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1. YBOJ

1.1. Xpouonoraja 006paBama U U3pajie JIUCepTaluie

Anrenuna P. Toroeuli je 30. oxro0pa 2013. rojuHe ymMcana JOKTOPCKE aKaJeEMCKe CTYHje
EfleKTpoTeXHUKE 1 padyHapcTsa, Mogyl 3a Hanoenextponnky i GpOTOHHKY, Ha ENEKTpOTEXHHIKOM
daxynrery Ymmpepsurera y beorpamy. Cpe mcrmre npensuljeHe MIaHOM JOKTOPCKHX cryanja
FIOJIOMKUJIA j€ ¢a HajBHILOM OLEHOM.

KanumaT je ca ynMcoM JIOKTOPCKHX aKafieMCKHX CTy[uja 3afi0Ye0 MCTPAKMUBAYKH paj, 1o
mertoperBoM npod. ap Jejana I'sosmuha u 30. mapra 2017. rojune npujaBuo Temy 3a H3pajgy
JIOKTOpCKE JIHCepTalije IMoJ PajHuM HACIOBOM ,MoJenoBame IOMyNPOBOJHMYKHEX ONTHIKHX
110jauaBaya 3a NPUMEHE Y ONTHYKHM TIPHCTYIHEM MpexaMa’’.

4. anpuna 2017. rogune, Komucuja 3a cryuje Tpelier crenena pasMarpania je Npeijior Teme
3a M3paiy JOKTOpCKe juceprauyje u npemior Komucuje o oleHn nogobHOCTH TeMe U KaH1u/1aTa
yiyrmwia HacraBHo-Hay4HOM Behy Ha ycpajame.

Hacrasno-sayuso sehe Enexrporexuudxor dakynrera je Ha cBOjoj 812. celHMIM 0JpXKaHO)
11. anpuna 2017. roguse yMenoBano KoMucHjy 3a OleHy yCoBa M IPHXBATALE TEME NOKTOPCKE
muceprauuje (Omyxa 6p. 5013/13-1 ox 25.4.2017. ropuue) y cacraby:

e np Jacua Ilpmancky, gouent, YHuBep3urer y beorpaiy — EnekrporexHuIKu thakynrer
in, Vwumrepzurer vy beorpany —

e np Josan Paxynoemhb, pemoemm npodecop y neHsyj
EnexTpoTeXHiaKy Gakynrer
e zp bBparmcnap Vpuuanmn, jouedt, YHupepsurer y beorpagxy — EnexrpoTexuuuku

(arynrer.




3a MeHTOpA je TIPeUIOKEH
e gp Jejan I'sosmuh, pernosau npodecop, Yuusepsuter y beorpany — EnexrpoTeXHHYKH
daxynrer.

JapHa ycMena on6pana IpeIoKeHe TeMe JOKTOPCKe JucepTanuje obasibena je 9. maja 2017.
roxuHe Ha EIekTpoTeXHHUIKoM (akynrery, npen Komucujom y oacyctBy menropa. Komucuja je
3aKJbYUMIIA 1A j€ KAHJMIAT Ha jABHOj yCMEHO] 00paHH NPEeJUIoKeHe TeMe JIOKTOPCKE JIcepTalije
J06KO OIIEHY ,,3310BOJBHO”.

HacrasHo-HayyHo Behe Enexrporexumuxor (akynrera je Ha cBojoj 814. cemHuum oJpiaHo]
13. jyma 2017. romuue ycpojwio Mzpemraj Kommcnje 3a OueHy ycnosa U TPHXBATamke TEME
noktopcke mucepranmje (Ommyxa 6p. 5013/13-2 ox 13.6.2017. ronune).

Ha cemunny ompxanoj 11. jyma 2017. romune, Behe mayunux oGnacTH TEXHHYKHX HayKa
VruBep3nTeTa y Beorpajty Jao je cariacHOCT Ha Ipeuior TeMe JOKTOPCKE JucepTauyje AHrenyse
P. Torosuhi, II0J HACIOBOM ,,MO/eNIOBakE TTOMYNPOBOXHAYKIX ONITHUKHX I0jayaBaya 3a NPHMEHe
y ONTHYKAM TIPUCTYTHMM Mpexama” (6poj omtyke 61206-2530/2-17 ox 11.7.2017. ropuse).

Kanpupmar je 1. pe6pyapa 2018. romuse npenao Ha mperies 1 OLeHy JOKTOPCKY AUCepTalujy
IOl HACTIOBOM ,,MOJIeJIOBaB-€ MOMYNPOBOJHHYKIX ONTHYKMX I10ja4aBaya 3a IPUMEHE y ONTHYKHM
npuctynanM Mpexkama” (,,Modeling of semiconductor optical amplifiers for optical access
networks®).

Komucuja 3a cryauje tpeher crenena notspamna je 6. gpebpyapa 2018. roqnHe HCIyH:eHOCT
noTpeGHMX ycloBa 3a TopHomeme mnpernora Hacrapwo-nayynom Behy EmekTpoTexHIdKor
daxynrera 3a Gpopmupame Komucuje 3a mpernes v oueHy I0KTOPCKe IMCepTalmje.

Ha cBojoj 823. cemmmum onpxanoj 13. deGpyapa 2018. romume, Hacrapno-nayuno Behe
Enexrporexuuukor ¢akynrera uMeHoBano je Kommcmjy 3a mnpernefl # OLEHY JOKTOPCKE
mucepramuje (Ontyka 6p. 5013/13-3 ox 27.2.2018. rojune), y cacraBy

o np Jejan I'sosnuh, penosun npodecop, YHusepsureT y beorpagy — EneKTpoTeXHHHKH

tbaxynrer,

o np Jacua Lpmancku, nouent, Yuusepsurer y beorpany — Enexrporexuuuxu axynrer,

o gp 3nartan Ilonmuh, penosun npodecop, Yuusepsurer y Kparyjesity — Daxyirer 3a

MAaLIHMHCTBO 1 rpaljeBuHapcTBo v Kpasbesy,

e np Harama Henikoruh, penosuu npodecop, Yuupepsurer y beorpaty — EnekTpoTeX HuuKi

daxynrer,

e 1p Mapko Kperuh, nonent, Yuusepsurer y Beorpaiy — Enexrporexuuixn gpaxynrer.

1.2, Hayuna obxact jpcepranyje

JlokTopcka pucepranuja npunafga obmacTy (DH3MUKE ENEKTPOHHMKE 32 KOJy je MaTHyaH
Enexrporexnumuxy daxynrer Yumsepsurera y beorpamy. Mmenopann menrtop auceprauuje, ap
Jejan T'Bosmmh, pepoBan npodecop Enexrporexnuuxor dakynrera Yuusepsurera y beorpany,
AKTHBHO ce GABHM HCTPAKMBAKEM M3 HABEJEHE HaydyHe OONacTH H H3 me uMa Buie oj 50
myGIMKoBaHKX pajioa y yaconucumMa ca SCI mucre.

1.3. buorpadckn nogany o KaHaunaTy

Awnremuna P. Torosuh pohena je 10. jyna 1988. romune y Kparyjepiy, rue je saBpiiuia
ocHoBHy 1Iuko;y u IIpBy KparyjeBauky TruMHa3sMjy Kao Hocwian Bykose —jguniome.
Enexrporexunuxu paxynrer y beorpany, oncex Ousidka enekTponuka, ynucana je 2007. roguse,
a jgumuomupana je jyna 2011, rogmHe Ha cMmepy 3a HaHOENEKTPOHMKY, ONTOENEKTPOHMKY M
JIaCepCKy TEXHUKY ca MpocedHoM olenoM 9.47. Toxom crymuja 6una je crunenaucra PeryGnuaxe
doHzanmje 2a pasBoj HAYYHOr M YMETHMYKOr moammarka, a 2011. romune nojesbena joj je
crunenania komnauuje Vip Mobile xpo3 npojexar ,bym Bun cryment”, koju je yKjbyuMBao u
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JBOMECEUHY CTpy4Hy TpaKkcy. 3a [OUIUIOMCKM pajl ca OCHOBHMX CTyauja, MOJ HA3HBOM
,Mogenopame 0131Ba M JMHAMHKE HOCHIANA Y PEQIEKCUOHHM MNOIYIPOBOAHUYKHM ONTHYKHM
1ojagaBaunma®, uspalen mox mentopereoM mpod. ap Jejana I'Bozmuha, jobuna je npyry Harpamy
Ha KOHKYpCY 3a Haj6ospm aumiiomcku pax 2011. romume, y oprammsamuju ET® BA®A (ETF
Belgrade Alumni & Friends Association USA).

Macrep axajgemcke crynmje ymucana je 2011. romune ma moxmyny 3a HaHoelneKTpOHHKY,
OTITOENEKTPOHMKY H JIACEPCKY TEXHHKY, Enexrporexumdkor dakynrera y beorpany. Anpmia 2013.
roguHe ofa6paHuIa je MacTep Te3y Mo HasHBOM ,,CaMocariacHy HyMepUYKH METOJ( 33 NPOpavyH
CTATHYKMX KAapaKTEPUCTHKA TOTyIPOBOAHUYKAX ONTHYKHX I10jauaBaya‘, oJ MEHTOPCTBOM IPOd.
1p Jejana I'sosauha, unMe 3aBpiraBa MacTep cTyauje ca npocedrom ouenom 10.00 1 cride 3Bame
MacTep MEDKEH-ep CNEKTPOTEXHHKE M padyHapcTBa. JIOKTOpCKE aKafeMcKe CTy/mje yrucana je
2013. rogmEe Ha Momyny Hamoenextpomuka u (oroHmxa, Emexrporexuuukor Qaxynrera y
Beorpajy, TOKOM KOjHX je TONOKMIa CBE HCIKTE NpeaBul)eHe HaCTaBHUM I[LIAHOM U [IPOrpaMoM, ca
npocedynoM oteHoM 10.00.

Mapra 2012. romune Aurenusa je nzabpaHa y 3Bambe capaJHUKa y HacTaBH, a (ebpyapa 2014.
rofIMHE y 3BAaE-E ACHCTEHTA 32 obnacT Pu3udka enekTpoHuKa, npu Kareapy 3a MUKpOETeKTPOHUKY
M TeXHHUKy (usuxy EnexTporexuuukor gakynarera YHuBepsureTa y beorpamy. Yuectposana je y
m3Bofjely HAcTaBe y OONHMKY ayJMTOPHHX M JIaGOpaTopHjcKMX Bex6u y oksupy Beher Opoja
npeaMeTa M3 o6nacTH (Qu3MUKe eNEKTPOHMKE. Y4ecTBOBaNa je y KOMHcHjama 3a onbpaHy 5
3aBpIIHMX (IMIVIOMCKHX) pajioBa. TOKoM cBoje kapujepe, objaBuma je 11 HaydHuX panosa y
yacornmcrma ca SCI mucTe, ol KOJUX je 6 IMPEXTHO MOBE3aHO ¢a TEMOM JHCcepTaLije.

Jo6utHuk je Harpaze ,,JlIpod. ap Wnuja Crojanosuh Tenenop dponaaimje 3a HajOobH HayTHHA
paj y obnactu Tenexomynukanuja 2014. roguse, kao u Harpaje ,,Anexcannap Mapununh®, 2016.
TOJIMHE, KOjy JOAeIbyje YIpyXerme 3a MHKPOTAIAaCHY TEXHMKY, TEXHOJOTHje M cHCTeMe, 3a
Haj6osbK HaydHy pajl y obnactuMa koje nokpusa MTTC yapyxeme. Toxom oxro6pa 2016. roguse
fopasuna je na daxynrery 3a Unpopmarono mkemepeTso, YHusepsurera y Ilanosu, Urannja,
y oxBupy crunenmuje Coimbra rpyne. Maja 2017. ronune nobuna je cruneniujy yupyxema SPIE
3a yCaBpLIaBake M HCTPAKUBALE HA TT0JbY onrtike B QoToHkke. Unan je OSA u SPIE yapyxema.

2. OITAC JNCEPTAIAJE

2.1. Caapoxal ucepraije

Jlvcepraumja moj HacnoBoM “MojenoBame NOMYTPOBOJHMYKMX ONTHYKMX I0javyaBaya 3a
pUMEHE Y ONTHUKHM NpucTynHuM Mpexxama” (,,Modeling of semiconductor optical amplifiers for
optical access networks®) Hanucana je Ha 149 crpana KynaHOP TEKCTa Ha CPHICKOM je3uKy, ca 44
cnuke, 8 Tabena u 150 mymepucanux jexnaduda. ITo GpopMu U CTpyKTypu oaropapa YIyTCTBY 3a
06IHMKOBAKE JOKTOPCKE IMcepTaiuje U YIyTCTBY 3a (DOPMHDAEE PENOZUTOPHjyMA JIOKTOPCKUX
micepraupja Yrusepsurera y beorpamy on 20. jyna 2016. rogune. CaJipxu HACIOBHY CTpaHy Ha
CPIICKOM M EHITIECKOM JE3UKY, CTPaHy ca MOAALMMa O MEHTOPY M YIaHOBMMA KOMHCH]E, arCTpaKT
Ha cprckoM (2 cTpaHe) M EHrJIeCcKoM jesuky (2 crpame), cajapiaj (2 cTpaHe), INECT TIOTJIaBIba,
crmcak xopumthene jureparype Koju obyxsara 186 6ubimmorpadekux pedepenum (19 crpana),
uHAeke kopumthemnx ckpahennua (5 crpana), kpatky Gmorpadujy xawpupata (1 crpana) u
Ipunore nporcane YiyTctBom 3a (OPMHPAEmE DENO3UTOPHjyMa JOKTOPCKHX JUCEpTalija
Yuusepsurera y beorpany (4 crpane). Ilornasspa aucepTanuje cy HaCIOBbeHA Kao:

. YBog (14 crpana)
. Teopujcxu Mmogen SOA (41 crpane)
. Jluzajn u kapakrepusanyja aktuBHe obmacta SOA (10 crpana)

f‘\
Crauponapua aganma SOA (39 crpana)

. Junammuka anannza SOA (39 crpana)
. 3axpyyak (6 cTpana)
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2.2. Kpatak npuka3 nojeIMHA4YHIX NOTaB/ha

VBOJHO MOIIABJbE TE3€ I0JAa3H 0J] €KOHOMCKOI U TEXHOJOIIKOT OKBHpPA y KOME ce pa3Boj
TeTeKOMYHHKAIMja JaHac OJBHja, CTapJbajylinl aKkieHaT Ha BAXHOCT nosehiama KamanureTa U
JIOMETa JIMHKOBA M CMamembe ydemha y rao6anHoj HOTPOIIBH elneKTpuiHe enepruje. Unranan ce
yBOmM y mNpoblemMarTdKy ,yCKor rpia‘, Koje je IHoclIeauna IMCTIPOTIOPLMje Kamalurera Yy
PETMOBANHAM ¥ NPUCTYIHAM MpeXKaMa, YKbyqyjyhu i ,,iocnensu KHJIoMeTap® 10/0J] KOpUCHHKa,
TIPOY3POKOBAHE PA3TMYMTHM TEXHOJOTHjaMa KOPUIINEHHM 3a TIPEHOC CHIHANA, HAIME ONTHIKIM Yy
IPBOM, OJHOCHO NOMHHAHTHO PAjJHO M CIEKTPUYHUM Yy JPYyroMm ciayuajy. IloHyheno penieme
3aCHHBA CE HA MACHBHIM OITHYKMM HOPHCTYITHUM MPeKaMa, y KOjUMa TIOJIYIPOBOJIHIYKY ONTAYKN
nojayaBadl  MpeJCTaB/bajy jefaH Of BpIO  3HAYajHMX ypehaja, 3axBamyjyhnm  cBOjOj
MYJITA(QYHKIIHOHATHOCTH, jEAHOCTABHOCTH NIPOM3BONILE 1 MAIUM IuMeH3njama koje omoryhasajy
JIAKY HHTErpammjy ca ocTanuM (OTOHCKHM KOMIIOHEHTaMa. YBOJHO TMOTIaBJbe Caipii IPerjiel
TIPUMEHa MOJTyNPOBOJHUIKMX ONTHYKUX T0jauaBaya, IpH HeMy je moce6aH akIEHAT CTaB/bEH Ha
BUXOBY NPHMEHy Y ONTHYKMM €JIEMEHTIIMA 33 pauyHapcke Mehysese ,,0€300JHUM"® MPEKHUM
jeMHUIAMA HA KOPHCHHYKO]j CTPAHH Y IPUCTYITHUM ONTHIKHM MpexaMa.

Y JApyroM INOMNaB/by IMCKYyTOBaHH Cy CTPYKTypa W NpPHMHLMI paja IONyNPOBOJHUIKHX
ONTHYKHX TI0jaYaBaya, a 3aTMM je WM3BpIICHA BUXOBAa KiacHuKanmja mpema pedIIeKCHBHOCTH
MBHIA M THITY aKkTHBHE O6JAcTH, ONHOCHO cTermeHy konurupama. [Ipencrambenn cy TEOPHjCKN
Mo TIoMoly KOjHX je MOTyhe OfpeiTH CBe pefleBaHTHE MaTepHjaitHe ¥ CTPYKTyPHE lapaMerpe
32 MACHBHH TMOTYTMPOBOJHWK U BHIIECTpYyKe KBaHTHE jame. JlMCKyTOBaHa je monapu3anMoHa
HEOCeTTBHBOCT M HAYMHY 3a FheHO NOCTH3ake Kpo3 0nabHp MaTepHjaia, KOHTPONHCAHOT HAIPE3armha
¥ reoMeTpHje TamacoBoja. 3aTHM je M3BEIEH MAaTeEMAaTHIKO-(QH3MIKM MOJEN TIOTYHPOBOXHHIKHX
ONTHYKAX T0jauaBaya 3acHOBaH Ha jedHauMHama myTyjyher Tanaca, HamMCaHMX IO CHEKTPATHUM
rycTitHamMa (OTOHA CHTHana W ITyMa M ()asu CHrHaja, M Op3HHCKHMM jeqHaYMHAMA KOje OIACY]Y
JMHAMUKY HOCHIaHa y akrtWsHoj ofnactm. MsBpiuena je jCTajbHa aHamusa iyma nojayane
CIIOHTAHE EMHCH]E M FheIOBOI MOJENOBAba KPO3 IETEPMUHUCTHUKY M CTOXACTHUKH NPUCTYTL. Har
je mpernen Hexnx oj1 eeKara 4ecTo 3aHEMapEHHX IPH MOJENOBARY NOTYNPOBOAHMIKHX ONITHIKHIX
rojauapaua, a Koju MOTY HMMATH 3HauajHy ynory y OOIHKOBamy MWETOBHX CTALHOHAPHIX H
JMHAMHYKAX ~ KapaKTepucTyKa, TOMyT Iu(pysuje HOCHNALA HAENEKTPHCArba, HEIMHEApHOT
MOTHCKMBARGA  110jauarsa, TPAHCTIOPTAa HOCHIALA Y KBAHTHO-KOH(HUHMPAHMM  CTPYKTypama,
TeMIepaTypHuX edeKara U MHKpOTAalaCHE NPUpPOAE CTpyje Mopyauuje. KoHAUHO, H3BpIUEH je
npernes AOCTYHHE JHTepaType Koja ce OaBH MOIYNPOBOJHMYKAM ONTHIKAM nojauaBaunMMa y
CTALMOHAPHOM H JIMHAMHYKOM PEXKUMY pajia.

V TpehieM 1orasby NPeICTaB/bEHH CY PE3YITaTH HyMEPUIKUX cumynatuja 3a ojpehuBame
OTITHUKIX OCOBHHA AKTMBHE 06NACTH, YKJbYuyjylil MaTepujajHO Tojauame, Opanily pajujaTiBHE
CIIOHTAHE pexoMOHMHALMje ¥ BapHjalyje UHJEKca IpeiamMara 3a JBa THra aKTHBHMX obnacrty,
macupan InGaAs nomynposogunk u Bumectpyke InGaAs/InGaAsP kpantue jame. Jlate cy
CMepHHLE 33 OTITUMH3ALMjy TajlacoBojia Koju obesbeljyje ronapusaony HEOCET/EHBOCT, HA
OCHOBY KOjUX Cy JM3ajHMpaHH IpeOeHacTH TanacoBOAM M 3aTHM NPOpPAvuyHATH HapaMerpu KOjH
TPOHCTHYY M3 ILUXOBE TeoMeTpije: pakTop KOHGUHUParsa, PaKTOp Crpesatba CHOHTaHe eMUCH]E U
rpynHa 6p3uHa yHyTap akTuBHe oOnactd. CBH H3BEJCHM NapaMETpH 3aBHCE OX KOHI[EHTpaLuje
HOCWJIAA y AKTHBHO] 00J1aCTH U eHepruje GhoToHa.

Uerppro moriaBihe nocsehieHo je aHaius YOMYNPOBOAHMIKMX ONTHYKAX nojayaBaya y
CTALMOHAPHOM PEXUMY pajia U o0yxBaTa JiBa MOJeNa PasinduTor HUBOA CIOMNKCHOCTH. Hajnpe je
pa3BMjeH W OMHMCAH LIMPOKOIOjaCHM CAMOCATTIACHH HYMEPHUYKM MOJEJ, HPEBACXOHO HAMEHCH
neTakHoj cBeOoBYXBATHO] aHATH3W M ONTUMHU3ALM]Y T10jauyaBada Kao CamMOCTAJIHOT ypehaja. V3
MOJIENI, pasBHjeH je M ojrosapajyhl camocarjiaCHH HTEPaTHBHA HyMEPIYKH METOA 34 FhEroBy
AMrUleMeHTanpjy. MoJen ce 3acHMBA Ha CIEKTPATHO 3aBUCHMM T'yCTHHAMA (oToHa cHrHana M
iryMa 1 06yXBata jeftHatiHy KOjoM ce onucyje eBoryimja dase. CBu MaTepujaJTHi U T€OMETPH]CKH

mapaMeTpy 3aBHCE OJl KOHIIEHTpalyje HOCHrana enepruje Qorona. Llym mojavyane croHTaHe
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eMHCHje MOJIETIOBAH je IETePMUHICTHYKH, KPO3 OApehHBAme PE3OHAHTHUX M aHTHPE3OHAHTHUX
yuecranocTu. Eonynmja rycruHe (OTOHA NIyma OIHMCAHA je CHCTEMOM jenHauMHa, OJ KOjUX II0
jenaH map OAroBapa jeXHOM MOJY, OJHOCHO KIacTepy MOJIOBa, npaheHoM pefucTpHOYLIHjOM
(OTOHa TpeMa MPEeHOCHOj (YHKIMj¥ PE30HATOPCKE IIyIbUHE. HoBopa3sujeHH caMocarjiacHu
MTEpaTHBHH MeTOf omoryhasa CTaGMIHY KOHBEPreHLW]Y alrOpUTMa Kpo3 npaheme penaTuBHe
rpelKe CBHX IIPOMEHJEMBHX OJl HMHTepeca M IBHXOBO KypHpame noMohy TMOHJEpPUCAHUX
BPEHOCTH U3 TPEHYTHOT M HEKOJMKO NPETXOIHUX HTEPATUBHUX KOpaKa. AHATN30M HYMEPUYKHX
pesylTaTa 3aK/bYdeHO je Ja CIIeKTpalHe 3aBHCHOCTH hakTopa KOH(HMHUpaka U Bapyjalje HHeKca
npenaMarka Hrpajy 3HadajHy yJory, He caMmo y CIEKTPANIHOj AMCTPUOYLMjH CHTHANA Ha H3Nasy, Beh
1 y 0GIINKOBambY CTAIMOHAPHOT TPAHCMUCHOHOT 0ja4aha [10jayaBaya. Bynyhu na geTabHu MOJEN
3aXTeBa 3Ha4YajHE MPOIECOPCKe, MEMOPHjCKE M BPEMEHCKE pecypce, pa3BHjeH je HOJy-aHaIUTHIKA
CTALIAOHAPHH MOJEN [PHMEHOM IIOTOIHO oJabpaHor cKyma apOKCHMAlHja, Ka0 W alropuTaM 3a
BeroBy HMILIGMEHTAIN]y 3aCHOBAH Ha HYMEPHUKHU NOTIOMOTHYTO] ['aycoBOj METOIH EIMMHIHALN]E
IpOMeHJBMBHX. [10Ty-aHaTUTHYKK MOJEN 3aCHHBA CE HA CIIPErHYTHM jelHaunHaMa IO I'yCTUHAMa
dorona KonTpanponarupajyhiux curnana (ca ypadyHaTMM JONPHHOCOM myma) U Op3MHCKO]
je/HAUMHY HATIMCAHOj IO KOHIEHTpalMj HOCHIAla M IO0JpasymeBa CerMeHTalljy aKTHBHE
o6nacTH fojayaBada Ha MaiM 6poj cermMeHara, He Behnm on TpH, Ha KOjuMa ce KOHLEHTpalja
HOCHJIAI[a CMATPa KOHCTAHTHOM. Y 3aBHCHOCTH O]l JKEJbEHE CIOKEHOCTH, MOJIENI MOXXE yKIbY1HBATH
M HeIMHeapHO TOTHCKMBame Tojauama. [lopehemem pesynrara IONy-aHATHTHYKOT €4
ITUPOKOIIOjACHUM CaMOCATJJACHHM HYMEPHYKHM MOJENIOM, ITOKa3aHo je na ce, y 3aBHCHOCTH O]f
6poja cermenara, Moxe moctuhli 1noysjaHa TpoLEHa TPaHCMUCHOHOT nojavama T0jayaBada 3a
jenan yio jBa pena BenMuMHe Kpahe Bpeme, y3 OACTyname Koje peTko npesasmnasu 1 dB y cyuajy
jemnor cermenta, ogrocHo, 0.1 dB y cimyuajy Tpu cermenta.

VY meroM IOIVABJbY CHPOBEIEHA j€ aHAIM3a MOMYNPOBOJAHHYKAX ONTHYKHIX rojayaBava y
JAHHAMMMKOM pEeXUMY paja, [OJ MOIyJalujoM BEJIHMKMM, OJHOCHO MalHM CHIHAIMMA. Tpu
AMHAMMYKA MOJIENa Koja Cy M3BeJIeHa MpYXKajy YBUJ Y AMHAMUYKE KapaKTepUCTHKE rojayaBava ca
pazmpuuTHX acrekara. Hajmpe je passujeH AMHaMUUKHU TPONIAralioH MoJen y 2D nomeny (Bpeme-
POCTOp), KOjH ypadyHaBa 3aBMCHOCTH (hakTopa KOHQHHKpamka U BapHjailije UHAEKCa npelaMamba
0JI KOHIEHTpaLWmje Hochiana. Hymepruyka HMIUIEMEHTALH]a CIIpOBEJEHA je momohy ,y3BoxuHe"
[leMe 3acHOBAHE HA METOJM KOHAYyHMX pasiiika. MoJen je TorojiaH 3a aHajn3y NPOM3BOBHUX
BPEMEHCKM 3aBUCHMX ONTHYKHX H/MIH ENEKTPUYHHX CUTHANA, TNpU “eMy MONKE TOApKaTH
[POCTHPAELE BHINE O]l jeAHON ONTHYKOT Kanana. V3Bpriena je aHanu3a HYMEPHUKUX pesynrarta
JOBUjeHNX TIPUMEHOM TPOMAralioOHOr MOJENa, KOji o0yxBarajy ejJeKTpo-ONTHYKY IHPEKTHY
(pe)Momynaumjy KkoncraHTHO/RZ/NRZ onrwukor nomohy OnmonapHor RZ/NRZ enexTpu4sor
curaana. ITokazano je aa GUITPHpPAEk€ CUTHAJA Y CIEKTPMYHOM JOMCHY HAKOH pemMoynaluj
MOYKe 06e36e T IBOCMEPHI IPEHOC CHIHAJIA [OMOohy HCTOT onTHHXor Hocuona o 10 Gb/s ka n
2.5 Gb/s o1l Kpajmer KOPHCHUKA. 3aTHM j& H3BEJIEH H HYMEPHUKI NMILIEMEHTHPAH JACTabHI MOJIEN
3a pexxuM E/O MojtyNianuje MalliM CHIHATIIMA, Ha OCHOBY KOT je aHATIM3UPAH MOLYJIAIHOHI O31B
v uaTpuHCHuHM -3dB npomycHu omcer nojayasada. Moxen nocmatpa cTpyjy kao ImyTyjyhu
MUKpOTANAC 1 oMoryhaBa ypadyHaBame peduiexcuje Ha KpajeBiMa eleKTPHIHOT BOJA. IToxazaHo je
12 pedeKCHORH TONYIPOBOIHIUKY ONTHIKK [10ja4aBaul, 33 PA3NuKy O OHMX 3ACHOBAHMX Ha
nyTyjyhem tanacy, o6es6elyjy n36op usmely Ba pexumMa pajia ca BACOKHM NPOITY CHUM OTICETOM —
HecaTypHpaHn ¥ y xyOokoj caryparuju. Iloxasano je Jia ce JXykuHA aKTHBHE obJIacTH MOXKe
OTITMMHU30BATH TAKO Ja ce TIOCTUIHE MAKCUMYM Y MPOITYCHOM OIICery, a, Y 3aBUCHOCTH O PeXHIMa
pajia, TIPOITYCHM OICer MOXe HCHoBUTH 1 MuHuMyM. Konauno, 3a Op3y YPOLEHY NPOIyCHOT
oricera y peXHMY TPAHCIAPEHIUje, M3BEIEH je IOJeHOCTABEEHH AHAINTHYIKH MOJCH Koju je
KBAJTUTATUBHO Y BUCOKO] CAIIACHOCTH Ca Pe3yNTaThMa TOOUjeHIM ITyTeM HyMEPHHKOr MOZENIa.

Y mocnekheM, HIECTOM NOTTIARILY, JIATH CY 3aKIbYHIN W TIaBHH JOIPHHOCH )mcepTaquc.

oF LN, ML REeE dial
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3. ONEHA JUCEPTALMIE

3.1. CaBpeMeHOCT Y1 OPHUTHHAIHOCT

[otpe6a 3a mopehaHiM KanaluTeToM npeHoca MH(opMarija, Kako Ha BEJIMKe, TAKO M Ha Mae
yIasbeHocTH, Hamehe NpUMeHy OITHYKHX TEXHONOTHja CBY/a Iie MOOHMIHOCT KpajEmer KOpUCHUKA
uuje ummeparus. [Tonazelim OX OKOCHHIE, NMPEKO PErHOHATHHX MpEXa, ONTHYKE TEXHONOTHje
CITYINTAjy ce Ka HIDKMM XMjepapXHjCKIM HMBOMMA MpEXHE apXHTEKType, Ca IMBEM Jiojlacka J0
KpajEer KOpHCHUKA y Giickoj 6ymyhHocTr. 3a ocTBapeB-e OBOI IIHJba, HEOMXOIHO j& OCMUCIIUTH
pemema Koja Cy €KOHOMCKM HCIUIATHBA M NpPOBajlepuMa yciyra M KpajlbiM KOPUCHHUILINMA,
eHepreTcku eHUKaCHa, CTAHAAPJU30BaHA ¥ CTOTa [OTOJHA 33 MAaCOBHY TIPOU3BOADY U jeJTHOCTaBHA
3a YNpaBlbake U OJpXKaBarmbe. JEJHO OJl pelerha Koje HyJH OATOBOP HA BENMKH 6poj mpobnema y
TPHCTYNHOM JIeNly TENEKOMYHHUKAIHOHIX CHCTEMA JaHAIIBHLE jeCy NaCHBHE ONTHUIKE MpeXKe (eng.
Passive Optical Networks, PON). Ynapese ca TEXHOJNOIMjOM MYJTHIUIEKCHPama IO TalaCHAM
nyxxuHama (eng. Wavelength Division Multiplexing, WDM), mory o6e3bexuti npoToke KOju ce
mepe y Tb/s mo omruukoM BiakHy. JloieJbuBame JENHOr WM BHIIE KaHala YO KOPHCHMKY
oMoryhaBa BHpTyenHy TadKa-Tauyka TOMOJOTH]y, EKOHOMCKH TIOBOJBHY H jEeTHOCTaBHY 3a
VIpaBIbame i OfpiKaBambe. OCHOBHH NpPEyClIOB 32 HMIUIEMEHTAL]yY WDM-PON y npucTylHUM
ONTHYKAM Mpekama jecTe obe30eljuBare CTaHIAapIM30BaHMX ,,0e300JHAX" ONTHYKMX MPENHHX
jeIMHMIA HA KOPUCHHYKO] CTpaHK. MHOra pemiera Koja ce MOry Hahn y JTuTepaTypH 3acHOBaHa Cy
Ha TOTYTPOBOIHUYKMM ONITHYKUM II0jadaBadnMa (eng. Semiconductor Optical Amplifiers, SOAs),
KOju uMajy n06po peQUHHCAHY TEXHONOTH]JY IMPOU3BOAEE, Maje JuMeH3nje Koje o06e36edhyjy
jeIHOCTABHY HHTErpaiujy, MyTTHOYHKIHOHAHU CY U HE 3aXTeBajy BHCOKE crpyje nanajama. Kaxo
61 ce y MOTIYHOCTH MCKopucruo moreHuujan SOA, Hajupe je HEOIXOIHO pasyMeTH ¢busHryke
mporece Koji Ce Y BeMy OiBijajy, yKbydyjyhn saBucnocT n3mely MaTepUjaTHIX U CTPYKTYPHUX
napaMerapa ypehaja, pajnor pexxuma i mapameTapa kopuiihenix 3a KBaHTH(UKOBARE KBATHTETA
nojauasaua. Jerasmna anamiza SOA oTBapa MOTYRHOCT 32 EBHXOBY ONTHMHM3AIN]Y ¥ Aaje YBHI Y
(GyHmameHTalHa OrpaHiTIerba ypehaja.

TIpeaMeT npoydaBama OB JOKTOPCKE JMCEPTai(Hje yHpaBo Cy TONYNPOBOIHUIKHA ONTHYKK
mojauaBaum, Kako penexcnonu (eng. Reflective SOA, RSOA), rako ¥ OHM 3aCHOBaHH Ha
mytyiyhem Tanacy (eng. Traveling-Wave SOA, TW-SOA), y oba pexnma paja of vHrepeca —
CTALMOHAPHOM M JMHAMHYKOM, NOMOMY HyMEPHYKMX MOJENa NpHiIarohenix JIeTAJbHO] aHAJIM3U 1
ONTUMH3AIHjM TI0jeIMHAYHIK ypehaja, anu U aHaJNTHYKHX W NOJTY-aHAJMTHYKUX MOJjena, KOju
oMmoryhagajy 6p3y H jeaHocTaBHy npoueny nepdopmanct SOA y ClIONKEHHM KOMYHHKAaLHOHIM
cucremuma. CTora ce OBa JHcepTauyja 6aBy JeHHM OJ BPJIO 3HAYajHUX npodieMa JaHaIlmbHIe U
opujeHTHCAHA je Ka pasyMmeBamy Moryhnoctn xoje SOA Hymu M Npyxkamy CMEpHHIA 32
yHanpeheme merosux kapakrepuctyka. Cse Beha 3aMHTEpECOBAHOCT MCTpaXKUBaYa U HHJTyCTpHje
32 MAHHITYIAIMjOM CHIHAJIMMA Y ONTHYKOM JIOMEHY, HENABHO je [OCTABHJIA HONYNPOBOJHUYKE
ONTHYKE [0jauaBaye MOHOBO y (JOKYC UCTPaXKHBaka, OBOTA IyTa HE y CBOJO] OCHOBHO] (PYHKLM)H
nojauasaua, Befi ka0 cacTaBHU Jie0 (JOTOHCKMX KOJIa HaAMEHEHHX OOpajy CHTHAJa — IOYEB Of
(pe)MoynaTopa M ONTHUYKIX YBOPHILNTA 33 YHAKPCHO MOBE3UBALE, IPEKO U3BOPA HA 6asu BJaKHA Y
xojuma RSOA wrpa yiory akTHBHOI Orjiefaja, IO KOMyTaTopa, ONTHYKUX JIOTHHMKHX KOIa,
KOHBEPTOpa TaJaCHUX JyXHHA M CJI. 3ajeJlHHYKO 33 CBE MOJEJE, yKkJbydyjyfiu 1 one HamemeHe
AHANM3H HEJMHEApHOCTH, jecTe Jia Cy ympaBo H3rpaljeHy Ha OCHOBY (YH/IaMCHTAJIHOT MOJIENa
SOA, umnehn ga pasymeBame (yHIaMEeHTaTHHX ocobuHa Oyle KbyyHa OCHOBA 3a NPUMEHY
10jayaBaya.

OpUrHHANHOCT TeMe JOKTOPCKe JHMCepTaijje Orieja ce Kpo3 HEKOJIMKO  peneBaHTHHX

pesynrata. Hajrpe, cupoBejigHa je JeTajbHa aHamusa RSOA y cranpOHapHOM H JIHHAMHUYKOM
BEWHMY T 33 pazmuxy on TW-SOA, #uje afexBaTHO 3aCTYIULEH Y JIMTEPaTypH

pexxuMy pana, Koju, pasiIiKy HUje aeKBa
TEOPHUjCKOT KapakTepa, HAKO ce y MHOTHM MPUMeHaMa eKCIIEPHMEHTAIIHO MOKa3a0 Kao 6ospu M360p
on TW-SOA. Pesynratu anayuse oba THIa 1ojadaBaya y CTAHOHAPHOM PEXUMY paja roKasaju

Cy 3Hadaj onTMusanije Gakropa KoHQUHUPArbA M Bapujalije MHCKCa NpeaMama ca UH]EeKI1]OM
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HOCWJIAlla, HE CAMO Ha pajHoj TANACHO] XY)XMHHM, Beh M Ha LieJIoM OIICETY Ha KOM ce OUeKyje
3Hauajal myM. TrMe je TI0Ka3aHo Ja MOJENH JOCTYIIHH Y JIMTEPATypH, KOJU Cy MaxoM 3aCHOBaHU
HA KOHCTAHTHOM (aKTopy KOH(QHHHpamba n/iiH ypadyHaBawy (pasHe MofyJalmje myTeM (Gaxkropa
TPONTHpeRa IUHNje He MOy yBek afekpaTHo onmcaTi SOA. IpyxeHo je TeopHjcKo 006pa3noKEmLE
edexra panmje MpuMeheHOT eKCIIEPHMEHTATHO, HalMe TIPeMallaja CTalHOHAPHOT TPAHCMHCHOHOT
nojagama kox RSOA Ha yjacky y CaTypalliOHH PEXHM paja 3a BHCOKE CTpyje, KOju ce MOXKe
o6jacHuTH mucbanancoM u3Mel)y 3aBMCHOCTH Op3MHe pajHjaTHBHE CIIOHTAHE pexoMOHHAIHje H
MAaTepHjaIHOr T0jayama o1 KOHLEHTparyje Hocunana. Anamzom RSOA xao elexTpo-OnTHIKOr
peMoyIaTopa y ,,0e360jHIM ONTHUKAM MPEXHIM jeAMHHAIAMA Ha KOPUCHUYKOj CTpaHH NOKa3aHO
je na ce Moe BPIUMTH GHAMPEKIMOHM TMPEHOC M3MeDy LieHTpajle ¥ KOPHCHHKA IyTeM MCTOT
OITHYKOT HOCHOLA ca GuTcKuM Gp3mHama koje goctwxy 10 Gb/s xa, ommocwo 2.5 Gb/s ox
KOPUCHHKA, YKOJIHUKO ce QUITPHPameM Y eNEeKTPHIHOM JOMEHY NOTUCHY BHIIC (pexBeHIje Koje
MOTHYY O] MHTEH3UTETCKE MOLYIalije JOa3HoT CurHaia. TpeTnpambeM MOy IalloHe cTpyje kao
myTyjyher Mukporanaca, I0Ka3aHO je Ja MHUKPOTanacd Koju myTyjy y o6a cMepa OONHKYjy
MOTyJIAIMOHH OJI3UB I10jayaBada. Mojienu NpuCyTHY Y JIMTEPATYPH, Y KOjiIMa Cce TIPETIIOCTaBsba Ja
CTpyja TPeHYTHO MOCTIDKE YHH(QOPMHY pacmoieny Iy)X MHKpOTpaKacTe eJIEKTpOAe, HHCY y
MmoryhHOCTH Jia aJeKBaTHO ONHMIIY JUHAMWYKE KapaKTEPHCTHKE mojauaBada y CIy4ajeBHMa
3HauajEe pedieKcHje MHMKpOTanaca Ha Kpajy eNeKTPUYHOr BOJA, WM neycknahennx Op3uHa
CNEKTPIYHMX H ONTHYKUX Tajaca. AHaIU3a pesynTarTa y AMHAMHYKOM PEXHUMY pajia, pesylaroBaia
je OTKpVBameM JiBa MAKCHMyMa y 3aBHCHOCTH TIPOITyCHOI' OTICEra OJl CHare yJasHor ONMTHHYKOr
curnana xog RSOA, xoju ne mocroje kox TW-SOA, mmro otsapa MoryhHoCT H360pa usMelly nBa
panHa pexcuma. JlonatHo, npuMehena je crajkHa 3aBHCHOCT MHTPHHCHYHOT -3dB npomycHor oncera
ol AY)XHHE aKTUBHE 0bracTi Ko ofa THNa rojadaBaya. KBaHTHTATHBHM pE3YJNITaTH okasyjy na
OrpaHMYeR-¢ y TPOMYCHOM OfNcery Hajuemthe He MOTHYE O Camor ypehaja, KaKo pesyiaTaTH y
JOCTYITHO] TmTepaTypu npexsubajy, Beh on napasuTHHMX edekara TPaHCHOPTa HOCWIALA 1
naxoBama nojagasaua. Crora ce GOKyC ONTHMH3AIHMjE NpemeutTa ca 1n3bopa marepujajia aKTHBHE
06IACTH ¥ TEOMETPH]E TaNacoBOJA HA MUHIMU3AIL]Y TIaPasHTHUX eQeKaTa.

3.2. OcBpT HA pedhepeHTHY 1 KopuitheHy JuTeparypy

Crivicak auTepaType Kojy je KauJIuaaT HaBeo y AUCEepTAlijK NoKasyje ia je KaHIMaT JIETalbHo
AHAIM3UPAO TIOCTOjelly TUTEpaTypy M KOPEKTHO HaBeO pedepenie Ha pajioBe KOju ¢y y BE3W ¢a
TemoM mucepraimje. Haseseno je 186 Gubmiorpadexux pedepent. Jlureparypa caipiXu BEJHKHA
6poj HeJaBHO 00jaBJBEHMX PaJioBa U3 BHCOKO-PEHOMHpPAHHMX 4acormca KOJU Cy YyCKO BE3aHHU 3a
pasMaTpaHy TeMy, IITO CBEJIOYM O aKTYCTTHOCTH U 3Hauajy UeTpaxnBama. Ilopej pagosa Apyrux
ayTopa, y JMcTH pedepeHIi Halla3u ce 8 ayTOPCKMX H KOAayTOPCKHX pajioBa caMor KaHAHiaTa.

3.3, Onuc ¥ aJeKBaTHOCT MPUMEmEeHIX HaYHHHX MeTONa

Hayune MeToJie Koje Cy NpHMEmeHe Y Te3l TEOPUJCKOT Cy KapakTepa.

o JlerasbHu MOJEN TpOMAralyje ONTHYKMX CHIHAlla KPO3 MOMYHPOBOJIHUYKE ONTHHKE
rnojayasade M3BesEeH je rosaselid O CHCTEMA MApLiMjallHiX JupepeHIrjatHIX jeJHauMHa
HATIHCAHMX 10 HOPMHUPAHMM AHBENONAMA €JEKTPHYHHEX [0Jha KOHTpamponarupajyhux
cuTHANa, 72 GM 3aTHM GMO MpEBEJEH y CHCTEM jelHauuHa KOju OICyje EBOTYLIA]Y
KOHTpanporarupajyiux rycruaa (poTona CHUrHaia W HBHMa TIPUIAPYKEHHX daza curnaia.
KoHnauHo, cHCTeM jeIHAYNHA TI0 CUTHAIMMA IPEBETIEH je y CBOJ CHEKTPaHO 3aBUCHH obnux.
YV cHcTeM je YIUBYUeHO M HENMHEapHO MOTHCKHMBam-E Mojadama Koje (EeHOMEHONOIKH

ypauyHaBa eeKTe IpOropesara CIEKTpa M 3arpeparba Hocunaua. Junamuka nocuiaua

IATURHY U HEDANHIATHBRHY
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MOJEJIOBaHa jC OP3HHCKOM jeJHaYMHOM KOja TNperno3naj
CIIOHTAHy PeKOMOUHAL]Y U CTHMYIUCAHY EMUCH]Y.

e IllyM mojayaHe CTIOHTaHE EMHCHjE MOJIEJIOBAH je& ICTePMUHUCTHYKH y3uMajyhu y o63up
PE30HATOPCKO CBOJCTBO NojadaBaya. [Ipu MMIUTEMEHTALMM MOJeNa, GoToHH HTYyMa KOjH




npumanajy omcery mamelly IBe cycelHe AHTHPE3OHAHLWMjE TOCMATPaHHM Cy Kpo3 CBOjY
rycTuHy (OTOHa LIEHTPHpaHy Ha PE3OHAHTHO] YYEeCTaHOCTH, a 3aTHM MpepacriofebeHH
peMa MPEHOCHOj (QYHKIMjH pe3oHaTopa. Y Imsby moBehama e(MKaCHOCTH, HEKOJIUKO
CYCeIHMX MOJIOBA I'PYIHCAHO j& Y KIacTepe, KOjU canpike He BHIIE OJ 5 CyCe/IHUX MO/I0Ba.

o Marepujanay ¥ CTPYKTYPHH IapaMeTpd aKTHBHE O0NacTH HCIIOJbaBajy 3aBHCHOCT OJ
KOHILIEHTpALY]€ HOCHJIANa ¥ akTHBHOj 06lIacTH 1 enepruje (oToHa ¥ H3BEJIEHH Cy nosrazehn
Ol JeTA/bHMX 3OHCKHX MOJENa  (NBO3OHCKM M  BHINE30HCKHM)  KopuiufieHux
OJIYNPOBOHIUKEX MaTephjaja, OJHOCHO CTPYKTypa, M TIEOMETpHje TalacoBoja 'y
TpaHCBep3aJIHO] PaBHH.

o Ilpu (opMmupamy AETAJLHOT TUHAMWYKOT HYMEPHYKOT MOJENA MAixX CHIrHala, cTpyja
MOJyJal|je TPETHpaHa je Kao AUCTpUOyWpaHa, ONHOCHO, Kao nyTyjyin MHKpoTanmac JIyx
MHKpOTpaKacTe elekTpoge. Y Mojieln je ypadyHara pedrekcrja MEUKpoTaaca Ha KpajeBuMa
esexrpyanor Bona. OcraBibeHa je MOryHHOCT ypadyHaBarsa ClHablbema MHKpoTanaca
NPUITNKOM IIPOCTAPAR:A.

e Mopen mupextre E/O moxynanmje usBejieH je ciyxehn ce popMaanzMoM Malux CUrHana u
3aHemapyjyhn cBe 6p30MpPOMEHIBUBE KOMIIOHEHTE, OXHOCHO MaJie BEJMINHE pesa seher on
jenas.

ITopen HabpojaHMX TEOPH]jCKUX MeToa, kopulifieHe cy 1 HyMEepHiKe METOE nomMohy Kojux cy
TEOPHjCKH MOJIETH HMIITIEMEHTHPAHH!

o 3a morpebe WMMIUIEMEHTALHje I[IMPOKONOjaCHOT CTALHOHAPHOTr MOJENa, pasBHjeH je
YOTIITEHH CaMOCAriacHH MTEPaTHBHM HyMEPHUKH ITOCTYNaK ca KOHTPOJOM PeNaTHBHOT
OJICTyNama u3Mely HBa CycelHa MTepaTHBHA KOpaka 3a CBE IPOMEHIBLHBE O]l HHTEpEca 1 y
CBAKO] Tauku 2D NpOCTOPHO-CHEKTPaTHE MpPexe. AJKypHPAE-e NPOMEHIBUBHIX CIPOBEACHO
je Ha OCHOBY TPEHYTHOT H BHIIE NPETXOJHMUX HTEPATHBHHX KOpaKa, y3 TOTOJHO onabpan
CKyIl TOKHHCKHX (aKkTopa, YHMe je TOCTHTHyTa crabiiHa KOHBEpPTeHIHja ajIrOpuTMa.
ITpomaratyja CHrHaNA MOJIENIOBAHA je ITyTeM METOIE KOHAYHMX PA3InKa.

o TTomy-aHaNHTHUKH CTAMOHAPHA MOJIEN MMIUIEMEHTHPAH je CErMEHTALMjOM aKTHBHE
o6nacTi Ha MM 6poj eKBHIMCTAHTHIX cerMeHaTa Ha KOjiMa je KOHLEHTpallija HOCHIaia
KOHCTAHTHA ¥ jeJHAKA APUTMETHYKOj CPEIMHM KOHILEHTpaiMja Ha WBHIAMA CErMEHaTa.

CucreM  CTIperHyTHX TPAHCLEHACHTHUX jeJHAavyMHa 10  KOHLEHTpaimjama HOCWIaHa
peniapaH je HyMepHuuKH IOTHOMOTHYTOM ['ayCOBOM METOLOM eJIMMHHALA]€ TIPOMEHIJBUBHX,
pasBHjeHoM 3a IToTpebe HMILTIEMEHTAII]E MOJIEa.

o JIMHAMHUKH TPONATAIMOHH MOJEN] MMIUIEMEHTHPAH je y3 momoh ,,y3BOJHe™ wieme MpBor
pejia Koja ce ociama Ha METO/ly KOHAUHMX Pa3jiuka, a y KO0joj ce MPOCTOPHA M BPEMEHCKA
oca TpETHpajy Kao KBA3M-KOHTHHYAJHE Kpo3 (MHY CeTMEeHTalH]y. CermenTanuja je
psppiieHa npema Kypanr-®pupuxc-JIeBn KputepujyMy cTabMIHOCTH.

o JleTaJsHM IMHAMMYKHM MOJE] MalHX CHIHAJA, KOJU IOJpasyMeBa PElIaBarhe KOHTYPHOT
npobneMa koju ofyxBara HeTHpPH CHpPETHyTe JupepeHLmjanse jemHa4quHe MpBOr pejia ca
PyHKIMOHATHIM KoeduLmjenTiMa Y crydajy RSOA, peniet je MeToJOM KOHATHHX pasiika
ca uMiuieMenTHpanoM tpocteneroM JloGaro A dopmynom. Y ciydajy TW-SOA cucrem
ce pefyKyje Ha Tap au(epeHLHjaTHIX jefHauMHa KOje HHCY CIIPErHyTe, Te Cy PereHe
HyMEPUYKOM MHTETPaLjOM.

Teopujcke ¥ HyMepHYKe METOJE MOKasajie Cy ce aACKBaTHUM IITO je moTtBpheno Kpo3
pesyrrare HyMepMUKHX CHMYJNAlMja ¥ aHANNTHYKHX MOJieNia, KOji ¢a BHCOKOM carnacHouhy

ONMCY]y EKCIIEPUMEHTAITHE PE3YJITaTe ROCTYIIHE Y TUTePaTypH.

3.4. TlpuMeIbIBOCT OCTBAPEHUX pe3yirara

Kao wro je moMeHyTo y ceximjn 3.1, pasymepame (pyHIaMEHTAIHHX TPHHIMIA HA KojuMa ce
3aCHMBA Pa/i OIMYTIPOBOIHHYKHAX ONTHUKMX HOjauaBaya fpelcTaB/ba OCHOBY 32 IbHXOBY TIPUMCHY

&




CaBpeMEHIM TPUCTYTIHMM MpeXaMa M CIOKeHUM (OTOHCKHM CHCTEMHMA. Pesynratit oBe
AHCepTaIyije ynpaBo HyJe MaTeMaTHuKo-(pu3MdKe Mojele H HyMEPUUKE alrOpHIME 32 IHXOBY
WMIUIEMEHTAM]y, KOjI CE MOTY KOPMCTMTH 3a JIeTaJbHy aHaiusy IojadaBada y ciryqajy
ONTHMH3aIHje TojenrHa4YHiX ypehaja, OQHOCHO 32 Op3y NPOLEHY HHXOBHMX CTAallMOHAPHUX I
JMHAMIYKIX 0coGMHa KaJa ce BPIIM ONTHMHM3ALija CHCTEMa KOjH YKIbY'yje IojauaBayde. IMoceban
JOTIPUHOC MPEJCTaBIba IETaTHN MOJEN PePIIEKCHOHHX MOTYIPOBOAHNIKIX ONTHYKHX rojavanada,
KOjU MO caja HUCY OWIM aJeKBaTHO B3aCTYNJBEHHM y JIATEPATypH TEOPHjCKOT KapaKTepa.
CranpoHapHE MojenH, koju omoryhapajy onpehuBame TpPaHCMHCHOHOT rojauama, HpPOCTOpHE
JECTpuOyIHje KOHIEHTpalje HochIala u pOTOHA IyX aKTHBHE o6acTH 1 CIIEKTpaJIHE pacIojene
CHTHANA M ITyMa Ha M3Ja3y U3 110jauyaBada, HAMEHEHHU Cy IPEBACXOHO pasyMeBarby N0jayaBadKuX
KApaKTEPUCTHKA TTOTYNPOBOLHHYKMX ONTHUKMX I10jadaBaya y CHCTEMHMa ca jeTHAM WM BHILIE
onTrukmx Hocmwaaua, nonyt WDM-PON. [luHaMu4ky MOZENH, ca Apyre CTpaHe, npeacTaBbajy
KOPHCTAH aJaT KaJa ce MOIyIPOBOJHMYKM ONTHYKH I10]a4aBail KOPHCTE y CBPXE KoOje MpeBazmiIase
jexHOCTAaBHO Tojauame, nomyT E/O (pe)Momymatopa, O/O mpexmnada, KOHBEPTOpa TalaCHHX
IyXKIHA, MM Kao 1eo cioxkeHMx ypehaja, momyT nacepa 3aCHOBaHOT Ha BJIAKHY M ONTHYKOT
NpeNajHIKa CIOKEHHX MOAYJalHonux Qopmara. KoHAaYHO, NOMy-aHAIMTHYKH M aHAIATHIKHE
MOJIEIH pa3BUjeHH y OBOj AUCEPTALMjH MOTY ce e()HKAcHO HMILIEMEHTHpATH y codTBEpE 32
AHAIIM3Y CJOXKEHMX (OTOHCKMX CHCTEMa T HHCKO 3aysehe NpOLECOPCKHX 1 MEMOPH]CKHX
pecypca npeacraiba UMnepatus. [HTHPaHOCT pajioBa MPOUCTEKINX 13 OBE nucepranmje (13 Oe3
ayToIMTATA) MOKa3yje Ja Cy MOJIENH HATITH IPUMEHY .

3.5. Ouena JOCTUTHYTHX crocOOHOCTH KaH/IMIaTa 3a caMOCTallHN HAVYHN pazk

Kpo3 peamusaiujy IOKTOPCKE NMCEpTALMje, KAHAMHAT je y MOTIYHOCTH NEMOHCTPHPAOo CBE
pelleBaHTHE CIIOCOBHOCTH 32 CaMOCTaNaH HAYYHO-HCTpaxuBauky paj. Ha npsom MecTy, kaHamzar
je Ipemno3Hao 3Hauaj 1 aTPAKTUBHOCT TEME, U BPIIO 3PENIO NPUCTYINO I,EHO] pa3paiyl Kpo3 aHaJln3y
o6a pamHa pexuMa. OTpesesbUBArLe J1a KPO3 JIMCEpTaLyljy TPHKaXKe JETabHE HyMCPIIKE MOLLIC,
ANM ¥ BHUXOBE T10jeHOCTAB/bEHE aHATHTHYKE BEp3uje, MoKasyje Ja KanauaaT IIPENO3HAjE 3aXTEBE
KaKo HaydHE 3aje/IHUIe, TAKO ¥ MHIYCTPHjE, U Ja je YCTIELIHO OATOBOPHO Ha 06a. Jlurepatypa Kojy
je mpwioxro obyxBara M (pyHIaMEHTAIlHE, alli W CaBPEMEHC paJioBe M3 TeMe avcepTaln#je, HITo
FOBOPH O FEHOM CHCTEMATHHHOM U TAXJUBUBOM W3b0py. Linbesu JICEPTALM]E JACHO CY M3I0KEHH,
MATEMATHUKO-(PH3MUKH MOJEMM 00yXBaTajy CBe peJleBaHTHE edekre, a TEOPUjCKE M HyMepudKe
MeToge KopHimieHe 3a clpoBolembe HCTPAKIBAKA JACHO Cy JCHUHHCAHE M IETAJbHO obpaziioxene
M npukasaHe y jaucepranuji. KaHampar je ycremHO OCMMCIMO HEKOJIMKO  OPHTHHATHHX
HYMEPHUKMX METOJA 33 UMIUIEMEHTALH]y (GOpMYIHCAHHX MOJENA, a IoKa3ao M HCTPAKUBAUKY
3penocT NPWINKOM ojjabupa anpoKcHMalja Koje MOry 06e30eUTH aHAJINTHYKE WK T0JTY-
ananuTIIKe Mosene. CBH aIrOPUTMH M ITPOTPaMCKH KOJOBH euiacHu cy, poOycHH ¥ HOy3JaHu,
IITO TIOKA3yjy pe3yATaT¥ HyMEPHUKIX CHMyJallyja M mpopauyHa. AJrOPHTMH Cy MOJYyIapHu H
HAMEEHN AHANH3M ITIPOM3BOJGHOr T Yypelaja, jeJHOCTABHMM IOJEIIABAMEM BPEJHOCTH
napaMeTapa, YAMe je OJaKliaBa BHXOBa ynorpeba, aln u nosehan omncer npuMeHa. AHanuza u
JUCKyCHja pe3yNTara CIpOBEAEeHa je JaCHO M JIETa)bHO, a 3aKJbyHlM W3HETH HEABOCMMUCIICHO, HITO
Cce MOYKe BHJIETH My OOjaBJEHHM DaJoBHMA KAaHIHIATa. 3aKIbydIld JUCepTaluje NOoKa3yjy BHCOK
HUBO CIPEMHOCTH KaHJiJaTa Ja MPENo3Ha KBaJuTere, NPeJHOCTH W HEIOCTaTKe, Xao N
OTpaHUIEHHA OCTABILEHOT MOJIENA H 12 JACHO U YBEPJLHBO NPEACTABN HajBaXXHHje TOTPUHOCE CBOT
HCTPAXKUBAKbA, Y3 KOHKPETHO W YOMIITEHO CariejlaBaibe MOCHenla pesyiTaTa NpOUCTEInX 13
Tese, mwTO MOTBphyje Ja je KaHAMIAT CTpPeMaH W cnocobadH Ja caM WM Yy THMY yOyyhe
KOMIIETEHTHO 00aBJba HAYIHO-HCTPAKUBAYKY PaLl.




4. OCTBAPEHU HAYYHU JOIIPUHOC

4.1, ITprkas ocTRapeHx HAYYHHUX JOIPHUHOCA

OpUriHATHE Hay9HY TOTIPUHOCH KOJU CY OCTBAPEHH Y Te3H cy ciezehn:

o Pa3sBujeH je meTa/bHM IIHPOKONOjacHM craluoHapHn mojen SOA koju kouTpanporarupajyhe
CHTHaJTe M IIyM TPETHpa IyTeM CIEKTPAIHHX I'ycTHHa (oToHa. Mojen yibydyje AeTasbHe,
HyMepiuku ojpeljeHe 3aBHCHOCTH CBHX pENEBAHTHMX MAaTepHjalIHAX M CTPYKTYPHHX
napamerapa SOA OJl 'yCTHHE HOCWJIANa y aKTHBHO) 06nacTy M eHepruje (GoToHa. EBomyimja
dase Mogenyje ce IMyTeM BapHjalyije HHAEKCA TpeTaMarba yCie ] HHjeKLHje HOCHIIala, YhMe je
H36ETHYTO aNpOKCHMATHBHO MOJIEJIOBAE:E Kpo3 (haKTop IPOIHPEmHA JTHHHjE.

o DOPMHpaH je LIMPOKONOjACHH JETEPMUHMCTHYKA MOZET IIyMa I0jayaHe CTIOHTAaHe eMICH]E
3ACHOBAH Ha CIIEKTPAJHMM 3aBHCHOCTHMA MaTepHjalHHX H CTPYKTypHHX mapamerapa SOA,
KOjH Ipeno3Haje TPHCYCTBO PE3OHATOPCKE LIYIUBHHE KPO3 PE3OHAHIME M AHTUPE3OHAHLIHE Y
CHEKTpy Ha M3yasy w3 nojadaBada. Iloxasano je na pe3oHaHTHE y4YeCTaHOCTH 3aBHCE Of
KOHIGHTpaLHje HOCHIAlA Y akTHBHOj 06/1aCTH, Te Ja ce y JHHAMHYKOM PEXUMY pajia OdeKyje
HUX0BA IPOMEHA TOKOM BpeMeHa.

o OCMHILIBEH je caMocaryiaCHU UTepaTHBHU HOCTYIIaK, MOTOJ[@H 33 aHANKH3Y NPOM3BOJ/LHOI THUTIA
nojayaBaya, 3aCHOBAH Ha METOAH KOHAYHMX pa3/iMKa 33 HyMEPHUYKO pEeIlaBame CHCTeMa
jeIHaYMHa HPOKOINOjaCHOT CTALMOHAPHOT MOIENa.

o Pa3sBujeH je noJry-aHATUTHIKE cTallmoHapHH Mozien SOA 3aCHOBaH Ha CerMeHTaIuji aKTHBHE
06TACTH Ty)K TOHTHTYAMHAIHE KOOPMHATE Ha Mali 6pOoj CErMeHaTa, Koji MOXe ypadyHaBaTH
¥ HEJTMHEAPHO TOTUCKUBAKE Nojadama. OCMMILLEH j& aropuTaM 3aCHOBAH HA HYMEPHYKH
TIOTHOMOTHYTO] 1'ayCcOBOj METOJM eNMMHMHALMjE NPOMEHJBHBHX 32 HYMEPHYKO pEIlaBabe
jemHaunba nomy-anamuTHakor mozena SOA. Anropuram obesbehyje jeman po mBa pena
BENMUMHE GPIKY NMPOUEHY TPAHCMHICHOHOT TI0jadama y mopehemy ca IeTa/bHUM HyMEPHUKHM
HOCTYIIKOM.

e PasBujen je AMHAMWUUKH TIPOMAralMOHKM MOJEN 3a BEJIMKE CHTHajle 3aCHOBAH Ha pELiaBamby
CHCTEMA BPEMEHCKH 3aBHCHMX CTIPErHYTHX TapHjaiHuX JAn(epeHimjaiiux jeHaqynHa y3
niomMoh |, y3BOIHE" ieMe 3acHOBaHE Ha METOJM KOHauHux pasymka. Mogen ce moxe
NPOIIMPHTH TAKO Ja o0yxBaTy BHIIE 3aceOHUX jeHAYMHA 1O CHIHATHMA Ha PasIHIATHM
TaJJaCHUM J1Y)KHHaMA.

e Pa3sBujen je jeTalbHH HyMEPUIKH MOJEN MAJMX CHIHAJa 3aCHOBAH HA CTPYju Kao myTyjyhem
MHKpOTaacy JyX Tpakacre ejekrpoje. Mojen crpyje je OHIMPEKIOHA M NpEerosHaje
pedrexcujy MHKpoTalaca Ha Kpajy enekTpudHor poja. [lokasano je ja 3a THIMYHE
MOynaluoHe (peKBeHIje HeMa 3HauajHe KBaJMTATHBHE Pa3jiike Y MOAYJIAlMOHOM ON3UBY
m3Melly Mojiena crpyje kao yHH(pOpMHE M IyTyjyhier MUKpoTanaca, JIOK TOJl Cy MMIENAHCe
yHapene, a 6p3uHe eJIeKTPUIHOT U OTIITHUKOL Tajiaca yckiahere.

e PasBujen je aHAIUTHYKM MOJEN 3a OJpehuBame MOMYJNAIIOHOr OJ3MBAa M IPOLEHY
oarosapajyher mporrycuor orcera 3a TW- 1 RSOA y pexumy Tpancnaperiyje. AHATNTHIKI
M3pasy  KBANMTATMBHO OArOBapajy pesyjiTaThMa JOOHjeHHM IyTEM I0jeIHOCTABILEHOT
HyMepPHUKOT MOJIENa, HaKO KBAHTHTATUBHO MOJKE JONH JIO OICTyHakba.

4.2, KpuTHiKa aHaifza pe3yirara ueTpakiBarmka

CarnesaBameM [UUJBEBA UCTPAXUBAFA, TOCTAB/BEHHX XWUIOTE3a W OCTBApEHUX pe3ynrara,
KoMucuja ca 3aJ0BOJECTBOM MOXE Jia KOHCTaTyje Ja je KaHAuJaT yCIEIIHO OJrOBOPHO Ha CBa
GUTHA MHTAmA W JIEME KOje CYIITHHCKM MPOM3UIIa3e U3 MpoOIeMaTHKE KOJOM ce JMcepTanyja
DaBH.

HaBenenu HayuHM JONPUHOCH Te3e TpelCTaBibajy 3HAa4ajHe KOpake y TOrieny pasymeBarba
(pyHKIMOHKCARa, KapaKTepu3aLje ¥ KOHKPETHE IpPUMEHe MNOJYNPOBOAHMYKMX —ONTHUYKHX
rojayaBada, He CaMO Y NPUCTYITHUM ONTHYKMM MpexXama, Beh u y IpyruM (hOTOHCKUM CHCTEMHMA.
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Kieyuna oTkpuha 0 KOjUX ce HOIUI0 y OBOj JHCEpTalHjy, a Koja AeHHHNTY Halpegak y OJTHOCY
ua Beh nocrojeha casnama, cy cneneha:

@

YoueH je TpeMalliaj CTAIMOHAPHOT TPAHCMHCHOHOT mojadama RSOA ca axtuBHOM obmamhy
3aCHOBAHOM HAa MACHBHOM IIOJYIPOBOAHHKY, KOje, Ha YJIacKy y CaTypaldOHH PEXHM paja
MOYKE NPEBA3sMIA3UTH BPEJHOCT HECATYyPHPaHOr TPAHCMHCHOHOT Tojadama. IlocTojame
NpeMaldja eKCIIEPUMEHTATHO je MOTBpeHO M JOKYMEHTOBAHO Y JNOCTYIHO] JIMTEPATYpH.
[Tokasyje ce ma no oBor edekTa TOBOIHM HEPABHOTEXKA M3MeDy Harior maja cHare Iryma
0jayaHe CIIOHTAHE €MHCHje Ca CMambemheM KOHLEHTpalMje HOCHIALA M PENaTHBHO CIIOPOT
ajia MaTepHjaHoT 0javyama Ha PaJHOj TaaCHO] My KHHU.

YoueH je 3HayajaH yTWl[@j BapWjalpje WHIEKca NpelaMama ca HHjeKLHjoM HOCHIalla Ha
CTALUOHAPHO TPaHCMHUCHOHO Tojadame SOA. CIndHO, TOKA3aHO je Ja CIEKTPaIHA 3aBUCHOCT
daxTopa KOHHUHIPaAE-A UTPa BAXHY YOIy ¥ OGNHKOBAaEkY TPAHCMUCHOHOT 110ja4ama, II0Ce0HOo
ykouko ce SOA aHanm3upa 3a IHPOKOIIOjacHe IIPUMEHE.

Anamusupana je npumena TW- u RSOA y enexkTpo-onTHYKOoj MOy Iauuji ounonapHum RZ n
NRZ mopynauponum ¢popmaroM crpyje. [okasaHo je ma mopej MHTEH3MTETCKE MOJIyJaluje,
CUTHAJ TPy ¥ (pasHy MOIYJIAlKjy U TO Tako Ja je y Ga3y yTHCHYTa HHBEP3HA IIOBOPKA OUTOBA
y mopeliery ca MOJYJIalMOHOM CTPYjoM. 3a NOTHCKUBaE-E (a3He MOIyJNalHje, NPEMIOKEH je
n360p ajeKkBaTHE MyOuUHE MOIyNalHje CTPyje KOjoM ce MOCTIKE pasiuka u3Mely Jormykux
HHUBOA HYJIE U jenuHuLe das3e o1 27.

IToxazano je ma RSOA 3a yMmepeHe ONTHYKE CHare yJIa3HOT CHTHajla MCIOJbaBa 00Jbe
Mofyanuone kapakrepucruke ox TW-SOA. CmmuHo, mnopehemem akTHBHHX 001acTH
3aCHOBAHMX HA MACHBHOM IIOJYIPOBOJHHMKY M BHIIECTPYKHM KBAaHTHUM jaMaMa, HOKa3aHo je
J1a, 33 MaTepujalie aHa3upane y oBoj aucepraumju, 6ank SOA ucrosbaBa 60/be MOLYIALIAOHE
KapaKTEPUCTHKE. YCTAHOBJ/BEHO je Ja ce MOIYNALOHE KapaKTepUCTHKE MOry noOospiiaTi
nosehameM Jy)XKMHE aKTHBHE 001acTH, moBehameM I'yCTHHE CTpyje Nojapu3anuje, nopehamem
ONITMYKE CHATE yJIa3HOT CHTHAJA, JIOK XyOGrHA MOJIyNalije He yTHIe 3HauajHo Ha Jujarpam oka
H3JTa3HOT ONTHYKOT CUTHANA.

Anamusmpana je npumena TW- u RSOA y enexTpo-onTHYKO] PEeMOLYNALMjH IPETXOIHO
MHTEH3UTETCKHA MOILYIMCAHOT OIITHYKOr cuTHana. [TokazaHo je Ja ce QUATPHUpameM CUrHana y
eJICKTPUYHOM JIOMEHY U TIOTHCKMBameM (PEKBEHLUMja Ha KOjUMA je JONAa3HM curHall 6¥o
MOJYJTHCAH, MOYKE 3HAYAJHO NOOOIBINATH KBATMTET peMoaynucanor curnana. Horspheno je na
pemMomynaiija Moke na ce obaBM Wak M y clydajy camo 4 myTa HIDKEr OHTCKOr IpoToKa y
cMepy Ol KOPUCHMKa, Y OJHOCY Ha GHTCKH IPOTOK y cMepy ka kopucHHKy. Ilopehemem
pasIMUUTHX ~ MOJYyJAnMoHMX (opmarta, TOKAa3aHO je Ja peMofyJaldja  TPeTXOJHO
MHTEH3UTETCKH MOJIYJIMCAHOT ONTHYKOr cuTHana Ouronapuum RZ Qopmarom obesdehyje
6ospe pesyntare o pemoayianuje NRZ MOy IMCaHOr CUTHATIA.

IMoxaszano je na y ciiydajy OTBOPEHOT KOJA, MHKDPOTANACH KOJU IIyTYjy Y pPasA4uTHM
CMEPOBMMA HMajy NPUOIWKHO HCTH JIONPHHOC TPHIMKOM MHjeKlMje Hocuaua, Te je
HEONXOAHO ypauyHaTH 00a MPUIMKOM aHaiuse MomynanuoHor oxsusa. Ca japyre crpae,
IpaHUYHA y9ECTAHOCT HE MEa Cce IMPUMETHO Yy CIIydajy OTBODEHOI Kona y mopehemy ca
cllyyajeM yrnapeHux UMIIEIaHCH.

ITokaszano je ja RSOA wmmMa 3HauajHO Jpyrauujy 3aBUCHOCT HPOITYCHOT OIICETa OJl PATHUX
yenopa y iopefemy ca TW-SOA. Jlox je y ciyuajy TW-SOA niporrycHu oricer MakCUMasiaH 3a
BUCOKE CHAre M BHCOKe cTpyje, koj RSOA ce jaBibajy JBa MaKCUMyMa Y OIHOCY Ha ONTHYKY
CHAry yJasHOr CUTHajia, Te ce MoXe Guparn m3Mely ABa pexuMa paja — jeJHor y Jy6oKoj
caTypanuju ¥ Ipyror 3a yMepeHe ynajHe ONTHUKE CHAre.

[Toxazano je ga ce y 3aBHCHOCTH OJ JXYXHMHE aKTHBHE 00JIACTH MOTY JaBHTH EKCTPEMYyMH y -
3dB npomycrom orcery, kako kog TW-, tako n xox RSOA, umme ce orsapa moryhnoct
ONTUMU3ALIK]€E JY)KUHE aKTHBHE 06MacTH NpemMa ofabpaHuM paJiiiM yCIoBHMA. MUHUMYMH ce
jaBJbajy y criyuajy MalliX JTy)KHHAa aKTHBHHMX OOJACTH, JOK CY MAKCHMyMH HCITOJBEHH KOJ
RSOA 3a nyxuHe akTHBHUX 001acTH o NTPHOMDKHO | mm.




IMonazehin Of cBera HaBeJEHOT, MOXKE CE 3aKJBYUHTH Jla Pe3YJITATH KOje je TIOCTHIa0 KaHHaaT

Jajy UBPCT OKBHP 1 OCHOBY 3a IIPETO3HABATHE OBOT Pajia Ka0 KBaTMTETHE JOKTOPCKe TUCcEpTalje.

4.3. Bepudbukanmia HavIHIX JONpUHOCA

Hayunu pnonpuHocu aucepranyje BepuhHKoBaHy Cy cuelehnM pajoBrMa:

Kareropnja M14 (Ilornasise y kb3 M 12 — MoHOrpaduja MefyHapoHOT 3Ha4aja):

I.

Totovié, AR., Gvozdi¢ DM.: Traveling-Wave and Reflective Semiconductor Optical
Amplifiers, Chapter 21 in Handbook of Optoelectronic Device Modeling and Simulation:
Fundamentals, Materials, Nanostructures, LEDs, and Amplifiers, Vol. 1, Ed. Joachim Piprek,
pp. 631-696, CRC Press, Oct, 2017. ISBN 9781498749466)

Kareropuja M21a (Paj y BpXYHCKOM MeljyHapOIHOM YacOITUCY):

2.

Gvozdié, DM., Totovié, A.R., Crnjanski, J.V., Krsti¢, M.M., Gebrewold, S.A., Leuthold, J.,
Masanovié, M.L.: Self-seeded RSOA fiber cavity laser and the role of Rayleigh backscattering
— An analytical model, IEEE/OSA Journal of Lightwave Technology, vol. 35, no. 22, pp. 4845-
4850, 2017. (ISSN 0733-8724, IF 3.671, doi: 10.1109/JLT.2017.2758724)

Totovié, A.R., Crnjanski, J.V., Krsti¢, M.M., Gvozdi¢, D.M.: Numerical study of the small-
signal modulation bandwidth of reflective and traveling-wave SOAs, IEEE/OSA Journal of
Lightwave Technology, vol. 33, no. 13, pp. 2758-2764, 2015. (ISSN 0733-8724, IF 2.567, doi:
10.1109/JLT.2015.2412252)

Totovié, A.R., Crjanski, J.V., Krsti¢, M.M., Gvozdi¢, D.M.: An efficient semi-analytical
method for modeling of traveling-wave and reflective SOAs, IEEE/OSA Journal of Lightwave
Technology, vol. 32, no. 11, pp. 2106-2112, 2014. (ISSN 0733-8724, IF 2.965, doi:
10.1109/JL.T.2014.2317478)

Totovié, A.R., Crnjanski, J.V., Krsti¢c, M.M., MaSanovi¢, M.L., Gvozdi¢, D.M.: A self-
consistent numerical method for calculation of steady-state characteristics of traveling-wave
and reflective SOAs, IEEE Journal of Selected Topics in Quantum Electronics, vol. 19, no. 5,
pp. 3000411(1-11), 2013. (ISSN 1077-260X, IF 3.465, doi: 10.1109/JSTQE.2013.2263118)

Kareropuja M22 (Pan y nctakayToM MeiyHAPOIHOM 9aCOINCY ):

6.

Totovié, A.R., Levajac, V.G., Gvozdi¢, D.M.: Eleciro-optical modulation bandwidth analysis

Jor traveling-wave and reflective semiconducior optical amplifiers in fransparency operating

regime, Optical and Quantum Electronics, vol. 48, no. 4, pp. 262 (1-9), 2016. (ISSN 0306-
8919, IIF 1.055, doi: 10.1007/s11082-016-0534-x)

Gebrewold, S.A., Bonjour, R., Barbet, S., Maho, A., Brenot, R., Chanclou, P., Brunero, M.,
Marazzi, L., Parolari, P., Totovie, A., Gvozdic, D., Hillerkuss, D., Hafner, C., Leuthold, J.:
Self-seeded RSOA-fiber cavity lasers vs. ASE spectrum-sliced or externally seeded
fransmitters—A comparative study, Applied Sciences, vol. 5, no. 4, pp. 1922-1941, 2015.
(ISSN 2076-3417, IF 1.726, doi: 10.3390/app5041922)

Totovi¢, A.R., Crnjanski, J.V., Krsti¢, MM., Gvozdi¢, DM.: An analytical solution for
stationary distribution of photon density in fraveling-wave and reflective SOAs, Physica
Scripta, vol. 2014, no. T162, pp. 014013(1-5), Sept. 2014. (ISSN 0031-8949, IF 1.126, doi:
10.1088/0031-8949/2014/T162/014013)

Totovié, A.R., Crnjanski, J.V., Krsti¢, M.M., Gvozdi¢, D.M.: Modeling of carrier dynamics in
multi-quantum well semiconductor optical amplifiers, Physica Scripta, vol. 2012, no. T149, pp.
014032-014036, 2012,  (ISSN  0031-8949, IF 1.032, doi:  10.1088/0031-
8949/2012/T149/014032)




Kateropnja M33 (Caomuremne ca MeiyHApOAHOr CKYIIa IITAMIAHO Y MEJIHHNA )

10. Totovié, A.R., Gvozdié, D.M., Santagiustina, M., Antonelli, C,, Parolari, P., Boffi, P.
Feasibility analysis of a 4-QAM colorless transmitter based on two RSOAs, Conference on
Lasers and Electro-Optics Europe & FEuropean Quantum Electronics Conference
(CLEO/Europe-EQEC 2017), June 25 — 29", 2017, Paper Cl-4.2, IEEE, Munich, Germany,
Jun, 2017. (ISBN 978-1-5090-6736-7, doi: 10.1109/CLEOE-EQEC.2017.8086941)

Kareropuia M34 (Caommremne ca MeiyHapoIHOT CKYITa ITAMITAHO Y U3BOLY ):

11. Totovié, A.R., Crnjanski, J.V., Krstié, M.M., Gvozdié, D.M.: Quiescent points of self-seeded
RSOA-FCL with Rayleigh backscattering feedback, 6™ International School and Conference on
Photonics (Photonica 2017), August 28" — September 1%, 2017, Book of Abstracts 149,
Institute of Physics Belgrade, Belgrade, Serbia, 2017. (ISBN 978-86-82441-46-5)

12. Levajac, V.G., Totovié, A.R., Gvozdi¢, D.M,, Electro-optical modulation bandwidth analysis
for traveling-wave and reflective semiconductor optical amplifiers, 5% International School and
Conference on Photonics (Photonica 2015), August 241 _ 28%h 2015, Book of Abstract 164,
Vinéa Institute of Nuclear Sciences, Beograd, Srbija, 2015. (ISBN 978-86-7306-131-3)

13. Totovié, A.R., Crnjanski, J.V., Krsti¢, M.M., Gvozdi¢, D.M.: Analytical solution for stationary
distribution of photon density in traveling-wave and reflective semiconductor optical
amplifiers, 4" International School and Conference on Photonics (Photonica 2013), August 26"
— 30% 2013, Book of Abstract 116, , Institute of Physics Belgrade, Beograd, Srbija, 2013.
(ISBN 978-86-82441-36-6)

14. Totovié, A.R., Crnjanski, J.V., Krsti¢, M.M., Gvozdi¢, D.M., Modeling of carrier dynamics in
multi-quantum well semiconductor optical amplifiers, 3" International School and Conference
on Photonics (Photonica 2011), August 29" — September 2", 2011, Book of Abstract 130,
Vinéa Institute of Nuclear Sciences, Beograd, Srbija, 2011. (ISBN 978-86-7306-110-8)

Kareropuia M50 (PafoBH v 4acollicHMa HAMOHAIHOT 3HA4Yaja):

15. Totovié, A.R., Crnjanski, J.V., Krstic, M.M., Gvozdi¢, D.M,, Application of multi-quantum
well RSOA in remodulation of 100 Gb/s downsiream RZ signal for 10 Gb/s upsiream
transmission, Proceedings of the 19" Telecommunications Forum (TELFOR 2011), November
2omd 24t 2011, pp. 840-843, IEEE, Beograd, Srbija, 2011. (ISBN 978-1-4577-1499-3, doi:
10.1109/TELFOR.2011.6143675)

Jlonpunocu objasmenu y pedepennama [1], [3]-[6], [8]-[9] u [12]}-[15] upencraBipajy neo

OCHOBHMX Pe3yJITaTa HCTPAXIBAIA KOjH Cy M3JIOKEHH y JOKTOPCKO]j MucepTaluju Kananuata. Tu

JOTIPHHOCH YIIOTITYFEHH CY PE3YJITATHMA KOjH 10 Cajia HUCY 00jaBIbeHH.

5. 3AKJbYYAK W HPEJJIOI

Ha ochosy npunoxenor, Komucuja KoHcTatyje Ja JOKTOpcka juceprauuja Aurenmue P.
Torosuh, Macrep MHKEHEPa EJIEKTPOTEXHMKE ¥ PadyHapCTBa, II0J HACIOBOM Hvionenopame
NOJIYPOBOAHUYKHX ONITHIKHX M0jauaBada 3a NpuMeHe y ONTHYKHM IPUCTYIHHM Mpexama’
(,Modeling of semiconductor optical amplifiers for optical access networks®), ucnymasa cBe
dopmanHe u cymrmHcke ycnose npexasubene 3axoHom o ofpasoBamy, Kao M TNpONHCHMa
Yuupepsutera y Beorpany # Enexrporexuuuxor dakyrera.

Jloxropcka nucepranuja Auremune P. Torosuh caapxu HaydHe HONPUHOCE KOJH ce cacToje y
pa3Bojy MOJENA, Kao U aHATUTHYKHX M HYMEPHYKAX METOJA Ca MPUIAPYIKEHUM aIIOPUTMIMA 33
FLUXOBY MMIUIEMEHTAIM]Y, HAMEHEHHX MOJEJIOBALY MONYIPOBOAHNYKMX ONTHIKUX rojayapauya,
Kako pedIeKCHOHMX, TaKo ¥ OHMX 3aCHOBAHMX Ha TMyTyjyheM Tajacy, y CTalMOHApHOM u
JTUHAMHAYKOM pPEXHMY paja 3a BeJIMKE M Maje curhane. Mogemy ce Mory NPHMEHWTH Ha
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camoctanuy ypehaj, mnu ypeljaj xao neo ciokeHujer cuctema. PesynaraTd NMpOMCTEKIN M3
Npe/ICTAB/FEHUX MOJIENA YIIOTIYILEHH CY CMEPHHLIAMA 3a ONTHMHM3ALM]y TlapamMeTapa rojajaBaia 1
M360p aJeKBATHOI PajHOr pexuMa Kako OW ce TocTHrie Makcumanne nepdopmance ypehaja.
TNaBHM pesy/ITaTy HCTpakKMBara TpPUKa3aHW Cy Y IOMIaBjby y MoHorpadgujn melhynapopHor
3Hauaja, pedepenna [1] (kateropuja M14, rye je kaH uAaT NPBONOTIHCAHH), OJHOCHO Y pajloBUMa
o6jaB/seHnM y MeljyHapomnum aconcnma ca SCI yucte, pedepenne [3]-[6] u [8]-[9] (tpu pana u3
kareropuje M2la u Tpu u3 xareropuje M22, oJi KOjUX je KaHAMIAT HAa CBMM IpPBONOTIHCAHH
aytop). JlofaTHa MCTpa)kuBama Ha OCHOBY Pa3BHjeHIX MOJiena, MpuKasaHa cy y pedepenuama [2],
[7] u [10] (jenan paj u3 kateropuje M2 1a, jeman u3 kateropuje M22 u jenan us kareropuje M33,
0] KOjUX je Ha TIOCJeAbeM KaHAMIAT npeoroTnucand). TokoM m3pajie MOKTOPCKE AMCEpTAlmje
KaHAUAT j€ IOKa3a0 HECYMIbUBY CITOCOOHOCT 33 CAMOCTAJIHM HayTHO-HCTPaKUBAUKH pal.

Komucuja npeanaxe HacrapHo-nayusom Behy Enexrpotexnutixor dakynrera Y HUBEp3uTeTa y
Beorpamy na ce MOKTOpCKa AucepTanuja noj HacioBom ,,MojaesoBame NOJYTPOBOJHMYKHX
ONITHYKMX I0ja4YaBaya 3a NpuMeHe Y ONTHYKHM upucrynuuM mpexama” (,Modeling of
semiconductor optical amplifiers for optical access networks”) xanaupata Amremame P.
Torosuh, Macrep MHKewepa eNeKTPOTEXHMKE M padyyHapCTBa TMPHUXBATH, HM3JOXH Ha YBHJ
jAaBHOCTH W yNYTH Ha KOHA4HO ycBajarse Belly HaydHHMX 00JIacTH TEXHHUKHMX HayKa YHUBEP3UTETa

y beorpany.
beorpan, 26.03.2018. rogune
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