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MATEMATHUYECKAA MOAEJb
MATEPHUATIBHOIO BAJIAHCA
TBEPAOOKCHUAHOIO 3JIEKTPOJIU3EPA

PewleHne BONpPocoB 3¢p(heKTMBHOrO MCMOJb30BaHUS TBEPAOOKCHHbIX 3NEKTPONM-
3epOB SIBNSIETCSl NEPCNEKTMBHbIM ANl PA3BUTUS KaK 3HEPreTMKH, TaK M MPOMBILL-
NEHHOCTH B LLefIOM, MO3TOMY MCCIeilOBaHusl B 06NacTH NoBbiweHns 3¢ heKTMBHOCTH
M Hafle)KHOCTHM 3NEKTPONM3EPOB NPOBOASTCS YYEHbIMM MO BceMy MHMPY. B faHHOM
CTaTbe PacCMATPMBAETCSl MaTeMaTMyecKasl Mofienb MaTepuanbHoro 6anaHca gns
TBEPJOOKCMAHOTO 3MEKTPONM3epa, NO3BONsIOLLas ONTMMM3UMPOBATb MapaMeTpbl
paboTbl AeHCTBYIOLLErO M BHOBb NMPOEKTHpyemoro obopypoBaHMs. B yacTHOCTH,
oco6oe BHMMaHMe HAMpPaBNEHO Ha M3yuYeHMe BAMSHMSA NMapameTpoB paboTbl anek-
TPOXMMMYECKMX YCTAHOBOK MNMNAaHAPHOM KOHCTPYKLMM MPM 3NEKTPONM3e Ha COCTaB
NPOAYKTOB peaKumi. Ha ocHOBe pacyeTHbIX faHHbIX ANs TBEPAOOKCHMAHOrO 3MeK-
TponM3epa NNaHapHOM KOHCTPYKLMKM onpefieneHa B3aMMOCBSI3b MEXAY COCTaBaMM
peareHTOB Ha BXOfie M NMPOAYKTaMM Ha BbIXOAE NPM MOMOLLM METOJJOB MaTeMaTH-
4YeCKOro MOJeNnMpPOBaHKMsl B CPAaBHEHMM C SKCMEPMMEHTaNbHbIMM JaHHbIMM.

KnioueBble CoBa: MaTeMaTHYeCKOe MOfleNMMPOBaHHUE, INEKTPOXMMHUYECKHE YCTPOM-
CTBa, TBEPAOOKCUAHBIN INEKTPONM3EP, XMMHMYECKME PeaKLMH, MaTepHanbHbii 6a-

NaHC, CuJla TOKa, Hanps)XeHue.

BBepenue. [locTogHHO Bo3pacTarollee IIOTpebOAe-
HHe OpraHUYecKOro TOIIAMBA IPUBOAUT K 0Opaso-
BAHMIO OOABIIOTO KOAWYECTBA BBIOPOCOB AMOKCHUAA
yraepoaa. [1pu sToMm oOpa3oBaHue IapHUKOBLIX ra30B,
TIPEACTaBASIIOIIAX COOOI0 IKOAOTHIECKUN acCIeKT IIPO-
OAeM AQABHEUIIEeTO Pa3BUTHSI DHEPreTUKY, IIOBHIIIAET
aKTYaAbHOCTb WCIIOAB30BAHUSI AAbTE€DHATHUBHBIX NC-
TOUYHUKOB 3HEPIuH, B TOM UHUCAEe TBEPAOOKCUAHBIX TO-
NAUBHBIX 3AaeMeHTOB (TOTO). [Mpu 3TOM 0O6pPaTUMOCTH
TOTD3 no3BOASIET pellaTh BOIPOCHL HE TOABKO IIOAyYe-
HHUS U HUCIOAB30BaHUSI BOAOPOAA B KauyeCTBe TOIIAUBA,
HO ¥ YTUAW3WPOBATb AMOKCHA yraepoapa. B KauecTBe
npumepa Chung T. D. paccMaTpuBaeT HCIIOAB30BaHUE
OAEKTPOXMMHUYECKUX YCTPOUCTB, Arst yTuamnsanun CO,
C TIOAyYeHHeM CHUHTeTHYeCcKoro Tomnausa [1]. B HacTos-
1ee BpeMs MHCTUTYTOM BBICOKOTEMIIEPATYPHOM JA€K-
TPOXUMUM YParbCKOro oTpaereHus PAH paspaboTtan
TIPOIIeCC, OCHOBAHHBLIM Ha BBICOKOTEMIIEPATyPHOM CO-
BMECTHOM JAEKTpoAu3e mapa u CO, ¢ UCIOAb30BaHUEM
TBEPAOOKCUAHBIX 9AeKTpoAusepoB (TO3) aaa mpous-
BOACTBA CHMHTe3-Taza [2].

CAepyeT OTMETHTh, YTO BBICOKOTEMIIEPATYPHBIN
9AEKTPOAU3 SABASIETCS IEPCIEKTUBHOM TEXHOAOTHEH.
CoraacHO OHepreTUYeCcKOM cTpaTeruu Poccurickon
®Depeparnuu Ha nepuop A0 2035 r., pa3BUTHE BOAOPOA-
HON JHEPTeTHKU AOAKHO O0eCHeYUuTb POCT O0BHEeEMOB
TIPOM3BOACTBA BOAOPOAHOTO TOIAMBA U €ro IoTpebae-
Hus. B TO >Ke BpeMms B CTpaTeruu COLMAABLHO-IKOHO-

Mudeckoro passutus Poccurickoyt Depeparum ¢ HU3-
KHM YPOBHEM BBIOPOCOB IIaPHUKOBBIX Ia30oB A0 2050 r.
OTpa’keHa HeOOXOAWMOCTh Pa3pabOTKH COBPEMEHHBIX
TeXHOAOTHY, CHIJKAIOUIUX OOpa3zoBaHUE NMapHUKOBBIX
ra3oB, a Tak)Ke TEeXHOAOTMU YAABAUBAHUS U YTUAU-
sanuu CO,. OAHOM M3 OCHOBHBIX Mep, CIIOCOOCTBY-
IOIIUX peIIeHUIO 3TUX 3aAad, SBASIeTCS pa3paboTKa
OTEUeCTBEHHBIX TEXHOAOTHMN IIPOU3BOACTBA UYHUCTOTO
BOAOPOAA METOAOM BBICOKOTEMIIEPATYPHOTO 3AEKTPO-
AM3a BOABI, @ TakKyKe 3AeKTPOXMMHYECKOU KOHBEpCHU
CO, ¢ moayuyeHreM CUHTETHYECKOTO YIACBOAOPOAHOIO
TOIIAMBA (CHHTe3-Ta3, MeTaH, MeTaHOA UAU AUMETHAO-
BeIM adup) [3]. Hapsiay ¢ cUHTeTHYEeCKMM TOIAMBOM
CHHTEe3-Ta3 SIBASIETCS CBHIPHLEM AASI IIPOM3BOACTBA IIIH-
POKOTO CIIeKTpa XWMMKATOB, YTO OTKPBLIBAET HOBEIE
BO3MOJKHOCTU AAS PA3AMYHBIX OTPACAElN IPOMBIIIAEH-
HoCTH [4].

CosmecTnbt oaekTpoans H O u CO, aBageTca HO-
BOM OOAACTBIO UCCAEAOBAHUM U PAbOTHI IO Pa3BUTUIO
3Heprod@EeKTUBHOCTH, MOBLIIIEHUIO KOdPUIUeHTa
KOHBEPCUU, CTaOUABHOCTU M AOATOBEYHOCTHU. PaboThI
S3AeKTPOXUMUUYECKUX YCTPOUCTB ABASIOTCS aKTyaAbHBI-
Mu [5].

AAsl pellleHUsT BOIPOCOB OITHMM3alUU PE’KUMOB
paboThl AEKTPOXUMHUIECKUX YCTPONUCTB HEOOXOAWUMO
OTMETHUTL, YTO OHU HMEIOT CAOKHYIO KOHCTPYKIIHIO
W M3TOTOBASIIOTCSI M3 AOCTAaTOYHO AOPOTOCTOSIIIINX Ma-
Tepuanos [6]. [ToaToMy AN TOAYUEHUS IIPEACTaBACHUN



O TEXHOAOTHMUYECKMX 0COOeHHOCTAX paboTel TOD muc-
TMOAB3YIOT Pa3AUYHBIE METOABI MCCAEAOBAHMS, B TOM
4UCAe MaTeMaTHYecKoe OIMCaHWe JAeKTPOXUMUYe-
CKHX PeaKIU¥, XapaKTepHUCTHUK IIOTOKOB BXOASIIUX
U BBIXOAAIINX Ta30B M IIOAOKEHHN 3SAEKTPUUECKUX
KOHTaKTOB [7]. MeTOABI YMCAEHHOIO MOAEAMPOBAHUS
MOTYT IO3BOAUTH ONTUMU3UPOBATH PEXKUMBI PabOTEHI
ycrpoucTB. [Ipu 5TOM AAM IIOAYyYeHHsT aAE€KBATHBIX
Pe3yAbTaTOB HCCAEAOBAHUM M OITUMM3AIMHU MOAEAD
AOAJKHA COAep’KaTh MaTeMaTH4YecKoe oIucaHue Gu-
3UYeCKUX 3aKOHOB, KOTOPBIE HaXOAATCS B OCHOBE pa-
OOTBHI PEaAbHOTO YCTPOUCTBA. XOTHd OOBEKTHI B peaAb-
HOM MUpe BCeTA@ CAOJKHEee MOAEAM, IIPU YIPOIeHun
ONMCaHUg HeOOXOAUMO aKIeHTHpPOBATh BHUMaHUe Ha
XapaKTepUCTUKU YCTPOMCTBA, KOTOPBIE IIO3BOASIOT
YIPaBAATh ero padortou [8].

B paHHOM cTaThe ONUCHIBAIOTCSI PE3YABTATHl HC-
CAEAOBAHUS, IEeAbI0 KOTOPOTO $BHAACh pa3paboTKa
U OlleHKa AOCTOBEPHOCTH MaTeMaTU4eCKOU MOAEeAUr
MaTepUaAbHOTO OaraHCa TBEPAOOKCHAHOTO 3DAEKTPO-
AW3epa IAQHApPHOW KOHCTPYKIHMU AAST  IIPOM3BOA-
CTBa CHHTe3-Ta3a W3 CMeCH I1IapOB BOABI U AMOKCHAA
yraepopa. Bo3MOKHOCTE yIIpaBASITH NPOIEHTHBIM CO-
CTaBOM Tra3a Ha BBIXOA€ B 3aBUCHUMOCTU OT BXOAHBIX
pabounx IapaMeTpOB IIO3BOASIET OIPEAEAUTh He-
o6xopumoe cootHomenue H,+H,O k CO, na Bxope
B KaTOAHOE IIPOCTPAHCTBO, YTOOBL IOAYYUTE TpeOyeMoe
coornomenue H, Kk CO + CO, ¢ yueToM CKAOHHOCTH
BeIeCTB K Pa3AOKEHHUIO U IIPUAOKEHHOMY COIPOTHB-
AEHHUIO.

HccarepoBanue pabOTHI AQHHOTO TUIA SAEKTPOXU-
MHYECKUX YCTPOWUCTB OOYCAOBAEHO TeM, UTO AaHHas
KOHCTPYKIMsI MO3BOAsieT nepepabarbiBaTh CO, (ABIMO-
BBIE Ta3bl) B CHUHTE3-Ta3, YTO IIO3BOAUT CHU3UTH KOAU-
YecTBO BBIOPOCOB, HO MMEHHO ONTHUMHU3AIUS PabOTEHI
CIIOCOOCTBYET MOAYYEHHUIO CHIPbS BBICOKOTO KadecTBa
AAST AAABHEUIIIero IMpOU3BOACTBA CHHTETHUYECKOIrO TO-
IAMBA (B TOM YKUCA€ PA3AWYHBIX CIIMPTOB).

3ajAauM MCCAEAOBaHUS:

1. TlpoaHaAmM3upOBaTh 3aBUCHUMOCTH MEXKAY COOT-
HOIIIEHWSIMM peareHTOB Ha BXOA€ M COOTHOIIEHWEM
BellleCTB B NPOAYKTaX, IIOAYYEHHBIX NIPU COBMECTHOM
saekTpoause H,O k CO, B TBEPAOOKCHUAHOM 3AEKTPO-
An3epe NAAHAPHOM KOHCTPYKIIUM, paboTalolleM Ha Io-
CTOSIHHOM TOKE.

2. CpaBHUTH AQHHBIE, IIOAYYEHHBIE IIPU pacyeTax,
C pe3yAbTaTaMM, IIOAYYEeHHBIMU IIpU paboTe aabopa-
TOPHOM YCTAHOBKU C TBEPAOOKCHUAHBIM SAEKTPOAU3e-
POM IAAHAPHOMN KOHCTPYKIMU.

B cBsI3m C AQHHBIMHM 3apa@dyaMU CAeAyeT OTMETHUTh,
YTO MaTeMaThyecKasi MOAEAb MaTepHUaAbHOrO OaraHca
COCTaBASIAQCh C YUETOM AONYILEHUMN:

1. Mopens cocTaBaseTcS IOA KOHKDETHYIO KOH-
CTPYKIMIO 3A€KTPOAM3Eepa, U BHeCEHHe KOHCTPYKTUB-
HBIX U3MeHEeHHUU B YCTAHOBKY He pacCMaTPUBAETCH.

2. KIIA ycTpoiicTBa ¢ AQHHOM KOHCTPYKIIUEN Mo-
KeT OBITH 0XapaKTepU30BaHO KOAMUYECTBOM BeIleCcTBa,
TIOAGBAEMOIO Ha 3AEKTPOAU3.

3. DHepreTHyecKas XapaKTePHUCTHUKA dAeMeHTa MO-
AeAUpyeTcsd OAHUM AWHEWHBIM ypaBHeHHUeM, CBA3bIBa-
IOIIUM HaIpsKeHHe C IOCTOSHHBIM TOKOM.

4. TlapameTpsl, XapaKTepuUaylolluie MaTepUaAbl,
13 KOTOPBIX M3TOTOBAEH IACKTPOAU3ED (TBEPABIA IAEK-
TPOAUT, S9AEKTPOABI U T.A.), VIUTHEIBAIOTCS B MOAEAU de-
pe3 3HayeHUe OOIIET0 CONPOTUBAEHUS M CYUTAIOTCS
MIOCTOSTHHBIMU.

5. I'lpu paboTe yCTPOMCTBA BBIIIOAHSIETCS 3aKOH CO-
XpaHeHUs MacC: «Macca BelleCTB, BCTYIUBIINUX B XU-
MHMYEeCKYIO PeakIFIo, paBHa Macce 00Opa30BaBIINXCS
BeleCTBY.
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Puc. 1. AaGopaTOpHBbIi CTeHA: 1 — BO3AYyIIHBIE KOMIIPECCOPBI;
2 — peryasitop pacxojpa yrAeKHCAOTO rasa;
3 — peryasiTop pacxopa BOABI; 4 — maporeHeparop;
5 — TeNnA0OOMEHHHK AASI MOAOrpeBa TOIAMBA;
6 — TenA0OOMEHHUK AAS IOAOTpeBa Bo3Ayxa; 7 — TODJ;
8 — peryaupyeMsblil ICTOYHUK IIOCTOSIHHOTO TOKa;
9 — TenA0OOMEHHHK AASI IOAOTPEBa BO3AYXa;
10 — KaTaAM3aTOp AOKHUTaHUS TONAUBA

®dusznyeckue O0COOGEHHOCTH IAEKTPOXUMUYECKOM
ycTaHOBKH. CxeMa Aa0OpPaTOPHOM YCTAaHOBKU IIpUBE-
AeHa Ha puc. 1. OHa COCTOUT M3 3AEKTPOAM3epa IIAa-
HapHOM KOHCTPYKIIUM CHCTEeMBI IIOAQYM U OTBOAA Ta-
30B, TaporeHepaTopa U AOKUTATEeAs.

KoHCTpYKIIUSA  DAEKTPOXUMUYECKOM  YCTAHOBKU
obecreunBara BO3MOJKHOCTb IIPDOBEACHUS UCCAEAOBA-
HUM pabOThl 3AEKTPOAU3EPA IIPU UCIIOAB30BAHUU I'a30-
BOM CMeCH, COCTOSIIeN U3 BOAOPOAQ, YTAEKHUCAOTO Tra3a
1 BOASIHBIX TIapOB. AaHHBIE Ta3bl IOAABAAUCH M3 OAAAO-
HOB, YCTAHOBAEHHBIX IIOIIAPHO U PACIOAOKEHHBIX BHE
HUCHBITaTEeABHOY KOMHATHI.

YnpaBaeHHe COCTAaBOM CMECH PeareHTOB OCYIeCT-
BASIAOCH C IIOMOIIIBIO PETyASITOPOB MAacCOBOT'O PacxXopa
MAS TA30B, BXOAAIINUX B €e COCTaB. AAS MMOAQUU BO3AYXaA
B @HOAHOE IIPOCTPAHCTBO MCIIOAB30BAACS KOMIIPECCOP.

Ha BBIXOAE U3 YCTAHOBKHU OBIA IIPEAYCMOTPEH peak-
TOP-AOJKUTATeAb AASL CJKUTAHMS OOpa3yloIlerocs CHH-
Te3-ra3a, HUCIOAB3YIOIIUNA AOIOAHUTEABHBIM BO3AYX,
TIOAABAEMEBIN C OTAEABHOI'O KOMIIPECCOpa.

AAst pabOTHI 3A€KTPOAM3Eepa UCIOAB30BAACS pery-
AUPYeMBIM UCTOYHUK IIOCTOSHHOTrO ToKa. [TopaBaemoe
Ha 5AeKTPOAW3ep HaIpsiKeHHe MOTAO BapbUPOBATHCS
B 3aBUCHMOCTH OT YCAOBHUH IIPOBEACHUS HKCIIEpUMeH-
TOB. C IIOMOIIBIO CUETYUKOB IAEKTPUUECKOMN 3HEPIuy,
YCTQHOBAEHHEIX B AAOOPATOPHOM YCTAHOBKe, OBIAO
OIIpeAeAeHO YAeABHOe 3HepronorpeOAeHMe Ha eAUHU-
1y Macchl IIOAy4aeMOTO CHHTe3-Ta3a.

[Mpu paboTe YyCTAaHOBKU MCIOAB30BaH 3AEKTPO-
XUMHUYECKUU  AQTUYUK  KHUCAOPOAQ, IO3BOASIONIUMN
HA OCHOBE KOHCTAHTBI AUCCOLIUAIINK BOABL OIJ€HUTH CO-
AeprKaHue BOASHBIX IIaPOB B OTXOAAIIUX rasax. Ompe-
AeAeHHe BAAKHOCTH TIPOAYKTOB OKHCAEHUSI TOIIAMBA,
YTO TIO3BOASIAO KOHTPOAMPOBATh HaAUUME BOCCTAHOBHU-
TEeABHOU aTMoc@ephl B KaTOAHOM IpocTpaHcTBe TOD.
Vicroab3yeMBIl AQTYUK IIPEACTABASIET COOOM raAbBAHU-
YEeCKHUU SAEMEHT C TBEPABIM SAEKTPOAUTOM U3 KEepaMU-
K1 YSZ, Onaropaps 4eMy IO BeAWUMHE TeHepUupyeMOu
OAC OH TO3BOASIET OIPEAEAITH KOHIIEHTpAIUio MC-
KAIOUATEABHO KHMCAOPOAA.

AHaAUTHYECKUM KOHTPOABL  BBIXOAAIIHUX Ta30B
B mporecce ucnbitaHuyi TOD oOCymIeCTBASIACA C TIO-
MOLIBI0 Xpomarorpada. VaeHTUPHUKAIUIO BellecTBa
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Puc. 2. MoAeAb TBEPAOOKCHAHOTO AEKTPOAU3Epa
NAQHAPHON KOHCTPYKIIMH

OCYIIIECTBASIAU IO €ro BpeMeHU YyAep’KuBaHuA. Koau-
4YeCTBeHHBIN aHaAM3 IIPOBOAUAN Ha OCHOBE IIPEAyCTa-
HOBAGHHOW 3aBHUCHUMOCTU TIAONIAAY IIMKa BeIlecTBa
Ha XpomaTorpaMMe OT ero OObeMHOU KOHIIeHTPAaluu.
TTo HaiAeHHBIM 3HAUEHUSM ITIAOITaAel TMUKOB BBIUUC-
ASAM CpepHee apudMeTHYecKoe U 10 IPapAyUPOBOYHOU
XapaKTepPUCTUKe HAaXOAUAU OOBEMHYIO KOHIIEHTPAIIUIO
OIIPEAEAsIEMOTO BelllecTBa.

OAEeKTPOAM3ep IMAAHAPHOUW KOHCTPYKIMHU, YCTaHOB-
AEHHBIM B A@HHOU yCTaHOBKe, BKAIOUaA 30 eAMHUYHBIX
sA4eeK, Ka’KAad U3 KOTOPBIX COCTOSAAA U3 ABYX JA€K-
TPOAOB, Pa3pAEAEHHBIX CAOeM dAeKTpoAuTa. Co CcTopo-
HBI KaTOAQ, UMEIOIEero OTPUIlaTEABHBIN 3apsiA, TTOAQIOT
ra3oBYIO CMeCh, IIOAAEKAIYIO 3AeKTpoAm3dy. Ha rpa-
HHUIle pazpera a3 IPOUCXOAAT DAEKTPOXUMHUUECKUE
peaknuy, B pe3yAbTaTe KOTOPBIX YTAEKHUCABIM Tras
¥ TIapbl BOABI IEPEXOAAT COOTBETCTBEHHO B MOHOOKCHA,
yrAepoaa U BOAOPOA. OTAeAMBIINMECS aTOMBI KUCAOPO-
Ad IIPUHUMAIOT JAEKTPOHBEI OT KaTopa U IIpeoOpasy-
IOTCSI B MOHBI KUCAOPOAQ, KOTOPHIE, B CBOIO OYEpPEAb,
MOTYT IPOXOAUTEL Uepe3 CAOU DAEKTPOAUTA B CTOPOHY
TIOAOJKUTEABHO 3apsyKeHHOTO 3JAEKTPOAQ, HasbIBae-
MOTro aHOAOM. MOAEAB IAEKTpOAU3epa MIpeACTaBAeHa
Ha puc 2.

B saekTpoAm3epe HEBO3MOYKHO IPOBECTU ITOAHOE
pa3AoyKeHUe BOASHOIO Iapa W YTA€KHUCAOIO rasa, Io-
5TOMY U3 KaTOAHOTO KaHaAa BBEIXOAUT UYeTBIPEXKOM-
IIOHEHTHast cMech, copepxkamas H,O, CO,, CO u H,.
CooTHOIIIeHNEe BOAOPOA- M YTAEPOACOAEPIKAIIUX KOM-
MOHEHTOB Ha BBIXOAE B TOM UUCAE OIPEAECASIETCS UX
cooTHoNIeHrueM Ha Bxoae TOD.

TeopeTnyeckme OCHOBBI NPOBEAEHUS] HCCAEAOBa-
HUA. MaTtepuarbHBIM OaraHC ONpPEeAeAsieT CBSI3b IIPO-
IIeHTHON KOHIIeHTpAIlUU peareHTOB M IOAYYEeHHBIX
IIPOAYKTOB IIPM 3aAAGHHBEIX PACXOAAX HA BXOAE HUAU
BBIXOAE M3 YCTPOMCTBA IPU OIPEAECAEHHON TOKO-
BOM Harpyske. [Ipu 3TOM peareHTHI IIPOXOAAT depe3
YCTPOMCTBO IO KaHaAaM, KOTOPhle 00Pa3yloTCs MeKAY
napaMy IAACTUH KaTOA-MHTEPKOHHEKTOP M aHOA-UH-
TEPKOHHEKTOP.

TexHOAOTMYECKUN IIPOLECC IIOAYYEHUsI CHUHTe3-Ta-
3@ MOJKHO OIMCATh IIOTOKAMU PEAreHTOB U HPOAYKTOB
peakiuii. AAS 3TOTO COCTaBAEH MaTepHaAbHBIM GaraHC
SAEeKTPOXUMHUYECKOTO yCTPOMUCTBA, KOTOPHIN SBASETCS
BEIp@’KeHUEM 3aKOHa COXpaHEeHMsI MacChl BelllecTBa
[9—10].

B oOweM BuAe paboTy MOJKHO OIIMCATh XUMUYECKU-
MU pPeakIusIMU:

H,0=H,+1/20,, (1)
CO,=CO+1/20,, (2)

CO,+H,=CO+H,0, (3)

CO=C+1/20,, (4)

CO+H,=CH,+ H,0, (5)
C+H,=CH, (6)
H,+0,=H,0. (7)

AQHHBINA IIepeYeHb MOJKHO YCAOBHO DPA3AEAUTH Ha
peakuuy, KOTOpPBIE OIMUCHIBAIOT IIPOLIECC JAEKTPOAH-
3a peaknuu o0Opa30BaHUA IleAeBOro IpoAyKTra (1—?2)
1 TOOOYHBIE peaKIU{, KOTOpBle CBS3aHBI C IPEAOT-
BpallleHueM 00pa30BaHUsl yrAepoAd Ha ITOBEPXHOCTHU
KaHaAOB, BAEKYIIero 3a co60M yBeAMdeHHe MeCTHOTO
COIIPOTUBAEHUS U IIOTEPU CKOPOCTHU ABUIKEHUS IOTOKA
rasa II0 KaHaAaM.

AASL CAOKHBIX IIPOIIECCOB IIPOBOAAT CYMMUPOBAHUE
YpaBHEHUU OTAEABHBIX CTAAWM peaKIWH, YTO BCErpa
IIPUBOAUT K XHUMHYECKOMY YpPaBHEHHIO IIOAHOW pe-
akumu. Toraa B 0OOIeM BHAE MaTepPUaAbHBIM OaraHC
OyAeT copepsKaTh ypaBHEHHUs CyMMapHBIX peaKIInH
3AeKTpoAu3a (8) u moOOUHBIX IIpeBpalleHuit (9), npo-
TeKaloIIUX B KaTOAHOM KaHaAe, TaK)Ke OT YpaBHEHUU
3aKOHa COXpaHEeHUs MacChl/CTeXMOMETPUYECKUX KO-
adbduruenTton (10), 3akona Dapapes (11) [9—10]:

aH,0+ bCO, = kH,+ mCO+nH,0+ICO,+1O,; (8)
«H,0+ b'CO,+ ¢'H, =

=k'H,+ m'CO+n'HO+I'CO,+hC+gCH, (9)

Lo b (10)
a i
It

v=—}; 11

F (11)

U = IR; (12)

rae | — cuAa MOCTOAHHOTO TOKQ, A; T — BpeMs IIpo-

MIyCKaHMS TOKQ, C; Z — BaAeHTHOE YHMCAO MOHOB Bellle-
ctBa; F — mocrtossauass Papapest, KA/MOAB;, v — KoOAU-
4YeCcTBO BBIAEAMBIIETOCS BellleCTBa, MOAB; a, b, ¢, g, h,
k,mn I ad b c, g, h' k',m', n' I'— crexuomerpuue-
CKre KOIPOUIMEHTE; v, U, — KOAUYECTBO BellecTBa
AN KOMIIOHEHTOB @, I, MOAb; U — HalpsiKeHue S4elKu
9AeKTpoAu3epa, B; R — oObllee cOIpOTUBAEHUE MaTe-
puanoB gueriku, Om [10—11].

AAST MaTeMaTUYeCKOro OIMCaHUsT PabOTHl yCTaHOB-
KU OIIpeAeAeHBl XapakTepusymoljue padory TOO ma-
paMeTphl:

1. CooTHOIIIeHNEe UCXOAHBIX KOMIIOHEHTOB AAS IIO-
AyYEeHHsI CHHTe3-Ta3a 3aA@HHOTO COCTaBa;

2. Pacxop peareHTOB, OIIPEAEASTIONINU  KOAMYe-
CTBO BeIeCTBa, KOTOpPOe AOAKHO IIPOpPearnpoBaTh
B YCTPOMCTBE;

3. KoanuectBo 3AEKTPUYECTBa, 3aTpadeHHOe
Ha COBMeCTHBIN daekTpoan3 H.O u CO, [10—11].

AnanuTrueckasi MOAEAb MaTepuaAbHOro OanaH-
ca TBEpPAOOKCHAHOTO  JAEKTPOAM3epa IpHBeAeHa
B TaOA. 1.

B TabA. 1 B KBappaTHBIX CKOOKax ([X]) ykazaHo mIpo-
[[EHTHOE COAEPIKAaHME DAEMEHTa X, a 00o3HaveHue M
HUCIIOAB3YeTCsl KakK 0003HaueHWe MOASIPHBIX MacC AAS
X DAEMEHTOB.

COraacHO COCTABAEHHOU MOAEAM, MaTepPUAAbHBIN
GanaHC COCTOUT M3 ABYX IIOTOKOB (IleAeBast M TOOOYHAsT
peaknuu), 4To OOYCAOBAEHO XUMHUYECKHM IIPOIIeCCOM
COBMECTHOTO dAeKTpoausa CO,, H,O.



Tab6auna 1

AHaauTHYecKast MOAEAb MAaTEPHUAABHOTIO OaraHca

PearenT KoanuecTBO BemjecTBa TTpopykT KoanuecTBO BeljecTBa
LleneBas peaxnus
Karop
Bxop, Brixop,
. a Vs [H,]-a'
H,0 (Up% ~[HZO])—(D“°6 [I:Iz] a J H, [(Dpea '[Hzo])_[ ° o 2 )] -k
a
v [H ] b’ ((\) 1 O])_(Mn.m
co, 0y, [COZ])—( pet = J co pea 12 o
¢ a
Vo5 - 1H ]~a’D
v JH.Ol) = | 2o 720 7 || p
o (o tr.0) 2ot
a
Vyos * [H. ].G,D
v . -[H,0])-| e 22 — ||.]
o (o Tr.0) -2
a
AHOp,
Bxoa, Brixop,
Uy, -1+ [H,0]- £ - My, i
V. -a
Uy, 7-[0,]- Mo, " . L
o, v, ° (0 F1,0) - (2o LEE).
+
a
N, Vs ' T "[/Nz]' My, N, Uiy * T;/[NZ]MNZ
TTo6ounast peakus
Bxop, Brixop,
H,0 UnoG[I_I'2] -a H, Vo6 [Hyz]‘ k
c c
C02 Unos[Hyz] b’ co M
c c
Unus[Hz]' n'
H2 Unoé[HZ] Hzo f
COZ Unos[l_fz]' 1
c
CH4 Uuoa[H'z]' g
c
C Unoﬁ[HZ]'h,
¢

PesyabTaTel pacyeroB. Pabouue XapaKTEepPUCTUKU
SAEKTPOAW3epa 3aBUCAT OT COCTaBa PeareHTOB, IOAA-
BaeMBIX B YCTQHOBKY. B AaHHOM cAy4ae 3THM Iapa-
METPOM VIIPaBASIAWU 4Yepe3 YCTAaHOBKY OIpPEeAEAEeHHBIX
COOTHOIIIEHUH MEeXXAY KOAWYECTBOM BOASHOTO IIapa,
MOHOOKCHAQ YTAEPOAA U BOAOPOAA (AQHHBIM IIOKa3a-
TeAb OBIA IPUHAT KaK Koo duruent K,). Ars KaTaru-
THYECKOTO CHHTEe3a MeTaHOAa HeOOXOAVWM CHHTe3-Tas,
B COCTaBe KOTOPOTro OYAET COXPAHATBCS OIPEAEAeHHOe

COOTHOIIIEHHEe Me’KAYy KOAWYEeCTBOM BOAODPOAA U yTAe-
POACOAEpIKAIllMX KOMIIOHEHTOB (AQHHBIM ITOKa3aTeAb
OBIA IPUHAT Kak KO3 unment K,).

L +v
_ Pro TV 13
K =2 ", (13)
UCoz
TA€ Veo, — KOAMYECTBO BellecTBa COZ’ I1o0pAaBaeMoro

B OAEKTPOAU3EP, MOABb,; UHZO — KOAHNYeCTBO BellleCTBa
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[=]
o
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3,00
2,00

1,00

0,00
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CooTHoweHwne K;

——PacyeTHble AaHHble npu paboTe ycTaHOBKM ¢ HanpaMeHvem 40,8 B
—8— NpakTnyeckune JaHHbie Npy paboTe YCTaHOBKM C HanpaxeHem 40,8 B
—&— PacyeTHble JaHHble Npy paboTe yCTaHOBKYW € HanpaxkeHuem 39,58

—&—NpakTnyeckne AaHHbie Npy paboTe yCTaHOBKM C HanpaxeHuem 39,58

Puc. 3. 3aBUCHUMOCTh COOTHOIIEHUY KOMIIOHEHTOB ra3a
B peareHTax M B MPOAYKTaX NMPU Pa3sAUYHbBIX HaNPSHKEHHSIX

64,05%

g% 59,90%

60,00%
50,00%
40,00%

30,00%
19,27% 18,89%
13,88%

20,00%
9,33

7,09%  6,99%
10,00% 0,25%0,34%
a——

0,00%

H2, % o, % H20, % €02, % CH4, %

W [laHHble NO/TyUeHbIe MPK MaTeMaTYECKOM MOe/IMPOBaHKK = MpaKkTUYeCKUe faHHbIe

Puc. 4. CocTaBbl CHHTe3-Ta3a NMpu COOTHOLIEHUN KOMIIOHEHTOB
B peareHrax npu K=1,7

H,O, mopaBaeMOro B 9A€KTPOAM3EDP, MOAB; Ly — KO-
AMYECTBO BellecTBa H,, mopaBaeMoro B 3A€KTPOAU3ED,
MOAB.

r
Uy
Ky=—— "7 (14)
Uco, + Vo
TA€ Vo, — KOAMYECTBO BeIeCTBa CO, Ha BBHIXOAC

U3 JAEKTPOAM3EepPa, MOAb;, Vg, — KOAWYECTBO Bellle-
ctBa CO Ha BEIXOAE U3 DAEKTPOAM3EPa, MOAB; VL —
KOAMYECTBO BeljecTBa H, Ha BBIXOAE U3 DACKTPOAM3E-
pa, MOAB.

[MToAyueHne cuHTe3-Ta3a Ha JAEKTPOAM3epe ofe-
CIIEYMBAETCS COOTHOIIEHWEM BOAOPOACOAEPFKAIINX
roMnoneHtoB K CO, Ha BXOAe B OAGKTpoAusep. Mate-
MaTHU4YeCKYI0 MOAEeAb, IIPeACTaBAeHHYI0 B TabA. 1, umc-
TIOAB30BAAM AASI OIIPEAeAeHMsT 3aBUCUMOCTH KO3 du-
nuenta K, ot K TIpu UCTIOAB30BaHUM AaGOPATOPHOTO
CTeHAQ.

PacyeTnl BBITOAHSIAWL AAST CAGAYIOITVX pabodumx Iia-
paMeTpoB:

1. Ha karop mopaBarack cmeck H,O, CO,, H, ¢ cym-
MapHBIM PacxoAoM peareHToB 11 A/mMun. Koadduru-
eHT Kl u3MeHsIACS B Auamnasone ot 0,1 po 7,7,

2. Hanpsa>keHue saekTrpoamsa cocraBasro 40,8 B
u 39,5 B;

3. Temmeparypa ra3oB Ipu 3A€KTPOAU3E COCTABAS-
Aa 800 °C;

4. Ha BBIXOAE COCTaB CHHTe3-Taza COOTBETCTBOBAA
TpeGOBaHMIO, YTO 3HaueHWe Koddpdunuenrta K, AOAK-
HO OLITH B AMAlla3oHe OT 2 A0 2,4.

Pes3yAbTaThl pacuyeToB IPEACTaBAEHBI Ha PHC. 3.

W3 puc. 3 crepyeT, 4TO HEOOXOAUMBIN COCTaB CHH-
Tes-raza (K,=2—2,4) obGecrneunBaerca npu K, = 1,7

(coctaB peareHTOB Ha BXOAe B dAeKTpoamszep HO —

58,6 %, CO, — 34,5 %, H, — 6,9 %).

B pesyabraTe pacueTa CpaBHUBAAM 3KCIEPHMEHT
C A@HAAOTHUYHBIMU IPAKTUYECKUMU AQHHBIMMU. Ha BXOA
B DAEKTPOAU3EP MOAABaAU cMech razoB H,O — 58,6 %,
CO, — 34,5 %, H, — 6,9 %. Cocras cuHTe3-ra3a Ha BbI-
XOAE OTIPEAEASIAU C TIOMOIIIBIO OTOOPA IMPOO AAST XPOMO-
Torpacduu. Pe3yabraTsl 53KCIIEPUMEHTOB IIPEACTABAEHBL
Ha puc. 4 B CpaBHEHUU C pe3yAbTaTaMH MaTeMaThde-
CKOTO MOAEAMPOBAHUSL COTAACHO AQHHBIM TabA. 1.

W3 pmarpaMMel (pucC. 4) CAEAYET, 4TO paCcXOKAEHUE
Me)KAy OKCIIEPUMEHTAABHBIM M PACYETHBIM COCTaBa-
MU IIPOAYKTOB PeakIM¥ Ha BBIXOAE M3 DAEKTPOAU3e-
pa cocTaBageT MeHee 6 %, HaUOOABIINE PAaCXOKAEHUSI
HMeIOT IIOKAa3aTeAW IPOIeHTHOro copepskanus H,O
u H,. OTO MOXHO OOBSCHHUTL TE€M, YTO COACPIKaHHE
H,O B X0ope sKCIlepUMeHTa ONPEAEASIAOCH PACYETHBIM
Ccroco60M BBHAY HEBO3MOJKHOCTH €T0 M3MepeHUs
Ha xpoMmaTtorpade.

BriBoABI M 3aKAlodyeHHe. B pamkax paboThl Aabo-
PAaTOPHOTO CTEHAA OJAEKTPOXUMUYECKON YCTaHOBKHU
ANA HOAY‘IEHI/IH CHUHTEe3-Ira3da IIpu COBMECTHOM 3AEKTPO-
AU3€e BOALI U YTAEKHCAOTO ra3a OBIAM IOAYYEeHBI 2KC-
TIepuMeHTaAbHBIe AQHHBIE TI0 MOAYYEeHHIO CHHTe3-Tasa
C PA3AMYMMBIM COOTHOIIEHHEM I'a30B, BXOAAIIIUX B €ro
COCTaB, B 3@aBUCUMOCTH OT M3MEHEHUs HCXOAHOTO CO-
CTaBa IOAABaeMBIX PEeareHTOB M pabodyero HalpsiKe-
HUA yCTaHOBKI/I.

AAs ommmcaHus paboOThI TBEPAOOKCUAHOTO IAEKTPO-
AM3epa IAaHapHOW KOHCTPYKIIMHM ITOCTPOeHa MaTeMa-
TUYeCKasi MOAEAb MaTepPUaAbHOTO OanaHCa, IMO3BOASI-
IoIasi OLIeHWBATh BAUSHUE COOTHOIIEHUS PpPeareHTOB
U HAUPSOKEHUsS SAEKTPOAM3a Ha COCTaB ITOAYYaeMOI'O
CHMHTEe3-Ta3da Ha BBIXOAE U3 yCTaHOBKI/I.

B ocHOBY AaHHOM MOAEAHU OBIAU 3aA0KEHBI TEXHO-
AOTMYECKHEe ITIapaMeTpbl pPabOThI peaAbHOro Aabopa-
TOPHOTO CTEHAQ; PACCMOTPEHBI XUMUYECKHUE PeaKITnH,
[IpOTeKalue B €AUHUYHOM SAEMEHTEe JAEKTPOAU3e-
pa; AQHHBIE YPaBHEHUsS PeakIHWH JAeKTPOAM3a U CO-
HYTCTBYIOH_[I/IX peﬁKI_[I/IfI OBIAU pelireHbl OTHOCUTEABHO
CcOCTaBa IIOAABAEMOM Ia30BOM CMeCH Ha BXOAE B yCTa-
HOBKY.

[TpoBepeHa TpoOBepKa aAEKBATHOCTH MOAEAM ITy-
TeM CpaBHEHUS PACUYETHLIX U JKCIePUMEHTaAbHBIX
MQHHBIX. AHAAM3 PE3yAbTATOB IIOKa3aA PAaCXOKAEHUE
AAHHBIX MeHee 6 %, YTO rOBOPUT 00 aAeKBATHOCTHU CO-
CTaBAEHHOW MOAEAU M O BO3MOJKHOCTH €€ UCIOAB30Ba-
HUS A TAQHUPOBAHUS SKCIIEPUMEHTOB PabOTHl dAEK-
TpOXPIMPI‘—IeCKOﬁ YCTAHOBKU AANS IIOAYUYEHUS IIPOAYKTOB
9AEKTPOAW3a 3aAAHHOTO COCTaBa.

[MoAy4yeHHBIE PE3YABTATHl IIOKA3bIBAIOT, YTO IIPHU
U3MEHEeHHHU B peareHTax COOTHOIIEeHUS KOANYeCTBaA Be-
mecTBa B pAmanasone oT 0,1 po 7,7 arga KoadduiueHTta
K1 NIPUBOAUT K HEAMHEWHOMY H3MEHEHHIO IIeA€BOTO
COOTHOIIICHUSI AAST 3HaveHud K, B amamasone ot 0,2
20 4,7. CAepOBATEABHO, AASL AQABHEMIIIEro IIPOM3BOA-
CTBa Pa3AMYHBIX XMMUYECKUX BEIEeCTB HY>KHO ITOAOU-
paTh CBOU COCTaB peareHTOB AASL MMPOM3BOACTBA CHH-
Te3-rasa.
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THE USE OF MATHEMATICAL MODEL
TO EVALUATE THE MATERIAL BALANCE
OF A SOLID OXIDE ELECTROLYSER

The effective use of solid oxide electrolysers is a promising solution for
the energy sector and industry in general. Therefore, scientists all over the world
are conducting research on improving the electrolysers' efficiency and reliability.
In this paper, a mathematical model of the material balance for a solid oxide
electrolyser is considered, which allows optimizing the operating parameters of
existing equipment and newly designed equipment.

In particular, special attention is focused on studying the effect of the operating
parameters of electrochemical plants of planar design during electrolysis on
the composition of reaction products. The relation between the compositions of
reagents at the inlet and products at the outlet is determined on the basis of
calculated data for a planar solid oxide electrolyser using mathematical modeling
in comparison with experimental data.
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