. The difference between the flash point of the samples D and E was
50 °C. Probably more intense bleaching process for the peroxide bleaching decrease the
value of the flash point of tissue paper compared to the sample of paper, for which it was
transferred to the bleaching enzyme.

Teplota vzplanutia, Teplota vznietenia

O Teplota vzplanutia [°C]

B Teplota vznietenia [°C]

Teplota vzplanutia [°C],
Teplota vznietenia [°C]
[
=3
S

100
50 1

VzorkaA VzorkaB VzorkaC VzokaD VzorkaE

Vzorky materialov

Figure 2. Chart of measured values of the flash ignition temperature and spontaneous ignition
temperature of cellulose material specimens [12, 32]

Set point temperature of ignition of the samples of cellulosic materials is within the
range from 410 ° C to 430 °C and processed in table 2 of Figure 2 - Graph. Flash point
of the samples A, B, C, D, E is also shown in Table 2 and in FIG. 2 - chart. A comparison
of the results of the determination of ignition temperature, it can be concluded that, since
the difference between the values ignition temperature mixtures of waste paper and
intermediates produced them bleached with a maximum of 20 °C, whitening methods
have a significant impact on changing values ignition temperature.

Comparison of set-up parameters: the flash point and ignition temperature of the
samples were processed cellulosic materials in Table 2 and Figure 2 - Graph. Readings
ignition temperatures of the samples A, B, C, D, E cellulosic material is above about
110 °C to 150 °C than the flash point temperature value identical samples [12, 32].

Lower values flash point is explained by opening the actual ignition source (propane
flame) for greater initiatory energy as an indirect source of ignition, hot air stream (radiant
heat) in determining the ignition temperature. Conflagration flame extinction and the
following, the same cellulosic material occurs sooner, at lower temperatures than the
ignition and sustained flaming [12, 26-30].
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4. CONCLUSION

Based on determined results (Tables 1 and 2 and Figure 2), it can be stated that input
raw material specimens - waste paper A and B, reached the highest values of monitored
fire technical characteristics: the flash ignition temperature and the spontaneous ignition
temperature. It can be assumed that presence of dyers, fillers, gluing agents and other
additives decreases relative flammability of waste paper. Based on comparison of
determined values of the fire technical characteristics of the specimens D and E (Table
2 and Figure 2), the specimen D — tissue paper made by enzymatic bleaching; and the
specimen E - tissue paper made by peroxide bleaching, it can be stated that tissue paper
made from waste paper by enzymatic bleaching is less flammable than that made by
peroxide bleaching [12]. The use of enzymatic bleaching methods (enzyme) pulping
compared with a peroxide bleaching method (hydrogen peroxide) reduce the flammability
of tissue paper and finished tissue products, which in turn has an impact on reducing
the risk of fire, undesirable incidents in the technological process of production of tissue
products [12, 33, 34].
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Bopucinas CUMEHIWR!

Becuna IIETPOBUR?

MOI'YRHOCTHU IPUMEHE HAHO IIPEMA3A 3A
YCIIOPEILE T'OPEIBA

Pesume: VY paay cy npukaszaHe MoryhHocTH Kopwinhiema HaHONMpeMasa 3a YCIIOpPEHhE ropermba
MarepHjaa Koju IpeICTaBIbajy MoXKapHy OIIACHOCT ITpe CBeTa y rpal)eBHHCKUM 00jeKTHMa. 3a OCHOBY
HaHoMpeMasa oabpaHy Cy HAaHOKOMIIO3UTH Ha 6a3n HAHOKapOOHCKMX LIEBH M HaHOCWIHKatH. Ha
OCHOBY CTPYKTYpe M 0cOOMHA HaBEACHUX MPEKypcopa MPUKa3aH je MEXaHH3aM yCIIOpeHha roperha
Marepyjana. ¥ paay je moceOHo je mprukazaHa CTPYKTYpa HAaHOKapOOHCKUX IIEBH M HAHO CUIIHKE.
AKIICHAT je CTaBJbEH Ha yrnoTpedy HaHOCHIIMKE Kao IpeKypcopa 3a 1o0ujambe HaHOIpeMasa unja je
yJ0ra yCropeme ropemha opranckux marepujana. OBaj mMarepujai ce u3Baja 300T jeTHOCTAaBHHjEr
Ha4MHA CHHTE3€ Y OJJHOCY Ha HAHOKapOOHCKE L[CBH.

KibyuHe peun: HaHOIIpEMa3n, HAHOCWIINKA, HAHOKapPOOHCKE [IEBH, YCIIOPEHE TOperbha

APPLICATION OF NANO COATING FOR SLOWING
THE BURNING

Abstract: The paper presents the possibility of using nanocoatings to slow burning materials
that are fire risk primarily in buildings. For nanocoatings were selected nanocomposites based on
nanocarbon tubes and nanosilica. On the basis of the structure and properties of these precursors the
deceleration mechanism of burning materials is shown. The paper is particularly concerned with the
structure of nanocarbon tubes and nanosilica.

Emphasis is placed on the use of nanosilica as a precursor of the obtaining nanocoatings whose role
is slowing the burning of organic materials. This material is specific for easier synthesis in relation
to the nanocarbon tube.

Key words: nanocoatings, nanosilica, nanocarbon tube, slowing burning

'TIpod. np, Bucoka TexHnuka 1mkoia cTpykoBHux cryauja y Hoom Cany, [lIkoncka 1, e-mail:
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1. YBOJ

HanoHayka je Hayka O BpJO MajJHM MaTCpUjalHAM OOIHIIMMA, KOjH CK3UCTHPAjy
Ha HajduHUjoj ckanu. Ha 0BOj Bpio (hPHMHOj CKaJIM aTOMHU W MOJICKYJIH UMajy Pa3IHuuTe
yTHIIaje Ha HOBoM3rpaljeHe MarepujaiHe cTpykrype. IIpedukc ,,HaHO” MOTHYE O TPUYKE
peuH ,,HaHOC” KOja y MPEBOAY O3Ha4yaBa MaryJbka. HaHoMeTap je makie OMIHOHHUTH €O
METpa WJIH 3a BU3YENHO ymopehuBame, HaHomerep mpenctaBiba 1/80 000 mpeunmka
JbYACKE BiacH. 3a najby ynopendy henuja ripBeHOr KPBHOT 3pHIIA uMa IykuHy on 7 000
nm, Kao U Iy)KHHA jeHOT MaKpOMOJIEKYIIa IeTyI03€, TOK MOJICKYJ BOJIE UMa TPEUHHK
on 0,3 nm. Obmact y ckajqupamy Marepujana Koja MpeicTaBiba HajHHHjy 00JacT
npoctupe ce ox 100 nm ma 10 HEKOIHMKO IeCEeTHHA NM, KOJIMKO U3HOCE TUMEH3H]je aToMa.
OcobuHe MaTepujaia Ha HAHOCKAIU C€ 3HAYajHO PA3JIUKY]y O OHMX Ha MaKpOCKOICKO]
ckanu. PasmarpameM CTpyKTypa W 0coOMHA Marepujaiia Ha HAHOCKAIH je M HacTaia
HaHOHAyKa, Koja ce me(uHHIIE Kao MpoydyaBame (EHOMCHA W TOHAIIAkEe MaTrepHjajia
Ha aTOMCKO]j, MOJIEKYJICKO] U MHKPOMOJIEKYJICKO] ckainu. HaHoTexHojoruje oOyxBarajy
CKYN TEeXHHKa(IU3ajHUparme, KapakTepHusaluja, Mpolecuparme, MPUMEeHa CTPYKTYPHHX
00JIMKa, METO/Ia M CUCTEMA) ca UJbeM J00H]jama oapeljeHe ocobuHe, BeTMYHHE U 00IHKa
Marepujajia Ha HaHOCKaH. [lojaBa HAHOTEXHOJIOTH]a je Be3aHa 32 OTKprhe MHKPOCKOITH]E
aromckux cuina (AFM), koje ce mouena npumermuBatu 1980. romuny [1, 2, 3].

2. HAHOMATEPHUJAJIN

Mana je neduHMnMja HaHOMAarepujajia JOCTa IIMPOKA, HAjONINTHjE PEUYCHO Y
HaHoMarepujasie yOpajaMo cBe OHE Marepujayie, Koji KOjux je Oap jeaHa IUMEH3H]ja
Mama ox 100 nm. Marepujanu , kKoju UMajy 0ap jenHy AMMEH3W]y Y HAHOMOAPYY]y CY
YIJIaBHOM CJIOjJEBHTE CTPYKTYpE Kao HalpuMep, TaHKH (HIMOBH M TpeBinake. Hekn
OOJTHIIN KOMIIjYTEPCKHX YHIIOBA MPUIIaajy 0BOj KaTeropju. Marepujainu Koju uMajy aBe
JVIMEH3Hj€ y HaHOIIOZIPY4jy Cy ITprMepa paii HAaHOLIEBH M HAHOXKHIIE. A, MaTepHjalik KOju
nMajy CBE TPH JUMEH3Hj€ y HAHOMIOAPYYjy Cy HAHOUECTHIIE, Ka0 HalpUMep MPELUITATaN 1
KOJIOM]TH, 3aTHM KBaHTHE TauKuIle (TaHKEe YECTHIIE 3a TTOYITPpOBOIHIKE). HaHOKpHcTamHn
Marepujaiy, 100MjeHn Ha HaHOCKaJl, Takole mpunazajy oBoj kareropuju. Hekn o oBux
MarepHjaia Cy y Ipolecy pas3Boja, a HeKH Beh nMajy KoMepuujanty npuMeny [1].

lBa ocHoBHa (akTopa KOja YCIIOBJbABajy MAa ce€ OCOOMHE OBHX MaTepHjaja
3HAYajHO Pas3NIMKyjy OJ OCOOMHA MaTepHjaja Ha MaKpOoCKalli cy; rmoBehame peraTUBHE
cnienduyIHe MOBpIIMHE M KBaHTHH edekar. OBU (akTopu MOTY NPOMEHHTH, OIXHOCHO
o0OJBIIATH 0COOMHE KAa0 HAaIpHUMEp PEaKTHBHOCT, MEXaHWYKa YBPCTONA M eNeKTpHYHE
KapaKTepHCTHKe. JeHo o1 o0janmerha 32 ToOoJbIIamke 0COOMHA OBUX MaTepHjaa JIeKH
y UNECHUIIY, 713 Y CITy4ajy CMambCHha BEIMIHMHE jeIHE YecTulle, Behn ieo aroma ce Haja3n
Ha MOBPIIMHY y OJJHOCY Ha yAEO0 aroMa KOjH je MPUCYTaH Y YHYTPaIImbOCTH YecTuIle. AKO
y3MeMO y pa3Marpame Beh rmonare Ynm-eHuIe 1a IPUHOC 1 KaTalli3a XeMHU)CKUX PeaKIiija
Cy Be3aHe 3a NOBPIINHY, jaCHO je Ja IIPH AaToj MacH, MaTepHjalid y OOINKY HAaHOYECTHIIA
he 6uTH MHOTO peakTHBHUjU HErO MaTE€pHjalin KOjU ce Haja3e Ha MaKpPOCKOIICKOj CKaJIH.
Ha cnmmm 1 je nar npukas xractep OM3MyTa CHUMIBEHUX TOMOhy MHKPOCKOTIIHj€ aTOMCKHX
cuna (AFM). Ilpu yemy Tpeba Tpeda HaracuTH, paau nopehema, 1a je BUCHHA BIaKHa 2
nm [1, 2, 3].
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SPMAGEQ7

Cnuka 1. Y30pax ousmymnux Kiacmepa CHUM/beH nomohy mMukpockonuje amomckux cuia (AFM).
Bucuna énaxna usnocu 2 nm.

2.1. Kapo6oncke nano uesu (CNT)

Kap6oucke nano 1ieBu (CNT) cy passujene 1992 rogune u To yBUjameM rpaduTHAX
HaHo cnojeBa. [Tocroje nBa Tuna CNT, jenno3uaHe u Buiie3uane Hanouesu. Obe BpcTe
KapaKkTepHIle NPEYHUK Ol HEKOIMKO HaHOMeTapa W Iy)KHHa Off HEKOJMKO MHUKpOHA Ia
1o MakcuMaise ryxuHe o 1 cm. CNT umajy BakHY yIOTY y HHXEHEPCTBY MaTepHjaja
300T" lbUXOBUX M3PKEHUX XeMHjCKUX U (u3nukux ocobuna. [Tocenyjy u3pasuro BUCOKY
MaxaHndky uBpcrohy (JamroB momyn mpemasu Bpemoct ox 1 TPa, mory ma mocturny
yBpcTohy nujamanta). Kao cienehy ocobmny Tpeba mcrahm BHXOBY (IEKCHOMIHOCT,
3aTuM MoryhHoCT ekecTpeMHOr npoBoljesa enekrunntera. HaBenene ocobune omoryhyje
LIMPOK KPYT IPUMEHE, O KOjHX HCTUYEMO; IPUMEHA KO OjadyaHHX KOMIIO3HTa, CeH30pa
y HaHoeneKTpoHuI u kox auciuieja. CNT, 3acama mMajy orpaHHYeHy KOMEpPLHUjalHy
MpuMeHy 300T CIMYHOCTH 1O BeNWYMHA W OOMMKy ca asbectHmM BiuakamMa, CNT
NIPEeNCTaBIbajy MOTEHIHUjaJHU PH3HMK 3a JbYACKO 3apaBibe. Ha ciuuum 2 npukasaHa je
CTPYKTYpa jellHe IBOAMMEH3UOHE HaHO 1ieBH [ 3, 4].

y/ 1
l',t {{{{{fffz

TG S ST

Cnuxka 2. /l6o3uona kapboucka nanoyes
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2.2. TpoguMeH3UOHH HAHOMATEPHjaTH
2.2.1. HanouecTumne

[lo neduuuIMjM HaHOYECTHIIE CY CBE OHE YECTHIE UHje CYy AWMEH3HjE Mame Off
100 nm. HanowectHue y NpHPOAM €r3WUCTHPajy Yy 3HAYajHO] MEpH, HalpuMmep Kao
TIPOU3BOIN (POTOXEMH]CKHX M BYJKaHCKUX aKTHBHOCTH, TeHEPHUCAHNX KOJ| OMJbaKa M ajr.
Hanouectune ce crBapajy Beh TokoM Xmipasna rommHa Kao MPOM3BOJM CaropeBamba ajin
1 TepMHUYKe oOpase y TOKy IpUIpeMe XpaHe, a y TOKY IOCIEeIIbUX COTHHY TOAMHA ce
jaBJbajy Kao MPOJYKTH caropeBama y MOTOpHMa 3a IIoroH Bo3wia. Hanouecruue nobujene
OCMHIIIJLEHUM TIPOLIECHPABEM, KA0 HAIPHUMEP METAJTHN OKCH/IU CY y 3HA4ajHOj MambUHU
y OIHOCY Ha HPETXOJHO IOMEHYTE YeCTHIE. 3Hauaj HAHOUESCTUI[a MOTHYE OJ FbUXOBUX
M00OJBIIAHNX 0COOHMHA (XEeMHUjCKa PEaKTUBHOCT, ONTHYKE OCOOHMHE) Y OJHOCY Ha 0COOMHE
HCTHX MaTrepHjaja, ajli Ha MaKpOCKOIICKOj ckauu [3, 4, 5].

Hanouecture Mmory 6uTi y HOBUM IIPOU3BOANMA, MOT'Y OUTH yrpal)eHe Kao CHpOBHUHA,
WHTPaIWjeHTH WIN aAUTHBH. MeljyTuM y HEeKHUM CilydajeBUMa OHE MOTy OUTH ci000gHe
WIA CycHeHAoBaHe y (uynmy. Y TOM ciydajy, 6e3 o03upa, mamu cy cio0OmHe WITH
CyCIeHI0BaHe, HaHodecTHIe ie mMaTy 3HauajaH yTuIlaj Ha 6e30eIHOCT JbYIACKOT 3/IpaBJba
U OKOJIMHE.

2.3. HanoxkoMmo3uTH

HanokoMmno3nTr mpencTaBibajy HOBHHY Y pa3BOjy y OOJacTH BaTpPOOTHOPHOCTH U
IIpy>ajy 3Ha4yajHe MPEJHOCTH y OIHOCY Ha KOHBEHIIMOHAJHE MPOU3BOJE, KO KOjUX je
OOMYHO 3axTeBaH BHCOK CTCIICH MaKoBama. Y OIIITHM IpTama, KaJx ce (opMHpajy
KOMITO3HUTH, IBE WM BUIIIE PU3UUKE M3/[BOjeHE (ha3e (OONIHO MONUMEp MaTpHILIA U €TIEMEHT
3a [0javyame) Cy CII0jeHe y jeHY ISIUHY U CBOjCTBA HACTAJIOT IPOM3BOAA CE TOOOJBIIaBajy
n 60Jba cy of1 cBojcTaBa nojenuHuX (haza. Ha cTpykTypy 1 cBOjcTBa KOMIO3UTHUX MaTepHja
BEJIMKW yTHIa] UMajy ¢asHe mopdornoruje u MehydasHa cBojcTBa cacTaBHHX JIEJIOBa.
HanoxommnosnTu cy 6a3upaHu Ha HCTOM ITPUHINILY, U GOPMHUPAjy ce Kax rohe 10 Memama
(a3za Ha HaHOMETapCKOj IUMEH3MOHO] ckaimu. Kao pesynrar oBora, HaHOKOMIIO3UTH
IIpUKa3yjy U3y3eTHO 00Jba CBOjCTBA y OHOCY Ha IMXOBE OAiroBapajyhe MuUKkpo kommo3ute
WM KOHBEHIIMOHAIHUM IOCTYIIIMMa JOOWjEHUM TOJIMMEPHUM KoMnozuTtnMa. [lommmep-
CIIOJEBUTH CWJIMKATH Cy HajOIIITHja Tpyla HaHOKOMIO3uTa. [IpaBa ekruroaranuja oBe
TexHonoruje je moyeno y 1990-ux roxmna. 300r BUXOBOT BUCOKOT CTETIEHa AWCIIEp3Hje
KOjU je TIpHCyTaH y HaHOMETapCKUM BEJIMYMHAMA, HAHOKOMITO3UTH IIPUKa3yjy 3Ha4ajHO
60Jba CBOjCTBA y OIHOCY HA YHCTE MOJMMEpPHE KOHCTHTYEHTE WJIM KOHBEHIINjOHATHUM
MIOCTYIIKOM JTOOHMjEHHX TMOJIMMEPHUX KOMIO3uTa. [TlaBHE IPEAHOCTH Cy Mama TEeXHHa,
BHCOKM MOJYJ €JIACTUYHOCTH M MeXaHWdYka uBpcroha, yMmMameHa IpOIyCTJBHMBOCT Ha
rac, nmosehana oTmopHOCT Ha pacTBapade u mosehaHa TOIUIOTHA cTabmiHOCT. Hbuxosa
MeXaHWYKa CBOjCTBa Cy 0OJba 0] jeAHOCMEPHUX ITOJIMMEpa KOjU Cy OjauyaHd BIIAKHUMA,
Jjep ojauame O11 HEOPTaHCKUX cJiojeBa he ce MojaBuTH y /1Be, HE y jeIHOj TMMEH3HjH. 300T
IY>)KHHCKHX pa3Mepa Koja IToBiade 3a coOOM yMamema pacejarma, HAHOKOMIIO3HTH CY
06muHo rpoBuAHKA. OHM MCTO MOKa3y]jy 3HauajaH IMmopacT y TOIUIOTHOj CTaOMITHOCTH Kao U
camoracuBy ocobuny [4, 5].
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3. CTPYKTYPA U CBOJCTBA CJIOJEBUTUX CUJIMKATA

CJ10jeBUTH CHITUKATH, 300T FbUXOBUX XEMHJCKO CTAOMITHUX CHJIOKCAHCKUX TTOBPIINHA,
BEJIMKHUX TOBPIIMHCKUX 00J7aCTH, BHCOKOT OJHOCA IIUPHWHE M BUCHHE (aspect ratio)
U BEJIMKE MEXaHWYKe YBpCTOhie, Cy Hajimpe KopuinheHd 3a (OpMHUpame OPraHCKo-
HEOPraHCKUX HAHOKOMIT03MTa. IhMX0oBa BHCOKa BPEJHOCT OIHOC LIMPHHE U BUCHHE, W
BHCOKA BPEIHOCT MEXaHMUYKe YBpcToNe YMHH UX BPJIO JOOPHM eJIeMEHTHMA 32 110jaqyarbe.
JlBa cnienmgryHa CBOjCTBA KOja MX YMHE TaKo e(pHKaCHUM 33 (popMHUpamke HAHOKOMITO3UTA
cy:

* BHCOK cTeneH XeMmHjCKe aKTHBHOCTHM KOju omoryhyje HecMeTaHy yrpaimby
CHUIIMKAaTHUX HAHOCJIOjeBa y MojeanHayHe ciojeBe. Kao pesynrar oora, moryhe
je octBapuTHH oxHOC mupuHe U BucuHe ox 100-1000 (y ogrocy Ha 10 3a ciabo
pacyte uectuiie). OBO paciiojaBame HaHOCIOjeBa OMOryhyje HajBUIIN CTEIICHKE
MelhydasHor koHTakTa n3mel)y HAHOCTPYKTypa OpPraHCKUX M HEOpraHCKux (asza.

* CnocoOHOCT mpuiarohaBama IHHXOBE IOBPIIMHCKE CTPYKType e(QHUKacCHUM
peakIifje jOHCKEe U3MEHE OPraHCKHX U HEOPTaHCKUX KaTjoHa.

Cunnkary Koju cy Hajuenrhe kopuniheHrn y HaHOKOMITO3UTHMA CY CJI0jE€BUTH CHIIMKATH
(TmuHEHM MUHEpa W) WM (QUIOCHIMKATH (KaMEeHH MHHepanu). [JMHeHH MUHepaiu
cy msrpaljeHe o7 ABe CTPYKTYpHE jenuHHMIe. JeqHa je rurodactor oOnMKa KOjy YWHE
TeTpaeapy CHININjyM-THOKCHAA ypeheHH Kao miecToyraoHa Mpexka, IJe Cy BPXOBH
TeTpaezpa Iopehann y jeJHOM MpaBIly TAKo Ja je 0Ba CTPYKTYpa MIACHTHYHA CTPYKTYPH
¢unocnnmkara. Jlpyra cTpyKTypHa jeJMHHUIA CE€ CACTOjH OA JBa cjoja T'ycTo caOHjeHux
aToMa KMCEOHHKA MM XUJIPOKCWIIHHUX I'PyIia, Y KOjuMa cy yrpal)eHu aToMH allyMHHHjyMa,
reBok)a WIM Marfesrjyma Tako IITO ce€ CBakW yrpa)eHH aToMH Hajla3e Ha jeIHAKOM
pacTojamy OJf IeCcT aToMa KUCEOHUKA WITH XUAPOKCHIHUX TPYyTIa.

Behuna rHeHHX MUHepasia ¢y ciiojeBH Koju (OpMHUpajy JBE CTPYKTYPHE jelMUHUIIE,
U TO TETpaeqapcKor M OKTaenapckor Tuma. HajjeqHOCTaBHUjHM THIT OBHUX T3B. CEHIBHYA
je HampaB/beH O JEOHOr CJI0ja TeTpacapa CHUJIMINjyM-IHOKCHI Ca aJlyMHUHH]jCKOM
OKTaenapckuM ciojeM. OBaKBa CTPyKTypa ce 30Be KaOJIMHUTHA CTPYKTypa cao3Hakom (1:1).
Jlpyry IJIaBHU THII CIIOjEBUTHX CTPYKTypa jecTe cTpykTypa 2:1 (CMEeKTUTHH MUHEpAJH),
KOj€ ce cacToje Off jeqHOT OKTAaeaapcKor CJioja KOju ce Haja3u u3Mmel)y JBa TeTpaeaapcka
cioja. Y CMEKTUTHHUM MHHEpalliMa OKTaelapCKu CJI0jeBH MOTY OHUTH IONMYHEHH
MarHes3ujyMoM, rBoxkheM, T MalTiM METaJIHUM jOHHMa, Kao M allyMHHHjyMOM. Jenan o
HajBHIIE IPUMEHLUBAaHUX MUHEpaJa Y HAHOKOMIIO3UTHMA U3 OBE TPYIIe &€ MOHTMOPHOHUT

[4].

3.1. BaTpooTnopHH CHJINKATH

MOHTMOPHjOHNTHH MHHEpAJM YECTO Ce KOPUCTE 3a JOOMjarhe HAaHOKOMIIO3UTA 300T
BUXOBUX MaJIMX BEJMYMHA YECTHIIA YMME je OMOoryheHa pesiaTuBHO jlaka audysuja y
nojuMepHy Matpuily. Kao u octany cuiimkarHi MUHEPaId OHH MCTO MMajy BUCOK OJTHOC
mupuHe u BucuHe (10-2000) Koju Cy HEONnxoAHW 3a e(UKAaCHO MaKOBAME IOJIMMEpA.
[Tocebna kapakTepucTHKa MOHTMOPHJIOHHTA KOjy Tpeba ucrahu je crerneH OyOpema, Koju
y TOKy TEpMHYKOT TpeTMaHa oMoryhyje cTBapame BEIUKOT Opoja Mpa3sHuHa y CTPYKTYpH
MUHEpana U CaMUM THME U IpenpeKy 3a NpeHoc tomiore [4, 5].
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Ha cnmumm 3. mpukaszaHu cy CHMMIM JOOMBEHH CKEHHPajyhoM eJeKTpOHCKOM
mukpockonujom (CEM) oprancku momudukoBanor mMontmopwionuta OMMT (a) u
XHJpaTUCcaHor MarHe3ujym aimymo cunukara ATTII (6)

5.0 um Pt P — 500.0 nm

Cnuka 3. CEM cuumyu: a)OMMT u 6) ATTIT
3.2. Mexanu3aMm ycrnopaBama ropemha MarepujaJa

Jlok je maMeH jeHOMMK, NPUHIUI pajia yCIIopUBada Topemna je 3aCHOBaH Ha jeJHOM
WM BHIIE IPUKa3aHUX MEXaHU3aMa:

e VYV OpBOM Ciiy4ajy HpPH TEPMHUYKOM TPETMaHy 3alITHTHOT MpeMasa IoJa3H J0
BEroBor OyOpema Tako Aa ce (hopMHUpa 3allITUTHH CjI0ja Ha MaTepHjaly d4uMe
ce CrpevaBa JI0BOJI KHCEOHHKA M YCIIOpaBa ropeme. MexaHn3aM OBOT mporeca je
MpHKa3aH Ha CIULA 4.

e VY JpyroM ciydajy cTBapajy ce€ HyCIIPOM3BOAM (UBPCTH HJIM T'aCOBUTH) KOjU
ycnopasajy ociobahame TOINIOTE NPHIMKOM caropeBama, dyuMe ce e(pukacHo
ycropasa Op3uHa roperba MaTepujalia i Ha Taj Ha4KH 3ayCTaBJbaja IHPEHkE BaTpe.

e V tpehem ciyyajy OpuIMKOM Topema ocino0alhjajy ce HHUCKO MOJIeKyJapHe
cyncradue (cja000JHM paaMKaiu) KOjU pearyjy ca MarepujajioM U MPOLyKTHMa
caropeBamba Kako OM ce yCIopHO WIIN 3ayCTaBHO [IAMEH.

Hexn ycnopuBaun ropema Cy qU3ajHUPaHU Ja HCTOBPEMEHO HCKOPHUCTE JBa MIIM YaK
CBa TPY HaBeJICHA MEXaHU3Ma.

BATpA
CNT npemas. .
Mmepnj a _
SAUITHTHY g e B e
c110j

Cnuka 4. Llema gopmuparve 3auwmummnoe cnoja 6yoperwem mamepujara CNT kada je uznocen
sampu
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[IpuMeHOM HaBENCHHUX MEXaHW3aMa WCTPaXHBama Cy MOKasajga Ja y Ciydajy
JonaBama ycrmopuBaun ropemha Ha 06asn CNT mpu obnaraly TEKCTHIA TONA3H 0
(dhopmuparma bapujepe koja omoryhyje edukacHy 3amTuty of AejcTsa iamena. Hayunumum
ca Haumonamxor mHcTHTYyTy 32 cranjgapae u texHosorujy (NIST- National Institute
of Standards and Technology) cy mokasamu ma ce CNT Moke KOPUCTHTH 3a JOOHjambe
mpeMasa Koju CMambyje 3anabHBoCT popmupane nene. OBU mpemaszu 00HIHO caapike 35%
ycnopusada. CNT mpriinkoM ropesba takohe GopMupa CONMCTBEHH MIIAMEHH e(eKar aiu y
MamHUM KOHIICHTpallHjaMa y OHOCY Ha Cu4He HaHoMatepujaie. To 3Hauu qa ¢y motpedHe
Mame komnurnHe CNT nma Ou ce mocTurao ucTH edekar, a To mojapasymena u na he Outu
Mame BUIJBHUB Y KpajikbeM mpou3sBoy. Jou jenta npearnoct CNT-a je 1a OHH MOTY yTHIIATH
Ha moBehame crocoGHOCTH CaMoT MaTepHjasa Jia Oy/e yCroprBay roperbha i HCTOBPEMEHO
mo0oJbIIIaBa OTIIOPHOCT MaTepHjajia Ha eIEKTPOCTATHYKO HaCJIeKTPUCathe. JeHa BEenruKa
TEXHOJIOIIKA MPENpeKa je UIak MPUCYTHA, a TO je Kako edpukacHo pacmopeauta CNT Ha
Marepujai n1a Ou ce 100wty Makcumanau edekru [3, 4, 5].

Ha cnmmm 5 mpukazano je ¢popMupame 3alITHTHOT ci1oja OyOpemeM Marepujaia Koju
Jj€ M3IIOKEH JIejCTBY TUIAMEHA.

& T4

Cruxa 5. Qopmuparse 3aumummnoe cioja 6yoperem mamepujana kaoda je unodxices 6ampu

3.3. Moryhe npenpeke ynorpede CNT

Jenna mana ynorpebe CNT kao ycnopuBada ropema KOJ TEKCTHIA je HETrOBO
ocnobaljame y XMBOTHY cpeauHy. He mocToju jomr kKoHCeH3yc O edekTHMa Koje OH
n3a3uBa Ha 0e30eJHOCT U 31paBJbe, 11a TIOCTOju 00ja3aH /1a ce jeqHa TOKCHYHA CYIICTaHIa
HE 3aMEHU JPYroM Koja MOXE MMaTH joul Texke mociemunie. OBaj mpobiem je 3a cana
3ayCTaBHO IIUPY yNoTpedy OBUX MaTepHjaa.

OHO IITO je TPEHYTHO HEONXOJHO Kako OM ce oMacoBWia ymorpeba HaHOIpeMasa
Cy JeTajbHa HayYHa Ca3HaWka O HAYMHUMA H3JIaraba TOKOM FHHXOBOT JKHBOTHOT
[UKIIyca, Ka0 W JeTajbHUX IOJaTake O TOKCHYHOCTH. Ha skamocT, 70K je mopeheme Ha
OCHOBY KBaHTHUTATHBHHX MOKa3aTeshba AOCTYIIHO W TO3UTHBHO, MPOHM3BOMIA MPUMEHE
HAHOTEXHOJIOTH]je je OIoKMpaHa 300T CTpelbe U MPou3Bohaua 1 MoTpolIaya.
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4. 3AK/bYYAK

VY oBoM pany je pasMmarpaH yTHId] HAHOKOMIIO3MTA Ha TOPHBE OCOOHMHE Ipe cBera
ropuBux Marepujana. [ToceOHO je pa3marpaH yrtunaj HaHo kapOoHckux 1ieBu CNT, a
MOCEOHO CHIIMKATHIUX HAHOMATepHjaa.

HanokoMmo3nuTu mpezncTaBibajy HOBHHY Y pa3BOjy y OOJacTH BaTPOOTHOPHOCTH M
IIpy>ajy 3Ha4yajHe MPEJHOCTH y OIHOCY Ha KOHBEHIIMOHAJHE MPOW3BOJE, KO KOjUX je
OOMYHO 3aXTEBaH BHCOK CTEIICH MTAKOBAba.

CJI0jeBUTH CHITMKATH, 300T FbUXOBUX XEMHJCKO CTAOMITHUX CHJIOKCAHCKUX TTOBPIINHA,
BEJIMKUX MTOBPIIMHCKUX 00JIaCTH, BUCOKOT OIHOCA NIMPHUHE M BUCHHE U BUCOKE BPETHOCTH
MexaHu4ke yBpcrohe, cy Hajimmpe kopuitheHn 3a GpopMupame OpraHcKo - HEOPTraHCKUX
HAHOKOMITO3HUTA.

MOHTMOPHIIOHUTHH MUHEpaM Kao MOArpyNa HaHO CHIIMKAara 4ecTO ce KOpHUCTE 3a
Jo01jarmbe HAHOKOMITO3HTa 300T IBbHXOBHX MAJIHMX BEJIMYMHA YECTHIA YUME je oMoryheHa
penatuBHO Jaka qudysuja y nonuMmepHy Marpuiyy. Kao u ocrany CHIMKaTHH MUHEpaH
OHH HCTO NMajy BUCOK ofHOC mmpuHe 1 BucuHeE (10-2000) kKoju Cy HEOoNmXoaH! 3a e(hUKacHO
naKoBame rmonumMepa. [loceOHa KapakTeprcTHKa MOHTMOPHIIOHUTA KOjy Tpeba nctahu je
creneH OyOpema, Koju y TOKy TEPMHUYKOT TpeTMaHa oMoryhyje cTBapame BEJMKOr Opoja
MIpa3HUHA Y CTPYKTypH MHHEpaIa ¥ CAaMHM TUME U IIPENpeKy 3a IMIPEHOC TOIIIOTE.

Iopen npenHocTH y ogHOCy Ha apyre marepujajie, CNT mokasyje u oapeleHe mawe.
Jemna onm Mana ymorpebe CNT kao ycmopuBaya Topema KOI TeKCTHJIIHHX W OCTaJIuX
OpraHCKHX MaTepHjajia je meroBo ocinobahame y uBOTHY cpenuny. He mocroju joru
KOHCEH3yc 0 e()eKTHMa KOje OH U3a3KBa Ha 0e30eJHOCT U 3/IpaBJbe, I1a M0CTojo 00jazaH aa
ce jemHa TOKCHYHA CYTICTaHI[a He 3aMEHH JIPYTOM KOja MOXKE MMAaTH jOII TeKe TOCIEAnIIC.
Ogaj mpobiieM je 3a caja 3ayCTaBHO HIMPY YIOTpeOy OBUX MarepHjaja.
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WILDLAND FIRE INFORMATION SYSTEM FOR
SLOVAK REPUBLIC AS A CLIMATE CHANGE
ADAPTATION MEASURE

Abstract: The paper deals with the problem of wildland fires prevention. There is introduced a
design of nation wildland fire information system based on publication of fire danger alerts for the
entire territory of the Slovak Republic on the daily basis. The baseground for building the warning
system is the environment of the geographical information systems completed with a decision support
systems used for automatic assessment of fire susceptibility and further, after the combination fire
weather index, for the assessment of fire danger. The warning system described belongs among the
wide group of climate change adaptation measures. To illustrate how the system works we introduce
the results provided for the Zilina region.

Key words: DSS, GIS, Slovak Republic, warning system, wildland fire

HNPOTUBIIOKAPHU HHO®POPMAILIMOHU CUCTEM
CJIOBAYKE KAO MEPA AJAIITAIIMJE KIIMMATCKUM
INPOMEHAMA

Pe3ume: OBaj paj ce 6aBu IpoOIEMOM IMPEBEHIM]jE Tamemne OIyMCKuX moxapa. ¥ CiioBaukoj je
yBeZIeH HAaIIHOHATHY HH(OPMALMOHH CHCTEM 32 00aBEIITaBamke O IIYMCKHAM IT0XKapHuMa 3aCHOBAH Ha
CBAaKOZHEBHOM 00jaBJbHBabY OXKapHE OITACHOCTH 32 LTy TepUTOPHjy 3eMibe. OCHOBA 3a H3Tpaiby
cHcTeMa 3a YIo30paBame je Mpeka TEePUTOPHjATHHX HH()OPMAIMOHUX CHCTEMa YHOTIYHeHA
CHCTEMOM IIOZIPIIKE 32 JOHOIICHE OUTyKa KOjH C€ KOPHUCTHU 3a ayTOMATCKy IPOLEHY ITOAJI0KHOCTH
NokKapy WM HedeM JPYroM, a Ha OCHOBY KOMOWHAI[Vje MHJCKCa M0Kapa U BPEMEHCKHUX IPHIIMKA
pazu ImpoLeHe OMacHOCTH of nokapa. CHCTeM yro30opema OIKCaH y pajy Craja y IHUPOKy IPyILy
Mepa ajanranyje KIMMaTcKUM IpoMeHama. /la 61 ce MIyCTpoBajo Kako CHCTeM (DYHKIMOHHIIE,
MIPE/ICTaB/bEHH Cy Pe3yNTaTH 3a peruoH JKummHa.

Kmbyune peun: DSS (Decision Support System) — cucteM HoxpIIke 3a goHOUIeHe omiyka, GIS
(Geographic Information System) — uH(O cucrem reorpadckor manmpama, CioBaduka, CHCTEM
yII030pema, IIYMCKH I10XKap

! Technical University in Zvolen, Department of Fire Protection, T. G. Masaryka 24, 960 01
Zvolen, Slovak Republic, majlingova@tuzvo.sk
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1. INTRODUCTION

Over the past decade, the number of forest fires in the world is constantly increasing.
It is now believed that each year is due to the forest fires damaged or even destroyed in
average 600 000 ha of forest (Albers 2012).

In Europe, but also all over the world, the situation regarding the occurrence of fires
constantly deteriorating, and the consequences can be severe. In the current situation,
there create suitable conditions for fires due to several factors. The natural and particular
climatic factors usually predetermine the likelihood of forest fires, the economic measures
in forests are other factors influencing the accumulation of fuel in the forest, and especially
because of the suppression of fire and gradually expanding transit zones between urban
areas and the natural environment (Rigolot et al. 2009, Vélez 2009). Consequently, the
distribution of forest fires in the area is specified not only the by climate but also socio-
economic factors (San Miguel, Camia 2009, Majlingova, Sedliak 2010). And the socio-
economic factors can be described as the most important in terms of the fire occurrence.

The need to tackle with the problem of forest fires seems to be not so urgent in
conditions of the Central Europe, but there is an assumption that it is going to be a real
problem, in particular in the view of actual prognoses of the climatologists on global
warming, and also weather extremes (in case of fires the long-lasting periods of drought
and warm) that occur more and more frequently.

2. PROBLEM
2.1. Wildland fire

A wildland fire or wildfire is an uncontrolled fire in an area of combustible vegetation
that occurs in the countryside area. Mostly, it is a phenomenon typical for the Mediterranean
countryside, USA, Canada, Russia or Australia. In Slovakia, wildland fires represent

sporadic phenomena and are caused in particular by the human carelessness (Majlingova
2014).

The gasses and particulates in smoke can affect regional and global climate. Aerosols
in smoke have a warming effect on lower atmosphere (troposphere), thereby inhibiting
convection of moisture and reducing precipitation regionally (Scott et al. 2014). At the
global scale the gases and particulates of wildland fires can affect climate change. The
smoke also contains greenhouse gases implicated in global climate change; in fact global
biomass burning is estimated to contribute 2-3.3 billion tones (Giga tones) of carbon
to the atmosphere each year (Thomas, McAlpine 2010). We can classify wildland fires
based on their dynamics, size, speed etc. Burning process starts only when the initializer
has sufficient energy to ignite fuel and has also adequate supply of oxygen. The ignition
sources are divided to flammable or nonflammable. The fuel is represented by dendromass
or phytomass, which are the parts of trees and plants (Benedik, Markové, 2012). Depending
on the type of vegetation that is burned we can classify wildfires into four groups:

e Ground fires,

e Surface fires,

e Crown fires,

» Combinations from surface to crown fires.
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2.2. Existing fire warning systems

Every year the wildland fires occur in many parts of the world and lot of them are
not monitored. Due to the climatic change, the large wildfires and total burned area will
increase. Other very important impacts of global warming (www.nwf.org):

*  Longer fire seasons,

*  Drier conditions increase the probability of fire occurrence,

*  More fuel for forest fires will become available because warmer and drier conditions
are conducive to widespread of beetle and other insect infestations, resulting in
broad ranges of dead and highly combustible trees.

* Increased frequency of lightning.

As we mentioned, the wildland fires haves negative effect on human health and safety,
global economy and climate change. To decrease problem severity, many organizations
and countries have implemented a preventive measures. Among those preventive measures
belong systems for monitoring and assessment of a fire danger in the natural environment.
The systems use meteorological and fuel data to provide an alert in terms of the relative
severity of burning conditions and fire danger.

CWFIS (Canadian Wildland Fire Information System), EFFIS (European Forest Fire
Information System) and WFAS (Wildland Fire Assessment System) are most developed
systems in the world.

In the Slovak Republic, the wildland fire alerts, based on fire risk index calculation
(FRI), are provided by the Slovak Hydrometeorological Institute (www.shmu.sk), from
the April to the October every year, see Figure 1. The 65 climatological and other 30
meteorological stations across Slovakia provides input data for FRI index.

Predpoved indexu poZiarneho nebezpeéenstva v lesoch diia 21.05.2013
Forecast of forest fire risk index in 21.05.2013

B 1. velmi nizky / very low
2 nizky / low

] 3. stedny / middle
COa vysoky / high

B 5. velmivysoky / very high

Figure 1. Wildland fire alert published by Slovak Hydrometeorological Institute

The calculation of FRI index is based on an agroclimatological indices of drought.
There are 5 fire danger classes: very low, low, moderate, high and very high.
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3. THE DESIGN OF THE SLOVAK WILDLANDFIRE INFORMATION
SYSTEM

3.1. Architecture of the Slovak Wildlandfire Information System

The Slovak Wildlandfire Information System (SWIS) is build up as a geoinformation
web portal without necessity of further software. And it is open for adding new functions.
This product allows specialist to compile and edit web pages and change the web structure,
import images and documents without knowledge of programming. The system provides
these information (Figure 2):

*  FWI (Fire Weather Index) for the natural environment,
Rate of spread and fire intensity,
Objects representing a threats in terms of the wildland fire occurrence,
Susceptibility of the area to fire occurrence,
Fuel moisture,
*  Duff moisture (Keetch — Byram Drought Index),
* The Growing Season Index.

3.2 Phases of building up the national fire warning system “SWIS —Slovak
Wildlandfire Information System*

Building up of the SWIS consists of 7 phases:

1. Creation of the wildland fire occurrence geodatabase for the Slovak Republic

This activity is divided into 6 elementary steps:

* Gathering and processing the data on wildland fires occurrence from the District
Headquarters of Fire and Rescue Service and from statistical program STATZPP.

* Processing of archive data on the wildland fires occurrence from reports on harmful
agents occurrence in the forests of the Slovak Republic — Report L 116.

» Data synthesis with other data sources focusing the wildland fires, e.g. obtained
from aerial fire monitoring.

» Creating of national wildland fire occurrence database.

* Processing information from databases to GIS layers.

According to Tucek, Majlingova (2009) the national wildland fire occurrence database
should contain data like:

» Registration number of the wildland fire,

» Date and time of fire origin,

» Time of localization and liquidation of fire,

» Type of burned material,

» Scenarios how the fire was formed,

*  Number of injured and killed persons.
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Figure 2. The scheme of the fire warning system SWIS
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It is also important to have information about the forest itself:

* The identification number of forest,

» Forest stocking,

+ Stand age,

e Burned area,

» Tree species and type of wildland fire — ground, surface, crown fire and its
combinations from surface to crown.

These information we can receive from the evidence of relevant Forest Management
Office. The created database should be the part of the web portal “SWIS”.

2. Risk assessment in relation to fire occurrence in the natural environment

The risk of wildland fire occurrence is in this case based on the assessment of its
components such as susceptibility of natural environment to fire. Although, the majority
of approaches for risk assessment of wildland fires is based on a statistical analyses —
historical data of fire occurrencet (Tucek, Majlingova 2009).

In the cases, when it is not possible, due to unsufficient size of statistical data on fires,
to use the statistical analysis approach, it is suitable to apply the generalized approach
— application of multiple-criteria decision analysis (MCDA), introduced in Majlingova
(2015).

In the meaning of this assessment the susceptibility is assessed based on two factors
groups: natural factors and the socio-economic factors.

The natural factor consists of:

» topographic factors (elevation, terrain slope and aspect),

» factors of forest fuels (fuel models, fuel height and volume of fuel available),
» forest stand (tree species, forest health and stand age).

The social factors are: distance from the nearest settlement, distance from the nearest
road, timber logging and silvicultural activities in the forest, forest fruits picking, the
population in poverty, opening-up the area, etc.

Values of these factors are classified into the fuzzy intervals by the importance of
threats impact.

3. Assessment of fire occurrence in forest, based on combination of susceptibility
and Fire Weather Index

Combination of FWI index, which is a dynamic parameter, with the fire susceptibility
analysis results, we can calculate the fire danger.

FWI index is expressed by the actual meteorological situation (relative humidity,
daily rainfall and air temperature), phenological data (sprouting of leaves) and soil data
(efficient water capacity).

4. Analysis, design, testing and implementation of SWIS portal

Access to the Internet and standard web browser are the only requirements for the
potential users. Activity is composed of mutually connected steps: identification of tasks
(functionalities) of the system, scheme of the functional diagrams, analytical scheme of
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system implementation, scheme implementation, system testing, putting the SWIS into
the service.

Activities which will be performed:

a. Identification of tasks of the system — functional and nonfunctional requirements
for portal. Based on this requirements is developed analytical design of the system in the
meaning of general methodology for generating the system by unified process.

b. Diagram design of portal functionality — based on a list of requirements is designed
the functionality in the form of diagrams. Goal of the activities is to define the limits of the
system and find the users, who can enter the system and make changes. It also defines the
link between users and activities. The result is graphically and text described system with
a strictly defined limits and links.

c. Analytical design of portal implementation —The result is a realization of demands of
the system architecture. In this step is described analytical suggestion of portal.

d. Implementation of scheme — Building the Slovak Wildlandfire Information System.
The process runs in several cycles (iterations). The successful completion of the system
requires client licenses for the portal access.

e. System testing — This step shows the weak parts of the system.

Steps 2 — 5 are repeating several times. Each iteration terminated by the version of
application will let us improve functionalities.

f. Putting ”SWIS” into the practice - This is the last step of these activities. It consist
of these parts:

* Creation of guide for the system.

+ Settingthe access rights for using the system respecting the safety and functionalities.

+ Setting the terms and rules of system.

» Technical documentation containing a description of system development.

» The evaluation of a potential options.

5. Completing the SWIS with information and data about wildland fires

Geoinformation web is a portal filled by theoretical and practical information about
wildland fires, i.e. basic terminology, valid legislation, preventive measures, etc. Definition
of tasks to prevent, fight the wildland fires respectively, for forest or landscape managers,
owners and users. It also containes the requirements related to behavior of tourists in the
time of high degree of fire danger.

6. Automation process of fire occurrence assessment

This activity consists of these steps: Building of environment for the spatial decision
making. There are also used the tools for writting and implementation of algorithms in
GIS, but also programming language (e.g. Python) is used for more precisely tuning of
the system.

7. Generating the maps and services for geodata publication

The system is built on a principles of geoinformatic systems tools and functions. This
is the unique project focusing the wildland fire monitoring and warning in the Slovak
Republic. For users, it built as the web application, i.e. it is available online.
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3.3. Outputs from "SWIS”

System provides outputs in map, numerical and text forms (semiquantitative risk
assessment). In a graphic form it provides results of susceptibility of the area and fire
danger, see results of fire susceptibility analysis for Zilina region in Figure 3.
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Figure 3. Results of associated susceptibility assessment of Zilina region

Dynamic parameters of a landscape, which has an influence on a fire danger are
expressed by fire weather (FWI) index. In general, the degree of fire danger will never be
lower than an identified degree of susceptibility of area to fire occurrence. FWI index can
only increase the degree of fire danger due to worse weather conditions.

4. CONCLUSION

The majority of the fire warning systems were developed in countries affected by
wildland fires regularly, e.g. countries such as USA, Canada, Australia etc. Those systems
become more complex and practicable by implementation of new technologies.Nowadays,
there is a trend to build up the national fire warning systems. Those are many times
applying the structure or parameters used in the Canadian Wildland Fire Information
System (CWFIS).

This paper deals with the need and the design of national fire warning system suitable
for Slovak Republic. Here introduced fire warning system — the Slovak Wildland Fire
Information System (SWIS), should be connected with Slovak Hydrometeorological
Institute portal to obtain the data on weather situation in real time. There is also need
to establish special division in the structure of the Fire and Rescue Service. This special
division associate employers with knowledge of GIS environment, but also on fire
behaviour, fire dynamics respectively.

Information that provides fire warning system is one of the basic inputs for decision
support of persons responsible for fire monitoring, prevention and fire—fighting, crisis
management, as well as evnvironment protection. To use this system and the information
it provides effectively, it is very important to train those persons as at a local and regional
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as at the national level. Better understanding of wildland fires could spare a lot of financial,
material and human sources. Here described fire warning systems provides lots of

information about time, locality and fire behavior in every single forest unit.
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1. INTRODUCTION

Today, by measuring exterior and interior temperature, our buildings automatically
air-condition (heat, cool, overshadow) themselves, our fridge notifies about the quantities
of food used or when it expires, the home alarm system sends a live video feed to our
smart phone about the situation at home, and anyone almost anywhere in the world can
contact anyone, spanning space and time. Nowadays security systems can perform a wide
variety of commands: the alarm panel floods the interior with colored smoke to hinder
the burglar’s actions; the GPS system in the car sends a report to the smartphone on the
whereabouts of the stolen car; the fire alarm system controls the fire doors to prevent the
spread of fire.

A smartwatch is able to predict if our blood pressure or pulse gets critical due to which
a heart attack may become manageable in time. Due to real space analyzing and detect-
ing systems and the high development level of robotics vehicles are able to attend traffic
automatically. Self-driving cars, subway trains, buses serve the convenience of humanity.
Robots perform precision assembly work, and are capable of self-development of artificial
intelligence as well. Without being exhaustive, this brief summary already illustrates the
abundance of technical devices and systems which are available to serve our comfort,
safety and health.

For the man of the 21st century health, safety and sustainability have emerged as key
demands in this stage of development of civilization. In order to maintain and continually
develop our European way of life and standard of living, a multi-faceted implementation
of security is a must. Fire protection occupies a prominent place in the major part of the
different types of protection devices (protection of life, security, etc.). Practically, it is
involved in one of the broadest spectrum of general security; therefore its widespread use
is not negligible.

2. THE DIGITAL AGENDA

The EU2020 Strategy gives priority to the wide range development of ICT services,
which extends beyond infrastructure development, and includes usage incentives, instru-
ment supply, education, etc. Among the objectives of the ICT cornerstone of the EU2020
strategy, the Digital Agenda, regarding e-administration in particular, are aims, such as
that at least 50 % of the EU population should engage in e-administration, and that e-gov-
ernment and a broad range of e-services should rise over the borders and that the specific
service should be available anywhere in the EU. [1] In case of the realization of the objec-
tives of the EU a huge database of virtual network is created, which will greatly facilitate
and accelerate e-government services, administration, including procedures concerning
fire protection.

The ultimate aim of the expressed aspirations of the EU, that is the creation of the
Digital States, is realized with the common engagement of national governments, insti-
tutional and market participants. In this cluster fire protection occupies a significant area
within the subset of safety, which within the service state is already partly integrated into
the e-public administration, but still far from being fulfilled in such a way that it would
have significantly moved the level of fire safety in the direction of complex fire protection
realization. [2]
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Figure 1. Lifecycle BIM. Source: IBM [3]

Thanks to the infrastructure of the digital state, a virtual system provided by the In-
ternet, a fire protection net can be designed to cover complex fire protection. The actual
presence of this system is tangible at the beginning of a building’s complete life cycle. In
practice, the designing of buildings and the processing of plans are now done with digital
systems, computer software. These architectural and other additional software tools are
capable of creating three-dimensional (3D) virtual spaces in a way so that the 3D elements
intelligently convey information about the building. “The BIM, Building Information
Modeling process actually represents an approach that manages the whole construction
process as a unit, from the designing of the building to the end of implementation works
(or even longer, to operation). The BIM displays and simulates projects, streamlines doc-
umentation and drawing, manages the data and facilitate cooperation between parties in-
volved in the projects with an effective set of complimentary solutions. It provides several
advantages for the project designers, construction professionals and owners throughout
the entire project” [2].

The individual building elements and structures carry information that assist the de-
sign process and have the ability to convey the carried information. Constructed spaces
are three-dimensional, as well as an actual fire phenomenon, therefore 3D planning and
designing can and should operate on the basis of compatible principles. Thinking in 2D
has to be forgotten both by the designers and the authorities as well, for reality is three-di-
mensional. This planning and controlling in the actual space is greatly promoted by the
software that is already available. They are able to record 3D sections, showing fire stag-
ing within the full depth of the building, which is never a horizontal and / or a vertical line
only, but a continuous system of relations of planes coming through in 3D, that defines
and separates spaces. The analysis of the spreading of fire by engineering approach should
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already be done in the design phase, and can be easily done using the above tools and
methods. With the proper adaptation of the architectural model software simulating heat
and smoke extraction or evacuation will be, and in a part are already able to map a phe-
nomenon very similar to the reality by the using the conveyed information, therefore
broadening planning and the engineers’ way of thinking.

3. INNOVATIVE METHODS OF ENGINEERING

It is now clear that procedures known as engineering methods provide only partial
results in a sub-system in which they came under particular test, but do not provide a com-
plete solution in themselves for a given specific problem, and therefore greatly contribute
to the implementation of a false sense of security. A real fire test conducted in a specific
manner (e.g. fire propagation testing of fagade insulation) manages the specific spatial de-
sign problems, but for every single building in different mounting positions and three-di-
mensional design the same system can only approximately be evaluated in the same way.
[4] Using the results of a real fire test, in case of an appropriate selection of a model fire,
and BIM (building information modeling) based information of spatial planning, with
the currently available and rapidly developing simulation software the ability to plan the
solution for above problem is there.

Process of the innovative Define the
. . problem
engineering methods

+

Fire test ]
Based on Fire simulation ‘
results and Calculation Devel d
lo) R .
ki b Ao » e\:;(ﬁ: a: Solution meets Communicate
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again and ‘ ‘
review data. :
Combined
solutions » Test solution

Figure 2. Process of the innovative engineering methods. Source: author

This, of course, means unique a solution in each individual design, requires the prop-
er application of several engineering methods and takes final shape in an evaluation
and survey summation with which meeting fire protection requirements can be verified.
Conscious and innovative use of engineering methods requires team of professionals on
almost the same level of knowledge both from the participants of professional and the
civil sector. This can be achieved by a very thorough and targeted professional training.

The innovative engineering approach is therefore a correlation system, a new kind of
approach which provides a unique solution to the individual fire protection problems in
a way that it mixes the necessary engineering methods to the extent required, analyzes
the effect they have on each other, compares it with the measured experimental results,
summarizes and evaluates it in a critical point in the building, in a critical time, or interval.
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By using innovative engineering methods it is possible to determine critical areas and
potentially inflammable periods, thereby creating an appropriate security. This security
serves the special on-site security of fire safety interventions as well. [5] With the determi-
nation of critical sites a new use, proven by engineering methods, can be planned for the
potentially risky time intervals. Instead of the legislation based static (depending solely
on legislative changes) usage rules, dynamic usage regulations with a new approach can
be created.

According to futurology, in the not so distant future of around 2020-2030, smartphones
will be replaces by so called super phones, which will be able to replace almost all human
senses by their sensors. They will scan the space around us in real 3D, identify the source
of the sounds and their distance, and even measure our blood pressure, the physical param-
eters of the surrounding environment, air quality, temperature, etc. [6].

Behind the smart sensors there will be intelligent computer systems, powerful data
analysis servers with artificial intelligence and the ability to learn. With our smart gad-
gets we will be able to keep in touch in a more natural way compared to today’s digital
displays, within the confines of extended and virtual reality (VR and AR), and they will
understand our video and sound commands perfectly as well [7].

4. FIRE SAFETY NET

A fire protection based on innovative engineering approach can be created with a fire
safety net, from the initial design phase through a fire intervention to the total demolition
of the building, and starting from there again.

The fire protection net, similarly to a matrix, contains all information about the current
fire situation, which can be reached in a cloud-based shared system for the people connect-
ing to the network. The information is always on a shared storage, which changes can be
monitored clearly and continuously in every moment by all participants. Practically, it is
under constant control, up to date and easily accessible from the cyberspace.

So the information is placed on the net in a clearly identifiable manner (e.g.: the tem-
perature of a fire compartment, which gets a clear identifier, e.g. Fire Section 1, of specific
building, which is located under a particular and individual plot number). Designers create
this information, turn it into virtual reality with a BIM-based process, and if required they
feed it into various simulation software in order to analyze it. Here they expand the respec-
tive fire section data with more information, which can be compared with the data of real
fire tests, results of fire investigation procedures, and calculations, which can be obtained
from the joint EU database.
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Figure 3. Fire Protection Net. Source:author

All-access, cloud based dynamic files and e-logs, which are already accessible from
smart devices, make it possible to carry over and record design changes in a dynamic way
which becomes known for all participants immediately. After the creation a completed
state is displayed in the storage space, which can result in a dynamic use by the actively
used passive fire protection systems that can be followed-up later during a control or an
intervention of firefighters. With the knowledge of critical places and times and we can
perform active fire prevention locally with the use of passive systems.

Thanks to the implementation of sensors in measured spaces, in case of a possible
fire and aided by the fire safety net a digital firefighter is able to prepare in advance with
the help of a smart device in a real-time, long distance detection during a rush to the fire,
and can carry out the safest and most effective intervention by using a decision-making
assisting system. Thus, the most advanced intervention could become a reality. The fire
chief would already have such information upon arriving to the scene of the fire which has
been practically obtained by distant detection that today, in such depth, a very thoroughly
carried out on-site investigation cannot get either. For this reason, and due to the decision
making support systems, prepared plans would be available, with which combined, or the
most suitable selected, the speed of intervention would significantly increase, i.e. effective
firefighting can begin at an earlier stage of fire development, when the full burning of the
given space is still not fully developed, thereby significantly reducing the risk of injury in
case of the occupants, and also fire damage. The safety of the intervening firefighter staff
would increase significantly, and it would optimize the use of the extinguishing substance.
Overall, the efficiency of the fire service intervention would be significantly increased,
and safety along with economic efficiency would also increase in direct proportion.

Besides the use of smart devices, the intervening firefighter’s personal protective
devices also could be equipped with sensors that would continuously examine the life
functions and the state of the immediate environment of the firefighter. Thus, personal
security would significantly increase too with the help of the in-built systems of buildings.
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The building and the personal protective equipment could synchronize automatically on
the principle of compatibility, thus can develop a mutual symbiosis between the fire scene
and the intervening firefighters that could offer comprehensive security for the firefighting
staff. In addition, the system could capture a significant amount of information, which
could be used during the fire investigation. The obtainable information from the interven-
ing firefighter staff during the fire investigation procedures that can be obtained today by
hearing, would appear in a whole new quality, with exact figures.

The fire safety net would increase the quality and effectiveness of the controls as well.
On the one hand the control of the system would be done digitally, whether we talk about
a construction e-log, the checking the operability of an active fire protection equipment.
This is certainly not a substitute for live on-site inspections, but makes it possible to pre-
pare for them, makes the existence of continuity traceable, and extends the possibility of
inspections, that is, overall, significantly increases the efficiency of control. This is true
for both the operators and the specialists of the authority area. In the case of complex fire
protection, the process closes a full circle, full interaction is formed, practically complex
fire protection takes place. Information of the passive fire-proof substructure, which was
actively used as an example, is determined at the planning stage, it is evaluated, and then it
is permitted as part of a system based on the resulting data. The information is further used
at construction, and through product manufacturing, where they can provide feedback
to the designers. The professional field is also informed about everything, can also can
control and investigate, during which it can also give feedback to the manufacturer, or the
designer. During use, the specialists of the operator personnel also apply the information
and take the necessary action, carry out maintenance, controls and provide feedback to the
authorities and special authorities, manufacturers and designers as well.

Finally, the same information can be applied by the fire-fighting and fire testing profes-
sionals as well during a fire and thereafter [8, 9]. Their experiences can be shared for the
same technical solution for all the previous fields of expertise and professionals with the
help of the fire protection net. Virtually an entire interaction is formed, which is capable of
developing fire protection dynamically, the significant and efficient improvement of fire
safety throughout the complete lifecycle of a building. The information and data collected
in an exact way would be recorded in a vast amount in a common EU database, by which
exact empirical informational capital could grow huge, helping the unified development
of fire protection.

5. CONCLUSION

Complex fire protection, the high level of heterogeneity in the case of participants,
and the dynamic change of building-man-fire parameters in time results in white spots of
a critical risk in the complete life cycle of a building, which significantly reduce the fire
safety of the building. It can be stated that with the innovative and combined use of engi-
neering methods, in addition to the solution of specific fire safety issues, on the basis of the
engineering results and experience of fire investigation critical periods and places can be
determined, to which usage can be planned in an exact way. This method is an innovative
engineering approach, a diversified, modern, computer assisted analytical and evaluation
method. has helped a wide range of analytical, modern, computer, assessment methods.
Using BIM-based design and advanced cloud-based ICT systems our passive fire protec-
tion instruments can be turned into active ones.
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Basically by the operation of passive fire protection systems in an active way a new
type of dynamic operating system of rules develops, which continuously provides security
throughout the full life cycle of a building. Participants of the complex fire protection can
operate in the virtual system of the digital state in the same space and time, therefore a ho-
mogeneous, new, engineering approach fire safety net can serve the security from the first
step of design through the planning of firemen intervention and organizing of inspections,
to the building’s final destruction. For an innovative implementation a fire protection that
is able to catch up with today’s accelerated world pace it is necessary to broaden and accel-
erate the paradigm shift which has already begun, and a conscious, engineering-oriented
transformation of the training of fire protection is necessary.
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1. INTRODUCTION

One of the key elements of fire protection is the fast and safe evacuation of all persons,
present in the building in case of fire. Evacuation should be carried out fast enough to
allow people to leave the building “in time” and safe enough to avoid injury or death. In
our engineering practice, the time required for evacuation is usually calculated based on
technical recommendations [1]. That time is very debatable, because it is necessary to
include a large number of factors where some of them cannot be defined (stagnation spots,
accumulation of people, behavior, etc.). Additionally, the same speed is assigned to all
actors participating in the evacuation.

To achieve a more realistic evacuation calculation, engineers have been looking to
evacuation computer models to assess a building’s life safety. Currently, there are a number
of evacuation models to choose from, each with unique characteristics and specialties.
However, for most models, occupants are usually assigned a specific unimpeded (low
density) speed by the user or modeling program. The differences in the models occur
when the occupants become closer in a high density situation, resulting in queuing and
congestion within the building [2].

The aim of this paper is to draw attention to existing software - Pathfinder, in which
3D model of the chosen building was created and different speed values during evacuation
were used. Through a comparative analysis of the calculation results obtained based on
technical recommendations and the results obtained by a software model with different
speeds in evacuation, the advantages of software are pointed out and recommendations are
given for the implementation and improvement of existing regulations by software testing
and using different speed during evacuation. In this way, the behavior of the occupants is
represented in more different ways by the evacuation models.

2. CASE STUDY

The case study included a high residential building evacuation analysis. Building is
located in Novi Sad, in the city area Liman I, on the corner of FruSkogorska and Jiri¢ikova

street (Figure 1). , ,‘
>

Figure 1. High residential building in Novi Sad
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The building is built as a stand-alone, consisted of ground floor and 13 floors, with
rectangular basis. As height of the last storey’s floor of the building exceeds 30m in
relation to the surrounding ground (40m), building is classified as high-rise building,
according to [3]. According to the Regulation on the classification of buildings, activities
and lands in fire risk categories, the building belongs to III category. The building is one
fire compartment, hence there is a real risk of vertical smoke spread in case of fire.

3. ASSIGNED EVACUATION SPEEDS

In created models, different evacuation speeds were used for different groups of
people. Walking speed values were taken from the foreign authors recommendations [4].
These data are presented in Tables 1, 2 and 3.

Table 1. Walking speeds of different groups of people

Group Speed (m/s)
Children 1,08
Men 1,30
Women 1,24
Retirees 1,04

Table 2. The walking speed on the stairway based on stair characteristics

Staircase characteristics Step height; step width Speed (m/s)
0.20;0.25 0.85
0.18; 0.25 0.95
Dimensions of staircase
0.17;0.30 1.00
0.17;0.33 1.05

Table 3. Walking speed for disabled occupants

Type of disability and speed in m/s

walking with a walking stick walking with crutches
unhindered on . unhindered on .
the flat down the stairs the flat down the stairs
Speed, m/s 0,81 0,34 0,94 0,22
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4. SIMULATION IN PATHFINDER

4.1. Basic data on the software

Pathfinder is non-behavioral egress modeling software that provides a simulation of
the evacuation to visually present the location of the occupants as a function of time. The
software has the capability of tracking individuals’ movements and positions throughout
the simulation. The model views the population through a global view and enables
assessment of the density of certain areas of the building.

Pathfinder does not support the results of the models that visualize the fire, nor does it
consider complex human behavior (example - family grouping).

Software distinguishes profiles and behavior of people. Profile defines the characteristics
of a person such as speed, color and radius, while the behavior involves a series of actions
that people do during the simulation performance, such as: the movement towards a safe
place, waiting, deadlocks, exit, etc.

Characteristics that can be assigned to the people are: speed (the maximum through
the room), shoulder width (important parameter when moving), the occupants’ height,
reduction factor (crowd movement depending on the density, correlated with shoulder
width), comfortable distance (the distance that people try to maintain during movement
in the crowd), deceleration factor (this means that people are moving more slowly and
behind those who are moving faster).

Examples of the output are the number of people that have used an exit; minimum,
maximum, and average time for people to exit from a given room (monitoring the first
and last person to leave), time needed for all occupants to leave a room, hall, staircase
or floor, as well as total evacuation time. Software provides textual and visual (2D, 3D)
representation of outputs.

4.2. Application of the software model

3D model of high residential building was created in Pathfinder with various
scenarios in order to make a comparative analysis between the software and technical
recommendations outputs. Following scenarios were considered: the best possible
evacuation scenario (all occupants start to evacuate at the same time), worst case scenario
(evacuation where occupants from lower floors are activated as occupants arrive from
higher floors), a scenario where the actors have different assigned speeds based on [4] and
the scenario with one single occupant evacuating from the most distant spot with walking
speed taken from [1]. By analyzing the flow of evacuation simulation model, the critical
points such as places with a deadlock and piling of people, speed and density of occupants’
movement, are revealed and observed.

5. DISCUSSION OF RESULTS

Table 4 presents evacuation time of occupants per phases and total evacuation time
for different scenarios. It must be noted that calculation of time needed for evacuation in
scenarios 5-8 did not include the additional time taken for constrictions, turns at different
angles along evacuation paths etc., which is recommended by [1].
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There are different sources and recommendations regarding values of walking speed of
different actors participating in the evacuation. Depending on the chosen speed, different
total evacuation time is determined. The use of different speeds during the calculation
of evacuation time should be considered for specific types of buildings where the
characteristics of occupants are known, such as a retirement home, schools, etc.

Table 4. Evacuation time per phases and total evacuation time for different scenarios

Prt?paratlon First Second Third Total.
time for evacuation

evacuation [ELEESE IELLESE IELLEE time

Scenario 1 -
Conditionally best
possible scenario

(SRPS TP 21)

10min 9,33 s 9min 57s 20s 20min 26s

Scenario 2 -
Conditionally worst
possible scenario
(SRPS TP 21)

10min 9,33s 46min 3s 20s 56min 30s

Scenario 3 —
Evacuation of single
occupant (SRPS TP

21)

Scenario 4 -
Experimental
exercise (measured 3min 23s 22s 3min 45s
real evacuation time
of one person)

Imin 54 s 20s 2min 14s

Scenario 5 —
Evacuation of male
gender with assigned

speeds

13,3s Smin 35s 28,5s 6min 16s

Scenario 6 -
Evacuation of female
gender with assigned
speeds

13,4s Smin 52s 28,8s 6min 34s

Scenario 7 -
Evacuation walking
with a stick with
assigned speeds

17s 4min 49s 37s Smin 43s

Scenario 8 -
Evacuation walking
with crutches with
assigned speeds

15s Smin 40s 32s 6min 27s
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Comparative analyses of evacuation time based on SRPS TP 21 and software simulation
model is given in Table 4.

With hand-calculation of evacuation time, it is evident that the time is the same during
the first evacuation phase in all scenarios. On the other hand, based on software model,
there is a difference in evacuation time depending on the number of occupants. In the
second phase, there is a greater variation.

Table 5. Comparative analyses of evacuation time based on SRPS TP 21 and software simulation

model
Hand-calculation results based The results obtained from the
on [1] software model
First phase Second phase First phase Second phase
Scenario 1 9,33 s 9 min 57 s 12,1s 3min 14 s
Scenario 2 9,33 s 46 min 20 s 12,1s Smin2s
Scenario 3 9,33 s 1 min 54 s 9,7s 2 min 18 s

According to calculation [1], that time is in the range between 1min 54s and 46min
20s depending on the scenario. This is a consequence of taking into account a lot of time
needed for turning at certain angle during evacuation. As for the software model, evacuation
time in the second phase of evacuation is much more realistic and the differences are
much lower. Even if we compared them with the experimental exercise results, the same
conclusion could be derived. It has already been pointed out that with the help of computer
technology, it is possible to see the places where there is congestion or deadlock and that
it is not necessarily turning at certain angle.

In Figures 2-6, characteristic moments in different evacuation scenarios are given.

Figure 2 shows the first phase of evacuation and time of evacuation can be observed.
Starting evacuation point and first exit are marked. Figure 3 presents the speed of movement
on evacuation path in case when all actors have the same assigned speed. Walking speed
on the flat surface can be seen in Figure 4, while speed downstairs is illustrated in Figure
5. It can be noticed that walking speed downstairs is in range between 0,36 m/s and 0,72
m/s, while walking speed on the flat surface is in range between 0,72 m/s and 1,2 m/s.
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Exited: 0/20
Speed
(n/s)

Figure 2. First phase of evacuation Figure 3. Speed on the evacuation path

Figure 4. Speed on the flat surface Figure 5. Speed down the stairs

Figure 6 shows the density of people moving downstairs. In this scenario, actors have
assigned walking speeds given in Table 1. It can be noticed that density is between 1,04
and 2,75 occupants per m>.
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Figure 6. Density of movement down the stairs

6. CONSLUSION

The main goal during the evacuation of persons is fast and safely egress of all occupants
from the endangered area. During the movement of the evacaution actors, there are many
critical spots that can not be observed by hand-calculaton, so there is an increasing need
for the use of modern technologies and software applications.

Softwares, which are constantly being improved, enable simulation and modeling in
risk management and can be the starting point for analysis of existing regulations, as
the comparative analysis revealed that there is a clear difference in the evacuation time
obtained by a technical recommendation and software models.

Software model makes it possible to detect critical points such as places where there
is a deadlock, piling of people, speed and density of actors movement, while technical
recommendation provides only total evacuation time, dependent on number of actors,
hence the real picture can not be obtained. Results showed that congestion will not
necessarily be created as technical reccomendation predicted. In addition, the software
model has ability to detect that speed down the stairs is not constant, but varies depending
on the density of movement of persons during the evacuation.

Another advantage of using software is the possibility to attach different types of actors
with variations in speed and it is possible to follow the particular person at any moment of
evacuation, while it is almost impossible to do so in calculation method. Application of this
kind of software provides significant advantages compared to technical recommendations
and enables obtaining of approximately real time for evacuation in case of a specific types
of buildings such as kindergartens, schools, retirement homes, etc.
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busana TEMOBUR!

CAD AIVIMKAIIMJE Y BAIITUTHU O ITOKAPA

Pe3ume: ¥ pany je mpuxazaHa IprMeHa KOMITjyTepCKe aHUMAIMje 3a IUIaH 3allTUTE Off II0XKapa.
[ara je ocHoBa KoMnjyTepcke aHMManuje u MpuMepH peann3anyje aHuManuje cryJeHara Brucoke
TEeXHUYKEe IIKoJe CTpyKoBHHX cryrmuja y Hosom Canmy koje cy peann3oBaHe Kpo3 IIpeaMeTe
Kommjyrepcka anmmanuja u IlpaktuxyM. PagoBu koju Cy IpuKa3aHH y OBOM pajiy IpeACTaBIbajy
pesyarar pama cTyaeHaTa Tpehe ToAMHE OZHOCHO IIECTOr CEeMecTpa CTYAHjCKOT IIporpama
Mynrumenuja y okBupy npeamera [Ipaktukym. IIpenqmer Kommjyrepcka aHuManuja cy cTyaeHTH
OBOT CTY/IHjCKOT IIpOTpama CIIyIIain y APYToj TOANHH CTYIIV]ja, ¥ Kao IPOjeKaT ¢y Tpebalru J1a pajjoBe
CBOjHX KOJIETa ca CTYJHjCKOT Iporpama 3alTHTa Of HoXKapa peanusyjy Kpo3 u3paay aHHMaIHje U3
3aLITUTE OJ [IOXKApPa.

KibyuHe peun: komijytepcka rpaduka, 3alTUTa Off IoXKapa, KOMITjyTepcka aHIManuja

CAD APPLICATIONS IN PROTECTION FROM FIRE

Abstract: The paper presents the application of computer animation for the fire protection plan. The
basis of Computer animation course in the Higher Technical School of Professional Studies in Novi
Sad is given and examples of student animation realization, which were realized through the courses
of Computer animation and Practicum. The works that are presented in this paper are the result of
the work of students in the third year and sixth semesters of the study programme Multimedia within
the course Practicum. The course Computer animation the students had in the second study year and
as a assignement they implemented the works of their colleagues from the study programme Fire
protection through the creation of animation in fire protection.

Key words: computer graphics, fire protection, computer animation
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1. ICTOPUJCKHU PA3BOJ

[ojaBoM KoMITjyTepa rmovena je epa KoMIjyrepcke anumanuje. [IpBo, cTuaiprBo, 1ocTa
KpPYTO, CHPOMAIIIHO U KPAaTKO, a Mocie; CBe 00Jbe, BEpHH]jE, MPUPOIHH]jE, YBEPJbUBHU]C U
jedrunuje. Pagne cranuile, 10 Taja jeAMHE Koje Cy OnIe y ctamy fa uspal)yjy KoMmijyTepeke
aHMMallije MCYBHUINE CKyIe, KOIITale Cy BHIIE XHJbada JoJlapa, YCTYNWIE CYy MECTO
obuunum I11] pauyHapuMa ¥ O0BMM CO(PTBEpHMA, IIa JaHAC CBaKH KOMIjyTep 00Jbe
orpeMJbeH. XapABEpPCKy CTPYKTYpy JaHANIBUX padyyHapa YUHM TIpaduykud mporecop,
Koju y3 Majio Buiie PAM MeMopuje MOXe 1a peHIEPYje KBAIUTCTHY U Op3y KOMIIjYTEPCKY
aHUMaIIHjy.

[IpBo cy ce mojaBuiam Mamu kyhum padyHapu kao mTo cy ,,Comodore 647,
»Atari”’, a mocebHo ,,Amiga” koju cy ca mnporpammma: ,,Videoscape”, ,,Deluhe
Paint” u ,,Real 3D” Ounm HOCHOLM NMHOHUPCKOT paja Ha KOMILYTEPCKO] aHMMAalHju.
3a pasnuKy Of KJIacMyHe aHMMalHdje, KOMIjyTepcka aHuMalfja jeé KOMIUIEKCHHja W
CIIOKEHH]ja, a CAMUM THUM M CKYIIJba, aJIM j€ TPHMjEHIbHBHja eprukacHuja 1 00Jba y CBUM
obnmactuma. KomrjyrepckoM aHMMaINjoM Haja3u cBe Behy nmpuMmeHy y rpaljeBHHApCTBY,
IIKOJICTBY, YMETHOCTH, HayIllM, BOJHOj MHIyCTPHjH 1 TOTOBO Jja HEMa 00JacTH y K0joj ce
He npumemyje [1, 2].

OcHOBHa pa3nuka u3Mel)y Kiacu4yHe aHMMallMje-IPTaHOr (GHIMa U KOMIIjyTepckKe
je mTo ce Koj KIaCHYHE aHMMAllWje PYyYHO CITUKE LPTajy, CaXy M KaMepoM CHHUMAjy,
a KOMITjyTEpPCKOM aHUMAI[MjOM MOJICIHNPA]y JINKOBH-00JEKTH, T€ Ha ‘“KHYaHW MOJel
,»JIere” TEKCType U HapeA0OM IoMepajy-aHUMHPa]y 00jeKTH aHUMAITH]e.

Janac mocroje u3y3eTHO MOhHHM mporpamu 3a To: ,,Maya” wm ,,3/] Max” npasu
npodecnoHaTHE POTPaMH KOju ce KopHcTe y (uiMckoj nHnycTpuju. HapaBHo na pan
Ha KOMITjyTepCKOj aHUMAIMjH HUje HU MaJlo jeIHOCTaBaH, IOTpeOHO je 3Hame mporpama
3a annManujy. Jlob6ap uprad He Mopa OuTH n 100ap aHUMATOD, a ci1ad nprad, Moxe OUTH
cjajaH aHUMAaTop.

2. KOMIIJYTEPCKA AHUMAIINMJA — CABPEMEHU TPEH/

Tponumensnonanaa omgaocHo 3/ cimka je 2]1 mpojeknuja KOMITjyTepCKOT Mojelna
HEKOT peaiHoT (pU3WYKOT 00jeKTa. 3arpaBo, y MUTamy U He Mopa Ja Oyne o0jeKkar KakaB
Beh mocroju. Peamictiuno 3/] MozenoBame ce 4ecTo KOPHUCTH Aa Ou ce BU3yaJIM30Bao
HernocTojehn JIMK WM OKpYXKeHme, WiIH 00jekaT koju je Hemoryhe Qotorpaducatn u3
onpelhenor yria (Ha mpuMep, HeocBeTJbeHa cTpaHa Mecena). Kopueru ce u na oupra
WM TIPOMEHH OJJIMKE TakBOT o0jexTa. [locie Tor u Hu3a Apyrux npoieca (peHAepoBama,
permmo) mobujamo 3 /] koMIjyTepcKy rpaduKy Koja, Kako Kaxke jemHa of nedhuHHIN]a,
IIPE/ICTaBJba TPOAVMEH3HOHAIHY BHPTYEIHY penpe3eHTanujy oljexara CHUMIJbEHHX Y
KOMITjyTepy, paJIy U3Bohema npopadyHa U reHepucama ciuke. 3/ rpadguka ce mopeau ¢
(ororpadujoM mu BajameM, IOK je 21 rpaduka cnudHa npramy [3].
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C npyre crpane wumamo 3/ aHMManMjy, YMjU je pa3BOj TOKOM TOCIEAHBHX
rondHa Beoma yOp3aH, yIOOpeao ca pa3BOjeM KOMIjYTEpCKE TEXHOJIOTH]E.
31 rpaduka ¥ aHUMAIIHja Cy TaHAC MaXOM 3aCTYIJLCHE Y MOJICNIOBakYy 00jeKara, 3rpaaa u
nej3axa, creapamwy 3/ Buneo edekara, unrerpanuju 3/ oojekara ca ,,,KUBUM'® CHUMKOM,
Kao U y pa3Bojy GuiIMcKe HHAyCTpHje. Mel)y pacmonoxuBuM mporpaMiMa M makeTuma
KOjU MOTY Jla UX pPeasiu3yjy, CaMo HEKOJIMKO je MUpoko npuxsaheno. Hajmonymapauju je
nporpam Maya bupme Alias Wavefront. Kopuctu ce y HajBehnm cTynujumMa 3a BU3yelHe
edexre, y komOuHauuju ca [Tuxaposum nporpamom RenderMan. Cnenehu je 3/ Crynuo
Max ¢upme Discreet, cTBOpeH kao Hacimequuk mporpama 31 Ctyauo, a maHac Beoma
pacnpocTpameH y MHAYCTPUjU KOMI[jyTepCKUX HMrapa u ,,kyhHoj pamunoctu”. Ty je u
Hashov Animation: Master, OpUTUHAITHO TIPaBJbEH 3a AMigu KACHUX 0CaMAECETHX TOJMHA
MPOIILIOT BeKa, a JaHac je KoMmatuouian u ca Windows u Mac OS. Cnenehu je Softlmage
XSI xanazcke ¢pupme Avid.

2.1. Kopumhemwe kxoMnjyrepa y aHUManuju

KommjyTepu ce Bpio eukacHO MOTY HICKOPHUCTHTH 3a aHnManujy. [Iporpam [Ipemuepe
caapxu koMaHny Spot Frame 'y Captyre MEHH]Y, KOjOM MOXXEMO PETUCTPOBATH CaMoO je/laH
¢bpejm xoju je y hopmary ciuke, win geo AVI wim Quick Time cexBerne. OBO BaXH U
3a mporpam Flach kojuM MOXXEMO HAINPaBUTH aHUMalHWje Kaxap-To-Kaaap, aHUMAIlHje
MPOMEHOM IOKpeTa WIIM MPOMEHOM oOnika M cil. Takohe, MOKeMO MEHaTH LpPTExXe,
MEHaTH TOJIOKaje MOoJeia M OHIa HMOHOBO PErHCTPOBaTH NpoMeHy. PpejMOBH KOju
HaM HE OAroBapajy Mory ce m3dpucaru. CBe perucTpoBaHe (QppejMoBe MOKEMO KacHH]eE
eKCIIOPTOBaTH Kao jefaH rmocebaH BHACO CHUMAK, WM Kao TPYyIMy CIMKa Koja ce MOXKe
00paguTH y MO3HATOM Tporpamy 3a o0pany ciuka — Photoshop. Tlpu u3paay aHnManmje
BPJIO je 3rOHO KOPUCTHTH KOMIIjyTepe, jep ce CIIHKE JTaKo MOTY MEHhaTH, YyBaTH, OprcaTy
W JIONaBaTH y CeKBeHILy. Kox KiacnuHe aHMMaluje HUje HEOIXOMHO KOPUCTUTH Kamepy

[4].

Hexu o OCTYNHUX TEXHUKA y pasy Cy:

Jururanne goiauje (Jiejepn) - Koje ce y mporpamMmuMa 3a o0pary ciiuka u IporpaMuma
3a M3pagy aHWMAIlMja Ha3WBajy W CII0jeBH (JiejepHu), oMoryhyjy Aa ce jeaHa craTHdHa
CIIMKa TpeJCTaBh Kao rmoceOHM nenoBu. IlocTymak m3pajne aHMManuja TEXHUKOM pasia
ca JiejepuMa je TakaB Jla ce IPBO Kpeupa MO3aIIHCKH Jiejep 3a mpBu ¢pejM. 3aTuM, Ha
OJIBOjEHUM JiejeprMa Kpenpajy aenoBu koju he ce momeparu. Kaga ce uyBa mpeu ¢pejm,
cieaehu ce mpaBu Tako MITO ce Komupa mocrojeha mo3aanHa u 1omajy ApyTH Jiejepu Ha
KOjUMa Cy M3BpIICHE IIPOMEHE HEOMXOIHE 3a IIOKPET Tj. aHUMAIHjy.

CopajT anuManmja - ce 3aCHHBAa Ha 00jeKTHMa KOjU Ce IOMEpajy, 30By C€ CIpajT
(sprite) anumanuje. CIOKEH MOKPET MOXE C¢ JOOWTH IOAC/bUBAFKCM BHIIEC CIIHKA
jeaHom crpajty. OBa BpCTa aHUMAIIM]e je TMOTOJHA 33 CUMYIIAIN]y Xoama. BpeaHocTu
KOje ce Memajy Ipu nomepamy o0jexTa mpopadyHasa KoMIijytep. [lomeparme n usnien
aHMMHpAHOr 00jeKTa y OBOj BPCTH aHMMallMje MOXKE J1a KOHTPOJIHIIE CaM KOPHUCHHK.
Takole, cripajT aHuMaIja Moxke OUTH KOPHCHA M 33 PA3IMYMTE THIIOBE CUMYJalfja Kao
U 3a caMe MPE3CHTAIIN]j¢ Ha HHTCPHETY.
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AHuManuja moMohy K/bYYHHX KaapoBa — Y KJIaCHYHO] aHUMAIUjU, KIbydHe (Key)
KaJpoBe LpTajy aBHU aHuMaropu. Ouu 00e30el)yjy mo3e v qetasbe Ha akTepuMa. YIIIaBHOM
ce KJbyYHH KaJIpOBH paJie 3a KapaKTEPUCTUYHE 103€, TAKO3BAHE EKCTPEeMe — MOYeTaK WK
Kpaj XOllatha, Kpajibu FOPIL-H HITH JA0HHU MOJIOKaj Kox aja uta. Ko kommjyrepcke uspazie
aHMMalMja, Lprambe MehykaapoBa ce HazuBa HMHTEpHOJaLUja — HPOPAYyH BPETHOCTH
¢byHKIMje Koja ce Hanaszu u3Mely 3amarux Tadaka. KoMmjyrepcku mporpamu cy BeoMa
Jn00pH y MHTepronauuju, omoryhaBajy HyMepuuKU MpopadyH BpeaHoctd. Hymepuuku
NpOpadyyH BEKTOPCKHUX CIIMKa je J0CTa jeJHOCTaBHHMja OJ MpOpadyyHa OWTMAIUpPaHUX
cnuka. Ha BexTopcke o0inke MOTy OWTH MPUMEH-CHE Pa3inuuTe TpaHchopMmalmje Koje
MOry OWUTH HHTEpIIOJapHcaHe — poTaluja, ckanupame, peduekcuja uta. [lokper moxe
OWTH CacTaBJbEH OJI OBAKBUX TpaHC(hOpMalirja Koje Cy H3BEACHE U3 00paae HyMEPUIKUX
mehykanposa [5].

3. IPOI'PAM 3A NU3PALY AHUMAINWNJE — ADOBE FLASH

Flash nomunupa kao anar 3a au3zajHupame Web npesenranuja. Ha jennom mecty
CKYIIHO je CBE OTpeOHe anarke:
* aJylaTke 3a CTBapame rpaduke, aarke 3a aHIMalWjyTHX rpaduka,
* aylaTKe 3a CTBapame eJeMeHara HHTepdejca U HHTEPaKTUBHOCTH, Kao
» ajarke 3a crBapatbe HTML-a HeonxomHOr 3a NpHKa3WBame Trpaduke,
aHMManuja u egeMeHara narepdejca kao Web crpaHe y unTady.

Ca cBakoM HOBOM TeHepammjoM Flash-a, Adobe je nmomaBao HOBe QyHKIHje U
kapakrepuctuke. OHe cy mnpolmpuBalie MOryhHOCTH IporpaMa Kao MalldHE 3a
aHMMAITHjy ¥ KpeaTopa HHTEpaKTHBHOCTH, Y MICTO BpeMe 3aapkaBajyhu makohy ymorpebe
aiara 3a IpTame, Kao U MIOMONHMX aHMMaIlija 1 MoryhHOCTH Tiporpamupama Flash -a,
Adobe CS5 npeacrasipa MOhHH ajaT 3a U3paLy KpeaTHBHUX cajpikaja 3a mramiry, Weo,
WHTEepaKTHBHE aIlUTMKaIlHje, BUIEO, ayIno Win MoomHe ypehaje. Y HOBOj Bep3uju Flash
-a yHanpeleHe cy Beh nocrojehe MoryhHOCTH U JoaTe HOBE KOje Y MHOTOME OJIAKIIIaBajy
m3pany MyntuMmendjamaux anuMmanuja. OHo mTo m3asaja Flash CS5 onm mpemxomamx
Bep3uja cy cienehe mHOBanmje [6]:

*HoBu ¢popmar 3amuca dajnosa sfl (Flash CS5 Uncompressed Document) —

omoryhasa pax Ha ucToM (pajiay ox cTpaHe BHIE 0co0a,

* MoryhHoCT Kpeupama atumkaiyja 3a iPhone,

* Kopumihewe online ycnyra,

* Ynorpeba Flash Catalyst CS5 -3a mu3ajHupame HHTEPaKTUBHUX caapixaja 0e3
nucama kona u Flash Builder -3a pa3Bujame aruikaija 3a iHTepHeT.

3.1. U3pana 2D anumanmja y nporpamy Adobe Flash

Jenna om moryhHOCTH W3pajae aHuMaIigje je y mporpamy Adobe Flash. Oakpa
aHuMaIja cauMa ce kao .fla mokymeHT. Moxe ce eKCIOPTOBAaTH U Y PasHHM APYTHM
eKCTeH3HjaMa IOTOIHHM 3a J1ajy yrnoTpe0y. 3a aHuMalujy OWIIo Koje Ty)KHUHE, KOja PUTOM
MMa ¥ 3BYK, HajOOJbH KBAJIUTET CE TMOCTHKE KopHihemeM Buaeo popmara. QuickTime je
mocTao cTanmap/ 3a Buaeo popmar. OBakas Buco GopMar MOXKe J1a ce Merha, KOMOUHYje
ca IPYTMM KIIMIIOBHMA, T1a YaK U Jla My ce 10/ajy e(eKTu. PaHO OKpyKemwe je MoAeneHo
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3a Kpewpame rpadMukux ejJeMeHaTa M HMXOBY aHMMalujy y BpemeHy. EnemeHTn
OKpyXema cy [4]:

* MO30PHHIIA,

* BpEMEHCKa 0ca,

* KyTHja ajiara,

* Oubnrorexka cumMooIa,

* MaHEeIH.

Kpo3 oBe enemente okpyxeme Adobe Flash nporpama omoryhasa jiaky u npakTU4HY
00yKy cTyJeHara, 1 IpUMEHY BUXOBOT TEOPH]jCKOT 3Hama u3 obnactu 2/1 u 3/1 anumaruje

[5].

Ha npumeprma Ha ciauny 1 MOTY Ce YOUHTH IIPUMEHE HABEACHUX TEXHUKA M BHUXOBO
o0jenumaBame y KOHAYHY aHMMAIlM]y Koja 4uHH npumep 3J] aHumaruja u3 obmactu
3alITUTE OJf TIoXKapa.

KoMOnHamijomM TexHHKa Jejepa, KJbyUHHX KaJpoBa y KojuMa cy ybadeHe CiHKe
npeTxoqHo obpahene y mporpamy Adobe PhotoShop -y, moBe3nBama KajpoBa moMohy
xoManne Motion tween 'y Adobe Flash mporpamy nobwuja ce Kpajsu MpOnu3BO/I.

Cse cy oBO npocre TexHUKe Koje cy caBmananu cryaeHtn BTIICC y Hosom Cany
KOju cy 00jeMIbeHN OKO MJEje 3a Kpenpame Ipojekara U3 pasHuX oOnacTu ja Ou Kpo3
BUJI NIpUKa3uBama y 2/1 aHMMaIyju Npe3eHTOBaIN CBOj€ HCKYCTBO M 00jeIUI-EHO 3HAbE.

PamoBu KOju Cy MpHKa3aHW y OBOM pajy IMPEICTaBJbajy pe3yirar paja CTyIcHara
Tpehe rognHe OMHOCHO IIECTOT CeMeCTpa CTYAU)CKOT Iporapama MynTHMen#ja y OKBUDPY
npenmera [Ipakrukym. [Ipenmer Kommjyrepcka aHnMmanuja cy CTYIEHTH OBOT' CTY/IN]CKOT
mporpamMa CIIyIaiy y APYroj TOIMHU CTYIUja | Kao mpojeKar Cy Tpebaliu 1a paioBe CBOjUX
KoJIeTa ca CTYAUJCKOT Mporpama 3aIiTuTa O MoXKapa peaan3yjy Kpo3 u3pany aHuMaruje
U3 3aIITHTE OI TIOXKapa.

OcHOBHa 3Hama U3 3aIUTUTE OJl MOKapa Cy CTEKIM Ha IpefaBambiMa Koja Cy 3a CBe
CTY[CHTE TIpe IOYEeTKa IEeCTOr CeMecTpa OpraHW30BaHa W3 objactu Oe30eqHOCTH U
3IpaBJba Ha pagy M 3amTHTe o7 nokapa. OBa o0yka ce peannsyje Ipe oajacKa CTyJAeHaTa
Ha IIPaKTHYHY HACTaBy y KOja Ce peayn3yje y capaimbu ca npeny3ehnma.
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Cnuxa 1. Ipumep 3] anumayuja u3z 3aumume 00 nodxcapa

4. PEI'YVVIMCAILE 3AIITUTE OJ IIOXAPA KPO3 3AKOHCKY
PEI'YJIATUBY

3amrtuty on noxkapa y Penyomunu CpOuju ypelyje 3akoH o 3alITHTH O TIOKapa u
MO/I3aKOHCKA aKTa Koja JAe(uHHINY Mepe 3a CclpedaBambe W3dujarba U IIHpema moxapa,
OTKPHBAE U ralliCihe I0Kapa, CacaBamke UBOTA JbYAN U HUMOBHUHE YTPOKECHHX TT0KAPOM,
npykame moMohn y OTKIIamkamky MOCISANIIA IPOY3POKOBAHUX OXKAPOM.

[Ipema 3akoHy 0 3aITUTH O MOXKAapa, a HA OCHOBY YI'POKEHOCTH OJf TT0Kapa, CyOjeKTH
ce pa3BpCTaBajy y TPH KaTeropuje yrpokeHOCTH Off TIo’Kapa 1 MOpajy /1a u3paJie:
o [lman 3axanrruTe ox noxapa,
o [IpaBumia 3amruTe ox noxapa,
o [lnan eBakyauuje,
o YIyTCTBO 3a ITOCTyMame y Clly4ajy 1moxapa, u
o [Iporpam oOyke 13 3amTUTE OJ MOXKAPA.

Mopa ce anraxosatu [Ipenyszetnuk wiu [IpaBHO nuile koje mocenyje osnamherme
MYVII-a 3a nocnoBe 3alITUTE O MOXKapa.

4.1. Ilnan 3amTuTe O MOXKApa

OO0jexTH, JENaTHOCTH W 3EMJBHINTA pa3BpPCTaBajy ce y ciuenehe kareropwuje:
1) ca BUCOKHM PU3UKOM O] U30Mjama IoXKapa — IpBa KaTeroprja YrPOKCHOCTH O
noXxxapa;

2) ca moBehaHuM pH3MKOM OJ] u30Mjama HOXKapa — Jpyra Kareropuja
YIPOIKEHOCTH OJf TOKAPA;

3) ca M3BECHUM PHU3HKOM 0] N30Mjama nokapa — Tpeha kareropuja yrpokeHoCTH
Off TOXapa.
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Cy0jekTr y TIPBOj M JAPYroj Kareropuju yrpoKEHOCTH O Moxapa 00aBe3HU Cy na
noHecy [Tnan 3amruTe o noxapa Koju capKu HApOUHUTO:

1) mpuka3s nocrojeher crama 3amTHTe O MOXKAPa;
2) mpolIeHy YIPOXKEHOCTHU O] TIOKAapa;
3) opraHu3anujy 3aIITHTE O IOXKAPa;

4) mpeAsor TeXHUYKHUX U OPTaHU3AI[MOHIX Mepa 3a OTKJIamamke HeA0CTaTaka u
yHampeheme cTama 3allTHTe Off I0XKapa;

5) mpopadyH noTpeOHNX PUHAHCH]CKHAX CPEICTaBa;
6) nponucaHe MPOpavYyHCKe U rpaduuKe Ipuiore;

7) mpopadyH MaKCHMATHOT Opoja JbYIN KOji ce MOTy 0e30eIHO eBaKyHCaTH U3
o0jekra.

Cy6jexTH n3 craBa 1. 0BOT wiaHa Ay>KHH Cy Jia [TOCTYIajy 1Mo npopadyHuma u3 [lnana
3aIITHTE Off TIOXKAapa.

VY Ilnany 3amrurte of IoXapa, MOpea Nojxaraka U3 craBa 1. OBOT WiaHa, ONMKe ce
MpHKa3yjy W momany o Opojy Barporacarna, TEXHHYKO] OMPEMIBEHOCTH B OOyYCHOCTH
BaTporacHe jeJUHUIE, OAHOCHO OpraHMU3alUjH MPEBEHTUBHAX Mepa 3alITUTE O]l IoXKapa,
CTaJHOT JISKYPCTBa M IOJAalM O OpOjy CTPYYHO OCIOCOOJbEHUX JIHMIA 3a CIpoBoljerme
3aIUTHTE OJ1 TIOXKAapa.

[lnan 3amTuTe O MOXapa (ayTOHOMHE MOKpajuHEe, jeMHHHUIIA JIOKATHE CaMOyMpaBe
U cy0Ojekara u3 ctaa 1. OBOT WiaHa) Mopa OUTH yckialjeH ca mpoMeHaMa HACTaJuM Kao
nocienuia ypoaHUCTHUKAX, TEXHHUKO-TEXHOJIONIKMAX U JAPYTHX MPOMEHA OJ 3Ha4aja 3a
3aIITHTY OJ] TOKapa Kpo3 U3MEHE U JOMyHE MIIaHa 3alliTHTE OJ1 IOXapa.

Ha ITnan 3amrTe o ojkapa 1 M3MEHE U JI0IyHE TOT IUTaHa IpHOaBiba ce CarIacCHOCT
MuHucrapcTBa.

4.2. [Inan eBaKkyaumje v ymyTcTBa 3a NOCTYNAaHje y CJIy4ajy mo:kapa

CyGjekt y 1pBoj, Apyroj u Tpehoj kareropuju yrpoKEHOCTH O] IoXKapa Mopajy
umatu [1nan eBakyalyje u ynyTCcTBa 3a NOCTyIamke y CIy4ajy noxapa, Koju Mopajy Outu
HNCTAKHYTH Ha BUAJBUBOM MECTY.

Cy6jexTn y Tpehoj kaTeropuju yrpokeHOCTH off mokapa [Iman eBakyarmje u yimyTcTsa
3a MOCTYIamke Y CIydajy noxkapa JOHOCE Y CKIIaIy ca WIaHOM 28. OBOT 3aKOHa.

4.3. [IpaBuJjia 3a1UTUTE O] MOKAPa

[TpuBpenHO [APYIITBO OJHOCHO JpPYro MpPaBHO WM (GHU3MYKO JHIE, Koje je
BJIACHUK OJIHOCHO KOPHMCHHK MOCJIOBHHMX, MHIYCTPH]CKUX M OOjexara jaBHE HaMEHE U
cnobomHocTojehrx rapaxa, a Koju HUCY y o0aBe3u aa uMajy [lnan 3amTure ox moxapa
npeMa wiaHy 27. OBOT 3aKoHa, Kao u oOjekara y Tpehoj kareropuju yrpokeHOCTH OJ
noxapa, u crambene 3rpaze qoHoce [IpaBuiia 3amTuTe o1 moXkapa Koja 00yxBarajy:

1) opraHu3anyjy TEXHOJIOMIKUX MPOLieca Ha HAYHH J1a PH3UK Ol H30Hjarba U IHPeHha
moxxapa OyIe OTKJIOHCH, a Jla y CIIy4ajy HeroBor m30mjama Oyae obe3beheHa
0e30eHa eBaKyalyja JbyId 1 HIMOBHHE U CIIPEUCHO HETOBO LINPLHE;

2) 3alUTHTY OJ NOXKapa y 3aBHCHOCTH Of HaMeHe 00jeKkTa ca moTpeOHUM Opojem
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JIMIIA OCTIOCOOJbEHHX 33 00aBIJbahE MOCIIOBA 3AIUTHTE OJ] ITOXKAPA;
3) IInan eBakyaryje 1 yIyTCTBa 3a MMOCTYNAkbE y CIydajy MoXKapa;
4) HaYMH 0CcrOCcO0JbaBamba 3aMOCICHUX 32 CIPOBOleme 3aTUTE 01 TOXKAPa;

5) IpaBa, o0aBese u OATOBOPHOCTHU 3aIllOCJICHUX 3a CHpOBOIjEH:C MPEBCHTUBHUX
MEpa 3allITUTE O/ ITOKapa;

6) mpopayyH MaKCUMAaJHOT Opoja JbYIU KOjU ce MOry Oe30eqHO €BaKyHcaTH U3
o0jekra.

P

@
a
E :
+
| m
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i

Cauxa 2. ITnan esaxyayuje 00 nosicapa u 3Hakogu u3 obracmu 3aumume 00 nojcapa

Tauke 2),4), 5) u 6) u3 cTaBa 1. OBOT WiIaHa He OMHOCE ce Ha 00aBe3e craMOeHe 3rpaje.

[lan eBakyalyje U yIyTCTBa 3a MOCTYIalme Yy CIydajy moxapa u3 craBa 1. Tauka 3)
OBOT 4JIaHa MOPajy OMTH UCTAKHYTH HA BUJJHUBOM MECTY.

Cyb6jexTr 13 cTaBa 1. OBOT wIaHa Ay>KHH Cy Ja TOCTYyIajy 1Mo popadyHuMa u3 [Ipasmia
3aIITUTE Off TIOXKapa.

IIpaBuna 3amtute of moxkapa ypeljyjy W Ha4MH OCHOCOOJbaBama 3aloCiICHHUX 32
cripoBol)erse 3alTuTe O MoXKapa U 00aBe3e JMia 0CIOCOOIHEHUX 32 00aBIbamE MOCIOBA
3aIITHTE OJT TI0XKAapa U IPYTHX 3aMOCICHHX.

[NpaBrta 3amTUTe O MOXKapa y CKiIamy ca 3aKOHOM O 3aIITUTH OJf IT0XKapa, a Y HUIbY
yHampehema 3amTuTe o MoXkapa yHyTap ob0jekra mpemyseha meuHUIIYy 3amTHTY Of
moXKapa y 3aBUCHOCTH Ol HaMeHe 00jeKTa ca MmoTpeOHUM OpojeM JIHIIa OCIIOCOOJFEHIX 3a
00aBJpame OCIIOBA 3AIUTHTE OJ1 ITOXKapa.

IMpormrcanu dpopmar 3a [nan eBakyarije U yIyTCTBO 3a IOCTYIAkE Y CIIydajy moxkapa
je dbopma A3, Maja je m03BOJHEHO U J1a IJIaH eBakaynuje Oyae popmara A4 u ymyTCTBO 3a
MOCTYyMamke y caydajy moxapa (popmara A4. [Tnan eBakyanuje ce MOCTaB/ba Ha BUIHOM
MecTy y OIIM3HMHM M371a3a M Ha CBAKOM cripary. Y IUIaHy eBakKyalldje ce YHOCH pacriope u
BpCTa I arapara, Io3ulIkje XuapaHaTa, INIaBHU M TTOMONHH Iy TeBH eBaKyalyje, CoJbHH
BaTPOTACHU IIyT, MOJI0XKA] Pa3BOAHUX OpMapa, MoJIokaj MaHuK pacsete [8].

C o03upoM Ha ymyheHOCT 3amocieHHX Ha KopuInhieme KOMIjyTepa HPHIHKOM
obaBJpama paJHUX 3aJaTaka aHmMarpje [lmaHa eBakyamuje OM TpeOasio MOCTAaBUTH Ha
MopTajie yCTaHOBAa M HA Taj HAYMH KOHTHHYHMPAHO, a ONET HECBECHO M HEHAMETJHHBO
eIyKOBaTH 3arocjeHe Aa OW y CHTyaldjama Kajga UM TO 3arpeda OWIIM CIpEeMHH Ja ce
TIOHAIIAjY ¥ CKIIaay ca yIyTCTBHMA.
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VY namem pas3Bojy Ha mpemmery Kommjyrepcka anmmarja BTIHICC ce mmanupa
UMITJIEMEHTAIMja HEKHUX O] OBHX pajioBa cTyaeHara Ha cajtT 1lIkose kako Ou MOTUBHCAIH
HOBE reHepallyje Ja 1ajy CBOj JOMPUHOC Y KPEaTUBHOM pajly U3 KOMITjYTEepCKE aHUMAIIHje.

5. 3BAKJbYUAK

AHuManyja TpeAcTaBjba WIY3Hjy KpeTama CTBOPEHY IIOMONly  CeKBeHIIe
HENOKPETHUX CIHKa Koje ce momepajy. Adobe Flash xopuct craHmapgHe
TEXHHKE 3a aHWMalWjy KOoje CTBapajy WIy3HWjy IIOKpeTa W TpyXajy MOryhHOCT
CHHXPOHM3AIMje aHUMAIlje ca BUIIE TpapuuKuX eJIeMeHara, 3ByKOBa M BHJIEO 3aIlica.
VY pany je npukazaHa npuMeHa aHnManuje paljene momohy nporpama Adobe Flash v ;eHO
xopumheme y npukasy panosa cryaenatra BTIICC u3 obmacTu 3amiTurte o mokapa.

He3axBaiHo je mpuyati 0 pa3Bojy OMiI0 Koje TexHonoruje. OMIITe je MUIIBCEHE JhYIU
13 OBe 00JIaCTH /12 j€ y KOMITJyTePCKOj aHUMalUjH (Kao M y OMJIO YeMy IITO je yCKO Be3aHO
3a pa3B0j KOMIIjyTEPCKE TEXHOJIOTH]E) U 1a j¢ Ha HaMa Jia ra UCKOPUCTHMO MITO je 00sbe
moryhe.
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Lészl6 KOMJATHY'

Eniké KUK?

FIRE SAFETY OF HERITAGE BUILDINGS IN
HUNGARY

Abstract: The task of fire prevention is to check compliance with usage rules, to inspect the possible
risks of fire outbreak and spread as well as to ensure that the necessary equipment is available for
fire fighting. This latter activity imposes special requirements in case of heritage buildings if their
Fire Safety Plans contain the requirements. Favourable conditions have to be created for the quickest
and most effective fire intervention possible. The Fire Safety Plans are to promote rapid and targeted
operations, whose components include ensuring special conditions, fire extinguisher supply together
with other equipment for fire fighting and technical rescue as well as preliminary planning against
damages caused by smoke, heat and water. All of these require the cooperation of professionals from
the fields of fire prevention and fire fighting along with other institutions involved.

Key words: fire prevention, fire fighting, saving possessions, Fire Safety Plan

3AIIITUTA OJ] MOMKAPA 3TPAJIA OJ UICTOPUJCKOT
3HAYAJA Y MABAPCKOJ

Pe3nme: 3agarak 3amruTe of Mokapa je Ja ce MpoBepH yckia)eHOCT ca NpaBuiInMa Kopuinhema,
Ja ycraHoBH Moryhe omacHocTH of n3bujama moXkapa U HBeroBor LIMpema, Kao U 1a 00e36enu 1a
HEOITIXOJJHA OIpeMa 3a raieme noxapa Oyne npocrymHa. OBa akTuBHOCT Hamehe moceOHe 3axTeBe
y ciydajy o0jekara Off MCTOPHMjCKOT 3Hadaja ako TO INpeABuhajy IUIAaHOBH I-HXOBE 3alITHUTE Of
noxapa. Mopajy OUTH CTBOPEHHU MOBOJHHHU YCJIOBH 3a HAjOPKy M Haje(PUKACHU]Y MPOTUBIOKAPHY
nHTepBeHyjy. [lnan 3amruTe of moxapa Tpeba Aa mMpoMoBHIIe Op3e W IUJbAaHE OIepalyje, IMTO
o0yxBara 1 HoceOHe YCIIOBe, anapare 3a raliekbhe 3ajeIHO ca 0CTAJIOM OIPEMOM 3a Talllehe NoKapa
U CIIalllaBambe, Kao U MPEJIMMUHAPHO IUIAHUPama MPOTUB LITETE NPOY3POKOBAHE THMOM, TOIFIOTOM
u BoztoM. CBe 0BO 3aXTeBa Capajiby CTPyUmaKa U3 00JIaCTH 3aIlTUTE O T10Kapa H Talllemha noxapa
3ajeJ[HO ca JPYTUM MHCTHTYIHjaMa Koje Cy YKIbYUeHe.

Kiby4He peun: npeBeHIHja OXKapa, Tallekhe MoXkKapa, 4yBambe HMOBUHE, IUIAH 3aIUTUTE O MOXapa
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1. REGULATION

Cultural values are unique creations that cannot be replaced. Any damage to them
necessitates a lengthy and costly restoration process, while their destruction causes
irreparable damage. Therefore, preventing and suppressing such fires require special
expertise and interventions[1]. The legislation currently in force mainly focuses on fire
fighting activities. The Decree of the Minister of the Interior of Hungary[2] lays down
the basic regulations of the fire fighting and technical rescue activities performed by fire
brigades. However, it does not cover fire suppression in heritage buildings. As regards
saving material values, life saving precedes it in every case and they are to be saved only
if human lives are not at risk. In addition, a paragraph provides for Fire Safety plans
for establishments carrying high-priority from the viewpoint of fire safety. They are
to be prepared by the fire department in its area of responsibility[3]. Article 15 of the
Regulations on Fire Fighting Tactics[4] related to the Decree of the Mol does not cover
fire fighting in heritage buildings either. Article 2 of the Regulations on Technical Rescue
Operations touches only lightly on this subject:

e s there any damage to the building based on the fire detection;

e reconnaissance has to address the extent of damage and the function of the
building;

e saving material values is the last point to consider.

2. INTERVENTION AND RESCUE

Based on the above, it is clear that fire suppression is the primary purpose. However, in
heritage buildings fire fighting operations should pay particular attention to saving objects.
When starting the intervention the main factors to consider are the location of the building,
its special features, the size of its interior, its fire load, the size of the fire compartments
and the risk of heat and smoke spread.

Main considerations for the intervention units:
fire water supply;

installed fire safety equipment;

escape routes;

ventilation and smoke removal,;

the surroundings of the objects on fire;
the surroundings of the building;
available equipment and tools;

travel time of the intervention unit.

Smoke alone is enough to cause irreparable damage to certain artworks, whereas
others can withstand direct exposure to fire without being significantly damaged. Heavy
heat and smoke conditions greatly affect rescue and fire fighting operations as well, since
it delays fire suppression, requires more personnel and equipment and may alter tactical
plans. A further point to consider is whether the valuables can be moved and transported
from the scene with resources available there. Moreover, what exposure to fire, smoke
or heat the given valuable can tolerate. Depending on this characteristic, the objects can
fall into various categories, such as sensitive to smoke and heat, limited tolerance to fire,
tolerance to smoke.
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No general rule can be set up on saving objects when preplanning the intervention, but
we must not ignore the size, weight, density and location of the objects in the building. It
is a basic requirement that a low number of crew should be able to move the given object
via the escape routes to a safe location within a short time.

Figure 1. Esztergom, Hungary. Bazilika

3. THE MAIN ASPECTS OF THE INTERVENTION

If cultural values are endangered, an increased number of crew is needed, which has
to be considered when determining the level of alarm together with the different travel
time of the various deployed units. The recommendations of the local specialists (curators,
restorers) have to be taken into account when assessing the emergency and preplanning
the response. Involving the restorers at this stage is essential because as professionals
they can predict and specify the impact of fire on the given valuables, thus providing
information for the planning of the possibilities and methods of the intervention.

The tactics can be specified, which has a decisive role in the allocation of the necessary
resources. For the sake of effectiveness, alternative, unconventional methods of fire
fighting might have to be applied. Therefore, it is advisable to create a preliminary account
of all the equipment that might become necessary and the organisations that are ready to
provide them in emergencies within a short time (e.g. civil protection, police, economic
players, local governments, etc.).

161



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

Protection of fixed valuables: Fire suppression in the presence of cultural valuables
should minimise damage to them as much as possible. Preferably, pulverized water or even
impulse fire extinguishers should be used in the intervention with periodical application.
To protect fixed valuables from heat, fire resistant sheets can be of service. In case of attic
fires when domes or towers are on fire, drainage of water has to be ensured with the help
of openings or special foils. Vaulted roofs bear the risk that water gathering at the vault
poses a threat to the statics of the building and it might collapse.

Protection of portable valuables: With this type of objects, rescue seems a convenient
solution. The question that arises is what should take priority: fire fighting or rescue. In
the case of valuables of cultural-historical importance, fires may lead to serious financial
losses. Various fire models show that fire may spread incredibly fast without any effective
and quick response. As a result, rescue cannot be the first step. The priority is, thus, fire
fighting or at least preventing fire spread. As soon as the necessary number of crew is
available, they have to start rescuing the objects without delay. Saving objects is not an
ordinary activity for fire fighters, so it requires special training. The incident commander
has to specify the following tasks:

e Rescue activities in areas directly exposed to fire, smoke and water;

e Rescue activities in areas indirectly exposed to fire, smoke and water;
e  Rescue activities in collection and exhibition areas;

e Evacuating and sheltering valuables.

When preparing for the intervention, the necessary forces and resources have to be
reckoned (e.g. packaging materials, tents, means of transport, foils). The rescue activities
always pose a certain amount of risk to the artworks and they have to be protected from
the main hazards. Therefore, the ways to secure the area surrounding the artwork have to
be explored. Investigations show that the valuables can be successfully protected from the
impacts of fire and smoke. Exploring fire prevention possibilities and identifying related
potential problems can contribute to higher effectiveness. Protection against heat radiation
is also possible in certain situations, but it requires special solutions (for instance fire
resistant tarps, special fire protection equipment). Protection against direct heat radiation
can only be achieved with architectural solutions.

4. CONCLUSION

Because of the priceless artworks, this field poses a significant challenge for the fire
fighters. Such responses call for unconventional approaches, where risks endangering
cultural values have to be considered (e.g. sooting, water damage) together with the tactical
solutions to avoid them. To prepare for these responses, a good cooperation with restorers,
collection managers, architects and monument protection professionals is inevitable.

They have to be informed about the circumstances of fire fighting interventions and
accordingly, the most reasonable decisions can be made. Various drills and exercises are
good ways to test the feasibility of the plans. If possible, these drills should take place
in life-like circumstances as this gives rise to solutions that could be useful in actual
situations. The International Visegrad Fund could contribute to this purpose, as its aim
is to facilitate transboundary connections between the Visegrad Group (V4) countries[5].
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Sharing experience, best practices, the new technical and tactical solutions and innovations
related to similar fires should be encouraged between our countries, whose potential
platform could be international conferences.
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Topan BPOPHEBUR'

Ceera IBETAHOBUR?

Io6pusoje JOBAHOBUR?

HOBHU METOJOJIOINKH NPUCTYII 3A ITPOLHEHY
PU3UKA O] IITOKAPA'Y YITOCTUTE/bCKUM
OBJEKTUMA

Pe3nme: HoBH 3aK0H O HHCIIEKLIM]CKOM HaJ30py NPOLIEHY PU3HKa CTaBsba Ha 1pBo Mecto. O came
MpOIICHE PHU3MKA 3aBUCH HAYMH WHCIICKIMjCKOT HaA30pa y Ham3upaHoMm cyOjekty. OmpehuBame
HHUBOA PU3MKa y 00JIaCTH 3aIUTHUTE OJf IOXKapa je JI0CTa CIOKEHO jep He MOCTOje jaCHH HAuYMHU U
METOJIe KaKO TO KJIACU(UKOBATH W OAPEIUTH CTBAPHU HUBO YrpoxkeHOCTH. CaMo pa3BpCTaBarbe
MpaBHUX cy0jeKara y KaTeropHjy yrpoKEHOCTH Of MoKapa M KOHTPOJIHE JICTE U3 OOIACTH 3aIITHTE
OJl TIO)Kapa He Jajy MpaBy CIMKY HH HMBOA PHU3HKA, a HU Moryhe mocienmie Koje HoKap MOXKe
Ja 1mpoy3pokyje. HoBa MeTona mpolieHe pu3HKa 3a YrOCTHTEIbCKE 00jeKTe, KOju Clajajy y rpymy
YIrpOXKEHHUX U PU3NYHUX o0jekara, laje jacHy CIIMKY KOjH je HUBO PH3HKa Y CBAaKOM I0jeIHHAYHOM
yroctutessckoM o0jexty. Cama Meroza GasmpaHa je Ha NPABIIIHHKY O TEXHUYKAM HOPMAaTHBHMA
3a 3aIITHTY YTOCTUTEJFCKUX 00jeKaTa OJf IoXapa | Jlaje jaCHy CIIMKY PU3UKa Y CBAKOM O0jeKTy Ha
OCHOBY rpaavjeHara (6010Ba) KOju Ie(HHUITY CBAKH YTUIAJHU CIICMEHAT.

KibyuHe pe4yu: pu3uK, IpolicHa PU3HKA, TOXKAP, METOOJIOTH]a, YTOCTUTEIHCKU 00jEKTH

THE NEW METHODOLOGY FOR ASSESSMENT OF
FIRE RISK AT CTERING FACILITES

Abstract: The new Law on inspection control, as an important factor in the process of doing
inspection control, puts the risk assessment at the first place. The process of inspection control at the
particular facility primarily depends on the risk assessment. Determination of risk level in the field
of fire protection is very complex due to the lack of precise methods for classification and evaluation
of the real level of danger. Classification of legal entities in categories of fire endangerment and
control lists in the field of fire protection do not give the real picture of risk level neither the possible
consequences induced by the risk. The new method of risk assessment at catering facilities which
are in the group of endangered and hazardous subjects gives the clear picture of the risk level at any
particular catering facility. The method is based on the bylaw of technical quotas for fire protection
of catering facilities and gives the clear picture of risk at the facility based on points which define all
influence elements at every facility.

Key words: risk, risk assessment, methodology, catering facilities
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1. YBOJ

Jla 61 ce MOCTUTA0 IMJb CBAKEe METOME KOja CIYKH Ja Ce YTBPAHW OApeheH: PH3HK
U YIPOXKEHOCT ofjpeljeHor o0jekTa Wiu Ipyre 00jeKTa KOji UMajy 3ajeIHHUYKE €JICeMEHTE
MOpajy ce oHM neduHHCATH, jep OOBome N0 yrpoxkeHocTtd. IlpaBuiHo ux Tpeba
KJIacU(UKOBATH U OJIPEANUTH KOJUKY OHUM MMajy BPEIHOCT Ha YTPOXKEHOCT U MOTyhHOCT
HCIoJbaBamkba pU3UKa U BepOBaTHOhy HaCTaHKa HITETHUX IIOoCJIeau1a.

Kana ce paam o yrocTuTesbCKIUM 00jeKTUMa TH eJIEMEHTH cy ciesehn:

1. cammacHOCTHM Ha TEXHWYKY JIOKYMEHTAIM]y Yy MOIVIEy Mepa 3alliTHTE Off [ToXKapa u
Jo0MjeHe carTacHOCTH Ha CIIPOBEJICHE MEepe 3aIlITUTE O] IToXKapa IpeBul)eHe TEXHUIKOM
JOKYMEHTAIMjOM (TEXHHYKH NpHjeM U3 00IacTH 3allTHTE O IOXKapa),

2. mojamd 3a OTIMOPHOCT Ha TOXKap HocehWx KOHCTPYKTHBHHX €JlIeMeHara
YTOCTHTEJBCKOT 00jeKTa,

3. rpaljeBuHCKE Mepe 3a clipedaBambe MPEHOCA TOXKapa Y YTOCTHTEIHCKOM 00jEKTY,

4.  eBaKyallMOHU ITyTEBH y YyTOCTHTEIHCKOM 00jEKTY,

5. W3Ja3W U3 YyrOCTHTEJHCKOT 00jeKTa,

6. TpUCTym 3a BaTporacHa BO3WMJIa M BpEMeE Jlojlacka BaTrporacHe jeJuHHUIE 3a
ramieme rnoxapa,

7.  TaBaHCKH IIPOCTOP Y YTOCTHTEIJHCKOM O0jEKTY,

8. crame eleKTpUYHe WHCTANAIMje Y YTOCTUTEIHCKOM 00jeKTY,

9.  cHCTEeMHM KIMMaTH3alyje U BEHTHIAIN]E Y YTOCTUTEIHCKOM 00jeKTY,

10. cucremu 3a y30ymHUBame, 10jaBy U rameme rnoxapa,

11. ompeMa 3a rameme noxapa,

12. 3amrura objekara ox aTMOC(EPCKOT IPaKIHEHA,

13. opraHu3alnMoHE Mepe 3alITUTe,

14. nonmatHe Mepe 3alITUTE Y YTOCTUTEIHCKUM 00jeKTUMA.

EnemenTtn koju Koju ce y3WMajy Kao IOJNa3Ha OCHOBA 3a NPOIEHY pH3UKa Y
YTOCTHTEIJECKAM 00jeKTuMa AeduHUCcaH! ¢y y [IpaBHIHUKY O TEXHHYKMM HOpPMaTHBHMA
3a 3alITHTY YTOCTUTEJECKUX oOjekara ox moxkapa (,,Ci.rmacank PC” 6p.61/2015).

300r orpaHMYeHOCTH 00MMa pasia, OBle hie ce HaBeCTH caMo TPHU KPUTEpHjyMa KOjU
WIIYCTPY]y CYIITHHY NPEAIOKEHe METO/Ie IIPOLeHe PU3HKA.

2. EJIEMEHTHU KOJU OJAPEBYJY NPOLIEHY PU3UKA O] IOKAPA
Y YITOCTUTE/bCKUM OBJEKTUMA

2. 1. CarniacHoCTH y JieJ1y 3alTUTE O] I0KAPa 32 YTOCTUTe/bCKe 00jeKTe

3akoHOM 0 3amTHTH o1 oxapa (,,Cir. mracauk PC” 6poj 111/09 1 20/15 unan 33 cras
1 Tau. 1) neduHECcaHO 3a cBe yrocTuTesbcke 0OjeKTe Oe3 003KMpa Ha MOBPLIMHY Jaje ce
caryIacHOCT Ha ITPOjeKTHO-TEXHMUKY JJOKYMEHTAIH]y Y TIOIJIE/Ty Mepa 3aIliTHTE O IT0XKapa.
OBo 3Ha4H J1a je 3a CBe YTOCTHTEIbCKE 00jeKTe NOTpeOHa H3pajia TEXHIUKE IOKyMEHTaIHje
(mpojexta 3a u3BOlEmE) Koja ce cacToju ON: apXHUTEKTOHCKO-Ipal)eBHHCKOT NpOjeKTa,
IIPOjeKTa BOJOBOAA M KaHAIM3aIMje, MAIIMHCKOT IIPOjeKTa, INPOjeKTa eJIEKTPHIHUX
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MHCTaJIallMja, IPOjeKTa MOCEOHNX CHCTeMa 3allITHTE (aKO Cy ITOTPeOHHM ) U INIaBHOT ITPOjeKTa
3amtuTe of mokapa. [Ipe u3rpajambe yrocTHTE/hCKOr 00jeKTa Yy MpOjeKTHO-TEXHUYKO]
JOKyMEHTAIMjU TIOTPEOHO je MPEABUACTH CBE MPOMICaHe U TEXHUYKOM IIPAKCOM YCBOjeHe
Mepe 3allTHTEe OJ] OKapa M eKCILIo3Wja Koje Mopajy OUTH ycaramieHe ca 3aKOHCKHM U
MOA3aKOHCKUM HOpMama. OHO MITO je MOCeOHO BayKHO HA TAKBY JOKYMEHTAIIH]y TOTPEOHO
je moOUTH CcarmacHOCT HA/UICKHOT OpraHa 3a MPEBCHTHBHY 3AIITHUTY YHME CE MOCTHIKE
Jla TakaB YroCTHTEJbCKM O0jekar MMa CBe NpelaBul)eHe Mepe 3aliTUTe Of MoXkapa H
eKcruio3uja. Haxanoct Benuku Opoj yrocTUTEJbCUX 00jeKara He rpajiu ce 1o npaheHuM
¥ 0I00pEHUM JIOKYMEHTAIIMjaMa Tako Ja TO yrpokaBa 0€30eTHOCT 1 OBaKBE 00jeKTE YHHU
OIMMaCHUM IITO HaM Jroraljaju y mpouutocT camo moTBphyjy.

UnanoMm 36, 3akoHa O 3allITUTH O MOXapa, MpeaBul)eHO je ma mpe craBbamba y
(GYHKIM]y YrOCTHTEJbCKUX O0jeKara, MOTPeOHO je JTOOMTH CariacHOCT Ha CIPOBEleHE
Mepe 3allTHTE Of MoXKapa mNpeaBuljeHe MPOjeKTHO-TEXHUYKOM JIOKyMEHTalujoM. To
MpaKTUYHO 3HA4YMW Aa HAAJIC)KHU OpraH HM3BPIIN YBUJ Y M3BCIACHO CTAlkC U YIIOPEAU T'a
ca Mepama y TeXHHUYKOj JTOKYMEHTAIIUjU, aKO CE OHE CJIaXy CMarpa ce Ja je y 00jeKTy
CIIPOBENICHO CBE LITO j€ 3HAauajHO ca acleKTa 3alITHUTE Of MoXKapa, Tako Ja ce 3a TaKaB
o0jexar MOXe U3/1aTH yIOTpeOHa 103B0JIa.

VY Tabenu 1 mpukazaHo je 0OZOBHO OLiCHMBabE KOje C€ OJHOCH Ha CarIacHOCT Ha
NPOjEKTHO TEXHUYKY JTOKYMEHTAIU]y Y MOIIey Mepa 3allTHTE O] oXkKapa.

Tabena 1. Caznacnocm na npojeKmHO-mexHu4Ky OOKyMeHmayujy y no2iedy mepa 3auimume 00
nodxcapa

Mepa Bpoj 6omoBa

YroctutesbCcku O0jekarT Mmoceayje CarIacHOCT Ha TEXHWYKY JOKyMEHTALHjy
y HOIIefy Mepa 3alliTHTe O HoXKapa Ha KOjy jeé JaTo IO3MTHBHO MHUIUBCH-E 60
HaJJIS)KHOT OpraHa

VYrocTuTesbCKH 00jeKaT IOCeIyje CarlacHOCT Ha TEXHHUKY JOKYMEHTAIHjy
y TIoIIey Mepa 3amiTHUTe Of HoXKapa Ha Jieo 00jeKTa KOjy je JaTo MO3WUTHBHO 20
MHIUBEHE HA/UIEXKHOT OpraHa(M3BpIleHa 10TpaIbha i PeKOHCTPYKIIHja)

VYroctutesbcku 00jeKkaT He MOceAyje CarlacCHOCT Ha TEXHUUYKY JAOKYMEHTAIUjy
y TOorIeAy Mepa 3alliTUTe O I0Kapa Ha KOjy je OaTo MO3UTUBHO MHUIUBCEHE 0
HAJUTeKHOT OpraHa

VY tabenu 2 je mara 60mOBHA Tpajalrja Ha CarflaCHOCT Ha CIIPOBEICHE Mepe 3aIlTHTE
0] TIOXKapa Koje ¢y mpeaBul)eHe TEXHIYKOM TOKYMEHTAITH]OM.
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Tabena 2. Caznacnocm Ha cnposedene mepe 3awimume 00 Noxicapa npedgulere mexHuyKom
O00KyMeHmayujom y no2nedy mepa 3auimume 00 nodjcapa (MexHuuKy npujem u3 ooracmu sauimume

00 nodxcapa)

Mepa

Bpoj 6omoBa

Yrocturesbcku OﬁjeKaT nocez[yje CarlaCHOCT Ha CIIPOBEIACHE MEPE 3alITHUTE O

noxapa npensuheHe TEXHHYKOM JOKYMEHTAIHjOM — JIaTO MO3UTHBHO MHILBEHE 60
HaJUISKHOT OpraHa (TeXHWYKHU MpHjeM U3 00JacTH 3alITUTE OJf IT0XKapa)

VYrocturesbCku 00jeKaT Mocelyje CaracHOCT Ha CIPOBEICHE Mepe 3allTHUTE Off

nokapa Ipe/Brl)eHe TEXHHYKOM JOKyMEHTAlMjoM Jia A€o O0jeKTa — M3BpILIEeHA 20
JIOTpajiiba U PeKOHCTPYKIHja

Yrocturesbcku o0jekar He HOCeyje CarIaCHOCT Ha CIPOBE/ICHE Mepe 3allTUTE O

noxapa npesuleHe TEXHHIKOM JIOKYMEHTAIN]OM 0

2.2. Fpal)eBl/lHCKe MeEpe 3a CmpedaBambEe IMPEHOCA MoKapa y YrOCTUTE/bCKOM

00jexTy

I'paheBunHCKe Mepe Koje ce MPUMEHYjy NPUIMKOM TMPOjeKTOBalka M H3TPAbe
YTOCTUTEJHCKUX O0jeKaTa BpJIo Cy BaXKaH eNIEMEHAT y 3aITUTH YTOCTHUTEIbCKUX O0jeKaTa
o mokapa.Y KOM Jielly ce Halla3H YTOCTUTEJbCKU O00jeKart, MOoJioXaj IpocTopa, Honesa
Ha TIOKapHE ceKTope M Opoj JbyaM KOju OOpaBM y YTOCTUTEIHCKOM 00jeKTy BakKHH Cy
JieTajby, Koju ofpel)yjy U MoxapHH PU3UK CBAKOT I10jeJMHAYHOT YTOCTUTEIHCKOT 00jeKTa.
OuemnBame OOOBHO Y3aBUCHOCTH OJ HaBeleHHX (hakTopa je aaro y Tabenu 3.

Tabena 3. Yeocmumesmcku objekmu Koju ce Hanase y noOpyMCKUM npocmopujama (Ouckomexe,
HOAMU KIyOO8U, pecmopany u cl.) npema 6pojy npucymuux uya y muma

300 nuna

Mepa Bpoj 6onoBa
YrocTuTeshCKH 00jeKar y oApyMCKUAM MPOCTOpHjaMa y KojiuMa ce OKyIba 10 50 70
mna
YrocTutesbeku objekar y HoApyMCKUM IPOCTOpHjaMa y KojuMa ce oKyruba 10 100 60
nMIa
YrocTUTEIhCKH 00jeKaT y MOAPYMCKHAM MPOCTOpUjaMa y KOjuMa ce OKyIba a0 150 50
mna
YrocTtutesbecku 00jekaT y MoAPYMCKHM IPOCTOpHjaMa y KojuMa ce oKymiba 10 200 40
nMIa
Yrocturesbeku 00jeKar y MoApyMCKUM IIPOCTOPHjaMa y KojuMa ce OKyIuba J1o 250 30
mna
VYroctuTesbcku 00jeKar y mogApyMCKHM MPOCTOpHjaMa y KojuMa ce okymba 10 300 20
IMIa
VYrocTuresbeku 00jekar y HOAPYMCKHM HPOCTOPHjaMa y KOjuMa ce OKYILba IIPEKO 0
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bpoj nmuna y 00jekTy Koju ce HaJla3d y MOAPYMCKHM MPOCTOPHjaMa je BeoMa BakaH,
mpe cBera 300T OTe)KaHe eBakKyalldje, Tako Aa Behu Opoj MPUCYTHHX JIMIAa HOCH M JJAJICKO
Behu pu3uK. Y METOONOTHjU YUHE-CHA j€ Tpajalija Ha OCHOBY Opoja MPUCYTHHX JIUIIA,
Tako 1a Hajeehn Opoj 60moBa U MakbK PHU3HK je y JIeNy IIe je Opoj Koju bopaBu y 00jeKTy
Mamu (Tabena 4).

Tabena 4. O0sojenocm y npomusnoxicapre cekmope yeoCmumenckoe oojekma y Kojuma ce
opeanusyjy 3abage u 3a6asHu npocpam (Ouckomexe, HOhHU K1y008U, pecmopanu u ci.), a 20e
Mooice 0a bopasu uuie 00 150 wyou

Mepa Bpoj 6omoBa
VYrocruresscku objekar y kome 6opasu Buie of 150 roctujy, a onBojeH je y 40
noce0aH IPOTHBIIOKAPHU CEKTOP
VYroctutesbcku objekar y kome 6opasu Buiue o 150 roctujy, a HUje OiBOjeH Y 0
noce6aH IPOTUBIIOKAPHH CEKTOP

2.3. Onpema 3a ramieme no:kapa

Omnpema 3a ramemne noxapa Koja ce cacToju O arapara 3a IIOYeTHO Tallehe HoKapa
U XUJPAHTCKE MPEXe BaXKaH je CErMEHT y 3alITUTH YTOCTUTEJbCKHUX o0jeKara oJl moxapa.
[IpaBwiHO m3abpaH Opoj amapara 3a MOYETHO Tamiere IoXKapa Ha OCHOBY ITOXKapHOT
ontepehera W TOBpHIMHE IIPOCTOpa, pPACIOpell XHUApaHaTa CIOJbHE W YHYTpallibhe
XHUJIPAHTCKE MPEKe KOjU ¢y 0M0OpEeHN MPOjeKTHOM JOKYMEHTAIH]y, BaKaH je eJeMeHar y
3aIITHTH CBAaKOT yTOCTUTEILCKOT 00jekTa. Y Tabenu 5, 6 u 7 je mara 600BHA rpajanyja 3a
OIpeMy 3a rauieme moxapa.

Tabena 5. Anapamu 3a nouemno 2awerse noXcapa

Mepa bpoj 6on0Ba

Bpoj amapara 3a mo4eTHO raueme nokapa y yrocTHTeJ5CKOM 00jeKTy O/IroBapa
nokapHoM onrtepehieby 1 MOBPIIHHY IITHAEHOT MPOCTOPA M MOCTABJLEHH CY 40
HpeMa TeXHUYKO]j TOKYMEHTALMj1 Ha BUJbHBUM M IOCTYITHUM MECTHMa

Bpoj amapara 3a mo4eTHO ramieme MOXKapa y YTOCTHTEJHCKOM OO0jeKTy He

10
oaroBapa mokapHoM onrtepehiery U MOBPIIMHA IITHREHOT IpocTOpa

V yrocturessckoM 00jeKTy HeMa IOCTaBJEHHX arapara 3a II0YeTHO Tallemhe
no)xapa
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Tabena 6. Xuopanmcka mpesxca 3a eauierbe noxcapa y y2oCmumesCcKum 00jekmuma

Mepa Bpoj 6omoBa

VYrocturesbeku 00jekar moBpurHe Mambe o1 150 m? moceayje XHIPaHTCKY 60
MPEXY

Vrocruresbcku o0jekar mospiunne Behe ox 150 m? mocenyje yHyTpauimy u

CIIOJBAILbY XUIPAHTCKY MPEXY 40
VYrocruresseku objekar nospiuuHe Behe o1 150 m? moceayje caMmo yHy Tpaiimsy

XHJPAHTCKY MPEXY 20
Vrocruresbcku objekar nopumte Behe ox 150 m? noceayje camo CrioJbaiimy

XHUAPAHTCKY MPEKY 20
VYrocruresbcku 00jekar He mocenyje yrpa)eHy XHIpaHTCKy MpPEKy 0

Tabena 7. Odporcasarve u KOHMPORA anapama 3a NOYEMHO 2auierbe NoXCapa U XUOPaHmcKe mpegice

Mepa Bpoj 6omoa

Amnapary 3a IOYEeTHO TaIlee I0XKapa y YTOCTHTEIFCKOM 00jeKTy OfpiKaBajy
ce M0 yIycTBy Ipon3Bolada 1 y 3aKOHCKOM POKy He JyXeM Off IIEeCT MeCeIr 20

AmapaTu 3a IOYETHO ramiele IoKapa y YrOCTUTEJCKOM O0jeKTy He
OJIp>KaBajy ce Mo YIyCTBY Ipou3Boljadya M y 3aKOHCKOM POKY HE JTy)KEeM Of 0
IIECT MECCLH

3. IPOIEHA PU3UKA IIPEMA IIPEJJUVIOJKEHOM
METOJOJIOIIKOM IIPUCTYITY

Mertomosoruja ce 6asupa Ha 30upy 0OIOBa 3a CBAKH CETMEHT OJHOCHO €JIEMEHT KOjU
KapaKTepHIle PU3UK Y YTOCTHTEIHKOM 00jeKTy Ne(MHUCAHUX KPO3 YETPHAECT YMHHUIIAIA
KOjU cy JaTH y momiaBjby | oBe merozmoinoruje. 306up 0omoBa 1aje KOHKpETaH PH3HK 3a
YTOCTHTEJHCKH 00jeKar.

[IpunukoM npUMEHE METOJONOTHje y3MMard caMo OOJO0BE KOjU KapaKTepHILy
YTOCTUTEJBCKH 00jeKaT M caMo ce Taj J1eo Oomyje u kinacudukyje (Ha mpuMep ako ce He
pazny 0 yrOCTHTEIHCKOM 00jEKTY KOjH CIlajia y KaTeropHjy BUCOKHMX 00jeKkara He y3UMaTH
0omoBe 3a TakBe 00jeKTe WM aKo He MOCeAyje CHCTEM 3a JI0jaBy MoXKapa He y3UMa ce U
He 00fyje Taj CeTMEHT).

3.1. Knacudukanmja pu3uka npemMa npuMemeHOj MeTOX0JIOTHjH

Pusuk Moxxe OWTH: HE3HAaTaH, HU3aK, CPElibH, BUCOK M KpuTH4aH. Bpoj Gomosa
MPUMEHOM METOJIOJIOTHj€ aje TauHy CIIMKY HUBOA PU3HKA Y YTOCTUTEIHCKOM 00jEKTY.
Bpoj 6onoBa 1 HUBO pU3MKa:
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1. Onm 2090 no 1881 6oma miwm ox 90 - 100% — HE3HATAH PU3UK
2. On 1881 mo 1672 6oma mu 80 - 90% — HU3AK PU3UK
3. On 1672 no 1418 6oxa unu 80 -70% — CPEJABU PU3UK
4. On 1418 no 1254 6oma wiu 70 - 60% — BUCOK PU3UK
5. On 1254 u mame 0oma minn uctog 60% — KPUTUYAH PU3MK

4. 3AK/bYYHO PABMATPAIBE

Wucneknyjcku Haa3op 6asupa ce Ha NPOLCHH PU3HMKA U cpa3MepaH je IPOLCHEHOM
pm3uKy. Takol)e mporieHa pu3nKa ce BPIIN OATOBapajyhuM KpUTEepHjyMHMa U MPOICHY]e
ce TeXUHa MOTyhHX ITETHUX MOCIEANIA U BEPOBaTHONA IbUXOBOT HACTAaHKA.

[TpriinKoM MporeHe pu3nKa MOTY Ce KOPHCTHTH Pa3HE METO/E 3a IPOLICHY, KOHTPOJIHE
JMCTE, KPUTEPUjyMH 32 pa3BpCTaBame NMPaBHUX CyOjekara y KaTeropjy yrpoXeHOCTH
on noxapa. IToctoju morpeda 1a ce 3a pazIudnTe TpyIe AETATHOCTU U objekara ypazie
JeIMHCTBEHH KPUTEPUjyMH MPOILIEHE KOoje O caprkajia UCTE U IPUOIIDKHE SIIEMEHTE KOjH
YYECTBY]Y y IPOLIEHH PU3HKA.

VYrocruresbcu 00jeKTH KOjH MPEACTaBIbajy 00jeKTe y KojuMa ITOCTOjU PU3UK alli KOjH
HHCY CBH IOJjEIHAKO YIPOXKECHH TAKO Ja MPEIIOKEHOM METOIOIOTHjOM je OoMOryheHo
JeTaJbHO M MPABHJIHO carvielaBakbe PU3MKa 0ONOBaKEM CBHX €JIeMEHaTa KOjH MOTY Ia
JIOBEy 10 HEXEJbEHUX IMOCIIENUNA U KOjuMa MOXKe Ta4qHO 1a C€ OPEAN CTEeIeH PU3HKA.
Takohe OBOM METOHOJIOTHjOM JaTa je ¥ MOTyhHOCT 3a MOjeIuHe YyroCTUTEIbCKE 00jeKTe
Koju nMmajy oapeleHe nmpumermeHe Mepe 3alTHTe o1 TIokapa (yrpaimba CHCTeMa 3a J10jaBy,
ramieme, XuApaHcKe MpeXe U CI.) a Koja Huje Kao obaBesa npeasubeHa y IlpaBuiaHuKy
W 3aKOHCKHM peIIeHIMa JIa je MalbH CTEIICH YIPOKEHOCTH jep ce MPUMEHOM OBUX Mepa
pHU3UK CMamyje.

Kao u ocrasne meroze u oBa je 6asupana Ha [IpaBHIIHUKY O TEXHHYKUM HOPMaTHBUMA
3a YrOCTHTEJbCKE 00jeKTe M Ha MCKYCTBMMA M3 IpaKkce M Kao TaKBa MOXE J1a CE Memba
U IONyHYje U CKIagy ca rmorpedama, au Jaje JoOpy OCHOBY 3a JCTaJbHY W IPABHIHY
MIPOIEHY PU3UKA O TOKapa Y YTOCTUTEIJHCKIM 00jeKTHUMA.

5. IUTEPATYPA
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Agoston RESTAS!

WHAT HAPPENS AT THE FIRE SCENE? IS THERE
A CLASSICAL DECISION MAKING OR TOTALY
DIFFERENT PROCEDURES ARE USED?

Abstract: During fighting against forest fires the situation can change quickly, thus, managers must
also be ready to change the strategy and tactics. Trainings usually focus on traditional — analytically
based — decision making, which takes time. However, in many cases there is not enough time to do
that. The author used different tools and methods to achieve his goals; one of them was the study
of the relevant literature, the other was his own experience as a firefighting manager. Other results
come from two surveys made by the author. One simple and another complex model were created by
the author for firefighting managers making decisions, taking into account time pressure, the limited
capability of processing information and also a mechanism complementing the recognition-primed
decision.

Key words: decision making, RPD, fire managers, model for making decisions in emergencies

IITA CE JEITABA HA MECTY IHOKAPA?
JOHOCHUMO JIM KIACUYHE OJAJIYKE NJIN
KOPUCTUMO CACBUM JAPYTAYUJE METOIE?

Pe3zume: [IprmikoMm ramema nokapa, CHTyanuja ce BeoMa Op30 Mema, 3aTo Boha ramema Mopa
OWTH CIpeMaH 1a NPOMEHH CTpaTeTHjy M TaKTHKy ramema. TokoM oOyke ce (okycmpamo Ha
MpaKTUYHE U KJIACHYHE METOJE U METONOJIOTHjY KOje Cy BPEMEHCKH JI0CTa 3aXTEBHE, allil y MPaKCH
HeMa JIOBOJEHO BpeMeHa 3a IOHOIICHE TAKBHX OJUTyKa. AyTOp je KOPHCTHO BHIIIE HAYYHUX PagoBa U
TaKo IIPOyYaBao CTPYUHY JIUTEPATypy, KOPHCTUO CONICTBEHO HCKYCTBO, OTHOCHO Pe3yiTaTe PaHHjuX
aHKeTa. AyTop je MOCTaBHO jeJaH jeHOCTaBaH M jeJaH KOMIUIEKCAH MOJIEII CHTYyaIlHje Y KojuMa ce
HaJla3¥ pyKOBOJMJIAI] Talllerha, M Y3€0 je y 0031p Ja ce O[UTyKe JOHOCe BeoMa Op30 300r HemocTaTka
BpEMeHa.

KibyuHe peun: noHOIICHE OTyKa, XHTHO JTOHONICHE OIUTyKa, Talllekhe NOoXapa, Boha ramema
MOXKapa, OJTyKe 3aBUCHE OJ METO/A JICTEKITH]e
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1. INTRODUCTION

The background of recognition of a special decision-making mechanism in the focus
of this paper was given that, in some cases, no sufficient time is available, necessary
for classic decision-making. Therefore, strategists sought to design and plan the details
of military operations in advance, just as today, however, their proper implementation,
the application of different decision support instruments in live situations, designed for
optimal decisions, failed many times in spite of these. Decisions made in reality are often
not harmonized, could not be harmonized, considering the circumstances, with the pre-
formulated strategies, mostly because there was not enough time needed to achieve them.

2. CIRCUMSTANCES OF EMERGENCY INTERVENTIONS

An important element of the activities of emergency responders is that they cannot or
only to a very limited extent can modify the terms of the task, improve them as desired.
Despite the differences of environment, indications of the complexity of the situation, the
possibility of the radical change in the given situation, uncertainty and ambiguity of the
information available can be recognized and well identified.

The peculiarities of each specialized branch can be illustrated through the examples
of several authors: Klein dealt with the analysis of the decision circumstances of the
military also using the examples of firefighters [1], Killion took examples from the navy
[2] Bruce shows his own medical case [3], Johansen simplifies difficult circumstances [4].
Others focus on medical rescue problems in military field [5] [6] or examining fires in
different dimensions to find solution from the side of fire prevention to reduce the risk of
intervention [7] [8] or help making decision in special buildings [9] [10].

The extinction of fire in a smaller grass land requires the implementation of a
completely different, simpler scope of tasks than to control forest fire in an extra dry
weather period and high articulated area. The different scopes of tasks exist in different
environments and structures, so the solution of similar basic problem also exists in other
dimensions. Based on author’s own experience, the more extensive case we are dealing
with in time, space and from the aspect of involvement in the incident, the more the above
factors cumulatively prevail, but because of the protracted implementation, it is, however,
easier to solve them.

3. GENERAL MODEL OF RECOGNITION-PRIMED DECISIONS

The above proves that, in certain situations, the multi-criteria, analyzing, evaluating
decision-making simply cannot be used or in a limited manner. However, it can be seen
that managers, directors or commanders are many times in situations that they simply
cannot elude from their decisions; they should make them in a short time. The functional
background of decisions made in a short time, their mechanism different from the
conventional was first studied in depth by Klein, who gave the name recognition-primed
decision to this special decision procedure [1].
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Supplementing the general model with the assessment of action versions, we
receive the model of analysis of possibilities [2]. In this case, if the action version is not
satisfactory, a new action version will be modified or assessed. If the decision-maker has
a significantly longer time to assess his concepts, naturally within the framework offered
by a recognition-primed decision, there is the possibility to assess on the level of critical
analysis [11], or according to options characterizing analogical thinking [2].

Recognition-primed decisions do not exclude the possibility to amalgamate
conventional, analyzing decision-making [2] [12]. At complex tasks, where a given
situation is examined from several aspects — and choose from the options with analogical
thinking — recognition-primed decision-making can be automatically applied by
experienced decision-makers while solving some partial tasks to reduce the time of the
decision process.

The above issues harmonize with the observation that decision-makers simplify
complex problems, i.e. create partial problems, until the elements broken down become
manageable and resolvable [13] [14]. By enlarging its interpretation range, of course, we
can reach the point where the decision-maker may say the problem does not exist until he
sees its solution [15], or the problem does not exist at all if it does not have a solution [16].
Many times we can see that forest fire managers come face to face with fire and without
any time of thinking they are able to give instructions immediately. We say, routine works
but it means they use schemes rather than making ad-hoc decision.

It springs forth from the above that the relative position of multi-aspect decision-
making and recognition-primed decision-making is not constant. Recognition-primed
decision can be the partial process and decision unit of analogical thinking. In this case,
the main decision-making mechanism is analogical thinking; recognition-primed decision
is the additional element.

4. DECISION-MAKING MECHANISM OF A FIREFIGHTING
MANAGER

Limited time frame allows the elaboration and management of limited amount of
information. We know from Miller’s researches that the short-term memory of the vast
majority of people can only process simultaneously 7+2 units of information [17]. This
information, of course, can be quite different, e.g. a characteristics of fire, the capacity of
the response unit, a number, or even the absence of information searched. Our memory
handles the combinations, “operations” between the information units as information units
[16], from which clearly springs forth that the capacity of the short-term memory of a
firefighting manager is exhausted very quickly.

Author has proven by essay analysis how complex the tasks of emergency responders
are [18]; this shows that in several cases, simultaneously, there is or would be a need
to process many more units of information than the capacity of our short-term memory
would allow. The maintenance of our decision-making capability, i.e. our short-term
memory, based on the above, clearly requires that we should omit analyzing and evaluating
decision-making processes protracted and use the recognition-primed decision-making
procedure, based on previous experience.
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Author wishes to create a model element to demonstrate the decision-making
mechanism of firefighting managers, which takes into account the limits of the
simultaneous processing of information, that is, it also illustrates Miller’s decision-making
capacity. Since the information units may be qualitatively independent of each other,
author choses the simplest graphical representation of the unit-based discrete difference
to separate them from each other. A model element must be such, which can graphically
demonstrate the schemes based on earlier experience, the characteristics of different fires,
and the interlocking of the former as the application of the scheme, which represents the
technically correct solution of the task, i.e. effective decision. The model refers, at the
general model of recognition-primed decisions, mostly to Klein’s work [1] [19].

Scheme of solution based Scheme of the features of the
on experience given situation

Figure 1. Graphic representation of the empiric scheme of recognition-primed decisions
matching a given situation. Source: author

The schemes in figure 1 represent 7 graphical discrete values each, which are marked
by positive or negative protrusions and their “center line”; these values indicate the amount
of simultaneous decision-making capacity. Thus, the “negatives” of the schemes can be
matched as a given situation and the solution necessary therefor. As an integration of
above processes, decision mechanism functions as follows: an experienced firefighter has
performed the elimination of a large number of and forest fires. Despite the fact that as far
as the parameters each forest fire is different from another, some characterizing features
can be well conceived (figure 2).

Y[

Figure 2. Evolvement of the scheme on forest fire. Source: author

The characterizing features of identical types of fires are crystallized by experience,
and are fixed in our long-term memory. Similarly, to the characteristics of a forest fire, the
characteristics of successful extinguishing, the facilitating decisions are also fixed (figure
3); just as the mistakes desired to be avoided and the unsuccessful procedures and failures.
Experience gained through many years, based on the features of forest fires, formulate the
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system of schemes, behind which we can find actions (decisions) efficiently applicable to
eliminate them.

Figure 3. Evolvement of the scheme on the lessons learnt from extinguishing a fire. Source: author

If another incident has almost the same circumstances as one already many times
successfully eliminated by a firefighting manager previously (model of positive
confirmation), he will attempt to use the same ones in the procedures. Therefore, another
fire, quasi bearing the typified properties of previous similar fires, a decision-maker
involuntarily immediately recalls the typified decisions in his conscience. The properties
of a fire and of previous successful extinguishing operations, based on the above, are
closely interlinked; they are each other’s “reflections” (figure 4). Author proved with the
results of association studies that the above, i.e. the characteristics of a fire and the thoughts
directed towards its extinguishing, the schemes of response, in the case of firefighters, are
very closely connected in a complex way [18].

When a firefighting manager identifies a fire, he imagines what would happen if he
applies the usual tactics to fight it. If the scheme of solution matches, he accepts it, if
not, he rejects it and thinks of the next most typical action. Thus, it is a recognition-
primed, model-matching process, which can be followed by a quick and almost automatic
decision. The above process is naturally not limited only to forest fire managers; it can be
used more broadly to firefighting managers.

Figure 4. Aggregated scheme on fire and the evolvement of the lessons learnt from extinguishing it.
Source: author

The amalgamation of previous schemes into a given incident is shown in figure 5.
The long-term memory of a firefighting manager, through practical experience, has the
schemes of both different fires and their extinguishing characteristics. During another

175



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

alert, information available and collected on a fire automatically generates the recollection
of the scheme necessary to solve it, based on which a firefighting manager defines the
firefighting tactics necessary. However, the results of association studies clearly point in
the direction that at a given fire (problem) managers do not focus on the fire as a problem
but rather on its immediate solution [20]. From this, author makes the conclusion that a
decision-maker will not follow the change of the characteristics of a fire, but the validity of
solution scheme, that is, the dynamics of the implementation of the extinguishing process.
This does not mean a contradiction with the previous, but rather a difference in views, the
shift of emphasis of the focus of attention.

Recollection and matching of solutions (fighting iactics) according io
the type af fire, and confirmation in case of successiul extinciion

D= o

b

ik
i
i
e

A fira and ifs solution schemes exist togethar in the memory af
[firefighting managers.

Schetnes of characteristics of
different fives

Schernes of characteristics of
extingnishing fires

Figure 5. Decision-making mechanism of a firefighting manager. Source: author

The difference in views, that is, the shift of emphasis means that a firefighting manager
does not focus on the change of characteristics of a fire, but rather on the expected
evolvement and dynamics of the scheme selected, i.e. extinguishing tactics. Based on
the previous, these are, of course, inseparable from each other; however, author finds the
dominance of the interventions trend in the results of association studies in the case of
firefighters so strong that, based on it, author judges his above conclusion to be justified.
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The above do not contradict Klein’s model, they rather complement it. Klein, in
his model, evaluates (imagines what will happen) the results of matching schemes by
the decision-maker prior to performing action version, which, based on author’s own
experience, is so without doubt, however the aftermath of the decision, in author’s
opinion, is much more significant in case of firefighting managers. Since the problem
immediately and automatically generates both the direction of the solution and start of the
action version, rather the process itself is important in terms of efficiency, which is caused
by the decision. The schemes based on experience certainly contain the information on the
dynamics of the process of fire, so if it meets the expectations, we do not have to modify
the original firefighting tactics. However, if the dynamics of the process does not suit the
expected, the change is inevitable in the performance of efficiency. Based on the above,
the recognition-primed decision is not just an individual act before extinguishing the fire,
but it is also the continuous accompaniment as needed. By doing this, author shares the
view that the experienced decision-maker perceives the problem together with its solution,
furthermore, author extends the continuous co-existence of the problem and of the whole
process of solution of an emergency (firefighting and technical rescue).

5. CONCLUSION

In this paper author made efforts to examine and show the mechanisms promoting the
more efficient decision-making of firefighting managers. Author demonstrated the linking
opportunities of recognition-primed decision procedure and analogical thinking, pointing
out the fact that the two do not exclude each other. If an intervention is protracted or longer
time is available for the decision, many times, firefighting managers may achieve more
efficient firefighting by using the latter.

If not enough time is available for analyzing and evaluating decision-making,
recognition-primed procedures receive a greater role. (Critical thinking uses recognition
procedures, during which the decision-making process can be accelerated or analyzed with
the help of a quick test and depending on the time available. The quick test, considering
the circumstances, hinders recognition-primed decision and prefers critical thinking.
However, when the circumstances are inappropriate for critical analyzing thinking, the
quick test allows immediate reply.

Despite the limited decision capacity, thanks to recognition-primed mechanisms,
in most of the occasions, correct decision is made by firefighting managers. Time limit
precludes the possibility for the firefighting manager to carry out analyses necessary for
the classic model, therefore, the selection of the optimal possibility is objectively not
attainable by the decision-maker. The decision-maker is not striving to achieve ideal
results, as a response to the difficulties of collecting information and reducing costs
in relation, but depending on the circumstances, he is satisfied with the its satisfactory
solution.

177



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection
ACKNOWLEDGEMENTS

Above research was supported by the project titled: “Public Service Development
Establishing Good Governance, PADOP-2.1.2-CCHOP-15-2016-00001" at the National
University of Public Service, Budapest, Hungary.

6. REFERENCES

[1] Klein, G. A. (1989): Strategies of decision making , Military Rewiev, No.5.

[2] Killion,T.H. (2000) Decision Making and the Levels of War; Military Review,
US Army Combined Arms Center, Fort Leavenworth, Kansas, US

[3] Bruce, E. (2011) A Picture is Worth a Thousand Words — at Least; Pentington
Media Inc. USA,

[4] Johansen, B. (2007) Get There Early: Sensing the Future to Compete in the
Present. San Francisco, CA: Berrett-Koehler Publishers, Inc.. pp. 51-53. ISBN
9781576754405

[5] Korodi Gy. (2013) Health screening examinations in cardiovascularrisk
estimation; AARMS 12:(1) pp. 39-44. (2013) ISSN: 1588-8789.

[6] Fejes Zs., Korodi Gy. (2014) Upper respiratory tract infections in the field;
Medical Corps International Forum 1/2014: pp. 22-24. (2014)

[7] Kerekes Zs. Pasztor Z. (2008) Szinhazi iilések, mint krpitozott butorok szabvany
szerinti mindsitése; Magyar Textilia 60:(2) pp. 2-6. (2015) ISSN: 1788-1722

[8] Pasztor Z., Kerekes, Zs.: Langmentesit6 anyagok hatasai a szinhazi fliggdnyok
mindsitésében; Magyar Textilia 67.:(1.) pp. 2-8. (2015) ISSN: 1788-1722

[9] Czoboly, O., Lubloy, E., Balazs, L. Gy., Mezei, S. (2015) Valds tlizterhelés
tanulsagai; Vasbetonépités; 17:(1) pp. 17-23. ISSN: 1419-6441

[10]Balazs, Gy., Lubloy, E, (2013) Fire behavior of concrete structures; In: M. di
Prisco (Ed.) Advanced in cementious materials and structure designe. Milano,
Italy, 10-11. pp. 110-116.

[11] Cohen, S. M., Freeman, J.T., Thompson, B.B. [1996) Integrated Critical Thinking
Training and Decision Support for Tactical Anti-Air Warfare; Report, Cognitive
Technologies, Inc., Naval Air Warfare Center Training System Division, Contract
No. N61339-96-R-0046

[12]Radnoti, L., Farago, K. (2005) A kockazatpercepcio és kockazatvallalas vizsgalata
egy fegyveres testiiletnél; Magyar Pszichologiai Szemle, Akadémiai Kiado,
Volume 60, 2005. aprilis, ISSN 0025-0279, pp. 29-50

[13]Simon, H. A. (1960) The new science of management decisios; Harper &
Brother, New York

[14] Zoltayné Paprika, Z. (2002) Ddéntéselmélet; Alinea Kiadd, Budapest ISBN
9638630612

[15]Duggan, W. (2002) Napoleon’s Glance: The Secret of Strategy (New York:
Nation/Avalon, 2002), p.17.

178



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

[16] Ribarszki, I. (1999) Dontéspszichologia, Zrinyi Miklos Nemzetvédelmi Egyetem,
Jegyzet, Budapest

[17]Miller, G. A. (1956) The Magic Number 7 Plus or Minus 2; Some Limits on our
Capacity for Processing Information, Psychology Review, Vol. 63

[18]Restas, A. (2013) Principles of Decision-Making of Firefighting Managers,
Based on Essay Analysis; //th NDM International conference on Naturalistic
Decision Making, Marseilles, France, 2013

[19]Klein, G. A.: (1999): Sources of Power: How People Make Decisions Cambridge,
MA: MIT Press 1999 ISBN 0262611465

[20]Restas, A. (2014) Special Decision Making Method of Internal Security Managers
at Tactical Level; NISPAcee conference, Budapest, Hungary

179



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection
Viktoria FINTA!

Séandor RACZ?

FIREFIGHTER INTERVENTION IN RADIOLOGICAL
EMERGENCIES

Abstract: Radiological emergencies (RE) are those emergencies which involve radioactive
material that is not nuclear but emits ionizing radiation. Although such sources are usually kept
and transported closed, their shielding or packing can be damaged in case of accident or fire. If the
source becomes unshielded environmental exposure can increase or even radioactive contamination
can occur. Depending on type and dose ionizing radiations can cause morbidity or even mortality,
meanwhile they only can be detected with special instruments but not our senses. That is why first
responders are the most endangered in a RE and their radiation protection is imperative. Thus, even
at the initial stage of the intervention, the incident commander (IC) has to tackle with several urgent
tasks and a huge responsibility. Alarm level classification and on-spot reconnaissance take on a
crucial role here. The paper provides help to clarify hazards and make decisions on taking the risks.

Key words: radiological emergency, ionizing, radiation, protection, decision-making

BATPOT'ACHA UHTEPBEHIINJA TP
PAIMOJIOIIKUM OITACHOCTHUMA

Pe3ume: Mumunent ce cmarpa paguoiomIkuM jporahajeM Kama HHUje HykJIeapHH porabaj, amm
MarepHjal eMHTyje jOHH30BaHO 3paderse. TakBH HM3BOPH C€ OOMYHO UyBajy M TPAHCHOPTY]Y
3aTBOpPEHO, MelhyTHM Hecpehe mnm moxapu ce WIaK MOTY JIECHTH, NPHINKOM I1aKOBamba Ce MOTY
necutn omrehema, IpyU THM OLITEYEHMMA ITaKoBamke he OUTH OTBOPEHOT THIIA, YUME Cce 3HA4ajHO
II0BEYaBa U3JI0XKEHOCT XXUBOTHE CPEIMHE WM Yak U MoryhHOCT npocunama Marepuje. M3noxenoct
joHm3yjyheMm 3padermy MoXe MMaTé INTETHE IIOCIEIHIE IO 31paBJbe, IITO 3aBHCH OJf BPCTE U
no3e. Y eKCTpEeMHHUM CiIydajeBIMa MOXKe Jia IPoy30Kyje B cMpT. Jbyckum dyiiMa ra He MOXKeMO
JICTEeKTOBATH, jJeANHO MHCTPYMEHTHMA. 3aT0 Cy BaTpOTraciy KOjU IIPBU IEjCTBYjy y HajBehoj mepu
H3JI0XKEHH OITaCHOCTH M MOPajy MMaTH 3allITUTY of paaujanyje. Boha Barporacana ox camor mouerka
HMHTEpBEHIIMje MMa OTPOMHY OATOBOPHOCT U OpojHe 3anmarke. Kipyuny ymory mma onpehuBame
HHUBOA ONACHOCTH U OCMaTpame Mecra roxapa. OBaj pag moMaxe Jia ce pa3jacHe pU3ULHU U JIAKIIe
JIOHOCE OAJIyKE O IPEy3UMarmby TUX PH3HKa.

Kiby4He peun: paanosonixa onacHOCT, jOHU3alKja, paaujalija, 3alTHTA, O[Ty YHBabEe
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1. INTRODUCTION

In fact, effective firefighter intervention includes parallel performance of professional
actions with the point of wealth- and live-saving, extinguishing the fire and eliminating
the potential danger [1]. These operations are based on well-practiced protocols which are
regulated by laws and organization codes. Nevertheless, the variability of scenes and types
of dangers can modify or even block these [11].

The main aim of the paper is to examine the hazards of the intervention in the presence
of radioactive source [9].

Hungarian law® make difference between the expressions ‘nuclear’ and ‘radioactive’
material hence REs can be separated from nuclear accidents. REs are those emergencies
which IR presents without any nuclear materials that are able to have a self-sustaining chain
reaction. Particularly such as, fire or accident related to industrial or medical radioactive
sources in institution or during transportation, malicious threats/acts and emergencies
related to uncontrolled (abandoned, lost, stolen or found) sources [6].

Since depending on their type and dose IRs can cause morbidity or even mortality,
radiation protection of the responders is extremely important during the live- and wealth-
saving. In terms of this the operations may be limited spatially, temporally, in manpower
or in other way.

2. DRAFTING THE PROBLEM

REs hardly ever happen but then their consequences can be serious. This could be
because of late identifying of the radiation, missing personal protective equipment or
underestimation of the hazard.

We consider unshielded sources because although such isotopes are usually kept and
transported closed their shielding or packing can be damaged in case of accident or fire.
So they become unshielded or even can spilled and the IC must suppose the worst while
he verifies the opposite.

Optimally, the IC has appropriate information to make decisions on occupational safety
[10]. The examined situation is highly dangerous since there is no exact information on
the hazard only its type is identified but detailed reconnaissance can be carried out just on
the spot. In Hungary, the rights and liabilities of the IC are determined by law. In the case
of RE, evacuation, closures, informing the population and involving the co-organizations
have special importance.

In Hungary, Disaster Management has a special unit namely a Mobile Laboratory (ML)
which can be alarmed for radiological, biological and chemical emergencies. It isa CBRN
(Chemical, Biological, Radiological and Nuclear) unit equipped with special staff and
instruments for such special emergencies [8]. In a RE they explore the radiation situation,
depending on the measured data they determine the safety perimeter (100 puGy/h) and the
security perimeter (20 nGy/h), they calculate the staying time, search the source and gather
data regarding its opening or spilling [6, 8]. As it can be seen, if the ML cannot support the

3 Act CXVI of 1996 on atomic energy
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IC at the initial stage of the intervention with these essential information it is really hard to
make decisions for him. He must have a comprehensive view over the general firefighter
routines and adopt further variables to his decision-making procedure [7] [12].

3. SCIENTIFIC BACKGROUND (5]

Most of the ionizing radiation affecting us is from natural sources (we are all
radioactive) and a significant fraction of the artificial part comes from medical applications
(voluntary). So radioactivity is the natural part of our normal life and most of our fears are
unfounded. However it is important to point out that dose is a crucial quantity and high
dose exposures can cause acute radiation syndrome (ARS) or death. To handle this issue
properly it is required to gain adequate knowledge.

Absorbed dose is a physical quantity which gives the absorbed energy per mass unit;
its dimension is Gray (Gy). Effective dose is the biological dose with dimension Sievert
(Sv) and comes from absorbed dose considering the different sensitivity of the tissues and
the different biological effectiveness of the types of radiations. In Hungary the ionizing
exposure level from the natural background is 2.4 mSyv per year.

In practice it has a high importance of dose rate which is the absorbed dose per time.
Measuring dose rate, maximum staying time can be calculated for firefighters.

Regarding sources it is essential information that which isotope of which element is,

what kind of radiation is emitted and how much is its activity®. The emitted radiation type
can be alpha, beta, gamma or neutron radiation.

Alpha radiation consists of alpha particles which are helium nuclei. It has high
penetrating power (PP) and specific ionizing power (SIP). It can be absorbed by a piece of
paper or some centimetres of air. Nevertheless, its quality factor is 20, that is it is twenty
times more hazardous biologically than beta or gamma radiation. Especially getting inside
the human body with ingesting or inhaling, so called incorporation, must be avoided.

Beta radiation consists of electrons or positrons. It has a medium penetrating power
(PP) and specific ionizing power (SIP). It can be absorbed by a piece of metal disk or about
2 metres of air.

Gamma radiation is electromagnetic radiation made by high energy photons. It is
electrically neutral so it has high penetrating power (PP) and specific ionizing power
(SIP). It can be absorbed by high atomic numbered elements like lead and concrete.

Neutron radiation consists of neutrons. It is electrically neutral and its special danger
that it can induce nuclear reactions. It can be absorbed by light elements like water.

The most commonly used isotopes in research or industrial and medical field are the
following: sodium-24 (f), cobalt-60 (y), selenium-75 (B), iodine-131 (B), caesium-137
(y), iridium-192 (B-y), plutonium(beryllium)-239 (y-n°), americium-241 (o-y),
americium(beryllium)-241 (y-n°).

4 activity: radioactive decays per seconds; dimension: Becquerel, Bq.
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IR can cause stochastic and deterministic health effects to the human body. Formers
are long term, genetic and carcinogenic effects with increased possibility at lower dose
exposures. Deterministic effects actually equal to the symptoms of acute radiation
syndrome (ARS). ARS does not appear below a threshold limit and above that the severity
of the symptoms is increasing with the dose. Typically below 200-500 mSv whole-body
absorbed dose there are no notable symptoms, at around 1000-2000 mSv common mild
symptoms occur with some latent period. Syndrome is headache, fever, nausea, vomiting,
diarrhea, fatigue, weakness, leukopenia. With raising the dose latent period gets shorter,
severity increases, and hemorrhage, CNS® signs, epilation and infections may appear. The
so called half-lethal dose (LD, ) which causes the mortality of half of the patients within
60 days is 3000 mSv and the lethal dose is about 6000 mSv. Nevertheless, both values can
be doubled with medical care so there was a patient who survived 12000 mSv of exposure
thanks for the medical care [2].

4. RADIATION PROTECTION OF THE FIREFIGHTERS

A fire incident does not differ significantly in that regard whether a radioactive source
is present or not. At least in that sense, that it does not have any influence on the spreading
and other features of the burning [13]. The only difference will appear in the methodology
in order to prevent the unnecessary and extreme exposure of the responders [14]. The
point is to avoid the deterministic effects [6].

In RE application of the radiation protection regulations is needed as well. These are
the justification, optimization and limitation. First is the justification which means that
the advantages must outweigh the disadvantages during the intervention. Disadvantages
can be definitely reduced with keeping the radiation dose limits. In Hungary these are
50 mSv for general interventions and 250 mSv for live-saving, respectively. If the dose
is unknown because of either no personal dosimeters or no measured data from the area
then it is the task of the IC to weigh risks and benefits. It must be taken into consideration
among others whether live-saving is needed, escalation of the emergency is expected or
what financial loss and environmental damage can be caused with cancellation or delay of
the intervention [3, 8].

For the risk assessment gathering information is fundamental so the reconnaissance
should cover the followings: what kind of isotope and how much its activity, whether the
package is damaged, and what is the possibility of opening or spilling. Without measured
data dose-estimation can be carried out with calculation if the type, activity and location
of the radionuclide® are known. For instance, in the case of transportation accident, type
and activity are marked on the label however it is not obvious that on a vehicle which is on
fire, the label will be readable or technician and documentation for identifying the source
are available [4]. In this case if the decision of the IC is that some operation is necessary
despite the unidentified radiation, then principle ALARA” should be kept by all means [3].

5 CNS: central nervous system

¢ Radionuclide: an atom that has excess nuclear energy, making it unstable and inducing alpha,
beta or gamma emission

"ALARA: As Low As Reasonably Achievable, like radiation levels should be kept
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This can be realized in practice in three main ways: reducing the time spent in exposure,
increasing distance from the source and applying shielding if it is feasible [3]. Besides
this, it is suggested to register the staying time of the responders since this can be helpful
in the afterward dose-estimation if then later measured data are available.

5. AN EXAMPLE

Consider an ADR vehicle which has a '*’Cs closed source as shipment. A road accident
happens in which also the vehicle, the driver and the package are all damaged. The
vehicle is on fire, the driver is unconscious and the radioactive material may be released.
A bystander calls 112 but there is no information on any labels about dangerous goods. So
first responders only have information on fire of a vehicle and a trapped, injured person
but nothing about the hazardous conditions. In this case it is the preparedness, awareness
and precision (or maybe the experience) of the IC that will determine the reconnaissance
as it should include the presence of any danger labels on the vehicle.

Next question what is the procedure if IC has information on the presence of radioactive
material and live-saving is necessary but there is definitely no measured data about
radiation levels. According to an internal regulator they must keep 300 metres of distance
from the suspected source in this case but it obviously would make the reconnaissance and
the intervetion impossible [6].

In the example a Yellow-III shipment is damaged. Inside the package which is a cube
with 1 metre edges there is a *’Cs isotope with 175.4 GBq activity in a cube with edges
of 10 cm, with a 4 cm thick lead-shielding around inside and polystyrene foam filling
outside. Outside of the shielding activity is only 2.63 GBq. Hence the dose rate is 1038
puGy/h on the surface (519 pGy/h at vertex), 100 pGy/h at 1 metre from the surface, so
TI*=10, and 20 pGy/h at 2.8 m from the surface. Therefore if the source remains closed
the dose rate at 1 m from the package is 100 pGy/h and interveners have about 500 hours
to work without exceeding the 50 mSv dose. If it is necessary to get closer they still have
at least 48 hours to perform the tasks of invention. In contrast, if the shielding is damaged
and the source is opened now the dose rate at | m from the source is 14 mGy/h which
allows only 3.5 hours for invention. And if the source must be neared within 10 cm for
some reason, that means a level of 1.4 Gy/h and only 2 minutes for saving. Certainly, as in
the case of live-saving the maximum dose is five times higher (250 mSv) according to the
guidelines, the staying times above are five times bigger as well.

Meanwhile, if the possibility of spilling of radioactive material or contamination of
responders emerges it can be very dangerous because of the drastic decreasing of the
distance between the radioactive material and the body. Depending on the ratio of the
spilled material the effective dose can be lethal during even a very short period. E.g. if 10
percent of the material has spread uniformly then calculating with 1 cm distance because
of the protective clothing, the firefighter is exposed to the effective dose 7 Sv in half an
hour.

8 TI: Transport Index, given for transporting of dangerous goods, defined as the maximum
radiation level in mSv/h at 1 m from the surface of the package, multiplied by 100
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It can be seen that the radiological exploration and the instrumental measurement of
the scene have crucial role in planning and realizing the intervention. Without these it is
contraindicated to start even live-saving.

6. OTHER ISSUES OF THE INTERVENTION

As it can be established, based on the above mentioned, intervention in presence of
a radioactive source even raises occupational-ethical and moral questions. According to
Hungarian laws, interveners can work in a RE only voluntarily and only if their dose is
registered [3]. Meanwhile members of the professional disaster control service must serve
the safety of the wealth and life of the civil population even taking risks on their own life
and physical safety [1]. Nevertheless, it is worth to highlight the expression ‘taking risks’.

It must be seen clearly that in some cases entering a spot of RE cannot be considered as
simply risk-taking. For example, to enter a gas tank in a house that is on fire can be called
risk-taking since depending on the conditions and the intervention if a fireman is quick,
smart and lucky enough he may get safely away without exploding. In contrast, in a RE
when a source unshielded and spilled, exposure levels can be so high that leads to serious
ARS so it is not risk-taking rather a potential suicide.

Moreover, in Hungary personal dosimeters are not involved in personal protective
equipment which makes the determination of the exposure more difficult.

7. CONCLUSION

Working out of the problem sketched above is impossible here because of the large
number of variables but with giving some part-answers and guidelines interventions can
be safer. Knowing the complex danger, working out potential procedures and education
of the interveners can be achieved with a complex and detailed methodological guidance
which must be implanted to education at the Disaster Management.

Another good question is the cooperation with co-organizations since REs cannot be
solved without this. Nevertheless, firefighters are still the very first responders so they
must be prepared for reconnaissance and quick-reaction. IC should not be passive even
until ML arrives, especially when life-saving is needed, but intervention may be more than
risk-taking in the absence of personal dosimeters.

The main consequence is that it is well-founded to supply the staff with personal
dosimeters even though REs rarely happen. Moreover, the exact classification of the
incident is crucial which helps to alarm the appropriate power at the initial stage of the
intervention.
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THE EFFICIENCY OF THE AERIAL
FIREFIGHTING IN HUNGARY,
USING THE OUTSIDE TANK TECHNOLOGY

Abstract: Day by day catastrophes gain bigger emphasis in our lives. The climate change affects
not only Hungary and Europe, but every single country on the Earth. By this we can expect the con-
stant raise of the average temperature, which greatly increases the risk of forest fires. Our modern
life needs modern methods in the firefighting, as well. The article shows the efficiency of the aerial
firefighting in Hungary, using helicopters with outside tank technology, (like Bambi Bucket and
Smokey). The author tries to make economic analysis, to show the differences between the conven-
tional firefighting, and the aerial firefighting, thereby to show the efficiency of the aerial firefighting.

Key words: Bambi Bucket, Smokey, conventional firefighting, aerial firefighting, efficiency, eco-
nomic analysis

EPUKACHOCT I''AHIEIbA ITOKAPA U3 BA3JIYXA
INOMORY CIHO/BAIIIBET PESEPBOAPA Y
MABAPCKOJ

Pe3ume: IIpuponne xaracrtpode urpajy cse Behy ymory y Hamem sxuBoty. KimMarcke mpomene
yrnay He camo Ha Mahapcky u EBpomy, Beh Ha cBe 3emibe cBera. [Ipumehyje ce pacTt mpoceka
TeMIeparype, ITo0 OUTHO JOIPHUHOCH IOpacTy Opoja mryMckux moxapa. Crora MoaepaH CBET
3aXTeBa MOJICPHE Mepe 3allTHTE O Mokapa. Y paay je IpeICcTaB/beHO Tallekhe MoKapa M3
Ba3ayxa rmomohy xenukonrtepa y Mahapckoj y3 ynorpely crospaiimer pesepBoapa (1o IpHHIUITY
texHonoruja bam6u byiker u Cmoxey). AyTopu ce 6aBe eKOHOMCKOM aHAJIM30M Ja O ce Buzaena
paznuka u3Mel)y KOHBEHIIMOHAITHOT ramiermka 1 Ba3IyIIHoT, U IToKa3ana e()MKacHOCT OBOT APYTOT.
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1. INTRODUCTION

The article ,,The efficiency of the aerial firefighting in Hungary, using the outside tank
technology” insured by the Act on catastrophes CXXVIII. Of 2011. About the disaster
management and about the related laws amendment [1] and the act on fire protection
XXXI. 0of 1996. About the defending against fires, about the technical rescue and about the
fire service [2]. It was very important to know about the relevant special Hungarian and
foreign literature, in connection with the aerial firefighting. The article became a big sig-
nificance the personal consultation with firemen at the investigation. During the research I
studied different sites and plans. These researches pointed to the tactic of the firefighting,
and their difficulties. We increasingly meet with several fires in this millennium. These
fires damage all over the world, and cause big costs and danger to the human life. Through
these fires the media often shows helicopters and aeroplanes making firefighting from
the air [3]. The tactic of the modern firefighting requires the use of the aerial firefighting,
which it is very efficient. In the world of the technic we have tools, and vehicles, which are
suitable for the aerial firefighting. One of the most common types of the aerial firefighting
is the outside tank technology in Hungary.

2. TYPES OF THE OUTSIDE TANKS

Before the First World War people tried to do firefighting from the air, but these ideas
were pretty primitive. These were machines with single engine, and the firemen spilled the
water from a bin. The idea was good, but was not efficient. The authorities in California
saw imagination in it, so they began to think in big steps. Before the Second World War
they built a double-decker aeroplane. They fixed tanks to it. They dumped the water from
these tanks after the take-off [3]. After many attempts and experiences got the outside tank
technology much better. Today we can find different bins and buckets that are fabricated
specially to the aim of the aerial firefighting. These bins and buckets proved very effective.

According to a German literature there are 4 types of hanged burdens [4].

Table 1. Types of the hanged burdens

Load type 1 "Short line" (length of the device < 20 m)
Load type 2 "Long line" (length of the device > 20 m)
Load type 3 "Logging" (Transport of unsorted and disordered logs)

The burden is required to be kept in a certain position by the
Load type 4 | helicopter

2.1. Bambi Bucket models

Using the aerial firefighting the firemen used Bambi Bucket most commonly as a
hanged burden. [5] These Buckets are fabricated in different sizes from the 270 litres
to more than 9000 litres. These Buckets are not only in different sizes, they are made in
different types as well. Maybe the most commonly types are the Bambi Bucket Modell
1012, the Bambi Bucket 2000 and the Bambi bucket Modell 1518 [6].
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Bambi Bucket 1012 Bambi Bucket 2000

Capacity 1960 1

Capacity 4601

Weight 30 kg Weight 82 kg

Bambi Bucket 1518

Capacity 6801
Weight 40 kg

Figure 1. Bambi Bucket family. Source: author s private archive

The essence of the Bambi Bucket is, that the firemen fix a tank with rope to the bottom
of the helicopter. The load of the helicopter is as follows. The helicopter makes the bailing
above the water, after that it arrives to the burning zone and dumps the water through an
opening of the Bambi Bucket. The advantage of the Bambi Bucket is that the helicopter
does not need any necessary changes, to use the vehicle for firefighting aims. We just need
to connect the burden to the helicopter and the helicopter is ready to the firefighting. So the
helicopters, which are fabricated for another aims, can be suitable for firefighting as well.
There are two different methods to fill the tanks. In one case the helicopter can be filled
from a tank with a pump at a temporary nearby airport. In another case the helicopter can
be filled from a nearby lake. In Hungary helicopters types Mi-2 and Mi- 8 are using for
firefighting aims. These helicopters need minimum 1,5 metres deep water to fill up. To the
Bambi Bucket bin we can use the Sackfoam family. It can be controlled from the board,
and it can to inject foam compound (0,5-1%) to the bin. In favour of the efficiency we can
order FireSock mixed bag, which helps to the solution to mix more efficiency with the air.
These equipment are helping in the foaming, and exerting the more efficient extinguishing
effect [7].

We can use this method at any forest fires, but we have to refer to difficulties as well.

Because of the hanged burden it is difficult to maneuver the helicopter. Furthermore it
is hard to collect enough water to fill the tanks, and the depth of the water is very important
as well. In Hungary there are many water sources (ponds, aquifers), because of the pool
type of the country, but in several countries it is a big problem (for example Spain and the
South Slavic region).
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2.2. Smokey models

Out of the Bambi Bucket there are other tanks using as a hanged burden. One types
of these tanks are the Smokey models, which proved very effective as well. At the first
sight we can see, that the capacity and the weight of the Smokey is bigger, than the Bambi
Bucket. In Hungary the Bambi Bucket is in priority, but in some countries (for example
Germany) Smokey is often used for aerial firefighting [6].

|
Smokev ITT Smokey I
The biggest diamater approx. 124 cm The biggestdiamater approx. 225 cm
Total height approx. 137 cm Total height approx. 197 cm
Weight 1020 kg Waeight 5540 kg
Capacity 860 liter Capacity 5000 liter

Figure 2. Smokey family. Source: author s private archive

2.3.The use of the outside tank technology in Hungary

Hungary is not a highly endangered country from the forest fires, but we can find
examples for it in the past. In this case the firemen had to use the aerial firefighting to
fight against the fire. One of the widespread forest fires in Hungary happened at the Na-
tional Park of the Hortobagy in 2002. Two helicopter types Mi-2 and Mi-8 arrived from
the army to the fire. These helicopters used Bambi Bucket as a hanged burden and made
the firefighting a help with water curtain. The powers used the aerial firefighting and the
conventional firefighting as well. There were 13 fire engines and 4 water delivers at the
territory. An earlier false alarm level classification made the intervention difficult, because
there were not enough fire forces at the territory. The fire extinguishing were realized
with ”C” and ”D” beams, and with the water curtain. At the beginning the intensity of the
intervention were not efficient, because of the widespread fire and the wind. The other
problem was the lack of the fire forces. These difficulties lead to the aerial firefighting,
which proved to be very effective.

These facilities made the efficiency:

. the near distance between the fire and the water source,

. the experiments of the pilots, and they pliancy to the area,

. the direct news connection.

The aerial firefighting was very efficient. It made the tactic of the firefighting easier in
the future (Kunfehértd 2007) [8].
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3. THE EFFICIENCY DEPENDING OF THE SUPPLIES

One of the major problems of the forest fires is the extinguishing agent service, be-
cause of the lack of the hydrants. In this case, it becomes necessary to use the natural
water sources. The water transport realized with the help of the water carrier vehicles, but
it is because of the dirt roads very time-consuming. Using the aerial firefighting, we can
save plenty time, even if their costs are more expensive. This proves the third figure about
the fire in Kunfehérto. On the figure the black triangle pointed the place of the fire, the
black circle is the water source, and the grey lines are the dirt roads between the two plac-
es, where the land vehicle goes. The shortest distance between two points gives the length
of the connecting points of the section' [9]. Because the helicopter can fly on a bee-line,
therefore it can use the shortest way between the two places, as against the fire engine,
which goes on the road and reach the mark with many diversions.

Figure 3. Graphical analysis of ground water and air transport. The shortest way bee-line
(black line): 3 km. The shortest way on dirt road (broken line): 6 km. Source: author

On the figure we can see the grey line, which shows the dirt roads. The fat, black colour
is the bee line way of the helicopter. It is clearly that the bee-line way is much shorter,
than the road. The distance is on the road 6 kms, and on bee-line only 3 kms. The assumed
speed of the vehicle is on the dirt way 20 kms/hour, which is on a 6 km long way 18 mins
to reach the water source. As far as it comes back, the time jumps to 36 mins. In contrast
to the helicopter arrives to the water source in 2 mins 10 sec, which is after a quick bailing,
5 mins to reach the point of the departure. It is much more effective! The numbers prove
that it is much more effective to use the aerial firefighting, than using the conventional
firefighting in case of the water transport [10].

Thttp://www.altsuli.hu/matf/ponthtav.html
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4. THE ECONOMIC ANALYSIS OF THE AERIAL FIREFIGHTING

At a firefighting we have to make a difference between the costs of the conventional
firefighting, and the aerial firefighting. I made the analysis due to the fire at the National
Park of the Hortobagy in 2002.

4.1. Fuel costs of the conventional firefighting

13 fire engines and 4 water carriers worked at the fire. The consumption for 1 fire
engine is about 20 litres/100 kms. The distance between the hydrants and the fire was 10
kms. One water carrier turned 20 times in one day, so it made 400 kms. (20 x 10 km back
and forth = 400 kms), we calculate with 4 carriers 1600 kms (4 x 400 kms = 1600 kms).
Because of the standing engine (passive engine work) consumption the number have to
be round up to 1700. After the calculations, we get, that the fire engines consumed 340
liter gasoil. It is with the price of the gas oil in 2002 (gas oil in 2002: 193 Ft/litre? ) 65.620
HUF (215 Euro) [11].

4.2. Cost of the aerial firefighting

The average consumption of the Helicopter Mi-8 is about 900 litres/hour, and the price
of the kerosene was about 300 Ft/litre in 2002. The helicopter took off 75 times. It can turn
round in 10 minutes. [12] After the calculation we get the operating time about 12, 5 hours
for one helicopter. It is for two Mi-§, 25 hours. So the consumption is 22.500 (25 x 900)
litres kerosene, which is calculating with the kerosene price from 2002 (300 Ft) is a cost
from (22.500 x 300 ) 6.750.000 HUF. (22.130 Euro)

4.3. Cost of the burned forest areas

The extension of the burned areas was 4.700 ha (not forest). If we multiply it with
100.000 Ft (The price of 1 ha land in 2002 was about 100.000 Ft) we get a price from
474.500.000 HUF. (4.755 x 100.000 = 475.500.000) (1.559.016 Euro)

4.4. The total costs

After summing the cost of these items, we get the following values:
. Fuel costs: 65.620 HUF,

. Cost of the aerial firefighting: 6.750.000 HUF,

. Worth of the burned forest areas: kb. 475.500.000 HUF,

. Total: 482.315.620 HUF (more than 1.500.000 Euro).

Based on the costs above, the cost of the fire in at the Hortobagy National Park was
more than 1.500.000 Euro. The largest damage is the burned areas, after that comes the
costs of the aerial firefighting. The burned areas would have been more, without using
the aerial firefighting. The firemen could save big areas from the fire, using the aerial
firefighting, more than their costs. All in all we can say, that the aerial firefighting is more
expensive, than the conventional firefighting, but counting with the saved forest areas, it
is stated, that according to the economical view, the aerial firefighting is more efficient.
Maybe the cost of the firefighting will be more expensive, but the burned forest areas have
to be much lower. So we can save money [10].

2 http://www.origo.hu/gazdasag/hirek/20020128ujra.html Download: 2014.03.18.
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At the forest fires it is necessary to prevail the primary criterion of efficiency The point
of that is, that manpower, the tools, and the fighting costs must be less than the saved val-
ues in the economy. All in all we can say, the leader of a forest fire, have to make serious
decisions, but they have only a little time to make them [13]. Otherwise, is the firefighting
in economic sense is in the red.

5. CONCLUSION

The article ,,The efficiency of the aerial firefighting in Hungary, using the outside tank
technology” presented the efficiency of the aerial firefighting. Nowadays the firefighting
can be efficient, only choosing the best tactic of the firefighting, and to minimalize all of
the the economic costs. The article tries to show the difficulties of the firefighting, the
importance of the decisions and the best fire tactic. Using the aerial firefighting can be a
very good solution at the widespread forest fires, because in this case we can save much
money, according to the economical view. All in all we can say, the leader of a forest fire,
have to make serious decisions, but they have only a little time to make them. Accord-
ing to the economical background, the fire prevention is the most efficient, but it is hard
achievable at a widespread forest fire. But using new technologies can be a good solution
for the detection of the fires.
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3opan BAPBUR!

INPOBJIEMATUKA UHTEPBEHLINJA ITPU TAIEBY
HHOXAPA Y MAPUHAMA

Pe3ume: [ToOospiame Mjepa 3alITUTE O] ToYKapa y MaprHaMa [PeICTaBIba IPUOPHTET, jep Pa3BOjeM
HAyTUYKOT TypU3Ma OBaj CETMEHT 3alITUTE O IOKapa Ha Mopy noOuja Behu 3Ha4yaj. Mapure 300r
CBOj€ HaMjeHe UMajy moceOHe OMACHOCTH OJf IT0YKapa U HEOMXOAHO je Mpeay3iuMare OAroBapajyhux
Mjepa 3amTuTe. Y pany je IMpHKa3aHa MpoOiieMaTHKa Koja je Be3aHa 3a CHUTYPHOCHO KOPHILITEH-E
MapuHa. JlaTu cy Kao mpuMjepH peakiyje Ha moxkap gorahaju y mapuau [lopro MonrteHerpo. OBu
norahaju Kao M CIMYHH, IOMPHHOCE Ja C€ MpPEeno3Ha MpobieMaTHKa Be3aHa 3a MHTEPBEHIHU)E y
CiIydajy mokapa U [a ce Aa ponpuHoc nosehamy 0e30jeIHOCHUX Mjepa B OATOBapajyher pearoBama
y CIIy4ajy aKIMICHTA.

KibyuHe pujeun: mpeBeHTHBa y MaprHaMa, I10Xap, ramene, III0OBHIO0

FIREFIGHTING INTERVENTION PROBLEMS IN
MARINAS

Abstract: The improvement of fire protection measures in marinas is a priority, because owing to
the development of nautical tourism this segment of fire protection at sea gains more significance.
Due to their purpose marinas have special risks of fire and it is necessary to take adequate measures
of protection. The paper describes the problems dealing with the safe use of marinas. Events in the
marina of Porto Montenegro are given as an example of a reaction to fire. These events and the like,
contribute to identifying issues related to interventions in case of fire, and contribute to increasing
security measures and appropriate response in the event of an accident.

Key words: prevention in marinas, fire, firefighting, vessel

! Cou.uar.30m 3opan bapouh, komauaup Ciysxbe 3amTute U cramasama OniutiHa Tusar,
zoran.barbic.zb@gmail.com
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1. YBOJ

[InoBuna cy nanac mocrana MOZEpHA CpeJCTBa 3a IyTOBama JbYAW M MPEBO3 pode.
[IITo ce TYe jaxTH M Mera jaXxTH JaHac ce npousBohaun yTpKyjy y eHTepHjepy, 00IHKy U
Op3unu. To U3UCKyje moceOHe Mjepe 3aITUTe Of okapa 003upoM Ja ce BehrHa II0BMIIa
IIpaBy OJ1 TOPUBOT MaTepHjaia YnjH MPOIYKTH CaropeBarba Cy OMaCHH M IITETHH I10 3paBJbe
Jeynu U okonuHy. [ToBehaBameM 1 ocaBpeMemHBambeM TUIOBHIIA pacTe U IoTpeda 3a cBe
Behnm OpojeM MapuHa M pa3Boj HAyTHYKOT TypH3Ma Kao OCHOBA U HOBH BHJ TYPHUCTHUKE
nmonyze Ha monpy4jy Lpue [ope.

Jlyka HayTHUYKOT Typu3Ma (MapiHa) je CIIeIlijaTi30BaHa JIyKa HaMjeheHa 3a IPHUXBAT,
YyBamke M 3MMOBAamkE IUIOBHUX O0jeKara KOjH CIIyKe 3a peKpealwjy, CIOPT U Pa3oHOY.
VYemyre ce cBoAe Ha TaHKOBAaWkE TOPHBA M BONE, HAIAjambe CTPYjOM H KOMYHHKAIIH]e.
CriermudraHe ycmyre Cy Be3aHe 3a MapruHE Kao JIydKka KalleTaHnja, apuHa, AIMUTPAIAOHA
ciryx0a, obancka cTpaka, MOJIHINja M OCTAId HEOIIXOIHH CEPBHUCH.

2. MAPUHE

MapuHe cy nsrpalienn jeoBu KOITHA y3 MOpE Koje Cciy’ke 3a O0opaBak OpogoBa, jaxTH,
TUTOBMJIA M CHaOJjjeBeHE Cy HEOIXOJHOM OIPEeMOM, TOPHBOM M pazHOM pobom. Taxohe
MapHHE Ce JaHac MpaBe Kao MOJCPHH TYPUCTHYKH IEHTPU Ca CBUM BHIOBHMA ITOHYZE
TaKo J1a je HayTWYKH Typu3aM HOBHU BHJ| TYPUCTHYKE TIOHY/IC.

Mapune ce xiracupukyjy mo Opojy W BEeTHUMHE IUIOBHJIA Koja Ty Oopase. Yecto
MapHHe UMajy MjecTa 3a 3MMOBHHK U PEMOHT ILIOBHIIA. [IpeTexHo cBaka MapuHa UMa U
COIICTBEHE ITyMIIC 33 TAaHKUPAbE TOPUBA LITO H3HUCKYje NIPaBJbEhe U NMoCcTaBJbambe Behnx
pesepBoapa 3a ropuBo. JaxTe U Mera jaxTe KOpHCTe ciezehe BpcTe ropusa:

- Ge3omoBHU MoTOpHHU OeH3uH BMB 98,
- JU3eJ TOPHBO HHUCKO CYyMIIOPHH AW3EIL.

VY npunnumy jaxre no 12 merapa kopucre BMbB ropuso. TankoBame ropusa BpIu ce
Ha MOTOJHOM ¥ 0e30jeIHOM MjecTy a pe3epBOapy roprBa M MjecTa 3a MPETAKAIUINTA Cy
Ha ofpehenoj ynassenoctu.  LljeBoBonu ce u3pal)yjy u ykonasajy npema cTaHAapIuMa 1
3aKoHy O 3aIlITUTH U cramasamy [1].

LjeBoBonu ce nperexno uzpalyjy ox aymnosunuaux nujesn HDPE (TBpau mommectep)
ca KOHTpPOJIOM TMpOIypHBama, YMMe ce chpedaBa 3araljeme Mopa. Kom OeH3MHCKHX
ayTomara je moce0aH IjeBOBOJ 3a MOBpar mapa u3 ayromara. CucTeM IjeBOBOIa ce
MOCTaBJba Y MHCTAJAIM]UCKE KaHAJe Y 3alITUTHOM CJIOjy Ijecka M MOKPHBa OETOHCKHM
wroyama. CBe MHCTaNAIM]jE, Pe3EpPBOApH M ayTOMATH 32 TOUEH-¢ TOPHBA Cy Y3EMJBEHH Y
samtuty Ex d ITA T3. PesepBapu 3a TOpHBO Cy YKOIIaHH, XOPH30HTAIHO IMITHHIPHIHH
ca IyIUTAM IDiamToM y OeTtoHcKoM 0azeny. [locTpojeme je yckinalheno npema ,, I IpaBrminHAK
0 W3rpajibH TOCTPOjeha 3a 3alajbIMBE TEYHOCTH M O yCKIahuBamy M IpETaKamby
3ana’bUBUX TEYHOCTH [2].

MapuHe cy KOHIIUNUpaHe Kao rpal)eBUHCKH 00jeKTH cajakoM 06 TOHCKOM KOHCTPYKIIH]OM
na Ou mpysxuin 0e30jenal v CUrypaH Be3 3a ioBmiIa. Ca acreKTa 3alliTUTE U ClalllaBamba
MapHHe Ce TPETHPajy Kao HHCKO M3J[BOjeHH O0jeKTH Na caMHM THM MOTpeOHa ornpema 3a
rameme Noxapa je XuApaHTCKa Mpexa ca XHIPaHTCKUM HacTaBIMMa Ha Mel)ycoOHOM
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pactojamy ox 80 Metapa u ca 1o jenHuM anaparom C-9 Ha TUM MO3HUIHjaMa.

[InoBuna koja GopaBe y MapuHama cy u3rpaleHa o Jlako TOPHBHX Marepujajia u
MOKapHU PHU3HMK Ha TaKBUM OOjeKTHMMa je BEJHMKH, ITOXKapHO omnTepeheme je BUCOKO M
usHocu npeko 2 GJm™.,

Ona xoja cy u3paljeHa O IUTaCTUYHHMX Maca MPWIMKOM CaropeBama M pasrpaame
IIPOM3BOJIC BEOMa OTPOBHE MPOJYKTE caropeBama. Takole cBa IIIOBMIIA caapske TOPHBA
1 TIOCTOjW ONAacHOCT Of pa3liMBama MM M30HMjama IoXapa, Te Cy y MapuHaMa Hajase
OTIEpaTUBHM PAJHUIN — TOKEPH, KOjU Cy 00y4eHH 3a paj y BaHAPETHUM CUTyallHjama.

3. KAPAKTEPUCTHUKE IIJIOBUJIA (BPOJOBA)

Bpon je croxenn HHXUHBEPCKU 00jeKaT U y IPUHIIMITY CE CacTOjU 0] OPOACKOT TpyTa U
njenoBa HarpaleHnx Ha Bemy. THjeno 6pofa MosjesseHo je Ha M30JI0BaHe BOIOHEIIPOITYCHE
ofcjeke koju 06e30jelyjy HEemoTOIJBMBOCT Opofa M MPENCTaBibajy MOKapHE Iperpeke.
Cge npocTopuje Ha Opofdy Aujene ce Ha:

- cioyxOenHe mpocTopuje,
- TIPOCTOP 3a KMBOT U paj mocasue,
- cIenyjajiHe MPOCTOPH]je 3aBUCHO Of] BpPCTE Opona.

[Iperpane Ha II0BMITY CE pajie 0/ KOHCTPYKIIMOHUX eJIeMeHaTa (YeIIMK HITH JIAKe JIEType)
ca IaHeMMa ofl TAHKHX JINCTOBA alyMUHH]jyMa, IpBeTa WM Iu1acTuke. McnyHe ce paje on
CTaKJICHOT BJIaKHa, IUTACTHYHE IIJI0ue, IjeHo ruactuke. Kako cy marepujanu o miacTike
3anaJbuBH, MOTY JIOIPUHETH M3a3WBamy M Pa3Bojy Nokapa. XOAHUIM Ha OpOJOBHMA CY
MIPETEIKHO y3aHH, O€3 JT0BOJbHE CIIOJhAIhE CBJE€TVIOCTH, IITO OM NMPENCTaBIballo BEIUKU
mpoOJIeM TIPU eBaKyalliji, HHTCPBCHIMjH HABAJHE BAaTPOTAcHE TPyme W aiu Ou Owiu
J00pH MyTeBH 3a LIMPEH-E IPOJyKaTa caropeBama y ciiydajy mnoxapa. CBU caBpeMeHH
OpO/I0BH Cy KOHIIMITUPAHHM ca JI0CTa NOKapPHUX CEKTOpa Ca OCHOBHUM 331aTKOM:

- cripeyaBame MOTYhHOCTH M30Hjamba Moxapa,
- OrpaHMYEHO IIUpEHE NoXapa Ha Opoxy,
- 3alTUTa IyTeBa eBaKyaluje 3a JbyJe.
BponoBu HOBe reHepanuje caipike:
- jaBJpaue moxapa,
- ayTOMAarCKH M ToiryayToMarcke ypehaje 3a rameme mnoxapa.

CucreM 3amITHTE O TIOXKapa ce CBOAM:
1. IIpBH U OCHOBHH YCJIOB 32 CBaKy JOOpY MHTEPBEHIM]Y je 00y4eHa U yTpeHHpaHa
nocasa Koja Mopa IpBa 3all04eTH Talleke oKapa ¥ eBaKyalujy.
2. Ormpema 3a raieme noxapa Ha opony cy:
®  pydYHa U IPEHOCHA OIpeMa,
e  cra0miHE ypehaju 3a rameme,
e  jaBJpauu Moxkapa.
3. Cpencraa 3a rameme noxapa Ha opony cy:
®  BoOIa,
® TIjeHa,
®  YIJbCH-IHOKCHU]L,
®  HEPTHH I'aCOBH.
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4. IIO’KAPU HA BPOY

Ha 6pony ce moxxapu Beoma Op30 pa3BHjajy W3 HOYeTHE (a3e y Pa3BHjCHU IMOXKap
MOIITO je TPHCYTHA BeNMKA KONMYMHA ropuBe marepuje. [loxkap y kabuHU ce pa3Buje
nocie 3 10 4 MUHYyTa Kaja cy y MUTamy IpBeHe 00nore, a o1 5 10 7 MUHYTa KOJ| TEIIKO
3anasbuBe miacTuke. Mamely kabuna u nperpasa Ha 6pojy IMOCTOjU Ba3AyIIHH CJI0j KOjH
omoryhasa 6p30 mpeHoLIekhe U mupemhe noxapa. Llupeme noxapa je oko 1,5 mmin' a
Temmeparypa koja ce paseuja je ox 700 mo 900°C. [Toxapu koju u30Ujy y APYIITBEHUM
MPOCTOpHjaMa, IIUpe Ce Ha CYCjelHE MPOCTOPHUje 1 MjecTa 3a yIpaBJbabe, [ITO IOBOIH
JI0 YHUIITEHa CPEACTBA 3a yIpaBibame Oponom. HajomacHuju cy moxapu Ha Iy THHYKHM
OpojoBuMa rIje je Opoj MyTHHKA IO HEKOIUKO XWJhajaa. Y TakBHM OpojoBMMa HajBeha
OMACHOCT HACTaje MPH eBaKyallHjH JbY/IH.

[Ipema cTaTHCTHYKKAM TOAANIIMa HajdenIny moxapy Ha OpOIOBHMA Cy Y MAITHHCKOM
onjespemy. [lokap y MaIlIMHCKOM MPOCTOpPY je BeoMa CIOKEH jep ce Op30 MmupH Kpo3
KaHaJIe 3a BEHTHJIAI]y W KpO3 KaHaJe 3a OJBOJ caropeiux racosa. OBH ITOXapH ce BeoMa
Op30 mmpe u TeMmeparypa je 3HaTHo Beha. Ha OponoBrnMa HOBe reHepariije, MallnHCKA
MPOCTOP je MOKPUBEH CTAMOHAPHUM CHCTEMOM 32 Talleihe Mokapa i TO MPETEekKHO ca
CO,. AKTHBHpam-€ CHCTEMA j& PyTHO.

Ha couru 1 je nat npuka3 mokapa Ha jeJIHOM IUIOBHOM 00jeKTy — IJIHCEepYy.

Cauxa 1. Hoocap na enucepy oausy Ilopmo Monmenezpa

5. PA3JIMBEHU HA®THU JEPUBATHU

VY BehmHu crmydajeBa pasnuBeHa HaTa je mpareha mojaBa Kox Imoxkapa Ha Opomy.
HadTHu nepuBaté koju Tope Ha IOBPIIMHA MOpa MOpPajy Ce TACHUTH IjEHOM U BOAOM, a
race ce y3 oMo JIydKHX peMopKepa ca yrmoTpeOoM KOMITaKTHOT Mita3a. [ameme ce cBoau
Ha 100ujamy He3anaJbuBe BOIEHO-HAQTHE eMyI3Hj€e Koja caap>Ku BHIIe o1 8% BoJIE, a ako
je ropuBa moBprHA Beha OHIa ce MiIa30M BOJIE BPIIH pacjename ropehe moBpmmHe Ha
Mama KapUILITa Kako OU ce JIaKIe FaCHIIH.
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6. CUI'YPHOCT JbYJIU HA MOPY

CurypHoCT Jbynd Ha MOpYy j€ IPHOPUTET CBHUX MelyHapomaHUX IOMOPCKHX
OpraHM3alnyja, CBM HalMOHAIHH IPOIMCH ce Mopajy yckinahuBaru ca melyHapomHoM
ITOMOPCKOM KOHBEHITH)jOM 32 MOPCKE OpOJIoBe:

IMO - mehynapoxna momopcka opraHusanyja koja ce 0aBu NpoOieMaTHKOM 3a
IIOMOPCTBO M 00jeIbaBambeM MOMOPCKUX MPOITHCa y3 MOMOh U3/1aBama KOHBEHIIN]a.

SOLAS - je MeljyHapoHa KOHBEHIIM]a O 3aLITUTH JbYH Ha MODY.

MARPOL - 3amtura »KUBOTHE CpeIUHE.

STCW - xoHBeHIIMja Koja ce 6aBU 00YKOM ITOMOpalia U CTpaXkoM Ha Opoxy.

CBe ce CBOIM Ha CUT'YPHY IUIOBHI0Y M CUTYPHOCT YOBje€Ka Ha MOPY.

7. MAPHUHE Y OIIIITUHU TUBAT

TuBar cBe BHIIE MocTaje HayTHUYKa JECTHHamWja. Y TOM CMjepy ce€ U pa3BHja
TYpPHUCTHYKA MOHYy/Ja I'pajia Koju y cBoM 3aiel)y mocjenyje cBe morpedHe arpudyre Koju
ra 4MHe NMPEeno3HaTJFMBUM Ha MaIld ,,TOI HAayTHYKUX AecTHHaMja. OBO je MPOU3BENO
rotpely 3a Op3UM pa3BojeM IPUBE3UBAIMIITA U MyJIa 32 ITPUCTAjambe 1 OOpaBak IJIOBHUIIA.
Iopen reorpadckux, Mereo ycioBa, Onu3uHE aepoapoma, THBAT je mocrao IEHTap U
oBOT BHJa TypusMa. Jlanac je noapydje Onmtrne TuBaT BENUKO rpaAMiInInTe MapuHa. ¥
W3TPaJibH j€ BUIIE MapHUHA U TO:

- ITopro Montenerpo

- Mapumna ,,Conuna‘

- Mapuna ,,3rpaanh®

- Jlymrruna bej (Lustica Bay)
- Mapumna ,,CespaHoBo*

On wux je cBakako Hajeeha u HajBakHHja [lopTo MonTeHerpo (cimka 2) xoja he y
xoHauHO] Tdpu umaru 850 Be3oBa 3a mncepe, jaxTe U Mera jaxre. MapuHa ,,3rpaanh‘
j€ MaprHa ca CBUM CapikajiMa 3a PEMOHT U OfpKaBamke IUIOBHIA, CA KalalUTEeTOM
oko 150 mnosma. Jlymruma bej (Lustica Bay) je mapuna xoja ce Hasla3u Ha OTBOPEHOM
Mopy u mpumahe oko 140 miuoBmia mpeTexHO Mamux rabdapura. To je MapuHa Koja
je rpal)eBHHCKHM MHOTO 3aXTjeBHA jep je CMjelITeHa Ha OTBOPEHOM Mopy a u3paleH je
Bj€IITa4YKH JTyKOOpaH Ha BeoMa HENPHCTYTIauHOM KOITHEHOM JIMjely a y uHjeM 3anely ce
paau TypucTHUKH Komruiekc. OcTaine BHje MapHHE Cy Mamer KalaluTeTa W cajapikaja.
Taxohe mapuna Ilopro Montenerpo u Jlymruna bej cy onpemsbene pesepBapuma 3a
cHaOmjeBame Opomosa ropuBoM. Ilopen oBux MapuHa u3paljenu cy nparehu canpxaju oxn
X0TeJa, pecTopaHa, yTOCTUTEJhCKUX 00jeKara, IIIoIoBa, rapaxa u ap. CBU OBH caapKaju
Cy IPOMjEHIIIN TOK Pa3Boja rpaja a y IIaHepHMa CHCTEMaA 3aIITHTE U CTalllaBamba HOBY
OpTraHU3aIljy U TAaKTHUKY HACTyIa Kao W HaOaBKy HEOITXOIHE OIpeMe 3a TaKBe Caapikaje
u Moryhe akiuieHTe.
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Cnuxka 2. [{uo ge3o6a y [lopmo Moumenezpy

8. YOYEHMU U INIPEITIO3HATH ITPOBJIEMMU Y 3ALITUTHU O
IMOXKAPA

Harmn pa3Boj m3rpaame MaprHa ce HajBHINE OIpa3no Ha IMpoliieMe 3aIliTHTe Of
MoXkapa, caMHM THM, jep ce€ MapuHa, Kao rpal)eBHHCKH o0jekaT y 3akoHy O 3allTHUTH
1 CrHamiaBamy, TpeTHpa Ha HeaaekBaraH HaumH. [IpeaBubeHa morpeOHa cpexcTBa
3a 3alITUTY Of MOXKapa HHUCY JIOBOJbHA HM ajekBarHa. Taxole cBaka MapwHa MMa H
onpehenn Opoj cUapHINTa 3a IIOBMJIA TakO Ja CE jaBJba jOII jeJaH BEJIHUKH IPOOIIEM.
HenoBosban Opoj XnApaHTCKUX HACTaBaKa ,T€ arapara 3a MOYETHO Talleihe, HEOIPEMambhe
XMIPAHTCKUX OpMapa ca a/IeKBaTHOM OITPEMOM, TIPEICTaBIba JOATHH IMPOOIIEM JIOKATHO]
CIIyOH 3aIlTUTE ¥ CHallaBama. [Iporenaype xoje cy Omie y NMpHUMjeHH 3a MapHHe, a
BE3aHE Cy 3a raleme IUIOBHJIA M HACTYIl BaTpOTacHE jeJHHUIIE, TEK Y MOMEHTY Kaja
rocajia He yCIIHje YracuTd mokap je Omnma HempuxsaribuBa. OOaBese mokepa cy Owmie
HejacHe, HEMOTITyHEe M HeAe(MHMCAHEe, Kao 3aBPIIHM EMHJIOT je U 3araljeme Mopa Koje
Takohe HHje Owro 1o Kpaja nedunmcano. [lo mmanckuM nokymeHTHMa, MapuHa [lopto
MoHTeHerpo Mopa IMaTH U CBOjy IIpey3eTy jeAnHuIy, a MapuHa Jlymria bej ce ocnama
Ha uHTepBeHNHWjy JlobpoBossHOr Barporacnor [pymrsa ,Kpromn™ ca ouexmBaHmM
BpEeMEHMMa MHTEPBEHNMja Koja HUCY peanHa. MapwuHa ,,3rpaanh®, koja y CBOM cacTaBy
nma nparehe cagpxaje 3a peMOHT IUIOBHJIA, j€ y TOTIYHOCTH HE TIOKPHBEHA Mjepama
3amTuTe o nokapa. CBe OBE MapHHe Cy y MPETXOAHO] TONMHN NMajle HU3 ToXKapa KOjH
cy 3axBasbyjyhu Op30j maTepBeHIUju Ciry)0e 3amTuTe U cramasama Ommrrae TuBar
yramere. OBo je mocturHyTo 3axBasbyjyhn CoryxOum 3amTure M cnamasamba ONIITHHE
Tusar, koja je mpeno3Hana BEIUKH MPoOIEM y 30HH CBOj€ ONTOBOPHOCTH M YHAIlpesn
ypaania IUIaHoOBE 3a Ty BPCTY aKIWAeHara. Y JeTHEeM Mepuoay, Ha noapydjy OnmrrHe
Tusar, uma oko 1000 moBuna, a nujeno noxpydje boke Koropcke He nmocjenyje ur jenan
BaTpOracHH OpOJ 3a ramemne moxapa Ha Mopy.
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9. HPEUIOI' TIOBO/bITAKA MJEPA 3ALITUTE O ITIOXKAPA Y
MAPUHAMA HA OIIIITUHU TUBAT

Curyx0a 3amTuTe ¥ crialiaBama je npeay3elia HU3 akTHBHOCTH Ha pelllaBamky YOUeHUX
npo0JiemMa KoJ| HaJUIe)KHUX opraHa. Mcra je npey3esia HHULIMjaTHBY 32 TPOMjEHY 3aKOHCKE
peryiaTuBe Koja ce OZIHOCH Ha 3alTUTY OJf ToXKapa y MapHHama.

[pennor mjepa:

e TlIpouenypa

- IlpBam ocHOBHa Mjepa je MoImTOBamke 3aKOHCKHUX HOpMH a y Be3u 3VIC (3amTure
U clialiaBama) IIOBMIIA KOja Cy Ha Be3y y MapHHaMa M Ha CUAPHIITHMA.

- O0agese mmocajie M 3aM0BjeIHIKA TUIOBMIIA Y 3alITUTH O OXKapa.

- Heno3Bonmutn akTUBHOCT moOcaje y BE3W ca 3alajbMBHM MaTepHjannMa u
yIoTpeOOM OTBOPEHOT TUIaMeHa, Bapema, pe3ama U OCTAINX Paabu Ha TUIOBHITY
0e3 KOHCyNTalMja ¥ MUCMEHOT 0/100peha HaNIS)KHUX Y MAapUHH.

- HajBaxnuja npornenypa je y Be3u HaCTyIa BaTporacHe jeJMHUIIE Ha IJIOBUJIO KOje
j€ YTPOXXEHO MOXapoM U Jie(HHUCAE YTOBOpa ca MapHHOM Jla HHTEPBEHIIN]a
MOKE O/IMax IMoYeTH He Yekajyhu ucxon ramema of] crpaHe nocazae oposa.

- O0aBe3e paJHHKa Y MapuHH — JOKEpa y Cilydajy rmoxapa:

1. Tlomjepame cBHX IUIOBMIIA OJ1 TUIOBUIIA KOj€ TOPH.

2. OmoryhuTs nmprcTyn BaTporacHUX BO3MJIa JI0 YTPOXKEHOT IIOBHJIA.

3. TlocraButu 3amITUTHY OpaHy OKO YTpOXEHOT TUIOBHIIA.

4. Bpmtutn pacxiahuBambe yrpoxkeHor Opoga ca KoOIHA, ymoTpeOom
XHJpaHaTa.

- Oobagese ciyx0e 06e30jehema:

1. Tlomarame BaTporacHoj jeOWHHWIM y €BaKyallljHu JbYIU Ca YTPOKEHOT
TUTOBHJIA.

2. O06e30jeheme yna3a y KOMIUIEKC M MHTEpHUX caoOpahajHuma 3a mpucTyn
BaTpPOracHUX BO3MJIA.

3. OO6e30jehuBame rIa MjecTa U HeTO3BOJbABATH IPUCTYI HE3AIO CIICHIM
JUIUMA.

e Ompema

- XuzIpaHTcKe opMape JOIMyHHTH ca MOOMIIHOM OIIPEMOM 3a ITPOHU3BOJIIbY IjeHE U
To: Mehymjeray, MiiazHuIA 3a jeny 1 50 uTapa KoHIeTpara IjeHe.

- IloBeharu 6poj amapara 3a rameme Tun C-9 Ha cBakux 20 MeTapa y onepaTHBHOM
JIjeTy MapuHe.

- Tocraeutu anapare CO, Skg na Mjectuma PO enexrpuune cTpyje.

- O3Ha4YNTH ¥ OONJHEIKUTH €BAKYyaIMOHE ITyTEBE.

- HaGagxka BarporacHor Opona.

e  dopmupame BaTporacHe jenunuie 3a [lopro MoHTeHerpo.

- ®opmupame BarporacHe jenunuie y Ilopro MonTteHerpo je ypaheHo Ha apyrum
ocHoBama. Ha ume, ITopto MonTenerpo u OnmruHa TUBaT Cy CKJIOMUIN YyTOBOP
na Cyx0a 3aITuTe v criamaBamba THBAT BPILIH 3aLITUTY O] TIOXKapa Y KOMILIEKCY
[Topro MoHTeHerpo ca jerHMM HaBaJIHUM BO3WMJIOM M JiBa Barporacua 24 gaca
JHEBHO. BarporacHo HaBaJHO BO3MIIO je ca CBUM NOTPEOHNM KapaKTepUCTUKaMa
3a oBaj komruiekc. Takohe, y Omno xojem akmumenty Coyx0a 3amrture U
cranraBama he ajeKkBaTHO MHTEPBEHHUCATH K0 U Yy IpyTHM MapHHaMa.
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- Cnyx0a 3amTuTe W CrHamiaBama je JOHEIa CBOj¢ IUIAHOBE 3a JjEJIOBamE Y
MapuHaMa Ha CBOM Mompyd4jy. M3pamuia AeTabHU TUIaH JjefioBamba Kao |
OYCKHBAaHA BpPEMEHA NPUCTH3ama a CBE y LWbY IITO Opxke W edUKacHH]je
UHTEpPBEHIIU]E.

10. MYHTEPBEHIIMJE Y MAPUHAMA TOKOM 2016.

VY 2016. roqunu y Mapunu [Topro MoHTeHerpo Ouito je Tpu moxapa, oj Tora JiBa Ha
IUIOBMJIMMA 2 jellaH Ha MHCTajalijamMa 3a peTakambe ropuBa.

Ha nperakanumty ropusa y [Topro Monrenerpy, 27.07.2016 . gomuio je 1o excruiosuje
OeH3uHCKUX mapa. [Toxap ¥ ekcIuo3nja Cy HacTalld y LIaXTH 3a IIPUXBAT TOPHUBA. YCIen
BHCOKE TEMIIEpaType 1 JIOTOKA CBjEXKET Ba3/lyXa, PUIMKOM IOM3aka MOKJIONIIA, TOIII0
je no excruio3uje OeH3MHCKHMX mapa. Konwdwmua ropuBa um mapa je Owia Majia Tako aa
ce MoXap HHje MPOIIMPHO Ha OOMIDKIbY IUCTjepHy ca ropuBoM. [loxap je Beoma Op30
yralieH ca pydHHM anaparnma 3a rameme C-9.

Hana 12.08.2016. mommo je mo mokapa Ha IuioBmty o3Haka DLO713Z. IMoxap ce
JIeCHO Ha MOpY, KaJia ce TUIOBHJIO IyXHHe 12 MeTapa 3ananwio y BoxmH. [locana 6pona
j€ MCKoYMyIa y MOpe, a IUIOBHIJIO CE IO jaKHM BjeTPOM HEKOHTPOJIMCAHO HMPUOIIKABAIIO
mapunu [lopro Montenerpo. [IpucebHomhy paganka MapuHe W BeoMa Op30j peakiuju
Cnyx0e 3amTuTe U cnamaBama TuBat, Opoj je IpuUBy4YeH Ha 0e30jeqHO MjecTo U Ty je
JIOKAJIM30BaH IOXKap.

Ha wmera jaxtu ,,Karapa“ 06.09.2016. mouuto je mo moxapa. [loxkap ce aecno Ha
Pa3BOIHOM OpMapy ca aKkyMyJIaTOPCKMM OarepujaMa y eHepreTckoj coou. Beoma Gp3om
1 eUKaCHOM MHTEPBEHIIMjOM BaTrporacaiia 1 nocajae Opona, noxap je yrameH nocie
15 munyTa. Pagumo ce o Beoma JIyKCy3HOj M CKymoljeHoj Mera jaxTu. CpeicTa koja ¢y
kopumihena y ramemy cy anapatu CO,. Ha nuiy mjecta cy OuiM 4eTHpW BaTporacHa
Bo3mJia ca 12 npunannuka CiryxOe 3amrure u cnamasama Onruae Tusar.

CBe OoBe MHTEPBEHIHjE Cy OIjeHEHE OUIMYHOM OIJEHOM U HCIOIITOBaHE Cy CBE
MIpOIIEeAype y OBAKBUM BaHAPEIHNM foralajuma.

11. 3AK/bYYAK

[IpoMjeHa 3akoHCKe perynaTuBe, y MpOjeKTHO] JOKYMEHTAalWj! 3alITUTE Of MoXapa
TIPUINKOM M3Tpajiihe MaprHa, MHOTO O onpuHena nosehamy 6e30e1HOCTH y3 IpUMEHY
MIPEBEHTUBHHX Mjepa 3alITUTE OJf IT0Kapa U Y MHOTOME O ce CMambHO PU3HK Off N30Hjarmba
noxapa. CBakako HarvIM pa3BOj HAyTWYKOT Typu3Ma IIpaTH M ocaBpeMemuBame Ciyxoe
3alITUTE W CIIAllaBamba a y KOHAYHOM TO j€ yCaBpIIaBamhe TAKTHKE ralierka IUIOBHIa Ha
MOpY ¥ Ha CHAPHUIITY — BE3Y.

12. JIMTEPATYPA
[1] 3akon o 3amTuTy ¥ crnamasamy, ,,Ci. Jluct LII'™ 6poj 13/07, 05/08 u 32/11

[2] TlpaBuiHHUK O U3rpaibH IIOCTPOjEHHA 32 3aa/bUBE TEUHOCTH M O YCKIIAUIITEHY
U [IpeTaKkamy 3anajbuBuxX TedHOCTH, Ciyxoenu suct COPJ, 6poj 20/71 u 23/17
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bojar MUJIOBAHOBUR!

Hosak OTAILIEBUR?

Hparan CABUR?

TEIIKHU YCJIOBU EKCIIVIOATAIIMJE
BATPOT'ACHHUX BO3UJIA
Y PYJAPCKOM BACEHY KOJIYBAPA

Pe3nme: BarporacHa Bo3wia MMajy 3a LJb J1a y ClIydajy HOXKapa Ha HEKMM OJ IPOM3BOJHUX
KaranuTera, objekara y Pynapckom 6aceny Komybapa, nnrepBenunly y mro Kkpahem BpeMEHCKOM
nepuozy. JIo MecTa noxapa 4ecTo ce Ipoasu IIyTeBHUMa Koji HUCY peryinapHu. OBa HeperyJIapHOCT
je m3paxena y OpraHu3anuoHoj nenuHy ,lloBpmuncky kormoBn bapomreBan™ u To y mOroHMMa
Koju ce OaBe AMPEKTHO HCKOMOM yriba. HeperymapHocTH koje ce Hajuemthe mojaBibyjy Cy:
HEeNpomUCHO ypa)eHH YCHOHM ca 3HaTHO BehwM y3Ay)KHUM HarubumMa W CepleHTHHaMa,
ITEBH Ca jEJHOM KOJIOBO3HOM TpPakoM 0€3 MHMOMJIA3HHIIA, PU3MYHM IIPOJA3H HCIHOJ TPauHHX
TpaHCIopTepa, HEOIBOAKBLCHH Iy TEBH, HeoroBapajyha BpcTa u KBaIUTET HOUIOTE ITyTa TEXHUYKHM
KapaKTepUCTUKaMa BO3MIIA Kao U pa3He JApyre npernpeke (KaHasH, IIeBU, BUCOKOHATOHCKH KaOJIOBU
nty.). CBe rope HaBe/leHE HEPETYIAPHOCTH Y 3Ha4ajHOj MEPH OTEXaBajy Mpojia3 OBAKBUM IIyTEBUMA
¥ 3HaYajHO CMamYyjy €KCIUIOATAllMOHN BEK BO3MIIA.

Ki/by4He peuu: BaTporacHa Bo3uia, HeperyJapHH IPUCTYIIHH ITyTEBH, MabU €KCIIOATALIMOHH BEK

SEVERE CONDITIONS OF FIRE TRUCKS
EXPLOITATION IN KOLUBARA MINING BASIN

Abstract: Fire trucks are designed to, in case of fire on some of the production capacities, within
Kolubara Mining Basin facilities, intervene as soon as possible. Irregular roads often lead to the
fire place. This irregularity is reflected in the Organizational unit “Open pit mines BaroSevac” in
its, in plants that are directly connected to the coal excavation. Irregularities that most frequently
appear are: improperly made inclines with a much greater longitudinal slopes and serpentines, roads
with one line without intersection, risk passages under the conveyors, not drained roads, type and
quality of the road does not comply with the technical characteristics of the vehicle, as well as other
various obstacles (channels, pipes, high-voltage cables, etc.). All the above mentioned irregularities
significantly complicate the access of these roads and significantly reduce the exploitation period
of the vehicles.

Key words: fire trucks, irregular access roads, shorter exploitation period of vehicles

! Mumn. urxk., [nasuau umxemep 3011, JIT EIIC, OTPAHAK PB Konybapa Jlazapesari,
bojan.milovanovic@rbkolubara.rs
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3 Unx., PykoBomunan Ciysx6e 3011, JIT EIIC, OTPAHAK PB Kony6apa Jlasapesaii,
dragan.savic@rbkolubara.rs
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1. YBOJA

VY oksupy JII EIIC, Orpanka Pb Koxybapa, ¢ynkuumonume Ciyx6a 3amrTure o
Mokapa Koja MMa CBOj NPEBEHTHBHH W CBOj pENpPECHUBHH 1e0. PernpecuBHH a€0 Tj.
WHTEpBEHIIHjE Talllemka mokapa obasspa [Ipodecronamna BatporacHa jemuauma (I1BJ)
Komy6apa ca cBojuM OCHOBHHM CPECTBHMA, a TO Cy CIEeNHjaTHa BaTporacHa Bo3mia. OBa
BO3MJIa 00aBJbajy U HEKe JIpyre MOCIIOBE Koju ¢y criennpuunu 3a OpraHu3alioHy HEIuHy
L [OBpIIMHCKH KomoBH bapomesai™ kao neo Orpanka Pb Konybapa. CBaku ofjiazak Ha
WHTEPBEHIINjy WM HEKH JPYTH I0CA0 Yy MOBPIIMHCKH KON MpEICTaBJba 3ajJaTak Koju
MakcumaiHo onrepehyje BarporacHo Bo3wito. OBa ontepeheHOCT je ycies ImyHe [UCTepHe
BOJIOM M eKCTparoM 1eHe. [lonarHo ontepeheme mpeacTaBba joll 1 HEPeryinapHOCT CaMoT
MIPHUCTYITHOT ITyTa 10 o0jekara. [TomTo ce 0B 00jeKTH Hala3e y MOBPIIMHCKOM KOITy HHje
Moryhe yBek 00e30eIUTH 1 PUITPEMHTH ITYT 3a MPOJIa3 KaKo BaTPOraCHUX TAKO U JAPYTUX
Bo3wia. [Iponas oBakBUM myTeBUMa JojaTHO onTepehyje Bo3uiia, a CaMUM TUM H T0jaBy
KBapoBa. BarporacHa Bo3uiia ca 0BakBUM yCJIOBHMa €KCILIOATAI]€ MOPajy UMaTu J00po
OZIp>KaBame Kako OM yBek Omiia y (pyHKIIMOHAIHOM M HCTIPABHOM CTalby.

2. OMNIITH MOJALA

Y oBOM zieity pajia JaTy Cy OCHOBHM Hojanu o OpraHu3alyoHoj IenuHy ,, [ loBpmuHcKy
xoroBu bapomesarr, kako 61 ce 60Jbe pazymMeo 00MM rociioBa i crieiiupuaHocTi. OCHOBHH
MOZIALK 3a CIICLMjaliHa BaTpOracHa BO3MJIA JaTa cy TabeldapHO, a JCNOM Cy ONMHCAHU H
cnenn()UIHA OCTIOBH KOj€ BaTpOracHa Bo3miia 00aBIbajy y 0Boj OpraHU3aIiioH0j HEIUHH.

2.1. Opranm3zanmnona nejauHa ,Iloepmunnckn konosu bapomesan®

Kako 0u ce 60Jbe U cBeOOYXBaTHHjE carienao O0MM ¥ CIenU(UIHOCT TTOCIOBa KOje,
IopeJ] OCHOBHHX, MOI'Y UIMaTH BarporacHa BO3WJIA, IaTH Cy HEKU OJ OCHOBHHMX I10JIaTaKa
3a oBy OpraHu3aiioHy IeJIHHY, a TO CY:

. MOBPIIIMHA KOja je TPEHyTHO 3axBalieHa pyaapckuM pamoBuma je P=80 km?,

. noBpimHA Iryma P=780 h,

. Jy>KMHa TpaHCIOpPTHHUX Tpaka 1=70 km,

. TPEHYTHO paau 57 pynapckux crpasa (Texune ox 500 mo 2800 t),

. JTHEBHA MPOU3BOIHa yriba a0 90000 t.

Tpeba HamoMeHyTH joIl W Ja je yKyllHa TOBpIIMHAa Koja 3axBata Orpanak Pb
Kony6apa P=600 km? mito y3 €0 moaaraka Koju je Tope JaT MPEeACTaB/ba CBAKU PECIIEKT.
U3 cBera rope HaBeACHOT MOXeE Ce 3aK/bYUHTH Ja ce BehinHa mocaoBa 00aBsba y TEHIKUM
TEXHOJIOIIKHUM, TEXHUYKHM M OPraHM3al[OHUM YCIIOBUMA IITO BaXKU U 32 BO3MIIA KOja Cy
MpeAIMET OBOT Pajia.

2.2. BarporacHa Bo3mia

IIpodecuonanna BarporacHa jeauuuiia Komybapa mma ykymHo 20 chemdjasHux
BaTPOTacCHUX BO3WJIA KOja Cy pacriopeljeHa y TpH Mambe jeMHUIE U TO:

. IIBJ ,IIpepana“ 4 Bo3una,

. IIBJ ,,PynoBuu® 9 Bo3una u

. TIBJ ,,TamnaaBa“ 7 Bo3mia.
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IBJ ,,PynoBuu* u I1BJ ,,TamHaBa“ 00aBjbajy penpecuBHE MOCIOBE KOjU CY BE3aHU
JUPEKTHO 3a TMOBPIIMHCKE KOIOBE Ma je y THM jeauHuilamMa u HajBehe Opoj onm 16
BaTporacHux Bo3mia. Y Tabenu | mprkasaHa Cy BO3WIIA Ca OCHOBHUM KapaKTepPUCTUKAMA:

Tab6ena 1. Bampozcacna o3una unoycmpujcke jeounuye “Tamanasa” u “Pyoosyu”

1;' Bpcra BO3MIa Tun CpeacTBo 32 ramcee Toxn. Mecro
1 KOMOWHOBAHO DAIT 20/26 5000 n BOZE, 1992 | Tamuasa
2 KOMOMHOBAHO TATPA 7000 1 BOAE, 1999 | TamnaBa
3 KOMOHHOBAHO TATPA 7000 1 BOZE, 1997 | TamuaBa
4000 1 Boxme, 400 1
4 HABAJTHO Mepuenec 2011 | Tamnasa
€KCTpaTa
5 | komumosamo | KAMA3 7000 msoze, 10001 | 5404 | Tawmasa
EKCTpaT
6 KOMOWHOBaHO KAMA3 70001 Boge /7001 exctpar | 2015 | TamuaBa
7 TEXHUUYKO KAMA3 70001 Boae /7001 excrpar | 2015 | Tamuasa
7000 5 Boze, 1000 i
8 KOMOHHOBAHO KAMA3 excrpar, 1000 kr mpaxa 2004 | Pynmosum
9 KOMOHHOBAHO KAMA3 70001 Boxe /7001 exctpar | 2015 | Pymosuu
10 | ayrommcrepHa KAMA3 8000 1 BOZE 2004 | PymoBum
4000 1 Boze, 400 11
11 KOMOHHOBAHO Mepruenec excTpata 2011 | PymoBum
12 | xoMOHMHOBAHO KAMA3 #000aenonc, 1900w 2004 | PynoBum
EKCTPaT
13 | xKOMOWMHOBAHO KAMA3 8000 11 BOIC 2013 | PymoBuu
14 | xOMOMHOBAHO KAMA3 7000 1 soze, 1000 2004 | Pynmouu
EKCTpaT
Bosurno 3a
15 ——— MAH 3000n Boxe /3001 exctpar | 2016 | Pymosuu
16 | xomOMHOBAHO KAMA3 7000 1 5oz, 1000 x 2004 | PymoBum
eKCcTpaT

2.3. Ocranu nocaoBu y OpraHu3anuoHoj HeJJMHM ,,IIoBpIIMHCKH KONIOBU
BbapomeBan*

INopen ocHOBHOT MoOCa, Tj. UHTEPBEHIIMjE Ha rallemy 0XKapa Ha HEKOM Off o0jekara
y 0B0j OpraHu3alMoHo] LEeINHH, CIeLHjalHa BaTporacHa Bo3uiia 00aBibajy U HEKe Jpyre
TIOCJIOBE KOjH CY CHEUU(HUIHN 32 HOBPIIMHCKE KortoBe. OBHU IIOCIIOBH YIJIAaBHOM CY BE3aHH
3a oMol NPU TEXHOJIOWIKKUM U JPYTHM OllepalijaMa IPUIIMKOM eKCIUIoATalrje yriba u
OTKpHBKe. 300T HEEKOHOMHYHOCTH M HeMoryhHocTH Ha ce obe30ene HEKa Apyra Wid
CIIMYHA BO3MUJIA, 32 OBAKBE [I0CJIOBE KOPUCTH Ce BaTporacHa Bo3uia. TpeGa HanoMeHyTH fa
JIeXKypCTBa KOJI PaJioBa 3aBapHUBamba He yasy y Tope HOMEHyTe IOCIIOBE a TH CIIeHU(pUIHH
HIOCJIOBU CY :

*  J0CTaBa TEXHUYKE BOJE IO 00jEeKTUMA,

*  [OJHWBamke Tpaca 3a JIAKIIE caBiaJaBake KpUBHMHA 32 BEJIMKE PyJapcke MallnHe,

. Mpamke PyAapCcKIX MallnHa, 00jeKara, MyTeBa u Iu1aToa,

. npoOujame 3aryleHnX NPeCcUIHUX MecTa u OyHKepa,

*  JI0CTaBa BOJE 3a HAJIMBAKE LEHTPU(DYTaTHUX MyMITH 32 lbUXOBO TIOKPETAmbE,

*  pasHa Jpyra AocTaBa Boje, paheme TpaHcnopra, 1exXypcTBa.

CBu rope HaBeJCHH ITOCIOBH JOAATHO OTEXKABa]y EKCIUIOATAIIHN]Y BaTPOTAaCHAX BO3MIIA
a caMUM THM U CMambyjy BUXOB PaJHH BeK.
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3. ITIPOBJIEMHU TOKOM EKCIIVIOATALIMOHOI' BEKA
BATPOTACHHUX BO3UJIA

[poGnemMu KOjU Cy CTANTHO MPUCYTHH, a KOjU 3HAYajHO YTHYY Ha EKCIUIOATAlIHOHU
BEK BO3MJIA Cy NIPUCTYITHM IIyTEBH U OIpiKaBamke Bo3mwia. O0aBe3a U3BpILIaBaba II0CIOBa
U [posia3 MO HeperyiapHHM myTeBuMa moBehaBa MOryhHOCT HEIIAHMpaHHX OTKa3a
CKJIOTIOBA Tj. KBapOBa.

3.1. IIyTeBu Ha NOBPIIMHCKUM KOIIOBUMA

Ha moBpmHCKMM KONOBUMA TIOCTOj€ CTaJIHU U PUBpeMeHH ITyTeBU. CTallHi MyTeBU
UMajy 1o0py IPOXOTHOCT au 0e3 003upa Ha TAKBE KAPAKTEPUCTHKE Y 3MMCKUM YCIOBUMA
MOTY CTBapaTH MpodieMe MPUINKOM mposacka. [I[puBpeMeHu My TeBH Cy MyTEBH KOjU YBEK
Mory otexaru mpona3 (Cimka 1).

Lo

Cnuka 1. Heoogoorwen nym

Be3 003upa Ha cTalmHO aHraKOBame MexaHu3almje (Oyimo3epa) Ha OBUM IyTEBUMA CE
T10jaBJbYjy HEpPETYIapHOCTH KOjH OTeXaBajy, a dyecto W oHemoryhasajy mpona3 (Cnuka
2). JenaH ox decTHX ciydajeBa Kaja ce BO3HMIIO 300T HEpEryJapHOT IyTa 3ariaBibyje H
HE CTIXKe 10 00jeKTa Ha IOBPIIMHCKOM KOITy, @ CAMHM THUM U HE HU3BpILIaBa NOCTaBJbEHH
3ajaTax.

Heperymnaproctu ca kojuma ce BaTporacHa Bo3wia Hajuenthe cycpehy cy cneneha:

. HeonBoameHN myTeBu (Crmka 1),

. HeoaroBpajyha BpcTa M KBaJIMTHT ITOJJIOTE ITyTa TEXHUYKUM KapaKTepUCTHKAMa
BO3MJIA,

*  PUBUYHU IIPOJIa3H UCIIOJ TPAUYHHUX TPAHCIIOPTEPA,

. ITyTEBH Ca j€JIHOM KOJIOBO3HOM TpakoM 0e3 MUMOMIIa3HHIIA,

. HEeNponucHO ypal)eHHM yCIIOHM ca 3HaTHO BehuM y3myXKHMM HaruboMm u
CepIIeHTHHAMA.
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Cauka 2. 3aenaemeno 6ampozacro 603uio

[Topen oBuX HaBeAeHMX HEPETYIApHOCTH IIyTEBH MOTY MMAaTH M Ipyre Hpernpexe
KOjé MOTy OMETaTH HOpMajlaH IIpoJia3 BAaTPOTAaCHHUM BO3WIMMa (KaHAIHM, MOCTOBH H
IpyTe TEHIKO YOWHHBE Mpemnpeke). YCien jeHe TakBe Mpernpeke BaTporacHO BO3WIIO je
6wio onemoryheno na crurhe o cor oapenumTa (Cnuka 3). ToM npuiIMkoM BO3UIIO je
IPeTPIIeIIO U 3HATHA omTehema.

Cnuxa 3. Ilpesprymo sampozacho 603uno

CBe rope HaBejieHEe HEPETYIAPHOCTH JOJATHO CE YCIOKABajy y 3UMCKHUM yCIOBHMA
KaJia ce jaBjba Hemto Behu Opoj KBapoBa MOCEOHO HAa CTAPHjUM BO3WIINMA. 3UMCKH YCIIOBH
Y HEPEryJIapHOCTU Ha IyTeBUMa JUPEKTHO MOTY u3a3Batu ciienehe kBapose:

. OTKa3W CeTOBa KBaumia (IOCeOHO (PPUKITMOHU JTUCK ,,Jlamema“),

. JIMPEKTHH KBapOBH Ha MOTOPUMA,
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* KOYHOHH CUCTCMH,

. Ba3AyIlIHE MHCTAJAlN]je,
. ITHEyMaTHUIIH,
. omrehema Ha OABO3Y, KOHCTPYKIHJU U JIp.

OBU KBapOBH Cy U3PAKCHUjU KOJ CTAPHJHX BO3MJIA KOja CY IO IPABUITY
aHTa)XOBaHU]a Y OJHOCY a HOBa BaTpOTacHa BO3HJIA.

3.2. Oap:xkaBame

Jla Ou ce BarporacHa BO3uiia OJp)Kaia y MYHOJ MOTOHCKO] CIIPEMHOCTH U OuIla yBEK
CIpeMHa Jia OroBope u n3al)y Ha MHTEPBHHIIMjE U OCTAJE MOCIIOBE, OJpIKaBambe MOpa
Ooutn Ha HajBUmIeM HUBOY. OmpikaBame BaTPOTaCHHX BO3WJIA MOXE OWUTH PEIOBHO U
BaHpeHO. BanpenHo je ycien HeKkor KBapa MiIM 0TKa3a Ha BUTAIHUM CKJIOIIOBUMA BO3MJIA,
a peIOBHO OZIP)KaBambe Ce CIPOBOAM KPO3 MECEUHE, [IIECTOMECEUHH U TO/IUIILE CEPBUCE,
10 TEXHWYKHUM Tpernopykama npoussolhada. Mehytum, ycnen Hegocrarka oarosapajyhux
JIeJIOBa CEPBUCHE aKTUBHOCTH HUCY YBEK PEIOBHE U KBAJIUTETHE. 300T Pa3HOPOIHOCTH H
BHWIIIC THIIOBA BO3MIIa (KaKo je W mpuKka3zaHo y Tabemu 1) Huje yBex moryhe o6e30ennuTt
OpPUTHHAJIHHU [0 IITO gomarHo omrepehyjy u mpobiemu y JaBHMM HabaBKama HCTHX.
Hdyxe uexame Ha OpUTMHAJIHE PE3EpPBHE AEJOBE M WHIIPOBU3AlMje KOje Cy yecTe Y
pelaBamy HACTAJIMX KBapOBa Ha BO3WJIMMA JAUPEKTHO YTHUYY HA KUBOTHHU BEK BO3MJIA U
UXOBY T10Y3/IaHOCT.

3.3. AHaIM3a eKCIUI0ATALMOHOT BEeKa BATPOraCHUX BO3MJIA

VY none gatom nujarpamy 1, mpHKaszaH je OZHOC IOY3IAHOCTH M OTKa3a CKJIOIOBA Tj.
KBapoBa. Y eKCIUIOATAI[IOHOM BEKY BO3MJIa CBAKaKO je HAjIOYy3IaHUjU TIEPHOL KOJH je Y
IujarpaMy 3axBahieH 3eJI€HOM MTOBPIIIMHOM KaJia j€ BO3WUIIO HOBO, @ HUBO 0TKAa3a Tj. KBapoBa
Hu3ak. [Tomro cy y oBOM pajly HaBeIECHU HEKH OJ TEIIKUX YCJIOBAa TOKOM EKCILIOATallH]je
BaTpPOTacHOT BO3WJIA, KOja paje Ha MOBPUIMHCKHUM KONOBHMa, Moxe ce pehm nma he
MIOBPIIMHA Koja je 3axBaheHa njpBeHoM 60joM yBek OuTH Beha 3a BaTporacHa BO3miia Koja
Cy IIpeAMET OBOT paJia y OIHOCY Ha HeKa JIpyra BO3WJIA. YCIOBH EKCIIIOaTaltje JUPEKTHO
yTUYY Ha OJHOC 3eJIeHe U I[PBEeHE MMOBPIIMHE, & CAMHM THUM H Ha TO 1a JIM heMo 3a HeKo
BO3MJIO pehiu /1a 11 je HOBO MIIK CTapo.

§ Moy3agaHocT OTkas cknonosa
s b g (kBapoBw)
= i
(@)
m
=
T
x
©
(a2}
oy
L Pacxon Bo3una

Hoeo Crapo
BO3WINO

Lujacpam 1. Excnioamayuonu gex 803uia (00HOC NOy30aHOCMU U OMKA3 CKA0N08a (K8aposu))
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4. 3AKJbYYAK

Temxke ycnoBe ekcIuloaTalje BaTpOracHHX BO3Wia Moryhie je mompaBHTH 0OJBUM
OpPTaHU30BAEkEM IIOCIIOBA, 3aMOCICHNX W OOJBMM HCKOpHIINEHEeM MeXaHH3alHje Ha
MTOBPIIMHCKAM KOIIOBMMA. Y TaKBHM CHTyallMjaMa KBapoBM he ce CMamuTH, JOK he
oIlp’kaBame Takohe y3 00Jbe OpraHU30BambE, JOAATHO MPOTYKUTH EKCILIOATAIIMOHH BEK
Bo3wia. MelyTum, 3aMeHOM CTapux BO3ujia HOBHM, CTBOPHUIIA OM CE TIOTITyHA MOY3aHOCT
BaTpPOracHUX BO3MJIa Koja OM MOIJIa JIaKIe MpeBa3uhu Telke ycaoBe eKcriarTanyje.

5. JIMTEPATYPA

[1] IIpaBrITHUK O TEXHMYKUM 3aXTEBHMa 32 TIOBPIINHCKY €KCILIOATaIH]y
JISKHUIITa MUHEpaTHUX cuposuHa (,,Ci.mmacHuk PC*, 6p.96/2010)

[2] JIT ETIC, Orpanka Pb Koxybapa, http//www.rbkolubara .rs

[3] Bykuh b., 3az0Bu y npoducnonanmnsanuju kommnanuje, BUSUT 2014
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Anbenko JAHKOBUR!

Hparan CABUR?

BATPOI'ACHE BEXBE Y KOMIIVIEKCY
HOCTPOJEIHA 3A TIPUIIPEMY POBHOI' YI'JbA
JAPOBUJIAHA, Pb KOJIYBAPA, JII EIIC

Pe3ume: IlocTpojeme 3a mpunpemy yriba TamnaBa y Pynapckom Oaceny KomyGapa mpencraBiba
HEpacKHIUB JIaHAall y OTIpPEeMH yrijba 3a TepMmoenekrpany ,Hwuxoma Tecma®“ OOpenosal.
KoHTHHYHTET y OTIIpEMH yIjba Y JUPEKTHO] je Be3U ca CTa0miIHOIINYy eIeKTPOSHEPIeTCKOT CHCTeEMa
Pemry6nuke Cpb6uje, mro o6aBe3yje cBe YMHHOLE J1a IO AyKeT HEIUIAaHUPAHOT NPEKHAa y OTHPEMHU
yIiba He Johe. Y oBOM pamy je omucaHa jelHa Of BaTPOTaCHUX BEXOH Iie ce JUPEKTHO MOTBphyje
HEOIXOJHOCT, KOHTHHYHTET U CTBapHa MOTpeda 3a OpraHu30BabeM U H3BOhCHEM HCTHX Of] CTPaHEe
Cayx0e 3a 3aIITUTY O[] TIO’Kapa Kao jeIHOT 0J] YnHIIIana y 00e30eliBamy KOHTHHYHTETa Y OTIPEMH
yriba. HeonxonHocT u3Boherma BexOM HacTala je Kao MOCIEANLA BEJIHKOT I10XKapa y KOMILIEKCY
HOCTpOjema y 00jeKTy ,,Kyna w1 oK je KOHTHHYUTET N3Boljerha MOTBPANO CTBAPHY NOTPEOy.

KibyuHe peun: moctpojeme 3a IpUIpeMy yriba, BATpOracHe BexOe, HEOIIXOAHOCT, KOHTUHYHTET

FIRE-FIGHTING DRILLS IN PLANT FACILITIES FOR
ROUGH COAL PREPARATION, CRUSHING PLANT,
RB KOLUBARA, EPS

Abstract: Coal preparation plant Tamnava in Kolubara Mining basin represents an unbreakable
chain in shipping coal to the “Nikola Tesla” thermal power plant in Obrenovac. Continuity in coal
shipping is directly related to the stability of the power system of the Republic of Serbia which,
obliges all stakeholders to prevent any long unplanned interruptions of coal shipping. This paper
describes one of the fire-fighting drills, which directly confirms the necessity, continuity, and a
real need for the organization and execution hereof by the Department for fire protection as one of
the factors in ensuring continuity in coal shipping. The necessity of performing the drills arose as
a result of the great fire in the plant facility in the “tower w 17, while the continuity of execution
confirmed the actual necessity.

Key words: coal preparation plant, fire-fighting drills, necessity, continuity

! Mp, PykoBoaunan Cekropa 3a B3P u 3011, JII EIIC, OTPAHAK PBb Koiy6apa Jlasapesail,
andjelko.jankovic@rbkolubara.rs

2 Umx, PyxoBommitar Ciysx6e 3OILIIT ETIC, OTPAHAK PB Kony6apa Jla3apesari,
dragan.savic@rbkolubara.rs
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1. YBOJ

VY HOBHjoj ucTopuju mpepane poBHor yriba y Orpanky Pb KomyGapa Genexu ce
HEKOJIMKO BEJHMKUX Nokapa. Benmuku noxkap moroguo ce y OpraHH3alMOHO] LEIHHU
Llpepana“ Bpeorm y majy 2009. roauHe Kajia je mokap IpHIHHIO OTPOMHY MaTepHjaTHy
wrety. Jpyru noxap mno BeiauduHu Ouo je y Iloctpojemy 3a mpepaiy pOBHOT yriba
JlpoOuiana koju je HAcCTa0 Ha KOCOM MOCTY y Majy 1999 roauHe MPHIMKOM KOT' je
YHUINTEHA YUTaBa Ty)KWHA TpaHCIIOPTHOT MocTa ox 300 MeTapa.

[ocne moxapa xoju ce goroawo 12.10.2012. rogune y 00jexTy ,Kyiaa w1l ox MHOTO
MUTalka KOja Cy Ce HAMETHYJIA, jelMHO O HHUX je OWI0 U Koje ¢y To (Mopei peAOBHHUX
MIPEBEHTUBHUX Mepa) JA0JaTHE Mepe M aKTHBHOCTH Koje Tpeba Ipeay3eTH Jia ce Hmoxap
ca OBaKBOM MaTepHjaJIHOM IITETOM HHKaJla HE MOHOBHU (IpolemeHa Imrera je oko 10
MuIMoHa uHapa). Ciyx6a 3amrure ox noxapa y Orpanky Pb Komy6apa nonocu nonarsae
Mepe ¥ aKTUBHOCTH:

* yBOhemE peIOBHOT CMEHCKOT IIPEBEHTUBHOT O0MJIacKa CBUX 00jeKara y KOMIUIEKCY
Ol CTpaHe JeKYPHOT BaTporacua.

* o0aBe3a U3BOhema BaTPOracCHUX BEKOU y KOMILIEKCY U TO HajMambe jeqHa BexOa
TOKOM Mecela.

2. OMNIITH MOJALA

2.1. ITocTpojeme 3a mpunpeMy yriba

PoBHM yrasb NOOHWjeH eKCIUIOATAlMjOM HAa TaMHABCKMM MOBPIIMHCKHM KOIOBHMa
JOTIpeMa Ce CHCTEeMOM TPAaHCHOPTHUX Tpaka (kamarutera Q = 5000 t/h) mo xommiekca
objekara ITocrpojema 3a npunpemy yriba. Kommuiekc mma 20 objekara ox kojux je 9
o0jekara pa3BpCTaHO y MPBY KAaTEropujy yrpoxeHOCTH oa moxapa. Oux 9 oOjekara
j€ IMPEeKTHO BEe3aHO 3a TEXHOJIOIIKE Olepaluje MPUIIPEMe YIjba Kao LITO Cy: HpHjeM
y Oynkepe (Q = 300 t), pacnionena, oaBajambe MeTaja, IPeToBap, ApoOJbEHE U YyTOBaAp.
VY mpBy Kateropujy YrpoXXCHOCTH O IOXKapa pa3BpCTaHa je W ACTIOHMja YIJba UHjH je
kamarureT Q = 200000 t. PeanHe omacHOCTH O IOKapa M eKCIUIO3Hje MOTY C€ OYEKHBATH
300T KapaKTepUCTUKA YIJba KOjH MOXKEe OUTH y €KCIUIO3MBHHMM I'paHULAMa ajlHl U CKIIOH
camoynanu (nemonuja). Kao y3pok nmokapa Moxke OUTH M OTKa3 Jjexaja Ha poJiHaMa
TPaHCIIOPTHUX TPaka, KBap Ha EJIEKTPO MHCTalalMjaMa, HeNpHjaBJbeHn U HeoOe30ehenn
paJoBH 3aBpHBabE M pe3ama Kao M HEMaXkba Tj. HeMap 3aroCIeHUX.

2.2. Ilpodecuonanna arporacua jenunuua Konybapa

¥ Orpanky PB Kony6apa y okBupy Ciyx0e 3aitute o] Hokapa y CBOM perpeCUBHOM
neny nocroju IIpodecnonanna BarporacHa jenuauia Koixybapa koja nMa oBakas craryc
Ha ocHOBY wiaHa 59. 3akoHa o 3amruTt on noxapa (,,Cin.miacauk PC, 6p.111/2009 n
20/2015) ca cBojum mpaBrMa U oOaBe3aMa y TPaBHOM IHITY KOje je pa3BpCTaHO y TPBY
KaTeTopHjy yrpoxeHocta of moxapa (Pememe 0p.217.10-54/14 ox 28.12.2015.).

OBa jenuHMIa cacTaBJbEHA j€ Ol TPH Mambe Koje Cy CHare BaTporacHor Boja, U To:
* IIpodecnonanna BarporacHa jeanHuna ,,IIpepama®,

* [IpodecronanHa BaTporacHa jeAnHUIA ,,PynoBom’, u

* IIpodecronanHa BaTporacHa jeAMHUIA ,,] aMHaBa .
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Ha nuBoy Opranuzamuone neiuse ,JlopmmHcku komoBu bapomesan™ u To 3a
Jle0 TAMHABCKHMX KOIIOBa a caMUM THM H 3a [locTpojeme 3a npurpemy yriea, 3a obnact
3alITUTE Of] IOXKapa Tj. 3a pelpecuBHH Jeo 3amykeHa je Ilpodecronanna BarporacHa
jennunna ,,TamuaaBa“. OBa jeIMHAIIA OPTaHU30BHA j€ Y YETBOPOOPHUTaTHOM PEXUMY paja.
ITo cuctemarnzanujn mMa 62 3armociieHa u To:

* pyKOBOAMJIAL, | M3BpIIMIALL,

* KOMaHJup, | U3BpIIMIIAL,

* Boha cMeHe, 5 u3BpIIMIIala,

* Barporacai-Bo3ad, 25 W3BpIIHiIana,

* BaTporacai-orneparusai, 19 n3spmmiana,

* BaTporacai-npeBeHTHBal, 6 U3BPIINIIALa,

* JUcIieyep, 5 u3BpLIMTIALA.

VY cBakoM TpeHYyTKy BaTporacHa jeAWHHIA MMa 4 BaTporaciia - Bo3ada M UCTO TOJIHUKO
BaTporacara - orepeTHBala Koju Cy CIIPEeMHH 32 HHTEPBEHIH]Y. TeXHNUKa ONPEMIBEHOCT
KaKo OCTaJIe JBE TAKO U OBE BaTPOTAaCHE jeJUHUIIE je TpeMa [IpaBUiIHIKY O OpraHH30Bamby

3aIITHTE Off MOYKapa MpeMa KaTeropHju yrposkeHocTH of noxapa (,,Ci.rmacauk PC* op.
92/2011).

PRIPREMA UGLJA "TAMNAVA"

Ol- Objekat prijema i

Oll-lzdvajanje
raspodele uglja

metalnih predmeta Olll-Drobljenje Ollla-Pretovar OIV-Utovar
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masina uglia

Deponija rovhog
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Cnuxa 1. Texnonozuja npunpeme yesmna ,, Tamnasa “
3. BATPOI'ACHA BEXBA

Kaxo je HaBemeHO y yBOMY, BaTporacHe BexOe Cy HacTasie Kao JOIaTHa Mepa Mocie
BeJMKor noxapa. Jla 6u ce BexxOa u3Bena MOTPEOHO je MPBO YPAaJUTH U HPUIPEMUTH
Enabopar 3a u3Bolheme BarporacHe BexkOe. EmabGopar mma 3a 1ujb Aa MOPUIPEMH H
MPE/IBUN CBE €JIEMEHTE KOJU C€ MOTY JIOTOUTH U HACTATH TOKOM came BexoOe. One ce
YBEK TI0 TIPaBUITy M3BOIE Ha HeKOM ey [locTpojema 3a mpuIpeMy yriba TiIe ce MOKE
MPETIIOCTABUTH Jla MOKe JTONH JI0 TI0%kapa, a Ta MecTa Cy:

* Jy’X TpaHcmopTepa (300r 0TKa3a Jiexaja Ha poTHpajyhuM eneMeHTHMa),

* IpecuIHa MecTa (Ca MOBUIICHOM KOHIICHTPAIIUjOM YIJbCHE MpallnuHe),
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* Tpao MoCTpojeHha,

* [JIaBHH Pa3BOIHH OpMapH,
* MOAPYMCKH HPOCTOPH,

* JICTIOHH]ja yIJha,

* BHCOKH 00jeKTH.

[To 3aBpieHoj BexxOM paau ce AHaim3a BexkOe Kao 3aBpIIHU JJOKYMEHT y KOMe ce Jiaje
TOK, IIPUKa3 U YCIICITHOCT BEKOE T/Ie ce yKa3yje Ha youeHe HeIOCTaTKe U MPEeIaxy Mepe.
Hone gat mpumMep je BarporacHa Bexx6a — Jauyap 2016.

3.1. Enaoopart o usBohewy BarporacHe Be:xk0e y IlocTpojemy 3a npunpemy
yriba [Ipodecuonasnne Barporacue jenunuue ,,lamuasa“ — Jauyap 2016

[Tokazna BarporacHa Bexx6a n3Bpmmhe ce concTBeHNM cHarama BarporacHe jenunune
TamHaBa y peanHoj CUTYaIlHjH jeHE CMEHE:

* Barporacue jenuaune TamHaBa Myma 85 u

* 3anocseHux y I[loctpojemy 3a mpunpemy yriba

3AJJATAK BEXBE:

* Tameme noxapa y [locTpojermy 3a npunpemy yriba
» lameme cumynupasor noxapa, Objexar 1

 Jlarym u3Bohema Bexxbe:  .01.2016. ronune

* [Touyerak u3BOhecHa BeKOE:

* Mecto cumynanyje noxapa:

DA3A PA3ZBOJA ITOXKAPHUX AKTMBHOCTHU

* Youapame noxapa
+ JaBipame qucneuepy u y30ymuBamwe BarporacHe jenunuiie (ompehuBame cHara 3a
W3Na3aK HA UHTEPBEHIIN]Y)
* AHTa)xOBame 3aMOCICHHX, YIIOTpeOa BaTPOracHHX arapara U XHJIPaHTCKE MPEXe,
» [Ipujem no3uBa eBHICHTUPAE BpEMEHa I10JIacKa BaTPOraCHUX BO3WIIA Ca IT0cagaMa
Ha MHTEPBEHIH]Y (IUCIIeUep y IEHTpPY Be3e).
* EBujieHTHpame BpeMeHa J10jacka BO3uiia U 110cajia Ha MECTO HHTEPBEHIIHjeE.
* U3Bubhame noxapa oz crpane Bohe cmeHe:
IITa TOPH: TYMa, MacT, JIEKTPO MPOBOAHUIIY, ITACTHKA, MPAIIHHA UTI.
- KaKo ropu: 6p3o
YIPOXKEHOCT JbYICTBA: NUMa
mIpeke moxkapa: MoryhHocT Bpio O6p3or mupema

 TlocebHe OmacHOCTH:
- yrpoKeH o0jekar
- OTPOBHH racoBH
- BeJIMKA KOHIICHTpAllWja JruMa

* IIporeHa cutyaruje

+ KoHnreniyja ramiema 1 oJyTyKa 3a paj
* [lomena 3agaTaka
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[Tocne youaBama moxapa 3all0CICHH jaBjba AUCTICUEPY U YeKa IOTBPAY O UCKIbYUCHY
HaroHa (yoOu4ajeHH MOCTyIaK), 3aTUM ITOYHIHE TallleHhe IT0Kapa BaTpOracHUM araparuma
n ynorpeba XxunpaHTcke Mpexe. J{ucrieuep obasenrrasa BJ TamHaBa n ocrase 3arocieHe.

[To npujemy nojase noxapa BarporacHa jenuHuIa n31a31 Ha OXKap Ca PacroI0KUBUM
cHarama y JatoM TpeHyTKy. Bolja cMeHe (pyKoBomIIall raiieba rokapa) BpIiu u3Buhame,
onpelyje CekTop Tamiema, MPUCTyNa OpPraHW30Bamy W ynyhuBamy Barporacama ca
oTpeOHOM OITPEMOM Ha MECTO TIOXKapa.

» EBnpeHTHpame BpeMeHa 0YeTKa HHTEPBEHIIN]E,

* EBuieHTHpame BpeMeHa JIOKalu3allije U JMKBUIAlHje moxKapa,

» EBuneHTHpame BpeMeHa IOBpaTKa [10caja U Bo3uia y 6asy,

» Hamupacpencraasarameme-Boja (xuapanT Barporacue jenunune ,,lamHaBa”
xuapant IlocTpojerma 3a mpunemy yriba)

MEPE BE3BEJJHOCTU ITPUJIMKOM N3BOBEHA BEXBE:

* 3amTHTHA ONpeMa yuecHHUKa (3ajeJHUYKA U JIMYHA)
* Vckibyueme eJIeKTpUYHOT HalloHa (CyBa Bex0a)
* Bo3swuio xutHe nmomohn

OWJb BEXBE:

+ [IpoBepa CIIpeMHOCTH BaTpOTacHe jeINHHLIE

* [IpoBepa ynapHe cCHare jeZiHe CMEHE Y pealHOM BpeMeHY

* IIpoBepa aHraxxoBama JucIedepa 1 3anocieHunx y [locrpojemy 3a nmpunpemMy yripa
y ClIy4ajy OacHOCTH OZ OXKapa, 00y4eHOCTH — OCIOCOOJEEHOCTH

* IIpoBepa obOyueHOCTH — OcmTocoOIbeHOCTH pagauka [locTpojema 3a mpupeMy
yriba 3a Kopulnheme CpeicTaBa 3alTUTe O] MoKapa (BaTporacHUX arapara u
XUJIPAHTCKE MPEXKE)

* [IpoBepa HCIPAaBHOCTH MOCTABJEEHUX CPEICTaBa 3AIUTHUTE O] IOXKapa
(XuzmpaHTCKE MpeKe U BaTPOTacHHX arapara)

* HzBoheme, mpoLieHa CUTyallje ¥ TAKTHYKH 3aXBaT

* Bpcra u yTpomak cpeacraBa Ha Taliemwy moxapa u
» EBuiieHTHpame BPEMEHCKOI pa3Boja U raiieme mnoxapa.

3.2. Anaju3a BarporacHe Bexxoe Janyap 2016 y IlocTpojemy 3a npunpemy
yriba Ilpodecuonasine BaTporacHe jeaunuie ,,Jamuapa“

* BexOy u3Bena: BarporporacHa jenunnna TamHasa ,,A* cMeHa,
* Mecro cumynanuje moxapa: [TocTpojeme 3a mpunpemy yriba, Odjekar 1,
» Jlatym m3Bohema BexoOe: 22.01.2016. romune.

VY cxiony penoBHe oOyke BarporacHe jenunuie u 3anocnenux y IlocTpojemy 3a
npunpemy yriba [loroma THUII, a mo mporpamy crpydHe oOyke pagHHKa, H3BEIEHA
je ,,cyBa“ BarporacHa BexOa Ha OOjekary 1, [Toctpojema 3a mpumnpemy yriba, [lorona
TUIIL, mana 22.01.2016. ronune, BexOy je u3Bena mpea ,,A*“ cMeHa Barporacue jenuHmie
TamHaBa.
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Bexo0a je ypahena y3 npeaxomnHo npunpemiber Enabopar u gorosop ca PyxoBomuonem
Cuayx06e 3amrute o noxxapa Opranusanuone nenuse ,,l loppumHcku konosu baponresar™
n YnpaBaukoM [loctpojeme 3a mpunpemy yriba. BexOu je mpucycTBoBao pedepeHt
3aIITUTE Off TIOXKapa.

I1Jb BEXBE:

* IIpoBepa cripemHocTH Barporacue jeaunuie,

* [IpoBepa yaapHe CHare jeZiHe CMEHE Y peallHOM BPEMEHY,

* IlpoBepa aHra’koBama aucriedepa U 3anocieHux y [loctpojemy 3a mpunpeMy yriba
yCITydajy moKapHe OITaCHOCTH, 00y4EHOCTH - OCITOCOOJbEHOCTH,

* [IpoBepa o0yueHOCTH M 0CTIOCOOIBEHOCTH 3an0cieHux y IlocTpojemy 3a npunpemy
yriba, 3a Kopulnhemne pacroloKHUBUX CPEACTaBa 3allTUTE Of MoXapa (BaTporacHu
arnapaTH, XUJIpaHTCKa MpexKa ¥ MPUpy4YHa CPENCTBA),

* IIpoBepa nCIpaBHOCTH MTOCTAB/LEHUX CPECTaBa 3aIUTHTE OJ] IT0Kapa (BaTporacHUX
arapara u IpUpyYHHX CPEACTaBa),

» EBnpeHTHpame BPEMEHCKOT pa3Boja U rameme moxapa,

* l3Boheme, mpolieHa cuTyanuje, TAKTHYKY 3aXBaT M YTPOIIAK CPEACTaBa Off CTpaHe

PYKOBO/IMOLIA ralliea Moxapa,

* Bpcra u yTpolmiak cpeicrasa Ha raiemy 1noxapa,

» Oynknuonucame YKT Bese Ha noxapy,

* Yuemhe 3anocienux y [Toctpojemy 3a mpumipeMy yriba (Koje je Y CTaTHOj OaCHOCTH

W pU3NKy oJ n30Hjama Mokapa), y ramemy, Ipe W HaKoH jJoiacka BarporachHe
jeauHHUIE Ha MeCTO aoraljaja, npu peann3anuju raiema.

YYECHUII BEXBE:

* Pedepent 3amrute ox moxapa,

* BarporacHo xomanmHo Bo3mio YA3 07 ca Bohom cmeHe m Barporacail-Bo3ad,
KOMOHMHOBAHO BO3MJIO YHHUMOr 8 ca mocamoM, Bo3uiao Kamas 10 ca mocazoM u
Bo3uio Kamas 11 ca mocazgom,

» JlexxypHu y ueHTpy Bese BarporacHor noma TamnaBa.

OIIMC BEXBE:

ITnanupano je uszBoheme BexOe y O6jekary 1, necuu nmoron CYII-a. HajaBy moxapa
n3Bpmno je Pedepenr 3amrure on noxapa y aucnedepcku nentap. Ilpe nomacka BJ
3anocineHu paguauk Ha CYIl-y akTBHpa BarporacHM amapar Tuma S/9 W BpIIM rameme
moxapa. [IpiucTKy ocTau 3aI0CIIeHH U BPIIIe TPUIIPEMY ralieka IoKapa ca XHIPaHTCKe
MpEKe.

BarporacHoj jequnuii noxap HajaBibeH y 0724 ox crpane aucneuepa. Ha Tepen cy
kpenynmu y 0725 ca komaniHuM Bo3wiioM YA3 07 1 KOMOMHOBaHUM BaTPOTaCHUM BO3UJIOM
Yaumor 8, Kamaz 11 uy 0727 ca komOounoBanuM Bo3miioM Kamas 10. [lonackom Ha nuiie
MecTa ca koMaHTHIM Bo3mwioM YA3 07 y 0727, Bolha cmene u3maje motpebHe Hapenoe o
MTOCTaBJbaRY IMOTUCHOT BOJIA YICCHAIIMMA Y TallICEHY MoXKapa, KOjH Cy Takol)e IPUCTHUIIIH
y 0727. Tlo mocTaBipamky HOTHCHOT BOIA TIOYHERE CE Ca JIOKAIM3AIHjOM IoXKapa y
0730 (Boma ma muasuuim). KomyHHKaIgja Aucrieuep BaTporacHa jenvHuia TamHaBa
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¢dbyHKIHOHKCANA je M00po. 3amoCiacHH y MOTOHY Cy MOCTYNWIH T00po (aKTHBHpame
BaTpPOTacHOr arapara M yrnorpeda XuapaHTCKe Mpeke). TOKOM HMHTEpBEHIMje Ce HHje
jaBwia moTtpeda 3a yrnorpeOoM H30JIALIMOHOT arapara, ajid jeé UCTH OMO NMPUCYTaH KOJ
Barporacara.

Tabena 1. Xpononoeuja doeahaja

5
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[Mpujem nojaBe moxapa y 072
ueHrap Besze TamHaBa
V30ymHBaB-e jeTHHHUIE 07* 07 07% 07* 07%
TMonasak Bo3uiia 07% 07% 07% 07%
Jlonazak BO3uIJia Ha MECTO 07 077 077 07
noxkapa
[ToueTak nocraBbame 07
ornpeme,
IMouerak ramera, Boja Ha 07
MUIA3HULIH,
Bpeme ox npujaBe noxkapa 10
6 MUHYyTa
MOYETKA raliemna

Besx06a je 3aBpuiena 'y 074,
Bo3swmia ce Bparmna y 6azy y 07°°.

AHAJIN3A BEXBE:

Bpeme nomacka Bo3uia, Op3uHA HHTEPBEHITH]E

Komanguo Bosmno YA3 07, Bo3uno Yaumor 8, Kamaz 10 u Kamaz 11
* BpeMe JoJlacka 2 MUHYTA,

* Ca CBETVIOCHOM M 3ByYHOM CHUTHAJIH3ALIH]OM.

OLIEHA YCIIEIIHOCTH:

» O0jekar ce Hala3M peNaTuBHO OIK3Y U JI0JIA3HO BpeMe J100p0, Ko M MOCTABIbAE
MOTHCHOT BOZA.

* AHra)koBam€ U IPOILICHA TOCTaBJbalha BO3MJIA U OlpeMe Ouia qoopa.

* VKT Be3a ¢yHKIMOHHCANa, 2 KOMyHHKaI[Mja HEAOBOJbHA 300T MaJior Opoja py4HUX
cTaHmIa (MOTPeOHO je 1a CBYU yYSCHUIIM TOKOM HHTepBeHImje umMajy YKT Be3y).

» TemedoHcka Be3a, BaTPOTacHU JIOM — IUCIICUEPCKH LIEHTap je (hYyHKIHOHHCAIIA.
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3AKJbPYYAK:

* HanzopHo TexHHMYKO ocoOsbe, Kao M 3arocieHd u3 [locrpojema 3a mpumpemy
yIJba, CTABIJIM CY CE Ha pacloliarame JIMIY Koje je PYKOBOIHIIO aKIHjOM Talliekha
HoKapa Ie Cy MCTH YIOTPeOWIN BaTpOracHM alapar M pasByKIIH ITOTHCHA LIpeBa
ca XHUIpPaHTCKe MpeXe Koja ce Hamasu y o0jekTy M ucnomTosanu cy Iloctymax
y Ciydajy TOXKap, Kao JHIa Koja, KajJa ce 3aTeKHy Ha MECTy Hokapa Mopajy
M3BpLIABATH Hapelema PyKOBOIHMOIIA aKIMje ramema noxapa.

* BarporacHu amapar npaBHIIHO je aKTUBHUPAH OJ] CTPaHEe 3aIl0CIICHOT 13 00jeKTa Kao
U yrnotpeda XUAPAHTCKE MpEKe.

* V BarporacHoj jemwHWIM €0 3alOCICHHX pagHWKa OHO je aHTaKOBaH II0
pacropeny Ha aApyre Tekyhe ocjoBe a €0 IPUCYTaH y BaTPOracCHOM J0MY, a OHII0
j€ U onpaBIaHuX W30CcTaHaka (00JI0Bakbe, TOTUIIHLH OIMOPH )

* V ToKy BexxOe HUje UCKIbYUHBaH HaIloH jep je Owia ,,cyBa‘“ BarporacHa Bexoa.

MPEJJIOT:

» OcnocobutH (MomepHu30BaTh) TeIeGOHCKY Be3dy y BarporacHom momy.

» HabGaButu HOBa (1100O0JBIIATH CTapa) TEXHUYKA CPEACTBA U OTIPEMY.

* IToeharu Opoj o0yueHHX M3BpHIMIIaNa (AHTKOBakE BaTporacla—IpeBeHTHBLA Y
CBAaKOj CMEHH OJ CTPAHE [TOTOHA).

* YrpaguTtH cTaOWIIHY CYBY XHIPAHTCKY Mpexy y O0jexar 1.

* Bex0Oe BpmmtH y apyroj u Tpehoj cMeHun 300r moan3ama OyTHOCTH U OIPE3HOCTH
KOJ[ 3aII0CJICHUX.

4. 3BAKJbYUYAK

KonTrHynpaHo u3Boljere BaTpOracHUX BeXOHM Yy MOTIYHOCTH je MOKA3alo CBOjY
orpaBaaHocT. [IpumaiHUIIN BATPOTracHe jeINHUILIE UMAJIH Cy CBAKOT MECella HOBY CUTYALH]y
CHMYJIMPAHOT MoXKapa LITO UM je TIPY)Kalo J0AaTHy 00yKy U CHaJIaXeHmhe y CUTyalujama
cTBapHOT moxapa. Ca apyre crpaHe 3amocicHu y camoMm [loctpojemy o0ydaBaHu cy 3a
HoBe forahaje koje he oHM camu perraBaTH Tj. TaCUTH oXkap y moyetHoj (asu. [Torehana
OynHocT, 00pa 00ydeHOCT M yBeXOaHOCT Kako 3amocieHux y IlocTpojemy Tako u
npunaganka [1BJ ,,TamraBa” rapafT cy a 0 BEJIHKOT MoXkapa HuKana He aole. [lomro
y MPOTEKJe YeTUPU TOAMHE HHUje HACTA0 MOXKAp Ca BEJIMKOM MAaTEePHjaIHOM IITETOM,
n3Bolee BaTpPOracCHUX BeXKOH MOTBPAMIO j& HEOIXOMHOCT, CTBAPHY MOTPedy U MOTIYHY
OMpPaBIAHOCT.

5. JIMTEPATYPA

[1] IImam 3amrtute on moxkapa 3a IloroH ,,TamHaBa — Mctouno mospe™ (cBecka 1,
Pememe 0poj 217-462/13-1 o1 07.02.2014.)

[2] EnaGopar o uzBohemwy Barporacue Bex6Oe, Ciryxba 3011, Orpanak Pb Koxybapa

[3] WUsBemraj u ananu3a BarporacHe BexOe, Cinyx06a 3011, Orpanak Pb Kony6apa
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Jby6o ITEJAHOBUR!

Aunexcannap BOIIIKOBUR?

TAKTUKA 'AHIEIBA ITOKAPA'Y
HENNTPUCTYINAYHUM ITPOCTOPUMA U3
BA3YXOIIJIOBA

Pe3ume: I[iub oBor pama je na ykake Ha 1moTrpe0y M 0Opas3ioXy IOTOJHOCTH U IIPEIHOCTH
Kopuinhiera CBUX MPOTHUBIIOKAPHUX THIIOBA Ba3AyXOIUIOBA y NPEBEHLMH U Talllelby IoXKapa y
HETPUCTYNaYHUM ¥ OTBOPEHHM IIPOCTOPHMA, Kao LITO Cy LIyMe, )KUTHA M TPaBHATa 110Jba K 00jEeKTH.
OBHM pajIoM XKeJIMMO HaIrTaCHTH 3Hauaj 00HaBJbamka MPOTHBIOKAapHE aBUjallije Koja je Oria MoHOC
Ousmie JyrocnaBuje u Koja je 6e3 pasiora npu3eMiberba, Kao U NOTpedy HEHOr 0CaBpeMembaBatba
1 TIOHOBHOT KopHInhema 3a HaBeJieHe HaMeHe. Y Ty CBPXY, CBe 030MJbHE Jp)KaBe Koje YyBajy CBOje
NPYIITBEHE BPEJHOCTH Pa3BHjajy OBaj BHJ Cy30Hjama Mmoxapa U CrpedaBama KaracTpoda, Kakse cy
cana y Kananu u xakBe cy Owne y nrymama jysxae u ucroue Cpouje. [akine, npymrso Pemyommke
CpOuje, HUTH paHHje HUTH Y HOBHj€ BpeMe, HUje MocBehnBano naxmy pa3Bojy HHPpacTpyKType U
MYTHUX MpUJIa3a y HEMPOXOAHUM MOJAPYYjUMA U MPUCTYMA 3aMajbeHHM MPOCTOpHMA y IIymMama H
THMe je oHeMoryhuiio cy30ujarme 1moskapa ¥ MoXKapHUX ONACHOCTH HA HENPHUCTYNAYHUM TEPeHUMA.
Crora je Hamre Buljere 1 IpeuIor penieka HaBeJeHOT mpobiieMa y BeoMa 3HauajHOM B KOPHCHOM
pa3Bojy TEXHHMYKE ONPEMJCHOCTH 3a Cy30Wjame MoXkapa MyTeM Ba3IyXOIUIOBa, Tj. MOXKapHE
ecKaipuIe.

K/by4He peuu: TakTHKa, Talliekbe, MoXkap, Ba3AyXOIlIOB, IPEBEHIH]ja, HEIPUCTYIIAYHOCT

AIRCRAFT FIRE FIGHTING TACTICS
IN INACCESSIBLE AREAS

Abstract: The aim of this paper is to highlight the need and explain the benefits and advantages of
using all types of aircraft fire prevention and fire fighting in inaccessible and open spaces, such as
forests, grain and grassy fields and objects. With this work we want to emphasize the importance of
renewing the fire aviation, which was the pride of the former Yugoslavia and which was abandoned
for no reason and need for its modernization and re-use for those purposes. For this purpose, all
serious countries that preserve their social values to develop this type of fire fighting and disaster
prevention, as it is now in Canada and what was in the forests of southern and eastern Serbia.The
Republic of Serbia, neither before nor in modern times, has paid attention to the development of
infrastructure and access roads in inaccessible areas and access to the burning areas in forests and
thus made impossible the suppression of fire and fire hazards in such terrains. Therefore, it is our
vision and proposals for a solution of this problem in a very substantial and beneficial development
of technical equipment for fire suppression by the aircraft.

Key words: tactics, fire fighting, aircraft, fire prevention, inaccessibility

' TIpod.np, @akynteT 3a npaBHe U nociosHe cryauje, Hopu Can, pejanovicljubo@gmail.com
2 Tou.ap, Pakyarer 3a npasHe U nociosHe cryauje, Hosu Can, aboskovic@fpps.edu.rs
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1. YBOJA

Hda 6u cMo ycremHo, edukacHo ¥ Op30 Cy30Mjanu HoXkape Ha HENPUCTYMAuyHHM
TepeHHMa, YCJIOBHO je W HEOINXOJHO 3ay3eTH 030MJbHHjU MPUCTYII ApKaBe MpeMa OBOM
npobiemy. Yuemrhe apskaBe OM ce OTHOCHIO Ha (hOpMHUpare SCKaJpHiIC 3a rallicihe
noxkapa, HabaBKy ojropapajyhux JieTwinna M yKibyuewme MmocTojehux y jenHCTBEeHH
CHCTEM 3allITHTE U ClalllaBama 01 HACTaHKa IoXKapa.

Hy»Ho je noHoI1Iemhe moceOHe CTpaTertje 3a 0B HAMEHE U PETYIIHCahe OBE JIeTaTHOCTH
CTpaTeUIKUM JOKYMEHTHMA ITpeMa CaBpeMeHUM YCI0BUMa, TIoTpebama u MmoryhHocTHMA.
YKOJMKO APYIITBO HE IPOMEHH CBOj€ CTABOBE MpeMa OBUM MpobieMuma 6uhe npunyheHo
Jla TpaKu TIOMON o1 APYTUX Ap>KaBa Kao IITO je 0o ciydaj ca mpodiemoM y OOpeHOBITY
2014. rogune.

IToTpeOHO je OpraHu30Bambe CAMOCTATHE HHCTUTYIIH]E Y BUAY AUPEKIIN]C HITH arcHITH]e
KOjOM OM CE€ CHCTEMCKH PEIIMIN CTATHHA POOJIEMH OBOT JIPYILTBA, KOje jeCTe U CBE BHIIIC
he 6uTH yrpoXKeHo 0]1 OBE MPUPOIHE U BELITAUKE I10jaBe.

2. MMOJMOBHO OJPEBEIBE U JE@OUHUCAIBE TAKTUKE 'AIIIEIbA
IHOKAPA

[lpe Hero WTO NPHUCTYNMUMO pasMaTpamy IOjMa M IpoOieMa TaKTHKe Tallema
nokapa ITyTeM Ba3IyXOIUIOBa Ha HEMPHCTYNAuYHHM TEPeHHMa, HEONXOIHO je mohu
O]l TI0jMa TIPEBEHIIMje MM MPEBEHTHBE Of M30Mjama moxapa. [IpeBeHnrja Kao ONIITH
nojaM Hojpa3yMeBa Ipeay3uMama IPAaBOBPEMEHHX Mepa 3allTUTe M OJaroBpeMEHO
npeny3uMame Mepa y clipedaBamy HACTaHKa Mokapa. Ped mpeBeHIMja MMa OCHOBHO
3Hauewe INpenynpelerme, OMHOCHO clpedyaBame (JJATHHCKH NPEBEHTHO — IPETHLAbE,
cupeuaBame). Ca jemHe crpaHe, ,llpeBeHImja (JAaTHHCKH MPEBEHTHO-TIPETHIIATHE,
cupedaBame), npenynpeheme, crnpedaBame. OONMK APYIITBEHE peakldje, TUTaHCKA U
KOpIMHHpaHa aKTHBHOCT JPYIITBEHUX cy0jekara M JAp)KaBHUX OpraHa Ha Impeaynpehemy
mopemehaja moHamama ¥ mpenacka JAKIMIAX TPECTyTa y TeXe OOJHKe MPEeKpIIajHuX H
KpuBHUHUX nenwkata.. [1]. Ha apyrm nauwmH, ,JllpeBeHTHBa je mpeaxomHa 3alITHTa
aKTHBHOCT y NHJbY Ipenynopelema W/WiH CTBapama yClIoBa 3a 00Jby OAOpaHy OX
He)keJbeHoT foralaja koju je BepoBatan” [2]. Jlakie, npesenyuja y HaleM IOCTaBJHEHOM
mpobJIeMy TONIPa3yMeBa: 01a208peMeHO Npeody3uMarbe a0eK8amuux mepa 3sauimume
Y Cnpeuasary HACMAHKA RNOXCApPA y HenpucCmynayHum npocmopuma, Kopucmehu
HAjNOBOMBHUJY MEXHUKY U CPeOCmea 3a 2auierbe Noxicapa U3 8a30VulHoZ NPoCmopa cd
8A30YX0NI08UMA.

Ja OmcMO MOINIM TPUCTYNHWTH TPEBSHTHBHUM AaKTHBHOCTUMA, HEHM30CXKHO je U
HEONMXOAHO NprOehn TaKTHIM NeNoBama y OTKIamamy mpobdiema. ,,Taktuka (ox Tpd.
TaKCUC — IIOpelaK) HadMH Taja, METOJA IIOCTyNarma, MPUHLMII OCTBapHBamba HEKE
3amucin.” [2] Y npyrom 3HaUeHY TAKTHUKE padibe ToapasyMeBajy; ,,[Ipu ramemy moxapa
BaTpOTacHe jeIWHUIIEC MPUMERY]y cienehe TakTHdake MOCTyNKe (3aXBaTe): YHYTPAIIELH
HamaJ, CIOJhAIlbH Hamaa, KoMOuHOBaHM Hamana.” [3] Hdaxie, makmuka y Tallewy WIH
cy30Hjamy mojkapa y CMUCITy ITOCTaBJEEHOT IIPo0OIeMa y OBOM pajy MoApa3syMeBa, npuUMeHy
caspemenux memooa 0eno8ara U HAnaod HA Mamepujy Koja copu ca aguOHUMA Uil
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XeruKonmepuma u nompeOHuUM cpeoCcmeuMd, ca Yubem JI0KAIU3aylje Hacmanoe noicapa,
V HenpucCmynayHum mepeHuma unu nomsarama. C TUM y Be3u, HEONXO/HO je yKa3aTd Ha
npoOiieM rokapa 1 \beroBo aeduHucame. ,,[loxkapoM ce Ha31Ba HEKOHTPOJIMCAHO TOPEHHEe
MaTepHje IIAMEHOM HJIH )KapoM (BaH JIOXKHIITA) KOJUM CE YIPOXKABAjy JbYACKH KUBOTH U
MaTepujaiHe BpeaHocta’’[3].

IIpema TOME, noowcap je Hexkowmponucawa, 3anameHa U 20puda mamepuja y
HenpucmynayHom npocmopy (wyma, opeo, auuihe, mpasa u ci.), a Koja ce epuxacho
cysbuja ca cagpemenum aemuauyama u cpeocmeuma 3a eauilerve nodcapda. CXOIHO
HaBEeIEHOM, HACTaHAaK MOXKapa ca HEONMXOJHHM IPUPOJHHUM pecypcHuMa y IIymMama, Ha
JKUTHUIITHMA W JIMBaJIaMa, Ye€CTO HENPUCTYNAuyHUM HpocTopuMa (GopMupa ce crajameM
ropyhe marepuje, KMICEOHHUKA U OTBOPEHOr IUIAMEHa WJIM TOILIOTE, uyMMe ce (opmupa
MOYXKapHU TPOYTao.

3. IPUMEHA CABPEMEHE TEXHUKE U CPEJCTABA 3A
CY3BUJAILE ITOKAPA 'Y HEITPUCTYITAYHUM TEPEHUMA

Jla Ou cMo mpHCTYNUIN pa3MaTpamy Npodiema cy30ujama IoXxapa IyTeM aBHOHA
¥ XeJHKOITepa, HEOMXOIHO je HAallOMEHYTH M 00jaCHHUTH Ha KOjUM JIOKAIIUTETHMA je
HEONXoJHO KopHuiheme HaBeJeHNX CPEACTaBa U ornpeMe. ABHOHU U XEJIUKOIITEPH MOTY
ce KOPUCTHUTH M KOPHCTE ce, y HajuemnuM CiTydajeBuMa, Ha HEIIPUCTYIIaYHUM TEepeHNMa,
Kao MITO Cy IUTaHHHE, Op/ia W ApYyTrH HEepaBHM TEPEHU ca LIymMama M TpaBama, y KOjuMma
HE TIOCTOje MPHJIa3HM MyTEBH 32 KOpUIIhemhe 3eMJbaHUX TEXHUYKHX CpencTaBa. ,,C THM
y Be3HW, HaBOJMMO JAa je OmBIIa JyrociaBuja pacrojiarajia ca €CKaJpHJIOM 3a TallleHkhe
rmo’kapa Kojy cy caummaBanu ¢uoty npuBpense aBujanuje JAT-a u o cy: Kananepu (4
KOM, Tipoaatu cy ['pukoj u jom cy y ynotpedn), Apomanepu M-18, puman, I[TT-17, I1T-
75, Tpyman A" HAT-27 Artoros AH-2"[4]. HaBenena ¢uiota je xopumiheHa 3a rameme
roXkapa y mrymama Ha rpoctopy Jyrocnasuje u decto y I'pukoj. Mehyrum, Pemy6nmka
CpOuja ka0 caMocTaHa ApKaBa, HUje KOPHUCTHIIA OBY (UIOTY KOja je Kao TaKBa HecTaljla i
n3 beorpana mpebadena je y Bpman u qenmMMu4HO ce KOPUCTH 3a TPETHPAkEe KoMapara
1 IpyTHX WHCEKaTa Ha )KuTapuuama. Jlakie, ,,aBHOHN KaHa/IEPH jeCy CIICIHjaIHH aBHOHH
3a ramemne moxapa u uMajy peseppoape y Tpymy ox 3.000-5.000 nurapa. Xenukonrepu ce
ynoTpeOsbaBajy 3a raleme MoXKapa, alld 3HaTHO Mame Hero aBuoHM.[5]. Jlakie, 3amTuTa
U CcTiacaBamke HMOBHHE Y IIyMaMa je YeCTO PH3WYHA MEepa, IIOIITO CE y CBAKOM IOXKapy y
nrymMama Mo)ke Hahu Heka HeeKCIUIO[MpaHa Halpasa yciell dera J10Ja3H 10 eKCIUIO3Hja.
»3aIITATa ¥ CIIacaBame O IOXKapa M eKCIUIO3Hja jeé Mepa, pajma M aKTUBHOCT KOjOM
ce BPIIM CIIacaBambC JbYAH M MaTepHjalIHUX BPEAHOCTH OJ] M30Mjama mokapa, HaCTaHaK
mmo’kapa, MOryhHOCT HacTaHKa €KCIUIO3Hja, Ha IpyTy 0e30eIHy 30Hy WiIH mpocTtop” [6].

4. TAKTUKATAHIEBA ITYMCKHUX ITOXKAPA

Ipe cBera, HEOMXOMHO je HAMOMEHYTH Ja je TAKTHKA Tallieha MIYMCKHX MOXKapa
rokapa Ha HENPUCTYMAYHUM TE€PEHHMa CTpaTelIKu U omnydyjyhu dakrop y cy3oujamy
BEITMKHX U KaracTpodarHuX moxapa, HApOIUTO Ha TepeHHMa KakBe cy mryme. [Ipumena
CTpaTeruje U TaKTUKe Y JIOKAIN3aIHj1 [0XKapa, OXKaPHUX €KCIUI03H]ja v APYTHUX eKCILIO3H]a
je omnydyjyhu ¢akTop y cBakoj akuuju, OWIo Ja ce Jeiyje ca 3eMJbe WIH U3 Ba3IylITHOT
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npoctopa. HapounTo je 3Ha4ajHO TAKTHYKO MOCTYIabe y Falllehy M0Kapa 13 XeJIHKoNTepa
WJTY aBHOHA KaJla Cy IIPUPOIHE HETOro/Ie uecTa npernpeka y OBakBUM akiujama. Mehytum
CTpaTerujoM M TaKTHKOM, KaO ¥ BEIITUHOM MOpPajy C€ YKJbYYHTH U NPUMEHHTH CBU
3alITUTHU ¥ 0A0paMOeHH MEXaHU3MH Y OKBHPY NOCTOjehrX MPOTHBIOKAPHUX CHCTEMA,
Mmely kojuma cy Hajoanydyjyhn y OBUM yCIIOBMMA NPOTHUBIIOKAPHU CUCTEMH y OOJHKY
npoTHUBIIOXKApHE aBHjanuje. [la 6rucmo y Peryonuiu Cpouju Moriu padyyHaTH Ha ehUKaCHY
3aIITUTY [IyMa U JPYTUX BPEIHOCTH Ha HEMPUCTYTIAYHUM TepEeHUMa, APYUITBO Pemybmnmke
CpOuje, mMopa 030MJPHO TPHCTYNHTH OCMHUIL/bABaly, yCaBpIIaBalkby M 3aHABIbAbY
NPOTHUBIIOXKAPHE eCKajpuiia, 6ap 0 OHOM OOMMY ca KOJUM je pacrosaraia JyrociaBuja
ca MPUBPEIHOM aBHjaIlMjoM. 3aTHUM j€ HEOIXO0HA U3rpama HHppacTpykType. ,,Te y ToMm
CMHCITY, €JIEMEHTH KPUTUYHOCTH M PABMBOCTH Cajipikaja MH(PACTPYKTYpe yKasyjy Ham
npumepu OOpeHoBIa KOjH je o10patbeH 3axBasbyjyhu moMoh HEKHMX CyceHUX IpiKaBa
U MeljyHapoiHe 3ajeJHUIe U cycella U JOOPOBOJEHOT O/I3MBa M MPHUCTYIA BEIUKOT Opoja
rpalana CpOuje Koju Cy ce MPHUKJBYUIIN MaJTOOPOjHUM CIICIHjaJH30BaHUM THMOBHUMA
U jenuHunama“ [7]. OpraHu3oBameM, pa3BojeM M YKJbYUUBAHEM y CHCTEM 3allTHTE O]
HoXKapa Ba3AyXOIUIOBHE €CKaJpuiie ca OCTAIMM CHCTEMHMa 3allTUTE U ClallaBamba ca
3eMJbe, KOje Cy TIOBE3aHe M KOMIUIETHpaHe ca 00a NpocTopa, 3eMJbe U Ba3ayXa, CTBapa ce
cucteM Koju ooehapa u 00e30eljyje KBAIUTET y 3aIITHTA UMOBUHE. [la GUCMO MOTIIM UMATH
KBaJIMTETaH CHCTEM 3a 3aITHTY M ClIacaBame OJ] M0Xapa, HEONXOJHO je OpraHH30Bambe
caMocTallHe, JeMMHCTBEHE U eprKkacHe MHCTHTYIHje Y O0JIMKY JUpeKIHje, Koja Ou uMaina
CaMOCTaITHOCT, @ TUME M OJITOBOPHOCT 3a 00e30elemhe APYIITBEHNX BPEAHOCTH Ha LIEJIOM
npoctopy Pemy6nuke Cpouje. Ako aHanmi3upamo nocrojehe crame 3alTHTE U CliacaBama
y opranuzanuju CekTopa 3a BaHpEIHE CHUTyalyje, 3arakaMO HEOPraHM30BaHOCT U
Hee(PMKacHOCT y OKBHPY MHHHCTapCTBa YHYTpAIIBHX IOCIOBA Y YMjEM ce CapKajy
OBa JIEJIaTHOCT CMaTpa APYropaszpeaHoOM, a TO je YMHH W HEOPraHM30BaHOM, HAPOUYHUTO
HITO Y CHCTEM HHje YKJbYYCHA MPOTHBIIOXKAPHA aBWjanuja. Jla OMcMo MOIIH padyHaTd
Ha e(pUKacHOCT, KBaJIUTET U OCTBApeHE pe3yirarTa y cy30Hjamy Mmoxapa, oBa JeJaTHOCT
Ce MOpa PEOPraHU30BaTH, OMPEMHUTH U MPUIATOAUTH HOBOHACTAJIUM M MOTCHIIM]aTHUM
HOBHM IPETHaMa, Kako 0¥ ce OCTBApHO KBAIUTET Y 3allITUTH HMOBHHE OJ1 TOXKAapa, Kao 1
criacaBamy yrpOXKEHHUX O] Tokapa. Y Be3H Tora, Hallle UCTPaKHBabE, UCKYCTBO U Ca3Habhe
HAC je YCMEpWJIO Ha Pa3MHUIIbalhe M Ha JaBame CYreCTHje KOjoM OM ce yHampenuia
JIeNaTHOCT 3amTure o mnoxapa. Crora, HEONXOTHO je MPUCTYNUTH KBAJIUTETHHU)O]
OpraHM3anyje OBe JeJaTHOCTH CTBapameM M OpPraHH30BambeM HOBOI M CaBPEMEHOT
cHCTeMa 3a 3allTHTY, CIIacaBamh¢ M YNPaBJbakhe 3AIITHTOM JPYIITBEHHX BPEIHOCTH Y
crnenehem:

® yKJbyueHeM NocTojeher CeKTopa 3a 3alITUTY U ClIacaBambe y JeTMHCTBEHU CHCTEM,

e (HOpMHUpAEM H YKIBYUCHEM Y CHCTEM, IPOTHUBIIOKAPHE ECKaJpHUIIC 33 3aITUTY
0] TI0Kapa,

e (opMupameM HOBE M CaBPEMCHE CIYXO0C M HECHUM YK/bYUCHEM y CHCTEM 3a
CIallaBame YIPOKEHUX JbYIU U UMOBUHE,

® YKJbYUCHEM aepOKIyOO0Ba y 0Baj CHCTEM Ca Ba3AyXOIJIOBUMA, Kako OH ce BpIImIa
MIPEBEHTUBHA MEpa OCMaTpama 1 OTKPUBamba M0XKapa y 3a4eTKy

® YKJbYUCHEM CBHX JICTWIMINTAa IMpPUBPEAHE aBWjalMje M KIIyOOBa 3a INPHUXBAT
aBHOHA OBE BPCTE,
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® U3rpajmboM U ypehemeMm mpupomHHX pe3epBoapa 3a BOAY Kao LITO Cy je3epa,
peke, Oape U CII. 32 MyHehe MPOTUBIOKAPHUX JICTHIHIIA.

Haxue, ako 6u apymrTBo PenmyOmmke CpOuje M3HANLTIO MOTYRHOCT 3a OpraHH3aIjy
OBaKBOI' CHCTeMa 3alUTHTC M CHacaBamba, UMald OW CHUTYPHOCT y 3AIUTUTH JbYIH H
criacaBamy, UMOBHHE H JPYTUX BPEIHOCTH, ILTO JIO Ca/1a HHje OWIJI0 OPraHW30BAaHO Y OBOM
CMHUCITY.

5. CAAEJCTBO ECKAJAPWIIE CA JEAUMHHUIAMA HA 3EMJbHU Y
TFAHIEBY ITOKAPA

Crpateruja u TakTHKa THMOBA 32 Cy30Hjambe ToXKapa 13 Ba3ayXa U ca 3eMJbe jelHa je
oJ1 e(pMKaCHUX aKTHBHOCTH KOjy KapakKTepHile, Kako ckpaheHa BpeMEeHCKa aKIija, Tako
1 eprKacHOCT 3aycTaBJba 10¥Kapa, a THME U IheroBa JoKanu3anyja. TakTuka u cajaejcTBo
y cy30ujamy IMmoxkapa NCTOBPEMEHO M3 Ba3/lyxa M ca 3eMJbe, je/lHa je 0J] Haje(pMKaCHHjUX
1 HajKBAJMTETHUjUX aklMja y CIIpeyaBamby M 3aycTaBibamy Nokapa. OBakBe akIyje
Cy HEOIXOJHE M Hen30e)KHE HapoO4MTO y CilydajeBHMa Cy30Mjama moxkapa y IIymaMa
I7e Cy HEIpUCTYNa4yHU MPHUCTYIH ca 3eMJbe, U Y KojuMa e(pMKacHO KOPHCTE aBUOHU H
XEJIMKONTEPH, JIOK CE 3a OCTaJIE JICJIOBE Ca MPUCTYNavyHUM NPHUIa3uMa KOPUCTE jeJHHUIIE
Ha 3eMJBbH, OTHOCHO CEKTOp 3a BaHpeHE CUTyallHje, J0OPOBOJbHA BATPOTacHa JIpyIITBA U
rpodecHoHaIHE BaTporacHe Ciryxoe.

Jla 01 ce edukacHO H3BOAMIIEC AKTUBHOCTH OBE BPCTE, 32 TAKBO PEaroBame HEOIIXOJHO
j€ jenMHCTBEHO, OPraHW30BaHO, OOYYEHO W OMPEMJBEHO OCOOJbE 3a YIPaBIbAKE H
pyKoBol)eme IIETOBUTUM CHCTEMOM Y akiuju. Jla ce mpuOerio oBakBUM aKTHBHOCTUMA
y Cily4ajy ropema Iryma y jyHoj u uctouHoj Cpouju mpe HEKOJIUKO TOJiHa, He O HaM
n3ropene uryme Ha oBoM npoctopy. Hajsehu mpomyct y opranuzamuju je 610 To mTo y
THM CITy4ajeBIMa HHje TI03BaHa TaJalllba ecKaapuia npuspenHe apujanuje JAT-a, a oHa
je ucre roauHe OWia yKJbydeHa y cy30mjamy moxkapa y ['pukoj. Yuenthe oBe eckampuie
3arma)xxeHo je 300r cBoje e(pUKACHOCTH M CTPYYHOCTH, YCIIE 9era Cy H3y3eTHO ITOXBaJbeHH
IIIJIOTH OBE eCKaJpHiIe 3a BEJIMKU JONPHHOC O CTpaHe Ipukux BiacTd. Kama je Gmio
NIOCTABJbEHO IHTAE 3alITO HUCY YKJbYYEHH Ba3IyXOIUIOBH Y Cy30OHujamy Ioxapa y
nctoynoj CpOuju, ycaeaniny ¢y OArOBOPH THMa 3a 3allITUTY U CIIacaBarbe J1a HUCY 3HAJH
3a OBY aBHjallHjy, IITO je YyIAHO U TPATUYIHO 32 OBY JICTATHOCT.

Jlakie, eBeHTyaIHUM yKJbYyUeHEM acpo-KiTyOoBa M FbUXOBHX JIETHIIMILIA 32 OCMaTpambe
U jaBJbame, a0 OU ce BEIMKH JONPUHOC Yy OIaroBpeMEHOM OTKPHBAIbY U JIOKAJIH3ALM]H
noxapa. OBa BpcTa nnpahema, ocMaTpama 1 OTKpUBaba NOYETHHX 1T0Kapa, IIPecTaBiba ou
CTpaTEIIKM M TAKTHYKH yCIeX y JOKaIM3alrji oxkapa y 3a4eTky. Tume 6u ce 00e30enmo
KBAJMTET, KBAHTUTET M €(PUKACHOCT OPraHM30BaHOT CHUCTEMa 3alITHTE M CllacaBama y
HAaCTaHKY CBaKOTI' 00JIMKa eJIeMEHTapHe HEToro/ie, I/IE CE MOKE YKJbYUHBATH OBaj CUCTEM.
[Tyrem HaBeneHOr oONMMKa OpraHU30Bama CUCTEMa 3alITUTE U CIAllaBamba y HACTAHKY
rmoXkapa, 1a W JPyTHX eJIEeMEHTapHHX HENoroaa, Morie OM ce eUKacHO CIpPOBECTH
aKIyje Ha ,,3alabeHuM KOMEpIHjaIHIM aBHOHMMa Ha aepoJIpoMy, Ha Ba3ayXOIUIOBY BaH
aepoJpoMa, Ha Ba3AyXOIUIOBY Y HEINPUCTYIAYHUM T€PEHUMA, BOAU U APYTOM IpocTopy”

[4].
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PYKOBOBEILE UHTEPBEHIINJOM ITPUJINKOM
HHOXAPA Y 3ATBOPEHOM ITPOCTOPY

Pe3nme: Mako je mo3HaTo ja je CBaka MHTEPBEHIMja jeAMHCTBCHA M HEMOHOBJbHBA, OHA HITAK
caapiku onpelene 3ajenuuuke enemenre. Hanme, 1Ba roxkapa UCTOT THIIA UMajy BHIIE 3ajCTHUYKHX,
HEro crenu(UYHNX eleMeHara.

OBaj paja mpeAcTaBba KpaTak Mperies paamH Koje je MoTpeOHO na 00aBH PYKOBOAMJIAL aKIdje
CrallaBamba M raiiemha MPUINKOM MHTEPBEHIIMje Y Cily4ajy I0Xapa y 3aTBOPEHOM IIPOCTOPY, KaKo
OM MHTEpBEHIMja CBE BpeMe OMiIa MaKCHMAaJIHO Moryhe 1o KOHTpOJIOM.

I'maBHa M/eja METOOJIOTHj€ H3HETE Y OBOM Paly j€ CTaHAapIH30Babe PYKOBOeha y HHTEPBEHLIH]H,
MOMa)Kyliil Ipy TOM PyKOBOJHMOLLY HHTEpBEHLIHjE 1a ce (OKycHpa Ha BakHe HH(OpMaLHje, yMEcTo
Ha criopegHe U omoryhasajyhu My a JOHOCH KBaJHTETHE OATYKE.

Kibyune peun: noxap, MHTEpBeHIH]ja, pykoBoheme, nHpopMaIyja, IiiaH, JeJI0Bambe, TAKTHKA

MANAGEMENT IN THE ENCLOSED SPACES FIRE
INTERVENTION

Abstract: Whilst each fire intervention is considered to be unique, with its distinct features, in
reality, most of them display many common elements.

This paper presents a brief overview of the actions which heads of rescue and fire-fighting need to
perform in the events of fires in enclosed spaces in order to maintain the maximum control over and
during the whole interventions.

The main idea of the methodology presented in this paper is to standardize the management of
fire interventions, allowing those in charge of rescue and fire-fighting to focus on specific, unique
elements of the interventions and consequently make the most appropriate decisions.

Key words: fire, intervention, management, information, plans, operations, tactics

! Macrep umx., Barporacua 6puraga Hosu Can, JoBana Cy6oruha 11, darko.jocic.ns@gmail.com
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1. YBOJA

[Noxxapu cy HeMUHOBHOCT 1 0€3 0031pa Ha pa3BHjEHOCT ¥ OPraHU30BaHOCT JPYIITBEHE
3ajenHune y 60pOu MpoTHB OBE MOMIACTH, NOXKapu he yBek OuTtH npucyTHH y Behoj nim
Mam0j MepH, IIpaBehivt py TOM IITETy KaKko MOjeANHLIMMA, TAKO H APYLITBY Y EIHHH.

HapaBHO, npHOpHTET y 3alUTHTH OX IoXapa Tpeba na Oyay NpeBEeHTHUBHE Mepe U
HOCTYIIIH, KOjU he nonpHHeTH aa 10 NoXkapa yormTe He pole, OTHOCHO Aa MaKCHMAJIHO
cMamH MOT'YHHOCT HeroBe 1ojase.

Melytum, moxap he ce, 6e3 003upa Ha KBAIUTET NPEBEHTHUBHE 3AIITUTE, MPE WITH
KacHHj€ M0jaBUTH.

[Mocnenwa kaprka y 60pOU IPOTUB ITOXKAPA, aJIM CBAKAKO HE M ITOCIIEIHa [0 BAYKHOCTH
je BaTporacHa JeJaTHOCT, KOja Ce CacTOj! O aKTUBHOCTH KOje C€ OJBHjajy HaKOH IITO Ce
noxap Beh 10roano, ynorpeboMm Crelujani30BaHuX CIyX0H, Kako OM ce MOTEHIMjaTHa
mTéTa MUHUMHU30Balia.

Bpoj Barporacaiia, UXoBa 00y4eHOCT, KBATUTET BATPOraCHE OIpeMe, Op3HHa U3IT1acKa,
BpeMe CTU3ama JI0 MeCTa Mmoxapa, U300p TaKTHKE, BpeMe HACTaHKa ToXKapa H jOII MHOTO
(bakTopa yTude Ha TO y KoM hie ce TpeHyTKy IIHpemke IoXKapa 3ayCTaBUTH.

OBgaj pag mpencTaBsba KpaTak Iperies paamky Koje je ToTpeOHO Ja 00aBH PyKOBOIMIIAI]
aKIMje CrallaBama 1 raiiemka MPUINKOM HHTEPBEHIIM]E Y Clydajy MoXkapa y 3aTBOPEHOM
NPOCTOpY , KaKo OM MHTEPBEHIIHMja CBE BpeMe OMiIa MaKCUMaIHO MOryhe 1oJi KOHTPOJIOM.

2. PEAKTUBHO 1 IPOAKTUBHO PYKOBOBEIBE

Paznukyjemo n1Ba mpuctymna y pykoBohemy HMHTEpBEHLHMjOM. To Cy pEeakTHBHH H
MPOAKTUBHU TPHUCTYIIL.

VY peakTHBHOM MPHUCTYIY, HHTEPBEHIIH]OM PYKOBOIHU CaM I0Xap, a BaTporacHa eKuIa
caMo pearyje Ha TpeHyTHy cuTyanujy. OBakaB MpHCTYII je Moryhe oapikaBaru CBE 0K ce
HOXKap MOTITYHO HE yracH.

OnacHOCTH OBAaKOBOI' IPUCTYIIA Cy 3HA4ajHE.

Haume, ako pykoBoaminal Oi1aroBpeMeHO He mpero3Ha noctojehe u moreHuujamHe
mpobieMe, WACHTH(UKYje KJbydHe (akTope, M HE IOHEece OMIyKy O OATroBapajyhoj
TaKTHUIH, MOTYNHOCT 030MJbHUX TOCTIETUIIA Ce ApaMaTHYHO oBehaBa.

YpaBo 300r Tora, MPOAKTUBHY MIPHUCTYIT PyKOBONhEHY j€ OIIHja K0joj Tpeda TeXKHUTH.

Y NpoakTHBHOM MPUCTYIy UHTEPBEHIINjOM PYKOBO/IN- PYKOBOIUIIALL.

OBakaB IpHUCTYI TOJpa3yMeBa Aa PyKOBOIMJIALl Npey3Me KOMaHIy, WACHTH(DUKYje
mpo0Jieme, ycrocTaBy IPHOPUTETE, IPOLIEHH CHAare M 00e30e11 CUI'ypHOCT BaTporacuuma
KOJH YYECTBY]Y Y MHTECPBCHIIHjH.

3. IPUOPUTETU HA UHTEPBEHIINJHN

HewusmepHo je BakHO Ja y CBAKOM TPEHYTKY NPUJIMKOM HHTEPBEHIINje, PyKOBOIIIALL
Oyzie cBecTaH penociieaa npuoputera. HemomroBame 0BOT peAociena MOKe T0BECTH 10
HecanIenBHX mociieauna. [I[puopuTeTn Ha UHTEPBEHU]HU, TPEMa BUXOBOM PEIOCIIEY IO
BaXHOCTH Cy cienchu:

. 0e30emHOCT Barporacara,

. 6e30eTHOCT yTPpOXKEeHHX JTUTIA,

. crabunmsanyja norahaja, u

. 3alITUTA UMOBHUHC.
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Bezbednost vatrogasaca

\

Bezbednost ugrozenih lica

Stabilizacija dogadaja

1a2l1o 142nMe)

Zastita imovine

\_

Cnuxa 1. Ilpuopumemu na unmepgeHyuju u MaKmuyKy Yunvesu

4. PEJOCIJIEA PAAIBU TOKOM PYKOBOBEIbA

Tokom WHTEepBeHIMje MOTPEOHO je IpXKAaTH TaKTHYKe LUJbEBE Ha YMY, IPaTHTH
JIOTHYKH TPOLIEC CTBapama OMIYKE M YCIOCTABUTH W OOP)KABATH NMPOAKTHBHH MPHCTYII
pyKoBohema.

Penocnen panmu TokoM pykoBol)ema MHTEPBEHIINjOM Ce CacToju U3 TpH (haze, Koja ce
Hajuerie NUKIMYHO OHABIBA]Y:

. [pukyrssame nHpopManrja — naeHTHuKanuja npodiema

*  Ilnanupame — Kpenupame aKI[HOHOT [UIaHA U IUTaHa YIPaBJbamkba PU3HKOM

. Henoame

Iponec dhopmuparma omIyke moj cTpecoM Tpeba da MmocTaHe crBap mo0pe mpakce,
a ycaBpIllaBame OBOT Tporieca je Moryhe noctuhin jemuHo Kpo3 MepMaHCHTHU TPEHUHT.

Butan (hakTop 3a UMEHOBaE PYKOBOIMOIA TOPE]] F-ErOBE CTPYUHOCTH U (hOPMATTHOT
00pa3oBama, CBaKako Mopa J1a Oyjie U ’beroBO UCKYCTBO, KAo U yuelihie Ha HHTEepBeHIInjaMa
y Y1034 HEMOCPEIHOT U3BPIIHOLIA.

5. IPUKY/bAIBE HHO®OPMAILINJA

Kako Ou wuneHtuduxoBanu npobieM, MOTPeOHO je CaKyMUTH, CEIEKTOBaTH W
aHanu3upaTu uHdopmanmje.

[ocroje wetnpu ¢aze y mpukymsbamy HHpOpManuja, MOTPEOHMX 3a IOHOIICHA
aKIMOHOT IIJIaHA U O/ITyKa TOKOM WHTEPBEHIIH]jeE:

. Wudopmanuje npe HHTEpBEHIIN]E

. Wuurujanie nadopmaiiije

. Wudopmanuje o 1oiaacky Ha MECTO UHTEPBEHIIN]je

. Wndopmanuje y TOKy HHTEpBEHII]jE

5.1. Uudopmanmje npe HHTEPBEHLN]eE

To cy unpopmMammje Koje pyKoBOxWIIAIl MOpa Ja MMa IIpe HacTaHKa OWIO KakBOT
norabaja, Koje cy Mo3HaTe Ha OCHOBY HCKYCTBa U cafpike HHPOpPMAITHje Koje Cy BaKHE 3a
00JIacT K0jy BaTporacHa jeIWHHIIEe TIOKPHBa, Kao M MOTIIYHO 3HAKE O PecypcuMa Kojuma
pacrosaxe BaTporacHa jeJUHHLA.
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OHe cy M3y3eTHO BaKHE KaKo 3a naeHTH(UKaNWjy mpodiiemMa, Tako u 3a onpeluBame
TaKTHKe.

Wndopmanuje npe akuuaeHTa 06e36el)yjy 0CHOBY 3a IPOKTHBHH MPUCTYTI, U TO CY:

. KOHCTpPYKITHja oOjekara,

. MOTEHIU]aJIHO OITaCHH 00jeKTH,

. KOPHCHHUITH 00jeKarta,

. cHabzieBambe BOIOM,

*  [O3HaBame Irpaja, u

*  pecypcH jeluHUIE.

5.2. Muunujanune ungopmanuje

Oge un(popmarmje pykoBoJuiIall CKyIJba Ha ITyTy Ka MecTy forahaja u y oBoj (a3 je
BeoMa BakKHa U yJora oneparepa y KomaHIHO orepaTHBHOM LICHTPY.

Oga (aza mounme ca nHpopManHjaMa Koje ToOHja ormeparep U Tpaje o Aojiacka Ha
Mecto norahaja. Tokom oBe (aze, pyxoBoamian Tpeda 1a Kpenpa MpeIrnMUHAPHH TUIAH |
n00Hje OCHOBHY HjI€jy 0 MOTylieM TaKTHYKOM HACTYyIy Ha HHTCPBEHIIU]H.

5.3. Uudopmaiiuje mo 10jacKy Ha MeCTO HHTepBeHIHje — u3Buhame

Ilo nonmacky Ha MeCTO MHTEpBEHIMje IOTPEOHO je 3a BeoMa KpaTKO BpeMa JIOHETH
ONJIYKY O KOMaHJHOM MOy, TAaKTHYKUM LIMJbEBHUMA, KAao U JOHETH IUIAH yNpPaBJbarba
pusukoMm. Kako Om oBa omryka Omia mTo epuKacHHja MOTPEOHO je Ja HajKacHHUje Y
npyrux 60 ceKyHOHM HAKOH JOJIacKa, BaTpOTaclH JO0O0Wjy jacHe MHCTPYKLHje M KpeHY y
U3BPIIABAKE 3a/1aTaKa.

[pukynspame uHPOpPMAIMja HEMOCPEIHO MO JI0JacKy Ha MecTo jaorahaja ce Ha3uBa
n3Buhame.

5.4. Undopmanmje y TOKy HHTepBeHIHje

ITo nonacky Ha MECTO MHTEpPBEHIMjE IOTPEOHO je 3a BeoMa KpAaTKO BpeMa JIOHETH
OIIYKY O KOMaHIHOM MOIY, TaKTHYKUM LMJbEBHMA, Kao ¥ JOHETH IUIaH yNpaBJbarmba
pm3ukoMm. Kako 6m oBa omryka Omma mro euKacHHja MOTPeOHO je 1a HajKacHHjE y
apyrux 60 CeKyHIM HAKOH J0JiacKa, BaTpOraciy J00Hjy jaCHe WHCTPYKILHjE M KPEHY y
W3BpILaBabE 3aaTaKa.

[Ipukynspame nHpOpPMaIHja HEMOCPEIHO 10 JI0IacKy Ha MecTo gorahaja ce Ha3uBa
m3puhame

Wudopmanmje y TOKy HHTEPBEHIIH]E je MOTPeOHO CTaTHO MPUKYIBATH, oOpahuBatu n
ynopehuBaTH ca TPEHYTHOM aKIIHjOM EKHIIE.

Cutyalija NPHUIMKOM HHTEPBEHIIMjE Ce CTAJHO MeHa. PYKOBOMWIAI[ MOpa TOKOM
WHTEPBEHIIN]€E J1a CTAITHO NPUKYIJba MH(OpMaIIHje 1 1a X KOPUCTH Kako OU MHTEPBEHIIH]a
O11a MaKCHMaJTHO e(UKacHa, a IITeTa MUHIMAJIHA.

Meton 3a mnpHKyIUbake HH(OpMalHWja MO JOJACKY M TOKOM HMHTEPBEHLHjE je
KOHCTaHTHO MOCMAaTpame NeT KIbyUYHUX (PaKTopa, KOjH MPEACTaBIbajy JIUCTY OCHOBHUX
CTaBKM KOje PyKOBOAWJIAIl aKIWje Mopa Ja pa3MaTpa KaJa BpLIH IEPUONMYHY HPOLEHY
CUTyaluje, U TO CY:

Kapakrepuctuke o0jekra
Kapakrepucrrke noxapa
VYrpoxeHu )KUBOTU
CHare u cpencTaa
EdexTu TpeHyTHE aKmmje

bl
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6. IINTAHUPAIBE — IIVIAH YIIPAB/JbAIbA PU3NKOM U AKIIMOHH
IJIAH
6.1. IInan ynpaB/bamba pU3HKOM

[Tnan ynpaBipama pPHU3UKOM IOApa3yMeBa KOHCTaHTHO mpaheme cuTyaluje ys3
KOHTHHYUpPaHO mopeljere omHOca pu3MKa W MOTeHIWjasHe no0uTh. OBakaB ILIaH y
Cllydajy akidje raiicma je IMHAMHYaH M CKJIOH MpPOMEHaMa Yy OIHOCY Ha CHUTYyallHjy.
Kako 6u puzuk 6110 moryhe MepuTH, CTEIeH pU3HKa Ha HHTEPBEHIIM)H j€ MOAEJBEH Y TPU
KaTeropuje, M TO: BEIMKU PU3HK, Ml PU3UK M HE3HATHH PU3UK.

Benmku pusuk je cuTyarmja y K0joj je OmacHOCT IO KHBOT M3BECHA | TIe je Moryhe,
na u 6e3 0031pa Ha 3aIITHTHY OIIPEMY U IPOLEAYpPe KOje KOPUCTH, BaTporacar Moke 1ohu
y ’KHUBOTHO OIIACHY CUTYaLHjy.

Manu pu3MK je O MpaBWIy CUTyalldja Koja HHUje >KHBOTHO OIACHA, ajld MOCTOjU
BepoBaTHOha HacTaHKa IIOBpe/ia BaTporacara.

Hesnarau pusnk uckibydyje OO KakBy BUAJBHBY OMACHOCT I10 XXMBOT M (PU3NYKH
WHTETPUTET BaTporacana.

Barporamu he npy3eTn BeTHKH PH3HK, aKO ITOCTOjH MOTYRHOCT Ja ce chacy JbyACKH
KHBOTH. J[pyruMm pedrMa, BEJIMKH PH3UK Ce Mpey3nuMa paau ClallaBamba XHBOTA Koje je
Mmoryhe cracuTy.

Barporaciu he npeysern Manu pusmk, kaza je Moryhe cnacutu IMOBHHY.

Barporaciu Hehe nmpey3eTn HUKakaB pH3HK aKO HE TIOCTOjH J00UT.

6.2. AKIINOHM IJIAH UHTEPBEHIIUje

Haxkon cBux nmoctojehnx u npuKyyseHUX HHPOpMAITHja pyKOBOIMIIAI JOHOCH OIUTYKY,
OIHOCHO Kpeupa akKIMOHW IUIaH JEjCTBAa BAaTPOracHE EKUIle. AKIMOHM IUIaH Mopa aa
cagpxu cienehe enemenre:

. Komanauu Mo

. TakTuuke nuLeBE
. Crparernjy

. TakTuuke 3agarke

6.2.1. Komanauu moj

ITotpedHO je na pykoBoarIal] 00jaBU eKHUITH M3a0paHu KOMaHIHU MO, M Ha Ta] HAYMH
he cBuma y TuMy OWTH MO3HaTa H-Eropa JIOKaluja, a caMuM TuM he Outn 00e30ehenn
KBAJIUTCTHHU]U YCIOBH H0OpE KOMYHHUKAIIH]E.

Komanmau Moz MOYKe OUTH CTAlIHOHAPHU U MOOWITHH.

6.2.2. TakTHYKHN IN/HLEBH

TakTHYKY IUIbEBY CY HIACHTHYHN IPHOPUTETHMA Ha MHTEPBEHIIN]H, OCUM 0e30e1HOCTH
Baroracama, Koja crajia y MpUOpUTETe, alli He W y TAaKTHYKE IMJbEBE, jep MpecTaBiba
3ajeJHIYKN IMEHUTEJb U 0e30€JHOCHY OCHOBY CBaKe MHTEPBEHIIH]E:

. be3benHocT yrposkeHUX Juiia
. Crabuinu3anmja aKIuIeHTa
. 3amruTa UMOBUHE

6.2.3. CTpareruja

Crparerujy AeIuMO Ha:
. Hanan u
. Onbpany
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Hamax ce cnpoBoam Kaja ycioBH moXkapa J103B0OJbaBajy Op30 M aKTHBHO JIEJIOBAaHE
Barporacaia y onacHoj 30HH.

Kana cy ycnoBu Ha noxapy TakBH Jia IpeBa3uiia3e MOryhHOCTH BaTporacHe eKHIle Ha
MecTy poralaja, pyKoBoxmIal Mopa Jja HapeIy CTpaTerrjy oA0paHe Koja ce M3BOIH U3BaH
OITaCHE 30HE.

6.2.4. TakTHYKH 337211

TakTHuky 3agany NpencTaBibajy KOHKpETHE 3ajaTke (IIOCTaBJbambe BEHTWIIATOPA,
MepIeBHHA, MIpyTe, pa3BaJbUBamkE BpaTa W JIp.) Koje 00aBIbajy BaTPOTacIy ca CBPXOM
crnpoBoherwa onabpaHe cTpareruje ka OCTBapemy CrelM(PUIHNX TAKTHYKUX IUIbEBA.

Prikupljanje informacija Planiranje Delovanje
Informacije pre Plan upravijanja Stalno ocenjivanje
intervencije rizikom efikasnosti
——— Inicijalne informacije Akcioniplan — Prenos komande
Injermacijepo dolastu — Dodeljivanje zadataka

na mesto intervencije

Informacije u toku
intervencije

Cnuxa 2. Peoocned paorwu mokom pykosohersa

7. JEJTOBAIBE — ITPOLEC YIIPAB/bAIbA

O0aBe3e pyKOBOJMOIIA HAKOH NPHKYIUbama MH(GOpPMAlMja U KpeHpama akKIHOHOT
IUTaHa je JojesbuBambe 3ajaraka exkunu. JlonespuBame 3ajaTaka ce 00aBjba HAKOH
n3Buharba WM HETIOCPETHO T10 JOJIACKy aKo ce ofadepe jypHIIHA KOMaHTHA MOJI.

Ha cniimy 2. je imeMaTcKy IpHKa3aH KOMIUIETaH PeOCIIe]l pa iy TOKOM pyKoBohmbemba.

8. 3AK/JbYUAK

Hako je mo3HaTO 1a je cBaka MHTCPBEHIMja jeMMHCTBEHA W HEMIOHOBJHHMBA, HITAK
caapxu ofpeleHe 3ajeqHUYKE eleMEHTe KOju Cy oOpaljeHu y oBOM pany.

Mertononoruja 3acHOBaHA Ha THUM eJIeMeHTHMa oMoryhyje pykoBomuoly naa
CHCTEMATUYHO YIPaBJba HHTEPBEHIIUjOM U Ja CBE BpEME Tpajarba MHTEPBEHIIU]E IPXKU
CHUTYyaIH]y 1oj KoHTposioM. OHa pecTaBIba aaT 3a Mo0O0JbIIAE KBATUTETA PYKOBOhCHba,
CMameka HeTaTUBHIX Tociennna 1 mosehame 6e30€AHOCTH HAa HHTEPBEHIIH]H.

I'maBHa HMI€ja OBAKBE METOMOJIOTH] € je CTaHIapAN30Bahe PyKOBO)eHha Ha HHTCPBEHIIH] U
noMaxyhin ipu TOM pyKOBOIMOILY HHTEpBEHIIM]je Jia ce (PoKycHpa Ha BaykHe HHopMaluje,
YMECTO Ha cropesHe, omoryhasajyhin My npu TOM J1a JOHOCH KBAJIUTETHE OJTyKeE
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['maBHa n/ieja OBaKBE METOAOJIOTH]E j€ CTAaHapIN30Babe PyKOBOleha Ha HHTEPBEHIINj U
nomMaxyhu mpu TOM pyKOBOJHOLY HHTEpPBEHIIMje 1a ce POKycHpa Ha BayKHE HH(pOpMAaIHje,
yMeCTO Ha cropente, omoryhapajyhin My npu ToM Ja JOHOCH KBATUTETHE OJIYKe

OBakaB HauWH pPyKOBOl)ema HU Y KOM CIIy4ajy He Ou Tpebao aa orpaHuYaBa co00my
OJUTyYMBarha PyKOBOAMOITY, HETO HAIPOTHUB, Tpebaso Ou ga My na Behy ¢urekcHOMIHOCT,
jep cBe 3HayajHE (pase OMIyUHBaEba, KOje y CBaKOM Clydajy Tpeba ma mpole, uma Ha
JEIHOM MECTY.

[IpumemnBame OBaKBe METOAOJIOTH]E HUje Moryhe 0e3 KoHCTaHTHE BexOe.

Taxkohe, oBa METOAONIOTHja KPO3 HEHY MPUMEHY Tpeda Ja pacte U ycaBpluaea ce, y
CKJIaIy ca mpuMendamMa U cyrecTijaMma pyKoBOIHOIA KOJH j& TIPIMEHY]Y.
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SECURING OF EVIDENCE IN THE FIRE
INVESTIGATION

Abstract: A comprehensive securing of evidence during the “first attack™ is an essential condition to
make sure that for the further fire investigations these basic traces are protected and are documented.
Overlooked traces are lost irreparably. The analysis and valuation of traces of the fire course with
a fire investigation is dynamic and, hence, must be carried out during the investigations at the fire
place over and over again and be adjusted to new realisations, until the investigation is concluded
to the cause of the fire. To value the traces of a fire or the fire course is an important component
therefore of the fire investigation.

Key words: evidence, fire investigation

OBE3BEBUBAIBE IOKA3A TOKOM UCTPAT'E
ITOZKAPA

Pe3ume: CreoOyxBaTHO 00e30eheme qoKkaza TOKOM ,,IPBOT Hamaza” je OuTaH yclloB J1a Ce OCUTypare
Jla cy 3a JlaJby UCTpAry Io)kapa OBU OCHOBHH TParoBy 3amITHheHH U JOKyMeHToBaHU. Tparosu koje
CT€ HPEBUIEIN Cy HEMOBPAaTHO M3ryOJbeHH. AHaJIM3a U BPEHOBAIE TPAroBa y3poKa Moxkapa y
UCTpa3H Cy ANHAMHYHH, TAKO Ja MOpajy OWTH CIIPOBECHH TOKOM MCTpare Ha MECTY HOXapa 1 BUIIE
IyTa, y CKJIally ca HOBUM Ca3HambKMa, CBE JJOK CE HCTPAaroM He YTBPAHM Y3poK moxapa. IIporeHa
TparoBa Io)kapa MM Tpace MoXKapa je CTOra BakHa KOMIIOHEHTa UCTpare rnoxapa.

Kiby4He peuu: 1okasy, ucrpara noxapa

!'Dr. Dipl.-Ing. Eckhard Griinheid, BTU Cottbus, Gruenheid.Arch@t-online.de
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1. INTRODUCTION

The securing of evidence is a forensic activity. The Forensic belongs to the criminal
sciences and deals with the investigation of circumstances.

The criminology teaches us as criminal relevant circumstances with scientific means
are investigated conclusive. Hence, from the forensic perspective she has the job to make
available a very wide method spectrum for inquiry duties.

The circumstances investigation can be divided roughly into the collection, check and
assessment of facts. Into language of the criminalist it concerns the areas of Securing of
evidence, trace investigation and trace evaluation.

In the criminal law the circumstances investigation is pursued extensively by the
police which presents her results of the public prosecutor’s office for the decision on the
end of the inquiries.

In the private area the results are required by assurances, production companies and
private people for the protection of her claims.

The talk should give a short demolition about current methods of the trace search, the
securing of evidence and trace evaluation in the cause of the fire inquiry and produce a
relation for the scientific evaluation of possible fire place tracks.

2. SECURING OF EVIDENCE
2.1. Fire place work

The investigation of the circumstances begins with the search for tracks. A thorough
fire place work is the base for successful inquiries.

2.1.1. The fire place concept

In the criminology the fire place concept encloses all places at which tracks of a fire are
supposed. Also in the surroundings of the real fire place expressive tracks can originate.

2.1.2. The fire place protection

At the fire place proof losses threaten by action partner, witness, onlookers and by the
active danger defense of the fire brigade and the rescue services. To receive consistently
tracks, the fire place is to be blocked off. Even an enough barred fire place is not sure
before interferences. To proof losses it comes because the danger defense priority has
before the criminal proceedings.

2.1.3. Organization of the fire place work

If the investigator is called to a fire place, the suspicion of a criminal offence often
already exists. The level of expectations caused thereby decisively influences the fire place
work. The trace search is much more intensive with a supposed arson offence than with a
burglary. So importantly the suspicion creation is for the admission of the fire place work,
so largely is also the danger that the inquiries are steered in a wrong direction. Since the
suspicion determines after which at the fire place is searched. Hence, by the investigator is
to be required that he acts objectively and commits himself not rash.
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2.1.4. The fire place findings report

After the roadblock of the fire place the investigator gets first an overview and he
takes to heart the old principle: “Kopf-Auge-Kamera-Hand” Nothing touch and change
nothing, as long as do not measure everything, is photographed and is protected as a track.
The biggest source of error is the investigator at the fire place; he can overlook tracks or
change by inattentiveness.

2.1.5. The trace concept

The concept “Track” comes from the Jagersprache. The impressions in the snow show
that the game was present and where it has gone. There are generalised tracks sensually
discernible changes of the surroundings which enable to found conclusions upon a former
event and his originator. The criminalist can look only for tracks if he knows from which
sensory data he can reconstruct the circumstances. Hence, trace search is, primarily, a
work of thought.

Every fire place work is tied together with a certain evaluation expectation, she should
deliver clues for time, place, motives and procedure of a process.

2.1.6. Division of the tracks

The possibilities for the systematisation of tracks are almost boundless. One can divide
them, e.g., after her size, after the trace bearer, her site of the discovery or her meaning
for the fire clarification. Every division is virtually the purpose which it serves. As a rule
a track fulfils several categories.

With a division after the trace bearers one can make a distinction between the tracks
from the human body and the tracks of the inanimate world. Not the track, but only the
trace bearer can be guaranteed.

2.1.7. Securing of evidence and securing of evidence report

The investigator writes own report. In it is held on in detail which tracks where and
with which methods were protected. In the securing of evidence report every track is
unambiguously marked and asserviert.

The securing of evidence occurs through describing, taking photos, outlining and
preserving. First overview admissions are produced by the fire place. The predestined
markings give an optical impression of the distribution of the single tracks. Special
measurement systems allow an exact statement of the cubic measures or the trace
distribution and a three-dimensional representation of the rooms including a virtual
“walk”.

In addition to the photos a fire place sketch is made. Only so a total view can be won
over the fire place.

After the photo works and the trace measurement the preservation of the single tracks
occurs. The technologies to the preservation are as varied as the tracks themselves. When
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general basic rule is valid that every track is to be protected separately to avoid every trace
transference. So the investigator did not have to do himself identifications to carry out.
If e.g., “suspicious” tools are held in an impression track to check whether it concerns
the action tools, then the danger always insists that the impression track changes by the
passport attempt and thereby loses her original proof value.

Because different investigation methods can exclude themselves mutually (e.g., if the
trace material by the investigation is destroyed), an order must be fixed. The competition
between the methods is to be dissolved in such a way that the information content of the
single track is exhausted very optimally.

3. TRACE INVESTIGATION
3.1. Trace investigation and material proof

The personnel proof is complemented with the scientific investigation of the trace
material. Nowadays the material proof encloses more than only the area of the scientific
criminology.

3.1.1. The meaning of the material proof

An expert can help in the identification of people and things, with the clarification of
fire circumstances and in the statement of proof facts (e.g., of the credibility of a statement).

In the criminology the trace investigation is calculated to the material proofs. Against
it the criminal trial apprenticeship orders only documents and inspection objects under
this concept, while it counts investigator / Competent to the ,,personal proof means”.
The criminology emphasises the objectivity, while the adjective law stresses the mistake
possibilities of the consultant which are to be considered with the proof acknowledgment.

3.1.2. The subject areas with the inquiry

Experts are taken up for three duties: For the communication of the empirical
statements which have validity, for the fact inquiry and for the technical assessment of
facts regardless of a certain case.

With the communication of empirical statements the expert takes no stand on the
specific features of the specifically to be decided case.

The expert pursues fact inquiry if he examines a track with scientific methods. This
can refer to the quality and quantity of the material or to the identity with comparative
tests. Besides, the expert uses empirical statements which he applies to the isolated case.
Consequently the establishing facts are made available to the expert for the certificate in
the form of the fire place Which are called in such manner to won facts findings facts.

3.1.3. The division of the involved subsidiary sciences

Forthe trace investigation biologists, chemists and physicists are used. This enumeration
can be extended arbitrarily. The number of the sciences which is considered for the trace
evaluation is boundless. One should make a distinction between regularly and the now and
then appearing consultants. Moreover, there are sciences which were developed especially
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for the criminology (Daktyloskopie), and those which are used as for the rest successfully
(e.g., DNA analysis, Gaschromatographie among other things).

3.1.4. The investigation order

In the investigation application are formulated in the competent questions which should
be answered with the guaranteed material. A short material report is to be recommended,
so that the consultant can appreciate his results fallbezogen. The fire place description,
kind and difficulties of the securing of evidence belong to it. With the court exhibits is to
be paid attention to the fact that a complete allocation is possible to the fire place.

3.1.5. Method freedom and experiment

Which investigation methods the expert applies, remains to him leave. Often one
comes with different methods of the same results, so that the consultant meets a choice
according to his possibilities. The border lies with the reliability and the legality of the
investigation methods. Otherwise method freedom exists in the criminology.

The expert can also rest on an investigation method which tests up to now only a
little or is an object of a scientific opinion quarrel. The need of a comprehensive
clarification can make it even the duty to apply a not yet in general approved method. The
consideration for and against the applied method to speaking points of view occurs in the
proof acknowledgment.

Under circumstances the expert must only get the necessary scientific knowledge.
Primarily, this will happen by the study of the appropriate technical literature. The
expert can also consult with other experts. He can do experiments to win even empirical
statements or to check general empirical statements for her correctness.

With an experiment the experiment set-up is so chosen that all conditions on the
expiry are controllable. The empirical statements arise by the fact that one changes single
conditions and registers her effects on the whole result. On the other hand the situation at
the fire place is used with a reconstruction for the production by empirical statements. In a
demonstration academically secured empirical statements are clearly shown with modern
media. The computer simulation has against it the purpose to close action and time gaps
(e.g., with fire events) with complicated events. Finally, the computer animation serves to
explain a supposed action by a virtual representation.

3.2 Traces of a fire

3.2.1. The fire place is a special scene
To the inquiry of the cause of the fire experts are often already consulted during the fire
place work. Trace search and trace evaluation are often very complicated in these cases.

Fire places are laborious scenes. It is not everybody’s thing to dig for hours in the fire
rubble without knowing whether generally a criminal offence is given. The causes of the
fire are very varied and, hence, the clarification are difficult.

Fire places are defeated by dynamic changes. By the progressive fire the situation
of minute by minute changes. The investigator must reconstruct to the effects of the fire
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brigade on the fire place, so that he does not come to wrong ends. A broken window pane
must point not to burglar, but the soldiers can have got by force the way to the place of
action.

First the head of operations of the fire brigade is questioned. Is to be clarified as the
situation was with application beginning: In were which position windows and doors and
which changes were caused by the soldiers?

At which places did it already burn and how has the fire extended? Has it burnt
within the fire place in an area especially long because there only completely at last was
extinguished? - The same questions are to be also put to the fire discoverers, because they
have observed the fire at an even former time.

3.2.2. The effects from heat and explosion

To be able to pursue a systematic search for the cause of the fire, one must know the
varied possibilities of the fire origin. At the fire place not only the fire works. The heat
can shine so strongly that walls tear and melt objects. By the fire parts of the building
can free themselves and cause changes by mechanical power. By the application of fire
accelerators it can come to explosive processes and the blast also causes tracks.

3.2.3. The natural and biological-chemical causes of the fire

The bolt of lightning is the most frequent natural cause of the fire. The sunlight facht a
fire if the rays are concentrated by a lens on a point (e.g., by an empty bottle). Storms can
snap stream masts and cause thereby fires. Rodents can eat away power supply lines and
cause thereby short circuits.

Some natural colours combine under normal conditions with Crossly material, besides,
release warmth and reach higher temperatures. If it comes, besides, to a warm traffic jam,
a spontaneous combustion can originate as a result of this chemical process.

The most frequent biological cause of the fire was earlier the hay spontaneous
combustion. By microbes it comes to the growth processes with which under circumstances
temperatures of 250 degrees originate. Reached then oxygen in the glow, open fire breaks
out. Such a course depends on the degree of humidity, kind of the drying and camp density.

3.2.4. The electric causes of the fire

By the defective electric installations it can come to leakage which are strengthened by
humid surroundings; moreover, the electric opposition can rise and originate from warm
development a fire. Short circuits are ordinarily prevented by Overcurrent protection. In
practice the question positions itself over and over again whether the short circuit has led to
the fire (primary short circuit sucked) or whether it was only a result of an already existing
fire. Mistake stream counters reduce only the likelyhood of a technically conditioned fire.

In blocked electric motors originate winding fires. Also a short circuit in the winding
can lead to a fire. By a defective thermostat it comes to the strain of a fridge. Insufficient
care (fat depositions in a range hood) also leads to a strain. Similar effects originate if by
electric devices the airing slits are blocked. With the turning on and switch offed of electric
arrangements there originate switch sparks and demolition sparks. Such sparks can light
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aerial gas mixtures. If a gas line is at the fire place, their density is to be checked. If a Solder
joint is porous, must be cleared whether the undensity has originated from the fire from the
outside. With gaseous materials the ignition ability is given only within the certain mixing
proportions with oxygen which are called lower and upper explosion border.

3.2.5. Other technical causes

In an accident in the traffic running out petrol can catch fire. Vehicle fires from
technical cause are rare. One finds possible ignition springs in the engine space, in the
electrical system and the exhaust gas system. With escape vehicles testify the fire of the
trace destruction serves.

Often the necessary distances are not kept with hearths to the ignitable materials, or
it comes to tears in chimneys; building sinkings can be the cause for it. Oil stoves get by
technical defects in fire, e.g. if fuel oil runs out from the defective oil management.

3.2.6. Inquiry of the fire outbreak place

If is certain where the fire has begun, then conclusions on the cause of the fire infuse
themselves from there. As a rule it is the place where it has burnt mostly and longest. In
the meantime, to the examination of his acceptances the investigator can fall back on
computer programs for the simulation of fire courses.

First the factors influencing the fire course are determined. The wind direction matters
just as the burning properties of the stored materials (the so-called. Fire load). There come
the airing relations and the robustness of the walls / covers.

After outbreak of the fire the people present in the object influence the fire course. If a
window is opened during the fire (to the escape), then it comes to a chimney effect, i.e. the
fire moves in the direction of the oxygen spring.

If it has burnt in several rooms, is to be cleared with the help of the fire infringement
tracks where the fire has broken out. One finds such tracks in connecting doors between
the doubtful rooms. When fist formula is valid: The tracks of the fire in the door frame
rise from the fire outbreak space in the direction of the next space (sloping course) and the
destruction degree is bigger on the outbreak side. On the other door side one recognises on
the basis of trails of smoke that the flue gas have penetrated in the upper area the door fold.

Glaze tracks in objects admit conclusions on the situation of the heat spring and with
it on the fire outbreak place. The side turned the warm spring melts and goes out of shape,
while the remaining parts remain unloaded. The heat spring can also prevent that there
soot retreats.

More evidence of the fire outbreak site result in the distribution of soot particles and
plaster flaking. After the origin of the fire the oxygen decreases in closed rooms. Hence,
the areas lightened in the fire center on walls and covers mark the places where at first
the biggest heat ruled. Afterwards by the fall in temperature it comes to the soot in the
remaining areas. Where it has burnt especially intensely, chip off wall and covers plaster.
In the fire center itself one often finds a fire funnel with the deepest traces of a fire.
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3.2.7. Trace assessment in the inquiry of the cause of the fire

In the area of the fire outbreak place is to be done research after the cause of the fire.
A deliberate arson is to be supposed if a fire accelerator is provable. Is also suspicious if
several fire outbreak places exist which are not connected by traces of a fire with each
other. This assumes that a fire infringement is excluded by heat radiation. Also processes
like fire estimate and roll-over and flue gas explosion during a fire with oxygen starvation
and sudden oxygen supply (e.g., are to be considered by opening doors) originates.
Delusively also work burning components which fall down and simulate at the impact
place the second fire outbreak place.

If the cause of the fire cannot be determined directly, the investigator must go forward
after the removal procedure. Every cause of the fire conceivable in the concrete case is
checked with the help of witnesses. In this manner the not appropriate causes are excluded.
In the ideal case only a possibility is left. The advantage of the elimination procedure lies
in the fact that the negative proof is sometimes to be led lighter than the positive proof of
a certain cause of the fire.

3.2.8. Application of fire accelerators

As fire accelerators slightly ignitable liquids are used. The culprit will begin in the rear
rooms and pull the track up to the place where he can fast leave the fire place after the
ignition. If the liquid fire accelerator on the floor is buried, the aerial gas mixture about the
base burns first. To an burn-up of the ground material it comes only in the edges, so that
the outlines stand out. From several small fire surfaces in the direction of pour becomes
recognizable.

As afire accelerator petrol is suited especially well because it is to be roused very easily.
An ignitable aerial gas mixture originates from the quick vaporisation. Often it comes to
explosive. If the windowpanes have flown outward, this speaks for the application of fire
accelerators. With slow burning down the windowpane is pulled inwards in the aerial
vacuum.

Other fire accelerators (e.g., fuel oil) are not so easy to be aroused. The material must
be heated up first. In addition is suited, e.g., a material cloth which is wrapped around a
piece of wood. While the fuse burns, the liquid fire accelerator gets hot and then takes
over the fire.

One finds tracks for an arson not only at the fire place, but also with the culprit. By the
application of fire accelerators it comes over and over again to combustion of the skin, but
also the hair and beard hair and the eyebrows are endangered. In the clothes visible singing
and glaze tracks can exist with the bare eye not. Moreover, clothing and shoes are to be
examined after glass splinters.

The fire rubble tests are examined in the lab for fire accelerator. The type proof (petrol
or diesel) succeeds almost always; up to now against it the differentiation of the single
trademarks has not succeeded. The tracks are to be protected as quickly as possible
because the materials evaporate. Moreover, blind tastings from an unsuspicious area are
to be pulled to document the general load. In workshops is always to be calculated on a
natural occurence of such means (e.g., the cleaning agents which are slightly ignitable).
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By the fire-fighting water it can have come to relocations. With the combustion of plastics
the substances which also seem in fire accelerators (products of pyrolysis) can originate.

3.2.9. Tool tracks with the foreign causing

The possibility of a burglary with the following arson from vandalism or for the trace
removal is to be considered regularly. However, irritation about lacking prey retires if the
culprit has brought a jerry can with to the fire place. Even if tool tracks at the fire place are,
they can come from former time.

At the fire place is to be cleared whether the doors were closed by discovery of the
fire and which people had access to the object. Castle manipulations can be proved by
criminal-technical investigations.

Burglary tools are introduced by the culprit in the joint between door and frame or
between window and window frame. The necessary strength is generated by “levers” to
the beat of the mechanical protection facilities. At the contact places between tools and
unsound object it comes to unintentional lever tracks. The higher the measure in power by
the use of the tools, becomes the more clearly the impression.

Used tools leave on the surface of the trace bearer microscopic fine, mostly in parallel
running grooves whose course, depth and distances can be a reflexion of the track-causing
tools. The edge surfaces press themselves often with big power against the material, so
that impression in the trace bearer originate which give explanation about the tool type,
now and then also individual signs reveal.

3.2.10. Careless fire causing

If the cause of the fire is certain, must be cleared in the second step which person is
responsible in which magnitude for it. In the check of the carelessness the norms about
the fire prevention are to be considered with buildings and the security rules of other
authorities.

They return the state of the technology and form a graduation for flawless technical
behaviour. To the classical carelessness actions count the application of fireworks and the
disposal of cigarette springs in a rubbish bin, so that it comes to a smouldering fire by a
restaurant as well as the inattentiveness with the smoking in the bed.

3.2.11. Clarification of rational own arsons

As with the offences of violence the motives of the arsonist are very different. A special
category is the own arson. Besides, in the foreground stands the insurance fraud (,,warm
renovation®). In the circle of acquaintances the policy holder sometimes holds so-called
inflammatory speeches (,,would be good if the booth burns itself down, finally,”). Even if
nobody was incited specifically, this one certain action readiness books.

The contract of insurance is to be analysed intensely. Was he concluded in a
contemporary way or the insured sum was raised? Were there previous damages and how
was the destiny of former contracts of insurance?

By the damage penetration policy holders provide often incorrect information. Hence,
the damage list is to be checked carefully. It can be that documents were used already
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once by the winding up of an insured event. Objects are often “bought” by false contracts
overpriced. Such manipulations and inconsistencies are an additional clue for an own
arson.

Protective precautions for personal things (e.g., if are suspicious of the beloved
domestic animal in security was brought). The deliberate arsonist who plans his action
of long hand will be always anxious to procure a very good alibi. Hence, the time of the
Inbrandsetzung is very exactly to be determined. Besides, the application is to be included
by fire delay mechanisms.

Beyond the financial motives there is a row of the arsons which are connected with
other offences. Arson often occurs to the cover of former crimes: The palette reaches from
murder to rape. Arsons can occur with the aim of a protection money extortion or the drift
of economic competition. After the arrest of the culprit it can come to the discharge fires
which lay friends for him.

3.2.12. Clarification of irrational arsons

The arsons which are committed from irrational motives are to be cleared up especially
difficultly. Youngsters kindle from curiosity and adventurousness, from vandalism or on
account of psychic problems

4. CONCLUSION

A comprehensive securing of evidence during the ,first attack, is an essential
condition to make sure that for the other fire inquiries in particular these tracks than bases
are protected and are documented. On this occasion, overlooked tracks are lost irreparably.
The analysis and assessment of tracks of the fire course with a fire inquiry is dynamic and,
hence, must be carried out during the inquiries at the fire place over and over again and
be adapted to new knowledge, until the inquiries are concluded to the cause of the fire. To
value the tracks of a fire or the fire course is a component important therefore of all fire
inquiries.
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Becna ITIETPOBUR!
Camra CKOKO?
Bojkan 30PUR?
Cphau PAKR*

OOPEH3NYKA AHAJIN3A TTIOKAPA NU3A3BAHUX
EJEKTPUYHUM MHCTAJTALIMJAMA

Pe3ume: [Toxapy u3a3BaHM KpaTKUM CIIOjeBMMa Ha JOTPAjajMM U HEHMCIPABHUM €JIEKTPUYHHM
HHCTaNalKjaMa YecTo Cy Y3pOUHHMIIM TT0)Kapa Ha 00jeKTUMa U MOTOPHUM Bo3minMa. [Ipu OBakBUM
aKLUJICHTUMA Haj3Ha4Hje je YTBPAUTH Jia JIU je KpaTaK CII0j Y3pPOKOBAo I0XKap — MPUMapHHU KpaTak
CIIOj, WM C€ JaBUO Kao MOCIENIa MMoXKapa — CeKyHIapHH KpaTak croj. [IpaBu oaroBop o y3poky
noxkapa ce yrBphyje popeH3nuKnM MOCTYIIKOM: aHaJM30M TparoBa Ha MecTy joralhjaja, ogadbupom
y30paka ¥ KacHHje JabOpaTOpHjCKUM aHaiu3ama. JeqHa o NPUMEHHBAHUX J1a0OPaTOPHjCKHUX
aHanM3a 3a NOoXKape M3a3BaHe eJNIEKTPHYHUM HHCTAJAlMjaMa je PeHAreHO CTPYKTypHa aHain3a.
[Mpumena oBe merone je Oasupana Ha mopelhemy mHTeH3MTeTa MHKoBa Oakpa (Cu) m Gaxap(ll)-
okcnga (Cu,0) Ha nudpaKTOrpaMy NpUKYIUBEHHX y30paKa. Y 0OBOM pamy Cy IPHKA3aHH PE3yITaTH
PEHIrEeHO CTPYKTYpHE aHaIU3e y30paKa KoI KOjHX j€ Y pa3IM4uTHM JIa0OpaTOpPHjCKUM YCIIOBHMA
y3POKOBAH Kparak CIoj.

Kiby4uHe peun: npuMapHU U CeKyHIapHU KpaTak CII0j, PEHIreHCKa aHaIi3a, (POPEH3NYKH OCTYyaK

FORENSIC ANALYSIS OF FIRE CAUSED
BY ELECTRICAL INSTALLATIONS

Abstract: Fires caused by short circuits in the dilapidated and faulty electrical installations often
cause fires to buildings and motor vehicles. In such accidents the most significant is to determine
whether a short circuit caused the fire — the primary short circuit or it occurred as a result of fire —a
secondary short circuit. The real answer about the cause of fire is determined through the forensic
procedure: analysis of traces at the scene, selection of samples and subsequent laboratory analysis.
One of the applied laboratory analyses for fires caused by electrical installations is the radiography
structural analysis. The application of this method is based on a comparison of the peaks intensity of
copper (Cu) and copper oxide (Cu,O) in the diffraction pattern of the collected samples. This paper
presents the results of the radiography structural analysis of samples in which a short circuit was
caused under different laboratory conditions.

Key words: primary and secondary short circuits, X-ray analysis, forensic procedure
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1. YBOJ

YTBpheHo je fa je eeKTpUdHa CTPYja jeaH o HajuemhnX y3poka rnokapa Koju HacTajy
Kao MocieanIia KBapa Ha eJeKTPHYHUM MHCTajanujaMa (YriIaBHOM HUCKOHAIIOHCKUM)
WK ycTiel] HeTpaBWIIHOT M 0axaTror pyKoBama eJeKTpHYHMM ypehajuma m MammHama.
Kaxo 0u ce y ToM ciydajy HeIBOCMHUCICHO YTBPANO Y3POK I0XKapa HEOIXOAHO je& 1A JIHLE
KoOje BpIIH yBUhaj Oyme ommyaH mo3Hasaniar ,,l [paBrina TeXHHYKe eKCIUTOaTaIlije u Mepa
6e30eJHOCTH MPUIIMKOM Kopuinhema enekTpuuHux ypehaja“ u ,,Ilpomnmca o usBohemy
eJIEKTPUYHKUX nHCTananuja“ 1, 2].

Tokom ucnuTHBama ENEKTPUYHUX MHCTAJallkja HAaKOH IoXKapa IOTPeOHO je M3BPIIUTH
cinenehe:

- YTBPAUTH palibe WM NPOIyCTe KOjH Cy JOBENM O KBapoBa Ha CJICKTPUYHUM

HWHCTAaJaIMjaMa,
- kiacu(uKoBaTH KBapoBe npema (QYHKIMOHAJIHO] MPUPOIH ypehaja, uiu Hekor
HETOBOT JIeJIa, Ha KOME C€ KBap JIOTOJHO0, U
- mpoyuuTH (U3UUKY OCHOBY HACTaHKa IOKapa Y3POKOBaHMX KBapoBMMa Ha
SNICKTPUYHUM HHCTANalHjama,
npu YeMy TpeOa HAIIACHTH Ja OHM IPEACTaBJbajy jENHH HEPas3IBOjUBY LEIUHY H
napajieJIHO ce CIIPOBOJIE IIPH YTBphHBamy y3poKa moxapa.

ImaBHM y3poly KOjU NMpH HACTAHKY KBapa Ha €JIEKTPUYHUM HHCTAlalyjama MOTY
JOBECTU JI0 TaJbeiha HM30JIallMje eNEKTPUYHE HW30Jalije M 3alabUBHX Marepujaia y
OJM3MHM eJIEKTPUYHUX MHCTananuja cy [1, 3, 4]:

- Kparax croj (peIHH U MapaJiesiHy),

- BEIIMKO OMCKO 3arpeBambe eNeKTPUYHHX IPOBOJHUKA, HAMOTaja ¥ JIp. ypehaja 6e3

SNeKTPUYHOT JIyKa U

- CIIOJbAIEE 3arPEeBaHE.

BaxxHO je HamOMEeHyYTH Ja HEKH IT0YKapH HAcTajy KOMOWHAIM]OM [IBa U BUILIC HaBeIeHa
y3pOKa TakKo Jia ce OHM HHMKajaa He cMejy cMarpari Mehycobno uckipyuyjyhum. OBo he
ce y HacTaBKy IpPHKa3aTH KpPo3 MPHMEpP KPaTKOT CII0ja Kao MOCIEIHIE BEIUKOI OMCKOT
3arpeBama MPOBOIHUKA.

Kparku cnoj je mojasa crajama Tadaka y €JIEKTPUYHHUM Mpekama IPeKo Major OTIopa.
Kparku cnoj nMa n1Ba o0nmuika:

1. AupeKTaH KpaTak CIIOj, KOJ KOjer je ocTBapeH Ao0ap KOHTAKT MeTalla ca MeTaJloM
IIPEKO ITYHOT ITONPEYHOT MPeCceKa — T3B. METAIHU Kparak CIIoj, 1

2. BapHUYEHE, KOJ KOjer He IMOCTOjU MOYETHH KOHTaKT MeTaja ca MeTayoM, Beh
CTpYyja Teue Kpo3 eNIEKTPUYHH JIYK — T3B. KPaTaK CII0j MPEKO eJICKTPUYHOT JIyKa.

Kon aupexTHOT KpaTKOT cI10ja, 3arpeBame Hilje JIOKaIN30BaHO Ha MECTY KBapa, Beh je
pacrniopeheHo Jyx 1enorT eNeKTPUIHOT Koja. AyTOMAaTCKU MpeKkuaadu (0curypad) oOuIHO
YCIIEITHO NMPEKUAajy Hamajamke CTPYjHOT KoJia IPe HEero IITO ce OMJIO 1ITa yHajiu yciea
noBehama TemIrieparype. 3aro je BeoMa TEIIKO JUPEKTHHUM KPaTKHM CIIOjeM H3a3BaTH
oap y 100pO MPOjEeKTOBAHNM, U3BEICHUM U OJIpXKaBaHUM €JIEKTPHYHUM HHCTaJalijaMa.

MelyTum, Kpartak croj ImpeKo eIEKTPUYHOT JIyKa je Hajuemrhe pe3ynTar TPeHYTHOT
KOHTaKTa JIBa OTOJbEHA IPOBOJHMKA. [Ipy BUXOBOM JOIUPY TPEHYTHO CE€ yCIIOCTaBJba
BEJMKa CTPyja KOja M3a3MBa TOIUbEH-E MaTepHjaja M jOHU30BamhE racoBa y 00JIacTH OKO
OCTBapCHOT KOHTAKTa. YCIIOCTABJFEHN IIPOBOAHU MOCT CE MITAK MPEKUIA PacIpLINBAbEM
y)KapeHNX KallJbMIla MeTana (BapHHWIa). EXcriepmMeHTH Cy TOKaszail Ja KpaTak CIioj
MIPEKO EIEKTPHYHOT JIyKa MOXe JIAKo OUTH Y3pOK IT0XkKapa YKOJIMKO Kalli y)KapeHoT MeTaja
Johy y nomup ca 3armajbMBUM MaTepujajinMa, Kao LITO Cy HIp. Maup WM IU1aTHO [3].
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Omreheme u3omaiuje Takohe Moxke na Oyze y3pOK HAaCTaHKAa KPATKOT CIioja MPEKO
EJIEKTPUYHOT JIyKa.

ImaBHU y3pOK KpaTKWX CrojeBa je omreheHa n3o0Jaluja MPOBOIHHKA KOja MOXKE
HacTary ycien:

- MEXaHMYKOr oitehiema,

- crapema Marepujaia,

- cucreMarckor npeontepehema MPOBOAHUKA, U

- JIeNoBamba BIIare M JPyTUX arpeCcHBHUX cpeactasa [1].

Crpyjuo mnpeontepeherse NPOBOAHMKA M OCTAIMX KOMIIOHEHTH EJIEKTPUYHHUX
MHCTaNanyja Hajuemhu je y3pok mokapa y Halloj 3eMJbM M Hajuemhe ce jaBiba ycien
NpUKJbYyYeHa IMOTpOIIaya Ha HMHCTalandje Koje Hucy npensubheHe 3a mwux. Hamme,
3arpeBame CJICKTPUYHUX MPOBOAHMKA yCJeA NPOTHLAkba CTPYje Kpo3 HBHX HEe CMe Ia
npehe 25 °C 300r yera MpOBOAHUIIA MOPajy UMaTH ofpeljeHe monpeyne npeceke, Tadbena
1.

Tabena 1. [lonpeunu npeceyu baxapHux npoBOOHUKA U 00360/beHE jauuHe Cmpyje Kpo3 rux

S (mm?) 1 1,5 2,5 4 6 10 16 25
1(A) 12 16 21 27 35 48 85 88

ExcrnepyMeHTHMa je TIOKa3aHO Ja C€ CTPYjHUM mpeontepehemeM KOMIIOHEHTE
eNEKTPUYHHX HHCTANAIMja MOTY 3arpejaTh 0 BUCOKUX TEMIIEpaTypa, alu 1a O mpu ToMe
JIOILJIO M JI0 HACTAHKA MOYETHOT MOXKapa, jauHa CTPYyje Koja MPOTHYe KPo3 HhUX MOpa 1a
Oyzne yak 3—7 myTta Beha on HomuHanHe [3]. [Tomro je BehmHa cTpyjHUX KONa HAa HICKOM
HaroHy 3amtuhieHa ayToMarcKiUM MpeKuad4uMa WiId OCUTypadrMa HOMHHAIHE CTPYje Of1
10 mo 20A, umja je yaora ma UCK/byde Halajame YKOIHMKO Ce CTPYjHO mpeontepeherse
norogu. MelhyTtum, npoOneM Hacraje ako je eJeKTpUYHA KOMIIOHEHTa HEKBaJHUTETHO
u3paljeHa v He MOJKe J1a IOHECe IeKIaprcany HOMUHAIHY cTpyjy. [Ipakca y Haloj 3eMIbH
je ToKasana Jia ce Ha TPXKHUIITY MOry Halil HEeKBAIUTETHE €IEKTPUYHE KOMIIOHEHTE, HIIP.
TIPOIY>KHU KaOIIOBH.

Kparak croj je Hajuemrhm y3pok mo)kapa KOJ €JIEKTPHYHHMX MHCTajanuja, ald OBJIE
rmocebHo Tpeba HarIACHTH Ja ce JTab0paTOPHjCKOM ITPOBEPOM MOpa IMOTBPIHUTH Ja JIX je Y
MMUTaky IPUMAPHA KpaTak CI0j KOj! je Y3POK MoXapa WiIH CeKyHIapHHU KpaTakK CII0j KOjH
HacTaje y eJIeKTPHYHUM MHCTANAlKjaMa Kao IMOCIeANIa oxKapa.

2. ®OPEH3MYKHU ITIOCTYIIAK YTBPBUBAIBA Y3POKA ITOXKAPA

JlonackoM Ha MeCTO OXKapa MPBO CE BU3YEITHUM ITOCMaTpameM Jiolupa Moryhe mecto
HACTaHKa IoXkapa — meHTap moxapa. OBaj mocao paje Juma Koja Cy Ipolnia mocedHy
00yky u3 obmactu yTBphuBama y3poka mnoxkapa. Hakon nounmpama moryher mecra
HacTaHKa CJIEAM MOCTYNaK YTBphuBame y3poKa — HauMHa HacTaHka roxapa. OBaj zeo
IIPEe/ICTaBJba Haj3HAUQjHU JIE0 a CaJp)KU NPEro3HaBame U 00jalllbaBambe HaYMHA Ha KOjU
j€ JIOoIuIo 0 cTBapama M J0BOlemha TOIIOTE JI0 TOPHUBE Marepuje, Aa Ou 3armo4eo mpouec
HEKOHTPOJIMCAHOT CaropeBama.

KpumMmunanuctuuka nojena npemMa HauMHy M3a3uBama [5] moxape Jenu Ha: moxape
M3a3BaHe IMPUPOJHHUM Yy3POKOM, TIOKape HM3a3BaHE JEYMjOM HIPOM, MOXKape H3a3BaHe
HEeXaToOM-HETIa)Xi0M, HAMEPHO H3a3BaHe NoXkape (TajbeBHHE). Y IIpaKcH HapaBHO ITOCTOje
1 TIOKapH KOI KOjUX HEe MOXKE [la ce JOKaXe y3poK (yclen YHHUINTEHha MaTepHjaTHuX
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TparoBa). 3akJby4ak O MECTy HACTaHKa MOKapa, HAYMHY FHErOBOI HACTAHKA U HAYHHY
mMpema 1oxkapa Mopa OuTH 0a3upaH Ha HaydyHOj W JIOTHYKOj merozpoioruju. Ocoba
KOja MCTpaxXyje HaYMH HACTaHKa MO)XKapa y CTBapH KOHCTaTyje NEjCTBO TOILUIOTE Ha
pa3IHUMTe BPCTE MaTepHjajia Koje Cy ce Hajla3uiie Ha MecTy oxapa. [Ipu Tome mocmarpa
[5] TparoBe y oxonmHH MecTa TOKapa (OKONHH INPOCTOpP), TParoBe Ha OIOKapeHOM
00jexTy, TparoBe y ILEHTpPY I[0XKapa U TParoBe Ha OCYMILHUYEHO] 0COOU (aKo MOCTOjU Y
TPEHYTKy Mperieqa Iuiia MecTa). TparoBu y OKONHMHH MeCTa MoXKapa MOapa3yMeBajy
MPOHANAXKCHHC CBEHTYAHUX TParosa MHEYMaTHKa WK CTOIMAla KOjU Ce HAKOH y3UMarbha
orucaka Jlaboparopujcku oopalyjy. TparoBu Ha o0jekTHMa MOTY OMTH CIIOJAIIBH U
YHYTpAIIbU U BBUXOBOM aHAJIM30M (Ha OCHOBY TparoBa quMa, omrehema nposopa u Bpara
ca croJpalIme cTpaHe, omTehema quMmaka, omrehema omyka, omrehema ¢acane UtTa,
Kako OM ce IpeMa MHTeH3HuTeTy omTeherma Ha IBa MCTa Tpara yTBPAWIO IZE je IoXKap
Iy’e Tpajao) ce Onmxe ofpelyje MeCTo HacTaHKa MmoXkapa. YJIackoM y o0jekar Jionupa
Ce 30Ha ropema, 30Ha JIejCTBa TOILIOTE M 30HA 3aiUMJberba. Tparosu noxapa, 6e3 063upa
0 KO0jOj 30HHU CE paJay yo4aBajy ce Ha JeJIOBHMa 00jeKTa, MHBCHTApy M WHCTaJalujama.
OHHM CBOjUM HMHTCH3UTETOM YyKa3yjy Ha CMep LIMpemha MoXkapa, a caMHM THM U Ha
MecTo M30Hjama moXapa. 3aBUCHO OJ BEIMYMHE M cTemneHa omTehema objekra pan Ha
yTBphHBamy y3poka rnoxapa Moxe Jia norpaje u puiie nana. OBJe je o1 moceGHor 3Hauaja
NO3HAaBam-€ MOHAIIakha MaTepyjalia Py u3jaramy TeMneparypu. Tako HIp. 60ja yennyHe
MOBPIIMHE 300T TPOMEHe 00je OKCH/Ia yKa3yje Ha CTEIeH 3arpejanoctu [5]:

- OnegoxyTta 1o 220 °C,

- 3matHoO xyTa 10 245 °C,

- Jpybmuacra 110 265 °C,

- TamHomypirypHa 1o 280 °C,
- cBemiomiasa 10 300 °C

- mraBa o 320 °Cu

- npHa 1o 420 °C,
aJIi ¥ Ha CMEep LIUpErha [oXapa.

Cnuka 1. /leman memanue Koncmpykyuje npo3opa HaKoH noxcapa
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Hcro Tako, yKOIHMKO Cy BpaTa U MPO30PH MOTITYHO M3TOPENH, I CY O4yBaHH CaMoO Yy
JesoBUMa, Tpeba MOKYLIATH PEKOHCTPYHCATH BUXOB MOJI0XKa] TOKOM Toxapa. Ha cruiu
1 je mpuKazaH jegaH oj] Ipo3opa Ha 00jeKTy Ha KOME je OuyBaHa METajHa KOHCTPYKIIH]ja
IIpo30pa, JOK Ha MPO30py TOpex HHU Taj Jeo HHje cadyBaH. OBakaB Cilydaj OBOIAH 1O
3aKJbYUYKa Ja je Taj Ipo30p TOKOM Iokapa OMo OTBOpEH, a TO KaCHHje MOXKE J1a yKazyje Ha
HaMepHO M3a3BaH MOKap y KOME je eBaKyallyja IIoJMeTada IIoXapa U3BpIIeHA KpPo3 OBaj
po30p.

V1BphuBame y3poKa MOkapa W3a3BaHOT HEUCIPABHUM EINCKTPUYHHM HHCTaja-
nujama Taxohe je Oa3upaHO Ha Hay4yHO] M JIOTHUYKO] MeTomoioruju. Kox oBux Tparosa
MoceOHO je BaXXHO YTBPAMTH Jla JIM je KpaTak CII0j Ha WHCTaNAHjamMa NMpUMapHHU HIIH
CeKyHIapHH KpaTak CII0j. YKOIHMKO ce MOCYyMMa Ha NPHUMAapHHU KpaTak CIoj, BPIIH Ce
MPOOHO MEXaHUYKO UCIIUTHBAKE IPOBOHHUKA CaBUjambeM. AKO je IPOBOAHUK KPT U Iylia
Ipu caBujamy [S] Tana je cyMmba y MPpUMapHU KpaTak CI0j OCHOBaHA M BpIIE Ce Jlajbe
nabopatopujcke ananuse. Jlaboparopujcke aHaau3e 00yXBarajy BUIIE METOJA: PEHATCHO
CTPYKTYpHA aHaJIN3a, aHAIIH3a eJCKTPOHCKHM MHKPOCKOIOM, MeTanorpad)cke METoae u
ap. JI0K, YKOJIMKO je KpaTak CIioj CeKyHIapHU OH/IA TAKaB IPOBOIHUK CaJlpKU BEOMa MaJIo
6axap(Il)-oxcnaa ma nmpoBogHUK He myra HU mociie 10-20 caBujama npu yriry ox 90 © [5].
Ocum TOra npucyctBo omrehema Iy IPOBOJAHMKA Ha BUILE MecTa Takohe moTBphyje
CeKyHIapHH Kparak cmoj. Ha ciunu 2 ¢y mpuka3aHd OpHMEPH BEPOBATHOT MPUMAPHOT
KparTKoT CII0ja, CJIMKa 2.a ¥ CUTYPHO CEKYHAPaHOT Kparkor croja 2.0.

0)

Cnuxka 2. Kpamxku cnojesu nposoonuxa:
a) npuMapHu Kpamxku cnoj u 6) CeKyHOapHu KpamKu cnoj

3. PEHAI'EHO CTPYKTYPHA AHAJIM3A KPATKHUX CIIOJEBA
BAKAPHUX ITPOBOJHUKA

Jenna ox MeTonma KojoM ce yTBphyje y3poOK IoXkapa M3a3BaH KPaTKHM CIIOjeBHMaA Y
MIPOBOIHUKY j€ PEHATCHO CTPYKTypHa aHanmm3a. OBa MeTola je jeHa O MeTona Koja ce
TOKOM €KCIIEpPTH3€ HOoXKapa KOPUCTH y PyCKO_] (denepanuju a NIpuMemyje ce Ha KuLe
Ka0ioBe (0e3 MeTaIHUX IUIETCHUIA) Yhja je MUHUMAJIHA Jy>KHHA Y30pKa Ha MECTY KPaTKOT
croja Beha o 35 mm [6].
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Mertopa je Ga3zupana Ha cieaeheM KOHIENTY: YKOJIHMKO je KPaTKH CI0j IPUMapHU OH
ce jemasa y arMecgepu 00raToj KUICEOHUKOM U Tafia ce y 00/1acTH 3aTOIbEba MIPETEHKHO
jaBipa Oakap(Il)-oxcun. IIpunpema y3opaka, HakOH ofabupa Ha MECTy IOXKapa, BpLIH
ce Kpo3 J00pO MCHHPAmke STUI alIKOXOJIOM M Opcame ra3oM Kako OU ce YKIOHHO OHa3j
6axap(Il)-oxcua koju je pacTBOPJBHB y altkoxory. Ha Taj HaunH ce eTMMUHHITY pedIeKchje
6akap(I)-okcuna a ca pasuau 002 u 200 koje 6u npexpuiie nuHuje ca pasuu 111. [Totom ce
BpIIM pa3/Bajame y3opaka. Kyruiia 3aronssema ce 0/1Baja ¥ Ha K0j Ce 0 MoTpedH BplLIe
Metasnorpadcka ncnutrbama. [IpBu y3opak (y3opak 1) Ha TpOBOIHHKY c€ y3uMa OiMax u3a
3aToIubeHe Kymuie (5 mm JIy)uHe) 0K ce IpyrH y3uMma (y3opak 2) Ha pactojamy 30-35
mm of 3arorubeHe Kyrmune. Kao pesynrar penarercke ananuse merogoM [lebaj-1llepepa
Io0Mjajy ce MAKOBU Ha PeHATEHOTpaMy KOju OATOBapajy MeljypaBaHCKHM pacTojamuMa
Cu (zapasan (111)) u Cu,O (3a paBan (111)). Ibuma Ha penreHorpamy of0Bapajy yrioBH
2g=35,70° n 2q=44,30°. Ha ocHoBy onHoca unTeH3uTeTa oBHX nukopa (I-Cu,0/1-Cu) ce
IOTOM YTBphyje Jia /i je KpaTKu CIOj NPUMapHUH WM CeKyHIapHU. Hanme, yKoiuko je
0Baj OHOC Y y30pKy 1 y mopeljemy ca y3opkom 2 Behu nBa u BuIe ImyTa Bepyje ce j1a
je y muTamy IpUMapHU KPaTKH CII0j. AJM YKOIMKO je OBaj OAHOC Y y30pKy | 1mBa wmim
BHIIE IyTa MamkH HETO y Y30pKy 2 3aKJbydyje ce Nla je Y MUTamy CeKyHIAPHH KPaTKH
croj. Ykoiauko ce MelyTHM jaBH Mama pa3iiika MHTCH3UTETa MOTPEOHO je HACTaBHTU
HCIIUTUBAKE MeTaIorpad)CKUM MeTozama.

4. IOCTABKA EKCIIEPUMEHTA

Y oBoM panxy he ce mocmarpari caMo peTHH eIeKTPHYHH YK KOJH CE jaBJba Y jeTHOM
IIPOBOAHYKY, a Imocjeauna je npeonrepehema npoBoaHuKa. ExcriepuMenTanta ocraBka
ce cacrojana y cieneheM: jeqHOXHMIHM OakapHM NMPOBOAHUK mpeunuka 1,038 (5) mm
npuuBpinhed je u3Mely MeTaJHMX eJNeKTpoAa Koje Cy MOCTaBJbeHE Ha H30JIallMOHO
nocrosee. Enexrpose ce Hamajajy ca ncnutHor Tpancdopmaropa caare 1000 VA a npeko
IBOCTpYKOT cekyHmapa 2x3,5 V, 100 A, cmuka 3. [Ipumap ucnutHOr TpaHchopMmaropa
Hamaja ce cajeqHo(ha3HOT PETYIauOHOT ayTOTpaHC(OpPMaTOpa KOjHM CE MOKE TIOACTITaBaTH
BPEIHOCT CTpYyje Kpo3 MpoBOAHUK (KpaTkor cnoja). CTpyja Koja je mpomymTaHa Kpo3
NPOBOJHUK MeEpeHa je CTPYjHHM KiIemTuma. MepemeM je BpPLICHO MPOIYyIITalkeM
HEKOJIMKO BPEITHOCTH jaulHe CTpyje (CBaka je HEKOJIMKO ITyTa IpeMallnBaia HOMHHAIHY
BPEIHOCT) U ITPY TOME j€ MEPEHO BpeMe 3a Koje JJ0JIa3u JI0 KpaTKor croja. YTBpheHo je na
TIPWINKOM TIPOTHIa’ka cTpyje o 80 A monmasu 10 KpaTKOT CIoja HAKOH HEIITO BHUIIE Of
MuHYT. OgadpaHa je ynpaBo 0Ba BPEIHOCT jep je IO MPOIEHH BpeMe TOBOJHHO TYyTadKo J1a
ce [oCcMarTpa MPOLEC U TOBOJBHO KPATKO Jja €€ EKCIIEPUMEHT IIOHOBH BHIIIC ITyTa.

Cnuka 3. Excnepumenmanna nocmaska
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Kapna je yrBphena norpebHa jaurHa CTpyje ¥ BpeMe HaKOH KOT' JI0JIa3H JI0 KPaTKor CI1oja,
MIPELLIO Ce Ha M3a3UBamEe KPATKOT CIOja MO Pa3InYUTHM YCIOBUMA. Y MPBOM CIy4ajy
KpaTaK CIOj je W3a3BaH y Ba3AyXy IUTO OM ONroBapajo HACTAHKY HPHUMAapHOr KPaTKor
cnoja. [Ipyru cinyd4aj je Ono Kparak crmoj y arMocepr AuMa W MpoayKaTa caropeBama,
mTo je Tpebaro Ja cuMynrpa CeKyHOapHHU Kparak cmoj. [loToMm je m3BpiieHa peHAreHo
CTPYKTypHa aHau3a MpoBoJHUKA pema Metoaonoruju MUC Poccun (MuHHCTapCTBO 32

BaHpeaHe cutyanuje Pycke @eneparuje).

5. PE3VJITATU U JUCKYCHUJA

[Tpunukom npomymrama CTpyja pa3inyuTor HHTEH3UTETa KPo3 MIPOBOAHUK YTBpheHa
j€ BpEMEHCKa 3aBHCHOCT IPEKUIa MPOBOJHHUKA Y PEXXHUMY KpaTKor croja. OBlie je BaXXHO
HAITaCHTH JIa CYy CBE BPEAHOCTH jauyMHE CTPYje BHLIECTPYKO MpeMaIlHBaJlc HOMUHAIHY
BpenHocT. UcnmtrBame je o0yxBarmio cTpyje ox 80 A, 85 Am 90 A, a 3aBUCHOCT BpeMeHa
HACTaHKa MpPEKHa MPOBOJHHUKA y PEKUMY KPaTKOT croja y GYHKLUHJU jadnHE CTpYje je
NpUKa3aHa Ha CJIUIH 4.

t(s)

Dua Dt B
204 Mo Expecl
i

Cnuxa 4. 3asucnocm épemena Kpamkoz cnoja 00 jauune cmpyje

JloOujenn pesyarar je y canlaCHOCTH ca TEOpHjCKMM pesyiararuma [1] u oOyxBara
CaMo KpajibU €0 EKCIOHEHI[UjalTHE 3aBUCHOCTH.

HakoH peHreHO CTPYKTYpHE aHITH3€e y30paKa pe3ylITaTH HUCY OMITH TaKO jeIHO3HATHH
kao mro to npeasubha metononoruja MUC [6].

Penrenorpamu y3opaka OakapHHUX NPOBOTHHKA KOjU Cy OWIHM y KpaTKOM CIIOjy,
MOOHjeHH PEHIICHO CTPYKTYPHOM aHATHM30M, NMPHKAa3aHH Cy Ha ciaukama 5 u 6. Ciuka
5 mpezacTaBiba PEHATCHOrPaM y30pKa MPOBOIHHMKA KO/ KOjer je W3a3BaH Kparak CIoj y
Ba3/yXy U OH IIpeJCTaBJba IPUMapHH KpaTak cioj. Ko oBor y30pka je perucTpoBaH camo
MUK KOju oxrosapa O6akpy (Cu), IOk ce jaBiba MOTIYHO ofcycTBo muka Oakap(Il)-oxcnaa
a (CuZO). OBze je BeoMa 3HaYajHO HATIIACUTH JIa j€ IO HABEJCHUM yCIOBHMA JIOIILIO 10
KpaTKor croja HakoH | min u 24 s. Y peaqHIM YCIOBHMA IIpe OCTHU3amka OBAKO BEJHKE
BPEIHOCTH CTPYyje MPOBOIHHK OM OMO M3JIOKEH JYro BpeMeHa CTPYjH 3HATHO Mamer
MHTEH3HUTETAa Koja Ou MeljyTum, 3arpeBasia MpOBOJHMK M ycie Tora oMoryhasaina mpoiec
MIpEeKpHCTaU3alyje.

Ha caumm 5 mpencraBibeH je peHareHorpaM MpoBOJAHKUKA KO KOjeT je u3a3BaH KpaTak
cnoj y armocdepu Barpe u 1uma. U ako je ¥ 'y OBOM clly4ajy KpaTak CIoj U3a3uBaH MpH
ucToj BpenHoctH jaunHe crpyje (I=80 A), unax je Omio moTpeOHO Ja mpoTeKHe 6 min ga
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61 J01WTo 10 Kpatkor croja. Kao mro ce ca ciiike MOXXe BHICTH PETHCTPOBaHa Cy /1Ba
muka Ha 2g=36,72° u 2g=43,70°. AHanu3om je yTBpheHoO a cy To MUKOBU Oakpa u Oakap
— okcuna. Opcryname o BpeJHOCTH yIvia Koju cy 3a Oakap u 3a 6akap(I)-okcun matu y
Mmetopooruju MUC morna 6m a Oyzie mocienuna Ipyre METoAe PeHATCHCKE aHajH3e.
Y oBOM ciy4ajy je perucTpoBaHO Ja jeé WHTEH3WTET IHKa Oakpa Behw o WHTEH3HUTETa
6axap(Il)-oxcuna (I-Cu > 1-Cu,0). Kako cy mosHartu ycjaoBH 1oj KOjUMa j€ [OILIO 10
KpaTKor CII0ja, OBaKaB pe3yaTar Ou Morao jaa Oyae mocienuiia arMocdepe 1uma y Kojoj
HHje OMIIO JI0BOJBHO KHCEOHHMKA 3a (hopmuparbe Behe komuunne Cu,O na npeosnanasa Cu.
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Cnuka 5. lugppaxmozpam Koo npumapnoz kpamxoe cnoja
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Cnuxka 6. Jluppaxkmoepam ko0 ceKyHOapHO2 KpamKoz cnoja

JloOujeHn pe3ysTaT ykasyje Aa je moTpeOHO CpOBECTH OOMMHHM]ja HCTPAKUBaha KAKO
Ou ce M3BPILIWIC CBEHTYAIHE KOPEKIU]je Yy SKCIIEPUMEHY HJIM TOKOM PEHITCHCKE aHIIN3e
y3opaka. Jlajka (aza wcnuTHBaWma y OBOj obimacth Tpeda Ja oOyXBaTh MeTaTypIiKa
UCTUTHBAKA U IETAJbHU]Y Pa3pay eKCIICPUMEHTAIHE MIOCTABKE U aHAJIN3E.
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6. 3BAKJbYUAK

[punukom yTBphrBarba y3poka rnoxapa n3a3BaHuX eNCeKTPUYHUM HHCTAJalHjaMa OCUM
paja Ha TepeHy HEOIXo[Ha Cy JabopaTopHjcka HCTPAXKUBAKA y30paKa IPUKYIIJbEHUX Ha
TepeHy. OBJie je BaKHO HAITOMEHYTH J]a HEKH MTOXKapy HACTa]y KOMOMHAIIN]OM J1Ba U BHIIE
HaBelICHA y3pOKa TaKo Jia CE€ OHU HUKaa He CMejy cMarpatd MeljyCOOHO HCKIbYdyjyhuMm.

AHanm3a y30paka jeJHOKITHOT OaKapHOT MPOBOJHHUKA KO KOJHUX je M3a3MBaH KpaTak
CIIOj TIpM pa3IMYNTHM YCIOBHMa Tpebaina je Ja yKaKke Ja JH je KpaTak CII0j MpUMapHU
WIN CEeKyHAapHHU. PesynTatm peHAreHo CTPYKTypHE aHamuize, MehyTum Hucy Oumu
JEHO3HAYHH M HE MOXKE Ca CaMo Ha OCHOBY AM(pakTorpaMa rnoy3aaHo pehu ja jiv je Kkparak
CIIOj IPUMapHU WM CEKYHAApHH, TAaKo Ja je HEONXOJHO CIIPOBECTH M MeTajorpadcka
UCIUTHBamka y3opaka. OBakaB cTaB ce MpUMewyje U y Baxehoj mpakcu, jep 3a TBpImY
Jla je HeKH Kparak CIOj MpUMapHU — y3pOYHHK IIOXKapa, IOTpeOHa je TmOoTBpAa Oap IBe
nmabopaTopujCcKe aHAIH3E.
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Cresan JOBUYR!

3opan WJINH?

Jby6uma TOMUR?

MOI'YRHOCT 3AMEHE XAJIOHA Y CUCTEMUMA
3A BAIITUTY O ITOKAPA U EKCIVIO3UJE Y
BOJHUM MOTOTEXHHUYKHUM CPEACTBUMA

Pe3ume: Onurru sk Ctpareryje 3amrure o moxapa 3a nepuox 2012-2017. rogune je yHanpehermne
3aIUTUTE O T0Kapa IPEBEHTUBHHM JIETIOBaK-EM KPO3 Ipeay3uMarhe U NPUMEHY Mepa 6e30e1HoCcTH
CBUX cy0jekaTa y npymrTBy. Kao jemHa o Ap>kaBHUX HHCTUTYIIHja KOja UMa CBOja 00aBe3e y MoTieny
3aIITHTE Off MOJKapa y MPaBHO]j PEeryIaTHBHU NMoMume ce u Bojcka CpbOuje. XasoH kKao CpeicTBo 3a
ranreme rnokapa je y ynorpeou y Behunu apMuja cBeTa ¥ IpeacTaBiba 1e0 CTaHAapAHUX 3alITUTHUX
CHCTEeMa 3a rauieme noxapa. ¥ sehem 0pojy apMuja y CBETy MOKPEHYT je IIPorpaM 3aMeHe XaJloHa
AITCePHATUBHUM MaTepHjama Koje cy eukacHe U TOKCHKOJIOIIKY IPUXBATI/bHBE 3a ITocae 60pOeHUX
Bo3mwia. CnnyHe Kopake HampaBwia je u Bojcka CpOuje, anm je ycien HeZoCTaTKa CpeAcTaBa Taj

MpOTpaM y 3acTojy.

KibyuHe peun: 3amiruTa, moxap, €KCIUI031ja, 030H, CHCTEM, 3aMEHa

THE POSSIBILITY OF REPLACING HALON IN
MILITARY FIRE PROTECTION SYSTEMS

Abstract: The overall objective of the Strategy of fire protection for the period 2012-2017 is to
improve fire protection by taking preventive actions and the implementation of security measures
in all subjects of society. One of the government institutions that has its obligations in terms of
fire protection is the Serbian Army. Halon as a fire extinguishing agent is used in most armies
as part of standard safety equipment in fire extinguishing systems. In a number of armies in the
world a program is launched to replace halon with alterrnative substances that are efficient and
toxicologically acceptable for the crew. A similar action was made by the Serbian Army, but due to

a lack of funds the program is stalled.

Key words: protection, fire, explosion, ozone, system, replacement

! ITp, Texunuku onutHu HenTap-beorpan, Bojsone Crene 445, e-mail:stevanjovicic@gmail.com
2 Jlp, Texumuku onutHE neHTap-beorpan Bojsone Crene 445 e-mail:zoranilic_65@yahoo.com
3 Ilp, BojHorexuuuku uuctutyt-beorpan, Parka Pecanosuha 1, e-mail:ljubisa.tomic@gmail.com
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1. 3AKOHCKA PEI'VJIATUBA

1.1. 3akonu u MmehyHapoaHu yropopu

HajuoBuju u TpeHyTHO Baxkehu 3aKoH 0 3aIITUTH O ToXkapa ypehyje cucrem 3amrure
OJ1 MOXKapa, paBa u 00aBe3e APKaBHUX OpraHa, OpraHa ayTOHOMHHX MOKpajuHa 1 OpraHa
JIOKaJTHE caMoyTpaBe, MPHUBPEIHUX IpPYyIITaBa, APYTHX MPaBHUX W (U3WUKUX JIMIIA,
opraHusailija Barporacaiia, Kao U Haa30p Haj crnpoBoljermeM 3akoHa, GuHAHCHpamE U
JpyTa MUTama Off 3Hauyaja 3a (YHKIIMOHHMCARE CHCTEMa 3amTuTe o noxapa. Oapenbe
3akoHa NMpHUMEBYjy Ce M Ha 3aIITHTY Of eKcruioduja. Hamepa 3akoHozaBIa je Ouia aa
Ce ypeau OpraHm3ainija ¥ 0CIOCOOJFCHOCT BaTPOTacHO-CITACHIAUKUX jeIUHHUIIA, CTBOPH
OCHOB 3a e()MKacHWjy NPUMEHY TEeXHWYKHX IPOIHKCA, 10jaya OATOBOPHOCT cyOjexara
3aIITUTE O NOXKApa U YPEIAUTH Ipyra MUTamba.

Onmtu nusk yeBojene Crpareruje 3amTute of noxapa 3a nepuon 2012-2017. roqune
je yHanpelheme 3amrTute o Noxapa MPEBEHTUBHUAM JEJIOBAEM KPO3 Mpeay3uMarbe U
npuMeHy Mepa 0e30eTHOCTH CBUX cyOjekara u uH(popMmucanoct rpahana. Kao jeana ox
JpKaBHUX MHCTUTYIIMja KOja MMa CBOja 00aBe3e y MOIieay 3allTHTe O TIoKapa y MPaBHOj
perynaTiBH moMumse ce u Bojcka Cpouje.

1.2. Bojuu nponucu

VY neduHHCcaBy TKHUITHNX 3aaTaKa IPUIMKOM 00aBJbatha CBOjE YCTABOM M 3aKOHUMA
neunncane ¢GyHkimje, y ceakoM [lmany u mporpamy kojuma ce aedunuiry oapelhene
akTuBHOCTH y Bojcim CpOwuje, BakaH W HeaoOWiIa3aH [0 YMHU W 3alITUTa KUBOTHE
CpeauHe.

1.3. MehyHapoauu yropopu

Kana je 1985. roguHe mocraio jacHO Jia c€ 030HCKM OMOTay CTamyje W3HAJ M0JI0Ba,
a Jia je TIaBHU KpWBall 3a 3araljeme mocneania pajga MHAYCTPHjCKUX KalaluTeTa Koje
j€ CTBOpPHO YOBEK, Ja JiaJbe YHUILITABAHE O30HCKOI OMOTa4da BOAM HECTAHKY BEJIUKOT
Opoja BpcTa OHIBHOT U JKUBOTHUEHCKOT CBETA Ha TUIAHETH, Mel)y KojuMa je 1 JbyJCcKa BpCTa,
OTJIACHJIO C€ 3BOHO 3a y30yHY.

Henocpenuo 3arum motnucana je beuka KOHBEHIIHja O 3alITHTH O30HCKOT OMOTada
KOja je MMajia 3a IWb ,,3alITUTY 3IpPaBJba YOBEKA U YKHMBOTHE OKOJIMHE Off INTCTHUX
edekara Koju cy mocjeauiia MpOMEeHe 030HCKOT oMoTaua“. [1aBHH MpeaMeT 3allTUTe je
030HCKH OMOTa4 Koju je nmpema oapendama Koneernuje neuHICaH Kao ,,0MOTa4y 030HA Y
arMocdepy u3Ha IUIaHETAPHOT TPAaHUYHOT Clioja’.

JlpxaBe mnornucHuIle beuke KOHBEHIHMje Cy 00aBe3HE Yy CKIaAy ca CBOJUM
moryhHocTuMa, capaljyjy Tako 1ro fie BpIIuTi MOHUTOPUHT, HCTPAXKHBATH U Pa3MCHUBATH
uHpopMaIje y mujby 00JbET pasyMeBama MOCIEANIA KOje JbYICKEe aKTHBHOCTH UMajy Ha
030HCKH OMOTau.

Jpyru BaxkaH JOKyMEHT YHMjOM CE€ NMPUMEHOM IITHUTH O30HCKH OMOTadY IOTIHCAH je
1987. ronune. To je MoHTpealICKH HPOTOKOJI O CyICTaHIama Koje omrehyjy 030HCKH
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omorad. [IpBobuTHO je mornucano 46 3emasba a nanac uure on 150 (Mehy kojuma je u
Cp6wuja). OH naeHTH(UKYje TIIaBHE CyIICTaHIIE Koje ra omTehyjy ajli M ycBaja orpaHHyeba
y B€3U HUBOA HUXOBE MPOM3BOIIE U MOTpolIkhe y OyayhHocTH. OCHOBHU JTOKyMEHT
callpXkH M aHEeKC A y KojeM Cy HaBe/IeHe JIBe IpyIlie CYINCTaHIHM Koje omrehyjy 030HCcKH
omorau: rpyna I— xmopodnyopoyribenurm (CFC-11,CFC-12, CFC-113, CFC-114, CFC-
115) u rpyna Il — xanonu (halon-1211, halon-1301, halon-2402) [2].

1.4. lomahu nponucu

VY jyny 2004. rogune omoOpeH je HammoHamHu IUTaH 3aIlITHTE O30HCKOT OMOTAaya,
KOjUM je 3a0pameHa MPOM3BOAA, YBO3 M ymoTpeda CYINCTaHIM MITETHUX 3a O30HCKU
omorau. Mako je mpumena HarmoHamHOr mporpama 3a 3aIllTUTy O30HCKOT OMOTa4a
KpeHyJia J0CTa KaCHO Y OIHOCY Ha Heke pyre 3eMibe, y CpOuju je u3 ynorpede n3daueHo
650 Tona cymcraHnu koje omrehyjy o3oncku omotad. [an 16. cenTembap mporiamicH
je MeljyHapoJHUM JaHOM 3aIlTUTE O30HCKOT OMOTada, a obenexana ce on 1994. roause.
Ogaj ngatym je uzabpan jep je Oamn Ha Taj man 1987. romune mornucad MoHTpeaicKu
Ccriopasym.

2. O30HCKH CJI0J

HajBakHHjU e1eMEeHT OBOT M3Y3E€THO OCETJFHBOT M TAHKOT CJIOja je HapaBHO O30H,
peMa Kome je u 1o6mno nme. O30H je rac OremoriaBe 6oje, TPOATOMHH OOIHUK KHCEOHUKA
(O,), unju MoJEKyn ymMeCTo yoOn4ajeHa 1Ba, IMa TPU aTOMa OBOT XEMH]CKOT €JIEMEHTA.
Hacraje y ropmsuM ciiojeBuMa atMocdepe o AejCTBOM yITpajbyOUdacTor 3padermha Koje
emuryje CyHIle y OKBHPY CBOT IEJIOKYITHOT CIIEKTPa 3paderha.

CyHueBo 3paueme pa3duja ,,HopmarHe” (IBOaTOMCKE) MOJIEKyJIe KHCEOHHUKA, KOjH TOM
MIPWIIMKOM OTITYIITajy CI0O0JHE aToMe, O KOjUX C€ HEKH Be3yjy ca APYTHM MOJIEKYInMa
KHCEOHHKa KOjU HHUCY Pa3JIoXKEHH, cTBapajyhu Monekyie o3oHa. Ha oBaj HaumH ce cTBapa
oko 90% o3oHa y armocepu. To ce nemasa Ha BucuHM m3Mehy 15 km - 55 km usnan
MOBpIIMHE 3eMJbe y CJ0jy aTMoc(epe Koju ce Ha3uBa crparochepa.

mesasphere

Altitude [}

stratosphere

il \rOPOSPhErE

Ozone
Cnuxa 1. Pacnoodena o3ona y ammocgepu 3emme
C110j 030Ha y I0HEM CJI0jy OBOT Jiejia aTMoc(epe, Ha3uBa ce 030HCKH oMoTad. Hajeeha

TyCTHHA MY je Kako je peueHo Ha BucuHama ox1 20 km o 35 km, cimka 1 . Bpro je tanak
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a 1e0JpMHa My Bapupa M3HAJ| Pa3iMuUTHX JIeJIoBa 3eMJbE y 3aBHCHOCTH OJ] TOAWIIHET
no6a. O MUJIMOH MOJICKYJIa Ba3lyxa, caMo Mame ox 10 ¢y MOJIeKyJId 030Ha, IITO jaCHO
MOKa3yje KOJHKO j€ FeroBa KOJMYHHA y aTMocepu cCKkpomHa. Mmak, 0Baj OCETJbUBH CJIO]
aricopOyje uamely 93 % 1 99 % CyHueBor 3payera BUCOKUX (PpEeKBEHIIH]a KOje je ITETHO
3a )KUBU CBET Ha 3eMJbH.

3. MATEPMJE OIIACHE I10 O30HCKH CJIOJ

Heka ox cpencraBa Koja ciyke 3a 3aIUTHUTY O HOKapa M EKCIDIO3Wja ca jedHe
CTpaHe M3a3MBajy ca JApyre crpaHe omTeheme 030HCKOT oMoTada (caMOM IPUMEHEHOM
TEXHOJIOTHjOM TpOu3BoIme). O30HCKE pyIe Y3pOKyjy CYICTaHIe Koje omTehyjy 030H
(a xoje cy IpoU3BOA JBYACKUX aKTUBHOCTH) Ha3BaHe 3ajenHudkuM uMeHoM ODS (ozone
depleting substances). Y mux cnanajy ¢peonu (30prHO MMe 3a BHUILE BPCTa racoBa Koju
Y Pa3IHMYUTHM OOJIHMIIMMa calpske XJIop, (Giryop U yribeHUK — ckpaheHuIle 3a HajBayKHH]e
tunose ppeona cy CFC u HCFC), xanonu (Hajuemnthe ce KOpHCTe y arapaTuMa 3a ramernhe
moXkapa), MeTHI-OpoMu]] (KOPUCTH CE€ Yy TOJBONPHBPEAN KA0 MECTHIHI) W PazIHIuTe
BpCTE JPYTHX pacTBapaya.

4. CPEACTABA 3A TAHIEIGE ITOKAPA Y BOJHOJ TIPUMEHUA

Kao mro je mo3Hato MOHTpeaJICKUM IPOTOKOJIOM, Kao Marepuje Koje HeraTHBHO
yTHUYy Ha CTambe 030HCKOI OMaoTaya Cy NMpo3BaHU XalloHH, rpyne I, xoju ce yrmaBHOM
KOPHCTE Kao paH{ MEIUjyM 3a 3allTUTY O IoXKapa M eKCIUIO3HMja Y BOJHUM MOTOPHHM
BO3MWJIMMA, OpPOZOBIMA, Ba3AyXOIUIOBHUM CPEACTBHMA. XaJIOHHU Cy Yy ynoTpebu y Behunn
apMHMja CBETa M [IPE/ICTaBIbajy PaJHU areHC y A€y CTaHIap/AHe 3alITHTHE IPOTHBIIOXKApHE
orpeme, ypehaja 1 cucteMa 3a rameme noxapa.

4.1. Ctpana ucKycTBa

Bojcka CA/l je xao HajBehn xopucHuK xanoHa 1301 BeoMa MHTEH3MBHO KpeHYNa y
ETOBY 3aMEHy aJITepPHATHBHUM MaTrepHjamMa Kojeé Cy TOKCHKOJIOIIKM NPHXBATJbUBE 32
1ocazie MOTOTEXHMUYKHX CpeICcTaBa OJHOCHO IPOTHUBEKCIUIO3MBHY W IPOTHBIOXKAPHY
3alITUTYy T0Cajla aBHOHA, TEHKOBA, OpomoBa anu W yTBpheHwx Tavaka. Jlo maHac je
YCTIEIIHO M3BpIUeHa 3ameHa Ooma ca 1,25 kg xamomna 1301 ca 1,15 kg CO, y Behunn
HeOOpOCHUX BO3WIIA.

Panu ce o necermHama xusbaja Bo3Wiia, MTO Tpeba Mcrahu paau Gosper cxBararba
obuma mpojekra. Meljytum, Oore ca xamonom 1301 cy ocrane HNpUCYTHE Ha TEIIKUM
OKJIOITHMM BO3WJIMMa KakBH Cy DPELHMO IIaBHM OopOeHH TeHKoBM THna MI-AGpamc
wi Jleonapn 2 u To U3 pa3iiora TOKCHKOJIOIIKE 3aIITHTE 1M0Cae, Kao U BeoMa J00puX U
TEIIIKO OCTaBPHBHX CBOjCTaBa KOja OBa CPEACTBA MMajy y CBOjOj MPBEHCTBEHO] HAMCHHU.
Kao pesynrar ucnuTHBama, 3akbyueHo je na he ce cpeacrTsa 3a ramieme Ha 0asu cope
OukapOOHE KOPHUCTHUTH KOJI BO3WJIA Ha KOjUMa je NMPHUMEHEH CHUCTEM 3a ayTOMAaTCKy
3alITUTY 1Ocajie, 300T ’UXOBUX CYNEPHOPHUX Mep(opMaHCH y OIHOCY Ha Jpyre areHce
3a raieme.
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Jomr yBek cy y TOKy MCTpakuBama y OBOj O0JacTH YMjU je IIMJb Jla ce 00e30enu
yHH(HKaLKja CpeICTaBa 3a rallehe PaIil JaKIIe U jeAHOCTABHH]E JOTHCTHYKE MOAPIIKE.
Cpencreo ®M-200 je npuMemeHo Ha O0pOeHUM BO3HIIMMA TeIajije, KO/l KOjUX je Takohe
IPUMEELEH CHUCTEM 3a ayTOMATCKy 3allITHTY 3alTHUTY BO3WIA U MOCAIE O EKCIUIO3Hje U
noXXapa, 1pe cBera M3 pasjiora je/IHOCTAaBHOCTH HEOIIXOJHE MoAM(HKaIje cucTemMa 3a
pacmpinmBame. [IOMEHYTO CPEACTBO ce MOKa3alo Kao MACaJHO U 3a Jpyra Bo3uia 300r
CBOjUX PaJHUX KapaKTePHCTHKA Y 3AIITHTH M MOTOPCKOT MIPOCTOpa aji U MPOCTOpa y
KOME je CMelITeHa noca/a.

[IpeaMeTHHN cHCTEMH CYy Y OCHOBH BeOMa CIIMYHU U CHCTEMHMA KOJHU CE YIIOTpeOIbaBajy
IIPOM CBETa, a MMajy mopekio u3 ousmer Cosjerckor case3a. XanoH 1301 je 6wo u
Ha MCTOKY ITPBO CPEACTBO M300pa 3a 33JaTKe Tralleka 1moXkapa ! 3alliTUTY OJf eKCIUIO3H]ja
M3a3BaHUX JIjCTBIMAa KyMyJaTHBHE 0ojeBe MyHHIHje. 3alpeMUHa BO3WIA Y KOjUMa ce
HaJa3u nocaja y TOKy u3Bolera 3agaraka u3Hocu of 7 m® o 19 m® a Goue ca XanoHoM
1301 cagpxe 3 kg no 10 kg, cpencTpa 3a rameme.

4.2. Bojcka CpoOnje n nomahu pa3BojHu NpojexkTH

Y Bojcun Cpbuje, koja je y o0macTd OKJIONHE TEeXHUKE, YIIaBHOM HACIOFHCHA Ha
PYCKy BOjHY TEXHOIIOTH]jY, IpUCyTHO je oko 1000 6opOeHuX BO3MIA Pa3IHIUTHX THIIOBA
y KOjiMa je TUTaHWpaHa WHCTaJalKja WK YHapeheme cucTeMa 3a 3aliTUTY O IoXKapa H
eKCITO3Hje ToprBa. Y J00poM Jey oBOT Opoja BO3MIIa ce HeKa BPCTa CUCTEMa 32 3alITUTY
0J] €KCIUIO3Hje 1 okapa Beh Haxasm, ¥ TO 10 U3BOPHO] KOHCTPYKIIMOHO] JOKYMEHTAIIH]j 1
JIOK je KOJI APYTHX Y IUIaHy HEKH BHJ MOJICPHUSAIIN]e MOICPHI3AIIH]C.

CpezcTBo-areHc 3a ramiemne y IOMEHYTUM CHCTEMHMa ce TojaBibyje xanoH 1301. Ca
moceOHNM 3a/10BoJbCTBOM Tpeba ucrahu na cy n 'y Bojecun CpOuje BpuieHa HCIMTHBAbA
y BE3M MOTYNHOCTH 3aMeHe XaJoHa, JPyTHMM AJTEpHATHBHUM CPEACTBOM 3a raliee,
KakBO je penumo exojomko cpencrso HA®. Haxanoct, noMeHyTH mporpam pasBoja je
paben jomr naBHe 2003. roguHe U 0[] TOT BpEMEHa, YCIIe/l PECTPUKTHUBHOT (PMHAHCHPabha
Bojcke Cpbuje, HHje ce KpeHyIo Jlajbe Ofl MPOTOTHIA, Maja j€ aMOMIIMO3HO 3aMHIIIJBEHO
onpemame 1enokynHor cactasa OMJ BC oBuUM caBpeMEeHUM U IIPEBACXUAHO IO MOCaje
BEOMa KOPHUCHUM CPEICTBOM.

CucrteM 3a 3aIITHUTY Of EKCIIO3Wje ropuBa CBOjy (YHKLHMjy M3BpIIaBa y cieaehum
(azama:

e  OrtkpHBame IojaBe KyMyJIaTHBHOI MJla3a 3alajbHBOT MPOjEKTHIA WM MOYeTKa
€KCILIO3H]je TOPHBA,

®  ayTOMAaTCKO WJIM PYYHO-CJIEKTPUYHO aKTHBUpPame Oolla ca MPOTHBIOKAPHUM
CPEJICTBOM Y CHI'HAJIM3aIMjy O aKTHBHpamy Oolia,

®  ayTOMAarCKO HEyTpaJMCame II0YeTKa EKCIUIO3Mje TOpHBa M PYYHO TalleHe
OOMYHUX MOXKapa, u

®  CHTHAJM3alH]y HEHCIPABHCTH EJIEKTPUYHHX Be3a Ca JJETEKTOPOM KyMYJIaTHBHOT
MI1asa u 6onama.

Iponenypa yuampehema TexHUYKHX KapakTepucTuka y obOmactu HBO koja ce
cupoBonu y BC je mpeysera u3 6uBme JHA. IIperxomHo ce o1 CTpaHE KOpUCHHKA-
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TaKTHYKOT HOCHOLA, PEUYEHO BOJHOM TEPMHHOJIOTH]OM, IIOCTABJbajy TAKTHYKO TEXHUYKU
3aXTeBH Koje OM CHCTEMHU 3a 3alTUTY O]l TIoXKapa M eKcIio3uje Tpedanu na ucnyne. OBu
3aXTE€BU CE€ MOCTaBJhajy y IHJbY N1a HHjXOBO HCIYHCHE 00e30eau mocamu O00pOCHUX
BO3MJIa, OPO/IOBa, aBUOHA M XEJHMKOITEPa, MPEKNBIbaBahe HAKOH SKCILUIO3HjE U T10jaBe
Mokapa M3a3BaHOTI ITIOTOTKOM KyMYJAaTHBHOT ITPOjeKTHIIa, OJHOCHO Jia ce IMocaja
ayTOMaTCKUM aKTHBUPAHEM CHCTEMA 38 3allITHTY J0BE/E Y MO3UIH]Y J1a 6e30e1HO HayCTH
MOTOTEXHHYKO cpencTBo. CeKyHIapHH IIHJb je Ja TI0Ca/ia, HAKOH IITO je CPECTBO y KOME
Ce Haja3u MOorol)eHO KyMyJIaTHBHUM MPOjEKTHIIOM, ako je Moryhe u3Byde CpeACTBO WU
YaK HaCTaBH MU3BPIICHE 3a/aTKa.

VY tabemu 1 cy mpukasaHH MapaMeTpH W 3aXTeBH KOje CHCTEM 3a 3alITUTy MOXKapa
Tpeba ma o00e30emn, ONHOCHO KPUTPHUjyM TMpPEkKHBJhaBamka. HaBeleHU KpUTEPHjyMHU
NpeXHBIbaBarba cy (GOPMHUPAHH OJ] CTpaHe HcTpakuBadkor nentpa y CA/l. Beoma ciananu
TaKTHYKO TEXHUYKH 3aXTEBH Cy IMOCTaBJECHU U CUCTEMY KojH je pa3suo BTU-beorpas.

Tabena 1. [lapamempu u 3axmesu cucmema 3a 3aumuniy 00 noxicapa

[Tapamerap 3axTeBH

lameme noxapa lameme iaMeHa 0e3 BHEroBe HAKHAIHE M0jaBe
OneKoTHHE KOXKe Masbe on II crenena (1315 °C y tpajamy ox 10 s)
Hannputucak Mamu ox 0,8 bar

KoHneHTparmuja cpencTsa 3a radmene He cme npehn MUHNMAIHY T03BOJBEHH HUBO
Kucenuncku racosu Mame ox 1000 ppm, MakcuManHa KOHIEHTpPAIHja
Huso kuceonwnka (mporeHar) Ha mame ox 16 %

Komucmja xoja je mobmma 3amatak y okBupy Bojcke CAJl je momemmia mporpam
ncnutrBama y TpHu (daze. IlpBa ¢aza je 6muna ga ce pacmuime KOHKYpC U mpoHal)y HOBa
peliema y MOINIeAy areHca 3a ramieme koja Ou 3ameHmia moctojeha, a koja cy Ha 6a3u
XaJloHa.

[pyra ¢a3a je 6uia 1a ce Ha OCHOBY NPHCIEIHX MIPEAIora Mpou3Bolada 1 HHCTUTYTA
n3abepy OHa pelerma Koja qoHoce obehaBajyhu petynrar. Y okBUpY oBe (aze U3BpLIMIA
6u ce jaboparopHjcka HUCIUTHBama y BojHOM LeHTpy 3a McCUTHBaba y AOepauHy,
npkaBa Mepuiien. Ha 0cHOBY MOCTUTHYTHX pe3ynTara, 1aTuX OlleHa 1 MUIUIbEHa, 3aTHM
6u ce y Tpehoj a3u ncnmTHBaNM MPOTOTUIIOBH JIBa HAjYCIEUIHHja CHCTEMA 3a Talllekhe
nokapa u3 Jipyre ¢a3e u T0 y peajJHIM ycJIoBHMa Ha 6opOeHnM Bo3wianMa. Hakon Tora
6u ce n3anwio ca npeiorom [1nana n mporpama 3amene xanona y Bojcru CA/Jl ca npyrum
cpelcTBUMA 3a ramieme [1].

[Ipunmukom crpoBohema exciuroararuonux ucnutuBama y CAJl 3akipydeHo je na
JIBa CpeJCTBa 3a Tallermke MoKa3yjy Hajoosbe pesynrare: HFC-227 ca nonatkom 5% coxme
ouxapbone 50/50 memaBmHa BOIE W COJM KaJMjyM arleTara pagd CHIDKaBamba TadKe
cMp3aBama Bozie Ha -15°C u 1a ce mo60JbIajy KapaKTepUCTHKE TallleHha.

W3 pasnora cMmameHe HMCHApJHUBOCTH OBHMX areHaca 3a rameme y nopehemy ca
xajoHoM 1301 moTpeOHO je Mmak OcaBpeMEHHTH CHCTEM 3a paclplIMBame arcHca 3a
raiieme y TNpUMEHH Ha NojenHuM O0opOeHnM BozmmmMa. OBO yKIbydyje MHTErpanujy
cHCTeMa M YHOC HEKMX U3MeHa 1 Moan(HKaIija Ha moctojehum crucreMuma, mTo CBakako
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Tpeba y3eTH y 003Up MPUIIKOM KOHAYHOT H300pa alTepHATHBHOT arcHca Koju hie 3aMeHUTH
xamon 1301. He Tpeba mo cBaky ILieHY TEXHTH YHH(POPMHOCTH y HW300py CpEICTBa 3a
raiiethe jep Cy pe3yiiTaT MOKa3alH Ja yIITeIe KOje Ce MOCTHKY U HHCY TAKO BEIHKE C
003UpoM Ha pe3ynTar epuKacHOCTH MOjeAMHKX areHaca kao mro je Beh nqokazano y CAJ]
OPIJIMKOM H300pa areHca 3a Taliekhe MOTOPCKOT IPOCTOpa.

3a pa3imKy y OTHOCY Ha uctiuTuBame cripoBeneHo y CAJl, y Bojermu Cpouje je BTU u3
Beorpana no6mo pa3BojHH 3aaTak qa npoHalhe OArOBOp HA MCTO MUTambe. Y XPOHUIHOM
HenocTatky cpencraBa BTU Huje morao na pasBHja IOTIYHO CBOje CPEICTBO, I Cy
crpyubaiy u3 BTU omabpanu ekononiko cpeicTBo Koje ce Moxe npoHahivt Ha TPKUILITY
Kao TOTOB NPOHM3BOA. Y MUTamy je OMIO eKOJIOMIKO cpencTBo u3 moponuue HAD koje
M0 CBOJUM KapaKTEePUCTHKaMa 3aJ0BOJbaBa IIOCTABJbCHE 3aXTEBE y IOIVICAY HaMEHE H
37paBCTBEHE UCIIPABHOCTH, Y CMUCITY J1a j& HEIIKOJJBUBO MO MOCATy U CHCTEMAa Ha BO3UITY

[3].

Cauka 2. Yuympawrocm bopberoe éozuna newaouje muna ,,Stryker - CA/l u enasnoz 6opbenoe
menka ,, Al Khalid - Ilaxucman, KomMnonenme npomuenodxicaproz cucmema cy obojene y ypeeHy

bojy

v %
: 10l ek
Cnuka 3. Yuympawrocm ocrnognoe menka M-84A4, komnonenme
NPOmMUeNoHcapHoe cucmema ooojere y ypgeny 060jy

[Ipororun cucrema xoju je passuo BTU-Beorpan, crap je Beh npubmmxao 10 roguna
U HaMemeH je 3a (YHKIHjy y IPBEHCTBEHO OOpOCHMM yCIOBHMa 3a HEYTpaIHCambe
EKCIUTO3UBHOT MOXKapa y yIpaBHO-O00pOEHOM ofiesberby TeHka M-84, anm n HebopOeHnM
yCIOBHMa Kaja CIIyXH Kao ypehaj 3a rameme oOm4yHOr moxkapa. CHCTEM y OCHOBHO]
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BapHjaHTH Ce CacToju o1 4 ONTHYKA eTeKTopa KyMynaruBHor minasa (JJKM), yrpaipauke
jenunuie, 4 Oome W enekTpouHcTanaiuje. JlabuM pa3BojeM W HHTErpAIMjOM ca
nocrojehium cucremMoM Ha BO3WIIMMA, IOOWjeH je YHHBep3aJaHH ypelhaj Koju IITUTH U
IIPOCTOp 3a CMEIITaj Mocaje Kao ¥ MOTOPCKO mpocTop. YHanpehenn cucteMm mma McTo
IITO U OCHOBHH CHCTEM Y3 Jomarak 14 TepmomaBada u 3 joun Tpu OOIe ca CPEACTBOM 3a
ramiewe. [1ITo je HajBakHMje CBe KOMIIOHEHTE CHCTeMa Cy JloMahe pOU3BObE U IO CY
nomaher pas3Boja, civka 3 u ciuka 4.

Cnuka 4. Komnonenme cucmema 3a 3qumunty 60poeHux 603ula 00 eKCHiosuje 20pusd u noxcapa,
BTU- beoepao u ,,Kidde-Deugra”

5. 3AK/bYYAK

DyHKIMOHAIHE KapaKTEPUCTHKE alTePHATHBHHUX CPEICTaBa 3a Tallekhe Koje
0IroBapajy Kapakrepuctukama XamoHa 1301 Mory OWTH MOCTHTHYTE M YIOTpeOOM
JPYTHX MaTepHja 3a raiieme y3 ynorpeOy ucTe TEXHOJIOTHje PacIpIlBaba, IITO 3HAYHU 1
HECY TOTpeOHa JT0/aTHA yilarama y CHCTEME 3a PACIPIIHBAE HAKOH T10jaBe MmoKapa Ui’
€KCIUIO3UBHOT Nokapa. Kpurepujym 3a npexuBibaBame M0cajie je 0CTBapeH yrnoTpedoM
M IPYTHX CPEJCTaBa 3a Tallleihe y KOHICHTpallHjaMa Koje Cy JOCTa MCIO/ IPUXBATIBUBOT
HHBOA H3JI0KEHOCTH KOje OW MONIeMHIly MMAajo YrpokaBame Mocane. XUOPHIHH Tac
reHeparopu Hyze Beliy e(HKaCHOCT y raiiekhy y3 yTPOIIak CMambeHe KOMMIUHE CPEeICTBA
3a raiieme, 3axBajbyjyhiu mpe ceera 6p3oM Mpaxmermy 0011a.

CucreMm 3amagHOEBpOIICKOr TNpou3Bohaua ce Beh nyrm HU3 roamHa yrpabyje Ha
BeJNMKM OpOj BO3WIJIA aMEpHUKe M 3alaJHOEBPOIICKE NMpOoM3BOamke. Tpeda ucrahu na He
IIOCTOjU 3HaYajaH Opoj mpom3Bohaua onpeMe HaBeAEHUX KapaKTEPUCTHKA W YTOJHUKO je
TEIIKO 00jaCHUTH LITO MOMEHYTH cucTeM JoMmahe NpOM3BO/E, Ca areHCOM 3a TallleHmhe
KOjU 3aMemyje XaJloH, Beh ycHemHo McnMTaH, Kao IpojeKaT MHpyje, a 4ak Hema HH
Ha HOBOHjaBJLEHOM BO3WIY ,Jlazap” HWako je NpeTmha Of JejCTBa JIAKUX PAKETHUX
IIPOTUBOKJIOIHUX CPEJICTaBa Ha OBY BPCTY BO3WJja HajBeha.
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W3 HaBeieHOT UCKYCTBA, MPEHOPYUWHHBO je 1a ce mpe u3bopa 3aMeHe 3a xajaoH 1301
ucnuta e(UKACHOCT CBAKOT Of MOHYyhEHUX pelemha ¢ 003UPOM J1a C€ Y OBOM CIIydajy
TOBOPHU O 3aIlITUTH JKMBOTA IOCaJie IITO CBaKako HeMa IeHy. HapaBHo, 3aMeHa xajoHa
aNTEepHATHBHUM arcHCOM je 1 o0aBe3a JpikaBe, y IUBUITHOM CEKTOPY, JI0K je TO Y Ciiydajy
BOjHE ITPUMEHE joIll Heie(hMHUCAHO Ba)keioM 3aKOHCKOM PEryJIaTHBOM.

VY cBakoM ciydyajy 3aMeHa XaJoOHa y CHCTEeMHMa 3a Talllelkhe IMoXapa je KOpak y
MTO3UTHBHOM CMEPY M CBAaKH JONPHHOC OUYBaby )KUBOTHE CPEANHE j€ UCITYHEHE HaIleT
nyra npema Oynyhum renepanujama Kao HITO je M IyXHOCT Jia UM TpeHeceMo y Haciehe
OIIpeMy BOjCKeE M MONHUIH]je KOoja he uX ITUTHTH Ha 33/10BOJbABAj YN HAYMH Y CBEHTYAJITHUM
ycnoBuMa npumene. Ca eKOHOMCKE CTpaHe ITISHIITa, IITETa ja UMaTH Y pyKama ITPOTOTHII
cHCTeMa 3a ralierhe MoXKapa Koju je Ha HUBOY CBETCKHX pellcHa, a He KOPHCTHUTH ra.

6. JIUTEPATYPA

[1] Mike Clauson, Steve McCormick: Army Ground Vehicle Crew Compartment
Halon Replacement Program, Halon options Tehnical Working Conference
2000. www.nist.gov/el/fire_research/upload/R0002178.pdf

[2] Mupocnaa Mwutuh: O30Hcku omomau, nocieorwa auuuja oobpaue, http://
danube-cooperation.com/danubius/2014/05/25/0zonski-omotac-poslednja-
linija-odbrane/

[3] Kamennja IlerpoBuh, bparncnas Munomesuh, dymmuna Camapuuh: Testing of
corrosion and chemical compatibility of fire extinguishing agent NAF SIII with
materials of strutural elements of fire extinguishing systems, www.vti.mod.gov.
rs/oteh12/elementi/rad/6-31.htm

258


http://danube-cooperation.com/danubius/2014/05/25/ozonski-omotac-poslednja-linija-odbrane/
http://danube-cooperation.com/danubius/2014/05/25/ozonski-omotac-poslednja-linija-odbrane/
http://danube-cooperation.com/danubius/2014/05/25/ozonski-omotac-poslednja-linija-odbrane/

b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja
Zoran NESHKOSKT!

ANALYSIS OF EXPLOSION AND FIRE WITH VICTIMS
IN FACTORY FOR PRODUCTION PYROTECHNIC
DEVICES-SKOPJE 2014

Abstract: In the afternoon of July 24, 2014, near Skopje there was an explosion at the factory for
the production of pyrotechnic devices. When the strong explosion happened there were four workers
on duty. Due to high temperature three people were seriously injured, and the fourth was slightly
injured. The seriously injured people with third-degree burns died in hospital. The explosion caused,
and from the pressure and temperature there was a partial damage to the building. The intervention
was conducted by the fire brigade of Skopje, with three vehicles and eight firefighters.

The fire ground was a small factory that produces pyrotechnic devices and flares anti-hail rockets. As
a processing products there are explosive materials and other flammable and hazardous substances.
The competent inspection authorities determined that the responsible person in the factory did not
provide security measures for protection at work, fire protection and the necessary training.

Key words: explosions, pyrotechnics, protection

AHAJIM3A EKCIIVIO3UJE U ITIOKAP CA )KPTBAMA
Y ®ABPUIINA 3A TPOUBBOALY IIMPTEXHUYKUX
CPEJACTBA-CKOILJbE 2014

Pe3ume: Y nonopneBHuM catuma 24 jynma 2014. y 6nusuan Cromsba JOLUIO jeé A0 €KCIUIO3Hje Y
(babpuiy 3a NPOM3BOAKBY MUPOTEXHUYKUX CPEACTBA. Y TPEHYTKY €KCIUIO3Hje Ha paay cy Ouia
yeTBOpHIla pagHuka. On jake eKCIUIO3Uje M TeMIlepaTtype 030M/bHO je moBpeheHo Tpoje Jbymu U
4eTBpTH Jakie nospeljeH. Teriko nmoBpeleHn cy umanu onekotuHe Tpeher cTeneHa U yMpIu ¢y y
6omuurm. Excrutosuja je u3a3pana moxap, a o IPUTHUCKA U TEMITEPAType JOILIO je A0 ASTUMUIHOT
omtehema objekra. VHTepBeHHcana je BarporacHa Opuraga Ckomsea ca TPH BO3MIA U OCaM
Barporacara.

VY nuramy je mMana ¢abpuka Koja IPOU3BOIM MUPOTEXHUYKA CPEICTBA M MPOTHBIPAIHE paKeTe.
Kao cupoBrHa ce KopHcTe eKCIUIO3MBHE M APYTe JIaKo 3amajbuBe M onacHe Marepuje. Hamnexnu
MHCIIEKIM]CKH OPTaHH YTBPIHIU CY Jia OJTOBOPHO JHie y habpuiy Huje 00e30eq1I0 CHIYpHOCHE
Mepe 3a 3allITHTa Ha pajy, 3alITUTY OJf IOKapa U MOTPEOHY OOYKY.

Kiby4He peun: excriosuja, NMPOTEXHUKA, 3aIITUTA

'M.Sc., MOI of RM, Dimée Miréev bb, 1000 Skopje, e-mail: zoran_neskoski@moi.gov.mk
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1. INTRODUCTION

With Pyrotechnic materials we can freely say that they are hazardous materials which
should always be treated with great attention during the work, needs experience and
specific training of the workers. Because the dangerous nature of these materials during
production, storage, transport, marketing and use, we need to be sure to undertake all
protective measures for people, facilities and environment. And despite the use of all
legal security measures sometimes accident occur as a result of various disasters errors
in the assessment of the risks which generated an explosion, fire, damage to buildings,
vehicles, various injuries and loss of human lives. Cause of these accidents can be of
different nature, such as: the human factor, open flame, non-compliance with the rules of
technical practice during production, storage, transport and use, other contingencies and
other things.

Pyrotechnics (lat. Pyrotechnic, greec. n0p, fire + teyvikdg, skills) is the creation and use
of special effects and products resulting from exothermic reactions between the ingredients
of the pyrotechnic mixture. Such a mixture includes combustible share (magnesium,
aluminium, zirconium and other metals in powder, metal hydrides, hydrocarbons,
carbohydrates, etc.). Oxidizers (nitrates, chlorates, per chlorates, oxides, peroxides,
chromates, etc.), Binder components (Word natural and synthetic resins, dextrins) even
additives and preservatives, which combustion give special effects [5].

For each manufacturing process pyrotechnic material owner must have all of the
operating license from the competent authority of state. This means that the object,
environment equipment and tools, personal working in such processes should meet all
legal measures for safety at work [7], Protection from fire and explosion etc. In the analysis
of this event in a factory near Skopje, where the accident occurred, the investigation
confirmed that the facility has the necessary legal authorization. But all regulations with
safety precautions and fire preventing for the manufacture of pyrotechnic material and
qualified human factor-the investigation has confirmed that there have been failures.

2. REGULATORY CORRELATED WITH THE RISK OF EXPLOSION
AND FIRE

After the independence of the Republic of Macedonia are taken all the regulations of
the former state (Yugoslavia) including regulations related to explosive materials. To this
day, there is a need to adapt regulation parallel to the new conditions of work and new
technical materials and instruments of labour.

The “Law for the Protection of explosive substances” (Official Gazette of RM “No.
4/1978), which was revised and annexed repeatedly and in 1988, 1990, 1993, 2007, 2008
and 2012 [4], but nothing has been changed to work with explosive assets. This clearly
tells us that something needs to amend and adapt European regulations parallel to all these
unfortunate events.

With the law “Law on Safety and Health at Work” (Official Gazette of RM “no.53/2013)
[5] can also be said that the facility which is the subject of this letter, where the explosion
occurred and the fire happened, from the official state inspection reports for the safety-
stated that they had not met the necessary legal requirements. Not done assessments
precaution in the technological process, not performed risk assessments for the working
area.
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And the question arises whether the conditions are met, and on the use and protective
gear, protected flooring (antistatic), non-sparking tools and others. The company has
provided the required legal documentation as is authorized by the Ministry of Internal
Affairs back in 2009, the Ministry of Health (the importance 2014-2019) A certificate
of quality ISO 9001/2008 (the importance 2014-2017) (note that documents were issued
several months before a major accident in the factory).

3. FACTORY CONCERNING THE GENERATION OF PYROTECHNIC
DEVICES

In a village near Skopje, Sopiste at street “24” bb, is located pyrotechnic materials
production company “Icemak” DOO-Skoplje. That firm was founded in 2005 and
developed after several years of operation, had the first production of weather rockets
(for defence of weather modification and storm clouds ), and in 2009 began production of
marked and branded products for the army and police. The company is guided by several
lead chemists and experts in this field.

The facility of the company is built and lays over an area of 5000 m?, and has
administrative buildings and production facilities. One part is equipped for production of
irritating products and equipment (tear gas, OC, CN) and ammunition. Currently there are
about 25 products that are researched and developed in their own companies and accepted
and approved for use by domestic and foreign factors (eg from Peace Corp UN United
Nations). Next figure shows the complex objects of the company which is the subject of
this text [12].

Figure 1. Factory ICEMAK-Skopje

4. SAFETY MEASURES

The security requirement of this type of technological process regulates legal
provisions in the country. Import, manufacture, storage, transport, marketing requires
certain security measures. Suppose that all electrical installations and lighting must be
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at least “S” or Ex u-assured performances to be compatible to function in such explosive
environment. It will depend on the risk assessment and implementation of standards of
strong explosive technological processes. Also very important is the way of heating the
working area. It is recommended the heating to be with hot water, steam or hot air that is
put in the atmosphere. Outer surface temperature of the heater must not exceed the ignition
temperature of materials used in the process of self-shots, and the same and hot air.

Forbidden to keep flammable liquids, gases, oxidation materials or other flammable
materials, and the strictest introduction of open flames and other objects that could cause
a fire or explosion.

Storage space for storing explosive materials as well as space for temporary housing,
loading and unloading of explosive materials must meet those standards and all regulations
prescribed by the Rules on the storage of explosive materials [4].In addition to the warning
signs and boards, depending on fire danger type, should have the choice An appropriate
protection and fire-fighting appliances.

5. ANALYSIS OF EXPLOSION AND FIRE IN THE PYROTECHNIC
DEVICES PRODUCTION FACILITY
The building where the explosion occurred and the fire, is called the “lower hall 3.

This is a small work space for the preparation and production of pyrotechnic material
(shown in figure No. 2).

Figure 2. Facility for production pyrotechnical materials

Property-3 is divided into six working continent where are executed various
technological processes of working processes. Each hall has its doors to the exit from the
labor area. Explosion the fire originated from the third (3) work space as shown on Figure
No.3.

The room-3 (Figure No. 3), where the explosion occurred were four workers (3 men
age: 6141,27 and women age-51). From major injuries and burns later died in hospital two
men (61 and 27 of age) and the 51 year old woman [8].
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Figure 3. Explosion and fire in the working area -3

Workspace in addition to workbenches and production materials was equipped with a
pneumatic press (the machine). It was the preparation and pressing textile patches .First
each draft should be coated with acetone and gunpowder (smokeless) and then pressed
in a special cylindrical packaging to the assigned diameter and go to a machine-the press
where you get one final and pressed product. In one moment was suddenly created spark
and fire appeared for a few seconds, and the resulting explosion. These are stories of
surviving workers who worked in the room. Lucky, he was close to the exit of the room
at the moment he saw sparks and flames in a single step was able to run outside. The
room contained the raw materials for daily use and over about twenty finished cylindrical
packaging pyrotechnic products. It is considered that the reason for the explosion is
human factor. From photo documentation of the crime scene investigation crime police
see an open mobile phone, cigarette lighter (which is not allowed to use such technological
processes).This all happened at the end of the day around 16:30h. During the operation,
the room door was open because of the heat and strong evaporation of chemicals (natural
ventilation).

Acetone used in the work process has DGE 4.2% and 8% of the FMU [1]. Explosive
that was used for the coating has just that effect to use the throttle and make it bigger.
This kind of explosives (gunpowder) was explosive materials in which the basic form of
CBRN decomposition is burning flames. Speed of combustion is relatively small (a few
millimeters to a few dozen centimeters per second) and controlled, but still enough to
exploit the kinetic energy of the gas products formed in the combustion process aiming
launching projects in the pipe on weapons missiles, pyrotechnics Gun powder today the
most used we can divide them into two groups:

« a homogeneous propellants or propellants colloidal type;

« composite propellants or propellants - mechanical mixtures.

Ventilation and ventilation system it was only natural draft and aerating. Windows were
closed. Flammable acetone vapors were present, the powder dust and finished pyrotechnic
products. From high flame temperature and speed of combustion intermediates, pressure
explosion and detonation damage to workspace and severe consequences to workers.
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6. FIRE INTERVENTION

On July 24, 2014 at 16:35 pm received info for the fire and explosion at the factory for
the production of pyrotechnic materials. I t was reported that there are injured persons. Fire
unit is situated about 12 km from the city events [1]. On-site were sent three fire engines
and eight firemen. Needed time to come, it was about 10 minutes due to traffic of shortcuts
and more difficult access area. When firefighters arrived on the scene in front of the object
were two workers with severe injuries and burns that have been transferred to the city
hospital ambulance and the other two with some minor injuries were transferred with the
private car. The fire was extinguished with the first use of fire extinguishers powder on
the side of the other officials present there, and then was used jet water. Damage of the
property is minimal, but a great human loss. On the map, figure No.4 shown the burned
house and road of coming to the fire intervention.

Figure 4. Fire brigade access route to the factory

7. CONCLUSION

Dangerous technological processes which produce pyrotechnic articles require the
application of regulations and standards that eliminates all the factors that can lead to
the formation of a fire or explosion. National inspection authorities should make more
inspections and control of all dangerous technological processes through the application
of labor legislation and the implementation of preventive and technical measures safety &
security from fire and explosion, risk assessment for the working place, meet the necessary
qualifications and conduct the necessary training to workers with hazardous materials.
Official information [8, 9, 10, 11] of relevant inspections as well this accident showed lot
of shortcomings noted in the technological process of work and implementation of the
required level of fire protection and explosion. Three people were killed, led to criminal
court proceedings against the owner of the company, and the company has extended the
work.
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KLIMATSKI (I VEGETACIJSKI) POKAZATELJI
POTENCIJALNE OPASNOSTI OD POZARA
OTVORENOG PROSTORA U REPUBLICI HRVATSKOJ

Sazetak: Trend povecanja opozarene povrsine, broja poZara, njihovog intenziteta i zestine, u podrucju
Mediterana, posljedica je povecanja temperaturnih ekstrema i poveéanja ucestalosti toplinskih valova
s maksimalnom dnevnom temperaturom zraka iznad 30 °C. Brojni klimatski scenariji za podrucje
Europe predvidaju intenzivnije, ¢eSc¢e i dugotrajnije valove vrucine u drugoj polovici 21. stoljeca pa ¢e
glavni izazov odrzivog gospodarenja Sumama na podrucju Mediterana biti borba sa Sumskim pozarima.
U radu je prikazana prostorna razdioba podrucja ugrozenih toplinskim stresom na podru¢ju Hrvatske
koja izdvaja jadransko podrucje kao najugrozenije s obzirom na klimatske promjene. U vrijeme susnih
i vrucih razdoblja podrucje ugrozenosti od pozara §iri se od jadranske obale prema unutra$njosti.
Analizom klimatskih pokazatelja ukazuje se na ¢injenicu da u buduénosti mozemo ocekivati sve vecu
opasnost od pozara otvorenog prostora u Hrvatskoj po prostornoj i sezonskoj ugrozi.

Kljuéne rije¢i: klimatske promjene, srednja mjesena Zestina, srednja sezonska Zestina, toplinski
stres, susa

CLIMATE (AND VEGETATION) INDICATORS
OF POTENTIAL OPEN SPACE FIRE RISK IN THE
REPUBLIC OF CROATIA

Abstract: The trend of increasing fire-affected areas, number of fires, their intensity and severity, in
the Mediterranean region, is the result of increased temperature extremes and increased frequency
of heat waves with maximum daily air temperature above 30 °C. A number of climate scenarios for
Europe predict more intense, more frequent and longer-lasting heat waves in the second half of the
21st century and the main challenge of sustainable forest management in the Mediterranean region
will certainly be a fight with forest fires. This paper presents the spatial distribution of areas affected
by thermal stress in Croatia, where the Adriatic area stands out as the most vulnerable with respect
to the climate change. During dry and hot periods, the area of fire risk is spreading from the Adriatic
coast towards interior. The analysis of climate indicators points to the fact that in the future we can
expect an increased open space fire risk in Croatia, in terms of spatial and seasonal endanger.

Key words: climate change, mean monthly severity rating, mean seasonal severity rating, thermal
stress, drought

! Dipl.ing., Drzavni hidrometeoroloski zavod, Gri¢ 3, Zagreb, mvucetic@cirus.dhz.hr

2 Prof.dr.sc., Sumarski fakultet Sveugilista u Zagrebu, Svetosimunska 25, spanjol@sumfak hr

3 Dipl.ing.§um., Sumarski fakultet Sveuéiliita u Zagrebu, Sveto§imunska 25, nmarkovic@sumfak.hr
4Mr.sc., Udruga profesionalnih vatrogasaca Hrvatske, Ksaverska 107, Zagreb,
fermen1963@gmail.com

266



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja
1. UVOD

Pojava i Sirenje pozara otvorenog prostora ovisi o brojnim ¢imbenicima, od kojih su
neki prirodni, a drugi su vezani uz ljudske aktivnosti. Prirodni ¢imbenici koji utjecu na
pozare otvorenog prostora mogu biti vegetacijski, geoloski, geomorfoloski, pedoloski
itd. No, sve znacajniji utjecaj na nastanak i Sirenje poZara otvorenog prostora imaju
klimatske prilike. Taj je utjecaj posebno naglasen u posljednjih nekoliko desetljeca u
kojima je prisutan generalni trend povecanja opozarene povrsine, ucestalosti poZzara,
njihovog intenziteta i Zestine. Na podru¢ju Mediterana se u posljednja tri desetljeca,
uslijed aktualnih klimatskih promjena, opoZarena povrsina znacajno povecala (www.fao.
org). Prema izvjes¢éu Europske komisije (2015), preko 50 000 Sumskih pozara godiSnje
na podru¢ju Mediterana unisti vise od 500 000 ha povrsine, $to je dvostruko vise nego
sedamdesetih godina proslog stoljeca. Najveci izazov odrzivog gospodarenja Sumama na
podrucju Mediterana jest borba protiv Sumskih poZzara, koji predstavljaju sveprisutnu i
rastuéu prijetnju.

2. POKAZATELJI OPASNOSTI OD POZARA

Svako mjesto ima svoj pozarni rezim koji je definiran ucestalo$¢u poZzara i prosje¢nom
godiSnjom izgorenom povrSinom, ali moze se opisati i pomocu izvedenih veli¢ina koje
su rezultat medudjelovanja vlaznosti/suhoce prirodnog gorivog materijala i vremenskih
prilika odredenog kraja. Neke od takvih veli¢ina su i dnevna (DSR-Daily Severity
Rating), mjesecna (MSR- Monthly Severity Rating) ili sezonska (SSR- Seasonal Severity
Rating) ocjena Zestine. Pod sezonskom ocjenom Zestine smatra se procjena potencijalne
ugrozenosti od Sumskih pozara za vrijeme poZarne sezone s obzirom na vremenske i
klimatske uvjete. Za ocjenu srednjih vrijednosti mjeseCne i sezonske ocjene zestine
primjenjuje se kanadska metoda za procjenu opasnosti od pozara (Canadian Forest Fire
Weather Index System (CFFWIS)), poznatija kao FWI (Fire Weather Index), a koja se
ve¢ 30 godina operativno primjenjuje u Drzavnom hidrometeoroloskom zavodu. Ocjena
zestine u sebi sadrzi meteoroloske uvjete i stanje vlaznosti mrtvog Sumskog gorivog
materijala. Stoga MSR i SSR sluze za klimatsko-pozarni prikaz prosje¢nog stanja na
nekom podruéju po mjesecima u toplom dijelu godine (svibanj—listopad) i za pozarnu
sezonu od lipnja do rujna. Opcenito se smatra da je potencijalna opasnost od pozara
raslinja vrlo velika ako je SSR > 7.

U pozarnoj je sezoni, prema razdoblju 1981-2010, najugroZenije podrucje u Hrvatskoj,
s obzirom na pozare raslinja, dalmatinska obala s otocima i dalmatinsko zalede (Baresic,
2011). Glavni razlozi su dugotrajna susna razdoblja s visokom temperaturom zraka. Tu
potencijalnu opasnost od Sumskih pozara svakako povecava i ljudski ¢imbenik zbog
povecanog broja turista u ljetnim mjesecima. Srednje vrijednosti SSR na tom podrucju
su uglavnom u rasponu od 8 do 12 s izuzetkom okolice Splita, otoka Lastova i zapadnog
dijela otoka Korcule gdje dosezu vrijednosti SSR gotovo 16. Cijeli sjeverni Jadran, ali i
dio gorske Hrvatske (Lika) imaju umjerene do velike vrijednosti SSR (4-8), a na dijelu
Cresa i u podrucju oko Pule javlja se ¢ak i vrlo visoka opasnost od pozara (8—12). Posebno
su vidljive promjene koje su se zbile u istocnom dijelu kontinentalne Hrvatske. Nekada ne
toliko ugrozeno podrudje Baranje i okolice Zupanje, s obzirom na poZare na otvorenom,
sada pokazuje povecane vrijednosti SSR od 4 do 8.
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Prostorna analiza srednjih sezonskih Zestina (SSR) posljednja tri desetljeca je pokazala
Sirenje podrucja s velikom potencijalnom opasno$éu od pozara raslinja od dalmatinskih
otoka i obale prema zaledu u odnosu na standardno klimatsko razdoblje 1961-1990.
Medutim, podru¢je od umjerene do velike opasnosti prosirilo se na sjeverni Jadran, kao
i na isto¢nu Slavoniju. Svakako da je jo§ uvijek najugrozenije podruéje srednji Jadran
s obzirom na pojavu pozara raslinja u ljetnim mjesecima kada vladaju duga suSna
razdoblja s visokom temperaturom zraka. Iz svega je vidljivo da se podrué¢ja s poveéanom
potencijalnom opasno$c¢u od pozara raslinja nezaustavljivo §ire. Osim prostorne promjene
o¢ekuje se 1 vremenska promjena u produljenju poZarne sezone od svibnja do listopada,
zbog klimatskih promjena. Ovi rezultati se uklapaju u $iru sliku Sirenja podrucja velike
ugrozenosti od pozara raslinja na Sredozemlju i istocnoj Europi u ljetnim mjesecima.

SSR (1961-1990) SSR (1981-2010)

Slika 1. Srednja sezonska Zestina (SSR) na podrucju Hrvatske u razdobljima 1961—1990. (lijevo,
bijelo podrucje — ne raspolaze se meteoroloskim podatcima u digitalnom obliku u tom razdoblju i
1981-2010. (desno) (Baresic, 2011).

Analiza ocjene mjesecne Zestine (MSR) na primjeru za 2011. godinu pokazuje op¢i
trend produljenja sezone opasnosti od pozara raslinja i to raniji pocetak (svibanj) te kasniji
zavrSetak (rujan) sezone (slika 2). Takoder, uocljivo je znatno povecanje vrijednosti MSR
za cijelo podrucje Hrvatske u rujnu 2011.

MSR 5.2011/5.1981-2010. MSR 9.2011/9.1981-2010.

Slika 2. Srednja mjesecna Zestina (MSR) na podrucju Hrvatske za 5. i 9. mjesec 2011. prikazana
kao razlika od srednje mjesecne Zestine (MSR) u razdobljima 1961-1990.
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Prema prorac¢unu linearnog trenda MSR za srpanj (slika 3) vidljivo je njegovo povecanje
za sve tri prikazane meteoroloske postaje koje imaju duge nizove meteoroloskih motrenja.
Prema analizama linearnih trendova vrijednosti za sve tri postaje za srpanj su statisticki
signifikantne.

16 4
Hvar (1901-2010)  trend = 4.19/100 god
MSR srpanj %o
" s MR I

1901 1916 1931 1946 1961 1976 1991 200|6
goi

16
Crikvenica (1901-2007)

17 MSR srpanj ‘
trend = 3.83/100 gog

1901 1916 1931 1846 1961 1976 1991 2006

¢ Osijek (1951-2010) trend = 5.86/100 god
12 MSR srpanj

1951 1961 1971 1981 1991 2001 god

Slika 3. Linearni trend srednje mjesecne Zestine (MSR) za srpanj za meteoroloSke postaje Hvar,
Crikvenica i Osijek.

Toplinski stres je takoder pokazatelj povoljnih vremenskih uvjeta za nastanak i Sirenje

pozara raslinja. Ekstremno visoke temperature, osobito ako su dugotrajne, pokazatelj
su vremenskog stanja koje pospjesuje isusivanje mrtvog gorivog materijala na tlu, ali i
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vegetacije opéenito, te se na taj na¢in povecava potencijalna opasnost od pozara raslinja
u toplom dijelu godine. Vru¢i dani su definirani kao dani s maksimalnom dnevnom
temperaturom zraka od 30 C i viSe. Razdoblje od deset uzastopnih vruéih dana, kojim je
definiran toplinski stres, neizravno ukljucuje i kriterij suse. Dakle, u takvom definiranju
povoljnih vremenskih uvjeta za nastanak i Sirenje poZara raslinja ukazuje se na vruéine
(vruca razdoblja) koje djeluju u sprezi sa suSnim razdobljima. Prema raznim klimatskim
scenarijima oc¢ekuju se intenzivniji, ¢e$¢i 1 dugotrajniji valovi vruc¢ine u Europi u drugoj
polovici 21. stolje¢a. Prostorna razdioba ugrozenih podruéja od toplinskog stresa na
podru¢ju Hrvatske potvrduje da je jadransko podrucje najugroZenije s obzirom na
klimatske promjene kod nas, a u Europi Sredozemlje (Feist, 2011). Ono se, u posljednja
tri desetljeca, Siri od jadranske obale prema unutrasnjosti Hrvatske, odnosno od juga
prema sjeveru i od istoka prema zapadu. Pokazuje se i znatno povecéani broj vru¢ih dana
te broj razdoblja s vise od deset uzastopnih vrucih dana posljednjih 30 godina u odnosu na
standardno klimatsko razdoblje 1961-1990.

SVU (1961-1990) SVU (1981-2010)
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Slika 4. Sezonska vjerojatnost ugrozenosti (SVU) od 10 i vise uzastopnih dana s maksimalnom
dnevnom temperaturom zraka >= 30°C za odabrane meteoroloske postaje u razdobljima 1961-
1990. i 1981-2010.

Moze se zakljuciti da ¢e se promjene koje se dogadaju posljednjih nekoliko desetljea
na podru¢ju Hrvatske nastaviti dogadati i u buduénosti, §to zna¢i daljnje povecéanje
temperaturnih ekstrema te povecanje ucestalosti toplinskih valova s maksimalnom
dnevnom temperaturom zraka ve¢om od 30 °C.

3. SUMSKI POZARI U REPUBLICI HRVATSKOJ (1995-2015)

U razdoblju od 1995. do 2015. godine u Republici Hrvatskoj bilo je sveukupno 5555
pozara Sumskog i ostalog zemljista, a ukupno je opozareno 268 419,19 ha. U navedenom
dvadesetjednogodisnjem razdoblju, godisnji prosjek iznosi 265 pozara s prosjecno godisnje
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opozarenom povrSinom od 12 781,87 ha. Odnos broja pozara i opozarenih povrsina za
podrucje krsa i za podrucje kontinenta u razdoblju 1995-2015. godine prikazan je na
slikama 5.1 6.

Odnos broja poZara otvorenog prostora u RH (%)(1995-
2015)

Kontinent
18%

Slika 5. Odnos broja pozara otvorenog prostora u Republici Hrvatskoj (%) (1995-2015)

Odnos opozarenih povrSinau RH (%)
(1995-2015)

Kontinent
6%

Slika 6. Odnos opozarenih povrsina u Republici Hrvatskoj (%) (1995-2015)

Podrucje krSa znacajno je ugroZenije pozarima otvorenog prostora, i po broju
1 po opozarenoj povrsini. Od uprava Suma na kr§Skom podrucju istice se Uprava Suma
podruznica Split, koja u ukupno opozarenoj povrsini na krsu sudjeluje sa 82% (slika 7).
Slijede Uprava Suma podruznica Gospi¢ te Uprava Suma podruznica Buzet.
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Odnos opoZarene povrSine po upravama Suma na krsu (%) (1995-2015)
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Slika 7. Odnos opozarene povrsine po upravama Suma na krsu (%) (1995-2015)

Uzrok nastanka velikog dijela (60-70%) poZzara ostaje nepoznat. Od poznatih
uzroka, samo je 10% nastalo prirodno (udarom groma), a 90% je posljedica slucajnog
ili namjernog djelovanja ¢ovjeka (nepaznja, paljenje poljoprivrednog otpada, namjerno
paljenje, promet, elektri¢ni vodovi, mine i ostalo). Promatramo li sezonsku dinamiku
pozara, imamo dva kriticna razdoblja. Prvo kriti¢no razdoblje javlja se u kasnu zimu i
rano proljece (II, III, IV mjesec) i vezano je uz poljodjelske radove, a udio broja pozara
tog razdoblja iznosi vise od 30% od ukupnog godisnjeg broja pozara. Iako su pozari u
tom razdoblju Cesti, nisu velikih ili katastrofalnih razmjera. Drugo kriti¢no razdoblje
je u ljetnim mjesecima (VII, VIII, IX mjesec), kada nastane oko 50% godiSnjeg broja
pozara. Prosjecna izgorena povrSina po jednom pozaru je najrelevantniji podatak kada
opisujemo pozare jer daje sliku cjelokupnog vatrogasnog ustroja: brzinu opazanja, dojave,
intervencije, tehnicku pripremljenost, kvalitetu infrastrukture i dr. Kod uredenog sustava
ta povrSina ne bi trebala biti veéa od 10 ha. U Republici Hrvatskoj prosjecna izgorena
povrsina po jednom pozaru iznosi 48,32 ha. Ta vrijednost za kr§ko podrucje iznosi ¢ak
55,7 ha, a za kontinentalno podrucje 14,72 ha.

Tablica 1. Procjena Steta na drvnoj masi i opéekorisnim funkcijama suma (2008.-2014.)

KRSKO PODRUCJE (kn) [KONTINENTALNO| UKUPNO (kn)
PODRUCIE (kn)
2008.-2014. 2008.-2014. 2008.-2014.

Osteéena drvna masa-visina Stete

386.319.745,00

61.689.973,00

448.009.718,00

Stete na opéekorisnim funkcijama

1.135.588.054,00

37.848.865,00

1.173.436.919,00

UKUPNO

1.521.907.799,00

99.538.838,00

1.621.446.637,00

272




b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

Ukupna procjenjena $teta nastala u razdoblju 2008-2014. godine veca je od 1,6
milijardi kuna, od ¢ega je gotovo 94% nastalo na kr§kom podrucju (Tablica 1). Preko 72%
tog iznosa odnosi se na Stete nastale na opéekorisnim funkcijama Suma.

4. RASPRAVA I ZAKLJUCAK

Pozar raslinja se ispravno svrstava u skupinu elementarnih nepogoda. No, nastanak
pozara raslinja izravno je vezan uz drugu elementarnu nepogodu, a to je susa. Susa je
u Hrvatskoj najces¢a elementarna nepogoda koja uzrokuje najvece gospodarske Stete
(38 % od ukupnih $teta), dok su pozari zastupljeni sa 7 % od ukupnih Steta (DHMZ). 1z
analiziranih klimatskih podataka vezanih za susna i vru¢a razdoblja mozemo zakljuciti
da je i dalje najugrozenije stenomediteransko vegetacijsko podrucje Suma alepskog
bora (Pinus halepensis Mill.). Medutim, sve je viSe ugrozeno podruc¢je eumediteranskih
i hemimediteranskih vazdazelenih Sumy hrasta crnike (Quercus ilex L.), mediteranske
Sume crnog bora (Pinus nigra J.F.Arnold) te kulture ostalih borova. Ugrozenost
submediteranskih i epimediteranskih termofilnih listopadnih Suma hrasta medunca
(Quercus pubescens Willd.) s bjelograbi¢em (Carpinus orientalis Mill.) ili crnim grabom
(Ostrya carpinifolia Scop.) takoder je veca. UCestalija susna i vruca razdoblja dovela su do
sve veceg broja pozara u istocnoj (panonskoj) Hrvatskoj, u ritskim Sumama vrba (Salix sp.)
te nizinskim Sumama hrasta luznjaka (Quercus robur L.). Posebnu opasnost predstavljaju
pozari u mladim sastojinama u fazi obnove Suma u stadiju ponika i pomladka. Podrucje
ugrozenosti od pozara za vrijeme susnih i vrucih razdoblja, sve vise obuhvaca brdska i
planinska podrucja $to u posljednje vrijeme potvrduju sve ¢es¢i i ve¢i pozari u Sumama
jele (Abies alba Mill.), smreke (Picea abies (L.) H.Karst.) i bukve (Fagus sylvatica L.).
Iznesena analiza klimatskih pokazatelja ukazuje da mozemo ocekivati sve vecu opasnost
od pozara otvorenog prostora u Republici Hrvatskoj po prostornoj i sezonskoj ugrozi.

Podrucje Mediterana je, osim zbog klimatskih prilika, dodatno ugrozeno zbog socio-
ekonomskih promjena nastalih tijekom proteklih desetljec¢a. Naime, industrijski razvoj je
doveo do depopulacije ruralnih podrucja, koja je za posljedicu imala napustanje zemljista
i tradicionalnog nacina zivota pa se prirodna vegetacija na tim podrucjima uspjesno
obnovila, ali je istovremeno doslo do akumulacije velike koli¢ine goriva. Predvideno
daljnje povecanje temperaturnih ekstrema te povecanje ucestalosti toplinskih valova
s maksimalnom dnevnom temperaturom zraka vec¢om od 30 °C, uz velike kolicine
akumuliranog goriva koje je u takvim uvjetima izrazito suho, predstavlja izrazito veliku
potencijalnu opasnost od nastanka i Sirenja pozara otvorenog prostora.

U cilju sprjecavanja nastanka te smanjivanja Steta nastalih pozarima otvorenog pros-
tora, smjernice za iduce razdoblje trebaju:
» Podizati razinu svijesti stanovniStva i turista o problematici pozara otvorenog
prostora. Ovo je jako vazna preventivna mjera, uzimajuéi u obzir ve¢ spomenuti
podatak da je 90 % pozara posljedica ¢ovjekovih aktivnosti.

» Podizati razinu svijesti svih interesnih skupina o vazZnosti sprjeCavanja poZzara
otvorenog prostora, o potrebi poboljSanja prevencije i gasenja poZara te vaznosti
sanacije pozarista.

» Obucavati interesne skupine na svim razinama o integriranom upravljanju sumskim
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pozarima te o tehnikama prevencije i kontroliranja pozara putem edukacijsko-
promidzbenih programa. Sukladno interesima struke poboljSati organizacijski
sustav koji ukljucuje sve sudionike: Drzavna uprava za zaStitu i spasavanje,
Hrvatska vatrogasna zajednica (javne 1 dobrovoljne vatrogasne postrojbe),
Ministarstvo unutarnjih poslova, Lokalna uprava i samouprava, Javna poduzeca
(Sume, vodoprivreda, infrastruktura, promet i dr.)), Drzavni hidrometeoroloski
zavod, Ministarstvo poljoprivrede (poljoprivredna savjetodavna sluzba), Hrvatsko
agrometeorolosko drustvo, Ministarstvo obrane.

+ Uskladivati pojedine sektorske zakone i propise (Sumarstvo, zastita prirode, zastita

okolisa, vatrogastvo, turizam, lokalna uprava i samouprava i dr.) i pripremati
zakonodavne prijedloge o integriranom upravljanju Sumskim pozarima.

» Razvijati informacijski sustav o Sumskim pozarima (dio okoli$nog informacijskog

sustava) koji ¢e obuhvadati podatke o pozarima (regionalno, upravama Suma, tipu
vegetacije i sl.), elemente nadzora, predvidanja, upozorenja, praéenja kretanja veéih
pozara. Navedeni sustav mora sadrzavati mjere planiranja, donoSenja odluka i
strateskih planova intervencija.

+ Izraditi vlastiti model klasifikacije vegetacije u odnosu na gorivost (Fuel Models).
« Istrazivati i razvijati metode obnove i sanacije izgorenih povrs§ina.

+ Istrazivati i razvijati modele pojave i Sirenja Sumskih pozara.

LITERATURA

[1] Baresi¢, D. (2011): Utjecaj klimatskih promjena na opasnost od poZzara raslinja u
Hrvatskoj. Geofizi¢ki odsjek PMF, Sveuciliste u Zagrebu.

[2] European Commission, 2015. Forest Fires in Europe, Middle East and North
Africa 2014. EUR 27400 EN- Joint Research Centre — Institute for Environment and
Sustainability, Publications Office of the European Union, Luxembourg, pp. 107. doi:
10.2788/224527.

[3] Feist, O. (2011): Analiza toplinskog stresa za potrebe poljodjelstva u Hrvatskoj u
proslim, sadasnjim i buduc¢im klimatskim uvjetima. Geofizicki odsjek PMF, Sveuciliste
u Zagrebu.

[4] Godisnja izvjes¢a o Sumskim pozarima, Hrvatske Sume d.o.o.

[5] Meteoroloski podaci — Drzavni hidrometeoroloski zavod, Zagreb.

[6] www.fao.org

274



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja
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Edvina CEHAJIC*

ZAPALJIVOST NEKIH MEDITERANSKIH
VRSTA KOD SUMSKIH POZARA KAO CIMBENIK
PROTUPOZARNE PREVENTIVE I VATROGASNE

OPERATIVE

SazZetak: Podrucja u kojima nastaje najveci broj pozara pokazuju znacajnu varijabilnost i razlike u
temperaturi zraka, zra¢noj vlazi i koli¢ini oborina. Navedeni ¢imbenici imaju velik utjecaj na odgodu
zapaljivosti, trajanje gorenja i sadrzaj vlage mediteranskih vrsta drveca i grmlja. Sadrzaj vlage zivog
goriva pokazao se kao presudni faktor u odgodi zapaljivosti i trajanju gorenja. Istrazivanja su obavljena
na lokalitetima: otok Rab i Makarska, na deset glavnih drvenastih vrsta eumediteranskog podrucja
RH. Rezultatima je utvrdena srednja vrijednost sadrzaja vlage svih testiranih vrsta na oba lokaliteta.
Postoje razlike u odgodi zapaljivosti izmedu testiranih vrsta po lokacijama, kao i testiranih vrsta na
lokaciji. Trajanje gorenja takoder se razlikuje s obzirom na vrstu i lokaciju. Ve¢u paznju potrebno
je posvetiti znanstvenoistrazivackom radu u problematici Sumskih pozara. Bitna je i inplementacija
dobivenih rezultata u koriStene sustave procjene ugrozenosti, kao i pokretanje nekih novih tehnologija.
Dobiveni rezultati osiguravaju moguénost izrade karte zapaljivosti vegetacije, tablica tipova vegetacije
s obzirom na zapaljivost i gorivost, te modela Sirenja poZzara.

Kljuéne rije€i: zapaljivost mediteranskih vrsta, Sumski poZzari, vatrogasci

FLAMMABILITY OF SOME MEDITERRANEAN
TIPES IN FOREST FIRES AS A FACTOR OF FIRE
PREVENTION AND FIRE OPERATIVE

Abstract: Areas in which we have the biggest number of wildfires show significant variability and
differances in air temperature, air humidity and rainfall. These factors have a major impact on the
postponement of flammability, burning time and moisture content of Mediterranean species of trees
and shrubs. The moisture content of the live fuels proved to be a decisive factor in the postponement
of the flammability and burning time. The research was done at the sites: Rab and Makarska, on
the ten main tree species of the eumediterranean areas of Croatia. The results have determined the
average value of the moisture content of all species tested at both sites. There are differences in
flammability delay between species tested at Rab and Makarska, as well as the species tested at the
same site. Burning time also varies according to the type and location. More attention should be
given to scientific research into the issue of forest fires. It is essential to implement our results in
using systems in risk assessment, as well as develop some new technologies. The results provide
possibility to map flammability of vegetation, make tables types of vegetation due to the flammability
and combustibility and fire spreading models.

Key words: flammability of Mediterranean species, wildfires, firefighters
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1. UVOD

Posljednjih godina mediteranska regija je cesto zahvacena pozarima. Sve veéi broj
pozara svakako degradira mediteranski ekosistem i narusava njegovu stabilnost $to
dovodi do smanjenja bioraznolikosti i povecanja opustosenih prostora. Kada se govori
o Cimbenicima nastanka i Sirenja Sumskih pozara, vegetacijske karakteristike, odnosno
gorivi materijal i klimatski ¢imbenici (poprec¢ne atmosferske prilike) najodlucniji su i
najznacajniji faktori prirodnog nastanka i Sirenja Sumskih pozara. Potom su tu geoloska
grada, reljef i pedoloske karakteristike. Vegetacijski elementi baziraju se na pokrovnosti
vegetacijom, tipu, sadrzaju vlage i dostupnosti gorivog materijala (Pyne i dr., 1996;
Pellizzaro i dr., 2007). Poznavanje obiljezja Sumskih goriva jedan je od najvaznijih faktora.
U prvom redu, najznacajnija obiljezja su zapaljivost i, kako istice Dimitrakopoulos (2001),
klasifikacija s obzirom na zapaljivost, zatim gorivost te sadrzaj vlage goriva. Stoga, bolje
razumijevanje klimatskim uvjeta i vegetacijskih karakteristika u pogledu zapaljivosti i
sadrzaja vlage goriva te njihovog medusobnog odnosa moze doprinijeti pobolj$anju
spoznanja o protupozarnoj problematici i identificirati kriti¢ne periode visokog rizika od
Sumskih poZzara.

2. MATERIJAL I METODE

Testiranje odgode zapaljivosti i trajanja gorenja te utvrdivanje sadrzaja vlage zivog
goriva obavljeno je u razdoblju od lipnja 2007. godine do lipnja 2009. godine na Rabu
i u Makarskoj. Kod testiranja odgode zapaljivosti i trajanja gorenja Zivog goriva te
utvrdivanja sadrzaja vlage Zivog goriva, kao i kod testiranja dnevnih promjena sadrzaja
vlage mrtvog goriva, u obzir su uzete mediteranske vrste drveca i grmlja koje se smatraju
reprezentativnima za dobivanje potpune slike Sumske vegetacije toplijeg mediteranskog
dijela Hrvatske (eumediterana). Zato su testirane: hrast crnika (Quercus ilex L.), lemprika
(Viburnum tinus L.), obi¢na planika (Arbutus unedo L.), obi¢na mirta (Myrtus communis
L.), tuslja (Pistacia lentiscus L.), Sirokolisna zelenika (Phillyrea latifolia L.), Smrika
(Juniperus oxycedrus L.), veliki vrijes (Erica arborea L.), primorski bor (Pinus pinaster
Aiton) 1 alepski bor (Pinus halepensis Mill.).

Slika 1. Uzorci spremni za testiranje
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Testiranje se obavljalo u dvije serije, od kojih je svaka imala po 25 uzoraka.
Metodologijom je za mjerenje odgode zapaljivosti i trajanja gorenja propisano koristenje
epiradiateura (laboratorijsko elektri¢no grijalo), tip 534 Rc2, proizvodaca Quartz Saint-
Gobain, snage 500 W.

Slika 2. Testiranje

Sadrzaj vlage testiranih uzoraka, odnosno sadrzaj vlage Zivog goriva dobiven je
pomocu standardizirane jednadzbe za utvrdivanje sadrzaja vlage (postotno od suhe tezine)
metodom susenja u suSioniku.

U svrhu utvrdivanja dnevnih promjena sadrzaja vlage mrtvog goriva, na previdenim
lokacijama sakupljen je pokusni materijal koji je odnesen na suSenje u susaru kako bi se
mogao obraditi i kako bi se mogli izraditi etalonski (pokusni) Stapici (slika 3).

Slika 3. Etalonski Stapici

Sve statisticke analize i1 graficki prikazi napravljeni su koristeci statistiCke pakete SAS
i STATISTISA 7.
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3. REZULTATI

LOKALITET; LS Means
Current effect: F(1, 480)=250.47, p=0.0000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Slika 4. Srednja vrijednost sadrzaja vlage svih testiranih vrsta na oba lokaliteta

Sadrzaj vlage zivog goriva (LFMC) u Makarskoj iznosi ispod 105 % i manji je u
odnosu na sadrzaj vlage zivog goriva (LFMC) na Rabu koji iznosi preko 120 %.

LOKALITET*VRSTA; LS Means
Current effect: F(9, 480)=6.2984, p=.00000
Effective hy pothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Slika 5. Odgoda zapaljivosti izmedu testiranih vrsta po lokacijama
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Sve vrste u Makarskoj imaju krac¢u odgodu zapaljivosti u odnosu na odgodu zapaljivosti
na Rabu. [zuzetak je jedino primorski bor (Pinus pinaster Aiton.) ¢ija je odgoda zapaljivosti
krac¢a na Rabu (slika 5).

Vertical bars denote 0,95 confidence intervals
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Slika 6. Sadrzaj vlage mrtvog goriva

Sadrzaj vlage mrtvog goriva u pravilu je neznatno manji u Makarskoj nego na Rabu.
Vecu varijablinost pokazuju samo obi¢na planika (Arbutus unedo L.) i obi¢na mirta
(Myrtus communis L.). Na Rabu na sadrzaj vlage mrtvog goriva podjednako znacajno
utjecu srednja dnevna zra¢na vlaga, srednja dnevna temperatura zraka i dnevna koli¢ina
oborina, za razliku od Makarske gdje utjecaj srednje dnevne zra¢ne vlage nije toliko
izrazen kao utjecaj srednje dnevne temperature zraka i dnevne koli¢ine oborina.

4. ZAKLJUCNA RASPRAVA

Odgoda zapaljivosti, trajanje gorenja, sadrzaj vlage zivog goriva, sadrzaj vlage mrtvog
goriva su slozeni fenomeni koji se medusobno razlikuju kod pojedine vrste drveca. Oni
se u mjesnim zivotnim uvjetima ne mogu adekvatno procijeniti i utvrditi zbog direktnog
utjecaja okolisnih Cimbenika. Laboratorijsko testiranje pruza moguénost razvijanja
razli¢itih modela pomoc¢u kojih bi se mogla procijeniti odgoda zapaljivosti i trajanje
gorenja, buduci se laboratorijski testovi provode uz poznati sadrzaj vlage testiranog uzorka.
Kako navode Renkin i Despan (1992), Viegas i dr. (1992) te Albini (1993), rezultati takvih
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istraZivanja odrazavaju realnu odgodu zapaljivosti u prirodi, jer su vrijednosti sadrzaja
vlage testiranih uzorka unutar raspona koji se moze utvrditi u okviru prirodnih okolnosti.

U posljednje vrijeme ponaSanje i opasnost od pozara, rizik od zapaljenja i daljnjeg
Sirenja, ranjivost i posljedice koje Sumski pozari mogu prouzro€iti nastoje se procijeniti
pomocu razli¢itih matematicki modela, sustava i simulatora. Praksa je da se pojedine vrlo
znacajne varijable za Sumske pozare, kao $to su npr. sadrzaj vlage potencijalnog goriva,
zatim njegova zapaljivosti ili gorivost nastoje dobiti primjenom raznih modela, iako je
poznato da ti modeli ne mogu utvrditi prave vrijednosti potrebnih varijabli za razliku od
stvarnih, empirijskih istrazivanja.

Vecu paznju potrebno je posvetiti znanstvenoistrazivatkom radu u problematici
Sumskih pozara, gdje treba istaknuti izbor vrsta kod saniranja opozarenih povrsina.
Bitna je i inplementacija dobivenih rezultata u koriStene sustave procjene ugrozenosti,
kao i pokretanje nekih novih tehnologija. Dobiveni rezultati osiguravaju moguénost
izrade karte zapaljivosti vegetacije, tablica tipova vegetacije s obzirom na zapaljivost
i gorivost, te modela Sirenja pozara. Time bi se znatno pridonijelo ocuvanju bioloske i
krajobrazne raznolikosti uz naéelo odrzivog razvoja prirodnih ekosustava. Takoder,
ovakvo istrazivanje olakSava izracun potrebnog broja vatrogasnih postrojbi, prostorno
pozicioniranje vatrogasnih postrojbi, kao i strukturu opreme i vatrogasne tehnike kojom
vatrogasne postrojbe moraju raspolagati.
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PROTUPOZARNA ZASTITA OTOKA RABA S
NAGLASKOM NA POZARE OTVORENOG PROSTORA

Rezime: Otok Rab pripada kvarnerskoj skupini otoka i nalazi se na samoj granici sjevernog i
srednjeg Jadrana. Na otoku su ustrojene dvije jedinice lokalne uprave i samouprave i to Grad Rab
i Opcina Lopar. Pored otoka Raba unutar akvatorija se nalazi jo§ 11 otoci¢a koja pripadaju Opéini
Lopar i Gradu Rabu. Administrativno srediste je u Rijeci, udaljeno od otoka preko 100 kilometara.
Stoga, u slucaju pozara vecih razmjera ne moze se racunati na brzu pomo¢ izvana. Stoga se morala
uvesti posebna organizacija vatrozastite koja se dijeli na preventivu i operativu. S rezultatima takve
organizacije mozemo biti zadovoljni.

Kljuéne rije€i: pozar, vatrozastita, preventiva, operativa

FIRE PROTECTION ON THE ISLAND OF RAB WITH
EMPHASIS ON WILDFIRES

Abstract: The island of Rab belongs to the Kvarner group of islands and is located on the border of
the northern and central Adriatic.Also there are established two units of local government and they
are the town of Rab and Lopar District. Next to the island of Rab there is archipelago of 11 islands
that belong to the municipality of Lopar and the town of Rab. The administrative center is in Rijeka,
more than 100 kilometers away from the island. Therefore, in the event of a larger scale fire, they
cannot count on quick help from the outside. Hence, a specific fire protection organization, which
consists of prevention and operations, has been introduced. The results of such an organization are
satisfying.

Key words: fire, fire protection, preventive, operative
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1. UVOD

Vatrogastvo na otoku Rabu ima relativno kratku tradiciju, vatrogasna ceta sa 34 njena
pripadnika formirana je 24. kolovoza 1946. Formiranju je prethodila odluka s osnivacke
skupstine DVD-a Rab odrzane 23.0zujka 1946. U to vrijeme 50-tih, 60-tih i 70-tih godina,
formirana postrojba se veéinom bavila pozarima na objektima. Danas pak najveca je
opasnost od Sumskih pozara. Potvrduje to 1 statistika koju je autor izradio uzimajuéi u
obzir vatrogasne intervencije DVD-a Rab od 1991. zakljuéno sa 2015. Statistikom su
obradeni dostupni izvjestaji sa intervencija, uz posebnu napomenu kako su se u periodu od
1991. do 1999. godina vodile evidencije samo pozarnih intervencija. Unato¢ tome, prema
grafikonu na slici 1, tehnicke intervencije dominiraju.

PREGLED INTERVENCIJA PO TIPU 01.01.1991. - 31.12.2015.

. 0/
651: 32% 554; 28%

O Pozari
B Tehnicke intervencije

O Ostale intervencije

799; 40%

Slika 1. Prikaz intervencija po tipu

Tehnicke intervencije dijele se dalje u podskupine intervencija na gradevinama, na
otvorenom prostoru, u prometu te akcidente kako je to prikazano na slici 2.

PRIKAZ POSTOTKA TEHNICKIH INTERVENCIJA PO VRSTI
01.01.1991, . 31.12.2015.

58, 7% 9; 1%

O NAGRADEVINAVA

B NAOTVORENOM PROSTORU
OUPROMETU

O AKCIDENTI

226; 28%

506; 64%

Slika 2. Prikaz tehnickih intervencija po vrsti
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Ipak, zbog svoje geostrateske pozicije, otok Rab najvise ugrozavaju pozari, a posebice
pozari otvorenog prostora §to je vidljivo u grafickom prikazu na slici 3.

PRIKAZ POZARA PREMA VRSTI 01.01.1991. - 31.12.2015.
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Slika 3. Prikaz nastalih pozara po vrsti

1z tog razloga posebna se paznja posvecuje pozarima otvorenog prostora kao najvecoj
ugrozi otoku iz viSe aspekata, od kojih su neki bili spomenuti u uvodu ovog rada. Stoga se
morao razviti u¢inkoviti nacin prevencije Sumskih pozara i povecanja borbene gotovosti
vatrogasnih postrojbi. Sukladno tome, zastita od pozara otoka Raba ima dva klju¢na
segmenta, preventivu i operativu.

2. PREVENTIVA

Preventivu, poglavito u ljetnim mjesecima provode vatrogasne postrojbe DVD-a
Rab i DVD-a Lopar, Sumarija Rab, zaposlenici nastavno — pokusnog sumarskog objekta
(NPSO) Sumarskog fakulteta Zagreb ’Sv. Mara”, ophodnje policijske postaje Rab, Grad
Rab i Op¢ina Lopar, komunalna drustva, lokalni mediji te svi gradani otoka Raba kao
najznacajniji subjekt. Preventivne mjere su usmjerene na sprjeCavanje nastanka poZzara,
ako nastane tada njegovu ranu detekciju i brzu dojavu. Vatrogasne postrojbe organiziraju
edukacije pucanstva iz protupozarne zastite te kroz svoju redovnu djelatnost ukazuju
na nedostatke protupoZarne zastite otoka, izvrSavaju obilaske terena, vrSe spaljivanje
poljoprivrednog otpada u proljetnim mjesecima na poziv vlasnika poljoprivrednog
zemljiSta, utvrduju organizacijske mjere zastite od pozara, sudjeluju u davanju misljenja
o prohodnosti pristupnih cesta, vrSe promidzbene aktivnosti i sl. Organizirane su stalne
ophodnje s kopnene i morske strane koje imaju vezu sa vatrogasnim operativnim centrom
u DVD-u Rab. Sumarija Rabi i djelatnici NPSO Sv. Mara vre obilaske terena s kopnene
strane vlastitim vozilima. U obilasku terena sudjeluju i ophodnje policijske postaje Rab.

Problem djelovanja vatrogasnih postrojbi uz obalni rub i unutar akvatorija otoka
je rijeSen 2005. godine kada je Grad Rab, u suradnji sa DVD-om Rab i komunalnim
drustvom ,,Vrelo”, nabavio visenamjensko specijalno plovilo ,,EKO Rab” (slika 4). Kako
je bilo neisplativo nabaviti brodicu za vrSenje samo vatrogasne djelatnosti odlu¢eno je
kako ¢e se nabaviti viSenamjensko plovilo koje ¢e u ,,slobodno vrijeme” vrsiti ¢iS¢enje
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plaZa, paralelno i osmatranje, a u slu¢aju nastanka pozara ukljuciti ¢e se u gasenje istog.
Opremljena je monitorom protoka 2500 l/min spojenog preko stabilne spojnice §to
omogucava uklanjanje monitora i razvlacenje cijevne pruge te navalnim vitlom duljine 80
metara. Za gasenje se koristi more. Brodica moze pri¢i na pli¢inu od 20 centimetara Sto
joj omogucavaju propulzori, a pokrecu je dva motora snage 500 KS. Za potrebe brodice
nabavljena je i usisna crpka tipa ,,Honda” izradena od polikarbonata kako bi se mogla
koristiti u tehni¢kim intervencijama ispumpavanja brodica i sl. Na brodu je smjesteno i
pjenilo za gasenje drugih plovila.

I DVD Lopar je doskocio problematici djelovanja na moru nabavkom vatrogasnog
plovila. Radi se o gumenjaku opremljenom vatrogasnom crpkom i monitorom, takoder
sa mogucnosti razvla¢enja cijevne pruge. Time se je zaokruzio sustav preventivne zastite

na moru.

Slika 4. Plovila za gaSenje pozara

Unutar VOC-a DVD-a Rab instaliran je protupozarni videonadzor kojim je pokriveno
oko 80 % teritorija i akvatorija otoka Raba, a vazno je istaknuti kako je njime pokriven
zapadni kompleks otoka Raba na ¢ijem se dijelu nalazi Suma Dundovo kao najznacajniji
dio prirodnog bogatstva otoka Raba. Pored toga ve¢ nekoliko desetljec¢a u sklopu DVD-a
Rab djeluje servis vatrogasnih aparata kao vazan ¢imbenik u protupozarnoj preventivi.

284



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

3. OPERATIVA

Operativne vatrogasne snage otoka su iskljucivo dobrovoljne. Ukupno je na otoku
rasporedeno 103 operativna vatrogasaca u dva dobrovoljna vatrogasna drustva Rab i
Lopar i to 37 u DVD-u Lopar i 66 u DVD-u Rab. Svakog tjedna kroz zimski period
vr$i se permanentno osposobljavanje i Skolovanje vatrogasnih kadrova. Cilj svega je da
se operativci upoznaju sa mikropodrucjima, objektima i sl., da se detektiraju nedostaci i
isti pokusaju otkloniti. Neke bitne informacije koje se pri tome prikupljaju su ispravnost
hidrantske mreze, prohodnost pristupnih prometnica za vatrogasna vozila DVD-a i sl.
Sve prikupljene informacije se dalje razraduju kroz sjednice zapovjedniStva postrojbi.
U DVD-u Rab zaposleno je troje djelatnika, od kojih su dvojca na radnim mjestima
servisiranja vatrogasnih aparata i odrzavanju vatrogasnih vozila, dok je trec¢a djelatnica
zaposlena u ra¢unovodstvu. DVD Rab i DVD Lopar udruZeni su u Podru¢nu vatrogasnu
zajednicu otoka Raba. U ljetnoj poZarnoj sezoni organizacija rada postrojbi je druk¢ija.
Unutar DVD-a Rab organizirana su 24-satna dezurstva u VOC-u Rab. Svakog dana kada
je za Rab proglasena vrlo velika opasnost od poZzara organizira se dezurstvo vatrogasne
grupe prema prethodno definiranom rasporedu (vozac, voda navalne grupe — zapovjednik
i ¢lan navalne grupe). Ako zapovjednik dezurne grupe ocijeni kako samostalno ne moze
ugasiti navedeni pozar ovlasten je od dezurnoga u VOC-u Rab zatraziti mobilizaciju cijele
vatrogasne postrojbe putem uredaja za uzbunjivanje. Takoder, ista grupa u ostatak dana i
u dane kada nije proglasena klasa opasnosti ,,vrlo velika” ima tzv. pasivno deZurstvo, tj.
pripravnost i po primljenom pozivu odaziva se na sitne intervencije, koje ne zahtijevaju
angazman veceg broja ¢lanova operativne postrojbe i tehnike, u vrlo kratkom vremenu. U
ovisnosti o vrsti dogadaja, kao Sto ]e na primjer pozar Sume, nerijetko se odmah uzbunjuje
cijela postrOJba u trenucima upucivanja dezurne vatrogasne grupe na mjesto dogadaja.
Vazno je napomenuti kako se dezurstva provode po unaprijed zadanom rasporedu, a
dezurne vatrogasne grupe ga obavljaju bez naknade. U zimskim pak mjesecima dezurna
grupa je u pripravnosti po tjedan dana, a pozivi prema DVD-u Rab, izvan redovnog
radnog vremena, preusmjeravaju se na dezurnog zapovjednika koji u slucaju potrebe svoju
grupu podize sustavom za pozivanje na mobitel — Vatrotel. Kako je svima poznato, unutar
ljetnih mjeseci zabrana je loZenja vatre na otvorenom prostoru. Sukladno tome, vatrogasci
reagiraju na svaku pojavu dima pa se iz tog razloga u VOC prijavljuju i pripremanje
rostilja u objektima smjeStenim na podruc¢jima unutar Sume ili uz Sumu.

Zanimljiva je jedna intervencija iz rada dezurnih odjeljenja koja se dogodila 14. srpnja
2012. Naime, dezurni u VOC-u Rab uocio je videonadzorom na obliznjem parkiralistu
pojavu dima iz vozila i odmah uputio dezurno odjeljenje na intervenciju. Radilo se o pozaru
zadnjeg sjedista vozila, a vlasnica se ugodno iznenadila vidjevsi dolazak vatrogasaca i
prije njenog poziva. Pozar je bio ugaSen u kratkom roku, a vlasnica je mogla nastaviti
putovanje sa svojim vozilom.
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Slika 5. Fotografije opozarenog sjedista
Samo na ovom dogadaju isplatila su se nov¢ana sredstva ulozena u videonadzor, posto
je materijalna Steta pri¢injena pozarom mogla biti visestruko visa.

U slucaju da se na otoku stvore ekstremni uvjeti, kada se predvida povecan broj
intervencija, pored po rasporedu rasporedene dezurne grupe, mobilizira se jo§ jedna
dodatno. Tako da se u tim danima u vatrogasnom domu nalaze i dva izlaza, nekada i tri.
Takvi ekstremni uvjeti su npr. posolica koja uzrokuje pozare drvenih elektrostandova na
viSe lokacija po otoku (ponekada znamo unutar jednog dana intervenirati na desetak takvih
pozara). Posolica se, kako je ranije objasnjeno, dogada pri jakim udarima bure koja tada
cijeli otok ,,pospe” morskom soli. Nakon prestanka bure, a poglavito za vremena povecéane
vlaznosti zraka ili temperature dolazi do otapanja soli sa izolatora i uzrokovanja nastanka
pozara. Valja napomenuti kako vatrogasci u suradnji sa HEP-om ve¢ desetlje¢ima, nakon
prestanka bure organiziraju ispiranje elektro-vodova i kako bi takvih pozara bilo i vise da
nije toga.
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4. ORGANIZACIJA GASENJA POZARA VECIH RAZMJERA

Prethodno opisano potvrdilo se i prilikom najveceg Sumskog pozara koji je nastao
2012. Naime 23. srpnja 2012. pod naletima orkanskih udara bure doslo je do pozara na
podrucju Supetarske Drage. Iako je opozarena povrsina za mnoge beznacajna, za nas, ona
je najveca od 1983. Dojavu o pozaru VOC Rab zaprimio je u 00:28, a dojava je glasila
kako gori Suma te da se radi o veéem pozaru (slika 6).

Slika 6. No¢ni pozar u Supetarskoj Dragi snimljen prije dolaska vatrogasaca

Po dojavi, mobilizirana je i upuéena na pozariste kompletne postrojba. Ve¢ se iz daljine
vidjelo kako ¢e dogadaj biti zahtjevniji, pa se odlucilo na podizanje i DVD-a Lopar i voda
Sumarije Rab. Pozar se kretao uzbrdo, zahvatio je ve¢u povrsinu i kretao se prema drugoj
strani otoka — naselju Kampor. Uz rubove Sume nalazi se mnogo obiteljskih kuca, a Suma
je pretezno stabla crnike i1 uljke. Kako su vozila pristizala, rasporedivala su se u obru¢ oko
samog pozara. Na Celu nailazeCeg pozara nalazi se samo jedna Sumska prometnica na koju
pozicionirao dio tehnike i gasitelja sa zada¢om presijecanja pozarne linije i sprjeCavanja
Sirenja pozara na podru¢je Kampor. U pocetku se nije moglo sa sigurnos$éu tvrditi da
¢e se Sirenje pozara prema Kamporu moci zaustaviti stoga se o istome, nesto iza 1 sat
izvijestio ZVOC Rijeka od kojega se zatraZilo slanje dodatnih snaga kako se u sluéaju
nemogucénosti presijecanja vatrene linije ne bi gubilo na tempu. Trazene snage su krenule
unatoC ¢injenici da tog trena niti jedan trajekt nije mogao isploviti prema kopnu. Na kraju
pozar su ugasile rapske snage, a zupanijske su vracene.

Radi bolje koordinacije, izvrSena je podjela rada u tri sektora. Prvi sektor obuhvacao je
desni bok pozarista, drugi lijevi, a tre¢i Celo pozara. Na terenu je ukupno bilo rasporedeno
12 vatrogasnih vozila i 83 vatrogasca. Neki od gasitelja pristizali su osobnim vozilima.
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Slika 7. Prikaz makrolokacije nastanka poZara u Supetarskoj Dragi

Kako je odmah bilo vidljivo kako ¢e raspoloziva tehnika biti nedostatna, zatrazio
se angazman komunalnih drustava i privatnih autoprijevoznika. Na teren je izasla i
Gradonacelnica Grada Raba koja je koordinirala rad vatrogasaca i ostalih gradskih
subjekata. Tako je u kratkom vremenu na pozariste pristiglo nekoliko cisterni, komunalnog
drustva Vrelo s kojima je koordinirala Gradonacelnica te privatnici koje je kontaktirao
VOC Rab. Gradani, kojih se je mnostvo skupilo rasporedeni su na pomoéne poslove.
Kako smo na raspolaganju imali vise ljudi nego naprtnjac¢a, VOC Rab je kontaktirao razne
firme na otoku za koje se pouzdano zna kako imaju naprtnjace i iste su u kratkom vremenu
dopremljene na pozariste. Pozar je lokaliziran oko 3 sata, a potpuno gasenje je nastavljeno
narednih 30 sati.

Slika 8. Fotografija dijela opozarene povrsine
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Iz ovog pozara je vidljiva vaznost napornog rada vatrogasaca u podizanju vatrozastite.
Svaka informacija o bilo ¢emu vaznome za ovakav dogadaj poput rasporedene opreme za
gasenje unutar firmi, autocisternama na otoku i sl. koje se godinama prikupljaju pokazale
su se izuzetno znacajne. Takoder, i sam angazman gradana, koji su se ponudili da sudjeluju
na pomo¢nim poslovima, te koordinacija i uvjezbanost postrojbi za ovakve dogadaje,
je kljuc uspjeha, a sve potvrduje organizaciju zastite od pozara svih subjekata na svim
razinama.

5. ANALIZA POZARA OTVORENOG PROSTORA NA PODRUCJU
ODGOVORNOSTI DVD-A RAB

Prethodnu tvrdnju potvrduje i analiza provedena na Sumskih pozarima koja je gasila
ova postrojba. Naime, statistika pokazuje kako najveéi broj pozara nastaje u ljetnim
mjesecima te u rano proljece §to je vidljivo na grafikonu na slici 9. Uzrok tome su suse i
veliki broj ljudi u ljetnim mjesecima te radovi u poljima u rano proljece.

Broj poZara po mjesecima od 1991. - 2016.

Slika 9. Prikaz broja pozara u periodu od 1991. do 2015. po mjesecima

Zanimljivo je pak, da je u kolovozu opozarena povrsina relativno mala u ovisnosti o
broju pozara (slika 10).
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OpozZarena povrsina po mjesecima 1991. - 2016.
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Slika 10. Prikaz opoZarene povrsine u periodu od 1991. do 2015. po mjesecima

Potrebno je posebno napomenuti kako je u izrac¢un ukalkulirana i najveéa opozarena
povrsina u tih 25 godina i to ona na prethodno opisanom pozaru u srpnju 2012. u
Supetarskoj Dragi u iznosu od 1,4 ha.

Postrojba DVD-a Rab intervenirala je na ukupno 284 pozara otvorenog prostora pri
¢emu je ukupna opozarena povrSina u tih 284 pozara i 25 godina iznosila 95736 m?
Opozarena povrsina prema agrokulturi prikazana je na slici 11.

Agrokultura - opozarena povrsina - udio
Ma Jirsiitka

0%aw Palma
Crnika %
18%

Trava

0y
Bor 46%

10%
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24%

Slika 11. Prikaz opoZarene povrsine u periodu od 1991. do 2015. po agrokulturi
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Takoder na slici 12 prikazan je udio opoZarene povrSine prema vlasnic¢koj strukturi.

Vlasnicka struktura izgorene
povrsine

19% ® Privatno

1%
H Hrvatske Sume
3%
2% = Grad Rab

B Primorsko-goranska
Zupanija

B Nepoznato

Slika 12. Prikaz opoZarene povrsine u periodu od 1991. do 2015. po vlasnickoj strukuri

1z prethodnog se vidi kako su preventivne mjere utjecale na izvrsne rezultate u odnosu
na broj pozara, agrokulturu i opozarenu povrsinu. Podjednako tako vidljivo je kako se
malo kontroliraju privatni zemljoposjednici kod kojih je najveca opozarena povrsina.

Rjesavanje ove problematike nemoguce je bez dobre volje Grada Raba. Polja su
zapustena 1 neodrzavana $to utjece na brzo Sirenje pozara. Grad bi provodenjem odluka
iz domene komunalnih propisa mogao utjecati na odrZavanje zapustenih poljoprivrednih
povrsina, a time bi i broj poZara bio znac¢ajno manji. lako vatrogasci imaju preventivnu
mjeru osiguranja prilikom spaljivanja odredenih parcela u dogovoru sa vlasnicima,
neodgovornost odredenih pojedinaca znacajno utjeCe na opozarene povrSine. Daljnji
radom na razvoju sustava videonadzora takoder ¢e smanjiti opoZarenu povrsinu.

6. ZAKLJUCAK

I nadalje ¢e se povecavati razina vatrozastite otoka Raba. Predvideno je ukopavanje
elektro-energetskih vodova koji su nadzemni, pro§irenje i sanacija postojece protupozarne
infrastrukture i izgradnja nove. Ponovnim ustrojavanjem civilne zastite pokusati ¢e se
vratiti vod ljudi osposobljenih i opremljenih za gaSenje Suma gdje ¢e opet vaznu ulogu
odigrati vatrogasne postrojbe. Prijasnjih godina, pored civilne zastite, takve vodove su
imali svi vazniji gospodarski subjekti na otoku i potrebno ih je ponovno ustrojiti i utvrditi
najadekvatniji nacin uzbunjivanja.
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HOW DRONES CAN SUPPORT FIRE SERVICES.
PREVENTION, INTERVENTION AND POST FIRE
MONITORING

Abstract: This paper describes many initiatives and shows also practical examples which have
happened using drones to support fire managers in different ways. Today more and more experts
say drones can give real alternatives for aerial reconnaissance even if this application is far from
manager’s mentality yet. Author used thematic division of drone applications; it is based on two key
elements, one of them is the time flow of fighting forest fires, the other is its tactical requirements.
Research used mainly author’s own experiences in this field, accompanied by function analysis,
practical experiments, economic analysis and also expert estimation. Logically, drones can be used
before fire for hot spot detection, before starting the intervention for fire reconnaissance, during the
intervention for intervention monitoring and after suppression for post fire monitoring.

Key words: drone, tactical analysis, firefighting, fire detection, fire monitoring
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1. INTRODUCTION

The operation of manned aircraft at forest fires is usually expensive, therefore in many
cases managers miss the aerial activity even for reconnaissance or supporting decision
making, even if that would be required for the effective intervention. Today’s experiences
say drones or with other words Unmanned Aerial Systems (UAS) can give real alternatives
of manned aircraft’s operation not just for aerial reconnaissance but even other activities.
This paper describes many initiatives and shows also practical examples which have
happened using drone to support fire managers in different ways.

Drone activities regarding forest fire is not new. We can reel off activities using drone
to fight against forest fire in the United States [1], in Croatia [2], in Spain [3, 4]. In Hungary
the Szendro Fire Department carried out many activities helping fire management using
drone [5].

This paper gives an approach for thematic division of using drone at forest fires; it
is based on the tactical differences. Logically drone can be used before fire for hot spot
detection, during the intervention helping fire management and after suppression for post
fire monitoring. The method of prescribed fire can be also in the focus of drone use as a
special application for fire prevention [6].

The paper uses the chronological flow of fighting forest fire for thematic divisions,
although the last part of this paper, the drone generated prescribed fire can be disputed; it
could have been also the first part. As a latest development of this application author found
it as the latest place for the best.

2. PREVENTION AND EARLY WARNING

Aerial patrol as an early warning method with manned aircraft is a commonly used
procedure for preventing huge fires with detecting hot spot. Many countries such as
Australia, Canada, France, Russia, Spain, and United States regularly use this procedure
while others such as Germany and Poland used to apply it but today not.

BEFORE DURING AFTER
FIRE FIRE FIRE
Fire ignition AERIAL RECONNAISSANCE
PRESCRIBED FIRE Fire detection and intervention monitering
Aerial patrol During intervention After intervention
FIRE DETECTION MONITORING FIRE DETECTION
Before starting intervention ‘| During intervention H
MONITORING MONITORING

Figure 1. Aerial patrol for hot spot detection in the structure of thematic
division of drone use. Source: author
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Detecting hot spots by aerials earlier than reporting it by civilians obviously helps fire
managers limit the damages fires cause. Unfortunately, the main reason why this method
is not always used is the huge costs of acrials. If the procedure made by drone is cheaper
than the traditional one (manned aircraft), it means that the option of drone use is the
better solution. Naturally this case assumes the similar professional efficiency of different
methods.
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Figure 2. Planning drone mission for hot spot detection. Source: author

During this task drone makes a patrol following the pre-programmed flight path and
based on the real time video supply the staff in the control station can detect and check any
hot spots. In case of real danger staff reports it to the fire service.
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Figure 3. Drone based hot spot detections: in Croatia (2011) and the first one in Hungary (2004)
Source: 6DOF (Croatia) and author

No doubt, aerial patrol by drone can detect hot spots very quickly and it is able to
give the first fire report to fire brigades. It can reduce the time of first attack but study
says that based on economic calculations, this application can be effective just under
special conditions such as at extremely high Fire Weather Index and at geographically
high articulated area. Detailed criteria must be developed in the future for optimizing the
effectiveness of drone applications.
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For effective hot spot detection different type of drone can be used. Depending on
the area staff responsible for both strategic and operational drone can be effective tool
for the early hot spot detection. In the United States the high altitude long endurance
(HALE) Ikhana was used for both early detection and intervention monitoring. In Croatia
and Hungary tactical drone were also used for hot spot detection.

3. RECONNAISSANCE BEFORE STARTING INTERVENTION

When starting intervention the main problem is the lack of objective information
regarding the affected area, fire intensity, etc. [7]. Operational used drone could help in
this case; below just a few minutes it can be ready for launch and 2-3 minutes later it
transmits the real time pictures about the fire and their circumstances.

Figure 4. Launch of fix wing drone (Fenix) for fire reconnaissance before starting intervention.
Rotary wings drone (Bee) hovering at forest fire. Source: 6DOF (Croatia) and R-Fire Ltd.
(Hungary)

Figure 5. Differences between fire fronts can be seen face to face or from the air after arriving.
Source: 6DOF (Croatia) and R-Fire (Hungary)

In case of aerial reconnaissance the quick access to the information is much more
important than the quality (e.g. resolution of the video, photos) of that. Therefore the simple
but immediately ready for start drone is required for this type of task. Capability of this type
of drone is limited. Fire manager needs objective information about the fire characteristic,
fire intensity, speed of spreading fire, smoke emission, wind direction, etc. but very quickly.
For this task a hand launch, by electric engine powered drone is considered the best solution.
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The simple criterion for economic effectiveness is that all costs of drone use must
remain below the value of the forest saved by this process.

4. AERIAL RECONNAISSANCE DURING INTERVENTION

During intervention, where aerial reconnaissance is required but manned aircraft is
above price, drone could give also a cost effective solution. If the commander of fire-
fighting operations is at the scene, he is too close to the fire to be able to manage it
along with its environment. Quite literally, he cannot see the forest for the trees! As the
extinction of forest fires is a protracted process in time, and since during that time the fire
will continue to spread, the ability to manage a fire together with its environment is an
indispensable precondition for the efficient extinguishing of a fire.

During intervention the drone use can be very effective because obtaining an overview
of several hundred or even thousand hectares of forest allows intervention measures to be
co-ordinated. Without air reconnaissance, co-ordination of measures can only be based
on the information circulating between the commanders of individual units at various
locations. But the assessment of the scope of their individual situations by commanders
located at various sites may be completely subjective and not made in relation to the other
sites. Air reconnaissance helps to eliminate subjectivity in such judgements and to rank the
individual sites in relation to the others.

I No common
work

Resources

li Traditional i Traditional i
Small Large

Scale of incident

Figure 6. Efficiency of drone application depends on fire size. Source: author
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At huge fires using manned aircraft for bombing water or just to support the
reconnaissance with information is a normal procedure. On the other hand, small fires
don’t require aerial support; these are managed by traditional equipment.

Between these extremes, logically, there is a sector, where fire size is larger than
management could suppress successfully just with traditional equipment, but not large
enough to ask manned aircraft for help. In this case the manned aircraft is economically,
obviously, not effective, but a solution such as drone, which is cheaper than the use of
manned aircraft — can already be.

If the drone based aerial reconnaissance satisfies the minimum criteria of the
professional requirements of the effective reconnaissance, it means that this solution can
be even economically effective.

We can demonstrate the effectiveness of drone based aerial reconnaissance also by the
damage — time function. This kind of applications is not just reducing the damages caused
by the fire but even reducing the time of the intervention. Shorter intervention is reducing
also the risk posed to citizens caused by the lack of fire fighters who are ready for alarm in
case of accident, house fire, etc. Unfortunately this kind of risk is usually assessed much
lower than the reality requires.

393,90 73.9wh 5 131,734
IS

i J— (03!
SIS 3_m;~

8610rpm
117U

Figure 7. Intervention supported by drone: forest fires in coloured (Bee, Germany, 2010, and
Phoenix, Croatia, 2011), artificial coloured (Ikhana, US, 2007) and black and white photos
(Hungary, 2004)
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5. POST-FIRE MONITORING

After suppressions, many times, area surveillance is required to prevent starting fire
again by remained cinder. Drone equipped with IR camera can detect the critical points
easily and with a small team can manage hot spots while let fire fighters leave the area.

Burnt area monitoring besides the tactically advantages gives also other options.
Since many cases drone use is optimal when it is in the hand of fire service, the post fire
monitoring is ideal for training recruit. After the intervention, there is no stress regarding
success, no pressure from media or residents. But post fire monitoring is a real task while
its environment means a reality. It means hot spots, remained cinder what also requires
responsible management.

Figure 8. Thermo cam is installed on drone board and able to detect the remained cinder.

Source: author

Planning the post-fire monitoring drone must fly around the extinguished fire front
instead of monitoring the whole area (hot spot detection). For this task a simple but with
IR equipped drone is required.

6. CONCLUSION

Based on the above examples drone can be a very effective tool in the hand of fire
managers. After launch the drone can supply real time data continuously, therefore within
in the first few minutes it can provide effective support for the decisions of the commander.
One such element of decision support is that even before the drone returns, it will be
possible to establish the extent of the burning area and to request the assistance of further
units. This will save a significant amount of time.

Another example of decision support: if commanders are able to manage the entire
area in a complex way, it may be the case that protecting the area where the fire is currently
most intense is the most important task. It is possible that our forces need to be concentrated
in a location other than that furnished by the initial assessment.

While firefighting is in progress, the fire continues to spread in the areas where no
countermeasures are taken, and indeed it may meet natural obstacles or barriers. A river,
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a wider road or glade may stop the fire as a natural barrier, so beginning fire-fighting
measures at a distance of 100 or 200 metres from such a natural barrier can only be
considered efficient if we have plenty of resources.

On the other hand, it is also possible that in a direction which currently has low
parameters for spread and is thus assessed as lower priority, there lies a much more
valuable area, such as a highly protected plant community, a habitat of protected animals,
or perhaps an area of vegetation with higher parameters for spread.

The above examples show that the most efficient intervention is not necessarily the
same as intervention at the point where the fire is the most intense. In order to make the
best decision, the area of the fire must be managed in a complex manner, together with its
environment.

The tactical drone, which has proven effective, can be made available to even the
smallest fire brigades. Traditional reconnaissance no longer provides information of
a quality and quantity sufficient for today’s applications. Increasing the efficiency of
reconnaissance will result in increasingly efficient interventional measures. This will
increase the area of forests saved while reducing the areas destroyed.

The workload of fire-fighters may be reduced; in many instances there may be no need
to mount a response at all. The elimination of unnecessary responses will reduce the level
of risk to citizens, resulting in a higher level of fire safety.
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HNPUMEHA BECIIMJIOTHHUX BA31YXOIIVIOBA Y
HUBUJIHOJ 3ALLITUTHU

Pe3ume: becnnioTHN Ba3ayXOIJIOBH Cy HOBA TEXHOJIOIHja KOja C€ BPTOIIABO pa3BHja U MPOHAIA3H
CBOjy IPHMEHY y NMPUBPEIN M BaHIPUBPEIHUM JEIATHOCTHMA, 32 KOHTPOJY TpaHHIA U Yy ApYyre
cBpxe. [IpuKynsbame nojaraka ca OBUM Ba3JyXOIUIOBMMA MMa BEJIMKH 3Hauaj Ipe, Y TOKY U HaKOH
BaHPEIHUX CUTyallHja Koje MOTy OUTH n3a3BaHe IPHPOIHHUM JETOBABEM TN JBYIICKOM HETIaKEbOM,
HEXaToM WM HamepoM. Pa3BojeM OCCIMIOTHHX Ba3lIyXOIUIOBa M LIMPEHEM HHUXOBE yrorpebe
jaBJpajy ce mpobiiemMu 300T KOjUX je OMIIO HEOMXOIHO YCTaHOBUTH 3aKOHCKe okBHpe. Ox 1. janyapa
2016. roguHe Ha cHary je cTynuo IIpaBmiHUK O GecrmioTHHM BasgyxorutoBuma (“Cil. ImacHUK
PC”, 6p. 108/2015 - maspe: [IpaBuiHKK), KOjJUM C€ HPOIHKCYjy YCIOBH 3a 0e30enHO Kopumheme
OeCIMIIOTHHX Ba3IyXOIUIOBA, FMXOBO Pa3BPCTaBambE, CBHICHTHPAE, ONPKaBamke, Kao U YCIOBH
KOje MOpajy Jia MCIyHe JIMIa Koja KOpucTe OecnmiioTHe BasmyxorioBe. Pan obpalyje 3axoHCKy
perynatiBy 3a IPUMEHY Ba3qyXOIUIOBa y LMJbY €IyKalHje CBHX cyOjekra onOpane, MoryhHocT
ynotpebe Ba3AyXOIUIOBa y UBHIIHO] 3aLITUTH U HEKE IPUMeEpe yHoTpede.

KibyuHe peun: Ba3qyXOIUIOBH, BaHPEHE CUTYyaIHje, [IMBIIIHA 3aIITHTA

THE USE OF UNMANNED AERIAL VEHICLES IN
CIVIL PROTECTION

Abstract: Unmanned aerial vehicles, also known as drones and UAVs, present a new technology
that is being developed quickly and it finds its use in the economy and non-economical services, for
controlling borders and in other situations. Gathering data using these vehicles is essential before,
during and after emergency situations that can be caused by natural causes or by human error,
negligence or on purpose. The development of unmanned aerial vehicles and their wider usage
cause new problems that required appropriate legal framework. On January 1% 2016, a new set
of regulations regarding unmanned aerial vehicles was introduced (“Sluzbeni glasnik RS”, no.
108/2016 — hereinafter: Regulations), setting conditions for a safe use of unmanned aerial vehicles,
their classification, registration, maintenance, as well as the conditions for those who use unmanned
aerial vehicles. This paper investigates the legislative regulations for the use of aerial vehicles in
educating all subjects of defense, the possibilities of using these aerial vehicles in civil protection
and several examples of their use.

Key words: unmanned aerial vehicles, emergency situations, civil protection

'Tpod. np, Bricoka TexHnuka 1mKoia cTpykoBHuX cryauja y Hosom Cany,
e-mail:babic@vtsns.edu.rs 302



5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

1. YBO/,

,,DECITIIIOTHU Ba3IyXOIUIOB j¢ Ba3AyXOIUIOB YHjH je JIET KOHTPOJIHCAH Off CTpaHe
padyHapa KOju ce Haja3W y Ba3AyXOIUIOBY WIIM YHjUM JIETOM CE JaJbUHCKHU yIpaBiba Of
CTpaHe oreparepa Ha 3eMJbH, JIOK j€ CHCTeM OECITIIIOTHOT Ba3yXOIUIOBA CKYI eJIeMeHaTa
KOoju oMoryhasajy JieT OeCIMIOTHOT Ba3/1yXOIlIOBa, KOji YHHE OSCIUIOTHU Ba3dyXOILIOB,
KOMIIOHEHTE HEOIXOAHE 3a YIpaBJbalbe WIM NPOrpaMHpale JieTa W KOMIIOHEHTE
HCOITXOTHE 32 KOHTPOIIUCAE JIeTa OCCITUIIOTHOT Ba3MyXoruioBa”[2].

JpoHoBu (ka0 OECHMIIOTHH Ba3AyXOIUIOBH) CYy MaJld OCCIUIIOTHH Ba3IyXOIUIOBH,
YIIaBHOM HE TE€XHU OJ] AeCeT KUIorpama, KojuMa ce ylnpaBjba JaJbHHCKOM KOMaHJIOM Ca
pa3najbHHe 10 HEKOJIMKO CTOTHHA MeTapa. tbrMa ce Moxke ynpaBibaTu 1 Mpeko TenedoHa,
HE MOT'Y Ja JIETE€ BHCOKO HH JTAJIEKO, AT MOTY J1a 00aBJhajy OpOjHE MOCIOBE U TAKO TOMONH
YOBEKYy U CHCTeMy onOpaHe. J[poHOBH Cy Hajipe OWIHM MPOIyKeHa pyKa BOjCKe Koja UX
Jj€ KOpHCTHIIa y ocMarpadke cBpxe. [lounme mpuMeHa U y Hayl| TJI€ Cy C€ KOPUCTHIIHN Y
eKCIIEPUMEHTAJIHE U HCTPaKMBayKe CBPXE jep ca KaMepaMa OCMarpajy TepeH, WM IPEKo
WHCTAJIMCAaHNX CEH30pa CaKyIlJba]y Y30pKe ca BYJIKaHa WM U3 KOHTAMHUHUPAaHUX WIH
MOTUTaBJbEHNX OONacTH. PammpeHy npuMeHy IOHENa MM je jeJHOCTaBHa KOHCTPYKIIH]ja
KOja JI03BOJbAaBa PACIIOH BEIMYMHA O]l ITIOMEHYTHX HOCa4ya TepeTa A0 MHHHjaTypHHX
BapujaHTH. [laHac MX KOPUCTHU MOJHIIKja A2 HAATIEA jaBHE CKYIIOBE M KOHIIEPTE, a FCTO
paze M TeneBU3HjCKE €KHIle Kako OM mo0wmiie ,,ITHYjy MepcrekTHuBy ‘. JIpOHOBH ce MOTy
KOPUCTHUTH U y 3[]paBCTBEHE CBPXE, OMET 3aXBaJbyjyin YMEH-EHHIIM J]a MOTY Jia ce mpoOujy
JI0 MecTa Ha Koje Jby/ICKa HOr'a He MOXe J]a KPOuH — IPIIMKOM CllacaBamba JbyAd HAKOH
eJIEMEHTapHHUX HEIoroja jep UM ce NmomMohy ApOHOBa MOTY IOCTaBHTH MEIHUIIMHCKA
cpencTsa, Boga u xpana. O ymorpebu ApoHOBa pasMuILIbajy n Hajeehe T xommanuje.
AMa30H HaMepaBa Jia MX KOPHICTH 32 HCIIOPYKY NOIIMIBKH Ha KyhHY azapecy, 1ok Facebook
IUTaHUpa Jla UX JIAHCHUpa y HeOO W Iojadya CUIHAJI MHTEPHETAa Y PypalHUM CpeiuHaMa.
IpBu myT ce BUIE MHCaI0 O OECIOIUTHUM Ba3AyXOIUIOBUMA Kaja je ,,ApoH” ylIeTeo Ha
craguon OK INapruzana u npekunyo ¢ynodancky yrakmuily uzmehy Cpouje n Anbdanuje
14. oxrobpa 2014. rogune.

2. IPABUJIHHUK O BECIITMJIOTHUM BA3YXOIIJIOBUMA

[IpaBuIIHKK ce He TpPUMEbYje Ha OECITMIIOTHE Ba3AyXOIIOBE YHja je OllepaTHBHA Maca
Mama ox 0,5 kI, ako BUXoBa MakcMMasiHa Op3uHa He mpenasu 20 M/C U KOjH JOCTHXKY
MaKCHMAJIHU J0JeT 10 15 M 1 MakcuManHy BUCHHY 10 10 M.

Onpenbe oBor [IpaBuiHuKa ce He IPUMEYjy Ha OECIMIIOTHE Ba3IyXOIUIOBE KOjU Ce
TIPOjEKTY]y, IPOU3BOJIE M KOPUCTE 32 OTIEpaTHBHE NOTpede OpraHa HATIEKHNX 3a TIOCIIOBE
onOpaHe, yHyTpaIlbHX IOCJIOBA U IAPUHE, KA0 HY Ha JIETEHhE OECIMIIOTHHX Ba3AyXOILIOBa
y 3aTBOPEHOM IIPOCTOPY.

Csaku IipoH, koju jetu Opxe on 20 m/c u Bume g0 10 merapa Mopa OUTH ynucaH
y EBunennujy BasmyxomioBa Kojy Boau JlUpeKTopaT IMBHIHOT Ba3lyXOIUIOBCTBA
Penybnmuke CpOuje n obernexaBa ra €BHICHIIMOHOM O3HAKOM. Y3 3aXTEB €€ IOTHOCH U
YIIyTCTBO Npou3Bohaua o kopumhemy 1 oipKaBamby JIpoHa.

CBu IpoHOBH WiIn OSCIMIOTHU Ba3AyXOIUIOBH CBPCTAaHH Cy y YETHPH KaTeropHje u
MOpajy Ja Ce PEeTUCTPY]jy YKOIHMKO Cy TEXHU OJf I0Ja KHIorpama.

bBecnuiaoTHU Ba3yXoIUIoOB (JPOH) MOXeE Jia JIETH CaMo Jamy, IPU 4eMy CBE BpeMe Mopa
Ja OyJie y BUITHOM TI0JbY JIMIA KOj€ ’bUMe yIpaBiba. MakcHuMaliHa 103BOJbeHA BUCHHA JIETa
OecnuioTHOT Ba3yxorniosa je 100 M n3Has T/1a, a MaKCUMaJlHa J03BOJbEHA XOPH30HTAIHA
yAaJbeHOCT OSCIMIIOTHOT Ba3AyXOIUIOBA O] JIMNA KOje IhHUMe yrpasiba je 500 M.
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Huje no3BoJbeHO ympaBibaTH OCCITMIIOTHHM Ba3IyXOIIOBOM ca WIIM M3 O0jekra y
MOKPETY, HUTH YIIPABIhATH Ca BHIIC GSCIIIOTHUX Ba3IyXOIIOBA HCTOBPEMEHO.

Kopumheme OecnuioTHOr Ba3AyXOIUIOBA HHUje JO3BOJBCHO HA XOPH30HTAIIHO]
yaasbeHocTH Mamoj ox 500 M onm 3Ha4ajHUX WHQPACTPYKTYPHHX W APYTHX oOjekaTta
(emexTpaHe, eNEKTPHYHA BHCOKOHANIOHCKA IIOCTPOjera, Ap)KaBHE YCTaHOBE, BOjJHH
00jeKTH, TOCTPOjeha 3a MpeyniiaBame BOIE, ayTOIYyTEBH, KA3HEHO-ITONPABHE YCTAHOBE
U CJ1.), OCHM aKO ITOCTOjH 0I00peHH-¢ BIACHUKA HUIIM KOPUCHHUKA 00jeKTa.

Kopumheme OecnimiioTHOT Ba3ayXoIuioBa udja je oneparuBHa maca Beha ox 150 kr,
Kao ¥ OECHHMJIOTHOT Ba3AyXOIUIOBA YHjH j€ JIET y MOTIYHOCTH KOHTPOJHCAH Of CTpaHe
padyHapa Koju ce Hajla3d y Ba3qyXOIUIOBY, HHje TO3BOJHEHO.

3a0pameHo je U IPEeBOKEHE JbYIH, )KUBOTUIHA U OIIACHOT TepeTa, aji U N30aInBame
TEYHOCTH M IpeMeTa U3 OSCIMIOTHOI Ba3yXOIUIOBa, Ka0 M HOLICH:E CIOJBHOT TepeTa
KOJU HHJjE CIEMCHT CTPYKTYPE U OIPEeMe TOT OSCIIIOTHOT Ba3yXOIUIOBa 0€3 MPETXOAHOT
onobpemwa [lupekropara.

Jlune xoje yrpaBiba OECHMIOTHUM Ba3lyXOIIOBOM JYKHO je Ja 00e30e1u /1a Heros
JIeT He YIpOKaBa >KHBOT, 34paBJbe U IMOBHHY JbYIHU H JIa HE OMETA jJaBHU pell U MUP, IPH
4eMy yIaJbeHOCT OeCIIMIIOTHOT Ba3yXOIUIOBa O JbyAH He cMe ouTh Mama o 30 M. Taxohe,
[NpaBmiHuK nponucyje aa Muie Koje ynpasiba OeCIIMIOTHHM Ba3AyXOIZIOBOM HEe cMe OUTH
noa yTI/II_IajCM AJIKOXOJ1a WJIN ICUXOAKTUBHUX CYIICTAHIIU HUTHU Y TaKBOM HCI/IXO(bI/BI/I‘-IKOM
cTamy Koje ra onemoryhasa ia 6e30e1HO ynpaBsba OECIHIOTHUM Ba3LyXOIIOBOM.

Jluue koje ynpasiba OSCIUIOTHAM Ba3AyXOIJIOBOM KOjU CE KOPHCTU y HENPHBPEAHE
CBpXe MOXe J1a Oye caMo MyHoJeTHO Jiuie. M3y3eTHo To Moxke 1a Oy/ie M MaJIOJIETHO JIHLIe
aKo ce MPWIIMKOM YIpaBJbarba OCCIMIOTHAM Ba3IyXOILIOBOM HaJla3H IO HEMOCPESIHUM
HaJ30pOM ITyHOJIETHOT JIMIIA.

Jlune koje ympaBiba OECHMIIOTHHM Ba3qyXOIUIOBOM KOjH C€ KOPHCTH Y TPHBpEIHE
CBpXe, Ka0 W IHIE KOje YNpaBjba OCCIMIOTHUM Ba3IyXOIUIOBOM TEXKHM Of jeIHOT
KIJIorpama Moxke Jia OyJie caMo IyHOJIETHO JIUIIE KOj€ je 3APAaBCTBEHO CIIOCOOHO U KOje je
TIOJIO)KUIIO TIPOBEPY 3HaMA U3 MPEAMETA Ba3IyXOIUIOBHH IPOIHCH.

Tect ce nonae HajkacHHje JBa Mecella HAKOH ILITO JIUIIE ITIoJHECE 3aXTeB JJupekTopary,
KOjH Ha CBOjOj HHTEPHET CTPAHUIIM 00jaBJby]je JINCTY MMUTakba O KOJUX CE MOXKE CacTOjaTH
TECT 3a NpoBepy 3Hama. KaHauaar je mojoKuo mpoBepy 3Harba ako TauHO OJrOBOPH Ha
HajMame 75% mnuTama. AKO KaHAWIAT HE MOJOXKU MPOBEpPY 3HAMa, OH MOXKE MOJHCTH
3aXTeB 3a IOHOBHY IIPOBEPY 3HamWa y POKY KOju He Moxke Outh kpahu on 30 naHa.

[punukoM ymnpapibama OCCHMIOTHAM Ba3AyXOIUIOBOM JIHIE KOje YIpaBiba THM
Ba3QyXOIUIOBOM MoOpa MpH ce0u Ja WMa YIOYTCTBO mpom3Bohada 3a Kopuimheme
OeCIIOTHOT Ba3[yXOIUIOBa, OPUTMHAJ WM OBEpeHy Komujy ofobOpema Jlupekropara,
MOTBP/LY O MOJIOKEHO] MTPOBEPH 3HAMHA.

3. MOI'YRHOCT YIIOTPEBE BECIHMJIOTHUX BA3JAYXOIIJIOBA Y
HOUBUJIHOJ 3BALLITUTHU

BecimioTHr BazoyxomioBH cy TexHoJormja OyayhHOCTH Koju he ce KOpHUCTHTH Y
pasHe cBpxe. JemHa ox Moryhux mprMeHa je U y IIMBHIIHOj 3aITUTH, Koja 00yxBara Mepe,
3a7aTKe ¥ aKTUBHOCTH (IIPEBEHTUBHE, IUTAHCKE, OPraHU3alljCKe, OIIepaTHBHE, KOHTPOJIHE
U (UHAHCH]CKe) KOjuMa ce ypeljyjy mpaBa, Ty»KHOCTH U 00aBe3e cyOjekara, yUeCHHUKa,
(yHKIMOHHCAkE CBUX JIEJIOBa CHCTEMa IMBWIIHE 3alTUTE M HaYuH [OBE3UBamba
WHCTUTYIMOHAIHHUX U (yHKIMOHAIHHUX pecypca yUecHHUKa KOju ce Mel)ycoOHO nonymyjy
y JeNMHCTBEHY LIEMHY Pajau 3allTHTE U criacaBara rpal)aHa, MaTepHjatHUX U KyJITYPHHUX
nobapa ¥ JKMBOTHE CPEIWHE OJ IOCIENULA NPHUPOTHUX M TEXHHUYKO-TEXHOJOLIKHX
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Hecpeha u katacTpoda 1 OTKJIamame MOCIIeUIa TEPOpU3Ma U PaTHUX pazapama.

CucreM IMBWIIHE 3aIITHTE 00yXBaTa BENHMKU OpOj JbYIU M3 pa3HUX MHCTHUTYLHja U
ycranoBa. O BUMa ce U He ITprya JI0K He Jiohe 10 came KaracTpode, aji CUCTEM LIUBHUIIHE
3aIITHTE MOXKE JONMPUHETH CBOjUM ITPEBEHTUBHUM JICTIOBAbEM. Y MOCIISIHBIM JEeHCHIjaMa
XX Beka u modeTkoM XXI Beka 4ecTo cMo OWiIM Ha METH pa3HHX KaracTpoda Koje cy
[IPOY3pOKOBaJie BENHK Opoj JKpTaBa M BeJIHMKAa MaTepHjajiHa pazapama y3 BpPJIO BHCOKE
urrete. HajeBexxuju mpumMep 3a To je 3eMJbOTpec y aBrycty Meceiry 2016. ronune y Utanuju
rae je nmoruHyiao oko 300 spyau, BeIMKHM OpOj HECTAIMX M BEJIHMKa MaTepHjajiHa IITeTa.
JpxaBa Mopa 1a 06e30equ cBojuM rpahannma, npema YCTaBy M ONINTOj AEKIapanuju o
npaBHMa YOBeKa, PaBO Ha JKUBOT, c1o0oxy M JuuHy Oe3benHoct. OxpeljeHum Mepama
3aIITHTE U CIIACaBakba MOTY €€ YKIIOHUTHU WIH Y ofpelh)eHOj MepH CIIPEYNTH JIOIIH YYHHIH
karactpode. 300r Tora ce y IUBHIIHY 3alITUTY MOPAjy YBOAWTH M HOBE TEXHOJOTH]E
(u3mely ocranmx u mpuMeHa OECIMIOTHUX Ba3AyXOIUIOBa) Kako O y Behoj Mepu mora
OCTBapHTH 3alpTaHe [HJbEBE.

[{uBuiHa 3aIITHTA MMa BEJIUKY YJIOTY Y KaracTpogaMa Kao LITO Cy IOIIaBe, IIyMCKH
NOXapH, Ojyje, 3eMJbOTpEeCH, HykieapHe Hecpehe, ByIKaHCKe epyNuHUje M CIUYHO.
Tpebano O6u UCTpaXUTH Ha KOjU HAYWH OCCHIIOTHH Ba3AyXOIUIOBH MOTY IEJIOBAaTH
KBaHI/ITeTHI/I_]e 0/1 OOMYHMX Ba3IyXOILIOBA (KOjHX M HEMaMO y JOBOJHHOM OPOjy), OMHOCHO
KOje Cy HhHXOBE MPETHOCTH C 003UpOM Ha OCTaJle TEXHOJIOTH]E.

[TorutaBy y3poKyjy peke, HoTouu, OyjudHN BOIOTOLH, JieneHe Oapujepe. Yciesn nojase
OOMJTHMX KHILIa ¥/MJIH TOIIJbEeHha CHeTa Ka/ia BOAOTOLN He MOTY BUIIIE IPUMATH IIPUCTHUIITY
BOJLY, IOJIa3H JI0 IUTaBJbeHba - H3JIMBaba peKe U3 KopHuTa. BemTadke normiasa MOry HacTaTH
300T OTKa3a cHCTeMa 3a aKyMyJIallHjy BOJE, OTKa3MBamka CHCTEMA 3a OA0paHy O IoTIaBa
WM HeaJleKBaTHUX TeXHWYKHX PEIleHha Ha OABOAABAbY WM 300T JbYACKE IPEIIKe WIIH
Hamepe - Hexata. [lornase cy npupoaau GeHoMeH Koju Huje Morylie cripeuury, na je 30or
tora EBporicku mapnament u Behe usnano JupekruBy o noriasama 2007/60/EG koja je
cTynuia Ha cHary y neuem6py 2007. ronqune. Hamena te JlupexTuse je na ce ycrnocTaBu
HAMOHAIHY U Mel)yHapOZHU OKBHD 3a MPOLCHY ¥ YIIPaBJbakhe PH3HIMMA O IOIIaBe 1a
Ou ce cMamHIIe HeraTHBHE MOCJISIHLIE TIOIIaBa Ha JbYACKO 31paBibe, IIPUBPELY, )KUBOTHY
CpeuHYy U KyATypHa no0pa. JenaH ox nusbeBa Te JJUpeKTuBe je u3paja KapTH ONaCHOCTH
Ha KojuMa Ou Tpebana OUTH MpHKa3aHa MOAPYYja C MOTCHIMjATHO 3HAYaJHUM PHU3UKOM.
BecnunoTHn Ba3myXoIIOBM MOTY OWTH NMPHMEHJEUBH IIPH M3pajyl OBaKBHX Kapara jep
y KpaTkoM BpeMeHY MOr'y JaTH He caMO TPOJMMEH3HOHAJIHW u3nien Beh u mururamHu
¢doto u 3/1 mozen. 3 /1 Monenu KacHHje MOTY MOCITYXHUTH M 32 CaHaIH]y YKOIHKO jgohe 10
KaracTpodarHUX MOCIenna Ha KYJITypHUM To0puMa piKaBe.

OcuM 1pH H3pagd KapTe ONACHOCTH, OECIMIOTHH Ba3MyXOIUIOBH MOTY HMarH
BPJIO BaXKHY YJIOTY M TOKOM CaMor' Tpajama ornacHocTH. TokoM mouerHe (aze morsiaBa
OeCHMIOTHN Ba3AyXOIUIOBH IOMaXy CTPy4malliMa y pasyMeBamy HHBOA pPU3WKa U MPH
€BaKyalllju JbYJH Ha OCHOBY MCIPABHO YTBpl)eHHMX M peanHux onacHocTH. Criacuiadke
eKHIIe KOje Cy aKTHBHE TOKOM IIeJIOr Tpajama KaracTpode KOHCTAHTHO H3JIaxy CBOje
JKUBOTE OITACHOCTH T€ j€ ONpaBAaHa yrmorpede OeCIIMIOTHUX Ba3IyXOIUIOBA y Ty CBPXY.

Hyxneapune Hecpehe HuCy decT cily4aj, ajlM HHXOBE IIOCEAUIE MOTy OHTH
KaTaCTpO(banHe W TIpOTE3aTH ce TroArHaMa HakoH camor norabaja. I'yOurak TbYACKHX
JKMBOTA j€ Y3POKOBaH HE CaMO TPEHYTKOM KartacTpode Beh M )KHBOTHHM YCIIOBUMA KO_]e
HykJeapHa Hecpeha ocraBipa 3a coOoM — 3araljeme 3emibe, Bozie 1 Bazayxa. 300r Tora je
HajBa)XHHja MPAaBOBPEMEHA eBaKyalija CTAaHOBHUINTBA. CHacHIavyKe eKUIIe KOje YYeCTBYjY
y eBaKyalliju MOpajy MMaTH aJeKBaTHY 3aIlITUTy 300r Benwkor 3araljema. CBakako Ou
OWJIO CUTypHHje HE NPUCTyHaTH 3araljeHuM MOIpydYjuMa M HU3JIaraTu Ce OMACHOCTH CBE
JIOK OECIMIIOTHY Ba3AyXOIUIOBU HE M3BpILIE CHUMAhE TEPEHA.
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BynkaHcke epynuuje uMajy JiokaJdHH yunHak. OcuM TryOHMTKa KUBOTA U €BaKyalluje
YIPOXKEHOT' CTAHOBHHIITBA NPOOJIEM ITPEACTaBiba U 3aral)embe MerneaoM HakoH epymiyje.
Epymwmja Bynkana Eyjafjallajokull na Ucnanny y 2010. ronuan u3asBana je, 3ajeqHo ¢
npoOJeMrMa MBUITHOM CTAaHOBHHIITBY KOjU KHMBH y ONU3HHU ByJKaHa, Takohe BelHke
mpobJeMe y Ba3AyXOIIOBCTBY IPOY3pOKyjyhu Bemike TyOUTKE Y TIOCTIOBAmbY.

JenHa on HajOMTHHjUX aKTHBHOCTH TOKOM paja CIACHIAYKHX CKHIIA j€ OIpIKaBambe
KOMyHHKanuje u3mel)y cBux ydecHuka Hecpehe. 30or Tora je morpeGHa MOKPUBEHOCTH
TOKOM IIeJIe MHUCHje oprkaBajyhu akTMBHY JMHHjy KOMyHHKauuje mMely KopucHHIMMA.
KomyHukarija yecto Moxke OUTH IMpEeKUHyTa 300T mocieanna karactpode u Hemoryhe
je OOHOBHTH KOMYHHKAIIMjCKe KaHaJle IIPH TAKBUM YCIIOBUMA U Y KPaTKOM BpeMeHy. 360r
Tora ce Tpeda NPUCTYIUTH IPYTHM AJITEPHATHBHUM METOJaMa Y KOjUMa OBa TEXHOJIOTHja
MOe€ ITOMONH.

CrpeyaBame kKaracTpode je jeqaH o OCHOBHHUX 3ajaTaka IUBIJIHE 3amTuTe. Behinna
MIPUPOJHUX KaTacTpoda ce He Moxke n30ehn kao 1To cy 3eMJbOTpecH, MOIJIaBe, ByIKaHCKE
epymuje. Yak je u npensuhame TakBUX KatacTpoda roroBo Hemoryhe. U mopen Tora, Heke
KaracTpode ce MOry MpaTUTH Ipe Hero LITO Ce JOT0Je LITO MOXKE MPYKHTH MOI'YRHOCT
CIIpedaBama MK 0apeM CMamerha JbYIICKHX XKpTaBa.

IIpyxutn momoh HakoH karacTpode TaKolje Mpe/ICTaBJba OTPOMaH MPoOIeM ITUBUITHE
3amTuTe. YKJbyuyje pan PasHHX eKHIa KOjUMa Mopa OWUTH OCHTYpaHO Op30 IIUpeHe
nH(poOpMaluja, KOMyHHKaIja, IIOBE3aHOCT U KoOpAuHauuja y pagy. OHO IITO oTexaBa
paz criacHIadyKuX €KHIa Cy CBAaKako JIOIIM BPEMEHCKH YCJIOBH KOJU ce€ 3aJpXKaBajy U
HaKOH caMe KaTacTpode. JenaH ox OMTHUX YMHHIIAIa HCIIPABHOT ACJIOBabha je MIMaTH yBUJL
y TPEHYTHY CHTYAIlljy OJHOCHO aXXypHpame KapTu moroljeHux 3ona. 300r moremkoha
U JIOIIMX BPEMEHCKUX YCJIOBa OECIIMIOTHH Ba3AyXOIUIOBH MMajy BEIHMKY IPEIHOCT HPH
CKyIUbamby II0JaTaKa U BU3yaJIM3alljy 3a pa3iHuKy O TPaJHIMOHAIHHUX TEXHOJIOTHja.

4. IPUMEHA BECIIMJIOTHUX BA31YXOIIVIOBA — I[ITPUMEPU

VY Cpbuju, nmo nonaunma HarpioHanHor kiacrepa O€CHMIOTHUX JIETENUIA IIOCTOjH
oko 3.000 OGecHmIOTHHX JISTWIIMIA YWja TOjeAMHAYHa IeHa ce Kpehe oI CTOTHHaK mHa
0 BUIIE XWJbaAa eBpa. Y3 0e30eqHOCHE IOCIIOBE KOHTPOJIE TepUTOpHja, OSCIHMIIOTHE
JIETENUIIE Ce Y CBETy yHoTpeOJshaBajy W IMPHUIMKOM Tallema Moxkapa jep 3axBasbyjyhu
KamepaMa KojuMa Cy onpemibeHe MH(popMainyje 100ujeHe CHUMameM M3 Baszayxa Op30
CTHXY J0 HaJUIS)KHUX Ha 3eMJbu. OBe OECITUIIOTHE JIETEJIUIIE CIIy’KE M 32 Pa30HOAY U 3a
030MIbHE pUBpeIHE U 0e30eJHOCHE TpUMeHe. Pa3HOBPCHOCT NpHUMEHE IPOHOBA je AaHac
OrpaHMYEHa CaMO MAIITOM MPO(ECHOHATHHUX Ba3AyXOIUIOBHUX HHXKEHEpPa M XOOHCTA.
Kopucre ce y ¢unmckoj u TB wHAyCTpHUju, HAI3UPY TEIMIKO HPUCTYHAYHE TEPUTOPH]E
U OCTajy y Ba3lyXy MHOTO JyXe HEero mrTo Ou To Ouie y cTamy JICTeJHULE ca JbYICKOM
M0CaJI0M, IOK TEXHOJIOTH]a FbUXOBE U3pajiec HUKa [a HUje Ouila OCTYIHUja, IPUCTYTadHIja
U pacrpocTpameHHja.

[Ipouemyje ce na je 2015. 6mna y 3HaKy Apona. [Topen Tora mro Mory ja ce KOpucTe
3a CHIMam¢ ¥ IIIHjYHUPamke Ha MECTHMA TJe je 3a0pameHo, APOHOBH Oe3 mpodiiemMa ca
co0oM MOry J1a oHecy 60MOy, OTpOB MK HemTo Tpehe mTo Moke yrpo3utu 6e30exHoCT
JBYIH.

Jenan MHIMIEHT ca OECHMJIOTHOM JICTEJMIIOM JIOTOIMO C€ W Yy Hamioj 3eMJbu. Ha
¢dynodanckoj yrakmunu CpoOuja — AnbaHuja, IPOH je yieTeo Ha TepeH Hocehu 3acraBy
Bennke Anbanuje. Ha cBy cpehy, oBa nerenuua y cebu Huje Hocuia O0MOy WM HEKO
JPyTO HaOpyKame, and je 6e3 003upa Ha TO U30MO BETUKH Mel)yHApOIHH CKaHIAI.
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Ciuka 1. @omo: Tarwye/Munucmapcmeo ¢unancuja — Ynpasa Llapuna

[Ipumepu ynorpebde apoHa:

- CHUMaK MoTorubeHor [lapm3a u3 Bazayxa nokasyje o0um xaractpode (ciuka 2),

- gpoH 3abenexno KpBojoyaH CHUMak: 70 OrpOMHHX THIPacTHX ajKyia
packomajaino rpbasor kuta 22. maj 2016. (cnuka 3)

Cnuxka 2. Hzeop: Cnuka 3. Printskrin:
Printskrin: liveleak.com, jun 2016. Facebook/Eco Abrolhos

- u3 OUHCKE CTHXXKE APOH Ca MOTOPHOM TECTEPOM, Ca KOjoM je Moryhe nabuHCKH
YIPaBJbaTH | MOTITYHO je (pyHKIMOHAIHA — CKHJa JEACHHIIE, Ceue JPBO UT/.

- JluxagucTu ApoHOBHMA XKelie 1a 3aIpalllyjy eBpOICKe TPaJoBe PaJIHOaKTHBHUM
MarepujagomM” — MpunagHuny Vcnamcke Ap)kaBe IIaHUpajy Aa KOPUCTE APOHOBE KAKO
6u Herne y EBpornu Gauwmnm 3acrparyjyhy ,,npspaBy 6om0y”. CBeTcke Bohe 3a0punyTe
Cy Ia OW JUXaJuCTH MOIIU Ja KyIle JIaKO JOCTYIHe OECIMIOTHE JIeTeNHIe Kako Ou MX
HCKOPHUCTHUIIH 32 3alpallluBambe paJMOaKTHBHUM MaTepHjajioM eBPOIICKHUX IpajioBa, YUMe
Ou MOOMIIN Ha XUIBAJIC JbYJIU.

- OCCIUIIOTHOM JICTEITULIOM NPOTHB Bapara Ha MPHjEMHOM HCIUTY — HAjHOBHjE
KMHECKO OpYy)Xje MpOTHUB Bapama Ha IPHjEMHOM HCIUTY Ha YHUBEP3UTETHMA je
OecnuIoTHA JIETeJHIA ca HIECT Mporeiepa Koja je CKeHHpala Jia JId MMa HeyoOrdyajeHux
CUTHaJIa MocyaThxX Ka ypehajuma Koju Ccy CTyAEHTH KPUIIOM YHEIH Ha TECTUpambe (CIHKa
4).
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Cnuxka 4. Kunecku opou

- »JIpOH 3a mporamame” — Illanrajcka xomnanuja ,.EpMajun” (AirMind) je
MMOKPEHYJIa aKIkjy MPUKYIUbakha CPEICTaBa 3a CBOj Ipojekar Has3BaH ,,Majund”. Pey je
0 JIPOHY, WK jOII TPEIHM3HKjEe KBAJKONTEPY KOju OU JieTeo 0e3 ynmoTpede MaJbUHCKOT
ynpasibaya, Beh OM HpaTMo KOPHCHHMKA ca KOjuUM Ou OMO TOBe3aH NPEKO0 MOOHMITHOT
tenedoHa. Y MeAnjuMa je oBaj ApoH Beh mporalieH ,,ApOHOM 3a Iporamarmke’ 300T cBoje
MoryhHOocTH 1a cHEUMa 1 ipaty onpel)eHy ocoly Mim OMITo KOjy APYTY MeTy (ciuke 5 u 6).

Cnuka 5. Ilpahere meme Opornom

- ,OCCIIMIIOTHA JIETEJINIIA HaJl HyKJIeapHOM LieHTpanoMm y benruju’ - HykmeapHa
neHTpana Jlern, Ha ceBepy 3emibe. Jlorahaj ¢ 6eCITMIIOTHOM JIETHIIMIIOM O KOjOj OenTHjcKe
BJIACTH HHCY Jajle HUKaKkBe JieTajbe, nofceha Ha cepHjy CIMYHHUX A€IlaBamba Kala cy
npoHoBu npumehenn m3Han Hekux (paHIyCKMX HYKJIEapHUX LieHTpana. Taj ciydaj je
ocrao HepasjaimeH. Hykneapuu pexarop Jlen 4, jenan on cenam y benruju, mymireH je y
paz 1mociie 4eTUpU Mecela 3acToja 300r KBapa HacTaJIor rociie caboTaxe.

- ,»y Hamamy OECIMIOTHOM JIETHIIMIIOM MOTHHYIO TeT ocoba y Ilakucramy” -
jaryapa 2015., CeBeprn BasupuicraH, y pernoHy mpema rpaHUIN ca ABTaHHCTaHOM y
HaraJly aMepuuKe OecIIMIOTHE JIETHIINIIE.
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- ,.katakim3ma u3 apona” — [lomohy kBagkontepa DJI Fantom 2, ¢oroamapara
“kanon 7D” u kamepe GoPro3+, penuress Jlenu Kyk caumuo je Hanymrenu rpan [pumjar,
HEKOJIMKO KUJIOMETapa Ol HeKaJalllibe HyKiieapHe enekrpaHe y UepHoOuby (cinuke 6 1 7,
VYkpajuna).

- CuHAMKAT CpIICKE TIONUIIMjE OIIACHO CE€ CAOoMIITeHEM y KOjeM Ce HaBOAM Ja
MHIUACHT KOJH C€ JIOTO/IMO Ha BUCOKOPH3UYHO] (pyndainckoj yrakmuim Cpouja - Anbanuja
HUje caMo IMOJMTHYKa MPOBOKalMja M HempujaraH ekcuec Beh u Texak 06e30eqHOCHM
MIPOITYCT OHUX CIYKOW Koju ce OaBe o0aBelITajHUM M KOHTPaoOaBEeIUTAjHHUM palioM.
,»CPaMOTHO je W He3aMHCIHBO Ja O0e30eqHOCHe U oOaBemTajHe ciryx0e npxaBe Cpouje
HHCY UMaJie HUKaBy HH(OpMaIHjy o IIIaHUPaHHUM aKTHBHOCTUMA, IPHIIPEMHU U yIIOTPeOH
OecrmIIOTHE JIeTeNHIe Koja je m3a3Bana ekciec Hocehm 3acraBy Benmke AnGanuje”,
CAOMILTHO je CHHIUKAT (ciinKa 8).

Cnuke 6 u 7. Yeprnobum

Cnuka 8. /[pon na cmaduony @K Ilapmuzan

- npaheme pagosa y rpaljeBuHapcTBy, maHopamcko cHumame (Combop, oOHOBa
Kapmenmhancke njpkse u pyniesme odjekara ,,bane Cekynuh” y Com0opy - ciika 9 - 11)
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Cauke 9-11. Combop

5. 3AK/bYYAK

VYnorpeba apoHoBa moctana je Moryha, cTBapHa W moTpeOHa y cBuM cdepama
IpylmTBeHe nenarHocT. Kao mpeBeHTHBa, IpOH OM MoOrao ja 3ay3Mme CBOjE€ MECTO U Y
cHCTeMy 3amTuTe U cracaBama P.CpOuje, Kao je To MoceOHO HarIalieHo U y Tadykd 2.
yiraHa 3. 3akoHa 0 BaHPEIHUM CHUTyaldjama — ,,3aITHTa, Ka0 CKYTl IIPEBEHTUBHUX Mepa
yCMEpEeHHX Ha jauarbe OTIIOPHOCTH 3ajeIHHIIE, OTKIIamhabe MOryhiux y3poka yrpoxaBarma,
CMamCHbe YTHIAja eJIEeMEHTapHUX HEIOro/la, ClpeyaBame Apyrux Hecpeha u y ciydajy aa
JI0 BbUX J0he, yMambeHhe IIXOBUX MOCIenUIa’ U Ta4KH 6. wiaHa 3. 3aKoHa O BAHPSITHUM
cuTyalyjama — ,,0praHH30Bamke, ONpEeMame M Ocloco0JbaBame CHara 3allTHTE W
crnacaBama’’. [loceOHO MeCTO y TOM cucTeMy O Tpebasu 1a nMajy aepo 1 jeIpuIndapcku
KITyOOBH Koju ce OaBe OSCHIUIOTHMM Ba3AyXOIDIOBHMA W BpIIE €IyKaldjy OMIIaJuHE.
OcHOBHH (akTop ynoTpede OeCIMIOTHUX Ba3AyXOIlJI0Ba y CUCTEMY 3allTUTE U CIIacaBarmba
j€ CBakako HOBAIl KOjer HeMa y JIOBOJbHUM KonudrHama. Ha cyOjexTrMa onOpane ocTaje
OAITOBOPHOCT 3a Npely3uMame MPEeBEHTUBHUX Mepa U yBOlermhe HOBHX TEXHOJIOTHjA U Y
00JaCT MBUIIHE 3aIUTHUTE Kako OW ce cTerneH 0e30eJHOCTH CTAHOBHHMINTBA U HHXOBHX
MarepujarHux 1o6apa mosehao.
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Laszl6 KOMJATHY'

INOMOR O AIIVNIMKAIIMJE HA BA3U AHAPOUIA
KOA HECPERA Y TPAHCIIOPTY OITACHHUX
MATEPHJA

AncrpakT: Bo3una ca omacHHM MMarepujama Cy MPHCYTHA y HalleM CBAaKOJAHEBHOM JKHBOTY,
jep TpaHCHOpT IpyMcKuM caoOpahajem y EBpomm je mocrao Hajuemhu BuJ mpeBo3a 300r
CKOHOMHYHOCTH alli U JIPYrux pasiora. CBakoJHEBHO Ce MOTY BHICTH KAMHOHH LHCTEPHE WIIH
KaMHOHH ca HapaHpacToM TabmunoMm ca o3HakoM AJIP. MelytuMm, BelinHa cTaHOBHUIITBA HE 3HA
Ha mTa Ta Tabna yno3opasa. Hama mpeTxoiHa McTakuBama MoKasaja cy Ja Koa caodpahajHux
Hecpeha, rpaann npBu npyxajy momoh, jep Cy ykJby4eHH y ApyMcku caobpahaj, ma cy Ha MecTy
Hecpehe npe BaTporacaiia 1 HHTEPBEHHIITY 0e3 HKaKBE 3alITHTHE ONpeMe i oceOHuX BemtiHa. OBO
UCTPAKUBAKE je HACTaBaK TEXHOJIOIIKOT pa3Boja codTBepa 3a ModmiHe ypehaje YH-BPOJ Jasa koju
je npencraeiber 2009 rogune. CodTBep MoMake CTAaHOBHHIITBY, TPO(ECHOHATHUM BaTporaciiuMa
U PyKOBOAMOLIMMA KatacTpoda y HHTEpBEHIIMjaMa KOje YKJbYdyjy U OMAacHe MaTrepuje, Kako Ou ce
crpedniie najbibe Hecpehe.

KibyuHe peun: momMoh y omnydmBamy, pyKOBOXKeHme y Karactpopama, YH-BPOJ, AIP, moGu,
AHAPOUS

ASSISTANCE OF ANDROID-BASED APPLICATION IN
TRANSPORT DISASTERS INCLUDING HAZARDOUS
MATERIALS

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 fire fighters 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.

Key words: decision support, disaster management, UN-NUMBER, ADR, mobil, android

! Associate professor, Institute of Disaster Management, National University of Public Service,
Budapest Hungary. E-mail: komjathy.laszlo@uni-nke.hu
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1. YBOJ

VY cnipeyaBamby Hecpehe TOKOM TpaHCIIopTa onacHe pobe KOPUCTH ce Kao TOMON MOOHITHH
codptBep YH-BPOJ. Pa3Boj Tor codtrepa je moueo 2007. romune. Ha xordeperunjama
kako y Malapckoj, Tako B y CyCeTHUM JprKaBaMa, IMao je BelIukh ycrex. Y CloBadkoj, y
Hurpn, je ycnenHo nmpe3eHToBaH Hpe] NpopecHoHaIIMa i3 00IacTH IPOTUBIIOKAPHE
3amrurte [1]. Hajuenrhn moOuman Texamaku ypehaj Ha 6a3u JaBa codTwepa je Tako3BaHH
MIDP?2 [2]. Anu pa3Boj TEXHOJIOTHjE Ty HHje CTao, TOCIIe Mamke O] 1ojIa ACIeHH]e, pyYHH
TenedoH U3TIena 1a je 3actapeo. Yeie TeXHOJIOIMIKOT pa3Boja qanac ,,CMapTdon”, kKao u
JIANTOII, 3aMerbyje TabieT. Y mKkoiama cy Behi Ha IPBOM MECTY, CKOPO Y CBHM OJIeJbeHUMA.
Oge ypehaje u mpenmkosncka reaepanuja 6e30eaHo KopucT. OTHPHIIAKE UCTE aTUTHKAIH]C
nma kao npodecuonansu PC, a 3a npuctyn MHTEpHETY MOXKEMO UX KOPUCTUTHU CKOPO Oe3
orpanndema. OBa CpencTBa paje ca OlepaTHBHUM cHCTeMOM AHapowu [3], eHa UM je
W3Yy3€THO HUCKA U JETHOCTABHO CE KOPHCTE.

2. NPEJJIOT 3A PEHIEIGE ITPOBJIEMA

Cucrtem mobwmHor nporpama Jasa YH-BPOJ Moxe ce kopucTUTH Ha 0a3u cUcTeMa
Awnnpony nopen crenujaiaux ycinosa [4]. CyIITHHCKH OBakaB TEXHOJOIIKH pa3Boj je
[0CTa0 He3aMebJbHB y cucTeMy coTBepa Aumpou. XKesenau cmo nzabparu Takas ypehaj
Y Pa3BOJHOM YKPYKEHY, KOjH MOXKEMO Pa3BUTH Ha Bullle Iardopmu (ciuka 1). Bennunny
6a3e mojaraka y paHujuM (azama pa3Boja Beli CMO ONTHMHU3UPAIN U YMambUIU. BaxHo
HaMm je OuJI0 na mporpam Oyzie JOCTyIaH M Ha JPYTUM je3UlMMa, Tako Jia CMO MPEBEn
je3rpo nporpamcke 6a3e Ha CIOBAauYKU M SHIVIECKU je3HK.
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3. BPOJ KOPUCHUKA

ATUTHKAITH]Y je MHCTaIMPaJio Ha ¢Boj Tenedon oko 4000 Mahapa u cTpanux Barporacia
KOju roBope Mahjapcku je3uk, a KOPUCTH je joll BUILE [MBUIIHU CEKTOp npeBo3a. [Ipema
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HAIIIUM TpOoIIeHaMa IHPEee OBakBoT AHIpous Tenedona je cee Behe — camo y Maljapckoj
ce Opoj YABOCTPYYHO jep je MHCTamMpame copTBepa JIakiie Hero Ipe, a 300T mpeBoja
Ha CTpaHe je3uKe Nporpam MOTYy KOPHUCTUTH XWibaje KopucHuka. [Iporpam je Hajmpe
HampaBJbeH 300T BaTporacaiia, npogecroHaiana Koju pyKoBojae y karactpodama, u 3a
TIOJIMIIN] Y, T 300T jeTHOCTABHOCTH KopHIlhicha JiaK je ¥ 3a [IUBUIIHO CTAHOBHHUIIITBO, U
BHMa MOXKe OUTH 0] KOPUCTH. Bo3aun u 3amociieHn y TpaHCcopTy pobe Takohje cy pexiu
JIa je 0Baj IPOTPaM BEOMa KOPHCTAaH, a CBOjUM CYreCTHjaMa U KPUTHKaMa MOMAraiu cy y
pa3Bojy aruIMKaIyje.

4. OBJIACT AIVIMKAIIUJE

Ob6nacrt nenoBama oBe CO(TBEPCKE aIUTHKAIH] € HIj€ OTPAaHHYCHA, jep 32 ’beHY QYHKIIH]Y
HHUje moTpeban oHNajH NUHK. basza monaraka je yBek Ha ypehajy, Tako ma To 6e30emHO
(YHKIMOHUIIIE U KaJla CMO Y 3aTBOPEHOM IIPOCTOPY, y TYHENY, y HOAPYMY WJIN HA TAKBOM
MECTy TJie HeMaMo J100pe yciose 3a Moominau Tenedon n 3a EDR pagno-komyHHKaIjy,
a KaJa ycIIOBH HHCY 00e30eheHm He Mokemo noowth mHpopmarujy. Barporacum ce
cTaiHO cycpehy ca OmacHOCTHMa rameme Hokapa y 3aTBOPEHOM MpPOCTOpy. Y TaKBHM
CUTYyallrjaMa Cy 3a HHTCPBEHIIH]Y CYIITHHCKH BakHe Op3e omnyke [5]. TokoM mpakTHIHUX
BeXOM ce peloOBHO CyouaBajy (cimka 2) ca HCOOMYHHIM yCIIOBHMA, Kao IITO j& ,,AJICTaITHO
CKJIaAMIITE” ca ONACHWM MarepHjaMa, pa3HHM BpCTaMa oTmajga. Y IPEro3HaBamby
Mareprje oMake UM Ha makoBamy HasHaueH YH-BPOJ, xoju je u y cTBapHOM >KHBOTY
Ha3HaveH. OBe BexOe cy BasKHE M 32 MCHEIIEPCKH Kaap 300T MeXaHU3Ma O/uTyJrBama [6]
Koju y3 roMoh mporpaMa MoTy MPOBEPUTH aKTHBHOCT KAaKO CBO]Y, TAKO M CBOjUX PAJHUKA.
Ha tum BexxOama MOTy pa3BHTH JTUYHY KOMIICTEHIIH]Y, KOja je HEOIMXOAHA 300T CTaHOT
pa3Boja 1 Koja yOp3aBa MexaHN3aM JOHOIICHa OJIyKe.

Jleo omacHOr ormaza Kaj ce Mema ca Ba3gyXOM MOXE Ja 1a CKCIUIO3MBHY
KOHIICHTPAIIN]y, ¥ Ha TaKBOj JIOKAIIUjH HE MOTy ce 0e30eIHO KOPHCTUTH HH MOOWITHH
tenedonu, Hu UT anmaru. Melytum, mMamMo U TakBe ajare KOje MOKEMO KOPHCTHTH Y
0BakBUM OKoNMHOCTHMa. OHU cy pa3BHjaHM Oal 3a Kopumheme Mopes ONacHUX MaTepHja
1 32 EKCTPEMHE yCIIOBE.

5. AKTYEJHOCT HPOBJIEMA

Tparcnopt onacHe pode je cam mo cebu omacad nporiec. OnacHOCT 3aBUCH O HAYMHA
NpeBo3a MaTepHje W O CBOjCTaBa TpaHCIOpToBaHe podOe. Tpeba mmaru Ha yMy jAa TH
TPAHCHOPTH MOTY OMTH M WIJICTallHH, MMa CiydyajeBa TakBHX Hecpeha rie cy marepuje
HeoOele)KeHe, a HEOUCKHBAHE CIIy4yajeBe MOXKE NMPOHM3BECTH W IMPABHIHO O3HAYCH M
JOKYMEHTOBaH TPAHCIIOPT. 3Ha ce Ja je MPeBO3 HajoIacHuja CTBap, IIe Ce AeCH HajBUILE
Hecpeha 1 CMPTHHX CITydajeBa, IPH YeMy je HajBHIIE IpodiieMa y IpyMcKoM mpeBo3y. Kox
TakBHX Hecpelia pyKOBOIMJIALl ramiera Mmoxapa je jeinHa 0coba OIroBOpHA 3a 33/1aTKe
Koje Tpeba peasn30BaTH M CIIPOBECTH Yy LIMJbY CMamema IuTere. Ko ynpasika pazBojem
cuTyalyje Mopa Op30 MpEno3HaTH MOjeANHauYHe KOHTEKCTe U3BaH OIMLITET 3Hamba, KOjH
y ocHOBH onpel)yjy pusndre curyaryje. Kom TakBux cuTyanuja Mopa oOpaJnuTH MaxXmby
Ha CBe, J1a OM JI0Heo o0pe omtyke. ,,CuTyanuja” y OBOM CMHUCIY pe3UMHpa CBe (akTope
TOKOM MHTEpBEHH]jE KOje Cy BaKHHM 3a SNMMHHALHM]Y omacHOCTH. OnacHe Marepuje MOTy
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W3a3BaTH pa3IHuUTe MpodiieMe Ha MECTY akimuje. [J1laBHEe OMacHOCTH — 3a Koje Tpeba aa
TauyHO 3HAMO MaTepHUje — UMaMO U3 JoCcTymHe uteparype (Hip. VAX OnacHu Matepujau
[pupyunuk 3a Op3e wunHbopmanmje, Boanu-Xazapg npunpaBHOCT) M TPBEHCTBEHO
n00HjaMO CIMKY Ha OCHOBY OOaBeHITCH-a (HAJCMHUIIC, 3HAIM, KOJOBH, cumOou) [8].
Ham pa3Bujenu coprep y ToMme naje nomoh, yop3aBa o0paay JOCTYITHUX TOJaTaka, Tako
Jla py»a MOJPIUIKY Yy paxy ocobama Koje JOHOCE OJTyKe.

6. 3AK/JbYYAK

Tope moMeHyTH mporpaM HHUje jequHa ajanTanyja MPEeTXOJHOI MmporpaMa Ha 0a3u
AHpapownna, HeTo je modoJbIaH, OpkH 1 ca 6a30M Koja caapKu Belly MEMOpH]y, 1 MOXKe
ce KOPHUCTHUTHU cKopo Ha cBuM CMmapTdoH ypehajuma Ha 6azn AHIponaa U Ha TabiaeTuMa.
Nako Embarcadero Delphi XE5 pa3BojHo okpyxeme omoryhasa ,,multilanguage” ommmjy,
HauMe Pa3Boj BUILECje3NYHHX AIUTHKANK]ja, 1a OU ce MOrao KOPUCTHTH JIAKIIEe U Ja UMaMO
Mamy aIlIMKalHWjy, HEKe je3nKe MOXKEMO MHCTAIUpPaTH M OBOjeHo. Tako je HampaBibeHa
Bepauja 5.0. Ha oBy Bep3ujy MOXKeMO HHCTaMPaTH M Mal)apCKU H CJIOBAYKH jE3HK.
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KOMAHAHO-CUMVYJAIIMOHE BEKBE, OBYKA
IITABOBA 3A BAHPEJHE CUTYALIUJE HA CBUM
HUBOUMA

Pe3ume: IojaBe koje M3a3uBajy BaHpEIHE CHUTYaIlHje Cy IOCTale ydecTaluje, pa3HOBPCHHje U Oe3
o03upa Ja M Cy Hacraje JeJOBambEeM MPHPOJC MM YOBEKa, CBAKOI' JaHa IPOy3poKyjy cBe Behe
MoCIIeUIe 10 JbyAe, MaTepHjajiHa Jo0pa M KUBOTHY CpenuHy. Y HameM OKpyXemy cBe demnhe
MMaMoO M0jaBe eKCTPEMHUX BPEMEHCKHMX MPHIINKA, KOj€ NMPOY3POKYjy HACTAHAK BEIMKHX LIYMCKHX
Hokapa, MoIlJIaBa BEIUKUX peKa U OyjHIia, OfpoHa, KIM3HUIITA, ONYjHUX BETPOBA, CHEXKHUX HaHOCA
u apyro. Y Cpbuju ce y okBupy oOyke mTaboBa 3a BaHPEIHE CHUTYallHje OPraHu3yjy KOMaHIHO-
CHMYyJIallMOHE BeXOE Ha JIOKATHOM, OKPY)KHOM, HALIMOHAIHOM M PErHOHAIIHOM HUBOY. OBakKaB BUI
yBexkOaBama MTa00Ba 32 BaHPEIOHE CHUTyallljeé KpO3 CHMYINAIHje peajHhuX CLeHapHja MOoryhumx
KatacTpoda, moxaszao je JoOpe pesyiarare y moau3amy KamauTeTa CBIX YWiaHOoBa mTada, a moceOHo
pykoBozeher kazpa.

KibyuHe peum: mrad 3a BaHpeOHE CHTyalMje, KOOpAMHALMja M PYKOBOhEHE, YIpaBIbame
unpopmanujama

COMMAND SIMULATION EXERCISES,
MANAGEMENT TEAM TRAINING FOR EMERGENCY
SITUATIONS

Abstract: Emergency situations have become more frequent, and more varied all over the world and
in our region as well, and whether they are caused by natural forces or man, every day they produce
great consequences on people, property and the environment. In our surroundings, the extreme
weather conditions which cause large forest fires, flooding of major rivers and torrents, rockslides,
landslides, storm winds, snowdrifts etc., are more frequent. In this paper are presented experiences
related to the preparation, realization and analysis of commanding simulated exercises, which are
organized in Serbia at local, county, national and regional level. This way of training management
team for emergency situations through simulations of realistic scenarios of possible disasters, has
shown good results in increasing the capacity of all members of the emergency management team,
especially the leading management personnel.

Key words: management team for emergency situations, coordination and management, information
management

! Mum. uar., MEHECTapCTBO yHYTpalimbuX nociosa Pemybnuke Cpbuje, e-mail:
aleksandar.lazarevic@mup.gov.rs

316



5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

1. YBOJ

Banpenna cutyanuja y Penyomum CpOuju je crame Kafa Cy pU3WIH, NPETHE WIN
mocnenune karactpoda, BaHpegHHX Aoralaja W APYTHX OIMACHOCTH IO CTaHOBHHINITBO,
JKUBOTHY CpEIOWHY M MarepujajqHa Jo0pa TakBOI oOMMa M WHTEH3WUTETAa [1a FHHUXOB
HaCTaHaK HJIN IIOCJICOULIC HI/Ije Moryhe CIIPCUYNUTHU NI OTKJIOHUTHU PEAOBHUM ACJI0OBAKLEM
HAJUIEKHUX OpraHa W cCiyOu, 300r yera je 3a HBHXOBO yOllakaBame U OTKJIamambe
HEOMXOAHO YMOTPeOUTH MOoceOHe Mepe, CHAare W CPelCTBa y3 MOjauyaH pPexuM paga. Y
HalleM OKpYXXelhy cBe dellie UMamo I0jaBe eKCTPEMHHX BPEMEHCKUX IMPUIIHKA, KOje
NPOY3POKYjy HAcCTaHaK BENHMKHX IIYMCKUX IO)Kapa, IOIUIaBa BEIUKHX peka M Oyjuua,
OZIpOHA, KIM3MIITA, ONYjHUX BETPOBA, CHEXKHUX HaHOca U Apyro. EnemMenTapre Heroroze
u napyre Hecpehe, He yrpokaBajy caMo >KMBOT M MMOBHHY TojequHia, Beh ytudy Ha
LENOKYIaH JPYIITBEHO-SKOHOMCKH Pa3BOj M MOTY MOPEMETHTH CKOJOUIKY PaBHOTEKY
YuTaBUX peruoHa. Msmaszehu y cycper pelaBamy NUTamka BaHPEAHHX CHTyaldja |
3axTeBUMa EBPOICKMX WHTerpaluja, Hall PErHOH je JaHac y MpOLecy ycarlallaBarmba
CBEYKYITHOI 3aKOHCKOI ¥ HHCTUTYLHOHAIHOT OKBHpa ca OpojHUM MelyHapomHuM
3aXTeBUMa M cTaHzapauMa. CIpeMHOCT JIOKaIHHX caMOoyIlpaBa Aa OlaroBpeMeHo W Ha
oAroBapajyiin HauuH yIIpaBJbajy BAaHPSIHUM CHTyalldjama je Ol KJbYUHOT 3Hauaja, jep je
OBy 00J1aCT MOTPEOHO caryieiaTi Kao JIe0 CBEYKYITHOT, OJPYKUBOT Pa3Boja 3ajeIHUIIC.

2. IITABOBU 3A BAHPEJHE CUTYALIUJE

VY cnyuajy nojase BaHpenHornorahaja OCHOBHO je IPaBOBPEMEHO PearoBambe, o1 Yrje
e(pMKaCHOCTH 3aBUCE U TTOCIIETUIIE. 3a TPHUITPEMY, KOOPANHALIN]Y ¥ pYKOBO)EHE 3alITHTOM
W CrHacaBambeM y BaHPEIHHM CHTyallljaMa, Kao OIIEPaTMBHO-CTPY4YHA Tela 00pasyjy
ce mTaboBu 3a BaHpeaHe curyandje. OHH cy 1Mo 3aKOHY O BaHpPEIHHUM CHTYyaIlfjama
(GbopMHUpaHH Ha OIIITHHCKOM, I'PAJICKOM, OKPY)KHOM, MOKPajUHCKOM M PEryOIrMYKOM
HuBoy. l1ITab 3a BaHpeaHe cuTyallMje YNHE KOMaHaHT, HAYeJTHUK U WIAHOBH 1ITaba, a y
IpaJICKOM M OMIITHHCKOM IITa0y M 3aMEHUK KoMaHJaHTa Irtada. Komannantu mrabosa
Ha JIOKQJIHOM HUBOY Cy ITPEACEAHUNIN ONIITHHA, OAHOCHO rpajoHadenauiy. [lItabosu 3a
BaHpPEIHE CUTyaluje ce GOpMUPAjy Ol CTPYIHHX KaJpoBa IIPEACTaBHUKA OpraHa yIpase,
NOCceOHMX OpraHu3alyja, HAyYHUX U JPYTUX YCTAHOBA, NPUBPEIHUX OPYINTAaBA U IPYTHX
MPaBHUX JIUIIA, YHje Cy HAIUIC)KHOCTH M MOCIOBH Yy BE3M Ca 3aITHTOM M CIACaBAKEM.
dyHkIMOHUCambe MTa00Ba je YCIOB/bEHO HHUBOOM OOyYEHOCTH INTa0OBa 3a BaHpPEIHE
cuTyalyje. Jayame KarnaureTa 3Haba 1 BEIITHHA YIaHOBa ITa00Ba 32 BAHPEIHE CUTYalH]je
j€ O71 M3y3eTHOT 3Hayaja 3a IUIAaHUPAkEe U PearoBamke y BaHPETHUM CHTyalrjama. YIpaBo
300r ToTa, HEOIXOIHO j& BPIIUTH 00YKY, Ka0 U CTATHO yBexkOaBame ImTaboBa 3a BAHPETHE
CHTYyallije Ha CBUM HHBOMMA, Ka0 HOCHOLIA YIIPaBJbalkha Y BAaHPEAHUM CHTyaLlljaMma, a y
IJbY TOJM3aha KalaluTeTa 3a eukacaH OAroBOp Ha eeMEHTapHE HEMoroie U Apyre
karactpode.

3. KOMAHIHO-CUMYJIAIIMOHE BEKBE

3a ocTBapuBame epukacHe (QyHkIHje mTaba 3a BaHPEIHE CUTyalHje, HEOIIXOIHO je
U3BPIIMTH O00YKy, CTPYYHO yCaBpILIaBame U OCHOCOOJbaBamhe KOMAaHaHATa, HAYCTHHKA,
Kao M CBHX WIaHOBa mTaboBa y menuan. O0yKa W ycaBplllaBamke WIaHOBa mTaboBa 3a
BaHpPEAHE CUTyalllje ce BPIIM KPo3 TPEHHUHIe, CEMUHApe U PaAHOHHMIIE, a Hoce0aH 3Hayaj
ce mpuaaje o0yl pyKOBOAWJIANA IITa0OBa 3a BaHPCAHE CHUTyalldje - KOMaHJaHaTa U
HavyenHuka. OHU ce mepuoAnYHO 00yuaBajy IO JIOHETHM IporpaMuMa oOyke oJ] CTpaHe
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MHHHCTpa YHYTpAlllbUX IOCIOBa, a y opranusanuju CexTopa 3a JbYACKE pecypce,
Onesbema 3a cTpy4HO 00pa3oBame U 00yKy, HalmoHamHOT TpeHUHT LIEHTpa 3a BaHpeIHE
curyanuje u Cextopa 3a BaupeHe curyanyje. [locie nonusama 3Hamka 1 BELITHHA YJIaHOBA
mTaboBa 3a BaHpPEIHE CUTYyallHje MOTPEOHO je yBeKOaTH, yXO#aTH U MPOBEPUTH THUM 3a
e(uKacHO IenoBame U pykoBoheme y OyayhHOCTH, a ympaBo KOMaHIHO-CHMYJAlHOHA
Bex0a mpy»ka MOryhHOCT 3a To.

JoOpo wucmianupaHna, yCHENIHO pealn3oBaHa M e(UKacHO aHaIM3UpaHa KOMAaHIHO-
CHMYJIaIlOHa Be)KOa MMoJrKe Karaiurere mraba 3a BaHpeaHe, Ipe cBera 300r:
* wMoryhHOcTH &1a ce cBM wiaHOBM IuTaba yrmo3Hajy jeqHH ca ApPYruMma, CBOjUM
yjorama ¥ oJJrOBOPHOCTHMA,
* pa3MemUBama 3Hamba U UCKYCTaBa,
* ToIM3amra BeLITHHE pyKoBohema Ha BUIIM HHUBO,
* mo0oJbIIaBamka KOOPAWHAIIM]E U KOMYHHKAIIH]C,
* o0yKe y CTBapHHM, peaTHM CHUTyalldjaMa M yJiorama,
* 1000JbLIaka MHANBUIYAIHUX KBAJIUTETA,
* jauama TUMCKOT paja,
* TIperno3HaBama caboCTH 3a OATOBOP Y BAaHPEIHO] CUTYaIH]H,
* IpPEHCHHUTHBAaKka W TOTBP/A 3aKOHCKE peryliaTuBe, OpraHu3aluje, IUIaHoBa W
npouenypa,
* yjenHavaBama CTaHaapia y pany,
* jayama mnapTHepcTBa M3Mely JIOKaJHOT M HAIMOHAJIHOT HHBOA YIPaBJbamba
BaHPEHUM CUTYyalljama.

300r cBUX M3HETHX IO3UTUBHHUX e(dekara, KOMaHIHO-CHMYJAI[IOHE BexOe, Cy
y CpOuju mocrane obaBe3aH €0 yBexOaBama CBHX IITa0OBa 32 BaHPEIHE CHUTYallHje,
07l JIONIAJTHOT, OKPYXXHOT, J0 HaluoHaiHor HuBoa. Jlo cama je CekTop 3a BaHpenHe
CHUTyalyjy, y KoopuHauju HalmoHaTHOT TPEHUHT LICHTpa 338 BAaHPEAHE CUTYalUje U Y3
momoh mel)yHapoIHHX OopraHM3allfja OPraHN30Ba0 2 KOMaHIHO-CUMYJIAIIMOHE BekOe Ha
pernyOnrYKoM HUBOY W 7 OBaKBUX BeXOM Ha oKpy:kHOM HUBOY. LlpBenn kpct Cpbuje je y
capazmu ca CeKTOpOM 3a BAaHPEIHE CUTYALIH]e, OPraHM30Ba0 63 KOMaHIHO-CUMYJIAIHOHUX
BEKOH Ha JIOKAJTHOM HHBOY.

300r pa3MeHe MCKycTBa, 0OJbe KOOpIAMHAIMjEe M yjedHadaBama CTaHIapla, Beoma
je TOXEeJPHO OpraHM30BaTH OBAKBE CHUMYNALMje W HA PETHOHAHOM HHBOY. BaHpenHne
CUTyalldje He TO03Hajy TPaHHUIlEe, MPOLEHEe PU3HKa U Ipero3Hare Moryhe karactpode y
3eMJbaMa HallleT perHoHa Ce MaJlo Pa3NKYjy, TAKO Aa OW IMOCIe 3ajeJHIYKOT yBeKOaBama
U eBeHTyaJIHa y3ajaMHa 1moMoh U CHHXPOHHW30BaHa akuuja mMelyHapomHHX TUMOBa Owuia
3HATHO e(pHUKACHH]A.

4. TIPUITPEMA 1 OPTAHN3AIINJA CUMYJIALINJA

3a (YHKIHOHAIHO ¥ ¢(HUKACHO OJIBHjalbe BEKOE MOTPeOHA je TeMEJbHA U CIIOKCHA
mpunpemMa. 3a MpUIpPeMy KOMaHIHO-CHMYJIAMOHE BekOe HEOMXOAHO je omabparu
HCKYCHOT MOJieparopa ca YUrpaHuM TUMOM, KOju he CTPyYHO 1 MPO(ECHOHATHO BOJUTH
BexOy y 0e30e1HOj ¥ IO3UTUBHO] aTMOC(EpH.
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3a npurnpemy BexOe MOTPEOHO je:

* nmeduHHMCATH UJBEBE U TUIAH BEXkKOE,

* HapaBUTH ONTHMAJIaH N300p YUeCHHKa BeKOE U PUIIPEMUTH KX 3a ydeuthe,

*  YOUYHTH OMACHOCTH M PU3MKE MOAPYdYja 3a KOje je HaAJCKaH IITad 3a BaHpPEIHE
cuTyanmje,

*  neUHHUCTH peajiaH CIEHAPHO U 3a/1aTKe,

* u3abparu ajeKBaTaH MpoCcTop,

* TpenBUAECTH TNOTPeOHY TEXHUKY M OPraHM30BaTH KOHTHHYHpPAHU IIPOTOK
uHpopmaimja,

* IpUIPEMUTH U3BOpe MH(DOpMaIHja (IUIaHOBE, CUTYAlM]je, Marle | JIp. ).

[ToceOHO je BakHa W3paZa peEaNHOT CIICHApHja W 3a/JaTaka 3a CBaKo IONpydje
HAJISKHOCTHU IITab0Ba, KOjU Cy y CKIIaay ca MPOLECHOM YyrpOoKeHOCTH (norahaju koju cy
ce lecuiu 1 foraljaju Koju ce MpeTnocTaBIbajy, Cyllle, ITyMCKU OXKapH, IMOIJIaBe BETUKIX
peka unu Oyjuiia, OAPOHHM, KIU3HIITA, ONYjHH BETPOBH, CHE)XKHH HAHOCH, TEXHHUYKO-
TexHoJomuike Hecpehe u apyro).

KomangHO-cHMynanyone BexOe ce MOy OpraHM30BaTH Ha CBHM HuBouMa. Ha
JIOKaJTHOM HUBOY (ONINTHHCKH WM TPAICKH) Y BEKOM je MOTpPeOHO N1a y4ecTBYjy CBU
yiaHOBH miTaba. Ha OKpy»KHOM HHBOY, ONTUMAJIHO je yuerilie OKpY)KHOT Iitaba u 3
OMIITHHCKA mTaba ca mo 6 g0 10 wianoBa. Ha pernyOnuykoM HUBOY NOXKEJBHO je yderihe
CBHX WIAaHOBa peryOnuyKor mraba 3a BaHpeJHE CHTYallMje, WIN JIMIA KOje UX MEHajy.
3a mpenu3Hy U TeMeJbHY NPUIPEMY, OBAKBE BexOe, J0OpOM THMY je ITOTPeOHO 10 Mecenl
JlaHa.

5. PEAJIM3AIIMJA KOMAHJHO-CUMYVYJIAIIUOHE BEXBE

Ipe came BexkOe, HEOIXOIHO j€ /1a CE CBH IMOjESAMHIIA U THMOBH Mel)yCOOHO YIIO3Ha]y.
3a peanuzanujy BexOe OMTHO je MPOBEPUTH (YHKIIMOHATHOCT OpPraHU3aIMje BExKOe U
JIaTH 3aBPIIHE HHCTPYKIIH]E.

3a Bpeme Tpajama BekOe HEomxogHa je OecrpekopHa KOOpAMHAIMja H3Mely
Mozeparopa, KOMaHIHe co0e H rpylie KOOpArHaTopa MmTaboBa.

Komannna coba, koja je M31BOjeHa O] OCTANNX YYECHHKA, YIPaBJba CIICHAPHjOM U
n3/aje 33/1aTke YYECHUIIMMA 110 YCBOjEHOM PEociiely U JUHAMHIM. Bpiuu ce yHoueme
CBHX NOTpeOHMUX MH(pOpMalKja y IpUIpeMibeny 0a3y noparaka. PykoBoncTBo KOMaHHe
co0e, TmpaTH €0 TOK BeXOE M Ha Kpajy caulmbaBa CBEOOyXBAaTaH W3BEITAj, Y3 ONHCHY
OLICHY BeXOE.

CBu 3amanm, nHGOpPMAIIFje 1 KOMYHHUKAIH]ja C€ OABH]jajy TMPEKO EICKTPOHCKE IOIITE
(yaecHuim y BexxOH Cy (PU3NIKH OIBOjEHHU), TAKO J1a TOK BeKOe MOXKe [1a ce IPaTH TOKOM
peanuzaiyje, a U KacHHje MPUIMKOM aHajlu3e 3aBplicHe BexOe. Y TOKY jesiHe yCIelHe
BexOe ce 00muHO pasMenu ykymHO o1 600 mo 800 mejioBa.

Jako je BaxxHO &1a ce Ha BeXOHM ycrmocTaBH 0e30€MHO OKpYXCHe, a TUHAMHKA
BexOe Oyze onTHMalHa, a HeMa 3arylickha HHPOopMaIijaMa U ca Jpyre CTpaHe Aa HeMa
mpasHor xoja y BexoOu. Ha kpajy cBake cekBeHIIE, MOXKEJbHO je 1a ce U3 KOHTPOJIHE co0e
of1 mTaboBa TPaXKU U3BEIITA] O CBUM PEaln30BaHUM aKTHBHOCTHMA.
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Cnuka 1. Pao nokannoz wmaba 3a éanpedne cumyayuje Ha
KOMAHOHO-CUMYAAYUOHO] 8edicOA HA OKPYICHOM HUBOY

6. OJHOC CA MEJUJUMA U CUMVYJIAIIMJA ITPEC
KOH®EPEHIIUJE

Bemruna koMmyHHKanyje y KpH3H U OZHOC Ca MEIMjUMa je BeOMa BakaH y OIrOBOPY
Ha BaHpenHy cuTyanwjy. [Ipe cBera, HEOITXOMHO CTBOPHUTH aTMocdepy Koja moTBphyje na
mTab OpuHE 0 cBOjuM TpaljannMa, a ca Apyre cTpaHe U Ja ce 3ajeTHUIa MOTHBHIIE KaKO
0u ce yKJbyuHJIa y IPOLIEC OATOBOpPa Ha BAaHPEIHY CUTYalHjy.

Bemrune ce mpoBepaBajy, Tako LITO c€ TOKOM BEXOW ajy W3jaBe HOBUHApHMa, a
Ha Kpajy Ce OpraHu3yje U CUMYJalMja Ipec KOH(EpeHIHje ca MPEACTABHUIIMMA CBUX
mraboBa (1ajy ce caolllTekha jaBHOCTH 1 OATOBOPA Ha [IOCTaBJbEeHa MUTamka ,,HOBUHApa™).
U3jaBa mequjuma Mopa 6uti eprkacHa, OArOBOpHA, jacHa, OCIEAHA, ONTHA M HICTHHUTA.
YBexxOaBa ce Mo3uTHBHA aTMOc(epa mpeMa MeAnjuMa, Kako Ou are nHpopManuje, mMaje
HajBehu edexar y jaBHocTH. CBe OBE aKTHBHOCTH Ce Oelie)ke BHIEO 3allMCHMa, KOjU ce
KaCHHUje KOPHUCTE U y TPYITHO] U I10jeJMHAYHNM aHAIIU3aMa.

7. AHAJIN3A KOMAHIAHO-CUMYJIAIIMOHE BEKBE

Ha kpajy akTHBHOCTH ce paid aHamu3a BexOe, KpOo3 IMOjeAMHAYHy eBalyalijy
CBHX y4YeCHHKa, aHajM3a Mo ITaboBMMA (32 OKPY)XHH HHMBO) M 3aBpINHA 3ajeIHHYKA
cBeoOyXBaTHa aHalM3a pe3yarara BexxOe. [locie cBUX KOMEHTapa 1 aHaJIH3e, yCBajajy ce
3aKJBYYIIH, TIPETIO3Hajy ce KJbYYHE HaydeHE JISKIHje U /1ajy MperopykKe 3a MmoOoIbIIamke
pearoBama y BaHpeIHHM cuTyanujama y Oymyhuoctu. IIpoepasa ce ma ym cy npasuu
cakyrubama MH(popMalMja OMiaM ONTUMAJIHH, 1a JH ce 6a3a mojaraka 100po BoawuIia, jia
JM Cy KOMYHHKalMja ¥ KOOPJHHALHU]a OHIK Ha MOTPEOHOM HHMBOY U Jia JIH Cy JOHOLICHE
anekBaTHe ofTyke. Ha OCHOBY aHajm3e ce mpoBepasa Jia Jid Cy KanauuTeTH JOBOJBHH 32
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Cnuxa 2. Cumynayuja npec kongepenyuje
IIpeno3Hare pu3MKe, 1a JM je 6poj u n30op wiaHoBa mTaba ajeKBaTaH, Aa JIM IIOCTOjH
motpeba 3a opMupame JOAaTHUX CTPYYHO-OIIEPATHBHUX TUMOBA, KOJH CY IPHOPHTETH
3a HabaBKy mMoTpeOHE AOomaTHE TEXHUKE M OIpeMe, Aa JIU Cy Mpoleaype yckiahene 3a
yCIIelaH OATOBOP U Jia JIM je moTpedHa 1oAaTHa o0yKa.

Cnuxa 3. Ananuza KOM(ZH()HO-CWI/WJI(ZL{MOH@ 6edncoe Ha HAYUOHATIHOM HUBOY

Hobpa anammza BexOe mMaeHTH(HKyje 0oONacTH 3a Hampenak, Jaje Mpermopyke 3a
nojefinHa4YHa Mo0OJbIllatha M IITa0 y [ENHHH, MOAPKAaBa NPOAKTHBHO YIIPABIbakhe
07IroBopoM, 00e30elyje mokymeHTanujy 3a Oyayhy akiujy U y BEJIMKO] MEpPH yTHYE Ha
MPaKTHYHY TIPUMEHY y CTBAPHOM OJTOBOPY Ha BaHpeqHE cuTyaluje y OyayhHoctH. Jako
je OUTHO J1a Ce CBM YYECHHUILIM OBUX CHMYJAILIMOHHX BEXKOH CIIaxy, 1a HCKYCTBO KOje Cy
JIO)KMBEITH Ha BE&KOM MOTY J1a TPUMEHE y TaJbeM paly U J1a OBE aKTUBHOCTH Tpeba 1a Oymy
KOHTHHYHPaHH [UKIUYHH Tpoliec y OyayhHoCTH.
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8. 3BAK/JbYUYAK

CBu wiaHOBH IUTa0a 3a BaHPEOHE CHTYallUje MPEACTaB/bajy TeMeJb M CHAry CBOje
OpraHu3alje y OlepaTHBHOM JIeJI0Baby IPH CBUM BHIOBHMA OIroBopa Ha Hecpehe. OHu
Kpo3 akTHBHO y4errhe Ha 0BUM BexkOama moBehapajy CBOja 3HaFba M BEIITHHE Y PYKOBO) ey,
Bol)cTBY, rpaljery THMa, KOMYHHKAIUjH, CaKyIlJbatby HH(pOpMallKja, pelaBamwy npoonema,
JIOHOIICHa OJUIyKa, JeJerupamy 3ajaraka, MMOAMXKY CBOje CaMOIOy3Jame U CTBapajy
yCJIOBE 3a CTpy4HHje, Opxe n 6e30eHmje pearoBame y OynyhHocTn. YtaHoBu mtaboBa 3a
BaHpPEIHE CUTYyaIlHje, Ha OBUM Be:kOaMa 00O0JBIIIaBajy KOOPIUHALIN]Y ca CBUM CyOjeKTHMa
¥ CHarama y OATOBOPY Ha BaHpeaHe noralaje (moOpoOpoBOJEHE BaTporacHe jeIMHUILE,
MONIMIMja, XUTHA IIOMON, KOMYyHAaiHe, BETepHHApCKe ciyxOe, I[PBEHH KPCT, TOpPCKa
cinyx0a cracaBama u Ipyrv). OHM yCHENTHUM y4erheM Ha OBAaKBOM BUY YBexOaBama,
jadajy CBOj JMYHH YIVICq U YyIIeH CBoje ciayxOe y mTaly 3a BaHpEIHE CHUTyalHje U
Jo0wuja 3aciry)KeHO MpHU3Hakhe 3BaHNYHHKA U 3ajenHune. KacHijoM aHain3o0M CBOT paja,
Jajy Mpemiore U JOHOce Mepe 3a yHampeheme paga ciyx0e U3 CBOje HaAIeKHOCTH Y
BaHPEIHUM CHTyaIlfjama.

Ho6po ucnnanupana, yCIemHO peaan30BaHa U e(hUKacHO aHAIM3UpaHa KOMaHIHO-
CHMYJIalliOHa Be)X0a MOAMIKE KallallUTeTe CBUX YWIAHOBA INTa0a 3a BaHPEIHE CHUTyalHje
NOjeIMHaYHO, aJIH IITO je jOIl BayKHH]je U 1ies10T TuMa. [ToceOHO je 3Ha4ajHO yCIoCcTaBbame
60spe KoopanHanyje n3Mel)y cBux wiaHoBa mTada, Koju Cy Ha/UIEKHU U PYKOBOZE CBOJUM
CHarama 3alliTHTE U CIIacaBamba.

VYmpaBo 300r TOra, HEONXOAHO je CTallHO yBekOaBame IITa0OBa 3a BaHPEIHE
CUTyalllje Ha CBUM HHBOMMA (O] JIOKATHOT J0 HAIIMOHAIHOT ), Ka0 HOCHOIIA yIIpaBJhamba
y BaHpETHUM CHUTYyallljaMa, a y by ITOJM3amha KaaluTeTa 3a eukacal OAroBOp Ha CBE
npetwe y OyayhHocru.
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Henang KOMAS3EILT!

3opan JIATTYEBUR?
Muuiia MITAJIEHOBUR?
Cnasuna [TABJIOBUH*

KBAJIMTATUBHO OPUJEHTUCAHO YIIPAB/BAIBE
PU3UKOM Y BAHPEJIHUM CUTYAIIUJAMA

Pe3ume: MynTuiuikanuja WHIUICHTHUX paorahaja je yclIOB/beHa pa3BOjeM TEXHONIOTHjE U
JPYLITBEHHX OTHOCA, CPa3MEPHO YOBEKOBUM MOTYHHOCTHMA J1a CII03HA y3poKe, (hakTope 1 HauuHe
0opOe mpoTUB HeraTMBHUX Aoralaja M BUXOBHUX mocienuna. OuekuBame 1a OWUII0 KOjH MPUCTYII
peuieny npodieMa MoXKe JOBECTH 10 MOTHyHe 6e30eaHocTH je nmarunHapaH. Ctora je HeomXoqHo,
HACHTU(GHUKOBATH KPUTHYHE TauKe U ITPpely3MMaTH Mepe KOjuMa ce OIlacHH Jioraljaju orpaHn4aBajy Ha
HHBO IIPUXBATJLHBOT pU3HKa. [10y3/1aH HAYMH CHCTEMCKOT carye[aBama OacHOCTH, ICTePMHIUHICAH
Kpo3 KBaJMTATHBHE IOKa3aTesbe M MPOLEAYpe paja, paa OfpKaBamba MPUXBATJBHBOI HHUBOA
yTHIaja Ha mWTHheHe BPeOHOCTH Cy0jeKTa, jecTe YIpaBbamkhe PU3UKOM. YIPaBJhamkbe PU3UKOM Ca
acrekTa e(h)MKaCHOCTH U e()EeKTUBHOCTH MOpA OMTH JIe0 KBAJIUTETA CHCTEMA 3aIUTHUTE U CIIacaBamba.

Kibyune peun: BaHpeHe cuTyanuje, NpoleHa PU3UKa, KBAJIUTET

QUALITATIVE ORIENTED RISK MANAGEMENT IN
EMERGENCY SITUATIONS

Abstract: Multiplication of incidental events is conditioned by development of technology and
other society relations, relatively to humans’ abilities to learn about causes, factors and ways of
fight against negative events and their consequences. Expectation that any access to the solution
of a problem can lead to complete safety is imaginary. Therefore, it is necessary to identify critical
points and take measures with which dangerous events are limited to a level of acceptable risk.
Reliable way, of a systematic view of a danger, determined through qualitative indicators and work
procedures to maintain the acceptable influence level on protected values of the subject, is called the
risk management. Risk management with aspects of efficiency and effectiveness has to be a part of
quality of the system of protection and rescue.

Key words: emergency situations, risk assessment, quality
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1. YBOJA

Cge Behu Opoj MpUPOIHUX M BelITaukux Hecpeha y caBpeMEHOM CBETY, YCJIOBHO je
norpedy 3a ypehemem obnactu BaHpenHHX cuTyanuja. OO3MpOM Ha CBEOOYXBATHOCT
TEpMHUHA ,,BaHPEAHE CHUTyalHdje”’, ca acleKTa IOoCTojarka OMACHOCTH, jaCHO je na je
HEOITXOaH CBECTPaH NPHUCTYI Y BHXOBO] aHAJIM3K U OATOBOPY Ha onacHocTH. [locrojame
CBECTH O OINACHOCTH, CaMO 10 ceOu, He aaje OAroBop Ha mpobieM 0e30eTHOCTH U
3amtute. MehyTiM, aHannm3npame MOTEHIHM]aJHUX ONMACHOCTHU J0 HAjCUTHHjUX JeTasba
ca onpehuBameM MoryhHocTH HHMXOBOT JellaBama, oMoryhaBa W edukacHy 3aIlTHUTY,
MIPEBEHTUBHO M KyPaTHBHO. YINPaBJbatbe PU3UKOM O PA3IMYMTHX OMAcHOCTH Tpeda aa
Oyze mepMaHEHTaH MPOLEC UHTETPUCAH y MPOLEC YIPaBbakha PU3UKOM OpraHH3alHje.
[Ipomecom ympaBspama pu3nka Mopajy Aa Oymy oOyxBaheHH CBH pH3HIIM BE3aHH 3a
AKTHBHOCTH je[JHE OpraHW3allfje y NPOLUIOCTH, TPEHYTHE aKTHBHOCTH OpraHM3allije
(npuCYTHM pH3MLIM), a HAPOYUTO PHU3UIM BE3aHM 32 AKTUBHOCTH OpraHH3aluje y
Oynyhnoctu. [Iporec ynpasibamba pU3HKOM MOpa ce€ UHTETPUCATH Y KYITYpy MOCIOBama
opranmzanyje ca e(eKTHBHOM ITOJIMTHKOM Ha Yely Ca HajBUIIMM HHBOMMA YIPaBJbarba.
MenayMeHT oOpraHm3anuje Mopa na omoryhu mpeBoleme NedUHHCAHE CTpaTerHje
[IOCJIOBaba Y TAKTHYKE M ONEpaTHBHE LHJbEBE, Ja ONPENH OIATOBOPHOCTH Y ILIENOj
OpraHM3alMjy U YUYUHH Ja j& CBAKO JIMIIE 3aII0CIICHO Y OpPraHU3alllji Y OKBHPY CBOT TOCIa
OZATOBOPHO 3a JIe0 Ipolieca YIpaBibaba PU3UKOM. Y OKBHPY OBOT IIpolLieca Mopa Ja ce
00e30eu KOHTpOJIa pajia U Mepeme pe3ynrara, Kao U yrpajmka UCKycTaBa U Ca3Hamba y
MIpoIIeC YIpaBibaba PU3HKa, Y IUJbY M000JBIIAA.

2. YITPABJBAIBE PU3NKOM Y ®YHKINJIJU KBAJIUTETA'Y OBJIACTH
BAHPE/JHUX CUTYALINJA

BanpemHe curyamyje mpencTaBibajy 00NacT Tped KOjoM CTOje MHOTH H3a30BU
mo 6e30emHOCT W 3amTHTy INTHhEeHHX BpemHocTh. M3 Tor pasmora, Beoma je BaKHO
UMIUIEMEHTUPAbe CBUX MPHHIMNA epuKacHe 0e30eJHOCTH M 3alITUTE THX BPEIHOCTH.
Hexke o kapakTeprcTHKa BaHPEIHUX CUTYyalldja KOje MMIUIMIUPa]y oTpedy ypehema oBe
o0OJacTu cy:

- BEJMKHU Opoj KPTaBa;

- pasapama u omtehema MaTepujaHUX pecypca;

- Hecpasmepa m3mel)y morpeba M MOTYNHOCTH 3a OTKIAmame W CaHHparbe

NOCIIeANIA;

- N0jaBa pa3HUX IMCUXUYKUX PEaKIja KoJ JbY/IH;

- XUTHOCT UHTEPBCHIIM]a KOje ce 00aBsbajy MO ayToOMaTu3My, UTM.[S]

VYpeheme obmacTu BaHpEAHHWX CUTyalHja je AepUHHCAHO, pa3HUM CTaHAApIUMa U
apyruM mehyHaponHuM nokymeHTuMma U okymHeriMa EY, kao mro je Cennau okBup u
crargapa ISO/PAS TC 223 (IlpunpaBHOCT Ha MHIMICHTE U YIPaBJbakhe KOHTUHYUTETOM
orepanuja) [1].

HaBenena ymyrctBa ommmpHO 00pal)yjy HMHTErpucaHO IUIaHHpame M Ipolec
yIpaBJbarmba PU3UKOM KOjU IIPOAKTUBHO MOMaXKy OpraHm3andjama aa [7]:

- pasyMejy CpeArHy y KOjoj OpraHu3alija Jienyje, IpUCyCTBO KpUTUYHUX Tadaka u
MIPETHH OpPraHn3alyjy KOju MOTY Jia JIOBE/Y JI0 3Ha4ajHOT OMEeTamba;

- oflpefie MHTEH3UTET M cMep yrTuiaja mopemehaja Ha OMTHE oOIEpalMOHAIHE

(hyHKIHje 1 Tpotece;

- OZIpefie JIEJI0BE TEXHOJOMIKOT TPOIieca KOjU Cy KIbYYHHU O HETOB KPATKOPOUYHHU

U JyTOpOYHH yCIIEX;
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- UICHTUPUKY]Y HHOPACTYKTYPY U H3BOPE KOjH Cy HEOMXOIHH J1a OU ce oMoryhuio
Jla OpraHu3alyja HacTaBH Ja (PYHKIMOHHMIIE M NPU HajMame IPUXBATIHHUBOM HUBOY
PH3HKa;

- JOKYMEHTYjy KJbYy4YHE pecypce, MHPPaAcTPyKType, 3aJaTke H OIATOBOPHOCTH
moTpebHEe ma OM ce ToAapkaje OBe KJbyYHE OIepaluoHaNHe (yHKIHjEe y CIydajy
nopemehaja;

- yCTaHOBE Mpolece Koju omoryhaBajy ma uH(popMarja ocTaHe akTyelHa |
pelieBaHTHA Y OHOCY Ha IPOMEHY PH3HKa Y OTHOCY Ha IIPOMEHE CUTYallHje;

- oMmoryhe na 3amocieHu u cHare cucrema Oyay CBECHH NPHUIIPABHOCTH U Mepa
koje hie 06e30enuTH KOHTHHYHPAHY IEIaTHOCT U NMajy TIOBEPEHE Y IbUXOBE HAMEHE U
- IPUMEHE NIPOIUCaHe IpoLeaype U oMoryhe BHXOBO CTATHO MOOOJBIIAE.

3. ITIPOIEC YITPAB/bAIbA PU3UKOM Y BAHPEJIHUM
CUTYALIMJAMA

VrpaBjbame PH3MKOM JeQUHUINE OKBHP Yy KOME Ce IUIAHHPaHe AKTUBHOCTH
OZpXKaBajy y CKJIaay ca IIOCTaBJbEHHM LuibeBHMa. [IpHopureTHO Tpeba na yHanpeau
HPOLIEC IOHOLICHA O/TyKa, oMoryhin cBeoOyXBaTHO U CTPYKTYPUPAHO pa3yMeBambe CBUX
aKTHBHOCTH W TIpoleca y opranusanuju. ONTHMaJlHUM aHTa)KOBameM CHara 3allTHTe
U cllacaBamba JIONpPHUHOCH eukacHUjeM Kopuinhewy M pacrlolelld CHara M pecypca y
HaJUISKHOCTH Cy0jeKTa y OAHOCY Ha BaHpeHe cutyauyje. [nanupameM ocrocodJbaBamba
CHara 3aIlTHTE W CracaBama Tpeba ma 00e30emu pa3Boj W MOAPIIKY OCIOCOOJHEHOCTH
JBYOM 33 pearoBame y BaHPEIHMM CHUTyalMjamMa Kao W moBehame 0aze 3Hama O CBUM
OIIACHOCTUMA. YIIpaBJbatkhbe PH3UKOM ONTHMHU3UpA OIEpaTUBHE CIHOCOOHOCTH U
CIIPEMHOCTH pecypca 3a aJeKBaTaH OIT0BOP Ha OMAaCHOCTH.

CyIITHHCKH TIpOLleC yIpaBjbamkba PU3UKOM jecTe NpoleHa pusuka. MHTerpanna
NpoLeHa pU3MKa, omMoryhaBa carieqaBambe W aHAIU3Y CBHX (pakTopa KOjU yTHYY Ha
6e30emHOCT mMTHRCHNX BPETHOCTH y OBOj oOnacTh. MHTErpamHOM MPOIEHOM pPH3HKa
oMoryhaBa ce naeHTH(HUKANN]ja TOTSHINjaIHUX ONAacCHOCTH, ofpehBame HUBOA PU3HKa
3a CBaKy OINACHOCT Kao M KyMYJIATHBHOI eekara, aju ce npemiaxe U HajepUKacHUjU
Ha4MH TpeTMaHa pu3uka [5].

[porec mporeHe pu3rka ce cacToju U3 HEKOIHKO Mel)ycoOHO TOBE3aHUX M yCIIOBJHEHUX
(a3a, mpuKasaHuX Ha ciuLu 1.

3.1. OnpehuBame KOHTEKCTA MPoLeca YIPAB/balkba PU3HKOM

QaxTopn KOju yTHdy Ha 0e30eHOCT Ha TOAPYYjy CyOjeKTa Cy MHOTOOpOjHH.
JeduHucameM KOHTEKCTa Ipolieca yIpaBibakba PU3UKOM HEOIIXOHO je 1a ce neduHuIry
CIOJbHU M YHYTpAallBbK (aKTOpH, Kao W MOJUTHKA, KyITypa, Mpollec M CTPYKTypa
opraumzanuje [15]. HedurHrcameM KOHTEKCTa yIpaBibama pPU3UKOM ofpelhyje ce
OKBHp, 00MM M KPUTEPHjyMH 32 yKyIIaH IPOLEC yIpaBibama pU3nKoM [6]. Y obmactn
BaHPEIHUX CUTYyalHja, OCHOBHH MPoOIeM je 00e30eiTH MOTIYHY HACHTU(UKAIH]Y CBUX
(akTopa KOju MOTY NpeACTaB/baTH INOTCHIHjaHJIHY OIACHOCT 3a INTHheHe BPeIHOCTH
opranusaije. Onpapname 3a OBaKBY TBPABY JCKH Y YHELCHUIM Ja MOCTOJH BEJIUKU
Opoj pa3HOBPCHHX OMACHOCTH, KOj€ MPETE je/IHO] APYIUTBEHO] 3ajeJHUIIM UITU [TOAPYY]Y a
KOjU Cy Pa3iIM4MTOr TOpeKa u edekara nejcrra. [Iponec ynpasibama pu3HKOM MOpa aa
Oyze eHepruvHO y MOTIYHO yrpaleH y npoliec ynpasibamba BaHPETHUM CHTyanrjama [8].
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CxBaTame KOHTEKCTa Mpolieca ynpaBibambha PU3UKOM 00yXBara €KCTEPHO U MHTEPHO
oKpyxeme. He Moxke ce neduHICcaTH KOjU €IEMEHT OKpYyXKeHa BUIIEe YTHYE Ha yKyIaH
KOHTEKCT Ipoleca yIpaBibamba PU3MKOM, CTOTa CE€ 3a CBAaKM IPOjeKaT MOCEeOHO BpIIH
onpehuBame KOHTEKCTa, OJHOCHO YCIIOBa y KOjUMa CE€ BPIIM YNPaBJbamhE PHU3UKOM.
OnrtumanHo ofpel)eH KOHTEKCT MIPOLEHE PU3HKa, yTHUE Ha KBAJIHUTET IIPOIIECa yIpaBibama
PU3UKOM M oMoryhaBa 00JbM YBUZ Y CTame CHCTEMa HAIJIEKHOM MEHAIMEHTY.

Cnuxa 1. Ilpoyec npoyene pusuxa
Uzeop: Cmanoapo ISO 31000 Upravijanje rizikom-Uputstvo o principima i
implementaciji upravljanja rizikom

3.2. [IpoueHa pu3uka

IIponena pusuka je cBeoOyBaTaH mpolec UACHTH(UKAILMje, aHAIM3e U OLEHE
pusuka. Kpajiuy 11sb IpoLieHe pU3KKa je JeTepMHHUCAE CBUX (haKTopa Koju yTHUy Ha
6e36eqHoCT ITHheHNX BPETHOCTH Y BaHPEIHUM CHUTyallljaMa 1 KBaHTH(UKaIKja pu3uKa
y by onpehuBama MOryhHOCTH peain3anyje HeraTHBHUX aorahaja.

3.2.1. UpenTuduxanuja pusnka

Opranuzanmja Tpeba na o6e30equ yciaoBe 3a WACHTU(DUKALHU]Y MOTEHIMjATHUX
OMMAaCHOCTH, OJHOCHO HW3BOpa pH3HMKa, jorahaja WM HU3a OKOJHOCTH Kao M EbHUXOBE
noteHImjanHe nocnenuiie. OCHOBHH IIWJb HWACHTH(HKALMjE PH3UKA jE€ CAaCTaBJharbe
peanHe M cBeoOyXBaTHE JIMCTE IOTCHIUjAIHUX OIACHOCTH, ONHOCHO OHMX jaorahjaja
U OKOJHOCTH KOjeé MOry MOMONM, YMamUTH WM YCIOPUTH OCTBAPUBAIE I[HJHEBA
opranmzamyje. Pagn epukacHe naeHTH(UKAIN]jE TOTCHIIN]aTHIX OMTACHOCTH HEOITXOTHO
j€ YKIbYyUHBaIhe CBHX 3allOCICHUX JIMIIA Y OPTaHU3alMj1 Kao U 3aMHTEPECOBAHUX CTPaHA.
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[oTeHiujanHa onacHOCT Koja HUje WACHTH(UKOBaHA Y OBOM CTaJMjyMy HecTaje u3
Jajbe aHaJM3€ U Kao TaKBa IPEJCTaB/ba CTaJHy U CKPUBEHY OIACHOCT. Y OAHOCY Ha
pesyaTare MpeluMHHApHE aHallu3e, WACHTU(HUKALMjOM PU3HMKa Ce BPIIM BepH(pUKanuja
MOCTOjakba PEaJHUX OMACHOCTH W CTBapajy YCJIOBH 3a Mpelia3ak Ha ACTaJbHUjY aHAH3y
pH3HKa.

3.2.2. AHaJIM3a pU3NKa

AHanu3a pu3MKa ce OJHOCH Ha CXBaramke OCHOBHHMX KapaKTEpPUCTHKA PHU3MKa, ca
TEXHUIITEM Ha (akToprMa Koju umajy HajBehm koedunmjeHT omacHocTH [S]. AHanmza
pH3HKa IpyXa yiaasHy MH(GOpPMaIMjy 3a OLEHY PU3MKA M OJUTYKYy Ja JIM PH3HIM Tpeda
Jla ce TPETHpajy U Koje ¢y To oAroBapajyhe (HajlmpuxBaTJbHUBHjE) CTpATETHje Y TPETMAHY
pusuKa. Pagy moTmyHe aHan3e pu3UKa HEOIIXOAHO j€ OPEANTH BEpOBaTHONY JieTIaBama
MTOTEHIIMjaJTHE OTIACHOCTH W MOCTIEIUIIa KOje aKTyeIHa OTeHIIMjaTHa OITAaCHOCT MOXeE Ja
U3a30Be, OJJHOCHO, Tpeba ofpenuTH HUBO pu3uka [11].

3.2.3. Ouena pusuka

[{us onene pusmka je na npyxu nomoh y JoHOLIEHY OIyKa Ha OCHOBY pe3yiTara
aHaAJIM3e PU3UKA U OJTYKa O TOME KOjHM ce pH3HLMa Tpeba GaBUTH, Kao U O IPUOPUTETHMA
TpeTMaHa pusnka. OmeHa pu3uka 00yxBara rmopeheme cTerneHa pu3nka Koju ¢y npoHaheHu
y TOKY TIpolieca aHajJu3e U KpUTepHjyMa 3a pH3UKe KOjU Cy YTBpH)CHHU Y TOKY pa3MaTparba
yuTaBor koHTekcTa [11]. Ouena pusnka Tpeba aa pe3yntupa oapehuBameM KaTeropuje
pH3UKa, IPUXBATIbUBOCTU U IPUOPUTETA TPETMAHA.

[Ipuopureno ce tpeba OaBUTHM pU3MIMMa ca HAJBUIIMM HUBOOM. llnsbeBn
OpraHU3aIMje U OICET OKOJHOCTH JI0 KOjuUX MOXKe ohu, a Koju yTHYy Ha pealn3aiujy
ouJbeBa, Takohe Tpeba ma Oymy pasMarpand. Y cHTyaljama rae Tpeba Ja ce HampaBh
n300p m3mely onmmja, on he 3aBUCHTH Ol KOHTEKCTa OpraHM3alllje, MHUCHje U BU3H]jeE.
[Ipunukom noHOIIEHa OuTyka Tpeba Ja ce y3me y 003up IIMPU KOHTEKCT pU3WKa U
YKJbYYH pa3Marpame TOJIEpaHIMje PU3uKa Koje Cy MpOHAIUIe Jpyre OpraHu3alyje, a o
KOjUX OpraHH3alyja Koja JIOHOCH OJUTyKy MMa KopucTu. Takole, Tpeba ia ce y3my y 003up
W 3aKOHCKAa OrpaHWYeHa, Ka0 W CICHU(PUIHOCTH IMOAPYYja. YKOIMKO CTEICH PHU3HKa
HE 33JJ0BOJBH KPHUTEPHjyM 3a PH3HKE, OHIA CE€ TUM PH3HKOM Tpeba OaBUTH (PH3HK OH
Tpebaro na Oyze MoaABPrHYT Mpeny3uMamky ofpeheHIx Mepa 3a CMambUBamke BepoBaTHohe
HacTaHka 1 MOryhux nocieauna).

3.2.4. TpeTrmaH pu3uKa

Tperman pusuka noapasymeBa n300p jeJjHe WM BHIIE OMIIMja 3a 1oBolerme pu3uka Ha
MPUXBATIEUBY MepY, Ka0 U TIPUMEHY OINIHja 3a SIUMUHHCAE, CMABCHE WIH PEIYKIH]Y
pusuka [6]. Onmuje TpeTMaHa pU3HUKa He UCKIbYUYjy 00aBe3HO jeqHa IpyTy ali HACY HU
NPUMEHJEMBE Y CBUM OKOJHOCTHMA, O YeMy BOXHM pauyHa HaAJIeXKHO JIMLE WM TeJO 3a
yIpaBJbakhe PU3UKOM. YKOIHMKO Cy PECypcH 3a TpeTMaH pHU3MKa OrPaHUYEHH, ILUIaH
TpeTUpama pusrka Tpeda Ja jacHO UACHTU(UKYje PEHOCie] MpUopUTeTa Mo Kome he
Noje/IMHAa4YHe OIIHMje TpeTHpama pusnka OMTH mpuMemeHe. HakoH TpermaHa pusmka,
JIOHOCHOIIH OJUTyKa ¥ 3aMHTEpECOBaHE CTPaHE MOpajy Jia IpaTe CTENEH U KapaKTepPHCTHKE
TpeocTaor pusnka [9].

[Ipeocramm pusuk Tpeda ga Oyne TOKYMEHTOBAH M MTOJUIOKaH KOHTPOJIM M PEBHU3HjU
U JaJbeM TPEeTMaHy y CKIaay ca HOBUM okomHocTmma [2, 11]. Ilpomec ympaBibama
NPEOCTaUM PU3MLIMMA C€ BPIIM 10 MCTOj METOJOJIOTHjH Kao M OCHOBHOM IIpOIecy, a
IIpenopyuyje ce a ce aHraxyje U UCTH THM.
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3.2.5. Kontposa u peBusuja

KonTpoia n peBusmja cy cactaBHHM J€0 Ipolieca yrpasibama pusnkoM [2]. KonTtpora
U peBusnja Tpeda ga omoryhe:

- Ja ce aJeKBATHO YNOTpeOe pe3yaTaTH aHalM3a U IOyKe W3 aHAIM3MPAHUX
nopemehaja wim ycmexa;

- JICTEKTOBAE TPOMEHA Y CIOJbEEM M YHYTpAIIHBEM KOHTEKCTY, YKIbYy4dyjyhu
IIPOMEHE CaMoT PU3HKa KOje MOTy 3aXTE€BaTH NPEUCIIUTHBALE OIIIMja TPETMaHa PU3HKa U
MIPUOPHUTETA TPETMaHa PU3UKA U

- MIPOBEpaBamkE Ja U Cy Mepe KOHTPOJE pPH3MKa M TpeTMaHa €(pEeKTHUBHE U Y
IUTAHOBUMA M y PEaM3allHjH.

Ha crTBapHM Hampenak y TpHMEHH IUIaHOBAa 32 TPeTMaH pH3MKa yKazyje mepa
nocturayha koja Moke OuTH yrpaljeHa y yIOpaBJbamke OPTraHH3alMjOM, MEpPCHE U
aKTHBHOCTH YHYTpalllhel M CHOJbEEI H3BelITaBama. KOHTpoda W peBU3Mja MOry
YKJbYUMBATH PEJOBHE IIPOBEPE MIIM KOHTpPOJIE OHOra mTo je Beh mpucyTHO, Mory OuTH
TIEPUONYHE WM N3HEHAHE Y CKIIay ca MPOLIEHOM MEHAIMEHTA U TIOJINTUKOM KBAJIUTETA
y opraam3anuju. O6a acnekra Tpeba na Oyny mianupaHa. Huje moBosbHO ocnamaru ce
caMmo Ha ToBpeMeHe peBu3Hje 1 kouTpode [11]. bpoj 1 HHTEH3UTET KOHTPOJIA U peBH3Hja
Tpeba a Oyne y CKIIaay CHTYaIldjoM.

3.2.6. Komynukanuja u KoHCyJITaNuje

VYnpaBibamke PU3MKOM je BeoMa IUMHAMHYaH IPOIEC, KOjU 3aXTeBa MAaKCHMAJIHO
aHTaKOBarkb¢ MCEHAIMEHTa, all W CBHX akKTepa y TMpOIEcy pajga W YIpaBibama
opranm3anyjoM. KomyHukanuja ca cBUM akTepuma omoryhaBa mpaheme HEeOmXOmHUX
rmogaraka ol 3Havaja Ha I[OCTOjambe pu3nka. KoMmMyHHKaIMja ce ocTBapyje mpema
3aWHTEPECOBAaHUM CTpaHaMa M MOXKE CE OCTBAPUTH ITpeMa YHYTPAIIHbHM U CIIOJbAII M
3aMHTEPECOBAaHUM CTpaHama, 0e3 003Mpa KOJIMKO je HHXOBO ydemhe y peaju3aiuju
MIOjE€AMHMX 3aJaTaKa WM IIpojeKara.

Jo6po opraHm3oBaHa KOMyHHKalWja 3axTeBa CTaJHE KOHCYATAIMje ca CBHUM
aKTepuMa, a HapO4WTO ca MEHalMeHTOM. Pagu mosehama m3miena 3a ycmex mepa 3a
TPeTMaH PH3MKa, HEOIIXOJHE Cy CTaJIHe KOHCYJITAalWje Ha CBUM HHBOMMA YNPaBJbamba U
OIIEPaTUBHOT JIEJIOBakha, Ka0 M Ca CBUM 3aMHTEPECOBAaHUM CTpaHama Ha MUKPO, MaKpo U
MIPEeKOrpaHUYHOM HUBOY [11].

4. IIOBO/bITIABA ITPOLHECA YIIPAB/JbAIBA PUZUKOM Y
BAHPETHUM CUTYALITUJAMA

Cy0jekTr OATrOBOPHH 3a [CJOBAalke¢ Yy BAaHPEOHMM CHTyalldjama, Cy IO CBOjOj
NpUpOAM CyOjeKTH ca BeOMa KOMIUIMKOBAaHUM OKpyXemeM. KoMIUIMKOBaHOCT ce He
oIvieZla caMO Ha yHYTpalllbheM IulaHy, Beh u BHIIE y OHOCY Ha €KCTEPHO OKPYKEHC.
CuHXpOoHHM3alMja ¥ KOMyHHKalllja ca CBUM 3aMHTEPECOBAHUM CTpaHaMa je HEOIXOIHA
y CBaKOM MOMEHTY paJy carjie[jaBarka CBUX YTHIAJHUX (akTopa Ha mporec 3amTure[4]
[7]. OmmTy npUHIOUNK yOpaBjbamka PU3UKOM ITOCEOHO MECTO /1ajy MACHTH(GHKAIWU U
nocMarpamy MOTEHIMjATHIX OMAaCHOCTH y Mpoliecy npoleHe. Pasnor Tome je unmbeHuna
Jla CBaKa OIAaCHOCT, KOja HHUje Tpero3HaTa y MOYETHOM CTaJujyMy pa3Boja akTHBHOCTH,
OCTaje CKpHBEHA aJli HE M eMMUHKCaHa U MPEACTaBjba OMACHOCT 3a Ty OpraHu3alHjy.
[InaHupame W npuMeHa ympaBjbama pHU3MKOM Yy ckinany ca PDCA npuHnummuma
KBalUTeTa, Tpeba ma Oy/e jemHa o KIbYIHNX KOMIIETCHIIH]a CBAKEe OPTaHU3aIlH]e 1 FheHUX
3aM0CIeHNX y (DyHKIUjH 3aIUTHTE MITUNEHUX BPEAHOCTH. METOMM M alaTé ynpaBbarmba
pHU3HIMMa [TOMaXKy CBaKOj OpraHM3aljy Ja IJIaHupa U UMIIEMEHTHpPA KOHKPETHE aKIije
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U Tporpame ia 61 cBoje MOryhHOCTH TOUIVIa Ha HAajBUIIM HUBO U J1a OM KOHTpOJIHCaa
npeTibe [7]. YpaBibame PU3HKOM CE MOXKE IPUMEE-HBATH TAPIH]jaTHO, O TT0jeIHHAYHUM
OIIAaCHOCTHMA aJIi ¥ Ha KOMILJIETaH CIIeKTap ONacHOCTH Ha jeqHoM nonpyyjy. [laprujanna
npUMeHa Tofipa3yMeBa Of[BOjeHEe cerMeHTe m3Mel)y Kojux, HYXHO, HE Mopa da Oynae
ycrocTaBibeH KOHTakT. CBH cy0jexTr O Tpebanu Jia Texe Ka HajBUIINM neppopMancama
CBOT yCTPOjCTBA 3a yIIPaBJbakhe PU3UIIMMA, Y OTHOCY Ha BAYKHOCT OJIITyKa KOje Tpeda TOHETH.
HeonxonHo je HempekugHo npaheme aKTUBHOCTH M CTama YHYTPAIIBHX M CIIOJBHUX
(bakTopa, Kao U cTama M MOCIOBakha CaMuX cyOjekara. Y mpolec ynpasibaba pU3UIIMa
Tpeba ga Oyny YKJbYYEHHU CBH 3allOCICHH M CBE 3aMHTEpecoBaHe cTpane. basupajyhu ce
Ha KOHTPOITM M PEBU3UjH, TpeOa TOHETH OUTYyKE M 3aKJbyUKE y OpraHHU3alluji O TOME Ha
KOji Ha4YWH, OKBHp, TUIAH U TOJIUTHKA YNPaBJbathba PU3UIMMa MOTY Ja ce MoO0sbIIajy
[13]. TakBe omnyke Tpeba aa Bome Ka yHampeljemy mporiecaynpaBibama pusninumMa. To
JOTIPUHOCH TO0OJBIIAKY yIpPaBibaka, (PICKCHOMIHOCTH U OATOBOPHOCTH OpPraHU3aIlH]|e
KOja Ha OWJIO KOjU Ha4WH NPUMEY]je polieHy pusuka. [loceOHO MecTo 3ay3umajy HayueHe
JIEKIMje, YHjH je caJpiKaj HEONXOHO aHAIMTUYKU YKIbYYHBaTh y Oyayhe akTHBHOCTH.

5. YCJIIOBU 3A UMILVIEMEHTALIAJY ITPUHLUIIA KBAJIMTETA
3ACHOBAHOI HA YIIPAB/bAIBBY PU3UKOM

[IpumeHa kBajHMTETa 3aCHOBAHOT Ha YIIPaBJbathy PU3MKOM U H-Er0Ba HMILIEMEHTAIH]a
y CyOjeKTHMa OITOBOPHHM 3a JICJIOBalbe Y BAHPEHHUM CHTyalldjaMa MpPETIOCTaBIha
3a7I0BOJbEHbE ClieneNX 3axTeBa: MOCTOjarbe BEPHU(PUKOBAHOT IUIAHA W TpOrpama 3a
00yKy CTpYYHHMX JIMIIa 33 MPOICHY PH3UKA Y BAaHPECIHHM CHUTYaIllMjaMa; IOCTOjambe
CEPTU(PHUKOBAHUX CTPYUYHHX JIMIIA OCIIOCOOJHEHIX 32 00aBJbAE MOCIIOBA MPOLICHE PU3HKA
y BaHpEJHUM CHUTYyalldjamMa, Ha HHBOY CBHX cyOjekaTa M WMILUIEMEHTalMja pesysrara
NPOLICHE PU3UKA y CHCTEM YIIpaBJbara BAaHPEAHNM CHTYallHjama.

YopaBibartbe PH3MKOM je CACTaBHHM JIeO YIpaBjbamka opranumzanudjoM. OHa je
[EHTpaJlHa KOMIIOHEHTa OMNINTEr Mpoleca KOju Aajbe UACHTU(HKYje Kamalurere u
pecypce Koju cy IOCTYIIHH, Kako OM MOIIM Jia ce DPEeAyKyjy, UACHTH(DUKY]y HHBOH
pu3KMKa Wi Moryhm yTHLaju omacHOCTH (aHanu3a Kamarurera). Takohe, mpoueHoM
pusuka omoryhaBa ce IuiaHWpame oarorapajyhux Mepa 3a yoOnakaBambe pH3HKa
(mnanupame crnocobHOCTH), mpahiele W mperien MOTCHIHWjaJHUX — OMACHOCTH,
pu3uMKka W Clabux Tadaka, Kao M KOHCYJITallWje W pasyMmeBame pesyiarata [12].

Iporena pusuka naje 3HauajHy 0asy momaraka 3a (GopMHpame HHPOPMAIMOHUX
KaramuTeTa Kao U 3a moboJbliame MpeBeHIje oa karactpoda u mopehame KBAIUTETA
NpUNPEMHUX aKTUBHOCTH.

CrpoBoljerbe Ha HAIIMOHATHOM HHUBOY CTBapa MPETIOCTaBKe 3a popMHUpame 3HaYajHEe
0a3e momaraka y jemHOM Opojy JOMEHA jaBHMX W IPUBAaTHUX aKTUBHOCTH. Pa3BujameM
CBECTH U pa3yMeBama pPU3WKa ca KOjUMa Cce CyOjeKTH Cyo4aBajy, JOHOCHOIM OJTyKa,
3aMHTEPECOBAHE CTPAHE W HMHTEPECHE IPyIe Cy y 00Jb0j MO3HUIHMjH Jla CE CIOKE OKO
NPEBEHTHBHUX Mepa Koje Tpeba Impeay3eTH 3a pealin3aliijy mpuipeMa y by n30erapama
HajTEXMUX TOCIIENUIIAa TPUPOAHUX M BEIITAYKUX KaracTpoda.

IIponec ympaBbama pu3HMKOM Tpeda na oMoryhu jaBHOM CEKTOpY, HEBIATUHUM
OpraHu3alijama Kao 1 jABHOCTH YOIILITE, Ja OCTUTHY 3ajeAHMYKO Pa3yMeBatbe PU3HKa ca
KOjHMa Ce CyOo4aBajy Kao JPYIITBO M Jia IOMOTHY Pa3BHjambe CArIACHOCTH O PEIEBAHTHUM
pHoOpUTeTHMA, MOTYhoj IPEeBEHIHjH 1 MepaMa yOakaBarma.
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Cranmapausaiyja akTHBHOCTH U TIPOIEIypa BE3aHUX 3a YIPaBJbAIbe PH3HUKOM j€
07l BEJIMKOT 3Hauaja ca aclieKTa jeZIH0O0OPa3HOCTH IOCTyNaka M W3BEIlTaBaba Ha CBUM
HUBOWMA YIIPaBJbarha.

6. 3AK/bYYAK

[TocTojame pu3nka cyodaBa cy0jekTe y BAHPEIHUM CHTYaIljaMa U IbIIXOBO ITOCIIOBAE
ca CHOJPHMM M YHYTpalllkuM (aKTOpHMa KOjH UMajy yTHUIIa] Ha BEIMYUHY MOCIEIHIIa
o mruheHe BpeqHocTy. [loTeHNMjaHe OMACHOCTH MOTY Jia UMajy M3BOP y CIIOJBEEM
U YHYTpalllbeM OKpYXEHhY Ia je CTora HEONXOAHO BPIIUTH HMHTETPAIHY IPOLEHY
pu3MKa paau m3deraBama M KOHTPOJE CBUX HENpeABHl)eHMX OKOMHOCTH. EdukacHOCT
U e(pEeKTHBHOCT OHETHX OJUTyKa 3aBHCH Y BEIMKOj MEPH O KBAaJHTETa M KBAHTUTETA
pacmonokuBux uHpopmandja. Jlaknme, KBaJIMTEeT IIPOLEHE pPH3UKA Yy BaHPETHUM
CUTyalljaMa je 3arapaHTOBaH NPUMEHOM CTaHgapia 3a NpOLEeHy pusuka. [IpumeHa
KBaJITeTa Oa3upaHa Ha MPOLCHM PU3UKa BOAM Ka MOCJIOBHOj M3BPCHOCTU M oMoryhyje
OpraHM3alijama MocjIoBame Y KOHTPOJIMCAHOM OKPYKEHbY.

[Nponena pusmka je cymTHHCKa (asa mporeca ynpaebama pu3nkoM. [loxaum nodujeHn
MIPOLIECOM TIPOLICHE PU3HKA, IPEACTABIbA]y OCHOBY 32 JOHOIICHE OJUTyKa O IIPEBEHTHBHOM
U PEaKTUBHOM JEJIOBamy y CiIydajy HajaBe ONAcHOCTU OJHOCHO HACTAHKA ONACHOCTH.
VHudukanyja cucrema ynpaBbamka PH3MKOM, KpO3 CTaHIapAu3aldjy, M HHErosa
HUMIUIEMEHTAIMja y CHCTEM KBaJMTeTa OpPTraHHU3alfje je MPETIIOCTaBKa e(pUKACHOCTH U
e(heKTUBHOCTH CHCTEMa 3aIUTHTE U cliacaBama. [lepmaneHTHO MoOosbIIamke ephopMaHcu
Ccy0jeKTa cucTeMa 3allTHTEe M CllacaBama je rapaHiuja e(UKAaCHOCTH [elIOBama Y
BaHPEIHO] CUTYAIIH]H.
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1. YBOJAHE HAIIOMEHE

Y oBoM paay aHanm3upajy ce karactpodanHud goraljaju MpeKo aKTUBHOCTH U
JMOKyMeHaTa YjeAMICHHX Hamuja. Pam ce cacToju o [IBa MOIVIaBJhba U 3aKJbYUHHX
pa3Marpama. Y NpBOM NOINIaBJbY KOje HOCH HazuB MeljyHaponHa JeKaaa 3a CMamerme
MIPUPOJHUX KaracTpoda aHaIM3UPajy ce IMJbEBH M UCXOIM OBOT MEpHOJa U MPE3eHTYje
Joxoxama cTparervja KOjoM c€ TCKHIITE Ca pearoBama Ha KaracTpode Iomepa Ha
crpedyaBame KaracTpoda M moj Karactpodama MoApa3yMeBajy MOpeA MPUPOTHHX H
TEXHOJIOLIKH U €KOJIOIIKK y3pOKOBaHM KaracTpodannu norahaju. Y Jpyrom mnoriasiby
Koje HOCHM Ha3uB MeljyHapoaHa cTparteruja 3a cMamHuBame KaracTtpodannux jgorabhaja
aHaJIM3MPajy ce IUIbeBU 1 Ucxoau Xjoro okBrupa 2005-2015: u3rpainTv OTIOPHOCT HAIlM]a
U apymTaBa Ha karactpodainne morahaje u mpesentyje CeHIajCKA OKBUD 32 CMAambCHHE
pusuka on karactpodanaux norahaja y mepuomy 2015-2030. roguna. CeHmajcKuM
OKBHPOM TCKHINTE C€ Ca ylpaB/bama KaracTpodaanuMm poraljajuma mpebairyje Ha
yIpaBJbambe PU3UKOM O]l KaTacTpodaiaHux aorahaja, axieHar ce craBjba Ha KINMAaTCKe
MIPOMEHE Kao IIaBHUM (paKTOPOM M Ha jadarbe KaraluTeTa OTHOPHOCTH U pHjiarohasama.
VY 3aksbyuHuM pazMaTpamuMa cymupa ce Crparervja 3a ynpaBibambe KaracTpo(alHuM
norahajuma ca odyekuBambKMa Jia he akTHBHOCTH Ha celaM nusbeBa CeH/ajcKor OBHpa
CTBOPHTH YCIIOBE 3a CUTYPHHJH KHUBOT y 21. BEKy.

2. MEBYHAPOJHA JEKAJIA 3A CMAIEILE IPUPOTHUX
KATACTPO®A

VY 1987. rogunu, Ha MHHAIMjaTHBY AMeEpHYKe akazeMmuje Hayka u3 1984. roxumne,
lenepanna ckynmrruHa VYjenmmenux Hanuja (YH) osnaumna je amekamy 1990-tmx
roguHa Kao Mehynapoouy oekady 3a cmarberve npupoOHux kamacmpoga (/lexaoa)
(International Decade for Natural Disaster Reduction IDNDR). Paznor, mro je on
MIPUPOJHHX KaTracTpo(a, Kao IITO Cy 3eMJbOTPECH, Oiyje (IIMKIJIOHH, yparaHu, TOpHa/a,
TajyHN), IIyHaMH, TIOTUIaBe, KIM3HIITA, BYJIIKAHCKE epyIIyje, cylle, ne3epTudukanyje,
MIOKapH | JIpyTe Tpare/yje MPUPOIHOT TIOPEKIIa, y TIPETXOAHE JBE JIeIeHHje OHO YyTposKeH
HMBOT 3 MIJIMOHA JbYAH, JIOK je HeraTuBHe edexTe noroauio oko 800 MuIMoHa Jbynu, a
MarepHjajiHa [TeTa IMpeMamiia 23 MUIjape aMepuikuX Joiapa. JloroBopeHo je aa
ce Iof MOKPOBUTEJLCTBOM YH y TOj nekamu obpatn moceOHa maxkma Ha MelyHapomHy
capaamby Ha CMamMBamby IPUPOJHHMX KaracTpoda M y CBHM 3eMJbaMa, a IOoceOHO
y 3emMJbaMa y pPasBojy, cMame Opoj KpTaBa, YHUINTABAHC¢ MMOBHHE WM JPYIITBEHH U
eKoHoMcKH ropemehaju [1].

VYV 1989. romunun YH cy onpenune na IDNDR moune 1. janyapa 1990. rogune u na ce
Jpyre cpele y OKToOpy Mecelly cBake roguHe obenexaBa J[aH 3a cMambeme IPUPOIHUX
karactpoda. JlaH 3a CMameme MPUPOAHUX KaracTpoda yTBpheH je Kao CpPeacTBO 3a
LIMpee U jadare CBECTH M MH(OPMUCAHOCTH O MPHUPOAHUM Karactpodama. [{nbeBn
nekage Ounmu cy: 1. moOoJblIaTH KamamuTeT CBake 3emMJbe 3a yOmakaBame edexara
MIPUPOJHUX KaTacTpoda, YCHOCTaBHTH paHe ymo3opaBajyhe cucreMe M CTPYKType
OTIIOpPHE Ha KaracTpode IIe u Kaja je TO MoTpeOHO; 2. CMUCIHTH oaroBapajyhe cMepHuiie
U CTparervje 3a NpUMeHy Moctojehnx HaydyHHX M TEXHHUYKUX 3Hama y3umajyhu y o03up
KYJITYpHY ¥ €KOHOMCKE pas3iiuke; 3. noncrahy HaydyHe M MHKEHEPCKE HAIope ca UJbeM
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Jla ce 3aTBOpE NMpa3HHUHE Y 3HalY O]l B)KHOT 3Hauaja 3a CMambeHe IryOuTaka y JbyACTBY U
UMOBUHHU; 4. IUPUTH TIOcTOjelie ¥ HOBEe TEXHIUYKE HH(POPMAITHje KOje CY Y BE3H ca Mepama
3a mpoIieHy, npeaulame U yOliaxaBame NPUPOAHUX KaTtacTpoda; 5. u3rpamu cet mepa
3a TpoIIeHy, mpenBuljame, CIpeuaBame M yOlakaBame MPUPOIHUX KaracTpoda Kpos
nporpame TexHuuke nomohu u Tpancdep TexHomormje, nmpojekre, ooOpazoBama U 00yKe
3a KOHKpETHE MPHUPOJIHE KaracTpode U JIOKAIMje W BPIIUTH €BaTyalljy AEJIOTBOPHOCTH
OBHX Iporpama [2].

Toxom Jlexane y 1994. ronuam onpskana je [IpBa cBeTcka kKoH(pEpEHIHja 0 CMakeHY
pupoaHuX KaracTpoda y Jokoxamu n monera Crpareruja 3a Apyry HosoBuHy Jlekarne.
Ha mouetky 1990-tux rommnaa Manaat Jlekage OWo je cMameme MPUPOAHUX KaracTpoda
KpO3 Hay4HO pa3yMeBame NPHPOAHUX KaracTpoda, MPOIEeHy MTeTe W yOnakaBame H
CMambHBamkE IITETE NMPEKO TEXHWYKE MOMOhM M TpaHcdepa TEeXHONIOTHje, 00pa3oBama
n obyke. Joxkoxama Cmpamezuja u akyuonu nian 3a Oe30eoHuju ceem: cmepruye 3a
npegenyujy, cnpemHocm u yoaaxcasare npupoonux xamacmpoga [3] sehu Harmacak
CTaBJbajy Ha JpPYyNITBEHE Hayke W EKOHOMHjy. Y Jokoxama CTpaTeruju IoMepa ce
MIPUCTYTI ca TTOMOhM U pearoBama y XUTHHM CIydajeBUMa Ha NPEBEHTUBHO JAEIOBAIE,
MHTETPHCAaHU IIPUCTYNl y YNpaBibalby KaracTpodalHuM paorahajuMa W yNIpaBibambe
PH3HKOM; IIPOLIKPYje Ce KOHLENT CMambemha KaracTpoda 1 y Karactpode yKIbydyjy mopexn
MIPUPOJHNX M EKOJIOMIKM M TEXHOJOIIKM M3a3BaHU KaracTpodalHK Aorahaju W HHXOBa
MeljycoOHa TOBE3aHOCT KOja MOXKE MMAaTH 3Ha4yajaH yTHIQ] HA JPYIITBEHE, KYITypHE
1 EKOJIOIIKE CHcTeMe; aupMUINE CIIpedaBame, yOlIaxaBame, CIPEeMHOCT M moMoh y
katacTpodanHum noral)ajumMa Kao YETHPH €JEeMEHTa IOJHMTHKE OAP)KHUBOT pa3Boja Ha
HaIlMOHAJIHOM, HaJHAIMOHATHOM M MelyHapomHom HuBoy. Karactpodamxu morahajm
on 1992. rommHe mocMaTpajy ce Kao jedaH O NMPUHHIINIIA ONPKUBOT pa3Boja. Y Puo
Jexmapanujn o eKoIoTHjH U pa3Bojy u3 1992. ronune karactpodaiHu norahaju mosesyjy
Ce ca eKOJIOTHjOM U pa3BOjeM Kpo3 OCAMHAeCTH IPUHIHI. YTBpleHa je obaBe3a Apxkapa
Jla TPCHYTHO HHO(GOPMUIIY OCTalle IpKaBe O OMIIO KaKBOj MPUPOTHO] KATaCTPODH HITH
JPYTHM OMAaCHOCTHMMA 32 KOj€ je BepoBaTHO Aa he mpou3BecTH H3HEHAIHE MITETHE e(heKTe
Ha JKMBOTHY CpeIMHYy OBHX JIpXkaBa [4]. Jokoxama cTpareruja je moKpuBaia IepHos 10
Hpyre cBeTcke KoH(pEpEHIHje 0 CMalbUBamky KaracTpodanHux norahaja koja je ompikaHa
y Kobu 2005. roamHe 1 Ha K0joj je yCBOjeH Xjoro OKBHUP.

VY 1999. romuHM, 4eTUPH TOJMHE HAKOH YCTaHOBJbaBaJba JOKOXaMa CTpareruje, a y
TOJIHU Yy K0j0j je uctunao tpajame Jekane, [Iporpamcku popym IDNDR HakoH ananmze
nocturuytor y Jlexkaau yrBpamo je Crparerujy nox HasuBoMm Cueypuuju ceem y 21.
6eKy, cmaremwe kamacmpogannux doeahaja u pusuxa [S5]. Y Crpareruju IIporpamckor
¢dbopyma IDNDR wucTakHyTO je ma ce Mopa HAllpaBUTH 3a0KpPET ca KyJIType pearoBama
Ha KyITypy clipedaBama U Jia MPEBEHIIMja He caMo Jia je XyMaHHja Ol Jieuerha Hero je U
jedrunuja. be3 morpebe na ce moHaBbajy Beh paHUje HaBeneHA ONPEICIbCHA U ITUITBCBH
u3 nepuoaa Jlekaae, HaMOMHUEBEMO Ja je Y 0Boj CTpaTeruju UCTaKHYTO J1a Ce M3HAM CBEra
He cMe 3a00paBUTH Jia je crpedaBame KaracTpodanHux jaorahaja MoOpaHH UMIIpeaTHB
HUIIITA MabH Of] CMak-CHha PU3KKa off paTa. Busuja je ma ce omoryhiu cBuM IpyInTBUMa aa
NOCTaHy OTIOpPHA Ha e(eKTe MPUPOTHUX, TEXHONOMIKUX M CKOJOMIKHX OMaCHOCTH TaKo
mro he ce cMambHUTH CIOKEHH PU3MK KOjH YHYTap CaBPEMEHHX JpyILITaBa JAONPHHOCH
IbMXOBOj COILIMjaJIHOj M €KOHOMCKO] pamUBOCTH. M3Mely ocranux mocraBibeHN LUIBEBU
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OwiM cy: pa3BUTH IPOAKTHBHU Melyckion u3Mel)y yrpasibama NpUPOIHUM pECYpCHMa U
MpaKTUYHUX [PpUMEpPa CMabCHha pPU3HKa; KOMILJICTUPATHU MPOILCHY PU3HKA U UHTETpUCATU
je y IIaHOBe pa3B0ja; yCTAHOBUTH MOHUTOPHHT PU3HKA M CHCTEME PAHOT YI030peEha Kao
HUHTETPHCAHE MPOIece Ha CBUM HUBOMMA OJITOBOPHOCTH Ca ITOCCOHOM MaXEOM Ha M0jaBy
OIMACHOCTH ca TI00ATHIM MMILIHKAIIHjaMa Kao OHE y BE3H ca BapHjalijamMa 1 IPOMEHOM
KJIMMe; YCTAaHOBUTH MeljyHaponHe u mnpodecuoHamHe CcTaHaapie/METOJoNoTHje 32
aHaM3y W W3pakaBambe COIMOCKOHOMCKOT YTHIIdja KaracTpodanHux goralhaja Ha
JPYIITBA; Pa3BUTH OJP>KUBE MPOrpaMe jaBHOT MHPOPMHCaka U MHCTUTYIIMOHAIN30BATH
o0pa3oBame O OMACHOCTHMA M FHUXOBHM e()eKaThMa MPEeKO MPaKTHYHHX MpHMepa
yIpaBJbaba PU3UKOM U aKidja cripedaBama KaracTpodannux gorahaja; mporec mporeHe
npojekToBar Ha nepuoa 5-10 u 20 roguHa; yrpaBbaTH AWHAMUYKOM aHAIN30M PH3HKa
y KOjy CY YKJbYYeHE KapaKTepHCTHKEe KpeTame Opoja CTAaHOBHHKA, ypOaHH pacT H
UHTEepaKiuja u3Mel)y NMpUpoOTHHMX, TEXHOJOMIKUX M eKolomkux ¢akropa. Konauno y
Crpateruju ce jacCHO MCTHYC Jla Cy JpKaBe HAjOATOBOPHH]E 3a 3alITHTY CBOjUX rpahana
ol pusuka W Karactpodanunux gorahaja, mehyTum ¢ 003upoM 1a Cy Off OMACHOCTHU
HajBHUIIIE YIPOXKEHE JIOKAIHE 3ajSHUIIC U eJIEMEHTH LIUBIIHOT JPYIITBA OHH CY KJbYYHH
WHHIM]aTOPH aKIfja 3a clipeuaBame 3HauajHUX PU3MKa U KaracTpodaiHux forahaja.

VY 1999. romuan YH cy cymupajyhn nocturayte pesynrare IDNDR wncrakie cnenehe
[6]: Toxom nexkame W TOpen CBE MHTEH3MBHUjUX W 4emNuX IMPUPOJHMX KaracTpoda
OCTBapeHU Cy 3Ha4YajHU Pe3yIATaATH:

1. ywMHorum obmactuma cge uerihe ce peaau3syje norpeda 3a mHpoM OPHjSHTAIH]OM
- 3a Mel)yCeKTOpCKMM MPHCTYIOM Kao HIp. y KIMMAaroJOTHjH Koja pa3Marpa
CMamberbe KaracTpoda moBe3aHo ca MPOMeHaMa KUBOTHE CPEINHE, YIIPaBJbamheM
pecypcumMa Bojie, 06acKuM 30HaMa 1 moBehameM HHBOA MOPa;

2. KOJ IojaBe MPUPOIHUX KatacTpoda moBehaHo je pasymeBame JbyICKe TUMEH3H]e
U omHOoca m3Mely JApYHNITBEHO EKOHOMCKHX (akTopa, (akropa puU3UKa WU
OCETJEMBOCTH Ha Karactpode;

3. yHanpeleH je npuctyn uHpopManujama o karactpodama y peasHOM BpeMeHY
Ha OCHOBY BEJIMKOT HallpeTKa y pa3Bojy MONHHUX TEJICKOMYHKAIlMOHUX U
KOMIIjyTEPCKUX CHCTEMA;

4. yCTaHOBJBECH j€ CHCTEM MOHHTOpDHHTA 3a OKEaHe, 3€MJBHINTE W KINMY, a Ha
OCHOBY 3Ha4ajHOT HalpeTKa TeXHOJIOTH]E;

5. moBehaHO je MHTEPECOBABE 32 UCTPAKUBAKE INIOOATHUX SKOIOLIKUX IIPOMEHA,
NOCeOHO KIMMAarCKMX MPOMEHa M OCTBapeH je BEJIMKH HalpeJaK y HaydHOM
pasymeBamby DIOOATHUX KIMMATCKHX PEXHUMa, NPOTHO3Upamy KINMAaTCcKe
BapHjaOMIHOCTH M €KCTPEMHHMX MPOMEHa M MPOjEeKLUjH HHXOBOT YTHIaja Ha
JPYIITBO.

Mebyarenmyjcku cekperapujaT 3a yrpasibare IDNDR mocyxmo je kao miardgopma
3a pa3BOj aKTHBHOCTH 33 CMambEH-€ IIPHPOIHIX KaTacTpoda y mapTHEPCKUM areHIjama BaH
u yayTap YH, Kao mto cy CBercka meteoponomnika opraam3andja (WTO), Opranuzamuja
YH 3a oOpa3oBame, HayKy Kyatypy/MehyapkaBHa KoMHCHja 3a OKeaHOTrpadujy
(UNESCO/IOC), Ilporpam YH 3a exomorujy (UNEP), Cercka 6anka u MelyHapogau
caset HayuHux yHHja (ICSU). OBe opranusanuje cy TokoM Jlekane neduaucane y CBOjuM
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mporpaMuMa OpHjeHTaInjy Ha Karactpodanne norahaje. Opranusaiiyje Koje ¢y U mpe
Jekane Ha onpeljeHH HAYMH YKJbYYHBAJIC Y CBOje aKTUBHOCTHU KatacTpodaine moralaje,
kao mto cy I[Iporpam 3a pa3soj YH (UNDP), Ceetcka 3apaBcTBeHa opranusaiuja (WHO),
Opranuzanyja YH 3a xpany u nossonpuspeny (FAO), Opranusanuja YH 3a uHIyCTpHjCKA
pa3Boj (UNIDO) uHTeH3uBHpaJie Cy CBOj¢ aKTUBHOCTH.

Y 2000. roqan Ha 12. CBeTckoj KOH(GEPEHIH]H 0 HHXKEHEPUHTY 3eMIboTpeca Kureckn
HayuHuK Li-Li-Xie y mokymiajy 1a onroBopu Ha muTame Kako aa ce eBamynpa IDNDR,
mMely ocranor je pexao:* Ilponuio je mecHaecT romuHa ox kana je np ®@penk Ilpec,
MIPEICEeTHIK AMEpHYKe aKaJeMuje HayKa, y CBOM yBOJHOM H3naramy Ha OCMO]j CBETCKOj
KOH(EepeHIINjU 0 MHKEHEPUHTY 3eMJbOTpeca Koja ce onpaxana y Can ®@panrmucky 1984.
roguHe Tpemmoxkno IDNDR, a mTo je mmpoko mpmxBaheHO y menoj MelyHapomHO]
3ajenuunu. OnmrenprxsaheHO MUIIUBEHE j€ A2 TOKOM JleKasie oCcTaBbeH! INJBEBH HACY
MOIVIH OWTH Y IOTITyHOCTH ocTBapeHn. Melytum, nyx Jlekane Tpajahe 3ayBek u y CBETITY
Jexane HaygyHUIIN ¥ HHXEHmepH mocsetnhe ce 0e30eqamjem 21. Bexy. Curypauju 21. Bek
JOII yBEK je caH. 3a peanu3alijy OBOT BEJIMKOT CHA MOTPEOHNU Cy Aajbil KOHTHHYHPAHH
HaropH IEeJIOT CBETa W O] alCOMYTHO CYIITHHCKOT 3Ha4aja jé TeCHa capajma H3Melhy
Pa3NMUNTHX ApKaBa, MOJUTHYAPA, HAyYHWKA, MHXKEHEpa, COLMOJIOra, €KOHOMHCTa H
jaBHOCTH. Bozieha ynora YH y cMamemy npupoIHIX KaracTpoda je HeonxomHa [7].

3. MEBYHAPOJIHA CTPATEI'NJA 3A CMAIBUBAILE
KATACTPO®AJIHUX JIOTADBAJA

Haxkon ncteka Jlexaze, y 2000. ronuau Y H cy 3a Hacnenuuka ycranoBuie Mefynapoouy
cmpameaujy 3a cmarere xkamacmpogannux oocahaja (International Strategy for
Disaster Reduction — UNISDR). UNISDR ¢yHkunonuie kpo3 Mpexy mehyHapomHux
OpraHu3allija, HAyYHUX M CKCIEePTCKUX HHCTUTYIHja, MBUIIHOT IPYIITBA, MPHBATHOT
cekropa, apkaBHux 3BaHM4YHHMKa. UNISDR je wmsrpahiena na wuckycrsy IDNDR, u
CTparerujaMa 4uje BaXeme ce MPoTe3ali0 HaKoH 3aBpiieTka Jlekazne: Jokoxama crpareruje
3a 6e360enuuju cBeT u3 1994. ronune u Crpareruje CurypHuju cBet y 21. BeKy: pHU3HK
U cMamuBame KaracTpodanuux norahaja. Ox 2000. romuae UNISDR usmelyy ocranor
opranu3oBao je [Ipyry cBeTcky KoH(EpeHIHjy 0 cMamermy kartacTpodanaux norahaja y
2005. ronuau u Tpehy cBeTcky KoH(eEpeHIHjy 0 cMambemby pU3HKa Ol KaTacTpodaiHux
norahaja y 2015. roguuu.

Y 2004.romuan IIporpam 3a pa3zBoj YH ymoszopmo je y cB0joj MyONMKanuju:
CMamuBamke pu3NKa Of KaracTpodamHux noralhaja, m3a3oB 3a pa3Boj [8] ma mpupomne
KatacTpode BpIlle eHOPMaH YTHIA] HA TIPUBPETHH Pa3B0Oj U /1a CE TYOUIIM IO TOM OCHOBY
He cMamyjy Hero ce nmoBehasajy. V [lyOnukanuju ce HABOIH Aa je MpoIleHa ocurypanajyhe
kyhe Munich Re na cy npoceunn rogummsu ryOouIy y npuBpenu o karactpoda y 1960-
TUM TOOMHAaMa W3HocwiH 75,5 mumwjapaw, v 1970-tum 1384 mummjapan, y 1980-tim
213,9 mumujapan, a y 1990-tum romuaaMa 659,9 Mummjapau amepudkux gonapa. [Ipema
Munich Re ykynmHu mpuBpenHu ry0uny mo oCHOBY KaracTpoda y mepuoay 1992-2002.
ronuHa Behu cy 7,3 myTa Hero y 1960-TiM romuHaMa. Y mocienme Be IEeHnje 300T
MIPUPOJHKX KaTacTpoda moruHyio je 1,5 munnona sbynu, a Hajuenthu yzpounuiu (94%)
CY 36MJBOTPECH, TPOTICKH IIMKJIOHH TIOIIJIABE M CYIIIE.
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Y 2005. rogunu 3a JIpyry cBeTCKy KOH(EPEHIIH]Y 32 CMambHUBamkEe KaTacTpO(alHuX
norabaja, koja ce omprkaBana y Koou, npunpemsses je M3Berraj o peanusanuju Jokoxama
crpareruje [9]. YV U3BemTajy cy nmopea MO3UTHBHUX HCXOAa MCTAaKHyTa U OTBOpEHA
nuramba u npodnemu. [ToceOHO je HaNOMEHYTO Jia MOCTOjU HENOCTaTak CUCTEMaTHYHE
UMIUTEMEHTAIIH]e, Capa/Iibe U H3BEIITaBaba O HAMPETKY Y CMAhEHhY PU3UKA U PAbUBOCTH
Ha KatacTpode, a yoUeHO je 1a cy HajBehu npobneMu u n3a3oBu 3a OyayhHocT y crnenehum
obnactuma: 1. PykoBoheme: opraHu3aIiioHl OKBHP, MPABHH OKBHP W OKBHP IMOJIUTHKE;
2. Unentndukanmja, npoleHa, MOHUTOPHHI' PU3UKA U PAHO YIO30peme; 3. YIpaBibame
3HamEeM U eaykanuja; 4. CMamuBame OCHOBHHX (pakropa pusmka; 5. CpeMHOCT 3a
JISJIOTBOPHO pearoBame W omopaBak. HeocTBapennm Hampemak Jokoxama crpareruje
y HaBEICHUM 00JacTHMa OMNPEACIHO je MPHOPUTETHE OONIACTH y KOjUMa y HapEIHOM
Tepuoy Tpeda JAeI0BaTH.

OcHoBHH JOKyMeHT Jlpyre cBeTcke KOH(EpEHIHje 3a CMameme KaracTpohaliHuX
norahaja je Xjoeo okeup 2005-2015: usepadumu omnoprocm Hayuja u Opywmasa Hd
xkamacmpoganue oozahaje [10]. Y oBOM HOKyMeHTY yTBph)eHH Cy CTPaTETHjCKU IUJHCBH
U TIPHOPHUTETHH 3aJIalli 32 HAPEJHU JECETOTOAUILIGU epruoa. YTBPY)CHH CTpaTerujcKu
oiIbeBH cy: 1. IHTerpucaTn cMamerhe pu3rKa of kKaracTpodanHux norahaja y monnTuke
OZIPXKHMBOT pa3Boja W IUIaHWpame; 2. Pa3BUTH M 0jayaTH WHCTHTYLHjE, MEXaHH3ME H
KarauTeTe 1a OW MOCTaIM OTIOPHM Ha omacHocTH; 3. CHCTEeMarcKH MHKOPIIOPHCATH
NPUCTYII 32 CMambeHhe PU3MKa y MporpaMe ONOpaBKa, pearoBama W CHPEMHOCTH 3a
cnyvaj omacHOCTH. IlpropuTteTHH 3amaim cy ciepehu: 1. ocuryparu ga je mpHOpHTET
Ha HAIJMOHATHOM M JIOKAJIHOM HHBOY, Ha CHA)XaHUM HHCTUTYLHOHATHHM OCHOBaMa,
CMamelhe pH3uKa of KaractpodamHux norahaja; 2. nAeHTH(UKOBATH, NPOLCHHUTH
W HaADIeNaTH PU3MKE O KaTacTpo(ajHUX Jorahaja M yHANpPEOUTH CHCTEM PaHOT
yII030pema; 3. KOPHCTH 3HAE, HHOBalMje U 00pa3oBame 1a OM ce M3rpaaniia KynTypa
0e30eTHOCTH U OTIIOPHOCTH Ha CBHM HHUBOHMMA; 4.CMaBHTH OCHOBHE (haKTOpe PHU3UKA H
5. Ha CBUM HHMBOMMA I10ja4aTH CIIPEMHOCT 3a JICJIOTBOPHO PearoBame y KaracTpo(arHuM
norahajuma.

Konkpernuje, namely ocramor mo 2015. rogune: 1.) [pxaBe Tpeba &a ycraHOBe
CTpaTerHje 3a CMambCHE KaTacTpo(aiHux nqoral)aja u MHTETPHUIITY UX Y TUIAHOBE U I[HJbEBE
HAIIMOHAJIHOT U JIOKAJHOT Pa3B0ja; 0jauajy HaI[MOHAJIHE 1aT(opMe; MOACTAKHY HIUPOKO
yueriie jaBHOCTH; OApEe JOBOJFHO OYIIETCKHX CpEJCTaBa 3a MPUMEHY CTpareruja y
npakcy; 2.) 3a uIeHTU(QUKAIH]y, TIPOLIECHY, MOHUTOPUHT U CUCTEM PaHOT YIO30pema Ha
PH3HK Tpeba yCTaHOBUTHU CTaHap/Ie 32 CUCTEMATCKO MPUKYIIbakhe MOIaTaKa, NPOLECHUTH
PH3HK 3eMJbE, TPEHIIOBE PALUBOCTH M Marle OIAaCHOCTH, YIPaBJ/baTH MPOLECHOM PU3HKa
y KOoje Cy HMHKOPIIOpHCaHE TEXHHYKa M COIMO-€KOHOMCKA JMMEH3Hja, H3IPaJnuTH
CHCTEME paHOT yIo30paBama; 3.) Y obiactu oOpa3oBama Tpeba yIpaB/baTd 3HABEM U
YBECTH y HACTaBHE IUIAHOBE MHCTHUTYILIMja TPEIMET CMamEHmhe PU3UKa Of KaracTpoda;
BpLIMTH TNpodecroHanny oOyKy o karactpodannum jnorahajuma; 4.) Tpeba cmamuTn
(axTope pHU3MKa y Be3W Ca KMUBOTHOM CPEIMHOM, MPUPOJHHUM PECYpCHMa, KIMMOM H
NOBE3aHUM TeO(U3MUKUM 00NacTuMa; JPYLITBEHE U SKOHOMCKE MpPUHIMIE pa3Boja U
npakce MPUAPYNKUTH TEXHHYKAM CIIOCOOHOCTAMA J1a OH Ce 3aITHTUIa HHOPACTPYKTYpa
OJl CYLITHHCKOT' 3Hayaja M CMamWIO CHPOMAIITBO OCET/hbHBE MOMYyMalalyje; pa3BUTH
U YKJBYYUTH Y IIMPOKY capaliiby CBUX 3aMHTEPCOBAHMX CTpaHa; nojacTahu MIMpOKy
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pa3sMeHy 3Hama U TpaHcdepa TexHomoruje mamely apkaBa; IPUMEHHUTH onrorapajyhe
TEeXHUYKE Mepe 3a IUIaHUpamke YnoTpede 3eMibe U MpaBuiia rpajme, nojacrahu ycajame
MHCTpyMeHaTa 3a IMoJely, TpaHc(ep WIM MUHHUMHU3UPAHE HW3JI0KEHOCTH PHU3HKY. 5.)
Tpeba moBehiaTn cipeMHOCT 3a ETOTBOPHO PEaroBame M OMOPaBakK Of KaracTpoharHux
norahaja. C TuM y Be3u usMely ocranor Tpeba MPOICHUTH OAPKHUBOCT CBHX MOJUTHKA
ynpaBJbama Karactpodainum gorahajuma u pu3HLIMMa Kako IMOCTOjehinM Tako u OHMMa
y HacTajamy. O cripoBoljema Xjoro okBHpa odekuBaio ce aa 1o 2015 roguHe ucxonyje
3HAYajHO CMamehe I'yOuTaKka y JbYICTBY W JIDYIITBEHOM, IPUBPEIHOM M EKOJIOIIKOM
KamuTasa 300r karacTpodanHux gorahaja.

Y mepony ox 2005. no 2015. rommae UNISDR je ycmena na passuje mmardopmy u
BEOMa aKTHBHO Ca PETHMOHAIHMM IDIargopmMaMa pa3BHja M yYYHHH JOCTYIHOM 0azy
mojaraka u OpojHe nHpopMarwmje u mpumepe o karactpodama. Ox 2009. rommae UNISDR
penoBHO myOiHKyje [TTo6amHn H3BENITaj 0 MPOLIEHH CMACHha PU3HKA O] KaTacTpohaTHIX
norabaja. Y mocnenmeM m3namy npen Tpehy cBeTcky KoHpEepeHIIN]y 0 CMambHBaKy PH3UKA
on karactpodannux norahaja, y 2015. rognHu myOnMKOBaHM Cy MOAAIM M M3BPIICHA
je mpomeHa ycremHocTH Xjoro okBupa. Y 2009. rogmam UNISDR myGmukoBana je
TEPMUHOJIOTH]Y 3a CMamkelhe pu3nka o katactpoda. To je omoryhuo ymorpeOy TepMuHa
cajenuHCTBeHNM 3HaueweM [ 11]. Hampumep: mox karactpodama moapasymeBa ce 030MbaH
mopemehaj y QyHKIHOHHUCa®Y 3ajeHUIC WK PYINTBA KOJH YKIBYIYje PAcIpOCTPabeH
yTUIA] U JbYACKE, MaTepujaliHe, MPUBPEAHE WM EKOJIOIIKE TYOUTKE KOjU MpeBa3Hiase
CIOCOOHOCT TOT JPyNITBA WJIM 3ajeHUIEC Ja HMX CaBlaja yHOTpeOOM CONCTBEHHX
pecypca. YrpaBibambe PH3UKOM Off KaracTpoa 03HadaBa CHCTEMATCKH MPOIEC yIoTpeoe
aJIMUHUCTPATUBHUAX CMEPHHUIIA, OPTaHNU3aIMja M OTIEPATUBHUX BEIITHHA 1 KalalyuTeTa 3a
crnipoBol)eme cTpareryja, MONUTHKA U MMOOOJBINAE KalaluTeTa 33 CaBlajaBame aa ou
Ce YMamWJIM HETraTHBHU YTHUIIjH OMTAaCHOCTH M BepoBaTHOoha karacTpode. CrcteM paHor
yIo30pema je CeT KamanuTeTa NOTPeOHMX Ja ce HalpaBH M pamupH OlaroBpeMeHa u
3Ha4ajHa WH(POPMAIHja O OIMACHOCTHU J1a OM ce OMOTYhHIIO IOjenuHIMA, PYIITBIMA 1
OpraHM3aIjama, Koje cy Ioj MPeTHOM O]] OTTAaCHOCTH, /1a Ce MpHUIpeMe 1 oAarosapajyhe
JIeTTyjy ¥ IMajy JOBOJEHO BpEMEHa J]a CMarbe BEpOBaTHONY IITeTe MM TyOHUTKA.

Y 2015. roguuu 3a Tpehy cBeTcky KOH(EpPEHIM]y 3a CMambUBambEe PH3UKA Of
katactpodanuux norahaja, koja ce oapxkapana y Cennaajy, npunpemibeH je M3semraj o
peanusanuju Xjoro okeupa. OIEHEHO je 1a Cy, MpeMa HAI[MOHATHHUM H PEerHOHATHHM
U3BEIITAjUMa, IP)KABE U OCTAJIC PEJICBAHTHE 3aMHTEPECOBAHE CTPAHE OCTBAPHJIC HAPEIaK
y CMamHBamky pH3MKa 07 KaracTpodanHux jgorahaja Ha JIOKAJIHOM, HAI[HOHAIHOM H
100aJTHOM HUBOY ILTO j€ JOBEJIO JI0 [a/1a CMPTHOCTH Y ClTy4ajy HEKHX onacHOCTH. J{pkaBe
Cy YHaIpeIuie CBOje KalaluTeTe 3a YIpaB/bambe PU3UKOM Off KaracTpodanHux gorahaja
U JICTIOTBOPHHUM YIPABIbAEM PH3UKOM JOMPHHENC OIPKUBOM pa3Bojy. MelhyHapomHu
MEXaHH3aM 3a CTPATETHjCKO CABETOBAKE, KOPOIHHAIIN]Y U Pa3B0j MAPTHEPCTBA 38 CMAFbEIHE
pusuka o karactpodainux forahaja, kao mro je [modanHa riardopma 3a CMamUBaAE
pH3HKa 0f] KaracTpodanHux noraljaja v peruoHaHe mIarhopme, Kao U OCTAIU PEICBATHH
MeljyHapOIHU W perHOHaNHK (GOpPYMH 3a capajirmby, OWIM Cy MHCTPYMCHTH 3a Pa3Boj
MOJTUTHKA M CTpaTeruja u yHarnpelembe 3Hamba U 3ajeIHHIKOT yueha. [ eHepaano, Xjoro
OKBHp OHMO je BakaH MHCTPYMEHT 3a jayare jaBHE M WHCTUTYIMOHAIIHE CBECTH KOjH je
CTBOPHO HOJMTHYKY 00aBe3y M yCMepeme Ha aKIUjy BEJIHKOr Kpyra 3aMHTEpPECOBaHUX
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CTpaHa Ha CBMM HHBOMMA. Mel)yTuM, TOKOM JIeCETOTOHIILET TIepruoia KaracTpodarHu
norahaju HaCTaBWJIM Cy Jia yIpoXkaBajy 0e3¢OMHOCT JbyIAW U CUTYPHOCT UMOBHHE JIMIIA,
OpymTaBa U apkasa y nenuHd. [Ipeko 700.000 seynm u3ryOmio je »uBoOT, npeko 1,4
MUJIHOHA OO je moBpeleHo u npuoImkHO 23 MIIIMOHA OCTAJIO je 0e3 KpoBa HaJl INIABOM.
CeeykynHo 1,5 Munujapau jbyny Ouia je Ha pa3He HauWHe MOroheHo KaTacTpodaaTHuM
norahajuma. YKynaH eKOHOMCKH ryouTak 6uo je Behu on 1,3 TpuiinoHa aMepuykux gosapa.
[open Tora, nzmehy 2008. u 2012. roguHe 144 MuimoHa Jpyau OWMJIO je MpecesbeHo.
Karactpodanau morahaju, om KOjuX Cy C€ HEKU TOTOPIIATH U OWIM yYeCTalIUjU |
WHTCH3UBHUJU YyCJIe] JACO0Bama KIMMATCKUX MPOMEHA, 3HAa4YajHO YCIIOpaBajy Hampenak
npemMa OIpXKMBOM Pa3Bojy. [lomamu ykasyjy aa ce U3I0KEHOCT PH3HKY JIUIA U UMOBHHE Y
CBHM Jip>kaBamMa moBehaBa Oprke HEro ITO PamUBOCT OMAja, [ITO CTBApa HOBE PH3UKE U
nosehaBa ry0uTKe, ca 3HAYajHUM EKOHOMCKHUM, COIIMjAIHUM, 3PaBCTBEHUM KYJITYPHHM
U CKOJIONIKMM YTHI[ajeM Ha Kparak, CPeImbH W IYyrd PoK. Y eBalyaldju Xjoro oBUpa
nozceha ce Ha y 3aBpIIHU JOKyMEHT byoyhnocm kojy owcerumo, ca Koudepenimje YH
0 OZIP’KMBOM pa3Bojy Koja je oaprxkana 2012. roguHe, y KOME c€ 3aXTeBa Jia ce mpodieMy
CMameiha pU3MKa off KatacTpodanHux goraljaja U U3rpaamy OTIIOPHOCTH Ha KaTtacTpode
IITO XUTHHUjE MPUCTYIH ¥ KOHTEKCTY OAPIKHUBOT Pa3Boja M UCKOPEHaBarba CHPOMAIITBA K
1o notpebu uHTerpuiie Ha ceuM HuBonMa. Ha Kondepenumju cy takohe peadupmucanu
CBM NpUHIMIHK PO Nexiapaliyje o eKoJIOTHjH U OJpKUBOM pa3Bojy [12].

VY 2015. romuan y Cenpmajy onmpxkana je Tpeha cBercka koH(epeHIHja 0 CMamkCHY
pusnka on karactpodamaux porahaja. Tpeba oOpaTuTH Maxkswy 1a Cy IpBE IBE CBETCKE
koH(epeHIje v Ha3uBy Omiie KOH(epeHIje 3a cMameme KaracTpodamHux porahaja.
Ha3us Tpehe koH(epeHnrje 1 Ha3uB 3aBPIIHOT JOKYMEHTa y KOME Cy Ha3HaYaHH CBPXa,
OYCKMBAHM MCXOJ, LIMJb U LUJbaHe BPEOHOCTH - CeHOajcKu OK8UP 3a CMArberbe PU3UKA 00
Kamacmpoganuux doeahaja y nepuody 2015-2030 zoouna ynyhyjy Ha 3akipyqak aa he ce
0 KaracTpodarHM goral)ajumMa u BEUXOBUM y3ponnuMa y OyayhHOCTH TOBOPHUTH ApyTradnje
Hero 70 caga. Y HapeJHOM IIEpHOINY OCHOBHA TEMa HHUje CMambemhe KaracTpodaliHuX
norahaja Hero cMameme pu3nKa o Karactpodanaux gorahaja.

Cenpnajcku okBup [12] omHOCH ce Ha MPUPOTHE OMACHOCTH WM HA OMACHOCTH
KOje je y3pOKOBAaO YOBCK U Ca HHMa IOBE3aHC CKOJIOIIKE, TEXHOJOMIKE M OHOJIOIIKEe
oracHocTd M pusuke. OCHOBHM IIWJb je CIIpeYaBam¢ HACTaHKa HOBHX M CMarbHBambe
nocrojehux pusmka ox karactpodannux noralaja Kpo3 CrpoBoheme HMHTEPHUCAHUX
U CcBeOOyXBaTHMX EKOHOMCKHX, CTPYKTYpHHX, NMpPaBHHX, COLUjaJHUX, 3/PaBCTBEHHUX,
KYJITYPHHUX, 06pa3OBHI/IX, CKOJIOIIKUX, TEXHOJIOMIKNUX, MTOJIUTUIKNX U UHCTUTYITUOHATTHUX
Mepa KojuMa ce CIpeyaBa W CMamyje H3JI0KEHOCT OMACHOCTH M PamUBOCT IpeMa
karactpogama, moBehaBa CIIpeMHOCT 3a pearoBame U ONOpaBaK M CTOra jada OTIOPHOCT.
CeHajcku OKBHD CaapKU CelaM IMjbeBa koje Tpeba octBaputu no 2030. romune: 1.
3Ha4YajHO CMAamUTH Ha TIOOAJHOM HHMBOY CMPTHOCT y3pOKOBaHY Karactpodama, ca
UJBEM J1a ce cMarbK npocek cMptHocTH Ha 100.000 sbyau uzmelyy 2020-2030. y ogHOCY
Ha 2005-2015. ronuny; 2. 3Ha4ajHO CMambHUTH HAa IIO0AJTHOM HUBOY OpOj JbYAH KOjH CY
noroljeHu karacTpodama ca IUbEM Jla Ce CMamU MPOCEK MOroheHux karactpodom Ha
100.000 spyqu y mepuoay 2020-2030. roguna y onHocy Ha nepuop 2005-2015. ronuna;
3. CMamHUTH OMpEKHE MpHUBpeIHe ryouTtke of Karactpoda y omHocy Ha OpyTo nomahu
npoussoj (BAIN); 4. 3HauajHO CMamHUTH IITETy O KaracTpoda Ha WHPPACTPYKTYpy
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OJl CYIITHHCKOT 3Hauaja ¥ nopemehaj OCHOBHUX YCIY)XHUX IIeJIaTHOCTH, Mely Kojuma
3IPaBCTBO U 00pa3oBame, IMTO YKJbYyUyje U Pa3BOj HHUXOBE OTIOPHOCTH; 5. 3HAYAjHO
noseharu Opoj npkaBa ca HAIIMOHAJIHUM M JIOKAJTHUM CTpaTrerijaMa 3a CMamemhe PH3HKa
on karactpoda, u To a0 2020. roausne; 6. 3HayajHo noBehatu MehyHapomHy capaamy ca
Mame Pa3BHjCHUM 3eMJbaMa KpO3 aJCKBAaTHY M OIPXKUBY IMOJAPIIKY 32 KOMILICTHPAEHE
IbUXOBUX HAI[MOHAJIHUX AKTHBHOCTH Ha MPUMEHH OBOT OKBUpA; 7. Jbymuma 3HauajHO
noBehaTy pacroNoKUBOCT M MPUCTYIT CHCTEMHUMA PAHOT YIIO30PEHha OJf BUIIIE OMACHOCTH
U pacIojOoKUBOCT M TPHUCTYN MH(pOpMalMjaMa U INpolieHaMa pU3uKa o] Karactpoda.
CeHpajcku OKBUP yTBplyje YeTHPH MPUOPHUTETA 32 JCI0BakhE Ha CBUM HUBOUMA BIIACTH:
1. PasymeBame pusuka on karactpodannux norahaja; 2. Jadyame pykoBolema pHU3HKOM
on karactpoda pamu ynpasibama pu3nKoM off Karactpoda; 3. HBecTHpame y CMaberhe
pU3HKa Ofl KaracTpoda paau OTMOPHOCTH; 4. YHAMpPEIUTH CIPEMHOCT 3a JICIOTBOPHO
pearoBame Ha KatacTpode U U3BPILIUTH ONOPaBakK, PeXaOMINTAIN]y U PEKOHCTPHUIIN]Y MO
npuHOuny ,,build back better™.

4. 3AK/bYYHA PASMATPAIbBA

TokoM HEKONWKO JelieHHWja KaracTpodanHu noraljaju jaBipajy ce cBe demhe
WHTCH3WBHUjE H yTPOXaBajy )KHUBOTE JbYH U UIMOBHHY. TOKOM HEKOJIMKO JICIICHHja HAIlopa
Jla ce CMamHu Opoj KaracTpodarHux norah)aja i TexMHa BUXOBHUX MOCIEIUIIA OcTaje 0e3
onroBapajyhux edexara. YjenumeHe Halllje UMajy HHTErPUCAaH IPUCTYI KaTacTpodaTHuM
nmorahajuMa W ymo3opaBajy Ja HeMa OAPXKHBOT pa3Boja 0Oe3 oaroeapajyher ympaibama
pusukoM ox kKaractpodanHux norahaja. Jla Om cTpaTteruja ympaBipama PH3UKOM O
KaractpodanHux noralaja 6uiIa ycrnenHa HeONXOJHO je MPe CBera CTaBUTH 110 KOHTPOITY
KJIMMAaTCKe MPOMEHE KOje Cy HajCHAXHHUjH IOKpeTad pH3HKa. Y HapeIHUM ToAnHama
OYCKHBamba cy Ja ie akTHBHOCTH LIEJIOT CBETa HA Peallu3aliju cenaM mbeBa CeHiajckor
OKBHpa 00€30€IUTH CUTYPHU)HU KUBOT ¥ 21. BEKy.
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IMPACT OF SNOW AVALANCHES ON CULTURAL
HERITAGE

Abstract: Snow avalanches are considered as one of the greatest natural hazards in mountainous
regions. Not only that the destructive power of nature changes the natural environment, but it also
changes the built environment. Cultural heritage is an important segment of the built environment
of any region and it is exposed to the constant climate changes and natural hazards. The research
provides analysis of different impacts of snow avalanches on cultural heritage in avalanche prone
areas. The aim of this paper is to raise the awareness and understanding of the need for a sustainable
and comprehensive reduction of risk and timely risk management in endangered mountainous areas.

Key words: climate changes, snow avalanches, cultural heritage, natural hazards, traditional
materials, environment

YTHUIAJ CHEXKHUX JIABUHA HA I'PAIMTE/BCKO
HACJIEBE

Pe3sume: CHexxHe JaBHHE C€ CMarpajy 3a jedaH OI HajyTUIAjHUjHUX NPUPOTHHX Xazapiaa y
IJIaHUHCKUM obnacTuMa. FbuxoBa necTpykTiBHa Moh He MeHa caMo IPHUPOAHY HEro yTuue M Ha
u3Meny rpahene cpeaune. KyntypHo Hacnehe je OuTaH cerMeHT usrpaljeHe cpeiuHe U Kao TaKBO
KOHCTAHTHO j€ M3JI0XKCHO YTHIAjy KIMMAarCKUX IPOMEHA W MPUPOIHUX Xazapaa. VcrpaxkuBarme
o0yxBaTa aHaJM3y Pa3IMUUTHX YTHUIaja CHEXKHHUX JIaBUHAa Ha KylITypHO Haciehe y oOmactuma
TIOTOJIHUM 3a CTBapame JIaBuHA. {1k HCcTpaXkuBama je MOoIu3ame CBECTH U pasyMeBame 1orpede
32 OPXKUBHUM, CBEOOYXBAaTHUM H IIPABOBPEMEHHM YIIPABJbAbEM PU3UKA Y YTPOXKCHHM [NIAHMHCKUM
npeaema.
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1. INTRODUCTION

In the past few decades we have witnessed intense climate change and its impact on the
natural and the built environment. On the 10th scientific conference Measures to reduce
the risk of the consequences of extreme rainfall held in Belgrade, in December 2015,
attention was drawn to the alarming situation of architectural heritage, the strategy for the
preservation and protection regarding to the impact and consequences of climate change
in general (Foli¢ Kurtovié, N., Sladi¢ M., Prediction of The natural Hazards, Natural
Hazards Causes and Effects; Prediction of The Impact of Climate Change on Cultural
Heritage in Serbia, Izgradnja 11-12, Beograd, December 2015.). Furthermore, special
attention is captured by the problems and solutions related to climate change in relation to
the national cultural heritage in the Nordic countries (Kaslegard, A., Climate Change and
Cultural Heritage in The Nordic Countries, temanord 2010:599). The most recent study
analyzed landslides and their impact on cultural heritage. The study indicated the needs
for research and solutions, cause and effects in relationship of natural hazards and cultural
heritage in order to develop the study of cultural heritage protection (Baji¢ S., Sladi¢ M.,
Landslides as a Threat to The Preservation of Historical Cities, 3nd ISM E-Gtz, Tuzla,
June 2016.

The average number of snow avalanche fatalities worldwide is estimated at 250
per Year [1]. In Serbia snow avalanches were recorded in 2012, due to extremely low
temperatures and cold wave followed by severe winter conditions. Number of fatilites
was 10, while the several houses were completely destroyed [2]. Unfortunatelly, there is
no precise statistical data conserning snow avalanche accidents in Serbia, thus all data
is collected using newspapers and internet. In contrast, alipine countries collect data as
annual accident reports. These reports comprise summary of selected avalanche accidents
with a brief description of the event and rescue measures, information on the weather and
avalanche situation at the time, and the legal consequences [3]. One of the most known
snow avalanche which destroyed whole village in Austria is 1999 Galtiir Avalanche. Most
of the cultural heritage sites and buildings were totally destoyed [4]. Recent experience
with damage from excessive weather loads, namely wind and snow, together with real
opportunities to adapt the cultural heritage to reduce this damage, has indicated that some
amendments to the relevant standards might be suggested and accepted. According to the
Munich reinsurance Company, regional snow storms are the highest source of financial
and insured losses in Europe [5].

The practice in Serbia does not recognize the making of risk assessment study of
natural hazard in the field of built cultural heritage. The focus of this paper is the impact of
snow avalanches as a threat to the preservation of cultural heritage. This paper explains the
need for mapping these critical areas, as well as assessment of the risks, which is needed
during the recording survey, preparation of the study and protection of vulnerable sections.

2. SNOW AVALANCHES

Snow avalanches are considered as a major natural hazard. They endanger human life
and infrastructure in mountainous areas across the world [1]. Combinations of different
factors such as weakness of the snow layers, high temperature and rapid changes make
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snow avalanches much more common than the other mountain-slope hazards, such as rock
avalanches, landslides or ice avalanches [6].

There are two types of release: loose snow avalanches and slab avalanches. Loose
snow avalanches start from a point in a relatively cohesion less surface layer of either
dry or wet snow, while the slab avalanches involve the release of a cohesive slab over an
extended plane of weakness, and they are usually associated with weak layer at depth in
the snowpack [1].

Conditions for avalanche formation depend upon slope steepness, weather, temperature,
slope orientation (north or south), wind speed and direction, vegetation, and conditions
within the snowpack [7]. Considering Doug Fesler and Jill Fredston there are three primar
elements for avalanche formations. They are terrain, weather, and snowpack [8]. Terrain
describes the places where avalanches occur, while steep slopes of 30 to 45 degrees are
most prone to avalanching, but avalanches can occur on much gentler slopes given the
right weather conditions [7]. Weather describes the meteorological conditions that create
the snowpack,. Following, weather circumstances cause unstable layers to form within a
snowpack, leading to extreme avalanche danger [7]. Snow pack describes the structural
characteristics of snow that make avalanche formation possible [8]. New snow is one risk
factor for avalanches, though temperature changes lasting hours or days can also cause
unstable layers to form [7].

There are several ways to prevent avalanches and lessen their power and destruction
and some of them will be discussed. Avalanche protection may be divided into temporary
and permanent measures. Second grouping include active and passive preventive measures
[6].

Snow avalanches affect both natural and built environment. Natural avalanches
threaten residents and infrastructure, whereas human-triggered avalanches are the main
threat to recreationists [1].

3. CULTURAL HERITAGE

Cultural heritage is an important resource of any society. It is usually not a renewable
resource when it comes to total destruction of historic monuments, archaeological sites
and architectural monuments. Special segment of architectural heritage are objects made
of traditional materials and built in a basic traditional constructive system. Over time
they are, more than any other architectural heritage, exposed to devastation. Traditional
materials and traditional constructive system made of it, like earth, wood and stone,
are the materials sensitive to constant climate changes. The research of devastation of
archaeological sites and architectural monuments includes: detection, research of the
causes and consequences of the devastation that has arisen over time.

Considering the marginal treatment of heritage from the initial phase, ie. hazard
predictions, until the final restoration and presentation after disasters should propose a
series of recommendations and actions, which should help in the shortest possible time
and in the most efficient way to eliminate the consequences of natural disasters [9]. In
this paper special attention is given to two types of architectural heritage: cultural and
historical folk settlements and monastery complexes built in the mountainous area.
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Problem which is noticed, practically as a rule, is that causes of damage are very
different, but forms of damage are very similar. In this way the task becomes very complex
and sensitive [9]. Classification of damage can be made based on several aspects: the
type of cultural heritage, according to the type of construction material and the type of
structural assembly. It is significant to determine the relationship between the prevailing
causes and manifestations of damage [10].

Figure 1. Church and village in mountainous region
(http://wallup.net/preview/?wallpaper=nature-landscape-mountain-hill-winter-snow-trees-church-
house-village-valley-shadow-birds-eye-view-skiing-people-rooftops)

Degradation and complete destruction of architectural heritage can be caused by snow
avalanches. Effects on building materials and construction does not arise only from direct
attack, it depends, among other things, from the amount of snow cover and temperature
differences that will follow after the impact of snow avalanches. Changes and more
importantly a degradation of the material in this case are formed because of the constant
influence of water. The destructive effect of water supported by changes in aggregate state
due to changes in temperature.

Prediction of snow avalanches and their impact on the built heritage is one of the
primary objectives in mountainous areas (Fig.1). During the work on a study of protection
of archaeological and architectural heritage it is necessary to include the study of risk and
mapping of snow avalanches.

4. CULTURAL HERITAGE AND SNOW AVALANCHES

Climate changes are visible everywhere, therefore not just climate change in itself, but
also the way that society cope with the climate issue will affect our cultural heritage in
numerous means. Effects of climate change on built heritage are large. Some of them are:
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biological decomposition, physical decomposition, chemical decomposition, the thawing
of permafrost, extreme weather, rising sea level and increased coastal erosion etc [11].

The climate affects the built environment in many ways, such as humidity, temperature
fluctuations and wind. All building materials will be subject to deterioration over the
course of time and climatic conditions will be of decisive significance for the rate at which
this occurs [11]. It is known that changing climate will not only have a direct effect on
heritage sites and cultural environments, but also climate change affects heritage sites in
a more indirect way.

There are relatively few studies concerning analysis of impact of snow avalanches on
cultural heritage and built structures. Climate change will have a direct effect on heritage
sites, through physical changes in the environment that change the conservation conditions
for the materials at the site [11].

There are many examples throughout the world, where heritage sites are located on
slopes, which are frequently affected by snow avalanches. Further climate change would
lead to avalanches and landslides in places where they have not previously occurred,
therefore more places could be affected [11]. As noted earlier, heavy snowfall could easily
trigger snow avalanches, therefore any site located in avalanche prone area may suffer
damage.

The incidence of extreme weather is expected to increase throughout the alpine
countries, thus more areas could be affected. Extreme weather can also lead to flooding,
snow avalanches and landslides, which could also affect built heritage.

In some high-altitude and northern regions, an increase in winter precipitation could
lead to more snow in the near future. Heightened precipitation and snowfall could lead to
formation of the weak layer in the snowpack. Furthermore, wet snow on the roofs could
cause greater stress to buildings than previously. Conditions such as wind speed, wind
direction, location of the building, but also structure material, all effect on behavior of the
snow on the cultural heritage sites. In some cases, snow can just weaken the building’s
structure, but also damage or totally collapse [11]. Likewise, roof avalanches are not rare
in areas with high snowfall. The most vulnerable buildings to increased snowfall are old
industrial or agricultural buildings and modernistic heritage buildings with flat roofs [11].

5. CONCLUSION

Serbia is country with a large number mountains and cultural heritage sites located
in avalanche prone areas. Thence, protection of sites at risk has to be priority. The best
response to avalanche risk is prevention. Therefore, special attention has to be given to
snow avalanche mapping and protection of cultural heritage cites.

Different preventive measures can be taken in consideration in order to improve
risk assessment in these areas. The most important measure is identification, mapping
and documentation of cultural heritage sites and other cultural environments that are
endangered in mountainous regions. Repairing damages to cultural heritage sites and
management of vegetation is very important for the sake of protection of the sites. Thus,
constant monitoring of the vulnerable mountainous regions can contribute to more
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effective and sustainable risk assessment. Concluding, responsible land use planning that
takes climate change into account, and orderly include information related to the history
and architecture of the facilities can protect threatened cultural heritage sites and provide
timely risk identification and assessment.
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RAPID DETECTION OF TNT WITH SALIANT
METHOD - FIELD TEST

Abstract: The article discusses one of the external field tests for detection of TNT using the method
being developed by a consortium SALIANT, which aims to develop a hand-held device for real-time
analysis of trace levels of explosives, chemicals and drugs. The key innovation is a positive detec-
tion lateral flow test for small molecules that is rapid, highly sensitive and simple to use making it
ideally suited to deployment by First Responders and Forensic Service Providers at crime scenes and
terrorist incidents. Method detects explosives on the principle of immunoassay sensitivity of ppb.
Priority is focused on the detection of explosives, on which the article describes only test system
on TNT

Key words: explosives, TNT, detection, samples, field test

BP3A TNT AETEKIIUJA SALIANT METOAOM -
NCIIMTUBAIBLE HA TEPEHY

Pe3ume: Pan ce 6aBu jequum oj TepeHCKUX TecToBa 32 TNT meTekiujy MeTomoM pa3BHjeHOM Off
crpane koH3opiujyma SALIANT, koja mma 3a IIiJb 1a pa3BHje pydHH ypehaj 3a aHann3y y peasHom
BpEeMEHY HHMBOA TParoBa eKCILIO3UBA, XeMHUKalHja ¥ JiekoBa. Kiby4Hy HHOBAIHMjy MpeCcTaBba TECT
3a OTKpPHBaKkE€ MAIUX MOJEKYyJa KOjU je Op3, BeOMa OCETJFHB M jeIHOCTABaH 3a KOpUIINEHe IITO
je mpaeanmHo 3a cioyx0e Koje mpBe pearyjy u (opeH3uyape Ha MECTy 3JI0YMHa M TePOPUCTHUKUX
HHIOUACHATA. OBa METOJa OTKpUBaA €KCIIJIO3MB Ha le/lHL[l/IHy 6I/IOXCMI/IjCKe OCETJbUBOCTH UMYHOT
oaroeopa y ppb (parts per billion) koHnentpamujama. [IpHOpHUTET je CTaBJbeH HA OTKPHUBAIHC
eKCILJIO3KBa, I1a PaJl OMKCYje CaMo CHCTeM TecThupama Ha TNT.

Kibyune peun: excriozusu, TNT, netekuuja, y30piy, TEPEHCKO HCIIUTHBAKE
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1. TNT - 2,4,6 - TRINITROTOLUENE

It is yellow-coloured solid best known as a useful explosive material with convenient
handling properties. The explosive property of TNT is considered to be the standard gauge
of strength of other explosives. By detonation, TNT decomposes in these ways:

2 C7TH5N306 - 3N2+5H20+7CO+7C

2 CTH5N306 - 3N2+5H2+12CO+2C

Because TNT has an excess of carbon, explosive mixtures with oxygen-rich com-
pounds can yield more energy per kilogram than TNT alone [1].

TNT is reported to contain 2.8 mega joules per kilogram explosive energy. The actual
heat of combustion is 14.5 megajoules per kilogram, which requires that some of the car-
bon in TNT react with atmospheric oxygen, which does not occur in the initial event [2].

CHs,
O,N NO,

NO,

Figure 1. TNT molecule

2. COLLECTION AND EVALUATION OF POST BLAST PRODUCTS BY
SALIANT METHOD

Materials:

. MilliQ water,

. Methanol,

. Glass tube 130 x 16 mm,

. Polyester TX715 swab (Basan),

Paper mold for a square 10 x 10 cm.

Sampling Method

1. Pre-wet swab with MilliQ water. Approximately 500 pl/swab, no dripping of
liquid from Swab.

2. Wipe area of 10 x 10 cm, use the paper mal for the correct area. See figure 2.
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Figure 2. Sampling of surfaces. Materials needed for wipe surface sampling (a), wiping a
designated area with a swab (b), adding the swab to a tube with 5 ml methanol (c) and removal of
swab from extract after incubation (d).

Extraction with methanol:

Add 5 ml of methanol to a clean glass tube,

Place the swab in the tube,

Shake and let it stand for 15 minutes at room temperature,

Remove swab from tube,

Homogenize the extract and use part of the extract for immunoassay,
Store extract at 4 °C for conformation with LC/MS.

me o o

Diluteextract with LFIA assay buffer:

Dilute the sample 1/10 in LFD running buffer (100mM PBS with 0.25% BSA, 0.1%
Triton X 100) NB final loading of Methanol should not exceed 10%.
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2.1. Proceed with protocol immunoassay SAL

Add 80 pl of the extracted sample drop wise into the small aperture of the LFD cas-
sette. A clear band of gold should been seen at the bottom of the window shortly after this.
If no clear band is seen LFD may not be running correctly and a repeat will be necessary.
The wipes were evaluated by the reader (see Fig. 3).

Figure 3. Detail of the results reader

3. CONDITIONS AND DESCRIPTION OF TNT EXPERIMENT

This experiment was carried out in military training area LeSt' on 29.4.2013. Three
types of explosives were used in this group of tests, they were as follows:
. 4 x 75 g charge of TNT explosive (technical quality, TNT content min. 85%), (T),

The explosives were prepared and set off by a professional bomb disposal specialist
with relevant European certification. The explosives were placed in the terrain or between
the vehicle and building as shown in the layouts in Figures 4 and 5. Figure 4 (left) shows
a layout as viewed from the top, showing the locations of the vehicle, explosive charge and
building’s wall. The distance from the epicentre of the explosive to the vehicle and wall
was 2 metres. The sideview, shown in Figure 4 (right), depicts the place of explosion and
the points from which samples were to be taken. These points are numbered; the reference
numbers indicate sampling point positions and are also stated in the result tables. Figure
5 provides details on dimensions of the individual sampling points and the distances be-
tween them on the exposed wall and vehicle.
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Figure 5. Layout of sampling points on wall and vehicle (side view)

A new vehicle was used for each of the explosion trials and reference background
swabs were taken prior to each test, which allowed for evaluation of the presence of con-
tamination by explosives. The area on the car’s exterior from which samples were taken
is clearly visible in the further figures. The samples were taken from these squares as
follows: the swab from the upper left corner was taken for a direct field analysis, the swab
from the upper right square was taken for an analysis in the Netherland laboratory, the
swab from the left bottom square was taken for an analysis in the Slovak forensic labo-
ratory and the swab from the bottom right square was used as the reference background.
The ambient meteorological conditions were monitored by a weather station Oregon Sci-
entific WMR 200. The weather station was located in the vicinity of the detonation area
but placed far enough as to avoid any damage from the blast waves from the explosions.

4. TNT - TEST EXPLOSIONS

Figure 6 shows the situation just before the detonation of a TNT charge; sampling
points were marked on the vehicle and opposite wall prior to the explosion. Figure 6
(right) depicts a close-up of the square sampling points in the bottom part of the vehicle
door. Samples were taken from this area as per the description in the previous chapter.
Figure 7 is a snapshot of taking a wet swab for an analysis by the Saliant system directly
in the military training area Lest.
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Figures 8-10. Collecting samples from vehicle door, window and wall

5. RESULTS EVALUATION

For the results of the TNT experiments, the recorded results are stated in Tables 1
and 2. In these tables, under the code heading, the reference number is recorded for each
sample which was analysed in the reader. The second column gives the position, which is
indicatory of the reference number, following the same convention as shown in Figure 5.
The BG symbol is used for the reference background control samples. The next columns
contain data, which were measured by the reader after two and three minutes after wetting
the strip. The columns with the Reader heading contain the Readers intensity reading
which has to be translated to concentration in the second and third minutes. The concen-
tration of explosives is in ppb.

Table 1. Test results — concentrations for T3 experiment (TNT)

after 2. min after 3. min

code position reader concentration reader concentration

(ppb) (ppb)
T3 B1 BG 120 132,92 163 200,31
T3 B2 BG 102 104,7 157 190,91
T3 B3 BG 59 37,3 97 96,87
T3 01 wall 1 81 71,79 124 139,18
T3 02 wall 2 151 181,5 175 219,12
T3 03 wall 3 97 96,87 142 167,4
T3 04 wall 4 152 183,07 181 228,53
T3 05 wall 5 129 147,02 175 219,12
T3 06 wall 6 133 153,29 170 211,29
T3 07 wall 7 145 172,1 175 219,12
T3 08 wall 8 118 129,78 158 192,48
T3 09 wall 9 74 60,82 118 129,78
T3 10 car 10 76 63,95 121 134,48
T3 11 car 11 84 76,49 144 170,53
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The results for the TNT tests are listed in table 2; the word “yes” indicates a positive
value of the measured level of TNT in the given test.

The purpose of the field trials was to verify the appropriateness of the immunological
system as a means for explosives detection, equipment and material for swabs, chemical
analyses and computer processing of collected samples. The tests had been carried out
in under laboratory conditions but it was necessary to validate them also under realistic
conditions. The task of UNIZA was to carry out the practical validation of the SALIANT
system.

In the above chapters, the sensitivity of the individual measurements was not evaluated
and therefore the units of measurements by the Saliant and IMS systems are not included
(the IMS tests were undertaken by the Forensic analytical institute of Slovak police by
another detection method). Table 2 simply states which of the two methods employed
yielded a positive result.

Table 2. TNT test results

code position | SALIANT IMS
T3 B1 BG yes -
T3 B2 BG yes -
T3 B3 BG yes -
T3 01 wall 1 yes -
T3 02 wall 2 yes -
T3 03 wall 3 yes -
T3 04 wall 4 yes -
T3 05 wall 5 yes -
T3 06 wall 6 yes -
T3 07 wall 7 yes yes
T3 08 wall 8 yes -
T3 09 wall 9 yes -
T3 10 car 10 yes yes
T3 11 car 11 yes -

A more detailed comparison is not possible, since the methodology of swab taking was
different (although it was collected from the same area). For the Saliant methodology, the
samples were taken as wet swabs, which means that more material is collected from the
surface, compared to the dry swabs taken for the IMS tests.

To summarise the individual weather conditions effects, the experiments that were car-
ried out (very small explosives samples) were not significantly affected by them. Which
did have a significant impact on the outcomes for all three types of explosives, was the
placement of the charges. The largest values of explosives presence were detected always
in the direction of the charge placement.
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PSYCHOLOGICAL APPROACH OF MANAGING
VICTIMS DURING FIREFIGHTING INTERVENTIONS

Abstract: In many cases the firefighters face that the behavior of the people affected by the accident
is different from the usual in everyday life. On the one hand, it is a natural phenomenon, but on
the other hand it can mean obviously both hazards and risks for the affected people. Of course, the
converse can also be right: its changed behavior is not visible externally, although actually this may
mean that he is in trouble. The author wishes to point out these anomalies in this article. In addition
to studying relevant literature, the author built mainly on his own firefighting practice, as well as
teaching experience acquired during his carrier. The author detailed some unusual behavior patterns
of the affected people in case of emergency and gave a systematic summary. Moreover some simple
procedures were described which are usually used during practice.

Key words: firefighting, human behavior, unusual human behavior in emergency, scapegoat

IHHOCTYITAILE CA ’KPTBAMA ITOKAPA ITTIEJAHO CA
INCUXOJIOKOI' ACITEKTA

Pesume: Barporaciy cy y MHOTMM CHTyaldjaMa CYOUEHH Ca YHELEHHUIIOM JIa CE JKPTBE BeOMa
Pas3IMYKTO MOHAIIA]y, OMHOCHO CACBUM JIpyravyuje HEro y HEKMM HOpPMaJHUM OKojHocThMa. OBa
YHEbEHHUIIA je ca je[HEe CTpaHe HOpMalHa MojaBa, a ca Apyre, MOKe OMTH BeoMa OflacHa 3a CBe
yuecHuke. Moxke OGuTH 1 cacBUM OOpHYTa CUTYyallH]je, JIa CE Ha IPBU TOTVIE HE BUIU PEaKI[H]ja JKPTBE,
AT MOJK/Ia TO MTOKa3yje Jia je OHa y OIMaCHOCTH. AyTOp Ce OCBpHYO Oaril Ha OBakBe aHoManuje. OcuM
xopumhermba CTpy4YHe JIUTeparype, ayTop Ce OClamba M Ha CONMCTBEHO HCKYCTBO U CBOj MPOCBETHH
pan y oBoj cTpylu. AyTop je 00jeTuHIO MpUMEpe H3MEHCHOT TIOHAIIAka Y OMIACHUM CHTYallHjamMma
1 OITHCAO0 je MOCTYIKE y OBAKBUM CITy4YajeBUMA.

KibyuHe peum: ramieme noxapa, JbYJCKO IOHAllabe, HEOOMYHO MOHAIIAKE JbYAU y CIydajy
OIaCHOCTH, XXPTBEHH japar]
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1. INTRODUCTION

In many cases the firefighters face that the behavior of the people affected by an
accident, fire or disaster is clearly different from the usual in everyday life. We could
study different problems in different fires in mass residence facilities like theaters [1, 2]
or concrete storages [3, 4] but also the effect of strange situations for human behavior
of soldiers during military actions [5, 6] or during helping disaster management [7] or
the problems of firefighters face to face to injuries [8]. On the one hand, it is a natural
phenomenon, but on the other hand it might pose dangers for the affected. The opposite
is also possible: although the changed behavior may not be visible externally, actually he
may be in trouble [9, 10]. Recognizing these phenomena in time may prevent the victims
from harming themselves or others. In addition, it makes interventions safer and more
successful, thus, on the whole, more effective.

Special events are generally shaped by three main factors: the type of the triggering
event (the effect of a gas explosion is different from that of a flood or the release of a
dangerous material), the features of the scene (population density, the types of dwellings
or wind force and direction) as well as the behavior of the victims (the reactions of the
population, the intervention team and outsiders). Based on experience, the general opinion
of the victims is that fires develop too quickly, they are too widespread and often difficult
to grasp. The unexpected speed results in an initial feeling of fright, while the large scale
makes the victims feel afraid and lack of help. The difficulty of grasping the emergency
can be expressed by its incomprehensibility and the need for an immediate explanation of
the events. The author studies human behavior change in emergencies while taking into
account the factors above — with simplicity in mind.

2. PHENOMENA FOLLOWING INITIAL FRIGHT
2.1. First minutes after the onset of the event

Fires and damages develop all of a sudden for most victims, who are just ordinary
people. Thus, naturally the most frequent reaction is fright. This so-called initial fright-
reaction may take rather unusual forms with certain people: they get paralysed and
experience sensory and cognitive impairment, perhaps they even lose touch with reality
temporarily. Fortunately, this immediate reaction stops within a short time and after about
30 minutes the majority of the uninjured victims become helpful again [11].

2.2. The period after initial fright

Once the immediate effects of the triggering event have passed, the extent of the
damage, the dependence on help and further vulnerability can be assessed, which gives
rise to inertia in the short term, while in the long term it causes fear. Most people can
overcome the depressive feelings of inertia and fear with more or less effort, so their
ability to act returns [12]. However, for some this feeling can be so overwhelming that
overcoming this inner tension exceeds their abilities. These victims become trapped in
their own feelings [13]. Their behaviour is mostly unusual: they become helpless, aimless
and probably indifferent, they lose control and they are unable to protect themselves and
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to cooperate with others. The confusion might last for hours or even for days until they are
ready to cope with the demands of the situation.

2.3. Typical forms of fright and fear
2.3.1. Physical and psychological numbness

A typical symptom of physical and psychological numbness is that the victims become
motionless or they become excessively slow, their face may become a frozen mask. Often
they are unable to speak and to perceive reality and imminent danger. In this case, the
respondents may mistake these victims for those who do not need help, as neither their
behavior nor the external signs are conspicuous. Being motionless can be misunderstood
as a sign of calmness and determination. However, experience shows that forcing this
person to move may evoke a response of angry defence.

While the above mentioned physical signs are barely visible, the inner psychological
changes are more significant. Behaviour changes, thinking slows down, judgement is
clouded, reaction time is longer, physical and mental paralysis may take over the victims
or they may as well lapse into pessimistic resignation.

2.3.2. Increased physical and mental activity

Increased physical and mental activity can take the following typical forms: the victim
is wandering around aimlessly or starts running around in confusion, or even flies into a
rage yelling, laughing or crying. An extreme form is aggression either against self or others.
If activity is only slightly increased, it can manifest as an eager but aimless activity or even
a zealous, almost uncontrollable assistance. All of these are often done unconsciously and
following the event, the victim might experience memory loss.

The person in a leadership position within the affected community may give the
impression of being disturbed with his tireless activity and inconsistent instructions. His
activity is not targeted, in fact it hinders and encumbers assistance.

2.3.3. Childish behaviour

A few victims stand out from the others by doing anything extreme in the hope of
getting help: they might even cling to a passer-by or anyone in their surroundings. Others
show childish carelessness to the outside world or start fidgeting with an object. When
they are disturbed, they take on a defiant, hostile attitude. Their talk is often childish, at
times not continuous and articulate enough.

2.4. Help in fear and frieght

Victims who have the above mentioned symptoms cannot cope with the situation by
themselves. As they are not able to carry out activities intended for their own or for others’
protection, they definitely require outside help to escape from this confusion. This help
— including first aid — can come from firefighters, depending on the type of the event and
the task priorities. The first step of subsequent medical care is the same even if first aid
proved to be effective.
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Help consists of the following four steps in case of fear and fright:

e  Remove the victim from immediate danger.

e  Get in contact with the victim: encourage him to eat or drink. Offering them
chewing gum or a cigarette is a very simple and effective method, or depending on
the situation, hot tea and coffee might be useful as well, especially in cold weather.
Physical contact can be achieved by putting our hand on the victim’s shoulder or
around his waist.

e  The victim’s confusion must be taken seriously: he may not deliberately act like
he does. We have to listen to him, pay attention to him, let him pour out his heart and
provide him information and hope. We have to gain his trust.

e  Allow him to do things which he is able to do: e.g. if he asks for a drink, let him
hold his glass or if he is able to help, involve him in medical care or even in rescue
operations.

Taking his condition seriously as well as taking advantage of the victim’s remaining
abilities is an integral part of his treatment. Immediate acceptance together with creating
a challenge will probably make them more confident again. Regaining any degree of
confidence can be important, as this is the only way for the victim to control fear, and
finally cope with the situation.

As a result of the so-called psychological infection, fear and fright can appear
collectively, which can lead to panic [14, 15]. Running around in confusion, wandering
around aimlessly, pointless rage or even looting and other group phenomena can be
observed. Panic itself leads to further deterioration. Fortunately, experience shows that
panic as an emergency response is rather rare, so it is not analysed further here.

3. FORMS AND CONSEQUENCES OF DENIAL

The horrors of fires, damages and disasters — that might surpass any imagination —
generally break ties with reality. Therefore, it becomes difficult to remain rational and grasp
the situation. On the one hand, the victims are not able to comprehend the experience, but
on the other hand they require relevant information. The lack of any explanations results
in the involuntary denial of the events.

3.1. Denial from inside

One form of denial is denying the event or ignoring its impact. Complete denial
attempts to shield victims from miseries that have happened or can be expected, as if they
did not even exist. Denial of vulnerability is difficult to tell and treat, because these victims
reportedly present convincing reasoning.

At times they enter into fierce debates, in which they try to prove the unnecessity of
preventive steps. This form of denial can be conscious more or less, which can suggest that
the victim’s dependence is under control. This phenomenon is present not only after the
event but also during prevention. If vulnerability evolves gradually — e.g. floods — denial
of the disaster can lead to the lack of preventive steps or even active resistance against
them. Firefighters have often encountered this phenomenon when they try to evacuate
residents or stop them from returning to their home before it is safe.
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3.2. Denial from outside

Another form of denial is when the victims behave as if they were not part of the
horrors surrounding them. Seemingly, they act confidently at the scene of the fire, damage
or disaster and attempt to carry out their ordinary activities. Instinctively they are reluctant
to express and grief or vulnerability. Despite the fact that it is a special form of defence
against the sudden surge of emotions, it seems unacceptable for outsiders. Such a behaviour
that is against the accepted norm is likely to upset and appal the community.

3.3. Other forms of denial

3.3.1. Euphoric lethargy and black humour

Striking differences between their own and other victims’ losses fuel confusion and/
or anger that can turn into euphoric lethargy. It also has its roots in instinctive denial. This
special state makes it bearable for some victims to tolerate the suffering. The appearance
of black humour is also a typical symptom of euphoric lethargy.

3.3.2. Urge to return

The refusal to understand what happened and the denial of the unbearable reality can
be proved by the fact that the victims rescued or evacuated feel an urge to return to the
scene. The responders have to bear it in mind in each stage of the response and recovery.
Both instinctive denial and the ignorance of the impact — beside other factors — affect
returning. The latter can be explained by the fact that danger or the damages might seem
slighter due to local knowledge. The restraining order is considered unnecessary by the
victims and it even encourages them to return to the risk area.

3.3.3. Dependence

Typically, at the onset of damages and disasters — due to the delay in response — childish
dependence takes over the community of victims, which goes hand in hand with the need
for a leader. As the events cannot be grasped, most victims want to distance themselves
from them and deal with them as little as possible. As a result, they lose their chance to
help themselves — which would seem illogical for an outsider — and collectively need and
expect to be led and managed.

The need for a leader sets a new task for the responders, because they have to adapt
to another type of public behaviour in addition to the common recovery tasks. The
phenomenon of dependence and the need for a leader always have to be considered in
public information. If recovery is delayed, not only the rules of conduct (e.g. in disasters)
have to be communicated but the type of danger also has to be described together with the
possible ways to protect against it together. Thus, acting as a group is supported and in
turn, it might discourage dependence.
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4. NEED FOR AN EXPLANATION

The nature of the damage, especially at the beginning, is not easy to grasp. The
incomprehensibility creates an urgent need for the explanation of the events. The
explanation — the public information — must simplify the complexity of the events so that
the victims can easily handle it.

4.1. Looking for a scapegoat

Anger is a natural reaction that can be expected from the directly or indirectly injured.
This anger can be directed against fate or the person reliable for the event (fire, accident).
However, the complexity of the events or the shortness of time often conceals the actual
cause [16]. The lack of sufficient information soon generates a search for a scapegoat
and ultimately, Draconian punishment. This behaviour is based on the following train of
thought: sacrificing the scapegoat responsible for disturbing the community will bring
back the former state of peace and quite. The scapegoat is viewed as a lightning rod,
conducting the anger of the victims and clearing their conscience collectively.

4.2. Survivor guilt

Following the euphoric moments of survival, the victims are likely to blame themselves
for surviving. It is often expressed in guilt. They are looking for an answer for the pointless
question of why they survived instead of others who would have deserved it more. It is
especially common with victims who barely escaped death.

The previous overview included only the most common forms of behaviour changes
in fires and damages. Neither the psychological aftermath of exceptional occurrences nor
long-lasting anxiety are covered. The significance of most post-traumatic disorders has
been only recently discovered, representing a field worth studying [9].

5. CONCLUSION

The author has reviewed behaviour changes that firefighters are most likely to encounter
in special events. Being acquainted with them and recognising them at the scene might
help the victims and reduce the long-term negative effects while increasing safety and
efficiency of interventions.

Despite the fact that the paper focuses on sudden-onset and small-scale fires and
damages, the same might apply to disasters and delayed recovery. Thus, this paper attempts
to contribute to basic knowledge about behaviour changes which can be found useful not
only by firefighters but also anyone directly involved in disaster response in the broad
sense.
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Gyoérgy KOS!

CARDIO-PULMONARY RESUSCITATION FOR
STRUCTURAL FIREFIGHTERS

Abstract: In emergency rescue it is always the victims in distress that are to be focused on and very
little attention is paid to rescuers in extreme conditions.The extreme conditions can cause extreme
pressure, which can get them into trouble, and in the last instance it can jeopardize their lives.
The article focuses on the possibilities of reanimation protocols for firefighters exposed to such of
circumstances. During the intervention, besides the suffocation, the most common cause of death for
firefighters is a cardiac arrest. The prompt high-quality and complete cardio-pulmonary resuscitation
is crucial not only for survival, but because of the later complications. Because of the special
fireground environment and the heavy and tightly fixed gear of the firefighters, we need markedly
different procedures of the civil practice for a successful rescue. The author gives examples of these.

Key words: structural firefighting, disaster management, first aid, CPR, mayday situation

KAPINO-ITYJIMOHAPHA PEAHUMAIIMJA 3A
BATPOTACAIIE Y 3TPAJJAMA

Pe3ume: [lpwimkoMm cramaBama M3 YIPOKEHHX MOApY4Yja, HajBehy makmy yBeK mocBehyjemo
OHHMMa KOjU Cy YTpOXXCHH, a BeoMa Mayo ce 0aBUMO OHMMa KOjH, HM3TaXyhH ce eKCTpPEMHUM
YCJIOBHMa, BpILIE CliallaBambe. EKCTpeMHHM ycIIOBH MOZIpa3yMeBajy U eKCTpeMHa ontepehema, koja
yrpokaBajy cydjekte y mpyxamy nmomohu. Pan, o6paljyje oBe ekcTpeMHe yTHIlaje Ha BaTporaciie,
OJJHOCHO, TIOCTYIIKE HAaKOH IIPeCTaHKa pajia Cplia U MPOTOKOJ IIOHOBHOT OJKHBJbaBama. [Ipuimikom
HHTEpBEHIMja Barporacala, rnopes ryliema, jenan o Boaehux y3poka CMpTH je W CpYaHHU yzaap.
Ha Bpeme 3amodeTra W KBalIWTETHA peaHWMaldja cpua M IUiyha, je BeoMa 3HauajHa He caMo 300T
MpeXHBIbaBama, Beh 1 300r n30eraBama KaCHUjUX Mocaeauna. 300r BeoMa crienn(pUIHUX OKOITHOCTH
Ha JIMIy MECTa, Kao M 300T BeoMa TECHO M CTaOWJIHO HaMOHTHpaHe OIpeMe U BaTporacHe ozehe,
y OMTHOj MepH je pa3iIuuuT MOCTYNaK MPUINKOM Hpykara nomohu Barporacumma. AyTtop naje
[pUMeEpE U aHAJINU3UPa MOCTYIIKE.

Kbyune peun: rameme moxapa y 3rpaid, ynpaBibame KaracTpodama, mpsa momoh, kapamo-
IMyJIMOHApHA peaHnMalllja, BaHpEeJHA CHTYaIlH]ja
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1. INTRODUCTION

Safety of the firefighters depends on many factors. These may include the admission
procedure of the preliminary medical examination screening activities [1], the general
and specific safety conditions [2], training and quality of education [3], firefighters
theoretical and practical knowledge of fire behavior [4] and intervention tactics [5] and
correct decisions during fire fighting [6] which not only them but other military or law
enforcement decision-makers, so the soldiers or the policemen also refer to [7].

Despite the adequate preparation - unfortunately - in many cases also occur in accidents
that cause that firefighters intervene in extreme conditions [8]. intervention in extreme
circumstances - the firefighters the same way - most of the battlefield military practice
examples can be found [9]. Here several situations may arise, usually from heart problems
dominate [10], which is solved [11] their own protocols, or even used in a wide variety
of modern instruments [12]; like those already in practice to apply special fire rescue
methods.

According to some studies, the firefighter’s work is one of the most stressful job. It is
importan to make a distinction between positive (eustress) and negative (distress) stress.
Stress can be beneficial and essential for survival. It improves concentration ability, we
will be more alert, we can exert more force and thus activated reserves. These effects are
those that will help the animals to survive, but the same positive stress what supported
the people int he historic and prehistoric times. Consciously, but, we are not always
able to control the deep-rooted survival instincts that determine our responses to specific
emergencies. Stress causes the body to prepare for survival.

It’s called “Fight or flight” reaction. Stress is therefore not a disease what we should
cure or suppress. The best response to stress can helpto give th ebest answer for the
physical and mental pressure. But, the harmful and excessive stress can negatively affect
the survival of the firefighters, so it’s important to know and recognize the signs of distress
in time. The forgetfulness, weakness, fatigue, indecision, tremors, loss of fine movements,
mistakes, anxiety and increased heart rate may be the signs of excessive stress. But, the
negative stress has not only signs, but there are also causes. Depending on which area of
life we are talking about a variety of causes may distress. Other stressors of a broker, a bus
driver or even in the case of a firefirefighter. In our case, primarily first of isolation, fatigue,
frustration, anger, anxiety, inexperience, non-realistic training, lack of management, stress
and fear are the causes.

The relationship between stress and heart problems have long been medically proven.
This is supported by the National Fire Prevention Association (NFPA) study. In 2014 64
firefighter have been killed int he line on duty in the United States. The deaths of more
than half were sudden cardiac death. The physical overload and stress were responsible
for 57% of the root causes. In the view of this data, it would be irresponsible to ignore
the possibility that, if necessary professionally and, more importantly, the earlier we can
begin CPR. Because of the special environments of fireground and the heavy and tightly
fixed gears of the firefighters we need markedly different procedures of the civil practice
for a successful rescue. The breathing mask, a hood, a helmet, a protective coat prevents
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the civil proceedings health survey. But, according to current resuscitation guidelines we
have to expect after the respiratory collapse, the collapse of the circulatory system and
vice versa. So if we don’t hear the SCBA tipical breathing sounds, we can expect it to have
already occurred or will occur soon the circulation collapse. In the United States in 2014
it was first steps to prepare the firefighters to these special situations. Unfortunately, there
is no information as to whether the above is a direct correlation between the FD-CPR and
the downward trend, but it is remarkable. The taught procedure At the Coral Springs Fire
Academy can be divided into four main parts. The bail-out, chest compression, the gear
removing and the delivery to the EMS.

Firefighter Deaths by Nature of
Injury - 2014

Asphyxiation Qther Burns
/ smoke 5oy, 3%
inhalation

14%
™~

Figure 1. Firefighter fatalities in the United States NFPA (2014)

2. FIREFIGHTER CPR [13]
2.1. The dragging

ACTION 1. The first step is to drag the injured firefighter to a safe place. On the fire
ground there are a number of risk factors to be taken into account during the rescue. The
heat stress, smoke, falling debris can all threaten both the saved and rescuer firefighter. If
you must to complete the drag long way (large-area factory buildings, school buildings,
etc.). The casualty have to be secured against slippage out of the SCBA. After checking
the air volume. Connect the waist strap between the legs like “thigh strap” . The shoulder
straps stitched to assure itself of unwanted release. If necessary first loosening the shoulder
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straps so that safety can grip. Of course, if for rescue must be performed only in the
short way, we don’t packaging the injured firefighter. It is preferred that the dragging is
performed by grasping the shoulder straps. Not only do we provide ourselves a good grip
points, but we will be in the second step is the sitting position without grip change.

Figure 2. The dragging

2.2. The stripping and the chest compression I

ACTION 2. After the bail-out the rescuer firefighter, sit down, pull the casualty into
his ”lap” and hold the both side of SCBA tank with his legs, thus preventing a sideways
tilt of the victim. The pulling in it was carried out correctly if the victim is practically
parallel to the soil surface. Avoid the half-sitting position. Adding the correct position
is very important because without body stabilization we cannot start the CPR. Another
firefighter start the chest compression through the bunker gear. At the same time the sitting
firefighter start the stripping. First remove the helmet and the hood, SCBA mask. The
firefighter jackets have tight cuff. My experience is that during the stripping pull the cuff
on the wrist, because later it prevents the pulling out of the casualty from the gear.
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S A
Figure 3. The gear removing and the chest compression [

2.3. The stripping and the chest compression 11

ACTION 3. The chest compression continued. 3rd firefighter, release the waist strap(
now it’s thigh strap), and loosen the shoulder straps. On command of the sitting firefighter
the chest compression stop for a moment, while the protective jacket zipper pulls.

A il
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2.4. The gear removing

ACTION 4. Continue the chest compression. If there is 4th firefighter then he, if not
then the firefighter who realesed the straps grab the casualty’s trouser and pull out of the
whole gear (SCBA and jacket). The Fire medic service or the EMS continues the CPR
with ALS.

Figure 5. The 3rd firefighter pull the victim out of the whole gear
3. CONCLUSION

The XXth century, the temperature increase was larger than any in the last thousand
years of the century. According to data of the Intergovernmental Panel on Climate Change
(Intergovernmental Panel on Climate Change, IPCC) the average ground level temperature
of the air increased by 0.74 + 0.18 ° C between 1905 and 2005. Climate change is a result
of more extreme weather anomalies occur. The firefighters bound to do everything that
keep step with developments for successful rescues in extreme conditions. In conclusion
knowing the firefighter fatalities, we can say the FF-CPR is an easy-to-learn and pragmatic
solution for the interveners. In the United States and Canada appear more and more
training of the firefighters use this procedure so there are sufficient experiences to use it in
the european firefighter training materials.
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INparan KAPABACUJT!
Baagumup JAKOBJLEBUR?

JAEJCTBO TOKCHUHA HA KPTBE Y PAHOJ ®A3U
IHOKAPA

Pe3nme: Pag oOpaljyje HeBOJbE KOje TpIIE KPTBE MOXKapa U MPEACTaBIbajy YBOJ Y BUXOBE JIHUHE
Tparenuje. HenozHaBame OBHUX ONMAaCHOCTH JJOBOAM JKPTBY Y 3a0iIyny rie joj u30op orcraHka Oyme
JIMM U omacHa arMocdepa, Koju joj U3rienajy Kao CIacOHOCHA IIaHCa, a He CMPTOHOCHA KJIOIKA.
[Ipenmymrajy ce cynOMHM KOja UX OOBOAU IUPEKTHO Yy cMpT. OO M3y3eTHE je BaXKHOCTH Ja ce y
peIoBHUM oOyKaMa JbyId M3 OONAcTH 3alITHUTE Of MOXKapa MOTCHIMjalHe XPTBE YHO3Hajy ca
MeXaHM3MHMa KOjHi UX Tepajy y (ataiHe OjuTyKe KOje BHIlIE HUKaJla He MOTY Jia KOPHUTY]y.

KibyuHe peun: 1akpuManyja, Japuarocnasam, onedapocmasam 1 HHKananuTamnymja

EFFECTS OF TOXINS ON VICTIMS IN THE EARLY
STAGE OF FIRE

Abstract: This paper deals with the troubles that victims in fire are faced with, and they represent
introduction of their tragedies. Ignorance of these risks leads the victim to misleading and choosing
smoke and dangerous atmosphere which seen as their chance to survive, rather than a deadly trap.
Victims leave themselves to fate that takes them to a certain death. It is an imperative that in the
regular training in the field of fire protection the potential victims learn about the mechanisms that
force them into a fatal decision that can never be corrected.

Key words: lacrimation, laryngospasm, blepharospasm and incapacitation
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1. YBOJ

Hajsehu Opoj kpraBa moxapa Cy MOTIIYHO HENPUIPEMIbEHH KaJia je ped O OBOj
oracHocTH. J[y6oKo cy yBepeHHU Ja CBe €BEHTyallHe MpoOdiieMe Yy MOoXkKap MOTY PEUINTH
kopuctehu corncTBeHd Mo3ak. Jla nu je To ucTHHCKU Tako? Ha skanoct He. Y mokapy
ce BpJIO YeCTO JOHOCE OMJIYKe KOje Cy Kpajibe HepaluoHanHe. Heka HaM kao mpumep
MTOCITYKH ¥ TIOKap y HOBOCAJICKOM XoTeny ,,I[yTHHK® y Kome 3a *HUBOT u3Mel)y octanmx
n3ryomo u 6yrapcku ApKaBJbaHHUH KOTa Cy HAITM YMOTAHOT Y TEMHX ca moxa cobe. Cee
ce nemraBanio Ha | cmpaTy omakie je MOrao W CKOYMTH M TIPOhM ca JIAKIIUM TeJIeCHUM
noBpenama. Jla He roBOpUMO 0 4apiiaBy win heGeTy Koju Cy ra Be3aHH 3a IPo30p MOIIH
JIOBECTH JI0 yiuile 0e3 nkakBux mospena. Onadpao je HajCMPTOHOCHH]E PeIICHEe KOje ra
je yomio.

Melytum Hajsehu Opoj Jbyau 1 He pa3MuIlsba o oxapy. To je gajgeka KaTreropuja Koja
ce ielaBa HeKuM Jpyrum jbyanma. [lopen Tora y Mopy npodiema Koju UX OKPYKYjy HeMajy
BpeMeHa Ja ce 6aBe MaprHHAIHUM NPoOieMUMa 3a KOje UM Ce YHHH J1a CY Ka0 PEaTHOCT
Oeckonauno nmaieko. OOyke, Koje cy 3a Hamie rpahaHe koju Cy 3amociicHH 00aBe3HE CY
JIMBHA TIPIIKKA Ja e JbYIH YBEdy Y OBY IO )KHBOT OMACHY IOjaBy M HajpallMOHATHU]jE
MOCTYMake Y HACTYITy CMPTHE OIACHOCTH KOjy ca cOO0M HOCH TI0XKap.

2. JJAKPUMAIINJA Y ITIOXKAPY

[IprcycTBO KOpPO3WBHHX TacoBa y OUMY IIOKapa/eKCIUIO3Wje je OIIITe IT03HaTa
YHI-CHHIA Y 3aLITUTH, Koja ce mpoBinadn Beh nyrun Hu3 rogmHa. Kao nokas Ham Moxe
MOCITY)KUTH MeTona ,.EypoamapM”, Koja ce KOPHUCTH IOYEB [0 [pyre MOJIOBUHE
cellaMJIeCeTHX TO/IMHA y IUTaHUPaby 3AIITUTE Of ToXKapa y mpakcH 3anagne Eppome. Y
MPOpadyHy yTHIIaja TUMa Ha KPTBE U KOHCTPYKIHjY 00jeKkTa npeaBul)eHe cy TpH cTeraHa
JIejcTBa 3aBHCHO OJI cajpKaja OTpOBa M KOPO3WMBA Yy AWMY. Y THIIA] KOpPO3UBA M OTPOBA
y IUMy Ha JbyAe M KOHCTPYKIHjy 00jeKxTa mpeMa Metoan ,,EypoamapM™ mpukaszaHa je y
Tabemn 4.

CaropeBame 1 IOXKap Cy OIIaCHU U3 TPH pasJiora:

o JIMMOBH Cy TOKCHYHH H BPIIO Op30 MOMYyHaBajy IpocTop,
¢ Omnaza mporeHaT KHCEOHNKA KOjH IoXKap TPOIIH 3a CBOj pa3Boj U
e Pacte Temmeparypa y 00jeKTy Koja yrpoxkaBa XKUBOTE JbY/IH.

Hajonachuju youna meljy HaBeseHUM cy TOKCMHH Yy aumy. OHE onHOce oko 90% on
yKynHor Opoja >xpraBa. CacTaBHHM JIEJIOBM JMMa NpPU caropeBamy HEKUX MaTepHjaja
npokasaHu cy y Tabemnu 1.

VY npopauyHy yTHIaja AMMa Ha )XPTBE M KOHCTPYKIHW]y o0jekTa mpeaBuljeHe cy Tpu
CTeMaHa JIejcTBa 3aBUCHO O] Caiprkaja OTPOBa M KOPO3UBA y JIUMY.

[IprcycTBO KOpPO3WBHHX TracoBa y OUMY IIOKapa/eKCIUIO3HWje je OIIITe IT03HaTa
YHI-CHHIA Y 3aLITUTH, Koja ce IpoBiadn Beh nyrn Hu3 rogmHa. Kao nokas Ham Moxe
MOCITY)XKUTH MeTona ,.EypoamapM”, Koja ce KOPHUCTH IIOYEB [0 Jpyre IOJIOBUHE
cellaMJIeCeTHX TOJMHA Y IUTaHUPamby 3aIlTHTE O TIoXapa y mpakcu 3anagae Esporne.
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Tabena 1. CacmasHu 0enogu Ouma NPUIUKoM 20perba Hekux mamepujana [2]

Cacmasnu denosu ouma vol [%]

Mecmo nosxcapa Mamepujan Koju 2opu 0. CO. CO
Tlompym JlpBo, cTape cTBapu 18 1,5 0,12
Tlonpym [Tarmmmp 17,5 2,2 0,27
Tlogpym VYrass Opuker 19,1 1,1 0,18

Cran Hamemmraj, oneha 18,0 1,0 0,18

Cran [Tonwuie ca KbUrama 19,0 1,8 0,11
Kanuenapuje Tlonuiie, HaMelITaj, manup 20,0 2,8 0,40
Crosapcke pagroHHUIE HpBo, nenuno, mebi 20,0 0,3 0,16

IIponasuune 60ja Boje, makoBu u cit 18,0 0,20
Mapkeru Xpana, x1ed 1 ¢ 20,8 0,2 0,18

Tabena 2. Qusuonowiku yuunyu yeben-uoHokcuoa na vogeka [1]

Ilpouenam CO y ammocehepu vol.[%] Du3uonowiKu y4uHaKk
0,01 JIaKu OOJT y TIIaBH
0,05 HECBECTHIIA; BPTOIIaBUIIA
0,1 CHHKOIIA; yCIIe[l IIpecTaHKa paja cpua
0,2 KOMa, CKOpPH HacTyl CMPTH
0,5 TPEHYTHHU HACTYIl CMPTH

Tabena 3. Koeghuyujenm oenosarsa ouma F [2]

Cmenenonacnocmu 00

OKkonnocmu Koje 00800€00 3a0UMbersa F
3a0uMberpa
1 IHema moceOHe OmacHOCTH O IUMa U KOpo3uje 1.0
5 Bume on 20 % Tex. ropuBa u3asuBa 3aJUMIbCHE WIIH 15
B

[pa3BHja OTPOBHE MPOAYKTE CaropeBama y moxapy

Bumre ox 50 % Tex. ropuBa pasBHja IUM H OTPOBE Y]
3 noxxapy wiu Buire o 20 % ropuBux Marepuja ce cacroju ozl 2,0
MaTepuja Koje U3Iy4yjy jake KOPO3UBE Y THUMY

Koposzusu Ha He3amTHheHOTr YOBEKa JIeITyjy Y IPBOM ey Ha OCETJEUBE CIIy30K0XKe Melh)y
KOjMMa j€ HajOCCTJbUBHU]E OKO U 0uHH BUA. OBO YyIIO KOj€ je CIIACOHOCHO 33 OPHjCHTAIIH]Y,
y IoXapy je, y IpBUM TPEHYTIMMa U3JI0KEHO KECTOKOM JIEjCTBY HajjaunX KOpPO3HBa KOjU
Cy y TacOBHTOM CTamy M KOjHu 300r' jake JIakpuMalydje U NpejaMarma CBETIIOCTH Y OKY
ITyHOM TEYHOCTH CY’KaBajy BHIJBHBOCT U cBecT. M 0BO MMa moceOHOTr yTHIaja Ha TICUXY
YOBEKa, KOjU y OBAKBHM TpEeHYTIMMa uMa ocehiaj ryOuTKa HajAparoleHujer dya 1 jjaraHo
ce MapaJvile Mpej Haje3oM AuMa.

Hanpaxajun HEBO 32 oko je 10 ppm (0,001 %), kama je y muTamy CyMIlop IHOKCH
[3]. Metun Opomum, METHI XJIOPUA W METHI JOIUA, KOjH Ce Yy ITUMY Hajas3e JIejCTBOM
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NHUpOoNN3e, Topel JakpuMallvje W3a3uBajy M 3aMarjbeH Buj. OBe IMpoMeHe KOJ YOBeKa
HacTahe W ako ynoTpeOshaBa 3alITUTHY MAcKy jep ce HaBEICHE XeMHUKaiHje e(hUukacHO
pecopOyjy mpeko koke. JluMeTii cyndar aenyje KayCTUIHO Ha CIIy30KOXKY O4Hjy, HOCA,
rpia u wiyha. Bpino 6p30 W3a3uBa JIaKpUMAaIldjy, UPUTAIIU]y U EPUTEM OYH]y, KOju Op30
Hampenyje ka omadepocnasmy u xemo3u. M3narame 030Hy y KoHueHTpaiuju 0,2 ppm y
TOKY 011 3 yaca cMamyje BUAHY OMTpUHY, moBehasa nepudepHu B, cMamyje HONHU BU
U MeHha PaBHOTEXKY MHUIInha KOju KOHTPOJIUIIY Nosoxaj oka [3].

Tabena 4. /lejcmeo kopo3uea y Oumy Ha 4oeexa

e e MK Ilpouewena cmpmna 003a Kop.03ueuo /lejcmeo na
Ippm] [mg] - [ml] oejcmeo nayha

A30THa KHCenuHa 2 1 4 4
Bpom 0,1 1 4 4
BpomMoBOIOHHYHA KHCETHHA 1 4 4
dochopHa KuceanHa 1" 1 4 -
Xiop - 4 4
XJ10pOBOIOHMYHA KHCEJINHA 1 4 4
JO10BOJIOHNYHA KHCEIHHA 10 1 4 4
BpomoBooHUK - 1 4 -
Jo10BOTOHUK - 1 4 -
CyMIIOpHaKUCEeIuHA 1* 1 4 4
Cymrniopacra KMCEJIMHA 10 1 4 4

“mg/m® nezenda yz Tabeny 4 3a korone 4 u 5: 1 - Cpedroa upumayuja u ypeenuno 3 -
Tospwuncka oecmpyxyuja kodxce unu caysnuya 2 - Jaka upumayuja u epumem; naukogu 4 -
Tomnyra 0ecmpykyuja Koxce unu Cry30Koxice

KoHTaKT OKa ca KOHIICHTPOBAaHMM aMOHHjaKOM HM3a3MBa TPEHYTaH U jak 00J1, mocie
yera J0Ja3M 10 €eMa KOBYKTHBE M 3aMmaribeiha poxkibaue. KacHuje mMoxe maohu 10
CTBapama KaTapakTe U aTpoduje peTUHE U AY)KHUIIE.

3. BJIE®APOCIIA3ZAM Y IIOKAPY

[IpucycTBo opraHckux mMarepHja y Hokapy Kao LITO Cy ByHa, CBHJIA, JIaH ¥ KOHOILJba,
3aTHM OPT'aHCKHX CIIOKEHNX MaTepHja Kao IITO je LETyJI0u 1, CAITyHH, IETePIeHTH 1 CIIMIHO
JIOBOAX 10 3HAaYajHE MPOAYKIMje y TUMY ajIeXu/la, KETOHAa W ecTapa KOju cy MO3HaTH
Kao jaku uputanTi. OBe Marepuje y jaurM KOHIIEHTpalujaMa n3aznBajy Onedapocnasam
Kao peaxiyjy OpraHn3Ma yCMepeHy Ha crialmaBame ounmer Buaa. OBaj heHoMeH decto
JI0 Kpaja 30yHH >KPTBY, HApOUHUTO JbYAE KOjH ce cIad0o CHalase y IpoCTopy, Tako Jia ce
OecKOpHCHO BpTE y Kpyr ocTajyhu y 30HH 3aJUMJFEHOCTH KOja caMo jOII BHIIIE 0jadaBa
6redapocmazam 1 M3Naxke KPTBY /I€jCTBY LIMjaHUAa y UMY TToXkapa Koju he moBectu 10
MHKaIal}uTanuje u ca BeJIMKOM BepoBaTHONOM /10 IyOnTKa )KHUBOTA.

brnedapocnazam y noxapy aenyje Ha n3HeHaljeHy KPTBY Kao IpoM M3 Bermpa Heba
TaKo J1a Ce OHa ymyITa y 60pOy 3a IoBparak BUaa: OpHCame 0Urjy JUIAHOBUMA, OpUCarbe
OYMjy MapamuliaMa, pyKaBuMa, 3alliTUTa OYHUjy Kprama 1 Apyre MUHOPHE M UpEJIeBaHTHE
pamme, yMECTO KpeTama Ka HajOmKeM U3Iasy.
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4. JIAPUHI'OCITIA3ZAM Y I1OXKAPY

ITomrto yaecpehenu ryou opujeHTaiujy u ocehaj 3a Bpeme u mpoctop 6asehu ce camum
co0OM y MOKYIIIa]y J1a MOBpATH B yIuIlle cBe Behie KOHIIEHTpAIMje OTPOBA KOJU Y HEKHM
cilydajeBUMa BpJIo Op30 HAKOH Ojedapocna3Ma H3a3uBajy U JIAPUHTOCHa3aM, MOCIIe Yyera
JKPTBa, yCJeI MaHuKe, MPeIy3uMa paambe KOje Ce HA Ca UMM HE MOTY ONpaBIaTy Kao IITO
Cy: cellarbe Ha MO, CKPHBAabE Y Yrao IPOCTOpHje, O/1a3aK Y KyIIaTHiIO U KBAlICHE BOAOM
U CII.

HapaBHo jenuna um mpaBa peaknuja jeé XUTHO HAIyIITame YIPOXXEHOT HPOCTOpa
ITy3amkeM M0 IOy IPOCTOPHjE | IITO Tpe M3JIa3aK Ha CBEX Ba3IyX M Y JIOMEH CIacuiiana
koju he mpemy3eTn morpedHE Mepe /1a ce 3APaBCTBEHE TErooOe OTKIIOHE.

Jlapunrocnasam je camo jemaH oa OONHMKa ONCTPYKIMje IUCAjHUX IyTeBa Koja ce
0jaBJbyje Yy paHuM (hazama TpoBarba y AUMY Mokapa. J[ocTa je 4ecT u eieM je3HK, eaeM
KIpena W eleM JIapuHTca yCiel JejcTBa HaapakJbUBalla WIIM KOPO3HMBA, KAO YBOA Y
VHKaIalKTAlW]y Y TIOKapuMa, Kao MPeIXOAHUIIAa TyOUTKa JbYACKUX )KHUBOTA Y MOXKAPY.

JlapuHrocnazam Moke HACTaTH U yCIIe IMapajin3e MUIINha JejCTBOM HEKHUX OTpOBa U3
JIIMa Kao MITO Cy XaJIOHH, (PEOHH, €TPH U CII.

Ha kpajy napuHrocrnasam Mo)ke HaCTaTH Iapajr30M PECIUPATOPHOT IIEHTPa y MO3TY,
llejCTBOM HMHCCKTHIIHA U CJIMYHUX OTPOBAa HA CHCHI/Id)I/I‘IHI/IM moxapuma.

Hajjaun npuTadT y MMy CHHTETHUYKHUX ITOJIMMEPA j€ CBAKaKO je TPHXJIOPAETOHUTPHUIT
CCL,CN. Osaj nmjaHun nepHMBaT IMjaHOBOJIOHMKA Ha TOXKapuMa MNOJUypeTaHa |
TOJMAKPHIOHATPIIIA N3a3UBa BPJIO OP30 JIAPHHTOCTIAa3aM M ITAHUKY KOJI KpTaBa HapOUHUTO
MaJie Jere U CTapujux ocoda.

5. THKAITAIIMUTAIINJA Y IIOKAPY

WMHkananuTaiuja y Mokapy C€ 4YecTO HasWBa, y HAIloj JUTeparypu, Hemoh y
noxkapy. MHkananuraigja je ommra Muiuhia c1abocT, Koja mapainsyje KpPTBy moxapa
onemoryhagajyhin joj kpeTame Ka CHIypHOM u3fa3y. [IoTeHIMjaTHa KPTBa Ce TPEIyIITa
cynounu ocrajyhu y aumy. JIaTHHCKM Ha3WB 3a MHKamaluralujy y TuMy je ,,adynamia
acuta pyrotokxica”.

MHkananuTaiuja y moxapy Hacraje u3 ciaenehux pasiora:

(hu3MUKa OJICEYEHOCT XKPTBE,
3aIMMJbCHbA TTyTa eBakyaluje (OmcKypalmje),
BUCOKE TeMIIeparype y KOpUI0py Ha MyTy eBaKyaluje,
BUCHHE 00jeKTa y KOMe ce HaJla3H )KPTBa,
® 33aKJbYYaHOCT IIPOCTOPHjC Y KOjOj CE Halla3u JKPTBa.
Harmu nopacT jakux upuTaHara y JUMy NoXapa, KOju U3a3uBajy;
® jaxy JlaKkpuMarujy,
e Onedapocnazam,
® JIapHUHTOCIA3aM.
HeypomyckysnapHa qucdyHKIH]ja, Koja je HacTaja 300r:
® JIUPEKTHE aHOKCH]e,
® WHAWPEKTHE aHOKCH]je, O€3 CPUaHOT 3acToja
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6.

WHJIUPEKTHE aHOKCH]j€, Ca aKyTHUM CpPYaHHM OJIOKOM
KapOOKCHMHOIIIOOMHCKE PaOIOMHOITH3E.

[Norpemne nporeHe U NOrpelIHe OfIyKe;

NOXXPTBOBAaE — TallIekhe NOXKapa,

MOXPTBOBamk-e — Bpahame y YIpOXKEHHU MPOCTOp 300r ommrer 100pa (UCKIbyUYeHe
KOMITjyTepa),

Bpahame y moxap 300r 3a00paB/bCHUX JIMYHUX CTBAPH,

Bpahame y noxap 30or kyhHux jpyonmarna.

KoHTparnpoayKkTHBHE IICUXOJIONIKE peaKIyje:

TIaHWKa,

JIC30pHUjeHTAlIH]a,

KaTaTOHHU]CKH CTYIIOP,

TpeHyTHH nopemehaj oHaIama,
CKpHUBame,

3aKJby4aBambe,

yla3ak y KaJy ca BOAOM,

U 0CTAaJIO.

HemoryhHocT ycnocraBibama KOHTaKTa ClIacHoLa ca )KPTBOM 300r:

nuchonuje,
adoHuje,
(DU3UYKOT XEHIMKEIA KPTBE — TIIYBOHEM.

3AK/bYYAK

JKprBe moxapa Ha xamoct Hehemo wu30ehm Oe3 003uMpa KONMHMKO MPEAY3MEMO
OTCEeXHUX Mepa. AJIM CHCTEM CPIICKOT IIKOJCTBA MOPa YBECTH Y PEIOBHO IIKOJICKO H
NPEIIKOICKO 00pa3oBamke 3allTUTY Y CBUM BaHPEIHUM CUTyalldjaMa yKibydyjyhu Ty n
noxap. OBa kapuKa je o u3y3eTHEe BaxHOCTH jep he o0yxBaTuTu HajBehn neo momynanuje
craHoBHHUINTBA. To yocTasoM paje y nenom ceety. Kao mpumep HaBeo Oux JamaH y kome
TPEAIIKOJICKA JIeTa Y4€ O MOCTYMIMMa Y CBUM BaHPEIHUM CUTYal[ljaMa.

Jpyra BaxxHa kapuka je oOyka 3allOCIeHHX pajHWKa W3 3alITUTE OJf 1MoXapa, Koja je
(okycnpaHa Ha JaJeKo Mamy IMOIyNaIyjy cTaHoBHUIITBA. O0e oBe BpcTe o0yKa yrumahe
Ha pOANTEJbE JIele KOjU UMajy U MOpalHy 00aBe3y Ja CBOjoOj JELH T10jacHe CBE )KUBOTHE
OITaCHOCTH YKJbY4yjyhu M OIacHOCT Off TIoXKapa.

7. JIMTEPATYPA
[1] Viger R., 30 conseils face au feu, 1977, Hatier, Paris, p. 57

[2] Kapa6acun [., Ilpupyunux u mabnuye uz 3aumume 00 nodxcapa, 1994, Burmia

tTexHnuka mkona, Hosu Can, ctp. 108

[3] Dreisbach R. H., Handbook of Poisoning: Diagnosis & Treatment, Lange

Medical Publications, Drawer L, Los Atos, 1977, p. 229
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INparan KAPABACUJT!
Baagumup JAKOBJLEBUR?

E®JIYEHTHU ITOKAPA U YI'POXKXABAIBE
BE3BEJHOCTHN JbYIN

Pe3ume: Pan obpabhyje eduryenTe moxapa u BUXOB YTHI] Ha TEHEPUCARHE )KPTaBa y OMOKaApPEHOM
o6jekty. OBa OMacHOCT Ha JXaJOCT HHje MyHO MO3HAaTa y KPYyry MpojeKTaHaTa M OHHUX KOjH Cy
3amyKeHu 3a 0e30eqHOCT Jbynu y clydajy moxapa Ha oOjektuma. MuBectutopu he Bpio pano
n36ehn ,,Bennka‘ ynarama y oqBoljeme 1uma 1 ToioTe u3 o0jexra 3a kor ,,bor 3Ha na i he Hekazna
3araBuTH y noxkapy“. Kaga ce 1o mnak gecu, cmarpahe To ,,CruieToM OakCy3HHX OKOJHOCTH™.
HapaBHo z1a je oBakBa JIOTHKa 32 6€30eJHOCT OJf MOKapa HENPUXBATIJbHBA.

KibyuyHe peum: epiyeHTH Nokapa, AWM, IUIAMEH, TOIUIOTA, IOKAPHU T'aCOBH, JUMHE OMYLIKE,
6e30eHOCT Jbynn

FIRE EFFLUENTS AND HUMAN SAFETY THREATS

Abstract: This paper deals with the effluents of fires and their impact on the occurrence of victims in
the burning buildings. This danger is unfortunately not much familiar among building architects and
those who are responsible for the safety of people in case of fire in buildings. Investors are gladly
avoiding “big” investments in the ventilation systems for smoke and heat removal from the building
which “God knows whether it will ever get stuck in the fire”. When this happens it is considered as
“the bad circumstances”. Of course, such logic is unacceptable for fire safety.

Key words: fire efluents, smoke, fire, heat, fire gases, smoke ventilation, human safety

' Jlp, npod., Brcoka TexHnuKa 1Koia cTpykoBHuX cryauja y Hosom Cany,
e-mail: karabasil@vtsns.edu.rs

2 Ip, penosau mipod., @akynrer 6e36eanoctn, beorpan, [ocnonapa Byuuha 50,
e-mail: vjakov@fb.bg.ac.rs
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1. YBOJ

Bemuxu npobneMm cMamerma JbYACKHX XKPTaBa y IOXapy HpencraBiba o0pa3oBambe
JbyAIM W TIPEIXOIHO YIO3HABAaE Ca OMACHOCTMMAa M HAYMHOM Kako ux u3dehu y
CaBPEMEHOM CBETY IPEIyHOM HEIMO3HAHHUIIA KOje YOBEK HE MOXKE HAayuUTH Yy KadhaHu HUTH
Ha UHTEpHETY!

UYernpn obenerkja rmoxapa Ha3uBajy ce euIyeHTH MoXapa 1 TO :
e 1M,
® TIO)KapHH T'acoBH,
® TUIAMEH H
® TOIUIOTA.

JluM M TIO)KapHHU TaCOBHM Cy OATOBOPHM 3a HajBehu meo on yKymHOr Opoja skprasa.
Iporiec 3aquMIbaBama MPOCTOPa MOCTAO j& jeAaH O TOTOBO HAjBAKHUJUX MOINIAB/ba KaKO
3aIITHTE O IOKapa U SKCIIO3H]j€ TAKO M MTUPOTOKCHUKOJIOTH]E.

2. JUM U 3AIMMJ/BABAIBGE Y IIOKAPY

ITo3HaBame auMa u (ase 3aauMIbaBarba y MOXKAPy/CKCIUIO3UjH je KIbYYHa KapuKa y
JIAHIly Harmopa Ja ce CMambHu Opoj *KpTara Mpu 0Boj BpcTh Hecpeha. JIuM je BUAJBUBHU J€0
eduryeHTa moxkapa.

Orncrypaiiyja
0 A

100

(0] M "
1 2 3 4 5 6 7 8 9 10 11 12

Bpcra marepHjacda Koju caropeba u gaje gum

1-PVC; 2-Tpebupa; 3-noamypeTaH; 4-NO(THECTCPCKH (IaalHHAT;
S5-nocIHH3 ol HjaHypaT; G-CTHPOINOP; 7-MNO(IHIPOIHICH;
B-NOTHETH(ICH; 9-OpPTaHCKO CTaKkclo; 10-BaKecmT;

11-noanamug; 12-gpbo (Bykba)

Cnuxka 1. Bpeonocmu onckypayuje 3a pasue mamepujaie
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ITo neduHUIKjU: TUM je aepOCON KOHICH30BaHOT THIIA, KOjH HACTaje KOHICH3AI[H]jOM
WM arperanujoM MoJieKyapHo paspelhene Marepuje y Behe uectuiie. Ca TOr CTaHOBHUIITA
MOCTOjH JIBE BPCTE AUMOBA:

® KOHJICH3aTH HEOPraHCKHX MaTepuja-XeMHjCKUX eJeMeHara, (eHr1. “fumes”), npu
K0jOj ce mape OKCHIa KOHACH3Y]Y Y XJIaTHOM Ba3IyXy.

® KOHJICH3aTH OPraHCKUX MaTepHja-IpH K0joj ce KOHAEH3Yje Hecaropenu yribeHUuK y
Buy yahu (eHri. “smoke”).

Y HamieM je3WKy OBa JIBa IOjMa Ce HE PasiHKyjy. 3a CBE MOCTOjH jeJaH TEPMHH a
TO je muM. Ca CTaHOBHIITA JXPTaBa M MPEBEHIMje Y 00TacTH 3alITUTE JbYACKUX JKHUBOTA,
OBa JIBa JIMMa U FUXOBO Pas3lIMKOBamke Cy Of 3Hayaja. HapaBHO ma HHje CBEjeHO Koja
Marepuja he noxap cHabaeBaru tuMoM. Buiumo na ce Ha veny siucre Hanasu [1BI] jenan
OJI HAjpacHpOCTPAECHUJUX IOJMMEpa Yy KOMIUICTHO)j KUBOTHOj CPEIMHHU CaBPEMEHOT
yoBeka. OBa MaTepuja he TeHeprcaTi eKCTPEeMHO Op30 YMHUpambe JbYIH KOjU CE 3aTeKHY
y OIOXapeHOM 00jeKTy ca OBOM CYINCTaHIWjoM. Ty Cy HapaBHO M TPEBHpPA U MOJIHypPETaH
Kao CAaCTaBHHM JICO J)KMBOTA CaBpEeMEHOr 4oBeka. OBa TpU MarepHjana MoxkeMo Hahu of
cTaHOBa 0 poOHMX Kyha W mosopumura. Jla M OHM yrpoXaBajy *KHBOTE KOPHCHHKA.
HapagHno na. Iloctoju npaBUITHHK O oBohemy I¥Ma M TOIUIOTE HACTANMX y HOKapuMma
KOj¥ Ha )KaJIOCT PETKH UCIIOLITYjy KOPEKTHOM IIPIMEHOM Ha 00jeKkTiMa. JeaH of pasiora
j€ ¥ HEBEepOBambE Y OIIACHOCT KOjy ca coOOM HOCE JIMM U TOIUIOTA.

3. INPOAYKIHMJA JTUMA Y ITIOKAPY

[Ipoxyxkimja quMa y moxxapy 3aBHCH O MHOTO (aKTopa a y IpBOM peay off criennuane
MIPOU3BOJHOCTH JHMa MaTepujana koju ropu. OHa mpencTaBiba KOJHYUHY TUMa KOjy
ocnobalha jequaAUIIa Mace TOpUBa Koje je 3axBalieHO MoXKapoM.

Bp3uHa 3amumibaBama OOjeKTa 3aBUCH O BHUCHHE MPOCTOpHje, cHenuduvHe
MIPOU3BOTHOCTH JINMA, IIOBPIIIIHE TPOCTOPH]E, BIAXKHOCTH MaTepHjaia Koju ropu, ypehaja
3a ofBol)ee IMMA | TOIUIOTE U3 00jeKTa, U JIp.

4. “CHATHAM MATTRESS PHENOMENON” Y ITUMY IIOKAPA

Kperame nmuma y moxxapy je JocTa HENpEIBHAWBO M XAaOTHYHO Tako /a je BehuHM
JbyZIM HETIO3HATO M ca UM Ce NPBH IyT 030MIbHO cycpehe y yciioBuMa moxapa Koju My
yrpoasa KMBOT. HenmpenBuanBocT quMa n yornmre eduryeHara noxapa je kooHa 3a Jbyzae
y 3armajbeHOM 00jeKTy Impeko cienehux yrpokaBama:

® HEMPEABHUINBO KPETAmhE TOKCHHA HACTAINX Y TIOXKapy,
e HEMpEABHIMBA EKCIUIO3Hja JUMa y HEKMM MoXapuma, mo3Hara kao “Chatham
mattress phenomenon”.

4.1. HempeaBuaAMBO KpeTame TOKCHHA Y TUMY MOKapa

Beoma crioxeHa cTpyjama BazayXxa U racoBa Kpo3 o0jekaT y OJM3WHM M OKO IoXKapa
JIOBOJZIC JI0 KOHTAaKTa JbYJM Ca BPJIO jaKUM KOHIICHTpAaIldjaMa OTPOBa KOJH Y KpPajE0j
WCTAHIY MPOM3BOAC CMPTHH e(eKaT KOA KPTBE. 3a0CNe)KEHU Cy CIy4ajeBU KpeTamba,
HEBUJBUBAM KOPHJOPHMA, YIJbCH-MOHOKCHIA, 0€3 M Majo JuMa KOjU Cy MPOU3BEIH
cMpTHH eekar Kof JBe ocode, Koje cy cenene Ha apoceny [2].
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4.2. “Chatham mattress phenomenon”

OBgaj eHOMEH je T03HAT Ka0 BUCOKO CMPTaH y HOXKapruMa KO/l KOjUX j€ KapaKTePHCTHIHO
MIPUCYCTBO Hecaropesior yrjbeHunka (IpHa 0oja AuMa) M CYMIIOPHHX jEAWICHA WIH
JpYTHX jakuX OTpOBa Te€ MpUTaHaTa. 3alele’keH je Koi IMoXKapa y KOjUMa je THmbaja
ne”acTa ryma. ['ycT JIerspHB IPHU UM, KOju ce Beh Ono oxiaano y KOHTakTy ca Behom
KOJIMYMHOM CBEXET Ba3/yXa Harjio je eKCILIONUpao) MOTIYHO 3aJuMJbaBajyhu mpoctop
BHCOKOTOKCHYHHUM M UpUTHpajyhuM racoBumMa Mel)y kojuma ce HCTHIA0 CyMITOP-AHOKCHT
(SO,). OBaj rac je n0BeO 10 TPOBama JbyIHM Ca CMPTHHM HCXOIOM, 300T M3HEHAIHOT
HacTyma, oieapocnasma, JapuHIocIa3Ma, 1e30pjeHTalrje U aluHaMHuj]e.

®eHOMEH je m00M0 MMe 1o HaydyHHKy Yeremy KOjW Ta je IpPBH OMHCA0, U TPyodo
MIPEeBEIICH Ha HAaIll je3UK OH I1acuo ,,(eHoMeH YeTtaMoBOr ayrieka’.

5. TOKCHUYHU I'ACOBH Y ITIOXKAPY

VY noxxapuma ce 1ojasJbyjy pa3Hu TOKCUHU [aCOBH, 3aBUCHO O] BPCTE MaTepHjaja Koju
rOpH, MPUCYCTBa KUCEOHHKA, TEMIIEpaType, IPUCYCTBA XEMHKaINja Y AUMY IIpe MOoYeTKa
caropeBama U 1p. Y Moxapy HacTajy TOKCHHH Ha BHIC HaunHa [3]:

® IIPOAYKIIMja TOKCHHA Y 30HH BUCOKHX TEMIEpaTypa y3 IPUCYCTBO KHCEOHNKA

® IPOAYKIMja TOKCHHA Ha MOBPIIMHH 3alajbeHOI Marepujajia y IPUCYCTBY BHCOKE
TEMIIEpAType U Y3 OJICYCTBO KUCEOHUKA.

5.1. CunTe3a oTpoBa y 30HH BHCOKe TemIlepaType y3 npucyctso O,

[Toxap je cBojeBpcHA XeMHjCcKa J1aboparoprja y K0joj ce OUrpaBajy pa3HH IpOIEecH
U TEeKy pa3lIMuuTe XeMujcke peaknuje. [Ipu Tome ce cTBapajy M pa3iIn4uTH TOKCHHHU KOjH
nMajy yTuIaja Ha )KUBOT U 3/IpaBJbe JbYIU KOJU Cy UM H3JI0KECHH.

Y oBOM MexaHHM3My HacTajara OTPOBA Pa3IMKyjy Ce IBa MEXaHHU3Ma!
® HacTajame OKCHAA,

e CHHTE3a OTPOBa HCTIpeA (PPOHTA IIaMEHa.

5.2. Ilpoaykumja okcujaa y moxkapuma
VY noxapy kao mocienuia TUPEeKTHOT CaropeBarma 10jaBibyjy ce pa3iuuUTH OKCUAN
Kao MOCIIeIUIIA CjeANbaBamba 3aaJbeHOT TOPHBA Ca OKCHIIATOPOM.
Ha taj HaunH HacTajy Hajuemhn OTPOBH Ha IOKapHMa!
e yribeH MmoHokcua (CO),
®  CyMITIOp IHOKCHL (SOz),
e cymmnop tpuokeus (SO,),
e docdop Tproxcun (PO,),
e azoruu okcuau (NO,), u nip.
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5.3. Cunre3a oTpoBa ucnpea (ppoHTa NJIaMeHa

Hexu Bpio jaku OTpPOBH Ce TEHEPHUIILy CHHTE30M HCIIpen (PpOHTa IUIaMeHa YTHIAjeM
pa3sHMX EHEepPreTCKHX H3BOopa YKJby4yjyhnm ¥ TOIUIOTY reHepHcaHy moxkapom. [lobap
IpuMep je HacTajame (o3reHa y nmoxapuma [ 1]. dosren (kapOooHOI XJI0pUI) cHaga y Bpio
jake orpose. Y I CBerckoM paty je xopuinheH kao 60jHu oTpoB. OBaj TOKCHH HacTaje y
CBHMM TOYKapHuMa aKo je mpucyTaH yribeH MoHokcus (CO) u xnop (CL,). Osa nBa raca y
npucyctBy ceeriocty rpazie gosren (COCL,); epu. Hoc -CBETIOCT W FeHao NPOU3BOMM.

Ha cnuyan waumn nactaje u Hukn kapOomun [Ni(CO),]. Axo y moxapy IOCTOjH
IpaliiHa HUKJIA M yIJbeH-MOHOKCHI HacTahie oBO omacHo jenumeme. hera mma u y
UMY LUTapeTa U yIMIly Ta IMylIaqyyd Hako je JOKa3aH! KaHLeporeH. Jlemyje Bpiio CIMYHO
(osreny pa3zapajyhu muryhxo TkuBo 1 1oBoAehH 10 TEIIKOT CTamka Koje Hajuenthe 3aBpIiBa
wIyhHAM egeMoM.

5.4.IIponyknuja TOKCHHA y 30HU BUCOKE TEMIIEPATYPE U O[ICYCTBA KHCEOHUKA;
nupoausa - (“combustible volatiles™)

Omire je MO3HATO J1a ce y mokapuma cycpehy 1Be rpyre XeMujcKix peakiiija u To:
® MIpoIleC caropeBama y arMocdepu 60ratoj KHCCOHUKOM U
® Tporiec mupou3e y arMochepu 6e3 KNCEOHUKA U Y IPUCYCTBY BUCOKE TEMIIEpaType.

Iporecu caropeBama ce OBHjajy y 30HH roperma y K0joj je MPUCYTaH KMCEOHUK U
BHCOKa TeMItepaTypa. HacynpoT Tora moctoju y moapy U rporec MupoJin3e KOju ce OBHja
Ha MOBPILIMHU TOPHBA M3BaH 30HE TOpeHha U IJIE je IPUCYTHA BUCOKa TEMIIepaTypa alii je
KHCCOHHUK OCYTaH. Y THM yCIOBMMa TEPMHUYKOM Pas3rpaJiboOM HACTajy MHOIa XEMH]jCKa
jenumema. OHa Koja 0CIIejy Y 30HY TOpeha CaropeBajy ik ako ¢y He3alabUBU MPOjIas3e
Kpo3 0By Oapujepy omnazehu y okomau npocrop. OBuM myTem hie mpohin MHOTH TOKCHHU
npe Hero IITO JIOCIIE]y Y 30Hy ONacHy MO 37paBJbe Jbyau. Heku of TOKCHHA KOjU Ha OBaj
Ha4yMH HacTajy cy: OenszeH (muponusa PVC-a win nonuerniena), HagraiuH (MUpoin3a
PVC-a win nonmermneHa), ToixyeH-guu3onujanar — TDI (muponmsa mommypeTaHcKux
TUIaCTHKA), XJIOpoBopoHUK (muponu3a PVC-a), ¢dmyopoBomonuk (muponuza BCF-a),
6pomoBoaonuK (uponusa BCF-a).

[TupoauTHYKHY TPOIYKTH y JOIUPY Ca OKOJTHUM KHCEOHHKOM ITOIITO CY 3arpejaHu rpaje
jennmena Koja Cy y 3Ha4ajHOj MepH TOKcH4Ha. [Iporiec je MHTeH3uBaH Ha TeMIleparypu
ox 200 mo 320°C. Ilponec ce oaBHja M MpH TEMIIEpaTypaMa Ha TOBPIINHH TOPUBA OJ
370°C Osaj Buz TepMOOKcHIanyje aaje cieneha jennmerma Ha moxapuma: GopMalIexns,
aleTalAexn, aKpoJIenH, MpaBJba KUCEINHA, aKPWIINYHA KHCEJIMHA ¥ Pa3HU KETOHH.

6. XEMHNJCKHU CACTAB I'ACOBA Y IIOKAPY

XeMHjCKH cacTaB racoBa y IoXKapy 3aBHCH Off MHOIITBa (aktopa. [Ipe cBera ox Bpcre
3amaJpMBOT MaTrepujaia, TeMIeparype U caapikaja KHCEOHHKa arMochepH ormoxapeHor
o0jekra.

V nokapuma je Hajuerhe mpUCyTaH yribeH- MOHOKcH . C IPaBOM Ce MOX€e Ha3BaTh
,,BCJIMKU YOHIIa YOBEYAHCTBA” jep je O] Hera IMoueio cTpagame NehnHCKOT YOBEK U Taj
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TPEH]I Ce 33PIKao 70 JaHANIKUX JaHa CTATHO 10jauaBajyhin HHTEH3UTET. Y CaBpPEMEHUM
YCIIOBHMA I0ja4aHo je MoKapHO onrepeherme, Koje je MMaJio 3a MOCICIHIlY CaropeBarmbe
Marepujajia ca JepuIuToM KruceoHrnka. OBakBa HEMOTIIYHA caropeBama 00WITYjy YIJbeH
MOHOKCH/JIOM.

DU3NOIOMKN YYHHIN YTJbEH-MOHOKCH/Ia Ha YOBEKa Cy ommite no3Hatu. OBaj KpBHU
OTPOB BpJIO Op30 MapayMine MO3aK M JOBOAM JI0 €KCTPEMHO Op3e CMpPTH OHOT KO j€
YIaxHyo 0Baj TOKCHH. CMpPT MOXe HACTYIIHTH U TIPH CaMo jeHOM yaaxy!

7. 3AK/bYYAK

HenpeaBuanBocT 3aKOHOMEPHOCTH, KOje CE HCIIOJhaBajy Ha JXPTBE, (EHOMEHU
BE3aHU 3a 3aMMJbaBa-e¢ 00jeKara Cy BPJIO YECTO KIbYUHE 32 CMPT JbYIU 3apO0JBCHHUX Y
moxapuma.3aaTak CTpyke u 00pa3oBama je 1a TO IOTCHIINjaTHUM XPTBaMa CAOTIIITE IPe
cycpera ca aMpTOHOCHOM omnacHothy.

HapasHo y1a ce MHCTIEKIM]ja U JbYH U3 CTPYKE MOPajy OOpUTH 32 IPUMEHY ITPaBUITHIKA
KOJU pETYNUINY yrpaalky AMMHHUX OAYIIKH y 00jeKTe y KojuMa Oopase Jbyau. JeIUHO OBH
ypehaju omoryhyjy HeHapymaBame BUAJGUBOCTH U KMBOTA JbY/IH KOje€ j€ BaTpa 3apoduIIa
Y ONOXKapEHOM 00jEKTY.

Kon mpmsemHmnx ofjexara ce kopucre ypehaju koju ce Oasupajy Ha NPHPOIHO]
mwioBHOCTH auMma. Kox BumiecrpaTtHux objekarta ce KOPHCTE BEHTHJIATOPH 3a 4YHje
(yHKIMOHHKCAE ce Mopa 00e30enTH eNeKTpUIHA EHepIrja U CHCTEM Koju he HaBeneHe
ypebhaje y KpUTHYHOM TPEHYTKY aKTHBHpAaTd. IbHXoBa MOy34aHOCT je aneko Mama Of
MIPEIXOAHUX jep OHM HE 3aXTeBajy HUKaKaB CUTEM WJIHM €HEPrHjy 3a yCIIeIIaH paJ.

VYpebhaju 3a onBol)eme AuMa 1 TOIUIOTE U3 NPU3EMHUX 00jeKarTa KOju Cy HHCTAJIUPaHU Y
CpOuju ce Mory npebpojaTty Ha MpcTe jemnHe pyke. JEMHOCTaBHO ONTOBOPHH HUCY CBECHU
BHXOBE BXKHOCTH 34 CIIACABAE JbYJCKUX JKHBOTA.

8. JIMTEPATYPA
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Bemuzap YABEHOBUH *

Hparan KAPABACUJT?

OU3NYKE ITOBPEJIE YCJIIE/l TIAHUKE VY IIOKAPY

Pe3ume: Payx obpalyje maHHKy Kao roToBo HEM30EKHOr mparHoua noxapa. Jbyaum Bpio decto
HUCY Y CTamy Ja PeasHo Mpocyhyjy, a HUCY HH NPUIPEMIbEHH 3a TPaBy peakiujy y ciaydajy na
Cy CBEIOLM HACTajama MoXkapa y moueTHoj ¢asu. HajpaunonanHuje perieme je yXBaTUTH Ce y
KOLITAIl ca MOXapoM M roracutu ra. HeyBexOaHM M HENPUNPEMJbEHH JbYIM Cy 3ay3€TH CaMUM
co0oM mokymaBajyhu mo cBaky IieHy Ja ce JoKomnajy 6e30eaHor mpoctopa. A 3a nmoxap cy riaheHu
BaTpPOracIy.

K.rbque peuun: 1noxap, rmaHuka, Crpax, yrpoX€HOCT, OIICTaHaK

PHYSICAL INJURIES DUE TO PANIC DURRING FIRE

Abstract: This paper deals with the panic as an almost unavoidable follower of fire. People are
often unable to realistically judge, and they are not prepared for the reaction in the event when they
witness an early stage of a fire. The most rational solution is to deal with the fire and extinguish it.
Untrained and unprepared people are busy with themselves, trying to reach the safe area at all costs.
Firemen are paid to extinguish fire.

Key words: fire, panic, fear, endangerment, survival
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1. YBOJ

[Noxap ce mojaBibyje H3HEHAAA M OIMAaX MOKa3yje CBOje MPABO JIMLE IITO KO MHOTHX
JbYIH, KOJH C€ YeCTO NPBHU MyT cycpehy ca m3a3oBom cMptu paba muHuKy. [lanwmka mma
3a TIOCHEIHIy UCXUTPEHEe U HEKPUTHYKE MOCTYIKE KOjU BPJIO YECTO HETPUIPEMIBEHOT
4OBeKa OJIByKy y CMPT, WJI My HaHECY TEIKe TeJICCHE IIOBpPeJe.

[Ipumepa mma MHOTO. JXXpTBe MOTY OMTH M MPOo(hEeCHOHANIH, Ka0 IITO TO IOKa3syje
aKTyeIIHH W3BEINTaj ca Tallerma jeIHOT CTEICKOr TMmokapa y TagammmeM CoBjeTckoM
Cagesy. I'pyma Barporacama kKoja je moracuiaa CTEICKH HOXKap cejia je 1a IOpY4Kyje
HecpehHO onmaOpaBiM MecTo 3a JOopydak Ha HEW3ropesoj cremu. Y BpeMe Jopydka
BaTpa ce N3HeHaa pa3OyKTaja cBOM eCTHHOM jypehu rmpaBo Ha BHX0B Jiorop. Behuna
Barporacaiia ce ajnay naHu4aH Oer. Barpa, koja ce kpeTaja MHOTO Opike, CyCTHIIIA UX je,
KaJia Cy M3HEeMOIUIX 1)l Ha 3eMJbY U HaHella UM CMPTOHOCHE 1oBpene. OHU BaTporacuu
KOjH Cy cadeKasld Joja3ak (poHTa IUIAMEHA A0 HUX, 3aTHM Cy 3ayCTaBIIM JHUCAme U
mTHTehn une pykama mpeTpyaiy HEKOJIMKO MeTapa Kpo3 IIAMEH JI0 M3ropelior Jena
CTeIe MPOIUIY Cy ca JIaKIINUM TeJIECHUM ToBpenama. CBakako Jia je OBJe ped O JKpTBaMa
Koje cy Jonre o0yueHe M yBe)xOaHe 3a CyodyaBame ca CMPTOHOCHHMM aTakoM IoXapa, y
TOKY ICHUXHYKHX M (DM3HYKUX IPUIIPEMa U yBexKOaBama 3a CBAKOIHEBHH M10CAO.

Mely nuBmiIrMa cy oBaKBe Tpare/uje joi u3pakeHuje 1 uMa ux BpJio MHoro. [Ipumep
je moxap Ha 25-To crparHoj 3rpaau ,,)Koenma” y Cao Ilaomy, 01.02.1974. rogune. Y
(a3u pa3dyKTanor moxapa JpYIU KOjH Cy Ce IOIEIH Ha KPOB 00jeKTa Ha jy)KHO] CTpaHd
3rpaje MaHWu4YHO Cy CKaKald y aMOWc ca BUCHHE on 75 m Ha OeroH. Ha oBaj HaumH je y
cMpt otorwio 49 spymu. Ox mux, 30 je ckounyo ca KpoBa objekTa kaja je moxap Beh 6mo
yraiieH ¥ Kaja UM HHje IIPETUIIa OITACHOCT MO KUBOT.

Hacympot ;rMa HeKOIMIMHA JBYIN Y KCTOM TOM 00jeKTy HHje Oekalia Ha KpoB 00jeKTa
CBE JlaJbe OJ] 3¢MJbE U cIacema, Beh ce MaxJBUBO CIyIITANa ca cIpara Ha CIipaT TaMo IIe
je Ha ¢acamu OWIO HajMame JMMa M IUTaMEHA M TaKo CTHUIVIA J0 MOMONHMX JiecTaBa W
criacina ce.

2. IMTAHUKA 'Y IO KAPUMA

Kao mro je HarmoMeHyTo MOXap ce peJoBHO I10jaBJbyje U3HEHAa, IIUPH CE HAIVIO U
0p30, u ko BehuHe JbyAM KOjU HUCY MPUCYTHH TOM YHHY OJ CaMOT MOYETKA H3a3WBa
Oypy €MOTHBHHX M KOTHUTUBHHUX peakilyja Koje MouuHy ca crpaxoM. CTpax of BaTpe je
YPOl)eH YOBEKy M HCTH ce He MOXe pa3OuTH Oe3 CIIELMATHHIX IICHXOJIOIIKIX IpHIipema. Y
o0y BaTporacamna W BOjHHKa UMa TOCe0aH MOIMTOHCKA J1e0 KOjU CITy>KH 3a paz0ujame
cTpaxa ox Barpe. HapaBHO a2 0BOM 00yKOM HE MOXKeE JIa c€ 00yXBaTH CTAHOBHUIITBO ajik
ce y o0ylM pajHHKa OBa TeMa HE I0jaBJbyje HU KOJ jEJHOr [UIaHA M IpOrpaMa Koju ce
noxHocu [T nomuuuju Ha ogobpere. OOyKy 4eCTo H3BOJE M BEOMa HECTPYUYHHU JbY/IH jep
HE TIOCTOjHU MPOITHC 0 MPOQUITYy CTpyYHE CIIPEME jaBHUX MPOCBETHUX PAIHUKA Y 3aIITHTH
ox moxxapa. Takohe, y HalIoj 3eMJbH HE IMOCTOjH Y HOMEHKJIATYPH 3aHUMakha HU HaBEJICHO
3aHUMambe.

Creneha peakimja Koja Ipenxoau maHuLM je ocehaj 6esnomohHoCTH, KOju 00y3MMa
NOTEHLHUjalHy )XpTBY NaHuke. Cycper ca CMPTHOM ollacHOIINy KoJ JTaOWITHHX JIMYHOCTH,
KOje HHCY Hay4mIe 1a ce 6ope 3a CBOj Wi Tyhe )KMBOTE W3a3KBa KA0 MMOCIICAHUILY BEITHKOT
cTpaxa M mpatehier cTpeca yMOp U OACYCTBO BOJbE Jla ce OMIIo miTa Ipeay3umMa jia Ou ce
mocrojeha curyaruja monpasmira. Kao 1o6ap mpumep Moxe 1a mociry>ku noxap ox 11. jyma
1973. ronune y ,,bounr”-y 707 Opa3micke Ba3IyXOIUIOBHE KOMIIaHHU]E, KOjH CE 3alallio
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MHUHYT IIpe ClieTama Ha acpoapom ,,Opnu” kpaj [Tapusa [1]. Y3pok moxkapa y JETHIHIN
je Omo mukaBan 0aueH y KOpITy 3a OTIIAJIKE Yy TOAJeTy aBHOHA. ABHOH je apTepupao Ha
JaeauHy (MJIOT HHje BHAEO HMIITA O T'YCTOI AWMa Y KaOWHH) HEKOJIMKO KHIIOMETapa
on mucte ca 123 myTHuka 6e3 CBECTH, KOjU Cy CE/ICIU HA CBOJUM CEAMINTHMA BE3aHU
rojaceBrMa y JICTHUIUIIM ITyHO] TYCTOT JITJBUBOT I[PHOT AnMa. HuKko of myTHUKA HUje HU
MMOKYIIIA0 [la YCTaHe ca CEAUIITAa HUTH Ce OCII000IHO Mojaca KOjJUM CY CBH Iy THHIIA OMJIH
BE3aHU pajJ CKOPOI CJIeTama. Y3pOK OBE MaHHUKE je Ouia OeCrOMONHOCT jep ce aBHOH
HaJIa3u0 Yy Ba3AyXy M3HaI ATIIaHTHKA.

Cse myTHHKe, oBe HecpehHe nermnune, Koju cy OWIM HM3BaH INWIOTCKE KaOMHE
BaTPOracIiy Cy HAIITK MPTBE Ha CBOjUM cequiiTuMa. OTpOBaHH Cy MPOyKTUMA CaropeBarba
IUTACTUKE Y aBHOHY. IIMIIOT, KOMMMIIOT M jeJaH MyTHHUK Cy MPEXHUBEITH Tpareiwjy jep je
pa3dujeHo CTaKIIOo 1a Ou ce mo0oIbIIaa BUAJEUBOCT U TUME je OMOTYieHO IpeKUBIbaBabE,
OHHUX KOjU Cy OCTalll y MWIOTCKOj kKaObuuu. HUko o myTHUKa M 4jaHOBa MOCajie HUje
OTBOPHO TPUHYAHE M3Ja3e, IITO OM M3a3Bajo JEKOMIPECH]Yy y aBHOHY M TPEHYTHO
OIIMMJbaBam-e IyTHUYKE KabuHe. OBaj CIIACOHOCHU T0Te3 O oMOryhHo IpeKHBIbaBAbE
BehnHe xpraBa. KomanaHu TOpam HUje OBO Cyreprcao KarneTany aBHOHa Maja je YpeaHo
00aBeITeH 0 MoXapy JICTHIIUIIE U IIOKAPHO] CUTyanuju y uctoj. To mokasyje aa ce oOyka
KOHTPOJIOpa JIETeHa U IIMJI0Ta He 00aBJba y CKIaay ca AOCTUrHyhMa MUPOTOKCHUKOJIOTH]e
U TICHXOJIOTH]E, TAaKO Ja cy Moryhe rpelke oBUX AMMEH3H]ja Yy MPAKCH.

[Tocire 6ecioMohHOCTH KOJ XKpTaBa aHUKE ce 1MojaBJbyje ocehaj ommre yrpoxeHoCTH
300r er3ucTHpama y aMOHjeHTY TOTaIHOT noxkapa. YrpokeHOCT TPOH3BO/IH noTpedy
Tpaxkema KpHBala, y caMOM CeOHM WJIM Y OHMMa KOjU Cy y KJIOMIIM 3ajeJHO Ca >KPTBOM.
yl"pO)KeHOCT MOXKE J1a NMPOU3BEJE W arpecUBHO IMOHAIame kprasa. [Ipumep oBaksor
MOHaIamka je noxap Ha aBuoHy Jlokun Tpucrap 1011 Ha aepoapomy y rpajy Pujany
y Caymujckoj Apabuju. [lo moxkapa je IOIUIO MpH y3JIeTamy JCTHIIUIE KO_]a je Boxmia
xofodacHuKe y Meky. JenaH off IMyTHHKA je KOPUCTHO MPUMYC J1a 3TOTOBH 4] y aBHOHY U
3amaino je ceauiTe uerpes cede. Kako je meTuiuma q1ocTuia KpUTHIHY Op3UHY MHIOT
j€ MOpao a y3JeTH Ja He Ou JOUUIO 0 XaBapHje JICTHIUIIC. Pa3rHeB/beHH MyTHHUIU Cy
yOmIM muiIoTa ¥ Konmiiota Bepyjyhu na ux uctu HamepHo Bo3e y cMpT. Kana je moxap
yraieH y IHJI0TCKOj KaOWHH je mpoHal)eHo 16 yribeHHCaHuX JIeIIeBa, 3aj€IHO Ca MHJI0TOM
1 KOMWIOTOM. [IMIIOT M KOMMIIOT Cy MMaiM ITOJIOMJBEH BpaT Kao IOCIENHUIly I'yIlama ca
pa3becHennM IMyTHHIMMa. Y OBOj Hecpehr Cy HamuId CMPT CBH ITyTHUIM W WIAHOBH
nocaze; ykynao mux 300 1 y 0BOM Clly4ajy 3a OOMMIbaBalbe HUCY OTBOPEHH NPUHYIHH
U3JIa31 Ha KpUJIMMa JISTHJIMIE WTo Ou criacio BehuHy xpTasa.

Ilocmenma dasza manmke je O6opba 3a omcraHak. JKprBe m30esymibeHe Of CTpaxa
Kkpehy ka u3nasy koju Boau y 6e30eqHocT pymiehu cBe npen cobom. I'yOu ce cBe 1ITO je
pAaIMOHAIIHO U CBe ce mozapeljyje jenHoM muiby, a To je modehu y 6e36ennoct. HapasHo na
ce CBa KOHKYPEHIIM]ja, Y TOM CIIy4ajy, Ta3u jep CBH IIPUIaJHHULM TPyIe UMajy UCTH LUJb,
nobehu ca onacHor Mecta. Hacraje ommuru metex koju he ogaetn Hajehu Opoj *Kprasa.
[pumepa uma MHOrO. JenaH o HajyNeYaT/bUBHjHX j€ IOXKAp y YHKAIIKOM ITO30PHIITY
»Apoke3” 30. nememOpa 1903. roguue. [Toxap je modeo Ha CLEHM M W3a3Ba0 NAHHUKY.
W36e3ymibeHN JhyaM Cy MoJNeTenu ka u3nasuMma. [Ipu MeTexy Cy pyLmIMIn cequiura u
HACTao je mpaBu xaoc. OHM KOjU Cy ce OKOMAaJIK BpaTa HHCY MCTa MOIJIM Jia OTBOPE jep
Cy ce cBU HaOWJIM Ha M3JIa3HE JIBEpHU KOje Cy ce OTBapase Ka yHyTpammbocTH cajie. CBu
W3JIa3H Cy, 32 TWIN Yac OMJIM 3aTpIIaHH U Bpara Cy ocTajia TpajHo Onokupana. Barporaciu
Cy MOKYIIaJIK Jla pa3BAIHUM aJaToM YKJIOHE BpaTa, ajlu Cy OAyCTaJM Kajaa Cy NOILIH JI0
JBYJICKUX TeJa Koje je Tpebano nmoBpehuBarn 1 MpuBapuTy 1a Ou ce BpaTta y MOTIYHOCTH
ykinoHmna. [TaHuka je 3axBaTiiia 1 Barporacie. Y oBoj Hecpehu cmpr je Hamnto 603 ocobe.
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Jour ropu je Ouo nokap mo3opuinTa, y Majy 1845. romune y rpaay ['yanmoury y Kunu.
[orunymno je 1670 ocoba, HajBHIIIC Y HCTOPHjH NIPU TOXKapy 00jekara mo3opumTa [1].

Bopba 3a omcraHak ce KapakTepulle H3pa3suTOM arpecuBHOmhy mpema ocTanum
JKpTBaMa Koje OyKBaJIHO OMBajy M3rakeHe, y 0e3riaBoj TpIM Ka cracemy. Kao mpumep
MOJKe MOCITYKUTH NTaHKKa, K0ja je HacTymuia 2. jyna 1991. ronune y tyneny usmehy Meke
1 MenuHe X0109acCHUYKOT KaMII HaceJba. Y 0e3INIaBoj TPLM, 3TaXeHO je U OJl TOT yMPIIO
1.426 mynu.

3. IICUXOCOLHAJIHHU YCJIOBU 3A HACTAHAK ITAHUKE

3a HaCTaHaK MaHWKE HEOMXOAHU Cy cienchu yciaosu [2]:
® J]a TIOjeIMHAI] TIOCTaHE CBECTAaH Jia j¢ FHETOB JKUBOT YIPOKEH, U Ja Tpeay3uMa
palimbe ¥ OKyIIIaBa CBUM CPEICTBUMA, 1A U UPAL[MOHATHUM J1a Ce Ccliace U n30erHe
OYHIJIE/IHY OMACHOCT.

® ]1a OMACHOCT M0 JKMBOT HACTYIa H3HEHAIA.

® J1a MMOjeMHAIl HE TTO3HAaje TOXKap Kao MPOIeC U JMHAMUKY E-eTOBOT Pas3Boja.

e J1a ce cTpax 3apa3HO M MAaCOBHO LIMPH, YIPaBO Kao M MOXKap Ha KOjeM je 4ecTo
OBAaKBO [TOHAIIAE.

® ]1a je ayTOPHTATHBHA JINYHOCT OJICYTHA U J]a HUKO HE Mpey3uMa JIUIEPCTBO.

e 1a cy ocole MOJIOKHE JIjCTBY CTpeca, U J1a UMajy CMambemhe IMCUX0-(QHU3HIKIX
CIIOCOOHOCTH; IJ1a]], yMOP, TIOCIIAHOCT H CII.

® J1a TIOjeIMHAI] MAKCHMAJTHO HEKOHTPOJICAHO TPOIIH EHEPTHjy IITO T'a UCLPILBYje
Y Tepa Ha Ipeyule.

ITaHuka nMa Tpu jacHO M3paxkeHe (asze u To:

¢ (haza moka, y K0joj IojeIuHaIl CIIO3Haje peaHy OIacHOCT 3a )KHUBOT,

¢ (ha3a HacTaHKa MAHUKE, KOja ce MaHU(eCTyje TAaHUYHUM CTPAXOM,

¢ (haza ajanTanyje HHAUBUIYMa Ha CUTYalHjy y KOjoOj Ce Hala3MH.

4. EBUJAEHLMUJA KPTABA ITOXKAPA

360r npupoze noBpea Ha roxapy Hajsehu Opoj moBpeheHux ce, 10K Cy Ty BaTpOraciH,
He oceha moBpehennm. Tek kama BaTporaciiy oy 1 Kajia uX poaOWHa U MpHjaTesbu yoere
Jla M je HeoIxoaHa JieKapcka nmomoh oopahajy ce 3BaHH9HO] MEAUIIMHA. JaCHO je 1a OHH
Hehe OMTH y BarporacHUM CTaTHMCTHKaMa jep MX BaTrporacuy HUCY HHM €BHUACHTHPAJIH.
Jlekapcku M3BEITAjH HEMa]y KaTerOpHjy ONEKOTHHA Y MOXKapy, OTHOCHO eKCIIO3Uju Beh
caMo OTNEKOTHHA WITH Ma]] Ca BUCHHE U CIIMYHO, TAKO JIa CE TPAroBHU JKpTaBa Mmokapa OBJIe
ryoe.

CaoOpahaj u Bojcka BOJIC CBOje CTaTUCTHKE Ia je CTame BPJO CIUYHO Y MOIICHY
MIPEM3HOCTH U [TO3JaHOCTH I0/IaTaKa ca IoAalMa O MaTepHjaTHuM mrerama. Mehytum
OBE MOJIaT3Ke He Tpeba UTHOPHCATH M HMATH Y BULY J1a Cy CTBApHHU MOaLH 3HaYajHO Behw.
Cge 0BO yKa3yje 1a IPBO M0JbE PaJia Ha MOACPHH3AIMH U OCaBPEMEHaBakby 3aIlTHTE OJ1
no)kapa Mopa KpeHyTH OJI CTaTHCTHYKe o0pajie mojaraxa.

U Ha oBOM MecTy je KOPHCHO HAallOMEHYTH Ja 0Oy4eHH JbYIU KOjU Cy €IyKOBaHHU U
YIO3HATH ca MpoOJeMiMa KOjH Mpare MOHAIlalke akTepa y ciydajy IojaBe Hoxkapa
JIeITyjy KOHCTPYKTHBHO 1 y HajBehem Opojy cirydajeBa moxkap morace U eIMMHHATY CBAKy
OIIACHOCT.
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5. 3AK/bYYAK

EnykoBame Jpyau cBakako hie cMamuTH Opoj JbyInCcKHX KpraBa. HapaBHO He cMme ce
3abopaButy u momoh ayromaTckux ypehaja 3a rameme moxkapa THIIa CIIpHHKIIep kKoju he
yTpokaBame U PU3HK HEyTpaJHucaTH y HajpaHujoj ¢a3u. O6oje 3ajenno mahe HeMepJbHB
JOTIPHHOC CHIDKEEbY PU3UKA O TyOOTKa JbYICKUX JKHBOTA y OXKapuMa.

6. JIUTEPATYPA

[1] Kapabacun ., Ochose maxmuxe eauierna nodxcapa, 1998, bynyhaoct, Hosu Can

[2] KynenoBuh b., IHoowcap u ¢enomenonocuja macosnoe peazosarsa, lloxap -
Excnnosnja - [Ipesentusa, CapajeBo, anprn 1990, I-11, ctp. 192
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Iparan KAPABACUJT!
Brnagumup JAKOBJBEBUR?
Cno6onan ITYPUR?

AEJCTBO TOIVIOTE U IIVIAMEHA HA KPTBE
HHOKAPA

Pe3ume: Paj oOpalyyje yTriiaj BuCOke TemMIieparype noxapa HiH eKCIDIO3Hje Ha JbYACKO TeIO U ’heH
yTHIa] Ha 31paBibe. U y 0BOj obmacTu ce oceha MamKaBOCT CPIICKOT 00pa3oBama, Kako y 00JacTi
MIPEBEHTHUBHOT [IeJI0OBaba M M30eraBama PU3UKa O ONEKOTHHA Tako M y MpBOj moMohu mocie
KOHTaKTa KOXe ca BUCOKOM TemreparypoM. Hajsehu neo noBpeheHux uue onmax jekapy yMecTo
xnalhema BooM y BpeMeHy off 20-Tak MUHYTa, HEIOCPEAHO 110 HACTAHKY OHEKOTHHE.

Kibyune peunm: moxap, eKCIUIO3Wja, ONEKOTHHA, PECIMPATOPHH IHCTPEC CHHIPOM, OICKOTHHE
CITy30KO0XKeE

EFFECTS OF HEAT AND FLAME ON VICTIMS IN
FIRE

Abstract: This paper deals with the influence of the high temperature of fire or explosion on the
human body and its effects on health. These topics are slightly neglected in education in Serbia in
the field of fire prevention, avoiding the risk of burns and the first aid after skin contact with high
temperatures. The largest part of injured people would rather immediately visit doctor instead of
cooling harmed part of skin using water for 20 minutes, right after the burn occured.

Key words: fire, explosion, burn, respiratory distress syndrome, mucous membrane burns
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1. YBOJ

ITnamen je meduHHCaH Kao: A€0 MPOCTOpa y KOME Ce OAMIPaBa XEMHjCKa peakiiuja
caropeBarma M y KOMe BllaJia MOBHUIIICHA TemiiepaTypa. CBakMd KOHTAKT Ca IUIAMCHOM je
oracaH Mo 3/IpaBJbe JbYAN KaKo BaTporacaia Tako 1 IuBiiIa. [loBpeie HacTaie /1ejcTBOM
[UIlaMeHa Cy OMEKOTHHE KOKe W ChyXokoxke. OMEKOTHHE ce HajBHINE TOjaBIbYjy Y
cineaehum cirydajeBuma:

® CKCIUIO3Mjama,

® pajg ca YUCTHUM WJIN TCYHUM KUCCOHHUKOM,

® IIOJIMBAGE 3aNIaJbUBUX TEYHOCTH IO OZIENTy U TEITY,
® TIpU BETUKUM Noxkapuma kiace C,

e ncnupame onche 3amasbBUM racoBuma,

e TIONMBaEk-E MJIA30M 3arajbeHe TeUHOCTH Y XaBapujama u cil.

2. EKCIUIO3UJA KAO Y3POK HACTAJABBA OIIEKOTHHA

Excruto3uja je KMHETHYKO caropeBame KO KOra ce Ipolec Hu3rapama 00aBiba
TPEHYTHO ¥ 300T Tora ce mocTmwke Temreparypa on 2500 mo 3500 °C, koj racosa mapa u
TIpaminHa OTHOCHO aepocoJia, JIOK je KOJ| KIIACHYHHUX eKCIUIO3HBa y IINTamy JAeTOHAallMja ca
Temneparypom oko 4500 °C, u BuIIIe ako Cy Y MUTalky BOjHU ekcruto3uBu. Hajeehu 6poj
noBpaljeHUX oneKoTHHAMA je Y ekciuto3ujama. CTpasiajy HHIyCTPHjCKH PAJHUIIH, & TIOTOM
W JbYAM Y CBOjUM Kyhama o1 racHUX eKCIUIO3Hja, aKo je Hacesbe racu(pUKOBaHO, 3aTHM Of1
eKCIUT03Mja OyTaHCKUX Oolla, pe3epBoapa ropuea ayToMOOUIa U JIp.

OmnexoTrHe HacTaje eKCIIO3MjOM MMajy BEIMKH JIe0 OTeUYeHe Koxe, MmomrTo je oneha
ako je nMa Bpio ciaba 3amruta. Hajuemrhe cy To cMmpToHOCHE TToBpene. Pesynrar cy nomre
WIJIM HUKaKBe enyKaluje 1 ciabux MPeBeHTUBHUX Mepa.

3. PAJl CA TEYHHUM NJIN YUCTUM KUCEOHUKOM KAO Y3POK
HACTAHKA OIIEKOTHHA

AtMocdepa Oorata KHCCOHHKOM je TOXKAapHO HM3BaHpenHo omacHa. OHa je Takohe
oracHa M 300T CMPTOHOCHHX OIIEKOTHHA KOje HacTajy caropeBameM ojehe HarombeHe
kuceoHnkoM. KitacnaHa oneha HarombeHa KHCEOHUKOM caropeBa TaKBOM Op3WHOM Ja
je omo kakBa MHTEpBeHIMja HeMoryha. Yosek octane Oe3 ozxehe u 6e3 Koke, HapaBHO,
3a 1 10 2 cexynnae. Caropena oncha he nqoBectu 10 mojaBe ONEKOTHHA HA BPJIO BEJIHKO]
noBpuHd U 10 90 %. Ilosnaro je ma 30 % omeueHe KoXke MpencTaBiba MOBPEAy ca
N3Y3€THO BUCOKHUM PU3HUKOM 3a Fy6I/ITaK JKHUBOTA.

Ha mectnma rac HOCTOjI/I OIIACHOCT O IIaJbCHha oz[ehe HaTOIIJbEHC KUCCOHHUKOM jenHa
OJ1 MCpa 3a CllacaBarbe JbyaAu je 1 MOHTAa’Ka Hara3Hor Tyuia I~II/I_].I/I je 3aJlaTak Ja CHaXXHHUM
MJ1a3€BUMa BOJC MOracu 3aliaJbCHy o,uehy HaKOH CTajaH)a noxa Tyml. Cpehe C€ KO HaC Ha
IpeTaKkaJIMIITHMa KUCCOHUKA.
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4. TTOJIMBAIBGE 3AITAJBEHE TEUHOCTHU 110 OJAEJY U TEJY KAO
¥Y3POK HACTAHKA OIIEKOTHUHA

Hectpyuna npumeHa 3ana/bUBUX TEYHOCTH 3a IOTHAJbUBAKE OTBOPEHE BaTpe,
HCOIIPE3Ha NMPUMCHA 3allaJbUBUX TCUHOCTH Y UMIIPBU30BAHC CBPXE AOBOAU 10 IaJbCHha
ozehe )xpraBa 4uMe ce MojaBJbyje oleueHa Koxka, Ha Mar0j Wi Behoj moBpIIuHU. Y npakcu
ce cycpehy cienehu cirydajeBr ONEKOTHHA Ca CMPTHUM HCXOIOM HACTaINM: IIOTIAJbUBAILE
6en3uHOM niehu Ha yrass, cajbuBamke OEH3MHOM r'yMe Ha THOBY ayTOMOOMIIa Ty THUIKOT
ayTomMo0uIIa, Tamemne 3anabeHe onehe kohom 6eH3nHa (300T TpelIKe) u ap.

5. UCIIMPAILE OAERE 3AITAJbBUBUM TACOBHUMA KAO Y3POK
OIIEKOTHUHA

Jomr jeman ca ynucTe Op30IUIETHX MOCTYMaKa KOjH CYy Kpajibe HEMOTPEOHO OHENH
JBbYIICKH KMBOT, YBEK Ha JApyroM mecTy. Ha MecTy cTpajiama 40BeKa TO HCKYCTBO CE IyTo
MaMTH U He MOHaBJka ce y Toj cpeauuu. Crnenehu cTpagany je Ha IpyroM MecTy JaeKo
O peaxoaHoT. YecTo je y3poK HempuapKaBame Mepa 3allTUTE O MoKapa, 3allTUTE Ha
pany, jomra o0yka U efyKairja, HeoOeIe)KeHH! MPOIMCHO IEBOBOIH 3aa/bUBHX racoBa.

3abene)xeHN Cy ClIy4ajeBH UCTHpama ofche BOTOHMKOM KOjH MMa M3y3€THO Maiy
eHeprujy masbema (0,017 mJ) Tako ma ra ynmanu BapHUIIA HACTAlA YCIIel TPermha CHHTETHIKE
onche n mirasa raca. PagHuk je JoOHO TeMIKe OMIEKOTHHE U IOUIETa0 MM je Y OOIHUIIH.

3a ucnupame ozehe ce Jo0cTa KOPUCTH U alleTHIICH jep je TaCOBUT U Ha pacIiojiaramy je
panHUIMMA J1a ,,ce pelle MpammHe”. AleTiieH 300T CBOT HENIPHjaTHOT MUpHUCa KOjU UMa
TEeXHUYKH BapHjaHTa OBOT 3allaJbHBOT Taca PETKU paJHUIN N30eraBajy.

6. INOJIMBAILE MJIABOM 3AIIAJBEHE TEYUHOCTH Y
XABAPUJAMA KAO Y3POK HACTAJAIBA OIIEKOTHHA

OBa BpcTa ONMEKOTHHA HACTAje HA TPU HAYMHA:
® TOYETHU TOXKAp THIMA ,,3Be3/1a” ¥ CIMYHU MOYETHU MOXKAPU y OOJHKY BAaTPEHOT
Ouua,
® KUIUBEHHE 3aMaJbeHOT TOPHBA,
® 3aKaCHEJNI0 KJby4ame 3ara/beHOT TOPUBA.

Hajuenthe >xprBe cy Barporacuy M 3alOCICHH PATHWINA Y HA(QTHO] U XEMH]CKO]
uHnycrpuju. Exykanuja je 3Hauajan Buj OopOe ca OBUM 3JI0M BE3aHHM 3a CaBpEMEHE
texHosoruje. Jlocra cy yecre u Ha HahTHUM I1athopmama Ha CeBEpHOM MOPY v je TO
JIETIATHOCT KOja yrpokaBa Hallle paJIHUKe KOjH Cy Tao 3aloCIICHH.

7. AEJCTBO TOIUVIOTE HA KPTBE I1OKAPA

Tomnora 1 Bpeny racoBH Cy jOIII je[Ha OJ HU3a ONAaCHOCTH KOjIMa Cy U3JIOKEHE XKPTBE
noxkapa. YAucame BpPEJIHX racoBa JOBOAU J0 OMEKOTHHA HA JHCAjHAM MyTEBUMAa H TO
TOPHLET JIeN1a, 0K je OpOHXHUjaTHO CTabIo momureleHo 300r crasma Koju ce 1ojaBibyje Mpu
KOHTAKTY JIAPHHKCA Ca BPEJIOM aTMOC(HepoM.
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OrnekoTHHE Ha JUCajHUM ITyTEBUMA 3aBHCE O] JIBa IIapaMeTpa U TO: BIAKHOCTH AUMA,
TeMIlepaType TuMa U BpeMeHy U3/aramba AUMYy.

Ca cTaHOBHMINTa OIACHOCTH OJf KOHTaKTa BPENMX racoBa Ca CIy3HUIIOM JUCajHHUX
MyTeBa OJ] BAYKHOCTH je& PENaTUBHA BIaXHOCT AuMa. Ca TOr CTAaHOBHILITA CE AUMOBH Jielie
Ha:

e BJajKHe JTHMOBe, KOji HAcTajy caropeBameM MaTepujajia KOju y CBOM CacTaBy
caap)ke BOJOHHMK, M Jajy BOICHY Mapy KojoM auM obmiyje. OBaKkBH JHMOBH He
CyIE CITy3HHUIIE, TAKO Ja Bllara ca BHUX Y KOHTaKTy ca BPEIIMM TacoM HclapaBa U
He omrehyje TkuBo u henuje.

e CyBe IMMOBE, KOji HACTajy caropeBameM, MeTana, rpadura, ¥ IPYTUX TOPUBHX
XEMHJCKHX eJIeMeHaTa W MarepHja Koje y CBOM XEMHjCKOM cacTaBy HE Calpie
BOToHUK. OB AUMOBH HHTECH3HBHO HUCYIYjy Ba3nyX My ONIM3HMHH [TOXKapa TaKo J1a
CyILE CIy3HUIy YCTa ¥ IPKJbaHa U TUME OTBapajy MyT JUPEKTHOT JIejCTBA BPEITHX
racoBa Ha henuje ciry30koke Koje mperpejane mpeko 42 © C 6uBajy yHAIITEHE 300T
Koarynaiyje OcnaHdeBUHA y lbUMA.

Temmneparypa auma je ¢daxrop koju hie onpenenutu Texxuny nospezae. [loznaro je na
YOBEK y CayHH MTOJJHOCH PEIaTHUBHO J1ako Temneparype a0 150 °C a 1a nmpu ToM He IpeTpIu
HHUKAaKBY TIOBPEJY aKO OJ[pKaBa pEeJIaTUBHY BIAXKHOCT Ba3/lyXa CTAIIHUM JOJIUBAKEM BOJIE
Ha yCHjaHO yribeBJbe. HapaBHO IUM W BpeNW racoBH Cy Hajuemihe TeMieparype OKo
800°C wTo he HaHeTH MOBpee OHUM JIMIIMMA Koja ce Hal)y y KOHTakTy ca mbuma. Ommire
j€ TpaBUIIO MITO je BUIIIA TEMIIepaTypa A1Ma CBE JaKIlle HACTajy MoBpee U OOPHYTO.

Crnenehu dakrop je BpeMe Koje je moBpeljeHu mpoBeo y KOHTaKTy ca BPEIINM T'acOBHMA.
AKo je 0BO BpeMe IyKe U JeCTPYKIIHja AUCAjHIX ITyTeBa je cBe Beha.

KoHTakT ca BpesnM racoBuma y noxapy je Moryh Ha jenaH of cineaehux HauMHa:

® TIOrPEIIHO MOCTAaBIbaE 38 BpeMe Talliekha TI0XKapa WM criacaBama. AKo je ocoba
3ay3elia IoJioXaj Koju Hilje HajHIDKU Y OHOCY Ha JFM U BpeJie TacoBe.

® HE HAMyIITa YTPOXKEHU MPOCTOp My3ameM Beh ce kpehe ycmpaBbeHO 10 u3nacka
Ha Oe30e1aH mpocTop.

® ralICHC IoKapa ca KOTe KOja CC HaJIa3W W3HaA IUIaMCHA WU 'y FOpI—LOj TpChI/IHI/I
IJ1aMCHa Ioxapa 1 ap.

® HEONpPE3HO OTBAapamke Bpara Ha KOpPHUIOPY y KoMe OecHu noxap. Mckycan
Barporacail hie mpe yinacka y mpoCTOpHjy y K0joj je oKap HajIpe MUIMHYTH KBaKY.
AKo je oHa BpeJia HeMa yilacka y IpOCTOpHjy. AKO HHje BpeJa IMUMia BpaTa y TOPHEeM
JIeNly BHCUHE J1a O OJpeano 0 KOje BUCHHE je “AMMHU IylieK” Y MPOCTOPHjH.
Heynyhenu jbynu xoju ce o nmpeu 1yt cycpehy ca mo>kapom U CMpTHOM HPETHOM
OTBapajy Bpara JUPEKTHO W TPH TOM J00Wjajy BpeNu JUM M IUIaMEH y JIUIIE.
OO0uyHO y 10Ky 1y0OoKo 3arpabe Ba3ayX MyHHM IUIyhrMa U yMECTO mbera a00ujy
IJIaM€H U JUM.

OmnekoTHHE IUCajHUX MTyTeBa YHHE OKO 5 % o yKymHor O6poja omeueHux [1].
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8. TEPMHUUYKO JAEJCTBO IIOKAPA HA CJHY30KOXY, KOXY U
IMOTKOKXHA TKUBA

TorutoTHO N1ejcTBO MOXKapa/eKCIIO31je YHUIITABA CTPYKTYPY KUBHX helnrja moHajnpe
300r Koarysanuje OeranueBrHa Koja mouyume Ha 42 °C. [ToBHIlICHE TeMITEpaType A0BOIH
JI0 TEpPMHYKE IECTPYKIHje U WHTCH3UBHOT pachajama OellaHuYeBHHA KOje TOBOIH U JIO
mpolieca yribeHucama. Hacrajy onekoTnHe koje cy cBpcraHe y [V creneHa mo TexHHHU.
OnekoTrHE Chajzajy y HajTeke TeJeCHE TMOBPEAC jep Cy: TeJIeCHE MOBpeAe Koje Cy
HajOOJIHHje, KOje CC HajTeKE Jieue U MOBPEIIC YHje JICUCHHE j€ HajCKYILbE.

AKo je oreueHa Ciry30KoXkaa Ha Behoj MOBPIIMHU MOXeE Ce IMOjaBUTH (yIMUHAHTHH
wryhHn enem koju y3pokyje cMpTHH ucxox. OmexoTnHe koke Ha Behoj MOBPIIMHM
oMmoryhaBajy npozop rpaM-HeraTHBHUX OakTepHja y KpBOTOK JKPTBE.

9. PECIIMPATOPHU JUCTPEC CUHAPOM - ARDS

OmnexoTrHe cHanajy y HajTexe TeaecHe mospeae. [IpBu pasior cy MHTEH3UBHU OOIOBU
KOjH Tpajy HelmejhamMa W M3Myde 0 KpajlbuX TpaHWIAd H3IPKIBHBOCTH KPTBY. pyru
Pas3JIor je U3y3eTHO CKYTO JIeUeHe Koje He MOXKe [la Ce IJIaTH, Ia cy OoyiecHUIH ocyheHu
Ha martike. Tpehm pasmor cy xkommumkamnuje y jedemy. CBakako 1a je Haj3HadajHHUja
KOMIUTHKAIFja y JIeuery ONeKOTHHa Pecrimparopan nuctpec cuaapom onpaciux (Adult
respiratory distress syndrome; ARDS, kaxko ra je 1967. HazBao Acbaugh).

IlpaBa Teopuja 0 HacCTaHKY OBE OIACHE KOMIUIMKAIMje KOja C€ 3aBpIlaBa CMPTHUM
HCXOJIOM HHj€ JI0 Kpaja yTBphena. IHTEeH3UBHA je KOl orleueHHX OOJIECHUKA Y TPBOM pajy
MaJa ce I0jaBJbyje U KOJ TpayMaTU30BaHUX, IITO Cy CBE IOCIeIULE IoXKapa.

PecrimparopHu IucTpec CHHIOPOM C€ OIUIHKYje LUPKYJIaTOPHHM KOJIAllCOM. Jako
clra0Jbembe IUPKYITaIije KPBH KPO3 OpraHe Tela ce II0jaBJbyje Kao Mocieana abHopMaTHe
MIPONYCTJFMBOCTH Kammjapa, 3a KpBHe OenandeBuHe (anOymunue). ['yOuTak T€dHOCTH y
KPBHUM CYJOBHMa JIOBOIM JI0 I1aJia KPBHOT IPHTHCKA M CcTama Ioka. CMPTHH MCXOX He
HACTymHa 300T MUPKYJIaTOPHOT Kojarica Beh 300T MpomyCT/PHBOCTH IUTYNHHUX Kammiapa,
LITO JOBOJM JI0 HaKyIJbaka TEYHOCTH Y ILTyhrMa KpTBE KOja JOBOIHM JI0 TYLICHA.

Mely HajnpuxsaheHHjOM TEOPHjOM O HACTAHKY PECTIMPATOPHOT TUCTPEC CHHAPOMA je
TeopHja HIOTOKCHYHOT II0Ka, KOjy 3acTyma u akajemuk beputuh [2]. Ha omnedeHoj koxu
ce pa3BHjajy pa3He rpaMm-HeratuBHe Oakrtepuje. [IyTeM ayToTOoKcHKaIMje oBe OakTepuje
MPOAUPY y KPBOTOK Ha MECTY paHe KOjy je HampaBmiIa orekoTHHA. bakTepuje koje yruHy y
KPBOTOKY ce pacranajy ociobahajyhu eHJOTOKCHH-TEpMOCTa0MIHH CacTOjaK CHOJbAIIbEe
MPOTEHHCKE OIMHE OBHX MHUKpOOpranmsama. [IpHCyCTBO OBOT €HIOTOKCHHA TOBOIH JIO
mpagse ToIIaBe andyMiHa, Kpo3 3U0BE Kamuiapa y OKoliHa TKuBa. HajnpokpsibeHuja cy
ruryha rma Hacraje rymeme KpTBe.

OBa orcaHa KOMITIMKAIIFja 3HAYajHO ITyHO yUecTByje y moBehamy Opoja sxpraBa mehy
moBpeleHnMa y moxapy.

391



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

10. 3AKJbYYAK

OCHOBHH 3a/1aTax IIKOJICTBA OJ IPE/IIIKOICKUX YCTaHOBa JI0 (hakynTera je 1a enyKyjy
MIOJIA3HUKE Ca ONACHOCTHMA KOje ca COOOM HOCH JKMBOT I1a M OHE BE3aHE 32 YTHIA] BUCOKE
TeMIieparype Ha 3paBibe Jbynu. He Manu Opoj oneKkoTHHA ce TeHepHuIlie ca IojaBaMma Koje
HEMajy Be3e ca MOKapOM U eKCIUIO3H]jOM, AU j& KJbYYHO 32 CBE IbHX MHTEH3MBHO XJaljermbe
HETOCPETHO 110 FeHepUCamy OlITeheHOT TKIBa TOILIIOTOM.

Hapasno na je To 3amarak u Jbynu KOju OApKaBajy oOyKe 3aloCiIeHHX n3 o0nacTu
3aIUTHTE OJ] MOKapa M 3alITUTe Ha paay. Omrehema TKUBa y ciiydajy oAcycTBa xnalema
MOTY OMTH, ¥ BPJIO YECTO jecy (araiHa y3 HeBEpOBaTHO MHTEH3MBHE 0oi0Be. OBH 00JI0BH
Crajajy y HajuUHTCH3UBHHjE 00JI0BE Koje YoBeK oceha.

Kibyuan 3ajmarak CBUX HaBelleHHX OOyKa je CTHIAmbe IPEBEHTHBHUX HaBHKA H
WCIpaBaH TPETMaH HACTAJIMX OTMIEKOTHHA.

11. JUTEPATYPA

[1] BosekoBan M., Illocmkambycmujcka endomoxcemuja Kao y3poK pecnupamopHoe
oucmpeca, Iloxap - Excrutosuja - [IpeBentusa, Capajeso, anpun 1990, I-11, ctp.
89-92

[2] Hawka 3., Huouxayuje 3a ummybayujy onevenux oOonecuuxa, y. Iloxap -
Excmutosuja - [Ipesentusa, Capajeso, I - 11, janyap-ampua 1990, ctp. 93-95
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3a UM WIH yribeH-MoHOKcHA. Y CpOuju He MOCTOjH HaBHKA Ja C€ OBU JIETEKTOPH MHCTAINPA]y
U Clacy JKMBOT KOPHCHHKA. [OTOBO MH/ISHTHYHO C€ HCIIOJbaBajy M MOBPEAE y MOXKapHMa, Kao U
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CTapTy IeHepHCama OMAaCHOCTH.

KibyuHe peun: TpoBama y nokapuMa, CHHEPrHjCKH JICTAJIUTET, TOBPEAE Y MoXKapuma

HUMAN VICTIMS IN FIRE

Abstract: This paper deals with the risk of poisoning, which is very much present in all fires and
it endangers people’s lives. It can be seen that the largest number of victims of poisoning occurs in
fires of apartments and houses for individual habitation. The reason is the absence of a system of
alert, for example, smoke detectors or carbon-monoxide detectors. In Serbia there is no habit for
these detectors to be installed, to save the life of the user. Injuries and fatal poisoning in fires are
almost identically manifested. There is a possibility of reducing the number of potencial victims by
using devices for early warning at the start of generating hazards.

Key words: poisoning in fire, synergistic lethality, injuries in fires
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1. YBOJ

TpoBama y noxapy/excruio3uju cy moryha npexo cienehnx Mexanuzama: yaucambeM
OKCHJIa-TPOBamE KOPO3UBHMA, YIUCAHHEM MpOAyKaTa MUPOIH3E - TPOBakE LHjaHUANMA,
yANCAmEM MpOIyKaTa CHHTE3e-TPOBalbEe XalloreHHMa, yaucameM uahu-tpoBame PAH-
OBHMa.

lopmu MexaHn3MH TpoBama Cy Mame BuIle o3HatH. Jlocra je mo3Haro na ce y yahu
pacTBapajy MHOTH OTPOBH joll y (ha3u HEMOCPEaHO Ipe HamyITama miameHa. Ha npumep
xnopoBoponuk HCI kox caropeBama PV C-a ancop0yjy Ha moBpinHM yecTuiia yahu na ce
3aje/IHO ca FOM YHOCE y PECIIHPATOPHU CHUCTEM.

[Ipu nperneny onedeHux OOJECHUKA JIeKap, Y TOM CMHUCILY, MOpa Jia periiena Ja jJu y
HOCY MMa OTPJbEHHX JJIaKa Kao U Jia JIM je CIy3HHIa HOCa U yCTa [PBEHa, Ja JIU j& CIlyTyM
rapaB ¥ J1a JId ©Ma CEKpeTa W3 TpaxeoOpoHXxujaimHor cTadma. Y yecrtuiama dahu he ce
HalM ¥ TIONIMITUKIIMYHA apOMaTCKu yriboBomoHuIM PAH-0BH, Kao 1mTo je OcH3(a)mupeH,
KOjU Cy KaHIIEpPOT€HH U OJIrTOBOPHH Cy 3a HEKe BPCTE paka KoJ Barporacaiia u JUMHHYapa.

OTpoBH y moxapy MOry OUTH:
® OTPOBH CaropeBama, U
® OTPOBH Tallleka MoXapa.
[pucycTBO TOKCHYHHX TacoBa & MOXKE OTKPHTH y MOXKapuMa Ha OCHOBY cienehux
obenexja quma:
e 0oja TUMa,
® MHUpHUC AUMA, U
® YKyC UMa,

[IpBHu HHAMKATOP MPUCYCTBAa TOKCHYHUX MaTepHja y IOXKapy je MPUCYCTBO japkux 0oja.
[IpucyctBo Omio Koje 0oje y TMMy CeM IpHE CyrepuIlie OTPOBHOCT TaKBOT aepocoia. Ha
TIpUMep IUM MarHe3ujyMma je oene 6oje 1 n3a3uBa MeTaTHy TPO3HHMILY, UM Oeor ocdopa
je Takohe 6eo 1 OH M3a3MBa TEHIKY KOPO3Ujy TUCAJHHUX ITyTE€BA M CIY30KOKE YCHE TyTIbE.
M cymmopa je HapaHiiacTe 00je 1 Takohe je jak HPUTaHT U KOPO3HUB.

Mupuc nuMa Takole je moysmaH 3HaK INPUCYCTBa OTpoBa y noxapy. Ha mpumep
JVMOBH KOjU caapke (o3reH nMajy KapakTepUCTHYaH MUPHUC TPYJIOT CEHa WM TPYJIOT
Boha, IMMOBH KOjU caapike CyMIIOp BOJXOHUK MMajy MUPHUC MOKBAapEHHX jaja, 0K JUMOBH
KOjU cajip>ke MepKanTaHe Tepajy Ha noBpahame.

YKyc arMa je Hajloy3IaHnji HHAWKATOp IIPUCYCTBAa TOKCHHA y TIO)kapuMa. Peructpyje
Cce 4yJIOM YKyca, Kao 1 ITPU YHOILICHY XpaHe — jely. MeTalHH yKyC y yCTUMa CHTHAJIM3HpPa
MIPUCYCTBO TEIIKUX MeTala y UMY Mo)Kapa; MoKapH akyMyJaTopa, II0XKapH y HOTOHHMa
ca XMBOM M ciI. JluM ca ykycom GajgeMa cyrepuile IpUCyCTBO IMjaHOBOJIOHMKA, UM ca
CITaTKacTUM YKyCOM Ofiaje MPHUCYCTBO (ho3reHa u ap.

lope HaBeneHO TpaBUIIO MMa M M3y3eTaka. MM Koju Caip>Ku caMo yribeH-MOHOKCH/L
HeMa HHjeTHO Tope HaBeJeHO obelierkje; HU 00jy HM MHUPHUC HU YKYC, a BPJIO j€ jaK KpBHH
TOKCHH.

ITocToje u npyre 3aMke Kafa ce naeHTH(UKAIja TOKCHHA 00aByba IMPeKo 060je, MUpHca
WM yKyca AuMa, Y LBy NpeBeHIHje )KpTaBa nokapa. Ha npumep BonoHUK-cynpurn ce
YyIIOM MHEpHCa OTKpHBa Ipu KoHNeHTparwju 0,05 ppm a mpeHapaxxeHn perenTopu ra He
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ocehajy ako ce konneHrpanuja moseha na 0,1 ppm. JKpTBe 0Baj 0TKa3MBambe peLEnTOPa
CcMarpajy MajoM KOHIICHTpaIlMje U HE MOKYIIaBajyy Ja ce ynahbe Ha CBEX Ba3ayX mITo he
PE3YATHPATH TPOBAIHEM Ca CMPTHUM HCXOOM.

W nopen Tora HaBeneHa 3 MHAMKATOpa Cy O N3y3E€THOT 3HAa4aja 3a IPEBCHIIN]Y TPOBabha
y TOKapuMa, jep MOTy OWTH OlarOBpeMEHM HAroBEIITaj OMACHOCTH 3a ITOTEHIHAIIHE
KPTBE.

[ToBpene cy Takohe yecte u oHe goHOCE orpoMHe 1mTeTe Ha HUBOY b/II1-a, GonoBama,
OZICYCTBa ca 10Ciia, MHBATMIUTET U APYTo. Y OINIITEM HHTEPECY CBAaKE NPIKaBe je 1a U OBY
OIIaCHOCT MaKCHMAITHO peayKyje oAroBapajyhoM eayKkauujoM U yrpajmboM ayTOMaTCKUX
ypehaja 3a paHO OTKpHBaLE MOXKapa U aJapMHUPAbE.

2. CUHEPTHJCKHU JIETAJIUTET VY IIOXAPY

[Muponusa Ha moXxkapuMa, Kao IITo je Beh pedeHo cTBapa Jierne3y XeMHjCKHUX jeIHbCHha
Koja ce Au(y3HjoM IIMpe Ha OKOJNHM mpoctop. Ako mocmarpamo PVC kao ropmeo
TEPMUYKOM pasrpagboM HacTaje OKO 75 XEMHjCKUX jeNU-CHA Pa3InYUTOr CTEIeHa
TokcnyHOCTH. CBHM OHH YIPY)KEHO AENyjy Ha YoBeKa ocTBapyjyhm Behm edexar Ha
37paBJbe O T10jeANHAYHOT JICjCTBA CBAKOT O] OBUX XEMH]jCKHX jEIHECHA.

OBa koMOUWHaIMja OTPOBA HAPOUMTO je KyJIMHUHHpaJa HAaKOH €KCIUIO3Uje OPraHCKUX
CHHTETCKAX TMOJNHUMEpa Koja je WHAYCTPHjy 3alUbyCHYJda MIE3AeCETHX TOANWHA
nBageceror Beka. Jlo Tama cy cBWIAa M ByHa OWIM MaTepHjaid KOjH Cy CTBapalu
Hajjaye OTPOBE y Mokapuma. 3ya hya menyronga Kao MPBOI CHHTETHYKOT MOIHMEpPa
(HacTaje TONMMMEpPHU3aIIUjOM HUTPOLENYI03¢ U KaH(popa) Taja je join Ouiia HeIOBOJFHO
no3Hara. HoBu cuHTETCKHU MOJIMMEPU CY TOHEIN Behe KOJIMYUHE a30Ta 1 CaMUMM TUM U
[[1jaHOBOZIOHHK Y JMMY. MepemeM KOHILIEHTpalija y JUMY Y KOME Cy CMPTHO CTpajain
JbYIM YCTAHOBJHEHO j€ J1a je calpikaj CBUX OTPOBa OMO MCIOA JICTAIHUX J103a U CMPTHU
YUYHMHAK je Mopao u3octaru. [1omTo cy ce KpTBe UMakK IM0jaBUiIe MOCTAB/HA0 Ce MPOdIeM
o0jalmbera oKy, Kajl apeMa J0TafallbIM Ca3HabMa HayKe JKPTBE CY OUIIC H3I0KEHE
cyOneTaqHuM Jo3ama.

[lojaBa je oOjammeHa Kao CHHEPTHjCKH JeTanuTeT [3], ONHOCHO TOCIEIuIa
HCTOBPEMEHOT TPOBamka IMjaHOBOJOHUKOM H YIJbH MOHOKCHIOM. L[MjaHOBOIOHMK
HCN nenyje Ha xpTBy oHeMohaBajyhu joj mummhHy cHary, mro je Beh o0jamrmeHo Kao
nHKamanuTanuja (adinamia acuta pirotoxica ). OHeMOhao M HCHPIUBEH YOBEK IOCTaje
KPTBa TPOBama yribeH MoHoKeuaoM CO, mociie yera ryOu cBeCT | BpJio Op30 yMHpe.

ITocToju jomr jemaH MexaHHW3aM IMPEKO KOra OBa JiBa OTPOBA 3ajeIHO JCIYjy TaKo
noryOHO, Kao IITO je TO omucaHo y nokapuma Kiuuuukor neHtpa Knuenenma wnm
noxapa 3arBopa y Tenecujy. KomOuHanuja 111jaHOBOIOHMKA U YIJb€H MOHOKCH[A KOI
JKpTaBa Jiellyje Ha ryliee Ha HUBoy henuje nHxuOupajyhu mpouece IHTOXpOMOKCHIA3e.
Wuxubuimja OBOT €H3MMCKOT MPOIIeca TOBOH JI0 I'YIICHa.
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3. TOKCHYHO AEJCTBO ITPOAYKATA IIOXXAPA

Hezamrrhenn 1uBWIM KOju ce Hal)y y MOXKapHOM OKPYXEHY IOCTajy H3y3eTHO
JIaKO JKPTBE TOKCHYHHMX MaTepHja TeHepHCaHHX y MUMY IMoxkapa/ekciuiosuje. MckycTsa
MoKazyjy na y nokapuma »XpTBE YMHPY Ol XEeMHjCKHX IMpOHM3BOzIa BaTpe — eduiyeHTa
noxapa. I[lerHaector maja naBHe 1929. rommHe M3ropena je KapToTeKa KIIMBICHICKE
knnuke Cleveland Clinic Diseaster, 3ajenno ca 50.000 peHAreHTCKUX (GUIAMCKHX CHIMAKa
nanjenata. CTBOpeHa je BpJIO BHUCOKAa KOHIICHTpAIlHMja OTPOBHHX TIacoBa y T'YCTOM
upHoM JuMy. JKuBOT je maryomno 125 spyau. OBaj MHCTEpHO3HH yOWIlAa y TOKapuma
j€ KOHauHO JOCIICO IMOJ JIYIy HayKe, KOjoj je MPEeaMET HCTPakKMBambha TPOBAWME JbYIU Y
noxkapuma. Hayka ca mpeaqMeToM MCTpaKHBara OBOT THIIA je MO3HATa IOJ Ha3MBOM
[Muporokcukonoruja. bpoj HUBHIHMX JKpTaBa NoXkapa HajOOJbE CE MOXKE YOUHTH Y
uctpakuBamwy Birky-ja u capagnuka [5], KOju Cy yCTaHOBHIIM J1a KPTBE [TOXKapa yMUPY OfF
yaucama M TPaoBamba raCOBUTHM e(IyeHTHMa MoXKapa, MHOTO BHIIIE HETO Ol TEePMHYKUX
pana. Y crymuju [3] Birky-ja usspiicHa je ananusa y3poka cMpTH 530 HUBHIIHUX KpTaBa
nmoxkapa. Ox Tor Opoja 58 JbyaH je yMpPJIO O ONEKOTHHA 33 0HMjEHUX 10 TNy y HOXKapy,
mTo je 11 % ox ykymHor 6poja. [Ipeoctanux 472 ocobe ympiie Cy o1 HHXajaluje TOKCHHA
W3 I¥Ma WU O eeMa JAMCajHUX IyTeBa KOjU je HACTYIHO YAMCAHmEM BPEIIUX racoBa y
noxkapy. OBo usHocu 89 % o yKymHOT Opoja MPTBHX KOjU Cy aHAJIU3UPAHU.

Jobap npumep 3a aHanm3y je W muthpanu noxap y Kmmenenmy. Ox 125 sxprasa
A30TMOHOKCH/IA, YIJb€HMOHOKCH/IA M I[MjaHOBOJOHMKA, Kao TacoBHTHX eduryeHara
MoKapa CEeMUCHHTETHYKOT HUTPOLEIYJIO3HOT TIojiecTepa, 97 je ympIio /1o ucreka 2 cara
oz moyeTka noxapa. [Ipeocranmx 28 xprasa je ympio g0 HaBpieHnx 30 1aHa o noxapa
[1].

VY noxapy Jpxasuor 3arBopa Columbia County Jail y Tenecujy 26. jyna 1977. on
TpoBama IMjaHuIUMa YMpIO cy 42 3aTBopeHHKa. M3Bop nujanuma je Ouia miacTHyHa
henmujcka 3ugHa 00NOTa KOja je ropena M MHUPOJIH30M CHHTCTH30Basia mujanumae [2]. YV
HaIIIO] 3eMJBH j& TpoBame IjaHuanMa 3abenexxeHo 1986. y moxapy XiagHe BaJbaOHHUIIS
y CMmenepeBy, Kafa cy ce oTpoBasia 2 paaHuka. M3Bop nujanua je Ouia moanypeTaHcka
TOIJIOTHA U30J1alnja (TPHUMO MMaHeNI) Y KOHCTPYKIIHjH 00jeKTa.

Bucok 0Opoj *xpraBa y moxkapy ce oOjammasa ,,CHHEPIHCTHYKHM JIETAIUTETOM
OZHOCHO CHUMYJIT@HHM JICIIOBA-EM ITMjaHOBOJIOHUKA M yTJHEH-MOHOKCHAA Ha XKPTBE [3].
KomOunamija oBa aBa 0oTpoBa Jenyje Ka0 MHXHOMTOP IMTOXpoM okcupiasze (hemmjckor
MOCPEHNKA pa3MEHEe KHCEOHHMKA) TPeHyTHO Hapanumyhm >xprBy. KomOnHanmmja opa
JIBa OTPOBA je BPJIO OMacHa Yak W ako Cy UM KOHIICHTpAIje BPJIO Majie W y o0nacTu
CyOneTamHuX /1032 MOTY YAPYKEHH TPOU3BECTH KO XPTBE TPOBAHE CA CMPTHUM HCXOIOM.

CTpyKTypy LMBUIIHHX JKpTaBa nokapa Moxxemo camienatd Uy Tabemu 1. Y mwoj je
MpHUKa3aHa CTPYKTypa UMBUIHUX kpTaBay CA/f ox 1977. - 1979. rogune [2].

W3 Tabene 1 je BuasbuBo 1a je Hajsehn Opoj MUBIIIHMX XKPTaBa MoXKapa y 00jeKTuma
3a CTaHOBaWkE WK OopaBak JbynH; o 65,3 mo 72,4 %. JacHo a ce JbyIu MOTYy CIIACHTH W3
WHAWBHIYATHUX Kyha 6eroM Kpo3 Mpo30p WK HayIITamkeM Kyhe u [a je HacTyIl CMPTH
0Wo Tocieaua MOTIEHHBaka UMa Kao MOTEHIMATHOT youre [5] u oncycTBo kyhHUX
JICTEKTOpa YIIbeH-MOHOKCH/IA 32 Y30ymhHBambE.
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Takohe ce Bumm ma wHAMBHIyadHe crambeHe kyhe omHoce om 55 mo 65 % »xprasa.
Cao0Opahajua cpezactsa ognoce ox 9,9 mo 19,7 % »xprasa, TOK CBEe OCTajie aKTUBHOCTHU
onHoce 6,2 1o 8,5 %.

Tabena 1. Cmpyxkmypa yusunnux scpmasa noxcapa y 3epadama y USA

1977. 1978. 1979.
P. Bpcma . . .
B otema e Tl |wpmens| ) | wpmens | 1]
1. CraHoBH (YKYITHO) 6.135 82,2 6.185 76,1 5.765 74,1
1.1 Kyhe(") 4.835 64,8 4.945 60,8 4.320 55,5
1.2 ArnaptmaHu 1.030 13,8 1.070 13,2 1.180 15,2
1.3 XOoTeau U MOTEIH 155 2,1 130 1,6 140 1,8
1.4 Ocranu 00jexTn 115 1,5 40 0,5 125 1,6
2. Ipes. cpencrsa () 740 9,9 1255 15,4 1.535 19,7
3. Ocrano 590 7,9 690 8,5 480 6,2
YkynHo: 7.465 100 8.130 100 7.780 100

* Kamezopuju kyhe 3a cmanogarse npuxmyiene cy u KAaMn-npukoiuye, a y npego3na cpeocmsa cee
8pcme npego3HUX cpedcmasa.

VY noxapuma cy Hajuenrha cieneha TpoBama: TpoBame yribeH-MOHOKCHIIOM, TPOBAHhE
LUjaHUIIMa, TPOBakhEe KOPO3UBUMA, TPOBAE A30THUM OKCHANMA, TPOBAE CYMIIOPHHM
OKCHJIMMa, TPOBakE IOJMMEPUMa MO3HATO je Kao me@roHCcKa 2po3Huyd, TPOBaHbE
MeTaluMa Koja je Mo3HaTa Kao Memaind SpO3HuYd VA JU6aYKd epO3HUYd U JIp.

Barporacmm ce mpodecronarHo cycpehy ca HU30M OMacHOCTH Koje He Mory m30ehn
jep UM eTHKa CTpyKe U YOBEYHOCT TO HE J03BOJbaBajy. KBalMTeTHA eqyKanuja MOXe UM
nomohu Ja mTeTHe NOoClequLe CBeAYy Ha MHHIUMYM.

[Tocao Barporacana je Be3aH u 3a pa3He KaHlieporeHe mel)y kojuma cy: azdecrt; rpymna
1-kaHUeporenu 3a Jpyne, ual); rpyna l-kaHLIeporeHu 3a Jbyle, cMoje M3 yriba; rpyla
1-kaHLEeporeHn 3a Jbyle, OeH3eH; rpyna l-kaHLIEpOreHu 3a Jbyde, TalK ca BIaKHHUMA
aszbecra; rpymna 1-KaHIEpOTreHH 3a Jbyne, joHu3yjyhe 3padcie; rpyna 1-KaHIeporeHo 3a
Jbyne, O0eH3o(a)mupeH; rpyna 2A-BepoBaTHO KaHIEPOTeHU 3a Jhbylde, OeH30(a)aTpalieH;
rpyna 2A-BepoBaTHO KaHIEPOTeHH 3a Jbyde, (QopManmexua;, rpymna 2A-BepoBaTHO
KaHLIEPOTeHU 3a Jbyle, eTWIeH-TUOpoMuia; Tpyna 2A-BepoBaTHO KaHIEPOreHH 3a
sbyne, PCB; rpyna 2A-BepoBaTHO KaHILep. 3a JbyJe, EMHCHja U3 JW3e]l MOTOpa; rpymna
2A-BepoBaTHO KaHIIEPOTEHH 3a JbyA€, M YIJbeH-TeTpaxjopun; rpyma 2B-moryhen
KaHILIEPOTeH 3a JbyJIe, UTI.

[MoBpene y nokapuma cy mOpel TPOBarbha BPJIo OpOjHE U HAHOCE OTPOMHY JIPYIITBEHY
mrety. CTpykTypa noBpel)eHHX M MECTO HACTaHKa IMOBpEAa MPUKA3aHH Cy y HACTAaBKY y
Tabemnu 2.
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Tabena 2. Cmpykmypa nospeda yusuna y noscapuma y CAJJ

1977, 1978. 1979.
I;eo. l;p cma bpoj Ilpouyenam bpoj | Ilpouenam bpoj Ilpouyenam
P- o0jexma nospel. [%] noepel. [%] nospel. [%]
1. Cranosu | ) 609 72,4 21.275 71,4 20.450 65,3
(yxyrHo)

1.1 Kyhe 17.465 56,0 15.400 51,7 14.650 46,8

12 | Amaprvamm | 4.175 13,4 5.000 16,8 4.175 13,3

1.3 Xorem 575 1,8 600 2,0 1225 3.9
1 MOTECIIN

1.4 Ocramn 385 12 275 0,9 400 13
00jexTH

5. | Mpesosna 3515 113 3700 12,4 5.175 16,5
CPEACTBA

3, Ocrano 5.075 16,3 4.825 16,2 5700 18,2

Ykynno: 31.190 100 29.800 100 31.325 100

4. 3AK/BYYAK

Kao mto ce u3 u3noxeHor BUAM Noxap je iaboparopuja MU3Bopa MHOTHX 3ajia Koja
Cy y CTamy Jia Y MOMCHTY OJTHECY BHIIIC JbYICKUX KHUBOTA. Te OMacHOCTH, Koje ca coOoM
HOCH T10Kap HE CMejy C€ NNOTUCHLMBATH HUTU IMIOHUAAIIITABATH. VY3 cBe CTaTUCTHUKE TaKBeE
KakKBe Cy, HOKapH rofiniimbe Ha 3eMipHu oanecy npeko 50.000 sbyau. To je Opojka BpeaHa
3Ha4YajHe OMIOMEHE 3a CBaKy IpXKaBy Ja MPeAy3Me Mepe Mpe CBera eAyKalije U 3aKOHCKOT
00aBe3mBarba KOPUCHUKA 00jeKaTa Ha KOPEKTHO pelliaBarme mpobieMa 6e30eMHOCTH JbY/Iu
y craHoBuMa U kyhama koju cy reHeparopu Behe NpoayKuuje MpTBHX U moBpehennx
rpahana. Kox vac y CpOuju oBa 00mact 6€30€AHOCTH TIOPOIUIIC je MOTIIYHO MIPOTEPaHa U3
CHCTEMa IIKOJICTBA U pa3sHopa3Hux 00yka. Jbymu cy mpenyiiteHu caMu ceOu u CynOuHH 1
TO Tpeba J1a ce MPOMEHHU.

5. JIUTEPATYPA

[1] Gregory K. L., Malinoski V. F., Sharp C. R., Cleveland Clinic Fire Survivorship
Study 1929-1965., Arch. Environ. Hith., 1969, vol. 18, pp.508-515

[2] McKinnon G. P., Fire Protection Handbook, National Fire Protection Association,
Fi- fteenth Edition, Quincy, 1980, Massachusetts, pp.2-19

[3] Noris J. C., Moore S. J., Hume A. S., Synergistic Lethality Inducedby the
Combination of Carbon Monoxide and Cyanide, Toxicology, 1986, vol. 40, pp.
121-129

[4] Bepuruh T., 3pummh U., Jum u nemoh (unkanayumayuja), loxap - Excrimosuja
- [IpeenTtuna, (Capajeso), anpur 1990, I-11, ctp. 103-105

[5] Birky M. M., Clarke F. B., “Inhalation of toxic products from fires”, Bull. NY,
Acad. Med. 1981, vol. 57, pp. 997-1013.

398



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja
Spiro IVOSEVIC!

Tijana DRAGOJEVIC?

Vilma PETKOVIC®

ANALIZA ZNANJA O NOVIM MEDUNARODNIM
BEZBJEDNOSNIM STANDARDIMA: SAVREMENA
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Rezime: Sigurnosni aspekti analize pomorskog transporta bili su dominantni istraziva¢ima tokom
¢itavog dvadesetog, dok pocetak dvadesetprvog vijeka obiljezava tematika bezbjednosnih aktivno-
sti. Izazovi sa kojima su se suocili svi uesnici pomorskog transporta u pogledu prijetnji izazvanih
piratstvom, krijuméarenjem, slijepim putnicima i migrantima zahtjevaju aktivan angazman svih kl-
juénih subjekata: drzava, brodarskih kompanija i luka u podizanju sigurnosnih i bezbjednosnih stan-
darda i njihove implementacije. Podizanje svijesti o bezbjednosti u pomorstvu temelji se na pravnoj
regulativi koja se realizuje kroz rad brojnih nacionalnih i internacionalanih institucija. U ovom radu
sagledavamo znacaj obuke i obrazovanja postojeceg i novog pomorskog kadra kroz analizu rezultata
primarnog istrazivanja sprovedenog na visokoskolskoj pomorskoj obrazovnoj instituciji. Naime, cilj
rada je prezetovanje nivoa postojecih znanja i kompetencija aktivnih i buduéih pomoraca u pogledu
bezbjednosti u pomorstvu, a sve u kontekstu primjene medunarodnog Kodeksa za bezbjednost bro-
dova i luckih objekata.
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KNOWLEDGE ANALYSIS OF NEW INTERNATIONAL
SECURITY STANDARDS: CONTEMPORARY
MARITIME PRACTISE AND CHALLENGES

Abstract: While the security aspects of the maritime transport analysis were dominant for research-
ers during the whole XXth century, the beginning of the XXIth century has been marked by se-
curity activities. The challenges that the maritime transport participants have been facing due to
threats caused by piracy, smuggling, stowaways and migrants require an active engagement of all
key parties: countries, shipping companies and ports in raising of safety and security standards and
their implementation. Raising the awareness of maritime safety is based upon legislation which is
implemented through the activities of numerous national and international institutions. This paper
views the importance of training and education of present and future seafarers through the analysis
of a primary research conducted on higher maritime education institution. The aim of this article
is to present the levels of the present knowledge and competences of active and future seafarers in
respect of maritime security, all in the context of application of International Ship and Port Facility
Security Code.
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1. UVOD

Brojni incidenti koji su se desavali u pomorstvu tokom 20. vijeka, uticali su na sve
kljuéne ucesnike pomorskog transporta da daju maksimalan doprinos unapredenju po-
morske sigurnosti. Potapanje Titanika 1912. godine bio je prvi veliki dogadaj od uticaja na
podizanje svijesti o sigurnosti kod svih uc¢esnika pomorskog sektora i inicijalna kapisla za
kreiranje pravnog okvira koji bi unaprijedio sigurnost ljudi, materijalnih dobara i Zivotne
sredine.

Medunarodni pravni okvir u pomorstvu danas se realizuje kroz rad Medunarodne po-
morske organizacije (eng. International Maritime Organisation — IMO). Kroz organizacio-
nu strukturu koja obuhvata skupstinu, vijeée, savjet i 5 odbora, donose se pravni akti koji
ureduju kljucne aspekte pomorskog transporta, kao Sto su sigurnost, bezbjednost, zastita
ljudi, materijalnih dobara i okoline.

Kroz ovakav vid organizacione strukture donose se medunarodne pomorske konvenci-
je kao minimalni standardi koji moraju biti prihvatljivi i obavezni za sve zemlje Clanice
IMO-a. Na taj nacin nastao je veliki broj medunarodno priznatih konvencija, kodeksa i
pravila, a Cetiri najznacajnija su poznata i kao Cetiri klju¢na stuba pomorske industrije, i
to: Konvencija o sigurnosti zivota na moru (eng. SOLAS), Konvencija za sprijeCavanje
zagadivanja mora od strane brodova (eng. MARPOL), Konvencija o standardima obuke,
sertifikaciji i drzanju straze (eng. STCW) i Konvencija o radu (eng. MLS).

SOLAS konvencijom se utvrduju minimalni standardi sigurnosti i bezbjednosti za sve
vrste plovila u pomorskom sektoru, te tretiraju tehnicki aspekti sigurnosti, dok se kroz
STCW konvenciju nastoje utvrditi minimalni standardi obuke i sertifikacije ljudstva ukl-
jucenog u pomorske aktivnosti. Na taj nacin se jasno definiSu minimalni zahtjevi za eduk-
acijom, odnosno obukom i obrazovanjem svih kadrova zaposlenih u pomorskom sektoru,
kao jasan preduslov udovoljavanja svih sigurnosnih zahtjeva.

U Websterovom rjec¢niku rijec ,,safety* pojmovno se definiSe kao stanje slobodno od
opasnosti, ozljeda ili Stete, a rijec ,,security” kao zastita (slicno engleskoj rijeci ,,protec-
tion), mjere koje se sprovode da bi se zastitilo dobro, vrijednost, objekat. Sigurnost je
dakle stanje slobodno od opasnosti, dok bezbjednost obuhvata mjere kojim se osigurava
takvo stanje bez opasnosti [1, 2].

2. POSTOJECE BEZBJEDNOSNE PRIJETNJE U POMORSTVU

Dok su pozari, nasukanja, sudari, zagadenja okoline, naplavljivanja i djelimic¢na ili
potpuna potonucéa brodova bile najveée opasnosti i kljucni siguronosni aspekti pomorstva
u pro§lom vijeku, tokom proteklih decenija, naroCito posljednje dvije decenije, trendovi
potencijalnih opasnosti u pomorstvu se mijenjaju.

Postojece prijetnje bezbjednosti na globalnom nivou odnose se prije svega na politicki
motivisane teroristicke napade. Ako tome dodamo i pirateriju (koristoljublje), piratstvo
(napade pirata), krijumcarenje (sivu ekonomiju), slijepe putnike i migrante, onda je jasno
koliko je potencijalnih opasnosti koje opterecuju sigurno i bezbjedno odvijanje savre-
menih djelatnosti u pomorstvu.
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Teroristi¢ki napadi na Njujorske kule i Pentagon 11. 9. 2001. godine, kao i ucestali
napadi pirata proteklih godina koji su se bez pravila desavali u lukama, sidristima i plo-
vnim putevima, toliko su uzdrmali sigurnu povidbu da se morao naci adekvatan sistemski
odgovor na postojece prijetnje sigurnosti i bezbjednosti u pomorstvu.

Medu brojnim incidentima u pomorstvu potrebno je napomenuti i incidente na itali-
janskom kruzeru Achille Lauro 1985. godine, a zatim i one koji su se desavali redom: MT
“Petro Ranger” — 1998. godine, MV “Alondra Rainbow” — 1999. godine, WV “USS Cole”
—2000. godine, MV “Limburg” — 2002. godine i drugi.

3. PRAVNI OKVIR UNAPREDENJA POMORSKE BEZBJEDNOSTI

Poslije pomenutih incidenata doslo je do ¢itavog niza promjena u pomorskom trans-
portu, koje su bile usmjerene ka stvaranju jednog sistemskog okvira bezbjednosti. U tom
smislu je najprije ameri¢ka administracija izradila studiju procjene bezbjednosti americk-
og drustva kojima se brodovi i luke identifikuju kao potencijalne mete teroristickih napa-
da. Rezultat svih tih nastojanja je sazivanje 22. sjednice Skupstine IMO-a, u novembru
2001. godine, na kojoj je donesen Medunarodni kodeks za bezbjednost brodova i luckih
objekata (eng. ISPS — International Ship and port Facility Security Code). IMO je razvio
nove zahtjeve koji se odnose na pomorsku sigurnost, a SOLAS Konvencija je dopunjena
novim poglavljem XI-2 koje tretira posebne mjere za poboljSanje pomorske bezbjednosti

[3].

SOLAS poglavlje XI-2 je dopunjeno da bi se ukljucile posebne mjere za pojacanje
pomorske bezbjednosti, a koje su namijenjene prevashodno Vladama potpisnicama kon-
vencije, Vladinim agencijama, lokalnim administracijama, pomorskoj privredi i luckim
postrojenjima. Dodatnih 13 pravila u sklopu SOLAS konvencije, inkorporiranih u po-
glavlju XI-2 jasno definiSu obaveze drzava, pomorskih kompanija i brodova, luckih pos-
trojenja, te jasno definiSu prijetnje brodu i diskreditaciono pravo zapovjednika broda [1].

Ovako kreiran novi pravni rezim pomorske sigurnosti, ukljucujuci novo poglavlje XI-2
SOLAS Konvencije, proizveo je Medunarodni kodeks o bezbjednosti brodova i luénih
postrojenja (eng. ISPS Code — International Ship and Port Facility Code) koji je stupio na
snagu 1. januara 2004. godine, a u upotrebi je od 1. jula 2004. godine.

ISPS Kodeks kroz 19 poglavlja, odnosno propisa, daje jasne odgovore i smjernice
kako ispuniti zahtjeve SOLAS Konvencije, kako za pravne subjekte tako i za ljudske
resurse. ISPS Kodeks sadrzi dva dijela. Dio A bavi se obaveznim zahtjevima (primjer za
to je sam cilj kodeksa i funkcionalni zahtjevi na brodu i luckom ostrojenju), dok se dio B
bavi smjernicama u vezi odredbi dijela A. Kroz implementaciiju ISPS Kodeksa uvode se
tri razli¢ita nivoa bezbjednosti. Prvi nivo je u principu minimalna prikladna bezbjednost
koja je kroz opsti plan bezbjednosti odobrena od medunarodne odgovorne pomorske ad-
ministracije. Drugi nivo zahtijeva odgovarajuc¢u dodatnu bezbjednost koja se mora odrza-
vati neko vrijeme kao rezultat povecanog rizika od incidenata. Tre¢i nivo je najvisi stepen
u pogledu bezbjednosnog rizika gdje je incident vjerovatan ili opasan, iako mozda nije
moguce identifikovati potencijalnu metu [3, 4].
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Upravljanje rizikom pomorske sigurnosti koje je povjereno vladama potpisnicama
SOLAS Konvencije zasniva se na uspostavljanju sredstava za odgovarajucu procjenu sig-
urnosti i njenog sprovodenja na brodovima i luckim objektima. Upravo zato, drzavne
administracije moraju identifikovati i procijeniti kljuéne rizike u svojim luckim objektima
i na brodovima koji viju nacionalne zastave, a zatim stvoriti akcijski plan za upravljanje
posljedicama rizika u slu¢aju gubitka zZivota, ekonomske i ekoloske Stete. Da bi ovo posti-
gle ugovorne vlade moraju uzeti u obzir sljedece Cinjenice: fizi¢ku sigurnost, strukturni
integritet, sisteme za zastitu, proceduralnu politiku, komunikacione sisteme, transportnu
infrastrukturu, kao i podru¢ja unutar lu¢kih zona koje predstavljaju mogucu metu [4].

IMO ne specificira metodu, odnosno ne navodi da li je kvalitativna ili kvantitativna
metoda odgovarajuca prilikom sprovodenja procjene i odredivanja bezbjednosnih rizika,
identifikacije rizika unutar podrucja rizika, analiza rizika, evaluacija rizika, tretiranja
rizika, pracenja i revizija izvodenja upravljanja rizikom, komunikacije i konsultacija. O
tome odlucuje ugovorna vlada, brodarska kompanija i lucke vlasti.

Proces upravljanja rizikom, na kojem je zasnovan ISPS Kodeks zasnovan je na Ce-
tiri povezane karike: procjene, evaluacije, upravljanja i mjerenja identifikovanog rizika,
odnosno kori§¢enja rezultata kako bi se preduzele preventivne mjere u cilju smanjenja
potencijalnih posljedica rizika (Slika 1).

o N
Upravljanje \

l rizikom

Upravljanje
—

Slika 1. Krug upravijanja rizikom [5]

U skladu sa ISPS Kodeksom, pomorske kompanije i luke (koje odrede drzave na ¢ijoj
se teritoriji nalaze) moraju identifikovati i odrediti osobe koje ¢e koordinirati aktivnostima
sigurnosti, pripremiti i kreirati procjene bezbjednosti, kao i planove bezbjednosti za svaki
brod u njihovoj floti, odnosno svako lucko postrojenje. U modelu upravljanja rizikom,
na osnovu kojeg se kreiraju planovi bezbjednosti broda i luke, mozemo identifikovati tri
klju¢na dijela samog plana. Dakle, osnovni dio plana se sastoji iz osnovnih podataka o
brodu ili luci, mjerama zastite, izvjeStavanju, bezbjednosnoj opremi, uvjezbavanju i re-
viziji. Ovaj dio je predmet kontrola i nadzora od strane relevantnih institucija. Drugi dio
predstavlja zasticeni dio plana, odnosno dio povjerljivih procedura koje nisu niti smiju biti
predmet inspekcija kao $to su podru¢ja ogranic¢enog pristupa, duznosti osoblja, reakcije i
odgovor na prijetnje i slicno. Tre¢i dio mogu biti razli¢ite mjere kao $to su postojece bez-
bjednosne prijetnje, kljucne operacije, ranjivosti i slicno.
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4. OBUKA POMORACA U SKLADU SA BEZBJEDNOSNIM
ZAHTJEVIMA

Definisanjem jasnog pravnog regulatornog okvira kroz SOLAS Konvenciju, te njen-
om razradom kroz ISPS Kodeks, stvoreni su preduslovi za podizanje svijesti o bezbjed-
nosti u pomorstvu. Kroz STCW Konvenciju pored zapovjednika broda nominovana je i
odgovorna osoba za bezbjednost broda, kao i odgovorne osobe za bezbjednost pomorske
kompanije i lu¢kog postrojenja. Na ovakav nacin je kreirana struktura povezanih odgov-
ornih osoba koje bi trebale sprovoditi jasne i definisane zadatke u smislu unapredenja
bezbjednosti, kako broda i pomorske kompanije tako i luckih objekata.

Ipak, pored svih ovih normativa uvedenih 2004. godine, kriminalne radnje u pomorst-
vu nisu sprijecene. Upravo u tom vremenskom periodu drasti¢no se povecao broj piratskih
napada koji su postali ozbiljniji, u€estaliji i sve veca prijetnja pomorskoj sigurnosti. Stoga
su na medunarodnoj konferenciji koja se odrzala u Manili 2010. godine donosene kljucne
dopune STCW konvencije u pogledu dodatnih obuka i sertifikacije pomorskog kadra kako
na brodovima, tako i u lukama. Naime, postalo je jasno da tri odgovorne osobe u pogledu
bezbjednosti nisu dovoljne za rjeSavanje i sprecavanje prijetnji, te je poveéan nivo zahtje-
va za obukom pomoraca.

U tom smislu, od 2012. godine se zahtijevaju obuke o podizanju svjesnosti o bezbjed-
nosnim prijetnjama kod svih ¢lanova posade, te se pored odgovorne osobe za bezbjednost
na brodu zahtijeva i obuka osoblja broda koje ima posebne duznosti u pogledu bezbjedno-
sti. Ovo je potrebno posebno istaci zato §to svi ¢lanovi posade prije odlaska na brod mora-
ju pro¢i adekvatnu obuku u trajanju od Cetiri sata, pri ¢emu se kroz specificne tematske
oblasti podize njihova ukupna svijest o bezbjednosti. Zavisno od pozicije koju pomorac
ima na brodu, te unutrasnje organizacije brodarske kompanije i plana bezbjednosti broda
u smislu izvrSavanja bezbjednosnih vjezbi i treninga, kao i radnih zadataka koji se odnose
na bezbjednost na brodu, mora se pro¢i obuka u trajanju od 9 ¢asova koja se odnosi na
bezbjednosne duznosti na brodu. Naime, planom bezbjednosti broda jasno se definisu bez-
bjednosno kriti¢ne operacije (kao §to su napadi pirata, pretrazivanje broda, slijepi putnik
na brodu i sli¢no) 1 odgovornosti i obaveze pojedinih ¢lanova posade u tim okolnostima.

Kao najodgovornija osoba na brodu u pogledu praéenja i organizacije samih bezbjed-
nosnih aktivnosti pojavljuje se oficir bezbjednosti broda koji prije preuzimanja te duznosti
mora pro¢i obuku u trajanju od Sesnaest ¢asova, te polaganjem u odgovarajuc¢oj Luckoj
ispostavi zadovoljiti kriterijume za dobijanje ovlas¢enja za Oficira bezbjednosti broda.
Ovo ovlaséenje je validno 5 godina i nakon isteka se vr$i njegovo obnavljanje.

Sistem obuke pomoraca u pogledu bezbjednosti realizuje se u skladu sa Pravilni-
kom koji izdaje nadlezni drzavni organ koji rukovodi pomorskom privredom, kao Sto
su pomorske Agencije ili Uprave. U Crnoj Gori je na snazi Pravilnik o vrstama zvan-
ja i ovlaséenjima, uslovima za sticanje zvanja i izdavanje ovlaséenja za clanove posade
broda koji reguliSe pravila po kojima samo registrovani pomorski trening centri i po-
morske ustanove mogu vrSiti obuku kandidata. Nakon sprovedene obuke kandidati polazu
odgovarajuce testove u cilju dobijanja Potvrde o uspjesno pohadanoj i polozenoj obuci
sa kojom pristupaju nadleznoj instituciji, odnosno Luckoj kapetaniji gdje polazu ispit za
dobijanje odgovarajuceg breveta, odnosno sertifikata koji izdaje nadlezna drzavna Admi-
nistracija [6].
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5. ISTRAZIVANJE ZNANJA O BEZBJEDNOSTI BRODA

Nakon implementacije medunarodne regulative kroz uvodenje ,,Pravilnika o vrsta-
ma zvanja i ovlaséenjima, uslovima za sticanje zvanja i izdavanje ovlas¢enja za ¢lanove
posade broda“ veliki broj afirmisanih, kao i buducih pomoraca u Crnoj Gori su pristupili
pohadanju obuka u pogledu podizanja svijesti o bezbjednosti i bezbjednosnim duznosti-
ma. Samo tokom 2014. godine preko 1000 kandidata je pohadalo obuke iz bezbjednosti u
pomorstvu na Fakultetu za pomorstvo u Kotoru.

U smislu dobijanja realne slike o postojecoj svjesnosti pomoraca o bezbjednosti u
pomorstvu, kao i o poznavanju prijetnji, duznosti, mjera zastite i aktivnostima u pogledu
koordinacije, pracenja i prepoznavanja prijetnji, bilo je potrebno i interesantno razmotriti
znanja i svjesnost kandidata u ovom smislu prije i nakon same obuke. Motiv samog is-
trazivanja je ¢injenica da i nakon 2004. godine, kada je doslo do uvodenja ISPS Kodeksa,
nije doslo do znacajnog napretka u pogledu zastite od rizicnih opasnosti u pomorstvu.
Formiran je upitnik koji je trebao dati odgovore na brojna pitanja koja se odnose na bezb-
jednost u pomorstvu. U nastavku slijedi detaljnija analiza sprovedenog istraZivanja i rezu-
Itata ostvarenih na Fakultetu za pomorstvo Kotor.

5.1. Metodologija istraZivanja

Predmet istrazivanja u ovom radu su svi relevanti aspekti bezbjednosti koji su defini-
sani u okviru 6 osnovnih kategorija obuhvacéenih u istrazivackom upitniku:

. Poznavanje medunarodne i nacionalne regulative,

. Poznavanje bezbjednosnih prijetnji u pomorstvu,

. Kontrola i provjera ispunjenosti ISPS-a, op$ta znanja,

. Kontrola i provjera ispunjenosti ISPS-a, odgovornosti Institucija,

. Kontrola i provjera ispunjenosti ISPS-a, ljudski resursi,

. Kontrola i provjera ispunjenosti ISPS-a, duznosti.

U namjeri da se dobiju kvalitetni odgovori, kandidatima su proslijedeni anonimni
upitnici, pri ¢emu svaki sadrzi 30 pitanja. Ispitanici su bili svi kandidati koji su pohadali
obavezne obuke u pogledu bezbjednosti, a koje su se tokom 2014. godine odvijale na
Fakultetu za pomorstvo u Kotoru. To su bili studenti Fakulteta, srednjoskolci, kao i ve¢
afirmisani pomorci u oficirskom zvanju ili niza posada (kuvar, konobar, elektricar, kormi-
lar, mazac i td). Istrazivanjem je obuhvaéeno ukupno 200 ispitanika koji su bili podijeljeni
u dvije kategorije. Prva kategorija je strukturirana prema kriterijumu duZzina radnog staza,
odnosno vrijeme provedeno na brodu. U tom smislu su analizirani podaci o onima koji
uopste nemaju iskustva, koji su imali od 0-5 godina iskustva, te onima koji su na brodu
proveli od 5-10, 10-20, 20-30 i viSe od 30 godina plovidbe. Ovdje se prevashodno misli
na kumulativno vrijeme, odnosno plovidbeni staz pomorca na brodu i vrijeme provedeno
izmedu plovidbi na kopnu.

Druga kategorija pomoraca formirana je u skladu sa njihovom pozicijom na brodu,
odnosno prema kriterijumu steCenog zvanja na brodu. U tom smislu je identifikovano
nekoliko grupa pomoraca koji su skladno brodskoj sistematizaciji podijeljeni u odjeljenje
palube i odjeljenje brodskog masinskog kompleksa. Prema tome, u svakom od ovih grupa
su se razmatrali oni koji se prvi put ukrcavaju na brod (asistenti i kadeti), ostalo osoblje
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(kuvar, konobar, mazac), stru¢no osoblje (kormilar, elektricar), oficiri (trec¢i, drugi i prvi
oficir palube i stroja) kao i zapovjednik odnosno upravitelj. Na ovaj nacin je istrazivano
postojece znanje i svijest pomoraca o bezbjednosti, zavisno od starosne kategorije i od
postojece pozicije na brodu.

5.2. Analiza rezultata

Objedinjavanjem sakupljenih odgovora od strane ispitanika, dobijeni su podaci o
procentualnim vrijednostima ta¢nih odgovora u odnosu na: a) godine plovidbe (Slika 2),
b) kategoriju pitanja (Slika 3), i ¢) poziciju na brodu (Slika 4).

PROCENAT TACNIH ODGOVORA U
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Slika 2. Procenat tacnih odgovora u odnosu na godine plovidbe

Analizom podataka uocava se da nezavisno od vremena boravka na brodu, broj tacnih
odgovora ne prelazi 50 %. Preciznije, ta¢ni odgovori se kreéu u granicama od 33 do
maksimum 42 %, pri ¢emu najvece znanje ispoljavaju oni koji su na brodu proveli 5-10,
odnosno 10-20 godina plovidbe. Oc¢igledno je da savremene generacije prihvataju nove
trendove i propise i dublje ulaze u shvatanje mjera i propisa koji se odnose na bezbjednost
u pomorstvu. Ipak, zacuduje podatak da sa povecanjem plovidbenog staza od preko 20
godina taj nivo znanja opada §to moze zavisiti od starosne strukture pomoraca i njihove
pozicije na brodu. Naime, ukoliko je u pitanju veci broj neoficirskog kadra onda njihovo
nepoznavanje materije drasti¢no utie na pad tacnosti odgovora.

Kada se posmatraju 6 odgovarajuéih kategorija pitanja (Slika 3), onda se moze kon-
statovati da jedino za prve dvije kategorije pitanja imamo vrijednosti taénih odgovora na
nivou preko 50 %. Ostale kategorije pitanja, koja se odnose na samu primjenu i sustinu
bezbjednosnih mjera koje se ispoljavaju kroz primjenu ISPS Kodeksa imaju vrijednosti
ispod 50 %. Ono §to svakako ne ide u prilog sustini same primjene jeste nepoznavanje
kljuénih odrednica ISPS Kodeksa koji se odnosi na institucije, odnosno odgovornosti i
ovlas¢enja, Administracije, brodarske kompanije i luke. Podaci sa dobijenim vrijednosti-
ma manjim od 10 % su vi$e nego zabrinjavajuci, iako je sveobuhvatno poznavanje ISPS-a
na nivou od 30 %.
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Slika 3. Procenat tacnih odgovora u odnosu na 6 razmatranih kategorija: 1 — Poznavanje medun-

arodne i nacionalne regulative, 2 — Poznavanje bezbjednosnih prijetnji u pomorstvu, i Cetiri oblas-

ti pitanja iz Kontrole i provjere ispunjenosti ISPS-a: 3 — opsta znanja, 4 — odgovornosti Institucija,
5 — ljudski resursi, 6 — duznosti

Dostupne informacije o poznavanju pomorske bezbjednosti, analizirane prema godi-
nama plovidbenog staza pomoraca mogu dati pogresnu sliku o sveobuhvatnom poznanju
pojedinih kategorija pitanja, stoga analiza po kategorijama ste¢enog zvanja pomoraca na
brodu svakako moze dati jednu jasniju sliku o postojecoj svjesnosti o bezbjednosti.

Slika o postojecoj svjesnosti pomoraca o bezbjednosti broda i luka moze biti upotpun-
jena analizom njihovog postojeceg znanja, i to u odnosu na pozicije koje imaju na brodu
(Slika 4).
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Slika 4. Procenat tacnih odgovora u odnosu na pozicije na brodu: 1 — jos uvijek nisu plovili
i nemaju poziciju, 2 — kadeti (paluba), 3 — kadeti (stroj), 4 — ostalo osoblje, 5 — strucno osoblje
(paluba), 6 — strucno osoblje (stroj), 7 — Il oficiri, 8 — 11l inZenjeri, 9 — Il oficiri, 10— Il inZenjeri,
11 — 1 oficiri, 12 — I inZenjeri, 13 — Zapovjednici, 14 — Upravitelji
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Analizirani podaci ukazuju na znanja onih koji prvi put idu na brod, neoficirskog i
oficirskog kadra na brodu. Podaci pokazuju da oni koji imaju plovidbeni stazZ i koji spadaju
u ostalo osoblje broda (neoficirski kadar) imaju najnizi nivo znanja o bezbjednosti. Naime,
oni poznaju postojece prijetnje i duznosti, ali odgovori na ostala pitanja iz upitnika ¢ine
da njihovo ukupno znanje o svim istrazivanim kategorijama bezbjednosti bude na nivou
28,71 %. Ovaj nivo znanja je nizi od 35 %, a koji se odnosi na znanje tek afirmisanih
pomoraca (38 % za kadete 1 33 % za asistente).

Nadalje, podaci ukazuju da nivo znanja raste sa pozicijom na brodu, tako da najvece
znanje pokazuju oni koji su na najodgovornijim funkcijama, tj. zapovjednici broda. Oni
iskazuju znanje na nivou od 50,56 %. Podaci bi bili sigurno veéi da udio poznavanja
regulative u dijelu primjene ISPS kodeksa kod ove grupe ispitanika nije na nultom nivou.
Upravitelji stroja imaju neSto nizi stepen ta¢nosti odgovora, odnosno 37 %, dok oficiri
palube, bilo drugi ili prvi oficiri imaju iskazano znanje na nivou od oko 45 %. Ovo je i
razumljivo, ako se ima u vidu da su mjere bezbjednosti uglavnom u nadleznosti odjeljenja
palube.

6. ZAKLJUCAK

Ova analiza pokazuje da je znanje i svjesnost postojeceg pomorskog kadra o bezbjed-
nosti u pomorstvu na relativno niskom nivou, ako se uzme u obzir postojeca regulativa i
postojece mjere koje se preduzimaju u dijelu bezbjednosti jos od 2004. godine.

Utvrdivanje minimalnih bezbjednosnih standarda nije bio garant povecanja sigurnosti
jer je trebalo obezbijediti odgovarajucu edukaciju, te dosti¢i minimalne standarde i kom-
petencije u procesu obuke i sertifikacije. Takode, bilo je potrebno kreirati Siroku mrezu
kontrolnih institucija, Administracija, Vladinih ustavnova, klasifikacionih drustava i osig-
uravajucih kuca koje bi vodile ra¢una o posStovanju utvrdenih standarda sigurnosti.

Rezultat analize svakako potvrduje potrebu stremljenja i namjere, da se dodatnim obu-
kama podigne svijest o bezbjednosnim prijetnjama pomorstvu, kao i duznostima i odgov-
ornostima pojedinih odgovornih lica u komandnom procesu na brodu.
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Cno6onan ITYPUR*

3HAYAJ TEXHUYKO-TEXHOJIOWIKOI' PA3BOJA HA
BE3BEJIHE YCJIOBE PAJIA

Pe3ume: Jla Gu ce MOrao pasymMeTd IpoOJIeM KOjH JOHOCE HOBE TEXHOJIOTHje Y OIHOCY Ha
6e30e/He yCII0Be pajia, y paay Cy NPHKa3aHH Pa3IMYMTH KOHLEHTH MPOU3BOJIHUX MPOLeca, OYeB
071 MaHy(aKTypHOT, MHIYCTPUjCKOT M PauyyHapCKO-WHIYCTPHjCKOT [0 IIOTIIyHE ayTOMaTH3aluje
nporeca MpousBoImke. Y CBHM OBHM IPOLECHMA MPOM3BOAIC YCIOBH pajia Cy €€ MEHAIH Y
NOTJIey CMambekha (DU3MYKOT Hamopa pajJHUKa, JOK Cy Ce IOrOpILIaBaju y IOINEAY HEroBOT
cuxo(U3NONIOMKOr onrtepehiema. Paziaor oBome je yOp3aHH TEXHHYKO-TEXHOJIOIIKH Pa3BOj KOjH
je I0Beo N0 MpOMEHa y caapkajy M KapakTepy JbYACKOT pajia, Ka0 CacTaBHOT €JIEMEHTa CBAKOT
MIPOU3BOJHOI TEXHOJIOMIKOT CHCTeMa. [IpHKa3aHu Cy NO3WTHUBHU M HEraTHBHH (DaKTOpH Koje ca
co0OM JIOHOCE HOBE CaBpeMEHE ITPOU3BOHE TEXHOJIOTH]E.

Kmyqﬂe peun: TEXHOJIOIIKH pa3Boj, TCXHUYKHU CUCTCMHU, ayTOMaTI/ISaIII/Ij a, OITaCHOCTH U ITCTHOCTH
Ha paJHOM MECTY

THE INFLUENCE OF TECHNICAL AND
TECHNOLOGICAL DEVELOPMENT ON SAFE
WORKING CONDITIONS

Abstract: In order to understand the problem that new tehnologies bring in relation to safe
working conditions, this paper presents different concepts of production processes, starting with
manufacturing, industrial and computing processes to a complete automation of the production. In
all of these production processes working conditions have changed in terms of reducing the physical
effort of workers, while they worsened in terms of psychophysiological stress. The reason for this
is the rapid technical and technological development that has led to changes in the content and style
of human labor. This paper points out the positive and negative factors that new modern production
technologies bring.

Key words: technological development, technical systems, automation, workplace risks and
hazards
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1. YBOJ

[To3uTHBHA cTpaHa pa3Boja HOBUX TEXHUYKHX CHCTEMA OJJTHOCH CE Ha CMarhEHhe MOBPEa
MEXaHWYKOT' JIejCTaBa, ajld Ce 3aT0 HeraTtuBaH ()aKTOp OJHOCH Ha ICXO(MHU3HOJIONIKA
ontepehema paJHUKa Ha PaJHOM MECTY.

Amnanusa mpobiemMa Koju ce 0JJHOCE Ha CTBapambe 0e30eHUX yCIoBa paja y MHOTOME
3aBUCH O]l TEXHHYKO-TEXHOJIONIKOT pa3Boja, KOju o0yxBara HauyuWHe yHampehjerma
mocrojehe u cTBapame HOBE TEXHHUKE U TEXHOJIOTH]€, OHOCHO MMO0O0JBINIAaBahe MMOCTOjehinx
U yBoh)ere HOBHX TEXHHUYKHX PCHICHa M METONA MPOU3BONIEE Koju 00e30ehyjy Oospu
cucteM 0e30eTHOCTH Ha PaTHOM MECTY.

CymtuHa OBOT paja je Aa ce ykaxke Ha mpoOiieme 0e30eIHOCTH Ha pajay y 3aBUCHOCTH
071 pa3Boja TEXHWYKHX cucreMa. KBalINTaTHBHU CKOK y pa3BOjy TEXHHUYKHX CHCTEMa
HacTaje MejieceTuX ToANHa MPONUIoT Beka. Pa3Buja ce TeXHNKa pauyHapa 1 10jaBJbyjy ce
MalHe 1 ypehaju Koju uMajy ayToMaTcKoO yIpaBJbame. Y 0OBOM CIIy4ajy IPECYIHY YIOTy
“Ma HyMepH4Ka KOHTpOJIa yIpaBibamka MalliHaMa.

Baxan yTunaj Ha pa3Boj TEXHHYKO-TEXHOJOIIKHUX CHCTEMa MMajla je WHIYCTpHjcKa
Ipou3Bo/Iha. MHIyCTpHjcKa MPOU3BO/IHha ITPEACTaBIba yBO)CHE HYMEPHUKOT yIIPaBIbatbha
TEXHUYKHM CHUCTEMHMa, KOJUM C€ IOCTHXKE ayTOMaTrcKo yIpaBibambe 0e3 (U3MIKOr
ontepehema 1 3aMapara pajHuKa Iope;] MamuHe. IHTeH3MBaH pa3Boj €JIEKTPOHHUKE CBE
Bure omoryhasa ayromarcko ymnpasibarmse ITporecoM npousBoame. [loceban mompuHoc
OBaKBOM ITPOLIECY NMPOU3BOAE M Pa3BOjy TEXHWYKO-TEXHOJIOIIKOT CHCTEMA OIVIeia ce Y
TOME IITO je 0Baj CHCTEM IIOCTA0 JIocTa je(hTHH, oy3/1aH 1 oMoryhasa JlakIiie 0OCTBapHBambe
TEXHUYKHX pelletha 3a 0e30e/1He ycioBe pajga. YBohemeM ayToMaTn30BaHUX TEXHUUKUX
cHCcTeMa y POIEC IPON3BOAE Y OTITYHOCTH CE MOXKE SIMMHUHICATH PUCYCTBO PaJHAKA
(omeparopa) y 30HaMa OIACHOCTH. YTPOXKEHOCT pajHuKa o Moryhux mnoBpehuBama
MEXaHWYKOT JIejCTBA, KAa0 M PH3MLM O] JAPYTHX INTETHOCTH, CBEIACHU Cy Ha HajMamby
Moryhy mepy.

CarnenaBameM CaBpPEeMEHHUX JTOCTHTHYHA ¥ HACTAINX MPOMEHA Y JIOMEHY Jerpaaaruje
MpHUPOZIe, yodaBa CE CBa Tparvka YTONHCTHYKHX (HIo30(pHja NmoMMama KBAIHTETA
YOBEKOBOT kMBOTa. C TUM y BE3H, TEXHUYKO-TCXHOJIOIIKH Pa3BOj C€ y NMBAACCT MPBOM
BEKY MOXKE cariesiaTé Kpo3:

e mioOayiHe MPoOIIeMe OTICTaHKa,

® MPOIEC MPUPOTHUX M BEIITAYKUX CUCTEMA, H

® Da3BOj HOBHX TEXHOJOTH]a.

OcHoBe pa3Boja TEXHUYKO-TEXHOJIONIKMX CUCTEMa y TIEpHOJy KOjH j€ M3a HaC YUHMIIE CY:
e 3a0my/e Aa cy MpUPOIHH pecypcu OECKOHAYHO BEJIHMKHU U Ja Pa3BOj TEXHUKE U
TexHosoruje Hehe U3a3BaTH NpOMEHE cTama y onocdepn;
e HayyHa ca3Hama Koja Cy OAroBapajia MpOU3BOJHUM TEXHOJIOTHjaMa, U
® TEXHWYKO-€KOHOMCKH KPUTEPHjyMH BPEIHOBaMba MPOU3BOJHUX TEXHOJIOTH]a,
0a3upaHuX Ha IOXJICIH YOBEKA.
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[Mocneauiie OBaKBOT pa3Boja Cy:

e camienaBame BpeMeHa Onucke OynyhHocTn y koMme he OMTH UCHIPIIJbEHN PUPOIHH
pecypcu rpaiuBHUX U CHEPreTCKUX MaTepHjaia, u

e 030mbHU TIOpeMehaju cTama ouochepe u agapmupajyhe, CBe MporpecUBHHjE,
HECTajare YATABHX €KO-3ajC/HHIIA.

YOp3aHu TEXHHYKO-TEXHOJIOUIKHM MPOTrPeC YCIOB/LEH Pa3BOjeM HOBHX TEXHOJIOTH]a,
Marepujaja ¥ HHPOPMAIMOHUX CHCTEMa JIOBEO j€ 0 MPOMEHA Y CajpXkajy U KapakTepy
JBYICKOT pajia, Ka0 CacTaBHOT EJIEMEHTAa CBAKOT MPOM3BOMHOT TEXHOJOIIKOT CHCTEMA.
[Tpou3BOMHK TEXHOJIOMIKA CHCTEM Kao CKyIl YIa3HHX eleMeHara (MaTepujai, CpecTBa
paja, IpOjeKTOBaHE TEXHOJIOTH]E, JbYIACKH Pajl) ¥ H3JIa3HUX eleMeHaTa (TOTOBH IPOU3BOIN)
j€ OKpYXEHe KOje MPecyIHO yTHYe Ha MPOjeKToBamke cucTeMa 3amrute. Kakas hie cuctem
3aIITHTE J1a C€ MPUMEHU 3aBUCH O] OMACHOCTH U MITETHOCTH KOje ca COOOM HOCE HOBE
texHomoruje [1].

OnTuManHa pacrmojena GpyHKiUja u3Mel)y 4oBeKa ¥ MaIlllMHE yKa3yje Ha pellaTUBHE
NPEAHOCTH YOBEKA y OAHOCY Ha MariuHy. YoBeK je jequHHM CrocobaH jaa pearyje y
NPOMCHJPUBUM YCJIOBMMAa W MPOHAJNa3W HajpallMOHANHU]ja pEIlIcHha 3a H30eraBame
MOTyhnX OMacHOCTH M LITETHOCTH. MeljyTHM, MaliHa MCTOBPEMEHO MOXKe 00aBJbaTH
BUIIIC PA3IMYATUX OMEpalrja U MPUMATH pa3InduTe WHPOpMAIlHje, 0K YOBEK pearyje
CIIOpHje M TMaXkha MY je YCMepeHa Ha jemHy Omepalyjy Kojy 00aBiba. Y TOM MOIVICTY
MaIlIHHE KOje C€ KOPHCTE Y MPOIIECY MPOU3BOAHEC UMAjy MPEAHOCTH ¥ OJHOCY Ha YOBEKA.
OBe NpeIHOCTH MAIIMHE CE OTVIeNIajy jOIl M y TOME IITO CBOjUM IepdopMaHcaMa pearyjy
Ha CBE 3amare mapamerpe W (akTtope KOjU Cy HCIOJ Mpara OCET/bHBOCTH YOBEKOBHX
YyJIHUX OpraHa.

Pa3BojHe MOryhHOCTH TEXHOJIOIIKE OIIpeMe CTBapajy pacKkopak u3Mel)y HoTeHIMjaHIX
MOryhHOCTH MalMHe M KpajHUX NCHXO-QU3MYKUX MoryhHocTH 4YoBeka. Y BehuHM
cllydajeBa, MallliHA CMambyje 3aXTCBE YOBEKa Y (DHU3UOJIOIIKOM IOIVICY, ajld X 3HATHO
nosehasa y ncuxonomkom. [Tonaszehn ox yoBekoOBUX HeocTaTaka y OAHOCY Ha MAIHHY,
NPY NPOjEeKTOBakby U KOHCTPYKIMjU MalllMHE Tpeba HACTOjaTH Ja ce CBE OHE oIepalyje
KOje TpeBa3miase rPaHuIly MCUX0—(pU3NIKIX MOTYNHOCTH YOBEKa MPEHECY Ha MAIIHHY.
Ha Taj naunn he ce nponahu HajmoBosbHHje MOrYhHOCTH 3a ONTUMAaNHY W e(dUKACHY
Melhjy3aBucHOCT yckinaljeHocTH 0e30eHOT OfIBHjama paja y CHCTEMY ,,Y0BCK-MallliHa ",
JIeTajbHUje naro y [2].

2. PA3BOJ TEXHUYKUX CUCTEMA

3a cMamee MPOM3BOAHUX TPOIIKOBA 10 jEANHHIM MTPOM3BOA, OMIIO je HEOIXOTHO
KOHCTpYHCATH MallIMHE CrienijaHe HameHe. OBe MaluHe cy uMaste GpyHKIH]jy J1a 00aBIbajy
ayTOMarcK{ pajHH LUKIyc Oe3 I1MoTpede HEIOCPeIHOr aHTaXoBama pagHuKa. [IpBe
CIeljajlHe MAaIIMHE Cy MMaJle CTPOro HaMEHCKY (PyHKIMjy W TO MCKIJBYUHMBO 32 U3paIy
IIpeAMeTa jeqHOT THHa. MallnHe NpojeKToBaHe 1a 00aBbajy camo oapeheny QyHKuujy
ToKazaje Cy NMPEeAHOCTH HE CaMo ca IVIEAMIITA EKOHOMUYHOCTH M IPOAYKTHBHOCTH, Beh
W ca IIeJUIITa UCIyhaBama cBe Behix 3axTeBa y mormieny TauHOCTH, Mamber (QPU3NIKOT
ontepehema panHKa 1 yTUIlaja Ha Oe30e/1He yCcIIoBe paja.
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Pa3Boj TEXHUYKUX CHCTEMa MOXE CE CaryielaTd KPo3 TPH KapaKTePUCTHIHA MEPHO/IA,
KOjU C€ OJHOCC Ha pa3B0j: YHUBEP3AJIHHUX, CIICI[H]jaIM30BAHUX U ayTOMaTH30BaHUX
MalliiHa. Y JHOCY Ha MOMEHYTE TEpUOjie Pa3Boja TEXHHYKHUX CHCTEMa, Y BPEMCHY Y
KOMeE )KHBHUMO, BJKHO je McTahin pa3Boj ayToMaTH30BaHUX MallnHa. Pa3Boj oBUX MamIiHa
YCJIOBHO j€ CacBMM JAPYTH HA4YWH MpoIeca pajaa U YIore Kojy pamHWK UMa Ha PajHOM
mecty. [IpuMeHa ayTOMaTH30BaHMUX MaIllHHA CYNITHHCKH je IPOMEHHJIA YCIIOBE pajaa u
0e30emHOCT Ha pagHOM Mecy. [IpoMemeH je y3ajaMHH OJHOC KOopuIihema MalliHa Off
CTpaHe paJHHKa, OJIHOCHO MEHha CE MECTO, II0JIOXKA] U YJIOra paJHHUKa y PaJHOM MIPOCTOPY
IpU ONCIyXKMBawy MaimnHe. Ha oBaj HaumH, 300T U3MEHEHUX YCIIOBA Paja, CMambeHa
je MoryhHoOCT yrpoxaBama paaHuka y (HU3UUKOM IMOIVICAY, ajld je 3HATHO moBehaHa y
TICUXOJIOIIKOM onTepehemy.

Jabym pa3BOj TEXHHMYKMX CHCTEMa CTBapa packopak wu3Mel)y NOTeHIMjaIHuX
MOTyhHOCTH MallMHe W KpajlbuX MNCHXO-(QU3MYKUX MoryhHocTh uoBeka. Y Behunm
cllydyajeBa, MalllHa CMambyje 3aXTeBe YOBeKa y (U3M4YKoM omntepehemy, alu UX 3HaTHO
nosehasa y ncuxonomkom norieny. [Tonaszehu o 4oBEeKOBHX HeAOCTaTaKa y OHOCY Ha
MalluHy, IpY MPOjEeKTOBakY W KOHCTPYKIMjU MallliHe Tpebda HACTOjaTH Jia ce CBE OHE
olepalyje Koje npeBa3uia3e rpaHully ncuxo-(pu3nykux MoryiHOCTH 4oBeKa IpeHecy Ha
MaIluHy, IeTajbHuje naro y [3].

Ogne je morpeOHO HcTahM 3HAYajHE pa3ivKe Koje MocToje u3Mel)y MHIyCTpHjcke
IMPpONU3BOAKLC Ca YHUBECP3aJIHUM MalllMHaMma, CHCL[I/Ij AJITHUM MalllMHaMa U ayToOMaTu30BaHUM
mamuHama. [lomaszehn on ose mmobanHe monene MamiuHa (YHHBEp3alHe, CIELUjaiHe
W ayTOMaTH30BaHE), JI0JIa3H Ce JIO0 Ca3Hama Jia C€ OIMCIYXKUOIl (OTiepaTop) MalluHe CBE
BUILIE YaJbaBao OJi OIACHOT MPOCTOpa, MITO ce MaHU(]EeCTyje cMambUBambeM PU3UKA O]
noBpehrBama MEXaHHYKOT JIejCTBA.

3. OIIACHOCTH U HITETHOCTHU ITPOY3POKOBAHE PA3BOJEM
TEXHUYKUX CUCTEMA

3aBHCHO O]l BPEMEHCKOT IIepHOfa TEXHHYKO-TEXHOJOIIKOT pa3Boja ONACHOCTH M
LITETHOCTU cy pa3nuuure. Ha modeTky Hpomuior Beka TEXHWYKH CHCTEMH Cy HMalH
HajBehM yTHIA] Ha OMACHOCTH 3a paJHUKE O] MEXaHWYKHX IIOBpEeAa, 0K Cy Apyre
OITaCHOCTH M INTETHOCTH Omiie Oe3HauajHe. MehyTum, Ha Kpajy ImpOILIOT BeKa pa3Boj
TEXHUYKUX CHCTEMa JIONPHHEO jeé NPOMEHH HayMHa M YCJIOBa paja, Tako Ja U PU3HK Ha
pPagHOM MeCTy IIoNpuMa Ipyrd Kapakrep. Kopuinhemem HOBHX TEXHHYKHX CHCTEMa
HMHTEH3UTET OIIAaCHOCTH O] TIOBPENa MEXaHWYKOT 1ejCTBA jé 3HATHO CMAbEH, ajll Ce 3aTO0
3HaTHO MMoBehao MHTEH3UTET NMCUXO(HU3MOIOMIKMX MpodiieMa ca TeHISHIHjOM CTaJTHOT
nopacra [3].

JlBaneceTH Bek je BpeMe y KOMe Cy ayTOMaTH30BaHU IPOU3BOIHU CUCTEMH J0XKHBEIH
CBOj IyHU pa3BOj a HAPOYMTO Y JIPYTOj MMOJOBHUHM OBOT BEKa Kaja ce MOYHEY MacOBHO
KOPHCTHTH padyHapH 3a yIpaBJbambe MPOLEeCcOoM Mpon3Bombe. Ha ocHOBY aHamm3e ycnosa
palia ¥ TEXHUYKO-TEXHOJIOIIKOT Pa3Boja y MPOLIOM BEKY MOXKe ce KoHcTaroBary cienehe:

*  VBoheweMm ayToOMaTU30BaHMX TEXHHYKHUX CHCTEMa YOBEK CE CBE BUILE ylasbaBa
01 OIIACHOT MeCTa pa/sia, IpH YeMy Cy U MOBPEe MEXaHWYKOT /ISjCTBA CBEJICHE Ha
MHUHHUMYM WX Cy y MOj€INHUM TEXHOJIOTHjaMa MOTIYHO eTMMUHHUCAHE.
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o  KopurihemeM ayToMaTH30BaHUX TEXHUYKU CHCTEMA U3MEHEHH Cy YCIIOBH Pajia,
panHuk je Gu3n4YKu Mame ontepeheH, 0K ce NMCUXUYKa onTepehiema 3Ha4ajHO
yBehaBajy, mTO ce MaHU(ECTyje HarIUM IOpacTOM IMpolieMa MCHXOJIOIIKE
npHpoIe.

e  Ayromaru3ainyja npoieca paja J0BOAU J0 HecayheHUX pa3Mepa npepaje CBUX
BpCTa MaTepHjaia, ITo ce MaHudectyje cee Behinm 3araljemeM paaHe U KHUBOTHE
cpenune. [locneanna oBor crama je BeoMa HU3pakeH MOPACT HWHTEH3UTETa
OIIACHOCTH OJ] Pa3InYUTHX MPO(PECHOHATHUX OONECTH.

o  TexHONOMIKK Pa3Boj TMEAECETHX TOANHA MPOLLIOT BEKa JOMpPUHEO je mosehamy
yTHUIaja ITETHOT 3payekha.

e VYV HapejHOM NEpUOAY TEXHHYKO-TEXHOJIOUIKH Pa3B0j UMa JOMHUHAHTAH YTHIIA]
Ha LITETHO JejcTBO Oyke W BHOpaiuja, Koje Tpeda peliaBatd NPHIHMKOM
KOHCTPYKIIMj€ TEXHUYKUX CHCTEMA.

Ha ocHOBy wu3HeTHX KOHCTaTaldja MONa3d ce 70 Ca3Hama Ja Cy Ce Y3pOIH
noBpeljuBama paJHUKa U yrpoXKaBarmba IkeroBOr HHTErPUTETA MEMHAITU Y 3aBUCHOCTH OfI:
®  pa3Boja TEXHUYKO-TCXHOJIOIIKAX CHCTEMA,
e  Opra"u3amnyje paaa, u
®  JIPYINTBEHO-OPTaHM3AIMOHOT CHCTEMA Y JOMEHY €KOHOMHjE, COIMjaTHUX
OJIHOCA, TIPaBHE PETYJIATHBE U JIp.

TexHMUYKH CHCTEMHU KOjU C€ KOPHCTE Y TIPOIECY MPOU3BO/IHHE TeHEPHUIITY ONTACHOCTH U
HITETHOCTH YHjU CE CTEIICH MOXKE M3Pa3uTH ciieiehoM (QyHKIIMOHATHOM 3aBHCHOIIY, IIITO
je neraspHuje naro y [1, 4]:

So§: f(Mn’ Eo’ Fﬁ’ Hé’ Koé)
e cy:

e M, - 0OmacHOCTH O]l MEXaHWYKMX MOBPENA PAJHUKA U3a3BAHE OJl TIOKPETHHX
JieTIoBa MalIvHe 1 ypehaja (HIp. moBpesie pyKy U APYTUX JIeJIoBa Tejia y OlacHUM
30HaMa);

e E, - omacHoCTH 011 €HEPreTCKOr H3BOPA KOJUM CE TEXHUYKU CHCTEM Haraja (HIp.
eJIeKTpUYHA CHEPIHja, TOIUIOTHA CHEPTHja, U 1Ip.);

e F, - husuuke mTEeTHOCTH KOje HACTAjy PaJoM TEXHMYKUX cucTema (HIp. Oyka,
BUOpaIuje, 3pauce);

e H, - xemujcke WITETHOCTH KOj€ HACTajy TPHM TEXHOJOIIKOM IPOLECY paja
TEXHUYKHX cUcTeMa (HIIp. OIlacHEe MaTrepHje, FacoBH, I1apa, MpalivHa U CIMYHO)

e K .- KOMOMHOBaHE OMACHOCTH H IITETHOCTH KOj€ MOTY TIPOY3POKOBATH TEXHUYKH
CHCTEMH CBOJHM paJioM.

4. 3HAYAJ PA3BBOJA AYTOMATH30BAHMX CUCTEMA HA
BE3BEJIOCT

VYTpoxKeHOCT pajHUKa KOjH OICIYXyje MalliHy 3aBHCH O CTClIeHa HbCHE
ayTomaru3anydje. YKOJIHMKO Ce€ I[OocMarpa CHUCTeM ,,90BEK-MallMHA“ Kao KHOEPHETCKH
TIPOIIEC (Npoyec npeHouierba, NPUMared, 0opade u 00asarea UHpopmayuja y 3ameopeHom
Kpyey), uH(popManuje ce Aele Ha OHE KOje MalllMHA IMpYKa YOBEKY M OHE KOjeé JOBEK
npyxa MamuHH. [Ipy ToMe je Kpyr MOTITyHO 3aTBOPEH, jep PeaklHja YoBeKa IPEACTaBIba
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,»yJIa3HU MoJlaTak™ 3a MaIllMHY, a JICjCTBO MAIllMHE ¥ CUTHAIHUX ypehaja ,,yna3Hu mogarak™
3a 4YOBEKa, IcTaJbHUje naro y [4].

Pa3Boj ayromaTri3oBaHuX CHCTEMa Y MPOM3BOABH JONPHHEO je Ja ce:
e  CMam¥ WM eIMMUHHIIE Y0 JbYICKOT TEIIKOT pajia y MPHU3BOIHOM IPOLECY;
®  CIMMMHHUILE YTPOXKEHOCT YOBEKa O] MOTYNHX TEIIKHX MMOBpE/a;
e  3AIITHUTH 3PaBJbE PaJHUKA Y IPOLECY MPOU3BOIIHE.

OcHoBa NOACTHIAja pa3BOja ayTOMaTH30BaHUX TEXHWYKHUX CUCTEMa Ce 3aCHMBA Ha
OrpaHMYeHUM MOTYHHOCTMMa M CIIOCOOHOCTH 4YOBeuHjer Tena. YoBek Moxe KpaTKo Jia
JOCTHTHE CHary of cca 4,56 kW, a HopMasiHO ayske BpeMe MOXKe Ja pajy ¥ TPOILY CHary
oz cca 76 W. IIpema ToMe 4OBEK MMa JTMMUTHpPaHa OTpaHUYEHa C aCIeKTa yTPOIIIKa CHare.
OBO orpaHuueHE je jouI HEMOBOJbHH]E Ka/la C€ MMajy Y BUAY YTHUIAj1 MUKPOKIMMATCKUX
yCJIOBa paJHe CpelUHE Ha YOBEKOBE CIIOCOOHOCTH (npomena memnepamype, 61axcHOCmi
u bp3une cmpyjarea 6azoyxa), AeTajbHuje narto y [5].

PajHuk Ha paHZOM MECTy HOPMAJHO TPOIIM eHeprujy Ha ¢usuuky nemarHoct (E)
v ymuu pax (E ). VkynHa eHepruja kojy pajHHK YTPOIIM Y TOKY jeJHOT pajHOr JaHa
jenHaxa je 30Mpy yTpolleHe eHepruje Ha (PU3UUKy AENaTHOCT U YMHH Paj. 3aBHCHO Off
TOTA 7€ € BUILIE YTPOIIU eHEepruja, MOXe ce TOBOPUTH O TOME J1a JIU ce paJl 00aBjba Ha
AyTOMAaTU30BaHUM WM HEAYTOMATU30BAHUM TEXHUYKUM CUCTEMHMA.

Ha npumep, ako KonmmumHa yTpOIIEHE SHEPrHje paJHHKAa Ha (U3WUKY AEITaTHOCT
Texu Hymd (E.— 0), a konnunHa yTpouleHe €HEpruje Ha YMHHM Pajl TEXH jETUHHIN

(E,~1), MmoxXe ce TOBOPHTH O TOME Jia C€ TIPOIIEC Pajia Ha PaJHOM MECTy 00aBJba momohy
ayTOMaTH30BaHUX TEXHUYKHX CHCTEMA.

Axo ce rnocMarpa MnuTambe 6636GI[HOCTI/I pagHruKa C QacClCKTa IbCTOBC (1)I/IBI/I‘IK€
YIPOXCHOCTH O TCXHUYKUX CUCTEMA y IMPOU3BOAHOM IIPOLECCY U MOFthOCTI/I Ja Z[Obe
J0 MMOBpEAC, Tala BEOMaA BaKaH 3Haqaj Ha 66366,I[HOCT I/IMajy AyTOMATU30BaHU TCXHUYKH
cucremu. Behu crenen AYTOMATU30BAHUX TCXHUYIKHX CUCTECMA y IPOU3BOABLH CC 3Ha‘lajHO
OJIpa’kaBa Ha CMACHC pU3MKA OA MCEXAHHUYKOI HOBpeI)I/IBaH)a - Jep CC paJHHUK cCa
nosehameM crenena ayTOMaTI/IBaLII/IjC CBC BHUIIIC Yy/iaJbaBa O/ OIIACHUX 30HA.

AyToMarn3anuja HHIyCTPUjCKHUX MPOIEca, y3 MUHUMAIHO MPUCYCTBO PAJHUKA TIOPE/
MalllHe, PECTaBba CTAIHN TPEHA Y Pa3B0Ojy MHAYCTPHjCKE IPOU3BOAE. AYyTOMATCKO
OZIBHjambe IIpoIieca MPOM3BOAE, TOpeN Tora INTo ociobaha pamHWKa Ol PyTHHCKOT
pana, o6e36elyje My TOBOJFHO BpeMeHa 3a KpeaTHBHE JICIaTHOCTH. Y ayTOMAaTH30BaHUM
IpolecuMa MalluHa je OpXa, Mpelu3HHja, CHAXHHja alli Marbe IMPUIaroijbuBa, JOK
j€ YOBEK CIIOPHjH, CKJIOH TpelIKama, PeJaTHBHO Ci1ad, alu je 3aTo MPWIATOAJBMB Ha
TIPOMEHJBUBE CUTYaIMj€ y TPOLECY paja.

[IpBa mpoyuaBama ayTOMaTW30BaHMX TEXHWYKHX CHCTeMa Omia Cy Be3aHa 3a
ONITHMAJIaH ¥ €KOHOMWYaH Ha4WH MpPOM3BOAE Oe3 nupekTHor ydemha paanuka. [Ipn
TOME je ayToMaTH3allyja Tpoleca paja TPeTHpaHa Kao CTEIICH Ha KOME j€ YOBEKOB paj
3aMEHEH MAllMHOM, a MEPEH je MPOM3BOANMA Kao M3JIa3HUM pE3YATaToM M3 CHCTEMA.
Melytrm, 32 00jeKTUBHY OIICHY NMPOM3BOJHHUX TEXHWYKHX CHCTEMa PA3IMYUTHX HHBOA
ayToMaTrH3anyje HEOIXOIHO je Mope]l MO3HaBamka MPONU3BOAHUX PE3YNTaTa, N3PAKEHUX
MIPOM3BOMIMIMA, cariefaTH M CBE Jpyre (akTope KOjH CE IUPEKTHO MM WHIUPEKTHO
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OZIp’KaBajy Ha YOBEKa M yTUUY Ha KBAJIHUTET HETOBOT XKHBJbEHA, Ka0 LITO Cy: 0e30eaH0CT
Ha PajJIHOM MECTY, KBaJIUTET PajJHE W XMBOTHE CpeluHe, ncuxo-¢pusnuko onrepeheme
paJHMKa, Kao ¥ 0J[pa3 Ha HEroBO 3[[PaBJbe U PH3HK KOjEM j& M3JIOKEH.

HoBu HauMH mpou3BoImbe Oazupa ce Ha: 3HaWy, HOBUM MarepujajiMa U HOBHUM
TEXHOJIOTHjaMa, IPUHIIUIINMA KBAJUTETa y CBUM (hazama pealn3oBama MPOHM3BOA MPH
4yeMy y cBUM (pazama M Ha CBMM MeCTHMa JIOMHHMpa IpHUMEHa padyHapa. M3 oBora ce
MOXKE KOHCTAaroBaTH Jia NMpUMEHa padyHapa oMoryhyje ayToMarusaiujy MpPOU3BOIHHUX
CHCTEMa Ca CTAJTHOM TEHACHIIMjOM CTBapama (NIEKCMOMIHUX, BUCOKO-ayTOMaTH30BaHUX
Y BUCOKO-TIPOIYKTUBHHUX MTPOU3BOJHHUX CHUCTEMA.

Jla Ou ce onakmiao Texxak paj, cBe je Beha mpuMeHa poboTa M ayTOMaTH30BaHUX
MIPOM3BOJHUX jSIUHMIIA, @ CBE MAhe MPUCYCTBO PATHHUKA Y HHIYCTPH]CKO] MPOU3BOIELH.
Ha oBaj HauMH paJHUK ce CBe BUILE yJaJbaBa O]l ONACHUX Mpolleca pasia U HEeros paj ce
CBOJIM Ha yNpaBJbauyke M KOHTPOJIHE (PYHKIMje TEXHHUKUX CHUCTEMa MOMohy padyHapa.
MehyTtum, nopes 100pHux CTpaHa KOje UMajy ayTOMaTH30BAHU TEXHHUYKU CUCTEMH MTOCTOjH
U HU3 HEraTWBHHX IMOCJEJMIAa OBHX CHCTeMa. JeJHa O] HEraTMBHHMX MOCJIEAMIA MO
panHuKa je HEeMpeKuIHO Kopuiiheme padyHapa 3a Bpeme paaHor BpemeHna. C 003upom
Jla ce YIpaBJbaibe TEXHUYKHM CHCTEMHUMa OJBHja y3 00aBe3HO KOpHUIINCHE padyHapa
paJHMK je MPUMOpPAaH Jia CeM Y NPUHYIHOM I0JI0Kajy 32 BpeMe PaJHOr BpeMeHa U MpH
TOME IpaTH MITa Ce JellaBa Ha eKpaHy MOHHUTOpA WIM THIIKA II0 TacTaTypu. 3a Bpeme
pana ouu cy ontepelieHe, KHUMa yrpoykeHa a 311000BH pyKy Takolje onrepehenu, mTo ce
MaHHUdecTyje nopactoM oboneBama u omrehema oprana Buia, KUIMe U 3171000Ba PyKy
paJHHKa.

[Topea nomMeHyTHX po0ieMa HOBH TEXHUYKH CHCTEMH HMajy BeoMa H3PakeH yTHIIaj Ha
ncuxogusnosorika ontepehema paguuka. Cenehin y NpHHYIHOM OJI0XKajy 3a padyHapOM
paJHMK BpeMEHOM IyOm Moh yodaBawa pasiuke naMel)y wiysuje u cTBapHOCTH, CBE ce
BuIre otyhyje ox npupose u ynabasa ol ApyKermba.

C 003upoM Ha pPeasHOCT JAHAIIBUIIC 1a MOCToje ,,padprke O0e3 Jbyau™, MTO 3HAYU
NPOU3BOJIHY CHCTEMH Y KOjHMa je OCTBapeHa IOTITyHa ay TOMaTH3al1ja, MOTY C€ 3/[BOJUTH
YeTHPH NIEPHOAIa OJ1 7100a NCKIBYUYHUBOT MaHYEIHOT pajia 10 TOTAIHE ayTOMaTH3allHje, U TO:

e [IpBu mepHoOm KapakTepuilne KOpuiheme ompeMe 3a paj Kao IITO Cy: pasHH
PY4YHH aJIaTH ¥ aJIaTKe, MEPHU MHCTPYMEHTH U CIIMYHO.

e Jlpyru nepuon KapakTepuiie Kopuiheme MOTOpa U MalllHa KOji CBOjOM CHAroM
BUIIIECTPYKO TPEBa3iia3e CHAry YOBEKa y3 HEMO3HaBame Mpobiema 3amopa
MEpEHO JbYIICKOM U3IpKIbHUBOLIhY.

o Tpehu mepuon kapakTepuiie KOpHUIINEHE OMpPeMe 3a pajl Koja je OlakKiaBaia
obaBpame onpeljeHUX pamHUX oOIepandja. YCTBapu OBa ompemMa 3a pajn
npeCTaBba MOYETaK MePHO/Ia IPBE ayTOMATU3allMje U MEXaHHU3allHje,

e UeTBpTH IEpHoA KapaKTepHIlIe KOpUIINeHhe TEXHUIKUX CUCTEMA KOjU ITPEY3UMajy
cBe (yHKIHMje pajHUKa, NPH YEeMy je OCTBapeH IOTIYHO ayTOMaTH30BaHU
npousBoaHu cucteM. OBaj mepron obenexaBa yBOheme MOTIYHO CaBPEMEHHUX
TEXHUYKHX CHCTEMa KOjH MOTIYHO STUMHUHHIIY NOTpeOy YOBEKOBOT aHT)KOBamba
y ompeheHoj MPOU3BOAHO] OIEpaIfji, OAHOCHO, ydaJbaBama paJHUKA W3
TPOU3BOTHOT TIpoIieca. Y TOTATHO ayTOMaTH30BaHMM CHCTEMHMA I7I€ je TIOTITYHO
OCTBapeHa ayTOMAaTH30BaHa MPOU3BOAKA ,,adpuke Oe3 Jbyau™, ciauka 1.
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Cnuka 1. Aymomamusosan npoyec npoussocroe y ghabpuyu aymomoobuna [6]

5. 3AK/bYYAK

Pa3Boj TEXHWYKO-TEXHOJOIIKMX CHCTEMa MeEHha KOHLENT YIOre pajHHKa Ha
pamHOM MeCTy y OAQHOCY Ha kopuinheme MalluHe. AHaTM3MpPaHW KOHIENT pa3Boja
TEXHHMYKHX CUCTEMa ITOJ[pa3yMeBa Jia Cy MPBO MalllMHe KopuiheHe kao noMoh pajHuKy y
IIPOM3BOTHOM IIPOIIECY, 3aTHM j€ paJTHUK I0CTA0 YIPaBJbad MAIIMHE U KOHAYHO JaHAIIbH
Pa3BOj TEXHUUKUX CHCTEMa Mopa3yMeBa Jja paJHUK caMo HaJriiena paji MalluHa.

HoBH TeXHUYKH CHCTEMH, KOjH CE TPUMEEHY]Y Y CABPEMEHHM MPOIIeCHMa MPOU3BOIELE,
oMoryhaBajy CKOpo NOTIYHY 3alITUTy pPaJHUKa OJf MEXaHHYKHX IIOBpela Ha PaHOM
Mmecty. Tako 1a je yBoljemeM ayTOMATH30BaHMX TEXHHYKHX CHCTEMA 3a/I0BOJHCH 3aXTCB
3alITUTE O MexaHWukor nospehuBama. MelyTiM, caBpeMeHH TEXHWYKH CHCTEMH ca
co0OM HOCe HOBE IPOOIIeMe KOjH JJOBOAE A0 O0JIecTH 1 mopeMehaja IcuxooniKe npupoe,
Kao MpOo(heCHOHATHOT PH3HKA.

Y npou3BOIHOM IMPOIIECY CBE CE BUIIEC KOPUCTE POOOTH U ayTOMATH30BAHU CHUCTEMU
KOjU 3aMembyjy paJHMKa Ha pajHOM MecTy. AyTOMaTH3alljoM TEXHOJIOIIKUX Ipoleca
yJIoTa palHiKa Ha paJlHOM MECTY je U3MEH-eHa Y OIHOCY Ha KJIaCH4aH MPOLIEC IPOU3BOALE.
Pagnuk je y mOTmyHOCTH 3amTHNCH 0] MEXaHWYKOT ToBpehuBama o7 JeyioBa MallliHa,
jep je yaaJbeH of mpolieca paja e HacTajy OMAaCHOCTH U IITETHOCTH, (DU3MYKH HATIOP
paJHUKa CEe CBOJM HA MHHHUMYM, JTOK Cy IICUXW4YKa onTepeherma 3HayajHo yBehaHa.

Ha kpajy ce MO)ke 3aKJbYUYHTH [1a M TOPE CTATHOT Pa3Boja TeXHUYKO-TEXHOIOIIKHX
cHCTeMa, joII yBEK HeMa amcollyTHO Oe30eqHMX, Koju Oum omoryhaBamu obOaBibambe
paJHuX OIepalyja a fa paJHiK Ha PAJHOM MECTY HHje YTpoxeH. Passor 3a HeaeKBaTHO
pemaBame npodiema 6e30eTHOCTH CaipKaH je Y KOMIUIEKCY MHOTOOPOjHHUX CyOjeKTUBHUX
(hakTOpa KOjU Cce OMHOCE Ha YOBEKa U 00jEeKTUBHUX (PaKTOpa KOjU CE€ OJHOCE HA TEXHUYKO-
TEXHOJIOIIKA Pelieha.
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KOHTHUHYAJIHO CITPOBOBEILE MEPA
BE3BEJHOCTHU U 3IPAB/bA HA PAY

Pe3ume: CBpxa W Wb IPUMEHE MPONUCAHMX AKTUBHOCTU IUIaHMPAha, JOKYMEHTOBAbA M
KOHTHHYaJTHOT CIIpOBOljema Mepa 0e30€HOCTH W 37[paBjba Ha pajay y OpraHH3aldju je Ja ce
6JIaroBpeMeHO youe CTBapHE WIM IOTEHIMjaJIHE HEyCarIalleHOCTH Koje OW MOoIiie JIOBECTH
JI0 TOBpeJa Ha pajy W YrpokaBara 3[paBjba 3allOCICHHX H y CKJIAAy ca THM, [PEIy3HMarbe
KOPEKTHBHHX WIIM IPEBEHTUBHUX MEPa PaJli OTKJIAhatha WK CIIPeYaBarmha HCTHX.

Uspana Tporpama u IllecroMecedHOr miaHa KOHTHHYAJIHOT mnpahiema, KOHTpoJia CIpOoBOhema
Mepa 6e30eHOCTH U 31paBJba Ha Pajy, BUIJBHBO JIMIAEPCTBO U KOHTPOJIA IIPUMEHE Mepa Ol CTpaHe
JMPEKTOPA/TIOCIOBOICTBA OpraHu3allije, yTBphuBame, u3Bplickhe U npaheme KOPEKTHBHUX Mepa,
W M3pajia nperiesa HeycanianieHOCTH, CaMo Cy HEeKe 0J] HH3a aKTHBHOCTH KOje€ CY OIHCAaHE Y OBOM
JIOKYMEHTY.

Kbyune peun: 6e30eqHOCT M 37paBibe Ha paiy, IPOrpaM, IIECTOMECEUHH IDIaH, KOHTHHYaJTHO
npaheme, KOHTpoIa.

CONTINUOUS IMPLEMENTATION OF SAFETY
AND HELATH AT WORK

Abstract: The purpose and objective of application of prescribed activities of planning,
documentation and continuous implementation of safety and health at work in the organization
is to timely detect actual or potential non-conformities that could lead to injuries and endangering
the health of employees and accordingly, corrective or preventive measures to eliminate or prevent
them.

The Production of the Program and the six-month plan for continuous monitoring, control
of implementing measures of health and safety at work, visible leadership and control of the
implementation of measures by the directors/management of the organization, establishment,
execution and monitoring of corrective measures and survey of non-conformities, are just some of
a series of activities that are described in this document.

Key words: safety and health at work, program, six-month plan, continuous monitoring, control

' Bogehwu cTpyunu capagauk 3a 6e30eqHocT u 3apasibe Ha paay, JIT ETIC/Texuunuku nentap HoBu
Can, bynesap Ocno6ohema 100, vladimir.vujcic@eps.rs
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1. YBOJA

OBaj mporpam je cacTaBHH €0 JOKyMEHaTa CUCTEMa YIIPpaBJbarba 3allITHTOM 3paBiba U
6e36eqH0CTH Ha pany (enrt. OH&S) kojuMm je y opranuzanuju nepuHNCaH, JOKYMEHTOBaH
Y MIPONKCaH HauYMH KOHTHHYyaJHOT npahema crpoBolema Mepa 6e30eHOCTH U 3]paBiba
Ha panxy (y naseem texery B3P).

OBuM 1mporpaMoM Cy TpONHCaHEe AaKTMBHOCTH IUIAaHHpama, OpraHu3alyje,
JIOKyMEHTOBakha, KOHTHHYyaITHOT npahemwa cripoBohema Mepa b3P y opranmsanuju kao u
W3BEIITABALE O Pe3y/ITaTHMa KOHTHHYaIHOT mpahema crpoBoljema mepa B3P,

CBpxa M IUb TNPHMEHE OBOI' Mporpama je Ja ce KOHTHHyalHuUM npahemem
cnpoBolema Mepa B3P y opranuzariju 6aroBpeMeHo youe CTBapHE MM ITOTCHIM]aIHE
HeycaraneHOCTH Koje 01 MOIJIe J1a JIOBeLy 10 OBpEa Ha pajay U yrpoXkaBama 3paBiba
3aI0CIIeHNX, OJHOCHO, Kako OM ce OiaroBpeMeHO mpenysese oaroBapajyhe KOpeKTHBHE
WM TIPEBEHTHBHE MEpe pajyl OTKIamkarba Wi CIIPeYaBarba UCTHX.

2. U3PAJA TIPOT'PAMA 3A KOHTHUHYAJIHO ITPAREIBLE MEPA
BE3BE/JTHOCTHU U 3[IPAB/bA HA PA1Y

Jlute 3a B3P uspahyje [Iporpam kontunyanHor mpahema crnpoBoheme mepa B3P y
OpraHu3alliju y CKiIaay ca [OAMIIBbUM IJIAHOM OCHOBHE MENaTHOCTH OpraHu3alldje.
IIporpam koHTHHyanHOr mpahema crpoBohema mepa B3P ce mspalyje 3a mepuonm ox
TONMHY JaHa, HajKacHHje 0 Kpaja Tekyhe rofuHe 3a Hapeauy.

[Iporpam koHTHHYaHOT Npahemwa ca P aKTHBHOCTH WITH PaJIOBe KOjU Ce TUIAHUPajy
Jla ce KOHTPOJHUIILY 32 OpraHU3alMOHE jeJUHUIIe HaBeleHe y [onuimimbeM IuaHy, Kao u
pangHe obOjekre HaBeneHe y loauinmeM ruiaHy. Y mporpamy ce HaBojie M pedepeHTHa
JIOKYMEHTa Ha Koje ce juiie 3a B3P mo3uBa npuInKoM IUTaHUPAaHUX KOHTpoJa cTama B3P,

2.1. M3pana llecToMeceyHOr IUVIAHA KOHTHHYAJHOT npahewa 0e30eHOCTH U
3ApaB/ba Ha paay

JIuue 3a B3P npunpema u u3palyje lllecromeceunu mian koHTuHyanHor npahewa b3P
3a CBaKHM HapeAHU LIECTOMECEUHHU NePHOJ Y TOAUHU IIpe T0UeTKa BPEMEHCKOT HHTepBaJIa.
VY miaHy cy HaBeJCHU IUITAHUPaHW TEPMHHU 3a akTuBHOCTH Jnna 3a B3P. OBaj mian ce
Jocrtassba Ciryx6u 3a 6e30€AHOCT U 3[paBJbe Ha paly y YIpaBU OpraHu3aluje, OXHOCHO
JUPEKTOPY OpraHu3aluje, y narniupHoj GopmMu myTeM moITe.

lecromeceunn 1uian ce u3palyje Ha ocHoBy Ilporpama koHTHHyasnHOT npahema
I7ie Cy HaBeJeHEe CBE aKTUBHOCTH KOHTHHYaJHOT Ipahema. OBaj IIecTOMEceuHH IUIaH
JeduHMIIEe IUIaHUpaHW Opoj KOHTpona o0jekaTa M OpPraHM3alMOHMX jEJMHHUIA IO
HeJlesbaMma 3a HaBeIeHH TIEPHO/.
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2.2. Konrpoaa cnpoBohema Mepa 6e30e1HOCTH M 3IPaB/ba HA Paay

KonTtpoiy crpoBohema mepa B3P Bpmm smne 3a B3P y opranusaunonoj jenuanmm,
OZIHOCHO OpraHu3anuju Ha ocHOBY I[Iporpama, lllecromecedyHor miaHa KOHTHHYaJIHOT
npahema WM Ha OCHOBY yKazaHe NOTpeOe, OIHOCHO BaHPEIHO, Y oxpeeHoM monmpydjy
npahema (OpraHn3anoHo] jeIUHHIH, 00]JeKTY WM PaJOBUMA).

Haxon m3Bpmiene koHTpose, y poky ox 3 (tpu) panHa nana Jlume 3a B3P
nzpaljyje n nornucyje M3Bemraj o U3BpLIEHO] KOHTPOJIX y ManupHOj GopMu Ha
onpehenom obpaciyy 3a Ty HaMeHy IpeABUl)eHUM.

KonTponna nmcra je cactaBHM naeo [3Bemraja O W3BPIICHO] KOHTPOJH
cnpoBohewa Mepa B3P. Konrpomnna nmcra mumy 3a B3P crmyxwu 3a eBnpeHnmjy
TOKOM KOHTpose crpoBoliera Mepa B3P mra je KOHTponmMcaHO, Ka0 M OICHE
KOHTPOJIUCAHUX PATEbU.

Opranu3anuoHy geo:
Harym: 10.07.2016.
M3BEIT A J: Bpoj: 07-2016

O U3BPIIEHOJ KOHTPOJIA CITPOBOBEIA MEPA BE3BE/JHOCTHU 1
3APABJbA HA PAJTY KO U3BOBEIHA PATOBA

Ha ocHoBy IIporpama u IllecTromeceyHOr IUIaHa WM Ha OCHOBY YKa3aHe
noTpebe u3BplIeHa je KoHTpoia cripoBohema Mepa B3P ca mubem na ce yTBpau
ycarianeHoCT CIpoBeACHUX Mepa 0e30eIHOCTH U 3IpaBJba Ha paly ca 3axXTeBHMa
3akona o B3P, npyrux mnomzakoHckux akara, 3axteBuma OHSAS 18001,
[paswinukoMm o B3P y opranusauuju u ApyruM HHTEPHUM OIIUTHM aKTHMa M3
obnactu B3P.

HNOAPYYJE TPAREIHA
Opranuzanuona
jenmHuna: Cryx0a 3a ofip>kaBame
Cextop/Ciyx6a/ €JIEKOTPOCHEPTeTCKUX 0bjeKara
Onememe
Mecro pana: HH nanzemna mpexa y yi. C. Jby6uha, Cpriickn Munernh
Jlokarja/O6jexar A pexa y yiI. L. by - pric ¢
Kparak onuc pajgosa: 3amMeHa HUCKOHAIIOHCKUX JIPBEHUX CTyOOBa
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Jleraban mpervies 0 U3BPIICHO] KOHTPOIHM ca OMHUCOM (HE)ycariamieHOCTH Jar je y
cneaehoj Tabenu:

KOHTPOJIHA JIMCTA

Hanomena-

Kontponmcano: Onena*
KomenTap

Haunor 3a pan

- opoj: 123123

- nmarym u Bpeme:10.07.2016. 07:00-15:00 gacosa
- OpnroBopHu pykoBoamian pagosa: [lerap [lerposuh 3
- Hanoronasai: Casa Pajkosuh
- Opoj m3Bpummana: 3/3

(10 HaJIOTy/3aTeUeHN)

Jucnedepcku pagnu Hasor JIPH

- Opoj: 123444

- natym u Bpeme: 10.07.2016.  09:00-12:304
- OnrosopHu pykoBoamiar pagosa: Ilerap Ilerposuh 3
- OnroBopHO JHIe 3a MaHHUIyIanyjy: Mapko Mapkosuh
- KOOpAUHATOP:

- Hanoronasai: ['opan [lerpouh

Jo3BoJia 3a pan
- Opoj: 123124
- nmatym u Bpeme: 10.07.2016. 09:00-12:304

- OnroBopuu pykoBoamian pagosa: I[lerap ITerposuh 3
- OxaroBopHo JuIle 3a MaHUITYAannjy: Mapko Mapkosuh

- KOOP/IMHATOP:

Hauor 3a xopnmheme Bo3uiia 3
- Ioceyje, UCIIPAaBHO MOy HeH

OPP/OJIM - 5 3JTATHHUX ITPABHJIA? 3
VY3emspema nocrasibena no JJPH-y 3
V3emibera NOCTaBJbEHA HA MECTY PazoBa 3
JInyna 3amruTHa cpencrsa JI3C

- noceoyjy

- NPAasUIHO NPUMEILYy 3

- €. U30JalUOHEe pyKaBHlle BaxHOCT oBepe 10
29.01.2017. ompema 3a paj Ha BUCUHU
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CpenctBa u onpema 3a paj

- noceoyjy

- NPABUTHO NPUMEFY]Y

- BH wunnukarop HamoHa BaxHocT oBepe 1o
29.07.2017.

(McruTaH/BaXXHOCT OBepe 107)

- BH en. wusonmanmone MoTke BakHOCT oBepe 0
29.07.2017. MammHe

- Anarn

- JlecTBe

Kommuier npse nomohn

[Tocenyjy, ypeaHo NOMybEH caapikajeM

YpenHocT pagHoT MecTa 3

OCBETIEEHOCT PaJHOT MECTa -

ITogosu/Cremnenuinra -

Y pagoBuMa y4ecTByje eKCTepHa eKuma’?

- obe30ehena HeomxomHa gokyMmeHrtanmja (Jlo3Boma
3a pag y Ommsuan wim y EEO, EmaGopar o ypehemy
TpaINIIAIITA. )

- mocefyjy W TpuMEmYjy onroapajyha mmuna u
KOJICKTHBHA 3aIITHTHA CPEACTBA

Ouena: | — He3anoBoskaBajyhe, 2 — 3amoBosbaBajyhe, 3 — ommnuno, 3P — 3abpana pana

Haxon ypenno nonymeHe Konrponne micre, une 3a B3P y M3Bemrajy, HaBonu youeHe
HeOe30e1He pabe WIN MOCTYIIKE, YKOJIMKO uX je Owio. Y okBupy M3Bemraja, Jlnne 3a
B3P Ha xpajy HaBonu 3akibyuke 1 oapeleHa 3anaxara, y Be3u u3Bpuene konrpoise b3P.
JIune 3a B3P cBojum normucom oBepana M3BemTaj.

2.3. JInuHM KapToH 0 0e30eHOCTH U 3APABJbY Ha Paxy

Ha o0jextuma, 1 3a moTpede opraHu3alidje, pajaoBe MOTY U3BOIUTH CaMO 3aI0CACHU
yHju je mociomaBal] HaBeaeH Ha CoucKy u3Bohada pamoBa KOjU HCIYHHAaBajy 3aXTCBE
be3bennocTu 1 3apaBiba HA pay.

Ja 6u 3anocieHu Morao Jia 3armo4He ca n3BolhemeM pajgoBa Mopa nocegoBar Jinuuu
KapToH 06e30eHOCTH U 37paBJba Ha pany (ciuka 1).

YKOJIMKO ce MPUIMKOM KOHTPOJIEC M3BpIIECHE Ha OCHOBY TauyKe YTBPIH Ja 3allOCIICHH
HCIyH-aBa CBE YCIIOBE, JIUIIC 3a 0e30€IHOCT U 3/paBibe Ha paay opraHusainuje u3palyje
u usnaje JImuuu KapToH 0 0e30eMHOCTH U 3ApaBsby Ha pady (ciauka 1). Ha kaprony murie
3a B3P cBojum mornucoM y Tabenu moTBphyje Aa je 3amocieHoM ogo0peHo aa obaBsba
MTOCJIOBE 3a MOTpPeOe OpraHu3alrje a AUPEKTOP OpraHu3alrje/OpraHUu3aIoHe JCAUHUIIC
MOTIHCYje KapTOH.
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3amocneHu koju noceayje JIuuHu kapToH 3a 6€30€MHOCT U 3/1paBibe Ha paay Tpeba na
ce, Mpe MCTEeKa BAKHOCTH, Ca HOBUM H3BEIITAjeM ca 00aBJHEHOT MEPHOUIHOT JIEKAPCKOT
npervieaa npujaBu kox juia 3a b3P u3 opranuzanuje koju he My HaKOH yBHJIa y U3BEIITA]
MPOAYXHUTH BaxkHOCT JIMuHOT KapToHa 6e30€THOCTH U 3/IpaBiba Ha pajiy.

YKOJIMKO 3arociieHd Ha OCHOBY AKTa O TPOLEHU pU3WKa HHje y 00aBe3H Ja BPLIM
NepHoIUYHE JIeKapcke Mperiesie, OTHOCHO HHje pacnopelleH Ha pagHO MecTo ca
noBehaHuM pu3nKoM, HHje MOTPeOHO Na ce MpoAyKaBa BaKHOCT JIMYHOr KapToHa O
0e30eTHOCTH U 3[IpaBJby Ha pafy, Beh je moTpeOHO 3a0KPYKHUTH HABOI ,,PamHo MecTo Oe3
nosehanor pusuka“. OBUM 3aIocjieHUMa Ce HE yNUCYyje MoAaTak 10 Kajaa Baxu JInuHu
KapToH y Tabenu y KapToHy, Beh ce ymucyje TpajHo.

Ha ymioBuMa JHMYHOr KapTOHa IIOCTaBJbajy CE€ TPOYDIOBM y Ooju. Y ciyuajy
OZICTyNama oJ npomnucanux npaeumia b3P-a ca kojum je 3amociieHn yrno3HaT NPUITUKOM
pana Ha oOjekTHMa opranusaiyje, jauie 3a b3P hie usBpmuTH oncename yria KapToHa, y
ckiany ca EBunmeHimjama o nzberaBamruMa MPUMEHE W/UIIH OMETama CIpoBohjema Mepa
B3P. Kaza ce 3amociieHOM OfICEKy CBa YETHUPH yIUia ca JIMYHOT KapTOoHa 3a 6e30eJHOCT U
3[paBJbE Ha pajy, Taj 3al0CICHU CE CTaBJba HA CIHCAK JIUIA KOjUMa je 3a0pameH paj y
00jeKTHMa OpraHu3aIyje.

’ 2|
nA4YHMA KAPTOH C nMM4HHM KAPTOH e
BE3IBEOHOCTH BE3BEOHOCTHUA
1 30PABIbA HA PALDY 1 30PABIbA HA PALY

PanHo mecTo ca noeehaHuM pU3IHMKOM
na HE
Bawu on: Bawu ao: Opobpuo
dhororpadis
MME (UME OLLA) MPESUME
M.n
NPHUBFEOHO OFYILTIONPELYIETHUK

B y

Cnuka 1. Jluunu xapmon o 6e36e0Hocmu u 30passny Ha pady (npeorvd U 3a0ra Cmpana)
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3. YTBPBUBABE, U3BPUIEILE U IPAREILE KOPEKTUBHUX MEPA
N3 BE3BEJITHOCTU U 3/IPAB/bA HA PA/IY

3.1. YrBphuBame KOpeKTUBHHX Mepa U3 6e30eIHOCTH M 3IpaB/ba Ha paxy

Ako je mpwiIMKOM KOHTpone cmpoBohema Mmepa B3P muentudmukoBana oxmpelhena
HeycanamreHocr, june 3a b3P nomymasa Haior 3a n3Bpmeme kopektuBHe mepe u3 b3P
OAroBapajyhuM momanpuMa M HAaBOIM OIMC HEycarIameHOCTH (MASHTUYaH Ca OIHCOM
y UzBemrajy) y mosey Op. 1. Ilornmcan Hamor smme 3a B3P mocraBmpa ampexTopy
opraHu3aIlyje paau yTBphuBama KOpEKTHBHE Mepe.

Jupexrop opraHm3audje, ONHOCHO OpPraHM3AlMOHE jeNWHHUIE Ha OCHOBY
uieHTH(UKOBaHe HeycarlalleHOCTH U Ha OCHOBY Iipeuiora juia 3a B3P 3a oTkinamame
HeycarmameHoctn w3 V3Bemraja, yTBphyje ameKkBaTHY KOpEKTHBHY Mepy Kojom he
ce HEyCarIalmleHOCT W HeH(M) y3pOoK(IM) OTKIOHUTH KaKo C€ HEyCarTalleHOCT He On
moHoBWIA. Takohe, AUpeKTop oapelyje ONroBOPHO JIHIlE 32 U3BPIICHE KOPEKTUBHE Mepe
Kao H POK.

3.2. U3Bpumieme KOPEeKTHBHUX Mepa U3 0e30eJHOCTH M 3ApaB/ba Ha paay

Ha ocnoBy npumsbene konuje Hayora 3a u3Bplueme KopekTnBHe mepe u3 B3P,
HMMEHOBaHO OAFOBOPHO JIUIIE MOpa U3BPILUTH HAJIOKEHY KOPEKTUBHY MEpY y IPOIIHCAHOM
POKy KaKo 01 ce ueHTH(pHKOBaHa HeycarIaleHoCT OTKIoHWIa. HakoH nereka onpelyeHor
poka, OnroBopHo Jimie uMa o0aBe3y Ja MUCMEHO 00aBeCTH JUPEKTOpa OpraHu3aluje,
OJTHOCHO OpraHU3aI[OHE jeNHUIe, U mulle 3a B3P o peanusanuju KopekTHBHE Mepe.

VY cnyuajy onpasaaHe norpede 3a MponyKemeM pPOKa U3BpLICHa KOPEKTUBHE Mepe,
OJITOBOPHO JIMIIC TIOHOCH MMHUCMEHH 3aXTEB 3a MPOMYKEHE POKa TUPEKTOPY KOJH MY je
u3nao Haor, myrem nwuia 3a B3P. Jlupekrop opranusaiyje, aaje MMCMEHY CariacHOCT
Ha TIOAHETH 3aXTeB 3a MPOLY>KEHE POKa OJATOBOPHOM JIMILY, TyTeM Jiuna 3a b3P.

3.3. [Ipahewe u3BpIeHa KOPEKTUBHUX Mepa U3 0e30eJHOCTH U 3IpaB/ba HA
pany

Hajkacamje 3 (Tpm) pamHa maHa HakoH mWcTeka mpeaBuleHor poka smie 3a B3P
Bpmn mpaheme H3BpIICHa KOPEKTHBHE MeEpe, 10 MPaBHITY, HETTOCPEAHO (JIMYHO) WIIH
TTOCPEIHO MPeKo oaroBopHor juia. Jlnme 3a B3P Mopa mmarn mokase na je KopeKTHBHA
Mepa M3BpIIEHA, OAHOCHO Ja je HEyCarTalleHOCT OTKJIOKCHA. YKOIHUKO j€ KOPEKTUBHA
Mepa m3BpIIeHa y npeasuleHoM poky, fure 3a B3P orpanka Ty unmeHHIy KOHCTATyje
Ha opuruHainy Hamora, HaBogm matym mposepe m moTmucyje ce. Ha mctu HaumH ce
KOHCTaTyje KaJla KOpEeKTHBHA Mepa HHje U3BPIICHA Y IPEABU)CHOM POKY.

3.4. U3BemTaBame 0 peaqu3alliiji KOPeKTMBHUX Mepa u3 0e30eJHOCTH H
3ApaBJba Ha pagy

Jluue 3a B3P nHakoH npahema n3BpuIema KOPEKTHBHE Mepe, MMCMEHUM ITyTEM Y3
jenan npuMepak Hanora 3a n3spuieme kopektuBHe Mepe 13 b3P y npuitory, obaBerirasa
JUPEKTOpa OpraHu3alyje, OXHOCHO opraHu3anuoHe jenuHuiie u CeKTop 3a JbYICKe
pecypce opraHuzaiyje 1a KOpeKTHBHa Mepa HUje peatn3oBaHa.
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Cgae u3BemITaje 0 M3BPIICHMM KOHTPOJaMa W CBE M3/aTe W 3akibydeHe Hamore 3a
U3BPILCHE KOPEKTUBHUX Mepa y TOKY jeJIHOT Mecella, uiie 3a B3P y orpanky nocrassba
nucMeHuM myteM Ciyx0u 3a 0e30eTHOCT U 3aIITUTY 3paBiba y opranusamuju. Ciyxoa
3a 0e30eJHOCT W 3aIUTUTY 3/IpaBjba Y OPraHU3alMju BOIU €BUACHIN]Y O MPUMIbEHUM
W3BEIITajUMa U HAJIO3MMa Y EIEKTPOHCKO)j GOPMHU Ha MIEPCOHATHOM padyHapy.

4. 3BAK/bYYAK

[Iporpam yTBphyje HaumMH yrpaBibarba 3allTHTOM 3[paBiba i 6e30eJHOCTH HA PaIy
3aI0CJIEHHX, JIUIA I10]] yTOBOPOM, UCIIOPYYHOLIA YCIYTa ¥ CBUX JIPYTHX KOJU MOTY yTHUIIATH
Ha TPOIEC U aKTUBHOCTH KOj€ C€ M3BOJC Y OPraHM3aIlMjH Ca OCHOBHOM JIeJIaTHOIINY
OJIp)KaBama CIIEKTPOCHEPIeTCKUX O0jekara, MOYeB O HACHTH(HKAIMje OMACHOCTH,
NpOIICHE pU3KKa, neUHICAkha HAYMHA YIIPaB/bamba MPOIEeCHUMa, AehuHUCama HadYMHA
pearoBama y WHIMACHTHAM M aKIUWACHTHUM CHTyalldjama, I1a cBe 10 npahemwa yunuHka
3aIITHTE 3/IpaBiba U 0€30€IHOCTH HA PALTY.

s oBor mporpama je na ce y3 JIocieqHy NpHMeHy 3akoHa o 0e30emHocTH |
37)paBJba Ha pagy obe30e/e HEOMXOMHH YCIIOBH 3a 3aIUTUTY 3paBiba U 0e30eJHOCTH Ha
pajy, OZHOCHO Jia ce aKIHMJCHTH (IOBpele Ha pady, IpodecuoHanHa 000beha, CMPTHA
CJIy4ajeBH Ha pajy) clipede WIX CBeIy Ha HajMamy MOryhy mMepy.

5. JIMTEPATYPA

[11 OHSAS 18001 — CucteM MeHaIMEHTa 3allITUTOM 37paBJba U Oe30eaHohy Ha
pany

[2] 3akoH 0 6e30eMHOCTH U 3[paBJby Ha paLy

[3] [IpaBuIHMK O MPEBEHTHBHUM MepamMa 3a Oe30emaH W 3ApaB paa Ha PaIHOM
Mmecrty (,,Cn. macauk PC*, 6p. 21/2009)

[4] IlpaBusiHMK O IPEBEHTHBHUM Mepama 3a Oe30e1aH u 31paB paj npu kopuihemy
ompeme 3a paf (,,Ci. mmacuuk PC*, 6p. 23/2009 u 123/2012)

[5] IlpaBusiHuk 0 MpeBEeHTHBHUM Mepama 3a Oe30e1aH u 31paB paj npu kopuihemy
cpencraBa M ompeMe 3a JIWYHY 3amTuty Ha pany (,,Cn. mmacauk PC, 6p.
92/2008)

[6] [IpaBuIHMK O OMIITHM Mepama 3alliTATe Ha paay Off OMAcHOr [ejcTBa
CJIEKTPUYHE CTPYje y 00jeKTHMa HAMECHCHUM 32 pajl, PaJHUM MPOCTOPHjaMa 1
Ha pagumumTaMa (,,Ci. riacauk PC*, 6p. 21/89)

[7] Ypenba o 6e36emHOCTH | 3ApaB/by Ha pajay Ha IPUBPEMEHUM WJIH TOKPETHUM
rpagumimTuMa (,,Ci. macuauk PC*, 6p. 14/2009 u 95/2010)

[8] [TpaBrTHHUK O MPETXOTHUM U IEPUOTUIHUM JICKAPCKHUM MpeTIeAnMa 3ar0CIeHuX
Ha paHUM MectuMa ca nmoBehanum pusukom (,,Ci. tmacuuk PC, 6p. 101/05)
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Hejar UHBUR'
Herosan UBAHKOBU'H?
Hyuran JAHKOBUR?
Cresan CTVIIAP*

BUIIEKPUTEPUJYMCKA AHAJIN3A IPUMEHE
SAIITUTHUX MACKMH 3A TITIOTPEBE ITPUITAJTHUKA
MHUHUCTAPCTBA OABPAHE U BOJCKE CPBUJE

Pe3ume: MoryhHOCT XeMHjCKe, paanOJIOIIKe U OHOJIOIIKE KOHTAMHHALMjE Ba3AyXa MPUPOJHUM
WITH BEIITAYKUM ITyTEM, 3aXTeBa YHaNpelewe u IPUMEHy pa3IndUTHX CPEICTaBa 3alITHTE JUCajHUX
myTeBa. Y pajy je npHKa3aHa KOMIIapaTHBHA aHaIM3a (QYHKIMOHAIHUX KapaKTePUCTHKA PA3IHYUTHX
MoJieJ1a 3aIITUTHUX MacKH, ca IJbeM H300pa ONTHMAIHOT MOJIeIIa OBOT CPE/ICTBA 32 PECIIUPATOPHY
3alITUTY TpUNagHuKa MuHHCcTapcTBa onopane u Bojcke Cpbuje. BumekpurepujyMcka aHanmsza je
M3BpIIEHA TPUMEHOM METOJIC aHATUTHYKUX XHjepapXujckux npoueca (meroga AXII).

Kiby4He peun: BUIIEKpUTEPHjyMCKa aHAITN3a, a8POCOTHA KOHTAMUHAIH]ja, pECITIPaTOpHa 3aIlTHTA,

3allTUTHA MacKa

MULTICRITERIA ANALYSIS OF THE PROTECTIVE
MASKS USAGE FOR THE NEEDS OF MINISTRY OF
DEFENCE AND SERBIAN ARMY MEMBERS

Abstract: The possibility of chemical, radiological and biological contamination of air by natural
or artificial means, requires the promotion and use of various means of respiratory protection.
This paper presents a comparative analysis of the functional characteristics of different models of
protective masks, with the aim of selecting the most optimal type of this device for respiratory
protection of the Ministry of Defence and the Serbian Army members. The analysis was conducted
using the method of analytic hierarchy process (method AHP).

Key words: multicriteria analyze, aerosol contamination, respiratory protection, protection mask
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1. YBOJA

MoryhHOCT KOHTaMHMHaIMje Ba3{yxa NPHPOIHHM WIM BEIITAYKHUM ITyTEM YCIEs
roBehaHOT IpUCyCTBa aepocoiia OTPOBHUX XEMHUjCKUX CYIICTAHIM (PE3YATaT XEMH]jCKUX
aKIujeHara, OOpOCHMX M TEPOPUCTHYKMX rejcTaBa [l]), paanoakTHBHUX aepocolna
(pe3ynTar HykJeapHHUX aknujaeHara, caoOpahajuumx Hecpeha, parHHX omepanuja u
TEPOPHUCTHYKMUX aknuja [2]) u OHonomKux aepocoia (MpUpogHe enuaeMuje/manaeMuje,
yrnorpeba OMONOMIKMX areHaca y OopOeHMM M TepopucTWdkuM nejcrBuma [3], [4]),
MIpe/ICTaBIba HEMUHOBHOCT JKMBOTA CaBpeMeHoT 100a. CaBpeMeHHN TEXHOJIOMIKY Hallpeaak
y 00JacTH TeHETCKOI MHXEHEepUHIra, oMoryhno je BeoMa Op3 pa3Boj M NPOU3BOAIY
CBE ONACHUjUX OHMOJIONIKMX areHaca, IITO aepocojie OMOJOIIKMX areHaca M3/Baja Kao
TPEHYTHO HajBehy MOTEHIMjaIHN PU3KK 32 KOHTAMHHAIIH]y )KHBOTHE CPE/THE.

3anTuTa JpYICKOT OpraHn3Ma o] KOHTaMUHaIMje OBE BPCTE j& BeOMa CIIOKEH IpoIiec
ycieq Hu3a mpoOiieMa YCIOBJBEHHX CIelNU(UYHOCTUMA OHMOJNOMIKMX areHaca (BHCOKa
MaTOreHOCT, MH(PEKTHBHOCT ¥ TOKCHYHOCT, NPUTAjeH WHKYOAIIMOHN TIEPHOJl, BUCOK HUBO
TPaHCMHUCHBHOCTH, Tenkohe y uieHTH(HKAIN]H, TEIIKO Cy30ujame MMpemha HHPEKIH]je)
[5]. C o03upoM na ce MHUKpOOpraHW3MH Haje(UKACHHUjE PACIPOCTUPY KpPO3 Ba3myX,
HajBeha BepoBarHOha EKMXOBE MPUMEHE je y BHJIY aepocolsia, Te je 3allTHTa ANCAjHUX
OpraHa KJby4YHH €JIeMeHar 3aiture [6].

CXO0ITHO TeHepaItju CPEACTBA, KOIl CBUX MPOU3Boljaua y CBETYy MPOU3BO/IHa CE 3aCHHUBA
Ha WCTOM KOHIICNITY 3aIITUTE KOPUCHUKA, ajli KBAIUTET CPEICTaBa 3aBUCH TPBECHCTBEHO
O] IPUMEHCHUX HAyYHUX W TEXHOJIONIKUX JOCTUTHYhA Y IT0jeNUHIM KOHCTPYKIIHjCKAM U
TEXHUYKHUM pellielhuMa caMor cpeacTsa [7].

uss oBOp paja je aa ce u3BpIIU U300p ONTUMATHOT (POPMALIH]CKOT MOJIEa 3aIITUTHE
MacKe 3a pecrnuparopHy 3aiTuTy cBux npunaanuka MO u BC. HaBeaeno ucnutupame
M3BPILEHO j€ METOJIOM aHAMTHYKHX XHjepapXHjckux nporeca (metona AXII) [8].

2. BAIITUTHA MACKA KAO CPEJACTBO PECITMPATOHE 3AIIITUTE
OUJITPUPAJYREI TUIIA

CpencTBa pecimpaTtopHe 3amTuTe GUITprUpajyher Tua 3acCHUBajy ce Ha KopuImhemy
CIIOJBEbET Ba3ayXa MpeyrmrheHor o1 INTeTHUX racoBa, apa M aepocoia Iie je IPHCYCTBO
kuceonnka Behe ox 17 % (3ampeMuHCKuX) [9].

[IpeunirhaBarbe HaBeneHWX INTETHHX MarepHja BpIIM ce  (QuiTpupameM
KOHTaMUHHPAHOT Ba3lyXa KOjU ce yauiie kpo3 duirpupajyhu menujym (racuu duirap,
¢dunrap 3a uectune u kom6uHoBanu ¢punrap (KP)) y3 ncroppemeHy u3osnanujy KOMIUIETHOT
WIN Jienia JIMIa O JOAWpa ca CHOJbHHUM Ba3ayXoM (IOMONy MOTOAHMX MNpPHKJbydyaka
THIIa MyHa Macka, MOJyMacka, 4eTBPTMacka), MpH 4eMy Ce PeAyKyje KOHLEHTpaluja
KOHTaMWHAaHTa W3 KOHTaMWHHMpaHE OKOJWHE, y3 onroeapajyhu ormop cpeactBa Inpu
JCamby.

OunTpupajyhn MeujyM Koj 3alITHTHIUX MAacCKH IpeICcTaB/hba KOMOMHOBAHU (QHIITAp,
Y YHjH CacTaB yia3e racHHu (rrap (Ieo ca akTHBHUM YTJbeM ozpel)eHe rpanyanyje Koju
CIy’KH CaMo 3a YKJIamame TacoBa U mapa) U QuiTap 3a yecture (1eo ca ¢purrpupajyhum
MAaTepHjaJioM KOjH CIIYKH CaMo 3a YKJIamamke YeCTUIa) KOji Cy CMEIITEHH Y onroBapajyhe
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kyhumre. [Ipukipydak 3a qucame IpecTaBba MyHa Macka 6e3 KoMOHMHOBaHOT (UITpa,
OZIHOCHO O0pa3uHa ca CBMM KOMIIOHEHTama 0e3 komOuHoBaHOr ¢untpa [10]. IIpukas
3aIITUTHE MAacKe JIar je Ha cumu 1.

®natap
32 9eCTHNE

Cnuka 1. 3awmumma macka: nyHa Macka ca KOMOUHOBAHUM QUAMPOM
(Oecro npuxas npecexka KOMOUHOBaHO2 uimpa)

[puHIUND pasia MojeMUHKUX ISJIOBA 3alITUTHE MACKE THIIA ITyHa MACKa [IPU OCTBAPUBALY
pecIpaTopHe 3alTHTE TPUKA3aH je Ha CIIHUIH 2.

[punmkom kopumrhema, CpeacTBO Mopa na obe3belyje XepMEeTHUHOCT ca JIHIEeM
kopucHuKa. [Ipu yaucamy cTBapa ce MOTHPUTHCAK MCIOI 00pa3svHEe W KOHTAMHHHUPaHU
Ba3yX [POJIa3d Kpo3 GHIITap, IPH 4eMy ¢€ YUBPCTU M TEYHH aePOCOIN M YECTHIIE [IPAIIHE
3a[prKaBajy Ha IPOTUBAEPOCOIHOM (QHIITPY, a TACOBH U IMape afncopOyjy Ha CII0jy aKTHUBHOT
yripa. Tako nmpeunnrheH Ba3ayX CTPYjH Jajbe KPO3 BEHTUII 32 yIUCAkhe U KPo3 YHYTPaLIbH
neo obpasune. HakoH Tora mpeunmheHu Ba3myx yilasw y opraHe 3a aucame. [Ipumnkom
u3IUcamba OTBapa ce caMo BEHTHJ HM3/MCaja U M3AaXHYTH Ba3dyX NPOITyLITa HAIlOJbE Y
armocdepy. Taka paj BeHTHIIA 32 YHCAe M BEHTUIIA 38 H3ANCAKE OMOryhaBa PaBHITHO
(YHKLIMOHNCAKE 3AIITUTHE MAacKe, Tj. YJIaXKemhe KOHTAMHHHPAHOI Ba3yXa caMo Kpo3
¢untap, a M3NaKeHEe U3IaXHYTOT Ba3IyXa caMo MPeKo BEHTHIA 3a u3aucame [11].

CXOIHO M3JIOKEHOM, €(UKACHOCT 3aIlTUTE OBUX CPEACTaBa 3aBUCH O LIEJIOKYIIHOT
paja CBHUX Je/IOBa 3alUTUTHE MAcke, a €(pUKACHOCT 3aIUTHTE Of OHOJIOMIKUX aepocoiia
npBeHCcTBeHO oy puntpupajyher marepujana yrpahenor y durap.
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Cnuka 2. IIpunyun @yHKyuoHucara 3aumumme macke
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3. ¥Y30PIM KOPUUIREHU Y AHAJIN3N

VY 0BOj aHaNM3M Cy KOpHIINEeHN y30pLH TPU MOJIesia 3alITHTHE MacKe KOjH ce Hajlase y
yrnorpeon y MO u BC u koju cy noctynuu Ha tpxxuinty P. Cpouje:

- 3amrutHe Macke M2 (3M M2),

- 3amrutHe Macke M2® (3M M2®),

- 3amTHTHE Macke M3 (3M M3).

CBU MCHHUTHBAaHU Y30pLM 3AIITUTHAX MacKd (IIPUKJbyYaKa 3a JHCAFbE 3alITHTHUX
Macku M KOMOWHOBaHMX Quirapa) cy mnpomsBogu nomaher mpomssohaua, , Trayal”
xopriopanyje n3 Kpymesna (cnuka 3.).

Cnuka 3. Y30pyu ucnumueanux mooena 3aumumHux Macku:
a) mooden 3M M2, 6) mooen 3M M2®, ) mooen 3M M3

3amoTpebe OBOT pajia MPETXOAHO j€ U3BPIICHO HCIIUTHBAKE KAPaKTEPUCTHKA KBAJIUTETA
HaBeJCHUX Mogjena (yTBphUBamE WUXOBE eguracHocmu 3awimume (ACTUTUBAKE
MPOMyIITaka MpeMa YHYTPALIBOCTH M UCITUTUBAKE NPONYyIITamka Kpo3 ¢untpupajyhu
MEIUjyM) U pusuonouike n000OHOCHY) N UICTIUTHBAE TPXKUIITA (YTBphHBamke EeKOHOMCKE
BPEAHOCTHU MPOU3BOAA).

[pema xkpumepujymy 3a nponywimaree npema YHymMmpawrsocmu IeQUHUCAHOM Y
craamapay CPIIC EH 136:2007 [12] mpensuheHo je ga MpOMyIITamke HCOUTHOT arcaHca
IpeMa yHyTPaIlikhoCTH 00pa3srHe 3aITHTHE MacKe He cMe J1a Iipernas3u BpeaHoct ox 0,05 %
YAAaXHYTOI Ba3lyxa y ciydajy cBakor of 10 ucnuTaHuka TOKOM 1IeJIOKYTHOT HCIIUTHBAbA.

Cranmapmuma CPIIC EH 14387:2013 [13] u CPIIC EH 143:2007 [14] nedunucanu
Cy kpumepujymu 3a nponywmarse kpo3 @uamap. Ilpema wuMa npeasubeHo je na 3a
HWCIUTHBAKkC MPOIyIITama Kpo3 ¢uirap ca ucnutHuM areHicom NaCl mpu mpoToky ox
95 dm’/min BpeIHOCT UCUTHBAKAa CBAKOT MCIUTHBAHOT (UITpAa HE CME Ja Mpenas3u
Bpeanoct o1 20 % 3a P1 kinacy, 6 % 3a P2 xnacy u 0,05 % 3a P3 kiiacy oBe BpcTe 3alITUTHOT
CpeAcTBa.

Crangapauma [TKT12697/87[15], ITKIT 6082/99 [16] u ITKII 6590/09 [17] nedunnucanu
Cy Kpumepujymu 3a omnop npu youcawy. Ilpema muMa npeaBuljeHO je Aa BPEAHOCT
YKYIHOT OTIOpPA MMPH YAKCAkY CBAKOT Y30pKa IEJOKYITHE 3aIITUTHE Macke (oOpa3uHa +
KOMOMHOBaHM (uIITap) TOpe HaBEACHUX MOJIEIIa:
- 1pu IpoTOKy Bazmyxa ox 30 dm*/min we cme na Gyme Behu on 230 Pa kox 3M M2
u 3M M2®, ogrocuo 170 Pa xoxg 3M M3,
- TIpu TPOTOKY Bazmyxa ox 95 dm*/min we cme na Gyme Behu on 810 Pa ko 3M M2
u 3M M2®, ogrnocuo 750 Pa xox 3M M3.
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4. YIIOTPEBA METOJIE AXIlI 3A BHUIIEKPUTEPUJYMCKY

AHAJIN3Y INIPUMEHE 3AINTUTHUX MACKH 3A IHOTPEBE
HNPUITAJHUKA MUHUCTAPCTBA OJABPAHE U BOJCKE CPBUJE

[Tpobnem m300pa ONTHMAIHOT MOJENa 3alITHTHE MAcKe 32 PECIUpPATOPHY 3aIUTHTY
npunagauka MunncTaperBa onopane u Bojcke CpOuje nedunmcaH je Ha ciaenehu HaumH:

1. nuso: n300p MozeNa 3aTHTHE Macke (OIyKa);

2. Hu6o: arpuOyTH (KPUTEPUjYMHU OLJIYy4YHBaH-a) 300T crienn(pUIHOCTH IPUMEHE OBE
BpCTE cpezcTaBa Ae(hUHNCAHU Cy KAO:

O A~ aHTPONOMETpPHjCKa IIPHIaroheHocT,

A, — aneKBaTHOCT ymoTpeoe,
A, — EKOHOMUYHOCT,
A,— eduxacHOCT u
A~ pusnonoIKa NOTO0OHOCT.

O O O O

3aTuM ce MOTy JIaTHh Ba)XHOCTH aTpuOyTa Ha JPYroM HHBOY Kpo3 cienehy Marpuiry
(ciuka 4).

Users\[lejan\Desktop\Izbor opt.modela ZM.ahp =18
Inconsistency Go Tools Help ‘
|DZE O SR[E B D B S N Reoer Srucural adust Freepe Jcgments |

& 1 ke = = v (BB |

987654321 2345667383

Antropometrijska prilagodjenost Adekvatnost upotrebe

Compare the relative importance with respect to: Izbor optimalnog modela ZM

Antropometrijs| Adekvatnost upe Ekonomicnost | Efikasnost | Fizioloska
Antropometrijska prilagodjenost 2.0 3.0 2.0 2,0

Adekvatnost upotrebe
Ekonomicnost
Efikasnost

Fizloloska podobnost

e @ O EMO C AE o B S ME W AL

Cnuxa 4. Ynopelerwe ampubyma na opy2om Hugoy

3. Huso: atpubyTH (adTepHaTHBE) NcHUHICAHU CY KaO:
o b,-3MM2,

o b,-3MM2®,

o b,-3M M3.

Hakon yHOCa KpuTepHjyma 3a H300p 3alITUTHE MacKe y MPOrpaMCKH maket ,,Expert
Choice* no6ujamo pesyarare mpukazaHe Ha ciauiy 5. Ca CiIrKe MOXKEMO YOUHUTH Jia je pu
nu300py ONTUMATHOT MOJIEa 3allITUTHE MacKe TOMHHAHTAH KPUTECPUjYM Quiuonouika
nodoonocm (0,314), mro je pa3ymMsbuBO OO3MPOM Ha YTHIA] KOjU OBaj KPUTEPHjyM
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UCII0JbaBa y OIHOCY Ca IPYTUM KPUTEPHjYMHIMA, a yCIIe CIeM(pUYHOCTH BPCTE OpYKja 3a
MaCOBHO YHHIITABAakE KOje pa3MarpaMo (OHOJIONIKO OpYXKje). 3aTuM ciiene epuxkacrnocm
(0,290), u anmponomempujcxa npunazolhenocm (0,193), mro je takohe 3a ouekuBaru
uMajyhu y BUJy ONacHOCTH KOjuMa Cy U3JI0XKEeHa JIMIA KOja KOPUCTE HaBeleHa CPEACTRa.
Haxkon Tora nonasu adekeamuocm ynompeoe — npumenusoct (0,124) koja uma oapeheru
YTHIAj TIPUITHKOM pelllaBama HaBEACHOT MPoOieMa, alu WAk y 3HATHO Mam0j MEpH Y
OJIHOCY Ha MPETXOIHO HaBecHe kpuTepujyme. Kpurepujym ekonomuunocm (0,080) je na
MOCIICIELEM MECTY, jep Kajia ce paau o0 0e30eIHOCTH U 37paBJby YOBEKa, Pa3yMJBHBO j€ 1a
EKOHOMCKA CTpaHa HeMa MpecyIaH 3Ha4aj.

e @ |0 K4S C & E o B S|P W s R @ a0 S

Cnuxa 5. Ilpuopumem npuauxom uzbopa Kpumepujyma 3auimumue macke

OnroBapajyhe marpure nmopehema antepHarnBa u3 Tpeher HUBOa 3a CBakd aTpuOyT
U BUXOBH NPHOPUTETH TaKohe Cy aHAIM3HPaHH HaKOH 00paje y MPOrpaMCcKOM HaKeTy
»Expert Choice* (30or 00mMa paja oB/ie HICY MOTIIH JIa C€ IPUKAKY).

Ha kpajy mocTymnka u3BpIlcHa je CBEYKyIHA CHHTEe3a poliemMa H30opa ONTHMAaIHOT
MojieNia 3alITHTHE MAacke 3a 3allTHTY PECNUPATOPHUX OpraHa oj OHOJOIIKUX areHaca.
AnrtepHatiBa Koja J00uje Hajeeliy BpemHOCT je onmTumanHa. Y HalleM ClIy4ajy TO je
anrepnarusa b, (0,434) — 3M M3, 3atum cnene b, (0,389) - 3M M2® u b, (0,178) —3M
M2.3aBpurnu noctynak npumene meroae AXII npukasaH je Ha ciuny 6.

ST
|

M= M2 178
MZ M2F 280
M2 M5 asa

I — L |

. & Zlcl rd S € o < B & e wif lls e w0
Cnuka 6. I[lpuopumem npunuxom uzbopa epcme 3auimunHe mMacKe
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5. 3AK/bYYAK

VY pany je npukazana mpumena merome AXII kom m3060pa ONTHMAIHOT MOjena
3alITUTHE MacKe 3a PEeCIUpPATOpPHY 3aIUTHTY MpHIaJHMKa MUHHCTapCcTBa Of0OpaHe U
Bojcke Cpouje. Jenan ox miaBHUX mpoOiieMa Kox Kopuliicikha 0Be METOE je AehHHUCAbE
arpu0yTa Oy4YHMBamba Ha JPYyroM HHUBOY (KpHUTEPUjyMH OUTy4YHBama) W IPOIEHA
IUXOBHX PEIIATHBHUX TEXKUHA. AyTOpH paja Cy AehUHUCAIN KPUTEPUjyME H ITPOICHUIIH
BPEAHOCTHU BbUXOBE PEIIATUBHEC TCKUHE HAa OCHOBY COIICTBCHUX MCKYCTaBa y IMPETXOHUM
HAay4YHUM HUCTpaAXKUBakbUMaA.

Hakon nmormyHo cmposeneHe npouenype npumene meroge AXII, momasumo no
3aKJbydyKa J1a je 3alITHTHa Macka M3 ONTHMajIHM MOJEN 3a PECIUpPATOpPHY 3aIUTHTY
npunagauka MuHncTaperBa onbpane u Bojcke CpOuje, He3HATHO 3a0CTaje 3alITHTHA
Macka M2®, a puianyHO 3a0CTaje 3alTUTHA Macka M2.

V nenuHu mefaHo GpopManjcke 3aIITHTHE MaCKe MOTY C€ KOPHCTHUTH Kao CPeICTBa
JIUYHE pecnHparopHe 3amTuTe npodecuoHannux npunagauka MO u BC y ciydajy
KOHTaMHUHaI1je OMOJIOIIKUM areHcuMa MyTeM JIMCajHUX OpraHa.

3AXBAJIHOCT

OBaj pax je Hactao y3 (PMHAHCHjCKY MOAPIIKY MHHHCTapcTBa NPOCBETE, HAayKe U
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ANALIZA RADNOG MJESTA SERVISERA
VATROGASNIH APARATA

Rezime: U radu se analizira tezina i uvjeti radnog mjesta servisera vatrogasnih aparata Broj¢ani
prikazi utroSene energije prilikom servisa vatrogasnih aparata, vremena servisiranja i koli¢ine
aparata za servisiranje nas navodi na zakljucak da serviseri vatrogasnih aparata moraju biti fizicki i
psihicki spremni za svoj rad, moraju imati dovoljno iskustva kako bi bilo manje pogresaka.

Kljuéne rije¢i: radno mjesto, pozari, serviser, vatrogasni aparati

WORKPLACE ANALYSIS IN SERVICING FIRE
EXTINGUISHERS

Abstract: This paper analyzes the weight and work conditions in the workplace of a fire extinguish-
er maintenance personel. The numerical representations of the energy and time spent while servicing
fire extinguishers, guides us to a conclusion that fire extinguisher maintenance personel must be
physically and mentally capable for their occupation, and they must have enough experience to
make less mistakes.

Key words: workplace, fire, service personnel, fire extinguishers
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1. UVOD

U analizi radnog mjesta servisera vatrogasnih aparata uzima se u obzir:

. propisi 1 norme koji odreduju nacin obavljanja servisa vatrogasnih aparata,

. ergonomiju samog fizickog rada prilikom servisa vatrogasnih aparata,

. proizvodnju vatrogasnih aparata,

*  potencijalne opasnosti prilikom servisiranja vatrogasnih aparata i poduzete
mjere zastite.

Definirati ¢e se cilj istrazivanja, prikazati hipotezu i metode koje se ticu tematskog
problema. S podacima dobivenih od Pastor TVA i njegove konkurentne tvrtke Zastita i
sigurnost d.o.o. matematickim ¢e se putem prikazati opseg posla na radnom mjestu ser-
visera vatrogasnih aparata.

2. METODOLOSKI PRISTUP

2.1. Problem istrazivanja

Radno mjesto servisera vatrogasnih aparata se ocjenjuje bodovima prema Pravilniku o
za$titi na radu pri ruénom prenosSenje tereta (N.N. br. 42/05) i utvrduje da li serviser vatro-
gasnih aparata ima radno mjesto s posebnim uvijetima rada zbog fizickog napora, te dali
rad servisera ima ponavljajuce radne postupke. Radno mjesto servisera vatrogasnih apara-
ta mora zadovoljavati propisane uvijete radnog okolisa, primjenjivati osnovna, posebna i
priznata pravila zastite na radu.

Uvjeti koji za radno mjesto servisera moraju postojati su:

. pravilno odrzavanje i pravilno koristenje sredstva rada,

. prilagodeni radni proces moguénostima radnika u mjeri u kojoj to omogucava
mjesto rada,

. uciniti radni proces sigurnim u mjeri u kojoj to dozvoljava radno mjesto,

. suradnja unutar jedne tvrtke uciniti stabilnom prema svim zaposlenima, bez ob-
zira na veli¢inu tvrtke.

Osnovna pravila zastite na radu koje treba serviser vatrogasnih aparata primjenjivati u
svakodnevnom radu, te u koje mora biti radnik upuéen su:

. zastita od mehanickih opasnosti,

. osiguranje potrebne radne povrsine i radnog prostora,

*  pravilno rukovanje alatima,

. najsigurniji radni procesi i postupci,

. osiguranje i odrzavanje Cistoce na radnom mjestu.

Prema rizicima za sigurnost i zdravlje radnika koji se ne mogu ukloniti ili se mogu
samo djelomic¢no ukloniti primjenom osnovnih pravila zastite na radu uzimaju se u obzir
1 posebna pravila zastite na radu koja se odnose na nacin obavljanja poslova i radne pos-
tupke servisera vatrogasnih aparata:

. organizacijom radnog vremena i koristenjem odmora;

. nacinom koriStenja odgovarajuce osobne zastitne opreme;

. postavljanjem sigurnosnih znakova kojima se daje informacija ili uputa;

. uputama o radnim postupcima i na¢inu obavljanja poslova, te izloZenosti radnika
fizickim naporima na radu.
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Priznata pravila zastite na radu su se formirala kroz iskustvo u servisiranju vatrogasnih
aparata u Republici Hrvatskoj. U priznata pravila struke spadaju i norme kojih se pridrza-
vaju proizvodacéi prilikom proizvodnje vatrogasnih aparata. Prema Pravilniku o zastiti na
radu pri ru¢nom prenosenju tereta (NN 042/2005) najveca dozvoljena masa tereta (u kg) s
obzirom na spol i dob radnika, odredena su pravilnikom.

2.2. Cilj istraZivanja

Cilj istrazivanja je dobivanje podataka pomocu kojih ¢em mo¢i urediti optimalno rad-
no mjesto prema propisima zastite na radu. Propisi i norme koji odreduju na¢in obavljanja
servisa vatrogasnih aparata na optimala nacin za radnika su:

Propisi:

. Zakon o zastiti na radu (N.N. br.; 118/14, 154/14),

. Zakon o zastiti od pozara (N.N. br.; 92/10),

. Zakon o normizaciji (N.N.br.; 80/13),

. Pravilnik o vatrogasnim aparatima (N.N. br.; 101/11, 74/13),

. Pravilnik o zastiti na radu za mjesta rada (N.N. br., 29/13);

. Pravilnik o zastiti na radu pri ruénom prenosenju tereta (NN 042/2005).

2.3. Hipoteze

Servisiranje i funkcionalno odrzavanje vatrogasnih aparata je propisana obaveza i
mora se provoditi redovito bez iznimke. Ovo istrazivanje ¢e pokazati koliko je rada po-
trebno za servis jednog vatrogasnog aparata jednom serviseru te koliko ima ovlastenih
fizickih osoba koje su polozile za servisera vatrogasnih aparata u Hrvatskoj. U Hrvatskoj
postoji 170 ovlaStenih servisa sa prosjecno 2 zaposlena servisera, $to znaci da trenutno u
prosjeku radi 340 servisera vatrogasnih aparata u Hrvatskoj. Svaki servis posebno mora
provesti sve propisane obaveze iz podrucja zastite na radu.

2.4. Zadaci istraZivanja

Izracun potrebnih broja radnih sati da se izvrsi ukupni servis vatrogasnih aparata i pod-
jeliti na broj servisera koji rade u ovlastenim servisima, analiza ergonomije rada. [zratuna-
ti utroSenu energiju ljudskim radom prilikom obavljanja servisa vatrogasnih aparata.

2.5. Metode

Pomogla je u istraZivanjima web stranica od Pastora, njihove informacije kao najveceg
proizvodaca u Hrvatskoj, 1 Zastita i sigurnost d.o.o. kao konkurentnu tvrtku. Opcom
matematickom metodom i zakonima fizike ¢e se utvrditi zahtjevnost radnog mjesta servi-
sera vatrogasnih aparata.

2.6. Uzorak

U Hrvatskoj postoji 170 ovlastenih servisa sa prosjecno 2 zaposlena servisera, $to
znaci da trenutno u prosjeku radi 340 servisera vatrogasnih aparata u Hrvatskoj.
2.6.1. Izracun

Jedan serviser godi$nje napravi 2080 radnih sati, ako radne sate jednog servisera pom-
nozimo sa 340 (prosje¢nim brojem zaposlenih servisera) dobijemo 707.200,00 radnih sati
godisnje. Uzimamo da je prosjecno vrijeme servisiranja vatrogasnog aparata 10 minuta.
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Tada se moZe dobiti podatak da je tijekom godine u Hrvatskoj servisirano 4.243,200 kom-
ada vatrogasnih aparata.

3. ISTRAZIVANJE

Prema Pravilniku o zastiti na radu pri ruénom prenosenje tereta (N.N. br. 42/05) zelimo
dobiti koliko je ugroZzeno zdravlje i sigurnost radnika prilikom servisa vatrogasnih aparat.
Stupanj opterecenosti radnika pri ruénom prenosenju tereta se izraCunava uzimanjem u
obzir ¢imbenika radnog mjesta pri ru¢nom prenosenju tereta.

Tablica 1. Broj ponavljajucih radnji u prenosenju tereta

Periodi¢no ponavljajuce gibanje s Dugotrajno prenosenje — zbroj vremena  Vrijednost u
kratkotrajnim prenoSenjem tereta — broj | djelovanja ljudske snage priprenosenju  bodovima
zadaca tijekom radnog dana tereta u radnom danu T (1)

manje od 10 puta manje od 30 minuta 1

10 — do 40 puta od 31 minute do 60 minuta 2

41— do 200 puta od 61 minute do 180 minuta 4

200 — do 500 puta od 181 minute do 300 minuta 6

vise od 500 puta vise od 300 minuta 8

Tablica 2. Vrednovanie teZine u rucnom prenoSeniu tereta

. Vrijednost u bodovima
Tezina tereta (kg) tockama T(2)
Za muskarce Za 7ene
do 10 kg do Skg 1
10 do 20 kg 5do10kg 2
20 do 30 kg 10 do 15 kg 4
30 do 40 kg - 7
vise od 40 kg - 10
Tablica 3. Polozaj tijela prilikom ru¢nom prenoSenju tereta
Polozaj . Ry . Vrijednost
tijela Opis poloZaja prilikom prenoSenja tereta ubod.
gornji dio tijela uspravan bez zakretanja, — teret uz tijelo (naslonjen na 1
tijelo), — kratki put prenosenja
tijelo u blagom pretklonu ili je gornji dio tijela lagano zakrenut teret uz 2

tijelo sjedeci polozaj ili krac¢i put prenoSenja (do 5 koraka)

tijelo u dubokom pretklonu ili jako nagnuto prema naprijed. Manji pretklon,
istovremeno je gornji dio tijela malo zakrenut teret daleko od tijela ili u 4
visini ramena sjede(i ili stoje¢i polozaj

tijelo u dubokom pretklonu s time da je istovremeno zakrenut gornji dio
tijela teret daleko od tijela neprimjerena stabilnost drzanja tijela u stoje¢em, '8
Cucecem ili kleCecem polozaju
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Tablica 4. Ergonomski uvijeti na radnom mjestu

Vrijednost u

Stanje na mjestu rada bodovima T(4)

Dobri, ergonomski odgovarajuci uvjeti na radnom mjestu (dovoljan prostor,
ravan i ¢vrst pod, koji nije klizav, zadovoljavajuéa osvijetljenost, primjereno 0
hvatiste tereta)

Neergonomski uvjeti na radnom mjestu, Skucen radni prostor (povr$ina za
radnika manja od 1,5m’ , sigurnost stajaliita je ogranicena (neravno, nagnuto, 1
meko ili klisko, stepenice)

Prostor ograni¢en obzirom na visinu <2 m 2

Tablica 5. Vrednovanje radnog iskustva

Radno iskustvo na poslovima koje obavlja Vrijednost u tockama T(5)
0 — 12 mjeseci 1
12 mjeseci i vise 0

Tablica 6. Temperaturni uvijeti na radnom mjestu

Temperatura (°C) | Vrijednost u bodovima T(6) | Temperatura (°C) | Vrijednost u bodovima T(6)

ispod -20 10 -4 0.4
-18 8,1 2 0,1
-16 6,4 od -1 do +21 0
-14 49 22 0,70
-12 3,6 24 1,74
-10 2,5 26 3,74
-8 1,6 28 6,02
-6 0,9 iznad 30 10

Tablica 7. Definiranje zbroja utvrdenih vrijednosti

uo Obrazlozenje utvrdenih vrijednosti
do 10 |Nisko optereéenje — ne postoji opasnost za zdravlje zbog ru¢nog prenosenja tereta.

10 do | Povecano opterecenje — mogucnost prekomjernog opterecenja kod radnika sa smanjenom
25 radnom sposobnos¢u.

26 do | Veliko opterecenje — mogucnost prekomjernog opterecenja kod zdravih radnika. Potrebno
50 je istraziti mogucnosti za smanjivanje opterecenja zbog ru¢nog prenosenja tereta.

Vrlo veliko opterecenje — velika mogucnost nastanka zdravstvenih oStecenja zbog ru¢nog
preno$enja tereta. Nuzna je uporaba odgovarajuée opreme ili drugih metoda rada za
smanjivanje tjelesnog opterecenja.

iznad
50

Ukupno opterecenje je pokazatelj optere¢enja radnika svim navedenim parametrima
rada i okoliSa. Ocjenjivanje ukupnog opterecenja se izratunava po jednadzbi:

UO =(T(2) + T(3) + T(4) + T(5) + T(6)) T(1)

437



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

4. REZULTAT ISTRAZIVANJA

Bodovi prema navedenim tablica za radno mjesto servisera vatrogasnih aparata:
Tablica 1: 6 bodova
Serviser u 8 sati rada veci dio svog vremena prenosi, dize i okrece vatrogasne aparate.

Tablica 2: 2 boda
Vatrogasni aparati imaju prosjecno oko 10kg, §to znaci da ima je raspon tezine od 9
do 17kg.

Tablica 3: 1 boda
Servis se obavlja u stoje¢em poloZaju, medutim serviser mora aparate rucno prenositi
do svojeg radnog mjesta i vratiti iste servisirane aparate na njihovo propisano mjesto.

Tablica 4: 1 bod
Servis se obavlja u pokretnom servisu na terenu te se prolazi kroz raznolike uvijete
zavisno od djelatnosti trtke u koju se dode, te je mjesto u pokretnom servisu ograniceno.

Tablica 5: 0 bodova
Nula bodova nam pokazuje da smo uzeli u obzir servisera koji je iskusan u svojem
poslu.

Tablica 6: 0 bodova
Serviser na terenu si pokusava uvijek osigurati §ro bolje temperaturne uvijete, sobzi
rom na vremenske uvijete i moguénosti.

Rezultat u bodovima: 24

5. ZAKLJUCAK

Poslovi pri kojima je stupanj optere¢enosti ve¢i od 40 bodova spadaju u poslove s
posebnim uvjetima rada. Broj bodova od 10 do 25 daje nam rezultat poveéanog opterecen-
ja u kojem su mogucnost prekomjernog opterecenja kod radnika sa smanjenom radnom
sposobnosc¢u. Prosje¢no vrijeme obavljanja servisa jednog vatrogasnog aparata jednom
serviseru je 10 minuta, a serviser radi pod povecani optere¢enjem prilikom servisiranja
vatrogasnog aparat mozemo izrac¢unati utroSenu energiju prilikom servisa ako uzmemo u

obzir da je:
Obim rada Intenzitet rada
A=Fxs P=A/t
J (Nm) W=1J/sec
1J=10,102 Kpm
IKpm=9,81J

1Kcal =4,2 KJ =427 Kpm

Tada ¢emo dobiti da prosjeéna vrijednost utrosSene energije za servis jednog vatrogas-
nog aparata, jednog servisera, u vremenu od 10 minuta je prosjecno

21 [Keal].

Uzmemo li u obzir da u Hrvatskoj radi prosje¢no 340 servisera a da je godisnje servi-
sirano prosjecno 707.200,00 radnih sati i da za jedan servis jednog aparata je potrebno 10
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minuta jednom serviseru, tada dolazimo do zakljucka da jedan serviser napravi 12.480,00
vatrogansih aparata u godini dana. Broj¢ani prikazi utroSene energije prilokom servisa
vatrogasnih aparata, vremena servisiranja i koli¢ine aparata za servisiranje nas navodi na
zakljucak da serviseri vatrogasnih aparata moraju biti fizi¢ki i psihic¢ki spremni za svoj
rad, moraju imati dovoljno iskustva kako bi bilo manje pogresaka i ozljeda na radu kako
utvrduje tablica 7. Da bi se smanjio broj bolovanja potrebno je uzeti u obzir radno iskustvo
prema tablici 5, koja kaze da nakon dvanaest mjeseci rada radnik postaje spretniji, samo-
stalniji i sigurniji u svoj rad, tj. da se uvelike smanjuje mogucnost ozljede na radu zbog
ruénog prenosSenja tereta.
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1. UVOD

Ispitivanje u radnom okoliSu obuhvacéa sljedeca ispitivanja:

. ispitivanja fizikalnih ¢imbenika (temperatura, relativna vlaznost i brzina strujan-
ja zraka, osvijetljenost, buka i vibracije),

. ispitivanja kemijskih ¢imbenika (koncentracija plinova, para, prasina i aerosola),

. ispitivanja bioloskih ¢imbenika.

Ispitivanje i kontrola tih ¢imbenika izuzetno je vazno za definiranje Stetnosti, njene
koncentracije, doze, veli€ine, intenziteta, ucestalosti izlaganja. Sve to obavlja se u cilju
poboljsanja radnih uvjeta radnika i ocuvanja njihovog zdravlja.

Prema ¢lanku 45. Zakona o zastiti na radu (NN 71/14), poslodavac je obvezan ispiti-
vati radni okoli§ na mjestu rada kada:

. radni postupak utjece na temperaturu, vlaznost i brzinu strujanja zraka,

. u radnom postupku nastaje prasina,

*  uradnom postupku nastaje buka, odnosno vibracije,

. pri radu koristi, proizvodi ili preraduje opasne kemikalije,

. pri radu postoji izloZenost opasnim zracenjima,

. su na radu prisutni rizici od eksplozivne atmosfere,

*  jepriradu potrebno osigurati odgovarajucu rasvjetu u skladu s procjenom rizika.

2. METODOLOGIJA ISTRAZIVANJA
2.1. Problem istrazivanja

Problem ovog istrazivanja je utvrditi da li postojeci fizikalni i kemijski ¢imbenici
odgovaraju zakonskim propisima i normama koje se odnose na pojedina podrucja, odnos-
no da li se u postrojenju za proizvodnju dusicne kiseline - 1 primjenjuju propisi za ova
podrucja istrazivanja? Radnici koji rade u na postrojenju izlozeni su tijekom rada raznim
Stetnostima, fizikalnim i kemijskim.

2.2 Cilj istrazivanja
Osnovni cilj rada je izmjeriti parametre u radnom okoliSu postrojenja za proizvodnju
dusicne kiseline - 1 koje radi u sklopu Petrokemije d.d., utvrditi da li postoje¢i fizikalni i

kemijski ¢imbenici odgovaraju zakonskim propisima, te na osnovu rezultata, ako je po-
trebno, preporuciti mjere za poboljsanje radnih uvjeta.

2.3. Hipoteza

Pretpostavka je da poslodavac primjenjuje propise za rad na siguran nacin, no da su
moguca manja odstupanja u proizvodnom procesu glede propisanih uvjeta rada na pojed-
inim radnim mjestima.

2.4. Zadaci

Da bismo mogli uspjesno analizirati parametre radnog okoliSa, potrebno je izvrsiti
slijedece:

. izraditi plan mjerenja,

. obaviti mjerenje parametara radnog okoliSa (temperatura, vlaznost, brzina stru-
janja zraka, osvijetljenost, buka, prasina, plinovi) i ocijeniti rezultate istih.
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2.5. Metoda

Osnovna metoda za izradu istrazivackog rada je kvantitativna. To znaci da smo nu-
merickim vrijednostima izrazili izmjerene veliine Stetnosti, te smo ih nakon mjerenja
usporedivali takoder s numerickim standardima vrijednosti koje su dopustene za pojedine
vrste Stetnosti u radnom okolisu.

3. REZULTATI ISTRAZIVANJA
3.1. Mikroklimatski uvjeti:

Ispitivanje mikroklime izvrSeno je kod uobicajenih radnih uvjeta, 1,2 m od poda. Za
ispitivanje mikroklimatskih parametara koristeni su slijede¢i instrumenti:

Za mjerenje temperature i relativne vlaznosti zraka:

. TESTO 625, a za mjerenje brzine strujanja zraka: Kestrel 2000.

Ocjena rezultata mjerenja prikazana je u skladu s normom U.J5.600 1 U.J5.610, Pravil-
nik o zasStiti na radu za mjesta rada (NN 029/2013).

3.1.1. Temperatura zraka
Izmjerena temperatura u radnom prostoru je od 20,3°C do 24°C, §to je u skladu sa
propisanim uvjetima (Tablica 1, 2, 3).

3.1.2. Relativna vlaznost zraka

VlaZnost zraka (%)

70
60 +— /0\ _
50 \. ~— Min. vlainost zraka (%)
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Grafikon 1. Relativna vilaznost zraka

Izmjerena relativna vlaznost u radnom prostoru krece se od 40,5% do 59,9 %.
Vidljivo je da je ista na pojedinim mjernim mjestima vrlo blizu granice dopustene standar-
dom (Tablica 1, 2). S porastom vlage povecava se i zasicenje zraka vodom odnosno vode-
nom parom, pa se radnici tijekom rada vise znoje. Vazno je, u sluc¢aju porasta, relativnu
vlaznost zraka regulirati klimatizacijom.
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3.1.3. Brzina strujanja zraka

Izmjerene brzine strujanja su u skladu su s odredbama standarda HRN U.J5.6008 (Ta-
blica 1, 2).

3.2. Buka

Buka na radnim mjestima ispitana je sukladno HRN EN 9612:2010, gdje je za svako
radno mjesto ispitivana buka u trajanju od tri serije po 5 minuta mjerenja,s integriraju¢im
zvukomjerom CESVA. Mjerenje je izvrSeno u visini slu$nih organa radnika. Izmjerene
razine buke u skladu su s dopustenim razinama sukladno “ Pravilniku o zastiti radnika
od izlozenosti buci na radu” (NN 46/08); te normama EN ISO 9612:2009 (Akustika -
Odredivanje izlozenosti buci pri radu), HRN ISO 1999:2000 (Akustika — Odredivanje
izlozenosti buci pri radu i procjena oSteCenja sluha izazvanog bukom(Tablica 1, 2 gdje
se naro¢ito vidi u Tablici 2 da je izmjereni intenzitet buke 84,7 i 84,9 dB,sto je u granici
dozvoljenosti iste na radnom mjestu — 85 dB).

3.3. Osvijetljenost

Osvjetljenje je ispitano na svakom radnom mjestu radnika, 20 — 30 cm od radne
povrsine i oko 85 cm od poda radnog prostora.

Osvijetljenost na radnim mjestima kombiniranom rasvjetom ispitana je luks-metrom.
Izmjerene razine osvijetljenosti zadovoljavaju i iznad su minimalnih vrijednosti sukladno
normi HRN EN 12464 , Svjetlo i rasvjeta - Rasvjeta radnih mjesta”(Tablica 1, 4).

Razlog tomu, $to na pojedinim mjestima intenzitet osvijetljenosti ide nesto malo ispod
minimalne vrijednosti, je §to s vremenom rasvjetna tijela budu prekrivena prasinom i tada
dolazi do smanjenja razine osvijetljenosti. Rasvjetna tijela potrebno je ¢esce Cistiti od
prasine (Tablica 2, 4).

3.4. Kemijske Stetnosti

Koncentracija NO2 i NH3 na radnim mjestima ispitana je analizatorom Gasmet DX
- 4030, a mjerenje HNO3 obavljeno je Drager cjev¢icom ,,Nitric Acid 1/a* (1 — 50 ppm).
Mjerenja su obavljena pri uobic¢ajenim radnim uvjetima.

Ocjena rezultata ispitivanja u skladu je s odredbama Pravilnika o grani¢nim vrijed-
nostima izlozenosti opasnim tvarima pri radu i o biolo$kim grani¢nim vrijednostima (NN
13/09), Tablica 1, 3, 4, dok u Tablici 2, koja se odnosi na ispitivanje radnih mjesta u Up-
ravnoj zgradi,strojobravarskoj radionici i blagovaonici nema tih koncentracija, s obzirom
na prirodu poslova).
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3.5. Prikaz rezultata ispitivanja

Tablica 1. Ispitivanja u prostorima komandne sale i kompresorskih sala

Petrokemija d.d. Prostorija ili prostor:
PCPG-DUKI-1 1. Zatvoreni objekti postrojenja
Ekspozicija Minuta 600 40 40

Mjerno Mjerno Mjerno mjesto:

mjesto:1.1. mjesto:1.2a. 1.2.b
Naziv radnih mjesta Komandna Kompresorska Kompresorska

sala sala L1 sala L2
Fizikalno-kemijglks Mjerna Datum mjerenja 1 izmjerene/izradunate vrijednosti Stand
Stetnost jedinica ard/G

11.05.2015. VIUKG
1. Vanjski uvjeti t, °C 24 VI
% RV 60,2

2. Temperatura zraka °C 21,3 23,6 23,9 18-24
3. Relativna vlaznost % 41,5 449 43,1 40-60
4. Brzina strujanja m/s 0.4 05 05 05
zraka
7. Buka dB(A) 71,1 79,8 81,6 85
8. Intenzitet Ix
osvijetljenosti (op¢a) 1000-1150 450-630 (D+E) | 470-650 (D+E) 300/15
D+E (dnevna + (D+E) 145-165 (E) 144-245 (E) 0/150
elektri¢na) 650-930 (E)
9.NO, ppm 0,03 0,22 0,87 3/5
10. Amonijak ppm 0,05 20/50
11. Dusi¢na kis. ppm --/1
Ventilacija op¢a mehanicka Klimatizirano - -

Tablica 2. Ispitivanja u prostorima Upravne zgrade strojobravarske, radionice i blagovaonice

Petrokemija d.d. Prostorija ili prostor:
PC PG-DUKI -1 [1]. Zatvoreni objekti postrojenja
Ekspozicija Minuta 180 500

Mjemo mjesto:1.3. Mjerno mjesto:1.4. Mjerno mjesto: 1.5.
Naziv radnih mjesta Upravnf zgrada- Str.OJo.bravarska Nova blagovaonica

prostorija za radionica

platinu
Tizikalno-kemijska Mjerna Datum mjerenja i izmjerene/izracunate vrijednosti
Stetnost jedinica Standar

11.052015. Yoy
1. Vanjski uvjeti t, °C 24
% RV 60,2
2. Temperatura zraka °C 234 20,3 240 18-24
3. Relativna vlaznost % 59,9 40,5 40,8 40-60
4. Brzina strujanja zraka m/s 0.4 0,4 0,4 0,5
7. Buka dB(A)
76,8 82,0 80,4 85

8. Intenzitet osvijetljenosti | Ix 400-600 (D+L) 300150
( 530-727 (D+E) 250-560 (D+E) 250-345 (E) i 1150
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Tablica 3. Ispitivanja u prostorima reaktorske platforme,kondenzatora turbine i kod napojne

pumpe
Petrokemija d.d. Prostorija ili prostor:
PC PG -DUKI - 1 [1]. Vanjsko postrojenje
Ekspozicija Minuta 40 40 40
Mjerno mjesto:2.1. Mjerno mjesto:2.2. Mjerno mjesto: 2.3.
. . . Sredina reaktorske Kondenzator Kod napojne pumpe
Naziv radnih mjesta platforme turbine E 14104 P14001
Fizikalno-kemijska Mjerna Datum mjerenja i izmjerene/izraunate vrijednosti Standar
Stetnost jedinica 11.05.2015. A/GVI/
1. Vanjski uvjeti t, °C 24 KGVI
% RV 60,2
2. Temperatura zraka °C * * * 18-24
3. Relativna vlaznost % * * . 40-60
4. Brzina strujanja zraka m/s * * * 0,5
7. Buka dB(A) 80,3 84,9 84.7 85
8. Intenzitet osvijetljenosti | Ix 75-100 (E) 75-236 (E) 93-182 (E) 80
9.NO, ppm 1,01 3/5
10. Amonijak ppm 0,22 20/50
Ventilacija prirodna Vanjski prostor Vanjski prostor Vanjski prostor

Tablica 4. Ispitivanja radnog okolisa na radnom mjestu Kota “0“pumpe gotove kiseline

Petrokemija d.d. Prostorija ili prostor:
PC PG -DUKI -1 2.Vanjsko postrojenje
Ekspozicija Minuta 40
Mjerno Mjerno mjesto:2 Mjerno mjesto: 2.
. P mjesto:2.4.
Naziv radnih mjesta Kota ,0%-pumpe
gotove Kiseline

Fizikalno:kemijsks Mierns Datum mjerenja i izmjerene/izratunate vrijednosti Standa
Stetnost jedinica rd/GV

11.05.2015. VKGV
1. Vanjski uvjeti t, °C 24 1

% RV 60,2

2. Temperatura zraka °C * 18-24
3. Relativna vlaznost % * 40-60
4. Brzina strujanja zraka m/s * 0,5
7. Buka dB(A) 78,9 85
8. Ir_l_tenptet ) Ix 150-162 (E) 50
osvijetljenosti
9.NO, ppm 3/5
10. Amonijak ppm 0,18 20/50
11. Dusicna kiselina ppm 0,03 -/1
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4. ZAKLJUCAK

Na temelju provedenog istrazivanja mozemo zakljuciti da je pretpostavka bila tocna
odnosno da se prihvaca. Poslodavac primjenjuje propise za rad na siguran nacin, ali su
uocena i manja odstupanja intenziteta osvijetljenosti. Navedena odstupanja nisu veliki
problem, potrebno je nesto cesce Cistit rasvjetna tijela.

Izuzetno je vazno redovito kontrolirati i ispitivati radni okoli§ u svim gospodarskim
granama, te ukazivati na probleme i predlagati mjere za poboljsanje istog, jer samo zdravo
radno mjesto pruza uvjete za o¢uvanje zdravlja radnika.

Ne smijemo dopustiti da nam radnici s radnih mjesta odlaze narusenog zdravlja ili
ozbiljno ugrozenog s dijagnozom invalida rada ili profesionalnog oboljenja.

5. LITERATURA

[1] Zapisnik o ispitivanju radnog okolisa 10/15, Petrokemija d.d. Kutina

[2] Zakon o zastiti na radu procisceni tekst zakona (NN, 71/14)

[3] Pravilnik o ispitivanju radnog okolisa (NN 16/16)

[4] Pravilniku o zastiti radnika od izlozenosti buci na radu (NN 46/08)

[5] Pravilnik o grani¢nim vrijednostima izlozenosti opasnim tvarima pri radu i o
bioloskim grani¢nim vrijednostima, (NN 13/09)

[6] Pravilnik o zastiti na radu za mjesta rada (NN 29/13)

[71 Norma U.J5.600
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Hyuran TABAHCKH!
3ponnmup BYKTA?

BE3BEJIAH PA/l HA JTEB/bAYN

Pe3ume: Pax Ha ne6sbaun y HETIOCPEAHO] je BE3W ca MHOTOOPOjHIM PH3HLIMMA KOjU TIPETE Aa YIpo3e
0e30eIHOCT U 37ApaBJbE 3aMOCICHOL. Y IMJBY MpyXamka MoMohH JHIMMa 3aay>KeHUM 3a 06e30e1HOCT
U 3][paBJb€ HA Pajly U NPOLECHHBAYMMA y IOCTYIKY IPOLEHE PU3MKA 33 PaJHO MECTO — pyKOBaJall
ne0sbadoM, Ipero3Hare U yTBpheHe Cy MOTeHIUjallHe OMACHOCTH U IUTETHOCTU U JaTe Cy Mepe 3a
YIIPaBJbare PUHKOM.

Kibyune peun: nebspada, 6€30€JHOCT, OMTACHOCT, PU3HUK.

SAFETY WORK ON THICKNESS PLANER

Abstract: Working with the thickness planer carries a number of risks towards the safety and health
of workers. In order to assist health and safety personnel as well as risk assessors during the process
of risk assessment for the thickness planer operator, potential hazards and harms are identified and
measures for risk management are given.

Key words: thickness planer, safety, hazard, risk.

' TIpod. np, Bucoka TexHnuka mkosa cTpykoBHux cryauja y Hoom Cany, [Ikoncka 1,
gavanski@vtsns.edu.rs

2TIpod. mp, Bricoka TexHHUKA IIKONA CTPyKOBHUX cTyauja y HoBom Cany, [Ikoncka 1,
bukta@vtsns.edu.rs
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1. YBOIAHA PASMATPAIBA

ITocnonagarr je ayxaH aa, y CKiIaay ca wianoMm 15. craB 7. 3axona o 6e36ednocmu
u 30pasmy na pady [1], aHraxyje mpaBHO JIMIE Ca JIMICHIIOM Yy IUJBY CIpPOBoheHma
MIPEBEHTUBHUX W TEPHOAMYHMX Mperviea W NpoBepa ompeMe 3a pan. Y PemyGmurim
Cpbuju cy y unany 3. [Ipasunnuka o nocmynky npezieda u npogepe onpeme 3d pao
U ucnumuearsa ycioéa paoue oxoauxe [2] MpomMCaHe KaTeropvje OompeMe 3a paj Koje
MOJIC)KY TIPEBEHTHBHUM M MEPHOIUYHIM TIperie/iiMa 1 poBepama. MaruHe 3a o0pany
Y Tipepajly IpBeTa, Koje Cy eKCILUTMIIMTHO HaBe/IeHe Y WiaHy 3. I0J] TAYKOM 7, CBPCTaBajy ce
y HajolaCHUjE MAIlIMHE U3 IPYIIC 32 00paay MaTepHjajia MPBEHCTBEHO 300T BEIHKE OP3UHE
PE3HOT ajiata U YeCTuX NOMONHUX omepalja Koje ce 00aBibajy pydHO MPH OTUCKUBAY
Marepujana.

Ha ocHoBy BpcTe MexaHWuke 00pajie U mpepajie ApBeTa U CIMYHHX MarepHjajia OBe
MallliHE C€ MOTY TOJEJIUTH Ha: MalllMHE 32 Pe3ame, CEUCHE U JbYIITCHhE — CKUIAbe
CTpyrotuse (rarepu, Kpy>KHE M TpakacTe TecTepe, paBHaIHIle, AeOsbaue, IIOAAIHUIE,
nyounuue, opycuiuie, Oymwinie win KOMOMHOBAaHE CTOJapCKe MAallMHE) U Ha MallluHe
3a obnukoBame AedopmucameM (TMpece, MalllMHE 33 CaBHjambe, MAIIMHE 32 HAHOIICHE
pasHUX MpeMasa WK MalluHe 3a Jelbemhe QypHupa), [3].

Jlebsbaue (IUXT MAIIHHE) CIyXKe a IPeAMETH o0paje, mocje cTBapama 0asHe paBHU
Ha paBHAIUIH, 100H]y oapeljeHe (koHauHe) AUMEH3H]je 1o neO/brHU U mupuan. Criaaajy
y MaluHe npeasuljeHe 3a 00paay U 00IMKOBakbe IPy00 HCEUCHHX peaMeTa oopase (Hip.
Jlacke).

2. OIMACHOCTH IIPU OBPAIN HA TEB/bAYHU

[Ipn o6aBsbamy pagHUX aKTUBHOCTH Ha /1e0Jbadd MOTY C€ NPENO3HATH W YTBPAWUTH
OIIACHOCTH M IITETHOCTH, Koje Cy nare y Tabenn 1.

Tab6ena 1. [lpenozname u ymephene onacnocmu u wmemHocmu
npu 06padu Ha deboauu, (3,4, 5, 6, 7]

P. OITACHOCTH 1

6p. IITETHOCTHU OIIMCHA AHAJIM3A

CnydajHd mOoIMp ca HOXEBHMa 3a BpeME OLITPeHma WIH
HOJICIIABAHA.

Basbu 3a 10BOAI IpeMeTa 00pajie, Kao U caM mpeaMer odpaje
MOTY J1a TIPUTE-EYE MPCTE, aKO HUCY NPABHIIHO 3aruTuheHn.

Porupajyhm n/mm
TIOKPETHU JIETIOBH

[oBparHu ymap win oxbalMBame MpeaMera oOpaze mpema
paJHHUKy HACTyIa Kaja ce He KopucTte Oe30eHe pajHe MeTo/e,
Kaja ce neb/baya HE OAp)KaBa MPABUIIHO WM HHje T00po
HoJellIeHa, Kao U Kajia Hema ofarosapajyher 3aiiTuTHHUKA.

Bparuno ca HOXXeBHMa HHjE OKJIOIUBEHO METAJTHHM 3aIUITUTHHM
MTOKJIOTIIIEM.
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Mmweacti u omrpu HoxeBu. Crpyrotuna (uBep). Illmspacra

2. OmnacHe MOBpIINHE
KH/IaHa Jlacka.
CroTnname O eNeKTpUYHe KaOloBe W MaJl paJHUKa Ha HOXXEBE
K WM Ha HOJ POCTOPHjE YCIIE 3aKPUCHOCTH U HEYPEIHOCTH PajiHEe
TTH3abE WIH
3. HOBpILKHE (MPOCTOP OKO MAIIMHE WM MPOCTOp 3a HPUIpeMy U
CIIOTULIAE
omyiarame o0pal)eHux nmpeamMera).
Knmzame ycnen npocunama yiba 10 Moy y 30HH pajia.
o Vhap enekTpuuHe CTpyje HNPUIMKOM J0oaupa ca ourreheHum
TACHOCT 011 CICKTPUYHUM KaGJ'[OBPIMa, YTUYHULIOM UJIA IPEKUTa4YEM.
4. JTUPEKTHOT U
HMHIUPEKTHOT I0AMPA | Jlomie y3eMIbEbe MAIIHHE.
IIpu pagy ca npBeTOM M CIMYHUM MaTepujajuMa JoJia3d 10
B OpMHpamka CHUTHHUX 4YeCTHULA JAPBCHC IIpallNHE Basayx
XeMujcKa ITETHOCT - (bopup PBCHE TP y XY
5. na Cy paiHUlM H3JIOKCHU HHXaJIalliju NpaliiHE U TCLIIKHUM
npanHa . . .
P aNeprujckuM o0oJbeHUMA UCAJHUX OpraHa M I0jaBU KaHIepa
Koz obpaje xpacTa u OyKBse.
6 Hanopwu u tenecHa Jusame 1 cinymrame npeamera obpane. IloTuckupame apeera
’ Hamnpesamba IO PaJHOM CTOJIy MaIllMHE.
Hedwuzunonomku
7. IOJIOKaj Tea JlyroTpajHO CTajame U Carumbame.
paIHHKa

PAJI HUJE HAMEBEH JIA OBYXBATU CBE IIOTEHIIUJAJIHE OITACHOCTU U
INTETHOCTHU I1PU PAJIY HA JIEBJbAYUN.

3. MEPE 3ALITUTE IIPU OBPA/IU HA JTEB/bAYHN

AHaITN30M TEXHOJIOIIKOT IpoIieca 00paie ApBeTa M CIIMIHUX MaTepHjaia i MPerno3HaTHX
OITaCHOCTH W IITETHOCTH YTBpheHe cy cienehe mepe 3a clipedaBame, OTKIAmAkEe W/UIN
CMambeIhe PU3HKA!

KOPHCTUTH JcOJbauy y CKIaay ca HAMEHOM,

oJp>kaBaTH Je0bady mpeMa yIyTCTBY MPOou3Bolhaua,

OJIpKaBarbe, MOMPABKY U MOJCIIABAE A¢0shadue jeIUHO MOKE BPIIUTH CTPYUIHO U
omnamheHo nuiie,

BPILUTH [IEPUOJUYHE MPETIee U MpoBepe aedbaue,

e BPULINTU OCNIOCO0JbaBambE 3al0CICHNUX 3a Oe30eaH paj ca 1edspadoM,
e 00e30eaUTH JOIyHCKA YIIO3HABAba 3all0CIIEHUX €A OIIACHOCTUMA ITyTEeM YIIyTCTaBa,

HATIHCA 1 3HAKOBA YIO30PCHha,

BPIIUTH JHEBHY MPOBEPY UCIIPABHOCTH JeOsbaue

(mHeBHa TMpoOBepa HCIPABHOCTH JjebJpaue MOmpasyMeBa BH3YENHH MpErie]
KOMIUTIETHE MalliHe, a Mpe cBera: pe3Hor amara (poTupajyhin HOXEBH), CTE3HOT
npubopa pe3Hor anara, NPEHOCHHUKA CHAre, PyJuIle 3a TMOJelIaBab¢ BUCHHE CTOJAa,
ypehaja 3a moMmepame mpeaMeTa oOpajae, YIpaB/bauKWX KOMAaHIIH, 3aIITHTHOT
MOKJIOIIIA, TOBOJHOT KabJia, MpeKuaaua, MpUK/bydKa 3a OTIPAIIUBAILE U SICKTPHYHE
HHCTaJIAIHN]e),
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00e30enuTH MpaBWIHO KOpUIIhewke MPONUCAaHNX CPECTaBa 3a JIMUHY 3alITHTY Ha
pany,

(y mpomucaHa cpeicTBa 3a JIMUHY 3allITUTYy Ha Pajy Chajajy: 3alliTUTHO OJEJo
(1BOZIETHO WJIM KOMOWHE30H, Ofl TAaMy4YHE TKaHWHE - Kerepa), 3alliTUTHA Karna (o1
JlaraHe naMmy4yHe TKaHWHE, Ca IITUTHUKOM) WITH 3aIITHTHH IIUIEM, 3alITUTHE Hao4ape
(ca MpO3UpPHUM CTAKIOM M OOYHOM 3alITUTOM) WIIM IITUTHUK 332 OYM U JIMIE,
3alITUTHE [uIese (KoXKHe, ca 0ja4yaHOM KalMIoOM U TYMEHHM peOpacTUM IIOHOM),
Kelesba (KoXKHa, Kparka, 1o MoryhiHocTH y npeneny TpOyxa 1ojayaHa mocTaBoM Of1
KOKe ¥ apMUpPaHHM MIMIKaMa WM IJI0oYMIamMa), IITUTHHUK 3a yi (1o motpedn),
pecruparop Wix 3allTUTHAa Macka (10 ToTpedH)),

3a0pamCeHO je MpH pajy HOCUTH cart, NPCTerhe, HapyKBHIE, JaHuuhe WM KpaBaTy —
3amTuTHa ofeha Mopa OWUTH MPUTETHYTA Y3 TENO U 3aKOITYaHa,

® pe3HHM anar (HOX) Mopa OMTH ITPaBWIIHO IpHYBpIINeH, IEHTPUPAH U 3aTETHYT,
® pe3HM ajar Mopa OMTH JOBOJGHO OIITap Kako He OW JIOLUIO JI0 JIOMa ajiara W/Wiu

IeTamka npexmera obpae,

perynanuja nyouHe u Op3uHE pe3ama Mopa OMTH oAroBapajyha jep y IpOTHBHOM
jaBJba ce Behu OTIOp pe3arba U JIaKO JI0JIa3H 0 JIOMa aJiara,

YKOJIMKO j€ PE3HH aJlaT HOB MJIM CTajao Ha HKCKO] TEeMIIepaTrypH, NOTPEOHO je na paau
Ha [IPa3HoO HajMame 5 MUHYTa,

o0aBe3Ha IPUMEHA 3aIUTUTHHUKA 32 IOKPUBAKE BpaTHIIA Ca HO)KEBUMA

(BpaTmJIO ca HOXKEBUMa MOpa OUTH HMOKPUBEHO 3AIUTUTHUKOM Y OOJHKY MOKJIOINLA,
cinuka 1, Koju ce Moxe rpema rnorpedu noauhu pany uninhema, npeniena u Mmoryhux
TIOTIPABKH),

Cnuka 1. /lebwaua onpemmena 3aumumnukom y 001uKy nokionya

¢ ypehaj 3a momepame npeamera oopaje Mopa OUTH HCIIPaBaH

(ypehaj 3a moMmeparme mpemmMeTa o0pajie MpHKa3aH je Ha CIAHMIX 2 U CacTOjHU Ce Of
YEeTHPHU BaJhaKa, IPH YeMY Cy JIBa IIaTKa Bajbka (8) CMeIITeHa Y mpopesy y paaHoM
CTOJIy ¥ MMajy 3aJIaTaK Jia OJIaKIajy KpeTame mpeameTa oopae),
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Cnuka 2. Ypehaj 3a nomeparse npeomema odpade koo doedwaue, [4]

* (M3HAJ paJHOr CTOJa HaJla3e ce JBa BaJbKa: NPBHU yJa3HH — 0XeOJbeH (6) U ApyrH
W3JIa3HM — DJIaTKU BaJbak (7); 00a BaJbKa Cy MOTOHCKA; MOTOH BaJbaKa Ce OCTBapyje
ITOCPEICTBOM TAJIOBOT JIAHI[A; HajMama AyKWHA IpeaMeTa o0pana koju ce odpahyje
Ha nmebspaun Tpeba nma Oyme 50 mm Beha om pacrojama oca Ipenmer W 3ammber
TPaHCIOPTHOT BaJbKa, BPATHIIO ca HOKEBUMa (2) Ko Aebsbade je KpyKHOT Ipeceka u
MMa Hajuelnhe YeTHpH TaHKa HOXKa, CITHKA 2; CBH BaJbLIU MOPAjy OMTH Ta4HO HOJCIICHH
3a IIPOjeKTOBaHy ACOJbUHY OI0parka).

® 3qumuma o0 noepamuoe yoapa,

* Ha yJIa3HOM JIeJy MOoCToje KIMHOBH (3) oI MeTajia Koju CIpeyaBajy IMOBpaTHH yaap
npeaMera odpaje, ciuka 2.

* NPUTUCKMBA4M (5) Cy HOCTaBJbEHH HEIOCPEIHO HCIpe] WIM H3a BpaTHia ca
HOXEBHMa, ciuka 2. [Ipeamy npuTHCKIBAY je WIAHKOBHUTO U3pal)eH, a 3aImu je u3
jenHor xomana. [IpuTHCKHMBaYM MMajy YIOTY Jia Clipede IOBPaTHU yaap IpeaMera
oOpane.

* HE CMejy Ce MCTOBPEMEHO oOpaljuBaTv mpeaMeTd pa3nuuuTux nebsbuHa, jep he
TamkH MpeaMeT OUTH oxbadeH IpeMa pagHUKy U moBpeautu ra. Kama obpabhyjere
HCTOBPEMEHO J/IBa TIpenMeTa, OHH Mopajy Outu mcte nedspuue. Ilpenmern ce
ITOCTaBJbAjy Ha JIBa Kpaja UCIIpEN BajhbaKa a He y CPEINHY BaJbKa.

* TIpu paxy ca nebJpadoM pagHWK MoOpa CTajaTH ca CTpaHe MalluHe, Kako Ou ce
3aIITHTHO O MOTYher MoBpaTHOT yapa npeaMeTa odpase.

® CIMpY2OMUHRY YKAARAmM ¢d paAoHO2 CIMOLA YeMKOM UTU MEeMIAUYOM
(cTpyroTHHY HUKaJa HE YKJIAHhaTH ca PaJHOT CTOJIa KOMPHMOBAaHUM Ba3IyXoM, jep
JIOJTa3u JIO pas3lieTama CTPYTrOTHHE IO MTOTOHY; MPABUIIHO YKIIakhalhe CTPYTrOTHHE ca
pamHor cTojia nedbaue KOpuIiemheM YeTKe MPUKA3aHo je& Ha CIHIHN 3),

e [PaBUIIHO NIOCTABUTH UcIIpaBaH ypehaj 3a onBolemwe mpamimHe U CTpyroTuHe
(mebspaua je MariMHaA ca BEJIMKAM OpojeM 00pTaja HOXKEBAa MPH YHjeM CE paay
CTBapa peyaTHBHO BEJIMKA KOJMYMHA CTPYTOTHHE; a O Ce CIIPEYHIIO JIa CTPYTOTHHA
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onuiehe 1o pamHOj OKOJIMHY, U3HAJ] HOKEBA je MTOTPeOHO MHCTANIUPATH oroBapajyhu
MPUKJbYYAK 33 0J[BONjee CTpyroTuHe y ypehaj 3a ornpariuBame, ciuka 4, [6]),

e 00e30eauTH akTUBHE Kpahe oamope,

o caHkimoHucatn Hekopuiiherme JI30 (HOp. HOBYAHO KaKIaBahe, YIasbaBambe Ca
pajJHOT MeCTa WK 0TKa3),

Cnuxa 3. Yrnarware cmpyzomune ca paonoz cmona uemkom, [4]

Cnuxka 4. Ipukwyuax Ha debpauu 3a 006oherwe cmpyeomune, [4]
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o xopuctutu ,,NOT-STOP* Tactep y ciiyuajy eBeHTyaIHE OMAacHOCTH (aKo je yrpahen
Ha MAaIIWHH), CIIUKA 5,

Cnuxa 5. ,, NOT-STOP “ macmep y cnyuajy eeenmyanne onacHocmu
e Op3uHa moMohHoOT KpeTama Mopa OuTH yckialjeHa ca KapakTepucTuMa aedspade,

® 3a0paHMTH J1a PATHUK PYKYyje 1e0JhauoM aKo je MO YTHIAjeM aIKoXoJa, APOTre HiIH
JIEKOBA,

e 3a BpeMe oOaBjbarba IIOCIOBAa Ha Je0Jbaull KOHIIGHTPHCATH CE HAa pag M HE
pasroBapary ca JpyruM paJHULIUMA - TIOCEOHO Cy ONacHe Pa3IM4uTe IIaje U Urpe
OKO MallllHe, jep MOTY OHTH y3pOK IOBpEe,

e 3a0pameH je pajx ca MedJbauoM YKOIHKO IMOCTOjH MeXaHW4Kko omTeheme kabmoBa
WK IprUOOpa 3a Halajamke eIeKTPHIYHOM CHEPTHjoM,

e 3a0parEeHO je 3aMebUBaTH JeJIoBe Jie0sbaue Heoarosapajyhnm,
¢ I3BPLINTH OIaroBpeMeHy 3aMeHy J0Tpajaliux AeioBa aedspade,

e npe moveTka uumhera, MONpaBKe WM HEKe Jpyre MHTEpPBEHLMje Ha jaedipauu,
Kao M HAKOH 3aBpIIETKa JHEBHOr paja, 00aBE3HO MCKJbYYHTH IVIaBHU MpPEKHAAd 3a
Harajame Je0Jpaue eeKTPUIHOM SHEePTHjoM i 00e30€IUTH je OJf CITyJajHOT IIOHOBHOT
YKJbY4erha U

e Kaja 3aBpIIUTE Paj, paJHO MECTO PacIpeMHUTH U Ae0Jbauyy OYMCTHUTH — pajHH
npoctop Tpeba oaprkaBaTH Aa Oyne ypenaH u 0e3 mpenpexa.
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4. 3AK/bYYAK

Pax je noka3ao pasHOBPCHOCT W CIIOKEHOCT OMACHOCTH M INTETHOCTH, Koje ce
ojaBJbyjy npu kopuithemy nedspade. Ha ocHOBY Bakehe 3akoHCKe perysnatuse y o0nacTu
6e30eHOCTH U 3/]paBiba Ha Pajiy, Koja je y CKJIaly ca CTpaTeriujoM pazBoja 0e30e1HoCTH 1
3apaBsba Ha paay y EY, nmponmcano je na nebspade Mopajy OuTH onpemMIbeHe 3l THTHUINMA
n 6e36enHocHNM ypehajuma.

Kako 3amtutHuIg U 6e30enHOCHH ypehaju He MOTY CIIPEYMTH CBE MTOBPEAEC Ha pamy,
HEONXOIHO je MPUMEHUTH M JIOfaTHE MpPEBEHTUBHE Oe30elHOCHE Mepe: IOCEeN0Babe
CTPYYHOI Hajia3a O H3BpIICHOM Mperieny W IMPOBEpH ONpeMe 3a paj Of CTpaHe
JUIEHIIMPAHOT TIpaBHOT JHIa, 3abpaHa ynorpebe omreheHMX ajaTa W HEUCIpPaBHE
MaliuHe, o0aBe3Ha yrnorpeba ypehaja 3a omBolerme cTpyroTHHe W MpaiivHe U MpUMeHa
0e30eTHUX METo/Ia paja Ol CTpaHe paJHUKa.

E¢ukacHOCT mpeBEHTHBHUX OpTaHU3AIMOHMX Oc30CHHOCHWX Mepa, Kao IITO  CY:
MMOCTaBJhaKE¢ O3HAKa O NPUCYTHUM OITACHOCTAMA W IITETHOCTHMA, CIIPOBOhCHC
MIEPMaHCHTHOT OCHOCO0JbaBarma 3allOCICHHUX, TIOCTaBJhamkhe YIYTCTBA 3a 0e30emaH pai
Ha BHJTHOM MECTY, 00aBe3Ha ynore0a JIMYHE 3alITHTHE ONpPeME U MO3UIIHOHUPAKHE CBOT
0c00Jba BaH OIMAaCHUX 30HA (Y paBHH pe3arka H/WIH Y IPaBIly TOMepama mpeaMera oopase)
JTUPEKTHO ce OCJama Ha M3MCEHE y MOHAIIAky PagHUKa, OMHOCHO Ha MIPOMEHHU CBECTH O
0e30emHOM pay.

5. JIMTEPATYPA
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THERMAL BIOMASS TREATMENT: FINDING
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DETERMINING BTEX COMPOUNDS

Abstract: Biomass is a resource that is interesting as a renewable source of energy and chemicals. In
the Republic of Serbia, the potential of biomass still has not been fully realised, hence our research
is seen conceived as a small contribution to this field. In this study, samples of poplar wood pellets
with different starting weights, were heat-treated, and BTEX compounds released into the gas
phase sampled and then analyzed by gas chromatography with a FID detector. The aim was to
find the optimal sample size both in terms of heat treatment performance and monitoring, and the
aspect of the chemical analysis of released BTEX compounds. Two types of thermal treatment were
performed: combustion and thermal decomposition in atmospheric conditions.

Key words: lignocellulosic biomass, poplar wood pellets, heat treatment, BTEX compounds

ITPOHAJIA’KEIBE OIITUMAJIHE BEJINYUHE
Y30PKA 3A TEPMNYKHU TPETMAH BUOMACE PA/IN
OJAPEBUBAIbA BTEX JEIUIBEIBA

Pe3ume: Briomaca je pecypc Koju je ”HTepecaHTaH Kao 0OHOBJFMBH H3BOP CHEPTHje U XEMUKAIHja. Y
Peny6muim CpOuju ce 6momaca join yBek He ncKkopuihasa y IyHOj MEpH, 11a j€ 0Baj paj 3aMHUIbEH
Kao MaJM JONPUHOC Ha OBOM IMOJbY. Y TIPHUKA3aHOM MCTPa)KHBamy, Y30pLHM IIeJieTa TOIOJe
pa3IMYMTHX TOJIA3HUX Maca, TepMHUKH cy Tpetupanu, a BTEX jenumera koja ce TOM NPHUINKOM
ocnobahajy y racoButy ¢asy cy y30pKoBaHa, a IIOTOM aHAJIM3MpaHa TaCHOM XpoMaTorpadujomMm
ca FID perexropom. I{usb je 6o Hahu onTHMaNHy BEJIMYHHY Y30pKa Kako ca acleKkTa n3Boherma
n mpahema TEPMHYKOT TPETMaHa, TaKO M ca aclekTa Xxemujcke anammze ociobohenmx BTEX
jenumema. I3BeneHe cy ABe BPCTe TEPMUYKOT TPETMaHA: CaropeBambe U TEPMUYKO pasiarame mpu
aTMOC(EPCKUM yCIOBUMA.
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1. INTRODUCTION

Today, it is certain that energy represents a sector of the economy that has the
largest negative impact on the environment. The fact that the energy sector is founded
on predominantly conventional sources of energy represents a realistic threat to the
sustainability of economic flows. The non-renewability of the most commercialized and
most accessible energy sources in today’s world (coal, oil, and gas) is a very important
characteristic of global energy that influences a sustainable future. Thereby, sustainability
as the ability of today’s generations to achieve economic growth and development in a
way that does not take that opportunity away from future generations.

The most likely global development scenario is represented by an economy founded
on the effective use of relatively “clean” energy that is accessible through various sources.
The energy sector will, according to all development scenarios, for a further period that
will be relatively long, have the task of supplying both the economy and society itself
with significant amounts of energy and sources of energy. However, this will include the
tendency of reducing the energy intensity, thereby the use per unit of financial product.

The second requirement that is placed before the energy sector is for the energy
produced to be clean, meaning that it is to rely on renewable energy sources (RES) to the
greatest possible extent, and on non-renewable resources to the least possible extent.

The third requirement that will be predominant in the future is for the production and
use of energy to result in as few negative consequences as possible for the environment,
water, air, land, and indirectly for the entire food chain, biodiversity, and human health.

The fourth requirement that is being placed before the energy sector is regarding
economic efficiency and the energy market. Energy is a commodity and its trade and prices
must have a market-based character. The supply and demand of energy are connected to its
price, the conditions of its delivery, and international market conditions. Environmental
protection costs and other external costs must be included in the retail price - through
compensation, fees, taxes, fines and other financial-economic instruments. The following
must all be included in the external costs that are included in the price of individual energy
sources, when it comes to the “energy of the future” option: transition fees, substitutions,
and technological adaptations to the use of other, more expensive sources of energy, when
the depletion of non-renewable conventional sources occurs [1].

2. THE REPUBLIC OF SERBIA: ENERGY RESOURCES AND
POTENTIAL

Within the Republic of Serbia, fossil fuels, conventional (coal, oil, and natural gas) and
non-conventional fuels (oil shale), as well as renewable energy sources, represent energy
resources and potential for the energy sector.

Renewable energy sources are those which are found in nature and are renewed in full
or in part, especially: waterflow energy, wind, non-accumulated solar energy, biomass,
biomass of animal origin, geothermal energy, biofuels, synthetic gas, landfill gas, gas from
facilities that treat municipal water and wastewater from the food and wood-processing
industries which does not contain harmful materials.
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The total technically-available potential of renewable energy sources in the Republic
of Serbia is assessed at 5.65 million toe (toe - tonne of oil equivalent) of fuel per year.
Out of this potential, 1.054 million toe of biomass are already in use (in the largest part as
firewood) and 909 thousand toe of hydropower.

Biomass represents a significant part of the energy potential of the Republic of Serbia.
Biomass potential is assessed at 3.448 million toe and it participates in the total RES
potential with 61%. Out of this potential, the largest parts are composed of wood biomass
- 1.53 million toe, and the potential of agricultural biomass - 1.67 million toe (by-products
of farming, animal husbandry, fruit growing viticulture, and the primary processing of
fruit), while the potential of biodegradable municipal waste is assessed at 205 thousand
toe. Biodegradable waste (except from municipal) is also composed of edible oil waste
and waste of animal origin (rendered slaughterhouse waste) in a total amount of 0.043
million toe/year.

Biomass potential is available across the entire territory of the Republic of Serbia.
Wooden biomass is mostly found in the region of central Serbia, while agriculture biomass
is found in the region of the Autonomous Province of Vojvodina. However, while the
usage degree of wood (forest) biomass potential is relatively high (66.7%), the potential
of agricultural biomass is insignificantly used (~2%), while the potential of biodegradable
municipal waste is not used at all. The potential of biomass (especially agricultural) is a
dynamic category and, for the purpose of increasing it, it is necessary to conduct suitable
activities for the use of land that is not cultivated, as well as for the use of marginal land
in the production of biomass for energy purposes (energy crops).

Informing and educating the public on the need to improve energy efficiency is a
very important condition of bringing about desired changes. Those changes include: the
ability to use renewable energy sources, the rational use of energy and choice of energy
sources, as well as the use of efficient devices and technologies. It is important to nurture
consciousness within society regarding the preciousness of energy and the need for its
rational use. The government will ensure that the public sector serves as an example of the
application of prescribed energy efficiency measures. At all levels of education, themes
related to energy efficiency and the rational use of energy will be included in the teaching
process, including the promotion of “clean” and efficient technologies upon the use of
conventional fuels, the increased use of RES, environmental protection and similar. The
implementation of all of these activities will be defined by a special communications
strategy within the field of energy efficiency [1].

3. LIGNOCELLULOSIC BIOMASS

As of 2005, biomass (wood residues and pulping liquor)-derived energy accounts for
more than the combined amount produced from hydroelectric and geothermal sources
in the United States. Also, only biomass retains the capacity to produce liquid biofuels
and byproducts. The word biofuel encompasses a variety of transportation fuels such as
bioethanol, butanol, biooil and biodiesel. Though all of these biofuels are derived from
plant material, the sources of raw material (biomass or seeds) and the production processes
are different. Bioethanol is derived from the conversion of depolymerized starch, sugars
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or lignocellulosic material into ethanol by the process of fermentation. Biooil is produced
by pyrolysis of whole plant biomass, particularly high-lignin biomass, to produce energy
dense fuels, while biodiesel is produced by the transesterification of vegetable oil or other
lipids.

First-generation biofuels were produced from food crop materials such as corn,
sugarcane, and palm oil which led to a food/fuel competition. Using food crops for biofuel
production resulted in an increase in the price of food grains and other allied products.
The use of farm produce for biofuels is difficult to justify whilst malnutrition is still a
major problem in the world. The food/fuel competition resulted in the exploration of
alternative feedstocks for biofuel production i.e., lignocellulosic material. Lignocellulosic
components of plant cell walls, like cellulose, hemicellulose and lignin, represent an
interesting and challenging opportunity for producing cleaner and renewable liquid fuels.

Feedstock, in the context of the biofuel industry, represents any biomass that is used
as a raw material for the production of biofuels. Plant material such as fruits, seeds, and
tubers, from various crops such as rapeseed, corn, sunflower, soybean, cotton and palm
that store simpler starch and lipids, were used for first-generation ethanol and biodiesel
production. Alternatively, the entire above-ground plant biomass known as lignocellulosic
feedstock is used for the production of second-generation biofuels.

The term lignocellulosic feedstocks refers to the inedible stems and leaves of the above-
ground plant body. Dedicated biofuel crops such as switchgrass (Panicum virgatum),
miscanthus (Miscanthus spp.), sorghum (Sorghum spp.) and eucalyptus (Eucalyptus spp.)
are grown, and some of these crops are adapted to poor soils and marginal agricultural
lands, reducing land use competition with food crops. Apart from dedicated biofuel crops,
there are other sources of lignocellulosic materials such as agricultural and industrial
waste. Plant organs that are unsuitable for human consumption are mostly considered
agricultural waste. The dried stalk (straw) of grain crops such as maize, soy, rice, wheat,
yucca and barley are the main sources of agricultural waste that can be used for the
production of biofuels. Although this type of agricultural waste represents a great source
of lignocellulosic material, pelleting and transportation are major concerns.

High density feedstocks such as the drupe fruit endocarps (shells) of olives, eastern
black walnut and coconut have the highest lignin content of all known plant materials, and
the energy derived from the endocarp is comparable to coal. The endocarp is an inedible
portion of an edible fruit, and therefore, it can be considered for dual purposes: food and
fuel. Coconut shell, for example, has no use as human food or animal feed and is not
reintegrated into the soil. Fruit endocarp material has a high energy density due to its
high-lignin content and can be an excellent feedstock for the production of bioelectricity
by gasification or high-energy dense biooil via pyrolysis. There are about 24 to 31 million
tons of drupe endocarp biomass available in the world, which is highly underutilized, and
a recent assessment suggests that proper utilization could benefit countries dealing with
energy scarcity [2].

Considering the aforementioned facts, we have already been experimenting with the
thermal treatment of locally-available biomass (sawdust and poplar pellets [3,4,5,6],
apricot endocarps [7], plum endocarps [8]), determining BTEX and/or PAH compounds
that are then released in the gas phase. The aim of this research was to find the optimal
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sample size both in terms of heat treatment performance and monitoring, and the aspect
of chemical analysis of released BTEX compounds. Two types of thermal treatment were
performed: combustion and thermal decomposition in atmospheric conditions.

4. EXPERIMENTAL PART

The experiments were performed in a digester, with a slightly risen glass front (15
cm above the the working surface of digester), without artificial ventilation, by using
the apparatus presented in the reference [3]. The gas burner burns the propane-butane
mixture. The samples are thermally treated on inox panels (20x20x0.1 cm). The thermal
decomposition process (TDP), under atmospheric conditions, is carried out on the compact
plate, and the combustion process (CP) on the plate of the same dimensions, which in
its central part (dimensions 10x10 cm), has 81 evenly arranged openings with 2.5 mm
diameter.

The edge of the funnel is placed on the distance of 105 cm from the surface of the
table (the absorbed gases were at room temperature). During the experiment, the ambient
temperature and pressure in the room were measured, Table 1. The mass of each sample
was measured before the thermal treatment, and then it was treated, and the measured
parameters are represented in Table 2 and Table 3.

During the combustion process, the gas burner was put out at the moment of sample
ignition. During the thermal decomposition process, under atmospheric conditions, the
gas burner remained turned on until the sample changed to ash. The sampling of gas
products, with the goal of determining benzene, toluene, ethylbenzene and xylene, BTEX
compounds, was performed with the Apex Personal Air Sampling Pump Casella Cel. using
air flow of 1 I/min. Sample temperatures were measured by using a digital thermometer
DTI, by thermocouple NiCr-Ni, with measurement accuracy of 0.1 °C (first scale range
from —65 to +199.9 °C) or 1 °C (second scale range from —65 to 1150 °C). BTEX Were
adsorbed from the air by sorbent tubes with activated charcoal Orbo 32 Small, LOT:
ORBO00192 and ORB00285, Cat. No. 20267-U, desorbed with 1.5 ml carbon disulfide
(CS,) and analysed by the gas chromatograph.
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Standard BTEX solution, concentration 2000 pg/ml for each individual component,
manufacturer Supelco, catalogue number 47993, was used for 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. The duration of the analysis was 16.5 minutes. The
mass of the released BTEX compounds per unit mass of thermally treated pellets (mg/kg)
is shown in Table 4. Total moisture content of the pellet samples, according to standard
SRPS EN 14774-2 [9], is 5.17 %.

5. RESULTS AND CONCLUSIONS

Sample no. 21 was not forgotten, but was eliminated due to its deviation from the
working conditions. In the experimental part of the research, the poplar pellet samples
were thermically treated, and the released BTEX compounds were sampled from the
ambient air, and then identified and quantified by the GC/FID method. Samples from 5,
10, 15, 20, and 25 g of poplar pellets were used. Samples that were smaller in mass were
more suitable for the practical performance of the experiment, but from them, generally
only benzene was detected, and only occasionally toluene. Benzene and toluene are always
present, in similar concentrations, during the treatment of 10 g pellet samples. With 15
g samples, in addition to the mandatory benzene and toluene, they occasionally emit
ethylbenzene. When the mass of the sample is 20 g, benzene, toluene and ethylbenzene are
regular, while sometimes, a mixture of o-xylene and p-xylene appears. For 25 g samples,
in general, all BTEX compounds are present, except for m-xylene. However, such large
samples generally do not ignite, and the cause is likely the lack of oxygen (due to the
lowering of the front of the digester, which was essential in order for the experimenter to
be able to complete the experiment without greater unpleasantries). The most important
result of this research is that the optimal sample size was found for this type of experiment,
as from the aspect of performing and tracking the thermal treatment, so from the aspect of
the chemical analysis of released BTEX units, and that is 15g.
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Table 4. BTEX released during thermal treatment

Sample Released BTEX mass per unit mass of pellets (mg/kg)
Process E
X (cp/ ;::' Note / lot orbo00*** m+

No Size TDP) B T E X 0-X
01. 1/1 192 0.0344 0.0286 0 0 0
02. cp 1/ 192 0.0616 0 0 0 0
03. 1/ 192 0 0 0 0 0
04. 5 2/ Pump was late / 285 0.0476 0 0 0 0
05. 11 192 0.0633 0 0 0 0
06. 1/1 192 0.0552 0 0 0 0
07. TDP /1 192 0 0 0 0 0
08. 2/1 285 0.0464 0.0605 0 0 0
09. /2 192 0.0371 0.0289 0 0 0
10. cp /2 192 0.0542 0.0472 0 0 0
11. 1/2 192 0.0589 0.0570 0 0 0
12. 10 2/1 285 0.0241 0.0222 0 0 0
13. 12 192 0.0760 0.0741 0 0 0

4. TDP 1/2 192 0.0667 0.0520 0 0 0

5. 1/2 192 0.0681 0.0533 0 0 0

6. 2/1 Pump was late / 285 0.0450 0.0510 0 0 0
17. 1/3 192 0.0219 0.0126 0 0 0
18. cp 1/3 192 0.0386 0.0296 0 0 0
19. 1/3 285 0.0321 0.0221 0 0 0
20. s 2/1 285 0.0384 0.0335 0.0174 0 0
22. 1/3 285 0.0587 0.0382 0 0 0
23. TDP 1/3 285 0.0583 0.0332 0 0 0
24. 1/3 285 0.0457 0.0269 0 0 0
25. 2/1 285 0.0511 0.0429 0.0453 0 0
26. 1/3 285 0.0445 0.0264 0 0 0
27. 1/3 285 0.0248 0.0146 0 0 0
28. 1/3 285 0.0423 0.0241 0 0 0
2. cp 21 [twas not ignited, treated il 0.1404 | 00417 | 00672 | 0.0363 0

ash /285
30. 2/1 285 0.0192 0.0125 0 0 0
31 20 1/3 285 0.2535 0.0697 0.0791 0 0
32. 1/3 285 0.2801 0.0609 0.0826 0 0
TDP
33. 1/3 285 0.2424 0.0801 0.0745 0 0
34, 2/1 285 0.0670 0.0268 0.0369 0.0121 0
35. 22 285 0.0195 0.0119 0 0 0
36. 2/2 It was not ignited / 285 0.0873 0.0361 0.0429 0.0146 0
CpP
37. 2/2 It was not ignited / 285 0.2200 0.0555 0.1169 0.0446 0
38. 2 It was not ignited, pump was 00668 | 0.0219 | 0.0270 | 0.01a8 0
late / 285
25

39. 2/2 285 0.0873 0.0268 0.0415 0.0117 0
40. TDP 2/2 285 0.0675 0.0293 0.0445 0.0227 0
41. 2/2 285 0.0999 0.0331 0.0563 0.0171 0
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THE DETERMINATION OF THE GASEOUS
PRODUCTS OF THE THERMAL LOADING OF THE
SOFTWOOD

Abstract: The article deals with analyses of volatile products (polycyclic aromatic hydrocarbons,
PAH) at the thermal loading of softwood (spruce, fir and pine). The wood samples with size
10x12x150 mm were thermal loaded with temperatures 135 °C, 170 °C, 205 °C, 240 °C, 270 °C
during 45 min. The polycyclic aromatic hydrocarbons arising at thermal degradation of main wood
components were absorbed in acetone and analysed by high performance liquid chromatography
(HPLC). We determined 11 compounds of PAHs, the highest amount was determined at the sample
thermal loaded by 270°C.

Key words: softwood, thermal degradation of main wood components, polycyclic aromatic
hydrocarbons (PAHs), high performance liquid chromatography (HPLC)

OAPEBUBAILE T'ACOBUTHUX ITPOAYKATA
TEPMHUYKOI' OITEPEREILA MEKOI' IPBETA

Pesume: VY pagy ce aHanusupajy MCHap/bMBH IPOM3BOAM (TIONHLMKIMYHM apoOMaTH4HH
yrssoBogoHNIM, PAH-0BM) Tepmuukor onrtepehema Mekor apsera (cMmpue, jene u Oopa). Y3opuu
npseta BennunHe 10 x 12 x 150 mm cy tepmuuku ontepehenu Ha Temmneparypama o 135 °C, 170
°C, 205 °C, 240 °C, u 270 °C Toxom 45 MuHyTa. [IOMUIUKINYHE ApOMATHYHHU YTIHOBOJOHHIIU KOjH
MIpon3iIa3e U3 TePMHUUKE JAerpafaliije OCHOBHUX KOMIIOHEHTH JPBETA Cy arnicOpOOBaHH y alleTOHY U
a"anm3upanyu nomohy Teune xpomarorpaduje (HPLC) Bucokux nepdopmancu. Yrpammu cmo 11
jenumerma PAH-oBa, a HajBuIIe UX je Hal)eHO y y30pKy Tepmuuku ontepehenom ca 270 °C.

Kiby4uHe peum: MEKo ApBO, TEPMHUUKA JErpagalija NIABHUX KOMIIOHEHTH APBETa, TOMHIIHKIIHI
apomarnunu yriboBogouuu (PAH-oBu), Teuna xpomarorpaduja Bucoke neppopmance (HPLC)
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1. INTRODUCTION

Wood is probably the most important material in the human history. It is used as
a construction material, energy source; it has aesthetic and cultural value for humans. So
it is important to know its stability at the thermal loading, fire resistance and the changes
by thermal degradation.

The gaseous products formed at the thermal degradation may have function of fire
retardants or, fire accelerants and some of them have negative influence on human health
and environment.

The composition and the amount of the arising gaseous products depend on the
material characteristics (the chemical composition and structure, moisture and other) and
on the conditions of the thermal loading (the amount of oxygen, the temperature).

At the temperature over 110 °C is water from wood evaporated, at the higher
temperatures over 150 °C are the wood components (hemicelluloses, cellulose, lignin)
degraded and the gaseous products are arising. At the thermal loading proceed many
chemical changes (depolymerisation, dehydratation, pyrolytic reactions) and are
formed various groups of the gaseous products: carbon and nitrogen oxides, aliphatic
hydrocarbons, volatile organic compounds, carbonyl compounds, polycyclic aromatic
hydrocarbons, dioxins. [1, 2].

Polycyclic aromatic hydrocarbons are not part of wood, these compounds are formed
during combustion process in the smoke. There are more possible ways of PAHs synthesis,
figure 1 describes one of them.

o o & 0
- o= oo-co- oS-

Figure 1. Scheme of benzo(a)pyrene formation due to combustion

The goal of this experimental work was to research which phase of thermal degradation
of wood contributes to PAHs amount in the smoke products. We focused our examination
on temperatures to 300 °C.

2. EXPERIMENTAL

The samples of fir, spruce and pine wood with the dimensions 10x12x150 mm were
dried to moisture of 18+2%.

The samples were thermally loaded in the thermostat with the programmed temperature
increase during 65 min. The first 10 min the temperature was 30 °C, the following 10 min
the temperature increased to 135, 170, 205, 240 and 270 °C. At the final temperature the
samples were loaded during 45 min. The wood comes in flame from the external thermal
source at the temperature about 300 °C.
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The arising gaseous products were exhausted through the extraction liquid (acetone)
during all time at the final temperature. The samples were laboratory processed and
analysed with using high performance liquid chromatography (HPLC) with DAD (Diode
Array Detector, a spectrometric detection with possibility of wavelength modification).
Qualitative identification of determinated compouds effect due to comparasion of UV
spectra. We used method of external standards for quantitative determination.,

3. RESULTS AND DISCUSSION

During the research we focused on the lower temperatures without flame burning
where is amount of arising volatile products very high. These products could be change
due the temperature and mutual interactions to other volatile compounds in the smoke.
We simuled the conditions of the imperfect combustion which are the conditions of the
formation of the polycyclic aromatic hydrocarbons. due the pyrosynthetic reactions.

We can diversify the processes of the thermal loading of wood to several phases. The
carbonyl compounds can treat as the indicators of degradation of the wood components
(cellulose, hemicellulose, lignin) [3, 2, 4] (Kacik et al. 2001, Bucko 2001, Bruns et al.
2015).

In the beginning is the wood warming, at the temperature about 100 °C water is
evaporated. The thermal degradation of the wood components begins at the temperature
about 150 °C. The hemicellulose is the most liable part to degrade, in the temperature
interval 160 — 240 °C. At the temperatures 180 — 350 °C the cellulose part is attacked.
The most thermally stabile part of wood is lignin. The first step of the lignin thermal
degradation is the plasticizing of lignin from the temperature 150 °C. The intensive
degradation of lignin is in progress over the temperatures 200 °C to 400 °C [3, 5] (Kacik

et al, 2001, Meyer et al. 2014).

There are the results of determination of the polycyclic aromatic hydrocarbons
compounds from thermal degradation of the wood samples at the temperatures under 300
°Cin tab. 1.
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Table 1. The amount of the determined polycyclic hydrocarbons in the samples

PAH (pg/l) Ace Flu Fen Antr Fint P BaA Chry BbF
135°C 1,97 - 0,10 - - - - - -
170°C | . - 0,03 - - - - R -

spruce [205°C [ 125 0,04 0,07 - - 0,70 0,42 0,39 0,04
240°C 9,42 0,14 0,13 - 0,36 0,67 0,22 0,32 0,06
270°C | 212,41 7,40 8,00 0,95 12,45 106,96 | 30,48 4,73 1,31
135°C |- - 0,04 0,01 0,1 - - - 0,03
170°C | 2,05 0,47 - - - 0,16 - - 0,1

pine  [205°C |- 0,33 0,02 0,07 - - 0,08 0,05 0,21
240°C | 68,86 5,46 0,41 0,56 0,76 129,63 16,72 8,37 0,87
R70°C | 962,65 127,43 | 22,23 2,58 82,07 565,24 194,17 194,07 | 568
135°C |- - 0,2905 | 0,0098 |0,1664 0,5289 | 0,0668 | 0,0871 0,2015
170°C |- - 0,0858 | 0,003 - 00725 | - - 0,1678

fir 205°C [10,1131 | 04833 | - - 0,1132 0,1608 | - - 0,1125
240°C [52,3743 | 0,9995 | 0,0227 | 00142 |1,1635 0,2852 1,0533 | 0,1729 | 0,1271
270°C (1279182 | 2,0643 | 02358 | 2,9705 |153,0209 | 3,7845 | - 1,8787 | 0,1844

Ace — acenaphtylene, Flu — fluorene, Fen — Phenantrene, Antr — Anthracene, Fltn — Fluoranthene,
P — pyrene, BaA — Benz(a)anthracene, Chry — Chrysene , BbF — Benz (b)fluorathene
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The primary products of the thermal degradation of the wood (2-furaldehyde,
levoglucosane) are further degrade and after them succeed synthetic reactions and PAHs
uprise [4, 6] (Burn et al. 2015, Szyszlak-Barglowicz et al. 2015).

The amount of PAHs under temperatures about 200 °C was negligible, about
1 ug.m?. The highest amount were determined by the temperature 270 °C when the lignin
is degradeted, there is enough of precursores of PAHs and the temperature is postacujica
to sythetic reactions. At this temperature we determined 10 compounds of PAHs and the
amount was more than 100 pg.m? (fig. 2).

1600,00
1400,00
W spruce
1200,00 - pine
fir
1000,00
800,00 |
600,00 -
400,00
200,00 -
0,00 -
e @ e ¢ e @ e e e &
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R & o < o~ & N CH & &
& X > & & N < <& x¢ N
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3 & & 2 o N o
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> Q,Q 0\‘
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Figure 2. PAHs (ug/m?) determined at the sample thermal loaded by 270 °C

4. CONCLUSION

The paper is dealing with arising of polycyclic aromatic hydrocarbons at the thermal
degradation of the main components of the soft wood. The samples were thermal loaded
with temperatures 135-270 °C. The highest amount of PAHs were determined at the
temperature 270 °C.

469



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

Polyaromatic hydrocarbons are high toxic compounds, much of them are karcinogenic.
Combustion of wood and biomass is still used in high rate, the thermal loading of wood
is important part of wood proccessing. It is important to know this process and arising
products because of the occupational healthy and the environment protection.
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KOHLHEHTPALIMJA TELIKUX METAJIA Y ITAIIUPY
3A ITPON3BOAIBY AMBAJIAXKE

Pe3ume: [IponsBo/ba nanupa 1 KapToHa je IHPOKO PACIpOCTpambeHa IIUPOM cBeTa. YroTpebibasa
ce y MHOIUTBY Pa3lIMYMTUX IPOHM3BOAA, O Kibura no ambanaxe. JloOuja ce MEXaHWYKHUM I
XEMUJCKUM TyTeM y3 JIoJaTak Jienmuia, myHwia u 6oje. IIpeaMeT ucTpakuBama OBOT pajaa je
yrBphuBame npucycrsa As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb u Zn y pasnuuantiM BpcTama mamnmpa
KOjH je cIpeMaH 3a IITamily, Ka0 U y OHMM KOjU Cy OJILITAMIIaHH a KOpUCTe ce 3a ambaaxy
npexpamMOeHnX, (apMaleyTCKUX M IpyTruxX NOpoH3Bona. Y pany je camieJaH yTWIa) MPHCYCTBa
TELIKUX MeTaJa y pa3IM4UTHM BpCTaMa Iarupa Ha )KUBOTHY U pajiHy cpeauHy. JloOujenu pesynraru
cy ynopeheHH ca 3aKOHCKOM pEryJaTHBOM U pe3ylTaTiMa MPETXOAHUX UCTPAXKHUBAWma y 3eMJbH U
HHOCTPAHCTBY.

K.]'by‘lHe peun: aM6aJla)I(a, nanup, TCIIKU METaJik, )KUBOTHA CpEAUHA

CONCENTRATION OF HEAVY METALS IN PAPER
FOR THE PRODUCTION OF PACKAGING

Abstract: Manufacture of paper and paperboard is widespread around the world. It is used in a
variety of products, from books to packaging. It is obtained by mechanical or chemical means with
the addition of adhesives, fillers and colors. The subject of this study was to determine the presence
of As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in different types of paper that is ready for printing, as
well as in those that have been printed and are used for packaging food, pharmaceutical and other
products. The paper outlines the impact of the presence of heavy metals in a variety of paper types,
in the living and working environment. The results were compared with the legislation and the
results of previous research in the country and abroad.

Key words: packaging, paper, heavy metals, environment
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1. YBOJ

[Marmmp xao marepuan U3 OMIJPHUX CHPOBHHA, I0ueo je na ce u3palhyje y Kunu. IIpsa
MIPOM3BO/Iha Tanupa Aedunucana je 105. roguHe HOBe epe, Hako HOBHja UCTPAXKHMBaba
MIpen3nupajy MpoHaJa3aK Manupa, HaIaKemheM KIbHUra MUCaHUX Ha Manupy, 76. ronuHe
HoBe epe [1].

CBaka TeXHHMKa IITaMIle je 3alpaBO BPJO KOMIUIEKCAH IPOLEC KOjU 3a IITaMILy
KOPHCTH Pa3IMYUTE MalInHE N0 KOHCTPYKIMjU, OP3WHH LITAMIIe ¥ IITaMIIapckoj GopMHu.
Kao ocHoBHM Marepuwjan 3a mramiry rpaguyKux INPOM3BOAA KOPHCTE CE€ paslIMuuTe
mITamrapceke rnojyiore 1 ofrosapajyhe uM rpaguduke, oqHOCHO mrammapeke 6oje [2].

CacraB koMIoHeHara 00ja BapHpa, 3aBUCHO O BpcTH mramne. Paznnunte 6oje o cBom
cacTaBy M KapaKTepHCTHKama yIoTpeOJbaBajy ce 3a oCeT TEXHHKY IITaMIle, BHCOKY
mramiry, 1yOoKy mramiry, (JIeKco MITaMITy W CUTO-IITamIny [2].

I'padruka wHAYCTpHja je M3Y3€THO Pa3HOIMKA Kaja ce y3Me y 003Mp BEIHMKH Opoj
Pa3sHOBPCHHUX IPOM3BOJA KOjU ce 100Mjajy, Kao IITO Cy KIWIe, HOBHHE, YacCOIWCH,
Opomrype, kece, ambalnaska, TareTe ¥ CIMIHU TPOU3BOJIH.

AKo ce aHaNM3Mpa jejaH MTaMIapcKH MOTOH Jo0uja ce BeJMKa KOJMYMHA OTHaIHOT
Marepujaa KojH je ITEeTaH 10 YOBEKOBO 3paBJbe U )KUBOTHY cpeauHy. [Ipu Tome, Mopa
se MOIITOBATH XHjapapxrja Mepa 3amrTuTe npema ciuenehem pacnopeny:

* MozaudUKaIyja nporeca npemMa YCTHjUM TEXHOJIOTHjama,
* xopumhemne eKOIIONIKH MOTOJHUjUX MaTepHjaa,

* 3axTeBamE KPY>KHOT TOKa M peluKiIaxe YHyTap rpoieca, 1
* ajilekBaTHE Mepe NpeuninhaBama.

VY rpaduukoj HHAYCTPHjU Kao0 U y OCTAINM WHAYCTpPHjaMa MOXE C€ M3BPIIHUTH TPpyda
knmacudukanyja 3aralyjyhux marepuja: 4BpCT OTMai, T€YaH OTIAJ, TAaCOBHTH OTIIA].
Uspcr otnax y rpaduyukoM IMOCTPOjely TPENCTaBiba: Mpa3Hy aMmOaniaxy, KaHHCTepe,
MaTepwjajie KojuMa je ICTeKao pOK Tpajama, ormreheHe miode, pa3BHjeHd (GHUIMOBH, JIOIIE
OALITAMIIAHU TPUMEPIH, OmTeheHn MpUMepLH, OTHAagH{ Naup UTA. Y TEYHH OTIaka
cmanajy yjba 3a MOAMa3WBame, OTMaaHa 0o0ja, pacTBOpPH 3a YHIINeHme, XeMHKAJHMje 3a
pa3Bujame QUIMOBa, KHCENWHE, 6a3e M METaIH Kao IITo ¢y cpedpo, XpoM, rBoxhe, bakap
uTA. Y Tpolecy MITamIle JOJNa3d JO CTBapama IITETHUX OPraHCKUX KOMIIOHEHTH KOje
ce Hajuemhe eMUTyjy ymorpeboM pactBopa 3a unmrheme 00ja, alkoxoia Kao W JPyTUX
CpezcTaBa 3a BIaxkeme mrammnapcke ¢popme. CBe 0BO cHazia y TaCOBHT OTIIAJ M3 Tpadiike
nHaycTpuje. Bemke mrammapuje mory omtu m3Bopu emucrje NOx u SOX Koju mMajy
M3y3eTHO HETaTHUBAH yTUIA] Ha 3paBJbe JbyAH U )KUBOTHY cpeanHy|[2].

Janac 1mocToje OTKyIIHE CTaHHIIEC 32 CBE BPCTE IJIOYA M OMACHHUX XEMHKallja Koje
OTKYIUBYjy TakaB OTHAJa M Jajbe Ta PEIHKINpajy 3a TOHOBHY ymoTpely, Mpoaajy WiIH
MIPABHJTHO OJUIAXY.

2. YTHUHAJ I'PAOUYKHUX BOJA HA )KUBOTHY CPEIUHY

[open otmana, HeTaTWBaH yTHIAj MO paHy U KUBOTHY CpeIUHY HMMajy 0oje koje ce
KOpHUCTe y TpapuuKoj MHIYCTPHJH U TO TIPE CBETa T3B. COIIBEHTHE 00je KOje MMajy BUCOK
caapkaj pacTtBapada (Kao HIp. eTHI-OCH30J, eTHJICH-TJINKOIN, TIHKOI-eTap, TOJIYOl).
I'padmuxa 6oja mpencTaBiba OUCIIEP3HN CHCTEM cacTaBJbeH Of Beher Opoja pazmuauTux
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KOMIIOHEHATH KOje 3ajelHO, Y XOMOIEHO] CMECH MAajy 00ju moTpeOHa ITaMIiapcka
cBojcTBa. I'paduuka 0oja je oOojeHa cyncTaHIa KOoja MMa CIIOCOOHOCT Ja C€ y TOKY
nporieca ITaMIamba (beH HajBaXKHIjU 10 - MUTMEHT BEXe 3a MOJIOTY Ha KOjoj Ce [ITaMIIa.
Boje cy HajBaKHHMjU aCMEKT MITAMIIAPCKOZ MPOIECa, jep CTBApajy BH3YCIHU HICHTUTCT
rpa)MUKor MPOU3BO/A, 1ajy PA3HOIUKOCT M KHBOIMMCHOCT OINITAMIIAHOM MPOHU3BOAY U
yTHYY Ha OCTalie eneMeHTe mramie. KommoHeHTte 6oje y TOKy nmpousBome MeljycoOHo ce
J00pO XOMOTCHHU3Y]Y y TacTy MOTPeOHE KOH3UCTCHIIM]E, Y YHjH CacTaB yjia3e MUIMEHTH,
pacTBapad, BE3UBHO CPeCTBO U oMohue marepuje [3].

Ono miro rpaduyke 60je YMHU OMACHHUM j€ M PUCYCTBO TeMIKUX MeTaia. Jlo cpenune
cenamzaecetux roguHa XX Beka BehnHa npousBeeHUX 00ja caapxaie Cy MeTaje, ydje Cy
MaKCHMAJIHE JIO3BOJhCHE KOHIICHTPAIIH]e JaHAC MPOITHCAHE 3aKOHOM.

[Mpema crierudUYHO] TEKUHNA METANH CE JIeNe Ha JIake U Telike. JIaku MeTaiu cy OHH,
4uja TycTrHa HUje Beha o 5 g/cm?, ok Teniku Metanu uMajy ryctudy Behy ox 5g/cm’[4].

Mely metanimMa, TEIKA METaIH UMajy PeIaTHBHO BEJIUKY aTOMCKY MAacy a JIeiy]jy TaKo
IITO W3a3WBajy TOKCHUYHE e(eKTe KO JbYIH M IPYTUX OpraHu3ama Kao U y CKOCHCTEMY.
Heku MeTanu mpezcraBibajy 3Ha4ajHe MUKpoeneMeHTe kao 1mro ¢y reoxhe (Fe), jon (J),
maHran (Mn), 6akap (Cu), nukn (Ni), ko6ant (Co), monubnen (Mo) u ap. Mehyrum,
YKOJIUKO CY TIPUCYTHH y BehMM KOJTMYHMHAMA MTOCTA]y TOKCHYHH.

NeeceHIijaaTHi METaJIM KOjU M3a3KBajy TOKcU4HEe edekTe cy: kua (Hg), onoro (Pb),
kaamujym (Cd), xpom (Cr), 6usmyt (Bi), Banagujym (V). OBu Meranu aBa IyTa BHIIE
ontepehyjy opraHuzam 4oBeKa OJ CBUX JpyrHMX MeTana. IbuxoBa TOKCHYHOCT 3aBUCH
0] KOHIIEHTpaIje y opranusmy. Kamga nocriejy y opraHusam TEIIKH METalH pearyjy ca
OpraHCKHUM MOJICKY/TUMa rpajaehu cTabuiHe KOMIUICKCE U Xemare, n3asusajyhu omrehema
henujckux MemOpaHa M HMHXHOMpama EH3MMCKE AaKTUBHOCTH (IJUTOXPOM-OKCHJA3e,
AIIEXUI-JICXUAPOTCHA3E) Y PA3IHMIUTHM JICIIOBUMa OPTaHU3Ma HITH CIIPEYaBajy CHHTE3Y
ATII [5].

ToxcuuHOCT HEKE CYIICTAHIE 3aBUCH O] lb€HUX XeMI/IjCKI/IX OCO6I/IHa, WHAWBUIYaJTHUX
pasinrka OpraHu3Ma, ClioJbHUX (PaKTOpa Kao 1 011 CHHEPTHYHOg JIET0BAEha BUIIIE CYTICTAHIIH.
3ajeHUUKHM edekar BUILE CYNICTAHIIM jeTHAK je 30Upy BUXOBOT M0jeIMHAYHOT JIENI0Baha
aKo TOBOPUMO O cyMaruju [5].

Onoso (Pb) je HeeceHIMjaTHI BUCOKO TOKCHYHU METaJ YHMjU CY €(PEKTH Ha OHOIIOIIKE
cHCTeMe BpJIO LITETHU. AHTpOIOreHa ymnorpeba oyioBa je HapounTo nosehana y 19. u
20. BeKy, a HCIYIITabe Y )KUBOTHY CPEMHY je JOTMPUHENO Ja Ce HeroBa KOHICHTpAaIlHja
noBeha 3a HEKOJTMKO XHJbaJla MyTa Y OMHOCY Ha MPEHHIYCTPUjCKY peBonyIijy. M3Bopu
3araljera OJIOBOM Cy IITaMIapcKa ClIoBa, aKyMYJIaTOpH, HHIYCTPHCKE 60je, eMeKTPUIHH
Ka0J10BH, rpHYapcKa riel), ryme urpauke OCH3UH, IUIACTHKA, OJIOBHO CTAKJIO, METEO TUM.

Kon sxHBOTHIbA M JBYIH OJIOBO CE YHOCH IIyTEM BOJIC, PECITUPATOPHUX OpraHa, MPEKo
opraHa 3a Bapere U xpaHoM. [locite arcopriiuje, 0I0BO ylia3u y KPBOTOK, & y HEOPTaHCKOM
00JIMKY OJTOBO C€ TPAHCIIOPTY]€ BACKYIaPHIM CHCTEMOM BE3aHO 3a IIOBPIIMHY €PUTPOIIHTA.
MelyTiMm, camMo J1e0 OJI0Ba OCTaje Y KPBOTOKY, OCTATaK Ce TAIOXKH Y MEKHM TKHBHMa
(jerpa, OyOpe3u) u kocTuMa. Hajo30MJbHM TOKCHYHU e(hekaT HacTaje 300r JeioBama
OJIOBa Ha MO3aK W nepudepHH HEpBHH cucTeM. HUBO 0710Ba y MO3TY | jeTpu MOXe OUTH
Behu 5-10 myta Hero y kpBu. OJIOBO U3a3MBa aHEMH]Y, MEHTAJIHY PeTap/allnjy, napaiusy,
KOMY, altaTujy, JIoury KopauHauujy [S].
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Apcen ce y mamuMm KoHIeHTpanujama n0 10 ppm mojaBjbyje TOTOBO CByaa y
3eMJBHINTY. APCEH Ce cMaTpa Kao jefaH 0j] MUKPOCICMEeHATa, AJH j€ ’heroBa MUHUMAITHA
JTHEBHA KOJIMYMHA BeOMa HUCKa oko 12,5 1o 25 pg . Apcen omrehyje TenecHn omoTay u
CITy30KOXY, YIACKOM Y OpraHi3aM HHXHOHpa EH3UMCKY aKTUBHOCT y mporiecy hemnujckor
JUcama y jeTpu u Oyopesuma. Jlenyje MITETHO HA HEPBHU CUCTEM, jETPY, PECIUPATOPHH
CHCTEM, KOIIITaHY CPiK, OyOpege, KOKy. APCeH se HaKyIba y TKHBUMa OOraTHM KepaTHHOM
(xoca, HOKTH), y KOXKH U 3UJI0BUMa OpraHa 3a Bapeme.

Kaomujym M mwerosa jeMmbCHa CE IIMPOKO MPUMEHY]Y Y Pa3sIHUYUTHM TpaHama
UHJYCTpHUje M TOCTajy 3HA4YajHU KOHTAMHUHAHTH Y >XMBOTHOj cpeauHu. Kammujym je
€JIEMEHT BeJIMKE TOKCHYHOCTH (Hekonuko myta Behe on apceHa). Vima kaHieporeHo
nejctBo, omrehyje OyOpere, W3a3uBa aHeMujy u Oonectu kocTHjy. Kaamujym nenyje
mTeTHO Ha cBe henuje y opranusmy. OBaj TEHIKK METAJI CE JCTIOHYjE Y Pa3HUM JICIIOBUMA
Tena u3asuBajyhu MHOTa 000JbeHa [5].

Kuea je cpeGpHO-0enn, TEYHH TEIIKU MeTall. 300g CBOje BEJIMKE HAIIETOCTH IIOBPIINHE,
JKMBa HE BJIQXKU TOBPIIMHY Ha KOjoj ce Hamasu, Beh 300g jake Koxe3uje CTBapa Kalu y
o0nuKky counBa. M3Bopu 3araljema (caropeBame HadTe M KAMEHOT yriba, HHIYCTPHja),
eMUTYjy CJIEMCHTApPHY JXHBY y TAaCOBUTOM CTamy. JeIHbErmha KHUBE JIENYjy H3Y3eTHO
TOKCHYHO Ha HEPBHH CHCTEM, 300T BETUKOT a)HHUTETA IIPEeMa MACHOM TKHBY JI0JIa3H JI0
HaKyIbarba XXMBE Y MOXKJJAHOM TKHBY. J[pyrd opranu koju Mory OuTH omreheHH »KHBOM
cy O0ybpesu, jerpa u ap. [S].

Xpom ce xao CrospallibH CJI0j KOjU TOKPHBA YCIUYHE CJICMEHTE, IOIMPaBJbajydd
BBUXOB M3MJIeA U mTUTehn uX ox kopo3uje. XpoM je cactojak Hephajyhux uenuka. Xpom
Jiellyje UPUTATUBHO U IECTPYKTHBHO Ha cBe henuje y opranusmy [5].

2.1. Kopunrhemwe exo1omkux 6oja

Benuku Opoj mraMnapuja ce naHac onpezaesbyje 3a eko-meHapMeHt [6]. Ox 1993.
ZOJIHE XEMHjCKH CacTOjIH ITaMIIapCcKuX 00ja Cy TOroBOpoM Ipou3Bolaya MakCHMaJIHO
yckial)eHu ca 3aXTeBUMa OvyBama XKHUBOTHE CPEIMHE U HE HapyYIIaBajy JbYACKO 3/1paBJbe.
Haume, 1993. rommHe npowmsBohaum mrammapckux 0oja cy ce CaMOMHUIM]aTHBHO
obaBe3anu 1a y 6ojama Hehe KOPHCTHTH NMUTMEHTE, CpeICTBa 3a Oojeme, pacTBapaue u
OMEKIIIMBAYE KOjJU NPECTaBIbajy TOKCHYHE CYIICTaHIIE.

Janac, Ha npumep, 00je Koje ce KOpUCTe 3a TabauHy O(SeT IITaMITy, CaapKe BHUIIC
oxn 60 % oOHOBJBPMBHX cacTojaka. MHHEpaIHUX yJba [IponsBohaun 6oja pase Ha Tome na
cMame ca/ipkaj y 0ojama Memwajyhu ux ca 6rmsbHUM yJbuMa (Ha 6asu coje) [7].

Exonomnike 6oje ce yecTo Ha3WBajy M alNTEpHATUBHUM 0OojaMa, jep 3a pasiMKy Of
KJIACMYHUX, KOHBCHIMOHATHUX 00ja MMajy CMameH Calpikaj Marepuja Koje MITETHO
JeNlyjy Ha pajHy W/WIM XXUBOTHY CpeIMHY (HIp. pacTBapaud, McHapjbHBa OpraHCKa
jenumema, TeMKH MeTall U Cil.), Tj. 00je y KojuMa Cy IITETHE KOMIIOHEHTE IOTIYHO
3aMembeHe JIpyruM, Mambe ITETHUM Wi Oe30macHUM Marepujama. Tako ce Ha mpumep y
o¢cer paBHOj mTammu, 6o0je Ha Oa3u akoxoiia, Koje eMuTyjy Buiie ox 30 % ncnapsbuBux
opraickux jenumema (BOLL) mory (y 3aBUCHOCTH OJl IpUMEHE), 3aMEHUTH 00jama Koje
ce CylIlIe JIejCTBOM 3paderha eJIeKTPOHCKOT CHOMa, cHoma Y B 3pauemsa minu 60jama Ha 6a3u
coje/Ousbaka, Bojie, Kao 1 CyBUM 0e3BoHUM Oojama. IIpaBuiIHNM H300pOM alITepHATUBHUX
BE3MBa MOXKE CE€ CMAabHTH KOJIMYMHA MOTpoIIeHe 0oje 0e3 maja BalIuTeTa MITaMIaHOT
ortucka. 300p BpcTe 60ja 3aBHCH O MITAMIAPCKOI IIPOLEca, IMOJIore U KOpUIIheHuX
npousBoja [7].
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3. METOAOJIOT'NJA NHCTPAKUBAIBA

Ipucyctso As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb u Zn y pazauuutuM BpcTama xapThje
KOje Cy CIpEeMHE 3a IITaMITy, Ka0 MU Y OHUM KOjU Cy OJIITaMIaHu ypaleHo je mpruMeHOM
ATOMCKE €MUCHOHE CIIEKTPOMETPH]j€ Ca ONTHYKUM JAETEKTOPOM.

[punpema y3opaka je u3BeneHa nomohy Mukporaiacue gurectuje (ypehaj — Berghof
MSW 3+). Yeutmenn y30piu ¢y npebaucHu y KUBETE 3a AUTECTH]Y Y3 I0JaTaK a30THE
KHCEJIIMHE U BOAOHUK IICPOKCHUIA. y3opu1/1 HaAKOH JII/IFGCTI/Ije CY KBAaHTUTAaTUBHO NPEHCCCHU
y omMepHy mocyay on 25 ml u gonymeHu ca yatpa unctom BogoM (Easy Pure system).
Cnema npoba je HampaB/beHA Ca CBUM pearcHcMMa ajid 0e3 JomaTka y3opka. AHann3a
JNOOMjeHHX pacTBOpa je HM3BEJCHA Ca arOMCKMM EMHCHOHUM CIEKTpo(oTOMETpoM ca
ontuukoM aerekijom Thermo iCAP 6500 Duo (method EPA 6010C). Kao rac 3a
pacnpimBame 1 (opMupame asme kopuiiheH je aprod. TokoMm mpumpeMe y3opaka
kopumhene cy Hajunctuje xemukanuje: HNO, n H,0,, namemene onpehusarmy Tparosa
Metana o mpousBohaua J. T. Baker, USA, INSTRA. OCHOBHH CTaHIapIHH PACTBOP
MeTaja je NpaB/beH Ha HUBOY KoHueHTpamuja 1000 mg/dm’, a pamHu pacTBopu 3a
KaJMOpamyuoHy KpHBY Cy IPHIPEMaHH CBAaKOAHEBHO pasoOmaxuBameMm ca 0,1 mol/dm?
azoTHOM KucennHoM. CBe TocCyae Cy mpe ymnorpeba ompaHe pa30iiakeHOM a30THOM
kucenuHoM (1:1) ca 1ejOHM30BaHOM YATpA YHCTOM BOJIOM.

CBu mobujenn momaiu cy oOpaljeHH BapHjallMOHO-CTATUCTHYKOM METOIOM Y3
HU3padyHaBame: CPEHE BPSAHOCTH — average, CTaHIapaHe AeBujaiije — SD, MUHUMAaITHE —
MIN u MakcumaiHe — BpeHOCTH. Pa3nuke n3mel)y KOHIIEHTpalMja MeTana y pa3inauTHM
BpcTama XapTHje Koje Cy CIIpeMHE 3a ITaMITy U Y OHUM KOjH Cy OJIIITaMIIaH! MPOICHEHE
CY T-T€CTOM.

Tabena 1. Y3opyu nanupa kopuwhenu 3a ananuszy

Pen. Bp. Bpcra xaptuje Cren. lramma
y30pka Maca, g/m?
1. Etukernn MerTanu3upanu 68 g/m? ca mTamMIoM
2. Eruxernu Meranu3upanu 68 g/m? 6e3 mramre
3. Etukersu JlaGen cer 75 g/m? ca ITaMrnom
4. Eruxersu Jla6en cer 75 g/m? 0e3 mTamre
5. Ianmp (papmartmja- o(cerna 60 g/m? ca mTamIom
YIIyTCTBA)
6. [Marup(dapmartuja- o(cerHa 60 g/m? 0es3 wramme
YIIyTCTBA)
7. IManup (TeKCTHIHA MHAL.) KyHCIpyK Mar 200 g/m? ca [ITaMIIoM
8. [Mamup (TeKCTUIHA HHA.) KyHCAPyK Mat 200 g/m 6e3 mramie
9. [Mamup (TeKCTUIHA HHA.) KyHCApyK Mat 140 g/m? ca [ITaMIToM
10. [Mamup (TeKCTUIHA HHAL.) KyHCApyK Mar 140 g/m? 0e3 mramme
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11. Kapron (komepuujanHu) YMKa KoJ1op 230 g/m? ca IITaMIIoM
12. KapToH (komepriujanHm) YMKa Kolop 230 g/m? 6e3 mrramrie
13 Kapron (¢dapmaneyrcka Kpomorak 275 g/m? ca IITaMIIOM
HH]L.)
14. Kapron (hapmaneyrcka Kpomorax 275 g/m? 6e3 mrramre
WH]IL.)
15. Kapron (nmpexpambena uHa.) | yyka KOJI0p 350 g/m? ca IITaMIIOM
16. Kapron (nmpexpambena un.) | viyka KOJIOp 350 g/m? 6e3 mramre
17. Kapron 3enur 270 g/m?> | ca UTaMIOM
18. Kapron 3eHuT 270 g/m? 0e3 wrramne

4. PE3VJITATH U JTUCKYCHJA

Tabena 2. Pezynmamu ananuze KOHYeHmpayuje Memaia y nanupy npe u nocie wmamnara u ppm

Rodb | ws | ca | ca | x| ‘om Fe Mn | Ni [ Pb | Zn

uzorka

1 <001 | 0,10 029 | 7.86 | 36,11 | 1110,00 | 1045 | 3.03 | 221 | 7.14
2 <001 011] 0,12 [ 541 2,04 | 750,00 | 3,36 | 232 | 243 | 3.15
3 =001 | 015] 013 [ 1413382 11680 | 2273 | 205 | 2.77 | 3.06
1 <001 014 014 [ 106 143 | 163,70 | 1780 | 248 | 264 | 3.65
5 <001 | 026 | <0.01 [032 ] 456 | 12540 | 7,13 | 0583 | 103 | 3,18
6 <001 | 0,16 <001 0,50 191 | 9659 | 551 | 060 | 155] 4.76
7 <0.01 | 031 030 [2.18] 8.10 | 13220 | 16.08 | 1,52 | 0.21 | 30.19
g, <001 | 032 <001 | 2,18 845 | 12720 | 1481 | 166 3002
9. <001 015] 028 [000] 177 | 11450 | 1144|118 | 134 | 454
10 <0.01 | 0,15 <0.01 [ 0,70 0.73 | 107.10 | 9.82 | 1.17 | 123 | 5.01
11 <001 | 025 189 | 6673112 53230 | 2210 354 | 392 | 5830
12. <001 020 022 [505] 23,66 47620 | 1718 305 | 384 | 52.70
13 <0,01 | 0,20 <0.01 | 0,76 2,54 | 7517 | 2815 1,11 | 0,50 | 935
14. <001 | 0,19 <0.01 | 0,74 | 1,19 | 66,88 |27.25] 1,18 | 1,13 | 10,72
15 <0.01 | 020 047 |3.72] 22,59 | 380.70 | 21,67 | 2.86 | 3.22 | 4024
16. =001 | 023 014 | 516 2052 | 43000 | 1930 527 | 3.00 | 3354
17. <001 014 055 [002] 1755| 8660 | 574 | 218 | 0.80 | 5.12
18 <001 | 0,14 <001 0,68 202 | 61,85 | 4,15 | 277 | 0,58 | 3.46
average | - | 0.19] 042 | 2,73 | 12,83 | 288,26 | 1532 2,17 | 1,89 | 18,01
max -~ | 032 1.80 | 7.86] 36,11 1110,00 | 28.15 | 3.95 | 3.92 | 58.30
min ~—_ |00 012 [032] 073 | 6688 | 336 | 0.60 | 0.21 | 306
st.dev ~ |006| 050 201 11,13] 200,77 | 7.82 | 120 | 121 | 1841

[Tpunnkom aHanuze As y y30pLuMa, NCTH HYje Hal)eH y 3Ha4ajHIjUM KOHIICHTpalfjama.
Konnenrpanuja je 6uia ncnon HuBoa aerekuyje (< 0,01 mg/kg cysor namupa) (tabena 2).

476



5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu unscersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

Anammupajyhu xonnenrpanuje Cd y y3opuuma mamipa npe ¥ IOCie LITamIie
MOXEeMO Ja 3ak/byuuMo na je HajBeha konmentparmja Cd od 0,32 mg/kg npucytHa
y y30pKy KyHcApyk Mar 200 g/m? Ge3 mramme, a 1a je HajHWka KoHTeHTpauuja Cd
yTBphEHa y y30pKYy €THKETHH — MeTanu3upanu 68 g/m? ca mrramnom u m3nocu 0,10 mg/

kg (rpadukon 1).

Komce ntracija Cd{mglas) m wzorcine papira

Ipaguxon 1. Konyenmpayuja Cd (mg/kg) y Ipaguxon 2. Konyenmpayuja Co (mg/kg) y
V30pYuUMa nanupa npe u nocie wmamne V30pYUMa nanupa npe u nocie wmamne

VY cenmam y3opaka korneHTparija Co je ucrox HuBoa aerekiyje (< 0,01 mg/kg), mox
je HajBeha KoHIIEHTpaIHja 3a0ernekeHa y y30pKy KapToH (KOMepLHjalH) yMKa kosop 230
g/m’ ca mrammom (rpadukon 2). Y y3zopuuma xapruje 6e3 IpHHTa yTBpheHE Cy HIDKE
xorenTparyje Co (rpadukon 2).

Cr Cu
5.000 ’ 40000

6,110

I'pagpuxon 3. Konyenmpayuja Cr (mg/kg) y I'papuxon 4. Konyenmpayuja Cu (mg/kg) y
V30pyuMa nanupa npe u nocie wmamne Y30pyuMa nanupa npe u nocie wmamne

Kon mepema xonnenTpanuje Cr, BPIICHO je MEpemhe KOHIIEHTPAIHje MIeCTOBAICHTHOT
XpoMa KojH je yjeqHo u HajurreTHrju. Hajseha konnentpanuja Cr 3a0enexena je y y30pKy
STUKETHH — MeTanm3upanu 68 g/m? ca mrammnom u usnocu 7,86 mg/kg, nok je HajHmKa
xoHneHnTpanuja Cr 3abenexena y y3opky nanup (papmarmja — ymyrcrBa) odeerna 60 g/
m? ca mrramnoM u usnocu 0,32 mg/kg (rpaduxon 3).
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Ha rpadukony 4 Mmoxxemo j1a younmo ja je Hajeeha xkonrentpanuja Cu 3abenexeHa y
Y30pKY STHKETHH — METAIU3UpaHu 68 g/m? ca MITaMIIOM H TO Y KOHIIEHTpaIuju o 36,11
mg/kg, a Hajmama y BperHocTr o 0,73 mg/kg y y30pKy nanup (TEKCTHIHN) KYHCAPYK Mat
140 g/m? 6e3 mramie. Y y3opuuma xaptuje 0e3 IprHTa yTBpheHe Cy HUKE KOIEHTPaIlH]je
Cu (rpaduxon 4). Cratuctuuku Behe xonnenrpamuje Cu (p > 0,05) yrephene cy y
crnenehuM y30pIiiMa: eTHKETHH — METaIu3upanu 68 g/m?, eTnkeTHu — nabencer 75g/m?,
KapToH 3eHuT 270g/m? (rpadukoH 4).

Fe Mn
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Ipaguxon 5. Konyenmpayuja Fe (mg/kg) y Ipaguxon 6. Konyenmpayuja Mn (mg/kg) y
V30pyuMa nanupa npe u nocie wmamne V30pYUMa nanupa npe u nocie wmamne

Hajseha xonnenTpanuja Fe yrBpheHa je y y30pKy XapTHje €THKETHH — METaIH3UPaHA
68 g/m? ca mrrammoM u oHa m3Hocu 1110 mg/kg, a HajMama KoHIeHTpandja Fe on 61,85
mg/kg yrBpheHa je y y30pky xapruje KapToH 3eHut 270 g/m? 6e3 mramie (rpagukoH 5).
VY y3opmnmma xapTrje Oe3 MpuHTa yTBpleHe Cy HIKe KoleHTparuje Fe y omHoCy Ha y30pKe
XapTHje ca MPUHTOM (TpaduKoH 5).

Hajseha xonmentpammja Mn je 3abemexeHa je y y30pKy KapToH (dapmarmja)
Kpomorak 275 g/m? ca mrrammom u u3HocH 28,15 mg/kg, a HajMama KoHIleHTpandje Mn je
3aleieskeHa y y30pKy XapTHje eTHKETHH — METATH3Npann 68 g/m? ca mMTamMIioM U H3HOCH
3,36 mg/kg. V y3opuuma xaptrje 6e3 mpuHTa yTBp)eHE Cy HIKe KOLeHTparuje Mn y
OJTHOCY Ha Y30pKe XapTHje ca MPUHTOM (TpaduKoH 6).
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Y30pyuMa nanupa npe u nocie wmamne V30pyuMa nanupa npe u nocie wmamne
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Hajseha 3a0enexxena Bpeanoct Ni y ucnuTanuM y3opimma usHocH 5,27 mg/kg u to
y y30pKy KapToH (npexpambena) ymka kosiop 350 g/m? Ge3 miramiie, a HajMama yTBpheHa
BpeaHoct Ni u3nocu 0,60 mg/kg y To y3opky manup (hapmanuja-ymyrcrsa) opcerHa 60
g/m? 6e3 mramiie (rpaduKoH 7).

Hajseha xonnenrpanuja Pb je 3abenexena y y30pky KapToH (KOMEpIHjajHH) yMKa
komop 230 g/m? ca mtamnoM U oHa m3HOCcH 3,92 mg/kg, a HajHMKa KOHICHTpALH]ja je
3a0esiexeHa y y30pKy manup (TeKCTuinHa) KyHcapyk mar 200 g/m? ca ImTamIiioM ¥ OHa
uzHocu 0,21 mg/kg (rpadukoH 8).

58.300

I'paguron 9. Konyenmpayuja Zn (mg/kg) y
V30pYUMa nanupa npe u nocie wmamne

Hajseha xoHmenTpanuja Zn 3a0enexeHa je y y30pKy KapToH (KOMEPIIHjalTHI) yMKa
kosop 230 g/m? ca mrramiom u oHa u3HocH 58,30 mg/kg, a HajMama KOHIIEHTpaIHja je
3abeeskeHa y y30pKy eTHKeTHH — jlabesiceT 75 g/m? ca mraMIioM u oHa u3HocH 3,06 mg/
kg (rpadukon 9).

4.1. YnopehuBame 100MjeHUX pa3yJiTaTa ca 3aKOHCKOM PeryJiaTuBoM

Y PenyOmuiiu CpOuju NpHCYCTBO TEIIKMX MeTaja y Iamupy peryjIucaHo je
[TpaBHITHIKOM O TPAHUYHO] BPEAHOCTH YKYITHOT HUBOA KOHIIEHTPAIIHje OJI0Ba, KaJIMHjyMa,
JKUMBE U IECTOBAJICHTHOI XpoOMa Yy aM6aﬂa)KI/I NI BlbCHUM KOMIIOHCHTaMa, u3y3enuma o
IIPUMEHE ¥ POKY 3a IpUMeHy rpaHnyHe BpenHocTH [8]. OBaj [IpaBuiHuK je yckiaheH ca
JHupexruBom EBpornicke ynuje [9].

EBporicka JlupekrrBa 3a nakoBame 1 ambanaxxuu orrnaj 94/62/EC 6aBu ce npobiaeMuma
amM0aJa)KHOT OTIaNa U TPEHYTHO J03BOJHCHOT Cajpkaja TEIIKHMX MeTajla y aMOaiaKu.
JupekTrBa 00aBe3yje QpKaBe WIAHHUIIEC Ja MCIYHE IHJbEBE 32 OOHOBY M PELUKIHPAHE
ambanaxHog ormaza [9].

VYKyIIHM HUBO KOHTPOJMCAaHMX MeTalla y Marepujaily amOanaxe WIN HBEeHUX
KOMIIOHEHTH He cMe aa mpenasu 100 ppm no macu, Tj. 100 Munmurpama mno jeqHoM
KWIOTpaMy Mace MarepHjaja amOaliake WM HBEeHUX KOMIOHEHTH, OCHM 3a ambaliaxy y
LIEJIMHY HaIlpaBJbEHY O] OJIOBHOT KpUCTAJIHOE cTakia [8].
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HN3ysetHo o onpende unana 3. oBog [IpaBUIHHKA TpaHIYHA BPEHOCT KOHTPOIHCAHUX
MeTalla He MPUMEbYje Ce Ha CTAaKICHy aMOanaxy, IUIACTUYHE KyTHje W TajieTe Koju
MOTUYY O] PEIUKIIMPAHOT Marepujana [8].

5. 3AK/JbYYAK

Ha ocHoBy ncnuTHBama y3opaka Ianupa 3a MPOU3BOAKY aMOaiaxe 3a IaKoBambe
pexpaMOeHNX, papMariey TCKUX M TEKCTUITHUX ITPOM3BO/Ia yTBPI)EHO je IPHCYCTBO TEIIKUX
MeTaJa, y TanupyuMa Ipe MTaMIama | y anupuMa Koju ¢y oamraMnanu. KoHnenrparje
Koje Cy yTBpheHe cy mcroj rpaHHYHHUX BPETHOCTH, jeauHo cy 3a Fe yBehane. Kon cxopo
CBHX OJIIITAaMIIaHWUX y30paka yTBpleHa je Beha KOHIEHTpalMja TEIKUX METaa HEro MITo
je y marmpy Ge3 mTamMIie, n3 4era ce 3akJbydyje Ja cy y 0ojama 3a mITamIiame MpUCYTHH
TEIIKH MeTany. PesynTraTu 100HjeHn y 0BOM HCTpaXXHBamby Cy MTOKa3ald 1a Cy U3MEpeHe
KOHIIEHTpaluje nocedHo mreTHux temkux merana Cr, Pb n Cd y ucriuranum y3opunma
xapTuje ca u 6e3 mTamIie 3HaTHO HIDKE O] ITPOITMCaHNX JO3BOJFEHUX KOHIIEHTpallja mpemMa
Bakehem [IpaBMIHMKY O TpaHMYHO] BPEIHOCTH YKYITHOT HHBOA KOHLEHTpALHMje OJIOBa,
KaJMHUjyMa, HMBE U IIECTOBAJCHTHOT XpoMa y aMmOalakil WM HEHHM KOMIIOHEHTaMa,
n3y3enrMa o IPUMEHe ¥ POKY 3a IPUMEHY I'paHWYHE BpeTHOCTH [8].
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Cnahana HEJEJBKOBUR?

OAPXKXHUBU PA3BOJ Y ®YHKIINJU OUYBAIHA
HNPUPOAHUX PECYPCA

Pe3ume: KoHIenT op:kuBOT pa3Boja U yHarpelheme KUBOTHE CPEIHHE Cy [PHOPUTETHA MUTabA
KOja ce THYy LEeJOKYIHOT IPYIITBA M arelyjy Ha Cajalllibe reHepaiyje 1a Oylay OAroBOpHE M
panuoHaiaHo Kopucre pecypce. ONpKHBH pPa3BoOj je MOBE3aH Ca E€KOHOMCKHM, €KOJIOIIKAM U
JPYIITBEHUM pa3BojeM. Kpearopu eKOHOMCKOT M JPYIITBEHOI pa3Boja Ha [IOOATHOM ¥ JIOKAITHOM
HHUBOY Tpy/€ C€ Ja pelle JBa Ha W3IIE/A CYIpOCTaBJheHA Mpo0IeMa: 3aXTeB 3a KBAJUTECTHHjUM
JKHBOTOM M 3aXTEB 32 3alITHTOM KHBOTHE CpelrHe. IHTCH3UBAH PUBPEIHH Pa3BOj YECTO JOBOIH
JI0 HapylIaBamba PaBHOTEKE Y MPOCTOPY U M3a3uBa KOH(IHKTE M3Mely pasiMYuTHX MHTEPECHHX
rpymna. 360r Tora je HeOnxoaHO HahM HauMHE W MOJEJIC Jla Ce pa3Boj OcTBapyje 0e3 Jerpaaupara
WM UCHPIUBKMBAKA OHUX pecypca Ha KOjuMa MCTH U 1mo4ynBa. Y pany he OWUTH yka3aHO Ha 3Hauaj
NPUMEHE KOHIIEITa OJIPXKUBOT pa3Boja y OuyBarby HPUPOIHUX pECypca.

Kibyune peun: onp>uBH pa3Boj, IPUPOIAHHU PECYPCH, )KUBOHA CPEANHA

SUSTAINABLE DEVELOPMENT IN PROTECTING
NATURAL RESOURCES

Abstract: The concept of sustainable development and improvement of the environment were
priority issues that concern the entire society and appeal to the present generation to responsibly
and rationally use resources. Sustainable development is connected with economic, ecological
and social development. Developers of economic and social development on the global and local
level are trying to solve two seemingly opposed problems: the requirements for a quality life and
the requirements for environmental protection. Intensive economic development often leads to
disruption of the balance in the area and causes conflicts between different interest groups. It is,
therefore, necessary to find ways and models to achieve the development without degradation or
depletion of those resources on which it rests. The work will show the importance of applying the
concept of sustainable development in the preservation of natural resources.

Key words: sustainable development, natural resources, environmental

! Mp, BTUI Hu, anica_milosevic@yahoo.com
2 Mp, BTII Huw, sladjanasnedeljkovic@hotmail.com
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1. YBOJ

ITojam oap kHBOT pa3Boja JOBOAHM Ce, Hajuerhie, y Be3y ca 3allITUTOM )KHBOTHE CPSIUHE,
IUTAHUPAHOT JPYIITBEHOT Pa3Boja, eKOJOIIKAM, eKOHOMCKHM U TIOIMTUYKHM MUTAbHMA.
KoHrenT oapxuBor pa3Boja MpeicTaBba HOBY Pa3BOjHY MapaJurMy, HOBY CTparerdjy u
¢dunozodujy apymTBeHOT pasBoja. OAp)KUBU pa3Boj Cliaja yjeaIHO OPHUTy 3a )KUBH CBET Ha
MJIaHeTH 3eMJbU U 3a OUyBamhe KalmaluTeTa MPUPOJHUX crucTeMa (MPUPOAHUX pecypca)
ca JIpyIITBEHUM U €KOJIOIIKUM H33a30BHMa KOjH CTOje MPEeJ] CBAKUM JPYIITBOM, JIPKABOM
Y YOBEYAHCTBOM Kao IIEJIMHOM. JelaH O OCHOBHMX KOHIIENAara €KOHOMHKE MPUPOIHUX
pecypca 1 )KUBOTHE CPEJIMHE jeCTe KOHIENT OJIPKMUBOCTH MM OJIPXKHUBOT pa3Boja. YIpKoc
Pa3IMYUTHM HHTEpIIpETalljama Koje ce y JUTeparypu Mory Hahu, OBOM KOHIIENTY JAaHac
MpUnaja NeHTPAIHO MECTO Y pa3Marpamy JIyropovYHe MEPCIeKTHBE ONICTaHKa M HAIPEeTKa
YOBEYAHCTBA.

2. OAPKUBMU PA3BOJ
2.1. UcTtopmuja onp:kuBOr pa3Boja

Onp>XUBOCT, MM OJPKHUBU Pa3BOj CE jaBJba, KAKO KAO CYIITHHCKH IPEAYCIIOB, TAKO
¥ Kao KpajiH IUJb ePUKACHE OpTraHU3aIuje OpOjHUX JEYACKIX aKTHBHOCTH Ha 3eMJBH.
Y Croxxommy, 1972. romune, Kondepernnuja YH o >XHBOTHOj CpenuHH, WHHUIUPAHO
je ocmmBame Ilporpama VYjemmmenux Hammja 3a xuBotHy cpemauny, YHEIL 3atum
je ycuemmio OCHUBAamE HAIMOHAIHUX arcHIMja 3a XUBOTHY cpeanHy y Behem Opojy
3emaspa. KoopanHMpaHOM aKIWjoM HaIMOHATHUX M MehyHapomHux tena, 1980. romune,
MIPOKJIAMOBAH je MpOrpaM II0OaTHE aKIuje 3a MOACTHIAKE OAPKUBOCTH, T3B. CBETCKa
CTparerdja odyBama HpPHUpPOAE, O cTpaHe MelyHaponaHe yHHje 3a 3aIUTHTY MPUPOIE.
Hakon Tora, 1983. rommue, on crpane OYH, ycraHoBibeHa je CBeTcka KOMHCHja 3a
KUBOTHY CpEeJMHY M pPa3Boj, KacHHje Ha3BaHa bpyHITIaHIOBa KOMHCHja, 1O HUMEHY
npencenanajyher. YouaBajyhu omacHOCT of MOTEHIMjaHUX TpoMeHa Kimme, CBeTcka
MeTeopoonnka opraamsandja u [Iporpam YH 3a xuBoTHY cpenuny cy 1988. ycranoBummn
MelyapxaBHE TaHen O KIMMAarCKUM IPOMEHaMa, KOju MMa 3a Wb Jla CaKylH CBE
peneBaHTHE HaydHe, TEXHHMUYKE M JPYIITBCHO-EKOHOMCKE HH(OpManuje Be3aHe 3a
MIPOMEHY KJIMME, HapodHTO aHTpomoreHe (akrope NpoMeHa. bpojHe aKTHBHOCTH
JpKaBHUX W HEBIQJAMHUX OPTaHM3aIlMja IIUPOM CBETa, JoBese ¢y 1992. no onpxaBama
Kondepernmmje YH o xuBoTHO] cpemmum u pasBojy, YHLEJ v Puo ne Keneupy.
Ha oBoj xoH(pepeHnmju ycBojeHH cy OMTHH AokymeHTH: OKBHpHa KOoHBeHIHja YH o
KITUMaTcKuM TmpoMeHamMa u KoHBeHmuja o OmoromkoM auep3urery. Cremehe 1993.
ocHosaHa je Kommcuja YH 3a onpxuBH pa3Boj ca NPBEHCTBEHUM LWJBEM Ja HaJAIIEna
crpoBoljele MOMEHYTHX TOKyMEHaTa U APYTuX akata. Y aprycty 2002. romuHe ofpkaH
je CBerckm caMuT O OIpXHMBOM pa3Bojy y JoxanecOypry. Ha oBoMm camury npxase
YUYECHHIIE Cy C€ caracwie Ja y mro KpaheM BpEeMEHCKOM pPOKY NPHCTYIEe H3paau H
yCBajarby HAIMOHAIHMUX CTpaTernja oAp>KMBOT pas3Boja [2]. Ilox mojmom oppskuBOT
pas3Boja moapa3yMeBa Ce€ jEAWHCTBO y peallM3alliju TPH TPyNe IHJbEBa: - MOCTH3amba
OIP)KUBOCTH y EKOHOMCKOM CMHCIY, Tj. OCTBapema KOHTHHYHPAHOT IPHBPEIHOT
pacra, 06e3 mHpmanuje n nosehama CIOJPHE 33TyKEHOCTH; - TIOCTH3amba OIPKUBOCTH
Ha CONMjAJTHOM IUIaHy, KpOo3 EIMMHHANW]y CHpPOMAIITBA M CBUX BHIOBA COLMjalIHE
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MaTOJIOTH]e; - MOCTH3amha OJPKUBOCTH Ha CKOJIOIIKOM IUIaHy, Y KOpHIINenY IPHPOTHUX
pecypca u KUBOTHE cpeaute. [TocToje jaku MOpaiHK pasiio3u Ja JaHallliba TeHepaluja
OCTaBM MOTOMCTBY Yy Hacielje HuIITa Marme IIaHCe 3a Pa3Boj, HEro LITO OHA MMa caja.
To 3HauM na TaHeta 3eMiba, Ca CBOJUM MOTCHIMjATMA, HE CME OWTH JerpajdpaHa.
IpaBo camamime reHepamyje Ha UCKOpUIhaBamke pecypca M KHBOTHE PEIHHE, HE CMe
YIPO3UTH KCTO TAKBO MPABO HAPESIHUM TeHepaljama. J[pyra rpyma pasiora 3a OfpXUuBH
Pa3Boj je eKOIOIIKO-eTHIKE MPUPOJIE. AKO IPHPO/IA MPEACTaB/ba BPSIHOCT caMy 110 ceOH,
Tj. QKO OUyBarbe OHO-TMBEP3UTETA, WK 3aJHMXE MPUPOJHUX Pecypca UMa ONpaBIambe y
CTaBy JIa je YOBEeK caMo JIe0 MPUPOE, Te la HeMa Mpasa Jia je HeMOBPaTHO MEHa, OH/Ia
j€ CBakM BUJ €KOHOMCKE aKTHBHOCTH KOJUM C€ HapylllaBa JAWBEP3UTET KHUBOT CBETA, MIH
0orarcTBo pecypca, HerpuxBarbuB. Kao Tpehu, moryhu, pasor 3a onpasname KOHIETITA
OZIPXKUBOCTH, MOXE CC HABECTH €KOHOMCKH apryMeHT. J[pyruM peurMa, HEmoITOBahe
KOHIIETITA OIPXKUBOCTH, BOJM Ka Hee(UKaCHOM MPHUBPEIHOM Pa3Bojy, y CMHCITy cBe Behier
pacumama pecypca u CHepruje.

2.2. /KuBOoTHA cpeauHAa, OP:KMBOCT U MPUPOHHU pecypcH

Crparemko onpeesbee 3a 3alTHTY )KUBOTHE CPEIMHE TTOpa3yMeBa:
e ouyBame IUIaHeTe 3eMibe U 3a Oyayhe reneparyje Kao Mo3uB Ha OATOBOPHOCT,
e J1a CBaKo Jby/CKO Omhe nma mojjetHaKko IpaBo Ha HAjIIUpPE OCHOBHE CII000/1e Koje
HE yTrpokaBajy clI0001y IpYyTrHX.

KomrnekcHr yCIIOBH OfpKaBarbha JKMBOTA HAa IUIAHETH 3EMJbH, jEIHHUM HMEHOM
Ha3BaHMW JKMBOTHA CPEAMHA, MOTY OMTH yTrPOXEHH KaKO MPUPOTHHUM, TAKO U IPYIITBEHHM
ypHronMMa. CaBpPEMEHH CBET j€ y BEJUKO CYOYEH ca MoTpedoM IobaiHe, 3ajeqHUUKe
OATOBOPHOCTH 3a Pa3B0j y CKiIaay ca morpedama Jbyau W MPUPOJE, & Ha OCHOBY
MoryhHOCTH Koje ce mpykajy paau odyBama IUlaHeTe 3eMJbe U FheHe mpenaje Oymyhum
TeHepanrjama y MpUXBaTJFUBOM cTamy. [IpaBo camarime reHepalyje Ha nCKopHuhaBame
pecypca U 3IpaBy >KHBOTHY CPEAMHY HE CME YIPO3UTH HCTO TaKBO MPAaBO HApPEIHHM
reaepanrjama. OcTaBpeme AYTOPOYHUX LUJBEBA OOPKUBOT Pa3BOja >KUBOTHE CpEIUHE
Mojipa3ymMeBa HHTErPallMjy U ycaraiaBame [[1JbeBa U Mepa CBUX CEKTOPCKUX MOJUTHKA.

[pupogHu pecypcu TNpeacTaBibajy HM3BOPE W3 KOjUX C€ J0OWjajy CHUPOBHHE 32
mpuBpeny. Y pecypce Crajaajy akTHBHA JIEKHIITA MUHEPATHHX CHPOBUHA, BOJE,
3eMJBHIITA (Kao IMOAJIOra 3a Y3roj OMJBHHX KyJITypa) U IIyme (Kao M3BOp JPBHE Mace 3a
caropeBame M JI00HMjae TOIUIOTHE SHEprHje WM mpepany y uHumycrpuju). [Ipuponan
pecypcH 3Hade UCTO LITO W IPUPOIHY U3BOPH U OTHOCE CE Ha NMPHUPOIHA 100pa Koja cy y
¢yHK1IMjH, Tj. KOja ce kopucte. Hanme, TakBa no0pa mpezncrasibajy pesepse. Pesepse cy
JlaKJie TIOTCHIMjalll KOjH OJITYKOM U JIETIOBAa-EM YOBEKa y CBAKOM TPEHYTKY MOTy npehn
y Kareropujy pecypca. Pecypcu ca mX0BUM pe3epBaMa YWHE MPUPOIHH MOTeHnHjai [4].
[puponuu pecypcu mpeacTaBibajy HMOTEHIMjal Ha Kome Ou ce, y3 moctojehe Jpynacke
pecypce, Tpebao J1a 3aCHUBA €KOHOMCKH NPUBPEIHH pa3Boj jenHe 3emibe. OOHOBIEUBH
pecypcu MMajy Moh pereHepaiyje camMo YKOJIHMKO TeMIIO Kopuinhema He IMpeBasuiiasy
WHTCH3UTET OOHaBJbama. HeoOHOBIBHBH pecypcH (HOpPMHpaHH CY Y NABHO] TEOJOIIKO]
MIPOIIUIOCTH | 32 HMXOBO CTaBpame OMIIN cy MoTpeOHN MIIHoHM roanHa. Ko oBe Bpcte
pecypca ce Ipe MoXKe TOBOPUTH O HajpallMOHAIHU]EM EKCIUIOaTHCamby HETO O OIP’KUBOM
kopuhemy.
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[IpupoaHu pecypcH, 3eMIJBHINTE, TIO, U CBE LITO CE Hala3d Ha — U y HEMY, CBU
OOJHIIM BOJHUX peCypca, BasayX M OHOAMBEP3UTET, MOPAjy C€ KOPHUCTUTH Ha OIPXKHB
HaurH. OapxuBo Kopuinheme MPUPOAHUX pecypca IOApas’yMeBa CTPOTO IJIaHHPAFhE
W yIOpaBpame TmocTojehrM pe3epBaMa y CMHCIY TMOTpeba MPUBEPIHOr pa3Boja.
EdukacHo ynpaBibambe 1 KOHTPOJIUCAE MPEACTaBIba KJbYY 32 OCTBAPUBAE OIPIKHBOT
kopuiihewa npupoHux pecypcea. llTo ce HeOOHOBIBUBUX pecypca THUE, BEOMa je BayKaH
CaBpEMEHH MPHUCTYI Y 00IACTH HBHUXOBOT OIPXKHUBOT KOpUIIhema, a YIIAaBHOM e cMaTrpa
Jla je BUX0BO OapKuBO Kopuiiheme Hemoryhe. [IpuponHu pecypcu ¢y y BEJIHKOj MEpH
MeljycoOHo 3aBucHu. OnpkuBo Kopuiihieme 010 Kor pecypca mo3uTuBHO he yTuiiatu Ha
OdyBame JPYrHX, a HEOJATrOBOPHO 3araljuBame WM YHUIITABAaWkE jEIHOT, Mpoy3pokoBahe
Jerpajanujy M apyrux pecypca. CBe Mepe HaMEHmhCHE O4yBamy OOHOBJBMBHX pecypca
MOXXEMO CBPCTATH y:
npaBHE Mepe,

KBaHTUTATUBHA OTpaHUYCHHA,
orpaHHYeHa KOJMYMHE EKCIIOATUCaHUX pecypea, U
€KOHOMCKE Mepe.

JenaH oz ITaBHUX NPHOPHUTETA 32 JOCTU3AE OPIKUBOT Pa3BOja OJHOCH CE Ha 3aIUTUTY
U yHanpeleme KMBOTHE CpeMHE M PAlMOHAHO KopHinheme MpUpoaHHuX pecypca. To
nozipa3yMeBa HHTETpalyjy U ycaraniaBamke [H/beBa U Mepa CBUX CEKTOPCKHX ITOJIHTHKA,
XapMOHHM3AIIMjy HALMOHAIHHX IPOIKCA ca 3aKOHOIABCTBOM EY U lbUXOBY ITyHY IpUMEHY.
On npropHUTETHE BXXHOCTH je yCBajame U cripoBoljere HanmoHamHOT nporpama 3aiuTuTe
KMBOTHE CpEIUHE y3 OAroBapajyliec akIMOHE IUIAHOBE, KA0 M YCBajamke W INpUMEHa
HanunanHe cTpareruje oap)XuBor KopHiihema pecypca U 1o0apa. YcBajame U MpuMeHa
Hanmonanne cTpaternje oapKuBor kopuinhema pecypea u 100apa yruiahe Ha CMambeHhe
HEIUTaHCKOT KopHIfieha IPUPOIHUX pecypca. Y IUIbY HHTETPHCatha MOJTUTHKE KUBOTHE
CpelHHe y OcTalle CeKTOPCKE MONUTHKE, OCEOHO Y CEKTOP MPOCTOPHOT M YPOAHUCTHIKOT
IUIAaHUPamba, OTPEOHO je jayaTH KamaluTeTe 3a MPUMEHY CTpaTellKke MpOIeHe yTHLaja
Ha JKUBOTHY CPEIWHY, IOJMTHKA, TUIAHOBA M MpOrpama y CKJIamy ca 3akoHoM. Pa3Boj
YHCTHjUX TEXHOJOTH]ja, ToBehame eHepreTcke e(puKacHOCTH U KopuIThemhe 00HOBJEUBUAX
W3BOpA EHEpruje, CBakako ie yTUIaTH Ha cMarbebe 3ara)ema )KUBOTHE CPEIHHE.

HajBehn norennujan 3a nopehame eHepreTcke e(hUKACHOCTH j€ CMabEHhe OTPOLIHE
TOIJIOTHE eHepruje (mo mporieHama 3a Buiie ox 50 %) moOOoJbIIAHOM H30JIAlHjOM Y
3rpajamMa ¥ CMamemeM Opoja gomahMHCTaBa KOja KOPUCTE CIICKTPUYHY CHEPrHjy 3a
rpejame. Bennkn moreHunujan 3a nobosblambe eHepreTcke e(hUKacCHOCTH MOCTOJU H Y
HHJIYCTPHjCKOM CekTopy. EHepreTcka ehUKacCHOCT y MHIYCTPHjH KO HAC je TPOCTPYKO
HIDKa OJT CBAKOT ITPOCEKA, a HEMPOMOPIIHOHAIIHO j& BHCOK CTETCH CTaBPaha HHAYCTPH]CKOT
OTMaja MO jEeMUHHUIM MPOHM3BOAa M HEPAIMOHAIHOT KopHiihema pecypca-CHPOBHHA.
[IpomoBHcame 0OHOBIFMBHX U3BOPA EHEPIHUje 3aXTeBa yBolermbe MOACTHIIAjJHUX Mepa, HITO
MOXKE 0XpaOpUTH NPUBATHE MHBECTUIIM]jE Y EHEPTreTCKU CEKTOP M OjadaTH KOHKYPEHTHOCT
Ha TI0JbY CHEPTETUKE ¥ SKOHOMH]E YOIIIITE.
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3. PACT EKCINVIOATAIIMJE PECYPCA U KOPUIIREHA EHEPT'UJE

Ha nnanetn moctoju (UKCHA KOJNMYMHA HEOOHOBJBMBHUX pecypca, yKIbyndyjyhu
METaJIHe U HEMETaJIHE CUPOBUHE, YTaJb, HA(TY U TPUPOIHHM rac. 3aliuxe HeKUX pecypca, Kao
LITO je HIIP. TBOXKN)e Cy BeNMKe, IOK Cy 3aJIMXe APYTUX MOMYT KUBE U XEJIHjyMa PelaTHuBHO
orpanndeHe. [ mobanHa ekoHOMHja HCKOpHUIThaBa Te pecypce 4ecTo 1o pactyhuM cromnama.
OrpannyeHd HEOOHOBJBMBH PECYpCH HE MOTY TpajaTH 3ayBeK, ajli MUTama HHUXOBOT
kopunihema Cy ciokeHa U o0yXBarajy NMpOMEHe Yy MOHYAW U TPaXHHU pecypca, Kao H
kopuniheme oTnaza u 3araljeme Koje ce cTBapa BHXOBOM notpouimoM [1]. Kputnuapu
orpaHn4dcma pacta NECUMUCTUYKOI CTaBa UCTUYY, Ja OTKPUBAK€ HOBUX pECYypcCa, HOBE
TEXHOJIOTHj€ eKCIUIoaTalyje, Ka0 M CBE paclpOCTPamEeHUje PEeLUKIUpabe, MPOIIHIPY)Y
xopu3oHTe kopumihewa pecypca [3]. IlpaBo muTame HHje ancoONyTHO OrpPaHUYCH:E
JOCTYITHOCTH, HEro yTHWIla] moBehaHOr MCUPIUbMBaKma pecypca Ha KHMBOTHY CpPEIUHY.
31paB pa3yM U €KOHOMCKE TeopHje Kaxy Aa fie ce MPBO €KCIUIOATHCATH HajKBATUTCTHH]C
pyze. Kako nmounmemMo J1a ce ociamaMo Ha Marbe KBAUTUTETHE py/e, TOTPEOHO je CBE BHIIIS
eHepruje na ou ce mo0no obpaljeHn MeTas, a pacTe ¥ OOMM MHIYCTPUjCKOT OTHaaa KOju
HacTaje y ToM mpoiiecy. [lakie, pynapcTBo HemoBparHo omtehyje )KHBOTHY CpeanHy I0K
pyAapcke aKTHBHOCTH OCTaBJbajy y Haciehe Benuka omrehema Ha 3eMIBHHO] TTOBPIIUHA
u 3araheny Bony. Excriansuja kopumhema pecypca 3aBucH of oHyze eHepruje. Enepruja
je on ¢gyHIaMeHTaJ HOT 3Hayaja 3a €KOHOMCKY aKTHBHOCT M caM JKHMBOT M omoryhasa
kopunheme CBUX JPYruX pecypca. 300r Tora, MUTama U3BOpa eHepruje uMajy nocedan
3HAYa].

TpeHyTHO 1O3HATE pe3epBe CHEPreTCKUX CHPOBHHA, K0 LITO Cy Ha()Ta 1 Tac, yriIaBHOM
he 6utn ucnprssene 3a 50 roguna. 1lTo ce TMYe pe3epBu yriba, oHe he morpajaru Maio
Jy’Ke aJu je yrajb ,,HajIpJbaBUju" o1 cBUX (ocriHuX ropusa. CaropeBame Hadre, raca
U yTIJba JIONPUHOCH 3aralemy Ba3nyxa kao W nosehamy IiodanHe eMHCHje yTJbeHHUKa.
[IpenBuba ce na he mopact mormynanuje 1 >KUBOTHOT CTaHAAp/a 3aXTeBaTu 3HaTHO Behy
ynotpeOy enepruje y Hapenuux 40 roxuna. M3 tor pasiora cy o CyIITHHCKE BaKHOCTH
HOBH U3BOPH EHEPTH]je KOjU Marbe 3aral)yjy OKOJIMHY, Kao U CMambEHhe Calalllihe MOTPOIIHE
SHEeprHje 0 INIaBH CTAHOBHHUKA y Pa3BHjE€HUM 3eMJbamMa. CBETCKH IPUTHCAK HAa OOHOBJBHBE
pecypce moctaje cBe ounmiennuju. Ilperepana ekcruroaranuja OOHOBJBMBHX pecypca
y3pokoBana je moBehaHy cTomy TyOMTKa >KMBHX BpCTa, INTO IPEACTaBJba EKOJIOIIKY
OITaCHOCT W cMambyje npuponHo Haciehe Oynyhux reneparuja. Exonomcka teopuja Hyan
o0janmemne IpeTepaHe eKCIUIoaramyje, ajld je MHOTO Teke HaliM MPaKkTHYHO peIIeH-Ce.
KonnenT oxpxuBor pasBoja Ou y MHOroMe Tpebajo aa MOMOTHE y pellaBamby OBOT
mpobiema.

Kana je ped o mpou3BOAKY, BXKHO je HAIPABUTH pa3iinky nimel)y oOHOBJBHBUX U
HEOOHOBJBMBHX pecypca. Y CBaKoj NMPUBPEAU CE MOPAjy KOPUCTUTH HEKH HEOOHOBJBHBU
pecypcH, alu OAPKUBH pa3Boj MOApa3yMeBa pELUKIMpame THX pecypca kao u Behe
oclamarme Ha OOHOBJbHBE pecypce. Y cilydajy HMOTpOLIEkE, MOpa ce HAlpaBHTH jacHA
pasznuka n3mel)y morpeda u kesba. 3a pasNUKy Ofl CTaHIAp/HE €KOHOMCKE MapajurMe,
nmpemMa Kojoj ,,HoBal| AuKTHpa TpxkuiTe” u oapelhyje xoja he ce poda mpouszBoauTH,
OJIP’KMBH Pa3Boj MOpa3yMeBa J1a MPUOPHUTET Oy/ie 3aJ0BOJbEH-¢ OCHOBHHUX MOTpeda, a He
JYKCy3a.
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4. OCHOBHM MOJIEJ/IN PEHIABABA IIPOBJIEMA OUYYBABA
MNPUPOJHUX PECYPCA

HaBeneHn OCHOBHHM TNPHHIMIIM M HM3a30BH CYy MHOTOOPOJHH M Pa3HOPOAHH, aju
KOHIIETIT OAPKHUBOT pa3Boja Beh gaHac Hyau OCHOBHE MOJIeNie pelieha MpodiIeMa 09yBamba
MIPUPOHHX pecypca:

e [lrexma pecypca, IITO MOApasyMeBa PAlMOHAIHY YHOTpeOy pecypca y CBakoM
norieny. [locnoBame Ou Tpebano OMTH TakBO, a HEMa OTIAAa W TJE je W3na3
jemHor cuTeMa yBeK yna3 y Apyru cucreM. IlororoBo Tpeba oOpaTHTH MaXmby
Ha panuoHaIHY ynoTpeOy Boje, 3eMJBHINTA M €HEpreTckux pecypca. Curyarmja
y CpOuju y TOM morieay HUKAako ce He MOXKE CMaTrpaTy 3a/0BoJbaBajyhoM. Boaa
Ce W JlaJjb€ pacHIia, IParoleHo 3eMJBHIITE TyOn ypOaHM3alMjoM M 3araljemem,
a GHEPreTCKH PEeCypCH EKCIUIoaTHIly a0 MakcumyMma. Kao jemuno oOjamrmeme
OBOT TapaJoKca MOXKE Ce HABECTH HHM3aK HHMBO E€KOJIOIIKE CBECTH, Ja CE IITEAma
pecypca ¥ KOHKPETHO CIIPOBEJE, jep CABPEMEHN YOBEK TEIIKO MOXKE J1a ITPOMEHH
CBOj 00pa3all MoHaIama 1 7ia y MCTOj MEpPH KOJIMKO MUCITH Ha 337I0BOJbBAFE CBOJUX
rorpeba, MUCITH 1 Ha TIPaBo Ha KBAJMTETaH KMBOT Oynyhux renepanyja.

e OOHaBJbame pecypca, jecTe joII jefiHa Hy)KHa aKTUBHOCT Y IPaBIly MOIPaBJbamba
eKoJIONIKe ciiKe IuiaHere. JIo cama cy HepaloHaJIHOM MOTPOIIHOM YHHUIITEHE
BEJIMKE KOJIMUMHE pecypca, anu Tpeba 3HaTH Ja Ce BEJMKU Opoj HHX MOXE
OCMHUIIIJbEHOM aKHI/IjOM HaJOKHAIUTU U YaK OAp)KaBaTH KOHCTAaTHUM. Ha oBom
MeCTy Ipe CBera ce MUCJIM Ha MOryhHOCT 0OHaBJbama MIyMCKHX pecypca. Lllyme
Cy M3Y3€THO YIpOXKEH €KOCHCTEM JlaHac, a HMXOBa yJora M 3Hayaj 3a 4OBeKa Cy
orpoMHu. O0aHBJbabE MOCEUCHHX LITyMa U OMYCTOIICHUX TEPEHA 3aXTEBa CBAKAKO
3HauajHa CPEJICTBA U BpEMe, v je MOryhHOCT OOHaBJbama IIyMa CaBUM pealiHa.
Hemrro Texa je curyanuja mo muTamy OOHABJbAba JErPAIMPAHOT 3eMJBHUINTA.
3eMJbHINTE KOje je OCCIOBpPAaTHO M3Try0J/bCHO IPafbOM HE MOXE Ce HH Ha KOjH
Ha4YMH HaJOKHAIUTH, T€ C TOTa IIOCTO]je MOKYIIIaj1 /1a Ce HOBE MOBPIINHE 3eMJBHIITA
00e30ene 3ay3uMameM MOPa, 03eNIehaBambeM IyCTHbA U ¢i1. [1o3HaTH cy 1 HaunHH
Bpahama y ®HUBOT 3eMJBUIITA KOj€ j€ TOCTAIO HEYNOTPeOJbUBO HAKOH MHTEH3UBHE
MpUMEHE eCTUIIAa. MeTo peKyITHBALIN]E 3eMJBHUINTA je MOTYH, aju je H3y3eTHO
CKYI M BEOMa C€ OIPaHU4EHO CIIPOBOJIH.

e Penmkmaxa, Kao HajIIMpe IPONAarvpaH METOX 3alITHTE pecypca Of Jajbe
eKcIuIoaranyje, a MmojpasyMeBa NMpHUMEHyY MOCEOHHMX TOCTyraka kojuma ce Beh
JEIHOM YTpOILeHU pecypcH mpepal)yjy ¥ KopHucTe 3a 100ujame UCTOT WIIH JIPYTOT
npoussoza. [Iponec pennkinaxe je paspaleH 3a MHOTE BpCTE CHPOBHHA M KOCTAHTHO
ce yHanpehyje.

e [loHoBHa ymoTpeOa, Ka0 HauWH JIOHEKJIE CIMYaH PElUKIaXH, a TMoJpa3yMeBa
MTOHOBHY YIOTpeOy CBeTa IIITO C€ MOYKE ITOHOBO yNOTPeOUTH (Hajuenthe pasHOBPCHA
ambaiiaxa).

e [Inahame exomomke mTeTe, Ka0 YECTO NPBH M Haje(pMKACHHjU pasjor 300r
KOjer KOMIIaHWje M TOjeIUHIH TOYHIbY Aa pasMUIbajy O 3aIUTHTH >KHBOTHE
cpenune. [IpuHImn 1a cBaku 3araljuBad Mopa Jia IUIaTH 3a CBaKy €KOJIOLIKY IITETY
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HaHETy CKOCHCTEMY, TaKO M TPOIIKOBe Bpahiama eKOCHCTeMa Y HOPMAITHO CTabe
(npeunmrhaBame), a Mopa ce Ha ozpel)eH! HaYMH HaJOKHAJUTH U IITETa HaHEeTa
Oyayhum reHepaimjama.

3aiTHTa JKUBOTHE CPEJUHE W OYYBambC IPHPOJHUX pecypca MOXE C€ YCICIITHO
CIIPOBOJMTH KPO3: MPaBHa aKTa, MHTEPHA IpaBuiia U 1oroeope. Ha Taj HaumH ce mocTike
WHTerpallHa 3allTHTa IPUPOAHHUX pecypca U 00yXxBarajy ce moxpyyja, Koja ce qerpagupajy
ycJeA HeraTMBHUX YTHIAja IOJbONPUBpENE, pylapcke HHIYCTpHje, BOXONPHUBpPEIE,
LIyMcKe npuBpene, caodpahaja u ap. [la Ou ce peann3oBaia HHTETrpaHa 3aIITHTA KUBOTHE
CpeAMHE W TIPHPOAHHUX pecypca MOTPeOHO je 00e30emuTH: IUIAHCKY EKCIUIOAaTaIdjy
CHPOBHHA; PAIIMOHAIHO KOpUIIhere MOJFOIPHBPEIHOT 3¢MJBHIITA BUCOKIX OOHHTETHHUX
KJaca, 3allTHTa CKOJIOIIKUX MOIpy4Yja, CIpeYaBame epo3dje 3EMJBHINTA U I10jaBe
KJIM3UINTA, OYyBame IIyMa, 3aliTHTY BOJA M PALMOHAIHO KopHIIheme, paluoHaIHO/
LIeJbHBO KOpHILliehe HEOOHOBJBUBHX IPHPOJHUX pPecypca M YKIbYUHBAE Y CBPOIICKY
nHUIHjaTuBY popMupama ,,Craza Hacnmeha“.

Pagu paumonamHor W edukacHor Kopumhema MPOU3BOAHOI  MOTEHIMjaja
MOJHOTPUBPEIHOT 3EMJBHIITA IOTPEOHO j€ PaJUTH Ha CTATHOM MOOOJBIIakY OOHUTETHUX
CBOjCTaBa PacHONIOKHUBOT 3eMJBHINTA Y3 3a/IpyKaBarbe KBIMTETHUX Kareropuja OOHUTETa,
QJIM ¥ KOTPOJIMCATH KOpUIIheke KBATUTETHOT MOJHONPHUBPEAHOT 3EMJBHIITA UCKIbYUYHUBO
y (YHKIUjU TOJBONPHUBPENE. 3aIITUTA IIyMa 00yXBaTa MOIIyMJbaBatbe, HETY, 3aIlTHTY
O] TTOYKapa, MTETOYNHA U WHCEKaTa, TUBJhE ceue, OuyBame OnomusepsureTa. Tpedaso ou
3a0paHUTH MOTIYHY Cedy, TOCEOHO y KIMCypamMa peKa U MOTOKa U Ha TePEeHUMa BEJIUKOT
HaruOa, 1a OM ce mpeaynpeaunsia epo3rja 3eMJBHIITA, a Cca HCTHM LIUJbEM 3aTPaBHUTU U
NOIIYMUTH OPaHUIIE U Nallbake. Takohe, y by ouyBamba NPUPOAHOT OUIBHOT MOKPUBAya
U nproOaitHe BereTalyje HeOMXoHO j€ OUyBaTH M HETOBATH ayTOXTOHE IIyMe.

Pamu 3amrTuTe W3BOpHINTA BHCOKOKBAITETHHX IOA3EMHHX BOZA IOTPEOHO je
NPUMEHATH TpenBHljeHe pexuMe Kopumhema HCKIBYYHBO y CBPXE BOIOCHAOICBamba,
a Kopuinhiermhe TePMOMUHEPATHAX BOJA, UCKIBYYMBO Y (QYHKIHMjH TypH3Ma U JieUeHha Y3
o0aBe3He Mepe 3allTHTe. Y HaceJbHMa U cellMMa Tpeda 3allTHTH NPEIOo3HATIHBE JICTI0Be
Tej3axka: TOTOIM, MpHoOallHa BereTalyja, ApBOpenu, kuBuie u ap. I[locebHO Tpeba
OYyBaTH MPUPOAHE pecypce, Koju He Mory na ce obHoBe. HbuxoBo kopuheme Tpeba na
Oyze CTPOro KOHTPOJIMCAHO M BeoMa IITEAJbHBO. McTopHjcKH KyTypHE npenese Tpeba na
MOJUTEXY ITOCEOHUM MepaMa 3alliTHTEe Kako OM MODIH Jia ce yBpcre y ,,Crase Hacneha®,
OJIHOCHO y MPEXY NPHPOJIHUX M KYTYpHHX Ipelena H HCTOPHjCKUX MecTa, Kako Ou ce
o0e30enniia pa3sHOBPCHA M aTpakTUBHA TypucTydka monyna [5]. Ilpouena ytumaja Ha
JKMBOTHY CpPEIMHY je 3HauajHa MPEBCHTHBHA Mepa 3a 3aIUTUTY KUBOTHE CPEIUHE H TO:
Jpymy, ¢Grope, dhayHe, 3eMIJBHIITA, Ba3yXa, KIMMe, IIej3axa, MaTepUjalTHAX U KyJITYPHHX
nobapa.

[TpoueHoM yTHIIaja Ha >KUBOTHY CPEAMHY HWIEHTU(HKYjy ce Moryhum uuHHOLM
Jerpajaije >KMBOTHE CpeIMHE U JOHOCE aJeKBAaTHE Mepe 3a CIEeYaBame HUXOBUX
IITETHUX YTHLAja.
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5. AHCTUTYUMUOHAJIHU OKBHUPU 3A OYYBAILE KHUBOTHE
CPEJUHE U ITPUPOJHUX PECYPCA Y CPBUJHU

be3 agexBarHe momohu aprkaBe n oAroBapajyhux 3akoHa u3 001acTH )KUBOTHE CPEIUHE
U OZIPXKMBOT pa3Boja Huje Moryhe mocTuhin ofp>KUBO KopHiheme IPUPOAHUX pecypca.
Hapomua Ckymmruaa Penyonuke Cpouje je TokoM maja 2009. romuHe yCBOjuIa je T3B.
,»3CTICHU TIAKET"* KOJU CaJp KU MIECHAECT 3aKOHA M3 001aCTH )KUBOTHE CPEMHE U OIPKUBOT
pa3Boja. 3aKOHOM O 3allITHTH KUBOTHE CpeiMHe ypelyje ce MHTerpaHu CUCTEM 3allTUTe
JKUBOTHE CpeAnHE U 00e30eljyje ocTBaprBame MpaBa Y0BeKa Ha JKUBOT U Pa3B0Oj Y 31paBoj
JKMBOTHO] CPEIMHH U YPaBHOTEKEH OJJHOC MPHUBPEHOT Pa3Boja 1 xHUBOTHE cpeanHe. [1o
OBOM 3aKOHY, CUCTEM 3alITUTEC ) KUBOTHE CPCANHEC YMHE MEPEC, YCIIOBU U UHCTPYMCHTH 3a:
e  OIPXHBO VIIPAaBJBAKE, OUYYBAKE IPUPOJHE PABHOTEKE, ILEJIOBUTOCTH,
Pa3HOBPCHOCTH M KBAJIMTETa MPUPOJHUX BPETHOCTH M YCJIOBA 32 OICTAHAK
CBHX XHBHX Ouha;
e  cIpeyaBame, KOHTPOIY, CMambUBakEe M CaHAlMjy CBHX oOnnka 3arahuBama
’KMBOTHE CPEIUHE;
o OJIP’)KMBO yIIpaBJbalkbEe IMPUPOJAHUM BPEAHOCTUMA W 3allTUTAa XHUBOTHEC
Cpe/lMHEe 0CTBapYjy Ce y CKJIaay ca OBUM 3aKOHOM U MOCEOHNM 3aKOHOM.

3aKOHOM O 3aIlITUTH >KUBOTHE CpPENWHE je TMpeaBuljeHO NoHomewme HarmoHamHe
CTpaTeruje OJPXKHWBOT KOpHIIhema MPUPOAHHUX pecypca m aobapa W HammoHamHOT
Iporpama 3alITUTE XUBOTHE CPEAMHE. 3aKOHOM O PyIapcTBy ce ypelyjy yCIoBU 1 HAYHH
EKCIUToATallNje MUHEPATHUX CHPOBHHA Y 3eMJBH U Ha FCHO] MOBPIINHU, HA PEYHOM WA
j€3epCKOM JIHY FUTH UCTIOJ -eTa, Ka0 M M3TPajikha, KOPUIINCHE U OpiKaBambe PyIapCKuX
o0jekara. O0Opasyje ce AreHImja 3a pyaapcTBo, Kao MoceOHa opraHu3anmja 3a 00aBJbame
CTPYYHHX IIOCTIOBA B€3aHUX 33 OCTBAPHUBAILE [IMJHEBA YTBP)CHUX CTPATETHjOM yIIpaBIhamba
MUHEPAITHAM CHPOBHHAMA.

3aKOHOM O SHEepreTHIn ce ypelyjy: MU/beBH €HEPreTCKe MOJUTHKE U HAYUH HEHOT
OCTBapWBama, HaYWH OpPraHU30Bama U (PyHKIHOHHCAma TPXKHUIITA E€HEepPruje, YCIOBH
3a ypemHO M KBAJUTETHO CHaO/ieBame Kylalla €HeprujoM M YCJOBH 32 OCTBApHBAMHE
Oe30enHe, moy3maHe M e(UKacHE IPOHM3BOIIE EHEPruje, YIpaBbalke CHUCTEMHMA
MpeHoca, TpaHCIOpTa W AMCTPUOYIMje CHEpruje M HauuH 00e30cherma HecMeraHOT
(yHKIMOHKCAba M pa3B0ja OBHX CHUCTEMa, YCJIOBH W HAYMH 00aBJbamba CHEPIETCKUX
JISTIATHOCTH Ka0 M YCIIOBH 32 OCTBAPHBahE eHEPreTcKe e(hPUKACHOCTH U 3aITHTE )KUBOTHE
cpeauHe y 00aBsbamkby CHEPreTCKUX AenaTHOCTH. OBUM 3aKOHOM OCHHBA ce ATcHIMja 3a
eHepreTuky 1 obpasyje ce AreHiuja 3a eHepreTcKy e()uKacHOCT.

3akoHOM O ITymMaMa ce ypelyje odyBame, 3aIITHTa, INTAaHAPabe, Tajehe U Kopuiheme
IIymMa, pacriojarame IlyMama M ITYMCKHM 3E€MJBHMIINTEM, HaJ30p HaJll CIpoBolermeM
OBOT 3aKOHa, Kao M Jpyra NMTama 3HadajHa 3a IIyMe M IIyMCKO 3E€MJBHINTE. 3aKOHOM
0 3aIIUTUTH Boza ce ypelhyje 3amrura Bonma, 006aga ¥ BOAHOT 3€MJBHINTA; IUIAHUPAHE U
IIporpamMupame 3allTUTE BOJa, OpraHW3allija 3allTUTE BOJa, HAA30p, (pUHAHCHpame U
KazHe 3a IpeKpIaje 3a IpaBHa U (PU3UUKA JINIA. 3aKOHOM O ITOJEOITPUBPEAHOM 3EMIBHIITY
ce ypehyje ruranupame, 3amrTuTa, ypeheme 1 kopumheme NoJbOPUBPEIHOT 3eMIBHIITA.
[IpenBubha u Mmepe 3amTute - 3a0paHa WCHyIITamka W OAJarama OMACHUX M IITETHUX
Marepuja, IPOTHBEPO3HOHE Mepe, KOHTPOJIA IUIOJHOCTH 3eMJBHINTA, 3a0paHa KopHIhema
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00paIrBOT 3eMJBHIITA y HEMOJBOPUBPEIHE CBPXE, 3AIITUTA O]l Mpa3a, rpaja | rmoxapa u
3abpaHa yCHTaBama KaTaCTapCKHUX mapiesia 00pa iuBor 3eMIbHIITA.

3akoHOM O yIpaBJbamby OTHAIOM ce ypelhyjy: BpcTe M KiacH(pHKalHja OTIana;
IUIAaHUpake YIpaBjbaka OTHAJIOM; CYOjeKTH yIpaBibamba OTIAJA0M; ONTOBOPHOCTH H
o0aBe3e y ymnpapjbamky OTHAJOM; OPraHU30BakE YIPaBbakha OTHAJOM; YIPABIbahe
NoceOHMM TOKOBMMa OTIIaJa; YCIOBU M IOCTYIAK M3/1aBamba JI03BOJIA; IPEKOIPaHMYHO
KpeTame OTIaja; M3BEIITAaBalke O OTHany W 0a3a monaraka; GUHAHCHpAWE YIpaBJbakba
OTIIAJIOM; HAJ30p, Kao W Jpyra NHTama OJ 3Hadaja 3a yNpaBJbambe OTIAJOM. 3aKOH O
3aIUTHTH TPUPOAE KOju npensula yIBphUBame W MPOLCHY CTaka y NPHPOIH, 3ALITUTY
NPUPOIHHX J00apa, YCIOCTaBJbambe CHCTeMa Npahema NPUPOIHHX BPEAHOCTH |
3amTHheHUX MPUPOIHHUX J00apa, 3aIITHTY IPHPOJE U IPEAeNa Yy IPOCTOPHUM IUIAHOBHMA
W MIPOjEKTHOj TOKYMEHTAIMjH, JOHOLICH:E IPOorpaMa yrpaBibamba IPHPOJHUM pPecypcrma
U pa3BHjabe CBECTH O MOTPeOH 3aIITUTE IPUPOJE y MPOLECy BaCUTamba U 00pa3oBama.
VY mma"y je yCBOJUTH WM TPEAJIOT 3aKOHA O €HEPreTckoj e(hUKAcHOCTH KOjH OM MOTao
na nosene no ymrene 10 mo 15 % morpomme enepruje y CpOuju. 3akoH mpensuba
YCIIOCTaBIJbAKE CHCTEMAa CHEPreTCKMX MEHajepa M CHEpreTCKUX Iacoma 3rpaga y
CpOuju, Kao 1 eKOHOMCKE TTOJICTHIIAje 32 PAIlOHAIHO U €(pUKACHO KOpUIIheme eHepruje
U eKOHOMCKE CaHKIIMje 32 OHE KOjH PacHIIajy eHeprujy, 3a0paHy H3rpalbe CHepreTCKH
Hee(UKacHUX objekaTa U CITMIHO.

VY by 3alITUTe W O4YyBama MPHPOIAHUX pecypca MOHETe Cy U CTparuje koje he
ykparko 6utH objammene. [Ipojexar u3pane HammoHante cTpareruje oxpKHBOTr pa3Boja
3amoyer je 2005. romuHe ca MUJbEM CTBapama OKBUpA pa3Boja PemyOmuke CpoOuje mo
2017. ronuue. HanronanHa cTpaTerija OAp»KHBOT pa3Boja Ae(UHHUIIE OAPKUBU Pa3Boj
Kao IMJPHO OPHjeHTHCAH, IYropodyaH, HEMPEKUAaH, CBCOOyXBaTaH U CHHEPreTCKH
nporiec KOju yTHYe Ha CBE ACMeKTe JXKMBOTA (CKOHOMCKH, COIMjasTHH, CKOJOMIKH H
WHCTUTYIIMOHAIHN) Ha CBUM HuBoMMAa. OIpXKHMBH Pa3Boj MoApasyMeBa U3paay MoOjeia
KOji Ha KBAJIMTETaH HAYMH 3a0BOJhABA JPYIITBEHO - EKOHOMCKE MOTpebe M WHTepece
rpaljaHa, a UCTOBPEMEHO yKIIama WM 3HATHO CMamyjy YTHUIAje KOjH MPETe WU IITETE
YKMBOTHO] CPEAMHH M MPHPOTHUM pecypcuMa. JIyropodHM KOHLENT OAPXKHMBOT Pa3Boja
nopa3yMeBa CTaTHH EKOHOMCKHU PACT KOjH OCHM €KOHOMCKE €(PHKACHOCTH, TEXHOJOIIKOT
HampeTKa, BUIIC ‘-II/ICTI/IjI/IX TeXHOHOFI/Ija, HMHOBATUBHOCTHU 1LCJIOI APYINTBA U JPYUITBEHO
OJITOBOPHOT TOCJI0Baka 00e30¢elyje cMamemne cupomariTsa, IyropodHo 00sb¢ KOpUIneme
pecypca, yHanpelembe 3ApaBCTBEHHX YCIIOBa M KBAIUTETA )KHUBOTA U CMambeibe 3aral)ema
Ha HABO KOjH MOTY Jia M3Jp)Ke YMHHOIM KUBOTHE CPEIHHE, CIIpeYaBarmhe HOBUX 3aral)erba
U OYyBamhe OMOIMBEP3UTETA.

Crparernja ympaBieama otmagoMm 3a mpuony 2010-2019. rommee mpeacraBiba
OCHOBHH JIOKYMEHT Koju 00e30el)yje ycioBe 3a paroHaTHO W OJPXKHBO YIIPABIHAE
ormazoM Ha HuBOYy PemyOmmke CpOuje. Crparermja mopa OuTH monpxkana Behum
OpojeM HMIUIEMEHTAIMOHUX IUIAHOBA 3a YIPaBJbalbe€ IMMOCEOHMM TOKOBHMa OTIIA/A
(ObuopasrpanuBu, ambanaxHH W IpyTH). YTBphHBame EKOHOMCKHX HHCTpyMEHAaTa
(UHAHCHjCKMX MEXaHHM3aMa j¢ HEOMXOAHO KaKo O ce OCUTypao cucTeM 3a aomaha u
WHOCTpaHa yiarama y AYTOpOYHO OZIp’KMBE aKTHMBHOCTH. Takole, cTparermja pasMarpa
morpebe 3a WHCTUTYIHOHAIHUM jadyareM, DPa3BOjeM 3aKOHOAABCTBA, CIIPOBOEH-EM
MIPOTIHCa Ha CBUM HHBOHMMA, €TyKAaIl1jOM U Pa3BHja-eM jaBHE CBECTH.
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Joxyment Crpareruja 1yropodHor pas3Boja enepreruke Penyonuke Cpouje 10 2015.
TOJIMHE, CAYMIbEH je ca HamepoM na mpenopyud Brmaan/Ckyniutuau Pemyonuke CpOuje
Jla cariacHo 3aKoHY O €HEepPreTUIM YCBOJH OCHOBHE I[MJbEBE HOBE EHEPTeTCKE MOJIMTHKE,
YTBpPIY NPHUOPHUTETHE TpaBlie pa3Boja y €HEPreTCKUM CEKTOpUMa W ofo0pu mporpam
JIOHOIIEHa oroBapajyhux MHCTpyMeHaTa, KOjuM ce oMmoryhyje peaiuzanvja KJbyYHHUX
NPUOPUTETA Y pajly, IOCIOBabY M Pa3Bojy LIEIMHE eHepreTckor cucrema Cpowuje.

Crpareruja pa3Boja mosponpupene CpOuje je HacTana Kao pe3ynTar 3ajeTHHIKOT
pana MuHHCTapCcTBa TOJBOIPHUBPENE, ITyMapCcTBa M BOAOIPHUBPEINE, OPOJHUX JTOKATHUX
eKcriepara, MpeACTaBaHWKa TMpou3Bohauya W TpepahuBava, CTPYUHHUX CHYKOM W
Meh)yHapomHuX ekcrepara Koju ¢y Kpo3 nmpojekar EBporicke areHIyje 3a peKOHCTPYKIIH]Y.
3aKkoHOM je mpenBul)eHO (PMHAHCHPARLE KUBOTHE CPEMHE HAa CBMOM HHMBOWMA BIIACTH U
ocHuBame POH/A 3a 3aIITHTY )KUBOTHE CPEIMHE. YCTAaHOBJHEHH CY TPOIIKOBHU yiarama
y )KMBOTHY cpenuny 10 2016. roguHe, y ciydajy IpUBpeIHOT pacTa ox 5 %, koju Ou Ha
kpajy 2016. uznocmu 2,4 % ox ykynHo octBapeHor b/II1 y zemsbn.

6. 3AK/bYYAK

Teopuja omp>KUBOI pa3Boja, Koja 00e30eljyje ypaBHOTEIKEHO 3aJ0BOJbEHC MOTpPeda
cajammbux U Oyayhux reHepanuja, Kibyd je OdyBama NMPUPOIHHUX pecypca. Konuent
OZIPXKHMBOT Pa3Boja IMOKYIIaBa [1a OJTOBOPH HA MUTAama: 3a KOra pasBoj, KakaB pasBoj H
Kako ra octBapuT. OH MOpa OUTH OJPIKHB EKOHOMCKH, CKOJIOIIKH, COIIMjATHO, KYJATYPHO
U nonuTH4KK. [{usb OBUX TeXHbH je M000JblLIakbe KBAIUTETA )KUBOTA YIPYKHUBABEM TPU
(akTopa: eKOHOMCKOT pa3Boja, 3aIITUTE )KABOTHE CPEIUHE U JPYIITBEHE OATOBOPHOCTH.
HeonpsxuBu pa3Boj HACTyMa OHIa Kaja ce IPHPOTHU KamuTan (CKyI CBUX MPHPOMHHX
pecypca) KOpUCTH Opske, HETO IITO MOYKE J1a c& OOHOBH. Y TOM CMHCIY OIPXKHBH Pa3Boj
mojipa3yMeBa eKCILIOaTallrjy pecypca o OHOj CTOIMU Koja omoryhasa mpupoaHy 0OHOBY
TuX pecypca. CylITHHY KOHIIENITa OJIPYKMBOT Pa3Boja YNHM MHTEPAKIMja pa3Boja )KUBOTHE
cpeaune U mel)ycoOHa ycki1aljeHOCT U KOMIUIEMEHTAPHOCT Pa3BOjHE MOJIMTHKE M TOJTUTHKE
JKHUBOTHE CPEINHE, KOje YBaXKaBajy 3aKOHUTOCTH EKOJIOIIKKX cucTemMa. KOHIenT ompXuBor
pa3Boja yCMepeH je Ha 04yBambe MPUPOJAHUX SKOCHCTEMA U )KHBOTHE CpPEAWHEe, Kao U Ha
paIMoHAIHO KOopHUIhemhe MPUPOIHIX pecypca.
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Jbupana JIVUUR'

YJIOTA T'PAJOBA Y O3EJIEIbABAILY IIPUBPEJIE

Pe3ume: VY pamy ce aHanmm3upa KOHIIENT 3€JeHE NPUBPEJE ca aKIEHTOM Ha YJIOTy rpajoBa y
o3elieaBamy NpuBpene. Maja ce KOHIENT 3ejIeHe MPUBPEE MPBH IyT nomMuibe 1990-THX roguHa,
OH TIpHBIa4YH NoceOHy maxkmy Tek ox 2008.rogmue. Pasmor je mro ce y meMy Tpakno MOAET
pas3Boja xojum he ce npesasuhu nocnenuue Benuke cBercke kpuze u3 2008. rogune. Kibyunu unss
Hpesacka Ha 3eJeHy NpUBpey je Ja ce oMoryhn MpUBPEIHN PACT U MHBECTUPAE Y3 UCTOBPEMEHO
no0oJblIake KBAJIUTETA XKUBOTHE cpelluHe U Behy yKJbY4eHOCT LeJIor JpyIITBa. Y 03€leHaBamby
IpUBpeJe T'PajoBH MMajy mocebaH 3Ha4daj 3aTo INTO y HHUMa JkuBH mpeko 50 % cBerckor
CTAQHOBHMILTBA H 3aTO IITO C€ Y HUMa Tpoun npeko 70% yKylHe HOTPOLIkE CHEPrUje U eMUTY]e
Buie o 70 % ykynHe emucuje yribeH auokcuaa. Ilponene cy na he 21 ek 6utn ypbaHu Bek u aa
he rpamoBu MMaTH CTpaTerHjcKU 3Ha4aj. Y paay ce HaBOAW MmpuMmep Ao0Ope mpakce Haj3eneHHjux
rpajioBa CBeTa.

Kiby4yHe peun: osenemaBame NPHBPENE, 3€JICHA NPUBPENA, ONPXKUBU Ipaj, OApXKUBa ypOaHa
TpaHchopManuja, Oap>KUBH Pa3BOj

THE ROLE OF CITIES IN GREENING THE ECONOMY

Abstract: The paper deals with the concept of the green economy and the role of cities in the greening
of the economy. Although the green economy concept was mentioned in the 1990s, it nowadays
attracts a lot of attention because it is needed as model of development that will overcome the
consequences of the Great Crisis of 2008. The key objective of the transition to the green economy
is to foster economic growth and investment while improving the quality of the environment and
social inclusiveness. In the greening of the economy, cities have a special significance because
more than half of the world population lives in urban areas and account for more than 70 % energy
consumption and carbon emissions of carbon dioxide. Estimates are that the 21st century will be
an urban century. The paper cites the example of good practice of some of the greenest cities in the
world.

Key words: greening the economy; green economy; sustainable city; sustainable urban
transformation; sustainable development

' TIpod. ap, Bucoka texHudka mkoia crpykoBHEX cTyanja y HoBom Cany; [lIkoncka 1 Hosu Cap;

lucic@vtsns.edu.rs

492


mailto:Lucic@vtsns.edu.rs

b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

1. YBOJAHE HAIIOMEHE

VY pany ce aHanu3upa KOHIICTIT 3eJieHe NPUBPENE M YJIOora IpajoBa y 03€JCHhaBamby
npuspeze. KoHient 3eyeHe npuBepe/ie u npoliec o3eliekhaBarba IPUBPEe aHAN3Hpa ce U
MPE3CHTYje Ha OCHOBY JOKyMEHaTa YjeIHbeHUX HallMja y KOjuMa je Ha IJI00aTHOM HUBOY
JIOTOBOPCH OKBHUP 3a Oyayhin KOHIENT MPUBPEIHOT pacTa U pas3Boja. Y paay ce HaBOJC
IpUMepH J00pe Ipakce AaHac Haj3elIeHHjUX IpaioBa CBETa.

Pax ce cacroju o yBoaux HamoMeHa, [Ba IOIVIaBJba M 3aKJbYYHHX pa3Mmarpama. Y
IIPBOM TIOTTIaBJbY KOje HOCH Ha3uB O3enervasarve npuspede UCTPaXyje ce 3Haqaj mporieca
o3eJemaBamka IpUBpeEIe, Kajla U YMMe j€ 0Baj IPOILIEC MOICTAKHYT U KOje TIOJIMTHKE, HUBOE
1 aKTepe yKIbydyje. Y ApyroM MoriaBiby Mo Ha3uBoM O3enerasarbe npuspede: 00piucusu
2padosu aHaIM3Mupajy ce MpoOIeMH T'PaJCKUuX CpeluHa, NCTHYE FHUXOBAa HE3aMEHJbHBA
ylora y TpHUMEHH IOTOBOPEHMX MOJMTHKA 3€JICHOT Pa3Boja Ha HaJHAIWOHAIHOM H
HaIlMOHAJIOM HHBOY M TPE3EHTYjy HEKa Off pelleha 3a HHXOBO IPEBa3MIIAKEHE Ha
puMepy 1o0pe Mpakce JaHac Haj3eleHNjUX IPajoBa CBETa.

2. O3EJIEIbABAILE IIPUBPEJE

Y 2008. roguHu mIoOanHa (UHAHCHjCKA KpH3a, KOja je HacTaja Ha IMPOCTOPY
Cjenumenux Amepuukux Jpxasa (CAJl), n3asBaia je peIECH]y CBETCKHX pa3Mepa.
Perecuja, unje pasmepe u mocieauiie Hucy Buljere jour o CBETCKE MPUBPEIHE KPHU3E
30-TuxX roxMHa MPOIUIOr BeKa, MOKPEHyJa je paclpaBy Ha TeMy KakO Yy CaBpPEMEHHM
yCIIOBMMA 3ayCTaBUTH MaJ MPUBpEIHE aKTUBHOCTH U IOKPEHYTH HPUBPEIHH PacT. 3a
3ayCTaBJbeHHE TAKO BEJIMKOT T1aJa MPUBPEIHE aKTUBHOCTH U ToBehama He3anocieHOCTH
JbYIH U KaraluTeTa 10 Kora je gouuio y 2008. rogunu, OHITO je HEOMXOAHO BEOMa BEJTHKO
HWHBECTHUpambe. Y TO BpeMe MPeIoKEH je PUCKATHH MOJCTHUII] O 3 TPUITHOHA aMEPHUUKUX
nonapa [1]. I[Ipo6aem je 6uo mro je u 6e3 mopehama MpuBpeIHE aKTUBHOCTH YOBEYAHCTBO
TPOILIIIO, TOCMATPaHO Ha TOJIUIIE-EM HUBOY, PECYPCe )KUBOTHE CPEIMHE MPEKO OHOT'a IITO
3eMspa MOXe J1a pereHepuiie y Toj romuau. Y 2008. rogunu lan npekopadema 3eMibe
6o je 20. aBryct [2]. Jlan mpekopadyema 3eMbe je IaTyM O Kaja TPakiba YOBECUAHCTBA
3a IPUPOAHHUM KallUTAJIOM — pECypCrUMa M yCilIyramMa XUBOTHEC CPCAMHE 3a HaTy T'OJAWHY
npeMaiiyje OHO IITO 3eMJba MOXKE Jla pereHepuile y Toj ronuHu. McroBpemeHo jenan
JIeo CBETa, U TIOPEJ1 Haropa CBETCKE 3aje/IHHIIE 1a TOMOTHE pa3Boj HajMambe pa3BHjCHHX,
U JaJbe je )KUBEO Yy CUPOMAIIITBY, @ OCTBAPCHH Pa3BOj MOCTUTHYT j€ 10 IICHY Aerpaaaliije
JKUBOTHE CpemrHe. AKO OM ce OTpOMHA CPEICTBa, Koja je Tpedajo yOaIruT y CUHCTEM 1a
0u ce MOKpeHysa MpHUBpea, KOPUCTHIIA 10 aKTyeIHOM MOJENY pa3Boja KOjH je JOBEO
JI0 eKoJIolTke Kpuze (Mojen business as usual — MOIEN HE MEHATH HUINTA), HEMHHOBHA
nocneauiia ouna ou moeehana emMucuja racosa ca epekToM CTakiIeHe OaliTe, Jajbi PacT
TeMIleparype, IpeKOMepHe HEOPIKHUBE MOTPOILHE U OTIIA/IA.

W3 rpagurona 1: Knnunarose kprBe Moxke ce BUaeTH Konnenrtpanuja CO, y nepuoxy
1960-2016. ronnna. Mepeme konuenTpamuje CO, Bpmm ce y cranunu Mayna Jloa Ha
Xapajuma. Emucnja CO, TonpuHOCH pacTy yKyIHE EMHCH]€ TacoBa ca €()EKTOM CTaKIIEHE
6amre (GHGs) ca oko 78% u y uectByje ca oko 60% y ykynHoj emucuju GHGs. Mepa
kojom ce ceu GHGs mpesone na CO, je CO,eq. Ilpema Creprosom Hspermajy:“Ako

493



icte-

Sth International Scientific Conference October 5-7, 2016 15th International Conference
Safety Engineering Novi Sad Fire and explosion protection

ou ce xonuenTpamuja CO,eq 3aapxana Ha HUBOYy 430 ppm (KOIMKO W3HOCH OTIIPHIIMKE
JaHac TpUM. ayT.), iobajHa cpenma Temneparypa nosehana 6u ce mamely 1-3° usHazg
MHJIyCTPHUjCKHX HUBOA. AKO OM C€ pacT eMHCH]j€ HACTAaBHO CaJlallllbUM TEMIIOM eMHUCH]ja 01
ce yABOCTPYYMIIa Y OTHOCY Ha IPEJUHAYCTPHjCKE HUBOE, a TemIieparypa ou ce nosehana
usmely 2-5°C wiu Buie o7 Tora. binsy cpepHe oBOr orcera 3arpeBama (0ko 2-3°u3Han
JIaHAIIBET) je TeMIeparypa Koja je Ouia Ha 3eMJbH npe 3 MuinoHa roxuna y [lnnoueny.
OBaj HUBO 3arpeBarba OHO OU AaJICKO BaH UCKYCTBA JbyCKe IuBHan3amnuje” [3].

Latest CO, reading 40 l 48

September 05, 2016 . ppm

Carbon dioxide concentration at Mauna Loa Observatory
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I'paguxon 1. Emucuja CO,y nepuody 1960-2016. Izvor:https://scripps.ucsd.edu/programs/
keelingcurve/wp-content/plugins/sio-bluemoon/graphs/mlo_full record.png npucmynmweno 5.
cenmembap 2016.

Yriben nuokcun mMa Hajsehe ydemhe on 53% y exonomkom oTucKy. Exomornkm
OTHCAK j€ TIOKa3aTeJb KOjIM C€ MOXKE M3MEPUTH KOJIUKO j€ TIOjeANHITY, Tpafy, Ip>KaBU WIH
YKYITHOj CBETCKOj IMOIyJalrji MOTPeOHO MPOXYyKTHBHE 3eMJbE M BOZAE N1a OW MPOU3BEO
CpeAcTBa Koja MIOTPOIIN M aricopOoBao OTHa KOjU Hampasw, y3 ynotpeOy npeosnalyjyhe
TEXHOJIOTHje. BHONOIIKM KamamuTeT je KalmaluTeT EKOCHCTeMa Jla Ce pEereHEepHILe.
CBeTCKH EKOJIOIIKK OTHCAaK ce MCKa3yje y mobamHmM xekrapuma (gha) m mopemm ca
OMoKarmanuTeTOM KOju ce Takole m3pakaBa y gha W mpeacTaBiba penepHY BEIHUHHY.
ToxoM BpemeHa o0a TOKa3zaTesba ce MOTY Memaru. IbuxoBa MeljycoOHa pas3imka MOxe
OuTH mo3WTHBHA (IIOCTOje pe3epBe OMOKamalmMTeTa) W HEeTaTHBHA (IIOCTOJH EKOJOIIKH
nepunur). [Ipema mocnenmsUM pacHoNOKUBUAM mopanuma, y 2010. roquan r1o6amHu
EKOJIOIIKH OTHUCAK je 2,6 gha mo ocobwm, 1ok je buokamaruret 1,7 gha mo ocobu. To 3HaUM
ma y 2010. romuHE mocroju exomomKku ne¢unut ox - 0,9 gha mo cTaHOBHUKY 3eMIbe
[4]. V 2010. roguHu, npkaBe ca HajBehMM EKOIOIIKAM OTHCKOM IO TJIaBH CTAaHOBHHKA
cy: Kymajr, Karap, Vjenumenu apanckm emupart, Tpunumax u ToGaro, CuHramyp,
CA/l, baxpeun, llIBencka, Kanana, Xomanamja, Aycrpanuja, Mpcka, @uncka, Ypyreaj,
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Ayctpuja, IlIBajinapcka, Yemika penybmuka [S]. Y Tabenmu 1 HaBemeHe cy u3aOpaHe
JIp’KaBe ca CKOJIOIMIKUM JePUIIUTOM U pe3epBama Ouokamanurera. CHHramyp je apikasa
ca HajBehinM exosomkuM edunuToM, a ['Bajana ca HajeehumM pezepBama OHMoKananureTa.

Tabena 1. Hzabpane opoicase ca exonouikum oegpuyumom u pezepsama buoxanayumema [6]
JpxaBe ca pe3epBaMa OHOKamanurera JIp>kaBe ca eKOJIOIIKUM Ae(PHUIIUTOM

1 I'Bajana 2100% CuHramyp 16000%

2 Bpaszun 190% JlyxcemOypr 840%

3 ®duHCcKa 130% Jaman 600%

4 Kanana 96% Benruja 530%

5 Hosu 3enana 81% Xonanauja 350%

6 Aycrpanuja 78% [IBajiapcka 340%

7 Hopsemika 64% Uranuja 330%

8 Ectonnja 54% Benuka Bpuranuja 260%

9 [Bencka 47% CALL 120%

10 Pycka denepanuja 19% Cp6uja 120%

Nmajyhu y By HCTOBpEeMEHO U MpodieMe Koje je m3a3Bajia KpHu3a U CTame KUBOTHE
cpeaune, [Iporpam YH 3a exomorujy (UNEP — United Nations Environment Program)
3ajeJHO ca BEIMKUM OpojeM HeroBux Mel)yHapoIqHHX mapTHepa W CTPydmaka MOKPEHYO
je MHUIMjaTHBY 3a ONOpaBak mpuBpene. MHuujatnBa je Ha3BaHa ,, [ ToOaNHN 3€JeHN By
o (Global Green New Deal - GGND) 1o y3opy Ha 4yBeHH ,,tby [un* mpencemsmka
CA]J] ©penknuna Py3senta 3 30-Tux rogrHa nponuior Beka. Mlaunujarrsa je npeanarana
»03elemaBame’ npeasuleHor ¢uckaraor nopcrumaja. OcHOBHE HuibeBH [1obamHOT
3€JICHOT by awita Owm cy: ,,1. JlonmprHeTH 0XuBJhaBamky CBETCKE NpUBpeENe, MoBehamy
mTenme U Opoja pagHUX MecTa U 3alITHTUTH OCETIJbUBE TpyIe; 2. CMamuTH KapOOHCKY
3aBHCHOCT M yIPOXKaBambe eKOCHUCTEMA, M3BECTH IIPUBpENEe Ha IMyT YUCTOT ¥ CTaOUIIHOT
pa3Boja; 3. yHampeaWTH OAPKMBH pacT M pacT KOjH YKJbydyje ITUPOK KPYT JbYIU
(MHKITY3WBaH pacT), MOCTHNM MUJICHH]YMCKE ITHJbEBE pa3B0ja M UCKOPSHUTH €KCTPEMHO
cupomamitBo 10 2015. rogmue” [7]. HakoH OBe WHHWIMjaTHBE KOHIIENIT O3EJICH-aBAba
NPUBpPEIE TIOCTA0 je IPESAMET MaXKbE U aHaIN3a Kako HayYHe U CTPYYHE jJaBHOCTH TaKo
JbYIM U3 TIpaKce, Ap>KaBHUX OpraHa, BIaAWHHUX U HEBIAJUHUX opranu3aunja. Mmajyhu y
BHJY Ja je MpoOiieM KOMIUIEKCAH 3elieHa MMPUBpeia TyMadd ce U Ae(hUHUIIES pa3IHIuTo.

VY 2010. ronuan UNEP y M3Bemirajy o 3eneH0j IpuBpey Ae(hUHHUILIE BPJIO KOHKPETHO
KOHIIENIT 3€JICHE IPUBPENE U MPOLeC O3eIeHmaBama IpuBpeae. 3eleHa IPUBpeIa MOXKe
ce geduHHMCaTH Kao IpHUBpena Koja pe3ylTupa y yHanpehemy Jpyackor Onarocrama
U CMamemhy HEJeHAKOCTH Y Jy)KEM BPEMEHCKOM IEpofy, a Ja TUME MCTOBPEMEHO He
nziaxe Oyayhe reHeparyje 3HauajHUM EKOJIOIKAM PU3UIIMMA M OCKYTHOCTH Y pecypcuma
JKMBOTHE CpeIMHe. 3eJieHy INpPHUBpENy KapakTepulle BeJUKO MoBehame HHBECTHIIH]ja
y TpHUBpEIHE CEKTOpe KOju rpane u yHanpelyjy 3eMJbUH NPUPOOHM KaruTajl WIN
yMamyjy OCKYJHOCT XHBOTHE CPEIUHE U €KOJIOIIKE PU3HKE. Y 0BE CEKTOPE CE YKIBYUY]y:
OOHOBJbMBA €HEPrHja, TPAHCIIOPT Ca MaJOM EMHCHjOM IITETHHUX racoBa, €HEPIreTCKU
epukacHo rpaljeBHHApCTBO, YHMCTE TEXHOJOTHWje, yHarpeheme yrnpaBibama OTIAIOM,
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cHaOneBama nmijahoM BOZOM, OJIPIKHBA ITOJHOIPUBPE/IA U YIIPABIbAHE [IIyMOM H OIPIKUBO
pubapctBo. OBe MHBECTHUIIM]jE Cy TOICTAKHYTE WM MOApKaHe pedopMama HallMOHATIHE
NOJMTHKE W pa3BojeM MeljyHapoiHe MOJMTHKE M TpKuIHEe HHppacTpykrype. UNEP
UCTHYE J1a je BpeMe Jla Ce M3BPILM TPaH3WIMja Ha 3eJieHy NPHUBpENy LIMPOM CBETa OI
Mel)yHapomHOT HUBOA [0 JIOKaJTHUX 3ajeJHULIA U Ha Ta] HaYWH MOHyAu Moryha antepHaTuBa
3a HEOJPXKHUBO CTame cTtaryc kKBo [8]. KibyuHH 1HJb Mpesiacka Ha 3€JCHY IPUBPEIyY je aa
ce oMoryhu IpUBpEIHH PAacT U MHBECTUPAE Y3 UCTOBPEMEHO ITO0O0JBIIAKE KBAIUTETA
JKUBOTHE CpeAMHE U Behy YKJbYUEHOCT IIeJIoT ApyITBa [9].

VY 2012. roguau y 3aBpmHOM AokymeHTY KoHbepermuje YH o onpxuBoM pazBojy
oA Ha3uBOM byoyhinocm Kojy sicenumo HaIIAIIeHO je /1a je 3eJIeHa NPUBpPEeia HHCTPYMEHT
3a peanm3anydjy OAPKHBOT pa3Boja M Ja ce 3aCHHWBa Ha OallaHCHpaHO] WHTETPAIHjH,
E€KOHOMCKE, COIMjaTHe M CKOJIOIIKE KOMITOHEHTE ONIp>KUBOT pa3Boja. ¥ 2015. romman
lenepamna ckynmruHa YH ycBojunma je Pesomymmjy mox HasuBoMm Tparncgopmayuja
Hawee ceema: Aeenda 3a oopocusu pazeoj 2030. zodunma ca cnepehmx 17 nniseBa
OIP>)KMBOT pa3Boja: |. MCKOPEHUTH CHPOMAINTBO; 2. MCKOPEHUTH IJaJ] M OCTBapUTH
6e30eJHOCT XpaHe W OIPXKHBY MOJHONIPHUBPENY; 3. OCHTYPaTH 31paB KHUBOT U JO0OpOOHT
3a CBE Y CBUM JKHBOTHUM JI00MMa; 4. ocurypari obpa3oBame U MOTyhHOCT 10’KHBOTHOT
yuerba 3a CBaKora; 5. mocTuhn poJHy paBHOIPABHOCT; 6. OCUTYPaTH OAP>KHUBO YIIPABIbAHE
BOJIOM M Fb€HY PACIOJIOKHMBOCT 33 CBAKOTA; 7. OCHT'YPaTH IIPUCTYTI NT0Y3aH0], OAPKHUBO]j U
CaBpEMEHOj EHEPTHjH CBAaKOME; 8. TOMONHN OAP>KUB PUBPEIHH PACT, ITyHY U IIPOLYKTHBHY
3aM0CIEHOCT M TPHUCTOjaH pPaj 3a CBAKOTa; 9. M3rpaauTH OTIOPHY HH(PacTPyKTypy,
roMohu ofpKUBY HHAYCTpHUjaNH3anujy u moactahu naosanuje; 10. cMambUTH HEjeTHAKOCT
n3mely aprkasa; 11. yauHNTH 1 rpagoBu Oyxay 0€30€aHH, OTIIOPHHU U OZIP’KHBH 33 CBAKOTA;
12. ocuryparu oOpas3art Op>KHBE TPOM3BOIHE M IOTPOLILE; 13. Mpeay3eTH XUTHE aKIHje
y 60pOH ca KIIMMaTCKUM NpOMEHaMa M HBHXOBHM yTHIAjeM; 4. dyBaTH W Ha OfP>KUBH
Ha4YMH KOPHCTHTH OKEaHe, MOpa U MOPCKe pecypce; 15. dyBaTH, TOHOBO YCIIOCTABUTH H
YHapeIuTH OApP)KUBY yroTpedy eKocucTeMa, OAp KHBO YIpaBJbaTH IIymMaMa, OOpPHUTH ce
MIPOTHUB JIETpa/ialije 3eMJbe ¥ TyOUTKa OHMOMBEp3UTETa; 16. YHAIPEANTH MUD U APYIITBA
3a OZIP’KUBH pa3Boj, 00e30€IUTH MPUCTYTI MPAaBIN M M3TPAIUTH ACIOTBOPHE, OJTOBOPHE
MHCTUTYNHje Ha CBMM HMBOMMA 3a CBakora; 17. ojadaTH MHCTPYMEHTE 3a IIO0AIHO
TIPaTHEPCTBO 3a ONpKUBHU pa3Boj [10]. YV HapenmHux meraHecT romwHa mpemy3umahe ce
aKIyje W aKTHBHOCTH Ha pealM3alfju IOCTAaBJFCHUX IMJbEBA KOjU Cy M3 00IacTu ox
HajBeher 3Hauaja 3a YOBEYaHCTBO M 3¢MJbY U Ha Taj HAUMH U3BPIIUTH TpaHCPOpMAaIlija Ha
3eJIeHy IpUBPELY.

CucreMm mpesacka Ha 3eJICHH]y MPUBPEAY MMa MHOTO JeJIOBa KOju ¢y Y MelycoOHO]
MHTEPaKUMjU M YKJbYYyje pazIM4yHuTe aKTepe: morpolnade, GpupMme, rpajoBe, IpiKaBy.
OHM CBOjUM HHIUBUIYaJTHUM H300pUMa, W3a0paHKM cTparerdjamMa, HauuHOM ypehema
U pa3Boja, KpEUpPaHWM IMOJHMTHKAaMa, MOTY Ja JONPUHOCY 3€JCHHU]Oj IMpPUBPEAU H
OCTBapHBamy LIWJbEBA OAPXKUBOT pasBoja. IIporene cy na he HUBO Tpajckux cpenuHa
UMaTH CTPaTETHjCKU 3Ha4aj y MpOIECy O3eliekhaBatba MPUBPEE, OMHOCHO Aa II00aIHOT
etexra Hehie OuTH O3 JIOKATHOT JIeNioBama. To je pasiior 3amTo je 3a 11. Uik oap»KUBOT
pa3Boja yTBpheHa OApKUBOCT IpajioBa: YYHMHUTH JAa TpajioBu Oyny 0e30eqHH, OTIIOPHH
(umajy xamanurer Aa (GYHKIMOHUIINY TaKko Jia y HUMa JbYIM MOTY Ja pajae U xuee 0e3
003upa ca KakKBHM C€ CTPECOBHMA U IIOKOBUMA CYCPETaJIH) U OJIP’KUBH 33 CBAKOTA.
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3. O3EJIElbABAILE IIPUBPEJE: OJAPKUBU I'PAJIOBU

VY 2008. rogunu Ilporpam Jbynckux Hacesba Yjemumenux Hauja (UNHABITAT)
00jaBHo je monarak ja y rpajgoBuma xuBu 50 % cTaHOBHHKA 3eMJbe, TIpolieHy aa he 3a
20 ronuna oo yveuthe 6uth nosehano Ha 60 %, u ucrakao na je 21. Bek ypOaHH Bek.
I'pasioBu cy KIbyYHH UTPavd y EMHUCH)H YIJbeH TUOKCHA U MPOMEHH KIIMME 3aTo IITO je
HajBehu Jieo JbylCKe M MPUBPEAHE AEJIaTHOCTU KOHIIGHTPUCAH y YpOaHUM 00JacTHMa.
I'panoBu crTBapajy Hajehu neo O6pyro momaher mpomseoma (B/IT) koju ce yrmaBHOM
MIPEBOAM Y BUCOKE HHBOE IMOTPOIIE €HEepruje 3a MHAYCTpHjy. [pamoBu 300r Bemuke
KOHIICHTpalMje rpaljeBUHCKIX 00jeKaTa 3a CTAHOBahE TaKohe TPOILe BETUKH JIE0 CBETCKE
€Hepruje MITO JOMPUHOCH TII00ATHOM 3arpeBamy. Y rpanoBumMa je Hajpehe 3araleme Bome
U Ba3dyxa, akyMyJjaldja oThaaa u yTuiaj Ha 3emsby [11]. UcTpakuBama mokasyjy aa cy
MHOTHY TICUXWYKHU nopemehaju y rpaJIckuM CpeiHaMa Be3aHH 3a JIOII KBaJHUTET )KUBOTHE
cpenuHe 1 okpyxemwa [12]. Ha cTame XpOHHYHOT cTpeca Koju IPeIUCIIOHUpa MTOjEeANHIIe
U TOpOAMIIE 3a 3IPaBCTBEHE MpoOJieMe MEHTaJHe MPHPOAE MOCeOHO YTHYY BHCOKH
TPOILKOBH KMBOTA, HEAOCTATaK (PMHAHCHJCKUX CpEACTaBa, (PU3NYKa UCIPIIBEHOCT 300T
HeZI0CTaTKa MIPEBO3HUX CpezicTaBa (MOCEOHO Kaja ce XKUBH JaJieko OJ paaHor MecTa). Ha
Behn Opoj MeHTamHMX mopeMeha rpajckor y oIHOCY Ha CE0CKO CTAHOBHHIITBO YTHYE
MIPEeHATPIIAaHOCT M TYXBa, Oyka, 3araljeme Basmyxa, HeJOCTaTrak »MBOTHOT IPOCTOpa,
JIOUIA YCJIOBU CTaHOBaha, CHPOMAIITBO, BUCOK HMBO HAaCHJba, HEJOBOJbHA JPYIITBEHA
moapmika [13].

Tpenn ypOanuzanuje yHa3aJ HEKOJIHMKO JelEHHWja MMa 3a rocieauny mosehame
rpajackor craHoBHumTBa ca 29 % ox 2,5 mwmjapne y 1950. romunan wa 52 % ox 7
MUIIHjapIu cBeTcKor craHoBHUIITBA y 2011. roqunn. Ilponene cy na he y 2050 roquan
y TpagoBuMa xuBeTH 67 % ox 9,3 munujapae ctanoBHuKa 3emube. Y 2011. roguau cBH
rpaJioBU CBETA MPOCTHUPY c€ Ha 2 % Of yKyIHE MOBPIIMHE 3€MJbE, Y BbHMA CE POU3BETE
80% rmobasmor BT, a camo y 100 najeehu rpagosa ceeta 30 % robannor B/IL. I'pagosu
takohe morpomre 70 % cBeTcke NpuMapHe eHepruje u eMuTyjy 70 % ox yKyIHe eMucHje
racoBa ca e()eKTOM cTakieHe Oarmre. Y HCTO BpeMe y Ipa/JioBUMa je KOHICHTPHCAHA
ypOaHa CHpOTHIba ¥ ’KHBH C€ y BeoMa JIoINM ycioBuma. [Iponena je na yak | munmjapaa
JbYIIU TI0 TPAJIOBHMA CTaHyje y HeoaroBapajyhum ycioBuMa, o0jeKTHMa KOjU Cy HCIOJ
MIPOTIMCAaHnX cTaHjapaa. Mako rpagoBu MMajy BENHMKH MOTEHIMjal y HUMa II0CTOje U
BEJIMKY pu3UIM. HaumH Ha Koju ce yrpaBiba rpagoBuMa ozpeljyje cnocoOHOCT 3a KHBOT
Haseher Opoja craHoBHHKA 3eMJbe. Jlole miannpame, mupeme rpaga 1 HHYPacTpyKType
Koja Ta TparH, IojadyaBa IMOKpeTade KOjH YTpOXaBajy KMBOTHY CpEIUHYy M HUMa 3a
TOCTIEMIYy HEJETOTBOPHO pellaBame mpodiemMa pypaiHor erzonyca [14].

Nmajyhu y Buay HaBeaeHe npobdiaeme rpaaosa, Y H cy mocraBuie y Be3u ca jefaHacCTHM
IUJbEM OJIP’KUBOT pa3Boja — OJPIKUBOCTH rpanosa [15] cienehe 3amarke:

1. o006e30enuTn onroBapajyhu n 6e36eman cMeITaj o JOCTYIHO] IEHH U IT0O0JBIIATH
YCJIOBE Y CUPOTHELCKUM YETBPTUMA;

2. o00e30equTH OOP)KUB CHUCTeM caoOpahaja, moOoJseimaTi 0e30eMHOCT IMyTCBa,
noseharn jaBHu mpeBo3 Bojehu padyHa o ocobama ca moceOHMM moTpebama,
HeMohHUMa U cTapuMa,

3. yHampemuTH OIpXKHUBOCT ypOaHM3aIHje;
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4. mnoBehaTH 3alITUTY CBETCKOT KYJITYPHOT U PUPOIHOT Hacieha;

5. 3HaYajHO CMAIWUTH EKOHOMCKE TyOWTKE M TyOMTKE y JbYACTBY ycien Kararpoda,
MOCeOHO y3pOKOBAHHUX BOIIOM;

6. CMamUTH HEraTMBaH EKOJIOUIKH YTHIA] TPajioBa U OOPaTUTH MOCEOHY Maxmy Ha
KBAJIUTET Ba3lyXa U YNPaBJbambe OTHA0M;

00e30euTH yHUBEp3alaH IPUCTYII 3€JICHOM H jJaBHOM IIPOCTOPY;

MO/IP>KaTH MO3UTUBHE EKOHOMCKE, COIIMjaJIHE U €KOJIOIIKE Be3e U3Mel)y rpalickux
M CEOCKHX 00JIaCTH MPEKO IJIaHUpPathba HAIMOHATHOT ¥ PETHOHAIHOT pa3Boja;

9. mo 2020. ronuHe 3HaYajHO oBehatu Opoj TpagoBa W HACEJha KOja Cy yCBOjUIIA U
NpUMEEY]jy HHTETpUCaHE MOJIUTHKE H IUIAHOBE 32 YONakaBarbe U IpHiiarohaBame
Ha KJIMMAaTCKe MPOMEHE M OTIOPHOCT Ha KaracTpode M U3rpauTH U IPUMEHHUTH
LEJIOBHUTO YIPaBJbake PU3UKOM OJ KaracTpodanHux gorahaja Ha CBHM HHBOMMA
y ckirany ca CeHJajCKUM OKBHPOM 32 CMamCH:E PH3HMKA OJf KaTaCTPO(aTHUX
norabaja 3a mepuoz 2015-2030;

10. mpeko GUHAHCHjCKE M TEXHHUYKE TOMONY MOIPIKATH HAjMAE PAa3BHjCHE 3€MJbE Y
M3rpajitby OJIPKUBHX U OTIOPHUX Tpa)eBUHCKUX 00jeKaTa KOji KOPUCTE JIOKaIHE
Mmarepujaie.

JdaHac je cBe pacmpocTpambeHHje MHUIUBCHA Ja Cy TPajoBH KJbYYHH MOKPETadud
TpaH3MIMje Ha 3eJICHy IPUBPENY U OPXKHB ypOaH pa3soj. ToMme cy cBakako NONPHHETH U
JI00pHU pe3yiTaTd rpaoBa KOju Cy KOHIENT OApKHBE ypOaHe TpaHC(hOpMaIHje 3ar0ueiu
Mel)y mpBHMa, Kao IITO Cy IPaI0BH Y CKaHIMHABCKHM 3eMJbaMa. FbiX0oBo HCKYCTBO je 1a cy
3a oipKUBY ypOaHy TpaH(opMalujy KJbydHe Tpu 001acTu: “1. ynpaBibarbe U INIaHUPamkE;
2. MHOBALMj€ M MMOCJIOBAbe; 3. HAUMH JKMBOTA U MOTPOILIEHA. 3a YIIPaBJbake U INIaHUPake
Ol CYIWITHHCKOI 3Hayaja Cy JIEIOTBOPHO CTPATErdjCKO IUIAHUpame M HWHTErpanuja
uHCTpyMeHata nonutuke. a Ou ce To moctHrno Tpebano OM MOBE3aTH passIMYMTe
CEKTOpE W NPHJIATOAMTH aKTa OIpeleHUM ycioBHMa ypOaHe M HAIMOHAJHE TMOJUTHKE
Ioa Ou ce ocmocoOmie, aHraxxoBale W capaljuBajie CBE pelicBaHTHE 3aHMHTEPECOBAHE
cTpaHe (CBHU crejkxonaepn). Jla Ou cTparerujcko IiaHupame OWIIO IEIOTBOPHO MOpPajy
ce y3eTH y O03Hp TpH KJby4YHa M3a30Ba: 1. MONHUTHKE MOpajy OMTH aMOMIMO3HE, alu
MIOJIUTHYKA ¥ €KOHOMCKH peasiHe; 2. TIOJHTHKE Ce MOpajy Pa3BUTH Op30 U MOpajy OHTH
(rexcubnirHe 3a Op3e MpoMeHe ypOaHUX YCIIOBa; U 3. KOHTPAAUKTOPHE TIOJIUTHKE MOPajy
OuTH enMMHUHKECaHe. VIHOBalMje U MOCIOBabe: MMOCTOje 3HAYajHA H3a30BH Yy UHTETPaLUjH
MPUBPEIHOT pacTa ¥ OprKaBama MM MOHOBHOT YCHOCTaBJbakba JIOKATHE WM TI00aTHe
KMBOTHE cpeiuHe. HOBanuje M 4YHCTE TEXHOJIOTHje Cy KJbYYHH JICJIOBH 3eJICHE
NpUBpEIe, alli U 32 MOACTHLARke YpOaHe KOHKYPEHTHOCTH Y II00AIH30BaHOj IPHBPEIN.
OnpxuB ypOaH TIpUBpPEIHU Pa3BOj Mopa moactahm KoopauHanujy m3mely mpuBpene,
JIOKaJIHe BIIACTH, YHUBEp3HUTeTa W rpaljaHa ma OU ce OCHIypajio OAPIKHBO YIPaBJbame
JbYICKHAM, CKOJIOIIKUM W TPHBPESAHUM pecypcuMa. HaymH >XMBOTAa M MOTPOLIMkA:
HeraruBHe HMIUIHKaLHKje MPEKOMEPHE MOTPOLIKE MTOCEOHO Cy €BHICHTHE y rpaJloBUMA.
XapMoOHWMja yHyTap IpajoBa He 3aBUCH CaMo O] Ol1arocTama 1 KOPUCTH KOje TOHOCH, HETo
W O IPaBUYHOCTH M ofpxuBOcTH. OKBUP 3a NpojeKart, MOAPIIKY U pyKoBoheme BuIle
OJIPKVIBMIM TPaIOBUMAa Y KOjHMa JbYIAH UMajy no0ap »uBOT Omhe Moryh ako ce nedunumie
miTa 3Ha4M yHanpeheH KBaJHTET )KUBOTa W CTBOPH BU3Hja OAPIKMBOT HAauMHA >KHUBOTA.

498



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

WHTenureHTHO MpOjeKTOBaHM I'PaIOBH MOT'Y OATOBOPHTH Ha ITIaBHE €KOJIOIIKE, COLIU]jaTHe
U ekoHOMcKe n3a3oBe 21 Beka. [TocToju MHOTO cjajHux mpumepa y CKaHIMHABU)H MOMYT
Konenxarena u Ctokxonma“ [16].

Ha nmpumep Komenxaren je mpeay3eo Mepe KojuMa je 00e30e110 IPUBPEAHN PACT, alld
Y3 HETPOME-EHY NOTPOLIKY eHepruje. JJomahnHCTBa cy cMamHiIa MOTPOIILY EHEPTHje
3a rpejame 3a 10 % y mepuony ox 2005. mo 2010. rogune. ¥ 2010. roguHu y oxHOCY
Ha 1989. ronuny, moTporImka BoAE 10 TIABH CTAHOBHUKA CMarbeHa je 3a 36 %. I'pangckn
oTtnaj cMameH je 3a 19 % y nepuony m3melhy 2006. n 2010. romune. YV 2010. roquan 71 %
OTIaJa ce MOTITYHO criany, 27 % penukiupa u camo 2 % HOcH Ha AenoHH]y. 3axBasbyjyhn
€HEpreTCKOj ¥ TPAHCIIOPTHO] MOIUTHIM TOKOM 20 rofHa, KBAJUTET Ba3ayxa je 3Ha4ajHO
mobospman. Y mepuony ox 1991. rogmae mo 2012. romwHe eMHCHja YTJBEH JUOKCHIA
cMameHa je ca 7,9 Ha 3.2 Tone. Komenxarej je mocraBno 3a b 1a 1o 2025. roquae Oyne
KapOOHCKH HeyTpajaH. 3a MOCTH3ame Iuba Onhe moTpeOHa BeTMKa CPEICTBA 32 ylarame
y nH(pacTpyKTypy 1 nHOBamje. Jancka msnsaja 3,1 % B/II1 3a nuctpaxkuBame u pas3Boj,
U TUzIep je y nHoBanrjamMa. KomeHxareH je moceOHO ycIemnaH y yHarnpehemy MOOMITHOCTH
IIPEKO TIOACTHIAaba yNoTpede jaBHOT INpeBO3a, OWIMKIA Kao IPEBO3HOT CPENCTBA U
M3Tpafby OUIIMKIIMCTHYKAX CTa3a, YIOTpeOH eNneKTpuIHnX ayToMobmia [17]. CTokxomm
ca 3,5 ToHe UMa jefaH O] HajHWKUX HHBOA €MHUCHje racoBa ca e(eKTOM CTaKJIeHe Oarre
y EBporn. Hanmonanna mpexa je 97 % Hucko kapOOHCKa, a CHCTEM Tpejama 0asupa ce
Ha CllaJbHBamby OTHajaa U onoropusy. CTOKXOIM ce MCTHYE I10 MHOBAILlMjaMa 3a MaMETHE
cucteMe U mametHe cramOeHe oOjekre. Luip je ma ce mo 2050. romuHe y MOTHYHOCTH
n30arm yrnorpeda (OCHITHAX TOpHBA M3 TPAHCIIOPTA U U3 MPUBATHOT rpejama [18]. Ocmo
je rpax y KoMe je pasBHjeH jaBHHU mpeBo3 (57 %) xoju (yHKIMOHHMIIE Ha 0a3u XHUAPO
eHepruje, a MOACTHYE Ce M YNOoTpeda eJIEKTPUYHHX ayTOMOOWIA, IITO je YTHIAJo Ha
3Ha4ajHO MOOO0JBIIAKC KBAIUTETAa Ba3qyXa M CMameme Oyke. Ymorpeba OOHOBIEHBUX
n3Bopa eHepruje y Ociy noctrmxe mporeHar ox 64,8 %, a eMucHja yribeH AMOKCHIA je
cBera 2,19 ToHa 1o M1aBU CTHOBHHKA. Penmknmpa ce ckopo 27 % ornana [19].

CkaHIMHABCKe 3eMJbe C€ Pa3BHjajy Ha KOHIIENTY OAPXKMBOT pa3Boja Beh HEKOIMKO
nereHdja. TOkOM BpeMeHa MEHAo Ce MPHOPHUTET neioBama. Y 1990-tum roguHama
JIOKAJTHE BJIACTH CYy C€ Ha T00pOBOJbHO] 0a3W YKJbyuHBaJlC W JaBajiec OMPHHOC
UCIyhaBamy obaBe3a mpeMa KjoTo mpoTokoiy y cMamHBalky €MUCH]E TacoBa ca ehekToM
ctakieHe bamre. Melytum y 2000-TrM rofrHaMa JTOKAIHE BIACTH YKIJbYUY]Y C€ Y aKIlHje
y BE3H ca KIIMMaTCKUM POMEHaMa Kpo3 capajiiby U pa3MeHy HCKyCTaBa U mpuMepa j1o0pe
npakce Ha Mel)yHapoTHOM HUBOY M Y TAPTHEPCTBY Ca NPUBATHUM CEKTOPOM, IPUBPEIOM,
HEBJIQJIMHAM W OpraHu3alfjamMa IIMBIIHOT ApyITBa. Y CKaHIWHABCKUM 3eMJbaMa JaHac
Ce MHTCH3MBHO paJiy Ha ICKapOOHU3AIU]H — IPUBPEIHOM pacTy u nmoBehamy Onarocrama
6e3 ynorpede GpocuaHUX ropuBa. AKTUBHOCTH Ha JIeKapOOHM3AIMjH TTOJCTAKIIO j€ jOII
HIMPY capajiby U YKIbBYUHUIIO y aKIIUjy KOMYHAJIHE CITyKO0e 32 BOJOCHA0/IeBabE, OTHOIICHE
cmeha, MCIOpyKy eHepruje u npeBo3. PasmeHa mieja usmely Benaukor Opoja yuecHHKa
OKO MHUTamka Kak0 CMamHUTH ynoTpedy (HOCHIHUX ropuBa y pasHUM OOJIaCTHMA >KUBOTA
U pajia, pe3yITHPAJIo je Y MHOIITY €KCIIePHMEHATa Ca CBECHUM YIAKCHEM y PU3HK a
he Heku mpojekTu ycreru, a Heku Hehe. 1uib je yBek mponahin pemieme koje Hajoosbe
O/IrOBapa, a Kako HeMa TOTOBHX pellieiha OHa Ce Tpaxe 0K ce He Hal)y oHa Koja Cy 1Mo
Mepu. BaBibeme KIMMAaTCKAM MPOMEHAMa Ha TPaJiCkOM HHBOY MPEKO JeKapOOHU3aIuje
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KPO3 €KCIIEPUMEHTHUCAHE IPOMEHIIIO je TPaJAWUIMOHAIHU HAaYMH OpTraHHU3alije IpylmTBa
U IUIaHHpame YpOaHOoT pa3Boja M Pe3yATHPAIOo Y HOBOM MPHUCTYIY MpeMa TEXHOJIOIIKOM
pasBojy.

[lpema WHOEKCY 3€NCHOr Tpaja, KOjU je HacTao Kao pe3ydTaT HCTPaKHBama
Economist Intelligence Unit xoje je crmoH30prcao i myomukoBao Siemens, TITaBHE TPaIOBH
CKaH/IMHABCKUX 3e€Majba HaJa3e ce Ha BPXY €BPOIICKE JIUCTE IPaJioBa IpeMa eKOJIOIKUM
nepdopmarcama. McTpakiBameM Cy IPBO yTBPhEHN KPUTEPH)H 32 (HOPMHUPALE HHCKCA,
W3BPIICHO BPEIHOBAkE M YTBP)EH MHICKC TNABHUX EBPOICKUX TPajoBa U Ha Kpajy
cauynibeHa paHr jmcra. 13 tabere 2 MOTy ce camieaTy eKoJIOIIKe eppopMaHce ITaBHUX
eBPOIICKUX T'PaJoBa KOjHu y H0OPOj MepH, ako je 3aKJbyYHBAaTH 110 HAILeM IIaBHOM I'paiy,
OCJIMKABajy CTame XKHUBOTHE CPEIUHE U Y BHXOBUM ApKaBama.

Tabena 2. Unoexc senenoe epada [20]

Panr I'pan VYKyIHa ycneuHoct
1 Komnenxaren 87,31
2 CTOKX0IM 86,65
3 Ocio 83,98
4 Bbeu 83,34
5 Amcrepaam 83,34
6 Hupux 82,31
7 XenCuHKu 79,29
8 Bepnun 79,01
9 Bpucen 78,01
10 ITapus 73,21
11 Jlonmon 71,56
12 Manpung 67,08
13 Busbnyc 62,77
14 Pum 62,58
15 Pura 59,57
16 Bapmasa 59,04
17 Bynumnemra 57,55
18 JInucabon 57,25
19 JbyGpana 56,39

20 Bparucnasa 56,09
21 Jla6nuu 53,98
22 Atuna 53,09
23 Tamuua 52,98
24 IIpar 49,78
25 HcTanbyn 45,20
26 3arpeb 42,36
27 Beorpan 40,03
28 bykypemr 39,14
29 Coduja 36,85
30 Kujen 32,33

500



b

5. Mehynapoona nayuna konghepenyuja 5-7. oxmobap 2016. 15. Mehynapoona xonghepenyuja
besbeonocnu uncersepune Hoesu Cad 3awmume 00 nodxcapa u excniosuja

Kpurepuju Ha 0CHOBY KOjHUX je YTBpheH HHIEKC 3€JICHOT rpajia yKibyuyje olieHy oa 1 1o
10 cnenehux enemenara[21]:
1. CO,:emucuja, HHTEH3UTET U cTpaTeruja cMamema CO,;
2. eHepruja: MOTpOIlka OOHOBJBHMBE, YKYITHE €HEpPIuje M HEeH WHTEH3UTET MU
MOJIMTUKE YUCTE U e(pUKaCHE SHEPrHje;
3. rpalheBHHAPCTBO: MOTPOIIHA CHEPTHUjE, CTAHAAPIN U UHHUIIUjATUBE 3 CHEPIeTCKY
eurKacHOCT y rpaljeBUHapCTBY;
4. TpaHcmopT: ymnorpeba M BeIWYMHA HEayTOMOOWIICKOT IIpeBO3a, HPOMOIH]ja
3€JICHOT TPAHCIIOPTA M MOJIUTHKE CMaheha 3arylleha;
S.  BOJa: MOTPOLIKA, I'YOUIIM, TPETMaH BOJIE U TTOJUTHKA e(hUKACHOCTH;
6. ornanu ynorpeda 3eMibe: MPOU3BO/IhA, PELIMKIIAXKa, TOJUTHKA CMabEeHha OTIIa1a
U ynorpeba 3emJbe;
7. KBanuTeT Basmyxa: mepeme npucyctsa NO,, SO,, 030Ha, MOCEOHUX YeCTHIA
(PM), monuTHKE YUCTOT BasyX;
8. ympaBJpame JKMBOTHOM CPEAMHOM: 3€JICHU aKIMOHH IUIaH, 3eJICHO yNpaBJbabe,
VYuemhe jaBHOT ceKkTOpa y 3€JICHO] MOJIUTHIIH.

4. 3AK/bYYHA PASMATPAIBLA

Konment 3enene mpuBpeze je Momen pa3Boja o Kora ce Hehe ¥ He MOXKE OIyCTaTH.
[MpunarohaBame 3axTeBa aHraXOBaEkE LENOTI JPYIITBA. Y MpOIeECy O3eleHaBamba
NpUBpENe TPajoBH M JIOKAIHE BIACTH MMajy W HMMahe CYIITHHCKH BaKHY YIIOTY.
[IpunarohaBame 3axTeBa AYropovYaH MPUCTYI U CTPATETHjy KOja C€ HE MOXE MEHATH
ca IIPOMEHOM TI'PAJICKUX BIIACTH. Y pellaBamy KOHKPETHHX HpoOieMa Tpeda KOPHCTHTH
Jocaalnimka IIO3UTHBHA UCKyCTBa TpajgoBa. To he 6utu Moryhe ako ce ycrocTaBu Be3a
YMPEXH Ha II00AJTHOM HHBOY, a Ha JIOKaJTHOM HUBOY IIOBEKY CBH CEKTOPH M CBH aKTepH
y TpaXXemy Hieja i IpOHAJaKEehY HajOOJbUX peIIeha 3a H3TPaby ONPKUBUX IPaloBa U
npuiarolaBame 1 60pOy IPOTHUB KIMMATCKHUX MPOMEHA.
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Ilerpa TAHOBUR!

Josana KUTAHOBU®?

Tarjana BOXXOBU'R?

NCIHTAPJBUBE OPTAHCKE CYIICTAHIIE Y
N3TYBHUM IN'ACOBUMA AYTOBYCA

Pe3ume: IlojaBa edekra crakieHe OamTe rmose3aHa je u3Mely ocrajior u ca NpHUMEHOM rOpHBa
KOja caJipke YyriboBoJoHHKe. CaropeBambeM JI3eN roOprBa HacTaje KOMIUIEKCHA CMEIlIa OPraHCKHX K
HEOPraHCKUX jeIN-CHha Koja 0/i1a3e y aTMocdepy y 00InKy n3ayBHHX racoBa. CMellia Koja HarymTa
U3IyBHU CHCTEM JIM3€] MOTOPa MPeJICTaB/ba MEIIABHHY IacoBa, Mapa, TCYHUX aepocoia U YeCTULIA.
Emucuja ucrapsbUBUX OPraHCKHUX jequiberba y HajBehoj MepH 3aBHCH O THIIA M KOHCTPYKIIHje
MOTOpa, HEroBe olpeMe U oj KopuiheHor ropusa. AyToOycH 3a IPEBO3 IyTHHUKA NPECTABIbAjY
u3Bope 3arahuBaua >KMBOTHE CpEJUHE Yy TPaJCKUM YCIOBMMA. Y pajy je NPHUKa3aHO KaKko U Y
KOjOj MepH pa3HH TUIIOBH ayToOyca yTHUYy Ha KMBOTHY CPEIVMHY Ha OCHOBY MEpEHa HPHUCYTHHX
UCIIApJbUBUX CYICTAHU U Yahil y U3AyBHUM racOBHUMA.

K.]'by'lHe peuyn: Basayx, Haq)THI/I JACpUBaTU, U3NYBHU I'aCOBH, UCIIAPJbUBE OPraHCKE MaTeije

VOLATILE ORGANIC SUBSTANCES IN EXHAUST
GASES OF BUSES

Abstract: The emergence of greenhouse effect is linked to, among other things, the use of fuels
containing hydrocarbons. The combustion of diesel fuel produces a complex mixture of organic
and inorganic compounds that goes into the atmosphere in the form of exhaust gases. The mixture
leaving the exhaust system of a diesel engine is a mixture of gases, vapors, liquid aerosols and
particles. Emissions of volatile organic compounds largely depend on the type and construction
of the engine, its equipment and the used fuel. Buses for passenger transport are major sources
of environmental pollutants in urban conditions. The paper describes how and to what extent the
various types of buses affect the environment on the basis of measurements of present volatile
substances or soot in the exhaust gases.

Key words: air, petroleum products, exhaust gases, volatile organic substances
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1. YBOJ

Capn Beh mpeko cTo rofyHa pacnpoCTpamkeHa eKCIIoaTalyja TeYHHX ToprBa An3erna
u OeH3mHaA y caoOpahajy moBena je M A0 M3BECHHUX HEMOXKeJpbHUX mociennna. [Ipsa je
CMamkCHE PEe3epBE TCUHOT TOPUBA U HHXOB CBE BEPOBATHUJU ACUIUT HA TPXKHIITY, a
npyra je cBe Behe 3araljere xHBOTHE cperHe Koja OTHYE OJ U31yBHUX racosa. J{uzen
TOPUBO MPEJACTaBJba CIIOKEHY CMELly YIJbOBOJOHMKA, TEMIIEpPaTypHOI HHTEpBaja
kibydama 160-370 °C, koja ce KOPUCTH Kao MOTOHCKO FTOPUBO KOJ IM3€] MOTOpa y KojuMa
ce JIMPEKTHUM YOpH3raBam-eM TOpuBa Y BHCOKO KOMIIPUMOBaH BaszmyX (y KOMOpHW 3a
3arpeBame) CMela CaMOCTaTHO Ny 1 caropesa [ 1]. CaropeBamemM In3ei roprBa HacTaje
BEJMKH Opoj jennmerha Koja HEraTHBHO YTHUYY Ha 3[paBJbe JbYIU M JKUBOTHY CPEIHHY.
CaBpeMeHI/IM 3aXT€BHUMa KOJI HOBUX MOTOpAa U MOCTABJbEHUM HajHOBI/IjI/IM cTaHgapauma o
cacTaBy OeH3MHa U JIU3€J TOPHBa IIOKYIIIaBa Ce 3ayCTaBUTH 3arahiiBarme )UBOTHE CPEAUHE
[2]. Y MHOTMM HCTpaXMBam-MMa O yTUIIA]y HA €eMUCH]y KOJ| TU3eJ TOPHBA YKa3aHo je Ha
norermkohe y morneny oapehjuBama ocobrnHa Ha Koje Tpeba yTUIATH Ja O ce CMamuia
eMICHja, jep Pa3IMYATH MOTOPH WCTOT WM CIMYHOT AW3ajHA Pa3MduTO pearyjy Ha
onpeheny mpomeHy y cactaBy ropusa [3]. M3 oBux pasnora modeB Beh o ocamaeceTux
TOoArHA NPOHIJIOT BEKa MHTCH3MBHO CC€ paJik Ha IMIPOHAJIAXKEY aJITCPHATUBHUX IrOpHUBa KOja
Ou 3aMeHMIIa KJIaCu4YHa.

VY mocnenme BpeMme Biaana nosehaHu HHTEpeC 3a IPUPOJHAM racoM Kao FOPHBOM 3a
MOTOpE Ca YHYTpAIbUM CaropeBameM 300T pacloIoKUBOCTU IPUPOIHOL raca. Y cBeTy
NOCTOjH HM3 EKOJIOIIKUX, EKOHOMHUYHHX, TPAHCHOPTHHX, O€30€IHOCHHX KpUTEpHjyMa
rmomMolly KOjUX Ce MOXKE W3BPLIMTH MNpOILEHA IOTOAHOCTH ANTEPHATHBHUX TOPHBA 32
ynoTpe0dy y caoOpahajanm npexysehnma.

2. 3ATABEILE U31YBHUM 'ACOBUMA U CMAIBEILE KOJIMYNHE
N31YBHHUX T'ACOBA

[lox mojMoM ,.emucHja W3TYBHUX TacoBa MOTOpa™ IoOApa3ymMeBa C€ EMHCH]ja
KOMITOHEHTH OJ] KOjHX Cy Heke oOyxBalieHe 3aKOHCKHM peryliaTHBaMa: YTJbeHMOHOKCH
(CO), nemeranckn yripopomonnim (NMHC), asotnn oxcumm (NO,), 4BpcTe vecThie
(PM), mertan (CH), cymmop mmokcua (CO,), yrisenanokenn (CO,) n HEKe Koje HHUCY
obyxBaheHe nponucuMa Kao 1mTo ¢y O€H3eH, TONyeH, KCHIICH, (opMalIeX U, HCriapIbhBa
oprauncka jegumena (VOC) u ciiryHo.

[TojaBa edexra crakieHe OamTe moBe3aHa je u3Mel)y ocTaior u ca MPUMEHOM
ropuBa Koja caapke yriboBojoHuKe. On CBUX M3IYyBHHUX MaTepHja KOje ce jaBibajy Kao
NpoAyKTH Kopuihema roprsa 3a paj MOTopa, a YTH4y Ha II00aHO 3arpeBame 3eMbe,
YIJbEHIMOKCHU je Haj3acTymubeHuju ca 50 % . Jeman on kpurepujyma 3a BpeIHOBambE
ropuBa je kxoeduumjeHT emucuje CO,, Koju ce NePUHMIIE KONMYMHOM EMHTOBAHE
kommaune CO, Mo jenuHUIM yTpouIeHe enepruje. Ilopen yribeHIHOKCHaa y TacoBe Koju
n3a3uBajy epekat crakieHe Oarre, a mociaeaua Cy paga Motopa yopajajy ce u ncnapjpuBa
opraucka jeaumema (VOC). Mory OuTH MeTaHCKOT M HemeTaHckor tuma. Canpixkaj
METaHCKHX HCIapJbUBUX jeUIbEHha je KOJ KOHBEHLMOHAJIHMUX ropuBa Mmanu. Emucwuja
HCIapJbUBUX OPIraHCKHX jelibemha y HajBehoj Mepu 3aBUCH OJ THIIA U KOHCTPYKIIH]je
MOTOpa, IETOBE ONIPEME U HapaBHO of] kopuirheHor ropusa. [IpuMenoM npuposaHor raca,
emuchja Hemetanckux VOC je 0CETHO HHKa M 3aBHCH OfI Cajpkaja yriboBomonuka (C,-
C,) y cactaBy IpUpOIHOT raca aju je 3aT0 OCETHO BHIIIA EMHUCHja METAHA.
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Canpxaj MeTaHa y W3AyBHHM TacoBHMa JOCTIDKE 4Yak U 95 % mocmarpaHo y
OKBHMpPY HECaropejux YrjbOBOJOHHKA. llako je mMeraH caMm 1o ce0M CTaKJICHHWYKH rac
ca TOTEHIXjaJIoM IOOAHOT 3arpeBama, OH MMa JajeK0 MambM yTHIa] Ha I00aHO
3arpeBame O YIJbEHIHOKCH A 300T Tora IITO je KOJMYHHA MeTaHa y aTMOC(epyd MHOTO
Mama oJl KOJIMYUHE YIIbeHANOKCHAa [4]. Ox M3MyBHIX TacoBa HETaTWBAH YTHIA] UMAjy H
yIJbeH MOHOKCHUJI, Q30THU OKCUIIM U CYMIIOPHHU OKCHIH.

Yemwen monoxcud, koju HacTaje HETMOTIIYHHM CaropeBameM IH3ell TopuBa oOpasyje
Cce Yy OHMM JeNIOBHMA IIMIMHIpAa y KOjuM Oorara ropuBa cMmema oMmoryhyje MOTIIyHO
caropeBame. Y OZHOCY Ha OEH3MHCKE MOTOpE, AU3e] MOTOPH €MUTYjy Mamby KOJIUYHHY
CO. HeraruBHO nejcTBO yIJbeH MOHOKCHZA Ha JbY[E M >KUBOTHUEE OIIEa ce Kpo3
HacTajambe CTAOMIHOT KOMILIEKCa Ca XeMOINIOOMHOM y LIPBEHUM KPBHHMM 3pHLMMA, YUME
ce clpeyaBa IPEeHOC KMCEOHNKa KPBOTOKOM Kpo3 Ieo opranu3aMm. Konnenrpauuje ox 0.5
3amp.% yrJb€H MOHOKCHJA Y Ba3nyxy y nepuoay ox 20-30 MuHyTa 10BOAU 10 CMpPTH [5].

Aszomnu oxcuou (NO, ) koju ce eMHUTY]jy y arMocepy HMajy 3Ha4ajHy yJIory y CTBaparby
(OTOXEMHUjCKOT CMOT'a M KUCEJIHX KHIIIA, CMAFUBAhY 030HCKOT CJI0ja M YTHYY Ha pa3MeHY
TOIDIOTE 3eMJbE Ca OKOJHHM IpocTopoM (edekar crakieHe Oamre. OBO je U jemaH of
pasiora 360T KOjuX KOI IM3€T MOTOPa HACTajy 3Ha4ajHe KoJMu4IuHe a30T quokcuaa (NO,)
[6].

Cynopnu oxcuou — SO, HacTaje 0j1 CyMIopa MPUCYTHOT y ropusy. KonuenTpanuje y
W3TyBHAM IaCOBUMA 3aBHCE OJl KOJIMIMHE IPUCYTHOT cymniopa [7]. SO, nma Haj3Ha4ajHUj1
YTHULIA] y 0jaB KUCEIUX Kuma. Pa3poj HoBUX MoTOpa JonpuHeo je Behoj penykuuju SO,
U YBPCTHX YECTHIIA, TOTOTOBO OTKAKO Cy yBeAeHu ctanaapau [2]. Cactas au3en ropusa je
y MOYETKY MMao MaJly YJOr'y, ajld HoBa pedopMylicaHa JIu3el TOpHUBa JaHac JONPHHOCE
cMameny emuchje. OcoOHHE TOpUBaA KOje YTHYY Ha €MUCH]Y M3IyBHHUX IacoBa U YeCTHIIA
Cy: caapiKaj CyMIIOpa, caJpikaj apoMara, IyCTHUHA, LIETAHCKH Opoj, KapaKTepUCTHKE
nectunanmje [8].

2.1. Ynorpeba aaTepHATUBHUX rOPUBa

KoHBeHIMOHAIHY T13e1 ayToOyCH ITPECTaBIbajy BEIMKE H3BOpE 3araljuBaya )KUBOTHE
CpelHHE y TpaJCKHM YCIOBHMA, Ipe CcBera YeCTHYHOr 3araherba M a30THHX OKCHIA.
[lojenmua antepHaTHBHA pelIema ayToOyca Koja ce y cBeTy Beh KopHcTe 3a TPaHCIOPT
NYTHHKA U KOja UMajy TIOTEHIMjaj Ja Y HAPEIHOM IePHOJY ITOCTaHy pellleha M y HAIllM
yCJIOBHMA a TO Cy: ayTo0yc ca MOroHOM Ha Ouozu3el, ayTo0yc ca MOTOHOM Ha IPUPOJHU
rac, ayTo0yc ca IIOrOHOM Ha TeYHU HaTHU rac, ayToOyc ca MOTOHOM Ha €TaHOoI, ayTo0yc
ca IIOrOHOM Ha METaHOJI, ayTOOYC ca EIEKTPO MMOTOHOM.

Aymobyc ca noeconom Ha 6uoousen — buoamuszen ce Moxe JTOOUTH W PCIMKIOBAEHEM
U3 OTHAJHHX MpeXpaMOCHHX YyJba, OJ MOJHONPHBPEAHOL, HHIYCTPHjCKOL, KOMYHAIHOT
W pasHOT JPYTOT OTHajza Kao W BOIEHOT Omyba (MHUKpO airu). Ymorpeba Omoamsena
JOTIPUHOCH CMam-etby CBHX IITETHUX eMHUcHja, ocuM NO, [9].

3. PE3VIITATH U IUCKYCHUJA

MerTopooryje HCUTHBAA U3IyBHUX I'ACOBA MOTOPHUX BO3MUIIA CTAHIAPAN30BAHE CY
JIaHAC HA MHTEPHOM, HAIIMOHAITHOM WIIK Mel)yHapOJHOM HUBOY, ajli ce MOry JaeduHHCcaTH
u 3a oxmpeheHe cimydyajeBe MOCEOHO, 3aBHCHO OJf HEMOCPEIHOr [WJba WCIHUTHBAMA,
NpUMEHhCHE HHCTAJIAIM]je K MEPHE OIpeMe U APYTHX (akTopa.
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3.1. Mepeme npoayKaTa H3TyBHUX racoBa

Cnuxa 1. Meperse ucnapamusux op2anckux Mamepuja u30y8HUX 2aco8a HenocpeoHo Ha mecmy
ucnywmarea

VY Tabenu 1 mpukazaHu cy pe3ydTaTH Mepema M3IyBHHX TracoBa cojio ayToOyca Ha
0TBOpEHOM mpocTtopy. [onuHa npousBoame je 1997. roa. ca MOroHOM Ha JAM3E] FOPHUBO.
Mepeme je BpIIEHO HEMOCPEIHO HAa MECTY MCIYIITama N3AyBHHUX racoBa, a MOCIEImbUX
[IeCT MEPHUX Tadyaka MEPEHO je Ha yma/beHOCTH o1 1 m. YV ToKy Meperma MakCHMAHO
mmepeHa BperaocT VOC jenumemna je 47,00 ppm

Tabena 1. Pesynmamu mepersa uz0y8HUX 2ACO8a CONO Aymodyca ca NO2OHOM HA Ou3eil 20pueo Ha
omeopenom npocmopy (1997.)

Date/Time Min Ave Max
12/26/2014 11:48:40 0 5.30 6.20
12/26/2014 11:49:10 0 10.40 21.70
12/26/2014 11:49:40 0 19.60 23.20
12/26/2014 11:50:10 0 26.20 27.70
12/26/2014 11:50:40 0 28.30 47.00
12/26/2014 11:51:10 0 27.30 28.50
12/26/2014 11:51:40 0 26.30 29.20
12/26/2014 11:52:10 0 27.00 29.20
12/26/2014 11:52:40 0 26.60 28.40
12/26/2014 11:53:10 0 24.00 26.20
12/26/2014 11:53:40 0 22.40 22.90
12/26/2014 11:54:10 0 19.10 22.60
12/26/2014 11:54:40 0 7.90 13.50
12/26/2014 11:55:10 0 7.00 7.50
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Hanorby cono 6yc 1997 roa.
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I'paghuxon 1. Konyenmpayuja ucnapsusux opeanckux Cyncmanyu colo aymobyca ca no20HoM Ha
ouszen 20pueo Ha omeopenom npocmopy (1997.)

VY rtabenu 2 mpHKa3aHU Cy PE3yATaTH Mepema M3AyBHHX racoBa COJO ayTobyca Ha
oTBOpeHOM mpocTopy. ['omuaa npomsBoame je 2002. ron. ca MOTOHOM Ha AW3ET TOPUBO.
Mepeme je BpIICHO HEMOCPEAHO Ha MECTY UCITyIITamka H3yBHUX racoBa. Y TOKY Meperba
MakcuMaHo uamepena BpeqHoct VOC jenumema je 5,00 ppm

Tabena 2. Pesynmamu mepera u30y8HUX 24co8a CON0 aymobyca ca NO2OHOM HA OU3en 20pUso Ha
omeopenom npocmopy (2002.)

Date/Time Min Ave Max
12/26/2014 11:42:44 0 2.10 2.70
12/26/2014 11:43:14 0 2.50 3.30
12/26/2014 11:43:44 0 4.10 4.60
12/26/2014 11:44:14 4 4.40 4.60
12/26/2014 11:44:44 0 3.50 4.00
12/26/2014 11:45:14 0 3.10 3.40
12/26/2014 11:45:44 0 3.40 3.50
12/26/2014 11:46:14 0 3.50 3.70
12/26/2014 11:46:44 0 3.90 4.20
12/26/2014 11:47:14 0 4.50 5.00

Hanorby coro 6yc 2002 rog.

—

// ‘ —e— Harnosby corno 6yc 2002 rog.
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I'pagpuxon 2. Konyenmpayuja ucnapsusux opeancKux cyncmanyi coio aymooyca ca no2oHOM Ha
ouszen 2opueo Ha omeopernom npocmopy (2002.)
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V tabenu 3 mpukazaHu Cy pe3yldTaTH Mepema M3IyBHUX racoBa coyio ayroOyca Ha
OTBOPEHOM TPOCTOPY Ca MOTOHOM Ha MPUPOAHU rac MeTaH, roAuHe mpousBogme 2011.
ron. Mepeme je BPIIICHO HEIMOCPEIHO Ha MECTY MCHYIITamka U3IYBHUX TacOBa, a 3aTUM,
MIOCIIeAEbE YSTHPH MEpHE TadKe, Ha yNaJbeHOCTH of IM. Y TOKy Mepema MaKCHMAITHO
mmepeHa BpexaocT VOC jemumemna je 19,80 ppm.

Tabena 3. Pesynmamu mepera u30y8HUX 24Co8a CONO aymobycd y 0OmeopeHoM npocmopy cd
Nn020HOM Ha npupoOdHu eac memar (2011.)

Date/Time Min Ave Max
12/26/2014 11:27:44 0 6.70 6.90
12/26/2014 11:28:14 0 6.60 9.90
12/26/2014 11:28:44 0 14.50 18.90
12/26/2014 11:29:14 6 11.30 18.40
12/26/2014 11:29:44 6 15.80 19.80
12/26/2014 11:30:14 0 18.30 19.70
12/26/2014 11:30:44 0 14.30 19.30
12/26/2014 11:31:14 6 12.70 17.40
12/26/2014 11:31:44 0 9.60 16.80
12/26/2014 11:32:14 0 8.40 16.50
12/26/2014 11:32:44 0 5.70 5.80
12/26/2014 11:33:14 0 5.90 710
12/26/2014 11:33:44 0 5.70 5.80
12/26/2014 11:34:14 0 5.80 6.00

Hanorby EKO 6yc

,/\/ \\‘ —e—Hanorby EKO 6yc

KOHUeHTpauuja VOC
(ppm)
IS

0 100 200 300 400 500

BpeMe (s)

I'paguron 3. Konyenmpayuja ucnapmougux opeanckux Cyncmanyu cono aymobyca na
O0MBOPEHOM NPOCMOPY €A NO2OHOM Ha npupoonu 2ac meman (2011.)

V Tabenu 4 mpukazaHu Cy pe3yATaTd Mepema U3LyBHHUX TacoBa cojlo ayrodyca y
3aTBOpeHOM InpocTopy. ['oquna nponssoame je 2002. roa. ca HOroOHOM Ha JTU3el TOPHBO.
Mepeme je BpIIEeHO HEMOCPEAHO Ha MECTY HCITyIITamka U3LyBHUX racoBa. Y TOKY Meperma
MakcuMaiHo m3Mepera BpeqHoct VOC jenumema je 24,80 ppm
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Tabena 4. Pesynmamu meperba u30y8HUX 2aco8a coio aymoodyca ca no2oHOM Ha OU3sell 20pUso y
sameoperom npocmopy (2002.)

Date/Time Min Ave Max
12/26/2014 11:57:26 0 6.70 6.80
12/26/2014 11:57:56 0 6.70 6.90
12/26/2014 11:58:26 0 14.60 20.60
12/26/2014 11:58:56 0 20.80 24.80
12/26/2014 11:59:26 0 12.40 22.40
12/26/2014 11:59:56 0 7.10 12.90

y pagvoHvum cono 6yc 2002 rog.
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I'paghuxon 4. Konyenmpayuja ucnapsusux opeanCKux Cyncmanyi cono aymooyca y 3ameopeHom
npocmopy ca no2oHom Ha ousen 2opuso (2002.)

VY rtabenu 5 mpukazaHW Cy pe3yinTaTH Mepema M3IyBHHX racoBa COJI0 ayToOyca y
3aTBOpeHoM IpocTopy. ['onuHa nponssoame je 2002. roa. ca MOroHOM Ha IIPUPOJHHU Trac
MeTaH. Mepeme je BPLIEHO HEMTOCPEHO Ha MECTY HCIYIITama U3yBHUX racoBa. Y TOKY
Mepema MakcuManHo u3MepeHa BpenHoct VOC jenumema je 17,30 ppm

Tabena 5. Pesynmamu mepersa u30y8HUX 24co8a CONO aymobyca y 3ameopeHoM npocmopy cd
no2oHom Ha npupooHu 2ac memat (2002.)

Date/Time Min Ave Max
12/26/2014 11:36:12 0 5.20 5.80
12/26/2014 11:36:42 0 6.20 10.50
12/26/2014 11:37:12 0 16.30 17.30
12/26/2014 11:37:42 0 16.70 17.50
12/26/2014 11:38:12 0 12.20 15.70
12/26/2014 11:38:42 0 6.40 8.60
12/26/2014 11:39:12 0 4.40 5.40
12/26/2014 11:39:42 0 3.00 3.80
12/26/2014 11:40:12 0 2.50 2.80
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I'paguron 5. Konyenmpayuja ucnapmsugux opeanckux cyncmanyu cono aymobyca y 3ameopeHom
npocmopy ca no2oHoM Ha npupoonu 2ac meman (2002.)

4. 3AK/bYYAK

Ha ocHOBy pesynrara Mepema MOXE C€ 3aK/by4UTH Oa A00HMjeHe BpPEIHOCTH
koHueHTpanyja VOC (1cnapsbHBUX OPraHCKHX CYICTaHIM) KOje Cy MepeHe y M31yBHUM
racopuMma ayTtoOyca Cy 3HAaTHO WCIOJ T'PaHWUYHHMX BpemHocTH. M3 pesynrara ce Buau
na xoHueHtpanuja VOC (Mcnap/bMBHX OPTaHCKHUX CYICTAHIN) 3aBUCH O CTapOCTH
ayToOyca u Koj ayTo0yca ca MOrOHOM Ha JIM3e]l TOPHBO M Ca IIOTOHOM Ha MPUPOIHH rac
MeraH. Ha ocHOBY pesyirara Mepema BHIM C€ Aa Cy KOHIEHTpAIHje JIAKO HCHapJbUBHX
OPraHCKHX CYICTaHIM HIDKE KoJ ayToOyca ca IMOrOHOM Ha JH3eN T'OPHBO y OZHOCY Ha
ayTo0yce ca IOrOHOM Ha MPUPOIHH Tac. Pa3ior Tome je mTo ce y M3JyBHHM racoBHMa
07l IM3eJl TOpUBa Hajas3e Jpyra HCHapJbuBa jeluiberma, (BUIE UMa HEOPraHCKUX), a y
M3IyBHHMM racoBHMa ca [MOTOHOM Ha rac MMa BHIIIE OPTraHCKUX (METaHCKHMX) KOMIIOHEHTH.
Pasior oBako ManuXx HCIapema je U MTo ce ayTo0ycH PeIOBHO ONpIKaBajy YaK Ha HEepHO
MHOTO Kpahm Hero mTo je 3aKOHCKHU TpeaBulieHO. Y OkBupy caoOpahajHor mpemyseha
paze ce Mepera U PeOBHO IIPaTH CaipKaj U3yBHHUX racosa, Tako Jia ako u gohe no Hekor
noBehama KoHIICHTpanuje onpeheHux Marepuja ayroOycu ce ymnyhyjy Ha cepBUCHpAIbE.
PenoBHO ce mparu u 3alpHEHOCT AUMa, KOja je Takol)e NCIoa IPaHNYHUX BPESIHOCTH.

5. JIMTEPATYPA
[1] XuskoBuh M., MoTopu ca yHyTpalIlbuM caropeBameM, MarmHCKA (QaKynaTeT,
Beorpan, 1988.
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CpeauHy, TOKTOpcKa aucepraiuja, CaoOpahajuu Qakynrer YHuBep3urera y
beorpany, beorpan, 2012.
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Jby6una KPEbAUR!

OBYKA JIEIIE M YYEHUKA W3 OBJIACTH 3AIITUTE
OJ1 TIOKAPA

Pe3ume: be3benHOCTH Jbyan M MMOBHHE O] IOXKapa HajBHLIE JONMpPUHOCE Jbyau. IbuxoBa 3Hama,
BAaCIHUTamke, OATOBOPHO IOHAIIAKE OJHOCHO HUCIHIUIMHA, OPTaHW30BAaHOCT M Jpyre OCOOMHE
ypoljeHe niu creyeHe y BeoMa BUCOKOM IIPOLIEHTY yTudy Ha 6e30emHocT o noxkapa. OOyyaBame
Jelie ¥ yueHHKa Tpeba fa Oysie aleKBaTHO M CTAIHO U JIa CE CIIPOBOJIM Y CBUM y3pacTHMa M KpO3 CBE
o0NuKe BaclUTama U 00pa3oBama.

Kibyune peun: moxap, 6e30e1HOCT, Jlena 1 yIeHHIH, 00ydaBamke 1 BaCIHTAambE.

TRAINING OF CHILDREN AND STUDENTS IN THE
FIELD OF FIRE PROTECTION

Abstract: Safety of people and property from fire mostly depends on the people themselves. Their
knowledge, education, responsible behavior and discipline, organization and other characteristics,
congenital or acquired, affect fire safety in a very high percentage. Training of children and students
should be adequate and continuous, and implemented at all ages and through all forms of education.

Key words: fire safety, children and students, training and education

' CTpyk. MHXK. 3aIITHTE )KUBOTHE CPeIHHE-3aIITUTE O IIoXkapa, Barporacuu case3 rpaga Hosor
Cana, HoBu Cap, JoBana Cy6otuha 11, vsgns@eunet.rs
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1. YBOJ

Y Cpbuju Cy mocienmux TOIUHa YyYeCTalu MOXKapH, a Y HEKAMa OJ BUX JKUBOTE
je m3ryOmiio Hekoymko jene u miaaux. OKOJIHOCTH y KOjuMa Cy TIOKapu HacTajajiu U
UXOBE MOCIIETUIIC JECY PA3THMUUTH aJlH, 3aj€IHIYKO MM j€ TO IITO CY YIIIABHOM HaCTajaln
JbYACKOM TpenikoM. CMambee JbYICKUX Ipellaka MoXe ce mocTuhin 030M/bHUM pajjoM Ha
BaCIHUTamky U 00pa3oBamy CBUX CIIOjeBa APYINTBA, a HOCEOHO JCIe M OMIIAINHE. 3a paj
Koju Ou a0 M00pe pesynrare HUje T0BOJbHA MOjeAMHAYHA JKeJba U akiidja. To Mopa OuTH
CBeO6yXBaTHa " CTaJIHA aKTUBHOCT, KaKO JAPKaBHUX U jaBHPIX OpraHa M yCTaHOBa, TaKO U
CBHX JIpyTHX M HapaBHO, moponuie. [loMomapcku ce ykasyje Ha OJrOBOPHOCT MOPOIHUIIC
WK je TO CMHUIUBEHO aMHECTHpame ofipeh)eHHX opraHa M yCTaHOBa O]l OATOBOPHOCTH.
[Toxap u 3a)KTUTA O] TOXKApa jeIHAKO Cy CTApH KOJIMKO U Barpa, Te CTOra CBaka reHepalija
MoOpa MOHETH JIe0 aKTUBHOCTH Ha pa3Bojy U yHanpelhemwy 3amrute oz noxapa. [Iponucwy,
HacTaBHU MPOTPaMH, OpPTaHU3alMja paja MPEAIIKOJICKIX M IIKOJCKUX yCTaHOBa alld U
JPYTHX UHCTUTYLIUja, MOPajy OUTH Y yHKIUjH CTBapamba BUCOKOT cTerneHa 6e30e1HOCTH
Ol OXKapa.

2. IPOI'PAM EAYKALMJE U3 3ALIUTUTE O ITOKAPA

N3menama 3akoHa 0 3amTutd o moxkapa (,,Cinyxoenu rmacauk PC”, 6p. 111/2009
n 20/2015), mkoncke U MPEAIIKOJICKE YCTaHOBE 00aBe3aHe Cy Ja Y OKBHPY IIKOJICKUX U
MIPE/LIKOIICKHX MTPOTrpaMa yTBP/IE U CIIPOBEy IPOrpaM eAayKaliuje 13 3alTUTH Of TIoKapa.

VY unany 6a 3akoHa CTOjU Ja ce€ TH MPOTrpaMH JOHOCE U CIPOBOJC Y LMJbY CTHIAbA
3Hama, BEIITHHA W HaBMKa HEONXOMHHX 3a yHampeheme M yuBpirhnBame MO3UTHBHUX
CTaBOBa ¥ MOHAIIAaka 3HAYAJHHUX 32 3AIUTHUTY O] IToXKapa Jielle ¥ YUeHHKa.

Ham3op man yrtBphuBameM H copoBohemeM Iporpama enyKalije O 3allTHTH
OJI MOXkapa, Kako CTOjU Yy 3aKoHY, CIIPOBOAM MHHHCTApCTBO HAJJIEKHO 3a IOCIOBE
mpocsete. Mako je mponuro BUIIIE o TOMUHY | 1O JaHa oTKako je CkymmrrHa PemyOmke
Cpbuje mama oBy o0aBe3y MPEANIKOICKAM M MIKOJICKAM YCTaHOBaMa, ajil U IIPOCBETHO]
WHCTICKIIMjH, Ha OBOM TIOJbY HHjE ce Jayieko ofamakio. Jla jm je oBa 3aKOHCKa oapenda
MIPOMaKJIa MPOCBETapIMa HJIH CE O By CBECHO ONTyIryjy? UHMm-CHHUIIA je 1a 3aKOHOIaBaIl
HHUje TPEABHIEO CAaHKIHje 3a HeclpoBoljeme oBe onpende 3akoHA, and, Bajbla Cy
BaCIIUTA4YH U HACTABHHIM CBECHH KOJIMKY YJIOTY HMa U JIMYHK puMep. Mnak, imrMa Tpeda
momohn 11a ca3Hajy 3a oBy o0aBe3y M J1a TO Ha IITO JIAKIITH W O0JpHM HAYMH M3BPIIABA]Y.
Barporacuu cases rpama Hosor Cagma je ox 25. maja 2012. romuHe, mocie moxapa y
IUCKOTeI! ,,KOHTpacT*,y K0joj je KUBOTE M3TYOMIIO MIECTOPO MIIAAMNX JBYIH, YITIABHOM
ca 3aBpLICHUM (aKyITeTUMA, CAMOMHHIIN]aTHBHO OPIraHH30Ba0 HEKOJINKO XUJba/la YacoBa
npenaBarma 1 BSKOHU ca MUJbEM J1a YKaKe Ha ONTACHOCTH OJf TI0XKapa M Ha MOCIEeIHLE Koje
YeCcTo yKa3yjy Ha He3Hame H HEyBe)KOaHOCT. 3Hauaj OBE aKTHBHOCTH IIpero3Hana je Bucoka
TEXHUYKA IIKOJIa CTPYKOBHHX cTyauja y HoBom Cany, u ynyhuBameM cTyneHaTa 3aIliTHTe
Ol TIOKapa Ha CTpydHy mpakcy y Capes moMmoria crpoBoheme oBUX npenaBama. Cases je
IIKOJIaMa TIOHYAMO ToMoh y U3pau mporpama ajw, 10 030uJpHHje capaamke HUje TOIIIO.
I'panckoj ynpaBu 3a 00pa3oBame CyTreprCcaHo je 1a yTHIe Ha mIkoie 1 Ha MUHHCTapCTBO
oOpa3oBama n1a ce 00e30ean mpuMeHa wiaHa 6a 3akoHa. OdYeknBano ce Aa MUHHUCTPH,
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YHYTpPAIIBUX MOCIOBA U MPOCBETE, 110 OBUM IUTAmUMa OCTBApE Capalmy U Ja U3 Te
capajiibe U3pOHH JI00ap mporpam, Win OKBUP MO KOMe OW CBaka IKOJIa MOTIIa H3PaIUTH
cBoj mporpam. Capajma opraHa U yCTaHOBAa Ha HIDKUM HHBOMMAa Tpeba JONPUHETH 1a
JIella 3aucTa y HajpaHujeM 100y, ald U Kpo3 IIEJ0 IIKOJIOBake CTHUYY MOTpeOHA 3HAamba,
BCIITHUHC U HABUKE.

[IpenaBama y mkonama Koja OpraHm3yjy BaTpOracHM aKTHBUCTH, ONpUHOCE 00Jb0j
MHPOPMHICAHOCTH, pasMEHH 3Hama M HCKycTaBa, Oyhemy WHTEpecoBama M CTUIABY
3Hama. CurypHo je na he To marn oppelene pesynrare. Ox 3Hauaja je ¥ TO IITO Jela
nocehyjy BaTporacHy jeIMHHMILY, BUJIC BaTPOTACHY OIIPEMY, pa3roBapajy ca BaTporaciuma.
Wnaxk, auje To noBosbHO. Kaga 61 cBakm HaCTaBHUK, Y TOKY LIKOJICKE TOIMHE, CaMO JIECeT
MHHYTa IIOCBETHO 3AIUTHTH O] 1T0Xapa, 0o Ou To 030MIbaH HaNpeax.

INpenukosncke u MKOJICKe YCTaHOBE Tpeba Ja CBOj peJoBaH paj odorare caxpxajuMa
Ha TeMy 3allITHTE O 1oXKapa Ha jelHOCTaBaH Ha4WH Koju He Ou onrtepehuBao mocrojehe
HacTaBHE MPOrpamMe M mporpame paja, a Koju 0u OMo y IHJby CTHIIamha 3Haba, BEIITHHA
U HaBHMKa HEONXOMHHMX 3a yHampehuBatbe M yuBpumhnBame MO3UTHBHUX CTaBOBA U
HOHAIIaha 3HAYAJHUX 32 3AIUTUTY Of] HOXKapa JCLe U YUCHHKA.

[Ipenmixosncke ycTaHOBE y OKBHPY CBOT PEIOBHOT pajia ca JICIOM MOTY Jia TUIaHUPajy
u peanusyjy cinenche teme:

— OmnacHocTH Of MOXKapa W Mepe 3alTHTe — MNpeMa y3pacTy Jele IMpUYaTH
IpyYe 0 MOXKapuMa M BaTpoOraciyMa, OacHOCTHMa MpPU WIpamy MHOHnamMa u
ynajpayrMa, MPaBUIIHOM U ONaCHOM KopHIIhemy enekTpuuHux ypehaja, yunru
UX TIECMHIIE M M3PEKE M INEBATH MecMe y KOjiMa ce TOBOPHM O Barporacuuma,
YUUTH UX ITOCTOBUIIE U CIIUNYHO;

— OCHOBHHM TIOjMOBH O BaTpH W MoOXapy (Kako HacTaje BaTpa, 3a ITa Ce Barpa
KOPHCTH, KaKko HacTaje moxap);

— Ilpomyktn ropema M JejcTBO Barpe (AWM, TOILUIOTa, TOPHBOCT Marepujaja,
MIpUMEPH TOPUBHX M HETOPUBUX MaTepHjala, OHalIakbe MaTeprjaia y moxapy);

— Tlocryname y ciydajy noxapa (oOaBelITaBame CTapHjHX, TO3UBAE BATPOracHe
jennHHMIe, eBaKyalllja, Talemhe IoKapa);

—  VYdyeme MHHUMAIHOT (oA pedd M MOjMOBAa HA 3HAKOBHOM jE3UKY Yy IHJBY
OCTBapHBamka KOMyHHKAIMje ca TIIyBUM M HAIyBHM JIMIIMMa PaJy MPEHOLICHa
nHpOpManMja O HACTaHKY MNOXKapa, IITO MOXE KOPUCTUTH W Y BaHPEIHUM
cUTyalMjama kKazia OM N3roBapame pedr MOIJIO J0JaTHO Yrpo3uTn Oe30eaHOCT;

— Cycper ca Barporacupma — IIOCE€Ta BaTpoOracHOj jEMHULIM WIH/M TOCEeTa
Barporacara IpeJKkoJICKOj] yCTaHOBH;

— MUrpame nene — 3a urpy o0e30emuTH CIUKOBHHUIE, OOjaHKe, My3ie, WPy
Memopuje, Gurypuie Barporacana U BaTporacHe orpeMe, OpraHu30BaTH BexOe
ca BaTPOracHOM OIPEMOM M TaKMHUCH-E y L[PTamy, UTPU MEMOpHje U H3Bohemy
BEXOM ca BaTpOracHOM OITPEMOM;

— VYBexxOaBame eBaKyalllje — HajMame JBa IyTa TOAWIIIE M3BPIINTH NPOOHY
eBaKyalujy.
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[Iporpam enykanuje yueHuka Tpeda J1a NpeiBUIN Ja Ce Y OKBHPY CBaKOT HACTABHOT
npenMera Kpo3 pPENOBHO TIpajuBO, IOBPEMEHO CIIOMHIbY TOpeHe, Barpa, MoXap,
BAaTPOTaclly, OIACHOCTH OJ MO)Kapa, LITETHE MOCIeNUNe IoXKapa, HOCTyIaK y Ciydajy
noxapa, ajni Tpeba Hay4uTH ¥ MUHUMAJIHK (DOHJI PEYX U MOjMOBA Ha 3HAKOBHOM jE3UKY
panu ocTBapuBama KOMyHHUKAIMje ca ITYBUM M HaNTyBUM JIMIUMA.

Y HacTaBKy Cy JaT¥ IPUMEPH aKTUBHOCTHU KOj€ C€ MOTY CIIPOBOJIUTH TOKOM HacTaBe,
Ha ofpel)eHnM mpeaMeTnMa:

e  Cpricku, MaTepkU U CTPAaHH je3UK — YUTATH TIPHUE, TECME, U3PEKE, OCIOBHILIE U
3aroHeTKe, TYMAauUTH UX U 3a IIMCMEHH paJl y TOKY IIKOJICKE TOJJMHE jeJHa TeMa
Ja Oyzie o BaTporaciyMa Hin Hoapy, HiH Ha IpUpeOH WIH JPYTHM OOIHIIMA
3abaBe u3BecTH nephopMaHc, CKed, pEHUTEI]y U CIMYHO;

e Maremaruka — y TEKCTYy MareMaTHYKHX 3a/laTaka CIIOMEHYTH BaTporacue Wiu
MoXKap ca 3aJaTKOM Ja ceé M3padyyHa BpeMe Jojacka Barporacana Ha MECTo
MoKapa, yTPOoIIaK KOJMYMHE CPECTBA 3a ralleme oXapa, Opoj pagHux dacosa
YTPOIIEHHX 3a ramieme IoXapa, yTpollak TopHBa 3a paJl BaTPOracHOT BO3WIIA
MIPWINKOM Tallema MoXapa, Kpo3 YHHJY M CKYINoBe 00jacHHTH (hOpPMAIMjCKU
cacTaB BaTpOracHE jeIMHHIIE, MaTeMaTHYKUM OIepalyjamMa M3 CKyloBa M
uHTerpana oapehusary HajOpXKy MyTamy 10 TOXKapa;

e lcropuja — HaBol)erme KapaKTEPUCTHIHHUX IT0XKapa KOjH Cy e JIECHIIHN Y TIEPHOIY
Koju ce obpaljyje, pasmepe moxapa, nocieanie, omrehema 3HaYajHAX oOjexara
WIN Hacejba W TPajioBa KOjU Cy TOPENH, TOAMHE OCHHMBAmba JOOPOBOJEHHUX
BaTPOracHHX JPYLITaBa M BaTPOTaCHUX jeNUHUIIA, UIMCHA 3HAYAjHUX JIMYHOCTH
KOja Cy OCHMBA4M BaTPOTACHMX JPYIITaBa WIN KOjU CY yYECTBOBAIN y TalllCHkhy
WM cy OWJIe )KPTBE 1oXxapa;

e Teorpapmja — reorpadcka moxmpydja W KINMATCKH YCJIOBH KOjU IIOTOAY]Y
HaCTaHKy M HIMpEmY IoXKapa, MPOMEHEe W IITeTe Koje TOXKapH H3a3uBajy Ha
[IymMama, 3eMJBHUIITY, Ba3lyXy, BOJH;

e  CBeT OKO Hac/IIpupoja 1 IPyIITBO — TOPHBH M HETOPHBHU MaTepHjajy, HOHALIAkEe
Marepujaia y moxapy, yTHIaj moxapa Ha )KHBOTHY CPEIHHY;

e XeMmuja — XEMHjCKM TIpOILEC TOpema W Traliema, OKCHIalnuja, O0COOMHE
KapaKTepUCTHYHUX XEMHjCKHX eJIeMEHaTa M jelumbermha, QU3MIKEe M XEeMH]jCKe
IIpOMEHE, KOji MaTepHjasin Cy IoceOHO ONAacHU y yCIOBUMA MOXKapa, KOJIMIMHA
TICHWIIA 32 TTOCTU3amke ofipeljeHe KOHIEHTpaltje U KOIMYUHA T00HjeHE NIeHE;

e Ouznka — ENEKTPULIHUTET, 3pauemhe TOIUIOTE, MPOMEHE YCIIeA TepMHUKOT
JIeTIOBamba;

e  bBuonoruja — nejeTBo npogykara ropermha Ha JbYIICKH U )KUBOTHISCKH OpTraHHM3aM,
KapaKTepHCTHYHA NOHAIIaka Yy YCIOBUMA TOXKapa;

e TexHHYKO — M3paJia MaKeTe BaTPOracHE CTAHMIIE, BATPOT'aCHOT BO3WJIA WITH APYTe
BaTporacHe orpeme, yBex0OaBambe pyKoBarba BaTpOTacCHUM arapaTuMa U ApyroMm
BaTpPOracHOM OITPEMOM;

e  My3HUKO — [1lecMa 0 BaTporaciumma, 3aliTHTa My3U4KHX ypehaja u mHCTpyMeHara
071 IOKapa, NCTOPH]jaT U yJIOra BaTpOTacHUX OPKECTapa;

e OusHYKO — TeNecHe BexOe 1 caBiaaBame MpenpeKa Npy ramemy 1 cliacaBamby
JbYIIM U IMOBHHE, €BaKyallija i CllacaBarbe, IOMarame JIMIIMa ca THBAIUAUTETOM
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WM noBpel)eHnuMa J1a HalycTe YIpOKeHHU MPOCTOp;

e YOC, I'pahancko BacmuTame U BepoHayka — BpcTa M pacmopen omnpeme U
cpeicTaBa 3a Talllelke IoXKapa KojuMa IIKOJa pacIoiiaxe, 3Hauaj dyBama U
OZIpXKaBama OIpeMe Y HCIIPaBHOM CTamy, IUIaH eBaKyalllja U IIOCTYIAK y cIydajy
HoXKapa, Ha4uH y30ymUBamba 1 00aBeIITaBamka O I0XKapy, MECTO OKYIL/bamba.

u Apyru HaCcTaBHU NPEAMETH CTPYYHE HACTABC Tpe6a Ja Kpo3 PEAOBHO TIpaguBO
O6yXBaTG TeME U3 00JIACTH 3aIlTUTE O[] roXKapa.

[To3HaBame rope CIIOMEHYTOT 3HAKOBHOT je3WKa jecTe jako BaykaHO, MaJa je KO Hac
3aHeMapeHo. OBnaaBame 3HAHEM U BEIITHHOM YIIOTpebe 3HAKOBHOT je3UKa CTBapajy ce
MPEIyCIOBU pa3yMeBama U KOMYHHKAIFje ca JUIUMa Koja U3 ofipel)eHnx 3qpaBCTBCHUX
pasnora HUCY y MOTYRHOCTH Jja OcTBapyjy BepOanHy KomyHHKanujy. Kaga je ped o nryBuM
¥ HAaTIIyBHM JIMIMMA, 3anpemnamhyjyhe je To mrTo ce BUX0BOj HeMohH 1a TI030By y ToMOh
WIK J1a YKaXy Ha ONAcHOCT, He mocBehyje maxma. [JIyBUM M HanIyBUM JIMIMMa, WIIH
JUIHMA KOja 300T 3[paBCTBEHHUX Pa3iiora HE MOTY jaCHO U TJIACHO J1a KaKy BaTporacumma
TJIe U IITa ce JIelIaBa, Hrje oMOryieHO Jja M3BpIIIe 10jaBy BaTpOracHoj jequHuny. Yyjyhu
JbyIM HE CMejy OMTH IIyBH Ha MOTpede ITyBHX. AKO IVTyBa WM HarIyBa JIMIIA HE MOTY Ja
ca gyjyhum JpyauMa octBape BepOaiHy KOMyHHUKAIH]y, OHAa 9yjyhu Jbyam MoTy HayquTH
3HAKOBHH j€3WK W MPHOIMKUTH CE OBOj YECTO 3aHEMAPEHOj TPYIH JbYaH Kojux y Cpouju
Huje Mano. Takohe, moryhe cy u cuTyanmje y kKojuMa OHM TIIACOBHHM TOBOPOM MOTJIH
yrpo3uTt 6e30eTHOCT, Ha MPUMEp KO TEPOPHCTHYKHX Halaaa Kajga OM ce OoralaBamkeM
07120 TIOJIOXKA] WM CITHYHO.

VY 1uiby CTHIaha HAaBHKAa 3a CHOPOBOhEHE€ 3alliTHUTE OJ MOKapa y TOKY MIKOJICKE
rouHe Tpeba mporpaMoM MpeBHUIETH U HajMarse JBa MyTa U3BPIIUTH BEXKOY eBaKyallHje
YYCHUKA W 3all0CICHUX U3 oipeljeHUX JeroBa IIKOJNE/H3 IENOr O0jeKTa, cliacaBarba
oznpehene ompeMe U BaKHE OKyMEHTaIMje, yBexkOaBambe U MPOBepa 3HaMa y PYKOBAbY
CrpaBaMa 1 OIIPEMOM 34 rallee rokapa u crnacaBame. Oprann3oBameM U yuemnthem sere
¥ YYEHHUKA HA BaTPOTaCHUM TaKMHUYEI-UMA Y IIKOJIM WM HA BATPOTACHUM TaKMHUYCHHUMA
KOja opranu3yje 100pOBOJBHO BATPOracHO JPYIITBO U BATPOTACHU CaBE3H, JOMPUHOCHIIO
Ou ce He caMO CTHUIlalby 3HAha U BEIITHHA KOJ JICIe U YUEHHKA, HETO U KO 3al0CIEHUX
y TPEANIKOJICKAM U IIKOJCKMM YCTaHOBaMa, a THME U YKYITHOM pa3Bojy U yHampehemy
3amrtute o7 moxapa.llporpaMoM Koju Ha jeTHOCTaBaH HAYMH YBOJM 3aIITHTY O I0Xapa
Kao TeMy OCTBapHyIa Ou ce BHIIECTPYKA KOPHCT, [e11a U YUCHHIIH aTi ¥ FbHXOBH BACIIUTAYH
¥ HACTAaBHUIIM, pa3BHjaid OW CBECT W oborahwBagM 3HAWE O 3alITUTH O MOXKapa.
JlonpuHOC U3pajy IporpaMa MOTy JIaTy CTPydYHa JIMIa Koja pajie Ha MOCIOBUMA 3alITHTE
O] TOYKapa y IIKOJIK ajii MaJjio mikosa y CpOuju nMa Taksa JInIa.

3. OPTAHM3OBAILE 3AIITUTE O/ IIOXKAPA Y IIKOJIAMA

VY mKonaMa cHCTEMAaTH3alMjOM HUCY MpeiBUl)EHA pajHa MecTa JIMIa 3a 3aIlITUTY Of
MoKapa, NaKo BEJMKHU Opoj IIKOJA CTafa y APYry KaTeropHjy yrpOoXXEHOCTH Of ToKapa.
OBaKBOM KaTETOPH3aIHjOM IIKOJIE Cy 00aBE3HE Jla OpraHu3Yy]y CIIPOBONEHE MPEBEHTHBHUX
Mepa 3allTUTE Ol MoXapa ca MOTpeOHMM OpojeM JHma CTPYYHO OCIIOCOOJEEHHM 32
cnpoBoleme 3amrTute ox noxapa. CTpydHO OCHOCOOJBEHO JIMIE, TMPEeMa TyMademhHMa
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CekTopa 3a BaHpEIHE CHTyallMje 3HA4yM, JIMIE Ca MOJOKCHUM CTPYYHHM HCIIHUTOM.
PazBpcraBame y Kareropujy yrpoKeHOCTH BpIIM MUHHCTapCTBO YHYTpAIIbHX MOCIOBA,
KOje THUM pellemheM Tpeba J1a OfPear U KOIMKO TUX CTPYYHO OCIOCOOJbEHHX JIMna Tpeda
3a crpoBoljere 3amTuTe o nokapa. To numie y wiany 24. 3akoHa, alnd TO y TMPaKCH HE
uze Tako. [ ne cy npodnemu? /la au cBe mIKoJie MOTY Ja UCITyHE CBE 3aKOHOM ITPOTIHCAHe
obaBe3e M 0] Kora, OfIHOCHO 4era To 3aBucu? KonMko M Ha KOjU HauuH OM JIOKaJHE
camoyrpaBe Moriie ToMohH 1IKojiamMa 1a OBy 3aKOHCKY 00aBe3y, aJli ¥ BaykKHY 0e30eTHOCHY
Mepy crpoBeny?

Peanno, y BehimHM mKoNla HeMa TOJHKO IIOCTA 3a ,,IPOTHBIIOXKApHa” ma OM uX
3aloNUbaBalid, Ta C¢ MOCIOBU 3aIITHTE ON IMOXKapa Hajuyemhe Mpumonajy JoMapuMma
(IIKOJICKOM MajCTOPY W CIMYHO) M cekpeTapy Imkoie. Cekperap Kao MpaBHUK YIIIaBHOM
o0aBJpa OHAj JIeo TOcya KOjH ce OHOCH Ha HOPMATHBHA aKTa ¥ aJMUHUCTPAIIH]Y, a JoMap
ce CTapa O POKOBMMa CEpBUCHpama BaTPOTaCHUX alapaTa, WCIUTHBAKY XUAPAHTCKE
MpEeXKe U JIPYTHX WHCTaJaIrja. 3a OCHOBHY OOYKY 3aIlOCIICHUX M3 00JacTH 3aIlTHTE O
oXKapa yIiIaBHOM C€ aHTaXYyjy JpyTH IpaBHU cyOjexTu. U Kox n3paie HOpMAaTHBHUX aKaTa
aHraxyjy ce apyru cyoOjektu. [IpaBrmia u IiaHOBE e€BaKyaldje IIKOJIE MOTY H3PaIuTh
caMme, alli IDIAHOBE 3alITHTE O] MOXKapa MOpajy MOBEPUTH IPaBHUM CyOjeKTHMa KOju
“Majy opnamhema 3a U3paay IIaBHOT MPOjeKTa WIH TPYITH CTPYYaka ca oaroapajyhom
murennoM. Ope Tpeba HarTacaTH M Jla IMa OHUX IITKOJIa Koje Mel)y 3armociieHnMa Hemajy
JIUIA ca TEXHUYKHM 00pa3oBameM, Ha MPUMEP YMETHUYKE IIKOJIE Kao IITO je My3HUKa,
TaKo Jia ’bMa HHje JIaKO M3 PeoBa 3armocieHuX npoHahu numma xoja Ou Moria 00aBibaTH
MTOCITOBE 3aIITUTE Of MoXkapa. [pyru mpolieM je u To ITO HHje OCTaBJbeHa MOTYHHOCT
Jla IIIKOJIA 3aTI0CIICHOM KOME JToJIa ITOCIIOBE 3aIlITUTE OX ToKapa moseha miary crpam Tux
ITOCIIOBA ¥ OITOBOPHOCTH.

Moxpa Ou ce penieme Moo Halil y yApy>KMBamby IIKOJA M 3alOLJbaBamky JIHLA 3a
3aIITHTY O MoXKapa Koja OW IOCIIOBE 3aIUTHTE OJf MoXapa oOaBibalia 3a BHUIIE IIKOJA.
TaxBe cTpyuHe ciyxOe OM MOTJIe OCHHBAaTH U JIOKajiHe caMmoyrpaBe. CBe OBO 3aKOHOM
HUje mpenBuljeHo, anu OM y TpakCH MOIIO JaTth jgoope pesynrare. CTpydmamm 3a
3aIUTHTY OX HOXKapa, Ipe cBera OHM KOjH Cy HIKOJIOBAaHM 3a OBE IIOCJIOBE, IIOpe] Tora
mro 6m mompuHOCWIM Behoj 06e30eTHOCTH O TMoXkapa IIKOJIe, MOIIM OW 3Ha4ajHO
JOTIPUHETH M3PaIH U CIIPOBOlemy mporpaMa eaykaiuje yaeHuka. Takohe, Beoma BaxKHO
je yBexOaBame eBakyarnuje. [lmannpame u pyKoBoleme eBaKyallHjoM M TamemeM (10
JoJacKa BaTporacara) Omio Ou Jakire kaga Ou y KoK OWJI0 JIMIE CTPYYHO 32 3aIITHTY
ox noxapa. [Topex Tora, cBaky 3alIOCICHH Y MPE/IIKOICKO] ¥ IIKOJICKO] YCTAHOBH MOpa
O6uTn cBecTaH cBoje o0aBe3e M OATOBOPHOCTH 3a 0e30emHOCT fene M ydueHuka. Ctora
Tpeba CHCTEMCKH PaIuTH Ha jadyamy Mpo¢eCHOHAIHE YIIoTe BaCIIHTa4a M HACTABHUKA U Y
00JIaCTH 3aIITUTE O TIOKapa.

4. 3AK/bBYYAK

3akoHCKa 00aBe3a MIKOJICKUX W MPEIIIKOJICKUX YCTaHOBA JIa Y OKBHUPY LIKOJICKHX W
MIPEALIKOICKUX TIporpaMa JOHEeCy HporpaMm eaykaluje Jele U y4eHWKa O 3aIUTHTH Off
HoXkapa, YIIIaBHOM ce He crpoBoiu. Hu opranusamuja 3amrure o HoXkapa y IIKoJdama
HHje ycanaleHa ca 3aKOHOM.
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3amTrTa 0J] MoXkapa y Mpe/IIIKOICKAM H IIKOJICKHM yCTaHOBaMa Tpeba aa Oy/e cTamHo
NPHCYTHA Kao TeMa, ajii U J00pO OpraHU30BaHa, a CIyxu kao pobap npumep. Tume ce
00e30ehyje na mena y HajpaHHjoj JOOM CBOra )KHMBOTA JTOOH]Y MOTpEeOHA 3HAMA, BELITHHE
Y HaBUKE KOjUMa CE€ TOTPHHOCH 0e30€HOCTH Off TIOXKapa.

5. JIUTEPATYPA

[1] 3axon o 3amTuTH on noxapa (,,Ci. I'macauk PC”, 6p. 111/2009 u 20/2015)
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TECHNICKA UNIVERZITA VO ZVOLENE DREVARSKA FAKULTA

Technical University in Zvolen is the only university in the Slovak Republic providing
university education in the field of forestry, wood sciences, ecology and environmental and
manufacturing technology in Slovakia. The university engineering studies are carrying on
the rich tradition of forestry university studies which started in our territory among the first
ones in the world at the Mining Academy in Banské Stiavnica as part of the mining studies
in 1770. Currently, it has 4 faculties, with different study branches and study programmes:
Faculty of Forestry, Faculty of Wood Sciences and Technology, Faculty of Ecology and
Environmental Sciences, Faculty of Environmental and Manufacturing Technology.

Also the Faculty of Wood Sciences and Technology of the Technical University in
Zvolen is the only one of this kind in the Slovak Republic. The scientific and research
activities of the Faculty of Wood Sciences and Technology are aimed at complex
utilisation of wood raw material, technology and techniques, fire safety and economics.
Main attention is focused on valuation of wood, its transformation into products of new
generation creating a complex interior — the human microenvironment. The aim of the
instruction process is to educate highly qualified specialists (in BSc, MSc, PhD-degree
programmes) both for the needs of Slovakia and foreign countries for the whole field
of wood and wood products, namely wood technologists, designers, economists, interior
consultants as well as specialists in the area of fire protection and safety.

palrZaN

FACULTY OF WOOD
TECHNICAL UNIVERSITY IN ZVOLEN SCIENCES AND TECHNOLOGY
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KNAUFINSULATION
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knaufinsulation.rs
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BATPOIACHH CABRES
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Hogwu Can, JoBana Cybotuha 11 021/520-996
e-mail: vsgns@EUnet.rs  021/529-595
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Acoryjannja 100pOBOJbHUX BaTPOTACHUX APYIITaBa

- o0yuaBame U yBeKOaBame BaTPOTracHOT MOAMIIATKA

- o0yuaBame Jielie U yUeHHKa

- enykanuja rpahana u paj ca CKymniiTHHaMa cTaHapa

- 3aIlITUTA O] TIOXKapa CTPHHUX yCeBa U KETBE

- CTPYYHO OCIIOC00JbaBamkE WIAHOBA JOOPOBOJFHUX
BaTPOTaCHUX JIPYIITaBa

- HETOBame Tpaaulidje JoOOPOBOJLHOT BaTpOracTsa u
YyBamke€ UCTOPHjCKe rpalje U cTape BaTporacHe ompemMe

- OPTaHU30BaE JaABHUX BEXKOHU, BATPOTaCHUX CMOTPHU U
TaKMHYCHA U KBH30Ba 3HAHA

- BaTporacHe cTpaxe u obe30ehema

- MPEBEHTUBHU NPETIIEAN JOMaYMHCTaBa

- KOHCQJITUHT M3 3allITUTE O] TToXKapa

BT
,JIA3A KOCTHR"

Horu Capy
Jopana Cyboruha 11

Tem.: 021/520-2%6
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NUZOPRS

NACIONALNO UDRUZEN]JE 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 stru¢njaci 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 razlicite
inicijative, koje se ti¢u osavremenjivanja pristupa bezbednosti od pozara u Republici Srbiji.
Pokrenute su razli¢ite teme putem okruglih stolova, stru¢nih edukacija i drugih projekata.
Inicirana je izrada tehnickih propisa u harmonizaciji sa EU tehnickom 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 poZzara.

WWW.NUZOP.0rg.rs
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HELIOS - CO

SERVIS APARATA | OPREME ZA GASENJE POZARA
TRGOVINA NA VELIKO | MALO

Dalibora Francistija 19, Petrovaradin

Tel: 021/6431-097; 063/643407

Kontakt osoba: Ivana Pejacki, direktor 060-6434-737
E-mail: helios.co@neobee.net; ivanaldp@gmail.com

¢ PRODAJA | SERVIS APARATA
ZA GASENJE POZARA

¢ PRODAJA HIDRANTSKE
OPREME, PREGLED
HIDRANTSKE MREZE,
PREGLED HIDROCELA

¢ POSTAVLJANJE, POPRAVKA
| MERENJE GROMOBRANSKE
INSTALACIJE

¢ PREGLED ELEKTROINSTA-
LACIJE
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RASVETE

¢ PREGLED SISTEMA ZA
DOJAVU POZARA

¢ IZRADA DOKUMENTACIJE
ZASTITE OD POZARA
- PRAVILA ZASTITE OD
POZARA SA PLANOM
EVAKUACIJE | DR.

® OBUKA RADNIKA IZ OBLASTI
ZASTITE OD POZARA

* PRODAJA HTZ OPREME |
APOTEKA ZA PRVU POMOC

® OSTALE USLUGE ZASTITE
OD POZARA
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® [EH E M. Milankoviéa 25, 11070 N. Beograd, Srbija
SUPERILAB" & o S
E-mail: superlab@super-lab.com

Your Lab - Our Passion www.super-lab.com

SUPERLAB je osnovan 1994. godine kao privatno preduzeée sa 100% domaceg kapita-
A\ la. Osnovna delatnost SUPERLAB je zastupanje inostranih kompanija koje proizvode
laboratorijsku opremu, opremu za kontrolu kvaliteta i hemikalije i reagense za laboratori-
isku namenu.
Za manije od jedne decenije svog postojanja, SUPERLAB je uspeo da zauzme
lidersku poziciju na nasem trzistu. Danas, SUPERLAB reprezentuje i prodaje proi-
zvode vise od 100 najrenomiranijih svetskih kompanija iz oblasti Ioboro’roriiumc, i to sa
eskluzivnim pravom od 22 ino-kompanije.
SUPERLAB nije organizovan samo kao klasi¢na
zastupnicka, uvozni¢ka i trgovacka kuéa, ona je mnogo
vide od toga. Tim nasih stru¢njaka je u moguénosti da pomogne korisniku da
odgovori na izazov savremene laboratorijske analitike kako u pogledu izbora
optimalne konfiguracije ili tipa laboratorijskih instrumenata, izboru aplikacija,
tehni¢koj podrici i posleprodajnom servisu, tako i u pogledu permanentnog
snabdevanja neophodnim potro$nim materijalom!

POSLOVNI PRINCIPI

Da bi se maksimalno pribliZili korisni¢kim
zahtevima i Zelji da na njih odgovorimo,
organizovali smo rad SUPERLAB-a
po najnovijim principima savremenog
poslovanija.

Za razliku od drugih, nama sli¢nih kom-
panija,koje svoje poslovanije iskljucivo
zasnivaju na regionalnom pokrivaniju trzita,
SUPERLAB je svoju poslovnu aktivnost
organizovala po sektorima:

DISPOLABHEM (Sektor prodaje potro-
$nog laboratorijskog materijala, laboratori-
iskih hemikalija i filter papira), GENERAL-
LAB (Sektor prodaje laboratorijskih aparata
i instrumenata), ANALYTICALAB (Sektor
B} prodaje spektroskopskih i hromatografskih
instrumenata, prateée opreme i potros$nog
materijala), INGLAB (Sektor prodaje labo-
ratorijskog namestaja, sigurnosnih ormana
i projektovanija laboratorija), WATERLAB
| (Sektor koji nudi celokupan asortoman

opreme za pijace i industrijske vode), FOODLAB (Sektor prodaje laboratorijske
d opreme i potro$nog materijala za kontrolu kvaliteta hrane i napitaka), MEDILAB
(sektor prodaje opreme i reagenasa za medicinske laboratorije), MED&MED
(Sektor prodaje opreme za medicinsku dijagnostiku), MICROBIOGENLAB (Sektor
prodaje potro$nog materijala i opreme za mikrobioloske, genetske i molekularno—
biotehnoloske laboratorije (industrijska i bela biotehnologija), PHARMALAB (Sektor
prodaje laboratorijske opreme i potro$nog materijala za farmaceutske i apotekar-
\ ske (galenske) laboratorije, VETLAB (Sektor prodor/e opreme i instrumenata za

vefennorsku medicine), BALCANLAB (Sektor koji objedinjuje ponudu SUPERLAB-a na trZistu zapadnog Balkana),
SERVICELAB (Sektor servisnog odrzavanja i tehni¢ke podrske) i METROLAB (Laboratorija za etaloniranje merila).

Po$tujuéi tradiciju i rukovodedi se aktuelnim trendovima i zahtevima trzista, putokaz za buduénost bi¢e nam zahtevi i
potrebe nasih poslovnih partneral

MISIJA

SUPERLAB treba da obezbedi najsavremeniju laboratorijsku opremu, pribor i potrogni materijal svim zainteresovanim
klijentima / kupcima po pristupa&nim cenama, postujuéi visoke standarde u pogledu kvaliteta proizvoda i usluga.

www.super-lab.com



m \ I NZENJERING

ZA ZASTITU 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 BROINI NASI KORISNICI
USLUGA.

*  ODRZAVAMO STACIONARNE SISTEME ZA GASENIJE
POZARA * SISTEME ZA OTKRIVANJE I DOJAVU
POZARA.

*  PUMPE ZA POVECANIE PRITISKA VODE * HIDRANTSKU
INSTALACIJU, * VATROGASNE APARATE ZA GASENJE POZARA

*  PROTIV PANICNU RASVETU

*  IZRAPUJEMO NORMATIVNA AKTA, PUTEVE EVAKUACIJE.

*  PRODAJEMO OPREMU, PO SNIMANJU STANJA I PREDLOGU
ZA PROIZVODNE HALE I 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: 021478 02 72 FAKS: 021 6411 817

E-mail: vulkaning@open.telekom.rs
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www.arsmedija.rs




