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TparoBu noxkapa y ciiyyajeBUMa camo3anabera ayroMoonia’

Ancmpaxkm: Kpumunanucmuuko-ghopensuuxa obpaoa aymomoou-
J1a Koju cy 2openu je cneyuduuno noopyuje KpUMUHATUCMUYKE MeXHUKe
3002 moea Wmo je mpacoiowka cumyayuja Oumuo opy2aduja oo oue
Koja ce cpelie npunukom ucmpasicuearsa opyeux dozahaja u KpuUUHUX
dena. 3602 penamueno manoz npocmopa aymomoouna u penamueHo
genuKe cycmune u 3anamuee Mohu 2opusux mamepujana Koju ce y
eMy Halaze, Op3UHA pa3eoja U CcHA2d NOXcapa HA MAaKeUM GO3UIUMA
Modce bumu 6pno eenuka. 1o donpuHocu 0a MHO2U Mpazosu Koju ou
Moz yKa3ueamu Ha mMo2yhu y3poK u HAYuH HACMAHKA nodxcapa, Moy
oumu y eenuxoj mepu uau y nomnynocmu ynuwmenu. Umajyhu y euoy
my OnacHocm, aiu U NPONA3HOCH U HENOHOB/UBOCH HeKUX Nojasd,
8eoMa cy 8adiCHU OP3 U3NA3AK HA Tuye Mecma u 6p30 2auierse noxcapa,
npaherwe u cuumare pazeoja noxcapa, Kao U yo4ydearbe 1e2o8ux
Kkapakxmepucmuka. Ilpu mome, mpeba umamu y eudy oa je y 08aKeum
cumyayujama mo2yhnocm 0oxka3uearea nepCoHAIHUM U380PUMA OOKA3A
c8e0eHa Ha MUHUMYM, 3002 Yea2a ce KPUMUHATIUCIMUYKe ucmpaze Mopajy
3acHUBAMU HA MAMEPUJATHUM OOKAZUMA NPUOABHEHUM MOKOM Yeuhaja.

Lum 0602 pada je 0a ykaosice na cneyuguune mpazose y ciyyajesu-
Ma camosanaberbd 803Uid, U mo Kaod je noxcap uzouo y npocmopy oko
Momopa u y Kabuuu 803ud.

Kwyune peuu: aymomobun, noswcap, camozanaseerse, mpae, iuye Mecma.
1 Pan je Hactao y okBupy mpojekta ®onna 3a Hayky Pemy6nuke Cpouje ,,neje” — Ipojekar

akIesepalyje MHOBaIMja ¥ MO/CTUIIamka pacTa npeay3etHuiuTsa y Perryomumm Cpouju — Man-
agement of New Security Risks — Research and Simulation Development — NEWSIMR&D.
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IMMPEITIENHM HAYYHU PAJOBU

YBoa

[TojmoBU 6ampa W noswcap 4ecTo ce cMarpajy CHHOHHUMHMA, C 00-
3UPOM J1a C€ U MOJl JeIHUM U TOJ] IPYTUM MOApa3yMeBa Mpoliec ropema
— ped je 0 XeMHU]JCKOM IPOLECY Y KOME Ce XeMH]jCKe MaTepuje KOMOUHY]Y
ca KHCEOHHMKOM M3 Ba3lyxa, OOMYHO Jajyhu jaKky CBETJIIOCT, TOIUIOTY U
M. Mnak, TUCTUHKIN]Y TTPaBH YME-EHUIIA A j€ BaTpa MpoIec ropema
MoJi KOHTPOJIOM YOBEKa, JIOK Ce€ 3a MoXkap TO He Moxke pehu — moxap je
Ipoliec ropema u3BaH YoBekoBe KoHTpose (MapunkoBuh, Jlajuh, 2019:
431, Papmunosuh, Komap-I'perosuh, 2010: 50). Ca kxpuMHHATHCTHYKOT
acreKkTa je KJbYYHO NHTame IITa je Y3poK moxapa. Pasmarpajyhu
npobieMaTuKy y3poka Ioxkapa, a mnonazehu ojf UnmeHule Aa UX HUje
moryhe cBe HabpojaTH M OMHUCATH, MOKEMO UX ITOCMATPaTH ca acleKTa
JISTATHOCTH YOBEKa U MOJISJIUTH X Ha OHE KOJU Cy HAacTalu 0e3 yTuIaja
JbyZcKOT (haKTOpa M OHE KOje je Tpoy3pokoBao 4doBek (bomkoBwuh,
1998: 193). Y3porm Koju Cy HacTaJIM He3aBUCHO O] ICJIaTHOCTH YOBEKa
jecy NpUPOTHH Y3pOLM, a OBE JIpyre MOXXKEMO MOAEIUTH Ha ClIydajHe
(HexaTHe) y3pOKEe M HaMepHE Y3pOKe (IUTO Cy y CTBapu NaJbEBUHE).
To 3HauM N1a HUje CBAKW MOXKap KPUBUYHO J€JI0, Beh camMo OHaj KOju
je u3a3BaH JbYJACKOM DaIibOM YUIEHa WM NpOmyllTama, OWIo ca
YMHUIIJbajeM OUIIO U3 Hexara.

[Toxxapy Ha MOTOPHUM BO3WJIMIMA TIPENICTaBIbajy crienuduuny 00-
JacT WCTPAXUBAamka y OKBUPY HaydyHEe OOJIACTH 3aIITHTE O IOXKapa
(Zigar, Blagojevi¢, Radovanovi¢ 2017: 107), aiu u obGmact KpUMH-
HATMCTUYKUX HayKa. Y HAIlo0j KPUMHHAIMCTUYKO) MpPaKCU MPHCYyTHA
Cy camo3anajbera BO3MIIA IJIE Cy Y3POLM MOoKapa TEXHUUKE TPUPOIE,
Il 1 HaMEPHU WIH KPUMHHAIIHU TOXApH — TaJbeBUHE ayTOMOOMIIa,
M3a3BaHe CBECHOM WJIM MPOMUIIJBEHOM PahOM U3 Pa3UYUTUX T0Oyaa
Y Ha pa3IU4UTe HAuYWHE, Y [IIJbY YHHUIITEHa IMOBUHE. MOTHBYU TaKBUX
KPUMHHAJTHUX aKara MOry OWTH pa3IHMYUTH: OCBETa KOja MOXeE Jla ce
Oa3upa Ha Oe3HauajHUM paszno3uma (cBaha, Tyda, JbybomMopa, 3aBUCT),
MPUKPUBaKkE TyTUX KPUBHYHUX Jnena (kpahe, yOucTBa, mpoHeBepe),
3acTpaluBame, u3Hyaa, nupoManuja (Pagmunan, JoBanos, 2000: 78),
YI030pee, MPETHa U TOME CIHYHO.

Ca TeXHUYKO-TEXHOJOIIKOT acleKTa y3pOoIly MoXapa ce Hajuenihe
kinacuukyjy mpema HauuMHy J0Bolema WM CTBapama TOIUIOTE (efe-
KTpUYHA €HEepruja, CTATUYKU EJNEKTPULIUTET, MEXaHWYKU Y3POILIH...).
Ta kimacudukanuja obyxBaTa W caMoO3anabemhe (CaMomNabeme) Koje
O3HaYaBa MaJjbeHhe Marepuje 0e3 MPUCYCTBA CIOJHHOT M3BOpA MaJbeHmha
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Tparosyu noxapa y crydajeBuMa caMo3anasberba ayToMoOuIa

ycien camo3arpeBama Koje je TMOcHeAuia XEeMH]CKUX, (HU3UIKUX
wii Ouoiomkux mporeca. Kao mporec camomnabema ayToMoOuMIa,
camo3anasbeme je UCKIbYYHBO (PU3UUKHU POLIEC, INTO r'a ()yHIaMEHTAIHO
pasNuKyje ol caMonasbera OnoJonIKe Mace (CeHa, )KUTapHLa U APYTHX
OMOJIOIIKMX MaTepHja), T1Ie MPoIeC HAjIIpe MOYHEHE OHOIOIIKH.

Ca KpMMHMHAJIMCTUYKOT aclleKTa HajOuTHHje je yTBphuBame y3poka
noxapa. [IpemMa HEKMM HCTpa)kMBamkUMa Koja Cy CIpOBEeHA y XpBa-
TCKOj, AONUIO ce N0 onpeheHnx, 3a KpUMUHAIUCTE OUTHUX TIO/IaTaKa,
KOjY TOBOpE O JMHAMUIIM TIOKapa Kox ayromoowmia. [Ipema pesynrarnma
TUX HCTPAKUBamba, 10 Myllama CTakia J0JIa3u 3a 5—6 MUHYTa HAaKOH
n30Mjama moxkapa, 10 3anaberma ryma jonasu 3a 15-20 munyra, kana
Ce U 1yjy eKCIUIO3H]je, KOMIUIETHO BO3HJIO M3ropu HakoH 30—35 MuHyTa,
oK ce mokap cam yracu 3a 60-70 munyta (Perusko, Belas, 2017:
42). OBa BpeMeHa MOTY OMTH BeOMa KOPHCHA y3 OCTaJie TPUKYIJbEHE
NojlaTKe 3a KacHUje yTBphuBame y3poka mnoxapa. [Ipu Tome, kanma
TOBOPHMO O IOXKapuMa Ha ayTOMOOWJIMMa, CBE y3pOKe IMoXkapa y
KPUMHHAJIHCTUYKOM CMUCITY MOXKEMO TOJEIIUTH Y JIBE BEIMKE TPYyIIe:
camo3anabHBambe U MaJberhe.

Nmajyhu y Buy 11a je KpuMHUHAJIMCTHYKO-(OopeH3nuKa o0paia tuna
MecCTa jenHa off Haj3HaYajHUjUX aKTUBHOCTH Y CKJIOMY KPUMHUHAIUCTH-
yke 00pajie y ciiydajeBuMa Mokapa KoJl ayToMoOuniIa, HaMepa HaMm je a1a
Ce Yy OBOM pajly OCBpHEMO Ha Hajuerrhe TparoBe mokapa Kajua ce paau
0 camo3zamnajseby ayromoomina. CTpyumainy 3a yTBphHUBame y3poka
moJkapa KoJl ayToMoOHsIa MOpajy ¢e€ BOJAUTH UCKJBYIHBO MaTepUjaTHUM
TparoBUMa — TO UM j€ jeJIMHa BOJMJbA Y TIOCTYIIKY YTBphHBama y3poKa
noxapa. OHM MOpajy UMaTH BEIUKO CTPYYHO 3HAKE M3 Pa3IHYUTHX
obmactu (Xemuje, eNeKTPOHMKe, MAIIMHCTBA, Tpaconoruje). Takobe,
MOpajy 100po MO3HABATH KOHCTPYKIIM]Y ayTOMOOMIIA U HAYMH HErOBOT
pazma ¥ MoCeIoBaTH BEIMKO MCKYCTBO Y 3allaKamby W IMPETO3HABAY
TparoBa Ha MecTy foralaja.

Camo3ana/beme ayToMo0uIa

Camo3anasseme ayToMoousIa 300T TEXHHYKOT KBapa BEOMa j€ PETKo,
anu ce unak aemana. Jlo wera Moxke 1ohu Kaja je BO3UIIO y TIOKPETY, Y
CTamy ca MOTOPOM Yy pany, Kao ¥ y MUPOBamYy, KOJI ITAPKHPAHOT BO3MIIA
ca MOTOPOM BaH PaJIHOT peXnuMa. Y CBUM Clly4yajeBUMa 3a/JaTaK BelTaKa
je aa yTBpIHU y3pOK MoXxapa.
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Pa3no3u 3a camo3anasbeme BO3WIA MOTY OMTH TpOjake NMPUPOJE:
KBapOBHU Ha €JIEKTPUYHO] MHCTAJAIM]H, TEXHUYKU KBAPOBH HA MEXAHUIU
¥ HeTIpaBHJIHA yHoTpeoa.

Hajuemhu y3pox camo3anasbema BO3uia je KBap Ha €J1eKTPOUHCTa-
narrjama. Kako ce ayToMoOMIICKa HHIyCTpHja pa3BHjasa, Tako j€ U aKy-
MyJHpaja CBe BHILE TEXHHUKHUX ypehaja u eJeKTpOoHUKe, KOJUX paHuje
Huje Omno. Kog HoBHjux Bo3miia MoryhHOCTH 32 M301jam-e IoKapa cy Be-
he 300r BHIIIE CTPYjHUX KPYTOBa, ypehaja u eneKTpOHHKE 1101 HATOHOM,
YaK U JIOK je MOTOp y CTalby MHpOBama. Te HOBUHE ce, TpUMepa pajy,
OJTHOCE Ha:

* BEHTHJIATOp MOTOPA;

* ICHTPAJIHO 3aKJby4aBambe;

* CHICTEME IIPOTUB OTyh)erma BO3MIIA;

* YeTUPH MTOKa3MBaya MpaBla U alapMHH CHCTEM;

* ypehaje 3a nosehawe koH(popa mMyTHHKA (YHYTpalllbha pacBera,
CaBpEMEHH ayino M BHIEO ypehaju BHCOKHUX meppOpMaHCH)
(Perusko, Belas, 2010: 113).

OBome cBakako TpeOa monaTu cBe Behy ynorpely monumepa paau
no6oJspmama nepdopmancu ayromoomna. [lomumepu Takohe moreharajy
MoryhHOCT 3a u30Hjame moXkapa M UMajy BEJIHKH YTHIIA] HA Pa3Boj U
KpeTame noxapa.’

Pa3B0j HOBUX €IEKTPUYHUX MHCTAJIAIM]a IOl HAOHOM 01142 V auK-
THpajy HajBehu CBETCKM Ipon3Bohaun ayTroMoOmIIa, a y3 \bHX U HajBehu
npou3Bolaur KOMIOHEHTH 3a oBe nHcTanamnuje. Ca mosehamem HamoHa
u Opoja enmexkrtpuuHux ypehaja m mHCTanmanuja moBehaBa ce W PU3UK
ol u3bujama noxapa. MexaHu3Mu HacTajamba KBapoBa Ha €JIEKTPOUH-
cTananujaMa cy pasnuuuTi. KBapoBu Mory Hactatu ycien BuOpaiyja,
Tpema, HECTpPy4yHE I[IONpaBKe, IperpaBKe, CTapewma Marepujana,
¢u3nukmx omrehema, nejcTBa rogapa U Tome cinyHo. CBakako, KBap
Ha eJIEKTPOMHCTAJIAIM]aMa MOXKE JIOBECTH JI0 TTOXKapa, yCIeT KOoTa MOKe
nohu 10 AETUMIYHOT MJTH MOTITYHOT omTehema Bo3uia.

2 Jenan caBpeMeHHU ayTOMOOMII JaHAC MOYKE CaApIKaTh U 10 13 pasnuyuTux noammepa,
a TOMUHAHTHA cy Tpu: nonunpornuicH (32%), nonmuyputes (17%), u I1BI (16%), koju
YHHE 0KO 66% YKYITHE IUTACTHKE KOja CC KOPUCTU Y ayTOMOOMITY.
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TpaI‘OBI/I II0XXapa 'y CTIY‘{ajeBI/IMa caMo3salia/bema ayTOMOéI/IHa

Domozpaghuja 1. Tpacosu kpamkux cnojeda — y3poxogauu noxicapa

VY3poKk masbema MOTY OWTH: TIPETPEBame EICKTPHYHMX MPOBOIHUKA,
HaMoTaja 1 Apyrux ypehaja Kpo3 Koje MpoTHUEe eNeKTpUIHA CTpyja, Kpa-
TaK CIoj, BApHUYCHE U EIEeKTPOTepMUYKH ypehaju u Hampase (Anekcuh,
Koctuh, 1982: 40). Kox cBuX OBHUX y3pOKa OCTaje KapaKTepPUCTHIAH Tpar
TOIUBbEHHA TIPOBOTHHUKA Y BUTy OOJIMX M YBPCTHX IIPOMEHA TIOTPEYHOT TIpe-
CeKa MPOBOJHUKA — y BUIY ,,KyIluIa”, 3a1e0ibama, cy3a, 6o0uia u ciu-
9yHO. T KapaKTEepUCTUYHU TParoBU HACTAjy Kao MOCIEIUIIA BapHUYCHA
M KpaTKOT' CII0ja MIIM eNIEKTPUYHOT JIyKa, a MOTy ce Hahu Ha camuM 1po-
BOJTHHIIMMA WJTH Y FbUXOBO] OJIMKOj OKOJIMHY Ha MPUCYTHUM MaTepyjaiiMa.

Enexrpuyna eHepruja ce mpu nposiasy Kpo3 NPOBOAHUK UITH TPUITH-
KoM Kopuihema y MalliiHaMa Win ypehajuma npeTBapa AeTUMUYHO Y
TOIJIOTHY eHeprujy. [Ipema Tome, CBakoj BpEeTHOCTH €NEKTPUIHE CTPYje
oJromapa jenaH on oapeheHux mopacra temmeparype. Taj mopact Tem-
neparype Mopa OMTH OrpaHWUYeH, IITO 3HAYM J1a TeMIleparypa HE cMe
JIOCTH3aTH TaYKy Najbeha N30Jallije, OKOIHUX MPeIMeTa U MaTepHjaa.
[Ipema TOMe, eneKkTpUYHA EHEprvja je y3pOK MoXkapa Kaja cTBapa
TOIJIOTY KOja JOCTHUTHE KPUTHUYHY TEeMIIEpaTypy Najbemha MaTepujana
KOjH Ce Haja3u y HEMOCPEIHO] OJM3MHH, a TO MOTY Ja Oyy: Marepujai
O]l KOTa je HalpaBJhbeHA M30JIAIHja, KOHCTPYKTUBHH €IEMEHTH U JAPYyTe
3anajbHBe U eKcIio3uBHE Marepuje (Anekcuh, Koctuh, 1982: 40).

Y cBakoM ciy4dajy 10 no:xkapa Mo:xke 1ohu uim na/bemeM U30a-
1Mje MPOBOHUKA H/UJIH TOIUbEHeM MPOBOIHUKA. Y 00a cirydaja ce
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MOJKE 3aIllalIiTH TOPUBHU MaTepHrjall y BUXOBO] OJM3WHM 300T IIaMeHa
U BHCOKE TeMIIepaType yKapeHHX IpeaMeTa. Y3poK noxapa je KBap Ha
eJIeKTpOMHCTajaljaMa — KBap Ha MPOBOIHUKY OJHOCHO oluTeheme
W30JIalyje, ycaea 4era je JONUIo J0 TpHONKaBama W JIOIUPHBAHA
NPOBOIHHUKA PA3TMYUTOr TMOTEHIMjajla, 3aTUM JI0 3arpeBama, Majbermha
U30J1alije W/WIH TOIUbEHha NPOBOIAHUKA, TMaJbeHha MPHCYTHE TOPHBE
Marepuje U Ha Kpajy rnoxapa. Pa3nuka je y Tome mTo y pBOM CIy4ajy,
300T 3aKacHelle peakidje OCUrypada, HajepoBarHUje Hehe mohm 110
3aTOIUbEH-a METATHUX ITPOBO/IHHUKA, Te Hehe HM 0CTaTH KapaKTepUCTHYHH
TParoBM KpaTKOr CIOja Yy BHUIY 3aTOIUBEHUX KpajeBa MPEKUHYTOT
NPOBOJIHKMKA.> Y OBOM Ciy4ajy JIOLUIO je 10 Majbeha H3ojaluje |,
YUM Ce MPOBOJAHHMK IMOYEO TOMHUTH, pearoBao je ocurypad. [lmamen
Ha W30JIAIMJH j€ y3pOK moxapa, MehyTum, 300T peakimje ocurypaqa
npecTaje MPOTOK EJNEKTPUYHE SHEprHje M MPOBOAHUK IOYMELE J1a Ce
XJIa/Id, He Mehajyhu 3HauajHUje CBOj OOIMK U KOHTHHYHTET.

VY npyrom ciydajy he Teunu meran (Hajuemrhe 6akap) CBOjoM Beoma
BHCOKOM TeMIIepaTypoM* 3alaIuTi rOTOBO CBAaKU TOPHBU MaTepHjal KO-
ju goaupHe (IpBO, MIIACTUKY, TKAHUHY, AP U Jp.) K OCTaBUhe KapakTe-
PHUCTHUYHE TParoBe KpaTKor CIoja y BUy KallJbUIla MeTaja, Hajuenihe Ha
00a Kpaja MpeKHHYTOT MPOBOHHKA. Y THM CUTYyaIlHjaMa MOTY C€ IPOHa-
hu KapakTepuCTUYHU MaTepHjaliHA TParoBU KOju HECYME-HUBO TIOTBPhy-
Jy KpaTax crmoj, Kao ¥ TO /ia j€ MPOBOAHUK OMO MO HAIOHOM y TPEHYTKY
n30Mjama rnoxkapa. Uspcre KarspHile MeTaia ce Moy npoHahu 1y Hero-
CPEIIHO] OKOJIMHU (Ha METally, y TapexXH, 3aTONIJbEHHU Y PErOPeIioj T'yMH,
IUTACTUIM U TOME cIMYHO). OHM Cy yITIaBHOM HETPaBHIIHOT JONTACTOT
00nKa, y 00JIHKY Cy3a MM KyIJIUIA, YIJTABHOM CUTHUX aJId PA3ITHIUTHX
JUMEH3H]ja, U MOTY C€ OCETHTH O] IPCTUMA jep HapyllaBajy JUMEH3H]e
npoBoAHMKA. Hajmakie ux je BU3yeIHO MPETIeaTH aKo € MPETXOIHO
notorie y Boay. Ha Taj HaumH he ce ucnparu npoayKTu moxapa, a came
kyruue he ,,3acujaTi’” Ha CBETIIOCTH.

Y cBakoM city4ajy, KOJ OBHX y3poKa rmoxap he ce yriaBHOM HIUPUTH
PaBHOMEPHO y CBUM TIpaBIIMa ca TCHJCHIIMjOM Harope, Hehe nomna-

3V 0BOj cuTyaluju y CKIOIY KPUMHUHATHCTHYKO-(OPEH3HUKe 00pajie JIia Mecta oTpeOHo je
JIETaJbHO MPETIEAATH IPOBOAHMK Y LIMJbY €BEHTYaTHOT IIPOHAJIAKEHa KAPAKTEPUCTUYHUX TPAroBa
CIICKTPUYHOT JIyKa, KOjU HE MPEKU/a HYXKHO TPOBOIHHUK, BEh My MeHa caMo MOMNPEYHH MPECeK,
a Ha TOM MECTY C€ 10 IPCTHMa MOT'Y OCETHTH CHTHE YBPCTE KYIIHIIE 3aTOMJBEHOT MaTepHjaia.
4 Enextpuunu Jiyk uma temmeparypy 1500 1o 4000°C 1 Moxe 3amaiuTy CBaKu MaTtepujait, Ouio
noxupoM 6mito 3pauerseM. Kapoonnzanuja I1BI] omorava jaBsea ce na 200°C, 6akap ce Tormu Ha
1083°C (Cnacuh, C., JoBanos, P., [TaBnosuh, A., 1998: 123).
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Tparosu moxkapa y crydyajeBuMa caMo3anasberba ayToMoOuIa

3UTH 10 eKCTPeMHO OypHE peakiuje, 3axBaTahe peaoM CBe MPUCYTHE
Matepujajie U Ha ’uMa he oCTaBJbaTH pa3HE TparoBe TEPMHUUKE Jerpa-
nanuje. MzyzetHo, moxap he MpOMEHUTH MOHAIAKE YKOIHKO 3aXBa-
TH HEKY JIaKO3allaJbUuBy WM CKCILIO3MBHY MarepHjy, mto he, HapaBHO,
BUJTHO HApYLIUTH HETOBO ,,CKJIAJHO KpPETambe.

Pa3zino3u 3a camo3arnabemne BO3WIIa MOTY OUTH M TEXHUUKH KBApOBU
Ha MEXaHUIIM BO3WJIA, KO ILITO Cy: MPOKIN3aBakhe PEMEHA, IPETrPEBAHE
KOYMOHMX eJleMeHara,” 3apubaBarbe Jie)kajeBa, rpedame portupajyher
nena mo GUKCHOM Jely, KBap Ha U3yBHOM MEXaHH3MY, KBap Ha BEHTHU-
JMMa MOTOpa, KBap Ha CUCTEMY 3a 0BOJ ropuBa u Taxo jnajee (Perusko,
Belas, 2010: 108).

Henpasunna ynorpe6a Bo3miia joun jeJjaH je oA HauMHA KOJU MOTY
M3a3BaTy caMo3anabermne Bo3uia. Hajuenthe ce paau o BOXXEHH ayTOMOOH-
Jla ca MOJUTHYTOM PYYHOM KOUHMIIOM, BOXKEGH ITpeonTepeheHor ayroMmo-
Owta, Kaja J10a3u J10 IperpeBama MHEyMaTrKa, moin3ama Opoja oopraja
BO3MJIa HA MAKCUMYM JIOK j€ BO3WJIO Y MHPOBamY, WM O JPXKaky MOTOpa
Ha MaKCHMAaJTHOM Opojy 00pTaja MPUIIMKOM H-eTOBOT Mperieia.

Takole, yecT y3poK mokapa Koj ayToMoOHsIa MOXKe OUTH HETIPOITHU-
CaH MPEBO3 OMACHUX U JIAKO 3alMaJbUBUX MaTepuja. Y KPUMUHAIUCTUY-
KOj TIPAKCH Cy 3a0€JIe)KEeHHU CITy4ajeBH MPEBOXKEHA TOPUBA Y MPTIHAKHOM
IpOCTOpY, TaJa je MoTpedHa caMo jeJHa BapHMLA Jla M3a30BE IMOXKap
U Yy TIOTIYHOCTH YHUINTH ayTOMOOWII, WJIM CHTyalldja Kajaa BapHOIU
MpeBo3¢ OOIIE KOje Y BO3HITY MCIYINTA]y 3allaJbUBH Tac, TAC j& TIOBOJBHO
Jla ce OTBOPE BpaTa M yHaJld CBETJIIO Ha KPOBY ayToMoOmIIa, ma J1a aohe
JIO TaCHE EKCIUIO3H]je.

YTBphuBame y3poka mno:xkapa Koj camo3anajbemha ayroMoounia

Kana roBopumo o nokapuma Koz ayToMoOMIIa, OCHOBHO MTUTAE j€
Jla JIK je TIOYKap M3a3BaH JbYIACKOM PaJkOM WK HUjE. AKO jecTe, OUTHO
je YTBPIMTHU J1a JIU je u3a3BaH HaMepHO (MaJbeBUHA) WU CIy4ajHO, U3
Hexara. Kana je peu o ayromoOmnmMa, MHOTO ce uemrhe peructpyjy
nokapu Hero najbeBuHe. MelhyTum, Ty Tpeba mmaru Ha ymy na ce
Y3pOK jemHor Opoja moxapa W He YTBpAH, a Mel)y mhuMa CBaKako uMa
U najbeBHHA. Tako ce y MpakTUYHOM pajy JellaBa Ja ce MaJbeBHHA
HEKaJla cCMaTpa MoXKapoM MU3a3BaHUM JIPYTUM y3pOLIMMa, 11a CAMUM TUM
YUYMHUJIAI] OCTaje BaH KpUBUYHOT IporoHa (bomkosuh, 1998: 195).

5 Jlo nperpeBama KOYMOHUX eIeMeHaTa Hajuelihe Joia3u yCiiea HEMCITPAaBHOCTH HITH OJIOKaIe
KOYHHIIA.
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OCHOBHO KPHUMHHAJIMCTHYKO MUTAE CBAKAKO JE€CTE INTa j€ MoXKap
M3a3BaJio, OTHOCHO IIITA j€ Y3pOK mokapa. MelyTum, y3pok nokapa Huje
JeIHOCTaBHO YTBPIHTH, Kao IITO HUje jeTHOCTABHO HU W3BPILUTHU yBH)a],
jep ce pazu 0 TPacOJIONIKH HHTEH3UBHO KOHTAMHHUPAHOM MecTy jtoraha-
ja. YHUIITe’hY KPUMUHATMCTHYKY BAXKHUX TPAroBa, OTHOCHO KOHTAMUHA-
IMjH JIUIIA MECTa, KOJ| IOXKapa Ha My THUYKUM ay TOMOOHIMMA JJOTIPUHOCE
BpJIO KOHIIGHTPUCAHE paaibe BIIACHUKA BO3WIA, 0co0a TMPHUTEKIUX Y
noMoh u Barporacaria Ha jeJTHOM 00jeKTHBHO MaJIOM TIPOCTOPY.

300r MPOMEHJPUBHUX W KPATKOTPajHUX IOjaBa MOMyT MUpHca, 00je
JIMMa, pacriopeia U ToKa Topera, 00je miIaMeHa, METeOPOJIONIKUX H CBE-
TIIOCHHMX YCJIOBa, CTPYUbAllH 3a PajJ Ha MECTy moxapa Tpeba aa uzaby
Ha MecTo jgorahaja ogmax, y leroBOM HajpaHHUjeM CTaIH]yMy, IO MOTY-
hHOCTH joIT TOKOM ropema U pa3Bujama Mmokapa, Kao 1 TOKOM HEerOBOT
HeyTpanucama u ramema (Pagmunosuh, Konap-I'perosuh, 2010: 52).

Kana roBopumo 0 mokapuma KoJ MyTHHYKHX ayTOMOOWIa, BpeMe
HETPECTaHO paJy MPOTUB yBUl)ajHE EKHIIE, jep ce C MPOTOKOM BPEMEHA,
yCIIe/l TOperha U JPYTUX MPOIPATHHX M0jaBa, MEHa]y WIH Y IOTIYHOCTH
HECTajy OKOJIIHOCTH 4YHje yTBphuBame MOke MOMOhM pasjalimaBamby
WIK JO0Ka3uBamy 4HMIbeHHIAa O mnoxapy (Saferstien,1987: 291).
300r Tora yBuhajHa €KHWIA MPWIMKOM H3JIaCKa Ha JIMIE MECTa Mopa
MOIITOBATH HA4YeJI0 OP3UHE U OTEPATUBHOCTH, KAaKO OM MOIJIa TIPATUTH
TOK TOKapa, U (PUKCUPATH KIbYYHE ITapameTpe, a Mpe cBera Mojase Koje
Cy HETIOHOBJbMBE U OTPAHUYEHOT Tpajarba.

Mecto nokapa oOmITyje TparoBuMa, jep TOTOBO Ja He TOCTOjU Je0
3armajbeHOr 00jeKTa Ha KOjeM HeMma TparoBa. Taj MPUBHUJ TPACOJIOIIKE
PACKOILU Y CTBApH j& U3Pa3UTH ACPUIIUT TParoBa peIeBaHTHUX 3a pa3-
jammaBame norahaja. CBU TparoBW 3aTeueHH Ha JIMIy MECTa UMajy
CBOj 3Ha4aj W 300r TOra ce Mopajy carienaTd W IOjeIUHAYHO U Kao
nenuHa. Mopa ce YyTBPIUTH U BUXOB Mel)yCOOHM OJTHOC, OTHOCHO KaKo
yTHYY jeHH Ha Apyre, y JyXy MOMITOBamka Havejda KPUTUYHOCTH U
CaMOKPUTUYHOCTH.

PyxoBonunar yBuhajHe ekure, Koju pyKOBOIM 00pagoM MecTa JI0-
rahaja, oMax HaKoOH Jjojlacka, Ha 6a3u MpudaBbeHNX HH(POpMaIHja U y3
ACHCTEHIIN]Y OCTAIIUX CIYKOCHHX JIMIIA: BPIIIU IPOCTOPHY U BPEMEHCKY
opHjeHTaIjy Mecta norahaja; makJbuBO OOMIIA3M JIUIIE MECTa; MPEIH-
3HUje onpeljyje MIMPUHY Kpyra JiMia MecTa;’ Tperno3Haje CrelujaaHo

6 Y 0BHM CcHTyallMjamMa PyKOBOIUIIAIl yBHl)ajHE CKUIIC OOMYHO MPOIIUPY]je MPBOOUTHH MPEUHUK
MecTa gorahaja.
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npoOiemMaTudHe 30He; Oupa ofarorapajyhy TeXHUKY HapaTUBHOT OIHCA;
npaBH NpenuMuHapHe (oTorpaduje U BUICO-CHUMKE; pa3BHja OMIITY
Bep3ujy jgorabhaja; onpelyje ocoOibe u ompemy 3a moceOHE 3aaTke;
UICHTUQUKYje ¥ INTHTH pEJICBaHTHE NpPEIAMETE M TParoBe; IMpaBu
OIMIMpHE OelNelke pagu JOKYMEHTOBamka OKOJHOCTH M yCIIOBAa MECTa
norahaja u meroe okonuHe (JKapkosuh, Kecuh, bjenosyx, 2012:
104). Ha camoMm moueTky MHCaOHE PEKOHCTpyKiuje norahaja Tpeda
OJITOBOPUTH Ha ciieficha nuTama:

-Jla I je TIOKap T0oYe0 YHYTap BO3WIIA WIM Ha CIIOJHALTHOCTH

Kapocepuje;

- J1a JTY j€ TI0Y €0 UCIIO IIOKJIOMNIIAa MOTOPa WIIH Ha TIOKJIOIILY MOTOpA;

- 1a JI1 je ToXap Mo4eo JOK Cy BpaTa M MOKJIOMNAIl MOTOpa OWIIN y

3aTBOPEHOM WJIH OTBOPEHOM TIOJIOKA]Y;

- Y KOM TIOJIOXKajy cy OWJia BpaTa M CTaKJia Ha MOYETKY IOXKapa.

Crpyumalii 3a rnoxape MpHIUKOM TIperiesia 3anaseHor BO3Mia Mo-
KJIamajy BEJIUKY MKy TEPMUUKUM ortehemuma u nedopmMaligjama Ha
KapoCepHjH, Ka0 U TparoBUMa y YHYTpPAIIHOCTH BO3WIIA, Pau yTBphH-
Barba MECTa HACTaHKa TIOKapa, TAKO3BAaHOT IIEHTpa Tokapa. Y LEHTPY
no)xapa Tpeda TpayKUTH y3pOoK IOXKapa, 10 Kora Hac BOJIE YIIPaBO TParoBU
npoHaljenn Ha nmiy Mecta. Ha npumep, kapaxmepucmuuynu mpazosu
Kpamioe cnoja, Koju cy nponahenu uzean yeHmpa noxcapa u 0aieko 00
me2d, HUKaKo He Mo2y Oumu y3pok nodxcapa, el we2osa nocieouya.

Crapo je KpUMHHAIMCTHYKO MPABUJIO Jla CBaka Bep3uja norahaja
Mopa Jla UIMa U KOHTpaBep3Hjy, 3aT0 C€ UCKYCHU KPUMHUHAIUCTH MPU-
JIMKOM BpIIeHa yBulaja yBEeK MOpajy 3alUTaTH 3auimo Huje opyeaduje,
KAKo Ou uzeneoanu mpazosu 0a je Opyeu y3poK noxicapa uil 0d je yeHmap
nooscapa Ha Opy2om mecniy Wi Koju Ou ce KapakxmepucmuyHy mpazou
pazeunu 0a je opyeu y3poK noxcapd, a yewmap Ha Opyeom mecmy u
Tako nasbe. CBe cy TO KpeaTMBHA NMHTama Ha Koja 4jIaHOBU yBubajHe
eKHIIe MPBO Tpeba Ja oAroBope cedu, a kacHuje, y cineachum dazama
KPUBHYHOT MOCTYIKA, U APYTHUM 3aUHTEPECOBAHUM CyOjeKTUMA.

[Tpu Tome je BeoMa BaXKHO Ja CTPYUYH-alld UMajy UCKYCTBO M 3HAHE
3a MPOHAJAXKEHE TParoBa, BUXOBO OMMUCHUBakE U 0Opasiarame. BemTu-
Ha, UCKYCTBO M 3HAIE CTPyUmbaka JIojia3e /10 M3paxkaja Koja MHTEpIpe-
Tallyje TparoBa Koju Cy TOKOM raliemha MpoOMEHIIN Tooxkaj. Haume, kox
ramiema rnoxapa Kozl ayToMoOuIIa 4ecTo IoJy IeI0OBAleM MJla3a BOJIE J10-
Ja3u 70 u3MeHe MecTa jorahaja, OMHOCHO J0 TOMHUIIAka WM YaK Tpe-
MEIlTamka TparoBa 300r MHTEPBEHIIH]jE BaTporacalia Win 300T criacaBama
JbYIM ¥ IMOBUHE y BO3WITy U OKO mera (Perusko, Belas, 2017: 43).
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JleTasbHUM TIpETVIEIOM BO3WIIA, Kaja je yTBpheH 1eHTap (WM I1eH-
TpH) TIOXKapa, CTPYYHO JIMIE MOPa OAPEIUTH KOjOj TPYIH MPHUTIAAa Y3POK
noxkapa — Jia Jii je y TUTalky TeXHUYKU KBap, Hexar, nin najbeBruHa. Ilpe-
rJ1e]l MOYHH-€ TAMO IJIe je BO3MJI0 HajBHIIIe H3Iropesio, aau TO He Mopa
ouTH neHTap noxapa. [Iperena ce cioj mmo cioj, jep cJojeBu J1ajy moja-
TKE O peIoCiely Topema, KpeTamy U TMHAMUILIM IUPEHha MoKapa.

AKO CTpyumhally AETEKTY]y Ja je Y3pOK MoXkapa TEXHUYKe IPUPOJE,
TO JECT JIa C€ pajik O caMo3arabemy, OHJIAa je y cliefiehem Kopaky morpe-
OHO YTBPAWTH JIa JIK j€ BOSWJIO OWJIO y CTalkhy MUPOBAHa UIIH Y BOXKEH,
Ha OCHOBY 4Yera ce CIIPOBOJIY /1aJba KpUMUHAIUCTUYKO-(OpEeH3nIKa 00-
pajia nuia Mecra.

VYKOJIHMKO j€ BO3MJIO OTIPEMIBEHO KOMITjYTEpOM U OH HUj€ TEPMHUKU
omreheH, MOTpeOHO Ta je OAHETH y OBJIAINEHU CEPBHUC M OUUTATH MO/1a-
Tke (Perusko, Belas, 2017: 43). 13 ounTaHux rmogaraka ce MOXKe BUACTH
y KaKBOM je CTarby OMJI0 BO3MJIO Ipe M30Mjama Mokapa, OAHOCHO J1a JId
je 6uio y KBapy.

HaxkoH cacBum noy3gaHor yTBphuBama Ja je y3poK Mmoxapa camosa-
naJjbemhe ayTOMOOMIIa, UCTpara mpecraje.

[TorpeurHo yTBpheH y3pok moxkapa MoXKe JOBECTH 0 Temkoha y
UCTpPa3u, OJHOCHO JI0 Tparama 3a HemocTojehuM M3BpIIMOLEM MU JI0
HEOTKpHBamba U HENPOILIECYyupamba CTBAPHOT U3BPILINOILIA.

CnenuguyHn TparoBu Ko caMo3anabemha BO3UjIa

Crnen(puyHN TParoBH y OBOM CIIy4ajy jecy OHU TParoBH KOju Cy Ka-
PAKTEPUCTUYHU CaMo 3a TOXKape M MaJbeBHHE, MOIYT TPAaroBa ropema,
KpaTKor Croja ¥ TePMUUYKUX JecTpyKuuja. [la Ou cMo UX youusu u mpa-
BUJIHO (PMKCUPAJIH, HEOIIXOHO je CBe0OYyXBaTHO ONa)Kake, 3aCHOBAHO HE
caMo Ha 3Hamy, Beh 1 Ha ucKycTBy. CBH TH TparoBu Mory ce rnpoHahu y
LEHTPY Mokapa’, y OJIMKOj OKOJIMHU MeCTa Mokapa U Ha 0codama Koje ¢y
ce 3ajiecuiie Ha MecTy HacTaHka nokapa (Pavsi¢, Modly, Vei¢, 206: 616).

Hajuemnihe ce HajuHTeH3MBHHM]a omTehermha MOYETHOT TIoYKapa Mpoy-
3POKOBAHOT €JIEKTPUYHOM €HEPrHjoM MOT'Y YOUHTH ca JeJIHE U ca Jpyre
CTpaHe MPOTUBIOKAPHE Mperpaze Bo3wia (mperpaae uzmely npocropa
MOTOpa U KabHWHE BO3MJIA) jJep ce Ha TUM MEeCTHMa Hasla3u HajBehu neo
enexkTpuuHnx nHctananyja (Kymmuh, Menuh, 2012: 316).

7 OBH TParoBu Cy KJby4HH 3a yTBphHBamke y3poKa roxapa, OHOCHO HauylHa Ha KOjH je JTOLLIO0
JI0 pa3BHjarba BUCOKE TEMITEPATyPE WIIK OCTBApCH»a JAPYTHX yCiIoBa 3a HACTAHAK MOXKapa.

BE3BEJJHOCT 2/2022 169



Tparosu moxkapa y crydyajeBuMa caMo3anasberba ayToMoOuIa

Behnna noxapa Ha ayToMoOMIMMa Y3pOKOBAHUX €JIEKTPUYHOM €He-
pryjoM TMocCTeauIla je KpaTKor Croja, TO JeCT AUPEKTHOT KOHTAKTa HeH-
30JI0BaHMX MPOBOJHHKA KOjH Cy 1oj HaroHoM. Kox mpomupa omrehenor
EJIEKTPUYHOT TIPOBOTHHIKA TIO/T HATOHOM Ca METaJIHUM JIeJIOBUMA BO3HJIIA
JI0J1a31 KOJT MCKPEMa U KpaTKor croja. Ha MecTy kparkor croja pasBuja ce
temneparypa oz 1500°C, 360r yera nonasu a0 3anabemba IPUCYTHOT TO-
pHBOT MarepHjaja (Tyma, INIacTHKa, yibe, OeH3HHCKe rape). Jlo Beoma jake
CTpYje Y KOJTy J0JIa3H 3aTO IITO je TaJia OTIIOPHOCT y KOJTy MUHUMAJTHA, Tj.
TEXH HYJIH, a CTPyja HEOTPaHUUEHO pacTe, Tj. TeXH OeckoHauHOCTH. Kop
HOBMJUX BO3MJIa MOTYhHOCTH 3a u30ujame moxkapa cy Behe 300r Buile
CTPYjJHHX KoJia, ypehaja 1 eeKTpOHUKE I10]] HATOHOM, YaK U Y CUTYaIHja-
Ma KaJia MOTOp BO3WJIA HUjE Y PATTHOM PEKHUMY.

IMojenunn TparoBu camo3anabemha BO3HJIa y MPOCTOPY MOTOpa

[TpoBoAHMIIM eEKTPUYHE HHCTAJIALM]E Hajla3e Ce€ y TOTOBO CBAaKOM
Jielly BO3WIIa, Ma U 'y mpocTtopy Mortopa. [lomto ce y mpoctopy MoTo-
pa HaJlla3u M Je0 CUCTeMa 3a CHabaeBame MOTOpa TOPHBOM, TMOCTOjU
MOTYhHOCT J]a MOYETHH MOXap KOjU j€ MPOy3POKOBAH €JIEKTPUUHOM
SHEeprujoM BeoMa Op30 3aXBaTH M CHUCTEM 3a CHAOJeBame TOPUBOM, TE
na ce 300r Tora BaTpa Harvio pazOykra. [Ipunukom yBubhaja je norpe6HO
MOCBETUTH MOCEOHY MaKIby Mperieny eNeKTPUIHUX POBOJHUKA, KOjU
cy decto 0e3 m3onanuje (HajUHTCH3WBHH]E Y IIEHTPY MOXKapa), Koja je
u3ropesa y mnokapy Wid je yrjbeHucaHa Ha nposopHuinuma. Iloce6Ho
Tpeba nperieaTi NPeKUHyTe MPOBOJHUKE U YTBPAUTH J1a JIH j€ MPEKH T
HACTao 300T MEXaHWYKOT (KHIaHkhe) MIIM TEPMUIKOT Y3pOKa (TOIJBEH:E).
Kox mexaHWUKOT TpeKwIa MPOBOIHUKA WBHUIE Cy OINTPE HA MECTY
NpeKHIa, a Ko TEPMUYKOT y3pOKa MBHLE Cy 3a00sbeHe. V3ren nBuie
ce yTBphyje onmMax Ha JMIly MECTa, U TO j€ JeIHOCTABHO YTBPIUTH Y3
noMoh Jryrie uim MUKPOCKOTIA.

Ha ¢ororpadujama 2 u 4 npukazanu cy cieliupUuHU TParoBu Koju
yKa3yjy Ja je mokap 1mo4yeo MCIOJ MOKJIONIa MOTOpa BO3MIa JIOK je OH
010 y 3aTBOPEHOM TIOJIOXKA]y.
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Domozpaguja 2. Ileuamno npezopesarbe Ha NOKIONYY MOMOPA CA CHObAULILE
cmpane

!.
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OBu TparoBu ce Mory npoHahu Ha CIIOJbaII0j TOBPIIMHN HOKIIOMNIA
MOTOPA, 110 UBHUIAMA MOKJIOMNIA MOTOPa, Ha YHYTPAIIH0j TOBPIIUHH I10-
KJIOTII[a MOTOpa M Ha eNeKTPOMHCTANAIMjaMa MCIIO/ MOKJIONIAa MOTOpa.
Caaxu npoHal)enu Tpar Tpeda AeTa/bHO, JACHO U CTPYUYHO 0Opa3IoKUTH
U TTOTKpEnUTH PoTorpadujama y cKiiamy ca MpaBuImMa CTpyKe.

Ileuammno npezopesarve Kao mpaz

Ha ¢ororpaduju 6poj 2 Ha crosbaniboj HOBPIIMHHU MOKJIOMNIA MO-
TOpa youaBa c€ MECTUMHUYHA TEPMHUUKA JIerpaialifja y BULY ,,Ie9aTHOT”
nperopeBama 00je M Jlaka ca jacHo JeduHUcaHuM oOiaukoM. M3mehy
MPEroperx IMeyara youaBajy ce MOBPIIMHE KOje HHUCY Yy MOTIYHOCTH
nperopene. OHe OrpaHHUYaBajy U pasliBajajy OBE ,edare’”’, OUUITIeHO
ux u3nBajajyhu u3 nenuae. OBakaB Tpar HaM IMOKasyje cMep KpeTamba
Mokapa, OJJHOCHO YyKa3yje J1a c€ paju O Moxapy KOjH je TI0Ye0 HCTOL
MOKJIONIIAa MOTOpa, OJHOCHO M3HyTpa. Hamme, na je moxkap mo4eo
CI0Jba, HA CIIOJHAIIH0] TIOBPIIUHH MOKJIONIA MOTOPa, TOPHBA MaTepHja
(60ja u nak) caropeBaia 61 paBHOMEpPHO, Ipehu ce y CBUM IpaBIIMa,
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TaKo J1a He OM J01a3uJjI0 10 MeYaTHOT (MECTUMHYHOT) caropeBama, jep
He TIocToje mpenpeke. pyruM peunma, moxxap He Ou, YCIOBHO PEUCHO,
,,[IPECKAKA0”’ MaTepHjaj UCTOT cacTasa.

-

@omozpaghuja 3. Ojauarba noxkionya Momopa ca YHympauiree Cmpate

Melhytum, ako maxxsbuBo mnoriienamo Qororpadujy 6poj 3, youu-
hemo fa mokIionai MOTOpa ca yHYTpalllibe cTpaHe uMa cBojy (paldpu-
YKy) KOHCTPYKIIH]Y, OTHOCHO METaJIHE TPpeJie KOje Cy KOCTYp TOKJIOMNIA
Motopa. OBe rpene ce y noxkapy HOHAIlajy Kao Mpernpeke 3a paBHO-
MEpPHO KpeTame IiaMeHa u temmeparype. OHe TeMnepaTypu U mjiame-
Hy (U3MYKKM HE J103BOJbABA]y PABHOMEPHO KpeTame. 3aTo moxap Oc-
TaBJba ,,[IPECIMKaHy 1Iapy’ Ha JIMLY HoKJIomna Moropa. MckycHu kpu-
MUHAJIMCTH, TTOCMaTpajyhul criosbalimby MOBPIIMHY TOKIIONIA MOTOPA,
MOTY MPETHOCTABUTH OOJHMK HEroBe KOHCTPYKIIMjE KOja Ce Hajla3H Ha
YHYTpAIIkHOj CTPAHH MOKJIOMIIA.

VY KOHKpETHOM Cily4dajy Temreparypa je Owia BHIIA Ha MOBPIIM-
HU TOpe]] METAJHHUX Tpela, a HUKa Ha MeCTHMa Tje rpeie (KOHCTpy-
KIMja) JOAUpPYjy Mokionaiy moropa. Ha tum mectuma rpene cy Opa-
HWIE MJaMeHy (U3WYKH KOHTAKT Ca YHYTPAILIHOM MOBPIIMHOM TOK-
jomma. Ycie Tako HepaBHOMEPHOT NPOCTHpama TIaMeHa M TeMITepa-
Type AOILIO je 10 IeyaTHe TEPMUUKE JIerpaialiije Kao IojaBHOT 00IHKa
Tpara cMepa KpeTamba noxapa.

Jamom anamu3zoMm Ha (otorpaduju Opoj 2 youaBamo 3allpEHCHE
TPOYIVIOBE KOjU Cy y CTBapH CJIMKa KOHCTPYKLH]E ca YHYTpallbhe CTpa-
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HE TIOKJIOIIIa MOTOpa Koja je mpukazaHa Ha ¢otorpaduju 6poj 3. OBaj
Tpar je nocebHo OuTaH y nodetHoj (as3u yeuhaja 3a ofgpehuBame 1eH-
Tpa mokapa, cMepa KpeTama Moxapa M MoJIoXKaja IMOKJIonana MoTopa
y Bpeme u30ujama mnoxkapa. MehyTum, U Kaja younMMO OBakaB Tpar,
MOpaMo BOJAWTH padyHa Jia He JJOHOCHMO IMpepaHo 3aKJbyyKe, jep cBa-
KN Tpar Tpeda MPeTXOAHO MPOBEPUTH M YHOPEIUTH Ca JPYTHM JO0Ka-
3uMa Ha MecTy foralaja, a KpUMUHATUCTUYKY UCTPAry MoCcMaTpaTy Kao
cllarajuily, IJie jé CBaku Tpar IMmoHaocoO Jieo Te ciarajiuie. Y3 To, 3a
CTpYUYHY M Hay4HYy aHajH3y, Ka0 U 3a Pa3yMJbUBO 00jallmbeHhe MPOHa-
henux TparoBa, moTpedaH je MyITUIUCIUIUIMHAPAH TPUCTYII.

JuMHH 0peoJs1 Kao Tpar

JIMMHU OpeoI je joll jeaH y MHOIITBY TParoBa Koje MOKeMO Ipo-
HahW y CKJIONY KPUMHUHAIUCTHYKO-(QOPEH3WYKEe o0paae ayToMoOmIa
koju cy ropenu (dororpaduja 4). Taj Tpar oxbairyje MoryhHOCT mo-
CTOjama MOCIeNnBaYa Toperma Ha MOKJIOIILY, alld U MOTYRHOCT Ja je
CIOJBAIIHOCT TOKJIONIA MOTOpa MECTO HacTaHKa moxapa. Jla je mosp-
[IMHA MOKJIOMNIIA MOTOpa TOJIMBEHA HEKUM IOCIECIINBAYEM TOpema, pe-
MO OCSH3WHOM, OH OW C€ CITMBAO IOJ YTHIIAjeM IPABUTAIN]C U UMAaJTN
OMCMO, CAaCBUM CHTYpPHO, TPAaroBe MperopeBama Mpemke UBUIIE TTOKIO-
TIa MOTOpa Kao HajHMKE TauKe IMOKJIOMNIA MOTOpA.

Domozpaghuja 4. [Jumnu opeon Ha usuyu NOKIO0NYA MOMOpa
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OBako, 6e3 cymme oa0allyjeMo MPHUCYCTBO MOCTIEIINBa4Ya TOpemba,
aJld M CIOJBAIIOCT MOKJIOMNIA MOTOPa Ka0 MECTO HAaCTaHKa ToKapa.
Hanwme, numHM Opeomnn y BUIY 3allpibherba Mo UBUIaMa MOKJIONIa MOTopa
U HETIOCPETHO MCIOJ BUX HECYMIbMBO IMOKA3yjy Aa je Tyaa MpoJia3uo
JIIM U ca UM TIPOAYKTH CaropeBama, KOju Cy C€ XBaTalld 3a IMOBPIINHY
nopez; koje cy nponaswin. [Tomro ce aum yBek kpehe omo3mo Harope,
HECYMIbUBO j€ Ja je MECTO HacTaHKa MoXKapa MCIO/ MOKJIONIAa MOTOpa.

Taxolhe, 1 0Baj Tpar HaM yKasyje Jia je TIOKJIOMaIl MOTOpa Y TPEHYTKY
MoYeTKa Tokapa OMo y 3aTBOPEHOM ITOJIOKA]Y, jep Y CYIIPOTHOM HE OU
HacTao. /la je mokionan OMO OTBOPEH, IJIAMEH OW 3aXBaTao MOKJIOMAI]
MOTOpa HajBUIIE Ca YHYTpAallkhe CTpaHe M OUIa3uo OM y MPOCTOp
ciobomHo. He O HU Owito pasiiora Ja ce TUIAMEH W UM TIPOBJIaYe H
MpOHAJIa3e MPOCTOp 3a ocinobahame, jep je MOoKIonal OTBOpPeH. A 10
MEYaTHOT TOpema He OM HH Jonuio, Beh OM MmiiaMeH W JAUM OCTaBHIU
Tpar ropema y BUJly JIEBKa ca MIUPEHEM IpeMa BUIIIE MTO3UITTOHUPAHOM
Jeny Tokjonma mMotopa. OBako, HaWjIa3WBIIM Ha (U3MUKe Oapujepe
yCIIe/T 3aTBOPEHOT MOKJIOTIIA, TEMITEpaTypa U IUIAMEH Ce HUCY ITHPUIIN
cnoboaHo u pactepeheno, Beh cy u3na3wim Tamo riae je Ouno maxap
MaJI0 TPOCTOpa y CMEpY OJ03[0 Harope, HITO je JIOBEJIO 10 T0jaBe
OBaKBHX Tparoaa.

Hekana cy oBu TparoBu m3pakenu, kao ¢ortorpadujama 2 u 4, a
HEeKa/la Cy jellBa yOUJbMBH, ald YBEK UMajy MCTH KPUMHUHATUCTUYKU
3HAuaj.

Ha xpajy, y TOTOBO CBUM clly4yajeBHMa camMo3anajbemha ayTOMOOH-
J7a, TIe je Y3pOK IMoXkapa Kparak CIoj, a MECTO HAaCTaHKa IoKapa Ipo-
CTOp OKO MOTOpa, UCIIOJ 3aTBOPEHOT MokKIonia he, yciesn pa3Boja mo-
kapa, gohu mo edexra ,,pepHe”, ma he cBU ropuBu Marepujaid OKO
MOTOpa OWUTH TEPMHUYKH ACTPagupaH y Mawmoj win Behoj Mepu, ajau
CBAKAKO BHIIle HEr0 Ha CNO/bAIIIOCTH BO3WJIa. OBaKBY pas3lIuKy
Takohe MOXKEMO TPETHPATH Kao Tpar KOju y CKIIONY IPYyTUX Tparopa nMa
BEJIMKHM KpUMHHAJIMCTUYKH 3Ha4a] U YKa3yje Ha MECTO HacTaHKa Iokapa.
Metonom KomMmapanmje y KOHKPETHOM CITy4ajy J0Ta3uMO JI0 3aKJbydKa
Jla je TIoYKap Mo4Yeo OKO MOTOpPa, JOK je& TIOKJIoMall OHo 3aTBOPEH.

3a oBy BpcTy yBubaja mOTpeOHU Cy MHTEIEKTYaTHO aHTaKOBAHE,
AHATUTUYKO TPOMUIILJBbAIGE, CHEIMjaJTUCTUYKO 3HAaWke, Ka0 U HUCKYC-
TBO KOje oMoryhaBa KBaJUTETHO 3amaxkame, 00paay U TymMauewme mpo-
Hal)eHUX TparoBa. Y CKIIOITy MHCaOHE PEKOHCTpyKIHje aorahaja Tpeda
00paTUTH MKy HA CBE TPAroBe KOJH Wy Y MPHIIOT BEP3HjU Ja CE Y
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KOHKPETHOM CJIy4ajy pajayl O camMo3arabeby BO3WIIA, alli CBAKaKo Tpe-
06a 00jaCHUTHU U €BEHTYalHO MPHUCYCTBO TParoBa KOJU MOXKJa MOKa3y-
jy cynpotHo. CTapo je KpUMHHAIUCTUYKO MPABHJIO Ja y BE3U ca KOH-
KpeTHHUM noraljajeM MOpaMo MMaTh HajMame JIBE Bep3uje. 3a yTBphu-
Bamb€ MyHE HCTHHE Y CKIIOIY KPUMHHAINCTHYKE 00pajie HUje JOBOJHHO
Jla ce I0OKake NCTUHUTOCT jeIHe Bep3Hje, Beh je moTpeOHo noKa3aTH U
HEHCTUHUTOCT CBUX OCTAJIUX.

Domozpagpuja 5. Tpaz kpamkoe c_noja

JleTaJbHUM TIpEriesIoM IIEHTpa MokKapa, Ha Kpajy MpOHala3uMo U
caM y3poK Ho)kapa, OAHOCHO KapaKTepHCTHYaH Tpar 3aTolJbermha Oaka-
PHOT IPOBOAHMKA Y BHJLy IPEKUHYTOT MPOBOIHUKA Ca 3200JbEHUM MBH-
[ama MpeKu1a, HacTao Ha JOOpO MO3HAT HAYMH KOjU cMO Beh ommcanu
(dotorpaduja 5).
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TparoBu koju noka3syjy Aa je neHTap moxkapa
YHYTap KaOuHe BO3MJIa

AKo je 1o mokapa JOIUI0 Y KaOMHU BO3WIIA, YBEK Tpeba MpoBEpHU-
TH MOTYRNHOCT HacTaHKa MO)Kapa JEIOBAaEmEM jkKapa HEeyTralleHe IUra-
peTe Koja je ucraja Ha HeKy JIako 3alaJbuBy MaTepHjy y KaOMHU BO3MIIA
WIN yclen Tumbajyher ropema HeyrameHor OIMyIKa y TeNesbapH ITy-
HOj JPYTHX ONyIIaka, MalupHAX MapamHIla, KoMaauha mamapa ¥ ToMe
cmyHo. Taxole, y CKIIOIy KpUMHHAIIMCTHYKO-(DOpEH3HUKe 00paje Iuia
MecTa yBeK Tpeba M3y3eTH y30paKk U3 LIeHTpa MoKapa pajau yTBphuBama
eBEHTYaJTHOI' TIPUCYCTBa TMOCIEIINBaYa ropema. Kama moxkap modHe
yHyTap KaOWHE BO3WJIa y CUTYyaIlfjaMa caMmo3arnaberba, HaJyTPOKCHHU]H j&
Taj HeHTpaiHu Aeo Bo3wia. [loxkap he ce pa3Bujarn paBHOMEPHO y CBUM
npaBLMMa ca TeHACHIMJOM Harope, Kao U yBeK. AKO cy Bpara U Mpo30pH
3aTBOpEHH, y KaOMHHU Bo3wia noctuhu he ce edexar ,,pepHe” Ha UCTH
Ha4YMH Kao M KOJ camo3araberha BO3HIIA y MPOCTOPY OKO MOTOpa Kazia
je moxutomnarn Motopa 3arBopeH. To 3Haum aa he cBU TOpHUBHU MaTepujaiu
(TkaHMHA, TUTACTHKA, CyHhep, TyMa U APYro) OUTH TEPMUUKH JeTPaaupaHu
y 3aBUCHOCTH O MHTEH3HUTETA U TPajarba oKapa.

Domozpaghuja 6. Hszeneo kamuona kada je noxcap noueo y Kabuuu, a y3pox je
Kpamaxk cnoj Ha uHCmaniayujama y npeoeny ocucypaid
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I{enTap noxkapa he mo mpaBmry OMTH MECTO Ha KOjEM Cy HajU3pake-
HUja TakBa omTehema U OHO ce Hajuenrhe moayaapa ca MecToM u3ouja-
wma noxapa. CBakako, TMHAMUKA pa3Boja Mokapa je TakBa 1a he Hajnpe
CaropeTy yHyTpalllkbi FTOPUBU MaTepHUjalid, OH/Ia CIOJbAIbH M TEK Ha
Kpajy Marepujaju Ha HajAOWmHUM JeJIOBHMa BO3Wja (IOHH Je0 Bpara,
JOWe 0O0YHE MBUIIC, MOIHOX]E BO3WIIA). YKOJIMKO CE MOXap Ha BO3HITY
y 4Hjoj je KaOMHH JOILIO0 J0 CamMo3alabema JOKaIu3yje U yracu Uiu
camo3arac, Bo3mio he usrienaru kao Ha pororpadujama 6, 7 u 8.

Ha ¢ororpadujama 7 u 8 youaBa ce MKOJICKH TPUMED IIEHTpa MOXKa-
pa y kaOWHU BO3MJIa, KOjJU OJJTMKYj€ TOHa TPaHUIIA TOPEHha Ha BpaTHMa
U JIOBbUM OOYHHMM MBUIIaMa Bo3wia. Ha THM MecTUMa roToBO YBEK OBAKO
OCTaje Hecaropena ropuBa Matepuja (00ja u JaK) ca jaCHUM TpaHUIlaMa
ropema, Koja HUje BEPTUKAJIHO NMpekuHyTa. [Ipyxa ce qyx gomux
OOYHUX MBHIIA U YIIIABHOM MMa ,,ACTY” BHCHHY, KaKO je PUKa3aHO Ha
dororpaduju 6poj 8.

Hauwme, oBe nenoBe moxap 3axBara TeKk Ha Kpajy. M kaj je mpexkuHyT,
OJTHOCHO yTallleH Y HeKoj (pa3u, ocTaje oBakaB Tpar KOju HECyMELHBO I10-
Kazyje Jia je IoKap 1oyeo yHyTpa, y KaOMHM Bo3Wiia. 3Hadyaj OBOI Tpara
je ToHeKaj KpylujajaH, jep OH OCTaje W KaJa BO3WIO TOTOBO Yy TOT-
MyHOCTH W3TOPH, TOIITO JOKkE UBHUIE ayToMoOuIa OWBajy HajKacHUje
3axBaheHe.

Domozpaghuja 7. Hzened bourne cmpare 803u1a y KoM je O0UIO 00 CaMO3anaberba
yeneo Keapa Ha UHCMALAyuju 2pejaia y 603a4e60oM CeOuny

BE3BEJJHOCT 2/2022 177



Tparom/[ II0XXapa 'y CTIY‘{ajeBI/IMa caMo3salia/bema ayTOMOéI/I}Ia

VY TakBUM CUTyalldjamMa OMHCaHH TPar je TeKEe YOUuJbHB, alld UIAK
MO’KE MTOCTOjaTH U MOXKE C€ HAPABHUTH PA3JIMKa Y TOPEHY TOPIHHX U J10-
IBUX JICTIOBA Bpara, a Moxe ce u gukcupartu ¢pororpadujom. OBaj Tpar
Hac HaBOJM Ha 3aKJbYYaK TJIC je IIeHTap MoXkapa, T¢ Ha TOM MeCTy Tpeba
TPaXHUTHU U Y3POK TIOXKapa.

Domozpagpuja 8. Hszeneo 6o3una HakoHw camosandaberva YeHmpaite
KOH30/1e YHymap Kaoume

Anm, ako MOCTOjU OWIJIO KakaB BEPTHKAJIHU MPEKH]I OBOT Tpara, TO
yKa3yje Ha MOTyhHOCT MpHCYyCTBa JIakO 3amajbUBe TEUYHOCTH, Koja je
yclie/l Topemha TOKOM CIIMBamba HalpaBuiia Taj Ipeku. Y TOM ciyvajy
ce aHaJM3Mpa cajpiKaj MCIOJ MPEKHIa, 1Ma ce OH MOBe3yje ca APyruM
rOpUBHUM MaTe€pHjaMa UCIIOJI TPEKUA U Y BbETOBOj HEITOCPETHO] OJIU3UHHU.
Hauwme, moryhe je u 1a Heku KapTOH, Manup, ryma, jaacThKa 1 CJi. e
ropema Harpase Taj MPEKH /I, IITO MOPaMO y3€TH y 003up. YKOIMKO HEMa
TparoBa HEKOT JIaKO 3arajbuBOT MaTepHjalia MCI0J] BO3WIIA, BEPOBATHO
Ce Ha TOM MECTy CIMBAJIa JIAKO3alaJbuBa TEYHOCT, HAMPABUBIIU TaKO
JIEBKACTO omTeheme yCiea JOKATHOT ropemha. MoXXeMOo je MOTPaKUuTH
y HOAJIO3H HETTOCPEAHO UCTIO MPEKU/1a, & CAMUM THM M 10hu J10 IeHTpa
U y3pOKa moxapa.
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3akipy4yak

HcrpaxuBame JTUHAMUKE HACTaHKA MOXKapa, EHTpa moxapa u y3-
poKa moxkapa ayroMoOMJia KOju Cy Topeid, 300r OpojHUX, Mpe cBera
TPACOJIOIIKUX MOCEOHOCTH, 3aXTEBHO j€ U CHEeUU()UIHO NOApYYje KpH-
MUHATHCTUYKO-(opeH3nuke obpajae nuia mecra. M3a3oBu y oB0Oj 00-
JACTH TEK TPeACToje, uMajyhu y Buay ynorpeOy HOBHX MaTepujayia y
KOHCTPYKIMjU ayTOMOOMIIa, T€ MIPOU3BObY BO3WIA Ha alTepHAaTHBHA
ropuBa, Kao M Ha XUOpUAHU U eneKTpu4Hu noroH. Cee Behe Garepuje,
BehM KanmanureT pe3epBoapa U MPUCYCTBO CAaBPEMEHUX MaTepHjajia Kao
IITO Cy TIOJIMMEPH, KOMITO3UTH H IPYTH, MOTY 3HATHO YTHIIATH HA Pa3BOj
U KpeTame NoKapa, 11a ¥ Ha TparoBe moxapa, 1Ito Tpeda y3eTu y oo3up.

VY pany cy aHanu3upaHu Hajyelmhy TParoBH y cilydajeBUMa CaMo-
3amajbeha BO3WIIA Kaja je Mmokap M30HO0 y MPOCTOpPY OKO MOTOpa M 'y
KaOMHM BO3WJIAa. AHAIU3MpamkeM CBHUX acliekara moxapa u crneuunduy-
HUX TparoBa KapakTepHUCTUYHMX 3a OBakBe jgorahaje mory ce m3pyhu
ofpeheHe moyke npuMeHJbUBE 3a cBe Oyayhe ciuune cimyuajeBe. Cra-
HAapAu3aIyja MoCTylama, MOCeOHO Y MOAPYYjy TPACOIOTHjE, U TMO03-
HaBame Hajuemhux TparoBa KOJU C€ jaBJhajy y CiIy4ajy camo3sanasbe-
HBa ayTOMOOUJIA, HEONXOIHHU Cy KOpAally 33 YCHELIHO UCTPaXKUBAbE M0-
JKapa M JIOHOILEHE peJIeBaHTHUX 3akibyyaka. Kaja je moxap m3ouo y
POCTOPY MOTOpA, KAPAKTEPUCTUYHU TPAroBH (II€YaTHO MPETOPEBAbE,
JUMHHU Opell) HacTajy Ha CIOJballk0] MOBPIIMHHU IMOKJIONIAa MOTOpA,
[0 MBMIIaMa MOKJIONIA MOTOPA, Ha YHYTPAIllkb0] MOBPIIUHU MOKJIOMN-
I1a MOTOpa U Ha eJNeKTPOMHCTaNalldjaMa MCIOJ MOKJIOIIa MoTopa, U
OHH yKa3yjy Ha MeCTo M30Mjama Mokapa u camo3anabemhe ayToMoOu-
Jla Kao y3pOK HacTaHKa moxapa. AKO je MeCTO HacTaHKa TMoKapa y Ka-
OMHU BO3WJIA, HA OBUM MBHILIAMa BpaTa M JOHUM OOYHMM HMBHLAMa
rOTOBO YBEK OCTaje Hecaropeliia ropiuBa MaTrepHja ca jaCHUM I'paHHIa-
Ma ropema. Te JemoBe moxap 3axBaTa Ha Kpajy, a Hecaropesia ropusa
MaTepuja Ha OBMM MeECTHMMa yKasyje Jia je MoXKap I1odeo y KaOuHU
BO3WJIA. 3a CTPYYHY U HayuHY aHAJIN3Y U Pa3yMJbUBO 00jalImbEHE OBUX
TparoBa MoTpeOHU Cy MYITUIMCLUUIUIMHAPAH MPUCTYI U MOCEI0BAKE
ofroBapajyhux crenujaqTucTHIKux 3Hama. 300T Tora ce yTBphHUBame
y3poKa mokapa MOXKe MPEMyCTUTH CaMO CTPYYHHM JIUIMMa W BeII-
TalMa KOoju ¢y ca (POpEeH3NYKOr CTAHOBMIITA KOMIIETEHTHH 3a UCTpa-
JKUBamb€ OBAKBHX Jlorahaja.
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Traces of Fire in Cases
of Car Self-Ignition

Abstract: Criminal-forensic treatment of burning cars is a specific
area of forensic technology due to the fact that the traceology situation
is significantly different from that encountered when investigating other
events and crimes. Due to the relatively small space of the car and the
relatively high density and flammability of the combustible materials
contained in it, the speed of development and fire power on such vehicles
can be very high. This contributes to the fact that many traces that could
indicate the possible cause and manner of the fire can be largely or
completely destroyed. Having in mind that danger, but also the transience
and unrepeatability of some phenomena, it is very important to quickly
go to the scene and quickly put out the fire, monitor and record the
development of the fire, as well as notice its characteristics.

The aim of this paper is to point out specific traces in cases of vehicle
self-ignition, when a fire broke out in the area around the engine and in
the vehicle cabin. Specific traces were specially analysed, indicating
that the fire broke out under the hood of the vehicle while the hood was
in the closed position. These traces can be found on the outer surface of
the hood, on the edges of the hood, on the inner surface of the hood and
on electrical installations under the hood.

The seal-like burns indicates that the fire started inside, under the
closed hood. This trace is actually a “painted pattern” of the hood
construct ion on its outer surface. Also, the smoke halo (ring) was
analysed as a trace that excludes the possibility of the existence of
combustion accelerators, but also the possibility that the exterior of the
engine cover is the place where the fire occurred. The smoke halo (ring)
indicates that the hood was in the closed position at the time of the fire,
because if it had been in the open position, this trace would not have
occurred. Finally, traces were analysed that indicate that the centre
of the fire is in the cabin of the vehicle, with special reference to the
lower burning limit on the door and the lower side edges of the vehicle.
Namely, in these places there is almost always unburned combustible
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matter (paint and varnish) with clear burning limits, which are not
interrupted vertically. These parts are caught in the fire only at the end,
and unburned combustible matter in these places indicates that the fire
started inside the vehicle cabin.

Keywords: car, fire, self-ignition, trace, spot (location).
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Traces of Fire in Cases of Car Self-Ignition’

Abstract : Criminalistic and forensic processing of vehicles
damaged by fire is a specific field of crime scene investigation because
the situation in terms of traceology is significantly different from the ones
encountered when investigating other events and criminal offences. Due
to the relatively small space of the car and a comparatively high density
and flammability of fuel and other materials contained in it, the speed of
development and the intensity of fire on such vehicles can be very high.
This contributes to the fact that many traces that may indicate possible
causes and origins of fire may be largely or completely destroyed.
Bearing in mind this danger, but also the transience and unrepeatability
of certain phenomena, it is very important to promptly arrive at the
scene of fire and quickly extinguish it, as well as to monitor and record
the development of fire, observing its characteristics. In addition to this,
it should be borne in mind that in these situations the possibilities of
proving by personal sources of evidence is minimal, so that criminal
investigation must be based on material evidence collected during the
crime scene inspection. The paper aims to point out specific traces in
cases of spontaneous car combustion, particularly in cases where fire
started in the area around the engine and in the passenger area.

Keywords: car, fire, self-ignition, trace, (crime) scene.

1 The paper has originated from the project of the Fund for Science of the Republic of Serbia
Ideas — The project of accelerating innovations and encouraging the development of entrepre-

neurship in the Republic of Serbia - Management of New Security Risks — Research and Simu-
lation Development - NEWSIMR&D”.
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Introduction

The Serbian language uses two different terms to denote fire - vatra
and pozar and these are frequently regarded to be synonymous as both
of them relate to the process of burning — the chemical process in which
chemical substances combine with oxygen from the air, usually giving
off intense light, heat and smoke. Yet a distinction can be made between
the two terms given the fact that vatra denotes the process of burning
controlled by humans, whereas poZar is the process of burning over
which man has no control (Marinkovi¢, Laji¢, 2019:431, Radmilovi¢,
Kolar - Gregovi¢, 2010:50). From the aspect of crime investigation, the
central question is that of what causes fire? Considering the issue of fire
causes and starting from the fact that it is not possible to list and explain
all of them, we can observe them from the aspect of human activity and
divide them into those originating without the influence of the human
factor and those caused by man (Boskovi¢, 1998:193). The latter are
natural causes, whereas the former can be divided into accidental (non-
intentional) causes and intentional causes of fire, as is the case with
arson. This implies that not all cases of fire are criminal offences, but
only those caused by human activity or failure to act, whether negligent
or intentional.

Fire on motor vehicles represents a specific area of research in
the scientific field of fire protection (Zigar, Blagojevi¢, Radovanovi¢
2017:107), but also in the field of crime investigation sciences. The
Serbian national crime investigation practice notes examples of self-
ignition of vehicles wherein the causes of fire are of technical nature,
but also intentional or criminal fire — car arsons, caused by conscious or
premeditated action driven by various motives, in different manners, and
aimed at destroying property. The motives of these criminal actions can
be varied: revenge for a range of insignificant reasons (altercation, fight,
jealousy, envy), covering up another criminal activity (theft, murder,
embezzlement), intimidation, extortion, pyromania (Radmilac, Jovanov,
2000: 78), warning, threat, etc.

From the technical and technological aspects, the causes of fire
are most frequently classified according to the manner of transfer or
production of heat (electric power, static electricity, mechanical causes),
includin g spontaneous combustion (self-ignition) which denotes the
combustion of matter without the presence of external source of ignition
due to self-heating which results from chemical, physical or biological

184 BE3BEJHOCT 2/2022



IMPEITIEAHN HAYYHI PAJOBU

processes. Self-ignition as a process of spontaneous combustion of a car
is a purely physical process, which fundamentally distinguishes it from
self-combustion of biological mass (hay, cereal, and other biological
matters), wherein the process is of biological origin.

From the aspect of crime investigation, the most important step is to
establish the cause of fire. According to research conducted in Croatia,
some relevant data have been obtained regarding the dynamics of fire
on cars. According to the results of these studies, glass breaks/explodes
after 5 to 6 minutes from the outbreak of fire, tires start burning after
15 to 20 minutes, when explosions are also heard, the vehicle burns
down completely after 30 to 35 minutes, whereas the fire spontaneously
extinguishes itself in 60 to 70 minutes (Perusko, Belas, 2017:42). These
time periods, along with other collected data, can be very useful later
for establishing the cause of fire. Additionally, when we speak about
fires on cars, all causes of fire in terms of criminal investigation can be
divided into two large groups: self-ignition and arson.

Bearing in mind that criminalistic and forensic investigation
of the scene of fire is one of the most significant activities within
investigations in cases of fire on vehicles, the intention of this paper
is to give an overview of the most frequent traces of fire in cases of
spontan eous combustion of cars. Experts in the field of establishing
causes of fire on cars must focus exclusively on material evidence and
it is their sole guidance in the process of establishing the cause of fire.
They mu st possess extensive knowledge in various scientific fields
(chemis try, electronics, mechanical engineering, traceology). They
must also possess substantial knowledge of the structure of the car and
its functioning, and a lot of experience in detecting and recognition of
traces at the scene of fire.

Vehicle self-ignition

Self-ignition of cars due to technical defects is very rare, but it does
occur in practice. Spontaneous combustion may start while the vehicle
is on the move, with the engine on, as well as when it is parked and the
engine is not in the working regime. The task of an expert investigator
is always the same — to establish the cause of fire.

The causes of self-ignition of the vehicle can be of threefold nature:
defects on electrical installations, technical defects on the mechanics of
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the vehicle, and improper use of the vehicle on the part of the owner.

The most frequent cause of spontaneous car combustion is the defect
on electrical installation. As the car industry developed, it accumulated
more and more technical devices and electronics, which was not used in
the past. Modern cars offer more possibility for fire outbreaks because of
more power circuits, devices and electronics under voltage, even when
the engine is off. For instance, these novelties include:

* engine fan;

* central lock;

* anti-theft systems;

» direction indicators and the alarm system;

* devi ces for passenger comfort enhancement, such as interior
lightin g, modern high-performance audio and video devices
(Perusko, Belas, 2010:113).

This list should by all means include the increasing use of polymers
for enh ancing the performance of cars, which also increases the
likelihood of fire outbreaks and greatly influence the development and
movement of fire.?

The development of new electric installations with voltage of 42V
has been dictated by the world’s largest car manufacturers, along with the
largest producers of components for these installations. This means that
higher voltage, more electronic devices, and more electrical installations
increase the risk of fire outbreak. Mechanisms of defect occurrence on
electrical installations are varied and may be caused by vibration, friction,
unskilled repair, modification, aging of material, physical damage, rodents,
and the like. Defective electric installations can certainly result in fire that
can lead to partial or complete damage on the vehicle.

2 A modern car today may contain up to 13 different polymers, the following three
being prevalent: polypropylene (32%), polyurethane (17%), and PVC (16%), which
account for approx. 66% of the total plastic used in the car.
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Photograph 1. Traces of short circuits - causes of fire

The causes of fire can include: overheating of electric conductors,
coils or other devices that conduct electrical power, a short circuit,
sparks, and electrothermic devices (Aleksi¢, Kosti¢, 1982:40). All of
these causes leave characteristic traces of conductor melting in the form
of round and solid changes in the cross-section of the conductor — the
form of ‘balls’, bulges, tears, berries, etc. These characteristic traces
occur as a consequence of sparks, short circuits or electric arc, and can
be found on the conductors themselves or on the materials present in
their immediate proximity.

When passing through a conductor or during usage in machines or
devices, electric power partially turns into heat energy. Accordingly, any
value of electric power is matched by a degree of certain rise in temperature.
This increase of temperature has to be limited, which means that the
temperature must not reach the insulation ignition point, or ignition point
of surrounding objects or materials. According to this, electric power is the
cause of fire when it creates heat which reaches the critical temperature
of ignition of materials in the immediate proximity, which may be: the
material from which insulation is made, structural elements, and other
flammable and explosive matters (Aleksi¢, Kosti¢, 1982:40).

In any event, fire can occur through ignition or conductor
insulation or/and melting of the conductor. In both instances, the
combustible material in their vicinity may start burning due to flame
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and high temperature of overheated objects. The cause of fire is a
malfunction in the electrical wiring, i.e., the malfunction of the conductor,
that is, damage on the insulation resulting in a contact of the conductors of
different potentials, then heating, ignition of the insulation and/or melting
the conductors, ignition of the present combustible materials, and finally
fire. The difference is that in the former case there most probably would
be no melting of metal conductors due to the delayed reaction of the
switch, so there would not be characteristic traces of short circuit taking
form of the melted ends of a broken conductor.? In this case, the insulation
combustion occurred as soon as the conductor started melting, there was
a switch that reacted. The flame on the insulation is the cause of fire,
however due to reaction of the switch, stops the flow of electric energy, the
conductor starts to cool, not significantly changing its form or continuity.

In the latter instance, liquid metal (most frequently copper), with its
very high temperature?, shall set on fire almost any flammable material
(wood, plastic, fibric, paper, etc.) that it comes into contact with and
leave the characteristic traces of a short circuit in the form of metal drops,
most often on both ends of the broken conductor. In these situations,
characteristic material traces can be found, undoubtedly confirming
the short circuit, as well as that the conductor was under voltage at the
moment of the onset of fire. Solid drops of metal can be detected in the
immediate vicinity (on the metal, in sooth, melted into burnt rubber,
plastic and the like). They are mainly of irregular ball-like shape, in
the shape of tears or little balls, usually tiny, but of varied dimensions
and can be felt under fingers because they are not in keeping with the
conductor dimensions. The easiest way to visually examine them is to
soak them in water first. In this way the products of fire will be washed
away and the balls will “shine” in the light.

In any event, as regards these samples, fire will mainly spread evenly
in all directions with an upward tendency; there will be no extremely
violent reaction, it will ignite all materials on site and it will leave various
traces of thermal degradation on them. Exceptionally, fire may change

3 In such a situation, forensic processing as part of fire site investigation calls for a detailed
inspection of the conductor in order to find characteristic traces of a possible electric arc, which
does not necessarily break the conductor, but alters its cross-section, so that tiny hard balls of
melted metal can be found there.

4 An electric arc develops temperatures ranging between 1500 and 4000 °C and can ignite any
material either in contact or by radiation, whereas carbonization of the PVC lining occurs at
200°C, copper melts at 1083°C (Cnacuh, C., JoBanos, P., [TaBnosuh, A., 1998:123).
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behavior if it spreads onto some easily flammable or explosive materials,
which will certainly visibly impair the ‘harmonious’ movement of the fire.

Reasons for vehicle self-ignition can also be technical defects on the
mechanics of the vehicles, such as: belt slipping, overheating of braking
elements’, sealing of the bearings, grinding of the rotating part against
the fixed part, a defect on the exhaust mechanism, the defect on the
engine valves, a defect on the fuel supply system, and so on (Perusko,
Belas, 2010:108).

Improper use of a vehicle on the part of the user is yet another way in
which vehicle self-ignition can be caused. Most frequently this includes
driving a car with applied hand brake, driving an overloaded car, where
overheating of tires takes place, increasing the vehicle rpm on maximum
while the car is not moving and keeping the engine rpm on a maximum
while examining the engine.

Also, a frequent cause of fire on cars can be inadequate transport of
dangerous and highly flammable materials. Crime investigation practice
has recorded cases of transportation of fuel in the trunk, when only one
spark is needed to start fire and completely destroy the car or a situation
when welders transport the bottles which leak flammable gas in the
vehicle, when it is sufficient to open the door and activate the car-roof
lighting to initiate a gas explosion.

Establishing causes of fire in cases of
car self-ignition

When we speak about fires in cars, the main question is: was the
fire caused by human activity or not? If the fire was caused by human
activity, it is important to establish whether it was caused intentionally
(an arson) or accidentally, without intent, negligently. When we speak
about burned cars, fires are far more common than arsons. However,
what should be borne in mind here when we speak about their respective
incidence is that causes of fire remain unestablished for a number of
fires, and there are certainly some arsons among them. Thus, in practice,
it happens that arson is sometimes regarded as fire caused by other
causes and this means that the perpetrator remains beyond the range of
criminal prosecution (Boskovi¢, 1998:195).

5 Overheating of brake elements most frequently occurs due to malfunctioning or blockage of
the brakes.
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The main question in terms of crime scene investigation is certainly
that of the cause of fire, i.e., what the agent of fire was. However, the
cause of fire is not easy to establish, just as it is not easy to inspect
the scene of fire because it constitutes an intensely contaminated site
in terms of traceology. The destruction of traces in terms significant
for fire scene investigation and the contamination of the scene of fire in
passenger vehicles are caused by concentrated activities of the vehicle
owners, persons who come to aid and firefighters in an objectively
limited space.

Due to changeable and short-terms phenomena such as smell, smoke
color, order and development of burning, flame color, meteorological and
lighting conditions, experts who work at the scene of fire are supposed
to reach the site promptly, at the earliest possible stage, preferably
while the fire is still burning and developing, as well as when it is being
neutralized or extinguished (Radmilovi¢, Kolar - Gregovi¢, 2010:52).

When we speak about fires in passenger vehicles, the time constantly
works against the CSI team because with the passage of time - due to
burning and other accompanying phenomena — the circumstances whose
establishment may help in elucidating or proving the facts about fire may
change or completely disappear (Saferstien,1987:291). Because of this,
the investigating team must observe the principle of expedience and
operative work when coming to the scene of fire in order to be able to
monitor the development of the fire, note key parameters, and primarily
the phenomena that are unrepeatable and of limited duration.

The scene of fire abounds in traces because there is virtually no
part of the object on fire on which there are no traces, yet this apparent
traceological abundance hides an actually acute deficit of traces relevant
to the elucidation of the events. All traces found at the scene of fire are
of significance and that is why they need to be observed both separately
and as a whole, but their mutual relations have to be observed as well,
that is, how they influence one another, in the spirit of critical and self-
critical thinking.

The leader of the CSI team in charge of processing the scene of
fire immediately upon arrival, on the basis of obtained information and
assisted by other professionals, performs spatial and time orientation of
the location; carefully surveys the scene; establishes more precisely the
perimeter of the scene®; identifies especially problematic zones; chooses

6 In these situations, the leader of the CSI team usually extends the initial perimeter of the scene.
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appropriate techniques of narrative description; takes preliminary
photographs and video recordings; develops a general version of the
event; deploys personnel and equipment for specific tasks; identifies and
protects relevant objects and traces; takes down extensive notes in order
to document the circumstances and conditions at the crime scene and its
surroundings (Zarkovié, Kesi¢, Bjelovuk, 2012;104). At the very start of a
reconstruction of the event, the following questions should be answered:

- Did the fire start inside the vehicle or on the outside of the car
body?

- Did the fire start under the hood or on the hood?

- Did the fire start while the door and the hood were in the closed or
open position?

- What was the positions of the doors and windows at the onset of
fire?

Upon examination of a vehicle affected by fire, experts on fire pay
a lot of attention to thermal damage and deformations on the car body,
as well as to traces inside the vehicle in order to establish the point of
origin of fire, the so-called fire center. It is the center of the fire wherein
we should look for the cause of fire, and the traces found at the scene
will lead us to it. For instance, characteristic traces of a short circuit,
which are found outside the center of fire and far from it can in no way
be the cause of fire, but rather its consequence.

It is an old crime investigation rule that every version of an event
has its counter-version and that is why experienced crime investigation
officers, when inspecting a crime scene, always ask themselves the
following questions: “Why is it not different?”, “What would the traces
look like if the cause of fire was different or if the center of fire was
elsewhere?” or “What characteristic traces would appear if the cause of
fire was different and the center was elsewhere?” and so on. All these
are creative questions to which members of the fire investigation team
need to answer first to themselves and later — in the following stages of
criminal procedure — to other interested subjects as well.

It is therefore very important that the experts have experience
and knowledge for finding traces, their description and elaboration.
Skills, experience and knowledge of the experts come to the fore when
interpreting the traces that have changed position in the course of
extinguishing fire. Namely, when extinguishing a fire on a car, changes
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at the scene of fire frequently occur due to the water jet, i.e., traces are
moved or even relocated due to intervention of firefighters or because
of activities aimed at rescuing people and property in and around the
vehicle (Perusko, Belas, 2017:43).

Following a detailed examination of the vehicle during which the
center or several centers of the fire are established, an expert must
determine which group the cause of fire belongs to: whether it was a
technical defect, negligence or arson. The examination begins where
the vehicle is most heavily burned, yet it does not have to be the
center of fire. One layer is examined after another, because the layers
give us data on the order of overheating, the movement and dynamics
of fire spreading.

If experts establish that the cause of fire is of a technical nature,
that is, that it is the case of spontaneous combustion, then the next step
would be to establish whether the vehicle was parked or driven, on
which further forensic processing of the scene of fire will be based.

If the vehicle is equipped by a computer and if the computer is not
thermally damaged, it is necessary to take it to an authorized service
and retrieve the data (Perusko, Belas, 2017:43). The retrieved data can
provide us with the information on the condition of the vehicle before
the outbreak of fire, that is, whether it was defective.

After absolutely positively establishing that the cause of fire is
spontaneous combustion of the car, the investigation is closed.

Wrongly established cause of fire can lead to difficulties in
investigation, to looking for a non-existent perpetrator or a failure to
find and prosecute an actual perpetrator.

Specific traces in cases of self-ignition

Specific traces in this case are the traces that are typical only of
fires and arsons, such as the traces of burning, short circuit, and thermal
destructions. In order to detect and properly lift them, it is necessary to
have comprehensive perception, based not only on knowledge but also
on experience. All these traces can be found in the center of fire’, in the
immediate proximity of the fire scene and on persons who happened to
be at the place of fire origin (Pavsi¢, Modly, Vei¢, 206:616).

7 These traces are vital for establishing the cause of fire, that is, for establishing the way in which high
temperatures developed or other conditions occurred that were necessary for the outbreak of the fire.
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The most intense damage by initial fire caused by electric power can
most often be observed on both sides of the fire protection in the vehicle
(the partition separating the engine from the passenger area) because the
largest portion of electric installations is found there (Kulisi¢, Medi¢,
2012:316).

Most fires on cars that are caused by electric power result from a
short circuit, that is from direct contact of non-insulated conductors
which are under voltage. When a damaged electric conductor under
voltage touches metal parts of the vehicle, sparking take place and a
short circuit occurs. The temperature of 1500°C develops at the spot of
the short circuit due to which combustible materials (rubber, plastic, oil,
petrol vapor) are ignited. Very intense power in the circuit occurs because
the resistance in the circuit is minimal, i.e., it approaches zero, and the
power increases without restraint, i.e., indefinitely. The likelihood of
fire is higher in modern vehicles because of a larger number of electric
circuits, devices and electronic parts under voltage, even when the car
engine is off.

Some traces of vehicle self-ignition in the engine area

Conductors of electric installations are found in almost every part of
the vehicle, including the engine compartment. As the engine area also
contains a part of the system that supplies the engine with fuel, there is
a possibility for an initial fire to be caused by electric power, spreading
very fast on to the fuel supply system and result in a sudden outbreak
of fire. Upon investigation, it is necessary to pay special attention to
examining electric conductors which are frequently without insulation
(most prominently in the fire center), as it burns or is charred. Special
attention should be paid to broken conductors and establish whether the
disruption occurred due to a mechanical cause (tear) or a thermic one
(melting). In a mechanic disruption of the conductor, edges are sharp at
the place of disruption and in the case of a thermal cause, the edges are
curved. The shape of the edges is established immediately at the scene
of fire and this can be done easily with the help of a magnifying glass or
a microscope.

Photographs 2 and 4 show specific traces which indicate that the fire
started under the hood of the car engine while it was in a closed position.
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Photograph 2. Seal like burnmg marks on the outside of the hood

These traces can be found on the outer surface of the hood, alongside
hood edges, on the inside of the hood and on electrical installations
under the hood. Every trace that is found needs to be meticulously,
clearly and expertly elaborated on and accompanied by photographs in
keeping with the rules.

Seal-like burning as a trace

Looking at the photograph no. 2, partial thermic degradation may
be noted on the outside surface of the hood in the form of ‘seal-like’
burnt patches of paint and varnish of clearly defined forms. Between the
burned ‘seals’, surfaces may be observed that are not completely burnt.
These surfaces delineate and separate these ‘seals’, apparently making
them stand out from the whole. This trace indicates the direction of fire
spreading, that is, it shows that fire started under the engine hood, from
the inside. Namely, if the fire had started on the outside, on the external
surface of the hood, combustible materials (paint and varnish) would
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have burned evenly, so there would be no seal-like (partial) burning,
because there would have been no obstacles. In other words, the fire
would not have ‘skipped’ the material of the same composition.

Photograph 3. Hood reinforcement on the inside

However, if we carefully examine Photograph no. 3, we may
notice that a reinforcement structure on the inside of the hood, that is
metal beams that constitute the skeleton of the hood. These beams act
as obstacles in cases of fire, as they hamper uniform movement and
development of flame and temperature. They physically prevent the
temperature and flame to spread evenly. That is why the fire leaves ‘a
pattern’ on the outside surface of the hood. Experienced crime scene
investigators can draw conclusions regarding the design of structure on
the inside of the hood when they see the its outer surface.

In the specific case, the temperature was higher on the surface next
to the metal beams and lower in places where the (structural) beams
touch the internal surface of the hood. Due to such uneven spreading of
flame and temperature, the ‘seal-like’ thermal degradation occurred as
an instance of trace indicating the direction of fire spreading.

Further analysis of Photograph no. 2 shows black triangles that are
actually the image of the structure on the inside of the hood which is
shown in Photograph no. 3. This trace is particularly important in the
initial stage of the investigation for determining the center of fire, the
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direction of its spreading, and the position of the hood at the time of
the onset of fire. However, even when we do notice such a trace, care
should be taken not to draw conclusions too early, as every trace at the
scene of fire needs to be previously checked and compared against other
evidence at the scene of fire and investigation has to be regarded as a
puzzle wherein each and every trace separately constitutes a part of the
puzzle. What is required for an expert and scientific analysis, as well as
for explaining discovered traces in a way that is readily understandable,
is a multidisciplinary approach.

Smoke halo as a trace

A smoke halo is yet another in the multitude of traces that may be
found in the course of fire scene investigation and forensic processing of
burned cars (Photograph 4). This trace rules out both the possibility of
combustion accelerator presence on the hood and the possibility that the
fire started on the outside surface of hood. If the surface of the hood had
been splashed with combustion accelerating agent, such as, for instance,
petrol, it would drip under the influence of gravity and we would quite
certainly have traces of overheating on the front edge, as the lowest
point of the hood.

%

Photograph 4. Smoke halo on the edge of the hood.
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In this way we undoubtedly exclude the presence of a burning agent
but also the outside surface of the hood as the place where fire originated.
Namely, smoke haloes in the form of blackening of hood edges and the
area immediately beneath them indicate without any doubt that smoke
passed by them along with other products of burning, which stuck to the
surface on their way out. As smoke always moves upwards, there can be
no doubt that the fire started under the hood.

This trace also shows without a doubt that the hood was in the closed
position at the time when the fire broke out. If it had been open, there
would be no traces of this kind. The flame in such a case would catch
the hood mostly on the inside and would be free to move in space. Had
the hood been lifted, there would be no reason for flame and smoke to
sneak through.

There would be no seal-like burning, as the flame and smoke would
rather leave a funnel-shaped trace of burning, widening towards the
higher part of the hood. The way it happened, coming against physical
barriers due to the closed hood, the temperature and flame could not
spread freely and without obstacles but had to come out where there was
at least some space to move in the upward direction, which resulted in
this type of trace.

Sometimes these traces are prominent as in photographs 2 and 4,
whereas in some cases they may be barely noticeable, yet they always
have the same significance in terms of fire investigation.

Finally, in almost all cases of spontaneous combustion of vehicles
that are caused by a short circuit and where the point of fire origin is the
area around the engine under the closed hood, this enclosed space will
reach the effect of the ‘baking oven’, so that all combustible materials
around the engine would be thermally degraded to a smaller or greater
extent, but certainly more so than on the outside surface of the
vehicle. This difference can also be treated as a trace which, combined
with other traces, is of great significance for investigation as it indicated
the point of fire origin. In the specific case, applying the method of
comparison, we come to the conclusion that the fire started around the
engine when the hood was closed.

This kind of scene of fire investigation calls for intellectual
engagement, analytical thinking, specialist knowledge, as well as
experience which allows for keen observation, skilled processing and
interpretation of detected traces. As part of reconstruction of the event,
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attention should be paid to all traces that support the version that any
specific case involves spontaneous ignition of the vehicle, but we also
have to explain possible presence of traces which may indicate otherwise.
An old rule of crime scene investigation requires that we must have at
least two versions of the case under review. In order to establish the
whole truth in the course of investigative proceedings, it is not sufficient
to prove the truthfulness of one version, but also the untruthfulness of
all other versions.

Photograph 5. The trace of a short circuit.

After a detailed inspection of the fire center, we finally establish
the cause of fire, that is, the characteristic trace of melted copper
conductor in the form of interrupted conductor with rounded edges at
the interruption, originating in a well-known way that has already been
described (Photograph 5).
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Traces indicating that the fire center is inside the passenger area

In situations when fire occurs in the vehicle passenger area, we
should always check the possibility that the fire started due to ember of
an unextinguished cigarette that fell on to a highly flammable surface
in the passenger area or smoldering of an unextinguished cigarette
butt in an ashtray full of other cigarette butts, tissues, pieces of paper
and the like. In the course of forensic processing as part of fire site
investigation, samples should be taken from the fire center in order to
establish possible presence of a combustion accelerator. When a fire
starts inside the passenger area in situations of spontaneous combustion,
the central part of the vehicle will be most affected. The fire will spread
evenly in all directions, with an upward tendency, as always. If the doors
and windows of the cabin are closed, the effect of the ‘oven’ will be
present in the same way as in cases of spontaneous combustion of the
vehicle in the engine area with the closed hood. This means that all
combustible materials (cloth, plastic, sponge, rubber, etc.) would be
thermally degraded depending on the intensity and duration of fire.

The fire center will as a rule be the spot where such damage is
most prominent and it will most frequently match the place where
the fire started. The dynamics of fire spreading is such that naturally,
the combustible materials on the inside will be the first to burn, then
those on the outside and finally the materials at the lowest points of the
vehicle (the bottom section of the doors, lower side edges, the foot of the
vehicle). If the fire is localized, extinguished or goes out in a vehicle in
whose passenger area self-ignition occurred, the vehicle will look as in
the photographs 6, 7, and 8.
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Photograph 6. The appearance of a truck in which fire started in the cabin due to a
short circuit on the installation around the fuse

Photographs 7 and 8 show a typical example of a fire center in the
passenger area, which is characterized by the lower burning line on the
doors and on the lower side edges of the vehicle. These are the places
where unburnt combustible matter (paint and varnish) always remains,
clearly delineating the burning on the door, which is not vertically
interrupted. It stretches along the lower side edges, mostly at the same
height, as shown in Photograph no. 8.

Namely, these parts are the last to catch fire and when fire stops or
is extinguished at some point, such a trace will remain, clearly indicating
that the fire started inside the passenger area. The trace is sometimes of a
crucial importance as it remains even when a vehicle is almost completely
burnt, because the lower edges of the car are the last to catch fire.
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7. The appearance of a vehicle side affected by spontaneous burning due
to a defect on the heating installations in the drivers seat

In such situations, the described trace is more difficult to spot, yet it
may be present, so a distinction can be drawn between burning of upper
and lower parts of the door, and the trace can be preserved in a photograph.
This trace may lead us to a conclusion as to where the center of fire was
and it is the place where we should look for the cause of fire.

Photograph 8. The appearance of a vehicle following self-ignition of the central
console inside the passenger area

If there is any vertical interruption of this trace, it indicates the
possibility of presence of a highly flammable fluid, which left the
interruption due to burning while flowing. In this case, the content found
under the interruption is analyzed, compared against other combustible
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materials under the interruption and in its immediate vicinity. Namely,
some cardboard, paper, rubber, plastic etc. may be present that may have
caused the interruption, which must be taken into consideration. If there
are no traces of highly flammable material under the vehicle, a highly
flammable liquid probably flowed on that spot, making a funnel-like
damage due to local burning. We can look for it in the area immediately
below the interruption and thereby find the center and the cause of fire.

Conclusion

Exploring the dynamics of fire ignition, fire center and the cause of
fire on burned vehicles is a demanding and characteristic area of crime
scene investigation and forensic processing due to numerous specific
features, primarily related to traceology. Challenges in this area are yet
to come, bearing in mind the use of new materials in car construction
and the manufacturing of cars using alternative fuels, as well as hybrid
and electric engines. Increasingly larger batteries, increased tank
capacities, and the presence of modern materials, such as polymers,
composites and others, may significantly influence the development and
spreading of fire, and thereby the traces of fire, which should be taken
into consideration.

The paper analyses the most frequent traces in cases of spontaneous
combustion of vehicles in which the fire started in the area around
the engine and in the passenger area. From analyzing all aspects and
specific traces characteristic of such events, certain lessons can be
learned that may be useful for similar cases in future. Standardization of
the procedures, especially in the field of traceology, and familiarity with
the most frequent traces that occur in cases of car self-ignition represent
necessary steps for successful investigation of fires and reaching relevant
conclusions. When a fire breaks out in the engine area, characteristic
traces (seal-like burning, smoke halo) appear on the outside surface of
the hood, along the edges of the hood, on the inside of the hood and on
electric installations under the hood, indicating the place of fire origin
and spontaneous combustion as the cause of fire.

If the place where the fire originated is in the passenger area, some
combustible materials always remain unburned, most frequently on the
lower edges of the doors and lower side edges of the vehicle, with clearly
outlined limits of burning. These parts are the last to catch fire, so the
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unburned matter on these locations indicates that the fire started inside
the vehicle cabin. A competent and scientific analysis and clarification
of these traces in an understandable manner calls for a multidisciplinary
approach and possession of adequate specialist knowledge. Due to
this, establishing the cause of fire can be performed only by competent
professionals and experts who are, from a forensic point of view,
qualified to investigate such events.
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