PELIEH3US

BBPXY AUCEPTALMOHEH TPY/ 3a NpUA0OMBaHEe HAa 00pa3oBaTeHa U Hay4YHa CTEIEH ,,JOKTOp”
KBbM IpodecHOHaHO HanpasieHue 5.4. ,,EHepreTuka‘, HaydHa CleHUATHOCT
»» TEPMUYHU U AIPEHU EIEKTPUUECKU HEHTPAIN ‘.

ABTOp Ha MCEPTALMOHHUS mpyO: maz. unoc. Juran Hopoanos I'aspaunoe

Tema Ha TUCEPTALIMOHHUA TPYLL: ,,M3cIe068ane HA 8b3IMONCHOCIU 3a NOOOOPsABaHe HA
ehekmusHOCmMma Ha en1eKmpoIU3HU U COPUBHU KIIEMKU 8 CUCTEMU 3d 8000POOHA eHepeus *

Unen Ha Hay4HOTO XypH: pod. 1xH Maptun CnaBueB boxunos - XTMY

1 AkrtyajaHocT Ha pa3pa0OTBaHMs B JMCePTALMOHHHUSA TPy NP00JeM B HAYYHO H HAYYHO-
NPHJIOKHO OTHOLIeHHe. CTeleH U HUBA HA AKTYAJHOCTTA HA MPodjieMa U KOHKPeTHUTe
3a/1a4H, pa3padoTeHy B AUCePTALUATA

EnexrpoeHepruiinata cucrema € €JHa OT HaW-BaXHUTE U CIIOKHU CUCTEMHU B CBBPEMEHHOTO
obmiectBo. ChbBpeMEHHATa €NEKTPOSCHEPruifHa CHUCTEMa BKIIIOYBA KAaTO OCHOBHU KOMIIOHEHTH
BH300HOBSEMH EHEPTUUHU HM3TOYHHIIM, MOJCHCTEMH 3a MPOU3BOJACTBO HAa €HEPrOHOCHUTENIH H
ChXpaHEHHE Ha €HEprus, KOETO BOAM JI0 HEOOXOIMMOCTTa OT NMPOTHO3HMPAHE U H3CIEABaHE Ha
peKUMUTE HA padOTa HA TO3U TUIT KOMITOHEHTH.

Pasrnexaanara B AUCCPTAUOHHUA TPYI HpOGJ’IGMaTI/IKa OTTOBaps Ha CbBPCMCHHUTC TCHACHIIUHN B
Pa3BUTHUCTO Ha GHCKTPOCHCPFI/II‘/’IHI/ITC CUCTCMHU, XapaKTCpU3Hpallu C€ C YCKOpPCHA UHTCTpalud Ha
BH300HOBSEMH eHepFHﬁHH HU3TOYHUIU C TPOU3BOJACTBOTO U yHOTpe6aTa Ha BOAOPOJ KaTO CHCPIro-
Hocutell. Kato 0coO0eHO Ba)KHM MOXKEM Aa onpeaciimM 3aJauuTe, CBbp3aHu C MPOTHO3UPAHC Ha
MPONU3BOACTBOTO Ha CJIICKTPUUCCKA CHCPIrusdA;, aHajlnu3 Ha PpCaAJIHU CKCIUIOATAIUOHHHU PCIKUMU,
HHTCErpanusda Ha CUCTEMU 3a ITPOU3BOACTBO U CbXPAHCHUC HA CHEPIH.

B TO31 KOHTEKCT TUCEPTALIMOHHUAT TPYJ PA3IIeXk1a KOMIUIEKC OT Hay4HO- NMPHIJIOKHHU MPOOIEMH,
CBBP3aHU € pa3pabOTBAaHETO HA MOJIENIM M AITOPUTMH 32 U3CIIe/IBaHE U U3MUTBAHE HA PEXKUMUTE Ha
paboTa Ha eNEKTPOJM3HH KJIETKM KAaTO TEeHEpaTOpH Ha BOJOPOA M TOPUBHHU EJIEMEHTH Karo
YCTpOICTBa 3a IOJydyaBaHE Ha EJIEKTpPUYECKAa EHEpPrus OT Taka IPOU3BEACHHS BOAOPO.
AKTyaTHOCTTa Ha TeMaTa ce onpeneis 1 OT (JOKyca BbPXY ChbBPEMEHHH METOAM Ha KOMIIOTHPHO
MOJIeJIMpaHe U U3MOJI3BAaHETO HAa peaslHu JJaHHU OT U3MEpBaHUS 3a BaJuaupaHe U BepuduurpaHe
Ha MOJIETIUTE.

Haii-o6mio moxe ma ce orOenexu, 4e IeTUuTe Ha TUCEPTAlMOHHUS TPYI M 3aJaduTe 3a
TAXHOTO M3IBIHEHUE ca (OPMYIUPAHU SCHO U CHOTBETCTBAT HA aKTyaIHUTE HYXK/IM Ha Hay4YHATa
OOLTHOCT ¥ eHepruifHaTa MPOMUIIIEHOCT.

2 CreneH Ha NO3HABAaHE ChCTOSIHMETO HA MPo0JieMa U TBOPYECKAa MHTepNpeTalis HA

JIMTePaTyYPHHUS MaTepHuaJl

JlutepaTypHUST mperjien, KaTo OCHOBHA YacT Ha IMCEpTAllMOHHMA Tpyxd, € Oaszupan Ha 210
JUTEPAaTypHU M3TOUYHUKA, MMyOJIMKYBaHU OCHOBHO B CIIMCAHMs, MHICKCHUPAHH B CBETOBHUTE 0a3u



naHHM Tpe3 nocneanute 15-20 ronuuu. Moske fa ce 3akitouu, 4e MHXK. ['aBpausioB e pasrienan u
00001IMIT 3HAUNTENeH 00eM U3TOUHUI 110 TeMaTUKaTa Ha IUCePTalUAITA.

JlutepaTypHUST Tperien € I0CTaTbYHO H3uepraTesneH U ao0pe cTpykrypupas. [loapobGHo e
pasriie[aH0 ChBPEMEHHOTO CBCTOSIHUE Ha II03HAHUETO 3a BOJOpPOJA KAaTO EHEPrOHOCHTEI,
IIPOM3BOJCTBOTO Ha BOJOPOJ 4Ype3 aliKallHa, Kucena (€IeKTPOIM3bOPU C MPOTOH-IPOBOASIIA
MemOpana, PEM) wu BucokoTemmeparypHa eJEKTpOJiM3a 4Ype3 TBBPAOOKCUIHUA KIICTKH.
W3uepnatenHo ca OMMCAaHW MOJEIUTE HA EJIEKTPOJIM3HUTE KIETKH C OCHOBEH (DOKYC BBPXY
XUJIPOJUHAMUYHUTE U MAac-TIPEHOCHU MPOLeCH. ABTOPHT AEMOHCTPUpPA 33IbJI00UEHO TO3HABaHE Ha
CBILIECTBYBAIINTE HAay4YHH pa3pabOTKu B o0NacTTa Ha MOJACIUPAHETO HA CHUCTEMHTE 3a
€JIEKTPOJM3HO IOJIydaBaHE Ha BOAOPOJ, BKIIOYUTEIHO TEXHUTE OCHOBHU XapaKTEPUCTHKH,
ompeaensny epeKTUBHOCTTa Ha TpoIeca U ABITOTPAWHOCTTa HA M3IOJI3BAHUTE KOHCTPYKTHBHU
MaTepHUaH.

[IpencraBeH € KpUTUYEH MOIJIE] KbM TOPUBHUTE €IEMEHTH KaTO YCTPONCTBA 3a MpeoOpa3yBaHe Ha
XUMHUYHATa €HEprusi Ha BOAOPOJAa U KUCJIOPOJa B €JIEKTPUUYECKa, KaTo ca JUCKYTUpPaHH TsIXHATa
eHepreTuKa, KUHETUKaTa Ha MPOLECUTE, TPAHCIIOPTHUTE U OMOBHM OTPAHUYEHUS, KOUTO BOJAT 110
OrpaHu4aBaHe Ha €(EeKTUBHOCTTA HA TE€3U YCTPONCTBA B €KCILIOATALIMOHHM yCiIoBUs. B paznenute
32 MaTeMAaTUYECKO MOJEIMPAHE Ha €JIEKTPOJIU3bOPUTE U TOPUBHUTE EJIEMEHTH Ca pasrielaHu
pa3HoOOpa3Hu MoAXoaAu: (pu3MYecKH OasupaHH MOJAEIH, COYTYyepHH CUMYJAlMU; eMIUPUYHU U
PErPECUOHHU MOJIENH, KAKTO U XUOPUIHU TIOIXOH.

Moske 1a ce 3aKIIouu, Y€ UHXK. [ 'aBpansioB yMesao apryMeHTHpa HEOOXOJUMOCTTa OT KOMOMHHUPAHE
Ha KIIACUYCCKH MECTOAN C MOACPHU ITOAXOOH, 6aSI/IpaHI/I Ha HAJIMYKUECTO HA JaHHU OT pCalHA O6GKTI/I,
KOETO CBUJIETEJICTBA 32 HETOBOTO HECTAaHAAPTHO MHUCJIEHE U CIIOCOOHOCTTA 3a pa3BUBaHE Ha HOBU
AQHATUTUYHU MTOJAXO/IH.

3 CpboTBeTcTBHE HAa H30paHATAa METOAMKA HA U3CJIeIBAHE CMOCTABEHATA IeJ M 3a/1a49d Ha
AUCEPTANMOHHUS TPY/

JlucepTallmOHHUAT TPy Ha WHXK. ['aBpausioB € pa3paboTeH B JOrMYecKka MOCJIEJOBATEIHOCT U
peanusupa yCIeIHO octaBeHuTe 1enu. [1oaxoasT Ha u3ciaeBaHuATa € UHTEPAUCHUILIMHAPEH U
o0equHsABa €JIEMEHTH OT TEOPETUYHATa EJIEKTPOXUMHS, TEPMOAMHAMUKATA, MAaTEMaTH4YECKOTO
MOJISIUPaHe U CHBPEMEHHUTE METOAM 3a CO(PTyepHH CHUMYJIALMU HA CIOXHHU OOEKTH, KaTo
TE€HepaTOpUTE Ha BOJOPOJ M TOPUBHUTE E€JIEMEHTH.

B nucepranusra ca pa3paboTeHH CIeHUTE MHOBATUBHU TTOAXOIH:

O MareMaTH4ecKH MOJeNu Ha ankaaHu 1 PEM enekTponu3Hu KIeTKH, OTYUTAILY OCHOBHUTE
(U3NKOXUMHUYHU U €IEKTPOXUMHUYHH 3aKOHOMEPHOCTH, KaKTO U XUAPOJIUHAMUKATA U
MAacoOIPEeHaCsIHETO ¢ (POKYC BbpPXY KaHaJIHATa CTPYKTYpa Ha MEMOpPaHHO-EJIeKTPOAHHUS
MaKeT;

O H3cnenBane HAa BH3MOXKHOCTUTE 32 ChBMECTSIBAaHE Ha CJICKTPOJIN3bOPHU C CI)OTOBOJ'ITaI/I‘lHa
CHUCTEMA U CJICKTPUYCCKAaTa UM CUHXPOHMU3AIUI,



O Mojenu Ha KaHAJHUTE TCUCHUS U CJICKTPOAHUTC IMOTCHIINAIN B PEM TOPHUBHU €JICMCHTH,

O MogenHu u3cneaBaHus Ha pa3NpeIeICHUETO Ha TEYCHUETO B KaHaIHaTa cTpykrypa PEM
TOPHUBHU €JIEMEHTH C 1IeJ pa3pa00TBaHe HA KPUTEPUU 3a MIOBUIIIABAHE HA TSXHATA
e(eKTUBHOCT.

C’BHIeCTBeHO € Ja cC€ oTOEJIe)KH H3II0JA3BAHETO Ha JaHHU OT pCaJlHU HU3MCPBAHUA IIpHU
pa3pa60TBaHeTo, BepI/I(l)I/IHI/IpaHCTO U BaAIMAUPAHETO HAa MOICIUTE. ToBa 3HAYMTEIHO ITOBHIIIABA
KaKTO HaACKIHOCTTA Ha IMOJIYYCHHUTC HW3YMCIIMTCIHH PE3YJITAaTH, TaKa M TAXHATA IpaKTHYECKa
MMPUITOKUMOCT.

4 Kparka aHAIUTHYHA XapAKTEPUCTHKA HA €CTeCTBOTO M OLIEHKA HA JOCTOBEPHOCTTA HA
MaTepHaJia, BbPXy KOMTO ce rpaasiT IPUHOCUTE HA UCEPTALMOHHUSA TPy

MaTepI/IaJTbT, BbpPXY KOHUTO ce 6a3HpaT H3CJICABaHuATa, BKIIIOYBA pCaJlHU JaHHU OT
HN3MCEPBAHUA HA OCHOBHHUTEC XapaKTECPUCTUKHN HA CIICKTPOJIU3HU KIECTKH U TOPUBHU CIIEMCHTH, KAKTO
U JOIBJIHUTCIIHU XUAPOJWHAMUYHH, I[I/I(bYSI/IOHHI/I U MacC-IIp€HOCHU IIapaMETpH. ToBa ¢
ChIICCTBCHO MMPCAUMCTBO HAa IUCCPTAUOHHUA TPY I, ThH KaTO MO3BOJIIBA pa3pa60TBaHe Ha MOJICIIN,
OJIM3KHU A0 pCAJIHUTE YCJIIOBHA HA CKCILJIOATAllUA.

B pamkuTe Ha HacTOAIIOTO M3CIEABAHE, 3a MPErpajHUTE MOJAEIM U 3a MapalleIHO-CEpPIIeHTUHHA
reoMeTpHs € U3M0JI3BaHa HOpMaIHa Mpe)ka Ha AMCKPETHU3alLus Ha M01X0/1a Ha KpallHUTe eJIeMEHTH,
OCHTypsIBallla ONTUMAJIEH OajlaHC MEXAYy HPOABIDKUTETHOCTTa Ha M3UUCIEHUE, KOMITIOTHPHO
HAaTOBAapBaHE M TOYHOCT Ha PE3YJITATUTE OT MpecMsATaHuATa. B ciayuas Ha ausaiiHa Ha TropuHT U
XUOPUIHMS AU3aiiH, OPay MO-CI0XKHATA CTPYKTypa Ha MOJIETO HA T€YEHHUE, ca MPUIIOKEHH I10-
¢buHM pazmepu Ha KpallHHUTE eIeMEeHTH — ,,()MHU" 3a KopIlyca U ,,M3KIIOUUTENHO (PUHU® 32 Haii-
MaJIKUTE KOMIIOHEHTH, C LI€J IMOCTHUIraHe Ha JOCTaThbYHO BHCOKA Pa3peLIMTENIHA CIIOCOOHOCT B
KII04OBUTE oOsacTh Moske f[a ce HampaBU 3aKIIOUYEHHETO, Y€ U3IOJI3BaHUTE IOAXOIH ca
HaJIeXkIHYU, a HAaIIPaBEHUTE U3BOIU Ca JIOTHYECKH MIOCIIEI0BATEIHH U 0OOCHOBAHHU.

5 HayyHu u/mjaM HAYYHO-TPUJIOKHU MPUHOCU HA JUCEPTALMOHHUS TPY/

IIpuHocuTe Ha AMCEPTALIMOHHUS TPy MMaT SICHO M3pa3eH HAy4YHO- NPWIOXKEH U IPHIOKEH
XapakTep.

OCHOBHMTE HAyYHO-TIPUJIOKHU ITPUHOCH MOTaT Jia ce 0000IISIT, KaKTO ClIeBa:

O HOBa eNIeKTPOAHA KOH(PHUTyparus ¢ nepGoprupaHl OTBOPH U € JOKa3aH MOTEHIHAI
3a MMHHUATIOPU3aLMsl HA CUCTEMHU 3a aJIKaJHa €JIEKTPOJIN3a ¢ o-rojisiMa
e(deKTUBHATa aKTUBHA TOBBPXHOCT U MO-BUCOKA CKOPOCT Ha €JIEKTPOXUMHUYHUTE
peakuuuy,

O KOJMYECTBEH MOJIEN Ha EIEKTPOJIHU TOBBPXHOCTU U PEAKLIMOHHM 30HU Ha aJIKaJIHU
€JIEKTPOJIM3bOPH Ha OCHOBA HAa CUMYJIAIIMOHHO-0a3UPaHO MPOEKTUPAHE U
MaiiabupaHe Ha EJIEKTPOJIU3HU CUCTEMH;

O HOBa XHOpHUAHA reoMeTpus OT TuNa TIOPUHT-AU3alH ¢ Iperpaay 3a MoBHIlaBaHe Ha
eHepruiiHaTa e(h)eKTHBHOCT Ha TOPUBHH KJIETKH C POTOHHO-OOMEHHH MEMOpaHH.

O Upe3 MOzeITHY W3CIIEIBAHMS € JOKA3aHO 3HAUCHUETO Ha XHOPUIHATA KOH(PHUTYPAITHST



3a MUHMUMH3UpaHe Ha OMOBUTE 3ary0u upe3 paslpeieiieHue Ha HOTOLUTE PeareHT! 1
e(EeKTUBHOTO OTBEX/IaHE Ha BOJATa -IPOAYKT Ha peaKIusATa.

O TOJXOJ 3a AUPEKTHO MHTETPHPAHE HA alIKaJeH eJIEKTPOIU3bOP ¢ (POTOBOJITANYHA
CUCTEMa IIPH CUHXPOHU3HpPaHe Ha pa0OTHUTE UM XapaKTEPUCTUKHU C LEN
ONTUMH3UPAHE HA IPOU3BOJICTBOTO HA 3€JIEH BOJOPOJ.

Pa3zpaboTenu ca copTyepHr HHCTPYMEHTH, KOUTO TIO3BOJISIBAT U3CIIC/IBAHE HA PEKUMHUTE CBBP3aHU
C eKCILI0ATalUs Ha eJIeKTPOIU3bOPU U TOPUBHU €JIEMEHTH YPe3 METOIUTE U CPEICTBATA IPUIIOKEHU
B JIMICEPTAL[IOHHUS TPY.

HpI/IHOCI/ITe Ca sJICHO (I)OpMyJII/IpaHI/I H OTTrOBApAT HA U3UCKBAHUATA KbM JUCCPTAUOHCH TPY A
3aII I/II[06I/IBaHe Ha Hay4yHaTa U 00pa3oBaTeIHa CTENEH JOKTO .
29

6 OueHka 3a cTeneHTa HA JTUYHOTO YYACTHE HA JUCEPTAHTA B IPUHOCUTE

AHaIN3BT HA CHABPKAHUETO HA AUCEPTAMOHHUS TPYI M INYHUTE MU BIIEYATICHUS OT JOKTOPAHTA
MOKa3BarT, 4ye MHXK. [ aBpansioB MMa CHIECTBEHO JIMYHO yYACTHE BHB BCHUYKH €TaIN Ha U3CIIeIBAHETO
— oT opMyJHpaHe Ha 33/1a4HTe, ITPe3 pa3paboTBaHEe HA MOACTHUTE, 10 AaHAIM3a U MHTEPIIPETALUATA
Ha pe3ynaraTure. B mporeca Ha paboTtaTa Toi reHeprpa HHOBaTUBHU MJEH U Ipejyiara MoAX0u 3a
TAXHATa peaju3alys B eKcIUIoaTallMOHHATa MpakThka. V30paHuTe MEeTOqu, HAUUHBT Ha TAXHOTO
IpuiIaraHe ¥ HalpaBeHUTe 0000IEHNsI CBUIETEIICTBAT 32 CAMOCTOSITEIHA HAYYHOM3CIIE0BATENICKa
JnerHocT u o0pa MOJArOTOBKAa Ha aBTOpa B 00JacTTa, KOETO € 3aJbJDKUTETHO H3HCKBaHE 3a
npu00MBaHe Ha HayyHaTa U 00pa3oBaTeIHa CTeIEH ,,JJOKTOp .

7 IlpeneHka Ha NyOJMKALMHUTE IO IMCEPTALMOHHUSA TPYA: Opoii, XapaKTep Ha U31aHUATA,
B KOMTO ca oTneyaTtanu. OTpaxeHne B HayKaTa — U3M0JI3BaHe U IUTHPAaHe OT APYru
aBTOpPH, B APYIU J1a00OPaTOPUM, CTPAHU U TIP.

JucepraumoHHUAT TpyA ce Oasupa Ha MET HAYYHH TpPyJda, JBAa OT KOUTO 3a MyOJIMKyBaHU B
CHelMaTU3UpaHy HAyYHH M3/1aHus ¢ UMITaKT dakTop 1 kBapTui Q1, a octananmute ca myONIuKyBaHH
B ITBJICH TEKCT B COOPHHIIM Ha MEXITyHapoaHH KoH(pepeHImH - B pedepupanure mopeaunu |OP
Conference Series u IEEE Explore. B yertupu oT Tsax uHX. ['aBpauioB ¢ mbpBH aBTOp, a
nyOnukanuuTe Beye umat o6mio 11 murupanus (Scopus).

Hpe,Z[CTaBeHI/ITC TPYAOBC Ca B TCMATUYHO CBOTBCTCTBUC C AUCCPTAIMATA U OTPA34BAT OCHOBHHUTC
PE3YJITAaTU OT MPOBCACHUTC U3CIJICABAHUA. Texumsar 6p0ﬁ HaJAXBbPJISI MUHUMAJIHUTC H3UCKBAHWA HA
3dKOHAa Ha IMpaBUJIIHHKA 3a HCTOBOTO IPUIIOKCHUC B Ty-CO(bI/IH, a CbABPIKAHUCTO UM IIOKa3Ba
MOCJICAOBATCIIHOCT B HAyYHATa pa60Ta Ha aBTOpa.

8 MH3nou3BaHe Ha pe3yJITATUTE OT JAUCEPTAMOHHNS TPY/ B HAYYHATA H COIMATHATA
NMPaKTHKA.

Pesynrarture ot AucepTallMOHHUS TPYA HMAT MOTEHITHAN 32 MPUIOKCHHUE B TPAKTHUKATa, 0COOCHO B
oOiacrra Ha:

O Onrumusupane Ha yCTpOHCTBATa 3a MPOU3BOJICTBO HA BOJOPO.I M €JICKTPOCHEPTUs
Ha 06a3a BOJIOpO/ia KaTO €HEPro-HOCUTE;
O ympaBlieHHE Ha MPOU3BOACTBOTO Ha 3€JIEH BOJOPO/ U HETOBOTO MPUJIOKEHUE 32



IIPOU3BOJICTBO HA CICKTPOCHEPIUs,
O onTumMuisanus Ha pa60TaTa Ha CUCTCMH 3a CbXPAHCHNEC HA CHCPI'Us.
HM3non3BaneTto Ha pCaJiHu OaHHU W OPUCHTUPAHOCTTA KbM IIPAKTHUYCCKU 3adavdu Cb3daBaT
MMPCAIIOCTAaBKU 3a BHCAPABAHC HA pa3pa60TeHHTe MOJCJIM B pCaJIHA YCJIOBUH.

9 OIIeHKa Ha CbOTBETCTBHETO HA aBTope(bepaTa C UBUCKBAHUATA3Aa UBI'OTBAHETO MY,
KaKTO0 U HA aICKBATHOCTTA HA OTPa3sAiBaHEC HA OCHOBHUTE IMOJOKCHUSA U IIPUHOCUTE HA
AUCEPTANUOHHUA TPYX

ABTOpedepaTbT € H3rOTBEH CHIVIACHO YCTAaHOBEHUTE M3UCKBaHUA. B Hero ca mpencraBeHU
OCHOBHUTE IOJIOKEHHSI, METOOU U NPUHOCU HA JUCEPTALMOHHMS TPYJ IO ICEH U CTPYKTYpUpaH
HauuH. CbIbpKAHUETO Ha aBTOpedepaTa KOPEKTHO OTPa3siBa ChLIHOCTTA HA TUCEPTALIMOHHUSA TPY .

10 MHeHus, NIPEeNOPbKH U OeJIEKKH

JucepTaimoHHUAT Tpyd € pa3paboTeH Ha BUCOKO HHUBO. OCHOBHHUTE MM 3a0€JIEKKH ca OT
TEXHUYECKH XAPAKTEpP — HaIp. HSIKOW HETOYHOCTH B TEPMHHOJIOTHATA, KATO ,,eJIEKTPOXHUMUYEH
MOTEHIHAN BMECTO €JIEKTPOJICH MOTEHUHAJ, ,,CBPBXIOTEHIHUAI® BMECTO CBpPBXHAIPEKECHHUE,
,OOMEHHa TUTBTHOCT Ha TOKa“ BMECTO IUIBTHOCT Ha OOMEHHHUS TOK W T.H., KAKTO U TPEKAJICHO
rojieMust Opoy TJIaBH, KOUTO JOHSAKB/IE 3aTPYyIHABAT YeTeHETO. Te3u 3a0e1eKKH 10 HUKAaKbB HAYWH
HE IIOCTABSAT 10/ BBIIPOC OCHOBHUTE KauyeCTBa Ha JUCEPTALUOHHUS TPYI.

11 3axaiouyeHue ¢ ACHA MOJOKUTEHA MU OTPUIIATETHA OI[EHKA HA TUCEPTALMOHHUS TPYA

JlvcepTallMOHHUAT TpPYA pasriiekaa aKTyaJllHd HayYyHO-IPWIOXKHH TpoONeMu B oOiacTTa Ha
enekTpoeHeprerukata. [locTUrHaTUTE OT AOKTOpAHTa pe3yiTaTH ca YCIEIIHO OTPAa3eHU B peAMIa
MyOJIMKAIMU B pEHOMUPAaHU MEXKTyHAPOIHH CIIMCAHUS ¥ JOKJIaI Ha MEXTyHapOIHN KOH(EPEHITUH,
JOCTBITHU B CBETOBHUTE 0a3u maHHU. [IpencTaBeHnTe HaydIHO- PUIIOKHN U TIPUIIOKHU TIPUHOCH Cca
peaHu.

B 3akirodeHue cuumram, 4e MPEACTABEHUAT MU 3a PELIEH3UpaHE AUCEPTALMOHEH TPYyX MO 00eM,
METOJIMYHO HUBO, HAYYHH IPUHOCU U HayKOMeTpHuuHU faHHu otroBaps Ha 3PAC u IlpaBunnuka 3a
npuniokeHnero My B TY-Codus B yacTra mpuchkIaHe Ha HaydyHaTa M OOpa3oBaTeiHa CTENeH
“IOKTOP”. Kato nmam npeiBuI BCUYKO TOPEU3IIOKEHO M U3X0KIaM IIPEIA BCUYKO OT HAYYHUTE
IPUHOCH Ha JUCEPTALIMOHHHUSA TPYJ M JOCTUTHATOTO HUBO Ha KBaIM(UKALUSA HAa KaHAMJATa, C
yOeZeHOCT NpenopbhuYBaM Ha MOYMTAEMOTO HAYYHO JKYpH J1a INIacyBa 3a MPUCHXK/aHE Ha HayyHaTa
u obpaszoBatenna crenedH “/JIOKTOP” mo mnpodecuonanHo Hampasienue 5.4. Enepreruka
(TepMUYHH U SIPEHN eIeKTPUUECKH [EHTPATH) Ha Mar. k. JIunsn Mopranos [aBpamos.
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1 Relevance of the problem developed in the dissertation in scientific and applied scientific
terms. Degree and levels of relevance of the problem and the specific tasks developed in
the dissertation

The energy production and storage system is one of the most important and complex systems in
modern society. The modern electricity system includes as its main components renewable energy
sources, subsystems for energy production and energy storage, which leads to the need to forecast
and study the operating modes of this type of components.

The problems discussed in the dissertation correspond to the current trends of development of
electricity systems, characterized by accelerated integration of renewable energy sources with the
production and use of hydrogen as an energy carrier. As particularly important, we can define the
tasks related to forecasting the production of electricity; analysis of real operating modes;
Integration of energy production and storage systems.

In this context, the dissertation examines a complex of scientific and applied problems related to the
development of models and algorithms for the study and testing of the modes of operation of
electrolysis cells as hydrogen generators and fuel cells as devices for the production of electrical
energy from hydrogen produced in this way. The relevance of the topic is also determined by the
focus on modern methods of computer modeling and the use of real measurement data for validation
and verification of models.

In general, it can be noted that the objectives of the dissertation and the tasks for their
implementation are clearly formulated and correspond to the current needs of the scientific
community and the energy industry.

2  Degree of knowledge of the state of the problem and creative interpretation of relevant
scientific literature

The literature review, as a significant part of the dissertation, is based on 210 literary sources,
published mainly in journals indexed in world databases in the last 15-20 years. It can be concluded
that eng. Gavrailov has examined and summarized a significant volume of sources on the topic of
the dissertation.



The literature review is sufficiently comprehensive and well-structured. The current state of
knowledge about hydrogen as an energy carrier, the production of hydrogen through alkaline, acidic
(with a proton-conductive membrane, PEM) and high-temperature electrolysis through solid oxide
cells is considered in detail. The models of electrolysis cells with a main focus on hydrodynamic
and mass-transport processes are comprehensively described. The author demonstrates in-depth
knowledge of existing scientific developments in the field of modeling systems for electrolysis
production of hydrogen, including their main characteristics, determining the efficiency of the
process and the durability of the structural materials used.

A critical look at fuel cells as devices for converting chemical energy of hydrogen and oxygen into
electrical energy is presented, discussing their energy, process Kinetics, transport and ohm
constraints that lead to limiting the efficiency of these devices in operating conditions. In the sections
on mathematical modeling of electrolysis and fuel cells, a variety of approaches are considered:
physics-based models, software simulations; empirical and regression models, as well as hybrid
approaches.

It can be concluded that eng. Gavrailov skillfully argues the need to combine classical methods with
modern approaches based on the availability of data from real objects, which testifies to his non-
standard thinking and ability to develop new analytical approaches.

3 Compliance of the chosen research methodology with the goal and objectives of the
dissertation

The dissertation of eng. Gavrailov is developed in a logical sequence to reach the set goals. The
research approach is interdisciplinary and brings together elements of theoretical electrochemistry,
thermodynamics, mathematical modeling and modern methods for software simulations of complex
objects such as hydrogen generators and fuel cells.

The following innovative approaches have been developed in the dissertation:

« mathematical models of alkaline and PEM electrolysis cells, taking into account the basic
physicochemical and electrochemical regularities, as well as hydrodynamics and mass
transfer with a focus on the channel structure of the membrane-electrode package;

«  Study of the possibilities for combining electrolysers with a photovoltaic system and their
electrical synchronization;

»  Patterns of channel flows and electrode potentials in PEM fuel cells;

o Model studies of the distribution of the flow in the channel structure of PEM fuel elements
in order to develop criteria for increasing their efficiency.

It is important to note the use of realistic measurement data in the development, verification and
validation of models. This significantly increases both the reliability of the computational results
obtained and their practical applicability.



4  Brief analytical characteristics of the nature and assessment of the credibility of the
material on which the dissertation contributions are built

The material on which the studies are based includes real measurement data of the main
characteristics of electrolysis cells and fuel cells, as well as additional hydrodynamic, diffusion and
mass transfer parameters. This is a significant advantage of the dissertation, since it allows the
development of models close to the real operating conditions.

Within the framework of this study, a normal network of sampling of the approach of finite elements
was used for the partition models and for parallel-serpentine geometry, providing an optimal balance
between calculation duration, commuter load and accuracy of the calculation results. In the case of
Turing design and hybrid design, due to the more complex structure of the current field, finer
dimensions of the final elements have been applied — "fine™ for the enclosure and "extremely fine"
for the smallest components, in order to achieve a sufficiently high resolution in the key areas.

5 Scientific and/or Applied Scientific Contributions of the Dissertation
The contributions of the dissertation have a clearly expressed scientific and applied scientific nature.

The main scientific and applied contributions can be summarized as follows:

+ a new electrode configuration with perforated holes and the potential for
miniaturization of alkaline electrolysis systems with a higher effective active
surface area and a higher rate of electrochemical reactions has been proven;

« gquantitative model of electrode surfaces and reaction zones of alkaline electrolyzers
based on simulation-based design and scaling of electrolysis systems;

* a new hybrid geometry of the Turing type with partitions to increase the energy
efficiency of fuel cells with proton exchange membranes.

+ Through model studies, the importance of the hybrid configuration in minimizing
ohm losses by distributing the reagent flows and efficiently removing the water-
product of the reaction has been proven.

O An approach for direct integration of an alkaline electrolyzer with a photovoltaic
system while synchronizing their performance characteristics in order to optimize
green hydrogen production.

Software tools that allow the study of the conditions related to the operation of electrolysers and fuel
cells through the methods and means applied in the dissertation are accordingly developed.

The contributions are clearly formulated and meet the requirements for a dissertation for
acquiring the scientific and educational degree of "Doctor .

6 Assessment of the degree of personal involvement of the doctoral student in the
contributions

The analysis of the content of the dissertation and my personal impressions of the PhD student show
that Eng. Gavrailov has a significant personal participation in all stages of the research — from the
formulation of the tasks, through the development of the models, and finally the analysis and



interpretation of the results. In the process of work, he generates innovative ideas and proposes
approaches for their implementation in operational practice. The chosen methods, the method of
their application and the generalizations made testify to independent research activity and good
training of the author in the field, which is a mandatory requirement for acquiring the scientific and
educational degree of “Doctor".

7 Assessment of the publications on the dissertation: number and nature of the associated
publications. Reflection in scientific literature — use and citation by other authors,
laboratories, countries, etc.

The dissertation is based on five scientific papers, two of which are published in specialized
scientific journals with impact factor and quartile Q1, and the rest are published in full text in
proceedings of international conferences - in the refereed series IOP Conference Series and IEEE
Explore. In four of them, eng. Gavrailov is the first author, and the publications have already a total
of 11 citations (Scopus).

The presented works are in thematic accordance with the dissertation and reflect the main results of
the research carried out. Their number exceeds the minimum requirements of the law and the
regulations for its application at the Technical University of Sofia, and their content shows
consistency in the scientific work of the author.

8  Use of the results of the dissertation in scientific and social practice
The results of the dissertation have potential for application in practice, especially in the field of:

« Optimization of devices for hydrogen and electricity production based on hydrogen
as an energy carrier;
*management of green hydrogen production and its application for electricity
generation;
eoptimization of the operation of energy storage systems.
The use of real data and orientation to practical tasks create prerequisites for the implementation of
the developed models in real conditions.

9 Assessment of the compliance of the author summary with the requirements for its
preparation, as well as the adequacy of presentation of the main points and
contributions of the dissertation

The author summary has been prepared in accordance with the established requirements. It presents
the main points, methods and contributions of the dissertation in a clear and structured way. The
content of the summary reflects correctly the essence of the dissertation.

10 Opinions, recommendations and comments

The dissertation is developed on a high level. My main remarks are of a technical nature — e.g. some
inaccuracies in terminology, such as "electrochemical potential” instead of electrode potential,
"overpotential” instead of overvoltage, “"exchange current density” instead of exchange current
density, etc., as well as the excessive number of chapters that make the thesis somewhat difficult to
read. These remarks in no way call into question the main qualities of the dissertation.



11 Conclusion with a clear positive or negative assessment of the dissertation

The dissertation examines up-to-date scientific and applied problems in the field of electric power
generation. The results achieved by the PhD student are successfully reflected in a number of
publications in renowned international journals and reports of international conferences available in
world databases. The presented scientific, applied and applied contributions are real.

In conclusion, | believe that the dissertation submitted to me for review in terms of volume,
methodological level, scientific contributions and science-metric data complies with the Law on
Academic Development and the Regulations for its application at the Technical University of Sofia
in the part of awarding the scientific and educational degree "DOCTOR". Bearing in mind all of the
above and proceeding primarily from the scientific contributions of the dissertation and the level of
qualification reached by the candidate, I firmly recommend the honorable scientific jury to vote for
awarding the scientific and educational degree "DOCTOR" in the professional field 5.4. Energy
(Thermal and Nuclear Power Plants) to MSc(Eng.) Dilyan Yordanov Gavrailov.

11.05.2026 r. Reviewer:

(Prof. Martin Bojinov, DSc)
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