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HNCCIEJOBAHHUE 3ABUCUMOCTHU BbBIXOJA BOOAOPOJIA OT TEPMOXUMMU-
YECKUX XAPAKTEPUCTHUK DJIEKTPOJIUTA B ITPOUECCE 3JEKTPOJIN3A
Mamenos P.A.

Byxapckuii 2ocyoapcmeennulii mexnu4uecKuil yHugepcunemn.

Annomayus. B pabome paccmompeno enusHue MePMOXUMUYECKUX XAPAKMEPUCMUK IAEKMPOIuma -
memnepamypsl, MenioémMKocmu, MenionpoSOOHOCIY, BA3KOCMU U DJIeKMPONPOBOOHOCMU - HA 3phexmuenocms
INEKMPOAU3A OO U BbIXO0 6000p0da. 1Iposedén ananus cospemennvlx ucciedosanuil 01 uerounvix (AWE), npomon-
oomennvix (PEM) u meepoooxcuonvix (SOEC) snekmpoauzépos, gvinsienvl 3a8ucumocmu evixooa Hz om cocmasa u
memnepamypuvl 2NEeKMpoIUmd. YcmaHnosneHo, 4mo onmumanbHoie ycaosus obecneuusaromes npu memnepamype 60-70
°C onsa wenounvix u 50-80 °C onas PEM-cucmem npu xomyenmpayuu 20-35 % KOH uau NaOH. Iloxazano, umo
KOMNAEKCHAS ONMUMUZAYUSL XUMUYECKO20 COCMABA U MEMREPAMYPHO20 PEeACUMA INEKIMPOIUMA HO360ISe NOBbICUMb
6b1X00 6000pooa na 10-25 %, chusumo snepeonompebrenue na 8-15 % u ysenuvums donzoseynocms siyetiku na 20-30
%. Copmynuposanvl pexomenoayuu no noobopy napamempos 321eKMpoiumd, HANpAeieHHvle HA NOBblUUEHUE
IHEPeoIPPeKMuUsHOCmU U YCMOUMUBOCHU 6000POOHBIX MEXHONOSU.

Knrwouesvle cnosa: 6000po0, 51eKkmponu3 600bl, MEPMOXUMULECKUE XAPAKMEPUCMUKU, ILeKMPOTUM,
INEKMPONPOBOOHOCMb,  mMeMnepamypa, — weiounou  anekmpoaus, PEM-snexkmponus,  suepeosghgpexmusnocmo,
MENnI0EMKOCIb, MENI0NPOBOOHOCIb.
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STUDY OF THE DEPENDENCE OF HYDROGEN OUTPUT ON THE THERMOCHEMICAL
CHARACTERISTICS OF THE ELECTROLYTE IN THE ELECTROLYSIS PROCESS
Mamedov R.A.

Bukhara state technical university.

Abstract. The paper examines the effect of the thermochemical characteristics of the electrolyte - temperature,
heat capacity, thermal conductivity, viscosity, and electrical conductivity - on the efficiency of water electrolysis and
hydrogen production. An analysis of recent studies on alkaline (AWE), proton exchange membrane (PEM), and solid
oxide (SOEC) electrolyzers was conducted, revealing correlations between H: yield, electrolyte composition, and
temperature. It was found that optimal conditions are achieved at 60-70 °C for alkaline and 50-80 °C for PEM systems
with an electrolyte concentration of 20-35% KOH or NaOH. The comprehensive optimization of the electrolyte’s
chemical composition and temperature regime increases hydrogen yield by 10-25%, reduces energy consumption by 8-
15%, and extends cell lifetime by 20-30%. Recommendations are proposed for selecting electrolyte parameters to
enhance the energy efficiency and stability of hydrogen technologies.

Keywords: hydrogen, water electrolysis, thermochemical characteristics, electrolyte, electrical conductivity,
temperature, alkaline electrolysis, PEM electrolysis, energy efficiency, heat capacity, thermal conductivity.

Brenenne. B mupe, rie obecrieuenue norpeduTeneii HanéKHbBIM U SKOJIOTMUECKH YHCTHIM
JHEPrOCHA0)KCHHEM CTAaHOBHUTCS OIHOW W3 KIIOYEBBIX 3amad XXI Beka, 0co0oe BHUMaHUE
yaensieTcss BO30OHOBIsieMbIM HCTOYyHUKaM dSHeprun (BUD) kak UWHCTpyMEHTY pelieHus
HKOJIOTHYECKUX TMpoOJieM © obOecredeHus] YAANEHHBIX pPETHOHOB, JHMINEHHBIX JOCTyHma K
LEHTPAIN30BaHHbIM 3HeproceTsiM [1]. Pa3BuTue cCoNHEUHBIX, BETPOBBIX M T'HJIPOIHEPIeTHUECKUX
TEXHOJIOTUN IO3BOJISIET CO3/4aBaTb ABTOHOMHBIE JHEPrOCHUCTEMBI, CIIOCOOHBIE HE TOJBKO
BBIPAa0aTHIBATH AJIEKTPOIHEPTUIO, HO U MIPOU3BOIUTH TOIUIMBO OYIYIIETro - BOJOPO/I.

B nHacrosimiee Bpemsi BOJOPOJ IOJY4YarOT MPEUMYLIECTBEHHO YETBIpbMS MeTojgamu [2]:
napoBol KOHBepcHed MeTaHa, oOecneunBaronieid okono 48 % MHUPOBOro INPOU3BOCTBA,
MoOOYHBIMU TIporieccamu HedTenepepadoTku okoio 30 %, razuduxamumeit yris okono 18 % wu
ANEKTPOJIU30M BOJBI, 10JII KOTOporo noka He mpesbimaet 0,1 % oT rimobansHoro oonséma [3]. Ha
pucyHke 1 mokazaHa MUpoOBasi CTPYKTypa MPOU3BOICTBA BOAOPO/A 10 METOIaM.

Cpenu yka3aHHBIX TEXHOJIOTHI UMEHHO JIEKTPOJIHN3 BOJIbI, 0COOEHHO MpH nmuTanuu ot BUD,

obecrieunBaeT MIPOU3BO/I-CTBO TaK

HA3BIBAEMOTO  3€1€H020  8000p00d, HE 4% = IlapoBas

compoBoxaromieecs: BbiOpocamu CO: Ha 18% KOHBEHCHS MeTaHa

srane redepauuu [4]. Ilo nanueim IEA, B A B npouecce

2023 romy riI0bGANBbHOE  IPOU3BOJICTBO ' 48% HedTenepepaboTKH

3eJIEHOT0 BOJIOpoAa cocTtaBuwio okojio 0,5 Tazupukanus yris

MJIH TOHH, OJHAKO TMpHU peau3aluu 3asB- u GHOMAacchl

JICHHBIX TIPOCKTOB MOITHOCTh YCTAHOBJICH- 30% DIeKTPO.IH3 BOABI

HBIX AJIEKTPOJIN3EPOB MOXKET AOCTUYb 560

I'Br x 2030 romy, 4YTO IIO3BOJUT

pou3BoaUTh A0 S0 MJIH TOHH B TO1 [5]. Puc. 1. Pacnpedenenue memooos nonyuenus
AKTYyaJIbHOCTb Pa3BUTHS TEXHOJIOTHUMA 6000p00a no 00Jie 6 MUPOBOM RPOU3EOOCHEE

ANEKTpoNIn3a O0YCIOBIIEHA BO3MOXKHOCTHIO

WHTETPAIlMM B aBTOHOMHBIE W PACTPENeTIEHHBIE IHEPTrOCUCTEMBI, MUTAEMbIE OT COJHEYHBIX H
BETPOBBIX CTAHIIMH, YTO OCOOEHHO Ba)XHO JJISI OTHAIEHHBIX TEPPUTOPUN M OCTPOBHBIX TOCYAAPCTB
[6]. TIpu 5TOM 3(PEeKTUBHOCTH DJIEKTPOIN3a BO MHOTOM OIPEACISIETCS HE TOJHKO MCTOYHUKOM
MUTAHUSI W THUIIOM DBJEKTPOJIU3EPA, HO M COCTABOM DJJIEKTPOJUTA, €ro TEPMOXUMUYECKUMHU
XapaKTEPUCTUKAMH - TEIJIOEMKOCTBIO, TEIUIONMPOBOJIHOCTRIO, BS3KOCTBRIO W TeMIEPaTypou
MIJIaBJICHUS, KOTOPhIE OKA3bIBAIOT MPSIMOE BIMSHUE HA CKOPOCTb MPOTEKAHUS JEKTPOXUMHUECKUX
peakuuii, pacpeesieHue TeIia B CUCTEME U, KaK CIIEICTBUE, Ha BBIX0J Bojopoja [7]. Ha pucynke
2 moka3aHa cxeMa MPUHIIMIA PadOThI AJIEKTPOIU3HOM YCTaHOBKH, TuTaeMoit ot BUD.
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XPAHEHUE
BOOOPOOA

BO30OBHOBJTAEMbIE
NCTOYHUKWN SHEPTUN

NPOLIECC N TP Ii\i
SNEKTPONU3A I‘\f |

Puc.2. llpunyunuanvhaa cxema 31eKmpoau3Holl yCMaH08KU 071 RPOU3800CmMeEa 6000p0ooa ¢
UCNOIb306AHUEM 60300HO6IAEMBIX UCHIOYHUKOB IHEPZUU

CoBpemennble uccnenoBanus [8-10] moka3pIBalOT, YTO ONTHUMH3alUS COCTaBa U
TEPMOXMMHYECKUX  XapaKTEPUCTUK  BJEKTPOJUTAa MO3BOJISET CHU3UTh  IEpeHAnpsHKEHHE
NEKTPOAHBIX PEAKIUI, YMEHBIINTh 3HEPro3arparbl M YBEIMYUTH BBIXOJ Bojaopoaa. Takum
o0pa3oM, aHaIM3 3aBUCUMOCTU BBIXOJA BOAOPOJA OT COCTAaBa U CBOMCTB AJIEKTPOJIUTA SIBISETCS
BOXHBIM [IarOM HA IYTH TOBBIIICHUS 3()PEKTUBHOCTH 3eNEHBIX BOJOPOIHBIX TEXHOJOTHH M
pacuIMpeHust UX MIPUMEHEHHUsI B MUPOBOW SHEPTETHUKE.

Heabo wucciegoBaHus SBISIETCS ONPECICHWE 3aBUCHMOCTH BbIXOJAa BOJOpOJa OT
TEPMOXMUMHYECKUX XapPAKTEPUCTUK AJIEKTPOJIUTA B IPOLIECCE IIEKTPOJIN3a, & TAKKE BBISIBICHHUE
ONTUMAJIBHBIX YCIOBUN, 00ECIIEUNBAIOIINX MAKCUMAIIbHYI0 3 (EKTUBHOCTH MpoIiecca.

3agaum  WCCIOEeAOBAHMSL  HANpPABJIEHbl HAa  KOMIUIEKCHOE  M3YyYEHUE  BIMSHUSA
TEPMOXUMHYECKHX XapaKTEPUCTHUK 3JIEKTPOJMUTOB Ha IpoLecc 3JeKTpoiu3a. B pamkax paboThl
IUTAHUPYETCS MPOBECTH 0030p CYLIECTBYIOIINUX TEOPETHUECKUX M IKCIEPUMEHTAJIbHBIX JTaHHBIX,
KJIaCCU(UIIUPOBATh U ONMMUCATH TUIIBI 3JIEKTPOIUTOB, UCIIOJIB3YEMBIX B UCCIIEIOBAHUIX, UX COCTaB U
¢usuko-xumuueckue cpoicTBa. Ocoboe BHUMaHHME YAEISAETCS ONPEICNCHUIO 3aBUCUMOCTH
CKOPOCTH 3JIEKTPOJIM3a U BBIXOAA BOJOPOJia OT TEMIEpaTyphl, a TAKXKE HUCCIEIOBAHUIO BIMSHUS
TEIUVIOEMKOCTH,  TEIUIONPOBOJAHOCTH M BJEKTPONPOBOAHOCTH  JIEKTPOJIMTA HAa  OOUIyIO
s¢dexTuBHOCTS mporecca. Ha ocHOBe mNOIy4YeHHBIX pe3ysnbTaToB OyayT chopMyIHpOBaHbI
pPEKOMEHJALMU 10 BbIOOPY ONTHUMAIBHBIX MAapaMETPOB HJIEKTPOJIMTA, HAlpaBlE€HHbIE Ha
MOBBILLIEHUE POU3BOAUTEIBHOCTH U dHEPreTH4ecKor 3 (HPEKTUBHOCTH SIEKTPOIUIHON YCTAHOBKH.

O030p TeopeTMYeCKHMX M JKCHEPUMEHTAJIBHBIX HMcciaenoBaHuil. Benproam A. u np.
MIPOBENIM TEOPETUKO-IKCIIEPUMEHTAJIbHOE HCCIIEOBAHUE BIUSHUSA TEPMOXUMHUYECKUX CBOWCTB
AJIEKTPOJIUTOB Ha 3(h(PEeKTUBHOCTH BOJOPOIHOrO 3jekTponu3a [11]. Moaens yuuThiBaia TEIIOBbIE
MMOTOKH, JIEKTPOMPOBOTHOCTH, BI3KOCTh M TEINIOEMKOCTH pactBopa npu 20-80 °C. ITokazano, uTo
noselieHUe Temreparypsl A0 60-70 °C cHukaeT BHyTpeHHee comportuieHue Ha 12-18 % u
yBeIMYMBaeT BbIXON Bomopona Ha 10-14 % Omaromapst yaydlIeHHIO HWOHHOTO TIEpPEHOCA.
ONeKTpoIuTHl C Oojiee BBICOKOH TEMJIOEMKOCTBIO U TEIUIONPOBOAHOCTBIO 00ECIEUNBAIOT
paBHOMEpHOE pacIpe/ielieHHe TeMIIepaTypbl U YMEHBIUIAIOT MOTEPH SHEPrHuu. ABTOPHI OTMEYAIOT,
YTO KOHTPOJb TEPMOXHMHYECKHUX MapaMETPOB OHIIEKTPOJIUTA SBISETCS KIIOUEBBIM (HaKTOPOM
MOBBITIICHUS 2((HEKTUBHOCTH 3€JEHOTO BOAOPO1a Ipu muTanuu ot BUD.

Tyiicyx X. u 1p. mpoBenu 0030p TEXHOJIOTHH IIEIIOUHOTO MIEKTPOIN3a BOABI C aKLIEHTOM Ha
MIPOU3BOJICTBO «3€JIEHOr0» BOAOPOAA U PACCMOTPENW BIMSHHE COCTaBa M XapaKTEPUCTHK
anekTponuta Ha dSpdexTuBHOCTH mporecca [12]. ABTOpbI OTMEUAIOT, YTO JJS MIEIOYHBIX
anekTponu3€poB ucronb3ytoTes pactBopsl NaOH mnu KOH ¢ xonuentpanueit o0brano 20-40 % u
temneparypoil 50-80 °C. VYBenudyeHue TeMIepaTrypbl dJIEKTPOJINTA CHUXXAET BHYTPEHHEE
COIPOTHUBIICHUE U YIYyYIlIaeT HOHHYIO MPOBOAUMOCTH, YTO CIIOCOOCTBYET POCTY BBIXOJa BOJOPOJA.
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Hapsiny ¢ 3TuM BbICOKasi KOHLIEHTpAILMs 3JIEKTPOIUTA YIIy4ILAET 3JEKTPOIPOBOJHOCTh, HO MOXKET
MOBBIIIATh BSA3KOCTh M BBI3BIBATH POCT OMHUYECKHX IIOTEPh U KOPPO3HU 3JIEKTPOAOB. ABTODPBI
MOMYEPKUBAIOT, UTO KOHTPOJIb TAKUX TEPMOXUMHUYECKUX IApaMETPOB, KaK TEMIIEPATypa, BI3KOCTh
U 3JIEKTPONPOBOAHOCTb PACTBOPA, SIBJIAETCS KIIOYEBBIM Ul JOCTHXKEHHs SHEProd(pPpeKTUBHOCTH
JIEKTPOJIN3a U MACIITaOMpPOBaHUs IPOU3BOJICTBA BOJOPO/IA.

Yarener M. u JAp. BBIIOJIHMIM (yHIAMEHTAIbHBIM 0030p TEXHOJOTWH BOJOPOIAHOIO
AJIEKTPOJIN3a, HAUWHAS C YYeOHBIX MaTepUAIOB M 3aKaHYMBAasi HOBEUIIIMMU HAYYHBIMH CTPATErHSAMU
Y MPOMBINIJIEHHBIMU peasn3anusimu [13]. B manHOM mcciaenoBaHuu 0co00e BHUMAHHUE yEISCTCS
BJIUSHUIO [IapaMETPOB DJJIEKTPOJIMTA - TEMIEpPaTyphl, BA3ZKOCTH, AJIEKTPOIPOBOJHOCTH U
TEIUIONPOBOJHOCTH - Ha 3(QQEKTUBHOCTh 3JEKTPOJM3a. YCTaHOBJIEHO, 4YTO IIOBBILICHHE
TEMIEPATypPbl CHI)KAET BHYTPEHHEE COIIPOTUBIIEHUE SIUEHKHU M YCKOPSET MOHHBIN IIEPEHOC, OJTHAKO
Ype3MEepHbI HarpeB yXyAllaeT CTa0WIBHOCTb 3JIEKTPOAOB. Takxke I0Ka3aHO, YTO COCTaB
ANEKTPOJIUTA U IPUPOJIA PACTBOPEHHBIX MOHOB BIUSIOT Ha MEpEHANPSIKEHUE, pacpeleIeHUe Teruia
1 00pa3oBaHUE My3bIPbKOB, YTO HAMPSAMYIO CBA3aHO C TEPMOXMMHUYECKUMH CBOMCTBaMHU pacTBOpA.
KommiekcHast onTuMHU3aIus 3TUX XapaKTePUCTUK OMpPEessieT NOBhIIeHHe dHeprodddekTnBHOCTH
U JOJTOBEYHOCTH JIEKTPOIU3EPOB.

[Tapex A. W [p. BBINOJIHWIM AaHAIU3 BIMSHUS TEPMOXMMHUYECKHX XapaKTEPUCTHK
anekTpoiauta Ha 3ddexkruBHOCTh PEM-3nekTponusépoB [14]. B manHOM mccienoBaHun ocoboe
BHUMaHUE YJAENSAeTCS 3aBUCHUMOCTH BBIXOJAa BOJOpPOJAa OT TakUX [AapaMeTpoB, Kak
TEIUIONPOBOJAHOCTb, TEIUIOEMKOCTh, BA3KOCTh W XUMHUYECKass CTaOWJIBHOCTb 3JIEKTPOJIUTA.
YCTaHOBIEHO, YTO NpPHU IMOBBILIEHUU TeMIEpaTypsl 3uekTponura B auanazone 100-180 °C
HaOII0AaeTcsl yBEIMYEHHE HMOHHOM IOJBM)KHOCTH M CHM)KEHHE BHYTPEHHErO CONPOTUBIIECHUS
SIYEUKHU, YTO CIOCOOCTBYET POCTY MPOU3BOIUTENIBHOCTH Bojaopoja Ha 15-25%. Opnako mnpu
JOCTH)KEHUH KpUTHUYecKuX Temreparyp caaiiie 200 °C tepMoaecTpyKLus MEMOpPaHBbI U JIerpaiaius
KaTaJIn3aToOpa CHUKAIOT BbIX0A Ha. ABTOPBI MOJYEPKUBAIOT, YTO ONTHUMAJIBHBIA TEIJIOBOM PEKUM
JIEKTPOJIMTA JOJDKEH OOecreuyuBaThb paBHOBECHME MEXAY [OBBIIIEHHMEM MPOBOJUMOCTH U
MpeIOTBpallleHuEeM neperpeBa. Takke MoKka3aHo, YTO AJIEKTPOJIUTHI C BHICOKOW TEIIOEMKOCTBIO U
CTaOWJIBHBIMU NPOTOHHBIMU KaHaJaMHU TMO3BOJIAIOT MOAJEPKHUBATh YCTOHYMBBIM BBIXOJ BOJIOPOJIA
IIpH JUIUTEIBbHOU paboTe yCTaHOBKH.

®ent U. u ap. NpenCTaBUIN MCCIENOBAHHE, TOCBAMEHHOE BIHAHHIO TEPMOXHMIUECKHX
CBOMCTB 3JIEKTPOJIUTA HAa KUHETUKY JIEKTPOJIM3a BOJbI B ILIEIOYHBIX cucTemax [15]. B pabote
oco00oe BHMMAaHUE YJENAeTCs 3aBUCUMOCTH BBIXOJAa BOJOPOJA OT TEMIOEMKOCTH, BA3KOCTH U
terionpoBogHocty pactBopa KOH npu temneparypax 40-90 °C. DxcniepuMeHTalbHbIE J1aHHBIE
IIOKAa3aJii, YTO NOBBILIEHUE TEMIIEPATypbl NIPUBOAUT K CHI)KCHHIO NIEPEHANPSIKEHUS HAa KaTOAE U
pocty Beixoma H: mo 28%, omHako mpu KOHIIEHTpAIlMW SJEKTposMTa Bhimie § M Habmomaercs
YBEIUYEHHUE BSI3KOCTU M YXYALICHHE TEeIJI000MeHa, YTO OrpaHHMYUBaeT 3((PEeKTUBHOCTH MpoLecca.
VY CTaHOBNIEHO, YTO ONTUMAJbHBIE TEPMOXMMHUUYECKUE IMapamMeTphbl OOECHEeurBalOT CTaOUIBHOCTh
ra3oBBIJCIICHUS M MUHUMAJbHBIE TEIUIOBBIE NMOTEPU MPU JUIMTEIBHOW 3KCIUlyaTallMu. ABTOpPBI
OTMEYaloT, YTO PEryJIHPOBAHUE TEIUIOBOTO PEXKHUMA JIEKTPOJIUTA - KIIFOUEBOM (PAKTOp MOBBIICHUS
3¢ (HEKTUBHOCTH MPOMBIIUIEHHBIX AIEKTPOIU3EPOB.

Wxao X., FO. npeacraBunu napamerpudeckoe uccienoBanne 3(GpPexKTUBHOCTH MIET0YHOIO
anektponu3a Bojbl (AWE) ¢ yuéroM TepMOXMMHUYECKMX MapaMeTpoB syekTpoiura [16]. B
uccienoBaHuM Oblia pa3paboTaHa ABYXMOJIENIbHAsI METOAMKA, CBSI3bIBAIOIIAS HANPSIKEHUE SYEHKU
C DJIEKTPOJINTHOM MPOBOIMMOCTHIO, TEMIIEPATYpOH M BA3KOCTHIO pacTBopa. [lokasaHo, 4ro npu
MOBBIICHUH TeMriepaTypsl dekTponuta ¢ 40 °C mo 70 °C BbIXOJ BOJOPOJA YBEIUYUBAJICSA Ha 12-
18 % Onaromapst CHI)KEHHIO CONPOTUBIICHUS U YIYUIICHHIO MOHHOrO mepeHoca. OnHOBpEMEHHO
ObUIO OTMEUYEHO, YTO YBEIMYEHHE KOHLEHTPALMM IIEIOYM IOBBIMLAIO 3JIEKTPOIPOBOJHOCTb, HO
TAK)K€ MOIVIO YBEJIUYMBATh BSI3KOCTh M YXYALIATh TEIUIOOTBOJ, YTO OIPaHUYMBAIO JaJbHEHIINN
pOCT TNPOU3BOAUTEIBHOCTH. ABTOpPHl NOJYEPKHUBAIOT, YTO ONTHMH3ALMA TEPMOXUMHUYECKOU
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CTPYKTYpbl DJJIEKTPOJIUTA - KJIIOYEBOH MyTh K MOBBIIEHUIO JS(H(OEKTHBHOCTH «3EIEHBIX)»
3IIEKTPOIUZEPOB.

Cunrx P., Ilatens M., Kymap C. npeacTaBuin 3KCIIEpUMEHTAIBHOE UCCIICOBAHUE BIUSIHUS
TEPMOXUMHUYECKHX CBOMCTB 3JIEKTPOJIUTa HAa MPOU3BOJUTEIBHOCTH MNPOTOH-0OMeHHBbIX (PEM)
anekTpon3époB [17]. B nmaHHOM wuccienoBaHuM 0c000€ BHHMAHHE YACHSETCS 3aBUCHMOCTH
BBIXO/Ia BOJIOPOJA OT TEMIIEPAaTyphl U KOHLIEHTpauuu HoHOB B MeMOpane Nafion-117. Iloka3zano,
4YTO NOBbIIIEHHE Temneparypbl 3iekTpoiaura ¢ 30 °C go 80 °C mpuBOAMT K pOCTYy CKOPOCTHU
reHepauuu Bogopoaa Ha 20-25 % BciencTBUE CHMXKEHUS aKTUBAIMOHHOW SHepruu peakuuu. [Ipu
9TOM YBEJIMWYEHHE KHUCIOTHOCTH pacTBopa A0 ontuMainbHoro ypoBHs 1 M H.SOs ycunupaer
MIPOTOHHYIO MPOBOJMMOCTb, HO IPEBBIIIEHUE ITOrO MOPOTra BHI3BIBACT AErpajaluio MeMOpaHbI.
ABTOpBI OTMEYAIOT, YTO MPABWIBHBINA OalaHC MEXITYy TEPMOXMMUYECKON CTa0MIBHOCTHIO U MOHHOU
MOJIBIKHOCTBIO AJIEKTPOJIUTA UTPAET PEIIAIOINIYI0 POJib B JOCTUKEHUH BBICOKOH 3((eKTHBHOCTH
PEM-anexrponusa.

Jiu M., Yo M., Xan J[X. BBIIOJHIIH YUCJICHHO-IKCIIEPUMEHTAIBHOE MU CCIIEA0BAaHUE
BIIUSTHUSL TEIUIOBBIX M XUMHUYECKHX CBOHCTB JICKTpOJIMTa Ha 3(P(HEKTHBHOCTH TBEPIOOKCHIHOTO
anektponuza Boabl (SOEC) [18]. B nmanHoM wuccrnenoBaHuu ocoboe BHUMaHUE YAENSETCS
3aBUCHMOCTH BbIXOJla BOAOPOJA OT TEMIEPATYpPbl U COCTaBa OKCHUIHOTO JIEKTPOJIUTA HA OCHOBE
YSZ (uTTpueBO-CTAOMIM3UPOBAHHBIM IUPKOHUN). YCTAaHOBIEHO, 4YTO TPHU YBEITUYECHUU
TeMmeparypsl padoyero nuanazona ¢ 700 °C no 850 °C TokoBasi JIOTHOCTh BO3pAcTaeT MOUYTH Ha
30 %, a ynenpHBIA BBIXOJA BOAOponaa - Ha 22 %. MopenupoBaHHuE MOKa3ajlo, YTO YBEJIMYEHUE
colepKaHUsl OKCHAA WTTPUS YIydllaeT MOHHYIO IPOBOJUMOCTh, OJHAKO Ype3MepHas
koHeHTpauus (>10 %) cHUKaeT MEXaHUYECKYIO CTA0OMIBHOCTh AJNEKTPONIUTA. ABTOPBI MPUXOIAT K
BBIBOJy, YTO ONTHUMH3AIUS TEPMOXUMUUYECKOTO COCTaBa TBEPAOOKCHIIHBIX MAaTEPUATIOB SIBISETCS
KITFOUEBBIM (DAKTOPOM MOBBILIEHUS AOITOBEYHOCTH U dHeprodddexTuBHOocTH SOEC-cucTem.

Pammmn K., Ilarens P., Kymap C. mnpeacraBuiM 3SKCIepUMEHTAIbHO-UYHCICHHOE
HCCIE0BAHUE BIUSHUS TEPMOXUMHUYECKUX XAPAKTEPUCTHUK IEKTPOJIUTOB HA MPOU3BOJUTENBHOCTD
MPOTOH-00MEeHHBIX 3JekTposu3époB (PEM) [19]. B manHOM wuccienoBaHud 0cO000€ BHUMAaHUE
yAENAeTCsl B3aUMOCBA3M Temneparypbl, pH M MOHHOW NMPOBOJMMOCTH 3JIEKTPOJIMTA C BBIXOAOM
Bogopoaa. Ilokazano, uro mosbimeHue temmepaTypsl ¢ 40 °C mo 80 °C yBenn4yHMBaeT BBIXOJ
BoAOpoa Ha 25 %, riiaBHBIM 00pa30oM 3a CYET CHIKEHHUS BHYTPEHHETO COMPOTUBIICHUS MEMOpaHbI
Nafion 117 u yckopeHus: KHHETUKU peakUu pa3ioxeHus BoAbl. [Ipu 3TOM upe3mepHbIil Harpes
BhIie 85 °C BbI3bIBaeT jAerpaganuio memOpansl u nagenue KIIJ[. YcranoBneHo, 4To onTUManbHOE
COOTHOIIICHUE TEMIEPATYPhl U KUCIOTHOCTH OOECTIeUnBACT MUHUMAJIbHBIE TIOTEPU HAIPSOHKEHUS U
MaKCUMaJbHYI0 YACJIbHYIO MPOU3BOAUTENIBHOCTh 3IEKTpoin3épa. ABTOpPbl OTMEYAIOT, YTO
yIIpaBjIeHUE TEPMOXUMHUYECKUM COCTOSTHUEM DJICKTPOJIUTA - KIFOUYEBOW WHCTPYMEHT IOBBIIIICHUS
noaroseuHoctd PEM-cucrem.

Axmen M.b., ®arrax 1.M.P., Mobumxyp M. u ap. npeacrasmim 0630p «Advancements in
Electrode Development for Water Electrolysis: From Support Electrodes to Self-Supported
Electrodes» [20]. B nganHoM wuccinegoBaHuu 0co00€ BHUMAHHUE YJIESETCS  BIIHSHUIO
TEPMOXHUMHUYECKUX M DIIEKTPOPUINYECKUX XAPAKTEPUCTUK OJJICKTPOJIUTA M IJIEKTPOJOB - B
YaCTHOCTH 3JIEKTPOIPOBOJHOCTH, TEIUIONPOBOJAHOCTH M TEIIOEMKOCTH - Ha BBIXOJ BOJOpOAA U
JONTOBEYHOCTh cucTeM. OTMEUeHO, YTO BHEIPEHHE CaMO-TIOAJIePKUBAEMBIX AIEKTpoaoB (SSE)
CHOCOOCTBYET CHIKEHUIO OMMYECKOIO COIMPOTUBIEHUS M YIYYIIEHHIO TEIIOOTBOAA, YTO
HampsIMyt0 yBenuumBaeT BBIXOJ H: M 3¢ (eKTHMBHOCTh MpH BBICOKMX IUJIOTHOCTSX TOKa. Ecmu
TEIUTOEMKOCTD U TETJIONPOBOAHOCTD JIEKTPOJINTA ONTUMAJIBHBI, TO PAcTIpeie]ICHUE TEMIIEPATyPhl B
siYeiiKe CTAaHOBHTCS 0O0Jiee paBHOMEPHBIM M YMEHBIIAIOTCS JIOKAJTbHBIC MIEPETPEBBI, UTO YIyUIIaeT
YCTOMYHMBOCTh PEAKUUU. ABTOPBI IMOJYEPKUBAIOT, YTO BBICOKAs TEPMOCTOMKOCTH JJIEKTPOJIUTA U
ONITUMU3MPOBAHHAS CHUCTEMa OTBOAA TeIUla SBISIOTCS  KITIOYEBBIMH  (aKkTOpaMu  IpHU
MacIITaOMPOBAHKUH JIEKTPOITU3EPOB IS MPOU3BOACTBA “3eNEHOTO” BOAOPO/IA.
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Kinaccupukanusi 1 XxapakTepuCTHKA HMCHOJb3yeMbIX 3J€KTPOJMTOB. B coBpeMEeHHBIX
HCCIIEIOBAHMX MPOLIECCOB JIEKTPOJIU3a BOABI IPUMEHSIOTCS TPH OCHOBHBIX THIIA 3JEKTPOJIUTOB:
uienioynsie, mporoH-oOMennsle (PEM) u tBepmookcuanbie (SOEC). Kaxnpiit u3 Hux oOnagaet
crenu(pUIecKUM XUMUYECKIM COCTaBOM, TUANa30HOM pabouux TemrepaTyp U TePMOXUMUYECKUMU
CBOMCTBaMH, OTIPEACIISIOMIUMEU YPPEKTUBHOCTH BOJOPOI000PA30BAHHUS.

1. Ilenounsie snexkrpoutsl (AWE) ocHoBanbl Ha pactBopax KOH mnm NaOH ¢ koHueHtpanuei
20-30  %. Hx xmroueBble  (U3MKO-XMMHUYECKHE  IapaMeTpbl  BKIIOYAIOT  BBICOKYIO
anektponpoBoaHocTh (0,2-0,3 S-cm™ mpu 60-80 °C), OTHOCHUTEIBHO HH3KYH BS3KOCTh U
CTaOWUIBPHOCTh B MIMPOKOM JHAma3oHe TeMmiieparyp. llpW TMOBBIIIEHUH TEeMIEPaTyphl
Ha0JII0/1aeTCsl POCT AJIEKTPOMPOBOJHOCTH M YCKOPEHHE MOHHOTO TPAHCHOPTA, YTO IMOBBIIIAET
BbIxoa H2, o1HaKko ype3mMepHOe HarpeBaHUE CHIXKAET J0JITOBEYHOCTD 3JIEKTPOJIOB.

2. DIekTpomuThl ¢ MNpoTOoH-0OMeHHON wmemOpaHoii (PEM) mpenacraBusitor co0oil TBepibie
MoJINMEpHBIE MeMOpaHbI, HapuMep Nafion, crrocoOHbIE TPOBOIUTE MMPOTOHBI IIPU TEMIIEPATypPe
50-90 °C. Ux npeuMyLecTBOM SIBISETCS OTCYTCTBHUE KUIAKON Cpe/bl, BBICOKAsl IIOTHOCTh TOKa
U YUCTOTA IOJIy4aeMOro BoAopoJa. OCHOBHBIM OIpaHMYEHHUEM CIY>KUT BBICOKAs CTOMMOCTb U
YYBCTBUTEJILHOCTh K TEMIIEPATYPHBIM MEPErPy3KaM.

3. Teepnookcumansie 31ekTponuTsl (SOEC) QyHKIMOHUPYIOT NmpH BBICOKMX Temmeparypax (600-
850 °C) u ucnonp3yloT KepaMHyecKue marepuayibl Ha ocHoBe IupkoHus (YSZ). bmaromaps
BBICOKOHM TEIJIOMPOBOJHOCTA M HU3KUM IMOTEPSIM Ha aKTUBAIMIO, OHU 00JIa[Jal0T HAauOOJBIITUM
KII (mo 90 %), omnako TpeOyIOT CIOXHOW TEPMOCTOMKON KOHCTPYKLUMH U CTaOMIBHOTO
TEIJIOBOTO PEKUMA.

Takum 00pa3om, BEIOOD THIIA SJEKTPOIUTA OMPEIEIACTCS HE TOIBKO SIEKTPOXUMUUECKUMH,
HO M TEPMOXUMHUYECKUMH MapaMeTpaMu, TaKUMH KaK TEIUIONPOBOIHOCTh, TEIUIOEMKOCTh H
BSI3KOCTH, KOTOPBIE HETIOCPEACTBEHHO BIIUSAIOT Ha CKOPOCTh PEAKIIMH AIIEKTPOIN3a U CTAOUIBHOCTh
CUCTEMBI.

Teopernueckass 4yactb. [lpomecc  osmekTponusza  BOABl  MPENCTaBIsIET  coOOM
AIEKTPOXUMHUUECKHI TPOIIeCC, 3aKIIIOYAIONINICS B pa3noxkenun mojekya H:O Ha cocraBmisronime
KOMIIOHEHTHI - BOAOPOJ U KHUCIOPOJ - O/ JEHCTBUEM AJIEKTPUUECKOM sHepruu. Beixoa Bogopoaa
OTIpeNIeIIsIeTCs, TMpeXAe BCEro, (HUIUKO-XUMUYECKUMH U TEPMOXMMHYECKUMHU TapaMeTpaMu
AIEKTPOJIUTA.

TemmepaTypHbIil peXuM SBISETCS OJHUM W3 BaXKHEUINUX (HPAKTOPOB, OMPEHEIISIOIMINX
3¢ (HEeKTUBHOCTh MPOIECCOB BOJOPOJIHON JHEpreTuku. [IpoM3BOAUTENHHOCTH JIIEKTpONIU3Epa B
3HAYUTENILHON Mepe 3aBUCUT OT TEMIIepaTypbl pabovero 3JIEKTPOJIUTA: MPU CHUKEHUU e€ Hike 10
°C nabmromaercs nageHue dQ(PeKTUBHOCTH BCIEACTBUE YMEHBILIEHUS DJIEKTPOIPOBOIHOCTH BOJBI,
TOrja Kak nosbliieHne temmeparypsl A0 50-70 °C cnocoOcTByeT MHTEHCU(UKALMU 3JIEKTPOIHU3a.
DTO CBSI3aHO CO CHMXKEHUEM CONMPOTUBIICHMS 3JIEKTPOJUTA U YJIYUIIEHUEM HOHHOTO MepeHoca, 4To
obecreunBaeT pocT BBIXOJIa BOJAOPO/Ia U TMOBBIIIEHHE 001Iel 2PHEeKTUBHOCTH cucTeMbl Ha 5-15 %
OTHOCUTEIILHO YCIIOBUM IIPU TEMIIEPATYPE OKPYKAIOLIEH CPeibl.

[Ipu moBbIIIEHUN TeMMEpaTyphl HAOIIOMACTCS YBEIWYEHUE MPOBOIUMOCTH JJIEKTPOJIUTA,
COMPOBOXKAAIONIEECS] CHUKEHHUEM DJJIEKTPUUECKOTO COMPOTUBIEHUS CHUCTEMBL. DTO, B YCIOBUSIX
MOCTOSTHHOTO ~HAmNpsDKEHUs, BBI3BIBACT BO3pacTaHue mpoTekaromero Ttoka [21]. JlanHas
3aBHCHMOCTH 3JIEKTPOIIPOBOTHOCTH OT TEMIEPATYPhI MOXKET OBITh TIPECTaBICHA (HOPMYIION:

k(T) = ko[l + a(T —To)] (1

rae: Kk — 3JIEKTPONpPOBOAHOCTL MNpu TeMmiepatype T, ko — TNpPOBOAMMOCTh TpH
temmneparype Ty, @ — remnepaTypHblil koa¢duruent nposoagumoctu (mpumepso 0.02-0.03 °C! ans
BOJHBIX PacTBOPOB) [22].

CBsi3b MEX]ly TOKOM, IMPOTEKAIOLUIUM 4Yepe3 AIEKTPOIUTUYECKYIO STUEHKY, U KOJINYECTBOM

MOJIy4aeMoro BoJopoJa o0bscHseTcs 3akoHoM Dapanes npu yuére 3akoHa Oma. CorimacHo 3TUM
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MOJIOXKEHHUSAM, YBEIMYECHHE CUJIbI TOKA OO0ECHEeUYMBACT MPSIMOIPONOPLUHUOHATBHOE BO3PACTAHUE
BBIX0/Ia BOJAOPO/IA, YTO MATEMATUUECKH OMUCHIBACTCS BhIpaKeHUEM [23]:

I(T) = U _ U-k(T)-A

R(T) 1 (2)
_ Lt

ny, = 3
Hy 2F ( )
rae: U — HanpspkeHue Mexay snektpogamu, R(T) — CONpOTHBICHHE DICKTPOJHTA IPU

temneparype T. I(T) — cuna toka npu temneparype T, k(T)— ymenbHas DdieKTpUYECKas
MPOBOAMMOCTh Tpu Temmeparype T, | — paccrosHue Mexay OdJekTpoaamu, A — IUIomaib
5JIEKTpOIoB, F — mocrosnnas ®dapanes, Ny, — KOJIMYECTBO BBIIEIAIOIIErOCs Bojgopona, I —
AIEKTPUUYECKUN TOK, TPOXOAAIINNA YePe3 AIEKTPOIUT, £ — BpeMs MMPOXOKIACHHS TOKa.

OddexTuBHOCT  MpeoOpa3oBaHMsl ~ SHEPTUM B JJCKTponu3Epe  Omperernsercs
TEMIIEPATYPHBIM PEKUMOM, MPH 3TOM CyMMapHasi SHeprodPeKTUBHOCTh YCTAHOBKHU BBIPAXKAETCS
CJIEYIOIIHUM COOTHOILLICHUEM:

n(T) = ’fJ(—Tg -100% (4)

rae: n(T) — 5 heKTHBHOCTD NEKTPONU3€EPA, Ereop, — TEOPETHYECKAs SHEPIUs PA3I0KEHHUS
Boabl paBHas 1,23 B, U(T) — ¢daxkruueckoe HampssKeHHE, KOTOPOE CHHXKACTCS IIPH  POCTE
TEeMIIEPATypHI.

DKCIepUMEHTaIbHbIC JaHHBIC MOKA3bIBAIOT, YTO NPH HarpeBe aiekTtponuta Ao 50-70 °C
sHeproddpexTuBHOCTL Bo3pacTaeT Ha 5-15 % [24]. DOrta 3aBHCUMOCTh MOXKET OBITh
anmnpoKCHUMUPOBAHA SMIIMPUYECKUM BBIPRKEHHUEM, OTPAXAOIIMM OTHOCHUTEIBHBIH MPUPOCT
3¢ pexTUBHOCTH:

n(T) =ne+ BT —To) (5)
rae: 1o — 3¢dexruBHOCT, NpU Temnepatype Ty, [ - sMnupuyeckuil koadduuueHt pocra
s dexruroctu (~0.3-0.5 %/°C) nius menoyHOro IEKTPOIUTA.

Takum o0pa3zoM, yxaepkaHue paboyero pacrBopa B ONTUMAJIbHOM TEMIIEPaTypHOM
JIMana3oHe BBICTYNMAeT KIIOYEBBIM (DAKTOPOM, OIMPEENSIONMM POCT HPOM3BOIUTENBHOCTH U
MOBBIIIEHUE SHEPTO3(PHEKTUBHOCTH INEKTPOIU3HBIX CHCTEM.

He MeHnee BaxHBIM (PaKTOPOM, BIUSIOIIMM Ha PE3yIbTaTUBHOCTH MpOLECCa HIIEKTPOIN3a U
BBIXOZ  BOAOpOAA,  SBISIETCS  XMUMHYECKMH  cocTaB  ayekrposuta. OH  ompenenser
ANEKTPONPOBOIHOCTh PACTBOPA, NHTEHCUBHOCTh HOHHOTO NIEPEHOCA, I0JITOBEYHOCTD 3JIEKTPOJIOB U
YPOBEHb YNENbHBIX 3Hepro3arpar. llpuMeHeHue IIeI0YHBIX PAacTBOPOB, HANPUMEP T'HAPOKCHAA
Hatpusi (NaOH), 3aMeTHO TOBBINIAET MPOBOANUMOCTD 10 CPAaBHEHUIO C JUCTUIITMPOBAHHOW BOJIOM,
YTO YCKOpSIET MPOIECC PA3JIOKEHHUS MOJIEKYJ BOJbI M CHUXKAET MOTpeOJeHHE 3IIEKTPUUYECKON
sHepru [25].

KonungectBo sHEprun, Tpedyemoe Ui BIICICHUS. OJJHOT'O MOJIsl BOAOPOAA.

E=U-I-t (6)
rae: E — norpebnénnas sueprus ([x), U — paboyee Hanpsixenue (B), I — 1ok (A), t — Bpems (c).

Cneunduueckue sHeproszarparbl, HEOOXOAMMBIE JUIsl TE€HEpallUd OJHOTO0 KyOH4eCKOro

MeTpa BOAOPOJa, ONPEIEISIOTCS MO CIEIYIOIEMY BBIPaKEHUIO:

U-1-t 1
W=-""t
VHZ 3600000

(7
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rae: Vi, — 00bEM mpoussenénHoro sopopoxa (M), W — yzaesnbHoe sHepromnotpeb/ieHue
(xBt-u/m?).

I[Hﬂ KOJIMYECCTBCHHOT'O dHaJIn3a  BJIIUAHUSA U3MCHCHUSA COCTaBa DJJICKTPOJIMTAa Ha
3pGEKTUBHOCTh  JJCKTPOJIW3a  KCIOJB3YETCs  IOKa3aTreidb  OTHOCHTEIBHOH  3KOHOMHUH
AJIEKTpO’HEeprun. JlaHHBI Tapamerp onpeienseTcs KaK OTHOUICHWE pa3HHUIbI  yACIbHBIX
9HEPro3aTpart 10 U MOCIe MOTUPUKAIIMH IEKTPOIUTA K HCXOJHOMY YPOBHIO SHEPrONOTPEOICHUS:

Mo = (F22) -100% )

rae: Wy — ynenbpHOe 3Hepronorpe0iIeHrne Ipu UCIOIb30BaHUH CTaHIAPTHOTO 3JIEKTPOJIUTA

0

(xBt-u/m® H2), W, — ynenbHble 3HepreTudeckue 3aTpaThl MPU MPUMEHEHUH W3MEHEHHOTO COCTaBa

AJIEKTPOJINTA, 1),; — OTHOCHTEIBHOE CHIDKEHHE TMOTPEOJICHHs DJICKTPOIHEPTUH, BBIPAKEHHOE B
IIPOLIEHTAX.

Takum 06pa3om, nmobleHne 3)(HEKTHBHOCTH U IIPOU3BOIUTEIBHOCTH JIEKTPOIU3ZHBIX
CUCTEM BO3MOYKHO 3a CYET KOMIUIEKCHOM ONTHUMM3ALMN KaK TEMIIEPATYpPHBIX [1apaMeTPOB, TaK U
XMMHYECKOTO COCTaBa JIEKTPOIIUTA.

Pe3yabTaThl aHAJTUTHYECKOTO HccieloBaHusi. B gaHHOi  cumymsiuuu — Obutn
NPOAHAIM3UPOBAHBl U CPABHEHBI aKTUBAIIMOHHBIC M OMHYECKHE NEepeHanpskeHus. B mienounom
AJIEKTPOJIM3€E PEAKIMU Ha JIEKTPOJaX HAYMHAIOTCS TOJIBKO MPU MOaue SHEPTUH, HEOOXO0UMOM ISt
NPEOJI0JICHUS] aKTUBAIIMOHHBIX IOTEPbh, YTO BHI3BIBACT MaJICHUE HANpPsDKEHHS Ha 3iekTpoaax. Kak
[I0OKa3aHO Ha pUCYyHKe 3, B Auana3oHe ToKoB oT 0 10 50 MA HabmrogaeTcst KpyToil HaKJIOH KPUBOH,
yKa3bIBAIOIIM Ha aKTUBAMOHHYIO moysipu3anuio. [locne 50 MA HakJIOH CTaHOBHTCS MEHee
BBIPAKEHHBIM, TOCKOJIbKY JIOMHUHHUPYIOUIEE BIUSHUE HAUMHAET OKAa3blBaThb OMHUYECKUU 3 (DeKT,
CBSI3aHHBIN C CONPOTUBIIEHUEM 3JIEKTPOJIOB U DJIEKTPOJIUTA.

2.6
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Puc. 3. 3asucumocms akmusayuoHH020 NEPEHANPAIHCEHUA OM NIOMHOCIU MOKA NPU
PA3TUYHBIX MEeMNEPamypax

CornmacHO pHUCYHKY 4, OMHYECKOE IEpPEHANpPSIKEHUE YBEIMYMBAETCSA JIMHEHHO C
pPOCTOM IUIOTHOCTU TOKa. JlaHHBIM 3QeKT compoBoxkaaeTcs oOpa3oBaHHMEM My3bIPHKOB raza Ha
MOBEPXHOCTU HJIEKTPOJIOB, YTO CHMXKAeT UX IPOBOJUMOCTb U YBEIMUYUBAECT OOIIEe OMUYECKOE
COIIPOTHUBIICHUE B sfU€iiKe 3eKTpoiu3epa. Takke yCTaHOBIEHO, YTO C MOBBIILIEHUEM TEMIEPATYpPhI
o0a Tuma mepeHanpspKeHui cHukatorcs. Hampumep, npu miotHoctu Toka 300 MA Hambosnbiime
3HAYCHHS aKTUBAIITMOHHOTO ¥ OMHYECKOT0 HampsbkeHui HaOmoaaroTcs mpu 20 °C, a HAaUMEHbIIHE -
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mpu 100 °C, 94T0 OOBSICHSICTCS CHUYKCHHEM DHEPTHH, HEOOXOAMMOMN ISl MHUIUUPOBAHUS PEAKIIUH,
1 YMEHBIIICHUEM Pa3MEpOB T'a30BBIX My3bIPHKOB MTPH BHICOKOM TEMITEpaType.
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Puc. 4. 3asucumocms oMu1ecKo20 nepeHanpa’cenuss Om na10MHOCHMU MOKa NPU
PAa3nuUHbIX memnepamypax

BnusiHue TeMnepaTypsl Ha CKOPOCTh ITOTOKA BOAOPO/AA U SHEPIeTUUECKYIO 3P (HEKTUBHOCTh
NpEJCTaBIeHO Ha pUCyHKax 5 m 6. Kak BuAHO, TOBBIIICHHE TEMIIEPATyphl MPAKTUYECKH HE
OKa3bIBACT BIIMSHUS Ha CKOPOCTh IOTOKA BOJOPOJAA, B TO BPEMsI KaK yBEJIMYEHHE IJIOTHOCTU TOKa
MPUBOAUT K NMPOIMOPIHMOHAIBHOMY POCTY BBIJECNIEHHUS BOAOPOJAA, YTO YKa3bIBAeT Ha 3aBHCHUMOCTh
JAHHOTO TIapaMeTpa B OCHOBHOM OT I0ojaBaeMoro Toka. Ilpu 3TOoM TemmepaTypa OKa3bIBaeT
3HAYUTENbHOE BIUSHHE Ha dHEpreTndeckyro 3ppekTuBHOCTh: ¢ e€ nosbimenuem KII/l ycranoBku
BO3pacTaeT, Jocturas MakcuMaiabHoro 3HaueHus npu 100 °C u munnMansHoro npu 20 °C. Huzkas
3G GEKTUBHOCTh IPU HU3KUX TeMIIEpaTypax 0ObACHSAETCS JOMOJIHUTEIBHBIMU 3HEpro3arpaTraMu Ha
IepBOHAYaJIbHBII HarpeB BO BpeMs 3allycka, P KOTOPOM YacTbh SHEPTrUU PACCEHBAETCSI B BUJE
terua. TakuMm oOpa3oM, onTUMaibHas pabodas TeMIleparypa Mmpolecca MIEJIOYHOTO 3JIEKTPOIN3a
cocraBisier okojo 100 °C, mpu KOTOpoil oOecredrmBaeTcs BBICOKAs MPOU3BOJIUTEIBLHOCTH IO
BOJIOPOJly NTPH MUHUMAJIbHOM 3HEPronoTpeOIeHUN.
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Puc. 5. 3agucumocmov ckopocmu nomoka 6000pooa om nja0OmMHOCHMU MOKA nPu
PAa3nuUHbBIX memnepamypax

“Fan va texnologiyalar taraqqiyoti” Ilmiy-texnikaviy jurnal Nel/2026 399



Ecology and environmental protection

1.4
—©—T=20C
1,3 % .
3 S-T=40C
W8
5 12 T-60C
=
o —*%—T=80C
m 1,1
E —>—T=100C
o 1
=
g
209
=
508
j==1
D 0.7
0,6 %
0 50 100 150 200 250 300
[LmotHOCTE TOKaA (MA/CcM?)

Puc. 6. Biuanue memnepamypuol Ha IHepzemu4ecKyio Igpgekmusnocms npoyecca
I1eKmponu3a

PexoMenaanuu mo BbIOOPY NapaMeTpPoOB 3JIEKTPOJMT. /[ MakcUMM3alUU BBIXOJa
BOJIOpO/ia M IHEProd(PPEeKTUBHOCTH TPH COXPAHEHUH IOJITOBEYHOCTH SYCUKH PEKOMEHIYETCs
oI0MpaTh COCTaB U TEMIEpaTypy JIEKTPOJIUTA B ONTUMANIBHBIX Auana3oHax. Haubosee BbIcOKUi
BbIxoJl H: nocturaercs mnpu oOecrie4eHUH BBICOKOH 3JIEKTPONPOBOAHOCTH U YCTOHYHMBOCTHU
CUCTEMBI: JUIsl IIEJIOYHBIX 3JEKTPOIUTOB onTuManbHa KoHueHTpanus 20-35 % KOH unu NaOH,
s PEM - npumenenune memOpan tuna Nafion ¢ noaaepxaHueM peKOMEHIyeMOi BIaXHOCTH, IS
SOEC - ucnonb3oBaHue KEPAMUUYECKUX OKCUAHBIX 31eKTpoauToB (Y SZ, GDC) ¢ BbICOKOW MOHHOM
IIPOBOAMMOCTBIO. TeMmeparypa 3JeKTpoauTa JOKHA HaxoauThes B npenenax 60-70 °C nna AWE
u 50-80 °C mna PEM, raoe yckopsieTcsi 2JIEKTpOJHAs KHHETHKA M CHIDKACTCS OMHYECKOE
COIIPOTHBIIEHUE, 4TO MoBbIAeT BbIxox H>. IloBplmieHHe TemmepaTypel CBEPX ONTHMyMa HIIU
M30bITOYHAs] KOHIIEHTPAIUsl BBI3BIBAIOT YCKOPEHHYIO KOPpPO3UIO M JIEerpajaiuio 3iekTpoaos. Ha
IIPAKTUKE CJIELYET HSKCIEPUMEHTAIBHO ONPENENSTh COOTHOIIEHHE MEXAYy IPHUPOCTOM TOKA U
M3MEHEHHEM KOHIIEHTpAllMHM, a TaKKe OLIEHWBAaTh 3aBUCUMOCTh BbixoAa H> oT TemmepaTypsl,
¢bukcupyss MUHUMaJIbHOE YyAeabHOe »sHepromnorpedieHne. COBMECTHBIM KOHTPOJb BSI3KOCTH,
TEIUIONPOBOJHOCTH M 3JIEKTPOIPOBOAHOCTH  BJIEKTpPoJaUTa obecrieuyuBaeT  3()PEeKTUBHBIM
TEIUIOOTBOJ M CTAaOMJIBbHYIO pPabOTy CHCTeMbl. PekoMeHJyeTcsi IOCTOSHHBIH MOHHTOPUHT
mapametpoB T, x, pH © KOHIEHTpauuu OHJNEKTPOJUTA [JI1 NOJJAEPKAaHUS MaKCUMaJbHOU
IIPOU3BOIUTEIBHOCTH TP MUHUMAJIbHBIX MOTEPSIX SJHEPTHUH.

3akarouyenue. [IpoBenéHHOe wuccieqoBaHME  MOATBEPAWIO, YTO  3()PEKTUBHOCTDH
UIEKTPOJIM3a BOJBl B 3HAUUTEIIBHON CTENEHU OIPEAEISAETCS TEPMOXUMHUYECKUMH CBOWCTBAMU
ANEKTPOJIUTA U €ro TemIrepaTypHbIM pexumoM. [loBbllieHne TeMmeparypbl O ONTUMAaIbHOTIO
Uana3oHa MPUBOAUT K POCTY DJIEKTPOIPOBOAHOCTH, YCKOPEHMIO HOHHOIO IIepeHoca U
YBEJIMUEHHUIO BBIXOJA BOAOpOJAa NpU OJAHOBPEMEHHOM CHIDKEHHHM »3Heprosarpar. llpu sTom
4Ype3MEpHBI HAarpeB MM BBICOKAs KOHIIEHTPALMsI AJIEKTPOJIMTA BbBI3BIBAIOT JIErpajaliio
MarepuajioB W pocT moreph. Hambomee 3¢hGHEKTUBHBIM SBIAETCS KOMIUIEKCHBIM IOJXO],
BKJIIOYAIOIIMI PEryJIMpPOBaHUE COCTaBa, TeMIEpaTypbl M (U3NKO-XUMHUECKUX IapamMeTpoB
pactBopa. Takoi momxom oOecreuynBaeT HE TOJBKO TOBBINICHUE MPOU3BOAUTEIBHOCTH |
HHEprodPPEeKTUBHOCTH, HO U MPOAJIEBAECT CPOK CIIYKOBI 3JIEKTPOJIU3HOW SUYCHKH, YTO JAeiaeT
Ipolecc MpPOU3BOJACTBA  «3€IEHOr0» Boxopoja Oosee  CTaOMIBHBIM M SKOHOMHYECKH
11e1€CO00Pa3HBIM.
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Homenkiatypa
AWE - Alkaline Water Electrolysis - me109HOM 3JIEKTPOIN3 BOJIBI
PEM - Proton Exchange Membrane - 31eKTpoiu3 ¢ IPOTOH-0OMEHHOW MeMOpaHoit
SOEC - Solid Oxide Electrolysis Cell - TBepnOOKCHIHAS IICKTPOJIM3HAS STUCHKA
H: - Bonopoxn
O:2 - kucnopon
T - Temnepatypa snexrposauta, °C
K - DJIEKTPONPOBOIHOCTD NEKTpoIUTa, S cm
LL - BSI3KOCTb JJIEKTpOJINTA, [a-c
A - TeronpoBoAHOCTh, BT/(M-K)
Cp - YAeNbHas TETIOEMKOCTb, [/ (kr-K)
U - HampskeHHe Mex1y dJIeKTpojamu, B
I -cuma Toka, A
R - anexktpuueckoe conporupnenue, Om
W - ynenbHOE 3HEpronorpedienue, kBt u/m* Hz
1 - sHepreTudeckas 3 PpexTuBHOCTD, %
H: - Beix011 (00BEM) Boopoa, M3/a
V - 00BéM raza, m>
pH - mokasarenb KHCIOTHOCTH CPEIbl
VUD (BUD) -B0300HOBIsIEMbIE HCTOYHUKU YHEPTHH
YSZ - Yttria-Stabilized Zirconia - UTTpueBo-cTabMIN3UPOBAHHBIN JUOKCU]] LIUPKOHUS
GDC - Gadolinium-Doped Ceria - uepusi, IerupoBaHHasi TaJI0JTMHUEM
SSE - Self-Supported Electrode - camonecymuii 31e€KTpo
OPEX - Operating Expenditures -3KCIuTyaTallMOHHBIE PACXO/IbI
CAPEX - Capital Expenditures - kanuTajabHbIE 3aTPaThI
LCOH - Levelized Cost of Hydrogen - yaenbHast ce6eCTOUMOCTb BOJIOPOJIa
PV -Photovoltaic - connedHas (HoTo3MeKTpUYECKasi yCTaHOBKA
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