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PUIHHECKAST XHMHS

B. B. JIOCEB

U3YYEHHUE IPOUECCOB UOHU3AUMU U PA3PSIA UOHOB
METAJJIOB IIPU NIOMOIUU PAJJMOAKTUBHBIX UHIWKATOPOB

(Ilpedcmasaeno axademuxon A. H, Gpymsunoin 6 VII 1954)

[Tpu wu3yqeHuH cxopocoTeﬁ 9/IEKTPOXMMHYECKHX NPOLECCOB NMYTEM I10-
JIPHBAUMOHHEIX MSMEPEHMI NOAAAETCS ONPENEeNEeHHIO KD pPasHOCTh CKO-
pocTeil aHOAHOTO M KaTOJXHOrO NPOLECCOB. Tak HaUPUMEpP, CHJA KaTOAHOr O
noJ[;[meyIO'HIeI‘O TOKa BmpamaeT C JHAO0CTATOYHOMH CTE€NEHBIO TOYHOCTH
y}CTHHHyIO CKOpOCTb KaTOAHOTIO npouecca JHUIb Ipu HOTCHU,HHJI&X, Jocra-
TOYHO YIAJICHHEIX OT DPaBHOBECHOrO IOTEHLMANa, TOTAAa KAK BOJIU3H 1O-
CJNERHErO, KOT Za CKOPOCTb NPOTEKAIOIIEr0 OLHOBPEMEHHO aHO LHOI'O npolecca
CTaHOBHUTCA CPaBHUMOH CO CKOPOCTBIO KaTOLHOIO nporecca, CuJa KaToLHOro
TOK2 YK€ HE ABJIAETCA MEPOH MCTHHHOH CKOPOCTH KaTOJHOLO npouecca
paspsiAa MOHOB MeraJsa (*). B aTux ycaoBusax wucrumnas CKODOCTh JaHHOTO
aJEKTPOAHOr O npouecca MOXeET 6bITb HU3MEPEHA TOJBLKO IIDH IOMOIIH H30-
TONHBIX PIHlIPIKﬁTOpOB. B COYETAHHH CO CHATHEM NOJIAPU3AIMOHHBIX Kpu-
BEIX HSMEDEHMA IPH NMOMOIUM M30TOLHLIX HHAHMKATOPOB JAIOT BO3MOMKHOCTE.
ONPEALJATL CKOPOCTh HE TOJBKO IPSMOr0, HO M 06PaTHOrO 3JEKTPOLHOTO
NIpOLECCa NpPH JaHHOM IIOTEHIHAJTE, YTO HMEET CYIIECTBEHHOE SHAYEHHE
AJA - BLIACHEHMSI MEXaHH3Ma CTaAuM, ONPEAENSAOIel CKOPOCTh BCEro
aJIGKTPOXHMI/IqCCKOI‘O npouecca.

OxnuM M3 ycaopmit MCIONBL30BAHUS H3OTOMHBIX H, B YaCTHOCTH, PaxHO-
AKTHBHEBIX HH,H.I/IKETOPOB JJas8 KOJHYECTBEHHOTO onpeﬂeneﬂnﬂ CKOpOCTIrf
HCTHHIOrO 3JIEKTPOAHOrO IPONECCA, HANPHMED CKOPOCTH HOHH3ALMH Me-
Taad, ABJAAETCS PAaBHOMEPHOE PAaCNPENEJIEHHE KaKk PafiHOAKTHBHBIX, TAK M
YCTOHYHBHIX YacTvl MeTajasna B 00eux asax. Ipu cobaonxenun storo
yCJIOBHH, KOTOPOE MOXET OHITh JIErKO OCYIIECTBJEHO B CJayyae CHCTEMBI,
COCTOSAWICH M3 aMajbraMpl M PacTBOPA COJNH  JaHHOrO MEeTaJ1a, CKOPOCTh
MOHUBAUMK MeTasna (Me — Ment 4+ ne) Moxer 6uiTh Halizena CAEAYIOIIUM
o6pasom. Ilycth Meuenass aManbrama, COAEPKAWAS 71, r-aT. MeTasia u
006/1a1aI01as aKTHBHOCTBIO [y, IpHBEJZIEHA B CONPHKOCHOBEHME C HEAKTHB-
HBIM DAaCTBOPOM, COAepaluM fIp P-aT. COJIM TOrO Ke MeTaqia M I0X-
BEPruyTa = KaTOAHON mnoJuspusayud. Torza HapacTaHHe AaKTHBHOCTH pac-
tBOpajdl 3a Bpems dt BEIpaxaeTCA YPAaBHEHHEM
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rge [ — aKTHBHOCTL pacTBopa B MOMEHT BDPEMEHH ¢ iy M i{x — UCTHHHLIE
cKkOopOCTH AHOJAHOTO M KaTOAHOrO NPOLECCOB IpH AaHHOM IOTEHUHaNEe
B a/Ch % 1 — YMCJIO 3JIeKTPOHOB, yHacTBYIOIIHX B CYMMapHOH 3JEKTPOXH~
Muyeckoll PEAKIHH; S — noBepXHOCTh aMaJbraMbl B CM 2, A

Ecan na U Np OCTAIOTCA B XOX€ ONBITA HEMSMEHHBIMH, TO MOCJE 5JEMEH-~
TapHOTrO npeo6pasoBanus wu MHTErpUPOBAHHA  ypaBHenHusa (1) mosayuyaem
peuienue B BUAC: :
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Ypasnenune (2) 3HaYMTEJHHO YIPOIIACTCH, €CJHM CO3AATH TAKHME YCJOBHS
‘OTIbITA, KOTJAA MOXHO IpeHeOpeyh KaKk H3MEHEHMEM aKTHBHOCTH aMaJbraMbi
‘B X0IL€ OmnbITa, TAK ¥ PaspsAAOM aKTHBHBIX HOHOB IIMHKA. drto ynpoinenue
"BOBMOXHO B TOM CJyvae, eCH /[ HA HECKOJbKO NOPAAKOB Memble [, u
: 'BTOPO# UJIEH B JIEBOU YacTH ypaBHeHus (2) man
no cpasHeHuio C enmuuuei. Torza nocse pas-
JIOXKEHUS JIEBOH YaCTH YpaBHeHus (2) B pan
MOXHO OIDaHUYHTLCS TIEPBBLIM YJEHOM, H II0-
JIy4aercs CJENyIolee BHPaKEHHe A/ CKOPOCTH
HapaCTaHHs aKTHUBHOCTH PacTBOpa:

i1S
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Cre0BaTeNbHO, AJA BBIYHCJCHHUS MCTHHHOMN
CKOPOCTH @HOZHOrO NpONECCa Z, HAZO ompexne-
JHTH HAKJIOH —NPAMOH JMHMM, BBIpaxaomel
saBucuMocThb I ot {.

Ilyrem coyeraHus PaZHOXMMHYECKMX ¥ IOJAPH3AMHOHHBIX H3MepeHui
HaMM  GBIIM M3YYeHBl IPOLECCH HOHHMSALUMM M Pa3PsAa HOHOB UHHKA Ha
AaMaJbraMe LMHKA WPH IOMOINM npubopa, H306DaxKEHHOro Ha puc. 1.
B aueiike A nyrem asexrpoansa pactsopa ZnSQO,, comepixamero uaoTom
Zn®, roToBHMACH MeyeHas aMaJbraMa MMHKA. 3aTeM aMaJjbrama CJHBAJIACH
B fueiiky 5 u TyZa e BBOAWJCH HEAKTHBHEII pacTBop ZnSO, wus B.
TloTenunan amaqpraMel MSMEpS/ICS OTHOCHTEJBHO
SJekTpoAa cpasnenua Hg/Hg,SO4 1#H,SO4, co-
‘€AUHEHHOro ¢ Ayeitkoit 5 mocpexcTBoM cudona I,
IlpuroTossienne amMajibraMbl  BCE WBMEPEHHS IIPO-
'BOAMIMCH B aTMOC()EPE OYMIIEHHOTO OT KHCJIOPOLA
-430Ta, KOTOPBHIA CJYXHJI Takxke IJd IepeMenIu-
.BaHuA pacTBOpa. B MOMEHT  CONPHKOCHOBEHHS C i
PacTBOpPOM aMaspraMa IOJBEprajach KaTOXHON W T
NOJApH3aUUH NPH IIOMOIM  BCOOMOTATEJBLHOTO .
IiaTunoBoro aaextpoxa . Ilpu sToM, Hapsxy Puc. 2
C KaTOXHBIM IIPOLECCOM Pa3psiia HOHOB IIMHKA,

TIPOTEKAET TaKxe, XOTA H CO 3HAYHTENBHO MEHbUIeH CKOPOCTHIO, aHOA-
HEIH IIPOLECC HONM3AUMH LIMHKA, MEPOil CKOPOCTH KOTOPOro ABJIAETCH CKO-
POCTb HapaCTaHHs aKTHBHOCTH PacTBopa. [lng mamepenus akTupnocTy pac-
‘TBODA M3 HEMO INEPHOAHYECKH OTOHPATUCH HEGOJBUIME NPOGL B KOJIbI[€BY IO
CTEKNAHNYI0 KioBeTY £ ¢ /[BONHEIMH CTEHKAMH, HAZETYI0 pa CYETHYIO
TPY6Ky ¥ mOMemenHyio B CBHHIIOBYIO SaIMHTHYIO kKaMepy JK. Tlocne kavk-
A0ro M3MepeHus axTHBHOCTH NpPo6a BO3Bpalajach 06PaTHO B 5.

3HauyeHus akTHBHOCTH DacTBOPA IPH IOCTOSHHOM IOTeHMuase ® u306pa-
Kamuch rpapuyecks B BHAE (DYHKUHH OT BPEMEHH (CM. puc. 2), u co-
I1acHO ypaBHeHuio (3) BBIYMCJHANACH HCTHHHAS CKOPOCTH aHOAHOLO npo-
lecca fu npu JaHHOM 3Hauenud 9. TakuM e nyrem onpezeasnacs
BEIMYMHA [, TMPH APYroM NOCTOSAHHOM SHAYEHMHM ¢ M T. x., HaiizeHuble
TaKMM 06pa3oM 3HAYEHHMS i; MPENCTABJEHH HAa PHC. 3 B Bume dhyHKIMH OT
IOTeHNMaNa aMabraMel (@) HapsAAy C NOJNAPHBAUMOHHEIMH KPMBEIMH, CHS-
THMH B X0JZe TOro e omnslta no TOKy (6). Couerast.cuaryio pagmoxumu-
CCKHM TIyTEM aHOAHYIO KPHBYIO C NOJAPHIAUUOHHBIME KPUBEIMH, HETDYLHO
TIOCTPOMTD TAKKE KPUBYIO HCTHHHOM CKOPOCTH KaTOXHOrO mpomecca (8) u,
CJIEN0BATEIbHO, MOJYYHTH INOJHYIO NOJSPH3AUMOHHYIO AMArPaMMY aMaJb-
rambl MeTaJsJa.
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[Ipu IOMOIIM ONHCAHHON METOLUKHM HAMH Gblja M3yyeHa 3aBHCHMOCTb

WCTUHHOH CKOPOCTH aHOAHOrO M KaTOXHOrO IPOLECCOB OT NOTEHLHUasa A4
amasbraMbl IHHKa B pactBope ZnSO,B 06JaCTH, BKJIOYAOLIE PABHOBECHBIMH
moTeHIHaT ©p (BBHIAY BBICOKOTO I€PEHANMPSKEHHS BOLOPOJA HA aMajbraMe
70 ee CTAUMOHAPHBIA HOTEHIHA] TPAKTHYECKH COBNAXaeT C PaBHOBECHHIM,
LIOTEHLUAIOM), IIPY Pa3IHYHBIX KOHUEHTPAUHAX IMHKA B aMaiabrame (ot 0,02
10 0,6 ar. %) u B pactsope (ot 0,02 x0 I #). Ilockoarky ckopocTs 0GMeHa
MOHOB LHMHKA MEXJy amajbraMoii u pactsopom ZnSO, BeCchMa BeJHKa ¥, TO
717151 3aMETHOTO CMEIIEHUs ¢ OT Pp NPHXO-
HTCS " TOJSIPHBOBATh 3JIEKTPOL GOJIBIINMH
ToxaMu, IIPH KOTOPHIX B o6enx (pasax Mo-
JKeT HaCTyNaTh KOHIEHTPALHOHHAS NOJISAPH-
saius, HMCKaxaouwas PesyJbTaThl paxHo-
XMMAYECKHX H IOJAPUSAIMOHHBIX HM3MEpe-
quit. Ha OCHOBaHMM JIMTEPATYPHBIX JHaH- -pgs
npix (4,%) Mbl HCIIOJIb3OBAJIH BO BCEX OMBITAX
noGaBkd K PacTBOPY HEeGOMBIIOTO  KOJIM-
ecTBa CEPHOKHCJOrO TETPaGyTHIaMMOHHs Puc. 3
(5-1075 M) xaA CHMKERHS TOKa obmena ¥,
[Ipu 3TOM TOK obmena cHuxkanaca Oosee uyem B 100 pas u xou-
|leHTPALMOHHAsl TOJSPHUBAIHNA NPAKTHYECKH OTCYTCTBOBana. PesysbraTht
OJHOIO H3 ONLITOB NPEACTABJIECHBl Ha DHC. 3 (0,1 » ZnSOy; 0,6% amann-
rama). TOUKH KPHBOH, CHATOH DPaZUOXMMHYECKHM METOXOM, JIOXKATCHA Ha
anoAHYIO INOJISIPH3ANHOHHYIO KPHBYIO NpH AOCTATOYHOM YJAaJ€HUH OT @p B
[10I0KHUTEJLHYIO CTOPOHY, YTO MOXKET CJYyXKWTb HNPOBEPKOH NPaBHJIBHOCTH
pe3y/IbTATOB, MOJYYEHHBIX PAXHOXHMHYECKHM METOZOM.

M3 puc. 3 BuaHo, YTO Jaxe INPH CHJIbHOH KAaTOAHOM IOJAPH3ALHH
aMasnbraMel, Hanpumep npu cxsure ¢ na 60—70 MB B OTPHUATEJBHYIO
CTOPOHY OT ®©p, NPOLECC HOHY3AUWK LHHKA MPONOJKAET NPOTEKaTh C 3a-
MeTHOH CKOpOCTbIo. Bo Bceil m3yuenHoil 06JacTH KOHUEHTPAUMA aMaJIbraMbl
u pacTBOpa B muTeppane mnorennuanos csbiue 100 MB, BKIOuAOMWEM ¢,
MewIy @ ¥ JorapudMOM i, CYIECTBYET NMHEHHAS 3aBUCHMOCTD: @ = @, +
+ balgia. Kospgpuuuent naxjoHa anozHOMN xpusoit mas 0,6% amanp-
rampl ¥ 1 #ZnSO, cocrasaser 0,051 B, YTO COOTBETCTBYET 3HAUCHMUIO
B=2,8 RT [ baF = 1,16 **¥. MexAay 9 H JOrapu(MOM ix TaK:Ke HabJI0 1aeTCA
JumHeiiHas 3aBUCHMOCTb, npuueM KOS(OHIHERT HAKJIOHA KAaTOAHOH KDHBOI
cocraaser 0,000 —0,095 B, YTO COOTBETCTBYET 3HaueHuio o = 0,64 ****,

Peay/bTaTbl M3yuyeHusi 3aBHCHMOCTH CKOPOCTH HCTHHHOrO aHOLHOTO
[pOLECcCa OT KOHIEHTPAIMK aMaJIbraMbl IPEACTABJICHL! HA PHC. 4. Kax Buzno

6 = e
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* Tlpn M3Mepennu Toka o6Mena Mexay amanpramofi munxa (0,6 at.%) n 1 ZnSO,
(pacueThl TPOU3BOAMAUCH C YYETOM NPOTEKaiHs 0GPATHOro Npolecca i HIMEHEHHd AKTHB-
JOCTH aMaJbraMbl, T. e. WO ypasneunio THNa (2)) Hamu Obiia Tonyyena BeaHUHHA
9.10-% a/ CM2, 4TO TO MOPSNKY BeAyMHb COTIACYETCS C AMTEPATypHbIMU janubiMH (2,2).
## CyId 1O SJEKTPOKAMULIAPHBIM JAHHHM, a TaKke II0 pesyabratam HaywCHHT
pHsUHA HOHOB TeTPaGyTHIaMMONHS HA TepeHaNnpsiKeHHe BOLOpOAd Ha PTYTHOM 3JEK-
Tpoae (8), B M3YYEHHOM HaMu HHTepBaje TMOTEHUHANOB ANCOPOUUSI HOHOB TETPaGYTHAAMMO-
ung na PTYTH TpPaKkTHueckH ne Meusercd. CaelyeT TaKKe OTMETHTb, HTO XOTA HOHH
TeTpaly THAIMMOIIMT  CHIABHO MOBMIIAIOT TNepeHanpaieine BoLopoaa Ha PTYTH, 2 TaKke
frepeHanpKENHE Pa3pina HoHOB Zn'* 11a UMHKOBOM SICKTPOLE, OlH jie BAUSAIOT HA HAKJOH
cOOTBETCTBYIOIINX KDHBBIX mepenampsikenus (°~7); MOKHO MPEANOOKHTH, 9TO H B HamMHX
yeaoBHAX HONB TeTPaGyTHNAMMON K BLI3HIBAIOT AHLIL TOPMOXKeHHe 9AeKTPOMIBIX Tpouec-
<o, e Memfd HX Mexaiuusma,
##% QGHIUHO B 3TO BbIpaXcenne BBOAAT 72, YTO COOTBETCTBYET a 4 B =1, onnaxo Mul
cynraeM Gojee LCICCOOGPAHKIM B MaHHOM Cayuae NPHUATL o 4+ B =2, uroGH He mpexn-
enraTh BOMPOCE O MexXaHU3Me mpouecca HOHM3AUHH.

s##* [l TIOCTPOCHHS MCTHHHOK KaToaHOH KpuBOil TMPAKTHYECKH HEIL3S HCIOABL30BATD
Te TOUKH, KOTOPbIE CUATBI NpH morenuuanax Gonee NOJNOMHTENLHbIX, HCM @ps TMOITOMY

peByJIbTaTbl onpeneseHus HaKJOHA 3THX KPHBBIX Menee TOYIbI, HeM pPe3yJabTaThl onpene-
JieHns HaxJjoHa AHOJHBIX KPHUBHIX,
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npu 3azanHoit koHuenTpauna Zn** B pacteope (14 ZnSO4) ¥ npu ymenp-
IIEHHd KOHUEHTPALMH aMAJbTaMEl aHOAHBIE KDHBLIE CIBHIAIOTCH B moso-
JHTENBHYIO CTOPOHY, NPHYEM KO3(ODHIHEHT HX HaxsoHa OCTaeTcst Heus-
MernpM. Cyast 1O IIPEJBAPHTENBHBIM HaHHBIM, 84BUCUMOCTDL /3 OT KOHICH-
TpPauue amaJjbrambl aBjafercsa JjuHeitnoit. TIpu nmocrosmmol KOHLIEHTpa UK
aMa/braMel M3MCHCHHE KOHILEHTpauuu pacTpo-

pa B npezenax ot 0,02 10 0,3 # we pauger na
NOJIOXKEHHE aHOAHBIX KPHBBIX, yro YKaswiBaer
. Hd HE3aBUCHMOCTb CKOPOCTH aHOjHoro npo-
iecca OT KOHUEHTPALMH MOHOB mmpka g pac-
tBope. [loayueHHwie mammu Pe3yanraTh cBue-
TENLCTBYIOT O TOM, YTO HauGoJsee mexnennoii
CTazuel Impolecca aHoOIHOro pactBopeunst
aMaabraMbl SBJACTCA HOHM3AUMSA MeTamyngec-
KOTO LMHK3; IOJYUEHHAs 3aBHCHMOCTD MoKeT
ObITh  BBIDAKEHA CJEAYIOUIHM / aBHCHHEM:"

Puc. 4 a=Fk [Znim @BFeIRT, ypasne

Honusanus aToMOB NMHKA MOMET IPOTEKaTh JHGO IYTeM 0xHOBpemeH-
HOT'O OTIUENJIEHUs] 2 3JEKTPOHOB, 6O myTeM 2 1I0CJICROBATENBHBIX 0 HO-
WIEKTPOHHBIX CTalmit: Zn—Zn"™+ e; Zn*— Zn*™ + e. Kax 6b110 oTMeYe-
HO panee (), HanGosiee BePOATHO AONYIIEHNE, YTO TIEPBAS CTagus SABJSIETCST
PaBHOBECHO! *; B 3TOM CJly4ae CKODOCTb BCEro aHOXHOrO IIporecca omnpe-
AEJIAETCS CKOPOCTbIO BTOPOH CTamuu. .

g/ —

ia= k' [ZH"’] et FoIRT — ptt [Zn]am e(+p ) Fo/RT — pi [ZH]aM eBFq:[RT’

rae B=1-8' u, caexosareqasro, B8>a (mockosbky «+8=29) yro co-
PJ1aCyeTCa C HallMMH ONBITHBIMHM JaHHBIMH, Homymenue, yrg HauboJsee
MEAJEHHOH CTazuell aHOZHOrO Ipolecca sBJSETCH NEpBas, NPUBOAKT apa-
- JIOTHYHKIM 06pagoM K COOTHOWIEHHIO o >, KOTOPO€ NPOTUBOPEYNT Haium
AanHEIM. CJiezyer OTMETHTB, YTO HAIUM JHAHHBIE HE UCKIIoYaT Takke
BOSMOJKHOCTb TOFO, HYTO MENJEHHOH CTaamel 9JIEKTPOAHOrO mpopecca
ABJAETCA OAHOBPEMEHHOE OTILENJEHHE XBYX 3JIEKTPOHOB,
Bripaxaio -6aaronaprocTs axax, A. H. $pymkuHy 3a nemnpe COBETBE
NPH OGCYXAEHHH PEBYJBTaTOB NAHHOMN paboTHI.

Wucruryt dusuueckolt xumunu
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Ecau ckopoctn o6eux CTanni CpaBHUMH no Beantune, 10 TokH O6Mena, nony4yae-
MbI€ NYTEM IKCTPAIOMALHY aHOAHOH H KaTonHOH TNOJAPHIAUHOHHBIX KPUBKIX 110 Pp MOMKHLE
6biTb pasauunnl (°). TToCKOALKY B nammx YCIOBHAX TOKH o6Mena, Onpenensemble nyrem
SHCTPANOMAHN NOAAPHBAUOHHEIX KPHBHX JO @, C K0CTATOuNOR CTENEHbIO TOUHOCTIE
COBMANAIOT M PABHBI HCTHHIIOMY TOKY O6MeHa (CM. PHC. 3) U Kk ToMy e KpHBAs 3aBucH-
MOCTH lg i, OT @ BO BCEX ONbITaX COXpansieT JAuHeHHbI XapakTep B o6aacTu ®py TO
CKOPOCTH IBYX HOCN€J0BATEIbHBIX OAHOIJEKTPOHHDBIX TIEPeXONOB He MOrYT GHTh Ganaxm
IO MOPAAKY BENWYUIIbl, H, CACAOBATEAbHO, OAHY H3 STHX CTaguit MoxHo paccMarpupar
KaK paBHOBeCHYIO.
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