PEIEH3US

ot nipod. 1-p urxk. ['eopru Mutkos [1anos, BTY ,,Togop Ka6aemxkos”
BBPXY IMCEPTALMOHEH TPY/ 3a IPUCHKIaHEe Ha 00pa3oBaTeIHa U HayYyHa CTEIEH
,,JJOKTOP” B o6nact Ha BucuieTo oopazoBanue 5. ,,Texauuecku Hayku”
npodecuoHaTHO HampaBiieHue 5.2. ,,ENeKTpoTexHuka, eJIeKTPOHUKA U aBTOMaTHKa’
(EnexTpuyecku amapaTty)

b

ABTOp Ha AUCePTALMOHHMA TPyA: Mmar. nHx. ['eopru liBanos l1BanoB
Tema Ha nucepranMoHHus TPYA: "EnekTpruecky U TOIUNIMHHU U30JallMOHHU CUCTEMH 3a
CBPBXIPOBOJUMHU €JIEKTPUUYECKH arnapaTu”

1. KpaTku Omorpaduynm JaHHU ¥ NPOeCHOHATHA XaPAKTEPUCTUKA

JIOKTOpaHTBT MO TO3M KOHKypC Mar. uHX. ['eoprum MBanoB lMBaHOB € poneH Ha
23.09.1992 r.. Cpemnoto cu oOpa3oBanue 3aBbpmBa B Coduiicka mnpodecnoHaHa
rumMHa3us no enektponuka "J[xoH Atanaco", cnenuanHocT ,,CUCTEMEH MOpPOrpamMucT:.
[Tpe3 2018 r. 3aBwpmBa Bucmeto cu obpazoanue, OKC ,Maructep” B TY — Codus,
cnenuanHocT ,,Enekrporexnuka“. [Ipe3 2018 r. e 3aunciieH 3a TOKTOpaHT, 3aj0uHa (popma
Ha oOyuenue B [IH 5.2 EnextpoTrexHuka, e1eKTpOHUKA U aBTOMATHKa, HAyYHa CIIECIUATHOCT
Enextpuuecku anapatu. TemaTta Ha TUCEPTAUMOHHUS TPYH € ,, ENEKTpUYECKH U TOIUIMHHU
M30JIAIIMOHHU CHUCTEMHM 3a CBPBXIPOBOJAMMH E€JIEKTPUYECKUTE amapaTd’, C Hay4yHH
pbKoBoauTeNnH npod. AtH urxk. Mmnana Hopranosa MapuroBa 1 npod.1-p ek, BanenTun
maTeeB MareeB. OTuncieH € ¢ MpaBo Ha 3amUTa chC 3amoBen Ha Pexropa Ha TY Codus
Ne223/24.01.2023r.

B nepuona ot 2016r. 1o MmomeHnTa pabotu kato ,, IH)KeHep eNeKTpUIeCKH MaIlluHU U
anapatu® B L[EPB TPA®O EOO/], karo ocHOBHaTa My JAEHHOCT € B o0OllacTTa Ha
IPOEKTUPAHETO, ONTUMM3ALUATA, TEXHUYECKATa JTUArHOCTUKA U TEXHOJIOIMYEH KOHTPOJ Ha
CWIOBM U CIEUMAJHU TpaHchopMaTOpu 3a BHCOKO HAIpEeKEHHE, M3rOTBSIHE Ha
KOHCTPYKTUBHO TEXHOJOrMYHa JokyMmeHTauus. [lomydaBa 3naren Menan 3a ,,KommiekcHa
nuarHoctuka Jllacmopruzanma™ Ha cunmoBu Tpancopmaropu ot 76 MeXIyHapOIeH
TexHU4Yecku nma"aup B rp. ITnosaus ceBMecTHO ¢ IEPH TPADO EOO/.

Mar. umx. VBaHOB MMa OTJIMYHA KOMIIOTHPHA T'PaMOTHOCT C H3MOJ3BaHE Ha
CHENMATN3UPaHd COPTYEPHH TPOIYKTH, BiIaJe€ AHTIMICKM €3MK Ha €KCIEPTHO HHUBO, H
¢dpeHcku e3uK Ha 100pO HUBO.

3anpin0ovyeHUTe TMO3HAHUS Ha JIOKTOpPAaHTa B 00JIacTTa Ha €JIEKTPOO003aBeXIaHETO,
TEOpUATa W PEKUMHUTE Ha paboTa Ha EJIEKTPUUECKUTE MAIIMHU W amnapaTth, KakTo M
CbBPEMEHHHMTE NPOrpPaMHUM NPOAYKTH 3a M3CJIEABAHE W aHAJIU3 Ha TE3M NPOLECH ca
CIIOMOTHAJIM 32 pa3pabOTBAHETO HA HACTOSALIUS AUCEPTALMOHEH TPYJ U OPUEHTUPAHETO MY
KbM aKTyaJlHa U MEePCIEeKTUBHA TEMATHKA.



2. AKTYaJIHOCT Ha MaTepuajia B JUCEPTANMOHHHUS TPYA B HAYYHO W HAYYHO-
NMPHUJI0KHO OTHOLLIEHH e

TemartukaTa Ha nuceptanroneH Tpyna ([T) e akTyanHa u € MOCBeTeHa Ha U3CJIeIBaHE
Ha CBBPEMEHHHUTE BB3MOXXHOCTH 3a NPWIOKEHHE Ha  BUCOKOTEMIIepaTypHaTa
CBPBXIIPOBOJIUMOCT B €JIEKTPOTEXHUKATa W CH3JABAHETO HA pA3JUYHU €JIEMEHTH Ha
CJIEKTPOO03aBEKAAHETO C TIOJOOPEHH TMMapaMeTpd M XapaKTePUCTHKH, KaToO HampuMep
HUIIOKHU €JIEKTPUUECKHU 3aryOu, CHIIHM MAaTHUTHH T0JIeTa, BUCOKAa TOKOBA IUTBTHOCT U JIp..

TexHOMOTUYHUAT HaNpeabK B Ta3W o00JacT Jaje peajHd BB3MOXKHOCTTH 3a
paspabotBane Ha HOBO TmokojeHne HTS-2G cBpbXNpOBOAHUIIM, KOUTO PAOOTAT TMpHU
TeMIepaTypy Ha TEUYHHUS a30T, C KOETO CE€ MOCTUTa U3rPaXJAaHETO Ha E€JIEKTPOTEXHUUYECKU
YCTPOWCTBA C OJKEJIaHW XapakTepUCTUKH. CBPBXIPOBOAUMOCTTA HaMHUpa IIMPOKa
MPWIOKMMOCT BBB BCHYKH cdepu Ha eHepreTukara, HWHIYCTpHUATA, TPaAHCIIOPTA,
MEeIUIIMHATA U JIp..

B AT no aHamuTHYEH U €KCIEPUMEHTAJIEH Ca U3CIEABAHU U MOJCIUPAHU OCHOBHHUTE
MPOLECH MPHU U3NMUTAHUS HA PA3JIMYHU CH3AJCHU 3a LEITAa MOJECIU HA CBPBXIIPOBOJIHUIIH.
Cno>XHUTE TPOIECH B CBPBXIIPOBOSAIINTE CUCTEMH M3MCKBAT W CHEIU(UYHN TOIXOIH 3a
MOJICJIUpAaHe Ha EJICKTPOMArHUTHH, TOIUIMHHU, (QIYHIHH, MEXaHWYHU II0JIeTa, TAXHOTO
B3aMMOJICMCTBHE W ajekBaTeH aHaiu3. [lo TO3W HauMmH MoraT Ja ce€ MOJACIUpaAT Hu
KOHCTPYMpAT MAaIIMHM M amnapaTd OT HOBO IIOKOJICHHE, C JKEJIaHH CBPBXIIPOBOASIIN
XapaKTEePUCTUKH. B Tazu 0061aCT KOMIMIOTHPHOTO MOJIETUPaHe JaBa U3KIIOUHUTEITHO IITUPOKHU
BB3MOYKHOCTH 32 U3CJIEBAHE HA ITOJIETA U MPOLIECH.

[Ipu pazpabotkara Ha /[T ca u3MON3BaHU CHBPEMEHHM CPENCTBA 3a AHAJUTHUYHO U
EeKCIIEPUMEHTATHO H3CJIe/IBaHE, M3MEPBAHE W aHajlW3 Ha CBOMCTBaTa Ha M3MUTBAHUTE
U3JIeNNs, KaKTO M ChbBPEMEHHU COPTYEPHH MPOAYKTH 32 MOJCIUpPAHE M ONTHMH3AIUS Ha
TE3U MPOLECH.

Cb31a/1IeHUTE METOIM, HAITPABEHUTE aHAIMTUYHU M €KCIICPUMEHTATHU U3CJICABAHUS,
MOJIYYEHUTE PE3YJITaTH, CIIOPE MEH, IIe HaMepsT MHUPOKO MPHIIOKEHUE B yIeOHHS TIPOIIEC,
KaKTO M B pa3IWyHUd OOJacTH Ha TEeXHHWKaTa. Te 1ie pa3lmupsAT BB3MOXKHOCTUTE 3a
M3CJIEABAHE U aHAJIM3 HA TEXHOJIOTHITA HA U3MTUTBAHE HA CBPBXIIPOBOSIIATE MAaTEPUATIH.

B Ta3m BpB3Ka cMsaTaM, 4e pa3paboTkaTa IpUTESKaBa BUCOKA CTEIICH Ha aKTYaJTHOCT B
Hay4YHO ¥ HAy4YHO-TIPUJI0KHO OTHOIIICHHE.

3. AHAJIM3 HA CTPYKTYpaTa u chabp:xkanuero Ha J[T.

Tpyabr e paszpaboreH B obem oT 122 cTpaHulld TEeKCT, (GUrypu W TaOIHIIH.
CrtpykTypaTa My BKJIIOYBAa KpaTbK YBOJ, LIECT IJaBH, KaTo cjiel Bcika ca (GpopMyiaupaHu
W3BOJIM, KAcacllll HAllpaBEHUTE H3CJECABAHUSA U MOJYy4YEHUTE pe3yaraTtu. B kpas Ha mbpBa
rnaBa ca (opMmynupaHu OCHOBHATa Led W 3amaunte 3a u3nbiaHeHue no J[T. PazpabGorkara
CBIIO TaKa BKJIFOYBA IIPETEHIMHU 3a MPUHOCH, CIIPAaBKa 3a JIOKJIaJIBaHe Ha pe3yiararture no [T
u OubnuorpaduuHa cnpaBka, cbabpkamia 137 auTepaTypHH U3TOUHMIIM HAa KUPUIULA U
narunauna. B Hadanoro Ha /[T e mpuiokeH CMCHK ¢ HAMMEHOBAaHUATA Ha (PUTypUTE H ca
bopmynrpanu 61arogapHOCTH.

4. CrenmeH Ha MNO3HABaHe HA CbCTOSIHMETO HAa IpodjeMa W TBOpYecKa
HHTEpIpeTalUs HA JJUTEPATYPHUSA MaTepHuaJl.

Mar. wumx. T'eoprm VBaHOB moOKa3Ba 3aaba00OuYeHHM 3HAHUS B oOjacTra Ha
pasrnexnanara B JIT Ttemaruka. B mbpBa 1i1aBa, nOpeacTaBisBalla MO  ChLIECTBO



auTepatrypeH 0030p Ha CBhCTOSHHETO Ha TMpoOieMa ca pasriielaHd  Pa3TuvIHUTE
BB3MOXXHOCTH M TEXHOJIOTMM 32 W3TpaXJaHe M TMPUIIOKEHHWE Ha CBPBXIPOBOJAUMHU
MaTepHUadd Ha OCHOBAaTa HAa MEIHU OKCHAM, CBPBXIIPOBOJUMH JICHTOBU MPOBOJIHHUIU OT
BTOPO TIOKOJICHHE, paboTemy B cpefia Ha TeYCH a30T U Bb3MOKHOCTHTE 33 KOHCTPYHpPAHE U
n3paboTKa Ha CBPBHXIIPOBOAMMH €JIEKTPHUECKU MAIIMHM U anapatu. HampaBen e ananus Ha
NPWIOKEHUETO Ha T€3W YCTPOWCTBA B €HEpPreTUKaTa U MHIYCTpUATA U MPOoOJIeMUTEe, KOUTO
Ovxa pemmnin, CBbP3aHU C MOJA0OPEHUTE UM €NEKTPOMArHUTHH, TOTUTMHHHU W M30JAI[HOHHU
XapaKTEePUCTUKH.

OT TO3M aHaMM3 M HANpaBEHUTE U3BOAU ca (GOpPMYJIMpPAHU IIeJiTa U OCHOBHUTE
3amaun Ha JIT. ToBa ompenens M HacokaTa Ha MO-HATaTHIIHATA U3CIeA0BaTeICKa paboTa B
JAT. PazpaboreHn ca MeToaM 3a U3CIE€ABAaHE M U3MWTAHUS HA paA3IMYHU BUIOBE
CBPBXIPOBOJSIIM MaTepHUal, HANpPaBeH € aHalu3 Ha OCHOBHUTE WM TMapaMeTpu H
XapaKTePUCTUKU.

MHeHneTo Mu €, 4ye aBTOPBHT OICHsBA a/ICKBAaTHO HUBOTO Ha Pa3BUTHE, IPOOIIEMHUTE
3a/1a4d B Ta3M 00JacT U Ha Ta3u 0a3a GpopMyiupa Npenu3Ho 1enTa u 3aaaunte Ha [T, kakto
U TI0-HATATHIIHUATE U3CIEABAHUS B pa3paboTKaTa.

5. ChoTBeTCTBHE HA M30paHATA METOAUKA HA U3CJe/IBaHe C MOCTABEHUTE LeJ U
3apaum Ha JIT.

B cnenpamute rinaBu Ha [T B ChOTBETCTBHUE C NMOCTABEHUTE 3aJa4d Ca Ch3JAJACHU
TEOPETUYHU MOJIENU HA JIBYMEPHH U TPUMEPHH E€JIEKTPOMArHUTHH, TOIUIMHHHU U (PIyuaHU
10JIETa Ha U3CIEABAaHUTE €JIeKTpUYecKy anapaTu. [Ipu n3uucisBaHe Ha €J1eKTPOMAarHUTHUTE
XapaKTEPUCTUKH Ha W3CJIECABAHUTE CBPBXIPOBOAMMU EJIEKTPUUECKHU arapaTtd € U3MOJIBaH
METOJl Ha KpaiHuTe enemMeHTH. Ch3oaZeHM ca METOOU 3a H3CIIEBaHE HAa TOIUIMHHU H
GaynaHu mpolecH, MPUIOKUMH 3a BCUUKH BapUAHTU HA CBPBXIPOBOAHUIM. Pasrneganu u
U3Cle[BAaHU Ca CBPBXIIPOBOJUMUTE JIGHTOBU MPOBOJHUIM OT BTOPO IOKOJIEHHE.
N3cnenBanute wmoxaenu HTS-2G  5eHTOBM CBPBXNPOBOAHUIM B JHMCEpTalUATa ca
IpeocTaBeH! OT Bojelr ¢pupmu npousBoautent - Fujikura, Anonust u SuperOx, Pycus.

[TocpencTBOM aHATUTUYHO M KOMIIOTHPHO MOJEIMpPaHEe ca U3CIAEABaHU W
aHAJM3UPAHU EJIEKTPOMArHUTHUTE XapaKTEpPUCTUKU Ha mpoBogHunu ot turna HTS-2G
JICHTOBU MPOBOJHULIM 32 KPUOTEHHM Aa30THM TeMIlepaTypu M ca (GOpMYJIHpaHU LIEHHU
u3BOJM W 3akitoveHus. Ch3oaZieHu ca MOJENM 3a M3Cle/BaHEe Ha TOIUIMHHU U (QIIyUAHU
npouecu B cuinou HTS xabenu, AMHAMUYHM CBPBXIPOBOASIIU €JIEKTPUUYECKH YCTPOUCTBA B
CTaTUYHHM W TUHAMHYHU pexxuMu. [lomydeHuTe pe3ynTaTH ca MpeicTaBeHH B TaOIMUYEH U
rpaduyeH BujA B aucepranusara. QopMyiaupaHd ca MOAPOOHM M3BOIM M 3akjoueHus. B
npoleca Ha M3CJe/IBaHe ca YCTAHOBEHU peMIia crieln(UUHN IpolecH W HAaTOBapBaHUS Ha
U3CJe/IBaHUTE MaTepUal, KOUTO IIe UMAT OFPOMHO MPAKTUYECKO MPHUIIOKEHUE B ObJelIe.
Pa3rnenanu ca cbllo Taka M30JIALIMOHHUTE M TOIUIOM30JIAllMOHHN XapaKTEPUCTUKU Ha TE3U
MaTepuau.

[TokazaHna e cxemaTa Ha ch3/laJieHaTa 3a 11eJITa eKCIIepUMEHTAIHa OTUTHA TOCTaHOBKA
U ca U3CJIeABaHM rojsM Opoil KOMNO3UTHM Marepuanu. [IyOnukyBaHu ca ronsimMa 4act OT
noJjiydeHute pesynratu. [Ipoektupana u uzpaboTeHa e XubpuHa CBPbXIIPOBOSAIIA CUCTEMA
OT HAMOTKH ¢ 1 0e3 MarHutonpoBoA. M3nuran e TpancopmaTop npu craiiHa Temreparypa
U B a30THa cpeaa. PopMynrpaHu ca noApoOHU U3BOJU OT IPOBEIECHUTE U3IUTAHUS.

[TocnenoBaTenHOCTTa B OAX0JA HA M3CJEABAHE, MOJIYYEHUTE PE3YyJITaTH U aHAIU3H
NOTBbpXKAABaT, 4ye H30paHaTa METOJUKa € MpaBWJIHA M JaBa aJleKBaTeH OTrOBOp Ha
dopmynrpanuTe B Kpas Ha mbpBa riasa Ha J{T ocHOBHA 1en U 3a7aun.



6. Kparka aHaaIMTH4YHA XapaKTePpUCTHKA Ha eCTeECTBOTO M OlleHKa Ha
JOCTOBEPHOCTTa HAa MaTepuana, BBbPXY KOWTO ce TpaasiT NPUHOCUTE Ha
AUCEPTALUOHHUS TPY/

HocTtoBepHocTTa Ha npeacTaBeHus marepuai B JIT e BUCOKa U € CBbp3aHa C HaYMHA
Ha TPOBEXaHe Ha ISUIOCTHOTO HM3CIeABaHE Ha MpolOiieMa U MpeACTaBsSIHE HAa OCHOBHHUTE
pesyaratu. AT e pa3paboTeH cTErHaTO M JOTUYHO. ABTOPHT MpaBU KPUTHUYEH aHAIU3 U
dbopmynupa OCHOBHHTE TMpOOJeMH B CHIIECTBYBAIIUTE HAYMHU 3a U3CJIEIBaHE Ha
CHbBPEMEHHHUTE CBPBXIIPOBOJSIIM MaTepHald U TMpeajiara HOBU TOAXOAM 3a TOBA.
[ToTbpceHu ca Bb3MOKHOCTH 3a pasllIMpsiBaHE Ha 00XBaTa M MOBHIIIABaHEe Ha KAYE€CTBOTO HA
U3ClIe/IBAaHE Ha OCHOBHUTE MapaMeTpy Ha CBPBXIIPOBOJAUMHUTE MATEPUAIIA YpPE3 aHATUTUYHO
Y KOMITIOTHPHO MOJICIUPAHE U €KCIIEPUMEHTAIIHO U3CIIC/IBAHE.

3a menTa ca Chb3JaJ€HU €JIEKTPOMArHUTHU M TOIUIMHHU KOMITIOTBPHU MOJENH 3a
U3clie/IBaHe Ha XMOPUJIHU CBPBXIIPOBOJAMMU WHIYKTUBHU cucTeMH. Pa3paboTenu ca Moaenu
3a u3clenBaHE Ha pPaOOTHUTE XapaKTEPUCTUKH, WHIYKTUBHH IMapaMeTpyd Ha peaaHu
BHUCOKOTEMIIEPATYpPHU JICHTOBH CBPBXIPOBOJHUIIM OT BTOPO IOKOJIEHHE, C IIe
KOHCTPYUpAHE Ha CBPBXIPOBOMAIIM EINEKTPUUYECKH arapaTd MpU KPUOTEHHU Aa30THU
temneparypu. Cb3JaieH ca KOMIIOTBPHU MOJENN ChC ChCPEIOTOUYEHH M Pa3NpelesIeHU
napameTpu. PazpaboTeHu ca Mojenu 3a onpejessiHe Ha eIEKTPUUYECKU U TOTUIMHHU 3aryou
Opy TPOMEHJIUB TOK Ha BUCOKOTEMIIEPATypHU JIEHTOBU CBPBXIIPOBOJHUIIM OT BTOPO
MOKOJIEHUE 33 KOHCTPYHpaHEe Ha CBPBXIIPOBOJAIIM €EeKTpUUecKu amapaTu. PazpaboTkara e
3a1bJI00UYEHa U BCEOOXBaTHA, M3CJIENBAHU Ca BCHUYKKM OCHOBHH IPOIECH M TapaMeTpu B
npeaaranuTe 00eKTH, KOETO JlaBa lIeHHa Hay4yHa WH(OpMaIKs B Ta3U HOBA U MEPCIEKTUBHA
00JacT Ha TeXHHUKATA.

Cp3nageHure Mojaenu M COPTyepHM MPOAYKTH MOrar Ja ce€ H3IOoJ3BaT 3a
MPOBEXKIaHE HAa HAYYHHM HM3CIEJBaHMsI, B MPAKTUKaTa, KaKTO pa3dupa ce 3a oO0yueHue Ha
CTYJEHTUTE OT peAula CIICHUATTHOCTH.

Pasmnpena u ychBBbpIIEHCTBaHA € JlabopaTropHara 0a3a Ha KaTeapaTa, KOETO CbhC
CUTYPHOCT 1€ TOBHMIIM KayeCTBOTO Ha Y4YeOHHUs MpoIeC, Hay4YHO-W3CJIeIOBaTelICKaTa
NEHHOCT, KaKTO U BH3MOXXHOCTUTE 32 U3MUTAHUS HA Pa3IMYHU OOCKTH.

HcTtuHHOCTTAa M JTOCTOBEPHOCTTA Ha pa3paboTKaTa ce MOTBbpPXkKAaBa U OT (pakTa, ue
BCUUKH TIPEAJIOKEHU METOJAM, HAMpPaBEHU H3CICIBAHUS W aHAJIU3M Ca PEaM3UpPAHU C
KOHKPETHO Ch3/1aJICHU peaHu 00CKTH U MaTepuau.

7. HayyHu u/uiu Hay4yHoO-nmpuwiIo:kHU npuHocu Ha [IT. Xapakrep u 3HaYuMoCT
Ha IPUHOCHTe.

ABtopsT Ha [T e dpopmynupan 7 06001IeHr HAYYHN ¥ HAYYHO-TIPUIIOKHUA TIPUHOCA,
C KOUTO MO-CBUIECTBO CbM ChIJIACEH.

Pa3paboTkaTa € HampaBeHa Ha BHMCOKO HAay4HO HHBO, KaTO ca U3IMOJ3BaHU
ChbBpPEMEHHH CO(TYEpHH MPOIYKTU U M3MepBaTeiaHa TexHuka. [IpeanoxeHure aHaIUTHUYHU
MoJienu ca anpobupanu B cumyianuoHHara cpega Ha COMSOL u ANSYS-MAXWELL,
KaTo TMOKa3BaT BHUCOKAa CTENEH Ha HCTUHHOCT. BB3MOXHOCTUTE 3a NPUIIOKEHUE Ha
Ch3JaIcHUTe COPTyEepHUTE MPOAYKTU 3a M3CJIE[IBAHE Ha peajHu OOEKTH € J0Ka3aHa U € C
BUCOKa €(DeKTUBHOCT.

OcHOBHUTE NPUHOCH HA MpEJCTaBeHaTa LAJOCTHa paspaborka B [T morar na ce
0000IIAT B CIEIHOTO: JOKa3BaHE C HOBU CpPEJCTBA HA CBHUICCTBEHU HOBU CTpaHU B
CBILIECTBYBAIM HAYYHH MPOOJIEMU U TEOPUH; Ch3JaBaHE HA HOBU KIACHU(PHUKAIIMH, METOIU



Ha U3CJIe/IBaHe, HOBU TEXHOJIOTUH, CHCTEMH 32 YIIPABJICHHUE; TIOJydYaBaHe HA MMOTBBHPIUTEITHH
dakTu.

[TonyueHute pe3yiaTaTH TPEACTABISABAT OPWTHHAICH TPUHOC B HayKarta W
MpaKTUKaTa. BB3MOXHOCTUTE 3a MPUWIOKHUMOCT Ha pE3YyITaTHTe OT HaydyHaTa W
U3CienoBaTecKaTa AEMHOCT Ha JOKTOpaHTa € Bucoka. CMsATaMm, 4e IpecTaBeHaTa HayqHO-
NPUJIOKHA pa3pabOTKa M IMOJIYYEHUTE PE3y/ITaTH ca JMYHO JIeJO Ha aBTOpa, KOHTO HMMa
3a]IBJIO0YCHN TIO3HAHUS B 00JIACTTa HA TEOPUSITA HA CIIEKTPUUCCKUTE MAIIMHU U arapaTH
CBPBXITPOBOJIUMHUTE TEXHOJOTUU. He ¢chbM OTKpWII IUTATHATCTBO W TOJI3BAHE HA MAaTEpPUAIH
OT JAPYTH aBTOPH.

8. OneHka 3a cTeneHTa HA JIMYHOTO YYacTHe HA JUCEPTAHTA B IPUHOCHTE.

OueHsiBaM CTENEHTa Ha JUYHO YYacTHE HA aBTOpa B Taka (OpPMYJIMpAHUTE MPUHOCH
KaTo MHOro BHcoka. [lyOmukanuure, aBTOPCKHMAT UM CbCTaB U (OPYMHUTE, Ha KOUTO ca
W3HECEHH, IIOKA3BaT, Y€ IIOCOYCHNUTE IIPUHOCU €4 HErOBO JIMYHO JIEJI0 MU C PEIIaBalioTo My
y4acTHe.

9. lIpenenka Ha myoaunkanuute mo JT.

[To mpouenypara 3a nmpugobuBane Ha OHC ,,JlokTop* mOKTOpaHTa € TMpeacTaBU
o0mo 9 nyOnukanuu, BCHUUKUTE ca pedepupaHd M uHAekcupanu IlyOnukanuure ca B
U3JIaHus1, KOUTO ca pedeprpaHd U MHACKCUPAHU B CBETOBHOM3BECTHU 0a3M JaHHU C Hay4Ha
uHpopmanus (Scopus) Ha aHIVIMICKA €3UWK. Bcuuku myOnuKanuu Ha JOKTOpaHTa ca B
CBhaBTOPCTBO C JABamMaTa My HayyHHU pbkoBoguTenu. B 5 Opost oT TX Toil € mbpBU aBTOP, a B
ocTaHanuTe BTOpPU. B mocodeHuTe mNyONMMKalMM ca OTPa3eHU HAW-CHUIECTBEHUTE W
ChAbPIKATEITHU YaCTH OT MPEJI0KEHUS] MaTEepHUal.

10. Ipuano:xkumocT Ha pesyarature ot AT

HampaBenute wuscneaBaHusi, CH3JaJCHUTE MPOAYKTH U TMOJYYECHUTE pe3yITaTH,
CIOpell MEH, Iie MMaT TOJIMO TpPHUJIOKEHHEe B 00JacTTa Ha eleKTPo003aBeXIaHETO,
eNIeKTPOCHAO IIBaHETO, TPAHCTIOPTA M JpyTru oOnactu. ToBa JaBa OCHOBaHHUE J1a C€ TBBPH,
4ye KaHAUJIAThT MPUTEXKaBa CIIOCOOHOCTTA 3a (GOpMyJIMpaHe HAa WHKEHEPHU MPoOJIeMHU U 3a
MPOBEXKIaHE HA CAMOCTOSITEITHU HAYYHU U3CIICABAHUS.

CMmsiTam, 9e MpeayoKEHHUIT AUCEPTAMOHEH TPY/ MPEICTAaBIsABa €IHA 3abI00OYeHA
HAy4YHO-M3CIIeIOBAaTeICKa pa3padOTKa C BHUCOKAa CTEMeH Ha akTyamHocT. (CTeneHTa Ha
MPWIOKUMOCT Ha MOJTYYEHUTE PE3yiTaTH € BUCOKA.

11. MHeHus1, NPeNnopPpbKHU U 320€JIe:KKH M0 MPOEKTAa 32 TUCEPTANHMOHHUS TPY/

3abenexku HAMaM. [IpenopbkuTe MU KbM KaHIUAATA Ca:

% J1a TpOABIDKM HaydHO-U3CJIEAOBATEICKaTa CH padoTa B Ta3H IEPCIEKTHBHA
00J1aCT Ha TEXHUKATA;

% AKTHBHO Ja pabOTH 110 TIOCOKA 32 pa3lIupsiBaHe HAa O0YYCHHETO Ha CTYJICHTHUTE B
Ta3u 00JIaCT HA TEXHHMKATA;

% Jla ctpykrypupa u obeauam cbabpxkaHuero Ha [T mom ¢opmara mHa yueOHO
nocodue, 3a 1a MOXeE Jla Ce M3MOI3Ba B YUeOHHUS IPOIIEC U OT CTICIUATNCTH B IPAKTUKATA;

Crnopen MeH Hay4HaTa W NPUIIOKHA CTOMHOCT Ha NPEICTABEHUs AMCEPTALMOHEH TPY.
e romsaMa. Pa3paboTkara e akTyanHa, Cb3JaJCHUTE METOJUKU U IOIY4YEHUTE Pe3yJITaTH,



criopeji MeH, e MMaT MIUPOKO MPUJTIOKEHUE B PEAMIla O0JACTH Ha TEXHHKATA U YUCOHHS
mpoiiec.

11. 3akaoueHue

CwmsTaMm, ye NUCEPTAlMOHHMS TPYyAd Karo o0eM M 3HAYMMOCT Ha H3CIEBaHUITA
Ipe/ICTaBisiBa €Ha 3abJI00YeHa M 3aBbpIlIEHA H3CIe0BaTeICKa pa3paboTKa U OTroBaps
HaI'bJIHO Ha KPUTEpUUTE U H3UCKBaHUATa, popmynupanu B 3PACPB mo orHomieHue Ha
00eM, CTpyKTypa U ChIbpKaTEIHA YacT.

JlokTopanTbT Mar. uHk. l'eopru HMBaHoB IBaHOB C TpencTaBeHHsI OT HErO
JTUCEpTAallMOHEH TpyA Ha Tema: 'ENeKTpUYecKd W TOIUIMHHU H30JAIMOHHM CHCTEMH 3a
CBPBXIPOBOJUMHU €JIEKTPUUECKHU amapaTu' MOKpUBa HambiHO n3uckBanusta Ha 3PACPb u
[IpaBunHULIMTE 32 HETOBOTO MPWJIATaHE U MOXKE J1a ObJie JOMyCHAT 10 MyOJIWYHa 3alllUTa.

[Ipemsiaram Ha yBaxxaeMoTo HaydHo »ypu Aa npuchau Ha mar. uHx. ['eopru MBaHoB
WBanoB obOpa3zoBaTenHaTta U HayuHa cteneH ,,JJOKTOP* no npodecronanno HamnpapieHue
5.2 ,,ENeKTpOTEXHUKA, €IEKTPOHUKA U aBTOMAaTUKA “, HAy4YHa CIEIUAIHOCT ,,EJIeKTpUYeCcKH
amapatu’‘.

30.08. 2024 . MBrOTBUI CTAHOBHUIIIETO: ... e e e e,
/mpod. a1-p unx. ['eopru I1aBmos/
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1. Brief biographical data and professional profile

The doctoral candidate M.Sc. Eng. Georgi Ivanov lvanov was born on September 23,
1992. He completed his secondary education at the John Atanasov Sofia Professional High
School of Electronics, specializing in "System Programming." In 2018, he graduated with a
Master's degree in Electrical Engineering from the Technical University of Sofia. In the
same year, he was enrolled as a doctoral student in the field of Electrical Engineering,
Electronics, and Automation, with a scientific specialty in Electrical Apparatus. The topic of
his dissertation is "Electrical and Thermal Insulation Systems for Superconducting Electrical
Apparatus,” under the supervision of Prof. Dr. Eng. lliana Yordanova Marinova and Prof.
Dr. Eng. Valentin Mateev Mateev. He was granted the right to defend his dissertation by the
Rector of the Technical University of Sofia, Order No. 223/24.01.2023 and NeOX-5.2-52
of 24.06.2024.

From 2016 to the present, he has been working as an "Electrical Machines and
Apparatus Engineer" at CERB TRAFO Ltd., where his main activities include the design,
optimization, technical diagnostics, and technological control of power and special
transformers for high wvoltage. He also prepares construction and technological
documentation. He received a gold medal for "Comprehensive Diagnostics 'Passportization’
of Power Transformers" at the 76th International Technical Fair in Plovdiv, in collaboration
with CERB TRAFO Ltd.

M.Sc. Eng. lvanov has excellent computer literacy, with proficiency in specialized
software products, expert-level English, and good-level French. His in-depth knowledge in
the field of electrical equipment, the theory and operating modes of electrical machines and
apparatus, as well as modern software for the study and analysis of these processes, has
contributed to the development of the current dissertation and its focus on a relevant and
promising topic.

2. Relevance of the material in the dissertation in terms of scientific and applied
scientific aspects



The topic of the dissertation (DT) is relevant and is dedicated to exploring the modern
possibilities of applying high-temperature superconductivity in electrical engineering and the
creation of various electrical equipment components with improved parameters and
characteristics, such as low electrical losses, strong magnetic fields, high current density,
and more.

Technological advancements in this field offer real opportunities for the development
of a new generation of HTS-2G superconductors, which operate at liquid nitrogen
temperatures, enabling the construction of electrical devices with desirable characteristics.
Superconductivity has broad applicability in all areas of energy, industry, transportation,
medicine, and others.

In the DT, the fundamental processes during the testing of various purpose-built
models of superconductors are studied and modeled analytically and experimentally. The
complex processes in superconducting systems require specific approaches to modeling
electromagnetic, thermal, fluid, and mechanical fields, as well as their interaction and
analysis. This allows for the modeling and design of next-generation machines and apparatus
with desired superconducting characteristics. In this field, computer modeling provides
extremely broad possibilities for investigating fields and processes.

In the development of the DT, modern methods for analytical and experimental
research, measurement, and analysis of the properties of the tested products were used, along
with contemporary software products for modeling and optimizing these processes.

The methods created, the analytical and experimental research conducted, and the
results obtained, in my opinion, will find wide application in the educational process, as well
as in various technical fields. They will expand the possibilities for the study and analysis of
the technology for testing superconducting materials.

In this regard, | believe that the development has a high degree of relevance in both
scientific and applied scientific aspects.

3. Analysis of the structure and content of the dissertation

The dissertation is developed over 122 pages of text, figures, and tables. Its structure
includes a brief introduction, six chapters, with conclusions formulated after each chapter
concerning the research conducted and the results obtained. At the end of the first chapter,
the main objective and the tasks to be carried out in the dissertation are outlined. The work
also includes claims for contributions, a report on the presentation of the results from the
dissertation, and a bibliography containing 137 sources in Cyrillic and Latin scripts. At the
beginning of the dissertation, a list of figure titles is provided, and acknowledgments are
expressed.

4. Degree of understanding of the problem's current state and creative
interpretation of the Literature.

M.Sc. Eng. Georgi lvanov demonstrates in-depth knowledge of the topic addressed in
the dissertation. In the first chapter, which essentially serves as a literature review of the
state of the problem, various possibilities and technologies for the construction and
application of superconducting materials based on copper oxides are discussed. This
includes second-generation superconducting wire conductors operating in a liquid nitrogen
environment and the possibilities for designing and manufacturing superconducting
electrical machines and apparatus. An analysis is made of the application of these devices in



energy and industry, and the problems they could address related to their improved
electromagnetic, thermal, and insulation characteristics.

From this analysis and the conclusions drawn, the objective and main tasks of the
dissertation are formulated. This also determines the direction of the further research work in
the dissertation. Methods for investigating and testing different types of superconducting
materials have been developed, and an analysis of their main parameters and characteristics
has been conducted.

In my opinion, the author appropriately assesses the level of development and the
problematic issues in this field and, on this basis, precisely formulates the goal and tasks of
the dissertation, as well as the further research in the development.

5. lignment of the chosen research methodology with the stated objectives and
tasks of the dissertation

In the subsequent chapters of the dissertation, in accordance with the set tasks, theoretical
models of two-dimensional and three-dimensional electromagnetic, thermal, and fluid fields
of the studied electrical apparatuses have been developed. For calculating the
electromagnetic characteristics of the examined superconducting electrical apparatuses, the
finite element method has been used. Methods for investigating thermal and fluid processes
applicable to all types of superconductors have been developed. Second-generation
superconducting wire conductors have been reviewed and studied. The HTS-2G wire
superconductors examined in the dissertation were provided by leading manufacturers—
Fujikura, Japan, and SuperOx, Russia.

Through analytical and computer modeling, the electromagnetic characteristics of HTS-
2G wire conductors for cryogenic nitrogen temperatures have been investigated and
analyzed, leading to valuable conclusions and findings. Models have been developed for
studying thermal and fluid processes in power HTS cables and dynamic superconducting
electrical devices under static and dynamic conditions. The obtained results are presented in
tabular and graphical form in the dissertation. Detailed conclusions and findings have been
formulated. During the research, several specific processes and loads on the studied
materials have been identified, which will have significant practical applications in the
future. The insulation and thermal insulation characteristics of these materials have also been
examined.

The experimental setup created for this purpose is shown, and a large number of
composite materials have been investigated. Many of the obtained results have been
published. A hybrid superconducting system of coils with and without magnetic cores has
been designed and manufactured. A transformer has been tested at room temperature and in
a nitrogen environment. Detailed conclusions from the conducted tests have been
formulated.

The sequence in the research approach, the results obtained, and the analyses confirm
that the chosen methodology is correct and provides an adequate response to the main
objectives and tasks formulated at the end of the first chapter of the dissertation.

6. Brief analytical characterization of the nature and evaluation of the credibility
of the material on which the contributions of the dissertation are based

The credibility of the material presented in the dissertation is high and is related to the
manner in which the overall investigation of the problem is conducted and the main results



are presented. The dissertation is developed in a concise and logical manner. The author
performs a critical analysis and identifies the main problems in existing methods for
researching contemporary superconducting materials, proposing new approaches to address
these issues. Opportunities for expanding the scope and improving the quality of research on
the main parameters of superconducting materials through analytical and computer
modeling, as well as experimental investigation, have been explored.

To this end, electromagnetic and thermal computer models have been created for
studying hybrid superconducting inductive systems. Models have been developed to
investigate the operating characteristics and inductive parameters of real second-generation
high-temperature superconducting wires, aimed at designing superconducting electrical
devices for cryogenic nitrogen temperatures. Computer models with concentrated and
distributed parameters have been created. Models for determining electrical and thermal
losses under alternating current in high-temperature second-generation superconducting
wires have been developed to aid in the construction of superconducting electrical devices.
The development is thorough and comprehensive, examining all the main processes and
parameters in the proposed objects, providing valuable scientific information in this new and
promising field of technology.

The created models and software products can be used for conducting scientific
research, in practice, and for teaching students from various specialties. The laboratory
facilities of the department have been expanded and upgraded, which will undoubtedly
enhance the quality of the educational process, scientific research activities, and the
capability to test various objects.

The truthfulness and credibility of the development are further confirmed by the fact
that all proposed methods, conducted research, and analyses have been implemented with
specifically created real objects and materials.

7. Scientific and/or applied contributions of the dissertation. nature and
significance of the contributions

The author of the dissertation has formulated 7 summarized scientific and applied
contributions, with which | essentially agree.

The work is conducted at a high scientific level, utilizing modern software products
and measurement techniques. The proposed analytical models have been tested in simulation
environments such as COMSOL and ANSYS-MAXWELL, demonstrating a high degree of
accuracy. The applicability of the created software products for studying real objects has
been proven and is highly effective.

The main contributions of the presented comprehensive work in the dissertation can
be summarized as follows:

e Demonstration of significant new aspects in existing scientific problems and theories
using novel methods.

e Creation of new classifications, research methods, technologies, and management
systems.

e Acquisition of confirmatory facts.

The results obtained represent an original contribution to both science and practice.
The applicability of the results from the doctoral research is high. I believe that the presented
scientific and applied development and the results obtained are the author's own work,
reflecting his deep knowledge in the field of electrical machines and apparatus theory and



superconducting technologies. | have not identified any plagiarism or use of materials from
other authors.

8. Assessment of the degree of personal contribution of the doctoral candidate in
the contributions

| assess the degree of personal involvement of the author in the formulated
contributions as very high. The publications, their authorship, and the forums where they
were presented demonstrate that the stated contributions are either the author's sole work or
were made with decisive personal involvement.

9. Assessment of the publications related to the dissertation.

Regarding the procedure for obtaining the academic degree of Doctor, the doctoral
candidate has presented a total of 9 publications, all of which are refereed and indexed. The
publications are in journals that are refereed and indexed in internationally recognized
scientific databases (Scopus) and are written in English. All of the doctoral candidate’s
publications are co-authored with his two scientific supervisors. In 5 of these publications,
he is the first author, while in the remaining ones, he is the second author. The publications
reflect the most significant and substantial parts of the presented material.

10. Applicability of the results from the dissertation

The conducted research, the developed products, and the obtained results, in my
opinion, will have significant applications in the fields of electrical engineering, power
supply, transportation, and other areas. This supports the claim that the candidate possesses
the ability to formulate engineering problems and conduct independent scientific research.

| believe that the presented dissertation represents a thorough scientific research
development with a high degree of relevance. The applicability of the obtained results is
substantial.

11. Opinions, recommendations, and remarks on the Dissertation
| have no remarks. My recommendations to the candidate are:

e To continue their research work in this promising field of technology.
e To actively work on expanding student education in this area of technology.
e To structure and consolidate the content of the dissertation into a textbook format, so
it can be used in the educational process and by practitioners.
In my opinion, the scientific and practical value of the presented dissertation is significant.
The research is current, and the developed methodologies and obtained results are expected
to have broad applications in various fields of technology and in the educational process.

11. Conclusion

| believe that the dissertation, in terms of both scope and significance of the research,
represents a thorough and comprehensive research development and fully meets the criteria
and requirements outlined in the Act on the Development of Academic Staff in the Republic
of Bulgaria (3PACPB) regarding volume, structure, and content.



The doctoral candidate, Mag. Eng. Georgi lIvanov Ivanov, with the presented
dissertation on the topic: "Electrical and thermal insulation systems for superconducting
electrical apparatus™ fully meets the requirements of the ,3PACPB* and its applicable
regulations and can be admitted to a public defense.

| propose to the esteemed Scientific Jury to award Mag. Eng. Georgi Ivanov lvanov the
educational and scientific degree of "DOCTOR" in the professional field 5.2 "Electrical
engineering, electronics and Automation,"” scientific specialty "Electrical apparatus*

30.08. 2024 r. Prepared the review: ...
/ Prof. DSc. Eng. Georgi Mitkov Pavlov /
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