PEIIEH3US

BbpPXY AHCEPTALIMOHEH TPYA 3a NPHUAOOMBaHe HA 00pa3oBaTe/IHA U HAYYHA CTelleH
»JAOKTOP”

ABTOp Ha AWcepTAlMOHHUSA TPYyA: Mar. uHXK. Hukonait Bacunes HexoBcku

Tema Ha mucepranmonHus Tpya: EnexkrponHu npeoGpasyBareny ¢ NPUIOKEHNE BbHB
Bb300HOBAEMH U3TOYHHIIM HA €EHEPIUA

Penenzent: npod. a-p Hukonait Mamxapos — TY I'a6poBo

1. AkTyajiHOCT Ha pa3pa0oTBaHHs B JUCEPTALIHOHHMSA TPYA Mpo0jeM B HAYYHO H
HAaY4YHONPHJI0KHO OTHOIIeHHe. CTeleH U HMBA HA aKTyaJHOCTTa Ha mpodJjeMa H
KOHKPETHHUTE 3a/1a4H, pa3padoTeHH B ANcepPTALUATA.

Mznonssanero Ha BB300HOBsieMu eHepruitnu wustoununu (BEW) nHamansBa
3aBUCHMOCTTa OT M3KOIIaEMUTE rOpuBa U HaMajsiBa €MHUCHUUTE Ha IMapHUKOBU ra3oBe B
atMoc(epara. Brrnpeku MHoroto mpeaumcrBa Hsikon BEW TexHOJOrHH ce H3IOJI3BaT
MHOTI'O OlPaHMY€HO IIOPaJy BHUCOKATAa IICHA CIPSAMO HEBH30OHOBAEMHUTE CHEPIUUHU
U3TOYHUIIM M HEYJOBJIETBOPUTEIHM TEXHUKO-EKCIIOATALMOHHN MapameTpu. ToBa
OpeNoNpeesss Y CHEUU(PUYHM M3MCKBaHUS KAaKTO KBM CXEMOTEXHUKaTa Ha
npeoOpa3yBaTeIHUTE YCTPOUCTBA, Taka U KbM aJrOPUTHMa Ha YIPaBJICHUE U pabOTHUTE
PEXMMU Ha KJIFOYOBHUTE NPUOOPU Ha CHIIOBUTE CXEMU. AKIIEHTHT Ha U3BbpILIEHATa paboTa
B JUCEPTAIMATA € OCHOBHO CBBP3aH ChC Ch3JaBaHE HA METOJAM U MHCTPYMEHTAapUyM 3a
U3CJIEBAHE U MUHUMU3UPAHE HA KOMyTalMOHHMTE 3arybu Ha aBynocoueH AC-DC u
asynocoueH DC-DC npeoOpasyBares, M3MOJI3BaHM B CHUCTEMHUTE 3a BBH30OHOBSIEMHU
CHEPrUiHI U3TOYHUIM U TOJ00psABaHE HAa EKCIUIOATALIMOHHUTE XapaKTEPUCTUKHU B PEIKIM
Ha yIpaBJICHUE Ha €HEPTUIHUTE [TOTOLM ChC 3axXpaHBaiara Mmpexa. [loaydeHure HayyHO-
IPWIOXKHM PE3YJITATA Ca BEpUUIMPAHU Upe3 CUMYJALMOHHH UM EKCHEPHUMEHTATHU
uscieaBanys. Becuako ToBa 00yciiaBs akTyalTHOCTTa Ha pa3paboTKaTa ¥ HalpaBeHOTO OT
JOKTOpaHTa HAYYHO U3CIIECABAHE.

2. Crenen Ha MO3HABaHe ChCTOSIHHETO HAa Mpo0jeMa U TBOPYECKA HHTEPIpEeTAHS
Ha JIMTepPaTYpPHHUSl MaTepPHAaJL.

IIpu pa3paGoTBaHETO Ha AUCEPTALMOHHUSA TPYJ AaBTOPHT € u3nosBanr 107
JIUTEPATy pHA U3TOYHMKA, OCHOBHO Ha JIATUHMILIA, [Ty 6Ky BaHu B iepuoja 1992 - 2025 r.,
KaTo rojisiMa 4act oT Tiax ca ciex 2015 r. B pesysnrar Ha aHanm3a Ha JUTEpPaTypPHUTE
M3TOYHHIM € pUKCHpaHa HayYHAaTa HUIIA, TeQUHUpaHa € IIeJITa Ha JUCEPTAIIMOHHUS TPY T
1 Ca IIOCTaBEHHU 33J]a4UTe 3a IOCTUTAHETO Ha Ta3! Lel. [IpeacTaBeHu ca pe3yaTaTuTe OT
JOCCTalllHUTE HAy4YHM H3CIECIBAaHUSA IPU OINpeAesIHE Ha OCHOBHHUTE IIOKa3aTeld Ha
BB300OHOBSIEMUTE H3TOYHUIM Ha CHEPrUs U pa3IMUHUTE BUIOBE BHCOKOYECCTOTHH
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zxe(bnﬂupaﬁn MHOBATUBHUTE HAyYHO-IIPUJIOXKHU 3a3/1aud B Ta3d 0O0JIACT. HanpaBeHo e
CPaBHEHME Ha XapMOHHUYHHS ChCTaB, ()akTopa Ha MOINHOCT M €(PEKTUBHOCTTA IPH
€JHOIIOCOYHO M JBYIIOCOYHO IIpe/iaBaHe Ha eHeprusta mpe3 BU mpeoOpasysaren.
Wscnensanu ca pabOTHHTE peXUMU Ha cucremara -  ¢otoBoarauk/DC mmHa,
dotoBonTank/6arepust, Oarepus/DC  mmHa, 3axpanBama Mpexa/DC  mmHa.
JIOIBIIHUTENHO € M3BBpPIIEH CHHTE3 Ha CHCTEMa 3a YIpaBjieHHE, KOATO JeduHHpa
CTOMHOCTTA Ha OTZaBaHaTa MOLIHOCT B 3aXpaHBalllaTa Mpe)ka U rapaHTHpa IPEBKII0OYBaHE
Ha TPaH3UCTOPUTE Ha IpeoOpa3yBaTellsi IpK HyJIEBO HAIPEKEHMUE.

Bcuuko ToBa mokasBa, e JOKTOPAHTHT € 3all03HAT J0Ope ChC CHCTOSHHETO Ha
U3CJICIBaHNATA II0 TeMaTHKaTa Ha JUCEPTAallMOHHUA TPYyA M TpUTEkaBa YMEHHUA 3a
CaMOCTOsTeNIHA pa3paboTKa HA HOBU HWJEHM M TEXHOJOTHMYHU pEIIeHUs B objacTra Ha
€ICKTPOHHUTE IIpeoOpasyBaTeNdl C NMPUIOKEHUE BHB BBH30OHOBSIEMHUTE W3TOYHHIM Ha
CHEpPIHAL.

3. ChoTBeTcTBME HA M30paHaTa METOAMKA HA H3CJeIBaHE C MOCTABEHATA LeJ H
3ala4d Ha JUCEPTALMOHHNS TPYA.

JIOKTOpaHTHT MPABIIIHO € (GOpMYJIHpaJ LeJTa ¥ 33Ja4UTe HA U3CJICIBAHETO, KOUTO
ca aJIeKBaTHHU Ha TeEMara Ha AucepranusiaTa. M30panara MeToiMKa 3a N3CJIeIBaHE BKIIOYBA
Ch3J[aBaHe Ha IISVIOCTEH MOAE]I Ha cucremara ,,(oToBoiTamk - mpeoOpasyBaresn —
3aXpaHBalla Mpeka wid Oarepus U U3NOJI3BAHETO HA CHUMYJIAIIMOHEH W
CKCICPUMEHTAIEH METO/ 3a I0JIy4YaBaHE HA OCHOBHHUTE €IEKTPUUYECKU M TEXHOJOTHYHU
napaMeTpy IpH ABYIIOCOYHO INIPENAaBaHE Ha €JIEKTpHUYECKaTa €Heprus. Y CTAaHOBEHH ca
ONTUMAJIHATA KOH(DUIypaLUsATa Ha CUJIOBATA CXEMa M ajJrOPUTMHUTE 3a YIPaBJICHUE [IPU
KOMTO C€ IOCTUraT Hai-IoOpU MOKa3aTesu [0 OTHOIICHHE Ha (aKTopa Ha MOIIHOCT M
KOMyTalMOHHUTE 3aryOu. Ilpyu BCMUKM M3CIeIBAHUS € HAIUIC 3HAYMTEIHO CHBIIAJICHHIE
Ha pPE3yJTaTUTE OT KOMIIOTBPHOTO CUMYJHpPAHE U PEAJHUS EKCIEPUMEHT, KOETO €
JI0Ka3aTeJICTBO 3a IPaBUJIHO N30paHa U MPWIOKEHA METOUKa Ha U3CJICABaHE.

4.Kparka aHaJMTHYHA XapaKTEPHCTHKA HAa eCTECTBOTO M OIEHKa Ha
JIOCTOBEPHOCTTA Ha MaTepuaja, BBPXy KOHTO c¢e TrpaifiT NPHHOCHTE Ha
AUCEPTALHOHHUSA TPYA.

JUCEPTAMOHHMAT TPy ChABPXKA BbBEICHUE, 4 TTIaBU, U3BOIHU BBPXY LIIOCTHOTO
U3CJIeABaHE, IPUHOCH, U3II0JI3BaHa JIUTEPATypa U Iy OJIMKAIMY 110 AUCEPTALUATa B 00eM
or 141 crpamuiy. OOmo B Tpyma ca BxmodeHu 121 d¢urypu u 10 TabGnumm.
JIONBIHUTENHO ca NMPEACTaBeH 3 NpuIoKeHus ¢ o0em ot 12 ctpanuim. Te ChabpKaT
Ba)XHa TCOPETHYHA M E€KCIIEPHMEHTAJIHA MHGPOPMAIMs, OTHOCHO W3IOJ3BaHATa ONUTHA
[IOCTAHOBKA M PpE3yJITaTUTE IpU pa3MyHd aITOPUTMH Ha YIIpaBIICHHUE Ha
BHCOKOYECTOTHHS IIpe0Opa3yBTe, H3M0I3BaH BHB (HOTOBOJITAMYHHUTE CUCTEMHU .

B I'maBa 1 e HampaBeH nuTEpaTypeH INperiies Ha CHCTOSHHUETO, 00JacTHTE Ha
IPUIOKEHNE U NMPOOJIEMUTE NPH U3IOJI3BaHETO Ha EIEKTPOHHUTE MpeobpasyBarel 3a
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KOMYTallMOHUKTE 3aryOM IIpH pa3iW4HU pexXuMU Ha paborta. Pasrieman e D
npeoOpa3yBaTes, KOWTO € IOCIHyXXWJI 3a OCHOBara Ha XHOpHJeH (OTOBOJTAHYCH
unBepTop. CuHTE3Mpana e 6J10K0Ba CXeMa Ha NIPEIOKEHNS CXEMEH BapUaHT, KOHTO 1aBa
BB3MOXXHOCTH 3a CBXpPaHEHHE Ha €HEprusara B aKyMyJlaTopHa Oarepus U HEHUHOTO
U3M0J3BaHE OT TOBAap, CBBp3aH KbM IIOCTOSHHOTOKOBA IIMHA WM OTJaBaHE KbM
[IPOMEHIIMBOTOKOBa Mpeka. Ha ocHoBaTa Ha MaTeMaTMYeCKd aHalN3 € H3BEACHA
npeaaBaTeIHaTa QyHKIMA, KaKTo U 3aBUCHMOCTTa Ha HEOOXOAUMOTO MUHUMAITHO MBPTBO
BpeMe Ha cxeMarta 3a ocurypsisane KHH nipu paznuunu croifHOCTH Ha ToBapa.

HWmenno Tte3m mnpobneMu ca TOCIYy)KWIM 3a OOEKT Ha HU3CJICIBaHUATA B
Jucepranyara ¥ (QopMyiInpaHe Ha OCHOBHarta nen: HM3ciegBaHe Ha MeToqu 3a
noaoOpsiBaHe Ha eHepPrHiiHHUTe NOKAa3aTeJd Ha eJIeKTPOHHH IpeolpaszyBaTesd
paboTemin BBbB (POTOBOJITAMYHH CHCTEMH, HMAallH JONbJIHUTEIEH eHeprueH
U3TOYHHK.

Bropa riasa ce sBABa JOrH4eCKO NPOABIKEHNE Ha IThPBa IJ1aBa U B HEA CE pelaBaT
4acT OT 3ajayuTe Ha jucepraimiara. OCHOBHO € aKIEHTYBaHO Ha aHaliu3 Ha
CICKTPOMArHUTHUTE IIPOLECH HAa OCHOBHUTE OJIOKOBE Ha XWUOpHUIEH HHBEPTOp Ha
HanpexeHue, Moao0psaBan €(pEeKTUBHOCTTA MpU MpeoOpasyBaHETO HAa EHEPrusTa OT
(oToBONTaMYEH M3TOYHMK Ha €HEprus. B 3akirOuMTENHATa YacT Ha BTOpa IJiaBa ca
NPCACTABEHM PE3YJITATUTE OT IPOEKTUPAHETO HAa CHCTEMara 3a YIpaBJIeHHE Ha
MHBEPTOPA, OCUTYDsBAlLl pETYJIMpPaHe Ha OTAaBaHa B Mpexara MOIIHOCT. J[oka3aHo e, e
IpeIoKeHaTa TOIoJIOrus ¢ J00aBssHE Ha HUCKOHANPEXKEHOBA [TOCTOSHHOTOKOBA IIIMHA,
3HAYUTE/IHO MOBHIIABA €PEKTUBHOCTTA, KAKTO U (hakTopa Ha MOIIHOCT, pu paboTa Ha
MaJIK{ MOILITHOCTH.

B Tpera riaBa e npeacTaBeHO CUMYJIAIOHHO U €KCIIEPUMEHTAIHO BEpUpUIPaHEe
Ha MpEJJIOKEHaTa CHCTEMa Ha XuOpuaeH HHBEpTOp. 3a menta ca pa3paboTeHH
CUMYJAlMOHHY MOJENU Ha OJIOKOBETE U3rpakAally IpeJIoJKeHaTa CHCTEMa, KOHTO
BKJIFOYBAT KaKTO CHJIOBATa CX€Ma, TaKa U CHCTEMara 3a ympasiieHue. Pa3zpaGoTeHuTe
MOJICIM Ca M3II0J3BaHM 3a JEMOHCTpUpAaHE Ha peXUMHUTE Ha paboTa Ha NPeIIoKECHUS
npeoOpasyBare] B pasiM4HU PEXUMHU Ha paboTa, KOUTO Jia MOCTy>KaT KaTo Gasa 3a
CPaBHCHHE C EKCIIEPUMEHTAJIHO pa3paboTeHuTe OnokoBe. JIOMBJIHUTENHO 32
BepuQuUIUpaHe Ha NPEAJTOXKEHATA CUCTEMA € HAMPABEHO CPaBHEHHE ¢ KOMEPCHAIHO
CBIIECTBYBAIY IOJOOHM CHCTEMH OT pa3IMuHU NPOM3BOAMTENM. B riiaBata ca
pasrienany JBe MoJOOHM CUCTEMH U Ca CHETH €(EKTUBHOCTHTE OT Mpeobpa3yBaHETO Ha
CHEprus Npd TAX B Pa3sIUYHM PEXMMHU Ha paboTa. Te3u eHepreTMYHHM MOKa3aTeNlu ca
CPaBHEHHU C IOJIyYECHUTE TaKUBA IIPU CXOJHU HATOBapBaHUS HA MPEAJIOKEHATA CHCTEMA.

B 3akmouMTenHaTa 4€TBBPTA IV1aBa € HAIPaBEH aHAIU3 Ha Hay4YHO-TIPUIOKHHUTE
pesyiaTaTd B JOWCEPTalUATA U OCHOBHUTE IIPEAU3BUKATEICTBA, KOWTO BBH3HHUKBAT
BCJIC/ICTBME€ HA YBEIMYaBaHE HA JeJla Ha €JIEKTpUUecKa €HEprus, I0JydyaBaHa OT
BH300HOBAEMH €HEPIUHHN W3TOYHHUIM M II0-KOHKPETHO ()OTOBOJTAUYHH ITaHCIIH.
HenocTosHHUAT XapakTep Ha U3TOYHNKA Ha €HEPrHs BOAM J0 IPOMEHINBO IPOM3BOICTBO
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Ha €JICKTpUYEeCKa €HEprus OT TO3M THUIl CHEPIHUHU H3TOYHUIM H 113 énegBamnq;Q/
npo0JjeMd CbC CTaOMIIHOCTTAa Ha U3XOMUTE XApPaKTEPUCTUKU Ha Mpeodpas
O6o011eny ca IpeJuMCcTBaTa OT U3M0I3BAHETO Ha OMBIHUTEIHN €HEPTUITHI I/Iﬁbmun
M CBIIBTCTBAILUTE TU €JIEKTPOHHU IpeoOpasyBarend Impu OaJlaHCUPAHETO Ha
NOTPe0JICHUETO U TeHEpaIKsATa Ha EEKTPUIECKa EHeprusi OT (POTOBOJITAMYHHU TTAHETH.

5. Hayynyu u/miayM HAYYHONPHJIOKHH M NPHJIOKHHA NMPHHOCH HA JHCEPTALMOHHHUSA
TpYA.

®opMyIUpaHUTE OT JOKTOpPAaHTa MPUHOCH B AMCEPTALIMOHHUA TPYJ CIafaT KbM
II0JIE3HO YBE/IMYaBaHE Ha 3HAHUATA, OTHOCHO IpeoOpasyBaTEIUTE 3a BH30OHOBIAEMHU
CHEPrUfHYA M3TOYHMIIY, U3II0I3BaHE Ha KIIACUYECKU U CHBPEMEHHU METOJAU 3a aHAJIU3 HA
CbBpEMEHHA amaparypa U ejeMeHTa 0as3a, BHEJpSIBaHE Ha OpPUTMHAIHU HAay4YHH
ITOCTHKEHHU S, TEXHOJIOTUH U IIOAXOAY 3a IIPaKTUYECKOTO UM NPUJIOKEHHE.
CautaMm, ye IPUHOCUTE UMAT HAYYHO-IIPUIIOXKEH U IPHUJIOKEH XapaKTep U MoraT ja ObJaT
000011IeHN KaKTO CJIC/Ba:
Hayuno-npunoscnu npunocu
-CuHTE3MpaHu ca  CHMYJIALIMOHHU MOJENM HA COJIAPHA KJIETKA, €IHOMOCOYEH H
JBYIIOCOYEH IIpeoOpa3yBaTel ¢ IPWIOKEHHE BBB BB30OHOBSIEMHUTE CHEPTHMHU
U3TOYHHUIIY, YPE3 KOUTO Ca U3CIIEABAHY PA3IMYHU PAOOTHU PEIKUMU.
-PaspaboTeH € aropuTeM Ha BpazoBo yIpaBjieHHE Ha IOCTOSIHHOTOKOB IpeoOpasyBarel ¢
TaJIBAHUYHO pa3JIe/IsHe, [IPH KOWTO TPAaH3UCTOPUTE NIPEBKIIIOYBAT C HYJIEBO HAIPEKEHUE,
OCHUTYPCHO 4Ype3 Mpe3apexkJaHe Ha NapasUTHUTE MM KOHJEH3AaTOpH OT 3amaceHara
CHEPrus B MHIYKTUBHOCTUTE HA CUJIOBATA €KBUBAJICHTHA CXEMa.
-VI3BBbpIIEH € XapMOHWYHUS aHAJIU3 IO IBPBU XaPMOHHK € W3BeIeHa aHaIUTHYHA
3aBHCHUMOCT 3a IpeAaBaTeaHara GyHKIHS, MEXIY BXOAHOTO MOCTOSHHO HANpPEXEHUE U
IBPBHS XapMOHMK Ha HAIIPEXEHHMETO B M3X0Jla HA MOCTOBHUS IpeolOpa3yBaTell.
-B croTBeTCTBHME € anropuThMa Ha yNpaBJeHHE, XapaKTepa Ha CJIeKTpOMaI‘HI/ITHI/ITe
Opolecd M JUala3oHa HAa U3MEHEHHE Ha €ICKTpUYecKuTe M (Pa3oBUTE BEIMYMHH,
onpejeyAmd pabOTHHS pEXHUM Ha JIBYNOCOYEH mpeobpasyBaTes] Ha IOCTOSHHO
HampeXXeHNWe, € M3BEJCHA 3aBUCUMOCT 3a NMPOJBDKUTEIIHOCTTAa HA MBPTBOTO BpEME B
UHTEPBAJIa Ha IPEBKIIOYBAHE BbB (QYHKIMS HAa WU3XOMHHUS KalallATET HAa CHJIOBHUTE
TPaH3UCTOPH.
Ilpunoscnu npunocu
- JleuHupanu ca BpeMeBH MHTEPBAH U ca IPEAJIOKEHN Habop OT npaBuiia 3a GajiaHe Ha
KOHCYMHMPAaHETO M TIeHEPUPAHETO Ha €JEeKTpUYecka eHeprus Ha Oasa JaHHH OT
CJIEKTpOIIpeHOCHaTa cucreMa Ha P buirapus.
-ExcriepuMeHTaNnHO HM3cieaBaHe, CpaBHABAIIO IPEIOKEHATa CUCTEMAa M KOMEPCHAIHO
Ope/JlaraHd  pelIeHHuss [0 OTHOLICHHE Ha €(QEeKTHBHOCTTa W Ka4eCTBOTO Ha
CJIEKTpUYECKaTa EHEPTUA.
- PazpaGoTtena e npoleiypa 3a OlleHKa Ha peXKUMUTE Ha paboTa, KoeUI[UEeHTa Ha TOJIE3HO
JefictBie M (axTopa Ha MOIMHOCT Ha pa3IMYHM KOMEPCHAIHHM (DOTOBOJITAUYHU
UHBEPTOPHU.
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HpI/IHOCI/ITC C€ OTHACAT KbM IIPUIIOKCHKUEC Ha CbBPEMEHHU TCXHHUUCCKHU CPET

Ha paboTa W JAMHAMHUKaTa Ha CHOTBETHATa CJIIEKTPOHHA MU EJICKTpHUYECKA aIlla
Cuutam, 4e MNOJyYEHUTE PE3YNTATH Ca OPUTMHAIHM ¥ HAIBIHO CHOTBETCTBAT Ha
M3UCKBAHMATA 3a AUCEPTALMOHEH TPYA 3a NpuaoO0uBaHe Ha o0pa3oBaTelHAaTa U HayyHa
creneH ,,Jlokrop".

6. Onenka 3a cTelneHTa Ha JIMYHOTO y4acTHe HA JHCEPTAHTA B IPHHOCHTE.

[IpencTaBeHUAT AUCEPTALMOHEH TPy ¥ HAy4HWTE ITyO/IMKald¥ CBBP3aHHU C HETO
II0Ka3BaT, Y€ (opMyIMpaHUTE HAYYHONPIIIOKHU U IPUIOKHU IPUHOCH Ca JUYHO JEII0
Ha Mar. urk. Hukoutait BacuiieB HexoBcky, 1o ppKOBOACTBOTO Ha HETOBUS pPHKOBOJIUTE
non. I-p uwk. Brnagumup Brnagumupos JlumutpoB. He ca 3abensd3aHu €IeMEHTH Ha
ILIaruaTCcTBO.

7. Ilpenenka Ha my0JUKANHMUTE MO JHCEPTALMOHHHSA TPYyA: Opoi, XapakTep Ha
H3JaHHATA, B KOMTO ca oTnedyatanu. OTpaxkeHHe B HayKaTa — H3IO0J3BaHe H
LHHMTHPaHe OT APYrd aBTOPH, B APyrH JadopaTopuH, CTPaHM M Np.

OCHOBHHUTE pE3YJITATH, [IOJYUYEHU B JUCEPTALIMOHHUSA TPY /I, Ca IPEACTABEHU B TPU
HayyHu nyOnukanuu B mepuona 2023 - 2025 r. ExHa oT TAX € CaMOCTOSATENHa, a
OCTAaHAJIMTE [BE€ Ca B CHhABTOPCTBO C HAYYHMs My PBKOBOAMTEN JAOU. A-p Biagmmup
JumutpoB. Benukute cratum ca myOauKyBaHU B U3faHus, pedepupaHu U UHACKCUPAHH
B enekTpoHHaTa 6azu janHu SCOPUS. JlombiaHUTENHO MOXE Aa c€ OTOENEeKH, Y€ OT
ClipaBKarta B cbliara 6a3a JjaHHuU, Mar. uHx. Huxonait BacuneB HexoBcku uma 6 cratnu
1 8 nutupanusa 3a nepuosa 2018 - 2025 roa. To3u mokaszaren CbOTBETCTBA HA MHAEKC HA
Xupu 2.

[Ty6nukanuuTe Ha JOKTOpaHTa IO JUCEPTALUATa, ChAbP)KAT OCHOBHUTE IPUHOCH,
3a KOMTO Ce IIpeTeHanpa. ToBa ChOTBETCTBA HAa N3MCKBAHMATA Ha 3aKOHA 3a pa3BUTHE Ha
aKaJieMU4HUA ChcTaB U Ha IIpaBmiiHMKa 3a HETOBOTO MPUIIOXKEHUE 3a IyOJIMKyBaHE Ha
Hall-CBIIECTBEHUTE YaCTU OT AUCEPTAIIOHHUS TPYA.

8. M3moJi3BaHe HA pe3yJaTaTHTE OT AMCEPTALUOHHHUS TPY] B HAYYHATa U COLMAJHATA
NpaKTHKA.

OtyMTaiiky TEHACHUMUTE HA pa3sBUTUE U NPEAU3BUKATEICTBATA MpEJl CHEPruiiHaTa
cHCTeMa IIPH yBeIMYaBaHe Ha Jie/la Ha Bb30OHOBAEMUTE U3TOUYHUIM HA CHEPIus CUUTaM,
Y€ NPWIOKHHUTE DPE3yJNTaTd B IUCEPTALMOHHUAT TPyJA ca H3KIIOUUTEIHO aKTyaJlHH.
Hanpasenurte uscienBaHus U CHHTE3UPAHUTE CXEMU e HAMEPAT NPHIOKEHUE IPH
OanaHca Ha eHepruifHaTa CHCTEMa Ha OCHOBAHA Ha M3TOYHHUIIM C HEIIOCTOSHEH XapakTep,
ype3 no0aBSiHE Ha BTOPUYEH EHEPTUEH H3TOYHUK M CHOTBETCTBALLUSA EJIEKTPOHEH
npeoOpasyBaTell.

9. OueHka Ha CbOTBETCTBHETO HA aBTopecl)epaTa C IBNCKBAaHHUATA 3a H3rOTBAHECTO
MYy, KaKTO M Ha aJ€eKBAaTHOCTTa Ha OTpa3iBaHE¢ HAa OCHOBHHTE IIOJIOKCHHUS H




NPUHOCHUTE HA nncepTam/mHmm TPYA.

[IpencraBeHusT aBTOpedepaT U3IIIO0 CHOTBETCTBA B CTPYKTYPHO U cxn‘fﬁsﬁéﬁ_j;o/*%b
OTHOILICHHUE Ha JucepTanuiaTa. CraseHN N3UCKBAHUATA 110 0)OPMIIEHUETO U Ca BKIIIOUCHH
BCUYKU HeoOxoaumu atpubyTu. [TocpeacTBom 3amo3HaBaHe ¢ aBTOpedepaTra MOXE J1a ce
npuznoOue eqHO3HayHa MpeJcTaBa 3a JucepTaloHHHMA TpyJ. OLeHKaTa MH 3a
aBTOpedepaTa €, 4Ye TOH OTpa3sBa MPaBIJIHO CHIBPKAHUETO M MPUHOCUTE Ha
JIACEpTaIIUsATA.

10. MHeHusi, npenopbKH U 0eJIeKKH.

- JucepranusaTa € IpeicTaBeHa B 4 IJIaBH, KAaTo YETBHpPTA IJIaBa CHABpPKA
3aKIIIOYECHUE U IpuHOCUTE. JIOTHUHO € Ja ce MPEeIoKK B UeTBBpTa I71aBa Ja Ce BKIIOYU
9acT OT €KCIEpUMEHTalIHaTa paboTa ¢ KOMEHTapUU Ha Pe3yJTaTUTE U IPUIIOKECHUETO,
IpEeACTaBEeHO B Kpasl Ha JUCEPTaIMATA.

- Pa3paboTkara Ou cnedenuia, ako ce HaMainu o00eMbT Ha I'bpBa IJlaBa - cCera €
HEHY>KHO rojisiM - 41 ctp. ot obmio 127 ctp.

- B dacT oT mpHHOCUTE JMIICBA KOHKpPETHKA - 3all04BaT C EKCIIEPUMEHTAJHO
U3CIIEABAHE U EKCIIEPIMEHTAHO CPABHEHUE CIIEJ KOETO JIUICBA (PaKTOJOTUATA.

11. 3akirouenne ¢ SICHA TMOJIOXKHTETHA MJIM OTPHIATEJIHA OLEHKa Ha
AMCcepTALHOHHHSA TPYA.
CuauTtam, Y€ IpeNCTaBEHUAT JUCEPTALOHEH TPy OTroBaps Ha U3MCKBAaHUATA HA

3aKOHa 3a pa3BUTHE HA aKaJeMH4YHUs ChCTaB B PenmyOmnka brnrapus u [IpaBunHuka 3a
YCIIOBUATA U peja 3a NpuAaoOKUBaHEe HAa HAYYHU CTENECHU B TeXHUUECKH YHHBEPCUTET —
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REVIEW

On a dissertation for partial fulfilment of the requirements for obtaining the
educational and scientific degree “Doctor of philosophy, PhD”

Author of the dissertation: MSc. Eng. Nikolay Vasilev Nehovski
Title of the dissertation: Electronic converters for renewable energy sources
Reviewer: Prof. Nikolay Madjarov, PhD — Technical University of Gabrovo

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

The use of renewable energy sources (RES) reduces dependence on fossil fuels,
while simultaneously lowering greenhouse gas emissions into the atmosphere. Despite the
many advantages, some RES technologies see limited use, because of their higher relative
cost compared to non-renewable energy sources and also due to unsatisfactory technical-
exploitation parameters. Expanding their use depends on specific requirements for both
the circuits of the conversion devices and their control algorithms and operating modes of
the power topology itself. The emphasis of the work in the dissertation is mainly related
to the creation of methods and tools for examination and minimization of switching losses
of a two-way AC-DC and a two-way DC-DC converter used in renewable energy sources.
The dissertation also focuses on improving the operational characteristics of the power
converters when used with a renewable energy source while managing the energy flow to
the grid. The scientific and applied results are verified by simulation and experimental
studies. All this determines the relevance of the development and the doctoral studies.
2. Degree of understating of the problems in the field and creative interpretation of
the references.

In developing the dissertation, the author used 107 sources, mainly in English,
published in the period 1992 - 2025, with a large part of them being after 2015. As a result
of the literature review the goal of the dissertation was defined and the tasks for achieving
this goal were set. The results of previous scientific research in determining the main
indicators of renewable energy sources and various types of high-frequency inverter
circuits that convert direct into alternating current and vice versa are presented. The
relevance of the problem has been proven in an indisputable way and the innovative
scientific and applied tasks in this area have been correctly defined. A comparison of the
harmonic composition, power factor and efficiency in unidirectional and bidirectional
energy transmission using a switching converter has been made. The operating modes of
the system have been studied - photovoltaic/DC bus, photovoltaic/battery, battery/DC bus,
power grid/DC bus. Additionally, a control system has been synthesized that defines the
value of the power output in the power grid and guarantees switching of the converter
transistors at zero voltage.
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All this shows that the author is well acquainted with the state of research on{@é topic of»,
the dissertation work and has the skills to independently develop new fdé@‘
technological solutions in the field of electronic converters with application in renewable
energy sources.

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

The author has correctly formulated the goal and objectives of the research, which
are adequate to the topic of the dissertation. The chosen research methodology includes
the creation of a comprehensive model of the system "photovoltaic - converter - power
grid or battery" and the use of simulation and experimental methods to obtain the main
electrical and technological parameters in the bidirectional transmission of electrical
energy. The optimal configuration of the power circuit and the control algorithms have
been established, which achieve the best indicators in terms of power factor and switching
losses. In all studies, there is a significant overlapping between the results of the computer
simulation and experiment results, which is evidence of a correctly selected and applied
research methodology.

4. A short analytical description of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are based

The dissertation work contains an introduction, 4 chapters, conclusions on the
overall research, contributions, used literature and published papers on the dissertation in
a total volume of 141 pages. In total, the work includes 121 figures and 10 tables.
Additionally, 3 appendices containing 12 pages are presented. They contain important
theoretical and experimental information regarding the experimental setup used and the
results of various control algorithms for the high-frequency converter used in photovoltaic
systems. In Chapter 1, a literature review of published papers on the topic, areas of
application and problems in the use of electronic converters for renewable energy sources.
From the analysis of their efficiency, it is emphasized that the basis for solving these
challenges is the optimization of switching losses in different operating modes. Adding a
DC/DC converter is proposed, which serves as the foundation for a hybrid photovoltaic
inverter. A block diagram of the proposed circuit has been synthesized, which provides
opportunities for storing energy in a battery and its use by a load connected to a DC bus
or feeding it to an AC network. Based on mathematical analysis, the transfer function has
been derived, as well as the dependence of the required minimum dead time of the circuit
for providing low switching losses at different load values.

It is these problems that have served as the subject of research in the dissertation
and the formulation of the main goal: Research of methods for improving the energy
performance of electronic converters operating in photovoltaic systems with an
additional energy source.

The second chapter is a logical continuation of the first and solves part of the tasks
of the dissertation. The main emphasis is on the analysis of the electromagnetic processes
of the main blocks of a hybrid voltage inverter, improving the efficiency of energy
conversion from a photovoltaic energy source. In the final part of the second chapter, the




results of the design of the inverter control system, providing regulatiorf‘:' Al ;
delivered to the network, are presented. It is proven that the proposed topologs "‘.j" ;
addition of a low-voltage DC bus significantly increases the efficiency, as wel=as=
power factor, when operating at low powers.

The third chapter presents simulation and experimental verification of the proposed
hybrid inverter system. For this purpose, simulation models of the blocks that make up the
proposed system have been developed, which include both the power circuit and the
control system. The developed models have been used to demonstrate the operating modes
of the proposed converter in different operating modes, which can serve as a basis for
comparison with the experimentally developed blocks. Additionally, to verify the
proposed system, a comparison has been made with commercially existing similar systems
from different manufacturers. The chapter examines two similar systems and measures the
efficiency of energy conversion in them in different operating modes. These energy
indicators are compared with those obtained under similar loads of the proposed system.

The final fourth chapter analyses scientific and practical aspects of the main
challenges that arise as a result of increasing the share of electrical energy obtained from
renewable energy sources and, in particular, photovoltaic panels. The unstable nature of
the energy source leads to variable production of electrical energy from this type of energy
sources and the subsequent problems with the stability of the output characteristics of the
converters. The advantages of using additional energy sources and their accompanying
electronic converters in balancing the consumption and generation of electrical energy
from photovoltaic panels are summarized.

S. Scientific and/or applied contributions of the dissertation

The contributions formulated by the author in the dissertation work belong to a
useful increase in knowledge about converters for renewable energy sources, the use of
classical and modern methods for the analysis of modern equipment and the element base,
the implementation of original scientific achievements, technologies and approaches for
their practical application.
I believe that the contributions have a scientific-applied and applied nature and can be
summarized as follows:
Scientifically-applied contributions

e Simulation models of a solar cell, unidirectional and bidirectional converter with
application in renewable energy sources have been synthesized, through which
different operating modes have been studied.

e A phase-shifted control algorithm for a DC-DC converter with galvanic isolation
has been developed, in which the transistors switch with zero voltage, provided by
recharging their parasitic capacitors from the energy stored in the inductances of the
power circuit.

e Harmonic analysis has been performed and an analytical dependence has been
derived for the transfer function of the converter. The transfer function links the
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converter. AL
e In accordance with the control algorithm, the nature of the electromagnetic
processes and the range of variation of the electrical and phase quantities
determining the operating mode of a bidirectional DC-DC converter, a dependence
for the duration of the dead time in the switching interval as a function of the output
capacitance of the power transistors has been derived. This allows for precise
determination of the required dead time in order to obtain reduces switching losses.
Applied contributions
e Time intervals are defined and a set of rules for balancing the consumption and
generation of electrical energy are proposed based on data from the electricity
transmission system of the Republic of Bulgaria.
e Experimental study comparing the proposed system and commercially offered
solutions in terms of efficiency and quality of electrical energy.
e A procedure for assessing the operating modes, efficiency and power factor of
various commercial photovoltaic inverters has been developed.
The contributions relate to the application of modern technical means for the extraction
and storage of electrical energy and the accompanying architecture, operating modes and
dynamics of the relevant electronic and electrical equipment. I believe that the results
obtained are original and fully comply with the requirements for a dissertation for the
acquisition of the educational and scientific degree "Doctor".

6. Assessment of the degree of personal involvement of the author

The presented dissertation work and the scientific publications related to it show
that the formulated scientific and applied contributions are the personal work of M.Eng.
Nikolay Vassilev Nehovski, under the supervision of his supervisor Assoc. Prof. Dr. Eng.
Vladimir Vladimirov Dimitrov. No elements of plagiarism have been noticed.

7. Assessment of the publications published by the author

The main results obtained in the dissertation work are presented in three scientific
publications in the period 2023 - 2025. One of them is solely by the author, and the other
two are co-authored with his scientific supervisor Assoc. Prof. Dr. Vladimir Dimitrov. All
articles are published in publications, referenced and indexed in the SCOPUS electronic
database. Additionally, it can be noted that from the reference in the same database, M.
Eng. Nikolay Vassilev Nehovski has 6 articles and 8 citations for the period 2018 - 2025.
This indicator corresponds to a Hirsch index of 2.
The publications of the doctoral student on the dissertation contain the main contributions
claimed. This corresponds to the requirements of the Academic Staff Development Act
and the Regulations for its implementation for publishing the most significant parts of the
dissertation work.



8. Evaluation of the use of the claims of the dissertation in scientifie’
practice 184

Considering the development trends and the challenges facing the energy systém in
increasing the share of renewable energy sources, I believe that the applied results in the
dissertation are extremely relevant. The research conducted and the synthesized control
algorithms will find application in the balance of the energy system based on sources of
non-constant nature, by adding a secondary energy source and the corresponding
electronic converter.

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

The presented abstract fully corresponds in terms of structure and content to the
dissertation. The requirements for the layout have been met and all necessary attributes
have been included. By familiarizing yourself with the abstract, one can gain an
unambiguous idea of the dissertation work. My assessment of the abstract is that it
correctly reflects the content and contributions of the dissertation.

10. Opinions, recommendations and notes.

e The dissertation is presented in 4 chapters, with the fourth chapter containing a
conclusion and contributions. It is logical that the fourth chapter include part of the
experimental work with comments on the results and the application presented at
the end of the dissertation.

e The development would benefit if the volume of the first chapter were reduced - it
is now unnecessarily large - 41 pages out of a total of 127 pages.

e Some of the contributions lack specificity - they begin with an experimental study
and experimental comparison, after which the facts are missing.

11. Conclusion with a clear positive or negative assessment of the dissertation work.
I believe that the presented dissertation meets the requirements of the Act on the

Development of the Academic Staff in the Republic of Bulgaria and the Regulations on
the Terms and Procedure for Acquiring Scientific Degrees at the Technical University of
Sofia in terms of volume, quality, scientific contributions and publications. The achieved
results give me reason to recommend to the Scientific Jury to award M.Eng. Eng. Nikolay
Vassilev Nehovski the educational and scientific degree "Doctor" in the field of higher
education: 5. Technical Sciences, professional field: 5.2. Electronics, Electrical
Engineering and Automation, scientific specialty '"Electronic Converters".
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