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1. AkTyaqHOCT Ha pa3padoTBaHWsl B AHCEPTALHOHHHSA TPyA npodjeM B HAYYHO H
HAYYHO-NIPHJIOKHO OTHoweHHe. CTenmeH M HHBA HA AKTYAJHOCTTA HAa mpobJieMa H
KOHKPETHNTe 3aJa4l, pa3paboTeHn B AucepTanusaTa.

B nucepraunoHHUS TPy C€ pa3riiexaaTt, M3KIYNTETHO aKTyaIHU POOJIEMH B U3CIIEIBAHETO
pexuMuTe Ha padoTa Ha (POTOBONTAMYHHM LEHTpaiHd, KaTo ce pa3paboTBaT M BaaugupaTt
METOJOJIOTHH U aJIrOPUTMH 32 MaTEMAaTHYECKO MOAENHNPAHE U IPOrHO3UPAHE HA PEKUMUTE Ha
CbBpeMEeHHNTE (DOTOBONTAMYHH EJNEKTPUYECKH LEHTPATH M TEXHUTE OCHOBHU EJIEeMEHTH.
Pa3zpaborenn ca maremaTnueckn Mopend (POTOBONTAMYHHM LEHTPAIN M HEIHUTE OCHOBHU
KOMITOHEHTH 4pe3 pa3iandHu meroau. HanpaseHo e mpornosupane Ha npon3soacTtsoro Ha OB
€JIEKTPOLIEHTpaa 4pe3 MPOrHO3MPAHE Ha CIbHYEBATa pajuanns C MOMOILITA HAa BPEMEBHU
cepun.

2. CteneH HA MO3HABAHe CHCTOSIHHETO HAa mMpo0JjieMa M TBOPYeCKA HHTepHpeTalus Ha
JUTepaTypHHUSI MaTepuaJ.

JcepTaunoOHHUAT TPy ChABbPsKa 233 CTpaHHULHU, BKIOYNTENHO (GUrypu, TabIuLH, H3BOOH 1
CIHCHK C U3MONI3BaHaTa auTeparypa ot 209 3arnasus u npuiokeHne ot 47 CTpaHULIH.

ToBa Mm pmaBa OCHOBaHHME [a CYHTaM, 4Yeé JOKTOPAHTBT € 3aM03HAT B IBJIOOYHMHA C
pasraexxgaHus mpobiieM M KadeCTBEHO € aHalM3Mpajl HayyHaTa JUTepaTypa TMOCBETeHa Ha
Hero. ToBa ce MOTBBpKOaBA OT KAdyeCTBEHO pa3pabOTEHHWTe MOAENH M HaNpaBeHHTE
M3CJIeBaHNs B ANCEPTALIMOHHUSA TPYA.

3. CboTBETCTBHE HA H36pﬂHﬂTa METOAHNKA HA U3CjieIBaHEe U IMoCTaBeHATA HEJI B 3a1a4n

HA JUCEPTALNNOHHHSA TPYA C NOCTUTHATUTE MPUHOCH.

I/I36paHaTa METOAHKA Ha N3CJIEABAaHE CbOTBETCTBA HA IMMOCTABCHUTE LICJIN U 3aaa4n.



4. HayyHu n/uim HAyYHO NPUJIOKHH MPHHOCH HA JHCePTALMOHHUS TPYA:

C HAyYHO-IPUJIO’KEH XapaKTep:

1.

[IpemioskeH e CTPYKTYPEH MOJIXO0/ 32 MaTeMaTHUECKO MOJIeNIMpaHe Ha (poToBONTAaMYHA
eJIEKTPOLICHTPaJIa M HEHHUTE KOMIIOHEHTH ((OTOBOITANYHU FeHEPaTOpH, OKalesIBaHe,
MHBEPTOPH, OATEpUH U JIP.) KOETO MO3BOJISIBA U3CIICIBAHMS HA PSKUMHHUTE apaMeTpH
IIOCPEICTBOM JETEPMUHUCTUYHO NPEICTABSIHE HA OTIECIHUTE C€JIIEMEHTH U BPB3KUTE
MEXKIY TAX, IPECH3AaBalKU IPOLECUTE U PEKUMUTE CBbP3aHU C TSX.

IIpemioxkeHo € U € pealu3upaHo MaTeMaTUYECKO MOJEIIMPaHe Ha IPOU3BOICTBOTO Ha
eJIEKTPOEHEPIys Ha (POTOBOJIITAUYHU €IEKTPUUECKU LIEHTPAIN Ype3 pPa3IUuHU METOIH
3a MalmMHHO OOydYeHHe, KOWTO He M3UCKBAT EKCIUIMIUTHOTO TIO3HABaHE Ha
napaMeTpuTe Ha EJIEMEHTHTE M BPB3KHTE MeXAy Tsax. HampaBenu ca Ha®op OT
M3CJEIBAaHM, TPETUPALIM PA3IMYHU BU0BE (DOTOBOJATAUYHH €JICKTPUUECKU LIEHTPAN
c 1 0e3 CUCTeMHU 3a ChXpaHEHHE Ha EJEKTPUYECKa €HEPrHsl, IOCPEACTBOM pa3IMYHH
METOAM W MOAM(HUKAIMUTE UM, NMPHIOKEHH 3a PAa3IMYHU NEPUOIU Ha OOy4YeHHE.

[IpemioskeHo € 1 € peanu3upaHo aJaNTHBHO OIpEeIsiHE Ha Iepruo/ia Ha 00yUYeHHE.

C MH/KeHepHO-NPUJIOJKEeH XapaKTep:

1.

Pa3paborenu ca codTyepHu peanu3ainu, KOUTO TO3BOJISBAT OCHIIECTBIBAHE HA IIENITa
Y 33JJaYUTE HA U3CJIEIBAHETO MO0 OTHOUIEHUE Ha METOJIUTE U CPEACTBATA 32 MOJCIIUPAHE

Ha OBII ¢ uen u3cinensane Ha peKUMUTE UM.

MeTOa0/IOrHYHH U Y4eOHHU MPHHOCH:
o PANTERA H2020, Contract No 824389, Pan European technology energy research

approach (PANTERA), oroBop Ne 824389, Bunm Ha mgoroBopa: MEXIyHapOIHO
¢duHancupane;

ITpoext Ne: BG-RRP-2.004-0005-C03 ,,IlonoOpsiBaHe Ha HayYHOU3CIIEIOBATEICKHUS
KarnanuTeT U Ka4yeCTBO 3a MEXAYHApOJHA pa3llO3HABa€MOCT U yCTOMYUBOCT Ha TY —
Codus‘, HanmonaneHn miaaH 3a Bb3CTaHOBsBaHE U ycroiumBoct, BG-RRP-2.004 —
Cp3naBaHe Ha Mperka OT U3CIEA0BAaTEICKU BUCILIM yuuiauiia B beirapus, Y croiunBocTt
Ha enekTpoeHepruitnure cucremu, Jlorosop Ne BG-RRP-2.004-0005-3.1.9, Bun Ha
7oroBopa: HamuoHanHo ¢uHaHcupane, European Union-NextGenerationEU, through
the National Recovery and Resilience Plan of the Republic of Bulgaria, project Ne BG-
RRP-2.004-0005;

RISENERGY HORIZON-INFRA-2023-SERV-01-01 Research Infrastructure Services
for Renewable Energy (RISEnergy), [lorosop Ne 101131793, Bun na noroBopa:
MEXTYHApPOAHO (PMHAHCUPAHE.

I[OKTOpaHTa € OMJI 9acT OT KOJIEKTHUB B ABa MCKIAYHAPOAHH OOroBopa U €AWH C HAIITMOHAJIHO

¢uHaHCHpaHe, PSKO CBBP3aHU C TEMaTa Ha IUCEPTAIHTA.

CunTam, ye IPUHOCHUTE ca MOJIE3HNU 32 HayKaTa 1 eJIeKTPOeHepreTUKara.



S. lIpeueHka HA MyOJIHKALUATE MO AUCEPTALUOHHHS TPYA.

KM nucepranusiTa ca npuiokerne 6 myonukauny, koiito ca suaumu B SCOPUS, 3a nepnona
2018 — 2025 roguHa. Benukn myOnukanmm ca B ChaBTOPCTBO.

6. MHeHus1, NPeNnopbKHU U 0es1eKKH.

Kputnunn 3abenexxkn nucepTanpioHHHs TpyA HsAmMaMm. CHpsSMO CTAHOBHIIETO MH KbM
OUCEepTAalMOHHMs TpyJ Ha MpeaBapuTeNHaTa 3aliuTa mpen Kartenpa EnekrpoeHepreruka,
CBLIECTBYBAIINTE 3a0€JI€)KKN U MPETOPBKU Ca KOPUTHPAHH U OTCTPAHEHU.

7. 3akaoueHue

Cnen 3amo3HaBaHETO MM C MpEACTaBEHHs IUCEPTALMOHEH Tpyl, 3HAYMMOCTTa Ha
MIOCTUTHATUTE PE3YyJITATH, ChABPIKALIUTE CE B TAX HAYYHO-NIPUJIOKHU M NPUJIOKHU MPHUHOCH,
cuMTaM, Y€ JUCepTALMOHHMS TPYyJ OTroBaps Ha M3MCKBAaHUATA Ha 3aKOHA 3a Pa3BUTHETO Ha
akageMn4yHus cbctaB B PenyOnmka bvnrapus m IlpaBunHuka 3a HayuHm crerneHu Ha TVY-
Codus, npenyaram Ha yBakaemotro Hay4Ho Kypu ma mpuchan Ha Mar. uHxk. TaHpo MBaHOB
TaneB oOpa3oBarenHaTa U Hay4dHa cTemneH ,,JIOKTOp Mo HaydHa crenuanHocT EnexTpudeckn
LEHTPaIN U MOACTAHIIUN .

Hara: HN3rorBna MHeHHETO:
25.03.2026 r. /mou. n-p unzk. UBa JIparanosa-3naresa/



OPINION

regarding a dissertation for awarding the educational and scientific degree
"Doctor" (PhD) in professional field 5.2 Electrical Engineering, Electronics and
Automation, scientific specialty "Electrical Power Plants and Substations"

Author of the dissertation: M.Sc. Eng. Tanyo Ivanov Tanev

Dissertation topic: "STUDY OF THE OPERATING MODES OF PHOTOVOLTAIC
POWER PLANTS"

Supervisor: Assoc. Prof. Rad Hristov Stanev, PhD, Eng.

Author of the opinion: Assoc. Prof. Iva Draganova-Zlateva, PhD, Eng., Department of
Electrical Power Engineering, Technical University of Sofia

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

The dissertation addresses highly relevant issues in the study of the operating modes of
photovoltaic power plants by developing and validating methodologies and algorithms for
mathematical modeling and forecasting of the performance of modern photovoltaic (PV) power
plants and their primary components. Mathematical models of PV plants and their core elements
have been developed using various methods. Furthermore, a production forecast for a PV power
plant has been conducted by predicting solar radiation through time series analysis.

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

The dissertation consists of 233 pages, including figures, tables, conclusions, a bibliography of
2009 titles, and an appendix of 47 pages.

This gives me grounds to consider that the doctoral student is deeply familiar with the problem
under consideration and has qualitatively analyzed the scientific literature dedicated to it. This
is further confirmed by the high-quality development of the models and the research conducted
within the dissertation.

3. Correspondence between the chosen research methodology and the set goal and tasks
of the dissertation with the achieved contributions.
The chosen research methodology corresponds to the set goals and tasks.

4. Scientific and/or applied scientific contributions of the dissertation:
Scientific-applied contributions:

» A structural approach for the mathematical modeling of a photovoltaic (PV) power plant
and its components (PV generators, cabling, inverters, batteries, etc.) is proposed. This
allows for the investigation of operational parameters through a deterministic
representation of the individual elements and their interconnections, recreating the
associated processes and modes.

» Mathematical modeling of electricity production in PV power plants has been proposed
and implemented using various machine learning methods that do not require explicit
knowledge of the parameters of the elements and their interconnections. A series of
studies have been conducted, covering different types of PV power plants—with and
without electrical energy storage systems—using various methods and their



modifications applied for different training periods. An adaptive determination of the
training period has also been proposed and implemented.
Engineering-applied contributions:
Software implementations have been developed that enable the fulfillment of the research goals
and tasks regarding the methods and tools for modeling PV power plants for the purpose of
investigating their operating modes.
Methodological and educational contributions:

v' PANTERA H2020, Contract Ne 824389, "Pan European Technology Energy Research
Approach" (PANTERA); Type of contract: international funding.

v Project No BG-RRP-2.004-0005-C03 "Improving the research capacity and quality for
international recognition and sustainability of TU — Sofia", National Recovery and
Resilience Plan, BG-RRP-2.004 — Establishment of a network of research universities
in Bulgaria, "Sustainability of electricity systems", Contract Ne BG-RRP-2.004-0005-
3.1.9; Type of contract: national funding, European Union-NextGenerationEU, through
the National Recovery and Resilience Plan of the Republic of Bulgaria.

v RISEnergy HORIZON-INFRA-2023-SERV-01-01 "Research Infrastructure Services
for Renewable Energy" (RISEnergy), Contract Ne 101131793; Type of contract:
international funding.

The doctoral student was part of the research teams for two international contracts and one
nationally funded project, all directly related to the topic of the dissertation.

I believe that these contributions are valuable for both science and the field of electrical power
engineering.

5. Assessment of the publications related to the dissertation.
Attached to the dissertation are 6 publications, which are visible in SCOPUS for the period
2018 —2025. All publications are co-authored.

6. Opinions, recommendations, and remarks.

I have no critical remarks regarding the dissertation. Following my opinion on the dissertation
during the preliminary defense before the Department of Electrical Power Engineering, all
existing remarks and recommendations have been corrected and addressed.

7. Conclusion

Having acquainted myself with the submitted dissertation, the significance of the results
achieved, and the scientific-applied and applied contributions contained therein, I consider that
the dissertation meets the requirements of the Development of Academic Staff in the Republic
of Bulgaria Act and the Regulations for Academic Degrees of the Technical University of Sofia.
I propose to the honorable Scientific Jury to award M.Sc. Eng. Tanyo Ivanov Tanev the
educational and scientific degree "Doctor" (PhD) in the scientific specialty "Electrical Power
Plants and Substations".

Date: March 25, 2026
Author of the opinion:
/Assoc. Prof. Iva Draganova-Zlateva, PhD, Eng./



