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OBIIIAA XAPAKTEPUCTUKA PABOTDI

AKTYaJIbHOCTb T€MBI.
B nocnegnue rosipl Bce 00JIblIe BO3PACTAET UHTEPEC K IJIEKTPOAKTUBHBIM MOJIMMEpPaM
KaK K MaTepuajgaM JUisl IPUTOTOBIICHHASI TOHKUX JJIEKTPOJHBIX IUICHOK, YTO SIBISETCS
NEPCHEKTUBHBIM  M3-32 MX BO3MOXHOIO IIPUMEHEHUS B  aKKyMyJsTOpax,
ra3opasz/ieIUTeNbHBIX ~ MeMOpaHax,  COJNHEYHBIX  DJIEMEHTaX,  OpraHUYeCKHX
CBETOAMOJAX, CYNEpPKOHAEHcAaTopax, OHOCEHCOpaX, XHMHYECKHMX  CEHCOpaX,
TBEpAOKOHTaKTHBIX MCD u THUOKHMX MpO3payHbIX JUCIUIEAX. DJICKTPOAKTHUBHBIC
MOJIUMEPHI  CIIOCOOHBI  ()OPMUPOBATH  IUIOTHBIE MOJUGUIMPYIOIINE CJIOM Ha
3JIEKTPOJIHOM CyOCTpaTe, YTO Ba)KHO JUISl Pa3BUTHUS PA3IMUHBIX TEXHOJOTUH, BKIIHOYAsI
IPOM3BOJACTBO JHEPrOCOEPEraIuX U AJNEKTPOXPOMHBIX ycTpoucTB. [lupoxwuii
CIEKTp IIPUMEHEHUS ITUX MATEPUAJIOB BbI3BAJ B IIOCIIECIHUE NECATUIIETUS MHTEPEC K
UX JETAIbHOMY HCCIIEJOBAHUIO, B YACTHOCTH, OBLIO MPOBEACHO MHOKECTBO PabOT IO
CHUHTE3Y HOBBIX NPOBOISIIMX MOJUMEPOB C YIYYIICHHBIMU 3JEKTPOXHUMHYECKUMU
CBOWCTBaMH

Crenenb pa3padOTKH TeMBbI HCCJIEI0BAHUA
HecmoTpss Ha TO, YTO AJIEKTPOAKTUBHBIE MOJUMEPBI UCCIEAYIOTCS YKE HECKOJIBKO
NECATUIIETUN, CUHTE3UPOBAHO U OIUCAHO HUX OO0JBIIOE KOJUYECTBO, HEKOTOPHIE
aCIEeKThl TEOPETHUYECKOI0  HUCCIEIOBaHMUS MOAOOHBIX COEAMHEHUHA  OCTarOTCs
HEpelIeHHbIMU. Tak, »3JIEKTPOXMMHYECKHE CBOWCTBA PENOKC- U  IMPOBOISIIHNX
NOJIUMEPOB TPAKTYIOTCSI OJHOTUIIHBIM O0pa3oM HECMOTPS HAa UX OYEBHUJIHbBIE
paznuuus. Vcnoab3yeMble MpU 3TOM MPEACTABICHUS HE MPUBOJAT K aJ€KBATHOMY
OMMCAHUIO TUIEHOK PEIOKC- M MPOBOIAIIMX IMOJIMMEPOB, KOTOPOE Obl YUUTHIBAIO
pa3Inuus MX MNPUPOJBI U, COOTBETCTBEHHO, CTPYKTYpPbl M IPHUPOABI MEPEHOCUUKOB
3aps/ia B HUX.

enaun u 3apaun
Llenb pa®oThl — pa3BUTh CYIIECTBYIOLIEE ONMUCAHUE IJICHOK PEAOKC-TIOJIMMEPOB B
oOlmmMi  cimydaid  3JIEKTPOAKTHBHBIX IMOJAMMEPOB. B wacTtHocTH, pa3paboTaTh
TEPMOJIMHAMHYECKOE OMNHCAHUE IUJIEHOK OPraHMYECKUX MPOBOJALIMX TMOJIUMEPOB,
coJiepKaluX KaTUOH-PAAUKaIbl (MOJSPOHBI) ¢ MPOU3BOJIBHBIM YUCJIOM M MOBTOPHBIX
€AVHMI] TMOJMMEPHOM wLenu. I[IpoBepuTh NPaBOMOYHOCTH HCIIOIB30BaHUS HOBOIO
NOJIXO/Ia 32 CYET COMNOCTABIIEHHS €ro CIEACTBHI C MMEIOIUMUCSA JHUTEPATypPHBIMU
naHHbIMA.  Tak  kKak  OOJIBIIMHCTBO  SKCIEPUMEHTAJIBHBIX  IUKIMYECKHX
BOJIbTAMIIEPOIPAMM  SIBJIIFOTCS HEPAaBHOBECHBIMH (M3-3a HAJIM4YMsS OJHOW WU
HECKOJIbKMX 3aMEJJICHHBIX CTaJMil), TO JAOIMOJHHUTENIbHAs 3ajada — pa3padoTarb
000011IeHHOE omnKcaHhe HepaBHOBECHBIX [[BA KpHUBBIX MJIEHOK pelOKC-MOIMMEPOB
(6e3 yuera nuddy3un), a Tak’ke KOHKPETHBIE METOJbl MaTeMaTUYeCKOW 00paboTKU



OTUX  KPUBBIX C  LEJIbK0  IOJNYYEHHS  KHHETHYECKMX  IApAMETPOB M3
DKCIEPUMEHTAIIbHBIX JAaHHBIX.

Hay4ynast HOBM3HA
BnepBbie mMonydeHBl AHAIMTUYECKUE  BBIPAXKEHUS JJI1  ONHCAHUS  IUJICHOK
OPraHUYECKUX NPOBOJAIINX IOJUMEPOB, COJAEPKAIMMX OJHOPOIAHYIO MOMYJIALUIO
KaTUOH-paauKanoB. [losyueHHbIE peE3yJbTaThl YKa3blBAIOT HA CYLIECTBOBAHUE
3aBUCHUMOCTH MOJYIIUPUHBI BOJIBTAMIIEPHOTO OTKJIMKA IJICHOK TaKMX MOJMMEPOB OT
CTEIEHU JOMHUPOBAHUS, YTO XOPOIIO KOPPENUPYET C IKCIIEPUMEHTATbHBIMU JTAHHBIMH.
TeopeTnyeckd TOJYYEHbl TAKUWE BaKHbIE OCOOCHHOCTH BOJBTAMIIEPHBIX KPUBBIX
IJIEHOK OPTraHMYECKUX MPOBOIAIIMX MOJIMMEPOB, KaK 3aTAHYTOE IUIATO, MIYIIEE B
00J1acTh OOJNBIIKMX TOJIOKHUTEIBHBIX MOTEHITMANOB. KpoMe TOro, B HCClIEeIOBaHUU
00HapPYEHO BIUSHUE CTPOCHUS ABONHOTO 3JiekTpudeckoro cios (JIIC) Ha ckopocTh
mporiecca 3apsuKeHus/pa3psija  IUIEHOK PEAOKC-TIOJIMMEPOB, U, COOTBETCTBEHHO,
nokazaHa HeoOxoauMocTh ero yudera. [IpeneOpeus BiausiHueM [IDC MOXKHO TOJBKO
IIPU BBICOKOM KOHIICHTPAIIMM HOCHUTENICH 3apsja W/WIKM B CiIy4dae IMPOIECCOB, HE
CUJIBHO OTKJIOHSIFOIIMXCSI OT PABHOBECHS.

Teopernueckasi M NPaKTUYeCKasi 3HAYUMOCTH Pa0OTHI
Pe3ynbTaThl TIPOBEACHHBIX B JIaHHOW pabOTe HCCIENOBaHUM  pPa3BUBAIOT HOBBIM
MOJAXO0J, OMNMUCHIBAIOIINI TMOCIECIOBATEIbHOE JBMKCHUE KATHOH-PAAUKAIOB 10
MOJIMMEPHBIM TIEMSM U OOBSACHSIOT CIOXHYIO MPUPOJY BOJIBTAMIIEPHBIX OTKJIMKOB
IJICHOK TPOBOJSIIMX TMOJIUMEpPOB. PacueTHble BOJIbTAMIIEPHBIE KPUBBIC IS
MOJIMMEPHBIX TUICHOK, B KOTOPBIX OOpa3yloTCs OJIHOPOJHAS WM HEOIHOPOIHbBIC
MOMYJISIIUN JIEJIOKAJIN30BAHHBIX TEPEHOCUMKOB 3apsA/ia, XOPOIIO KOPPEIUPYIOT C
HKCHEPUMEHTOM. JTO TMO3BOJSET OLEHUTh KUHETHYECKHE IapaMeTpbl MPOLIECCOB
nepeHoca 3apsijia B Takux o0bekTax Metofom ¢utupoBanusi. Kpome Toro, BbIsBICHA
BO3MOXXHOCTh  ONpPEACNICHUS MPUPOABl JIMMUTUPYIOIIEH cTraauu 10 dddekty
M3MEHEHUSI KATOJHOW BETBU BOJBTAMIIEPHOW KPUBOW, BBI3BAHHOTO HM3MEHECHHEM
KOHIICHTPAIIMU KayHTEP-UOHOB B PACTBOPE OMBIBAIOIIETO AJIEKTPOJIUTA.

MeTo10/10THSI U METOIbI HCCJIeI0BAHUSA
JIist KBa3MpaBHOBECHOTO cliydyas B paboOTe HCIOJIB30BAJICS TEPMOIMHAMUYCCKUN
NOAXOJ K OINHCAHHWIO TMIPOIECCOB IEPEeHOCca 3apsiia B IUIEHKAX MPOBOMISIINX
MOJIUMEPOB, PE3YJIbTAaThl KOTOPOTO B PsAJIE CIY4Ya€B OKAa3bIBAIOTCS AHAJTUTUYECKUMHU.
Opmnako, a1t 60Jiee CJIOKHOTO HEPABHOBECHOTO Cydasi IPUMEHSIIACh OJHOBPEMEHHO
KMHETHYeCKass W  TEpMOJMHAMHUYECKash TPaKTOBKA, a TakKe  MOJCIbHBIC
npeactaBieHuss o crpoeHun JIDC. CrnoXHOCTh MOJIYYaIOIIUXCS CHCTEM aireopo-
mudepeHnanbHbIX YPAaBHCHUM TIO3BOJISIET TIOJIy4aTh WX PEIICHUS TOJIBKO C
MTOMOIIBI0 KOMITBIOTEPHBIX BHIUYMCICHHM.



IHon0keHus1 BBIHOCHUMBbIE HA 3ALIUTY
1. Tepmoaunamuueckoe  (KBa3UpPABHOBECHOE) OINUCAHWE BIUAHHUS  CTEIEHU
JONUPOBAaHUS HA BOJBTAMIIEPHYIO XapaKTEPUCTHKY IOJMMEPHBIX IUIEHOK C
OJIHOPOJAHOW TMOMyJIsIUEed KAaTUOH-PAIUKaAIOB (IOJSIPOHOB).
2. KpasmpaBHOBECHOE  ONHMCaHWUE  BOJBTAMIEPHBIX  KPUBBIX  DBJIEKTPOJIOB,
MOAU(PUITUPOBAHHBIX TUICHKAMHU C HEOTHOPOTHON TOMYJISAIIMEH KaTHOH-PaANKaTbHBIX
Y TUKATUOHHBIX HOCUTEJIEH TOKA.
3. Onucanue HEPaBHOBECHBIX BOJIbTAMIIEPHBIX OTKIMKOB IJIEHOK PEOKC-TIOJIMMEPOB,
B KOTOPBIX NPOTEKAET 3aMEUICHHBIM IEPEHOC JJIEKTPOHOB HA TPaHUILIC
ANIEKTPOI/TIIICHKA MOJIUMEPA.
4. OnrcaHue HEPABHOBECHBIX BOJIbTAMIIEPHBIX OTKIMKOB IJICHOK PEIOKC-TIOJTUMEPOB,
B KOTOPBIX MPOTEKAET 3aMEJJICHHBIN MEPEHOC KayHTEP-MOHOB HAa TpaHUIIC IIJICHKA
MOoJIMMEPa/pacTBOP JICKTPOJIUTA.
5. Cmoco0 ormpeaeneHus TPUPOABl JMMUTHUPYIOMICH CTaguu WHXKEKIMH 3apsja
(9MIEKTPOHOB WJIM KayHTEP-MOHOB) B IUJICHKY IO BJIMSHHUIO KOHIICHTPAIIUU KayHTEp-
HMOHOB B paCTBOPE OMBIBAIOIIETO JIEKTPOIUTA Ha (POPMY BOJIBTAMIIEPHOUN KPUBOM.

CreneHb JOCTOBEPHOCTH M anipodanus pe3yabTaTOB
JIoCTOBEpPHOCTh PE3YIBTATOB, MTOJTYUYEHHBIX B pad0Te, 00ECIeUnBaeTCA X BHYTPEHHEN
COTJIACOBAaHHOCTBIO U XOPOUIEH KOPpEsIIuel ¢ UMEIOIMMUCS SKCIIEPUMEHTAIbHBIMU
nanabiMu. [lo pe3ynbraTaM pabOThl OMyOJIMKOBAHO JIBE CTAThbU B PELIEH3UPYEMBIX
KypHanax, pekoMeHaoBaHHbIX BAK. OcHOBHBIE  pe3yslbTaThl  HCCIIEIOBAHUS
anpoOupOBaHbl HA MEXIYHAPOIHBIX KOH(PEpEeHIIUSIX:
1. «JlomonocoB-2015». XXII MexnyHapoaHass HaydyHas KOH(EPEHIMs CTYIEHTOB,
aCIIMPAHTOB U MOJIOJBIX yueHbIX, 2015 r. (Mocksa, Poccus).
2. The 10" International Frumkin Symposium on Electrochemistry, 2015 r. (Mockaa,
Poccus).
3. «<BEC-2016». The 6™ Baltic Electrochemistry Conference: Electrochemistry of
Functional Interfaces and Materials, 2016 r. (Xenbcuaku, OUHISHINS).

Ctpykrypa u 00bem
JuccepranmonHas paboTa wu3nokeHa Ha 110 cTpaHuIax I€4aTHOrO TEKCTa,
BKJIIOUaromero 38 pucyHKoB W 2 Tabiumipl. PaGota cocTOWT U3 BBEACHUS, 5 IJ1aB H
CIIUCKA JIUTEPATYPBhl, COJIEPHKAIIETO 53 HAMMEHOBAHUS.

OCHOBHOE COAEPXAHUE PABOTBI

Bo 66edenuu omnmcana akTyanbHOCTh pabOTHI, OCHOBHBIC IE€TW U 3aJa4yu
NPEANPUHSATOrO UCCIIEIOBAHMS, a TAKXKE €r0 3HAYMMOCTh U HOBU3HA.

Ilepeasn_2nasa mocwsiieHa 0030py JUTEPATYPHBIX JAHHBIX, OTHOCAIIUXCS K TEME
paboThl. PaccMOTpeHbl METO/IbI CHHTE3a U OCHOBHBIE DJIEKTPOXMMHUYECKHE CBOMCTBA

MMoJIMaHWJIMHAa — MPCACTABUTCIIA OPraHMYCCKHUX IMPOBOJAINIHNX IMOJUMEPOB. 3aTem
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paccMOTpEHBl METOJbl CHHTE3a W CBOICTBA THUIMYHOTO MPEJCTABUTENS PEIOKC-
HOJMMEPOB — OepIIMHCKOM Na3ypu. [lanee nmpoBeneH 0030p HMCTOPHUECKOTO Pa3BUTHS
NpeACTaBICHUN O TIepeHOCe 3apsaa B DJIEKTPOAKTHBHBIX HojrMepax. Kak utor atoro
0030pa, 0003HaUEHBI CYIIECTBYIOIIUE MPOOIEMBbI U CHOPMYITHPOBAHBI LIETU U 3a/1a4H
JUCCEPTAIMOHHOM pabOTHI.

Bo eémopoui _2nage mpencraBieHbl pe3yibTAaThl AHATUTHYECKOTO HCCIIEIOBAHHS

MPOLIECCOB MEPEHOCcA 3apsi/ia B INIEHKAX AJIEKTPOAKTUBHBIX MMOJMMEPOB.
B pasnene 2.1 onucan cinyyail oOpa3oBaHus B MOJIMMEPHOMN IJIEHKE TOJBKO OJIHOTO
TUNAa  KaTUOH-PaJAMKaIoB  (OJHOpOAHAs  TOMYJSAIUs MOJSIpoHOB). B Hem
paccMaTpuBaeTCs CUCTEMA, COCTOSIIAS U3 AJNEKTPO/Ia, MOIUMUIIMPOBAHHOTO TICHKOU
NPOBOJSIIETO TMOJMMEpa M HAaXOMASIIErocs B pacTBOpE dJCKTpoiHTa. B OCHOBY
MOCTIEAYIONIETO OIMUCAHUS TOJO0XEHO MPEINONIOKEHNEe O TOMIarOBOM JIBIDKEHUHU
JICIOKAJIM30BaHHOTO 3apsifia MO TMOJMUMEPHBIM IIETSM, YTO TPUBOJUT K  HOBOMY
ONpEACNICHUIO  KBa3MYacCTHI] BOCCTaHOBJIEHHOW  ¢opmbl. CorizacHo  3ToMy
OIpE/ENICHUIO Kak/1asi IOBTOPHAs €IUHUIA TOJMMEPHOM MJIEHKU B BOCCTAHOBJICHHOM
COCTOSSHUM  CUMTACTCsl OTAENbHOM KBazuyacTuled (B OTJIMYME OT paHee
UCIIOJIb30BABIIETOCS ONPEJEICHNUS TaKuX KBa3WYacTUI[ KaK KOMIUIEKCA MOBTOPHBIX
eIMHUII, YHCII0 KOTOPBIX COBIAIACT C YHCIIOM TaKOBBIX, B COCTaBE KATHOH-PAINKAIIA).
[Inenka mojaraercst HACTOJIBKO TOJICTOM, YTO €€ MOKHO CUMTATh OTIEIbHOU (pa3oil U
OOJIBIIIYI0O €€ YacTh DJJICKTPOHEUTpalbHOU. YCIOBHE 3IEKTPOHEUTPATIBHOCTH
3aIlMChIBACTCS CIAEAYIONIIM 00pa3oM:

Cr(f) = NOp/m = Ca(f), (1)
rae  Cp(f) — xOHIEHTpalus MONOKUTENbHBIX 3apsiaoB B ¢ase mieHke; Ca(f) —
KOHIICHTpAIUsl OTPUIIATEIBHBIX 3apsI0B (KayHTep-UOHOB) B TuieHke; N — cymMapHas
KOHIICHTpAIUsi BCEX IOBTOPHBIX (PparMeHTOB mojuMepa B IUieHKe; Op — moms
NOBTOPHBIX ()ParMEeHTOB MOJMMEpPa OKHUCIEHHOH (POopMbI; M — ynciao (parMeHToB,
BKJIFOUEHHBIX B COCTAaB MOJISIPOHA (MJIM CTETEHb JEJOKaTW3alliy 3apsga B KaTHOH-
paamkae).

DNEeKTPOHBI CHOCOOHBI TEpPEeMENIaThecsl Mo (aze IJEKTpoJa W TUICHKH, TOT/a Kak
KayHTep-UOHbI — M0 (a3ze IJIEHKH M pacTBopa. CucreMa moJjlaraercs paBHOBECHOM.
Wcxons u3 paBHoBecus mo anmekrponam: MR(f) < P*(f) + e(sb), ucnomssyercs
TEPMOJMHAMHYECKOE COOTHOIIIEHUE PABEHCTBA AJIEKTPOXUMHUYECKUX TOTEHIIHAIOB
DIIEKTPOHOB MeEXIy (asamu siekTpoia W TuleHKH. Mcxoass u3 paBHOBECHS IIO
KayHTep-uoHam A'(s) < A'(f), ucmonmp3yeTcsi PpaBEHCTBO  AJICKTPOXUMUUYECKHUX
MOTEHIIMAJIOB KayHTep-UOHOB B (pa3ax IUICHKH W pacTBOpa dJeKTpoiauTa. Kpome »Tux
COOTHOIIIEHUH  HWCHOJB3YeTCS  ypaBHEHHWE Il  KBa3WPaBHOBECHOTO  TOKa,
YUUTHIBAIOIIEE TUHEHHYIO 3aBUCUMOCTD MTOTEHIIAAJA JIEKTPOIa OT BPEMEHHU B METOIE
UKJIMYECKON BoJibTamnepoMeTpun. M3 3THX deThlpex ypaBHEHHMH yIaeTcsl MOTyYUTh



HTOIOBOC AHAJIIMTHUYCCKOC BBIPAXKCHHUEC 3aBHUCHUMOCTHU IMPOTEKAOMECTO0 TOKa OT
IIOTCHIMaIa 3JICKTpoJaa.
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U, TaKuM 00pa3oM, CTAHOBUTCS OYEBHUJHBIM, YTO KOHCTAHTHI (HaxXoIAIIUecs MOJ
agorapupmMom) He BIusoT Ha popmy LIBA kpuBOi, a TUIlIb CABUTAIOT BCIO KPUBYIO 110
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:';g_ e Puc.1. 3aBucumocts  Gopmbl

1: 4] m= 2 I:[BA-KpI/IBoﬁ: IIPUBEICHHBIA TOK

1] I". m= 4— I =m-1-RT /VF?’NAL- MOTEHIIAAJ

101 / m= 6 DJJICKTpOJa E oT ypcia
I T0.81] (dbparmMeHToB nojaumepa m,

0.6 1 /‘r\z‘ BXOJSIIMX B OAUH TOJSAPOH

0.4 VA "-.,i""\_i

0.2 / oSN

0.0 . ' ‘ =

-300-200-100 0 é@% ébo 300 400 500

[Toka3aHo, 4TO C POCTOM YHCJIa MOBTOPHBIX CIUHHII M B MOJSApOHE (T.e. C POCTOM
CTETNECHM JIeJIOKAIM3allMM KUTAOH-paJiMKaia) YBEJIMUYUBACTCS MOJYIIMPUHA THKA O U
yMmeHbIaeTcs Tok muka lp. [Ipu moctarouno Gonbimmx M HaOMIOJAETCS PACTYIIAN
BIIPaBO (B 00JaCTh BBICOKUX IMOJIOKUTENIBHBIX MOTeHIMaIOB) “xBocT” |(E)-kpHrBoOii
(YBEJIMUMBAETCSI ACUMMETPHUSL aHOAHOW M KaTOJHOW BETBEW MO OCHU MOTEHIUAIOB). B
YaCTHOCTH, ISl MAKCUMAJIbHOTO TOKa (Toka nuka) [IBA-KpuBOH cieayeT BhIpaKeHUE:

l,(m) = F2ALVN/RTm(~/m +~/2)?, mpu m > 2, (4)
3nech A — mIoIIaab MOBEPXHOCTH 3JIEKTpoJa, L — ToJsluHA TJIEHKH, V — CKOPOCTh
pa3BepTKH  MOTEHLHAJIA, OCTaJibHbIE ~ O0O3HAUECHHS  —  OOIICHPUHSTHIE.



AHaTUTHYECKUMU SIBISIETCS M BBIpKEHUE IS TIOMYIIUPHUHBI UKa O (popmyria 3/1ech
HE TIPUBOAMTCS M3-3a €€ TPOMO3KOCTH); COOTBETCTBYIOIINE PE3yIbTaThl MIPUBEICHBI
B UHMCJICHHOU (hopme (cM. Tabnuiry 1) mis pusndecky onpaBIaHHBIX 3HAYEHUNH M OT 1
10 6.

Tabmuma 1. 3HaueHne NoIyIMPUHBI KBa3upaBHOBECHBIX [[BA KpuBBIX 115 pa3HBIX M.

m 1 2 3 4 5 6

5, mB 131 181 223 261 296 330

Takum  o0pa3oM, TpemJIOKEHHAs  [OIIaroBasg  TPAKTOBKA  IepeMENICHUs
JIEOKAIM30BAaHHBIX KATHOH-PAIMKAJIOB BJIOJIb TOJMMEPHBIX IIEMe MpOBOISIINX
MOJIUMEPOB  TO3BOJISIET OOBSICHUTH 3aBUCUMOCTH TMOJTYUIUPUHBI  BOJBTAMIIEPHBIX
KpUBBIX  OT  CTENEHH  JIONUPOBAaHMS  IOJIMMEpa, 4YTO  COIJIacyeTcss ¢
HKCIIEPUMEHTAJIbHBIMU JTaHHBIMU. 3J€Ch CIIEAyeT MOAYEPKHYTh, YTO B paHee
CYILIECTBOBABIIEM BAapUAHTE TEOPUU KOJMYECTBEHHOE OOBSICHEHUE 3aBUCHMOCTH
NOJIYIIMPUHBI MUKAa OT CTENEHHM JIONUPOBAHMS MOJIMMEpPA BOOOIE OTCYTCTBOBAJIO.
Kpome Ttoro, takme ocobeHHoctd I[[BA-KkpuBBIX MNPOBOISIIMX TOJIUMEPOB KaK
3aTSAHYThIE TUIATO B 00JACTU OOJBIIMX MOJOKUTEIbHBIX MOTEHIIMAIOB TOXE HAXOMAAT
CBOE 00BSCHEHUE B paMKax MOILIAroBO TPAaKTOBKU JBUKEHHUS MOJIIPOHOB.

B paznmene 2.1 paccmarpuBaioch oOpa3oBaHHE TOJIBKO OJIHOIO BHJa MOJSPOHOB,
OJIHAKO HEJb3sl UCKIIIOYHUTh, YTO B PEATBHOCTH B IJIEHKAX MPOBOISIIMX MOJKMMEPOB
BO3MOXHO 00pa3oBaHKME HECKOJIbKHUX BUAOB HOCHUTENEW 3apsaa (IOJIIPOHOB Pa3HOTo
pazmepa).

B paspene 2.2 aHanu3upyercs CUTyalMs OJHOBPEMEHHOI'O INPUCYTCTBUS B IUIEHKE
JIByX THUIIOB KAaTHOH-PAJUKAJIOB, 3apsj] KOTOPBHIX JeJoKaiu30BaH Mo M u m-1
NOJUMEPHBIM (parMeHTaM. 37ech CleAyeT MOJYEPKHYThb, YTO TAKO€ PACCMOTPEHHUE
NO3BOJISIET OOBACHUTH YAaCTO HAOMIOAAEMOE paCLICIUIEHUE HKCIEPUMEHTAIBHBIX
BOJIbTAMIIEPHBIX KPUBBIX Ha HECKOJILKO MUKOB MJIM 00pa30BaHUE 3aTAHYTOro “XBocta”
[IBA-kpuBoii  (I1ato) MOCHEAYIOLIEr0o OCHOBHOMY muKy. Kpome  Toro,
MPEANOJIOKEHNE O CYIIECTBOBAHUU MOMYJISIIUU MOJISIPOHOB Pa3HOrO pa3Mepa BHYTPHU
MOJIUMEPHOH TUIEHKHU SIBJISIETCS. 0OOCHOBAaHHBIM M3-3a HEOJHOPOJHOCTH TaKUX TICHOK.
3nech, Kak U B pazgene 2.1, UCnonb3yroTcs aHAJOTUYHBIE YPaBHEHUS, a MUMEHHO:
AJIEKTPOHEUTPAIbHOCTH IIJICHKH, PaBHOBECHUSI MO JJIEKTpOHaM B (azax IUICHKU U
3JIEKTPOJ1a, PAaBHOBECHS 110 KayHTep-MOHAM B (pa3ax IUIEHKH U pacTBOPA AJIEKTPOJINTA,
a TaKKe ypaBHEHHE JUIsl TOKa 3apsuKEHHs, YUMTHIBAIOIIEE JUHEHHYIO 3aBUCHMOCTH
NOTEHIIMaJla OT BPEMEHM B  METOJE LMKIMYECKOM  BOJIBTAMIEPOMETPHUH.
JIOTIOTHUTENBHO HCHOJB3YETCA YCIOBHE PABHOBECHS, OINUCHIBAIOLIEE MEPEX0]l
KaTHOH-PauKaia, JCJIOKAIM30BaHHOTO MO M (QparMeHTaM, B KaTHOH-PaJUKa,
nenokanu3oBaHubii mo (M-1) ¢parmentam: P (f) & P,*(f) + R(f). Paccuuranubie



BOJIbTAMIICPHBIC XAPAKTCPUCTHKU IIJICHOK IIPOBOAAINNX IMOJUMEPOB, COACPIKALIUX

MOJIAPOHBI Pa3HOM JUIMHBI TPUBEIACHBI HAa puC.2 s (DUKCUPOBAHHBIX 3HAYCHUH
napametrpoB Kx=0.01; K;=1 K»=0,01; m mensiercs ot 2 no 6, rne Kx — koHCcTaHTa

paBHOBECHSI OTHICIUICHUSI OJMHOYHOTO (pparMeHTa R OT moiisipoHa, cojepskamiero m
noBropubix eauuuil, P17 (f) & P*(f) + R(P);

Ki: m K; — KOHCTaHTBI paBHOBECUU
peakuuii MR(f) & P,*(f) + e(sb) u (M-1)R(f) & P,*(f) + e(sb), coorBeTcTBeHHO.
0.8 Puc. 2. KBa3upaBHOBECHBIE
'll \"I
] /o [IBA-kpuBBIE, TOCTPOCHHBIE B
0.6 f \‘x‘ "i. KOOpJAMHATAX MIPUBEICHHBIN
I W \ _
I~ ] {i N/ \ TOK | =(m-1)-1-RT/vF*NAL ot
0.4 /1 Y \
‘ /] ' \ noreHnmana E, B
O. 2_ f , / o . II'I.I .
O. O‘ e

-0.3-0.2-0.1-0.00.10.20.30.40.50.6
E B

BunHo, 4ro ¢ pocToM M Bo3pacTaeT pa3ivyMe MOTEHIUATIOB IEPBOIO U BTOPOIO
nukoB. Kpome toro, ¢ poctom M HaOm01a€TCA U3BMEHEHUE BTOPOTO MHKA, BIUIOTH /10

MpeBpalleHusl ero B IUIaTO, pacrojiararonierocs B oOnacTu Bce Ooiee u Oomee

MOJIIPOHHBIX

MOJIOXKHUTEIbHBIX MOTEHIMAIOB (C YBEIHMUECHHEM M), YTO KAYECTBEHHO COBIAIAET C
B paznenax 2.1 u 2.2 npeanonaraiock 00pa3oBaHUE B OKUCISIONIEHCS TJIEHKE TOJIBKO

0co0eHHOCTSIMU peasibHbIX [[BA KpUBBIX TUICHOK MPOBOMASIIUX TOJIUMEPOB.

(KaTHUOH-paUKATBHBIX ) HOCHUTENEN

TOKa, TOT/1a
B pasaeie 2.3 TPOAHATU3UPOBAH YACTHBIA CIIy4all dJICKTPOJHON CHCTEMBI,

KaK
BKJIIOYAIOIIEH TMOJIMMEPHYIO IJIEHKY, B KOTOpPOH 00pa3yroTcsl MOJIAPOHBI (KAaTHOH-
panukaabl) W OUMOJSPOHBI (AMKATHOHBI) OJWHAKOBOIO pasMmepa (COCTOSIIUE W3

TOJIBKO Ha HCCKOJIBKO IITMKOB, HO TaKXXC

OJIMHAKOBOT'O KOJMYECTBA M MOJMMEPHBIX (parMeHToB). Takoe paccMOTpeHHE
MO3BOJISIET OOBSICHUTH YacTO HAOJII0IaeMOe pacIleIyieHue IUKINYECKUX KPUBBIX HE

oOpa3oBaHue HEOOJBINIOTO IjIeda TMepen
OCHOBHBIM TIMKOM Ha J3THX KpuBBIX. Kpome Toro,

ATO MPEANoJoXKeHHe 00
00pa3oBaHUH TUKATHOHOB B MOJUMEPHBIX TUICHKAX TP UX CUIBHOM OKHCIICHUH OBLIO

MOATBEPKACHO B Pa3IMUHBIX PabOTax MOCIEIHMX JeT. B X0lie COOTBETCTBYIOIIMX
BBIBOJIOB HCIIOJB3YIOTCSl ypaBHEHHUS, AHAJIOTMYHbIE paHEe YINOMUHABIIMMCS, a
MMEHHO: YPaBHEHHUE JJIEKTPOHEHUTPANIbHOCTH IUICHKHA, PABHOBECUE MO 3JIEKTPOHAM B
dazax TUIGHKH W DJIEKTPOja, PaBHOBECHE MO KayHTep-MOHaM B (a3ax IJICHKH U

pacTBOpa 3JICKTPOJIMTA U YPABHCHUC JIJISI TOKA 3apsAKCHUA, 4 TAKIKC JTOIIOJIHUTCIIBHOC



YCIIOBUEC, YUYUTBIBAIOIICC HAJIWMYHUC PABHOBCCHA ITPCBpPALICHUSA HOJ'ISIpOH-6I/IHOJI$IpOH.
PGBYJIBTaTI)I TAaKOro pacCcCMOTPCHHA IIPUBCACHBI Ha pI/IC3 B BHAC 3aBUCHUMOCTEHN

IpUBEAECHHOTO 0e3pa3MepHOro Toka OT 6e3pazMepHoro norenmuana E.
1= m*I*RTAF2NAL

= m**RTAF2NAL — m=3
_ - m=4 — m=3 e
/ \ -~ m=5 0.1 m=4 // )
01 Va s s A \
k ."’l/
0.05 o 0.05 —
‘ /_‘:,} .................
‘M e e, - . R
70 ‘“—*""‘"575,,_\; o 10 "*"“--;-‘15-,.“._Yh?_“w 0 5 10
Sl “xﬂ,_ERnF
P N
N\

Puc.3. 3aBHCHMOCTH TpPHBEACHHOTO Oe3pa3MepHOro TOKa OT 0Oe3pa3MEpHOro
noternuana E. [Tapamerpsr mus [IBA kpuBwix cieBa: Kopg=0.007; Ki=1; K»=0,007;
napameTpsl 1 [IBA kpusix cnpaBa: Kzpg=0.0005; K;=1; K,=0,0005. m mensercs
oT 3 1o 6. 3necy Ky — KOHCTaHTa paBHOBECHUSI peaKIuu 00pa30BaHUsI OUIIOJISPOHA, a
Kopp — KOHCTaHTa peakuun qucrponopuuonuposanus: 2P*(f) & B?*(f) + mR(f).

Ha pucynke npuBeaeHbl aHOJHBIC W KaToAHbIC BeTBU [[BA KpHBBIX I CUCTEMBI, B
KOTOPOW 00pa3yroTcs MOJSIPOHBI U OUIIOJIIPOHBI OJIMHAKOBOTO pa3Mmepa. BumHo, 9To
UMEETCsl KaueCTBCHHOE W IOJIYKOJMYSCTBCHHOE COBIAQJICHUE 3THX PE3YJIBTATOB, C
AKCIIEPUMCHTAILHBIMUA  JTAHHBIMH, NMPUBCIACHHBIMU Ha puc. 4. (/laHHBIC B3STHI U3
paboter Electrochim. Acta. 2013. V. 108. P. 313-320.) BsicoThI IepBOro U BTOPOTO
IIUKOB, a TaKXKE pa3HUIA IMOTCHIIMAIOB MEXKIY HEPBbIM U BTOPHIM IHKAMHU 3aBUCST
KaKk OT KOHCTaHTBhl Koypg, TaK M OT KoimuecTBa ()parMEHTOB M B TOJSAPOHE U

OUMOJIIPOHE.
. 3 R . 2 poly[Ni(SalPn-1,2)
/ < poly[Ni(SalimEn)) / o ; 5
1000_1 ) “A cm —— 'PU]&'[N‘[(CHJU-S&I[IHEH)' IUUU_ Ly MA cm - 'pUl}"I_NL{(..Hi{J'E}ﬂ]PH-l,..)J
5001 3009
0 .
-5004
-500+
10004 E f V
= ] 000 T T T

0.0 0.5 1.0 1.5

Puc.4.Oxcnepumentanbubie [[BA kpuBbie mieHok: cnea, poly[Ni(SaltmEn)] u
poly[Ni(CH3O-SaltmEn)]; cripasa, poly[Ni(SalPn-1,2)] u poly[Ni(CH3O-SalPn-1,2)].
Electrochim. Acta. 2013. V. 108. P. 313-320.
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B paznesne 2.4 mnpoBeneHO — 0OCYyXAEHHE PE3yIbTaTOB, MOJYYEHHBIX B IJaBe 2.
[lokazaHo 4TO HaOmIOAAETCs  MOJYKOJWYECTBEHHOE  CXOJACTBO TEOPUU U
skcriepuMenTa. OHAKO, UMEIOIIMECS PAcXOXkACHHUs (B OCOOEHHOCTH aCUMMETpUs
KaTOJAHOM W aHOAHOW BeTBe) HE MOryT ObIThb OOBSCHEHBI B paMKax
KBa3UPABHOBECHOTO  PAaCCMOTPEHHs,  IIOCKOJIBKY  IIPU  KBa3UPABHOBECHOM
PacCMOTPEHUU aHOJIHBIE U KaTO/IHbIE BETBU JOJIKHBI OBITh 3€PKAJIbHO CUMMETPUYHBI.

B __mpempveni _2nase npencraBieHo onucaHue dS(PQPEKTOB CTPOEHHUS JBONHOTO
AIEKTPUYECKOTO CJIOS Ha MPOLIECCHl 3aMEIJIEHHOW MHYKEKIUU NMEPEHOCYMKOB 3apsiaa
B/MU3 IJICHKY/U peoKc-TioinMepa. Takoe uccieoBaHue ObUIO MPEANPUHATO B CBS3H C
TeM, uTo B padore Vorotyntsev M.A., Daikhin L.1., Levi M.D., J. Electroanal. Chem.
1992, V. 332, P. 213-235 TeopeTrndecku OBUIO YCTAHOBJIEHO HAIWYHE aCUMMETPHUH

KaTOAHOM U aHOAHOM BeTBeM [IBA KpHUBBIX, BBI3BAaHHOE 3aTOPMOKEHHOCTBIO CTaauM
WHXXEKIIMM HOCHUTEJEH ToKa (2JIEKTPOHOB, KayYHTEpP-UOHOB) B/M3 TUICHKY/U. OJHAKO
Ipy aHaJu3e 3TOro (PEHOMEHa aBTOPHI YKA3aHHOM CTAaThbU MJIA 3allUCH CKOPOCTEH
WHKEKIIMK UCIIOJIb30BAJIM TaK Ha3zbiBaeMoe ypaBHeHue batiepa-donbsmepa (b®D). Kak
U3BECTHO, BBIIIEYTIOMSIHYTOE€ YPAaBHEHUE HE YUUTHIBAET BIUSHUS CTPOCHUS JABOITHOTO
anektpudeckoro cios (aanee J[DC) Ha CKOpOCTH IPOLECCOB MEpeHoca 3apsiia, Tak
KaK ONHMCAHME BJIEKTPOJHBIX MpoIreccoB B ¢opmanndme b® cooTBeTcTBYEeT MoAenu
J9C, npemnoxenHoun euie ['enbMronslem, W, CI€AOBATEIbHO, €T0 HCIOJIb30BAHUE
MOKET J1aBaTh TOJBKO Ka4€CTBEHHOE OOBsICHEHUE HabiromaemMon acummeTpun 1[BA-
KkpuBbIX. [lo3TOMY, B 1aHHOM padoTte ucnons3oBasnack Moaens ltepna (mnu LltepHa
0e3 IUIOTHOTO CJIOs, YTO 3KBHBaJeHTHO Mozenu ['yu) crpoenus JIIC (Ha rpanwmie
IUIGHKa/pacTBOp M IUICHKA/3JIEKTPOJ) M COOTBETCTBYIOLIME €W KHUHETHYECKUe
ypaBHeHUs (BKIItoUaromue B cedst monpaBku Opymkuna). [Io HUM ObUTH paccUUTaHbBI
BOJIbTAMIIEPHBIE KpPUBBIE [JISl Ciy4as OJJEKTpoJa, MOAU(PUIUPOBAHHOTO PEIOKC-
NOJIMMEPHOM TuIeHKOU. Kak u oxxuaanock, yuer BiusiHus crpoeHus JJO9C Ha KUHETUKY
IIEPEHOCa 3apsAa MPUBEN K 3HAYUTEIbHBIM OTJIIMYMAM IOJYYAaE€MBIX PE3YJIbTATOB OT
U3BECTHBIX paHee. CyllecTBOBABINAS UCXOAHO HEACHOCTh TAKOT'O BIMAHMS MOOyauia
UCCJIENOBAaTh COOTBETCTBYIOMME dS(PdeKTsl B MTPOCTEHIIEM Cclydae peaoKc-
MOJIMMEPHBIX IJICHOK.

Tak, B pa3nese 3.1 mpuBeneHbl 0o0IIKME COOTHOIIECHHUS ISl OMKCAaHUS IPOLIECCOB
IepeHoca 3apsAia B IUIEHKAX PENOKC-TIOJIMMEPOB, TaKHE KaK YpPaBHEHHs IOTOKOB
AIIEKTPOHOB W KAayHTEP-UOHOB, YpPAaBHEHHUE PpACHPENCICHUS 3apsyKEHHBIX YaCTHIL
BonbiMana, ypaBHEHHS HENPEPBHIBHOCTH BEKTOpA SJEKTPUUYECKONM WHAYKIUU Ha
rpanunax pasnena ¢as3 u ypasuenue Ilyaccona. [Ipeanonaraercst Takke, 4To TpaHULA
AJIEKTPOJI/TITICHKa UMEET IUIOTHBIA U MPWICTAIMNUA K HeMy nudQy3HbIN ClOH, T.e.
ynosnerBopsieT moaenu Ilrepuna JIDC. Uto ke kacaeTcsi rpaHUIlbI TUICHKA/PacTBOD,
TO JUIsl HEee CIIeI0Bao OBl mojarath Hajauuue JBYX AU y3HBIX c0eB (B IJICHKE U B
pacTBOpE), pa3IeI€HHBIX JIOTHBIM CIIOEM B COOTBETCTBUHU CO IITEPHOBCKOM MOJIEIBIO
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JD2C. Takum 00pa3oM, CKadyoK MOTEHIMAJIa Ha 3TOM rpaHMIle pa3jiesa MPOUCXOIUT B
nuddy3HOM clloe IUICHKH, IIIOTHOM cjioe U B audy3HoM ciioe pactBopa. OObSICHEHO
UCIIOJIb30BAaHUE [IJIT ATOM TpaHMIlbl MoJeau JBodMHOro cnosi ['yu (orcyTrcTBHE
IUIOTHOT'O CJI0SI), ONpaBAaHHOE TEM, YTO I'PAaHULA IJICHKH, KaK MMPaBUJIO, HEPOBHAA U
pBIXJiasg HACTOJBKO, YTO HEBO3MOXHO YCTAHOBUTH IUIOCKOCTh HAHOOJBIIETO
MPUOIMKEHUS K HEMl KayHTep-UOHOB.

B pasgene 3.2 oOcyxmaercst BIUSHUE CTPOCHMS ABOMHOTO JIEKTPUUYECKOrO CJIOS Ha
IPaHULIC DJIEKTPOJ/TUICHKA Ha MPOLECChl MHKEKIMHU JJIEKTPOHOB B IUICHKY. B Hem
paccMaTpuBaeTCs CUCTEMA, COCTOSINAS U3 AJIEKTPO/Ia, MOIU(DUIIMPOBAHHOTO TIEHKON
penoKC-TIoaMMeEpa, B KOTOPOM MPUCYTCTBYET TOJIBKO OJHMH TUI PeIOKC-UEHTPOB. Kak
M paHee, IUICHKA TMOJIAraeTcs TOJCTOM W B CBOEH IOJABJISIONIEH 4YacTH
3JIEKTPOHEUTPAIIBHOM. VCMob3yeTcsl JOMyIIEHUE O PABHOBECHOCTH BCEX MPOIIECCOB,
KpOME MEepPEHOCca 3JIEKTPOHA Ha TpaHulIe AMEeKTpo/ieHkKa. Mcxons us paBHoBecus 1o
KayHTep-uoHam A’(s) < A(f), hcrmonp3yercss paBEHCTBO  3AIEKTPOXUMHUYECKHX
NOTEHIIMAJIIOB KayHTEP-HOHOB B (pazax MIIEHKU U pacTBopa ekTpoiuTa. Kpome stux
COOTHOILIEHUI UCIONb3yeTcsd ypaBHeHUE barnepa-PoiibMepa U ypaBHEHHE TEOPHUH
3aMeJICHHOTO paspsjia, BKItoudaroliee ode nomnpaBku OpymkuHa A Toka (nanee —
ypaBHeHre DpyMKWHA), a TAaK)KE€ YpaBHEHHS JI1 TOKA 3apsDHKEHHUS], YUUTHIBAIOLIEE
JMHEWHYIO 3aBUCUMOCTb MTOTEHIIHAJIA 3JIEKTPOAA OT BPEMEHU B METOAE LUKINYECKOM
BOJIbTaMIEpoOMeTpun. s HaxoxkAeHUss MCU-NIPUM TOTEHIMAIa HCIOIb3YeTCs
ypaBHEHHUE HEMPEPHIBHOCTU BEKTOPA IJIEKTPUUECKON MHAYKIIUUA HA TPAHUIIE TIJIOTHOTO
CJIOS C IPUMBIKAOIIUM K HeMy AudPpy3HbIM. M3 3TUX ypaBHEHUH yJaeTCsl OJIYYUTh B
UTOT€ OJIHO, COIVIACHO KOTOPOMY MOKHO TIOCTPOUTh 3aBHCUMOCTh TOKa OT
noreHuuana oanekrpoaa. Ha puc.5. mnposeneno cpaBHenne [IBA-KpuBBIX,
paccuuTaHHBIX Kak ¢ yderom (moaxon ®pymkuHa), Tak u 6e3 yudera (bD) BnusHus
ctpoenus [ID2C Ha 3aMeJICHHBINA MEPEHOC 3apsiia 4epe3 TPaHUILly JJICKTPOJ/TUICHKA
peaoKc-noaumepa.

Ny €8 Puc.5. Bnusaue ckopoctu

ZYX N\ Pa3sBEPTKH V HA IIPUBEICHHEIE

- 27N K ) kpuBble | = | -RT /VF2NAL ot E,
Owc—:.—;v'- 5 ,“ <N paccunuTanHble 10 DPpyMKUHY
L W (yHKTHD) u Bartnepy-

XX ®donbpmepy (CIUIONTHAS JIUHUS).
KA 7Y CKOpOCTH pa3BEPTKH PaBHBI 3,
Rl e T , 25, 100, 250  wmBle.
-250 -125 0 125 250 E, mB

12



[loka3zaHO, 4TO C yBEIMYEHUEM CKOPOCTH PA3BEPTKU IMOTEHLIHAJIA BOJbTAMIIEPHBIM
OTKJIMK, COOTBETCTBYIOIIUN noaxoay @pyMkuHa (MMyHKTHUP), Bce OOJIbILE OTIMYAETCS
oT [IBA-KkpuBBIX, pacCUMTaHHBIX MO ypaBHeHHIO batiepa-Ponbmepa (cruiomIHas
auHus). IlpuBeneHHbIE TOKM MHKa, COOTBETCTBYIOLIME YypaBHEHHIO barnepa-
@osibMepa, CIErKa YMEHBIIAIOTCS C POCTOM CKOPOCTH DPa3BEPTKH V, TOTJA Kak
AHAJIOTUYHBIC 3HAYEHUS aHOJIHBIX BeTBeM [[BA-KpuBBIX, paccuuTaHHBIE IO
OpyMKHHY, U3MEHSIOTCS HEMOHOTOHHO. OJHako, 3TOT 3A(QeKT OTCYTCTBYET IS
KAaTOJAHBIX BETBEH. YKa3aHHOE pa3IMuue BOJHTAMIIEPHBIX OTKJIMKOB OOYCIOBJIEHO
0oJiee BHICOKOM HEOOPaTUMOCTBIO TIpoliecca epeHoca 3eKTpoHa no OpyMKuHy, 4yem
no barnepy-®onpmepy (pu OJMHAKOBBIX 3HAYCHHUAX MOTeHIMana). COBMECTHO ¢
OTHOCHUTENILHO 0o0Jiee BBICOKOW HEOOpAaTUMOCTHIO HAOMIOJAeTCsl yMEHbBIICHUE
MOJYIIMPUH AHOJHBIX MHUKOB, pacCuuTaHHbIX MO0 DOpyMKHHY, MO CPaBHEHUIO C
KPUBBIMH, TTOCUMTAaHHBIMU 110 batnepy-Donbemepy (puc.5).

B pasnene 3.3 paccMoTpeHa MeAJICHHAs CTaaus WHKEKIHUU KAayHTEp-MOHOB Ha
rpaHuUlIe IJIEHKA MOJIMMepa/pacTBoOp dJekTponuTta. PaccmarpuBaetcs cucrema,
KOTOpasi COCTOUT U3 3JIEKTPoAa, MOAU(PHUIMPOBAHHOTO IJIEHKON peloKC-TIoJuMEpa B
pacTBoOpe 31eKTpoiauTa. Mcrnonp3yercs N0yleHue 0 paBHOBECHOCTH BCEX IIPOLIECCOB,
KpOME IepeHoca KAyHTEpP-MOHOB Yepe3 TpaHully IIEHKA/pacTBOp 3JIEKTPOJIUTA.
Hcnonp3yemble  ypaBHEHHS: ANEKTPOHEUTPAIBHOCTh  IUICHKH,  PaBEHCTBO
ANEKTPOXUMUYECKUX OTEHINAIIOB 3JIEKTPOHA B IJIEHKE U JIEKTPOJE, YPABHEHUE IS
TOKa 3apspkeHus, ypaBHeHne b® wmm @Ppymkuna. st HaXOXIAEHUA ICH-IPUM
IIOTEHLIMAJIa HCIIOJIb3YETCSd YPaBHEHHE HENPEPBIBHOCTH BEKTOpA JIIEKTPUYECKOU
uHAYKIUU. M3 BceX 3TUX ypaBHEHUHN B UTOTE yAAETCS MOJTYYUTh OJHO YpaBHEHHE (B
cinydae b®) unu cuctemy U3 IByX ypaBHEHHH (B ciaydae moaxona OpyMKUHA - OHO
anreOpanyeckoe M oaHO IuddepeHInaIbHOE), pellas KOTOPYI, MOXHO MOCTPOUTH
3aBHCHMOCTH TPOTEKAIOLIET0 TOKa OT MOTEHIHama 3nekTponaa. Ha puc.6. mpoBeaeHo
cpaBHeHue [IBA-KpUBBIX, paCCUMTAHHBIX KaK ¢ yuyeToMm (nmoaxon dpymMKHHA), TaK U
0e3 yuera (b®) Bausinus crpoenus J[OC Ha 3amMeJIeHHBIN MEPEHOC KaYHTEP-UOHOB
yepe3 IpaHully IJICHKa peJoKC-TIoJauMepa/pacTBop 3iekTpoiuTta. [lokazaHo, yto B
CIy4ae CTaJIuu MEIJICHHOM MHXXEKLIHMH KAYHTEP-MOHOB HAa T'PAHUILE pas3fesa IUICHKa
pEeAOKC-TIOJINMEPa/pacTBOP JIEKTPOJIUTA U3MEHEHUE KOHLEHTPALUU KayHTEepP-UOHOB B
pacTBope BiAMSET Ha (OpPMY KaTOJHBIX/AHOJHBIX BETBEW, B OTJIMYHME OT Clyyas
MEJUICHHOW WHXEKUMU DJIEKTPOHOB Ha TPaHMIIE 3JIEKTPOJ/TIEHKA, Uil KOTOPOro ee
U3MEHEHHUE JIUIIb CABUTAeT KATOJHbIE/aHOAHbIE MUKW JAPYT OTHOCUTEIBHO Apyra Io
OCH IOTEHLAAJIOB.
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Puc.6. [lpuBenmeHHble BoOJbTaMIEpHbIE KpuBbie | =1-RT/VF’NAL ot E,
COOTBETCTBYIOIINE PA3JIMYHBIM 3HAUEHUSIM KOHIEHTPALU B PACTBOPE MPUIIETAOLIETO
ANEKTPOJINTA;  CIAy4Yald 3aMEJICHHOM WHXEKIMU KayHTep-HOHOB. IIyHKTHD
cooTBeTCcTBYeT mnonaxoay DOpyMmMKkuHa, CIUIONIHAs JUHUS — Toaxony bartnepa-
®onsmepa. Co = 1, 0.1, 0.01, 0.001 M pmna kpuseix 1,1°; 2,2°; 3,3’; 4,4°,
cooTBeTCTBEeHHO. CKOPOCTh pa3BepTKH moTeHImana vV = 45mB/c.

BuaHo, 4TO KOHIEHTpallUMs KayHTEpP-MOHOB CHJIBHO BJMSET Ha aHOJHBIC BETBU
KPUBBIX, IOCYUTAHHBIX C Ucnofib3oBanueM mojaenu JIDC no ['enpMronbity (T.€. 1o yp-
Huo b®). OnHako, BIUSHHE TOM K€ KOHILEHTpPAllMM Ha KaTOJHBIC BETBU TEX K€
KPHUBBIX OTHOCHUTEIIBHO citaboe. B To ke Bpems, HaOJIrogaeTCs 3HaUYNTEIIbHOS BIUSHUC
KOHIICHTPAIIMM KayHTEP-UOHOB KaK Ha KaTOJIHbIC, TAK U HA aHOJHbIC BETBU KPHUBBIX,
MOCYUTAHHBIX C Hcnmojab3oBanueM wmojaenmu JOC TI'ym (T.e. B pamMKax moaxoja
dpyMKHHA) , IPUYEM, €CIIH JIJI1 aHOIHBIX BETBEH HAOII0aeTCs MapaieIbHbBIN CIIBHT,

C HC3HAYUTCIBHBIM HW3MCHCHHCM (bOpMBI, TO KaTOAHBIC BCETBU MPCTCPIICBAIOT

CYILIECTBEHHbIE HM3MEHEHHUs (POCT TOJYIIUPUHBI THKAa U €ro YMEHbIICHHUE,

00pa3oBaHUE 3aTSHYTOrO IIJIATO). DTO O3HAYaeT, YTO B Ciydyae BOJIbTAMIIEPHBIX
KPUBBIX, OCIIO)KHCHHBIX MEIJICHHON CTaguell WHKCKIIMH KayHTep-HOHOB, MOXXHO
OKHJIaTh U3MEHEHUS UX (POPMBI C YMEHBIIIEHUEM KOHIICHTPAIIUHU JJICKTPOJIUTA.

B pa3zpgesie 3.4 mpoBeneHo kpaTkoe 00CYXICHHUE TTOJYICHHBIX B I1aBe 3 pe3yiIbTaTOB.

B oroil cBsi3u HeoOxomuMo ykasaTh Ha JBa (axrta. IlepBblif, B o00oux

pacCMaTpUBACMBIX IMOAXOAAX, 3HAYCHHA IIMKOB TOKa HBA-KpI/IBBIX IMPaKTHYCCKH

IPOMOPIMOHANIBHEI  CKOPOCTH Ppa3BEepPTKM MOTEHLHMaNa, IO KpailHel Mepe, B
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PAacCCMOTPEHHOM JHMamna3oHe ckopocTtedl. 1lo3ToMy, OIHOBpPEMEHHOE IPUCYTCTBUE
TaKOH MPONOPLUOHAIBHON 3aBUCUMOCTH | OT V 1 3HauuTenbHass acumMmeTpus Gopm
KaTOJHON M aHOJHOM BETBEH (B YAaCTHOCTH, CABUI MEXAY KaTOJHBIM M aHOJHBIM
NOTEHIIMAIIAMHA THMKA), JEHCTBUTENBHO, MOXET pacCMAaTPUBATHCS KaK CIEICTBUE
IPOILIECCOB MEIJIEHHOM MHXEKIMM MEepeHOCUUKOB 3apsiia. Bropoe, B naHHOM pabore
MOKa3aHo, 4TO 00a MoAX0Aa MPUBOAAT K HEPABEHCTBY MEXy KaTOJAHBIM U aHOJIHBIM
TOKaMH TIMKa, KOTJa OTHOIIECHHE KOA(PPHUINEHTOB MIEPEHOCA CTaJANN MHKEKIHU o/
OTKJIOHSIETCS OT €IMHMIIbl. YUUTHIBAS BBILICNIEPECYUCICHHOE, MOYKHO IIOJBITOKUTD,
4yTo ypaBHeHue barnepa-Ponabmepa MOXKET ObITh MCIONB30BAHO Ul KAU€CTBEHHOM
TPAKTOBKH aCHMMETPHUH BOJIBTAMIIEPHBIX KPUBBIX KaK (peHOMEHA, BO3ZHUKAOILIETO 13-
32 MPUCYTCTBUS CTAAUM 3aMEJIEHHOW HMH)KEKIUU NEPEHOCUYMKOB 3apsna. OaHako,
OTBETUTh Ha OoJiee JeTajbHblE BOMNPOCHI, HANpUMeEp, KaKOH HWMEHHO BH]
NEPEHOCUYMKOB 3apsja OTBEYaeT 3a HaOmomaemyr acuMmmerpuio [IBA-kpuBbIX,
KOKETCA BO3MOXKHBIM, TOJIBKO €CJIIM IIOJYyYEHHBIE JaHHbIC TPAKTYIOTCS 10
YpaBHEHMAM, BKIrOYaromuMm nonpasku PpymkuHa. Tak, npu HUX ydere BO3MOXKHO
OTVIMYUTH MEIUICHHYIO CTAJMIO IEPEHOCA DJIEKTPOHOB OT IIEPEHOCAa KayHTEP-UOHOB,
TaK KaKk MW3MEHEHHE KOHLEHTpPALMM KayHTEP-MOHOB B pacTBOpPE JJIEKTPOJIMTA
IPUBOJUT K CHJIbBHOMY U3MEHEHHUIO OpMbI KaTOAHBIX BeTBel L[BA-KpHUBBIX TOJIBKO B
CiIy4ae 3aMEeJUJICHHOM CTaUH MHXKEKLIUHU KayHTEP-UOHOB.

Ananus 3¢ dexroB crpoenus JIC, npoBeAeHHBIN B riaBe 3 AUCCEPTALMH HA IPUMEPE
PEAOKC-TIOIMMEPHBIX IJIEHOK, BOOOLIE TOBOpS, MOXKHO OCYIIECTBUTh U B Cllydae
IJIEHOK MPOBOJSAIIMX MOAuMepoB. OAHAKO MPU TakoM OOOOIIEHHH BO3HUKAET Psij
TpyaHocTeil. B 4acTHOCTH, NpW 3amMcu CKOPOCTH O0Opa30BaHUsl MOJSPOHOB Ha
IIEKTPOJHON MOJJIOKKE HESCHBIM IMPEACTABIISIETCS BOIPOC O TOYHOM HAXOXKIECHUHU
BHEIIHEH IUIOCKOCTH ['€bMrosiblia, U, COOTBETCTBEHHO, BOIPOC O TOM Kakas 4acTh
NOTEHIMAJIA BJIMAET HA SHEPTHUIO aKTUBALMM TaKOM 3JIEKTPOAHOW peaklMM, a Kakas -
Ha paclpe/elieHne KOHLEHTpauuii. Bo3HHKaeT, Takke, BOIPOC O TOM, KakK BIMSET
noTeHal B AUPQPy3HOM CIIO€ Ha pacnpeleieHUue IUIOTHOCTH 3apsiia B MOJIIPOHE,
WIM K€ TUIOTHOCTH 3aps/ia B MOJISIPOHE MOCTOSIHHA M HE 3aBUCHUT OT IMOTEHLMasa?
BolmienepeuncieHHble  OOCTOSITENBCTBA TOBOPSAT O TOM, YTO OINKCAHUE TMOJISPOH-
npoBOASIIMX MIeHOK npu nomoinu teopuun IC IllrepHa (u ypaBHeHHiT OpyMKUHA)
3aTPyIHUTENBHO 0€3 BBEIEHUSI KaKUX-TMOO NOMOJIHUTEIbHBIX JOIMYIIEHUH, TOITOMY
aHaIN3 COOTBETCTBYIOIMX A((PEKTOB OBLI OrpaHWYECH B JIUCCEPTAIIUU CIIydaem
PENOKC-TIOJTMMEPHBIX TUICHOK.

B _uemeepmoi_cnage npuBeneHsl 0a3oBble ypaBHeHHUs 1isi pacueta L[BA-kpuBbIx,

COOTBETCTBYIOIIUX  HATUYUIO MEKYACTUYHBIX  B3aUMOJICHCTBUH (B  peIOKC-
MOJIMMEPHOM TJICHKE).
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B pasnene 4.1 paccMartpuBarOTCsi OCHOBHBIE YpaBHeHHUs A pacyeTta [[BA-kpuBbix
AIIEKTPOJOB, MOAU(PUIMPOBAHHBIX IJIEHKAMH PEIOKC-MOJUMEPOB, NMPHU HAIUYUU B
MOCJIETHUX MEXUYaCTUYHBIX B3aumojiedcTBUid. [lomydeHbl CBsI3M NMUKOBBIX TOKOB U
NOJYIIMPUHBI THKOB C AaTTPaKIMOHHOW TIOCTOSIHHOM a9 , XapaKTepU3YIOLIEeH
MEXYaCTHYHBIE B3AUMOJICHCTBHS.

B paspene 4.2 npoBefeHa OLICHKA aTTPAKIMOHHOM IMOCTOSTHHOM ap JIJISl IPaKTUYECKU
paBHoBecHoi cuctembl (maeHku pPoly[Co(SaltmEn)], coxepxkaineii MeTaIMuecKue
HeHTphl KoOaibTa). Ilo ypaBHeHmsM (4.13, 14) u3 pasgena 4.1 MOXKHO MOCTPOUTH
rpauK 3aBUCMMOCTH TOJYIIMPUHBI Wiz OT aTTPaKIMOHHOM TOCTOSHHOM ag, W3
KOTOPOTO CIIEyeT, YTO HaOirofaemMasi Ha OIbITE MOJYHIMPUHA KOOAIBTOBOTO IMHKA
LIBA, mpubnu3utenbHo paBHas 145 MB, cooTBeTcTBYET 3HaueHMIO a9 < 0.51.

0,006 - Puc.8. HeBoaubiii cepeOpsHbIN
~— C,=0.1,v=5

0,004 - - CO:O.l, V:20
. C =01 v=50 otHocutensHo AQ/AJCI. TectupoBanue
0 T

B 0.1 monw/n1 Et4NBF4/ACN, -0,5-0,4
V, Vv (ckopocts pa3Beptku) = 5, 20, 50
MB/c, coorBerctBenHo. [lomymmpurna
KPHUBBIX ~145 MB. 3HayeHue

anekTpon cpaBaenms = +300 wmB

0,002

0,000 ~

I, MA

-0,002 +
aTTPaKIIMOHHOU ITOCTOSTHHOM ag
-0,004 +

npubnusutensHo pasHsiercs 0.51.

-0,006 T T T T T T T T T T
-0,6 -0,4 -0,2 0,0 0,2 0,4

E,B

Takum oOpa3zom, Oblla MpoBeJEHA OIEHKA 3HAYCHUS ATTPAKIIMOHHOW IMOCTOSITHHOM
wienku poly[Co(SaltmEn)].

B _namoii_2nage TnipoBefieHBI JOTIONHUTEIBHBIC TMOSCHEHUSI BBIOOpA BBIPAKEHUN

XUMHYECKUX M DJICKTPOXUMHUUYECKUX TMOTECHIIMAJIOB B CJIydae IMOJUMEPHBIX IUIEHOK C
KaTUOH-PaIUKaTbHBIMU HOCUTEISIMH  TOKa. [IpuBeneHo  /0Ka3aTeIbCTBO
MIPAaBOMOYHOCTH HCIIOJIb30BaHUS ATUX BBIPAXKEHUM MpU MOMoIU ypaBHeHUs ['mb6ca-
Jrorema.

OcHoOBHbIE pe3yJabTaThl PA00THI U BHIBO/IbI

1. Pa3zpaboTtano TepMOAMHAMUYECKOE ONMHUCAHUE IJIEHOK OPraHMYEeCKUX MPOBOISIINX
MOJIMMEPOB, COAEPKAIIMX IOJSIPOHBI MPOWU3BOJBHOM IJIMHBI M, W NpOBEpEHa
IIPABOMOYHOCTh €r0  MCIOJb30BaHUS IIPU  COMNOCTABIEHUU C HUMEIOIMMUCA
JUTEPATypHBIMU JTaHHBIMU. OKCIIEPUMEHTAJIBHBIE PE3YJbTAThl, ITOKA3bIBAIOIINE
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BIUSIHUE CTENEHM JIONMMPOBAHUS TMOJMMEPHOM IUJIEHKM Ha TOJYIIUPUHY €€
BOJIbTAMIIEPHOTO OTKJIMKA, KAa4€CTBEHHO OOBSACHSIOTCA pa3BUTON Teopueil. Takum
o0pa3oM, MOXXHO TOBOPUTH O XOpPOIIEH KOPPENSLUUU MEXKIYy HCIOIb3YEMbIM
TEOPETUUYECKHUM MOX0JIOM U IKCIIEPUMEHTOM.

2. Pa3paboTaHo KBa3WpaBHOBECHOE OMUCAHUE BOJIbTAMIIEPHBIX KPUBBIX 3JEKTPOJIOB,
MOIM(UIIMPOBAHHBIX JICHKAMHU 3JIEKTPOAKTUBHBIX MOJMMEPOB KaK ¢ HEOJHOPOJHOM
NOMyJISIMEN KaTUOH-PAJMKAJIOB (MOJISIPOHHBIX HOCUTENEHN TOKA), TAK U CO CMEIIAaHHOU
NONYJISIIIUEd KaTUOH-PAJAUKAIOB C JuKaTHoHamu (Oumnonsiponamu). IlomydeHHbie
pe3yapTathl (0Opa3oBaHME IUIATO B 00JACTH TMOJIOKUTEIBHBIX MOTEHIMAJIOB,
pacuieruienre [{BA-kpuBoit Ha mapy NUKOB WM 00pa30BaHME IJIeda J10/TIOCIIE MHKa)
KAu€CTBEHHO COTJIACYIOTCS C JINTEPATYPHBIMU JAHHBIMH.

3. P33p360TaHO 0606H1€HHO€ OIIMCAaHUC HCPABHOBCCHBIX BOJIBTAMIICPHBIX OTKJIINKOB
INICHOK PCHOKC-IIOJIMMCPOB, B KOTOPBIX IIPOHUCXOOAUT SaMGIIJ'ICHHblf/'I IICPCHOC
QJICKTPOHOB Ha I'PAHUIIC BJIGKTPOI[/HJIGHKa IMOJINMCpPA, U IIPOBCPCHA IIPABOMOYHOCTDH
€0 NCIIOJB30BaHUs ITPU COIMOCTABJICHUHN C MMCIOIMUMUCA JIUTCPATYPHBIMHA JJaHHBIMHU.

4, HpOBGI[eHO OIIMCAaHUC HCPABHOBCCHBIX BOJIbTAMIICPHBIX OTKIIMKOB IINICHOK PCIOKC-
IIOJIMMCPOB, B KOTOPBLIX IIPOUCXOAUT 3aMe,Z[JIeHHBII>'I IICPCHOC KAYHTCP-MOHOB HaA
I'paHUIC IIJICHKA HOJ'II/IMepa/paCTBOp QJICKTPOJINTA, N IIPOBCPCHA ITPABOMOYHOCTL €TI0
HCIIOJIB30BAHUA IIPHU COIMOCTABICHHUH C HMCIOIIIUMHUCS JIMTCPATYPHBIMHU JaHHBIMHU.

5. YcTaHOBIEHO, YTO HCIHOJH30BAaHUE BOJHTAMIIEPOMETPHUECKUX H3MEPECHUU TPHU
OJTHOBPEMECHHOM  HW3MCHCHUHM  KOHIIEHTpAIlMM  KayHTEP-HOHOB B  PacTBOpE
OMBIBAIOIIETO DJICKTPOJMTA CIIOCOOHO BBISBUTH KOHKPETHBIA THI TIEPEHOCYHKOB
3apsiia, y4aCTBYIOIIMX B CTAJUU MEIJICHHOW MHXeKnu. Takum oOpa3zom, 000CHOBaHA
BO3MOXXHOCTh JKCIIEPUMEHTAIBHO OTJIWYATh CTaIUI0 3aMEIJICHHOW WHXKCKIIMH
AJICKTPOHOB HA TpaHUIIC DJEKTPOJ/IIJIEHKAa OT 3aMEJICHHOW WMHXKCKIIMM KayHTep-
MOHOB Ha IPaHUIIC TIJICHKA/PacTBOP.
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