PEUEH3UA

BbpPXYy ANcepTaumoHeH Tpya 3a npuaobmBaHe Ha obpasoBaTenHa u HayyHa cteneH ,Jokrop’
MpodecnoHanHo HanpaeneHue: 5.2 ENekTpoTeXHNKa, eNeKTPOHUKa U aBToOMaTuKa
Hay4dHa cneuuwanHocT: EnekTpoHnsaums

ABTOp Ha ancepTaumoHHus Tpya: AnekcaHabp EBreHueB MaHeB

Tema Ha ancepTaunoHHUA Tpya: M3cnenoBaHe Ha MHTENUreHTHM MeToau 3a onTuMmM3auusl Ha
e(beKTMBHOCTTa Ha (*)OTOBOJ'ITaI/I‘-IHI/I cncremMun B AaHaMn4HM cpeau.

PeueH3eHT: gou. a-p nHx. Miean MiBaHoB Heasinkos

HacTtoswarta peueH3nsa e N3aroTBEHO B Ka4eCTBOTO MM Ha YNEH Ha Hay4YHO XXypW, Ha3HA4YeHO CbC
3anoseq Ne 1102/24.04.2026 r. Ha Pektopa Ha KOro3sanageH yHusepcutet ,Heodunt Punckn®.

1. AKTyanHocT Ha pa3paboTBaHUA B AUCEPTALMOHHUA TPYA NpobrieM B Hay4HO U
Hay4HOMPUOXHO OTHOLUEHUe.

B mMomeHTa narpaxxgaHeto Ha oOTOBONTaNYHM NapKoBe 1 N3006LLo hoToBONTAUYHU CUCTEMM
3a NMPoOW3BOACTBO Ha eneKkTpu4yecka eHeprusi N 3axpaHBaHe Ha BCSIKAKBU OUTOBU M HEOMTOBMU
HYXXOW HapacTBaT eKcnoHeHuuanHo. WMarpaxgaHeTo Ha TakuBa 3axpaHBallyM MOLLHOCTU ce
OCBbLLECTBSIBA KAKTO OT NpodhecnoHanmcTn, Taka n ot HenpodecnoHanucT n nibutenu. Ho nma
onpeaeneHn N3NCKBaHUs, KOUTO TpsibBa Oa ce crnaseaT Npy M3paXaaHeTo Ha TakuBa CUCTEMW,
3a Ja MOXe reHepupaHaTa eHeprus aa e makcumarnHa. BceobLoTo MHeHMe e, Ye narpakgaHeTo
Ha TakMBa 3axpaHBally CUCTEMM € HELLO ENEMEHTAPHO — B3UMAaT Ce HAKONKO NaHena; MoHTMpaT
ce Ha pobpe oCBETEHO MSACTO; CBbP3BAT Ce Mo onpeaesieH HauMH (B 3aBMCMMOCT OT TbPCEHOTO
HanpexeHne M M3XogHa MOLIHOCT), crnej ToBa Ce CBbp3BaT KbM WHBEPTOP WM Opyr
npeobpasyBaten Ha enekTpuyecka eHeprust (B 3aBMCMMOCT OT HYXXHOTO Ha W3XOQHO
HanpexeHue), cBbp3BaHe Ha Gatepua u poToBONTaMyHata cuctema e rotoea. PeanHocTTa
obade e gpyra. [Nopaan N3TbLKHATOTO NO — rope, pasrnegaHvsaT AMcepTaLMoHEH Tpya n3cneasa
MHOrO akTyanHa B MOMeHTa TemMaTuka U CBbp3aHuTe ¢ Hea npobnemu. B anceptaumoHHna Tpya
JOKTOPaHTbLT € HanpaBuil MHOro obctoeH M 3agbnbouyeH npernen M aHanu3 Ha npobnemu,
CBbp3aHM CbC CUCTEMUTE 3a npocrieasBaHe Ha cnbHYeBaTta Tpaektopus (CMCT). Kakeu 6usat
Te3N CUCTEMMU KaK Ce OCbLLECTBSIBA CreaeHeTo, KakBa e edpekTuBHoCcTTa Ha otaenHute CIrICT u
apyro. OBeH ToBa aBTOpPbLT € pasrnejan M pasnuyHUTe anroputMuTe 3a chnefeHe Ha
MakcumarnHaTa Todka Ha mowHocTtTa (MPPT — Maximum Power Point Tracking) kak pabotarT,
KakBu OumBaT, KakBa MM e edekTmBHOCTTa M Apyro. PaspaboteH e yHuduumpaH TeopeTmyeH
MoOen 3a OueHKa Ha eHeprMnHata edeKTUBHOCT Ha (POTOBONMTAUYHUTE CUCTEMWU, KOWTO
WHTEerpupa reomMeTpuyHUTE acnekTM Ha opueHTauuaTa Ha OB moaynuTe u enekTpudeckute
pexummn Ha paboTa, onpegensHu ot MPPT ynpasneHneTo. AHanM3bT Ha eHeprunHnTe 3aryouv n
TEOPETUMYHUTE TpaHMUM Ha edEeKTMBHOCTTA MoOKa3Ba, Ye MaKCUMarnHuaT MoTeHuuan Ha
doToBONTANYHUTE CUCTEMM MOXe Oa Obae peanuavpaH e€OMHCTBEHO MPU CbrnacyBaHO WU
KOOpOVHUPaHO ynpaBreHne Mexay cucteMuTe 3a npocresBaHe Ha CribHYeBaTa TPaeKkTopus U1
anropuTMuTe 3a criegeHe Ha MakcMmarHaTa To4Ka Ha MOLLIHOCTTA.

lMocTaBeHaTa uen 3a n3nNbhnHeHue: e ga ce N3BHLPLUIN 3aabnooyveH TeopeTn4yeH aHanum3 n
OLEeHKa Ha MeToguTe 3a npocriegsiBaHe Ha ClibHYeBaTa TPAeKTOpuUsa U anropuTtmMuTe 3a
MakKCuMmMmanHo wu3BJinv4aHe Ha MOLWWHOCT nNpu (*)OTOBOﬂTaVI‘-IHVI cuctemn, C uUen



I/I,CIeHTVI(bVILIVIpaHe Ha Hay4HU Nponycku, d)opmynupaHe Ha YHI/I(bVILIVIpaHVI KOoHUenTyalniHn
Mogernin un onpegernsHe Ha TeopeTUYHU HACOKM 3a onNTuMu3auna Ha eHeprvu7|HaTa
e(beKTVIBHOCT Ha (bOTOBOﬂTaVI‘-IHVI MHCTanauum“ u npon3TnyalinTe OT TOBa 3adayn 3a
pewaBaHe, OMbITHATENHO akKUeHTUPaT BbpXy CbBpeMeHHaTa akTyasiHoCT Ha ANCePTALUOHHUAT

TPYA.

2. CteneH Ha No3HaBaHe CbCTOSIHUETO Ha NpobrieMa U TBOpYeCKa UHTepnpeTauus Ha
nuTepaTtypHUA maTtepuan.

PeanHa npegctaBa 1 060CHOBKa 3@ HAy4YHOTO HMBO UMK CTEMEH Ha NO3HaBaHE CbCTOAHMETO
Ha npobnema n CboTBETHA TBOPYECKa MHTEpNpEeTauna Ha NuTepaTypHUs Matepuan Moxe ga ce
dopmupa Ha Gasata Ha mnsnoxexHueTo B Naea 1 n MaBa 2 Ha gucepTaumoHHuA Tpya. Ypes
MaBa 1 OKTOPaHTBLT NpaBu BbBEAEHME B TEMaTta KaTo MHOIo NoApobHO aHanunavpa u oueHsiBa
CNCT, anropyutMuTe MM 3a ynpasreHMe U Bb3MOXHUTE IpeLlkM MO BpemMe Ha CrnefeHeTo.
O6bpHaTO € BHMMaHWE M Ha anropuTMUTE 3a MpPOCneasBaHETO Ha MakcumanHaTa Touyka Ha
MOLLIHOCTTa, KaTo e HanpaBeH aHanu3 1 oueHka Ha ocHoBHuTe MPPT anroputmun. [naBaTta
3aBbplBa C Nperneg Ha pasnuyHuTe BMAOBE npeobpasyBaTenu, KOUTO Ce M3Mnon3saT npu
peanusaumaTta Ha pasnnyHute MPPT anroputMu.

Upes MaBa 2 OOKTOpPaHTBLT MoapobHO M 3aabnbodYeHO HM 3ano3HaBa C  HanpaBeHU
TeopeTMyeH aHanmM3 Ha edekTMBHOCTTa npu OTOBOMATAUYHN CUCTEMU CbC CITbHYEBO
npocneasasaHe 1 MPPT. PasrnegaHn ca etbeKTMBHOCT Ha (bOTOBONTaNYHM CUCTEMN, TEOPETUYHN
OCHOBM Ha CITbHYEBOTO MpocrneasiBaHe, aHanM3 Ha CbBPeMeHHuTe cuctemun 3a MPPT,
CUHeprnyeH MoJen Ha B3auMOAENCTBMETO MexXay ChnbHYeBo npocnegssaHe u MPPT
ynpaBreHne, aHanMTuiYeH MoAen Ha eHeprunHuTe 3arybu BbB (POTOBONMTAUYHMTE CUCTEMM
pasnuMyHuTe NoBpeamn 1 npodrnemu, CBbp3aHM ¢ PoToBONTanYHUTE cuctemu. NpeacTaBsHETO e
HanpaBeHO Ha Ga3aTta Ha 3aabnboyeH npernea 1 aHanua Ha pasnNUYyHK NMTEPaTyYPHU U3TOYHULN
N CUMYNaLNOHHN MoaENN.

M3nonssaHuTte nmTepaTtypHU NU3TONHULUM B TE€3M ABE MaBu ca N3UAINO OT Hay4YHN ny6nvu<au,mm,
OoKnaanm n ctatum OT peHOMUpaHu CnncaHud, n3gaHua OoT MeXayHapoAHU KOHCbepeHLI,I/II/I oT
y4yeHu n cneunanmctu B obnacTtTa Ha TemaTa Ha ancepTtauunaTa.

3. CvoTtBeTcTBME Ha M36paHaTa MeToAuKa Ha n3cnenBaHe C nocrtaBeHaTa uen u
3agaydn Ha guceptaumMoHHUA TpyA.

Llenta Ha gucepTaumMoOHHUAT TPyA €: ,Aa ce U3BBbPLUUN 3a4bNO0YEH TeOpeTUYEeH aHanms u
OoLleHKa Ha MeToauTe 3a npocreasBaHe Ha ClbHYeBaTa TPaeKTopust U anropuTMuTe 3a
MaKCMManHoO M3BfIMMAaHEe Ha MOLWHOCT npu ¢pOoTOBONTAaUYHU CUCTEMU, C Uen
uaeHTUULUPaHe Ha Hay4YHU nponycku, coopmMynupaHe Ha yHUpUUMpPaHU KOHLENTyanHu
Mogenu W onpegensHe Ha TEOPEeTUYHU HACOKM 3a ONTMMU3ALMA Ha eHeprumHarta
edeKTUBHOCT Ha OTOBONMTAMYHM MHCTanauyuu“. 3a U3NbLIHEHWETO Ha Tasn Luen, ca
dopMynupaHu cnegHuTe 3agayu:

1. AHanu3 Ha (pU3MYHUTE N reoMeTpPUYHUTE NMPUHLUUNK, onpegenswy crnbHYeBaTa
TpaeKTopus U opueHTaumusaTa Ha poToBONTanYHU MOAYIIN — 3a pelllaBaHeTo Ha Teaun 3ajava,
OOKTOPaHTbT € HanpaBun 3aabnboyeH nuTepaTypeH nperneg M aHanua, KOMTO BKIOYBa:
reoMeTpUYHM acnekT n onTMMn3aumnsa Ha NpocTpaHCTBeEHATa opueHTauus npym oToBONTaANYHN
(PB) cuctemu (pasrnexaga ce BMUSHUETO Ha OPUEHTaUMATa, a3uMyTbT (V) U HAKNOHa Ha Moayna,
BMBABT HA HakNoHa (B), KaTo B 3aBUCUMOCT OT TEXHUTE CTOMHOCTU, reHepupaHaTa eHeprusa ot



mMoayna e pasnu4Ha. Npu To3n aHanu3 aBTOpPbT € 00bpHan BHUMaHUE 1 Ha MHoropeaosu ®B
LUeHTpanu, Npu KOMTO OT KPUTUYHO 3HaAYeHWe € onpeferisHeTo Ha MUHUMAIHOTO Pa3CTosiHUE
mexay pegposeTe ot ®B moaynm (d), 3a ga ce usberHe B3aMMHOTO 3aceH4YBaHe. ABTOPBLT €
HanpaBun 1 3aabnboyeH nNperneg u aHanv3 Ha OCHOBUTE Ha CITbHYEBOTO MpocneasaBaHe. Tyk
TOW pasrnexna OCHOBHUTE MapameTpu, CBbP3aHW C onpedendHe Ha TpaekTopusta U
opveHTaumsaTa Ha ®B mogynuTe, KOMTO oKasBaT BMUAHME BbPXY KONMMYECTBOTO reHepupaHa
eHeprus. PasrnegaHy ca OCHOBHW OrpaHWYeHusl Ha CchblUecTByBawmTe cuctemn. Hakpas
AOKTOPaHTLbT 00pblia BHUMAHWE HA TEHAEHUMM M Npeau3BukaTenictBa NpuM MHTENUIEHTHOTO
ynpasneHune Ha CINCT. KaTo Ha4ymH Ha peanuanpaHe Ha MHTENUIEHTHO ynpasneHue, ce npegnara
N3Non3BaHEeTO Ha BrpageHn cuctemu, 6asmpaHum Ha HuckoeHeprunHu ApaymHo n ESP32 3a
npocTn anroputmn 3a ynpasnenune Ha CIMCT, go mowHu cuctemm ¢ Pacnbepm M. Ha 6asata
Ha HanpaBeHWAT aHanM3 aBTOPbT AOCTUra 4O M3BOAbLT, Ye ,CnbH4Yesomo rnpocriedsisaHe
npedcmassnsiea MexaHU3bM 3a NOA0BbPKaHe Ha onMmumMasieH bebJ1 Mexdy HopMasiama Ha
¢ghomoeosimauyHusi MoGys1 U 8eKmopa Ha nadaujomo cJibHYe80 /IbYyeHue."

2. AHanus n oueHka Ha MPPT anroputmun n cuctemurte 3a ClbHYeBO npocrnegsaBaHe
crnopen KOHCTPYKLUS U ynpaBfieHWe — 3a pellaBaHeTO Ha Te3n 3ajayvv OOKTOPaHTbLT e
Hanpasun pJetanneH nperneg Ha anroputmute 3a MPPT. PasrnepaHute anroputMm ca
rpynupaHu B ABe rpynu — Knacuyecku (Mpu KOUTO ce U3MEHS HanpexeHueTo, 3a Aa ce ,Tbpcu”
MakcumariHa U3xo4Ha MOLLHOCT) U MHTENUreHTHU (MpU KOUTO € Hanuue HAKakea fnoruka mnm
MoZes, UnNn ce U3nosidaBa M3KyCTBEH UHTENeKT). 3a BCeKM eauH OT pasrnegaHuTte anroputMu,
aBTOPBLT € HanpaBui aHanu3 1 OLUEHKa, B pe3yntaT Ha KoeTo e oTbenssan npegumcreaTa u
HegoCTaTbUMTE HA pasrnedaHuTe anropuTMu. Hakpasa aBTopbT € pasrnefan M pasnumyHuTe
Kno4yoBu ctabunmnsaTopu, KOUTO ce ynpaenaBaTt OT CbOTBETHUTE anropuTMu 1 ce U3nonaear 3a
,TbpceHeTo” Ha MPPT. 3a Bcekn eguH ot npeobpasyBaTenute ca gageHu n3pasmre, ¢ KouTo ce
onuceaTt npefaBaHEeTO Ha eHeprusaTa, Kakto U npegumcreaTta, HegocTaTbumMTe U 0COBEHOCTH,
KOUTO Ca XxapaKTepu 3a Bceku oT npeobpasyBaTtenuTe.

3. TeopeTu4yeH aHanu3 Ha B3aMMOAEMNCTBUETO MeXAY CIbHYEBO NpocneasBaHe U
MPPT npu ontummsauma Ha eHeprumHus [OOMB. — 3a peluaBaHETO Ha Tasn 3ajava
OOKTOPaHTbT € KOMOWMHMpan nonyyvyeHuTe pe3yntatm OT NpeaxogHMTe ABe 3ajaum U e
npeacTaBun aHanu3 oT npeaumcTeaTta, KoMTo ce nonyyasaT npy koMbuHupaHeto Ha CIICT n
MPPT cuctemn. CnucteMHmaT edpekT OT Tasn KoMBMHaUua Moxe aa 6bae onMcaH Ypes paswmpeH
eHeprmeH 6anaHc, Npu KoMTo obLuaTa NpousBefeHa eHeprus ce pasrnexga Kato yHKumnsa oT
nponsBedeHNeTo Ha koeduumeHTa Ha reomeTpuyHo YycsosBaHe (CMCT cuctema) w
KoedUUMeHTa Ha enekTpuyecko M3snuyaHe Ha mowHoct (MPPT anroputbm). HanpaBeHuaT
aHanua nokasea, 4Ye eqeKTMBHOCTTa Ha {OTOBOMTAaUYHUTE CUCTEMU CbC CIbHYEBO
npocnegasaHe n MPPT npeacrtaensBa pesyntaT OT HENWHEWHO B3aMMOOENCTBUE MeXay
reoMeTpPUYHU, TEPMOONHAMUYHN, ENEKTPUYECKN U KOHTPOSHM hakTopu. TO3M N3BOA € oHarneaeH
MHoOro gobpe B Tpyaa ypes rpadumku, Tabnmum n mateMaTuyeckn n3pasu.

4. PaszpaboTBaHe Ha yHU(pULUPaAHU TEOPETUYHU U MaTeMaTUYECKM MOAeNnu 3a OLeHKa
Ha eHeprunHata edpeKTUBHOCT, BKNIOYBaLLM KaKTo opMeHTaumaTa Ha PB mogynute, Taka mn
eNneKTpuYecKUTe paboTHM peXumum - 3a pellaBaHEeTO Ha Te3u 3ajavn LOKTOPaHTbT €
pasrnean: ycnosus 3a ctabunHo npocnegsBaHe Ha MakcMmanHata MOLHOCT; CTabunHOCT Ha



MPPT npu B3aMmoaencTBue CbC CbHYEBOTO NpocreasaBaHe v pasnnuyHuTe eHeprunHn 3aryom
BbB hOoTOBONTANYHUTE CMCTEMU. 3a OHarneasBaHe Ha eHeprurHnTe 3arybmn BbB hoTOBONTaNYHA
cuctema cbe CMCT n MPPT, goktopaHTbT € pa3paboTun HAKOMKO CMMyNauMoHHM Mogena, Ha
GasaTa Ha npeacTaBeHUTe MaTemMaTMyeckn m3pasv. JonbrHUMTENHO KbM 3arybute, aBTopbT €
AopasBun cBouTe Mogenu, kato e gobasun u 3aceHyBaHMs OT obnauw, 3a ga ce cumynupa
MakcuMmarnHo peanHa doToBofTandHa cuctema. ABTOPbT € NpeAcTaBuil MaTeMaTU4ecKu
n3pasu, 4Ype3 KOMTO MOXe Aa ce MpOorHo3npa roavlHuAT eHepreH oodue. Ha Gasata Ha
nonyyeHuTe pesyntatu, aBTOpPbT € pas3paboTun maTemaTUyeckm Mopaen, 4Ype3 KOWTO ce
onpenensa edekTMBHOCTTa Ha OOTOBONTAUYHM CUCTEMU CbC CbHYEBO NpocneasisaHe u MPPT
ynpaeneHune. 3a gokasBaHe NpUNoXKMMOCTTa Ha Mofena, AOKTOPaHTbLT € NpeacTaBusl U YucreH
npumep, KOUTO pasrnexga peaneH hoToBonTandyeH Moays, ¢ peanHu CtatMcTUYeckn gaHHu 3a
CnNbHYeBaTa paavaumsa 3a u3bpaHuAT OT aBTopa reorpadkM panoH. YucneHnsT npumep e
HanpaBeH 3a YeTupu pexnma Ha pabota — 6e3 CICT, cbe CICT (6e3 MPPT), nanonssaHe camo
Ha MPPT (6e3 CI1CT) n KomGuHnpam pexxum, npu KOMTo ce manonssa eaHoBpemeHHo CIICT u
MPPT. ®opmynupaHuTe MaTtemaTUdeckm U CUMYNauMOHHM MOenu Cb3faBaT TeopeTuyHa
OCHOBa 3a ONTMMKU3aUMAa Ha POTOBONTAUYHMUTE CUCTEMM M NO3BONABAT OLIEHKA Ha BNUSIHMETO Ha
pasnnyHn hakTopun BbpPXY EHEePrumiHmMa oouB.
5. UpeHTncpnumpaHe Ha Hay4YHU NPOMNYCKU U hopmynupaHe Ha KOHLeNTyanHU HaCoKu 3a
MHTEerpupaHu CUCTeMM 3a ynpaBneHue — aBTopbT € (hopmynmpan KOHUENnTyanHn HacoKu U
MPOMyCKM OCHOBHO B TEKCTa KbM rnaeun 1 n 2. Tam no4Tn HaBcsikbae ce 3abenas3BaTt KOMEHTapH,
OT CTpaHa Ha OO0KTopaHTa, B KOMTO TOW WU3TbKBA CBOUTE BWXOAHUS 3a ObOeLin HACOKM U
3abensasaHy nponycku.

B o0606LieHne: nocTaBeHWTe 3agadM W METOAMKA Ha W3creaBaHe CbOTBETCTBAT Ha
nocrtaBeHaTa Len 3a U3NbiHEHNe.

4. KpaTKa aHalIMTU4YHa XapaKTepucTtuka Ha ecteCTBOTO U OLleHKa Ha 4OCTOBEpPHOCTTA
Ha MaTepuana, BbpxXxy KOMWTO ce rpagdaT npuHocuUTe Ha guceptaumMoHHUA TpyAa.

MpenctaBeHUAT gucepTauMOHEH TPy € CbCTaBeH OT TpU rrasu.

B nmbpBa rnaBa aBTOPbLT € HanpaBwun AeTaunHo nuTepaTypHO nNpoyyBaHe, Ype3 KOeTo HU
3ano3HaBa c npobnemaTvkata No TemMaTtukata Ha OucepTauuoHHuAT Tpya. [NpeactaBsaHeTo
3arnoysa C 3ano3HaBaHe C OCHOBUTE Ha CMbHYEBOTO MpocreasBaHe, KakBo NpeacTaBnsiBa, Kak
ce peanuaupa, KakBu ca CUCTEMUTE 3a MpocrefsiBaHe Ha CrbHYeBaTa TPaeKTopusa Kak ce
OCblLUecTBsIBa YyMpaBneHMeTo Ha Te3u cuctemu. [NaBaTa 3aBbplUiBa C MpeacTaBgHE Ha
pasnuyHuTe Bugose MPPT anroputmu, KakBo npeactaBngasaT. [JOKTOpaHTBLT v e rpynuparn B Ase
ronieMu rpynum — Krnacuyeckn n MHTenureHTHU. Hakpas Ton npeactaBa OCHOBHUAT eMeMEHT, KONTO
ce ynpaBnsaeBa OT anroputMmte Ha MPT — kno4oBusT ctabunuaaTop, Kato e pasrnegan
KNYoBUTE CTAabUNM3aTopu, KOMTO Ce M3MOoN3BaT 3a peanuaupaHe Ha MPPT.

BbB BTOpa rnaeBa aBTOpbT 3anodBa Ada MpeacTaBs CbLUMHCKATa 4YacT OT CBOAT Tpyd —
TeopeTndeH aHanm3 Ha edekTMBHOCTTa npu OTOBONTAUYHM CUCTEMU CbC CHbHYEBO
npocnenasaHe n MPPT. Tyk To npeactaBa MatemMaTU4eckn uaspasu, Ypes KouTo ce onuceaT
npouecute B CICT cucremute, 3arybute B Te3n cuctemu. lNpeacraBeH e MateMatuyeckuaT
nu3pas, OnNuCBaLl, efeKkTPMYecKoTo rMoBedeHue Ha (poToBoNTanmyHaTa KreTka, Kakto W



MaTemMaTU4eCcKn u3pasu, onucealLy Opyru 3aBUCMMOCTU, CBbP3aHn ¢ POTOBOSMTanYHaTa KreTka.
B rnaeata ca pgageHM m matemaTudeckm mogenu, cebp3aHm ¢ MPPT. Ha 6asata Ha
npeacraBeHUTe MaTeMaTUYeCKu Mo4enn 1 n3pasu, aBTopbT NpeacTaBsd MaTeMaTU4eckm n3pasm,
onuceawm npouecn B koMbuHupaHa cuctema cbc CIMCT m MPPT. 3a BusyanuanpaHe Ha
npegMmcTeata OT M3MNON3BaHETO Ha KOMOWHMpaHa cucTema, OOKTOPaHTbT € NpeacTaBun
rpacdomkn n Tabnuuun, nokaseawiM npeguMMmcTBaTa Ha KomMOWHMpaHaTa cuctema. [nhaeaTa
3aBbpLUBA C aHANUTMYEH MOAEN Ha eHepruHuTe 3arybmn BbB (OTOBONTANYHUTE CUCTEMMU, KaTO
aBTOPBLT € HanpaBu HAKOMKO CMMYMauun Ha eHeprumHn 3arybm B KOMOBUHMpaH cuctema. Kbm
pa3paboTeHnTe cumynaumm, AOKTOpaHTbLT € AobaBun 1 3aceH4YBaHe Ha mogynuTte, 3a ga obaaT
cMMyrnauumTe MakcumanHo 6nu3ku go peanHu koMOuHupaHu cuctemu. Hakpas Ha rnaea 2
aBTOPBbT NPEeACTaBsA TeopeTUYeH MOAEN 3a NPOrHo3upaHe Ha roauHUA eHeprneH JobuB Ha
KOMBUHMpaHa cuctema.

B nocnegHata rnaBa oT gUCepTaUMOHHUAT Tpyd aBTOpbT npeanara MatemaTudeckn mogen
Ha edpekTUBHOCTTa Ha (POTOBOMTAUYHM CUCTEMU CbC CNbHYEBO npocnegsasaHe u MPPT
ynpaeneHne, KOWTO e ©0asupaH Ha HanpaBeHUAT aHanmM3 B rMaeBa 2. 3a [JokasBaHe
NPUNOXMMOCTTa Ha MoAenNa, JOKTOPaHTLT € NpeacTaBun U YUCHEeH NpUMep, KOWTO pasrnexaja
peaneH oToBONTANUYEH MOAYM, C peanHn CTaTUCTUYECKN JAaHHU 3a ChbHYeBaTa paguaums 3a
n3bpaHmaT OT aBTopa reorpadkm pamoH. YMcneHuaT NpuMep € HanpaBeH 3a YeTUpU pexnmMa Ha
pabota — 6e3 CIICT, cbc CICT (6e3 MPPT), n3nonssaHe camo Ha MPPT (6e3 CICT) un
KOMOUHMPaM pexum, npu KOMTo ce uanonssa egHoBpemeHHo CMNCT n MPPT. dopmynupaHuTe
MaTteMaTU4eCKn U CUMyNauMoHHN MoAeNnn Ccb3faBaT TeopeTuyHa OCHOBA 3a ONTUMM3aUMA Ha
OTOBOMITAUYHNTE CUCTEMM N NO3BONSABAT OLEHKa Ha BNUAHMETO Ha pasnnyHu paktopu BbPXY
eHepruHmsa nobms.

5. Hay4Hu u/vnu Hay4yHO-NPUNOXHU NPUHOCU Ha ANCEPTALUOHHUSA TPYA.

B paspaboTBaHeTO Ha gucepTaumMoHHUA TpyL ca NpeacTaBeHn 1 HayyYeH NpuMHOC, 3 Hay4HO-
NPUNoXeHn 1N 1 NPUNoXeH NPUHOC, KaKTo cneasa:
Hay4eH npuHocC:

e PaszpaboTeHn ca yHMpUUMpaH TEeOpeTU4eH U MaTeMaTUyeckm MOLEenu 3a OueHKa Ha
eHeprunHaTa eeKTMBHOCT Ha (POTOBONTANYHUTE CUCTEMM, MHTErPUPALL, FEOMETPUYHUTE
acrnekT Ha CIbHYEBOTO MNPOCHeAsBaHE W ENeKTPUYECKUTE pexuMn Ha paboTa,
onpegenadn ot MPPT anroputmure.

Hay4Ho — npunoxeHu npuHocu:

e 3BbpLUEH € KOMMNIIEKCEH TEOPETMUYEH aHaNM3 1 oLeHKa Ha CUCTEMUTE 3a
npocnegsaBaHe Ha CNbHYeBaTa TPAEKTOPMS N anropuTMMTE 3a MakCUManHo U3Bnn4aHe
Ha MOLLHOCT, pa3rfiegaHu Kato B3anMOCBbP3aHM NOACUCTEMUN B PaMKUTE Ha
¢bOTOBONTANYHUTE NHCTaNaUMm;

o [lpennoxeH e Mmogen 3a oueHKa Ha guHamu4yHaTa rpewka Ha MPPT anroputmuTe npu
NPOMEHSILLN Ce YCMOBUS HA OCBETEHOCT, Ype3 MHoronapameTpuyeH aHanus,

e  dopMynupaH € ONTUMU3ALMOHEH KPUTEPUI 33 MakCUMU3NpaHe Ha eHeprmnHns Jobue Ha
OTOBONTANYHM CUCTEMU C KOMOMHMPAHO ynpaBneHune.



annO)KHM MPUHOCMHK!

1. PeanM3V|paHa e cumynaumda Ha CUHEePrnyYHUAT e(beKT mMexay cucremute 3a
npocnegsdaBaHe Ha ClibHYEBATA TPaAEKToOpUA U aliroputMnUTeE 3a npociegdaBaHe Ha TOYKaTa Ha
MaKkCunmalsiHa MOLLHOCT,

6. OueHKa Ha cTeneHTa Ha JIMYHO y4dyacTtue Ha guceptaHTa B NpuHocuTe

CunTtam, Ye NocoYeHNTe NPUHOCK ca NIMYHO AeNno Ha AoKTopaHTa. Te ca nonyyeHn Ha 6asara
Ha caMoCTosiTeNeH TPyA, CBbp3aH C npernes Ha ronsm 6poi nutepaTypHU U3TOYHMUM. Tesu
NPUHOCK OTpas3siBaT OCHOBHWUTE pe3ynTaTi OT AucepTaumoHHus Tpya. Tpsibea aa ce otbenexy,
ye nonyyeHUTe pesynTaTtv U MNpoBEeAEeHUTe aHanuau B OUCEPTALMOHHUST Tpyd, OoBenu Ao
dhopmynunpaHeTo Ha NPMHOCHUTE, ca AOKNaABaHN HAa MeXOYHapPOAHN HAay4YHM KOHDEPEHLMN 1 ca
HamMepunM CBOETO OTpaxkeHue B Hay4yHu nybnukaumn. Mo moe BuxOaHe Te ca A0CTaTbYHM 3a
TO3U BUA U3cneaBaHe 1 oboraTasaT 3HaHUSTa No TemaTa Ha guceprtaumsaTa

PesyntaTbT OT HanpaBeHa NpoBepka C MOMOLLTa Ha crieuman1aupaH coTyep 3a aBTOPCTBOTO
1 OPUrMHaNHOCTTa Ha AUcepTaLMOHHNA Tpya Nokasea, Ye uMa camo 3 % CbBNageHUsi C U3BECTHU
nuTepaTypHN U3TOYHULM. TO3W pesynTaTt, NPeACTaBeHUAT Tpyd U PeneBaHTHUTE MPUIIOXEHU
nyGnukaumm My gaBaT OCHOBaHWeE [ja cuMTaM, Ye NpeanoXeHUaT AUcepTauMoHEH Tpya € HEroBo
NUYHO Aeno.

7. MHeHue 3a HY6J1VIKaL|VIVITe no Temata Ha AucepTaunMoHHUA TpyAa.

OCHOBHUTE MOCTMXXEHUSI B OUCEPTAUMOHHMA Tpyd ca NonynapusvMpaHy B YeTUPU Hay4vHU
nyénukaumm, Kato BCUYKMTE Ca OT HayYHU KOHEpPEHUMU, MHOEKCUPaHM B HaUMOHanHuTe 6asn
AaHHW. [1Be OT TAX ca B NMpoLEeC Ha OTnevyaTBaHe U ca NpuapyXeHu ¢ nMcma oT usgatens 3a
CKOPOLLUHOTO MM ny6nukyBaHe. Bcuukm nybnukaumm ca ¢ TeOPETUYHO U MPUMOXHO 3HAYEHME,
CBbpP3aHu ca ¢ gucepTaumsaTa n ¢ npodecnoHanHoTo HanpaeneHue 5.2.

Cnep HanpaBeHaTa npoBepka Ha npeacTtaBeHuTe 4 nybnukauumu, ce yctaBu, 4e ABe OT TAX —
M3CINEOBAHE HA CbWECTBYBAWNTE CUCTEMW 3A TPOCNEOABAHE HA
CINbHYEBATA TPAEKTOPUA TMPU ®OTOBOJITAUMYHN WMHCTANAUMKA® n ,OB30P HA
OOTOBOJITAMYHUM CUCTEMIW C NMPOCNEAOABAHE HA CITbHYEBATA TPAEKTOPUA® ca ¢
noeHTn4YeH Tekct n curypu. Cnea nposepka ¢ nnatpopmarta StrikePlagiarism.com ce yctaHoBu
CXoAcTBO OT 72% mexay asete nybnvkauun. CbLiecTBEHUTE pasnukn mexay Asete nybnukaumm
ca B 3arnaBusTa u npegcraBeHarta Tabnuua, KoATo B ABeTe nybnukaumm e pasnuyHa. MNopagm
TOBa, Ye ABeTe nybnvkauumn ca eqHaKBU N HAMAaT CbLUECTBEH Hay4YeH NPUHOC, e ce NPUpaBHAT
3a egHa nybnukauus. Cnep ToBa NpupaBHSBaHe OOKTOPaAHTBT uma npuaHaty 3 nybnukauumm, B
OBeE OT KOUTO € CaMOCTOATESNIEH aBTOP M €4Ha € B CbaBTOPCTRO.

Mpuemam nyGnukaumoHHaTa AEMHOCT KaTo 3a40BONUTENHA, KaTo 3a 6baele e xenaTtenHo
aBTOPbT 4a BHMMaBa B NyOGnNukaLunoHHNAT NpoLec, 3a Aa He AoMNycka NoBeYve TaknBa rpeLuki. Ton
TpsibBa da NpoAbIiKM A pas3wmpsiBa U yBennyaea cBosiTa NyornmkaunmoHHa AeNHOCT.

8. MHeHus, npenopbku U 6enexku.

KbM npeacrtaBeHVST 3a peueHanpaHe AMcepTauMoHeH Tpya Mmam 3abeneXXku OCHOBHO
CBbp3aHN C OOPMSHETO W CTPYKTYpupaHeTo Ha paboTtaTta. [MpeacTtaBeHUsiT pbkonuc e
Tpsi6Bano aa 6bae oopMeEH M CTPYKTypupaH no — gobpe, KakTo u kou oT nybnukauuuTe ca
CBbp3aHM CbC CbOTBETHATA rnasa.

YacT oT npeacTtaBeHuTe ourypm ca ¢ noLio KayecTBo.

Mpean TpyabT Aa 6bae genosvpaH B CbOTBETHUTE GUONMOTEKW, e xenaTtenHo aa 6bae
npernegaH oOT TEKCTOB PeaakTop, 3alloTO MMa MHOIM0 M3peYeHust M nacaxu, KoOUTo ca



CTPYKTypMpaHu He npaBurnHo. CbLo Taka uma M JoCTa rpamaTUyecKku U TEXHUYECKU TPeLLKu
(nvnceawwm 6yksn).

B 6baelue aBTOpbT He TpsibBa Aa Aonycka Takmea rpeLuUky, KakTo e criyqasT ¢ gybnupaHute
ny6nukauum.

My6nnkaumMoHHaTa akTMBHOCT TpsibBa Ada ce yBenuuu, kaTo 3a 6baele TpsibBa Aa vma u
ny6nukauum, KOMTo Aa ca nHaekcmpanmn B Scopus/WoS.

9. 3aKmoquMe U OUuEeHKa Ha guceptaumnoHHUA TpyAa.

B 3akniodeHve cuuMTaMm, Ye AOMCEPTaAUMOHHUAT Tpya € Oo(opMeH B CbOTBETCTBUE C
N3NCKBaHUATA, HE3AaBMCMMO OT 3abenexknuTe, Bbp3aHu C 0POPMIEHNETO U CTPYKTYPUPAHETO Ha
auceptaunoHHUaT Tpya. NpeactaBeHNAaT Tpya uma onpefenieHn HayvyHu, HayvyHO-NPUITOXHU n
NPUNOXHM NPUHOCK, OTPa3eHM 1M NONyNApM3MpaHn B 4OCTaTbyeH Ha 6pon Hay4yHu nyGnvkaumm B
noaxoasaLm MexayHapoaHM N HauuoHarnHu koHgepeHuuu. MNpeanaram Ha YBaXXaeMoTO HayyHO
Xypu Aa npucbam obpasoBaTenHaTta U Hay4Ha cTteneH ,40KTop” Ha mar. AnekcaHaobp aHeB B
npogecuoHanHo HanpaeneHue 5.2. EnNekTpoHuka, enekTpoTexHuka M aBTOMaTMKa No HayyHa
cneumanHocT ,EnektpoHnsauus’.

[Oara: 28.05.2026 aou. ao-p uHx. UBaH UBaHoB Hepgsankos
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1. Relevance of the problem developed in the dissertation work in scientific and
scientific applied terms.

Currently, the construction of solar farms and solar power systems in general—designed to
generate electricity and power supply for all kinds of residential and non-residential needs—is
growing exponentially. The installation of such power generation systems is carried out by
professionals as well as non-professionals and hobbyists. However, there are certain
requirements that must be followed when building such systems to ensure maximum energy
generation. The general perception is that building such power systems is simple—you take a few
panels; install them in a well-lit location; connect them in a specific way (depending on the desired
voltage and output power), then connect them to an inverter or other electrical energy converter
(depending on the required output voltage), connect a battery, and the photovoltaic system is
ready. The reality, however, is different. Due to the reasons outlined above, the dissertation under
review explores a topic that is highly relevant at present and the issues associated with it. In the
dissertation, the doctoral candidate has carried out a very thorough and in-depth review and
analysis of issues related to solar tracking systems (SPTS). What these systems are, how tracking
is performed, what the efficiency of individual SPTS is, and more. Furthermore, the author has
examined the various algorithms for Maximum Power Point Tracking (MPPT)—how they work,
what types exist, what their efficiency is, and more. A unified theoretical model has been
developed to assess the energy efficiency of photovoltaic systems, which integrates the geometric
aspects of PV module orientation and the electrical operating modes determined by MPPT control.
An analysis of energy losses and theoretical efficiency limits shows that the maximum potential
of photovoltaic systems can only be realized through coordinated and synchronized control
between solar tracking systems and maximum power point tracking algorithms.

The objective of this project is “to carry out an in-depth theoretical analysis and evaluation
of methods for tracking the sun’s trajectory and algorithms for maximizing power output
in photovoltaic systems, with the aim of identifying scientific gaps, formulate unified
conceptual models, and establish theoretical guidelines for optimizing the energy
efficiency of photovoltaic installations”, along with the resulting tasks to be addressed, further
underscore the contemporary relevance of the dissertation.



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

A realistic understanding and justification of the scientific level or degree of knowledge
regarding the state of the problem, as well as a corresponding creative interpretation of the
literature, can be formed based on the discussion in Chapters 1 and 2 of the dissertation. In
Chapter 1, the doctoral candidate provides an introduction to the topic by analyzing and evaluating
PV systems, their control algorithms, and potential errors during tracking in great detail. Attention
is also given to maximum power point tracking (MPPT) algorithms, with an analysis and evaluation
of the main MPPT algorithms. The chapter concludes with an overview of the various types of
converters used in the implementation of the different MPPT algorithms.

In Chapter 2, the doctoral candidate provides a detailed and in-depth overview of the
theoretical analysis of the efficiency of photovoltaic systems with solar tracking and MPPT. The
chapter examines the efficiency of photovoltaic systems, the theoretical foundations of solar
tracking, an analysis of modern MPPT systems, a synergistic model of the interaction between
solar tracking and MPPT control, an analytical model of energy losses in photovoltaic systems,
and various faults and issues related to photovoltaic systems. The presentation is based on an
in-depth review and analysis of various literature sources and simulation models.

The literature sources used in these two chapters consist entirely of scientific publications,
reports, and articles from reputable journals, as well as proceedings from international
conferences by scholars and experts in the field covered by the dissertation.

3. Compatibility of the chosen research methodology with the stated aim and
objectives of the dissertation.

The aim of this dissertation is: “to conduct an in-depth theoretical analysis and evaluation
of methods for tracking the sun’s path and algorithms for maximizing power output in
photovoltaic systems, with the aim of identifying scientific gaps, formulate unified
conceptual models, and establish theoretical guidelines for optimizing the energy
efficiency of photovoltaic installations.” To achieve this objective, the following tasks have
been formulated:

1. Analysis of the physical and geometric principles governing the sun’s path and the
orientation of photovoltaic modules — to address these issues, the doctoral candidate carried
out an in-depth literature review and analysis, which includes: geometric aspects and optimization
of spatial orientation in photovoltaic (PV) systems (the influence of orientation, azimuth (y), and
module tilt angle (B) is examined, as the energy generated by the module varies depending on
their values). In this analysis, the author also focuses on multi-row PV power plants, where
determining the minimum distance between rows of PV modules (d) is critical to avoid mutual
shading. The author has also conducted an in-depth review and analysis of the fundamentals of
solar tracking. Here, he examines the key parameters related to determining the trajectory and
orientation of PV modules, which influence the amount of energy generated. Major limitations of
existing systems are discussed. Finally, the doctoral student draws attention to trends and
challenges in the intelligent control of PV systems. As a means of implementing intelligent control,
the use of embedded systems is proposed, ranging from low-power Arduino and ESP32-based



systems for simple PV control algorithms to powerful systems using Raspberry Pi. Based on the
analysis, the author concludes that “Solar tracking is a mechanism for maintaining an optimal
angle between the normal of the photovoltaic module and the vector of the incident solar
radiation.”

2. Analysis and evaluation of MPPT algorithms and solar tracking systems based on
design and control—to address these issues, the doctoral student conducted a detailed review
of MPPT algorithms. The algorithms examined are grouped into two categories—classical (in
which the voltage is adjusted to “seek” maximum output power) and intelligent (in which some
logic or model is employed, or artificial intelligence is used). For each of the algorithms examined,
the author conducted an analysis and evaluation, as a result of which he noted the advantages
and disadvantages of the algorithms in question. Finally, the author examined the various key
regulators controlled by the respective algorithms and used to “search” for the MPPT. For each
of the converters, expressions are provided that describe the energy transfer, as well as the
advantages, disadvantages, and specific characteristics of each converter.

3. Theoretical analysis of the interaction between solar tracking and MPPT in
optimizing energy yield. — To address this task, the doctoral student combined the results
obtained from the previous two tasks and presented an analysis of the advantages gained by
combining solar tracking and MPPT systems. The systemic effect of this combination can be
described through an extended energy balance, in which the total energy produced is considered
as a function of the product of the geometric utilization coefficient (SST system) and the electrical
power extraction coefficient (MPPT algorithm). The analysis shows that the efficiency of
photovoltaic systems with solar tracking and MPPT results from a nonlinear interaction between
geometric, thermodynamic, electrical, and control factors. This conclusion is clearly illustrated in
the paper through graphs, tables, and mathematical expressions.

4. Development of unified theoretical and mathematical models for assessing energy
efficiency, incorporating both the orientation of PV modules and electrical operating
modes—to address these issues, the doctoral student examined: conditions for stable maximum
power point tracking; stability of MPPT when interacting with solar tracking and the various energy
losses in photovoltaic systems. To illustrate the energy losses in a photovoltaic system with PSC
and MPPT, the PhD student developed several simulation models based on the presented
mathematical expressions. In addition to the losses, the author further developed his models by
adding cloud shading to simulate a photovoltaic system as realistically as possible. The author
has presented mathematical expressions that can be used to predict annual energy yield. Based
on the results obtained, the author has developed a mathematical model to determine the
efficiency of photovoltaic systems with solar tracking and MPPT control. To demonstrate the
model’s applicability, the doctoral candidate has also presented a numerical example that
examines a real photovoltaic module, using real statistical data on solar radiation for the
geographical region selected by the author. The numerical example was performed for four
operating modes: without SPST, with SPST (without MPPT), using only MPPT (without SPST),
and a combined mode in which both SPST and MPPT are used simultaneously. The formulated
mathematical and simulation models provide a theoretical basis for the optimization of



photovoltaic systems and allow for the assessment of the influence of various factors on energy
yield.

5. ldentification of research gaps and formulation of conceptual guidelines for
integrated management systems — the author has outlined conceptual guidelines and identified
gaps primarily in the text of Chapters 1 and 2. Throughout these sections, the doctoral candidate
has included comments in which he outlines his views on future directions and identified gaps.

In summary: the research objectives and methodology are consistent with the stated goal
of the study.

4. Brief analytical characterization of the nature and assessment of the reliability of
the material on which the contributions of the dissertation are built.

The dissertation consists of three chapters.

In the first chapter, the author conducts a detailed literature review, introducing the issues
related to the topic of the dissertation. The presentation begins with an introduction to the
fundamentals of solar tracking: what it is, how it is implemented, what systems are used to track
the sun’s path, and how these systems are controlled. The chapter concludes with a presentation
of the various types of MPPT algorithms and what they entail. The doctoral student has grouped
them into two main categories—classical and intelligent. Finally, he presents the main element
controlled by the MPPT algorithms—the key stabilizer—and discusses the key stabilizers used to
implement MPPT.

In the second chapter, the author begins to present the main body of his work—a theoretical
analysis of the efficiency of photovoltaic systems with solar tracking and MPPT. Here, he presents
mathematical expressions that describe the processes in SPT systems and the losses in these
systems. The mathematical expression describing the electrical behavior of the photovoltaic cell
is presented, as well as mathematical expressions describing other relationships related to the
photovoltaic cell. The chapter also provides mathematical models related to MPPT. Based on
the presented mathematical models and expressions, the author derives mathematical
expressions describing processes in a combined system with a PV array and MPPT. To illustrate
the advantages of using a combined system, the doctoral student has provided graphs and tables
showing the benefits of the combined system. The chapter concludes with an analytical model of
energy losses in photovoltaic systems, with the author having performed several simulations of
energy losses in a combined system. To the developed simulations, the doctoral student has also
added shading of the modules to make the simulations as close as possible to real combined
systems. At the end of Chapter 2, the author presents a theoretical model for forecasting the
annual energy yield of a combined system.

In the final chapter of the dissertation, the author proposes a mathematical model of the
efficiency of photovoltaic systems with solar tracking and MPPT control, based on the analysis
presented in Chapter 2. To demonstrate the model’s applicability, the doctoral candidate has also
presented a numerical example that examines a real photovoltaic module, using actual statistical
data on solar radiation for the geographic region selected by the author. The numerical example
was performed for four operating modes: without SPST, with SPST (without MPPT), using only
MPPT (without SPST), and a combined mode in which both SPST and MPPT are used



simultaneously. The formulated mathematical and simulation models provide a theoretical basis
for the optimization of photovoltaic systems and allow for the assessment of the influence of
various factors on energy yield.

5. Scientific and /or scientific-applied contributions of the dissertation work
This dissertation presents 1 scientific contribution, 3 scientific-applied contributions, and 1
applied contribution, as follows:
Scientific contribution:
o Unified theoretical and mathematical models have been developed for evaluating the
energy efficiency of photovoltaic systems, integrating the geometric aspects of solar
tracking and the electrical operating modes determined by MPPT algorithms.

Scientific — applied contributions:

¢ A comprehensive theoretical analysis and evaluation of solar tracking systems and
maximum power point tracking (MPPT) algorithms, considered as interconnected
subsystems within photovoltaic installations, has been conducted;

¢ A model has been proposed for evaluating the dynamic error of MPPT algorithms under
varying illumination conditions through a multi-parameter analysis;

¢ An optimization criterion has been formulated to maximize the energy yield of
photovoltaic systems with combined control.

Applied contributions:
A simulation of the synergistic effect between the solar tracking systems and the peak power
point tracking algorithms has been carried out.

6. Evaluation of the degree of personal involvement of the dissertant in the
contributions.
| believe that the contributions mentioned are the doctoral candidate’s own work. They are the

result of independent research involving a review of a large number of literature sources. These
contributions reflect the main findings of the dissertation. It should be noted that the results
obtained and the analyses conducted in the dissertation, which led to the formulation of the
contributions, have been presented at international scientific conferences and have been reflected
in scientific publications. In my view, they are sufficient for this type of research and enrich the
knowledge on the topic of the dissertation

The results of a check conducted using specialized software to verify the authorship and
originality of the dissertation show that there is only a 3% overlap with known literary sources.
This result, the presented work, and the relevant attached publications give me reason to believe
that the proposed dissertation is his own original work.

7. Opinion on the publications on the topic of the dissertation work

The main findings of the dissertation have been presented in four scientific publications, four
of which are from scientific conferences indexed in national databases. Two of them are in the
process of being printed and are accompanied by letters from the publisher confirming their



imminent publication. All publications have theoretical and practical significance, are related to
the dissertation, and align with professional field 5.2.

After reviewing the four publications submitted, it was determined that two of them— “STUDY
OF EXISTING SYSTEMS FOR TRACKING THE SUN’S TRAJECTORY IN PHOTOVOLTAIC
INSTALLATIONS” and “OVERVIEW OF PHOTOVOLTAIC SYSTEMS WITH SUN TRACKING” —
have identical text and figures. A check using the StrikePlagiarism.com platform revealed a 72%
similarity between the two publications. The significant differences between the two publications
are in the titles and the table presented, which is different in the two publications. Since the two
publications are identical and do not make a significant scientific contribution, they will be counted
as a single publication. After this consolidation, the doctoral student has 3 recognized
publications, two of which are as sole author and one as co-author.

| consider the author’s publication record to be satisfactory; however, in the future, the author
should pay closer attention to the publication process to avoid such errors. The author should
continue to expand and increase their publication output.

8. Opinions, recommendations and comments.

| have some comments on the dissertation submitted for review, primarily regarding the
formatting and structure of the work. The manuscript should have been better formatted and
structured, and it should have been made clear which publications are related to each chapter.
Some of the figures shown are of poor quality.

Before the thesis is submitted to the relevant libraries, it is advisable to have it reviewed by a
copyeditor, as there are many sentences and passages that are not structured correctly. There
are also quite a few grammatical and technical errors (missing letters).

In the future, the author should avoid making such mistakes, as is the case with duplicate
publications.

Publication output must be increased, and future publications should also be indexed in
Scopus/WoS.

9. Conclusion and evaluation of the dissertation work

In conclusion, | believe that the dissertation has been prepared in accordance with the
requirements, notwithstanding the comments regarding its formatting and structure. The
presented work has certain scientific, applied scientific, and applied contributions, which have
been reflected and disseminated in a sufficient number of scientific publications at relevant
international and national conferences. | propose that the Honorable Academic Jury award the
educational and scientific degree of “Doctor” to Alexander Ganev, M.Sc., in the professional
field 5.2. Electronics, Electrical Engineering, and Automation, in the scientific specialty
“Electronics.”

Date: 28.05.2026 Assoc. Prof. lvan Ivanov Nedyalkov, Ph.D., Eng



	Р Е Ц Е Н З И Я
	REVIEW

