PELUEH3UA

BbPXY AUcCepTaunoHeH TpyAa 3a npugobreaHe Ha obpasoBaTtenHa u HayvHa cteneH ,JJokrop’
MpodecnoHanHo HanpaBneHue: 5.2 EnekTpoTexHrka, enekTpoHuKa n asToMaTuka
Hay4yHa cneuyunanHocT: EnektpoHunsauyus

ABTOp Ha aucepTaumoHHna Tpya: Teogopoc NeTtporny
Tema Ha aunceptaumoHHus Tpya: Reliability and fault-tolerance of photovoltaic systems.

PeueH3eHT: gou. a-p nHX. Miean MiBaHoB Hepasinkos

HacTosdwara peueH3nsa e narotBeHoO B Ka4eCTBOTO MM Ha YreH Ha Hay4HO XXypu, Ha3Ha4YeHo CbC
3anoeen Ne 1294/12.06.2025 r. Ha PekTtopa Ha KOrosanageH yHusepcuteT ,Heodut Puncku®.

1. AKTyanHoCT Ha pa3paboTBaHUA B AMCEPTALMOHHUA TPyA Npo6rieM B Hay4HO U
Hay4YHOMPUIIOXXHO OTHOLLEHue.

B MomeHTa mnarpaxxgaHeTo Ha hOTOBONTaNYHN NApKOBE M M306LL0 (POTOBONTANYHN CUCTEMM
32 MPOM3BOACTBO Ha eneKkTpuyecka eHeprusi U 3axpaHBaHe Ha BCsikakBM OUTOBM M HEOUTOBM
HY>XOW HapacTBaT eKCrOoHeHUuuanHo. MarpaxgaHeTto Ha TakvMBa 3axpaHBally MOLLHOCTU ce
OCbLLECTBSABA KAKTO OT NPOdECMOHANNCTI, Taka U OT HenpodecnoHanmucTn u nobutenu. Ho nma
onpeneneHn U3nckBaHus, KOMTo TpsbBa Aa ce crnas3sBaT NpW U3PaXA4aHETO Ha TakMBa CUCTEMMW,
3a Ja MOXe reHepvpaHaTta eHeprus Aa € MakcumarnHa. BceobLwoTo MHeHue e, Yye nsrpaxgaHeTo
Ha TakMBa 3axpaHBaLLN CUCTEMM € HELLIO ENIEMEHTAPHO — B3NUMAT CE HAKOMKO MaHena; MoHTMpaT
ce Ha [obpe ocBEeTEHO MACTO; CBbP3BAT Ce No onpeAeneH HavvH (B 3aBUCMMOCT OT TbPCEHOTO
HanpexeHne n uM3xogHa MOLLHOCT), crieq ToBa ce CBbp3BaT KbM WHBEPTOP wnu Apyr
npeobpasyBaTeni Ha enekTpuyecka eHeprus (B 3aBMCMMOCT OT HYXXHOTO Ha W3XOAHO
HanpexeHue), cBbp3BaHe Ha Gatepus uM poToBONTaMyHaTa cuctema e rotoea. PeanHocTTa
obaue e gpyra. lNopaan M3TbKHATOTO MO — rope, pasrneaaHusaT AMcepTauMoOHeH Tpya u3cnensa
MHOrO aKkTyanHa B MOMeHTa TeMaThka U CBbp3aHUTE C Hest npobnemu. B guceptaunoHHns Tpya
OOKTOPaHTBLT € HanpaBwuil MHOro O6CTOeH M 3agbriboyeH nperfeq U aHanuM3 Ha npobnemu,
CBbp3aHM C ekcnnoatauusita Ha poToBONTaNYHM CUCTEMM, KaKBU Ca Hali — MacoBUTE AOMYyCKaHU
FPELLKN MO BpPEMEe Ha NNaHWpaHeTO W U3rpaxgaHeTo Ha Te3n cuctemu u gpyro. OBeH ToBa
aBTOPBLT € NpeacTaBun METOAOIIONS, Ype3 KOSITO MOXKE [a Ce MOBMLIN NPOM3BOAUTENHOCTTA Ha
BeYe marpageHn oToBoNTanyHn cnuctemm, paborenn nasecteH 6pon rognHu. MpunoxumocTTa
Ha NpegnoxeHaTa MeTOAONOrMs € fokasaHa C eKCrnepMMeHTanHn pesyntaru.

lMocTaBeHnTe uUenn 3a U3NbMHEHME: 4@ Ce u3cnegBaT HacTosiWUMTEe NOBpeau BLB
c¢hoToBONTAMYHUTE CUCTEMU M Ola Ce aHANU3UpaT NPUUYNHUTE 3a HamarnsiBaHe Ha TsXHaTa
NPOU3BOAUTENTIHOCT; Aa ce BbBeAe CucTeMaTuveH noaxoa 3a rpynupaHe Ha noBpeauTe u
Ja ce aHanu3upa ponsTa Ha HaToBapBaHeTO BbPXY MNPOU3BOAUTENHOCTTa Ha
KOMMOHEHTUTE U KaK TO BfiMSie BbpPXYy HageXAHOCTTa Ha CUCTeMuUTe; Aa ce u3cneaBa
BIIMSSHUETO Ha pas3nu4yHu hpakTopu BbpPXy HaAEXKAHOCTTA, YCTOMYMBOCTTA Ha NoOBpeaun u
HaMmansiBaHeTO Ha MNpPou3BOAMUTESIHOCTTa Ha ((OTOBOMITaUYHUTE CUCTEMU. 1
npoustTuyawMTe OT TOBa 3adayn 3a pellaBaHe, AOMbIHUTENHO akueHTupaT BbpXy
CbBpEeMeHHaTa akTyanHOCT Ha UCEePTaUNOHHUAT Tpya,.



2. CteneH Ha No3HaBaHe CBbCTOSIHUETO Ha NpobrieMa U TBOpYECcKa UHTepnpeTauus Ha
nuTepaTypHUA MaTepuarn.

PeanHa npencraBa n 060CHOBKa 3a Hay4YHOTO HMBO UNM CTEMEH Ha NO3HABaHE CbCTOSHNETO
Ha npobriema n cboTBETHA TBOPYECKA NHTEPNpeTaUnsa Ha NUTepaTypHUS MaTepman Moxe ga ce
dopmupa Ha 6asata Ha nsnoxeHmeTo B Mnaea 1 n Maea 2 Ha ancepTaumMoHHUA Tpya. Ypes
maBa 1 QOKTOpaHTBLT NpaBu BbBeAeHME B TemMaTta Kato MHOro nogpobHO pasrnexga Kakeo
npegcraesngaeaT POTOBONTAUYHUTE MOAYMU; Kak ce NpousBexaaT, KakBu BUOOBE Ce; KakBa e
pasnukaTa Mexgy oTtaenHute Bugose. [lpeactaBeH u o00scHEH e MogenbT Ha efHa
dooTOBONTaAMYHA KNeTka, 3aeHO C HEMHUTE eneKkTpuyeckn n usmndyeckn napametpn. O6bpHATO
€ BHUMaHWe Ha OTOENHUTE enieMeHTun, OT KOUTO e n3rpageHa egHa potoBonTanyHa 3axpaHealla
cuctema. [maBaTa 3aBbpLUBa C Npernes Ha pasnuyHuTe B1goBe npobnemun n noBpeam, KOuto ce
HabnogasaTt nNpu T€3u CUCTEMM.

Upes [Maea 2 goKTopaHTbT NoapobHO 1 3aabnboveHo HM 3ano3HaBa C pas3fiMyHuTe NoBpeamn
n npobnemu, cBbp3aHn ¢ oToBoNTan4HMTE cuctemu. lNpeacraBaHETo e HanpaBeHo Ha 6a3aTa
Ha cbbpaHa cTaTtucTMyecka MHopMaunsa OT peanHu paboTeLim conapHU NapkoBe W CONapHn
AOMalLHKM 3axpaHBawm cuctemun. B Tasm rmaea ca npeactaBeHn CTaTUCTUYECKM AaHHU 3a Hank —
4yecTuTe noBpeaun B Tean cuctemun. B rmaBarta e o6bpHaTa nogpobHo 1 3aabnbo4YeHO BHUMAHNE
KbM M3MCKBaHMSITA 3@ HAOEXOHOCT HA MHBEPTOPUTE B TE3M cUcTeMU. Hakpas ca pasrnegaHu Hawm-
4eCTO cpeLLaHnTe NoBpean B TbProBCKUTE (POTOBONTAUYHU CUCTEMN.

N3nonasaHuTe nutepaTypHN U3TOYHULM B TE3W ABE IMaBu ca U3UA0o OT Hay4yHW nyGnvkauum,
AOKNagn M cTaTun OT PEeHOMUPaHW CncaHusi, U3gaHust OT MeEXAyHapoOHWM KOHdepeHuMn oT
y4YeHU 1 cneymanucTu B obracTta Ha TemaTta Ha gucepTauusita.

3. CvoTtBeTcTBMe Ha M3bpaHaTa MeToaMKa Ha U3creaBaHe C NocTaBeHaTa uen u
3afayvm Ha gMcepTaLMOHHUSA TPYA.

OcHoBHUTE Lenu Ha gucepTaunoHHUAT TPy ca: ,Aa ce uscneaBart HacTosilmuTe noBpeaun
BbB (pOTOBONTAMYHUTE CUCTEMW M OA Ce aHanu3upaTt NpUYMHUTE 3a HamansiBaHe Ha
TAXHaTa NPoOM3BOAUTENHOCT; Aa ce BbBeAe CUCTemMaTMyeH noaxop 3a rpynupaHe Ha
nospeauTe U Aa ce aHanu3npa ponsita Ha HaToBapBaHeTO BbpPXY NPOU3BOAUTENTHOCTTA Ha
KOMMOHEHTUTE U KaK TO BNiMAie BbpPXYy HaAeXAHOCTTa Ha cucTeMuTe; Aa ce uscneaBa
BIIMSSHUETO Ha pas3nun4yHu pakTopm BbPXY HaAeXKAHOCTTa, YCTOMYMBOCTTA Ha NoBpeau 1
HaMmansiBaHeTO Ha nNpou3BOAUTENIHOCTTA Ha doToBONTaNYHMTE cucTeMn. 3a
N3NbIIHEHNETO Ha Ta3n Lenu, ca opMynmnpaHn CrieaHNTe 3agaqn:

1. [a ce nacnepBaT M aHanu3upat cblecTByBawmuTe nospeam B PVS (Photovoltaic
Systems) n pa ce aHanusupaT CbBpeMEHHUTE METOAM 3a aHanu3 M NPOrHo3npaHe Ha
HapgexaHocTTa Ha PVS — 3a pewaBaHeTo Ha Te3u 3agayu, OOKTOPAHTBbT €  Hanpasun
KaTteropmsauuns Ha NnoBpeauTe, KOMTO Bb3HMKBAT B eQHa (DOTOBONTaMYHa CMCTEMA MO BPEME Ha
HeMHaTa ekcnnoataums. Crnen ToBa € NpeAcTaBuil PasfIMYHN HAYMHM 33 ANArHOCTULMPaHE Ha
NpobremMmnTe N HAKOM HaYMHN 3a peLLaBaHETO UM C MOMOLLITa Ha HOBM MeToan. B kpasa Ha nbpea
rmaBa QOKTOPAHTBT € Aan HAKOWM peanHu NnpumMepun 3a OTKpUBaHe Ha HEM3MPABHOCTM C NOMOLLTA
Ha uHpavepBeHa doTorpadus, HO CbLLUO Taka M C aHanuM3 Ha JaHHW OT TeremeTpusita Ha
doToBONTANMYHNTE CMCTEMU. BbB BTOpa rmaea aBToOpbT NPeACcTaBs BCUYKN CTaTUCTUYECKM OaHHU
OTHOCHO NoBpeauTe Ha POTOBONTANYHUTE CUCTEMMU, CbOpPaHM NO Bpeme Ha uacriegsaHeTo. Teaun
noBpean ca KaTeropuanpaHun B 3aBUCUMOCT OT MpUYMHATa 3@ Bb3HUKBAHETO MM. [puynHmnTe 3a



nospeauTe Ha (poToBONTANYHUTE NaHENU U POTOBONTAUYHUTE MHBEPTOPM CbLLO Ca NPOYyYEHM B
Obnoo4YmHa;

2. [a ce aHanu3npart Ha NpUYMHUTE 3a HaAMansiBaHe Ha npousBoguTenHocTra Ha PVS
M Aa ce Npeanoxu cucTteMaTuyeH noaxon 3a aHanu3 Ha HaToBapBaHETO Ha KOMMNOHEHTUTe
C uen onpeaensiHe Ha HagexaHocTTa Ha PVS — 3a pelaBaHeTo Ha Te3un 3aaun JOKTOPAHTbT
e ycTaHoBus, Ye 26,1 % oT nonesuTe POTOBOMTAUYHW WHCTaNauMm ca Mmanu HamasneHu
roauwHn gobusm Nnopaam NPonycky B MbpBOHAYarnHOTO NnaHupaHe. MHOro conapHu cuctemm ca
ovnn narpageHn B panioHa B 6nmu3oct oo GperoBarta nMHMS, KaTo KoposusiTa € gosena Ao
noBpeaun, CBbp3aHU CbC coneHaTta Mbrra. [pyr npuvyYnHM 3a HamansiBaHe Ha reHepupaHaTta
MOLLHOCT Ce ObJhKaT Ha HenpasuNHOTO M3YUCHSBaAHE Ha MeXOypedoBOTO PasCTodAHWE, KOeTo
BOAW OO TOBA, Ye npes 3UMHUTE MeceLm TpaeKkTopusaTa Ha CAbHUETO € HUCKO Haj XOPU30HTa U
Mexay pegoseTe MMa caHka. [pyra npyyunHa, Bogela A0 HamansBaHe Ha edpeKTUBHOCTTa Ha
¢OTOBOMTAUYHUTE CUCTEMU, OTKPUTA OT AOKTOPAHTBLT MO BPEME Ha HEroBUTE MU3CNenBaHus, e
HEeNpaBUNHOTO W acCUMETPUYHO OpasMepsBaHe Ha OTAeNHUTE CTPUHIoBe C NaHenwu.
HebanaHcupaHocTTa Ha napanenHuTe CTpUHroBe reHepupa obpaTHuM TokoBe B TAX, a
HenpaBUNHOTO Oopa3MepsiBaHe Ha CTpuHroseTe B 6nNn3ocT Ao paboTHUTE rpaHULM Ha ConapHus
NHBEPTOP OBMKHOBEHO NPUHYXXAaBa MHBEpPTOpa Aa paboTu M3BLH Han-edeKTMBHATaA TOYKa Ha
paboTa, a B HAKOM crnyyam n n3BbH obxeata Ha MPPT. Hakpas QOKTOpaHTbT € OTKpun, 4Ye ToBa
pavoHbT Ha WHCTanauusaTa TpsabBa Aa ce nNpoy4dn 3a AUHAMWYHU CbCeOHU NPEensiTCTBUA, KaTo
HanpuMMep pacTawM AbpBeTa UnuM crpaga B Mpouec Ha usrpaxgaHe, KOUTO eBEeHTYyarHo B
O6baelle morat ga cb3gagaT CeHYecTM 30HM Ha dpoToBONTanmyHaTa MHcTanaums. CbceaHute
OENHOCTN, KOUTO €eBeHTyanHo moraTt ga cb3gagart obnaum ot npax, Tpabsa ga ce B3emart
npeasua npwv pabortata Ha OTOBONTAMYHUTE MHCTanauun. 3a BCEKM eduH OT OTKpUTMEe
npobnemu, BOAELWMN OO HamMansBaHe Ha NPOM3BOAUTENHOCTTA Ha (POTOBONTAUYHUTE CUCTEMM,
OOKTOPaHTBLT € NPeasioxKui pasnnudHy MeToau 3a peLlaBaHeTo UM, KOMTO BOAAT 40 NoBULIaBaHe
Ha NPOU3BOANTENHOCTTA;

3. PaspaboTrBaHe Ha MeTOo4 3a MNOBMLIABaHE Ha YCTOMYMBOCTTA Ha rpelwku u
edekTuBHOCTTAa Ha PVS 1 npoyuBaHe Ha cneundunyHn hakTopm npu NpPoeKTMpaHeTo Ha
PVS B 3aBucumocT OT reorpacCKkoTo nonoxeHue U KIUMaTUYHUTE OCODOEHOCTU Ha
MSACTOTO Ha MHCTanuMpaHe — 3a pellaBaHEeTO Ha Te3u 3adadn OOKTOPaHTLbT € NpeacTaBui
€KOSTOrMYHUTE, FTeONOXKUTE U TONOSIOMMYHNTE YCIOBUS, KOUTO TpsAOBa 4a ce B3emaT npeasug 3a
pavoHa, KbAEeTo Lie Ce MHCTanupa/msrpagn cboTBeTHaTa potoBonTanyHa cuctema. OCBeH Te3n
yCroBwusi, MpU NPOEKTMPaHETO Ha hoToOBONTanYHa cuctema, TpsibBa Aa ce o6bpHE BHMMaHue 1
Ha ekcnnoaTauuoHHUTE rpaHMumM Ha 0bopydBaHETO M CbBMECTUMOCTTa Mexay Tax. [1o Bpeme
Ha Ha4anHuTe eTanun Ha NPOEKTUPaHETO CreaBa Aa ce npeueHn gann MsCcToTo, Ha KOeTo Luye ce
MHCTanupa oToBoNTanyHaTa cucTtema, OTroBaps Ha onpeaeneHn N3NCKBaHWs, NPeacTaBeHn OT
AokTopaHTbT B masa 3.1. OcBeH ToBa € MpeanoKun pasfnMyHn MeToan U TEeXHUKM 3a
nosuwaBaHe Ha 6e3omacHOCTTa M 3awmTata Ha POTOBOMATANYHUTE CUCTEMU, KaTO 3awiuTa oT
npeHanpexeHue, 3aszemMsBaHe, pe3epBrpaHe Ha 3axpaHBaHETO, 3aluTa OT noxapu;

4. Da ce npensnoxun MeToAoNorns 3a pereHepupaHe Ha ¢hoTOBONITaMYHU NapKoBe C
HamarneHo NpoM3BOACTBO Ha eNIeKTPOEHepPrus - 3a pellaBaHeTo Ha Te3n 3a4ayum AOKTOPAHTbT
€ npencraBvil MeTogu 3a MNoBuLAaBaHe Ha eHepruHata ePekTUBHOCT Ha (poToBONTaUYHUTE



CUCTEMU N HAYMHK, MO KOMTO CTaputTe POTOBONTAaNYHN CUCTEMM MOraT Aa NpefoCTaBAT NoBevye
NMHENHa €eHeprus Ha mpexarta, KakTo M AaHHW OT pearnHu MHcTanauuu. HanpaBeHu ca u
NpeanoXeHns 3a yBennmyaBaHe Ha MOLLHOCTTa Ha CpedHOCTaTUCTUYECKUTE (hOTOBONMTaAUYHU
cuctemun, 6e3 ga e HeobxogmMmo obHOBsIBaHE Ha MpexoBaTa MHpacTpykTypa. HanpaseH e
3agbnbodeH aHanu3 Ha ABynuueBuTe HOTOBONTAUYHU MOZYNM M Ca MOCOYEHWU KMYOBUTE
dakTopu, KOUTO BNMAAT BbPXY MPOU3BOAMTENHOCTTA. [1Be (hoTOBONTaMYHWM WMHCTanauumm, c
pasnuMyHM BUOOBE [ABYNMLEBU MNaHENW, ca aHanusvMpaHu W nornyyYeHuTe pesyntaTu oT,
npunaraHeTo Ha NPUIOXeHUTe MeToauTe, [oKa3BaT TaxHaTa ePEKTUBHOCT U NPUMOXKUMOCT.

B o6obuieHve: noctaBeHUTe 3agayn U MeToaMKa Ha wu3crnegBaHe CbOTBETCTBAT Ha
nocTtaBeHaTa Len 3a U3nbfHeHe.

4. KpaTka aHanuMTM4yHa XapaKTepuCTUKa Ha eCTeCTBOTO U OLleHKa Ha [JOCTOBEPHOCTTA
Ha MaTepuana, BbpXy KOUTO ce rpagsaT NPMHOCUTE Ha AUCEepPTaLMOHHUSA TPyA.

MpencraBeHUST gucepTaunoHeH TPyA € CbCTaBeH OT YETMPU raBw.

B nbpBa rmaeBa aBTOpPbLT € HanpaBui MHOMO AeTaunHa nuTepaTypHa cnpaeka, Ype3 KOATO Hu
3ano3HaBa c npobnematvkata NO TeMaTukata Ha gucepTaumoHHuAT Tpya. lNMpepcraBsaHeTo
3anoyBa C 3ano3HaBaHe Kak ce npounseexaaTt oToBONTaNYHUTE NaHeNn, KakBU BUAOBE ca, KakBa
€ pasnukata Mexay TsX, KaKTO 1 enekTpuyeckutTe n pmnsnyecknTe napameTpm Ha Te3n Mmogynu.
MpencrtaBeH e MoaenbT, 4Ype3 KOWTO ce mogenupar ¢oToBonTamdHuTe moaynu. [haeaTta
3aBbpLUBa C NPeACTaBsHEe Ha pasnuMyHUTE BUOOBE MOBPEeAW U Npobremn, KakTo aBTOPbT MM €
cuctematmampan B TPpM OCHOBHUM Fpynun, KOWUTO € pasBuil nogpobHO B cnepsawuTe rnaBv Ha
ONCepPTaUMOHHUAT Tpya.

BbB BTOpa rnmaBa aBTOPbLT 3anoyBa Aa NpeacTaBs CbLUMHCKATa 4YacT OT CBOAT Tpya —
n3crnenBaHnsi CBbp3aHu C HaAEeXOHOCTTa M OTKa30yCTOMYMBOCTTA Ha (DOTOBONMTANYHN CUCTEMM.
3a uenuTe Ha CBOETO Wu3cneaBaHe AOKTOPaHTLT € aHkeTupan cobcTBeHuMuMTe Ha 23
doToBONTAMYHM Napka U 34 XUNULWHWM POTOBONTANYHN CUCTEMU, KaTO 3a LEeNTa e Hanpasun
cobcTBeHa aHKeTHa kapTa. Ha 6asaTta Ha obpaboTeHMTe aHKeTU e HanpaBwuil CTaTUCTUYecKa
n3Bagka 3a Hal — 4YecTuTe noBpean n nNpobnemm, cBbp3aHn ¢ POTOBONTaUYHUTE cUCcTeMU. B
Tasu rnaBa OOKTOPaHTbLT € NpeAcTaBuIl U pes3ynTaTy 3a Hal — YecTuTe npobriemun 1 nospeau,
XapakTepHU 3a WHBEPTOPHUTE MOAYNM BbB (POTOBONTAUYHUTE CUCTEMMU. Tasm MHgopmaums
OTHOBO € NpunaobuTa, Ypes ,npounTaHe” Ha nHopmMmaumaTa Ha ,pernctTpaumoHHu carnose” (log
files) Ha wHBepTOpMTE OT MOMEHTaA Ha MbPBOHAYANIHOTO WM MyckaHe B eKchnnoaTauus.
CvbupaHeTo, 06paboTBaHETO N aHanM3a Ha Ta3n MHOopMaUnsa U3NUCKBA OTAENSAHETO HA MHOTO
BpeMme.

B TpeTta rmaBa Ha OucepTauMOHHUAT TPYA OOKTOPaHTLT pasrnexaa npobnemurte, Kouto
MoraT [ia HacTbNAT NPY HENPaBUTHOTO MbPBOHAYANHOTO NPOEKTUPaHe Ha eaHa hoToBONTaNYHa
cMCTEMa 1 Kak NpaBuiHO TpsidbBa aa 6bae M3BbPLUEHO MbPBOHAYANHOTO NPOEKTMpaHe. ABTOPBLT
€ HanpaBuil CNUCBbK C M3WUCKBaHUS, KOMTO TpsibBa Oda ce cnaseaT, 3a Ada Moxe
NPON3BOANTENHOCTTA Ha (pOoTOBOMTAMYHATA CMCTEMA Oa OCTaHe NocTosiHHA. CbOTBETHA, ako
Te3W N3MCKBaHWS HE ca Crna3eHn, NPON3BOAMTENHOCTTA Ha cucTeMaTta Hamansea. Beuyko Toea e
npeacTaBeHO C NpUMMepKU OT peanHo paboTtewwm cuctemun. B Tasm rmaeBa aBTOpbT € 00bpHan
BHUMaHME 1 Ha OOMBITHUTEINTHM METOOM N TEXHUKN, YPE3 KOUTO LLie Ce MOBMLUN HadeXaHoCcTTa n



3almTaTa Ha POTOBONTAUYHUTE CUCTEMW, KATO OTHOBO BCUMYKO € MOAKPENeHO C NMpUMepwu.
Hakpas rnaeaTta 3aBbplUBa C aHanM3 Ha HeM3NPaBHOCTU, NPUYMHEHUN OT FPELLKX U NMPOMYCKN NO
BpeMe Ha CTPOUTENICTBOTO U Kak Aa 6baaT npeaoTBpaTeHn, OTHOBO NOAKPENeHU C NMpUMEpPH.

B nocnegHata rmaea OT AMCEPTaAUMOHHUAT TPYA aBTOPBLT Mnpeanara MeTodornorus, 4pes
KOATO NPOV3BOAMTENHOCTTA Ha Beye u3rpageHa hoToBoNTanYyHa cuctema, pabotuna HAKOIKO
roavHM MoXe a ce nosun. 3a Aa ce NoCTUrHe To3n edpekT, aBTopbT Npeanara u3non3saHeTo
Ha HOB TWUM (POTOBONTAUYHWU MaAHENWU, KOMTo TpsibBa Aa ce MOCTaBAT MO OMpedeneH HauuH.
MpunoXxmumocTTa Ha Tasu METOAONOorns e [JokasaHa, Ype3 peanusvMpaHeTo Ha uaesTta B ABe
dhoTOBONTAUYHN CUCTEMMU, NPU KOUTO reHepupaHaTa eHeprus ce nosuLlaBa Npu noamsiHaTa Ha
4acT OT MOAYIMUTE C HOBUTE N MHCTaNMPaHEeTO UM MO CbOTBETHUSAT HAYMH.

5. Hay4yHu u/vnun Hay4YHO-NPUNOXHU NPUHOCK Ha AUCEPTALMOHHUA TPYA.
B pa3paboTBaHeTo Ha AuCepTaLMOHHWS TPy Ca NpeacTaBeHn 2 HayyYeHn NpuHoca, 4 Hay4YHo-
NPUOXXEHU U 4 MPUMAOXKHN NPUHOCK, KaKTO cnepea:
Hay4eHu npuHocu:
e Cb3gageH e mogen 3a nHaveuayaneH noaxon v oT4MTaHe Ha crneumdunyHn bakTopuy npm
NPOEKTUPaHETOo Ha (POTOBOMTANYHN CUCTEMM B 3aBUCMMOCT OT reorpaddCKoTo NoroxeHme
N KNMMMaTUYHUTE XapaKTEPUCTMKN HA MACTOTO Ha UHCTanNupaHe;
e [IpegonoxeHa e mMeToAvKka 3a Bb3CTaHOBSIBAHE Ha (POTOBONTAMYHU NApPKOBE C BrOLIEH
0obuB Ha eneKkTpoeHeprus;

Hay4Ho — npunoxeHu npuHocu:

o [lpeonoxeHn ca Nnpenopbku KO METOA B KOM Crydan da ce 13nosidasa B 3aBUCUMOCT OT
»enaHaTa TOYHOCT Ha oueHKaTa ¢ usdncnasaHe Ha MTBF, paamepa Ha n3sagkarta v Buga
Ha aHanuanpaHuTe OaHHW;

e [lpennoxeH e MmeToq 3a paHHO NPOrHO3MpaHe Ha NOBPEANTE N OLEHKA Ha BNOLUABAHETO
Ha MNPOM3BOAUTENHOCTTA B 3aBMCUMOCT OT eKCnioaTauMOHHMUTE YCINOBUSA Ha
doTOBONTANYHUSA NAPK,;

e [lpennoxeH e MeETOA 3a paHHO NPOrHO3MpaHe Ha NOBPEANTE U OLEHKA Ha HaMansiBaHETO
Ha MNPOM3BOAUTENHOCTTA B 3aBMCUMOCT OT eKCnioaTauMOHHUTE YCIOBUSA Ha
¢oTOBONTANYHUSA NAPK,;

e PaspaboteHa e MeTogonorusi 3a OUEHKa Ha WKOHOMMYeckaTa e(geKTMBHOCT Ha
Bb3CTaHOBSIBAHETO Ha dpoToBOMTaMYHM dbepmMn ¢ HamaneH gobue. WM3cnegBaHu ca
pasfiMyHn KOHMUrypauum Ha KOMNOHEHTUTE.

MpWNoXHn NPUHOCH:

1. TlpoyyeHn ca cblUecTByBalUTEe noBpean BbB (POTOBOMTAMYHUTE CUCTEMU U ca
aHanmsMpaHu OCHOBHMUTE MNPUYMHW 33 HaMandBaHe Ha TAxHaTa edekTuBHOCT. [NpunoxeH e
cucTeMaTMYeH NOAX0L 3a rpynupaHe Ha OTKasnuTe M aHasnm3 Ha HanpexXeHMeTo Ha KOMMOHEHTUTE
3a OLEHKa Ha HadeXaHoCTTa;

2. AHannsnpaHu ca CbBPEMEHHUTE METOAM 3a aHanM3 U NPOrHO3MpaHe Ha HageXaHOCTTa Ha
OTOBONMTAUYHM CUCTEMWN N Ca CPABHEHN TEXHUTE NpeanmcTBa 1 HegocTatbum. [pu oueHkuTe



ca U3non3BaHW MeTo[ C OLUeHKa Ha HadeXOHOCTTa Ha nogenemMeHTuTe U MeTod C aHanus Ha
HaToBapBaHETO Ha KOMMNOHEHTUTE;

3. MNpeacTtaBeHn ca cuctematMyHo opMmMpaHn gaHHM OT n3cnegeaHe Ha 23 hoToBONTaNYHU
napka n 34 pesmgeHTHUM cuctemun. MacnegsaHo € BIIMSHMETO Ha pasnuyHn akTopu, CBbp3aHn C
dasuTte "wHcTanupaHe" n "ekcnnoataumda", BbPXY HaOEXAHOCTTa, OTKas3oyCTOMYMBOCTTa U
HamansBaHeTo Ha gobuea Ha PVS. EmMnupuyHuTe OaHHM ca nofy4YeHuM C nomMoliTa Ha
TeneMmeTpu4yHa cuctema W onepaTtMBHW AHeBHMUM Ha PVS, obxsawawwm nepvoga oOT
MHcTanupaHeTo Ha PVS fo cera;

4. MNpepnoxeH € HOB NOAX0A4 KbM eKcrnnoarauuaTa U nogapbXkkata Ha OTOBONTaANYHU
CUCTEMW HamarnsiBaHe Ha pa3xoauTe, yBennyaBaHe Ha BpemeTo 3a paboTa n nogobpsisaHe Ha
HagexgHocTTa U ePeKTMBHOCTTA.

6. OueHKa Ha cTeneHTa Ha JNINYHO ydyacTtue Ha gucepTtaHTa B npuHoCcuUTe

CunTtam, Ye NOCOYEHNTE MPUHOCK Ca NIMYHO Aeno Ha AoKTopaHTa. Te ca nonyyeHu Ha 6asara
Ha camocTosiTeNnieH TpyAd, CBbp3aH C MHOXECTBO 00xoan A0 OTAenHuTe (hOTOBONTaUYHM
CUCTEMM, KOUTO y4acTBaT B Mpoy4BaHeTo. Te3n NpUHOCK OTpassiBaT OCHOBHWUTE pe3yntaTu oT
AvcepTaumnoHHus Tpyd. Tpsibea aa ce oTbenexu, Ye nonyyYeHuTe pesyntaTtv U NpoBedeHuTe
aHanu3u B 4UCepTaUMOHHUST TPy, AOBENV A0 (DOPMYNMPaHEeTo Ha NPUHOCHUTE, ca AoKnaaBaHu
Ha MeXOYHapO4HU HayYHW KOHEpPEeHUMM M ca HaMepUnM CBOETO OTPaXeHue B Hay4Hu
ny6nukauun. Mo Moe BwxaaHe Te ca OOCTaTbYyHM 3a TO3W BUA M3cnedBaHe u oboraTtseat
3HaHUsITa No Temara Ha avcepTaumaTa

PesynTaTbT OT HanpaBeHa NpoBepka C MOMOLLTAa Ha crieuuanuanpaH codTyep 3a aBTOPCTBOTO
1 OPUrMHANHOCTTa Ha AUCepPTaLMOHHNUSA TPy Nokassa, Ye MMa camo 6 % CbBnaaeHnsi C U3BECTHU
nMTepaTypHN M3TOYHUUM. To3M pesynTaT, NPeacTaBeHUsAT TPYA U peneBaHTHUTE NPUMOXKEHN
ny6nvkauum Mu faBaT OCHOBaHUWE [a CYUTaM, Ye NpeasioKeHUsT aucepTaLMoHeH Tpya € HeroBo
NUYHO Aeno.

7. MHeHue 3a ny6nv||<auvw|Te no TemaTta Ha gucepTaumMoHHUA TpyA.

OCHOBHUTE NOCTWXKEHUS B OMCEPTALMOHHUSA TPYyA ca nonynsapuavMpaHn B 5 HayyHu
ny6nvkaumm, Kato 4 OT TAX ca OT NPECTMKHN HAayYHN KOHDEPEHLMU, UHOEKCUPAHN B CBETOBHUTE
©asn gaHHKU. 3 OT TSX ca B NPOLEC Ha oTnevyaTBaHe U ca NPUAPYKEHU C NMcMa OT uagartens 3a
CKOPOLUHOTO MM nybnvkysaHe. Bemyku nybnukauum ca ¢ TEOPETUYHO U MPUMIOXKHO 3HAYeHue,
CBbp3aHM ca C auceptauusita uU C NpodecunoHanHoTo HarnpaeneHne 5.2. [llpuemam
nybnvkaumoHHaTa 4eNHOCT KaTo HaMbJTHO JOCTaTbyHa No obem, kaTo 3a 6baeLle e xenaTenHo
aBTOPBT Aa NPOoAbIMKM Aa paslumpsiBa 1 yBenvyasa cBodta nybnmkaumoHHa SEenHOCT.

8. MHeHus, npenopbLKY 1 Genexku.

KbM npeactaBeHUAT 3a peueH3npaHe OMCcepTauuoHeH Tpya Mmam 3abenekm OCHOBHO
CBbp3aHM C OGOPMSHETO W CTPYKTYpuMpaHeTo Ha paboTarta. [MpeacrtaBeHUSAT pbkonuc e
TpsibBano aa 6bae opopMeH n CTpykTypupaH no — gobpe. Besaka rnasa e Tpsbsano ga 3anoysa
Ha oTgenHa cTpaHuua 1 [a 3aBbpliBa C NPWHOCKM MO OTAenHarta rnasBa, KakTo U Kou oT
ny6nukaummTe ca CBbp3aHM CbC CbOTBETHATA rnaBa.

BcuyknTe CHMMKKM OT NpUNoXeHneTo e TpsibBano ga 6baaT pasnosioKeHN Ha CbOTBETHUTE
MecTa B TEKCTa, a He KakTO € B MOMEHTa Ja ce CroMeHaBa, Ye v nva. PasnonaraHeTto UM B
OCHOBHUSAT TEKCT OM Npuaano oule no — ronsiMa TeXeCT Ha Nony4YeHuTe pesyntaTtu, a u Lwe e no



NecHO Ha yeTAwMmMTe fa AobuaT BU3yanHa npeacrtaea 3a nosnydyeHute pesyntatu. Taka Hama ga
e Heo6xoauMO fa NPenucTAaT LenuaT Tpya 3a BUOAAT KOHKpeTHaTa CHUMKA.

YacT oT npeactaBeHuTe rpadukm ca C foWo KavyecTBO, 3apagu MankvaT MM pasmep.
Tpsibeano e ga ce ysenuyar, 3a Aa Bwxkgar pesyntatute no — gobpe. lNpepcraBennte urypm e
TpsbBano ga ce pasnonoxaT Ha OTCTOSIHUE OT OCHOBHUSAT TEKCT, KakTo U ia MMa OTCTOsIHWE crief,
rpadoukmTe.

Wma rpadhmkn, kouto He ca npeseaeHn — courypu 2.33 n 2.34.

Mpeoun TpyobT ga 6bae genosvpaH B CbOTBETHUTE GUBNMOTEKK, € XenaTenHo ga obae
npernegaH oOT TeKCTOB pedakTtop, 3awoTo MMa MHOMo M3peYeHUss M nacaxu, KOUTo ca
CTPYKTYpupaHn He npaBunHo. CbLo Taka Mma M OOCTa rpamMaTMyeckm U TEXHUYECKU FPEeLLKM
(nunceawwm Byksn).

B 6baewuTe cu uscnenBaHus aBTOPbT MOXe Aa O6bpHE Mo - ronsMo BHUMaHWE KbM
KOMYHMKaLMOHHATa 4YacT Ha Te3n cucTeMu, Tbil KaTo Beye Te3n CUcTeMuM Morat ga ce
HabntogaBat oTaanevyeHo, HageXXaHOCTTa M CUrYPHOCTTA Ha KOMYHUKaLMOHHAaTa YacT CbLo € OT
ronsMo 3HayeHue, Tbi KaTo ce HabngaBaT pasnMyHM MPEXOBU aTaku, Lensawm aa HapywaTt
HopmanHaTta paboTa Ha oTAenHuMTe Moaynu Ha egHa boToBONTanyHa cuctema.

9. 3aknruyeHue u oueHka Ha AMCcepTaLUOHHUA TPYA,

B 3akniouveHve cuuMTam, 4Ye ANCEPTAUMOHHUAT Tpya € odopMeH B CbOTBETCTBME C
N3NCKBaHNATA, HE3aBUCMMO OT 3abenexkuTe, Bbp3aHu C OPOPMITEHNETO U CTPYKTYPUPAHETO Ha
anceptaumoHHUAT Tpya. MNMpeacraBeHnaT Tpyn uma onpegeneHn U NnoTBbpAeHU NPaKkTUYeCcKn n
AevHMpaHn KaTo Hay4YHW, HAYYHO-TMIPUNOXHU W  MPUIIOXHU MNPUHOCK, OTPa3eHn W
nonynsapuanpaHn B ocCTaTbyeH Ha Opor Hay4Hu nyGnmkauum B NOOXOASALLN MEXOYHAPOOHN M
HauMoHanHM KoHdepeHumn. [lpegnaraMm Ha YBaXxaeMoOTO Hay4yHO Xypu Aa npucbau
obpasoBaTerniHaTa 1 Hay4yHa cTeneH ,40KTop” Ha mar. Teogopoc lNeTporny B npodecnoHanHo
HanpaBneHne 5.2. ENekTpoHWka, enekTpoTEXHWKA W aBTOMATMKa MO HayyHa crneuuanHocT
~ENEeKTpoHn3aumns’.

Oata: 15.08.2025 aou. A-p uHx. UBaH UBaHoB HepsainkoB
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1. Relevance of the problem developed in the dissertation work in scientific and
scientific applied terms.

Currently, the construction of photovoltaic parks and photovoltaic systems in general for the
production of electricity and for the power supplying of all kinds of domestic and non-domestic
needs is growing exponentially. The construction of such power supplying facilities is carried out
by professionals, non-professionals and amateurs alike. But there are certain requirements that
have to be followed while building such systems so that the power generated is maximum. The
general opinion is that the construction of such power systems is something elementary - take a
few panels; mount them in a well-lit place; connect them in a certain way (depending on the
required voltage and power output), then connect them to an inverter or other power converter
(depending on the required voltage output), connect a battery and the PV system is ready. The
reality, however, is different. Because of the above, the dissertation under review explores a very
topical issue and related problems that are currently of great interest. In the dissertation, the
doctoral student has made a very thorough and in-depth review and analysis of the problems
associated with the operation of PV systems, what are the most common mistakes made during
the planning and construction of these systems and more. In addition, the author has presented
a methodology that can be used to increase the performance of PV systems that have already
been in operation for a number of years. The applicability of the proposed methodology has been
proved with experimental results.

The stated performance objectives are "to study the current failures in PV systems and
analyse the causes of their performance degradation; to introduce a systematic approach
to fault grouping and analyse the role of load on component performance and how it affects
system reliability; to study the impact of various factors on the reliability, fault tolerance
and performance degradation of PV systems™ and the resulting tasks to be solved further
accentuate the contemporary relevance of the dissertation work.

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

A real insight and justification of the scientific level or degree of knowledge of the state of the
problem and a corresponding creative interpretation of the literature can be formed on the basis



of the exposition in Chapter 1 and Chapter 2 of the dissertation. Through Chapter 1, the PhD
student provides an introduction to the topic by looking in great detail at what PV modules are;
how they are produced; what types are produced; and what the difference is between the different
types. The model of a PV cell is presented and explained along with its electrical and physical
parameters. Attention is paid to the individual elements that make up a PV power system. The
chapter concludes with an overview of the different types of problems and failures that are
observed in these systems.

Through Chapter 2, the PhD student introduces us in detail and in depth to the different
failures and problems associated with PV systems. The presentation is made based on statistical
information gathered from actual working solar farms and solar home power systems. This
chapter presents statistics on the most common failures in these systems. The chapter addresses
in detail and in depth the reliability requirements of the inverters in these systems. Finally, the
most common failures in commercial PV systems are discussed.

The references used in these two chapters are entirely from scientific publications, reports
and articles from reputed journals, publications from international conferences by scientists and
specialists in the field of the thesis topic.

3. Compatibility of the chosen research methodology with the stated aim and
objectives of the dissertation.

The main objectives of the thesis are "to investigate the current failures in PV systems
and analyze the causes of their performance degradation; to introduce a systematic
approach to group failures and analyze the role of load on component performance and
how it affects the reliability of the systems; to investigate the impact of various factors on
the reliability, fault tolerance, and performance degradation of PV systems." In order to fulfil
this objective, the following tasks have been formulated.

1. To study and analyze the existing PVS (Photovoltaic Systems) failures and to
analyze the state-of-the-art methods for PVS reliability analysis and prediction - to solve
these tasks, the Ph.D. student has categorized the failures that occur in a PV system during its
operation. Then he has presented different ways to diagnose the problems and some ways to
solve them using new methods. At the end of the first chapter, the PhD student has given some
real examples of fault detection using infrared photography, but also with the analysis of telemetry
data of PV systems. In chapter two, the author presents all the statistics on PV system failures
collected during the research. These failures are categorized according to their cause. The
causes of PV panel and PV inverter failures are also studied in depth;

2. To analyze the causes of PVS performance reduction and to propose a systematic
approach for component load analysis to determine PVS reliability - to address these tasks,
the Ph.D. student found that 26.1% of field PV installations had reduced annual yields due to gaps
in initial planning. Many solar systems were constructed in the area close to the coastline, with
corrosion leading to salt spray related failures. Other reasons for the reduction in power generated
are due to incorrect calculation of the row spacing, which results in the sun's path being low above
the horizon during the winter months and there being shade between the rows. Another cause
leading to a reduction in the efficiency of PV systems, discovered by the PhD student during his



research, is the incorrect and asymmetric sizing of individual strings of panels. The unbalance of
the parallel strings generates reverse currents in the strings, and the improper sizing of the strings
near the operating limits of the solar inverter typically forces the inverter to operate outside the
most efficient operating point, and in some cases, outside the MPPT range. Finally, the Ph.D.
student found that this installation area should be surveyed for dynamic adjacent obstructions,
such as growing trees or a building under construction, that could potentially create shaded areas
on the PV installation in the future. Neighboring activities that could potentially create dust clouds
should be taken into account when operating PV installations. For each of the discovery problems
leading to a decrease in the performance of PV systems, the PhD student has proposed different
methods to solve them that lead to an increase in performance;

3. Development of a method to increase the fault tolerance and efficiency of PVS and
study of specific factors in PVS design depending on the geographical location and
climatic characteristics of the installation site - to solve these tasks, the PhD student
presented the environmental, geological and topological conditions to be considered for the area
where the PV system will be installed/built. In addition to these conditions, when designing a PV
system, consideration must also be given to the operating limits of the equipment and the
compatibility between them. During the initial stages of the design, it should be assessed whether
the location where the PV system is to be installed meets certain requirements presented by the
PhD student in Chapter 3.1. Furthermore, he has proposed various methods and techniques to
enhance the safety and protection of PV systems, such as surge protection, earthing, power
redundancy, and fire protection;

4. To propose a methodology for the regeneration of PV farms with reduced electricity
production - to solve these tasks the PhD student has presented methods to increase the energy
efficiency of PV systems and ways in which older PV systems can provide more linear energy to
the grid, as well as data from real installations. Suggestions are also made for increasing the
power output of average PV systems without the need to upgrade the grid infrastructure. An in-
depth analysis of bifacial PV modules is made and the key factors affecting performance are
identified. Two photovoltaic installations, with different types of bifacial panels, are analyzed and
the results obtained from, the application of the applied methods, prove their efficiency and
applicability.

In summary: the objectives and methodology of the study are in line with the stated purpose
of the study.

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

The presented dissertation consists of four chapters.

In the first chapter, the author has made a very detailed literature review, through which he
introduces us to the issues of the dissertation. The presentation starts by introducing how
photovoltaic panels are manufactured, what types they are, what is the difference between them,
and the electrical and physical parameters of these modules. The model used to model the PV
modules is presented. The chapter concludes with a presentation of the different types of failures



and problems as the author has systematized them into three main groups, which he has
developed in detail in the following chapters of the thesis.

In chapter two, the author begins to present the actual part of his work - research related to
the reliability and fault tolerance of PV systems. For the purpose of his research, the PhD student
has surveyed the owners of 23 PV parks and 34 residential PV systems, making his own
questionnaire. On the basis of the processed questionnaires, he has made a statistical sample of
the most frequent failures and problems related to PV systems. In this chapter, the PhD student
has also presented results on the most frequent problems and failures typical for inverter modules
in PV systems. This information was again obtained by "reading" the information on the "log files"
of the inverters from the time of their initial commissioning. Collecting, processing and analysing
this information requires a lot of time.

In chapter three of the dissertation, the PhD student discusses the problems that can occur
when a PV system is initially designed incorrectly and how the initial design should be done
correctly. The author has made a list of requirements that need to be met in order for the
performance of the PV system to remain constant. Accordingly, if these requirements are not met,
the performance of the system decreases. All this is presented with examples from real working
systems. In this chapter the author has also addressed additional methods and techniques that
will increase the reliability and protection of PV systems, again all supported by examples. Finally,
the chapter concludes with an analysis of failures caused by errors and omissions during
construction and how to prevent them, again supported by examples.

In the last chapter of the dissertation, the author proposes a methodology by which the
performance of a PV system that has been in operation for several years can be increased. In
order to achieve this effect, the author proposes the use of a new type of photovoltaic panels that
must be placed in a certain way. The applicability of this methodology has been proven by
implementing the idea in two PV systems, where the generated energy is increased when
replacing part of the old modules with the new ones and installing them in the appropriate way.

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

In the development of the dissertation are presented 2 scientific contributions, 4 scientifically
applied and 4 applied contributions as follows:
Scientific contributions:
¢ A model has been created to take an individual approach and consider specific factors in
the design of PV systems depending on the geographical location and climatic
characteristics of the installation site;
¢ A methodology for the restoration of PV parks with degraded electricity yield is proposed;

Scientific — applied contributions:
e Recommendations are offered on which method to use in which cases, depending on the
desired accuracy of the estimate with MTBF calculation, sample size, and type of data
analyzed;



¢ A method for early failure prediction and performance degradation estimation depending
on the PV fleet operating conditions is proposed;

o A method is proposed for early failure prediction and performance degradation estimation
depending on the PV farm operating conditions;

o Developed a methodology to evaluate the cost-effectiveness of restoring PV farms with
reduced yield. Different configurations of the components are studied.

Applied contributions:

1. The existing failures in PV systems are studied and the main causes of their efficiency
reduction are analyzed. A systematic approach to failure grouping and component voltage
analysis for reliability assessment is applied;

2. Current methods for PV system reliability analysis and prediction are analyzed and their
advantages and disadvantages are compared. A sub-element reliability estimation method and
a component stress analysis method were used in the evaluations;

3. Systematically formed data from a study of 23 PV parks and 34 resident systems are
presented. The influence of various factors related to the "installation" and "operation" phases on
the reliability, fault tolerance and yield reduction of PVS is investigated. Empirical data were
obtained using a telemetry system and PVS operational logs covering the period from PVS
installation to the present;

4. A new approach to the operation and maintenance of PV systems is proposed reducing
costs, increasing uptime and improving reliability and efficiency.

6. Evaluation of the degree of personal involvement of the dissertant in the
contributions.

| believe that the above contributions are the personal work of the PhD student. They have
been obtained on the basis of independent work, involving multiple visits to the individual PV
systems involved in the study. These contributions reflect the main results of the thesis. It should
be noted that the results obtained and the analyses carried out in the thesis, leading to the
formulation of the contributions, have been reported at international scientific conferences and
have been reflected in scientific publications. In my view, they are sufficient for this type of
research and enrich the knowledge on the topic of the dissertation.

The result of a check made with the help of specialized software for the authorship and
originality of the dissertation shows that there are only 6% matches with known literature sources.
This result, the submitted thesis and the relevant attached publications give me reason to believe
that the proposed dissertation is his personal work.

7. Opinion on the publications on the topic of the dissertation work

The main achievements in the dissertation work are popularized in 5 scientific publications, 4
of them are from prestigious scientific conferences, indexed in world databases. 3 of them are in
the process of printing and are accompanied by letters from the publisher about their recent
publication. All publications are of theoretical and applied importance, related to the thesis and to
the professional field 5.2 Electrical engineering, electronics, and automation. | accept the



publication activity as fully sufficient in volume, and it is desirable for the author to continue to
expand and increase his publication activity in the future.

8. Opinions, recommendations and comments.

| have some remarks to the dissertation submitted for review, mainly related to the layout
and structuring of the work. The submitted manuscript should have been formatted and structured
better. Each chapter should have started on a separate page and ended with contributions to the
chapter and which publications are related to the chapter.

All the pictures from the appendix should have been placed in the appropriate places in the
main text, not as it is currently mentioned that they are there. Placing them in the main text would
give even more weight to the results, and it would be easier for readers to get a visual idea of the
results. This way they would not have to flip through the whole paper to see the specific picture.

Some of the graphics are of poor quality due to their small size. They had to be enlarged to
see the results better. The figures presented should have been spaced apart from the main text,
and there should have been spacing after the graphs.

There are graphs that have not been translated - Figures 2.33 and 2.34.

Before the thesis is deposited in the appropriate libraries, it is desirable to have it reviewed
by a textual editor because there are many sentences and passages that are not structured
correctly. There are also many grammatical and technical errors (missing letters).

In future research the author may pay more attention to the communication part of these
systems, as now these systems can be monitored remotely, the reliability and security of the
communication part is also of great importance, as various network attacks have been observed
to disrupt the normal operation of the individual modules of a PV system.

9. Conclusion and evaluation of the dissertation work

In conclusion, | believe that the dissertation is formatted in accordance with the requirements,
despite the remarks related to the layout and structuring of the dissertation. The submitted work
has certain and confirmed practical and defined as scientific, scientific and applied contributions,
reflected and promoted in a sufficient number of scientific publications in relevant international
and national conferences. | propose to the Honourable Scientific Jury to award the degree of
Doctor of Education and Science to Theodoros Petroglu in the professional field 5.2. Electronics,
Electrical Engineering and Automatics in the scientific specialty "Electronization".

Date: 15.08.2025 Assoc. Prof. Ivan Ivanov Nedyalkov, Ph.D., Eng
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