CTAHOBUWULWIE

BbpXYy AMcepTauMOHeH Tpya 3a npugobrsaHe Ha obpasoBaTteriHa U Hay4Ha
CTeneH ,,JOKTop” KbM NpodpecnoHanHo HanpasneHne 5.2. . EnekTpoTexHuka,
eneKkTPoHMKa U aBToMaTuKa“, No Hay4yHa cneunanHocT
,ENEKTPUYECKN LeHTpanm n nogcraHuymm®.

ABTOp Ha gucepTaunoHHNA mpyo:

mae. uHX. TaHbo NeaHoe TaHes

Tema Ha gucepTaumoHHUA TPyA:

,3crnedsaHe Ha pexxumume Ha paboma Ha ¢pomoeorimauyHuU efIeKmpu4ecKu
ueHmpanu*

UneH Ha Hay4YHOTO XYypMu:

oou. 0-p uHx. KOnuaH Emunoe PaHzaernos

1. AKTyanHoCT Ha pa3paboTBaHMA B AucepTaLMOHHUA TPyA Npo6-
JlIeM B Hay4YHO U Hay4YHONPUIIOXKHO OTHOLWeHMe. CTeneH u HMBa
Ha aKTyanHOCTTa Ha NpobyieMa U KOHKpeTHUTe 3adayun, paspa-
60TeHu B aucepTauusaTa.

[duncepTaunoHHUAT TpyL pasrnexna aktyanHu npobnemu, CBbp3aHu C yc-
KOpPEeHO pa3BUTME Ha Bb30OHOBAEMUTE E€HEPTrUHN U3TOYHULN, 3HAYUTENHOTO
HapacTBaHe Ha MHCTanMpaHUTEe MOLLHOCTM OT (POTOBOSITANYHUN €NEKTPOLIEHT-
pann (PEL]) n ekcnaH3naTta no npucbeguHsisaHe Ha 6aTtepun 3a CbxpaHeHune
Ha enekTpuyecka eHeprmna. Ha npegeH nnaH nanuaar peguua npegussukaTen-
CTBa, CBbP3aHU C TAXHOTO UHTErpupaHe, yrnpaBfieHNETO HA pPEXUMUTE UM Ha
paboTa 1 ocuUrypsiBaHeTO Ha HageXaHOCT N YCTOMYMBOCT Ha ENTEKTPOEHEPTNI-
HaTa cuctema. OcobeHo 3HavyeHne npugobusaTt 3agadnte, CBbpP3aHN ¢ Moae-
nupaHe 1 NporHo3npaHe Ha NPOM3BOACTBOTO HA ENIEKTPUYECKA EHEPIUSA, KaKTO
N C aHanusa Ha peanHuTe ekcnrioaTaunmoHHU pexummn Ha PEL|. B To3n KOH-
TEKCT, ANCEPTALMOHHUAT TPYA pasrnexaa koMnnekcHa npobnemartuka, CBbp-
3aHa c pa3paboTBaHETO 1 BanManpaHeTo Ha CbBPEMEHHU METOAM 3a MOAENN-
paHe M NpPorHo3upaHe Ha pexnmute Ha paboTa Ha bOTOBONTANYHU €NEKTPO-
ueHTpanu n 6atepun. NoctaBeHUTE 3a4a4m ca ACHO OPMYNIMPAHN N HAMBIHO
CbOTBETCTBAT Ha aKTyasiHUTe TeHAEeHUNN B pa3BUTMETO Ha efeKTpoeHepreTu-
KaTa. [lpeacTtaBeHUST aHann3 n NpeasioKeHUTe peLleHnsa ca CbBPEMEHHU Y
peneBaHTHM KbM aKkTyarHUTe nNpeansBuKaTernicTBa B ceKTopa.

2. CTeneH Ha No3HaBaHe CbCTOSAHUETO Ha Npobnema u TBopYecka
WHTepnpeTauus Ha nuTepaTypHUAa maTtepuarn.

AncepTaunmoHHMAT Tpya € ¢ obem 233 cTpaHUUM, Ha KOUTO ca pasnono-
XXeHu Tpu rnasu (181 cTpaHmnum), CNMChK Ha Ny6nMkauumTe n NpoekTuTe no Te-
3ara, Yyetnpu npunoxeHuns (34 ctpaHnumn) n bubnuorpadcka cnpaska. [JOKTo-



PaHTbLT € Hanpaswun Npernes Ha cbllecTByBallaTa Hay4yHa nutepaTypa no Te-
MaTukaTa, KaTo e aHanuaupan 209 nybnukauuun. B auceptaumara AcHo ce pas-
rpaHn4aBaT NpeaxogHUTe uscnenBaHuUsa OT OPUTMHANHUTE Hay4YHO-NPUITOXHU
npuHoOCcK Ha aBTopa. [NpeacraBeHMAaT nutepatypeH 0630p e apryMmeHTupaH, a
n3BedeHUTE 3aknoveHust nokaseart pas3bupaHe Ha npobnemaTtukata. Hanpa-
BEH € KPpUTUYEH aHanu3 1 cbnocTaBka Ha pasnuyHuTe nogxoaun. MaeHtndounuym-
paHu ca orpaHnYeHusiTa Ha CblUecTByBaWmMTe MeToamn 1 e obocHoBaHa Heob-
XOOMMOCTTa OT pa3paboTBaHe Ha HOBU U YCbBBbPLLEHCTBaHNM noaxoaun. Toea
nokassa Hasimyme Ha TBOpYecKka MHTeprnpeTauma n yMeHune 3a CUHTE3 Ha Ha-
y4yHa MHdopMaLm4.

3. CboTBeTCTBUE HA M36paHaTa MeToAuKa Ha unicriegBaHe C noc-
TaBeHaTa uesn n 3agadm Ha agnceptTaumMoHHUA TPYA.

MeToooNoOrMYHNAT NOAX0d € KOMMIEKCEH, LienecbobpaseH 1 agekBaTeH
cnpsiMo oopmynupaHuTe 3agayn. Manon3eaHuTe aHanNnUTUYHU U eKCNepUMEeH-
TanHW METOAM ca KNacuYeckn 3a MaTemMaTU4yecko MoenupaHe N CbBPEMEHHM,
KOWTO ca 6a3npaHM Ha MaLLMHHO 06y4eHne. Te No3BonsABaT HAAEXAHO n3cnea-
BaHe C MpuraraHeTo Ha pearnHu ekcrnnoaTauuoHHM OaHHW 3a 00y4yeHue u Ba-
nuanpaHe Ha MoaenuTe.

4. OCHOBHM NMPUHOCHK Ha AucepTaunMoHHUA TPyA.

[MpuHocuTe ca 060CHOBAHU M ACHO (hopMynnpaHu, KaTo oTpasaBaT Cb-
LLIeCTBEHA YacT OT NpoBeAeHnTe uacnenBaHus U morat ga 6bvaart 06o6LieHn,
KaKTo crnenBa:

Hay4HO-npmnoXxHu NpUHOCHK:

- paspaboTBaHe M yCbBbpLUEHCTBAHE HA MOAENN 3a OCHOBHWN KOM-
MOHEHTU Ha OTOBONTANYHN eNEKTPOLIEHTPanu;

- Cb3gaBaHe Ha MeTOOMKM 3a NPOrHo3npaHe Ha NPON3BOACTBOTO Ha
eneKkTpuyecka eHeprus;

- CpaBHUTENEH aHanM3 Ha pasnUyYHn MeToAMN 3a MallMHHO OBy4eHune
npu moaenupaHe Ha ®ELL;

- BanuaupaHe Ha npeanoXxeHnTe Moaenn 4Ypes peanHu ekcnnoara-
LMOHHW OaHHMW.

[MpnnoXHW NpnHocK:

- Cb3gaBaHe Ha MOLENW C NpakTuyecka NPUNoXMMOCT Npu ekcnioa-
Tauma Ha OELL;

- nogobpsiBaHe Ha TOYHOCTTAa Ha NPOrHO3HUTE MOAENN;

- BB3MOXHOCT 3a U3rnonasaHe Ha pa3paboTeHuTe nogxoam npu nna-
HUPaHe N ynpaBfieHNEe Ha EHEPrMNHU CUCTEMMN.



5. MpeueHKa Ha Ny6nukauunTe No AUcCepTaLMOHHUSA TPyA,.

[OKTOpaHTBLT € NpeacTaBun WECT HaydHn nybnvkaumn. et oT Tax ca nyo-
NNKyBaHN B COOPHULM HA MeXOyHapOoOHU KOHMepeHuMn n egHa e nybnuky-
BaHa B cnuncaHune B kBapTmun Q1/Q2. Beuukn ca nnaekcupann 8 SCOPUS/WoS
N HaTpynBaT UUTUPAHUS, KOETO € A0oKasaTericTBO 3a KayeCTBOTO U 3Hauu-
MOCTTa Ha pe3ynTtatuTe OT U3criegBaHeTo.

6. MHeHuMA, NPenopBbLKN N BenexKu.

,D,I/ICGpTaLI,VIOHHI/IFIT Tpya e pa3pa60TeH Ha BMNCOKO HAay4YHO HUBO C ﬂ,06pa
CTPYKTYpa un siorm4ecka nocriegoBaTesiHOCT. Kbm pa3pa60TKaTa mMoraT aa 6b-
Aat oTnpaBeHn crnegHnTe rnperopbKn:

1. Ha ornpegeneHn Mmecta Moxe fia ce pa3impun cpaBHUTEINTHUAT aHalm3
MeXxay pas3fnimdyHnTe n3rnon3saHn Mmoaersnun.

2. MonesHo e No-3aabnbo4yeHo pasrnexaaHe Ha BNUSHUMETO Ha enekTpo-
eHeprunHaTa cuctema BbpXy pexmMmuTe Ha paboTa.

3. ,D,OITbJ'IHVITeJ'IHI/I nacriegBaHnAa B NMOCOKa OTHUTAHE Ha NnpexoaHu npo-
Lecu.

MocoyeHnTe Benexkn nmaT NpenopbYUTENEH XapakTep U He HamansasaT
Hay4yHaTa 1 npakTuyecka CTOMHOCT Ha AUCEPTALUMOHHUSA TPYA.

7. 3aknoyeHue c sicHa NOJIOXUTesTHa UK oTpuLUaTeriHa OLleHKa Ha
AncepTaunoHHUS TPYyA.

N3noxeHneTto Ha gucepTauusita, obema uscneaBaHna N n3nosni3aBaHUTe
MeTOoaM 3a U3YUCIEHUS U aHanu3 M1 JaBaT OCHOBaHWe Ja npuema, 4Ye Kakto
obpasoBartefniHaTta, Taka WU Hay4YHaTa 4acT Ha guceprtauusita ca Hanuue. Cun-
TaMm, Yye NpeacTaBeHUAT AucepTauMoOHeH Tpya NokpMBa M3NCKBaHUATa Ha 3a-
KOHa 3a pa3BUTUe Ha akageMudHns cbetas B Penybnvka bvnrapus (3PACPB),
[MpaBunHuka 3a npunaraHeTo My 1 NpaBunHWKa 3a ycnosusita U pega 3a npu-
nobusaHe Ha Hay4Hu cteneHu B TY-Codums.

B 3akntoyeHune, 6asnpaniku ce Ha ropensnoXeHoTo gaBam MNosioXkuTenHa
OLEHKa Ha aucepTauuoHHNS TPy U MOETO CTaHoBULLE e: Aa 6bae npucbaeHa
obpasoBarefniHa 1 Hay4Ha CTeneH “AoKTop” Ha Mar. UHX. TaHbo ViBaHOB TaHeB.

Hata: 25.03.2026 r. UNEH HA XYPUTO:...............cooo,



OPINION

on a dissertation for the award of the educational and scientific degree “Doc-
tor” in professional field 5.2 “Electrical Engineering, Electronics and Automa-
tion”, scientific specialty “Electrical Power Plants and Substations”.

Author of the dissertation:

MSc Eng. Tanyo lvanov Tanev
Title of the dissertation:

"Study of the operating modes of photovoltaic power plants"
Member of the scientific jury:

Assoc. Prof. Dr. Eng. Yulian Emilov Rangelov

1. Relevance of the problem developed in the dissertation in sci-
entific and applied scientific terms. Degree and levels of rele-
vance of the problem and the specific tasks developed in the
dissertation.

The dissertation addresses highly relevant issues related to the rapid de-
velopment of renewable energy sources, the significant increase in installed
capacity of photovoltaic power plants (PVPPs), and the expansion of battery
energy storage systems. It identifies key challenges associated with their inte-
gration, operational control, and ensuring the reliability and stability of power
systems. Particular attention is given to modeling and forecasting electric en-
ergy production, as well as to the analysis of real operating modes of PVPPs.
In this context, the work presents a comprehensive framework for the develop-
ment and validation of modern methods for modeling and forecasting the oper-
ation of photovoltaic systems and battery storage. The research objectives are
clearly formulated and aligned with current trends in power engineering.

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

The dissertation comprises 233 pages, including three main chapters, a list
of publications and projects, four appendices, and a bibliography. The candi-
date has reviewed 209 scientific sources. A clear distinction is made between
existing research and the original contributions of the author. The literature re-
view is well-structured and critically oriented, demonstrating a deep under-
standing of the subject. Limitations of existing approaches are identified and
the need for improved methods is convincingly justified.



3. Compliance of the chosen research methodology with the goal
and objectives of the dissertation.

The methodological approach is comprehensive, well-justified and appro-
priate to the defined objectives. Both classical analytical techniques and mod-
ern methods based on machine learning are applied. The use of real opera-
tional data for model training and validation ensures reliability and practical rel-
evance of the results.

4. Scientific and/or Applied Scientific Contributions of the Disser-
tation.

The contributions are clearly defined and reflect a substantial part of the
conducted research. They can be summarized as follows:
Scientific and applied contributions:
- Development and improvement of models for key components of
photovoltaic power plants;
- Development of methodologies for forecasting electrical energy pro-
duction;
- Comparative analysis of machine learning methods for PVPP mod-
eling;
- Validation of the proposed models using real operational data.
Applied contributions:
- Development of practically applicable models for PVPP operation;
- Improvement of forecasting accuracy;
- Applicability of the developed approaches in planning and operation
of energy systems.

5. Assessment of the publications on the dissertation: number,
nature of the publications in which they are printed. Reflection
in science — use and citation by other authors, in other labora-
tories, countries, etc.

The doctoral candidate has presented six scientific publications. Five are
published in international conference proceedings and one in a journal ranked
in Q1/Q2 quartiles. All publications are indexed in SCOPUS/WoS and have re-
ceived citations, which confirms the quality and impact of the research.

6. Opinions, recommendations and comments.

The dissertation is developed at a high scientific level, with a well-struc-
tured and logically consistent presentation. The following recommendations can
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be made:

1. Further expansion of the comparative analysis between the applied
models.

2. More in-depth consideration of the influence of the power system on
operating modes.

3. Additional research related to transient processes.

The above remarks are of a recommendatory nature and do not diminish
the scientific and practical value of the dissertation.

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

Based on the presented dissertation, the scope of research and the applied
analytical methods, | conclude that both the educational and scientific require-
ments are fulfilled. The dissertation meets the requirements of the Act on the
Development of the Academic Staff in the Republic of Bulgaria, its implement-
ing regulations, and the rules of TU-Sofia.

In conclusion, based on the above, | give a positive assessment of the
dissertation and my opinion is: to award the educational and scientific degree
of "Doctor" to MSc Eng. Tanyo Ivanov Tanev.

Date: 25.03.2026 MEMBER OF THE JURY:.....ccooiiiiiiinnn.



