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SOLID POLYMER ELECTROLYTES:
STRUCTURE, PROPERTIES,
AND APPLICATIONS

A. M. TIMONOV

The main properties of solid polymer electro-
lytes and their current and future applications
in electrochemical systems are explained using
the fluorocarbon solid polymer electrolyte
“Nafion” as an example.

Ha npumepe ¢pmopyenepodHozo noaumepa
“Nafion”, obnadatowezo 8bICOKOU KamuoHHoOl
nposoouMoCmsbio, paccMompeHsl OCHOBHbIE
csolicmsa msepObix NOJIUMEPHbIX 31eKmponu-
mo8, UX UCnoJIb308aHUE B COBPEMeHHbIX U nep-
CNeKMUBHbIX 371eKMPOXUMUYECKUX CUCMEeMAX.
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BBEAEHUE

DNIeKTPOIUTHI BOOOIIE U TBEP/bIE MOJUMEPHBIE 3JEKTPO-
JIUTBl B YAaCTHOCTHM HEJIb3s paccMaTpuBaTh OTAEIbHO OT
3JICKTPOXUMUYECKOM CUCTEMbI, KOMIIOHEHTOM KOTOPOM
sIBJIIeTCs 3JeKTpoauT. [1o3ToMy HauyHeM ¢ ompeneaeHust
HEKOTOPBIX OCHOBHBIX JIEKTPOXUMUYECKUX MOHSITHUIA.

DIIEKTPOXUMUIO MOXHO ONpPENeuTh KaK 4acTb XU-
MMM, W3YYalollylo TpeBpalleHUs] BEIIeCTB Ha TpaHUIlE
pazaena IPOBOAHMK 3JIEKTPUYECTBA MEPBOTo poja (dIeK-
TPOHHBIN MPOBOTHUK)—TIPOBOIHUK 3JIEKTPUUYECTBA BTO-
poro pona (MOHHBIM IMIPOBOJHUK), IPOMCXOISIINE C ydac-
THEM CBOOOIHBIX 3/1eKTpoHOB. CucTema, cocrosiias U3
JIByX MPOBOJHMKOB MEPBOT0 pojJia M HAXOASIIETOCsS] ¢ HUMU
B KOHTaKTe MPOBOJIHMKA BTOPOTrO polia, B KOTOPOil MOTYT
MpoTeKaTh KaK MUHUMYM OJTHA 3JIEKTPOXUMUYECKasl peak-
LIMS1 OKMCJIEHUSI U OJTHA DJIEKTPOXUMUYECKasi peaKiusi BOC-
CTaHOBJICHUSI BEllIECTBA, HA3bIBAETCS DJIEKTPOXUMUUECKOIT
cucrteMoil. CocTaBHbIE YaCTU JEKTPOXMMUYECKON cUCTe-
MbI UMEIOT CJIEYIOLIE Ha3BaHUsl. DJIEKTPOHHBIN TTPOBO/I-
HUK, HAXOASAIIUICA B KOHTAKTE C MIOHHBIM ITPOBOTHUKOM,
Ha3bIBaeTCs 2JIEKTPOIOM. DJIEKTPOA, Ha KOTOPOM HIET
SJIEKTPOXMMUYIECKasl peakInsl BOCCTAHOBJICHUS, Ha3bIBa-
€TCS1 KaTOJIOM; 2JIEKTPO/I, HA KOTOPOM UAET JIEKTPOXUMU-
gyeckasi peaklusl OKUCJIeHMs], — aHoJoM. MoHOMpoBos-
LYo Cpely B DJEKTPOXMMUYECKON CUCTeMe Ha3bIBaloT
9JIEKTPOJUTOM. BelllecTBo, ydacTByiolliee B OKMCIUTEb-
HO-BOCCTAHOBUTEJbHBIX PeaKIMsIX Ha 3JIEKTPO/iax, Ha3bl-
BaeTCsl AEKTPOAKTUBHBIM BelllecTBOM (DAB).

Yamie Bcero moHsITUE “3JEKTPOJUT’ OTHOCST K XKWUI-
KWM pacTBOpaM M pacIijlaBaM BEIECTB, XOTs JaBHO U3BECT-
HBl MHOTME TBEpIble BellecTBa, OOJamalole MOHHOMN
MPOBOAUMOCTBIO. TBEPABIMU MOJUMEPHBIMU DJIEKTPOJIH-
tamu (TTID) Ha3bIBAIOT BEIIECTBA, UMEIOILIKE ITOJIMMEPHOE
CTpOEeHUE, TPUYEM B COCTAB MOJIMMEPOB BXOAIT DYHKIINO-
HaJIbHbIE TPYIIIbI, CHOCOOHBIE K IUCCOLIMALINU C 0Opa30Ba-
HUEM KaTMOHOB WJIM aHWOHOB, HAIpPaBJIeHHOE IBUXXEHUE
KOTOPBIX BHYTPH CTPYKTYPHI MOJIMepa 00YCIIOBIIMBAET €T0
WOHHYIO MIPOBOAMMOCTb. B KauecTBe nmpumepa npuBeaeHbI
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G opMyJIBL ABYX HauOoJIee IIMPOKO U3BECTHBIX MpeaCTaBU-
teneit TIID.
"Nafion"
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x=5-13; y=1000; m = 0-3; n=2—6.

“Nafion” npencrasisier co6oii (PTOPYrIepOaHBIIA T10-
JIUMep, colepxaliuil GyHKUMOHAIBHBIE CYJIb(OrpYIIbI,
CIOCOOHBIE K OOMEHY C BHEIIIHEM CPeIoi 3JIeKTpoCcTaThye-
cku cBsizaHHbIMU KaTuoHamu K. MoHHas npoBoaumMocTb
aroro TIID obycioBneHa ABMXXEHUEM KAaTUOHOB, TO3TOMY
MOA0OHBIE BJIEKTPOJIUTHI MOTYYWIN Ha3BaHUE KaTUOHHBIX
wiy (1o aHaJIOTUM ¢ MOHOOOMEHHBIMM CMOJIaMM) KaTHO-
HOOOMeHHbIX. Btopoit TIID — noau(BUHUANUPUIUH) —
COCTOWT U3 YIJIEBOAOPOIHBIX TTOJMMEPHBIX LIETIEH, UMEIO-
wUx (GYyHKIMOHATbHbIE MUPUIMHOBbBIE TPYIIbI, CIIOCO0-
HbI€ JIEKTPOCTATUYECKHU WJIK KOOPIAUHALIMOHHO CBS3bIBATh
aHUOHBI A. DJIEKTPONPOBOAHOCTh JAHHOTO 3JIEKTPOJIUTA
00yclioBJIeHA ABMKEHUEM aHMOHOB, TTO3TOMY €0 OTHOCST
K TpyIIIe aHWOHHBIX WIM aHUOHOOOMEHHbIX. M3-3a yHU-
KaJbHBIX Ka4eCTB (YCTOMYMBOCTb, BHICOKASI DJIEKTPOIPO-
BOJHOCTb, POYHOCTH) IIIMPOKOE PACTTPOCTPAHEHHUE TTOJTY-
YK TOJIBKO (pTOpyIiiepoaHble KaTHoHHBIE TIID, mosToMy
B JajbHeilIeM CBOWCTBA W TNMPUMEHEHUE MOJUMEPHBIX
9JIEKTPOJUTOB OyJeM paccMaTpuBaTh Ha X MIPUMEDE.

B 1964 romy amepukanckas ¢upma “dromon” (“Du
Pont”) 3amareHToBaja ciocob TMoJaydYeHus (PTopyriepo-
HBIX BUHUWJIOBBIX 3(UPOB, colepKalliuX CyJb(horpynrsbl,
noJiMMepU3alieil KOTOPhIX B BOAHOM Cpele C UCIO0JIb30Ba-
HMEM TepoKCHIa BOAOPOIa B KaUueCTBe MHUIIMATOpa U Obl-
JIA TIOJY4YeHBI TIEPBBIE TTOJUMEPHbIE MEMOpPaHBI, ITUPOKO
U3BEeCTHBIE TToA ToproBoil mapkoi “Nafion”. IlosmHee
a”asornuyHbie TIID cranu Beimyckathess U B Poccuu mop
Ha3zBaHueM M®P-4CK. IlepBbie B MUpE MPOMBIILLJICHHbIC
YCTAaHOBKM C IIpUMeHeHrneM MeMOpaH “Nafion” 3aryieHbl
B Slmonuu B 1975—1976 rogax. B 70-e rompl ObLIM HAaYaThl
IMMPOKME HayJYHBIE MCCIENOBAaHMS CBOWCTB 3THUX IOJH-
MEPHBIX 3JIEKTPOJINTOB, TJIABHBIM 00pa30oM MeXaHU3Ma MX
TTPOBOIUMOCTH.

CBOICTBA TIID “NAFION”

Buemne memOpana “Nafion” mpeacraBisieT coO0i ONTH-
YeCKU MPO3payHble B BUIMMOM YaCTH CIIEKTPa JIMCTHI TOJI-
muHoit ot 0,1 mo 1 MMm. BecrencrBrue MHEPTHOCTU CBOeM
¢ropyrieponHoit ocHOBbI 3TOT TTID upe3BbIUaiiHO yCTOM -
YUB K XMMUYECKUM BO3JEHCTBUSM (BbIACPKUBAET KUIIsTIE-
HUE B KOHIICHTPUPOBAHHOI a30THOM KUCJIOTE), MEXaHUYe-
CKHU TIpoveH U TepMuuecku ycroituuns (o 100°C). O6buHO
OH BBINTyCKaeTCsl B IPOTOHMPOBAHHON WJIM HATPUEBOM
dopme (K = H" i Nat cooTBeTCTBEHHO). DKBUBAJIEHT-
Hast macca “Nafion” coctassiet ot 900 10 1200 r B pacuete
Ha 9KBUBAJICHT CYIb(MOTPYIIIL.

HccnenoBanust BHyTpeHHero ctpoeHust TTID “Nafion”
MoKa3aJii, YTO OH UMeeT AByX(a3Hylo CTpyKTypy (puc. 1).
OcHoBa nosiuMepa (ruapodobHast ¢aza) COCTOUT U3 PTOP-
YIJIEPOJHBIX U d(PUPHBIX LIeTeil, pacroJ0XEHHbIX B IPOCT-
paHCTBE TaKUM 00pa3oM, YTO (pyHKIIMOHAJIbHbBIC CYIb(hO-
TPYIIBI TPYMITUPYIOTCS BHYTPU CHEpHUECKUX TTOIOCTEN
nuaMeTpoM Topsiaka 40 A. Cucrema cBsi3aHHBIX Y3KUMU
KaHaJaMU TOJIOCTEM, coepXKalluX TMAPaTHPOBAaHHBIE Ka-
THOHBI, TIPEACTABIISIET COOOI BTOPYIO, THAPODIIbHYIO (ha-
3y MeMOpaHHI.

Ilepenoc 3apsima B TIID ocyiecTBisieTcs: B MPOCTeii-
1IeM cliydae 3a cyeT Mepexoa KaTMOHOB € OJHOM cylbdo-
rpynmnel Ha Apyrylo. CrneluaibHbIMU HUCCIIeIOBaHUSMU
ObLIO YCTAHOBJIEHO, YTO HEOOJIBILIME MO pa3Mepy KaTUOHBI
MOTYT JIETKO IePEeXOAUTh U3 OTHOM MOJIOCTHU B IPYTYIO, TOT-
J1a KaK IBUXKeHHUE aHMOHOB Yepe3 y3Kre KaHaJlbl 3aTpyaHe-
HO M3-3a OTTAJKMBaHUS OT OJHOMMEHHO 3apsiKEHHBIX
(YHKIIMOHAJIBHBIX TPYIIIT. DTO CBOMCTBO OIpEAeIseT BO3-
MOXHOCTh MCITOJIb30BaHMs “Nafion” Kak MOH-CEIeKTUB-
HBIX MeMOpaH, CITOCOOHBIX MPOIYCKaTh OMHW MOHBI M 3a-
NIEP>KUBATh IPYTHUE.

IaBHOIT ocobeHHOCThIO “Nafion” siBisgercs ee upes-
BBIYaifHO BBICOKAast HOHHASI TPOBOIMMOCTb. BeTmuuHy mpo-
Bomumoct TIID wiam, OpyruMu ClOBaMU, CKOPOCTb

dropyrmepoaHas
oCHOBa nonvMepa
e b ™~
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Puc. 1. BHyTpeHHsia cTpykTypa TM3 “Nafion”
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TpaHCIopTa 3apsiia yepe3 HUX MPUHSTO OLIEHUBATh Yepe3
koapuieHT nuddy3un 3apsokeHHbIX YacTull (Koagdu-
nueHT nuddysun 3apsana) D (cm*/c). KoapduuneHnt nud-
y3unm nonos Na* B MmemOpane “Nafion” cocTapiser 0KoJo
1-10-%cm?/c, uTo cpaBHUMO ¢ K03 dULIMeHTOM 1D dy3un
STUX WMOHOB B KOHIEHTPUPOBAHHOM BOTHOM pacTBOpE
XJIOpUIa HaTPHSI.

PaccMmarpuBaembie ToIMMeEphI, TTOT0OGHO MOHOOOMEH-
HBIM CMOJIaM, CITOCOOHBI OOMEHMBATh BXOASIINE B UX CO-
CTaB KaTMOHBI Ha KAaTHOHBI BHEIIHEW cpeabl. MeTomom
noHHoro oomeHa B TIID MoXHO BHeIpSITh KaK IPOCThHIE,
TaK ¥ IOCTaTOYHO KPYMHbIe KOMIUIEKCHbIE KATUOHBI TUIIA
[Ru(bipy),]|**, tne bipy = 2,2'-6unupuaun. [1pu 3T0M KOH-
LIEHTpalsi KATHOHOB B MEMOpaHe MOXET MPeBbILLIATh Mpe-
JIETbHO BO3MOXHYIO KOHLIEHTPAIWIO JaHHBIX KATHOHOB B
pactBope. Tak, mociie BBIIEPXKHUBAHUS MeMOpaHbI B BOA-
HOM pactBope, conepxameM 10~ monsa [Ru(bipy),]*" na
JIMTP, KOHIIEHTpaLMs 3TUX MOHOB B TIID MoXeT OBITH B
500—700 pa3 Goabiie. [Tpuuem BHeApeHHbBIE KOMILJIEKC-
HBIE KAaTUOHBI TIPOYHO YIEPKUBAIOTCS MEMOpaHOI: yMEHb-
IeHUs] KOHIIEHTpAIMM KOMITJIEKca He ObUTO 0OHApyKeHO
Jlaxe mocJjie TPOMBIBKY MEMOpPaHbI B IPOTOYHOM BOJIE B Te-
YEHUE HECKOJIBKUX THEN.

IMonumepsl ¢ aKkBUBaIeHTHOM Maccoit 900—1000 r/akB
MOTYT MEIUICHHO PACTBOPSITHCSI B TAHOJIE WJIU TUMETHII-
(opMaMue. DTO CBOWCTBO SIBIISIETCST BEChMa BasKHBIM, IO~
CKOJIbKY JaeT BO3MOXHOCTb TOJy4aTh Ha MOBEPXHOCTH
3JICKTPOIOB PA3IMYHBIX DJICKTPOXUMHUIECKIX CCTEM TOH-
kue TeHku TTID myTeM HaHeceHHsI pacTBOpa M BBIMTapH-
BaHUST PACTBOPUTEJIS TIPU HEOOJIBIIIOM HarpeBaHWU. Takue

© o ]

TMN3 “Nafion”

3JIEKTPOABI C TOHKUM clioeM TTID Ha moBepXHOCTU U BBe-
JIEHHBIM B TIOJIMMEP /151 MPUAAHUS JIEKTPOIY KAKUX-TU00
crieliMUIecKuX cBOMCTB DAB Ha3bIBaIOT MOJMMEPHBIMU
anekTpogamu. OHU, B CBOIO OYepellb, OTHOCSTCS K KJlaccy
XMMUYECKN MOAUMPULUIMPOBAHHBIX 3JIEKTPoA0oB (XMD).
XuMu4ecku MoaucUIIMpOBaHHBIMI HA3bIBAIOT 3JIEKTPO-
IIbl, HAa TOBEPXHOCTb KOTOPBIX HAHECEHBI MOJIEKYJISIPHO OpP-
TaHM30BaHHBIE XUMUYECKUE CUCTEMBI, TIpeIHa3HaueHHBIE
TS TIeJIeHATTPaBICHHOTO MU3BMEHEHUST DJICKTPOXUMUYIECKIX,
KaTaJIMTUYECKUX WJIU ONITUYECKKMX CBOMCTB 3JIEKTPO/IA.

Kpartkoe paccmorpenue coiictB TIID “Nafion” mo3s-
BOJISIET BBIZICJTUTH OCHOBHBIEC HATIPABJIEHUS €T0 TIPaKTHUIeC-
KOr0 MCIIOJIb30BaHus (puc. 2).

BJEKTPOXUMUNYECKOE ITOJIYYEHUE
XJIOPA 1 TUJIPOKCHUJIA HATPUSA

X710p siBsIeTCS BaXKHEUIITUM XMMUYECKUM TTPOYKTOM, UC-
TTOJTB3YEMBIM IS TIOJIyYeHUsI TTOJTMMEPHBIX MaTepuasioB,
MeCTULIMIOB, TKaHei. Ero mosyJaioT B HacTosIee BpeMst
MPaKTUYECKU UCKITIOUUTEBHO ITyTEM 3JIEKTPOJIN3a BOIHO-
ro pactBopa xjopuma Hatpus. Kak mokazaHo Ha cxeme
npoiiecca (puc. 3), Ha Karoje (0OObIYHO CIeJIAHHOM U3 CTa-
JIW) MPOUCXOAMT BhIIEJICHUE BOAOPOIA M 00pa3oBaHUe I -
POKCUJIbHBIX MOHOB, AIOIIUX C HAXOSIIMMUCS B PaCTBOpPE
MOHAMU HaTpus rUaApoKcun Hatpus. Ha aHome xinopuaHbie
aHWOHbBI OKHUCJISIIOTCS 10 MOJIEKYJISIPHOTO xjopa. ODTOT
Mpolecc KaTaJu3UpyeTcsl MaTepuajioM aHola, MOBepX-
HOCTb KOTOPOTO TTOKPBITA CMECHIO OKCUIOB TUTAHA U pyTe-
Hus (IV). Ilpu orcyrcTBUM pasaenuTenbHON nradparmbl

T a

TTna
B 3J1eKTpOSIM3epax
1 ICTOYHMKAX TOKa

Ocuolarusle o00CaalecTn

KaTnoHoobMeHHbIe
BOWCTBA, CMOCOOHOCTL
K 06pa30BaHNI0 TOHKNX

Xnmmyeckas
Moandukauns
NIEKTPOAOB

MPUMECHE@HNA

NeKkTpokaTasing,CeH-

COPHbIE YCTPOMCTBA,
3NEKTPOXPOMHbIE

Puc. 2. CBolicTBa 1 OCHOBHble 06n1acTu npumMeHeHns TMN3 “Nafion”
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Puc. 3. CxeMa 91eKTpOXMMNYEeCKOro CMHTE3a xJiopa 1
rmapokcmnaa Hatpmsa ¢ npumeHeHnem T3 “Nafion”

TNAPOKCUJIBHBIC MOHBI MOTYT ITOIIadaTh N3 KaTOAHOTIO ITPO-
CTpaHCTBA B aHOJHOC U B3aMMOAECCTBOBATh C XJIOpOM:

Cl, + 20H- — CIO™ + CI' +H,0

Kpome Toro, runmoxjiopuT-uoHbl MOTYT Aajiee OKUCISTHCS
10 peaKkiuu

6CI1O™ + 3H,0 — 2CIO; +4CI" + 6H" + 1,50, + 6¢”

O6a npuBeneHHbIX MOOOYHBIX Tpolecca MPUBOAMIT K 3a-
TPSI3HEHMIO I1IEJIOUM XJIOPATOM HATPUSI U TIOSIBJICHUIO TIPU -
MeCH KHCIIOpoJia B XJIOpE, pe3KOMY YMEHBIIIEHUIO BhIXOAa
10 TOKY (ITOKa3aTesb, XapaKTepu3ytolmnii 3p(GeKTUBHOCTh
2JIEKTPOXMMMYECKOTO IIpoliecca). TakuM obGpa3om, mpu-
CYTCTBME pa3leUTEeIbHON MeMOpaHbl, MpeaoTBpallaro-
1IeH CMEIIMBAHUE MPOAYKTOB aHOIHOM M KaTOIHOM peak-
LIMiA, SIBJISIETCSI HEOOXOMUMBIM YcIoBUEM 3(DGHEKTUBHOTO
BeJeHUsI Mpoliecca B 1ejgoM. MemOpaHa JOJIKHA COOTBET-
CTBOBATb CJICIYIOIIUM TPEOOBAHUSIM:

* XOpOLLO MpOInycKaTh MOHLI Na*, HO ObITb HEMPOHU-
naemoii a1 noHos Cl-u OH™;

* OBITh XMMUYECKU CTAOMJIBHOI B BBICOKOArpecCHUB-
HOI cpene (IIIeTOYHOM PacTBOP XJIOPUIA HATPUS 6 MOJIb/JT
nipu Temrepatype 80—95°C) B TeueHUE JIUTEIIBHOTO Bpe-
MCHH;

¢ UMCTb BBICOKYIO 3JICKTPUYCCKYIO IIPOBOANMOCTD,
* OBITH MEXaHNYECKU HpO‘IHOI7I.

OTu TpeboBaHMS ObLIM BHINIOJHEHBI B MOJHOI Mepe
TOJILKO TIOCJIe TIOsIBJIeHUs MeMOpaH “Nafion”, yctaHOBKU
Ha OCHOBE KOTOPBIX 3aHUMAIOT B HACTOSIIIIEE BPEMST JIUIM-
pyIoIIiee MOJIOXKEHNE B 001aCTH XJIOPHO-IIEIOYHOTO 3JIeK-
TpOJIH3a.

KNCJIOPOA-BOAOPOJAHBIE 'EHEPATOPBI
1 TOIIVINBHBIE BJIEMEHTDI

[TosiBieHre QTOPYIrIEpOIHBIX KATUOHOOOMEHHBIX MEMO-
paH MPOM3BEIO HACTOSILIYIO PEBOJIOLMIO B TAKUX obJac-
TSIX, KaK 3JICKTPOJIM3 BOABI ISl TIOJIydeHUs Boaopoja U
KHCJIOpoJa U IpeoOpa3oBaHME XMMUUYECKON BHEPTrUM B
9JIEKTPUUECKYIO C MIOMOIIIbIO TOMJIMBHBIX 27ieMeHTOB. O6e
00JIaCTU HayKM M TeXHUKU B3aUMOCBSI3aHbl U SIBJISIIOTCSI
HEeoOXOMMMbIMU KOMITOHEHTaMU TaK Ha3bIBaeMO BOJIO-
ponHoii aHepreTuku. CyTb MOCIEIHE COCTOUT B TIpEUMY-
1IECTBEHHOM UCITOIb30BaHUH BOAIOPO/Ia KaK 9KOJOTUIECKU
YHUCTOTO UM 3KOHOMUYECKU BBITOAHOTO 3HEPrOHOCUTES.
JleiicTBUTEIbHO, BOAOPOA MOXET OBITh TOJIY4YeH C TTOMO-
1IbIO BJIEKTPOJIN3a BOIBI — MPUHIMITMAIBHO 9KOJIOTUYEC-
KU yucToro npouecca. Hanbosee BbITOAHO JejlaTh 3TO B
MeproJbl HAaMMEHbIIIEH BHEIIHEN 3arpy3Ky 3J1eKTPOCTaH-
uuit. lanee, no cyiecTBYOUIMM MOJCUETaM, TPAHCIIOPTHU-
pPOBKa BOOPOA MO CUCTEME TPYOOIIPOBOAOB 000IIETCS B
MSTh pa3 JeleBse nepeaayn 3JeKTpUIecKoil SHEPTUu 1o
BBICOKOBOJIBTHBIM JIMHUSIM. Y KOHEYHOTO TOTpPeOUTEIst
BOZIOPOJI MOXKET OBITh UCITOJIb30BaH HEMOCPENCTBEHHO KaK
9KOJIOTUYECKU UYUCTBI XMMUWYECKUI peareHT (TOIIMBO,
BOCCTAaHOBUTEIb) WM [UISI TIOJYYEHMS] SJIEKTPUUYECKOM
9HEPTUM B TOTUIMBHBIX djieMeHTax. Mcronb3oBaHue BOIO-
polla KaK 3HEPrOHOCUTEJNISI TIOMOXET, TaKhM o0pa3oM,
YMEHBIIUTH PACXO]] YIJIEBOIOPOTHOTO TOTIJIMBA U TIPUBEET
K YMEHBIIIEHUIO BBIOPOCOB YIJIEKUCIIOTO ra3a B arMocdepy.
OnHako IJIsT peaJTbHOTO BHEAPEHMST KOHIETIIIUHA BOIOPOI-
HOU 3HEPTeTMKM HEOOXOAWMO PEINTbh HECKOJBKO IPOo-
6J1eM, OTHOM M3 KOTOPHIX SIBJISIETCS TTOBBIIIEHNE 3 deK-
TUBHOCTH 3JICKTPOXMMHUYECKOTO TMOJTyYeHHUS] BOIOpOIa U
00paTHOTO MpeoOpa3OBaHMSI XUMUYECKOM SHEPTUH B JIeK-
TpudecKylo. Kak ObIO0 OTMed4eHO, OOJBIIYIO POJIb 3[ECh
chIrpao nosiBieHne MmeMopansbl “Nafion”, koTopas B pac-
CMaTpUBaeMBbIX CUCTeMaX SIBJISICTCSI HEe TOJBKO MOH-Ce-
JIEKTUBHOMW nuadparMoii, HO ¥ IEUCTBUTEIBHO TBEPABIM
TTOJTUMEPHBIM 3JIeKTPOJIUTOM. [IpMHIUIT paboThl TBEPAO-
TMOJTMMEPHOTO 3JIEKTPOIN3EPa MOXKET OBITh IMMOSICHEH C TO-
MOIIIBIO pHC. 4.

JuctunnvpoBaHHasi BOAA MONAETCS] B AHOAHOE MPOCT-
PaHCTBO 3JIEKTPOJIM3epa U NMPOHUKAET Yepe3 Mophl aHOoAa
(TutacTMHA U3 MOPUCTOTO TUTaHA) K TPaHULIE pasena dJe-
ktpon/TI1D. Ha 3T0ii rpaHu1le MPOUCXOIUT BJEKTPOOKHUC-
JIEeHWE BOIBI C BblIeseHreM Kuciaopona: 2H,0 + 4e™ —
— 0, +t4H"

Kucnopon ynansercss U3 peaklIMOHHOW 30HBI yepes
MOPBI JIEKTPOJa, Ta3oHenTpoHniaeMocts TIID mpemnsarcr-
BYeT IIPOHUKHOBEHUIO €T0 B KATOIHOE ITPOCTPAHCTBO U 00-
pa3oBaHUIO B3pbIBOOMAacHOi rpemydeit cMecu. [lo omu-
CaHHOMY BBIIIE MEXaHW3MY THIpPAaTHPOBAHHBIC ITPOTOHBI
NIBIDKYTCS 4epe3 MeMOpaHy K KaTofdy, Tae IIPOUCXOIUT MX
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MopucTbin
TUTAHOBbI 9NEKTPOL

Tokonoa-
BOL,

KaTtanusartop TNS Karanusatop Bxop
KaTtogHoro aHoAHOro H,O
npouecca npouecca

Puc. 4. Cxema TBepaonosIMMepHOro a/1ekTpoxmmMmye-
CKOrro reHepaTopa Bogopoaa 1 kncnopoga

BOCCTAaHOBJIECHUE C BbIJICJICHUEM ra3006pa3Hor0 BOOpoaa:
2H* +2¢- —» H,

[Tono®HO KHCI0pOIY, BOAOPO YAAISIOT Yepe3 CUCTe-
My TOp Karoja W KaHajbl Tokornoasonaa. [IporekaHue ka-
TOAHON M aHOJHOW peaklUii CTUMYJIUPYETCS BBEIECHUEM
Ha TpaHMIBI pasnena smekTpoabl/TI1D kaTtanuzaropoB —
MEJIKOIMCTIEPCHBIX TIIaTUHBI U okcuaa upuaus (IV) coor-
BETCTBEHHO, MPUYEM pa3paboTaHHBIE K HACTOSIIEMY Bpe-
MEHM TEXHOJIOTUM TTO3BOJISIIOT YMEHBIIUTh KOJIMYECTBA
MPUMEHsIEMBIX 0J1aropoaHbIX MeTayl1oB 10 0,1 Mr B pacueTe
Ha KBaJpaTHBI CAHTUMETpP MOBEPXHOCTH dJieKTpona. He-
KOTOpPbIE KOJMYECTBEHHbIE XapaKTEPUCTUKU TBEPAOTIONM -
MEPHBIX JIEKTPOJIN3EPOB, 1€MOHCTPUpPYIOIIUe UX 3 dheK-
TUBHOCTb, TAKOBBI:

* HampsbKeHue Ha djekrpogax 1,6—1,8 B mpu HoMmu-
HaJIbHOH IJIOTHOCTHM ToKa | A Ha KBaapaTHbIIA CAHTUMETP
reOMETPUUYECKOI MOBEPXHOCTHU 3JIEKTPOIOB;

e toaHa TTID 0,2—0,5 MM, ToJILIMHA BCE BJIEKTPO-
JIU3HOM SYEKM HEe TPEBBIIIAET HECKOJBKUX MUIMMET-
POB;

* MPAKTUYECKU CTOMPOLICHTHAS YMCTOTA BBIIEISIOLINX-
¢ Ta30B, YTO MO3BOJISIET MPUMEHSITh UX KaK YUCThIE XUMU-
YeCKHUe peareHThl U B METULIMHCKUX LIENsIX (KUCIOPO.).

OueBUIHO, YTO KaK C 9KOJOTUYECKON TOUKHU 3peHUsI,
TaK M C TOYKM 3pEHUST SKOHOMUYECKOH 3(D(hEKTUBHOCTU
ssiekTposu3epsl ¢ TIID He uayT HU B KaKoe CpaBHEHUE C
reHepaTopaMu BOAOPOAA U KUCI0PO/Ia, UCTIONb3YIOLIUMHU B

KayecTBe 2JIEKTPOJUTOB XUAKKE PACTBOPHI IieJoueit. Yke
TO 0OCTOSITENBLCTBO, YTO PabOTAIOT TBEPAOMOJIMMEPHBIE
9JIEKTPOJIM3Epbl Ha JUCTU/UTMPOBAHHOU Boie (MpuyeM,
YyeM 4ulle BoJa, TeM 00Jibliie CpoK c1yk0b1 TT1D), roBoput
00 X 3Kojoruyeckoil yucrore. M mocieaHuit nmpumep:
9JIEKTPOJIM3EP Pa3MEPOM CO CIMUYEUHYIO KOPOOKY B Teue-
Hue mocienHux 10 et 6e3 BCAKON 3aMeHBI 3JIEKTPOIOB
win TIID obecneunBaeT Bce MOTPEeOHOCTU Kadenphl, Ha
KOTOpPOIi paboTaeT aBTOp 3TOI CTaTbU, B KUCJIOPOAE U BO-
JTopoJie ISt TpeTiapaTUBHBIX paboT. PasymeeTcst, 5TUM Mpu-
MEpOM He MCYePITbIBAIOTCS 001aCTH TPUMEHEHUS TBEPAO-
MOJUMEPHBIX T€HEepaTopoB Kuciaopoda U Boaopoda. Mx
YCIIELIHO UCIOb3YIOT B TEUEHUE IMOCIEHETO NECATUIETUS
B MenauiiHe. OHU BHITECHIIIN TSIKEITBIE Y TT0XKapOOTIacHbIE
KUCJIOPOJHbIE OAJUIOHBI, HAIILIM IIMPOKOE MTPUMEHEHHE B
MPOMBIIIJIEHHOCTH (BOAOPO]I UCITOJIB3YIOT B KAUeCTBE BOC-
CTaHOBUTENSI, 00a Taza — B CBapOYHBIX alapaTax), B
SHEPreTHKe U Jaxe ObITOBBIX YCIOBUSIX — JISI TTOBBIIIIEHUSI
KOHLIEHTpaLMU KHUCIOpO/a B BO3IyXe MOMEIICHUIA, YTO He-
00X0AMMO JIJIs1 JIETOUHBIX OOJIbHBIX, 3aTIOJIHEHUST KUCJIOPO/I-
HBIX TIOAYIIEK U T.I. [OTOBBIMM K IIMPOKOMY TTPUMEHEHUIO
(3KOHOMMYHBIMM, 0E30MACHBIMU, HEOOCITy>KMBAeMbIMU)
BOJIOPOJI-KUCIOPOIHbIE JNEKTPOJIU3EPHI CHENAT0 MUMEHHO
HCTIOJIb30BaHKE TBEPABIX MOJUMEPHBIX 3JIEKTPOIUTOB.

KoncTpykiins Bomopo1-KUCI0pOIHBIX TOTTUBHBIX 3J1e-
MeHTOB ¢ TTID mpuHUKMIIHMATBHO He OTIMYAETCS OT IPUBe-
NIEHHOI Ha puc. 4 cXeMbl dJIeKTpoau3epa. TorinBoM 31ech
CJIy>XaT ra3000pa3Hble BOAOPOJ U KUCIOPOA, peaKiluu Ha
9JIEKTpOofaxX IPOTEKalT B OOpaTHOM HAMpaBiIeHUM TI0
CPaBHEHMIO C PEaKLMSIMU TIPU JIEKTPOJIM3E, MPOTYKTAMHU
Xe SIBJISIIOTCS AUCTWIIMPOBAaHHAsI BOa U dJIeKTpUyecKast
sHeprus. CyliecTBYIOT JIMIIIb pa3IMuMsl B COCTaBe KaTasu-
TUYECKMX CJIO€B Ha IpaHMIIax paszesa anekTponbl/ TIID u
KOHCTpYKLIMHU 37eKTpoaoB. OqHako KIT ToIIMBHBIX 2Jie-
MeHTOB ¢ TIID, U3BECTHBIX K HACTOSIIIIEMY BPEeMEHM, HE
npesbinraet 50%, a HampspKeHue coctasisteT uinb 0,8 B.
DTO BBI3BAHO B IIEPBYIO 0UYepelb HU3KOM 3¢ (HEeKTUBHOCTHIO
MPOTEKAHUS PeaKIIUU IeKTPOBOCCTAHOBIEHUSI KUCIOPO-
Ila TMpU CpaBHUTEIbHO HU3KUX TemriepaTypax (80—90°C)
(byHKIIMOHMPOBaHMS TaHHBIX YCTPOMcTB. Cepbe3HBIM TTpe-
MSITCTBUEM Ha MyTH IIMPOKOTO PaCIpOCTpaHEeHUs TOTLIMB-
HBIX 3JIEMEHTOB SIBJISIETCSI TAKXKE BbICOKASI IIeHA ToJIydyae-
MOM C WX TTOMOIIBIO 3JIEKTPOIHEPTUA — OT 3 10 8 TEHIC.
nojuapoB 3a 1 KBT. TeM He MeHee TOIUIMBHBIC 2JIEMEHTHI C
TIID BcieAacTBUME CBOMX YHUKAJbHBIX KauecTB (Oe3omac-
HOCTH, 9KOJIOTUYECKOI YMCTOTH U KOMITAKTHOCTH ) HAIIUTN
MpYMEHeHUe Ha TIOIBOAHBIX MU KOCMUYECKUX KOpalJsx,
T/Ie UX UCTIOJIb3YIOT JIs1 OJTYYeHUS IPECHOM BOJBI U 3JIEK-
TPUYECKOI SHEPTUM.
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XUMUNYECKAS MOAUPUKAIINA
BJIEKTPOJOB C ITIOMOIIBIO TIID

CyTb XUMUYECKON MOIU(UKAIIUN 3JIEKTPOAOB, CPaBHU-
TEJbHO HOBOTO HAMpaBJICHUS] 3JEKTPOXUMMU, MOXKHO
MOSICHUTH Ha clieayonieM npumepe. [Ipeanoaoxum, 4To
HEOOXOAMMO TIPOBECTU PEAKIIUIO SJIEKTPOXUMUIECKOTO
BoccTaHoByieHus BelectBa Ox: Ox + e~ — Red. OngHako
JlaHHas peaklysi Ha U3BECTHBIX 2JIEKTPOJHBIX MaTepUaiax
(peasibHBII BBIOOP KOTOPBIX, KCTaTH, HEBEJIMK) MPOTEKAET
C HU3KOI CKOPOCTHhIO. BhIXom n3BecTeH — 1moadop KaTaiamsa-
TOpa, MOBBILIAIONIETO CKOPOCTh peakliMi U MMMOOWIN3a-
1IMST €T0 B PeaKlIMOHHOM 30HE, TO €CTh HAa TpaHULIe pa3ziesa
3J1eKTpOo.,/371eKTposuT. COOCTBEHHO, OTHOMN 13 OCHOBHBIX
3a/a4 XMMUYeCKOi MOITUGbUKALIMU JTEKTPOAHBIX MOBEPX-
HOCTe#l u sIBjisieTcs opraHu3aius 3 GeKTUBHOTO MPOTe-
KaHMS 2JIEKTPOXUMHUYECKUX IPOIIECCOB C TTIOMOIIBIO KaTa-
JIN3aTOPOB, HAXOASIIMXCS B MOIUMUILIMPYIOIIEM CJoe.
IIpenmonoxum nmajee, 4TO TaKOM KaTaJm3aTop HalioeH —
Hekoe BerecTBo A (puc. 5). Harecewm cioit TI1D Ha moBepx-
HOCTb 3JIEKTPOAa U METOJOM MOHHOTO OOMeHa BHEAPUM B
Hero Karajau3aTop, 3aMeCTUB YacTh KaTUOHOB HATpUsl, Ha-
XOIAIIUXCs B MeMOpaHe. B aToM cityyae peakiinst BoccTa-
HOBJIeHUs BellecTBa Ox OyneT IpoTeKaTh He Ha IOBEpX-
HOCTH 3JIEKTpOJa, a Ha rpaHule pasfena TI1D/pacTtBop:
Ox + A — Red + A". Karaiusarop Bo3Bpaliaercs B Uc-
XOIHYI0 (POpMY, BOCCTAHABIMBAACh Ha 2yekTpone: A +
+ e~ — A. OnHaKo I 3TOro KaTuoH A* 10JIKeH Tepe-
MECTUTBLCS Yepe3 CJIOW moJmMepa K 3JIEKTPOILy U, BOC-
CTaHOBMBIIIUCH, BEPHYTHCS 0OpaTHO K TpaHUlle pasiesa
noJumMep / pacTBop.

MexaHu3M TepeHoca 3apsKeHHBIX YacTUIL WM MPO-
CTO 3apsijia yepes CJIok MoJuMepa sIBJSETCS KJI0UeBbIM BO-
MTPOCOM, OTIPEIEIISTIONINM (HYHKIIMOHUPOBAHUE XMMUYEC-
K1 MoAGUIMPOBAHHBIX 2J1eKTpoa0B. CKOPOCTh IepeHoca
3apsiia 4acTo OMpeNessieT CKOPOCTh ANEKTPOXUMUUYECKUX U
KaTaJIMTUYECKUX TIPOLIECCOB ¢ ydyacTueM XMO3, MMEeHHO
TO3TOMY IIPOLIECCHI TIepeHoca 3apsiia B MoJMMepax ObUTA U
SIBJISIFOTCS TIPEIMETOM MHOTOYMCIEHHBIX UCCIIEIOBAHUA.

Ox
ef] Y
o
8
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()
=
(0] PacTteop

Puc. 5. Cxema xvmuyeckn MoanduumpoBaHHOro ane-
kTpoaa ¢ TlN3 n BHEAPEHHBIM B HEFO 9N1EKTPOAKTUBHBLIM
BELECTBOM A

B paccMaTpuBaeMOM IpuUMepe KaTHOH A MOXeT J0-
CTUYb TIOBEPXHOCTM 3JIEKTPONa MO JABYM MeEXaHU3MaM,
MepBbIM M3 KOTOPbIX sIBisieTcsl dhusndeckas nuddysus.
JBukynieit cuitoit nuddy3un siisieTcs TpaiueHT KOHILIEH-
tpauuu A B TIID B HanpaBieHUH, TEPIEHIMKYIAPHOM
TOBEPXHOCTH 3JIEKTPOIa. DTOT rpaueHT BO3HUKAET BCJIE -
CTBHME YMEHBILNEHU KOHILEHTpaluu A" y IOBEpXHOCTH
9JIEKTpOia M3-3a JJIEKTPOXMMUUYECKOTO BOCCTAHOBJICHUS
DAB. OnmHako ¢usndeckas quddy3nus IPpaKTUIeCKH BCeX
KaThoHOB (3a uckimodeHreM H™ u Na*) B TIID “Nafion”
MPOTEKAET MEJIEHHO, CKOPOCTh IBUKEHUS PE3KO MaJaeT C
yBeJIMYEHUEM pa3Mepa U 3apsiga MoHOB. CKOpoCTh Aud-
¢y3uMn KOMIUIEKCHBIX KaTHOHOB B “Nafion” 00bIYHO Xa-
pakTepu3syeTcss HU3KUMU KoadduiimeHTamu nuddy3un B
muanasone 107'—10"" cm?/c. Huskag cKopocTb TpaHC-
rnopTa 3apsiaa aenaaet Manodh@eKTUBHBIM U BECh MPOLECC
Ha XMD B 1iesiom.

AJIbTepHATUBHBIM MEXAHU3MOM, IIO3BOJISTIONIMM A' 13
IIyOMHBI MeMOpaHBI “IOCTAYh” MTOBEPXHOCTH 3JICKTPOIA,
SIBJISIETCSI OOMEH 3JIEKTPOHOM MEXKITy OTM3IeXKaluMy MO-
nexyigaMu Bemectsa A: A* + A —= A + A*. BoccraHo-
BUBIIKCH Ha 2JIEKTpOJe, Onmxkaiiias K HeMy MoJieKysa
BOCCTAHaBJIMBAET COCEIHIO U T.J. A0 'PaHUIIbI pas3nesia
nonumep/pactBop. Pazymeercsi, 3T0 BO3MOXHO TOJbKO B
TOM cJlly4yae, €Clid PacCTOsTHUE MEXIy MoJieKyJaMu A B
TTID noctaToyHO MaJio [JIsl TIepeHoca JEKTPOHA, TO €CTh
KOHIIEHTpalUs A TOCTaTOYHO BEJIMKA.

OTHOCUTENBbHBIM BKJIAZ MepeHoca 3JIeKTpoHa (3eK-
TPOHHOU IIPOBOANMOCTH) U 1 Gy3Ur B OOIIMIA IIpoLIece
TepeHoca 3apsna B 2JEKTPOXUMHUUYECKUX CHUCTEMax, CO-
JIEpXKalIuX PacTBOPBI BJIEKTPOJUTOB, OBUI PAacCMOTPEH
Hamcom (H. Dahms) u Paddom (I. Ruff) B koHue 70-x —
Hayvaye 80-X rogoB. AHaJIOTUYHAasI TeopeTUYecKasi MOAeIb
nepeHoca 3apsiaa Oblia HECKOJIbKO TO3IHEe pa3BUTa U JIsl
TIID. CkopocTh mpoliecca MepeHoca 3apsijia B pamMKax
paccMaTprBaeMOil MO MOXET ObITh BhIpaXkeHa depe3
ko3 duumeHt nuddysuu 3apsana D, , cOCTOSIMN U3 IBYX
cJaraeMaix:

D, =D+ kdnC, /4,

rne D — koadpduuneHT peanbHoi nuddy3nu BeiecTBa A B
rmosimMepe, kK — KOHCTaHTa CKOPOCTH TIpollecca oOMeHa
BIIEKTPOHOM, JT - MOJIb™ - ¢!, C, — KOHIIEHTPAI[MS BELIECT-
Ba A B IoiMMepe, & — pacCTOsTHE MEXIY PeIoKC-TIeHTpa-
MM, Ha KOTOPOE ITePEHOCUTCS DJIEKTPOH.

OTHOCUTENIbHBIN BKJIaJ 00€MX COCTaBJISIOLIMX TPaHC-
ITOpTa 3apsiia MOXHO IOKa3aTh Ha CJICAYIOIIMX IpUMepax.
Tak, B pactBopax anekrponutos pu C, =0,1M,8 =107 cm,
k=10°cm® - Monp™! - ¢! BKJIaZL 271€KTPOHHOTO NEpeHoca co-
crapnger 8 - 107° cm? - ¢! Dra BeIMuMHA 3HAYUTETBHO MEHb-
me Ko3hduireHToB ¢u3nveckoin auddy3un BelIeCTB,
06BIYHO HAGIONAEMBIX B BOTHBIX pacTBopax ~107¢ cm? - ¢
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MHuaye roBopsi, BKJIad 2JEKTPOHHOIO IepeHoca B OOIIMiA
npoliecc mepeHoca 3apsiia B BOOHbIX PaCTBOpax He3Ha-
yuteneH. Jleno oocrout nHaue B TIID, roe duzmyeckas
nrddy3ust BeIIeCTB, eCTECTBEHHO, MMPOTEKAeT C MEHbIIIEi
ckopoctbio. Tak, B cucteme, cocTosiileil U3 KoMIIeKca
[Ru(bipy);]** BBemennoro B TIID “Nafion”, xoahduum-
ent nuddysnu sapsna D, paubiii 4 - 107 em? - ¢!, ckona-
apiBaercs w3 BeanunH 0,3 - 1070 em?-¢'n 3,7 - 1079 em? - ¢!,
OTpaXamIlNX COOTBETCTBEHHO (PU3NUECKOoe IBMXKECHUE
KOMIUIEKCa B TTOJIMMepe U 3JIeKTPOHHBIN TIepeHOoC 3apsiia.
Takum 006pa3oM, B TOJIMMEPHBIX 3JEKTPOIAX ISl TTOBBIIIIE-
HUS 3(QGEKTUBHOCTU IPOTEKAIOIIMX Ha HMX IIPOILIECCOB
HEoO0XOIMMO CTPEMUTBLCSI K OpraHM3alluu Hapsiay ¢ audg-
(by3MOHHBIM U 3JIEKTPOHHOTO MepeHOCca 3apsKEHHBIX Yac-
THUII Yepe3 MoJIuMep.

HepCHeKTI/IBHI)IC obactu IIPUMCHCHUA IMTOJIMMEPHBIX
QJICKTPOAOB BECbMa pa3HOO6pa3HI)IZ

* 3JIEKTPOXPOMHbBIE YCTPOWCTBA — CUCTEMbI, U3MEHSI-
JolllMe CBOW 1LIBET MpPM M3MEHEHUM I10JaBaeMOro Ha HUX
9JIeKTpUYecKoro curHaia. OCHOBOM 2JAEKTPOXPOMHBIX yC-
TPOMCTB SIBISIIOTCSI ONTUYECKU TPO3payHbIe 3JEKTPOJIbI
(KBaplieBbIe TUIACTUHBI C TTPO3PAYHBIM JIEKTPOITPOBOTHBIM
cjoeM okcunoB osioBa 1 uHaus ). B TI1D, HaHeceHHBI Ha
STOT 3JIEKTPOJ, BBOIUTCSl 3JEKTPOAKTUBHOE BEILIECTBO,
CIMOCOOHOE U3MEHSITh CBOI LIBET NP JIEKTPOXUMUYECKOM
OKWCJICHWH WJIN BocCcTaHOBJIeHUU. [Togo6HbIe ycTpolicTBa
TIPUMEHSIIOTCS, B YaCTHOCTH, KaK ONTUYeCKKE (UIBTPHI C
perympyeMoii MTHTEHCUBHOCTBIO TIOTJIOIICHUS CBETA;

* CEHCOpHbIE YCTPOICTBa, paboTaolle aHAJIOTMYHO
3JIEKTPOKATATUTUYECKUM CUCTEMaM, TMPUHIUT JeWCTBUS
KOTOPBIX OMUCaH B 3TOM paszfeine (cM. puc. 5). 3amaya ceH-
COPHBIX YCTPOWCTB — MOHUTOPUHT OKpYXKalollleil CeHCOp
cpenbl, THGOPMHUPOBAaHKE O MOSBJICHUH B HEil OTIpee/icH -
HOTO BellleCTBa U €T0 KOHILIEHTpalliu. Tak, TTpy MOSIBIICHUHN
BO BHEIIHEH cpene BemecTBa OX (CM. puc. 5) KOHIIEHTpa-
nus BemectBa A B TIID OymeT yMeHbBIIAThCS 3a CUET pe-
aKuMy ¢ HUM (pa3yMeeTcsi, BEeIIeCTBO A B 3TOM cllydyae
JIOJDKHO OBITh IMOIOOpaHO TaK, YTOOBI OBICTPO U CeJieK-
TUBHO pearupoBath ¢ Ox). YMeHbllIeHe KOHIIEHTpaluu
A B TIID npuseaet K U3BMEHEHMIO MOTeHIMaza XMD uiun
NpoTekarouiero yepe3 Hero Toka. K HacTosiiiemMy BpeMeHU
Ha OCHOBE MOJIMMEPHBIX 3JIEKTPOIOB pa3paboTaHbl CEHCO-

pBI, pearMpyoie Ha BOIOPO, CEPOBOIOPO, YIJIEKHUC-
JTBIiA Ta3, KUCIOPOL;

¢ MozeJIbHbIE (POTOIEKTPOXMMHUYECKHE TPEOOPA30-
BaTeJM, TO €CTh YCTPOMCTBA, MPeoOpasyloline SHEPTUIO
CBeTa B DJIEKTPUYECKYIO 3a CYET MPOTEKAHNS B HUX (POTO-
XUMUYECKUX U DJIEKTPOXUMUYECKIX PEAKIIIIA.

SAKTIOYEHNE

TMosiBUBILIMCH CPaBHUTEIHLHO HEAABHO, TBEPAbIE MOJUMED-
HbIE JIEKTPOJIUTHI YK€ MOCTYKUJIM OCHOBOM IS CO3MaHMs
HOBBIX 2JIEKTPOXUMUUECKUX YCTPOWCTB, XapaKTepu3ylo-
LIUXCSl OTCYTCTBUEM XKUJKOTO arpeCCUBHOTO JIEKTPOJIUTA,
YMEHBILIEHHBIMU MacCOrabapUTHBIMU XapaKTEPUCTUKAMH,
BBICOKOI CTETMEHbIO HAJEKHOCTU U IKOJIOTMUYECKOI 6e30-
nacHoctu. bosbuioe yncio uccienoBaHui, BeAyLIUXCS B
oonactu TIID u xumuyeckn MoaMMPUIIMPOBAHHBIX IJIEKT-
pOIIOB HAYYHBIMM TPYIITAMM BCETO MUpa, 00eIaeT Moy~
yeHWe B OmkaiiieM OymyleM HOBBIX PEBOIOIMOHHBIX
pe3yJIbTaTOB B SHEPreTUKE, CO3aHe HOBBIX TUTIOB OTTO-
9JIEKTPOHHBIX U JIOTUYECKUX KOMITbIOTEPHBIX YCTPOMCTB,
OMOMETUIIMHCKUX MUKPOCEHCOPHBIX CHCTEM.
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Peuyenzenm cmamou An. An. bepaun

AnekcaHgp Munxannosmy TMUMOHOB, KaHAMAAT XMMUYECKMNX
HayK, OOUEHT Kadenpbl HEOPraHn4eckom xmmmmn Poccun-
CKOIr0o rocy1apCTBEHHOro neagarorm4eckoro yHMBepcuTe-
Ta um. A.N. TepueHna, CopocoBckuin goueHT (1995/96,
1997, 1998, 1999 rr.). O6nacTb Hay4YHbIX MHTEPECOB — KO-
OpAVHALMOHHAsA XUMUS U 3NEeKTPOXUMMS, UCCNeaoBaHUS
B 06nacTu NPOBOAALLIMX MOIMMEPHbIX METaNIOKOMIMIEK-
coB. ABTop 6onee 70 Hay4HbIx paboT.
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