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2615 

I1oCTYIHlno B peI\aKUlllO 28 aBrycra )980 

"TpY,llHOBOCCTaHaBnllBaIOWlleClI" aHllOHbI N03" Ii 103" o6pa'lylOT Ha BpawalOWllXCli ,llIlCKOBbIX 

3neKTpO,llaX 1I3 crrnaBOB Cu-Cd B pacTBopax conelt wenO'lHbIX II wenO'lH03eMenbHbIX KaUIOHOB 

xopowo BblpaJKeHHble BonHbI rrpOll,eCCoB NO 3" -+NO; II 103"-+1-. I1oKa3aHo, 'ITO ll3MeHeHlle 

COCTaBa cnnaBa He OKa'lbIBaeT 3aMeTHoro BnllllHllll Ha 3Ha'leHlll! rrOTeHll,llanOB rronYBonHbI aHlIOHOB. 

Hal160nblllall CKOPOCTb BOCCTaHOBneHllH aHIiOHOB N03" II 103" Ha6nlO,llaeTCH B cny'lae 3neKTpO,lla 

1I3 crrnaBa C 72% Cd II 28% Cu, COOTBeTCTBYIOWero y-<jJa3e - coe,n:IIHeHlllO CusCd s. YMeHbmeHlIe 

rll,llpo<jJl1nbHOCTI1 MeTanna OT Cd K Cu He OKa1blBaeT BnllllHlIl! Ha KI1HeTlIKY rrpOll,eCCOB 3neKTpo

BOCCTaHOBneHI1l! aHI10HOB N03" II 103" 

KllHeTllKa rrpoueCCOB 3neKTpoBoccTaHOBneHlll! T.H. "Tpy,n:HoBocCTaHaBJlliBaIOWllXClI" aHHOHOB 

THrra X03" (103", Br03", NO 3" ' a TaKJKe NO;, BrO; 1I ,llp.) orrpe,llenl!eTCl!, B OTnll'llle OT cnY'lal! 

Tl1na nepcynh<jJaTa HnH <jJepPllUHaHH,lla, He TOnbl(!O CTPYKTYPOH ,L\BOHHOro 3neKTpH'leCKOrO cnOl!, 

HO 11, rrpeJKile Bcero, COilepJKaHl1eM IlOHOB BOilopOila llnH IIX ,n:OHOPOB B rrplBneKTpOilHOM cnoel -11 • 

KpoMe Toro, rrpli 3neKTpOBOCCTaHOBneHlIll aHHOHOB Tl1na X03" rrpOllCXOilliT KopeHHble CTpyKTyp

Hble 113MeHeHlll!, CB1I3aHHble C pa3pbIBOM rrpO'lHhIX XllMI1'leCKllX CBl!3eH, B TO BpeMli KaK XllMll3M 

rrpOll,eCCOB 3neKTpOBOCCTaHOBneHI1l! aHllOHOB S20~ - II Fe(CN)~ - O'leHb rrpocT. 3TH 06CTOl!Tenh

CTBa 1I pl!,L\ ,llpymx <jJaKTopOB 3aTpY,llHl!IOT O,llH03Ha'lHOe 06bl!CHeHl1e oco6eHHOCTeH KHHeTHKH 

3neKTpOBOCCTaHOBneH 1111 "Tpy ilHOBOCCTaHaBnHBaIOWI1XClI" aHIiOHOB. 

B HaCT05Iru:eM coo6ru:eHH.H. aHaJIH.3H.pyeTC5I BOnpOC 0 BJIH.5IHHH. npHpO,1J,bI MaTepH.aJIa 

3JIeKTpO,1J,a Ha l1pOIl,eCCbI 3JIeKTpOXHMHlIeCKOrO BOCCTaHOBJIeHH5I aHHOHOB TH.na 

X03 Ha l1pH.M~pe 3JI;!KTPOBOCCTaHOBJIeHH5I HIITpaT- H HO,1J,aT-HOHOB Ha KaTO,1J,aX 

H3 Cl1JIaSa Cu-Cd. 

3KCI1EPI1MEHT AJIbHA5I QACTb 

06pa311,bI crrnaBOB Cli - Cd rOTOBl1nHCh crrnaBneHl1eM nCXOilHbIX MeTannOB oco60 BbICOKOli CTeneHll 

'lI1CTOTbI B BaKYYMe B KBapl\eBbIX aMrrynax. EbInIi rrpliroToBneHbI cnnaBbI cne,L\ylOwero COCTaBa 

(Bec. %): 15% ClI-85% Cd, 28% ClI-72% Cd, 50% Cu-50% Cd, 70% ClI-30% Cd. ABa nOcne,L\

HbIX cnnaBa, KaK BU,n:HO 1I3 P"C. 1, cooTBeTcTBYlOT 3BTeKTII'leCKoMY y'laCTKy )J.lIarpaMMbI COCTOl!

Hill! Cli - Cu 2 Cd II CU2Cd - Cli - Cd - C1I4 Cd3. CnnaB C 28% Cli COOTBeTcTByeT y-<I>a3e, m.p. coe)J.ll

HeHl110 CusCd s. HaKOHel\, cnnaB C 15% Cli COOTBeTcTByeT 3BTeKTH'leCKOMY y'laCTKy ClICd3-Cd 
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2616 KBapal\XeJIUlI, Ma'iaBapUaHU: 

BOJIbTaMilepOMeTpU'leCKUe U3MepeHUlI Ha Bpal.l\alOl.l\HXClI ,LIUCKOBbTX 3neKTpO,LIaX U3 CiinaBOB 

Cu - Cd npOH3BO,LIHnHCb C IIOMOl.l\blO 3neKTpOHHoro rrOTeHl\UOMeTpa-rrOTeHl-lUOCTaTa II-5848 

(CCCP) B 3aKpbTToH »'leHKe B aTMoc<jJepe 'lUCTOrO renu». I1crronb30BanUCb ,LIBaJK,LIbI rrepeKpHCTan

nU30BaHHbre U3 6U,LIeCTUnn»Ta conu - LiCl, KCl, NaC!, CsCl, NH4 Cl, BaCl 2 , SrCI 2 , KJ, KN03 
PacTBopbl TOTOBUJIHCb Ha 6U,LIeCTUnnllTe. B Ka'leCTBe 3neKTpO,LIa cpaBHeHUlIUCIIOnb30BaJIClI HaCbl

l.l\eHHblll KanOMeneBbIR 3neKTpO,LI, OTHOCUTenbHO KOToporo IIPUBO,LIllTC» 3Ha'leHHlI IIOTeHl.\HanOB 

Ha pHCYHKax U B TeKCTe. 

Eonbllloe 3Ha'ieHUe B OCYl.l\eCTBneHHIHO'lHbTX u3MepeHlili Ha TBep,LIblX 3neKTpO,LIaX HMeeT Tl.l\aTenb

Hall rrO,LIrOTOBKa nOBepXHOCTU IIOCne,LIHbIX. MeTO,LIUKa nO,LIrOTOBKu 06bl'lHO BKnlO'laeT B Ka'leCT

Be O,LIHOrO U3 3TarrOB XUMU'leCKOe TpaBn eHue rrOBepXHOCTU 3neKTpO,LIa. TaK, rrpu rrO,llrOTOBKe 

K H3MepeHU»M Me,[(Horo 3neKTpo'[(a 06bl'lHO IIpUMeHlleTClI lpaBneHue HN0311, B cnY'Iae Ka,llMUe

BOro 3neKTpO,LIa ~ CMeCblO HN03 U CH3COOH (nuT. I 2). O,L\HaKO B cnY'Iae 3neKTpO'[(OB U3 CiinaBOB 

TpaBneHue MOJKeT npUBeCHI K IIpeUMYllleCTBeHHOMY paCTBIIpOHlflO O,LIHOrO U3 KOMIIOHeHTOB CIImma 

U HapyrneHulO KOnU'leCTBeHHoro COCTaBa IIOCne,L\HerO Ha rrOBepXHOCTH 3neKTpO,L\a. IIo3TOMY HaMU 

6bIJIa BbI6paHa cne,[(YIOl.l\all MeTO,[(HKa IIo,[(rOTOBKU rrOBepXHOCTU 3neKTpO,LIOB K BonbTaMIIepo

MeTpU'leCKUM U3MepeHHHM. BHa'iane 3neKTpO,[(bl IIO,[(BepranUCb TOHIWll rronupOBKe, IIocne 'lero 

rrOMelllaJIUCb B lI'leii:Ky H IIonllpU30BanUCb KaTO,LIHO B Te'leHUe 1 ~"l,5 'laca llpU llOTeHl.\Uane - 1,2 B 

CpaBHeHHe pe3YJIbTaTOB H3MepeHlfR Ha Ka,L\MUeBOM 3neKTpo,[(e B ,[(BYX cnY'IaHX ~ C TpaBneHlIeM 

H 6e3 TpaBneHUH nOKa3ano, 'ITO pa3nU'lHH B 3Ha'ieHUlIX nOTeHl.\nana rronYBonHbT £1 / 2, KOHCTaHTbl 

CKOPOCTH Ks H <jJopMe BonH 6blnn He3Ha'lI1TeJIbHbIMU. 

PE3YJIhTATbI If If X OIiCY)K;:I.EHIfE 

Ha pHC. 2 rrOKa3aHbI pe3YJIbTaThI H3YQeHlUI rrperrapaTHBHoro 3JIeKTpOJll13a HHTpaT

co,nep)KaIl(Hx pacTBopOB C KaTo,nOM H3 C[IJIaBa C 28% Cu H 72% Cd B IlIHPOKOM 

HHTepBaJIe 3HaQeHHH pH 3JIeKTpOJIHTa - OT 0,1 ,no l3 ,8 (B cJIyqae KaTo,nOB H3 ,npyrHX 

06pa3D:OB CrrJIaBa Cu - Cd Ha6mo,IJ:aeTC5I aHaJIOrH'IHa51 KapTHHa). 113 pHCYHKa 

BH,IJ:HO, 'ITO B IlIHPOKOH 06JIaCTH 3Ha'IeHHH pH - OT 1 ,IJ:O 13,8 OCHOBHblM rrp0,IJ:YKTOM 

3JIeKTpOBOCCTaHOBJIeHH5I HOHa NO; 51BJI5IeTC5I HOH NO;- (HJIH HN02); HOH NH: 
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BOJIhTaMOepOMeTplHI HIHpaT- H HO)l.aT-HOHOB 2617 

(HJIH NH3) 06pa3yeTC51 C He3Ha'lIiTeJIhHhIMH BbIXO/l,aMH. I1oTeHIl,HaJI KaTO,n;a B :3TOM 

06JIaCTH KHCJIOTHOCTH rrpaKTH'teCKI'l He H3MeW!eTC51. JIl1Illh rrpH pH < 1 Ha6mo,n;aeTcH 

pe3Koe rra,n;eHHe BbIxo,n;a HNO 2 H POCT BbIXOJla HOHa NH;; o,n;HOBpeMeHHO rrpo

HCXO,n;HT c,n;BHr rrOTeHIl,HaJIa B CTOPOHY MeHee OTpHIl,aTeJIbHbIX 3HaqeHHM. I10,n;06HaH 

3aBHCHMOCTb BbIxo,n;a rrpOJlYKTOB 3JleKTpOBOCCTaHOBJIeHH51 HIHpaT-HOHa H KaTo,n;Horo 

nOTeHIl,HaJIa OT pH 3JIeKTpOJIHTa 6hIJIa orrHca Ha HaMH paHee H ,n;JI51 ,n;pyrHx MeTaJI

JIOB 13 . 

MeJlh H Ka,n;MHM OTHOC51TC51 qHCJIY Tex HeMHorHX MeTaJIJIOB, Ha MHKp03JIeKTpo,n;ax 

H3 KOTOPhIX YJlaeTC51 Ha6moJlaTh BOJIHhI BOCCTaHOBJIeHH51 NO.1 - HOHa B OTCYTCTBHe 

,n;o6aBoK COJIeM rrOJIHBaJIeHTHhlX KaTHOHOB 13. 3TH BOJIHhI xapaKTepH3YJOTC51 HaJIH

'lI1eM crra,n;OB TOKa, oc06eHHO rJIy60KHX B CJIY'iae Ka/lMH51 4 , 13. 1I0H 103, B OTJIHqHe 

OT HHTpaT-HOHa, 06pa3yeT BOJIHhI Ha 3JIeKTpOD,ax H3 MHorHX MeTaJIJIOB, B TOM 

' II1CJIe H3 Cu H Cd.6 
113 pHC. 3 BHJlHO, 'ITO YKa3aHHhIe aHHOHhI 06pa3yJOT XOPOIIIO 

BhIpa)KeHHhIe BOJIHhI H Ha CITJIaBaX Cu-Cd (KpoMe rrOKa3aHHoro Ha 3TOM pHcYHKe 

CJI Y<J:a51 CrrJIaBa C 50% Cu aHaJIOrHqHhIe BOJIHhI Ha6JIJOD,aJOTC51 H Ha D,pyrHx CrrJIaBaX 

Cll - Cd). 3HaqeHH51 rrpeD,eJIhHhlX TOKOB HOHOB NO.1 H 103 BO Bcex crrJIY<J:a51X 

HH)Ke TeOpeTHqeCKHX 3HaqeHHM iAH <P D,JI51 rrp0Il,eCCOB NO.1 -+ NO; H 103 -+ 1- , 
BhI<J:HCJIeHHhIX rro ypaBHeHHJO JIeBH<J:a; KpOMe Toro , 3aBHCHMOCTh BeJIHqHH rrpe/leJIh

HhIX TOKOB OT KOPH51 KBaJlpaTHOro H3 qHCJIa 060POTOB 3JIeKTpOD,a C POCTOM CKOPOCTH 

BpallleHH5I. BO Bcex CJIY'Ia5l.X OTKJIOH51eTC5I. OT mmeMHOH:. 3TH cpaKTbI CBHD,eTeJIb

CTBYIOT 0 rrpoTeKaHHH rrpouecCOB 3JIeKTpOBOCCTaHOBJIeHH5I. HOHOB NO.1 H 10; 
Ha 3JIeKTpO/laX H3 CrrJIaBOB Cu - Cd B pe)KHMe CMeIIIaHHOH: KHHeTHKH. I1pHpO/la 

cjJOHOBOro 3JIeKTpOJIHTa OKa3hTBaeT 3aMeTHoe BJIlUIHHe Ha napaMeTphI BOJIH NO; -

-llOHa, rrpHqeM B CJIY<J:ae KaTO/lOB C rrpe06JIaJl.aJOlllHM cOD,ep)KaHHeM KaD,MH51 3TO 

BJIH5I.HHe aHaJIOrH'IHO CJIyqaIO KaD,MHeBOro 3JIeKTpOD,a 4 , 13. TaK, B CJIY<J:ae 72% Cd 
POCT pa/lHyca llleJIo<J:Horo KaTHOHa cpOHa B P51JlY OT Li + K Cs + rrpHBOD,HT K 3aMeTHO-

NO; 

E 

NH~ 

pH 10 

PHc. 2 

3aBlicHMoCTh BbIXO)l.OB no TOKY npO)l.YKTOB BOCCTaHOB.neHIiH NO) -HOHa Ii KaTo.uHoro rrOTeHl.\lIaJIa 

OT pH :meKTpOJIIITa npH JJIeKTpOJIH3e HHTpaTCO)leplKalIIero paCTBopa C KaTO)lOM H3 CnJIaBa 28% 

Cu-72% Cd. IM-KN03 ; 0,04 A / CM
2

; 20De 
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2618 Ksapal\xeJH!lI, MalfaSapHaRH: 

MY YMeHbllIeHlUO inp NO; -l10Ha. B 0 , I M -SrCI 2 H BaCl 2 3Ha'leHl1H inp HaXO,[(HTCH 

Ha TOM:>Ke ypoBHe, 'lTO l1 B 0 , IM-LiC\, O,[(HaKO Crra ,[(bI Ha KpHBbIX OTCYTCTBYIOT, a 3Ha

qeHHH E 1/2 MeHee OTpl1u:aTeJIbHbI. B 0 , 1 M -NH4 CI BblCOTa BOJIHhI 3aMeTHO YBeJIH'leHa, 

a rrOTeHU:HaJI rrOJIYBOJIHbI HMeeT Hal1MeHee OTpl1u:aTeJIbHOe 3Ha'leHHe (-0,79 B). 

B O,lM KI 3Ha'leHl1e E 1 / 2 3aMeT HO OTpuu:aTeJIbHee (-1 ,11 B), a 3HaqeHHe inp rrOHl1-

:>KeHO. IIpH 60JIee BbICOKOM co'[(ep)l(aHl1H Me,[(l1 B 3JIeKTpo,[(e (> 50%) BJIl151HHe rrpH

PO,[(bI cpoHa CXO,[(HO C TaKOBbIM B CJIY'lae IVle,[(Horo 3JIeKTpo'[(a
4

. 3'[(ecb POCT pa,[(l1yca 

ru:eJIO'lHOrO KaTUOHaHe rrpl1BOD,HT K YMeHbllIeHl1IO inp NO; -HOHa. O D,HaKO l1 B :nl1X 

CJIyqa5lX Ha6JIIO'[(aeTC5I xapaKTepHoe D,JI5I Ka,[(MHeBoro 3JIeKTpo,[(a 51BJIeHl1e; YBeJIl1'le

Hue inp NO; -l10Ha B 0,lM-NH4 CIl1 C,[(BHr 3Ha'leHHH E l/ 2 B MeHee OTpl1u:aTeJIbHYIO 

Ta6JIHl\aI 

KHHeTHlfeCKHe xapaKTepHCTHKH rrpoueCCOB N03" -+N02" H 103" -+1- Ha :meKTpOtJ,ax 113 Cd, ClI 

H crrJIasos Cu - Cd 
- - - - - ------ - ----- - - - - - - - _ .. _ - - -------

COCTaB KaTOtJ,a-ClIJIaSa, 

Bec.% 

Cd 

85% Cd-15% Cu 

72% Cd- 28% Cu 
50% Cd - 50% Cu 

30% Cd - 70% Cu 
Cu 

- 08 

NO 3" -1I0H (O,IM-LiCI) 103" -HOH (O,IM-NaCI) 

-0,86 
-0,92 
- 0,94 
-0,93 
- 0,93 
- 1,00 

2,3.10- 9 

9,2.10- 12 

44 10- 12 

1:7: 10- 11 

3,5.10- 11 

Pllc. 3 

- 0,87 
- - 0,87 

- 0,87 
- 0,87 

- 0,93 
-- 1,15 

09 10- 13 

0' 5 . 10- 13 

1'1 . 10- 10 

1'4.10 - 10 

8'3· 10- 1 0 

8:0 : 10 - 12 

BOJIbTaMlIepOrpaMMbl aHHOHOB N03" II 103" 
Ha spamalOmeMCSI tJ,IICKOBOM :meKTpOtJ,e 113 

ClIJIaSa 50% Cu - 50% Cd. O,lM-LiCI; 10- 3M

-KX03 ; 86006.fMHH; 20°C. 1 <pOR; 2 NO;--

-HOH; 3103" -HOH 
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BOJIbTaMllepOMeTpHlf HHTpaT- H HOLlaT-HOHOB 2619 

06JIaCTb. B O,lM-KI BO BCeX CJIY'la51X E1/2 HMeeT 60JIeeOTpmJ;aTeJIbHble, 'leMB.n:pyrHx 

cpOHaX, 3Ha'leHH51: -1 ,14 B (50% Cd) H -1,17 B (30% Cd). C rrOMOlIJ,blO H3BeCTHoro 

MeTo.n:a paC'leTa KOHCTaHT CKOPOCTfI. 3JIeKTPo.n:HbIX rrpOIJ;eCCOB, rrpOTeKalOlIJ,HX 

B pe)l(l1Me CMellIaHHOH KHHeTHKH
14

, 6bIJIH paCC'lHTaHbl 3HaqeHH5I cTaH.n:apTHbIx 

KOHCTaHT CKOPOCTH K5 H3Y'laeMbIX rrpou:eCCOB. B Ta6muJ;He 1 npe.n:cTaBJIeHbI 3HaqeHH51 

E 1/2 M K5 .n:aHHbIX rrpOu:eCCOB .n:JI51 pa3JIH<IHbIX 3JIeKTpO.n:OB (CKOpOCTb BpalIJ,emUI 

3JIeKTpO.n:a - 860 06/ MHH; 20° C; 10- 3 M-KX03)' 

113 Ta6JIHIJ;hI BHL(HO, 'ITO YBeml'leHHe cO.n:ep)KaHHSl Me.n:H B CrrJIaBe He npHBo.n:HT 

K 3aMeTHbIM H3MeHeHH51M B 3HaqeHH5!X E1 / 2 H K5 npOIJ;eCca 3JIeKTpOBocCTaHOBJIeHH5! 

NO.3 -HOHa. B CJIy'lae aHHOHa rO.3 YBeml'leHl1e co.n:ep)KaHM51 Me.n:H npHBOL(HT K HeKO

TOPOMY pOCTy 3HaqeHHH K 5 • 

K I1HTepecHoMY BbIBOL(Y npfiBOL(I1T cpaBHeHHe 3HaqeHl1H i rrp MOHOB NO.3 M 10.3 ' 
a TaK)Ke 3HaqeHHH nJIOTHOCTeH TOKa npl1 nOTeHIJ;HaJIaX HYJIeBOrO 3ap51.n:a (n.H.3.) 

L(JI5! pa3JIl1qHbIX CrrJIaBOB. ITpH6Jll1)KeHHbIe 3Ha'leHH51 n.H.3. CnJIaBOB 6bIJIH BbI'lHCJIeHbI 

HaMH ITO rrpe.n:JIO)KeHHOii TpacaTTH
1S 

3MITHpHqeCKOH 3aBHCHMOCTM IT.H.3. OT pa60TbI 

BbIxo.n:a 3JIeKTpOHa. 3HaqeHI15! nOCJIeL(HeH .a,JI5! CITJIaBOB Cu-Cd 6bIJIM B35!TbI H3 

CITeIJ;HaJIbHOrO HCCJIeL(OBaHHH 16. CpaBHemle CKopOCTeH 3JIeKTpOBOCCTaHOBJIeHH5! npM 

3HaqeHHHX nOTeHUl1aJIOB, COBrra.a,alOml1X C n .H.3. (MJIH XOTH 6bI 6JIH3KMX K HHM), 

.a,Jl5l pa3JIH'lHbIX 3JIeKTpo.n:OB-CIlJIaBOB HaH60JIee IJ;eJIeC006pa3HO, TaK KaK B 3TOM 

CJIyqae nOJIHaH nOTeHIJ;HaJIbHaH 3HeprM51 3JIeKTpOHa B MeTaJIJIe Ha ypOBHe <l>epMH 

.a,OJI)KHa npe.a,CTaBJIHTb CYMMY 3HepfHM <l>epMH M pa60TbI Bblxo.a,a (T.e. BKJIa.a, 

3HeprHH B3aHMo.a,eHCTBHH BblpbIBaeMoro 3JIeKTpOHa C .a,BOHHbIM 3JIeKTpH'leCKHM 

CJIOeM .n:OJI)KeH 6bITb CBe.a,eH K MHHHMYMY). OKa3aJIOCb, 'ITO KaK 3HaqemUI irrp aHHO-

Ta6JIHl~a II 

KpHTepHH rHAPo<jJHJIbHOCTH H KH:Hen!'IeCKHe xapaKTepHCn!KH npoueccOB 3JIeKTpOBOCCTaHOBJIeHHlf 

aHHOHOB NO;- H r03 J(JIH pa1JIH'IHbIX MeTaJIJ"IOB 

NO;- -HOH IO;--HOH 

MeTaJIJI 

In 0,51 - 1.01 2,8.10- 21 - 1,07 2,3.10- 18 

Cd 0,55 - 0,87 2,3.10- 9 - 0,87 0,9.10- 13 

Sn 0,63 HeT BOJIHbl - 0,98 4,0.10- 19 

Pb 0,67 HeT BOJIHbl HeT BOJIHbI 

Hg 0,74 HeT BOJIHbl - 1,25 3,4 . 10- 20 

Zn -1,30 2,7.10- 20 -1,29 

Cu -1,00 -1,14 8,0.10- 12 

Ag - -0,95 - 1,25 

Co llection Czechoslovak Chern. Commun . [VoL 471 [19821 



2620 KBapaJJ,xeJlHll, Ma'IaBapHaHH: 

HOB NO; H 10; , TaK H 3HaqCHH~ CKOPOCTM MX BOCCTaHOBJICHM~ npM n.H.3. ,lJ,OCTHral{)T 

MaKcMMYMa B CJIyqac 3JICKTpO,lJ,a H3 CnJIaBa C 72% Cd, COOTBCCTCTBYl{)ll\CfO Y-cPa3c -

- COC,lJ,MHCHMl{) CU sCd 8• 

PaHcc HaMM 6hIJIO nOKa3aHO, 'ITO Hal160JIcc BCpO~THhIMM ,lJ,OHOpaMH npOTOHOB 

JI,lJ,~ npoIIcccOB 3JICKTpOBOCCTaHOBJICHH~ aHI10HOB NO; 11 10; ~BJI~l{)TC~ MOJICKYJIhl 

BO,lJ,hI, BXO,lJ,~ll\I1C B fH,lJ,paTHYl{) ccPcPY KaTMOHOB ciJoHa4 .6.7.13. Onl1CaHHhlc BhlWC 

OC06CHHOCTM BJIH5IHM~ npHpO,lJ,hI KaTHOHOB cPoHa Ha npOIICCC :mCKTpOBOCCTaHOBJIC

HM~ HIHpaT-HOHa (YMCHhIlICHI1C inp npl1 ncpCXO,lJ,C OT Li + K cJIa60 Dt,lJ,paTHpOBaH

HOMY Cs +, OTCYTCTBI1C Cna,lJ,OB TOKa H MCHCC OTpl1IIaTCJlhHhIC 3Ha'1CHI1~ E 1/2 B CJIY'1aC 

CMJIhHOfH,lJ,paTHpOBaHHhIX Sr2 + H Ba 2 +) nO,lJ,TBCp)K,lJ,al{)T 3TO 3aKJIl{)'1emtc. B TO 

)I(C BpCM5I PC3YJIhTaThI 113Y'1CHH5I 3JICKTpOBOCCTaHOBJICHH~ HOHOB NO; 11 10; Ha 

3JICKTpO,lJ,aX H3 CIIJIaBOB Cn - Cd CBI1,lJ,CTCJIhCTBYl{)T 06 OTCYTCTBI1I1 0,lJ,H03Ha'1HOM 

CB~3H MC)K,lJ,Y KI1HCTHqCCKHMI1 napaMCTpaMI1 ,lJ,aHHhJX npOIICCCOB 11 rI1,lJ,POciJI1JIhHOCThl{) 

3JIeKTpO,lJ,a. Ka,lJ,MHM OTHOCI1TC~ K 'lI1CJIY Hal160JIec rH,lJ,p0cPI1JIhHhIX MCTaJlJIOB 1 7, 

B TO BpeM5I KaK MC,lJ,h, cy,lJ,~ no BhICOKOMY 3Ha'1eHI1l{) 3(bcPCKTHBHOM 3JICKTPOOTPH

IIaTeJIhHOCTH X Me 15, npIiHa,lJ,JIC)I(I1T K Dt,lJ,pocP06HhJM MCTaJlJlaM. TIPH YMCHhWeHI1H 

CO,lJ,Cp)KaH~ Ka,lJ,MH~ B CnJIaBe fl1,lJ,P0cPHJIhHOCTh :meKTpO,lJ,a ,lJ,OJI)KHa YMeHhllIaThC5I . 

O,lJ,HaKO, KaK BI1,lJ,HO 113 Ta6JIHIIhJ I, 3Ha'IeHH~ El/2 M Ks NO; -HOHa C 113MeHCHI1eM 

COCTaBa CIIJIaBa npaKTH'lCCKI1 He MeHJIl{)TC~, a KOHCTaHTa CKOPOCTIi BOCCTaHOBJICHI15I 

10; -HOHa C POCTOM CO,lJ,Cp)KaHli5I MC,lJ,H B CnJlaBe ,lJ,a)l(c YBCJII1'IHBaerC5I. 

ITpoaHaJII1311pyeM Bonpoc 0 BJI~HI1I1 rl1,lJ,poqlHJIhHOCTH MaTCpI1aJla 3JleKTpO,lJ,a 

Ha npOIWCChI 3JICKTPOBOCCTaHOBJICHH5I aHI10HOB NO; H 10; 11 Ha npl1MCpC ,lJ,pymx 

MCTaJIJIOB. B Ta6JIHIIC II npC,lJ,CTaBJICHhI 3Ha'leHH5I KpInepl15I fH,lJ,POqlHJIhHOCTH 

Ed - Eq=o (m .e. nOTcHII"taJIhI IIHKa ,lJ,CCOp6IIHH H-CsH1IOH B paIIMOHaJIhHOM 

IlIKaJIc)17, a TaK)I(C nOJIYQCHHhIC HaMH 3Ha'1CHI1JI E1/2 11 /{s HOHOB NO; 11 10; ,lJ,Jl5I 

p5I,lJ,a MCTaJIJIOB (ciJOH - O,IM-LiClI1JIH NaCl). 

CY,lJ,5I no ,lJ,aHHhIM pa60ThI18 H MaJIOMY 3Hal leHI1l{) 3 cPciJCKTI1BHOM 3JlCKTPOOTPH

IIaTCJIhHOCTI1 "Me 15, HaH60JIcc fl1,lJ,pOcPHJIhHhTM 113 BCeX OIIHCaHHhlX MCTaJIJlOB JIBJI5ICT

C5I Zn (Hap5I,lJ,Y C Ag 18). O,lJ,HaKO Hal160JIcc OTpl1IIaTCJIhHhIC 3Ha'leHI15I E 1/ 2 110HOB 

NO; 11 10; Ha6JIl{),lJ,al{)TC~ I1MCHHO Ha Zn; Ha 3TOM )I(C :mCKTpo,lJ,C H ,lJ,PyroM m,lJ,po

cPl1JIhHOM MCTaJIJIC - In Ha6JIl{),lJ,al{)TC5! 11 MaJIhlC 3Ha'1CHI1~ Ks (Ha I1H,lJ,HI1 Hi'npaT-HoH 

06pa3ycT KI1HCTI1'1CCKYl{) BOJIHY C inp ~ 0,1 i IHl <P; CKOPOCTh peaKIIItIt HaCTOJIhKO MaJIa, 

'lTO npH faJIhBaHOCTaTJtl:IeCKOM 3JleKTpOJlH3C B IM-KN0 3 nOTCHlJ,HaJI ItH,lJ,HCBOrO 

MaKpOKaTO,lJ,a cpa3Y )I(C npHHI1MaCT BCChMa OTpItIIaTCJIhHOe 3Ha'1CHItC (- 1,52 B), 

,lJ,aJICKOC OT 3Ha'1CHH~ E 1 / 2 ). Ha O,lJ,HOM It3 caMhlX fH,lJ,P0cPHJlhHhIX MCTaJIJlOB - Ag 
El / 2 NO; -HOHa HMCCT cpaBmnCJIhHO HH3KOC OTpHIIaTCJlhHOC 3Hal lCHHC (-0,9 B), 

O,lJ,HaKO E 1/ 2 10; - HOHa - O,lJ,I1H H3 caMhlX oTpHIIaTCJlhHhlX (- 1,25 B). B TO )I(C 

BpCM5I Ha MC,lJ,H, KOTopa~, KaK OTMCQaJIOCh BhIWC, ,lJ,OJl)l(Ha npItHa,lJ,JlC)I(aTh K fH,lJ,PO

cP06HhIM MCTaJIJIaM, 3Ha'lCHM~ EI / z-O,lJ,HM It3 Hal1MCHeC OTpItIIaTCJlhHbIX; Ks npoIIccca 

10; ~ 1- B CJIYQac MC,lJ,HOrO 3JICKTpO,lJ,a ItMCCT BbICOKOC 3Ha'1eHl1e. HHTpaT-HoH 

HC 06pa3ycT BOJIH Ha MCTaJIJIaX co cpaBHHTeJIhHO MaJlOM rH,lJ,poq)J1JIhHOCThl{) -
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Sn 11 Pb 11 Ha rH)l,pocpo6HOH PTYTI1, O)l,HaKO £1 / 2 IO~ -110Ha Ha Sn, HanpHMep, HMeeT 

CpaBHHTeJIbHO HH3KOe OTpHlI,aTeJlhHOe 3HaqeHHe, a Ha Hg (H Ag - Hg) - 6JIH3KOe 

K 3HaqeHIUIM )l,JI5l rll)l,poq:nIJIbHbIX Zn HAg. 

rJIy6HHa BOCCTaHOBJIeHH5l HHTpaT-HOHa TaK)!(e He CB5l3aHa C rH)l,poqmJIbHOCTblO 

MeTaJIJIa 3JIeKTpO)l,a: Ha Bcex paCCMOTpeHHbIX 3JIeKTpO)l,aX B HeHTpaJIbHbIX, meJIoq

HblX H CJIa60KHCJIbIX paCTBopax OCHOBHbIM (a Ha Cd H Hg - e)l,HHCTBeHHbIM) 

np0)l,YKTOM BOCCTaHOBJIeHH5l HHTpaTa 5lBJI5leTC5l HHTPHT-HOH (B CJIY'Jae 3JIeKTpO)l,OB 

H3 In , Sn , Pb, Zn, Cu H Ag C MaJIblMI1 BbJXO)l,aMH o6pa3YlOTC5l H 110H NH1 HJIH NH3)' 

113 Bcero BbIllleCKa3aHHoro MO)!(HO C)l,eJIaTb BbIBO)l, 0 TOM, qTO oc06eHHOCTH 

KI1HeTHKH CJ10)!(HbIX MHOr03JIeKTpOHHbIX npOll,eCCOB BOCCTaHOBJIeHH5l "TPY)l,HO

BOCCTaHaBJIHBaIO!lI,HXC5l" aHl10HOB Tl1na NO~ I1JII1 IO~ Ha pa3JIH'lHbIX 3JIeKTpO)l,aX 

HeJIb35l CB5l3bIBaTb C KaKHM-JIH60 O)l,HHM CBOH:CTBOM MeTaJIJla. BJIH5lHHe npHpO)l,bJ 

3JIeKTpO)l,a Ha KI1HenlKY nO)l,06HbIX npOll,eCCOB, OTJIll'laIO!lI,HXC5l CJIO)!(HbIM H CBoe-

06pa3HbIM XI1MH3MOM (0 qeM, B qaCTHOCTH, CBH)l,eTem,CTBYIOT 60nbume pa3JIHqH5l 

B KI1HeTHKe npOll,eCCOB BOCCTaHOBJIeHH5l IO~ 11 NO~), npe)l,CTaBJI5'reT C060H, O'le

BH)l,HO, CJIO)!(HYIO cOBoKynHocTb BJIH5IHH5l pa3JIH'IHbIX CTPYKTYPHbIX, 3Heprenlqec

KI1X 11 nOBepXHOCTHbIX CBOHCTB MeTaJIJIa 3JIeKTpO)l,a 11 Tpe6yeT B Ka)K)l,OM OT)l,eJIbHOM 

cnyqae fJIy60KOfO 11 TlllaTenbHoro H3Y'IeHH5l. 
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