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BJllUIHHE CTPOEHIDI ,It;BOMHOrO CJIOg 
HA 3JIEKTPOBOCCTAHOBJIEHHE AHHOHOB 
II TIPHPO,lt;A METAJIJIA 

H.B.<I>e.ll:OPOBI1'I, A.H.<I>PYMKHH H X.3.KeHc 
MocKoecKuu rocyoapcmeell1/blu Ynueepcumem UM. M. B. JIoMollocoea, 

If/lcmumym 311eKmpOXUMUU AKaoeMuu /laYK CCCP, MocKea, CCCP 

TIOCTYIlHJIO B pe.D:aKWIIO 21 HIOJUI 1970 

HCCJIe.D:OBaHO BOCCTaHOBJIeHHe aHHOHOB S2 oij - H S4 O~ - Ha Bpam;aIO~ClI ,[(HCKOBhIX 3JIeKTp0.D:aX 

H3 BHCMYTa, OJIOBa, CBHH~a H Ka.D:MHlI. TIoKa3aHO, 'ITO 3aBHCHMOCTb CKOPOCTH pea~HH TO nOTeH­

~aJIa 3JIeKTpO.D:a H COCTaBa paCTBopa orrpe.D:eJIlIeTClI Me.D:JIeHHOCTbIO 3JIeKTpOXHMH'IeCKoit CTarom 

pa3pll.D:a. HCrrpaBJIeHHbIe TaIPeJIeBCKHe 3aBHCHMOCTH .D:JIlI peaKIJ;Hil: BOCCTaHOBJIeHHlI S20ij - H 

S4 O~ - Ha pa3HbIX 3JIeKTp0.D:ax COBrra.D:aIOT. TaKHM 06pa30M, BJIHlIHHe npHpO,l:(bI MeTaJIJIa Ha CKOPOCTb 

BOCCTaHOBneHHlI aHHOHOB B OTCYTCTBHe Crre~HIPH'leCKoit a.D:cop6~ orrpe.D:eJIlIeTClI ~eJIHKOM CTpO­

eHHeM .D:BoitHoro 3JIeKTpH'leCKOrO CJIOll, KOTopoe B OCHOBHOM 3aBHCHT OT rrOJIOlKeHHH TO'lKH Hyne­

Boro 3apllAa. 

JJ:nlI HCCneAOBaHHlI BJIHlIHHlI CTpoeHHlI .D:BOHHOro 3neKTp~eCKoro COJIlI Ha 3JIeKl"{~oAax H3 pa3HbIX 

MeTaJIJIOB Ha CKOPOCTb rrepeHoca 3JIeKTpOHa YA06HO HCrrOJIb30BaTb peaKWlll BOCCTaHOBneHHlI He­

KOTOPblX aHJilOHoBl • 3TO CB1I3aHO C TeM, 'ITO rrpH BOCCTaHOBneHHH aHHOHOB, HanpHMep S20ij­

H S40~ -. crre~IPH'leCKalI a.D:cop6~1I pearHpy IOm;eil: 'laCT~I JiI npO~Ta pea~ B 06naCTIf 

BbICOKHX OTpH~aTeJIhllbIX nOTe~aJIOB OTCYTCTByeT H 3aBHCHMOCTb CKOPOCTH peaK~ OT 

npHpO,l:(bI 3JIeKTpO.D:a onpe.D:eJIlleTClI TOJIbKO CTPYKTY-POil: .D:BOHHOrO 3neKTpH'leCKOrO cnoll Ha 3mx 

MeTanJIax. T. e. 3Ha'leHHeM I/f I-nOTe~aJIa, BeJIH'lHHaH 3HaK KOToporo onpeAeJIllIOTClI rronOlKeHHeM 

rrOTe~aJIa HyneBor03apllAa
2 (11'.=0)' 

B COOTBeTCTBHH C 3THM BbIBOAOM CKOPOCTb peaK~HH BOCCTaHOBneHHlI B03paCTaeT rrpH rrepeXO.D:e 

K 3neKTpOAaM C 60JIee 0TP~aTeJIbHhIM 11'.=0, .D:JIJI KOTOPbIX 3Ha'leHHe I/fCrrOTe~aJIOB rrpH 

II' = const MeHee OTp~aTeJIbHbI, '1eM .D:JIlI 3neKTpO.D:OB C 60nee rrOnOlKHTeJIbHhIM 3Ha'leHHeM rrOTeH­

~HaJIa HYneBoro 3apll.D:a
3

• HcnpaBnebIHe Ha I/fr3IPIPeKT rrOJIllPH3a~OHHbIe KpHBble B pacTBopax 

O.D:HHaKOBoro COCTaBa He .D:OJDKHbI 3aBHCeTb OT MaTepHaJIa 3neKTpO.D:a
Z

,4. Y'IeT BnHlIHHH BeJIH'lHHbI 

I/f 1 Ha H3MeHeHHe KOHIleHTp~H BOCCTaHaBJIHBaIOm;eitclI '1aC~I H 3HeprHH aKTHBa~ p~H 

MOlKHO npOBO.D:HTb MeTO.D:OM nOCTPoeHHlI nOnllpH3a~OHHbIX KpHBbIX B KOOp.D:HHaTaX [Ig; + 
+ (n'l'IFjRT)] H (II' - '1'1)' HcnpaBneHHbIX TaIPeJIeBCKHX 3aBHCHMOCTeH ruTI), r.D:e i - nnOTHOCTb 

TOKa, II' - nOTeH~aJI 3JIeKTpO.D:a4. ~nlI paC'IeTa HT3 He06xoroIMO pacnonaraTb .D:aHHbIMH no 3aBH­

CHMOCTH 'I' I-nOTHe~HaJIa OT nOTe~aJIa 3JIeKTpOAa H COCTaBa pacTBopa. YKa3aHHbrH BbIBOA 6hIJI 

paHee rrO.D:TBeplKAeH HCCJIe.D:OBaHHeM BOCCTaHOBneHIDl aHHOHOB szoij -, Fe(CN)~ - Ha pTYTH, 

aMaJIbraMe TannHlI5, aMaJIbraMe HH,[(H1I6 , cBHH~e, Ka.D:MHH
7 

JiI Croi- Ha aMaJIbraMe TamlHlI,4,8. 

O,[(HaKO, y6e,[(HTeJIbHOCTb OmITOB CO pTYTbIO JiI aMaJIbraMaMH CHHlKaJIaCb Jil3-3a OTPHIlaTeJIbHoit 
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a~cop6u;fUl TaJIJIHSI H HR,n;Hl! Ra rpaHllu;e aMa.JThraMa/paCTBOp npH OTplill,aTeJIbHhIX nOTeHl:~HaJIaX, 
'ITO )'MeHblliaeT pa3JIH'lHe MeJKJ\Y ReHCnpaBJIeHHhIMlf Ra "'1 -3<!><!>eKT nOJISlPH3allHOHHhIMH KphmHMH 

PTYTH H aMa.JThraM
S

•
6

•
8

• AJISI TBep,n;bIX 3JIeKTpO,n;OB OTCYTCTBOBaJIH OllhITHhIe ,n;aHHhIe no 3aBHCI{­

MOCTI{ 3apll)l;a OT nOTeHu;HaJIa, Heo6xo~lIMhIe ,n;nSl Bhl'lHCnCHHSI '" I-nOTeHU;HaJIOB. 

B nOCJIe,n:Hee BpeMH 6bUUl npOBe)J,eHbI )J,OCTaTO'lHO TO'lHble H3Mepemur )J,H<p<pepeH­

IJ,HaJIbHOH eMKOCTH H nOTeHIJ,HaJIa HYJIeBOrO 3apH)J,a Bl!.CMY1:a9,' OJIOBa10
, CBHHIJ,a ll

, 

Ka)J,HHHH
I2 

6bIDO nOKa3aHO, 'ITO TeOpll.H )J,1!.<p<PY3Horo )J,BOHHoro CJIQH, pa3Bl!.TaH )J,JIH 

pT}'TH, nplI.MeHHMa K KOJIH'leCTBeHHOMY Onl!.camllO CTpOeHlUJ Me)K<pa3HOH rpaHl!.II,bI B 

CJIyqae 3TlIX 3JIeKTpO)J,OB B pa36aBJIeHHbIX paCTBopax,nOBepXHOCTHO-HeaKTl!.BHbIX 3JIe­

KTPOJIHTOB. B CBH3H C 3THM HaMH 6bIDO npOBe)J,eHO HCCJIe)J,OBaHHe BOCCTaHOBJIeHHH 

S20~- l!.S40~- Ha BpalI.l,alOII.l,lI.XCH )J,HCKOBbIX 3JIeKTpO)J,ax H3 CBl1HIJ,a, Ka)J,MHH, 

BHCM}'Ta H OJIOBa. 

3KCnepHMeHTaJILHaS qaCTL 

CHSlTIIe nOJISlpH3aIJ;HOHHhIX KpHBhlX npoBo,n;HJIOCh Ha YCTaRoBKe, omlcaHHoH B pa6oTax13. AnSI 

1f3rOTOBJIeHHl! 3JIeKTpo,n;OB HCnOJIb30BanRCb MeTaJIJIbI TO/t lKe Map)Gl', 'ITO If nplf 1f3MepeHHlIX ,n;H<!>­

<!>epeHu;Ha.JThRoii: eMKOCTH B pa60Tax 
9 -12 : CBRReu; 'lHCTOThI 99,9998%, Ka)l;MHit 99,99999%, BHCMYT 

99,9999%, OJIOBO 99,999%. 

PelYJIbTaTbi U ux o6cYiK)J,eHlle 

l1oBepxROCTh 3JIeKTpO~OB H3 onOBa, CBHHu;a H Ka,n;MHSI nepe,n; Ka~IM OllhITOM nOJIHpOBaJIaCb H ro­

TOBHJIaCb no MeTO~RKaM, pa3pa60TaHHhIM Bl 0 -12. l1oBepxHOCTh 3JIeKTpo,n;a H3 BHCMYTa B OTJIH'lHe 

OT pa60ThI
9 

o6pa6aThmaJIaCb MeXaRH'IeCKH CneIJ;Ha.JThHO npRrOTOBJIeHHhIM CTeKJISlHHbIM nopOlDKOM. 

Bce HCnOJIb3yeMbIe B pa60Te peaKTRBhl no,n;BepraJIRCb MHOrOKpaTHoit nepeKpHCTaJIJIH3awm, a pac­

TBOphI rOTOBHJIHCb Ha TpH)J;HCTHJIJIaTe, O'lIlmeHHOM OT OpraHH'leCKHX 3arpSl3HeRlfii: aKTHBHpOBaH­

HbIM yrJIeMl4• JI'leitKa If BCli CTeKJISlHHaSl nocy~a o6pa6aThIBaJIaCb no MeTo.a;HKe OITHCaHHOii B pa-

60Te14• 110JISlpH3aIJ;HOHHhle KpHBhIe IfCnpaBJISlJIHCh Ha OCTaTO'lHhIii: TOK. Bce nOTeHIJ;HaJIhI .a;aRhI 

B BOJIbTaX npOTHB HOpMa.JThHOrO KaJIOMenhHoro 3JIeKTpo.a;a. 

IIOJIHpH3aIJ,1!.0HHble KpHBble BOCCTaHOBJIeHl!.H S20~- 11. S40~- Ha 3JIeKTpO)J,ax H3 

OJIOBa (pHC. 1, KpHBaH 1), Bl!.CMYTa (Pl!.c. 2, KpHBaH 1); Ka)J,MlI.H 11. CBl!.HIJ,a HMelOTO)J,l!.­

HaKOBYlO <p0PMY: BOCCTaHOBJIeHl!.e Ha'ilmaeTCH npH nOTeHIJ,HaJIaX, OTBe'lalOlI.l,lI.X no­

JIO)Kll.TeJIbHbIM 3apH)J,aM nOBepxHocTH MeTaJIJIa, 3aTeM TOK )J,OCTlI.raeT 3Ha'ieHIDl 

npe)J,eJIbHoro TOKa H npH nOTeHIJ,HaJIaX, JIe)KalI.l,ll.X B 06JIaCTH TOqKH HYJIeBOrO 3apH)J,a 

cooTBeTcTBYlOlI.l,HX 3JIeKTpO)J,OB Ha6JllO)J,aeTcH YMeHbIIIeHHe TOKa. HocJIe npOXO)K)J,e­

HHH qepe3 MHHHMYM CKOPOCTb peaKIJ,HH BHOBb B03paCTaeT C POCTOM OTpl!.IJ,aTeJIbHOrO 

3HaqeHHH nOTeHIJ,HaJIa. IIccJIe)J,oBaHHe i, qJ-KPHBbIX Ha 3JIeKTpO)J,ax npH pa3JIHqHbIX 

CKOPOCTHX BpalI.l,eHl!.H IIOKa3aJIO, 'ITO npe)J,eJIbHbre TOKH HBJIHlOTCH )J,H<P<PY31!.OHHbIMH 

H COBna)J,alOT C paCC'lHTaHHbIMH no ypaBHeHIUO JIeBl!.'1a )J,JIH )J,HCKOBoro 3JIeKTpo.n;a 

C TO'lHOCTblO 1-2%, 'ITO CBlI.)J,eTeJIbCTByeT 0 JIaMHHapHOM pe)KlI.Me pa3MerIDlBaHHH 

)l(H)J,KOCTH; TOKH B MHHHMYMe KPHBOH B pa36aBJIeHHbIX paCTBopax npaKTH'leCKH 

He 3aBHCHT OT CKOPOCTH BpalI.l,eHHH H, CJIe,n:OBaTeJIbHO, HBJIHlOTCH KHHe TH'leCKHMH 

TOKaMH. 
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724 <I>ep;opOBHq, <I>PYMKlIH, Keil:c: 

CKOPOCTh p eaKqlm BOCCTaHOBJIeHlUI MCCnep;OBaHHhIX aHMOHOB B03paCTaeT C yBe­

JIMlIeHMeM KOHqeHTpaqliM nOCTOpOHHerO 3neKTpOnMTa M YBeJIMqeHMeM pap;Myca Ka­

TROHa o HcJ.>a, npliqeM CWlTMe TOpMO)l(eHMH peaKqliM BOCCTaHOBJIeHMH aHMOHOB Ha-

6mop;aeTCH npM TeM MeHhIl.IMX KOHqeHTpaqM5IX cJ.>OHa, qeM 60nee oTpMqaTeneH rro­

TeHqHaJI HyJIeBOrO 3apHp;a. Ha6mop;aeMhle 3aBHCHMOCTH CKOPOCTH BOCCTaHOBJIeHM5I 

aHMOHOB S20~- Ha Bcex MCCJIep;OBaHHhIX TBepp;hIX 3neKTpOp;ax OT nOTeHI.J;HaJIa 3neK­

Tpop;a, npHpop;hI M KOHqeHTpaqHM MH.D;McJ.>cJ.>epeHTHoro 3neKTpOJIMTa aHaJIOrliqHhI 

3aBHCMMOCTHM p;nH 3TMX peaKqn:il:, KOTophle Ha6mo,[(alOTCH Ha PTYTHOM KarreJIhHOM 

3JIeKTpop;e1,5,15 M MoryT 6hITh 06bHCHeHhI Mep;JIeHHOCThlO 3JIeKTpOXH~ecKoil: 

CTap;HH pa3PMa aHHOHOB. ,n;JIH KOnHqeCTBeHHoil: rrpOBepKH rrpMMeHMMOCTM TeopHH 

3aMep;JIeHHOrO pa3p5I.D;a K peaKqM5IM BOCCTaHOBneHMH B pa60Tax5 •16 6hIJI npe.D;JIO)l(eH 

Me TOP; orrpep;eJIeHl{5I 3apHp;a pearMpYlO~eil: qaCTMqhI n 1 M3 3aBMCHMOCTM CKOPOCTM 

peaKqHH OT KOHqeHTpaqHM KaTIiOHOB cJ.>OHa. ,n;JIH paCqeTa nl Mcnonh30BaJIOCh COOT­

HoIlleHMe 

(
a In i) 
a In C tp-(RT/n2F)lnc 

25rr--~~.------.-----' 

i, rnA/crr? 

1,5 

0,5 

0.5 1,5 f,V 2.0 

PHc.1 

llOilllPH3a.qHOHHbIe KpHBLIe BoccTaIj:oBJIeHIDI 

1O- 3N-Na2S20 s Ha BparrralOrrreMclI :meKTpo­

.n;e H3 OJIOBa 
KOHII.. NaF: 10,4.10- 2; 2 0,9.10- 2; 

3 1,4.10-2; 4 1,9. 10- 2N. CKOPOCTh Bpa-

1II.eHHlI :meKTpop;a m = 15000 06/MHH. 

i, mA/c 

o 0,5 1,0 -f,V 1,5 

PHc.2 

llOJIlIpH3aqlfOHHbIe KpHBLIe BOCCTaHOBJleHillI 

1O- 3N-Na2S406 Ha Bpa1Il.alO1II.eMClI :meKTpo­

.l\e H3 BHcMYTa 
KoHIJ.. NaF: 1 0,9.10- 2; 2 2,9.10- 2; 

34,9. 10- 2; 4 6,9 • 10- 2; 59,9 • 10~2N. m = 

= 15000 06/MHH. 
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rp;e i - KllHen1'ieCKllH TOK peaKUllll BOCCTaHOBJlemur aHlloHOB, n2 - 3apHp; I<alITOaa 

$oHa. 3KCrrepHMeHTaJIhHhle TOK11 11CnpaBJlHJlHCh Ha KOHIl,eHTpaU11oHHYIO rroMlPlI3a­

UIHO rro Teop11ll KOHueHTpaU11oHHoH rrOJlHpH3aUH11 Ha BpaI.L(alOI.L(eMC~ P;HCKOBOM 

:3JIeKTpo)J,e B craU110HapHhIX YCJlOB1UIX. Onpep;eJleHHe 111 rropH3BO)J,HJlOCh B paCTBopax 

1O-3N -Na2S20 s 11 10- 3N-Na2S4 0 6 B rrpHcYTc TB11H p a 3JlHqHhIX KOHuelnpaUliifN"aF. 

KaK Bll)J,HO H3 pllC. 3 II 4, )J,Jl~ Bcex 3JleKTpo)J,oB Ha6JTIO)J,aeTC51 JTHHeMHa~ 3aBl1caMOCTl> 

19 i OT 19 C 11 paCCqHTaHHhle H3 3TOH 3aBHCHMOCTH 3HaqeHM n 1 6JIH3KH K TeOpen'1-

qeCKHM 3HaqeHMM: cpe)J,HHe 3Haqeml~ 3ap~)J,a )J,JUI S20~- H S40~ - 111 = -1,9. 
HaM11 6hIJIll C)J,eJIaHhI aHaJIOrHqHhle paCqeThl 3aMeH51~ KOHueHTpauHlO Ha cpe,LVllOIO 

aKT11BHOCTh 110HOB, 'ITO O)J,HaKO rrpaKTHqeCK11 He CKa3hlBaeTC~ Ha pe3YJIhTaTax. 

Ha pHC. 5 11 6 rrpHBe)J,eHhI 19 i, <p-KpHBhle, rrOJIyqeHHhle C paCTJ30pa1vl:11 

1O-3N -Na2S20 s + 9. 1O-3N -NaF H 1O-3-Na2S4 0 6 + 9 . 1O- 3N-NaF Ha J3palJJ,a­

IOI.L(HXC~ )J,11CKOBhIX 3JIeKTpOp;ax H3 YKa3aHHhIX MeTaJTJIOB nOCJTe HCnpaBJIeBH~ aa 

KOHueHTpaUllOHHyIO rrOJI51pH3aulllO. 3HaqeH}le rrOTeHUHaJIOB HYJleBOrO 3ap5l)J,a ai, 
Sn, Pb H Cd paBHhI COOTBeTCTBeHHO -0,67, -0,76, -0,84 H -1,04 B H CKOpOCTh 

peaKUll11 BOCCTaHOBJIeHM HCCJIe)J,OBaJ-IHhIX aHHOHOB np11 Bcex nOTeHUHaJlaX 3aKOHO­

MepHO B03paCTaeT npH rrepexo)J,e K 3JIeKTpO)J,aM C 60JTee OTpHlI,aTeJIhHhIMH 3IJa'le­

HMMl1 rrOTeHII,11aJIa HYJIeBOrO 3ap~)J,a. 3TO YBeJIHQeHlle CKOPOCT11 oco6eHHO Cl1J1blIO 

Bhlpa)J(eHO B 06JTaCTH rrOTeHUl1aJTOB HYJIeBhIX 3ap~)J,OB 3JIeKTpO)J,a 11 YMeHhwaeTO[ 

0,5 

log i 4 3 2 1 

-0.5 

-1.0 

- 2,5 - 2.0 loge - 1,5 

PHc.3 

3aBHCHMOCTh CKOPOCTI{ BOCCTaHOBneHHlI 

1O-3N-Na2SOs OT Ko~eHTPawrn NaF Ha 

3neKTpO,L\ax H3 1 Bi, 2 Sn, 3 Pb, 4 Cd 
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0,5 

logi 

4 3 2 1 

- 0,5 

. 1,5L----~2.~0-----f:1,5,--IO-g-e --1;!;,O;J 

Pl1c.4 

3aBHCHMOCTh CKOPOCTH BOCCTaHOBJIeHl!f.l 

1O-3N-Na2S406 OT KOHIJ;eHTpawrn NaF Ha 

3neKTp0,L\ax 113 : 1 Bi, 2 Sn, 3 Pb, 4 Cd 



726 <l>e)J,opOBH'i, <l>pJMKHH, Keltc: 

C YBeJll{'leHHeM OTplU~aTeJIbHOrO 3HaqeHIDI: nOTemwaJIa 3JIeKTpO,z:r;a, 'ITO CB5I3aHO 

C JIOrapH<pMK'IeCKOH 3aBHCHMOCThlO t/l1~nOTeHIJ;HaJIa OT <p. CKOPOCTH peaKIQiH BOC­

CTaHOBJIeHH5I S20~- H S40~- Ha Bi H Cd OTJIH'lalOTC5I 60JIee qeM Ha nOPMOK. ,[Vr5I 

paC'IeTa ilT3 HCnOJIb30BaJIC5I BhI'lHCJIeHHhrH no TeopHH ,z:r;H<P<PY3Horo ,z:r;BoHHoro CJI05I 

nOTeHlJ;HaJI Ha BHeUlHeH I1JIOCKOCTH reJIbMrOJIblJ;a, T. e. npe,z:r;IIOJIaranOCh, 'ITO 

t/l1 = t/lo· He06xo,z:r;HMhI~ ,z:r;M BhI'IHCJIeHm[ t/lo-ilOTeHlJ;HaJIa 3apMhI 110BepXHOCTH 

Haxo,z:r;HJIHCh '1HCJIeHHhIM HHTerpHpOBaHHeM 3KCIIepHMeHTaJIbHhIX KPHBhIX 3aBHCH­

MOCTH ,z:r;H<pcpepeHlJ;llaJIbHOH eMKOCTH OT nOTeHlJ;HaJIa B COOTBeTCTBYlOIlJ;HX paCTBopax 

110 ,z:r;aHHhIM pa60T9 - 12• il3 cpaBHeHH5I BeJIH'IHH t/lo-nOTeHlJ;HaJIOB ,z:r;mI pa3HhIX 3JIeK­

TpO,z:r;OB (pHC. 7) BH,z:r;HO, 'ITO pa3JIH'IH5I B 3HaqeHH5IX t/lo-nOTeHlJ;HaJIa HaH60JIee BeJIHKH 

B 06JIacrn <P.=o H YMeHhlUalOTCSI C POCTOM OTplU~aTeJIbHhIX 3apMOB nOBepXHOCTH. 

C HCI10JIh30BaHHeM paCC'IHTaHHbIX 3Ha'leHHH t/I o-ilOTeHlJ;HaJIa 110 ,z:r;aHHhIM pa60T9 -12 

6hIJIH 110JIyqeHbI HCIIpaBJIeHHhle Ta<peJIeBCKHe 3aBHCHMOCTHrs ,9 (pHC. 8). KaK BH,z:r;HO, 

MT3 BOCCTaHOBJIeHHSI S20~- H S40~- ,z:r;JISI 3JIeKTpo,z:r;OB H3 pa3HhIX MeTaJIJIOB nona­

,z:r;alOT Ha O,z:r;HY I1pSIMYlO co 3HaqeHHeM rx ,z:r;JISI S20~- paBHYlo 0,22, a ,z:r;JI5I aHHOHa 

S4 O~ - rx = 0,24. PaHee HaMH 6hIJIO nOJIY'IeHO 60JIee BhICOKoe 3HaqeHHe ,z:r;JI5I peaKIJ;HH 

BOCCTaHOBJIeHH5I S20~-, a HMeHHO rx = 0,28~0,02 (CM. s). IIpHBe,z:r;eHHoe 3,z:r;ech 

3HaqeHHe, nOJIY'IeHHOe 06pa60TKoii: 3KCnepHMeHTaJIhHOrO MaTepHaJIa no MeTo,z:r;y HaH­

MeHbllIHX KBa,z:r;paTOB, CJIe,z:r;yeT C'IHTaTh 60JIee Ha,z:r;e)l(HhIM (pHC. 9). 

1.0 

log; 

0,5 

-0,5 

Q5 1.0 -'!.V 1,5 

PHc.5 

3a.BHCHMOCTb CKOPOCTH BOCCTaHOBJIeHHlI ' 

IO - 3N-Na2S20S OT nOTeHqRaJIa B npHCyr­

CTBHH 9.1O- 3N-NaF Ha :meKTp0.llaX H3: 

1 Bi, 2 Sn, 3 Ph, 4 Cd 

PHc.6 

3aBHCHMOCTb CKOPOCTH BOCCTaHOBJIeHHH 

IO-3N-Na2S406 OT nOTeHIJ;HaJIa B npHcYT­

CTBHH 9. lO-3N"NaF Ha :meKTp0.llax H3: 1 Bi, 
2 Sn, 3 Ph, 4 Cd 
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B OTJIll'IHe OT pTYTHOrO KaneJlhHOrO 3JIeKTpO.n;a H KaneJIbHbIX 3JIeKTpO.n;OB 1{3 

aMaJlhraM HH.D;H5I H TaJIJIH5I Ha TBep.n;bIX 3JIeKTpo.n;ax He Ha6mo.n;aeTC5I OTKJIOHeHH5I OT 

mmeM:HOCTH HT3 pea~ BOCCTaHOBJIeHl15I S20~ - npH nOTeH~aJIaX 6JIH3KHX 

K <f>.=o .n;JI5I YKa3aHHbIX 3JIeKTpo.n;OB. YBeJIWIeIllie CKOPOCTH BOCCTaHOBJIeHH5I ll.tM~­
B noM: 06JIaCTH nOTeHIUiaJIOB 06b5ICH5IJIOCb paHeeS cneJ.J.l14>I{'feCKOM: a.n;cop611.l{eM: HOHa 

S20~- , npH'feM npe.n;nOJIaraJIOCb, 'fTO BeJIll'fHHa crreJ.J.l14>H'feCKOM: a.n;cop6ll.HI{ S20~­
TaKa5I )!(e, KaK H.n;JI5I aHHOHa SO~- (CM. 17). ITo .n;aHHhIM aBTopOB9 - 12 Crrell.H4>H.'feCKa5I 

a.n;cop6U:H5I aIlliOHa SO~ - Ha BHCMyTe, OJIOBe I{ Ka.n;MHI{ OTCYTCTByeT, aHa CBI{Hll.C OHa 

MeHbIlle, 'feM Ha pTyTH H, B03MO)!(HO, C nHM CB5I3aHO pa3JIH'lHe B HT3 .n;JI5I pTYTHoro 

H TBep.n;bIX 3JIeKTpo.n;OB. Bonpoc 3TOT Tpe6yeT o.n;HaKO .n;aJIbHeM:IllerO HCCJIe.n;OBaHH5I. 

He3aBHCHMOCTb HT3 OT npHpo.n;hI MeTaJIJIa nOKa3hIBaeT, 'fTO HeCMJITp5I Ha pa3JIH.­

'fHe pa60T BbIXo.n;a 3JIeKTpOHa B BaKYYM .n;JI5I pa3Hblx MeTaJIJIOB, pa60Ta BhIXo.n;a 

3JIeKTpOHa B pacTBop 3JIeKTpOJIllTa npH 3a.n;aHHOM nOTeHll.HaJIe o.n;H.HaKOBa H, 'fTO, 

CJIe.n;OBaTeJIbHO, pa60Ta BbIXo.n;a 3JIeKTpOHa B BaKYYM He BXO.n;HT Herrocpe.n;CTBeHO 

B ypaBHeHH5I 3JIeKTpOXHMH'feCKOH KHHeTHKH, KaK 3TO 6bUlO nOKa3aHO TeMKHHblM 

H <l>PYMKHHblM1S (CM. TaK)l(e19). Y Ka3aHHhrH BhIBO.n; nOJIY'fHJI B nOCJIe.n;Hee BpeM5I no.n;­

TBep)l(.n;eHHe HCCJIe.n;OBaIllieM 4>OT03MHCClill3JIeKTpOHOB B paCTBopbI 3JIeKTpOJIHTOB
20

• 

COBna.n;eHHe HT3 .n;JI5I peaKll.lill BOCCTaHOBJIeHH5I S20~- H S40~- Ha pa3JIH'fHbIX 

MeTaJIJIaX YKa3bIBaeT, 'fTO npH OTpHll.aTeJlhHbIXnOTeHJ.J.l1aJIaX ll.eHTp 3ap5I.n;a npH BOC­

CTaHOBJIeHlill aHHOHOB Ha 3THX 3JIeKTpo.n;ax .n;OJI)l(eH pacnOJIaraTbC5I 6JIH3KO K BHeIll­

HeM: nJIOCKOCTH reJlhMI'Obnu:a. 3TH .n;aHHhIe pacxo.n;5ITC5I C BblBo.n;aMH pa60ThI <l>ay­

u:eTa21 , aBTop KOTOPOM: 061>5ICIDIeT 3aBHCHMOCTb CKOPOCTH peaKJ.J.l1H BOCCTaHOBJIe­

HH5I S20~- OT pa.n;ayca KaTHOHa 4>oHa He Crrell.H4>H'feCKOM: a.n;cop6~H KaTHOHOB, 

150 

100 

50 

0,5 -f,V 1,5 

PRc.7 

3aBHCIIMOCTb !fI1 OT rrOTeHl\liIana 3JIeKTpo.n;a 

B 1O-2N-NaF Ha 3JIeKTpo.n;ax H:> 1 Cd, 2 Pb, 
3 Sn, 4 Bi 
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PRc,8 

I1crrpaBJIeHHble Ta.peneBCKlie 3aBliCliMOCTH 

BOCCTaHOBJIeHHH 1O-3N-Na2S20S B rrpHcyT­

CTBIDI 9. 1O-3N-NaF Ha 3neKTpo.n;ax iii:>: 

Q) Bi, 0 Sn, 0 Pb, .Cd 



728 <J>e.n;opOBli'I, <J>p}'MKHH,' KeHc : 

B '1aCTHOCTH KanIOHa lJ,e 3H51 , KaK 3TO 6bVIO rrpep;JIOJKeHO paHee1,5, a H3MeHeHHeM 

rrOJIOJKeHIUI Il,eHTpa 3apHp;a pearHPYJOIll,ei1: '1aCTHIl,bI rro OTHonIeHHIO K BHenmei1: 

rrJIOCKOCTH reJIbMro.~lJ,a rrpH H3MeHeHHH pap;Hyca rHp;paTHpOBaHHbU KaTHOHOB 

cPOHa (3cPcPeKT 3JIeKTpOCTpHKlJ,HH). HaM KaJKeTC5I op;HaKo MaJIOBep05lTHbIM cYIll,eCT­

BeHHoe OTKJIOHeHHe rrOJIOJKeHH5I lJ,eHTpa 3apHp;a pearHPYIOIll,ei1: '1aCTHlJ,bI OT BHenIHei1: 

rrJIOCKOCTH reJIbMrOJIblJ,a B CJIy'lae p;sY3ap5lp;HbIX H, CJIep;OBaTeJIbHO, p;OCTaTO'lHO 

rrpO'lHO COJIbBaTHpoBaHHbu aHliOHOB. KpoMe Toro, OCTaeTC5I He5lCHbIM, rro'leMY <l>ay­

lJ,eT He Y'lHTbIsaeT B03MOJKHOCTb aHaJIOrH'IHoro 3cPcPeKTa 3JIeKTpOCTpHKIl,HH COJIbBaT­

HOi1: 060JIO'lKli pearHpYIOIll,erO aHliOHa. 

ITop;TBepJK.ll;eHHeM rrpep;rrOJIOJKeHH5I 0 pemaIOIll,eM 3Ha'leHHH CrrelJ,HcPH'IeCKoi1: a,n:­

COp6lJ,HH KaTliOHOB, li B3aHMOp;ei1:cTBH5I Me)J(p;y KaTHOHaMil cPoHali pearHpyIOIll,HMH 

aHHOHaMll, KOTopble Bep05lTHO B3aHMHO CB5I3aHbI, 51BJI5leTC5I rrOJIYlfeHHa51 HaMil pa­

Hee22 H rrposepeHHa51 B rrOCJIep;Hee BpeM5I B Hamei1: JIa60paTopHH 3aBHCHMOCTb 31:1- ~ -

aKTliSall,HH peaKll,HH BOCCTaHOBJIeHH5I SzO~- OT rrpHpop;bI KaTHOHa cPoHa. 113 3aBll­

CHMOCTH CKOPOCTH peaKlJ,HH BOCCTaHOBJIeHH5I SzO~- OT TeMIIepaTypbI rrpH <p = 
= -1,0 6 B paCTBopax 1O-3N-NazSzOs C p;06aBKaMll 3. 1O-3N-NaF, KF H CsCl 

6bIJIH paCC'IHTaHbI 3HeprHH aKTHBalJ,HH. Ka)J(YIll,a5lc5I 3HeprH51 aKTHBalJ,HH peaKIl,HH 

BOCCTaHOBJIeHHH S20~- H3MeH51eTC5I rrpH rrepexop;eoT Na+ K Cs+ OT 4,1 KKaJI. p;o 

- 2 KKaJI, COOTBeTCTBeHHO. IToJIy'leHHble ,n:aHHble YKa3bmaIOT Ha 3Ha'leHHe CrrelJ,HcPll­

'1eCKoi1: ap;COp611,Hll KaTliOHOS H B3aHMOp;ei1:cTBH5I KaTlIOHOB C COCep;HHMli aHHOHaMil. 

IToCJIep;Hee MO)J(HO cP0PMYJIllpOBaTb, KaK rrp05lBJIeHHe JIOKaJIbHOrO ljJ l-rroTeHlJ,llaJIa 

BCJIep;CTBHe p;HcKpeTHocTli p;soi1:Horo CJI05l, llJIll KaK o6pa30BaHHe KaTlioHHbU MOC­

THKOB (HOHHbU rrap). 3TH 51BJIeHH5I P;OJI)J(HbI 6bITb CllJIbHee Bcero BblpaJKeHbI Y HaH­

MeHee rH.ll;paTHpoBaHHoro KaTHOHa Cs+ H y6bIsaTb C )'MeHbmeHHeM PJ:A,.llyca H yse­

JIll'IeHHeM 3HeprHli rH.ll;paTalJ,HH KaTHoHa, a TaK)J(e C rrOBblllIeHHeM TeMrrepaTYPbI. 

3TO MOJKeT rrpHBeCTH K HYJIeBOMY HJIll p;a)J(e OTpHlJ,aTeJIbHoMY 3Ha'leHHIO Ka)J(yIIJ,ei1:C5I 

3HeprHH aKTHBalJ,HH, KaK 3TO HMeeT MeCTO B CJIY'lae lJ,e3H51, HeCMOTp51 Ha TO, 1J:TO 

HCTHHHaH 3HeprH51 aKTHBalJ,HH HMeeT rrOJIO)J(HTeJIbHOe 3Ha'leHHe. ITo Mepe )'MeHbme-

log; • .,~ 

0,8 1,2 -(f- 'foJ,V 1,6 

PRc.9 

ilCrrpaBJIeHHbJe TacpeJIeBCKRe 3aBHCHMOCTR 

BOCCTaHOBJIemIJI lO-3N-NazS406 B rrpHcyT­

CTBIDI ·9. lO - 3N-NaF Ha :meKTpo.n;ax R3: 

(i) Bi, 0 Sn, 0 Pb, • Cd 
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HlUI a.n;COp6HpyeMocTH H YBeJIH'IeHHH rH.IJ;paTau.I1H KaTHOHOB, T. e. npH nepexo.n;e OT 

Cs + K K + H Na + :meprml aKTHBaIJ.HH .n;OJDKHa B03paCTaTb, 'ITO Ha6mo.n;aeTC5I Ha onbl­

Te. ,[(ml 60JIee TO'lHOrO Bbl5ICHeHH5I MeXaHI13Ma BJIH5IHH5I npHpo,nhI KaTI10HOB <pOBa 

Ha CKOPOCTb BOCCTaHOBJIeHI15I aHHOHOB HaM Ka)KeTC5I He06xo.n;HMhIM npOBeCTI1 

orrpe.n;eJIeHl-le MT3 peaKIJ.HH BOCCTaHOBJIeHH5I aHI10HOB Ba pa3JIH.'IHb1X MeTallJIaX 

B paCTBopax co,nep)KalIJ.HX pa3JIH'IHble KaTI10HbI. 
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