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1. AKTyaqiHOCT Ha pa3padOTBaHUNA B AMCEPTAMOHHMS TPYA NPoOJeM B HAYYHO U HAYYHO-
NPWIOKHO OTHOIIeHHe. CTeneH W HMBA HA AKTYAJHOCTTA HA MPo0jeMa U KOHKPETHUTE
3aja4m, pa3padoTeHH B JUCEPTAIUATA.

Cnopen nunamukara u xapakrepa Ha npomenure B EEC Ha P. bwirapus npes nociaeiHuTe roquHu
u crtpateruute 3anoxkeHu B European SET Plan temata Ha nucepTalMOHHMS TPYJA € aKTyallHa.
BbBexknar ce B eKcIuioaTalys U3TOYHUIM HA €JIEKTPOEHEPrus ¢ OTHOCUTEIHO CIy4YacH PeXUM Ha
re’epanusi, IpUChEMHEHU B Pa3IMUHUTE HUBA OT iiepapXuAra Ha cucremara, 0e3 MepCrHeKTUBHO
IUIaHMpaHe U KoopauHauus. B ronsima crenen npousBoactso uM He € nogunHeHo Ha ECO. Ot gpyra
CTpaHa ce€ YyBeluYaBal M3UCKBaHMUATAa 3a KA4yeCTBO HA  €JIEKTpUYECKaTa  EHEeprus.
EnekTpoeHepruifHATE CUCTEMHU U €JIEMEHTHTE UM Bede pabOTAT B PEeXKUMHU OJU3KU 10 TPAHUYHUTE
II0 OTHOILIEHWE Ha HAAEXKIHOCTTAa M JUHAMUYHATa yCcTOMYMBOCT. ToBa Hajara u3cieiBaHUs U
pa3paboTBaHE Ha HOBM TEXHMYECKH (M MKOHOMHYECKM) PELICHUs Ha Bb3HUKBAIIUTE Mpobiemu. B
IMCEePTALMOHHUSA TPy 00EKT Ha U3cie/IBaHe eeKTa pa3IMuHU METOIMU 3a yIpaBlieHHe Ha paboTaTa
Ha BEWM BBpxXy ycraHoBenute u npexoxHute pexxumu Ha EEC karo 3a menrta ca cb3naieHu
CbOTBETHUTE MaTeMaTH4ecKHM Mojaenu. ToBa Hajara wu3clie[lBaHUS U pa3pabOTBaHE Ha HOBU
TEXHUYECKH (M MKOHOMHYECKH) pEIICHHs Ha Bb3HUKBALIUTE NpobiemMu. Bb3 ocHOBa Ha ToBa
u3cneaBaHe ca GopMyIHpaHu LeNTa U 33JjauuTe Ha TUCEePTALlMOHHUS TPY/I.

JlycepTallMOHHUAT TPy € B 00eM oT 233 cTpaHulM, KaTo BKIIIOUBA YBOJ, TPH IVIaBH 3a pEIllaBaHe
Ha OpMyJIMpaHUTE OCHOBHHU 3aJ]auy, CIUCHK Ha OCHOBHMUTE IPUHOCH, CITUCHK HA MyOJIUKALUUTE 1O
AucepTalusaTa U U3nojia3BaHa aureparypa. Lutupanu ca o6mo 209 nurepaTypHu M3TOYHUIM, KATO
BcuukH 209 ca Ha TaTHMHMILIA, a TIET OT TAX ca MHTEpHeT ajapecu. PaboraTa BkiitouBa 00110 41 ¢purypu
1 6 Opost TabmuIy.

[lenTa Ha nucepTalMOHHUS TPYHA € Ja C€ U3CJIeABAT PEKUMHUTE HAa padoTa Ha (POTOBOITAMYHU
LEHTpaJM, KaTo ce pa3paboTAT M BajlUAUpAT METOAOJIOTMM U QJITOPUTMH 32 MaTEMaTHYECKO
MOJICJIMPAHE M TPOTHO3UpaHE (Ha PEKUMUTE) Ha ChbBPEMEHHUTE (POTOBOINTAMYHH EICKTPHUECCKU
LEHTPAJIU U TEXHUTE OCHOBHU €JIEMEHTH..

W3cneaBanusTa ¥ aHAIU3UTE ca PA3NpPEeI€HH OCHOBHO B CIIEAHHUTE 3aJIaUH:

e AHamu3 u o00o0OuIeHHe Ha CHBPEMEHHUTE MOAXOAM C METOAM 3a MalIMHHO oOydeHue 3a
MOJIETIUpaHe W MPOTHO3MpAHE Ha MPOM3BOACTBOTO Ha €JIEKTPOEHEPrusi OT (HOTOBOITAUYHU
€JIEKTPOLICHTPAJIH.

e MaremaTuyecko MOJEIMpPaHE Ha MPOU3BOACTBOTO Ha enekTpoeHeprus Ha @PEIL[ upes
MOJIeTIMpaHe Ha MacuB OT (POTOBOJITAUYHUTE MOTYJIIH.



e Monenupane Ha IPOU3BOACTBOTO Ha enekTpoeHepruss Ha @DEILl ype3 MareMaTtnuecko
MojIeTIUpaHe Ha eeKTUBHOCTTA U Mpou3BoauTenHocTTa Ha @B nnBepTopu.

e Mojenupane Ha HaNpeKEHHETO B peajHH padOTHU peXUMH Ha OaTepuiiHa cucrema 3a
ChXpaHEHUE Ha eHeprusi, narerpupana koM OEILI.

e [lpunarane u cpaBHEHHME Ha METOAM 3a MAIIMHHO OOy4YyeHHE 3a MpPOTHO3UpaHE Ha
MPOU3BOACTBOTO Ha eyiekTpoeHepruss Ha @DEL[ Bb3 OCHOBa Ha HCTOPUYECKM [aHHU Ha
OCHOBHHTE, Hail-3HaYMMO BiMseUIM (aKkTOpH (CIbHYEBATA paaualys U TemIeparypa Ha
OKOJTHATa cpena).

e IIpornHosupane Ha npou3BOACTBOTO Ha enekrpoeHeprus Ha DELl, B kpaTKocpoueH XOpU30HT
(meH Hampen), 4ype3 MPOTHO3UPAHE HA CI'bHUEBATA PAaUaLUs C [IOMOILTA HA BPEMEBU CEPHUU.

e Ananu3 Ha pe3yNTaTUTE U U3BEXKIAHE HA IIPENOPBKUA OTHOCHO MPUIIOKUMOCTTAa U TOYHOCTTA
HAa MPEJUI0KEHNUTE MOJIEIU B PAMKHUTE HA PA3JIMYHUA KJIMMAaTUYHU U €KCIUIOATAllMOHHU YCIIOBUS.

Bcunuko TOBa orpesiens akTyaTHOCTTa Ha U3CIieIBaHus MpoOeM.

ABTOPBT Ha AMCEPTAMOHHUS TPyH € (OpMyJIHpan IeTd W 3aJa4yd, KOUTO Ca aJeKBaTHU WU

ChOTBETCTBAT Ha M3UCKBAHUATA HA JUCEPTALMOHEH TPYA 3a NMpuioOuBaHE HAa oOpazoBaTeiIHATa U
Hay4Ha cTemneH ,,Jloktop".

2. CreneH Ha MO3HABaHe CHCTOSIHUETO HA MP00JeMa U TBOPYECKA MHTEPNPeTAlUs Ha
JIUTEPATYPHUS MaTepuaJ.
JlucepTaHThT MO3HABAa B OTIMYHA CTENEH CHCTOSHUETO Ha mpoljemMarukaTa U TBOPYECKU

MHTEPIPETUPA JIUTEPATYpHUs MaTepuan 1o Hes. Cien aHanu3 Ha cnenualu3upaHaTa JIATeparypa
SCHO ca AepUHUpaHU LENTa U 33aJaunTe — pa3padoTBaHe HA MATEMAaTHYECKHA MOJCIH U MPOTPaMHU
CPEICTBa, JaBallly IO-IbJIHA BB3MOXKHOCT 3a TOYHO M HAIEKIHO IIPOTHO3MpPAHE HA IOBEACHUETO
@FEIL npyu npou3BOACTBOTO HA €IIEKTPOEHEPT U B PA3JINYHUA BPEMEBU XOPU3OHTH.
3HauuTeNHA YacT OT MyOJIMKallMUTE OT U3MOJI3BaHaTa JIMTEpAaTypa B JUCEPTALMOHHUS TPYH ca OT
MOCJIeIHUTE TOJUHM U ca IIPEJCTABEHN HAa PEHOMHUPAHU MEXAYHApOIHU (POPYMHU.
3. ChoTBeTCcTBHE HA M30PAaHATA METOJUKA HA M3CJIeIBAHE M NIOCTABEHATA eI U 321241 Ha
AUCEPTALMOHHUA TPYA € MOCTUTHATHTE IPHHOCH.

BHumarenHUAT NpoYMT Ha JUCEPTALMOHHUS TPYA yOexnaBa, ye pa3paboTKara € MoJAYMHEeHa Ha
clieZIHaTa OCHOBHA JIMHUSA - JOKa3BaHE HAa HEOOXO0AUMOCTTA OT U3CIIEIBAHUATA, AaHAIN3 HA THITHYHUTE
(TpaZIMIIMOHHU) CPEJICTBA 32 HAMUPAHE Ha pelieHus (IpeAUMCTBa U HEI0CTAaThIIM TPU KOHKPETHUTE
npouecu), AepuHUpaHe HA U3HMCKBAaHUSATA U CUHTE3 Ha HOBU, HETPAaJULIMOHHM CpEICTBA 3a
U3CIIEIBaHE.

OTINYHOTO MO3HABAHE HA AKTYAJIHOTO ChCTOSIHUE HA U3CIEJBAHUTE IIPOOIEMH, 33 1bJIOOYECHNUTE
IIO3HAHMS, CBBP3aHM C METOAUTE 3a IPOCKTHUpAHE, aHAJIW3 M ONTUMHU3AalUsi HAa YCTpPOMCTBATa,
MO3BOJISIBAT Ha JIOKTOPaHTa Ja pa3paboTH OpUTMHAIHU KOMITIOTBPHU MOJIENIM Ha YCTpOWCTBaTa, J1a
nojxdepe M MPUIOKH €PEeKTUBHM METOIM 3a M3ClIeABaHe, KAKTO W Ja ampoOupa IMOJIydyeHHUTe
pe3yaTaTi.

N36panaTa OT JOKTOpaHTa METOJIMKA Ha M3CJE/BaHE € B ChOTBETCTBUE C MOCTaBEHATa LEN U
3aJjauu Ha JUCEePTALlMOHHUS TPY/ U € TO3BOJIMIIA Te J]a ObAaT MOCTUTHATH U PEIIEHU Ha BUCOKO HUBO.
4. KpaTrka aHAaIMTHYHA XapAKTEPUCTHKA HA €CTECTBOTO M OLICHKA HA JOCTOBEPHOCTTA HA

MaTepHuaJia, BbPXYy KOWTO ce rpaiiT IPUHOCUTE HA JMCEPTALMOHHUSA TPYA

W3BbpiIeHo e 3a1b1004€HO JTUTEpaTypHO MIPOyUYBaHE Ha TEKYIIOTO ChCTOSHUE HA METOIUTE 3a
MIPOTHOCTUYEH aHaIM3, KaKTO U Ha ChbBPEMEHHUTE MOJXOAM C METOJIU 3a MalIMHHO OO0ydyeHHue 3a
MOJIETUPAaHEe M TPOTHO3MpAHE Ha IPOU3BOJICTBOTO HA EJIEKTPOCHEPTHsl OT (POTOBOJITAUYHU
EJIEKTPOLICHTPAIIH.



W3BbpuicHUTE M3CIIEIBAaHUSA IIOKA3BaT, Y€ OLICHKAaTa HAa HOBOBB3HUKBAIIUTE TEXHOJOTHH,
CTpaTerdy 3a KOHTPOJ M TEHACHIMH MpHU pa3paboTKa Ha CHCTEMH 3a YIpaBICHHE ca OT
U3KJIIOYUTETHA BaXKHOCT 32 OIIPE/IEIIIHE HAa CTOMHOCTUTE Ha NTapaMeTpUTE MPU HAMUPAHETO HA HOBU
pereHus 1 moJ00peHusl.

W3cnenBanusTa U aHAJIM3UTE Ca pa3lpeAe/ieHd OCHOBHO B CIEAHUTE CEJIEM 3a/1a4H, CBbP3aHU C
paborara Ha PFEIl: Ananu3 u 0000LIeHHE HA CHBPEMEHHHUTE IMOAXOAU C METOAM 3a MAIIMHHO
o0y4yeHMe 3a MOJEIMpaHe W IPOrHO3MPAaHE Ha IPOU3BOJACTBOTO Ha EJIEKTPOCHEPIUs OT
(GOTOBONATAUYHM  €JIEKTPOLIEHTpany; MareMaTHuecko MoOJelupaHe Ha IPOU3BOACTBOTO Ha
enextpoeHeprus Ha OFEILl upe3 Mogenupane Ha MacuB OT (GOTOBOJITAUYHUTE MOIYJIH; MozaenupaHe
Ha IPOU3BOJACTBOTO Ha elekTpoeHeprus Ha OFEILl ype3 MaremMarud4ecko MOJAEIMpaHe Ha
epeKTUBHOCTTa M mMpousBoauTenHocrta Ha @B umHBepTOpH; MojenupaHe Ha HaNpeKEHUETO B
peanHu pabOTHU PEeXUMH Ha OaTepuiiHa cHCTEMa 3a ChbXpaHEHHE Ha €HEprusi, MHTErpUpaHa KbM
OFEILl; [lpunarane u cpaBHEHHE Ha METOAM 3a MAIIMHHO OOyYE€HHME 3a MPOTHO3MpPAHE HaA
IIPOU3BOJCTBOTO Ha enekTpoeHeprus Ha OELl Bb3 0OCHOBa Ha UCTOPUYECKH JaHHU HA OCHOBHMTE,
Hail-3HauMMo BiMsAemM (akTopu (CAbHYEBATA pajvalus U TEeMIepaTypa Ha OKOJHATa Cpena);
ITporuo3upane Ha npou3BOJACTBOTO Ha enekTpoeHeprus Ha PELl, B kpaTKocpo4yeH XOPU3OHT (AEH
Harfpen), ype3 NPOrHO3UpaHe Ha CIbHYEBATa pajidalys ¢ OMOIITA HA BPEMEBU cepuM; AHalU3 Ha
pe3yJITaTUTE U U3BEXKJIaHE Ha MPENOPBKU OTHOCHO MPHJIOKUMOCTTA U TOUHOCTTA Ha IPEJIOKEHUTE
MOJIEJM B PAMKUTE Ha Pa3IMYHU KIIMMAaTUYHU U €KCIUIOATAllMOHHU YCIOBUS.

Bmopa 2nasea e nacoueHa kbM pa3pab0OTBaHe, pealu3UpaHe U eKCIEpUMEHTAJIHA BaJMJalys Ha
MaTeMaTHYEeCKH MOJIEIIH 32 OIMCBAHE HAa PEKUMHTE Ha paboTa Ha (POTOBOJITAMYHA EIEKTPOIIEHTpAIA
(®ELl) m HelHM KIIOYOBM €JIeMEHTH. [J1laBaTa BKJIIOUBA TPU IOCIIEOBATEIHU H3CIIEIBAHMS,
IPAKTUYECKH 000COOCHH B OT/ICITHU YACTH:

- cTpykTypeH komOuHupan Mmojnen Ha DELl, Bxmousam ¢otoBosntanueH rexeparop, DC
okaOesiBaHE U UHBEPTOD;

- cHenMajIu3upaH Mojed 3a e(EeKTUBHOCT/M3XOJHA MOILIHOCT Ha MPEXOB (HOTOBOJITAUYEH
WHBEPTOP Upe3 MYJITHINHEWHA perpecus;

- perpecrOHEH MOJIEN 3a HAaIlPEKEHUETO Ha OaTepuiiHa CHCTEMA 3a ChbXPaHEHHE Ha eJIeKTpUUYecKa
eneprusi (CCEE), unrerpupana koM OFEII.

OOGmiara men Ha TJiaBata € Jla c€ JEMOHCTpHpA, Y€ ¢ MOAXOMAANI OamaHC MEXAy (U3HIECKO-
CTPYKTYPHHU 3aBHCHUMOCTH U €MIIMPUYHHM MOJENH (perpecus) Moke Jia ce MOCTUTHE MPAaKTUYECKH
IIPWJIOKMMA TOYHOCT, KPATKO U3YHCIUTEIHO BPEME U Bb3MOKHOCT 3a HACTPOMBAHE KbM KOHKPETHA
eJIEKTPOLIEHTpaJIa, U3MOI3BAlKK OrpaHUYeH HA0Op OT U3MEPUMH/IOCTBITHU BXOJIHH MTapaMeTpH.

Tpema 2naea BKIOYBA TPU MOCIIEIOBATEIHU U3CIIEIBAHNSA, @ UMEHHO:

- MOJIeJIUpaHe M MPOTHO3MpaHe Ha MPOU3BOJICTBOTO Ha EJIEKTPOEHEPrHsl OT (POTOBOJITAUYHU
enexrpoueHTpanu (OEL);

- MoJienpane Ha Oarepuiinu cuctemu 3a cbxpanenue Ha eneprusi (BCCEE), upe3 mpunarane Ha
MeToiu 3a ManHHO oOydenue (ML) u npia6oko o6yuenue (DL);

- M3CIIeBaHE 3a MPOTHO3UPAaHE HA pon3BoACcTBOTO Ha PEIL] upe3 nporuo3upane Ha cirbHUEBATA
paauanys ¢ BpEMEBU PEIIOBE.

[lenTa Ha U3cNeIBaHUATA € J1a CE€ OLIEHH MPHIIOKUMOCTTA U TOUHOCTTA Ha pa3uyHH , data-driven *
MOJIENIM TIPH PEAIHU EKCIUIOATAllMOHHU YCJIOBUS M Ja CE€ M3CJeABa BIMSHUETO HA IEPUOAA Ha
oOydeHHe M ONTHMH3AIMATa HAa XHUIEpIapaMeTpUTe BbpPXY KadeCTBOTO Ha MPOrHo3uTe. MHOro
aKTyaJlJHO B MOMEHTa € MOJEJIMPaHeTO Ha OaTepuilHM CHCTEMH 3a ChXpaHEHHE Ha €HEeprus upe3
MallMHHO M JbJI0OKO oOyueHue. Pesynratute ca BajduaupaHU U pe3yNTaTUTE IOKa3BaT, 4e
MojenuTe, 0a3upaHu Ha AbpBETa Ha pellleHusATa, u no-cnenuanHo CatBoost m xereporeHHHTE



aHcaMOJii, TOCTUraT HaW-HUCKM CTOMHOCTHM Ha HOPMalM3MpaHaTa CPEIHO-KBAJIpAaTHYHA IpEIlKa.
VYcTaHOBEHO €, ye nepuo Ha o0ydeHue ot okojio 30 1HU ocurypsiBa Hail-100Bp KOMIPOMHUC MEKIY
TOYHOCT U YCTOMYHMBOCT HA IIPOTHO3ATA.

OnensiBaM ycuiMaTa Ha WHXK. TaHeB Ja ThPCH KOMOMHALMU OT KPUTEPUU U MOJEIU TPU
pemaBaHe Ha GOPMYIHPAHHUTE 3aauu.

Kato 00oOuieHne mMoxe ga ce Kaxe, 4e B AMCEPTALMOHHUS TPYJ € MOThPCEHO U HaMEpPEHO
peleHe win ca GopMyaupaHu U3UCKBaHMS 3a IOCTABEHATA 1€ U OTJCJIHUTE JePUHUPAHU 3aJauu.
HanpaBenu ca uscneaBanus u ca GopMylIMpaHM CbOTBETHUTE M3BOIU. M30paHara MeToauka Ha
u3cie/BaHe ChOTBETCTBA B JIOCTaThUHA CTENEH Ha IocraBeHuTe Lenu. IlomydyeHuTte pesdynratu ca
CHCTEMaTH3UPaHU B MPHJIOKEHHE 110 HAYMH, KOWTO OCUTypsiBa 100pa 0a3a 3a CpaBHUTEJICH aHATIU3.

OueBuHa € HayyHaTa M Hay4dyHO-NPUJIOXKHATa CTOMHOCT HA OYAKBaHWUTE pE3yIATaTH OT
pa3paboTKUTe B AMCEPTAMOHHUS TPYHA, KAKTO M peajHaTa BB3MOXKHOCT 3a IMPHJIAraHeTO MM B
npakTukara. OCHOBHUTE pe3yATaTH OT IPOBEACHUTE U3CIIEABAHMS Ca IPOBEPEHU UPE3 CPABHUTEIHU
co()TyepHH aHAIUTUYHU U XapIyepHU €KCIIEPUMEHTAIHU MEPOIIPUSTHUS.

S. Hay4ynu n/uim HayYHO NPUJIOKHH NPHHOCH HA JMCEPTAMOHHUS TPY/A
ITpunocure ot pazpaboTkara ca 3HaYMMHU.

1. Hayuno-npunodsxcnu npunocu

* IlpennoxxeH, peaiu3upaH U OKAYE€CTBEH € CTPYKTYPEH IOJXO]] 3a U3CIIE/ABAHE Ha PEKUMUTE
Ha paboTa Ha (OTOBOJNTAMYHA EJIEKTPOLEHTpPAIAa W HEHHHWTE KOMIIOHEHTH IOCPEICTBOM
HaOOp OT AETEPMUHUCTUYHU MaTeMaTudecku Mojenu. [loaxoasT no3BoisiBa onpeessHe Ha
PeXKUMHMTE MapaMeTpu 4Ype3 IMpeACTaBsSHE Ha OTICIHUTE €JIEMEHTH, IapaMeTpUTEe UM U
BPB3KUTE MEXY TSX, IPECh3/1aBaliku MPOLIECUTE U ChbCTOSHUATA, CBBP3aHU C TAX.

+ IlpemioxxeHo € W € peaJu3UpaHO MaTEeMATUYECKO MOJENMpaHe Ha MPOU3BOJCTBOTO Ha
eJIEKTpOeHeprus Ha (POTOBOJATAMYHM EJIEKTPUYECKHU LIEHTPAIM 4pe3 pa3iMdHU METOJU 3a
MAaIlMHHO O0Yy4YeHHe, KOUTO He M3UCKBAT EKCIUIMIMTHOTO MO3HABaHE HA NapaMeTpUTe Ha
€JIEMEHTUTE U BPB3KUTE MEXK]TY TAX.

* HampaBenu ca Habop OT u3cieABaHUS, TPETHPAIIM PA3IU4YHU BHUJOBE M TOIOJOTUU Ha
(OTOBOJITANYHM €NIEKTPUUECKH LIEHTPAJIU ¢ U 0€3 CUCTEMU 3a ChbXPAaHEHUE Ha EJeKTpUUEcKa
€Heprus, MOCPEJCTBOM PA3IMYHU METOAU U MOAU(PHUKALMUTE UM, IPUIIOKEHH 3a Pa3IuuHU
nepuoau Ha oOydeHnue. [IpoBesieH € cpaBHUTENEH aHAIN3 Ha MPUIOKUMOCTTA, KauecTBaTa u
IIPEIMMCTBaTa U HEJOCTAaTBhLUTE HAa OTIEIHUTE MeToAU. [IpemiokeHo € u € peanuzupaHo
a/IalITUBHO OIpeJelisiHe Ha Mepuojia Ha oOyueHue KaTro ca 0OOCHOBAaHU IOJI3UTE OT TO3HU
MOJXO.

2. IIpunoosicnu npunocu

* Paszpabotenu ca codTyepHH peann3anuy, KOUTO MO3BOJIABAT OCHIIECTBSBAHE Ha II€NTa U
3a/la4yiTe Ha M3CJIE/IBAHETO MO OTHOILIEHHWE HAa METOJUTE U CPEACTBATa 3a MOJEIMpPaHE Ha
O®BI] ¢ uen uscienBaHe Ha PEKUMHUTE UM.

[Ipuemam npeteHuuute 3a npuHocH. llodydeHuTe pe3ynTaTd ca OPUTMHAIHM M HAIbIHO

ChOTBETCTBAT HA M3MCKBAHMATA 3a JUCEPTALMOHEH TPYH 3a MpUIoOMBaHE Ha OOpazoBaTeNHATa U
Hay4yHa CTeMeEH ,,JlokTop". M31013BaHETO UM 11 € MOJIE3HO OIllE€ Ha TO3H eTall.

6. Onenka 3a cTeneHTa HA JJUYHOTO YYACTHE HA JUCEPTAHTA B IPHHOCHTE

PabGorara Ha JOKTOpaHTa ce XapakTepus3upa ChC 3aJAbJIO0YCHO TO3HABAaHE HA CHBPEMEHHOTO
CBhCTOSIHUE Ha MPOOJEMUTE W 3HAYUTEIHH MOCTHUTHATH OT HEro pe3ynratu. Kakto ce Bmkma oOT
aBTOPCKHUS CHCTaB B MyOJUKAIIMUTE, a U OT MPHIOKEHUATA C PE3yJATAaTUTE OT HW3CIICIBAHUSITA,
pa3paboTKa C TaKbB XapakTep U C TaKbB 00eM OIpe/eleHO U3UCKBa eKUMHa padoTa. JInunure my



MIPUHOCH Ce€ MOTBBPXKAABAT U OT (paKTa, ue OT MIECTTe My MyOJIMKallMU B YETUPU OT TSIX € Ha MbPBO
MSCTO.

SIcHO NTMYM Ye NOKTOPAHTHT € YCBOWJI U PabOTH CBOOOJHO ChC CHEUU(UYCH MATEeMaTHYECKU
UHCTPYMEHTapuyM, Y€ C€ CIpaBsi CbC CJIOKHU H3CIEN0BAaTEICKU 3aJaud, KaTo I'M pellaBa
CaMOCTOSITEJIHO WJIN B E€KHII.

Bceuuko ToBa, KaKTO M JIMYHUTE MU HAOII0/IeHUs 32 paboTaTa Ha JOKTOPAHTa, MU J1aBaT OCHOBAaHUE
Jla IpueMa, 4e mpejcTaBeHaTa 4acT oT pa3padoTKaTa KaTo JMCePTalMOHEeH TPYA U MIPUHOCHUTE B HETO
ca JINYHO JeJI0 Ha KaHaujaTa.

7. IlpeneHka Ha MyOJUKAIUMTE M0 JUCEPTALMOHHUSA TPYA: Opoii, XapaKkTep HA U3IaHUATA, B

KOUTO ca oTneyatanu. OTpakeHue B HAYKAaTa - U3M0JI3BaHe U IUTHPAaHe OT APYrU aBTOPH,
B IPYI'd JIA0OPATOPUM, CTPAHHU H IIP.

OCHOBHHTE TOCTH)KCHHS M PE3YATaTH OT JUCEPTAMOHHHS TPyA ca NyOJIMKYBaHH B IIECT
MyOJIMKaIMY, BCHYKH B ChaBTOPCTBO. BcWukM MmyOIMKanuu ca MpEACTaBEeHW Ha MEXIYHApOIHH
KoH(pepeHuu u ciircanus u ca Buaumu B IEEE u SCOPUS.

KbM gucepranusaTa € NpuiIokKeH CIUCHK C mIecT mybnukaunuu 3a nepuona 2018-2025r. Hama
camocTosTelHa myOnuKanusa. Bcuduky € ca B ChaBTOPCTBO C HAyYHUS PHKOBOJUTEN UM MO-TOJISM
konektu. I[let ot my6mukanuute ca B Electrical Engineering Faculty Conferencs ( 2 B BulEF, nse B
SIELA, enna B ELMA) u enna - B Energies 2025 (Q1).

He e mpunoxena nexmapanusi Ha JIOKTOpaHTa 3a OPUTMHAIHOCT M aBTOPCTBO HAa MPUHOCHUTE B
TucepTalMoHHaTa My padora.

Otbenszanu 00110 21 HUTHUPaHUS OT JPYTU aBTOPHU.

Benuku myOnukanuu ca CBbp3aHM C TeMaTHMKaTa Ha JUCEPTALlMOHHHS TPYA U Ca BHAUMHU B
SCOPUS. HM360pbT OCHOBHO Ha TeXHHYECKH (HOpyMH KaTo MsCTO Ha U3sBa TrapaHTHpa
JOMBJIHUTEITHA KOJIETHATHA OIICHKA OT IMO-TOJIIM OpOM CIIeIHAIUCTH.

8. M3no/3BaHe Ha pe3yJITATUTE OT JUCEPTAIMOHHHS TPY/A B HAYYHATA U COLMATHATA
npakTuka. Hajiu4ymne Ha MOCTUIHAT NPSAK MKOHOMUYeCKH eeKT u np. [lokymeHTH, Ha
KOHTO Ce OCHOBAaBA TBbPJACHUETO.

W3BbpiIeHnTe n3ciieIBanmsl, CBbP3aHH ChC CTATUCTUYECKU aHAIN3, KOMITIOTEPHO MOJICIIUPaHE

u ontummzanus Ha pexumutre Ha OEIl u cuctemu 3a cbXxpaHeHHE Ha €HEPrusi UMaT CBOATA
MpaKTU4Yecka MPUIOKUMOCT NMPU HAMUPAHETO HA HOBHM pEIICHHs M TOJOOpPEeHHs NpU TAXHATa
paspabotka. [Tonydenure pe3ynaratu 6uxa OWiIH MOJIE3HU IIPU pa3pabOTBaHe HA METOIU U CTPATETHH
3a KOHTPOJ | yIpaBlieHHuE pexXKUMHUTE Ha paboTa Ha (OTOBONTAUYHU €IEKTPUUECKH [IEHTPAIH.

B nuceprammonHus Tpya ca pa3paOOTeHH U BaJUIUpPaHU METOJOJIOTHH 3a MOJIETUpaHe Ha
enemeHTH oT OFEIL], kakTo ¥ MPOrHO3UpPaHe MPOU3BOJICTBOTO HA EJIEKTPOCHEPTUS OT POTOBOJITAUTHHI
€JIEKTPOIICHTpaIK, Oa3upaHu HAa CHbBPEMEHHU METO/IM 32 MAIIMHHO U JBJIOOKO oOyueHue. 3a eJIuTe
Ha WU3CIEIBAHETO € W3IOJI3BaHAa CTPYKTypupaHa ©0a3a OT peaJHH eKCIUIOATAlUOHHU U
MeTeoponoruyHu. Paspaborenu ca codhTyepHu peanuszaii, KOUTO TO3BOJSBAT OCHIIECTBSIBAHE HA
[eNTa U 3aJa4uTe Ha U3CIIEBAHETO MO OTHOIIEHUE Ha METOJIUTE M CPEICTBATa 3a MOJIEIHpaHe Ha
OBI] ¢ uen uscneaBane Ha PEKUMUTE UM.

N3non3BaHeTo Ha MOJYyYEHUTE PE3YIITATH 1€ € TI0JIE3HO OIIE Ha TO3H €Tall.

9. OneHka Ha CbOTBETCTBHETO Ha aBTOpedepara ¢ M3MCKBAHUATA 32 U3TOTBAHETO MY,
KAKTO M Ha aJleKBATHOCTTa Ha OTpa3siBaHe HA OCHOBHUTE IOJIO)KCHHMS W NPHHOCHTE Ha
AUCEPTALMOHHUS TPYA

ABTopedepaThbT € B 00eM OT 32 CTpaHMIIM M € U3TOTBEH ChIJIACHO M3MCKBaHUATA. B Hero ca
[IOKA3aHU IVIaBHUTE JOCTHXKEHMs Ha AUcepTalMoHHuA Tpyd. CuuTam, uye TOM oTpassBa IMPaBUIHO
HAy4YHUTE NPUHOCH HA JUCEPTALMOHHUS TPY.



10.  MHeHus, NpPenOPbKH U OeJIeKKH.
IIpenopbku:

e OT peAakIMOHEH XapakTep: 3abemns3anu npoOiIemMu ¢ KOHBEPTHUPAaHETO Ha GOPMYIIUTE OT HpHU
MpeHoc Ha HHpopMaIuUsATa B Pa3IMYHU TEKCTOBH peAakTopu. ToBa BoAM 10 3aTpyAHEHUS NIPU
aHaJIM3a Ha IPeJICTaBEHUs] MaTepHuall;

e JluteparypHusT 0030p € npekaieHo odmupeH - noutd 60%ot Tekcta. Karo ce mo6assaT u
JTUTEpaTypHUTE CIIPABKU B HAYAJIOTO HA BCSAKA IJ1aBa ce MOJy4yaBa yCeIlaHeTo 3a TaBTOJIOTHYEH
MOXBAT;

e ®dakTHUYECKO BaJUAMpaHE HA PE3YNITATH OT MPOTHOCTUYEH aHAJIU3 CTaBa CJIE/l CpaBHSIBaHE Ha
pe3yNTaTUuTe ¢ TE3U OT 3alKCU B pealiHa (U3NYecKa CUCTEMA;

e buxa OwiM MOJIe3HU 32 U3CIIEIBAHETO U APYTH UHTEPECHU MOAXOAU:

- ®pakTajaH{ METOIU U XaOTHYHA JUHAMUKA — 32 CIIOXKHH, HETMHEHHNU CUCTEMH.

- Agent-based Mozenu — cuMylallid Ha CHUCTEMH C MHOXECTBO B3aMMOJEHCTBAIIM areHTU
(Hanpumep nazapu).

- @a30BU MPOCTPAHCTBA M PEKOHCTPYKIMS Ha aTPaKTOPU — IMPH MPOTHO3U B CHUCTEMH C
HEJIMHETHA JUHAMUKA.

- 3a BpemeBH penoBe Oux mpenopbyuan aa ce usnoinsBa 1 SARIMA + Gradient Boosted Trees
(XGBoost) ¢ mocnensaiio cpaBHEHUE Ha PE3yATaTUTE;

e Ha MHOro mMecra B TEKCTa JIMTICBAT IIUTHPAHUS WM MOCTEIBAIIa PEAaKTOpCKa 00paboTKa Ha
II0CTaBeH ad3air;

e Jluncara Ha neduHUpaHU MEPCIEKTHUBU M CIEABAILM IEJM 3a pa3BUTHE Ha paszpaboTkara
IpreMaM KaTo 3ana3BaHe Ha KOHQUACHIIMATHA HHDOpMAIIHS.

HamnpaBenurte 3a0enexkd ¥ MPEnopbKH HE OMAJIOBA)KAaBAT MOCTHUTHATOTO B JAMCEPTALIMOHHUS
Tpya. JloCTOMHCTBATa My Ca OYEBHJIHH.

11. 3akJ/Il0ueHue ¢ SICHA MOJI0KUTETHA WM OTPUIATEIHA OLleHKA HA JUCePTALMOHHUS TPYA

JIMYHOTO MM CTaHOBHILE €, Y€ MPEACTaBEHUs TPYI € akmyaieH U cmounocmeH. Ilputexana
JIOCTaThYHO HAyYHU, HaYYHO-NPUJIOKHU U MH)KEHEPHO-NIPUJIOKHU mpuHOocH. Kato obeM, Opoit u
CJIOKHOCT Ha aHAJU3UPAHUTE MPOOJIEMU, HAMEPEHU PEIICHUs U HAlPAaBEHH aBTOPCKHU pPa3pabOTKu
HAaAXBBPJIA USUCKBAHUATA.

Pa3pa6OTKI/ITe B JucEpTanusaTa ca OlMMCaHu KOMIICTCHTHO U B HGO6XOJII/IMaTa OI'bJIHOTA, U3BOAUTEC
Y 3aKJIIOYEHUATA ca MHOTO JOOpe MOCTPOSHHU U apryMeHTUpaHu. J(ucepTalluoHHUAT TPy OTroBaps
Ha u3uckBanusaTa Ha 3PACPB, [IpaBunnuka 3a npuiiaraHe Ha 3aKoHa U CbOTBeTHHUS [IpaBUHUK Ha
Texuuueckus ynuepcuteT - Codusi.

[lonyyenute B [OHCEPTALMOHHUA TPYA HAYYHO-IPWIOKHU UM TPUIOKHU MPUHOCH,
JEMOHCTPHUPAHUTE BUCOKO 00Pa30BaTEITHO HUBO U HATPYIIAH TEOPETUUCCKU U U3CIICIOBATEIICKU OITUT
C IOCTUTHATHU U MMPAKTHYCCKHU PE3YJITATH B €JHA aKTyaJIHa 06J'IaCT, MU JaBaT JOCTAThbYHU OCHOBAHUS
yOeZieHo 1a mpernopbh4aM Ha YBa)KaeMOTO JKypH Ja MPHUCHAM Ha Mar. uHX. Tanbo VMBanoB TaneB
oOpasoBareyiHaTa W Hay4YHa cTeneH ,,Jloktop*“ B obnactra Ha Buciie oOpa3oBaHHE ,, TeXHHYECKU
Hayku“, mpodecroHanHo HampasieHue 5.2 ,, ENeKTpoTeXHUKa, eIeKTPOHUKA U aBTOMATHKA , HAy4Ha
CHELHUATTHOCT ,,ENIEKTPUYECKU MPEXKU U CUCTEMU .

Hara: 24.03.2026r. PereH3eHT: ooovveii

/mpod. a-p unax. Aaren [{omos/
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1. The scientific and applied relevance of the problem developed in the thesis.
Degree and level of topicality of the problem and specific tasks developed in the
thesis.

Considering the dynamics and nature of changes in the Bulgarian electricity system in recent
years and the strategies outlined in the European SET Plan, the topic of this dissertation is highly
relevant. Power generation sources with a relatively stochastic generation regime are being
commissioned, connected at various levels of the system hierarchy, without forward-looking
planning or coordination. To a large extent, their generation is not subject to the dispatch control
of the Transmission System Operator. On the other hand, the requirements for power quality are
increasing. Power systems and their components are already operating in modes close to their
limits in terms of reliability and dynamic stability. This necessitates research and the
development of new technical (and economic) solutions to the emerging problems. This
dissertation investigates the effect of various methods for controlling the operation of RES on
the steady-state and transient modes of the power system, for which the corresponding
mathematical models have been developed. Based on this research, the aim and objectives of the
dissertation have been formulated.

The dissertation 1s 233 pages long and includes an introduction, three chapters addressing the
formulated main objectives, a list of the main contributions, a list of publications related to the
dissertation, and a bibliography. A total of 209 references are cited, all of which are in Latin
script, and five of them are web addresses. The thesis includes a total of 41 figures and 6 tables.

The aim of the dissertation is to investigate the operating modes of photovoltaic power plants
(PVPPs) by developing and validating methodologies and algorithms for mathematical
modelling and forecasting of the operating modes of modern PVPPs and their main components.

The research and analyses are primarily divided into the following tasks:

* Analysis and synthesis of modern approaches using machine learning methods for
modelling and forecasting electricity generation from PVPPs.

*  Mathematical modelling of power generation at PVPPs through modelling of an array of
photovoltaic modules.



*  Modelling of power generation at PVPPs through mathematical modelling of the
efficiency and performance of PV inverters.

*  Modelling of voltage under real operating conditions of a battery energy storage system
integrated with a PVPP.

* Application and comparison of machine learning methods for forecasting electricity
generation at a PVPP based on historical data of the main, most significant influencing factors
(solar radiation and ambient temperature).

* Forecasting the electricity production of a PVPP in the short term (day-ahead) by
forecasting solar radiation using time series methods.

*  Analysis of the results and formulation of recommendations regarding the applicability
and accuracy of the proposed models under various climatic and operational conditions.

All of this determines the relevance of the research problem.

The author of the thesis has formulated aims and objectives that are adequate and in
accordance with the requirements of a thesis for the acquisition of the educational and scientific
degree of "Doctor".

2. Degree of knowledge of the state of the problem and creative interpretation of
the literature.

The doctoral candidate has an excellent grasp of the current state of the field and creatively
interprets the relevant literature. Following an analysis of the specialized literature, the goal and
objectives are clearly defined: the development of mathematical models and software tools that
provide a more comprehensive means for accurately and reliably forecasting the behaviour of the
power plant during electricity generation over various time horizons.

A significant part of the cited literature consists of recent publications presented at prestigious
international forums.

3. Relevance of the chosen research methodology and the stated aim and objectives
of the dissertation to the contributions made.

A careful reading of the dissertation reveals that the work follows this main line of reasoning:
demonstrating the necessity of the research, an analysis of typical (traditional) methods for
finding solutions (advantages and disadvantages in specific processes), the definition of
requirements, and the synthesis of new, non-traditional research methods.

Excellent knowledge of the current state of the researched problems, along with in-depth
knowledge of methods for the design, analysis, and optimization of devices, enables the doctoral
candidate to develop original computer models of the devices, select and apply effective research
methods, and validate the obtained results.

The research methodology chosen by the doctoral candidate is consistent with the stated aims
and objectives of the thesis and has enabled them to be achieved at a high level.

4. Brief analytical characterisation of the nature and assessment of the reliability
of the material on which the contributions of the thesis are based.

An in-depth literature review was conducted on the current state of predictive analysis
methods, as well as on modern approaches using machine learning methods for modelling and
forecasting electricity generation from PVPPs.

The research conducted shows that the assessment of emerging technologies, control
strategies, and trends in the development of control systems is of paramount importance for
determining parameter values when identifying new solutions and improvements.



The research and analyses are primarily divided into the following seven tasks related to the
operation of PVPPs: Analysis and synthesis of current approaches using machine learning
methods for modelling and forecasting electricity generation from PVPPs; Mathematical
modelling of PVPP electricity generation through modelling of an array of photovoltaic modules;
Modelling of PVPP electricity generation through mathematical modelling of the efficiency and
performance of PV inverters; Modelling of voltage under real operating conditions of a battery
energy storage system integrated with a PVPP; Application and comparison of machine learning
methods for forecasting electricity generation at a PVPP based on historical data of the main,
most significant influencing factors (solar radiation and ambient temperature); Forecasting the
electricity production of a PVPP in the short term (day-ahead) by forecasting solar radiation using
time series; Analysis of the results and formulation of recommendations regarding the
applicability and accuracy of the proposed models under various climatic and operational
conditions.

The second chapter focuses on the development, implementation, and experimental validation
of mathematical models for describing the operating modes of a PVPP and its key components.
The chapter includes three consecutive studies, practically divided into separate sections:

- a structural combined model of the PVPP, including a photovoltaic generator, DC cabling,
and an inverter;

- a specialized model for the efficiency/output power of a grid-connected photovoltaic inverter
using multiple linear regression;

- a regression model for the voltage of an electrical energy storage system (EESS) integrated
into the PV system.

The overall objective of this chapter is to demonstrate that, with an appropriate balance
between physical-structural relationships and empirical models (regression), it is possible to
achieve practically applicable accuracy, short computation time, and the ability to tune the model
to a specific power plant using a limited set of measurable/available input parameters.

Chapter 3 includes three consecutive studies, namely:

- modelling and forecasting of electricity generation from PVPPs;

- modelling of battery energy storage systems (BESS) by applying machine learning (ML)
and deep learning (DL) methods;

- a study on forecasting PV plant generation by forecasting solar radiation using time series.

The aim of the research is to evaluate the applicability and accuracy of various data-driven
models under real operating conditions and to investigate the influence of the training period and
the optimization of hyper parameters on the quality of the forecasts. Currently, modelling battery
energy storage systems using machine learning and deep learning is a hot topic. The results have
been validated and show that models based on decision trees, and in particular CatBoost and
heterogeneous ensembles, achieve the lowest values of normalized mean squared error. It has
been established that a training period of approximately 30 days provides the best trade-off
between forecast accuracy and robustness.

I acclaim Eng. Tanev’s efforts to seek appropriate combinations of criteria and models in
addressing the formulated problems.

In summary, it can be said that the dissertation has successfully addressed the states objectives
and formulated solutions or requirements for the defined problems. Research has been conducted,
and the corresponding conclusions have been formulated. The chosen research methodology



corresponds sufficiently to the set objectives. The results obtained are systematized in an
appendix in a manner that provides a good basis for comparative analysis.

The scientific and applied scientific value of the expected results from the research in the
dissertation is evident, as is the realistic possibility of their practical application. The main results
of the research have been verified through comparative software-based analytical and hardware-
based experimental procedures.

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

The contributions of this study are significant.

1. Scientific and applied contributions

* A structural approach for investigating the operating modes of a PVPP and its components
has been proposed, implemented, and validated using a set of deterministic mathematical models.
The approach allows for the determination of operating parameters by representing the individual
elements, their parameters, and the relationships between them, thereby recreating the processes
and states associated with them.

*  Mathematical modelling of electricity generation at PVPPs has been proposed and
implemented using various machine learning methods that do not require explicit knowledge of
the parameters of the elements and the relationships between them.

* A series of studies has been conducted addressing various types and topologies of PVPPs
with and without energy storage systems, using different methods and their modifications applied
over various training periods. A comparative analysis of the applicability, qualities, and
advantages and disadvantages of the individual methods has been performed. An adaptive
determination of the training period has been proposed and implemented, and the benefits of this
approach have been substantiated.

2. Applied Contributions

* Software implementations have been developed that enable the achievement of the
research objectives and tasks regarding the methods and tools for modelling PVPPs in order to
study their operating modes.

I accept the claims of contribution. The results obtained are original and fully meet the
requirements for a dissertation for the award of the educational and scientific degree of “Doctor.”
Their application is feasible at the present stage.

6. Assessment of the degree of personal involvement of the doctoral candidate in
the contributions

The PhD student’s work is characterized by an in-depth understanding of the current state of
the field and significant results achieved. As evident from the list of authors in the publications,
as well as from the appendices containing the research results, a project of this nature and scope
undoubtedly requires teamwork. His personal contributions are also confirmed by the fact that
he is listed as the first author in four of his six publications.

It is clear that the doctoral candidate has mastered and works fluently with specific
mathematical tools, and that he handles complex research tasks, solving them independently or
as part of a team.

All of this, along with my personal observations of the PhD student’s work, lead me to
conclude that the presented portion of the research as a dissertation and the contributions therein
are the candidate’s own work.



7. Assessment of the publications related to the thesis: number, type of publications
in which they appear. Reflection in the scientific community - use and citation
by other authors, in other laboratories, countries, etc.

The main achievements and results of the dissertation have been published in six papers, all
of which are co-authored. All publications have been presented at international conferences and
in journals and are indexed in IEEE and SCOPUS.

Attached to the dissertation is a list of six publications for the period 2018—2025. There are
no solo publications. All are co-authored with the academic advisor or a larger group. Five of the
publications are in Electrical Engineering Faculty Conferences (2 in BulEF, two in SIELA, one
in ELMA) and one in Energies 2025 (Q1).

A declaration by the doctoral candidate regarding the originality and authorship of the
contributions in his dissertation has not been provided.

A total of 21 citations by other authors are noted.

All publications are related to the topic of the dissertation and are listed in SCOPUS. The
choice of primarily technical forums as a venue for presentation ensures additional peer review
by a larger number of specialists.

8. Use of the dissertation results in scientific and social practice. Existence of direct
economic impact, etc. Documents on which the claim is based.

The research conducted on statistical analysis, computer modelling, and optimization of PVPP
operating modes and energy storage systems has practical applications in identifying new
solutions and improvements in their development. The results obtained can support the
development of methods and strategies for controlling and managing the operating modes of
PVPPs.

The dissertation develops and validates methodologies for modelling PV plant components,
as well as for forecasting electricity generation from PVPPs, based on modern machine learning
and deep learning methods. A structured database of real operational and meteorological data
was used for the purposes of the study. Software implementations have been developed that
enable the achievement of the study’s objectives and tasks regarding the methods and tools for
modelling PVPPs in order to investigate their operating modes.

The use of the obtained results will be beneficial even at this stage.

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

The abstract is 32 pages long and has been prepared in accordance with the requirements. It
outlines the main findings of the dissertation. I believe it accurately reflects the scientific
contributions of the dissertation.

10.  Opinions, recommendations and comments.

Recommendations:

+  Editorial issues: problems were noted with the conversion of formulas when transferring
the information between different text editors. This makes it difficult to analyse the
presented material;



. The literature review is overly extensive—accounting for nearly 60% of the text. When
combined with the literature references at the beginning of each chapter, this creates the
impression of a tautological approach;

*  Actual validation of the results of the predictive analysis occurs through comparison with
data recorded in a real physical system;

. Other interesting approaches would also be useful for the study:

- Fractal methods and chaotic dynamics — for complex, nonlinear systems.

- Agent-based models — simulations of systems with multiple interacting agents (e.g.,
markets).

- Phase spaces and attractor reconstruction — for forecasting in systems with nonlinear
dynamics.

- For time series, I would recommend using SARIMA + Gradient Boosted Trees
(XGBoost) with a subsequent comparison of the results;

* Inmany places in the text, citations or subsequent editorial processing of a given paragraph
are missing;

* I interpret the lack of defined perspectives and future goals for the development of the
research as a matter of preserving confidential information.

The comments and recommendations made do not diminish the achievements of the

dissertation. Its merits are evident.
11.  Conclusion with a clear positive or negative evaluation of the thesis

My personal opinion is that the presented thesis is timely and valuable. It makes sufficient
scientific, applied scientific, and applied engineering contributions. In terms of scope, number,
and complexity of the analysed problems, the solutions found, and the original research
conducted, it exceeds the requirements.

The developments in the dissertation are described competently and with the necessary
thoroughness; the findings and conclusions are very well structured and argued. The dissertation
meets the requirements of the Law on Scientific Research and Scientific Activity (ZRASRB),
the Regulations for the Implementation of the Law, and the relevant Regulations of the Technical
University of Sofia.

The scientific-applied and applied contributions presented in the dissertation, the
demonstrated high level of education, and the accumulated theoretical and research experience
with achieved practical results in a current field provide me with sufficient grounds to confidently
recommend to the Honourable Jury that it award Mr. Eng. Tanyo Ivanov Tanev the academic
and scientific degree of “Doctor” in the field of higher education “Technical Sciences,”
professional field 5.2 “Electrical Engineering, Electronics, and Automation,” scientific specialty
“Electrical Networks and Systems.”

Date: 24.03.2026 Reviewer: .....c.cccoceeerccnnns
/ Prof. PhD Eng. Angel Tsolov/



