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PenieHsusita € moaAroTBeHa B CbOTBETCTBUE ChC 3a1l0Be HAa Pekropa Ha TeXHUYECKU YHUBEPCUTET
— Codus OX 5.4-08/05.03.2026T. 1 mpoOTOKOJ OT MHPBOTO 3acemaHue Ha HaydHoTo xypu
OIIpENIEIIEHO C Ta3u 3amoBen nposeaeHo Ha 12.03.2026 .

1. AxkTyaqHocT Ha pa3pa0oTBaHusi B JAMCEPTALMOHHHMSA TPyA NpoldjeM B Hay4YHO H
HAyYHONPHJIO)KHO OTHOomeHHe. CTemeH M HHBA HAa AKTYaJHOCTTa Ha mnpoliema H
KOHKPEeTHHTE 3a/1a41, pa3pad0TeHn B JHCePTALUATA.

Temara Ha nucepraMOHHUS TPy € 0€3CHOPHO aKTyaliHa, KOeTO € 00yCIIOBEHO OT IPOMEHUTE B
CTPYKTyparTa Ha eJIeKTpOeHepruiiHara cucrema Ha P. bpirapus npes nocieqHuTe ronvHu. 3apaau
[IOBMKA KBbM JeKapOOHM3allMs Ha EJIEKTPO-TEeHEPUPALIUTE MOIIHOCTH, 0€3 ABJITOCPOYHO
IJIJAHUPaHE U KOOpAMHALMSA, B €KCIUIOATAlUs CE BbBEXKAAT EHEPTUMHY U3TOYHHUIU C HUCKA CTEIIECH
Ha MPEeACKa3yeMOCT U YIPaBISIEMOCT — BETPOr€HEPaToOpy U (POTOBOATAUYHU CUCTEMHU. B chIoTo
BpEMeE Ce yBEIMYaBaT U3UCKBAHUATA KbM KaueCTBOTO HA €JEKTpUYecKaTa eHeprus. Toa Hamara
U3CJeBaHMs, CBbP3aHU C €(EKTUBHO CbhbXpaHeHHe Ha eHeprusta. OOeKkT Ha H3Cle[BaHE B
HACTOSILIATa AUCEPTALUs Ca IPOLIECUTE B OCHOBHU €JIEMEHTH OT CUCTEMHU 3a BOAOPOJHA EHEPTHs,
a MIMEHHO €JIEKTPOJIN3EPU U TOPUBHU KJIETKH.

JHucepranusita € c obem 167 crpanuiin, KOUTO ca 000cobeH! B HH(POPMALIMOHHA YaCT, BbBEICHHUE
u 12 rmaBu. MHpopManmoHHaTa 4acT BKJIIOYBA ChIbp:KaHUE, CIMCHK HA U3IOI3BAaHUTE BEJIMUMHH,
CIHCHK HA U3MOI3BAHUTE O3HAUCHMSI U CHKPALICHHUS, CIIUCHK Ha purypure - 42 6pos, U CIIUCHK Ha
tabmumure — 12 Opos. CUChKBT Ha M3IMOJI3BaHATA JUTEparypa € mpeacraBeH B [naBa 12 u
BKJII04Ba 001110 210 nuTeparypHu U3TOYHUKA, OT KOUTO 7 ca Ha KMpuiuia, a 203 - Ha TaTUHUIIA,
OT KOUTO 9 ca MHTEpHET aJipecH.

[lenra Ha nucepTamMOHHUS TPY € GOpMyTupaHa KaKTo CJIe[Ba: ~Ch3AaBaHE Ha Bb3MOXKHOCTH 32
MOBUIIIaBaHEe Ha €(QEKTUBHOCTTAa Ha TPOW3BOJCTBOTO HA BOAOPOJ 4pe3 Moao0psBaHEe Ha
€JIIeKTpOJHATA CTPYKTypa Ha EJIEKTPOJIU3HU KIETKM W TIOBHINABAaHE HAa €(EeKTHMBHOCTTAa Ha
W3TOJI3BaHE HAa BOAOPO/Ia B TOPUBHU KIIETKH Upe3 MO00psBaHe Ha KaHATHATa UM KOH(UTYypaIus,
KakTO W HaMajsBaHE Ha CHEPrUHHUTE 3aryOM IpH HHTETPUpPAHETO Ha (OTOBOJITAUYHU U
€JIEKTPOJIM3HU CUCTEMH 3a MPOU3BOJICTBOTO Ha “3€JI€H” BOAOPON .

3a HOCTHTaHETO Ha TE3H TPHU OCJIN JOKTOPAHTHT CH IIOCTABs 3a pCIUIaBaHE CIICTHUTE CEAEeM 3a1a4u:

3agaua 1: Pa3zpaGoTBaHe U BauAMpaHe Ha MAaTEMaTHYSCKH MOJICIIN HA aJIKAJTHH €JIEKTPOIH3bOPH
B pa3IMyHU KoH(UTypauuu (ChIIECTBYBallla CHCTEMa, KJIacMdyecka KOH(UTyparus,
KOH(UTYypanus ¢ o011 KaTto/l, KoHGUTypanusi ¢ 00111 aHOA U ¢ epdOopUpaH eIEKTPO), 3a OIlEHKA
Ha TPpOU3BOAUTCIIHOCT, C(I)GKTI/IBHOCT U NPUITOKUMOCT Ha OTACITHUTC KOHCTPYKIWUOHHU BapUaHTH.



3agaua 2: l3scinenBaHe Ha BB3MOXKHOCTTA 3a JMPEKTHO CBBbP3BaHE Ha EJIEKTPOJIHU3bOP C
(bOTOBOJITaI/I‘-IHa CUCTCMA YpC3 CPAaBHCHUC Ha U3XOAHUTC W BXOJHUTC CICKTPHYCCKU
XapaKTEePUCTUKH U N3YUCIIABAHE HA KOe(UIIMEHT Ha ChBIaJIeHUE HA MOIIIHOCTHUTE.

3apaua 3: OneHka Ha BIMSHUETO HA T€OMETPUYHHU TapameTpH (nebGenwHa u mepdopanus Ha
CHCKTPOI[I/ITG) BbPXY KOMITAKTHOCTTA, HAJAATAHCTO U CIICKTPOXUMHUYHATA MPOU3BOAHUTCIHOCT HA
€JIEKTPOJIN3HATA CUCTEMA.

3amaya 4: MozenHN U3CIIEBaHNS U CPAaBHUTEINICH aHAIN3 HA BOJIT-aMIEPHH XapaKTEPUCTHKU Ha
BCUYKH €JIEKTPOJIM3HU KOH(UTYpaLny, C 1eJT ONpeesiHEe Ha ONTHMAIHO HHXEHEPHO PELICHHUE 10
KpUTEpUH 32 e(peKTUBHOCT M CXOIUMOCT KBbM JAaHHHM OT PEaJHH W3MEpBaHMA (BaIUAMpAaHE Ha
g poB Mozen ¢ otkiaoHeHue noxa 20 %).

3anaua 5: CFD moznenupane nHa PEM ropusnu kietku (PEMFC) ¢ pa3nuunu kKoHQUrypauu Ha
KaHAJIHUTE CTPYKTYPH: CEPIEHTUHH, C NMPErpaayd B KaHanuTe, TIOPUHI Iu3aiiH 1 KOMOMHHMpaHA
KaHaJHa CTPYKTypa C LieJl IoTy4YaBaHe Ha JaHHU 3a IUIBTHOCT HAa TOKA, KOHTPOJI Ha BIAKHOCTTA U
e(eKTUBHOCTTA Ha MAaCOIPEHOC B KaHAJIUTE.

3agaua 6: UM3cinegBaHe Ha B3aMMOBPB3KUTE W U3BEKIAHE Ha 3aBUCHUMOCTH  MEXKIY
CHGKTPOXI/IMI/I‘-IHI/I nu TepMOIII/IHaMI/I‘IHI/I HapaMeTpI/I, OIIucBalIn HpOI_IeCI/ITe B CJIGKTpOHI/BHI/I H
TOPUBHU KJIETKH.

3apaua 7: ®opmynupane Ha HAYYHO-TIPUJIOKHU 3aKIIOYEHUS 3a pa3paOOTBaHE M ONTHUMAJICH
IM3aiiH Ha UHTETPUPAHHU CUCTEMU (POTOBOITAMUYEH MOIYII — €JIEKTPOJIU3bOP - TOPUBHA KJIETKA Bb3
OCHOBA Ha pe3yJATaTH OT CUMYJAIIMOHHUTE U3CJICIBAHUS.

Bceuuko ToBa ompezens akTyaaHOCTTa Ha M3CJIeABaHUS MpobOiaeM. ABTOPHT Ha AUCEPTAMOHHUS
TPYZ € popMyJHpalt el U 3a7a4i, KOUTO ca aJIeKBaTHU M ChOTBETCTBAT HA M3MCKBAHMATA HA
JTUCEPTAIMOHEH TPy 3a MpUI00MBaHe Ha 0Opa3oBareIHaTa M Hay4Ha cTerneH ,,Jloktop".

2. CreneH Ha NMO3HABaHe CHCTOSIHMETO HAa Mpo0JjeMa W TBOpPYeCKa HMHTeEpPHNpeTaunust Ha
JIUTepaTypHHUS MaTepuaJl.

ABTOpPBT Ha JUCEPTALMOHHUS TPy MO3HABA B OTIMYHA CTENEH ChbCTOSHUETO Ha MpoliieMaTHKaTa
U TBOPUYECKU WHTEPIpETHpa JIMTEpaTypHUs Mmarepuai mo Hes. Toil 1eleHaco4eHo aHaIu3upa
crelyalu3upaHara JIMTeparypa CBbp3aHa C €JIEKTPOJM3HU KiIeTku (B [7naBa 2), BomoponHu
ropuBHU KieTku (B [71aBa 6) u paborara Ha CUCTEMH 3a IPOU3BOJCTBO HA BOJJOPOJ, ChbCTABEHH OT
(dhoToBONTAaMYHA WHCTAJAIMSA, TUPEKTHO CBbpP3aHa ¢ eleKTposin3Ha kierka (B [1aBa 5). Toma e
TakKa, 3all0To [IeJTa Ha JUCepTAlUATa U 3aJaduTe ca neuHupanu B kpas Ha [1aBa 1, B KosTO €
OIHCAaH BOJIOPOJIa KaTO €HEPIHEeH HOCUTEIL.

3HauMTENHA YaCT OT U3MOJI3BAHUTE U3TOYHUIU B TUCEPTALIMOHHUS TPY/L Ca OT MOCIECIHUTE TOIUHH
(mam 41% cnen 2020 rogquna u ox 19% npenu 2010 roguna).

3. ChoTBeTCTBHE HA H30paHATA METOAUKA HA M3CJIeBaHe M MOCTABEHATA e/l U 3a1a4M Ha
AUCEPTANMOHHUSA TPYA € MOCTUTHATHTE MPUHOCH.

W36panara OoT MOKTOpaHTa METOMKA HA M3CIIEIBAaHE € B CHOTBETCTBUE C MIOCTABCHHUTE 33/1auH B
JMCEPTALIMOHHUS TPY/ U € MO3BOJIMIIA T€ 1a OBbAAT peIieH! Ha BUCOKO HUBO.

Upe3 wu3mon3BaHe Ha CpeACTBAaTa MW3YHCIUTENTHATA MEXaHWKa Ha (QIyuWaWTe, BrpajeHH B
nporpamuus maker COMSOL Multiphysics 6.2, 3a pa3iIn4Hy eNeKTPOIU3HU KIETKH U BOAOPOIHH
TOPYBHU KJIETKU € M3CJICBAHO BIMSHUETO Ha KOHCTPYKTUBHU T€OMETPUYHU XapPAKTEPUCTUKU H
Ha MapaMeTpUTe Ha TEYEHHETO Ha BXOJa Ha KJIETKaTa BbpXy HelHara pabota. Karo pesynrar ca
UIeHTU(DUIIMPAHA TIApaMeTpH, MPU KOUTO paboTaTa Ha JajeHa KJIEeTKa € Mo-¢(eKTHBHA OT
CBIIECTBYBAILIUTE.

4. Kparka aHAJIMTHYHA XapPAKTEePUCTHKA HA €CTECTBOTO U OLIEHKA HA JOCTOBEPHOCTTA HA
MaTepuaJia, BbPXy KOWTO ce rpaJsiT IPMHOCUTE HA 1MCEePTALMOHHUSA TPy



Ha 6a3arta Ha u3BbpIICHUS OT JOKTOPAHTa aHAJIU3 Ha JIMTEepaTypara OTHOCHO KOHCTPYKLHUATA Ha
CBIIECTBYBAIIUTE E€IEKTPOIN3HU KieTku (I7aBa 2) u Bomopoanu ropuBHu kieTku (IaBa 6) u
MPOLECUTE B TAX ca WACHTU(DUIMPAHU TEXHUTE MPEAUMCTBA U HEAOCTATBIM, U Ca TeHEPUPAHU
U7eH 3a Mofo0psiBaHe Ha TAXHaTa paboTa.

Ha enexrponusnure kietku ca nocsetenu [asu 2, 3,4 u S.

B I'maBa 3 ca mpenacTaBeHU H3MOI3BAHUTE MOJACIU 32 YHCICHO HM3CIICBAaHE HAa MPOIECUTE B
€JIEKTPOJIU3HU KJIETKH, a B [T1aBa 4 ¢ Te3u MoJieu ca U3cje/IBaHu XapaKTepUCTUKUTE Ha JIBa TUIIA
€JIEKTPOIU3bOPH: KIACHYECKHU aNKAJICH EIEKTPOIU3bOP U €NEKTPOIU3LOP C TBHPH CICKTPOIUT U
aHnOHOOMEHHa MeMOpaHa. B pesynTar Ha TPOBENEHOTO H3CJEABaHE € pa3paboTeHa HOBa
CTpyKTypara Ha eJEeKTPOAWTE Ha KIACHUYECKHUS allKaJeH eJIeKTPOIU3bop, MepPopupanu
€JIEKTPOJIH, C KOETO 33Ja/IeHO KOJIMYECTBO BOAOPOJ C€ FeHepupa C Mo-MajKka IIbTHOCT Ha TOKa,
Ipu TO-HUCKAa paboOTHA Temmeparypa M B IO-MadbKk 00E€M MpHU 3ama3BaHe Ha AaKTUBHATA
MOBBPXHOCT Ha KJIETKaTa M Ha HEWHOTO paboTHO HampexkeHue. M3mon3Banara B [nama 4
M3YHUCIIUTETHA TIporieypa € Banuaupana B [maBa 5 (Cekiust 5.1), ype3 cumynupaHe Ha MPOLIECUTE
B KJIACHYECKU aJIKaJeH eJIEKTPOJIN3bOp 3a KOWTO ca MyONMKYBaHM, OT JIPYTH H3CJel0BarTeH,
pe3yaTaru oT PU3NIEeCKH eKCIIepuMeHT. Pasnukara Mexay TaHHUTE OT (PU3UUECKUS eKCIIEPUMEHT
Y YUCJICHUS EKCIIEpUMEHT He HaaxBbpia 3.5%. B ['maBa 5 ca u3cneaBaHu 4MCIICHO, CHIIO TaKa,
aJIKaJieH eJIeKTPOJIN3bop ¢ OumnossipHa KoHUrypamus - oouy anox u obur karoxa. [lpu eqHaxso
HampeXeHNe € CpPaBHEHA MOIIHOCTTA Ha U3CIIEIBAHUTE €JIEKTPOIU3bOPU KaTo (DYHKIIMS Ha TOKA U
€ I0Ka3aHo €THO3HAYHO, UY€ pa3paboTeHHsI OT JOKTOpaHTa epPopupaH eneKTpo JaBa Hail-no0pu
pesynraru. B I'maBa 5 (Ceknust 5.7) ca npeHTHdUIMPaHd YCIOBHUATA 32 €()EKTHBHA CHBMECTHA
pabota Ha poTOBONTANYHA CHCTEMA B €TIEKTPOIH3BOP TIPHU JTUPEKTHO CBBP3BAHE.

Ha BomopoanuTe ropuBHU KJIETKH ca mocBeTeHu [asu 6, 7, 8 u 9.

B I'maBa 6 e npeacraBeH NpUHIINIA HA IEUCTBUE HA BOJOPOAHUTE TOPUBHH KJIETKU U Ca OMUCAHU
TEPMOAMHAMUYHHUTE TpoliecH B TsX. [IpeacTaBeHn ca MexaHU3MUTE Ha €HEPTUITHUTE 3aryOU BbB
BOJIOPOJTHUTE TOPUBHH KJIETKH, U3BEJICHH Ca U3pa3y 3a MPECMITaHe Ha Pa3IMIHUTE BUIOBE 3aryou
B TSX, KAKTO M 3a OINpe/elisHe Ha TSIXHaTa eIeKTPOXUMHUYHATa M eHepruiinara e(ekTuBHOCT. B
I'maBa 7 € onucaH NMpUHIMIIA HA IEWCTBUE HA FOPUBHA KJIETKA C MOJMMEPHA IIPOTOHIIPOBOAAIIA
MeMOpaHna. IlpencraBeHnm ca BakHH MOAPOOHOCTH OTHOCHO KaHallHaTa CTPYKTypa Ha
OWITOSIPHUTE TJIOYHM B TOPUBHATA KIIETKA, TIXHOTO BIUSHUE BHPXY JBHKEHUETO HA PEArcHTHTE,
Ha TIPOAYKTUTE HA pEaKklusTa W BbpXy HelHara edektuBHOCT. B ImaBa 8 ca mpeacraBenu
M3MOJI3BAaHUTE MOENH 3a YMCICHO MU3CJE/IBAHE Ha MpOlleCUTe B TOpUBHU KieTku. B I'maBa 9 ca
MPEJICTAaBEHU PE3YyITaTd OT YHCIEHO M3CJIeBAaHE Ha YETUPH THUIIA KAaHAJIHU CTPYKTypU B
OWITOSIPHUTE TJIOYM HA TOpUBHA KieTka. Ha 6azara Ha pe3ynaTaruTe OT M3CIICABAHETO HA TPUTE
CHILECTBYBAIllM KAaHAJIHU CTPYKTYpHU IO OTHOIICHHWE HAa CBOWCTBaTa Ha TEUYEHUETO - CKOPOCTHO
ToJie, MoJie Ha HAJIATaHETOo, MOJI€ Ha KOHIIEHTPALMITA HAa KUCIOPOAA U MOJETO HA MPOIYKTa OT
peakmusTa (Bojaa) - JOKTOpaHTa pa3padoTBa HOBA KOH(PUTYpaIus, KOSITO MOI00psBa ChIIECTBEHO
paborara Ha u3cienBaHaTa ropuBHa kieTka. B InmaBa 9 e nmemoHCTpupaHO, Y€ TOIMYYCHHTE
YHCIIEHU PEe3yJITaTH HE 3aBUCAT OT U300pa Ha U3UHMCIUTEIHATa MpeXa.

B TmaBa 10 ca HampaBeHW W3BOAM OT MOJYYCHHUTE PE3YJITaTH B pe3ylTaT Ha paborata TO
nucepranusiTa, a B [maBa 11 ca hopmynupanu npuHOCUTE HA TUCEPTAIMOHHUS TPY/I.

5. HayyHu u/uiu HAYYHONIPUJIOKHU NMPUHOCH HA M CEPTANMOHHUS TPYH

Hayuno - npunoscnu npunocu

e [IpeanoxeHa e u e U3CJIeIBaHa HOBA €JIEKTPOJHA KOHPUTYpaIHs ¢ meppoprUpaHl OTBOPH
U € JO0Ka3aH MOTEeHIMaJl 332 MUHUATIOpPHU3AIUs Ha CHCTEMHU 3a aJikajHa eJIeKTPOoJn3a C
MOCTUTaHE Ha MO-ToNisiMa e(eKTUBHATA aKTHBHA TMOBBPXHOCT U MO-BHCOKa CKOPOCT Ha
€JIEKTPOXUMUYHATA PEAKIHS.

e UsrpazeH e u e BamuaupaH HU(poB MOJET Ha €IEKTPOAHH MOBBPXHOCTU U PEAKIMOHHU
30HM Ha aJIKAJIHU €JICKTPOJIM3bOPH KaTO OCHOBA 32 CUMYJIAIIMOHHO-0a3UpaHo IPOEKTHpaHe
1 MaladupaHe Ha eJIEKTPOJIU3HU CUCTEMH.



e [lpeanoxeHa W u3cienBaHa € HOBa XMOpPWAHA TE€OMETPHs OT THMA TIOPUHT IU3aiH C
nperpaad 3a TOBUIIABaHE Ha EHepruiiHata e(EeKTUBHOCT Ha TOPUBHU KIETKH C
IPOTOHOOOMEHHM MeMOpaHu. Upe3 MOIEeNHM HM3CleIBaHUS € JOKAa3aHO 3HAYEHUETO Ha
XxuOpuaHaTa KOH(QUTYpaLus 32 MUHUMHU3PaHe HAa OMUYHHUTE 3aryOU upe3 pasrpeieIeHUETO
Ha PEareHTUTe NOTOLU U €()eKTUBHOTO OTBEKAAHE HA BOJATA KaTO PEAKLMOHEH MPOAYKT
32 yCTOWYMBOTO (PYHKIIMOHUPAHE HAa TOPUBHATA KJIETKA.

e UsrpazeH e u e BanuaupaH nu(poB Mopena Ha MPOTOHHOMEMOPAHHU TOPUBHU KIIETKH,
KOWTO MO3BOJIsIBA CUMYJIALIMOHHO-0a3UpaHo NPOEKTUPaHe HA pa3IMYHU KOHQUTYpaluu 1
ONITUMH3MPAHE HA PEKUMHU MTapaMeTpH.

Ipunoscnu npunocu
» JlpeanokeH € TMOIXOJ 3a JWPEKTHO WHTETPUPaHE Ha aJKaJleH EeJICKTPOJIH3BOP C
(dhoTOBONTANYHA CHCTEMA MPU CHHXPOHU3UpPaHEe HA PAaOOTHUTE UM XapaKTEPUCTUKH U
4ype3 KoH(GUTypHpaHe Ha Oposi Ha TapajeTHO U CEPUIHO CBHP3aHHUTE KICTKH 32
MOCTUTaHE Ha MAaKCUMAJTHO €()eKTUBHO IMPOMU3BOACTBO HA 3€JIEH BOJOPOI.

[Ipuemam mnpereHnuure 3a npuHocu. [lomyueHuTe pesynTaTd ca OpPUTHHAIHU U HAIbIHO
CHOTBETCTBAT HAa M3MCKBAaHUATA 32 JMCEPTALIMOHEH TPY/ 3a MpuaoOuBaHe Ha oOpa3oBaTenHara u
Hay4dHa CTeNeH ,,Jlokrop". M3mon3BaneTo uM 1ie € moje3Ho OlIe Ha TO3M eTarl.

6. OueHka 3a cTeneHTa HA JIUYHOTO y4acTHe HA JUCEPTAHTA B IPUHOCHUTE

ChabpkaHHETO Ha JIUCepTalMATa 0Ka3Ba, Y€ JOKTOPAHTHT IO3HaBa J00pe CHBPEMEHHOTO
ChCTOSIHUE Ha MPOOJIEMUTE, CBbP3aHU ChC CUCTEMUTE 3a BOJAOPOAHA eHeprus. Toil e mocTurHa
OTJIMYHU Pe3yNITaTH MpH paboTara CH BbPXY IMOCTABEHUTE 33a4M B JUCEPTAMATA. AHAIU3ZBT HA
nyOMuKanuuTe Ha JOKTOpAHTa M JIMYHUTE MU HAOJIONEHUS BbPXY Heropara paboTara MU JlaBatr
OCHOBAaHHME Jla NIPHEMa, Y€ IMpe/CTaBeHaTa 4acT OT pa3paboTKara KaTo JUCEPTAllMOHEH TPYH U
IIPUHOCHTE B HETO €A JIMYHO JIEJI0 HA KaHAWUJATa.

7. llpeneHka Ha MyOJUKALIMUTE 10 IMCEPTANMOHHUSA TPYA: Opoiil, XapaKTep Ha U3AHUATA,
B KOUTO ca oTneyartanu. OTpaxeHune B HAyKaTa - U3M0J3BaHe U LIMTHPAaHe OT APyrU aBTOPH,
B IpyI4 J1abopaTopuu, CTPaHH M MPp.

OcHOBHHTE pe3ynTaTu OT padoTara Mo AUCEPTAIUOHHUS TPY/ ca MyOJUKyBaHH B IET Ty ONIUKAIINH,
BCHUYKHUTE B ChaBTOPCTBO. Te ca omucanu B [maBa 11 Ha nucepranmsiTa. Bcuuku myOnukanmm ca
CBBbp3aHU C TEMATHUKATa Ha JUCepTalMOHHMS TpyA U ca Buaumu B SCOPUS.

JIBe ot myOnukaruuTe ca B MexxayHapoanu cnucanusi: Applied Thermal Engineering (Q1, 1F6.9)
B CBHABTOPCTBO ChC celeM kuTaiicku uacienoBarenu u Energies (Q1, IF3.2) B cbaBTOpCTBO €
Hay4YHHsI pbKoBonuTen. J[pyru nBe myOnuKamuu, B ChbaBTOPCTBO C HAy4HHs PHKOBOIUTEN, ca
npezncraBeHu Ha koHpepeHuuara Ha EM®, InnoEE 2023 u InnOE 2024, u ny6nukysanu B IOP
conference series Earth and Environmental Science. Ilerara myOnmukanus, B ChaBTOPCTBO C
Hay4YHUS PBKOBOIUTEN M U3ciieoBareln ot Erurmer, e nmpeacraBena Ha Sth International Conference
on Communications, Information, Electronic and Energy Systems (CIEES) u e nmy6nukyBana ot
IEEE. He e npuiioxeHa Aekiiapaiys Ha TOKTOPAHTA 38 OPUTMHAIHOCT M aBTOPCTBO HA MIPUHOCUTE
B AMcCepTalMOoHHaTa My pabora. [IpencTaBen e ciuchbk ¢ 00110 14 UTUPAaHUS OT IPYTH aBTOPH.
N300pbT OCHOBHO Ha TEXHMYECKH (OpPYyMH KaTO MSCTO HAa HW3SBa TapaHTUpPA AONBJIHUTEIHA
KOJIETHAJIHA OLIEHKA OT MO-TOJISIM OpOii CIIeHaInuCTH.

8. MU3noi3BaHe Ha pe3yJTaTHTEe OT JAMCEPTALNMOHHHUSI TPyl B HAy4YHATa M COLMAJIHATA
npakTuka. Hajimyue Ha MOCTUTHAT NPSIK UKOHOMUYeCKHU e(eKT U np. JJOKyMeHTH, HAa KOUTO
ce OCHOBaBa TBbP/ICHHUETO.

W3BbpiieHnTe u3cienBaHUs, CBbP3aHM C I[IOBUIIABAHE HA €HEpruiiHara e(eKTUBHOCT Ha
€JIEKTPOJU3HU KIIETKHA U BOIOPOIHU TOPUBHH KJIETKH Upe3 MPOMSHA Ha TSXHATa KOHCTPYKIUS Ha
0a3ara Ha KOMITIOTHPHO MOJIEIMPAHE, UMAT CBOATA MpaKTUUeCcKa MPUIOKUMOCT IPU HAMUPAHETO



Ha HOBH PEIICHUS U MOA0OPEHHUs B CUCTEMHTE 3a BolopoiHa eHeprus. [lomydenuTe pesynraru ca
MOJIE3HU U TPHU pa3paboTBaHE HAa METOAU M CTPATETHUH 3a KOHTPOJ M yNpaBlIeHHE PEKUMHUTE Ha
paboTa Ha JAMPEKTHO CBBP3aHU C EJNEKTPOJIM3HU KIETKM (DOTOBONTAUYHH HMHCTAJALUH.
M3non3BaHETO Ha MPEACTABEHUTE B JUCEPTALMOHHUS TPYH PE3YITATH € IMOJIE3HO OLIE HAa TO3U
eTar.

9. OneHKka Ha CbOTBETCTBUETO HA aBTOpedepara ¢ U3UCKBAHUSATA 32 U3TOTBSIHETO MY, KAKTO
U Ha aJeKBAaTHOCTTA Ha OTpa3siBaHe Ha OCHOBHHUTE TOJIOXKEHMS W NPUHOCHTE HA
AUCEPTAIUOHHUS TPYA

ABtopedeparsT € B 00eM OT 32 CTpaHMLM M € M3TOTBEH CHIVIACHO M3HMCKBaHMATa. B Hero ca
MOKA3aHU IVIaBHUTE JTOCTHKEHMs Ha AUCEPTaLMOHHUSA TpyA. CunraM, ye Toi oTpa3siBa NPaBUIIHO
Hay4YHHUTE IPUHOCH Ha AUCEPTALIMOHHUS TPYA.

10. MHeHus, IPENOPBKHU U 0es1e/KKH.

Mmuenue: CTpyKTypara Ha AMCEPTALMOHHUS TPY/l € HEJIOTUYHA, OT MOsI IJIEIHA TOYKa, 3a1[0TO:

*mem W 3ama4d Ha JUCEPTAMOHHMS Tpyd ca GOpMyJIHMpaHU TpEeaud Ja € MpeacTaBeHa
CTPYKTypara Ha CHCTEMa 3a BOAOPOJHA €HEprus, MpeAu Ja ca OMHCAaHU HEWHHUTE ChCTABHU
€JIEMEHTH W aHAIM3WUPAHW HEJOCTAThIIUTE HA TEXHUTE CBHIICCTBYBAIIUTE KOHCTPYKTHBHH
peuieHus;

*MpeacTaBIHETO HA U3BLPIICHATa PaboTa € 1o €JICMEHTH Ha CUCTEMATa U €THOTUITHU JICHHOCTH,
KaTo OMMCAHWE Ha €JIEMEHTa, MOJEINPAHE U U3CJIECABAHE HA NPOLIECUTE B HErO, MPEACTABIHE
Ha PE3yJITaTHTE Ca B Pa3IMYHU TJIABH, KOUTO HE Ca TMOCJIEIOBATEIIHO TOJAPEICHU B TEKCTa,
HaIpuMep OMUCAHUETO HA eIeKTPOoau3bopuTe € B [71aBa 2, a Ha BOIOPOAHUTE TOPUBHU KIIETKU
-BlmaBa 6, u T.H.;

.. *IeifHOCTHTE 10 MOJICNIMPAHE Ca MPEACTABEHH HEJIOTHYHO, HAIPUMEP: MPH eNEKTPOIH3bOPHU ca
W3CIICJIBAHNU TIPOIECUTE B TAX, IMOJYYEHH ca pe3ylITaTH W 4YaK CJE TOBAa € OIKMCAHO
BAJIMAUPAHCTO HaA MHU3MNOJ3BaAHATA H3UMUCIUTCIIHA IIponcaypa, HO HAMaA I/IH(pOpMaI_II/IH 3a
W3YMCIUTEIHATA MPEXKa; MPU TOPUBHUTE KICTKH TMOAXOABT € ChINUS, Ha-HAKpas ce JaBa
UHpOpPMALUS 32 U3UUCIUTEIHATA MpPeXa, HO JIUTICBA sIBHA WH(pOpPMAaLUs 32 BAIMIUPAHETO HA
W3YMCIUTEIHATA TIPOIIeIypa.

begexku:

*B TEKCTa MMa HEOTCTPAHEHH MPABOMKUCHU I'PELIKH;

*MOHATHITHUS arlapar Ha JTOKTOpPaHTa € U3TPaJICH Ha aHIIUKWCKH €3UK U HIKOU OT U3MOJI3BAHUTE
TEPMUHU Ha OBJITApPCKH €3UK Ca HETOUHU U HESICHU;

**MHO)KECTBO JIUTEPATYPHU U3TOYHUIIN Ca TUTUPAHU HEIIBJIHO — JIUTICBA TOIMHA HA TyOJINKyBaHEe
npu 35 U3TOUHHKA;

*MpU HAKOU YYKJIECTPAHHH JTUTEPATYPHHU U3TOUHUIU Ca OCTaHAIHM OYKBU HA KHPUJIHIIA;

**Ha MecTa B TEKCTa JIMTICBA TIOCJIeBaIA PeIaKTOPCKa 00paboTKa;

*nurncata Ha JeUHUpPAHM TEPCHEKTHBH W CJEBAIIM IIEJIH 3a pa3BUTHE Ha pazpaboTkara
nmpueMaM KaTo 3ara3BaHe Ha KOH(pUIeHIIMaaHa HHHOpMAIIHS.

HaHpaBeHI/ITe 33.6€He)KKI/I nu Hpenopmcn HC OMaJioOBaxaBaT IIOCTUTHATOTO B III/ICGpTaI_II/IOHHI/IH pr,[[.
JlocToitHCcTBara My ca OUYE€BUIHU.

11. 3ak/04eHue ¢ ICHA MOJIOKUTEJTHA UJIM OTPUIIATETHA OLIEHKA HA TMCEPTAMOHHUS TPY

JINYHOTO MM CTaHOBHUILE €, Y€ IPEACTABCHUAT TPYH € aKTyaJleH U CTOHMHOCTeH. lIpurexasa
JOCTaThYHO HAy4YHO-IIPUIOKHU U HHKEHEPHO-TIPUIIOKHU TpuHOCcH. Kato 06em, Opoii U Cl10)KHOCT
Ha aHAJIM3MPAHUTE MpPOOIEeMH, HAMEPEHH pEUICHUsS M HAalpaBeHH aBTOPCKHU pazpabOTKH
YIAOBIIETBOPSABA U3UCKBAHUATA KbM TOKTOPCKA TUCEPTALIHS.



Pa3paboTtkute B AucepTanusTa ca ONMMCAHU KOMIIETEHTHO M B HE00X0auMara MbJIHOTa, U3BOANUTE
U 3aKJII0YCHHATA ca J00pe MOCTPOSHH U apryMEHTUpaHU. JlucepTanMoHHUAT TPyA OTroBapsi Ha
m3uckBanusaTa Ha 3PACPB, IIpaBuiiHnka 3a npuiiaraHe Ha 3aKOHa M ChbOTBETHUS [IpaBUIHUK Ha
Texunueckust yausepcuret - Codusi.

[lomydyeHuTe B  OUCEPTALMOHHMS TPy[d HAyYHO-NPWIOKHH M TNPWIOKHH IPUHOCH,
JIEMOHCTPUPAHUTE BUCOKO 00pa30BaTeTHO HUBO U HAaTPYMaH TEOPETUUYECKH U M3CJICAOBATEICKH
OIUT C MOCTUTHATU UM NPAKTUYECKU PE3yITaTH B €HA aKTyaJHa o0lacT, MM JaBaT JAOCTaTb4HU
OCHOBaHHMs YOEIeHO Jia MpernopbuaM Ha YBa)KaeMOTO KypH J1a MPHUCHIAM Ha Mar. WHxX. J(uisH
Mopnanos T'aBpamnoB o6pasoBaTenHaTa M HaydHa cTereH JIOKTop B o0lacTTa Ha BHCIIE
obpazoBanne TexHuM4eckH Hayku, npodecruoHanHo HampapieHue 5.4 EHepreruka, HaydHa
cnenuaIHOCT TepMUYHU U IIPEHH eIeKTPHYECKH LEHTPAJIH.

Hara: 11.05.2026 Perntensenr:
/mout. n-p uHk. Jlerenua Mapkos/
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1. Relevance of the problem developed in the PhD thesis in scientific and applied science
terms. Degree and levels of relevance of the problem and the specific tasks developed in the
PhD thesis.

The topic of the PhD thesis is undoubtedly relevant, which is due to the changes in the structure
of the electricity system of the Republic of Bulgaria in recent years. Due to the call for
decarbonization of electricity generation capacities, without long-term planning and coordination,
energy sources with a low degree of predictability and controllability are being put into operation
- wind generators and photovoltaic systems. At the same time, the requirements for the quality of
electrical energy are increasing. This necessitates research related to effective energy storage. The
object of research in this dissertation are the processes in the main elements of hydrogen energy
systems, namely electrolyzers and fuel cells.

The PhD thesis volume is 167 pages, which are divided into an information part, an introduction
section and 12 chapters. The information part includes a table of contents, a list of used quantities,
a list of used symbols and abbreviations, a list of 42 figures, and a list of 12 tables. The list of
references is presented in Chapter 12 and includes as a total 210 sources of information, out of
which 7 are in Cyrillic and 203 in Latin, of which 9 are Internet addresses.

The aim of the PhD thesis is formulated as follows: ”The aim of the PhD thesis is to create
opportunities to increase the efficiency of hydrogen production by improving the electrode
structure of electrolysis cells and increasing the efficiency of using hydrogen in fuel cells by
improving their channel configuration, as well as reducing energy losses in the integration of
photovoltaic and electrolysis systems for the production of "green" hydrogen.”.

To achieve these three goals, the PhD student sets himself the following seven tasks to solve:

Task 1: Development and validation of mathematical models of alkaline electrolysers in different
configurations (existing system, classical configuration, common cathode configuration, common
anode and perforated electrode configuration) to evaluate the performance, efficiency and
feasibility of individual design options.

Task 2: Investigate the possibility of directly connecting an electrolyser to a photovoltaic system
(PV-ELY) by comparing the output and input electrical characteristics and calculating the power
match factor (CF_direct coupled).



Task 3: Assessment of the influence of geometric parameters (thickness and perforation of
electrodes) on the compactness, pressure and electrochemical performance of the electrolysis
system.

Task 4: Model investigation and comparative analysis of volt-ampere characteristics of all studied
electrolyser configurations in order to determine the optimal engineering solution according to
efficiency criteria and convergence to data from real measurements (validation of a numerical
model with a deviation of less than 20%).

Task 5: CFD modelling of PEM fuel cells (PEMFC) with different configurations of channel
structures: coils, with baffles in channels, Turing design and combined channel structure in order
to obtain data on current density, humidity control and mass transfer efficiency in channels.

Task 6: Study of interconnections and derivation of mathematical relationships between the
electrochemical and the thermodynamic parameters describing the processes in both electrolysers
and fuel cells.

Task 7: Formulation of scientific and applied conclusions for the development and optimal design
of integrated systems photovoltaic module - electrolyser - fuel cell based on the results of
simulation studies.

All this determines the relevance of the research problem. The author of the PhD thesis has
formulated goals and objectives that are adequate and correspond to the requirements of a PhD
thesis for acquiring the educational and scientific degree "Doctor".

2. Degree of knowledge of the state of the problem and creative interpretation of the
literature.

The author of the PhD thesis has an excellent knowledge of the state of the art and creatively
interprets the literature on it. He purposefully analyzes the specialized literature related to
electrolysis cells (in Chapter 2), hydrogen fuel cells (in Chapter 6) and the operation of hydrogen
production systems consisting of a photovoltaic installation directly coupled with an electrolysis
cell (in Chapter 5). This is because the purpose of the dissertation and the tasks are defined at the
end of Chapter 1, which describes hydrogen as an energy carrier. A significant part of the sources
used in the PhD thesis are from recent years (over 41% after 2020 and under 19% before 2010).

3. Relevance of the chosen research methodology and the stated aim and objectives of the
PhD thesis to the contributions made.

The research methodology chosen by the PhD student is in accordance with the tasks set in the
PhD thesis and has allowed them to be solved at a high level.

By using the computational fluid dynamics tools built into the COMSOL Multiphysics 6.2
software package, the influence of constructive geometric characteristics and flow parameters at
the cell inlet on its operation has been studied for various electrolysis cells and hydrogen fuel cells.
As aresult, parameters have been identified at which the operation of a given cell is more efficient
than the existing ones.

4. Brief analytical characterisation of the nature and assessment of the reliability of the
material on which the contributions of the thesis are based.

Based on the PhD student's analysis of the literature on the design of existing electrolysis cells
(Chapter 2) and hydrogen fuel cells (Chapter 6) and the processes in them, their advantages and
disadvantages have been identified, and ideas for improving their operation have been generated.

Chapters 2, 3, 4 and 5 are dedicated to electrolysis cells.

Chapter 3 presents the models used for numerical study of processes in electrolysis cells, and in
Chapter 4, the characteristics of two types of electrolyzers are studied with these models: a classic
alkaline electrolyzer and an electrolyzer with a solid electrolyte and anion exchange membrane.
As aresult of the research, a new structure of the electrodes of the classic alkaline electrolyzer was
developed, perforated electrodes, with which a given amount of hydrogen is generated with a lower



current density, at a lower operating temperature and in a smaller volume while maintaining the
active surface of the cell and its operating voltage. The computational procedure used in Chapter
4 is validated in Chapter 5 (Section 5.1) by simulating the processes in a classic alkaline
electrolyzer for which results of a physical experiment have been published by other researchers.
The difference between the data from the physical experiment and the numerical experiment does
not exceed 3.5%. In Chapter 5, an alkaline electrolyzer with a bipolar configuration - a common
anode and a common cathode - was also numerically studied. At the same voltage, the power of
the studied electrolyzers was compared as a function of current and it was clearly proven that the
perforated electrode developed by the doctoral student gives the best results. In Chapter 5 (Section
5.7), the conditions for effective joint operation of a photovoltaic system and an electrolyzer in
direct connection are identified.

Chapters 6, 7, 8 and 9 are dedicated to hydrogen fuel cells.

Chapter 6 presents the principle of operation of hydrogen fuel cells and describes the
thermodynamic processes in them. The mechanisms of energy losses in hydrogen fuel cells are
presented, expressions are derived for calculating the various types of losses in them, as well as
for determining their electrochemical and energy efficiency. Chapter 7 describes the principle of
operation of a fuel cell with a polymer proton-conducting membrane. Important details are
presented regarding the channel structure of the bipolar plates in the fuel cell, their influence on
the flow of the reactants, the reaction products and on its efficiency. Chapter 8 presents the models
used for numerical study of processes in fuel cells. Chapter 9 presents the results of numerical
study of four types of channel structures in the bipolar plates of a fuel cell. Based on the results of
the study of the three existing channel structures in terms of the flow properties - velocity field,
pressure field, oxygen concentration field and reaction product (water) field - the PhD student
develops a new configuration that significantly improves the performance of the studied fuel cell.
In Chapter 9, it is demonstrated that the obtained numerical results are grid independent.

In Chapter 10, conclusions are drawn from the results obtained as a result of the work on the
PhD thesis, and in Chapter 11, the contributions of the PhD thesis are formulated.

5. Scientific and/or applied scientific contributions of the dissertation
Scientific and applied scientific contributions

A new electrode configuration with perforated holes has been proposed and investigated and the
potential for miniaturization of alkaline electrolysis systems has been proven, achieving a greater
effective active surface area and a higher rate of electrochemical reaction.

A computational procedure of electrode surfaces and reaction zones of alkaline electrolysers has
been built and validated as a basis for simulation-based design and scaling of electrolysis systems.

A new hybrid geometry of the Turing design type with partitions to increase the energy efficiency
of fuel cells with proton exchange membranes has been proposed and researched. Through model
studies, the importance of the hybrid configuration in minimizing ohmic losses through the
distribution of reagent flows and the efficient removal of water as a reaction product for the
sustainable functioning of the fuel cell has been proven.

A computational procedure for proton-membrane fuel cells has been developed and validated,
which allows simulation-based design of various configurations and optimization of mode
parameters.

Applied contributions

An approach is proposed for the direct integration of an alkaline electrolyser with a photovoltaic
system in synchronization of their performance characteristics and by configuring the number of
parallel and series-connected cells to achieve the most efficient production of green hydrogen.



I accept the claims for contributions. The results obtained are original and fully comply with the
requirements for a PhD Thesis for the acquisition of the educational and scientific degree
"Doctor". Their use will be useful even at this stage.

6. Assessment of the degree of personal involvement of the doctoral candidate in the
contributions

The content of the PhD Thesis proves that the PhD student is well aware of the current state of the
problems related to hydrogen energy systems. He has achieved excellent results in his work on the
tasks set in the PhD Thesis. The analysis of the PhD student's publications and my personal
observations of his work give me reason to assume that the presented part of his research work as
a PhD thesis and the contributions therein are the personal work of the candidate.

7. Assessment of the publications related to the thesis: number, type of publications in
which they appear. Reflection in the scientific community - use and citation by other
authors, in other laboratories, countries, etc.

The main results of the work on the PhD thesis have been published in five publications, all co-
authored. They are described in Chapter 11 of the PhD Thesis. All publications are related to the
topic of the thesis and are visible in SCOPUS.

Two of the publications are in international journals: Applied Thermal Engineering (Q1, IF6.9) co-
authored with seven Chinese researchers and Energies (Q1, [F3.2) co-authored with the supervisor.
Two other publications, co-authored with the supervisor, were presented at the conference of the
faculty FPEPM with TUS, InnoEE 2023 and InnOE 2024, and published in the IOP Conference
series Earth and Environmental Science. The fifth publication, co-authored with the supervisor
and a researcher from Egypt, was presented at the 5th International Conference on
Communications, Information, Electronic and Energy Systems (CIEES) and was published by
IEEE. The PhD student's declaration of originality and authorship of the contributions to his PhD
work was not presented. A list of 14 citations by other authors is presented.

The choice of mainly technical forums as a venue for publication guarantees additional peer
review by a larger number of specialists

8. Use of the PhD Thesis results in scientific and social practice. Existence of direct
economic impact, etc. Documents on which the claim is based.

The research conducted on increasing the energy efficiency of electrolysis cells and hydrogen fuel
cells by changing their design based on computer modelling has its practical applicability in
finding new solutions and improvements in hydrogen energy systems. The results obtained are
also useful in developing methods and strategies for controlling and managing the operating modes
of photovoltaic installations directly connected to electrolysis cells. The use of the results
presented in the dissertation is useful even at this stage.

9. Assessment of the compliance of the PhD Thesis synopsis with the requirements for its
preparation, as well as the adequacy of the coverage of the main points and contributions
of the thesis.

The PhD Thesis synopsis is 32 pages long and has been prepared in accordance with the
requirements. It shows the main achievements of the PhD Thesis. I am sure that it correctly reflects
the scientific contributions of the PhD Thesis.

10. Opinions, recommendations and comments.
Opinion: The structure of the dissertation is illogical, from my point of view, because:

*the goal and objectives of the PhD thesis are formulated before the structure of a hydrogen
energy system is presented, before its constituent elements are described and the shortcomings of
their existing design solutions are analyzed;



*the presentation of the work performed is organized by elements of the system and similar
activities, such as description of the element, modelling and study of the processes in it,
presentation of the results is in different chapters, which are not sequentially arranged in the text,
for example, a description of electrolyzers is given in Chapter 2, and of hydrogen fuel cells in
Chapter 6, etc.;

...*the modelling activities are presented illogically, for example: in the case of electrolyzers, the
processes in them are studied, results are obtained and only then the validation of the
computational procedure used is described, but there is no information about the computational
grid used; in the case of fuel cells, the approach is the same, at the end information is given about
the computational grid and a prove for a grid independent solution is provided, but there is no
explicit information given about the validation of the computational procedure.

Notes:

*there are uncorrected spelling errors in the text;

*the conceptual apparatus of the doctoral student is built in English and some of the terms used
in Bulgarian are inaccurate and unclear;

*many literature sources are cited incompletely—the year of publication is missing for 35 sources;
*in some foreign literature sources, Cyrillic letters remain,;
*in some places in the text, there is no subsequent editorial processing;

*the lack of defined perspectives and further goals for the development of the work I accept as
preserving confidential information.

The remarks and recommendations made do not belittle what has been achieved in the PhD
thesis. Its merits are obvious.

11. Conclusion with a clear positive or negative evaluation of the thesis.

My personal opinion is that the presented work is up-to-date and valuable. It has sufficient
scientific-applied and engineering-applied contributions. In terms of volume, number and
complexity of the analyzed problems, found solutions and made author's developments, it satisfies
the requirements for a PhD Thesis.

The developments in the PhD Thesis are described competently and with the necessary
thoroughness; the findings and conclusions are very well structured and argued. The PhD Thesis
meets the requirements of the Law on Scientific Research and Scientific Activity (ZRASRB), the
Regulations for the Implementation of the ZRASRB Law, and the relevant Regulations of the
Technical University of Sofia.

The scientific-applied and applied contributions obtained in the PhD Thesis, the demonstrated high
educational level and accumulated theoretical and research experience with achieved even
practical results in a current field, give me sufficient grounds to confidently recommend to the
Honorable Jury to award the M.Sc. Eng. Dilyan Yordanov Gavrailov educational and scientific
degree Doctor in the field of higher education Technical Sciences, professional field 5.4 Energy,
scientific specialty Thermal and Nuclear Power Plants.

Date: 11.05.2026 Reviewer:
/Assoc. Prof. PhD Eng. Detelin Markov/



