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CTAHOBWLWE

Ot: npog. A-p uHx. CtaHucnae eHuyeB CMMEOHOB - bypracku abpXaBeH yHuBepcuteT ,,IMpod.
[-p AceH 3naTapoB”

BbpXxy AncepTauvoHeH TpyA 3a npugobusaHe Ha 06pasoBaTesiHa ¥ Hay4yHa CTemneH ,,A0KTop”

O6nacT Ha Buclle obpaszoBaHue: 4. MpupoaHN HayKK, MaTeMaTMKa U MHOpMaTMKa
MpodecnoHanHo HanpaBneHue: 4.6. VNTHPopmMaTMKa U KOMMIOTbPHU HayKu

Tema Ha guceptayuoHHu Tpya: MOOJENMWPAHE HA EEHETUYHW ANEOPUTMW C
BPEMEBW PEOOBE TP WN3CNEABAHE PABOTATA HA ®OTOBOJITANYHN
CNCTEMWM 3A ABTOHOMHO 3AXPAHBAHE HA BWTOBW TMOTPEBUTENN (B
FOEOU3TOYHU PANOHNW)

ABTOpP Ha gucepTauMOHHNA TPy4: Mar. UHX. AuMmnTbp HeHos HeHoB
HayueH pbKoBOAguUTEN: Aou. A-p UHX. EkatepuHa EocnoguHoBa

1. AKTyasiHOCT Ha TeMaTmkarta B AUCepTaLMOHHUSA TPy,

M3cneaBaHeTo M nofobpsaBaHeTo e()eKTUBHOCTTA Ha COMapHO obopynBaHe e aKTyanHa
3afla4a C MNpPaKTMYeCKO 3HayeHMe. TakKbB KOMMJEKCeH MNOAXOA [faBa OCOGEHO 3HauyeHWe Ha
paspaboTkaTa. B cMuCbna, OTHOCHO aKTyaslHOCTTa Ha NpeAoXKeHns Tpy, a3 6UX ro Hapekba KaTo
efHa eCTBUTeNIHA TEXHONOMMYHA MHOBALKS, KOATO 61 MOrna fa OKaxe Npsako BAWSHUE He camo
BbPXY TEXHONOTMYHOTO pa3BUTHE, HO 1 fa AOMPUHEeCe 3a pa3BuTue B 06/1acTTa Ha NPOEKTUPAHETO
Ha CONapHn CLopbXKeHns. B inceptaunoHHMA TPYA Ce MOAXO0XAA METOANYHO npaBuiHo. Ha 6a3a
Ha uTepatypeH 0630p ce AeUHMpPAT LenTa U 3afa4ynTe Ha HacTosAwarta pabora.

2. CTeneH Ha no3HaBaHe Ha npob6nemaTnkarTa u MeTOANYEH NMOAX0A

[ OKTOpaHTBLT eMOHCTpMpa 3a4bN1604YEeHO NO3HaBaHe Ha CbCTOAHMETO Ha NpobneMuTe Mo
Temarta Ha AucepraumaTa, M3pas’eHo KakTo u4pe3 ob6xsara, Taka M 4pe3 [AbnbouymMHata Ha
UHTepnpeTauumnTe Ha M3MN0/3BAHUTE U3TOYHMLM B OCHLLECTBEHNA NNTepaTypeH 0630p. CNUCHKLT
Ha MU3MoJi3BaHaTa nMTeparypa BkaoyBa 155 n3TouHumka. JintepatypHuUTe N3TOYHULM Ca aKTYa/HMN.
Lienta n 3agaunTe Ha AncepTauMOHHUA TPYA ca AeMHUpaHu Ha 6a3ata Ha nogpobeH aHanu3 Ha
TekywaTa cutyaumsa. OnpegeneHo MoXe Aa ce TBbPAN, Ye NMTepaTypHUTE N3TOYHMLM Ce No3HaBaT
0T aBTOpa NPakTUYeCcKn B NbjieH 06emM 1 ca B OCHOBaTa Ha pa3BMTMETO Ha MPeasioXeHnsa Tpya. Te
Ca Haf/1eXXHO LUTUpPaHu.

3. CboTBeTCTBME Ha U3bpaHaTa MeTOAMKA Ha n3cnefBaHe € nNoctaBeHarta Len v 3ajgaydn

Ha fucepTaLnoHHUA TPYA.

Llenta Ha npeAcTaBeHUs aucepTauMoOHEH TPYA e ACHO AehMHUpaHa B HayanoTo. HanpaseH
e XPOHONIOTNYeH aHann3 U aHaIMTUYHA UHTepnpeTayua Ha ronam obeM MHMopMauus, 3acsaraia
npo6nematnkaTta. Bb3 ocHOBa Ha pesynTatuTe OT MPOYYBAHETO Ha NpobsiemMa U C OTYMTAHE Ha
HerosaTa crneuu@uka e onpegeseHa MeToankara, MaTeMaTUYHUA anapart U ApyruTte cpeAcTsa 3a
n3cnefBaHe, KOMTO cyMTaMm 3a MNOAXOAALLM, OTHOCHO pellaBaHe Ha MOCTaBeHUTE 3ajayn u
MocTUraHe Ha LenTa Ha ANcepTaLnoHHNA TPyL.



4. OueHKa Ha NpuUHOCUTE B AuUcepTaLMoHHaTa paboTa 1 TAXHaTa 3HAYMMOCT.

Mpuemam NOCTUTHATMUTE pe3ynTaTu B AUCEPTALMOHHMA TPYA Ha [OKTOpaHTa, KaTto

npesCTaBeHNUTE MPUHOCU ONPEAENsIM KaTo HayYHOMPUAOXHN U NPUIOXKHN:

. Hay4yHO-NPUIOXHW NPUHOCHK

N3BbplieH e cucTemaTUYeH aHaivM3 Ha MPUIOXKMMOCTTA Ha TeopuAaTa Ha pasMuUTUTe
MHOXeCTBa M FeHeTUYHWUTE anropuTMy 3a MPOrHO3MpaHe Ha KpaTku BPEMEBU pefoBe,
onuceauwin paboTtata Ha MasIKu aBTOHOMHMW (POTOBO/ITAUYHU CUCTEMM.

Pa3paboTeH e NPOrHo3eH Mofen, 6asmpaH Ha UHTepBaIHW Pa3MUTK MHOXECTBa OT BTOPU
Tun (FOU. ®opmynupaH e MHOTOKpuUTEpUaneH NoAXo[ 3a ONTUMKU3aL M Ha napameTpuTe
Ha.

MpeanoxeHa e MoAUPUKALUA HA MHOTOKpUTEPUA/IEH FTEHETUYEH anropuTbM, cbobpaseHa
CbC CNeyuPUUHMTE OrpaHNYeHuns Npyu GopmMmmpaHe Ha pasMUTU NOrNYECKN 3aBUCUMOCTH.

TeopeTMyHO e 060CHOBaHa Bpb3kaTa Mexay wupmnHata Ha FOU 1 HUBOTO Ha HECUTYPHOCT
B KpaTKuTe BPeMeBW peaoBe, XapakTepusmpalyy npou3BOACTBOTO M NOTPebneHneTo Ha
eNieKTpoeHeprus.

PaswunpeHa e MeTofo/noOrMyHata pamka 3a WAeHTUdUUMpaHe Ha  CTPYKTYpHU
TpaHchopMauumn, 4ypes KOMOMHMpPaHe Ha pa3MUTO KNbCTepusmpaHe, nepapxmyHn MeToan
M aHanu3 Ha BpemeBaTa eBOJIIOLMSA Ha KbCTepuTe.

WN3rpageHa e uAMOCTHa TeOopeTUYHA CXema, WHTerpupawia MOAenv 3a MporHo3mpaHe,
KNbCTEPEH aHanM3 1 ONTUMMU3aLUs, NPUN0XKKMMa 3a n3cnefBaHe Ha eHEPrninHN CUCTEMU C
BMCOKa CTeNeH Ha HeonpegeneHocT.

[MpWAoXHU NpUHOCK

Pa3paboTeH 1 NPUIOXEH € MOAeN 3a aHan3 U NPOrHo3npaHe Ha KpaTku BpemMeBu pefoBe,
onucBalM Npou3BOACTBOTO M NOTPEONEHMETO HA €NeKTPOEHeprus B Masku aBTOHOMHU
(hOTOBONITANYHM CUCTEMU.

MpeanoXeH e perpecMoHeH MNPOrHO3eH MOAeN C aCMMETPUUYHM pasMUTU napameTpw,
ONTUMM3NPAH Ype3 reHeTUYeH anropnTbM, NOAX0ASALL 32 OLEHKA Ha eHeprueH 6anaHc npu
Masiku OTOBONITAUYHU LeHTpann 3a 6UTOBM NoTpebuTenu.

Pa3paboTeH e anropuTbM 3a NAeHTUDULMPaHEe Ha CTPYKTYPHU TpaHchopMauum, 6asupaH
Ha pasMUTO C-CPefHO KAbCTepusmpaHe, NPWIOXKUM npu Aobpa pasgemMmocT Ha
nokasaTte/sinTe, CBbP3aHu C (DOTOBONTANYHUN UHCTaNALMN.

Pa3paboTeH e iepapxuyeH arjoMepaTvBeH anropuTbM, MNPUAOXKMM npu  cnaba
pas3fenMMOoCT Ha KNbCTepuTe, U3MO0M3BaHMN 3a aHa/IM3 Ha rPynu KpaTku BpeMeBu pejose OT
eHepruitH1 nokasaTenu.

N3BbpLUEH e aHann3 Ha K/Il0Y0BM KOMIMOHEHTU Ha (POTOBONTAUYHUTE CUCTEMU (COMApPHM
G6aTepuun, WHBEPTOPU, pexumy Ha paboTa), KaTo pesynraTuTe ca W3MN0A3BaHM Npu
WHTepnpeTauuns Ha NPOrHO3HUTE MOAENN.



- TMpepnoxennte FOU Moaenu ca M3non3eaHW 3a NognomaraHe Ha pelleHusaTa npu n3bop
Ha KOH(Mrypauus, opreHTaLmsa 1 pexxnm Ha ekcrjoartayma Ha (POTOBONTANYHN CUCTEMU
3a 6UTOBM NOTPEOGMTENN Bb3 OCHOBA HA KNMMATUYHMW 1 reorpad)Cku 0CO6EHOCTMN.

- YucneHuTe eKCNepuMeHTW, ONTMMU3aLMATa W BU3yansauusaTa Ha pe3yntatute ca
peanusnpaHn B MATLAB, KoeTo ocurypssa Bb3NpouM3BOAMMOCT, HaAeXAHOCT WU
npakTuyecka NPUIoXUMOCT Ha pa3paboTeHnUTe anropuTmu.

5. 3Ha4YMMOCT Ha NPUHOCKTE 3a HayKaTa 1 NpaKTukKaTa. [NpeueHKa Ha nybnmkaummTe
no gucepTaunoOHHUSA TPyL
PaspaboTeHnTe Mogenu W anropuTMM WUMaT MPAKO TNPUNOXKEHUE TMpU  aHanusa,

NPOrHO3MpaHeTo M ONTUMU3ALUATA HA paboTaTa Ha ManKnM (POTOBONITAUYHU CUCTEMU 3a OUTOBM
notpe6butenn. Te nognomaraT OUEHKaTa Ha eHepruiHmMs 6anaHc, NogobpsBaT TOYHOCTTA Ha
NPOrHo3nUTe N NO3BONSABAT NO-UH(POPMUPAH U360p Ha KOH(UIypauns, opueHTaLmns n pexxmum Ha
ekcnioarayms Ha CUCTeMuTe, CbobPa3HO KOHKPETHU KAMMaTUYHW M reorpag)CKu ycnosus.

KbM [OKYMeHTUTE ca npuioXxeHu 4 nybnukauum Ha Bemyukn ny6nmkauum ca HarnpaBeHu
B Mepuoja Ha JOKTOPaHTypa, KaTo B eHa OT TAX € Ha NbPBO MACTO. [MpaBun BrneyaT/ieHne BUCOKUAT
Q-thakTop Ha nybnnMKyBaHMUTe maTepuanu. CumMtam, Ye Te3n Ny6AMKaLUKN CbABPXKAT OCHOBHUTE
NPUHOCK, 3a KOUTO Ce npeTeHaupa B aucepTaumata. Ctatuute ca B CbaBTOPCTBO C Hay4yHUA
PbKOBOAWUTEN, KOETO IMYHO HA MEH MU MpPaBu MHOM0 A06pPO BreyaTaeHue.

6. KpuTuyHun 6enexkn no gucepraymara
Mo npuHUMN HAMaM 3a6enexky Mo CbWecTBOTO Ha AMcepTaunoHHarta pabota. OTHOCHO

opopmieHNeTO Ha oBACHMTEeNHaTa 3anucka Mora fja npenopbyam: - NPy U3roTBSHE Ha TakuBa
maTepuann fa ce M3non3Bat no KpaTky uspeyeHms. HaumHbT Ha n3passiBaHe C AbJIrM U3peyeHuns
Ha MecTa MOXKe Aa NoABefe YeTawmuTe.

KoHcTaTMpaHuTe Npenopbky He oOManoBaXaBaT paboTara Ha [OKTOpaHTa, KaTto ce
HafsBaM paboTarta no Hay4yHaTa TemaTuKaTa fa NPoAb/IKM, 3al0TO € UHTepecHa 1 akTyasHa.

7. MOTUBU M ACHO POPMY/IMPAHO 3aK/IH0YeHMne
Temarta Ha gucepTaunoHHUA TPYA e XxmbpuaHa v npeAcTaBisBa ecCTeCTBEHa CMM6MO3a Ha

MH(opmMaTrKaTta C ONTUMU3aLMATa Ha peasiHN TeEXHUYECKM npobnemu. PaboTtara nma foCTaTbyeH
06eM 1 Abn60YMHA Ha n3cnefBaHeTo. MofyyYeHn ca HayUYHO-NPUNIOXKHN U MPUIOXHW pe3ynTaTu
OT 3HayeHue 3a TeopuATa 1 nNpakTuKara.

Wmalikn npeaBuf W3N0XEHOTO cyMTaMm, 4Ye ca Y[OB/IETBOPEHM M3UCKBaHMATA 3a
pa3paboTBaHe Ha AucepTalMOHeH Tpyj 3a 06pa3oBaTesiHaTa U Hay4yHa cTeneH ,,JJOKTop” v faBam
MONMOXMUTENHA KOMIMJIEKCHA OLEHKAa 3a MPUCHXAAHETO Ha o6bpas3oBaTesiHa W Hay4yHa CTeneH
»JOKTOP* Ha AoKTOopaHTa AnMnTbp HeHoB B MNMpodecnoHanHo HanpasnieHne 4.6. NHpopmaTmka
N KOMMIOTHPHU HaYKMU.

rp. byprac Mognuc:
27.04.2026r.
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OPINION
From: Prof. Stanislav Denchev Simeonov - Burgas State University “Prof. Dr. Asen Zlatarov”
Regarding: Dissertation work for the acquisition of the educational and scientific degree “PhD”
Field of higher education: 4. Natural Sciences, Mathematics and Informatics
Professional field: 4.6. Informatics and Computer Science

Topic of the dissertation: MODELING OF GENETIC ALGORITHMS WITH TIME SERIES
IN RESEARCHING THE OPERATION OF PHOTOVOLTAIC SYSTEMS FOR
AUTONOMOUS POWER SUPPLY OF HOUSEHOLD USERS (IN SOUTHEASTERN
REGIONS)

Author ofthe dissertation: Mag. Eng. Dimitar Nenov Nenov
Scientific supervisor: Assoc. Prof. Ekaterina Gospodinova
1. Relevance of the topic in the dissertation

Researching and improving the efficiency of solar equipment is a current task with practical
significance. Such a complex approach gives special importance to the development. In terms of
the relevance ofthe proposed work, I would call it a real technological innovation that could have
a direct impact not only on technological development, but also contribute to development in the
field of solar equipment design. The dissertation is methodically correct. The goal and objectives
of the present work are defined on the basis of a literature review.

2. Degree of knowledge of the problem and methodological approach

The PhD student demonstrates in-depth knowledge of the state of the problems on the topic of the
dissertation, expressed both through the scope and depth ofthe interpretations of the sources used
in the literature review. The list of used literature includes 155 sources. The literary sources are
up-to-date. The putose and objectives of the dissertation work are defined on the basis of a
detailed analysis ofthe current situation. It can definitely be said that the literary sources are known
by the author practically in full and are the basis for the development of the proposed work. They
are duly cited.

3. Compliance of the selected research methodology with the set goal and objectives of the
dissertation work.

The pudgoBe ofthe presented dissertation work is clearly defined at the beginning. A chronological
analysis and analytical Tledrelanon of a large volume of information concerning the issue have
been made. Based on the results of the study ofthe problem and taking into account its specificity,
the methodology, mathematical apparatus and other research tools that | consider appropriate for
solving the set tasks and achieving the goal of the dissertation work have been determined.



4. Assessment of the contributions to the dissertation work and their significance.

I accept the results achieved in the PhD - student's dissertation work, and I define the presented
contributions as scientifically applied and applied:

I. Scientific and applied contributions

A systematic analysis of the applicability of fuzzy set theory and genetic algorithms for
forecasting short time series describing the operation of small autonomous photovoltaic
systems has been carried out.

A forecasting model based on interval fuzzy sets of the second type (FOU) has been
developed. A multi-criteria approach for optimization of the parameters of.

A modification ofa multi-criteria genetic algorithm has been proposed, taking into account
the specific constraints in the formation of fuzzy logical dependencies.

The relationship between the width of the FOU and the level of uncertainty in short time
series characterizing the production and consumption of electricity has been theoretically
substantiated.

The methodological framework for identifying structural transformations has been
expanded by combining fuzzy clustering, hierarchical methods and analysis ofthe temporal
evolution of clusters.

A comprehensive theoretical scheme has been built, integrating forecasting models, cluster
analysis and optimization, applicable to the study of energy systems with a high degree of
uncertainty.

Il. Applied contributions

A model for analysis and forecasting of short time series describing the production and
consumption of electricity in small autonomous photovoltaic systems.

A regression forecasting model with asymmetric fuzzy parameters, optimized by a genetic
algorithm, suitable for energy balance assessment in small photovoltaic power plants for
domestic consumers, has been proposed.

An algorithm for identifying structural transformations, based on fuzzy c-mean clustering,
has been developed, applicable to good separability of indicators related to photovoltaic
installations.

A hierarchical agglomerative algorithm has been developed, applicable to weak
separability of clusters, used for analysis of groups ofshort time series of energy indicators.
An analysis of key components of photovoltaic systems (solar batteries, inverters,
operating modes) has been performed, and the results have been used in the interpretation
ofthe forecasting models.

The proposed FOU models have been used to support decisions when choosing the
configuration, orientation and operating mode of photovoltaic systems for domestic
consumers based on climatic and geographical

Numerical experiments, optimization and visualization of the results are implemented in
MATLAB, which ensures reproducibility, reliability and practical applicability of the
developed algorithms.



5. Significance of contributions to science and practice. Assessment of publications on the
dissertation work

The developed models and algorithms have direct application in the analysis, forecasting and
optimization ofthe operation of small photovoltaic systems for domestic consumers. They support
the assessment ofthe energy balance, improve the accuracy of forecasts and allow a more informed
choice of configuration, orientation and operating mode of the systems, according to specific
climatic and geographical conditions.

4 publications are attached to the documents. All publications were made during the PhD—studies,
with one ofthem in first place. The high Q-factor ofthe published materials is impressive. | believe
that these publications contain the main contributions claimed in the dissertation. The articles are
co-authored with the scientific supervisor, which personally makes a very good impression on me.

6. Critical remarks on the dissertation

In principle, I have no remarks on the substance of the dissertation work. Regarding the layout of
the explanatory note, I can recommend: - when preparing such materials, short sentences should
he used. The way of expressing with long sentences in places can mislead readers.

The stated recommendations do not belittle the work ofthe PhD - student, and | hope that the work
on the scientific topic will continue, because it is interesting and relevant.

7. Motives and a clearly formulated conclusion

The topic of the dissertation work is hybrid and represents a natural symbiosis of informatics with
the optimization of real technical problems. The work has a sufficient volume and depth of
research. Scientific-applied and applied results of importance for theory and practice have been
obtained.

Considering the above, | believe that the requirements for developing a dissertation for the
educational and scientific degree "PhD" have been met and | give a positive comprehensive
assessment for the award of the educational and scientific degree "PhD" to PhD - student Dimitar
Nenov in Professional Field 4.6. Informatics and Computer Sciences.

27.04.2026

Burgas



