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Ha nucepranmonen Tpya 3a npuao0uBaHe Ha 06pa3oBaTeHA W HAY4YHA
cTerneH ,, Jloktop " mo npodecnonanHo HanpasJenue 4.1. ,,duzuyecKku HAyKH "'
CHEUMATHOCT ,,PH3HUKa HA BbJIHOBHUTE MPOIecH”

ABTOp Ha AUCEPTALIMOHHHUS TPYA: 3a04eH AoKTopaHT 3apa Kacaneresa, UE — BAH

Tema Ha qucepTALIMOHHUS TPY.:
s»HeJIMHeHHN MapaMeTPUYHH MPOIeCH NPU Pa3NpPOCTPAHEHHE HA CBPLXKBCH ONTHYHH
HUMIIYJICH B U30TPOIHM cpeau’
Hay4en pexoBogures: npod. a¢H. Jio6omup Kopauen

1. KpaTku 6uorpaduyHy JaHHM 32 TOKTOPAHTA

3apa AnsipeeBa Kacanerea e posena B rpax [Lmosaus Ha 13 asryct 1995 r. Cemeitna e 1 nma
enHo gere. CpeqHoTo cu obpasoBanue e noxyyuina B OMI ,, Akanemuk Kupui [Toros* B rpaj
I110BIMB ¢ OT/IMYEH ycmex.

Or2014r. 102018 r. e crynentka B [1Y , ITaucuit Xunengapcku“. O6y4asa ce B CIELUATHOCT
»AmKenepHa ¢usuka“, @usuko-texHoJormyeH (Qaxynrer. bakamaBbpckara cd  CTeleH
3aBBpINBA C OTIMYEH ycnex. JlumioMmHaTta i paboTa e Ha Tema ,,YeTHPUBBIHOBO CMECBAHE
MEX/ly ONTUYIHH UMILYJICH, PA3IPOCTPAHABAIIM CE B H30TPOIIHA HEIHWHEWHa cpefia®, ¢ Hay4eH
peKoBOauTeEN jgou. . JlakoBa u koHcynrant npod. JI. KoBaues.

[Ipe3 2018 r. 3amo4Ba oOydyeHHe B MAaruCThpPCKa CTeneH ,,{OTOHMKA ¥ MOAEPHM ONTUYHH
TEXHOJIOTHH™ OTHOBO BBB Pusuko-TexHonorudeH axynrer na ITY, kosto 3aBbpuIBa Ha
cinenaiiara roauna (2019) otaoo ¢ oriuder ycnex. Temara Ha qumioMHara ¥ pa6ora e ,,
W3cnenpane Ha mnpomecuTe Ha (a3oBa CaMOMOAYJIANUS M KPOCMOIYIALHs BBPXY
[IapaMeTPUYHOTO YETHPHUBBIHOBO CMECBaHE®, ¢ Hay4YeH pBKOBOIUTEN TI. ac. A. JlakoBa-
Monosa u koHcyaTant jgou. 1. Jlakosa.

Ot 2020 roauHa e peoBeH JOKTOPaHT B aboparopusTa o HenuHeliHa 1 BIaKHECTa ONTHKA
Ha ME-BAH Codus. Ilopagu HasHagaBane karo acucreHT B TVY-ITnosmus, npes 2021 r.

NPOABIDKaBa B 3a104Ha (HopMa Ha JOKTOpaHTypa. OTUHCIICHA € ¢ IPaBO Ha 3all[UTa IeKeMBPU
2023 r.



Karo noxropantka 3apa KacamereBa mposiBsSIBa OTIMYHM II03HAHWA B o0nacTra Ha
MareMaTHKara U ¢usukara. Binagee B pa3nuyHa crerneH 4 e3uKa - OTIMYHO aHIIIUICKU e3HK,
MHOTO J00pe pyCKH €3HK U 100pe — UCTIAHCKH ¥ TPBIKH €3HK.

ITo Bpeme Ha nokTopaHTypara 3apa KacamereBa e mojioxuiaa ¢ OTIHYEH yCIeX U3IHUTH 10
AHrnmiicku e3uk u MatLab. YcnemHo e 3aBbpiinia fBa Crienualu3upand Kypca ksM LO-
BAH, cBbp3anu ¢ Temara Ha mucepTrandoHHus Tpynd. Ilpe3 despyapu 2023 r. monara c
OTJIMYEH yCIIEX JOKTOPAHTCKUSI CU MUHUMYM.

2. JlaHHM 3a TMCEPTALUOHHUS TPY/.

HuceprauuonnusaT Tpy 1 ce cheToM oT 106 cTpaHuIM U BKiouBa: YBox; Jluteparypen 0630p
(I'maBu I - IV); 3axmodenue; OcHoBHu mpuHOcH; Crnuchk Ha my6nukanuute; CIOUCHK Ha
KOH(epeHIuuTe.

3a IOCTMIaHE Ha IeNUTe Ha JUCEPTAIMOHHHS TPYJ Ca IIOCTABEHH HAKOIKO 3aJadud 3a
usIbiHeHue. TaxHata kparka GopMyIIMPOBKa € ClIeqHaTa:

e Jla ce uscnenBa mapaMeTpu4HO B3aMOJIeiiCTBYE Ha JIa3epHH CHOIIOBE B HETMHENHH y(3)
cCpeny Ype3 pa3paboTBaHe Ha MaTeMaTHYECKH METO]| 32 pellaBaHe Ha CUCTeMa OT TPH
HEJMHEHHU YacTHU JU(QepeHIUalIHl ypaBHEHUs, OMMCBAINN Pa3sIpOCTPAHEHUETO Ha
TPY BBJIHU B HenuHelHa Kep-Tum cpena.

e Jla ce u3cneaBa MapaMeTPUYHOTO B3aUMOJICHCTBUE HA JTa3ePHU CHOIOBE ¢ OTYMTAHE HA
epextute Ha ®CM u ®KM B y(3) cpenm.

e Jla ce CpaBHAT IEPUOJUTE Ha EHEPrOOOMEH MPH apaMeTPUYHO B3aUMOIENHCTBHE C U 6e3
oTyurane Ha epexture Ha ®CM u ®KM B HeNIpeKbCHAT PEXKUM Ha Pa3IPOCTPaHEHHE
Ha JIa3€pHO JIbUYCHUE.

e Yuicieno ma ce u3clenBa IapaMEeTPUYHO B3aMMOICWCTBHE Ha CBPBHXKBCH JIA3EPHU
UMIIYJICHK B pPaMKUTE Ha HEIWHEWHaTa CUCTeMa OT IapaMeTPUYHH ypaBHEHHS,
OIMCBAIY YETUPUBBIHOBO CMECBAHE B HEJIMHEHHM CPEIH.

e Jla ce wm3ciegBa INPOIECHT Ha EHEProOOMEH MeXIy KOMIIOHEHTHTE Ha OITHYHH
UMITYJICH, Pa3lpOCTPaHBAIlY C€ B HENMHENHHA TUCIIepCHA cpeia O Bh3AEHCTBUETO
Ha u3ponenoro UBC ¢ oruutane Ha edpexture Ha DCM 1 DKM.

ITopBa rmaBa uma OO30peH XapakTep, a OPUTHHAIHUTE PE3yITaTH OT M3CIEIBAHUSTA ca
NpeJCTaBeHH BBB BTOPA, TPETa W YETBHPTA INlaBa. B 3akiIodeHHETO ca cHCTeMaTH3WpaHW
OCHOBHUTE NIPUHOCH HA JUCEPTAI[MOHHUS TPY/I.

B I'maa I ca pasrieqaHu OCHOBHHTE METOAM 3a aHAIW3 U XapaKTEPU3UPAaHE HAa OCHOBHU
JIUHEWHU W HenuHeWHuTe edekTy, Bb3HukBamu B Kep-tun cpemu. HampaBenust 0630p ce
Gasupa Ha 22 mybnukanuu. JIokTopaHTKaTa ¢ QopMyHpana OCHOBHUTE XapaKTEPHCTUKH U
npoOneMH, CBBp3aHH C [OCOYEHATa npobnemaruka. IlpencraBeHusT mperien u
cpAbpxKaHKeTo Ha ['naBa I mokassaT mo3HaBaHe Ha MPOOJIEMUTE CBBP3aHU JUCIIEPCHOHHU
edexTn B ONTHYHH cpenM, JIMHEHHA ¥ HENWHEHHA MONSpPHM3alKs B ONTUYHM BIAKHA,
HerapaMeTPUYHU U NTapaMEeTPUYHHU [IPOLIECH ¥ BH3MOXKHOCTTA Ha aBTOPA 32 OLIEHKA W aHAJIN3.



B rnasa II TeopeTrdHo ce n3cieBa IpoLechT Ha eHeprooOMeH PU YeTHPUBBIHOBO CMECBAHE
MEeX[y TpH ONTUYHM BBJIHHU (HAIIOMIIBAIlA, CUTHAIHA U JOIBJIHUTEIHA), Pa3pOCTPaHIBAIIH
ce B M30TponHa HenuHelHa Kep-tun cpesa, uskmousaiiku PamanoBoTo pasceiiBane.

B rnasa III e m3cnenBaHo mapaMeTpUYHOTO B3aMMOJEHCTBHE MEXIY CIEKTPAIHO OIM3KH
NUKOCEKYHIHU UMITYJICH, Pa3IIPOCTPaHSBAIIY C€ B €HOMOJIOBU ONITHYHM BiIakHa. OCHOBHHTE
Npoy4BaHus B 00IacTTa ca CBBP3aHM C MpobieMuTe Ha e(PEeKTMBHOTO YCHJIBAaHE Ha
CUTHAJTHUTE BBJIHH, NP H3IOI3BAHETO HAa ONTHYHU YycuiBarenu. M3ciensan e
CHEPrOOOMEHBT ~ MEXAYy  TPU  CIEKTPalHO  OJM3KA  MHMKOCEKYyHIHM  HMITYJICH,
PasnpoCTpaHsIBaAlA C€ B €AHOMOJOBO ONTHYHO BJIAKHO IIPU €IHOBPEMEHHOTO JeWCTBHE HA
npornecure Ha UBC, ®CM u ®KM. IIpoBenenu ca yucieHd CUMyIalUy OIU30 10 00IacTTa
Ha HyJeBa JUCHEPCHs. YCTaHOBEHO €, Ye Ce pealu3hpa KBa3UIIEPHOIUIEH EHEProoOMEH C
NEPUOA OT MOPAABKA HA HAKOJIKO JUCIEPCUOHHM IBDKUHH.

B rmaBa IV e u3cnensan eHeprooOMEHBT MEXIy KOMIOHEHTHTE HA ONTHYEH HMIIYIC,
pasnpoCTpaHsBalll C€ B HENWHEHHA JUCIIEPCHA Cpela IOA BB3JCHCTBHETO Ha M3POAEHM
4eTUpU(OTOHHN INAapaMETPUYHH MPOIecH ¢ oTunTaHe Ha epektte Ha ®CM u PKM.
Paspaboren e anropuTbM 3a pellaBaHe Ha CHCTeMara OT JBE HENMHEHHM nudepeHIraTHu
YPaBHEHHMsI, ONHKCBAIlla €BOJIIOLUATA Ha KOMIIOHEHTUTE Ha ONTHUYECH UMILYJIC B HEJIMHEHa
KyOu4Ha cpe/ia Mo Bb3AeHCTBHETO Ha U3POACHH YEeTHPU(DOTOHHY TapaMETPUYHH TIPOLIECH.

B HacTosmms pucepraluoHeH TPy ca 000COOEHM ceieM HaydyHM IpHHOca. PaspaboreH e
MaTeMaTU4ECKH IrOPUTHM 3a pelllaBaHe Ha CUCTEMU OT HEIIMHEHHN YacTHU TudepeHIHaTHu
YPaBHEHHS BaJMJIEH 3a BBJIHA ¥ MMILYJICU C IIPOU3BOJIHU HAYaIHU WHTCH3UTETH, 0000IIEHH
(asu 1 HanMyKe Ha BBIHOBA PAa3CTPOMKa MEX/Y TAX. B HENMPEKbCHAT PEXUM € pasTiIefaHo
NapaMeTPHYHOTO B3aUMOAECHCTBHE MEXIYy TPH ONTHUYHHM BBIHU (HAIIOMIIBAILA, CUTHAIHA U
JOI'BJIHUTENHA), KOUTO C€ PaspOCTPAHABAT HA HAKOJIKO KOXEPEHTHH Ib/DKUHM B M30TPOIHA
HenuHelHa Kep-tum cpeza. 3a pa3cTOSHUS OT MOpsAAbKa Ha HIKOJIKO KOXEPEHTHH JBIDKHHY,
edexture or ®CM 1 ®KM ca oT chIus MOPSABK KaTo Te3M Ha MAapaMETPUYHHUTE TIPOLECH U
€ HaJIOXWTEITHO OTYMUTAHETO MM. PasriexjaHusaTa ca HalpaBeHH Ha 0a3ara Ha paslIdpeHa
CUCTeMa OT TPU HEJIMHEWHY YacTHH Au(dEepeHIMaTHU ypaBHEHUs], OTHOBO IPU HAlMYWe Ha
BBIIHOBA pascTpoiika. Jlokasano e, ge nmpouecute Ha @®CM i ®KM BoasT 10 yBennuaBaHe Ha
nepuosia Ha TpaHcdep Ha eHeprus MeXIy TPHTEe BBJIHH, pa3lpocTpaHsBaiiy ce B Kep-tum
HeNMHEelHa cpella. B UMIIyJICeH peXuM 4UCIIEeHO € M3CleBaH eHeprooOMEHBT MEXIy TpH
CIIEKTPAIHO ONU3KU NHUKOCEKYHIHH HMILYJICH, KOUTO C€ Pas3lpOCTPAHABAT B €IHOMOOBO
ONTUYHO BJIAKHO IIPHM €IHOBPEMEHHOTO neWcTBue Ha mpoiiecute Ha UBC, ®CM u O®KM.
Teopetnuno e wm3cnenBaH eHEProoOMEHBT MEXIy KOMIIOHEHTHTE Ha ONTHYEH MMIIYJIC,
pasnpocTpaHsBail ce B HeIMHEHHa KyOW4Ha cpela IIOA BB3ACHCTBHETO HA W3POAEHH
4eTUPU(POTOHHM TapaMeTPUYHHU IpollecH C oTuuTaHe Ha edexture Ha ®CM u OKM.
Paspaboren e MeToz 3a pelllaBaHe Ha CHCTeMara OT [Be HEJUHEHHU YacTHY NU(epeHIHaTHN
ypaBHeHus. IHTeH3MBHOCTTa Ha IIpolieca Ha TpaHcdep Ha eHeprust O Bh3AeHCTBUETO HA

U3POJIEHH YEeTUPU(POTOHHH MapaMETPUYHU IPOLECH ¢ OTyuTaHe Ha edexture HAa OCM 1
®KM, KakKTo U NEPHOABT My CE€ ONPE/eIIAT INIABHO OT CTOWHOCTUTE HA HAYAIHUTE €HEPIUM K
HavyaiHaTa (pa3oBa pasivKa MeXIy KOMIIOHEHTHUTE Ha HMITyjica. IIolydeHuTe pe3yinTaTH
[IOTBBPXK/ABAT, Y€ NPHU JMHEHHA UM KPBIOBa [IOJIIpU3ALUs He ce HaOmoJaBa eHeproooMen



MCEXy KOMIIOHCHTHUTEC HA OIITUYHUSA UMITYJIC. 3a II'BPBHU BT € ITOKA3aHO, Y€ IIPH PEIIaBaHE Ha
IIbJIHaTa CUCTEMA YPaBHCHH, OIIKMCBallla IIponeca Ha CHepFOO6MeH MCXKIY KOMIIOHCHTHUTC Ha
HMIIYIJIC, 0e3 M3MoJI3BaHe Ha HpI/I6J'II/I)KeHI/Ie, BMECTO BBPTCHE Ha MMOJIIpHU3allMOHHATa CJINIICA,
ce HaOrO1aBa mpeuecusd C pasjiInvdHu IIEPUOJ U aMIITIMTyAa OKOJIO €aHa OT OCUTE Ox unu Oy.

4. IlyOoaukanum no JUcepTANMOHHUS TPYX

3apa Kacaneresa e cpaBTOp Ha 15 cratum, oT kouto 6 ca c IF u 8 ca ¢ SJR. YuactBana e Ha 5
MEXyHapOoJHU KOH(epeHIUU M 1 HallMOHANHA, Ha KOSTO Ieueld Harpajga 3a Hai-m1o0wp
JOKJIa/. YuyacTBajia € B 5 HallMOHAIHU HAy4HHU IPOEKTa, EAUHUSAT OT KOUTO € HarpajeH OT
O®OHMU 3a ,,Hait-ycnemHo peanusupan mpoekT™ 3a 2023 1.

KbM pucepramusita ca mocoueHu S5 myOauKaIyy, B KOUTO JOKTOpaHTa € chaBTop. [IBe ca B
crnucanus ¢ uMnakt ¢axrop - Optik. J/[Be oT mybnukanuuTe ca B CIHCAHUE C MMIIAKT PAHT -
Proc. SPIE karo B eqHaTa JOKTOpaHTKaTa € IbpBH aBTOp. [IbpBUTE BE M3TaHUS Ca OT KBAPTHII
Q2, ¢ umnaxt ¢axrtop Hax 2. U enna mybmukanus 6e3 MO/MP B Journal of Physics and
Technology.

Hoxropant KacanereBa HanxBbpist He0OX0AUMUs MUHUMAaIEH Opoit kpeautu 200 T., TS nuMa
382 T., KaKTO cienBa: yueOHa MOATOTOBKA U IoyaraHe Ha u3nuTH - 130 T.; anpoGanus Ha
U3II'BJIHEHUETO Ha HaydHaTa mporpama - o0mo 252 T., OT KOUTO: JOKJIaJBaHe Mpe] HaydHH
¢dbopyMu 1o Temara Ha aucepranuaTa — 192 1.; myOauKanuy B CIIUCAHUSI C UMITaKT (GakTop u
UMIIAKT paHr: 60 T.

ABTOpedepaThT € U3rOTBEH CHITIACHO M3WCKBAHUSATA U OTpa3siBa OCHOBHUTE Pe3yNTaTH OT
JiCepTaIusTa.

[To3naBam paboTaTara Ha JOKTOPAHTKATa, KOETO MM JaBa OCHOBAHHUE J1a CMATaM, Ye TS uMa
CBHIIECTBEH JIMUCH IIPUHOC B IIPOBEXKIAHETO HA aHATM3UTE U HHTEPIIPETAIUATA Ha [TOJIyUEHUTE
pe3yJTary.

5. Kputu4yHu 6ejieskKH U BBIIPOCH

He 3a0ens3ax HESICHOTH U HIMaM KPUTHYHHU 3a0€IC)KKHU U IIPpE€NIOPBKU KbM KaHJuJaTa 110
OTHOUICHHNE HAa TUCCPTALIMOHHHUAT TPYA.

3akJao4yeHue

3ano3HaBaHETO MH C pe3yiTaTuTe OT JIMCepTalMOHHHUAT TPYH, KaKTO U JOKYMEHTUTE U
MaTepUajnTe, IPEACTaBeHU OT 3aJ049€H JOKTOpaHT 3apa KacanereBa, My 1aBa OCHOBaHHUE Ja



CYuTaM, Y€ HAYKOMETPUYHMTE [IOKa3aTeld Ha KaHJWJATKaTa HAIBIHO IIOKPUBAT
M3MCKBAaHMATA Ha 3aKOHA 3a Pa3sBUTHME HA aKaJEeMUYHHS ChCTaB B Pemybimka Brirapus
(3PACPD) u Ilpapunauka 3a npunarase Ha 3PACPB, IlpaBuinuka 3a yclIoBusTa 1 pena 3a
NpUA0OUBaHe HAa HAyYHH CTENEHH U 33 3aeMaHe Ha aKaJeMHYHH JUTBKHOCTH B Bhirapcka
aKajemus Ha Haykute W lIpaBUIHWK, M3HCKBAaHMS, YCIIOBHS, HpaBWJIa W DPEIIEHHS KbM
KaHJMJaTUTE 33 NPUJ0OUBaHE HAa HAYYHU CTENICHM U 3a€MaHe Ha aKaJeMUYHH JUTHKHOCTH B
HE-BAH.

Cien xaro ce 3alO3HAX C AMCEPTALMOHHHUAT TPYH U HPEJCTABEHUTE CTATHH W JOKJIAIU
NyOJMKYBaH! KaTO MaTepHanyd Ha PasiMYHU KOH(EPEHIMH W Bb3 OCHOBA HA HAIPAaBEHUS
aHai3 Ha TSAXHara 3HAYUMOCT, ce yOenuX, 4e ChABPXKALIUTE Ce TAX HAYYHU IIPUHOCU ca
JOCTaTbYHO 3HAYUMHU.

C oruen Ha ropemsJoxkeHHTe (PaKTH, HPEIJIATaM ¢ IbJIHA y0eJeHOCT HA YBajKAeMHTe
4ieHoBe Ha Hay4unoro xypu na mpennoxar Ha Hay4ynusar coBer Ha MHCTHTYT Mo
ejqekTpoHnka-bAH na 3amouyen noxtopaHT 3apa KacamereBa jna Obae npuchbaeHa
obOpasoBaTeiHaTa W Hay4yHa cTemneH ,JIokTop“® B 06aacT Ha Bucme ofpazoBanue 4.
IIpupoanu Hayku, MaTeMaTHKa H HH(POPMATHKA 110 PO(eCHOHANHO HanpaBenue 4.1.
®usnyecku HayKu (PU3HKa HA BHJIHOBHUTE MPOLIECH).

Hara: 05. 11. 2024r. W3roTBui pereHs3usra:

Hou. n-p. An6ena JlackangoBa



