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PEINEH3USA

BBPXY AHCEPTAUHOHEH TPy 32 1aBaHe HA HAay4Ha cTeneH JJOKTOP

ABTOp Ha nucepTaunoHHUs Tpya: AUMHTHP HUKOJIAEB LIBETAHOB

Tema Ha nqucepraunoHHUS TPy:

KAUYECTBO HA EJIEKTPOEHEPTUSITA B ABTOHOMHH EJIEKTPOEHEPIMITHIU CHUCTEMMU:
METO/IM 1 CPE/ICTBA 3A HETOBOTO TOJOBPEHHE

Wsroteun cranosuwero FOJIHsAH BACHJIEB MOCKOB, npodgecop, 10KTop, BbB
Bucuero BoenHomopcko yunanme H.HM. Banuapos

3amosen NellIC-15 ot 30.01.2023 r. Ha Hauanuuka na BBMY
,Hukona M. Banapos®, ¢uotuien anmupan npod. 1.8.H. Bosin Meauukapos

1. Buorpadguynu 1anHu

Aumutsp L{Beranos 3aBbpuiBa IpodecnoHanHa rUMHA3Us 10 €NEKTPOTEXHHUKA Ip.
Bapha, cneumannoct Enektpoo63aBeskaaHe Ha MPOMMILUIEHH TPeANpUsTUs. 3aBbpiBa Tex-
HUYECKM yHUBepcHuTeT, Bapha, crneunanHoct EnexrpocHaOnsiBaHe W enekTpooO3aBexaaHe,
Oakanaebp M EnexrpocHaGasBaHe u enekTpooO3aBexaaHe Ha Kopaba, MarucTsp. [1pes 2019
I. € 3a4YUCIIeH B 3aJ04YHa JOKTOPaHTypa BbB Bucuie Boennomopceko yunnume H.M. Banuapos,
Bapua, nokropcka nporpama EnexkrpocHabasiBaHe U enekTpoo63aBexaaHe (Ha kopaba). Chbe
3anosen NelIC-15 ot 30.01.2023 r. Ha Hauannuka Ha BBMY e oTuuClIeH OT JOKTOpaHTypa ¢
NpaBo Ha 3allUTa.

Kato ctynent pabotu kato enekrporexHuk B KypoprHo crpoutencrso OO/I, Bapha,
JIATAPJ] OO/I, BapHa, kaTo cTa)xaHT ,,YTpaBjieHue Ha Bb300HOBseMU u3TouHuM B E.OH
bearapus EAJI, BapHha.

Karo nnxeHep paboTu nocienoBareHO KaTo CrELUaJIUCT MPOEKTH U CTPOUTEJICTBO B
EHEPI'O-ITPO Mpexu AJl, Bapna, enekrpounxenep B KOATTEX OO/l, Bapua, a ot 2015
r. kato kopabeH enekrpomexaHuk B STAMCO Manning Agency Co. Ltd.

2. AKTYaJIHOCT Ha pa3padoTBAHUSs B IHMCEPTALMOHHUS TPY/ NpPood.ieM

Kopabuure enekrpoenepruiinu cucremu (KEEC) umar 0co0eHOCTH KOUTO T'M OTJIM-
yaBaT OT GPEroBHUTE eJeKTPOEHEPrHiiHH CUCTEMHU, KOUTO OMPEeNsT Mo-roismMara CIo)HOCT
M TPYAHOCT 3a ynpaBlieHUe U eKcruioaTauus. M3noi3BaHeTo Ha rpeOHU eIeKTPUYECKH ype-
Ou, Chb3/1aBaHETO HA eAMHHU KOpaOHU eJeKTPUYECKH CUCTEeMH, U3I0JI3BAaHETO Ha pasnpeielu-
TEJIHU MPEXH Ha MOCTOSIHEH TOK MOCTaBAT 3a pellaBaHe CI0KHU 3a7a4yl C OCUTYpsBAHETO Ha
yctoiiunBa padota Ha KEEC u Ha kauecTBeHa eJ1eKTpOeHEeprus 3a KopaOHUTE KOHCYMAaTOpH.

Te3u ocobeHOCTH ompenensT OCHOBHUTE XapakTepUcTUKU U ocobeHoctu Ha KEEC.
Te onpenensat u npobjeMHuTe MPU TAXHOTO M3yyaBaHe, POEKTUpaHe, YIIpaBJIeHUE U 3alIUTA.
CBbp3BaHETO Ha €JIeMEHTH, yCTPOICTBA, ypeaOu U CUCTEMH Ha MPOMEHIIMB U MOCTOSHEH TOK
Ce OCBLIECTBSBA C [IOMOLUTA HA CUJIOBH €JIeKTPOHHH [peobpasyBaTelld ¢ pa3MuHa TOMOIOTHs
M pa3iuyHO yrpasieHue. Te3um mpeoOpasyBaTelu MpeAcTaBiIsBAT HEJIMHEHHU YCTpOIiCTBa,
KOMTO B Haii-rojisiMa CTereH CMyIlaBaT paboTaTa Ha KOHCYMaTOpHUTE.



Taka HapeyeHOTO XapMOHMYHO 3aMbpCSBAHE HAa 3aXPaHBANIOTO HAMPEKEHHE B
AEEC npescrabisiBa 0cHOBeH (hakTop Ha BIIOLIABAaHE KAYECTBOTO Ha eeKTpHYECKaTa eHep-
rust. Cpeacrsara 3a noa00peHne Ka4yecTBOTO Ha eeKTPOSHEPT s Ca eHH OT KIIOYOBUTE TeX-
HOJIOTMHM 32 MOJOOpPEeHHEe Ha KAauecTBOTO Ha paboTa Ha eleKTpooO3aBexaaHero. OCHOBHHUTE
Cpe/CTBa 3a MOJA0OpEeHHEe KauyeCTBOTO Ha eNeKTPOeHeprusita ca (UITPUTE M CHCTEMHUTE
cpencTBa.

M3yuasanero Ha npouecute B KEEC ¢ HenuHeiiHN ToBapH, H3y4aBaHeToO KauecTBOTO
Ha @/ICKTPUYECKATA CHEPrHs U METOJUTE U CPEACTBATA 3a HEFOBOTO MOJOGPEHHE MPeICTaBIISs-
BaT aKTyaJHU 00JIaCTH 3a M3CJIe/IBaHE.

3. Ilo3HaBa JIM IHCEPTAHTHT ChCTOSIHMETO HA MPOGJIeMa H OLeHSIBA JIN
TBOPYECKH JINTEPATYPHUS MaTepHAJ

M3nonssanara B iMcepTaLMOHHKS TPy JIMTEPATYpa Ce ChCTOM OT 283 M3TOYHMKA, OT
kouto 40 Ha KMPHIINLIA, @ OCTaHAIMTE Ha NaTHHULA. CIHCBKBT HAa W3M0JI3BAHATA JINTEPATypa
BKJIIOYBA OCHOBHHMTE MOHOrpauM, AMCepTalMH W CTATHH, pa3paboTBAIlM M M3CIEIBALIM
BBIIPOCUTE, U3CIIEIBAHU B AucepTauusTa. Ta3u nutepaTypa oOXBalla BbIPOCHTE Ha KopaOHa-
Ta €JEeKTPOTEeXHHKA, Ha KOPaOHUTE eJeKTPOSHePruiiHU CHCTEMH, HAa M3IMOJI3BAHUTE CHUJIOBH
€NIeKTPOHHH MpeoOpa3oBaTesiv, Ha W3MON3BAaHHTE METOAM M CPEICTBAa 3a M0A06pABaHe Ha
Ka4yeCTBOTO Ha €JIEKTPOCHEPrusTa, Ha W3M0JI3BAaHUTE METOAM 3a TAXHOTO aBTOMATHYHO YII-
paBieHue.

LII/ITI/lpaHCTO Ha M3I10JI3BaHaTa JIMTEpATypa Moka3Ba, Y€ JOKTOPAHTHT € 3aro3Har C
[IOCTUIHATOTO B U3cjeaBaHaTa ooact. [Tocoyenure (baKTl/l roBOpAT, 4e€ Il I_lBeTaHOB IMo3HaBa
CbCTOAHUETO Ha np06neMa 1 TBOPYECKHU OLICHABA JIMTEPATYpPHUSA MAaTEpHUall.

4. I/I36paHaTa METOAHKAa Ha H3C/IEeABaHE MOJKe JIM /1A 1a/ie OTroOBOp Ha
INnocraBcHaTa HeJ v 3a1aYv HA JHCEPTALNHOHHUA TPYA

B JAUCEPTALUOHHHUA TPy Ca U3MOJI3BAHU pa3JIMYHU METOAU, CPEACTBA U METOAUKHU 3a
ITOCTUTIAaHETO Ha MMOCTaBEHaTa LEJI U 3a pellaBaHE Ha CBbP3aHUTE C TOBA 3a/1a4H. OCHOBHO ce
U3I10JI3BAT [1Ba METOJAA 3a U3CJIEABAHE: YpE3 CUMYJIalUs Ha MPOLECUTE B KOpaGHl/lTe CJIEKTPO-
eHepruﬁHn CUCTEMU C IOMOLITa HAa MAaTeMaTU4Y€CKO MOACJIMpaHE U 4Ype3 EKCIEPUMEHTH C
[IOMOILITa Ha ¢)H3l/l‘{eCKl/l MAaKeETHu.

[Ipu mMaTemMaTuyeckoTO MozelMpaHe Ce MU3MOJ3BAaT ChbBPEMEHHH METOIH, MO3BOJIS-
BalllM J1a Ceé M3C/eaBaT MpOLEecH B CUCTEMHU, UMAIUM Pa3JIMueH TUI XapaKTepUCTUKU U Ja ce
u3cieaBar MpoLEecH, UMallld HeMpeKbCHAT U JUCKpeTeH XapakTep. Moaenute ca mojiyuyeHH
BbB BUJ Y100€H 3a TAXHOTO YUCIIEHO U3CIIe/IBAHE.

HanpaBeH e 0030p Ha MeTOAUTE 3a U3C/I€BAaHE HA KAY€CTBOTO Ha €JIeKTPOeHeprusTa
CbC 3aqbJIOOYEH aHAJIM3 Ha CBOIICTBAaTa M M3MOJ3BAHETO UM, KAaTO TOW € pa3BUT B €IHO OT
NPUITOKEHUSTA.

M3cnenBaHo e n3nosi3BaHeTo Ha MHAMBUAYAJIHU CPECTBA 3a MoJo0psiBaHe Ha Kayec-
TBOTO Ha €leKTpUYECKaTa eHEeprusi C MOMOILTA HA aKTUBHU (UITPHU, KATO € M3CJIEABAHO M3-
MOJI3BAHETO Ha MapaselHu QUITPH C pa3inyeH THI yIpaBlieHHE.

WHTepec nmpencTaBnsiBa HW3MOJM3BAaHETO Ha TMapaliellHO CHUCTEMHO CpEICTBO
CTATKOM 3a nogoOpsiBaHe Ha kauecTBOTO Ha enektpoeHeprus B KEEC cbe cnoxHa pasmn-



peaenuTenHa Mpexa.

CuMynauMoHHHUTE CPeaCTBa 3a U3CIeBAHE Ca MOJAKPENEeHN U OT U3C/EeABAHUS C T1O-
MoluTa Ha pusnyecku maketu. Mscnensanu ca KEEC, chappikariu YIPaBIIsiEeMHU U3NPABUTEIIH
W YECTOTHH NpeobdpasoBaTeny, NPeACTaBIABALLN HeJNHEeHHH ToBapy. [TonydeHnTe ¢ oMoL-
Ta Ha TE€3M U3CJICABAHUS Pe3yNITaTH J0Ka3BaT aJ€KBATHOCTTA HA U3MOJA3BAHUTE MaTeMaTHyec-
KM MOJIEJIM 3a U3CJIe/IBaHe Ha Ka4YeCTBOTO Ha eNIEKTPOEHEPTHs.

Beuuki u3non3sanu MeToam chbOTBETCTBAT M €A aeKBATHH HA pelllaBaHUTE B zmcep-
TaLUsiTa 3a/1a4M U MOJTyYeHUTe pe3yJITaTH ca J0CTOBEPHH, 3a KOETO FOBOPU M TOBA, Ye Te ca
My0MKYBaHH B U3BECTHH HAYYHH (GOPYMH, HAKOM OT KOMTO Beue ca uuthpanu (10 uurara),
nyOIMKALMATE HA KOMTO Ce PELeH3MpAT U Ca BKIKOYEHH B CBETOBHUTE HAYYHM Ga3u JAHHM
Scopus u Web of Science.

5. B KakBoO ce 3aK/J04aBaT HAYYHHTE HWJIH HAYYHO-NIPUJIOKHHUTE IIPHHOCH
Ha THCEPTALMOHHMS TPy

HaquaTa HOBOCT Ha AUCEpTalMsATa C€ CbCTOU B JOKA3BAaHE C HOBU Cpe€acTBa Ha HO-
BU CTpaHH Ha BE€Y€ CHLUSCTBYBALIM HAYYHU obnactu u ﬂpOGHeMM, KaKTO U Cb3/1aBaHE HAa HOBU
CXEMH MU CpeacCTBa.

OCHOBHM Hay4YHH MPUHOCH Ca CBBP3aHU ChC Ch31ABAHETO HA HOBU MaTeMaTHYECKH
MOJIE/IM Ha U3C/Ie/IBAHUTE KOPAOHU €eKTPOSHEPrUitHN CUCTEMH, UMAILK Pa3IMYHU CXEMU Ha
pasnpeaenuTenHaTa Mpexa, pasiudyeH Opoii enemeHTH (reHeparop, mpeoOpa3oBatell, Mpo-
MEHJIMBOTOKOB M MOCTOSIHHOTOKOB TOBAp, aKTUBHU (QUIITPH, CTATUYHU CUHXPOHHU KOMIIEHCa-
topu), KEEC ¢ pa3npenenutenHa Mpexa Ha MOCTOSHEH TOK, M03BOJISBAILU H3CJIEIBAHETO HA
pa3MYHU PeXXMMHU Ha paboTa MpHU pa3IUYHU BUIOBE CMYLIABALIM Bb3AEHCTBUSA, C MOMOLITA
Ha KOUTO MOrar Jia Ce U3C/Ie[BaT Ka4eCTBOTO Ha €JIeKTPOEHEPruaTa U HEroBOTO MO00psBaHe.

Hayunu npuHocH ca M M3ClieIBaHETO HAa Ka4eCTBOTO HA €JIEKTPOEHEPIrUsiTa B aBTO-
HOMHH €JIEKTPOEHEPTUifHU CHUCTEMHM M HEroBOTO MOJ00psBaHE ¢ WHAMBHIYAlHH CPENCTBA
(axTMBHYM (QUATPHU) U IPYNOBU CPEACTBA (CTATUYHH CHHXPOHHU KOMIIEHCATOPH).

OCHOBHUTE MPHUJIOKHU MPHUHOCH Ca CBBP3aHU C H3CJICBAHETO HA KAa4yeCTBOTO Ha
€JIEKTPOCHEPIrUATa C NoMoLITa Ha CbH3I/l‘-l€CKl’l MaKE€TH, MPH KOETO Ca MU3MOJI3BAaHU aICKBATHHU
METOAH U TEXHUYECKHU U MPOrpaMHU CpeaCTBa.

Haylmme U MPUJIOKHH MPUHOCH HA OUCEPTALMOHHHA TPy Ca 3HAYMMH 3a HayKaTta
U MpaKTHUKaTa.

6. Kpatka aHaIMTHYHA XapaKTEePUCTHKA U OIL[€HKA HA JOCTOBEPHOCTTA

Ha MaTepHaja, BbPXY KOMTO Ce rpaasT NPHHOCHTE HA JUCEPTALUOHHHUSA

TpyA

B nbpBa rnaBa Kauvecmeomo na enekmpuveckama enepeus, ca pasriedaHu: omnperne-
JIeHUsATA, IPUYMHUTE 3a BJIOLIABAHe, [0Ka3aTeIuTe, M3MCKBAHUATA, METOJIUTE U CPe/ICTBATA 3a
noaoOpeHne KauecTBOTO Ha eleKTpoeHeprusita. BbB Bropa rinaBa Memoou u cpedcmea 3a
uzciedeawre u ynpagienue Ha Kavecmeomo Ha ellekmpoenepeusma ca pasriieaHu cpeacTBara
3a mogoOpeHHe KaueCTBOTO Ha eJIeKTPOEHEeprusiTa: TEXHUTE BUIOBE, CXEMHU, MapaMeTpu U
XapaKTePUCTUKHU, MOAOOPEHUETO HA KAueCTBEHUTE OKa3aTeId Ha elIeKTPOeHeprusrTa 4pes
MaTeMaTUYeCKO MoJeupaHe, KaTto ca pa3paboTeHU MaTeMaTHYeCKUTe MOJENH, pa3paboTeHu



M Ca M3C/IeIBaHU pa3/IMYHW METOJIU 3a ynpasjieHueTo um. B Tpera rnasa ITodo6penue kauec-
MBOMO HA eJleKMpPOeHepeusma 6 aMOHOMHU eeKMPOeHepeUliHY CUcmemMy ca U3CJeIBaHu
PasInYHATE METOM 3a MOJOOPEeHHe HA Pa3lIM4YHK TOKA3aTe/IM Ha KAayeCTBOTO Ha eeKTpoe-
HeprusTa. B yetbpra rinasa Hscnedeane Kavecmeomo na enekmpoenepusma na Qusuecku
Maxkem Ha aMOHOMHA eleKmpuiecka cucmema ca U3BbPIIEHH eKCIIepUMEHTAIHU U3ClieIBa-
HUSl Ha KQ4YeCTBOTO HA €JICKTPOCHEPrUsTa C MOMOLITA HA PEaTHU eNeKTPOTEXHUUYECKH MOJie-
.

Jlucepraunata 3aBbplIBa ChC 3aKMOYCHHE, OCHOBHM PE3yJITaTH U MPUHOCH Ha H-
CepTauusiTa, CIMChK Ha MyOIMKALMUTE M0 AMCEPTAUMATA U CIUCHK HA U3M0JI3BaHaTa JIUTEpa-
Typa. Jlucepraumsra uma 2 npunoxenus: A. MeToau 3a oleHKa Ha XapMOHHYHHTE U3KPUBSI-
BaHus, b. AKTUBHM (QUITPM, B KOMTO ca BK/IIOYEHM JIOMbIHMTETHA MHMOPMALKS, JaHHH U
pe3yaTari.

7. PesyaTaTuTe OT AMCEPTALMOHHHS TPY/ H3N0JI3BAHH JIH €A Beue B

HAYYHATa H COUHAJTHATA NpaKTHKA? MMa JIH NOCTHrHAT NpPSAK
HKOHOMHYECKH e(eKT u nmpouee?

Cb3naneHnre MaTeMaTH4eCKM MOJE/N HAa KOpaOHM eleKTPOEHEePruitHH CHCTEMH ce
M3MOJI3BAT B y4eOHHs NPOLEC M0 AucuunanHaTa KopaGHu eeKTpoeHepruiiHi cHCTeMH M TPy
paspaboTkara Ha AMIIOMHH paGoTH. DU3NYECKHTE MAKETH CE M3MOJ3BAT 3a NaGOpaTOpHU
YHOPaXXHEHHs Ha CTYACHTHUTE OT CrieunanHocT Enekrpoo03aBexaaHe Ha kopaba.

8. MoTHBHpaHH NPenopbKH 32 GbAEN0 H3M0J3BAHe HA HAYYHHTE H
HAYYHO-NIPHJIOKHHUTE PHHOCH: KAKBO U KbJle a ce BHeaApH?

[Ipennoxenure MaTeMaTHYeCKH MOJAENN Ha M3CJIEIBAHUTE eJEeKTPOEHEPruiiHU CHC-
TEMU Ca YHMBEPCAJIHU 110 OTHOLIEHHE HA CTPYKTYpa Ha paslpele/UTeIHaTa Mpexka, ChCTaBa
Ha eJIEMEHTUTE ¥ Bb3MOXKHOCTTA 3a M3C/Ie/IBaHe Ha pa3MYHI HOPMAITHU M aBAPUITHU PeXUMU
Ha padota. Te3u moaenu morar 1a ObJaT pa3BUTH 3a M3CJEIBAHE HA HOBM THIIOBE aBTOHOMHHU
€JIEKTPOEHEPrUiiHU CUCTEMHU, He caMO KOpaOHM (CaMoJsIeTHH, aBTOHOMHO padoTeliu Bb300H0-
BAEMU EHEPruiiHU W3TOUYHULM, OUOpHU TUIATGOpPMU M MapKoBe, enekTpomMooun). OcBeH
TOBA MOZIEUTE MOrar Ja ObJaT pa3BUTH U 3a FOJIEMH €JIeKTPOEHEPTUITHI CUCTEMM, C MOMOLI-
Ta Ha KOMTO MO’e Ja ObJe M3CJeIBaHO KayeCTBOTO Ha eNeKTPOEHEeprusita B MUKPOMPEKH,
ChAbPKaLLKY Bb300OHOBAEMHU €HEPrUilHU U3TOYHHLM (BETPOBH U CI'bHYEBH €eKTPOLIEHTPAIH).

Jlpyro HampapieHHe 3a pa3BUTHE Ha pe3yJTaTUTe OT AUCepTALHUsATA MOXKE Ja CTaHe
M3MO0JI3BAHETO HA APYTH CPEACTBa 3a MoJ0OpsBaHE KAuYeCTBOTO Ha eJeKTPOEHEeprHsTa — Moc-
JIeIOBATEJIHU ¥ XUOPUAHU aKTUBHU GuiaTpu. OcoOeHO MepcreKTUBHO € U3CIeIBaHeTO Ha W3-
MOJI3BAHETO HA pa3jIMueH TUI peodpa3oBaTesy U Ha pa3ivyeH THUI yIpaBieHHe Ha aKTH BHU-
Te puntpu.

Moske na ce U3MOA3BaT U IPYyrd CUCTEMHH CPECTBa 3a MoA00psiBaHe Ka4eCTBOTO Ha
enekrpoeneprusita B KEEC — nocnenoparentu, cMeceHH (mapasenHo-rnocienoBareintu). Te3u
IpYNOBU CPEACTBA MpPEACTAaB/IABAT MEPCIEKTUBHO HAMpaBJeHUEe 3a pa3BUTHE Ha pe3yJiTaTUTe
OT AUCEpTalHsiTa.



9. JInunu Bueyat IeHus

bsX uieH Ha pa3lIMpeHus KaTeaApeH ChBET Ha Kateapa EAeKTpOTeXHUKA, Ha KOWTO ce
pasraexkaaie aucepraunsta Ha /1. Llpetanos. Hanpasu Mu MHOro 100po BrneuatieHHe Cb-
JAbPKAHUETO HA JAHCEPTALMATA, MONYYSHHTE pe3y/ITaTi U Hal-Beye MHOro 100poTo it npejc-
TaBsHe OT aucepranTa. HanpaBux u3kaszpaHe, B KOETO NOAYEPTAX, 4e NpeicraBeHara aucep-
TALMs MMA Ka4eCTBa Ha /IMCepTallna 32 IOKTOP Ha HayKUTe.

10. ABTopedepat H aBTOPCKA CHPABKA 32 MOJAYHeHHTE Pe3yaTaTH

Astopedeparst € ¢ 00em o1 40 cTp. M OTpassiBa OCHOBHOTO ChAbPXKAHHE HA AUCEp-
TauusTa. Maoctpupan e ¢ qoctarbueH Opod Gurypu v 1abiuum, NpejcTaBAllH Hal-BaKHHTE
pe3yJITaTy OT H3C/eABaHUsTA. i

11, llpym BBIIPOCH, IO KOHTO PECUCH3CHTHT CHHTA, He ¢Jie/iBa 1a B3eMe
OTHOILICHHC

Cnensa aa ce otheseku, Ye CTaTUs 10 AMCEPTALHOHHUS TPYA MMa 8 nyOiMKauuy, ot
KOMTO 5 ca Ha koH(pepenumu Ha Institute of Electrical and Electronics Engineers IEEE. kouto
ca pedepupanu B Gasute ganuu Scopus 1 Web of Science u eana cratus B cnmcanue Journal
of Circuits, Systems and Signal Processing (Scopus u Web of Science) u 1Be ctatuu B crimca-
nue llpombininennas snepreTuka, Mocksa.

12. 3aka0yeHne ¢ AICHO CTAHOBHIIE /14 Ce 1aje WIH He Hay4Ha CTencH

[lpescTaBeHHAT AMCEpTALMOHEH TPY/ NMPEACTaBsBa 3aBbPILIEH Hay4yeH Tpy/, Oc-
HOBHHMTE YaCTH OT KOITO ca nyGnukyBaHu. U3non3BaHuTe HayuHy METOM 3a M3C/IeABaHE ca
aeKBaTHU M MOJIYYCHHTE HAYyYHH Pe3yNTaTh ca A0CTOBepHU. Jluceprauusta cbabpika Hayu-
HU W NPHIIOKHU NPHHOCH, HEOOXOAUMH 3a npujoOuBaHe Ha HayuHH cTenenun. O600aBaikm,
MOJKE a C€ HamnpaBu W3BOJ, Y€ MpPEACTABEHUAT AMCEPTALMOHEH TPYX OTroBaps Ha W3UCKBa-
HUATA Ha 3aKOHa 3a pa3sBHTHE HA akaJeMHuHMs cbetaB B Penybiuka buarapus, [lpaBuinuka
3a MPUIAraHeTo Ha 3aKOHa 3a pa3BUTHETO HA akajeMU4YHMA cbheTas B Penybauka buarapus u
3akoHa 3a BUCLIETO 00pa30oBaHue, MOpPaAu KOSTO NPENnopbYBaM Ha HAYYHOTO KYpH 1a NpH-
cbau oOpazosatenHara U HayuHa creneH JOKTOP na AuMuTse HUKOJIAEB LIBETAHOB B
o61acT Ha BUcLeTo obpa3oBaHue: TexHHUYECKN HayKu, npodecHonaiHo Hanpasienue: Tpau-
CropT. KopaborniaBaHe v aBHaLus, 10KTopaHTcka nporpama: EnekrpocHabasaBane u eaekTpo-
o63aBexane no oTpaciim (Ha Kkopaba).
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on a dissertation work for the acquisition of an educational and scientific degree
"Doctor"
Author of the dissertation: DIMITAR NIKOLAEV TSVETANOV

Dissertation topic:
POWER QUALITY IN AUTONOMOUS POWER SYSTEMS: METHODS AND MEANS
FOR ITS IMPROVEMENT

Reviewer : PROFESSOR, DR. ENG., YULIAN VASILEV MOSKOV
Naval Academy "Nikola Yonkov Vaptsarov'" Varna

according to Order No. TTC-15/30.01.2023. of the Head of Naval Academy "Nikola
Yonkov Vaptsarov" Varna, fleet admiral prof. Boyan Mednikarov

1. Biographical information

Dimitar Tsvetanov graduated from the Professional High School of Electrical Engi-
neering in the city of Varna, majoring in Electrical Equipment of Industry. He graduated from
the Technical University, Varna, majoring in Electrical Supply and Electrical Equipment, Bach-
elor and Electrical Supply and Electrical Equipment of the Ship, Master. In 2019, he was en-
rolled in doctoral studies at the N.Y. Naval Academy. Vaptsarov, Varna, doctoral program
Power supply and electrical equipment (on the ship). By Order No. TIC-15 0f 30.01.2023 of the
Head of Naval Academy "Nikola Yonkov Vaptsarov" Varna, he was dismissed from the doc-
toral program with the right to defense.

As a student, he worked as an electrician at Kurortno Stroitelstvo OOD, Varna,
LAGARD OOD, Varna, as an intern "Management of renewable sources" at E.ON Bulgaria
EAD, Varna.

As an engineer, he worked successively as a project and construction specialist at
ENERGO-PRO Networks AD, Varna, an electrical engineer at COATTECH OOD, Varna, and
since 2015 as a ship ETO at STAMCO Manning Agency Co. Ltd.

2. Actuality of the problem developed in the dissertation work

Ship electrical power systems (SEPS) have features that distinguish them from shore
power systems, which determine the greater complexity and difficulty of management and op-
eration. The use of rowing electrical devices, the creation of unified ship electrical systems, the
use of direct current distribution networks poses complex tasks to be solved with the provision
of sustainable operation of SEPS and quality electricity for ship consumers.

These features define the main characteristics and features of the SEPS. They also
define the problems in their study, design, management, and protection. The connection of el-
ements, devices, arrangements, and systems of alternating and direct current is carried out with
the help of power electronic converters with different topologies and different control. These
converters are non-linear devices that disturb the work of consumers to the greatest extent.

The so-called harmonic pollution of the supply voltage in the AES is a major factor in
the deterioration of the quality of electrical energy. Means for improving the quality of electric-
ity are one of the key technologies for improving the quality of operation of electrical



equipment. The main means of improving the quality of electricity are filters and system means.

The study of the processes in SEPS with non-linear loads, the study of the quality of
electrical energy and the methods and means for its improvement are current areas of research.

3. Does the dissertation student know the state of the problem and crea-

tively evaluate the literary material?

The literature used in the dissertation consists of 283 sources, of which 40 are in Cy-
rillic and the rest are in Latin. The bibliography includes the main monographs, dissertations
and articles developing and exploring the issues investigated in the dissertation. This literature
covers the issues of ship electrical engineering, ship power systems, used power electronic con-
verters, used methods, and means for improving the quality of electricity, used methods for
their automatic control.

Citation of the used literature shows that the doctoral student is familiar with what has
been achieved in the researched area. The stated facts show that D. Tsvetanov knows the state
of the problem and creatively evaluates the literary material.

4. Can the chosen research methodology provide an answer to the set goal

and tasks of the dissertation work?

Various methods, means and methodologies were used in the dissertation work to
achieve the set goal and to solve the related tasks. Two research methods are mainly used:
through simulation of the processes in the ship's electrical power systems using mathematical
modeling and through experiments using physical models.

In mathematical modeling, modern methods are used, allowing to study processes in
systems having different types of characteristics and to study processes having a continuous
and discrete nature. The models are obtained in a form convenient for their numerical study.

An overview of the methods for researching the quality of electricity was made with a
thorough analysis of their properties and use, and it was developed in one of the applications.

The use of individual means to improve the quality of electrical energy with the help
of active filters has been investigated, and the use of parallel filters with different types of con-
trol has been investigated.

The use of a parallel system tool STATCOM to improve the quality of electricity in
SEPS with a complex distribution network is of interest.

Simulation research tools are also supported by research using physical models. SEPS
containing controllable rectifiers and frequency converters representing non-linear loads were
investigated. The results obtained with the help of these studies prove the adequacy of the used
mathematical models for researching the quality of electricity.

All the methods used correspond and are adequate to the tasks solved in the dissertation
and the results obtained are reliable, which is also evidenced by the fact that they were published
in well-known scientific forums, some of which have already been cited (10 citations), the pub-
lications of which are peer-reviewed and included in the world scientific databases Scopus and
Web of Science.

5. What are the scientific or scientific-applied contributions of the disser-
tation?



The scientific novelty of the dissertation consists in proving with new means new as-
pects of already existing scientific areas and problems, as well as creating new schemes and
means.

The main scientific contributions are related to the creation of new mathematical mod-
els of the studied ship power systems, having different schemes of the distribution network,
different number of elements (generator, converter, alternating current and direct current load,
active filters, static synchronous compensators), SEPS with distribution direct current network,
allowing the study of different modes of operation under different types of disturbances, with
the help of which the quality of electricity can be studied and its improvement.

Scientific contributions are also the study of the quality of electricity in autonomous
power systems and its improvement with individual means (active filters) and group means
(static synchronous compensators).

he main applied contributions are related to the study of the quality of electricity with
the help of physical models, in which adequate methods and technical and software tools are
used.

The scientific and applied contributions of the dissertation work are significant for
science and practice.

6. A brief analytical description and assessment of the credibility of the ma-
terial on which the contributions of the dissertation work are built

In the first chapter, The quality of electrical energy, the following are considered: def-
initions, causes of deterioration, indicators, requirements, methods and means of improving the
quality of electricity. In the second chapter, Methods and tools for research and management of
the quality of electricity, the means for improving the quality of electricity are considered: their
types, schemes, parameters and characteristics, the improvement of quality indicators of elec-
tricity through mathematical modeling, as the mathematical models are developed, developed
us and various methods of their management have been investigated. In the third chapter, Im-
proving the quality of electricity in autonomous power systems, the various methods for im-
proving various indicators of the quality of electricity are investigated. In the fourth chapter,
Investigation of the quality of electricity on a physical model of an autonomous electrical sys-
tem, experimental investigations of the quality of electricity using real electrotechnical models
have been carried out.

The dissertation ends with a conclusion, main results and contributions of the disser-
tation, a list of dissertation publications and a list of references. The dissertation has 2 applica-
tions: A. Methods for evaluating harmonic distortions, B. Active filters, in which additional
information, data and results are included.

7. Are the results of the dissertation already used in scientific and social
practice? Has there been a direct economic effect, etc.?
The created mathematical models of ship power systems are used in the educational

process of the Ship Power Systems discipline and in the development of theses. The physical
model is used for laboratory exercises by students majoring in Ship Electrical Equipment.



8. Reasoned recommendations for future use of scientific and scientific-ap-
plied contributions: what and where to implement?

The proposed mathematical models of the investigated power systems are universal in
terms of the structure of the distribution network, the composition of the elements and the pos-
sibility of studying different normal and emergency modes of operation. These models can be
developed to explore new types of autonomous power systems, not just marine (aircraft, auton-
omous renewable energy sources, offshore platforms and parks, electric cars). Furthermore, the
models can also be developed for large power systems, with the help of which the power quality
can be investigated in microgrids containing renewable energy sources (wind and solar power
plants).

Another direction for the development of the results of the dissertation can be the use
of other means to improve the quality of electricity - sequential and hybrid active filters. The
study of the use of different types of converters and different types of control of active filters is
particularly promising.

Other system means can be used to improve the quality of electricity in SEPS - series,
mixed (parallel-series). These group funds represent a promising direction for the development
of the results of the dissertation.

9. Personal impressions

I was a member of the extended faculty council of the Department of Electrical Engi-
neering, where D. Tsvetanov's dissertation was considered. | was very impressed by the content
of the dissertation, the results obtained and above all the very good presentation of it by the
dissertation student. I made a speech in which | emphasized that the presented thesis had the
qualities of a PhD thesis.

10. Abstract and author's reference for the obtained results

The abstract has a volume of 40 pages and reflects the main content of the dissertation.
It is illustrated with a sufficient number of figures and tables presenting the most important
research results.

11. Other matters on which the reviewer considers it necessary to take a
position

It should be noted that the thesis paper has 8 publications, of which 5 are in Institute
of Electrical and Electronics Engineers IEEE conferences, which are referenced in the Scopus
and Web of Science databases, and one article in the Journal of Circuits, Systems and Signal
Processing (Scopus and Web of Science) and two articles in the magazine ITpombiuuieHHas
sHepreTuka, Moscow.

12. Conclusion with a clear opinion whether or not to grant a scientific de-
gree

The presented dissertation is a completed scientific work, the main parts of which have
been published. The scientific research methods used are adequate and the scientific results
obtained are credible. The dissertation contains scientific and applied contributions necessary



for obtaining scientific degrees. Summarizing, it can be concluded that the presented disserta-
tion meets the requirements of the Law on the Development of the Academic Staff in the Re-
public of Bulgaria, the Regulations for the Implementation of the Law on the Development of
the Academic Staff in the Republic of Bulgaria and the Law on Higher Education, therefore I
recommend to the scientific jury to award the educational and scientific degree of DOCTOR
to DIMITAR NIKOLAEV TSVETANOV in the field of higher education: Technical sci-
ences, professional field: Transport, shipping and aviation, doctoral program: Power supply and
electrical equipment by branch (of the ship).
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