
Hacnumo - Ha~HOM Beny EJIeK'rpOTeXHHqKOr<paKYJITeTaY HHBep3HTeTa Y Eeorpa,n;y

Ha 757. ce~HH~H HaCTaBHO-HayqHOr Bena EJIeKTpOTeXHHqKOr<paKYJITeTaY
Eeorpa,n;y, o~p)l(aHoj 18. 12. 2012. rO~HHe, o~peljeHH CMO3a qJIaROBe KOMHcHje 3a nperJIe~
H o~eHY ~OKTopcKe ~HCepTa~Hje nnYK. Mp J1y6HllIe.n;. TOMHna, ~HnJI. HH)I(.
eJIeKTpOTeXHHKe,no~ HaCJIOBOM"He~eCTpYKTHBHOHCnHTHBaIbeTepMo<pH3H~HX oco6HHa
MaTepHjaJIa IC TepMorpa<pHjoM". HaKOH nperJIe~a nO~HeceHe ~OKTopcKe ~HCepTa~Hje
nO~HOCHMOHaCTaBHO-Ha~HoM Beny EJIeKTpOTeXHH~or <paKYJITeTaCJIe~enH

H3BEmT AJ

1.YBO,IJ;

1.1 Hacllo6 u 06UM oucepmaljuje

HaCJIOB~OKTopcKe ~HcepT~Hje J1y6HllIe TOMHna je "He,lJ;eCTPYKTHBHO

HCllHTHBalLe TepM04m3H-IKHX ocooHHa MaTepHjaJIa IC TepMorpa4mjoM". .n;HcepTa~Hja
je HamicaHa JIaTHHHqHliMnHCMOMHa 158 cTpaHa, ca,n;p)I(H23 Ta6eJIe, 92 CJIHKeHJIH
~HjarpaMa H 176 pe<pepeH~H.

1.2 XpOHollo2uja ooo6pa6alba u U3paoe oucepmaljuje

KaH~H~aT je TeMYno~ HaCJIOBOM"He~eCTpYKTHBHOHCnHTHBaIbe TepMo<pH3H~HX
oco6HHa MaTepHjaJIa IC TepMorpa<pHjoM" npHjaBHO 30.09.2004. HaCTaBHO-HayqHO Bene
EJIeKTpOTeXHHqKOr<paKYJITeTaYHHBep3HTeTa y Eeorpa,n;y je 19. to. 2004. rO~HHe
HMeHOBaJIOKOMHCHjy3a o~eHY YCJIOBaH npHxBaTalDe TeMe ~OKTopcKe ~HcepT~Hje y
CaCTaBY:npo<p. ~p JOBaH EJIa3ap, npo<p. ~p JOBaR Pa,n;YHOBHnH npo<p. ~p .lJ:paraH
CTaHKOBHn.113BellITaj KOMHcHjeje YCBojeHHa HaCTaBHO-Hay~oM Beny EJIeKTpOTeXHHqKOr

<paKYJITeTaYHHBep3HTeTa y Eeorpa,n;y 29. 11. 2006. rO~HHe, a Bene 06JIaCTH TeXHHqKHX
HaYKaYHHBep3HTeTa y Eeorpa,n;y ~aJIOje Ha TOCarJIaCHOCT27.01. 2007. rO~HHe (6oj o~JIYKe
06-5642/16-11 ).

IIOlliTO H3 o6jeKTHBHHXpa3JIora (He~OCTaTaKo~roBapajyne TepMoBH3HjcKe KaMepe)

TeMa HHje 6HJIa 3aBpllIeHa y npe~BHljeHoM POKYo~ 5. rO~HHa, HaCTaBHO-Ha~HO Bene
EJIeKTpOTeXHHqKOr<paKYJITeTaje Ha CBOjOj742. ce~HH~H o~ 17. 1. 20 12. O~06pHJIO ~o~aTHO
BpeMe 3a 3aBpllIeTaK H3pa,n;e~OKTopcKe ~HcepT~Hje y 3aKOHCKOMPOKYO~ MaKCHMaJIHO~Be
rO~HHe.

KaR~H~aT je ypaljeHY ~HcepT~Hjy nO~Heo Ha nperJIe~ H o~eHY 28.11.2012.
rO~HHe, a HaCTaBHO-Ha~HO Bene EJIeKTpOTeXHH~or <paKYJITeTaY Eeorpa,n;y je 18. 12.2012.
rO~HHe HMeHOBaJIOKOMHCHjy3a nperJIe~ H o~eHY ~OKTopcKe ~HcepT~Hje y CaCTaBY:B.
npo<p. ~p JOBaR EJIa3ap, npo<p. ~p JOBaH Pa,n;YHOBHn,~o~. ~p BecHa .n;aMlDaHOBHn
(Py~apcKO-reOJIOlliKH <paKYJITeTYHHBep3HTeTa y Eeorpa,n;y), ~o~. ~p CJI060~aH IIeTpHqeBHn
H ~o~. ~p IIelja MHXaHJIOBHn.

1.3 Mecmo oucepmaljuje Y o02o6apajynoj HaY'-IHojo6llacmu

.n;HcepT~Hja npHna,n;a Ha~Hoj 06JIaCTH "EJIeKTpOTeXHHqKOH pa~apcKo

HH)I(elDepCTBo",a y y)l(eM CMHCJIY06JIaCTH ,,<PH3HqKeeJIeKTpoHHKe".



1.4 EU02pGfjJCKUnooalju 0 KaHouoamy

TIn)'K. Mp J1y6Hma awarocJIaB) TOMHn, ,l(HnJI.HH)I(.eJIeKTpOTeXHHKe,poljeHje 15.
<pe6pyapa 1960. rO,l(HHeY J1y6epaljH, onmTHHa Ea6ymHHI(a, Peny6JIHKa Cp6Hja. TIpBa
-qeTHpHpa3pe,l(a OCHOBHemKOJIe3aBpmHO je Y EOJIe-qy, onmTHHa rpOI(Ka, a ,l(pyra -qeTHpH
pa3pe,l(a y Eeorpa,l(Y. Cpe,l(ffiY eJIeKTpoTeXHH-qKymKony 3aBpmHO je y Eeorpa,l(Y. Y OCHOBHOj
H Cpe,l(ffiojmKOJIHje nOKa3aO OMH-qaH ycnex.

lIIKoJIoBaffie je HaCTaBHOHa EJIeKTpOTeXHH-qKOM<paKYJITeTYy Eeorpa,l(Y.

,[(HnJIOMHpaOje 1989. rO,l(HHeHa O,l(CeKYTeXHH-qKa<pH3HKaHa cMepy HyKJIeapHa
eHepreTHKa. ,[(HnJIOMCKHpa,l( no,l( HaCJIOBOM"AKcHjaJIHa HHjeKI(Hja I(HKJIOTpOHCKorCHona
KopHmlieffieM MarHeTCKor HH<pJIeKTOpa",O,l(6paHHOje 22. cenTeM6pa 1989. rO,l(HHeca
OI(eHOM10 (,l(eCeT).

MarHcTapcKe cTY,l(HjeHa EJIeKTpOTeXHH-qKOM<paKYJITeTYYHHBep3HTeTa Y Eeorpa,l(Y,

CMep OnTOeJIeKTpOHHKaH JIaCepCKa TeXHHKa,3aBpmHO je 2002. rO,l(HHe,CTeKaBmH
aKa,l(eMCKO3Baffie MarHcTpa eJIeKTpoTeXHH"qKHXHaYKa. TeMa MarHCTapCKOr pa,l(a rJIaCHJIaje:

"TIpHMeHa HMnYJICHepa,l(HOMeTpHje3a HCnHTHBaffie,l(e<peKaTaYMaTepHjaJIY","qRjHje
MeHTOp6HO,l(p JOBaH EJIa3ap, BaHp. npo<p.

J1y6Hma TOMHn ce 3anOCJIHO1. ,l(eI(eM6pa 1988. Y Tpenoj 6eorpa,l(CKoj rHMHa3HjH
Kao Capa,l(HHKY HaCTaBH3a npe,l(MeT eKcnepHMeHTaJIHa <pH3HKaH pa,l(HOje ,l(O31. jaHyapa
1990. rO,l(HHe.BojHH pOKje O,l(CJIY)l(HOY lIIKOJIHpe3epBHHx o<pHI(Hpa Y Eeorpa,l(Y 1988.
ro,l(HHe.

O,l( 1. <pe6pyapa 1990. rO,l(HHeje Ha Cny)l(6H Y BOjHOjHay-qHO-HCTpa)l(HBa-qKoj
YCTaHOBH"TeXHH"qKHonHTHH I(eHTap" (TOQ) Y Eeorpa,l(Y. TIpomao je cJIe,l(ena 3Baffia Y
JIa6opaTOpHjH 3a OnTOeJIeKTpoHHKYH JIaCepcKYTeXHHKYY TOQ-y: CaMOCTaJIHH
HCTpa)I(HBa-q,BHmH HCTpa)I(HBa-qH BO,l(eOOHCTpa)I(HBa-q,a TpeHYTHoje Ha-qeJIHHKO,l(eJbeffia

3a BojHe OnTOeJIeKTpoHcKeCHCTeMe.Ha CneI(HjaJIHCTH"qKHMcTY,l(HjaMaHa BA BC Capa,l(HHK

je Y HaCTaBH3a npe,l(MeT O,l(a6paHa nOrJIaBJba KBaHTHeonTHKe.

OMYKOM Hay-qHo - HaCTaBHOrBena EJIeKTpOTeXHH-qKOr<paKYJITeTaYHHBep3HTeTa Y

Eeorpa,l(Y O,l(20.09.2005. rO,l(HHe6p. 1664/2 H3a6paHje Y HCTpa)l(HBa-qKO3Baffie
HCTpa)I(HBa-q-capa,l(HHK.

TOKOMCBor ,l(OCa,l(amffierHay-qHo-HcTpa)I(HBa-qKOrpa,l(a, J1y6Hma,l(. TOMHn 06jaBHO

je 1 pa,l( Y -qaconHcy MeljYHapO,l(HOr3Ha-qaja (ca SCI JIHCTe), 1 pa,l( Y -qaconHCY HaI(HOHaJIHOr
3Ha-qaja, 8 pa,l(OBacaonmTeHHX Ha MeljYHapO,l(HHMcKynoBHMa H 20 pa,l(OBa caonmTeHHX Ha
cKynoBHMa HaI(HOHaJIHOr3Ha-qaja mTaMnaHHX YI(eJIHHH.Y-qecTBoBaoje Y H3pa,l(HnpeKo
100 H3BemTaja 0 3aBpmHHM H BepH<pHKaI(HOHHMHCnHTHBaffiHMa.TIope,l( Tora, PYKOBO,l(H
je,WIHMHCTpa)l(HBa"qKHMnpojeKToM Y TOQ-y no,l( Ha3HBOM"Pa3BOj MeTO,l(OJIOrHjeH ffieHa
HMnJIeMeHTaI(Hja3a npoBepy KapaKTepHCTHKaTepMoBH3 HjcKe onpeMe H aHaJIH3YCJIHKe",

KojHje y TOKY.

2. OTIHC ,lJ;HCEPT AD;HJE

2.1 CmpYKmypa U caop:JICaj oucepmaljuje

,[(HcepTaI(Hja Ca,l(p)I(HHaCJIOBHYcTpaHY, KpaTaK pe3HMe pa,l(a Ha cpncKoM H
eHrJIeCKOMje3HKY, 3axBaJIHHI(Y,ca,l(p)l(aj, JIHCTYTa6eJIa, JIHCTYCJIHKa,7 norJIaBJba, CnHCaK

KopHmlieHe JIHTepaTYPe, 7 npHJIOra H KpaTKY6Horpa<pHjy aYTopa. IIorJIaBJba cy
HaCJIOBJbeHa:1. YBO,l(,2. llH<ppaI(pBeHa TepMorpa<pHja, 3. HYMepH-qKacHMYJIaI(Hja, 4.

EKcnepHMeHTaJIHHpe3YJITaTH, 5. TIopeljeffie TeopHjcKHx H eKcnepHMeHTaJIHHXpe3YJITaTa, 6.

2



..

TeMneparypHa MO~JI~HOHa TpaHc$ep $)'HKIJ;Hja; 7. 3aKJDyqaK. Ce,D;aMnpHJIora cy:
TIpHJIor A - TepMo$H3lf11Ke oco6HHe MaTepHjaJIa; TIpHJIor E -BpeMeHcKa 3aBHCHOCT
HHTeH3IITeTaCBeTJIOCHOrHMnYJICaH pe3YJITaTHHYMepHq}(eCHMYJI~Hje; TIpHJIOr U;-
Pe3YJITaTHCHHMaIDaTepMoBH3HjcKoMKaMepOMSC620; TIpHJIOr)]; - BpeMeHcKH pa3BOj
TeMneparypHor KOHTpacTa; TIpHJIor E - <l>HJITpHpaIDe;TIpHJIOr <I>- Pe3YJITaTH ceKBeH~e
SEQ.OO40; TIpHJIOr r - Pe3YJITaTH.

2.2 KpamaK npUKa3 nojeoUHallHUX n02Jla6Jba

Y YBO,D;yje HCTaKHYTBeJIHKHnOTeH~HjaJI KOjHIC TepMorpa$Hja, npeBaCXO,ZJ;HO
HMnyJICHaBH,ZJ;eOTepMorpa$Hja,HMa y npo~eCHMa npOH3BO,lUbe,KOHTpOJIeKBaJIHTeTaH
npanelDa eKCllJIOaT~Hje pa3JIHq}{THXnpOH3BO,D;aH ypegaja, H TOKaOje,ZJ;HaO,D;MeTO,D;a

He,D;eCTpYKTHBHe,D;e$eKTOcKonHje.TIoce6Ho je HarJIameH 3Haqaj TeXHOJIOmKOrHanpeTKa y
npOH3BO,D;IDHHH$pa-~pBeHHX ceH30pa 3a pa3BOj IC TepMorpa$Hje. TIOJIa3eoo O,D;H3Y3eTHe
aKTYeJIHOCTHH nepCneKTHBHOCTHHMnYJICHeTepMorpa$Hje CarJIe,D;aHHcy lDeHH TpeHYTHH
,D;OMeTH,Kao H npenpeKe Ha nyry ,D;aJDerHanpeTKa. TaKoge cy ,D;aTH~HJbeBH ,ZJ;HCepT~je,
MeTO,D;OJIOrHjaKOjOMhe ce HaBe,D;eHH~HJDeBHOCTBapHTHH OqeKHBaHHpa3YJITaTH
,D;HCepT~Hje.

,n;pyro nOrJIaBJDe ce 6aBH np06JIeMOM IC TepMorpa$Hje Kao MeTO,D;e
He,D;ecTpYKTHBHOrHCnHTHBaIDaMaTepHjaJIa. Y lDeMYcy CHCTeMaTCKHnpHKa3aHe pa3J1Hq}{Te
BapHjaHTe IC TepMorpa$Hje H norO,ZJ;HOCTHIDHXOBenpHMeHe ca nOCe6HHM OCBpTOMHa
HMnYJICHYTepMorpa$Hjy. )];aTH cy $H3Hq}(H OCHOBHHa KojHMaje MeTO,D;a3aCHOBaHaH

OCHOBHeje,D;Haq}{HeKoje perYJIHmy ancopn~Hjy H TpaHCnOpT TOnJIOTe.

Tpehe nOrJIaBJDe nocBeheHo je HYMepHq}(oMMO,D;eJIOBaIDYnpo~eca npoBogelDa
TOnJIOTey Y30pKYca cHMYJIHpaHHM,D;e$eKTHMa.KaKO 6e ce OJIaKmaJIa aHaJIH3a

eKcnepHMeHTaJIHHXpe3YJITaTa, KojHMa cy BepH$HKOBaHHBaJIH,D;HOCTnpe,ZJ;JIO:>KeHOr
$H3HQKOrMO,D;eJIaH HYMepHq}(aCHMYJI~Hja, npeTnOCTaBJDeHHcy ,D;e$eKTHca nepHO,D;H~OM
CTpYKrypOM.TIepH,ZJ;~a cTpYKTYpa,D;e$eKaTaje, nope,D;Tora, oMoryhHJIa YBogelDe

TeMneparypHe npeHocHe $)'HKIJ;Hje y npe,ZJ;HKIJ;HjyBeJlHq}{HeH ~6HHe ,D;e$eKaTa KOjHce
MOry ,D;eTeKTOBaTHIC TepMorpa$HjoM. Y norJIaBJDYje ,D;eTaJDHOOnHCaH HYMepHqKHKO,D;
pa3BHjeH y MA TLAB-y KopHmhelDeM MeTO,D;eKOHa~HX pa3JIHKa, rpaHH~H H nOQeTHH
YCJIOBH,MaTeMaTHqKHMO,D;eJICBeTJIOCHOrHMnYJICaH lDerOBa ancopn~Hja, Kao H TeCTHpaIDe
CaMora KO,D;a.TaKoge cy npHKa3aHH pe3YJITaTHCHMYJI~Hje 3a pa3J1Hq}{TeKapaKTepHCTHKe
,D;e$eKaTa,H TOYB~ TeMneparypHor nOJDay Y30PKY,a 3a pa3JIHq}{TeeKCnepHMeHTaJIHe
YCJIOBe.

qeTBpTo nOrJIaBJDe Ca,ZJ;p:>KHonHC eKcnepHMeHTa H npHKa3 eKCnepHMeHTaJIHHX
pe3YJITaTa. ,l'(eTaJDHOcy OnHCaHHnpHllpeMa eKCnepHMeHTaJIHHXY30paKa, nOCTaBKa
eKcnepHMaTa H KapaKTepHCTHKeKopHmheHe onpeMe. TIoce6Ha na:>KIDaje nocBeheHa
O,D;pegHBaIDYMepHe HecHrypHoCTH H MeTO,D;OJIOrHjHCHHMaIDaTepMorpaMa H npHKynJDaIDa
MepHHXpe3YJITaTa. Ha Kpajy cy ,D;aTHeKCnepHMeHTaJIHHpe3YJITaTHy CHpOBOMCTaIDYH
HaKOHo6pa,ZJ;eH H3BpmeHa je IDHXOBaaHaJIH3a.

Y neTOM nOrJIaBJDYH3BpmeHaje ,D;eTaJDHOnopegelDe HYMepHqKHXH
eKcnepHMeHTaJIHHXpe3YJITaTa. Kao napaMeTap no KOMeje BpmeHO nopegelDe o,D;a6paHaje
MaKCHMaJIHaTeMnepaTypHa pa3JIHKa Ha nOBpmHHH Y30pKa. <l>HTOBaIDeMeKcnepHMeHTaJIHHX
pe3YJITaTa KpHBOM,D;06HjeHoMy HYMepHq}(ojCHMYJI~HjH OTKJIOlDeHje np06JIeM KOjHy
06pa,ZJ;Hpe3YJITaTa HaCTaje 360r HeMoryhHocTH KOHTHHYaJIHeaKBH3H~je nO,D;aTaKa
TepMoBH3HjCKOMKaMepOM. DBa HeMoryhHocT je H3a3BaHa KapaKTepHCTHKaMaKaMepe, Koja
pa,ZJ;HCaMOY $pejM MO,D;y,na cy nO,D;~H 0 TeMnepaTypHoM nOJDYHa nOBpmHHH Y30pKa y
TpeH~HMa H3Megy $pejMoBa He,D;OcTynHH3a aHaJIH3Y.KOHCTaTOBaHOje H3BaHpe,D;HO
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cnaraIbe H3Me~y eKCnepHMeTallHHXH HYMepHqKHXpe3ynTam, qnMe je nOTBp~eHa

BallH,WIOCT<pH3HqKOrMO,IJ;enaH HYMepHqKOrKO,IJ;a.HaKOH TOra je H3BpmeHa HYMepHqKa
npe,IJ;HKD;HjaMaKCHMallHeTeMneparypHe pa3nHKe Ha nOBpmHHH Y30pKa 3a pa3nHqnTe
,IJ;y6HHeH mHpHHe ,IJ;e<peKam,

Y meCTOMnOfllaBlliY ,IJ;e<pHHHCaHajeTeMnepaTypHa MO,IJ;ynau;HOHaTpaHc<pep

<PYHKD;Hja3a nepHO,IJ;HqHe,IJ;e<peKTe,ca OCBpTOM Ha HHBep3HHnpHcryn y HMnyncHoj
TepMorpa<pHjH. 113BpmeHa je aHallH3a TeMnepaTypHe TpaHc<pep <PYHKnHjenOMony
neHTpallHe nHHHje TepMorpaMa, a Ha OCHOBYKOHnenm npOCTopHe yqeCTaHOCTH.

Y 3aK.Jb~y, KOjHnpe,IJ;CTaBlliace,IJ;MOnOrnaBllie, OnHCaHaje MeTO,IJ;OnorHjaKOjOMje
CnpOBe,IJ;eHO HCTpIDKHBalDe npHnHKOM H3pa,IJ;e ,IJ;OKTOpCKe ,IJ;HCepTau;Hje H HCTaKHYTH cy lDeHH

rnaBHH ,IJ;OnpHHOCH.

3. O:QEHA ,L(HCEPTAD;HJE

3.1 CaepeMeHocm, °pu2uHaJmocm U 3Hallaj

)J;oKTOpcKa,IJ;HCepTau;Hjace 6aBH BeOMaMO,IJ;epHHMonToeneKTpoHcKHM CHCTeMOM3a

He,IJ;ecTpYKTHBHYHHcneKnHjy, qnjH ce pa,IJ;6a3Hpa Ha 06Pa,IJ;HTepMallHe cnHKe nOBpmHHe

MaTepHjalla. Y HH,IJ;YCTpHjHnocTojH CTallHa nOTpe6a 3a HOBHMnpHcrynHMa y aHallH3H
TepM°<pH3HqKH:Xoc06HHa MaTepHjalla, a TaKO~e H pe)I(HMa pa,IJ;aCHCTeMa3a HCnHTHBaIbe.
He6naroBpeMeHo yoqaBalDe ,IJ;ecTpYKTHBHHXTepM°<pH3HqKH:XnojaBa y MaTepHjallHMa, KaKO

y nponecy npOH3BO,IJ;lDeTaKOH Y eKcnnoaTau;Hje noje,IJ;HHHXype~aja HnH CHCTeMa,Mory
,IJ;OBeCTH,IJ;OnOMOBaHnH qaK H Te)l(HXXaBapHja, na je OBa np06neMaTHKa YBeKaKTYenHa H

3HaqajHa. KaKOje je,IJ;aHO,IJ;nHllieBa ,IJ;HCepTau;Hje6HO ,IJ;ace pa3BHje MeTO,IJ;a3a MaCOBHY
npHMeHYy HH,IJ;yCTpHjH,onpeMa Kojaje KopHmneHa npH HCTpIDKHBaIDYje KOMepnHjallHa,
ann npe,IJ;CTaBllianOcne,IJ;IDYpeq y pa3BOjy IC TeXHonorHje. Y OBOj,IJ;HCeTau;HjH
KapaKTepHCTHKeTe onpeMe cy HCKopHmlieHe ,IJ;OCaMor MaKCHMYMa,a OCTBapeHje HOBHH
OpHrHHanHHHaqnH lDeHe npHMeHe. To je nocTHrHYTo pa3BojeM noce6Hor co<pTBepa 3a
06pa,IJ;yH aHallH3Y TepMoBH3HjcKe cnHKe, qnMe cy 3HaqajHo npOmHpeHe MOryllHOCTH
TepMOBH3HjCKeKaMepe.

)J;e<pHHHCaIDeTeMnepaTypHe npeHocHe <PYHKD;HjeH lDeHa npHMeHa 3a

KapaKTepH3au;Hjy ,IJ;e<peKamKojH ce MOry ,IJ;eTeKTOBaTHnpe,IJ;CTaBlliajom je,IJ;aHO,IJ;
OpHrHHanHHX,IJ;OnpHHOcaOBe ,IJ;HCepmnHje.

3.2 Ocepm Hapeq;epeHmHY U KopuUlneHY Jlumepamypy

Y CBOjOj,IJ;HCepTau;HjH,KaH,IJ;H,IJ;aTje ,IJ;eTalliHOnpeTpIDKHo nocTojeny nHTepaTypy H

KopeKTHo H 06HMHOHaBeO pe<pepeHne Ha pa,IJ;OBeKOjHcy y Be3H ca TeMOM,IJ;HCepTau;Hje.
HaBe,IJ;eHecy 176 6H6nHorpa<pcKe pe<pepeHne. JIHTeparypa Ca,IJ;p)I(HHajHoBHje pa,IJ;OBe
peneBaHTHe 3a np06neMaTHKY ,IJ;HCepTau;Hje,KnaCHqHe pa,IJ;OBe,Kao H pa,IJ;OBeqnjH je ayTOp
HnH KoaYTOpJ1y6Hma TOMHn.

3.3 AHaJlU3a npUMelbeHux HayllHUXMemoOa U lbuxoea aoeKeamHocm 3a cnpoeeoeHo

ucmpa;)ICUealbe

)J;oKTOpcKa,IJ;HCepTau;HjaJ1y6Hme TOMHna je, y OCHOBH,eKcnepHMeHTallHOr

KapaKTepa, mTO y HCTpa)l(HBaIDeYHOCHHH3np06neMa Koje CBaKHeKcnepHMeHT ca C060M
HOCH,na je OBaKBOOnpe,IJ;ellielDeKaH,IJ;H,IJ;aTa3a CBaKYnOXBallY. )J;HcepTau;Hja Ca,IJ;p)I(H
TeopHjcKY aHallH3Y <pH3HqKH:Xnponeca y Y30PKYY TOKYH HaKOHOCBeTlliaBaIDaCBeTnOCHHM
HMnyncoM, <popMHpaIbe <pH3HqKOrMO,IJ;ena,lDerOB onHC o,IJ;roBapajyhHM MaTeMaTHqKHM
je,IJ;HaHHaMaO,WIOCHO<popMHpaIDeMaTeMaTHqKOrMO,IJ;ena,HYMepHqKy CHMynau;Hjy nponeca
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TpaHcnopTa TOnJIOTe y Y30PKYH, Ha Kpajy, eKCnepHMeTaJIHYnpoBepy H BepJl(l>HKa~Hjy
,n;06HjeHHX pe3YJITaTa. Ha oBaj HaqHH je KaH,n;H,LJ;aTy CBOMpa..n:y o6je,n;HHHO CBe nocTYKe KOjH

cy HeOnXO,LJ;HH,n;a 6H ce y HaynH yqHHHO nOY3,n;aH KOpaK Hanpe,n;.

MeTO,n;OJIOrnja HCTpa)KHBaaa cacTOjaJIa ce y CJIe,n;eheM:

. ,n;enlTbHO je npoyqeHa H aHaJIH3HpaHa JIHTepaTypa Koja ce O,n;HOCHHa npo~ece ,n;H<pY3Hje

TOnJIOTe y MaTepHjaJIY y OKOJIHHH,n;e<peKTa, MO,n;eJIOBaae npoBogeaa TOnJIOTe y

nepHO,n;HqHHM CTpYKTypaMa H npHMeHY HMnYJICHe HH<pp~pBeHe TepMOrpa<pHje y

He,n;eCTpYKTHBHOj,n;e<peKTOcKonHjH;

. H3patjeHH cy TeCT Y30P~H O,n;aJIYMHHHjYMa ca CHMYJIHpaHHM ,n;e<peKTHMa nepHO,LJ;HtIHe

CTpYKType;

. CnpOBe,n;eHaje o,n;roBapajyha MeTO,n;OJIOrHja CHHMaaa npHJIarogeHa Y30p~lIMa H

CBeTJIOCHOMH3BOPy, H TO ca 4 Mo,n;eJIa KOMep~HjaJIHHX TepMoBH3HjcKHx KaMepa;

. YnopegeHH cy pe3YJITaTH ,n;o6HjeHH HYMepHtIKOM CHMYJI~HjOM H eKcnepHMeHTaJIHH

pe3YJITaTH H H3Be,n;eHH o.n;roBapajynn 3aK.JDyqIJ:H.

3.4 DlJeHa npUMefbU60cmu U 6epUlpU1WlJuje ocm6apeHUX pe3YJlmama

,IJ:HcepT~Hja, nope,n; TeopHjcKor H HYMepHtIKOr ,n;eJIa, Ca..n:P)KHH eKcnepHMeHT KOjHje

OCMHill.TbeH TaKO ,n;a je Moryhe npOBepHTH BaJIH,LJ;HOCT<pH3HtIKOr Mo,n;eJIa H HYMepHtIKe

CHMYJI~Hje. ,IJ:06HjeHo H3BaHpe,n;HoCJIaraae H3Megy OBHXpe3YJITaTa, na ce MO)KeCMaTpaTH
,n;acy pe3YJITaTHBepH<pHKOBaHH.KaKOje y ,n;HcepTe~HjHYHanpegeHa npHMeHa MeTo,n;e
HMnYJICHeTepMorpa<pHje y HeKOHTaKTHOr,n;e<peKTOcKonHjH,3a OtIeKHBaTHje ,n;ahe
pe3YJITaTH,n;HCeTp~Hje HallH 3HatIajHY npHMeHY y pa3JIHtIHTHM06JIaCTHMa HH,LJ;yCTpHje,a
TaKoge H y TeopHjcKoj aHaJIH3HCaMe MeTO,n;e.

3.5 DlJeHa cnoco6Hocmu KaHouoama 3a CaMOCmaJlHUHayllHUpao

KaH,n;H,n;aTje CTBOjHMpa..n:OMy 06JIaCTH,LJ;HCepT~HjeCTeKao npen03HaT.TbHBOlIMe y
HayqHHMH CTpyqHHMKpyroBHMa. TIpH H3pa..n:HcBoje ,n;oKTOpcKe,n;HcepT~Hje OHje nOKa3aO
H3Y3eTHYCHCTeMaTHtIHOCT,cBeo6YXBaTHocT H 3peJIOcT. TIoce6Ho Tpe6a HCTallHTO,n;aje

KaH,LJ;H,n;aTnOCBeTHOnoce6HY na)Kay MeTo,n;OJIOrHjHKaKOCaMor eKcnepHMeHTa, TaKOH
npHKyn.Tbaaa H o6pa..n:e ,n;o6HjeHHXpe3YJITaTa, KopHCTenn npH TOMe06HJIaTO HCKYCTBO
CTetIeHOy TeXHHtIKOMonHTHOM~eHTpy BojcKe Cp6Hje. TIpHMeHa HMnYJICHeTepMorpa<pHje

y He,n;eCTpYKTHBHoj,n;e<peKTocKonHjH,a HapOtIHTOMo,n;eJIOBaaa YTH~aja ,n;y6HHeH mnpHHe
,n;e<peKTaHa MoryhHoCT aHXOBor OTKpHBaaa y pa3JIHtIHTHMMaTepHjaJIHMa, cJIa60 je
HCTpa)KeHa.CBH ,n;o6HjeHHpe3YJITaTHnOTnYHOcy HOBH,TaKO,n;acy ,n;onpHHOCH,n;HcepT~Hje
y OBOj 06JIaCTH OpHrHHaJIHH H nOTBpgyjy cnoco6HOCT KaH,n;H,LJ;aTa3a CaMOCTaJIHH HayqHO -
HCTpa)KHBatIKH pa..n:.

4. OCTBAPEHH HAyqHH ,n;OTIPHHOC

4.1 flpuKa3 ocm6apeHUX HayllHUXoonpuHoca

Y ,n;OKTOpCKOj,LJ;HCepT~HjHJ1y6Hille TOMHha oCTBapeHH cy cJIe,n;enn HayqHH
,n;onpHHOCH:

. CYMHpaHH cy H CHCTeMaTH30BaHHpe3YJITaTH H3 06JIaCTH npHMeHe HMnYJICHe IC

TepMorpa<pHje o6jaB.TbeHHy,n;OcTynHoj'JIHTepaTYPH;

. pa3BHjeH je <pH3HtIKH Mo,n;eJI ancopn~Hje H TpaHCnOpTa TOnJIOTe y Y30PKY ca
nepHo,n;HtIHOM CTpYKTypOM ,n;e<peKaTa;
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.
pa3BHjeHje H)'MepHqKH KO,l(Y IIpOrpaMCKOMmrn:ery MATLAB@ 3a H3paqYHaBaIbe
TeMIIepaTypHOr IIOJDaY eJIeMeHTapHoj heJIHjH IIepHO,l(H"tJReCTpYKType,l(e<peKaTa,qHjaje
BaJIH,l(HOCTeKCIIepHMaHTaJIHOIIoTBpljeHa;

OTKJIOIneHaje TemKona Y aHaJIH3HTepMorpaMa IIPOY3pOKOBaHaHeMoryhHomhy. .
KOHTHHyaqHe aKBH3HIJ;Hje IIO,l(aTaKa TepMOBH3HjCKOM KaMepOM, H TO TaKO mTO cy

eKCIIepHMeHTaJIHH pe3YJITaTH <pHTOBaHHKpHBOM ,l(06HjeHoM y H)'MepHqKoj CHMYJIaIJ;HjH;

,l(e<pHHHCaHaje TeMIIeparypHa IIpeHOCHa <PYHKIJ;HjaIIO aHaJIOrHjH ca OIITH"tJKOM

IIpeHOCHOM <PYHKIJ;HjOM;

TeMIIepaTypHa IIpeHOCHa <PYHKIJ;Hjaje HCKopHmheHa 3a aHaJIH3Y CJIHKe TeMIIepaTypHor

IIOJDa, Ha OCHOBYKoje ce ,l(eTeKTyjy ,l(e<peKTH y MaTepHjaJIY, HeBH,l(.JDHBHHa IneroBoj
IIOBpmHHH;

YHaIIpeljeHa je MeTO,l(a HMIIYJICHe TeMorpa<pHje IIPH IIpHMeHH CTaH,l(ap,l(He

TepMoBH3HjcKe KaMepe, H TO TaKO mTO je IIOBenaHa IneHa OCeTJDHBOCTIIOrO,l(HOM

06Pa.l(OM TepMoBH3HjcKe CJIHKe.

4.2 KpUmUlJ1W aHOJlU3a pe3Yllmama ucmpa:JICuea1ba

.

.

.

.

Came,l(aBaIneM IJ;HJDeBa HCTpmKHBaIba, IIOCTaBJDeHHX XHIIOTe3a H oCTBapeHHx

pe3YJITaTa KOHCTaTyjeMo ,l(a je KaH,l(H,l(aT YCIIemHo O,l(rOBOpHo Ha CBa 6HTHa IIHTaIba H

,l(HJIeMe Koje cymTHHcKH IIpOH3HJIa3e H3 06pa1jHBaHe IIp06JIeMaTHKe H ,l(a je YKa3aO Ha
IIYTeBe ,l(aJDer pa.l(a.

4.3 OlJeKUeaHa npUMeHa pe3Yllmama y npaKcu

CBe06YXBaTaH H CHCTeMaTH30BaH IIpeme,l( pe3YJITaTa ,l(OCMamInHX HCTpaJKHBaIba,

KOjHje HeOIIXO,l(aH 3a CTHIJ;aIbe IIYHor YBH,l(a y TpeHYTHo CTaIne y 06JIaCTH ,l(eTeKIJ;Hje

,l(e<peKaTa IIpHMeHoM HMIIYJICHe TepMorpa<pHje, Kao H ,l(e<pHHHCaIne H YBoljeIne y aHaJIH3Y

TeMIIepaTypHe IIpeHocHe <PYHKIJ;Hje,6Hhe O,l(BeJIHKe KOpHCTH 3a ,l(aJDa HCTpa)IGmaIna y OBOj

06JIaCTH. KaKO je y ,l(HCepTaIJ;HjH YHaIIpeljeHaje,l(Ha MeTO,l(a Koja ce Beh KOpHCTH y

HH.l(yCTpHjH, MO)I(e ce OqeKHBaTH ,l(a he pe3YJITaTH ,l(HCepTaIJ;Hje HahH 3HaqajHY IIpHMeHY Y
IIpeKCH.

4.4 HaylJHU oonpuHocu eepurjJuKoeaHu caonmmaea1beM paooea Ha KOHrjJepeHlIujClMa

Uo6jae/bUea1beMy lJaCOnUCUMa.

Y TOKYCBor HCTpa)I(HBaqKOrpa.l(a Ha ,l(OKTOpCKOj,l(HCepTaIJ;HjH.Thy6Hma TOMHhje H3

TeMe cBoje ,l(OKTOpCKe,l(HCepTaIJ;Hje06jaBHo YKYIIHO18 pa.l(OBa, O,l(Tora je,l(aH PM Y
MeljYHapO,l(HOMqaCOIIHcy ca SCI JIHCTe,OCaMpMOBa je IIpe3eHTHpao Ha MeljYHapO,l(HHM
KOH<pepeHIJ;HjaMaH ,l(eBeTPMoBa Ha ,l(OMahHMKOH<pepeHIJ;HjaMa.

Pa.l(OBH06jaBJDeHH y MeljYHapO,l(HHMqaCOIIHCHMa:

1. Lj. Tomic, M. Milinovic, "Experimental research of limits for thermal modulation
transfer function", Thermal science, Vol. 13 (2009), No.4, pp. 119-128, UDC:
620.1:66.085.1:772.96, DOl: 1O.2298/TSCI0904119T [IF 1.07, M23].

Pa.l(OBH06jaBJDeHH Ha KOH<pepeHIJ;HjaMaO,l(MeljYHapO,l(HOr3Haqaja:

1. Lj. Tomic, J. Elazar, B. Milanovic, "The influence of subsurface defects in material on
differencies in numerical and experimental detection results, applying pulse
thermography", Proc. Abstr. 3rdConference MediNano 77, 18-19 October, Belgrade,
Serbia 2010, [ISBN 978-86-82441-28-1].
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2. Lj. Tomic, J. Elazar, B. Milanovic, "Numerical Simulation of the Temperature Field in
Pulse Radiometric Defectoscopy", Proc. Abstr., 14th International Conference on
AEROSPACE SCIENCES &A VIATION TECHNOLOGY, ASAT- 14, 052-TH, 99,
Military Technical College, Kobry Elkobbah, May 24 - 26, 2011, Cairo, Egypt.

Lj. Tomic, J. Elazar, B. Milanovic, "Maximal Temperature Difference Detennination in
Pulse Infrared Thermography by Fitting Experimental Results with Numerical
Simulation Curve", Book of Abstr. III International School and Conference on Photonics
Conference, Photonica2011 66, August 29-September 2, 2011, Belgrade, Serbia, [ISBN
978-86-7306-110-8].

Lj. Tomic, J. Elazar, B. Milanovic, "Characterization of subsurface defects by
radiometric non-destructive defectoscopy", Proceedings, 4thInternational Scientific
Conference on Defensive Technologies OTEH 2011 pp. 587-591, 6-7 October 2011,
Belgrade, [ISBN 978-86-81123-50-8].

3.

4.

5. I. Kostic, R. Karkalic, Lj. Tomic, "One approach to analysis of thermograms recorded
using watershed algorithm", Proceedings, 4thInternational Scientific Conference on
Defensive Technologies OTEH 2011 pp. 575-578, 6-7 October 2011, Belgrade, [ISBN
978-86-81123-50-8].

Lj. Tomic, J. Elazar, V. Damnjanovic, B. Milanovic, "Defect Detection in Aluminum
using Pulse Thermography for a sample width Periodic Structure", ICOM 2012 paper
accepted for ORAL presentation, Book of Abstracts, The 3rd International Conference
on the Physics of Optical Materials and Devices, ICOM 2012 269, September 3rd-
September 6th,2012, Belgrade, Serbia, [ISBN 978-86-7306-116-0].
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7. Lj. Tomic, J. Elazar, B. Milanovic, V. Damnjanovic, A. Kovacevic, "Temperature
contrast enhancement techniques in pulse video thermography applications",
Proceedings, 5thInternational Scientific Conference on Defensive Technologies OTEH
2012 pp. 427-431, 18-19 September 2012, Belgrade, [ISBN 978-86-8123-58-4].

I. Kostic, Lj. Tomic, A. Kovacevic, P. Rakonjac, S. Nikolic, "Energy distribution on
aluminium plate testing by active thermography", Proceedings, 5thInternational
Scientific Conference on Defensive Technologies OTEH 2012 pp. 567-569, 18-19
September 2012, Belgrade, [ISBN 978-86-8123-58-4].
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kontrasta", Zbornik radova, 3. NAUCNO-STRUCNI SKUP iz oblasti odbrambenih
tehnologija OTEH 2009,8-9. oktobar 2009, Beograd, [ISBN 978-86-81123-40-9].
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razlike izmedu numerickih i eksperimentalnih rezultata detekcije, primenom impulsne
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32,21-23 April, Beograd, Srbija 2010, [ISBN 978-86-8244-127-4].
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5. Lj. Tomic, J. Elazar, B. Milanovic, "Numericka simulacija temperaturskog polja u
impulsnoj radipmetrijskoj defektoskopiji", Proc. 54thETRAN Conference, M01.5-1-4,
2010, [ISBN 978-86-80509-65-5].

6. Lj. Tomic, J. Elazar, B. Milanovic, "Numerical simulation of the temperature field in
active infrared thermography" , Proc. 55thETRAN Conference, M01.4-1-4, Banja
VruCica,6-9 Juna 2011, [ISBN 978-86-80509-66-2].

7. Kostic, Lj. Tomic J. Elazar, "Analiza slike snimljenih termograma primenom impulsne
videotermografije", Proc. 55thETRAN Conference, M01.3-1-4, Banja VruCica,6-9 juna
2011, [ISBN 978-86-80509-66-2].

8. Lj. Tomic, J. Elazar, "Optimizacija dubinske i prostorne rezolucije termograma u
impulsnoj video defektoskopiji", Elektronski zbornik radova 56. Konferencije za
ETRAN, M04.4-1-4, Zlatibor, 11-14.juna 2012, [ISBN 978-86-80509-67-9].
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5. 3AKJLY'IAK H IIPE~JIOr

5.1 KpamaK ocepm Ha oucepmaijujy y ijeJlUHU,Ha HayilHe oonpuHoce KOHKpemHoj
HayilHOjo6Jlacmu UMemOOOJlO2uju,Ha npUMeHYy npaKCUUHa cnoco6Hocmu KaHouoama.

.n;oKTOpcKa,n;HcepTaJJ;HjannYK. Mp Jby6HIIIe.n;. TOMHna, ,n;HnJI.HHJK.eJIeKTpoTexHHKe,
no,n;HaCJIOBOM"He,n;eCTpYKTHBHOHCnHTHBalLeTepMo<pH3HqJ(JIXoc06HHa MaTepHjaJIa IC
TepMorpa<pHjoM" 6aBH ce BeOMaMo.n;epHHMOnTOeJIeKTpoHCKHMCHCTeMOM3a
He,n;ecTpYKTHBHYHHcne~Hjy, ql{jH ce pa.n;6a3Hpa Ha 06pa.n;H TepMaJIHe CJIHKenOBpmHHe
MaTepHjaJIa. HaKOH OCBeTJDaBalLaKpaTKHMCBeTJIOCHHMHMnYJICOM,y TepMaJIHoj CJIH~H
nOBpmHHe MaTepHjaJIa nojaBJDyjy ce 06pHCH ,n;e<peKaTaKOjHce HHaqe He BH,ZJ;e.Pa3BOj OBe
MeTO,n;ejaKO 3aBHCHo,n;pa3Boja IC TeXHOJIOrHje,aJIH TaKO~e H o,n;nocrynaKa aKBH3~Hje H

06pa.n;e pe3YJITaTa, qeMY je Jby6Hma TOMHn ,n;aonpHMeTaH ,n;onpHHoc.

Jby6Hma TOMHlije y CBOjOj,ZJ;HCepTaJJ;HjHpa3BHO <pH3HqKHMo,n;eJIancopnIUije H
TpaHcnopTa TOITJIOTey Y30pKY ca nepHo,n;H~OM CTpYKTYPOM,n;e<peKaTa.nepHO~a
cTpYKTYPa.n;e<peKaTaje OJIaKmaJIa 06pa.n;y eKcnepHMaTaJIHHX.n;e<peKaTa,aJIH, mTOje jom
3HaqajHHje, oMoryliMJIaje YBo~elbe TeMnepaTypHe npeHocHe <PYH~Hje y npe,n;H~Hjy
BeJIHqI{HeH .n;y6HHe,n;e<peKaTaKOjHce MOry ,n;eTeKTOBaTHIC TepMorpa<pHjoM.

Ha OCHOBY<pH3H~or Mo,n;eJIapa3BHjeH je HYMepHqKHKO,n;y naKery MA TLAB
6a3HpaH Ha MeTO,n;yKOHa~HX pa3JIHKa, KOjHMje H3BpmeHa CHMYJIaJJ;HjaancopnIUije H
TpaHcnopTa TOITJIOTey Y30PKY.Ha Kpajy cy HYMepHqKHpe3YJITaTHnpoBepeHH
eKcnepHMeHToM H3Be,n;eHOMHa cne~HjaJIHO npHnpeMJDeHHM Y30p~HMa ca CHMYJIHpaHHM

nepHo,n;HlIHHM,n;e<peKTHMa.nOKJIanaILe HYMepHlIKHXH eKcnepHMeHTaJIHHXpe3YJITaTa 6HJIO
Je O,ZJ;JIH~O.

no MHmJDelbYKOMHcHje ql{lbeHH~a,n;a ,ZJ;HCeTaJJ;HjaCa.n;pIKHH TeopHjcKH, H
HYMepHlIKHH eKcnepHMeHTaJIHH npHcrynje 3a CBaKYnOXBaJIY.

HayqHH ,n;onpHHOCH,ZJ;HcepTaJJ;Hje,Ha6pojaHH ,n;eTaJDHOpaHHje, MOry ce CYMHpam
Kao n060JDmaILe je,ZJ;HeMeTo,n;e3a He,n;eCTpYKTHBHY,n;e<peKTOCKonHjy.KaKO ce MeTo,n;aBen
06HJIaTOKOpHCTHy HH.n;yCTpHjHH ,n;pyrHM06JIaCTHMa, MOJKece 01IeKHBaTH,n;ane pe3YJITaTH
OBe,n;HcepTaJJ;HjeHahH mHpOKYnpHMeHY y npaKCH.
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