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A. T. BATPAMMAH

3AKOHOMEPHOCTH COBMECTHOI'O BOCCTAHOBJIEHH S
HOHOB METAJIJIOB

V3yueHue 3aKoHOMEPHOCTCH COBMECTHOTO pPa3psiia HECKOJIbKUX BUJOB
HOHOB HMEET [AJsi 3JCKTPOXUMUM IIEPBOCTEIEHHOe 3HaueHHe, TaK Kak
NPakTUYeCKH BO BCeX CJAyYasix NPH 3JEKTPOJU3€ B BOJAHBIX PacTBOpax
3JIEKTPOJIUTOB HAXO/SITCS Pa3JUUHbIC HOHE! (B 4aCTHOCTH, BCerja NPUCYT-
CTBYIOT HOHBl BOJIOPOAA), KOTOpLie B Gojbliell HJIM MeHbUICH CTeneHd
Y4acTBYIOT B BOCCTAHOBJICHUM HA 3jeKTpoje [1]. Kpome TeopeTnueckoro
3HAUYCHHS, U3YUCHHe MeXaHM3Ma COBMECTHOTO pa3psila HOHOB Mpef-
CTaBJsIET Tak:Ke GOAbUION NPaKTHYeCKUI HHTepec AJST PeIISHUs] CaMbIX
pa3Hoo0pa3HbIX BONpPOCOB B TexHHUKe. [lpexae Bcero caeayer oTme-
TUTh BAXKHOCTH [OJYYCHUS 3JCKTPOJUTHUCCKMX CIJI4BOB, KOTOPHE
NpeACTaBAsIoT ocoGeHHo GoMbIION uHTepec Gaarogapst ToMmy, dro obiaa-
Jlal0T HOBBIMM CBOHCTBAMH IO CPaBHEHWIO C OTJCJAbHLIMH KOMIIOHEH-
tamu. Tak, Banpumep, ylaercs IOJYYUTL CILTaBul, 06/ajalomue Iogay-
NPOBOJAHUKOBLIMU CBOHCTBAMHU, CBEP XIIPOBOAUMOCTBIO, MATHUTHHIMHU CBOH-
cTBaMu u Ap. [2].

Oco6blfi uETEpEC 32 NOCAEAHHE TO/Ll TPUOGPENIO SAEKTPOJUTUIECKO
NOJYYeHUE K aPOCTOHKUX CNJIaBoB [3]—[5], B CBfI3M C TE€M 4TO HaHece-
HUE JKAPOCTOMKUX CIIIaBOB UMEET 3HAUUTEIbHOE SKOHOMHYECKOEe H KOH-
CTPYKTUBHOC IIPCUMYIECTBO, a4 HMEHHO BMECTO HU3TOTOBJCHUSI Beel
JeTanu u3 JOPOTOCTOSIILErO U TS2KEJIOro MaTeprassa ¢ GOJbLUMNgy 1€/ bHBIM
BECOM MOXKHO HAHECTH 3JICKTPOJUTHUECKOE MOKPBHITHE CPABHUTEIBHO
HeOOMBILOH TOAUIMHLI Ha ApyTHe, Gojee JerKue U JelleBhie MaTepHabl.
KpoMme Toro, psifi peKUX U HEOOBIYHBIX METANJOB, KOTOPHIE HEBO3MOXKHO
NOJY4YUTh B 9HCTOM BUJE NPU 3JACKTPOJIM3e BOLHHIX PACTBOPOB, MOXKHO
0CafUTh B BHJAE CIJaBOB ¢ JAPYyTHMH Meraiaamu [3; 61, manpuwmep,
cnnaBu W—Fe, W—Ni, W—Co, Mo—Ni, Ti—Fe u nap.

HcenenoBanue 3akoHOMepHOCTeHl COBMeCTHoro paspsiia Jano BO3-
MOXKHOCTb B HEKOTOPBIX C/ydasiXx PCIUTE 3a7auy NOJydYesusl MeTasjos
BBICOKO# umcToTHl [7 ].

U3 storo xpaTtkoro nepeuucnenusi ofjgacredl NPUMEHEHHUS CIJIABOB
BH/IHO, 9TO BBISICHEHHE 3aKOHOMEpHOCTeH COBMECTHOTO paspsifia siBJIsIeTCs
BeCbMa BAXKHBIM BONPOCOM B 3JeKTpoxumuu. OAHAKO CAELYeT OTMCTHUTh,

4TO TEOPHUS 3TOro BONPOCA SBJISIETCS CJAO0XKHOH U CPaBHUTEJIbHO MaJo-
paspaboTanHOIl.
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CnoxHOCTh H3yueHHss 00yCJoBJena TeM, uTo Aame AJst TPOCTHLX
CJyYaeB, KOTAA Ha KaToje Pa3psiKalTcst MOBBl OJHOIO BHAZ, MCXAIH3M
BOCCTAHOB/JIEHUSI HOHOB HE BbisicHeH 10 Kouua [8]. Tem Gosaee Tpyano
BHIICHUTL MEXAHU3M paspsiia IIPU COBMECTHOM paspsifie HeCKOTbKUX
HOHOB pPa3JMYHOTO BHJA.

B nannoft cratbe 6yAyT PacCMOTPERBI HEKOTOPHIC OCHOBHbi€ BOIPOCHI
COBMECTHOTO pa3psifia HOHOB, KOTOPHE, 110 MHEHHUIO aBTOPA, SIBJSIIOTCS
Hau6ojiee BAXKHBIMU.

B ocHoBe cymiecTByOIell TEOPUH COBMECTHOIO Paspsila HOHOB JICKHUT
npeicTaBjJeHue, COTJAACHO KOTOPOMY IpPH COBMECTHOM pa3psile HOHOB
Merania 3aKOHOMEPHOCTH M3MeHEHUS CKOPOCTH IIPOilecca BOCCTaHOBIE-
HUSI MOHOB OT IOTEHIIHANa HIEKTPOJA HE MEUseTCs 10 CPaBHEHHIO C pas-
JeJbHBIM BocCTanoBIeHHeM. CJeloBaTe/bHO, B 3TOM CjydYae HE YUYHThI-
BAaeTCH BJAMSHUE U3MEHEHHs TIPHPOALI M COCTOSIHUSI MOBEPXUOCTU 3JCK-
TPOAA, H3MEHEHHEe CTPYKTYPBI M COCTaBa JBOHHOrO 3JeKTPHUECKOrO
CJI0S1, d TAKIKE BAUSHUE U3MEHEHHSI KOHLUEHTP Al K 3JIEKTPOJUTA U COCTOS-
HUSI MOHOB B PAacTBOpE HA CKOPOCTb 3JACKTPOJAHLIX MPOLESCCOB.

[Tpucrynast K paccCMOTPEHHIO 3aKOHOMEPHOCTeH COBMECTHOTO pPa3psaia
HOHOB, CJeAyeT Pa3rPaHUYUTh JBa CJAydYasi:

1. CoBMeCTHRIH paspsif HACaJbHBIX HECOMPSIXKEHHBIX CUCTEM, B KOTO-
PBIX CKOPOCTh COBMECTHOTO BOCCTAHOBJIEHH S HOHOB ONPeJIeasieTCsl Ha OCHO-
BAHUU M3YYCHHSI INOJSPU3ANMOHHBIX KPUBBIX OTJAEJBHLIX KOMIIOHEHTOB.

2. CopmecTHBIH pa3psi/l PeANbHBIX CONPSIKEHHBIX CHCTEM, B KOTOPBIX
BCJIEJCTBUE B3aMMHOTO BJIHSIHHSI BOCCTAHABJMBANIIUXCA HOHOB Hapy-
[IAI0TCS 3aKOHOMEPHOCTH BOCCTAHOBJIEHUSI HOHOB, BBITEKAIONIHE U3 CYIIE-
CTBYIOIIMX TeOPHH 3JeKTPOAHBIX MPOUECCOB.

TEOPUSt COBMECTHOI'O PA3PS/IA NOHOB B UJEAJIBHBIX
HECONPSHXEHHBIX CUCTEMAX

CoT/1acHO CYIIECTBYIOWMM 3dKOHAM 3JEKTPOAHBIX Ipoueccos [9]
HeOOGXOAMMBIM YCJIOBHEM AJsI COBMECTHOTO pa3psifia HECKOJbKHX BHUAOB
HOHOB sIBJSIeTCS PABEHCTBO MX IOTEHIMAI0B BOCCTaHOBJeHus. Kak
M3BECTHO, TOTEHLHMAJ] Pa3psila HOHOB 3aBUCHUT OT HOPMAJBHOTO NOTEH-
nuana ¢,, OT KOHUEHTpauuu (aKTMBHOCTH @) DPa3psiKaiomuxcs HOHOB
1 OT BeJIMYMHDLI NEPEHANpPsKCHUS 1) CISAYIOmUM 00pasoM:

T
Ppasp = G0+ Ina—1. (1)

TTocKOMBKY AJIsl OAHOBPEMEHHOr0 paspsifia ABYX H GoJee HOHOB Heob-
XOJAUMO paBEHCTBO NOTECHIMAIOB paspsifia, TO MOXKHO HamuMcarb, 4TO
- o RT o, RT .
(P1+—nl?1na1““7]1~%+ —,ﬁ:lnag——nz' (4)
W3 sToro ypaBHEHHsI BLITEKaeT, 4TO cOMUKeHue TNOTCHMATOB BBILC:
JIEHHS META/JIOB € pPa3/MYHBIMH HOPMaJbHBIMU HNOTEHNHAJAMH MOXKHO
OCYIIIECTBUTH M3MEHEHHEM AKTHUBHOCTH HOHOB B pacTBOpE U NepeHanps-
x)enueM. I'paduuecku 5TH 3aKOHOMCPHOCTH MOMKHO NPEACTABUTH CJIelylo-
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mum obpasom [10]. Ha dur. 1 npuBeiersl 3aBUCUMOCTH HOTEHIMANA
paspsjfia OT IJIOTHOCTH TOKa AJst ABYX BuJA0B HOHOB. Kak BuiHO
13 GUTYPhl, IPH NOTEHHHMATe ¢, CKOPOCTh paspsjla HOHOB Meradna M,
6yleT Bhipaxarbesi oTpeskoM AQ = i;, a noHoB meranna M, — orpes-
koM BO = i,. IIpu 3T0OM COOTHOLIEHHE TOKOB, MAYIIUX Ha BOCCTAHOBJE-

4
HHe HOHOB MeramyioB M; u M,, 6yner paBHO Tl’ KoTopoe 6yAer npo-
2

A
TTOPIIMOHAJBHO COOTHOWECHHUIO BBIXO/IOB M0 TOKY -A—l, UJU cYutas, 4ro
2
Al "']" A2 == ],

151 _,_il_/ Ay
i, A4, T T1—A4; (3)

Honu TOKa, HAyUIEr0 HA OTAENb-
HBIE peaKnud OTHOCHUTCIBHO ofuiero
TOKa, GYAyT COOTBETCTBOBATH OTHOLUE-
HHA SIM

iy Iy
—
i1+ 6, 11

Y3 ypaBmeuus: (2) BeITEKaer, 4TO -
TpU NPOYUX PaBHBIX YCAOBHAX Jecs- @ ¢
THUKPATHO® H3MEHEHHe KOHIEHTpauuu .

OpUBOIMT K CMEIleHHio noTeHnuasna @ur. 1. Cxema 3aBHCHMOCTH MOTEH-
o ,U,ByXBaJIeHTHbIX HOHOB JIUILIb HA nuaJna paapnna OT NJIOTHOCTH TOKa
0,029 s, a Thicstuekpatnoe — Ha 0,087 s. ABYX BHIOG HOHOB.

Has cOauwennst TOTEHIUANOB BbIAEACHUS ABYX METaJJOB, CHJBHO
OTJMYAIOIKXCST 110 CBOMM HOPMAJbHEIM INOTEHIManaM, Tpebyercs TaKoe
Gosiblloe pa3juuMe B KOHNEHTPauusix, KOTopoe npu padore ¢ MPOCTHIMU
COJISIMH BBI3BIBAET HOBHE 3aTpyAneHus. [leficTBUTENBHO, HOBBLINECHHE
KOHIEHTPAIMH HOHOB, HeoGXOAUMOE JJIs GOJiee OTPUNATETbHBIX MeTaJl-
JI0OB, 4acTO OrPaHUYEHO MPeAeJOM PAacTBOPUMOCTH COJIH. Y MEHbIIEHHE
"KOHILIEHTP LUK HOHOB, 11e06X0UMOe A5 GoJiee NnoJ0XKUTEIbHOro MeTalna,
XOTSl U MOXET CMECTHTb IIOTEHIHAJ] B OTPHLATEIbHYIO CTOPOHY, OJIHAKO
sKeqaeMmblil pedyJsbraT He OyAeT JOCTHIHYT, MOTOMY YTO MPU OYeHb
HU3KON KOHICHTPAIIMH HOHOB MeTasa JAJsi OCaxKACHUS HeOoOXOMHMO
Gei10 GBI NPUMEHSITH OYCHb HHU3KHE MJIOTHOCTH TOKA, YTO NPAaKTHUECKH
He npejctaBasier uHTepeca. [1pu GoJbmUX IJIOTHOCTAX TOKA HA KaToje
npakTuueckun OyAeT BHJEAATHCA MeTana ¢ GOabloH KOHIEHTpanued
HOHOB B DacTBOpe.

B kauectBe npumepa MOXKHO PacCMOTPETh 37EKTPOJHUTHYECKOE NOJY-
uenne cnaapa Ag—Pb. Hopwmanbrelil notenuuan cepebpa cocras-
asiet 0,798 6. MOXHO HOACYUTATH, CKOJBKO HYKHO pactBopuTh AgNO,
st Toro, 4TOGBI CcAeaaThb IOTeHIuAl cepefpa paBHBIM I[OTEHIHATY
ceunna (—0,13 g).

ITo ypasuenuio (1) Anst KomuaTHoil Temnepatyper nosydaeMm —0,13 =
= 0,798 < 0,058 1g [Agt], 1. e. [AgT] = 10-16 2-moa/a.

CoBepileHHO OYEBHJHO, YTO NPH TAKOH HUYTOMXHOH KOHIEHTpANHUU
HOHOB cepefpa B pacTBOpe Ha Karofe NMpakTHYeCKH OYAeT BBIAEeNATHCS
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JIUIIb OAWH CBHHEI, TaK KakK TOK, WAYIIMH Ha pa3psj HOHOB cepelpa,
KOTODBIL MOXKHO CUMTaThb IPEJAENbHBIM, OyfeT HUUTOXKHO Mal Jawe

B TOM CJlydYae, eCHd TOJMIUHY AuGPYy3HOHHOrO caos HPHHATH pas-
Hoit 0,1 cm. Ilostromy nodyuaem

Ag _ NFD[AgH] 1.96500.10—5.10—18 . -
lngga “ & — 0.1 — 10 a,

rjae O — ToJqmuHEA JUPGY3HOHHOTO CJIOS.

Ilpu nmotHocTH TOKa, paBHON | wma/cm® JModsi CBuHLA B ocafke
cepefpa OyAeT COCTABJATL MEHDLIIE YeM OJHY MUJNHOHHYIO 4acTh, T. €.
NpakTHYeCKH ocafoK OyJeT npeactasasTb co6oil uuctoe cepelpo.

W3 u310:KEHHOro CAEAyeT, 4YTO COFJaCHO TEOPHH HECOINP SKEHHBIX
CHCTEM MOJYYUTh CIJIAB ABYX METaNJIO0B IyTEM HU3MEHEHHsI COOTHOIICHHS
KOHICHTPAIUU UX HOHOB B PacTBOpE NPOCTHIX COJMed MOXKHO JIHIUb NpPH
YCNOBHH HEGOJIBIIOTO Pa3juuis B BEAHUHHE HOPMAJBHBIX MOTEHLUHAJNOB
5THX METaJJOoB. '

Dosee 3p¢heKTUBHBIM CIOCOGOM CMEIICHUST DOTEHLHAJNOB METajlJoB
€ IeabI0 COMUKCHUS] UX NOTEHUATOB BLIEIeHUST U MOJYUCHUS SJEKTPO-
JUTHUYCCKUX CILIABOB SIBJASICTCS METOJI KOMUJIeKCcoo6pasoBaHusi. ITOT
METOj, TO3BOJIsIeT OUYeHb CHJBHO CMEIAaTh B OTPHIATENbHYK 00JaCThb
NOTEHUH AN TOJMOXKUTENBHOT0 MeTaajaa NPH OLHOBPEMEHHOM MOJYYEHUH
2JIEKTPOJUTHYCCKOT0 0C3JKa XOpOLIero KauecTsa.

Dosee cra ger nazajn nerepGyprekuil yuenwm#i M. H. SIko6u [11]
BIEPBbIE T0Ka3ak, 4TO NPH TNOMOMU KOMIJIEKCOO6Pa30BaHUsSI MOXKHO
HE TOJBKO COMU3UTE MOTEHIHMAb! CUIBHO OTJAMYAIOMIMXCSE APYT OT APYyra
N0 3JCKTPOXMMUYECKUM CBOHCTBAM METadJa0B, HO Jaxe M3MEHHUThb
UX TOCAE0BATENBHOCTh, Tak, Hanpumep, B HHAHUCTOM PacTBOpe MOXKHO
JOOUTECS, UTO cepebpo OyfeT oTpuiareabHee, YeM I[MHK, XOTsl B pacTBO-
pax TnpocTeIX coqaeld cepebpo ma 1,5 ¢ NOJOKUTETbHEC NUHKAE, ITOT
MeTOJl BO3JECHCTBUS HA BEJHUHHY IIOTEHMATa XUMHUECKHM IyTeM,
oTkpuiteii M. H. $lxo6u, Hamesn B AanpHefiieM NpUMEHCHHE NPU 3J€K-
TPOOCAK/JCHUM METAJJOB C [EJbK IIOJYUCHHS] 3JCKTPOJUTHUCCKHX
CIJIABOB.

M3 pacTBopoB nuaHHCTHIX coqell  [12], manpuMep, mnoayyamor
ciiasel Zn—Cu, Zn—Cd, Ag—Cd.

Tabauya 1
PaBHoBecHble NOTEHUHAJAbl DaJJIaAusl B PACTBOPAX €ro KOMIUIEKCTHBIX cogeit
(no mauuniv P, Atkuncona u A. Pefinepa [13])

PasnoBecublit Kouneurpanus mag-
DJIeKTPOJIHT NoTeHqUaJd B Nagusa B 2-9Ka/a
PdCl, 10,8
KoPdCl, .+« . o o oo 40,6 10743
KJPANOQL -« « v v v oo e e o +0,1 10786
[PANHgYICly . o =« v o v oo o —0,35 10—16:5
KoPACN)] - - e — 10—18.7

T
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B xauectBe KoMmnaekcooOpa3oBaresnell MoxeT ObITh HCNOJIL30BaH
He TOJBKO IHaHuA-uoH. B Taba. 1| NpuBOAATCS 3HAYCHUS] PABHOBECHBIX
NOTeHN U AJI0B NaJaius B Psjle PACTBOPOB €ro KOMILIeKCHbIX coaeil [131],
a Takxe KOHIEHTPAIMM IIPOCTBIX MOHOB TMNajiajusi, pacCUuTaHHBIE
HA OCHOBAHHWH MOTCHIINAJOB.

U3 gaupeix tabid. 1 BHAHO, 4TO TOTCHHNMAJ Najaajust CMEIAaeTcs
B pe3yJbTare KOMILIEeKcoo6pasoBarusa Ha 1,15 8 B oTpHIATENBRYIO
ofnacTh, npuyeM HAUJAVUIlee KauecTBO OCAJKa NalJalusi NOJydaercs
B pactBope [Pd (NH,),ICl,. 2tu nauHple noOKaseBaKwT, 4TO KOrAa
HOPMaJIbHBIE TOTEHLMATB METaNJ0B 3HAYUTENBLHO OTJIMYANTCS APYT

12 i

-

1100 '

Loped _— 4500

0660\ a S
2 3 4 s5.M

17 cM?
dur. 2. Cxema 3aBHCHMOCTH IOJS- dur. 3. Hsmenenue noreniuala
pu3auuyu OT MJIOTHOCTH TOKa ISt 3JIEKTPOA B 38BUCHMOCTH OT IJOT-
JBYX MOHOB C TNpefelbHHM TOKOM HOCTH TOKA TPH  OCaKICHHUH
1151 GoJlee TOJIOKHMTENLHOI'O MeTala, CHJIaBa HUHK-——KaJMHit.

OT Apyra, To 3(QQeKTUBHBIM METOAOM H3MEHCHHS NOTEHIHANa BOCCTa-
HOBJIGHUSI SBJSIETCST METOJ KOMILICKCOOOpa30BaHMS.

Kak yxe OTMeuasoCh, U3MCHEHHEM KOHIGHTPAUUH INPOCTEIX COJeil
B PacTBOpPE HEBO3MOXKHO AOOUTBCS MOJYUYCHUS CIJIABA, B KOTOPOM KOH-
nerrpanusi Gojee OTPULATEIBHOTO Merassia Obuia Obl 3HAYUTEAbHA,
OZBaKo COBMECTHOE OCaXKACHHE METaJJOB, CHJBHO OTJMYAMIMXCA IO
HOpMaJIbHBIM NOTEHIIMAJaM, MOXHO OCYIIICCTBUTEL U3 paCTBOPOB NPOCTBIX
coJlell, NpuueM AaxKe M3 KOHUSHTPUPOBAHHBIX PaCTBOPOB, HCIOJAb3YS
IJIsi  3TOTO TOsIBJCHHE TIPEACJIBHOro TOKa Aas 6ojee  NOJOKH-
TeJqbHOrO MeTansna (¢ur. 2). JleficTBUTeIbHO, €CJH B pacTBOPE UMEIOTCsI
HOHBI GoJlee M MeHee NOJONKHUTEJNbHHIX MeTaanoB (M, u M,), To npu
BKJIIOYCHUH TOKa, NPEBBIIANINETO NPEeJeNbHHA TOK (A5 TOJOXKUTEb-
HBIX HOHOB METaj1a), B NPOIEeCcce 3JeKTPOaM3a TNOCTEeHHO NPOHCXOAUT
YMEHBUICHUE KOHIEHTpalUuu Pa3psaKamlluxcsi HOHOB Y INOBEPXHOCTH
3JIEKTPOJa NpaKTHUeCKu A0 HYJAs. [loTennuan 37eKTpoja npu 3TOM BO3-
pacraer A0 3HadeHUll, Korja CTAaHOBUTCS BO3MOXKHBLIM pa3psii HOHOB
MeHee MoJOXHTeIbHOrO Meraina M, (touka a). Takum ofpasom,
Ha Karofe OYJAyT pa3pskarbCsi OAHOBPEMEHHO HOHLI JIBYX BHJOB.
B kauectBe HDpuMepa MOXKHO NPUBECTH CJAYYail COBMECTHOTO OCAXKACHHS
IUHKA U KaiMus [14], paBEOBeCHHIH NOTEHIIMAJ KOTOPHIX COCTABJISIET
muryc 0,76 u munyc 0,4 6 coorBercTBenno, Ha ¢ur, 3 npeacrasnena
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3aBHCUMOCTb H3MEHEHHUS TMOoTeHIHaka 3JEKTpoda OT IJIOTHOCTH TOKa !

st pactBopa 2 #. no ZnSO, u 0,1 #, no CdSO, (aABaamaTuxkpaTHOE
H3MeHCHHe KOH{eHTpanuu e cOIMKAaeT, KOHEYHO, PaBHOBECHBIE MOTEH-
[IHAJIBl HACTONBKO, YTOOBl CTaJ0 BO3MOMKHBIM COBMECTHOE OCAXKIEHHE
IMHKA WU KaAMHsl, a JUIlb CNOCOGCTBYET MNOSIBACHHIO CpaBHUTEILHO
HEBBICOKOT'O IPEJeNbHOr0 TOKa No Kaamuioo). Kak BUAHO W3 NpuUBeleH-
HbIX Ha ¢ur. 3 KPUBHIX, NP NJOTHOCTH TOKa okoJo 3,5 ma/cm?® focru-
raercst npejeJbHEIll TOK MO KaAMUIO, N0CAE Yero Ha KaTofe B Pe3yJbTraTe
pesKoro Bo3pacTaHHs NOTEHIMANA HAYHHACTCS COBMECTHOE OCAXKJIEHUE
[IMHKA U KaAMHUS. ,

Has mono6roro ciydasi 3JeKTPOOCAaKJACHUsSI CIJIaBa, KOIJa ONMH
U3 €ro KOMIIOHEHTOB OCAXKJAETCsl NPH NpPeNlebHOM TOKE, JIErKO PacCuH-
TaTh pacnpejeIcHUe TOKa Ha paspsij TeX U APYrux HOHoB. Taxk Kak
BbIACJEHHS BOAOPOAA B JAHHOM CJAy4yae He IPOUCKOJUT BCIEJCTBHE
BBLICOKOTO NEPCHANP S3KCHUS BHIACJACHU ST €70 Ha KaAMUU M IIMHKE, TO Bech
TOK uAer Ha paspsaf uonoB Cd+? u Znt? 1. e.

Lobu, = lod - izn
Tok, upymuii na paspsa nonos Cd+?, MOKHO paccuurats 1o GopMye
IpeeIbHOr0 TOKAa U CUMTATh €ro MOCTOSIHHBIM, TaK KaK NMPUH HaIuYdH
B pacTBOpe GOJMBHIOrO KOJaHuecTBA MOHOB Zn?+ murpanus umono Cd2t
K 3JeKTPOAY UPAaKTHUECKH OTCYTCTBYET, a. Pas3psuKaiolMecsi HOHBI

NOCTaBJISIOTCS K 3JCKTPOAY JUWb 3a cueT Auddysun, Kotopas He 3aBH-
CUT OT M3MEHCHUsS NOTEHIMAaja 3JeKTpoja, T. e.

fcg == [ypeg = const.

H3amensiss BeqMUYMHY TOJSPU3ANUOHHOIO TOKA, MOXKHO JIEFKO pery-
JIHPOBATh COCTAB OCAXKJAAEMOro Ha Karoje cljaBa No nueky. OfHako
HEOGXOJAUMO OTMETHTh, UYTO IPaKTHYeCKO€ HCHOJL30BAHUE SIBJEHUS
NpeAesbHOTO TOKA LJIs N0JIyYeHUsT 3JCKTPOJUTHIECKHX CIIJIABOB HA KaTole
He BCcerja Jaer XOpoLlMe pe3yJbTaThi, TaK KaK KauecTBO OCajfKa npu
3HAUYEHHSX TOKA BhbIIE MPEAEIbHOTO B Psje cIydaeB I0JyyaeTcs Heyxo-
BJICTBOPUTEALHBIM.

H3 ypaBrenus (2) cjaepyer, 4To NP NOCTOSIHHON KOHIEHTP AU HOHOB
MeTa/1/10B COMMXKEHHE TNOTCHNUMANOB pa3psia Ipd COBMECTHOM BOCCTA-
HOBJICHHUHM HOHOB MOXHO OCYINECTBUTL, YUYHUThIBasT BEIUUYHRY MEpeHanps-
wenusi. O. A. Ecun [15], ucxois u3 Teopud 3aMelIeHHOro paspsja,

o 1
BBIBOJUT COOTHOIUEHHE CKOPOCTECH paspsiia HOHOB %’ CYuTasg, 4To CKO-
2

POCTh 3/IEKTPOXHMHUYECKOTO IIPOIeCCa UBMEHSIETCs OT NMOTeHnuana 3Jjek-
TPOAa CACAYIOIUM 06paszoM:
__yiniFo
i = Kye RT, (4)

rie iy — CKOPOCTb paspsijia MOHOB NepBOrc BUAA;
K| — KOHCTaHTa CKOPOCTH JIEKTPOXUMUUECKOH peaKknuu AJIs HOHOB
NepBoro BUAA;
€y, — KOHIIEHTPALUS HOHOB B 3JIEKTPOJHUTE;
Y1 — ApoOOHEIH Ko3dhdHIHEHT;
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1y — BAJCHTHOCTbH HOHA,
¢ — noTeHIMaJ/Jda 3JACKTPoaa.
Yacrb TOKa, HAYWICrO HA Pa3psii HOHOB BTOPOTrO BUJAA, BbIpazKaercst
AHAJOTUYHBIM YPAaBHCHUEM !
Va2 FQ

iy=Kyce  RT . )

[enenuem ypaBuenus (4) Ha ypaBHeHue (5) IOAyYyHM COOTHOLICHHE
cKopocTell BOCCTAHOBJEHHS HOHOB NEPBOr0 M BTOPOr0 BHAA!

_ viife
A b Ke RT (6)
A, T o Yanalg
Kocqe RT

[Tpu BeBOAE ypaBHeHusi (6) npeanonaraercsi, YTo XapakTep 3aBUCU-
MOCTH I == [ (¢) NpPU pa3fesbHOM U COBMECTHOM paspsifie HC MEHseTcs.
B. JI. Xefidui u A. JI. Porunsin [16] neckosbko BUAOU3MEHUIH ypaB-
HeHMe (2) A5 oNpejesienust PacnpeiejJeHus TOKa pH COBMECTHOM pas-
psiae JIBYX BHI[OB HOHOB:

RT | o | o
(p’”—anf Ini, + anr ncl+’—~a1n1F Iné; + @] =

RT RT | .,
- ‘l-zﬂzF ni,+ 4 anF lncl+w Ini; -+ @5 (7)

°

rie i;’, {, — TJIOTHOCTH TOKa ofMeHa;
¢}, ¢, — CTaBJapTHHIE NOTEHUHUATI;

C{, €3 — KOHIEHTpPauUU KOMIIOHEHTGB B 3IJICKTPOJIUTE;

ay, 0y — JAPOOHBIE KOI(HUIIUEHTE,

Ny, Ny — BAJCHTHOCTH pPa3psiKalolUXCs HOHOB.

U3 ypaBreHust (7) MOXKHO BBIBECTH COOTHOLIEHHE MEXAY iy H I,
XapaxkTepuaylouiee pacnpefescHue ToKa pH COBMECTHOM paspsjie MEeXAy
JBYMsi TIPOTCKAIOMIUMH peakuusMu. B npuBefeHHOM ypasBHenuu (7),
KaK U B ypaBHenuu (1), aBTOpPbI HCXOAAT U3 NPEJCTABIECHHS, YTO Xapak-
TeP 3aBUCUMOCTH CKOPOCTH OTHEJBHBIX 3JEKTPOJHBIX PeaKIUH OT IOTeH-
1{aga HE MEHSETCS IPH COBMECTHOM BOCCTAaHOBJEHMH uHOHOB. OJHAKO
HaKOILJICHHBI B HACTOsILIee BPEMSI 3KCIEPUMEHTAJIbHEIH MaTepHas noKa-
3bIBACT, YTO B GOJIBIIHHCTBE CAYUYaeB 3JICKTPOXUMUUECKHE DEAKIUHU COB-
MECTHOTO BOCCTAHOBJICHUSI HOBOB SIBJSIEOTCSI CONpSDKEHBBIMH, T. €. CKO-
POCTB MX CYILECTBEHHO OTJMYAETCsI OT CKOPOCTH, C KOTOPOI NPOHCXOAUT
pazfenbHOe BOCCTAHOBJCHHE HOHOB. [lo3ToMy cjelyeT CYHTaTh, 4TO
H3JI03KCHHAsL TEOPUs SBASIETCH BeCbMa NPUOIHKEHHOI.

TEOPUSA COBMECTHCTO PA3PJJJA MGHOB B PEAJIbHBIX
CONPSHXEHHBIX CHUCTEMAX
Kak yxe yKa3piBagoch, aBTODPBI, NPUACPKUBAIONIUCCS CYUECTBYIO-
L€ TeOPpUH COBMECTHOTO pa3psafa, He YUUTBIBAOT, YTO CKOPOCTh OTAEb-
HBIX 3JeKTPOJAHBIX IIPONECCOB H3MeHseTcsl NPH COBMeCTHOM paspsiie
HOHOB B 3aBHCHMOCTH OT HU3MEHEHHS IPUPOAbI TOAKJIAAKU, CTPOCHHSA

9



JABOHHOTO CJI0SI U COCTOSIHMSI HOHOB B pactBope. Jlajgee KpaTkKo pac-
CMaTPHBAETCs] CYIHOCTh BJAHSHUA 3THX (PAKTOPOB HA CKOPOCTDL 3JIEKTPO-
XUMHYECKOro Iporecca.

Bausnue npuponbt nmopkaagku. 3menenue cKoOpolTH peakumuu cos-
MECTHOI'O BOCCTAHOBJICHHS HOHOB, OOYCJIOBJIEHHOE U3MEHEHHEM CBONCTB
NOBEPXHOCTH 3JEKTPOAA, IBOSKO: 1) MOMKET CHMKATBCS IQTEHIMAaJ
BOCCTAHOBJICHHSI HOHOB MeTadJa B pe3yJbTare COaaBooOpa3oBaHMA;
2) MOXKET MEHATBLCSA CKOPOCTL BOCCTAHOBJEHHS HWOHOB B peayJbrare
U3MEHEHHsl MPUPOALl INOAKJAAKM M CKJAOHHOCTH ee K NacCUBHPO-
BaHUIO.

Eciu NOBBILIEHKE TIOTEHIHAA 3JeKTPOAa 10 CPABHEHUIO C PABHOBEC-
HBIM B De3yJbTaTe 3aTPyJAHEHUS NPOTEKAHUS FJIEKTPOXUMUUECKOH peak-
LMY DPUHATO HA3LIBATL HepeHanpskendeM (MW mosasipusanueil), To CHu-
JKEHMe IIOTeHIMazaa 3JAERTPOAA BCJEACTBHE OOJeryeHust mpouecca pas-
psfa MOHOB HMEHYIOT JNenoJsipusaiued. B pesyabrare jpenoasipusanuu
HA KATOJE U3 BOJHDIX PaCTBOPOB MOI'YT OCAKAATLCS CHUJIBHO OTPULATENb-
HBIE MeTa//bl, BbIJEJICHHE KOTOPBIX 0e3 3TOr0 HEBO3MOMHO BCJEACTBHE
npoTeKkanus 6ojee JIETKOro Ipoiecca paspsajd HOHOB BOJLOPOJA.

Henoasipusyioiliee BadsiHHe NOAKJMAXKH. Bausinue (haxTopoB cIIaBo-
06pa30BaHusl Ha CKOPOCTH NPOIecca NPH COBMECTHOM IEKTPOOCAK IEHUH
METa/IOB H3y4yeHO cpaBuuTeabHo Mano [17]. O6Gneryenne npomnecca
BOCCTAHOBJCHHSI HOHOB MeTajda INpH OOpa30BaHUM CIJIaBa CBSI3aHO
C u3MEHEHHeM Napuua/nbHOll CBOGOJHOH 3HEPrUM KOMIOHEHTOB CIJIABA;
NIPH 5TOM PABHOBECHLIH NOTEHIMAM KOMIIOHEHTOB CMEN[AeTCsi B MOJOXKHU-
TEJAbHYIO CTOPOHY HA BEIWYHHY

D
Ag = P (8)
rije A@ — BeJqMUWHA H3MEHEHHsi pPABHOBECHOrO IIOTEHMA/Na 3a CUeT

SHEPIUM B3aUMOJIEHCTBUS KOMIIOHEHTOB Tpu OOpa30BAHUH
CI1aBa;

@ — y3MeHeHHe NapUUaJbHONH MOJSPHON CBOGOLHOMN SHEPTHH.

Onpejenensie mapnuagbHoil CBOGOTHON HEPTHU NPU CIIABOOGpaso-
BAHMH MOXKHO NPOM3BECTH pa3/duyHbiMu criocobamu [18 1. Oamum u3 cio-
COGO0B SABJIACTCA ONpeeNeHIe JAEKTPOABUK VILEH CHIBI CHCTEMBl METAII—
pactBop coau Gojiee OTPHIATENILHOIO KOMIIOHeHTa cnlIaBa. Patora stolt
CHUCTeMB! O0ycJoB/Iena I1epexojoM AaTOMOB MeTajja B pacTBOp U Bhifie-
JIEHHEM M3 pacTtBopa B cmaaB. OObYHO W3MEDEeHHe 3.JeKTPOABMIKYILeH
CHJIBI TAKHX CUCTEM IIPOBOJAUTCA B pAaCIJaBACHHBIX COAAX, THe JyYIle
COOMIOAAI0TCH OOpaTHMbiE YCAOBUSI.

Msmenenne cBoGOAHON 3HEprum NP CILIABOOOPA3OBAHHH MOXKHO
ONpPEJEe/IMTh U3MEpeHueM YIPYTroCTH NApOB HAaJl UHCThIM METAJJIOM U Cria-
BOM, TaK KaK YyIDPYrocTh Napa XapakTepu3yeT XMMHYeCKUH IOTeHHUaJ

COryIaCHO yDaBHEHHIO
n=u, + RT1In p, 9)
rje @ — XUMUYEeCKUH IOoTeHHuan;
p — napuHajbHadg ynpyrocTb Iapa.
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H3menenue napuuanbHOi cBOOOJHON 3HEPTHHM KOMIIOHEHTA IIPU liepe-
XOJe €ero 13 YHCTOTO COCTOSIHUA B CIJIaBe OINPEIeIUTCS pPa3HOCThIO
Jorapu(MoB napuHaJdbHOR YHIPYrOCTH napa Haj CIIaBOM U HaJ YHCTHIM
KOMIIOHEHTOM.

Jpyro# cmocol onpeieseHusi HU3MEHEHHs! CBOOOAHON 3HepPrHH TPH
o0pa3oBaHUy CIJIABA OCHOBAH HA H3MEDPEHWH TeIJIOTH O6pa30BaHUsI
CTJIaBa. 3aBUCHMOCTD W3MEHEHHA CBOOOAHON 3HEPruu OT TEelJIOTH CIJIA-
BOOOP230BAHNST ONPEJCIAETCSt YPaBHEHUEM

AD = AU — TAS, (10)

rne Au — u3MeHeHue TapiHaAbHOH MOJSPHONR TENJIOTHl CMElIeHU;

AS — u3sMeHeHue TIAPMUAJLHON MOJAPHOH SHTPOIHH.

IMpu BRICOKHX 3HAUEHMsIX TENJIOT CMELICHUA U HU3KUX TeMmIeparypax
BTOpPOH 9jieH YpaBHEeHWsI MaJ [0 CPaBHEHMIO C NepBLIM U ypaBHEHUE
npuobperaer CAeAyIOUH BUA:

AD = AU. (11)

YenoBust 0o0pa3oBaHMs CIIaBa IPH 3JEKTPOOCAKASHHM METaJLIOB
COOTBETCTBYIOT BBIAe/HEHNHI0 AuddepeHiiMaMbHoil TeNJOThl CMEUIeH s,
a B JuTeparype OOLYHO NPUBOASTCS 3HAYEHH ST WHTErPATBHEIX TEIJIOT 1.

Jlas mepexoja OT HMHTErpanbHON TemnoTol K AudipepeHnuaibHON
CYIIECTBYIOT PA3JIMUHLIE CIOCOObl, NOAPOGHO DACCMOTPEHHBLIE B JUTEPa-
type [18].

Cormacno H. Buabuy [19], uwrerpanbhuas rtenaora o6pa3oBanus
OHOTUITHLIX META/NIHYeCKuX CTJIaBOB TeM 6oJblie, ueM 00.ablle pasJun-
YK€ B HOPMaJALHBIX NOTEHIHANAX KOMIIOHEHTOB, 006pas3ylomux CIJaB.
OJHaKO 3KCIepuMeHTANbHbIe JaHHble He Bcerja NOATBEP:KJAAloT TaKYIo
zaBucumocTh. O. Ky6amwenckuil [20] ormeuaer, yro Taxas 3aKOHOMep-
HOCTb Hab/ofaeTcst IPH oOpa3oBAHMM aMaJbraM pPa3jMuHbIX MeTaslJioB.

ComocraBJenye 3KCNEPUMEHTAIBHBIX BENUUWH CMEUIeHHsT IIOTeH-
Hyasa ¢ pacCyuTaHHBIM H3MeHeHyieM cBOGOLHON 3HEePruu paspsija HOHOB
IPU 3/€KTPOOCAXKACHNH CIJIaBa B CAyyae IHHKA U MeJy 110Kasajio Xopo-
mee COBIAAEHHE X NPU  3JAEKTPOOCAXKAECHMH H3  PAaCIJIaBJCHHBIX
coteit [211].

Crnepyer OTMCTUTB, YTO JAHHbIE OTHOCHTENBHO BEJIHYMHLL JeNoJsipu-
3aUUM OCJHOXKHSIIOTCS H3MEHEHHEeM COCTOSHHA IHMOBEPXHOCTH 3JeKTPOAA.
ITosromy paccyuTaHHBIE TEPMOAMHAMUTECKHE BEJUUYMHEl W3MEHEHUS CBO-
O0JHOH 3HEPTUM HPU CIL1aBOOGPA30BAHHU (ANOJASIPU3ANMs) B Hpoiecce
3/JMEKTPOOCAKAEHNH METa/lJIOB B BOAHBIX PACTBOPaX UacTo HE COBIIAJAIOT
€ KCHEePUMEHTAJTbHO ONpeTeeHHBIMUY BCJIHYMHAMY.

Moasipusyiomee peiicTeve mopkaapku. [lpHunna TopMOKeHUS CKO-
POCTH BOCCTAHOBJEHHS] UOHOB META/JI0B, a CJefOBATENBHO, U IOJAAPHU-
3agus JEKTPOAa MOXKeT OLITh CBsI3aHA € 3aMeJJICHHOCTBIO OJHOH HJIH
HECKONBKHX CTaAMil nmpoiecca NMpH Nepexojle HOHOB U3 PacTBOpa B KPH-

! TemioTa cMOUIEHWS, BBIACASION(ASICS NPH CMEHICHHH ONpPEfe/eHHbIX KOJHYEeCTB
KOMIOHEHTOB, NBJAETCs WMHTErpaibHol, a Temwsiora, paccudraHHag Ha | moap KomIo-
HeHTa, KOTOPHI CMElIHRrAeTCH ¢ ONPEAEJEHHBIM KOMHUECTBOM PYTOT0 KOMIIOHEHTA IIyTeM
JNobGaBleHna GecKOHeYHO MasluX KOAWYeCTB, HasbBaeTcs auddepeHuualbHOH,
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CTa/VIHUeCcKyIO pellieTky Meranna [22 ], manpumep, ocBoOOXKIeHHEe HOHOB
oT TuiApaTtHoll 0060J0YKH, ancopbuusi U MUTpalds HOHA K aKTHBHBIM
y4acTKaM MOBEPXHOCTH 3JIEKTpoAa U T. A. B ciayuyae paspsaja HOHOB
Ha OJHOUMEHHOM 3JEKTPOJAe W3MEHCHME IOTEHIHAJa 3NCKTPOJa, BbI3BaH-
HOE TAKOro poja 3afepiKKaMH, NPUHSITO HA3BBATh XMMHYECKOH IT0JIf-
pu3anue

[Nonstpusanust 3JeKTpOAA MOxeT OBITL TaKiKe BhI3BaHa ajcopOuued
Ha TOBEPXHOCTH KAaTOAA YYKEPOAHBIX YaCTUIl (OKUCh, THIPOOKUCH,
OpTaHHYECKHE [TOBEP XHOCTHO aKTUBHbIE BEILECTBA U Jp.), 3aTPYAHSIOMUX
BOCCTAHOBJIEHHE MOHOB MeTa/ioB [23 ]; B aTOM cayuae ee NIPUHATO HA3bI-
BaTh NACCUBANUOHHON mNonaspuzanued. [laccuBanMoHHAs NOJASApH3ANHUA
pe3K0 MeHserTcst B 3aBHCUMOCTH OT COCTOSIHUS IIOBEPXHOCTH 3JEKTPOJAa-.
M IIPUPOJBI OCAXKAACMOTO METaJia. 3ajAeprkKy BOCCTAHOBJEHHS HOHOB
MeTajJa, CBA3aHHYI0 € [ACCHBHPOBAHHEM NOBEPXHOCTH 3JEeKTpoja,
HauboJee HATJSAHO MOKHO BH/AETE TIPY 3JeKTPooCaxIeHuu cepedpa [24 ]
U3 pacTBOPOB €0 A30THOKMCJBIX CoJied. JIeHCTBUTENLHO, TIPH H3YYEHHU
IPONecca 3JeKTpoocleHnda cepedpa Gbl10 [IOKA3aHO, YTO IOBEPXHOCTD
3JIeKTPONA HEOAHOPOAHA U COCTOHT H3 AKTUBHHIX U IaCCUBHBIX YYaCTKOB.
CKopoCTh NIpOTEKAHHUS NEKTPOXMMHUECKHX PeaKNUil Ha 3THX ydacTKax
BecbMa pasauuHa. Ha akTHBHBIX yyacTKax 3/JeKTpoja Ipolecc BOCCTa-
HOBJIEHU SI HOHOB MEeTaJ/11a NMpoTeKaeT ¢ 60AbUION CKOPOCTLIO, B TO BpeMs
KaK Ha [TaCCHBHBIX y9acTKaX CKOpPOCTh BechMa 3amennena. [Ipu ajekrpo-
OCAKIEHWH METAJIIOB TPOHCXOANT KOHKYpeuuus AByX mpomeccoB [251]:
C OJHO# CTOpPOHEI, OOHOBJIEHNHE MOBEPXHOCTH KaTOAA CBEXKEOCAKAEHHDLIM
cJi0eM, ¢ ApPYyroi CTOPOHB!, NACCHBHPOBAHME €r0 UYyXKEepOAHbIMU TOBEPX-
HOCTHO-aKTUBHBIMHU yacTunaMu. [1oA60poM yCAOBUHI 3JeKTPOMU3a MOXKHO
H3MEHUTb CKOPOCTb ITACCUBHPOBAHHUS; TeM CAMBIM MOMXKHO YBEAUTIHTDH
AKTHBHYIO MOBEPXHOCTh W CHOCOGCTBOBATL YCKOPEHUID BOCCTAHOBJEHHS
HOHOB MeTajna. B kauyecTBe IpuMepa MOXKHO PaccMOTPeTh IpOIecc
snekTpoocaxaeHnst Mapradua [26]. Kak usBecTrno, mapraner He yjaercs
BHUIEJUTH K3 PACcTBOpa €ro CEePHOKUCABIX cojell 6e3 100aBOK cyabdara
amMOHust. [1pu orcyTCTBUE coJeli cynh(aTa aMMOHHUS U IIPH 3HAUNTENBHOH
KaTOAHOH NOJspU3anuu Ha 3JEKTPOLE BHJEASETCs TOJAbKO BOMOPOI;
BOCCTAHOBJEHY 1 HOHOB MapraHua He MPOUCXOAUT, TaK KaK B 3THX YCJIO-
BHSIX MapraHer Jerko MacCHBHpYyeTCsl, a BLIAGJICHHE BOAOPOAA HA Iac-
CUBHOM 1OBepXHOCTH ofseruerno. [Ipy n106aBAeHUH K 3JAeKTPOJNUTY CEPHO-
KHCJIOTO aMMOHHSI TPOMCXOAUT aKTHBUDPOBAHUE [TOBEPXHOCTH MapraHua,
Ha 9TO YKa3biBaeT yBeJdWueHHEe caMOpPacTBOpPEHUS MapraHua ¢ yBejauue-
HyeM KOHIEHTpanuu cyJab(ara aMMOHUS.

Kak yxe ykasbBajoch, Ha AKTHBHOH IOBEPXHOCTH META/IOB CKO-
POCTH BOCCTAHOBJIEHHUSI HOHOB MeTaJ/Jla 3HAUUTEJAbHO Bhbllle, YyeM Ha nac-
CUBHOH. [leficTBUTENBbHO, € yBeJMUCHHEM KOHNEHTPanuu cyJabdara
aMMOHKsI Hab/IojaeTcst pe3koe obserueHne BOCCTAHOBJEHU S HOHOB Map-
ranpa, 4To BUJAHO IO YBENUYEHHIO JAOJIH TOKA, HAYIEro Ha BOCCTAHOBJeE-
HHU€ HOHOB Maprauua (dur. 4), ¥ ro yMeHBUICHWH!O BEJUYHHB KaTOLHOH
NoJISIpU3anuu TIpU pa3psiie WOHOB MapraHma (rabna. 2).

TakuMm 06pa3oM, COCTOsSIHHE TMOBEDXHOCTH 3JEKTPOAA OKa3biBaer
3HAYHUTENLHOE BJMSHHE HA CKOPOCThL BOCCTAHOBJEHHUSA HOHOB MeETanlna,
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Ipu 3TOM MEHsIeTcq pacupefleneHue ToKa MexJ1y COBMECTHO BOCCTaHAB-
JYBAOWAMUCS HOHAMK BOJAOpOAAa M MapraHua. Ha akTupHO# moBepx-
HOCTH METa/I1a Jierye BOCCTAHABJIMBAIOTCH HOHBI MeTAaNMa, Ha [1acCHB-
HOH — Bogopoj. ComocraBjieHye CKOPOCTH BOCCTAHOBJIEHHS! Pa3JIMIHBEIX

Tabauya 2
Bansuue xonuentpauuu (NH,),S0, na BeaMuuny xatomHo#
HOASpU3ANMY HPH BbIIEJECHMH Mapranua us | #A. pacrsopa MnSO,
(ix = 80 wma/em?; t= 20°

Kouuenrpauust pacrsopa Benduuna KatofHoft
(NH,), SO, B e-9x¢/a NOJADH3ALUH B M@
0 523
2 238
3 200
4 95

MEeTaJIJIOB CO CKOPOCTHIO MX HACCHBUPOBAHMSA NOKaspBaeT, 4TO y MeTaJ-
JIOB ¢ GOJIbIeH CKJOHHOCTBIO K NACCHBHPOBAHUIK BOCCTAHOBJEHNWE HOHOB
CONPOBOXKAAeTcst GOMbIIONH NOAsipu3anuedl, B TO BpeMs Kak y c/aabo
MAaCCUBHPYIOMKXCA METAJNOE BOCCTAHOBJEHHE HOHOB IIPOHCXONUT JIErKO.,
[lpu 3;aeKTpOOCAKACHUNM  METAJJIOB, ;
BBLIAEISIOMMXCA € HU3KOH TIOJMAPU3A~  p,
Huel, paspsi MOHOB NPOUCXONUT JIHIID {2
Ha aKTHBHBIX yuacTKax, TaK Kax naccusa- % ' 4
MOHHAs! NOJIAPHU3ANHK 3HAYUTENBLHO Tpe-
BLIIACT XUMHYeCKyw. B 3ToM cayuae
NOASIPU3anus  3JeKTpojia Olpefensiercs
IVIOTHOCTBIO TOKA, KOTOpAst OTHOCHUTCH gy )
He K ofmeld Kaxymelcs ITOBEpPXHOCTH,
a JMb K ee akTuBHOH uactu. Ciefosa- \

TETBHO, HYKHO pasadyarh IJIOTHOCTb
TOKa, OTHECEHHYIO K obuieil TOBEpXHOCTH,
] 50 - —

(a)

o

i ==
Soéw, ’

U HUCTUHHHYI ILJIOTHOCTH TOKa

. I I
U= S = . (0)
axm Sotu, — Snac 1 2 3 4iM),80,
. 2-MOfib,
Korja BenwuumHa macCUBHOR MOBepx- Z
HOCTH CTPEMUTCS K HYJIO, TO (popmysaa (6) @ur. 4. BausHpe KoHUeHTpalHu
NepexofuT B (hOPMyJay (a) H BbIAEJECHHE S}I%gﬁsoﬁ B oL, pacrsope
METanMa TpOHCXONHT NpakTHuecky mo o0 @ 257y, renmeparypa
BCEH TIOBEPXHOCTH. B rom caryqyae, Korja I —- Ha CKOPOCTb OCAMKASHUSI Map-
S P CTpEMI/ITCH K Hyﬂ}o T. e, BCSL raHua;Z ~ Ha CKODOCTh CamMOpacTBO~
a ’ PeHUA Mapraxpa.
MIOBEPXHOCTL  TOKPbITA  UYKEPORHBIMH
HACTHNAMH, OCAXKAeHUE MeTa/ 1A TIPOUCXOANT HA IACCUBHON MOBEPXHOCTH,
4 B B&JIHYMHY HOAAPU3AUUH OyAeT BXOANTEH MACCUBAIIHOHHAS COCTABJISIO-
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mas. JTH claydad KpaliHue, a Jisi 60/IbIIMHCTBA NPHMEHSEMEIX B IIpakK-
THKE METa/JIOB, KaK, HAlPHMEp, JKeae30, HUKEIb U T. II., Pa3psiji HOHOB
NPOUCXOAUT ONHOBPEMEHHO HA AKTHBHBIX M HA IACCHBHBIX yuacTKax,
HO ¢ Pa3JHYHON CKOPOCTBIO. TIPH COM3MEPUMBIX CKOPOCTSIX BOCCTAHOBJIE-
HYsl HOHOB Ha aKTHBHBLIX W TIACCHBHBIX y4acTKax Karoia TPYAHO OJHO-
3HAYHO ONpPEJE/IUTh XapaKTep 3aBUCHMOCTH NOJIAPU3aNMUK OT INIOTHOCTH
TOKA OTAENLHO JJIsl NMACCHBHBIX M AKTHUBHBIX y4yacTKOB. B srom cayuae
IOJTy4aeTCst 11eKOTopast CyMMapHasi 3aBHCUMOCTL. ECJH CKOPOCTh Bblie-
JI€HMsl MeTajia Ha NAaCCHBHBIX yyacTKax OueHb Majla 110 CPaBHEHHIO
CO CKOPOCTBIO Pa3psaia MOHOB HA AKTHBHOH NOBEPXHOCTH, TO JId ONpe-
JeJIeHH st 3ABUCUMOCTH HOJMSAPH3AUKUHI OT IIOTHOCTH TOKA BMECTO OGBIYHOTO
ypaBHeHus

n=A4+—Ini (12)

(mF
MOXKHO IOJB30BATHCSH CJIelIy}OLUJ/IM ypaBHeHI/IeMZ

=A + ! f—f/qu%]ni’, (13)

—_—
(”11 Seouy — Snac

rfle {/ — HCTHHHAs IJOTHOCTb TOKa !, onpeneresHasl ypaBHeHueM (6).

W3 ypasuenuqa (13) caepyer, uTo MId ABYX MeTasJ0B C pasjHyHOf
CKJIOHHOCTBIO K NMacCHBUPOBAHUIO 3aTPYAHEHHE Pa3psiia HOHOB B Cjyuae
GoJiee maccuBUpYyIoOUlero meransaa 6yjer 6oabme. OueBHAHO, YTO NPUPOLAA
¥ COCTOSIHHE TOBEPXHOCTH 3JEKTPOAA GYAYT pasHble TPH COBMECTHOM
U pa3jieibHOM BOCCTAHOBJIEHWY WOHOB MeTasa/a, UTo, €CTeCTBeHHO, OyAeT
BJHSITH Ha CKOPOCTH 3JIEKTPOJHOrO Ipopecca.

BiusiHuie cTpoeHUs ABOWHOrO CJOS H COCTOSIHMSI HOHOB B pacTBOpe.
CKOpoCTE BOCCTAHOBJEHHMSI HOHOB HPH COBMECTHOM paspsje Oyjer
MEHATBCS TAKyKe 13-32 W3MEHEeHUSl CTPOEHHSI U KOHUEHTPAUUH HOHOB
B IBOHHOM »JeKTpuueckuMm cioe. Kak masectHo us pador A. H. ®pywm-
KuHa [27 ], koHmedTpanus HOHOB B JBOHHOM CJIO€ CBfi3aHA C KOHIIEH-
Tpapueid B o0beMe Jisi NPOCTeHLIMX CJAyyaeB CAENYIOUMKMM YPaBHEHUEM:

F(p

[Me"+],,, = [Men ], e RT. (14)

pacm

Crenyer Taxxe A06aBUTH, YTO CKOPOCTH BOCCTAHOBJEHHS HOHOB
3ABUCUT OT KOHHIEHTpANUK WX B JBOHHOM 3JEKTPHYECKOM CJIOE, a HE OT
KOHpeHTpanuu B pacrsope. [Ipu COBMECTHOM pa3pAie HOHOB KOHieHTpa-
MUsT KaXXJIOro BHJIA HOHOB B JABOMHOM CJlioe MeHblle, YyeM IpU PasfesbHOM
BOCCTAHOBJAEHUH B pe3yJpTaTe YACTHYHOIO BLITECHEHHS OJHHX HOHOB
APYIrUMH B JBOIHOM cjoe, CTerneHb 3aMeHbl HOHOB OJHOr0 BHAA WOHAMH
APYroro Buja 3aBHCHT OT MX NDPUPOABL B pesynbTare 3aMeHb yMeHb-
maeTcsl KOHHEHTPauus KakAOTO BHAA pa3psoKajOUIMXCs HOHOB B IBOH-
HOM CJIO€ TIPH 3aJlaHHOM CKauKe NOTEHHHa d B TeNbrojbleBCKOM CJHOEe.
DTO NPUBOXAT K YMEHBLIIEHHIO CKOPOCTH BOCCTAHOBJIEHHY HOHOB MeTaJla,

1 Crioco6 omnpefeneHns WCTUHHOI NJIOTHOCTH TOKA . MOAPOOHO OMHCaH B KHUTE
A. T. Barpausina u 3. A. Conosbesoil «<MeTojpl HCc/IEIOBAHU S 3JEKTPOOCAKAEHU T METa -
JoBy, uzg. AH CCCP, 1960.
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a Tak¥ke K M3MEHEHHIO 3aBHCHMOCTH CKODOCTH pa3psija HOHOB OT IOTEH-
nuana 3JAeKTPORA IIPH COBMECTHOM H pa3feNbHOM BOCCTAHOBJCHHHU.
Hasnnuue B 3seKTpoaUTE APYTHX HOHOB Takxke 6yxeT BJUATH HA CKO-
POCTL HX BOCCTAHOBJRHHS B CBSI3W C W3MEHEHUEM COCTOSIHUSI HOHOB
B 3JEKTPOJUTE, B YACTHOCTH C W3MEHEHWEM CTelleHu HX THApaTaiuu.
Bausinne rujparanud Ha CKOPOCTH BOCCTAHOBJIEHUS] HOHOB OLIIO OTMe-
ueHO BO MHOTHX paborax [28]. Kpome mepeunciienubix TOYeK 3peHusi,
CYUIECTBYIOT U JAPYyrUe NDPeAcTaBJeHHs!, oObSICHSIONIME BJUAHHE YyXKe-
POINHBLIX AHWOIOB Ha MPOTEKAHWE 3JEKTPOAHLIX npomeccos [29].

3 cxasannoro BhITeKaeT, yTO HAa OCHOBAHUH H3y4YeHU$S cKOpoCTel
BOCCTAHOBJ/ICHHSl WOHOB IIPU PA3/JEAbHOM OCZQKAECHHH METAaJJO0B HeAb3s
CYJAUTDH O CKOPOCTH UX COBMECTHOIO OCRKJEHHU S, TAK KaK NP COBMECTHOM
paspsaie HOHOB CKOPOCTL MX BOCCTAHOBJEHHSI OCJAOXKHSAETCH YKa3aH-
HbIMH BBIIE (DAKTOPAMH.

CorMeCTHBIN pa3psy B peansHbIX conmpspxeHHbIX cucremax. Kak yxke
OTMEYAJIOCh, IIPY COBMECTHOM paspsifie HOHOB CKOPOCTb paspsiia ux OyAer
OTJIMYATLCSI OT Pa3feJLHOIO BOCCTAHOBJEHWS H3-3a H3MEHEHHS COCTOS-
HHUS NOBEPXHOCTH JEKTPOAA U COCTOfAHMS HOHOB B ABOHHOM CJI0€.

YcoBHEe COBMECTHOrO paspsijia MOHOB, BhIpakeHnoe ypasaenuem (1),
HE YVYUTLIBACT BJMsIHWst 3THX (DAKTOPOB. B CBsI3u € 3THM yCJIOBHE COB-
MECTHOTO paspsia caelyeT M3MEHHThb, HCXONS U3 CJAeAVIOmHX IOJ0XKe-
it [30]: HeoGXOMMMO y4ecTb H3MEHeHHE CKOPOCTH BOCCTAHOBJICIIMS
HUOHOB H3-34 U3MEHEHWst KOHHEHTPAIMH Pa3p sk AOUHXCH HOHOB B J(BOH-
HOM 3JIEKTPHYECKOM €JI0e, a TaKiKe BJAUSHWE NPUPOALL JeKTPOAa H €ro
COCTOSIHU Sl Ha CKOPOCTb JIEKTPOXMMHYECKOTO Ipoilecca.

B ¢BA3u ¢ u3meHeHmeM DpPUPOALI MeTasqa KaToaa TPU COBMECTHOM
paspsijie nepeHanpsiKeHue BOCCTAHOBJEHHS KaXKJAOr0 BHJAA UOHOB Oyner
OTJINYHO OT NEepeHalPsIKEHHs TPU Pa3febHOM paspsie ux: M -~ 1
Nyt =+ M.

Kpome Toro, caenyer yuuThiBaTb, YTO NPU BXOXKAEHHU HECKOJIBLKHX
BHAOB HOHOB B JBOHHOU 3JeKTPUYECKUN ca0il 1oa9a NOJSIpH3aluu, BHO-
CHMast KaxJAbIM BHJAOM HOHOM, OyHeT XapaKTepu20BaThCsl JOJiell HOHOB,
BXONSIMUX B IBOHHOI CJOH, MO OTHOMIEHWIO K OOmEeMY uYWCJAY HOHOB,
00yCIOBIUBAIOMUX nojspusayuio. Obo3Hauas uyepe3 ¢; KOHIEHTPALHIO
KaXJoro BHAA MOHOB, uYepe3 « — KO3(PpHIHEHT, XapaKTepH3YIOWUH
CNIOCOGHOCT L AAHHOTO BHAA HOHOB MPOHUKATH B JIBONHON 3/1eKTpHUECKUH
CJIOH, YMEHBUIEHWE NOJNAPU3ALMM 32 CUET BXOXKICHHs ADYTHX HOHOB
B JABONHOH CJOH MOXKHO Bblpasmb caenyouell BeIUYUHOMN:

1 2oic; .

nF a0y

COOTBETCTBEHHO 3TOMY OyAeT NPOMCXOAUTH M M3MEHEHHE CKODOCTH
paspsiia uoHOB. B3amen ypaBreHus (2) AQd pasAHYHBIX COIP AKEHHBIX
CHCTeM cJIelyeT NHcarh:

- | RT RT | Sa; -
@1+ S Ine - ﬁ]n'alcT——nink
= @, + 5 Ing, ln s el (4 (15)
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RT a6y
Beauuynna T anac ‘C; TOKa3blBaer, 4YTo ueM GoJiblile BHAOB

PaspsKAWOIUXCA HOHOB, TeM B 0OMbLIeH CTEleHH YMENbIIAeT st CKOPOCTh
pa3psia KaxJoro BHAa HOHOB. [lockoabKy naccuBauuOHHAS MOMSIPU-
3anusi B OOJBIIMHCTBE CJAyuyaeB 3J€KTDOOCAXKAEHMA METaJIOB Tpeoba-
JaeT Hal XHMHUECKOW, TO IepeHanpsiKeHWe NPU COBMECTHOM pa3psje
LJist KaXKJoro BHJAa UOHOB IO CPaBHEHUIO C paSIIQJIbeIM BOCCTAHOBJIE-
HUEM MOXKeT ObITh GOJIblLIE WIAH MEHBIIE: N =M g E N,

Yuer Jenojsipusyiomero IefcTBust TOAKJaAku B ypasiennn (1)
B cBoe BpeMs Oblr npenaoxken A. M. Kpacosckum. B j1auHOM cayuae
9TO HE YUUTLIBAETCS; CUUTACTCH, UTO NPH COBMECTHOM OCaXKACHHH pAda
METAJJIOB AeNQIAPH3al i He OYeHb BeJUMKA 10 CPABHEHHIO C H3MEHEHHEM
TaCCHBAIMONHON MMOApHU3anyUH, UTO UMEeT MEeCTO, Hanpumep, Jid CHJja-
BoB Ni—Co, Ni—Fe, Fe—Co.

Hs ypaBrenus (15) B orauvuue or ypaBHeHus (1) BhITeKaeT, yTo CKO-
POCTEL BOCCTAHOBJAEHHUS KAXKA0r0 BiAa HOHOB TIPH MNOCTOSIHHOM LiepeHanps-
KeHuH OyleT YMeHDIIAThCst IO CPABHEHHIO € Pa3fe/bHLIM BOCCTAHOB/e-
HHUEM HOHOB MeTaJ/1oB *. TToCKOABKY IpU COBMECTHOM pa3psfie B CBSI3H
¢ H3MEeHeHWeM INPUPOAL TOAKJIALKM MEHsieTCd TepeHaNpsKeHue IpH
BHIIE/IEHUH METAJIOB KaK B CTOPOHY yBeJAUyeHUs, TaK B CTOPOHY H YMEHb-
UWIEeHHs], TO B PEAJbHBIX YCJAOBHAX COBMECTHOTO OCAXKACHHS METAJJIOB
BO3MOKHBl CACAYIOMHUE CAYUYAH:

1. B tom cayuae, xorga

o RT 00y o RT ol
cn cn N 1., o N B
1]1 +7]2 << (Pl + nE 11 STaze; C1 77 (PQ—I"' nfk lﬂ S e Cy
CKOPOCTE BBICJEHHUA MeTaJJ a C GoJiee TIOJIOKUTENbHBIM NOTEH U aJTOM
BOCCTAHOBJIEHU A (cpl) B0JIbIIE CKOPOCTH paspsiia OTPHULATENBHOTO
MeTania (g,).

2. Koraa m§ > ngr,

RT
(P1+ lnzac "y

040y RT ~ Ogly cn o men
((PZ oF 3oy CQ) <M M2

CKOPOCTh BHIETEHHUS] MeTansa ¢ 0osee OTPHUATENBHBIM MOTEHIHAJIOM
BOCCTAHOBJIEHH st GOJblIe, yeM CKOPOCTE 60JIee NONOKUTENBHOrO MeTalla.

Takum o6pa3oMm, B peajbHbLIX CONPSIKEHHBIX cHCTeMax Oaarofaps
BJHAHUIO IPUPOAB! MOJAKJIAAKY HA BeJUYHHY NE€PEHATIPAXKEHU T BO3MOXHO
M3MEHEHHEe CKOPOCTH BOCCTAHOBJEHHS 110 CPABHEHMIO ¢ Pa3feIbHBIM BOC-
CTaHOBJEHHEM KaK Gosiee MOMOKHUTENLHBIX, TaK H 0oJiee OTpUuaTe/bHbIX
HOHOB MeTaJa.

! Ilns mpoctothl ypaBHeHHs (15) BMecTo aKTHBHOCTH 3J€ch jaHa KOHIEHTpamHd.
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IKCNEPUMEHTAJILHBIE PE3YJIbTATBl UCCIIENOBAHUS USMEHEHUN
CKOPOCTH PA3PSJA HOHOB NPU COBMECTHOM BOCCTAHOBJEHUH

PaccmaTpuBasi sKcriepriMenTaabnble Pe3yabTaThl HCCACAOBAHUS CKO-
pPOCTH paspsja UOHOB NpPU COBMECTHOM BOCCTAHOBJICHUH, CJAELyeT OTMe-
THUTD, YTO [I€PEUUCIICHHBIE BhIILE ()AKTOPbI HEPEAKO TeperIeTalTcd TakuM
00pa3omM, YTO BecbMa TPYAHO pa3r'paHHYMTh WX BAHstHKE, JIULIb B OTAe/b-
HBIX ¢J1yd9asaXx MOXKHO 3aMeTHTh Npeobiafaloniee BjAsIHHE TOTO UJIH HHOTO
(axropa.

Hdenoaspusywollee BJAUsIHUe NOAKAANKH. Posab fgemonasipusanuu IpuU
COBMECTHOM OCaMJACHUHM MeTAJJOB XOPOIIO W3BeCTHA. BIiepBhle sBjACHUE
JENoNspu3anyt HaOMIOAaM0Ch NpH OOPA30BAHHW CIJIABA MEXJY Bbile-
JSIOMMMCS METANJIOM ¥ MaTepHaaoM KaTona, XapaxTepHbM NPUMEPOM
TAaKOH peakuuu CJAYKHT paspsii HOHOB HATPHsI Ha PTYTHOM 3JI€K-
tpofe [31]. Hopmaabubifi noteHnuan naTpusi COCTABAsIET MHHYC 2.7 6,
OlHAKO Ha pTYTHOM 3JEKTpOjle U3 HEHTpaJbHBEIX pPacTBOPOB HaTpHil
BLIIEJISIETCST TIpU HOTeHnuane Karoja 1,7 8 ¢ o6pasoBaHueM aMasibraMbl.
I'porexanuio 3Toll peakiyu cHocoGCTBYeT 3aTpyAHEHHE pa3psifioB HOHOB
BOJOpOAa BCJEACTBUE BHICOKOTO TlepeHanpsiKeHus Bhyeaenuss HT
Ha PTYTH, a Takxke oOpa3soBaHHe CIJIABA MeXJAy HaTpueM H PTYTHIO.

Jenonsipusyiomee gefcTBUE HA BhAEJEHHE HATPUS MOTYT OKa3biBaTh
U jpyrue Teepasie MeTamasl [32]. Hanpuwmep, Opi1o ofHapyKeHO, yto
M3 ILEJOUHBIX PACTBOPOB HATPHU BBIAETSIETCH B 3aMETHBIX KOJHYECTBAX
Ha CBHHIE, OJIOBe, BUCMYyTe, TAJJuUM ¥ Ha JPYyrux Meramnax. bouio
TakxKe HallJleHo, yTo Maruuil, HOpMaJbHbLIH TOTEHHUAN KOTOPOTO paBeH
MuHyc 1,87 6, MOXeT BLIEAATHCH Ha HHMKedeBoM xaroje [331. Ogmaxo
eCJIM Ha XUJKOM KaToje (Hanpumep, B cJIyyae Fg) nosepxHOCTh Herpe-
PEIBHO OOHOBJSIETCSl M JAENONApH3yIomee JeHCTBHEe MaTepualia Karona
COXpaHsercs, ToO Ha TBEPAOM KaTOJe TI0 Mepe oGoran(eHus MnoBEPXHOCTH
KaTOAa BLLACSIOMHEMCST METAJLIOM AeNosipu3yiomee AeficTBrie MaTepuana
Karoja uC4e3aer M BLIJCIEHHE OTPUIATENBHOTO MeTaMaa NpeKpamaeTrcs.
C sTuM cBf3aHO HaGJIOJAIOLIEECs] B Hauaje MPOLEecca Hus3Koe 3HauyeHHe
IOTEHUNAJNA KATOKA K 1OC/AeAYIoHiee ero MOBLIIIeHNE,

Bosee MHTEpECHLIM CAyuyaeM C TOYKM 3PEHUs TOJYYEHHs 3JeKTDPO-
XMUMHYECKHX CIUIABOB dBJsIeTCH Jerodsapusauusi, Habmopaemas Ipu
COBMECTHOM paspsifie pas/HYHbIX HOHOB, Tak KaK Jeloadapuayiolee
A€ACTBHE TIPY 3TOM COXPAHSIETCS B TeUeHKE BCEro MPOrecca JeKTpoau3a,
B pe3yJabTaTe 4ero IIOTEHIMA BBAETEHHS CIJIaBa 3HAUUTENBLHO IOJO0-
KHUTEJNbHEE, YeM IIOTEHHAJbl BLIJEJTCHUS] OTHEJNbHLIX KOMIIOHEHTOB.
OIHMM U3 TAKHX TPUMEPOB MOKET CJAYKHUTh OCAKACHHE CIIABA OJIOBO—
HUKE/Jb W3 PacTBOPOB TaJOMAHKX cosiel, udyuyennoe . T. Kyapssue-
BoiM, K. M. Tiotunoit, P. I'. FonoByanckoit [34]. Ha ¢ur. 5 npexncran-
JIEHH! TIOJIIPU3ALMOHHEEIE KPHBbLIE, CHATLIC JJisi PasfelbHOrO M COBMECT-
HOTO OCaXKAeHus HUKeas U ojioBa. COCTaB 3JEKTPOJIHTA AN OCAKAe-
st Sn—Ni B e-9x6/2 M ycnoBHst paGOTbl BaHHBI CJELyIOMMe:

NiCl, . 2,5 NHF ... ... 1
SnCl, . 0,5 pH -+« o .. . 40-45
NaF . 07 Teummeparypa B °C 50
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U3 rpaduka Ha ¢ur. 5 BUAHO, 9TO LIPU COBMECTHOM OCAXKJEHHU 3Ha-
YUTEJNBLHO O6J€eruaercst BOCCTAHOBJEHHE KaK HOHOB OJIOBA, TaK W HOHOB
HuKeast. KpoMe TOoro, U3 NMpuBEJeHHbIX AaHHBIX BUAHO TAKXKe, UTO 3aKO0-
HOMEPHOCTH TP COBMECTHOM pa3psijie HOHOB OJ10Ba U HUKeJs He COorJja-
CYIOTCSI ¢ Teopuell HecoNpsIKEeHHBIX CHCTeM, 10 KOTOpOH coneprkanue
0JIOBA B OCAJKe JOJKHO ObITh MEHBINE, yeM COJEp:KaHue HUKes [pH
TLUIOTHOCTSIX TOKA 3 a/Om?. B JefCTBUTEIBLHOCTH K€ KaTORHbIH 0cafok
conepxut 656% Sn u rompko 36% Ni.

{ iR

-03 G4 -05 @0

®ur. 5. KatonHas monspuszauusi TP OCAKACHUM Sn,
Ni # cnnaBa Sn—Ni B xJ0pui-GTOPHAHOM pacTBOpe:

I — ocaxpenue Sn 6e3 Ni; 2 — ocampenne Ni 6e3 Sn;
3—ocaxenue cnynaBa Sn—Ni {cymmapHas kpupas); 4—pas-

PSAA HOHOB COBMecTHO oyioBa ¢ Ni; § — paspsij| HOHOB Ni*+
COBMECTHO co Sn (pa3jesbHble KPHBBIE).

YBeNuueHHe CKOPOCTH pa3psila HOHOB IIPH COBMECTHOM OCAXKJAEHWH
[0 CPAaBHEHHIO C pasfelbHBIM BBUJIeJCHUEM HAOJMIOAAeTCsl TaKXKe IMpH
OCaXJEHHH cIlJiaBa 00BO—cypbma [35].

Bavsinie NMOBEPXHOCTHO AKTHBHBIX BeWIECTB H MOBEPXHOCTHBIX mJe-
HOK. B psine cayuaeB cocTosiHHe MOBepXHOCTU 9J1€KTPOJA MOXKHO MEHSIThH
BBEJICHHEM NOBEPXHOCTHO AKTHBHEIX BEIIECTB, PEry/aupys Takum obpa-
3oM coctak cmaasa. Tak, M. A. Jlomkapes u M. I1. ['peuyxuna [361,
H3yuas BJHSAHHE OPraHHueckux JA06AaBOK Ha COBMECTHOE OCaXJeHHe
Pb—S8n, Cu—Sn, Cu—Pb, of6Hapyxu/u, YTO NPH BBEJCHHH OpraHu-
YeCKHX J00aBOK INPOUCXOAUT TOPMOMKEHHE CKOPOCTH BOCCTAHOBJIEHUS
MOHOB ME€TaA/IOB, NPHYEM Pa3Psii HOHOB St TOPMO3MTCH B 3HAYUTEIBHO
Menblueli crenend, ueM HoHOB Pb (dur. 6). [1pu sToM cKOpOCThL COBMECT-
HOrO OCaXKJAEHHS MeTaJJIOB BEIIE CKOPOCTH OCAXKAEHUSI OTHEJbHBIX
KOMIOHEHTOB KaK NpU OTCYTCTBHH, TAK ¥ B NPHCYTCTBHU IOBEPXHOCTHO
AKTHBHBLIX BelecTB. AHa/Mu3 cOCTAaBa CIIaBA NOKA3bIBAeT, UYTO COAepIKa-
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uue Pb B cmaBe 3HauuTenbHO Goubiue, ueM cojepxkanue Smn, x0T
MO0 PaCIONOKEHUIO MOJAAPU3aNHOHHBIX KPUBLIX CJEI0BAN0 Obl OXHAAThH
06paTHOrO, COTJIACHO TEOPHH pa3psiid MOHOB HECONPSUKEHHBIX CHCTEM.
C TOUKHM 3pEHUs TEOPUH HECONP SIKEHHBIX CHCTEM COBEPIIEHHO HEIOHATHO,
KaK, HECMOTPst Ha 3HAYMTENBbHO GOJMBIIYIO 3alepKKy CKOPOCTH pa3psiia
HOHOB CBMHIA, B Ocajke cojepxurcs Goaplie Pb, uem Sn.

BiiHstHHe TOBEPXHOCTHO AKTHBHBEIX BEIIECTB IIPH 3JEKTPOOCAKAEHUH
cisaea Ni— Sn 6wt0 usyweno H. T. Kyapsasueeoim, K. M. TioTunoi
u P. T. FonoBuanckoin [34 1.

¢
ﬂq '
Iz

%y 32

10

I 2 64—+ 5

1

-~

~ox g g 1 2

@ur. 6. [TongpusauuoHHsie KPUBBIE, MTOJNyUEHHLIE IPY SJeKTpoocaxaeHun Ph, Snu criasa
Pb—Sn u3 deHoNCyABHOHOBOTO 3MEKTPOIUTA:

I — ocaxpende Pb; 2 — ocaxaerne Sn; 3 — ocaxjedpe cnasa Pb — Sn u3 pacrBopa cocraBa

Sn (CeH,OHS0,), — 0,26n, Pb (CeH,O0HSO,4), — 0,25 u., CoH,O0HSO;H — | n., o-nadrox

¥ audeHHIAMUH A0 HachlleHust, [ == 25°; 4 — ocamueHue Sn; 5§ — ocaxjenne Pb; 6 — ocaxpe-
Hue conapa Pb — Sn u3 Toro ke sJaekrtpoJsuTa +1 2/4 KesJaTHHBI,

H. A. Usrapwimes u X. M. Pasukosuu [37] noxasanu, uTo Menb,
HUHK M HUKENh, CUJILHO OTJMYAIONIMecs IO CBOMM I[IOTEHUIMAIaM IIpH
BBIIEJIEHI Y HX U3 OOLIUHBIX PACTBOPOB, MOT'YT OCAKAATHCSH B IPUCYTCTBHU
rymMmuapatuka U Kpe3oacyab(OHOBOH KuCJIOTHL,

Paccmorpum ere oAuH NpuMep, NMOKa3nlBalomuil, YT0 HA OCHOBAHUH
U3YY€HUsl CKOPOCTH paspsiia OTHEJNbHBIX HOHOB HENb3sl CYAUTH O CKO-
pPOCTH COBMECTHOI'0 MX BOCCTaHOBJeHHs. Kak u3BecTHo, Ipu 3aeKTpo-
JII3€ XPOMOBOH KHCJIOTH B IIPUCYTCTBHM KATHOHOB (O0J€e HOJOXKHTEIb-
HBIX MerasnoB (Zn, Ni, €, Cu, Fe) npoucxoauT ocaxjeHue JHUIb
ofHOro xpoma [38], xoTst moTeHuMan BOCCTAHOBICHUS KX TOpasio MOJ0-
JKUTesbHee, ueM IOTEHNUA] BOCCTAHOBJEHHS I[HECTHBAJIEHTHOIO XpOMa
IO MeTasaa.

DNeKTPOBOCCTAHOBJEHHE  XPOMOBOH  KHCJAOTH ~ HOKasano,  uTo
B YCJIOBUSIX 3JIEKTPOOCAKIEHHST XDOMa, KOrJa ORHOBDEMEHHO HJer
TPH peaknuu, ckKopocts BoccranoBjenus Cré+-—-Cr3+ u 2H+T—H,
Pe3Ko 3aMeJIseTCs] MO CPABHEHHI € WX pasfeqpHBbIM BOCCTAHOBJE-
Huem [39].

BansiHue cocrasa jasoiiHoro cJjosi. VaMmeHeHWe CKOpPOCTH paspaia
3a CYeT HU3MEHEHHS IOBepXHOCTHOH KOHLEHTPAuud pa3psKalolURCs
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HOHOB IIpH COBMECTHOM pas3psle Gpwio mokazano A. T. Barpamsauom
u T. A. ®aryesoil [40] Ha npuMepe coocaxieHHsi HUKENs ¢ KOGaNBTOM.
Ha ¢ur. 7 npeacrabieHbr 3KCNEpUMeHTaNbHbIE Pe3YJBTAThl HCCTER0-
BaHUS 3aBHCHMOCTH CKOPOCTH BOCCTaHOBJeHMs MOHOB Ni?+ n Co%t
0T TOTeRnuasa 3JeKTpojia NMpH COBMeCTHOM (KpuBasg J) H OTAENHHOM
i - 3JIEKTPOOCAKNCHMN HUKeNsS (KpU-

Ma [ f f Bas 2) m Kkobanbra (kpuBas I).
M7 J f [Tonsgpu3anyuonHble KPHBBIE TOJY-
7] 3[ 2 YyeHbl IIPH IIOCTOSIHHOH CHJIE ToKa

287 B 1enu. ComocTasieHue CKOpocTel
] paspsiia HMOHOB IIPH COBMECTHOM

%5 U pasjiesIbHOM BOCCTaHOBJIEHHHU 10K a-
23 ] I 3bIBAET HAPYLICHHE 33aKOHOMEpHO-
CTeH, BBITEKAIOWHKX U3 TEOPHH Heco-

197 j npsekeHderx cucrem. Tak, npu comno-
’ 7/ CTaBJIEHUH KPUBOii 4, COOTBETCTBYIO-
159 ] me#i paspsiy uoHoB Ni?t  Ges
] / / KoGasibTa, ¢ KpUBOH 6, Xxapaxrepu-

1275 syiomieit paspsii uoHoB Ni®T cos-
| )‘/ mectio ¢ Co®t, BWIuO, 4TO TpH

95 ] /T' /1, noregnuaie ¢ = 650 M8 CKOpPOCTb
635 A/ BOCCTAHOBJIEHHS] HOHOB HHKEJs NpPH
] / 4/&5 coBMecTHOM ocaxiennn B 10,5 pasa

J8 A MEHBIE TT0 CPABHEHHIO C ero OTAelb-
/o,{/g/ ‘2 HbIM ocaxaenueM. JIJIsi UOHOB KO-
P 00 T 700 GaJibTa CKOPOCTDb paspsifia Mpu NMOTeH-

nvaJge 550 ms NP COBMECTHOM BBIJE-

dur. 7. VsnmeHeHue Toka, HAVHIErO Ha

paspsn wuonos Co+2, Ni*+ u H+ npu

COBMECTHOM H pPasfeibHOM BOCCTaHOB-

JIEHHH B 3aBUCHMOCTH OT TOTeHIMana
3JIEKTPOJA:

1 — KpuBas gas paspsaja HOHOB Co°T wu3
2 H. CoSOy; Kpubple pazpsifga HOHOB Ni*t+
n H* us Ix. NiSQ,; 2 ~ cymMMmapHas KpH-
Bafd; d — paspsn HOHOB Ni2+; 4 — paspsax
uonor HT, KpuBbie pa3psiza HOHOB Ni*t
Co?t+ u HT us pactsopa ! #. no NiSO,
u 2 H. mo CoSO4; 5 — cyMMapHas Kpusas,
6 — pa3psjA HOHOB Ni2+; 7-—pa3psAax HOHOB
Co; 8 — paspsg HoOUIOB HF.

3dBUCHMOCTH CKOPOCTH paspsaia

Jesnd B 16 pa3 Menblue, yeM NpH
pasgenpuom. Ilpu Gojiee BRHICOKHX
noTeHnuasax CKoOpocTb  paspsijia
MOHOB K0Ga/sTa B OTCYTCTBH Y HUKEJI 51
MHOTO 6OJIbI€ U HECOU3MEPHMA CO
CKOpOCTBIO  paspsita uoHoB Co?t
COBMECTHO C HHKEJIeM, KaK 3TO MOKHO
BHAETb U3 rpaduka.

W3 npusegenubiX Ha Qur. 7 KpH-
BBIX BHJHO, YTO MEHSIETCS HE TOJBbKO
a6coJI0THOE 3HadeHHe IIOTeHIHaJsa
BOCCTAHOBJICHHSH, HO M XapakxTep
HOHOB OT TOTEHIHAJa 3JEKTpPoja.

ITosToMy Ha OCHOBaHMM H3YyY€HHsT CKOPOCTH BOCCTAHOBJICHHS] HOHOB
OT TMOTEHNHasa 3JeKTpoja MAJdsi pas3lebHOrO OCaXKJIEeHUd MEeTalJIoB
HEJIE3sl CYAUTHh O CKOPOCTH MX COBMECTHOTO BbIesenusi. Cielyer Takxe
OTMETHTb, YTO TO TOJIOXKEHHIO CYMMapHO{l KPUBOM, COOTBETCTBYIOMIEH
COBMECTHOMY BOCCTAHOBJIEHHIO HOHOB METaJJIOB, HEBO3MOXKHO CYIUTh
O CKOPOCTM paspsijla MOHOB IIpM pasfelbHOM BoccTaHoBjgenud. Taxk,
CymMMapHas KpHBas COBMECTHOTO paspsilla HOHOB HUKeJs u KoGajbra
JEXUT MeXAY NOJAPU3ANUOHHLIMU KDHUBBIMH, TNOJYYEHHBIMH TIpH pas-
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JeJIbHOM OCaXKA€HUH 3THX MeTamios (dur. 7). Ha ocHoBannu 310r0 HHOTAA
CYHUTAIOT, YTO IIPOUCXOAUT oGJeryenre paspsjia HOHOB HUKeJNd u 3aTpyl-
HEHUE BOCCTAHOBJIEHHs MOHOB Kofassra. Kak BHAHO M3 BBHILIENPHBELEH-
HBIX JAHHBIX, CKOPOCTb BOCCTAHOBJIEHHMSI HOHOB HHKeJNs ¢ KOGanpTom
He TOJIBKO He 00Jsieryaercs 10 CPaBHEHHIO C pa3jesbHbIM BhlesleHHeM,
HO, HaoGopoT, 3arpyausercs. [TosToMy Ha OCHOBaHHH nonomegyx%ﬂcym-
MapHBIX TOJISIPU3ANUOHHBIX KPUBLIX JJIsi COBMECTHOrO Pa3psfd OTHOCH-
TeJbHO KPHUBBIX IIPU Pasjle/bHOM OCaKAEHUM METa/JIOB HeJdb3s CYAHThb
O CTeleHM 3aTpyAHeHHs JeKTpoiHoll peakuuu. Habmojaemoe Topmo-
JKeHHe CKOPOCTH BOCCTAHOB-

JIEHHSI MOHOB HUKEJs B KO- ¢ o
fanwTa yKaseBaer Ha orcyr- 2
cTBrue OOGJeruenust paspsjia A
HOHOB 3a cuer clyiaBooGpa- I N\
30BaHusl., 3alepmKa CKO- \KL
pocTH paspsfia MOHOB NPH ) \,

COBMECTHOM BOCCTAHOBJIE- —l |

HHU MOKeT ObThb B 3Ha4Yu- 2

TEJPHOH CTeneHH CBSI3aHA jg |

C uU3MeHeHueM KOHIeHTpa- J

UUHU PaspsHKAOIIXCsl HOHOB 4 e

B ABOHHOM 3JIEKTPHYECKOM ;= /o7 % 0E 1 15 15 175 WSO,
caoe. Kak yxe ormeyanoch, - K ’ 2-axB/y

IIpH HaJH4YUU B pacrasope

HOHOB Pa3JIMYHBEIX METaJJOB dur. 8. I/I23Mqunne TOKa, HAYLIEro Ha paspsal
nonoBs Co-+2, NiZ2+ uw H+ B 3aBucuMOCTH OT KOHIE-

HaCTh HOHOB QAHOFO Me- urpaunu NiSOy,. Zobasasiemoro K ! H. pacrsopy

Tajna B JBOMHOM CJ0€  CoSO; mpu COBMECTHOM 3/EKTPOOCAKACHHH (P =

3aMEHSIETCSl  HMOHAMH  JIPy- = —606 us (5. B.3.); pH = 1,9; t= 25
roro METaJIﬂa, HO9TOMY CKO- { — cyMMapHasl KpHBaf; 2 — paspdajl HOHOB C02+;
POCTh BOCCTAHOBJICHH S KaxK- 3 — paspsig wosoB H™; 4 — paspsig monos NizF,

Joro Bu/la UOHOB GyIeT CHH-

JKeHa IO CPaBHEHHIO C pa3feJbHEIM BOCCTAHOBJEHHEM. J3ameflieHue
CKOPOCTH BOCCTAHOBJIEHHSI HOHOB METAJIJIOB IPH COBMECTHOM OCAXKAEHHH
foJiee HATJISIIHO MOXKHO BHAETH IIPU U3YYEHHUH Pa3PsA/la HOHOB NOTEHIUO-
craTuueckuM MmerojoMm. Ha ¢ur. 8 npejcraBiieHo uaMeHeHue ToKa, uAy-
Hlero Ha paspsZ, UOHOB Ko6Gajbra, B 3aBHCHUMOCTH OT KOHIEHTPauuu
no6asok Ni SO, k 1 #. pactBopy Co SO,. Kax BuiHo u3 dur. 8, ¢ MOMeHTa
BBEJIEHHS BTOPOTO KOMIIOHEHTa TOK, HAYLIKH HA pa3psik HOHOB Ko6asbTa,
YMEHBUIAETCs. ITO 06BACHALTCH TeM, YTO B JBOHHOM 3JIEKTPUUECKOM CJI0€
NPOMCXOAHT YMEHbIIEHHE KOHUEHTPanuu HOHOB Ko0ajsbTa, YTO YMEHb-
ujaeT CKOpPOCTb pas3psifid, HECMOTPA Ha TMOCTOSIHCTBO 3JEKTPOLHOTO
NoTeHHaa.

Ha ¢ur. 9 npeacrapiens TaKue K€ KPHUBbBIE, CHATHIE NIPH OCAXKACHHH
BuKesid. B atom cayuae go6aBjienne HOHOB KoGajbTa B pacTBOp yBeJH-
YYBAeT NJIOTHOCTH TOKA 10 CPABHEHHIO C OCA’KAEHHEM OJHOTO HHUKeJsd.
Onnako TOK, HAyuHit Ha paspsZ HOHOB HUKeJss M ONpefeNeHHBIH
IO COCTaBY OCAXKMAIOWETOCH CIHJaBa, MeEHbIIe, 9eM B cJjydae ocaxk-
JeHys uMcToro Hukesng (6eg KobanbpTa), YTO TaKke YKa3hlBaeT Ha
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YMEHbIIEHHE CKOPOCTH paspsaia MOHOB HUKEJd NPU BBEIEHHMH BTOPOTO

KOMIICOHEHTA.

W3 npuBejleHHBIX JaHHBIX MOXHO BUIETh, YTO NIPH COBMECTHOM oOca-
KJIEHUM HUKejas W KoGajbTa TpH 32JaHHOM INOTEHIMAJEe TPOHUCXOIHUT

2

i —
L

10 z

A, !

11755 oSG,
2—3/«7/”

@ur. 9. Vismenenne Ttoka, HAYIero Ha PsA3psl

nonos Ni?+, Co?+ » H+ B 3aBHCHMOCTH OT KOH-

wenrpagun  CoSO,, jpoGaBaseMoro K pacTBOpy

NiSO, npu coBMecTHOM ammpooca}meﬁun (p =
= —650 me (u. B. 3.); pH = 1,9; ¢ == 25°:

1--cymmapuass Kpusasi; 2—paspsk HouoB H; 3—pas-
psJ HOHOB,

0 0% 95 o5 1 15

Mep HOHOB, HX VJIeJbHbl 3apsj,
ajgcopbuuoHHas cnocobuocTs W T. A.
[Taccusupyioliee BiUsSIHHe TOIKJIAAKH.

3aMelJieHHe paspsfa HOHOB
KaK HHUKeJfl, TaK U KobaJb-
Ta, CBS3aHHOE C YMEeHblle-

HHEM  KOHIEHTDAIMM  UX
HOHOB B JBOHHOM CJIO€.
OnHako HaJiype 3aBUCH-
MOCTH MEXAY CKOPOCTBIO

paspsjia HOHOB M TNOBEPX-
HOCTHOH KOHIERTpauunel nx
Ha 3JeKTpolde He 03HAyaer,
YTO CYmecTByeT Ipocras
CBSI3b MEXAYy OObeMHOH H
TOBEPXHOCTHOH KOHIEHTpa-
[[M€el HOHOB, TAK KaK B3aHWM-
HO€E BbITECHEHHEe HOHOB C IMO-
BEPXHOCTH NPH COBMECTHOM
paspsjie onpenensercs,
KpOMe€ HX KOHIEHTpaluu
B pactBope, psiOM JAPYTUX
(paKTOpoB, TaKuX, KakK pas-

COCTOSIHHE HOHOB B pacTBope,

INaccuBupylomee BIHSIHUE

NOJAKJIAJAKK Ha pa3psl MOHOB, BbIpaxamwiieecs B USMEHEHUU COCTOSHUA

NOBEP XHOCTH 3JIeKTpoaa,

B

//‘

MOXKHO BHJETH TNPU HUCCIe- ﬁ;
JOBAHUH  3JeKTpoocamie- M
HU S CILJIABa HIIKeJb—MOIU0-
AeH [41]. 0

Ha ¢ur. 10 mpencrasaeno Ny
M3MEeHeHHe CKopocrell Bhyle- !
Jenusi moaubleHa, HHUKeJad
U BOZOPOJA B 3aBHCHMOCTH
OT KOHIEHTPALMH MOJUO- Mo
JaTa HaTpHs B PACTBOpPE MPH
COBMECTHOM oOcaxkJesun HA . 0 )
karoje. CymmapHas CKO-

®dur.

pOCTb KaToOAHOTO Ipoiecca
HECKOJIBKO BO3pacraer NpH
y’BEJII/ILIEHI/II/I KOHI_[EHTpaHI/II/I
MoJau6jgena. Kak Buano us

6

10. Msmenenune TOKa,

wonos Ni2+, Mob+ u H-+ B 3aBHCHMOCTH OT KOH-

unextpaunu Na,MoO, Tpu coBMeCTHOM BOCCTaHOB-
JEHUH U3 JHMOHHO-aMMHAYHOTO 3JEKTPOHTA.

% 32 40 NaMol, 103
2-MO7/ 1

HAYUEro Ha pasiest

¢ur. 10, cKopocTH OTENBHEIX peaKiuil MEHSIOTCS NPU 3TOM T0-PA3HOMY.
CKOopoCTh BBIAEEHUS HUKeNS u MOJUGIeHa yBeluyuBaeTcs A0 OIpeje-
JICHHOTO MaKCHMYyMa, & 3aTeM YMEeHbINAeTCA U JOCTHTaeT HyJsl; CKOPOCTh

2



BBIIEICHHST BOJOPOLA HENPEPHLIBHO YBEJIWYMBAETCS. YBEJUUYEHHE CKO-
pOCTH BbIAENEHHS MOJKOAEHA [0 MakKCumMyMa OOBCHAEICS yBeluye-
HUEeM aKTHBHOCTH MOJHMOAAT-MOHOB B 3JIEKTPOJHTE, BO3PACTAHHE CKO-
pocTH BbleJIelHsT BolopoAa — ofpaszopanneM 0oJee GeJJHBIX HHKeJeM

CIIJIABOB. ¥ MeHblueH#ne CKOpOCTH BBIENE- .

HUst MOMOJeHA W HUKENs TpH yBeJInye- M2 ;
HUM KOHIIEHTPanuu Moau61ara B pacTBoOpe
Bhlllle OTpeleseHHOIO 3HAYEHHs! CB3aHO 2
C M3MEHEHHEM COCTOSIHUSI TIOBEPXHOCTH
3JIEKTPOa  NPH  H3MEHEHHHM  COCTaBa s [2 4
cniaBa. MokHO npefnojarath, 4Td C p
yBeJHuerueM cojep:kaHus  Mogaubiena 227 4
B OCajike CIIJIaB CTAHOBHTCH Oojee mac-
p 191

cuBHbIM H 1npuH 33—34% wmonuGuena 6
B CIJIaBE NOBEPXHOCTb 3JIEKTPOAA OCO- g
GeHHO OT/IMYAEeTCsl MACCHBHBIM  COCTOS- |
HieM. C 3THM CBA3aHO YMEHbIIEHHe CKO- 7275
POCTH BBIIE/IEHHS METAILIOB ¥ yBEJHUCHHE 5
CKOPOCTH pas3psjia HOHOB BOAOpOZa Ha ~ ]
3JIEKTPOJe. 635

Ha ¢ur. 11 npuselensl pe3yJjnTarhl, A
nosyuennste A, T. Barpamsanom u T. A. Mﬁ*- - 7—
®aryerolt [42] npn oTneNbHOM ocamje- {
HUU Xxejne3a (kpuBast /) u HUKenst (Kpu- 500 600 00 ol

Bas 4). uBble 2 1 3 NOJIYYEHB MET
% ) Kp yHUEHBL METOLOM @ur. 11. HM3smMmenenne Toka, upy-

pasjeseHuss ¥ COOTBETCTBYIOT paspsily
HOHOB k€jJe3a U HHKeJsl NPH COBMECT-
HOM BbileseHnn. M3 rpaduka na dur. 11
BUAHO, YTO paspsil HOHOB HHUKCJASI NpH
COOCXJEHHHU C JKEJe30M NPOUCXOAHT NpH
3HAYUTENBLHO GOJIEe OTPUIIATENIBHBIX [TOTEH-
nuanax, uvem 6e3a xenesa. Paspsg xe
HOHOB Kejie3a IIPM COBMECTHOM OCa¥K-
JIEHHAHU C HHKegeM, HaobopoT, yCKopseTcs
N0 CPABHEHHIO C OCAKJEHHEM OJHOTO
xejeza. Takum 00pa3oM, 5T Pe3YJILTaTH
HarJsiJHO  MOKAa3blBAIOT  3aTpPyAHEHHOe
BbIieJieHHEe OJHOr0 KOMIMOHeHTa M obJer-
UeHHOE BbljeseHue IPyroro Npu COBMECT-
HOM pa3psijie UX HOHOB. ‘

wero Ha paspsig wonos F 2+, Ni?+
n H+ ©IpH coBMECTHOM # pas-
JENbHOM BOCCTAHOBJEHUW B 3aBH-
CHMOCTH OT TOTEHUUANd 3JAEKT-
pona. Kpusnle g/is1 paspsiza HOHOB
Fe u H+ u3 1 #. FeSO,:

I—cyMMapHast Kpupas; 2 - pa3psf
noros E2F; 3 — paspsan monor HT.
KpuBsle paspsiia uOUOB Ni*t g HT
3 | H. NiSO; 4—cyMmapnas Xpusas;
§—paspsin HOHOB Ni*T; 6 — paspsn,
uwonos H™T. Kpusne pas paspsga
nouos FetNiZ FuH F pacreopa | H.
nmo FeSO, u | #. mo NiSQ,; 7 — cym-
Maprasi KpuBas; § -~ Dpaspsijg HOHOB
Fe?+; 9~paspsig wonos Nit+; 10—
paspsx Hono Ht.

Ha ¢ur. 12 npexcraBjenel KpHBbie, NOKa3blBAIONIHE 3aBUCUMOCTh

CKOpOCTell BOCCTAHOBJEHHsT HOHOB Kejseza (kpuBasi I) u kobaabra
(KkpuBag 2) OT NOTEHLMANA 3JEKTPOAAa KaK IPU pa3fesbHOM, TakK U NpH
COBMECTHOM HX OC&KAEHHM H3 CEPHOKHCJLIX pPacTBOPOB.

Crenyer oTMETHTL, YTO ITPOLECC COBMECTHOTO OCaXKAEHHZ METaJJoB
TPYIIIB »K€1€3a OCJOXKHSIETCH OJHOBPEMEHHLIM Pa3psioM HOHOB BOLO-
posa, KOTOpBI BBIIEAsI€TCST KakK TPH OTAENBHOM 3JEeKTPOOCAKAEHHU
3THUX METaNIOB, TaK M IIPH MX COBMECTHOM BBUIEICHHH, YTO CHJIBHO
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3aTPy/JHSET BLISICHEHWE MeXaHu3Ma Inporecca paspsiga. B taba. 3 npex-
CTaBJIeHb! JAHHBIE 0 CKOPOCTSIX BOCCTAHOBJIEHUS] MOHOB Keje3a, HUKeJs
¥ BOLOpORA NPH OCAXKICHHM Ke€je3a U HHUKEJs] COBMECTHO M TOPO3Hb.
V3 npuBeleHHBIX AAHHBIX BUAHO, 4TO 1Ipu ¢ = 730 ms (H. B. 3.)
CKOPOCTb pa3psjla HOHOB xkeJse3a, onpejessemas IJIOTHOCTBIO TOKA, NPH
pasfesbHOM BOCCTAHOBJIEHHM COOTBETCTBYET 4,5 ma/cm?, NPH COBMECT-
HoM BoccranoBgenun 13,6 ma/cm®. Takum o6pasoM, an COBMECTHOM
BBLIAEJECHUN 2Kejle3a ¢ HUKEeJIeM CKOPOCTb BOCCTAHOBJIEHHSI HOHOB KeJje3a
yBeIMUYHBAeTCH B 3 pasa,

l a CKOPOCTb paspsifia HOHOB
w /ki of b HUKeNsl YMEHbLIAETCs TpH
» / 3ToM mnoTeHyuage or 20,8
/ g 1o 2,6 malcu®, T. e. upu-
5 MepHo B 8 pa3. CkopocTh
20 paspsja HOHOB BOJOPOAA
75 Npu OJXHOBPEMCHHOM BBIAE-
" 4 JICHHM ¢ HHKeJieM paBHA
5 — 7,9 wmalcm®, npu BeEJE-
) 5] HHH BOJOpOJa C IKeJe30M
400 500 600 700 (pﬂd 4,4 Ma/CM2, a IIpH COBME-
CTHOM paspsiile UOHOB HHU-

®ur. 12. VsveHeHwe ToKa, WAyILero Ha paspsin

Keqas u xkenesa 4.5 malcm®.
nonoB Fe?+ Co’+ w H+ npu coBMeCTHOM W pas-

AeNBHOM BOCCTAHOBJEHAH B 3aBHCHMOCTH OT NOTEH-
uMana 3ekTpofa. KpuBee st pa3psga HOHOB
Fe?t u H4+ uz 1 #. FeSO,:

1 — cymmapsass KpHBasg; 2 ~— paspsj HOHOB Fe®t;
3 —— paspsaj HOUOB HT. Kpusrle paspaga HOHOB Co?t
u Ht us 1 x. FeSQ,; 4 — cymMMapHasi KpuBasi; § — pas-

M3 sTMx JTaHHBIX BUJHO,
9TO BOAOPOJ C HUKEJIeM Bblje-
JISIETCS CO 3HAUUTENHHO 60JIb-
el CKOpPOCTBIO, 4eM C Ke-
Jie3oM WJAM TNIpU  OXHOBpe-
MEHHOM BbIIEJIEHUH 2KeJe3a

pAx HOHOB C02+; 6 — paspsifg HOHOB HT. Kpusnle pas-

pAjga HOHOB Fe?t, Co?tu HI ua pactBopa 1 #. no FeSO,

H 1 #. 110 CoSO,; 7 — cymmapuas KpHBasi; 8 — paspsg

uoueBLFeH; 9 — paspsj HOHOB C02+; 10 — paspsagn
woros H,

U HUKeJd, 9T0 06yCJOBJCHO
HU3KHM IepeHanpsiKenueM
BOJAOpPOJA HA HUKEJIE.

Iipu BOCCTAHOBJIEHHH
HOHOB Ko0aJbTa W JKeje3a,
KaK BUJHO W3 KPUBEIX Ha Qur. 12, Takke NPOHUCXOAUT YBeJHUYEHHE CKO-
pOCTH BOCCTAHOBJIEHHS] MOHOB jkKejJe3a U TOopMOxkeHnne peakKUUH pas-
Tabauya 3

Pacnpejienenie TOKa MeKJy OTHEAbHbIMH PEAKUUAMH NPH PA3AELHOM
M COBMECTHOM 3/IeKTPOOCAXKIECHHH MKeJjesa M HUKeJs

(Horenunuwan watoaa ¢ = 730 ue (mo nanupiM A. T. Barpamsna
n T. A. ®aryesoii)

CKOpPOCTL BOCCTAHOBJAEHUS HOHOB Clgﬁpuégfb
Xapaxrep 3/eKTpoocaKacHua 3JT€KT§00087K‘
. AeHUSA
pe?+ HT Ni?+ B ma/cm?
JKenezo Ges HUKeEAsT . + « « 4,5 4,4 — 8,9
Hukear Ges xkemesa - . . —_ 7,9 20,8 28,7
JKene3o COBMECTHO C HHKEJeM 13,6 4,5 2,6 20,7
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psja WOHOB KoGasbTa IO CPABHEHHIO C pas3jieibHEIM HX BOCCTAHO-
BJIEHH EM.

Taxum o6pasoM, W3 INIPUBEJEHHBIX KPUBBIX BHJHO, YTO NpU COB-
MECTHOM 3JIEKTPOOCAXK/CHAH HOHOB HUKEJsI C 3K€Je30oM u KobasasTa
C JKejie30M NPOMCXOAHT H3MEHeHHe CKOpocredl paspsifa HOHOB, YTO CBHU-
JETeJBCTBYET O HAPYILEHHU KUHETHUECKHX 3aKOHOMEpHOCTeH, BbITeKalo-
MUX U3 TEOPHHM HECONPsKEHHEX cucreM. Ha ocnoBaHuu amanusa mnoJis-
PU3aNMOHHBIX KPUBBIX ypaBHeHHd (1) U COTJIaCHO TEOPUHM COBMECTHOTO
paspsila MOHOB HECONPSKEHHBIX CHCTEeM MOXKHO OblJIO OXKHJIaTh, YTO
CKOPOCTH BOCCTAHOBJICHHsI MOHOB Kofanbra W HuKesass OyayT GoJgblie,
yeM CKOPOCThH BOCCTAHOBJICHHSI MOHOB »keJe3a, T. €. cojep:aHue HUKesd
B CllJiaBeé HUKesJb—IKese30 OyjeT 06oJibllle, YeM cofeprKaHHe Kejesa.
OpHaKO 5KCIEPHMEHTANbHbIE Pe3yJbTaThl, IOJyYEHHble HA OCHOBAHUHU
H3y4eHHsI COCTaBa CIlJaBa, NMOKAa3hBalOT 0OPATHOE COOTHOIIEHHE, T. €.
COJlepIKaHUE XKeJje3a B CIjiaBax 0oJblue, yeM cofep:KaHue HUKeNs WU
kKo6anpra. OTKJIOHEHHE OT YKa3aHHLIX 3aKOHOMepHocTell MOXKHO 00BsC-
HUTH H3MEHEHHEM IIPUDPOJbl M COCTOSIHHSI TOBEPXHOCTH 3JEKTpOxa NPH
COBMECTHOM oOcax/eHuu MetajyoB. Fcenenopanuem 1O. C. Tlerpo-
Bofi [43] mo anexTpoocaxeHHI0 MeTaJJIOB TPYIILL Kene3a Obiio MoKa-
34HO, 4TO CKODPOCTb aJCOPGUMH BOJOPOAA M THAPOOKHCEH MeTasJoB
H TIOCJIELYIoNee BKJOYeHHE UX B KaTOAHLI] 0CaJoK Pas3/jMuyHO AJas pas-
HBIX MeTannoB, Tak, 0OpH OCakKIeHHH HHUKeJNs] B 0C3JKe COHEPIKUTCH
3HaYuTeNBHO GoJibuie THAPOOKMCHBIX BKJIOWeHHH, uyeMm Bogopoxa. lipu
Oocax/IeHUU keye3a BejelcTBre GoJibliedl CHJIBl CBSI3H BOAODPOMAA C XKeJe-
30M 0CalloK colep:KHT Go/blie BOLOPOLA, YeM IMAPOOKHCHBIX COEJMHE-
Huii. [lpu 3ToM TopmoO3fmee RejicTBHE aicopOMPOBAHHOIO BOAOPOAA
H THApookucHu pasauuHo. [Ipu anekTpoocaxjlenuu xkesje3a NPOUCXOIUT
yBeJIMYEHHE CKOPOCTH BOCCTAHOBJIERHS HOHOB Keje3a N0 Mepe yMEHb-
HEeHHs KOJIMUeCTBa BLIIESIONIErocs BOAOPOAA, a NPU 3JEKTpoocaxje-
HUY HUKEJ S CKOPOCTb BOCCTAHOBJIEHHM S HOHOB HHKeJ sl BO3pacTaeT B COOT-
BETCTBHH C yMeHBIUEHHEM KOJHYEeCTBA THAPOOKHUCHBIX BKJIIOUEHHH.

Hcxonsa u3 3TuX (pakTOB, MOXKHO NOJIArark, 4To Pe3KOE TOpMO3siilee
JeficTBHE Ha pa3psal HOHOB KeJjie3a OKasbiBaeT afcop6uus BbllesnnBlIe-
rocs BOAOPOIA, a Ha Pa3pPs/i HOHOB HUKeJ — ajfcopOuus obpasyiouieics
- B IPUJEKTPOLHOM CJIO€ THAPOOKUCH.

+ Ha ocuoBanuM 3TOro MOMXKHO CKa3arb, HTO YBeJIHYEHHE CKOPOCTH
BOCCTAaHOBJIEHH S MOHOB X €/e3a TPU COBMECTHOM BOCCTAHOBJIERHH C HUKE-
JIEM CBSI34HO C T€M, 9TO CIOCcO0HOCTL ciylaBa Ni—Fe morsomars BOI0POL
MEeHbIIle 10 CPABHEHHIO C XKese30M, Pe3koe 3aMefjieHHe BOCCTAHOBJIEHUS
HOHOB HUKEJs NPH COBMECTHOM OCaXKIEHUH C JKeJe30M MoxeT ObThb
00yCJIOBJIEHO TOBLIIIEHHOH afcopbuuell THAPOOKUCHBIX COENMHEHUH
Ha TIOBEPXHOCTH CHJjiaBa N0 CPAaBHEHUIO C pa3feJbHbIM BbLIEJEHHEM
MeTaJlJIoB, TaK Kak rufparoofpasoBanue B Ciywqae cojell xejeda HaCTy-
naer B Gojsiee kucjaoli o6jacTH, 4eM B cayuyae Hukess. O4eBHAHO, YTO
NpU YCTPAHEHHMH IPHYHMH, BEHI3BIBAOWHUX 341€PXKKY paspsjla HOHOB
MeTajl1a, KoTopast onipeaessieTcs BeIMYUHON nepeHanp sukennst 1 Habuo-

Jaercss IPDH COBMECTHOM OCAXAEGHHY MErajjioB, aHoMajds Hcye-
3aer,
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Jlnst mpoBepKH 3TOTO NPEAnoJoxeHds Obll H3ydeH COBMECTHBUM
paspsii MOHOB HuKens u xejneza [30]. Msyuyenme nposogusiocs u3 1 #.
CEPHOKHC/IBIX PACTBOPOB HHUKENS W Keje3a ¢ Jo6aBKoi GOpPHOH Kuc-
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®ur. 13. 3aBHCHMOCTE  CKOPOCTH dur. 14. 3aBUCHMOCTE CKOPOCTH
BOCCTAHOBJICHUA HOHOB Xeje3za U BOCCTAHOBJEHUSI HWOHOB 3Ke€Jeé3a u
HUKeJd OT NOTeHUHada 3JeKTPoia HUKEAA OT NOoTeHuMassa 3JeKTpoja

(m. x.3) (pH = 1,9; ¢ = 25%: Cyu- (pH = 1,9; ¢ = 95°:
MapHbIC TOJSIDH3aliHOHHbIE KpHUBL-€! 1 — cyMMapHas HOJNSPH3ALUOHHAS KPH-
1 — paspsii HOHOB HHKeJs U BOJOpOAA Bas BHJeJleHUs1 HHKeJid M BOAOPOAA;
u3 1 4. pacreopa NiSO,: 2 — paspsg 2 — cyMmapHasg TNOJAPH3AMHONHAA KPU-
HOHOB HHKCJS eJe3a H BOJOpOxa U3 Basi NPH COBMECTHOM Daspsae XeJsesa,
pacrBopos coctaBa 1 H. NiSO, u | x. HUKeJdsl H BOJOpOAa; 3 -—— cyMMapuasi
FeSO,; 3—Dpaspax nounon xejeaa ¥ BOLO- HOJSIPH3ANMOHHAS KpuBas BHEJeHHS
poxa u3 1 HA. pacrsopa FeSQ,. Xese3a H BOJOPOAA; 4 H 5 —— NappHalb-
ITapynuanbnbic KPHUBLIC COOTBETCTBEHHO! HBl€ KPHUBLIe HUKeJds H BOAOPOZaA, HOJY~-
4 w5 — 1l HUKeJAS ¥ BOAOPOga, HOJY- YyeHHBle Ha OCHOBAHHH KpUBLIX [ H 6,
YeHHLIe HAa OCHOBAHHHM KDHBOH [; 7 H 7 B 8 ~—— napupuaJgbHbBIe KPDHBblE COOTBET-
8 — Aas xeJe3a u BOAODOJAA, HNOJYUCI- CTBEHHO HUKeJss, Xelde3a H BOJOpOJA,
HBIE HA OCIOBAIMH KpPUBHX 8 W 6; 9 U noJy4YeHHble Ha OCHOBAHHU KDHBOH# 2;
10 — pns1 XKese3a, HUKEJA W BOJODOJA, 9 v 10 — naprHajbHLIe KpHBLIE XeJesa
NMOJyyYeHHbIe Ha OCHOBAHMU KPHBO# 2. H BOAOPOJA, NOJYyYeHHLIE Ha OCHOBAaHHH

Kpusoit 3.

aotel 30 &/a, npu pH = 1,9 u pasnuunoil Temneparype, Kotopas KOH-
TpoaupoBanace ¢ Toynocrsio -+£0,5°.

Ha ¢ur. 13 npexcrarjens! NOJSIpH3AINUOHHEIE KPHBblE COBMECTHOTO
U PasjenbHOrO OCasICHHs HUKEJNs U JKeJe3a H COOTBETCTBYIOLLHE Nap-
UHaJbHbie KPHBbIE, TOJyYEeHHBIE H3 YKA3aHHBIX PACTBOPOB INpPH TeMmIie-
parype 25°. Kak BufHO H3 KpUBBIX Ha (ur. 13, NMOTEHnHUa  BOCCTAHOBJIE-
HUSl HOHOB HHKEJsi NPH ero pasfesbHOM BBIAEJEHMH HAMHOrO II0JIO-
JKUTeJbHee, deM xese3a. OAHAKO IpH COBMECTHOM paspsiieé CKOpOCThb
BOCCTAHOBJIEHH S HOHOB HHK€J HAMHOTO MEHbILe, YeM CKOPOCTb OCaXK e~
HUS MOHOB Kenesa. HHorla 370 aHoMaNbHOE sBJAeHHE O0BSCHAETCA TeM,
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4TO 3KeJe30 BhIeJaseTcs C JenoJspusanieil u3-3a CijaBoo6pa3oBaHus.
CuieflyeT OTMETHTBL, 4TO NPH Aenogspusanuy 3QpQeKT CHHKEBHS NOTeH-
nManoB Jo/ukeH Oblll OB MMerTh MeCTO AJsi O0OUX METaJJIOB COOTBET-
CTBEHHO KX KOHIEHTpalMH B Chjase, Kak MOKa3bBalOT 5KCIIEPHMEH-
TaJbHBIE PE3YJILTATHL, TAKOe CHUIKEHHE TOTEHI[MAJIOB BhIIe€HN g 4151 060X
METaJJIOB OTCYTCTBYET, MO3TOMY 3TO OOBSICHEHHE HECOCTOSITENBHO.

Ha ¢ur. 14 npexcraBieHbl NOJsIPH3aUMORHBIE KPHBbie OTAEIBHOTO
H COBMECTHOTI'O Paspsifa HOHOB HUKEJs U XK€Je3a U COOTBETCTBEHHO Iap-
I{Ha/TbHbIE KPHBBIE B TEX K€ PacTBO~ ,
pax, 410 u Ha ur. 13, HO nOAYGEH- 4y tr
Hble IPH NOBHIIEHHbLIX TeMnepary- o
pax. M3 3Tux KpuBLHIX BUAHO, YTO, W0} 25
B OTJMuMe OT KPUBHIX Ha ¢ur. 13,
NpH 3JIEKTPOOCAXKIEHUH HUKeda u W0y 2

JKesesa NP BHICOKMX TEMNEpaTypax J
CKOpOCTh BHIAGJIERU S HUKeas B cnja- 60 1 —
Be Goubiie, yeM xkejesa. Ecrecr- J

BEHHO ObLIO OHAAaTh, YTO C MOBLI- w00\ 0 ‘ Sy
IMIEHHeM TeMIepaTypsl U yMeHbile-

6ot 5 R e ——
HUEM IIepeHanpaKenusd NpH Bhlese- !

HAM 3THX METaJJIOB CKOPOCTb BOC-  zp |

CTAHOBJIEHHS MOHOB B OCHOBHOM 25 50 75 LT

eJIATbCST BEIMYMHON "
GyeT OMpefeNaThesl BEAHIHHO ®ur. 15. Hsmenenue ckopocreil Boccra-

(pO 4 _Rim e U] c HOBJICHHSI HMOHOB HHKeJS H Kese3a NnpH
1 nfF e v COBMECTHOM Daspsifie M NOoTeHUHa a BOC-
CTAHOBJEHHSI HOHOB B 3aBHCHMOCTH OT

IIOSTOMY CKOPOCTL BBICJIEHHS Me- TeMneparypel:

Taza C Gonee MOTOKHTENbHEM 1k 2o spuasie woneneins xopociel pos.
HOpDMaJbHBIM IOTERUUAJOM OYIeT ¢ temneparypoll; 3 — Kpupad mM3McHCHHA
6OJII>U_IE, yeMm 6OJIee OTpI/IuaTEJIbHOI‘O ToTeHI HaMa BOCCT%}:;?;E%}_‘E HOHOB C TCMIe-~
COOTBETCTBEHHO ycJIoBHIO (1).

Ha ¢ur. 15 noxasano W3MEHEHHE CKOPOCTH paspsijia HOHOB HUKEJS
U JKeje3a IPH COBMECTHOM 2JIEKTPOOCAXKIEHUM H3 TeX K€ PacTBOPOB
B 3aBMCHMOCTH OT TemnepaTypbl. Kpusas 2 noxaspiBaeT u3MeHEHHE CKO-
poCTH paspsila HOHOB keje3a OT TeMilepaTyphl.

Kak BHJHO M3 3THX KPHUBBHIX, C YBEJHUEHHEM TeMIepaTyphbl 3J1€KTPO-
JIUTA CKOPOCTb BOCCTAHOBJIEHUSI HOHOB HUKEJS YBEJIHYUBAETCs, & CKO-
POCTh KeJ1e3a yMeHbiaeTcs, W 1pu Temneparype Bbiae 90° cofepxkanue
HUKeJisl B CIJ1aBe CTAHOBMTCH OoJjbiie, ueM »Kejesa.

IlpuBe/leHnble 3KCIEpUMEHTAJIbHEIE pe3yJpTaThl I0Ka3biBaKOT, HYTO
IPH COBMECTHOM paspsiieé MOHOB METaJJOB dHOMaJjbHOTO SIBJEHHA,
3aKJIIOUAIOLIErocss B TOM, YTO CKOPOCTb BOCCTAHOBJICHHMSI HOHOB MeTamlIa,
BBIIeJsIONIerocst ¢ GoJiee OTPUIATENbHBIM TMOTEHIUANOM TNPH Pasjienb-
HOM ocaxJIeHuu, Gojbllie, YeM CKOpocTh paspsajga meraana c Gosee
TIOJIOXKUTEILHBIM [OTEHIHAJ0OM BOCCTAHOBJIEHUs, HE Halmaofaercg. JTa
AHOMaJIUsl CBfI3AHA C.M3MEHEeRHeM NeDEeHANPSKEeHHs BolIeAIOIHXCs
METajijIoB IIPH COBMECTHOM HX OCKAECHHH H3-32 H3MEHEHHS TPUPOLB!
HOAKJIagKH 3JeKTPoAa,
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13 13J10K€HROT'0 BUAHO, YTO HA OCHOBAHUU U3YHEHH$ 3aKOHOMEpHO-
CTell pasjenbHOro paspsila HOHOB HeJb3st CYAMTh O 3aKOHOMEPHOCTSX
HX COBMECTHOTO paspsijga, Tak KaK NP COBMECTHOM BOCCTAHOBJIEHUH
HabJI0JaeTcs B3aUMHOE BJHSIHME Da3psKaloUluXcsi HOHOB U H3MEHEHHE
KWHETHKY pa3psja. B cBsasu ¢ 3THM HeoGXOLMMO NPOU3BECTH pasrpaHu-
YeHHE TeOPHH COBMECTHOTO paspsfa AJsI HECONPSIKEHHBIX M peaybHBLIX
CONPSIKEHHBIX CHCTEM.
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K. M. TOPBEYHOBA,I0. M.IIOJIYKAPOB

3JEKTPOKPUCTAJIJIU3ALUS CIIJIABOB

Hutepec x npobsievMe 3geKTPOKPUCTANIU3ANUY CIJIABOB 3a MOCJeN-
HHe TOABI BO3POC B CBsI3W C paciiMpeHueM TpeGoBaHUl, Npeinhas/igeMbiX
K CBOHCTBAM MeTaJJNNYeCKHX [OBEPXHOCTeH, yAOBJETBOPEeHHEe KOTOPLIX
CBSI32HO C TIOUCKAMH BO3MOXKHOCTH OCAKJEHHS HOBBIX KOMOWHArui
MeTan0B—CIJ1aBOB HOBOrO THNa. Kpome Toro, Kaxk BLIsiCHUJIOCH B pado-
Tax, BBIMOJHEHHBIX 3a mocjiefnee gecsaTuiaerde [1], cpoiicTBa CI0KHBIX
MeTA/NJINUeCKUX TOKPHITHH MOKHO HW3MEHSATb, BapbUPysl HE TOJbKO
OPpHPOAY ¢ KOJHUYECTBO BXOAAINMX B CIJaB KOMIOHEHTOB, HO TaKkKe
H (a3oBoe CTPOEHHE CIJIABOB NPH COXPAHEHUU TOTO K€ XHMHYECKOIrO
cocTaBa. B 3TOM OTHOIIEHHWH yCJAOBUS BOCCTAHOB/JAEHU S META/1/1a Ha KaTojle
JIEKTPOJUTHUECKOH FUedKM ABJSIOTCS OCOGEHHO GJaronpusTHbIMH, TaK
KaK WMEETC BO3MOXKHOCTh CO3/aBaTh YCJOBHUs, CYIECTBEHHO OTKJIOHSIO-
Imuecs oT paBHoBeCcHHX. M3MeHsist UX B JJOCTAaTOYHO IIMPOKOM HHTEPBAJE,
MOXHO MOJIy4aTh CHCTEMBI € CHJILHO DPa3iquaioliMMHCH CBOUCTBaMH
BCJICACTBHE 3HAYUTENbHLIX OTJAHYU{l B NPUPOJE BO3HUKAIOUUX [IPU 3TOM
MeracTabuIbHEIX (a3,

B pesynbrate u3yueHUs JHTepaTyphl, OTHocsauielcs K npobaeme
3JIeKTPOOCAKAECHU S CIJIABOB, MOXKHO NPUUTH K 3aKJIOUEHHIO, UTO 3a/la4H
B 5TOH 06JacTy I'PYNIUPYIOTCa B ABYX OCHOBHLIX HanpaBjeHHAX. Ilep-
BOE CBfI3aHO C M3yUeHHEM YCJOBHHA COOCAKAEHHS HECKOJLKHMX METaJO0B
Ha Karoje, BTOpOE — C H3yUeHUEM MPUYIMH, ONPEeJAomuX PasJuuus
B ($a3oBOM CTPOEHHM (HEPEIKO OJMHAKOBBLIX IO XAMHUECKOMY COCTaBY)
CILJIABOB.,

Bo3aMokHOCTE TIPEABAPUTENBLHOTO YCTAHOBJAEHKSI YCIOBHH COOCAMK AL~
HHA JBYX MeTaJ0B TpeOyeT 3HAHUS TEPMOJAMHAMMUYECKHX W KHHETHYe-
ckuX (haKTOPOB, OUPENENSIOMHUX TEUEeHHE JIEKTPOJLHOTO Mporecca.

Ha mnepBoMm starne pabor B 0OJACTH 3J€KTPOOCAXJACHHS CIJIABOB
peuende BOMPOCa O COOCAXKAEHUH ABYX WJiM GOJIee META/IIOB OCHOBHIBA-
JIOCh Ha JAHHBIX 3MIMPUYECKUX MCCAEIOBAHUA. DTuM myreM OBLT PelieH
PAA NpaKTHUYECKH BaXKHBIX 33J4au HAHECEHUsT MOKPLITHH U3 Cl/1aBOB
(matyun, GpoH3a M Ap.). Bmecre C TeM MHOMOYMCJICHHBIE TPYLHOCTH,
BCTpeuaBIIdecss HA 3TOM NYTH, BEI3BAJH HEOOXOAUMOCTb TE€OPETHIECKOTO
pacCMOTPEHusI BCEX acileKTOB Npo6JeMbl 37€KTPOOCAKACHHA CIJIABOB.
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B page pabor, nossubmmxes 3a mocsiefiuue rofsl, GbiI0 PACCMOTPEHO
U3MEHEHUE IaPUUaNbHOA MOJSPHOH CBOOOZHOH HEPTHM KOMIIOHEHTOB
npy 00pa3soBaHUM CIIJIABA U CBSI3AHHOE C TAM CMemeHue HX paBHOBeC-
HbIX TIOTEBUWAJOB, OOYC/AOBAMBAIONIEE WM BO3MOXMKHOCTH COMMKEHHUS
noTeHuMaJ 0B BbifeseHHs meramnoB [2], [3]. B pesyabrare npoBsegen-
HBIX TE€PMOAMHAMHYECKUX pacyeroB ObLLIO YCTAHOBAEHO, 4TO XJsi psfa
MPAKTHYECKU Ba)KHBIX CIJAABOB CONUKeHUe IOTEHUHA/NOB, Onpelesige-
Moe 00pasoBaHueM TBEPHOTrC PacTBOpPa WJM XUMHYECKOrO COeIMHEHHUd,
peaxo npeswimuaer 0,5 6 u, CjAEJOBATENbHO, B PsAe CHJIbHO OTJAudalo-
HIMXCH B 3JEKTPOXUMHYECKOM OTHOLUCHWM METa/JIOB OHO MOXKET OKa-
3aTbCsl HEAOCTATOUHBIM AJ/si TOFO, YTOOBI NMPHBECTH K HX COBMECTHOMY
BOCCTAHOBJICHHIO HA KaToJe.

Bonee cymectsennoe BausiHue B 3TOM OTHOWIEHWH OKa3HIBAIOT (PakK-
TOPBI, BBI3HIBAIOIIHE M3MEHEHHE TEPMOAHHAMMWYECKOrO COCTOSIHUSI HOHOB
B pacrBope. Tak, BxoxjeHne HWOHOB B KOMILIEKCHl MOXKET IIPUBECTH
K CYILeCTBERHLIM CABUIAM PABHOBECHBIX [OTEHIUAJ0OB H B pe3yJibrare
5TOT0 — K COOCaKAEHHUIO MeTa/qnoB. Kak u3BecTHo CABMTI MOTEHIHANOB,
o0yC/IOBNEHHEIH  HW3MeHEeHHEeM, AKTHBHOCTH HMOHOB B pacTBope, TNpH
HAJTHYUY JAHHBIX O ero TNPHPoje MOXKET ObiTh paccuyuTaH TepMOAuHA-
MHUECKH,

3HAuUTeNILHO CJIOXKHEE OKAa3hiBAETCA pelleHHe BONIPOCA O BJMSAHUU
KHHETHYECKUX (akTopoB. B 3TOM cayuae 3Hanue TNOJIAPU3ANMOHHBIX
KPHUBLIX, XapaKTepusylomux Ipomecc paspsiia KaxkJAOro BHJAA HOHOB
B OT/I€JIbHOCTH, MOKET 0Ka3aThCs HEJOCTAaTOYHBIM AJis pacdera yCaoBui
CyMMapHOro mnpomecca.

JefdcTBUTENBHO, €CTh OCHOBAHWSA OXHUAATh, Y4TO AAXKE B TOM CJyuae,
eC/IM CTPOEHUE HMOHOB OCTACTCST HEW3MEHHBIM IIPU BBEJIEHUU B PacTBOP
JAPYIroro KOMIIOHEHTa, CKOPOCTh Paspsifia UX MOxKeT U3MEHUThCH, TaK KakK
HU3MEHHUTCS NPUPOJA NOBEPXHOCTH KaTojad, CTPOeHue ABOHHOIO 3JIeKTPu-
YecKoro cjos u T. A. [4]. B wacTHOCTH, u3MeHeHHEe NPUPOABI KaToAd
JIOJIKHO TIPMBECTH K CMEIIEHHIO TOUKM HYJEBOTO 3apsja; nocjaejHee
MOXKET CYHIECTBEHHO CKAa3aThCsi HAa KHHETHKE nponecca paspsifa, 0co-
OeHHO B TeX cayyasx, KOIJIA HAa 3JEKTPOjie NPOMCXOAUT BOCCTAHOBJICHHE
annona [1 ). CoBeprueHHO 04€BHAHO, YTO CKOPOCTh pa3psija CTaHeT WHOH,
€CJIM U3MEHUTCS CTPOEHHWE ABONHOIO 3J€KTPUUYECKOro CJ0s B pe3ysbTare
BBEJeHUA KATHOHOB BTOPOro KOMIOHeHTa. HeKoropoiMu aBTOpaMu
UMEHHO C 3TOf TOUKM 3peHus OblIM PAaCCMOTPEHbI Pe3yJ/abraThl SKCIepu-
MEHTAJbHLIX HCCJAeAOBAHUN Mponecca COOCAK/IEHUS META/JIOB XKeJje3-
HOU rpynmsl [5].

Taxum o6pasom, MpH PacCMOTPEHHH YCJOBUH, MPUBOAAIUX K cOnd-
JKEHHIO MOTEHIIMAI0B BHIAEJAEHHS METAJJ0B, CJAelyeT B NEPBYIO Oouepellb
y4eCTh XapakTep n3MEHEHHH B NPUPOAE KAKAOrO U3 BUJOB HOHOB IOJA
BJMSiHWEM BBeJleHHBIX B PacTBOP WOHOB APYroro KOMIIOHEHTa, a TaKike
ydecTb BO3MOXKHOCTH H3MEHEHHsl KuUHeTHUeCKHX (akTOpPOB paspsja,
006yC/IOBJEHHBIX 3TUM OOGCTOATENLCTBOM. BMecre ¢ TeM Cliefyer HMEThb
B BUAy, YTO 3TH C/JBUTH IOTEHIMAJOB BCerja AOMOJHAKTCA CIBUTAMH,
O00YC/IOBJEHHbIMY BhLAEJCHHEM SHEPTud CMEIIeHHs Npu 0O0pa30BaHUU
TBePJOro PacTBOpa uUJM XHMUYECKOIO COEAMHEHHUd.
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Kak 6bi10 yke oTMeueHo, CEOHCTBA 3J€KTPOOCAXKIEHHBIX CIIJIABOB
HePeAKO CYMeCTBeHHO OTVIHYAIOTCA OT CBOACTB CIJIABOB TOTO JK€ COCTABA,
NOMYYEHHBIX TepMHUUeCKUM nyTeM. Tak, 3JeKTPOJIHUTHYECKUH 0CajfoK
CIJIABA 30/10TO-—MCJAb B HEKOTOPBIX Cayuyasix o06/afaeT MOHHKEeHHOH
KOPPO3UHHOHA CTOIKOCTBIO IT0 CPAaBHEHUIO CO CIIJIABAMY TOTO XK€ COCTaBa,
nosydenHbIMM TepMudeckuM nyrem [6]. Ogenb gacTo criaBbl, MOJgydeH-
HbIe ITyTeM 3JEKTPOJK3a, WMEIOT MOBLIIIEHHYIO TBEPAOCTh, UTO HEPEIKO
cBs3aHO ¢ 06pasoBaHueM NEPECHIIEHHBIX TBEpAbIX pacTBopoB. Ocolblil
HHTEPEC NPeACTABJAAIOT MAarHUTHBIE CBOHCTBA 2JEKTPOMUTHIECKH X TOKPDI-
THH U3 CIJaBa, BEKJOYAWHX (PEePPOMATHUTHLIE METANJBI, ONHCAHUIO
KOTOPBEIX TOCBAIEHA ClenuajdbHas CcTaTbsg B HacTosimeM cOopHUKE.

Yike BcKOpe 1ocje Toro, Kax Onljia 06HAapy)KeHa BO3MOMKHOCTb 0Ca-
JKJeHN Sl HECKOJIBKMX MeTaJJIOB ITyTeM 3JeKTPoJu3a (BHepBhie 5T0 6buLIO
YCTAHOBJGHO [Ji1 CHCTEMbI MeJL—IIHHK), BO3HMK BOIpPOC O TOM,
ABJSIeTCH JiH JAaHHBIT OC3Z0K CMECLIO KPHCTAJIOB 3THX METaJJIOB HJH
B yCJOBHAX 3/€KTPO/H3a 06pasyloTcsl CIJaBhl, COOTBETCTBYIOUHE [Ha-
rpaMme paBHoBecus. [TepBonaua/bHbie NONLITKH PeIEHH s 3TOIO BONIpoca
Ha OCHOBAHUHU 3JEKTPOXUMHYECKMX METOJO0B HCC/AeJ0BAHUS HE MOIJIU
JlaTb OIpEeJEJNeHHOr0 OTBETa.

[lpumeneHye PEHTIEHOCTPYKTYPHOTO METOAA HCC/ICIOBAHUS TO3BO-
JUJIO B PAAe CJyd4aeB YCTAHOBHTb HAEHTHYHOCTL B CTPOEHUM CIIABOB,
NOMYYAEMbIX 3JEKTPOJNMTAYECKMM H TepmuueckuMm nyrteM (7], [8];
B YaCTHOCTH, 3T0 OBLIO 110KA3aHO AJS CHCTeMbl Meib—uuHK [9]. B Goab-
WIMHCTBE K€ JPYrux C/ydaeB HCIOJbL30BAHME 3TOMO MeTOLA MHPUBEIO
K BBIABJEHUIO OTKJIOHEHUH B NOJOKeHWW rpanun obsmacted cyuiectso-
BaHHUs TOH W/JuM 4HHOU (pa3bl OT AAHHBIX JAHarpaMM paBHOBECHS 3THX
CHCTEM,

Ha o6GpasoBaunme TBEPALIX PACTBOPOB NPH  3IJEKTPOOCAKCHUU
Pa3NMYHBIX CIIIABOB yKasbiBaad muorue asropnl [10]—[16].

CymiecTBeHHbIH HHTEpEC NPEACTAB/AJO BHIICHEHHE BOIPOCA O TOM,
B KaxkoH Mepe cocrtaB (a3 B 0CajKax, HNOTYUYEHHBIX JAEKTPOTUTHIECKHM
NyTeM, COOTBETCTBYeT guarpaMmde paBHoBecHst. ¥Yixe Cruaaysa u Crayr
[11] ormeuamu, uyTO TpH 3JEKTPOJIUTHUECKOM IOJIYUEHHH CILIABOB
cepeOpo—KaaMul BO3MOXKHO 00pasoBaHue MeTacTaGuJIbHBIX CHCTEM.
L. Y. Jlafiuep npu peurreHorpaduueckoM HCCJIEJOBAHWU 3JEKTpoOCa-
JKJEHHDIX CIIN1aBOB cepebpo-—cBuHen o6HAPYXKUJA B HHX (assl nepeco-
IIEHHLIX TBEPALIX PACTBOPOB, IO COCTABY JAAJIEKO BBIXOJSIIHX 3a rpa-
HUIbL PACTBOPUMOCTH Ais paBuoBecunix cucteM [17]. Taxoe ke siBaenue
nabmofanoch PayGom u Ouresns (181 Hmu Oblio ycTaHOBJIEHO, 4TO
B c/lyyae 3JeKTPOOCAxeHMs ciaaBa cepeGpo——CBUHEl BO3MOMKHO o0pa-
30BaHue TBEPJALIX pacTBOpPOB, coepxamux Ao 10% cBunna. [Tpu uccie-
JNOBAHUU K€ CIJIaBa KaJlMdHd—UMHK, OTHOCHINErOCs, KdK X CIJaB
cepeOpo-—CBHHEN, K CHCTEMAaM S3BTEKTHUECKOTO THIA, [IepechlieHHbe
TBEp/ble PACTBOPHI He Obliu ofnapyxens [19]. B pesyabrare penrre-
HOTpaduIecKoro HCCHEIOBAHUSA JIEKTPOJIUTHYECKUX OCAJAKOB CIJABOB
meab—ounoso JI. M. Jlafinep [20] ycranoBua Hamnuue B HUX (Pa3bl CHIALHO
IEePEeChIIEHHOTO TBEPIOro pacrBopa oJioBa B Meju. Payl u dureanb obHa-
pykunn (asy NepechLiileHHOTO TBePJOT0 pacTBOPa B 3JEKTPOOCAXKJEH-
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HBIX CMIABAX Melb—cBunen, Bucmyr—cepebpo [211], a Pay6 u 3ayre
Tep — B CIJaBax cepeGpo—rannuii [221.

Takum o6pasom, Ha OCHOBaHWHM Pe3yaLTATOB PAGOT MO HCCIELOBA-
HYIO CTPOCHUS SJEKTPONUTHUECKHX OCAAKOB CIJIABOB MOXKHO OBbLIO CUK-
Tarb YCTAHOBJIEHHBIM, YTO B YCJOBUSIX 3JEKTPOJAx3a MOTYT 06Gpa3oBhi-
BaThCA CHJIABBI, 3HAYMTENBLHO OTJAMYANOIMKECs WO CBOMM CBOHCTBAM
OT CIIABOB, TOJYYCHHBIX TEPMUYECKHM TMyTem; Onaroiaps sromy
pacuupsiercs 06/acTh NPUMEHEHHS MOKPBITHH W3 CIJIABOB.

Hecmorps Ha nannune A0BOABHO GOJBIIONO 4icAa paboT MO 31eKTPo-
KPUCTaNu3auuyd CIJAaBOB, BONPOC O npuudHax, OGYCJIOBJIMBAIOIIHAX
BO3HUKHOBCHUE Ha Kartojie qubo OJHO(PA3HON CHCTEMbl MEPEeChINEHHOTO
TBEPAOro pacrBopa, au0o ABYX(a3HOH CHCTEMb, TOYTH COBCEM HeE 3aTpa-
ruBazica. CrellyeT OTMeTUTb, YTO BOMPOC O NPUUMHAX 06PA30BAHUS METa-
CTa0M/bHBEIX CHCTEM INPU COOCAKAEHHM ABYX METa/lJIOB TECHO CBs3aH
C BONPOCOM O mpuyuHax o0pas’oBaHus HAa KATORE HEyCTOHUMBLIX MOJHM-
puKanuMd YECTBIX MeTaNJIOB, HAMPUMepP HUKedst C TeKCcaroHalbHOR
peweTkod u Ap.

Brigcuenne MexaHuamMa o6pa3oBaHus Ha KaTofe CIIaBa TOTO WJH
MHOTO (Da30BOro CTPORHHS! MO3BOJIU,IO Obl NPEABHIETH CBOUCTBA 06pas3ylo-
IMXCSA OCAAKOB HA OCHOBAHUM JAAHHBEIX 00 3/€KTPOXUMUICCKUX YCIOBHSX
UX nodyvenus. ITpuBojyuMbie HUKE Pe3yNBTATHI TEOPETHUECKOTO M KC-
HNEPUMEHTANBHOIO U3yYenusa Psiid OTHOCAIMXCH K 3T0H npobjemMe BOmMpo-
COB XApaKTePHU3YIOT NMPHPOAY ABJIEHWH, KOTOPbie OTPEeNsiOT 3aBHCH.
MOCTb CTPO€HHUS CIIJIAaBOB OT 3JIEKTPOXUMHYECKHX RAPAMETPOB Tporecca,

YCJIOBHSI OBPA30OBAHMSI NEPECBIIEHHBLIX TBEPALIX PACTBOPOB
MMPH JJIEKTPOKPUCTAJUUIU3ALIMU CITJIABOB

[Tpu paccmoTpennu sB/A€HMH BO3SHHKHOBEHHS HA KATOJE NEPECHILEH-
HBIX TBEPABIX PacTBOPOB OblIM TPUBJEUEHBI MPEACTABAEHHA TEOPUU
o0pa3oBaHUa W poOCTa 3aPOJALIIEH HOBOMH ¢dase [23]. Kak ussecTHO,
NPH 3JACKTPOKPHUCTANIU3ANMY YUCThIX METAJIOB HAa YYKEPOJHOH NOBepX-
HOCTH B yCJIOBHSAX, UCKJ/IOUAMHKX NOsABJeHWEe TaK HA3LIBAEMON XWMu-
YeCKOH M KOHIIEHTDPAuHOHHON TMONapu3anuy, OCaKIAECHUE METaana BCe XKe
HAYMHACTCST MPH HECKOJAbLKO 0oJiee 3JAEKTPOOTPUIATENLHOM IIOTEH-
uxane @y, 4€M PaBHOBECHBIA @, [24]. Dro KparKOBpeMeHHOE MOBBbILIe-
HUe MOTeH1HAJia B NePBLIH MOMEHT IOCJe BKJIOUEHHS TOKA, KaK NOKa-
san DosbMep, BhI3BAHO HEOGXOAUMOCTHIO 3aTpaThl A0GABOYHOH PaGoThHI
Ha oOpasoBanue 3apoibiina HOBOH ¢asel [25]. Ha ocHoBaHMH 3THX
NPeACTaBJIEHHH MOXKHO PacCMOTPeThb yCJIOBMS, NPUBOAAIIME K 00pasoBa-
HHIO HA KaTOAE MepPechlUEHHBIX TBEPALIX PacCTBOPOB.

[Tocne Toro Kak npu BbiZEJEHHAH SJEKTPONOJIOKUTENIBHOIO MeTajlia
NOTEHNHAM KaToJa HOBLICUTCH A0 3HAYEHHS, COOTBETCTBYIOIEr0 DaBHO-
BECHOMY B JaHHOM paCTBOPE MOTEHNUANY ¢ BTOPOTO META/Ia, NOSBUTCH
BO3MOXKHOCTh €ro ocaxKAeHus. Ecau obpasopanue 3apojpliia BTOPOH
(aspl Ha moBepXHOCTH YK€ BblEJNMBLIErocs MeTamia tpebyer A06aBoOu-
HO 3aTpaThl SHePruu, TO Paspsyl HOHOB Broporo merasnua (c o6pasoBa-
HueM cOGCTBEHHON (has3bl) OKAXKeTCsh BO3MOKHBIM TOJMBKO Npu eme Gosee
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BLICOKOM IOTEHI U A€ (p;. OjHako B OTJHYME OT YCJAOBUH OCAKIACHHUS

YHUCTOrO METasNa Ha Uy)KEPOLHOH NOBEPXHOCTH NPH OCAXKACHUU CILIABa
NOABJAETCST HOBAas BO3MOXKHOCTb paspsiia MOHOB (§oJiee 3JeKTPOOTpu-
[AaTeJbIIOT0 MeTal/jila C BHeAPEeHUuEM ero aToMoB B pemeTKy pacryuiux
KpUCTaNA0B Gosiee MOJOKUTENbHONO Meradna. Takum o6pasoM, mocie
TOrO KaK NP 3aAaHHOM TOKE AOCTHTHYT M IIPEBBIIEH PaBHOBECHBLIH
IIOTEHIM AT BTOPOTO (3/1€KTPOOTPHUATENHLHOr0) METANIA Py, NOSABJISIETCS

BO3MOKHOCTh 0GP 430BAHHA S TePeChilel HbIX TBEPAbIX pacTBopos. Ha ocuo-
BAHHH 9TUX NOpPEICTABICHMI CTAHOBUTCS TNOHSTHLIMH HaGMIOAABIIUECS
IIs  9JeKTPOJNUTHYECKHX OCAJAKOB CIIJIABOB OTKJOHEHUS TOJOXKCHHSA
(Ha30BbIX TpaHUI[ OT IPaHHUIl, CBOACTBEHHBIX PAaBHOBECHBIM CHCTEMaM.

Aty ke (PAKTOPLI, CBA3AHHLIE C 3a¥PYAHEHHSIMH NPH (POPMHUPOBAHUH
HOBOI1 (pasbl, MOI'YT NPUBECTH K TOMY, UTO MPH IEKTPOOCAKIALHUHN CilJId-
BOB, OTHOCSILIMXCS K TUIYy TBEPALIX PacTBOPOB, CTAHOBHTCSI BO3MOXKHDIM
ofpasoBanue JAByx(a3HOl CHCTEMbl BMeCTO OJHO(A3HOTC TBEPAOro pac-
TBOpa. YCJOBHEM 3TOI'O SBJFETCST AOCTATOYHO BhICOKAs TOJSPU3ANMs
Karoja B TMpoOLecce BOCCTAHOBJEHWS WOHOB MeTajljioB, B pesyJbrate
KOTOPOl TOTEeHUMasl MOXKeT 3HAUWTEJbHO I[PEBBICUTH BEJIUUUHY (p;,.
B sroM ciayuae BO3MOKHO Bblle/IeHHE 3JEeKTPOOTPULATE/BIOr0 MeTala
B BuJe camMocTosATenbHo# (aznl. [Tpu 31OM HEOOGXOAMMO YYHTLIBATL, UTO
SHePTHHA, BLUIEASIONAsCS PH 00pA30BaAHMH CIL1ABA (IHEPTUST CMEIIEHU ),
MOXKET 3HAUUTENHHO MOBRICUTH BEPOSITHOCTL 06pazoBatust (azsl TBEPLOTO
pactBopa. OfpasoBauue AByx(ha3HOH CUCTEMBl JUIsi CILIABOB, Xapaxre-
PU3YEMbIX HEMpPEePBLIBHBIM PSIAOM TBEPABIX PACTBOPOB, HalMOAANOCh KaK
Pay6om [6], Tak u aBropamu mnacrosmeii paGorb [23].

Qur. 1 HAIOCTPUPYET IJCKTPOXUMUUECKUE YCJIOBHSL, COOTBETCTBYIO-
e JBYM PacCMOTPEHIbIM CAaydasiMm 06pa3oBaHus OJHOpasHbIX W ABYX-
dasubix ocamkos. Ha ¢ur. |, @ u 6 nonspusanuonusie kpusbie / u 2
XapaKTePH3YIOT MPOIECC BLLEMEHUS UHCTHIX METAMIOB, a KpuBas 3 —
POILECC COBMECTHOrO OCaxkAeHus AByx Mmerananos. Ha cdur. |, a" # o’
IpeACTaB/ieH0 u3MeHeHHe NOTEeHMaJda KaToAa BO BPEMEHH T0CJEe BKJIO-
YeHMsST TOKA, COOTBETCTBEHHO AJisi caydyaeB a u 6. Pur. 1, a u a’ cooT-
BETCTBYET TAKOMY 3HAYEHHMIO TOKA i%, HpH KOTOPOM NOTEHHHAJ] KaTold

HE JIOCTHraeT BeNMYHHbI (M HA Karoje MPOMCXOJMT POCT oxHohas-

HOTO TBEPJOr0 PacTBOpa B COOTBETCTBHM C BLICKA3aHHBIMH COOOpaxke-
HusiMu. Ha ¢ur. 1, 6 u 6’ npeicTaBJeHbl KPUBLIE, XapaKTepuU3yrollHe
ocaxjJieHHe CryiaBa npy TOKe (%, NpPU KOTOPOM MOTEHIHAJ KAaToJa MOBbI-

maercs 10 3Hauenusi Gojibilero, uem ¢j. B 3TOM cayuae nosBasercs

BO3MOKHOCTh BO3HUKHOBEHHS (Pa3bl 3JEKTPOOTPHIATENLHOTO MeTasla
¢ o0pasoBanueM Ha Katoje ABYyX(asHOH CHCTeMBbI.

B  npuBeiedHoM paccyxXJIeHHW HE IPUHUMANOCL BO BHHMAHHC
TO O06CTOSITENLCTBO, UTO BHEJAPEHHE BTOPOTO KOMIOHEHTA B pemieTKy
MeTa/Ia-PacCTBOPUTEIA [IPU 3HAUMTENbHLIX pazInudsix B pajuycax
UX aTOMOB MOK€T HNPUBOAMTL K 3HAUMTEJbHBIM HCKAXKEHUSM DEINETKH.
Ha npeoposnenue BO3HUKAOMKX HCKaxmenuil Tpelyercss JONOJNHHUTENb-
Hasg sHeprus. JIpu 3J€KTpOOCAaKIEHUM 5TO Bbi3bIBaeT HEOOXOAHMOCTh

3* 35



NOBBINIEHMA TOTeHnyana karofla. Bosppamiasck k cxeme nHa dur. 1,
MOXKHO OTMETHTh, 4TO B 3TUX CJAyuasx peanu3anus nponecca paspsja
HOHOB 3JIEKTPOOTPHILATENLHOTO MeTa/jia ¢ 06pa3oBaHueM TepechileH-
HOT'O TBEPJAOro pactBopa TpelyeT yBeJMUEHHst NOTEHUMANA [O CPaBHe-
HAIO C €ro PABHOBECHBIM 3HAUEHHEM HA BEIHUMHY, COOTBETCTBYIOILYIO
SHEPTUM UCKAKEHHU A KPUCTaMIudecKol pemerky. Cle1oBaTesbHO, BXOXK-
JIeHHe 3JEKTPOOTPUUATENbHOIO METajijia B PEUIETKY 3JeKTPONOJIOKU-

a

2 .
PO S ——
I3 "I II . I ![ ltl '
Po Yo Pp (ﬂ; @ Do Pp Yo Py 7]
t a’ ¢ 5
- o 1 i - gt
Do V5 CpPp ¥ Yo $p P Py @

Gur. 1. Cxema, nosicHSOUmAas ycJoBHS o€pasopaHus ua
KAaTO/le OCajIKOB PasaHuHOro (Pa3zoBOro €ocTasa:
a -— TBEPAOro pacTeopa; 6 — AByxdasunoil cmecu.

TEJLHOI0 METaJdJa OKAXKeTCqg BO3MOXKHBIM He€ IIpH [OTeHpualme (Pg’

a mpu OGojiee BLICOKOM TOTCHIHANE, PAaBHOM Quce = Po 1= A,
B oM ciayuae, ecin @7 OKaxkerca Memblie, ueMm (P:b’ Ha Karofe Oyaer

IPOUCXOAUTE POCT (pa3bl NEPECHILECHHOrO TBepAoro pacrsopa. Eciu xe
PHEPTHA MCKAKEHHs POMIETKA BHICOKA M OKAKETCS, 4T0 @) . > @,

TO OyjAeT HaAGAIOATBCA DOCT ABYX (pa3: (asbl NMPAKTHUECKH YHCTOTO
3JEKTPONONOKUTEABHOIO MeTanda W (hasbl  3JdeKTPOOTPUIATENbHOTO
KOMIIOHEHTA.

[Tocse Toro Kak AOCTUIHYT MOTEHIMAN KATOAA, IPH KOTOPOM BO3MO-
XKeH PocT (Dasel 3JeKTPOOTPUNATENBbHOIO KOMIIOHEHTa, NPOUCXOAUT COB-
MECTHOE oCaxK/AeHHe ABYX (a3: Pasel TBePAOTO pacTBopa u (asnl S1eKTPo-
OTPHUATEILHOTO MeTa/na, PacupefesieHue KOJAHUECTB 3JEKTPOOTPHIA-
TEJILHOTO MeTaAna MexkAy (a3oll TBEpAOTo pacTsopa u coO6cTBeHHOH (a3oh
MeTanasa OyZer NPONOPUMOHATBHO BEPOSTHOCTH TOrO W APYroro mpo-
1€CCOB, :
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Ecau ne yuurtwBaTh ofpaTHoro mpomnecca (pacTBOPEHHs), TO CKO-
PoCThL mpouecca BbIENEHHsI YHCTOTO MeTajuid, T. €. TOK, Tpelyiomuiicy
Afig TpOoTeKaHus JaHHOH peakuuu, MOxKeT OHTh NPEACTaBJEH ypaB-

by
Henuem [ =Fk'e * [26].

Ilpu coocaxx/ieBud Ha Karoje MerassioB, o6pasylomux TBepane pac-
TBOPHl HJIM XHMHUECKHE COEJMHEHUsI, PaBHOBECHBIH MOTEHUHAJ 3JIeKTpPO-
OTPULATENLHOTO METa/ljia CABUIaercsi B CTOPOHY MOJIOKUTETbHBIX 3HA-
YeHUd; BCJACACTBHE ITOTO BEJAMUMHA 1) TPU 33TAHHOM MOTEHIMANE OKA3hi-
Baercsq 0osblue, yeM NPy BhACJAEHAU ducroro merasyia. COOTBETCTBEHHO
Hpu OAHOBPEMEHHOM pocTe ABYX (a3 CKOPOCTb NPOLECcCa BOCCTAHOB/IEHU
‘JIEKTPOOTPULATENLHOTO MeTalaa ¢ oOpasoBanueM (asbl TBEPAOro pac-
TBOpa Oyzer Bolme, 4eM (a3bl KPHCTaMIOB ukcToro Merannaa. HaoGopor,
Ipu 00PA30BAHUY N1EPECHIIEHHLIX TBEPALIX PACTBOPOB NePeHallp sKEHMeE 1)
MeHbIIE, 4eM B fIporecce pocta (a3t Y4uCTOro KOMIIOHEHTA, Ha BeAUYdHY
SHEPIMY HCKAXKEHUA PELIETKH, BbI3BAHHOIO BHEADEHUEM B Hee 4yKepoj-
HbHIX ATOMOB.

BesuuyHa 5HePTUH MCKAXKEHW A MOXKET ObITh NPUOIUIKEHHO OueHeHa
o MeTOAy, mpensoxexuoMmy Ilunecom [27].

Taxkum o06pasoM, Npd BbIACACHHHW HA KaTOAE METAMJIOB, HE B3aWMO-
JEeHCTBYIOIMUX MEXKAY COO0H ¥ UMEIOUUX 3HAUUTENBLHOE OTJHIUe B pajuy-
Cax arToOMOB, OCAJOK, BepOsiTHEe BCEro, NPelCTaBiaseT CMeCh STHUX Meras-
J0B. OZHAKO €Cau BblAeJIEHHe 3J€KTPOOTPHIIATENBHOT0 METAN/IA CBA3AHO
C JAOCTATOYHO BBICOKHM IepeHaNpsDKeHUeM, NPEeBHIIAIOMHUM 3HAYEHUe
2HEPTUU HCKAKEHUS pemerkud O/naropoZHOro Merasnjaa NPH BXOXKICHUH
B HEro IOCTOPOHHUX ATOMOB, TO BepOATEH POCT (Da3bl NEPECHI{EHHOr0
TBEPJOro pacrsopa.

Ha cooruoirenue xoauuectB a3 MepechNleHHOr0 TBEpPAOro pac-
TBOpPA ¥ YHCTOrO METAJIA CYIeCTBEHHOE BAMSHUE OKA3bLIBAeT BeJIHUYHHA
NepeHanpsKeHUs KaToja B NpOIecce BhAeNeHHs (a3sl 3J€KTPOOTPH-
' [aTeJbHOr0 MeTaJJa.

Jo cux nop paccMaTpuBaZioCh BJMsSHuE TepeHANPsKEeHUus KaTojaa
B IIPOMECCE BHIEJEHUS 3JEKTPOOTPHIATENLHOIO MeTaldsa Ha (asosoe
CTPOEHUE OCaKOB CHJABOB. IHTEpeCHO paccMoTpeTh, B KAKOM Halip aBJie-
HUM CKaswiBaeTcs HA (Da30BOM CTPOCHUM 3JEKTPOOCAKAECHHBIX CI/IABOB
TiepenanpsKenye Karoja B IPONecce BOCCTAHOBJEHHSA 3JEKTPOIOJO-
JKUTEJNBHOTO MeTasja. D MpUBeJeHHbX Bbillle PACCYKACHHAX MNPEANo-
Jarajochb, 4TO HA KATOAE BO3HMKAET OCAJAOK 3JEKTPOMOJOKUTE/NbHOTO
Merasana, o06JaflAloIIero  KPHCTAJ/UIMYECKOA  pelieTKol, MnpucyueH
MeTa/May, KOTOPbIH HAXOAMTCH B PABHOBECHOM COCTOAHHU. OJHAKO MpH
JNEeKTPOMUTHUECKOM IOMYUEHHH CIIJIABOB B YC/AOBUSX BHICOKOTO Tmepe-
HalpsKeHUsi Ha KaTole 3HEePreTHUeCKOe COCTOSHUE BOCCTAHOBJIEHHHIX
aTOMOB 3JIeKTPONOJOKHTENbHOIO MeTaJa, B JAaHHOM CJydae Meld,
MOKeT OKa3aThCsi HECKOJNbKO MOBBULIEHHBIM; XapaKTep B3aMMOZEHCTBHSA
KOMIIOHEHTOB CIIJIABA [IPU 3TOM [IO/DKEH W3MEHHTbCS. B 4acTHOCTH, B STHX
YCIAOBHSX CJEAYeT OKWJAATh MOBLIMIEHUS PACTBOPUMOCTH 3/1€KTPOOTPH-
LATETLbHOTO KOMIIOHEHTA B PELIETKE 3JEKTPONOJNOKUTENbHOro. Ha Bos-
MOXHOCTb BO3HMKHOBEHHSA B I[IOBEDXHOCTHOM CJoe Ocajka aTOMOB,
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5HepPreTu4ecKoe COCTOHHE KOTOPEIX OTJMYHO OT PABHOBECHOIO, YKAa3bIBa-
Jock B psge pador [28], [291.

BosnuknoBenne Ha KaToje C/Os Meransa C MOBLIIIEHHBIM 5HEpTreTH-
YeCKHUM COCTOSIHMEM ATOMOB, NPUBOASANIEE K TOBLHIICHHIO «PaABHOBECHOM»
pPACcTBOPUMOCTH, JOJKHO CABUHYTb MOTEHILMAJ BLIACJCHHS MeHee 0J1aro-
POXHOTO METaNJa B CTOPOHY 3JEKTPONOJIONKHUTEIbHBIX 3HAaueHUH. ITO
sBJeHne Hepeaxko HaOMIOAANOCh TPH  3JEKTPOOCAKACHHM CIIJIABOB,
XaPaKTePU3yeMbIX OTCYTCTBUEM B3aUMHOH PAacTBOPHMOCTH B paBHOBecC-
nblx yesosuax. Taxum o6pasoM, Habmogaemoe o0aropakuBanyue IOTeH-
n#ajga BblJeJEHHs] 3JEKTPOOTPUNATEALHOTO KOMIIOHEHTA MOKeT ORITh
00LSICHEHO MOBLIIIEHMEM PACTBOPHMOCTH W OOYCJ/JOBJCHHBIM 3THM CHH-
JKEHMeM ero naprdaisHOH MOMAspHOM cBOOOAHON SHepruu mpu ofpasora-
HUM ciiaBa. B cieyromuit sran npoiecca aToMbl 671arOPOJLHOr0 KOMIIO-
HeHTA TepsiloT W30bITOK 3HEPrUd U BO3BHUKIIAS CHCTEMA CTAHOBUTCH
HEepPaBHOBECHOH, T. €. TBEPALH pacTBOP OKa3biBAETCs IEPECHIH[EHHbIM
[0 CPABHEHHUIO ¢ AALHBIMYU AUMArPaMMbl PaBHOBECHS.

CBs13b MeXy BEJHYMHOHU NEPeHANPKEHUs IPU BHIAENEHHHU 3JIEKTPO-
NOJOKHTENBHO0 METaNJa M pPAaCTBOPUMOCTHLIO B HEM 3JIEKTPOOTPH-
[aTeJbHOr0 MeTajia MOxkeT ObiTh [OJyYeHAa Ha OCHOBE CJAEAYIOIIHX
coobpakennii. M3mMenenue napuManbHOi MOJSPHON CBOOOIHOH 3HEprun
3JEKTPOOTPHUIATENLHOIO KOMIIOHeHTa (HalpuMep, CBHUHEN WAu TadJdui
B crjaBax C MeJbl0) IPH BXOXKAEHHH €ro B CIjaB B o0umeMm Buje
MOXKHO 3amHcarh caelylomum obpasom [301]:

AFg = RT Inxy— (1 — xp)u;

uAA -+ uBB
u:ZN<uAB~—~——§-—), (1)
rie Xp — KOHIEHTPALHs STOr0 KOMIOHEeHTa (MOJsipHAs J0/s1);

Usq W Upp — SHEPTUH CBsi3M aTOMOB copra A u B COOTBETCTBEHHO;
U ,p — 2Heprus cBsasu aroMoB A u B;
Z — KOOPJAWHANKOHHOE UHUCJIO;
N — uucJio aTOMOB B OJHOM MOJE.

3HaKU BeJIWUWH 1, li,,, Upg H U,p COOTBETCTBYIOT NPHHATHIM
B TepMoxumuu. Ecau arombl KomnoHentoB A u B 3Ha4uTeIbHO OTJIM-
YawTea MO CBOMM pasMepaMm, To B ypasHenue (1) Bofiger wieH, xapak-
TEPU3VIOILHII SHEPTHIO MCKAKEHUS METANINYeckoll pemerku [27 1.

Kak Buano u3 ypasueHust (1), Beauunna AF,, nponopuronajbHas
CMELIEHUIO TIOTEHHMANa BBLIIEJICHHS MeTaNdNa B I[OJOXKHMTEJbHYIO CTO-
poHy A, 3aBHCHT OT MPOYHOCTH CBSI3€H ATOMOB OJUHAKOBOTO COPTA 1l 4,.
B pesyaprare BLICOKOTO NepeHalpsKeHHst KaTola B Opouecce Bhiiese-
HHA 3JEKTPONONOKHUTENBHOIO MeTa/1a (KOMIOHEHT A) B riepBLiif MOMEHT
BO3HHKAIOT aTOMBbI, CBOGOAHAS SHEPTHS KOTOPBLIX OKA3LIBAETCH MOBHI-
IIeHHON HA BENMYHWHY, IPONOPUHOHANBHYIO SHEPTHH, COOTBETCTBYIOMIEH
nepeHanpsiKenuo annf,

Kosdhdunuent o 3aBUCHT B JaHHOM CJaydae OT yCJIOBUil 3J€KTpooca-
JKJAEHUs, B YACTHOCTH OT CKOPOCTH [1pOLeEcca BhleneHus meTanna. Uem
BBIIIE CKOPOCTh Tponecca, TeM OJMKe ero 3HadeHue K eluHuIe, TaK Kak
BO3pacTaer BePOSTHOCTL Pa3p Alla HOHOB 3JIEKTPOOTPHIATE/IbHOrQ MeT a/1J1a
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Ha aTOMax 3JEeKTPOIOIOXKHTEJbHOTO MeTa/iia, €Hle COXPAHUBIINX CBOE
MOBBLIIEHHOE 3HAYEHHE 3SHEPrUu. YBeaudenue CcBOGOAHOH 3sHepruu
MeTajiia B AaHHOM C/lydde aHajIOrMYHO NOBBLIIIEHHIO CBOGOAHON sHEpruu
aTOMOB MeTanja C POCTOM TEeMNepPaTyphl ¥ CBA3AHO IJIABHEIM O6Pa3oM
C TNOBBIIIEHAEM BHYTPEHHEH SHEPTHH, T. . ¢ ocnabaenueM ceaselt A—A.

y‘-II/ITbIBaH U3Me€HeHu e BeJIUYHU HbI HEPTUHU CBA3W KOMIIOHEHTA A u ero
HHTPONUHU, MOXKHO HAMuCaTbhb ypaBHEHHE, XAPAKTEPU3YIOUIEE U3MEHEHUE
NapuHaNabHOH MOJISIPHOH SHEPTUHU 3JeKTPOOTPHILATENBHOI'O KOMIIOHEHTa B
NPH BXOXJCHUU €0 B CIJAB:

AFp = RT Inxp— (1 —xp) (u 4 annF). 2

Ypasuenue (2) 103BOJsIET YCTAHOBHTL CBSA3b MEXK/Y BEIUUHHOH mepe-
HalpsKeHUst B MPOUECCe BLIACNCHUS 3JEKTPOIOJIOKUTEALHOIO MeTania
¥ TPeJeiOM PACTBOPHMOCTH B HEM 2JIEKTPOOTPHUATENBHOIO KOMIIOHEHTA,
HepacTBOPMMOTro B DaBHOBECHLIX yeaoBHsax. Kaxk BuAHO u3 ypaBue-
HUs1 (2), TOBBIIEHWE MNEPEHANPSKEHUS IIPU BbIACJEHHH KOMIOHEHTA-
pacTBoOpUTeJaa IIPW HPOYNX PABHBIX YCJAOBUSAX JOJKHO HPUBOIHUTH
K MOBLULEHHIO Tpefesa PACTBOPUMOCTH B HEM 3JIEKTPOOTPUILATENBLHROrO
MeTaJa,

Caegyer, OAHAKO, OTMETHTb, UTO [epDeHAMpPSXKEeHWe HEOJHO3HAYHO
ONpeJeNseT Mpe/ieN PACTBOPUMOCTH. Benuuuna 3TOr0 mpepena MoKer
H3MEHATLCS B 3aBUCHMOCTH OT CKOPOCTH I[pOIecca, OTPaxkaionerocs
Ha BequuuHe o. BeeficTBue 5TONO BEJMMUYHHA NIPEJAeNbHON KOHIEHTPAnuu
B (hase TBEPAOTO PacTBOPA JIEKTPOOTPHIATENLHOIO METajjia B 3JEKTPO-
HOJIOXKUTEJILHOM M CHJaBOB, NOJyYaeMbiX W3 UHAHUCTBIX 3JEKTPOJIH-
TOB, MOXKET OKAas3aThCs MeHbIIe, ueM, HanpuMep, H3 XJOPHOKUCABIX,
TaK KaK B NEPBOM CJaydae TMpu TOH ke BEIHUHHE NepeHaNpsiKeHusd TOK
paspsja MeHblue,

Taxum o6pasom, o0pazoBaHusi OAHODA3HLIX [MEPECHIIEHHEIX TBEPALIX
pacTBOpPOB cJeAyer OXuAaTh B TOM Cayuae, €CJd BO3HUKHOBEHHE COG-
CTBeHHOH (asnl 3JeKTPOOTPUUATEIBLHOIO KOMIIOHEHTA Ha MOBEPXHOCTH
3JIEKTPOIIONOKUTETbHOTO 3aTPyJHEHO (OTCYTCTBYET KPHCTaMIJIOXHMUUE-
CKOe COOTBETCTBHE PEIIETOK META/JIOB) W MPOLECC OCaXKAEHHS BEJETCS
NPy TOTEHHWANAX HHXE TeX, NPH KOTOPhHIX CTAHOBHTCS BO3MOXKHBIM
o6pa3oBanue (Pasbl JEKTPOOTPHUIATENBHOIO KoMIoHeHTa. [Ipemen pac-
TBOPUMOCTH JIEKTPOOTPHUIATEILHOI0 KOMIIOHEHTA, COTJIACHO 3THM Ipef-
CTABJIEHUSIM, IIOBBIIAETCS IO Mepe BO3pacTaHus NepeHanpskeHud
KaToja B TPOLEecce Paspsila HOHOB 3JEKTPONOJNOKHTENLHOIO MeTanna;
Opy 3TOM OOpa3oBaHue TepPeChIN[eHHBIX TBEPABIX PAacTBOPOB MOKET
HaOJIIOaThCsl Jaxke TIpH TOTeHpuanax, O6oJiee MOJOKKUTEJABHEIX, UeM
PABHOBECHLIH MNOTEHIHUAJ 3JEKTPOOTPHIATENBHOIO MeTaslia B AaHHOM
pacTBope.

[Tocme Toro kaxk JOCTHIHYT NOTeHNHAaJsJ, NPU KOTOPOM BO3MOKEH
pocT (asel 3AeKTPOOTPULATEIBHOTO KOMIIOHEHTA, HAYMHAETCH OXHOBpe-
MEHHBIH pocT AByX (Gas: (a3bl 2J€KTPOOTPHIATENLHOIO KOMIOHEHTa
4 ¢asn TBepAoOro pacreopa. Pacnpenesnenue 3aeKTPOOTPUNATEILHOTO
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3JIEKTPOOTPHIIATENBHOTO MeTanna JAOJMKHO 3aBHCETb OT COOTHOIIEHHS
cKopocreil MporeccoB pocta 3TuX (a3. [loBeimeHHe TepeHanpsKeHus
KaTolla B TPOIECCE BBIENEHHS 3JEKTPOOTPHIATENHHOTO MeTajsa CIo-
cOGCTBYET YBEIMUEHHIO CTelleHH TepechilleHus: TBEPAOro pacraopa.

W3 BuiueNpUBEIEHHBIX PAacCyKAEHHH Cielyer, uTo IpHU 3JEeKTPo-
OCaXKJEHHH CIJIABOB IepeHanpsKeHHe KaTofa B IIPOLECcce BhIENEHHS
KaK 3JEeKTPOINOJ0KUTENBHOIO, TaK H 3JEKTPOOTPHIATEIHHOIO METa1JI0B
CYIECTBEHHO CKa3biBaeTcsi Ha ()asoBOM CTPOEHHH ocapka. B yciaoBusx
BBICOKOT'O NTePeHaNPIKeHHs BLIAEJEHNs] TOTO U APYTOro MeTaNJ0B MOKHO
0XKUJATh Ha Karoje oOpasoBaHus ¢a3, ne HaGMOJaOmMUXCT B OOLITHBIX
YCJAOBHSIX B PABHOBECHBIX CHCTEMAaX.

OBPA3ZOBAHHWE HEPABHOBECHBIX $A3 NEPECBILIEHHBIX TBEPAbIX
PACTBOPOB IPH JIEKTPOOCA)KAEHUH CIIJTABOB HA OCHOBE MEJH

B macrosmem pasjene NPHBOASITCS HEKOTOpPbiE JAHHBIE 110 HCCJAEAC-
BAHMIO YCJIOBHII 00PAa30BAHHA HA KaTOJAE TepeCcHLIIEeHHEIX TBEPABLIX pac-
TBOpOB, NoJsydenuele B. B. DBonpapewm.
{ B ycrnoBugx oJHOBpeMEHHON Kpuctal-
. JIH3allMy Ha Karoje ABYX METaJlJ0B BO3-
MOXHO 00pasoBaHMe Kaxk OXHO(PA3HbIX CH-
CTeM IlepeCEIIeHHOro TBEpAOTo pacTBopa, Tak
H ABYX(A3HBIX CHCTEM, COCTOSIIMX H3 KPH-
CTaJJI0B TEPeCLIIeHHOr 0 TBEPAOro PACTBOpA
M KPHUCTAAJOB 3JEKTPOOTPHIIATEILHOIO Me-
"y TaJnaxaa.

Jaa toro 4yro6bl u30exarTb BAWSHUA Ha
}/ IpoIece 3JAeKTPOKPUCTANINIAINN CIJIABOB
NOBEPXHOCTHO AKTHBHBIX BEMIECTB U KOM-
nsexkcoodpazoBparesnel, oCaxA€HNE BEI0CH U3
¢ TpOCTBIX  XJOPHOKHCJABIX,  CEPHOKHCJBIX

@ur. 2. Cxema, moscusiomas ¢ A30THOKHCJBIX PACTBOPOB.
3aBHCHMOCTH BEJAHUHHBI TOKA MccnefoBanuio  MOABEPTalnCh CaAEyIo-
1o HOHAM  3JEeKTPOOTPHLA- [ue CHCTeMbl: MeAb—BHCMYT, ME€Ab—CBH-
TZJL‘X‘;:;‘)F;Oﬁiga;‘;‘ea]{?o’;%%%*; Hel, MeIbL—TalJHi, MeIb—O0JO0BO U MeAb —
Sem)mm MeTaJIJ[agpaCTBope Kagmuit. CoocaskpeHne MeTalloB B 3THX
TIpH TIONY4YeHHH CIAABOB oju- CHCTEMAaxX, 3a HCKJ/MOYEHHEM CHCTEMBI Melb—
HAaKOBOI'O COCTABA. BUCMYT, MPOHCXOANJIO B YCJAOBUAX MPEACIb-
Horo AU(pQPY3UOHHOrO TOKA IO MOHAM MENH.
B atom cayvae, Kak BHJAHO W3 IPHUBOLMMOH Ha (Ur. 2 CXeMbl, MOXKHO,
MeHfs1 KOHI[EHTpanuio coau O6aaropofjHoro Meransa (B JaHHLIX CHCTe-
Max - Me[H) H, CJAeJOBaTebHO, B&INYUHY IPEeAeJbHOr0 TOKd 10 HOHAM
3TOr0 MeTrassa, NOoJAy4aTh CIaaBbl OJUHAKOBOrO C€OCTdBa B YCJAOBHSX
pPa3JMYHOU IJOTHOCTH TOKAa M COOTBETCTBEHHO IepeHanpsKeHus Ha
katojle. PUrypubMi CKOOKaMM HA CX€Me€ OTMEUEeHbl JOJd TOKa, olpe-
JensieMbie PaspsiilOM HOHOB 3J€KTPOOTPHIATENbHOrO MeTania u obe-
CHeYnBaOIHe TONyYeHHEe CIJIABOB OJAMHAKOBOIO XMMHYECKOTO COCTaBa.
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daekTpoocaxaenve cmiaBa Melb — BUCMyT. CucreMa Melb — BHC-
MYT, COLJIACHO JAMarpaMme PaBHOBECHs, XapaKTePH3yeTcsl MpaKkTHYECKH
MOJMHBLIM OTCYTCTBHEM B3aUMHOH pacTBOPHMOCTH KOMMNOHEHTOB. Pay6,
gccnefyst peHtrenorpaprueckn CTPYKTYDPY JEKTPONHTHUECKHX OCAJKOB
CIJIaBa MEAb—BHCMYT, NOJYYEHHBIX U3 XJOPHOKHCJBLIX 3JEKTPOJHTOB,
NOKa3aJ, 4TO B 3ITHX YCJAOBHSIX BO3HHKAET CMeChb KPHCTAMNJIOB MeAH
M BHCMYTa B COOTBETCTBHM ¢ auarpammofi cocrostans [31]. Onmaxo

L

Majcm? ;;? 7
2
5 3630 /
Il |
24
.
20 3620
6
25 3610 5
b K G
6
0 1
+250  +150 +50 @ mb 3.600
Ccu-8i ¢ +250 + 150 5 “50 @ MB
a) )
dur. 3.

‘@ — IOJSAPH3ANHOHHBIe XPDHBLIEe, XapaKTepPH3VIOU{He IPOeCC COBMECTHOTO paspajma HOHOB MeAR
¥ BHCMYTa (MYHKTHDOM NOKa3aHbl KPUBble 3aBHCHMOCTH NepeHanp#aXCcHusd Karoaa B npolecce
BhiJeJeHHsI BHCMYTa OT INIOTHOCTH TOKa):

1 ~ Cu (ClO4), — 0.8 H., B1(C04)3—02H HCIO, — 2 H., 2 — Cu (ClQ,), — 0.5 H.
Bi (C10,);—0, 5 e HCIO,, ~- 2 H.; 3 — Cu (C10,),—0, o'n., Bi (C10,); — 0.8 n. HCIO, ~ 2 ",
Touxkm: ¢ — 109%; 6 — 20%; 6 — 40% Bi B ocagre; 6 — 3aBHCHMOCTD 1epHOJa peUICTKY Mefu

OT NOTellHajla KaToAa (PacTBOpPLL Te XKe).

H4 OCHOBAHHH KPHCTAJJIOXHMHUECKHX XAPAKTEPUCTHK 3THX KOMIIOHEH-
TOB M B COOTBETCTBHM CO B3IJIsJaMH, PA3BUTLIMH aBTopaMu panee [23],
TIPU COBMECTHOM Pa3psifie HOHOB 3THX MeTa//I0B HA KaToJe MOXKHO B COOT-
BETCTBYIONIUX yCJOBHAX OKUJAATh BO3HHKHOBEHMS NEPeCHIEHHLIX TBEp-
ILIX pacTBOpoB. [leHCTBHTENBHO, 3JeKTPOHOMHKPOCKONINYECKOe MCCael0-
BaHMe TIOBEPXHOCTH OCaAKOB IIPU OAHOBPEMEHHOM KOHTPOJE HX CTPYK-
TYpb! HTO3BOJHJIO YCTAHOBUTH BO3HHKHOBEHHE B ONPEIENCHHBIX YCAO0BHAX
NePECHIEHHbIX TBEPIAbIX PACTBOPOB BHCMyTa B mead [32].

ns mosyuenus CIaBoB Meb—BHCMYT ObLIH HCIOMB30BAHBl XJIOPHO-
KuCJble 3aeKTpoauth caedyomfux cocraBos: 1) Cu(ClO4), — 0,8 x.,
Bi(Cl10y); — 0,2 #., HCIOy — 2 1.; 2) Cu(C10,), — 0,5 #., Bi(C1O,)g—
0,5 n., HC1IO;, — 2 nu.; 3) Cu (ClOy),— 0,2 n., Bi (C10y); — 0,8 x.,
HC1O, — 2 n.

Ha ¢ur. 3, ¢ npeacrasieHsl NOJASPU3ALHOHHBIE KDHBEIE, Xapakre-
pH3yIOIne NPOIecc COBMECTHOTO paspdaia HOHOB MEIM B BHCMYTa M3
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PacTBOPOB Pa3IHYHLIX cocTaBoB. Kak BHAHO M3 rpaduka nadur. 3 a, Ha
MOJISIPU3AIHOHHON KPHBOIT, OJTydeHHOi A5 PACTBOpA € KOHIEHTpaIHeit
0,5 #.Menu, HaGIONAETCs FTOPU3OHTAMLHBIH Y4aCTOK, COOTBETCTBYIOMIMH
pe3KOMy CABUTY TmoTennnana karoga ot 150 g0 110 me. Caexyer o6paruth
BHHMaHHE Ha TO, YTO 3TOT CABUT NOTEHIHaNa He SIBJSEICS CJIEJCTBUEM
JOCTHKEHUS TpefeasHoro AN(p(hy3HOHHOrO TOKA 10 HOHAM MelM, a, Kak
310 OyJleT NOKasaHO HuiKe, CBA3aH C H3MeHeHueMm ¢(asoBoro cocraBa
KaTofa (BBHAY 3aTPyRHeHWH Tpw BO3HMKHOBEHMH HOBOH (Da3el CrsaBsa
Ha INOBEPXHOCTH pacryilel).

Ha ¢ur. 3, 6 TpuHBOASTCH KPUBEE, XapaKTEPH3YIOUIME [0 JAHHLIM
peHTreHorpauuecKux HCCACAOBAHUN 3aBUCHUMOCTb MEPHOAA PelIeTKH
MEIM M COOTBETCTBEHHO COCTaBa TBEPAOTO pacrBopa OT IHOTEHIHasla
kKaroza. Kax BHAHO w3 npuBopuMOro rpaduka, mepechineHde TBEPAOro
pacrtBopa BHCMYTda B MEAH pacTeT ¢ IMOBBILIEHHEM IepeHanpsKenns
Karoja B IIponecce BuijeneHus BucmyTa (Kpusple [ u 2). B pacrsope
THNA J HepeHanpsiKenne KaToja B NpoIEcce BLIAEIEHHUS BHCMYTa MaJjo
MO CPABHEHHIO € NepeHalpsnKeHHeM IpU OCAXKIEHHH CIIABOB TeX Xe
KOHIEHTpauui u3 pactsopos / um 2 (dur. 3, @), B COOTBEICTBHU C ITHM
0CajoK M3 pacrBopa J TpelcTaBjasieT coOO#l CMeCh KPHCTANAJ0B MeIH
W BUCMYTAa (KpuBasn 3).

Taxkum 06pasoM, H3MEHsisT YCJAOBHSA 3JEKTPOJANH3a, MOXKHO TMOJYy4aTh
CIJIaBbl OJMHAKOBOIO XMMHYECKOrO COCTaBa, HO HMEIONHE PasJH4HOe
tpaszosoe cTpoenue.

H3menenne mepuofa perieTkd MEXH MT03BOJSANO0 CYAHTH O KOJHYeCcTBe
BUCMyTa B (a3e TBepAoro pacrtBopa. MakcumanbHas KOHIEHTPANHA
BHCMYTa, BXOASILEr0 B PEILETKY MeAM, B 0cafKax M3 pacTBOPOB TUma I
1 2 "e npesmmiana [5%. Bmecre ¢ TeM Mo NAaHHBIM XHMHUECKOro aHa-
JIM3a B 3THX OCajiKax cofiepxanocek He menee 40—50% Bucmyra. Orciofa
cJeLyeT, 9TO OCafKH TPERCTaBJasId co0OH 1o MeHblreil Mepe AByX(as-
ppie cucrTeMsl. OflHAKO HaJA0 OTMeTHTb, YTO Ha PeHTreHorpaMmax 3THX
0caJKoB BTOpas (hasza He o6HApyKUBanack, a Halaofanach JHllb CHCTEMA
OTPaxKEeHUH, COOTBETCTRYOIAs da3e TBepAOro pacTBopa BHCMYTA B MEAM.

dJeKTpoOCaKAeHUe CriaBa Melb —— CBHHell. []o NaHHBLIM JAHATPaMMBbl
pPaBHOBECH$I PaACTBOPUMOCTE CBHHI@ B Mein He mpeBocxoauT 0,02%.

B nanHBIX MCCAEIOBAHUSX CIMABH MOJYHAJMMCE U3 XJOPHOKHCJLIX
pPacTBOPOB C OLMHAKOBBIM CONEpKAHHEM CBHHIA M XJODHOH KHCJOTHI,
COOTBeTCTBYIOmMMM | ~. W pasauuHbiM cogepxkanuem mexu: 1) 0,05 .
2) 0,2 #.; 3) 0,5 H.; 4) 2,0 #. Ocafku criaaBOB B GOJBUIINHCTBE CIyYaeB
OblIM KOMIAKTHBIMH, MJOTHBIMH. IIOHHKeHHEe KOH{EHTpPanud CBUHIA
B cisase jJo 1 —2% npuBoAnsio K 06pa3soBaHHIO CPABHUTENIBLHO PBIXJIBIX
OCAaJIKOB.

Ha ¢ur. 4, g npeacrasaeHe! NOAAPU3ANHOHEBIE KPUBLIE, XaPaAKTEPH-
3yIOIME IPOTECC OCAKACHHUS CraaBa, U Ha ¢ur. 4, 6 — KPUBbIE 3aBUCH-
MOCTH Tlepuoja pelmeTkd MeAu OT MOTeHImHasaa Karoja.

Kak Buano u3 rpaguka Ha ¢ur. 4, 6, cTeneHb Nepechililennsa TBep-
JOro pacrsopa CBHHIIA B MeLH pacTeT € DOCTOM [OTeHNnHaJ a KaToja
TdK K€, KAK ¥ TIPH 3JeKTPOOCaX[eHUH CNJAaBa MeAb—BHCMYT, OJHAKO
B 5TOM cJjly4ae BO3SHHKHOBEHHE (a3bl NepeChIleHHOro TBepLOro pacTBopa
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a — NONAPH3ANUOHNBIE KPHBBE, XapaKTepH3yIoljHe IIpOlecC OCaXAeHHS
CrjiaRa MeAb—CBHHell (TYHKTHPOM [IOKa3aHa SaBHCHMOCTb IllepeHaNpsXelus
Karoja B Mpolecce BLeNeHHS CBHHIA OT MJOTHOCTH TOKa; KPYXKKOM 1OKa-
3apH0 HavaJao Blmenemm dasnl CBuHua), COCTaB paCTBopa Pb (C10,),—1 H
HCIOy — 1 #.; I —Cu(ClO4); — 0.05 #.; 2 — Cu(ClOy), — 0.2 #.

3 — Cu (CIOy); — 0,5 8.3 4 — Cu (ClO4); — 2 #.; 6 — 3aBUCHMOCTDH nepnoga
pelleTKH TBepAOro paCTBOpa CBHHUIIA B Meld OT NOTeuljHaJa Xarojpa (pac-

TBOPHL Te ¥Ke).
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HaYMHAETCs NPU MOoTeHIHaMaxX GoIee MOJ0KHTENbHbIX, YeM PABHOBECHLIH
NOTEHNMA CBUHIA, HAa BeauuuHy okojo 0,03—0,04 ¢. [Tepuosn pemerku
Me[H PacTeT ¢ NOBLINeHNeM MOTEHINAAA KaToAa i JOCTHTAeT HEKOTOPOro
npefena BOMIH3M PaBHOBECHOTO MOTeHIMANA CBHHIIA. JlaibHellee mMoBb-
HIeHHE MOTEHIMaNa KaToAa IPUBOJAUIO K BO3PACTAHMIO TIEPHOAA PEIeTKH
MeIH, CBHAETENbCTBYIOUIEMY 00 YBeJWYeHHM KOHIEHTPanuy CBHHIA
B (pase TBepHoro pactBopa. [loaBneHHe AHHMI, COOTBETCTBYIONUX (haze
CBHHIIA, OTMEYaJ0Ch JHIIb HA DEHTIeHOrPaMMax OT OCAAKOB, TOJyuYeH-
HBIX NPH NOTEHIMaNax, NPEeBLIIAOMUX TOTEHIHAA BhIAEJEHHs] CBHHIA
B JAHHOM pacTrBope.

Pacuer penrreHorpamm, B KOTOPBIX HIMPHHA JAHHHH, COOTBETCTBY-
omux (asze cBHHNA, ofecreunBaja JOCTATOYHYK) TOYHOCTH H3MEPEHHH,
noxKasas, YTO NMEePHOJ pPeleTKH COOTBETCTBYeT yucToMy cBuHIy. Caexyer
OTMETUTh, YTO HA PeHTreHorpaMMax HabJalofanoch CHJAbHOE ocaabjeHue
HHTE@HCUBHOCTH JAMHMM OT T/aockoctH (002) peineTku MexM, a B HEKOTO-
PBIX CAy4asX AaXe MoJHOe HcuesHOBeHue ee. OJHAKO pPacloJOKeHHe
OCTaJbHLIX JHHHH W WX HHTEHCHBHOCTh CBUJETEJILCTBOBANTH O TOM,
4TO pelgerka ocraBasach KyGHUYecKo#, rpaHeneHTpUpOBAHHOM.

[Tpu ocaxeHu U CIIIABOB € GOJBINNM coflep:kannem cBuHna (85—95 %)
0CaJloK OKa3LiBajcs OJecTHIHUM.

HTEepecHO OTMETUTHL, YTO BeJMYUHA NpefeabHOro Toka Aupdysuu
MO HOHAM CBHHIA B 3THX VCJIOBHSX 3HAYMTENBLHO BO3DPACTAeT IO
CPaBHEHWIO C pPacTBOPAMM, COAEPXKANMMH TOJBLKO HMOHBI CBHHIA
B TOM K€ KojuuecrTBe. Takoe BO3pacTaHwe BeAWYHHL HpefeSbHOro
Ju(py3HOHHOTO TOKA CBSI3AHO C H3MEHEHHEM KOHIEHTPAUHOHHO-AUD-
(y3HOHHOTO pexuMa BOMM3H 3JEKTPOJa 3a CUeT IIepeMelINBaHUS
3JIeKTPOJHTAa TPH paspsiie HOHOB MeAM B YCJOBHAX IpeJenbHOro
TOKa.

AnekTpoocaxieHde cmaaBa Mexb — Tamiui. [To XaHHBIM puAarpaMMol
PABHOBECHST PACTBOPHMOCTb TALIHS B MEIH He npeBbuuaeT jponeft mpo-
[€HTa MpH KOMHATHOH TemIlepaTtype.

B aHHBIX HCCAENOBAHHSX OCaXKIEHHE CIJaBa NPOBOAUJIOCH U3 CJje-
ayiomux pactBopos 1) Cu (NOy), —0,1 #.; TINO;—O0,1 #.; 2) Cu (NOg) ,—
1,0 #., TINO; — 0,1 #.Ocanxu mpeicraBasad cobofi IOPOLIKH.

[Tonspusannonuble KPUBEE U KPUBbie 3aBUCHMOCTH NMePHOAa PelleTKH
MeJH OT TOTeHIHaJa Karola npelcTaBjaeHE! HA ¢ur. 5. M3 npuBoanmbix
rpaguKoOB BUJIHO, UTO paspsal HOHOB TAMLIHS C BXOXKIEHHEM aToMOB
B pellerky Melu, Tak K€ KaKk M B cjydae Melb—CBHHEN, HayHHaeTCs
IPH 3HAYHTENBHO GoJsiee ITOJOXKUTENLHBIX NOTeHHMaNaX, 4eM PaBHOBEC-
Hbill. ITepuon pelieTKy MeAM PacTeT C NOBbILeHHeM MOTeHuHajda Karoja
U B ycaoBHAX o6pasoBamusi HA KaTolde AByXdaszHoll cucremul. JInHMH,
coorBercTByIomue (haze TaNaus, NOABASIOTCT TOMBLKO IPH JOCTHXKEHHH
TOTEHNHAAA, COOTBETCTBYIOMErO BEIJAGIEHHIO CaMOCTOSITENBHOH (a3l
Tasnus, Ha peHTreHorpamMmax 3/JeKTPOJHTHYECKHX OCAAKOB CIIJIABOB,
NONYYEHHLIX B HHTepBanax mnoreHnuanos 140—230 me, nabmopanuch
JHHUM, COOTBETCTBylomue (haze 3aKUCH MeJH.

AjekTpoocaxkjenye CIIaBa Melb — o0JoBo. CHcTreMa Meab — OJ10BO
XapaKTepU3yeTcss HaluupMeM HEeCKOJbKHX XHMHUECKHX COeJMHEHHH,
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o manusM paborst C. T. Konobeesckoro u B. I1. Tapacosoit [331] pac-
TBOPHMOCTL OJI0BA B MEAM IPH KOMHATHOH TeMmIeparype He INpeBbl-
maer 1%.

B JaHHBIX HCCAEAOBAHUAX 3JIEKTPOOCAKIEHHE CNAABOB MPOBOJHAOCD
U3 CJAENYIONHX XJOPHO- B CePHOKHCAEIX 3jeKTposnToB: 1) Cu (C1O,), —
0,8 u., Sn(Cl0OY, — 1,2 n., HCIO; — 2 n.; 2) CuSO, — 0,8 .,
SnSO, — 1,2 n., HySO, — 2 n.; 3) CuSO, — 0,08 u., SnSO, —
1,0 1., Hy SO; — 2 #. Ocaiku W3 3THX 3JIEKTPOJHTOB GBIIM HJIOTHBIMH,
a MPH 3HAYUTEILHBIX KOJHUECTBAX OJIOBA OJIECTSINHMH.
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4 — MOJSpH3AUHOHNAA KDHBAA, XApaKTCPU3YIOIAs IIPOLECC OCAKJAEHHH CITABA MeAb-=
TanAn# (MTYHKTHPOM NOKasaHa 3aBHCHUMOCTBL [tePeHalpsiKeHHs! Kartond B Iipouecce BLIAC-
JeHMsd TadlHSg OT NJA0OTHOCTH TOKa); COCTAB pactBOpa: TINO, — 0,1 H.; 1 —
Cu (NG3), — 0,1 #u.; 2—Cu (NOy), — | #.; 6—3aBUCHMOCTb NePHOJA DEHIETKH TBEPAOTO

pacTBopa TaAlus B Megd OT noTeHWHaTa KaToja (PACTBOPH Te JKe).

Ha ¢ur. 6 npeacrasiens NOASPU2aHOHHBIE KPUBLEIE B KPUBLIE 3aBH-
CHUMOCTH I€PHOJAA pEIeTKH MeIAM OT MNoTeHpuana karopa. Kak BHJHO
U3 NPUBOJAMMBIX KPUBBIX, Pa3psill HOHOB 0JIOBA MPOMUCXOAHT IPH IIOTEH-
nyanax, 3Ha4yuTeNbHO 0osiee MOJIOKUTENbHBIX, 4eM PABHOBECHBIH MOTEH-
IHajga OJ0Ba B JaHHOM pacTBope.

B pesyacrare penrtreHorpaduueckux HCCAeXOBAaHHH OEIIO YyCTaHOB-
JeH0 00pa30BaHyue NepechileHHbIX TBePALIX PAacTBOPOB HA OCHOBE MEJH.

o]

Ilepuon peuwrerku Mefn pocturana 3,75 A, uTo cOOTBETCTBYeT 06pasoBa-
HHIO TIePEeCHINEHHOr0 TBEPROrO pacTBopa ¢ CONEPXKaHHeM  O0JI0Bd
Gonee 22% (makcumasbHAg PAacTBOPHMOCTL OJOBA B MEAM COTJIACHO
JHarpaMMe paBHOBeCHsi COOTBercTByer 16% mnpu temmeparype 520%).

Ha pentrenorpammax OT 3J€KTPOJIHTHYECKHX OCAJKOB, HOJY4YeHHBIX
Ipu ToTeHIHaRaX Karoja, GoJee MOJOXUTENbHEIX, yeM 130 ma, mabmto-
Januch JIMHHHU, COOTBETCIBYHIUHe (Da3e NepecheHHOr0 TBEpPAOro pac-
TBOPA 0JI0Ba B MejlM. B ocajkax, NOJAYYEeHHLIX NPH Gosee OTPUIATe bHbIX
noTenuyanax, Habmiofanoch TOfABJEHHE CHCTEMbl OTPAXKEHUH, cOOTBET-
CTBYIOIEfl BEICOKOTEMTIEpATypHOIl §-(ase cryaBa Menb—o70B0 Ciigy Sng.

45



B raGnanne npuBOXATCSH BENMYHHBLI MEKIIIOCKOCTHLIX PACCTOAHKH, Oy~
YeHHble HA OCHOBE pacyera peHTreHorpamm. JJas cpaBHEHHS TIPHBORATCSH
JaHHble, NOjy4YeHHbe AJs1 3Toit haspl Becrrpenom u Ilparmenom [34 1.
daeKrpoocaxjeHue cnjgasa Meib — Kaamui. CucreMa Menb — Kaji-
MU XapaxkTepu3yercss AHArPAMMOH € HECKOJLKUMH XHMHYCCKHMH COeAU-
HeHusMHu. COrJacHO JaHHBIM AHATPAMMbI PaBHOBECHsT PAacTBOPHMOCTH
KaJMHs B MeAn npHu Temneparype 550° e npeBbiniaer 3% M NPH KOMHAT-
/ HOH TemmepaType HOHHXKAETC JAO

e 0,05%.
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Meab — onoBo, Cocrap pacrsopoB: [—Cu (ClO,),— 0,8 4., Sn (ClO,), — 1,2 K.,

HCIO, — 2 H.; 2—CuSO, — 0,8 #., SnSO,—1,2 H., H,;80, — 2 4.; 3— CuSO,—

0,8 H., 5nSO; — 1 n., H,80, — 2 #.; 6 — 3aBHCHMOCTb NEPHOJA pelleTKH MegH
OT HOTCHIHAJMA KaToja (PacTeBopbl Te Ke).

DAeKTpoocaxkieHne CNaaBa NPOBOAUJIOCH K3 XJOPHOKHCJALIX PacTBO-
pos caexylomero cocraBa: Cu (C1O,), — 0,3 #., Cd (Cl1Oy), — 2,0 H.,
HCIO; — 2 n.

Ocaaky cnsaBa 6piin NAOTHbIMU. Pasmep KpHCTAMJIOB yMEHbBINAJCS
C NOBHIIIEHHEM [epeCchllleHusl TBePAOTro pacrBopa.

Pentrenorpaduyeckoe HCCAeNOBaHHE OCAJKOB CIJI4BOB [10Ka3aJo,
4TO TIPH COBMECTHOM pa3psaje HOHOB MeAH ¥ Kajamus obpasyrorces nepe-
CBIMEHHbIE TBEpJAble PACTBOPLI KaiMus B Menu. [lonspusanuoHHbe KpH-
Bble U KPHBEIE 3aBUCHMOCTH [€pHOAA pelieTKH OT TOTeHHHAaJa KaToja
npefcTabiaens Ha (ur. 7. M3 rpaduka BUAHO, YTO pa3psifl HOHOB KaiMH A
Ha4MHAETCS NPHU NOTEHIMANaX Karofa, 3HAUWTENbHO 6oJiee 0J0XKUATE ] b-
HLIX, 9eM ero paBHOBECHBII MOTeHIMaJ B JaHHOM pacTtBope. [lepmon
pemeTKH MeAu AOCTHTra] 3Hauewuit 3,716 A npu morenumasne 31€KTpoas
pasaom MuHyc 0,350 6, 9TO COOTBETCTBOBAJO COAEPIKAHHIO KaAMHS
B TBepAOM pacTBope okouo 15 % .TIpu 31oM GB110 0GHAP YK €HO, UTO HAP ALY
¢ pedsieKcaMy, COOTBETCTBYIOMIMMY TEPECHIIeHHOMY TBEPAOMY PacTBopy,
Ha PEHTTeHOrPAMME HMEJHCh JHHHH, COOTBETCTBYIOUIME pelnerke Npax-
TUYECKH UHUCTOH MenH.
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HnTencHBHOCTD M MeXIIOCKOCTHOE paceTosnne d B A

PaccyuTanyusle N0 JaHHBM pabGorsl [34] HamMepernsie
MITEHCHBHOCTD de A HHTCICHBHOCTD dsA
Cpeansis 2,99 — —
» 2,59 QOuenb caabas 2,59
CnaGas 2,51 — —
Cpenusisi 2,40 — —
CusbHas 2,12 Ouenb ciaabast 2,12
Cpenuas 1,92 To ke 1,91
» 1,83 » ,82
Caabast 1,80 — R .
Cpenusst 1,78 Quens caabas 1,78
Cnabas 1,73 — —
CusbHas 1,50 QOuyenr caabas 1,49
CnaGas 1,48 — —
Cpenuss 1,46 — —
Caabas 1,37 — —
» 1,34 — —
Cpenusis 1,32 — —
» 1,29 Quens cjabas 1,29
» 1,27 — —
Cusibnas 1,22 Cpengss 1,23
Cnabas 1,20 — —
Cpennsist 1,165 » e e —
» 1,140 » —
CuasHas 1,105 Cpennsist e 1,106
» 1,057 » e e e 1,057

TIpuBefeHHBIE Bhille JaHHbIE TOKa3LIBAOT, UTO BO BCEX HCCIENOBAB-
[IMXCSl CIJIaBaxX HA OCHOBE MelM HaG/ofanoct 06pazoBaHme MePeChileH-

{
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a — TIONAPH3AUHOIIble XDPHBHe,

HBIX TBEPJALIX PAaCTBOPOB, MPH-
YeM CTEeNeHb HepPeCheHN s BO3-
pacrana ¢ TOBLILIEHHEM Ilepe-
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7.

XApaKTCPH3YIOI[He MPOIece oca’kaelus

CHJIaBa MeAb—KaAMHi; coctae pacrBopa: Cu (ClO,),—0,3 #., Cd (ClO,);—

2 H.

HCIO; — 2 u.;

6 - 3aBHCHUMOCTH nepuoga

MC,H OT LoTelpualna

KaToja (paCTBOpPbl Te XKe).

HallpszKeHW sy Karohaa. Vcxoas n3 Pa3BUThHLIX B HAuUaJe HacTosel CraTby
COO6pa}KeHI/IH, 4 TaKXKe Ha OCHOBAaHHU NAHHEBIX CHCTEeMAaTHUYeCKOro uccje-
JIOBAHUS H3MEHEHUH (p&SOBOI‘O cocTaBa € HU3MEHeHHeM IoTelnmngualna
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KaTofla, MOXHO caefyomum 06pasoMm O6BACHATH 3aBHCHMOCTDH (haso-
BOI'O CTPOEHMS OT MOTEHIHaJaa KaToia.

B pesyabraTe BbICOKOrO mepeHanpsiKeHHs KaToAa B Ipolecce Beije-
JIeHHsl MeJH NPU 3JeKTPOOCAXKIEHUH CIIJIABOB HA €€ OCHOBE (3a UCKJIO-
YeHHEeM CllJaBa MeAb—BHCMYT, IJs KOTOPOTO IepeHalpsiKeHHe KaToxa
IpH BBJENTEHHM MEAHM HEBBICOKO) pellleTKa MeAu B IepPBLii  MOMEHT
€6 BO3HHKHOBEHHSI 00/aaeT BBICOKOI JONOJHHTEJNLHOH 3Hepruei,
BCJEACTBHUE YEro pACTBOPUMOCTh B Hell BTOPOr0 KOMIIOHEHTA OKA3bIBAETCS
3HaYUTeJbHO NOBLIIEHHO. B urore Ha karone nabsaojgaercss o0pasoBa-
HHE KBAa3HPABHOBECHBIX TBEPJKIX PACTBOPOB; B COOTBETCTBHM C 3TUM
MOTEHNHAA BBbIAGJEHUS 3JIEKTPOOTPMIATEABHOTO0 KOMIIOHEHTa OKasbl-
BAeTCs1 CABUHYTHIM B IOJOXKUTEILHYIO cTOpony. [Tocae Toro kak pemerka
MeIH TepsieT H3OBITOK 3HEeprHu (B HTOre ee pacceuBaHUs), TBepABH
PacTBOP OKa3bIBACTCS I1€PeChIeHHEIM.

IToBbinienne pacTBOPHMOCTH MeTasnsa B MeJu ¢ o6pasoBaHueM KBasHu-
PAaBHOBECHOTO TBEPJAOrO PACTBOPA JO/LKHO 3aBUCEThL OT BEIHYHHE fepe-
HaNpsLKeHusl H CKOpOCTH mporecca. [Ipu onpefeneHHO# KOHIEHTPAUHH
B DacTBOpE 3J€KTPOOTPHUATENBHOTO MeTanja TBepAsH pacTBOp AOCTH-
raer «HaCBIIEHUSy JJA LAHHOTO 3HEPreTHYeCKOro COCTOSHUS PelleTKH
MELH M IOTEHIHAJ BBIJACNEHHS 3JeKTPOOTPHUIIATENbHOr0 MeTanna CABHU-
raeTcss K PaBHOBECHOMY ero 3HaueHHwo (cM. ¢ur. 4 u 5). Ilpun cMemienun
noTennyasa B CTOPOHY OTPUHATENBLHBIX 3HAueHU{t BO3HHUKaeT AByX(pas-
Hag CHCTeMa, COCTOSIULAsT H3 NEPeCHIIEHHOro TBepAOro pactsopa u (assl
3JIeKTPOOTPHUNATeNBHOTO MeTanna. Jlanbrefinuil pocT Nepuoja pereTKy
Meld OOyCJOBJeH BXOXK/JECHHEM B HEEe aTOMOB 3JeKTPOOTPHIIATeTbHOIO
MeTajaa, uMmerowero OOJLUIME Pajuyc; TOBblIeHHOe MepeHanpsKeHne
B 3THX yCJAOBHAX HEOOXOAUMO JJIsl TIPEOJONEH S SHEPTHH HCKAXKEHH S IPH
00pa3oBAaHMH IepecHIeHHOr0 TBepAoro pacrBopa. Takum o6pasou,
CTenenb IepechieHyust TBepAOro pacTBOpa B 3TOM HHTEpBAje YCJIOBUH
3/1€KTPOJH3a 3aBUCHT OT BeJHYMHLI TepeHaNpsuKeHus Karoja B Ipo-
Iecce paspsja HOHOB 3JIEKTPOOTPULATENbHOI 0 METaNaa.

Craenyer, ofHaKO, OTMETHTE, YTO OTpe/eJeHNe BEJIHYMHEl TepeHanps-
JKEHHs Karoja B IpPOIECcce BOCCTAHOBJEHHsI METaJIOB ¢ 00pa3oBaHUEM
CiljlaBa TPEACTABASAeT 3HAYMTENbHEE TPYAHOCTH. OCOoGEHHO 3TO OTHO-
CHTCS K 3JIEKTPOOCAXKACHHIO CIIJAABOB, 00Pa30BaHNHe KOTOPLIX CTAHOBUTCH
BO3MOXXHELIM B pe3yJabrare cOMMKeHNsT HOTeHHHA0B BEILENEHUs KOMIIO-
HEHTOB 3d CYeT KOINEHTPANMOHHON NoasApu3anun (IperenabHulil auddy-
3HOHHGLIA TOK II0 HOHAM 3JEKTPONOJOKUTENbHOrO MeTadna). CoBepienio
O4YEeBHJHO, 4TO B 3TOM CJyYae HENPUMEHHM METOX ObICTPOro CHATHA
NOJIPH3ANMOHHBIX KPUBBIX [35], Tak Kak B Hem yCTpaHsiercss MMEHHO
3TOT (DaKTOp — KOHIEHTPANHOHHAs NOJAAPU3anhs, KOTOpPblili ofecHedn-
BdeT YCJAOBHSA COBMECTHOIO paspsja.

Pacuer xe KOHIEHTPANMOHHON moaspusanuu (C IEAbI0 BEIIETEHHS
ee u3 ofnrell NMoMsIpU3aNMK) TaK:Ke BCTPeYaeT 3HAYMTENbHbEe TPYLHOCTH,
0Cco0eHH0 AJIsI POIIecca BOCCTAHOBAECHH A 60J1€e 3/1€KTPOOTP HILATENLIOT0
MeTa/ia, 3TH TPYAHOCTH OOYCJOBJAEHH TeM, 4TO B pe3yJbTare Bhife-
JIEHHS 3JEKTPONOJOKHUTEIbHOTO MeTajaa B peKuMe NIpelelbHoro Aug-
(y3HOHHOro TOKA IHPOHCXONHT, KaK Yyke OTMeYaJoCh, HHTEHCHBHOE
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nepeMeliiBaHue 3JeKTPOJIHTa BOAM3H 3JeKTpoja. BejelcTBue 3TOrO
BeJHUHHA NpeesibHOro AN(Py3HOHHOTO TOKA 110 MOHAM 3JIEKTPOOTpHILA-
TEJBLHOrO MeTaana oOKasbiRaeTcsi 0oJiee BEICOKOH, yeM B pacTBopax,
COAEPXAWMUX COJb TONBKO OAHOIO MeTasj/ja B TOH K€ KOHIEHTpAallMH.

HsveHenue xapakTepa CTpOEHMsI NOREPXHOCTH C KM3MeHeHHeM (paszo-
BOT'O CTPOEHHUS CIIABA TAKXKeE 3aTPYLHAET OieHKY BeJIMUYKHbI NepeHanpsi-
KEHMS, TAK KaK [IPM ITOM 3aTPYJHEHO yCTAHOBRJI€HME HCTHMHHBIX 3Haue-
HU# BeJIMYKH TJIOTHOCTH TOKA AJIsi OCAAKOB, NOJYYEHHBIX TP Pa3JIHUHBIX
MOTeHIHANaX,

OrMeueHHble OOGCTOSTE/NLCTBA TPUBOAST K TOMY, YTO pPe3yJbTaTbl
pacyera KOHUEHTpalKOHHON NOJISIPU3AIMH OKAa3blRAIOTCST 3aABbINIEHHBIMK
10 CpaBHEHHMIO C pPEaJbHLIM 3HAYEHHEM 3TOH BEJHYMHBI B YCJIOBUAX
COOCaXKAEeHUs JARYX METAJJIOB; COOTRETCTBEHHO BeJMYHHBI 3(D(PEKTHRHOIO
nepeHanpsKenud, T. €. Iepedanpsikennsi, CKasbiBalouleroca Ha 3Hepre-
THYECKOM COCTOSHMH BO3HHUKILKMX B pe3yJibTare BOCCTAHORJEHHS aTOMOB,
TO/yYeHHble NyTeM BBIYHTAHMS, OKAa3bIBAIOTCS 3aHMIKEHHBIMHU.

Ha ¢ur. 3—5 npeacragJieHb! KpUBble 3aBUCHMOCTH [epeHallp XK eHH 51
KaTojia B IPOECCe BLHULETCHH ST 3JEKTPOOTPUIATe/IbHOTO MeTas1a oT 1JIoT-
HOCTH TOKa. KaK BHAHO U3 NpHUBOAUMBIX (QUTYp, IepeHanpsiKeHre KaTosa
NPpH BbIAEJIEHMM BHCMYTa, CBHHIA M Ta/IHsl MOXeT AOCTHIATh 3HAYHM-
TeJbHBIX BEJUYHH.

Dogblune TPyAHOCTH BO3HHKAIOT TAKXe INPH IOINBITKe ONpefe/eHHs
BeJMUKHBI [epeHalpsDKeHHs KaToAa B TIpOjecce BEIICIEHHUS 3JeKTpOo-
MOJIOXKUTENBHOIO MeTalljla B perKuMe IIpelebHOro JU(p(py3HOHHOIO TOKA.
O BenuyuHe nepeHanpsKeHUs MOXHO CYIUTb JIMIIb KOCBEHHO, HCMOJb-
3ys METOX ONpEeAeseHHsl TellJOBbIX 3(PHEKTOR NPH BbUIEJEHHH MeTaJJOB
Ha KaTojie, KaK 3710 Obio mpepnoxeno . H. I'punanom [36] npu uccie-
JOBAaHUM 3JEKTPOKPHCTAMIU3ANUK NopoinkoB. B 3Tux pabortax orMeya-
JIOCh, YTO IlepeHaNpsiKeHHe KaTola MpOJOJKAeT pACTH C IOBBILIEHHEM
NIOTEHIIKA]a KaToA2 M Tl0Cc/e JOCTHXKEHMs NpelenbHoro Au(pdy3noHHOro
ToKa. [IpubausuTe/NbHAS OLEHKA BEJWUMHB! TlepeHalpsKeHHs KaTona
B IIPOecce BOCCTAHOBJICHMSI MEAM YKAa3bBAeT Ha TO, 4TO K MOMEHTY
Bbile/leHHsl CBHUHIA K OCOOGHHO TaJ¥s 3Ta BeJMYHHA IpeRbIlasa
3Hauenue 150-—300 wms.

METOAbl HCCJIEAOBAHHUSA CTPOEHUS 3JIEKTPOOCAXXJAEHHBIX
CNJIABOB /

Kax nokazanm paGorbl TOCHENHUX J€T, HCCaAelOBaHHE (Ha30BOroO
CTPOEHHS 3JIEeKTDOOCAKAEHHBIX CIJJABOB BCTPEUYaeT KMHOTAA 3HAYUTE/b-
HBle TPYAHOCTH. DJIEKTPOJUTHYECKH TIOJyyeHHble CIIIaBbl COCTOAT B 60JIb-
HIMHCTRE CJIy4aeB M3 MEJKHX KPUCTA/JO0B, OKa3bIBAIOTCS] HEOAHOP OJHBIMY
10 COCTARY M XApaAKTePU3VIOTCS CHJAbHBIME MCKAKEHHMSIMH KPHCTAJJIH-
YeCKOU pemieTKH, 0co0eHHO Mpu 00pa3OBaHUK HA KATOJe HepaBHOBECHBIX
¢das. B pesynbrare 3TOro 3/1€KTpOJUTHYECKME OCAJKM CIJIABOB MHOTHAA
BoOOUIe HEe MOAJAIOTCS PEHTTeHOrpapUUecKUM MeTOJAaM HCCJIeOBAHUS.
B HekoTOpBIX C1yYasX 5TOT MeTOJ IO3BOJISIET BBLIIBUTH JIKIL 4acTh $as,
IpUCYTCTBYIOUIMX B AaHHOM ocajxe [32], mostomy o (pasoBoM cTpoeHuu
9JIEKTPOOCAXK/AEHHBIX CIIJIABOB HEBO3MOXKHO CYIUTb TOJBKO MO JAHHBIM
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penrreHorpaduueckoro ananusa. [las Gosee JeTajbHOrO HecaedOBaHHs
npuxoaurcss npuberare K JAPYIHM METOAAM HCCIEA0BAHHS, KOCBEHHO
YKa3bBaOmMUM Ha XapakTep (a3soBOTO CTPOEHHUST 3JEKTPOOCAK JeHHLIX
CIJIABOB; B YACTHOCTH, LEHHblE JAHHBIC MOXKHO IIOJYYHTh, HOJB3YSCh
TepMOTpapuuecKuM METOAOM.

Tak, aTopam B ux comecTHO#l patore ¢ B. B. Bougapem npuuuiocs
CTOJIKHYTbCS ¢ NOJOOHBIMH TPYAHOCTSIMH TPH HCCJAEOBaHUM (Da30BOro
CTPOEHHs CIJIaBa Melb-—BHUCMYT, HMEIOMEro CJIO0XKHBIU (Da3oBLIU cocTas,
KOTOPBIH, Kak yXK€ YKashBajdoch, JUUb NPUOAMKEHHO MOKET ObiTh
paciupoBan ¢ NOMOIILIO PEHTTEHO- U 3JAEKTPOHOrpaUUIeCKUX METOAOB.

B nacrosiem pasziesie OnuchBaIOTCS Pe3yJIbTaTht PU3UKO-XUMHUUECKHX
HCCNEOBAHN CI1aBa MEAL—BUCMYT, [O3BOJMBIIHE YCTaHOBHThL obpa-
30BaHHe INPU 3JIEKTPOOCAKAEHUH CIJIaBa HepaBHOBECHOH (a3bl Tuna
XHUMHYECKOTO COeJHHEeHnd, He HaOJMIOLalonierocss Ha Auarpamve paBHO-
BECHS JJI51 3TOH CHUCTCMBbI.

Jlannpie 0 CTPYKType €mjaBa Melb -—— BHCMYT. 3JAeKTpOJHTHYECKUE
OCaJKH CIIaBa MefAb — BUCMYT paz3iHuajiuCh [0 CBOEMY BHEIIHEMY
BHLY H (DU3HKO-XHMHUYECKHM CBOMCTBAM B 3aBHCHMOCTH OT HHTEpBaJa
NOTEHIHANOB, [PH KOTOPLIX OHH OCaxAajHCh. (OCOGEHIO METKO 3TH
OTJMYMSA OOCLAPYKHUBAIOTCS IIPU  HUCIOJIBL30BAHUU  3JEKTPOJHTHUEC KOH
SIYEHKH 0COSOH KOHCTPYKINH, TPEeAIOKeHHOH JJIsi BLIABJACIHS B OAIOM
OILITE BCEX BO3MOXKNBIX JUIsl AAlHOIO 3JEKTPOJHTA THIOB 0Cankos |37 ).
Ha xatojie Taxo# siuefiku BOSHUKAIOT KOJbLIIEOGPA3HBIE 30HBI, COOTBET-
CTBYIOIIHE ONPEJCACHHBIM UIITEPRBANAM MOTEHIIHATIOR.

B pesyaprare uccienonanust oGHAPYKEHO, UTO B CAyUae ACKTPOJSUTA
Tuna ! (COCTaBbl paCTBOPOB NPHBOAATCA HAcTP. 41) st WIMPOKOro UHTED-
BaJa NOTEHIIUAJOB XapakTepll OJecTsiHe OCAJKH pPO30BOTO IIBETa;
npd 6oJiee BLICOKHX NOTElnHaNnax BO3NUKAIOT GecTsiye oCagky 6e/oro
useta. ns anekrTposaurta THNA 2 Xapax1epio BO3IUKHOBEHUE GJecTsi-
MUX OCajKOB KOPHUYIIEBOTO I(BETa C cojiepxkainem BucMmyTa o 30%;
npu 6oJiee BLICOKMX MOTelRatax 06pasyiorcst Gnectsinye 6elbie OCagKH
¢ OOJbIIMM COJEp:KAHHEM BHCMyTa. [lepexOi OT KOpHUIEBOTO OCajfKa
K 0eJ0MYy NPOMCXOJHT NPH MOTeHnHaJ e, paBHOM NpHOauzuTeanno 110 us
¥ COOTBETCTBYIOMIMM KOHIY TOPH30HTAALIOIO yd4acTKa Ha NOJSpHu3a-
nuounoi kpupoll (tur. 3). Ilocse Toro Kak Ha Karoje Npu NOTEHIHAJE,
OnuskoMm kK 110 ms, yxe Bo3uumk Gejwlil OCafOK, NOTEUIHAN KaTOAA
MOXeT ObITh ClIMKeH Ha 40 mé Ge3 n3MeHenus: xapakrepa ocaaku. Mirep-
Bas 40 mé TPUOJM3HTENBIO COOTBETCTBYET IIPOTSIKEINHOCTH TOPU30H-
TaJBLHOTO yyacTKa Ha NMOJASPH3anHOHHON KpuBoH. Ilpu cumxelun noTeH-
nuansa Ha GOJBHIYIO BEJIHUHHY B NPOUECCe 3JEKTPOOCax/JeHHsT HabJio-
JAN0Ch TOCTENleHHOe H3MeHeHHe XapakTepa OCajka, KOTOpbIf yepes
HEKOTOpOe BpeMsl mpespamaJjcst B kopuuueswidl. [Togobuas 3aBUCHMOCTD
Xapakrepa ocajka OT MNoTenlnHaja MO03BOJMJIA BhiCKa3aTh IIPERIONO-
JKeHHME O CYIIECTBOBAHUU KAKHUX-TO 3aTPyRHEHHH NpPH BO3HHKHOBEHHU
0eJ0oro 0Cazka CrJjlaBa Ha NOBEPXHOCTH KOPHUYHEBOTO.

s Gosee aetanspnoro uccaeqoBaHus (azoBOro CTPOEHHS OCAZKOB
ObL1 IpUMEHEH PEHTreHorpaduueckKunii MeTof. PentreorpamMmel ot o6pas-
OB CIJIABOB MNOJYYaJUCh Ha MEAIIOM OT(HJIBTPOBAHHOM H3JYUeHHH.
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CreMka nposofidaach B ocHoBHoM B kamepax Tuma PKJI. [as storo
o0pasnbl noJaydanuch ABymsl crnocobamu. Ilo mepsomy cmocofy ocaiok
MOJTYYAJICs Ha TOHKOH 30J0TOH NPOROJIOKE, JIUHUH OT KOTOPOH Ha PeHTre-
HOrpaMme CJOYKHIM CTaHaaptom npH pacuere. [lo Bropomy cnocofy
0CaJIOK CIIJIABA U3MENLUAJCH B KHMJAKOM a30T€, W NMOJYUEHHBIH TOpPONIOK
HAHOCHUJCH 112 CTEeKJSIHHYIO HHTb. [Ipurorossenue mopouka 6e3 oxJa-
JJAEHHS NPHBOAUNO K H3MEHEHHIO TepBOHAYAJILHOIO (Pa30BOTO COCTABA
caBa. O6pasnbl A5 CHEMKHM Ha NPOXOXK/EHHe NPEJCTABJASANM COGOH
TOHKHE IIJIACTHHKH TOJIUUHOH B HECKOJbKO MHKPOH,

Kax mnokasano peutrenorpadu- p
YeCKOe MCCJIEN0BANUEe, GOJBIHHCTEO  g/pp2 s
0C3/IKOB M3YUYABIICTOCH CrjaBa fga- |
BaJ0 Ha PEHTTeHOTPaMMaxX CHJBHO ’ f
pasmuiTeie JuBHH. C  AOCTATOYHOMN
CTEeNEeHbIO TOUTIOCTH MOTJIH OLITh 3amMe- ! y
peHbl TOJbLKO JAHHHH, OTBSUAoILHe l P v(ﬁ
naockoctam 311 w222, Jlunun "
OT MJOCKOCTe!l ¢ OONbUIMMU KHIEK-
CaMH He TMOAJABaJNCh H3MEPEHHIO. 40
Kak yxe oTMeuasoch B mNpefH- i 7
LVIIEM pasjene OCajKH CIJaBoB 8i Y bec
M3 pactBOpoB THua 1'HM 2 copep-
XKar pasy NepechuieHHOro TBEPIOrO
pactsopa BHCMyTa B MeAH. OJHAKO
CONOCTABJCIHE  PEHTTEHOrPaPHue: | _ oo 1ocre ccampmennw; 2 — noce
CKHX HCCJIeOBAllMU U JAIIHBIX XUMH~-  oTkura; J§ — KPHBas H3MeHeHHS YyjeJib-

YECKOTO AHAJM3A BBLIABUIO, UTO 3TH "0 0 P8 O ear n smemyna.  LroTam
CIJIABLI HE SIBASIIOTCS OAHOMA3HBIMH.
Ilpu  penrtresorpaguuecKOM HCCJAEJOBAHMU OCaJKOB G€JI0ro Ccisiara
H3 pacTBopa TUNA 2 HA penTredorpamme Boobiie He 0O6HAPYKHBANOCH
Kakux-a1u60 Jaunnii. Kak OyjgeT NOKaszaHo HIDKE, NPH CheMKe Ha Ipo-
XOXJeHHE Ha pPEeHTreHorpaMMax OT 3THX OCAJAKOB YIAeTCsl OGHAPYKHTh
OJHY Pa3MBITYIO JHHHIO. Mcnonb3oBanue /e TpoHHON AHQPAKIMH B 9TOM
cJydae Tak:Ke He MOIJIO JaTh OJHO3HAYHOIO OTBETA, TaK Kak 3TU
CIIABBl yKe TPU HE3HAUUTEJLHOM INPOTpeBe IpeTepneBaioT (pasoBble
NPeBPAalleHUs; BBHAY 3TOro OOHADYKHUBaeMbie HaA 3JEKTPOHOTPaAMME
JUHHH MOTJIM BO3HHKHYTh B Pe3yAbTate B3aUMOJNEHCTBHS 3JCKTPOH-
HOro mydyka C INOBEPXHOCTbIO CiJjaBa, T. €. COOTBETCTBOBATH (hasam,
He HMEBIIUMCH B HCXOJHOM OCajKe,

UccnepoBanne ypeapHoro Beca cnaaBa. [lHkHOMeTpHueCKoe ornpe-
Jle/leHue YAeNbHOTO Beca MPOBOAUIOCE /ISl CTIIJTABOB, TOJAYUYCHHBIX B 3JI€K-
TpoauTax cJaexaywoimero cocrasa: Cu(ClOy) — 0,5#, Bi (ClO,)— 1,5 #,
HCIO, — 2 n. XuMuueckuil COCTAB CNJABOB H3MEHSIICS € H3MEHEHHEM
IJIOTHOCTH TOKA,

Ha ¢ur. 8 npeacrarnena 3aBUCHMOCTDb yJEJABHOTO BECa CIJIaBa OT €ro
XUMHYECKOro cocrasa. Ma comnocrassenusi kpuBeix / u 3 BHAHO, 4TO
YIAETBbHBIA BEC OCAAKOB B OGJIACTH COCTABOB, COOTBETCTBYIOHIHX G€JLIM
oCajiKaM, 3HaYUTeNbHO TPEeBbIIAeT BEMUIHHL, PACCIUTAHHLBIE JJISI PABHO-
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BeCHOTro0 AByX(pasHoro cnnasa. OTKHUr 3THX OCaLKOB NpH Temneparype 140°
B TeuyeHHe uaca TPHBOAUT K CHIDKEHHIO VAEJbHOrO Becd CIJIABOB
(xkpuBast 2). O6Hap y:EHHBIE U3MEHEHN S Y/IeTBHOIO BECA CIJIABA YKAZBIBAIOT
Ha TO, YTO B HCXOJAHOM OCaJKe MMeaach (pa3za HEeUM3BECTHOH NPUPOILI C
OOJIBIIHAM YAEJAbHBIM BECOM, TIOIBEPTaoaics pacnaay pu TeMiueparype
140°. To o6cTosiTeNLCTBO, YTO H3MEPEHHbIE 311a4YeHUsi YISNbHOrO Beca
OTOKXKEHHOI'O CIJIaBa OKAa3hIBAJMUCH HHZKE, UEM pPacCUuMTaHHbie (KpuBas J3),
00bACHSIETCSI, MMO-BHJUMOMY, HaJHYUEM INIOD B OCAJAKE, BO3HUKAIIIUX
4p ' B pesysbTare mporpesa.

3 HcenenoBanue MarHuTHo soc-
0.015 NMPUUMHUBOCTH OeNbiX CILNIABOB.

p-p HMsmepenune auamariuTHOH BOC-
dp = L IPUUMYHBOCTH O6Pa3LOB GEJN0ro

P

0.010 ? CnJaBa Mejib — BUCMYT HPOBOJH-
’ JOCh € HCIOJbL30BAHAEM METOMa
6 I'yn. Ha ¢ur. 9 npusenena 3asu-
CHMOCTL Beca ofpasna (B pacuete
= Ha ] ) orcocTaBa cnaBa B Hamar-
HuguBaooneM noje 20 000 spcren.

Kpurast I cooTBercTRyeT Heo-

TONGKEHHBIM — CIJIaBaM, KpHBas
B % bec 2 —cnJaaBaM, NPOMIEIUIAM OTKHUT
o]
®ur. 9. PeayJbraThl H3MepeHHd AHAMATHHT- npu Temneparype 807 B TedeHue
WX XApaKTepHCTHK cnaapa (AQ—morepn OO MHH., KpuBas & — CrraBaM,
Beca 06pasloB CMJI4BA): NPOMIEANIUM OTKHUI' TIPH  TeM-
! — cnnag go omxkura; 2 — omxur upu 80°%; neparype 140°. Ha ocyoBanuu
3 — orxur npu 140°,

JAUHBIX  UCCJEJOBAHHS JHAMAr-
HUTHOH BOCHIPHUMYHMBOCTH MOXKHO 3aKJIOUHTh, YTO B CIJIABE UMEETCSI

(asa, pacnazawromasncs n0pu TeMmnepatype 140°.

Tepmorpaduueckce HccaeroBaHue cmaasos. JJas  JgaidbHeduiero
yTOo4HeHHs1 (Ha30BOro COCTABA 3JEKTPOOCANKACHHHIX CILIABOB OB MIPH-
MeHeH TepMorpacduiecKuil MeTol. Mcnoab3oBanuch NpUeMsl Kak npsAMOi,
Tag ¥ o6partHoil 3anucH npouecca. IlpsiMoit MeTox IPOBOJUACS C UCTIOND -
soBanueM notenunuomerpa IIIIT-09. B kauecTse jaTuMKa NPUMEHSJIACH
JKesle30-KOHCTAHTaHOBASl TepMonapa.

Jnast Tepmorpaduueckux ucchaeqoBauui ofpasiwl TOTOBHJHCEH CJie-
zyromuM ofipazoM. K 3ojotoit dosbre pasmepom 15 X 10 x 0,04 mm
NpUBAaPUBAJACh TOUEUHOH cBApKOH Tepmonapa. Ha dosapry ocaxpanock
1,6—2 ¢ cnnasa. B KauecTBe HArPeBATEJLHOICG 3JIEMEHTA MCIOAL30-
BaJjiaCh Ieub, HMEomAs JHHEHHYIO XapakTepUCTHKY HArpesa.

UccnenoBanue KODHYHEBHIX OCAJKOB BBLISIBUAO HA KPUBOH JAHdde-
peHIHANBHONH 3anicH NpH Temneparype 35-—40° OTK/IOHEHMS, YKa3bi-
BalOllMe Ha NPOTEKaHHe 3K30TEepPMHUUYECKHX IPOLECCOB, KOTOpHIE 3aKaH-
YUBAIOTCS IPH TeMmmepaTrype okojo 150°.

3HaqurebHO §0Jee 4eTKO BhipayKeHHl TenJoBble hpexTs B Ciaydae
Bespix cnnasos. [Ipu 3ToM ObIIO OGHApYKEHO, YTO XapakTep TepMO-
rpaMM MeHSIJICS C H3MEHEeHHEM XHMHUECKOTO cocTaBa 0OeJsioro CrJasa.
Ha ¢ur. 10 u 11 npepcTaBieHEl TepMOTpamMMbl, XapaKTepH3YIOHLMe
52 '

0,005

lu B¢



MUH,

&0 /[
o /
48 /
42 (
—
36 i
« Ve
X
@
5
20 /,
’ //
’8 >>
//
0 35 70 105 140 175 t°C
®ur. 10. Tepmorpamma cnaasa menb—sucMyT (64% menu). Cocras

SHGKTpOJIHTa N
Cu (ClO,), — 2 #., Bi(ClO,)s — 3 #., HCIO, — 4 =,




MUH.

54

48

42

36

‘Bpemsa

- 30

24

78

72

o
Dur.

/
\ .

s

N
\

i
/
//
/ 3

B R T 7Y A LT R,
11. Tepmorpamma cmiaBa Memb—BHCMYT (22% wmemn). Cocras

AICKTPOJANTA:

Cu (ClO4)y — 2 K., Bi(ClO,);— 3 K., HCIO, — 4 .




TensaoBbie 3PeKTH AJsl ABYX OeLiX CIJIaBoB, cojepxxkamux 64 u 22%
MeJH cooTBeTCTBeHIIO0. Kak BHAHO M3 IIPUBOAMMBLIX T€PMOrpaMMm, C HOBH-
LIEHHEM COAepKaNHsl MeJH B CIJIaBe B0O3PacTaeT HUTEHCHBHOCTL 3K30-
TepMHUECKOro apdexTa npu Temmepatypax 50—70° u ymeHbuiaercs,
XOTS W HE3HAUHTEJbHO, HHTEHCHBHOCTH 3(xperta npu [10—140°. Takum
o0pasoM, TtepMorpapuueckufi aHanM3 [OATBEPAH] BeCbMa OTUETJIHBO
Hanuyde B OCAJAK2X HECKOJbKHX (az, pacnaj KOTOPHX TIPOHCXOAUT
C BbIJEJeHHeM Tenaa.

IlapannenapHO 1pOBeACHIILIA pelTreHorpadHuecKHil aHaiu3 Oesbix
CIJIABOB HA NPOXOXKJAEHHe [PUREJ K YCTAHOBJCHHIO HA PEHTIEHOTpamMme
pasMbITOro Koabuna (d = 2,98), monoxkeHHe U XapakKTep KOTOPOTO He
U3MEHSJIHCh C M3MEHEIIHeM XMMHUYeCKOro COCTaBa ChaaBa. B pesyabrare
nporpesa ocajgka npu temneparype 80°, T. e. mpu Temmeparype, GoJee
BBICOKOH, ueM 3TO HEOOXOJNMO JJIs pacnaja HeycTodunBoil pasul, Xxapax-
TePH3yeMOfi NIePBLIM MAKCHMYMOM Ha TePMOIPaMMax, KOJbLO 114 peHTre-
HOrpaMMax CTaHOBMJIOCH 0oJiee PE3KHM, HO MOJOXKEHHE €ro He H3Me-
usinock. Ilpy annrennLHOM Tporpene npu 3Tofl »Ke TeMmrepaTtype Ha peHT-
FeHOT'paMMe TIOSBJSIINCE JONOJIHUTENbHO JHHUH, COOTBETCTBYIOUMIME YHUC-
TOMY BHCMYTY. CJaeloBaTebHO, PA3MBITAsl JHIIHA .14 DPenTreHorpamme
OTHOCHTCA K (pase, mnoasepraiomeics pacnagy npH 00Jiee BLICOKOH
temneparype (140—1507).

Hccaepopanue CBepXHNpPOBOJAMMOCTH cnaaBoB. UYHcThe
MeTaJJIbl MeAb M BHCMYT, KAk M3BECTHO, 1€ OOHApYKHBAIOT SIBJICHUS
CBepXIPOBOJAUMOCTH IIPH HU3KUX Temreparypax. Oaaxo, KaK GbIJIO IOKa-
sano H. E. Anexceescxkum [38 |, BOSHHKHOBEHHE 1IepABHOBECHBIX XHMUUYEC-
KHUX CoefiilielInf Ha OClIOBe BUCMYTA IIPUBOJIUT K MOSBJCHUIO CBEPXIIPOBO-
pumoctd., CrenuanbHo NOCTABJCHHBIE HUCCIENOBANUSA TTOJNYUEHHBIX TYTEM
3JEKTPOJH3A CIIABOB ¢ cofepxxaiem suenyra 50—80% (Gennie ocagku)
NOKA3a/H, UTO OCANKH OOHAP yKHBAIOT CIIOCOGHOCTh nepeXofuTs npu 3°K
B CBepPXINpPOBOAsAmee coctostiipe. OTKHI cnyasa npH teMmneparype 140°
TIPUBOJUN K HCUE3HOBEIHIO CBepxnpoBogumoctd ([39].

Taknm 06pa3oM, Ha OCHOBAHUY FAUHBIX PENTreHOrpapHuecKux H Tep-
MOrpaHueCKHuX HCCAEJOBAHUI, a TaKKe JAaHHBIX H3MEPEHHS NJIOTHOCTH,
MArHHTHBIX CBOMCTB H CIIOCOOHOCTH II€PeXOAUTb NIPH HHU3KHX TeMmile-
parypax B CBEPXNPOBOJsIIEE COCTOHHHE YCTAHOBJAEHO, YTO OCAJKH
. CIjiaBa  Melb — BHCMYT, IOJyUeHIbie B OIpeleJeHHBX YCJIOBHAX,
cojepiKar, Hapaay ¢ Gasoll nepecLieHHOTO TBepAOTO pacTBOpa BHUCMYTA
B MeIM, MeTactabmiablylo ($aszy THna XHMHIECKOrO COEAUHEHHs, He
HaOJMIOfAIoMerocsl Ha AMarpamMme DAaBHOBECHS JJIS 3TOrO CiljaBa.

IlpuBeneHnbIe pe3yabTATLI TEOPETHUECKOrO PACCMOTPEHUSt M IKCIe-
PHUMENTANBHOTO HCCJAEAOBAHHUSA TPONECcCa 3/JEKTPOKPUCTAIIHIANUH CIiIa-
BOB Ha npHMepe GHHADHBIX CHCTeM lla OCHOBe MeIH JEMOHCTPUDYIOT
LIMPOKHE BO3MOXKHOCTH BO3MefiCTBHs Ha (a30oBOe CTPOEIHE H COOTBET-
CTBEHHO Ha CBOHCTBA 0CAAKOB, B YACTHOCTH IYTEM CO3/AaHHS YCJIOBUH
3JIEKTPOJIN3a, NMPUBOASIIEX K 00pPa30BaHHI0 METACTAGUALHBIX bhas.
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0. M. [I0JIYKAPOB

NMONYYEHUE MOKPBITUH, OBJAJAKOUIUX OCOBbIMU
MATHUTHbIMU CBOMCTBAMM

3a pocsexiee BpeMs B NMPAKTHKE radbBaHOCTETHH TOSIBHJOCH HOBOE
HanpaBJeHue — OCAXKJeIHe CIJIABOB, 00/1aAI0MIHX ONpPeACHeHHBIMH Ma-
THUTHLIMH CBOHCTBaMU. PazBuTHe patoT B 3TOH 06JaCTH ONpeessiercst
riaBHLIM 06pasoM 3ajaueidl pazpaGOTKU MeTOJ0B HAHECEHUS MOKPHTHH
U3 MarHuTHO-3KECTKHX MATepPUAJOB C BBICOKOH KO3DHHTUBHON CHJIOH.
3HauUTETBHO MeHblle PafdoT MOCBSIIEHO BONPOCAM INOJYUeHHSsI HH3KO-
IPUUTHUBHHIX MOKPHITHA € LeAbI0 MATHUTHON 3amuThl HJAH M3rOTOBJCHUS
MAarHHTONPOBOJIOB.

Ecnu B paforax meproro HanparJeHHsI JAOCTUIHYTHI ONpeleseHHbIe
yCIeXU U TOKPBLITHSI M3 MATHHUTHO-KECTKUX MATEPHAJIOB HAILAM NPak-
TAYECKCE TIPHMEHEHHE, TO BOIPOC NOAYYEHHS MATHUTHO-MSITKHX TOKDBI-
THH MyTeM 3JeKTPONH3a HAXOJAUTCS elle B CTaAUU PazpaboTKH. DTG CBSI-
332HO B 3HAUUTENBLHON CTEHNEHHU C TEM, 4TO YCJOBHS 3JEKTPOOCANK/ECHUS
poJiee GAATONPUATHBI /51 TOJYYEHHUST BLICOKOKOSPUHTHBHBLIX CIJIABOB.
[Ipu 3JEKTPOOCaKACHHHU K€ NOKPBITHIH, 004740 X BLICOKOI IIPOHU-
IIAEMOCTBIO M HU3KOH KO3pIUTHBHOH cuioil (0,01-—0,005), no-BuaumMoMy,
BO3HHKAET PAL TPYAHOCTedl NPUHIMIHAJBHOTO XapakTepa.

3JIEKTPOOCAXJIEHUE MATHUTHO-)XECTKHX CIJIABOB

MccnepoBanve MexaHu3ma o0pa3oBaHusl BBICOKOKOIPUHTUBHBIX TOKPbI-
THH H3 CIJAaBoB 1NpH  3JeKrposuse. MarHdTHoe MOKpLITHE s
34NUCH 3BYKA WM HUMIYJAbCOB B 3aNOMHUHAIONIUX YCTPOHACTBAX BLIYUC/H-
TeJbHBIX MAIIUH JOMKHO 001ajaTh NpPEeXAe BCEr0 BBICOKOH KO3pHU-

. o H
TUBHOH cuaofl. JKenaTenbHo Takxke, 4ToObl OTHOLIEHHE BJ ObIJIO MOPsAIKA
r

0,5 u snue {1 1.

Oty TpeboBalusl HeOOXOAUMBl LIS NOJYUYEHHS XOpoiiefi 4acTOTHOH
XaPAKTEPHCTHKH 3BYKOHOCHUTENS] MJH BEICOKOH NJVIOTHOCTH INpH 3amHCH
HMITYJILCOB.

Kak H3BeCTHO, COBpPEeMEHHbIE MAarHHTHO-KECTKHE MaTepuaJjbl, 00Ja-
JAKOMIME BBICOKOH KO3PUUTHRHOI CHAOH, OTHOCSTCSI K Ipymnme rete-
pOrenHnix C[1apoB. BpicOkas KO3PUMTHBHAS CHJa B TaKOro poja
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Marepuajax BO3lHKAET B pesyabTare (pasoBbBIX IIPEBpauleHu#l, KOTOpHE
MOXKHO IOAPA3AEAUTL 114 TPHU CPYIIHL

l) MaprencnTHble npeBpaiieHUs (CJIABbl KeJAE30 — YIJIEPOA);

2) pacnaj TBCpABIX PactTBOPOB (HANPHMEp, CIVIABLI METAJJIOB [P YIIIbI
JKesesa ¢ BoJb)PAMOM H MOJHOAEHOMY,

3) NpeBpaIIEHAs B CIJIABAX, CBA3AHHBIE C BJECHUSIMH YIIOPSI0UEHHU s
B (pasax TBePJABLIX PaCTBOPOB (CTLIABBI THIA AJLIHMKO H KOOAJILT — mJa-
THIIA).

[nsi Bcex Tpex rpymm, 11€3aBHCHMO OT XapaxTepa (pasoBOro mpe-
Bpaulelins, OCHOBHBIMH (DAKTOPAMH, ONPEACJSIIOIHME BO3HHKHOBEIIHE
BBICOKOI KO3PUMTUBHOM CHJIBI, SIBASIOTCS pasMep H (opMa KPHUCTANJIOB
beppoMaruuTHOR (Pasnl, a TAKKE HANPKEHUS], PA3BUBAIONIHECST HA rpa-
HHUIAX OCHOBHOI M BHOBL BhilenuBiuefics ¢gaz [2]. Ocobenno sto otHO-
CHUTCSI K II€PBLIM JBYM TIpynuaM CIJaBOB.

Takum oBpasoM, MCXOAst M3 COBPEMEIIILIX NPEICTABICHHH O (PAKTO-
pax, OnpejfesAux BCAUUHHY KOIPUHTHBHOH CHJBLI (epPPOMATHUTHEIX
MAaTepPHaNOB, MOXKIO, HanpHMep, OXKHJAATb BO3HUKIOBEHHS! BLICOKOH
KO3PUHTUBHOA CHJBl B CJyuae 3JAEKTPONUTHUCCKHAX NOKPHITUHI M3 Criia-
BOB, KOTOpbIE NPEACTABJASIOT COOOH CMeCh KPHCTAJNJIOB (peppOMArHuT-
HOro ¥ nedeppOMArHUTHOrO MeTaJaJOB, TPHUYEM KPMCTaanel (eppomar-
HUTHOTO MeTanJa HMEIOT BEChbMa MaJbiil pasMep (MOpsjika HeCKOJbKHX
coten anrcrpem). K takum crasam MOryT ObIThb OTIECElbI, B YACTHOCTH,
amMaJiblaMbl JKeje3a, AJas KoTopux no aaudwmM H. B. Aamnk u T, B. Ky-
ObIIKHHON [3] KOSPUHTHBHAA CHJIZ MOMKET ObITh MOPAJAKA HECKOMBKHX
coren spcren. lllpenep [4], uccsenyst KOIPHMUTHBHYIO CHAY Kejesa
U HHKEJIH, HAXOJSAWMXCS B BUAC NMPHUMECHU B HE(DEPPOMATIHTHBIX MaTe-
pHajax, HameJ, uYTo olla MOxKeT jaoctHrarb 500 3pcrel.

3HauuTebHOE BJMSIHUE HA BEJHYHHY KOIPIUTHBHON CHJLI CILIABOB
OKa3bIBAET MATHUTHAS AHH30TPONHUS U AHH3OTPONHA (DOPMBI KPHCTAMNOB
(bepPOMArHUTIIOTO MeTaJa.

B pesyabraTe MHOrOYHUCENIBIX HCCJAENOBAHUH CTPYKTYPH 3JEKTpO-
OCAXKAEHHBIX CNNABOB OBbIIO YCTAHORBJEIIO, YTO NP COBMECTHOM OCa-
JKJEIHH MeTaJII0B HA KaTOAe 4acTO BO3HUKAIOT CILIABLI, OTJIHYALIHECS
no csoeMy (pa3zoBoMy COCTABY OT CIJIAROB, MNOJyYellHbIX TePMHYECKHM
nyteM [5]. B wactinoct, npu 3JeKTpPOOCAKIEINH CIIIABOB, KOMIIOHEHTH
KOTOPEIX 00pDa3yIoT HENPephIBHLIA P TBEP/AbIX pacTBOpPOB, Ha KaToje
B pAJe CJydYaeB BO3HMKAIOT AByx(dasible rereporeHHsie ocaaku [6].
BeaencTere  2TOr0  mpHM 3JEKTPOOCAXKJEHHH MOI'YT 0GPa3OBLIBATHCS
CIJIABHI, 00J2Jaf0lHe BLICOKOM KO3PUUTHBHON CHJAOH AayKe AN TaKUX
CHCTEM, JJsI KOTOPBIX KO3IPUHUTHBIAS CHJIA OOBIYHO HEBLICOKA.

IoBLiieHHI0 KOSPIHTHBION CHJAB JOMKHO CIOCOOCTBOBATH TaK¥Ke
o6pazoBaHHe 114 KaTOJe MEJNKOKPHUCTANNUUECKHX INOKPBEITHH, OCODEHHO
NpH BO3HHKHOBEIIMH TNEpechuleNbix TBepAbIX pactsopos [71.

Hs noayuenunix K HACTOSINEMY BpEMelIH COBMECTHBIM OCAKACHHEM
Ha Kartojie crii1aBoB [8] HauGoee NIITEPECHBIM C TOUKH 3Pellust M3y4eHust
34BHCHMOCTH MArHUTHBIX CBOHCTE OT 3JEKTPOXHUMHUECKHX YCJAOBHI
TOJYUYEHUS] SIBJISIETCST CIJIAB KOOANbT — BOAb(ppaM. OAHH H3 KOMIO-
UENTOB CIJaBa — KOOAJAbT Ob BHOpaH B KauecTse (eppoOMarHuT-
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HOro Merajsna, WMEIoUlero BEICOKOE 3HAueHHe MATCHUTHOH  aHHU30T-
pOIHUH.

[To pAaHHBIM AUHACpAMMBI  PABHOBECHS, PACTBOPUMOCThL BOJb(PaMa
B KOGa/akTe NPH KOMHATHOJ TemnepaType cocrasisier okodqo 13 ar. % [9],
B TO BpeMsl Kak TIPH 3JeKTPOOCAXKJACHUH 00pasyloTCs CILIABHL C COJEP-
xanueM Bonbppama 10 30—40 ar. %. Takum o6pasoM npu coocaxkaennu
Ko0anbTa C BOJALMPAMOM MOKIIO OXKHAATL BO3HHKHOBEHHS TeTEPOreH-
HEiX OCA/IKOB, MOMOGHBIX BBICOKOKO3DUUTHBHEIM CIlIaBaM, 0O0Opa3dyio-
MUMCsT B pE3yJbTaTe Pacnaja I1epechllleHblX TBEPJBIX PAaCTBOPOB.

Jlng wucciepoBanug OblJl BblOpaH JHMOHMHOKHCJBIH 3JEKTPOJIHT,
YCJIOBHUS! 2JEKTPOOCAKACHHST KOTOPOrO H COCTAB 00pasyoMHUXCst CilJaBOB
NoAPOGHO H3Y4YAJHCh psjaoM aBTopos [101].

He bdr
apem zc b0
100, 80 = s
4
_,,A"// “0
3 30
50 40
20
N $ 110
1| 2 ‘
Oﬁ::z‘ 5 =
/) 100 200 i, ma/em?

®ur. 1. 3abucuMoCTb:

[ —~KO3PUHUTHBHOH CHJIbL Hc; 2—octaTounoil HaMard HUCHHOCTH Ir;
J — HaMaruu4YeHUOCTH Haceennss /;  4-—-cocTaBa crnaaga
OT NJIOTHOCTH ToKa (pacTtBop Ne 1),

B kadecTBe OCHOBHOI'O 3JEKTPOJNHTA HCIIOJb30BAJCS PaCTBOP CJle-
AyIOLero coctaBsa B ¢/4 U pexuMa (pactsop Ne 1):

CepHORuCABIl KO0aabT - . 12,6 Temneparypa 8 °C . . . . 70
Boanppamar marpus . - . 39 pH . .. . .. 7,1
Jlusiownas kuecsmora . . - . 66

Ha ¢ur. 1 npuBoamrcsi 3aBHCUMOCThL KO3PIUTUBHOH cuanl H,, ocra-
TOYHONl 1HaMarHMUeHHOCTH [, M HaMarHWYeHHOCTH Hachimenus [, or
niorHocTH ToKa *. OGpamaer Ha cebsl BHUMAIIHE Majoe 3HadeHde ramar-
HUYEHHOCTH Hachieuus. Kos3puuTtupuas CHJIZ NMOKPBITHS Taxkxke Hebe-
auxa. Iletas rucrepesnca MmeeT BRITIHYTYIO BAOJDL OCH abciHce Gopmy,
IpHYEM OTHOMICHHE OCTATOUHONH MHAYKIMH K HMHAYKIMH HACHIIEHHS
kouaeGJercst 3 npenesax 0,05—0,1.

1 3]L€Cb’ KaK H BO BCE€X TNOCAEAYIOMHX caydadX, NMPUBOAATCA NAHHBIE MATUHTHBIX
I/I3Mep€HI’Iﬁ O6pa3LLOB, BBIIEDHKAHHBIX B TCUCHHE HECKOJLKHX CYTOK IOCJIE HX TMOoJdyye-
HHu4.
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Ilo panupiM paborst Xopa u bakaoy [10], KHCJAOTHOCTL 371€KTPOSUTA
B BaHHaX NOJOOHOTO COCTaBa 3HAUUTEALHO BJHsIET Ha COCTaB o6pasylo-
Hierocst ocajka. VsmeHenue KHCJOTHOCTH 3JEKTPoOJaHTa 0T 4 A0 8 enu-
HUL, pH nmpHBoANMT K yBeJqHuUeHHIO COAepzKaHHS BOJbppamMa B ocajnke
¢ 20 50 70% . OxHako MarHuTHLIE CBOHCTBA OCAJKOB IIPU 3TOM MEHSIIOTCS
HesHauuTesbHO. Ko3pUUTHBHAA CHJIA TIO-NIPEXHEMY OCTAaeTCs B TIipe-
Jle1aX HECKOJNLKHX IPCTEL.

YBeJqHUYeHHE COJEPKAHUs BOAb(pamMa B ocanke cBbille 60% NpHBORUT
K 00pa30BaHUIO TOKPBITHH, Y KOTOPHIX AMAr{HHUCHHOCTL TPAKTHYECKH
OTCYTCTBYET.

Kak Bujgo u3 rpadpuka na ¢ur. |, HaMaruuyeHHOCTh HACHIIEHUSA
pacTeT ¢ NOBLIIEHUeM TJIOTHOCTH TOKa. 2T0O YKasniBaeT HA yBeJHUeHHe
KOJIMuecTRa (peppoMarHuTHON (pasul B ocajike cmiasa. OpHako No JaH-
HbIM XHMHYeCKoro anasnusa (cM. ¢ur. ) cojep:kande poJbdhpama
B OCajKe TPH 3TOM He TOJLKO HE YMEHBIIAeTCs, HO JakKe HECKOJAbKO
Bo3zpactaeT. [loBrileHHe HAMATHHUCHHOCTH HACHIIEHHS C YMeHbIIeHHEM
KoJauyecTsa KobOajbTa B 0OCajKe MOXKET ObiThb OObSICHEHO yMEHbLUEeHHEeM
cojepxkanusi BojabdpamMa B (eppPOMAarHHTHOH ¢asze TBepAOro pacTBopa
H YBEeNHUYEHHEM KOJHUYeCTBA BTOPOH ¢hasbl € BHICOKHM COJAEpKaHUEM
BOJIb(pama.

B pesysabTaTe nccaenoBaHUsd MAaTHATHLIX CBOHCTB CIJIABOB  OblJIO
YCTAHOBJIEHO, 4TO, XOTSl ChJaB M TpejCTaBiaseT COOOH reTepoOreHHyIo
CMECh KPHCTAJJIOB HECKONbKHX (has, OJHAKO XApakTep KPUCTANIU3AIUU
H BLICOKOE COfepxXKaHHe BoJabdpamMa B ¢eppoMarHuTHOR ¢dase B BUje
CHJBHO TIEPeChIIeHHOTO TBEPJHOr0 PACTBOPA TPHUBOJSAT K 06pa3c BaHHIO
OCaJIKOB C HEBBLICOKOH KOIPIUTHBHOH CHJIOH M MAa/jbiM 3HAYeHHEM 0CTa-
TOYHOH HHAYKIUU.

YayumiedHsi MarHUTHBIX CBOACTB MOXKHO OBLIIO OXKHUAATH C TIOBLIIE-
HHeM cojlep:KaHus cojeld koGagpta B pacTeope. C 3TOH 1eJbI0 TIPOBO-
JUJACH CepUsl ONBLITOB IO UCCJeROBAHUIO 2EKTPONUTOR C BO3PACTAIOL KM
OTHOILIEHHeM KOHIEeHTpaund# kobajbTa K BOJb(pamy.

Haubonee mnoxxoxsiuiell oxasanach BaHHa CAELYIOIEr0 COCTaBa
B 2/4 W pexuma (pactBop 2):

CepHOKHCIBIH KOBAABT « « « « « « « o v v o v o o . 110
Boandpamar narpus e e e e e 25
JIUMOHHAA KHCIAOTA  » + « + o « o o v e e o o 200
pH nofaBaenueMm ruapOOKHcH AMMOHHSi JOBOJUTCH . . 1[0931Ha‘-I;léHH

Ha cwur. 2 npexpcraBieHa 3aBUCHMOCTL KOIPUHUTHBHONA CHJBI OCafKa
ot pH pactBopa (pactsop Ne 2). Kak BUJHO U3 MpHBORUMOro Ha (Ur. 2
rpaduKka, BeJHUUHA KO3PUUTURBHOH CHJAB OCAJKa CUJLHO 3aBHCHT OT
KHCJIOTHOCTH 2JeKTpoJuTa. Hanbosablee 3nayeHye KOSPUUTUBHON CHJIBI
Jocturaercss npu pH agextpoawnra, pasHoit 9,4—9,8.

Ha ¢ur. 3 npuselieHbl KpUBbie, XapaKTePH3YIOLINE BJHSHUE TJIOT-
HOCTH TOKa Ha KO3PIUTHEHYIO CHJy, OCTATOYHYIO HAMariH4eHHOCTh
H HAMAUHUYCHHOCTh HACLUIEHUS NMOKPLITHH H3 CyiaBa NpH Pas3/HyHbIX
TEMIIEPATYpPaX 3JeKTPOJIHTa. 3hech Takke obpamaeT Ha Ce0s BHHMAHHE
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POCT BEJUYHHBE HAMATHHYEHHOCTH HACHIIIEHUS C NMOBRIUEHHEM TIIOTHOCTH
TOKa, B TO BpeMsl Kax COCTaB CIJIaBa OCTAETCS NMPaKTHYECKU TOCTOSIH-
HoiM. Kak # jist cnsiaBoB, moJydensdbix u3 pactsopa Ne 1, 3to cuze-
TEJbCTBYET O IE€TEPOTEHHOCTH BO3HHKAIOIIHAX CHJIABOB.

HanrenbHoe uccnmepoBaHue paGoThl JEKTPOJHTA TO3BOJHJO yCTa-
HOBHTb, YTO 3JIEKTPOJHTHYECKHE OCAAKH, INOJYUYElHbE M3 CBeXKeNpHuro-
TOBJEHHHIX pactBopoB ¢ pH = 9,8, Hmesun KO3PUUTHBHYIO CHJY

He
p0m
He i
apem ol 2
j’ L / f |
500 / 500
1
/ 400 Y=g
400 / 3
300 PN gl
300 / =l
200
200 /
/ 100
100 ___z;o/
0 0 50 100 150 ix MTim?
64 72 80 &8 95 pH @ur. 3. 3aBHCHMOCTD:
@ur. 2. 3aBHCHMOCTL KOIPUNTHBIOH I — KOSPUHTHBHON cHau H ; 2 — pama-
CHJIBI CIIJIaBa OT KUCJIOTHOCTH SJEKT- TIUYEHHOCTH HAaChilleHNd Is; 3—ocraTou-
poJauTa Npu Temieparype 70° (pac- HOH HaMAarHHYeHHOCTH [/  OT TJIOTHOCTH
TBOP Ne 2). TOKa IpH Temneparype 70° 4 — 3aBu-

CHMOCTL KO3DUHTHBHOH cHJIbl cnataBa H

OT TUIOTHOCTH TOKAa HNpH TeMIcepaType
snekTpoanra 40° (pactBop Ne 2).

3HAyHTeJbHO Huxke (350—400 3pcTex), ueM OCaiKHd H3 JJIHTENLHO
paboTaBmiux 3JekTpoauToB (500—600 apcten).

Ocajiku CrJaBOB, TOJYYEHHEIE B YCJIOBHAX, KOTOPbIE COOTBETCTBYIOT
MaKCHMYMY KOIPIMTHBHON CH/BL, NPeTeprneBajd BpeMeHHble H3MCHEHHS
nocsie MpeKpaleHds 3JeKTPOau3a, YTO BHJAHO H3 CJAEAYIOWUX AaHHBIX:

Bpemsa mocse mpeKpameHus 3A€KTPOJH3a . l 10 cexk. 1 yac | 24 vaca | 2 roaa

KospuutusHas cuaa H, B apeT. . . « . - ‘ 720 670 t 540 | 510

B Taba. | npHUBOAATCS HEKOTOPLIE AAHHbIE XUMHYECKOTO aHaJH3a
OC&JIKOB, TOJYYEHHHBX Ha CTEPKHAX M MarHUTHBIX H3MepeHH[ HX
pacteopa Ne 2.
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Tabauya 1

tB°C .. ... ...... 3| 3| 60| 65| 70| 70| 70
pH . « .o o988 |98 72|97 |91 |9l ol
i B males® . . . . ... .| 40 | 150 | 100 | 100 | 40 | 100 | 200
Hewsper . .. .. .. ..| 400 | 50 | 250 | 600 | 260 | 420 | 250
We%...........1 291 25| 33 29‘30 32 | 30

B pesysnbrate penrtreHorpahuyeCcKoro HCCJAEIOBAHUS 3JEKTPOJUTH-
YeCKHX OCafKOB CIJIaBa GbLIO OGHAPYIKEHO, UTO NOKPBITHS, NMOJAYUCHHBE
u3 pactpopa Ne 1, 1e naBajid yeTKUX peeKcos, 11a OCHCBAHHH KOTODBLIX
MOXKIO Obu10 Gpl CYAUTH O CTPYKType BO3lHKAawmiero cmiara. OcajkH
CInJaBsa, moJyuelnble H3 pacTBopa Ne 2, jgapaju Ha peHTrenorpaMme
OTpaxkeHusl, COOTBETCTRYIOMHE pelIeTKe TBepAOro pacTsopa BoJabdppama
B KobanpTe. B Tabu. 2 npuBojpdaTCs Hallble pacyeTa 3THX PeHTreHOoTpaMM.

Tabauya 2
i B MaleM® - - . o o e 20 100 300 100
pH . . . ... ... .. ...... 98 9,8 9,8 7,2
aBA . ... | 255 2,54 2,54 2,59
) I 14 4,156 4,07 4,07

Kak BujHO W3 TNpUBOAUMON TabjHIBl, TEPHOJ pEIIeTKH KobajibTa
HEeCKOJbLKO YMEHBIIAeTCsi € TOBHILENHeM TJ0THOCTH Toka. ComocTab-
JEeHHe 9THX AAaHNLIX C pe3yJbTaTavi MarHHTHLIX H3MEPeHHH yKasblBaeT
Ha TIPUCYTCTBHE B OCajJKe MO Kpaduel Mepe emie opHOU (aswl, Boraroh
BoJbbpamMoM. Opuako KakKuX-AH60 JHHHE BTOPOH (pasbl HA pPeIITTreHo-
rpaMmax ob0HapyXkHTb He yhajock. OTCyTCTBHE pedyieKCOB BTOPOH (ashl
112 penTreHorpaMme MorJjo ObiTh BBI3BAIO MaJbiM DPa3MepoOM KpHCTAIOB
HAH CHJbHLIMH HCKAXKEHHAMH KpHCTadauyeckol pemrerki. C 1edbio
yCTpaHeHUus 3THX TNPHYHH [POBOJMJCA TNPOTPEB IJIEKTPOIUTHUECKHX
0CAJIKOB B BakyyMe U atmocdepe Bojopoja npu Temmepatypax 200, 400
1 600 B Teueline 2 yac. ¢ OJHOBpPEMEHHbIM KOHTPOJEM MaridTHLIX CBONCTB.
CHuJibHOE H3Melelne BeJHUHHB! KOIPUUTHRHOI CHJBI HACTYNAJ0 TOJBKO
B peayJbTare mporpesa npu Temmepartype 400°. Ilpu 310M JNUHHH HOBOM
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dasb Ha PeHTreHorpavMmax eme He obuapyKUBAJIUCD. lIlporpes 1ipu 1eM-
nepatype 600° NPHBOXMI K DOABJEHWHIO JHHHM, COOTBETCTBYIONHX
peteTke xumuyeckoro coexutienust Co,W.

Ha sJaektponorpammax, NOJydyeHlbX OT 00pasnon Ha OTpaxeHHe
MIsi ocankoB u3 pacteopa Ne | mpu pH = 7,2, Owin oGHApyXeHbI
JOBOJILHO YeTKHe TOAYKOJbIA, KOTOPHe, KaK ToKasas pacuer (Tadsa. 3),
oTtHocsTcs K pemetke coequueninst CogW. 1lapsaay ¢ aTiM Ha 3J€KTPOHO-
rpavMme HaGAORAOTCS TPH AUGOY3UBIX MAKCHMYyMa, COOTBETCTBYIOLIMX
CHJIBHO IepeCLIIEHIIOMY TBepAOMY PacTBopy BOJbppamMa B KoGaJbTe.

Tabauya 3
d d
- T H3MepelHoe BLIUMCTIEROC !
i
9,9 2,98 2,999
11,8 2,54 2,545
13,3 2,21 2,217

1 Beanuuna ¢ BolumceHa HA OCHOBAHHMHM AAHHBIX padoT
N0 PEeHTreHOrp AhHIECKOMY HCCHCIOBAHUIO CIIABOR KOGaabT—
Bousbpam |13].

Jlna o6pasnos, moaygenubix H3 pacteopa Ne 2 npu pll = 9.8,
Ha 3JeKTPOHOTPAMMAX HAPARY € YeTKHMY KOJbILAMHU, COOTBETCTRYIOMHUMH
pereTke TBepJOTC paACTBOPA Bosb(ppama B KoGajbre, OblIH 00HAD YKEHb
TaKXKe JIMIHE oT pemersu coegunerinst Co,W. Onnako ¢paza XUMHYECKOTO
CoequileHus] 0GIapyKUBANACh TOJbKO B OCAAKAX, MOJYUYEHIBLIX TPH
BBICOKHX TJOTHOCTAX Toka, 80—200 ma/cm®. Ha snexrponorpammax,
TOJYYeHHbIX OT OOpPasloB, OCAXJeHHe KOTOPLIX NMPOHCXOAHJIO B HHTEp-
Basie mioTioctell Toka 10—30 ma/csm?, AUHUI, TPHCYIIUX XUMHUECKOMY
COefHHEHUIO Iie OGHApYXKUBAIOCH.

Cunxeune pH pacreopa o 7,5 mpHBoauno K 00pasoBaHuio OCaAKOB
¢ OopHeHTaUHell KpUCTa/ioB mjockoctbio (0001) mapansenbHO HOBEPX-
HOCTH KA4TOAa.

HMamepennie MarauTHbIX CBOHICTB H HCCJAEAOBaNUe CTPYKTYPLI 2Je€K-
TPOJNUTHYECKHX OCAJKOB, IIOJyueHlBX H3 pactBopa Ne 1, noaposuiio
YCTAHOBUTb, UYTO 3ITH OCAJKU COCTOAT H3 ABYX ha3: ¢asel TBEPAOTO
pacteopa U (aswm xumuueckoro coepunentis Co,W. Oapako, HeCMOTpA
Ha TeTePOTeHHBLIH COCTAB ClJaBa, KOIPUUTHBHAS CHJA TOKPBLITHH OKa-
3bIBAETCS HEBLICOKOH, MOPSiAKa HeCKOJbKHX pcTes (cM. ¢ur. 1) Huskoe
r
Iy’
ne npeppuuatomee 0,1, cBA3aHO ¢ XapakTepoM KPHCTANIH3AIMH Ocajgka
Ha karoze. [IpH 37eKTPOHHOMHKPOCKONHMYECKOM HCCJAEIOBaHUH  ObLIO0
ofGHapyXKello, YTO CCajkH HMEOT CTpoenHde, xapakreploe pjs OmecTs-
HIUX OCAJIKOB HEeSIBHO KPHCTAMIUYECKOTO THIIA, MEXAHHU3M POCTa KOTOPHIX
OTJINYAETCsI OT POCTa OOLIUHBIX KPHUCTaNIAYeckuX ocankon [11]. Kak yxe
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6bl10  MOKA3aHO, JJISl YMCTHIX META/JIOB HHKeJsl B KoGanbra ofpa-
30Banue OJIECTAILIHX OCAJKOB HESBHO KPHCTANJIHYECKOTO THMA NPH-
BOAUT K PE3KOMY CHIXKEHUI0 BeJHUHUHBI OCTATOYHOH HAMAarHuyeH-
HoctH [12].

[ToBbiIeHHe KOHIEHTPALHU cosefl KoOanbTa B JEKTPOJUTE NPHUBEJO
K H3MEHEHHIO CTPOCHUS 3JEKTPOJUTUUECKOr0 OCANKAa U COOTBETCTBEHHO
MATHUTHBIX CBOUCTB CIijaBa.

[Ipn naotHocTH TOKa 100 Mma/cm® mepHop pelueTKH CIUIABOB H KX
XMMHYECKHH COCTAB MaJlo MeHsI0TCA B npejienax usmerenus pH pactsopa
o7 7,5 10 9,8. B TO xe BpeMs BeNHUHHA KOIPUUTHBHOH CHJLI MElSIETCS
npu 3ToM Gojee gem B 2 pasza. DTO CBsA3alo C H3MEHEHHEM PasMepoB
KpUCTanjgos (peppoMardutioil ¢assl. [JelCTBHTeNbHO, TIO JAUlIBLIM IJaeK-
TPOHHOMHKDPOCKOTIMUECKHX HCCJEROBAHU{ OCaJOK ChJapa, MoJydYeHHBIH
u3 sauHpl Ipu pH pactropa 9,8, cocrour us GoJiee MeJKHX KPHCTAJIOB,
yeM 0CaJioK M3 3JekTposuta ¢ fogee HH3kuM pIH. Kpowme Toro, ocapki,
ToJlyuesHbe U3 pacTeopa ¢ pH = 7,5, UMenH opHeHTaUHIO KPHCTAJJIOB
naockocTeio (0001) nmapasienbHO MOBepXHOCTH KaToja. Takum o6pasom,
B HATpABJEHHH HaMarHH4NBaHHUs ObLIH PACHOJIOKEHD! TIPEUMYILECTBEHHO
OCH TPYJIHOTO HaMarHu4YuBaHUs,

HMamepeHne H3MeHeHUst MATHUTHBLIX CBOHCTB MOKPHITUH B 3aBUCUMOCTH
OT TJIOTHOCTH TOKa (CM. ¢ur. 3) NMO3BOJHJIO YCTAHOBHTL HAJHyHe Max-
CHMYMa BeJHYHHL KOIPUHTHBHOH CHJbI AJs CIJIABOR, MOJYYEHHBIX TIPH
mioTHOCTH Toka 100—150 ma/cm® u temneparype 65—70°. Conocrabae-
HHe MArHUTHBIX ¥ CTPYKTYPHBIX HCCIEAOBAHU MPHBOAUT K 3aKJI0UEHHIO,
4TO B JAHHOM CJaydae HabgojaeTcst sfBJeHHe, OJAH3KOEe K SABJICHHAM,
NPOHCXOJSIIHMM TIpH pacnaje TBEpPABX pacTropoB. C  TMOBLILIEHHEM
TJIOTHOCTH TOKA MTPOUCXOJUT TIOCTelleHHOe YMEHbLICHUE NepHOojia PelleTkKH,
CBHACTEJNLCTBYIOMEe 06 YMEHbIIEHHH CTEleHH Tepechinelds TBEepPAOro
pacTBopa ¢ OJHOBDEMEHHLIM VBeJanueHHeM KosanuecTsa (asbl CozW.
Takum ofpaszoM, mepexoji OT OCAXKOB, TOJYUEHHHIX TPH MJOTHOCTAX
toka 30—40 ma/cm®, K ocagkam TNOJyUYeHHBLIM TpH TaoTHOCTH 100—
150 malcu®, cooTBeTCTBYeT KAk Obl MEPEXOAYy OT 3aKaJeHHBIX K YaCTHYHO
OTIyI[eHHBIM CIIaBaM KobaabT — BoJbdhpaM. BosHHKHOBeHHe MaKCH-
MyMa KOIPIHUTHBHOH CHJIBI TPH OTpeAeAeHHOH NMJIOTHOCTH TOKa BLI3BaHO
CTPYKTYDHLIMH H3MEHEHHSIMH B OCaJiKe, TPONUCXOAALIUMU T10J BJHSHHEM
H3MeHeHHs MJOTHOCTH ToKa. IIpH 3TOM 0KasbiBaeTcs, 4TO NPH IJAOTHOCTH
toxa 100—150 ma/cm® cootHOleHHe (ha3 W pasMep KPHCTAJJIOB OKa3bI-
BaloTcA nambosee GaaronpUsTHLIMH.

Bricoxass Ko3puUTHBHAS CHJa OCAJKOB MOXKeT OLITh CBsi3ald TakikKe
C BO3HUKHOBeHHeM HanpsikeHUd HA rpanunax $as KpUCTaJyIoB TBEPAOTO
pacTBopa M XHUMUUECKOTrO COEJMHEHHUsA. YJBOGHHBI NEpHOJ TIeKCaro-
HaJbHOH peleTKH XUMHUECKOTO COeMHEHHs II0 JaHHbIM peHTreHorpa-
(uveckux uccaenoBanuil [13 ] pased 5,19; B T0 e BpeMsl EPHOJ PELICTKH
TBEPJOro pacTeopa Kosebjercsi B npegenax 2,5647—2,553. CnegoBaTtennHo,
N0 TJOCKOCTAM 0asuca Jisi 3THX pelleTok HalgmonaeTcsi KpPHCTadJo-
xUMHyeckoe cootBeTcTBHE [14]. Hexotopoe oTanune mapaMeTpoB MOXKET
IIPUBECTA K BO3HUKHOBEHHUIO 3HAYUTENBLHBLIX HalpsKeHHH MO IpaHHiaM
KPHCTaJJIOB 3THX has.
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Pasmep xpucranmoB, Hx ¢QopmMa H BO3MOMXKHOCTb BO3HHKHOBEHHS
HANpsXKEHHH TI0 IPaHHlaM KPHCTalJ0B, —— BCe TO OJArOTPHUSTHO CKa-
3LIBAETCS] HA MOBBLIMIEHHU KO3PUUTUBHOH CHJILI

JInst BHISICHEHHST 3JeKTPOXUMHYECKHX YCJIOBHH, NPUBOASIIHX K o6pa-
30BaHUK) BLICOKOKO3PUIHUTHBHBIX CIJABOB, OLIH CHATHLI  TI0OJsipHU3a-
[IMOHHLIE KPHBLIE, KOTOpHIE XapaKTepU3YIOT MpOoIece COBMeCTHOTO BhIfe-
JIEeHHSI MeTaJJIOB U3 pacTROPoB Ne 1 1w 2 mpu pasaudubix pH snextpoaunta
u Temmeparypax {(Qpur. 4).

M3 conoctasnenusa ¢ur. 1 1 3 MOxHO
YCTAHOBHTb, UYTO OC4JKH, objajaiouue
OCOOEHHO BBLICOKOH KOIPIHUTHBHOH cUiol, 200
BO3HUKAIOT HA KAaToge B oOmpeleseHHioM
HHTEepBaje INOTEHIHAJOB, & HMEeHHO OT
musyc 0,70 xo munye 0,75 6. M3amenenne
3JeKTPOXIMHYECKHX VYCJOBHHA, npPUBOJAS-
ee K TIOHHXEHWIO WJAW M[OBHILEHHW 700
NMoTeHLHaNa KaToJa, BbI3bIBAET CHUKEHHE
BeJIUYUHL KOIPHUTUBHCH CHJIBL,

Kak 6bi10 nokasaso B page pator [151],
BO3HHKHOBEHHE TOH uiu HHOM (haswl crinaBa
HA KaToJe TIPOUCXOJHUT B OTIpeJeSeHHOM ‘040.0 500 ~600 <700 ~600 g ub
HHTepBaje noTeHuuasnsoB. ComocraBieHue
JaHHBIX 3JCKTPOHHO-IPabHIeCKUX HCCJe- g’ﬂef- i-a Y;?{J;Zpﬂja:(l)ﬂ‘)::h;eoKPgé
JOBAHUH M TOJAPH3AUUOHHLIX KPHBBIX C(‘)’;h’lem{% " gigmﬁ HOHgBuio_
TIO3BOJISIET CAENAaTh 3aKJ0UeHue, uTo MpH 6atkTa u Boabdpava:
NOTEHIHAAaX OKOJIO MHUHYC 0,70 —MHHYC  ; _ L ocwon a1, pH=7.9; 1=70%
0,75 8 CTa2HOBHTCS BO3MOXKHLIM 00pa3o- 2 — pacmsop M 2, pH=9.8; #=70°,

CB@XENPUTOTOBMAEHHBIH, 3 — PacTBOP
BauueMm (hpasbl XUMUUECKOTO COERHHEHHS; N. 2, pH=9.8; f = 70°

: JJIKTETbHO
NP 3TOM BEJIHYHUHA TepPeCLIIeHHs Tpep- Padomasmuiiy - 4 — pacteop Mo 2.

pH = 7,5, = 70°% & — pacrBop
JIOTO pacTBopa cHuxaercs. Ha ymensbure- Ne 2; pH = 9.8, ¢ = 30°.
HIE CORCPIKAHHUS INEeKTPOOTPHUIATESLHOTO

KOMIIOHEHTa B TBepJOM pacTBope mnpU oOpa30BAHHH Ha Kartoje ¢asel
JEKTPOOTPUIATEALHOTO KOMIIOHeHTa Uan (asel, Gojee §Oratoil TakUM
KOMIIOHEHTOM, YyKaswBajoch panee Hambuccanmom u Ouamangom [15],
a takxke Paycom [16].

Kak BuAHO W3 rpaduka, NpUBEAEHHOrO Ha (JUT. 4, TOHWKEHHE TeM-
nepaTypnl 3JEKTPOJHTA MNPUBOAHT K CMENIEHHIO NOJSAPU3ALHOHHON
KpUBO# B 006jacTb 0oJiee 3JeKTPOOTPHIATE]AbHEIX NOTEHUHAJOB; TIpH
5TOM MAaKCHMyM Ha KPHBOH 3aBHCHMOCTH KO3IDIUTHBHOI CHJBI OT IJIOT-
HOCTH TOKa CJBHraercsi B o6JaCTb MEHBUIIHX TIJOTHOCTEH TOKA, COOT-
BETCTBVIOWIMX noTeHuuasaMm kartojpa 0,70—0,75 s.

OtmeuaBuieecst B pafoTe pa3juyde MarHUTHBIX CBOHCTB 3JIEKTPOJIH-
THYeCKHX OCAIKOB, NOJYYeHHLIX H3 CBEXelNpUIrOTOBJeHHOU W JJHTeJbHO
pabotasiieil BaHH, CBSA3aHO, NO-BUAUMOMY, C TOCTENEHHEIM OKHCJEHHEM
Ko6anbTa B aMMUAUHON cpejie A0 TPeXBaJEHTHOrO COCTOSIHHSI M ofpa-
30BaHHeM B DacTBOpe KOMILJIEKCOB HOBOTO THIA. 3aBHCHMOCTL 3JIEKTPO-
XHUMHYECKAX XAPaKTePUCTUK NpoIecca BeifegeHusl X06albta OT BpeMeHU
pabotel BaHHBI Oblia TOAPOOHO wnccaegoBaHa B pabore A. M. 3asm

5 MAHTO 5% . 65
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u T. ®. Opannesuu-3abaygosckuii [17]. [ToxBoast HTOr NMpOBELEHHBIM
UCCJEJOBAHHAM, MOXHO cleaTh CJeaYIollhe BLIBOJbL.

1. Tlokasaua BO3MOXKHOCTL TIOJIYUEHHSI BHICOKOKO3PUHTHBHLIX CIJa-
BOB Ha OCHOBE CrJjiaBa KofajbT — Boabppam. llpusoaurca cocTas
3/IEKTPOTHTA H PEXUM PabOThl, TO3BOJSAIOMKE IONYYaTh OCAAKHU C KO3D-
UATHBHOH cuiaofl 500—600 spcren.

2. HceaenoBana cTpykTypa cnsiaBos KoGaabT — BoJabdpam. Ha ocHo-
BaHHMH MAarHUTHBIX U CTPYKTYDPHBIX HCCJEIOBAHUI TIOKA3aHO, YTO OCAJIKH
KoBaJbTa, MoJydYeHHbe TIPU JOCTATOUHO BHICOKUX TOTeHHIHMANax KaToja,
CoCTOAT M3 (hasbl TBEPJOro pacrBopa Bosabbpama B KobajbTe (4acTo
TNIePeCHIEHHOro) U (paskl xuMuyeckoro coepunenuss CogW.

3. YcraHoBJE€HO, Y4TO BeJUYUHA KOIPIUTUBHON CHJIBI 3JEKTPOJHTH-
YeCcKOro ‘'0Cajika CIJiaBa 3aBUCHT He TOJbKO OT ero (hasoBOro €oCTaBa,
HO U OT XapakTtepa Kpuctasanzanud. OOpazoBaHHe OCAAKOB HEABHO
KPHCTANJIMYECKOTO THMA C CHJABHO HCKaXKEHHOH KpHCTALJHUIeCKOH
pelmeTkol TPHBOAHT K PE3KOMY CHHXKEHHIO KO3DIHUTUBHOH CHJILI
H K YMEHbBIIEHHIO OCTATOYHOH HHIYKIIHH.

MNonyyenne BBICOKOKOIPUHMTHBHBIX cmiaBoB. OpnuM H3 HauGoJee
paspaCoTaHHbLIX METONOB MOJYYeHHS] BbICOKOKOZPIATHBHBIX TOKDLITHH
SIBJISIETCS OCaxkJeHNe CIIaka HUukesas ¢ KoGaabToM [18]. Bausnue ycJgo-
BHH 3JEKTPOOCAXKJEHUsA HA MATHUTHbLIE XapakTepHCTHKH CljaBa Obulo
nojpoGuo uccaenorano b. Y. Kasnauefi u B. M. )Korunoii [19]. B taba. 4

Tabauya 4
o}

Snextponut OO e b |t Sepemee | Cepeinee nanere)
CepHOKHCIIBLI] 9,7—16,7 171 4140
17,9—34,1 256 4860
34,7—52,2 159 4150
XaopucThiit 6,6—15,7 188 4970
16,4—29,9 218 4800
31,2—35,8 162 3610

NPHBONATCS 3aBUCHMOCTH BeJHUMHLI KOIPUUTHBHOH CHUJL MOKPBLITHH
U3 CIJaBa HUKeJb — KOOaJbT OT XUMHUYECKOTO COCTaBa OCAJKOB, MOJY-
YeHHBIX H3 CEPHOKHUCJOTO M XJOPHCTOI'0 3JEeKTPOJHUTOB.

M3 pavupix Taba. 4 BHAHO, YTO HAWOOJbLIAS KOIPLHTHBHAs CHJA
OOHApPYKHBAETCS y OCanKOB, copepxamux okosao 18—30% Hukens.
C yBeqUyeHUeM B OCajKe COJepPKAaHUs HUKeJs BEJHYHHA KO3IPUHTHUBHOU
cuabl yMmenpuraerca. OCafku, TOJYYeHHLIE H3 CEPHOKHMC/IBIX 3JeKTpPo-
JIUTOB, 00/1apal0T GoJiee BBICOKHMH H YCTOHYHBHIMU MarHHTHBIMHM CBOK-
CTBAMH, YeM TIOJIyUEHHbie H3 XJOPHUCTHIX 3IJEKTPOJHUTOB.

MakcuMyM KOPLUUTHBHOH CHJBI COOTBETCTBYET OCajKkam, Comepia-
wuM okosio 30% wukens. [To-BHIUMOMY, 3TO CBfI3aHO C BO3HHKHOBe-
HHEM Ha KaTtoje ABYxdasHOH CHCTeMBI, TaK KaK MMEHHO BOJM3H KOH-
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tteurpanuu Hukeds 30% npoOMCXOAUT flepexof 0T CNJaBoB ¢ TeKCaro-
HaJbHOH KpPHCTaAJHYeCKOfl pelleTKOH, xapakTepHofi njas Ko6anbTa,
K CIjaepaM ¢ KyOHUeCKoll TpaHeleHTPHPOBAHHON peIeTKOil.

b. 5. Kasnaueii u B. M. )Korumoii 6uina nposesena padora mo
HCCJIeJOBAHUIO DA3JHUHBIX COCTABOB 3JIEKTPOJHTOB C LEJbIO MOJyUeHUs
MOKPBITHH, 00Jajal0muX HAUJYUUIUMA CBOHCTBamMHu. IKmu HCHOJBL30-
BaJIUChL PacTBOPLI B AHATA30He KOHIEHNTpauui cosell HUKeJad U Ko6ajbTa
0T 28 510 330 ¢/4 W OTHOMIEHH I COAEPKAHUS COJH HUKeJ s K CONU KobalbTa
or 0,25 no 4,0. PesynbTaThli ONBI- gy

TOB npefcTapfenst Ha ¢ur. 5. Kax ¢ J‘* J" 7%
BHAHO H3 rpaduka Ha Qur. 5, aas 20 v =1 200
NOJYYeHHsT OCAJKOB CIJIABOB C HAH- / 15
6oJsiee BLICOKON KOPUHTUBHOH CHMIOH

H3 CePHOKHCJOTO 3JeKTPOJNHTa CJje- 0 700
AYET NOJUIEPKUBATH OTHOLICHHE KOH- 2 —
[eHTPALHl MOHOB HHKENs K HoHAM .

koGanbra B npenesax 0,7—1,3. 4w 300
Halizedo, uto B Gosee KOHIIEHTPUPO-

BAHHBIX 9JEKTPOJHTAX noayuamores: 50 ; 250
OCajKH C XVAWHMH MarHUTHBIME pp N 200
CBOIICTBaMH, yeM H3 GoJiee pasGaBs- el |y
nennbix. Tak, ocajnok, mosyuenuni 771# i ‘ 4= "%
U3 3JEKTPOJIHTA C COJepKaHUeM 100

coJefl HUKeaS U koBanabTa cooTBer- ¢ GF 40 15 20 725 30 35 40
creerno 330 u 315 e/ (26% Hukeas Ni:Co

B oc%m{e), o0Jaagan KOSPUUTHBHOH  @yur, 5. 3apucuvocts KopuuTHBHOH
cujioffi 121 apcTen ®W  OCTATOYHONM eyt H. (xpussie I u 3) u cocTaBa
HHILyKILI/IefI 443 raycc, B TO BpeMsi cniaea (xpuBbte 2 W 4) OT OTHOWIEHHSA

COAePKANU S HHKEIS K K0OadbTy B 9J1€KT-
e o
KdK 0CaioK C TeM 2Ke COoJiepKaHuem postHTe (no namtie B. SI. Kasmauei

HUKeJs, TOJYYeHHbIH H3 3JeKTpo- n B. M. YKorumofi):
JUTA C COJlePIKAHUEM COJNCH HHKENA | _ yoonimenan cnra; 2, 4 — comepa-
U Ko6ajbTa COOTBeTCTBeHHO 138 u HHC HHKejsl B CIJaBe.

109,5 2/2, uMen KOPPUHUTHBHYIO
cuny 222 spcTex W OCTATOUHYIO HHAYKIHIO 4820 raycc.

Bausaue Temneparyphl, MJAOTHOCTH Toka H pH anextponura wmccae-
JIOBAJOCH JJIsl YeThipeX pPAacTBOPOB DPAasJHYHOIO COCTaBA, MPEACTaBJEH-
HeX B Taba. 5. PesyabTarhl HCCae0BanUl npuBefens Ha dur. 6 (o gan-
wbiM B. 51 Kasmauefi u B. M. JKorunoii).

Tabauya §
Cocras énepronuTa DACKTPOIHTH

B 2/2 N1 | Ne 2 ‘ Ne 3 ‘ N4
CepHOKMCJBI HIKeb 54,7—56,7 128,4-—139,4 — —
CepHoRucabllt K06aaLT 36,9—49,0 102,9-—104,5 — —
Xaopuctelfi HEKEAL . - — — 49,0—54,8 68,7—70,6
Xiopucetbiii KoGagasT . — — 42,6—50,4 49,6—49,8
Bopras kucmora . . . 20 20 20 20
Xaopuctblit kanufi . - 10 10 — —
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Ilpu pourtennvroii paGoTe BaHHBI CYIECTBEHHOe 3HAaueHHe AJS [O]-
JePXKaHHusl NOCTOSHCTBA KOHIEHTPAUWW HOHOB HHUKEJS H Kobaabra
B 3JIEKTPOJHTE HMeT aHojpl. B pesynpTarte wuccienoBanua paGoThi
aHojioB ¢ cojepxanueM Hukesas ot 100 go 0% Gowio ycranojaeno, yto
HauAydlHuX Pe3ynbTaToB MOXHO AOCTHYL NpPU pabore ¢ KoBaJbTOBLIMU
aHOJAMH ¥ TNePHOAHYECKOM JOGaBJEHHH coJiell HUKEeJs WAH C HHKeJb-
KOOAJbTOBHIMH 2HOJaMH C COjiepXKaHnueM Kobaabra Bomue 70%.
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®ur. 6. 3aBHCUMOCTb COCTABA CITABA M €r0 MarHWUTHBIX CBOMHCTB OT IIOT-
HOCTH TOKA, TeMmiepatypei, pH anekrponura (o gausmM B. §I. Kasnayeit
n B. M. JKorunoii):

! — coxepxaHHe HUKeJlst B clilaBe; 2 — KO3SDUHTHBHAS CHJA.

Ha paGoty BaHHB 3HayHTe/bLHOE BJHSHHE OKa3LBaeT MPUCYTCTBHE
B 2JeKTPOJINTE CoJiell CBHHLA U MEAH. YiKe He3HayHTeJLHOe CORepxka-
HUE HOHOB CBUHLA W MeAH TPHUBOAUT K TOHHIKEHHUIO BeJUUYHHBI KOIP-
HUTHUBHOH CHJBI OCAJKOB. \

Hobapxu k saektpoautry 0,1—0,4 2/2 cyabduposanyoro Hadranauya
HIH CyJbhHPOBAHHOIO AHTpaleHa He BJHSAIT Ha MAariuTHLE CBONCTBA
CIIJIAROB.

Hcnbitanne HUKenbKOOATHTOBOIO TOKPHITHS B KAYeCTBE 3BYKOHOCH-
TeJIsl MO3BOJHJIO YCTAHOBHTh, YTO MAariuTHOE NMOKPLITHE H3 ¢nJaaBa ofga-
J2eT TJajKOH MeJKOKPUCTAJINUEeCKOH TOBepPXHOCTbIO, T03BOJSAIONIeH
CHHU3HTBH YpPOBeHb IWIYMOB B 1,5—2 pasa 1o CpaBHEHHIO € NMOKPLITHAMHU
W3 MarHuTHuIX mnopoiikoB. Hopmadbuwi#i TOk 3anucu B 2—2,5 pasa
MeHbllle, a NPH OJUHAKOBOM TOKE 3anUCH aMIATYJXA NpH BOCIPOU3-
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pefxeHdH B 1,5—2 pasa BeIllle TIO CPABHEHUIO C TIOKPLITUAMU U3 MarHuT-
HBIX MOPOMIKOB. 3aBHCHMOCTH MAUHHTHLIX CBOHCTB TOKPLITH, TOMY-
yeHHLIX Ha Gapabanax NpH Pas/JUYHOH CKOPOCTH BPAIEHHS NPHU OCaxJe-
HHH CIJIaBa HHKeJb -— KOOaJbT NPHBOAMTCS B padore [201].

BapaBanbl NMOKPHIBAJUCL B pacTEOPe CJEAYIOmero cocraBa (B e/a):
cepHOKuCJB Kobanbr 135,1, cepHokucabiii Hukenb — 137,2, Gopuas
kucaora 20, xgopuctuil kanuit 10, pH = 4,6—4,8. Temnepatypa 65—70°,
JIOTHOCTL TOKa 1 a/0m2.

s nonydennss paBHOMEpPHOTO IIOKPLITHs TePBOHAYANBHO YCTAHAB/U-
BaJach IJIOTHOCTh TOKA O @/dm?, koropas yepe3 20 cek. CHHXKamach
no 1 a/om®.

[lauuble ncnbiTavuii TpHBeReHH B Tada. 6.

Tabauya 6
CxopocTs BpaweHus CopxepxXaHHe HUKeNs H . BopeT OcraToudast HHAYKILHS
Karoga B 06/MUH B cnnase B % ¢ B ¢
0 20,8 200 5000
20 20,1 230 4000
33 19,1 240 5540
116 ’ 15,5 . 234 5200
280 16,4 240 5070
553 16,1 230 . 5070
1100 15,7 233 5200

MaryurtHeie CBOACTBA OCAfAKOB CrjiaBa HHUKeJdb — KOGAJbT, TOJY-
YeHHBIX H3 (TOpGOpaTHBIX 3JeKTPOJHTOB, Hcciefosanucs M. M. ITan-
4eHKo {21 ). DAeKTPOJTUT JJIst OCAKAEHHSI TOTOBUJICS PACTBOPEHUEM yTJie-
KHUCJIBIX Coqell HHKeJs U KobadbTd B GOpTOPHUCTOBCIOPOAHOH KHCJOTE.
Haunyumne pesysabrarel ObIH TNOJYUEHB B JIEKTPOJUTAX € 0OOHIUM
cofieprKanueM HOHOB HUKeNs U KoGaabTa 2 H. ¥ OTHOIUeHHeM KOHICHTpa-
nuu uoHoe Co: Co + Ni .= 0,18 (pH saexrtposura 3-—4, maoTHOCTDL
TOKa 1—3 a/0m?, TeMmepatypa KOMHATHasi), TPH 3TOM B OCAJKe COjep-
Kanoch okoso 47% xoGanbra. Ocagkyu HMENH KOIPUUTHBHYIO CHAY
132 aperen, octatounyio uujaykiiio 4000—9000 rayee u xoadhdunHeHT
npaMmoyroasuoctu 0,73--0,84.

3HAuUTeILHOTO TOBLILIEHUS BEJHYHHBI KOIPIUTHBHOH CHJBI TOKPHI-
THH H3 CrJaBa HHKeNb — KOGaJbT YRAJOCh JOCTUTHYTL BBeCHHEM
B 3JIeKTPOJIUT rumodocdura Harpus [22]. Bausnue yciopuil snextpo-
OCaXJeHHs H3 BanH ¢ J06aBKO# runodocduTa Ha MArHUTHLIE CBOHCTRA
MOKPLITHH Ob0 Hecaegosano B. S, Kasgayeli u B. M. JKorunoii [231.

Ha ¢ur. 7 npupojsitcst jannbie BAUAHUST KONIEHTPAIHH runopochuTa
HA MAaruuTHBE CBOICTBA CNJaBa, MOJYYEHHOrO H3 pacteBopa CjefyIOIEero
CoCcTaBa B 2/4: XJOPHCTHH HEKeNnb 120, xmopucTtufi kobaapt 120, xj0-
pucteit ammonuii 100. ITnotroets Toka 10 a/0n?, remmepatypa 50° u pH
3JeKTpoanra 3—4,

Kak Buano u3 mpuBopumoro Ha ¢urype rpaduka, INOBHIIEHHE KOH-
HeHTpauuu runodochura B pactBope NPHBOAUT K BO3DPaCTaHUIO BesiH-
YUHbl KOSPUHUTHBHOW CHJB{, KOTOpasi MAOCTHIaeT MakcuMyMa mnpH 6—
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12 e/a. HanbHeliliee MOBLIIEHHE COJEPKAHHA B pacTBOpe THRoochuTa
OPHBOAUT K CHHKEHHIO BEJHUUHLI KOSPUHTHUBHOU CHJBL. C TMOBHIIEHTEM
KOHUeHTpauyn runodocura B pacTROpE YBEIUUUBAETCS COfiepKauue
dochopa B mOKpuTUH. Haunbonee BLICOKOR KOIPUUTHBHOU CUJE COOT-

BETCTBYeT KOHUEHTpauHus ¢oc- He _
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Qur. 7. DBausHMe KOHLIEHTpAaUHuH ©ur. 8. Bnusnue uHOHA AMMOHMA B XJIO-
runopocduTa HaTPUA B SMEKTPOSUTE PHUCTOM 3JEKTPOJHTE Ha MAarHHTHbIE CBOM-
Ha MarHuTHBIE CBOHCTBA chJiaBa CTBa CILIaBa IIPH DPAa3jHYHOM CONEPKAHHH
(mo manueM B. . Kgsﬁaqef{, B. M. runodocuTa HATPUA B PACTBODE; TIOTHOCTD
JKoruHol). Toka 10 a/0u® (no mammeiv B. §I. Kasna-

et u B. M. )Koruuoh):

- I — pactpop Ge3 [OGaBKH HOHOB aMMOHHA; 2-—
noxkasano b. 5‘1 Ka3Haqeu pacTBOp ¢ N06aBKOH HOHOB aMMOHHS.

u B. M. )Koruioli, noselmenue
KOIPUUTHBHOA CHJBI CIlJaBa NpH BBEJEHHH B pacTBOp Trunodochura
HATPUsI TIPOUCXOJNT TOJLKO B NPUCYTCTBUU HOHOB ammouus. Ha dur. 8
NpHUBEACHBl JAHHBIE [0 HCCJACNOBAHHMIO BJHMSHHS KOHUEHTPAUHH coned
XJIODUCTOTO aMMOHHSI Ha MAarHUTHbIE CBOMCTBA cryiaBa. Takoe e BJHA-
HHe MOHOB aMMOHHS HAOA0JAN0Ch U NPU HUCMOJb30BAHHM CEPHOKHUCIOH
BaHHB (pur. 9).

Ha d¢ur. 10—12 npejcrapjeHbl JaHHBbIE UCCAEIOBAHUN BJAUSHUS
IJIOTHOCTH TOKA, TeMnepaTypel ¥ pH anexTposnTa Ha MarHUTHbE CBOH-
CTBA CIJIABOB M COZepxkaHue B HHX Qocdopa, NOJyYeHHBIX U3 pacTBopa
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CJleJyiolmero cocraBa B e/a:
Ko6anbr 120, XJOPUCTHI aMMOHUH
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®ur. 9. BuusHue noma aMMOHHS B cep-
HOKHC/IOM 3JEKTPOJIHTE HA MATHHTHLIE
CBOHCTBA CIUIaBa IIPH PA3JHYHOM COAEP-
KaHHM B pacTsope runohocdura Hat-
pust; rUIoTHOCTH Toka 10 a/dm® (o pau-
vem B, §1. Kasnauelt u B. M. JKorunoit):

! ~— pactBopr ©Gea pfOGaBKM HONOB aMMONMs;
2 — pactBop ¢ ja0GaBkoll HOHOB aMMONMUS,

CJAEIYIOUUU COCTaB 3IJCKTPOJNUTA B
CKHe YCJIOBHUS TOJYYEHHS CIJaBa:

X AOpHCTHIT HHKEND
XaopHCTeli KOGaBT
XJIOPHCTBIH aMMOHHH -
Funodocdur Hatpus
TnotHocTs Toka B @f0.2
Temneparypa B °C

pH pactsopa

XJOPUCTHI

HUKenb 120, XJOPUCTHIH
100, runogochur Hatpus 9.

B pesysabrare mpoBejeHHBIX HC-
CJIeNOBAHUH aBTOPH PEKOMEHYIOT
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®ur. 10. BrusHge NNOTHOCTH TOKA

Ha COCTaB H MarHHTHbBE CBOHCTBA

CIyiaBa.  DJEKTPOJNHT  XJOPHCTHIA

(mo panEev B, $I.  Kasnawelr n
B. M. JXornuoi).

2/a U CJeLVIOIIHE 3JEKTPOXUMHUUe-

120—140
120—140
80-—100
8—10
10—15
40—50
3—4

B paGote ykasriBaercsl TakXe Ha BO3MOMKHOCTb 3aMeHbl XJIODHCTHIX

CoJiell CeDHOKHCJBIMH TIPH TOM IKe
JlaHHbie 0 MarHUTHHIX CBOHCTBA
YEHHOTO TIYTeM XHMHYECKOrOo BOCCT

BECOBOM COOTHOIUEHHH.
X CIjaBa Hukeab — Qocdop, mogay-
AaHORJEHUS, TIpUBEIEHH B MOHOrpa-
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¢uu K. M. Top6ynosoit u A. A. Hukudoposoii [24]. Coryacuo 3THM
JAHHBIM OCAJKH U3 KHCJOH BaHHBI, COJiepxKallde 3HAYUTENbHOE KOJH-
yecTBO (Qocopa, MpakTHIeCKH HemarHHTHH, Ilocie mporpesa mpu TeMm-
nepatype 400° ocajxku CTaHOBSITCH (peppOMArHUTHLIMU. Benuuuna xosp-
NMTHBHOH Cuabl He mpeBwitraer 140 spcren. IToxpreiTHs, nosydeHHBHE
W3 1eJOYHOH BAHHBI, ObAH (eppPOMArHUTHLIMH. DBesnuuna KO3pUHU-
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®ur. 11. Biusune Temneparypn Ha cocras  dur. 12. Buausnsue pH siaexrposura nHa
H MarHuTHBIE CBOHCTBA CI/IaBa. DJIEKTPOJAUT  COCTaB M MarHHTHble CBOMCrBa CILIaBa.
xnopuctpiil (mo pawmeim B. §I. Kaswauelt  DuexTposuT XJopHCTHfi (0 JTaHHBIM

n B. M. JKorumno#). b. 5. Kasuaueit u B. M. JKoruuo#).

TUBHOH CHJLI Gpl1a 0K0J0 4 speTe) ¥ yBenuuuBasach 10 140 npu mpo-
rpeBe OCajka;, TPU TOM PE3KO BO3pacTaja OCTaTouHasl HaMarHuyeH-
HocThb (¢ 45 jno 3300 raycc) u mervisi rucTepesuca CTAHOBHJIACH GIU3KOH
K npsamoyrosbHoil. KoadpuuueHT npsiMOYroJbHOCTH —-gf ~ 0,9.

3uayutesbHo GOMblIefi KOIPUATHBHON CHJION 06Jajafd MOKPHITHA
H3 cnJjasa xo6anbT — Gochop, NnoJydeHHble METOJOM XUMHUYECKOro BOC-
CTAaHOBJIEHHUS U3 BAHHbLI CJEIYIOMEro coctaBa (B &/4) U pexuMma: XJo-
pucThiil x06aaeT 30, rundochut Harpus 20, TUMOHHOKUCABIT HaTpui 100,
xJopHucThil ammonuit 50, pH pacrBopa 9,5, Temmeparypa oxoso 90°.
Ocaxky cryiaBa UMed KOIPUUTHBHYIO CHJAy OKoao 210 spcrex, ocra-
TOYHYK HaMaruudeHnocTs 5000 raycc ¥ HMHAVKUHIO HACHILEHUA —
8000 rayce.
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ANEKTPOOCAXKJIEHHE MATHUTHO-MATKHX CIJTABOB

Ilomyuesue MarHUTHO-MATKUX MaTEpUAJOB C BHICOKHMH MarHUTHBIMH
CBOJICTBAMU TpeOyeT NMpPHMEHERUS CJOXKHBIX BHJOB 0O6pPaGOTKH CIJIABOB
ST YAAJeHHsT U3 HHUX BPEJHBbIX IpHMeceld, CHATHSA BHYTPEHHHX Hampd-
JKeHHH, HCKAXKaoUUX KPUCTANJHUECKYIO peUleTKy, H CO3JaHHs Heob-
XOJHMOH TEeKCTYpPHl M BeJUYHHBl 3epHA.

Ilpu mnosyueHHH MaCHUTHO-MATKHUX CIJIABOB IyTeM 3JIEKTPOJH3a
BO3HUKACT PS) TPYAHOCTefl, CBS3AHHBIX C OCOGCHHOCTSMH 3JEKTPO-
ocaxeHus cljaBoB. Kak yiKe yIOMHHAJOCh, B YCJIOBHSX 3JEKTPOJH3A
Ha KaTo/le BO3HHKAeT OCaJOK CI/1aBa, pasMep KPHCTANJNOB B KOTOPOM
3HAYNTENLHO MeHblIe, YeM B Ci1aBax, NOJYUYeHHBIX TePMUYECKUM ITyTeM.
B asexTposuTHUECKHX OCaJKaX IPYNIBl Xejne3a OObIYHO PasBHUBAOICH
BHICOKHE BHYTPCHHHE HANpSXKEHHA, KPHCTajJHyeckasl pemeTka HMeeT
JOBOJIBHO CHJbHBIE HcKaxkenusi. Kpome TOro, mpu 3J1eKTPOOCaK/eHUH
MEeTaJJIOB IPYNIbl XKeje3a Habi0aeTCs JOBOJbHO 3HAYHTENbHOE BKJIO-
yeHnHe THAPOOKHCeH STHX MeTasoB U BOJOPOJa B 0CaJOK. BosmoxHa
TaxKe HEKOTopas Ie0JHOPOAHOCThL MO COCTaBy. Bce 370, ecTecTBEHHO,
HeONArONpUATHO CKA3blBaeTCsl HA MarHUTHBIX CBOHCTBAX TIOKPBITHS.
Takum 0GpasoM, nojyyeHue MAarHUTHO-MSATKUX TMOKPHITHI (KO3PUUTHB-
nas cuaa 0,01—0,005 spcren) 2JeKTPOSIH30M TIPeACTaBJseT 3HAUUTENb-
Hble TPYJIHOCTH.

ITpu ocaxiaeHuu (eppPOMATHHTHHIX METAJLIOB, TaKHX, KaK Kej1e30
WM HUKeAb, ObIJIO YCTAHOBJEHO, UTO KO3DUUTHUBHAS CHJ& HOKPLITHH
B HECKOJILKO JIeCATKOB Pa3 NpPeBOCXOJNUT TaG/HYHbIE JAHHbIE JJIA YHCTHIX
MeTanjoB. Tax, anas wHukensl oma mnoBeiuzanacs 10 40—80 asperep [12].
Hast xenesa oHa umesa Bennuuny okoso 20 speren [251. 3uagutensio
GoJiee BLICOKYIO KOIPUUTHBHYIO CUJY HMeJH OCaikH KoGajabra [26 1.
[Tosrydyenve CnaBoOB Keje3a C HUKEJEM IO COCTABAM, OJM3KUM K Iep-
MaJJI010, MO3BOJUJO0 IOJNYYHTE IOKPHITHSI C KO3PUUTHBHOI CHJOH 3Ha-
YUTENbHO HHXKeE, YeM 3TO BO3MOMKHO NPU OCAXKJEHHH METAJJOB B OTAENb-
HocTu [27 1.

B onnoii u3 pabor [28] Gbia uccse0BaHa BO3MOKHOCTb MOJTYUEHHT
MOKPBITHA M3 CIJABA KeJe30 -— HUKeNb B UEJIAX MAardHUTHON 3aIluTh.
CriiaBel TOIyYaIUCh U3 BaHHBI CJAEJYIOMEro cocTaBa (B e/4) U pexuma:
CEePHOXUCJBIN HHKeab 218, xnopucTuél matpu# 9,7, Gopuast kucjaoTa 25,
- caxapuu 8,3, naTpuiinaypunacyispat 42, pH snekrposnta 2,7. B Bauny
HoGaBaanoch 1,2 2/ cyandara xenesa uan 1,6 2/4 Kene30aMMOHUIHOM
COJIH.

[TpUrojiHOCTL 0CAnKOB K MATHUTHON 3auIMTE ONpPejessIach Cpas-
HeHUeM MarHWTHbHIX 110JIeH BHYTPH TPYOGOK U3 MyMeTasia YU U3 MoJyueH-
HOPO TIOKPBITHA. BBHJIO HalileHO, UTO OT TMOCTOSHHBLIX MATHUTHBIX TOJef
NOKPHITHE U3 CIIJABa 3aIMIAeT Jyullie, yeM MymeTasd. OJHAKO B nepe-
MEHHBIX MAalHUTHBIX MOJSIX TPOMBIIIJIEHHOH 4YacTOTH 9TH MOKPBLITHS
06nafal0T XYAUMME 3aUlMTHLIMH CBOHCTBAaMH. Bblia OnpejeseHa BeJH-
YHMHA HAuaJbHOH MarHUTHOH TMPOHHUIAEMOCTH, KOTOPAs 0Ka3ajach OKOJO
2400. BesvyuHa KO3PUMTHBHON CHJIHI HE H3MEPSIACh.

MarHaTHele CBOMCTBA CIUIABA IKEJI€30 — HUKEeNb HCCIEJ0BANHUCD
H. B. Koposunem [29]. ast mosyyeHust CnjiaBoB aBTOPOM HCMOJbL3O-
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BaJIICh CEPHOKUCJIbIE U XJOPHUCTHIE 3JEKTPOJIUTHI C KOHIEHTpar el conef
HuKesst ot 1 10 2 e-sx6/2 u xenesa ot 0,075 5o 0,5 e-ak6/2. B pactsop
BBOJHJICH CEPHOKHUCJABIN anOMHHHE B KoJanyectBax oT 0,5 jo 1 e-sxs/a,
KOTOPBIH CIOCOGCTBOBAJ TOJNYUEHHIO OCAJKOB CIJaBa C HU3KOH KO3D-
uuTHBHON cuniofl; pH snexTponuta okono 2,5 Al CEPHOKUCABIX BAHH
i 3,1 pia XmopuCThiX. BbuIo HaiiieHo, 4ToO MHHUMYM BeJHYHHBI KO3D-
LUTHBHOM CHJIEI 0CA/IKOB CIIJIABOB HAGMIOAANCS NPU COJEPIKAHUY B CIIJIABE
30—40% xenesa )i OCAJKOB U3 CEPHOKHCJLIX BaHH H 60% xesesa
JJ1S1 OCAJKOB H3 XJOPHUCTHIX 3JEKTPOJUTOB.

HaumeHblas KO3pUMTHBHAS CHJIA OCA1KOB, KOTOPOH y1asi0Ch JOCTHYb
NpHU OCakJeHUH U3 CEPHOKUCJON BAHHBI IIPU IJIOTHOCTH TOKa 2 a/Om?,
cootpercTBOBasa 0,4 3pcT. Beauunua oCTaTOUHOH UHAYKIMY Oblia Mana,
U B COOTBETCTBHY C 3THM OTHOLIEHUE %:- Jiexano B untepsage 0,04—0,3.
Manaa BesnunHa KO3(h)UUMEHTA TPAMOYTOJLHOCTH CBHJETEIbCTBOBAIA
TaKXKe O He3HaYUTeNbHOH BeJHYMHE MATHHUTHON MPOHUIAEMOCTH IOJY-
4aeMblX CILJIABOB.

Takum o6paszom, ecjd OCaikHd (DEPPOMATHUTHBIX CIJIABOB AJs Mar-
HUTHOH 3aMHCH NMPHUOJHKAIOTCS TI0 CBOMM MAarHUTHLIM CBOHCTBAM K JIyu-
OIMM MAaCHUTHBIM HOCHTENSM H3 INOPOIIKOB ¥ B IEJOM pPSJIE CJAYyuaeR
YCIEIHO KOHKYPHUPYIOT ¢ HUMHU, TO MAHUTHBIE NOK PBITHS JIJIST MATHUTHO
3aIMMTHl ¥ MATHHTOIPOBOJOB 3HAUHTENBHO YCTYMAIOT CILAaBaM, HOJY-
YeHHBIM TEPMHUUECKHM myTeM. OfHAKO, HECMOTPS Ha 3TO, B HEKOTOPBIX
CJiyyassX OHHU MOI'YT ObIThb HCIOJB30BAHBI JJIS 3aMTH OT MarHUTHBIX
noJied jeTajell CJOKHOH KOHPUI'ypauuH.
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H. T. KVAPABIEB, K. M. TIOTHHA

SJNEKTPOOCAXAEHHE CIIJIABA OJIOBO — HUKEJD

¥ CJIOBUST 3JEKTPOOCAKIEHHS CILIABA, COJIEPIKAUETO [P UOJU3UTEEHO
65% osoBa u 35% HMKess, BOepBhIE OblIM pa3padoTaHel B AHrJIUH
JJisl 3aUMTHO-I€KOPATHBHOIO NOKDBEITUS H3JEJHH BMECTO XPOMUPOBA-
HHS, a B HEKOTODBIX CJIy4asiX U JYKEHUS TIPH NOBLIIIEHHBIX TPeGOBANMSIX
K MeXaHHUYECKUM CBOHCTBaM NOKphTus [1 1.

Ha xadesppe TexHOJOrHH 3JeKTPOXUMUUECKHX Npou3BojacTB MXTH
um. J. Us Menjeneesa K. M. Twruuoit 1 H. T. Kyapsasuesoim [2 ]
OblIM TIPOBEJieHbl Gosiee MOJIHBIE HCCJIENOBAHHUA 3TOTO IIpouecca U paspa-
6ortanbl [3] yclOBHSI 3/1eKTPOOCAKACHHS CIIJIaBa C TIOHUKEHHBIM COJep-
JKaHueM oJjioBa (mo 50% Sn).

[TokpriTHe CNIaBOM OJIOBO — HUKEJb NPH ONpeleNeHHbIX YCAOBHSX
3JIeKTPOJIH3A TOJIyuaeTcsl OJNECTSMMM HEMOCPEeACTBEHHO H3 BAHHLI §e3
NIOCJeLYIONEr0 MOJHPOBAHHS nOBepXHOCTH. [lo BHemiHeMy BHJY 3TO
HOKPBITHE HANCMHUHAET OJIECTSIHe HUKEJIEBBIE HJIH XPOMOBLIE OCAJKH,
HO C TIPUSITHBIM PO3OBHIM OTTEHKOM. 3alUTHO-JEKOPATHBHOE XPOMHPO-
BaHUE C TOJACJIO0EM MeJH U HHUKeJs BIOJHE MOXKET GHITh 3aMEHEHO TOKPhI-
THeM H3 CIJ1aBa OJIOBO — HHUKEJb C OJHHM MeJHBIM IOJICTI0eM 0e3 mpo-
MeXYTOUHOIO IHKEeJUPOBAHUS.

Ilo mOpUCTOCTH TOKPHITUS CIJIABAMH OJIOBO — HUKeJb Maj0 OTJIH-
4al0TCS OT HUKEeJEeBhIX TOKPHLITHIL. [ToaTOMY JJIST 3AILUTH CTAJNbHBIX H3Jle-
JUI OT KOPPO3UU HEOGXOAMMO HaHOCHTE TAKO€ TIOKDHITHE TIOCJe MpeIBa-
PHTEJIBHOr0 OMEJHEeHHsT MOBEPXHOCTH CTaJH.

Ucnwtanuss B Koppos3uwiiHO#  kamepe (B TymaHe  3%-Horo
pacteopa NaCl) u B ruppocrate mokasaju, UYTO BIOJIHE HajexHas
3aUUTa [OJHPOBAHHON MOBEPXHOCTH CTaJUd OT KOPPO3UH JOCTHraercs
OpHU TOJIIHUHE NOKPHITUS cruiaBoM Sm — Ni 15 mk ¢ melHbBIM TIOACI0eM
TosmHHOl 30 MK.

Wanenna u3 mequ U JATYHH MOXKHO MOKPHIBaTh criaBoM Sn — Ni
HeroCpPeJCTBEHHO, TOMIOMHOH 5—I15 MK B 3aBUCUMOCTH OT YCJOBHH
IKCIIYaTANUHE HX. ,

CniiiaBel 0J10BO — HHEKeJb, cofepxaniie 50—65% omosa u 50—35%
HUKeN S, OTHOCUTEBHO YCTONYHUBEL B pa30aBJeHHBIX MHHEPAJbHBIX KUCJIO-
Tax, NpUYeM HauMeHbllee JeliCTBUEe OKas3blBaeT a30THAs KHCjoTa. B KOH-
[IEHTPHPOBAHHHIX COJAHOH U CepHOH KHCJOTAaX 3TW CHJaBw  paspy-
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IATCS  JIOBOJLHO ObicTpo. KoulleHTpUPOBaHHAs a30THAsl KUCJIOTA
cjao pearupyer cO CILJIABOM OJIOBO — HHUKeJb.

[To ¢asoBoMy CTPOEHHIO CIIaB 0J0BO — HEKeAb (50—65% Sn
n 35—50% Ni) mpeacraBiasier co60#i HHTEDMETANIHUECKOE COEIUHCHEE,
KOTOpOe HEBO3MOJXKHO MOJYYHTh JAPYTUM IyTeM, KPOMe 3JIeKTPO.JHTH-
YecKOro. IDTOT CnJiaB YCTOHYUB TOJILKO NMPHU TemnepaTtype 300°. I1pu tem-
meparype Beille 300° OH DeKPHUCTAJNJIHU3YETCS, TEpPexolsl B CTabU/bHOE
COCTOsTHUE € JABOHHO# cTpykTypo#lt NigSn, u NigSm,.

Taxoe TOKpLITHE, KaK IIOKa3ajH HCILITAHUSI, He OOHapyXKUBaeT
UTJI006p A30BAHHA HA IOBEPXHOCTH, XAPAKTEPHBIX JJ15T OJIOBAHHBIX TIOKPHI-
THH TIPU JUIHTENbHOM XPAHEHUHU H3JeHH.

YCJIOBHUA JEKTPOOCAXKAEHHU S CIJIABA OJIOBO—HHKEJb

Kucabie 3aeKTPOSHTHE

Karonnbiii nponecc. Kak M3BeCTHO, HOpMaJbHLIE TIOTEHIMANE 0J0Ba
U HHKeJsI pasjudaworcst npumMepHo Ha 0,1 g, mpuueM MOTEHIMAN HHKENS
oTpUnaTesbHee TOTeHuUas a ojoBa. Karojpnas moasipusaunusi mpH 3Jek-
TPOJIM3e PACTBOPOB TPOCTHIX coJiefl (CYab(aTOR HJIU XJIOPHJOB) BHIpAKEHA
3HAUHTENBHO De3ue JJIs1 HHUKeJs, ueM A4 oJjoBa. EcjH Xe K XJOpU-
CTOMY 3JIEKTPOJHTY J00aBUTH (HTOPHCTBIC COJMM HATPUS M AMMOHHA,
TO CTAUHOHAPHBIE U KATOJAHBIE NOTEHIHAJbl 0JI0BA HpHOOperawT &oJee -
OTpHUATe/NbHble 3HAYCHNUST, UeM ITOTeHIMAJ bl HUKEJISI B TAKOM JKe pPacTBope.
IloBrirenve NMOTEHIMAJIOB 0JI0Ba NIPH J06aBJeHUH (TOPHAOB K pacTBOpy
XJOPHCTOr0 0J10Ba TPOHCXOAUT, OUEBHJHO, 3a CUeT OGPA30BANUS TIPOU-
HBIX KOMILIEKCHBIX HOHOB Snl2—u SnCl,F2~ paspsj KoTOpeIx Tpedyer

HOBBILIEHHON 3Hepruy akTHBANMU. TakuM 06pasoM, B NPUCYTCTBUH (HTO- .
PUJIOB JiocTHraercs cOJMKEHUe TIOTEHIMANO0B OJI0BA U HHKeJS M CTaHO-
BUTCSI BO3MOMKHBLIM COBMECTHOE OCajKJeHHEe UX Ha KaToJe.

ITpu comocTaBieHUU MOJSIPHU3AUMOHHBIX KPHBBIX BBLIIEJNEHHUST 0J0BA,
HUKe/S U CIIJIaBa 0JI0BO — HUKeNb (~65% Sn 4 ~35% Ni) npu rem-
neparype 50° (¢ur. 1) BUIHO, UTO COBMECTHOE BhIJle/eHHe 0JI0BA H HUKEJS
Ha KaToJe TPOMCXOAUT TPU GoJee MOJOKHTENbHOM TMOTEHIIHAaNe, ueM
Bbijie/IeHHe 0JI0BA U HUKeJNs B OTAENbHOCTH: TIOJSIPU3ANHOHHAS KPHBASI
BbIjIeIEHUST CILJIaBa pacojiaraeTcss 3HAUUTENbHO JieBee KPHBHIX Bhije-
JIEHUST OTHEIbHBIX MeTassioB. [lJisI YCTAHOBJEHHSI BEJIHUMHBI JIENOJs-
pusauuy OblJIH NOJyUeHBl KPUBBIE pasjoxkeHus (bur. 1, xpuseie 4 uH),
paccuuTaHhble HA OCHOBE JAHHBIX 3HAUEHHUH IJIOTHOCTEH TOKa JAJS BhLIE-
JeHHST KaXJ0ro KOMIIOHeHTa cmiiaBa. [ljisl 3TOr0 Npu OTAeNbHBIX 3HAa-
UeHHSAX TOTEH[HANOB OCAXKAEHHS ChJiaBa ONpeiensijiuch JIOJH TOKA,
3aTpayuBaeMble Ha BblieJeHHe Kak 0J10Ba, TAK U HUKeENsS B COOTBETCTBHH
c cocraBoM cmiaBa. IIpu aTom saTpaTbl TOKa Ha BhiAeJ€HHE BOACPOAA
BO BHUMAaHUe He NPHHHMAJUCH, TAK KAK BHIXOJ METaJ1a IO TOKY NOYTH
BO BCEX CJyYasnx OblJ OHHAKOB U GJH30K K TeopeTHyeckomy (96—100%).

Kak BuaHo u3 jauarpammbl (pur. 1), KpuUBHE pasjoxenus 4 u b
pacmosio’Kenbl 3HAUMTeNbHO JeBee (O/MXKe k KDUBOH mas cnsasa),
geM 3KCIepUMeHTasbHHEe KpuBble I U 2, MOJydYeHHHIE /I TeX XKe
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MeTaJIOB B OTJeJbHOCTH. Pasuiilia B 3HaYeHUSX IIOTEHIUANOB, [10JYUen-
HBIX 3KCTI€PUMEHTANbHO U PACUeTHHIM MYTeM NPH TAOTHOCTH TOKa 2,5—
3,0 ya/0m® ¥ cocraBaser oxkono 80 ms.
Taxim 06pa3oM, B JaHHOM cCJyyae HaGJIOJAeTcsl 3HAYUTebHAs
JienoJisipusanis, 00ycJOBJIeHHAasT YMEHbIIeHHeM CBOGOAHOH SHEpPTUH mpu
006pa3OBaHUM XHMHYECKOIO COeMHHEHHs -— cmiaBa Sn — Ni.

Hnst nokpwiThs TakuMm cnsaBom (~65% Sn) pexomenpyercs [2]
pacTBOp XJOPHUCTHIX coJell Hukenas (2,1—2,5 #.) # onosa (0,4—0,5 #.)

; RN

7

~03. 04 -5 @b

®ur. 1. KaTopmas NONApH3aUHA NPH SJEKTPOOCAK-
JeHHH O0JI0Ba, HHKeJAA u crjaBa Sn—Ni H3 Xjopua-
GTopumHbIX 3/eKTposuToB (Temmeparypa 50°):

I — 0,5 1, SuClg + 0,7 v, NaF 4+ { #. NH,F; 2 — 2,5 n.

NiCl;+1,0 n. NH,F; 3—2,5 1. NiCl,4 0,5 n. SuCl,4-0,7 .

NaF+1,0 #. NH,F; 4—KpuBasm pa3jioxeHus i 0JOBa;
5 — KpHUBaa pas/IOKeHHS A5 HHKeJs.

¢ no6aBkamy (TOPUAOB HATPUsl U aMMOHHUsT mpd pH = 4,5 +5,0 U Tem-
nepatype 45-—b5°.

Kak mokaszanu uccaenosanus [2], coctap cmnaBa Majo 3aBHCHT GT
KOHIIEHTPALHY OJIOBA H HHUKENS B 3JEKTPOJUTE U OT TNPUPOABL KATHOHA
¢propucTHIX conedl. ONHAKO B MPUCYTCTBUU (hTOPUCTOrO AMMONHS OCATKH
noJyvarorcst GaecTSmUMHE U XPYIKUMHU (C TpelmuHamMu), B TO BpeMsl Kak
B 9JEKTPOJHTE € JOOABKOH OJHOTO (GpTOPUJAA HATPHUS OHU MATOBHIE U 3Ja-
ctyuunble. IIpu OJHOBpEMEHHOM IMPUCYTCTBHHU B 3JEKTPOJUTE NIPUCIU3U-
TesbHo 30 ¢/2 NaF m 35—40 e/2 NH,F ocagku mnonyuaiorcs Gaects-
[mUMH, 6e3 BUAMMBIX TpPEIIUH.

CHMXKeHUEe OTHOCHTENbHOH KOHUEHTPAIUHM COJIH OJIOBA WM HUKeJNS
B 3JIEKTPOJIHTE YMEHbIIAeT COJIepXKaHue COOTBETCTBYIOEI0 MeTanna
B KaTojHOM ocanke. OJHAKO BIUsIHUE TOro (hakTopa Ha COCTaB CIJIABA
CpaBHUTENbHO HeBeNduko. Kax BUJIHO U3 paHHbIX Tabja. |, cHUxKeHUe
KOHUEHTpaluu xjopuctoro Hukensa ot 300 go 50 e/a, T. e. B 6 pas,
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yMeHbIIAeT COjlep:KaHue ero B cnnase Ha 14Y%, a noHu>keHue KOHIEH-
Tpanuy XJaopuctoro onioa ¢ 50 g0 10 e/4, 1. e. B 5 pas, yMeHbIIaeT COEp-
XaHue 0J10Ba B ocajke 11a 10%. IIpy 5T0M B 06OMX Ciyyasix pe3ko IOHH-
XKaercsl npejest JONYCTHUMOH IIOTHOCTH ToRa (10 0,25—0,5 a/dmM®),
JIO KOTOPOH MOXKHO 10Jy4aTh CBETJble UM OJiecTsIIie OCa/Ku, U ajaer
BBIXOJl Me€Tajja o TOKY.

Tabauya 1

Bansinne cooTHOIIEHHS KOHI(CHTpaIlI/lﬁ METAJIOB B IEKTPOJHTE HA CoCras cCijaBa
npy NJJOTHOCTSX TOKa, AarIiuux ﬁnecrﬂmne OCajiIKn Ha KaToue.

Ho6askn k snektposnnry: 28 /2 NaF (0,7 #.) u 35 e/2 NHF
(~1,0 n.); pH=4,0+4,5; t = 50°

Konnentpanus coselt MeTanioB
CocTaB KaTogHOTO
ocagka B %
NiCl,-6H,0 SnCl,-2H,0 IlaorHocrs| Byxon mo
BTE;(;M TOKY B %
B &/a B 2-3K8/ A B e/ B 2-3K8/ 4 Ni Sn
400 ~3,4 50 0,45 38,5 61,5 1,0-—4,0{ 99—100
300 2,5 50 0,45 35,0 65,0 1,0—4,0| 96—98
200 ~1,7 50 0,45 32,3 67,7 1 1,0-3,0 96—98
50 ~0,4 50 0,45 21,0 79,0 0,25—0,5 91
300 2,5 40 0,35 35,0 65,0 0,5—2,0 95—96
300 2,5 20 0,18 43,0 57,0 0,25—0,5 57*
300 2,5 20 0,18 43,0 57,0 1,0—1,5| 85—93
300 2,5 10 0,09 44.5 55,5 0,25—0,5| 57—59
* Ocagke cBETJIbIE, HE BJECTSIIHe.

Bo Bcex cnydasix TpH TJIOTHOCTSX TOKA, VKA3aHHBIX B Tada. |,
0CaJIKH TI0JY4atoTCs MATOBBIMH, C NIOJIOCAMH UJIH C JeHJIPUTAMU Ha KPasx.
CocTaB cnaBa Majto HM3MEHSIETCsT B HHTepBaje MNJOTHOCTEH TOKa
or 0,5 10 4 a/0n npu Temnepartype 45—70° (Tada. 2). Bo Bcex cayuasx

Tabauua 2
BansHUE NIOTHOCTH TOKA M TEMIEPATYPbl JACKTPOJUTA

Ha CoCTaB ocapka

Copepxanue Huxeasd B % npH TeMIepaType 3JexkTpoJuTa
I1n0THOCTE TOKa
B a/0M?

450 50° 65° 700
0,5 37,6 38,5 427 43,2
1,5 37,0 36,4 38,0 37,6
2,5 35,2 36,0 35,0 37,0
3,5 34,3 35,8 35,0 34,3
4,0 33,1 51,2 34,0 35,0
5,0 — 29,0 29,3 30,5
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C NOBLILIEHHEM IJIOTHOCTH TOKA COJlepKaHHe HHKeJs B OCAJKe HeMHOro
(1a 4—8%) ymenbmaercsa. C noBsleHHeM Temnepatypel oT 45 go 70°
COJIepIKaHHue HUKeJsI 3aMeTHO MNOBBIACTCS TOJBKO NPH HH3KHX IJOT-
HocTsAx Toka < 0,5 a/ox®. [lpu Temneparype Huxe 45° cojep:kanie
HHKesasT B OCajKe Najaer M IHpPH TeMnepatype 25° cocrasaser 9%.
Takas saBuCUMOCTL OGBSCHSIETCS TeM, YTO C NMOHHMKEHHEM TeMIePaTyphl
3HAUHTENIbHO BO3PACTAT MOJNSIPU3aNHs NPH BhJIEJIEHHH HHKEJS.

Taxum o6pasoM, ocajkd cnaasa Sn — Ni [OUTH OJHHAKOBOTO
COCTaBa MOXKHO M0JYy4aTh B INMPOKUX HMHTEPBAJAX H3MEHEIHWH TeMIle-
paTyp 4 maoTHOcTelf TOKa. JTO sIBJASETCS OAHHM H3 OUEHb LEHHDLIX
IPEHMYIIeCTs HAHHOTO CIJIaBa Tepes APYTHMH 3JEKTPOJUTHYECKHUMH
cniaBami. CoxpaHeHHe MOCTOSHCTBA COCTABA CIIABA NPH Pa3JHUHBIX
IJIOTHOCTSIX TOKa 00eCreydBaeT BO3MOMKHOCTb IIOJNyUEHHS OJHOPOJHBIX
II0 COCTABY OCAaJKOB Ha [OBEPXHOCTH DPENBEPHBIX H3AENHI.

Ha Bhixox Merajsna no TOKy u3MeHEHHe NJOTHOCTH TOkKa OT 0,5
1o 3,5 a/Om® npu Temnepatypax 45—65° Takike He OKasblBaeT GOJbLIOTO
BJIUAHUS. B cpeineM BrIXOJ MO TOKY cocrasaseT 95—98%, mocturas
Teoperdueckoro sHadenusi (100%) npH Temmepatype 65°.

Temneparypa u pH 3/ekTposnTa 3aMeTHO BJHSIIOT Ha BHENIHHI
BHJ ocaJlkop crapa (rabsu. 3). Tax, npu pH = 4,5 wurtepsan nJuor-
HOCTEH TOK4, NIPH KOTOPOM NOJYYAIOTCS OJecTsliue OCajiKH, COKpa-
Iaercsi C IIOBbIIEHMeM TemMnepaTyprel. Haubosmee mupoxkuil HirTepBa
nnotHocreld Toxka (I—4 a/Om®) npu sTOM 3uauednd pH coorsercTByeT
temneparype 50°. Ilpu Temneparype, paBHoil 65°, ocajk{ NoJy4aOTCs
MaTOBBIMH [IPH BCeX NJOTHOCTsIX Toka. [lpu pH = 2 -+ 2.5 GaecTamue
OCaJIKH MOXKHO TI0Jy4aTh B 3TOM 3JIEKTPOJHTE B HHTEpPBAJE IJOTHOCTEH
Toka oT | g0 4,0 a/Ox? npu TeMnepatype ot 50 Jio 70°

[Tepemennipanne 3J€KTPOJUTA YBEJUUHBAET JONYCTHMHIT Tpefe
IJIOTIIOCTH TOKa J0 5,5—6 a/0m> Ge3 3aMeTHOTO H3MeHeHHS BHELIHEero
BUJa OCcajKa.

OnTuMajnbHble YCJIOBUST ISl 1IOJydYeHUust GJECTSIIHX OCaJKOB CnJaBa
npuBejensl B tabJa. 3. :

Tabauya 3
OntuMaabHbIe YCJIOBHA 1 Moay4eHuss OaeCTAWMX OCANKOB Cliasa
Temnepatypa Hpepenn ¢ TIpenenst i
B rpag. npn pH=4,K5 npu pH:QfCS IpuMeqanue

45 1,0—3,5 1,0-—3,5 Ilpn nioTHoCTH TOKA HHXKE
50 1,0—4,0 1,0—4,0 1,0 a/Om? ocaikn moxydaior-
55 2,5—40 1,0—4,0 cs1 10y GJecTsIMMH, @ BEHIIIE
65 — 1,045 3,5 n 4 a/Ou? ua kpasx
70 — 1,0—4,5 Karoja pacrer ryoka

Hccaenopalust paccedBaiomeil CnoCOGHOCTH 3JEKTPOJHUTOB H3Mepe-
HueMm pacupesieseHdss Merasya Ha YIJIOBOM Katojle nokasand [41, 4to
IpH 3JEKTPOOCAKAEHHH CIJaBa O0JIOBO — HUKEJAb H3  XJopuja-PTo-
PHJIHOT'O PacTBOpPA OHA HECKOJMBKO BhIIE, ueM IPH HHKEeNHDOBAHHH.
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B sJjexTposnuTe C ONTHMAJBLHBIM COjepKaHueM cojell onoB a(4b—
50 e/a) m nukeast (250—300 e/4) Gwinu onpejieneHs! [2] BuyTpeHHHE
Hanpsixenus ocaikoB Sm — Ni. Hanpsixenusi oleHHBaJHCh 110 BEJIH-
YHHE H3ruba KaToja Bo BPeMsl 3JeKTpPosiH3a. B kadecTBe KATOJA NpHME-
HsL1aCh IiacTHHA pasmepoM 5 X 100 mm u tommuuoit 0,16 mm. AHon
B BHJE NJACTHHBI U3 HHKEJS YCTAHAaBJMBAJCH [apa/selblo KaToLy.
O6patiast, He MOKphbiBaeMdsl CTOPOHA KATOJd H30JAHPOBANaCh MEPXIOP-
BUHHJIOBLIM JIAKOM.

Bo BpeMmst sjexTposusa KaTojHas NJacTHHA TPH MOSIBJACHUH BHY-
TPEHHHX HANpsDKeHHi B Ocajke H3rHGaercss U CBOOOAIBIN KOHEN, ee
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A3
$ur. 2. Bauanue Gropuios U NAOTHOCTH TOKA Ha BeJWYHHY BHYT-
PEHHHX Hanpsukenuil npu ocamxjenyu cnmaBa Sn—Ni H3 3JeKTpo-
anta 2,5 #. NiCly 4 0,45 #. SnCly -+ dropuas:

I — 0,7 n. NaF npu L'K = 3 a/0m?; 2 — 0,7 . NaF upmu iK = 1,5 a/om?;
3 — 1 H. NH4F npH i/C = 1,6 a/0m? 4 — 1 H. NH4F npu i}c = 3 a/dn>.

CMeIIAeTcsl B CTOPOHY K aHOAY HJIH OT aHOJIa B 3aBHCHMOCTH OT Xapakrepa
3THX HanpsekeHH#. BenuunHa OTKJONEHHMS IIACTHIBI OHpeJensiach
C IIOMOIBIO MHKPOCKOIIA, CHAOMKEHIIOT0 OKyJIsip-MHKpomeTpom. [Ipojgoa-
KUTEJBHOCTE 3JIeKTPosN3a 12 MHH., UTO COOTBETCTBYET TOJILIHIE 0CATK:
nopd njotiocTd Toka 1,5 @/Om® npubausuressHo 6 mx W npu 3 a/dM®
12 mk. PesyabTarTel 9TUX ONpPEJNCTICHHI TNPHUBEAeHB! Ha ¢ur. 2.
YcTaHOBIEHO, uTO B 0Cajkax crsiasa Su — Ni HMeTCs BHYyTpel-
HHe HalpsKeHUs] ¢ M3rH0OM KaToAd OT aHoja, IPHYEM B NPUCYTCTBHH
(PTOPHCTOrO aMMOHHSI OHH 3HAUMTEJNLHO GOJblie H  YBEJHUHBAIOTCS
C TIOBBILIEHKEM TJIOTIIOCTH TOKA. B ocajkax U3 3JIeKTPOJIHTA ¢ A06aBKOf
(PTOPUCTOTO HATPHS BEJMUMHA BHYTPEUHHX HANPsTKENUH le3HaAuHTe b
1 He U3MEHSIeTCs ¢ IJIOTHOCTBIO TOKA. IIPH O1I0BPEMEHHOM HIPHCYTCTBUU
(PTOPHAOB HATPHS H aMMOHHUSI BHYTPEHIHE IIANPSIKeHUs TPHGIHKAIOTCH
K 3HAUEHHUSIM MAJis 3JEKTPOJHTa ¢ JOGABKOH (PTOPHCTOTO HATPHS.
3HauuTeaLHOE CHHXEHHE BHYTPEHHUX HalipsKenuil B 0cagKax CrJjaBa
OJIOBO — HHKe/Ib JOCTHTAeTCsi MOcJje J00aBJNEHUST K 3JEKTPOJUTY HEKO-
TOPBIX OPraHMYECKHX BeuecTB. Tak, H3 XJOPUA-(DTOPHAHBIX 3IJIEKTPO-
JIUTOB, COJEpXKaliuX, KpoMme coJjell MerannoB, 0,5 mois/4 TeXHHUECKOi
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na papeHoaCyNbPOKHCAOTE HAH 1—1,5 /4 Au-2-1uMeTHIaMUHO-5-THPU-
M JMeTaHad, NOoJayualoTcst Gosiee 3JacTHUHBIE OCAaAKH cnyaBa Sm — Ni,
yeM OCaJKH U3 3JEKTPOJUTOB Ges 3ruHx jpobGasox [31, [5].

B npuCYTCTBHH TEXIHYECKOH mHapaperoscyindOKUCIOTH IJAACTHY-
Hble HeXPYNKHE OCaJK¥ TMOJYUaloTCs Jake NP GOJNBIIOM COLEDIKAHHH
(HTOPUCTOrO aAMMOHHSI, UTO OUEHb BAXKHO, JJSl TOJyUYeHHsT GJeCTsiHx
nokpuituii. M3 pacrtsopa, cogepxainero ¢ropuan uarpus (30 /2 NaF)
1 ammonusi (35—40 /2 NH F), B npucyrtersun mapadenoscyanhokuc-
JOTBI OCAAKH HOJNYUAIOTCH, KAK NMPABHJIO, MAaTOBLIMH B TOM e 3Jek-
TposuTe ¢ Jo6aBkOil 0,5 moav/a napaderoncyan(poKHCIOTH IPH [NOBLI-
IIeHHOM coJiepKanuu (ropuctoro ammonusi (1o 60 e/4) Ge3 Qropuja
HATPHSI MOXKHO TOJy4arh GJieCTsIIHe OCAJKH B HHTEPBAJE IIOTHOCTEH
Toka 0,5—2,0 @/0m* npu temneparype 50° u 0,5—4,0 @/dmn® npu 65—70°.
Jo6aBka K XJOpHA-QTOPHANOMY 3JeKTpoauTy 0,5 m/4 TexHnueckoi napa-
(heHOICY I BPOKHCIOTH! CIIHKAET, KPOME TOr0, COJiepiKalile 0JI0Ba B CIJIaBe
Jo 53%, mpHueM cOCTaB OCaZKa COXPalsteTcsi NOCTOSHIBIM B IIHPOKOM
uHTepBaJe mJjotnocrefl Toka, ot 0,15 g0 4,5 a/om®.

JamuTHbe CBOHCTBA U KOPPO3HOHHAS CTOHKOCTL TIOKPHITHH CILIIABOM,
copepxxauium okoJio 50% Sr, coxpansiorest TakHMH XKe, KaK U y CIaB a
C MOBHIIIEHHHIM coOJiepKalineM ognopa (~65%). TIpH Hu3KO# KOHIEH -
Tpanuu napadeHoscyabQOKHCJIOTH, paBHolt 0,25 moas/a, cocTaB ocagxa
He OTJIHYaeTcsl OT CIJIaBa, MOJYYaeMOro H3 3JeKTposiuTa 6e3 J06aBOK.

CHuzkelle OTHOCHTEJILHOTQ COIePKaHUsI 0JI0BA B OCAAKe, MOJydaeMoM
U3 3JIeKTpoJiuTa ¢ 106aBKOH 0,5 Moab/a Texunueckoll napagenoucynsdo-
KHCJIOTBI, OOGBSICHsIeTCST PA3JHUHBIM BJIHSHHEM TOH KHCJIOTHI HA KaTOJ-
HYI0 TOJSIPU3AIMIO TIPH JIeKTPOOCAKEHHH 0J10Ba U HUKessl. Kak noka-
sanu deeaegosanust H. T. Kynpsasuesa, K. M. Tiorunofiu P. I'. ['onos-
yanckoit [31, napadeHoucyibhoxucaora peako (Ha 150—200 ms) nosnl-
[aeT KATOJAHYI0 MOJSIPHU3ANUI0 NPH BhJIEJNENHU 0J0BA H3 XJOPHI-(TO-
prAHOro sjexrtposnta (pur. 3) U e oka3nBaeT 3aMETIIOr0 BJHUSHHA
Ha TOJSPU3ANNIO DU BBIACACHHU HHUKeJs. Takum ob6pazoMm, B NpHUCYT-
CTBHH NnapageHoNcyanpOII0BOI KHCIOTE IPOLECC BLIICICHHS 0J10Ba 3HAYHU-
TeJbHO TOPMO3HTCSI, UTO U BhI3bIBAET CHUKEHUE COAePXKAHHS €r0 B CILIABE,

Crnejyer OTMETHUTh, UTO JI0GaBKa K 3JeKTPOJHTY napadeHosncynbdo-
KHCJIOTBI, IPUCOTOBJIEHHON H3 CBEXKeNeperinaHiioro # X HMHYECKH YHCTOT O
(peHOsIa, He OKA3LIBAET 3AMETIION0 BJHSHUS HA KATOJAHYIO TOJSIPU3AIL HIO
u cocraB ocajkos Sn — Ni. HaoGopor, B mnpucyrctBHu 0,5 m0.46/4
CyJb(QUPOBAHHONH CHIPOH KapOOJKH KaTOAHAS MOJSIPH3ANMS IO OJIOBY
[IOBLILIAETCS OUeHb PE3KO H CO/iePKanue ero B ocajke cHmxaerest 10 20% .
[To BHelIHEMY BHJly OCaAKH H3 3JEKTPOJHUTOB C J00ABKaMH CyJb(hHPO-
BAHHOr0 XUMHUECKH UYHCTOro (heHojga H ChPOH KapOOoJKH HOJydaroTcs
TeMHEIMH. '

Jo6aBKa K 3JeKTPOJIHTY AH-2-AUMETANaMUHO-5-THPHJUAMETAHA yBe-
JHUUHUBAET KATOAHYVIO NOJSPHU3ANHI0 KAaK TPH BbUACJEHHH O0JOBa, Tak
U UPH BhIJIENEHHH HUKeNs, H [103TOMY OHA OUeHb MAaJo BJHUSIET Ha COCTaB
cnnasa [5]. B mpHecyTcTBHHM 3TOH A0GaBKH OCa3AKH HOJIYYalOTCs, Kak
yke TOBOPHJOCH, 3JACTHUHBIMH, CBETJIBIMH, C COJAEDIKAHHEM O0JI0Ba
o 60%. ]
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Asoanbiit npouece. CriiaB 0J0BO — HHKeNb TPEACTABAsSCT CcOGOH
XMMHUECKOE COeJHMHeHHe M, CJEeJOBATEIbHO, JOJIKell PacTBCPSIThCS
Ha aHojze paBHoMepHO. OJHAKO ITOT CHJAB HEBO3MOKHO [IPHIOTOBHTH
Tepmuueckdm cnocofom. [To  panmemm  KarGepcrona, [lapxkunsona
1 Pyke6u [l ] TepMuuecky nosyuaeMulfi CniaB uMeeT ABY x(pasoByto CTPYyK-
‘rypy NigSny, + NigSn, ¥ npd HCTOJL30BAHUH €r0 B KaueCTBe alOJI0B
pacTBopsieTcst HepaBHOMepHO. [IpeHMyIeCTBEeHIIO pacTBopsieTcst (asa

iy '
i |/
] =

i
] __(_,(M

-02 -03 -0% -05 -q6 ~07 @6
®ur. 3. Katoguast noaspusaius Npu JIeKTPOOCAKICHHN OJOBA H HHKEIT H3 XJIODHI-

(TOPHAHBIX PACTBOPOB:

I — 2,5 n. NiCl, + 1,0 v, NH,F; 2 — 2,5 #. NiCl, -} 1,0 u. NH,F + 0,5 u/zs nameeuou-
CYJ'IbeOKPILJIOTbI, 3 — 0.5 H. SnCl2 4 0,7 H. NaF + L0 #. NH,F 693 opranutieckol poGapni,
— 0,5 #. SnCl, 4+ 0,7 #. NaF + 1,0 4. NH,F }— 0,5 x/2 napadeHOICYILGORACIOTE,

Ni, Sn,, BCJIACTBHE YEro 3/7eKTPOJUT MNOCTENEHHO OGeNHSIETCS OJIOBOM,

[Mostomy 8 MXTH um. J. M. Mensgeneesa Goliu ucciegoBaubl [6 |
VCJIOBHSI IPHMEHEHHs] KOMOMHUPOBAHHBIX AHOJAOB H3 ogoBa mapkd O-1
1 HHKesst MapKu H-1. TIpu 3ToM olipe/iesisiiiuiCh aioiHbIE BEIXO/bI 110 TOKY
1 TIOJISIPH3AIHS [IPH 2JIEKTPOJIHU3€e C aHOJAMHU U3 0JI0BA U HHKeJIsI NIOPO3Hb
A ¢ KOMOHHHPOBAHHBIMA AHOJAAMH H3 3THX METAaJLJIOB.

M3mepeHusi NpPOU3BOJHJIHCH B 3JEKTPOJUTE CAEIYIOUIEro COCTaBa:
NiCl,-6H,0 300 e/a (~2,5#.) - SuCl,-2H,0 50 2/2 (~0,5#.) -
-+ NaF 30 &/4 (~0,7 n.) - NH,F 35 e/z (~1,0 #.) npu remneparype 50°
A Pa3JHYHBIX NJOTHOCTAX TOKA.

3TH ONBITHI NOKA3aJ1H, UTO [IHKEJEBHE U OJOBSHHBIE AHOJIB XOPOILLO
PACTBOPAITCH B XJOPUL-PTOPHIHOM 3JEKTPOJHTE B IIHPOKOM HHTEp-
BaJIe TJIOTHOCTeH Toka. IIpH 3TOM aHOMHEIN BLIXOJ OJMIOBA IO TOKY BhILUIE
TEOPETHUECKOrO, YTO OOBLSCHSIeTCSI XUMHUYECKHM pPACTBOPEHHeM €ro.
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[Ipa morpy:keHHH B 3JEKTPOJHT Bes TOKa OJOBAHHLIE AHOABI OOGBIUHO
MOKPBLIBAIOTCST LIJIAMOM TEMHOTO I1BeTa, COJAep:KauuM Ao 27% HHKens.
DTO yKa3biBaeT HA KONTAKTHOE BhLITECHEHHE HUKENS OJI0BOM, HMEIOULHM
B TAKOM 3JIE€KTpOJuTe GoJiee OTPUIATENLHBIH MOTEeHIHaX MO CPABHEHHIO
C TOTEHIHAJOM UHKensi, ANOAHHIA NIJIaM B IpoLecce 3JeKTPOJH3a
Y4ACTHUHO MajdeT HAa JHO BaHHB H 3arpsisHseT 3JeKTposut. [losTomy
OJIOBSTHHBIE allofbl 1I€OGXOAHMO 3aKJI04YaTh B UeXJbl H3 CTEeKJOTKAHH
H He OCTaBJAATh HX B 3JEKTpo-
aure 6e3 Toka.
= : \ ' Hamepenus aHOAHBIX HOTEH-
[HAJIOB HHKeJSI ¥ 0JI0BA NIPH pas-
JIEJILHOM TIOTPY3KEHHH HX B 3JICKT-
6 \ POJIMT [0KA3LBAIOT, YTO MOTEH-

nHaJg 0Jo0Ba 3HAYHTEJBHO OTpU-

7
- —
B

\\\A‘&%& '__@——‘{5” r

/.5'/7

Qur. 4. Hsvenenne asopsoro norenumana  dur. 5. CxemMa NOABOAKH M KCHTDPOJS
B 3aBHCHMOCTH OT TJIOTHOCTH TOKa B XJOPHA- pacnpejiesieHusi TOKa.
(TOpHIHOM  SJEKTPOJHTE TPH  3JMEKTPO-

JMH3e ¢ XOMGMMMPOBAIHBIMM AHOAAMH W3

0JIOBA ¥ HHUKEJsT U uo6me1"1 (napaanensrofl)  paTenbHee (Ha 0,5 3) noTeHIMana
TIOABOAKOH TOKA K HHM: HHKeJST H uTO B OBOHX CJlydasix
I — 0s1080; 2 — HUKeNB. IPH TJAOTHOCTSIX TOKA 0 5 a/dm?

AHOJHl He TACCUBHPYIOTCS.

JJ1 u3MepeHusT aHOJHBIX [OTEHIINAJOB OJIOBA H HHKEJS HPH OJHO-
BPEMEHHOM TOTPYKEHHUH HX B JMEKTPOJIUT IJIACTHIILI U3 0JI0BA W HUKeNs
TIPUGAUSHTENLHO OJUHAKOBOH mMmoBepxHOCTH (~0,08 dm?®) coeAuHSIHCH
BMECTE BIICIIHUM NPOBOAHHKOM, K KaXKJOH IJIACTHHE TJIOTHO KPENHJHCh
37eKTPOJHUTHUECKHE KJIOUU-Tedepnl, 3al0JHEHHbE 3/1eKTPOJHTOM. M3ame-
peHHst NPOBOJAHNUCL OOBIUHBIM KOMICHCAIIMOHHBIM METOJAOM T100Y€PeNHO
Ha OJIOBAHHOH W Ha HHKeJEBOH fJacTHHax. Pe3yabTathl 3THX H3Me-
peHnfl moxasanu (pur. 4), 4To NOTEHLHAJEl OJOBA M HHKeJS HPH OXHO-
BPEMEHHOM MOTPYXKEHHHM HX B 3JEKTPOJHUT 3HAYHUTENLHO OTJIHYAIOTCS
OT TOTEeHIMAJIOB, H3MEPEHHbIX MPH 3JEKTPOJU3e C OJHUM M3 3THUX
MeTannoB, B cayiae oano#t obuieill mOABOJKH TOKa K 0OGOHM MeTajiam
NOTEHIHUAAL HMX COJHXKAIOTCS BCJEICTBHE COOTBETCTBYIOMIEro pachpe-
LeNeHHUsl TOKa.

Urobnl onpenesuTb, KaK pacrpesensieTcst TOK 11a OT/AeJbHbIX MeraJ-
Jlax KOMOMHHDOBAHHOTO 4HOAA M3 OJOBA M HUKens, ObIM IPOBEAEHL!
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«CJefyioliHe ONbITh. AHOAlIBIE MIaCTHHBI U3 OJIOBA H HUKEJsI, UMeIojie
PABHYIO TIOBEPXHOCTh, MPHUCOEANHSIHCH NAPAJIEIBHO K HCTOUHHKY TOKa
gepes MPOBOAHHKH OAHIIAKOBOI'O CEUeH Ust ¥ OAHHAKOBOH jtulinl. [Ipu sTOM
'KOHTPOJHUPOBANach O6lIAsl CHJA TOKA B [eNHd W CHJIA TOKA, NOCTyaio-
[Iero OTAEJLHO K. OJIOBSHHOH ¥ HHKeJeBOH IJIaCTHHAM, NPH I[IOMOIIH
OT/€JIbHBIX MUJJIHAMITIEPMETPOB C OJMHAKOBLIM BHYTPEHHHM COTIPOTHBJIE-
HHUEM 1O cxeme, M300pakeHHOH Ha ¢Hr. 5.

PeayJbTaTel 9THX H3MepeHH il TPHBeAeH B TabJ. 4 u HarpadHKe (dur. 0),

la
2 |
or’ / ——
/
2 I wil
1 ]
] f"”]
100 200 J00 400 500 600 700 Lma

@ur. 6. Pacnpejesienne TOKa Ha OJNOBSHHOM H HHKEJEBOM aHOAAX
npy obwell (napaajenbHoll) HOABOAKE TOKA K HUM;

I ~— 050BO; 2 -~ HUKeJb.

M3 3THX JaHHBIX BMAHO, YTO TOK pacnpelessieTcst HepaBHOMEPHO
Ha 0JIOBE W HHKeNe IpPH NapajijejbHOM COeJUHEHHH HX B OJHY OOUIYIO
yenb. IIpu Bcex HcesenoBaHHBIX NJOTHOCTAX Toka, oT 0,25 mo 5 a

Tabauya 4
Pacnpene.neﬂne TOKAa Ha HUKEJECBOM H OJOBSAHHOM aHONaX
Anoanast CuJja Toka B Ma
NJIOTHOCTh TOKA Ofuas cuna O‘i”OU}eH”Q
(cpenHsada) TOK& B MQ Sn° INi
B a/dm? Ha OJIOBe Ha HUKENe
0,25 50 48 2 24
0,3 60 59 3 20
0,4 80 78 4 19
0,5 100 96 4 21
0,6 120 104 5 20
0,7 140 122 6 20
0,8 160 145 6 24
0,9 180 160 6 25
1,0 200 180 6 30
1,25 250 220 10 22
1,5 300 260 12 22
2,0 400 350 16 22
2,5 500 400 20 20
3,0 600 540 30 19
4,0 800 740 38 20
5,0 1000 940 50 19
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na 1 Om® ofuiefi mOBepXHOCTH ANHOJOB HA OJIOBSAHHOM aHOJAE CHJjia TOKA
npuMepHo B 20 pa3 Bhlllle, yeM Ha HUKEJEBOM. B COOTBETCTBHH C 3THM
NPOUCXOAUT IMPEHMYUIECTBENIIOE DPACTBOpeHUe 0Ji0Ba U GHICTPOE Haka-
IJUBAHHE €r0 B 3JeKTposuTe. YTOOLI CKOPOCTHL DPACTBOPEHHST 0J0BA
H lIHUKEeAs Ha aHoje Owlja NMPHMEPHO DPAaBHA CKOPOCTH OCAMKJEHHSI HX
Ha KaToJe, CHJA TOKA HA 4HOJAX H3 O0OHX MeTaJJoB JAOJXKHA pac-
TIPesessiThCs B COOTBETCTBHH C OTHOCHTEJLHEIM COfepKAHUEM HX B KATOH-
HOM OCaJiKe M C yUeTOM HX 3JEKTPOXHUMHUECKHX IKBHBaJIeHTOB. Tak Kak
3JeKTPOXUMHUECKHH 3SKBHBAJEHT O0JOBa MNPUOJH3UTENbHO B 2 pasa
6oJbliie, YeM y HHKeJs, TO IPH NMOJYUeHHH, HApuMep, CrjlaBa, cojep-
;kauero 65% Smo u 35% Ni, ciaa TOKa Ha aHopax H3 0JI0OBA ¥ HHKeJs
JIOJKHA OBITH OJHHAKOBOM.

Mcxonst H3 JaHHBIX pacipejieieHHss Toka 1o Tabn. 4, MOXHO HaiTH
31AUCHIAS TIJIOTHOCTedl TOKA HA OOOUX MeTasax, MPH KOTOPHIX CHJA
TOKA, MPOXOASNIEro uepes KaxJni aHon, 6yaer oauHakoBoit. Tak, npu
cpeanedi TIOTHOCTH Toka (0,25 @/Om® cunia Toka 1a 0J0Be COCTaBJsieT
48 ma, a Ha HUKeJe TAKAs K€ CHJA TOKA yCTaHABJIHMBAaercs IMpH IJIOT-
rocTH Toka 5 a/dm®. Takum oGpaszoM, IS JOCTHKEHHA OAHHAKOBOH
CKOPOCTH PAaCTBOPEHUS METaJJIOB HA aHOJe OTHOLIElHe [OBePXHOCTH
HUKeAs] K NOBEPXHOCTH 0J10Ba AOJKHO coctaBasTh 20 : 1. Ilpu Takom
COOTIIOUIEHUH TOBEPXHOCTEH aHOJNOB B 3JIEKTPOJIHTE YKA3aHHOI'O BhIle
cocraBa OblJl NPOBEAEH JUIMTeNBHBIH 3/MeKTpoau3 B Tevenne 10—20 uac.
npy cpemieir aHopHod nnotHoctd Toka 0,5; 1,0 u 15 @/Om* u Temme-
parype 50°. KartojHast mJi0THOCTL TOKa B GOJBIIHHCTBE caydaeB Onlia
paBua 2 a/0m®.

XUMUUECKHIT aHaJju3 pacTBOPOB [0 H IOCJe 3JeKTPOJM3d IoKasal,
YTO OTHOCHTEJBHOE COJepKAHHE 0JI0BA M HHUKeNS IMOcje 3JeKTPOoJausa
NIOUTH He- H3MEHNJIOCh.

HauGonee noctossHHAA KOHIEHTPAUUS METAJIJIOB B 3JIEKTPOJHTE yCTa-
HABJHMBACTCS IPU CPeJiHel IJOTHOCTH TOKA Ha anojie, paBHoit 0,6—1 a/dm®.
[Ipu Gonee BHICOKOH MJOTHOCTH TOKA OJIOBAHHBIE AHOAB! TIOKDBIBAIOTCS
PLIXJibIM O€JIbIM HAJETOM, KOTOPBIH Majaer Ha JHO BaHHbI H 3arpsi3HsieT
SJICKTPOJIHT.

CocTaB 2JEKTPOJUTOB U pexuM paboThl. B cooTBercTBHU C npuBe-
JIEHHBIM BBIIIE MATE€PUAJIOM MOXKHO PEKOMEHJIOBATh CJEAYIONMEe YCJIOBHS
NIl 3JEKTPOOCAXK/ENHsI CIJIABOB OJIOBO — HHKENL U3 KHCJBIX XJOPHI-
(bTOpHAHBIX PAcTBOPOB.

A. Jlns moxpwtdst cmiaasom Sn — Ni ¢ cogepkanuem ~65% Sn
TIpUMeHsIeTCs CAenYIOmUHA COCTAB 2JIeKTPOJHTA (B 2/4) H pekuM pPaboTH:

Xnopuctei#t wukens NiCly-6H,O . . . . . 250—300 (2,1—2,5 u.)
Xnopucroe onogo SnCl,-2H,O0 . . . . . . 45—50 (0.4—0,5 n.)
Oropuctetit gatpuit * NaF . . . . . . . .  ~30 (0,7 #.)
®ropuerplt anmonuit NH,F . . . . . . . . 3538 (1,0 w)

pPH . . .. . .. . ... ... .. 455
Tenneparypa saektpomura 8 °C - . . . . . 45—55

Karognas ijioTHOCTL TOKa B a/0m? ... . 0,540

* @TopucTBIl HATPHI MOXKHO 3aMEHWTb (BTOPHCTHIM KajiueM B 3KBHBAJEHTHOM
konupuecrse (~0,7 #.), paBHom mpumepro 40 2/a. PropueTwiil Kajuil pacTBopaercs
Jayduie, 4eM QropucTHil HaTpHil,
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Avonnl M3 onoBa W HHUKENS NPH COOTHOIIEHHH HX [OBEPXHOCTEH
cootBercTBeHHO OT 1 : 10 #0 1 : 20, cpeaHsis adHojHAas MJIOTHOCT b TOKA
0,5—1,0 a/dm? ofieil HOBEPXHOCTH AHOJOB.

B. [nst noxpuitist ciaBoM Sn — Ni ¢ [OHMKEHHEM COAepKanHeM
osgoBa (~50% Sn) mpumeHsieTCs CJEAYIOUHE COCTAB 3J1€KTPOJIHTA
(B 2/2) 1 pexkuM padoThHl

Xaopuceruiit Hugeas NiCly-6H,0 - o 250300 (2,1—2,5 u)
Xaopucroe onoso SnCl,-2H,O0 . . . . . . 4550 (0,4—0,5 #.)
DTopHeThd anonnit NH F ..... . 60 (~1,6 n.)
[Mapadenoncynbororas xicaora (Tcxrmtm-

CcKas) B moala . . oo oo ... L 0,5
pH . . . .. 4,5
Tenmneparypa 9Jlemponma B °C oo oo B0-—-T70
I1noTHOCTh TOKA Ha KaToje B a/dx 42 .. .. 05—4

AHozpt H3 0/10Ba M HUKENsl, KAK U B NPEAbUYIEM CJyyae.

Ocanky H3 3neKTPoJHTa ¢ JOGABKOH TeXHHUECKOH mapadeHoJcy k-
(POKHUCJIOTEI OTNUYAIOTCS GOJibIIEHl 3JACTHYHOCTBIO, UeM H3 3JeKTPOJIHTA
6e3 5TOf NOGABKH.

[TepemermnBanne 3AeKTPOJIUTA B OGOHX CJAyUasix TMO3BOJSIET HEMHOTO
yBEeJNHUHBAThL JONYCTUMBLI Npenes IJIOTHOCTH TOKa, A0 5,5—6 a/dm®.

Hanoxenue mepemedHOro Toka ¥ nepHOAHUECKOE U3MeHElHe Hampa-
BJIEHHSI TIOCTOSIIIHOTO TOKA (peBepCHsl TOKa) lie OKA3LIBAIOT 3aMETHOIO
BJHSHASL HA COCTAB OCajKa M Pe3Ko YXYAMAIOT KadecTBO OCaJKOB.
[ToxpeiTre moayuaercs uewyiuarsiv, 4 B HEKOTOPBIX CAYUAAX I'yOUATHIM.

[IpuroToBnenye, avaaM3 9JEKTPONNTA M AHANM3 KATOLHBIX OCAIKOB.
st IPUTOTOBJIENNS 3JEKTPOJIUTA HEOOXONUMOE 10 PELENTy KOJHUECTBO
¢ropunos uatpusi NaF u ammouus NH,F pacrsopsiercss B ropsuei
BojJe npu Temnepatype 50—60°. K pactBopy no6aBisieTcsi XJOpHCTOe
oaoso SnCl,-2H,0 u xaopucteifi nukens NiCl,-6H,0 B konuuecTBax,
COOTBETCTBYIOUIHX COCTABY 3JEKTPOJIUTA.

Hast monnoro pacmopemm CbTOpHILOB PAaCTBOP HEMHOI'O TIONKHUCISETCS
coastnoii kucnaoroir jo pH = 3 = 4,0. ITocne pacrBopeHusi BCeXx KOM-
TIOHEHTOB TOPSUUI pacTBoOp OT(pHJIprOBbIBa}OT Yepe3 IJIOTHYIO TKaHb.

ConepikaliHe 0JI0BA B 3JEKTPOJIUTE H B CIIABE ONpejessieTcss Hoj0-
MeTPHUECKHM MeTojoM (7], copepikanue HHKeJs — BeCOBHIM CIIOCOOOM
{71 no Yyraesy u BpyHKy (oCax/enue ANMETHITNTHOKCHMOM) HJiH (hOTO-
KOJIOpHMETPHUECKHM MeTofoM 18 1.

Jasi KONOPUMETPHUECKOrO alfajgn3a MOXKHO T0Jb30BATLCS  (hOTO-
asektporogopumerpom BHUBU Kd3-1, koropuiit nospoasier GoJee
OhICTPO onpejessiTs KOHIEHTPALHI0 HHKeNs; omubka metoga 2—3%.
OTOT MeTOJ OCHOBAH HA O0OPa3OBAHUU KPACHOH KOMILIEKCHOH COJH
AVMETH/ITIHOKCHMATA HUKeJIsl B UIeJOYHOM Cpejie B IPUCYTCTBHH OKHUCJIH-
Tesnst. B KkauecTBe OKHUCJHTENST NPHMEHsiETCs nepeyJabhaT aAMMOHHS.

Jlasi onpejesieHHsT KOHIEHTPAUH HCCJEIYEMOTO BelecTBa TOTOBSIT
9TAJIOHBl, T. €. CePHI0 PACTBOPOB C DPA3JIHUHOH KOHIEHTPamued 3TOro
BEINECTBA. - MI3MepsIoT UX ONTUYECKYIO IJIOTHOCTb, H IO MOJyUYEeHHBIM
JIAHHBIM CTPOSIT KPHBYIO 38BHCUMOCTH OITHUECKOH IJIOTHOCTH pacTBopa
OT KOHIEHTPAUHUH (TPajyupPOBOYHYIO KPHBYIO).
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JINsl TPUrOTOBJIEHHSI 3TANOHHBIX PAacTBOPOB TOTOBSIT CTAHJAAPTHHIHA
PacTBOP CEPHOKUCIOFO IIHKEJIS C TAKUM PacdyeToM, utoSsl | m4 TAKOro pact-
Bopa cojep:kad 0,02 mez nuKens. 3atem NPU NOMOIIH GIOPETKH OTMEPSIIOT
onpejieeniblil 06beM CTAHAAPTHOTO PACTBOPA B MEPHYIO KOJIOY €MKOCThIO
100 ma, npubaBasorT 5 ma | #. pactBopa enxoro Kajnu, 5 ma 3%-uoro
pacTBopa nepcyJbhara aMMOHHSI M TuiaTenbHO B3bajTeiBaloT. Yepes
5 MHH. BJMBAIOT U3 GIOPETKH NpPH moMemupanuu 5 M4 1%-uoro pacrsopa
HUMETHJATJANOKCHMA B 5%-HBEIH PacTBOpP €AKOro Kajdud H BHOBb B30aJ-
TeiBaloT. [IpH 3TOM TNIPOHUCXOJHUT OOpPA30BAHHE OKUCJEHHOR HHKEJb-
JUMETHJITJIHOKCHMOBO  KOMIIEKCHOH coaH  kpacHoro mnsera. Uepes
2—3 MHH. cOjep:KHMOe KOJOB DasbaBAsioT AUCTHIAIUPOBAHHOH BOAOH
JIO MEeTKH H TLATeJILHO TIepeMelIHBaloT.

[TpHroTOB/IEHHE PACTBOPOB MPOH3BOAST COTJIACHO AaHHBIM Taba. o.

Tabauya 5

ArasoHNbie PACTBOPLI JJS NOCTPOEHUS KPUBOIL
ONTHYECKOH HJIOTHOCTH

Yucnao MUAJIUMETPOB
Homep stanona CTAHJIAPTHOTO
pacTBopa

ConepraHue HHKEJNS
B M2 Ha 100 ma

5 0
10 0
15 0,:
20 0
25 0

Tl QO ND —

Cnyersi 10 MHH. 1OCJe TIPUTOTOBJIEHHSI STAJIOHHBIX PACTBOPOB TPO=
H3BOASIT OIpejeJeHHe HX ONTHYECKOH NJOTHOCTH H CTPOSIT IPajyHpo-
BOUIYIO KPHBVIO, OTKJAJbBasi 1O OCH a0CIHCC KOHIEHTPAIMH 3TAJIOH-
HBLIX PACTBOPOB, @ NO OCH OPJAUHAT — HU3MEPEHHYIO ONTHYECKYIO IJOT-
HOCTb. IloslyueHHAsT TPsIMasi JHHHST YKA3bIBAST HA TO, YTO HCCJIELYeMbIil
pacTBOp mojuHHsercss 3akoHy Dbepa.

DOTOKOJOPHUMETPHUECCKHI aHANK3 CrjiaBa Ha Cojep:kaHue HUKeJs
I POU3BOJMTCS CJeayromum oopasoM. Hapecky cnuiasa B koanuectse 0,1 2
pPacTBOPSIOT B ropsiuefl KOHIEHTPUPOBAHHOU CONSHOH KHCI0TE H PACTBOP
TIePEHOCST B JIUTPOBYIO MePHYI0 KoaOy. Orciona ot6upaiotr 10 ma pacTsopa
B MepHyIo koa6y Ha 100 M4 B, KAK ONUCANO Bbllle, NO/IYYal0T OKHCJeH-
Hblfl HHKEJb-JHMETHJOJOKCHMOBBIH KOMILJEKC, [0ca€e Uero AOBOAST
AHCTHIMPOBAHHON BOJOH pacTBOp A0 MeTKU. Hepes 10 mMHH. yCTaHAB/IU-
BAIOT Ha (POTO3NEKTPOKOJOPUMETPE ONTHYECKYIO IJOTHOCTh IIOJTyYeH-
HOrO PacTBOpa H 1O KaJHGPOBOWIOH KPHBOH ONpEeensiorT cojepkKaHue
nugead ma 100 ma KOHEUHOTO pacTBopa.

Onucanupifi MeTon QOTOKOJOPpHMEeTPHUECKOT O aHalusa
yIoGeH Tem, UTO Ol TO3BOJsET ONPEAENsATh Majble KOHIEHTPALUuH HH-
KeJsl H, C/eJI0OBATEJbHO, He TpeGyeT IONYYEHHS OONbIIMX HABECOK
crJjaea.
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Jlng Toro utoGbl 0cajoK cmjiaBa Sn — Ni JIerko OoTHeasiyics oOT
KaToja, MOBEPXHOCTh KaToja naccusupyercst B 1 %-HoM pacTBope xpom-
nuka K,GC;,0;. .

Hienounnie 2J4eKTPOJIUTHI

DJEeKTPOOCAKAECHHE CIIJIAaBA OJIOBO -~ HUKEJbL BO3MOKHO [9] Takke
U3 CTAHHATHOTO 3JIEKTPOJIUTA, K KOTOPOMY J106aB/IeH0 HeGOJBUIOE KOJIH -
YecTBO HHKeJsI B BHJAe nHaHUCTOH KoMmmvekcHofl couu Na,Ni (CN),.
DTOT 3JCKTPOJUT 03jajjaeT 3HAUUTENLHO Jydllled paccenBaomeil cmo-
COOHOCTBIO, YeM KHCJBH XJOPH[-
(bTOPHAHBIA H, CI€JOBATENBHO, II03BO-
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Konyenmpaqus Ni 8 spexmponume ! 28 G2
dur. 7. Buamsnwe xouuedTpanun $ur. 8. Bausuue KaTogHo! IIOTHOCTH TOKA
HUKENA B WETOUHO-IHAHICTOM 3J€K- Ha cOjlepKanie HUKEeNsl B OCAJKE U3 IEJI0Y-
TPOJMUTE Ha BBIXOJ CIJIaBa MO TOKY HO-UMaHnCToro  ajgekrposura 1 #. Sn -
NpH PaIHUHBIX TeMIeparypax +4- 0,25 1. NaOH 406 -+ 0,002 — 0,004 #. Ni

(ix = 1 a/on?: (remreparypa 75°%:
[ — 65° 2 — 75° 3 — 85° 1 — 0,002 x. Ni; 2 — 0,004 #. Ni’

Jser mnoayuarh GoJlee paBHOMepIible 10 TOJMIHHE MOKPHTHS Ha penbed-
HbIX H3Aenusax. OJHaKO BBIXOJ METaljia 0 TOKY B ILeJ0UHO-IHAHHCTHIX
SJIEKTPONUTAX 3HAUUTEJNLHO HUXKE, UeM B KHUCJBIX, ¥ CHJbHO 3aBHCHT,
KaK H COCTaB OC4JKOB, OT COJIEPKAHHSI HHKEJIST B 3JEKTPOJHUTE.

Oneitel mokazanu [9], yTo yxXe npu He3HAUHTEJNbHOM COAEP:KAHHH
HHKeJs1 B pacTeope, pasdom 0,004—0,02 #. (0,12—0,6 &/4), KOAHUECTBO
ero B ocajaxe jgocruraer 10—26% , npuuem ocagki, copepxkamue 20—26%
HUKE/51, TIOTydaroTcs OJeCTANMMH. Bhrixon Meranana 1o TOKY MOCJHE
J06aBJeHHST HUKEIS K JEKTPOJNHTY [AajaerT U TeM B GOJbIIEH CTEeNeHH,
yey OGOJIBLIC KOHICHTPAIHA HUKEJsI, MEHbllle KOHIEHTPalHusa 0J0Ba
U HHXKe TeMIlepaTypa 3JeKTpoJauTa. Tak, ¢ yBeJuHuenuneM KOHIIEHTPamHu
Hukena B anexrpoaute ot 0,06 2/4 (0,002 #.), 10 0,6 &/a (0,02 #.) naxe
npH TeMieparype 75° ¥ TWIOTHOCTH TOKA, paBHOfl | @/0m?, BHXOM 110 TOKY
nazaer ¢ 65 10 8% (pur. 7). B CBIA3H C 3TUM CIJIAR ¢ OTHOCHUTEJNBHO BBICO-
KHM COZePXKAHHEM HHKeJNs TOJydaThb U3 (UEJOUHO-IIHAHHCTHIX 3JEKTPO-
JIATOB Helle/1ecoo6pa3Ho.

C yBenuueHueM MOTHOCTH TOoKa 0T 0,5 g0 2 a/Om? cogepkamue
HHUKeJS B OCAJKE HEMHOTO YMEHBILIAETCS, IIPUUEM B 3JIEKTPOJHTE C MHHH-
MaJbHBIM copep:kaHueM HHKesas: (~0,002 #.) BIUsSIHUE TJIOTHOCTH TOKA
noyTH HesameTHo (pur. 8). Ha kauecTBO 0CajKOB [O BHEMIHEMY BHAY
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H3MeHenue TJI0THOCTH TOKa B 3TOM HHTepBaJe He OKa3biBAeT 3aMeTHOTO
Bauanusg. [Ipn Bcex 3THX YCJAOBHAX OCAJKH CO/aBA 0J0BO — HHKEJb
HMEIOT CBeTJIO-Cephll 1BeT, J0CTATOYHO MJIOTHLI M jacTiulbi. OnuHako
YBeJHUEIIHe TJIOTHOCTH TOKA CHJILHO CHHXKAET BbIXOJ 10 TOKY, KOTOPLIH
npu i, = 2 a/om® mapaer no 25—30%.
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®ur. 9. Karognas noaspuszauus MpH 3JEKTPOOCAKJICHHH
CnaaBa OJOBO—HHUKENb U3 MEJOYHO-IIHAHUCTOro 3JEKTPO-
aura (remneparypa 65°):
I — Sn -} Bopopon; 2 u § — Sn — Ni} Bogopon; {7 — Sn 6e3
Bonoposa; 2’ u 4° — Sn—Ni Ge3 Bogopoaa; 2”7 u 3”7 —BOJAOPO;
2, 22 W 27 — pasa snexktpoawra ¢ goGasko# 0,002 x. Ni; 3.
3" u 3” — past snextpoaura ¢ pobaskod 0,004 # . Ni.

Karonnele noteHnHabt MpH COBMECTHOM OCAXKJEHHH 0J0BA H HUKEJs
no JIAHHEM OOBIUHBIX H3MePeHHuH CABHralTCs B CTOPOHY G0Jleé 3J1eKTPo-
MOJIOKUTE/NBHBIX 3HAYeHHH MPOTHB NMOTeHIHAJIOB BLijleIeHHs 0JI0BA U TeM
GoJplie, ueM Bullle KOHIUEHTPANUs HHKeJs B 3jekTposnure (pur. 9).
Ho, Tak xax BbiXoj Merasna mo TOKY B TPHCYTCTBHH HHKeJS PE3KO
nagaer, To eCJAH YyYecTh AOJMI0 TOKA, 3aTPAYHBAEMOT0 HA BhileJeHHe
BOJIOPOJA, JAefCTBHTEJNbHLIA MOTEHIHAT BbIAENEHHS CIIJIABA OKA3hIBACTCH
fonee 3/eKTPOOTPHIATE]BbHBIM, H KPHBAass KATOAHOH IIOJISPH3ANUH
cmiaBa npH i, > 0,5 a/0m® pacnosaraercs npasee T10JsPH3ALHOHHOHA
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KPUBOH Asst uucToro onosa (pur. 9 kpuswe 1”7, 2’ u 3”). Takum obpazom,
P 3JEeKTPOOCAXKECHHH CIJIABA OJIOBO — HHUKENb W3 IIeJ10UHO-IIHAHH-
CTOrO pacTBOpa KaToAHas TOJNSPH3AUUS He yMeHbIHAeTcs, a yBeJHYH-
BAETCS TI0 CPABHEHHIO C NOJspH3anueil NPH BblAeJeHIH OJHOTO OJIOBA,
MoKHO cuuTaTh, YTO Paspsijy HOHOB HHUKeAS MPH ITHX YCJIOBHAX TOp-
MO3UT Bhifje/leHHe 0J0Ba H oOjeruyaer BHAeJeHHe BoJ0pona (KpHBbie
2”7 u 3"). D1uM, OueBHAHO, H OOBLACHAETCS DPe3KOe CIHKeHHe BhIX0Ja
MeTasJIa Mo TOKY Tocsde AoOaBJeHns HHKeIs K CTAHNATIOMY 3JeKTPo-
auty. Dbito nokasauno [9], 4T0 nOTeHNHANB BhIIEIEHHS BOJAOPOJAA TIPH
3JieKTposiusze 5% -HOro pactBopa ejKore HaTpa Ha 0JI0Be HMEIT GoJee
3JIEKTPOOTPUIATE IbHbIE 3HAYeHHSI, YeM Ha OJIOBE C NPHMEeCSMH HHKEJS.

Bennunuy cMelnieHusl NOTeHUHANOB BhIICAEHHS CIJIaBA OTHOCHTEIBHO
NOTEUIHAJIOB BbIJEJIeHHS UHCTOTO HHKeJs] OINpeleJdHTb OblI0 HEBO3-
MOXKHO, TAK KaK NOCJeIHHH W3 ILeJOYHO-IMAaHHCTHIX PACTBOPOB He oca-
KJAETCS HA KATOJE, — [PH BCEX YCJOBHSIX BBLIENSETCS TOJLKO BOAOPOJ.

Hccnenosanne anopioro nporecca noxasajo, 4To NpHMEHeHHe HHUKe-
JIeBBIX AHOJNOB (COBMECTIO C OJIOBSHHBIMU) HeleJecoofpasHo, TaK Kak
OHHU TIOKPBIBAIOTCS 3eJeHOH TJIeHKOH THApaTa 3akHCcH HUKeJs, 3arpsas-
HAWIEH 3JEKTPOJUT, H 3JeKTPOXUMHUECKH He pacTopsitorcsi. Pactso-
peHue HHUKeJst Ha alofe HaGJIIOAJIOCh TOJBKO TMPU TOBBILIEHHOH KOH-
HeHTPANMU NHAHHCTOTO HATPUS B 3JeKTpoJuTe, pasiiofl mpumepHo 0,5 A.
Opmako noAAepKUBATh TOCTOSIITHLIM COJAEPXKAHNE HHKeJss B PacTBOpe
TIpH odYeHb MaJjof JONYCTUMOH KOHIEHTPALHH ero 0Ka3ajJoch NOYTH
HeBO3MOXKHbIM. [103TOMy B KauecTBe aHOJOB CJleflyeT NPHMeHSITb UHCTOe
0JI0BO, TIPeIBAPUTE/LHO TACCHBHPOBAHHOE, HJH OJOBO B KOMOHHAIUH
C HEepacTBOPHUMBIM MeTajJjioM (Hep:KaBeloas CTajb) [IJasi npepyrnpexjie-
Husi o0pasoBaHus ABYXBaJenTHHX HOHOB oJsioBa. Ha ocHoBaHuH mpose-
JIEHHOTO HCCJeJOBAHUA MOXKIIO PEeKOMEHJOBAThb CJEAyIollHe YCJIOBUS
IEKTPOOCAXKAEHUS CIIJIABA OJI0BO — HUKeJNb C COflepxKaHHeM HHKeNsd
5—12%.

CocTaR 2JeKTpOJMTA B 2/4 U pexmm padors

OsoBo (merammuueckoe B sujge Na,SnO,) . . . . . 30 (~1,0 &)
Hugenp merammuaeckuil (8 Buge NaNi(CN)y) . . . 0,06—0,12
(0,002—0.,004 #.)
NaOHegos  + » + « « « « « e v e v v oo 10 (0,25 #)
NaCNpgog « « « « « &« « o e e e e 0,25 (0,005 #)
Temvmeparypa B °C e 75

[TnortHocTh TOKa B a/c?M2 e
Buixog mo Toky B % - - . . .. 0. 65—58

OJEKTPOJIUT TOTOBUTCS OOBIUHHIMY CHOCOGaMU, NPHUMEHSeMBIMH 7J15)
[IPUTOTOBJIEHUS] CTAHHATHBIX 3JEKTPOJHTOB. K TosyueHHOMY pacTBoOpy
CTAHHATA HaTpus A0OABJIAETCS KOHIEHTPHUPOBAHHBLIH PACTBOP KOMILIEKC-
OA NUAHUCTOH COJNH HHKeNs, NPHUTOTOBJEHUOH CJAeAVIONUM O5pa3oM:
nHaBecka NiCl,-6H ,0 pacreopsiercs B Boge, 3ateM potasasiercs 10 % -Hblil
pactsop NaCN po mosauoro pacteopenuss ocagka Ni (CN),. Pacteop
JIOJKEeH UMETb COJIOMENHO-KeNThil 18eT. KOoppekTHPOBKA 3JeKTPOJIHTA
IPOBOAUTCA 110 JAHHBIM aHAJH34d U 3aKJII0UaeTCsi B A00ABNEHHH K PACTBODPY
NHaHHAA HHKels H eJKOro Hatpa.
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AHaaus agektpoauta. Ulenouno-unaducTbii 3JEKTPOJANT  AHATH-
supyercs na cojepxanne Snt, Sntt, Ni*+, NaOH u NaCN.

Onpenesienne CcolepxaHusl 0J0Ba, menaoud H cpodopmnoro NaCN
B 3JIEKTPOJHTE [POBOJHTCS 110 00LIUHO{ MeTojuKe, OMHCAlHON B JHTe-
patype [7]. Bce omepanun npoOBOASTCH mOJ TATOH.

Copnepxaline HHAKENS B UIEJOYHO-IHAHHCTOM 3JEKTPOJUTE omnpeje-
Jgsgercs caeayoomuM obpasoMm. B dapdoposrii ctakar K 20 ma 3nexTpo-
JAuTa J06aBasT (00s13aTeNbHO nof TAroi) cmech H3 15 ma HNO;
(yn. Bec 1,4) u 10 ma H, SO0, (ya. Bec [,84). CMech 11arpeBaroT 10 NOSB-
JeHus TsxKeanlx Oenwix mapos H, SOy m paior pactBopy OXJaiHTLCH.
3areM TepesHBAOT er'0 B KOHHUECKYIO K00y, colepxamyio 80 ma
15% -noro pactBopa NH,NO, u 250 s Bogsi. PacTeop Harpepaior 0Kosio
40 muu. nipu cnadom xkunenvn u 30 MHH. HA BOAAHOY DaHe. 3aTeM pacTBop
oxJaxkaawT, ocanok H,SnO; nenTpudyrupyioT U HUALTPYIOT Yepes
cTekJsSHHBIH QuiapTp Ne 4. B durnvrpaTe onpenensior HEKeJNb BECOBBIM
MeTofoM no UyraeBy (¢ AMMETHJTJIHOKCH-
MOM).

Coep:kanile HUKesT B KOMIIEKCHOH COMH
Na,Ni (CN), onpenensior caepymomum obpa-
30M. B papdoponriil cTakan K 1 ma pactsopa
nuanuga Huxeas (00s3aTesibHO MOA TATOMH)

3 jpo6asasior 10 ma momer B 8 ma H, SO,
(yr. Bec 1,84); zateM pacTBOp HATPeBAIOT
2 JI0 TIOABJeNHS TsxKe b X Oenbix mapos Hy SOy,

= oxnaxaaior, npuaubaiot 400 Ma BOALI H
= HeHTPANU3YIOT CepUylo KHCIOTY 25% -HbIM
pacTBOPOM AaMMHAaKa, MOCJe uero olpeje-
JISTIOT cojle prRalte HUKens momeroy Uyraena.

Awpanus cnjaBa npoH3BOAKTCH, KaK yKa-
3aHO BHille (KHUCJLIE 3JeKTPOJHTH).

OﬂPEl{EJlEHPlE TOJIMUHBI TOKPBITHH
CNJiIABOM OJIOBO —HUKEJIb

TonmuHy NOKPBITHS CILIABOM OJIOBO —
HHKeJb MOXKHO onpenensith [10] cTpyfinbiv
METOJIOM C HaJOMKeHHeM IIOCTOIITHOFO 3JIeKT-
®ur. 10. Cxema yerawopkn PHUECKOTO TOKA, TAK KAK XMMHHYECKH TAKOE
A omnpefeneHus ToJAmMHUHE TIOKPBLITHE Iie¢ PaCTBOPAETCS B CONSHOH KHC-
nokputust Sn—Ni crpyfubM  jjoTe.

METOAOM € HATOMEHHEM MOCTO: B kauecTne pacTopHuTess cayxur 0,03 —
AURHOTO TOKA: 0,3 #. pactBop coasinoi kucaots (1,1 /2 HCI)

I—auop (mcnnityeMuiit oGpasen); 4
2 — 6operka; 3 — cocyja ¢ pac- npu TeMneparype 15-200. 3JI€KTpI/I‘{€CKI/IH
PO e T " TOK MOJBOAMTCS TIOJOKHTENLHBIM TOJMIOCOM

K HCnbITyeMoMmy ofpasny (aHof) W OTpHuna-
TeJbHBIM NOJIOCOM K IJIATHHOBOH NPOBOJIOKE, BHASHIOA B OIOperky
(dbur. 10). Tlon gmeficTBHEM 3JeKTPHUECKOTO TOKA, MPOXOASALIETO Hepes

CTpYyIO paCTBOPHTe.HH, HOKprTI/Ie B MeC'l’“e najgeHus CprI/I paCTBOpHETCH.
92
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CkopoCTh pacTBOperust 3HaUUTeNbHO BO3pacTaeT ¢ MOBBIleHHeM CHJIb
TOKA M MAaJo 3aBHCHT OT KOHIEHTPANHUHN COJNSHON KHCJOTH H TemIle-
parypsl. Ilpn cune Toka, paBHOH 7 M@, TIOKPHITHE He PACTBOPSETCH.
Pactsopenne cnsasa HauMuaercd npu 8—9 ma, H yxke npua 10 ma
3a 1 cex. cHHMaercs CJOH MOKPHITHS TOMmHHON okoso 1 mk. Tlpu yse-
JUUeHHH CHJBI TOK4 10 13 M@ CKOPOCTb pPacTBOpeHHs CIIaBa yBeJH-
yHBaeTcs npuMepHo B 1,4 pasa, anpH cise Toka okoJo 20 ma pacTBopeHue
[IPOHCXOAUT HACTOABKC OBLICTPO, UTO TPYAHO TOUHO (DUKCHPOBATH BpeMs
pacTBopeHud cCIjiaBa.

Tabauya 6

3aBHCHMOCTL BPEMEHM PACTBOPEHUSN TOKPHITHA OT TOJUHHBI CNOSA

Tonmuna noxpurus Sn—Ni '

B MK « « « « o o« .. 5 10 20 30
Bpeva pacrsopenns mokpe-

THS B CeEK. e 4,4 8,5 18,5 29

B rta6n. 6 mpuBeneHa 3aBHCHMOCTL BPeMEHH PACTBOPEHHS IOKPHI-
THa Sn — Ni (~65% Sn) oT TOJUIHHEL CJI05 NPH KOHIEHTPAUH COJISTHON
KHCJI0TH, pasHoil 0,03 — 0,3 n., Temneparype 15° u cuse toxa 10 ma.
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H. T. K¥YAPsBLUEB

3JIEKTPOOCA)XJAEHHUE COJIABOB OJIOBO—BHCMYT
H 0J10BO—CYPbMA

Uasectro [11, uro goBaexu x on0oBy HeGosbmoro xoauguecrsa (0,5 %)
BHCMYTa HJIHM CYPbMbI TIpeJOTBPAaloT Nepexof Gesoro 0JI0Ba B PHIXJIOE
cepoe (3abosieBaHue Yymoil) MpU HU3KOH Temmeparype. JlJs NOBLILIEHHS
CTOAKOCTH OJIOBAHHOTO TIOKPHITHSI TIPH HH3KOH TeMmIlepaType Ha Kadeipe
TEeXHOJIOTUM 3JIEKTPOXHMHYECKUX MPOu3BOACTE MOCKOBCKOTO XHMHKO-
TexHoJiorHueckoro uHcTHTyTa MM. JI. M. Menzneneera Obiim paspabo-
TaHbi YCJIOBHS COBMECTHOTO OCAXK/IEHHS HA KATOJe 0J10Ba ¢ BHeMyToM [2 ]
¥ oJoBa ¢ cypbMmoil [3] Ansg mosyueHHs COOTBETCTBYIOMUX CIJIABOB.

[To nauupM JauTepatypot {1, 4] momyuenHble TepMHYeCKHM TNyTeM
ChJaBel OJI0Ba € BHCMyTOM 00pasyioT CHCTeMbl 3BTEKTHUECKOrO THIIA,
npuYeM NpH COAEP:KAaHUH BHCMyTa fo 5% mnpednosaraercs oGpasoBaiie
TBEpJIOTO PAcCTBOpa, yCTOHUMBOrO Npu Temmeparype no 231,8°. Tloay-
JeHHbIE TePMHYECKHM IyTeM CIlIaBbi OJ0Ba C CYPbMOH 06pa3yloT Pl
TBEP/biX PACTBOPOB, H3 KOTOPBIX CILIAB C COflepKaHKeM CypbMbi 10 5%
yCTOHYMB B WIHPOKOM HHTepBaJse Temieparyp (0-—232°). Tak Kax ¢ TOUKH
3peHHsT KOPPo3HOHHOHA YCTOHUHBOCTH CIJIABBI THIA TBEPLOTO pacTBopa
NIPeJCTaBASIOT HAHOOABIIHN HHTEpPeC u JJig TPeloTBpaieHHs nepexola
Gesoro osoBa B cepoe TpeDyloTCA OUeHb Majble KOJIMYECTBA NpHMeced
BHCMYyTa HJAM CYPbMbl, TO HOAOHPAJHCL TaKHe YCJOBHS 3JeKTPOJH3a,
NPH KOTOPBIX COJlepXKaHHe STHX NpHMeCell B 0JioBe He npeshbiwano 5%.

YCJIOBU S SJIEKTPOOCAXLAEHUSA CIJIABOB Sn-Bi U Sn-Sh

‘M3BecTHO, 4TO HOpMAJbHBE TOTEHIHAJbI BHCMyTa H CYPbMBI T0JIO-
JKHTe/bHee NOoTeHnHana onosa npumepHo Ha 0,4 s. COsukeHue ToTeH-
[[HAJOB pPAa3psia HOHOB 3THX METaJJOB BO3MOXKHO IPH 3HAUHTENLHOM
CHHKEHHH aKTHBHOH KOHI[EHTPANHH HOHOB BHCMYyTa H CyPbMbI IyTeM
noabopa COOTBETCTBYIOMIHX KoMTieKkcooOpasoBaTeseil MM IIpHMEHEHHS
OYeHb MaJlbiX OTHOCHTEIBHO OJIOBAa KOHIEHTpanuii coJsefl BHCMYTa
H CYPbMBL

HlesouHnle CTaHHATHBIE JAEKTPOJUTHI HENPHUTOAHLI A5 NONYUYEHHS
cryiaBoB Sn — Bi # Sn — Sb, Tak Kak coay BUCMYyTa B LIEJTOUHOM
pacTBope HeyCTOHYMBHI H JIETKO Pa3jaraioTcsl ¢ BLITAAAHHEM OCHOBHBIX
coJiefi, a B MPUCYTCTBUH CyPbMbl B BHJAe PBOTHOIO KaMH$i Ha Karoje
BLIEe/ISIIOTCSl ryGuarble OCaiKH.
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Y oBIeTBOpHTEbhbIE Pe3YJILTATHL ObIIM TIOJYUCHE! TIPH 3JIEKTPOJIHSE
KHCJBIX PaCTBOPOB CEPHOKHCJOr0 0/10BA C OpPTaHHYeCKHMH N06aBKaMH.
B xauecTBe MCXOZHOrO 3JEKTPOJMTA AN JYKEHHS CIYKHJI pacrsop
cienywoulero coctapa B o/a:  Sn SO, 45—54 (0,4—0,5 u.) + H, SO,
(ya. Bec 1,84) 100 + kaeir 0,5 - cwipag KapGoaka.

K 3tomy saekTposuTy j00aBisjd B OUEHb MAaJbX KOJHUYECTBAX
BHCMYT B BHJAe asoTHoKuciaoii coam 0,16—4,85 o/2 (0,001—0,03 #.)
I CypubMy B Buje xJopmcrofi comu 0,76—1,62 2/2 (0,001—0,03 4.).
g noBuilleHHss yCTOHUMBOCTH pacTBopa 10 COAePXKAHHIO CYPbMb
U JJisi TIpeflOTBPAIlLeHH KOHTAKTHOIO

BLITECHEHU ST €e 0JIOBOM 0€3 TOKa K 3J1eKT- Sl T
POJHTY H00aBASIH (PTOPUAR AMMOHHS
NH,HF, wmr NH,F B xoanuecrse .,0,;4\
4—5 e¢/a. B nupucyrcrsuu  ¢ropuaa \ )
AMMOHHSI 0JI0BO TPAKTHYECKH He Bbl- N
TeCHsieT CypbMY H3 pactBopa (6e3 Toka — ~47
H3BHe), 4T0 O0BsICHSAETCS 00pa3oBanueM \\,\ .
NPOUHbIX ~KOMIJIKCHbIX —Coefuuenuii ~ | |
cypemul tuna (NHy); ShE, n noswie- & H"
HHEM TIOTeHIIMaJla ee BOCCTAHOBJIEHUS. .

Jis1  BoiicHEeHHWsi OTHOCHTEJLHOH -g1

CKOPOCTH  KOHTAKTHOTO  BLITECHEHHS 2% 6 8 W 2 Tk mun
CYPBMBI OJIOBOM ObITH H3MePeHBI HOT€H~  @ur. 1. Wsvemenme NOTeHLHANA
qHuaJbu 0J0Ba fe3 paloxkeHUsT TOKA  ogo0Ba BO BperenH ¢ — T 63 HaJoxe-
B pactsope, cofepxamem H,SO, Hug Toxa B PasIHYHBIX SJIEKTPO-
2,0 n. f SbCl, 0,005 #. (0,38 afa)-+ | —SbCl, 0,005 ;fn-:a}i;sm 2 1. 4 Kaefl
+ waetr 0,5 o/a + Coblpast KHPGOJIKH 0,5 e/a - cuipas kKapGoska 1,5 2/a;
5 e/a ¢ Gudropunom ammonms u Ges  fSUCls 0005wk HaSO. 2 8 oF xoed
Hero. PesysanraTel 3THX H3MepeHui, + NH.HF, 0.1 #.
-TpHBelleHHble Ha ¢ur. 1, MoKasbl-

BalOT, YTO B TO BpeMs Kak B pacTBope 6e3 dTOpuAOB NOTEHIHAJ 0J0Ba
CIBHTaeTCsi B CTOPOHY TOJIOXKUTEJNLHLIX 3HAUeHHH J[OBOJBLHO OLICTPO
(na 20 ms 3a 10 mmu.), B pacrBope ¢ AoGaBKo# 4—5 ¢/2 (~0,1 #.)
OUdTOPHAA aMMOHHMS OH COXPAHSETCss MOYTH MOCTOSTHHBIM. JTO YKA43hl-
BaeT HA TO, YTO B I1€PBOM CJAyuae OJIOBO CPABHHTENBHO JIELKO BbITEC-
HseT CypbMy M3 pacTBopa, a BO BTOPOM cJydyae 3TOT IIPOLece
CHJILHO 3aMellJleH BCJeACTBHE IOHHIKeHHSI AKTHBHOCTH HOHOB CyPbMEI
W TOBLILIEHHS] ee TIOTeHIMajga BOCCTAHOBJAeHHs, O0YCJIOBJEHHOro obpa-
30BaHUeM 0oJjiee NPOYHOTO KOMILIEKCHOIO COeLHMHEeHHHd CYpPbMbl C (PTO-
pUAAMH.

Jas BHCMyTa B CepHOKHCJHX pacTBopax He ylasoch Nojaodpath
nofIoBHBIX KOMILIeKcooGpasopaTeseli.

Hsamepennst KaTOAHBIX MOTEHMAJNOB NMOKAa3aJaH, uTo KarojHas IOoJs-
pHu3anus NpH ocaxkAeHHu BucMyTa (dur. 2) u cypbmsl (dur. 3) Ges onosa
BhIDAXKEHA OueHb pesko. MHTepecHo OTMeTHTh, uUTO 3/lech, TaK ke Kak
H IPH OCaX/IeHHH OJIOBA K3 CePHOKHCJABIX PACTBOPOB, B0JblLIOe BIAKSHUE
Ha KaTOAHYIO NOJSIPU3anUIo 0Ka3biBaloT J06ABKH OPraHHYeCKH X BelecTs:
KJest 0 Cbipoil KapOoaku (cM. xpuBble / u 4 Ha ¢ur. 3).

95



tk
a X
m? |
: ]
_ 2 /g 3
, /
| ]
—/———
/—— W“
+02 0 -02 —04 -06 @b

Gur. 2, Karopuas NOJSPH3AUMSI [DPH SAEKTPOOCHKIEHHM 0JI0BA, BHCMYTa
U cniapd Sn—Bi M3 CepHOKHCIBIX PAcTROPOB TpH TeMNeparype 20°%:
1 — SnS0, 0,5 n. + H,SO, 2 n. + kiaelt 0,5 /a4 chipad xapbo.dka 5 e/a; 2 — SnSO,

0,5 #. - H;SO, 2 #. -+ kaeii 0,52/ -4 coipas Kapobarai 2/a 4+ Bi (NO,), 0, 005 n.; 3—
H,80, 2 1. |- xme#t 0.5 &/4 - cuipaa kap6ounka 5 e/a+Bi (NOyg), 0,005 «,

Iy _
ajim’ ;

o

07 0 =02 -04 06 -08 g b

Qur. 3. Karoguast noaapuzaunsa npu smexTpoocaxiennu Sn, Sbh uw cnaasa Sn—Sh us
pacrBopa HoS0, 2,0 #. + NH,HF, 0,1 #. 4 aeit 0,5 2/2 -+ coipas xap6Goaxa b &/ a--
-+ Me (Sn, Sb u Sn—Sh):

1 — cypbMa - Bojgopox; 2 — 0N0BO; 3 — 0J0BO -+ cypbMa; 4 — cypbMa H3 3JeKTpoaurta Oez
opranndeckHx g06aBOK; § — cypbma Ge3 BOAOPOAd; 6 — cypbMa B cljaBe; 7 — OJIOBO B CilyaBe.
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Tak Kax KarofHbie TIOTEeHpHAabl TPH OCAXKJIEHHH OJHOTO OJOBa
H3MEHSITCA ¢ IVIOTHOCTLIO TOKA B MeHbIlell CTeNeHH, TO yiKe IPH OueHb
HU3KHX NJOTHOCTAX TOKa JoCTUraercs CONMKeHWe HX C TOTeHIHalaMH
BBHIJIeJICHHST BHCMYTA WM CYpPLMB (IIOJSPH3ALMOHHbIE KPHBBIE Tiepece-
kajorest). ITonsipusanuoiiEble KpUBLIe IPH COBMECTHOM OCaXKAEHHUH OJI0BA
C BHCMYTOM HJH CypbMOH CABMHYTHI B CTOPOHY GoJiee TIOJIOXKHTEIbHBIX
3HAUEeHH{I IOTEeHnHaJoB MO OTHOINEHMIO K TOTEHIHAJIaM BbleeHHs
KaKJOro Merasna B oTAenbHOCTH. OcofeHHO BEIMKO CMeuieiiye NOoTeH-
11M14JI0B B CTOPOYY OCH OpPJAMHAT [IPH OCAXAeHHHU CIJIaBa OJIOBO — CypbMa.

Ilng  onpefe/jenuss BeJUYUHB JENOJNAPH3ANHH  ObUIM OJYyYeHH
KpUBbIe PAasJoXKeHHsi, PACCUMTAHHLIE HAa OCHOBe MJAaHHbLIX 3HAYeHHnH
NJOTHOCTH TOKA JJIs BBLIAGJEHHs KaxAOro KoMIloHedta chsaBa. Jliag
3TOr0 IPH OTAENLHBIX 3HAYEHHSIX IOTEHNHAJIO0B OCAXKIASHHUS CIJaBa
onpejeassaach A0Jst TOKA, 3aTPAuHBAEMOr0 Ha BhillesleHHe KaK 0JOBAa,
Tak # cypbMbl. Kak BUAHO U3 rpadgmra Ha (QurT. 3, BeJMYHHA JENOJspH-
3aIMH Paspsifia HOHOB CyPhMBL IPH COBMECTHOM BLIIEJIEHHH eC C OJIOBOM
cocranJ/sger 0K0Ja10 150 us (KpHBBEE 5 B (), 4TO CBS34HO, MO-BHIHMOMY,
¢ yMeHbwenueM cBOOOAHON 3HepPruH, Bouifedsiomelics Ipn o6pasoBaHHH
ChjiaBa THIA TBepAOr0 pacrBopa.

Jnsl BLISCHEHHS 3aBMCHMOCTH KAuecTBA H COCTABA OCAJKOB H BhIX0/a
[0 TOKY OT KOHUEHTpAmUH BHCMYTA H CYPbMBI B pacrBope Oblin TPO-
BeJleHLI COOTBETCTBYIOLIHE OILIThI NPH PA3JHUHBIX TIOTHOCTHX TOKA
n temneparype 20—25°. B rkauyecTBe aHOj0B IPHUMEHSJIHCH [JACTHHEI
H3 UHCTOTO 0JI0BA; KATOJAOM CJIYMKHJ/JIM CTAJbHEE NJIACTHHBEL H CTATbHbIE
JeTantu CaoxkHOro mnpoduad. Jlasg auanamsza ChJaBOB HA COJep:KaHHE
Bin Sb B kauectBe KaToAa NpUMeHsIIaCh HEPXKABEIOIAs CTANb, C [I0BEPX-
HOCTH KOTOPOH OCajfKW JIErKO OTHAEJISJAHCH TMocje 3JeKTPOoin3a. Bhixon
N0 TOKY ONpeJlesIsacs 10 MeJHOMY KyJOHOMeTPY. Pe3ynnTarbl 3T X OlIBITOB
npusejennt B taba. 1-—3.

Tabauya 1
Biiusinne KOHLEHTPALMKU BHCMYTA M CYPbMBEI B CEPHOKHMCJIOM

OJIOBSIHHOM 3/IEKTPOJHTE HA COCTAB OCAjKoB Npu Temmeparype 18—20°
M IJIOTHOCTH ToKa 1 a/0m?

Konnenrpangust B pacrsope
BL(NOw. 51,0 Spel, CojepKaHue B ocafxax B %
B 2-3K8/A B 2/a B e-3K8/1 B 2/a Bi Sb
0,001 0,16 0,001 0,76 0,95—1,0 0,4
0,0025 — 0,0025 0,19 — 1,3
0,005 0,81 0,005 0,38 3,50 3,1
0,01 1,62 0,01 0,76 12,6 10,0
0,02 — 0,02 1,52 — 18,0

Han6osee njotse, KOMIIAKTHbIE OCAAKH CniaBoB Sn— Biu Son— Sh
CBETJIO-Ceporo mBera ToumuHOH 10 mx u OGosblie TOJyqaloTCss TPH
KQHIEHTpauuHu BHCMyTa B cypouMet 0,001—0,01 #. (taba. 1) npu mor-
HOCTH TOKa, paBHOH 0,1—3,0 a/0m?. C noBbiieHHeM KOHIEHTPANHH
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Tabauya 2

Bausinne KaTOH,HOﬁ MJOTHOCTH TOKa HA BBIXOH MO TOKY U COCTAB OCAafKOB
fpU COBMECTHOM OCAXKAECHHHU 0JI0BA M BUCMYTa

Berxon mo Toky B % Klo—[HpL?eL}Ie;;)TaLIEII:;M }‘aB Bs.rcl)g}?'rngoenr};g:x
irc B a/dm2
Sn (ggf“g{’)o"”“" Sn — Bi 0'2(-)31;;?}1002 0,005 2-ax8/4
0,1 100 98100 1,00 7,5
0,2 100 98—100 0,99 6,8
0,5 99,4 97—99 G,98 4,5
1,0 97,5 96—97 0,97 3,5
2,0 94 88—89 0.68 2,6
3,0 92 87—88 0,59 2,3
Tabruya 3.

Bansnue KaTOH,HOfI MJOTHOCTY TOKA HA BLIXOA TO TOKY ¥ COCTAB OCajKOB
IpA COBMECTHOM OCAXKACHUU OJOBA N CYPhLMBI

Jont Botxon no toxy B % Koriﬁgggg;ucﬂynpL;?fa?éiﬁgeonnﬁgx
z"c B a/dMm g
(3nemro§n)m Ges Sn — 8b 0,005 e-axe/2 0,01 e-axe/2
S

0,1 160 99 7,3 30

0,2 100 99 6,0 —

0,5 99,4 98,5 4,1 17

1.0 97 5 97.5 3,1 10

2.0 95 91.0 25 7.5

3,0 93 92 2,1 7,0

4,0 — — 1,9 —

BHCMYyTa HJH CypbMbl B 3JekrpoauTe or 0,001 no G,01 #. copepxanne
X B ocajake yeeauunBaercss oT 0,5 no 10—12%. Ilpu Gosee BEICOKHX
KoHienTpanusax BucMyta (0,03 #.) Ha Katoge ofpasyiorcs rybuarbie
OCaZlKH BCHEACTBHE paspsja HOHOB BICMyTa Ha Iipele/ibHOM TOKe TIPH
OTHOCHTEJAbHO OonbIIOH JloJile TOKAa, 3aTpaylBaeMoro Ha 3TOT Tpo-
iecc.

TToBLllueHye IJIOTHOCTH TOKa Ha Katole B murepBate or 0,1 10
3,0 a/0m® noHmkaeT coiepxKaHue B 0CAJIKe BHCMYTA HJIH CYPbMbl IIpH-
mepao ot 7 Jo 2% (raba. 2 u 3), uto oObsicHsAeTICH Oosee Pe3KO BLIpa-
JKeHHOH KaroAHOH TNojsgpusanued Mpu paspsaje NOHOB BUCMYyTa HJU
cypbMBl (Qur. 2 u 3).

UeM wMenblue KOHOEHTpAamMs BHCMyTa HJIH CypbMEl B DacTsope,
TeéM MeHbLIe BJHsHHE IJIOTHOCTH TOKa Ha CocTaB ocajika. [IpH.KOoHIeH-
Tpanvu Bi unu Sb B pactBope, paBHoi 0,005 #. HauMeHbUIee H3MEHEHHE
colleprKaHusl 3THX MeTalIoB B ocajkax oT 4 fo 2% cooTBeTCTByeT MJOT-
Hoctam Toka 0,5—3,0 a/du® (Qur. 4).
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Brixog Meranna mo TOKy ¢ MNOBHILIEHHEM IJIOTHOCTH Toka oT 1,0
7o 3 a/Om?napnaer or 100 go 92—87 %, npuueM B 3JIeKTposnTe ¢ 06aBKOH
BUCMYTAa OH HEMHOTO HHAKe, ueM B YHCTOM OJIOBSIHHOM 3J€KTPOJHTE

(tabu. 2).

B0 HcesefoBaHo TaKxe pacnpeje-
JieHge BHCMYTAa U CyDbMBI B PA3JIHUHBIX
yacTsiX ocajKka HAa pesabedHOM KaToje.
Hasg storo B KagecTBe KaTtofa ynorped-
JAJHCh  T0J0CHl  Hep:Kagewilell cranu
HiauHo# 50 mm U WHPHHOHA 45 MM, KOTO-
prie BCTaBJSUJINCL B PaMKy H3 TJIEKCHT-
Jlaca, uMeioulyio ¢opmy yIJIOBOTO Karona
(¢ = 60°), npumenseMoro oOLIAHO JJis
pacrnpeseselust MeTajja HJH PacCeHBaio-
e cnocobrocTH saekTposautos 5], Pac-
CTOsIHHe OT Kpas Karoja o auozpa 60 mm.
INosyuenneiil ocanox wuapesasncs Ha pas-
Hble vacty AJAHHOH 10 mm Kaxzasi, TocJjae
Yero OH JIETKO OTJENsIcs OT OCHOBbI —
HepxaBerouell craqd ¥ [OjABepTasacs
aHanu3y Ha CcoJeprKaHue BHCMYTa HJIH
CYpPbMBL.

Jaunnie, npuse/enusie B tabi. 4, oKa-
BLIBAIOT, YTC TIPH OTHOCHTENLHO HeGOoJIb-
woi raybuue kKaroga (1o 35—40 mum)
COCTAB OCAfKa H3MEHSETCH Majo; Comep-
XKaHue BHCMyTa KoJjebajocs ot 3,5 10
3,7%, cypbmbet — ot 2,8 10 3,6%.

Sb 8 ocadre

%

25

S
porre]

e

1/

Qur. 4. Bausnue naoTHocTH TOKA
Ha coiepxanne Sh s ocagke:

1--SnS0O, 0,5 #.4-SbF; 0,005 x, 4

- H,S0, 2 #. +NH,HF, 0,09 «. 4

-+ cronspuntit Kaei 0.5 /4 + cuipas

kapBonka 5 e/a; 2 —~ SnSO, 0,5 n, -~

SbF, 0,01 #. + H,S0,2#. + NH,HF,

0,09 n. -+ cvonapnntit kaehk 0,5 e/a -+
4 chipas Kapbonka 5 e/a.

Huke mpuBeseHni peKoMeHAyeMbie YCJIOBUSA JJis 3JeKTPOOCAKACHH st
criagoB Sn -— Bi n Sn — Sh ¢ manmiv (1o 5%) conepxannen BacMyTa

H CYDbMbl,

Tabauya 4
Pacnpenenenne BUCMYTa H CYPbMbI B OCAjKAX HA YIJOBOM
Kartojel

Paccronntie or kpas ConepaHue B ocagxe B 9, )
Xarola B mm Bi Sb
10 3,5 2.8
20 3,5 3,1
30 — 3,3
40 3,7 3.6
50 5,4 5,5

1 Konuenrpanust Bi u Sb B 3aextposmrax 0.005 .,
CpejiHdast pacderTHasl NJOTHOCTb TOKa | a/dm2.

7*
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A. Jlas cnaaBa Sn—Bi

CocraB 2JeKTpOJMTA B o/4 U peXUM pPadoThi:

Ceprokucaoe onoso SnSO, . . . . - v v .. . 45-54(0,4—0,5 1)
CepHas KucjoTa HZSO4 (y)l Bec 1 84) <o oo o 100 (~2,0 A
Kneit . . e K
Crlpas Kap6om<a . e 5,0
A30THORHCALIE BHCMYT Bl(NOJ)J oH;O o 0,32—0.8
(0,002—0,005 x.)
Temneparypa saekrpoaura 8 °C . . . . . . . . . 20—25
IlnoTHOCTR TOKA i B @/0m® . . . . . . . . . .. 0,5—2,0

B xauecTBe amoZOB cielyer NPUMEHSTb UHCTOE OJIOBO M 3arPyxarhb
€ro B 3JIGKTPOJHT HENOCPeICTBEHHO Tepel 3JeKTPoau3oM. He pexomen-
Jlyercsl OCTABJATL OJOBSHHBIE aHOALI B 3JEKTposuTe (€3 TOKa, TaK Kak
IIPH 3TOM BHCMYT KOHTAaKTHO BbITeCHsiercss 0J0BOM. [lo 3rtoil mnpuumne
. KaToJpl-H3JEeNUs cAelyeT 3arpy»aTh ¥ BbITPY»KATh U3 BaHHbBI 110 TOKOM.

b. Jlas cnnasa Sn—Sb

CocraB sjekrTposura B o/4 M PEXUM paboThi:

Ceprokucaoe o100 SnSO, . . <+« . 4554 (0,4—0,5 #.)

CepHast KucioTa H»SO4 (y)l BCC 1 81) e 100 (~2 #.)

Kaein . . e .. 0,5

Cripas xap6om<a NN 5,0

Oropup U Gudropui a\mom/m NH F . -+ (wm NHHF,)...4-5
~0,1 n)

®ropueras cypema SOF; .. o . . oL 8‘3 (~0,005 .)

Temnepatypa aaektpoanta B °C . . . . . . 202!

IInotHOCTL TOKA I B @/dmM® . . . . . . . . 0,5-3,0

B xadecrBe aHOZOB CJelyeT NPHUMEHSTh YMCTOE OJOBO H 3arpy:Karb
ero B 3JEKTPOJIUT HEMOCPEICTBEHHO TIEPEN 3/eKTPOJU30M. XOTsl B IMpH-
CYTCTBUU (PTOPUIOB CyPbMa HOUTH HE BbITECHETCS] (KOHTAKTHO) OJOBOM,
BCe 2Ke He cjejfyer OCTaBJsATh aHOIbl B Bauie (e3 TOKa.

Bmecro rropucroil cypbmbl K CEPHOKHCJAOMY OJOBSIHHOMY 3J€KTPO-
JHUTY MOXHO JA06aBJIATH B COOTBeTCTBylomeM KoJaudectBe (0,005 #.)
xaopucryio cypomy (0,38 ¢/2 SbCl,). XJsopucrass cyppMa BBOAHTCH
B 3JIEKTPOJIUT B BHJE PACTBODA, KOTOPBIA MOTOBUTCS CAEAYIONIIM 00PA30M.
XJopucras cypbMma pacTBOpsercss B BOAe ¢ ofGpa3oBaHueM CTYNeHHCTOH
Macenl — agapraprosa nopomka SbOCI, 3aTem ee 0TCACHIBAIOT HA BOPOHKeE
Brooxnepa u B Teuenne 3—5 yac. BHIAEPKHBAIOT HA BO3JyXxe; NPU 3TOM
Macca paciibiaercst, B pactsop mepexomut SbCl, H ocraercst HepacTBo-
pumblit ocagok Sh,O,. ITocie 3TOro pacTBop OT(UABTPOBHIBAIOT OT

0caZKa, aHaJM3MPYIOT HA COJeprKaHHe CYyPbMbl H BBOIST B OJIOBSHHDLIH
3J1EKTPOJIHT.

MOJIYUYEHHUE CIIJIABA Sn—Bi BE3 TOKA

st obsaropaskMBaHUST TTOBEPXHOCTH OJIOBSIHHBIX H3JeJHE OblIH
MPOBEeHbl OIBLITHI C TOrPYXKeHeM 6e3 TOKa JyKEHBIX I/1acTHH H AeTanel
B pacrop, comepxamwuit Bi (NOj); B Koauuecrse 0,5 e/2 (0,003 #.)
100



g cepnyto kucaory 100 o/z. Tlocae BbIIEPKKH B 3TOM pacTBOpe B Teye-
Bue 0,5—1,5 MHUH. TJjacTHHbl Tporpesatuch MNpH TteMmmeparype 150°.
B pesyabraTe NpOBEJEHHOr0 aHAJAM3a BBIACHHJIOCH, YTO OCAAKH 0JI0BA
(toamunoii okoso 10 mk) codepxanu BuemyT: 4,5% mocie BbILEPKKH
B pactBope B Teuenue 0,5 mun. u 8,5% nocse BbAEPKKH B TeyeHue
1,0 mun.

JI1s1 BhIsICHEHHUsI PAaBHOMEDHOCTH paclpeleseBusi BHCMYyTa MO TOJ-
I(HHE OJIOBSHHOTO NOKPBITHSI (TAYOMHA TPOHMKHOBEHMsT) OLIJIM TIpOBe-
JAenbl cjepyiomue olbThl. CTajblible TJIACTHHLI NOKPBIBAJHCH OJOBOM
Ha Ttomuuuy H0 MK ¥ TIOrpy:KaJuch B pacTBop, cofepxamuit H, SO,
u Bi (NO,); na 0,5 MUH.; mocse 3TOTo UX IPOrpeBaau IPU TeMIeparype
100 u 150° B Teuenue 3 u 6 uac. [as ananusa Ha cofep:kaHue BUCMyTa
ocaZox ONpejleseHiioe BPeMs pAaCcTBOPsAAM B pasbaBleHHOH a30THOH
KHCJIOTe ¢ TakKuM pacueToMm, uTo0b CHUManach TOJbKO UYacTh CJOs

% ~
TOJMIUIHOH 5—1H MK.
Tabauya 5
Busnue NPOJAOKUTECABHOLTA HATPERA HA pacnpeneneHde RUCMYTa B OCajKe
Bpems warpepa 3 uaca | Bpema marpepa 6 ygac.||Bpems Harpesa 3 waca | Bpemd marpena 6 vac,
Tonmuna Tonmuua I Tonuguna Tomnuna
CHSITOTO Bi i % CHSATOTO Bi B % 1 cuaroro Bi 8 CHSATOTO Bi B %
cIosl B MK cJI0q B MK I, €1051 B MK CnosA B MK

[pu remmeparype 100° [lpu texmeparype 150°

{
l
5,3 3 8,2 | o5 | s 2,6 10,6 2,04
5,7 1,2 8,1 147 | 6 1,08 11,8 1,0
9,2 0,44 6,4 0,78 21 0,4 5.6 0.9
11,2 0,23 10,0 0,45 18 0,38 22.0 0,83
18,6 0,2 17,3 0,30
Wroro ‘\ Hroro
50 5,07 50 550 | 50,0 1,46 50,0 4,77

Pesyspratel 3TUX aHaAM30B NpuBefeHb B Tala. 5. Kaxk Buano us
TAHHLIX TabJuubl, pacnpeleleHne BUCMyTa B ocajke Mo ray6Hpe ciod
Haubosee paBHOMEPHO TIOC/e Mporpesa npm Temneparype 1507 B Teue-
nue 6 vac. Uewm Oimke K OCHOBAHMIO, TEM MEHbLIIE CoJepKaHne BUCMYTA,
npuueM Ha raybuHe 20 MK M HHXKE OHO COXPAHSIETCS MOCTOSTHHBIM.

AHAJNHU3 INEKTPONKTOB U OCAIKOB CIIJTABOB Sn—Bi u Sn—Sb

DNeKTpOJUT aHamusupyercss na cogepxkanue H, SO,, Sn, Bi u Sb.
KoHueHTpanusi 0J0Ba B PACTBOPE OTpenesseTcss OObIYHLIM HOJOMeTPH-
yecKuM MeTOJoM, omucanubM B aureparype [61. Cozepxanue H,SO,
onpefesnsieTcs: 0ObeMHBIM THTPOBAHHEM pacTBOPOM eJKOro narpa B IIpH-
CYTCTBHM HMHAMKaTopa Tponeomiua 00.

Bucmyr B pacrBope ompegensiercs caeiytomuM o6pasom. K mpoGe
agekTpoauta (20—50 1) OCTOPOXKHO 1O KalasM NP UJIHBAOT KOHIIEHTPHU-
posanayio HNO; (ya. Bec 1,35) B Kosuuecrse, MPUOIU3UTENBHO PABHOM
o6vemy B3sTOH npobui. Cvech B Teuenue | yaca ynapuBaercd 10 I10J-
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HOTO OTHEJEeHHs 0JI0BA B BHJIe METAOJOBSIHHOH KucaoTol, OxaamIeHHbIl
pacTBop, cofepiKam#il BHCMYT, (QUABLTPYIOT, TmiaTelbHO MPOMbIBaS
0CaTOK IUCTH/IMPOBAHHON BOJOH. PacTBOp neiTpasu3yioT eIKuM HaTPOM
no (enondralenny ¥ OCaKIAIOT BHUCMYT CEPHHCTBIM HATPHEM B Bule
Bi, S;. Ocamok npombiBaloT, MepeHocsT B THTEb, IPOKAJHBAIOT B Teye-
nve 1—2 uac. npu temneparype 800—900° u B3semmBar B Buge BiO,.

Comepxanue BUCMYyTa B OCAAKEe ONpefensieTcst BECOBBLIM HJH (OTO-
KoJIoMeTpudYecKiM MeToZoM. Jlist onpefeseHnss BHCMyTa OCaJ0K, CHSTHIL

o

02

Onmuyeckas nAOMHOCMS

)
g

/]

10 20 30 40 M i00mn
Konuermpayus  Bi 8 pacmbope
dur. 5. Kanu6GposouHas Kpupas [Js ompejeseHus BEcMyTa (oTo-

KOJOPUMETPHUECKHM MeTofoM Ha nputope ®PDK-H-54 no npapoit mxase
co ceerodunerpom Ne 5 u kwoseto#t 50 M.

¢ Heprkapeiomiell crajii, PacTBOPSIOT B KOHIIEHTPUPOBAHHOH a30THOM
KHCJIOTE ¥ pacTBOp B Teuenue | wyaca HarpemaioT A0 TemmepaTyps 100°
I OCakAeHust MeraoJoBsiHHOH Kucaorel H,SnOs.

Jlas onpefesnennsi BECOBBIM METOIOM OCAI0K META0JOBSIHHOH KHCJOTH
otUABTPOBBIBAIOT, (PUABTPAT 0OpadaTbiBatOT cepHuCTLIM HaTpHem Na, S,
nocje yero BHINMABINMH 0cafok cepHHcTOro BHemyTa Bi, S; orduawrpo-
BBIBAIOT M TpoKaausator Bi,0,, xak omucano Boime. [lporextHOe
cOoflepxKaHKe BHCMyTa B CIJIaBe onpefedsiercss 1o (Qopmyse

Bi — a-;OO ’

rie a — KoauuecTBo Bi B ocagke B ¢;
b — Bec ocajka B 2.

Has onpenenenusi BucMyTa (QOTOKOJOPUMETPHUYECKHM METOLOM MeTa-
ONOBSIHHYK KHUCJAOTY OT(PUJILTPOBLIBAIOT, a (uabTparl ynapusaior A0
cyxofl conu. ITosyueHHYIO COJAb BUCMYTa DPACTBOPSAIOT B IMOAKHCIEHHOH
ceprolt KucJaoroil Boje, goBasasoor 10 ma 20%-voro KJ u pacrsop
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pasGaBastor 1o 100 ma. [IpeaBaputesbno ycTaHABJAMBAIOT 3aBHCHMOCTL
OITTHYeCKOH MIOTHOCTH OT KOHUEHTPAauuu BHCMyTa B pacreope ((ur. b).
[To rpaguky Ha pur. 5 onpenensitoT KOJIHUECTRO BUCMYTa, HAXOAAILIErOCH
B OcCajke.

Has onpenenenuss cofep:KaHUA CYpPbMbl B TOAKHUCJAEHHYIO COJIs
HOH KucjoTo#l npofy aaekrtpoaura (bO0—100 ma), Harperoro RO Tem-
neparypor 90—110°, BBOZAT CTpYKKY uucToil Menuol doasru. IIpu sTom
CypbMa KOHTAKTHO BbIesieTcsi HA MeId B BUJAE CHHEBATOrO HajeTa.
Pacteop npogomkaior marpeBath B Teuenue 20—30 MuH., IO NOJHOTO
IpeKpaleHy st BEIAEJACHUs] CYPbMbI Ha MeAd. [Tocse aToro mequyio Gossry
IpOMBIBAIOT W o6paGarbiBaioT mpu marpeBanuu 10%-HbiM pacTBOpOM
"eKOro Harpa ¢ 100aBKOI NepeKHCH BOZOPOAA A0 NOJHOTO PacTBOPEHHS
CypbMbl. AHAaMH3 HA COREpKAaHUE CYPbMBI IMPOU3BOAAT THTPOBAHMEM
pacTBopoM [oZa B NPUCYTCTBHH Kpaxmasa.

Copeprkauue cypbMbl B KATOTHOM 0CajKe MOXKHO OHpPeIeasaTh OLHHM
H3 CJelyIOIUX MeTOJOB.

ITo mepBomy merony mHapecky ocaaka 0,2—0,3 e pacTBOpsIOT B KOH-
IEHTPHPOBAHHOI COJISTHON KHCJO0TE MpH HATpeBaHuu [0 TeMIeparypbl
70—80°. Jlanee anajgu3 TNPOM3BOAAT [0 MeTOLY, OIMCAHHOMY BbIIE,
a HMEeHHO: CYPLMY OTIAE/SIOT OT 0/10BA KOHTAKTHBIM OCAXKeHHEM Ha MeIH,
IIocJle 4ero ee PAacTBOPSIOT B INEJOYHOM pacTeBope ¢ jJobaskoid O,
H THTPYIOT HofoM B TIpUCYTCTBMM Kpaxmasa.

Bropoit meToj ocHoBaH Ha HEMOCPEICTBEHHOM THTPOBAHUM B IpH-
CYTCTBHM 0/10Ba pactBopom Gpomara [7]. Hasecky ocagka 0,2—0,3 2
pacteopstioT B KoHpeuTpuposaunroit HNO,, no6asasior H, SO, (yX. Bec
1,84) u ynapuBawmoT go npexpanieHus sbigenenus napoB NO,. Jlis Boc-
craHoBJsIeHU st SH®F 10 Sbt? mo6aBasior HeGOMBINOE KOIMIECTRO CYIb(UTa
natpuss Na, SO, u pactBop OCTaBasOT cToaTbh 20 MUH. Mpu Temmepa-
type 70—80°. 3areM K pacTBOpy A00aBJASIOT COJSAHON KHCJAOTHI H3
pacuera 20 x2 HCl (ya. sec 1,19) #a 100 u2 pacrBopa u 2—3 Kamau
METHJIOBOrO opaHxeBoro. [locae sToro pacrBop THTPYIOT IIpPH 3HED-

ruunoM nepememinauu 0,1 #. pactsopom KBrO, g0 wucueznosenus
PO30BOIl OKpacku. ’
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H. T. KV¥IAPABLEB

AJIEKTPOOCA)XAEHHE CNJABA CBHHEH—O0JIOBO

[ToxpbiTHA CIJABAMH CBHHEN-—OJO0BO IONYUYH/IM IHIHPOKOE paclpo-
CTpaHeBue B POMbIILIeHHOCTH. OHU IPUMEHSIIOTCS IS 3AIMUThl CTATbHbIX
U3JeNUI 0T KOppo3uwH, OCOO0EHHO B TeX cJayuasix, Korga HeoOXOLHMO
npullanBanue Jerased, a Ttakxke Ljasi coobmeHHs AHTH(PUKIHOHHDLIX
CBOHCTB TIOBepXHOCTH U3Aenunid. OObIUHO H3Je/ s TIOKPLIBAIOT CIlJIaBaMu,
copepxaiumu 10—60% ososa. Takie nokpuTHs 06421A10T OBBILEHHOMN
KOPPO3HOHHOH CTOHKOCTBIO W MEHbIIEH IOPUCTOCTHIO IO CPABHEHHIO
C OJIOBAHHBIMH M CBUEIIOBHIMH TOKPBITHSAMH NPH OAHHAKOBOH TOJIIMHE
cJ1os. Decrioprucroe CBUHIOBOOJOBSIHHOE TOKDPBITHE XOPOLIO 3aUHIAET
u3Jeaus OT KOppo3uK NoJ AedcTBHeM MOpPCKOH BOALI M APYTHX arpeccus-
HbIX cped. Jlag obaerdenus nafku getaneidl 3THMU CIIJIaBAMH TIOKPLIBaeTcs
foJbIII0e KOJMMUECTBO MEAKHX H3Jeddid B cJaGOoTOUHOW TPOMBIIIIEHHO-
ctu. Kax wusBecTHo, JeTajH, 3JEKTPOJMTHUYECKH T[OKPHITHE OJOBOM,
NJA0XO TAadIoTcs, a OJIOBSAHHOE MOKDbITHE MeJKHX JeTaqaeil TopsauyuM
Croco60OM  MaJONpOU3BOOUTENbHO W CBSI3aHO € H3JUIIHE OO0JbIIHM
pacxoioM 0JIoBa.

B kauecTBe aHTHDPUKIHAOHHOTO MOKPLITHST OOJbIHOE 3HAUEHWE HUMEET
CIJIaB CBHHEU — 0J10BO, cofepxamui 88—-92% Pb u 8—10% Sn.

Ha noBepxHOCTH CBHHIOBUCTOH OPOH3bI BTYJOK IVIABHLIX IIATYHOB
Jsurarenefl mocje oTpabOTKH HMH MEKPEMOHTHOTO pecypca oOHapy»KH-
Baetca pag gedexkToB: ray0oKHe KOJbieBble PHCKH, HepaBHOMEpHbI
MECTHBI n3110¢ OPOH3bI, TOUCYHblE YrAyOJenust B BULE OTACALHDIX MATEH
(nyHOK) u Ap. B oTAeAbHBIX Caydasix 3TH AeeKTsl 10 Mepe CBOero pasBu-
THUS NPUBOLSAT K PA3pYLIEHUIO CBUHIIOBUCTON OpoH3bl, 4 HHOTAA ¥ BTYJIKH
B ue1oM. CBUHOBOE TTOKPbITHE, HAHOCHMOE HA BHYTPEHHIOW MOBEPXHOCTb
BTYJIOK AJsl yJyullleHHst TpupaGoTKH, He NpefoxpaHser OpoH3y OT pas-
pPyLICHHS.

Jlaga  yayulleHMst YCJAOBHE 3SKCIJyaTanMM BTYJAOK BHYTPEHHIOIO
MOBEPXHOCTb MX TOKPbBAAM AHTHOPUKIMONHLIM CBHHIIOBOUHIHUEBbIM
cnapoM, OgHako BBHAY AeDUIUTHOCTH U JOPOTOBU3HEI HHAKS NNOKPLITHE
CTNJIABOM CBHHEN—HMHIMH He MOJY4UJI0 IUPOKOTO NpHMeHerHs. B cBszn
¢ 3tuM 'ocyZapcTBeHEBIM HayuyHO-HCCAET0BATEAbCKIM HHCTHTYTOM I'DaK-
nauckoro Bozpyurhoro uora CCCP (ToclTMU I'B®) JI. A. flkosaesoi
u T, A, Jle6egeBoii 66111 npoBeferni paGorst [1] 1o 3aMene CBHHIOBOKH-
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JHEBOro MOKPLITHST CBUHIIOBOOJIOBSIHHLIM, KOTOPOE 3HAUNTELHO Jelienae
u M0 (PU3MKO-MEXaHHYECKUM KayecTBaM MOA00HO CBHHIIOBOHHINEBOMY.

Bruwio ycranossneHo, 4To Tak HasbiBaemoe IU(Qy3HOE CBHHIOBO-
OJIOBIHHOE HOKDBbITHE, [OJAYUYEHHOE II0CJAOHHLIM HaleceHueM CBUHUA
H 0JI0OBA ¢ TocJelyiomedl TepMuyecKoi oOpaloTKoil Hpu TemIeparype
220—230°, xopoio npefoxpaHseT BTYJAKU OT NosBJAeHHsT HA HAX PHCOK,
HAJAMpOB ¥ MECTHOTO wu3Hoca. OIHAKO Iocje Takoi o0paCoTKH 4YacTo
MPOUCKOAUT BCIYUMBAHHE OTAE/LIILIX y4aCTKOB MOKPLITUS. JLas HEKO-
TOPLIX Jeranefi Harpes Ao Temneparypol 220° BooOine HeIONYCTHM,
MO3TOMY OAIIOBPeMEHHCe oCakKIeHHE CBHHIA M 0J10Ba B BHAE CIJIaBa
IJs1 9THX penell gBagercss 0osee nenecooOpazHbIM.

YCJIOBUS! 3NNEKTPOOCAXJAEHKS CNJTABOB CBHHEL—0JIOBO

Kaxk u3BecTHO, HOpMaJbHbie IOTEHIUAJLI CBHHI[A W 0JI0BA pasJfu-
Yal0TCsl BCETO JUINDL Ha 14 M6, U pa3psij UX MOHOB IIPOTEKALT NIPU He3Ha-
YHTEJLHOH nNoaspuszauuyd. [lo3TOMYy COBMECTHOE OCaKAeHWe CBHHIA
U 0JI0OBA U3 KHCJBIX PACTBOPOB He IIPelCcTaB/sieT GOJLIIMX 3aTpyAlleHuil.
HauGosee xopouio H3yu4eHHBIMH M pacnpocTpaleHHLIMM B HpakTHKe
ABJSIOTCST  GOpP(TOPHCTOBOAOPOLHDBIE 3JEKTPOuTh. (OCaiKH CIiaBa
Pb— Sb, mosyvyaeMble U3 3THX 3/JEKTPOJHTOB, HMEIOT MENAKO3epPHUCTYIO
CTPYKTYPY ¥ TIpUBJEKATCEHBI BHEMIHHUH BUJA C PABHOMEPHOH CBeETJO-
cepoil okpackoii. OnHaxo 60p(TOPHUCTOBOLOPOAHEIE 3IEKTPOJUTH HMEIOT
HEKOTOpLIe HEIOCTATKM, 3aTPYAIsIoniye HUX Hcnonn3oBanue, [l1sa npu-
TOTOBJIEHKMS TAaKOro 3JekTpoaura Tpebyercad aeduunTHAsS H SAOBHTAA
NAaBUKOBAS KHCJOTA, oTpauuuMBaoniag Buiop martepuana IJas H3ro-
TOBJSHUS BaHu. [IpM NoKpuTunm Ga6buta u OGpoH3, MMEIHX B CBOEM
cocTaBe OJOBO, TPYAHO o0€cleyuTh XOPOUIyl0 CIeNJsieMOCTL TMOKpbl-
THS C OCHOBOIl BCJEACTBHE KOHTAKTHOTO BLITeCHEHMSI OJIOBOM CBHHIIA
H3 pacTBopa.

Batecto 60p(PTOpUCTOBOIOPOLHBIX 3JMCKTPOJUTOB JJs1 3JEKTPOOCaK-
JleHns Ha Karoje CNAaBa CBUHEI[—OJIOBC MOKHO HPHMEHNTH NapadeHol-
CyJAb(OHOBLIE 3JEKTPOJUTEL. ITH 3JEKTPOJHTH AJA51 CBHHUEBAHUA H
OCaXJEHHsT CIJAaBOB CBHUHEI—OJIOBO OLLIM TNOAPOBIIO  HCCAeAOBalILL
[1. TI. Beasesnim (2], A. WU. Capeasesosi [3], JI. A. {xoBaeBoii u
T. A. JleGegesonr [1] u np.

OCHOBHLIMM KOMIOHEHTAMU 3JIEKTPOJHUTA A OCAXKACGHUS CILIABA
ABJAIOTCH CBHHLOBAsT W OJOBSIHHAsE coau napadenodcyanponoBoi
KHCJIOTBI, TapadeHnoscy bhoKuca0Ta U OpraHuyecKHe BemecTBa.

OrrocurenbHble KOHIEHTPAIHH B PacTRope CBUHIA M 0J0Ba BbIOH-
patoTcsl B 32BHCHMOCTH OT COCTaBa cijlapa. [lis nonydexHus: anTappuk-
IIMOHIIOTO TIOKPLITHS CILIAaBOM, cofeprkamuM 8-—12% Sn, npumeHsnor
pacteop 0,35—0,5 #. o ceuHny 1 0,1 A, no ogoBy. CHjaBbl ¢ NOBLILIEH-
HBIM copeprkanneM oJjoBa (20—60%) A5t 3aiuTol U3Jesuil OT KOp-
posuu u npunaidku (ITOC 20 — [TOC 60) MoxHO TOJgyYaTh H3 3J€K-
tpoautos 0,15—0,4 #. no cBuruy u 0,25—0,5 x. 0o oJa0BYy.

J71s npenynpexxaeHUs TUAPOAM3a cojell CBHHNA M 0J0Ba H A4
ofecriedeHust yCTOAUHMBOCTH 3JEKTPOJUTA 10 COCTABY HEOOXOAUMO
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MPUCYTCTBHE B HeM CBOOOAHOI apadenoJcyabpoKucaoTs., B mepsom cay-
yae, B pacTBope C IOHH)KEHHbLIM COREP>KaHHEM OJIOBA, peKOMEHAyercs
u30biToK napadenoacyaspoxucaors ot 0,35 10 0,5 #., BO BTOpPOM —
or 0,4 go 0,7 n. CeoGoutiag napadernoscyabpoknucaoTa CIoco0CTByeT
TaK:e VYJAyYIIeHHIO KauecTBa OCaZKoB. ONHAKO TAABHEIM (DAKTOPOM,
0GecneqBalonIUM MoayUele XOPOLUINX M0 KAYecTBY OCAIKOB (KOMIIAKT-
Hble, TLJOTHEIE, MEJIKO3EPHHCTbIE), SBJASIOTCS A00ABKU K 3JACKTPOIHUTY
OPTAHMYECKHX BEMIeCTB, HAIpHUMep KeJaTHHbI, B KOJHYeCTBE OKOJO
2 e/a. bBes sTofl 100aBKH Ha KaTofe o6pasyioTcsl TeMHBbE LIEPOXOBaTbie
0CAQJKH C HUTEBHUIHBIMA HAPOCTAMH B BuJe JAEHAPUTOB 110 Bcell NoBepx-
HOCTH Karoja.

Temnepatypy 3JeKTposura MOXKHO MOANEPKMBATL B mpeienax 18—
40°. lloBbllleHue TeMIepaTypbl HECKOJbKO YBEJIHUMBAET IONYCTHMBIH
npejfea IJIOTHOCTH TOKA HA Kartofe.

ITo paunweim  Meraagorpaduueckoro wuccaetoBannss [1] HauGosee
MEJKO3E€PHUCTbIC, € OJHOPOLHOW M paBHOMEDHOH CTPYKTYpPOH ocaiku
NOJIyYaloTCst MPH TLIOTHOCTH ToKa 1—2 a/dm?. TloBbillenne NJIOTHOCTH
TOKa TPHU MOCTOSHHLIX NPOUUX YCJAOBHSIX 3JEKTPOJH3a NPUBOAUT K yBe-
JIMYEHHIO OTHOCHTEJLHOTO COJED:KAHUS 0JIOBA B Ocajke H HaoOOpOT.

B KauecrBe aHOJOB CJIYKHUT CMJIAB CBHHIA C OJIOBOM, COCTAB KOTOPOTO
BbIOMPAeTCst B COOTBETCTBHM € 3aLAHHBLIM XUMHYECKHM COCTABOM KaTO[-
HBIX OCAaJAKOB, NPHMEPHO B TOM K€ COOTHOIICHHH MeTaJJIOB.

Huke npusopaTcs pexkoMmenjyeMmble YC/AOBHS 3JEKTPOJU3A.

A. CocraB 3aeKTpoHuTa B 2/4 U pexskuM paboThl IJsl {IOKPBITHS CILJIA-
BOM, cogepxamumM 8—12% onosa (anTHdpuKUHOHHOE moKpbiTHE [1]):

Cornen mapaberoscy inponosbii Ph(C;H,SO OH),

(mma Pb meramamueckufli 36 —H2)

.. 97138 (0,35—0,5 #.)
Ounoso napaderoncyashoHoBOE Sn((%h&uo OH),

(uu Sn Metananmueckoe 12) . 24 (0,1 u.)
Hapdrbeﬂo'xcynbrboxncnma (CBO6OILHZIH)

CeH,SO;HOH . . . . . . . b1—87 (0,35—0.5 n.)
Kenaruna 2
Temmepatypa B °C . 20—40
[InoTHOCTL TOKA HA KEITO;IE " Ha ano,le B a/a,w2 1—2
Anoppt us CIIABA CBUHEI—070B0 (~10% Sn). Beixox mo ToKy Ha Karoae
u auvome 100%

b. Cocras BHeKTPOJIHTa B 2/a v pexuM paboTHl A5l MOKPLITHS CHJa-
BoM, cofiep:kamMm 20—60% osoBa [3]:

Carren, napadgernoncyabgononoii
PH(C¢H, SO OH), (wru Pb nerannumueckni) 42—110 (0,15—0,4 #.)

Onoro  mapabenogacyangoHoBoe

Sn\C6H4‘SO3OH) (dau Sn Merasmueckoe

15—30) . e e e e e .. .. B0—119 (0,25—0,5 #.)
l'Iapac[)eHonm nbdpoxncno’ra (cBoGosiHAR)

CeH,SO,HOH . v . . o . . .. ... T70—121 (0,4—0,7 n)
Kenaruna . . . e e . . .. 1530
Temmeparypa 9nemponma B C Coe .. 1825
IlnoTiiocTs TOKA HA xaroie B a/dm? . . . . 1

Boixon nmo Toky ~100%. Anoanl B 9T0M 3J€KTPOJHTE MPUMEHSIOTCS
M3 CILTIaBa CBHHEl — OJIOBO € COOTBETCTBYIOIUM COCTABY KaTOAHOTO
0CaJlKa OTHOCHUTEJIbHBIM COlePKAHUeM CBHHIA ¥ 0J10Ba. UTOOH IPUBECTH
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COOTHOIIEHHE MeTaJ/10B B PACTBOPE B COOTBETCTBHE C 3aJaHHBIM COCTABOM
ocajKa 3JEKTPOJUT C STUMA aHOJLAMH HEOOXOAMMO IpeABapUTEIbHO Ipo-
paforath TOCTOSHIILIM TOKOM B TeueHue 18—24 yac.

NPUTOTOBJIEHHE 3JIEKTPOJTUTA

[MapadenoncynedonoBass KucaoTa roToBHTCH ITyTeM Cyab(pHpPOBAHUSA
deHosa KOBIEHTPUPOBAHHOU cepHON Kuciaorol. JIis 3TOrO KpHCTasiu-
YecKUU (PEHOJ HarpeBaeTcss B 5MAJUPOBAHHON NOcyle KO pAacnJaaBJeHust
(¢,, = 41°). K pacnnasaennomy denoay po6aBisiercs cepHasi KMCI0Ta
(vA. Bec 1,84) HeCOJDLIIMMH MOPUMSMH UYepe3 IEJNHTEILHYIO BODOHKY,
DU HENpepLIBHOM MepeMelnBaHuu MexaHHuecKoll Memanxoil, w3 pac-
yera 110 ¢ ceproii kucaorn Ha 100 e ¢enona. Ilocne BBefenus Bceil Kuc-
JoThl CyAL(pUPOBanye NpPOJOKAETCA NPH TeMmmeparype okojgo 100°
Ha BOAAHO{ OadHe IIPU HelpepbLiBHOM IMepeMelIMBaHUHd B TeueHHe H—
-8 uac, mof Taroit. Peakius nporekaer Mo ypaBHEHHIO

C,HL,OH -+ 1,80, = C,H, (SO,H) OH + H,0.

[Tocne oxoHyaHusi peakuuu cynabdhoMacca oxJjakiaercs Ao TeMIepa-
Typel 75—80° u K He#l fo6aBasercs AMCTHAJHPOBAHHAA BOZA 1O IOJY-
4eHus pacTBopa yA. Beca 1,3—1,4 ang npelynpexAeBus 3aTeepleBaHus
MacCh TIpH JadbHeidineM oxAawAeHnH. [loayueHHast Takum o0pasoMm
napadgeno/cyabpoHOBAT KHCJA0TA COAEPKUT U3OLITOK HEelpopearupoBas-
ureit cepuoil xucaotsul, Jas ee yjasenust K pazbaB/jeHHOMY BJBOe Dact-
BOPY Cyab()UPOBAHHON MacChl JOGABJAsIETCA YTJAEKHCABIH KaJdbli (Men)
B nopomxe u3 pacuera 1,03 xe Ha | ke H3OBLITOUHOH CEPHOH KMCJOTHI,
KOJIMYECTBO KOTOPOH B pacTBOpe ONpelensercs XUMHUECKMM aHajIH30M,
ITocse orcranBanus B TeueHHe CYyTOK PacTBOP OCBOOOKAAETCst OT ocCalKa
JeKautagueid 1 anaausupyercs Ha cofeprkaHue napaderoscyaboBoBOi
Kucqaotel. Bec 1 e-9xe ¢enoncynandporoBoil KucaoTol pasen 174,12 e,

PactBoper napaderoncyabPoOHOBBIX coJell CBHHEIA H OJ0Ba TOTOBST
OTIEJbHO C OLMHAKOBOH MOBLIIEHHON KoHUeHTpauued Pb u Sn, paBHoii,
nanpumep, 1 e-9k8 KaxIo#l ¢ u3OHTKOM napadeHo/ CYIbPOKUCIOTE O
penenry. [Iast nmoayuenuss 1| ». pactBopa CBHHIOBOH coau napagenos-
cynbQoHOBAA KHCJIO0TA pa3daBisercs AMCTU/IHPOBAHHOH BOJOHA A0 KOH-
LeHTpamuu, paBHolt 1.5 »., U HarpeBaeTcs Jo TeMIIepaTypshl 70°. Hocae
3TOro K DAacTBOPy HeOOJBIIHMH TOPIUHsIME TIPH MepeMelirBanuy 100aB-
JISIeTCsT yIAEKUCAbIH CBUHEI.

KonnuecTBo yriekucaoro CBuHIA, NorpeGHoe AJs noaydeHHs | e-9x6
napadenoncyabouoBoro cBuHna, cocravager 133,6 e PbCO,; wnau
129,3 ¢ 2PbCO, - Pb(OH),. Peakuus mporekaer 1mo ypaBHeHHAM:

PbCO; + 2CH,SO,HOH — Pb (C,H,SO,0H), + H,0 4 CO,
HJH
2 PbCO,-Pb (OH), - 6C,H,SO,HOH — 3 Pb (C,H,SO,0H), -
+ 4 H,0 4+ 2CO,.

Pacreop onoBsinnoil coau napadenoncynbHOKHCAOTH MOKHO H3rO-
TOBUTb ABYMS CHOCOGAMH: 3JICKTPOXMMHUCCKHM H XHMHUCCKHM.
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ITpu ssekTpoxumuueckom crocobe HacbiuieHue napadenoscyando-
KHCJIOTHl OJIOBOM TIPOU3BOJAUTCST MyTeM AHOJHOTO PacTBOPEHMS MeTaJJu-
YECKOro OJI0Ba C OTACJCHHEM KATOJNTA OT aHOJNUTA TPH ITOMOLIH KepaMH-
Ueckoil Mmopucroil Auadparmel. B KadecTBe aHoauTa TPHUMEHSIETCS pac-
TBOp napadenoncyabhoKucAOTH TpeGyeMoil KOHIEHTPAKMU; KaTOJHTOM
CTYXKUT TOT K€ pacTBop (heHonCyaLPOHOBOH KHCIOTBI MM (PEHOJCYJIb-
donoBoKHCAOrO Kamus. KaTogoM CJy:KUT Keje3Hblll crepKeHb Iua-
MetpoM 2 muam. Bo Beex cayuasx uepes |,5—2 yaca sjexrpoausa a karoje
BhIlEJIIETCA OJI0BsitIas ryfka.

PacrBopenne omoBa TpOM3BOAMTCS TIPU KOMHATHOH TeMmmeparype
U aHOJHOH mioTHOCTH ToKa 2 a/Om®. Teopermuecku 3a | a4 JOMKHO
PacTBOPSITLCST OKOJO 2 ¢ 0J10BA; NPAKTUUECKH AJs HACBIIEHHS PACTBOpa
0J10BOM Tpefyercst GoJbliee KOJUUECTBO 3JEKTPHUYECTBA BCAEACTBHE
MoTepb MeTajja TNpH BbIAGJCHHH €0 HAa KaTode B BHJe TyOKH.

ITpn xumuueckoM crnocoGe TOJYUYeHUS OJIOBSIHHOTO 3JEKTPOJIHTA
NPUMEHAETCH UYHCTOE JABYXXJOPUCTOE O0JI0BO, M3 KOTOPOrLO cHadasjga
M0Jy4aloT rugpart oxkucu ogaoBa. CBeKEoCak ICHHbIH THAPAT OKMCH OJIOBA
Sn(OH), oTQuJIbTPOBBLIBAIOT U TIATEAbHO IPOMBLIBAIOT 10 yAaJeHHsI
XJop-uona. OTCyTCTBHE XJIOP-HOHA B TIPOMBIBHOH BOJAE KOHTPOJNPYIOT
5%-HbIM PACTBOPOM a30THOKHCJIOTO cepefpa. ITpoMbiThill 0caflok caerka
OTXKUMAIOT MEKAY JuCcTaMy (HJAbLTPOBAJILHON Oymaru, 3ateM pacTBOPSIOT
B 1,5 #. denoacyandoHOBOI KHCJOTE,

Hast mpurorosiendss 1 2 1 #. pactBopa (peHoJCYIbQOHOBOKHCIONO
osioBa Tpebyercs 76,5 ¢ ruApara OKHCH 0J0Ba Uau 94,5 ¢ IBYXJOPUCTOTO
osoBa u 40 ¢ enxoro mHarpa.

J1As1 TIpUTOTOBAEHHS CBUHIIOBOOJIOBSIHHOTO 3JEKTPOJUTA PacTBOPbBI
COJIedl CBHHIIA M 0J10Ba CMeIINBaiOT B TpeGyeMOM 10 peleNnTy COOTHO-
ilennu, pas0aBasSOT BOLOH JO COOTBETCTBYIOMIMX KONieHTpaunuil H Kop-
pexTupyioT jo6aBKamu mNapadeHoacy bPOKHCAOTL, €CAH KHC/JAOTHOCTD
3JIEKTPOJINTA OKAa3LIBaeTcst HENOCTaTOUHOM.

KOPPO3HOHHBIE HCIIBITAHUSA

Boini nmpoBefeHbl MCHBITAHHS Ha KOPPO3HI0 CBHHI[OBOOJOBSHIUBIX
MOKPBLITHIT, HAHECEHHHX HA MEAHBIEe IJIACTHHB W IPUMEHSeMbiX JIJs
AHTHOPUKIHOHHLIX 1ejefl. ITH HCIbITaHUusl NPOBOAMJINCD ABYMSI METO-
Jdamu: Ha ycraHoBke KoHCTpykuuu fO. A. TTiurKeBrua  BKOPPO3HOHHOM
KaMepe C TyMaHOM pacTBopa InoBapeHHO# coau [l].

[To mepeomy wmerofy o0pa3ibl MOJABEMNINBANUCH HA OOmEM KOJbIe
H OJHOBPEMEHHO TOIPYXKAJUCH B CTEKJSHHbIE HAIOJHEHHbIE MacJjoM
NPOOUPKH, KOTOPhie yCTAHAB/JIMBAMNChL B FHe3jle MAC/ISHOTO TepMOCTATa.
B nponecce nenpitadusl 6aarogaps ABHXKEHHIO BBEpX M BHH3 006pasnnl
aBTOMATHUECKH MOAHMMANUCE HA BO3AYX U BHOBb NMOTPYKAJUCL B MACJIO.
Hcnpitanue moxasano, 4TO 3JEKTPOJHTHUYECKOE TOKPHITHE CIIABOM
CBHHEI[—OJIOBO DAaBHOIEHHO IOKPBITHIO, ITOJyyaeMoOMy TepMooGpasor-
KOH TOC/A0HHO OCa)kJeHHBIX CBHHIA H OJI0BA.

B xopposnoHHO# KaMepe ¢ TyMaHOM pacTBopa IIOBADEHHOH COJIH
MPOBOANJOCL AJUTENbHOE HCILITAHNE CBHHIOBOOJOBSHHBIX M IHDDY-
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3HOHEbLIX CBUHIIOBOMHIHEBLIX HNOKPHITHHA. O6pa3nbt 3aBelmMBanuch Ha
CTEKJSIHHLIX KPIOUKax B Kamepy, B KOTOPOH NATb Pa3 B CyTKU B TeYEHHE
5 MHH. pas6pbiTHBajics 3% -Hblll PacTBOD IOBapeHHOH COJM TIPH TemIle-
parype oxoao 30°. .

HcneIThiBanuCh CBUHIIOBOOJIOBSIHHbBIE MOKPBITHS TOMMHUHON 40 mK,
cogepxamne 6—8, 8—10 u 10—12% Sn u auddy3HOHHbIE CBUHIIORO-

MHJHEBbIe MOKPBITHs, cofepxaue 4 u 8% In. Pesyaprarsl NpUBeIEHDI
HMXKe B TabJHuie.

- X apakTepHCTHKA KOPDO3HH uepea 15 cyTok
i
pynna TOKpLITHA [OCJE HCMBITAL IS

CBI/II[KL()B()HH,'LHCB()C, TOMMHHA C¢J10g Uli- paBlIOf\IE‘pH]:Il'/,i HaJer poOIYyKTOB Koppo-
Aus 4% 0T TOMUHHBL CJIOA CBHHIA 31k [0 BCOll MOBCPXHOCTH 0GpasLoB
Counnoponnzueroe, rommuua uifod 8% | Boaee ruyGoxas xopposns
OT TOJIIMMHLL CJAOA CBHIIIA

CauniosocyioBsinoe, 6-—8% Sn Fnra saverHas koppo3us B BHIC OUEHD

MCJKUX TOUCK

Ceuuuonoogonaunoe, 8—10% Sn B orreapHnix MecTaX TOBEPXHOCTH 00-
PaziloB e1Ba 3amerHLie Caeipl KOoppo-
34U

Cpunuopooaonamioe, 10—12% Sn To xe

3 panmbix tabanisl caefyer, uyTo Ha o6pAasnax Co CBHHIOBOMEINE-
BbIM TOKPHITHEM KOPPO3is HACTYIIHJIA paHblle H pa3BuBajach OuicTpee,
yeM Ha o0pasuax CO CBUHI{OBOOJIOBSIHHBIMH TMOKPBITHSIMH, T. €. KOPPO-
3MOHHAS CTOHKOCTL NEPBOro CIJaBa, OCOGEHHO C TIOBBITEHHBIM COHEp-
JKaHHeM MHAUA, Menblue,ueM BToporo. HauGonblied Koppo3noHHOH CTOM-
KOCThIO 00J181a10T 1TOKPBITHST CBHHIIOBOOJIOBSHHBIM CILIABOM, COZEpXka-
muM 8—12% ogoBa.

CBUHIIOBOOJIOBSHHKH CNIJIaB ¢ cofepxkannen 8—10% oJsoBa coracuo
MeTaJqJorpapuyeckoMy aHaau3y sIBJseTcss ONHOPA3HOH  CHCTEMOH.
[To crpykType OH NpeicTaBJsieT co00i IpaHeueHTPUpPOBAHHYIO pPelieTKy
CBUMHIA C yMeHblUIeHNbiMH napamerpamu. Koncranra pewmerkn Ha 0,2%
MEHDLIIE, YeM y CBHHIA. [IPHYHHY 3TOTO MOXKHO O6TICHHTE 0Gpas3oBalneM
TBEpJOro PacTBOpPa CBUHI{A C OJIOBOM.

Merasiorpaduueckne wuccjaejoBaHUs MOKaszaju, 4ro Hocjae 2 yac.
TePMHUUECKOH 0OpabOTKH CBUHIOBOOJOBSHHBIX TOKPLITHH IpH Temlle-
parype 150° uamenenuil B cTpyKType ocagkoB He HaOsmiofaercs. HeGoan-
IO POCT 3epeH 0,0Ba NPOUCXOIUT JHILb 1tociae 6 yac, TepMoo6paGoTKH.
CaenoBaresbHO, MOABEPraTh TEPMHUUYECKOH o6palorke GUHAapHble CBHH-

HOBOOJIOBSIHHbIE HOKprTHﬂ, nonyquHue HEIIOCPQILCTBGHHO Ha KXarone,
HelenecoobpasHo.
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H. T. KYIAPSABIEB

SJIEKTPOOCAXAEHHE CIJIABA ITHHK—HHKEJIb

Kak ussecrno [1 ], morenuuas nuHka mouTu npu Beex yCJIOBUSX OTPHU-
nareJpHee [OTEHIMAJ A Kesaeza, Ggarojaps 4eMy IMHKOBOE IIOKpPLITHE
ofecrieynBaeT Ha/leXK HYIO JIeKTPOXUMUYECK VIO 3alUTY CTANbLHbIX H3eui
OT KOPPOo3uH B OOBIUHBIX aTMocdepHHIX yCJaoBUsiX. BumecTe ¢ TeM Koppo-
3UOHHAsl yCTOMYMBOCTHL CAMOr0 IHHKAa He Bcerja OLIBAeT J[OCTATOYHOH.
B armocdepe ¢ NOBbIICHHON BJAXKHOCTBHIO, OCOOCHHO C TIEPHOAHYECKOMH
KoHJeHcauueHd BJArd, IOBEPXHOCTh I[HHKA IIOCTCNEHHO paspyiuaercs,
[OKPBIBASCH IPOJYKTAMH KOPPO3UH B BUJC THAPOOKHUCHU H YIJIEKHUCJIOrO
HNUHKA. .

J1ast moBBIIeHMsT KOPPO3UOHHOH yCTOHYMBOCTH IMHKOBLIX MOKPBITHI
4acTo [MPUMEHSIOT XUMHYeCKylo 06paGoTKy UX B XPOMOBBIX PacTBopax
¢ o6aBKaMH CepHOI KHMCJOTHI, NOBAapeHHOH coau u ap. O6pasyouuecs
IpH 5TOM TOHKHE IACCHUBHLIC IICHKH H30JUPYIOT NOBEPXHOCTH IMHKA
OT HeIOCPEJCTBEHHOTO B3aHMOJEHCTBUA ero ¢ KOoppo3uoHHOH armocde-
pOH, HO OHM ILIOXO CONPOTHRJISIOTCH MEXAaHWYECKHM BO3JEHCTBHAM,
U HA OTOJIEHHBLIX y4acTKaX umuHKa (nocje TpeHHs, IapalaHds ¥ T. II.)
KOPPO3usl BO BJIAXKHOI aTMocdepe mnporeKaer KaK 00bUHO, 3HAUUTENBHO
[IOBHIAETCS KOPPO3UOHHASE YCTOHYMBOCTH MHKOBBIX MOKPLITHH Tocae.
docdarupoBanusa uX ¢ nocaenyomeil o6paboTKOH B ropsueM pacrsope
xpomnuka [21. Onnako docarupobanue HECKONLKO yXYAIIaeT BHEMIHHH
BUJ LUHKOBOTO HOKPBLITHsS, AeJacT HOBEPXHOCTL ILIEPOXOBATOH U, KpoMe
TOro, TpedyeT BBEAEHHs B TEXHOJOTHYECKM{ I1POIecC AOMOJHUTENbHBIX
omnepanuil 06paGoTKu H3Aeaui.

W3 nuHKOBLIX CIIABOB, TOJyYaeMbiX SJeKTPOJUTHUECKHM METOLOM
U [pPUMeHsSIeMBIX [AJsi HOKPBHITHSI CTaJH, NOBLIIMICHHOH KOPPO3UOHHOH
CTOHKOCTBIO 06J1alal0T JIUIb CIJIABLI, MMEIOHIHe B CBOEM COCTaBe 3HAUH-
TeJLHBIC KOJHUecTBa 0oJiee IOJIOXUTEILHOIO MeTajna, HalpuMmep Ja-
TYHH, a TaKKe CIJIaBbl IIHHK—OJIOBO H INUHK—KaAMUH [IPU CONEPKaHUH
nuuka He Gogee 20%.

Ha kadenpe Texuonoruu 3/eKTpOXHMHUECKUX TPOH3BOACTB MOCKOB-
CKOTO XHMHKO-TeXHOJorpyeckoro uHcruTyra um. JI. M. Menjeneesa
H. T. Kyapsasuesoim, K. M. Tiotnnoit u C. M. ®uprep 6oisa npoBejeHa
padora 110 NOBBILEHHIO KOPPO3UHHOHA YCTOHUMBOCTH IIHHKOBBIX IIOKDbI-
THH ITyTeM JeTHPOBaHHs ero Jof6aBKamu Apyrux, 0osee MoJoKHTeNbHBIX
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MeTaJLIOB B MAJbIX KOJMYECTBAX II0 OTHOILIEHWIO K HUHKY. B srOoM cayuae
MOXKHO GBIJIO PACCUHTLIBATH HA IOBBINICHHYK KOPPO3UOHHYK CTOHKOCTH
ITOKPBLITHS I[IPH YCJOBHH 00pa3oBanus CIIaBa OAHO(MA3HOH CUCTEMBI
(TBepALIH pacTBOP MJH XHMHUYeCKoe coequHeHpe). Takumu cucreMamu,
KpoMe JatyHell, MOFyT ObITb CIIJIaBbl MHHK—KENIE30 U IMUHK—HUKENb.

CojiaBel HUHK—KeJIe30, KaK o0xasajoch, o06JaajaloT IOBLILICHHOMH
XPYINKOCTBIO U O CBOEH KOPPO3UOHHOW YCTOHYHBOCTH HE HMEIOT Hpe-
HMYIecTBa Iepesl NHHKOBLIM TOKPLITHEM.

3HAUUTEJLHO JyUYllHe Pe3ysabTarsl ObIM IOJAYYeHH IIPH [TOKPHITHH
CILJIABOM [[HHK—HUKEJb,

CoBMecTHOe ocaxKIeHue [MHKA M HUKeas: mposojuaock [3] nu3 mua-
HUCTBIX ¥ aMMHaKATHBIX PacTBOPOB. M3 1HAHUCTLIX JEKTPONUTOB OblIH
TOJyueHsl TOKPbLITHs, cofepxaitue o 0,5 a0 2% HuUKens, U3 aMMHaKar-
HBIX BJEKTPOJNHTOB ~— MOKpeiTHs, coaepxkamue ot 10 1o 30% Hukeas
d 6oJblie, a ocTaJbHOe UUHK.

[To BHeuiHeMy BHJAY UHHK-HUKeJEeBble MNOKPBLITHA  H3 HHAHHCTHIX
BJIEKTPOJIUTOB TIPU ONpPENENEeHHbIX YCIOBHAK 3JEKTPONH3A (CM. HIDKE)
nogaygaroTest  6JeCTAIUMHE, CO  CBETJO-3KENTHIM  OTTeHKOM; IOKPLITHSA
U3 aMMHAKATHLIX SJE€KTPOJHTOB HMEIOT CBETJIO-CEphIf 1per ¢ rony6o-
BATBIM OTTEHKOM.

Hcnsitanust Ha KOPPO3HIio ITOKa3aldu, 4To B aTMocdepe ¢ MOCTOSIHHOH
TOBLILEHHOH BJaKHOCTHIO [OKPBITHE CILIABOM, COflepzKamuM oKoJso 2%
HUKeJs, COXPAHSeTC CBETVILIM M HE TeMHeeT 0oJjiee NPOAOIKUTENbHOEe
BpeMs, UeM YHCTOe HUHKOBOe nokpeiTHe, Bo BaaxHoil arMocdepe ¢ nepe-
MeHHOH Temmeparypoii (rugpocrar) u B 3 %-nom pacrsope NaCl ¢ nepuo-
J1i4ecKoll BbIrpysxofi B armocdepy Takoe NOKpuiTHe Bejer cels anaso-
FMYHO YHCTOMY IHHKY. [lacCuBUpOBaHHblEe B XPOMATHOM pacrBope
NOKPBLITUS NUHKOM M CILIABOM HUHK — HHKeab (~2% Ni) Benyr cels
OJIUHAKOBO.

Hau6oaee ycToiunBeIM NPOTUR KOPPO3HHU SIBJSIETCA CILIAB, COJAEpIKa-
muii 25—30% HHMKeas, KOTOPBHIA IpH UCObTaHHH B Tymane 3%-Horo
pacrsopa NaCl npu rtemmneparype 30° He oOHApY:KHBAJ CJA€10B KOp-
po3uy uuHKa B TeueHme 20 cyToK. OQHAKO HNOKPBITHE 9TUM CHJA4BOM He
obeceudBaeT 3JeKTPOXHUMHUECKOH 3aMMTHl CTAJbHLIX H3AEJAME OT KOp-
po3uM, TaK Kak IOTeHLHAJ e€r0 B STHX YCJNOBUSX CTAHOBHUTCH 3JEKTPO-
HOJIOKUTENbHEE OTHOCUTETLHO IHHHKA npumepHo Ha 400 w8 U OYeHb
030K K TOTeHIHAMy Kejge3a, DBcoaejacrBue 3TOro B nopax TOHKHX
NOKPBITH 1pu ucnsiraiuu B 3%-nom pactsope NaCl Gbliu o0HapyKeHbl
OTJleJIbHble TOUKH PKaBukHbl, Kpome TOro, OCaJKH ClljiaBa, cojeprKaniue
Gonpme 19—20% HuKesasi, OTAMYAIOTCS] IOBBILCHHOH XPYIKOCTLIO,
Tak KaK Ha u3rufax o0pasyloTcsi TPeuiuHbl.

Haunydmum BO BCeX OTHOLIGHHAX SIBJAMIOTCA TOKDPBITHS CIIJIABOM,
conepxkamum 10—15% Hukeas. OHH JOCTaTOYHO 5JACTHYHbBI, 3HAYM-
TeJIBHO YCTOHYUBEE TPOTUB KOPPO3HH, YeM YHCTOE IHHKOBOE IMOKPHITHE,
u ofecileyyBalOT AHOAHLIA XapaKTep 3aluTbl CTAJLHBIX H3JeMuH.
IIpu WcTBITAHMH B COJEBOM TyMaHe IEPBble IPOAYKTH KOPPO3UU NOSABU-
JMCh: HA cliaBe yepe3 14 CyTOK, Ha YHUCTOM LIHHKe yepe3d 2—3 CYTOK.
OtHocuTebHAS BeNHYMHA NOTEHIHaJa TaKoro CI1aBa, HM3MEPEeHHOro
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B 3%-nom pacrsope NaCl (B mape ¢ KaJIOMEJBHBIM IOJYI/JIEMEHTOM),
cocrapsisteT MpuMepHo MuHyC 0,53 6, YTO 3HAUUTEJDLHO IIOJOXKHTEJNLHee
MOTeHIHAJAa LUHKA M HEeCKOJbKO OTPUIIATeJbHEe IIOTEHIUAaNa KeJe3a
B THX YCJOBHSX.

[To paHHBLIM PEHTTeHOCTPYKTYDHOrO aHalu3a 9JeKTPOJHTHUECKUE
ocagku cniaBa Zn—Ni, copepxamue npubmusurensuo 2% Ni, mpen-
craBasiloT coGolf AByxdazuyo cucremy. Cnmaasbl Zn-——Ni, cofepxamue
10—20% Ni, umeror pasauuHyio (asoByl0 CTPYKTYPYy B 3aBHCHMOCTH
OT TOTO, NPU KAaKOH NJOTHOCTU TOKA OHU TOJYYEHBl (CM. HUXKE).

[TokpeiTust cninaBom Zn—Ni umeror 66JbIYI0 TBEPJOCTE, YEM YHCTOE
LIUHKOBOE MOKphiTHe. Menmranust wa MukpoTBepaocTn npubopom ITMT-3
NOKa3a/ld, 4TO HIPH Harpyske 50 ¢ TBePAOCTL MOKPLITHH IPH TOJLLHHE
cyost 60 MK paBHA JUIST YUCTOrO NUIKOBOrO NOKPLITHS 60—65 s/ mm?,
JJIST UUHKHHKEJIEBOTO MOKpuTHA, cojepramero 2% Ni, 115—125 kl '/ um®

M M9 HHHKHHEKEJIeBOro MOKPHITH, colepxamero 12—28% Ni, 400—
450 xl'/um?.

NEKTPOJUTHI U PE)XKUM NPOUECCA

IluaHuCTble 2JMeKTPOJIHTDI

JIdsi mosyueHust HHHKOBBIX ITOKPBLITUH C HEOOMIBLILINM COXEPIKaHUEM
HUKeas1 (~2%) MOKeT ObITh HCIOJAB30BAH IHALMCTBIH 3JCKTPOJIHUT,
upUMeHsieMblfi O6LIUHO ANt HHHKOBANHS, K KOTOPOMY 106aBJsA0T He00b-
HiHe KOJHYeCTBA HUKEIs] B BHAE KOMILIEKCHOW HUAHHCTOH COMH WU
B BHJAe cepHOKUCJOH cosu. Hanayunine pDesyabTaThl B OTilOLIEHHH
KauecTBa OCAJKOB IOJyYdlOTCsl W3 DPacTBOPA, COHep:Kaulero 1 e-sxe/a
nurka (~32 e/a Zn) u 0,006—0,025 e-axe/a uuxeas (0,15—0,75 o/a
Ni) npn cymmapuofi KoHueHTpanuu oOmero nuanuja U eAkofl lesoun
3,4—3,7 H. B paBHLIX COOTHOLIEHUsIX. B TaKOM 3/1eKTpOJUTE CyMMapHOE
cojepxkatye CBOGONHNOrO HUAHMIA M efKoll miemoun cocrasaser 1,4—
1,7 H.

C yBesueHueM KOHIEHTpauuu Hukeas B pacrsope 10 0,2 #. (6 o/a Ni)
cojlepkanue HHKeas B ocajke Boapacraer 1o 5%, HO BbIXOH MeraJjia
10 TOKy TaJlaeT, H KauecTBO NOKPBITHII 10 BHEILIHEMY BHAY yXYAlIaeTcs —
OHO CTAHOBUTCSI MaTOBBLIM, TE€MHLIM (Taba. 1). IIpH KOHLEHTpauuy HAKENs
oxoso 0,5 #. (15 ¢/a Ni) ocagku umeior ry6uaryio dopmy.

C yBenpyeHWeM ILIOTHOCTH TOKa COJAEPKAHHE HUKEIs B OCajlke
H BLIXOJ 110 TOKY yMeHbluaioTcs (Tabua. 2). Tak, B auaexTpoaure ¢ npubiiu-
3UTEJLHO PaBHLIM cojepxkanuem obmero nuanuga (1,7—2,0 #.) n eAKoil
menoun (~1,7 x.) Ipu TOBBILENUH IIOTHOCTH TOKa 0T 0,25 10 3 a/dm®
KOJIMYeCTBO HHUKEJsT B OCajKke ymeHburaercst or 3,0 1o 0,5%, BBIXOA
no Toxky magaer ¢ 98 no 80%.

KauecTBo 0CaJKOB ¢ TOBbLIIEHWEeM IJIOTHOCTH TOKa YJYYLIAeTCH;
MPY TJOTHOCTSX ToKa 1—3 a/0m* M KOMHATHOH TeMmieparype MOXKHO
oJyyaTb Ha Karoje OuecTsiHe OCaiKu.

[Ipu noBbilienun Temneparypsi 10 40° ocaiKu Ha KaToAe TEMHEIOT.

CHipkenue cojepkanust 00mero nHaHUAA OTHOCUTEJNbHO €JKOH
mesoun (B 2-9£8) 10 1 : 3 Mano BJIMsieT HA COCTaB 0CajKa, HO HHTEpBaJ
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Tabauya !

Banstaune KOHUESHTPAIHH HHKEJSI B JNCKTPOJHTE HA COCTAB H KA4YeCTBO OCanKa
IpPH oCaXNeHHH chjaBa l.(PlHK‘HPlKeJlb H3 IlﬂaHPlCTle pacTsopos

(i« = 1 a/om?; t = 20-+25%
KonueRTpauusl HHKeJAs B PacTBOpC Cogepmare S
HHKCJL B OCaAKE B % Qcapox
B 2-9K6/4 B 2/a 8 %
0,005 0,15 0,5 96 Baectsamuit
0,015 0,45 0,8 96 »
0,025 0,75 1—2 96 »
0,050 1,50 3,0 84 MaroBuiil
0,200 6,00 5,0 70 MaToPuﬁ, TeM-
HBIi

Tabauya 2

BansiHMe NIOTHOCTH TOKA HA COCTAB M Ka4eCTBO OCAjKa, W BHIXOJ MO TOKY
B 3aekTpoante; Zn 1 4. 4~ NaCNy;

+ Ni 0,005-0 09

1,7—2,0 . +NaOH05w 1,7 0. 4
5 H. ! = 20—25°

CojepikaHie HUKeJNS B OCAZKe B %, Npu
MroTHOCTS KOUUCHTPAUHAX HHKEJA B SJACKTPOJIUTaX Boixoz,
Om2 Ocapox
ToKa B a/on 0,005 2-axe/a | 0,015 z-axe/a | 0,025 z-ake/a no oKy B %
0,25 —_ — 3,0 98 MatoBbI i
0,5 1,0 2,0 2,3 97 »
1,0 0,5 0.8 1,8 96 Baecrauuit
2,0 0,3 0,7 1,0 94 »
3,0 — 0,35 0,5 80 »
Tabauya 3

BausiHHe MJIOTHOCTH TOKA HA COCTAB OCAJKOB CNAABA IHHK—HHKENL
NpU PasTAYHOH KOHUEHTPAUH LUHKA B 3JCKTPOJHTE; KOHUEHTPALHA HHKeJIT
BO Bcex caydasix ~ 0,025 2-axs/a

Cogepxanne HHKeJsl B ocafke B % NPU COCTaBe SJICKTDOJUTOB
Onoruocre :oxa Zn ~ 0,251, Zn ~ 0,5 u.; Zn ~ 1,0H.3
B a/dm Naclsoguﬁ 0,9#.; NaCNog 1,2n.; Eag:[ww 1,7 H1.;
aOH g, Na oGy a 06y 1,7x,
0,5 4,5 3,0 2,3
1,0 3,5 3,0 1,8
2,0 3.0 24 1,0
3,0 2,4 2,0 0,5

8 MAHTI

528
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IUIOTHOCTE! TOKA, 1IPH KOTOPLIX NOJY4aloTcs OJecTsiiie 0CajKke, COKpa-
maorest 10 2,6—3,0 a/0xm®. Tlpu HOBBIIIEHHOH KOHHEHTPanuy OOmero
LHaHHJa IPOTHB €AKOH mesaoun (B e-9x6) 1o 3 : 1 cojepKaHue HUKEJIst
B CHjaBe NpH YJOTHOCTH TOKa, paBHON | a/dm?, yBesuuuBaercs
10 4—5%, HO ocajKu TpH BCeX MJOTHOCTAX TOKa NOJAYYAKOTCSi TeM-
HBIMH.

C noHmkeHueM KOHIEHTPAUUH LHHKA B 3JEKTPOJHTE IPH TOH Ke
cymmaphod Kouunentpamuun NaCN,, ., -+ NaOH,, paBrOll ~1,4 H.,
COJlepiKaHHe HUKeJs] B OCajkKe HEMHOTO yBeJuuyuBaercs (Tabu. 3), HO
KayeCcTBO MOKPBITHSA YXYAIIACTCS: OCAaAKH I[OJYHaloTCsl MAaTOBBIMH,
TEMHBIMH. .

Taxum oOpasom, JAJsi DOJYYeHHS] CBETVIBIX OJIECTAMMUX OCaAKOR
CljlaBa MUHK—HHKENJb € COACPKAHUEM HUKeJst 0Kojo 2% MOKHO peKo-
MeHJ0BaTh CJeAylOliHe YCJIOBHS 9JeKTpOoJu3a:

CocTap 2/eKTPOJMTA B 2/4 U PEXUM paGoThi

Iunk (B BHIe KOMIJIEKCHBIX cosieil) .+ . - 32 (1,0 &)
Iluanucrolit Harpuit (o6wuit) . . . . . . 75100 (1,7—2,0 #.)
Epkut Hatp (oOmwmfl) . .« -« o . . .. 68 (~ 1,7 n.)
Huxkenb (B Buge umanucrod conm) . . . 0,15—0,75 (0,005—0,025 #.)
Temnepatypa snektponura 8 °C . . . . 20—25
IMnorHocts TOKA B /oM . - . . . . . . 1—3

Brixoz mo ToKy cocrargasier 80—95% B 3aBUCHMOCTM OT MJIOTHOCTH
TOKa. AHOAB U3 yHcTOro nuHka. Hukenn foGaBiasiercsi K SM€KTPOJHTY
B BiJle PAacTBOPA HHAHUCTOH COMM MJIM PACTBOPA CEPHOKHUCJIOIO HUKEJS.
Huanucrasi cosb HUKeTs TOTOBUTCS DACTBOpPEHHMEM THAPOOKUCH HHKeJs
HJIM CEPHOKMCJIOTO HHKeJst B H3GbITKE HMHAHHCTOTO HATPUS HJIM IHAHH-
CTOTO KaJus.

Bo Bcex cayyasx nocje HNPUTOTORJEHHsI 3JEKTPOJHT JOMKeH ObiTh
npopa6oTad NOCTOSTHHBIM TOKOM TNpH IJIOTHOCTH TOKA Ha Karoje 2—
3 a/om® u3 pacuera 8—10 a-u/a.

[ToxpriTHs, TOJyYeHHBIE IPH 3TUX YCJIOBHAX, MOXKHO 00pabaThiBaTh
B CIeAyIOmHUX ITaCCHBUPYIOMMX PacTBOpax:

1) CrO4 150 e/2 4 H,SO, (ya. Bec 1,84) 4 ma/a; TemmepaTypa
25°% Bpema 10 cex.;

2) Na,Cr,0, 200 /2 + H,SO, (ya. Bec 1,84) 10 ma/a; rtemnepa-
Typa 25% BpeMs b cek.

B nmepBom pacrBope NOKpHITHE NpROOpeTAeT CBETJIH, cepeGpuCThIH
OTTeHOK (OJleCK ycu/iuBaercsi), BO BTOPOM — IIOBePXHOCTh OKpally-
Baercsi B JKeJTBIH 1BeT.

AMMHaKaTHbie 3JeKTPOJIHTHE

I 37eKTpOOCaXKJeHHs CIJiaBa IHHK—HUKEJAb C I[TOBbIIEHHBIM
cofiepxaHueM Hukenst (8—25% u Blle) MOeT GLITH UCIOJIb30BAaH pas-
paGorauusiii C. 9. [TonoBeiM [5] aMMuaKaTHLIH 5J1€KTPONUT UIHHKOBAHUS
caenyiomero cocrasa: ZnO = 15 /2 (0,37 #.) + NH,Cl 250 eo/z =
= (6 #.) + HBO,; = 20 2/2 (0,3 n.); pH = 6,56+6,7; £ = 40°.
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K sromy pacrBopy nobaBiser¢s HuKeab B Bife X/OPHCTON HJIH
CepHOKHMCJIOH coau, TpHueM J00aBKa Kijesi, NPHMeHsieMass B [HHKOBOM
3JIeKTPOJIHTe, B JaHHOM c/lydae He Tpebyercs.

[Mposenennsie B MXTH um. H. M. MenjpeseeBa ucciieloBanus 3]
mokasanu, uTo ¢ yseamueHuem Koupenrpanuu NiCl, B saekrposure
coflepiKaHHE HUKEJsl B OCajKe yBeJIHYMBAETCsl, IpuueM HauGosiee PesKo
npu nosbimenun Koruentpanun NiCl, or 0,75 no 1,0 4. (raba. 4).

[Ipr KOHHEHTPauuu HHKENIS ~1,0 #. ¥ TWJIOTHOCTH TOKa Ha Karoje
0,5 a/Om? KauecTBO OCafiKa 3HAYMTEIbHO YXYAIUAETCs, MOKPLITHE CTAHO-
BHTCSI T€MHbIM M OUEHb XPYIKHM, ¢ BUAUMBIMH TPEIIMHAMH Ha MOBep-
XHOCTH; BBIXOA 0O TOKy Najiaer

O,
Jo 82%. Hausayumme no kaue- %
CTBY OCAfKH HOJyYaAlOTCS TIPH  gp \
KoHnenrpanuun  Hukels 0,1— \
0,3 u.
[ToBbllilenHe MJIOTHOCTM Toka 7 N

Ipu BCEX HCCACLOBAHHBIX KOH-
HeHTpanuax XJOPUCTOTO HHKEJA
(0,1—1,0 #.) yMeHbIIaeT BbIXOL
0 TOKYy M CoOjepiKaHue HHKeIs

8

8 ocaire
S
%

B ocake (tabn. 5, gur. 1). OnHako “\.\\
5TO BJUSIHME 3HAUHTE/JBHO CKA3bl- 4

Baercst JHIUb OpH Gosbluoll Kon- 2/ i — 3] —
LEHTPAIUH XJOPUCTOrO HUKeJs, ————d

paBHoil 1 e-9x6/a. I1pu KOHIEHTPA- 10 — —

UK XJOPHCTOTO HHKesast or 0,2
Jo 0,75 H. cojepXkaHue HUKeJs
B oOcajKe € IOBLIIIEHHeM IJOT- 0 0w B W Pul,
mocrn Toka or 0,5 1o 3 a/om® ¢ur. 1. Bangeue mnjoTHocTH TOoKa Ha
H3MEeHAETCA CPABHUTCJIBHO MAaJO, coctas ocafka TpH PasiMuHBIX KOHUEHTpa-
YTO JAaeT BO3MOXHOCTBH I10JYydaThb UUIX XJOPHCTOIO HHKENSA B 3JEKTpPOJUTe
HA TOBEPXHOCTH pebedrbix uafe- 210 15 &2+ NH,Cl 250 /2 + HaBO,
AWi MOKpEITHA, GoJce niu MeHee 20 e/ﬁ(pfi i‘?g 46548291'_1%63)120 o/
OJHOPOAHBIE [0 COCTABY M BHEUI™  jounenrpawns NiCl,-6H,0 1—12 o/a (0.1 1.);
Hemy BHAY. R G i T

C mnoBbllIeHHEM TeMIepaTypsl
or 20 a0 60° cojepxaHuWe HHKeJdsa B OC3JKe yBeIMUYHMBAETCS, YTO
o0bsicHaercsl Oosee 3HAUUTCNbLHBLIM DO CPABHEHHIO € IIHHKOM yME€HE-
[IeHHeM KaToJdHO! IOJIAPH3alUH TPH BBAEJIEHUH HHKesas1, Tak, IpH
KOHLEHTpAuu HUKeas B pacrBope, paBHo#l 0,3 H., H IJIOTHOCTH
Toka 1,0 a/Om® cojep:Kanue HUKeJgss B OCajKe COCTABJIsieT IIPU TEM-
neparype 20° 15%, mpu temmeparype 40° 19% u npu Temmeparype
60° 30%.

Jlyuiime mo KawecTBy ocCalKM TOJYYAlOTCsi, KaK yxkKe yKaseBajoch,
npu Temneparype 40°, mpu KOMHATHOH TeMmIeparype ocajkH TEMHLIE,
npu Temmeparype 60° OgecTsmue, HO OUEHb XPYIKHe.

[oaxucnenne sgekrposura fo pH = 3--4 yBesuuuBaeT XpynKoCTb
0CaJKOB,
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Tabauya 4

Baxsinue KOMUeUTPallHH XJXOPUCTOro UUKEJsl B 3JEKTPOJIHTE HA COCTaB
U KayecTBO OCAAKa H BBIXOX NO TOKY

(npu ix = 0,5 a/ou?, t = 40°, pH = 6,5+6,7)

Konuenrpanua NiCl,-6H,0

Cogep¥aHue

Brixox

HUKeaa o Ocagox
B 2-3K8/1 B 2/ B ocagxe B % | MO TOKY B %

0,10 12 13,0 98,0 MarToBblil, snacTHuHbIl

0,20 24 14,6 97,5 Marosnl it

0,30 36 18,0 96,0 »

0,50 60 19,0 96,0 Marosnifi, xpynku#f, Tpe-
IMUHBl ¥ OTC/aUBaHUE TPU
uaruoe

0,75 90 22,8 96,0 To xe

1,00 120 66,0 82,0 TemHbIfl, Ou€Hbp XpynKUi,
C TpelUHAMH, OTCJaH-
paercs

Tabauya 5

Bausinne NIOTHOCTH TOKAa Ha COCTAB OCAfAKOB M BBHIXOA MO TOKY
npu pasauuuoil kouneutpauun NiCl, B anexrposute: ZnO 15 2/4
(~0,37 u.) -+ NH,CI 250 2/a 4 HBO; 20 2/2 4 NiCl, 6H,0 12—120 2/
(0,1—1,0 #.); pH=6,5--6,8; {=40°

Konuenrpauust NiCl, B aaekTposiute B 2-356/ 4
0,1 0,2 0,3 0,75 1,0
° a o o

rxamafint) G2 | Bo | B8 | e B8 | Ee | EE fee | 2S ] I
o | 82 | Ba ] 8o | Ere| 2m | 8n.l 2o | Be.l Sa

ol ED L A%s) 20 L EEs) 2R L ETe) 57 ) Rde) 20

OZm!| mk OZw’| mi OZm| @k OZnm| ok OZwm| @i

0,5 13,0 98 14,6 | 97,5 | 18,0 | 96 22,8.1 96,5 | 66,0 | 82,0
1,0 11,0 98 13,0 | 98,0 | 17,0 | 95, 20,0 | 96,5 { 48,0 | 80,0
1,56 10,0 94 13,0 | 94,0 | 17,0 | 93, 19,0 | 93,5 | 28,0 | 80,0
2,0 8,0 90 12,0 | 90,0 | 16,5 | 90, 18,0 { 90,0 { 26,5 { 79,0
3,0 7,0 86 11,0 | 86,0 | 15,0 | 86, 16,5 | 8,0 | 24,0 { 71,0

ITpumeuanue BoBcex cayuasx gaHbl TPHMEPHHIE CPEIHHE BETHUYHHBI
BBIXOJI0B MO TOKY U COJNEPIKAHHA HHUKENS B OCA/IKAX.

Kaxk BumHo u3 pauuelx Tabia. 6,

coaepxKanue HHKeJIs B OcCaJke

npu pH == 3+4 wmensme, a npu pH = 9 OGoapwie, ueM B oOcajkax,
noay4yaeMhlx M3 HeHTPaTbHOIO
BaTeJIbHO, XPYIKOCTh 0Ca/lKa 3aBHCHT He TOJIBLKO OT COlepXKaHHsi B HeM
HUKeJis1; 60JbIIOe 3HAUEHMEe [TO-BUAHMOMY HMeeT (a3oBoe cTpoeHue o6pa-
3y101Lerocsl Ha Karoje CILJIaBa.
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Ha Brixos mo ToKy u3meHeHune pH siekTposiMTa OKa3hiBaeT CpaBHH-
TeabHo Hefosblnoe BausiHue. Takum o0pa3oM, XpYNKOCTh OCaJKOB
HeJb351 CBA3HLIBATHL TAKKe U C BbIACJIEHHEM BOJAOPOAA, KOJUYECTBO KOTO-
poro moyTH OAHHAKOBO IIpU 3THX 3HaueHusx pH, uam ¢ BrIOueHuem
FUAPOOKHCEH MeTaJIJioB, KOTOpble He 00pa3yloTcs HH B KHCJIOM, HH B aM-
MHAYHOM PaCTBOpe CoJiefl IUHKA M HUKeIs. DTO HOATBEPXKAAETCA TaKkKe
JAHHLIMH TOTEHIHOMeTpuueckoro onpefenenus pH rujparoo6pasopanys
KpuBas NOTEHUHOMETPHUECKOTO THTPOBAHHUsI (€IKOH I{€TOYBIO) mpef-

f E===aNN
) g Vol
0 /ﬂ//#j /)/
9 /C//KT !

AR I

LA L ]

)

5

4

J

2

7

|
O 10 20 30 #0 50 60 70 80 98 100 110 120 4H NaOHmn

®ur. 2. Kpupbie MOTEHUHOMETPHUECKOrO onpeneenns pH

B aMMHAKaTHBIX pacTeopax cofiell unHKa u Hukens (o6beM
pacreopa 100 ma):

1—2Z1n0 15 2/4-}-NiCl,-6H,0 36 2/a (= 0.3 n.)+NH,CI 250 2/4;

2 — NiCl,.6H,0 36 2/2 (~ 0.3 #.) + NH,Cl 125 2/4 4 H,BO,

_ 20 o/2; 3 — NiCl,-6H,0 36 2/4 (~ 0.3 n.) + NH,CI 125 o/a.

BapuTenbHO noakucjenHoro Ao pH = 0,8 ajekrposura NOKa3bBaer,
yTO, BO-NEPBLIX, OH o6majaer OydepHbiMH cBofcTBaMu Ipu pH =
= 6-+10 H BO-BTOPHIX, BHIaJeHHe THAPOOKHUCH METAJJOB NPOHCXOAHT
npu pH = 1112 (¢ur. 2, kpuBas 1).
Tabauya 6
Bimsune pH pacrsopa ua cocras ocajilka U BHIXOJ MO TOKY

NPH Pa3IHYHbIX MJIOTHOCTHAX TOKA B 3aeKTposMTe cocTasa ZnO 15 2/2 -
-+ NiCl,-6H,0 36 2/2 -~ NH,Cl 250 2/4 4+ HsBOg 20 2/a; ¢ = 40°

pH = 4,0 pH =6,5+6,8 pH=29,0
{, B a/dn? Cogepxa- | Brixoi | Cojepmxa-| Brixoa | Comepxa-| Brixox
Hde Ni B | 1o TOKYy gue Ni B no Toky | wue Ni B | IO TOKY
ocanke B % B 9% ocagke B % B % ocajke B % B %
0,5 10,0 92,0 18,0 96,0 26,5 97,0
1,0 9,0 92,0 17,0 95,0 24,0 96,0
1,5 7,0 90,0 17,0 93,0 22,5 94,5
2,0 7,0 88,0 16,5 90,0 21,5 93,0
3,0 5,0 80,0 15,0 86,0 21,0 93,0
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Ilpu onpefiesienuy KOHIEHTPAIHMH BOJOPOJAHLIX HOHOB B MPHKATOLHOM
€JI0€ METOJOM OCIUJJIOrPAQUUecKOro H3MepeHus NOTEHIHAJOB B MOMEHNT
BLIK/IOYEHHST TOKA (OCHM/INOTPAMMBl BHIKJIIOUEHHsI TOKA) Ha HHMKEJIeBOM
3JEKTPOJE BhIACHUJIOCH, yTo pI1 Bo BpeMmsi 3/eKTpo/u3a He JAOCTHTaer
Bemuuubel pH rugparooGpasoBanus. Tak, opu OAOTHOCTSX ToKa O,5—
5 a/om® pH nmpuraropHoro cjost He mpesbimaer 8,5 M Jaxe IpH IJIOT-
nocty TokKa 20—100 @/0m? pocTuraer BeauuuHhl, paBmod 10,4, T. e,
menpinedl, ueM pH ruaparooGpazopanus. ITy H3MEPEHHA TPOUSBOAUHIHCD
Ha HHKEJMPOBAHHOM ILTATHHOBOM 3JICKTPOJE C OOBIYHBIM 3JIE€KTPOJUTHYE-
CKHM KJIIOUOM (reGep, YKpPeIVIeHHBIl B OTBEPCTHH 3JEKTPOAa ¢ o6paTHOI
CTOPOHBI) B aMMHAYHOM pPAaCTRBOPE COJNH HHKEJs.

Kaxk BunHo u3 ¢ur. 2 (Kpusele 2 u 3) 1o6aBka GopPHOI KHCAOThL K 3J1€K-~
TPOJHTY He OKa3blBaeT 3aMETHOrO BJHSIHHS HA ero OydepHble CBOHCTBA.
Bricokue GydepHble CBOHCTBA W yCTOHUYMBOCTL AMMHAKATHOTO 3JIEKTPO-
auTa npu AanuslX 3nayeHusx pH (6—10) o6bscHstoTest 06pasoBaHueM
H HAKOITEHHeM B IIPUKATOLHOM CJI0€ aMMHAKa, KOTOPHIA 0CBOGOXKIAETCsl
B_pesyapraTe paspsana Kowmmiexcnelx uoHoB Ttuma [Ni(NHg),|?t u
[Zn(NH,), 1>t nmo cxeme

[Me (NH,), 2+ + 2¢ — Me +- nNH,
HJIH
[Me (NH,), >+ 72 Me?+ 4 n NH;;

Me2t+ - 2¢ — Me.

OcBoboxZaomuecss NpU 5TOM KOMIJIEKCHO NPUCOEAUHEHHBE YaCTH-
el NHg B coeluneHMH € BOJOI YaCTHYHO IepexXOAAT B THAPAT OKUCH
ammonust NH,OH.

Tak Kak B GOJBLIIMHCTRE CJAyYaeB OCAJKH HMeTH Ha IMOBEPXHOCTH
TOUEUHbIE IISITHA (IMTTUHT), TO AJs YCTPAHEHHs 3TOTO SBJEHHS OBLIO
IPOBEPeHO BJusAHWE A06ABOK K 3JEKTPOJIHTY HEKOTODPHIX OpTraHHUYeCKHX
BemecTs: OI1-7, cunramoHa, HeKaJssi, H30aMHJIOBOTO CIIMPTA, STUJIOBOIO
cnupTa, TJAHKoad, QeHoNCyaAb(oHOBON KUCI0TH U JAp. Briacuumock, uro
B npucyrcrBuu 3 o/a rymukoast, 30 ma/a u3oamuaoBoro crupra, 50 ma/a
stugoBoro crnupra npu pH = 6,5 u 9,0 Toueunnle nsITHA CTAHOBATCH
MeHee 3aMeTHBIMM. [10JIHOCTBIO YCTpaHsieTcs NUTTHHT JIHIIB NpH Iepe-
MELIMBAHUM 3/JE€KTPOJUTA CXKATHIM BO3JAYXOM WJH MEXaHUYECKHMH
MelaJKaMHu.

Anonpi. B KauecTBe aHOJOB IpU 3JEKTpPooCamAeHuu cimara Zn—Ni
M3 AMMHAKATHLIX SJEKTPOJUTOB MOMKHO TPUMEHSITh IUHK HJM HHKeJIb
¥ [ePHOAHYeCKH JA00aBJasTh B 3JeKTpoauT B HepBoM cayuae NiCl,,
a Bo BrTOpoM — ZnQO uJH TOJIL30BATHCS KOMOWHHPOBAHHBIMH AHOAAMU
U3 NMHKAa M nuKesas. [Ipu npuUMEHEHUH IHHKOBLIX AHONOB B Haudaje
3J€KTPOJIU3a NIPOUCXOANT GLICTPOE pa3pylleHHe NHHKA 3a cyeT OfHOBpe-
MEHHO IpoTeKaomed peakyud BLITECHEHHS IHHKOM HuKeds: Zn -
-+ Ni2t = Zn?+ - Ni. Co Bpemenem 3ToT IIponecc 3aMeAJisIeTcss H
AHOJABbI NOKPHLIBAIOTCS TEMHO-CEpOoHl IIJIEHKOH MeETa/UIHYeCKOro HuKessd,
KoTopasi 6e3 ToKa ¥ MPU HU3KOH aHOAHOH MJIOTHOCTH ToKa (1o 0,5 a/du?)
[POYHO yJeprkuBaerTcsa Ha rosepxHocTd. [locse 3TOro NUHK NPOAO/KAET
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pacTBOpATHCA B TOpax IJeHKH, HO ¢ MeHbuledl cKopocTeio. [Ipu 3roM
aHOJHBIM BHIXOJ IO TOKy, X0Ta H npessiuaer 100%, HO OH HHXe, yeM
IPH aHOZHOM DACTBOpEHHH YUCTOro nuHKa. [Ipu Gosee BLICOKHX IJIGTHO-
crsix Toka (> 0,5 a/0M?) BuXOA 1o TOKy Ha amofe jgocturaer 200%
u Gosee BCJEACTBHE NLIaMOOGpPa30BAaHHSA M XHMHUECKOIO PacTBOPEHHs
LMHKA.

AHOIHB BLIXOA TI0 TOKY [PH 3JEKTPOJU3e ¢ YHCTHIMU HUKEeJEeBLIMU
aHogaMH npubauXKaeTcss K TeopeTHuecKoMy H cocraBiasieT 96—98%
upu i, = 0,25-+3,0 a/ou®

C TouKkM 3peHHs COXpaHeHHsl INOCTOSIHCTBA COCTABa 3JEKTPOJIHTA
yloGHee TpUMEHsITh KOMOMHHMPOBAHHBIE AHOAB M3 LIUMHKA H HUKEJs.
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®ur. 3. Pacnpenenenre Toka Ha HUKENEBbIX H IMUHKO-
BEIX aHofax npu ofuieli MOABOAKE TOKA K HHM:

1 ~— uuKeab; 2 — QHHK.

UccnenoBanusa pacupeiesendst TOKa HA aHOAAX M3 HUHKA H HUKeJs
OV HAKOBO# MOBEPXHOCTH [IOKAa3a/JH, YTO CMJA TOKA, NPUXOAAMErocs
Ha NOBEPXHOCTH NUHKOBOrO aHoAa, IpuMepHo B O pas OoJplile, 4eM HA
HUKeneBOM aHoje ((ur, 3). B coOOTBeTCTRHY € 3TUM IPORCXOAHUT 1 peuMyILe-
CTBEHHOE PACTBOPCHHE IMHKA U HAKOIJIeHHe ero B aj1eKrTposaure. J1asa Toro
4To0Bl CKOPOCTH PACTBOpEHMs] LMHKA H HUKeJs Ha aHofde Obuia Hpu-
MEpPHO DaBHA CKOPOCTH OCaxKJeHMs MX Ha KaToje, CuJja TOKAa Ha aHOZaXx
13 000HX METa/JIOB JAO/DKHA paclpefensThCs B COOTBETCTBHH C OTHOCH-
TeJbHLIM COJePKAHHEM UX B KATOLHOM OCajlke M C YUeTOM HX 3JeKTPO-
XHMHUYECKHUX 3KBHBAJEHTOB. TaK KaK 3JEKTPOXUMHUECKUE 3KBUBAJIEHTHI
HUKeJs] B [[HHKA OueHL OAM3KHU, TO NPH [OJYUEHHH, HATpUMep, CI/ara,
cofepxkamero okosno 15% Ni u 85% Zn, MI0THOCTL TOKA HAa AHOJAX W3
IMHKA JOJKHA ObITh NPHOGIN3UTEIbHO B 5 pa3 Goablie, YeM Ha aHOAAX
u3 Hukeds. CieloBaTesNbHO, MCXOAsS U3 JaHHBIX (ur. 3, IOBEpPXHOCTH
080X aHOJOB JOKHA GbITh ONMHAKOBOH.

JJ1s TIpOBepKHU 5TUX JAaHHBIX OBLI TPOBeJEH HeNpepLIBHBIA 3JeKTpo-
JU3 B BaHHe C KOMOGUMHHPOBAHHBIMH AaHOJaMH 3a BpeMs (24 wuaca),
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COOTBETCTBYMOIIEE 15 @ - /4, IPY cPeiHell aHOJHO MJIOTHOCTH TOKA, PABHOM
0,25 a/Om®. Tlocse 37€KTposM3a OKA3aM0Ch, UTO KOHIEHTpANMs HUKEJs
B BaHHE OcTajach 0€3 H3MEHEHMs, a KOHIEHTPANHUsl LHUHKA HEMHOTO
YBEJIMUM/IACH 38 CUET XUMUUECKOrO pacTBOpenus uunka. Takum oGpasom,
JJ1s1 HOPMAJBLHOH PaGoTh! BAHHL! J1yYIlie BCErO IPUMEHSATh KOMOHHHPOBAH-
Hble AHOJAbI M3 [IHHKA U HHUKEJA ¢ OTHOLIeHHeM MoBepxHoctH oT | : 1
Jo 1 : 2 B 3aBHCUMOCTH OT TpefyeMOro cocraBa ocajxa.

PexoMeniyemble yCJOBHSA 3JIEKTPOOCAXKAEHHA CIJIABA NHUHK—HHKENb
(10—18% Ni).

COCTaB 9/IEKTPOJIUTA B &/4 H PEXHM

Oxkuch uunka ZnO . e 15 (~ 0,37 #.)
XJIOpPUCTBIT HHKEJD N1C12 6H O e 12—36 (0,1—0,3 #.)
Xaopuctet ammonu# NH,CL . . . . . .. 250 (~ 5 n.)
Boprast kucaora HgBOg + . o . o . . . . 20 (~0,3 m/2)
TemnepaTypa 3faexktposura B °C - 40
Karomuast noTHOCTb TOKA ix B a/@bw2 e 1—-3
Cpeanast anoAHas TUIOTHOCTL TOKA j4 B a/(?bw2 0,1—0,5
Boixox no toky Ha karonre B % . . . . ~95

DEKTPOJHUT 'TIEPEMELINBACTC MEXAHMUECKH MJM CHKAThIM BOBJYXOM.
AHOIL U3 HMHKA HJAM [UHKA M HUHKeJS B OTHOmEHuH oT 1':1 101 :2
MO0 TIOBEPXHOCTH.

BMecTo X/IOpHCTOTO HHKENS MOXKHO J06aBJASITb B 3JE€KTPOJNUT CEPHO-
kucapifl Hukenar NiSO.-7H,O 14—22 /2 (0,1—0,3 #.).

[LMHKOBbLIE aHOJEI CAEAYET MpeiBapUTENbHO 06paboTaTh B TeUeHUe 2—
3 uac. B pacrBope, coiepxamem 50—60 2/2 NiCl, 6H,O u 250 2o/
NH,C1 npu Temneparype 40—50° Ansd o6pa3oBaHus HA UX TIOBEPXHOCTH
TEMHO-CEPOH TIJICHKH HHKEJd.

KATOAHAS MOJIPU3ALUSA IMPH 3JEKTPOOCAKJAEHHHU CIJIABOB
LHHHK-—HUKEJb

Ilpu pa3paboTKe yCAOBHI COBMECTHOTO OCAXKIEHHUS UMHKA H HHUKENS
Obutd 0GHApYKEHBl HEKOTOPble OCOOCHHOCTH B KHHETHKE Iporecca pas-
psiia MOHOB 3THX METAJJOB.

Kak BuiHO u3 ¢ur. 4, COBMECTHOE BblJ€JEHHE NMHKA H HUKEJs
TPOUCXOMUT TIPH MEHEE OTPHUIATE&IBHBIX NOTEHIMAJNAX, YeM BbILEJNEHHE
OJIHOrO0 [HHKA H3 TOTO K€ pacTBOpa, NPHUEM I[0JIsIPU3ANNOHHBIE KPH-
Bhle (2—06) cIj1aBa pacnosaratiorTcsi MeXIAY KPUBBIMM /sl OTAEJNbHBIX
KOMTIOHEHTOB (/ ¥ 7). XapakTepHO, UTO, HECMOTPsI HA TO YTO MOTEHIHAJIB!
BhIle/IeHUs] HUKeNs (KpUBas 7) INOJOXKUTEAbHEE IOTCHIHANOB BblACIECHU A
nMHKa (KpuBas 1), colep:kaHue HUKEJs B OCaJKe 3HAUMTEJNBHO MEHbIIE,
yeMm puHka. Takum o6pasoM, NPH COBMECTHOM OCaKJIEHMM Ha Karone
HUHKA M HHKeJd M3 aMMHAKaTHbIX PacTBOPOB pas3psifi HOHOB [HUHKA
obseruaercsi, a BblleJeHue HUKens 3artpyausiercst. Ha monspusanuon-
HbIX KPHBBHIX, COOTBETCTBYIOIIMX KOHIEHTPAIMH HHKENs B pacTeBope
0,3—1,0 #., nabmo/laeTcst pe3Kuil CKauoK MoTeHnuana (neperué KpuBoi)
MpH MJIOTHOCTH TOKa OKOJo 1,5 a/dm* ¢ mepexoioM Ha IPyryl BeTBb,
MeJJIEHHO TPUGIHKAIONYIOCA K TIOTeHIMANaM Bblenedus nuHka, Tak kak
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KAayecTBO OC3/lKa MO BHEIIHEMY BHAY B LIHPOKOM HHTEPBaJe MJIOTHOCTEH
toka (0,5—3,0 a/Om?) mouru He MEHsIETCsI, a COCTAB CILIABa NIPU KOHIEH-
tpauuu NiCl, B pactsope 0,3—0,75 1. uaMeHsieTcsi BCEro JNHUIIb HA 3—
5%, TO pesKuil CABMI KaTOAHBIX MOTEHIMANOB TPH TJIOTHOCTH TOKA
1,5 a/0m? B OTpUpATENbHYIO CTOPOHY, BO3MOXKHO, OOBSICHSIETCS M3MEHe-
HiueM (ha3oBOr0 CTPOEHH  CIIJIABa,

" . ¢ o on
i 7 slfz s 1
s
3
/5/
2 )
1 j

% /
7 i

0 ~03 -05 -07 03 g8

®ur. 4. Karonuas NONAPHIALMS NpPH 3JEKTPOOCAXKICHHH WHHKA, HHKeNs H CnJasa
Zn—Ni H3 aMMHAKaTHBIX 3JIEKTDOJHTOB NpH Temneparype 40°:
ZnO__—15 e/a (~037 #.) -+ NH,Cl 250 o/2 4 H;BO, 20 2/4, pH = 6,5+ 6,8;
1 4Ni 02 #;8—1-+Ni~03n; 4—14Ni ~075n; 65— 14+Ni ~10 n;
14+ Ni ~0,3 n. npr pH = 8 7 — NiCl, 6H,0 120 ¢/2 (~ 1,0 #.) +NH,CI 250 e&/a+
+ HyBO, 20 o/2.

N~

PenTrenorpaduueckoe uccaeoBaHMe 5THX CIJABOB [0Kas3aJo !,
UTO 3JIEKTPOJUTHUECKHE ocalikn Zn—Ni He COOTBETCTBYIOT AMarpamme
COCTOSIHUSI TE€PMHYECKH IIOJYUYEHHOrO CIJIaBa; B HHTEPBaje MJOTHOCTEH
Toka oT 1,5 no 3,0 a/0m> o6pasyercsi cMech Kpuctainos P-¢assi ¢ Kyou-
4eCKOH OGBHEMHOIEHTPUPOBAHHON pemeTkol U y-(hasel ¢ rpaHeueHTpupo-
BaHHOM KYOHUECKOl pemeTKo#; Py 5TOM NapaMeTphl pereTku obenx a3
HECKOJIbKO yBeslnuenbl. Tak, Aasi B-pa3sl B 3JEKTPOOCaKACHHOM CIlJIaBe
Zn—Ni (~15% Ni) 6rl1a noayuena pennduna a.= 2,96 A, B To Bpems
KakK JJsi TEPMHYECKOTO ClJaBa [[MHK—HUKENb, 110 JaHHBIM JHUTEPATYDH
51, a =291 A, '

ITpu nyoTHOCTSAX TOKA HUXKE 1,5 a/Om? 06pasyercst CHIIBHO NPECHIIeH-
Hbifl TBEp/BIl PACTBODP [MHKA B HUKEE C YBEJHUYECHHBIMH IapaMeTpaMu

I PenrreHorpaduueckie ucclefoBanns Gbiid NPOBENEHH B 1aGcparopun peHTreHo-

CTPYKTYypHOTO aHajn3a Kadeaper dusudeckoli xuvun MXTH um. . U. Menpeneena
Y. C. CrpenploBbiM.
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pemerku. [Teperu6 Ha NOASPU3AMMOHHON KPUBOH npH {, =~ 1,5 a/Om®
BHI3BAH, OUEBH/AHO, BO3HUKHOBEHHEM JPYrux (a3 — ocagok MpeacTas-
JisieT co600 CMeCh KPUCTAMIOB (- ¥ y-hasbl M UMCTOrO [MHKA.

Takum 06pasoM, NP 3AE€KTPOOCANKJEHUH CI/AaBa IHHK—HHUKEJb
O6/IM3KHe 110 XMMHYECKOMYy COCTaBY CIJIaBbl MOTYT HMETh Da3aduHyIio
thazoByio cTpyxTypy. CaenoparesnbHo, (a3oBasi CTPYKTypa cliaBa He
ONIpenesseTcsi TOAbKO KOJHYECTBOM BXOASINUX B OCAJKH KOMIIOHEHTOB
_ H CKOPOCThIO  TIpomecca pas-
bx /ﬁ psila, a B3aBHCHT TaKke OT

a

v BEJUUUHBI KaTOAHOH TOJsipu3a-
UMK INIPU COBMECTHOM paspsijie

3 . HOHOB,
4 B HexoTtOphIX CAydYasix Kax,
5 2 1 HanpuMep, TNPH KOHUEHTPAlUH
Jj HUKessl B pacTBope Menbmie 0,2 #.
P /] uan nupu pH ~ 8 ckauku nored-

nuanoB (neperub KpuBOH) C NOBHI-
IIEHHEM TJOTHOCTH TOKA He Hal-
JIOJAI0TCs] — TOJSIPU3aNUOHHAsA
{ KpPUBasi MMeeT IIABHBIH XOJ
(pur. 4; xpussie 2 u 6). Penr-
FeHOTPAMMbl OCAJKOB, TOJyYeH-
HBIX M3 3THX pAacTBOPOB, IIOKa-
0 P4 34/, YTO TMPH BCEX IJIOTHOCTSX
Y - 0 “i7 %% Toxa o6pasyercsi CMeCb KpHCTAJ-
J0B f- ¥ y-aspl ¢ YBENTHYEHHBIMH

@ur. 5. Katognasd nofsapusauusi npy 3JeKT- napamMeTpami  peleTkH  B-(hassl
POOCAKJACHHH IIMHKA, HHKeNs M CIJaBa

UMHK—HHUKE&JIb H3 [HAHHCTHIX PaCTBOPOB (@ =293 A)
npr Temneparype 20°: B 1@anuCcTHIX pacTBOpax COB-
1 — Zn 1,0 n 4 NaCN,5, 1.7-2,0 w 4 MECTHO® BbIIeJIEHHE UMHKA ¥ HHU-
+ NaOH5, L7 #i 2—14Ni 0025 n;  gess NIPOUCKXOIUT IPH MEHEE OTPH-
B LA NE00 s o T % ® 8T paTebHBIX  IOTEHHHANAX, UeM
BBLIE/ACHHE OLHOrO [IHHKA H3 TOr0
JK€ pacTBopa; MOJASAPU3ANHOHHBIE
KpuBbie (pur. 5) BblIeJeHHS CIJIaBa CABHHYTBI B  TOJOXKHTEJIbHYIO
cropoHy Gosnee uem Ha 100 ms. Yem Bblille KOHUEHTPAUUS HHKEJS
B pacrBope, TeM O0OJblie CMENeHHe IIOTEHIHAJIOB BBIAEJIEHHs CIJIABA.
Tak Kax cojep:aHue HUKEJs B CIJaBe OUEHb MAJO H COCTaBJSeT NIPH
KOHUEHTPauuu ero B pactsope (0,005—0,025 #.) Bcero aumb 1—37%,
TO KpUBLIE Da3JOXKEHHs, T. €. PaCueTHbIC . MOTEHIHAND! BbIIENEHU S
[IHHKA B ClJaBe, NMOYTH COBNAAOT ¢ OOmeH MO/spu3anuOHHON KPUBOH
COOTBETCTBYIOILEro cnjapa. TakuM 06pa3oM, COBMECTHOE BBIAENECHHE
LLMHKa U HUKEJd M3 [[MaHUCThIX PACTBOPOB IPOUCXOAUT NPHU 3HAUNUTE/b-
HOIl JeNONSIPU3ANMH Paspsila MOHOB wuHKA. IIpd 3/ekTpogause 1HaHHU-
CTOrO pAacTBOPA HHKeNsl TOH K€ KOHUEHTPAuuu B OTCYTCTBHHM [HMHKA
Ha KarTojle BLIAEASIETCS TOIBKO BOAOPOJ. JIMib TPH NOBLILICHHOM COAEP-
JKAHMM HUKeJs B pacTBope, okoJo 0,1 ., HacTyrnaeT Bbll€N€HHE HUKEA
C BBIXOJOM MO TOKy He Goabme 2%. CnenoBarenbHO, B J@HHOM
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cJ1yuae COBMECTHOE BBIICNCHUE [MHKA U HUKeAA OOJIeryaeT Takxe u pas-
P/l HOHOB HHKEJsi, XOT§l 110 JaHHBIM PEHTIeHOCTPYKTYPHONO aHasgu3a
0cajlok He TpejcTapisier co6oil OfHO(DA3HOro ciJasa.

METOABI AHAJIM3A

DNeKTPOJIMT HA COAEPKAHHE HUHKA U HHUKeNs B pacTBOpE aHaIM3H-
pyerca ciaenywomuMm o6pasom. Onpenenedne HUKEIsT TPOH3BOLHTCS
BecOBbIM MeToioM 1o YyraeBy u Bpyny [61: 3 ma snekrposura, conep-
Kalero HUKenb, nepeHocsiT B crakad Ha 500 ma, JOBOASAT JUCTHIIHPO-
BaHHOH BOJO# K0 o0beMa npubausuTensHo 200 ma U 106aBJSIIOT aMMHAK
10 caaBoro 3amaxa. Cofep:kaHue CrakaHa HAarpeBalOT A0 KHUIEHHS,
nocJie Yero JoGaBasiioT Tpu nepeMmemuBadud 10—15 ua 1 %-HOro cnmp-
TOBOI'0 PacTBOPA AMMETHJNJIMOKCHMA; TIPH 3TOM BhINAJaeT KPAacHBIH oca-
JIOK AMMETHJ/IIVIMOKCHMA HUKEJsl M0 peakuuu

NiCl, + 2 [(CH,), C, (NOH),] 7 (CH),C, (NO),Ni (CH,),C, (NOH), +
+ 2HCI.

3aTeM CTakaH BHOBH HArPEBAalOT A0 KHUIIEHHs, CHUMAOT C OrH4,
JIal0T OTCTOSITHCS BLINNABIIEMY OCAJKY M (UJBTPYIOT €r0 uepe3 Kepamu-
yecku#l Turess Illorra Ne 4. Turesnb gomxed GbITh NPeBAPUTENBHO TPO-
KaJjied npu temneparype 110—120° u Baperned. [Tocse puabTpamuyi 0cajoK
NPOMBIBAIOT ropsiueil BOJOH, cyumrar mpu Temneparype 110—120° B Te-
HeHHE Yaca, OXJIaxJaloT B 9KCHKATOPE M B3BEIMKBAIOT. [Ipu oNpeneneHuu
KOJIMYECTBA HUKEJs] HCHOJb3YIOT (paKTOp llepecueTa Ha METANJHYECKHH
Hukesb K = 0,2032.

Meron onpepenenns uuuxka [1] ocnoBan Ha B3auMOJEHCTBUH
HUHKA C JKEJE3HCTOCHHeDPOJMCTHIM KaJjweM ¥ 00pasOoBaHHH OcCajKa
KoZn,[Fe(CN), 1, mo caenyomeil peakunu:

3Zn SO, + 2K, Fe (CN), = KyZn, [Fe (CN);), + 3K,S0O,.

DTOT METOJL 3aKJIOUaeTcsi B CACAYIOMEM: 3 ma PACTBOPA JEKTPOJUTA
[OMEIAIOT B KOHHUYECKYI0 KO0y Ha 250 wma, npubapasioT 50 a4 AHCTHI-
JupoBarHoii Bojkl, 20 ma 10%-Horo pacreopa mupodochOpHOKHCIOrO
HAaTpPUs AJg CBA3BLIBAHHSA Kese3a, 15 ma cepHON KHCaAOTH (1 : 4), 10 ma
20%-HOro pacTBOPa CEPHOKMCJIONO aMMOHMsI; B KauecTBe HHJIHKATOpa
J00aBadI0T 3 Kanjay pacTBopa JudeHuIaMHHa ¥ 3 KalJd pacTBoOpa Kpac-
HOH KpoBsHON conu. [Tocse nosipeHust cuHe-(PHOJIETOBOrO OKpalllMBaHUS
pacTBOp THUTPYIOT kenToft KpoBsinoil comblo K Fe(CN), onpenenenHok
Konnentpapuu (~0,15 #.) Ipu NOCTOSIHHOM MEepEMEIMBAHMN; OKpacKa
pacTBOpa MOCTENEHHO OJIEMHEET M TOJ| KOHEl TUTPOBAHUS MEPEXOAUT
B KeJTO-3€JIEHYIO.

Jaist onpenienenns: coctaBa MOKPLITHS CNJIAaB OCAKAaeTCst HA MOBeEPX-
HOCTh TIACCHBUPOBAHHOH JIaTyHH, C KOTOPOH OH JIErKO CHHMAaercs.
Ocapnox pactBopsiercst B ropsueii cossino#i xkucqore (1 : 1) ¥ aHaqusu-
pyercs Ha CONepXkKaHHE HHUKENs C TOMOIIbI0 AMMETHJIIMOKCHMAE, Kak
YKa3aHO BhlLe,
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H. A. CMAIYHOBA

JEKTPOOCAXIAEHHE CIIJIABA 30JI0TO — MEJb

HecMOTpsA Ha OOJBIIYIO KOPPO3HHHYIO YCTOHYMBOCTD H BBICOKHE
JIEKOpaTHBHBIE CBOUCTBA METAJIMYECKOrO 30J10TA, TOKPBITHE YHCTBHIM
30JI0TOM HMeeT OrpaHdueHHoe npumeHeHue. OJHOH U3 TPUUUH 3TOrO
SBJISIETCS] MSITKOCTb M Masasl CONPOTHBJASIEMOCTb MeTaJaa HCTHPaHHUI.
L] TOBHIIEHH ST H3HOCOYCTOHUMBOCTH OKPHITUS, @ TAKKE JJIs CHIDK CHHUS
pacxo/1a 30/10Ta MOXKHO TPUMEHSATH CIIJIABbI 30JI0TA C APYTHMH METaJIaMHU:
sojoto—Mmenp [1—41, I8 u sonoro—unkens [5]

B oBesHpPHON NUDOMBIIJIEHHOCTH (OT€UECTBEHHONH U 3apyOexHOH)
HNOJYYUJH TPUMEHEHHME TOHKHE TOKPHITHS CIJIABOM 30JI0TO—ME/b.
JL1s1 COBMECTHOrO OoCax<[IeHUs! 30J10Ta ¥ Meln pekoMenpyiorcst [1—3, 8]
OGbIYHO 3JIEKTPOJHTBl C NOBBILEHHLIM (OTHOCHTENBHO 30J10Ta) COlepkKa-
HUEM MeAH M CBOOGOAHOIO [HAHMIA.

TTo manubiM guTeparyphr [4] maubosbinee BAMsiHHE HA COCTAB OCAlKa
0Ka3bIBAET KOHIEHTpAuusi CBOGOJHOTO puaHuja B 3jaekTponute, OAHAKO
2JIEKTPOJIHUTH, cofepxamue GoJbwiof H3OLITOK CBOOOJNHOIO LHAHMAA,
He MOryt oGecneduTh XOpOllee KauyeCTBO NOKPBLITHI TOJINMHOH OoJsee
1,5—2 mx. [Tpy AnUTENbHOM 3JIE€KTPOJIH3E OCAJKH CTAHOBSITCA IIEPOXO-
BaTbIMM, @ MHOT/@ PBIXJAbIMH. JlJIsi TOJTYUEHHS TJIOTHBIX TOJCTBIX OCaj-
KOB NIPUXOAUTCS Yepe3 Onpefle/eHHbIe TPOMEXKYTKH BPEMEHH NIpeKpalaTh
3JIEKTPOJIU3 U MOJBEPTaTh MOKPHIBAEMYIO OBEPXHOCTb NPOMEX YTOUHOMY
NOJHPOBAHHIO, DTO BHI3BIBAET USJUIIHMHA Pacxoj 30/10Ta U YBEIUUYHBAET
TPYAOEMKOCTh BCETO Tponecca.

B nocnenunee Bpema B HayuHo-ucc/e[0BaTeNbCKOM HHCTHTYTE 4aco-
BOH NPOMBIIVIEHHOCTH OBLIM HM3YUYEHB! YCJOBHA 3JEKTPOJUTHUECKOTO
nojgydyeHusi GJeCTSINHX ~ OCaJKOB  CIJaBa 30J0TO—MeNb  TOJIILH-
Ho#t 10—20 mx (61, [7]1. B kauecrBe 3sekTposiuTa peKOMEHIyercs
€/1a0011eI0UHON pacTBOP IHAHUCTHIX COJEH 30J10Ta H MEJY C OIeHb He00b-
muM coiepxanuem (1—1,5 &/4) cBoGopHOrO uMaHuja.

715l CHHKeHUs MENOYHOCTH K 3JEKTPOJNHUTY J0OaBJASIOT OJHO3aMe-
meHHble dochaTel win POcHOPHYIO KHCIOTY.

OTHocuTe/ibHOE CcOflepXKaHHE MEAM B 3JEKTPOJNHTE MaJjo BJHSET
Ha KauecTBO M COCTaB 0cafkoB (dur. 1). M3 3JeKTPOIMTOB C COOTHOIIIE-
HUEM KOHIEHTPAUUH 30J10Ta 1 Mefd oT 2 : | 10 1 : 2 2/4 MOXKHO TOJAYYATH
NOKPEITHA, cofepxamue 80—90% sosora.
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Bosbmoe BausiHMe HA KauecTBO M COCTAB OCAJKOB OKA3bIBAET IJOTs
HOCTb TOKA Ha Karojle. C noBplmenueM miaoTHoctd Toka ot 0,1 10 0,3 a/dm?

%
METIRAN
3 \c\
—~
s 80
=
S
<2 70 LO\.-L\ 2
[~~—Cn
10 2p 30 %
Cu & anexmponume
‘Gur. 1. BunsHue KOHIEHTpauuu

MEIM B S3JIEKTPOJIHTE Ha COCTaB
KaToOAHOro ocafka (KOoHueHTpa-
uust 3omota 6 eo/a; pH = 7,7;

t = 70°):
I—-—i’c = 0,3 afom?; 2 — ZK:
= 0.2 a/dm2.
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®ur. 2. Baugauue mNJIOTHOCTH TOKa

Ha COCTaB KATOJHOTO OCajka Ipu

t =70°% pH=7,1 + 7,7. Kouneu-

tpamyn Au u Cu B 3JexTpoOSHTE
B 2/ 1

{— Au 6,04 Cul,14; 2 — Au6,0 4
Cu 1,56; 3 — Au 6.0 4 Cu 3,3.

cojlep;kaHue 30/10Ta B 0CajiKe ymeHbuaercs ¢ 99-—95 no 75—65% (dur. 2)
M [BET MOKPbITHSI U3MEHSIETCH COOTBETCTBEHHO OT JKENTOrO A0 PO30BOTO.

[lepemeinupanue ¥ MOBLILIEHHE
TEMIEPATYPhl 3JEKTPOJHTA YBEIH-
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®ur. 3. BaunnHue nepememuBaHUs
3JIEKTPOJIMTA HA COCTAB KaTOXHOTO
ocagka. (Duextposur Au 3,5 ¢/24-Cu
1,5 &/a+KCN 1¢/a; pH=7,5; t=75°:

1 — 6e3 mepemellHBaNusL;

MelUHBaHHeM mpH 43 o6/mun.

2 — ¢ mepe-
MelIuBaHHeM IpH 15 06/MuH; 3—c mepe-

%

/
W /:
L& /2 /
g |5 /
aw
S ]AV
260
AL/
50/
T W %

®ur. 4. Binsinne reMnepary pH
3JIEKTPOJILTA HA COCTaB KaTo[-
HOro ocajika 6e3 nepememuBa-
Huda (anextponut Au 6,0 &/a+-
+Cu3,3 e2-+ KCN 1 o/a:
pH =76+ 7,7):
P —i, =01 an? 2—i =
= 0,2 a/om%; 3 — 1K=0,3 ajont.

YHBAET COAEPIKAHHUe 30710Ta B ocafke (dur. 3 u 4), NpuIeM NPHU HA3KHUX
NJIOTHOCTSIX TOKA BJMsSHME 3THX (PAKTOPOB CKA3bIBACTCS 3HAUHTEILHO
MEHbIIIE, YeM MPH BBICOKHX. Tak, Ipu 371eKTposnuse Ge3 IepeMellnBaHus
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C MOBBILIEHUEM TeMilepaTypit jtekTpoauta ot 60 fo 80° cocTaB 11OKPLITHSE
IpH JOTHOCTH TOKA, papHoil 0,1 a/0m®, OUTH He U3MEHsIeTCsl, B TO BpeMs
Kak npu i, = 0,2 a/on? | COMCpXKANME 3070TA yBEIHUHBAETCS Ha 20%
(o1 75 1o 959 %), anpu i, = 0,3 a/0m® — 8a 40% (o1 40 10 80%). B nepe-
MELIHBAEMOM 9JI€KTpOJII/ITe BEJMUUHLL MJIOTHOCTEH TOKA, NMPHM KOTOPBIX
CTAHOBMTCSl 3aMETHBHIM BJIMSIHHE TOBHINEHHs TEMIEPATyphl HA COCTAB
0CaJIKOB, 3HAYHTENBbHO YBENHUMBAIOTCs, TaK, NPH 30/J04EHHH Bpallaio-
IMXCs KaTONOB C IOBbIIeHNeM Temneparypst ¢ 70 10 80° cocTaB 0cafKoB
COXPAHSETCs IOYTH MOCTOSHHBIM NPH IWIOTHOCTIX ToKa Jjo 0,5 a/dm?.
Ho yxe npu nioruocTs ToKa, paBHoi 0,7 a/dmu?, MOBLILIEHHe TeMIIepaTy pHl
s7eKTponuTa Ha Te xe 10° ypenuunpaer cojepxanue sonora ¢ 25 10 80%.

C NOBBLIIEHHEM TEMIEPATYPh! 3JEKTPOJNTA YBEJIHUYHBACTCS JOMYCTH-
MBI TIpefes MJIOTHOCTH TOKA, O KOTOPOro MOXKHO MOJIYYaThb TOKPBITHSA
ONeCTAMUMH HETNOCPEICTBEHHO M3 BaHHHI.

Ha ocHOBaHuH pe3ysabTaTOB ITOTO UCCAELOBAHHSI PEKOMEHJYIOTCS
CJICAYIOIKE YCJAOBHS 3MAEKTPOAM3a [IIfl MOJNYUYEHHs TOJCTHIX OCALKOB
CILIaBa 30JI0TO—MENb:

CocTaB 2JEKTPOJNTA B 2/4 H PEXKHM PaboThi

3osoro meramnuueckoe (B Buge KAu(CN),] .+ . . . . ... 3-5
Mepp merassmueckas [B Buje KZCu(CN)3] R
Kammit uuaductst (KCNegos) -+ - - B R L
Harpuit cepuauctokncant Na,SOg C e
Kucnorwoers pH « . o . O 4 o I g
TemnepaTypa 3JEKTPOJIHTA B °C Y ¢
Tlnotsocts Toka Ha Karoge B a/0m® . . . . . . .. . . . .01-0.2

Bpamenye xeraneit (u1x MOJBECKHU C AeTaSIMi) TIPOU3BOAUTCS CO CKO-
poctbio 15—25 06/Muu. Beixon mo Toxy cocrapasier @kosno 80%.

30/10T0 M Me/b PACTBOPSIOTCH HA AHONAE B TAKOM SJIEKTPOJIHTE OueHb
[J10X0, C BBIXOJIOM NO TOKY He GoJibiue 2,5%. TTo3ToMy BeIrOgHee mpume-
HSITb PACTBOPUMBIE aHOAB! U3 cTanu | X18HY u nepuonuuecku 106aBASTh
B 3JIEKTPOJHT NUAHHAB 30JI0Ta ¥ MEIH JJisi KOPPEKTHPOBKH,

IluanucToe 30JI0TO TOTOBHTCS aHOJAHBIM pPaCTBOPEHHEM MeTajiuye-
CKOTO 30JI0Ta B PAacTBOPE MAHUCTOTO Kajwusl, HHAHHUCTAST Melb -— OObIU-
HbeIM cnocobom. Tak kak pacTBop BO Bpemda paboThr MOMMIENAaYHBAETCS,
TO AJsl COXpaHeHMs NOCTOAHHOH BeauuuHel PH kK HeMmMy nepuoiu-
yecky AoGaBisiercd (ochOpHAsi KuUCJIOTA B COOTBETCTBYIOMEM KOJH-
4ecTBe.

Bce marepuanbi, NpuUMeHsieMble /sl NPUTOTOBJNEHHS 3JEKTPOJUTA,
JOKHB OBITb OYEHb YUCTBIMH,

[Tonyuennoe Npy yKasaHHBIX yCJAOBUSX NOKPBITHE CIIJIABOM COJEPAKHT
okoso 80% 3os0Ta (OCTaqbHOE MENb) M MMEET JOCTATOYHO BBHICOKYIO
KOPPO3HOHHYIO yCTOHUMBOCTB U JIEKOPaTHBHbBIE CBOCTBA, YAOBJETBOP S0
mye TPeOOBaHUAM, NPENbSABASEMBIM K MNOKPLITHSM KOPIYCOB 4Yacos.
TeepnocTh Takoro NMOKPHITHS NPUMEPHO B 2—3 pasa GoJblue YHCTOrO
30JI0TOTO TOKPBITHS.

C nosrlmieHneM coflepxkanus Mefu (>>20%) B ocajke TBepIOCTb €ro
YBENIHUUBAETCsI, HO KOPPO3HOHHAsl YCTOHUMBOCTH 3HAUMTENBHO CHH-
Kaercs,
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Ha wacoBbiX 3aBofiax CMJABOM 30JI0TO—MeJb TOKPHIBAIOT KOPMIyChl
4acoB, H3TOTOBJICHHLIE M3 JAaTYHH, HeH3uJab0epa ¥ MeJbXHopa.

Texunonoruueckuil npouecc HaHECEHHs! TAKOTO MOKPLITHS, MPHHSATHI
Ha 4YacOBbIX 3aBOJlaX, COCTOMT H3 CJACAVIOMUX OIlepauui.

1. OGesxupuBaHue 3JE€KTPONUTHYECKOE B CJaGOMIENOUHOM PacTBOpe
Na,CO, 10H,020—25 ¢/2 + NaPO, - H,O 20—25 2/2 + NaCN 2—
3 e/a mpu t = 60+70°% i, = 2+3 a/dmu? T = 23 Mun.

2. llpoMbiBKa B Temjod nporoudoii Bojge mnpu ¢ = 50-+60°% v =
=1 MuH. "

3. HexanupoBanue B 5%-HoM pactBope KCN mpu ¢ = 18-+-25°%
T = 0,5 MuH. ‘

4. [IpombiBKAa B XOJOAHOH TpOTOUHOH BOfe mpu ! = 15+20°% 1 =
= 0,5—1,0 muH.

5. [IpoMbIBKa B JUCTHAJMHPOBAHHON Boje mpu ¢ = 18:-25°% v =
= 0,5 MuH.

6. 3os0ueHne B yKa3aHHOM BHIIE 3JEKTPOAuTe NpH ¢ = 75-+-80°;
i, = 0,1+0,15a/0M% v = 3,5-+4,5 uaca v BpaueHue feranei (I01BECKH)
CO cKopocThio 15—25 06/MuH.

7. TlpoMbIBKa B JHCTH/JMPOBAHHOH HENPOTOYHOH BOJE /sl YJaBJH-
BAaHUsI 3JEKTPOJHUTA B JABYX BaHHaxX Npu ! == 18+-25°

8. [IpombiBKa B XOJIOLHOH TPOTOUHON BoJAe mpu ¢ = 10--15°% v=
= 0,51 MuH.

9. [IpombiBKa B cnupTe-pekTHdHKATE (MOCAE CHSTHS AeTajed ¢ HoA-
BECOK).

10. [Monuposanue.

11. [MpombiBKa GeH3HHOM.

12. Koutponp IOKPBLITHS.

Tomuuna noKpkITHs yCTaHABIMBACTCS PACYETOM HEOGXOLUMOTO KOMK-
YecTBa /IEKTPUUECTBA /sl BhIAENEHHs CIJaBa JaHHOIO COCTABA C YUYETOM
BHIXOJla 110 TOKY M KOHTPOJMPYeTCsi B3BELIHBAHHEM OTAGJLHBIX Jerasei
HJIM 3TaJOHHBIX 06pasuoB’ 10 4 mocye nokpuitsi. Cojlep:kaHue 30/0Ta
B MOKPHITHH ONPEAensieTcsi Ha MPOOGHPHOM KaMHE.
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B. H. IAHHEP

JNATYHUPOBAHUE

JlaryHupoBaHue — cTapeHnyil ralbBaHOCTETHUECKUH TTPOIIECC, TPUH~
yunyajbHo paspatoranuntii B, C. Slko6u B 1844 r., HaxomuT pa3Ho-
o6pasHoe NPOMHILIICHHOE NPUMeHeHHe. Eue B Hauasie TeKYIIero CTOMAETH
JIaTYHHbIE TOKPHITHS 3HAYHTEAbHO IIMPE, 4YeM B HaCTOSIILEe BpeMs,
NPHMEHSNUCH B KauecTBe II0ACA0s IO HUKENb, 0JI0BO, cepebpo, 30/10TO.
DAeKTPoOCcakKAeHHAd JAaTyHb MOxeT OblTh HCIONbL30BAHA H KaK Camo-
CTOSTENbHOE 3AlIUTHO-/I€KOPATHBHOE TIOKPLITHE ¢ MOCAEAYIOMMM OKP allIi -
BAaHHEM B pasjMuHble TOHA PaCTBOPAMH aMMMaKa, CEePHHCTOrO HATPHs,
IIIEIOYHBIMH PacTBOPAMU, COZEPIKAIMMH OKHCJAHTEIH, @ TAKXKEe 3J€KTPO-
XHMHUUYECKUM OKCHAMPOBAHHEM B pacTBopax mesnoued. C GoabliuM 3¢-
(PeKTOM JIATYHHPOBAHHE HCIIONB3YETCS [IJIs1 OGECTEUeHHs CuelJeHHs
MOBEPXHOCTH CTAJLHBIX M aJIOMHHHEBBIX H3JAEAHH C PE3MHOH HPH rops-
yeM IPeCcCOBAHMH.

MeJlb ¥ YUHK CHJBHO OTJIMYAOTCS JPYr OT APyra mo CBOMM 3JeKTPo-
XUMHYECKMM CBOHCTBAM: PA3HOCTb UX HODMaNbHBIX M KATOAHBIX TOTEH-
[11a/10B (B pacTBOPAaxX NPOCTBIX cosell) npessimaer 1 g, COMMKeHne HX pas-
HOBECHBEIX M KaTOAHLIX MOTEHUMAJOB BO3MOMXKHO B TPUCYTCTBHH TaKHX
KOMIIJIEKCOOOpa3oBaTesell, KOTOPbi€ YMEHLINAIT AaKTHBHOCTh HOHOB
MeJY B HeCDPaBHEHHO GOJIbIIEH CTEMeHM, 4eM AKTHBHOCTbL WOHOB IMHKA;
KPOMe TOro, HeOGXOMUMO, YTOOb! pas3psiil HOHOB MeJli IpOTeKas ¢ GobLIek
noJsipusanuedl, uem paspsj HOHOB HMHKA. XOTH JJIsI COBMECTHOTO OCaK-
JIEHH 1 MEIM H IIMHKA HA KaToJe NPeAI0KeH Psil KOMIJIEKCHLIX PACTBOPOB,
Ha NMPAaKTHKE NPEUMYIECTBEHHO PHMEHSIOTCS IHAHHUCTHIE 3J1EKTPOJUTH.
B 3TuX 3/1€KTPONUTAX JOCTHTACTCSI MUHUMAbHAS Pa3HOCTh PABHOBECHBIX
NOTEHIHAJIOB U ellie MeHblldsl Pa3HOCTb KaTOAHBIX MOTEHHHAJOB; TPH
nsorHocTH Toka 0,5 @/0m® nmoreHuMan paspsijia HOHOB MeNH 9J1eKTp00Tpn-
yarejbHee MOTeHuHasta paspsifia HOHOB HHUHKA,

B rtaba. | npuBOAsTCA 3HAUEHHS] PABHOBECHBIX M KATOJHBIX IOTEH-
[MAJIOB MEJY U [IMHKA B PACTBOPAX IPOCTHIX H PA3JIHUHBIX KOMILJIEKCHBIX
coneit.

Karonnas nonapusanysi Meu B IHAHUCTBIX JEKTPOJUTAX, OCOGEHHO
NPU HU3KHX TJIOTHOCTSIX TOKA, 3HAYHTENBLHO MPEBOCXOJUT TAKYlo HOJf-
pusauyio Aas uMHka (ur. 1). PyKoBOACTBYACH 3THM OCHOBHBIM MOJOXKE-
HHMEM ¥ HCIOJb3YA PasiuyHbe (PAKTOPH, ONpPeNesionye OTHOCHTENBHOE

9 MIHTI 528 129



flotoxenue MONAPU3ANHMOHHBIX KPHUBBIX MeAM M HMHKA B HHAHUCTLIX
3JIEKTPOJIHTAX, MOMKHO C JOCTATOUHBIM MNPHOJHKEHHEeM peryJaupoBarhk
COCTaB JIATYHHBIX TIOKPBLITHH. Uanie cTpeMsTCss IOJy4YaTh JIaTyHHbIE

¢
a/om* !
7
16
1,2
08 3 2
9
04
_; ly)%zéo
0 o
=08 1.0 -12 14 @6

@uyr. 1. Karoguast noasipysanus npu
JIEKTPOOCAKEHAN Mefd, LHUHKA H
MeIHOLMHKOBOTO cIilaBa (f = 30°):

1 —30 2/2 Cu, 10

2—30 ¢/2 Zn, 10 ¢g/a

3 — 30 e/a Cu, 30 e/a Zn, 10
NaCNmoé.

NaCN

e/a 606"

noxpeitus cocraa 70% Cu u 30% Zn
uad 80% Cu u 20% Zn. Pexe noay-
YalOT TOKPHITHs C cofepxannem 90Y%
Cu (rommax) HJAH Taxk Ha3bBIBaEMYIO
0enylo JaTyHb, COAEPKAWLYI OKOJIO
70% Zn. CocTaB JaTyHHBIX TOKPBITHI
peryiupyercss He COOTHOLIEHHEM coJieil
OCaXK/JAIOMHXCS METAJNJOB B 3JE€KTPO-
gute. OfHH HCCAEIOBATENH pEKOMEH-
AVIOT TIOAJEpKHBAaTh B 3JEKTPOJUTE
orHomrenue Cu : Zn = 1, Jpyrue
Cu : Zn=2,5+3. HccaegoBanuio noju-
Bepriace 00JbLIAs CEPHS 3MEKTPONHU-
TOB C CyMMapHOH KOHUEHTPAnHeld MeIl
U nMHKa, paBuoit 60 2/, u cBOGOLHOrO
mdandia 10 o/4; TUIOTHOCTb TOKA TOJ-
JdepxuBanack 0,5 a/0m?, a teMneparypa
30 u 40° npu pH=11. Bruio ycranos-
JIEHO, YTO JIHILb NPH OYEHb 3HAUMTE b-
HOM H3MEHEHHHM OTHOLIeHHH KOHIeHT-
pauufi Melu X UHHKY B 3JEKTPOJHTE
3aMeTHO MEHsieTCsl COCTaB JIAaTYHHBIX

Tabauya 1

BausiHMe MCXOAHOH CONM HA PABHOBECHBIE M KAaTOAHbIE MOTEHHHAJNB MejH
¥ HHHKA Tipu Temmepatype 18—20°

TloTeruuan papHo-

TIoTeHHAA BLIAENERUS|  PasnocTs
CoepMHEHHST MeH BeCHA B 8 Pasnocers | NPH i, ==0.0a/8#* | norennnanos)-
noTeruua- BRIENEH S
M IEHKA Meap Ilunk JIOB B ¢ Mennb Uunk Meﬂza‘"a’l:“'
CuSQy, ZnSO, 40,285 | —0,815 1,100 -+0,261 | —0,878 1,139
NagCu (P,0,),
NagZn (P,0;)s +0,082 | —0,982 1,054 —1,102 | —1,392 0,290
Na,Cu (C,04)s.
Na,Zn (C;0,),, 40,044 | —0,926 0,970 —1,016 | —1,292 0,276
Cu (NH ;)4 (OH), .
Zn (NHy), (OH), | 40,051 | —1,040 1,091 —1,042 | —1,305 0,263
NaCuC;H;0s,
Na,ZnO, —0,125 | —1,255 1,130 —1,262 | —1,473 0,211
Na,CuC,H;0,
Na,ZnO, —0,087 | —1,255 1,169 —1,272 | —1,473 0,201
Na,Cu (CN),,
Na,Zn (CN), . -1 —0,763 | —1,108 0,345 —1,448 | —1,424 —0,024
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ocajlkoB. Tak, npu yBeauueHuu B HjekTposnute otHourenus Cu : Zn
B 256 pa3 cofepxkaHue MeAu B KATOAHOM OCajKe eJBA TNOBLILIAETCS
B 2 pasa. B mpenenax usmenenuil orHowenu#t Cu:Znor 2: 1701 : 1
TIPOLEHTHOE COjep:KaHue Melu B CHjaBe cHuxaercs Ha 2,6% (dur. 2).
U3 rpaduxa Ha ¢dur. 2 BHJHO TaxxKe, 4YTO IOBLILIEHHE TeMnepaTyphl
3JIeKTPOJUTA CMOCOGCTBYET NOBLILIEHHIO COREprKaHusi Melu B cIljase,
YTO MOXKHO OOBSICHHTL OObLINM CHUXKEHUHEM IMONAPU3ANHH Melu I0
CDABHEHHIO C MOJAAPHU3ANMEN UHKA TPH OJMHAKOBOM TIOBLIIMIEHHH TeM-
TeparypH.

HecpaBHenHO OoJbllee BJAHSHHE HA COCTAB CIJABa, pPABHO Kak
H Ha BBIXOJ| 0 TOKY, OKasblBAeT KOH[IEHTPauusi CBOGOJHOTO rHaHuAA.
Uew BEILIIE KOHIEHTPAIMS CBOOOA-

175
HOTO [[HAHHKJA, TEM MEHbIIIE COJIep- ) [ [ ]
JKaHue Meau B Katogmom ocagke. 3 777 gl
He cnefyer roBopuTh 0 colepxka- E 75:1 1 l/?’
H{Y CBOOOAHOrO HIHAHHAA B JIaTYH- S 743 ;
HEIX 91eKTPOJIHTAX B TOM CMBIC/IE, & 4.4 :
KaK B MEJHBIX, CepeOpsnbiX, 3010- 3 91 | |
THIX, KaJMHEBBIX M LHAHACTHIX © ~° R
anextposutax. Jleno B TOM, uTO 16:7 81 4:12:1 1:1 12 1:4 1:8 116

B JIaTyHHbIX E)JIEKTpOJIHTaX pu-
CYTCTBVYIOT HE TOJBKO HUCT

y y a1 UHaHUCTBIE Gur. 2. Bausiume oruomenus Cu: Zn
H [HHKOBbI€  KOMIWICKCB, HO  ggexrponnte na orHomenne Cu : Zn B ocaj-
U LEJOUHbIe, KOTOPLIC HAXOMSATCA ke, Ofmas kownneurpaunst Cu =+ Zn 60 &/a;

MexAy cOo00H B NOABHAKHOM pas- 10 /2 NaCN_g45. IlaotHocTs Toka 0,5 a/0u?:
HOBeCUU I —npr = 30°% 2 — npu ¢ = 40°

Na,Zn (CN), -+ 4NaOH 7 Na,ZnO, + 4NaCN - 2H,0.

C yBeauueHueMm MeJOYHOCTH 3JEKTPOJMTA paBHOBeCHe CABHIAETCS
BIIPABO, B CTOPOHY O0OPA30BAHUS LIENOUYHEIX (MUHKATHLIX) KOMILJIEKCOR,
M3 KOTOPBIX NHHK BbUIEAAETCH HA KaToAe IIPH MEHee 3/eKTPOOTPHIATe b-
HOM TIOTEHIHA&J€, H KaTOAHBbIE OCAJAKM CHUJIBHO O0OTau[aloTCs I[HHKCM.
[To s10#t npuuuHe HEOGXOAHMO BPEMst OT BPeMeHH ONpeleIsTh 3HAUCHHS
pH B agexTponuTe. IT0 BO3ZMOXKHO OCYIIECTBAATE KOJODHMETPHUCCKHUM
H [IOTeHIMOMeTPHYeCKHM crnocobamu. [ljst KOTOpHMeTPUUECKOro Onpeje-
JEHHS MOXKHO HCIOJNb30BaTh B KadecTBe HHAMKATOpPA adH3apUHOBLIA
KeaTwlll B npeflesnax 3uavenuyt pH = 9,5 +11,5 u Tponeonun O Ansg 3HE-
yenu# pH = 11,2+-12,8. Myaukaropuasg 6ymara jaeT NPUMEPHO TakKe
e 3Hauenuss pH, xaxk cTeKnfHHLIH 3/1eKTPOX; NPU KOJOPHMET PHYECKOM
OTIPEJIe/ICHUH TOJIyYaloTC HeCKONbKO 3aBhlllleHHble 3HaueHust pH.
[Ipu GonbUIOH 1mIENOUYHOCTH 3J1€KTPOJHTA HE YAaeTCs NOoAyyaTh JaTyHHbe
OCAJIKH KEJNTOr0 [BETA, OHM HANOMHHAIOT [0 BHEMIHeMY BHAY IIMHKOBLIE;
OPH HEJOCTATOUHOH MIEJOYHOCTH OCAJKH HANOMHHAIOT IO BHEUIHeMY
BHLY MeJHbe,

Jlnst noBpiIeH¥s 3HaueH il pH B 31eKTPOJAUT MOXKHO BBOAUTL aMMHAK,
OJlHaKO0, ecan HeoOxoiumoO MOBEICHMTH PH A0 3Hauenu#t Brime 11,5, TO
pekoMenjyeTcs BBOAUTL pasbaBsieHHY0 wenoub. Jlnsg noHmxenus pH
CaellyeT BBOAUTbL OMKapGOHAT HAM OUCYJAbGHUT HaTpUs. B oTAesbHBIX
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caydasX TPH COOMIONEHMH BCeX HEOOXONAMMBIX TPeNOCTOPOKHOCTeH
(BBieIsTETCA AJOBUTASI CHHUJIbHASL KUCJIOTA) MOXKHO BBOJUTL Pa3GaBJeH-
HYI0 KHCJIOTY yepe3 CTeKJASAHHYIO TPyOKy, ONVIIEHHYIO HA JHO BAHHHI,
OJHOBPEMEHHO TEepeMeIIMBast 3/1€KTPOJIUT.

C nosbllleHHeM KOHIEHTPANHK CBOGOJHOTO LHAHUAA B 3JI€KTPOJIHTE
YMEHbLIIAETC COJePKaHHe MeAd B KATOAHOM OCajJKe H COOTBETCTBEHHO
MOBLILIAETCA COJAEPKaHWEe [[HHKA B HeM. JTO MOXKHO OOBICHHUTL TeM,
YTO C MOBLILIEHHEM COJlePXKaHust CBOGOAHOTO HAHKAA KATOAHAS TOJSIPH-
3auug MeJly BO3pacTaeT B HECPABHEHHO OOMbIIeN CTENeHH, YeM KaTOLHAas
NOJAAPH3anUA UMHKA. Tax, npu TOBBILEHHHM COJAEDKAHHS CBOGOJHOTO
HHAHUAA B MEJHOM 2JEKTPOUTE B 25 pa3 KaTOAHLIH NOTEHIIHaJ CABUT AeTCH
B OTPHIATENbHYIO CTOPOHY Ipu IyOTHOCTH TokKa 0,5 a/Om® nmpumepHo
Ha 0,7 6, 4 IPH TAKOM K€ ITOBBLILIEHHH COAEPKAHUS LHAHNAA B [IHHKOBOM
3JIEKTPOJINTE KATOAHLIA TIOTEHNMaA CABUTAeTCsT B OTPUIATENBHYIO CTO-
pony Jaumb Ha 0,12 8.

Tabruya 2

Bausnue KouueHTpauus csoGOfHOro UMAMHAA Ha COCTAB JATYHHLIX OCAfKOB
B 2JIEKTposHTe € copepmanuem 16 2/2 Cu u 16 2/2 Zn

CocTaB KaTOmHOro OcagKa B %
K socommors Tipu 20° Tipu 30°
NUaHHga B 2/
Menn Uunk Megs l Uuek
6 67,5 32,5 73.2 26,8
8 64,1 35,9 68,5 31,5
10 61,2 38,8 64,9 35,1
12 57,5 42,5 64,5 35,5
15 54,3 45,7 61,5 38,5

B Tabn. 2 noxasano Biausinue CBOGOLHOrO mUaHua HA COCTAB J1aTyH-
HbIX 0cafkoB npu orHourenuu Cu : Zn = | B sjektponute npu pH = 11,
NJI0THOCTH Toxa 0,5 a/dm?, temmeparype 20 u 30°.

Konuentpanus cBoGoIHOr0 muaHUAa BJAUSET He TOJAbKO HA COCTAB
KaTOJHBIX OCAJLKOB, HO M HA BLIXOA 10 TOKY. C NOBbIIIEHHEM KOHIEHTPA-
M1 CBOOOJHOTO LMAHUA PE3KO CHHIKAETCst KATOAHBIA BBIXOJL 1O TOKY
U TIOBBILIAETCS AHOAHBIA BBIXOJ. AHOAHBIA BhIXOJ MOKeT ObITh TOBBIIIEH
TaxKe MOHMXKEeHueM aHOAHOH NJIOTHOCTH TOKA, T. €, yBeJHUeHHeM TOBepX-
HOCTH AHOJOB,

HeoOxofumo uMeTb B BHJLYy, YTO 3JEKTPOXUMHUECKHH SKBHBaseHT
JaTyH¥ TeM Boiule, ueM 0oJjblie COAep:KaHue MelH B CILJiaBe, TaK Kak
MeAb HAXOJUTCS B HJEKTPOJIUTE B BUJE OJJHOBANEHTHBIX MOHOB, & MUHK —
B BHJe JIBYXBaJEHTHHX HOHOB. ECAH CONOCTABHTH 3JEKTPOXUMHUECKUH
sxBuBasieHT ToMnaxka (90% Cu u 10% Zn) ¢ 3aeKTPOXUMUYECKUM 3KBU-
BajenToM aatyuu (70% Cu u 30% Zn), TO MOXKHO NOAYUUTH CAELYIOMUE
Hansble. JIns sgexrpoocaxjenus 100 e ToMnaka HeoGXOAUMO 3aTpaTUTh
sqaexkTpudectBa 90 : 2,37 == 38 a-u; 10:1,22 = 8,2 a4, oTKyja 3Jex-
TpoxuMmuuecKkuil sxpuBajeHt papen 100 : 46,2 = 2,16 2/a-u. /Iaa Buige-
genus 100 e naryuu (70% Cu, 30% Zn) TpeGyercs 3aTpaTuTh 3JEKTPHU-
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yecrBa 70 : 2,37 =~ 29,1 a-u; 30:1,22 =246 a4, Bcero Tpefyercst
53,7 a-4. Orciofla 3JeXTPOXUMUUECKHH IKBHBAJIEHT JATYHH COCTABa
70% Cu u 30% Zn pasen 100 : 53,7 = 1,86 2/a-u.

H3 npupejleHHBIX AAHHBIX CTAHOBHUTCSI fCHO, UTO CyMMapHBIA BBEIXOJ
MO TOKY, TOUHEe, CKOPOCTb OCAKJEHHs{, 3ABUCUT OT COCTABA JIATYHHOTO
TIOKPHITHA.

[Ipu saTyHupOBamWH OGBLIUHO TOJAAEPIKHBAIOT MNJAOTHOCTH TOKA TO-
paaka 0,3—0,5 a/0x>. Jluub B KOHOEHTPHPOBAHHLIX 3JEKTPOJUTAX TPH
BBICOKOH TeMmIleDpaType JONyCKaeTcs TakyKe U BhICOKAad IJOTHOCTh TOKa.
ITH 3JEKTPOAUTHI NMOApoGHee GyAyT pacCMOTPEHbl HHIKE.

C noBblileHHEM TJIOTHOCTH .

TOKa CHMKACTCs BBIXOJ “110 TOKY 4
(dur. 3). OTHOCHTEABHO BAUSAHHS \
TIJIOTHOCTH TOKA HA COCTAB OCAAKA > 4

B JHTepaType NPUBOAATCS TIPOTH-
BOpeuuBbie AaHHblie. OQHU Ccym-
TaloT, YTO C TOBLILIEHHEM TLJIOT-
HOCTH TOKa IIOBLINIAETCS IPO-
LEeHTHOE CcOoJepxKaHue Melu B Ka-
TOAHOM OCaJ(Ke; Apyrue CYUMTAIOT,
4TO MEKAY [UIOTHOCTBIO TOKa
U COCTABOM OCaJKa HMEeTCs] [po- ; 2
THBOTIONIOXKHAS 3aBHCHMOCTD, l;Io ¢ L Gk 05 DL
ieilio aytopa, ¢ mosnuenuex I 5 Buzwe nmonocns mia o
nioTHOCTH TOKa 0T 0,1 10 1 a/dn® Konuenrpanus: 16 &/a Cu;ylﬁ e/aZn; 10 o/
Cojep:kanue MeAW B JATyHHOM NaCNgo6; Temmeparypa 30°.
HNOKDPLITMH CHWXKAETCS OT 75 JO

61,6%; npH 3TOM B CUJLHON CTEeNeHu CHHKAETCS H CYMMAapHBI#l BBIXOJ,
no ToKy. Taxkas 3aBUCHMOCTH MOXET OhIThb OObSICHEHA TeM, UTO C TOBLI-
IeHHeM TIJIOTHOCTH TOKA KaTORHAs MOJspu3ands Meiu pacreT B GOJb-
Wei CTeleHd, 4eM KaTOAHAS IOJAAPU3ANUS LMHKA,

Temneparypa snektponuTa OxasbiBaeT 3aMeTHOe BAWSHHE HA BHeUI-
HHH BHJL TOKPBITHH, HX COCTAB U BHIXOA IO TOKY. Bausnue TeMIepaTypsl
TIPOTHBONOJIOXKHO BJIHSTHHIO IOTHOCTH TOKA. C OBBIUIEHH €M TeMIePaTy Phl
NOBRILIACTCsL COAEPKAHME MeIU B OCaJKe W CYMMAPHBIH BHIXOJ MO TOKY.
MoxHO TPHHATH, YTO C NOBLIEHHEM TeMTepaTyphl 3JAeKTpoanTa Ha 3°
conepxanue Melu B ocanke nosbiuaercd Ha 3%. ITo »1oit npuunne neol-
XOMMMO TIOAAEPKHBAThL 34JaHHYI0 TeMIepaTypy B BO3MOXKHO y3KHX
npejesax.

XOTs [OBLIUIEHHAst TeMIepaTypa [03BOJSAET TPHMEHATh TaKKe
MOBBIIEHHYIO MJIOTHOCTh TOKA NPH COXPAHEHWH U AAXKe HEKOTOPOM yBe-
JMYEHHU BbLIXOJA O TOKY, HO M3-3a HEJOCTATOYHOH YCTOHUHMBOCTH 3JIEK-
TPOJIUTA yalle NPEANOYMTAIOT NOJJIEPKHUBATL KOMHATHYIO HJIM CJerka
TIOBBILIEHHYIO TeMIepPaTypy H COOTBETCTBEHHO HEBBICOKYIO NJOTHOCTD
TOKa.

Merton npuroTosnenns sgekrpoauta. B. C. SIKoGu roToBus 5a€KTPO-
JUT JAs1 JaTyHUPOBAHUS TOCJIEJOBATeNbHBIM AHOJAHLIM PACTBOPEHUEM
MeIH H OMHKA B KOHUEHTPUPOBAHHOM PACTBOpE IHAHHCTOTO Kaaua [l 1],
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HCHONB3Yys CJaydadHblli, HaIPUMep XKeJae3ubii, Katod. 1o Mepe Hakomnne-
HUSI B 3/JEKTpPOJHTEe NOCTAaTOYHOTO KOJUYeCTBA MeJAM OHA HauuHaJla
BLIIESATBCH HA KaToje, MOc/e Yero MeAHBIH aHOJ 3aMeHsJICH I(MHKOBBIM
M 3JeKTPOJIH3 NPOAOJKAACH A0 TeX HOpP, II0KAa mBeT ocajka U3 KPacHOo-
BAaTO-KOPDUUHErO0 He I[epexOAua B JaTyHHO-KenTwhi, B Janbueiimem
TIPOLeCC JATYHUPOBAHUS NIPOTEKAN C JATYHHBIMH AHOZAMH M KOPPEKTH-
pPOBaHHE CBOSUJOCH JIMUIb K NEPHOAUUECKOMY J00aBIEHHIO B 3JIEKTPOJMT
HAHHJA,

[To pamumM B. C. $Ixo0u, nNpUroTOBJEHHE 3/1€KTPOIATA TyTeM
AHOJHOTO PACTBOPEHUs JAATYHU B [IMAHUCTOM KaJUH PeAKO NPHBOLUJIO
K HYXKHbIM pe3yJbTaTaMm — KaTOLHble OCafKyd UacTO HOJyuaauch Jau6o
¢ u3OLITKOM Mefu, U060 ¢ u30LITKOM IMHKA ¥ He MMeNHu XapaxkTepHOTro
JKeJTOTO 1Beta.

OnucanHbii MeTON TPUTOTOBJAEHUS 3JIEKTPOJHUTA HEJAb3d CYATATH
PalHOHAJBHEIM /st OOJBUIMX TMPOU3BOACTB M3-33 MEAJIEHHOCTH H HENpOo-
M3BOJMTENLHOCTH pacxoja marepuanoB. Luie B Havale TeKyuero
CTOJIETHU I [ AHUCTbIC 3JIEKTPOJUTDI /15 1aTYHUPOBAHUS [OTOBHJIM U3 yTJe-
KHCABIX cOjefi Meiu ¥ [UHKA, PacTBODPSsi HUX B [[HAHUCTOM Kajluu
unn  Hartpuu. Ilpu 3TOM Boigensacg SJAOBHTHIH TnapammaH, o0pasy-
IOLUHCS TP BOCCTAHOBJEHUU JABYXBAJCHTHBIX HOHOB MeAu A0 OLHOBA-
JIEHTHBIX.

B macrosmee BpeMs NpejlOYUTAOT HCIOJAL30BATh [UAHHCTLIE COJH
megu ¥ nunka CuCN u Zn(CN),, XoTophie pacTBOPAIOTCS B IUAHUIE.

JlaBHO 3amMeueHo, 4TO B CEEKENPUTOTOBJIEHHOH BaHHe st JIaTyHHU-
pOBaHUs He Bcerja INoJayvalorTcst A0GPOKAUeCTBEHHbIE MOKPLITHS, JaxkKe
B TOM CJyyae, KOIJla N0 aHAJIu3y OCHOBHbIE KOMIOHEHTHI COOTBETCTBYIOT
3aJlaHHO#l KOHLEeHTpauuHu. Bewio yeranosaeno [21, uto u3 BHOBL mpuro-
TOBJIGHHOW JaTYHHO# BAaHHBI CPa3y NOJYUYAIOTCSt XOPOIIME MOKPHITHS,
ecsd K He#t 106aBuTh 5—10% (10 06beMy) JIEKTPOJSUTA TAKOTO XKE COCTa-
Ba, HO HAXOJSALIErOCs HEKOTOpoe BpeMs (2—3 Mec.) B 3KCIAyaramniu,
MM eClM HeKOTOpOe BpeMs «NpopadoTatb» BHOBL TNPUTOTOBJEHHBIH
3JIEKTPOJIMT TIepeMEeHHLIM TOKOM.

BBellenue B CBEKENPUTOTORJCHHBIH 3JIEKTPOJUT TAKUX COEJAMHEHUH,
KOTOpLIe CaMH Mo cefe MOTYT IOCTEeHHO HAaKaljHBAThCS, HAIpHMep
YTJIEKUCA0r0 HATPHUSL HJIH CePHOKHCOTO HaTPU A (B pPe3yabTaTe OKUCAEHH s
cyabdara), He NPUBEJO K MOJOXKUTEILHLIM Pe3yJjbTaram.

Pag uccnenoBateneit [3] noguepxuBaer 61aroTBOPHYIO POJIb AMMHAKa
B BaHHAX JAJg JaTyHUPOBaHHS. Kak- H3BeCTHO, aMMuax sBJsiercst Tpo-
JAYKTOM THJPOJaH3a NUAHUJA:

NaCN + 2H,0 - HCOONa + NH,.

OJLHAKO MHOTHE DPEKOMEHAYIOT CIlemMajJbHO BBOAMTL aAMMHAK Kak
BO BHOBbL IIPHTOTOBJIEHHBIH 3J€KTPOJIHT, TaK M CHCTEMaTHUecKu L00aB-
JgTh €ro B TPOIecce 3KCIIyaTamuu, TaK KaK KOJMYecTBA aMMHaka,
o0pa3ylomerocs B pe3yjbTaTe I'MApOJNK3a, He BCerja J0CTaToyHo. Bricka-
3aHO TIPEIIONOKEeHHe, uTo B NPHCYTCTBHU aMMuaka obpasyrTcsa GoJsee
npouHele xommiexcHoie HOHbl Meau [CuNHy(CN);1?~ no cpaenennio
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¢ wonaMu [Cu(CN);12-. B pesyabTaTe moTeHmua bl Mey U HHKA COMH-
KawTca B eure Oojblnefi CTeleny, YeM 3TO NPOHCXOAHT B LIMAHUCTBIX
3JIeKTPONMTaX (€3 CHenuaNbHOTO BBELCHHS AMMHAKA.

Baaronpustnas poJib aMMHAKa B JIATYHHBIX 3JEKTPOJUTAX CBOAHTCS
K CJIeyIoleMy:

1} ynydmaercs BHEUIHHH BHJA JATyHHBIX OCajJKOB H DPacCllHPSOTCH
TPAHHIE! AONYCTHMBLIX 3HAUEHHH IJIOTHOCTH TOKA;

2) cocraB ocaixa oTauuaercs OOJBIIUM TOCTOSHCTBOM INPH DAasjHy-
Helx oTHoutenussx Cu : Zn B 37eKTPOJUTE ¥ Pa3IUUHBIX 3HAYCHHAX
[JIOTHOCTH TOKa; '

3) B NPUCYTCTBUM aMMHaKa HECKOJbKO IOBLINIAIOTCH 3HAYeHHs
BBIXOJla 110 TOKY (CyMMapHOTO0),

JlarynupoBaHue B pengx obecleuenus NPOYHOTO CUETVIEHHS C Pe3H-
HO# CTAJIbHBIX H AJIOMHHHEBBLIX U3JENHH IUMPOKO NPUMEHSeTCH Ha MpaK-
THKE.

B suteparype TpuBOAATCs yKa3aHH® Ha HEOOGXOAMMOCTb CTPOroro
peryJupoBaHUsl COCTaBA JIATYHHLIX OC3AKOB B Y3KUX INpejeaax. IJTOT
Bonpoc jeranbno uccaegosan A. U. CraGposckum [4 1, koTopbiilt MOKpHI-
BaJj CTajbHbie O6Pa3nbl JaTyHbl0 PA3JHYHOTO COCTABA H HAHOCHJ HA HUX
pe3uHy crnocoGoMm ropsuero npeccoBanus. [Tocsae By skanu3anuu 06pasinbt
TOABepTraNuCh MEXaHHUECKHM HUCMBLITAHUAM J0 Pa3pyLUIEHHs Pe3UHbLl HJH
OTpLIBA €e OT NMOBepXHOCTH. B Tabn. 3 npuBeieHkl pe3yaAbTaThi IPOBELEH-
HBIX HCIBITAHHH.

Tabauya 3

TIpovHOCTh CuemeHHsl MEXKAY Pe3HHONl M 3MEKTPOOCAKACHHOH JATYHBIO
B 3aBHCHMOCTH OT €€ COoCTaBa

Cocrae nokpuThil B % Paspymaronas Ha- Baewnuft Bupg
TPY3Ka NMOBEPXHOCTH
Mens Llauk TMOKPWTUA B K2/cm2 NOKPEHITHA
87,3 12,7 0 MeHo-po30BHIil
81,5 18,5 2,5 CBerJ10- po30BLIH
73,7 26,3 20,8 JluMoHHO- K enThIH
68,4 31,6 19,4 »
66,7 33,3 189 CoNOMEeHHO-K T T
62,0 38,0 3,0 »
59,6 40,4 0 3oaorucTei
43,4 56,6 0 Maroselil  cBeTNIO-pO-
30BHA

31,5 68,5 0 Cepe6pucro-Gebi

M3 nannprx Ta6a. 3 BUAHO, UTO TO BHELIHEMY BHMAY He BCerja MOXKHO
CYJUTb O COCTABe JATYHHBLIX MOKPBHITUH M TIPOYHOCTH CHENJIeHHsI C HUMH
pesunnl. HeoOxonumMo cTpeMuTbCs X TIOJYUEHMIO O-J1aTYHHBIX NOKPHITHH
npumepnoro coctara 70% Cu u 30% Zn ¢ LONMyCTHMBIMH OTKJIOHEHHSMH
B 00e cropoHbt B mpefenax 3—3,5%. Tonmuua naTyHHBIX MOKPHITHH
B Ipejiesax 1—9> MK Ha NPOYHOCTh CHET/IEHHs CYIECTBEHHOTO BJIHAHHS
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He OKa3BIBAET, W JHIIb B Tex CJAyuagX, KOrfia u3jelus HeoGXOAHMO
OJIHOBPEMEHHO 3aMHTHTh OT KOPPO3HH, MHHUMaAbHAs TOJMIMHA [OKPhI-
Tust JOMXHA ObITh 5 MK.

AHopnsl. Marepuanom Adg aHOAOB B BAHHAX JATYHHPOBAHUS OGHUHO
CAYXKAT JIHCTHI HJIH TIOJOCHI KATaHoi JaTyHH, TO cocTaBy mpubiauzxao-
mefica X 3aJaHHOMY COCTaBY MOKphITHH. B BaHHax JaTyHHPOBaHUA
pa6monaercs GOsblliast TeHNEHUHS K MACCHBMDOBAHMIO, YeM B MeJHO-
[MaHUCTHIX BanHax. Jus GopnObl ¢ NAcCHBHPOBAHHEM AHONOB HeoGXO-
JuMo, uToGbl MX TOBEPXHOCTH Obl1a B 2-—3 pa3a Go/blile OBEPXHOCTH
TOKPbIBaeMbiX H3AEAHH.

Bnectamas mOBepXHOCTH JATYHHBIX AHOAOB CBUAETENLCTBYET O 60Jb-
oM u36EITKe CBOGOAHOIO MHAHMAA, KOTOPHI# OKa3pBaeT BpejHOe BaUS-
HUe Ha TeueHHe KAaTOMHOTO mpomecca. B 1o xe BpeMs TNpH HejocTaTke
cB06GOJHOr0 MHAHKMAA, TaK e KaK W TpH 00abUION aHOLHON MJOTHOCTH
ToKa (T. €. HEJOCTATOUHOH AHOAHOH TOBEPXHOCTH), HACTYNaeT TOJHOE
[IACCHBHPOBAHKME ¥ B BAHHE HEMPOWU3BOJAUTENLHO PACXOAyercsl IHaHuM,
OKMCJA8Ch HA aHONe RaxKe NMPH YacTOM BBeJeHUH ero B 3JEKTPOJIHUT.
[Ipu HOpMAJLHOM PACTBOPEHHH JATYHHbIE AHOABI TOKPLITH CIVIOLIHBIM
HaJIeTOM CEepPOBATO-3€/eHOT0 I[BeTa, COCTOSIIMM H3 IHAHHCTBIX COJied
MeAd U IMHKA.

CrnJowHo# Genbifi HaseT Ha aHOAAX TIPeACTaBjageT COOOI0 [HAHHCThIH
uuHK Zn(CN), u ylangeTcs TPH OCTOPOKHOM J0OABJIEHHH [MAHHCTOTO
HaTPHUS.

O6pasoBanye Ha aHOJAX IJIEHKH Cepo-CTaJbHOro 1BeTa, ucuesaloie
IIPH BHIKJIIOUEHUH TOKA, CBSA3aHO C TIPHCYTCTBHEM B 3JIEKTPOJIHTE MBLINIbA-
Ka, KOTOPbI# HHOTAA BBOAMTCH AJIs TOJyUYeHHs: OJeCTSIIMX TOKPLITHH.
OcBOGOAUTECH OT MBILIBAKA MOMXKHO KOHTAKTHBIM BLITECHEHHEM €ro
NpH MOMOMIM MeIHBIX IIOJIOCOK.

Temno-xopuuneBas HempoBOAAIlAas H He HCUe3alowass NPH BHIKJIIO-
YeHHH TOKA TJIEHKA CBA3aHA C 3arps3HeHHeM aHOLOB CBHHIIOM.

[TpucyTcTBHe O0JOBAa INPUBOAMT K CHJBHOH TIOAsSPH3AIMH AHONOB
¢ o6pasoBanueM Ha NOBepXHOCTH Oenofl NJAEHKH; MOKPHITHS TPH 3TOM
NOJYYAIOTCs TeMHBIMH.

OcBoGOAUTLCH OT TPHMECH 0J0BA B 3JEKTPOJNUTE MOXKHO [IPH TOMOLILH
CaCl ,, kKotopriii 06pasyet nepactropumbrit Ca SnOj;.

PexomeHlyercs CJAAVIOMHIl COCTAB NATyHHbIX aHofoB: 75 & 2% Cu;
25 4+ 2% Zn; Ni < 0,005%; As < 0,005%; Sn < 0,005%; Sb < 0,005%;
Pb < 0,005%; Fe 0,010%.

PexomeHIyeMble 2J1eKTPOJHTHI H HX peXuM. JIaTyHHPOBAHHE MOXKHO OCY -
ECTBASTL B 3JeKTPOJMTAX pa3HooOpa3Horo coctasa. [lasnee nmpuBefeHb!
HanboJee IMPOKO TIPUMEHsIeMble COCTABBI B &/ H YCJIOBHA PabOThl BAHH!

Cu(esmre CuCN) . . - . . . . . .« v o v v v oo 2

Zn (B Buge ZnO) . . . L. L L e e e e e 7,5
NaCN (CBOG.) « « « « « v v o i e e e e 10,0
NSOy o v v ve e e o100
NHOH (25%-HBH) « « o . o . o v v o e e e e e 0.25
InoTHoeTh TOKA B @/OM® . . . - . . . v = v v v v o ... 0305
Temmepatypa B °C « « « . . . . . e e e oo 3040
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Jlns KpernJeHust pe3dHbl XOPOLIMe pPe3yabTaTbl AaJd  JIeKTPOJHUT
C/eAVIOHIEr0 COCTABA B ¢/4 U YCJAOBHAX PadOTLl BAHHLL

Cu (B Buge CuCN) . . . . . . 20 Temneparypa 8°C . . . 23-31

Zn (B Buge ZnO) . . . . . . . 50 pH . ... ... ... 105115

NaCN (cBo6.) . . . . . . . .8-10 ix B a/Omn?. C e 0,4

NH,OH (256%-vw#t) . . . . . . 025 igB a/om?® . . . ... 0,2
TonmuHa HOKPHTHA B npefenax 1—5 wk

BanHa ckopocrHOro jatyHupoBaHusi. B jurteparype onyOJHKOBaHBI
pa3Hoo6pa3Hbie BAPHAHTH COCTABOB 3JIEKTPOJNUTOB, TIO3BOJSAIOIHX YCKO-
PHTb TIPOIECC JIATYHAPOBAHU S MPY MOBBLIIIEHUH MJIOTHOCTH TOKA U BLIXOAA
no Toxy. OfHH WMCC/eNOBATENM MhITANUCh JOOGUTHCS TAKUX PE3yAbTaTOB
TIOBBLIIIEHUEM KOWIEHTPANMH COJeH OCaXKAAWMUXCS METAJJOB 3a cueT
NOHMKEHU s CBOOONHOTO [{HaHKa, APYTHE — BBeJleHHEM JOMOJHUTENbHBIX
KOMIJIeKcooGpasonarteseli, Hanpumep cermerosofi conu [51, Tperbn —
nojjep:KHBaHueM BLICOKHX 3HadeHuil pH npu MUHMMAaJBLHOM H KOHTpPO-
JHUPYEMOM COJeDKAHHU €AKOro Hatpa.

[TopoGHbBle METOABI B CHJLIIOH CTENEHH CyXKajdu HHTePBaJsbl NOJyue-
HUSl YOBJETBOPUTEJNbHBIX N0 BHEIUHEMY BUJY ¥ TIO COCTaBy TOKPLITHH.
OTH NOMBITKA He MPUBEJIH K NOABJEHUI0 HOBLIX NPOMBILIIEHHBIX 3JeKTPO-
JIUTOB ¥ PEKUMOB M JNATYHUPOBAHHA.

Heo6x0AumMo cuuTaTbhCst TaKiKe € 3aTPyAHEHUSMH, BLITEKAIOMIUMHU
H3 TOBeJleHusi aHOAOB. YiKe Ipu AaHOAHOH NJIOTHOCTH TOKa NOpsgika
0,5 a/0n? aHOAHAR IOJSIPU3ANUMS AOCTHTAET TAKUX 3HAYEHHUH, UTO OOLIYHO
TIPUMEHsIEMbIX HH3KOBOJIBTHBIX HCTOUHHKOB TOKA He XBaTtaeT A/ MUTAaHHUS
yCTAHOBKM TOKOM. Ec/u xe aHOAHAS NOBEPXHOCTh JOCTATOYHO BeJIHKA
(aHOZlad IMJIOTHOCTb TOKA OYeHb Maja), TO aHOJHBLIH BLIXOJA TO TOKY

6au3ox ¥ 100%, B TO BpeMsl KaX KATOLHLIH BbIXOJ 3HAUWTEJbHO MEHBIUE
" 100%. B pesysabrate pacreT KOHueHTpamusl MeTaljaa B 3JeKTPOJIHTE,
yMEHbIIAETCS COAepiKaHue CBOOOAHOrO IHaHuia, KOTOpHIH TepexopuT
B eKUH HATP. DTO, B CBOIO Ouepefh, CBI3aHO C HEOOXOAMMOCTBIO YaCcTOro
KOPPEKTUPOBAHHUS 3JIEKTPOAUTA.

B anexTposuTax H/s JAaTyHHUPOBaHHS OOLIYHO TMOALEPKHUBAKOT CJe-
AyIOLMe COOTHOLIEHHS !

1. Kax B 3/iekTposuTe, TAK H B KATOAHOM ocajke oTHomenue Cu : Zn
KoJje6atores oT 2 :1 jgo 4 ¢ 1.

2. EXxuil HATp PeAKO NMPUCYTCTBYeT B CBOGOLHOM BHJE, BO BCSKOM
cyyae ero KOH[eHTpauus pPeaKo TNpeBblmiaeT 7—8 o/a.

3. Mo cBOGOAHBIM AHUAOM MOHHMAIOT TO €0 KOJUUeCTBO, KOTOpoe
MMeeTcsT CBeDX HeOOXOAMMOro JJjag TOr0, 4TOOBl CBA3aTh Meldb B BHle
Na,Cu(CN); unan Na,Cu(CN), u nuak B Bule Na,Zn(CN),.

[To BHelHEMY BHAY OCafAKH TeM Jyuile, yeM GoJblle CBOOOAHOTO
uManuida, HO C TOBbIeHHeM KOHIEHTPAlUuH CBOOOZHOTO I#AHHLA De3KO
TIOHHKAETCSl KATOAHBIA BEHIXOJ, 11O TOKY, B OCOG@HHOCTH NPH NMOBLIIEHHLIX
MJIOTHOCTSIX TOKa.

Bolo ycranosneno [61, uro Aas yckopeHust mpoiecca JaTyHHPOBa-
HHSI — TIOBBIIIEHUS BHIXOAOB ITO TOKY ¥ AONYCTHUMBIX [JIOTHOCTEH TOKa —
B 3JIEKTPOJHTE HEOOXOOUMO TOARAEPIKHUBATH BLICOKHE KOHUEHTPALHH
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HUaHHAA HATPHS M Mead; KpoMe TOro, c/JefyeT BBOJAMTH HNUHK B BHAE

OKHCH M 3HAuuTesbHOe KOJUYEeCTBO €JKOr0 Harpa AJAs [OBLIIEHHS

9JIEKTPOTIPOBOJIHOCTH H YMEHBINGHHS aKTHBHOCTH MOHOB I[MHKA.
Hasee mpuBoAuTCsT COCTAB TAKOrO JIEKTPOJIUTA B 2/2 ¥ €r0 PeKuM:

NaCN (ofur.) 90—135
CuCN - - & o o e e ... 75—105
NaOH . . . . . . . . ... . ... 45—75
Zn0 . . 39

H36uiTOK Na(‘N* C . e e e e 419
Ornowenne Cu : Zn B 9J1eKTp0J1me e e 10:1—20:1
Temueparypa 8 °C . Y ¢ I
KaropHas mJIOTHOCTE TOKa B a/am e e .. ... 25-55

Karonunii ocajjok xone6aercs B mpegenax 75—83% Cu (ocranbuoe
IMHK) ¥ HMeeT YJIOBJETBOPUTENbHbIH BHEWHWH BuX. AHOIb JOIKHBI
ObITh BBICOKOH UYHCTOTHI M CojepxaTh mpumepuo 75% Cu u 256% Zn.
XoTs ¥ B 3TOM 3/eKTPOJUTE BHIXOJ TO TOKy HECKONbKO NOHHMKAeTCH

% 7 —
ety
% a0} =l —
(4 -~
L < b T~ \\
2100 S 80 IS
& gy \ﬁ\"k\iﬂ W o] 4 NN
S "\q\ \ ? T~ ~ \
~ 80 RN S 60 0\\\\
S N 3 N
37 AN S 50
50 40
0 2 ¢ 6 8 10 124, a2 0 10 20 30 40 50 60¢p4
L ASOm? Hzbsimor Na CN
Qur. 4. Biusuue mIOTHOCTH TOKa Ha dur. 5. BausgHne KoHuUEHTpaUUH
BHIXOJ, N0 TOKY B BaHHE CKODPOCTHOTO H30BITOUHOrO LHMAHKAA HA BBIXOJA
JIATYHUDOBAHKHSL NPH DA3JHUHBIX TEM- IO TOKY TpPH PAa3JUYHHIX MJIOTHO-
nepaTypax: CTAX TOKa B BaHHE CKOPOCTHOLO
1 — 93% 2 — 82: 8 — 74% 4 — 66°. JIaTYHUPOBAHUA:

1—3 a/om?;, 2—6 a/om?; 3—9 a/om?;
4 — 13 a/om®.

[I0 Mepe MOBLIIEHHS TJIOTHOCTH TOKA M YBEeJIMUEHUS COJEepXaHus CBO-
00 lHOTO UWAaHHAA, OAHAKO AaGCOMIOTHHIE 3HAUeHUsi BBLIXOAOB IO TOKY
¥ JOTyCTHMbIE IIJIOTHOCTH TOKA HECPABHEHHO BhIlIe, YeM B OOLIYHO IIPH-
MEHSEeMBbIX 3JIeKTpoauTax. Tak, "pu Coldep:KaHMM B 3JEKTPOJHTAX
110 e/2 NaCN, 90 /2 CuCN, 5,3 /4 ZnO, 60 e/2 NaOH u 4—9 ¢/2 n36wi-
tounoro NaCN Buixoz o Toky Aust Temneparypbr 93° cuuzkaercs ot 100 %
TpH IJIOTHOCTH Toka 6 a/om® no 90% npu 12 a/am2 a Ui TeMIeparyphbl
65° cauxaerca or 92% mpu 2 a/0m? no 65% npu 12 a/on® (dur. 4).

[Tpu ToM e cocTaBe 3JEeKTPOIUTA, HO TTepeMeHHOM COleDKaHuH u30bl-
TOUHOro nuanufa (5—635 e/4) n Temmeparype 74° BLIXOJ N0 TOKY CHH-
xaercst oT 95 1o 75% npwu nmaoTHOCTH ToKa 3 a/dm® w ¢ 75 1o 50% npu
IJIOTHOCTH Toxa 13 a/0x® (dur. 5).

Tpy MOBLIIEANH aHOAHOH NJIOTHOCTH TOKA J0 10 a/0m? B sjlekTpONUTE
NPUBEJEHHOTO COCTABA AHOJAHAS MOJAPH3AIMS He TPeBhIlaeT 2 6.

* Cpepx KosguecTsa, HeoGxopuMoro s ofpasopanns NayCu (CN)j,
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ComnocTaBJisiss 3TOT IEKTPOJHT C OOWENPHHATLIME 3JEKTPOJUTAMH
Aa5 JATYHUPOBAHHMS, MOXKHO OTMETHUThL CJAeAyIou(ue ero ocoGeHHOCTH.

1. Monapsoe orsoutenue NaCN : CuCN paBHO 2 : 1; IMHK BBOAHTCH
B BHJle UHHKATa HATPUsl, (HAHK/ HA HEro He pacCcuuTbiBaeTcd. BeneicTBue
masnoro orHomenusg NaCN : CuCN cu/bHO CHUKAIOTCH NOTepu nuasuja
3a cyeT rujJponusa ¥ OKUCJIEHUsS W CTAHOBUTCSH BO3MOKHBIM IIMPOKO
HCIIONb30BaTh TIPEUMYIIECTBA, BhbITEKAloU[He W3 YCJIOBHH TOBLILIEHUH
TeMIepaTyphl 3JeKTPOAUTA, He ONacasich IPH 3TOM yBEIHUEHHS TOTEPb
[HAHULA,

2. TloBblieHHOE COJepIKaHue e[KOTO HAaTpa B 3/7AEKTPOJUTE K eaaTeNb-
HO C TOYKH 3PeHUs INOBLILIEHUS €ro 3JeKTPOIPOBOAHOCTH.

3. Oruoutenpe Cu :Zn B 3JeKTPOJNUTE HCKJIIOUUTENBHO BEJAHKO,
nopsaxa 15 : 1, Bvecto 3 : 1 B OOmMENPHHATLIX 3JEKTPOJUTAX.

4. Tax Kak aHOAHBIA U KATOAHLIH BbIXOJ 110 TOKY B 3TOM 3JIEKTPOJIUTE
COBHAAAIOT, TO ofeclneyyzaercs AJUTENbHOE TIOCTOSTHCTBO 3JIEKTPOJIHTA.
IIBeT xaToOAHOro OCaJKa M ero COCTAB MOXKHO PeryaupoBaTh B IIMPOKUX
npejesax H3MeHeHHWeM KOHNEHTPAuUW UHHKA B 3JeKTPOJuTe Hecpas-
HEHHO Jerye, uyeM wu3MEHEHHeM KOHIEeHTPauu CBOGOJHOrO IMAHHIA,
efnKoro Harpa uju pH. Ira Banna ucnonbayercs y:Ke B T€YeHHe MHOTHX
JIeT HAa KOHBEHepHOH yCTAHOBKe JJsi JATYHUDPOBAHHS CTaJbHOH JIEHTHI,
M3 KOTOpOH MOXHO MMTaMNOBarh HeOoOXOAMMbIe u3jneaus. ONHCAHHLIK
IPOLECC  3a1aTEHTOBAH CTajibHo¥ Kommamued [7].

KonTpoab ajekTpodutoB. CHUCTEMATHUECKOMY ONPEACJeHHI0 TIOA-
JeXHT Colep:kande Meld, nuHKa, cBoGojHoro muamuia u pH. Ilocne
Pa3JIOKeHUs NUAHUCTHIX KOMILUIEKCOB Melb MOMeT ObiThb onpejeneHa
2JIEKTPOAHAAN3OM, & IHHK — TUTPOBAHHEM, DJEKTPOAHAAU3 MEIH UIH-
POKO ONMCAH, M [O3TOMY OCTAHABJHBATBLCH HA HEM HET HEOOXOJHMOCTH.

[Tocsie Bbiesenuss MeTH OUHK ONpEJeNgercs B pacTBope OOBEMHDLIM
MeTojoM, TutpoBaHueM 0,1 w. pacTBOpOM runocynbgura B NPHCYTCTBUH
KPacHO#l KPOBYHOH COMHM # HOJMUCTOrO Kajusg. IJTOT MeTOJ, OCHOBAaH
Ha TOM, YTO IIpHM BBeJleHHH B CAA0OKUCJLIH HJIM HeATPasbHBIH PacTBOP
CEePHOKHUCJAOTO IIMHKA, cojeprkamui HOAMCThIA Kaauil pacTBopa xeJeso-
cunepofucroro xanus K;Fe(CN),, nuHK ocaxjaercs B BHJe IJIOXO pac-
TBOpUMO# ABo#HO#H comu K,Zn,;[Fe(CN),l,. [Ipu 3TOM B pacTBOpe 0CBO-

Oox/JaeTcsl 3KBUBAJEHTHOE KOMWUeCTRO #Hoja. Peaxuus TIpoTexaer
N0 ypaBHEHUIO

37ZnS0, 4 2K,Fe (CN), + 2KJ -+ K,Zn, [Fe (CN)yl, + J, + 3K,SO,.
HomucTbifi Kanuit BOCCTAHABAMBAET TPEXBANEHTHOE XKene30 10 ABYX-
BaJ€HTHOTO, a BLIIETUBIIMIACA HOA OTTHTPOBLIBAETCH PACTBOPOM THIIO-
cynbduTa B NPHCYTCTBUH Kpaxmasna:

Jo 4+ 2Na,S,0; = 2 NaJ + Na,S,0,.

Ha xaxnbie 3 e-9x6 nMHKA IPUXOZUTCH 2 2-9k@ TMNIOCYAbdUTA. Dbinte
OLlJI0 YyK43aHO, UTO B BaHHAX JaTyHUPOBaHHst CBOGOJAHLIA LMAHUJA HE
MO3KeT ObITb OTTHTPOBAH A30THOKHCJLIM cepeGpoM NOJOGHO TOMY, Kak
370 JIeSaeTCs B MEJHbBIX, CePeOPAHbIX U APYTUX IIMAHHCTBIX 3JIEKTPOIUTAX.
Tak xe KaK U B LIEJOYHO-IUAHMCTHX IUHKOBHIX 3JEKTPOJNUTAX, LHHK
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HAXOIUTCA He TOJIbKO B BUJE IIMAHUCTOrO, HO ¥ B BUAE LIEJIOYHOTO KOM-

HJIeKCca, MeXAYy KOTOPBIMH TOAJEPKHBACTCA MOJABHKHOE pPaBHOBECHE,

J{ocTaTOUHO TOUHBIC PE3YABTATE MOTYT GLITE HOJyUEHb! TOCIE 106 aABACHHU S

K npofe 371eKTpoauTa U3ObITKA IIe104H, KOTOpas MepeBOAUT Bech LUHK
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Qur. 6. lNonspr3anuoHKble KPURBlE MefH, LHUNKA ¥ MEIHOUMHKOBBIX CIJABOB
8 mupodocharHbix dJdexTpoauTax (sce pacteopnl copepxar 0,25 n. Na HPO,.
12H,0; 1,7 n. Na,Py0; 10H.0, f=55%:

a-—1— 03375 1. Cu;, 2~ 0,3375 H. Cu-+ 0,1125 n, Zn; 3 — 0,1125 H. Zn; 6:

1 — 0,225 #. Cu; 2 — 0,225 #, Cu + 0,225 1, Zn; 3 — 0,1125 /. Zn, & 1 — 0,1125 n.

Cu; 2—0,1125 #. Cu+0,3375 4, Zn; 83— 0,3375 1. Zn. e: 1— 0,075 #. Cu; 2~ 0,075 .
Cu -+ 0,375 . Zn; 3 — 0,375 w, Zn.

B IIEJOUHON KOMIJIEKC, A CBS3aHHBII C HUM IUMAHKJ OTTUTPOBBLIBAETCSH'
BMECTe €O CBOGOJHLIM LU AaHUAOM.

Pexomenayercs caenyomuil MeTol onpenenenust cBOOOLHOTO [UaHUAA.
B xonuueckyto koaGy na 250 ma orfupaloT 5 ma ajgeKTposnura, AoGar-
asor 20 ma 20%-noro NaOH, 20 ma 10%-noro KJ u 40 ma BoAw H
Tutpyior 0,1 #. AgNO, 10 nosgsaenus cunell onanecnennuu. Copepkanue
CBOOOJHOrO NUAHUAA BLIUMCIAETCH CJAELYIomuM obpasoM: A — Kojau-
gectBO M4 0,1 n. AgNO,; X 1,96 = csodoguomy NaCN -+ To Kosauue-
CTBO, KoTopoe sKBHBajieHTHO Na,Zn(CN),; B — paHee onpelefeHHOe
colep:kaHue mUHKA B &/ X 3 paer koaumuectso NaCN, sKBuBaJeHrt-
noe Na,Zn{CN),. CpoGopuuit NaCN = A — B,
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jiaTyHHpOBaHI/Ie B HEUHAHUCTHIX 2JekTpoautax. bewo Bumohuneno
MHOTO HCCJeAOBAHUH C IeNbl0 3aMeHbl NUAHUCTBIX 3JeKTPOJUTOB TPH
aaryuupoBanun. A. U. JleBun [8] cuuraer nenpuroansiMu Aus natyHu-
POBAHUS i11aBEJEBOKHUC/IbIE SJI€KTPOJHTHI BCAACTBHE COMBLION PasHOCTH
NOTEHIMAJOB OCAXKACHUS MEAM U IUHKa B HUX. DoJjee mpuemieMbiMu
ABJIAIOTCH DPONAHHUCTBIE W THOCYJb(ATHBIE 3JIEKTPOJUTHI, U3 KOTOPBIX
MOKHO NIOJIVUHTDL HA Kesese MJIOTHLe MeNKOKDUCTANIMYECKHe OCALKH,
A. H. CraGpoBckuil [4] cuntaer HenpurogHbMu As IPOMBILITEHHBIX 1(€-
Jgeit TuoCcyJb(paATHEE U PONAHHCTHIE 3SJEKTPOJUTHI BCJEACTBHE Majoil
yCTOMUMBOCTY UX HA BO3Ayxe. Dosee NpueM/eMbIMi OH CUMTAET [[ABEJEeBO-
KucJable (B NPUCYTCTBHH JKENATHHBI) H TIJIHLEPATHBIE 9JEKTPOJUTHL.
[Mupodocharurie 3JeKTPONUTH 068 UCCJACLOBATEN s CUMTANN HETIOAXO0Ms-
muMY u3-3a 00JBINON PA3HOCTH NMOTEHIHAJIOB BHASTEHUS MEAM M [UHKA,

Katoanuiii npouece Npu 3MeKTPOOCAKAEHHN MELW M LUMHKA, a TaKKe
MeAHOLNHHKOBBLIX CIN4BOB H3 NUPOPOCHATHBIX 2JEKTPONUTOB GblA Je-
TanbpHo uccnenosan B. I1. ITepcuannesoit u IT. C. Turossmm [9]. U3 rpa-
¢uxa Ha ¢ur. 6 BUAHO, UTO NOJSIPUIALUOHHBIE KPUBLIE TIPH SJEKTPO-
OCaXKJEHUH MEJHONMHKOBOrO cljaBa u3 NupodocaTHbiX 3JEKTDPOJUTOB
PA3JUYHOIO COCTABA PACHONATAIOTCH MEXKAY KPUBBIMU AJst MEY U [HHKA,
6mike K nepBriM. C HOBHILEHUEM IJIOTHOCTH TOKA TOBBIIIAETCH COJEp-
JKaHHe NUHKA B cliaBe. Tak, AAst IOJyveHus CIJIaBa € COfepkaHueMm
96% Cu u 4% Zn pekomeHAyercss HOALEPKHUBATH B 3JEKTPOJUTE OTHO-
wenue Cu : Zn, pasHoe 2 : 1 (nmotnoctk TOKa 1,7 a/0m?, Temneparypa
40°) u IpuMeHsTh BO3LyLIHOe nepemernupanne, Crnaas cocrasa 80% Cu
u 20% Zn moxeT ObTb MOJYYEH U3 3JeKTponuTa ¢ OoTHoumendem Cu :
: Zn, paBHeM 1 : 3 npu naoTHOCTH TOKA 1,253—1,35 a/0m?, TemmepaType
40° n npu nepemeumBanun. Ocanku cocrasa 70% Cu u 30% Zn noay-
yaloTcs NPH IJIOTHOCTH TOKa 2 a/du?*, HO MpoUYHOEe crernjedde HaoJo-
JAeTCs TONBKO B CJIOAX HEe3HAUUTeNLHOH ToldmMHsl (1,5—2 mx). o mepe
VBeJNIMUCHUS TOJIUHEL MOKPLITUE yXyJAlmaercss TNPOYHOCTh CLENJIeHHst
OCAJlKOB ¥ MX BHEIIHUN BUJ.

Takum o06paszoM, NOPHUXOJUTCH KOHCTATHPOBATH, UTO HOAHOUEHHbLX
3aMenumeell WUAHUCIbIX IACKMPOAUMO8 OASL AQMYHUDOBAHUL NOKG HeM,
K HUM MOXKHO NIpuOerarb JHIIb B KPaHHUX CJAydYasx, AJst MOKPBLITHS
HEOTBETCTBEHHLIX OGBEKTOB.
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B. H. JIAHHEP

IFAJILBAHONJIACTUYECKOE HU3TOTOBJIEHUE O®OPMJIAIOIIUX
BCTABOK U3 HHKEJbKOBAJDBTOBbIX CIIJIABOB AJ11 JIHThs
H NMPECCOBAHHUA NJACTMACCOBBIX WU3AEJIUH

Juisi TpoMBILLTIEHHBIX UeJed MeJHAfl TaJbBaHONAACTUKA SIBJSIETCS
eJMHCTBEHHLIM CIIOCO0OM IIPOU3BOACTBA MATPHI AJIst [IPECCOBAHUS IpaM-
MOQOHHBIX NJACTHH; MejHasf TranbBallONNacTHKa MPUMEHSIeTCS TaKKe
B rnosaurpaduu; peke UCHONb3YeTCS KejesHash TraJibBaHOINACTHKA.
Croco0oM rasbBaHOTNACTHKY TOJYYAIOT TOHKOCTEHHbE MEJHbe M HUKe-
JaeBpie TPYOkH, MejgHyo Qoabry. [lonyuenne ToncrocTeHHBIX GeCIIOBHBIX
MeJHbIX TPy6 TraJbBadHOIJIACTUYECKHM CIIOCOOOM, YaCTHYHO IIpHMEHSIB-
weecss B XIX B., Oblsio OTCTaBI€HO BCAEACTBHE HePeHTA0eJbHOCTH,

B nocnesnee BpeMsi anrio-ckanjHpasckas Qupma pekJaMupyer
paspaboTaHHbIl Y 3amaTeHTOBAHIIBI €10 ralbBAHOMJACTHUECKHI CIOCO0
HNpOU3BOJCTBA MATPUL, H3 HUKeNbKOGANBTOBOrO CIJIABA JIJST JIUThs
U I[pecCcOBaHUs IIACTMAcCOBBIX usfenuil. Hu cocraB snekTtponuta,
HH pPexXuM, HU METO/bl HaHeceHUsI TOKOTPOBOAAMUX cJA0eB Ha ueMeTasy-
yeckue MOJeNY, PaBHO KaK U Apyrue sJeMeHTH TeXHOJOTUH, B dupmeH-
HeIX npocnektax [1] He ocBemarorcs. B aTHx mpocmekTax momyJsipu-
3yIOTCH BBICOKME TEeXHHKO-3KOIOMUUeCKHe ToKasarean TajbBaHONJA-
CTUKH [0 CPaBHEHHIO ¢ BecbMa TPYAOEMKHM CHOCOOOM MEXaHUYeCKOT(
rpaBUpPOBaHHS, .

HMcxogst M3 MMEIOUUXCS JUTEPaTyPHBIX JAHHBIX H  HAKOIJIEHHBIX
SKCIepHMeHTaJIbHBIX MaTepHaJoB B 00/acTH 3/1eKTPOOCAKICHU ClINABOR
66110 TIPEATIPUHATO HCCNef0BaHMe B IIeJdsX Pa3paGOTKH TeXHOJOIHH
rajibBaHOILIACTUYECKOrO  NOJAy4eHUs Hu3fleqdil  passauunoit  Qopmel
U3 HUKeJbKOGaJbTOBHX CIJIABOB., JJNEKTPOXUMUUecKHe (paBHOBECHEIE)
MIOTEHIHAMbl HUKeJNs # KoGajpTa J0CTaTOuHO OJNH3KH, TaK JKe Kak
U UX 3JeKTPOHHOE cTpoenue u Gu3uko-xumMHueckne cBoiictBa. Tax,
no jaunbiM [necrona [2], mpu temmeparype 15° notennuan BeiieeHUs
KoGanbTa paBen munyc 0,56 6, a moTeHIMAaN BbIIeJeHUS HUKEJIs — MHHYC
0,57 6. Katoguast monsipusanys koGajbTa HECKOJNbKO MEHbIle KaTONHOH
MOJSPU3ANUN HUKENsT, ITO /ldeT OCHOBAHWE PACCUUTHIBATH HA BO3MOXK-
HOCTb 3JIEKTPOOCAKJEHUS HUKeNbKoOaJBTOBBIX CIJIABOB  3aJJAHHOTO.
cocTaBa IyTeM W3MeHEHWHS KOHUEHTpPauuu cosell Hukenss H kofajbTa
B 3JIeKTPOJIHTE.
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Moxno Taxkxe paccudTBIBATH Ha IMOBLILIEHHE cojepKanus KobajdnpTa
B CIIaBe HPU IOHHKEHHH IJIOTHOCTH TOKA, IOBLIIIEHUY TeMIepaTyphl
U UHTEHCUBHOCTH mepemeinnBanus. HukxeabkoOajabToBbie CIJIABH MPH
ornpejlesieHHBIX YCAOBUSIX NONYYAOTCA ¢ MAHHMANBHBIMH HAIIPsIXKeHUSIMH
U B TO JKe BPeMsl C BhICOKOH TBepAOCTBIO, 4TO B U3BECTHOU Mepe CAYKHUT
NPEANOCHIIKOR /ISl HCTIONB30BANUS 3TOTO IIpollecca NMPH HM3TOTOBJEHHH
BCTaBOK JJisi mpecc-QopM. DTH YCJOBUS JOJKHB 00513aTeNbHO COGJI0-
JAaTbCsl NpU OTVIOKEHUH CIJIaBOB 3HAYUTENBHOH TOJMIMHBI, MOPSJKA
3—4 mm u OoJbllie, TIOCKOJBKY IPU 3KCIJNYaTaLHH BCTABOK PA3BUBAIOTCS
Oonplye JaBJeHUsd.

TexHonorust ranpBaHONNACTUUECKOTO MNONYUEHUs! TOJCTHIX H3fenuit
H3 HUKENbKOGANBTOBOTO CIIABA CYIIECTBEHNO OTJAUY&eTCsT OT TeXHOJC-
r'MH, NMPHMEHsIeMOfi B raJbBaNOCTerHH JJIsI 3JEKTPOOCAXKEeHUS CPaBHU-
TeNbHO TOHKHX, OPOUNIO CleIJIeHHBIX ¢ MEeTaJJIUYecKol OCoBoll MOKPH-
TU#. DT0 oTaAHYNe 06YCAOBJEHO TPYAHOCTAMH Ofecledensst MOCTOSIHCTBA
COCTABA H BBLICOKHX TPOYUIOCTHBIX XapakKTePHUCTUK 10 BCEMY CeUelHIo,
a TaK:Ke 0coboro crnocofa KOUTAKTUPOBAIUS lIeMeTaNNIHYeCKilX Mofeses,
MOJTOTOBKH NOBEPXHOCTH 3TUX MOjesiell, Hallecenus HA HUX TOKOINPOBO-
JSIOEX CJIOEB, HAPAIMBAlIHsl TOJCTHIX CI0E€B MeU Ha Hepafouyyio noBepXx-
HOCTb NOJyuYeHHBIX M3feauil U T. A. [3], o uem Gyjer ckasaHo HuXe,
MPUMEHHUTENBIIO K 00pa3naM U MOJeNsIM H3 MONXCTHPONa, OPraHuIeckoro
CTeKJla U APYrux marepHasnos.

NPEJBAPUTEJIbHAS OBPABOTKA HEMETAJUIMYECKUX MOJAEJIEH

KoHTakTupoBaHuie Mojeneil U 3aBemiMBaHHe UX
B raJbBaHOMJACTHYECKHE BaHHB

KonTakTUpoBaHte neMeTaNauIeCcKOR MOJETH JOIKIIO OCYIIeCTBAATBCA
TakUM o00pasoMm, yTOGHl MOCAe HAHeCeHHS TOKOMPOBOJSILErO CJIosl
W Tocnepymomell 3arpy3kd B Fa/JqbBaHOIIACTHYECKYIO BAHILY 3JMEKTPO-
OCaXKJeHHe HAUMHAaJMOCh OBICTPO M PaBHOMEPHO HO BCell TNoBEPXHOCTH.
TlpUHIUNUANBHO KOUTAKTHPOBAHHE MOMKHO OCYUECTBASITL W HOcJje
HaHeCeHHs! TOKOUPOBOJSIIIETO €05, 1O NPH 9TOM BO3LHKAET ONAcHOCTb
€T0 NOBPeNIeHU d BCJIe/[CTBHE HEe3HAUUTE/bIIOH TOMIHHE {0/ MUKDOHA).
IIpu uccnmefoBanud mocTynanu ciaefyiomuM obpasoM. Ha wmepaGouyio
(TBITOBYI0) CTOPOHY MOJIENH, T10 Beell ee nepudepud HakaIaAbIBaACs yJoK
MeJHbIX IpPOBOMOK pAuamerpoM 0,2—0,5 mm, KOTOPHIE TNpuUKUMAjCH
K [lJacTMacce TOPSUUM HHCTPYMEHTOM — MOJOTKOM, IWIOCKOTyGUaMu
u 7. 0. He conpuxacaomasicsi ¢ MOJeJIBIO NPOBOJIOKA JJIEKTPOUIONHPO-
BaJsachb, HHAye NIpPH IOCJAeJyIOeM TOTPYKENHH B TajbBaHONJacTHUe-
CKYI0 Banuy MeTajn (CTiaB) B OCHOBHOM OCaKjajcsl HAa MPOBOJOKE,
5JeKTPOCONPOTUR/IEHHe KOTOPOil HeCpaBHEHHO MeHblUe, YeM Y TOHKOro
Tokomposojsimero cnaod. [lmomagb KoHTaKTHpPOBAHHS JOJKHA OblTh
JocTarodio Gonbuiof AaA TOro, 4T00bI MPU NOCJAEAVIOIIEM HAHECeHUH
TOKOINIPOBOJSIIIETO CJI0S [MEePexojilloe CONpPOTHBJeHUEe OblJIO He3Hayu-
TeNbHbIM U OblI0 oOeclietneHo OecClpeNnsTCTBENHOE NPOXOXKJenue geofxo-
AUMOI cuJBl TOKa. BMeCTo MpoBOJMOKH AJ151 KOHTAKTA MOYKHO IIPHMEHSITD
MEJHYIO UJU OJOBSHHYIO (QOJBIY.
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[MnacrmaccoBeie Mojlent HMEIOT MaJBIR YAbHBIH Bec, U IPU 34BEIlH-
BaHHU HX B rajbBaHOIJIACTHYECKYIO BAHHY OHH BCIIBIBAIOT. [Las1 mpeny-
NpPeXAEHUs] 9TOro sIBNEHUs] HeoGXOAMMO K [J1aCTMAcCOBoHl mojedn
NPUKPENHTh B COOTBETCTBYIOMIEM MecTe IPy3, IaNpUMep KYCOK 3MeKTPO-
M30JMPOBAHHOrO MeTasna. B JaHHBIX ONBITAX B KauecTBe rpysa Oblaa

" HCTI0JIb30BAHA TOKONO/IBOJSIIASL IPOBOJIOKA (MYYOK IIPOBOJIOK) B JKECTKO
VKpenJIeHHOH Ha IuTaTuBe KjaeMMe. DTO INPensiTCTBOBANO BCIUIBIBAHUIO
MOJEJH Ha TOBEPXHOCTU 3JEKTPOJUTA.

0OGe3KUpHUBAHHE NMOBEPXHOCTH

Tlepes HaHeceHueM TOKONIPOBOJSIIETO CJOS HA MOJEb HOBEPXHOCTb
ee JOMXKHA OBITh TIIATENbHO OYMILEHA OT pAa3JUYHBEIX 3arpsisHeHHil
n xkupoB. OGezxUpHBAHUE OCYUIECTBISETCS pPA3IUUYHBIMH CcIOCOGaMH
B 3aBUCHMOCTH OT CTeNeHH 3arpsi3HEHHS NOBEPXHOCTH U OT NPUPOJH
obpaGarteiBaeMoro wmarepuana. OGesxupuBanue MOXKIO [IPOH3BOJUTH
B OpraHuYyeckKUuX PacTBOPUTENSIX, lie PAcTBOPSIIOUIMX OCHOBHOH MaTepuas,
B pacTBRopax Iiesodell, B CycNEH3UH U3 MeJa UJHU BelicKOH W3BecTH, MpH
nomoiny npenapaTta «HoBOCTBY U APYrUMH  06e3KUPUBAIOMUMU  CPEJ-
ctBamu. Mojenn o6e3KUPHBAIOTCS [IyTeM MOTPY:KEHHsST UX B COOTBET-
CTBYIOIIME PACTBOPH! WJM NPOTHPAIOTCH BOJOCSHBIMU IIETKAMU,

B jpamebix onslTax o0e3:KHPUBAHUE TMOBEPXHOCTH MOJHCTHPOJA
M OpPTranuyeckoro cTekJa OCYIIeCTB/SIOCh 0-pasHoMy. Jlyumue pesyJib-
TaThl MOJYUUJHCH TPH caefymiomeM cnocobe obes:kupupanust. CHIBHO
3axUpeHHBle MOJENU [IpejBapUTeNbHO NojBepTranuch Bo3/ieficTBUIO opra-
HUUECKUX pacTBOpUTeNell, He pPearHpyloulHX ¢ MarepuasoM MOJENH.
Hns a0l e B BOJONPOBOJAHOM CJAHBE YCTAaHABJUBAJNU JEPEBSIHHYIO
[OJCTaBKy; Ha Hee yKJaauBanu ofpasel, KOTOPbIH CMa3biBajl pacTBO-
puTeneM XKUPOB M NOPOTHpanu MmeTKoH. 3arem o6paser MpPOMBIBANU
Teryioft BoAoR (36—40°), nepexocusnn Ha APyryio NoJCTaBky, MOCHNAlN
MesioM, nonuBanyu 25%-HBIM PACTBOPOM IIENOYH H MPOTHPAJH IMIETKOI.
Onepanyst 0o0e3XUPHBAHUS TNPOJAOJIKANACH JO TOJHOIO CMAYUBAHUS
[OBEPXHOCTH BOJOH.

OGpa6GoTKy NOBEPXHOCTH B OpPralluecKuX paCTBOPUTENSIX Heo0Xo-
JUMO MPOM3BOJUTL KpailHe OCTOPOXKHO, uToOBl MOBEPXHOCTH oGpasia
UJIH MOJIeSTH He Meusisia csoero BHeiinero Buja. [Las nonayuenus odopwm-
JSIIOIMUX BCTABOK TaJbBAHOMJIACTHUYECKUM METOJOM 3TO HMeEeT O4YeHb
paxkHoe 3Havenue., HeoGxoaumo nop0upaTh Takue ycaoBHS 06paGoTKHY,
uyro0pl 00ecleunBanioch JAOCTATOYHOE CleNJieHde XHMHUYECKH OCAK/eH-
HOFO TOKONPOBOJAIIErO CJI0S M TIOBEPXHOCTh HENPOBOJHUKA OCTaBa-
Jach TJajKoH.

Tmatennto oGe3KUpeHHbIE MOJENH TOC/ie MHOTOKPATHOH NPOMBIBKH
TenJyiofl BOJION MOMeIaloT B COCYA € JUCTUIIMPORAHHON BOJOH, a 3aTeM
B PacTBOpP /BYXJOPHCTOTO OJIOBA.

O0pa6oTka TOBePXHOCTH B PacTBOpPe JABYXJOPUCTOrO OJOBA

OGpaGoTKy B pacrBope ABYXJOPUCTOTO OJIOBA HA3BIBAIOT CeHCHOH-
Jau3anyeil wiam TPYyHTOBKOH. Posab 3Tofl 00paGoTKM — aKTHBHPOBATb
[OBepXHOCTb M 00pasoBaTb Ha HeMeTa/laX IlepBHYHbIE LEHTPbl KpH-
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crannusanuu. HeficTeue By xJa0pUCTOro 0J0Ba Ha Mpoiecc cepeCpeHust
oOnsicHsitoT To-pasuomy. Cuntaercsr, 4To 3pdekT 06paGOTKH CBOJAUTCSH
K yJAyULIeHHIO a/ire3HH, YCKOPeHUIO cepeOpeHUs W yJyulleHHIO Clele-
HHS.

Ha of6pasyomuxcsi Ha NDOBEPXHOCTH HeNPOBOJHUKA lEHTPAX KpH-
CTANIM3alMK B JandpliefiieM OCaXJaloTCs KPUCTaMJIBl cepeGpa, BocCCTa-
HOBJIEHHBIE B PacTBope.

Hast 3Toro mpouecca NPUMEHSJIHCL PacTBOPH ABYXJOPUCTOrO 0J0BA
or 1 o 20% ¢ xo6GaBKOHl cONMAHON KHUCAOTHI, NpeAylpexAaonied ragpo-
aua, ConstHast Kucqaora 100daBasjach B TaKOM KosHuecTse, 4ToGel pacTBop
cras mpospauneiM. Bpems o6paloTKHM B 3aBUCHMOCTH OT KOHIEHTPalHU
ABYXJIOPUCTOIO 0JIOBA H TeMIIepaTyphl pacTBopa cocTasnafno 5—10 MuH.

[Ipu Ttemnepatype 25° Bpemsi BHIJIEDXKKH COCTaBJAsLIO 5—6 MuH.;
¢ MOHHKEHHEM TeMIepaTyphsl BPeMsl BBIJEPIKKHM yBeandujock fo 10 mun.
Yanunenre npeGHIBAHUA MOJeJd B pacTBOPe JBYXJOPUCTOTO 0JIOBA
He BJHseT HA JaabHeHIIN#l Iporecc.

Tlocne 06paGoTKy MOJIEN JBYXJOPHCTEIM OJIOBOM OYeHb BAaXKHO Tila-
TeIbIIO0 ee MPOMEBITh; NMPH 3TOM He caefyer GOsTbCs MOMTHOTO YAaJeHUs
IBYXJIOPHCTOTO OJIOBA, TaK KaK OHO CHJBHO ajcopOupyercsi IOBepx-
HOCTBIO W TINATeNbHAsl NIPOMBIBKA TOJHOCTBIO YJAAJMUTL €r0 He MOIKET.
He pexomenjyercsi, 4ToOBl JBYXJOPUCTOE OJIOBO IIOHAJAN0 B PacTBOp
JJst cepeGpeHust, TAK KAK 9TO NPUBOJUT K 00Pa30BAHHIO NIATEH Ha cepes-
psHOM caoe. Bo uabexanue 3arpsi3HeHuil cepeSpAHOro pacTBopa Mojiedb
nocne o6paGoTKHU B pacTBOpe ABYXJOPHCTOrO 0OJM0BA TINATEJILHO IPOMbI-
BaeTcs JUCTUNNUPOBAHHOW BOJOM.

Ecay nmo xaxuM-au6o npuunHaMm cepefpende  3ajieprKHBaeTCH,
TO MojesH, o6paGoTaHHbIE B PAcTBOPe JBYXJIOPHCTOrO OJIOBA, CJaefyer
XPaHUTb, B AHCTHJJMPOBAHHON BOje A0 MoMeHTa cepeGpenusi. He cae-
AyeT AONYCKATb HX BHICHIXAHUS, TAK KAK IPU HTOM Ha cepeGPSIHOM CJoe
o0pasyloTcs NATHA.

HaHecenue ToOKOMPOBOAALLEr0 CJI0Hg METOAOM XHMHYECKOIro
cepeOpeHun

* CyimecTByeT MHOTO METO/I0B HAHECEHHs TOKOMNPOBOASIIErO CJ0d,
U3 KOTOpbIX Haubosbliee paclpocTpaueHUe HMeeT XHMHYECKOe cepel-
perue,

B nanuelx HcenefoBaHMsiX Obla NpHMEHEH METOJ BOCCTAHOBJEHHS
cepedpd HIBEPTHPOBAHHLIM CAXdPOM C CETHETOBOH COJIbI0. ITOT METOJ
THIATEIbHO TIPOBEPEH M YCIEUIHO ucnodib3yercsi Ha (afpure «I'osnak,
B [loMe 3ByKO3amucu u fp.

PacTBopel anst xumuueckoro cepeGpenust TOTOBSITCS 3apaHee —
3a oJUH Jlenp A0 ynoTpeOJieHUs] M XpaHsITCH B TeMHOH NOCYje B 3aTeM-
HeHHOM MecTe. [l TPUTOTOBJEHUS PACTBOPOB HCHOJB3VIOTCS COJH
MapkKy 4. 1. 4. U JUCTUNJIUPOBAHHAS BOJA.

Mpurorosnenue pacrsopa jas cepeGpenus. I'otoBaT aBa pacrsopa
CJENYIOMero cocTaBa: pactBop, cojepxauwmit 10 o/2 AgNO,, u pactsop
¢ 7 e/2 NaOH. 3artem atu jBa pactsopa cauBaioT BmecTe. [losmydaercs
MYTHBIl pacTBOP ¢ HeGOJBIIMM OCAaJKOM Ha JHe cocyfa. MyTHas uwacte
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pacTBopa CJMBAeTCs B OT/eNbHBIH COCY[, 4 B HaCTh PACTBOPA € OCAJKOM
fo6asasercs 20—24 ma 25%-noro aMmHaka (130BITOK aMMHAKa BpeJieH).
[locne atoro ob6a pactBopa cmeinusaiores. llosyuaercs mpospadnbiii
pacTBOp, B KOTOPOM cepeGpo HAXOJHTCS B BHUJE KOMIJIEKCHOH oMY
Ag (NH,),NO,;. Ecau mnocne pacrBopenust ocajgka B pactsope ofpa-
3YI0TCSl U BCIJBIBAIOT B3BellleHHKIe YACTHUL, TO PAacTBOp cJefyeT oThunb-
TPOBaThL uepes BATY.

IpurotopneHue BocCTaHOBUTeNA. J[(Ns1 NPUTOTOBJEHUST BOCCTAHO-
BUTeJIL FOTOBSITCSL jiBa pacTsopa. Ilepsuil pacrtBop cocrout uz 40 o
CerHeTOBO COJIH, PACTBOPEHHOH B 14 JUCTHANHPOBAHHON BOAH, BTOPO# —
3 950 M2 AUCTHAIMPOBAHHON BOJAI, B KOTODPYIC BBefeHo 50 M4 unsep-
THPOBAHHOrO caxapa. 3arem o6a 3TH pacTBOpd CMeLHBAIOTCS.

IpurotoBieHue HHBepTHpPOBaHHOro. caxapa. B 500 ms2 pucrannu-
POBAHHOII BOJIHI PACTBOPSIOT 75 2 KOJIOTOTO caxapa. 3aTeM B 3TOT PACTBOP
go6asasiercst 10 ma 10%-noft cepuoft kucaorel. Kon6a ¢ pactsopom
HAKPBIBAETCSI YACOBBIM CTEKJOM W MEJJEHHO Harpesaercss Ha BOASHOH
Gane B Teuenue 5—6 uac. Ilonyuaercss okpalmeHHBIA B KeJTbIH LBET
pacTBop UHBEPTHPOBAHHOTO caxapa.

Xumuyeckoe cepebperue. XuMuueckoe cepeGpeHHe MOXKET MPOHU3-
BOJAUTBCH B cOCyJax H3 TMOJHCTUPOJA, BHHUIJIACTA H OprCTeksa
¢ MOMOIIBIO BOCCTAHOBUTENEH, U3 KOTOPHIX ObIIY HCTHITAHLI TPU: HHBEH-
THPOBAHHBIA caxap, CerHeToBa cOJb U TJIIOKO3a.

BocecrTanoBnenune UHBEPTHPOBAHHBM cacxa-
p o M. B mycroll cocyA ykaajsiBaeTcs Mojenb W 3aMUBaeTCst pacTBOPOM
ansi cepe6peHusi ¥ BOCCTAHOBJEHUS B ONPEAEJNEHHBIX COOTHOLIEHUSIX
U TOCJEI0BATENBHOCTH.

CooTHolllenue KOMIIOHEHTOB (00 BeMHOE) CIe Y Iomee: pacTBop A5 cepel-
penusi 2gacty, BoccraHoBurens 0,5 yacTu, AUCTHAMNPOBAHHAS BOJA 3 4aCTH.

[ocnepoBarenbrocTs cepeGpenus chaepyiomas. Bhagane wa Mopens
HAJAUBAOT pPacTBOpP /AJs cepeGpeHuss MNPUBEJECHHOTO paHee COCTABA.
B sTOM pacTBope MOJiesb BBIIEPKUBAIOT B TedeHUe | MUH. 3aTeM B UCTUJI-
JIUPOBAHHYIO BOJAY BJAHBAIOT UHBEPTHPOBAHHBIH caxap, M cMechb INPHJH-
BAlOT B pacTsop Aasn cepeGpenus. Bpemst cepebpenus 10—12 mun.;
Temnieparypa 22—25°. )

st namecenus JOCTATOYHOTO cjost cepeGpa Ha 1 Om® moBepxXHOCTH
Mojenu pacxojpyercsi 100 ma cepeGpunbHOro pactsopa, 25 mA BocCTa-
HoBUTenss U 150 M4 AUCTHANHPOBAHHOH BCHHL.

BoccTanoBaenue cerneToBoft coasbwow. Hawe-
ceHue TOKONPOBOAAUIEro cJjost cepefpa NMPOU3BOAHTCS BOCCTAHOBJEHHEM
IIPUBEJIEHHOTO Bbilie pactBopa cepebpa 4%-HbIM PACTBOPOM CETHETOBOM
coni. B atom cayyae cooTHOLIEHUE PACTBOPOB AOMKHO ObiTh I : 1.

Ha wmofienb BBIJIMBAIOT pacTBOp cepeGpa, BbIJepKUBAOT 1 MHH.,
a 3aTeM BJUMBAIOT PACTBOP CerHeTOBOH cosnu. IIpomece mpoTekaer Inpu
TeMrnepaTtype mojorpesa o 30°, UTO HECKONbKO YCJOXKHSET TeXHOJOTHIO
cepebpeHus.

Boccranosaenne TrawkKosoi. Xopomde pesyiib-
TaTEl TOJYYAOTCA H IIPH HCHONB30BAHWH B KayecTBe BOCCTAHOBUTEJNS
0,25%-Horo pacteopa TJIOKO3BI.
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Boccranosaene cepefpa pacTBOPOM INIIOKO3BH MOXKHO IIPOU3BOMHUTH:
B cepeGpsIHOM pacTBOpe, UCXOJAHBIMU KOMIIOHEHTAMH KOTOPOTO SIBJSIOTCH
3 e/a asoTHOoKMCOrO cepelpa u 3 /4 eJKOro HaTpa.

PactBop jnst cepeGpenusi TOTOBAT caelyomum obpasoMm. B oTfens-
ublx cocyaax pactBopsiior AgNO, 1 NaOH. 3arem atu pactBopel cMelin-
Batorcsi. [losmydaercst MyTHeI pactBop ¢ ocajxkom. Ocajiok oTAessior
JleKanTaleil u pacTBOpSIIOT B MHHHMAJBbHOM KOJHUECTBe aMMHUaKa,
BBOAMMOM T0 KamasiMm. Pactsop jans cepeGpeHusi ¥ BOCCTAHOBUTE/b
XpaHsT B XOJOAHJbHHUKE.

[Tponecc cepeGpennst MpOH3BOAAT NpH TemnepaType 3—7°.

BocctanoButenb u cepeGpsinbiil pacrBOp HAXOASTCS B COOTHOLIENUH
1 : 1. Briayane Ha mojenb 3anMBAIOT cepeGpsiHbIH PACTBOpP, 4 3aTeM BOC-
CTAHOBUTENb.

Bonee Menkasi CTPyKTypa TOKONPOBOASIIErO cepefpsaHOro cJos
nosy4aercst Npu cepeGpeHH H3 XOJOAHBIX PACTBOPOB.

Inst monyveHust KauecTBEHHBIX OCAAKOB cepeGpa HeoOXOAUMO OO0
JlaTh 0Cco6YIO YHCTOTY U TIATENBHOCTEL B padoTte, TAK Kak IJieHKa cepebpa
O4eHb UyBCTBUTENBHA K 3arpsi3HeHHsM. B Tex MecTax, rjie 3ajepXuBaercs
MysbipeK BO3AYXd, MbiJb, ULTAM HJIH KaKoe-Jau0o Jpyroe HHOPOAHOE TeJIO,
cepe0po He ocaxKjaercs, a mpH janbHeflllleM HAHECEHUH TOJCThIX CJIOeB
noJiyyaeTcst OTCAAUBAHHE WU CKBO3HOE OTBEpCTHE.

XUMHUECKH BOCCTAIIOBJEeHHOE cepe0po Bhjle/seTcss Ha [IOBEPXHOCTH
MOJIeIY B BUJIE MATOBOTO 0CAJKa CBETJIO-CEPOro LBETA.

3aTaxkka TOKOMPOBOAALlero €109 B HHKEJCBOM JEKTPOJHTE

Tlocsie HaHecenust TOKOMPOBOJSIIIErO C0s cepedpa Mojlesb TIaTeNbHO
IIPOMBIBAIOT MIPOTOUHOH BOJONPOBOAHON BOJIOH, 3aTeM JAUCTHIAIUPOBAHHON
BOJIO¥ W NocJe 3TOro NOrpyXaioT HA HECKONBKO CEKYHJ B pACTBOP HUKe-
JEBOTO 3JIEKTPONHTA C STUNOBBIM CIMPTOM B CoOTHOUIeHHM J : I. 3arem
Mojienb 0e3 TIPOMBIBKY TIepEHOCSIT B HUKEJEBYIO BAaHHY JJf 3aTSKKH,
3apeliMBaTh MOJEJb B BaHHY CJaejyeT ToJ TOKOM BO H30eXaHHe pac-
TPECKHBAHUS TPOBOJSAIIETO CJOS.

Crneayer chaenuth 3a TeM, uTO0Ob B yIJyGJaeHUSIX MOAENH HE BO3HHU-
KaJu Ny3blPbKH BO3J[yXd, TaK KaK B 9THX MECTAX METAJJ He 0Ca/aeTcs.
[Iy3eIpbKU YAANSIOTCH BCTPSIXUBAHUEM MOJENYU UM MATKOH KHCTOUYKOH
[pU NOBOPAYMBAHUM MOJENYM B IOPU3OHTAJBHOM IOJIOXKEHUU TOJ CJ0eM
anexrposauta. Mogenu Torpyxamrcs B BAHHB TOCTENEHHO. 3aTdmka
HHKeNeM IIPOHU3BOJUIACh B 3NMEKTPOJHTE CAEYIONIEro cOcTaBa M PekUMa:

NiSO-7TH, O - v - v o v v i o e e e e e 120 2/
H,BOg « - v v v v v 0 o000 44y
MgS0O, - TH,0 O A
DTUAOBHIHA CIHPT -« -« v v e v v v v o e o o v o 24 mala
TeMOEPATYPE - -« + = « « v o« o e e e . 22290
pH . v v o o o Lo o 4849

IIpr Gosee HU3KOH TemrepaType sMeKTPONH3a, a TAKKe NPH TeMIle-
PaTypHBIX KOJe0dHUSIX B HHKENEeBBIX OCajKaX TMOSBAAITCS OCoJbiude
BHYTPEHHUE HANpsiKeHUS, BbI3bIBAIOULME PACTPECKUBAHUE OCajKa.
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HuxkeneBui#l 371eKTPOJUT HEOGXOAHMO TOTOBUTHL H3 WYHCTHIX CcoJjelt
¥ nepuojndeckd QUABTPOBATH Yepe3 aKTHBUPOBAHHEIA yroJb.

HuxkenmupoBanue npojonxaercst 15 MHH. IO clefyIOnieMy peXRUMY:
5 mun. npu niaotnoctd Toxka 0,3 a/Om%, 5 MHH. DpH INOTHOCTH TOKa
0,5 a/Om® u 5 mun. npu miaoTHoctH Toka 0,7 a/dm?.

Mensenne Moneneit

[Tocne HukeaupoBaHuns MojenH NOrpyKaior B 10%-upili pacTBOp
CepHO# KUCTOTH U Ge3 NPOMBIBKH BOJOH 3aBeINUBAIOT B BAHHY A MeJ-
wenust. O6padorky B 10%-Holt cepHO#l KUCJI0TE NPOU3BOAAT AJs Tpeay-
Opexjenust HUKedst OoT oOkucjenusi. CpexkeocarkJeHHAs NOBEPXHOCTb
HUKeJs! 04eHh OLICTPO OKUCASETCS W TTOKPLIBAETCS MACCHBHOH NMMASHKOH,
KOTOpPAas MOXKET IPEeNsTCTBOBATH XOPOLIEMY CIEINJIEHHI0 HUKeNs ¢ Hapa-
[IMBAEMBIM b JaNbHEHIeM c/JoeM MeTanJsa.

Me/iHenHe IPOU3BOAUTCS B TEUEHHE § MUH. B 3JIEKTPOJH (e Cae/[VIONero
COCTaBa M pekHMa:

CuSO,-5H, 0 - - . - o v o oo 250 2
HSO, - . -« . . . ... .. .. .. .. 50>
Temneparypa . . e e o 20—929°
TlroTHOCTH TOKA HpH6JIH3HTEJIbX'O O 1 £ J 5

Tlocae HaHecenusl MeJHOrO CJOST MOJeJH HPOMBIBAIOT BOJAOH W 3aBe-

IUUBAOT B BAHHY JAJAd HapamMBaAHUS TOJCTOTO CJOS HUKeJbKOGAAbTO-
BOro clijiaBa.

HAPAHIMBAHUE TOJCTBIX CJIOEB HUKEJBKOBAJBTOBOIO CIJIABA

Mertopuka wucciaenoBaHns H aHaausbl. K pacTBOpYy CepHOKHCIOTO
HHUKeJNs!, cojlepkaineMy OOPHYIO KHCJOTY B KadecTBe Oy(epHOro coeju-
HeHUs! M XJOPUCTbI HATPUil B KavecTse aKTUBATOpd, A00ABNSIH Tiepe-
MEHHOe KOJHUECTBO CEpPHOKHCIOro Kobanwtd. llpu HccenepoBanuu BJus-
HEST PA3JIHYHBIX (DaKTOPOB HA COCTAB 3/IEKTPOOCAKACHHOTO CIIJIABA KATOA-
HBIM MaTepuajoM Cay:Kuja [OJHPOBaHHAS XPOMOHUKeseBasl CTadb,
C KOTOPOH Jerko CHHMAaJCcsl OCa0K AJs XUMHUecKoro ananusa. [ns
MONYYeHHs] TNPOYHO CIEMNJEHHBIX OCAJKOB B HeasX HCCAeA0BaAHUA
MX TBEPAOCTH YW MHKPOCTPYKTYPbHl KATOAHBIM MaTepuHajoM CJAYKHIA
JaTyHb. AHOJIHEIM MaTepHAJOM HHOTAA ABJAJICA HHKeNMb, B JAPYTHX
caydasgXx HHUKeIb-KOOAJbLTOPBIM CIVIAB M, B TPeTbUX — pasje/bHble
HHKeJeBble i KOOANLTOBHIE {HO/IBI; CHJAY MPOXOJAIIETo Uepe3 HHX TOKa
peryaupoBajy TpH TOMOIU PeocTaToB B COOTBETCTBMH C 3ajJdHHLIM
COCTABOM 3JIEKTPOJIMTA M Ocaxjaiowerocs crviasa [4].

Ko6anbT B pacTBOpe W B KATOJHBLIX OCAJKAX ONpPeJIeIsiH HOTEHIMO-
MEeTpUUECKH, HHKe/Ib.B pPAcTBOpE — BECOBHIM MeTojoM mo Uyraesy,
a B KATOJHBIX OCajiKax — IO PA3HOCTH.

Huxke usnoxen npuMeHeHHBIH B JAHHHIX HCCAEHOBAHHSIX IOTEHIIMO-
METPHUYECKUH MeToj OTpejenenuss KoOaabTa.

IMoreHnHOMeTpHYECKOE TUTPOBAHHE K0OaabTa NPOH3BOJHJIOCH PaCT-
BOPOM 2KeJIe30CUHEepPOJUCTOr0 KajHsd, KOTOPbIH B aMMHAuHOM pacTBODE
OKHCJsieT BYXBaJeHTHeIH K0GanbT JO TPEXBaJeHTHOTO:

Co?+ - [Fe (CN)yJ*~ — Co®* + [Fe (CN),]*-.
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H36BITOK Kesle30CHHEPOJUCTOTO Kanus yCTaHaBJAUBAMW OGPATHBIM
TUTPOBAHUEM CTAHJAPTHBIM  PACTBOPOM  a30THOKHCJAOTO  KobajbTa
JO TOSIBJMEHUS Pe3KOoro CKauka NOTEeHIHAaJa, COOTBETCTBYIOMErG SKBU-
BaJEHTHOH TOHKe.

VHAUKATOPHBIM 3JEKTPOAOM CAYXKuJa IJIaTHHA B BHJE IIPOBOJIOKH
auametpoM 0,7 MM, KOTOPYIO YKPENJsIIM B LITATHBE U TPHCOEUHSNH
K TOJIOXKUTENBHOMY [OJIOCY NoTeHuuomeTpa. [Ipucytersue B pacTBope
MOHOB HHUKeJsl He Mellaso THTPOBAHUIO.

BaugHue OTHOCUTENHLHOM KOHUEHTPALMH HUKEIEBBIX H KOGAJXbTOBHIX
coseil Ha COCTaB KAaTOJHOr0 OCajKa HHUKeIbKOOAJILTOBOrO CHjaBa HpH
Pa3NUYHBIX TJIOTHOCTAX TOKa. M3yueHle BNUAHNUS KOHUEHTPAUUN Kobanb-
TOBEIX COJlell Ha COCT@B KAaTOAHOIO Ocajkd INPOU3BOAUJIOCH B 3J€KTPO-
JIUTE CJIeJ[VIOMIEr0 COCTaBa H pexHuMa:

NiSO,-TH,O . . . . . . .« o . . . .. . ... 200¢/a
HgBOg - - -« « o v o v o v oo s o 30
TemMmeparypa - « - .« « o« o 40w e .. 20°

pH . o . e 5,6

[Tonyuenpnie JaHHble MOKA3bIBAIOT, 4TO C yBEJIHUYEHHEM KOHIEHTpa-
UM cond KobasnbTa B 3/eKTPOJUTE cojlepkanne KofanpTa B 0cajIKe PesKo
BO3pacTaer.

C yBejuueHueM ILTOTHOCTH TOKa cojlepKanue KobasnbTa B ocajke
ymenbuaercst (gur. 1).
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®ur. 1. Baussme cofepxanns CoSO, B 57eKTpoJHTE HA COCTAB KaTON-
HOTO 0OcajKa MpH DPa3IHUHEX I[LIOTHOCTAX TOKAa:
1 — 0,1 a/om®; 2 — 0,6 a/dm?; 3 — | a/dn®, 4 — 2 a/Om2;, 5 — 3 a/om?.

Baunanune pH ucciegoBanu B s/iekTposinTe ¢ CofepiRaHueM
19 /2 CoSO,-TH,0; no copepxanuio HUKeAeBOR cOMH, GOPHOH KHCIOTHI
M XJOPDUCTOTO HATPUS IMEKTPOJNIUT He OTIUYAETCST OT NpeAByiero.
ITnoTHOCTh TOKA BO BCeX ONBITAX MojjlepxuBany 1 a/dx?, TemmepaTtypa
20—21°. OnblTbl IPOBOIUAN CO CBEXKHM IJAKTPOJNHTOM NPU CJACHYIOMHX
snavenuax pH: 1,5; 2,2; 3,0; 3,8 u 5,6, Ognospemento 3amepsan
BBIXOJl MO TOKY.
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[Tonyuennnie fanuble npuBefeHbl Ha rpaduke (Qur. 2), Ha KOTOPOM
KpuBas [/ XapaxkTepH3yeT H3MeHeHHe BbIX0Ja CIJIaBa [0 TOKY B 3aBHUCH-
MocTH ot pH sgextposuta, a xkpHBas 2 — H3MEHEHHE COCTABAa CILTABA.
Ha xpuBLIx BUAHO, uTO ¢ NoBblllenueM snavennit pH or 1,5 o 3,8 3ameTno
TIajaeT cojepraHne KoOAILTA B KATOJHOM OCAafIK€ M NOBLIILIAETCH BLIXOH
IO TOKY; NpHU JanbuefiiieM nosbiiienuu pH HY cocTaB ocajka, HU BLIXOJ
MO0 TOKY 3aMETHO He MEHSIOTCS.

BausHHe nepemelnyBaHysi 2JeKTPOAHTA HA COCTAB KAaTOAHOIO OCajka
HHKeJAbKOGadAbTOROrO cinaea. ONBITHl N0 YCTAHOBJIEHHIO BJAUSHHS Iepe-
MeIIMBAHUSA HA COCTAB KATOZHOI'O OCafKa HHUKeJbKOGAJLTOBOTO CIIJIABA
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®ur. 2. Bnusiue pH Ha BBIXOA TO TOKY H COCTaB
KaTOJHOI'0 ocajka:
! — BLIXOJ MO TOKY: 2 — COCTAB KaTOQHOrO 0CAajAKa,

IPOU3BOJAHJN B 3/JeKTPOJNUTAX IIPHBEJIEHHOTO DaHee COCTABA C PA3JHUY-
HBLIM cojiepKalineM kobGaJjbra.

[lepemenInBanue OCYIIECTBJALJIH BO3AYXOM TIpU TIOMOILHM mepdopupo-
BAHHOIO 3MEEBHKA. OJIEKTPOJIH3 NIPOH3BOJHJIN TIpH TeMnepartype 19—
20° u naotHocTH ToKa 1 a/om3.

PesynbraThl ONLITOB NpHBefeHH Ha rpaguke (¢ur. 3), us KOTOpOro
BH/JHO, YTO [IPU IepeMellMBaHHH 3JEKTPOJHUTA COJepKaHKe KoBanabTa
B KATOJIHOM OC&JIKE 1ECKOJbKO TIOBBIILAETCH,

[Mosyuenne TOACTBIX OCAZKOB HHKEAbKOOAAbTOROTO crJjaea. Jlas
MOJIYUeHUs OCAJKOB CILIABA HUKeJdb — KOOAAbT TOJdmUHOR 3—4 MM
Oblia cobpaHa YCTAHGBKA, OOeCHEUHBANOIMIAS HelpPephIBHOE, KPYyLJO-
CYTOUYHOE NTUTAHUE BAHHBI TOKOM.

HcTOUHHKOM TOCTOSIHHOI'O TOKA CJIYXKHJ CEJEHOBBIH BLITIPAMHTEND
tuna BCA-5 na 12 6, K xiaeMMaM KOTOPOro NPHCOENHHSIH KHCJIOTHLIH
aKKyMyJaATop Ha 6 6 H yCTaHOBKY JJId IOnydelHs cliasa. B xauectse
JEKTPOSIH3EPA HUCIIOJNb30BAJH IIPSIMOYIOJAbHBIE CTEKJSHHBIE COCYA
€MKOCTbIO 7 4. AHOZOM SIBJSJNHUCH MJIACTHHbLI H3 HUKEJS HJIHW M3 CIJaBa
Ni — Co, a Takxe nuxesenble H K00anbLTOBbIe IWIACTHHL pasMepoM 100 X
X 40 X b MM, NOMEIeHHbIE B YeXJbl U3 XJODHHOBOH TKAHH.

TlocToAHHBIA COCTAB 3/IEKTPOJIUTA TOAAEPKUBAJUA PASJUUHBIMH CIIO-
cobamu.
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O6ecnieyeHHe NOCTOSTHCTRA 90eKTPOJUTA H COCTARA OCAJKOB HPH padore
C HHUKeJeBbLIMH aHOJNAMM M HenpepbiBHON mojaueit (Mo kamasm) KoGanb-
TOBOro pacreopa. B Banmy no xamjasM u3 GOpeTkH A00aBJSIH KOH-
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Gur. 3. Bausanne nepeMeilnBaHHS HA COCTaB KATOJHOIO OCanka:

1 — 6e3 nepeMellHBanus; 2 — ¢ MePeMelIHBAHHCM.

HeHTpUpOBaHHbIN (~ 200 e/4) pacTBop cepHOKHCJOro KoGanbTa. bBrimo
MPOBEJEHO HECKOJbKO ONBITOB B Teuenne 2—12 cyrtox. Pesyabrarsi

NoKasaJH, uYTo B Hefoabmnux obnemMax
TPYAHO OCYINECTBUTL HEIIPEPHIBHYIO TOAAYY
pacrsopa CepHOKHUCJAOro KobanbTa, a IIpH
TeprojuueckoM  fo0aBJEHHH pacTsopa
TpyAHO 0O0ecIeuuTh IOCTOAHCTBO IJTEKTPO-
JUTa, JTO JIerue MOWKET OHTb OCYIILECTB-
JIEHO B IIPOHM3BOJCTBEHHBIX BaHIIax, pabo-
TAIOWHUX C llepeMelluBaHHeM H HUPKYJIA-
LLMeld 3JeKTpONHTa.

IIpumeHeHHe aHONOBR W3 CHJaBRa HU-
Keab—KoGanbT. a5 3Tol yeau Obla U3ro-
TOBJIEH HHKeNbKOGANLTOBbIN CIIAB, COlep-
Kamuil 9,5% Co. Cnra Obln TIpokaTan
Ha TOMUIMHY 4 mMm, H U3 Hero ObLIN H3ro-
TOBJIEHE! aHOJb! paszmepoM 4 X 80X 150 uu.

[lpojenanHbie OMBITH TIOKa3ajH, 4TO
OPH HCIHTAHIIBIX AHOAAX, B TIponecce
3JIEKTPOJIN3a  TIPOUCXOAHT  ObejHEeHMe
koGanbTa B BaHHe. A0 TOKPHIBAIOTCH
JTAMOM, NACCHBUPYIOTCS H HEPaBHOMEPHO
pPacTBOpSTHOTCH.

[IpumeHenHe pa3lenbHBIX AHOAOB M3
HHKensl W Ko0a/ibTa C HMHAMBHAyaJbHBIM

®ur. 4. CxeMa ycTaHOBKH AJjs
HOJIyYEHHS TOJICTHIX OCAIKOB HH-
KeJbKOOaIbTOBOrO CIIJIABA ¢ pa3-
IeJbHBEIMH  aHOJNAMH H HHIHBH-
NYaJbHBIM THTAHHEM HX TOKOM.

NHTaHHeM HX TOKOM. HOJIyquHe TOJCTHIX CJIOBB HUKENLKOOAMLTOBOrO
CIIaBa C pa3[eJbHBLIMH aHOJaMH HUKEIS H kobaJjbTa C HHJIUBU-
AyaJbHbLIM TMUTAHHEM HX TOKOM ObIIIO OHpO6OBaHO Ha YCTaHOBKE, CXeMa

KOTOpOH NpuBezeHa nHa ¢ur. 4.
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Cuny Toka, TIPOXOASIIEIO dYepe3 HHUKejeBble M KOGaJbTOBBIE
aHOMBbI, YCTAHABJHBAJH C YYETOM COCTaBa NOJY4YAeMOro cmaaea. Tak,
LSt Toro, utobbl moayuutb cmaaB ¢ 30% xofasabra, Ha KoGajgbTOBLIH
aHos HeoGXoAuMO nogaBaTh 30% OT Bcefl CHJBI. TOKA, TAK KAK 3JMEKTPO-
XHMHYeCKHe SKBHBAJIEHTHl HUKeas M KobanbTa Jpyr OT Apyra OTJIH-
YaloTCsd OuYeHb MaJio.

Hapammusas ToscThie 0CajKH HHKEJNbKOGAJLTOBOIO CIIJIABA, eKel-
HEBHO TIPOU3BOJUJH AHAJH3Bl 3JeKTpoJuTta., [Ipu aToM GBIO YCTAHOB-
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Bpema 3nexmponuia

Qur. 5. Vsmenerne cocraBa 3iekTpoanTa npu pabote
C pa3ne/NbHBIMA HHKEJIEBBIMK M KOOaJbTOBBIMH QHOJAMH.

JIEHO, 4TO COjepxKaHHue KoGajbTa B 3JEKTPOJIUTE KonebjeTcsl B He3Ha-
9UTeJNbHBIX Tipefenax. Ha ¢ur. 5 moxasaHo H3MeneHHe COJEepKaHUA
KO0anbTa B IBYX HHKENIbKOOANBTOBEIX JIEKTPONHTAX NPH pabore BaHH
C paslesbHbIMH aHOJAMH W C IPHUMEPHO OJHHAKOBBIM COCTABOM.

MUKPOCTPYKTYPA HUKEJBKOBAJBTOBOIO CHJIABA

CTpyKTypa U CBOHCTBA 3JEKTPOOCAKJAEHBIX CIJIABOB TECHO CBA3AHBI
MeXay coboit. XoTd BbijesqeHre HHUKeJas # KobanbTa U3 Caa0oKHCJBIX
3JEKTPOJNHTOB, TAK K€ KAK U BblJeNeHHe HHKeJbKoOAabTOBLIX CIIJIABOB,
DIPOTEKAET C BBLICOKHM BBIXOAOM TIO TOKY, HO KHCJIOTHOCTbL IPHKATOA-
HOTO CJIOS HHM2Ke, YeM Bo Beell Macce sjaexTpoauta. [lo CUX MOp HET ACHO-
CTH B BOMpOCE O NMPHPOAE NPUKATORHOTO CJOH IHPH 3JIEKTPOOCAKIEHHU
HHEKead U KobGanbTa. OfHE CUMTAIOT, YTO 00pasyercd KONJIOMAIIAA THADO-
OKHCb, JpYrHe, — uTo ofpasyercs TBepiast ¢asa rugpara. Taxk uam
nHave, faxke INpH GOJLIIOM YBeJHYEHHH TPAaBJEHOTo HIIHda 3JMeKTpo-
OCaXKJeHHOI'O HHKeas MM KobanabTa He yjaercs OOHADYKHTL pasMephl
3epeH. DTO BO3MOXKHO TOMbKO IIOCJE OTXKUIA, IPH KOTOPOM IPOUCXOJHUT
pPeKpHCTAJIH3aIH .

MapecTHO, 4TO TIpH BBeJeHHH opranHuyeckux OseckooOpasoBaTesed
B HHUKeJNEeBble 3JEKTPOJHMTH YacTO IOJydYaloTcsd OCaiKH CO CJIOHCTHIM
CTPOEHHEM, TIPHYEM OTJe/bIbie CJAOH IlapasJesabHbl INIOCKOCTH OCAXKJe-
HHS. AHaJOrHuHble fABJEHHS 1ACMIOJAIOTCS INIPH  SIEKTPOOCAXKIEHHH
CIlTaBa HHKENb — KOOanbT U 0e3 oprannyeckux OJjeckooOpasoBaTesel.
Tlpn stoM obpasylorcs Kak WUPOKHe, TAK M y3Kue cIOH. Hasectno, uto
UIHPOKHE CJOH SIBASIOTCH Pe3yabTaTOM H3MEHEHHS COCTaBa BO BPEMEHH,
IVIABHBIM 00pa3oM N0 COJEP:KAHHUIO OCHOBHBIX KOMIIOHEHTOB — COJIeH
Ko6aabTa M HUKeNd B NPHKATOLHOM CJIOE.
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TBEPAOCTb 3JJEKTPOOCAXJAEHHBIX COJIABOB

J1 M3mMepeHHS TBEPAOCTH NOJYYAJTHCH OCALKH JOCTATOUYHOH TOM-
WHEbl, nopsaaka 3—3,5 mm. Mavepenus npoussojnayn na npubope Pok-
BeJJIA C aNMasHOH MHpaMuioi npu narpyske 150 xe. Mcxognbiit 3meKTpo-
JuT OblT TAKOIO JKe COCTaBa, KAk M B paHee NPHUBEJEHHBIX OILITAX.
Cojepxxanue KO0ajbTa, CYHTast HA METANJ, B 3JEKTPOJHUTE COCTABIAIO
2,6; 5,1; 5,7 u 8,7 e/a; cogepxanne kKoGaabTa B KATOLHBIX OCAJKaX
coorBercTBenno 21, 37, 41 u 57%.

OmBITEl NMPOBOAMJIH TIPH Temmeparype 20—21°, mioTHocTH Toka
1 a/om®, pH=>5,6, Ges nepemeinusanus,

Tlosyyennsle pe3yJbTaThl IPUBEJIENLI  HAC
Ha rpaduxe (pur. 6), #3 KOTOPOrO BHJAHO,
YTO TIPH JAHHBIX YCJOBUSX TBEPAOCTD 40 Pt 0
3aMETHO TNMOBLILIAETCA IPH VBEJHYEHUH /
cojep:kapusi KobanbTa B ocajke [0 20—
40%; npu pJaJgbHedlileM YBENHYEHUH /
coftepxannst kobasnbTa B CCajike TBep- [
JOCTb NPAKTHUECKH HE MeHAeTCH. 0 4 60 89 (Lo
Cepusi onbiTon Obuia  IPoBejena 00 80 80 40 20 M
C JEKTPOJMTAMH, COJEPKAIUMHU CYJlb- Kamodnsid ocadox, %

dar ammouns. B orgennhiblx CaAy4adaX  @ur. 6. 3apmcHMOCTD TREpAOCTH
NOMYYaJUCL OCaJAKH C TOBBILEHHOH  HEgenbKoBaNLTOBOrO OCajka OT ero
TBEPJOCTEIO, HO PE3YJBLTATh! IIJI0XO BOC- cocrasa.
OpPOH3BOJHIUCD.

Hapamueaiie TOJCTHIX HUKEABKOOAIRTOBBIX OCAJKOB IIPOU3BOIH-
JIOCh B3 2VICKTPOJITA CJEAYIOEro cocrapa (B e/a) H pexuma:

NiSO,-7TH,O . . . . . . . . . .. ... ... .. 200
HBOg « - - « v v« i v i i i 30
NaCl . . . . . . . . . e 15
CoSO;-TH,O  « v v o v e e e 19
Temnepatypa 8 °C . . . . . . . . . . ... .. 2021
pH . o . o e 5,6
I Ba/on® - . . . . oo 1

. DJIEKTPOJIUT TOTOBUJIH H3 XHMHUYECKH UHCTHIX DEAKTHBOB. 3aTeM ero
OUMIIANU O1 OPraHuueCKHX IpHUMeceil IPH MOMOMM IEPEKUCH BOJOPOJA
¥ npopabaThiBaju NP LHU3KOI MJIOTHOCTH TOKA.

B npopa6oTanuyo U OTOUALTPOBAHHYIO BAHHY 3aBELIHBANH MOJENH
NOCJIE 3ATSIKKH HX B MEJHOM 3jekTposute. Mojenn B HUKeTbKOGATBTO-
BYIO BalIy 3aBEIIMBAIHN O] TOKOM. B nepBHie [BOE CYTOK aHO/bl B BAHHE
pacmojiarajgu Tak, uToGbl 3JIEKTPOOCAKIEHHE I[IPOTEKAJSO0 PABHOMEDPHO
o BCefl NOBEPXHOCTH Mojenu. Ha Tperbd cyTKH aHOAb! IepeBelIHBaJIH
Ha OJHY CTOPOHY BallHBl, H OCarxJelHe MeTajsa NMPOUCXOAHIO IPEHMy-
mecTBenno Ha pabouell wactd Mogenu. Hapammsanne cnjaBa Ipofosi-
x®ajgoebr 10—12 cyrox.

3atem Ha 1€KOTOPbIE OGP asIbl OCAKIAMH TOJCTbIE CJIOH MeJH U3 cep-
HOKHCJIOTO Hau GopdropHCTOBOAOPOAHOro anekTpoanta [5]. Hapamu-
BaHHe MeQH IPOH3BOAMJIOCH I YHOOGCTBA 3akperieHnst ohopMasiomei
BCTaBKU B COOTBETCTBYIOLLEHl JJIs1 MOJENH OmNpage.
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HaunGosiee xapakTepHblfi BAJ Opaka BbhpazKaeTcst B TPEMHHAX # I'Py-
6o1x Hapocrax. Ha ocHoBanuH OOJBbILOrO 3KCIHEPUMEHTANTLHOTO Mare-
pHasa MOXKHO YTBEPXKJATh, YTO TPEINMHLI [OABJAAIOTCH B pPe3yJbTare
HAPYIUEHH TEMIIepaTypHOro HJH 3JeKTPUYECKOro pexnMa. [pylGue
HAPOCTHl MOABASIOTCS IIPH 3arPA3HEHHH 3JIEKTPOJUTA B3BElIEHHBIMU
yactunami. HeoGxoauma HelpepbiBHast HUPKYAAUMs N QHALTpaus
3JIEKTPOJHTA.

ITocse oTpenenrs MOJeTH OT GopMbl paGouyio 4acTb GOPMbL H3 HHKEJb-
KOOAJMbTOBOI'O CTJIaBa [Js NPHAAHMA OJecka IOABEPranu 3JIeKTDPOIo-
JUPOBAHHIO B cepHOlM KHcaoTe V. Beca 1,6, uro coorBercTByeT 68,7%
(BeCOBEIE). DNEKTPONOIHPOBAHHE HPOU3BOAH/IN B BUHHIJIACTOBOM COCYE
NpU KOMHATHOH Temmneparype. Kartojamu ciayXu/JH CBUHLOBbIE ILTa-
cruaku. IlnotnocTs Tora 20—40 a/dm?; temneparypa 30—35° [6].

Ha6aoganocs, uro cunmaBel ¢ GOJbIUAM COAEpPXKAHHEM KOOAJbTa
B pe3yJabTaTe 3JEKTPONOJIHPOBANIUS TIOKPBIBAJUCH JErKO VAaJfdeMbIM
TEMIIO-PO3OBLIM CI0EM NPOIYKTOB AHOLHOIO pacTBopeHHd. Kak Tonbko Ha
TIOBEPXHOCTH 00pA30BBIBAJCHA TJIOXONPOBOAAIIMI CJIOH IPORYKTOB aHON-
HOTO pacTBOpPEHHH, CHJa TOKa DPe3Ko majgana jo nynad. Opasen BbHH-
Manu, IPOMBIBAJIY B TIPOTOYHOH BOJE, U, ecii Ojeck Obl HEJOCTATOYHBIH,
3JIEKTPOTIONIHPOBAHNE IIOBTOP AJTH.

Ha ocHOBaHHH H3MOKEHHOTO MOXKHO CJenarh CAelYIOmHe BBIBO/M.

1. DKcrmepAMeHTaNbHO YCTAHOB/IEHA BO3MOXKHOCTb HOJYUYEHHA OGOp-
MJIOWU X BCTABOK U3 HUKEMbKOGANBTOBOTO CIITAaBA Ha MOJENAX U3 NOAH-
CTHpOJA U OPTAHHYECKOTO CTEKJA.

2. OCesxUpHUBaHHE NJTACTMACCOBLIX Mojesell MPOU3BORAT AO NUJNHOIO
CMAUUBAHHUST TIOBEPXHOCTU BOJOH; Meroj O0e3:KUpUBAHUA BLHIOHPAIOT
B 3aBHCHMOCTH OT CTENEHH 3arpsi3HeHUd MOBEPXHOCTH U poja obpabarul-
BaeMoro MaTepHasna.

3. Haunyumuii meToj HaHeceHHs TOKOTIPOBOASIIETO CJOST CBORHTCS
K XHUMHYECKOMY cepe0peHHI0 TIPH HCIOJAb30BAHHH HHBEDTHPOBAHHOTO
caxapa B KauecTBe BOCCTAHOBHTEJN.

4, BceaepcrBre OaH30CTH  9JMEKTDOXUMHYECKHX CBOHCTB  HUKeNs
H KoGajbTa IIpeJACTaBASETC] BO3MOMKHBIM COOCAXKAATh 3TH METAJJIb
HA KaTOZe M3 PACTBOPOB NPOCTBIX coJell ¢ 06pa3soBaHHEM COOTBETCTBYO-
IUX CIJIABOB B CJOSIX B3HAUUTENLHOH TOJIHHEL.

5. YcraHOBieHa 3aBHCHMOCTb MeXKJY KOHIEHTpauueidl HUKeaeBOH
¥ KOGanbTOBOH COMM B 3IMAEKTPOJHTE H COCTABOM HHKENIbKOOGATLTOBBLIX
OCAJKOB MpPH PAa3AUYHBLIX MJOTHOCTHX TOKA.

6. YCTaHOBJEHO BAMHAHHE TMJOTHOCTH TOKa, suayenuilt pH smexrpo-
JUTA ¥ TepeMellHBaHHs ero Ha COCTaB HUKeTbKOOAMLTOBOIO OCaJKa.

7. Tlokasano, 4To I NOJNYYEHHs T'ATbBAHOIIACTHUECKHM CIOCOGOM
TONCTHX OTJOXKeHHH (3—4 mMm) HUKeTbKOGAJTbTOBLIX CIJIABOB C BHICO-
KHUMH TNIPOYHOCTHLIMH XAapaKTEDUCTHKAMH HeoOXOo4uMO CcobJIofaTh DPSf
YCJIOBUH, BaXKHEHIINMH H3 KOTOPbIX ABJIANIOTCH CJIELYIOLIHE:

1) TOCTOSTHCTBO COCTABA 3JNEKTPOJIUTA; “

2) TOCTOSIHCTBO TEMIEPATYPHOIO U 3JEKTPHUECKOI'O DEXUMOB;

3) dusHyecKas M XMMHUYECKAasl GMCTOTA 3JIEKTPOJIHUTA, KOTOPhiE MOTYT
ObITH ObecTieyeHbl HENPEPHIBHON LUPKyAduuell n GuabTpanue.
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8. MaxcumanbHad  TBEPJOCTb  HHKeJbKOOAJAbTOBBIX  CIJIABOB
(HRC ~ 42) 6e3 Beegennd cienuagbHuX 106aBok cooTBeTcTBYyeT 40% Co.

9. Vcranopiaena BO3MOXKHOCTL oOfecredeHusl TOCTOSIHCTBA 3JEKTPO-
JIUTa, a TeM CAMbIM M OCAJKa IIPU 3aBElUHNBAHHH HHUKEJNEBhIX H KOOa/Tb-
TOBBIX AHOJOB C UHJHBHAYAJLHBIM IUTAHUEM U PEryJHPOBAHHEM CHJIbI
NPOXOJSUIErO Yepe3 HUX TOKa B COOTBETCTBHHU C COCTABOM OCAXK/AOMLEr0C s
CIJIaBa.
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B. H. JAHHEP

AJIEKTPOOCAXXAEHHE CIVIABA MEJAb—OJIOBO

CoBMecTiOe BbIeN€HHE HA KaTojle MeAH U 0JoBa B JOOBIX COOTHO-
LIeHUAX BO3MOKHO H3 INEJTOUHO-UHMAHUCTBIX 3JeKTponuToB. OjHako
IIPAKTHYECKOE TIPUMEHEHHe B FaJIbBaHOTeXHHKe yale HaXoAAT MeLHO-
OJIOBSIHHbIE TOKPHLITHA, copepxaumue 10—12% Sn u 40—45% Sn.

TTOKpBHITHST ¢ OTHOCHTEJNbHO MaJbiM COJAEPKAHHEM OJIOBA YCIIEIIHO
IPUMEHSIOTCH TIPU YACTHYHOH asoTuzanuu ctand. [lo HexoTophiM jau-
ubiM [1] mogoGHble MOKpLITHS Gostee dDGEKTHBHBI ¢ TOYKH 3pPEHHSH Ope-
JoTBpanienus JUQhy3un a3oTa B CTajb, YeM MEJHLIE H OJOBSIIHBIE MOKPLI-
THS Takol e ToJjuuibsl. B KauecTse caMoCTOATEILHBIX TOKPHITHHE MegHO-
OJIOBAHHbIE CIIJIABbl MOT'YT BBITOJAHSATL (YHKIHM TBEPALIX TPHUIIOEB,

Brewrnu#i Bujg OpoH3OBHIX NOKPBLITHH 3aBUCHT OT HX COCTaBa: MNpPH
3% Sn onn He oTsHYAIOTCS OT MeAHBIX, npu 12—15% Sn onm umeror
30JIOTHCTO-3KeJThIA 11BeT, a npu 22,5% Sn oHH CTAHOBATCSA GesbIMH.

MaroBele OpOH30Bble TOKPLITHH MOIYT OBITb JIEI'KO OTIIOJNHPOBAHBI
po OJecka, a B IpPHCYTCTBHM OseckooOpa3oBaTesedl OHH TIOJNYYalOTCS
G/ecTAIMMH HeIIOCPEACTBEHHO M3 BAHH M TIOC/]E HaHECEHHS GECIBETHOrO
JAKa MOT'YT CJAYMKHTb JUIS J€KOPATUBHLIX weaed.

B npaxkTHKe 6poH30Bble MOKPLITHA HCIIOJb3YHOTCH HHOTAA JJIS 3aMEHLI
MeIH U B OCOOEHHOCTH HUKeJs NPH 3alUTHO-IeKOPATHBHOM XPOMHPO-
Banud. HuTtepec K 3r1ofl objacTH TpHUMeHeHHS OPOH30BbIX NOKPHITHH
BO3POC B IIOCJEJHHE FOJbl B CBS3H C YBeJHUEHHEM NOTpeGJaeHUs HUKeJs
U ero CIVIABOB JAJf pasnoofpasHbiX I[eqeli W CTPeMJIeHHEM 3aMEHUTH
HUKEeTb JPYTHMH MeTajJIaMH.

B 1952 r. Ilmepauurom [2] Gbina BhICKA3aHa ToYKA 3PEHUS, €Or-
JIACHO KOTOPOH TOKpHITHE OpOH3A — XPOM IO CBOMM 3alIUTHEIM CBOM-
CTBAM DPABHO TIOKPBLITHIO HHKENb — XPOM H 3HAYUTEJILHO npeBocxoam‘
noprlme MeIbh — XPOM.

B 1953 r. Uenyuk [3] Boimosnua geTanbuce HCCAeAOBaHHE 110 3aMeHe
AW 3KOHOMHH HHKeJsl [IPH 3alldTHO-IEKOPATHBHOM XDOMHDOBAHHH
U TIPHIIES K BbIBOAY, 4TO Haubojee OCELIAIOIFM B 3TOM HaNpaBeHun
ABASETCS MEJHOOJNOBAHKCTAaA BpoH3a.

K rakomy e BBBOAy npuuwia Dpurapckas HcCIeJ0BaTeIbCKAS
accolMauus HeXeJe3HbX MeTamjoB M Apyras Opuranckas rpynna [4],
KOTOpas OprakH3oBaja NPOU3BOACTBO HOBOIO BHJA 3allUTHO-JEKOPa-
‘TUBHOTO MOKpbITHs moj nasBanuem CODAF,
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XoTs1 OJIOBO U HECKOJbKO JAOpOKEe HUKEJ, HO BCE JKe [esecoo0pasHo
HAHOCHThL TOJICTbIE CJIoH OpoH3sbl (NopsifiKa 25 uk), cogepxamei 10% Snu
5 mrk HEKend, TNpH ofbIYHOH TOMIMHE Xpoma. Takas KOMOMHAuHA
apasfelca 3DPeKTHBNOA KAK C TEXHHUECKOH TaK M C 3KOHOMHYECKOH
TOYKH 3pEHHH.

B Tex cayuasx, Korja H3Jejus AOJKHBI IOABEPrATbCH BAMHUTHO-
JEKODATHBHLIM IIOKPLITUSM IpH OJHOBPEMEHHOM CONPOTHBJEHHH HCTH-
panuio (HampuMep, IOPYYHH aBTOOYCOB), PEKOMEHAyeTcs IIPUMeHSTh
KoMOunanuio 0poHsa — XpoM, B KOTOPOH OpOH3a 3alllHUIAET OCHOBIOH
MEeTa/Jl OT KOPPO3HH, & XPOoM ( ~ D mK) COXpaHAeT KPAcUBbIH BHELIHUI
BHUJl TIOBEPXHOCTH H COUPOTHBJARTCH

H3HOCY. 3 %

Mennoosnopsinucras GpoH3a TBEpKE $ e N
MeJiH, OHa JIErKO IOAHpYeTCs H Majo ¥ \\\\ ;
CIIOJIMPOBLIBARTCSI, Tak Kak OHA He § 60 S
nHajHnaer, noJobHO MeaH, HA KPYyr. & S~
Xors ¢ TOBbIIIEHHEM IJIOTHOCTH TOKA § 40
BBIXO/ MU TOKY IIPH 3JEKTPOOCAKIAEHUH T 20 N
GpoH3bl M MAajfaeT, HO CKOPOCTb ee g =7
OCaXKJeHHA BBICOKAA JayKe IIPH IJIOT- g
HocTy Toka 10 a/om?. Tak, npu muor- X & & 10 15 20 25 dnu
HOCTH TOKa 3 @/Om? caOH ToauMHOH Bocmsa
25 mx ocaxjpaercs 3a 34 MHH., aIPH  Pur. 1. ConpoTHBICHHe NOTYCKHe-
niotHoctd 10 a/0m? 3a 14—15 mumn. HHIo cepebpa u GenoHl GpoH3H:

MeHOOOBAHACTEIE MOKPHITHH COX-  I—Gemasn Gpousa B atmocdepe KoMmath
PAHAIOT TLIACTHUHOCTb B CJOAX JIOOOH  Homimnss 5—copeoom s homosdens oy pehe
TOJIIMHBl TIPH XOPOIIEM  CHENJIEHHH
C OCHOBHBIM MeT&/JIOM. ODJNEKTPOJUTH YCTOHYMBB B 3KCHJYATAllHH,
JIETKO KOHTDOJHUDPYIOTCH M KoppekTupyitorcsi. Hiuxe Gyjer moxasauo,
49TO KOMOHWHALHs OpoH3a — HHKeJb — XPOM TIPEBOCXOAHMT Haubosee
MIHPOKO PAaclPOCTPAHEHIIYIO AJS 3aMUATHONEKOPATHBHLIX Ieneill KoMOu-
HALHIO MeLb — HHUKEJh — XPOM.

C 3KOHOMHYECKOH TOYKHM 3peHHs BIIOJHe IlejecoobpasHa 3aMeHa
10—15 mx nukens Ha 2,5 mx osoBa (IpH TodmUKe GPOH3H 25 MK U COfiep-
xKannu B nell 10% Sn), He rosops yKe 0 TOM, YTO NPHUMEHEHHE JETKO
HOUPyeMOli Opou3bl 3KOHOMHT MHOro paboueil CUJbI, NOJJHPOBOYHBIX
MATEPUAJIOB U IJEKTPOIHEPTHHU. ‘

Mennoonossugele MOKPLITAS, copepxKampe 40—60% Sn (rak nasbi-
BaemMas Oejad O6pon3a), Owbim Bnepshle paspaboTansl B DbpuTanckom
oJIOBSIHHOM HHcTHTyTe B 1946 1. [5], a B CCCP Obuin fJeranbHo
nccaegosansl B. M. Jlafinepom u B. II. Cmupuosoii [6]. Ontumasns-
HbIH COCTaB TaxOro MOKpbITHA cooTsercTByer 45% Sn u 55% Cu.
B nmosmupoBanHoM BHJe Takoe MOKPLITHE HANIOMHHAET cepe0psiHOe; OHO
XOpoIIo BefleT ce0f B 3aKPLITHIX IOMEIEHUSIX W YCHEHIHO NDHMEHsSeTcs
AN OTAENKH CTOJOBEIX NpHUGOPOB, BaHH, NeNejSbHULI W TOMY NOH06-
HBIX u3feqauii. B napyxuolt atMoctepe Gemas OpoHza IJIOXO CONpoO-
TUBASETCHA KOPPO3HH: OHa TYCKHeeT IOJ JeHCTBHEM IIPOMBIILLTEHHBIX
rasoB (pur. 1).
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B TaBn. 1 npHBOASITCHS OCHOBHBIE CBOficTBA OPOH3OBBLIX [OKPHITHH
B 3aBHCHMOCTH OT HX COCTaBa.

Tabauya 1
XapaxtepuctHka GpoH30BBIX MOKPHLITHI pa3MdYHOrO COCTaBa
TreprocTh CbnpoTuanexme
Cocras B % Brewnuni Bup HB TOTYCKHERKIO
50—60Cu Baecramee Jlyuwe, yem cepeGpo
50—40Sn Cepebpucroro 400—420 W HHKEJb
1BeTa
80Cu Baecrsee Xopomee, HO XyKe
20Sn 30710THCTO- K- 300—320 npensiyliero |
TOTO IBeTa Jayuue, yeM Meib
90Cu 3onoTHCTO-Kpac- Xopouiee, HO Xyxe
10Sn HOro LBeTa 260—280 NpepiiyIiero 3]
Jydige, 4eM Mefb

MPUMEHAEMBIE 3JJEKTPOJIMTHI H HX PEXHUM

HopmanbHbie ToTeHLHANB MEAH H 0J0BA OTJIHYANTCA APYT OT Apyra
noutd Ha 0,5 6. /I COBMECTHOT'O BLIJIeJIEHHS UX HA KaToje HeoOXOQHMO
cOJU3HTL 3laYeHdss WX PABHOBECHBIX M KATOAHBIX IOTEHUHAJOB. ITO

Lo
/onm?
20

7,6

1,2

0.8

0.4

0
0.9 11 <13 15 ¢, b

Gur. 2. TloreruuansHbie
KPHBHE OCaXKICHHSA MeIH
(I), onoBa (2) m wmepHo-
OJIOBSTHHOT'O cIyaBa (3):

! — NMAHHCTHIE  3JeKTPOJAHT
(15 2/2 Cu+!52e/a NaCNmoé);

2 — craHHaTHHIR 3JeKTPOJHT
(452/4 Sn+7,52/4 NaO Hcsoﬁ);

3 ~— IUAHUCTO-CTAHHATHLH
3AeKTPOJHT (15 /4 Cut45e2/a
Sn+15 e/a NaCNceo6+75 2/a

NaOH_, ).

MeJHOUHAHHUCTAsT COAb

IOCTHUraeTcsl BBIGOPOM TaKHX KOMILIEKCOOBDPaso-
BaTesiedl, B KOTOPbIX 4KTUBHOCTL HOHOB MeH

| (boslee GTaropofHOrO MeTasa) yMEeHbIIAeTcs
' B OoJibIlleHl CTemneHH,
' 0JIOBA.

4eM AKTHBHOCTbL HOHOB
Hautonee s(hdeKTHBHBIM KOMIIJIEKCO-
obpasoBaTesnem [ MegH HABJsIeTCS IHAHU,
KOTOPHIHl MOMKET - CIBUHYTb TOTEHIHaN Meau
B CTOpPOHY 3JeKTPOOTPHUATENbHBIX SHAYEHHI
Bonbiie yeM Ha 1 . O10BO ¢ HAHUIOM He O6Gpa-

3yeT TIPOYHBIX KOMIJIEKCHBIX COGﬂHHeHHﬁ;
HUIUPOKO U3BeCTHBI MEeJOYHbIE  KOMIIJIEKCHI
OJOBA — CTAHHAThl M CTAHHUTHI. BbIZLeJIeHHe

Ha KaTofe Me[M U3 IHAHUCTBIX IITEKTPONUTOB
1 OJIOBA U3 MIENOUHHX 3JIEKTPOTHTOR COPOBOK-
gaetcss OOJBIIOH KarofHoH mojaspu3salmed,
B pe3yabTaTe KOTOPOH KATORHBIE TIOTEHLHAJbI
3TUX MeTaJJIOB HACTOJBKO COJHKAIOTCHI, 4TO
COBMECTHOE 3JIEKTPOOCAXKAEHUE HX BO3SMOXKHO
B IIMPOKUX HHTEpBaJax TWIOTHOCTEH Toka,
HAYHHAS C CAMOH HEe3HAYMTeJbHOH.
HlenouHo-nuaHUCTHIE 3JEKTPONUTHI  HMEIOT
Haubojiee WHPOKOe NPUMEHEeHUE AJisl COBMeCT-
HOTO OCaxKAeHUs Ha KaTole MeJHOOJOBSIHHBLIX
CIJIABOB B JMOOHX COOTHOMeHHsX. OCHOBHBIMH
KOMIIOHEHTAMH TAaKUX 3JEKTPOJUTOR SIBJSIOTCS:
HATpUA MJH KaJdusi, CTAHHAT HATPUA WU

Kajust, cBOOOJHBIM UHAHWJ, CBOGOAHBIN (M3OBITOUHLIH) eJKHH HATp
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Tabauya
Ceoamas TaGaMu2 aJeKTPOJHTOB AJS OPOM3KPOBAH Ust
(KOHUEHTpaNus COeUHEHHI B efa)

3NeKTPORHTHI

Coepunenre 112‘3\4‘5)6\7}8\9‘10‘“

Menb  yraexue-
Jasa e e e
Menp docdopro—
kuenag - . o — |[Haewt-| — | — (| —| — | —| — e

375 — | —|—| =] — | —| — | — ] -]~

Mens xj0pHan — — 20
Menp xsopucrast | — — 1,5 16} — — — — — | —| —
Menp nuanncrass | — — — | —
Menp cepHOKuUC-
Jas . . . .| — — | = | = =] 70 | —| 64 35 15 | 22
Oxkncp odoBa . 75| — | — | —
OuioBo  1BYXJI0-
pucroe . . . — [Hacw-|1,2(40} — | — 10| — — =} -
HIeH-
HBIH
pac-
TRBOp

I
I
[
I
|
|

l
l
1
l
1
|

OJI0BO werThpex-
xjopucroe .| — S R R 8 | — 9 =
OJ0Bo miasese-

BOKHCJIOE . .| — — ==l =1 — =] — — 14,2 —
CranrHar HaTpus — — — | = - — _ — |Tlepe- | — | 5,5
M€H-
HO*
Kanui yraeguc-
B 1537 S S ¥ — 100 — | — — 100 — U N
Kamuit nnaun-
crait . . . 1200 — 10 — | 40| — 10, 128 — ==
I'npodocdar nat-
pua . . . . — 50 _ | = — — - — -— [ [
Kamuéi xeneso-
CHHEPONUCThIll | — — — 13| — — —_ — - [
lunocynspur .| — — = -] - | =] =
Kamu egkoe . .| — | — | — 11— He- | — | He- — | = 5
MHOTO MHOT'O
CerseroBa conp | — —_— - == = | =] = 150 | — | 150
Hssects BaTpoH-
Hast .« . . .| — = == —= | =] = 80 | — | —
Anmmonu# mane-

JIEBOKHC/IBIH — — | === — | =1 — — 55| —
Kucmora mage-
gepast . . .| — _ === = =] = - 5| —

* B 3aBHCHMOCTH OT 34JaHHOTO OTTEHKA GPOH3OBOrG MCKPHTHA.
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WIH eJlKoe KaJH;, B KauecTBe JONOJHMUTENbHOrO KOMILIeKcooOpas3oBa-
TeNd M B TO e BpeMs OydepMpyIOUlero areHTa HHOTAa BBOAAT CeTHe-
TOBY coJb.llocse naTynupoBanus coocaxieHue MeJHOOJOBSA HHBIX CIJIABOB
moNyuus0 Haubojee WHPOKOE DACHPOCTpPaHEHHE B raJlbBAHOTEXHHKE.
Hecmotps Ha Henosb3oBaHUe LEJOYHO-HHAHMCTHIX JEKTPOJHTOB, OBLIO
IPeJIOAMEHO MHOTO APYIUX 3JEeKTPOJIHTOB, KOTOpbie ObLIM CBeflenn! ben-
HetoM B Tabanuy (tabm. 2).

CTaHHATHO-IHAHUCTBIE 3JIEKTPOJNHUTE MOJYYHJIM GoJsblliee  pacrpo-
cTpaneHue Guarojapsi NPUCYIMM HM NpeumyiiectsaM. OHH OTIIHYAIOTCS
xopomeH yCcTOAYMBOCTBIO M IIPH IJIOTHOCTH TOKa 4,5 a/0m® u3 HuX 3a
yac ocaxpaercsl caofi 63,5 mx, T. e. mpumepno 1 mx B munyty. Us
3THX 3JEKTPOJHTOB MOXKHO OCaXlaTh cjlod Tosmnuiol 1,0 mu u Gonbuie
C XOPOIIHMH MeXaHMUYeCKUMH NMokasatensiMu. IlpH ofrHaKoBOH TosuHe
TNOPUCTOCTL GPOH30BEIX MOKPBITHI 3HAUATENDbHO MEHbIUE, UYeM HHKeJe-
BbIX, H TIpH TOJIMHE 7,6 MK OpPOH30BEIE TIOKPBITHH TIPAKTHUECKH He
HMEIOT TIOP, B CBSI3H C YEM OHH XOPOILC 3AIMINAIT CTaj]b OT KOPPO3UU.

NPHIOTOBJIEHUE W KOHTPOJIb 3JIEKTPOJINTA

[lpu nanuunyu uHAUHCTON MeAW H CTANHATA HATPHUS HJH KaJus Npu-
FOTOBJICHHE 3JIEKTPOJIHTA HE CBSI3AHO ¢ KAKUMM-JINOO 3aTPYJIEHHMH.
B Bomumil pactBop, cofiepXailpii 3apanee PaCCUATANHOE KOJHYECTBO
CBOGOAHOrO UHAHWJA U IIEJOUYH, BBOASAT IMAHUCTYIO Melb M CTaliHaT
Harpus. CTaHHAT HATPUS YACTO TOTOBSIT M3 JIBYXJOPHCTOrO 0OJI0BA NyTeM
pPACTBOpPEHHS €ro B BOJE H OCTOPOXKHOTO OCAXJEHMH IIeJIOUblo THApATa
3aKUCH B DNPHCYTCTBHHM (QeHondTalenHa, HCIONb3YEMOIO B KauyecTBe
HHIHKaTOpa (cjenyer uaGeraTb H3GbITKAa LIEJOYH, B KOTOPOH THApAr
3aKHUCH 0NI0Ba pactBopsercs). [ocile oTcTauBanust THAPAT 3aKHCH 0JIOB&
MHOTOKPATHO TIPOMBIBAETCSl BOJOH 70 HCUE3HOBEHHST B OTOGPaHHOM
npobe peakuun Ha Cl— mpu po6aBileHUH a30THOKHCIOTO cepebpa. 3ateM
N06aBIAIOT PacUETHOE KOJIMYECTBO MIEJNOUHM, B KOTOPOH THApAT 3aKHCH
0JIOBa pacTBOpsieTcsl ¢ 0O6pa3OBaHHEM CTAHHUTA, M IEpPeKHCh BOAOPOAA
LIt TIEPEROjla CTAHIHTA B CTAHHAT.

B KkauyecTBe OKHCIMTENST MOXHO TIPUMEHfITh TAKXKe HHTPAT HATPHSA
WA KaJHd, ¢ KOTOPBIM B NPHCYTCTBHU INEJIOYH CTAHHUT IOABEPraercs
KHIOsYenno B TeyeHne 6—8 uac. Heobxoqumo 3a60THTHCH O TOM, uTO6HI
B pafoueM 3J1eKTPOJIUTE OTCYTCTBOBAJ CBOOOJHBIH OKUC/IUTENb, TaK KaK
OH PE3KO CHMIKAET BBIXOJ II0 TOKY.

CranHaT HATpUd MOXeT GbITh TIPHIOTOBJIEH TaKXKe ClejyomuM obpa-
30M. MeTasuueckoe OI0BO HATpeBaloT A0 TemmepaTyprl 200° (HeMHOro
HHXKE TeMItlepaTypbl NuaBjaenus 010Ba). [Ipu Tako# TemmepaType 0OJ10BO
CTAHOBHTCS XPYIKHM H JIETKO u3Mespuaercs. MamMelbueHHBIA TOPOIIOK
oJioBa 3achalorT B (apdopoByIo Ually, B KOTOPYIO TIPU NepeMEmIHBAHUH
HeGONIBIIHMH TIOPUUSIMUA BJIMBAKT a30THYHO KUcjgoty (yi. Bec. 1,3—1,4).
IlepememnuBanne 1IPOAOAXKAIT N0 NpPeKpalleHUs BBIEJEHHA NApOB
OKHCJIOB a30oTa. B pesyqabrate B3aHMOJeHCTBHSA A30THOH KUCAOTH C 0JI0-
BOM NOJIyuaeTcst P-oJ0BANHAS KUCJIOTA:

3Sn -4~ 4HNO, + H,0 = 3H,Sn0; 4 4NO 43 1 H,Sn0, - (H,Sn0y),.
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- 3areM B-0MIOBSAHHYI0 KHCJIOTY CMEUIMBAIOT C H3MeJbUSHHOHR eJKoi
WEJNOUbly M3 pacueTa MoJaspHoro otnollendss SnO,:NaOH = 1: 3,2
H CMech MPOKAJHMBAOT B MydeJbHOH nmeudn npu temnepartype 800—900°
B TeyeHHue 5 uac. [l AyUInero cMellnBaAHH S OJOBSHHOHA KHCJIOTH € eJ[KOl
MIEJ0UBIO MOKHO NOOABUTL K CMECH HeGOJIBILOE KOJUUECTBO BOJBI U TOTOM
BBINAPHTH 9TOT pacTBop (Kaury) gocyxa. CnekaHHe IPOH3BOANTCS B HHKe-
JgeBom wan daphoporom turie. IlpuMepHO Takue Ke pesysbTaTbl MOTYT
6uITh TMOJIYYEHH TpU 3amene efkoil mesoun copofi. [lonyueHHas coJs
Jyuille pacTBOpAeTcs MpH MOBHILIEHHOU TeMOepaTtype M NepeMeIuHBAHUH;
PACTBOP OTCTAMBAETCS B TeUEHHE CYTOK H OTMHILTPOBLIBALTCH.

KOHTpONL 371eKTPOJNUTA HA CONepKAHUE B HEM OCHOBHBIX KOMIO-
HEHTOB MeJid, 0JI0Ba, CBOGOJHOTO LIHAHUa W CBOOOAHOH mIEN0ud — OCy-
mecTsadercs caepyomuam o6pasoM. K 5 ma npobut siektponuta nobas-
asiior 10 ma H,SO, (yx. Bec 1,84) u 2 ma HNO;. 3ateM pacTsop Bhinapus
BAIOT [0 MOsIBJEHUA OelniX Mapos (moj TATroH), pas6GaBisioT OCTATOK
oo 1o 100 ma u BeogaT 2 ma HNO; (1 : 1). Ilocse storo pactsop mogs
BEPTAOT JIEKTPOIH3Y IPH TemnepaTtype 50—70° U MOCTOSIHHOM IlepeMe-
IIMBAHUH.

OnoBo B pactBOpe onpejessieTcs HopomeTpHueckum MetonoM. Ilocse
YAAJEHUsT MEIH SJEKTPOJIU30M PACTBOP BLIIAPUBAIOT 70 OeJHIX Mapos,
notom jobasisitor 50 ma 4 #. HCl u 1,5 2 anwoMHHHEBOI CTpyXKKH,
KOTOpasi BOCCTAHABJIMBAET OJIOBSHHYIO COJIb BILIOTH N0 METaJJIHUeCKOro
0J10Ba. 3aTeM K pacTBopy H06aBAAIOT 3D MA KOHIEHTPHPOBAHHON COAHOMN
KHCJIOTHI, 3aKPHEIBAIOT KOJGY BOPOHKOH, HAMOJHEHHON pacTBOPOM OHKap-
f6oHAaTa HATPHH, U HArpeBaloT 70 TOJIHOTO PACTBOPEHHS MeTaJlJIMYeCKOT 0
osora. Ilocne atoro oxJaaxgaior Koaly, XOpOILO NPOMEIBAIOT €& CTEHKH
pacTBopoM Gukap6oHaTa, B PACTBOP 3aCHIIAIOT KYCOUEK Mpamopa U 5 ma
0,5%-Horo pacrsopa Kpaxmalja. 3aTeM THTPYIOT pacTBopom Hopma.
Has nosuimienust tounocTH B pactsop BBopaT KJ B Kosnuuectse 0,8 2
Ha 100 ma.

CBoboanb il IHaHu] ONpefe/sieTcsl THTPOBAHUEM PAaCTBOPOM a30THO-
KHCJIoro cepebpa B IpUCYTCTBHM Hopuctoro kanud. [lepen onpenenenem
cBOGOHON Iesoun K NMpobe sstektposnura gobasasior 10%-Heiil pacrsop
BaCl, nna ceasmiBanus osoBa B BHie Hepactsopumoit conu (BaSnQ,)
¥ kKapBonaTtoB. K oOT(QHIBTPOBAHHOMY pacTBOpPY AOOABISIIOT TAKOE XKe
KOJIMYeCTBO DACTBOPA 430THOKHCIOro cepefpa, Kakoe MOLLIO HA THTPO=
BaHHe cBobopHoro uManuaa. CBOGOAHYIO LIENOYb ONpPENEJNSIOT THTPO-
BaHUeM KHCJIOTOH B NPHCYTCTBUH (enoadraseHnHa.

PETYJINPOBAHUE COCTABA MEJAHOOJIOBAHHOI'O CIJIABA

Bansinve KoHUEHTpaNnuu cogeil ocaxaaomuxcd MeTamos. B menouno-
UHAHUCTBIX 3JEKTPOJUTAX PABHOBECHBIE MOTEHIMAJNE MeJH M 0J0Ba
JIOCTATOYHO GJIM3KH, W MOJSAPUSALHOHHBIE KPHBHE 3THX METANIOB Majo
orayalorca Apyr ot Apyra. [loatomy cocras cniaBa B cunbiiof creneHd
3aBUCHT OT OTHOCHT&JbHEIX KOHIEHTPAUUN cosledl 0caxaiomuxcs MeTa-
JoB. Jlas NoBBILIEHHSA COfepXKAHHS OJOBA B KATOZHOM Ocajke HeoBXo-
JMMO [OBBICHTE KOHIEHTPAIHIO OJNOBSAHHCTOH COJMH B 3JEKTPOJIHTE,
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OJHAKO TIOBBLIILUEHNE COAeD:KAHHS 0JIoBa B KaTofHOM 0OCafiké CHJLHO
OTCTaeT OT NOBBLIUEHHA OTHOCHTEJBLHOH KOHUEHTPAIMH OJOBSHHOH COJH
B sqekTpoaute. Tak, npH oTHoueHHH B 3jekTpoaute Cu : Sn, paBHOM
6,4 : 1, otnowenne Cu : Sn B 3/1eKTPOOCAKIEHIIOM CIIaBe pasno 24 : 1,
a npu otHomenuu B ssektposute Cu : Sn, pasuom 1 : 1,4, orHouenue
Cu : Sn B cnnaBe pasno 2,3: 1, 1. e.

CuSn ’ MeJb  BBUIEJSETCH  MPEANOUTHTENLHO
c2:3 +—| nepey osnosoM. Masee 8yner nmokasaso,
¢ 7107 ] &f?j 4TO COCTAB CIJIABA 3ABHCHT TaKxe OT
R 72 ’ COJlepXKaHust CBOGONIOIO UUAHHAA H
S 7.5 °f WEeNOYH B 3JEKTPOJIMTE, OT Temnepa-
o 7 Py TYypPel M IJIOTHOCTH TOK4, a TakXe
& 41 — ﬂ OT CYMMapHOH KOHIEHTPAIMH METAJIOB
3 91 -5 B 3jekTtposuTe. llpHBeleHHBIe BhIlle
\ l | L COOTHOUIEHHST XapAKTEPHbE [JIs HIEKT-

1zt 11 1213 posuTa C CyMMapHOiH KOHUedTpauuei
Cu:8n 6 3pexmposume B snektpoaure Cu -+ Sm,  pasHOH
®ur. 3. 3aBHCUMOCTB COCTABA KATOX- 40 e/a mpu copepxanum 15,4 ela
noro ocagka or kommentpamuu mexum NAaCN,..s u 7,5 o/2 NaOH,,,, nuor-
H OJIOBA B 3JIEKTPOJIHTE. HOCTH TOKa 3 a/Om? W TeMnepaTypbt

65° (dur. 3).

Biusinne xoHueHTpauuu ceoGoaHoro uuanuja. C ypequuendeM KOH-
HEHTPALMHU CBOGOMHOTO HHUAHHIA B 3JEKTPOJUTE TOTEHIHAJ BbiAEJEHHS
MeJU CMeNIaeTcsi B CTOPOHY 3JIEKTPOOTPHIATENBHBIX 31IaUueHHH, TaKk Kak
NOBHIIAETCH NPOUYHOCTL MEJHOTO KOMIIeKCHOro uona. Ha noTenumasn
BBIJIEJIEHHST 0JI0BA COJIEpKaAHUE CBO-

GOHOrO UMAHHAA B HIEKTPOJIUTE § E/‘j‘f/f /r
NPAKTHUYECKH He OKA3HLIBAET BIMUAUNA. 7
TlosToMy yBesnuuenue cojepxanusa 2 50150 //
cBOGOZHOrO MHAHHUAA B SJEKTPOJIHTE 3 LA

NPUBOAUT K YMEHLIIEHHIO cojep- S M

MaHUSA MeIM B KaTOJAHOM ocafke § 60140 ;

H K NOBLIIIEHHIO COEPXKAHMA 0JJOBA X

B HeM. Tak, B 3/IEKTPOJHTE, COXEp- 50 150 9
xKamem 12 e/a Cu, 36 /4 Sn, 7,52/2 Na (Nqs,5. 8 anexmponume

NaOH, npu temnepatype 65°, mnoT-  dur. 4. BiusHHe KOHUEHTpAUMH CBO-
HOCTH TOKa 2 a/Om® u B NpPHCYTCTBUH 60ZHOTO UMAHUAA HA COCTAB KaTOJIHOI'O
7.5 ela NaCNcgoﬁ KATONHEIH ocajok  OCAAKa (anextponut: 12 2/2 Cy; 36 3//'51,13
5 0 7,5 e/2 NaOHg.p). Temmeparypa 65°%
cozepxut 61 % Cu um 39% Sn, NJOTHOCTE ToKa 2 of0m?.
a npu copepxanun 23 /2 NaCN,, 4
KaTofHeid ocagok cocrout us 40,5% Cu u 59,5% Sn (pur. 4).
Bausinne xoHueHTpauuu csoGoaHol memoud. C yBeJUUEHHEM COJEp-
KaHud CBO@OAHOﬁ IeJIOUU B 3JEKTPOJIHTE noTeHKaJs paspsalla HOHOB
0JI0Ba CMeIaeTcd B CTOPOHY 3JEKTPOOTPUUATEJLHEX 3HAUYEHHUH, MexIy
TeM KaK Ha IIOTEHIHAJ] Pas3pAja HOHOB MEJH KOHHEHTpanHs cBOOGORHON
HIEJIOUH B SJICKTPOJIUTE NPAKTUUECKU HE BJAUAECT. HOSTOMY C yBeJauUyeHueM
COIEPXKAHUA [IEJOUN B 3JEKTPOJHUTE YMeHbIIaeTCA NOPOUEHTHCE COIEep-
KaHHe 0J10Ba B KaTOJHOM OCajJiIKe U COOTBETCTBEHHO NOBHIIIAETCH COJEP-
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Kanue Mefn B HeM. Tak, npH CojfiepKAHHU B 3/1eKTPOJIHTE NPHBRAEHHOTO
Bhllle coctaBa 15 /2 NaCN,,,s u 2,5 /2 NaOH,,; Karofuniii ocajok
conepxut 40,2% Cu u 59,8% Sn, a mpu 16 ¢/2 NaOH — coorBercTBenno
63,0% Cu u 37% Sn (dur. 5).

Bausinue pexHMa  9MeKTPOIM3A. X ‘f/ff f/ﬂ”‘”‘*‘\
CocTap MeJHOOJIOBSIHHOTO CIjasa, Ho-
MHUMO KOHIEHTPANUH OCHOBHBIX KOMNO- & 57450
HEHTOB, 3aBUCHT TakXe H OT TeMme- '3 L
parypel, M OT IUIOTHOCTH ToKa. Kaue- X 60140
CTBEHHbIE NOKPLITHS, TAK e Kak U IpH 2 N
JyMEHHH B UIEJIOYHBIX 3JIEKTPOJNUTAX, I i

: 30
NOJY9alOTCst TOABKO NPH  TOBBIEHHOM i s w15 an
TeMIepaType, nopsaka 65—70°. Onnako
TeMIepaTypa OKA3bIBAET BJUSIHUE He
TOJIBKO HA KaYeCTBO GPOH30BHIX NOKPb-  PHT. 5. Binsune KonueHTpauny cro-

o GoOHOH 1IEJIOYH Ha COCTAB KATOLHOTO
THUH, HO U Ha UX COCTaB. C HNOBLIIIIeHHEM ocanKa (BJIeKTpOJmT: 12 22 Cu;

TEMIEPATYPBl NOHMKAETCSE  KATOMHAS 35 /4 Sn: 15 o/a NaCN,gos: mnior-

noJifpusanug Kak TMOpU  BbIJIeJIeHHH HOCTH TOKa 2 a/0m?).

MeJH, TAK U NpPH BHIJEJEHHH OJOBA.

Ho npn opuHakoBOM NHOBHILIEHHH TeMIEPATyDPH MOTEHIHAJ BbIAeJeHHs

onoBa obnaropaxuBaercd B OoJbllieff CTENEHH, uYeM NOTEHIHAJ Bbije-

Jenusa mefu. [losTomMy mnoBblieHWe TeMIEpaTyphl NPHBOAUT K YBeJH-
YEeHHUIO COJep:KaHHd 0J10Ba B Ka-

Na OH go5. 8 3nexmponume

Cu $n topHoM ocajke. [Ipu moswlienun
%|%| | T jL temmepatypet ot 30 po 70° conep-
50450 : KaHue MeIM B KarToJAHOM ocajike

/Z ymenbiiaetest ¢ 71,1 no 47,5%,
a cojiepiKaHue o0J0Ba COOTBETCT-
40+ 1 BeHHO HoBouaercs ¢ 28,9 1no
| 52,6% (¢ur. 6).

IMoBLiene NJIOTHOCTH TOKa
0OKasbiBaeT MeEHbllee BJUIHHE,
ueM TeMmrepaTypa, Ha COCTaB

o 4o 74 60 zpad.  KaTOAHOIO OCAJIKa, TIPHUEM COLEP-
Temnepamypa JKaHHe 0J0Ba B KaTOJHOM Ocajke

C TOBbILIEHHEM IJIOTHOCTH TOKA

O@ur. 6. Biusume TeMneparypel Ha CocTaB  [OHMIKACTCH. E.CJH IPU MAOTHOCTH

KaTOAHOro ocaika (3nexrpoaut: 15 &/a Cu; 2
45 ln S 15 o/n NaCNews 7.5 3fa 1OKE 1 a/Om? ocajox copepuT

701 30 ket

Kamodue i ocadox
N

i

0/
NaOH, g6, TIIOTHOCTD TOKa 2 0/ 0n?). 47,4 % . Sn, TO NpH MNJIOTHOCTH
6 a/0M® copepxanue 0JI0Ba CHH-
—~ ®aetcsa 10 39,8%.

Heo6xoqumMo TakXKe yuecTb, UTO € TOBBHINIEHHEM IJIOTHOCTH TOKA
BRIXOJl IO TOKY CHH:Kaercs. Takas 3aBUCUMOCTb He siBaseTcd Omaro-
HNPHUATHOH C TOUKH 3peHUs HOPCUPOBAHUS NTPONECCca, XOTH BEIXOJ O TOKY
3HAUMTENLHO BbIIE, YeM NPH HUAHHUCTGM MEJHEHHMH, H CrnocoOCTBYeT
PaBHOMePHOMY paclpefleleHHI0 MeTajia Ha CJI0KHO NPOQHIHPOBAHIIBIX
ugenuax. lenouno-uvanucThie MeAHOONOBSHHLIE 3JIEKTPOJIHTLI COYe-
TaloT B cebe Bce CBOHCTBA, 00YCJOBAUBAIONIME XOPOIIYIO PACCEMBAIONLYIO
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CNOCOGHOCTh: OOJbLUIYI0 KATOZHYIO TOJAAPH3AIMIO, XOPOLIYIO 3JEKTpO-
NPOBOJHOCTL U YMEHBIIEHHe BEIXOJ[a N0 TOKY TIO Mepe MOBLIEHHA IJIOT-
HOCTH TOKa.

Cymmupys Bce (akTODEI, BJIHSIONIME HA COCTaB OPOH3OBHIX OCAJIKUB,
MOXKHO OTMETHTB, YTO peIlaloiM fABASETCA OTHOUIeHHe coefi Meju
M 0JIOBA B 3JIEKTPOJIHTe. Takas 3aBUCHMOCTDL JIErkKo oGbsicHdercst G-
30CTbIO NOTEHIHAJIOB paspsijia HOHOB MeJd M osioBa. Buusuue cBoGoj-
HOTO NHAHHJAA U LIEJOUM, a TAKKe BJIHSAHUE TEMNEPATYPHl U IIOTHOCTH
TOKAa Ha COCTAB KATOIHOrO OCAIKa Ha NpPHUMEPe COBMECTHOI'O BBIJIEJIEHUA
MeId H 0JIOBA NOATBepKjaeT OOLLYI0 3aKOHOMEPHOCTB: C TMOBBIIIEHHEM
nosnapusanuu obJieryaeTcd BbljieleHHe MeHee OJAaTOpPOJHBIX METaJJIOB,

AHOJbl H AHOJAHBIA TMPOUECC

Tak Kak 1eJOYHBE ONOBAHHEE 3JIEKTPOJHUTH OUeHb YYBCTBUTEIbHBL
K JBYXBaJIeHTHBIM HOHAM 0JI0B&, TO 3TOMY BOIIPOCY HEOOXOIHMO YendaTh
JonxkHOe BHUMaHHe, Kpome TOro, /i TOJyYeHHA HOKPLITHH DOCTOSIH-
HOT'0COCTABA PEKOMEHYETCS
NOJJEPXKHUBATE TNOCTOSTHHOE
OTHOLIEHHe MeJHOH M 0J10-
BSIHHOH COJIN B 3JIEKTPOJIUTE.
3710 TpeboBanye MOXKET GhITh
VAOBJIETBOPEHO  Hajlexa-
[I[IM PeTyJHpOBAHHEM aHOH-
Horo mnpouecca. Pacreopu-
MBI€ aHOJBI MOT'YT yCHElHO
NPHMEHSATbCH IPH SJEKTpO-
OCAXKIEBHH  MaJIOOJIOBAHU-
cTON 6pOH3EL. AHOIHYIOTIJIOT-
HOCTb TOKa NOAJEPKHBAIOT
Qur. 7. CxeMa BKJIIOUEHHS PA3sfAENbHHX aHOOB.  oxoy0 3a/0m2. KoppexTupo-
B Shoam it BT T S BamNe SIEKTPOSNTA ocyilte-

P — mononuHIeJbHBIE KOHTPONBHLIH KaToOX. CTBJIgeTCd 1O JaHBIM IIe-

PHOAHYECKAX AaHAJIM30B Ha
OCHOBHBIE KOMIOHEHTH. JIBYXBasJeHTHEIE HOHE 0J10BA OGHADYKUBAKWICSH
N0 CTPYKType NOKpHTHHA. Jlake NpHU HE3HAUHTEJBLHOM TIOSIBJIEHUU TyO-
9aThiX OCAAKOB B 3JEKTPOJHUT CJeAyeT 106aBHTh OKHCINTEND (MEPeKHCh
BOJOPO/la) MJIH HEKOTOPOe BpeMs NPOpaGoTaTh BaHHy MeJHbIM M HEpa-
CTBOPHMBIM (TpadUTOBRIM) AHOAAMH.

DNEKTPOOCAXKJIEHHE  BLICOKOOJIOBAHMCTHIX CIJIABOB  TUTA  Gesol
OpOH3BI OCYMECTBJISAETCH € pAa3JeNbHLIMH MeJHBIMH H  OJOBSHHBIMH
anoflamMu. Ha OJIOBSIHHBIX aHOAAX NPeJIBapUTEIbHO CO3/AIOT 30J0TUCTYIO
IVIEHKY NyTEeM aHOAHOH 06pabOoTKH W B AajdbHelIeM NOIJepKHBAIOT
€e TakK, Kak 9TO JeJaeTcs B IIEJOUYHBIX OJIOBSHHBIX 3JEKTPOJUTAX.
[1noTHOCTE TOKA Ha MEJHBIX M OJIOBAHHLIX AHOJAX PEryJHpPYIOT TAKHM
06pasoM, uTOOBI B 3VIEKTPOJIMTE NOAJEPKUBAThL 3aJlaHHOE OTHOIIEHHe
MexJly MOHAMU 3THX MeTaqsoB, CXeMa BKJOUEHUS Pa3fle/1bHBIX aHOJOB
npuBsejeHa Ha ¢ur. 7.
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BPOH3A KAK TOJCJION MPH 3ALIUTHO-JEKOPATUBHOM XPOMWPOBAHUHK
H KAK CAMOCTOSTEJIbHOE MOKPLITUE

DnexTpoocaxaeHHble CraBhl, cofepxamue 80—95% menn u 20—5%
0JI0Ba, OTJIMYAIOTCS KPACHBBLIM BHEUIHMM BHJIOM, XOpPOLIHM CONpPOTHB-
JIEHHeM KOPPOSHH U HOBBILEHHOH TBEPIOCTHIO.

BbICOKOOMIOBSIHUCTEIE CIJIABBI JYULE CHETIAIOTCA ¢ OCHOBHBIM MeTaJ-
JIOM TOCJie TIPejBAPHTENBHOIO HAHECEHHS TOHKOIO CJIOA MaJooJIOBSIHH-
cT0il GPOHSH.

XopommMH aHTHGPHUKIHOHHBIME CBOACTBAMH OTJIHYA0TCS GPOH30-
Bole TOKpeiTHs coctaBa 93% Cu u 7% Sn.

Y CKOpeHHble KOPPO3HOHIbIE HCNILITAHHS XPOMOBHIX NOKPHITHI ¢ 6pOH-
30BbIM H HHUKEJNEBBIM NOJCIOAMH OBbLIM BBITIOJHEHBl PSIJIOM aBTOPOB.

Ilpn HcHBITAHHM B KOPPO3HOHHON Kamepe pachblieHHeM 3%-Horo
NaCl. K. Pos [8] ycranmoBna, uro crajibuele oGpasusl ¢ GPOH30BLIM
nokpuitHeM Tojmuuol 12,5 mx 4- 0,5 mx Cr nocne 72 uac. umenu enu-
HHYHBIE TOYKM PXKABUHHBLI, B TO BpeMsi KaK NP TOJuHHe OJIeCTHAEero
Hukeasa 25 mx 4 0,56 mx Cr uepes 48 uac. nosisusioch GOJbIlOe KOJIH-
YeCTBO 0YaroB KOPPO3HH.

Cranbuble o6pasusl, NOKpeiThie Gedoli GpoH30# Ha ToMwuny 25 Mk
6e3 MOCJeJYIOMIEr0 XPOMUPOBAHHSA, JaJd TAKHE 3Ke PEe3yJbTaTel, KaK
H MaJjiooJoBsinicTas 6ponsa toamumuol 12,5 mx + 0,5 mx Cr.

O6pasus ¢ nokpbitaamu 17,5 mx Cu + 0,5 mx Cr u 17,5 ux Cu
+ 3,7 mx Ni + 0,5 mx Cr Benn ceGs xywxe, ueM OGesas Gponsa u
MOKPLITHST HUKENb — XPOM.

Ipu pacnbiienns ykcycHoH KHUC/IOTHI KOJHMUYECTBO OYArOB KOPPO3HH
Ha ofpasnax ¢ NOKPLITHeM 6poH3a — HHKeJb — XPOM Obl10 B 2-—3 pasa
MEHBIIE, 4eM Ha o0pasuax, nokpuTeix no cxeme Cu — Ni — Cr. Tlokpwi-
i ¢ 20% Sn (ocTadbHOe Menb), Besd ceGst Jydile, YeM NOKDPBITHS
c 10% Sn.

B kopposnoHHO#l KaMepe, ycTanosjenHod Ha ABTosasoje uM. Jluxa-
uepa (3WJ), 6bi10 HenbITaHO GONBIIOE KOJHUECTBO CTAJNBHBIX HUJUH/PH-
YeCKMX 00pasuoB, MOKPHIThIX GPOH30MH C cofiepKaHueM 0J10Ba 0Kojo 10%.,
Bponsuposannrie 06pasusl Nopseprajiuch JuH60 NOJHPOBAHHIO U TOCJE-
AyIOmeMy xpoMmuposanuio (b Mk Mosounoro xpoma -+ 1 Mk Gnectamero
XpoMa) 100 HHKeJIMPOBAHHIO HA TOJUMHY 5§ MKk - | MKk Xpoma.

TTo «Texuuueckum ycnopusimy 3WJla na peransix 1-ro xmacca, mop-
BePralolluXcsl 3aLUTHO-JEKOPAaTHBHOMY XPOMHPOBAHHIO MO cXeMe Mefb
(35 mr) — nukens (15 mk) — xpom (I Mk), HepBbie OUarH KOPPO3IHH
MOTYT IOSIBUTLCH He paHblle, ueM yepes 96 uwac. Ha geranax 2-ro raacca
npu cymmapro#i tommune Cu 4+ Ni 4 Cr = 40 mx ouarum Kopposud
MOTYT MOABHTLCA He paunbiue, dem uepe3 48 yac. OGbIUHO NOJA NEpPBHIME
O4YaraMH KOpPpPO3HH B J@HHOM CJiydae IOAPa3yMeBAIOT NATHA pKas-
YUHH.

3aMeHss MelHbIH DOXCJAOH Ha GPOH30BHIN, MOXKHO HaJEXKHee 3amiu-
THTb OCHOBHOH METaJ1 OT KOPPO3UH, TaK KaK HOPHUCTOCTh GPOH30BHIX
DOKPHITHH 3HAUHTENLHO MEHBINE MOPUCTOCTH MeAHLIX NOKpbiTuil. OnHaKO
CKBO3L NOpBEl HHKEIEBOTO WJU XPOMOBOTO NOKPHITHS MOTYT HOSIBHTBHCHA
OYarH KOppo3uH OpOH3H B BUJIe TeMHHIX MSITEH.
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B 1954—1956 rr. Jlayenxeitm [9] mccnenosan kopposuounnoe fose-
Jelide B HapyxHO#l aTMocdepe pasanuneix pafioHoB CHIA cranbubix
06pasLoB, NMOKPHTHIX OJOBIHHOHUKEJEBHIM CIUIABOM MJIH XpPOMOM € pas-
JUUHBIMM OOACJOSIMH: MeJHBIM, OpOH30BBIM, MeJHBIM M HHUKEJEBbIM,
OpPOH30BEIM UM HHKEJEBBIM.

Onossinucras 6ponaa ¢ 12% Sn ocaxganach U3 3JeKTPOJSHTA CJie-
Aylomero cocrasa (B 2/4) U pexuma:

o U OO | § 4
ClU « v v v e e v e e e e e e e e e e s e s s e e 1922
KCNcwﬁ.....................20_22,5

O < s Ty
KNaC4HOB 4HO O g g
Temnepatypa B °C . . . . . . . . . . . . ... .656—70
IlroTHOCTE TOKA B a/(?)w2 T .

AHOAI:I meqaeie, ¢ 20% no nosepxuocTd rpaduTa (B UeXsax) MM HEp-
xasemouel cranu. OnoBo nepuopuuecku ssopuaoch B Bule K,Sn (OH),.

Bbi1o yeTaHoB/1eHO, UTO BHEIIHUA BHJ| OPOH30BBIX NOKPHITHI, a TaKXKe
HX XUMHUeCKHe U (DM3UYECKHEe CBOHMCTBA MaJIO 3aBUCAT OT HeGOJBIIOTO
H3MeHEeHHUd CcOCTaBa.

1 OneHKH KOPPOSHOHHOH CTOMKOCTH Ghijla NpHUHATA BUJOU3MEHEH-
Hasi Kajga AMepHKaHCKOro o6HmIECTBa HCTIBITAHNS MaTepuanoB. Kaxnil
o0pasell OIleHUBAJICH JPOOHBIM UMCJIOM, B KOTODOM HUCJHUTENb Xapak-
TepU30BaJ TOBeJeHHe OCHOBHOTO MaTtepHana (cTajdu), HalHuMe WM
OTCYTCTBHE OUATOB KOPPOSHU (PKABUHHBI), a SHAMEHATENb -— COCTOS-
HUe TOBEPXHOCTH 0o6pasna, HaJuuhe WM OTCYTCTBHE NATEH PAa3JUdHBIX
OTTEHKOB, NOTYCKHEHHS H T. II.

TIpu monnoMm oTCyTCTBHH SIBJIEHHH KOppO3HH obpasen umeer 10 Gan-
JIOB; e€CJId MPOAYKTAMU KOPpO3UU IOpaKeHa MOJOBUHA MeOMETPHUECKOH
NOBEPXHOCTH, TO 0Opasel HMeeT HyJeBoH 6ajl.

Hukenesbie MOKPHITHS NONYYAJHCH MATOBBIMH H3 OOLIUHBIX 3JEKTpO-
JUTOB THUMNa ¥YaTTca, NOCKOJBKY YCTAHOBJIEHO, UTO NOJOOHbIE LOKDBITHS
06,1aJlal0T JIYYIUM COMNPOTHBJIEHHEM KOPPO3HH, ueM OJecTsiiiHe NOKpPH-
TH$, B KOTOPHIX HMEIOTCS MUKDOTPemMHEl. DPOH30BBEIE NOKPHITHS HAHO-
CHJIMCh KaK MaToBble, TakK U OjecTdmue. [lepeasi cepus NpOBeleHHBIX
HCOEITAHHA NpPHBEJa K CJEIVIONHM BHIBOJAAM:

1. B arpeccuBHoil armMochepe cymMMmapHasi TOJIMMHA NOKPBITHH 25 MK
HEJIOCTATOUHA; ee HeOOXOJMMO YBeAHuMTh mpumepHo B 1,5 pasa, 1. e.
nosectr 1o 37,5 mx. MatoBele GpOH30BBIE OKPLITHA HMEIOT HEOCTIOPHMELE
IPEUMYILECTBA NEpejl MEeJHLIMI IOKPHITUSIMU TAKOH XKe ToJHubl. XOTS
o6pasnel ¢ GaecTAmUMH OPOH3OBBIMU TOJACIOAMH TIDH KOPPO3IUOHHBIX
HCOBITAHUAX B psijfe CYYaeB 3apeKOMEHJ0BaJd cefs XOpollo, HO Heol-
XOJUMO BCE-TAKM yUeCThb UX XPYHNKOCTb, KOTOpasf B 2KCIUyaTalMOHHBIX
YCJIOBUAX HeH30exKHO NPUBOJUT K KOPPO3HH.

2. B npompiiennoit atmocthepe bafiona u IlnrreOypra npeumyie-
CTBO MaToBOH GpOH3H nNepejl HUKEJEM NpOABHJIOCE BO BCeX Cliyvasix
6e3 wucKAwueHHs. B HeKOTOpEIX clyuasXx OpoH3OBbie NOKPBITUA,
HCHIOJIb3YeMbie B KauecTBe MOACIQA 1O, XpoM, Beau cebs He Xywxe,
yeM HUKE/b, '
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3. Bponsopwil nojcnofi mop xpoMm (Ge3 HUKes) XOpOLIO 3aIUIIAET
OCHOBHOH METallJ1 OT KOPPO3HH, OJHAKO MOBEPXHOCTb IIPH 3TOM TYCKHeeT
WM TIOKPHIBAETCS NECTPLIMH NSITHAMH B pe3yJbTaTe OKHCJIEeHHS GPOH3bI
B TIOpax XPOMOBOT'O TIOKPBITHUS.

Tabauya 3

CpaBrUTENbHOE NMOBERCHHE KOMOMHHPOBRHHBIX TMOKPHITHIT
npu mejaHoM M Gpon3osoM mojpcaoe

@ KopposuoHHast ollgHKa

o)

5 TTOKPLITHS ¥ HX TOJUIHHA Yepes Yepes Yepes
= B MK 13 mec 13,5 mec. 1 rox
8 (Bation) |(BocTounoe) (Ilurrc-
2 Yukaro)* 6ypr)
I |25 Cu + 6Ni+C . .. ... .. 9/7 8/0 8/2
2 |26Cu—Sn+4+ 6Ni+Cr . .. . o .. 10/8 10/0 10/6
3 |37 Cu 4+ 6Ni+Cr ... .. ... 9/7 9/0 8/2
4 137 Cu—Sn+ 6Ni+H+Cr . .. .. ... 10/8 10/0 10/5
5 | 18 Cu +12Ni+Cr .. 8/6 9/2 10/6
6 18 Cu—Sn + 12 Ni+Cr . . . . . . .. 10/8 10/8 10/8
7 130 Cu 4+ 12Ni+Cr . ... .. .. 10/8 9/0 10/8
8 |30 Cu—Sm+ 12 Ni+Cr . . ... ... 10/8 10/9 10/8
9 |50 Cu + 6Ni+Cr - ... ... 9/7 9/0 10/4**
10 |80 Cu—Sn+ 6 Ni+Cr . . . .. . .. 10/8 10/0 10/0%*
11 |43 Cu +I12Ni+Cr ... 9/7 9/0 8/4
12 | 43Cu—Sn+ 12 Ni+4+Cr . . . . . ... 10/8 10/1 10/8

* Tlnoxolt BHemHuH Buj 06pasucB B Unkaro oObsicHsETCA CHABHBIM TOYEY-
HEIM pasbpeJaHueM HHKens B 3ToH arMocdepe.
** [lnoxoe coctosnue o6pasioB Ne 9 u 10 B Ilutrc6ypre MOXHO OGBSICHATH

HEKAYECTBEHHBIM HHKEJEBBIM MOKPEITHEM,

Cnenyomas cepHsi UCIBITAHUE Obl1d NPOBEJEHA JS CONOCTABJICHHSA
MeJIHOTO M OpPOH30BOI0 NOACJOS NMpH OJECTAMEM HHUKEJIEBOM NOKPLITHH
PA3JIMYHOA TOJMMHEL M TIOCAeLYomeM XpoMuposanuu. B taba. 3 npu-
BOAATCS NOJyYeHNble AAaHHLIe, NpPeACTABJSIONIHEe HEHHOCTb I BHIGOpa
ONTHMAJIBHOH CXeMBI 3aIUTHO-JEKOPATUBHOTO XPOMHUDOBAHMUS.

YCKOPEHHBIe KOPPOSHOHHBIE HCHBITAHUS CTAJNBHBIX HUJIMHAPHUECKHX
06pasnoB, NOKPHTLIX OpoH3ofi (~ 10% Sn) u xpomom uau GpoH3OH,
HUKEJEM U XPOMOM, NPOBOAHJIHCE B KOPPOSHOHIIOH KaMepe aBTO3aBOJa
uM. M. A. Jluxauea npu nepuoguueckom pacusutennn 3 %-noro NaCl.
PexXuM MCOLITAHUA CJEAYIOWMHA: OJHOMUHYTHOE pachbljleHHe uepe3
Kaxnsle 14 Mun. npu temneparype 25°. ExeHeBHO pacnbuienue oCyine-
crBasiiiock 8 wac. 30 MuH. 3aTeM NepHOAHUECKOE paclbleHHe PacTBOpa
XJIOPHUCTOrO HATPHA NPeKpamanock, HO 00pasip! ocTaBajich B KaMepe.
OcmoTp 06pa3noB OpousBoOfiHCH uepe3 Kawxiole 4 uaca B TeueHHE JHEB-
npix cMen. Ilpu sTom duKkcupoBanuch ouaru KoOpposud GpoH3El H OUATH
KOpPPO3HUM OCHOBHOTO MeTaJa (pxaBunua). Bee ofpasuwl nocsae GpoH3u-
pPOBAaHUSA TIOABePrajuCh INOJHPOBAHMIO HA MaTepuaTeiX Kpyrax. [laree
NPUBOJATCA THOOBBIE 3aNUCH (XyAuUlUe, CpejHue H JIyHLLIHe) KOppO3HOH-
HOTO NOBeflen s NOKPHIThIX 00pasnos (taba, 4), '
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Tabauya

KopposuonHoe noeejeHHe cTaJbHbiX 06pa3nos, MOKPHITHX GPOH30H H XpoMoMm
K Gpor3ol, HAKEJEM H XPOMOM

Jggagf(;s Bun noxpm;nﬁxu ToTmuHa Kopposulinoe nosegenHe
1 | Bpouaa, 35; Uepes 94 waca xoppo3us GPOH3H B HHKHEH
qacTu ofpasua.
xpoM (Mosoune), 9;
xpoM (Gaectsmui), 1, Yepea 144 uyaca koppo3ust cTajau B HuXKHeH
qacTu obpasud.

3 | Bponaa, 35; Uepes 144 vaca Kopposusi GpOH3H R RIIKHe!
XpoM (MOJIOUHEI), 9; gacru ofpasua.
xpoM (6aectamui), 1. Uepes 360 uacos CuiomHBbEe TOUKH KOPPO3HH

crajld B HIDKHel yactd obpasua.

5 | Bponsa, 35; Uepes 270 yacos oThelIbHBIC OYArH KOPPOZHH
XpoM (MOmOuHBI{), O; CTaln B HHKHEH 4acTu.

1 xpom (6xecramumit), 1. Uepes 540 yacor — TO Ke camoe.

9 | Bponsa, 27; Uepes 126 yacos kopposns GpoHsbl Bcell no-
XpOM (MOMOUHEIH), 4; BEePXHOCTH.
xpoMm (Gaecramumil), 1. Uepes 180 gacos KOppO3HA CTAJH B CpenHelr

yactu ofpasua.
3 Uepes 360 uwacos B HmKHeH yacTu ofpasua
Ba DKABHIX NISATHA.

12 | Bpousa, 27, Uepes 94 uyaca MeNKHE TOUKH KOPpPO3HH
XpOM (MOJIOUHHIH), 4; CTaNu.
xpom (Gaecrsiunii), 1. Uepes 360 wac. Koppo3ua CTany B BHAE KpyIl-

HHIX TOYEK 10 BCeHl NOBEPXHOCTH.
16 | Bponsa, 30, Uepes 144 uyaca koppo3us OpoH3BI B HHK-
Hell 4acTH.
xpom (MOJOuHBIH), 4 Uepes 540 yacoB ofuH 04ar KOPPO3HH CTAIH
xpoMm (6arecramuit), 1. B cpenHell yactn ofpasua.
17 | Bponsa, 30; Uepes 270 vacoB KOppO3HS CTaJH B BUAE
XpOM (MOJMIOUHHIA), 4; TOYKH B CpejHell u HImKHEHd vacth obpasua
xpoM (6aecrsiuati), 1. Uepes 540 uacos panble NATHA B BepxHell
yacTy ofpasna u MEJKHH (TOueuHwifi) oua-
JKOK B HHKHEH yacTu.
18 | Bponsa, 25; Uepes 90 uwacoB ouarm Koppo3uu OpoOH3H

B HHXKHeHd wactn ofpasua.

HHKeNb, 6; Yepes 144 wyaca ouarm KOppO3HH CTaJH
B HuxkHefl yacty ofpasua.

xpoM, 1, Uepes 270 yacos KOPpO3HS CTanH B HHK-
Hefl wactn ofpasua.
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Tponomxenne Taba. 4

p’;;lffg Bun "°Kp"l,“jfx“ ToamuKa Kopposufinoe nopegenue
19 | Bponsa, 25, Yepes 144 waca ToueyHas KOPDPO3NSA CTAJH

HHKeJb, b; B cpenuell uactd ofpasua, uepes 270 ua-
xpowm, 1. COB — TO K€ CaMoe.

20, 21,| Bponza, 25. Uepez 360 wacoB oyaroB KOppo3um Ha 006-

pasuax He oGHApyKeHo

22, 23 | Hukens, 6;

xpom, 1.

IIpoBejieHHble UCHBITAHUS MOKA3aJdd, 4TO OPH CyMMapHOH TojUmile
Gponsa — xpom (30—35 mx) 1 GpoHsa — HUKeJNb (D MK) — XPOM — KOp-
PO3HOHHAS CTORKOCTL CTANBHEIX 00pa3loB HE HHXKe, a BO MHOTHX Cay-
yasX NPEeBLILAeT TAKOBYIO A O6DPAsNoB € NMOKPbITHEM Mefb (35 #k) —
nukean (156—20 mx) — xpom (1 mx).

YCJIOBU S 3JEKTPOOCAYKAEHUS TOJICTBIX CJIOER BPOH3bI
U UX CBOMCTBA

Toncoie ocanky 6ponsst (~ 1000 mx) Ha UHIUHIPHUECKHX H3JeNHAX
momwanslo 0,15 dm? nosyuanuch U3 JMEKTPOJINATA CJEYIOMEro COCTaBa:
28 o/a Cu; 16 o/a Sm; 12,5 o/a NaCN,, 4 7,5 /2 NaOH, i, =~
=~ 17 a/om?* =60 4 2°. 3a 27 wac. toammHa ocajka JOCTHIJa
npubausurensio 1000 mx. Bauua ¢ paGounm o6beMoM 2 4 3JeKTPOJHATE
paborana 8 wac. B AeHb, Hocje uero ofpasell BHIIPYKAJIH U3 BAHHEL
U NIePEeHOCHJH B CTaKaH ¢ JUCTHIIHpoBaHHON Bogoil. [lepen ciepyroomum
HOKphITHEeM 00paser| BbIfep:KUBAIM B BanHe Ge3 Toka B Teuenue 15—
20 mun. Tlocse Takoll BBIJIEDKKHM NOBEPXHOCTL 00pa3la CJErkKa npoTpas-
JUBANACh, YTO JIOJXKHO ObLIO 00eCneYnTh NPOUYHOE CUeTIeHHe B TOJICTHIX
cnosix. [lepepniBbl B yCJOBHAX ObiJH HeM30eXKHB! H3-33 HEBO3MOXKHOCTH
KPYFPJIOCYTOUHOR paboThi.

CaMoe BaXioe Jsl HapamHBAHUSA TOJCTBHIX CJIOEB — 3TO UUCTOTA
3JEKTPOJINTA, ITI03TOMY BO H36exaHHe 3aTps3HeHHs H HeoOXOAUMOCTH
YyacToll QUABTPAUMH 3JEKTPOJNTA BallHa padoTana ¢ MeJHBIMH aHOMAMH,
4 OJJOBO TIEPHOAMYECKH BBOJUJM TIO pacueTy B BuJe cranmnara. Bauna
cBepxXy ObLla XOpOIIO 3aKphITa, YTOOLI TIPEAYTIPEAUTH NIOTIAJAHHE Hexe-
JATEJbHBIX YACTHI H YMEHBIIUThL U3MEIIeHHE cOCTaBa MIEKTPOJIUTA 3a CUeT
ucnapenus. IlpuroroBienHbie HUIMGB TNOKA3aAH XAPAKTEPHYIO 14
3/JEKTPOOCAXIEHHBIX CIJABOB CJIOHCTYIO CTPYKTYpPY. Takue TOJCTEIE
NOKPBITHS, HECMOTPS HAa TiepepHBHL B NPONECCE 3JEKTPOJU3a GPOHS3H,
006,1a/1210T OTVIHYHEIM CLETIIEHHEM € OCHOBHEIM METAJIJIOM M MeXAy HocJje-
AyOWHMH cnoaMu. TTokpeTH#A HuanHApHYeckUH obpasen Gbul mopBepr-
HYT XOJONHOH KOBKE Ha MOJIOTE, TAK UTO BbicOoTa 00pasina yMeHbIUHJAAch
NpHOIM3HTENBHO B 3 pasa. HUKAKUX NpU3HAKOB OTCJAaMBaHHA He HabJ110-
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flanoch., DTO TOBOPUT O BO3MOXKHOCTH 3aMeHbl Tpolecca 3aJuBKU GpoH-
30H, HanpuMmep, NMOJIIHIIHUKOB CKOJbLIKEHHS 3JEKTpoocaxkieHueM. [Ipu
9TOM MOXKHO BMeCTO 5—5,5 mm OpOH3BI NIPH 3aNMBKE OTPAHHUYUTHLCS
1—1,5 mm TIPH 3JIEKTPOOCAMKACHUH, YTO MOXKET [aTh GOJBILON 3KOHOMU-
ueckH# 3thdeKT.

Ananusupyst KOMIOHEHTHl  CTaHHATO-IHAHUCTOTO  3JIEKTPOJIHTA,
a TakKe KaToJHbi ocajoK B BaHHE o0neMoM | 4 U nuiomajbio ucnapeHust
100 en?® npu npoxoxienuu Toka (10 a-4), MOXKHO cjesiaTh HEKOTOpLIE
BHBOJHI OO0 YCTOHYHBOCTH CTAHHATO-IHMAHUCTHIX ajekTposnuTos. [lony-
yeHHbIe aHHbIe TpuBeeHs B Taba. 5. Uepes kaxpie 3 yaca goGaBastau
BOJYy HO METKH.

Tabauya 5
HameHeHHe COCTABA 3JeKTPOJMTA B npouecce paGoTh
CocTaB 3JIeKTPOJHUTA B &/4 ComepKanie
Sn B Karon-
Cu Sn NaCN_g06 [NaOH 406 HOMBOg/f:uKe
Hexomawt « o+ . . . 28 16,3 12.5 7,2 11,6
Tlocne 10 a-ufa . . . . 29 16,5 6,7 6,1 10,7

ix = 2aldm? iy = 1 a/dn?; t = 65 -+ 2°. B cocrane anoga 11% Sn.

3 npusefieHnbIX JaHHBIX BH/IHO, YTO TIO COJAEPKAHUIO MeU H 0JIOBA,
a Take CBOOOJHON IENOYN Pe3KUX H3MEHEHHH B DPaGoueM 3JEKTPONUTE
He HaGaopnaercs. HauGosee YacToe KOPPEKTHPOBaHHE SJEKTPOJIUTA
MO3TOMY JIONKHO CBOJAHTbCS K JOOABJIEHHIO LHAHMA.

ITocne npoxoxaeHHst 10 a.« Ha 1 4 37€KTPONHTA COXPAHSIETCST XOpO-
IIMA BHEIIHWH BHJ ocajxa.

NMOKPBITHE BEJIOW BPOH30#

B kauecTBe caMOCTOSITENBHOTO 3alHTHO-JEKOPATHBHOIO TIOKPHITHS
HOJIyUnJa pachpocTpaHeHHe Tax HasniBaeMan Oesast 6poH3a, B cocTaBe
koTopoit mpuMeprno 45% Sn u 55% Cu. [lo surtepaTypHBRIM AaHHLIM,
3TO NOKPHITHE OCOGEHHO WWHPOKO npuMmensercs B Anraun; B CCCP
U B JPYTUX CTPaHax 3TO NOKPHLITHE TAKXKE HAXOAUT Pa3HOOGPAasHOE MpU-
menerne. ITo cBoeMy BHELIHEMY BHAY NOKPBITHS U3 Gesioil GpOH3bI 3aHU-
MaioT [IPOMEXYTOUHOE IOJI0XKeHNe MeXy HHKeNeM U cepefpom, GoJrblie
NpUOANXKAACh K TocyefHeMy. o TBeppocTH nofo0Hble TOKDPHITUS Mpe-
BOCXOJSIT HMKEJEBLIE, HO YCTYNAIOT XPOMOBHIM. B oTnnune or cepebpa
Oesast GpoH3a He TYCKHEET NOJ JieHCTBHEM CepoOBOJIOPOJa U JPYTHX cep-
HUCTBIX COGAUHEHWH, TOKPHITHS XOpOIIO NasiioTes U B NOJHPOBAHHOM
BHJE MMEIOT NPHSTHHIH BHeWNH# BUA. Desoli Gponsoll MOXHO NOKpHI-
BaTh M3JeNUsi U3 MELW, ¥ ee CIJIdBOB, a TakiKe cTalbHble H3JENUS.
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Tlo Menn H saTyHH pekoMeHAyeTcs cioll TommuaolR 12,5 mx, no cranu
25 mx. Denoli Gpousofl MOKpHIBAWT JeTajdd pajHoanmnapaTtypsi, CTOJO-
Bole [PUOOPH, pPAa3jHyHbBle METANNHYecKHe U3JEJNHsl, TNPHMEHsdeMble
B ObITy, U T. J. _

st noxpoitus Gestofi GpPoH30H peKOMEHAYeTcst CAEAYIOMM cocTaB
aJieKTposuTa (B &/4) U pexUM:

On0BO (B BHAE CTAHHATA) . . . « . « « . « . .« . . 38—42
Menp (e Buae mmauuerodt) . . . . . . . . . . . . . 7,5-85
NaCNigos  + » v o v v o o v v e e v e e e e e . 1618
NaOHegos -+« v v v e e e e e e e e e 14—16
Temmepatrypa 8 °C + . . . . . . . .« .. .. . . 65°42
[MnotHocTs TOKa B @/dm* . . . . . . . . . . . . . 15-25

3a 20 muH. ocaxjaercst ciol 25 MK, UTO COOTBETCTBYET BHIXOJLY
no Toky oxoso 60%.

AHoJIbl pasjenbHbie, MeJHbIE M OJOBSIHHBIE, C 00SI3aTENbHLIM TaccH-
BHDOBAHUEM MOCHEJHUX; ¥/, Bcero TOKa NDUXOINHUTCS HA JOJIO OJNOBSIH-
HbIX @HOJOB MpPH TAOTHOCTH Toxa 1,5—2 a/dm? u Y/,— ua MejHble aHOJALI
npu nnoTHocTd ToKa 0,5—1 a/0m®. MoXHO TakKe NePHOJUYECKH NPOTy-
CKATb TOK Yepe3 MejHble U OJOBSIHHbBIE AHOJBI WM NPHUMEHSITh HEPaCTBO-
puMble aHOAB! B KOMOHWHAIMM C ME[HBIMH WJIM OJIOBSIHHBIMH aHOJaMH
H C BOCIOJHEHHEM METAJIa, BbIIEASIOMErocst Ha U3JENUAX OPU CHUCTe-
MaTHUYECKOM BBEJEHHUH B 3JIEKTPOJHT COOTBETCTBYIONHUX COJEH.

Ha octoBanWM H3J0KEHHOIO MOXKHO CHEJNATH CHENVIOHE BbIBOLHL.

1. CocraB MeIHOONOBSIHHEIX CIIIABOB PETYJUPYETCST B OCHOBHOM COOT-
HOILLEHHEM coJiell MeJIU ¥ 0JIOBA B 3JIEKTPOJIHTE.

3 nuauucTo-CTaHuaTHLIX 3J1EKTPOJSHTOB MeJlb 0CaXIaeTcsl Ha KaTojle
Jydile, yeM OJI0BO.

2. C moBBIIIEHUEM CcOfepKAHUS CBOOOJLHOTO NIUAHUAA YMEHLINAETCS
COflep’aHHe MeJH B KAaTOJHOM OCajike H IMOBBIIUAETCH Cojepixanue
0s10Ba B HeM. CBoGo/iHAS MIENOUL OKA3BIBAET NMPOTHBOMOJIOKHOE BAHSIHUE
Ha COCTaB OCAJKa.

3. MeaHOONOBAHHbIE TOKPBITUST OCAXKAAIOTCS TPH  TeMuepaType
65 -+ 2° onTumaJbHAasl IJIOTHOCTh ToKa 2—5 a/dm?.

4. JIns1 unameceHus] OPOHSOBHIX TMOKDHITHH ¢ MajblM COJEpKAHHEM
0JI0Ba NPUMEHSIOT OPOH30BbIE anojbl. [ast mokpuiTusi Geno#t Gponsoit
NPUMEHSIOT pasjiefbHble aHOJBl € pEeryJHpoBaHMEM IJIOTHOCTH TOKa
HA HUX.

5. Dponsosniil nogenoit ¢ 10—12% Sn nojx HuKeseM H XPOMOM 3atiiH-
HIAeT JIyullle, yeM MEAHBIA NMOJCJON TAKOW e TOJIIUHHI.

6. Dbpousosbie noxperrus ¢ 20—22% Sn ayumle COMpOTUBJISIOTCS
TYCKHEHHIO M NPU MOCAEAYIOMIEM XPOMHPOBAHHH XOPOLIO COXPAaHSIOT
BHENIHUH BUJ U3JeJauH.

7. Ilpumenenve OpPOH30OBOTO IMOACJOSI BMECTO MEJHOTO HO3BOJSET
YMEHDbIUUTL TONIUHY HUKEIEBOrQ IOKPHITHS, & B HEKOTOPHIX Cllyuasx
TIOJIHOCTEK) 3aMEHHTL €ro,
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B. H. JIAHHEP

NMOKPbLITUA CIJIABAMH 0JI0BO — HMHK U 0JI0BO — KAIMHU I

OunoBsIHHbIE NOKPHITHS DPEAKO HPUMEHSIIOTCST JJisl 3alUThl OT aTMO-
chepHOll Koppo3uu. Haie OHW HCNOJb3YIOTCH B NMPOU3BOJACTBE KOHCEDB-
HOl Tapel, A1 obnerueHHsl Nafiky, AJs 3aUTHL OT a30TH3ANMH U B APY-
TUX UEJSX.

Hapsizy ¢ »TuM [is 3aMUTHBIX U 3aIUTHO-IEKOPATHBHBHIX Lejel
B IIOCJEJHEE BpeMsl HAuaJH NPHMEHATLCS MOKPHITHUST U3 OJIOBOCOJepKa-
mux cmjaaspoB: Sn — Zn, Sn — Cd, Sn — Ni, Pb — Sn, Cu — Sn.
Toukuii 00BRUHBIH NOACHON YaydYllaeT 3alETHHE CBOACTBA MUHKOBbBIX,
KaJIMUEBLIX M IPYTUX NOKPBITHH. Taxue BLIBOJB ObIIY MOJYUEHbl HA OCHO-
BaHUY YCKOPEHHBLIX UCTLITAHU, NPOBEJEHHLIX B ropsiyell Bojle, B OpHI3-
rax NOBapeHHOH COJMH, U HAa OCHOBAHUU JJIHTENbHHIX HADVMKHBIX HCIIbl-
TaHu# B MopckoH M npowmbliienHoll armocgepe [1]. Dro obwsicHsercs
TEM, YTO OJIOBSIHHBIH NoAcaof cozjaeT Gosee GJATONPHATHYIO 3JIEKTPO-
XMMHUUYECK VIO CUCTEMY (MHOTOSJIEKTPONHBIH 3/IeMEHT), CroCOOCTBYET IOy -
YEHHIO OeCHOPHUCTHIX TOKPBITHH, yJyUHaeT pacCeHBAIOILYI0 H KDOIILYIO
CTOCOOHOCTL B HAYAJbLHOH cTajuy 06pa3oBaHUS MOKPHITHH,

Ocofenno sdderTeH TOHKMH OJOBSHHBIA NOACIAOH TOJ HHUHKOBbIE
H KaJMHEBLIE ITOKPHITHSI B YCJOBHAX MOPCKOro MoBepexbsi, 4TO BHIHO
U3 JaHHHX Taoa. 1.

Tabauya 1

Bausinue 0JIOBAHHOTO NOACAOA HA 3aUIHTHHIE CBOMCTBA IHHKOBHIX
H KajgMHeBbX NMOKPHITHH HA PaccTOSHUM 25 M OT Mops

Tommuna nokphTHa % 3apaBJeHHOH NOBEPXHOCTH uyepe3
\ B wK 4 Mec. 10 mec. | 16 mec. 23 Mec.
75Zn .. ... .. ... .| PxapugnaHaKpa- 90 100 —
ax obpasua
25 +5Zn . . .. ... 0 50 60 80
756Cd . . ..o 0 16 60 90
25Sn+565Cd .. ... .. 0 0 0 0

B npombimnenHo#t atvocepe OJIOBSIHHBIH MOACHOH Taroro sddexTa
He Jaer.
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Hcenegosatensekuit nucTiTyT ofiosa B Aurmuu ycTanosua, uTo odedb
TOHKMH OJNOBSIHHBIA MOACAOH JaeT XOpOWHH 3PpEeKT NpH HaHEeCEHHU
JIAKOKPACOUHBIX TOKPHITHH Ha CTajib M BO MHOTHX CJAyYasX MOMKET
KOHKYpHpoBaTb C QochaTipoBaHHEM.

OJOBSHHOIMHKOBBIE HOKPBITHS BIEPBbE OLLIM NPEAJIONKEHBI .KaT—
coepcronoM u IuraucoM [2] u passutm Jlayuxefimom [3]. B CCCP
JeTand TEXHOJOTHH, a TakXe CBOHCTBA ITUX MOKPHITHH H3YdUaNUCh
B. U. Jlatiuepom u E. C. Tonosuno#, H. T. Kyznpssuesniv u E. B. Tau-
nywkanol, H. I1. ®egorveniM [4] u ap. K Baxuefimmm npeumyecTsam
3TUX TOKPLITHH OTHOCHTCSI XOpOoLlasl MasieMoCTh, KOTopast coxpamsiercst
BO BPEMeHHM Jydllle APYTHX NOKPHITUH, U BLICOKAS KOPPO3HOHHASI CTOH-
KOCTb, B WACTHOCTH B KOHTaKTe ¢ anioMHuueM. [IpH AAuTENbHBIX HCTH-
TAHHAX CTAJbHBHIX OOJITOB M ra€K B KOHTAKTE C aNIOMUHHEM ObLIO YCTAHOB-
JIeHO, 4TO B MOPCKOH aTMocdepe KOPpPO3HOHHASI CTOHKOCTb OJIOBSIHHO-
IMHKOBLIX HOKPHLITUH BHIIE IMHKOBBIX H DaBHA CTOHKOCTH KaJMHEBHIX
NOKPLITHIl; B NPOMBILICHHOH aTMocdepe CTOHKOCTb 3THX TNOKPHTHH
paBHa IHHKOBLIM U BhIlE CTOHKOCTH KAaJMHEBLIX HOKPBLITHI.

B npomeiuiieHHoft atMocdepe OJIOBSIHHOIHHKOBBIE ITOKPBHITHS JIYUIlEe
CONPOTURJAIOTCS (0O CPABHEHHIO ¢ IHHKOBBIMU MOKPBLITUSMHU) 0O0pasc-
BAHUIO TAK Ha3blBaeMo# 0enofl pxaBuMHBL (00BEMHBIX NIPOLYKTOB KOPpPO-
3un uuiika). HecMorps Ha Bbicokoe cojepxxanne onosa (~ 80%), moxphi-
THSI He TIO[BepTaioTcs 3a00MeBAHUIO «OJNOBSIIHOR UyMOIl» B TedeHHe LIH-
TEJILHOTO BPEMEHH HPHU HH3KOH TeMmeparype.

Tabauya 2

dneKTpOAHbIE HOTEHIHANb 0J0Bd, HMHKA W CHJA4BA OJOBO—IHHK
B 3%-Hom NaCl

Marepras Haqa!f;;{#g ?OTeH- HOEH;::; :egpes
Cnnas 78% Sn, 22% Zn . . . . . . . —-1,0 —0,99
Husxk . . e —1,02 —1,03
011_0130............... —0,45 —0,44

OnoBaHHOIHKKOBEE CILIABLL, cofepXamue 22—50% Zn, cocTosiT
u3 3BTekTURU (91% Sn) u usGrrouHOoTO CBOOOJAHOrO NHHKA. DIEKTPOA-
HbIH NOTEHIUAN TAKUX CTJIABOB OIpeJeNseTcs HaJHuHeM B HHX CBOOOJX-
HOTO [WHKA U Npubauxaercs K MOTEHHHay nocaepnero. [Hanee,
B TaGn. 2, NpHBOAATCS 3HAUEHHS SJEKTPONHHIX IOTEHIHAJOB, OJOBA,
UWHKA U OJIOBSTHHONHHKOBOrO CIJIaBa, HaMepeninle B 3%-HoM pacrBope
NaCl npu temmeparype 25 -+ 0,1° [2]. '

M3 npueejeHnbiX B Tabaune JaHHBIX BUJHO, YTO Jaxe IPU BBICOKOM
cojlep3KaHUK 0JIOBA B CTJIaBE MOTEHIHAN €T0 Majo OTJIMYaeTCsl OT IOTeH-
nyana [UHKa, T. €. OJOBIHHOMUHKOBOE NOKDPBITHE AHOAHO IO OTHOLICHHIO
K Keje3y U 3JeKTPOXMMHUECKH 3allHINaeT ero OT KOPPO3HH NOA00HO
nuHKy. B To e BpeMst xHMHueckas CTOMKOCTb CIJaBa BHILE IMHKA
Gnaroapst NpeobJaajlaHUI0 B HEM XHMHYECKU CTOMKOro ojioBa. ABTO-
pamu [5] Obiin mpoBefenbl CPaBHHUTENbHBIE KOPPO3UOHHLIE HCIIBITAHUS
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sKesiesHpiX 06pasuoB ¢ OJOBSIHHOUMHKOBHIM NOKPLITHEM ToamuHol 10 mi
OpHu colep:KaHHH nuHka B cnyase 10—70%. IlapannenbHo HenbITHIBA-
JHCh ONMHKOBAHHbBIE U KAAMHPOBaHHBIEe 00pasun. B pesyasrTaTe npope-
JeHHbIX UCIBITAaHUH Ob1J10 YCTAaHOBJIEHO, YTO OKPHITUS crsasoM (67 % Sn,
33% Zn uau 76% Sn, 24 % Zn) oTAMYAIOTCST BHICOKMMH 3aILHUTHLIME CBOH-
CTBAMU U KODPO3HOHHOH CTOHKOCTBIO. [lo CBOMM B3aImHUTHBIM CBOHCTBAM
TAKHE MOKPLITUS HE YCTYNMAOT HU UHHKY, HH KaJMHUIO, 4 OPH HCIBITAHHU
B 3%-uoM pacteope NaCl paxe npesocxofsar ux. Kopposuongast crofi-
KOCTb TaKHMX IIOKDBITMH Bblllle KOPPO3HOHHOH CTOMKOCTH L HHKOBOIO
MOKPBLITHST U PABHOLEHHA KaJMHEBOMY MOKpeiTHIO. Ilpn mamon cogep-
KAHHU [MHKA B MOKPHTUH (Meubile 10%) OHO CTaHOBUTCH KAaTOMHBIM
110 OTHOLIEHHIO K XKEJe3y U HE 3allUIIAET €To OT Kopposudu. [Ipy BeICOKOM
COJepPKAaHHH NIHHKA MOKPLITHS CKOPO TEMHEIOT U BEAYT cefsl aHAJOTHYHO
NUHKOBbIM IOKpHTHSIM. Ilo gamubiv H. T1. ®egorveBa [4], moxpuiTust
u3 ciuiaBa Sn — Zn, Tak ke Kak H HOKpeITHS Sn — Cd, moryt ObiTh
PEKOMEHJIOBAHB! AJI5T 3aIHTH H3AENMUA OT KOPPO3HU B TPOMUUECKUX YCJIO-
BHSIX.

COCTAB JJIEKTPOJIMTOB U UX PE)XHUM

CoBMecTHOE BHIJICJIEHUE HA KATOJE [MHKA U 0JI0BA NMPHHIUIHAJILHO
BO3MOXXHO H3 IUEJNOUYHBIX PACTBOPOB, B KOTOPHIX LIUHK HAXOAUTCS B BHJE
IIUHKATA, 4 OJIOBO — B BHJe cTannara, OJHAKO BCAEACTBUE HECPABHEHHO
BoMbIEH MPOYHOCTY CTAHHATHOIO KOMIJIEKCHOTO HOHA 110 CPABHEHHIO
C IPOYHOCTBHIO UMHKATHOTO HOHA HA KATOJE NPEUMYIECTBEHHO BhIJIE HETCH
LIMHK Jaxe M3 DPacTBOPOB C OUEHb HE3HAUMTENbHOI Kouleurpanueil
IUHKOBON cosu. TpyAHOCTb pETyJHPOBAHHI XUMHUECKOIO COCTaBa
KATOJHOIo CILIaBA, HOJYUYeHUS KATOJHBIX OCAIKOB HajJexameidl crpyx-
TYpbl U TOJYYEHUST BOCIIPOU3BOJAUMBIX DPE3YJIbTATOB [EJAeT IEJOUHbIE
(BectinanucTbie) 3MEKTPONUTH MPAKTHUECKH HENPHTIONHBIMU JUIA MOJY-
YeHUS NMOKPHITHH 13 OMOBAHHOUMHKOBOIO CIaBa.

B 1955—1956 rr. Gniio mpoBejeHO oOcTOSTENbHOE JabopaTopHoe
U TIOJMYNPOMBIILIEHHOE HCCJIENOBAHUE 3JEKTPOJHTE, B KOTOPOM IHAHHU-
cTolfl HaTpufi 3amenen TpuionoM-B [6]. Dburu HecnefoBanbl ycaoBHS,
MO3BOJISIONINE OCaXKAATh CIiaB ¢ cojepxanueMm 25—75% Sn. Omnituasn
BaHHA eMkocTeio 40 # palotana ycTOHUMBO B TEUEHHUE PSJla MECSIUEB.
st nonyuenusn cnnasa cocraBa 75% Sn u 25% Zn npuemyeMsiM Oka-
3aJiCsl 3AEKTPOJHUT CJAEAYIOMEro cocTaBa 4 peykuma:

NaySnO,4-3H,0 T (-1 7 )
ZnCOg « . v v v o v v oo oo oo s s o LBy
NaOH . . . . . . . . . o v v v v v v v v 10,0
Tpwaon-B - - . . . .. . ... ... . .50 ma/a
Temneparypa 8 °C - . . . . « . .« . .. ... .70

I Ba/Om® . . . . . oo e 2

iaBafdm® . . . . . .. ... ... .. ... 152

B Teuenne 2 mec. W3 Bauubl eMkocTeio 30 4 DOJYyYaJHCh TJajiKHe
CBETJIBIE HOKPHITHSI, HE YCTYHAWONME [0 BHEIHEMY BHAY IOKDBITHSIM,
MOJYYAEMbIM M3 CTAHHATHO-HMAHHCTHIX SJEKTPOJUTOB. AHOIL OblIH
HOKPBLITHL CEPOft MJIEHKOM (B CTAHHATHO-UHAHUCTBIX JEKTPOJNUTAX NICHKE
JIONKHA HMMETb 30JIOTHCTHIH OTTEHOK) M JOCTaTOYHO YAOBJETBOPUTEIBLHO
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NOAJIePKUBANY OTHOIEHUST SN : Zn B 3aekTponuTte. TIpy cHUKEHHH KOH-
LUEHTPAaUMK INEeJO4H (B pe3yJbTaTe KapOOHH3anMH) JO 5 /4 aHOIHBII
BBIXOJ{ [I0 TOKY PE3KO [1ajaJ, YTO IPHUBOAUIO K HAPYIIEHUIO HOPMAJILHOTO
(dyHxUHOHUpoOBaHHUs aaexTponura. Hus upenynpexpgenust nojobzoro
SIBJEHHSI HeoOXOJHMO CHCTEMAaTHUeCKH KOHTPOJHPOBATH U KOPPEKTHPO-
BaThb COJEPXKAHHE IIEN0UH B 3aeKTposiuTe. KOMIJIEKCOH JOCTAaTOYHO
YCTOHYUB U HeT 11eoOXOJUMOCTU B wacToM jpobaejenud ero. Kax xarog-
HbIf, TAK X AHOJHBIH BBIXOA MO TOKY KoJgebmercst B npegenax 60—70%.
Takum o6pazoM, eJMHCTBEHHO CEPbE3HBIM HeJOCTATKOM TAKUX 3JEKTPO-
JHUTOB SIBJSIETCS HE BIIOJHE YIOBJIETBOPHTENbHOE IIOBEJEHHE AHOJOB,
4TO, OJHAKO, MOXKeT OHTh ycTpaHeHO MNpu OoJee JeranbHON 0oTpadoTKe
ITUX 3JEKTPONHTOB,

Dol HeciefoBaH TakXe MNPONECC 3IJEKTPOOCAMICHUST ONOBSHIO-
IIMHKOBLIX CIJIABOB H3 MUPOhoCthaTHRIX 3JEKTPOJHTOB. ¥ JOBJETBOPH-
TEJbHBIE B CTPYKTYDHOM OTHOILIECHHH OCAJKM HOJAYUYAIOTCS TOJbKO B IIPU-
CYTCTBHY KOJJIOHJIOB. IIpH BBEJEHUM B 3JEKTPOJHT 1 /4 rien uau
JKeJaTHHBI MOTEHUHAJN OCAXKJIEHUSI OJIOBA CJABHIA€TCS B OTPHUIATEJBHYIO
CTOPOIY, @ NHMHKA — B IIOJOMUTENbHYIO, UTO CHOCOGCTBYET BblJIEJIEHUIO
craBa Sn -— Zn.

Huasi monyuenus cnmasa cocraBa 80% Sn u 20% Zn pekoMeHpyeTCst
SJEKTPONHT CJIAYIOMEro cocTaBa U pexkuma:

K,ISn(P,0;),1 e e e e e e e e e e e e e 0,05 .
Kl Zn(P,0;),] N N1 I A
KiPyOscoos + + « « « = v v v v v v v v o oo oo L2 m
Kaeit e e e e e e e e e e e e 1 e/a
Temneparypa .« « « « o« -+« 0oL 60°

[TnorHocTe TOKA 2 a/dn?

Anoasr u3 crnnasa 80% Sn u 20% Zn.

1llupoxoe npaxkTHYeCKOe IPHUMEHEHHE IJA JEKTPOOCAXKICHHS OJ0-
BAHIIOIHHKOBLIX CIJIABOB MOJYYHJIH ICJOUYHO-IIMAHUCTHIE 3JEKTPOJHUTEL,
B KOTOPBIX OJIOBO HAXOAUTCS B BHJE MIEJNOUIIOrO KOMILIEKCa — CTAHHATa,
a IHHK — B BHJE ILMHKATa M B BHAC NUAHHCTOH KOMIJIEKCHOHN COJH.
Takre 3JeKTPOJNTHL HMEIOT B CBOEM COCTaBe YeThIPe OCHOBHBIX KOMIIO-
HEHTa: KOMIJICKCHble COJMH 0JIOBAa H IHIIKA, €JKHE HATP ¥ IHUAHUCTHIA
HaTpHil. AHanoruyHbie SJEKTPOJHTHI HNPHMEHSIOTCS JIs 3JEKTPOOCaX-
JeHUsT MEAIIOONOBSIHIIBIX CILIABOB.

Tlpoluece MOKPHITHH OJOBAHHONMHKOBBIM CIIABOM MOMKET oOcyllle-
CTBJISITBCSL C PACTBOPHMBIMH aHOJAMH, MAKCHMAJIbLHO NPHOIHKAOIIMUCS
IO CBOEMY COCTaBY K COCTaBY HOKpuITHH. [lpy sTom HeoGxopumo 3ab6o0-
THTbCH O IEPEXOJE O0JIOBA B PAcTBOD B BHJE UETHIPEXBAJEHTHBHIX HOHOB;
IpU HakoIyieHWH B saerTpoaute 0,5 /4 craHHHTa KaTORubIH OCajoK
CTAHOBHTCS TIpyCOeiM W TeMubiM. [lofjoBHo TOMY, Kak 3TO NPOUCXOXUT
B IMEJOUHBIX 3JICKTPOJHTAX JNAA JYXKEHUSI, B JAHHOM CJaydae AHOJH
JIOJIKHBL GbITH MOKPHITHL 30JI0THCTOR TIeHKoH. UnTepBas aHOJHBIX ILIOT-
HOCTEH TOKA, NPH KOTOPHIX 3TA MJIEHKA YCTOHYUBA, Y¥Ke, UEM HA OJIOBSH-
HHIX agofiax B BaHHax ayxenus (1,1 — 1,9 a/0u?).
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ITpu NOBBILIEHHOM COAEPXKAHHH NHHKA B aHOAaxX (A/sl MONyYeHHs
NOKPHITUH COOTBETCTBYIOMIErO COCTaBa) PEryJUupOBaHME aHOJAHOTO IPo-
mecca VCJIOKHsETCss B eme Oofblied cTenenu.

CocraB KaTogHOro ocajka B 00Jblleil CTeNeHN YYBCTBUTENEH K H3Me-
HEHHSIM COCTAaBa 3JEKTPOJNTA, 9eM K DEXUMY 3JEKTPOIN3a.

HesnauuTenbHoe H3MEHEHHE COAEPIKAHUSI LMHKA B 3JIEKTPOJUTE
BBI3LIBAET Pe3KOe H3aMEHeHHe cocTaBa xaTofiHoro ocajka. Ha ¢ur. 1
BHUJHO, HANPUMEp, YTO IPH YBEJIHMYEHMH COJEPIKAHHS [IMHKA B HJIEKTPO-
qute Ha 0,3 2-3k6/4 NPHU NJAOTHOCTSIX Toka 1—3 a/0m® mpoHCXoAUT obo-
rameHue CIJiaBa UHKOM NpH-
mepro Ha 60%. AT %

Tlpu yBesudyeHuu cojepKa- 4;_ 5/;

HUSI OJIOBA B 3JEKTPOJUTE

Buinsiuve uaMeHeHHsI COAEp-

N

s /V/’\z
HaGMI0faeTcs yBeJIMYeHHe CO- 5 50150 A
JePIKAHUS OJIOBA U B KATOJHOM S }'f//
ocajke, HO B Topasfo MeHb- 3 60140 p

o x 3

lell CTeneHy. S 70] 30 A

g

<

- 2Kaunsi B 3JEKTPOJIATE KOMII- 80120 =

/)
JIEKCHBIX COJIeH ocaxjaronuxcs /// //

90110

METaJIJIOB Ha COCTaB KATOJNHOTO 4

ocajika o0yCJOBJUBARTCS COOT- 100

HOLIEHHEM KOHCTAHT HENpoY- 0 012 024 036 23Kz
HOCTH KOMIIJIEKCHbIX aHHOHOB Zn 8 snexmponume
MerasnaoB. CTaHHaTHbIE AHHOH  Gyr. 1. Bamsiime CORepIKAHHA LHHKA B TEKT-
ropasjio InpouHee Jaxe IHH- poJIITE HA COCTAB KATOJAHOTO OCAanKa:
KOBOTO [IHAHUCTOTO AaHWOHA. 1 — i, = 0.5 afon® 2—i =1.0 a/dn* & — i =
Ilo HekoTopeM jgaHHBIM [7] = 2.0 a/ou?; 4 — i, = 3,0 a/dx’.

KOHCTAHTa HEHNPOUHOCTH CTaH-

matgoro uona pasua 1-10-% a npumkosoro 4,2-10-%2. B  pesyab-
TaTe TAKOH OOJBIUOL DasuHIBl B 3Havenusx K, H3MEHEHUE COAepKaHHs
COJIY [UHKA B 3JEKTPOJHTE PE3KO CKA3LIBAETCSt HA COCTABE CIIIABa.

Hamenenne cofepXaHHs NHAHHCTOIO HATPHUS B 3JJEKTPOJNUTE TaKKE
CHJIBHO BJHMSET Ha COCTaB KaTojHoro ocajka. Ilpu ysenuuenuu ero
KOHIEHTPANHY COJeDKaHHe HHMHKA B OCAJKe YMEHbLIaeTcsl BILIOThH
JIO TIpeKpAlleHHsi BHIJACJKEHHS HA KaToje NPU [OCTHMKEHHH HEKUTOPOH
gounehtpande NaCN. Ha ¢ur. 2 nokaszana 3aBHCHMOCTb cocTaBa KaToJ-
HOTO OCajiKa OT cojlepKaHus OOIIero HHAHHUAA B JIEKTPOJUTE.

Jist o6bsicHEHU S TONYYEHHBIX PE3yALTATOR OblJIM CH5ITH NOTEHIHA b-
HBIE KPUBhLIE OCAXKJeHHst CIJIaBa B 3JEKTPOJHUTAX C PAa3JUUHBIM COHAEP-
xKauueMm obuwero nuanuga. Pesyabrate npusenens Ha rpaduxe (dur. 3),
U3 KOTOPOTro BH/HO, YTO MO Mepe YBEIHUEHHS COAEPIKAHHS HHAHHCTOro
HATPHS B 3JEKTPOJHTE OCAXKJEHHe CHJIABA HPOHCXOJAHT IpH BoJjee 3Jex-
TPOOTPUIATELHOM 3HAUCHUH noTeniyansa. [Ipd JOCTHXKeHUH HeKOTOpOH
onpejlesieHHON KOHLEHTPANMHd IHAHHJAa COBMECTHOE OCaXKJeHHEe UHUHKA
C OJIOBOM JIENAETCS] YK€ HEBO3MOMXHBIM; ITOTEHIHAJ NPH 3TOM DE3KO CMe-

1aeTest B CTOPOHY GOJIEE IJIEKTPOMONOKUTEIbHBIX 3HAUEHHH U HA KaTojle
ocaxjaercss OJHO OJIOBO.
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ITonyueHubie JaHHBE O BJAMSHUYM IHAHHAA HA COCTaB CIJiaBa NMpPOTH-
BOpPEUUT uMeromumcss B Jauteparype. Tak, mo janmbiM KartcGepcrona
U Durauca [2], 3aBUCUMOCTL cojlepKaHUS [UHKA B 0CAJKe OT Cojepa-

y $n Zn SnZn

S %% 2 Y| %0k,

S R S 600 TIPS

N /\\} S AN P

© N o N Y \\'

S soto0 L e S g0}20 ESNESW

E ,/,' § < ’\.\\/4 b ¥ T~

S " 3 S AN NN N

S 700l o s D gl g =L n
0,2 03 042y ¢ 04 05 06 07 08 092Ky
Codepranue NaCHN 55 Codeparue NaCHygy

a) é)

®ur. 2. Bansiane copepxxanns NaClNyg,, B 3/ieKTposnTe Ha COCTaB KaToAHOTO OCajKa.
O6o3HaueHns K KpuBbIM l—4 Te XKe, wro Ha dur. 1.

a — 37eKTPoJHT cogepxkHuT nunka 0,075 H.; 6 — snekTposuT cojepxur uwaka 0,150 u,

HUs cpoBojHoro nuannja B anextpoaure (Gur. 4) npejcrapaseTcsd B TAKOM
BHJle, YTO IIOCJE JOCTUAEHHS ONpeleseHHOR KPUTHUYECKOH KOHUIEHTpa-
IIH CBOOOAUKIN LHauMJ NPakTHYECKU HE OKasnBaeT BJIHSHHUS HA COCTaB

. %
) i
o 47', }[ ;?3? 50%$n
’ /f /[ B .
24 N 40 N ~_Pu§0wm‘
i uumeplan
g 8 0
] <
/I o 78 % $n
N 20t qumsxon -
pucym
a8 v crmbyem vacmuyno npug:,’;,/;mﬁy_
unt yenuKkom | . ermn mosibKOo
, .,é 70 b Bude A 8 bude
% - ~ — - — ng
70 -11 1.2 13 14 15 ¢ 8 2 Zn(CN),
dur. 3. [loTeHnuan OCaKAEHUA CIIaBA 0 5 10 15 20 25 ¢n

Sn—Zn 1npu pAasTHYHOM COJAEDKAHHH
IMaHKHia B aJeKTpoduTe (COAEpIKaHHE
uunka B aiektposurte 0,075 #.):

1—0.4 n. NaCN g5, ; 2—0.6 &, NaCN .

3—0,75 H. NaCNoﬁw; 4—1 . NaCN

Codepxanue clobodrozo yuakude

OGur. 4. Bansnvue copepxanus UHaHHAA
w Ha COCTaB KATORZHOTO OCAajka 0 JAHHBIM
06y Karc6epcrona u Juranca.

0Cajika He3aBUCHMO OT COJEDIKaHHsI UHHKA B 3JeKTposnre. Xoj paccMar-
pHBaeMOH KpHBOH OOBSCHAETCH aBTODAMH HPUCYTCTBHEM B pacTBoOpe
JABYX IHHKOCOJepalHx anvoHoB. OHHM mosaraioT, d9TO Hauajsblias,
KPYTO NaJamoias 4acTh KPHBOH COOTBETCTBYET OCAXKJCHHIO IHHKA LEJH-
KOM HJIH YacTUYHO M3 LUIIKATHBIX HOHOB. IIpH JOCTHXKEHHH KPHTHYECKOH
KOHIEHTPAUUH CBOOOJHOIO IHAHHAA KOHIEHTPAIHS! HUHKATHBIX HOHOB
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YMeHbIIAETCH HNPAKTHYECKH J0 IHyJas, 4YTO OTBeydeT H3ru0y KPHUBOM.
Ilpn panpuelfiueM yBerMUYEHHH KOHUEHTPAUMH CBOOONHOrO nMauuga
Ha KarTojie HPOUCXOAHT paspsj Toabko annoHoB [Zn (CN), 1% u cocras
KaTOJHOrO ocajKa 1Ie MEHSETCs.

laBecTHO, 4TO 1IPU yBeJHYeHMH KOHUEITPANUHM NHAHUCTOTO HATPUS
B IHHKOBOM 3JEKTDOJHTE NPOHCXOJHT MOBBILIEHHE KATOAHOH NOJAPU-
3alli¥ NPH OCaXK/JEHWHM [WHKA W 11a0Ji0flaeTcs MOHHIKEHHe BBIXOJA €ro
o TOKy BIIOTH Zo HyJs. [lumec [8], usyuast noasporpaduieckoe nose-
JeHHe UHNKa B UHAHUJHON cpeje, nalles, 4TO HONMSIPOrpaMmbl 11achilEeH-

% 9%
£

$ ¢ 4 $ 1}
'§ 30 < 74 '§ 30 7,4
3 > é 7 4 3 4
= 20—+ 4 R 20 A
S 4 N /,(

10\ un 74

z(/ /|

/)
0,125 0,260 2-3x8p 0125 0250 e-3xbp,
Na 0H 8 37exmponume Na OH § snexkmponume
a) 6/
®ur. 5. 3apmcuMOCTL COCTaBa KarTogHoro ocaaxa (Sn—zZn) or
CojiepKamMA  EAKOTO HATPa B SJEKTPOJHTE UPH DPASIHUHBIX
IUIOTHOCTAX TOKA:

a — 31eKTpoant cogepxut 0,15 . NaCNMO()u 0,075 1. Zn: 1 — 1 a/du?;

2 — 2 a/dm?; 3 — 3a/dm?;, 4~ 4 a/Om?; 6 — 3JNeKTPOJIUT CONEDPIKUT
0,4 #. NaCN 1 0,15 »., Zn: I— 2 a/dm?, 2 — 3 af/dn®; 3 — 4 a/dut.

nbix pactBopoB nHHanuga nuuka B 0,001 #. go 0,01 #. KCN cocrost
H3 TPEX OTHETJHUBBIX BOJH ¢ BeJuuuHod FEi,, pasuod — 1,0—1,2
u — 1,4 6; a npu Goabiem usbpirke KCN Boslbl HUHKA BooOHIE HE HABJII0-
naorcst. On oOBsICHAET [1aJIHUHe TPeX BOJN TMOCJE/I0BATEbIbIM BOCCTA-
nosyenreM Zn*+ [Zn (CN), 12 n [Zn (CN,)3-. Boaswoit usbeirok KCN
o0ycJIOBJIHBAET, 1O MHeHHIo [THHeca, BoslMKHOBelHE eme $ojiee IpOu-
noro Houa [Zn (CN)J*-, morenuuan BOCCTAIOBJEHHS KOTOPOrO OYEHD
otpunarened. Taxkum obpazom, Gonpinoil H3OBITOK LHAHHCTOrO HATPHS
npexpaniaer ppiieselrte NHuKa 11a katojle. Bee 3To HoATBEPXKAAIOT HOMY-
YEHHBIE ABTOPAMH 3KCIOEpHMeNTaJdblble Jallibie,

Wayuenine BAHSIHHS COJIEpMAHHT €JKOTO HATpa B 3JIEKTPOJHTE
a4 COCTaB KaTOJAHOIO 0cajka IMOKAa3aJo, 4T0 3Ta 3aBHCHMOCTb JJIsI Pas-
JUUYHBIX IUIOTHOCTe! TOKa BbIpa)KaeTCs NapajieJbHLIMH IPAMBIMH
(pur. 5). Ilpy ysenuuennu cofieprxaius eikoro narpa fna | e/a nmpoucxo- -
JHT yBeJHUYeHHe COjlepIKaHNs IHHKA B ocajike Ha 3—4 % . Taxas Gonbluas
YYBCTBUTEJLIIOCTh COCTABA KATOJAHOTO OCAjJKa K H3MEHElHAM KOHIEH-
tpaunn NaOH ofwbsicusiercss ABOAHBIM BJIHSHHEM IEJOUH 1A YCAOBHS
ocaxjeHHua cnjasa; yeeawuenne NaOH saTpynausieT ocamieHHe 0J10Ba,
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TIOCKOABLKY TIOBHIIAGTCS NPOYHOCTh KOMIJIEKCHOTO aHHOHA M objervaercs
ocakjenHe NHHKA, TaK KAK YBEJHUHBAETCS KOHLEHTPAlHs MeHee NpoU-
HBbIX, YeM LHAHHCTble, IMHKATHBLIX KOMIJIEKCHBIX AHHOHOB.

PexXHM 3J1eKTPOJIH3a OKA3bIBaeT MEeHbIlee BJAHSHHE HA COCTAB CNJaBd.
V3menenne MJOTHOCTH TOKa B npejenaXx 1—4 a/Om? He3HAUHTENBHO
cKasbiBaeTcsd Ha cocTaBe criiaBa. [IpH 3HAUMTeIbBHOM IOBBIIUCHHH TeM-
nepaTypbl 3JMEKTPOJHTA HaOJMIOJaeTcd HEKOTOPOe YMeHbIIGHHE COfep-
JKAHUS [MHKA B KATOJHOM OCajke. _

Takum 06pasoM, MOMKHO KOHCTaTHPOBATb, YTO COCTAB OCAXKJACHHOIO
HA KAaToJe CNJaBa OJOBO — LHHK 3aBHCHT B OCHOBHOM OT COAEpIKauHd
B DJIEKTPOJIUTE COJNH IIHHKA, IHAHHCTOIO HATPHA H €JKOro HaTpa.

BJAUAHHE COCTABA 3JIEKTPOJIMTA M PE)XXHMA 3JIEKTPOJIM3A
HA KATOJHBIA BbIXOJ MO TOKY NPYU OCAXAEHHH CIJIABA OJIOBO—UHUHK

ABTOpaMH YCTAHOBJIEHO, ‘UTO KATOAHBIA BEIXOJ IO TOKY NPH OCax/e-
HMHM CIJIaBa B GOJbINEd CTelleHH 3aBHCHT OT PeKHMa 3JeKTPOJH3d, deM
OT COCTaBa 3JEKTPOJIHTA.

Ocak/lenue ChjaaBa oOJIOBO — OMHK INPOBOJWTCS IPH  IJIOTHOCTSX
Toxka 1—3 a/Om?®. C NOBLHIEHMEM IIJIOTHOCTH TOKa KAaTOAHBIH BHIXOJ

5 [0 TOKY DPe3Ko TajaeT, mpHyeMm 3Ta
3aBHCHMOCTb aHanornyna Habjmojiae-
MOfi 3aBHCHMOCTH TPH OCRKACHHH
OJIOBA H3 UIEJIOYHBIX 3JIEKTPOJUTOR.
Hanpumep, ecnu npu {,=0,5 a/0n?
KaTOXHBII BEIXOJ 110 TOKY NPH OCAK-
JIeHHH - cllyiapa cocrasaser 95,6 %,
TO Npu i,=~2 a/Om? BHIXOJ MO TOKY
~ ymenbinaercs go 59,69, a npu
40— i, =4 a/OM? OH COCTABJSIET JHIIb
38,6%. Ha ¢ur. 6 moxasana zapu-
CHMOCTb KaTOJAHOTO BBIXOJA O TOKY
TPH OCAXK/CHHH CILJaBa OT [JIOTHOCTH
TOKa IIPH Pa3JHUHLIX TEMOepaTypax.
Kak BuAHO u3 rpaduka, Temiepa-
Typa pacTBOpa TAKKE CH/JIbHO BJAHIET
®ur. 6. 3aBHCHMOCTS KaTofHOro Bhixoga 1A KATOMHBIH BBIXON MO TOKY: YeM
110 TOKy ©OT INIOTHOCTH TOKa WpH pa3-  BblI€ TEMIIEpATypda, TEM BhILIC BEIXO]

JHUHBIX TeMileparypax: 0 TOKY. JTO BIOJIHE ACHO K3 NOTeH-

1 — 60° 2 — 70° 3 ~ 80° 1IHaNbHbIX KPHBBIX OCaXxKJGHHU CILjIa-

Ba NPH pPA3JIMYHBIX TEMIEPaTypax;

Npy NOBBIIIEHHH TeMIepaTypel MNOTEHIHAA CTAHOBHTCS 3JEKTPOINOJIO-

JKUTEJIbHEE (BEPOSITHO, BCJEACTBHE IOHHIKEHHS NPOYHOCTH KOMILJEKC-
HBEIX MOHOB) ¥ BHIXOJ TO TOKY pacTer.

CocraB 3JeKTPOJHTA TAKKe CHJILHO BJHMAET HA KATOLHLIH BBLIXOJ
no ToKy. IIpn yBeJUUEHHH COJEPXKAHHS CONH IMHKA B 3JEKTPOJHTE
¥ YMEHBUICHHH COMEPXKAHHS IIMAaHHCTOTO HATPHsI BBIXOJ 1O TOKY pacTeT.

VsMeHenye KOHIEHTPALHH KOO0 HATpa B 3JEKTPOJUTE INOYTH HE
OKA43bIBAET BJAMAHHA HA KATOLHLIH BHIXOJ MO TOKY. ITO CBA34HO, IO-
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BHAMMOMY, € JBOSKHM BJHSHMEM MIeJOYH Ha TNOTEHNHAJ OCKACHHUS
craa. C ofHOM CTOPOHE!, YBEJHYEHHE IeJIOYH IOBBIIIAET NOJSPH3a-
IIHIO [PH OCAXJEHAH OJIOBA, C APYroH, — yMeHbIIAaeT MNOAPHU3ALHIO
Npy OocaXKJeHHH nuHKA. IIPOHCXOAMT KOMIIeHCAIHS IIPOTHBOIOJOKHbLIX
cTpemJieHuii M3MEHHUTb NOTEHIHAN OCAXKASHUS CNJaBa, U BBIXOL 110 TOKY
NPaKTHYECKH COXPAHAETCH MOCTOSHHBIM.

[Ipy 34eKTPOOCAXAEHNH CIiTaBOB Sn — Z1 #3 CTaHHATHOLHAHHMCTHIX
3JIKTPONHUTOB MOMKHO DYKOBOACTBOBATBLCH CJAEAYIOIUMH MOJOKEHHAMH:

1. Tlpyu 3aeKTposan3e WeN0YHO-HAHUCTHIX OJOBSIHHO-IIMHKOBBIX 3JeK-
TPOJHUTOB NPAKTHUSCKH BO3MOXKHO NOJYYaTh IJIOTHHE MeEJKOKpHCTaj-
JIYeCKHe CBETJIO-CepOro I1[BeTa OCAIKH CIJaBa ¢ PasJduHbIM COZeprka-
aueM nunka (go 30—35%).

2. CocTaB OCaXKAEHHOTO HA KAaTOfe CIJaBa 34aBHUCHT B OCHOBHOM
OT COAEPXKAHHT COJNH HHKA, €JKOrO HaTpa W nHAHUCTOTO HAaTpHA
B 3JexTposuTe. [Ipy NpOUNX PABHEIX YCJOBHSAX yBeluueHue cojepxa-
HHST B PACTBOPE I[MHKA ¥ €JKOr0 HATPA PABHO KAK YMeHblIeHHe KOHIleH-
Tpau¥¥ B pACTBOpe [HMAHMCTOrO HATPHS BLIBLIBAET yBeIHUeHHe COAep-
JKAHW] [HUHKA B KaTOZHOM oOcalke.

3. Karoauuiil BRIXOJ| 1O TOKY IPH OCKAEHHH CIL1aBa 3aBHCHT B OCHOB-
HOM OT DeXHMa 3JEeKTPOJH34, 4 TaKKe OT COAePXKAHHHA NMHKA X IIMaHu-
CTOr'Q HATPUA B 3j1eKTpoauTe. [Ipyu npounx paBHeEIX YCAOBHAX NMOBHILEHHE
HJIOTHOCTH TOKA, NOHMKEHHEe TeMNepaType, yMeHbIIeHHe COfePKaHHs
HAHKA B 3JEKTPOJUTE M YBEJHUEHHE CONEPXKAHHA LHAHUCTOTO HATPHUIA
NOHMKAIOT KATOAHBIA BREIXOJ MO TOKY.

4, TlokpbiTHs M3 CIJIABOB OTJHYAIOTCSI BBICOKHMH 3alIATHHIMH CBOH-
CTBAMM H KOPPO3HOHHON ycToiuupocThio. IToxpuite cnjgaBom 80% Sn
u 20% Zn orBeuaer TpeboBaHHSM, NPEABSAB/SEMBM K AKOPATHBHBIM
TIOKPBITHSAM, JETKO NAasfieTcst, 4TO OYeHb HEHHO AJs u3AeNHH PaSuoTeXHHu-
YeCKOH IpOMbIIIJIEHHOCTH.

5. Las nojyuenust MOKPLITHI criaBoM (npuMmepnoro cocrasa 80% Sn
1 20% Zn) nast cuabHO NPpOGUAHPOBAHHBLIX H3LEMHE MOXHO PEKOMEHJO-
BaTb CJAEAYIONHA COCTAB JEKTPOJSUTA (B 2/4) M PeXKUM:

5 30
/24 2,5
NaCNogy - « - 0 o e 15
NaOH . . .. . ... . ... ... .. .. 10
Temneparypa B °C . . - . . . . . . ... 70
e Ba/om® . . . . . ..o 1—3

(ronyctumo 4)

Jais riokpuiTHA MeHee pesibedHbIX M3Ieaui Gojee yAoGeH B 3KCIJY-

aTanuu cjelyomuii coctaB (B 2/4) siaekTposuTa (BBHAY ero OOJblIeH
YCTONUHBOCTH) M PEKHM:

NaCNOﬁm f v e et e e e e e e e e e e e e e e e e 36
NaOH . . . . B (¢
Temneparypa B C (1}

ir B a/on® . . O |
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NMOKPLITHE CIJIABOM OJIOBO—KAJAMHH

Mo nuteparypubiv AauusiM [9 ], A 3a1muTsl OT KOPPO3HH HEKOTOPBIX
Aeraneil MX TNOABEPraioT KaAMHPOBAHHMIO M JIYXKEHHIO C TOCJELYOIIHM
Juddy3HOHHBIM  OTXKHIOM /I OOpPa30BaHUY  OJOBSHHOKAJAMHEBOTO
NOKPBLITHS, KOTOPO® 3JCKTPOXHMHYECKH 3aIIUIIAET CTAJb OT KOPPO3HU
H B TO 2Ke BPeMs NPOSBJIeT BHCOKYI XHMHIECKYIO CTOIKOCTE B MOPCKOI
Bofle. [lpyu mcnbiTanum B OpEIArax IOBAapPEHHOH COJH OCOGEHHO BBICOKYIO
cToiiKocTb nokasan cmuae coctasa 75% Cd u 25% Sn. B auckyccuu
MO 3JEKTPOOCAKIAEHHIO OJIOBSIHHOKAAMHEBRIX CIL1aBoB Bpuron [10]
NOABEPr COMHEHHIO BO3MOXKHOCTbL TNOJYUEHHS KAUECTBEHHBIX OJIOBSHHO-
KaJMHEBbLIX MOKPLITHH B pesyabrare Ju(pdy3HOHHOIO OTXKHTA 3JIEKTPO-
OCXKIEHHBIX OJIOBA M KaAMus. TPyIHOCTH BBITEKAIOT I'JiaBHBIM 0BpasoM
13 HeoOXOAMMOCTH HAarpeBa 3JeKTPOOCAXAEHHBIX METAJJIO0B IO Kpaduel
Mepe A0 TeMmIlepaTyphl NJaBJeHXd OJg0Ba. Taxoll Harpep (ON1aBJeHHe)
NPUBOAUT K KanjneoOpa3oBaHMIO, H YOBJETBOPHUTENbHBIE TepMOLUPdy-
3HOHHbIE MOKPBITHS M3 CIIJIABA OJIOBO — KalAMHi yAaeTcd NMoJiydyaTh JHIb
NpY CyMMapHO# TOJINHNE, He NPEeBLIAONEeR & uK.

DJIeKTPOoOCAKIeHHEeM MOXKHO NO0Jy4aTb [OKPBLITHS M3 CljaBa pas-
JIHYHOTO ¥ TIOCTOSHHOIO MO CEUEHHID COCTABA B CJI0SX PAa3JIHYHOR TOJ-
HIMHBL,

IToM#MO BEICOKOTO COTNPOTHBJEHHS OJIOBSHHOKAAMHEBHX MNOKPBITHH
JeACTBHIO GpBI3T TTOBAPEHHOH COMM U aTMOC(hEPHONH KOPPO3HH, 3TH IIOKPbI-
THY CONPOTHBJAIOTCH Jyullle, 4yeM LHHK, KaJMUHA HJIH OJOBSHHOLHHKO-
BO€ NMOKPBLITHE, AEHCTBHIO MapOB OPTraHHYeCKHX KHCJOT, KOTOPBIE BhIje-
JSIOTCA U3 JAepeBAHHON Taphbl ¥ APYTMX YNAKOBOUHBIX HJIM H30JAIHOH-
HBIX MaTePHaIOB HA Opranuyeckoil ocHoBe. C 3TOH TOUKH 3peHHS OJO-
BAHHOKAJMHEBbIE IIOKPBITHS MOTYT HAWTH NPHMEHEeHHe JJI9 3amuThl
OT KOPPO3HH 3JeKTPHUECKOro H APYroro o6opyLoBaHHS, KOTOPOe TPaHC-
noptupyerca B gepessuuoil rape. A. E. Jlesn [9] npeanoxua nBa Trna
3JIEKTPOJUTOB JJIs 3JEKTPOOCAXKAEHHS OJOBAHHOKAIMHEBEIX CIJIABOB:
KHUCJABIH ¥ HIEJOYHOUHAHACTHIA. B KHCJBIX 3J€KTPONUTAX ONOBO U Kai-
MU HAXOAATCS B BUAE KPeMHEDTOPHCTOBOAOPOAHEIX COJel, COOTHOIEHHEM
KOHIIeHTpamuil KOTOPBIX MOXKHO PeryJupoBarb cocTaB cmaasa. [loMuMO
cojieil OCaXKJAIoUMXCS MeTaJJIOB, B 3JEKTPOJUT BBOIHTCA (PTOPHCTHIHA
aMMOHMI, KOTOPBIH 06p a3yeT KOMIIJIEKCHBIE HOHBI JIBY X- X H€TBIPEXBAJIEHT -

sHoro omopa (Snk; ™, SnFg ™). Ilnorueie, X0powO CHEMJIEHHbIC H MEJIKO-
KPHCTaJIIMUeCK e OCAJKH IOJyYaoTCs B TIPHCYTCTBHH HEMOHHOTEHHBIX
BBICOKOMOJIEKYJIAPHBIX OpraHuyecKux Jo0aBoK. Jlyullipe pe3yJbTaThl
MOJy4aloTes TPH BBEACHMH 3 &/ TOJHITHACHIVIMKOJA C MOJEKYJIsiPHBIM
Becom 4000 u D /4 KOHIEHCATA OKTAAECHJAJKOLOJS H OKHCH 3THJEHA
(smyabratop 0). Jlanee NPHUBOAATCH COCTABBI 3JEKTDOJUTOB H PEXKHM
JMEKTPONH3a AAs I[OJyYeHHs OJOBAHHOKAAMHEBHX NOKpLITHA ¢ 25%
u 50% Sn (ra6Gs. 3).

Anodap 13 crasa Sn—Cd Toro ke cocrapa, YTo ¥ KaTOAHBIN 0CALOK,
IOMEAIOTC B YeXJIbl AJisl NPeRYTIpEeKAeHHS 3arpssHEHHs 3JIeKTPOJINTA
UIJ1aMOM; AaCCHUBHPOBAHHS AHOAOB He HAOGMORACTCS AAXe NPH IJOTHOCTH
ToKa b a/Om®. AHHOHBI KpeMHe(TOPHCTOBOLOPOAHOR KHCJIOTHl HE OKasbl-
BAIOT CYN[ECTBEHHOTrO BJMSHHS HA TEUEHHE 3JEKTPOJAHBIX MPOIECCOB, OHH
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JIMIIb OGECITeUHBAOT XOPOINYIO0 PACTBOPHMOCTD OJIOBSHHBIX H KaAMHEBBIX
coseil. Karognas nonsipusanis U COCTaB CIIABA ONpelesioTes Propuo-
HaMH ¥ TOJH3THJeHIHKOoneM. JloGaBjeHue B 3J€KTPOJMUT OJOBSHHOH
COJH JIOMKHO CONPOBOXKAATECS J06aBjenneM (QTOPHCTOrO aMMOHHs H3
TAKOTo pacuera, yToObl HA KaK/bH HOH OJOBA NMPHXOAKJIOCH .1IECTb aTO-
MOB (Propa.

CTanHaTHO-HAHACTHIE 1EKTPOUTHI HATOMHHAIOT aHAJOrHYHbIE 3JICK-
TPOJMHUTE!, ONHCAHHbIE BhIlle, NPHMEHHTEJbHO K MOJyYEHHIO MOKPLITUH
H3 OJIOBSIHHOIMHKOBBIX CIINABOB. I'JTaBHBIM OT/IHYHEM THX 3JEKTPOJIHTOR
OT OJIOBIHHOIMHKATHBIX
SIBJIeTC  He3HayuTesb-
Hag 3aBHCHUMOCTB COCTABA
CIlJIaBa OT KOHIEHTPAIMH
CBOGOAHOrO HAHHAA. DTO
OOBSICHSIETCI TeM, 4TO
B OTJMuie oT HHHKA Kaj-
Muit He obpasyer pacTBO-
PHMBIX COEIMHEHHH B H3-
ObITKe IeJI0Uy; OH HaXo-
JATCH TOJBKO B BHJIE
1M aHECThHIX KOMIIJIEKCHBIX
Honos. Kpowme Toro, T
B u30bTKe CBOGOAHOrO W7 30 35 W W n
nHaHWJa KaroJHas IoJs-
pu3anua KagMus MeHseT-
¢t HeanaunTenbHo, C NO-  @ur. 7. Biusune kounentTpanus NaCNog, Ha cocTas
BBHIIIIEHHEM  COAEPX aHUS OCafKa H BEIXOX MO TOKY:

HaHua HeCKOJAbBKO ITOBbI~ TeMHble KPYHEH—2 2/2 Cd; cBerable KpPpyXkH—5 2/a Cd.
[IaeTCsi BRIXOZA IO TOKY

U cOfepkaHue OJMOBAa B cmnape. Ha ¢ur. 7 noxkasana Takasg 3aBHCH-
MOCTb JJIsi 3JjekTpoauta, cofepxamero 30 e/2 SnlV, 12,5—14 2/

X
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Konyenmpayus Na CNosy

Tabauya 3
CocTaB 27eKTPOIMTA H PEKHM JJfl NOJYHEHHS OJOBSHHOKAAMHEBBIX
HOKPBITHIL
CocTas 3JIEKTPOJUTA B /4 NPU COAEPIKAHUL
Sn B KaTogHOM OcagKe
CocraBHbLIE YaCTH
25% 50%
SmH+ ... . 7 14
Cd . . . . 60 60
NHF . o oo e oo e 50 50
Tonustaaedrankoar 4000 . . . . . . . 3 3
Auyasratop 0. - . o - . ... L 5 5

Pexum: remneparypa 15—256°% i, = 2 af/du? pH = 2,5.
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NaOH; 2 u 5 2/2 Cd npu Temrieparype 65° u njotHocT Toka 2,0 a/dm2.
B ra6s. 4 npuBeieHO pacnpefeseHue TOKa MeXAY IPOTEKAOIUMH Ha
KaToje TpeMsl NPOieccaMu — BblleJeHne BOXOPOAA, OJ0BA ¥ KaJMHS —
IPH YKa3aHHBIX BELHIE YCJOBHAX.

Tabauya 4

BansinMe KOHUEHTPAUHY HHAHMAA HA DACHpPeEfesleHHe TOKA MeXAY MPOTEeKaIL{HMH
HA KATOJE NPOUECCaM

Cocras pacTeopa B 2/2 Pacnpegenene Toka Ha KAaToXe MeXay TPeMs
HponeccaMu
Cd NaCN H Sn Cd
2 22,5 0,42 0,28 0,30
2 40,0 0,37 0,34 0,29
5 32,5 0,25 0,20 0,55
5 40,0 0,23 0,21 0,56
5 47,5 0,21 0,23 0,56

IlnoTHOCTE TOKA B npenenax 1—2 a/0m® npakTHyecKH He OKAa3blBaeT

BIHSIHHS Ha COCTaB CIJABA, B TO BpeMsi KAK BBIXOX [0 TOKY NPH 3TOM

. pe3xo cumkaercsi — ot 90 10 40% (nnsa saextpoaura ¢ b e/a Cd; 37,5 /4
NaCN; 30 /2 Su'V; 14 o/2 NaOH).

C noppirennem Temnepatypsl ot 40 1o 70° coep:kaHue 0J0Ba B CILIaBe
nioBbitaercs ot 10 10 40 %, a Brixoj] 0o TOKY yBeanuuBaercs or 40 10 80%,
PaGouyio Temneparypy pekomeHayeTcst MOJJEPKHUBATh TaKOH ke, Kak
B CTAHHATHO-IMAHHUCTLIX 3JEKTPOJHTAX AJsT OCaAeHHs cliaBa Sn —
Zn, 1. e. 65—70°,

' Anoublit npouecc NpoTeKaeT TakK ke, KaK NPH 3JeKTPOOCAKICHHH
CIJIaBOB Sn—Zn ¥3 CTAHHATHO-IMAHACTHIX 3J1eKTpoauToB. HeoGxonumo
npeiynpexaaTb pacTBOpEHHE AaHONOB B BHJE JABYXBAJEHTHBIX HOHOB

Tabauya &
CocraBbl SMEKTPOINTOB H UX PEKHMb JJA OCAKIEHMS O/IOBSHHOKAJIMHEBBIX -
HOKPBITHI
Cocrap ANEKTPOJHTOB B E//I H HX DEeXHMBI
TPU COZEep:HaHHM Sft B KaTOZHLIX OCAFKaX
259, 50%
setYoo 30 30
Cd . . . .. 5 2
NaCNygy, -+ - - v v o o oo oo b 50 25
NaOHogy « « -« v v oo o e v o 14 14
Temnepa'rypa B°C . . . . ... 65 65
ix B a/om® . . . . e e e e 2 2
KaTtoguu BHIXOA 110 Toxy B % ... 80 60
igBadn® . . .. 2
ABOmHBA BHIXOX IO Toxy B % e e 75 60
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0J/I0Ba, KOTOPHIE IPHBOASIT K OOPA30BAHUIO TEMHLIX M I'yOUaTHIX OCAJKOB.
MOXXHO 3aBeIIMBATH Pa3fe/]bHO OJIOBIHHRIE H KaAMUEBbIE AaHOb!, A TAKKE
CIJTABHbIE aHOAE! ¢ copepkanueM 25 u 50% Sn B 3aBHCHMOCTH OT COCTaBa
KaTOAHKIX 0cafkoB, KaamueBnie aHOAB! NPOABJIAIOT TEHAECHIMIO K ACCHBH-
POBAHHIO TaK XK€, KaK U CIJIaBHBIE AHOJAbl C BEICOKHM COJAEpKAHHEM Kaj-
must (50%). Ilpu 3avene naTpueBBIX COJieH KaJMeBLIMH KaJMHeBble
aHOZHI, a TaKxKe CIlJapHbie aHoibl ¢ comep:kanueM 25% Sn, 75% Cd
unn 50% Sn, 50% Cd pacTBOpSIOTCS ¢ aHOAHBIM BHIXOLOM 110 TOKY 90—
100%.

B Ta6a. 5 npuBefieHbl COCTABLE 3JEKTPONUTOB U paboure YCJAOBHS At
3JEKTPOOCAKAEHHS OJOBSIHHOKAAMHEBLX coiaBos ¢ 25 u 50% Sn.
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B. H. JIAHHEP

TAJIbBAHUYECKOE TNMOKPBITHE BKJIAABILIEN
U3 AHTHOPUKLUHUOHHBIX AJIIOMUHHEBDLIX CIIJIABOB
CBUHLUOBOOJIOBSAHHBIM CJIOEM

CoBMECTHOE 3JEKTPOOCAXKAESHHE CBHHIA ¥ OJI0BA AABHO MOJYYHJIO
IPOMBILIJIEHHO® TpuMeneHue. Buuto ycranoBaeno [l], uTo mokpeTHs
U3 CBHHUIOBOOJIOBAHHEIX CILIABOB, coaep:xKamue 5% Sn, ayume 3auid-
{14I0T OT KOPPO3HHM, UeM CBHHIOBBIE MOKPHITHS U CBHHIOBOOJOBSHHBIE
CILJIABHL ¢ OONBIIKEM COflepxKanieM 0a0Ba. [t aHTHQPHKIMOHHBIX I1eJjel
PEKOMEHAYeTCsi HAHOCHTh MOKpLITHs, comepxamue 8—10% Sn u 90—
92% Pb [2].

JJA% COBMECTHOrO Oca)KJeH#us CBHHIIA ¥ OJOBAa HA KATOJE IIMpPOKOe
pUMeHeHne TMoNyUYuad GOPPTOPHCTOBOAOPOIHbIE JEKTPOIUTH. B 3Tux
JIEKTPOJUTAX PABHOBECHBIE MOTEHIHAJbl CBHHIA H OJOBA JAOCTATOYHO
OJMM3KH; COBMECTHOE BEBiejieHHe 3THX META/I0B HA KAaTO4e HE CBf3aHO
€ KaKuMu-1u00 3aTpyAHEHHSMH; CIJIAaB OCAXKIAETCs! C He3HAUHTeJNbHOH
KaToAHOH Mossipu3anueil 6e3 3aMeTHOrO BblIETeHHs BOfopoAa. Mensas
‘OTHOCHTEJIbHYI0 KOHIIEHTPANHIO COMel OCaKAaI0INMXCS METAI/IOB B 3J1€K-
TPOJIHTE, a TAKXKE COAEPKAHNE KJIed B HEM M PEXUM JEKTPOAN3A, MOXKHO
NoJy4arsb CHJAaBL JIO6OT0 COCTABA, KOTOPhiE BHIAEASIOTCS Ha KATOAE
¢ nmoutu 100%-HEIM BLIXOIOM MO TOKY.

Pay6 u Bmom [3] geranbno uccaeoBaiy BJAMAHME KOHIEHTDAUHH
@TOpGOpATHHIX PACTBOPOB CBHHUA M OJOBA (B INPHCYTCTBHH KJjesd),
TeMNepaTypel ¥ TepeMelIdBAHHA HA XOJ MOJSAPH3ANHOHHBIX KPHBBIX.
Beo ycranor/ieno, uTo B NOKOSAMIEMCS! 3JeKTPOJHTE IIPH TeMIeparype
'20° motennKan BoeaeHns cBHHNA HA 20—30 me Garopomee NoTeHIHaNa
BEIZeennst oj10Ba. [Ipu Temnepatype 40° B mepeMelIHBAOEMCS 3J€KTPO-
JIATe 3Ta pasHocTb gocruraer 60 mg. Paszbasienne pactsopos B 10 pas
CABHTaeT TOTEeHIHAN bl BbIlejeHysi CBHHIA M OJOBA B OTPHULATENbLHYIO
CTOPOHY B COJblllefl CTeleHH, yeM 3TOr0 MOXKHO OXHAATh B pe3ynbTaTe
yMeHbINeHHs akTuBHOCTH (dur. 1).

B cmemaHnmiX pacTBOpax ¢ pas3/JHUYHLIM COOTHOILEHHEM CBHHIA
4 OJIOBa NOAPHU3ANHOHHLIE KPHBbIE 3aHHMAIOT MPOMEKYTOUHOE INONO-
JKEeHHe MeXJAY KPHBLIMH JJs CBHHIOBEIX H OJIOBSHHBEIX DPAacTBOPOB.
ITo mepe yBejmueHusi OTHOCHTEJIbHOH KOHIIEHTPALMH OJIOBA B 3JIEKTPO-
JUTe [OTeHNHAaa BhyIEJeHHsT CIJIaBa HECKOJbKO 00jaropaxkKuBaercs,
OJHAKO 3TOT CABHT IIOTEHIIHAJIA CTOJIb HE3HAUHTEJEeH, YTO OH BBLIXOAHT
3a mnpejennl TOYHOCTH u3MepeHuidl (dur. 2).
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@ur. 1. [loagpusannoHHble KpHBLE B OJOBSHHHX H CBHHIIOBHIX
¢ropGopaTHLHIX PACTBOPAX PA3THUHON KOHUEHTPALUH:

a—135 e/4”Sn; 6—13.5 e/a Sn 6—310¢/a Pb; 2—31,0¢/2 Pb; [—nokos-

mHHCcs 3/IeKTPOJIHT, t = 20° 2 — nepememnsaeMuﬁ snekTpoaur, t=20°

3—noKosilyiicss aJeKTpoaur, f = 40°; 04 — mepcMeluyBACMBIH 3JIEKTpO-
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®ur. 2. Karonuas noasipusaust B CMEIAHHBIX CBHHLOBOOJO-
BSHHEX (ropfopaTHEIX pacTBOpax:
a — nuepeMeUIHBaeMbl  3neKTpoaHT; 6 — noKOAWMICT  3JACKTPOJHT;

71— 0,46 1. Sn, 2,7 #. Pb; 2 — 1.1 #. Sn, 1,6 Pb; 3 — 2.2—1.8 H. Sn,
0,3—6 #. Pb.
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Bansinue cocrara NEKTPOJKTA M PeXHMA 3JEKTPOJU3A HA COlepEKaHHe 0J0Ba
B KATOXHOM OCalKe

CocTap 3JeKTPOSHTA

Pb Sn Temnepa- [lnoTaoCTL Sn
- Kaeit Typa Cocrosanne Toxa B KATOJAHOM

> } B 2/a ) 3NeKTPOJIUTA gcgéxcl(e

~ % < H B °C B a/om? o »

a a - o

338 | 3,26 | 13,5 | 0,23 — 20 1,0 —_
20 1,0 Caeppt

20 1,5 »

338 13,26 | 13,5023 0,5 20 2,0 »
20 3,0 »

20 5,0 0,05

20 1,0 0,045

20 I B 1,5 0,04

300 | 2,90 | 27,0 | 045 | 05 | 20 OROTIAET | 99 0,08
20 3,0 0,09

20 5,0 0,15

188 | 1,82} 67,0 | 1,14 | 0,5 20 1,0 0,27
20 1,6 0,36

20 2,0 0,50

20 3,0 0,87

1,0 20 5,0 1,71

3,0 20 5,0 2,60

' 20 5,0 4,31

0,5 20 5,0 1,18

gg Hepemeu“msae- ;8 ;33?

' 20 Mbti 10,0 6,0

0,5 40 8,0 0,568

94,0 { 0,91 | 87,0 | 1,47 1,0 20 1,0 1,7
20 2,0 3,1

20 IL;)),O 14,3

20 . ,0 24,0

1,5 20 Hokosmuiics 1,5 4,03

20 2,0 6,4

20 2,2 7,56

20 2,5 12,5

20 2,8 16,2

20 1,0 19,49

37,51 1,36 | 121,01 2,04 | 0,6 20 TMoxosimuics 1,56 24 .93
20 2,0 33,05
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W3 npuBefleHHbIX AaHHBIX BHAHO, YTO BO (PTOpPOOPATHBIX JEKTPOJIH-
Tax, COAEPKAIIHX HAPSAY CO CBHHIOM M OJIOBOM TakKxKe KJiel, IoTeHxan
BLIIENEHNS CBHHNA G1arOPOJHEE MOTEHNHAA BhIIEJCHHSI 0JIOBa, B CBSI3U
C YeM COJeprKaHie CBHHIIA B CILJaBe GOJIbIe, YeM 3TO COOTBETCTBYET OTHO-
CHTEJbHOH KOHIEHTPAUMH €ro (CBHHIIA) B 3jieKTposuTe. PexuM anekrpo-
J¥3a CYIMECTBEHHO BJHACT HA COCTAR SJEKTPOOCAKACHHOIO CIjaBa.
Copepxanue cBiHna B HeM OyAeT TeM GoJiblile, UeM BHiIE Temrieparypa,
HMKe NJIOTHOCTb TOKA H MHTEHCHBHeE NepeMelnnBaHHe. BBefeHue Kies
B 3JIEKTPOJHT HEOOXOAUMO ANHA TMOJYUYEHH$ MJIOTHHIX MEeTKOKDHCTAJJIH-
YecK#X OCajKoB, Hapaay ¢ 3TuM KJjeH criocofcTByeT NOBHIUIIEHHIO COfep-
JKAHHS OJIOBA B KaTOLHOM OCalKe.

B tabaune NpHBENEHA 3ABHCHMOCTh COJAEPXKAHHMSA OJI0BA B KaTOAHOM
OCajike OT COCTaBa 3JIEKTPOJUTA ¥ PeXHUMA 3JeKTpoausa. Heobxomaumo,
QJIHAKO, TNPHHATH BO BHHMAaH#e TO OBGCTOATENBbCTBO, YTO NpHBEJeHHAS
B 3To#l Tabjuue 3aBHCHUMOCTb COOTBETCTBYET 3JEKTPOJNUTAM C BLICOKHM
3nauenueM pH. Ilpu 3TOM NPOHCXOAMT HHTEHCHBHOE OKHCIEHHE NIBYX-
BAJIEHTHOTO OJI0BA, 4 BBINALAONA% METAOJOBSIHHAS KHCJIOTA yBJjeKaer
U3 3JIeKTPOJNTA Kjell. B pesyJibTare MojiyuaroTcst OCAAKH C HOHHKEHHBIM
cofiepxxanneM onoBa. ClefyeT YKas3eBaTh He TONbKO OGN0 KOHIEHTpa-

LMIO OJIOBA B 3JIEKTPOJHUTE, HO M KOHIIEHTPAIMIO JABYXBaJEHTHOTO OJ0BA
(CM. HHUXKE).

LUHMHKATHAS MNOArOTOBKA MNOBEPXHOCTH AJIIOMUHHUEBBIX CIJIABOB,
NMPHUTOTOBJIEHUE PACTBOPOB

[lpn naHeceHuy CBUHIIOBOOJOBSHHEIX TMOKPBLITHH HA aJIOMHHHEBbIE
CIJIaBBl HEOOXUAMMO COOTBETCTBYIONIMM OOpPa3oM MNOATOTOBHTL IOBEpX-
HOCTh C TeM, YTOOE OO0eCleunTb NPOYHOE CHellJIEHHe MeKAYy OCHOBOH
M TOKPHITHEM.

Ha ocnHoBauuu pasHee NPOBEJEHHBIX HCCJAELNOBAHMH 110 raJbBaHHue-
CKOMY TOKpPBITHIO aJIOMHHHMEBHIX CIJIABOB ApPyruxX cocraBoB [4}—[5]
ABTOp MOJAaran, YTo ¥ NPHMEHUTENbHO K aHTH(PHKIMOHHBIM AJIIOMUHEE-
BbIM CIJIaBaM 3aCJHYKHBAeT BHHUMAHUS MeTOJ NI#HKATHOH o0paGoTKi.
DKclepuMeHTanbHOe HCCJAeJOBaHNE MOLTBEPAMAO 3TH TIPEANOJOKEHH.

lluaKaTHBIA METOA MOATrOTOBKHY NPHHIMIHAJILHO HE OTJHYAETCS OT
JDYTHX XMMMYECKHX METOJOB, OCHOBAHHBIX Ha IMOTPYKEHHH aJiOMHHHE-
BbIX H3JCJHH B MNOJAKHC/JEHHbIE PACTBODH COJeH TSXKEJNLIX MeTajlloB,
HO B IIMHK4THOM PacTBOpe yaeTCs NoJayuuTh 6oJee TOHKYIO U 6oJee 1J10T-
HYIO IJIEHKY, 00eceunBaronyo NpoyHoe CliellJeHHe H HAUJYYNIYIO XHMH-
YeCKYIO CTOHKOCTb MOKPLITOTO ajioMuHusA. [Ipy MorpyxKeHuH anioMuHus
B PacTBOP I¥HKATA HATPUS NPOTEKAT CJACAYIOMHE pPeaKiyu:

Al + 3 (OH)~ — Al (OH), -} 3e;
Al(OH), = AlO5 - H,0 - H™ } Ha anopnmix ywacTkax

Zn (OH); " <Zn" " 4-40HT;
Znt+ - 2¢ - Zn;

Ha kaToAHBIX yuacTKax
2H+ 4 2¢e -~ 2H — H,
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Benencrue BLICOKOTO NnepeHaNpsKeHus BOAOPOAA HA NIHKE M MaJoik
AKTHBHOCTH MOHOB BOZOPOJa B pacTBOpe MNOCAENHSS peaklusl IOUTH He'
Iporekaer ¥ 00pa30BaHHE [[MHKOBOH IJIEHKH HE CONPOBOXKAAETCS 3aMeT-
HBIM BbifenenneM Bogopozia. CocTaB HHHKATHOTO PacTBOpa HeOGXOAMMO
BHIOpaTh TAKHM, 4YTOOb! B pPe3yJabTaTe peakuUud 3aMellleHHs LHHKA aJjio-
MHHHEM 06pa30BaJach JUUb TOHYaHIaa NUHKOBAd IieHKa. Yem monbiue
U NAONIHEE YUHKOBAA NAEHKA, Mem 00Able RPOYHOCHL CUENACHUS ANI0MU~
HUesoli OCHOBbL € 2QAbBAHUMECKUM
nokpoimuesm, mem 0oablie KOPPO-
3utinas  cmodKocms  HOKPLIMOs:
amomurui. Taxkoe T10onOXKeHHE
uamocrpupyercst  ¢ur. 3. Ha
(ur. 3, a cxeMaTHYeCKH IOKa3aH
AJIIOMHHHEBLIE 00pa3ery ¢ [UHKO-
BOH IJICHKOH (TeMmuas IIOJIOCKa}
W TaJbBaHHUYECKHM IOKPBITHEM.
KonycoobpasHaa BhieMKa TIOKa-
3bIBAET TPHHOUIHANBHYIO BO3-

6) 2) MOXHOCTb TIPOHHKHOBEHHS aTMO-
®ur. 3. Cxema samutHoro jeiicreust mus- CHEPHOro BO3AYXa HJAM LPYro#
KOBOfl IVIEHKH. KOPPO3HOHHOA cpefinl K OCHOB-

) Homy meranay. Ha ¢ur. 3, 6 noxa-
38HO NPOTEKTOPHOE JefiCTBHE HHKOBOH IJIEHKH IO OTHOIIEHHIO K OCHOB-
HOMY MeTaJsly W K TajbBaHHYECKOMY IOKPBITHIO. IJTO NMPOTEKTOPHOE
JeficTBHe He MOXeT OnTb GecrpelenbHbIM, OHO OIDaHHUEHO ONpe/eseH-
HOH TrlyOMHO# TNPOHHKHOBeHHs1 B OOKOBOM HAaNpaBJIeHHH; B JajibHEi-
lIeM HaYHHAaeT pacTBOPATHCS OCHOBHON Mertann (cmaas), (¢ur. 3,6).
B pesyabrare paciuupeHHusl IIeJH BHOBL CTAHOBHMTCSI BO3MOXKHBIM IIPO-
TeKTOpHOe AeHiCTBHe NHHKOBOH npocsoiikn (dur. 3, ¢). B Ranbueiimem
[HKJI TTOBTOPAETCS.

B KOHIEHTPHPOBAHHBIX HHMHKATHBIX PacTBOpax Iojydalorcs Gojee
NJIOTHHE H TOHKHE IJIEHKH, B pas3faBjeHHBIX PacTBOPax — TOJCThIE
H PhIXJBIE.

B 3HaYHTe/NbHOH CTEMeHH MOXKHO BO3JEeHCTBOBATh Ha NMPOIECe POpMHU-
pPOBaHH S LIMHKOBOI TJIEHKH B CTOPOHY ee yIJIOTHEHHS BBEJEHHCM B LIUH-
KaTHBII pacTBOpP, TOMHMO OCHOBHbIX KomioHentoB (ZnO u NaOH),
TaK Ha3blBaeMbiX 'MOAM(UKATOPOB: XJIOPHOTO JKeje3a, CETHETOBOH COJIH
H HHTpara HaTpH4.

U3 ¢ur. 4 BUAHO, YTO B PacTBOpPe, COOTBETCTBYIOmEM KPHBOH I, Bec
HHHKOBOH IJIEHKH OBLICTPO YBEJHUHBAETCsi BO BpeMeHH. B NpucyrcTBhu
MOAM(HKATOPOB POCT IJIEHKH PE3KO 3aMmennsercd Tocie 15-CeKyHAHOro
NOFPYKEeHHS.

Pasz6aByieHHbIE PAcTBOPL! AaXe B TMPHUCYTCTBHH MOAM(HKATOPOB He
coBceM yA06HB! AJIS1 HCTIOJIB30BAHH ST BC/IEACTBHE ObICTPOrO H3MEHEHHS HX
cocraBa. HauboJsee ycrofiuuBble pe3yJbTarhl IOJAydaloTCsd B pacTsope,
COOTBETCTBYIOIEM KPHBOH 2.

Ilepex morpy:xeHHeM B LIUHKAaTHRIA PacTBOP aJIOMHHHEBbLIE H3AE/HA
06e3)KHPUBAIOTCSA OPTaHHYECKHM DAacTBOPHTENEM, 3arTeM CJICAYeT KaTOX-
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Hoe oOesxkupuBanue B caabomenodHoM pactBope (3% Na,CO, --
-+ 3% Na,PO,), narumunyrnoe TpaBienne B 25%-Ho# cepHoll Kucaore
npu temneparype 80° u ocBersienHe B a30THOH KHCJI0Te, pa3GaBieHHON
BoTHOmeHuH 1:1. JIuThie claBbl ¢ BHICOKHM COAEPXKAHHEM KPEMHHS TOJ-
BEpTaloTCc KpPaTKOBPEMEHHOMY TpaB-

Mo, [Mi 2
aennio (3—>5 cex.) B emecn HNO . HF = 7
=3:1. ‘
0,37 ‘
B oredecTBeHHBIX H 3apy0exHbIX l 7
HCTOYHHKAX YacTO peKOMeHAyeTcs Ha )

obpaboTaHHbie 10 LHHKATHOMY criocody
a/MOMHHHEBble H3AEJHSA HAaHOCUTh TOH-
KHH CJOK MeAM M3 I{HaHHCTOTO 3JIEKT-

posura. Tak kax UMHKOBasg MJEHKa 5020

OYeHb TOHKA, TO CJEAyeT NpeAynpex- « = /

Aath ee paCTBOPEHKE B MOMEHT 3arpys- § /|

KH H3JeqH#l B raJbBaHHYECKYIO BaHHY. § 7

Hspesmst HeOOXOAHMO 3aBewMBAaTh NOF / 3
TOKOM M B Te4eHHe 2 MHH. HOAJEPMKHU- b1z | b
BaTh TOBLIUIEHHYIO TJIOTHOCTL TOKa / O——Z>-—lf"’<
(2,5 a/du?), mocme uero maornoers 408 l L
cHHXatoT 10 1,3 a/ox®. Menno-uyagu- 4

CTHIl  3JEKTPOJMT COmepkuT 60 2/a 404

KNaCH,0O4 - 4H,O0 u 4—6 2/2 cBo-
GoAHOTO IMaHuia Hatpus. Tewmmepa- o 73
Typa 3JEKTPOJUTa  TIOAAEPKHBAECTCS
B npenenax 38—43°, a pH = 10,2 +

4 MuH.
Bpema

Qur. 4. Bausinve BpeMeHH BBAEPEKKH

—=+-10,5. Tlpn OGosee BBLICOKHX 3Haye-
muax pH npouHocrs crensenus nagaer.

Ilo pawHbiM aBTOpa, GoJsee HajexK-
Hble Pe3yJabTaThl KaK B OTHOINEHHH

HA BeC MHKOROH IJIEHKH B pasinu-
HbIX I[HHKATHBIX pacTBOpax (KOH-
[EHTPALWH BELIeCTB B &/4):

1 — ZnSO, TH,O0 — 300, NaOH — 400;

2 — Zn0O — 100, NaOH — 500, FeCly-

MPOUHOCTH CLEILIEHHSA AMOMHHHEBEX §1,0 — 2; ~ KNaC,0p-41,0 — 1b.
CIJIABOB C TaJbBAaHHYECKHM IOKPHI- gg‘égaegzd_;{752‘11%54%{5;0;4%21({7_‘%8;

- a —1; 4—~ZnO —5, Na —50,
THEM, TAaK H B OTHOWIEHHH KOpposuon- NalOyo L 4=2u0 =5, NaOH 50,
HOHl CTOMKOCTH TOKDBITHIX H3jennil NaNO, = 1

JOCTHTAIOTCS IPH HUKEJUPOBaHHu obpa-

GOTaHHBIX MO INUHKATHOMY MeTOAY H3JeJHH C TocJeAyoniell HecaoX-
HOM TepMHueckoil 06paboTkofi. CBepXy HHKeNs MOKET OLITh HaHECeH
ca0ft Mo6oTo APYTOro MeTajia WM CIJIABa.

Tepumuueckas o6paborka (30-MHHYTHBIH HarpeB IIPH Temmeparype
220—230°) MoxeT ObiThb OCYIECTBJEHA B JI00OH 3J€KTPHUYECKOH IedH,
OJHAaKO Jy4ile NMPOM3BOAHTL €e B BaKyyMHOH leYH HJM B TeuHw C KOH-
TPOJIMPYEMOii  aTMOC(hePOil — BOCCTAHOBHTENLHOH MM  HeHTPaJbHOM.
Harpesarb cnjiaBbl MOKHO Tak:ke B BBICOKOKHIIAIIEM Macje, HalpHMEp
B TEXHHYECKOM KacTOPOBOM. Takoe Macs0 JIeTKO OMBIISIETCA B IEI0YHOM
pacTBope, ¥ IpoIecc B HEJIOM MOXKHO OCYIIECTBHTL B OAHOM aBTOMATE.
Ecan npu narpese Bce-Taku MoCTYMAaeT KACAOPOA, TO TepPes AanbHelllnM

TajbBaHMYECKHM TMOKPBITHEM HEOOXOAUMO YAAJMUTb TOHKYIO OKHCHYIO
TLIEHKY,
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HuxkenupoBaHue NPOCTHIX MO GOpMe H3AEMHH MOXKHO OCYIIECTBISTD
B OObIUHOM 3s1eKTposnTe. [IpH HHUKeJupOBaHuu NPOPHIHPOBAHHBIX aJliO-
MHHHEBBIX H3AEJHH, NOATOTOBJEHHBIX 110 HHHKATHOMY CIOcofy, peko-
MeHJyeTCsl BBOAUTH B 3J1EKTPOJHT 15 /4 THMOHHOKHCIOTO HATPH S H TAKOE
JKe KOJMyecTBO cyJbtara Hatpus. TeMneparypa AO/KHa ITOLAEDPKH-
Batkcsl Ha ypopue 40—45°; pH = 56; nnornocts Toka 1,6—2 a/om®.
[Monyuyenubii TaKHM 06Pa30M HHKeJEBbIl NOACAON obecleunBaer NpouHoe
clellienHe ¢ JIIOOBIM TaJbBAHHYECKHM INOKPHITHEM, B TOM UYHCJE H CO
CBHHIOBOOJIOBSIHHBIM CILJIABOM.

NTPUTOTOBJIEHHE PACTBOPOB

Mpurorosaenue Gopdropucrosogopoaroii kucaorbl. K coxanenuto,
y Hac A0 CHX HOp He HaJAKEHO B NPOMBIIJIEHHEIX MacuITabax Npou3BOj-
CTBO (ropBOpaTHBIX cOJell, T03TOMY HX NPHXOAUTCS TOTOBHTH Ha MecTe
norpebaennsi. bophTopHCTOBOROPOAHAS KHCJIOTA [OTOBUTCA U3 (DTOPHCTO-
BOJLOPORHOH (IL/IaBUKOBOI) KHCJIOTH H KPHCTAJINYeCKOH 60D HOU KHCIOTHI,
KOTOPYIO BBOASIT B PACTBOP (PTOPHCTOBOAOPOAHON KHCJIOTH ¢ HEKOTOPbLIM
u30bITKOM (5—7 2/4) IPOTHB CTEXHOMETPHH HeOOJbIIHMH TOPLUHAMH TIPH
nepeMelIMBAHHH H HAPYXKHOM OXJAXKJAEHHH.

BopdropucroBofOPOAHYIO KHCJIOTY MOXKHO TOTOBHTb B 30OHHTOBLIX
cocyAax (M3-10J HJIABHKOBOH KHCJOTHI), C KOTODPBIX NpeiBapuTeNbHO
yAajieHbi KpumKH. [IpuroroBjeHne ee MPOHU3BOAHTICH B BHTSKHOM
mkady.

[Ipu npuroroBseHun 60pdTOPUCTOBOZOPOLHON KHCIOTH HEOOXORHMO
3amuinarb or OpbI3T PYKH M TJasa.

[IpurotoBaerue GOpHTOPHCTOBOLOPORHOIO IJIEKTPOJIHTA AJS MOKPHI-
THA COJAABOM CBHHeL — 0J0B0. CHauaja TOTOBHTCA 3JEKTPOJHT CJe-
JLYIOIEro cocTaBa B &/4:

Sn (oém,) . ()
B Tom umcne:
Sn++ . . - o e e s e s s s e e e e w9
Phb . . . . a9
HBF, . - - . . . . . . .« ... 40
HgBOg - « -« « v v i v v i 25
Kaeii - - - « v v v o v o o o oo 05

[lpeasapuTesbHO MOAYYAIOT pacTBOP 60pHOTOPHCTOBOAOPOAHON MenH.
ITocne 310orO MEAb M3 pPacTBOpA BHITECHSIETCS TyOYaThIM OJIOBOM IO Peak-
0uH

Cu(BF,), + Sn — Sn (BF,), -+ Cu.

Mertasnueckoe ry6uaroe 0J10BO Iojydator asexTposausom 10%-Horo
pacTBOpa CepHOH KHCJIOTH C OJTOBAHHBbIM aHOAOM H A/JIOMHHHEBBIM KaTo-
JOM.

BopdropucToBOAOPOAHYIO MeAb TOTOBST PACTBOPEHHEM YTJIEKHCIOH
MefH B GOPQTOPHCTOBOAOPOIHOH KHCJIOTE C TaKHM pPacyeToM, 4YTOOHI
nosyuutb 10 2/2 Merannudeckoro ojoBa. BophTopHCTOBOAOPOAHBIH CBH-
Hel TOTOBHTCSl PacTBOPEHHMEM YIJIEKHCJIOTO CBHHIA B 6OP(TOPHCTOBO-
JOpPOAHOH KHCJOTe,
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_INoayuyenurie 60pQTOPUCTOBOAOPOAHBIE PACTBODHI 0J0Ba H CBHHLA
cMeInuBaioT, nobasadaior 25 o/ GopHoli kucaotht u 0,5 /2 Kies.
Bonopopuniii moxasarenb ycranaBiamBaercs B mnpexenax pH =~ 0,4.
Coneprxanne 60pdTOpHCTOBOAOPOLHON KHCAOTH OTIPEREJisieTcs THTPO-
BaHHEM; KOHHCHTPAIHIO ee CJedyeT TMOLAEPKHBATL oKono 40 o/a.

AHAJIN3 PACTBOPOB H KATOJHBIX OCAJIKOB

Cpo6oanas kucjora turpyerca | #. NaOH B mpucyrcTBHu TpoOneo-
auHa OO, ucIoNb3yemMOTO B KaueCTBE HWHAUKATOPA; IPH OTTHTPOBAHHH
BCcell KHCJOTH KpacHas OKpacka pacTBopa NepexOAuT B xentyio. Onoso
ONpefeadercs B 3JMEKTPONUTE HONOMETPHUECKH, & CBHHEI — BECOBLIM
IyTeM B BHJAE CEPHOKHCJOH CcOJH.

I1pu uccaefoBaHHH BJAUSIHUS Pas3/JHUHEIX (DAKTOPOB Ha COCTaB KaToj-
HOT'0 0CaJiKa MOTYT ObITh HCIIO/1b30BaHbl 00p a3kl H3 HepXKaBelomell cTastu,
C KOTODPBIX MOKPBITHE JIErKO CAUPAETCS W PacTBOPAETCH NMPH MeJEHHOM
HarpeBaHHHU B CONISIHOH Kucjore. B mosryueHHOM pacTBOpe 0JIOBO OIpe-
Hensiercss HOZOMETPHUYECKH, a CBHHEH — MO pa3HOCTH.

I’lePblTME BUMMETAJIJIMYECKMX OBPA3LIOB (AJIIOMUHUEBBIN
CMJIAB—CTAJIb) ¥ BKJIAJBIMIENR CBHHLIOBOOJOBIHHBLIM CIJIABOM

s paspaborku ONTHMaJbHOFO TEXHOJOTHUECKOTO TpOIecca CBHH-
[IOBOOJIOBSIHHEIM CILJIABOM TIPelBapUTEIbHO MOKPHIBANINHCH MJIOCKHE Oume-
TaJan4eckue 06pasupl nmiaomanbio 0,2 du® ¢ HUKeNeBbIM H MEAHLIM NOA-
CJIOEM; TOJIIHHA CBHHIIOBOOJIOBAHHOIO MOKPHITHS Ha PasjiHuHsIx 06pas-
nax cocrasasiaa 20 u 40 ux. O6pa3ubl AMIOMHHHEBOrO CILJIaBa HMeJH CJle-
Lytomuft cocras: 4—5% Sb; 0,5% Mg; ocransnoe Al. Kpowme Toro,
3THM CIJIaBOM MOKPBIBAJHCh BKJAABIIH, B KOTOPBIX JIETHDYVIOUIUM KOM-
1I0HEeHTOM Oblio 0s10BO B npenenax 20—30%.

B xauecTBe aHOMOB MPUMEHAJHCH JIACTHHBI HJIH TIPYTKH H3 CBHHIOBO-
OJIOBSIHHOTO CIljIaBa cheAytomero cocrasa: 10% Sn u 90% Pb. as
TIpefynpexeHds ONafaHusl 111aMa B 3JIEKTPOJHUT AHOABI TTOMENATHCH
B YEXJIKl H3 TKAHH «XJOPHHY,

Jlanee MPHBOAATCS PasjMUHbie BAPHAHTH MOKPHITHS aJIOMHHHEBbIX
CII/IABOB CBHHIIOBOOJIOBAHHDBIM CILJIaBOM.

TexHosorust ¢ HHkeJeBbiM moacaoeM. 1. Karonnoe oBesskHpuBanue
B pactBope, conepmameM 25 ¢/2 Na,CO; u 25 2/2 NazPO,; temneparypa
70° B Teuenne | MHH.; i, = 3 =5 a/Ou’.

2. TpasneHue B 25% -woit H, SO,; temneparypa 80—85° B Teuenue
5 MHH.

3. Ocsernenne B HNOg (1 : 1) B Teuenue 12 cex. npu KoMHaTHOR Tem-
neparype.

4, lluukatHag ob6paboTka IpH KOMHATHOH TeMmreparype B TedeHHE
12 cek. B pacTBOpe CJAELYIOMIErD COCTaBa B 2/4:

NaOH - . . . . . . . . . . . . . . . .. ...... 5%
ZnO . v . o e e e e e o e e o100
FeCly BH,0 « o v v v o e ]
KNaCH, 0 4H,0  « « « v o o ot i e e e 10
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5. Hukemuposaune npu i, = 2 a/du® wa tomuuuy 5 mx. Cocras
pactBopa B o/i:

NiSO,-7H,O . . . . . . . . . . . ... 200
HBO; . . . . . . . . . ... L. 30
NaCl . . .. . e e 15
JIUMOHHAST KMCAOTA « - .« . . . . . . ... 2,5

Mexay onepauusmu 1—>5 ofpasubl TINATENbHO MTPOMBIBAIOTCA.

6. OT:kHUT B Ileuu NpH Temreparype npudsausurensbuo 200° B Teyenne
30 MHH.

7. Yaanenne B TeueHue 4 ceK. OKHCHOH IJIEHKH B pactsope ciieayto-
ero cocraBa B 00BEMH. 4HacTaXx:

HO . . . . . . . . . . ... ... .. ...100
3 (0 P Fot0)
HNO; . . . . . .« . . . .. .. ... ...

TurartesnbHasi TPOMBIBKA B TIPOTOUHOH BOje.

8. TloxkpriTHE cnIaBOM CBHHEH — OJIOBO Ipu i, = 2 a/du?*; 3a | 4ac
ocaxxjaercs b4 mi.

[Toce mOKPLITHS OGPA3ib! UCHBITHIBAIOTCS HA KAUECTBO CLEMJIEHHS
Pa3JHUHBIMH METOAAMH: KDecTOO6pasHEIM HaJApe30M, MHOTOKpPAaTHLIM
n3ru6om Ao H3noma. ToJscrble 06pasuhbl 3aKUMAaIOTCS B THCKH H CHAbHBIMU
ylapamMd MOJIOTKa M3rubarorcs nmox yriom 180°.

Cuenyenne MOKPHITHS C OCHOBHBIM METaJIJIOM TMOJydYaercs XOpollee,
Jpyrag naptus o6pasioB MOKPLIBAJIACh 110 TEXHOJOTHH C MeAHBbIM NOA-
CJI0eM.

TexHosornsi ¢ meaHbIM noacaoem, IlepBrie yeThipe OnepanUu oCyLe-
CTBJIAJIMCEH, KaK YKas3aHO Bhiie, HO A0OABJEHO JBa HOBHIX Tporecca:

1. [inanncroe MenHeHWe B pPacTBOpe CJEAYIONETO cocraBa (B 2/4)
H pexnMa:

CuCN . . . . . . ..o Lo .. 4LS
NaCN,, e e . .. ..... bBSb
KNaC, HO 4H20 P )
NazCog I T 1)
e Baom® . . - . . . ... .. ... .. 03
Temneparypa 8°C . . . . . . . . . . . ... . ... 40

Tosmmuua MOKPHITHA 5 MK.

2. MoxpoiTHe crtaBom Pb— Sn npu i, = 2 a/0x%. Anons u3 crniasa
90% Pb u 10% Sn.

Yactb 00pasnoB, MOJNYYEHHAs] IO TEXHOJOTHH C MEIHBIM NOACJIOEM,
OTXKHUTAJach;, Ha TMOBEDXHOCTH TIIOCJAe OTXKHTa TIOSIBHJIHCH B3AYTHS.
Jpyras uacTe 0o0pasnoB He OTXKHrasjgachb, HO OCMOTD, NPOBEAEHHEIH Ha
ChAelyOmulE Aedb, NOKa3aJs, YTO HA MOBEPXHOCTH HEKOTOPBLIX 06Gpa3noB
TOABHJNCH B34yTHs. TakuM 06pa3oM, 110 BTOPOil TEXHOJIOrHH HE yAaJ10Ch
NOJYYUTh YCTOHUHBLIE H BOCTIPOM3BOLHMELIE pPe3YJLTATHI.

IlonyueHHble PE3YyJ/bTATHl C HUKEJIEBLIM H MEAHBIM NMOACJOSMH ObLIH
TIOJIHOCTBIO TIOATBEPIKAEHB Ha aBro3aBoje um. M. A. Jluxauena.
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3aBHCHMOCTH colepKaHus 0J10BA B ChJjaBe OT COJEpKaHHA ero
B 3JIEKTPOJHTE

-

Ucxonnbiil 31eKTpouT Gpascs cAeayIomero cocTaBa B (e/4) H pexuma:

1S ¢ W PR o S
HBE, - « « c o ottt e 4O
HiBOy  « « v v oo e e e e e e 25
Kaoen . . . . O ¢ s}
Te\lHEPETVpaEC.................2021
[TnotHocTs Toka B afOm2 e e e e o2

Pesysnwratet onbitoB NpeacraBjeHsl Ha HT.

3aBUCHMOCTL €OCTAaBA KAaTOAHOT'O 0cCajka OT NMJOTHOCTH TOKa

OnpiTh NPOBOJKNCH B IIPHBELEHHOM BBIIIE 3JIEKTPOJHTE NPH COAEp-
x)auun ostosa 10 2/4, Temneparype 20—21° u maorsoctu toka 0,5; 1,0;
1,5 u 2 a/du®. PesyabTarbl OILITOB IOMEINEHbl Ha ¢uT. 6.

Sn T T T
% i l
2 ;
‘] 70
9
N
x 20 Gl
8 T —— .
1
S /
= g g 7
<
s |/ 5
. 5
0 10 20 ey |
$n 8 sneximponume /‘0' 5 1.0 15 20(a3m?
®ur. 5. 3aBHCHMOCTb cOjlep- @ur. 6. 3aBHcHUMOCTL COCTaBa KaToX-
HKAHUH 0J0BAa B CIUIaBe OT HOFG 0C3jJKa CBHHILOBO-OJIOBSIHHOTO
COJIeDKAHHS ero B JIEKTPO- CIM1aBa OT IJIOTHOCTH TOKA.

JIHTE.

AHOAHBIA APOLECC

UccnenoBasoch uM3MeHEHHE COCTaBa 3JIEKTPOJHTA B 3aBHCHMOCTH
OT KOJIHUECTBa NPOIIeIIero aJieKTpruecTsa, [1y1s1 arof nesn 6u1a cobpana
YCTAaHOBKA, 06ecneunBaomnas HelpepuBHOe THTaHne TOKOM. McTouHHKOM
MOCTOAHHOTO TOKA CAYKUA CENEHOBLIH BrimpsiMuTenb Tuna BCA-5 ua 12 s,
K KJIeMMaM KOTODOTO NPHCOSAHHAJICA 8KKYMYJSATOD HA 6 6 H 3JEKTpo-
JM3Had BaHHA. AHOJAMM CAYKHUIH CTEPXKHHM H3 CIJIaBA, COACPIKALIETO
10% Sn u 90% Pb; nuamerp crepxueit 20 mum, Buicora 100 ma.

Cnnap ocaxJandH Ha KeJesHble o6pa3ubl HNpSAMOYTOJNbHOR (hOpMBI
niomansto 0,88 du2. [TepHoandeckyn Aenajcs aHalH3 Ha COCTAaB 3JEKTPO-
JUTAa M COCTaB CIIJIaBa,
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Hns onpefenenusl cOCTaBa CIlJiaBa OCaXJeHHEe TPOU3BOAHJIOCH Ha
ofpasell H3 HepKaBewlled craJu.

IIpOoM3BOACTBEHHEIE AaHANM3K TOKa3aau, YTO COJAEDKaHue O0J10Ba
B pacTBOpe rocie npopadoTKu BaHHB! B TeueHHe 30 &-4/4 He H3MEHH/IOCH,

MTOKPLITUE BKJIAZBIIEA

Cr1aBoM CBHHEI — OJIOBO TOKPHIBA/JH OHMETaJIHYEeCKHe BKJAALILIN
TOAMMUIHHAKOB. [10KpHITHE IPOBOUN B CTEKJISIHHON BaHHE eMKOCTBIO 4 1
MO0 TEXHOJOTHH C HHKEJeBhM NOAcaoeM. Temieparypa KOMHaTHasl,
IJIOTHOCTb TOKa 2 a/0m 2.

Hekoropsie Bonpocsl APOH3BOJNCTBEHHOTO Xapakrepa

Bxaajemin MOTYT NOKPHIBATbCS HHKEJIE€M Ha aJIOMHHHEBBIX IIOJIBEC-
Kax HJIHM Ha aJIOMHHHEBOH MNMpOBOJIOKE. ITO TpeGOBAaHHE OOMKHO ObITh
o6A3aTenbHO COBJIOAEHO MPU MOATOTOBKE TIOBEDPXHOCTH CIIOCOOOM TTOTpY-
JKEHHsI B pacTBOD LMHKara HaTpugd. IIpH H3roTOBJIEHHH TIOABECOK H3
JPYToOTO MaTtepHa/ja B [UHKATHOM pacTBope paboTaloT KOPOTKO3aMKHY-
Thie TaJbBAHHYECKHE IJIEMEHTH MEXJY aNTIOMHHHEBBIM CJIOEM W Marepua-
JIOM TIOABECOK. AJIIOMHHHEBBIH CJIO# BKJAABINA CHJIbHO IIOJISIPH3YETCs,
TO3TOMY 3aTpyAHsieTcsl 06pa30BaHue Ha HEM ILJIOTHOHN [{HHKOBOI IJIEHKH.

[MoaBecKH MOJKHBEI HMETh JKeCTKHE MPYKHUHSIIHE KOHTAKThI.

[ToxpriTHe BKJaArIIell CBHHIOBOOJIOBSIHHBIM CIIJIABOM MOXKET OCyIle-
CTBJISITBCSI HA NOJBECKAX 3TOR e KOHCTPYKIHH,

Haubomee xapaxrepHbie Bujbl 6paka CBOAITCS K B3AYyTHSIM B HHKeJe-
BOM H CBHHIIOBOOJIOBSIHHOM IIOKPEITHSIX. [1y3bIDH MOTYT TNOSBJSATbCH
HeIOCPEACTBEHHO TIOC/IE HHKEAUPOBAHUS W TOKPHITHS CIJIaBa HJH IOCJe
OTXKHTA.

[IpuunHa B3AYTHH TIOCJIe HHKEJHUPOBAHHS -— HEYIOBJIETBOPHTENbHAA
IIOATOTOBKA TIOBepxHOCTH (00e3:KHpPHBaHHE, TpaBJjleHHe, LMHKAaTHasA
06paboTka).

[losBaeHue B3AYTUH TOC/Ae HEHECEHHS! CBHUHIOBOOJIOBAHHOTO MOKPLI-
THST SIBJISIETCS CJEACTBHEM HEYAOBJETBODHUTEJNbHOIO CHATHA OKHCJIOB
NocJie OTKHTa.

Yaanenne HeAOOPOKAUECTBEHHHX NOKPHITHH CBHHIOBOOJOBSHHOTO
CrjiaBa, a Takyke MePHOLHYeCKOoe yjiajeHme MOKPBITHH C MOABEeCOK Ocy-
ILECTBJASIOTCSL AHOAHBIM pACTBOPEHHEM HJIH NOTPYKEHHEM B PacTBOp.

AunonHoe pacTBOpeHHe NPOH3BOAMTCA B DPacTBOPE, COAEPKAILEM
500 /2 NaNOj, npu temneparype 20—80° u miaoTHoCTH ToKa 2—20 a/dn?;
pH = 6-=-10.

XiMHYECKOe PaCTBOPEHHE 0CAlKOB CBHHE[—OJIOBO OCYIIECTBJAETCS
norpyxenuem B caenyiomuii pacrBop: 10—85 06. % yKCycHOH KHCJIOTH
u 5 06. % nepexkucu BofopoAa. Temmeparypa pacTBopa 16—18°.

3a 6—7 muu. pacTtBopsercs 25 ux ClaBa CBHHEI, — OJIOBO.

PacTBOpeHHe HHKeJEBOTO MOKDPLITHA IPOM3BOAHTCS MOTPYXKEHHEM
B 430THYIO KHCJOTY HWJHM aHOAHBIM pactBopeHneM B 15%-nom CrO,
PH KOMHATHOH TeMIIeparype u MJIOTHOCTH Toka |—b5 a/dm®. Jlas yrane-
HHA O6pasylomeica NPH STOM Ha a/IOMHHHH OKHCHOH IJIEHKH HE00Xo-
JAHMO Ha KODOTKOe BpeMmsi IOrpys3uThb JAeranb B 5—10-%mubii NaOH.
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Illepox0BaTOCTb HHKEJNEBOTO IOKPHITHS SBJISIETCA CJAEACTBHEM HE OYEHb
TUIATeNbHOA OTMBIBKH HHHKATHOTO PACTBOPA, UTO MPHBOAHT K CHJIBHOMY
3alIe/aYlBaHUI0 HHKEJNEeBOTO 3JIeKTPOJNHTa B NMPHKATOAHOM CJ0€ BIJIOThH
O BHINAJcHHS THAPOOKHCH HHKeJ.

Pacxox uukens Ha | Om® mOKpLIBaeMOU MOBEPXHOCTH COCTABJSET
0,5—1 ¢ npu ToMiMHE MOKPbITHA 5—10 MK.

B 3akirodueHne MOXKHO ClejiaTh CJAEIYIONHE BHIBOALL.

1. IoamunHUKOBEIE BKJASALINH H3 GuMeTalja (CTasbajiOMHHHEBOTO
AHTHMPHKIUOHHOIO CIJIaBa) MOTYT OBITh 3JEKTPOJMTHYECKH IOKPHITHI
cniraBoM coctaBa 8—10%, ocranpuoe cBuHern. Cocras 60phTOPHCTOBO=
JOPOAHOTO 3JIEKTPOJIUTA B 2/4 W €ro PEKHM:

Pb . . . . o9
HBE jp5 . « -« o o o e e 40
HBO, - « « v o i i i 95
Kanet . . . . . . . . . ... .. ... ... .. 05
TlnotHocts TOKa B a/0dm? 4
Temmeparypa 8 °C . - . . . . . . . . Lo 0002

2. Cofep:kanue 00Ba B KAaTONAHOM OCAflKe IOBBULAETCS IO Mepe
YBEJHUEHHSA COJIEPKAHUS OJIOBA B JIEKTPOJHTE H TMPH MOBLIIICHHH TJIOT-
HOCTH TOKa.

3. Hanexnoe cremnsienne MexAy aJOMHHHEBLHIM H CBHHIIOBOOJIOBSIH-
HBIM CHJiaBamMH o0ecreunBaeTcss B peayJbrare TIATebHOH MOATOTOBKH
HOBEPXHOCTH. B NOAroTOBKY BXOJAHT HOTPYXKEHHe B PacTBOp IHHKAara
HaTPHs, 3JEKTPOOCAKACHHE NTPOMEXYTOUHOTO CJ0A HuKeas ¢ 30-MHHYT-
HbIM Harpesom TpH Ttemiieparype 200—220°.

4. Hanecenne MeRHOTO TIOKPLITHSI 43 LHMAHHCTOrO 3/eKTPOJdTa
B KauecTBe MOJCJIOS He Beerjla o0ecrneunBaer HAleKHOe ClellyIeHne MeKAY
OCHOBO# ¥ TOKpHITHEM *.

5. OAHOCTOPOHHEE TIOKPbITHE BKJAALIIEH KAK HHKEJIEM, TaK H CBHH-
[OBOOJIOBAHHBIM CITJIaBOM BO3MOXKHO TOJIBKO Ha ClieliHaabHbIX HpI/ICHO-
cobneHuax.

JIHTEPATYPA
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2. Allen Gray, «Modern Electroplattings N. G. 1953.
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CUEIVIEHHEM MeXJAY IIOKDBITHEM H OCHOBOH [0 TeXHOJNOTHH C MEJHBLIM, TIOCA0eM
(cMm. cTp. 194).



A. T. BAI'PAMAH

COBMECTHOE OCA)XAEHUE XPOMA C APYTUMH METAJIJIAMH

CnnaBbl Ha OCHOBe XpoMa OGJIaZAl0T TOBBLILIEHHOH XK apOIPOYHOCT IO
M BBICOKO# CTOHKOCTBIO K OKHC/IeHHIO. Hapsafy ¢ 3TuM XPOMOBbIE CILJIaBbi
HMEWT M CYIIECTBEHHbIE HEAOCTAaTKH, H3 KOTODHIX Ipexje BCero neob-
XOJUMO OTMETHTb YPe3MepPHYI0 XPYNKOCTb, YTO SIBJISIETCS CEePbe3HbIM
OpensTCTBHEM JJAS HX IDHPOKOTO HCHOAb30BaHHA., Cnefyer €Kasarh,
YTO B 3a8BHCHMOCTH OT CIocoba M yCJOBHI NMOJyYeHHs CIJIaBOB CBOHCTBA
HX MOI'yT OLITb 3HAYHTETLHO H3MEHEHBI.

K cucrematnueckoMy u3ydeHuIo yCIOBHH NOJNYYEHH T XPOMOBBLIX CILJIa-
BOB 2JIEKTP OJIMNTHYECKHM ITyTEM IIPUCTYIIHJIN B OCHOBHOM B ITOCJI€J HHE IOABI.
CnocoGel MOJTy4eHHs! CIIABOB XPOMa MOXKHO Pa3ie/NHTh Ha ABE TPYIILL:
OCRXK/iCHHE IIECTHBAJIEHTHLIX COeJlHHEHHH XpoMa H OCaXJAEHHE H3 €ro
TPpeXBaJIEHTHHIX COEIHHEHHH.

ANEKTPOOCAXJAEHUE CNJIABOB XPOMA U3 Er0 MECTUBAJIEHTHBIX
COEJUHEHUHA

ITosyueHne XPOMOBBIX CIIIABOB H3 PacTBOPOB XPOMOBOH KHCJIOTH
HMeeT CBOH OCOGEHHOCTH, OOYCJ/IOBJEeHHBle crelubHKOH KaTOZHOTo IIpo-
necca npu saekrpoocaxaenun xpoma [1]. Kak uaBecrno, npu BocCTaHO-
BJIEHMH XPOMOBOH KHCJOTBI B TPHCYTCTBHM Apyrux karuonos (Cutt,
Znt+, Nit+, Fet*, Cot+) morenpman BOCCTaHOBJIEHHS KOTOPBIX
6osee nONOKHTE/IEH, UEM TOTEHI{MaJi BOCCTAHOBJICHH ST XPOMa, BBIIGISAETCA
TOJIbKO XPOM, a ITlepeunc/eHHble KaTHOHbl He BoccramaBauBatotcst [21.
[IpuunHa 3T0r0 aHOMAaJILHOTO ABJIEHH S CBSI3aHa C TEM, UTO Ha [IOBEPXHOCTH
Katofia B Iporecce 3jIeKTpoJu3a obpasyercda IJEHKa, Koropas Npensr-
CTByeT IIPOHHKHOBEHHIO K 3JIEKTPOJY, & CJIEAOBATEILHO, H BOCCTAHOBJE-
HHIO TIeDEUHCJIEHHBIX KaTHOHOB. B cocraB 3TOf MJeHKH BXOAAT Xpomar-
HOHBI, IPOAYKTH HX HENOJHOIO BOCCTAHOBJIEHH ] H HEKOTOPOE KOJNHIECTBO
uyxepogubix annonoB (SO; —, CI7, Br~, SiFg ™, BF7) [3], Ges
KOTOPEIX, KaK M3BeCTHO, He MPOMCXOLUT BBIACICHHS MeTadna. B cocras
IJIEHKH MOI'YT BOHTH TakKike CJIOXKHKHE HOHBI ADYTHX MeTal]0B B BHIE
annoHoB (MnOy;, SeO; ~, ReO;, MoO, ), KoTOpLIe, CIEAOBATENLHO,
MOT'YT BOCCTaH&BJIMBAThCS HA 3JIEKTPOJE COBMECTHO C Xpomar-HoHaMH [4].
OueBHAHO, UTO BOCCTAHOBJIEHHE IIPH TOM IPOHCXOJUT HE U3 HOHOB pact-
BOP&, @ M3 MPOAYKTOB ILJIEHKH. B TO/Jb3y TAKOTO MeXaHH3Ma 3JEKTPO-
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OCAXKAEHUST XpOMa TOBOPUT TOT (AKT, yTo MapraHer IPH €ro BBEIeHHH B

pacTBOP XPOMOBOI KHCJIOTHI B BHJE ceMuBaseHTHOro uona MnOy” Boccrauna-
BJIMBaercs A0 MeTasja COBMECTHO C XPOMOM, a IIpH BBEJEHHH MapTraHia
B BuJe uoHa 6osiee HH3KOI BasenTHoCTH (Mnt+) oH He BoccTaHaBiHBaercs
Ha Karoje, a ocaxjaaercs Jauib xpom. CJeAyer TakkKe OTMETHTb, YTO
OT COCTaBa H (PH3HKO-MEXAHHUECKHX CBOHCTB IJIeHKH OyJaerT 3aBHCETh
CKOPOCTbL paspsiia MOHOB H cocras ofpasymwomerocs cijasa. Mcxoms
u3 3THX npeicrasiaennii /1. H. YcaueBoim u A. T. Barpamsauom 6ei1 pas-
pabBoran crnoco6 moaydenns ciytasoB Cr—Mn, Cr— Se, Cr—Re [5].

AieKkTpoocaxkaeHHe ChJjaBa XpoM—mapraHei|

s nonyuenus cimaBa Cr—Mn npumenserca pactsop [51], cocrog-
Ui U3 XPOMOBOTO aHTHApHA, IepMaHTaHaTa Kalus B CEPHON KHCJOTHI.
MamenenneM ycjaOBHI 3JEKTPOH3a (COOTHOIIEHHs KOHIEHTpPAUUN KOM-
MOHEHTOB, TEMIIEpaTyPhl U TMJIOTHOCTH TOKAa) MOXKHO M3MEHATh KakK Kaye-
CTBO OCa&JKa, TaK M COCTaB CIliaBa. B yacTHOCTH, B pacTBOpe, COAepxKa-
mem 200 o/2 CrOy; 39,5 o/2 KMnO, u 2 o/2 H,SO,, 1pH MJIOTHOCTH TOKa
10 a/dn® n Temneparype 20° oBGpasyercs crias, coiepskamuit 15% Mn
u 85% Cr. Ocaloxk nosyvaercst TWIOTHLI, C METalJHYECKHM OJIECKOM.
V13 ykazauHOro pacTBopa MOXHO HApalIMBaTh OCaJKH CIljaBa 60Jbmofi
TOJIIMHBI. BHIXOA MeTasl1a 1o TOKy TaKoil ke, Kak IPH 3JeKTPOOCaxKIe-

HHH xpoMa B oTcytcTBHH KMnO, . C noBhinenueM TemIepaTyphi BEIXOX
MO TOKY Tajaer, a C YBeJdUYEHUEM T[JIOTHOCTH TOKa YBEJHUHBAETCH.
Conep:kaune Maprania B CIJIaBe JHHEHHO BO3PACcTaer € YBEIHYEHHEM
B pacTBOpe KOHIEHTPanHHM NepMaHraHara Kajus, KOTOpad, OJHAaKo,
orpanHyeHa pacrBopumoctbio KMnO, B AaHHOM 3JeKTpOJHTE.

Pdusnko-MexaHuueckne cpoiictBa cmiaaBa Cr—Mn CyumiecTBEHHO HE
OTJIMYAIOTCSA OT CBOfICTB XPOMOBBIX NTOKPHITHH. Tak, BHyTpeHHee HAIIP sKe-
HHe, BO3HHKAWMIee B CIIaBe, H TBEPAOCTHL CIlJlaBa TaKHe ke, KaK M Y
YHCTOTO XpOMa, a Xpynkocrb craBa Cr—Mn  HeCKOJBKO MEHbIHE.
PactBopumoctb cmsaBa B ueopranuueckux kucaorax (HCI, H,SOy)
6osibIlle, UeM YHCTOTO XpOoma,

AaekTpoocaxjetne CNaaBa XpoM—ceJeH

Cnna Cr— Se 1no/1yyaercs u3 pacTBOPOB XPOMOBOH, CepHO#l U ceje-
HoBO# Kucior [51]. TIpu 3Tom cesieH MOXKHO BBOAHMTBH KaK B BHJAE CeJEHO-
BOH, TaK H B BHAE CEJEHHCTOH KHCJOTH. TIpH MJIOTHOCTH TOKAa HE HHUKE
50 a/Om® w3 pactBopa, comepxaiero 250 2/2 CrO,, 2,5 2/2 H,SO,
n 36 o/2 H,SeO,, Ha M1aTHHOBOM Karoje NpH KOMHATHOH TeMmieparype
ocaxjaercs cliaB coctaBa 37% Se n 63% Cr. Brixon cnsaBa 1mo 10Ky
MaJIo OTJIHYaercs ot Bbixoda Cr 1o TOKY K3 TOTO e pacTBopa 6e3 fo6aBKH
cesleHa. VaMenennem ycroBuil 3/16KTPOJIN3E, KaK H B CJAyuyae OCAKACHMSI
cnnapa Cr—Mn, MOXHO BapbHpPOBAaTh KaueCTBO M TPOLEHTHBI COCTAB
3JIEKTPOJIHTHUECKOTO ocafka cniaBa Cr— Se. BuyTpenHee HanpsKeHue

cnraBa Cr— Se 3HAUHTENBLHO MEHDIIE, UEM Y 3JEKTPOJIHTHYECKOTO OcafKa
xpoma.
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[Tocko/bKy cesieH SIBJISIETCST AHAIOTOM CEPLI, TO CEJIeHOBas KHCJIOTA
cama BBUIOMHSICT QYHKUHH Yy)KEPOAHBIX AHHOHOB B PAacTBOPe XPOMOBOH
KHCJIOTEI H CIOCOOCTBYeT 00pasoBanmio MIeHKH Ha IOBePXHOCTH KaToAa,
2 CJIeNOBATENbHO, OCAKIACHHIO XpoMa,

Cuutas Xpoma ¢ CesIeHOM MOXHO MOJNYYHTDL M NDH BBEACHHH B PacTBOP
CeIeHHCTOH KHC/IOThI BMECTO CEPHOH, OLHAKO OCANOK TOJAYYaeTCs B 5TOM
cJIyuae MaTOBBIM.

OueBrAHO, YTO C M3MEHEHUEM KOHLUEHTPALHH KOMIIOHEHTOB B pacTBOpe
JAOJKHO H3MEHATHCS COOTHOIIRHHE HOHOB B MJEHKE M, CAEIOBATENLHO,
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[—cencHoBas Kucjaora; 2—cede-
HHUCTAsT KHCJOTA.

coctas cnnasa Cr— Se. @ur, | nokaspiBaer, 4To MPONEHTHOR CONEPIKARUE
cesieHa B CMJABE YBeAHYMBAETCS IIPH yBeJSMYEHHU KOHUEHTPALHH ceje-
HOBOH KHCJIOTHI B pacrsope 10 0,15 2-moas/4. [1pu RanbHeiimem ypeaunye-
HUH KOHIEHTPANHH CEJeHOBOH KMC/IOTHI cocTar cmmapa Cr— Se npakru-
YyeCKH He H3MeHSeTCS. IT0 YKa3wlBaeT Ha TO, YTO COAEpKaHKe CIIaBa
B ILIEHKe YBeJHUHBAETC [0 ONpejeseHHoro npejena. AHa/JoruyHas 3aKko-
HOMEpPHOCTh Ha0/II0faeTcsl NpH 3aMeHe CeleHOBOH KHCJOTH CeJIeHUCTOMH;
fIpH 3TOM MPOLEHTHOE COAEPIKAHNE CeJieHa B CllJiaBe B IIOC/ACNHEM CaIyuae
3HAYHTENbHO MeHbIle, [Ipy BBelleHUM B 3JeKTPOJUT JPYTHX AaHUOHOB
POUCXOANT YMeHbIlleHNe KOJAHYeCTBa KaxkJIOro M3 HUX B IJIeHKe BCJeXd-
CTBHE 3aMEHhl OJHUX HOHOB JADYIUMH, YTO, B CBOIO odepeib, OKasbiBaeT
BJUsHME HA cocTaB ciniasa (gur. 2). Kak BUAHO W3 QUIypHl, NPH Joba-
BJIEHUH CepHON KHCJOThI K pPacTBOPY XPOMOBOH M CeJIeHOBOH KHCJOTHI
JIEKTPOJIHTHUECKHIT 0CaloK O0efHsIeTCst CeeHOM. ¥ MeHbIIIeHHe CKOPOCTH
BOCCTAHOBJIEHMSI HOHOB CeJICHA CBSI3AHO C YACTUYHLIM 3aMeLiCHHeM

B mJiedke uoHoB SeQ, monamum SOz .

AnexTpoocakaeHHe CIJIaBa XpPOM—MOJHOREH

Cnnas Cr—Mo sBJisieTCs XHMHYECKH CTOHKUM, TYIOJIaBKHM, C BBICO-
KHMH MexXaHHYeCKHMH [MOKA3aTeNsIMH, B CBSI3H C YeM 3TOT cIJjas Mpel-
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cras/sier Gosbuiofl uuTepec. Jlasi mosyyeHHs cijlaBa XpoM-—MoJAKO geH
C. 11. llome [6] pexomenpyer 3JeKTPOJHT CAeAylouiero cocraBa (B e/4)

U pexHuMma: o —

XpoMoBEI# aHTMppHg . . . . . - . 400

MonuGgesoBas kucsora . . . - . . 360

Cepnas Kucsiora . . e e 4 4

Temrnepatypa BaHHLI B C P 14

ITnotHOCTL TOKA B @/0mM® . . . . . 4 ’
B KkagecrBe aHoAa npumensiercss g J

HepaCTBOpHMbIﬁ CIlJiaB  CBHHEL— §

oqoBo ¢ 10% cojllep:kanuem OJ0BA. « 5

Ilpy 5THX YCJAOBHSIX COJepPXKaHHE § L~

MOJII/I6}I€H3 B crijiape  JoCTHraer lz

1,7%. C yBejuueHHeM IJIOTHOCTH 1 7

TOKa coliepKaHue MOJIH6lleHa B cniJjia- 4

Be YBCGJIHYUBAETCH, OJIHAKO KaueCTBO

7
OcaiéaTyxéggili;gn I'. H. Toma- 0 100 200 300 (W) ol 71
NI0Ba H3yyady yCJIOBHA HOJyyeHusi @ur. 3. Bansdune KoHUEHTpAlUmM MOJuO-
ciJiaBa Cr*—I\/XO U3 OGquHbIX 3JIeKT- jJata aMMOHMA Ha COCTaB CIJIaBOB Cr—

MO, NMOJYYEHHHX U3 3JEKTPOJINTOB!:
POJIHTOB /IS XPOMUPOBAHUS C J06aB-  ~ 195 o/ HLSOL: 2950
KaM® MoJauGlara avmonns. Ma gur. 3 &o ieéf‘sc;;r/ﬂ’§zs'o4;e/f‘g 2388 oa C,offﬁ
BHJHO, YTO C TOBHIIEHHEM KOHILeH- -+ 10&/4 HiS0u 4= 250 2/a Cros 4 252/
TpanMHK MONHG1aTa aMMOHKS B 3J1€KT- e
poaute B npucyrcrBum 2,6—25 e/2 H,SO, conepxanme moaubaena
B CIJIaBe BO3pacTaer juHeliHo. JIuib B pacTBopax € oyeHb MaJIhiM Cojep -
JKanuem cepHoit KucstoThl (1—1,25 2/4) IpOHCXOAUT HEKOTOPOE OTKJIOHEHN e
oT JuHelHOCTH. IlpH yBeJHUEHVH KOHIEHTPAUHH CepHOH KHCJOTHI
B 3/IEKTPOJIMTE COJep:KaHue MOJUGJAeHa B CIJIABE€ YMEHbLIACTCS, XOTs
NONSIPU3ANMST 3JEKTPoXa HPH 3TOM YyBeawuuBaercsi. M3 KpHBBRIX Ha
¢ur. 4 BHAHO, UTO U3IMEHEHHE COHEpXKaHUS MoJuGieHa B CIIaBe
¢ yBesHgeHHeM KoOHuentpauuu Ha SO, B snexTposnute MPOXOIHUT uyepes
MaKCHMyM. ITOT MaKCHMyM COOTBETCTBYET KOHLUCHTPALMM CEepPHOH Kuc-
o [H2SO

JOTHhl, paBHOH 1,25 2/2, MM OTHOHNIEHHIO G0, = = 0,5. B orcyrer-
BUU CYJIL}AT-KOHOB B 3/IEKTPOJINTE HA MOBEP XHOCTH 3JeKTPOoJAa NJieHKa He
ofpasyercst; IDH 3TOM HHM MOJHOMEH, HM XpoM He ocaxpiatorcs. Ilpen-
[I0JIaralT, YTO NIPU Ma/blX KOHIEHTDAUUAX CEPHOH KHCJOThl MJEHKa
emle  HeAoCTaTouHo cdopMupoBaHa M MO3TOMY OTCYTCTBYIOT 6.1aro-
NPUSTHHE VCIOBMS sl BOCCTaHOBJIeHHss MoOj; — HOHOB € JOCTATOY-
HOH ckopocthio. Ilpm noBrimrenHo#l KoHpeutpanum H, SO, B 3ieKT-
poJiuTe IPOHUKHOBEHHE HOHOB MOOZ B IJIGHKH 3aTpyAHEHO (HUCXOHd-
Inpe BeTBU KPUBHIX).

Ha ¢ur. 5 noxaszama 3aBHCHMOCTL CKOPOCTH OCa)KJeHHs CHJaBa
B OPOIEHTHOTO Ccojiepkanus MosubeHa B CllJIaBe OT KOHIEHTPaHH XPo-
MOBOI'O aHTHADHAA B djekTponuTe. V3 Kpuso#l I BHAHO, 9TO C yBesHye-
HueM xonpenrpanuu CrO, B 3JeKTPOJAHTE OTHOCHTENbLHOE KOJHYECTBO
monub/ena B cil1aBe pe3ko mafaeT. JToCKOMBKY DU 3TOM YBe/THUMBAeTCS
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Mo 6 cnrabe

Jios1sl TOKA, HAYUIEro Ha Bhijie/IeHne ciiaBa (KpuBas 2), To MOKHO GbLTO Gbl
IPENNONOKITh, UTO YMEHBbIIEHHE COAeP:RAHHd MOJHGHeHA B - CILTIaBe
BLI3BAHO HE YMEHBIICHHEM CKOPOCTH BOCCTAHOBJIECHHS HOHOB MOJHGAATA,
a ABJAETCS Pe3y/bTaTOM yBeJUHEHUsSI CKOPOCTH BOCCTAHOBJ/IEHU ST XPOMAT-
HOHOB. Ho B JeHCTBHTEHLHOCTH NPH yBeJIMYEHHM KOHIEHTDALHH XPOMO-

- {
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N\ 50 = 3
I | | 2
! N
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Qur. 4. Bausiune Komuewtpamun ceprofi xucaorm PHT. 5. Buamsnue  konuentpaumn
Ha cocras cruiasa Cr—Mo. XPOMOBOTrO  aHTHAPHIAL
I — 1na cocras criapa Cr-—Mo; 2 -— Ha
CKOPOCTEL BOCCTAHOBJIEIIUA HOHOB MoHG-
JdeHa,

BOFO aHTHJPHJA B 3JEKTPOJUTE CKOPOCTh BOCCTAHOBJEHHUS MoQO; mnonos
YMEHbIIAETCS He TOJILKO Ha BOCXOJNMAUIeH, HO M Ha HHCXOASEH BeTBH,
YMeHblIeHHEe CKOPOCTH BOCCTAHOBJIEHHS HOHOB MoJuGiara oObscHeTCS
YACTHYHLIM BRITECHEHHEM H3 TLIEHKH MOJAUOAAT-HOHOB. M3 nmpuBeneHHBIX
¢uryp BHAHO, YTO COCTAB CIJ1aBa 3ABUCHT Ii€ TOJLKO OT KOHILEHTPAaIlNK
XpoMar- H MOJHUONAT-HOHOB B 3JEKTPOJIHTE, HO TaKKe H OT KOHIeH-
TpauuH cyJandar-HOHOB.

OcaxpeHue cnjaBa xpoma ¢ Bojbhpamom

Mo paunwv JI. Pomxepa n A, Bypa [7] cocras ssiexrposurta (B e/a)
¥ ONTHMaJbHbE YCJAOBUA' A/ OCAXKIAEHHs XPOMOBOJL(DPAMOBOro Cr/iaBa
CIeLyIonHe:

Xpomosmit anrwapun - - - . - 200 pH SJCKTPOSHTA v 7—8
Cyaspar ammonvust . - . . . . 2,630  Temneparypa B °C e 70
Boashpamosmit anrugpug . . . 100 ITnoTHOCTH TOKA B a/o'?m2 ce. 2,132

Jlumonnokucas#t amvount . . . 300

1 Caepyer oTMETHTh, YTO C HM3MEHEHHEM YCJOBHH 3JIEKTPOJIN3Aa MEHSIeTcs COCTaB
CrJiaBa, KayecTBO 0CafKa M ero (pH3UKOo-MeXaHuuecKHe cBoiicTBa. ITOCKOJLKY B pasHBIX
cliygasx HeoO0XojMMBl pasHLie KayecTBa OCajKoB, NPHBOZMMAs peUenTypa He BCeraa
MoXKeT OhITh ONTHMAJBHOH,
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Conep:kanue Boandpama B CilaBe TPH STHX yciaoBusx 32—33%.
TTo JaHHBEIM 3THX ABTOPOB OCAJKHU TOJYUAIOTCS CPAaBHUTENLHO HeGOMbIIONH
TOMI{MHBL. JIEKTPOJKT RJAsl HosyueHust criiapa Cr—W HM3roToB.siercst
crefyiomum  of6paszoM. PacTBop XxpOMOBOH KHC/IOThI Harperaercs [0
TeMIepaTyphi, GIH3K0H K TouKe KHIEeHUsI pacTropa, nocJe 4ero MeAJeHHO
n00aBJsieTcsl OpraHMdeckKuil BOCCTAaHOBUTRIb (TMMOHHOKHC/ILIH aMMOHKH)
JIIsl YACTHYHOr'G BOCCTAHOB/IEHH S IHECTHBAJIEHTHOTO XPOMa K0 TPEXBAJICHT-
HOro cocrostHus. Ilocde NOGaB/JEHHS BOCCTAHOBHTEIS DPAacTBOP KHI-
tutcs B Teuenue 20 muH. [1pu atom okoso 30—50% xpoma nepexomut
B TpexBaJeHTHOe cocTosiHue. XpPOMBOJb(PAMOBLIE HOKPRLITHSH, IIOJIY-
yeHHbIE B TAKOM pacTsope, 06/1allal0T XOPOIIUM 8J1eCKOM, He HMEIOT CETKH
TPEIHH H JOCTAaTOYHO KHCJAOTOynopHHL. [Ipm KomHaTHOH Temmneparype
B TeyeHue 15 AHell ocajiku He PacTBOPSIOTCS B OOBIUHEIX HEOPTaHHYCCKHUX
kucnorax (HCl, HNOj, H,SO,, HF).

CnjaB xpoma ¢ peHueMm

Anamorpuno cmiaBam Cr—Mn, Cr—Se, Cr—Mo cnjia  xpoma
C PEHMeM NoJyuaeTcs NPY BBeJeHNH B OGLIMHBIH 3JeKTPOJIUT AJIsl X DPOMEPO-
Banus (250 o/a CrO,; u 2,5 o/2 H,SO,) 10 2/2 neppenara uona. Cienyer
OTMETHTb, UTO COJEPXKAHME PeHHs B CIIJIAaBe HeBLICOKOe H JocTHraet 1 %.
B pa6ore [4]1 d. H. Ycauesa, H. JI. Kiumacenko u A. T. Barpamsna
OTMEYeHO, YTO TAKUM Ke 06pasoM MOXKHO I10J1y4arh CIJIaBLI, COCTOSIiMe
3 Tpex H Oosee xomnoHeHToB (Cr—Mn— Se).

OfHAaKo HYKHO OTMETHTH, YTO He BCe aHHOHBLI MOT'YT ObITh B3aMMO03a-
MEHsIEMBIMH, a CJeJ0BaTe/IbHO, He .BCe HOHB MOTYT BOHTH B ILICHKY.

OCAXKIEHUE CIJTABA XPOMA C METAJUJIAMM )XXEJIE3HOH rPYNIbl

IMoayuenue cunasoB Cr—Fe, Cr—Ni, Cr—Co He yaaercs ocyuie-
CTBHUTH ONHCAHHLIM BhIle CMoco0oM. [IJs cooca)kJeHHs] XpoMa C MeraJ-
JaM¥ Ke1e3HOH TPy, T, e, JJIst IPUTOTORJIEHHS SeKTPOIUTa, OOLITHO
HCXONST K3 TPEeXBAJEHTHLIX COoelHHeHHi xpoma. Mexanusm 3Toro npo-
11ecca MaJjo H3y4eH M OT/JIMYaeTCsl OT MEXaHKW3Ma oCaxkJeHHs XpoMma
U3 ero MHIeCTHBAJEHTHBIX coeluHeHuH. [lpelsaraemulil cocraB 3/JeKTpo-
JUTA [JIs NOJy4eHUsl CIIJIABOB XPOMA C METajJlaMH JKeJ€3HOH rpymiisl
CONEePXHUT MHOIO KOMIIOHEHTOB, YTG He BCerfa A0CTaTouHo 060CHOBAHO.
OnHa u3 ocoBeHHOCTeH OCaXKASHU ST XPOMA C MeTaJ/lJJaMy 2K ese3HOH IpyNIibl
H3 €ro TPeXBaJeHTHOrO COelHHeHUS 3aKJI0Uaercs B TOM, 4TO B 3JEKTPO-
JINT BBOJSITCS CHJ/IbHble BOCCTAHOBHTE/AH U aKTHBUDYIOMME MOBEPXHOCThb
3JeKTPOAa KOMIOHeHThl. DJarofapst 5ToMy CTAHOBHTCS BO3MOMHBIM BOC-
CTAHOBJICHNE MOHOB XpOMa ¢ HOHAMHM MeTA/JIOB JKENe3HO# I'PYIIbL.

CnaaB xene3a ¢ XpoMoMm

JI. J1. Merpoy, U. A. Typkauc u L. JI. ®aycr [8] paspaboranu
criocol oJsIydeHus CllIaBa XpoMa C XeJie30oM. ITH aBTOpPbl PeKOMEHLYToT
JBa pelenrta 3JAeKTPOAHTA GOJbLIOH MPOHIBOJUTENLHOCTH.
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Cocrar mnepmoro siaekrposaura (B 2/4) ¥ ycaoBus paGoThl BaHHBL
cJIe/{yIoHe;

Xpowmosbte kBacus Cr(NH)(SOp), - 12H,O . . . . . . 700
" Kenezoammonuessiii cyinpar Fe(NH,), (504) 6H,O0 . . 13,6
Cyustar maruus MgSO,-7H,O . . . .. 25
Cyabpar ammorns (NH,,SO, - - « . - . . . . . .. 100

Tleppuusnfi xucasi ochopHOKHCALIA HATPHIL

NaH,POHO .+« . v v v v v oo s 0,2
Temneparypa aaextpoaura B °C + . « . . . . . . .. 60
pH -« . . . . . . .. 1,5
[lioTHOCTL TOKA HA KAaTONE B a/6M2 e e e e e e e 54

Ocankn MOXHO HapaniuBaTh 3HAYHTEJNBHOH TOJUIHIILI, TPH S5TOM OHH
06/1aAA10T AOCTATOUHOH MJAACTHYHOCTBIO H OJeckoM, B KauecTse anopa
npumensiercs nubo cBunel, Jaubo cuaas Fe—Cr.

Bropoii ajekTpoJuT, 10 MHEHHIO aBTOPOB, HMEET HEKOTOphIe MPenMy-
UIeCTBA ftepe] nepBuiM. Ero cocras (B e/4) M ycsaoBUA paGoThl BauHE! CJIe-
Lyromue:

OcHoBHas cosib cysibdara xpoma . . - . .. . . 450
Kenezoammuauuslit cyasdar Fe(NH4)zSO 6HO R 13,5
wiu NHFe(SOy),-12H,0 . . . e e e 16,6
Cyabgpar maraus MgSO,-7H,O . . . . . . . . . .. 20
Cyasat ammonuss (NH),50, . . . . . . . . . .. 100
Kunkoe crexso (29,5% SiO,) . . . . . . ..o i
B kauectse Gydepa B 37€KTPOIMT AOGABARETCS TIHIME

B KOJHUECTBE « « « + & = v o « « o« « v o« = .« . 05-30
TeMnepaTypaB°C................. 54
pH - o o oo oo e e e ... 0,813
TnoTHOCTE TOKA 1@ KaToge B a/o'?f,r e e e e e oo .. 2198

J1aHHEI 51eKTPOJIHT 00/1aaeT XOPOLIel p accenBaom el CIOCOGHOCT IO,
IMosyuenHnlll MJOTHBIA K OjecTdAmHE OCafoK HweeT XODOMIM BHEIHKH
Buji. B cocras ocaaxa exogutr 85% Cr u 15% Fe. B kauectse anona
npumensiercs JuO0 HEPACTBOPUMBIH 3JexkTpoa, Jaufo cnaaB xpoma
¢ kesnezoM. [1pu NpUMeHEHHH B KauyecTBe aHo[a CIJaBa XPOM—IKeres3n
B 3JIEKTPOJIUT cieAyeT A0GABASATL HEMHOTO MIeCTHBAJNEHTIIONO0 XpoMma.
Crioco6 NPUroTOBJACHHS! 3JEKTPOIKTA B 3TOM C/Iyyae MMEET CYNIECTBEHHOE
3HageHwe. [Ins NPUTOTOBJEHHS JMEKTDOJIMTA OCHOBHAS COJb CyJbdara
XpoMa IIOCTelleHHO BBOJAUTCS B IPelBAPHTENLHO HATPETYIO JI0 TeMmilepa-
Typel 82° BOJy NPH NOCTOSTHHOM IepeMmelninBanun. KOaHYecTBO BOXbL
IOKHO COCTaBJSATh OKoso 60% OT oKonuaresb,HOro o0beMa 3J1eKTpo-
auta. [locore pacTBopeHus cyabbhara xpoMa, 3a HCKJI0UeHeM HeG0IhioH
YaCTH HePacTBOPHBILErOCH BEN[ECTBA, ACOABJISIETCS] aMMOHHUHHBIH CYJIb-
(at xesesa, cyapdar aMMOHUS, CyanhaT MarHug H KHAKOe CTEKJO, pas-
BelleHHOE B BOJe 110 Becy B JBa pa3a, Koropoe 106aBJsieTCs NpH SHepTHU-
HOM IlepeMeIIHBAHHK B iesnsix H30eKaHWsl BHINAJEHHS 0Calxa. IJTOT
pacTBop NMpH TemIeparype 82° 06pabaThiBAETCs] aKTHBMPOBAHHBIM yIJIeM
(0,3 e/n), BBOAMMBIM B BuAe 4%-HOH BOJHOH CycHeH3WH. DIEKTPOJHUT
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B TeueHue 4 yac. JepKUTCS NPH yKaSaHHOH Temnepartype, a sarem 16 yac.
nIpu Temrneparype ajgekrposausa (54°). INocse Tako#l AJTHTETHHOH Bbluep-
JKKH pactBop GuabTpyercs mpu Tod ke Temneparype. [loGaB.1eHneMm
H, SO, pH pacrsopa jfoBoputca Ao 1,3. B 3/1eKTpOJHT BBOLHTCS TaKmxke
1 2/a roHpuHa ¥ XPOMOBasl KHC/I0Ta J(0 OOHApYKEHHs B PAaCTBOpE MOHOB
[ecTHBaJeHTHOro xpoma, Ilpu 3/eKTposH3e IIPUTOTOBJICHHOTO TaKHUM
06pasoM 3JeKTPOJHTA BHIXOX- CILJIaBa 11O TOKY cocTasisieT 35% (ucxoms
U3 pacuera TPexBa/JEHTHOTO Xpoma). [laa INOJyueHHUs CIl1aBa XPOM—
aukens T. Hocmpa u ®. Hocuza [9] npemsraraiot CJENYIONMUH cocTas
aJexTposuTa (B e/4) W ycsaoBHs PabOThl BaHHBI:

Ceprokucasiil xpoM Cro(SOg)g « = v o =+ . . . . . 156,8
Ceprokucaniit sukear NiSO,-7H,O . . . . . . . . . 2246
Xaopucteiit wukens NiCly-6H,0O e e e e 23,7
Mouesnna (NH,y),CO .. e e e e e oo 1802
Temneparypa 3/]eKTPOJHTA B C e e e e e e .« < . 3545
I170THOCTD TOKA B @/OM2 - « « « « v « « v v o v« « 20—40
pH ""*""'-"*'°'~'-"~'\’1,4

Ocajox, no/ydeHHLIH B 9THX YCJIOBHSX, XOTS M IJIOTHRIA K ob/ajaer
MeTaIIMIeCKuM GJIeCKOM, OHAKO HE OUeHb BEICOKOrO KayecTBa. [ToKphI-
BaETCsl OH HEPABHOMEDHO, YTO YKa3hlBaeT Ha IJIOXYI PacCeuBalomyio
CIIOCOGHOCTEL 3JeKTpoauTa. BuixoApl MeTansa nmo ToKy ¢ npopaloTKo#
3JIEeKTPOJHTA HECKOJILKO H3MeHstioTesl. OHM IPUMepHO T2KOro K eNop siaKa,
KaK B XPOMOBAIX 3jeKTposaurax. Crnaas _COJEPIKHUT MPUMEPHO 5% xpoma
u 95% nukens. C w3MeHeHHeM YC/IOBMH 3J€KTPO/IM3a COCTAB €ro Majo
H3MEHETCe.,

M. ®. Ckomosy6oa u A. C. Buacor [10] pusi nosydenus: ciasa
XPOM—HHUKeJb NpPeNJararoT CJIeAYIOIHH COCTaB 3JEKTPOHTa (B 2/4)
H yc/0BUSl paGoTh BaHHI:

Xpomonrift aaruppug CrO; . . e e e e e 100
Cepuokucasii Hukesb NiSO,- 7H20 c e e e e oo o . 100—130
Bopuas wkwuenora H,BO; . 0 o ov0 v o 00000 L 25
Temneparypa B °C . 35
ITnorHocTs TOKA B a/@m2 e e e e 25

ABTODBI CUUTAIOT, YTO C U3MEHEHHEM KOHIEHTPaLUHR CYIbdhara HUKes
MOXKHO Pe3KO H3MEHUTh COOTHOILIEHHEe KOMIIOHEHTOB B cnJsage. [lo ytrep-
JKJICHHIO aBTOPOB, OCAAOK PaBHOMEPHLIN U UMeeT GJrecTsimuil cepeGpucThiit
uBer. IIporepka noxasasa, 4To A5 NOJAYYEHHs XOPOLIEro ocaixa Heol-
XOIHMa AJHTeNbHAsT NPopaboTKa aJeKTPOJHTa; IIPH 3TOM 3HAYHMTE/IbHAs
4aCTh TOKA PACXOAYETCs Ha BOCCTAHOBJICHME IIECTHUBAIEHTHRIX HOHOB
0 TPEXBAJEHTHOro COCTOSIHHA. BRIXOA cnjaBa MO TOKY OueHb Malt,
H 0OCaJ0K MOXKHO IIOJYYUTh TOJbKO B OyeHb TOHKOM CJI0€.

SJEKTPOOCAKAEHUE BOJIb®PAMA W MOJIMBAEHA C METAJUJIAMU
JKEJE3HOU TI'PYMNIbl

OVIeKTPOSHTHYECKOe IIOJIYYEHHe CIJIaBOB BoJbdpaMa ¥ MOMHGAeHA
C MeTaslJlaMH JKeJe3HOH TPYNIkl HPEeACTABJASIET MHTEPEC B CBS3K C TeM,
4TO 3TH CIJIABBl XHMMYECKH CTOHKME, UMEIOT XOPOIIHH BHENIHUH BHI,
061a{al0T BBHICOKHMHM MEXaHHYECKHMH IN0Ka3aTeJlsMH (3HAUHTENbHAS
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MPOYHOCTh, M3HOCOCTOHKOCTb M AP.). [TOKDBHITHS 3TUMM CIJIaBamu fpex-
CTABJISIIOT TaKKe HHTepec B TeXHMKe HPH INPOM3BOACTBE 3IJACKTPOJIH3A
BOJkI BCJICJICTBYE O4YeHb HHU3KOro IlepeHanpskKeHus BOAOPoRAa Ha HHX.
Kak u3sectHo, MOSHOLEH U BOJL(GPAM 0OCAXKAATH B UHCTOM BHIE 3JIEKTPO-
JIITHYECKY H3 BOJHBIX PACTBOPOB He yjaercs. B wuagane saexktposmsa
HAa KaToje BhILeJsieTcs] TOHKHE CJI0H Ocajka 3THX MEeTassoB, KOTOPLIi
OBICTPO OKHCJSIETCS, H H3-32 HU3KOTO NepeHalpsKeHust BOLOPOLa HauH-~
HAeT BbIARISATLCS TOABKO BOACPOJ, OCAXKACHHE K e MeTa1a IpeKp aiaercs,
CireflyeT OTMETHTB, 4TO HOMBITKA ONpeeeH sl PABHOBECHOTO MOTEHLHANA
Mosu0OieHa ¥ BosbdpaMa B BOLHLIX PACTBOpax He yBeHYanach yCIEXOoM,
TaK KaK IOBEPXHOCTHb 3THX META/JIOB B BOJLHEIX Cpefax ObICTPO NMOKpPhI-
BaeTCsl OKHCBIO. BeielcTBMe yKa3aHHBIX OCJHOXKHEHWH He yHaercs Ha
OCHOBAHHK TEODHH COBMECTHOr0 paspsfa MOHOB META/IJIOB INPeACKa3aTh
YCJIOBUSI COBMECTHOTO OCaxKJeHUs BOJb(PpamMa W MOJAUGIEHA € APYTrUMH
MeTaJ/JaMH, a CJaefOBaTeInHO, H PEryJUpOBaTh 3TOT Hporecc. [Toatomy
NOoAGOP YCJAOBHI HPH ANEKTPOOCAKIERUH CNIIABOB 3THX META/IJIOB B EeTCs
IMHIUPUYECKUM IYTEM.

JluTepartypa 1o MOJYYEHHIO 3THX CIs1aBoB obmmpHa. OcobeHHO Cie-
Ayer ot™meruTh paGotnl bBpenunepa [13], Xoara [14], [15], [16], ®panu-
uesny-3abayrosckofi [171, 18], [19], ®enorbera [20] u np.

daekTpoocaxaeHde CljaBa BoJbhpaM—KoOaabT

CnaB Bosib()paM—KOGaJbT NPeACTaBasieT 0cOOkH HHTEpeC To CpaB-
HEHUIO CO CIJIABAaMM BOJb(PaM-—HHKeJSb U BOJhGPAM—KETE30 B CBSA3H
C TeM, YTO OH KMeeT NOBBIIIEHHYIO TBEpAOCTL K MeHbIIE IOo/Bepraercs
H3HOCY, OCOOEHHO TPH MOBLINIEHHHX TeMmrneparypax. JIIsd THonydeHHs
cniiaBa BoJbdpaM—KOOasbT U3BECTEH DA 3JEKTPOJIHUTOB, H3 KOTOPLIX
3aC/TyKKBAIOT HauOO/biero BHHMAaHUS CIelyIOLiue.

DIEeKTPOUT, Npejioxenanil Kirapkom u XoaToM, UMeeT cIeyIomHui
cocTaB (B e/4) M yC/JOBHSI pPabOThl BAHHBI:

Boasppam (B Buge Na,WwO,) . . . . . . . . . .. .. ... 393
KoGaasr (8 Bupe CoSO,-7H. O) O D
JlumonHasi kumcnora - . .- . . 66
NH,OH po6asasior B smemponm ;ms{ noseﬂeﬂu;{ pH ;10 e 7
HJIOTHOCTI) Toka B a/oMZ . . . . e R |
TeMnepaTypaB"C..........,..........70

[Tpu notTHOCTH TOKa 15 a/dm® conepxanue Boabdpama B cniase 50 %
BLIXOJ MeTal/a 1o TOKY 0KoJo 25 %

H. T. Kyzapsasues u H. M. AanaroBa peKOMEHAYIOT cJ/Ielylomui
COCTaB 3J€KTPOJHTA (B o/4) W YCJAOBHsl PaGOThl BaHHBI:

Boasthpam B Buge Na,WO,-2H,0 - 11 |
KoGaner B Buge CoSO,:7H,0 2
Ceproxucasiit ammonuit (NH,),50, R .. 132
AMMHaK J0GaBJISIOT B 3JEKTPOJHUT 110 nonyqeﬂmx pH S B
Temneparypa 8 °C . . . . . . . . e . ... 75
TINOTHOCTB TOKA B @fOM2  « « « v o « v o o o v v v o v« . . 120

Brixoz Merasaa o toky 70—30% u coxepxanue W B ocajke 45—50%
COOTBETCTBEHHO BEJMYMHE ILJIOTHOCTH TOKa.
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H. T. Kyzapasues 1 H. M. Asnarosa nokasanu, 4ro, XoTs fo6aBka
K 3JIEKTPOJIHTY JUMOHHOH KHCJOTEl YBeJWMYHBaeT HHTepBa/J NJOTHOCTH
TOKa, NPH KOTOPOM MOJYHalTcd OsecTsiiue OCaAKH K I03BOJSET CHH-
auth pH nmo 7—8, HO npu sToM nmapaer (B 1,5 pasa) BLIXOA MeTaslsaa
M0 TOKY, M MOKPBITHE CTAHOBHTCS 60jIee XPyNKHM.

ITo ganusM 3THX aBTOpOB, cnaas W—Co, coxepmamym ok0J1050% W,
npeacrapJsier cOGON nepechbilleHHbIH TBEPALIH PAacTBOpP, HMEIOmMUA rekca-
rOHAJBHYIO penieTky. JTOT CIJIAB XOPOMIO CONPOTHUBJsETcs AeHCTBHIO
CepHOH u a30THOH KHCJOT.

H. T1. ®enornes, I1. H. Bayecnasos, E. I'. Kpyraosa, I'. T1. Anape-
era [20] pexoMenayiOT CaEAyIOUHA COCTAB JIEKTPOJIUTA (B 2/4) H yCJIO-
BUSl PabOThHl BaHHLIL:

Boabppam (B Buge NagWO,) e e e 12
KoGanbr (B BHEE CcSO4 7H20) e e 4
(NH,).S0, - - e ... 250300
NH,OH (25% HLTIT paCTBOp) BMA « « « « o v o v - . .. 30—40
NaOH . . . . e e e e e 11
IlioTHOCTE TOKA B a/6M2 e L
Temmeparypa 8 °C + « « + « « « v« o . . . . . . . . . 50—860

[Tpu 3THX yC/JIOBHAX BBIXOJ MeTa/Ia MO TOKY. COCTaBJsIeT 0kKoJso 35%,
colepanue Boabdpama B ciiaBe 35%

Ha ocuoBanuu wmcciaenosanug Dpennepa, Deprxena u Curmumsrepa
[13] mMoxHO peKomeHIOBAaThH B KadecTBe ONTHMAJbHBIX YCJIOBHH IJIst
nosydenuss cusaBoB W—Co caeayromuil coctaB 3JeKTposuta (B /)
H yCJ0BHsI paGOThl BaHHbL

Boasdpan (B Buje BOAbGpaMaTa HaTPUSA) .« .« - e 25
Ko6ansT (B BHge CEpHOKHCJIbIX an6o xnopucn,rx coneu) . 25
CerneroBast cosib - - - - e e e e e e 400
Xnopus win cyabhar aMMOHHS - . . L. 50
I'napooknck aMmonnst HOGABAMIOT B STIEKTPOJII/IT lIJIH ;Loscae-
must pH mo . . . e e . . . .. 8,5
HJ'IO’I‘HOCTb TOKAa B a/o'?u2 e e e e e e e e e 2—5

eMmeparypa B °C .+ .« o . - . o o e e e e e 20

Cosiepxanue Bosbpama B criaBe coctaniser 30—35%

Creayer OTMETHTh, YTO BRICOKOE COAep:KaHHe BOJb(GpaMa B CIJaBe
HEOAHO3HAYHO OINpEJEIAeT XOPOIee KayeCcTBO IOJYUEHHOrO O0CajKa.
B psne coyyaeB npu BBICOKHX COAEPXKAHHAX BOJB(PaMa B ClIJIaBe 0CcalokK
noJyuaercs Hu3koro KauectBa. CocraB crniaBa BoJdhdpaM—KobanbT
MOXHO DEryJHPOBATh H3MEHEHUEM KOHIIEHTPAMU KOMIOHEHTOB B 3J€K-
TposauTe. CKOPOCTb oCark[eHHs CIlJiaBa yBeJIUYMBACTCH C POCTOM KOH-
HEeHTPALKHU OCAXKJAAEMOTO KOMIOHEHTa B aJeKTpoanre. OfHAKO yBeanye-
HHE KOHIIEHTPAUMH JUMHTHPYETCS pPacTBOPUMOCTBIO 3STHX COJied,
MO3TOMY OfHOH M3 TJIaBHBIX 3ajad ABJSETCs noA00p YCAOBHIH, Laro-
MHKX BO3MOXKHOCTH YBEIMUHTL PAaCTBOPHMOCTL COJEH COOCa/aeMbixX
MEeTaJsJIoB.

YBeNnyeHHio pacTBOPHMOCTH coJseli Kobasbra M BoJgbdpama Oaaro-
IPHSATCTBYIOT OpPraHAYecKHEe KHUCJOTHL.
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Bausiine pasauusblx (axkTopoB Ha cnaaBooGpasosanue. CocTas
CrIaBa Pe3KO MEHsIeTCs OT COOTHOLICHH ST KOHIIEHTPaUK CoJell BOb(P amMa
K KoGanpry B 3aeKTposure [21]. C yBesuueHHeM 5TOr0 COOTHOIIEHHHA
coJlepiKanue BOJL(PaMa B cljaBe Bo3pacTaeT. XOTd MOXKHO TOJYYUTh
crsaB ¢ cofeprxkannem 10 50 % BosawppaMa, HO TAKOH CIl/IaB MaJIONPUTOAEH
IJst MpakTudeckoro npuMenenust. Cnjaas ¢ 35% Bosabshpama obnagaer
3HAYKTEIHHO JAYUYIMME (QH3HKO-MeXaHHYCCKUMH CBOIICTBAMH, deM CIIIaB
¢ GoabluM coleprkanuem Bosbdpama. Cojep:kanne Bonbdpama B CrIaBe

% ; 3aBHCHT TaKKe OT TJIOT-
5 . } noctn  toka. JloGaBku
1 COOTBETCTBYIOIIHX  KHC-
/ JOT (THMOHHOH, BHHHOH
. ] H JIP.) MOTYT 3HAYUUTJILHO
2 H3MEHUTh COCTAB CIJjaBa
> ° [13]. Taxkume daxTophl,
0 KaK TeMmneparypa, KOH-
LEHTPAIUs 3JeKTPOJHTA
u pH pacreopa, cpaBuu-
oo TeJThHO MaJjo BJIHAIOT HA
cocrap ciJjara, Xortsd Qu-
3UKO-MEXaHHUeCKHe CBOM -
CTBa OCAJIKOB CYIILECTBEH-
HO 3aBUCAT OT 3THX (ak-
TOPOB.
4 2 ¢ & 8 10 ? 1,% U3 ¢ur. 6 BupHO, 4TO
®ur. 6. Banamue orHouleHys KoHueHTpauum ponor ~COOTHOUICHHS KOHLEHTPA-

. W
s B 3JEKTPOJUTE Ha MPOleHTHOE cofepxanme W  IHH —— B 3JCKTPOJIUTE

=
Y
N

S
N

W 8 cnnade

N
)

S
—

Co Co
B cmnase W—Co: CYHIeCTBEHHO BJIUAIOT HA
! — puMoHHAad KHCTOTA; 2 — BHUHAS KHCJIOTA. COJiepKaHue BOJIb(ppaMa

B crrase [20 ]. Kak BunHO
U3 KPUBRIX, NpHBEAeHHLIX Ha ¢Gur. 6, npyr yBSJIHYCHHH COOTHOUICHUS
%— 1o 6 colepxaHue Bojgb(pamMa B CIaBe Pe3KO YBEJIHYHBACTCH.
Janbueiiliiee yBeHyeHHE HE OKas3hiBaeT CYMIECTBEHHOrO BJHAHHS HA
cocrtaB cnyaBa. OObIyHO ¢ BO3pacTaHueM IIJIOTHOCTH TOKA COJAeprKkaHie
BOJIb()paMa B CIlsIaBe yBeJMUHBAETCS, TAaK Kak IPU 5TOM PacTeT NOJAPHU-
3ands JEKTPOLA M BO3PaAcTaer BO3MOKHOCTh OCAXKACHHST MeTawIa
¢ Goslee OTPUIATENBHLIM MOTEHIIMAIOM BOCCTAHOBJEHHs. BJaHsHHE TeM-
epaTyphl Ha COCTaB CIJlaBa HEOAHO3HAUHO, OAHAKO BBIXOA ClJ1aBa
0 TOKY C yBe/JMueHMEM TeMIiepaTyphl BO3PACTaeT, IPKU ITOM TAKKE Y. Ty4-
nraercs Kadecrso ocanka. OcCalKu, MOJyyeHHbIE NPH TNOBBILEHHBIX TEM-
nepatypax, COJAepXKaT MeHblIee KOJKYECTBO OKUCJIOB, HYE€M OCalKH,
MOJTyueHHBIE TIPW HU3KHX TeMIeparypax.

B kayecTBe aHOAA MOMHO IPHMEHSITb BOJb(pam, KoOajsbT K CIIaB
3THX MeTals0B. BosbppamoBmi anol pacrpopsercs Cco 100 % -HBIMH
BLIXOJAMHK 110 TOKY AaXKe TPH 3HAYUTENLHOH aHOAHOH MJOTHOCTH TOKA.
KauectBo ocagka npu BoJbDPaMOBOM aHoje JOCTATOYHO XOPOIIEE,
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0CajgoK ToJsyuaeTcs raaixkuMm u OnectsimpuMm. Ilpu koGagbToBOoM aHojxe
Heo6X0AuMo paborarh NPU HH3KHX NMJOTHOCTSX TOKA, TaK KaK IIPU BLICO-
KHX NJOTHOCTAX aHoj naccuBupyercsi. OCajku HPH ITOM MOJIY4YaIOTCS
MeHee OjecTsiuMH. TIpe TpuMEHEHNM B KayeCTBE aHOXA CiljiaBa BOJIb)-
paMm—xofanbT caefyeT noab3oBaThest 10—20% -HbIM cofepiKaHneM BOJb-
thpama B ciLIaBe.

Henonp3oBanie HepacTBOPHUMBIX AHOAOB HexKesaresbHO, TaK Kak Ha
TaKHX aHOfaX IPOHCXONUT OKHC/JIEHHE OPTaHMUeCKHX COeJHHEHuH, 4To
BLI3LIBAET K3MEHEHHE CcOCTaBa 3JexTpojura. st HopmaabHOH paboThl
BAHHBI CJEIYeT MPOBOAUTL CHUCTEMATUYeCKHH KOHTPOJbL KOMIIOHEHTOB
3/JI€KTPOJHUTA.

IMpu wHaHecenHM crraBa BoabppaM—KoOaabT Ha CTAJIbHBIE NETATH
BO3HMKAET HeOOXOAMMOCTL CHEenHa/JbHOH MOATOTOBKH  HOBEPXHOCTH
06pasoB s NOJYYEHHS XOpOIlell CUelIAeMOCTH NOKPRITHS ¢ OCHOBOH.
O6biugbie cr1oco6ki OUMCTKH NOBEPXHOCTH KaToAa 3/eCh HENLOCTATOYHEL.
Hannyumast cuensasieMocTh JOCTHraeTcs IPu o0paboTKe 3J€KTPojA cie-
AyioEM o0pasoM. B Teuenne 2 muH. ofpasen TPaBHTCS aHOLHO IpPH
ItoTHocTH TOKa 25 a/Om?® B 70%-HON cepHOH KHCJOTe, 3aTeM IIPOH3EO-
JUTCA OCaxJeHue KoGanhTa B TeyeHHE 3 MHH. IpH NJOTHOCTH TOKa
20 a/Om? us pacrBopa, conepxaniero 20 o/a CoCl, U COMTSHYIO KHCIOTY
Jo 3navenns pH 0,5. ITocse sToro ofpasel cnojacKkuBaeTcss pacTBOPOM
CONSTHOH KuCJAOTHL | @ 1 W HEPEHOCHTCS B /JEKTPOJIUTHYECKYIO BaHHY.
DJIeKTPOoJ BHauasle o6pabathiBaeTcst B TedeHne 15 cex. NepeMeHHbIM TOKOM
0,25 a/0m?, Tocse 4ero cpasy Ke nepexsIogaeTcs Ha NOCTOSTHHBIA TOK.
Taxast o6paborka ofecnieduBaeT XOPOLIYIO CLENIsIeMOCTh 0CajKa C OCHO-
BOH. Ilpu snexkTpoocakieHUH CIJaBa caefyeT u3beraTb MONafaHust MeJH
B 3JIEKTPOJIHT, TAK KaK IIPU CORep:KaHWM B BaHHe 0,2 e/2 MeM KauecTBO
ocajka pesko yXYIIaercs,

AnekTpoocaxieHHe claBa BoabpaM—HUKeNdb

Ocaxenue criaBa BOJIL(PaM-——HHKeNb MOKHO OCYHIECTBHTH U3 pas-
JUYHBIX 110 COCT2BY 3JEKTPOJIMTOB. JIHMOHHOKHUCJBIH 3JeKTPOAUT HMEET
HeKOTOpble npeuMyiectBa, OcaoK H3 TAKOro 3JEKTPOJMTA MOJydaeTcs
GoJiee 3MaCTHYHLIM, C MAJIbIM BHYTPEHHHM HANPSLKCHHUEM, HMEeT HEMHOIO
MHKPOTDeLIKH,

Pexomenpyercs cneqymomuil cocraB 3,1eKTPoauTa (B 2/4) M yCJOBHS
paBoThl BaHHLL: ‘

BoJabppaM B Buje Boib(paMara HATPHHA « « . + « - « - « . . . 68
Hukenb B Bufe CyJbbhaTa HHKCAT - » + = « « « « + « - o « o 13
JIUMOHHOKHCABH HATPHA  « « « « « « o o v« o« o . . . . 200
XAOPHCTHIH AMMOHMIT + « « v« v« v v o o v v o o o 50
Temnepartypa sgaekrpoauta 8 °C . « - v « « =+« - .« . . . . 90
pH . . . . . o . 8,5

IMpu mstotHocTH Toka 20 a/0M? BHIXOJ CILTaBa 1O TOKY cocraBjsieT
okoJo 80% . Coaepxkanue Bosb(ppama B crJiaBe B 9THX YCIOBHSIX JAOCTH-
raet oxoqo 33%. IHauGosee adpeKTHBHO Ha COAEpIKaHHE BOJb(ppama
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B CIJIABE BJHUSICT H3MEHEHHE COOTHOLIEHHS cojefl BoabdpaMa ¥ HAKeNd
B ssexrpojure. OcoBeHHO pe3koe BJMSHHE HA COCTAB CIJiaBa HaGJo-

W o
HAa€rcsi IIpu H3MEHEHUH COOTHOILCHUS N OT MaJIblX 3Hau€HUHU A0 6,

Hanbueiiiee ypeJinueHNe COOTHOIICHUS YK€ BLI3bIBAET HE3HAUUTENLHOE
oforameHnye crjaea BoabdpamoM. B HauGosee Gorarom BOJb(paMOM
CrjlaBe ¢ JOCTaTOYHO XOPOMIMM KAauecTBOM OCajKa, KOTOPHId yiaercs
NOJY4HTh, COAeprkaHue Boabdpama Aocruraer 35%. VseauueHue M10T-
HOCTH TOKA, Kak IPABUJIO, TAaKxKe CIOcOBCTBYeT BO3PACTAHUIO COAepxKa-
Hust BOJbpaMa B CILase.

[lpupoia OpraHuyYeCKuX XKHCJIOT, BBOJUMBIX B 3JEKTPOJUT, KaK
BAAHO U3 JaHHBIX Tab/XIkl, OKA3biBAET 3HAUHTEIBHOE BJAKSHHE HA COCTAB
CIJIABa.

Coctas agektposuta 25 2/2 Ni (B sHge cyabdarto nuxens) u 1002/2 W
(s Buxe BoabdipamaTa HATpHs)

Bonsdpam B ocagke B % IPH MJOTHOCTH
TO

Ka
TIpupoJa OpraHuuYecKUX COeXHHeHHR

2 a/dm? 5 a/dm?
BunHOKuCaAbld xanufl wad Hatpuli . . . 9 13
BUHHOKHCABIA aMMOHUH . - « + . . . . 15 20
JIUNOHHAA KUCAOTA « « « « « « o o + « 14 16
YKeycHAsS KHCAOTA + + » o o « o « o . 17 21

H.rrepecHo Takxe OTMETATDb, YTO K00aBKH CPaBHUTEALHO HEGOBILKX
KOJMYECTB COCAMHEHHH aMMOHMSI Pe3KO YBEJAMUMBAIOT BBLIXOJA MeTasia
MO TOKY.

B xauecrse aHoja 1pu mogyueHuu crmyiaBa W—Ni MOXKHO TPHMEHSTH
Kak BOab(paM, HUKEJb, TAK U UX CiljaBbl. HuKeNeBLIA aHOJ PacTBO-
pserca xyske, yem K0GanbTOBHH B aHAJOTMUHbIX pactBopax. [lpu niaor-
Hoctd Toka Bhime 0,3 a/dm* HukeseBblfl aHOA naccuBhpyercs. Hanuuue
B 3JEKTpOJuTe HeGOJNBIIOr0 KOJAHYeCTBAa MEQU pesko YXyAulaer Kaue-
CTBO ocajka. [dnas HOpManbHOH PaBoThl BaHHH HEOOXOAUMO IPOBOAUTD
cHUCTeMaTHyecku#l KOHTPOJb 3a KOHHEHTpauueHd BOCCTAaHaBIMBAIOIUXCS
uoHOB, pll pacrsopa, 3a TeMIeparypod H KOHIEHTpalueH coeiuHeHai
aMMOHH 1.

AJeKTpoocaxeHHe CliaBa BOJbhpamM—ixese3o

[Ipu saekTpoocaXkjeHuu CIJIaBa BOJL(PaM—KeNe30 B 3JIEKTPOIUTE
MMEIOTCSI HOHBI Kejge3a JABYX BuJoB: Fett uy Fett+ B menounbix
pacTBopax JABYXBaJeHTHOE 3KeJae30 OYeHDb JETKO OKHCJISETCsl, YT0 OCI0XK-
HsieT u3y4YeHue 3TOro Ipomnecca W 3aTpyAHsET yCTaHOBJeHHe CTabuJib-
HOTO peXuMa 3JeKTPOJHTA.
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Jlunxe u Xoar [15] npeanaraor caefyomuil coctap 3JeKTPOATA
(B 2/2) u pexkuM ero paboTHl /sl ONTHMAJBHBIX YCJIOBHH 3JeKTpONM3a
IPH NOJY4YeHHH CTIaBa BOIb(P aM—Ke1e30:

Bonaspam (B Buge Na,Wo,) . e e e e e e .. 28
Keneso (8 Bume 50% Fet++ u 50% Fe+++) e e e e e e 2
Jlamonnas xwenora . . . ... . 66
NH,OH poSapasior B aJIeKTpOJmT ;um ;LOBe;LeHHﬂ pH 110 ... 8
TeMnepaTypa B °C . Y (0]
[Tnorocrs Toxa B a/au2 e e e e e e e s e e s e e B

Cnas, nosiyuyeHHbIi B TAKHX YCJIOBUSIX, COAEPKAT 0K0Io 50 % BOMDb
tpawma. I[ml M3rOTOBJICHU S 3JEKTPONUTA CJAefyeT PacTBOPHTH HOCJIEN0-
BaTe/IbHO JMMOHHYIO KHCJAOTY, cyabdar kejqe3a u cold aMmoHus. BoJb-
bpamar HaTpusI pacTBOPsieTCs OTAEJNbHO, MOAMIETAYABACTCH AMMUAKOM,
a 3arem jo0aBJsiercst B IePBHI pactBop. M3MeneHuem cocraBa 3JeKTpO-
JINTA H YCJAOBUIH 5JEKTPOIH3A MOXNIO BAPHHPOBATL CONEPKAHHE BOJIDL-
tdpama B ciiase ot 30 g0 60%. 13MeHeHue IJIOTHOCTH TOKa MAJjI0 BJIHU SIET
Ha COJiepkaHue BOJb(paMa B CIJIABE, HO 3HAUHTEALHO BJIUSET HA BEIXOJ
CIJIaBa 10 Toky. C yBeJuueHneM TeMIIepaTyphl 3JeKTPOIUTA COAeprKaHue
BOJb(dpaMa B ocajke Bo3pacraer. ¥Beianuenue pH sjextposura Taxkxe
CIIOCOGCTBYET yBeIMUYEHHIO COAEPKAHUsI BOJAbDPamMa B cIiaBe. BEIXOX
MeTaJL1a Mo TOKy IPH 3TOM HPOXOZUT Yepe3 MakcumyM. B KauecrBe anofa
MOXKHO NPUMEHATHL KaK >Keae30, TakK H BoJabppam. [lpu TIpHMeHeHHH
Kese3a aHOAHAas IJIOTHOCTL TOKa JOJKHA ObITh HM3KOH, TaKk KakK IpH
BBICOKHX TLJIOTLHOCTSIX TOKA IIPOMCXONAT TACCHBANHSA.

Mexanuueckne CBOHACTBA CILIABOB BOJNb(PaMa ¢ METAJIAMY YKeIe3HOH
rpynnsl Oeuin usyuensl bGpennepoM, Bepxexa m Curmmanepom. Taep-
JLOCTh MOJIyYeHHBIX CIJIABOB DE3KO BO3PACTAET IIPHU HarpeBaHuu 06pas-
OB Ipu Temneparype 600° B TeueHue waca, 2JEKTPOCOTPOTHBIEHUE
CMJIaBOB BO3DPAcTaeT ¢ yBeJHYEHHEeM COJeP:kaHus Boanbpama B CIaBe.

AnekTpoocaxiesive MoauGleHA € MeTANIAMH JKeJe3HOH rpymibi

JI. ®. Uarema u M. Y. Keunxas [22] ormMedaoT BO3MOKHOCTD CO-
OCaxKJEeHUSt MOMUGEHA C HUKEJNeM, Keae30M ¥ KoGaJbTOM, HO ¢ HEBBICOKHM
cofeprkanuem Moaubiena. M. H. Ppannesuu, T. ®. Ppaunepuu-3a-
Gaynosckast u E. P, JKenbsuc [18] paspaGorany croco6 HoNyyeHn s ciiaBa
Ni—Mo ¢ HocratroyHO BBEICOKMM COZep:kaHneM MONHOGAeHa U3 3JeKTpo-
JUTa CIENYIOIWEro coctaBa (B 2/4) ¥ yCNOBASIX PabOTH BAHHLI:

Monu6ien (B BuAe aHTHAPHAA WX COJM) - e e e e 12
Hukeap (B Buge cyan)a"ra) NiSO, -+« v v v o 4
CeruetoBa coap - . Lo 200
AMMHAK H0BaBJALIOT B 3JIeKTpOJIHT ;um ;LOBe;LeHHS{ pH 110 . . 10—10,5
[liotuocrs Toka B a/om® . . e ... 710
Teummeparypa 8 °C . . . . . . ... . ... . ... L2540

CerneroBy COJb B 3TOM 3JEKTPOJNMTE MOXKHO 3aMEHUTH JHUMOHHO-
KACJBIM KasnneM B Koquuectse 70 2/2. Colep:kanue monu6jena B CliiaBe
cocrasisger npu 3Tux yeaoBusx 20—25%. Brixox cmiaBa no TOKy
0KOmo 35%. TIpn u3MeHeHuM yCJOBUI 3JEKTPOIU3a MOXKHO H3MEHHTh
KaK cofepxanue mo/ublena B CIi1aBe, TaK H BbIXOJ CIJIaBa IO TOKY.
Ilpn  HuskEX cojep:kaHusiX MOJuGAEHA B CIUIABE BBIXOJ II0 TOKY
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SHAYHTENILHO YBENHYHBAGTCS H3-32 HOBBIIIEHHS NePeHanpsKeHHS BOJO-
poja nHa craase, jocturas 85%

Cogeprkanne B cluiaBe MOMuGHEHA YBEJIMUMBAGTCS C YBEJIHYEHHEM
KOHueHTpanuu MoJu6gar uona B pacrsope. [lpu nomuxenuun pH
pacrBopa Huke 9,5 KauecTBO OCajKa pe3ko yxyamaeres, s nopnepxa-
Hus Heo0XOAMMOH KHC/JIOTHOCTH pacTBOpA Yeped 3JeKTDPONHTHYECK VIO
SUCHKY IePUojMYecKu NpONyCKaeTcsi razeobpas3Helil amMmuak. Pexomen-
Ayercst Takike NepeMelldBaHhe 3JEeKTPOJuTa B HPOIECCE.3JIeKTPOIn3a,
YBenuuenyue NMJAOTHOCTH TOKA NMPUBOAUT K YMEHBIIEHHIO BBHIXOJA CIL1aBa
o ToKy. KauecTBo Ocajgka Nnpu IJIOTHOCTH TOKA Bhime 15 a/dm? yxyu-

% T IAeTCsI, OCAJOK CTAHOBATCS JKEJ-
5 ThIM. CIJIaB, NOJYYEHHBIH B TaKuUX
S YCJOBHSIX, HMeeT  3HauuTeJbHbIe
Sl 75 Y BHYTpeHHue HanpsixeHus. OJHako
N / [/// \ AR IpPH OCaxKAeHHH CIJaBa HeOOJbLIION
Sk NN TOJIIHHBl HA MEJAHOH WJIM JaTyHHO
‘?S ///T I\ NN NOJAKJaJKe BHYTPEHHEee HATp sKeHe
= \ NN\ 3HAUUTEIBHO CHHXKACTCH.
2 \ NN Onnofi u3 ocofeHHOCTEll yKa3aH-
< ; ! 2\\ 13 \_ | HOM BHIle BaHHBI SIBJSIETCS TO, YTO

3¢

N Ut TIOTYYEHUSI YAOBJACTBOPUTENb-

\T HOrO KauecTBa HeoOXOAuma IpefiBa-
pureapHasi 06paboTKa 3JeKTpOoauTa.

/ st anegTponnta o0veMoM 1 4 HEOS-
; / XOJMMO IIPOIyCKaTh TOK 1 @ B Tede-

=)

&
>
o

nue 5 uyac, [Tocne o6paborkn HEOO-

XOAUMO  KOPPEeKTHPOBATL COCTaB
o/ BaHHEI. B KauecrBe aHOZa peKOMEH-
/ Jyercss NPUMEHATh CILUIaB COCTaBa
30% wmoaubuena u 70% Huxkess.
Hepacrsopumble aHOABI HE CJAELyeET
MCIOJb30BATh, TAaK KaK B 3TOM CJy-
yae Ha aHoje TMPOUCXOASIT OKHCJIHU-
J 4 i 5 7 F; 3 TeJbHBIE TIpOLECCH, B pe3yJabTare

pH 6 anexmponume Yero COCTaB 3JEeKTPOJIUTa MEHSETCs

@ur. 7. Bausswe pH saekTposuta na M HAPYIIACTCSt HOPMAJLHBIA PEXAM
BLIXOA CIMIABA 1O TOKY W HA CONep- BAHHBL

*kanue Mo Bﬂec:éx:Béonplv}l“g_nempoocam- Ceiim u  Xoar [23], wusyuas
f—i =5 aon 2— i =10 goy; YCIOBUS TOMydCHHs CILIABOB MO-

3 — i = 22,2 a/on. aubjeHa C MeTradJaMu menewo%

IPYINIL, PEKOMEHAVIOT cJeLyomui

coctaB 3Jjektpoauta (B e/4) W CAELYIOIHME YCJIOBUSL 9JEKTPOJHU3a
JJI TIOJIyUeHH sl CIlaBa KoGajbt — MOauGed:

Mo & cnnabe
s

S

CoSO,-THO . . v o L e 60
JIHMOHHaS{ KHCHIOTA . . e e e e e e e e e e 66
Monu6aar narpus NaZMoO4 e e e e e e 4
NH,OH no6apasioT B 3JeKTPOIUT A0 nonyqumﬂ pH B
HJIOTHOC'I‘L Toxa B a/dx® . . . . . c e e e 010225

Te\mepaTypaB°C.....,,_.._........
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Ha ¢ur. 7 noxaszano siausinke pH ayexTposura Ha BHXOL CrjaBa
MO TOKY H Ha cojepxanne Mo B clJiaBe NPU PasHBIX IJIOTHOCTSIX TOKA,
Kak BHAHO M3 KPHBBIX, BLIXOAN CIIJIaBa IO TOKY HePexXOAsT yepes MaKkcu-
MyM, KOTOpHI coorBetcTBYeT pH = 4-+-5. Cofep:xanue MouGlieHa B clljiaBe
yBeJquyusaercsi ¢ nosniuenneM pH pacrsopa. KauectBo ocajpka cniaBa
Co—Mo yayumaercs ¢ nOBHIIICHHEM IJIOTHOCTH TOKA U yMeHbleHuem pH
saexrposauta. [Ipu auaxux pH U A0cTaTOYHO BRHICOKHX MJIOTHOCTSX TOKa
noJyyarorest OnecTsiue 3epKanbuble 0caiki. MaMenenue KOHUEHTPanyuu
MOJIMGAATA HATPHUS B HJIEKTPOJIUTE CYUECTBEHHO HE BJHSIET HA COJieprKaHne
MOJuO/EHA B CIljlaBe.

s 3JeKTPOJUTUYECKOr0 OCaxJAeHUusl CILIaBa HUKeJIb-MOJIU6jieH
Tu aBToph [23] DeKOMEeHAYIT DacTBOP CJEAyHIUlero coctara (B 2/4)
U ciepyionue yCa0Bust paboTsl

BAHHBI: % T 1
NiSO,-6H,0 . . . . . . 60 ’ 7ﬂ
Jlumonnasa KHCJ0Ta 66 5
Na,MoOQ, . . . . . . . 4 X
NH,OH po6aBisioT B 371€K- §4ﬁ 1 0
TPOJNUT LA JAOBCACHIS © |
pHmo ... .. ... 89 §f0 1A
Ilnothoets TOK2 B @/dm® 10—22,2 & -~
. S
Tewneparypa 8 °C . . . . 26-—-70 & '/
%20// PECE
Ha ¢wur. 8 mnpeacrapieHa - t \\{;\\
33BUCHUMOCTb  Bequuumubl pH = el S
P 3 |
JJIEKTPOJUTA HA BBIXOJ CIJIaBa = i
nO:TOKY H Ha cojepxamie \I
MoaubGaena B cngaase. Kax J 4 I 6 7 8 9
BUAHO u3 GUrYypH, cojepxka- pH 8 2nenmponume

Hue MOJuOAeHa B CIljaBe mepe-

oIT wepes makciuyy, Koro- B8 Buunune pif sesponts u wsox
PBL - COOTBETCTBYET 3SHAYCHHIO B Crviase npu aJekTpoocaxjaenuu Ni-—Mo:
pH pacrsopa, paBmOMy 7.

BI)IXO}I CIIJIaBa o TOKy Bospa- 1 — BHIXOA chjiaBa IO TOKY; 2 — cojgepxanme Mo

B CniJjaBe.

craer ¢ yseauueHnem pH pac-

TBopa. CojepxaHue MOAUG-

JleHa B OCaJiKe YBEJIUYHBAETCS C YBEJIHYEHHMEM KOHIEHTPAINMH MOJUG-
JaTa HaTpust B 3JIEKTPOJIUTE, OJHAKO KA4yecTBO OCajKa MPH ITOM YXYA-
1aercsi.

Mayuenine BJIMSHASA KOHIEHTpPAUuu MOJUORATA HATPUS HA BHIXOJ
TOKa U Ha cojepxkanue MoaubAeHa B clliaBe, poBejeHHoe npu pH = 8§
u i, = 22,2 a/Om®, TOKa3bIBaeT, YTO € yBEJIUYEHHEM KOHIEHTPALNU COJH
B pactBOpe CoJepKaHue MOMUOAEHA B CIJIABE PACTET, a4 BLHIXOJ CILIABa
[0 TOKY NepexoJuT yepe3 MakcuMyM. MaKcuMyM cOOTBETCTBYyeT 4—6 2/
Na,Mo0O,. C yBennyenyuem IJIOTHOCTH TOKA BBIXOA ciiiaBa Ni—Mo 1o Toky
najaer, a cojiepxkanue MoMuOLeHa B CIJIaBe BO3PACTAET M3-3a HU3KOTO
NepeHanpsKenusa BOJOPORa Ha ciliaBe ¢ Gojiee GOrarhbiM COREp KAHHEM
MosGena.
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dnexrpoocaxienne cmnasa Fe—Mo npoussopures H3 crexyomux

pacTBOPOB H HPH YCJIOBHSX 3JEKTPOJIH3A:

FeSO,-7THO . . . .. .. ... 60 Teumeparypa B °C
JluMoisasg gucnaora . - - . - - . . 66 TlnoTHocTe TOKA B a/dm?
Na,MoO, . . . . . o o o v oL 4 pH pacTBopa

Ha dur. 9 nokazano BjusHue pIH saekrponura Ha BLIXOX CIIaBa
no TOKY H Ha cojiepxkanue Monubjiena B cmiase. Kaxk BUAHO U3 KPUBBIX,
¢ yBeauuenuem pH sgaexrposauta copep:kaHue MoaubjpeHa B clJiaBe

pacrter, B TO BpeMsi KaK BLIXOJ CIIJ1aBa IO TOKY I1ajaer.

H3menenve NJOTHOCTH TOKa

3JEKTposu3a.

% T 4 BIpejenax 10—22,2 a/0u® cyme-
CTBEHHO He BJHSeT Ha IHponecc

60 7 Bapruposanue koHpeHrpanuu

:

&

Mo 6 cnnade

[
<

S

D%
i

- N

Bemod no moxy

)

[
&

DH B8 snexmponume

®ur. 9. Bansnue pH saexrposnra:

MOIH6LATA HATPUsi B pacrBope
Maj10 BJAXfeT Ha CojepiKaHue
‘ monubaeHa B cngaase, M3 1upu-
BeJlCHHBIX JaHHBIX (dur.

BUJHO, YTO NPH OAHHAKOBBIX YCJIO0-
. BASAX 3JIEKTPOJU3a COJEp:KaHue
MonuGeHa yBeIHUNBACTCS B PAAY
Ni—Mo < Co—Mo < Fe — Mo.
. Jas cniaasos Fe—Mo u Co—Mo
! : M3MEeHEeHHe yCJIOBUI HJeKTPOJIU3a
< 0Ka3piBaeT MPUMEPHO OJMHAKO-

/ \ BOE BJIXSIHHE HA COCTAB U BBIXOA
A cljlaBa 1o TOKy. Dosee kauecr-

BEHHEBIE 0CAJAKHA A/ 3TUX CMJIaBOB
noJayuarrces npu  Huskux pH
(4—6), a ans cnjaBa Ni—Mo
5 6 7 ¢ CTPYKTypa oOcajka yJydllaercs
B mejounoit cpefe (pH = 8 +9).
OTMeruM TaKkxe, 9TO(QU3UKO-MeXa-
HU4YecKye CBOUCTBA 3TUX OCALKOB

7—9)

1—2—mHa BHIXOJX CINasa IO TOKY; 3—d4—mna co-  JO CHUX IIOpD HEAOCTATOUYHO H3Y-

HepXkaHHe MONHGAeGHA B CIHJaBe NPH SJIEKTDPO-
ocaxaennu Fe—Mo, YE€HE].

Tpoiinble cnaaBbl Boabpama M MoaubjaeHa ¢ JAPYrUMH MeTaaJaMH

AHaJOrMYHO YCJIOBHSM IIOJIyYeHHs! JBYXKOMNOHEHTHBIX CIJIABOB
€ TPUMEHEeHHeM OPraHHYECKHX OKCHKHCJIOT BO3MOMKHO 3J€KTPOJUTH-
yecKoe OCaxkJeHHE TPEeXKOMIIOHEHTHBIX CIIIAaBOB BOJbhpama u MOJIu6-
JieHa ¢ ApyruMu Merannamu. Boamox#o noayuenue cnnasoB Cr—Ni—Mao,
Fe—W-—Mo, Ni—W-—Mo, Co—Ni—W, Fe—Co—W, Fe—Ni—W,

Co—Ni—Mo, Fe—Co—Mo, Fe—Ni—Mo, Fe—Co—Mo.
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B uacrnocru, Mak Enbsu 1 Xoar jjls nOJNyueHHd CIjIaBa npejsa-
raiot CJaeAyiomui cocTas (B 2-M04b/2) U YCAOBHS JIEKTPOIU3A:

KoGaabT (B BHAE cyibdara) . . . 0,23 Jlumownas kuemoTa .+ . . . . . 0,31

Boabbpam (B Bufie Bojbdpamara Temneparypa 8 °C . . . . . . . 25
HATPHA) . . . . . . . . . . . 0,16 pH pacteopa . . . . . . ... 4

Monu6nen (8 Buge Moaubnara Hatpusi) 0,07 Tlnothocts TOKA B @/dM* . . . . B

Karonubiil 0cazok B 3THX yCJOBUAX dJeKTposnsa copepxut 66 % Co,
21% Mo u 13% W. Bhrixoj cmjaBa IO TOKY coctasJsier 73%.
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SAMEYEHHBIE OINEYATKU

i
Crp. { CTpuka = Hanedatalu Jona o Sbire

15 4-5 cHUBY PasIHUHLIX peanLHuIX

51 Dur, 8 d efcm? v e/cmt

57 9-5 cBepxy SPIIUTHBHEIX KO3PIHTIIBHEIX
88 8-s1 ceepxy 59,-BuIfl pacTBOp 5%-1oM pacteope
127 19-s1 cHuay pacTBOpUMbIR HEPAaCTBOPHMBIE

«DJAEKTPOJNHTHYECKOE OCaXKNeHHe Cnaason», 3ak, 823,



