CTAHOBWULUE

BbpXy ANCEPTaLMOHEH TpyA 3a npugobuBaHe Ha obpasoBartenHa n HayvHa cteneH ,Jokrop”
MpodecnoHanHo HanpaeneHue 5.2 EnekTpoTexHuka, enekTpoHuka n aBToMaTtumka
Hay4yHa cneumanHocT: EnekrpoHunsaums

ABTOp Ha aucepTaumoHHna Tpya: AnekcaHabp EBreHueB NaHeB

Tema Ha ancepTaunoHHUs Tpya: U3cneaBaHe HA UHTENUIeHTHU METOAM 3a ONTUMMU3aLMUS Ha
ed)ekTMBHOCTTa Ha POTOBONTAUYHU CUCTEMU B ANHAMUYHU cpeau

PeueHseHT: npod.ATH. Kpacumupa Ctomnosa

HacTosieTo cTaHOBMLLE € N3rOTBEHO B KAYECTBOTO MM Ha YNEH Ha HaY4YHO XXYpU, Ha3Ha4YeHOo CbC
3anoseq Ne 1102/24.04.2026 r. Ha Pektopa Ha KO3Y ,Heodut Punckn®.

1. AKTyaHHOCT Ha pa3pa60TBava B AncepTauMoHHUA TpyAa npo6neM B Hay4yHO u
HAay4YHOMNMPUITIOXHO OTHOLWLeHne

B guceptauusta ce pasrnexgart npobnemu, CBbp3aHu C akTyanHata TemaTuka Ha HaweTo
CbBpeMne — MNpexoabT KbM 3efeHa eHeprus U TbpCeHe Ha pelleHus 3a MNOo-YCMNELHOTO W
npunoxeHue. TeopeTMYHOTO onucaHmne Ha oToBONTan4YHUS Moy ce 6a3npa Ha HENUMHENHaTa
BOJMT-aMnNepHa XapakTepuUCTUKa, KOATO onpedens HanmynmeTo Ha yHukanHa paboTHa Touka C
MakcmMmarHa MoLHocCT. NMo3numnara Ha Tasm Touka e AMHaMUYHa U Ce N3MEHS B 3aBMCUMOCT OT
MOMEHTHaTa OCBETEHOCT 1 TemnepaTyparta Ha Knetkute. 3atoBa epeKkTMBHOCTTa Ha cuctemarta
ce pasrnexpga Kato AUHaMU4Ha BenuymHa, KOSATO 3aBUCKU OT CNOCOBHOCTTa Ha ynpaBnsiBalumTe
MexaHn3Mn ga nogabpxart pabotata B 6NM30CT A0 TodKaTta Ha MakcumanHa MOLLHOCT M Aa
MakcumMuaupaTt norbfHaTata CfbHYeBa CBETMHA 4pe3 OnTuManHa oOpueHTauusa Ha
doToBONTan4HMTE Moaynu. WM3cnegBaHeTo B AMcepTauusata € HacoYeHo KbM NnoBuIaBaHe Ha
edekTMBHOCTTa Ha wu3nonsBaHe Ha OTOBONTAUYHUTE CUCTEMM MO OTHOLIEHWE Ha
OTOBOMTAUYHUTE EMNEMEHTU N CUCTEMUTE, KOUTO M yNpaBnsBaT. TemaTa € akTyarnHa KakTo B
Hay4eH, Taka U B Hay4YHO-MPUITOXKEH acrnekT N 9 OLEeHABaM MOSIOKUTENHO.

2. CTeneH Ha No3HaBaHe CLCTOAHMETO Ha NpobremMa u TBopYecka UHTepnpeTauus Ha
nuTepaTypHUA MaTepuan

[oKkTopaHTbLT € HanpaBun 3agbfibodeH aHanua Ha TeopusiTa Ha CIbHYEBOTO
npocrniegsBsaHe, Ha MpPOCMEeAsiBaHETO HA MaKcumanHata TOYHOCT Ha MOLLHOCTTa MU
npeobpasyBaTennte Ha NOCTOSAHEH TOK. [pUNOXeHNTe CpaBHEHMS Ha pas3NMYHUTE METOAM Ha
n3cnegsaHe B [bpBa rnaBa 4eMOHCTpUpaT MHOro 4o6po 3ano3HaBaHe ¢ npobrnema un nogpobex
CpaBHWUTENEH aHanu3 Ha CbCTOSHETO Ha NybnukyBaHUTe w3cnegBaHus B pasriexgaHuTe
obnacTtu. [1oOKTOpaHTBLT € YCTaHOBWI1, Y€ B CbBPEMEHHUTE Hay4YHW M3CneaBaHus ABaTa MeToda
3a noBuwaBaHe Ha edekTMBHOCTTa Ha OTOBOMTAMYHUTE cucTeMn (cuctemmte 3a
npocregsiBaHe Ha cnbHyeBata Tpaektopusa (CIICT), ypes kouTo ce yBenuyaBa [obuBa Ha
eHeprusi NOCPeACTBOM OCUrypsiBaHe Ha NeprneHavKynspHa opueHTaums Ha oToBONTaUYHUTE
MOZAYIM CMPSIMO CITbHYEBOTO MOSIOXKEHNE N anropuTMUTE 3a Crie4eHe Ha MakcMmanHaTa Todka
Ha mowHocTTa (MPPT — Maximum Power Point Tracking), 4pes kouTo ce ocurypsisa pabota B
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ONTUManeH PexumM Npu N3MEHSILLM Ce YCIOBUSI HA OCBETEHOCT U TeMrnepaTtypa ) ce pasrnexaat
KaTo camocTosiTeNnHu metoan. Toa oBycnaBs 1 Hay4YHUst My MHTEPEC KbM TbPCEHE Ha HAYUH 3a
0beaMHsABaHETO UM C Lien nocTuraHe Ha no-gobpa onepaTvBHa ePEKTUBHOCT.

3. CwoTtBeTcTBME Ha M36paHaTa MeToAuKa Ha u3crneaBaHe C nocCtaBeHaTa uUen u“
3agayn Ha gucepTtaumnoHHUA TpyAa.

,Llenta Ha gucepTaumoHHMA Tpya € Oa Ce U3BbPLUM 3aabfibodYeH TeopeTudeH aHanu3 u
OLEHKa Ha meToauTe 3a MpocrnedsBaHe Ha ChibHYeBaTa TPaekTopusi U anroputMuiTe 3a
MaKCUMaITHO U3BfIMYaHEe Ha MOLLHOCT Npu hOTOBOSMITAUYHN CUCTEMMU, C Lien naeHTuduumpaHe Ha
Hay4HM nponyckun, hopmynmpaHe Ha YHUMULMPAHM KOHLENTyarnHu MOoLenu v onpenensHe Ha
TEOPETUYHN HACOKM 3a ONMTUMM3aUUA Ha eHepruiHaTa eqEeKTMBHOCT Ha (POTOBOMTaMYHU
MHcTanauum.”

3a nocturaHe Ha noctaBeHaTa Len ca hopMynupaHmu LWeCT OCHOBHU 3aJayMn.

3a pellaBaHe Ha NoOCTaBEeHUTE 3a4auyn OLEHSABaM MOSTIOKUTENHO NPUIOXEHUTE METOAM Ha
nscnegBaHe, Mexgy KOUTO KrnacuduKauMoOHeH MeTon, W3Mon3BaH 3a CTPYKTypypaHe Ha
pasnuyHuTe TUNOBE CUCTEMU 3a CrbHYEBO npocneassaHe n MPPT anroputmu no 3agageHu
KpuUTepun; mogenupaHe, Haco4eHo KbM hOpMynMpaHe Ha MOLENM 3a OLeHKa Ha eHeprurHaTa
eEeKTMBHOCT M 3arybute npu pasnuMyHM NOAXOAN Ha yrnpaerieHue; CpaBHUTENEH aHanu3 3a
OLEeHKa Ha npeguMmcTBaTa, OrpaHUMYEHUsiTa U NPUNOXKUMOCTTA Ha TEOPETUYHU peLUeHUs npu
onTMMmMsaumsaTa Ha  (POTOBOMTAUYHMUTE  CUCTEMM; CUCTEMEH aHanua, npu  KOWTO
doToBONTANYHUTE CUCTEMU CE pa3rnexaaT KaTo CbBKYMHOCT OT B3aMMOAENCTBALLM NOACUCTEMMU
— MexaHun4Ha (opueHTaums), enekTpuyecka (paboTHa Touka) 1 ynpasnsBalla.

4. Hay‘-IHI/I n/vnn Hay4HO-NPUNOXHN NPUHOCU Ha AncepTaunoOHHUA TpyA.

MBbplleH e TeopeTMyeH aHanu3 Ha B3aMMOBPbBL3KUTE MexXdy OpueHTauusaTa Ha
OTOBOMTAMYHUTE MOAYNM WU eneKkTpuyeckuTe paboTHU pPEeXUMU, KaKTO U BIUSHMETO Ha
pasnMyHK ynpasnsiBawyn CTpaTternm BbpXy eHeprumHata e(eKkTUBHOCT Ha (POTOBOMTAUYHUTE
CUCTEMW.

CuHTesnpaH e maTtemaTuUdeckm MoLen 3a OueHKa Ha eHepruiHata eqekTUMBHOCT Ha
OTOBOMITANYHN CUCTEMU, KOWTO MHTErpuMpa reoMeTpuyHMTE acnekTu Ha opueHTauuaTa Ha
(POTOBONTANMYHNTE MOAYIIM U ENEKTPUYECKUTE pexmmmn Ha paborta, onpegensiin ot MPPT
(Maximum Power Point Tracking) ynpaeneHueto. [1bpBMAT MexaHW3bM € CBbp3aH C
MakcMMuaunpaHe Ha edbeKkTMBHaTa ClbHYEBa paavauns Bbpxy NOBbPXHOCTTa Ha MOAyna, AoKaTo
BTOPUAT UMa 3a Len M3BMMYaHE Ha MaKCMMarHO Bb3MOXHATa enekTpuyecka MOLYHOCT npw
AafeHn yCnoBWsi Ha OCBETEHOCT 1 TemnepaTtypa. MogenbT BKIOYBa BNNSHMETO Ha ClibHYeBaTa
paguaums, TOYHOCTTa Ha CAbHYEBOTO NpocreasasaHe, TemnepaTtypHmuTe edpekTn, MHaMmmukaTa Ha
MPPT anroputbma u enektpoHHUTEe npeobpasyBaTtenHun 3arybu. CnbHYeBOTO npocnensisaHe
MaKcuMmnaupa BxogHaTa eHeprnsa 4ypes reometTpmyHa ontummnsaums, gokato MPPT MuHummanpa
enekTpmyeckuTe 3arybu ypes onTumanHo ynpaeneHne Ha paboTtHata Todka. OT HanpaBeHus
aHanm3 Ha eHeprumHnTe 3arydu n TeopeTu4HUTE rpaHMuM Ha eeKkTMBHOCTTa CreaBa, Ye npu
CbrnacyBaHO M KOOPOWHUPAHO yrpaBrfieHUe Ha MeXaHWYHUTE U enekTpuyeckuTe npouecu ce
nocTura MakcumareH rnoteHuman Ha (ooToOBONTauYHUTE CUCTEMMU.

MpeanoxeH e ONTMMM3AUMOHEH MOAENT 3a MaKCUMU3MPaHe Ha eHepruriHua obue oOT
doToBONTAULM C MPOMEHNUBKU YNpaBneHWETO Ha cucTemaTa, npocrneadsalla ChbHYeBaTa
TpaeKkTopusa 1 paboTHOTO HanpexeHne Ha POTOBONTANYHUSA reHepaTop Npy YAOBMNETBOpsiBaHe
Ha Habop orpaHUYeHNss Ha ONTMMM3aLMOHHaTa 3adava.

N3BbplueHa e cumynaums Ha eHeprHv 4O6MBK Ha 4 pasnuyHX No BUA CUCTEMU — cucTeEMa
C douKcmMpaH hoToBONTaNYeH MoayI € onTuMmarnHa opueHtaumsa 6e3 MPPT, cuctema ¢ goukcupaH
doToBONTAMYEH MOAYN C onTumanHa opueHtaums n MPPT, cuctema cbe CICT 6e3 MPPT u
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cuctema cbe CICT n MPPT. doToBONTan4YHNTE MOAYNM Ca OT €4HM 1 CbLiM BUA U UMaT €4HAKBU
XapaKTePUCTUKM (TEXHOMOIUS, pasMep, MOLLHOCT, HanpeXeHue, TOK) U YCIoBUA 3a OCBETEHOCT U
Temnepartypa. Han-gobpbp pesynrtaT € nony4yeH npu CbBMeCTHOTO B3anmogencTteme Ha CICT
n MPPT, c koeTo ce gokasea edhnkacHOCTTa Ha pa3paboTeHns mogern.

OueHsBaM NONMOXUTENHO NOCTUrHATUTE pesynTaTu B guceprauusata, KOouTo ca OT rnonsa 3a
paswupsiBaHe Ha TeopeTudHaTa OCHOBa Ha CUCTEMWUTE 3a CNbHYEBO npocneasisaHe u MPPT
ynpaBfeHneTo u p[onpuHacsaT 3a Obgewm nNpunoxHWM pas3paboTku 3a noBuUlLIABaHE Ha
e(PeKTMBHOCTTA Ha (POTOBOMTANYHUTE CUCTEMN.

5. MHeHuMe 3a I1y6J1MKaLIMVITe no Temata Ha aucepTauMoHHUA TpyAa.

MpencraBeHn ca YeTpu NyGnukauum ot ABe KOH(EPEHLMM Y Hac KaTo ABe OT nybnvkauumTe
ca nopg neyat (NpunoxeHu ca cryxebHu 6enexkm 3a NnyGnunkyBaHeTo UM B HaydeH cOopHuK). [iBe
oT nybnukaummute ca CaMOCTOSITENMHW M OBEe Ca CbBMECTHW C Hay4YHUS PbKOBOAUTEN.
MybnukaununTe oTpassiBaT OCHOBHW U3CneABaHNs OT avcepTauusTa.

6. MHeHuUs, npenopbKN U Genexku.

CuuTam, Ye NpMHOCUTE Ha gucepTaumsaTa ca OpUriHanHy u npenopbyBamM 3agbnbovyaBaHe Ha
nscnefBaHusiTa B Ta3nm o6nacT, TbM KaTO KaKTO AOKTOPaHTbT noavepTaBa, aHanu3bT €
dokycpaH BbpXy KOHUEeNTyanHuTe, MeToAOoNOorMYHN U CUCTEMHU acnekTnm Ha cuctemmte 3a
npocnegsasaHe Ha cnbHYeBaTa TpaekTopuss 1 MPPT anroputmute Kato He ce pasrnexgar
KOHKPETHU MHXEHEPHU pELLEHUS.

MpenopbkaTta e 3a ny6nmkyBaHe B NO-NPECTVKHM N34aHMsA C paHr n umnakT paktop (SCOPUS
nnim WoS).

Kato 3abenexka oTyMTam, 4Ye He e Crna3eHo NPaBMOTO 3a OTrneyaTaHu maTtepuanu - npu
nyonukyBaHun ctatuu/goknagu nace wusnmcsat cTpaHnun/DOI/URL agpec kato gokasaTencrso
3a nybnvkyBaHeTO, KOETO nuncBa B NpeAcTaBeHUs CNUCbK OT nybnvkauun, CBbp3aHu C
aucepTtaumoHHus Tpya. MNpenopbkaTa € npu ObaeLm nscneaBaHms ga ce B3eMme npensus Tasm
3abenexka.

7. 3aknyeHue U oueHKa Ha AucepTauMOHHUA TPYA.

OucepTtaumsata Ha marnctbp AnekcaHobp EBreHueB [laHeB OTroBapsa Ha ycrnoBusTa Ha
3PACPE n MNMMN3PACPB. [OucepTauMOHHUAT Tpyd CbAbpXKa HAYYHO-NMPUNOXKHU U NPUNOXKHN
pe3ynTaTtu C MHOBATMBEH XapakTep. Te umaT opurMmHaneH NnpMHoC B HaykaTa, KOMTO oueHsiBam
nonoxutenHo. [loctaBeHaTa Uen Ha aucepTauMoHHaTa paboTta e m3nbnHeHa. KaHomaatsT
npuTexasa 3aabnboyeHn 3HaHMA No n3crneaBaHata TemMaTtuka. Ton AeMOHCTprpa cnocobHOCT
3a CaMOCTOATENHM N3CNneaBaHus 1 yCrneLwwHo 3NbiTHEHNE Ha peluaBaHnTe npobnemu. YoeneHo
npenopbyBamM Ha YBaXKaeMOTO Hay4HO XXypu NpuchbxaaHe Ha obpasoBarenHara un Hay4Ha
cTeneH ,,00kTOp“ Ha mar. AnekcaHabp EBreHmeB NaHeB B o6nacT Ha Buclwe obpasoBaHue
5. TexHudeckn Hayku, npodecuoHanHo HanpaeneHne 5.2 ENeKTpoTexHuKa, eriekTpoHuka u
aBTOMaTuKa, Hay4YHa cneumanHocT ,EnekTpoHnsauns”.

Oata: 3 1oHu 2026 YNEH HA HAYYHTO XYPMU:
/npod.ATH. K. CtounoBa/
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OPINION

of a Dissertation for awarding the educational and scientific degree "Doctor"

Professional field of study: 5.2 ,Electrical engineering, electronics and automation®
Scientific specialty: ,Electronization”

Ph.D. student: Aleksander Evgeniev Ganev

Title of the Ph.D. thesis: Research into intelligent methods for optimizing the
efficiency of photovoltaic systems in dynamic environments

Member of the jury: Prof. D.Sc. Krasimira Petrova Stoilova,
Institute of information and communication technologies — Bulgarian Academy of Sciences,
1113 Sofia, Acad.G.Bontchev str., BL.2

This review was prepared in my capacity as a member of a scientific jury, appointed by Order No.
1102/24.04.2026 of the Rector of the South-West University "Neofit Rilski".

1. Actuality of the problems in the PhD thesis

The dissertation examines problems related to the current topic of our time - the transition
to green energy and the search for solutions for its more successful application. The theoretical
description of the photovoltaic module is based on the nonlinear volt-ampere characteristic, which
determines the presence of a unique operating point with maximum power. The position of this
point is dynamic and changes depending on the current illumination and temperature of the cells.
Therefore, the efficiency of the system is considered a dynamic quantity that depends on the
ability of the control mechanisms to maintain operation near the maximum power point and to
maximize the absorbed sunlight through optimal orientation of the photovoltaic modules. The
research in the dissertation is aimed at increasing the efficiency of using photovoltaic systems in
terms of photovoltaic elements and the systems that manage them. The topic is relevant both in
scientific and applied aspects and | evaluate it positively.

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

The doctoral student has conducted an in-depth analysis of solar tracking theory, maximum
power accuracy tracking, and DC/DC converters. The applied comparisons of the different
research methods in Chapter | demonstrate a very good familiarity with the problem and a clear
comparative analysis of the state of published research in the areas considered. The doctoral
student has established that in modern scientific research, the two methods for increasing the



efficiency of photovoltaic systems (solar trajectory tracking systems (STTS), which increase
energy yield by ensuring perpendicular orientation of photovoltaic modules to the sun's position,
and maximum power point tracking algorithms (MPPT), which ensure operation in optimal mode
under changing lighting and temperature conditions) are considered as independent methods.
This determines his scientific interest in finding a way to unify them in order to achieve better
operational efficiency.

3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the contributions achieved

"The aim of the dissertation is to perform an in-depth theoretical analysis and evaluation of
solar trajectory tracking methods and algorithms for maximum power extraction in photovoltaic
systems, with the aim of identifying scientific gaps, formulating unified conceptual models and
determining theoretical guidelines for optimizing the energy efficiency of photovoltaic
installations."

To achieve the set goal, six main tasks have been formulated.

To solve the tasks set, | positively evaluate the applied research methods, including a
classification method used to structure the different types of solar tracking systems and MPPT
algorithms according to set criteria; modeling aimed at formulating models for assessing energy
efficiency and losses in different control approaches; comparative analysis to assess the
advantages, limitations and applicability of theoretical solutions in the optimization of photovoltaic
systems; system analysis, in which photovoltaic systems are considered as a set of interacting
subsystems - mechanical (orientation), electrical (operating point) and control.

4. Scientific and practical achievements in the PhD thesis

A theoretical analysis of the relationships between the orientation of photovoltaic modules
and electrical operating modes, as well as the influence of different control strategies on the
energy efficiency of photovoltaic systems, has been performed.

A mathematical model for assessing the energy efficiency of photovoltaic systems has
been synthesized, which integrates the geometric aspects of the orientation of photovoltaic
modules and the electrical operating modes determined by MPPT (Maximum Power Point
Tracking) control. The first mechanism is related to maximizing the effective solar radiation on the
module surface, while the second one aims to extract the maximum possible electrical power
under given illumination and temperature conditions. The model includes the influence of solar
radiation, solar tracking accuracy, temperature effects, MPPT algorithm dynamics and electronic
conversion losses. Solar tracking maximizes the input energy through geometric optimization,
while MPPT minimizes electrical losses through optimal operating point control. From the analysis
of energy losses and theoretical efficiency limits, it follows that with consistent and coordinated
control of the mechanical and electrical processes, the maximum potential of photovoltaic
systems is achieved.

An optimization model is proposed to maximize the energy yield from photovoltaics with
variable control of the system, tracking the solar trajectory and the operating voltage of the
photovoltaic generator while satisfying a set of constraints of the optimization problem.

A simulation of energy yields of four different types of systems was performed — a system
with a fixed photovoltaic module with optimal orientation without MPPT, a system with a fixed
photovoltaic module with optimal orientation and MPPT, a system with a solar trajectory tracking
systems (STTS) without MPPT and a system with a STTS and MPPT. The photovoltaic modules



are of the same type and have the same characteristics (technology, size, power, voltage, current)
and conditions for illumination and temperature. The best result was obtained with the joint
interaction of the STTS and MPPT, which proves the efficiency of the developed model.

| positively evaluate the results achieved in the dissertation, which are beneficial for
expanding the theoretical basis of solar tracking systems and MPPT control and contribute to
future applied developments to increase the efficiency of photovoltaic systems.

5. Opinion on publications on the topic of the dissertation

Four publications from two conferences in our country are presented, two of which are in print
(official notes for their publication in a scientific collection are attached). Two of the publications
are independent and two are joint with the scientific supervisor. The publications reflect basic
research from the dissertation.

6. Few assessments, recommendations, and remarks

| think that the contributions of the dissertation are original and | recommend further research
in this area, since, as the doctoral student emphasizes, the analysis is focused on the conceptual,
methodological and systemic aspects of solar trajectory tracking systems and MPPT algorithms,
without considering specific engineering solutions.

The recommendation is for publication in more prestigious publications with a SCOPUS or Wo$S
rank and impact factor.

As a remark, | note that the rule for printed materials - for published articles/reports,
pages/DOI/URL address should be listed as proof of publication, which is missing from the
presented list of publications related to the dissertation work. It is recommended that this remark
be taken into account in future research.

7. Conclusion

The dissertation of Master Alexander Evgeniev Ganev meets the requirements of the Law on
the Educational and Scientific Degree "Doctor" and the Regulations for its implementation. The
dissertation work contains scientific-applied and applied results of an innovative nature.They have
original contributions to science, which | appreciate positively. The goal of the dissertation work
has been achieved. The candidate has in-depth knowledge of the research topic. He
demonstrates the ability for independent research and successful implementation of the problems
being solved. | consider the dissertation's contributions to be significant for the private and public
users. | strongly recommend to the Honorable Scientific Jury the awarding of the
educational and scientific degree "Doctor" to Aleksander Evgeniev Ganev in the field of
higher education 5.2 Electrical engineering, electronics and automation in the scientific specialty:
,Electronization”.

June 3 2026 Member of the Scientific Jury:

Prof. D.Sc. Krasimira Stoilova



