Yuupep3utet y beorpany
Enexktporexuuuku ¢axyirer

HACTABHO-HAYYHOM BEhY

IIpeamer: Pedepar o ypahenoj moxropckoj aucepraunju kanauaara JJagka Bommaxosuha

Onnykom HacraBro-Hayunor seha EnexTporexunukor ¢akynrera Yuuepsurera y Beorpany 6p.
5048/08-3 on 28.04.2016. roxuHe, MIMEHOBaHU cMO 3a wiaHoBe KoMucHje 3a mperien, oneHy u
oa0paHy JOKTOpPCKe aucepraumje kauauaara Janka bommakosuha nmoa Hac10BoM

»MoenoBame racHUX 1eTEKTOPA YeCTHIIA BUCOKHX eHepruja
INPHMEHOM TeXHHKe eJIEKTPOHCKHX pojeBa‘‘ .

Ilocne mpernena mocraBibeHe Jlucepranmje M Apyrux mpaTehnx Martepujaia W pasroBopa ca
kaHaugaToM, Komucuja je caunnuia cienehu

PEDOEPAT

1. YBO/J

1.1. Xponosoruja oao0paBamka U H3paje JiMcepTaiuje

Kanmupar Jlanko bommakoBuh ynucao je moxtopcke akamemcke cryauje 16.01.2009. roaune Ha
Enexrporexunukom ¢akynrery YnuBep3uTeta y beorpany. Ilo HcTeky 3akOHCKOT poka 3a
3aBpILIETaK JOKTOPCKHMX aKaJEeMCKHX CTyAHWja, Ha 3aXTEB CTYJIEHTA, OJI00PEHO je MPOayKerhe poKa
3a 3aBpINETAK OBUX CTyAMja 3a jOII JBa ceMecTpa, carjacHo wiany 92. craB 4 Craryra
Ynuscpsurera y beorpajy, kao 1 101aTHO IPOIYXKeHwe 3a FOUHY JlaHa Ha ocHOBY Ojuiyke 6p. 24-
06/18-2008/5022.

Temy 3a n3pamy noKTOpcke AucepTalyje Mo/l palHUM HAcIOBOM ,,MO/eIoBambe raCHUX JETEKTOpa
YeCTHLA BUCOKHX €Hepruja MPUMEHOM TEXHHKe eCKTPOHCKHX pojeBa’ mpujasuo je 03.07.2014.
roaune. Komucuja 3a ctynuje Il crenena Ha cequuuu oapsxkanoj 09.07.2014. roaune pasmarpana je
NpeUIor TeME 3a U3paly NOKTOPCKe aucepTaudje U npeanor KoMucuje 3a oneHy mogobHOCTH TeMe
U KanaMaaTa ynytuia HacrasHo-HayyHoM Behy Ha ycBajame. HacraBHo-HayuyHo Behe mmeHosaio
je Komucujy 3a oneny ycnopa i puxBaTame TeMe JJOKTopcke aucepTanuje (Omnyka 6p. 5048/08-1
on 08.09.2014. ronune) y cacraBy:
e 1p [Ipenpar Mapunkosuh, pegoBuu npogecop
Enexrporexuuukor daxynrera YHuBep3uteTa y beorpany,
e ap Cama [lyjxo, Buiuy HayuH# capanHuk MHcTuTyTa 32 dDusuky Yuausepsurera y beorpany,
e 1p Cunuiua Jemuh, Banpennu npogecop
EnexTpotexHuukor dakynrera YHuBep3utera y beorpany.
3a MeHTOpa je npeanoxen akageMmuk 3opan Jb. [lerposuh, Hayuynu caBeTHuk MHCTUTYTA 32 PU3UKY
Yuupepsurera y beorpany. JaBHa ycmeHa onbpaHa npeiyioskeHe Teme JOKTOPCKE JUCEpTaLuje



onpxana je 14.10.2014. na EnexTpoTexHMUYKOM (akynTeTy, Ipel KOMHCHjOM, a y OJICYCTBY
MeHTOpa. Kanaupmar je oAroBopuo Ha CBa IHTaka KOMHCHjE M J0OHO OIEHY ,,3a0BOJBHO".
Komucuyja 3a onieHy moo6HoCTH TeMe U KaHauaaTa, 29.10.2014. roguHe moHena je U3BeITaj Koju
je Komucuja 3a cryauje III crenena pasmorpuna u ynytuina HacraBHo-HayuHoM Behy Ha ycBajambe.
HacraBHo-HayuyHo Behe je Ha cBOjoj cemummu oxpxxanoj 18.11.2014. roauHe YCBOjHIO H3BEIITa]
Komuchje 3a omneny momobHocTH Teme M kanmuaata (Omnyka Op. 5048/08-2). Behe mayunmx
o0acTH TeXHHWYKHMX HayKa YHHUBEp3HTETa y beorpamy, Jajno je carllacCHOCT Ha Tpemor Teme
JIOKTOpCKe muceprandje kanaupara lanka bommakosuha mon HacnoBoM ,MojelioBame TaCHHX

JIETEKTOpa YECTUIAa BUCOKHMX €HEepruja IpUMEHOM TEeXHHKE EJIEKTPOHCKHX pojeBa‘ (Omiyka Op.
61206-5771/2-14 on 22.12.2014. ronune).

Kannunar je 07.04.2016. ronuee npenao aucepTalyjy Ha Operies u oneHy. Ha cexHumm oapkaHoj
12.04.2016. roqune, Komucuja 3a cryauje Il crenena noTBpauia je HCIyHEHOCT CBUX MOTPEOHUX
ycnoBa 1 HacraBHo-HayuHoM Behy ynmyTuna mpejyior 3a uMeHoBame KomucHje 3a mperyien i oleHy
JOKTopcke mucepranuje. HacrtaBHo-Hayuno Behe, Ha CB0joj cemHunu oxapkanoj 21.04.2016.
roauHe, uMeHoOBa1o je KomucHjy 3a mperfien W omeHy IOKTOpcke mucepranuje (Omiyka Op.
5048/08-3 ox 28.04.2016. rogune), y cacTaBy:

e 1p 3opas IlerpoBuh, Hayuynu caBeTHHK, UHCTUTYT 32 ¢usuky y beorpany,
ap IIpenpar Mapunkosuh, penosau npodecop, Enexrporexunuku daxynrer y beorpany,
np Arartonuje Dophesuh, penosru npodecop, Enekrporexuuuku dakynret y beorpany,
np Josan I{Betuh, penosuu npodecop, Enekrporexunuxu daxynrer y beorpany,
np Carmma Jlyjko, HayYHH CaBETHUK, IHCTHTYT 3a QHU3HKY.

1.2. Hayuna o0JacT aucepranyie

JlokTopcka mucepTandja TpUNaja HAy4yHO] OOJNACTH ENEKTPOTEXHHKE W Y)KO] Hay4yHO] o0nacTH
HyKJIeapHe TEXHHKE 3a KOJy je MaThdaH EnextporexHuuky ¢axynrer YHHBep3uTeTa y beorpany.
Taxohe, aucepranuja npunaga U IpyruM obiacTuMa, MOMYyT eKCIepUMEHTanHe (HU3NKE YecTHIla,
¢u3KKe TpaHCIOpPTa HACNEKTPHCAHMX YECTHI[A y TacOBMMa H (H3HKE EJNEKTPHYHUX TacHUX
NpaXmema.

Hucepranmja je ypahena mox pykoBoacTBoM akagemuka 3opana Jb. Ilerpouha, Hayunor
caBeTHHKa MHCTHTYTa 3a QOU3UKY YHUBep3uteTra y beorpany. Akagemuk 3opal Jb. IlerpoBuh je
pyxoBomunan llentpa 3a HepaBHOTexHe nponece WHctutyTta 3a ¢usuky y beorpany, llentpa
U3BpCcHOCTH MHUHHCTapCTBa NMPOCBETE, HayKe W TEXHOJOMKOr pa3Boja PemyOmuke Cpbuje. 3opan
Jb. Ilerposuh je jenan ox Bogehux CBETCKUX UCTPaXKHBAva Y OKBHPY (PH3UKE €IEKTPHYHHX FaCHUX
NpaXmemha U (QU3MKE HEPaBHOTEXKHOT TPAHCIOpPTA HAENEeKTPUCAHUX 4YeCTHIla y racoBuma. Y
JocajammeM pagy, objaBuo je mpeko 200 mybnukanuja y yaconucuMma ca SCI nucre, oapxao je
npeko 100 nmpenaBama Mo MO3MBY Ha MehyHapoIHMM KoH(epeHIHMjamMa W ayTop je jeaHe of
Haj3HAYajHHjUX MOHOTpadHja y cBojoj obnactu uctpaxxupamwa, Plasma Electronics: Applications in
Microelectronic Device Fabrication. buo je MEHTOp B pyKOBOAMIALl Y BETMKOM OpOjy JOKTOPCKUX
miceptanuja (mpeko 20) W Marmcrapckux Te3a (mpeko 15) koje cy oxaOpameHe Ha
EnexrporexanykoM dakyntety n PuzuukoM dakyntery YHuBep3urtera y beorpany. Auraxosas je
Kao TmpenaBad Ha JOKTOpPCKUM cryadjama Emextporexuuuxkor u ®usnuxor Qakynrera
Yuusep3utera y beorpany, a 6uo je roctyjyhu nmpodecop na Keno Yuuepsurery y Joxoxamu y
Janany. JlobutHuk je Benukor Opoja momahux W MHTEpHAIMOHATHUX HArpajga ¥ IpH3HaAKba 3a
HAY4YHH paj ¥ TexHoyomka nocturayha. Penosan je wian Cpricke akageMmuje Hayka H YMETHOCTH H
AxazieMuje HHXembepckux Hayka Cpouje.




1.3. buorpadcky mogany 0 KauwauaaTy

Jlanko bommakosuh pohen je 11.12.1984. y Beorpamy, rae je 3aBpIIHO OCHOBHY IIKOIY H
ruMHa3Hjy. Enexrporexuuuku ¢akynret y beorpany ynucao je 2003. rogune, a gumiomupao 2007.
roAMHE ca IIpOCEYHOM oHeHoM 9,57 Ha onceky 3a (HU3HYKY EJNEKTPOHHKY, CMepy 3a
OMOMEIUIIMHCKY M €KOJNOWIKH HHXXCHEepHHI. Mactep cTyauje Ha HUCTOM (akyjlITeTy M cMepy
3aBpmno je 2008. roauHe ca npoceuHoM onenoM 10. Jloktopcke cryauje Ha EnekTpoTeXHHYKOM
dakynrery y beorpany u Moayiy 3a HyKJieapHY, MEAUIIMHCKY U €KOJOIIKY TEXHUKY ymucyje 2009.
TOJIMHE.

I'ogune 2010. mocraje cTHmeHaUcTa MHUHHCTApCTBa 3a HayKy W TEXHOJOWIKH pa3Boj, a 2012.
TOJMHE 3allocieH je Kao MCTpaXKuBau-punpaBHUK y WHcTHTyTy 3a dQusuky y Beorpamy, mpu
JlaGopatopuju 3a racHy e€IeKTPOHHMKY. AHTaXXOBaH je Ha MPOjeKTY OCHOBHHMX HMCTpAKHBarba IO
HasuBOM , DyHIaMEHTaJHM IpOLECH U IpHMEHE TPAHCIOpPTa 4YeCTHIla Y HEPaBHOTE)KHUM
IUIa3Mama, TpallOBHMa M HaHOCTPYKTypamMa“, puHaHCHpaHHUM O]l cTpaHe MUHHCTapCTBa MPOCBETE
HayKe M TEXHOJIOIIKOT pa3BOja, y OKBHpY KOra pajiM Ha TEMH MOJENOBama FacHHUX IEeTeKTopa
YeCcTHIIa BUCOKHX €Hepruja. Y 3Bame HCTpaKuBad-capaJHuK u3abpad je 2015. roaune.

OGjaBuo je TpH paja y BpPXYHCKMM Mel)yHapOQHHM 4YacomMCHMa M OAPXKAO jeIHO MpeaaBaibe I10

no3uBy Ha MehyHapoIHOM cKymy. IberoBu pe3ynraté mpe3eHTOBaHM Cy Ha BuIe MehyHapomgHHX
KoH(pepeHIHja.

2. OITUC TNCEPTAIIMJE

2.1. Cagpxaj aucepranyje

Jlucepranmja je 06IMKOBaHa NpeMa YIYTCTBY 3a OOJIHKOBamke JOKTOPCKE TUCEpTallje B YIIYTCTBY
3a ¢opMHpame perno3HTOpHjyMa [IOKTOPCKHX JaucepTanuja YHUBep3utrera y beorpany on
14.12.2011. roqune. CacToju ce 0] HAaCIOBHE CTpaHEe Ha CPIICKOM M €HIJIECKOM je3HKY, CTpaHe ca
noJja¥Ma 0 MEHTOpY ¥ WIAaHOBMMAa KOMUCH]j€, pe3uMea Ha CPIICKOM U €HIJIECKOM je3UKy, caapikaja,
TEKCTa pajia MOJAEJbEHOT y IOorJaBjba, CIUCKa KopulheHe nuTeparype U cTpaHe ca Ouorpadujom
aytopa. Jlucepranmja oOyxsata 182 ctpane ca 109 cnuka, 6 TabGena m 147 Gubnmorpadckux
pedepenmu. TexcT qucepTanuje o6IMKOBaH je Kpo3 cieneha nornassba:

YBox

["acHM JeTEKTOpH YeCTHIIa BUCOKUX EHEPrHja
TpancnopTHa TeopHja pojeBa eleKTpOHa Y HEYTPAIHAM IacOBAMA
MozaenoBame Tpancnopra enexrpoHa y TPC nerekropuma
MopnenoBame Tpancnopra enekrpona y RPC nerekropuma
RPC nerextop

Mornte Kapno moznenosame RPC netekropa

Pesynratu Monte Kapno monenosama RPC netextopa
OnyunnHo moxenoBame RPC perexTopa

10 Pesynraru ¢pnynanor monenoBama RPC netektopa

11. 3akspyuak

0O N R W~



2.2. KpaTtak npukas nojeiMHauYHuX I10rJ1aBba

V yBOoAHOM MOIJIaB/by AAT j€ Mperie] cTama y o01acTH MOJENOBamka raCHUX JIETEKTOpa YECTHIA.
WnentndukoBany cy ¥ akTyelIHH NpoOiaeMu y oBOj oOJacTH KOjU NpPENCTaBbajy MOTHBAIMjy 32
HCTpaXKHBale y OKBUPY JOKTOpCKE aucepranuje. Mehy moruBanuoHuM ¢akTtopuma, nocebHO je
HarnameH mnpoOJjeM KBaJUTeTa M HEKPUTHUKE HMIUIEMEHTAlMje TPaHCIOPTHUX KoeduIipjeHara
€IEKTPOHAa y TracoBHMMa Kao yJa3HMX IllojjaTaka y MOJETHMa TacHUX JeTektopa. Takohe je
UCTakHyTa noTpeda 3a pa3BojeM HOBHX Mojelna oa3uBa aetektopa Tuna RPC (enri. Resistive Plate
Chamber). Ha kpajy 1oryiaBba JaT je KpaTak Iperiel caapxkaja qucepTanyje.

Ha moueTrky apyror moriaBjka pasMOTPEH j€ KOHIENIT CaBPEMEHUX EKCIIEpUMeHaTa y (GHU3HIM
YecTHIIa BUCOKUX €HEpPruja Kao M yJora JAeTEeKTOPCKHX CHCTEMa Y OBHM €KCIIEpHMeHaTa. 3aTHM je
JlaT IMperjel HajBaXXHHJUX (U3MYKHX MEXaHH3aMa HHTepaKlldje 4eCTHIla BUCOKHX €Hepruja ca
MatepujaioM aetekTopa. KoHauHO, pa3sMOTpPEHH Cy NPHHIMIK paja W KapaKTEPHCTHKE HEKHX
THIIOBA TacHHUX JETEKTOpa KOju ce Hajuyemhe KOpHCTE Yy €KCIIEpUMEHTHMa (PU3MKEe BHCOKHX
eHepruja, nonyTt ApudT KoMope (eHrn. drift chamber), BAIIEXKHWYaHE NMPOIOPIHOHATTHE KOMOPE
(eurn. Multi-Wire Proportional Chamber, MWPC) u TPC komope (eurn. Time Projection
Chamber, TPC).

Tpehe nornaBibe mpHKa3syje OCHOBHE €JIEMEHTE XMIPOJWHAMHYKE KHHETHYKE TEOpHje 3a OIHC
HEPaBHOTEXXHOI M HEKOH3EPBAaTHBHOI TPAaHCIIOPTA €JIeKTPOHA Y HEYTpaJlHUM racoBuma. Haxon
JeduHULMje poja HAaeJIeKTPHCAHUX YECTHUIIA, ONUCAHA je TIPETIOCTaBKa XNIAPOAHHAMUYKOT PEXHUMa
ynuje yBohewme oMoryhaBa ga ce Ha pUropo3aH HayuH Je(HUHHINY JBE paznuduTe (amuiuje
TPAaHCHOPTHUX KoedunujeHara, a 10 cy bulk u flux TpaHCOpTHH Koe(HIMjeHTH. 3aTHM je
aHAIM3UpaHa CTPYKTypa BEKTOPCKMX M TEH30PCKHX TPAHCIOPTHUX KoedHIMjeHaTa, Kao H
CHUMETpHja Koja MocToju u3Mel)y HHAMBHAyaTHUX efleMeHaTa AU(Qy3HOHOT TEH30pa y CIeU(PUIHUM
KOoH(UrypanyjaMa eneKTpHYHOT U MarHeTckor nosba. Ha kpajy oBor moriasipa MpHUKa3aHe Cy ABE
TEXHHMKE KOje Cy KOpHIIieHe Yy OKBHpPY AMCepTalyje 3a NpopadyH TPAHCHOPTHUX KoedHIHjeHara 1
IIpoy4YaBam€ TPAHCIIOPTa eJIEKTPOHA Y TacOBUMa KOjH ce KOpHcTe y feTekTopuma. To cy multi term
MOMEHTHa METOJla 3a pellaBamke HEeKOH3epBaTUBHE bomnnmanoBe jenHaunHe W Monrte Kapno
TEXHHUKa.

V 4eTBpPTOM MOTIJIaBJbY je aHAJIM3UpaH TPAHCIOPT €NEeKTPOHA Y TacHUM cmelraMa HeoHa (Ne) u
yribeH nuokcuaa (CO;) koje ce kopucte xao paanu racosu y TPC xoMopama. Hakon xpaTkor
OIHCa CETOBA IIpeceKa 3a pacejame enektpoHa y Ne u CO; koju cy kopuiheHH Kao yjaa3HH MoJanu
3a peliaBame€ bBoNIMaHOBe jeqHaYyMHE W Kao yjasHM mojamu 3a Monrte Kapno cumynamnwyje,
pa3MaTpaH je yTHIlaj BapHjalije TeMIepaType raca u npoueHTyanHor caapxaja CO, y cmemu Ne-
CO; Ha TpaHcnopT enekTpoHa. IlpoydaBaH je W yTHIa] racHUX Heuucroha, koje ce OOHYHO
penpe3eHTyjy a30TOM H/WIM BOJSHOM IIapoM, Ha TPAaHCIOPT eleKkTpoHa. Takohe je aHanu3upaH
TPAHCIIOPT €1EKTPOHA Y YKPIUTEHHM €JIEKTPHYHUM U MarHeTCKUM IM0JbUMA e je mocebaH akieHaT
CTaBJ/bCH Ha YTHIQ] yria u3Mely BekTopa mosba Ha TpaHCIOPT ejJeKTpoHa. MoTHBalhja 3a OBe
npopadyHe Npoun3uinasu u3 uumeHune na TPC xoMope, koje ce KOpHUCTE Ha €KCIEpUMEHTUMA Y
(M3MIM BHCOKMX €HEpryja, pe[iCTaBbajy BEIHKE CHCTEME, Ca 3alPpeMHHOM raca g0 100 m®, rae je
TEIIKO MPEeLU3HO KOHTPOJIHMCATH pajiHe yCJIOBE MOMYT TEMIIEpaType U MPUTHCKA raca U MpUCYCTBO
HeuucToha y racHoj cMemu. Takohe, y OBUM CHCTEMHMA EJEKTPUYHO W MarHETCKO IMOJBE CKOPO
HHMKaJla HUCY CaBpIIEHO MPOCTOPHO XOMOTeHH U MeljycoGHo napanenyu. OBU mapaMeTpu U HHXOBE
JIOK&JIHE BapHjalldje YTHYy Ha TPAHCIOPT €JEKTPOHa OJ] Kora KOHA4YHO 3aBuce HepdhopMaHce
JETEKTOpa, NMOMYT IIPOCTOPHE Pe30JIyliHje M THHEAPHOCTU PEKOHCTPYKLIH]€ TPajeKTOpHje YeCTHLA.

Ileto mornamspe je mocBehieHO aHaNIM3M W pa3Bojy CYAApHUX M TPAHCIOPTHHX I[OJaTaka 3a
eJIEKTPOHE Yy MHIWBHIYyaJTHUM racoOBHMa M cCMelllaMa racoBa koje ce kopucte y RPC nerexropuma.
[Toce6HO cy pa3sMOTpEeHH IpecelH 3a pacejambe elnekTpoHa y terpaguyopoerany (C,H,F,), koju uma
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ynory Hoceher raca y RPC nerexropuma, nzo0yrtany (i-CsH,o) u cymmop-xekcadayopuny (SF).
Haxon ananuse cymapHHX IIoJlaTaka 3a pacejame eJeKTpoHa M HhUXoBe Bepudukaiyje nopehemem
eKCIIEPUMEHTAIHO OJpe)eHUX M TEOPHjCKH M3pauyHaTHX TPAHCIOPTHHX Koe(HIMjeHaTa, y OBOM
IOIJIaBJby je aHATM3MpPaH TPAHCNOPT eneKTpoHa y paznuuutiM C,H,F4/i-C4H,¢/SFs cMemama koje
ce kopucre y RPC nerexropuma Ha ALICE, ATLAS u CMS excnepumentuma y CERN-y. Hajseha
naxma je mocBeheHa npoydaBamy EKCIUIMOUTHUX edeKaTa HEKOH3ePBaTHMBHHX CyJapa Ha
TpPaHCIIOpPTHE OCOOMHE €NeKTpoHa ca MOCeOHUM aKIEHTOM Ha TyMauyemhy HeraTHBHE
nudepeHnrjayHe MPOBOAHOCTH Koja ce mojaBibyje HckibyunBo y E/N-mpobuny bulk Opsune
npudra (rzae je E jaunna enektpuyHor nmosea a N KOHIIEHTpaNHja MOJIEKYJIa 033 MHCKOT Taca). 3a
noTpebe OBOT TyMaueHha, U3padyHaTe Cy IPOCTOPHO Pa3oKeHe TPAaHCIIOPTHE KapaKTEePHUCTHKE poja
enlekTpoHa npumeHoM Monte Kapno merona. Ha kpajy oBor moriiaBjba IpuUKa3aH#W Cy HajHOBHjH
CETOBH IIpeceKa 3a pacejame elekTpoHa y ¢peony C,HFs kxoju cy 3nHawajHo yHampelenn y
nopehery ca MPEeTXOJHO ONKMCaHMM ceroBuMa. HoBodopmupaHu cetoBH cy HckopuinheHu 3a
IpopauyyH TpaHCHOPTHUX KoeduuujeHara y pazmuuateM CoH,F4/i-C4H,o/SFs cMemama koje
kopucte RPC nerekropu y CERN-y.

V miecToM moryiaBiby Cy ONMCaHU KOHCTpyKIMja U npuHOun paga RPC nerexropa koju ce Kopucre
y MHOTHM CaBpEMEHHM €KCIIepUMEHTHMA (U3MKe BUCOKHX €HEPruja, ajiu M y APYruM obsacTuMa.
3aTuM cy pa3MOTpeHa JBa OCHOBHA peXXHUMa pajia OBHX JETEKTOpa, CTPUMEPCKH M JIABUHCKH, KOjU
Ce Pa3HKy]y 1O IPUMEEHOM E€IEKTPUYHOM II0JbY, TaCHUM CMellaMa, a OCIEeIUYHO ¥ aMIUIUTYAU
curHaia u 6p3unu Opojama. [TlocebHo cy ucraknyte npumere RPC nerextopa y timing u triggering
cucreMuMa Ha ATLAS u ALICE ekcniepumentuma y CERN-y.

MHEKpPOCKOIICKH CTOXacTHYKH Mojen on3uBa RPC nerexkropa KOjU je pa3BHjeH Yy OKBHpPY OBE
JHcepTalyje, IpuKa3aH je y cenMoM mornaeiby. OBaj Mozeln ce 3acHiBa Ha MoHTte Kapio TexHumnm
CHMYyJIalfje Koja ce KOPUCTH 3a npaheme TpajeKTopHja MojeIMHAYHIX €JICKTPOHA, Ka0 U HHXOBHX
cyAapa ca MoJieKynuMa raca. Ha modeTky moriaBjba je JaTa IeHepalHa CTPYKTypa ajlropuTMa
cHUMyJanuje. 3aTHM je ONKMCAaHO TeHEepUcare T3B. IIPHMAapHE jOHH3AllMje HAacTajle WHTEPaKIIHjoM
ylajHe HaelleKTpHCaHEe YECTHIIE BUCOKE €HEprHje ca racoM. Y HACTaBKy Cy HaBEJCHW HAYMHH 3a
ofpehuBame TpajeKTOpHje eIEKTPOHA y racy TOKOM BpeMeHa u3Mel)y ABa cyAapa, Kao ¥ HayMHH 3a
olpehuBame TpEeHyTKa CyJapa M IapaMeTapa pacejama HakoH cynapa. Ha kpajy mnoriasiba
npukasana je npuMeHa Pamoose Teopeme Ha RPC perextope koja omoryhasa na ce, mo3HaBajyhu
Op3uHE N0jeTMHAYHUX eNIEKTPOHA, H3padyHa O3B AETEKTOpA Tj. CTPYjHH CUTHAT KPO3 eJeKTPOe.

Pesynratu mpumeHne Mukpockonckor moaena RPC perekropa cy mpuka3aHd y OCMOM IIOTJIaBJbY.
IIpBo je aHanu3MpaH pacT €NEeKTPOHCKUX JIaBHHA y HEOIPAHUIECHOM IPOCTOPY 3aIl0YETHX jeIHHAM
eneKTpoHoM. JlobujeHe pacrnozene BeJIH4UHa 1aBUHa nopehene cy ca JlernepoBoM TeopujoM pacrta
JaBMHA KOja je OCHOBa MHOTHX Ipyrux mojnena om3mBa RPC perekropa. 3aTuM cy mpoydaBaHe
JlaBHHE 3aroyeTe TeHEepUCAaHOM IPUMApPHOM jOHH3AaLHjOM, a IHPHXOBE BpPEMEHCKE pacmojerse
nopehene cy ca PurnepoBuM MojenoM BpeMeHa OA3MBa OBHX JAeTeKkTopa. [IpuMeHOM myHOT
MHKpPOCKOIICKOT MOJIeNIa, KOJU YKJbydyje TpaHHIE eJeKTpoJa M Ipar JUCKPUMHHATOpa 3aaaT
MHIYKOBaHHM HaeleKTpHcameM, NoOHujeHe Cy BpeMeHCKa pe3oNylija i epUKaCHOCT JeTEKIHje 3a
jenHy cneuuduuny koHdurypamujy RPC nerekropa. Pesynratu cy mokasamd no6po ciarame ca
MepemuMa Kao U PuriepoBuM aHamuTHYKAM MojenoMm. [Toka3zaHo je W Aa Cy pe3yiaTaTH Beoma
OCEeTJLHBH Ha CeT IpeceKa 3a pacejame enekTpona y ¢ppeony C,H,F4 koju ce kopucTtu kao Hocehu
rac y CMeII.

Hesero nornaske je nocseheno ¢urymmuuMm Mmomemuma RPC gerextopa. [Toceban Harmacak je
CTaBJbEH HAa UMIUIEMEHTAIM]y TPAHCIIOPTHHX MojaTaka y ¢urynane mojene. M3sohemem KiiacuuHOr
¢uynnHOr Monena (WiH (ayuaHOr Mozerna NMpBOr pela) HHTerpanHjoM BonMaHOBe jenHauuHe,
IIOKa3aHo je MoJ| KOJUM YCJIOBUMA ce y QIIyHIHOM MOJENOBaky MOTI'Y KOPUCTHUTH flux TPAHCIIOPTHH
noganu. Takobe, monasehm of jenHauMHe KOHTHHYHMTETA, W3BEICH je M MOJE]I 3aCHOBAaH Ha
XHMJPOJAMHAMUYKO] IPETHOCTaBIHU. Y oapel)eHHM yCrnoBHMa OBaj MOJEN HMa MCTH MaTeMaTHYKH
oOMMK ka0 M KjacH4yaH (IyWIHH MOJEN, ca pasiHKOM INTO KOPHUCTH bulk TpaHCIOpTHE
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xoepuuujerre. Y OBOM IOTNIaB/bY jeé IaT KPUTHYKH OCBPT Ha CBa TPH HaBeleHA IIPUCTyNa y
dbrynnHOM MogzenoBamy a Takohe je yKa3aHO Ha KOPEKTHOCT npuMeHe Pamoome Teopeme mop
IPETHOCTaBKOM  XHAPOJWHAaMHYKOr pexuma. KoHauHO, ImpeinctaB/beHa je  HyMepH4YKa
uMIUleMeHTanyja 1,5-muMensuonansor ¢umyugHor mozaena RPC perekTopa koju ykibydyje
¢doTojoHM3aLH]y Y racy.

V necetoM DOrnaB/by Cy IpUKa3aHH pe3yaTaTH (GIYHIHOT MOJEIOBalba TPH DPa3IHuYUTE
xoH¢urypauuje RPC nerektopa nmomohy Monena yBeAeHHMX y MpPeTXOXHOM Iorjiasiby. [IpBo je
aHAJIIM3UpaH pa3Boj CTpEMepa y JAETEKTOPY IO JEjCTBOM HPOCTOPHOT HaelleKTpUCama H
¢oTojoHN3anje. 3aTHM je OKa3aHO KOJMKO j€ M3padyyHaTH CHTHAT JETEKTOpa OCET/bHB Ha BPCTY
TPAaHCIOPTHUX Koe(dHulMjeHaTa KOjH ce KOPHCTe Kao yNa3HH Hojaud y (IyHIHOM MOJEINy.
IToce6Ho je pa3marpaHa OCETIFHBOCT pe3yJiTaTa Ha TPAaHCIIOPTHE KoeHIMjeHTe eNeKTPOHA KOjH CY
noOWjeHH Ha OCHOBY YETHPH pa3fMuHMTa CeTa mpeceka 3a pacejame enektpoHa y C,H,F,;. Ha oBaj
HayMH j€ 3anpaBO aHAJIU3MpaHa OCET/BMBOCT CHUTHANA JETEKTOpa Ha IIpeceke 3a pacejame
enextpoHa y C,H,F;. Ha kpajy mornassea jato je mopeljeme pesynrara H0OHjeHHX KIIaCHYHHM
GiIynIHUM MOZENOM ca OHMMa KOjU Cy NOOHMjeHH MOJENIOM 3aCHOBaHHUM Ha XUIAPOIHHAMHYKO]
HPEeTIOCTABIIH.

Jenanaecto mornaBike y ¢opMH 3aKibydKa CyMHpa HajBaXHHje pe3yiTare U JIOIpPUHOCE
aucepTanuje, Y OBOM IOTJIABJbY HIACHTH(HUKOBAHH CYy MIPABIH 33 MOTEHIN]JTHO HOBA HCTPa)KHBaba
M OIMCaHe Cy CTpaTerdje 3a pa3Boj HYMEPUYKHX ajaTa KOjH Cy HEONXOOHH Yy OBUM Oyayhum
UCTpaXUBAKHHUMa.

3. OIIEHA JUCEPTAIIAJE

3.1. CaBpeMEHOCT U OPUTHHAIIHOCT

Tema nmokTOpcke IucepTanuje HEIBOCMHCIICHO INPHIIAJa CaBPEMEHHM 00JIaCTHMa HCTpakKHBamba,
uMajyhu y BUAY J1a Cy TacHU JETEKTOPH YECTHIlA HajBHINE KOPHUINThEHH JETEKTOPH y CaBPEMEHHM
eKCIepUMeHTHMa (HU3MKEe BHCOKHUX €HEpPruja, Ipe cBera 3axBajbyjyhM HHXOBO] jeIHOCTaBHO]
KOHCTPYKIIM)H, HHUCKO] IICHH N0 jeIUHUIM 3ampeMuHe U JoOpum nepdopmancama. Ha mpumep,
TacHM JICTEKTOpH 4YMHEe BehmHy o ykymHor Opoja aerekropa Ha ATLAS, CMS, ALICE i LHCb
exciepumenTaMa y CERN-y. MozenoBame racHuX JEeTeKTopa YecTHlla JaHac je moceOHO akTyeHa
TeMa ¢ 003MpOM Ha TO Ja NOCTOjH BHIIE IpEAJIora W Ipojekara HOBE TeHepaldje eKClepuMeHaTa
(¢u3MKe BHCOKHX €HEpruja HM3y3eTHO BHCOKE JYMHHO3HOCTH KOjU OJf JETEKTOpa 3axTeBajy
nepdopMaHce Ha TPaHUIM BbUXOBUX TEOPH]CKHX MOTYNHOCTH. Y3 HU3UKY BUCOKHX €HEPryja, TaCHU
JIETEKTOPH YECTHLIA UMajy ¥ OpojHE MpHUMEHE Y MHOTHM JPYTHM 00JlacTUMa Kao IITO Cy HyKJeapHa
TEXHHWKa, JO3UMETpHja M 3alUTHTa OJ 3payerma, MeIuINHA, (U3MKa KOCMUYKOr 3pavyema U
reousuka.

OHO mTO OBy JIHWCEPTALjy W HCTpakUBamke H3ABaja oJ BehWHe mocajamllkuX NpUCTyna y
MOJIEeJIOBay racHUX JETEKTOpa je, OCHM pa3Boja HOBHX MoJiela, M KPUTHUKH OCBPT Ha mocrtojehe
MoJelie M3 yrja TpaHCIOPTHE Teopuje pojeBa elekTpoHa y racoBuMa. [loceban Harmacak je
CTaBJbe€H Ha KBAJIMTET TPAHCMOPTHUX M CYJApPHUX MOJAaTaka eNeKTpOHA y racoBUMa M HAYWMHE 3a
IBUXOBY MMIUIEMCHTAIIM]y y MoOJiese AeTekTopa. KpuTHYKH ¢y aHaM3UpaHU Ipecely 3a pacejame
eNIeKTpOHAa y racoBUMAa M CMeIIaMa Koje ce KOPHCTEe y JETEKTOpHMa Kao W hHMMa oAromapajyhu
TPAaHCIIOPTHH MapaMeTpH KOjHu Cy NOOHMjeHH multi term TeopHjoM 3a pelaBame bonmMaHoBe
jennaunHe u Monte Kapno cumynanujom. Jla 61U ce 0BO IOCTHUIJIO, Y OKBHPY OBE JUCEpTalHje
YBEJICHH CY HOBH €JIEMEHTH y pauyHapcKe KOJOBE 3a pemaBamwe boniMaHoBe jenHaunHe U MOHTE
Kapno cumynanuje. Kpo3 Bumie npumepa ¥ Mojena pasMOTpeH je M yTHIQ] OBHX IOjaTaka Ha



pe3ynraTe MOJeJOBama. YKa3aHO je W Ha Moryhe rpelike W HBHXOBE MOCHENUIE KOje CE YeCTO
jaBJbajy MPUIMKOM HEKOpEKTHe MMILUIEMEHTaluje moaaraka y monene. Takole, pa3BdjeHa cy u aBa
HOTIIYHO HOBa M OpHUTHHaJHA MOJeNa: MHKPOCKOIICKH croXacTuuku mozen RPC nerekropa u
¢rynIHE MOJIEN 3aCHOBAH Ha XUAPOAMHAMHIYKO] IPETITOCTABIIH.

3.2. OcBpT Ha pedepeHTHY ¥ KOPHIIhEeHY JIUTEPaTYPY

Jluteparypa xopumheHa y aucepranyjy je HaBegeHa kpo3 Buie on 100 pedepennn. [{utupanu cy
aKTyelHH paJioBH H3 YriIeIHMX MelyHapoOHHX dYacomuca, CaoNIITemha ca KoH(epeHIHja,
IperjefHd pajioBH M JOKTOpCKe aucepranyje. HaBemeHW cmucak JIuTepaType ykasyje na je
KaHIuJaT Tperieao U IUTHpao cBe pedepeHTHEe M3BOpe W3 00JacTH (U3WKE racHUX OETEKTOpa
YeCTHIa, TPAHCIIOPTHE TEOpHje pojeBa €JIEeKTpOHa y TracoBHMa M EKCIIEpHMEHTaTHe (U3UKe
BUCOKHX €HEprHja, KOjU Cy pelieBaHTHHU 3a TeMy AucepTanuje. Y QucepTalyju cy Takohe HuTHpaHHu
¥ PaZIOBH CaMOT KaHIWAaTa.

3.3. Onuc ¥ afeKBaTHOCT IPUMEILEHUX HAYUHHUX METoIa

VYV OKBHpY OBE IUCepTalje Cy MPHUMEHEHE J[BE TEXHHKE 3a aHAIU3y TPAHCIIOPTA €JIEKTPOHA U
NpOpavYyH TPAHCMOPTHHX KapaKTEpUCTHKa €JIEKTPOHA y FacOBHMa M CMeIlaMa KOjH ce KOpHUCTE Y
TaCHHM JIETEKTOPHMa YeCTHIa. 10 Cy multi term MOMEHTHa METO/Ia 32 pPellIaBaibe HEKOH3ePBAaTHBHE
Bonmmanose jennaunde u MonTe Kapio Metoma cumynarje. OBO Cy ersakTHe METOJIE Y OKBHPY
CTaHJapIHE TEXHHKE pojeBa €JIEKTPOHA, KOja ce KOPHCTH HE caMO 3a HOpMAalU3alldjy CETOBa
TIpeceka 3a pacejame eJIeKTPOHa y racoBUMa OJf MHTepeca, Behl B Ka0 OCHOBHH I'PaJUBHH €JIEMEHT Y
W3rpallbl Mojlella €JeKTPUYHHUX TacHHX Mpaxmema. Wmak, oBe ABe METOJE C€ CYIITHHCKU
MehycobHO pa3iuKyjy W cBaka Of BHUX MMa ozapeheHe oOnmacTé IpUMEHEe y KOojuMa jeqHa uMa
TPEIHOCTH Y OJHOCY Ha oHY apyry. Ha mpumep, MoMeHTHa MeToa 3a pellaBamke bonMaHoBe
jeqHaYnHE je TeHepalHO HYMEpHUKH 3HaTHO edukacHHja oJf Monte Kapmo Merome y
XMJPOJMHAMHYKUAM YCIOBHMA, alll HIaK IOCTOje HEKe MpHMEHe, MOMyT aHajlu3e TpaHCIopTa
EIEKTPOHA y jaKo eJIeKTpOHEeraTMBHHUM racoBMMa, IJle oBa Meroja He o0e30ehyje moysnane
pesyiTaTe yciied OTeXaHe KOHBEPreHIHje TpaHCIOPTHUX Koedunujenara. Ca npyre crpane, MoHTe
Kapno texnmka je maneko d¢uekcnOUIHMja y NOMNIEAY UMIUIEMEHTAlHje y MOJeNe HapouyuTo y
CHTyalldjama y KOjUMa JOMHHHPA]y HEXHPOJANHAMUYKYA YCIOBH. Y XUAPOIUHAMHYKHM YCJIOBUMA
OoBa MeToja je y BehMHHU ciyyajeBa HYMEpPHUUKH Mame e(uKacHa O] HyMEpHUKOI pellaBamba
BonmmaHoBe jeqHauMHe, MMOTOTOBO y racOBUMAa W Ha €HEprujama rjae JOMUHHUPA]y €IacTH4YHH
CyZapd WIH y CHTyallHjaMa I/Ie¢ CIOJbAllllheé MarHeTCKO I10Jbe, a He Cy/IapH ca MO03aJUHCKUM IacoM,
KOHTPOJIMIIIE TIOHAIIAILE poja eJeKTpoHa. Y JucepTanuju je 3a BehuHy npopadyyHa KopuitheHa 1iu
jemHa, WK JIpyra MeTofa, HOK Cy Y HEKHM Cly4ajeBHMa 00e MeTone KopHuinheHe YIOpeaHo pajiu
nopehewa u Bepudukanuje pesyinrara. 3a aHanu3y TpaHcropra enekrpoHa y TPC perexkropuma
KopullheHa Cy HyMepHuYKa pemerma bojlMaHoBe jeHAYWHE jep Y palHUM YCJIOBHMa OBHX
JIETEKTOpa JIOMMHHUPAjJy €JaCTHYHU CYAapH eNleKTpOHA M MOJIeKyJia HO33aJMHCKOr raca, ma Ou
Monute Kapno TexHuka y oBoM ciydajy Omna mpmamgHo HeedukacHa. Ca mpyre crpaHe, MoHTe
Kapno Merona je mpuMemHBaHa 3a aHAINW3Y TPAHCIOPTa €NEKTPOHA y TaCHAM CMeIlaMa ca jako
eJICKTPOHETaTHBHUM racoBUMa Koje ce kopucte y RPC netekropuma riae Ha HUICKHM €JIEKTPHYHAM
NoJPMMa MOMEHTHA METO/a 3a peliaBame bolMaHOBe jeJHaYMHE HE Jaje MOoy3JaHe pe3ynTare
yClle oTeXxaHe KOHBepreHIHje TPaHCTIOPTHUX Koepuuujenara. Takohe, Monte Kapno TexHuka je
kopuinheHa u 3a oOHjamke MPOCTOPHO Pa3IoKEHNX KapaKTEpUCTHKA poja Koje Cy Ouiie HEOImX01He
332 TYMaueH¢ YOUSHUX TPAHCIIOPTHHX ()EHOMEHA IOIYT HETaTUBHE AU(epeHIIHjaTHe TPOBOAHOCTH.
KonauHo, 6uTHO je uctahu na cy o6e MeTojie y MOTIYHOCTH aJIeKBaTHE 3a IIpOpayyHe Y OKBHPY OBE
nucepranyje, nmoceOHO uMajyhu y Buay xa cy obe MeTone NeTajbHO TecTupaHe y BeheMm Gpojy
OeHuUMapK HpopauyHa, 10K BehHHa Jpyrux ayTopa y 0Boj 0OJIaCTH jOII YBEK KOPUCTH pe3yJiTaTe 3a



TPaHCIIOPTHE KOe(hUIMjeHTe €JIeKTPOHA KOjH Cy NOOMjeHH amnpoKCUMAaTHBHHM MeEToJama 3a
pemiaBamke bolMaHOBE jeHAUMHE PA3NUUYUTE MOY3/aHOCTH UM HEOBOJHPHO TECTHPAaHMM MoOHTe
Kapno kxomoBuMa, KOjU MOry YHETH TIpEIIKE€ O] HEKOJIHMKO JECETHHA A0 HEKOJIMKO CTOTHHA
IIPOILIEHATa y MOJIENE AETEKTOpA KOJH CE aHAIU3UPAjy.

3a norpebe monenoBama RPC netekropa pa3BHjeH je U MPUMEHEH CTOXaCTHYKH MHKPOCKOIICKH
Mojen 3acHoBaH Ha Monte Kapno texnuiy npahema TpajeKTopHja MOjeTUHAYHHX €IEKTPOHA W
BUXOBHUX Cy/apa ca MoJieKyauMa raca. OBaj MoJel YKJbyUyje U FeHepUcame IPUMapHe jOHU3AIH]e
HacTaJle HHTepaKLHjoM YIIaJIHe YECTHIIE BICOKE €HEpPruje ca racoM, Kao M NMpopavyyH HHAYKOBAHOT
CTPYJHOT CHTHala y eJieKTpogama naerektopa. Ilomohy oBor Mozena moOujeHe cy KIbydHe
kapakrepuctuke RPC netekTopa MOMyT BpeMEHCKe pe3oiylHje ¥ ehHUKacHOCTH. Y OJHOCY Ha
ocTane N0 caaa kopuuiheHe (eHOMEHOJIOIIKE W MAaKpPOCKOIICKE MOZENe, OBaj MOJEN je JalIeKo
€r3aKTHUJH U y OTIIYHOCTH aficKBaTaH HAMEHH.

IlpuMemeHe cy B Be BapHjaHTe KIACHYHOT (IyHMIHOT MOZENa, a pa3BHjeH je W MOTIYHO HOBH M
OpPHTHHAJIHM (DIYWAHH MOZAEN 3aCHOBaH Ha XHIPOJMHAMHYKO] MPETIIOCTABIH M aNpOKCHMALHUjH
JIOKAJIHOT EJIEKTPHYHOI I0Jha. Mozenu cy HyMepH4yKH HMIUIEMEHTHpaHH y 1,5-TuMeH3dju u
kopuinheHn 3a nobujame cpenmux BpeaHocTd curHama RPC nperextopa. Mmajyhu y Buny
JNETEPMUHUCTUYKH KapakTep Mojena u OpojHe anmpoKCHMaIHje Koje MoIpa3yMeBajy, YKIbyuyjyhu u
1,5-muMeH3HOHaTHY MMIUIEMEHTAIH]y, OBH MOJENH HUCY TOJECHU 3a TUPEKTHO KBAHTHTATHBHO
nopeheme ca HM3MEPEHHM CHUTHAJIMMA U pe3yilTaTuMa CTOXAaCTHYKHX Mojena. Mmak, MOTIyHO
OIIpaBaHO Cy KOpHITheHU 3a KBAIMTATHBHY aHAJIU3y pa3Boja crpuMepa y RPC nerekropuma, anu
U 3a KBaHTHTATHBHO pa3MaTpame YTHIdja TPAHCIOPTHHX KoeHIMjeHaTa eJNeKTpOHa Ha
u3padyHate curHane. OBu ¢uiynaHH Mojemu cy Takohe ompaBmaHo kopuinheHH 3a MehycoOHO
KBaHTHTAaTHBHO Mopelerse, YMe je YKa3aHO Ha BEIMYHHY Pa3JInKe KOy YHOCH H300p Mojela HiIH
BPCTa yJIa3HUX TPAHCIIOPTHUX MOJATaKa.

Ha ocHOBY 0OBe AHCKyCH]j€, MOXE C€ 3aKJbYUYHTH Ja je aucepranuja 6asupana Ha multi term TEOpHjH
3a pemiaBame bonnmanoBe jenHaunne, MonTe Kapno cumynamuju u BHCOKO COPHMCTHLIMPAHAM
bynnHEM MozeIMMa nocliefhe renepandje. OBaKo IMUPOKH CIIEKTap METOJa M TeXHHKA je OHo
HeonxojaH, uMajyhu y BHAY KOMILIEKCHOCT IIpOIleca Ha MHKPOCKOIICKOM HHBOY, BPEMEHCKE H
NPOCTOPHE CKaJle Ha KOjHMa CE€ OBH IPOINECH ONUTPaBajy, Kao W MOTpedy 3a YCIOCTAaBJbABEM
IbUXOBE BE3€ Ca MAaKPOCKOIICKUM IapaMeTpuMa IETEKTOPa.

3.4. IlpMMEHJEUBOCT OCTBAPEHHUX PE3YIITaTa

3Hayuaj ¥ NPUMEHJBPUBOCT OOJPHX TEOPHjCKHX MOJENa W HOBHX IIPUCTYNA y MOJEIOBAmY BHIE CE
IIpe CBera y IpOjeKTOBamy M ONTUMHU3ALHMjU JeTeKTopa jep ce ca BehoM curypHoirhy Mory
NPEABHIETH KapaKTEPUCTHKE paja AETEKTOpa y 3aBUCHOCTH O H-ErOBUX OpoOjHHMX IapameTapa.
HcroBpemeHo, 60/6M MOJIENN TONIPHHOCE U O0JbEM 1O3HaBaky (PU3NIKAX OCHOBA U NPHHIIKIA paja
nerexkropa. MojienoBame racCHUX JETEKTOpa je AaHac MmoceOHO aKTYeNHO jep ce 3a moTpebe HOoBe
reHepanyje eKkclepuMeHara y GU3UIM BHCOKHUX €HEpruja MpOjeKTyjy M HCIUTY]y HOBE
KOHCTPYKI[Mje TaCHUX JAeTeKTopa Koje mo mnepdopmancama TpebGa na Hammamle mocrojehe. V3
GU3MKy BHCOKHX €HEprHja, FaCHM JETEKTOpU 4YeCTHIIAa Haja3e NPHUMEHE Yy MHOTHM JApPYTHM
obnacTuMa, Kao IITO Cy HYyKJeapHa TEXHHMKA, NO3UMETpHja M 3allTHTa Of 3paducrha, (U3HKa
KOCMHUKOT 3pauema H reopusuka. [locebHo ce u3aBaja # MEIUIIMHCKA UjarHOCTHKA TIIE je Y TOKY
npojeKToBame U ucnurusame time of flight PET Tomorpada 3acHoBaHux Ha RPC netekTopumMa.

bes 063y1pa Ha TO [a J Cy QHAJIMTHYKHW WM HYMEPHYKH, CTOXaCTUYKH HIIH JACTCPMHHHCTHYKH,
MaKpOCKOIICKH HJIH MHUKPOCKOIICKH, CBH MOJEIN IrAaCHUX ACTECKTOpA YECTUIIA KOPHUCTE TPAHCIIOPTHE
MJIA CyJapH€ IIOAATKE €JIEKTPOHA Kao YyJa3HE InapaMeTpe. Y nocapammum MOAC€INMa HETEKTOpa



KBAJIMTET M TMOPEKJIIO OBUX IoJaTaka cy uecto Omim 3aHemapeHH. C TOM MOTHBAIHjOM,
TPaHCIIOPTHU NOAAIM, KA0 M HAYUHH 3a HUXOB IPOPavyH, UMajy KJBYUYHO MECTO Yy A¥MCEPTaIlHjH.
Teopujcku je pa3MOTpeHO, W Ha KOHKPETHMM IpUMEpHMa HWIYCTPOBAaHO, KakKo CYJIapHHU H
TPaHCIIOPTHH MOJALM eJEKTPOHA MOTY YTHIIATH Ha pe3ysTaTe MoJieioBama feTekropa. [lokazaHo je
U Y KOJIMKO] MEpH HEKOpPEeKTHa HMIUIEMEHTallMja TPAaHCIOPTHUX MapaMeTapa, 3aHeMapHBambeM
eKCIUTHIMTHUX e(pekaTa HEKOH3EpBaTUBHUX CyZapa, yTHUe Ha H3payyHaTe CHTHalle neTektopa. bes
o03upa mTO Ccy OBH €(hEeKTH HIYCTPOBaHH Ha KOHKpeTHUM mnpuMepuma y RPC nmetekropuma,
HBHXOBE UMIUTHKAIMje ce OHOCE Ha MIPaKTHYHO CBE MOJIeJIe TaCHUX JETEKTOpa YeCTHUIIA.

3.5. OgeHa JOCTUTHYTHX CIIOCOOHOCTH KaHauaaTa 3a CaMOCTATHY HAYYHHU paj

On nmoueTka MCTpaKMBama 0 pealu3alldje AOKTOpPCKE NUCEepTalMje KaHIUAAT je MpolIao Kpo3
Hekonuko ¢asa. M3abpana je TemMa koja cmaga y obnacT aKTyeJlIHHX MYJITHANCHUIUTHHAPHHX
HCTpaXKHBama ca IIHPOKHM CIEKTpoM NpuMeHa. HaBeneHa nureparypa ykasyje ha je KaHAHIAT
MaXJBHUBO IPETJIea0 U MPOYYHO CBE PEIEBAHTHE M CaBpeMEHE M3BOPE U3 00JIacTH (U3MKE racHUX
JIETEKTOpa 4YecTHIla, TPAHCIOPTHE TEOpHUje pojeBa €NEKTpOHA y racoBHMa M €KCIIEpHMEHTAJHE
¢u3uke Bucokux eHepryja. [lomazehu onx TpaHCHOPTHE TEOpHj€ €NEKTPOHA Yy TacOBHMA,
UIEHTU(PHKOBaHH Cy KJBYYHH NpoOiIeMH y moctojehimM MoaenuMa racHHX IETeKTopa YeCTHIa
NONYT HEKPUTHYKE HMIUIEMEHTAllHjeé TPAaHCHOPTHHX MapaMeTapa y MOJENUMA, Kao M KBAJIHTET
TPAaHCIIOPTHUX M CyapHHUX IOJaTaka eJIeKTpoHa y racOBHMa OJ1 HHTepeca 3a JeTekrope. PazBujeHa
Cy ¥ JIBa HOBa MojieJa 3a mpopauyH ox3usa RPC nerextopa. HyMepuuka peanusanuja OBHX MoJiea
3axTeBala je moceOHO mporpamepcko ymehe, Kao M NPHMEHY CaBPEMEHHX MYJITHIIPOIECOPCKHX
payyHapcKHX cucrema BHCOKUX nepdopmancu. Jlobujenu pe3ynratu cy 06jaB/beHH y BPXYHCKHUM
Meh)yHapoHUM yaconmMcuMa M Npe3eHTOBaHM Ha BHIe MeljyHaponHux koHgpepeHuuja. Konauso,
caMa JIOKTOpCKa JUCEpTalyja je NpUIpeMJbeHa U OOJIMKOBaHa y CKJIaay ca BoOpOM IpakcoM Y
CBETCKO) Hay4yHO] 3ajeqHuUd. Ha OCHOBY HaBeleHOr, KOMHCHja cMaTpa Ja je KaHIUAaT I0Ka3ao
BHCOKH CTEIEH CIIOCOOHOCTH 3a caMOCTalaH Hay4YHH paj.

4. OCTBAPEHU HAYYHHU JOIITPUHOCH

4.1. TTpuka3 ocTBapeHHUX HAYUYHHX JOIPHHOCA

W3 OpojHuX pe3ynTaTa HUCTpaXkKuBamka KOJU Cy TPHKAa3aHH y OUCEPTAHjH MOTY C€ H3IIBOJUTH
cienehn OpUrMHAIHY HAyYHH JOMPUHOCH:

e 3a morpebe aHaIW3e TPAHCIOpPTa €JIEKTPOHA Kao W 3a AUPEKTHY HMILIEMEHTALH]y Y
MHKPOCKOIICKOM CTOXacTHYKOM Mozeny RPC nerextopa, pa3sBUjeHH Cy HOBU U T€CTHpaHU
CTapH Ipecelld 3a pacejame eyekTpoHa y ¢peony C,H,Fs koju uma ymory Hoceher raca y
racHOj CMEIlH.

e TpaHCIOpPT eNeKTpoHa y racHUM cMemama koje ce kopucre y RPC nerexkropuma Ha
ATLAS, ALICE u CMS exkcnepuMmenTuMa y CERN-y npBu nyT je aHaIM3upaH MPHUMEHOM
ers3akTHe multi term MOMEHTHE METOAE 3a pellaBame¢ HEKOH3epBaTHBHE boJlIMaHOBE
jennauuHe. TpaHCIOPTHH KOeHUIIMjEHTH Cy UCKOpHIIheHH Kao yJIa3HH NoJalH 3a (iyHaHe
Mozene RPC nerextopa.

e HerartusHa nudepeHIjanHa NPOBOJHOCT je youeHa y bulk xoMIoHeHTH Op3uHe apudTa y
racHoj cMemn ALICE TOF RPC netextopa. OBo je IpBa orcepBaiija oBor ¢peHOMeHa 3a
€JIEKTPOHE y NUTepaTypH. HberoBo nopexiio U Gpu3nUKo TyMademwe je TUCKYTOBaHO ITOMORY
IIPOCTOPHO DAa3JIOKEHHX KapaKTepUCTHKa poja enekTpoHa aobujenux Monrte Kapio
TEXHUKOM.



o Pa3BujeH je MHKPOCKOICKHM cTOXacTH4kH Mozen oxsuBa RPC nerexropa 3acHOBaH Ha
Momnte Kapno cumynanuju.

e Osaj Mozen xopuiheH je pazMaTpame QUIyKTyalHja y pacTy eIeKTpPOHCKHX JIaBHHA, Kao U
3a nobujame epUKacHOCTH IeTeKIMje U BpeMeHcKe pesonynuje timing RPC nerexropa.
Panu mopelemwma, pesynratu cy nobujenn xopuctehu pasnuumre cetoBe mpeceka 3a C,HoF,
KOjH IpeICTaBJba Hocehi rac y racHOj CMEIITH.

e PassujeH je ¢pnyunuu mozaen RPC nerekropa 3acHOBaH Ha XUJIPOANHAMHUYKO] IIPETIIOCTABIH
M alpOKCHMAIHjH JIOKAJTHOT eJIEKTPHYHOT 10Jba. MoJIeNT je HyMEpUYKH UMIUIEMEHTHPaH y
1,5 tuMeH3ujH U YKIbY4yje JonpruHOCce Audy3uje eneKTpoHa U (OTOjOHU3AIH]E Y racy.

o Tlomohy oBor Moznena, kao ¥ KJIaCHYHOT (IIyHIHOT MOJIeNia, aHATTM3HPaH je pa3Boj CTpUMepa
u curtHasna y RPC nerextopy moj AejcTBOM MPOCTOPHOT HAeNeKTpUcama U (HOTojoHn3aNuje
y racy. Pasmarpane cy Tpu pazmauure konpurypamuje RPC gerexropa.

e Ha ocHOBY ¢mymmHHX MoOzeNna, HCIHMTHBAaHA je OCETJBHBOCT IapaMeTrapa JETeKTopa Ha
CylapHe W TPaHCHOPTHE NMOAATKE 3a eNIEKTpoHe. M3paduyHaTu cy mapaMeTpu AeTeKTopa U
HampaBJbeHa mnopellelba Ha OCHOBY TpaHCIOPTHHUX KoedHIwjeHaTa KOju Cy I00MjeHH
TPETIIOCTaBJbajyil YeTHpH pa3duuTa ceTa IpeceKa 3a pacejame elNeKTpoHa y Hocehewm
racy C,H,F,. Tloce6Ha naxma je mocBeheHa UCIUTHBAKY YTHIAja MIPUPOJIE TPAHCIIOPTHUX
IojJjaTaKa eJIeKTpOHa Ha N3padyHaTe CUTHase 100HjeHe KIaCUYHUM (DIIyHTHEM MOJEIOM.

4.2. KputHuka aHay3a pe3yJitara HCTpaXHBaha

VYV npocajamimuM  MOJENHMa TacHHX JETEKTOpa YecTHIa HEIOBOJFHO Taxwkhe je IocBeheHo
KBAIATETY TPAHCIIOPTHUX M CyJapHHUX IOAATaKa €JIEKTPOHA y TacOBHMA, Ka0 U UMILIEMEHTAIUj!
OBHUX TOJIaTaKa y MOJeNe AeTeKTopa. Jelan 0/l OCTBapEHHX IUJbEBa JUCEpTalllije JeCTe pa3MaTpame
OBUX MpoOJjieMa ca YBPCTHX CTAHOBHUINTA TPAHCIIOPTHE TEOPHj€ pojeBa e€IeKTpOHAa Y racoBHMA Y3
NpAMEHY CTaHIApAHUX U MPOBEPEHUX TEXHUKA Koje ce KOpHcTe y Toj obnacTu. Tako je mpBU IyT
multi term MOMEHTHA METOJla pelllaBaka HEKOH3epBaTHBHE bollMaHOBe jelHaYMHE IPUMEHEHA Y
aHaJIM3M TPAHCIOPTA eNeKTpoHa y racoBuMa koje kopucte RPC gerextopu Ha ATLAS, ALICE u
CMS excnepumentuma y CERN-y. OBa Hampeana TexHuka Teopuje pojeBa ce, y3 Monte Kapno
TEXHUKY, CTaHZApAHO NpHMEBYje 3a HOpPMAaJIH3allfjy CETOBa NMpeceKa 3a pacejame €NeKTpOHaA Y
racoBMMa M Jaje NOoy3/1aHuje pe3yiraTe y OAHOCY Ha jaBHO JOCTYIIHE fwo term ajnare 3a pelIaBambe
BonnMaHoBe jenHaunHe Koje HEKU ayTopu Kopucrte. Takole, y aHaIU3u M IpopadyHy TpaHCIOpTa
eNleKTpoHa y racoBuMa 3a RPC nerektope, mpBU myT cy KopuinheHH HOBH CETOBH Ipeceka 3a
pacejame enektpona y ¢ppeony C,H,F,4 xoju je Hocehu rac y BehuHu caBpeMeHHX JeTeKTopa OBOT
THOa. Y OQHOCY Ha paHuje ceToBe mpeceka 3a C,H,F4, HOBH ceToBH npeceka MmoKazajiu Cy 3HATHO
6oJbe crarame U3payyHAaTHUX TPAHCIIOPTHHX IapameTapa eJIEKTpOHa ca oJiroBapajyhuM H3MepeHuM
BpPEIHOCTHMA. Y OKBHPY AHMCEPTalldje, CBH HABEJCHHU CETOBH IpECceKa Cy yIOpeaHO KOpUITheHH 3a
Jnobujame ynasHUX I0flaTaka y pasIiYMTHM MOZETHMa Kako OM ce MCIHUTA0 YTHIAj KBaJIHMTETa
TPAaHCHOPTHUX M CyAApHUX NoJaraka Ha u3pauyHatd om3uB RPC nerexropa. IlocebHO ce Moxe
uctahu na je aHaMM30M TPaHCIOPTA €NeKTpOHA y racHO] cMemM Koja ce Kopuctu kox RPC
nerextopa Ha ALICE excniepumenty y CERN-y, youeHa HeraTHBHa Au(epeHIHjaTHa IPOBOJHOCT
UcroJbeHa y bulk xomnosneHTH Op3uHe ApudTa. OUznuko TyMademe OBOT TPAaHCIIOPTHOT ¢peHOMEeHa
JaTo je Ha OCHOBY IIPOCTOPDHO Da3IOXKEHMX KapaKTepHUCTUKa poja eleKTpoHa. Mako je panumje
TEOpHjCKU npeapulheH, oBaj (eHOMEH je 10 cana jendHo 6o nmpuMeheH KoJ TpaHCIIOpTa MO3UTPOHA
y racoBHMa.

Pa3Boj HOBHX, ka0 M Hamorpaima nocrojehux Mojena racHUX AETEKTOpa, Takohe NpeacTaBibajy
UCTaKHYTe Hay4dHe HONpHHOCE aucepranuje. IIpBH myT je pa3BHjeH H IPUMEHECH MHUKPOCKOIICKH
croxactruku Mojzen onsuBa RPC nerexropa. Ha ocHOBY oBor Mojena uspauyHara je euKacHOCT
JeTeKkurje u BpeMeHcka pesonyuuja RPC gerexropa. Jlocamammy CTOXAaCTHYKH MOJIENIH OBHX
JIETEKTOpa ce 3aCHUBAjy Ha TOJIYEMIHPH)CKOM NPHCTYIy MM Kopucte JlernepoBy Teopujy pacra
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€JIGKTPOHCKUX JIABUHA KOja MOJpa3yMeBa Ja BepoBaTHOhA 3a CyJdapHy jOHH3AlH]y HE 3aBHCH O]
eHepruje ejnekTpoHa. HoBuMm croxactmukum MozenoM, rae ce Mourte Kapio TexHHKOM mnpare
NojeJMHAYHKN eJeKTPOHH U HBUXOBU CYJApH ca racoM, H30erHyTe Cy ampoKcUMalldje Koje KOPUCTe
JIOCAJALIbA CTOXAaCTHUKM MoJend. OCHUM CTOXaCTHUKOT, pa3BHj€H je W MpPBU IYT IIPUMEHEH
JETEPMHHUCTHYKYA MOJIE 3aCHOBAH Ha IPETIOCTABIM XUJIPOJAHHAMMUKOT pa3Boja (a3He PpyHKIH]e
pacro/iesie y3 anpoKCHMAIH]y JTOKATHOT eNeKTpHYHOT mosba. OBaj MoJIeN T10/ipa3yMeBa MamH Opoj
arnpoKcHUMallja y 0JIHOCY Ha 1ocTojehu kiacuunu Guynaan monen. Oba gprnynaHa Moaena cy, paau
nopehema, kopuinheHa 3a pa3MmaTpame pa3Boja crpumepa H curHaima y RPC nerextopy, moja
JIJCTBOM TMPOCTOPHOT HaejekTpucawa M (orojoHusauuje y racy. Takohe, 3a pasauky on
nocanaumbux Guynaaux monena RPC nerexropa, Hymepuyuka UMIUIEMEHTAIlMja HaBeICHUX MOJena
yKJbydyje JomnpHHOC [udy3dje H KOPUCTH HaNpeAHW)y HyMepHUKy IleMy O0a3upaHo] Ha
ICHTPAJIHUM KOHAUHUM paszjiikama Apyror pena y mnpoctopy u Pynre-Kyra 4 texnunu 3a
HHTETpallk)y y BpeMeHy. Pe3ynratu oBux QuiynaHux mozaena MeljycobHo cy ynopelieHH, Ha OCHOBY
qera ¢y M3BEJACHH BAXHH 3aKJbYULM O YTULAjy HauMHA UMIUIEMEHTal#je TPAaHCIOPTHUX ToAaTaka
Ha u3pauynate curiaie RPC nerexropa.

4.3. Bepudukaluja HavyHUX JIOIPUHOCA

Hay4Hu J0ONPHHOCH OCTBApPEHH y OKBHPY JOKTOPCKE jucepranuje objaBibeHH cy y cienehum
nyOaMKalyjama CBpCTaHUM y KaTeropuje npema [IpaBUIHHKY O MOCTYNKY, HAYMHY BpeJIHOBama U
KBAaHTUTATHBHOM HCKa3WBamby HAYYHOMCTPAXHMBAYKUX pe3yliTara HcTpakhBaya MuHucrapcTBa
NPOCBETE, HAYKe U TEXHOJIOIIKOT pa3Boja Penmybnuke Cpbuje:

Karteropuja M21:

D. BoSnjakovié, Z.Lj. Petrovi¢, R.D. White and S. Dujko, “Boltzmann equation and Monte
Carlo studies of electron transport in Resistive Plate Chambers”, J. Phys. D: Appl.

Phys. 47 (2014) 435203. Online ISSN: [361-6463. (IF2014=2.721) do1: 10.1088/0022-
3727/47/43/435203

S. Dujko, D. BoSnjakovié¢, R.D. White and Z.Lj. Petrovi¢, “Heating mechanisms for electron
swarms in radio-frequency electric and magnetic fields”, Plasma Sources Sci. Technol. 24
(2015) 054006. Online ISSN: 1361-6595. (IF2014= 3.591)

doi: 10.1088/0963-0252/24/5/054006

Kareropuja M22:

D. Bosnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “A microscopic Monte Carlo approach to
modeling of Resistive Plate Chambers”, J. Instrum. 9 (2014) PO9012. Online ISSN: 1748-0221.
(IF2014= 1.399) doi:10.1088/1748-0221/9/09/P09012

Kareropuja M31:

D. Bosnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “Resistive Plate Chambers: electron transport and
modeling”, J. Phys.: Conf. Ser. 565 (2014) 012008. doi: 10.1088/1742-6596/565/1/012008

Z.1j. Petrovi¢, S. Marjanovi¢, S. Dujko, A. Bankovi¢, O. Sagi¢, D. Bosnjakovié, V. Stojanovic¢,
G. Malovi¢, S. J. Buckman, G. Garcia, R. D. White, J. P. Sullivan, M. J. Brunger, “Kinetic
phenomena in transport of electrons and positrons in gases caused by the properties of
scattering cross sections”, XX VIII International Conference on Photonic, Electronic and Atomic
Collisions (ICPEAC), July 24-30 2013, Lanzhou, China, Journal of Physics: Conference Series
488 (2014) 012047. doi:10.1088/1742-6596/488/1/012047
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Kateropnja M32:

D. Bosnjakovi¢, Z.Lj. Petrovi¢ and S. Dujko, “Simulation and modeling of Resistive Plate
Chambers”, Proc. 27th Symposium on Physics of Ionized Gases - SPIG 2014, Belgrade, Serbia,
(26 - 29 August 2014), Contributed Papers and Abstracts of Invited Lectures, Topical Invited
Lectures and Progress Reports (Eds. D. Mari¢, A.R. Milosavljevi¢ and Z. Mijatovi¢), p. 21.
ISBN 978-86-7762-600-6

S. Dujko, Z.Lj. Petrovi¢, R.D. White, G. Boyle, A. Bankovié, I. Simonovié, D. Bosnjakovié, J.
Miri¢, A.-H. Markosyan and S. Marjanovié, Transport processes for electrons and positrons in
gases and soft-condensed matter: Basic phenomenology and applications, XXIX International
Conference on Photonic, Electronic and Atomic Collisions, 22-28 July 2015, Toledo, Spain

Z.Lj. Petrovié¢ and S. Dujko, D. Mari¢, D. Bo$njakovi¢, S. Marjanovi¢, J. Mirié, O. Sasi¢, S.
Dupljanin, I. Simonovi¢ and R.D. White, Swarms as an exact representation of weakly ionized
gases, XIX International Symposium on Electron-Molecule Collisions and Swarms & XVIII
International Workshop on Low-Energy Positron and Positronium Physics, POSMOL 2015, 17-
20 July 2015, Lisboa, Portugal, Book of Abstracts, p. 4

Karteropuja M33:

D. BoSnjakovié, Z.L;j. Petrovi¢ and S. Dujko, “Studies of electron transport in gases for
Resistive Plate Chambers”, Proc. 27th Symposium on Physics of Ionized Gases - SPIG 2014,
Belgrade, Serbia, (26 - 29 August 2014), Contributed Papers and Abstracts of Invited Lectures,
Topical Invited Lectures and Progress Reports (Eds. D. Marié, A.R. Milosavljevi¢ and Z.
Mijatovié), pp. 114-117. ISBN 978-86-7762-600-6

D. BoSnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “Simulation of Resistive Plate Chambers using
Monte Carlo technique”, in Proceedings of the 9th EU-Japan Joint Symposium on Plasma
Processing (JSPP2014) and EU COST MP1101 Workshop on Atmospheric Plasma Processes
and Sources, 19-23 January 2014, Bohinjska Bistrica, Slovenia

D. Bosnjakovié, S. Dujko and Z.Lj. Petrovi¢, “Electron transport coefficients in gases for
Resistive Plate Chambers”, 26th Summer School and International Symposium on the Physics of
Ionized Gases, August 27-31 2012, Zrenjanin, Serbia, pp. 265-268

Kareropuja M34:

D. Bosnjakovi¢, Z.Lj. Petrovi¢ and S. Dujko, Streamer studies in gases for resistive plate
chambers, XXIX International Conference on Photonic, Electronic and Atomic Collisions, 22-28
July 2015, Toledo, Spain

D. Bosnjakovi¢, J. Miri¢, Z.Lj. Petrovi¢ and S. Dujko, Rescaling procedures for Monte carlo
simulations of electron transport in strong electronegative gases, XIX International Symposium
on Electron-Molecule Collisions and Swarms & XVIII International Workshop on Low-Energy
Positron and Positronbium Physics, POSMOL 2015, 17-20 July 2015, Lisboa, Portugal, Book of
Abstracts, p.25

D. BoSnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “Simulation of RPCs using microscopic Monte
Carlo technique”, X1I workshop on Resistive Plate Chamber and Related Detectors, February
23-28 2014, Beijing, China, Book of abstracts, p. 21

D. Bosnjakovi¢, Z.Lj. Petrovi¢ and S. Dujko, “Electron transport phenomena in gases for
RPCs”, XII workshop on Resistive Plate Chamber and Related Detectors, February 23-28 2014,
Beijing, China, Book of abstracts, p. 21
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S. Dujko, D. Bosnjakovi¢, J. Miri¢, I. Simonovié, Z.M. Raspopovi¢, R.D. White, A.H.
Markosyan, U. Ebert and Z.Lj. Petrovi¢, “Recent results from studies of non-equilibrium
electron transport in modeling of low-temperature plasmas and particle detectors”, in
Proceedings of the 9th EU-Japan Joint Symposium on Plasma Processing (JSPP2014) and EU
COST MP1101 Workshop on Atmospheric Plasma Processes and Sources, 19-23 January 2014,
Bohinjska Bistrica, Slovenia

S. Dujko, Z.L. Petrovi¢, R.D. White, D. Bosnjakovi¢, J. Miri¢, A.H. Markosyan and U. Ebert,
“Non-conservative electron transport in gases and its application in modelling of non-
equilibrium plasmas and particle detectors”, Proceedings of the XVII International Workshop

on Low-Energy Positron and Positronium Physics and the X VIII International Symposium on
Electron-Molecule Collisions and Swarms (POSMOL), July 19-21 2013, Kanazawa, Japan, p. 24

D. BosSnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “Monte Carlo modelling of Resistive Plate
Chambers”, Proceedings of the XVII International Workshop on Low-Energy Positron and
Positronium Physics and the XVIII International Symposium on Electron-Molecule Collisions
and Swarms (POSMOL), July 19-21 2013, Kanazawa, Japan, p. 44

Karteropuja M64:

D. Bosnjakovié, Z.Lj. Petrovi¢ and S. Dujko, “A microscopic model for time response of
Resistive Plate Chambers”, Proceedings of the 3rd National Conference on Electronic, Atomic,
Molecular and Photonic Physics (CEAMPP), August 25 2013, Belgrade, Serbia, p. 16
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5. 3AKJbYYAK U TPEJIOT

ToxoM HCTpaxuBama M pajla Ha JUCEPTAlUjU KaHIUIAT je 0Ka3a0 BUCOK CTEIEH CIIOCOOHOCTH 3a
caMOCTalIaH Hay4YHOHUCTpaXXUBaukd pai. Jlokropcka maucepranuja caipxu OpojHE OpHTHHAJIHE
Hay4yHe JOMPUHOCE Y BUAY HOBHX pe3ylTara, 3aKJbydaka, yHanpeheHux nocrojehux Mozaena, anu u
HOBHX pa3BHjE€HHX MOJIe)Ia KOjH MIPEJCTaB/bajy CYIITHHCKO YHanpeleme HayqHOT 3Hama Y 001acTH
MOJICJIOBaba TaCHHX NETEKTOpa YecTHl]a BHCOKHX cHepruja. HaBeJeHH pe3yaTaTd M MOJIENH
00jaBJbéHH Cy Y BpXYHCKMM MehyHapogHUM YacomucuMa W TpHKa3aHH Ha YIJIEIHHUM
MehynaporHuM KoHpepeHuHjama. OcUM eKcliepUMeHTalHe GU3UKe BUCOKHX €Hepruja, pe3ysiTaTh
UCTpa)XHUBakha Y OKBUPY JUCEPTAIMje UMajy MPUMEHE Y MHOTHM 00JIacTUMA TIe ce KOPHCTE TacCHH
JEeTEeKTOPH 4YECTHIIa, TMOMYT HyKJIeapHe TeXHHUKeE, JO3UMETpHje U 3alITHTE O] 3padyecba, MeIUIiHE,
¢GH3MKE KOCMUYKOT 3paveha U reoQu3uKe.

Ha ocnoBy mznoxenor, Komucuja cMaTtpa Ja Cy UCHYHEHHM CBU CYIITHHCKH U CBH ¢opMaiHH
ycnoBu mnpeapubeHd 3aKOHOM O BHCOKOM oOpa3oBamby M HpaBWIHMOUMA EJEKTPOTEXHHUKOT
dakynrera U YHuBep3urera y beorpanmy. Kommcmja ca 3amoBosbCTBOM mpeiaxe HacraBHo-
HaygyHoM Behy EnexkrporexHumukor dQakynrera na ce AOKTOpPCKa AHucepTalja IOA Ha3MBOM
,MoJleloBame racHUX JETEKTOpa YeCTHIa BHCOKUX €HEpruja MPHUMEHOM TEXHHKE €JICKTPOHCKHX
pojeBa* kaHaunmara Jlanka bommmakoBuha IpUXBaTH, H3710XKH HAa YBHJ JaBHOCTH M YIOYTH Ha
KOHA4YHO ycBajame Behy HayuHHX 001acTH TEXHUYKMX HayKa YHHBep3uTeTa y beorpany.

V¥ Beorpany, 5. maja 2016. ronuHe YJIAHOBU KOMUCHUJE
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