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BiausiHue NMpUPoOABI MOJUMeEPa HA IEKTPOXUMHUYECKOE

BOCCTAHOBJICHHEC KHCJIOPOaa

I.C. Illanoean, O.C. Kpyenak

HNuctutyT 6Mooprannyeckoit xumun u Heprexumun HAH Ykpannbt

1, yn. Mypmanckas, Kues, 02660, Ykpanna

Hccneoosano eoccmanogiieHue KUCIOpOOad HA MeOHOM KAmooe, HA NO8EePXHOCMU KOMOPO20
aocopouposanvl nonumepul: noauakpuiramuo (I1AA), areoymun u nonuanunun (INAHH) 6 xauecmee
Mooenell euopo@uiIbHOU cmoporvl buomembpan. Yemarnosnerno, umo npu aocopoyuu IHAHU u T1AA
EeMKOCb 0BOUHO20 INEKMPUUECKO20 CNIOSL MEOHO20 KAMOOd 3aKOHOMEPHO CHUICAeMCsl, 4 adcopoyus.
anvOymuna vizvigaem ee nogviuenue. Ilokazano, umo aocopbuposanuvie Ha snekmpoode [TAHHU u
IIAA, ¢ omauuue om anvOymuna, 0b6re2uawm 0CCMAHOGIEHUE MOLEKVIAPHO20 KUCIOPOOd, YCKOPSs
obpaszosanue e2o akmushvlx hopm (ADPK). Boickazanvl npednonojicenus 0 Mexanusme 6IusHus npupoobl
ROUMEPOS8 HA NPOYECC DNEKMPOXUMUYECKO20 B0CCMAHOGLeHUs1 KUcIopooa u ADK.

KarwueBble ciioBa: nojimmep, a;[cop6111/1>1, KHCJIOPOJ, SJICKTPOXUMUUYCCKOC BOCCTAHOBJICHHC.

Peaknun BocCTaHOBJICHUS MOJIEKYJISIPHOTO KHUCIIOPO-
Jla, KOTOPBIE IPOTEKAIOT Ha MOBEPXHOCTH OMoMeMOpaH,
B ONPEAEICHHBIX YCIOBUSIX MOTYT HHHLIMMPOBATh 00pa-
30BaHUE Pa/INKAJIOB, aKTUBHBIX (hopM kuciopona (ADK),
BBI3BIBAIOIINX OBPEXK/ICHHIE )KU3HEHHO Ba)KHBIX CHCTEM
OpraHu3Ma M, COOTBETCTBEHHO, IIEJIbII Psifl TATOJIOTHH, a
TakKe MpexJIeBpeMeHHoe cTapenue [1, 2].

HccnenoBanne Takux peakiuil Ha OnoMmeMOpaHax in
Vivo SIBISIETCSI OYEHBb CIIOKHOM AKCIIEPUMEHTANIbHON 3a-
Jadeil, CBI3aHHOM C JEHCTBHEM OOJBLIIOT0 KOJIMYECTBA
(bakTOpOB, KOTOPBIE TPYAHO 3aIIPOTPaMMHUPOBATh U KO-
TOpBIE CYNIECTBEHHO BJIHSIOT Ha KOHEUHBIH pe3yibTaT
skcriepuMenTa. [103ToMy OJHUM 3 TePCHEKTUBHBIX IO
XOJIOB K TAKUM HCCIICIOBAHUSAM SBISIETCSl MCIIOIb30Ba-
HUC MOJICJICH MOBEPXHOCTH OMOMEMOpaH, B YaCTHOCTH
BHEIIHUX T'HUAPOQHUIBHBIX YacTeH MX MaKpOMOJEKYII.
[TocnenHne MOTYT MPUHUMATh Y4acTHE B PEaKIUsIX C
MIEPEHOCOM DJIEKTPOHOB, B OCHOBE KOTOPBIX, COIJIACHO
CYIIECTBYIOIIMM ITPEACTABICHUSM, JIEXKAT JEKTPOXHUMH-
YyecKue 3aKoHOMepHOCTH [3].

B cBs3u ¢ 3TUM 114 MOAEAUpOBaHUs in Vitro peax-
M KUCIIOPO/ia C IEPEHOCOM DIIEKTPOHOB Ha MOBEPXHO-
CTH OMOMeMOpaH YHUKAJIbHBIMU SIBIISIIOTCS DJIEKTPOXH-
muyeckue MeTozibl. OcoOEHHO IIEHHOH SIBIISIETCS] BO3MOXK-
HOCTb CO3/IaHHs1 YCIIOBHH JIJIs IIEpEHOCa Ha KMCIIOPOJ KaK
OJIHOTO, TaK U ABYX 3JIEKTPOHOB.

VImeHHO Takast BO3SMOXHOCTB peanu3yercsi B pa3pado-
TaHHOM U MCIIOJIb3yEMOM HaMK MeTojie Au(PepeHIrab-
HOH MMITYJIbCHOM BOJIBTaMIIEPOMETPHU Ha MEIHOM Karo-
Jie, KOTOPBIH O3BOJISIET TEHEPUPOBATH MTPOIYKTHI OIHO- U
JBYX2JIEKTPOHHOTO BOCCTAHOBJIEHHUs Kuciopoza [4, 5].

B kauecTBe Moaenel ruapoguUIBHON CTOPOHEI
6uomeMOpaH M30paHbl BOJOPACTBOPHMEIE ITOJIMMEPHI,

cozieprKalliye IpUCyIue MaKpOMOJIeKyIaM OHoMeMOpaH
(YHKIMOHAIBHBIE TPYIIIBL, a TaKXKe MOJIUMEp C JJIEKT-
POHHOI TPOBOAUMOCTBIO. DTH MOAETH MBI NOMBITAINUCEH
CO37aTh 3a cUeT aAcOPOLMHU Ha TOBEPXHOCTH JIEKTPOa
CJIEAYIOIUX MONUMEPOB:

— nonuakpunamuaa (ITAA), koTopelil IMeeT B CBOeM
COCTaBE XapaKTEpHBIE I OKUCIUTEIbHO-BOCCTAHOBU-
tesnpHOTO Kopepmenta NADP, criocoOHbIe k agcopOuuu
Ha OTPUIATENHLHO 3apsHKEHHON MOBEPXHOCTH U CIOCO0-
HBIE BIUSATH Ha 3apsi/ OCIKOB aMHJTHBIE TPYIIITBI;

— anbOyMHUHA, KOTOPBII BBIMOJHSIET QYHKIUU Tepe-
HOCYHMKa MOJIEKYJI MHOTHX IJIOXO PACTBOPUMBIX B BOJIE,
TPAaHCIOPTHPYEMBIX KPOBBIO SHAOTEHHBIX COCAMHEHHH,
a TaKoKe IK30T€HHBIX JIEKAPCTBEHHBIX BEIIECTB, TAKUX KaK
NEHUIWINH, CYIb(QaHuIaMul U APYTHe;

— BojopacTBopuMoro nonuanuiuHa (ITAHUM), umeto-
IIET0 2JIEKTPOHHYIO MPOBOJUMOCTb, CTOJb BAXKHYIO IS
MOJIENIMPOBAHUS HIEKTPOHHOTO IIEPEHOCA, KOTOPBIH, B Ya-
CTHOCTH, TPOUCXOAUT MPHU Nepeiade HEPBHBIX UMITYJIECOB.

C y4eToM U310KEHHOT'0, UCCIIEI0BAHO AIEKTPOXUMHU-
YECKOe BOCCTAHOBJIEHHE KHUCIOPOAAa Ha MEAHOM KaToje
B IIPUCYTCTBUH BBIIIE YKA3aHHBIX TIOJIMMEPOB.
JKCcrnepUMEeHTAJIbHAST YacTh.

Jlng uccnenoBaHU MCTIONB30BaIM BOJHBIN pacTBOP
nomuakpuiaamuaa AK 631 mapku A 1510 (ITAA), oun-
IICHHBIN Nepe]] IPOBEACHUEM HCCIeIOBaHUN IIyTeM JTU-
aJn3a ero BOJHOTO PacTBOpa.

[Monnananux, JOMUPOBAHHBIHA MOIUCTUPOICYIb(OHO-
Boit kucnoroit (IITAHU-IICC), cunre3upoBaH myrem mno-
JIMMepU3aly aHuIMHA npu Temneparype 10 °C B mpu-
cyrcrun [1CC nop nefictBreM nepeyibghara aMMOHUSI IPH
CJIEAYIOIIEM COOTHOIIEHHH KOMIIOHEHTOB: aHUJIMH:JJIE-
menTtapHoe 38eHo [ICC = 1,0:1,5; anwuH : nepcynbhar
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Puc. 1. luddepennuansuas emxocts JJIC menanoro xaroaa (a) B 0,1 M NaCl B Boxe (1), B npucyrcTeun [TAHU
koHnentpanmii: 0,5 (2); 1,5 (3) 1 2,5:103 % (4); usorepmsl aacopbuuu [TAHU Ha MeHOM Katojie (6) pH MOTEHITHAIax

-0,2 (1); 0,6 ) u-1,1 B (3)

ammoHnus = 1,00:1,25. Tlomy4ueHHBIH BOJHBIN pacTBOP
MAHU-TICC (nanmerie [TAHM) ouunrtamu ot moOOYHBIX
nponykroB auanu3oM. [ICC kucnora aj1st CHHTE3a Bble-
nieHa u3 ee HatpueBoi conu (hupma «Aldrichy).
PactBop ansOymuHa ¢pupmsl «Sigmay (I'epmanns) B
0,1 M BoxnoM NaCl, BBuIy crieniuuKu ero pacTBope-
HUSI, TOTOBWJIM 32 CYTKH J0 NPOBEICHHS UCCIIEJOBAHHH.
®onosbiii anexrponut 0,1 M NaCl roroBuiu U3 1Bax-
JIbI MIEPEKPUCTAITU30BAHHOTO XJIOpHIa HATPUS MapKu
XY B OuancTHITMpoBaHHOM Boze. KoHIeHTpalust Kuc-
Jopojia B MCCIIELyeMOM pacTBOpE OTBeuaja paBHOBEC-
HOU Ipu aTMocepHOM aaBieHuH 1 Temneparype 20 °C.
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AncopOnuio mcciueryeMbIX COSAMHEHN Ha METHOM
KaToJIe N3y4alli METOJIOM JIEKTPOXUMHYECKON NMITEIaH-
CHOW CIIEKTPOCKONHH [6] ¢ TOMOIIBI0 YHUBEPCAITBEHON
cucreMbl ACM Instruments Auto mo TpexdIeKTPOIHON
cxeme. B kagecTBe pabovero NCIoNb30BaI MEIHBINA TOP-
eBoit anmekTpoxn (d=1,0 MM), BCIOMOTaTENBHBIM HIIEKT-
ponom ciryxkmina Pt muractuHa pasmepom 25,0x15,0 MM,
MMOTCHIHAJIBI 33/1aBalIi OTHOCHTEIBHO HACBHIIICHHOTO
XJIOp-CepeOPSHOTO MMEKTPO/Ia CPaBHEHUS.

BonsramiiepHable MCCIEAOBAHUS MTPOBOIIIHN C TIOMO-
IIHI0 CONPSKEHHOTO C KOMITbIoTepoM monsporpacda [TY-1
B TPEXANIEKTpomaHOH sueiike [4, 5]. B cmenuanpHOM
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Puc. 2. ludpdepenumansuas emxocts [13C menHoro xaroza (a) B 0,1 M NaCl B Boae (/), B nmpucyrcteun [1AA
kouuentpanuit: 0,098 (2); 0,37 (3); 0,45-102% % (4); uzorepmsr agcopbiuu [TAA Ha MeaHOM KaTtoxe (6) mpu

norennmanax -0,2 (1); -0,6 (2) u -1,1 B (3)
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Puc. 3. Inpdpepernnansuas emxocts 1C mennoro karoxa (a) B 0,1 M NaCl B Boxe (/), B IpHCYTCTBHH albOyMUHA
xoHeHTpanuii: 0,125 (2); 0,047 (3); 0,088 % (4); B TakoM e pacTBOpPE B MPUCYTCTBUH NHUCTEHHA KOHIIEHTPAIIHN:
0,19 (5); 0,39 (6); 0,91-107 mMous/11 (7); ©30TEPMBI aICOPOLINH AEOYMHUHA Ha MEIHOM KaToze (6) MpH MOTEHITHATAX:

0,2 (I);-0,6 () u-1,1 B (3)

UMIYJIECHOM PEXKHME Ha MEIHOM KaTOIe CHUMAIH JTU(-
(bepeHIanbHBIC BOIBT-aMIICPHBIC KPUBBIC BOCCTAHOBIIC-
Hust kucnopona Ha ¢ore 0,1 M NaCl B Boge. [Torenuman
paboyero 3meKkTpona 3aJaBajl OTHOCUTEIBHO XJIOp-Ce-
PeOPSIHOTO JNEKTPONIa CpaBHEHHUs. BcroMorareabHbIM
3JIEKTPOIOM CITY)KWJIA TIATUHOBAS CITUPATTh.
Pe3yabTaThl HccIeNOBAaHUA U UX 00CYKIeHHE.

O BIHMSIHUH HCCIICYEMBIX TTOJTMMEPOB Ha BOCCTAHOB-
JICHHE MOJICKYJISIPHOTO KUCIOPO/Ia CYAUIIH 110 U3MCHCHU-
M UG GEepeHITMATEHBIX BOJTBTAMITICPHBIX KPUBBIX B IIPU-
CYTCTBHH STHX TIOJIMMEPOB, aJICOPOUPOBAHHBIX Ha MTOBEP-
XHOCTH KaToJa.

YT00BI COCTaBUTH MpeEJCTaBIEeHHE 00 MX acopOIu
Ha MEJTHOM KaToJIe, PACCMOTPHM IOJTyYCHHbIC HAMHU JIaH-
HBIC UMITCJIAHCHO criekTpockonuu. Tak, Ha puc. la, 2a,
3a mpeacTaBiCHBI KPUBBIC 3aBUCUMOCTH eMKocTH (C)
JBOMHOTO 3rekTpuyeckoro cios (JIIC) oT moreHImana
(E) mennoro snexrpoaa B 0,1 M pactBope NaCl. Kak
BUJIHO M3 PUCYHKOB, B IIPUCYTCTBUH Ka)JIOTO M3 IOJU-
MepOB HaOJIOAETCs XapaKTepHOe IS aICOPOLIUH H3Me-
HeHue eMkocTH J[OC mo cpaBHEHHUIO C EMKOCThIO (hoHA
BO BCEM JIMANIa30HE UCCIICYEMBIX TTOTCHIIMAIOB. Xapak-
Tep xona C-F KpUBBIX aHAJOTHYCH, OTHAKO M3MCHCHUS
emkoctd JI9C ¢ MOBBIICHHEM KOHIICHTPAIIUU TTOJIUME-
pa UMEIOT ClIeAyIoIre 0COOCHHOCTH.

B npucyrcreun [ITAHU HabirogaeTcst ueTkoe CHUKe-
uue emxoctu [19C (puc. la), 3aBucsIiee OT KOHICHTpa-
I[UHU 3TOTO MOJUMEPa.

Kaxk cnenyet u3 ananusa u3orepm aacoporuu (puc. 16),
MIPY MTOTEHIMAIaX BOCCTAHOBIICHHSI MOJICKYJISIPHOTO KHC-
JIOPOZIa ¥ €T0 aKTUBHBIX (HopM (B JHana3oHe 3HAYCHUN
ot -0,2 mo -1,2 B) cremneHb 3amodHEHUS MTOBEPXHOCTH
menHoro katoga [TAHU 3aBucHT 0T ero KOHIEHTpaluu
W, BBIXOJIS HA HACBINIIEHHE MpU KoHIeHTpanuu 1,5-107 %,
nocturaet = 0,9.

Jo6asnenue B poHOBEIH pacTBop [TAA mpuBOguT K
COOTBETCTBYIOIIEMY €T0 KOHI[EHTPALUH 3HAYUTEIILHOMY
cHmxeHuto eMkoctu J19C meqnoro anextpoaa (puc. 2a).

Nzotepmsl agcop6Oiuu [TAA (puc. 26) COOTBETCTBY-
10T u3otepme JleHrMiopa. OTo CBUAETENBCTBYET O TOM,
YTO TPH YBEJINYECHUH CTEIICHH 3aII0JHEHUS! TOBEPXHOC-
TH YMEHbIIaeTcs cBoOoHas aHeprus agcopounu [TAA,
C JIPYTOil CTOPOHBI, YBEITUUNBAIOTCS] CHIIBI MPUTSKECHUS
MEXAY aJicOpOMPOBaHHBIMU (YHKIIMOHAJIBHBIMU TPYII-
amMy MakpOMOJIEKYJI.

B omnume ot nepBhIX ABYX HOJMMEPOB, B IPUCYTCTBUH
a0yMrHa HaOIIomaeTcst CMMOATHOE €ro KOHILEHTpPAIUH
noBbitieHne eMkoctu JIDC u coorBeTcTBeHHO C-E KpH-
BBIX B TOM K€ JIMana3zoHe noTeHnuanos (puc. 3a). [omy-
YEeHHBIE JaHHbIC ITO3BOJISIOT MOJArarh, YTo aJcopOIus
anbOyMHHa COTIPOBOXKJIAETCS CIIEU(PHIECKIM B3aUMO-
JeiicTBHEeM ero (pyHKIMOHANBHBIX TPYHII C HOBEPXHOC-
TBIO METHOTO Karoja. [IpudeM OTBETCTBEHHBIMHU 32 3TO
B3aUMOJICHCTBHE, OYEBH/IHO, SIBISIOTCS CYIbGTUAPUIIB-
HBIE, TaK Ha3bIBaEMBIC SIKOPHBIE, TPYIIIBI Takoro Qpar-
MeHTa aJbO0yMUHa KakK IUCTEWH, aJcopOLusi KOTOPOTo
TaK)Ke CONPOBOXKJAETCs MoBbIIeHneM emkoctu J129C
MEIHOTO 3JIeKTpo/a (pUc. 3a) B OTPHUIIATEIIEHOM 00JIACTH
MOTEHIINAJIOB.

Takoe oOBsCHEHHE MOATBEPKAACTCS CHEUATBLHO
MPOBEJCHHBIM DKCIIEPUMEHTOM, B KOTOPOM ITOCIIE CHSI-
Tust C-E KpUBBIX IIUCTEHHA JJIEKTPOJT OBLT U3BJICYEH, TTPO-
MbIT 0,1 M pactBopom NaCl, u C-E kpuBas cHsTa B HO-
BoM pactBope (oHa. Kak BumHO u3 puc. 4 (kpusas 3),
BEJINYMHA EMKOCTH B 3TOM CIIy4ae OCTAeTCsl BBIIIE EMKO-
cT oHa BO BCEM HCCIIETyeMOM MHTEpBaje IMOTEHIIHa-
JIOB, YTO CBHJETEILCTBYET O cnenuduieckoi aacopo-
UM nUcTenHa. JlonoIHNUTeNbHAS BBIIEPIKKa 3JIEKTPOa
B 0,1 M pactBope NaCl, conepsxariem 0,57-1073 Mon/ 1iu-
CTEHHa B TEUCHUE 3 MHH., IPUBOUT, TI0CJIE TIIATEIHLHOTO
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Puc. 4. lnuddepennnanpras emxocts JJOC MenHoro
katoma B 0,1 M NaCl B Boze (1), B IpHCYyTCTBUH IUCTEWHA
kounerTparwn 0,57-10° mMonb/n (2); B HOBOM pacTBope
NaCl mocne mpomsIBKH 3iekTpozaa (3); mocie 3-x
MHHYTHOH BBIICPKKH DJIEKTPOZA B PacTBOPE LUCTEHHA
kounerTparuu 0,57-10° Monb/n (4) B HOBOM pacTBOpe
NaCl

MIPOMBIBAHHSI HIIEKTPOAA PACTBOPOM (OHA, K 3HATUTEIb-
HO OOJTBIIIEMY TIOBHIIIEHUIO EMKOCTHOM KPHBOH O CpaB-
HEHUIO C TIepBOHAYaIbHOH (puc. 4, KpuBas 4). IToT 3-
(exT, cKopee Bcero, 00yCIOBIICH MOBHIIICHHEM TUIOTHO-
ctu 3apsgoB JIOC [7], koTopoe, O4EBHIIHO, CBSI3AaHO C
MoTeper MpOToHa CYyNb(OTHAPHIFHONW TPYyMIION u odpa-
30BaHHEM aHUOHA:
R-SH - R-S+H".

AHajornyHasi HOTeps MPOTOHA MTPOUCXOANT MIPH A~
copOuMy Ha MEIHOM 3IEKTPOAE KaK IHCTEHHA, TaK H
[ICTEHHOBHIX ()parMeHTOB albOyMHHA, a TaKXe MPH
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00pa30BaHNU THOJEHBIMH COEIMHEHUSIMH CaAMOOpPTaHH-
30BaHHBIX CTPYKTYp [8—10].

W3orepmbl afgcopbunu anboymuHa (puc. 36) UMeroT
CJIOHBIN XapakTep. MOXKHO ITPEATION0KHTE, YTO ITO CBSI-
3aHO C T€M, 4TO /10 KOHIICHTPALMK alb0OyMHHa B 00beMe
pactBopa 0,045 % u cTeneHu 3amoJTHEHUS] TOBEPXHOCTH
karoza 0,4 kpuBas onpezenseTcs crnenuduieckoi aacop-
Oupeit SKOPHBIX CYNb(OTHAPUIEHBIX TPYIIT aIbOyMUHA 1
COOTBETCTBYIOIIEH TOPU30HTAIBHON OpUEHTAIIUEH MaK-
pomodexyn. JlanpHeliee yBeqTUYeHNE KOHIEHTPAUH
anp0yMUHA IPUBOUT K OoJee pe3KOMy YBEITHUCHHUIO CTe-
TICHM 3allOJHEHUS ¥ BEPOSTHOMY M3MEHEHHUIO OpUEHTa-
LIUH MaKpOMOJIEKYII.

Janee paccMoTpuM u3MeHeHus A depeHIratbHbIX
BOJIBTAMIIEPHBIX KPHBBIX BOCCTAHOBJICHUSI MOJIEKYJISIp-
HOTO KHCJIOpOJia B MPUCYTCTBHUHU aJICOPOMPOBAHHBIX Ha
KaToJIe MCCIIEyEMBIX MTOJIMMEPOB.

B pamxkax ucnons3yemoi MeTonuku [4] npu BoccTa-
HOBJIGHUH KHciopona Ha meaHoM katoze B 0,1 M NaCl
MIPY OIPE/IETICHHON CKBaYKHOCTH UMITYJIbCOB Ha audde-
PEHLMAILHON BOJIETAMIIEpOrpaMMe yIaeTcsi HaOII0AaTh
(puc. 5a) Tpu nuKa BOJH, KOTOPBIE XapaKTepU3yIOT BOC-
CTaHOBJICHHUE MOJICKYJIBI Kuciopona (tipu £ -0,6 B), Boc-
CTaHOBJIEHHE NepeKucH Bogopoaa (npu £ -1,1 B ) u run-
POKCHIIBHBIX pagukaioB (mipu E -0,2 B), obpasyromuxcs
MIPY OJIHOJIEKTPOHHOM BOCCTAHOBIICHHHU TIEPEKHCH BO-
Jopoza.

B npucyrcreun [TAHU (puc. 5a) nmpoucxoaur mia-
HOMEpHOE, MPONopIHoHanbHOoe KoHUueHTpauuu [TAHU,
MOBBINICHNE BBICOTHI KA BOCCTAHOBJICHHS THIPOKCHIIb-
HBIX PaJUKaJIOB, IOBLIIICHNE, & 3aTEM CHHKEHHUE BBICOTHI
KA BOCCTAHOBIICHUS MEPEKHCH BOAOPO/A, HEKOTOPBIH
pocTt u 3HaunTenbHbH (Ha 0,1 B) aHOAHBIH CIBUT MTOTEH-
I[Ma1a MMKa BOCCTAHOBJICHNS MOJICKY/IIPHOTO KHCIIOPO/a.
[Tpudem 3aBHCUMOCTB BBICOT (PHC. 560) YKa3aHHBIX MTHKOB
TOKa BOCCTAHOBIICHHUS THAPOKCHIIBHBIX PagUKaJIOB H

5 =

4 - M I BosmHa

Il BonHA

Bricora nmka BOJIHEL, CM

0 (Don) 0 2 4 6
Bpewms, muH.

Puc. 5. Juddepennnanpable BoIbTaMIEpOrpaMMbl BOCCTaHOBICHUS KUCIOPOJa Ha MeJHOM KaTtofe (a) Ha (oHe
0,1 M pactBopa NaCl B Boze (1), B npucytctBun [IAHU koruentparmii: 10 (2); 20 (3) u 30-107 % (4); 3aBUCUMOCTD
BBICOTHI ITUKOB BOJIH BOCCTaHOBJICHHSI KHUCJIOPOAA HAa MEIHOM Karoje OT BPEMEHHU ero HKCIO3MIMU B siueiKe Npu
koHnentpaiu [TAHU 20,0-10° % (6)
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Puc. 6. ludepernnanpaple BOTBTAMICPOTPaMMbI BOCCTAHOBIICHHSI KHCIIOpOa Ha MeIHOM KaTtoze (a) Ha (hoHe
0,1 M pactBopa NaCl 8 Boze (/), B mpucytcteun [TAA xontentpanuii: 0,09 (2); 0,19 (3); 0,37 (4) u 0,69-102 % (5);

3aBUCUMOCTH BBICOTHI ITMKOB BOJIH BOCCTAaHOBJICHHA KHUCJIOPOJAa HA MEAHOM KaTroA€ OT BPEMEHHU €T0 SKCIIO3UIUN B

sraeiike ipu koumenTpamun [TAA 0,69-102 % (6)

MIEPEKUCH BOJOPOJIa OT BPEMEHH NPEObIBAHUS B DIICKT-
ponuzepe I[TAHU cBuaeTenbCTBYET O €ro B3auMOJCH-
CTBHMHU C KHCJIOPOJIOM B 00beMe pacTBOpa M aJcopOuuu
MPOJyKTa B3aMMOJEHCTBUS Ha anektpoae. OO 3ToM ke
CBUJICTENBCTBYIOT U NTOJTyYCHHbIE HAMU paHee AIEeKTPOH-
Hele cnektpsl [IAHU, custeie B ¢poHOBOM pacTBOpE B
MPUCYTCTBUU U B OTCYTCTBHE Kucaopoaa [11].
Karanutuueckoe aeicrsue [IAHU na npornecc anex-
TPOXUMHUYECKOTO BOCCTAHOBIIEHUS KUCIOPOJA MOXKHO
OOBSICHUTH C y4eToM clienyromnero. CorlacHO KBaHTOBO-
XUMUYECKUM pacueTaM [12], xkaTanuruueckass akTHB-
Hoctb [IAHU onpenensercst 0coOEHHOCTSMU €ro0 3JIeKT-
POHHOTO CTPOEHHUS, Oarofapsi KOTOPbIM MOJIEKYJISIPHBIN
KHCIJIOPOJ, MOXET, B YaCTHOCTH, 00paTuMo XemMocopou-
pOBaThCs Ha NMOBEPXHOCTH HAHECEHHOIO Ha JNEKTPOX
[TAHMU. TIpu sTOM TOPSIOK CBSI3M B XeMOCOPOUpPOBaH-
Hoit Ha [TAHU Monekyne Kucaopoia yMeHbIIaeTcs MpH-
MepHO Ha 30 %, a nnuHa cBsI3u yBenuduBaeTcs Ha 24 %
[12]. 3a cueT 3TOrO CHMKAETCS DHEPTUST AKTUBAIMH pe-
aKI[UU BOCCTAHOBJICHUS MOJIEKYJIBI KUCIOpOoAa. DTO, oue-
BUJIHO, SIBJIAETCS IPUYMHOM 00JIerdyeHus npouecca Boc-
CTaHOBJICHUS KUCIIOPOJa U BO3MOXKHOCTHU CJIBUTA ATOTO
npolecca B CTOPOHY I'€HEPUPOBAHMS THIPOKCHIBHBIX
panukanoB. B pesynsrare, cHauasia HOBBIIIAETCS KOHICH-
Tpauus MepeKrcH BOIOpOJa, BO3pacTaeT ee MUK, KOTOo-
PpBIH CHIDKAeTCsl U AalibHEHIIIEM yBEINYEHUN KOHIICH-
tpanuu [TAHU, Torga xak nmuk npoayKTa €€ OJHOIIEeKT-
POHHOTO BOCCTAHOBIIEHUS — THIPOKCHIIBHBIX PaIUKATIOB
— noBslIaercs. bonee Toro, yckopeHue BOCCTaHOBIECHUS
MOCJIETHUX MOXET CBHJIETEIBCTBOBATh M 00 y4acCTHH
ITAHU B nepeHoce Ha HUX DJIEKTPOHOB OT AIIEKTPOJIA.
[pu ancopOuun [TAA Ha MeTHOM KaTo/E TaKKe Ha-
OmrofaeTcsl MPONOPIHUOHAIBHOE €ro KOHIIEHTPALUH Oo-
BBIIIIEHNE TOKA BOCCTAHOBJIEHUS KaK THAPOKCHIIBHBIX pa-
JTUKAJIOB, TaK M MEPEKUCH Bomopozaa (puc. 6a), a Takxke

AQHOJHBII CABUT MMOTEHIMAIa TUKA BOCCTAHOBICHUS MO-
nexymsipHoro Kucnopona. IIpomecc pazBuBaercs Bo Bpe-
MEHHU, aHaJoruyHo orMeueHHomy aias ITAHU. Tox
JIOCTUTAET MPeNeNbHOr0 3HaueHHs 4epe3 6 MUH. HKCIO-
3unu (puc. 66). Kpome Toro, Tarxxe HaOmo01a€TCS aHO -
HBIH CBUT MOTEHI[MANIa TUKA BOCCTAHOBIICHUS MOJIEKY-
nsipHOTO KHciopona. Takum obpaszom, ancopouus [TAA
Ha KaTo/ie TaK)Ke MPUBOIMT K OOJErYeHHI0 BOCCTAHOB-
nenus kucnopoja u ero AOK. 3rto, ckopee Bcero, cBs3a-
HO C BO3MOXXHOCTBIO 00pa3oBaHUsI BOJOPOAHON CBS3H
[13] mpu B3auMOAEHCTBIH KUCIOPOJA C aMUHOTPYIIITON
ITAA, ciocoOHOM TakKe U3MECHHUTH MOPSNIOK CBSI3U B
MOJIEKyJIe KUCIIOpO/a.
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KoHIeHTpauuit ansoymuna: 0,025 (2); 0,047 (3); 0,068
(4 u 0,123 % (5)
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Ancopbuust anpOyMHHa Ha MEIHOM KaToJe, B OTIIHU-
Yre OT JABYX HPEIBIIYHINX TOTHMEPOB, HE3aBUCHMO OT
BPEMCHH DKCIO3UIINH, OKA3bIBACT HE3HAYUTEIbHOE BIH-
SIHIE Ha MOP(OJIOTHIO BOIBTAMIIEPHBIX KPUBBIX U BBICO-
Ty MIMKOB BOCCTAHOBJICHUs Kucaopoaa (puc. 7). MoxHO
MPEIIONOKHUTh, YTO AbOYMHH Ha MOBEPXHOCTH KaToaa
BeZIeT ceOs Momo0HO TOMY, KaK 3TO MPOMCXOMUT Ha IO-
BEPXHOCTH BHEIITHEH MeMOPaHbl MUTOXOHIPHA, KOTOpast
MPOHHIAEMA JITsl HU3KOMOJICKY/ISIPHBIX COSIMHEHHH, Ora-
rozapsi HopooOpa3yoIUM OeIKaM, K KOTOPhIM OTHOCHUT-
cs anmbOymuH [14].

B pesynbrarte ycTaHOBIICHO, YTO BCE TPH MOJIUMEDA,
azicopOUpysCh Ha MOBEPXHOCTH MEIHOTO KaTo/a, OKa-
3BIBAIOT OMPE/ICICHHOE BIMSIHUAE HA MPOIECC dIEKTPO-
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BrnustHME TpUpOABI MOTMMEPA Ha MEKTPOXMMUIECKOE BOCCTAHOBICHHE KHUCIOPOAA

BB npupoau mosiMepy Ha npouec eJIeKTpoOXiMi4YHOI0 BiTHOBJICHHS KM CHIO
I.C. lHlanosan, O.C. Kpyznak

IactutyT 6ioopraniuHoi XiMmii 1 Hadroximii HAH Ykpaiuu
1, Byn. Mypmanceka, Kuis, 02660, Ykpaina

Hocniosiceno 8iOHOGNIEHH KUCHIO HA MIOHOMY KamooOi, HA NOGEPXHI K020 a0CopOOBAHI NoimMepu:
noniakpunamio (I1AA), aneoymin i nonianinin (IIAHI) — sik moodeni 2iopoginvroi cmoporu 6iomembpaH.
Bcmanosneno, wo npu aocopoyii IIAHI i ITAA emnicmb noo8itiH020 enekmpuiHo2o uwapy MioHo20
Kamooa 3aKOHOMIPHO 3HUICYEMBCS, A a0copoyis anvoyminy euxauxac it nioguwenns. Iloxasano, wo
aocopbosani nHa enekmpooi [TAHI i ITAA, na 6iominy 6i0 anvOyminy, nojiecutyroms 6iOHOGICHHS
MONEKYAAPHO20 KUCHIO, NPUCKOPIOIOYU YMEopeHus to2o axmuguux ¢opm (ADK). Bucrosneni
NPURYUEHHS W0O00 MEXAHIZMY GNIUSY NPUPOOU NOJIMEPI6 HA NPoyec eleKmpoXiMitHO20 8IOHO6IeHH s
xuchio i ADK.

KurouoBi ciioBa: nosnimep, afacopOuis, KUCEHb, €EKTPOXiIMiYHE BiJIHOBIJICHHSI.

Influence of polymer nature on electrochemical reduction of oxygen

G.S. Shapoval, O.S. Kruglyak

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine
Murmanska str, 1, Kyiv 02094, Ukraine

Electrochemical reduction of oxygen on the copper electrode with adsorbed polymers is investigated.
The polymers serve as models of hydrophilic sides of bio-membranes and namely are: polyacrylamide
(PAA), albumin and polyaniline (PANI). It is determined that adsorption of PANI and PAA decreases
the double electric layer capacity of the copper cathode and adsorption of albumin increases it. It is
shown that the PANI and PAA adsorbed on an electrode, unlike the albumin, facilitate reduction of
molecular oxygen by accelerating formation of its active forms (AFO). Suggestions about the mechanism
of influence of nature of polymers on the process of electrochemical reduction of oxygen and AFO are
expressed and discussed.

Keywords: polymer, adsorption, oxygen, electrochemical reduction.
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