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PELEH3UA

BbPXYy AucepTauMoHeH Tpyq 3a npupgobmBaHe Ha obpasoBaTesiHa M HayyHa CTenex
~B0KTOp”

ABTOp Ha gmncepTtaymoHHUA TpyA: Mar. uHx. AumMntsp HeHoB HeHoB,

Tema Ha gucepTayMoHHUA TPpYA: ,MoaenupaHe Ha reHeTUYHU asirOpUTMU C BPEMEBH
pegose npu u3cnegBaHe paboTata Ha (POTOBONTAMYHM CUCTEMM 3@ @BTOHOMHO
3axpaHBaHe Ha 6uToBKM NoTpebuTenun (B Oron3TOUHU parioHn)”,

PeueH3eHT: npodh. A-p EBgokns Hukonaesa CoTnposa

OnpefeneHa CbM 3a 4/leH Ha Hay4yHOTO Xypu cbc 3anoBen PA-OX-4.6-
05/04.03.2026 r. Ha PekTtopa Ha TexHu4eckn yHuBepcuTeT - Cohusa 1 3a peueHs3eHT
no npoueaypata c lNMpoTokon 1 0T NbPBOTO 3acefaHne Ha HayYHOTO XYpW.

1. AKTya/IHOCT Ha pa3paboTBaHUSA B AUCEPTALWOHHUS TPyA NPO6G/eM B Hay4yHO
1N HAYUYHOMPUI/IOXHO OTHOLLEHUE.

[vcepTauMoHHMAT TPpyA € TMOCBETEeH Ha WHTepecHa W akTyanHa Tema -
MoZeNnpaHe U NpPorHo3upaHe Ha pa6otata Ha aBTOHOMHM (POTOBOJITAMYHM CUCTEMMU
ypes3 U3MNoN3BaHe Ha FeHeTUYHU a/ITOPUTMK U aHa/IM3 Ha BPEeMEBMU peaoBe. VMaiiku
npeaBus, ye paboTHUTE MapameTpu Ha Te3n CUCTEMU Ce NpPeAcTaBsiT KaTo KpaTku,
HecTaluMoOHApPHU W LYMHU BPEMEBU PEAOBE CbC CTPYKTYPHU WM3MEHEHUsi, Bb3HMKBA
Heo6XoAMMOCT OT pa3paboTBaHe ¥ npuiaraHe Ha NoAxoAW, OCUrypsiBallM HaAEXAHO
nporHo3upaHe. B Te3n ycnoBua Kknacuyeckute CTaTUCTUYECKM MeToAM ca C
orpaHuyeHa npuIoXMMocT.

OT HayyHa rfiegHa Toyka OoT4MTaM MNpuHoca Ha paboTaTa B M3MO0S3BAHETO Ha
WHTE/INTEeHTHN MeToaM 3a aHa/M3 Ha AaHHW (TEHETUYHW anropuTMU U MHCTPYMEHTH OT
TeopuaTa Ha pasMUTUTE MHOXECTBa) B YC/IOBMSTA Ha oOrpaHuyeH o6em pAaHHu,
HeNIMHEWHOCT 1 HeonpeaeneHocT. B gucepTaunoHHUS TpyA AOKTOPaAHTBLT AUCKYTUpaA
HeobxoguMocTTa OT eqeKTUBHM MeToAuM 3a YyhnpaBfieHUue, MOHUTOPUHT 1
MPOrHo3mpaHe Ha CEPMO3HO HapacTBalUTe MHCTAIMpaHUTe MOLHOCTM B Bbarapusa u
B CBETOBEH Mmawab. B TO3M CMUCH/I OTYMTamM B HAYYHOMPW/IOXKHO OTHOLUEHWEe
noTeHumMana Ha NoslyyeHnTe pesyntaTy 3a NPakTUUYECKO NPUIOXKEHWE NpY U3rpaxaaHe
Ha afganTUBHM CUCTEMMU 3a yrnpaB/ieHNe U ONTUMMU3AaUNS Ha eHepruiiHUTEe MPoLEecHu.



OueHsiBaM CTeneHTa Ha akTyasIHOCT Ha npo6/iemMa kaTo BMCOKa. TS ce nposiBsiBa
Ha rno6anHo, HauWoHaNHO, MEeTOAO/NIOTMYHO U TEeXHOJIOTMYHO paBHMLLEe. Tesu
paBHMLLIA ca CBbp3aHW CbLOTBETHO C EHEepruiiHus npexoj W HapacTBalloTo
“3non3BaHe Ha Bb30GHOBSIEMW E€HEePruiiHM U3TOYHUUW, AMHAMUYHOTO Pas3BUTME Ha
thoToBONTAMYHMTE cUCTEMM B bBbarapusi, orpaHuyYeHuMsiTa Ha  Knacuyeckute
CTaTUCTMUYECKM METOAMN MPU aHa/M3 Ha KpaTkM U HecTauuoHapHU BPEMEBU PeoBE U
Heo6XxoAMMOCTTa OT BHeApPsiBAHE Ha WHTENIMIEHTHW anropuTMy 3a NporHosupaHe wu
onTMMmU3aLms.

Llenta Ha nscnegsaHeTo e gedMHupaHa Ha 47-ma cTpaHuua B gucepraymoHHUA
TPYLA, UMEHHO: ,pa3paboTBaHe Ha MOAENM W anropuTMy 3a NPOrHO3MpaHe Ha KpaTku
BpeMeBM pefosBe, onuceawuM pabotata Ha Masiku aBTOHOMHU (POTOBOJSITAUYHU
CUCTEMU 3a aBTOHOMHO 3axpaHBaHe Ha OuUTOBM noTpebuTenn, C OTyMTaHe Ha
KNMMaTuyHuTe U reorpadpckmte 0coBeHOCTM Ha wu3cneaBaHuTe o06ekTn, upes
n3non3BaHe Ha MHCTPYMEHTU OT TeopuAaTa Ha pasMUTUTE MHOXECTBa U reHeTU4HUTe
anroputMn“. 3a nocTuraHeTo 1 ca gedhnHUpaHn cefemM 3agadun, KOUTO ca afekBaTHHU,
[o6pe CTpyKTypupaHu, n No3BoNABaT nocnefosaTesiHO NPpeMUHaBaHe OT TeopeTuyeH
aHanu3 KbM paspaboTBaHe, anpobaunsa U oueHka Ha npeanoXxeHuTe anropuTMUYHU
peleHus.

2. CTteneH Ha Tno3HaBaHe CbCTOAHMETO Ha npobsaema W TBOPYECKa
UHTepnpeTayuusa Ha nutepaTtypHuUsa martepuan.

JokTopaHTBHT nokasBa [J06pO no3HaBaHe Ha CbLCTOAHUETO Ha u3cregBaHus
npo6nem. T[peAcTtaBeHUAT B MbpBa rNaBa /uTeparypeH o0630p e TeMaTUuyHo
CTPYKTYypupaH, ob6xBalla KakTo K/acuyecku, Taka U CbBPeEMEHHM NOAXOAW 3a aHan3
N MPOrHo3upaHe Ha BpPeMeBUM penoBe, MPUIOKMMKU B KOHTEKCTA Ha aBTOHOMHU
hoTtoBonTanyHm cuctemun. LiutupaHu ca 157 nutepatypHu U3TOUYHMKA, OT KOUTO 149
ca Ha natmHuuya, 5 Ha kmpunuua, n 3 ca UHTepHeT agpecu. 89 nintepaTypHU U3TOYHUKA
ca OT nocnegHuTe 5 roguHK, KOeTo CBUAETENICTBA 3a akTyas/IHOCT M 3a4b/iboyeHoCT
Ha NPOBEAEHOTO Npoy4yBaHe.

Mar. unHx. AuMuTbp HEHOB noka3Ba yMeHUd 3a TBOpYecka mHTepnpeTayunsa Ha
nuTtepaTtypHus wmaTepuan. Toil cucTemaTusvpa ChbleCTBYBAWNUTE peLIeHUs U
n3Bexaa HepellueHn npobnemun n nscnegoBaTesickm BbNPocK B npobremHaTa o61acT.
ToBa MO3BO/IIBA ACHO NO3MLUMOHMPaHE Ha AMCEepTaLMOHHOTO K3cnefBaHe ChpsiMo
CbBPEMEHHOTO CbCTOSIHME Ha HaydHaTa npobnematuvka.

N3cnepgBaHeTo 61 cnevenuno, ako B Mnaea 1. ,JintepaTtypeH 0630p“ ce Hanpasu
No-KPUTUYEH CPaBHUTENIEH aHa/IM3 Ha MPUIOXKUMOCTTa Ha NpefcTaBeHuTe MeToawu
cnpsAMo cneundmkata Ha nscnegBaHus nNpob6sem, Hanp. NpuM Knacuyeckute Mogenu
3a BpemesBu pegose (AR, MA, ARMA), KakTo 1 npu meToauTe 3a KnbCcTepusauus u
WHCTPYMEHTUTE OT TeopusaTa Ha pasMuUTMTE MHOXecTBa (pasrnefaHu ca pasfnyHu
anropuTMm N MHANKaATOPU, HO TAXHOTO CbNOCTaBsHE MO OTHOWEHNEe Ha eEKTUBHOCT
N NPUNOXUMOCT OCTaBa OrpaHnyeHo).



3. CboTBETCTBME Ha M3bpaHaTa MeToAMKa Ha M3cnefBaHe C NocTaBeHaTa Uen n
3a/a4yn Ha gucepTaunoHHUSA Tpya,.

CunTtam, Ye nsbpaHata MeToAmuKa Ha M3cnefBaHETO e afiekBaTHa M CbOTBETCTBA
Ha nocTaBeHaTa Uen W opMmy/MpaHuTe B [AUCEPTALMOHHMA TPyZh 3a4aun.
[OKTOPaHTBLT 13N0NA3Ba UHTETPUPAH NOAX0A, BKIHOUBALL MHCTPYMEHTM OT TeopuMATa Ha
pasMUTUTE MHOXECTBA, FEHETWYHW anropuTMM U MeTOAM 3a aHanu3 Ha BPEMEBU
pefoBe, KOETO € Hanb/IHO 060CHOBAHO, OTYMTAlKM OrpaHMyeHa eqeKTUBHOCT Ha
KlaCMYecKnTe CTaTUCTUYECKU METOAMN MPU pasriiexaaHns Tun gaHHU.

M3non3BaHeTo Ha reHeTUYHW asiropuTMKU 3a ONTMMM3AUNUs Ha napameTpuTe Ha
MPOrHO3HUTE MOZEe NN e NOAXOAsLLO0, NpUaraHeTo Ha METOAM 3a naeHTUMLUMpaHe Ha
CTPYKTYpPHU TpaHcopMauunm BbLB BPEMEBUTE pefoBe AONb/HUTESIHO NoBMWAaBa
afeKkBaTHOCTTa Ha M3bpaHaTa MeToAMKa CnpsMO cneuudmkara Ha 3ajadaTta.

4. KpaTka aHa/IMTMYHa XxapaKTepucTMKka Ha ecTecTBOTO W oOLeHKa Ha
[OCTOBEpPHOCTTa Ha MaTepuasna, BbPXYy KOWTO ce rpagsaT MnpuHOCUTE Ha
ANCepPTaLMOHHUSA TPYA.

Mar. nHx. Jumntbp HeHoB n3non3sa 3a n3cnegBaHeTo CUM peasiHu U3MepBaHus,
npeacTaBeHW KaTo KpaTky, HecTauMoOHapHW W LWYMHW BpeMeBU pefoBe CbC
CTPYKTYPHU W3MEHEeHWs, onuceBawm pabotata Ha aBTOHOMHU (OTOBOATAUYHU
cuctemun. ToBa MokasBa BMCOKa MNpakTUyecka CTOMHOCT Ha pabortata. OueHsBam
MOJIOKUTENIHO [OCTOBEPHOCTTA Ha Marepuasna, 3awoTo UW3M0J3BaHUTE [AaHHU
npomsTuyaT OT peasiHXW MpoLecu, a ToBa [aBa HafexAHa OCHOBa 3a MNpoBepka Ha
npeasioxXeHnTe aropuTMNUUYHU peLleHuns.

MpaBUAIHO € KOMEHTMpaH OrpaHUYeHUSIT 06eM Ha AaHHUTE U Ha/MYNeTo Ha
HeonpeaeneHocT, KOeTo MoCTaBA CEePUO3HM METOAOMOTMYHM  U3UCKBAHUS  KbM
aHanusa. Nopaan ToBa npuemam kaTto 060CHOBaH M CbOTBETCTBALL HA €CTECTBOTO Ha
M3Mnon3BaHMa MaTepuan n3bopa Ha reHeTUYHU anropuTMy U MeToamn 3a paboTta npu
KpaTKM U CTPYKTYPHO M3MEeHsWM ce BpemeBuM pepoBe. Cneundmkata Ha faHHUTE
obycnasa HeobxogumocTTa OT W3N0ON3BaHe Ha afanTMBHU U YCTOWYMBU
anropuTMUYHM NOAXOAMN, KOETO € OTYETEHO KOPEKTHO B AMCEPTALMOHHUSA TPYA.

MaTepuanbT € peneBaHTEH W AOCTOBEPEH, U NOoAXOAsLW, 3a BaJuavpaHe Ha
paspaboTeHuTe anroputTMM M 3a (OPMy/SIMpaHe Ha NPUHOCUTE B AWCEPTALMOHHUA
TPYA-

5. Hay4yHu n/mnn Hay4YHONPUIOXHWN MPUHOCK Ha AUCEPTALMOHHUA TPy,

[JoKTopaHTBbT e dhopMynupan npuHoOcUTe OT U3cnefBaHeTo cu Ha cTp.148 B
auceprtaumoHHusa Tpya. O60cob6eHn ca 5 HayYHO-NPUIOXKHU U 2 NMPUNOXHN NPUHOCA.

Hay4yHO-NpuIoXHMUTE MNPUMHOCK Ce U3passiBaT OCHOBHO B pa3paboTBaHeTO Ha
MHTEerpupaHa MeToAO0/I0TMYHA paMKa W anropuTMUYHM pPEeLIeHMs 3a aHanu3 Mu
NMporHo3MpaHe Ha KpaTku BPEeMEBM pefoBe MNpW HaiMuMe Ha HeonpegeneHocT u



HecTaumoHapHocT. [laBam BMCOKA OLEHKa Ha MpeaioxXeHnuTe noaxogum 3a
naeHTudunumMpaHe Ha CTPYKTYPHU TpaHchopmaumm, Kakto M Ha paspaboTeHuTe
Mogenv, 6asnpaHu Ha pasMuTa perpecust u reHeTUYHU asiroOpUTMu.

MpUNOXHNTE MNPUHOCK Ca CBbP3aHM C MPOBEXAAHETO Ha eKCnepuMeHTasHO
n3cnefBaHe Ha aBTOHOMHa (DOTOBO/ITAMYHA CUCTEMa, KOETO OocurypsiBa peasiHa
emMnupuyHa 6asa 3a aHa/M3 Ha B/IWUSHUETO Ha Pas3/IMYHM  (PaKTOPU BbPXY
CTPYKTYPHUTE M3MEHEHUA B KPATKUTE BPEMEBU PefoBe.

Oco6eHo CbLIECTBEH pe3ynTaT NpefcTaBnisBa pa3paboTeHMAT yHUBEpCcaseH
MPorHo3eH moges, 6asvMpaH Ha MHTepBasiHW PasMUTM MHOXECTBa OT BTOPM TUM U
FeHeTUYHN anropuTMu, KOWTO MNOCTUra MOBULIEHA TOYHOCT MpPM 3anas3BaHe Ha
npuemMnnBa M34YnNCANTEsHA C/IOXKHOCT. To3n pes3ynTaT cfefsa Aa 6bje OTHECEH KbM
Hay4YHO-NPUMOXHNTE NPUHOCK (BLMNPEKMN Ue € OTUETEH OT A0KTOpPaHTa KaTo NPUIOXEH).

Cuutam 4Ye, BTOpPMAT (hopMynupaH OT AOKTOpaHTa NPUHOC He TpsibBa Aa ce
OTHacs KbM HayYHO-NPUIOXKHUTE, a KbM NMPUIOXHUTE MPUHOCU. N3BBPLLUEHUST aHa/n3
Ha pab6oTata Ha aBTOHOMHa (POTOBO/ITAaMYHA CUCTEMA UMa MPEeAUMHO MPUIOXKEH
XapakTep ¥ e CBbp3aH C OCurypsiBaHe Ha emMnuMpuyHa OCHOoBa 3a paspaboTBaHe U
Ba/MAMpaHe Ha NpeasioXeHUTe aifoPUTMUYHUN PELLEHNS.

[OKTOPaHTbHT € NOJlyYns ChlECTBEHN pe3ynTaTu, CBbpP3aHu C 40pa3BMBAHETO U
e(heKTUBHOTO NMPUIOXEHNE Ha CbLLIECTBYBALLM METOAM 3a aHa/IM3 U NPOrHo3MpaHe Ha
KpaTkv BpeMeBM pefoBe MpU Ha/nume Ha HeonpeaeneHocT, HecTauUMoHApHOCT W
CTPYKTYPHM M3MeHeHUs. MpuHOCUTE Ha AUCEPTaLMOHHUA TPYA ca 3HAUYMMU, KaKTo OT
HayyHa, Taka M OT MpakTM4yecka rnegHa Touka M MMaT NoTeHuuan 3a NpuioXeHune B
CUCTEMMW 3a aHaNIN3, MOHUTOPUHT U yrpaB/ieHne Ha aBTOHOMHU €HEPrUiiHN CUCTEMMN.

6. OueHKa 3a CTEMEHTA Ha JINYHOTO yyacTue Ha gucepTaHTa B MPUHOCKUTE.

CunTam, ye AOKTOPAHTHT MMa CbLECTBEHO /IMYHO yyacTue Mpu noslyyaBaHeTo
Ha Hay4YHO-MPUIOXHUTE W NPUMOXHWUTE MPUHOCKU, DOPMYIMPaHN B ANCEPTALMNOHHUS
Tpya. [peactaBeHuTe pesyntaty ca JIOTMYEeCKM nocnefoBaTtenHy M nokassat
CaMOCTOSAATENNHOCT nNpu  pas3paboTBaHETO W NpunaraHeTo Ha  W3Non3BaHUTe
aNroOPUTMUYHN NOAXOAN.

7. MpeueHKa Ha Ny6nkaununuTe Nno AncepTauMoHHUNA Tpya

[oKTopaHTbLT e npeacrtaBusli CNUMCbK C 5 HayyHu nyb6aukauuu, CBbLP3aHM C
aucepTaunoHHUA Tpyh, OT KOUTO 4 ca WHAEKCMpaHu B CBETOBHUTE 6as3u OT AaHHK
Scopus/Web of Science. EgHa ny6nukaumsa e B Applied Sciences-Basel ¢ umnakr
thakTop 2.5, kBapTnn Q2 (ny6namkauymsa [1] oT cnnchbka), ABe nyb6aukaumu ca B cnucaHus
B kBapTun Q3 (ny6nukauuu [2] u [4]), eaHa e Ha KOHdepeHuna B Cbpbusa (nybnmnkaums
[3]), egHa e Ha KoHdepeHuus B bbarapya ¢ MexXayHapogHO yyactme u e
camocTtosaTesnHa (ny6nukauunsa [5]). YeTupu ot nybnukauymmte ca oT 2025 r., egHa e oT
2024 1. Bcuykn ny6nnkaumm ca Ha aHr/IMnCcKA e3uk.



HanpaBeHaTa OT MeH cnpaBka nokasea, 4Ye Aumntbp HeHoB mma h-index=1,
KOETO e o4YakBaHO npeaBuj HOBOCTTa Ha Myb/vkauuMuTe, HO U NoKasBa MHTEpPecC KbM
noalyyeHUTe pesyntaty OT CTpaHa Ha HayyHaTa O6LLUHOCT.

My6nukaunoHHata AEWHOCT Ha AO0KTOpaHTa 3HauuMTenHo Hagsuwasa (Hag 4
NbTW) MUHMMASTHUTE MU3UCKBAHUA 3a NpuaobusBaHe Ha ob6pas3oBaTesniHaTa M HayyHa
cteneH ,poktop“ B MNMH 4.6 ,MHcopmaTka n KOMNIOTbPHU Haykn“ Ha TexXHU4ecku
yHuBepcuteT - Cocpusa (MpunoxeHne 1 KbM CbOTBETHUSA NPABUTHUK).

8. M3nonsBaHe Ha pe3yntatute OT AUCepPTaUUOHHUS TPpyh B HaydHata U
couuvanHarta npakTuka.

Pesyntatnute oT AucepTauMoOHHMA Tpyd MMaT noTeHuuasn 3a NpunoXxeHue B
HayyHaTa W WHXeHepHaTa npakTuka, Mno-CneunasHo B CUCTEMM 3a aHanwus,
MOHUTOPWHI U ynpaB/ieHWe Ha aBTOHOMHM  (POTOBOITAMYHM  MHCTaNaUUW.
Pa3paboTeHnuTe anropuTMUYHU MOAEsIM NO3BOMSIBAT KO/IMYECTBEHO OLEHsIBaHEe Ha
HeonpegeneHocTTa W nognomaraT NPOrHo3MpaHe M ONTUMM3MPAHE Ha PeXuMuUTe Ha
paboTa Ha eHepruinH1uTe cucTemu.

B pauceptayuMoHHUs Tpya e 060CHOBaHa Bb3MOXHOCTTA 3a NPaKTUYECKO
MPUIOXEHNE Ha NPeasIOKEHNTE MOAENU, BKIHOUMTENHO NPU 1360P HA KOH(Urypaumm
Ha (POTOBOAITAMYHM CUCTEMM W yNpaB/fieHWe Ha  efleKTponoTpe6/eHneTo.
MpeanoxeHnTe NOAXOAM MoraT fa HamepaT NPUoXeHMe U B yye6GHUs npouec npu
MoAroTOBKa Ha cneuuanncTy B 06s1acTTa Ha eHepruiiHaTa eNeKkTPoHMKa 1 aHanm3a Ha
[aHHW.

He ca npeacTtaBeHu gokasaTesicTBa 3a Npsiko BHeApsiBaHe Ha pe3yntatute uau
3a peanusmpaH MKOHOMMWYECKN eqiekT.

9. OueHka Ha CbLOTBETCTBMETO Ha aBTopedepata C W3IMCKBaAHUATA 3a
N3rOTBAHETO MY.

MpeacTaBeHMAT aBTopedepaT e B 06em oT 32 cTpaHuym. OTpassBa npaBuHO
CbAbpPXaHUWETO Ha [ucepTauuMoHHUA Tpyn W NosydyeHuTe pesyntatn. $FcHo ca
npeActaBeHV UeNnTa, 3ajaynte, W3MN0ON3BaHWUTE METOAM W OCHOBHUTE Hay4yHO-
NPUIOKHU W NPUSIOXKHU MPUHOCU. W3roTBEH € B CLOTBETCTBUE C M3WUCKBAHMATA 3a
ohopmMsHe ¥ CbAbpXKaHuMe, W f[aBa ajeksBaTHa W CUHTe3upaHa npejcraBa 3a
AvcepTaunoHHUA TPyA.

10. MHeHUA, NPenopbKN U BEEeXKN.

Bbnpekn ye naBa 3 ,AHann3 Ha CTpykKTypaTa Ha aBTOHOMHa (hoTOBONTanyHa
MHCTanauusa® gonpuHaca 3a msrpaxaaHe Ha npegmertHaTa paMka Ha pasrnexgaHus
npobnem, cuntaMm, 4ye T CbAbpXa TBbPAE AeTal/HO NpeAcTaBsHEe Ha TEXHOIOTUYHU
acrnekTu, KoeTo HaAXBbP/IA HeEO6X0ANMMOTO 3a u3cnensaHe B MH 4.6.



Mpn npencTaBAHETO Ha OCHOBoOMojarawy TeOopeTUYHU MOCTAHOBKU  He
HaBCsKbAE Ca M3NOM3BaHU NbPBOM3TOYHMUMTE. Hanpumep npu npefacTaBsHETO Ha
TeopuaTa Ha pasMuMTUTE MHOXECTBa He e uMTMpaH OcHOBONosarawuaT Tpya Ha 3aae
(Zadeh, 1965), He ca KOPEKTHO LUTUPaHN NbPBOUITOUYHULNTE HA pasMUTU MHOXecTBa
OT NbpBu TUN (CTp. 37 OT ANCepTaLNOHHUS TPYA).

Cuutam, 4ye hopmynmpaHuTe npuHocKM 6uxa moram ga 6baaT AOMNbAHUTENTHO
npeunsnpaHn 1 MO-ICHO CTPYKTYpuUpaHw, C Orfnegn no-oTY4eT/IMBO pasrpaHnyaBaHe
MeXay Hay4YHO-MPUNOXHUTE U NPUMOXHUTE pe3ynTatu.

HanpaBeHuTe GENEXKN HE NMOCTABAT NOJ CbMHEHME MOCTMXEHUsITa Ha pa6oTaTta
Ha AOKTOpaHTa.

MpenopbyBam Ha [AOKTOpaHTa B ObAEWM WU3CNeABaHUs Aa pasrnega U
MPUNOXEHNETO HA MHTYULMOHUCTKA PasMUTU MHOXECTBA, Thbii KaTo Te No3Bo/sABarT no-
Mb/IHO OTUYATAHE Ha HeonpeAeneHocTTa B [AaHHWTE 4pe3 BbBeXjaHe Ha
AONbIHUTENHA CTENEH Ha HeonpeaeneHocT.

11. 3aksto4yeHwue.

OueHkaTa MW 3a AucepTaumoHHMs Tpyh, aBTopedepara, nybnuvkauumte u
HayyHaTa AehHOCT Ha mar. MHX. AuMuTbp HeHoB HeHOB e M3usa0 NonoXutesnHa.
AVcepTayMoHHUAT TPyA CbAbPXa HAyYHO-MPUMNOXHU W NMPUIOXKHU pe3yntatn, KoMTo
npeacTaBnsiBaT OpUTMHa/IeH MNPUMHOC B Haykata W MokasBaT, 4Ye [OKTOPaHTbT
npuTexaBa 3aAb/iboyeHa TeopeTMyHa MOAroTOBKA, BB3MOXHOCTM 3a KPUTUYEH
aHasM3 U camoCTOSITENIHO MPOBEXAAaHe Ha HayyYHW u3cnegBaHusi. He ca ycTaHOBEHMU
[aHHM 3a nnarnaTcrBo.

AuncepTayMoHHUAT TPy4 W3USI0 OTroBapsi Ha W3MWCKBaHMATA Ha 3akoHa 3a
pasBMTME Ha akafeMuyHusi cbcTaB Ha Peny6nuka Bbnrapusi, paBunHuka 3a
npunaraHeTo My, Kakto U [paBusHUKA 3a ycnoBuaTa M pefa 3a npuaobuBaHe Ha
HayuyHu cTeneHun B TexHUYeckn yHmeepcuteT-Codus.

ToBa MK faBa OCHOBaHue ybefeHo fa npenopbyaM Ha yBaxaemuTe YsieHOBe Ha
Hay4HOTO Xypu ga npucbgu Ha mar. MHX. Aumntbp HeHoB HeHoB o6pa3oBaTenHaTa
N Hay4yHa cTeneH “[okTop” no MNMpodecnoHanHo HanpasneHue 4.6. NHpopmaTuka un
KOMMIOTBPHU HaykuW, AlOKTOpCcKa nporpama ,VIHdopmartuka“.

Jlata: 06.04.2026 T. PELIEH3EHT.

(npodp. EBpokMa CoTuposa)
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REVIEW

of a dissertation submitted for the award of the educational and scientific degree
,poctor (PhD)"

Author: M.Sc. Eng. Dimitar Nenov Nenov,

Dissertation Title: Modeling of genetic algorithms with time series in studying the
operation of photovoltaic systems for autonomous power supply of household users
(in Southeastern Regions),

Reviewer: Prof. Evdokia Nikolaeva Sotirova, PhD

| have been appointed as a member of the Scientific Jury by Order No. RD-OZh-
4.6-05/04.03.2026 of the Rector of Technical University of Sofia and as a reviewer in
the procedure in accordance with Protocol No. 1from the first meeting of the Scientific
Jury.,

1. Relevance of the Problem Addressed in the Dissertation from Scientific and
Applied Perspectives.

The dissertation is devoted to an interesting and highly relevant topic—modeling
and forecasting the operation of autonomous photovoltaic systems using genetic
algorithms and time series analysis. Considering that the operational parameters of
such systems are represented as short, non-stationary, and noisy time series with
structural changes, there is a clear need for the development and application of
approaches that ensure reliable forecasting. Under these conditions, classical
statistical methods have limited applicability.

From a scientific perspective, | acknowledge the contribution of the work in the
use of intelligent data analysis methods (genetic algorithms and tools from the theory
of fuzzy sets) in the presence of limited data, nonlinearity, and uncertainty. In the
dissertation, the doctoral candidate discusses the need for effective methods for
management, monitoring, and forecasting in the context of the rapidly increasing
installed capacities in Bulgaria and worldwide. In this regard, | recognize the applied
scientific potential of the obtained results for practical implementation in the
development of adaptive systems for management and optimization of energy
processes.



| assess the degree of relevance of the problem as high, manifested at global,
national, methodological, and technological levels, related respectively to the energy
transition and the increasing use of renewable energy sources, the dynamic
development of photovoltaic systems in Bulgaria, the limitations of classical statistical
methods in the analysis of short and non-stationary time series, and the need for the
implementation of intelligent algorithms for forecasting and optimization.

The objective of the research is defined on page 47 as follows: ,to develop
models and algorithms for forecasting short time series describing the operation of
small autonomous photovoltaic systems for household power supply, taking into
account the climatic and geographical characteristics of the studied sites, using tools
from the theory of fuzzy sets and genetic algorithms*. To achieve this objective, seven
tasks are formulated, which are appropriate, well-structured, and enable a consistent
transition from theoretical analysis to the development, validation, and evaluation of
the proposed algorithmic solutions.

2. Degree of Awareness of the State of the Problem and Creative Interpretation
of the Literature.

The doctoral candidate demonstrates a good level of awareness of the current
state of the research problem. The literature review presented in Chapter 1 is
thematically structured and covers both classical and contemporary approaches to
time series analysis and forecasting, applicable in the context of autonomous
photovoltaic systems. A total of 157 references are cited, of which 149 are in Latin
script, 5 in Cyrillic, and 3 are internet sources. Notably, 89 of the references are from
the last five years, which indicates the relevance and depth of the conducted study.

M.Sc. Eng. Dimitar Nenov demonstrates the ability for creative interpretation of
the literature. He systematizes existing approaches and identifies unresolved problems
and research questions within the domain. This allows for a clear positioning of the
dissertation research with respect to the current state of the scientific field.

The study would benefit from a more critical comparative analysis in Chapter 1
(“Literature Review”) regarding the applicability of the presented methods in relation to
the specifics of the research problem. For instance, this applies to classical time series
models (AR, MA, ARMA), as well as to clustering methods and tools from the theory
of fuzzy sets. Although various algorithms and indicators are presented, their
comparison in terms of effectiveness and applicability remains limited.

3. Consistency of the Selected Research Methodology with the Aim and
Objectives of the Dissertation.

| consider that the selected research methodology is appropriate and consistent
with the stated aim and the tasks formulated in the dissertation. The doctoral candidate
applies an integrated approach, combining tools from the theory of fuzzy sets, genetic



algorithms, and time series analysis methods, which is fully justified given the limited
effectiveness of classical statistical methods for the type of data under consideration.

The use of genetic algorithms for optimizing the parameters of forecasting models
is appropriate, and the application of methods for identifying structural transformations
in time series further enhances the adequacy of the selected methodology in relation
to the specifics of the problem.

4. Brief Analytical Characterization of the Nature and Reliability of the Material
on Which the Contributions of the Dissertation Are Based.

M.Sc. Eng. Dimitar Nenov uses real measurements in his research, represented
as short, non-stationary, and noisy time series with structural changes, describing the
operation of autonomous photovoltaic systems. This indicates a high practical value of
the work. | positively assess the reliability of the material, as the data originate from
real processes, thus providing a solid basis for validating the proposed algorithmic
solutions.

The limited volume of the data and the presence of uncertainty are appropriately
discussed, which impose significant methodological requirements on the analysis.
Therefore, | consider the choice of genetic algorithms and methods for handling short
and structurally evolving time series to be well justified and consistent with the nature
of the data used. The specificity of the data necessitates the use of adaptive and robust
algorithmic approaches, which is correctly acknowledged in the dissertation.

The material is relevant, reliable, and suitable for validating the developed
algorithms and for substantiating the contributions of the dissertation.

5. Scientific and/or Applied Contributions of the Dissertation

The doctoral candidate has formulated the contributions of the research on page
148 of the dissertation. A total of five scientific-applied and two applied contributions
are identified.

The scientific-applied contributions are mainly reflected in the development of an
integrated methodological framework and algorithmic solutions for the analysis and
forecasting of short time series under conditions of uncertainty and non-stationarity. |
give a high evaluation of the proposed approaches for identifying structural
transformations, as well as of the developed models based on fuzzy regression and
genetic algorithms.

The applied contributions are related to the experimental study of an autonomous
photovoltaic system, which provides a real empirical basis for analyzing the influence
of various factors on structural changes in short time series.

A particularly significant result is the developed universal forecasting model,
based on interval type-2 fuzzy sets and genetic algorithms, which achieves improved



accuracy while maintaining acceptable computational complexity. This result should
be classified as a scientific-applied contribution (although it is reported by the doctoral
candidate as applied).

| consider that the second contribution formulated by the doctoral candidate
should not be classified as scientific-applied, but rather as applied. The conducted
analysis of the operation of an autonomous photovoltaic system has a predominantly
applied nature and is related to providing an empirical basis for the development and
validation of the proposed algorithmic solutions.

The doctoral candidate has obtained substantial results related to the further
development and effective application of existing methods for the analysis and
forecasting of short time series under conditions of uncertainty, non-stationarity, and
structural changes. The contributions of the dissertation are significant both from a
scientific and a practical perspective and demonstrate potential for application in
systems for analysis, monitoring, and management of autonomous energy systems.

6. Assessment of the Degree of the Doctoral Candidate’s Personal Contribution
to the Results.

| consider that the doctoral candidate has a substantial personal contribution to
the scientific-applied and applied results formulated in the dissertation. The presented
results are logically consistent and demonstrate independence in the development and
application of the employed algorithmic approaches.

7. Evaluation of the Publications Related to the Dissertation

The doctoral candidate has provided a list of five scientific publications related to
the dissertation, four of which are indexed in the international databases Scopus/Web
of Science. One publication is in Applied Sciences (Basel) with an impact factor of 2.5,
ranked in Q2 (publication [1] from the list); two publications are in journals ranked in
Q3 (publications [2] and [4]); one is a conference paper presented in Serbia
(publication [3]); and one is a single-author paper presented at a conference in Bulgaria
with international participation (publication [5]). Four of the publications are from 2025,
and one is from 2024. All publications are in English.

My review indicates that Dimitar Nenov has an h-index of 1, which is expected
given the recent nature of the publications, but also reflects emerging interest from the
scientific community in the obtained results.

The publication activity of the doctoral candidate significantly exceeds (by more
than four times) the minimum requirements for obtaining the educational and scientific
degree “Doctor (PhD)” in Professional Field 4.6 “Informatics and Computer Science”
at Technical University of Sofia (Appendix 1to the relevant regulations).

8. Utilization of the Dissertation Results in Scientific and Social Practice.



The results of the dissertation demonstrate potential for application in both
scientific and engineering practice, particularly in systems for analysis, monitoring, and
management of autonomous photovoltaic installations. The developed algorithmic
models enable quantitative assessment of uncertainty and support forecasting and
optimization of the operating regimes of energy systems.

The dissertation substantiates the possibility for practical application of the
proposed models, including in the selection of configurations of photovoltaic systems
and the management of electricity consumption. The proposed approaches may also
be applied in the educational process for the training of specialists in the fields of power
electronics and data analysis.

No evidence is provided for direct implementation of the results or for achieved
economic impact.

9. Assessment of the Compliance of the Abstract with the Requirements for Its
Preparation

The submitted abstract comprises 32 pages. It accurately reflects the content of
the dissertation and the obtained results. The objective, tasks, applied methods, and
the main scientific-applied and applied contributions are clearly presented. The
abstract is prepared in accordance with the formal and content-related requirements
and provides an adequate and concise overview of the dissertation.

10. Opinions, Recommendations, and Remarks.

Although Chapter 3, “Analysis of the Structure of an Autonomous Photovoltaic
Installation,” contributes to the establishment of the problem domain, | consider that it
contains an excessively detailed presentation of technological aspects, which goes
beyond what is necessary for research within Professional Field 4.6.

In the presentation of fundamental theoretical concepts, primary sources are not
consistently cited. For example, in the discussion of fuzzy set theory, the foundational
work of Lotfi Zadeh (Zadeh, 1965) is not referenced, and the primary sources for type-
1fuzzy sets are not cited correctly (p. 37 of the dissertation).

| consider that the formulated contributions could be further refined and more
clearly structured, with a view to achieving a more distinct differentiation between the
scientific-applied and applied results.

The remarks made do not call into question the achievements of the doctoral
candidate’s work.

I recommend that in future research the doctoral candidate consider the
application of intuitionistic fuzzy sets, as they allow for a more comprehensive
representation of uncertainty in data through the introduction of an additional degree
of indeterminacy.

*



11. Conclusion.

My overall evaluation of the dissertation, the abstract, the publications, and the
scientific activity of M.Sc. Eng. Dimitar Nenov Nenov is entirely positive. The
dissertation contains scientific-applied and applied results that represent an original
contribution to science and demonstrate that the doctoral candidate possesses in-
depth theoretical knowledge, the ability for critical analysis, and the capacity to conduct
independent scientific research. No evidence of plagiarism has been identified.

The dissertation fully complies with the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria, its implementing
regulations, as well as the regulations for the acquisition of scientific degrees at
Technical University of Sofia.

This provides sufficient grounds for me to confidently recommend to the
esteemed members of the Scientific Jury that M.Sc. Eng. Dimitar Nenov Nenov be
awarded the educational and scientific degree ,Doctor (PhD)“ in Professional Field 4.6
.Informatics and Computer Science”, doctoral program ,Informatics”.
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