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PELIEH3USA

BBPXY AUCEPTAIMOHEH TPy 3a IpHI00HMBaHE Ha 00pa30BaTEIHA U HAyYHA CTEIICH
,»,JlOKTOp* B 001acT Ha BucIIe 00pa3oBaHUE ,,] eXHUYECKH HAyKH",
npodecuonanHo HanpaBineHue 5.2 ,,EnekTpoTexHuUKa, €IEKTPOHHKA U
aBTOMaTHKa“, Hay4Ha cnenuanHoct 02.20.02 ,MukpoenexkTpoHuka“
Aemop Ha oucepmayuonnus mpyo: war. uax. Mupocnas Kpacumupo AHapees

Tema na oucepmayuonnus mpyo: IlpoexTrpaHe 1 u3cjaeaBaHe Ha 3apsAaHA CHCTEMA
3a EIEKTPOMOOIH

Peyenzenm: mpo¢. p-p umx. EnmcaBera [ummrpoBa ['amkera, TexuHmuecku
Yuusepcurer — Codust

I. AkTyajHoCT Ha pa3pa0oTBaHHS B JHCEPTANMOHHUS TPYyA mpobjeM B
HAYYHO ¥ HAYYHONPUJIOKHO OTHOIIeHHe, CTeleH M HUBA HA aKTYAJTHOCTTA HA
npo0JjieMa ¥ KOHKPeTHUTE 3aa4H, pa3padoTeHn B JHCEPTANHATA

PaszpaboTkara ¥ W3MON3BaHETO Ha EJIEKTPOMOOMIM Ce yBelndaBa
HENPEKBCHATO B CBETOBEH Mamad B pe3ysTaT oT peauna GakTopu, KaTo CTPEMEXKBT
3a NpWIaraHe Ha Y¥CTH €KOJIOTUYHH KOHIICTIIIMU, BE3MOXHOCTTa J1a Ob/ie CBeeHa
JO MHHHMMYM 3aBHCHMOCTTa OT MW3KOIIaeMH TIOpHBa, HaMasIBAHETO Ha
3aMBPCABAHETO HA OKOJIHATA CPEAa M Bb3yXa, OrPAaHUYaBAHETO HA MAPHUKOBUTE
€MHCHHM ¥ W3MEHEHHETO Ha KiuMara. M3mon3BaHeTO Ha EIEKTpOMOOWIUTE €
CBBEP3aHO C paslIMpeHHe Ha MH(pacTpyKTypara 3a 3apexJaHe M INpHiaraHe Ha
CTpPATEeTUH 34 UHTEIIUTCHTEH KOHTPOJI 3a 3a/IBIDKBAHE.

JucepranvoHHUAT TPYA € B 06eM oT 162 cTpaHUIIK U BKIIOYBA YBOI, 4 IVIaBH,
CIMCHK HAa OCHOBHHUTE IIPHMHOCH, CIIUCHK Ha MyOMUKAIMUTE MO JUCEpTAaIUiITa U
U3II0JI3BaHa JIMTEPATypa, KOSITO BKIIOYBA 0010 153 muteparypHu M3TOYHHUKA.

B®3 ocHOBa Ha mperiel Ha OCHOBHUTE THUIIOBE 3apsiJHH CTaHIMK 3a
ENEKTPOMOOMIIY, B AMCEPTalUATa Ca OMPEACTICHH NMapaMeTPHTE Ha OTACITHHTE
OnoKoBe OT 3apsgHaTa cucreMa 3a Obp3 3apsaid, B CHOTBETCTBHE C YTBHPACHHUTE
MEXIYHApOAHU CTaHOApTH, W3MON3BaHM Ipu enekTpomobmiure. OleHkara Ha
HOBOBB3HHMKBAIIUTE TEXHOJIOTHHU, CTPATETHH 32 KOHTPOJ U OBACIINUTE TCHACHIIUU B
3apsJHUATE CUCTEMH 32 €JIeKTPOMOOUIN Ca OT ChIIECTBEHO 3HAYECHUE 3a ONIPEIEIIIHE
Ha ONTHMAJIHM CTOMHOCTH Ha IMapaMeTPUTE NPV HAMHUPAHETO HA HOBU PEIICHUS U
nofob6peHus. Be3 ocHOBa Ha TOBa m3cienBaHe ca (GOPMYIMpPaHH IIEITA U 331a9UTe
Ha JMCEPTaIIOHHUS TPYI.

L]enma na nacmoswusa oucepmayuorer mpyo € U3BbPIIBaHE HA MOAEIUPAHE,
IPOEKTHPaHE U U3CIICIBAHE HA 3apsIHa CHCTEMa 32 OBp3 3apsy 3a eNEKTPOMOOUIH,
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peanusupaHa Ha 0azaTa Ha MHUKpOTra3oBa TypOMHa ChC CHHXPOHEH T'€HEparop ¢
IIOCTOSHHU MarHUTHU ¥ CYTIEPKOHIECH3aTOP.

3a mocTUraHe Ha IIOCTaBEHaTa Liel aBTOPBT € GopMmymupan 3adayu Ha
oucepmayuoner mpyo, CBbp3aHH C Ipe/JiaraHe_Ha CXEMHH PELICHHS 32 PeaTi3alis
Ha TONOJOTMM Ha CWIOBU IpeoOpa3yBarend, CYHNEPKOHACH3aTOpU M XUOPHIHU
CHCTEMH 33 CBXPAHCHHE HAa CHEPIUs; NPOEKTHPAHE, KOMIIIOTHPHO MOAEIUPAHE H
U3CIECBAaHE HAa IIOCTOSIHHOTOKOB IIpeoOpasyBaTesl ¢ KOMyTamys IIpH HYJIEBO
HallpeXXCHHE, KAKTO M 3a YIpaBlIeHHE HAa W3CIEABaHUTE IpeoOpa3yBarTeiy;
pa3paboTKa Ha MOAXOAU 3a MOJEIHMPaHe U U3CIIeBAHE Ha 3apsAaHa CHCTEMa 3a Obp3
3aps] M Ha 3apgAgHa CcHUCTeMa, OasupaHa Ha MHKporasoa TypOuMHA W
CyTIEpKOHICH3aTOP.

Bcunaxo TOBa ompezens akTyalHOCTTa Ha M3CIIeBaHus Ipo0IeM.

ABTOpPBT Ha AWCEPTALMOHHUSA TPYA € (GOPMyIHpall LEeId U 3aJa9d, KOUTO Ca
aIeKBaTHH M CBHOTBETCTBAT HA H3UCKBAHMATA HA JUCEPTAlMOHEH TPyH 3a
npusoOrBaHe Ha 00pa3oBarenHaTa U HaydyHa CTereH ,,Jlokrop”.

2.Ctenen Ha mNO3HABaHe CLCTOSTHHETO HA NpPO0JeMa M TBOpPYECKA
HHTEPHIpeTAnHs HA JINTEPATYPHHSI MATEPHAJI

JlokTtopanTsT Mar. wuHX. MupociaB Awnjapees [I03HaBa JETalIHO
CHBPEMEHHOTO ChCTOSHHUE HA PEIIaBAHUTE IPOOJIEMHU, KOETO MY € 1aJI0 BB3MOXKHOCT
3a1b1004Y€H0, KOMIIETEHTHO W TBOPYECKM Ja WHTEPIpPETHpAa M TpUiIara
JUTEPATyPHUS MaTepHaJl.

3HauuTeNHa 4YacT OT IyONMKaIMuTe OT U3MOoJ3BaHaTa JIMTEparypa B
JVCEPTALMOHHMS TPY/ Ca OT IOCICAHUTE TOAMHY U Ca IPEICTAaBCHH HAa PEHOMUPAHIT
MEXTyHapOAHU (GOPYMH.

3. CroTBeTCTBHE HA M30PAaHATAa METOAUKA HA M3CJIEIBAHE C IOCTABEHATA
mes M 3294 Ha ANCePTALMOHHNAA TPYI

OTnM4YHOTO O3HABaHE HA AKTYAIHOTO CHCTOSIHUE HA M3CJIEIBAHKUTE ITPOOIeMH,
3a1BIO0YCHUTE TO3HAHUA, CBBP3aHH C METOAWTE 3a IMPOCKTHpAaHE, aHaiu3 |
ONITMMHU3all¥sl Ha YCTpOiicTBara, IIO3BOJIBAT Ha JIOKTOpaHTa Ja pa3paboTd
OPUIMHAJIHYA KOMIIOTBPHH MOJENM Ha YCTPOWCTBaTa, Ja Momdepe W TPHIIOKH
e(eKTMBHU METOIMKY 3a U3CIIEIBAHE, KAKTO U Ja alpoOHpa MOIyICHUTE PE3yJITaTH.
N3bpaHara OT NOKTOpaHTa METOAWKAa Ha H3CIEMBAHE € B CHOTBETCTBHE C
IIOCTaBEeHATa Ll U 33Ja4y Ha AUCEPTAllMOHHUA TPYA M € MO3BOIMIA Te Aa ObJar
IIOCTUTHATHU U PEIIEHU Ha BUCOKO HHUBO.
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4. KpaTka aHaIWTHYHA XapaKTEePHCTHKA HA €CTECTBOTO W OHEHKAa Ha
JAOCTOBEPHOCTTA HAa MAaTepHa/ia, BbPXY KOHTO ce rpagAT NPHHOCUTE HA
ANCepTALMOHHMSA TPYH

W3BBpHICHO € 33ABJIO0YCHO JINTEPATyPHO POYYBAHE HA TEKYILIOTO CHCTOSHHE
Ha TEXHOJIOTHATA 3a 3apEKAAHE M HAa OCHOBHUTE H3UCKBAHMA KBbM 3apsSOHUTE
craniyy. HanpaBeH € cpaBHUTENCH aHAIN3 Ha pa3IMYHUTE HUBA Ha 3apekIaHe Ha
enekTpoMoOmiu. M3BbpIIEHWTE UW3CHEABAaHHS IIOKA3BaT, dYe OI[EHKara Ha
HOBOBB3HUKBAIIUTE TEXHOJOIHH, CTPATeTMHd 3a KOHTPOJI M TEHACHLUH IIPH
pa3paboTka Ha 3apAOHATE CHUCTEMH 3a EJIEKTPOMOOMIM ca OT M3KIIIOYUTEIHA
Ba)XHOCT 32 OIpPEENIHE HAa CTOMHOCTUTE Ha TapaMeTPHUTE IPU HAMUPAHETO Ha HOBH
peleHus 1 mogoOpeHuUs.

B®B BTOpa IMaBa € U3BBPIICHO U3CIEABAHE U aHAIHM3 Ha CXEMHU PEIICHUS U
TOIIOJIOT MY HA 3apsSAHU YCTPOMCTBa, MHTETPUPaHU B 3apsIHU cTaHnuu. Paspaboren
€ MOJEN Ha 3apsAgHa CHUCTeMa, II03BOJIABAlla HOPMAJIEH M YCKOPEH 3apsj.
W3cnenBann ¥ aHaIM3UpaHU ca CYNEPKOH/IECH3aTOPUTE KATO PEIIeHHE 3a OBP30
3apeklaHe 3a KpaTko BpeMe, KakTO M XUOPWIHM CHCTEMH 3a ChXpPaHEHHE Ha
€Heprusl.

B Tpera miaBa e mpoektupan u usciensad ZVS mnonmkapan; DC-DC
npeoOpasyBaTel € pEeXUM Ha YIpaBIeHHE Ha NpENCcKa3Bal] ITHKOB TOK.
IIpennoxeHuAT NOAXOM JOKa3Ba BUCOKATa €()EKTUBHOCT U MPEIM3HO YIPABICHUE
Ha IpeoOpasyBareli, KOETO Ce MOTBBPXKIaBa M OT IOIYYEHHTE PE3YJITaTd IpH
IPOBEACHUTE CUMYJIalluy Ha Mofena. Pa3paboTeH e onmpocTeH Moies Ha CUCTeMa 3a
3apexJaHe, CHMYIUMPaHa B HOPMAJICH W YCKOPEH pPEXHM Ha 3apeKHaHe.
Jedunupanu ca napaMeTpuTe Ha CHCTEMATa 3a 3apeXkIaHe U Mozieia Ha OaTepuira,
32 Ja ce Molydar MOAXOAAmM (yHKIHMU 3a yhnpaBicHWe Ha Oarepusra.
IIpenmoxeHUAT OAXOA € IOJIE3€H IpU MHKEHEPHOTO MPOEKTHPaHEe Ha CHCTEeMara,
HEWHOTO BaJMIUpaHE U Ch3JaBaHe HA IPOTOTHIIH.

B ueTBBpTa IMaBa € pa3paboTeH MoJeN Ha 3apsjiHa CUCTeMa 3a Obp3 3aps] Ha
enekTpoMoOwiy, 6a3upaHa Ha MHKPOTra30Ba TypOWHA 3a TEHEPUpPAHE Ha €HEPTHU U
CyIEpPKOHIEH3aTOp. M3cienBaH € ISUIOCTHHAT MOZEI Ha 3aps(Hara CUCTeMa IpU
pasiuyYHM LMKIM Ha 3apexnaHe. BammaHocTra Ha pa3paOOTEHHUTE MOIEIH €
IIOTBBPJICHA Upe3 CHOTBETHU cuMynaiuu. [IporpaMHara peamusaiys € H3BbPIICHA
B cpenara Ha nporpamuute cuctemu Cadence/PSpice 1 MATLAB cne Simulink.
ITomydenute cUMyIalMOHHU PE3YATaTH MOTBBPXKAABAT pabOTOCIOCOOHOCTTa HA
cucTeMara.



S.HayyHu W/HWIM HaAYYHONPWJIOKHM M TNPHIOKHH IPHHOCH Ha

AUCEPTANHOHHUS TPYA

CurraMm, 4e MPUHOCUTE UMAT HAYYHO-TIPWIOXKEH M IMPHUIIOXKEH XapaKTep U

Morar ga ce KiacHu(uIMpaT KaTo Ch3JaBaHC Ha HOBH METOAM 3a H3CICIBaHE,

Kinacu(pUKaIMy, KOHCTPYKIWH, TEXHOIOTHH U cxeMu. Te Morar fa Obpaat 06001meHn

KaKTO CJIE/BA:

« Ilpoextupan e¢ ZVS DC-DC mnoHmxkaBam mpeoOpasyBaTel ¢ PEXUM Ha
yIIpaBJieHHE Ha MPEeICKa3Ball MUKOB ToK. Pa3paboTeHa e cucTeMa 3a ynpaBlieHHe
Ha MW3CIEABAHUTE MpeoOpasyBaTeld, KOATO Moke Jda Obple peanusupaHa B
MHTETPATHO U3IIbIHEHHE.

+ Pa3pa0oTeH € u € U3C/IeABaH KOMIIOTHPEH Mozel Ha mpoextupanus ZVS DC-DC
npeobpasyBaren B cpemara Ha mporpamure OrCAD/PSpice m MATLAB/
Simulink, karo ca NOJy4YeHM OCHOBHWUTE XapaKTEPUCTHKH Ha CXEMHTE B
3aBHCHMOCT OT PEXXHMa Ha paboTa 1 OCHOBHHUTE IIapaMeTpH Ha IpeoOpasyBaTei,

- Pa3paboreHu ca 1moaxoau 3a MOACIUpaHe U U3CIEABAHE Ha 3apsAHa CTaHIHA 33
OBp3 3apsz;

« Pa3paboTenu, U3ClIeIBaHA M aHATU3UPAHU Ca MOJEIN Ha MUKpOra3oBa TypOuHa,
DC-DC npeobpazysaren u PMSM reneparop;

 Pa3paboteH e MozenHO-0a3upaH NOAX0A 3a IPOEKTUPAHE HAa ABTOHOMHA 3apsiHa
CTaHIIMS 32 EIEKTPOMOOWIN ¢ MUKpOra3oBa TypOMHA M CyNEPKOHACH3aTOp IPH
pa3muuan ToBapHHM npodwmm. IlpeanoxeHa e oNTUMU3ALMOHHA IIPOLENypa 3a
ONpeIesIHE Ha MHHAMAlHAaTa CTOMHOCT Ha CYyNEpPKOHIEH3aropa, KOSTO
rapaiTapa paboTOCIOCOOHOCTTa Ha cucTeMara. Pa3pabOTCHHAT IOIXOZ
IIO3BOJISIBA J1a CE OIPEAEIIAT CTOMHOCTUTE Ha BCUUKH €IIEKTPUYECKY U MEXaHWYHU
BEIMYMHY U JIa C€ HAIPaBU ONTHMAJIEH U300p IO OTHOIICHHE HA TOIIOIOTHHUTE
Ha CHJIOBUTE €JIEKTPOHHH YCTPOICTBA M €JIEMEHTY HAa BEpHUrara.

CunraMm, ye TOyYEHUTE PE3YITAaTH Ca OPUTMHAIHY ¥ HAIIbJIHO CHOTBETCTBAT

Ha M3MCKBAHUATA 32 JUCEPTALMOHEH TPy 3a nmpuaoOuBaHe Ha oOpa3oBaTeaHaTa U

Hay4Ha CTeneH ,,JIokrop".

6. OneHka 3a cTeNneHTa HA JTUYHOTO yYacTHe HA AMCEePTAHTa B IPHHOCHTE
PaGorara Ha HOKTOpaHTa ce XapaKTepH3upa ChC 3aABJIO0YEHO MO3HAaBaHe Ha

CHBPEMEHHOTO CBHCTOSHHE Ha IMpOOJIEeMUTE M 3HAYUTENHHM ITOCTUTHAaTU OT HETO

pesynrard. JluuHMTe My TPHHOCH C€ INOTBBPXIABaT ©u OT (akra, de

caMocToATeIHaTa My IyOmukanus [4], npencrasena Ha IEEE kxondepenuus u

pedepupana B Scopus, € BHCOKO OIIEHEHa OT HaydyHaTa OOIDHOCT M HMMa 25

HE3aBHCUMH LIUTUPAHUS B PEHOMUPAHU MEXTyHAPOAHU W3JaHus. Bcuiko ToBa MM
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JlaBa OCHOBaHME J]a IIpHEMa, Y€ AUCEPTALMOHHUAT TPYX M IPHHOCUTE B HETO Cca
JWYHO JI€JI0 Ha KaHAWZara.
7. IlpeneHka Ha Ny0JMKAIMUTEe IO ANCEPTALMOHHMA TpyA: Opoi,

XapaKTep Ha M3IAHHATA, B KOUTO ca ornedyaranu. OTpaxkeHue B HayKaTa —
M3MO0JI3BaHEe H NUTHPAHE OT APYrH aBTOPH, B APYrH jJadopaTropuu, CTPaHU U

mp.

ITo aucepTanUOHHHS TPYH Ca HampaBeHH 5 myOmukanuuy, or KouTo 4 ca
[PEACTABEHH Ha MEXKIYHAPOAHU HaydHH (OpyMH U €IHa € B CIMcaHue y Hac. Tpu
OT IMyONHKAIMKTE ca AOKJIATU Ha HayIHH KOH(pEpeHIUH, NHAEKCHpaHu B Scopus,
€IHa CTaTHs € MyOJIMKyBaHa B CIHCAHUE B 4yxKOMHA ¢ UMIakT dakrop 3,252 u €
uHnexcupana B Scopus u Web of Science, enHa cratus € HMHAEKCHpaHa B
pedepupaHo crucaHue y Hac:

- Joknajx Ha MexayHaponHara konGeperuus 41st IEEE International Spring
Seminar on Electronics Technology(ISSE), (IEEE, Scopus) ;

- nmoknan Ha MexayHaponHata koH(epenmus IEEE XXVIII International
Scientific Conference Electronics (ET), (IEEE, Scopus);

- JoKianx Ha MexayHapoxHara koHbepenmus 11th National Conference with
International Participation “Electronics 2020, (IEEE, Scopus)

- crarusg B crmcanuero Energies, 2022, Vol. 15, No. 21(SCOPUS u Web of
Science) (IF=3,252)

- crarua B cunucanuero Forum Electronica - mnnexcupana B pedeprpaHo
CIIMCaHue.

CmopaBkara B Scholar Google mokassa, ye KM AHEIIHA J]aTa TyONIUKAI[MUTE HA
IOKTOpaHTa uMar 48 He3aBHUCHMHU LUTHUpPaHUSA B IMyONMKalWU, IIPEICTAaBEHU Ha
aBTOPUTETHH MeXTyHapoaHu popymu. OCHOBHUTE PE3YATaTH Ha TUCEPTALAOHHM
TPYA Ca TOCTOSIHUE Ha ObJTapcKaTa U MEeXIyHapoaHa HaydHa OOITHOCT.

8. M3mos13BaHe Ha pe3yJITATHTE OT JMCEPTALMOHHMSA TPYA B HAy4YHATa U
conMaJHATA MpakTukKa. Hajinymne Ha MOCTUIHAT NMPAK NKOHOMU4YeCKH eeKT U
np. JlokymeHTH, Ha KOUTO Ce 0CHOBaBa TBHPAECHHUETO.

W3BbpiieHUTEe U3CICABAaHMS, CBBpP3aHU C MPOEKTUPAHE, KOMIIIOTBPHO
MOZAENVMpaHe M ONTHMH3AIMA Ha IIapaMETpPUTE Ha 3apAOHUTE CHCTEMH 3a
EJIEKTPOMOOIIIM, UMAaT CBOATA IPAKTHYECKa NPHIOKHMOCT [P HAMHPAHETO Ha
HOBHU pELIECHUS U TIOAOOpEHNS IIPU TAXHATA pa3padoTKa.

Y0enuTemHO MOTBBPXKACHHE 32 BHCOKAaTa OIEHKA M aKTyalnHOCTTa Ha
IOCTUTHATUTE OT JOKTOPAHTa PE3yITaTH € 4e BCHUKUTE 48 IUTHPAaHUA Ca IPE3
nociaenaute 4 roqua, karo 18 ot Tax ca ot 2023 r. Hacam.

Hsma mpencraBeHM JOKYMEHTH 32 y4acTME Ha JOKTOPaHTa B HAydHO —
M3CJIEI0BATENICKU TOTOBOPH U POEKTH.
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9. OmeHKa HA CHOTBETCTBHETO Ha aBTOpedepara ¢ M3MCKBAHHATA 32
M3rOTBAHETO My, KAKTO M HAa aJicKBATHOCTTA Ha OTpa3siBaHe HA OCHOBHHTE
MOJIO3KEHHS ¥ IPUHOCHTE HA ANCEPTALHOHHHSA TPYI.

ArtopedeparsT € B 00eM 0T 32 CTpaHMIM M € M3TOTBEH CBHIJIACHO
M3UCKBAaHUATa. B Hero ca mokasaHH INIABHUTE NOCTYDKCHHA HAa NUCEPTAIlHOHHHUA
Tpyd. Cunram, de ToH 0Tpa3sBa MPaBUIHO HAYYHWUTE NPHHOCH HA JHCEPTAIIMOHHUA
TPYA.

10. MHeH¥usl, NPeNOPBKH U OeIeKKH

HsmMaMm coiiecTBeHH 3a0€IeXKH KbM TIPEACTaBEHMS JUCEPTALMOHEH TPYI.
K®M Hero umam ciiefHUTe OEIeKKHU:

1. Hagnucure B GIOK-CXEMHUTE HA YacCT OT (UIypUTE ca HA aHIIMHCKHU €3HK.

bu Tps6Baio na ce mpeBeaar Ha ObITapCKu €3UK.

2. Hsaxou OT IMTEpaTypHUTE U3TOUHHUIYM HE Ca LIUTUPAHHU B TEKCTA.

IMpenopbkaTa MU KM JJOKTOPAHTa € M B ObJEIIE Aa IPOABIDKH YCIEIIHATA CH
Hay4YHO-HM3CJICI0BATEIICKA AEHHOCT, CBbpP3aHa C IPOEKTUPAHE, aHAIIN3, KOMITIOTBPHO
MOJIEJIUPAHE U ONITUMHU3AIMS Ha 3apsSIHU CUCTEMH 32 €JIeKTPOMOOHIIN.

11. 3aki0yeHne ¢ SICHA MOJIOXKHUTEJHA WJIM OTPULATE]HA OLIEHKAa Ha
AUCEPTALHOHHNSA TPYA

CuuraMm, 4ye MOJydYeHHTe OT Mar. MHX. MupocnaB Kpacumupos Anjapees
pe3yaTaTd Cca OpPUTHHAJIHM U HAIBIHO CBOTBETCTBAT HA H3MCKBAaHHATA 3a
IVCEpTaliOHEH TPyX 3a IpupoOmBaHe Ha 0OpasoBaTelHAaTa M Hay4Ha CTCIECH
»Jokrop". Pa3paboTkure B gucepranusaTa ca ONHCAHH KOMIIETCHTHO H B
Heo0X0omMMara IIbIHOTa, W3BOAMTE U 3aKIIOYCHUATA ca MHOTO J0Ope MMOCTPOCHH K
apryMmeHTupanu. JuCepTanuoHHUAT TPy oTroBaps Ha u3nckBanuaTa Ha 3PACPD,
[TpaBmiIHKKA 3a TpHUJIaraHe Ha 3aKkoHa U ChOTBeTHHS [IpaBuinHuK Ha TexHUYECKUA
yHuBepcureT - Codusl.

[TomyyeHnTe B AMCEPTALIMOHHUSA TPYA HAYyYHO-IPWIOXKHHA M IIPHIOKHHU
IPUHOCH, JEMOHCTPHPAHHTE BHCOKO 00pa3oBaTeIHO HHMBO M HaTpyIaH
TEOPETHYECKU U M3CJICAOBATEIICKY OMUT C MOCTUTHATU M MPAKTUYECKH PE3y/ITaTH B
eIHa aKTyajHa O0JIacT, MU JaBaT JOCTaThYHM OCHOBAHUSA yOEIEHO Aa Mpernopbyam
Ha YBa)kaeMOTO JXKypH Jla IPUCHIN Ha Mar. uHx. Mupocinas Kpacumupos AHApeeB
oOpasoBareliHaTa ¥ Hay4Ha CTelleH ,,JIokTop® B 00nacTTa Ha BHCIIE 0Opa30BaHUE
,JEXHHYECKH HayKH'‘, MpodeCHOHaIHO HampaBieHue 5.2 ,,EmexTporexHuka,

€JIEKTPOHUKA )54 aBTOMaTHKa®, Hay4dHa CIIEIUATHOCT 02.20.02
,»MUKpOETEeKTPOHUKA .
Tara: 05.04.2024 rop. PelieH3eHT: (/m_)

(mpod. a-p umx. Emucasera 'ampkesa)
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REVIEW

on dissertation for obtaining the educational and scientific degree "Doctor" in the
field of higher education "Technical Sciences", professional field 5.2 "Electrical
Engineering, Electronics and Automation", scientific specialty 02.20.02
"Microelectronics"

Author of the dissertation: M.Sc. Eng. Miroslav Krasimirov Andreev

Dissertation topic: Design and research of a charging system for electric vehicles
Reviewer: Prof. Dr. Eng. Elissaveta Dimitrova Gadjeva, Technical University of
Sofia

1. Relevance of the problem developed in the dissertation in scientific and
applied science. Degree and levels of relevance of the problem and the specific
tasks developed in the dissertation

The development and use of electric vehicles are constantly increasing
worldwide as a result of a number of factors, such as the drive to implement clean
ecological concepts, the possibility to minimize the dependence on fossil fuels, the
reduction of environmental and air pollution, the limitation of greenhouse emissions
and climate change. The use of electric vehicles is linked to the expansion of
charging infrastructure and the implementation of intelligent drive control strategies.

The dissertation is 162 pages long and includes an introduction, 4 chapters, a
list of main contributions, a list of dissertation publications and references, which
includes a total of 153 literary sources.

Based on an overview of the main types of charging stations for electric
vehicles, the dissertation defines the parameters of the individual blocks of the
charging system for fast charging, in accordance with the established international
standards used in electric vehicles. The assessment of emerging technologies,
control strategies and future trends in EV charging systems are essential to determine
optimal parameter values in finding new solutions and improvements. Based on this
research, the aim and tasks of the dissertation work are formulated.

The aim of this dissertation is to model, design and research a charging system
for fast charging for electric vehicles, implemented on the basis of a micro gas
turbine with a synchronous generator with permanent magnets and a supercapacitor.

In order to achieve the set goal, the author has formulated dissertation tasks
related to the proposal of circuit solutions for the implementation of topologies of
power converters, supercapacitors and hybrid energy storage systems; design,
computer modeling and research of a DC converter with zero voltage switching, as
well as to control the studied converters; development of approaches for modeling
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and research of a fast charge and of a charging system based on a micro gas turbine
and a supercapacitor.

All this determines the relevance of the researched problem.

The author of the dissertation has formulated goals and tasks that are adequate
and correspond to the requirements of a dissertation for the acquisition of the
educational and scientific degree "Doctor".

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

The PhD student M. Sc. Eng. Miroslav Andreev knows in detail the current state
of the solved problems, which has enabled him to interpret and apply the literary
material deeply, competently and creatively.

A significant part of the publications from the literature used in the dissertation
are from recent years and have been presented at renowned international forums.

3. Correspondence of the chosen research methodology with the set goal
and tasks of the dissertation

Excellent knowledge of the current state of the researched problems, in-depth
knowledge related to the methods of design, analysis and optimization of the devices
allow the PhD student to develop original computer models of the devices, to select
and apply effective research methods, as well as to validate the obtained results. The
research methodology chosen by the PhD student is in accordance with the set goal
and tasks of the dissertation work and has allowed them to be achieved and solved
at a high level.

4. Brief analytical characteristics of the nature and assessment of the
reliability of the material on which the contributions of the dissertation are
built

An in-depth literature review of the current state of charging technology and
the basic requirements for charging stations has been performed. A comparative
analysis of the different charging levels of electric vehicles is made. The research
conducted shows that the assessment of emerging technologies, control strategies
and trends in the development of electric vehicle charging systems are of utmost
importance to determine the parameter values in finding new solutions and
improvements.

In the second chapter, research and analysis of schematic solutions and
topologies of chargers integrated in charging stations is carried out. A model of a
charging system allowing normal and accelerated charging has been developed.
Supercapacitors as a short-time fast charging solution as well as hybrid energy
storage systems have been investigated and analyzed.
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In the third chapter, a ZVS step-down DC-DC converter with a predictive peak
current mode control is designed and investigated. The proposed approach proves
the high efficiency and precise control of the converter, which is also confirmed by
the results obtained during the simulations of the model. A simplified model of a
charging system simulated in normal and accelerated charging mode is developed.
The parameters of the charging system and the battery model are defined to obtain
suitable battery control functions. The proposed approach is useful in system
engineering design, validation and prototyping.

In the fourth chapter, a model of a charging system for fast charging of electric
vehicles based on a microgas turbine for power generation and a supercapacitor is
developed. The overall model of the charging system under different charging cycles
is investigated. The validity of the developed models has been confirmed by
corresponding simulations. The program implementation is carried out in the
environment of the Cadence/PSpice and MATLAB/ Simulink program systems. The
obtained simulation results confirm the operability of the system.

5. Scientific and/or scientific and applied contributions of the dissertation

I believe that the contributions have a scientific and scientific-applied nature
and can be classified as the creation of new research methods, classifications,
constructions, technologies and circuits. They can be summarized as follows:

« AZVS DC-DC step-down converter is designed with predictive peak current
mode control. A control system for the investigated converters has been developed,
which can be realized in an integral implementation.

* A computer model of the designed ZVS DC-DC converter is developed and
studied in the environment of the OrCAD/PSpice and MATLAB/Simulink
programs, and the main characteristics of the circuits are obtained depending on the
mode of operation and the main parameters of the converter;

« Approaches have been developed for modeling and investigating a charging
station for fast charge;

* Models of microgas turbine, DC-DC converter and PMSM generator are
developed, investigated and analyzed;

» A model-based approach has been developed for the design of an autonomous
charging station for electric vehicles with a microgas turbine and a supercapacitor
under different load profiles. An optimization procedure is proposed to determine
the minimum value of the supercapacitor that guarantees the operability of the
system. The developed approach allows to determine the values of all electrical and
mechanical quantities and to make an optimal choice regarding the topologies of
power electronic devices and circuit elements.
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I believe that the obtained results are original and fully correspond to the
requirements for a dissertation work for the acquisition of the educational and
scientific degree "Doctor".

6. Assessment of the degree of personal participation of the PhD student in
the contributions

The doctoral student's work is characterized by in-depth knowledge of the
current state of the problems and significant results achieved by him. His personal
contributions are also confirmed by the fact that his independent publication [4],
presented at an IEEE conference and referenced in Scopus, is highly appreciated by
the scientific community and has 25 independent citations in renowned international
publications. All this gives me reason to accept that the dissertation work and the
contributions to it are personal work of the candidate.

7. Evaluation of the publications on the dissertation: number, nature of the
publications in which they are printed. Reflection in science - use and citation
by other authors, in other laboratories, countries, etc.

5 publications are made on the dissertation work, of which 4 are presented at
international scientific forums and one is in a journal in our country. Three of the
publications are reports of scientific conferences indexed in Scopus, one paper is
published in a journal abroad with an impact factor of 3,252 and is indexed in
Scopus and Web of Science, one paper is indexed in a refereed journal in our
country:

— a report at the international conference 41st IEEE International Sprlng
Seminar on Electronics Technology (ISSE), (IEEE, Scopus);

- a report at the international conference IEEE XXVIII International Scientific
Conference Electronics (ET), (IEEE, Scopus);

- a report at the international conference 11th National Conference with
International Participation "Electronics 2020", (IEEE, Scopus)

- a paper in the journal Energies, 2022, Vol. 15, No. 21(SCOPUS and Web of
Science) (IF=3,252)

- a paper in the Forum Electronica - indexed in a refereed journal.

The Google Scholar reference shows that to date the PhD student's publications
have 48 independent citations in publications presented at authoritative international
forums. The main results of the dissertation are available to the Bulgarian and
international scientific community.
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8. Using the results of the dissertation in scientific and social practice.
Existence of achieved direct economic effect, etc. Documents on which the
allegation is based.

The conducted research related to design, computer modeling and parameter
optimization of charging systems for electric vehicles has its practical applicability
in finding new solutions and improvements in their development.

A convincing confirmation of the high evaluation and relevance of the results
achieved by the PhD student is that all 48 citations are in the last 4 years, with 18 of
them since 2023.

No documents have been submitted for the doctoral student's participation in
the scientific-research contracts and projects.

9. Assessment of the compliance of the abstract with the requirements for
its preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation.

The abstract is 32 pages long and has been prepared according to the
requirements. It shows the main achievements of the dissertation. I believe that it
correctly reflects the scientific contributions of the dissertation.

10. Opinions, recommendations and remarks

I have no significant remarks to the presented dissertation. I have the following
notes on it:

1. The captions in the block diagrams of some of the figures are in English.
They should be translated into Bulgarian.

2. Some of the literary sources are not cited in the text.

My recommendation to the PhD student is to continue his successful research
activity related to the design, analysis, computer modeling and optimization of
charging systems for electric vehicles in the future.

11. Conclusion with a clear positive or negative assessment of the
dissertation

I believe that the received from M.Sc. Eng. Miroslav Krasimirov Andreev
results are original and fully correspond to the requirements for a dissertation work
for the acquisition of the educational and scientific degree "Doctor". The
developments in the dissertation are described competently and in the necessary
completeness, the conclusions are very well constructed and argued. The dissertation
meets the requirements of the Law for development of the academic staff in Republic
of Bulgaria, the Regulations for application of the law and the respective
Regulations of the Technical University - Sofia.



The scientific-applied and applied contributions received in the dissertation
work, the demonstrated high educational level and accumulated theoretical and
research experience with achieved also practical results in an up-to-date field, give
me sufficient grounds to confidently recommend to the Honorable Jury to award the
M.Sc. Eng. Miroslav Krasimirov Andreev educational and scientific degree
"Doctor" in the field of higher education "Technical Sciences", professional
direction 5.2 "Electrical engineering, electronics and automation", scientific
specialty 02.20.02 "Microelectronics".

Date: 05-04-2024 Reviewer: (m)
(Prof. Dr. Eng. Elissaveta Gadjeva)

/LWL % TV-COOUR
/ y QETT

BAPHO C OPUIUHANA




