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TIPETACJIOBUE
K PYCCKOMY
N3TAHHIO

Kuura npod. A. Kpysenmrepna
«lanmbBaHOTEXHUKA  JparoueH-
HBEIX METa/JIOB» IOJ pelakuueil
H3BECTHOTO HEMeLKOro cremnua-
Jucta B 006JacTH rajbBaHOTEX-
uukd npod. P. Bafinepa comep-
KUT OOJbIIOH MaTepHas] MO
BOMpPOCAaM HAHECEHHS HOKPBITHH
IparoueHHBIMH MeTaslJaMH Me-
TOJAAMH 3JEKTPOJIH3a U XHUMHYe-
CKHM BOCCTaHOBJIeHHEM. B kHure
omucaHbl OpoLecch cepebpeHud,
30JI04eHUS, DOLMPOBAHHUSA, TJIa-
THHHPOBAHHUSA, MaJjJaflpOBaHHs,
a TaKXKe KPaTKO pacCMOTpPEeHBI
3JIEKTPOJIUTBL AJI51 3JeKTpoocakK-
JeHHs pYTeHus, UPHAHA H OC-
musi. VManaraiorcsi cBenenusi o6
3/JeKTPOJNIHTaX ¢ pa3HooOpasHofi
peuenTtypo#, 0co6eHHOCTH KaTOf-
HOTO U aHOMHOTO IPOIECCOB,
noApo6HO OMUCHIBAIOTCS CBOHCT-
Ba rajlbBaHHYECKHX OCAJKOB H HX
TeXHHUecKoe mpuMeHeHue. Kpo-
Me 3JEeKTPOJHUTHUECKOTO CIO0CO-
6a, KpaTKO paccMaTpUBaeTcs
TaKKe XUMHYeCKHH MeTol HaHe-
CEeHHUS MOKPLITUH 6e3 HaJIOKEeHHS
TOKa H3BHE.

IToapo6Ho omHCaH Tupolece
3/1eKTPOJUTHYECKOrO cepebpenus,
yTO 06BACHAETCS GOJIee IIHPOKUM
€ro npHMeHeHHeM B MPOMBIII-
JeHHocTH. PaccmartpuBatores co-
CTaBbl LMAHHUCTBIX U HelHaHHC-
TBIX 3JEKTPOJHUTOB cepebpeHus,
3JIEKTPOJIUTOB [/ TOJNYUeHHs
GuecTAIIMX 0OCajKoOB cepebpa,
METOJbl HX TIPUTOTOBJEHHUS U
KODPEKTHPOBaHHUs, (QHU3HUKO-XH-
MHYeCKHe CBOHCTBA, paccenBalo-
mas cnocoGHOCTDb 3JIEKTPOJIHTOB,
YCJIOBHS MpeLBapPHTENbHON U 110-
caenywued (mocie cepeGpenus)
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06paboTKU TOBEPXHOCTH H3Je-
JIUH, YCJIOBHS 3JeKTPOJHUTHYEC-
KOro cepe6peHusi pa3jHYHBIX TH-
OB H3Je/uH, NpUYUHBI Gpaka
npu cepeGpeHHH, MeTOLBl HC-
npas/eHusl 6paKOBaHHBIX NOKPHI-
THH W OYHUCTKH 3JIEKTPOJUTOB,
00e3BpeKHBaHHE CTOYHBIX BOZ.
M3 HeuuaHUCTBIX 3JEKTPOJIHTOB
ONHCaHbl HHUTpPATHBEE, XJODHUC-
Tble, HOJUCTble, POILAHHUCTHIE,
cynbdaMuHOBBIe, mHpodochar-
HBble U 3JeKTPOJUTHI C OpraHuye-
CKUMHU coenuHeHusimMu. J[ocra-
TOYHO NONPOOHO H3JIOKEH KOM-
IJIEKC aHAaJOTHYHBIX BOMPOCOB
H 10 30JI0Y9EHHIO.

B pycckom mepeBode KHHra
A. KpysenwtepHa «I'anapBaHoO-
TeXHHKa JparoleHHbX MeTaJ-
JIOB» MOJBEPrHyTa 3HAUYHUTEJNLHO-
MY COKpalleHHI0. BrImylieHsl 0T-
JeNbHble, He HUMelolHe HayyHoH
[IEHHOCTH M MpPaKTHYECKOro 3Ha-
ueHHs, a TaKxkKe OOLIeH3BeCTHbIE
[IOJIOXKEHHsST W YyCTapeBIIHe CBe-
IEeHUS.

Cy1iecTBeHHBIM JOCTOHHCTBOM
KHHUTH sBJsieTcsi OOJBIIOH CIH-
COK JIUTepaTypbl, HCIOJb30BaH-
HOH aBTOPOM.

JloKkT. XUM. HayK npod.
H.T. Kyopasuyes



Tnasa 1
CEPEBPEHUE

1. CocTaBBl HPOCTHIX
MUAHACTHIX HIAEKTPOIUTOR
cepedpenns

Cepe6po MOXKeT OCaXAAaTbCA
B KOMIAKTHOH (hopMe TOJIbKO U3
pacTBopoB, B KOTOPHIX OHO Ha-
XOAUTCA B BHAE KOMIJIEKCHBIX
HOHOB, pa3psKaloluXcs NpH Mo-
BBIIIEHHOH KaTOJAHOH MoJsipu3a-
uuu. KpoMe IHaHUCTBIX KOM-
IVIEKCOB, M3BECTHHl TaKke KOM-
[JIEKCHbIE COeJHHEHHusi cepebpa
¢ ApYrHMH Jura"pamu (popa-
HHCTble, HONUCTBIE, THOCYJIb(daT-
Hble) U ¢ OpraHHYeCKUMHU Belile-
crBamu. HecmoTps Ha MHOTO-
YHCJeHHblE HCCJAE0BaHHUA Hes-
NOBUTBIX KOMILIEKCHBIX COJIEH
cepebpa, MOcHeHHe He HaIIIH
NpUMeHeHHS B ra/bBaHOTEXHHUKE.

[Toutn Bce mnpuMeHsieMbIE
B raJbBaHOTEXHHUECKOH MpaKTHU-
Ke 3JIeKTPOJHUTHl  cepebpeHusi
COCTOAIT IVIaBHBIM 00pasoM H3
[IUaHHCTBIX KOMIJIEKCOB cepebpa,
cBOOOMHOTO IHAHUA IIEJOYHOTO
MeTa/qJa U obpasywmerocs B
3JeKTpoaHTe Kap6oHaTta. Kpome
TOTO B 3JIEKTPOJUTHI GJIECTALIErO
u OJecTsAllero TBepPAOro cepe-
pPEeHHS BBOASAT HYXKHbIE 106 aBKH.
CocTaBel HEKOTOPBIX IIPOCTHIX
IHAHUCTLIX 3JIEKTPOJIUTOB cepel-
peHHus cJeayollye, T/i:
CepebpeHue Jierkoe:

cepe6po (MeTanIHUECKOE) 10
uuaHun Kanust (csoGon-

HBIEE) . . . . . .. 8—10
moram . . . . . . . 30

CepeGpenne BecoBoe:

cepeGpo (MeTanuye-

cKoe) . . . . . . . 25
uuanun Kanua (cBoGopn-

HBIH) . . . . . . . 15—20
morawl . ., ., . . ., . 30



B 3aBucumoctu or OpMB NOKpBIBaeMBIX H3AENUH [10-
nycTuMasi MJAOTHOCTh TOKa NpH 3TOM cocramaser 0,2—
0,6 A/nm2.

Luanun cepebpa B BOAE MNpPAKTHYECKH HEPacCTBOPHM.
B 1 .1 Bomsl pactBOpsieTcst TodbKo 2-10-% monss AgCN [1].
B xoMmieKkce c IIEJOYHBIM LHAHHJIOM OH pPacTBOPSETCS
JIeTKO.

Cornacuo X. Pemu [2] B umanuctom pactsope o6pasy-
I0TCS  CJeNYIOIIMe KOMIIEKCHBle CcOeqHHeHHS cepebpa:
[Ag)CN).]~ u [Ag(CN)s]*~

Hapsiny ¢ KOMIJIEKCHBIMH COeIHHEHUSIMH B HIeJOYHBIX
[HAHUCTHIX PAcTBOPax MOTYT TMPUCYTCTBOBATh TaKxke Mpoc-
Thle THApPaTHPOBaHHbIe HOHEI cepebpa, odpasyrolyecs BCje-
CTBHE IUCCOLMALMH KOMIUIEKCHBIX HOHOB. KoHUeHTpamus
5THX HOHOB OYeHb MaJa H 3aBHCHT OT BEJHYUHbI KOHCTaH-
THl HECTOHKOCTH KOMIJIeKca.

B pacrBope, comepxalleM LHaHHA cepebpa U LHAHUT
HIEJOYHOTO MeTaJslsla, yCTaHaBJIHBAETCs CleLyIollee paBHO-
BecHe:

Ag*t + 2CN- = [Ag(CN),]- nuunanoaprenrar; ((1)

AgCN + CN- = [Ag(CN):]—; (2)
Ag* + 3CN— = [Ag(CN);3]%* rtpunnanoaprerrar, (3)
[Ag(CN);]~ -+ CN- == [Ag(CN)s]*~. (4)

PeayspraThl onTuHuecKHX U peHTTreHOTpadUUecKux uccie-
NOBAaHUHA KPHUCTAJNIM30BAHHBIX AMIMaHOAapreHTaTa U TeTpa-
HuaHoapreHTaTa IpHBENEHB COOTBETCTBEHHO B padoTax
[3, 4].

I'. Bonnennep u B. D6epaaiin uccienoBanu odpasoBaHue
IIeJOYHOT0 IHAHHCTOTO KOMILIEKca IOCPEICTBOM pacTBOpe-
HHS IHAHHCTOrO cepedpa B pacTBOpe LHAHHMIA Kajlus pas-
JINYHOH KOHLEHTpaUuu:

4Ag + 8KCN + O, + 2H,0 =
= 4K[Ag(CN);] + 4KOH. (5)

Ha ocnoBanun naMepeHusi noteHuualjga B pacTBopax IH-
aHuga KaJausi paSJH/I‘IHOﬁ KOHIEHTpanuu aBTOpPbI caesnaliu

3akJioueHne o6 o6paszoBaHun KoMmmiaekcoB [Ag(CN)q]— u
[Ag(CN)s]*~.
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KoncTautsl auCCOUMALMU YKa3aHHBIX KOMIIEKCOB clle-
NyIoLIIe: ‘

[Ag(CNy) ]~ = Agt + 2CN- = §,8:10-2, (6)

[Ag(CN);]?> = Ag*+ + 3CN— = 1,13-10-2, (7

[pu KoHUEeHTpauuy nuanuaa Kaaus nuxe 0,05 mosb/n obpa-

syercst Tobko [Ag(CN)o]~. B pacTBope c KOHUeHTpaIei

wuanuaa ceeime 0,25 moab/n obpasyerca [Ag(CN)s]?-.
[1pu BHICOKOH KOHIEHTpa-

I[HH CBOOOMIHOTO IHAaHHAA | cw:ag-9 /
obpasyercss Takke KOMII- //
aexc [Ag(CN)4]3-.

X. HOxoHc u P. IleHHe- lAgren), J°
Man [5] ucciaenoBanu yib- CN:Ag-5
TpaKpacHble CIEeKTPH KOM- A /
NJeKcoB cepebpa u 30J0Ta. _\/ [Ag(ew),)?
M3 BomHOTO pactBOopa ObI- LAg(en), )’
JIM CeJIEeKTHBHO adcopbupo- CV-4g=2 y
BaHBl  OTHAEJbHHIE  KOM- /
MJIEKCHBIE COEIHHEHHS Ha
CHJIbHO OCHOBHOH aHHOHO- / - {4g(cn),]
oOMeHHOH cmoJe. Takum " 2050 2150
0o6pa3om IHIMaHOapTEHTaT, 210 2200 e’
TpulHaHoapreHrar u Te- Puc. 1. CrmeKTporpaMMa IHaHOapreH-

TpanuaHoapreHrtat MoOryrT TaTHBIX KOMIJIEKCOB
OBITb JIETKO H30JHPOBAHHL
Hapsay ¢ cBOOOAHBIM nuaHugom kanaus. Ha puc. 1 nmpuse-
JleHa crekTporpamma, nosyuennast X. JxkoHcom u P. Ilenne-
mMaHoM. Y OoJiee cl0XHBIX KoMmivlexcoB rpynma CN pac-
nosaraerTcsi TeTpasApuUyeckH BOKPYT aToMma cepebpa, mpHu-
ueM Ha TPHIHAHOAPTeHTAT OKa3biBaeT BJIMSHHE MOJIEKyJa
BOJIBL.

X. dxoHc n P. IleHHeMaHn npHBOASIT 3HAUEHUST CJEAYIO-
IIUX KOHCTAHT QHCCONMAUUM [/ OTAEJbHBIX KOMIJIEKCOB:

[Ag] - [(eN71* k51072, @
[Ag(CN),I™
- (e g 61072, ©)
[Ag(CN,)*~
[A]- [eN7]* g 93,1072, (10)

[Ag(CN)aJ*~
It



HuXe npuBeLeHHB NaHHBIC, CBUAETELCTBYIOILUE O TOM,
YTO C yBEJIHYEHHEM COJAEepKaHHs CBOOONHOIO LHAaHHIa KOH-
[eHTpalyst HOHOB cepe6pa B 3JIEKTPOJIHTe OBICTPO CHHXKAET-
ca. (Tlpu 25°C mopmaspHBIE NOTeHIHasn cepepa pabeH

Honyen-| Ag:CN
mpayun
cepedpal 16 715 14 13 12 17 10
T T T T
) agem? | aglem)?
0,25-1. Ag(CN),
0,05-n.
0.01-. Ag(Cw); |Agen
8005-nm.
1

776 1:5 1:4 1.3 1:2 1c1 1.0
Puc 2. 3aBHCHMOCTb OGpa3OBaHUS IHaHO-

apreHTaTHOTO KOMILJIEKCa OT COAEpIKaHHS
LHaHHAa B pacTBOpe

0,79 B). Otu naHHbie mosyyeHsl BunnurepoM Ha OCHOBe H3-
MepeHHUs NMOTEHIHAJOB.

CocTaB pacTBOpa IMoteHuuan, B KoHneHTpanus
Ag
0,25-u. KAg(CN), 40,15 10—11
0,25-5. KAg(CN)g+ —0,217 10—12
+0,25-5. KCN
0,25-5. KAg(CN)o+ —0,369 10—20
+0,25-5. KCN

A. Asam u k. IIumu [6] uccienosanu oGpasoBanue
KOMILIeKca Iuanuga cepebpa B 3aBUCHMOCTH OT OTHOIIEHUSI
cBOGOIHOrO IMaHUAA K COMeprKaHHuIio cepebpa B 3JeKTPOJIH-
Te (pHuc.2). B ciayuae HemocraTka CBOGOAHOTO LHaHHIA
B PacTBOpEe B 3aBUCHMOCTH OT YCJIOBHH OCaXKIEHHS M PacT-
BOpEeHUS /15 UMaHKuIa cepebpa ycTaHABIUBAETC Ciefylollee
paBHOBecHe:

2AgCN == Ag[Ag(CN),]. (11)
[Tpoussenenne pacrBopumocta [Agt]-[(CN)-]
Ly =1,46-10-16, (12)
npoussejenne pactrsopumoct [Agt] - [Ag(CN),]~
L, =5,83-10"12 (13)
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E. Pay6 u B. Byabpxopct 00HaApyXuIu aHAJUTHYIECKUM
nyTeM B ocalnkax cepebpa MpHCYTCTBHE IHaHHIa cepedpa.
Buenpenune unanuna cepeépa B 0cafox cepedpa npoHCXOLUT
HanboJiee aKTUBHO NPH HU3KHX KOHIEHTpaLHAX CBOOOLHOTO
uuanuga (tadua. l).

Tabauya 1

Conepxanne UHMaHHAA B JEKTPOJHTHYECKOM ocajke cepelpa,
nojyvyeHHoM M3 uuanucToil Bauusl ¢ 20 r/a Ag npu 20°C

NaCN . 6, CocrosiHue KatopHas muor- | COAepxkaHue mu-
r/a 3JIEKTPOJIHTA HOCTb TOKa, A/mM? a““é‘g za"ciim‘e
10 CrioxoiiHoe 0,3 0,22
10 IMepememnBanue 0,5 0,1
10 » 1,5 0,05
100 CnokoiiHoe 0,3 0,01
100 ITepemelnBanue 1,5 Cnepbt

Bo Bpemsl 3/eKkTposin3a NPHKATONHBIH CJIOH B 3HauH-
TeJIbHOH CTeNeHH OTJHYaeTcs MO COCTaBy OT OCTa/JbHOTO
snexktposuta. Ilpu BoccraHOB/eHUH cepebpa y Karona Ha-
KalJuBaIOTCA HOHBI IIMAHUMA, YTO BeleT K oOpa3oBaHuio 60-
Jlee CJIOXKHBIX LIMAHUCTBIX KoMmleKcoB. C Ipyro#l cTopoHH,
NPOUCXONUT TaKKe ycujeHHass Aud(y3us HOHOB LHAHUAA
B CTOPOHY aHOILa. XapakTep H3MeHEHHs COCTaBa MPUKATOM-
HOTO CJIOSI 3aBHCUT OT UCXOMHOH KOHLIEHTPALMHU 3/1eKTPONUTA
H OT ycJoBHH 3jeKTpoJu3sa. IIpu onpelnefieHHBIX YCJI0OBHSX
y KaTola MOXKeT NPOUCXOAHUTh TakKkKe passokKeHHe LHaHUI-
HOTO KOMIJIeKCa 10 IuaHuja cepebpa.

1. Koarxodt u Idx. Crokc [7] Hauwiu, 4to npu ge#cr-
BHM CHJIbHBIX LIeJOYeH NPOUCXOAMT 00pa3oBaHHE UHAHO-
THAPOOKCOaPreHTaTHEIX KOMIIJIEKCOB

Agt + 20H™ + 2 [Ag(CN),]~ 2 [AgN]™.  (14)

KoHcranta o0pa3oBaHusi TaKoro Kommiekca mpu 25°C,
[0 JaHHBIM aBTOPa, BbIpa)aercsl CJAeLYIOIIEl BeJIHUYHHON:

[2e(E)]”
{Ag*] « [oH] s [Ag(CN),]—

COOTBeTCTBYIOIIIaH KOHCTAaHTa JAucCCouHaluud HMeeT cJie-
Ayouliee 3HaueHHue:

[agt] - [oH~]« [(CN)T] _ (o (o4 6
[ | (19

=3,4-108, (15)
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M. TomcoH yKa3eIBaeT, UTO B NPUMEeHAEMOM B IPAKTHKC
3J1eKTPOJIUTE cepedpeHHs NPHCYTCTBYIOT [VIaBHBIM 00pa3oM
IUIIMaHOapreHTaT, B TO BpeMs Kak TPHLIHMAHOApTeHTaT U Te-
TpanuaHoapreHTatT o6pasyloTcsl B He3HAUHTeJbHOM KoJHdYe-
cree. Opuako corsacHo M. @uabituxy u X. [epuiuepy [8],
OCHOBHBIM HOHOM B OOBLIYHBIX KOHIIEHTPHPOBAHHBIX 3JIEKTPO-
JUTax sIBJseTCS TPHUHaHOapreHTar.

KartonHoe mepeHamnpsixKeHue, Heo6xXonuMoe s ocaxie-
HHS cepebpa, onpeensieTcss B 3HAUUTEJIbHOH Mepe cojepxka-
HHEM B 3JIEKTPOJIUTE CBOOOAHOro nmaHuga. CBOGOIAHBEIM
IMaHHAOM Ha3BIBaeTcsl LHAHH[, COLEpXKaHHe KOTOPOro B
3JIEKTPOJINTE NpEBHIIAET BeJHYHHY, HEOOXOAUMYIO s 00-
pasoBanusi Kommiaekca K[Ag(CN).].

KoHnueHTpanus cBo60JHOr0 LIMaHUAA B 3JEKTPOJHUTE Ce-
pebpenusi 10 CpaBHEHHIO C JPYTHMH IHAHUCTHIMHU 3JIeKTPOJIHU-
TaMH MOXKeT K0J1e6aThCsl B OTHOCHTEJBHO LIMPOKUX Npejeax
U 3aBHCHT OT IPUMEHsIeMOH NMJOTHOCTH TOKa H COJep:KaHud
cepebpa B 3JEKTpPOJHTE.

[To A. Huxkouto, HauGosee 6/1aronpHsaTHOE COOTHOILEHHE
cBOGOMHOrO ¥ CBS3aHHOTO uuaHuaa pasHo 1:1 mim 1,5:1.
B Hacrosiiee BpeMsl 1P HCIIOJIb30BAHHHU 3JE€KTPOJUTOB OJle-
CTSILIETO U TBEPILOTO cepebpeHusi paGoOTAOT CO 3HAYHTEIbHO
GoJibIINM colepKaHueM CBOGOAHOTO HuaHuna. CBOGOAHBIN
IIMaHUJ OKasblBaeT 0J/1arONpUsTHOE NeHCTBHE HA pacTBOpe-
HYe aHOJa OCOGEHHO NPH NPHMEHEeHHH BLICOKOH MJIOTHOCTH
TOKa. DJIEKTPONPOBOJHOCTb 3JIEKTPONUTA TaKiKe 3aBHCHT OT
KOHLEHTPalu CBOOOJHOrO IHaHKIA.

CymecTByeT 3aBHCHMOCTb MeXJy CBOHCTBAMH IOJIy4eH-
HOTO OCajika M KOHLeHTpanuel nuanuna B saekrpoaunte. Ln-
aHH] JIeHCTBYeT KaK KOMILJIEKCO0Opa3oBaTe/b, OBBIIIAET Ka-
TOJIHYIO MOJISIPU3aLHIO H CIIOCOOCTBYET pacTBOPEHHIO aHOJA.

IuaHupapl Kaausi 4 HaTpus ABJISIOTCS COAAMHU cn1ado AuC-
COLUMHPOBAHHON CHHHJIBHOH KHCIOTH. BomHble pacTBOpHI
5TOH COJIM TOABEPraroTCs THAPOJNU3Y H BBEI3BIBAIOT MIeJ0Y-
HYIO DeakKmuio

CN- + H,0 = HCN + OH-. (17)

CuHuJIbHAS KHCJIOTA U €€ COJU SBJSIOTCS CUJAbHBIM fIOM.
Llnanun menouyHoro MeTasia, COAEpKAaLHics B 3/1eKTPOJH-
Te cepeGpeHus, pasjaraercs ¢ o6pa3oBaHHeM KapOoHara.
Pasnoxenne nuaHuga u odpa3oBaHne KapOoHaTa MOXKeT
MPOUCXOAUTh NOA JeHCTBHEeM aTMocdepsl HJIH aHOLHOTO
OKHCJIeHHUA.

E. Oxopnuc u B. Crpamep eme B 1903 r. ykaza/au Ha TO,

14



4TO pasJioXKeHHe LHAHHAA MOMKET IPOHCXOAMTH MOJ AEHCT-
BHEM KHCJI0POJa BO3IyXa H YrOJbHOH KHCJIOTHI.

HopmanbHass atMocepa COLEPHKHUT NPUGIH3UTESBHO
219% xucmopona u toabko 0,03% yroapnolt Kucjaots. B mpo-
H3BOACTBEHHbLIX TIOMEILEHHUSIX COAepKaHue YroJbHOH KHCJO-
THl MOXKeT GLITh 3HAUNTEJLHO BHILIE.

Oxuc/ieHne HHaHuIa KHCJIOPOAOM BO3LyXa nponcxoum
10 CJefyIOUIeMY YpaBHEHHIO:

CN- —|— l/202 —|— 2H20 = OH~- -I— C02 —|— NH3 (18)

OnHako coryacHo naHHeiM pabotsl [9], sTa peakuus Mo-
JKeT MPOHCXOAHTD TOJBKO MOA HeHCTBHEM CHJIbHBIX OKHCJH-
TeJel, HapuMep NEepeKUCH BOAOPOAA WJH IepMaHraHarta.
Oxuc/asoUero A1efCTBUSA HaxoAs1Ierocs B artMochepe mose-
KyJIsIPHOTO KHCJOpOAA AJs 3TOTO HeLOCTAaTOYHO. BrickazaHo
mHeHue [10], uTo mox meficTBHEM KHC/IOPOJA MOXKET IPOH-
30UTH HEIOCPeNCTBEHHOEe OKHCJIEHHe IHaHUua B [{HAHAT, KO-
TOPBI 3aTeM B BOJHOM pPacTBOpe THAPOJH3YeTCsT B Kap-
6oHAT.

CuHu/IbHas KHCJI0Ta — OYeHb ciaabasi. Ee koncranTa guc-
coupanuu cocrapaser 10-%% a yrosbHO# KHCTOTH — K=
=10-54 g K;=10-1042 [11].

YroJpHadg KUCJIO0TA, AHCCOLMUPYIOLAsICA CHIIbHEe Ha Iep-
BOH CTYIEHH, BBITECHSIET TeM CaMBIM CHHHJBHYIO KHCJIOTY
13 ee coJeu:

K+CN~ + CO; 4+ H,0 = K*HCO3;~ + HCN.  (19)

Ecau gepes 1Be eMKOCTH, B KOTOPBIX HAXOISATCS 3JeK-
TPOJIUTHI cepeOpPeHHs] OIHOTO H TOTO JKe COCTaBa, PONYCKaTh
OYMUIEHHBIA KUCIOPOJ MJIM YIVIEKHC/BIA Tas, TO COCTaB 3JeK-
TPOJIUTOB H3MEHHTCA (pHc. 3).

[ToTepn nuaHuaa NpH NponycKaHUM KHCJIOPOJLA He3HAUH-
TeJbHBI, B TO BpeMsl KaK KOHLEHTpauus LHaHHAa IpH Ipo-
NyCKaHHU YIVIEKUCJOTH MajaeT oueHb pesko [12].

Bruto uccnenosano [9] BiusiHMe efKOro Harpa Ha CKO-
pOCTb pa3/loxKeHHUs: BOAHOTO pacTBopa luaHuga Hatpus. Pa-
CTBOpPHI ¢ N06aBKOH enxoro Hatpa u 6e3 Hero MOJBepra/u
JnefcTBUI0 aTMOCGhepsl B OTKPHITHIX €MKOCTSIX B TeueHune 9
IHel. IToTepn mMaHuaa, Mo JaHHBIM XMMHYECKOIO aHaJu3a,
npuBesieHsl B Tab1. 2 u 3.

OnbITH NOKa3bIBAIOT, YTO NPU N06aBJEeHHH THIPOOKHCH
HIEJOYHOTO MeTall/la B PAacTBOp IHAHHLA NPOHUCXOJHUT peak-
s o6MeHa NPEeNMYIIECTBEHHO MeXIY YroJIbHOH KHCJIOTOH
(u3 aTMocc¢epbl) B THAPOOKHCHIO.
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Tabauya 2

Mortepn nuanupa u3 yncroro pacrsopa NaCN npu KomHaTHO#

TeMneparype
CopepxKaHHe UHAHHOA HATPHS, T/I
g.&ﬁzp Tlorepu, Y%
B HayaJie OonbITa I nocyae 9 gHel
1 116 96,2 17,0
2 116 95,5 17,6
3 116 85,3 26,5
Tabauya 3

Morepu umanupa u3 pacreopa NaCN c nob6aBkoit 116 r/m NaOH
npu KoMHaTHOH Temmeparype [9]

Cogepxaunne NaCl, r/n
(I)—f'lob[:[’:ap ITorepu, %
B Hagajie OnpiTa nocJye 9 aHei
116 115 0,8
2 116 115 0,8
3 116 112 3,4

Taxum 06pa3oM, Ha NpakTHKe N00aBJIeHHEM THIPOOKHCH
B LIHAHHCTbIE 3JEKTPOJUTHl MOXKHO OTPAaHHYHTh Pas3JIOXKeHHe
uuanuna. Eciu conepxanne xkapOoHara npeBbilaeT Onpese-

46

O

N8
——

S
1

Codepmarue KCN, e/n
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N

g 4 & »
Bperin, nu

Y

Puc. 3. CHHUXeHHe cojepiKa-

HUsi IHaHHAa NpPH TIpOIycKa-

uug O, u CO, dYepe3 BaHHY
cepeGpeHus
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JIEHHBIH Tpelesa, TO OH H0JIKeH
GLITH yaJeH u3 ajekrponuta. I1pe-
JeJIbHBIM COZlepKaHueM KapOoHaTa
B 3JIEKTPOJIUTE I KaJUHHOH COJH
asaserca 100 r/a1, a oJas coau Ha-
tpus 45—50 r/n. OgHako a7 y/1yu-
HmeHus1 paboThl BaHHB BHOBb MpH-
TOTOBJIEHHBIN 3JIEKTPOJIUT JOJIXKEH
COMEepKATh  OTpelNeJeHHOe MHHH-
MaJIbHOe KOJIHYecTBO KapOoHara.

KapGoHat mosbllaeT NPOBOAHU-
MOCTb H pacCeHBaloOIlyl0 CIOCco6-
HOCTb 3JEKTPOJINTA, a TaKKe OKa-
3BIBAET OlpeNie/leHHOe NeHCTBHE Ha
cTpykTypy  ocaaka.  CoryacHo
A. Huxoaqsi, Ipu BHICOKHX KOHLEHT-
pauusx kap6oHaTa B 3JeKTPOJHTE



JOJIKHBI MOJydatbest Oosee MsirKHe ocalku cepebpa. AHox-
Hasl, a Tak¥kKe KaToAHas MOJsSpHU3alUM NOBLILIAIOTCS C yBe-
JMUEHHEM CONEep¥KaHHs KapOoHara.

Meronsl ynaneHusi u3bbiTKa KapOoHaTa 3aKJI0ualoTcs
B caenyiomem [13, 14].

Paz6aBienue 3JeKTPOJHUTAa — Haubojee Mpoc-
TOl ¥ SKOHOMHYHBIH METOJ YMEHbIIEHNs COAepKaHus Kapoo-
nata. [Ipu 3TOM YacTb pacTBOpa 3aMeHSeTCS HOBBIM, CBO-
GomHbIM OT Kap6oHarta. M3 orpaGoTaHHOrO 3/7€KTpoJuTa ce-
pe6Gpo ocaxpaercss nodaB/jeHHeM LHHKA B BHJIE NbIN WU
MOpOIIKaA.

Bunageneune xap6oHarta no6aBjleHUeM COOTBETCT-
ByloIuX coenuHeHnil. KapGoHat BrIMagaeT B OCajgoK B BH-
Iie TPYAHOPACTBOPUMEIX COJIeH, KOTOPBIH OT()HIbTPOBBIBAIOT
u uedtpudyrupyor. Urobbl CHM3UTL MOTEPH cepebpa, oca-
oK xopouro npomuiBaoT. k. Kpa#tn [10] npenmoxui, Ha-
npuMep, AJs1 0caxKaeHHs: kapOoHara HCIO/b30BaTh PacTBOp
cleylouiero coctana, %: UMaHUL Kaabuus 45, nuaHum me-
JouHoro Metasna 34, okuch Ka/abuusi 15, HepacTBOopuMas
oxHuch 6.

BrMopaxXuBaHHUe— MeTOH, BOSMOXHBIH B TOM CJIy-
yae, eCJH 3JEKTPOJNUT COCTaBJeH Ha OCHOBe COJIell HaTpHSl.
CaMmubiil IpOCTO# CIOcO® — COCTAaBHTDb 3JIGKTPOJIUT HA XOJOLe
M 3aTeM OT/eJHTh PaCTBOP OT 00Pa30BaBUIMXCS KPUCTAJIOB
KapGoHaTa. BeiMopa:KuBaHHe MOXKHO NPOH3BOJHTb TaK¥Ke C
pUMeHEeHHeM XoJoAu/bHOTo arperata. OQHako, ciefyer 060-
pamath BHHMaHHe Ha cOOJII0eHHe TeMIlepaTypEl, B IPOTHB-
HOM cJyyae cOIep:KalIuics B pacTBOpe KOMILIEKC HHaHUA
cepeGpa MOMKET BBIKPHCTAJJIN30BAThCS.

X. Tontxep [15] mpuBoauT croco6 ynasieHus: kap6oHa-
Ta M3 3JEKTPOJIHTA C TOMOIL[bIO HOHHOTO oO6MeHa.
Onnaxo coraacio A. Kuomnepy u @. dabsepy [11], aror
croco6 MoxXKeT ObITh YCHEIIHO INpHMEeHEeH TOJNbKO B clyyae
3/JeKTPOJIHTOB C HU3KHM COJEpXKaHHEM LHaHHIA M BBHICOKOH
KOHIeHTpanue# kapboHara.

s npoMBIIITIeHHOTO cepeGpeHnsl PUMEHSIOT KaK CoMu
HaTpHs, TaK U Kalus. YKe LaBHO 00CyKJaeTcsi BONpPOC, 101~
WHBI JIH VIS COCTaBJIeHHs 3/JIEKTPOIHTOB cepedpeHus mpume-
HATbCS COJIM HATPHUS WM COMU Kanaus. I1pu 3TOM cchiiatorest
Ha TO, 4TO, COIJIACHO TPAaKTHKE, U3 3JEeKTPOJHUTOB, COMEpXKa-
(X MOHbl HATPHUA, OCANKH MoJydaloTcs ¢ rpybolt CTpyKTy-
po#l (LIepOXOBAaTHIMH) M YacTO C KeJTOBAThIM OTTEHKOM.
[TpakTuxu Has3bIBAIOT TaKHe OCaAKH «c npurapoms». [1pu om-
peliesleHHbIX YCJIOBUSIX 06pasyercsa TOJBKO NOPOLIKOOGpas-
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HBIH WK ry64aThil 0CaJ oK, KOTOPHIHA 6Jarogapst BelNagLeHHIO
O4eHb TOHKOJHMCIIEPCHOTO cepe6pa MoxKeT npuobperaTh Tak-
*e YepHBIH IIBET.

Ocaznxu «c mpurapoMm» noJyyaloTcst B 3/JeKTPOJIHTaX, CO-
IepXkalu¥x HOHbl HATPHSA, y¥Ke MPH OTHOCHTEJbHO HHU3KOIX
KaTonHOH noJjsgpusauuu. I1pu ucnosb3oBaHHH coJslell KaJjlHs
MOXKHO paboraTb npu 6oJee BBICOKOH KaTOIHOH IIOTHOCTH
ToKa. OcaJKy NMpH 3TOM MOJY4aKTCs YIOBIETBOPUTENBHOTO
kauecTBa. IIpu4nMHOH 5TOro pasiuuyus sBJSETCS Jydllas
3JIGKTPONPOBOJHOCTD CcOJIel Kaunus !

OueHb BaxKHBIMH JJIs 06pa3oBaHUsi M pPOCTa KATOAHBIX
0CafiKOB SIBJAIOTCS IPOLECCHI,

\2‘9” KOTODHle NPOHCXOIAT B AUQ-
> / (py3HOHHOM cJI0€ 3JIeKTPOJIH-.
N A 7 Ta. Bo BpeMsi 3jeKTpoJsu3a
§ 240 }—>
§ H3MeHsIeTCsl COCTaB PacTBOpa,
N - HaxOoASIerocss B HeINOCPeICT-
'§ 200 e BEeHHOH O6JIM30CTH Y 3JEKTpO-
S —_—T na. O6pasyercss cJOH, KOTO-
0 pBIfl Mo CBOMM CBOMCTBAM OT-
g g4 48 ;2 JINYaeTcsi OT  OCTAJbHOTO
Hopriansnoemo ajekTpoaura. KoHueHTpanus
Puc. 4. PaCTBOPHMOCTb WIEJIO'- paspAxaomuxcs KOMILJICK-
HBIX IJHAHOapreHTaTHBIX KOMIIJIEeK- COB B Hpouecce eﬂeKTpoJII/Isa
COB:
CHHXKaeTcs, B TO BpeMf Kak
1— coan Kaaus; 2~ COJMH HaT-
pHs KOHIIEHTpauusa APyTUX, Hepas-

pAKAIONUIUXCST HOHOB, K KOTO-
PBIM OTHOCATCS LIeJOYHBIE HOHBI, yBeanunBaercs. Karton-
Hble peakKUWH ONPeAe/]sIoTCS TOJMIIUHON H CBOHCTBAMHU
kaTonHoro nuddysnonHoro caosi. TonmuHa 3TOro /104, KO-
TOpas 3aBUCHT OT TEMIIEPATYypPHl, pacnpesnejeHus ToKa, IJI0T-
HOCTH TOKa ¥ COCTaBa U JBHKEHHS 3JEKTPOJIUTA, OLleHHBaeT-
st BeTMUHHOM npubausuteapio ot 10-2 1o 10-3 cm. B otaesns-
HBIX CJy4asxX TOJLIMHA 3TOTO CJOSI MOXKeT ObITh HECKOJbKO
Buime. OmnpeneneHHbie (U3MUECKHe CBOHCTBA 3JIEKTPOJIHTA,
HanpuMep TJIOTHOCTb, BS3KOCTb, IOBEPXHOCTHOE HaTsXKeHHe
TaKKe BJHSAIOT Ha TOJIIUHY H COCTOSIHHE CJIOS.
PacrBophl, colepxaiiue HOHE HATPUS U KaJjHs, OT/IHYA-
I0TCA 10 cBouM ¢H3nUYecKuM cBoiictBaM. B pactBopax, comep-

'E. A. Heuaes u gp. (3amura Mmeramios, 1967, 1. 3, Ne 4,
c. 512) ykaspiBaeT, 4TO B 3JIEKTPOJHTE, COLEPKALIEM TOJMBKO COJMM Ka-
U, YXyLUenue CTPYKTYphl OCafkoB cepeGpa He MPOMCXOAUT BIUIOTH JO
npefiesibHOr0 Toka Aupysuu paspskalomuxcs uoHoB. (/Tpum. ped.)
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Kamux HOHBI HaTpus, HaOJMIOfaeTcs TeHIeHLHss K oOpaso-
BaHMio 6osiee TOJNCTBIX AUGP(PY3HOHHBIX CIOEB H TEM CaMBIM
6oJlee BLICOKAsi KOHLEHTPALHOHHAS MOJSPU3ALHS, BCAENCT-
BHe]qero oHH paboraroT npH 00Jlee HU3KHX IJIOTHOCTSIX TOKA
16].

[ PacrBopuMoCTb cosleli, cOnepKalUXCs B 3JEKTPOJIHTE,
TaKxKe paanvuHa. Conu HaTpHus, 0CoO6eHHO KapOoHaTHI, pac-
TBOPSIOTCSA TPYyJHee, UeM COOTBETCTBYIOLIHE COJH KaJjus.
[Tpu mocTuKeHHH OnpeNeseHHOro TIpefesa KOHIEHTpAIHU
Kap6oHaT HATpHS HayMHaeT BhINALaTb B BHJE TOHKOLHCIED-
CHBIX KDHCTaJJIOB, KOTOpble B clyyae OCeLaHHs Ha KaTole
MPHUBOAAT K 00Pa30BaHHUIO IIEPOXOBATHIX ocankoB. omycTu-
Masi KOHUeHTpauusi kap6oHata Hartpus 45 r/1, kapGoHata
kanusi 113 r/n. Cornacuo nanuaeim B. Ilerepca u @. ®erne-
pa [17], pacTBopuMocTb Kapb6oHaTa HaTpUs 3HAYHTENBHO
yMeHblIaeTcss ¢ MOHHUKEHHeM TeMIepaTyphl pacTBopa.

®. Dnbsep [18] ucciaemoBal pacTBOPHMOCTb ILEJOYHO-
IMaHUCTOTO KoMmIlekca cepedpa. Kak craeayer us puc. 4,
pacTBOPHMOCTD COJIell HAaTPUS HUXKE, UYeM PACTBOPHMOCTb CO-
envueHuit xanus. OLHAKO 3TO UMEET 3HaUeHUE TONBKO B OT-
HOIIEeHNH W3MEeHEHWs cocTaBa IIPHAHOLHOrO CJos, TaK Kak
B OOBLIYHO MPUMEHSIEMBIX 3JEKTPOJNUTaX cepeOpeHHUs KOH-
IeHTpaLuusl KOMIUIEKCHOH coau cepebpa HHIKe TOH, IpH KO-
TOPOU HAUMHAET BHIMANaTb 0CANLOK.

Ilesounble MUAHUAB, KaK YKa3bIBaJOCh BHIIE, MOJBED-
ralTcs TUAPOJNH3Y ¢ 00pa3oBaHMEM OdYeHb cjaado JUCCOLU-
HPOBAHHOHU CHHUJbHOH KHCJOTHL:

CN- + H,0 == OH- + HCN. (20)

CunusbHast KHCJIOTa MOJBEpraercsl TakiKe THAPOJIH3Y C
o6pasoBaHUeM MYPaBbHHOH KHCJOTHl HJIH €€ IHIEJOYHBIX CO-
Jel, GopmMHaTOB U aMMHaKa:

HCN + 2H,0 = HCOOH + NHs. (21)

Kpome MypaBbHHOH KHCJIOTH U ee coJlel, a TaKkKe aMMH-
aka, o6pasyloTcs elle U JApyrue npoayKThl pacrnajna HHaHHU-
la, HalpuMep aMHUHLI W ApyrHe coequHeHud asorta.llpn pa-
60Te C HEpACTBOPUMBEIMH aHOJAMH, KaK 3TO OOBIYHO IPHUHSTO
B cJyyae NpeABapHTENbHOr0 cepeOpeHHs UJIM IPH IpUMeHe-
HUYM BHYTPEHHUX aHOJOB M3 HePacTBOPHMOIO MaTepHaja,
B 3JIeKTPOJINTe oOpasyercst Takke nuuuan [19].

OnHako o6pasoBaBUIMHCS AMIHAH B LIEJOYHHIX PacTBO-
pax HEmpoW3BOJBHO IOABEPraeTcs AUCIPONOPIHOHHPOBA-
HHIO Ha OUAHHU]I M LuaHar.
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CH
- + H,O—HCN + HCNO. (22)
CH

Honbl nuanaTa ruJpoausyorces ¢ o6pasoBaHueM aMMHua-
Ka Wiy ruipokapboHara:

CNO- + 2H;0 — NH; + HCO;. (23)

[To nmocTHkKeHHH OMpefeJeHHOH KOHIEHTPalHH LHaHHC-
THIH BOZOPOJ MOABepraercs moaumepusauuu [19].

A HCN — (HCN) . (24)

B BOZHBIX pacTBOpax MOxkKeT 00pas3oBaTbCs M IaBelie-
Bas KHUCJOTa

CN COOH
. 4H,0-> | -+ 2NH, (25)
N COOH

Ho6aBka HuTpara crnoco6cTByeT o06pa3oBaHuio 6odee
CBETJIBIX OCAJIKOB U yJydlllaeT PacTBOpPeHHE aHOAOB, B pe-
3yJIbTaTe Yero CTAHOBHUTCS BO3MOKHBIM paboTaTh B 3J1eKTPO-
JIUTaxX, COfepKalluX HHTPAT-HOHBI C HU3KOH KOHIEHTpaluei
CBOOOJIHOTO IHAHUAA U IPU Goviee BHICOKOH MJIOTHOCTH TOKA.

H. IMpomusen u . Byn [20] npuBoisar cocTas 3J/eKTpo-
JI/I/ITOB cepeGpenusi ¢ cogepkanuem 11—15% uurpara kanus,
r/a:

Cepe6po  (Merasnndeckoe) . . 16—18
Ilnanun Hatpusi (CBOGOAHBIN) . 15—22
Kap6onar HaTpus Lo

Hutpar xamust . . . . . . . 113—150

Uccrnenosanus [. Byna nokasasu, 4To MpH HCIOJAB30BA-
HUY HUTpPATa KaJHs MONy4aloTcs OCajKH JYUllero KauecTsa,
4yeM B cjydae coJjiefl HaTpHsl.

H. T. KynpsiBues ¢ corpyanukamu [21] uJI. JoMHHKOB
[22]*! pekOMEHIYIOT 3JIeKTPOJNHUTHI, COAepKallue HHTPaT-
1OHBl. OHU MOJYYUIH OCOGEHHO XOPOIIHe Pe3yabTaThl, KOTAa
pa60T§um C Ha/JOXeHHeM MepeMeHHOI0 TOKa Ha INOCTOSH-
HBIH *2.

*1 Pa6ora JI. JlomnukoBa [22] mpeacraBisier coGo#f COKpallleHHBIH
nepeBoj, paGotsl [21], KaK W ApyrHe ero cTatbi, IPHBEJEHHbIE B aMepH-
KaHCKO! JiuTepatype mo APyruM BompocaM. ([Tpum. ped.)

*2 B IpUCYTCTBHM HHTPAT-HOHOB YBeJHYMBaeTcsl AOMYCTHMAasi MJIOT-
HOCTh TOKAa W yJyullaeTcss PaBHOMEPHOCTb pacnpeleseHHss MeTajja Ha
karoge. (ITpum. ped.)
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B. Hepaer eme B 1902 r. ykaseiBaJa Ha To, uTo GJjaroma-
psi NPUCYTCTBHIO HHUTpPaTa MoOxeT OBITb yJaydmeHa pa6ora
[IMAHUCTBIX 3JIEKTPOJIUTOB.

B 1899 r. OblI mosyyeH maTeHT Ha Ipolecc cepeGpeHust
a/JIOMHHHS. DJEKTPOJIUT, KpOMe IIMaHua KaJjus, CofepxKall
HUTpaT 1 pocdar anOMUHUS.

B HavaJbHBIH NepHOA NMPHMeHEeHHs Ipolecca cepeGpeHust
HCIIOJIb30BA/IH 3JEKTPOJNUTEl cepeOpeHHss Ha OCHOBE XJOpPH-
na cepe6pa. Bcrnencrsue HeaHaYnTeIBHOH JUCCOLMAIAH LK A-
HHUCTOTO KOMILJIEKCA M CBSI3AaHHOH C 3THM He3HauuTe/JbHOH
KOHI[eHTpauuell HOHOB cepebpa B 3JEKTPOJIHTE COLEpPIKAHUE
XJIOPHUJIA B 3JIEKTPOJIUTE He OKA3BIBAET BJUSHUS HA KATOAHBIH
npouecc.

[TpoBoAMMOCTE 3JI€KTPOJIHUTA YAYUIIAEeTCs B NPUCYTCTBHUII
xy0p-HoHOB. ONHAKO He peKOMeHAyeTcs NPHMEHATh XJOpH-
JBl, TAK KaK OHH YMEHBINAIOT NIPOYHOCTD CLENJIEHHs ocajKa.

O6bluHO BaHHBI cepeOpeHuss He cozpepxar menodd. On-
HaKo GBLTO ycraHoBjaeHO [23], YTO ImIeNT0Yb COCOGCTBYET
[OJIYYEHHIO MUVIOTHBIX OCA/IKOB IIPU BBICOKOH IIJIOTHOCTH TOKa
U TOBBHIIIAET TBEPLOCTb.

H. Ipomusen u . Byn [20] pexomeHAyIOT K0GaBisiTh
K 3JIEKTPOJIUTY TapTPar Kajusl, yMeHblIas 38 CYET 3TOTO CO-
IepraHue cBoOoiHOro nuanuaa. Kosuuectso TapTpara co-
crasaser ot 11 mo 15%:.

C. I'meccron u B. Cefinurep HcciefoBalu BIHSIHHE pas-
JUYHBIX APYrux nob6aBok (dopmuara, amerara, docdara
cyabdara). DTH NLOGABKH OKA3BIBAIOT BJHSHHE YACTHUHO HA
CBOHCTBA OCAZIKOB (TBEPJOCTb U XPYyNKocTh). CoryiacHo naH-
HeiM 1. Byna, cynbgar okaspiBaeT Takoe ke AeHCTBHe, KaK
H HUTpAT.

2. duexrpoanrst GuecrAlero cepedpeHus

U3 mpocTHIX LHAHUCTBIX JEKTPOJIHTOB OCaAKH cepebpa
nosayyarorcs MartoBeIMH. [locienyioimee TOJNHPOBAHUE BHI-
3bIBA€T He TOJNBKO yBeJHUYeHHE PACXOJO0B, CBS3AHHBHIX C IIO-
JUpPOBaHUEM, HO U noTtepu cepebpa. CTpeMmJ/eHHe NOJYYUTh
TOJICTEIE, GJIeCTALNE MOKPHITHS IPUBEJO K paspaboTke 3JeK-
TpPONUTOB OJecTdmero cepebpeHus. B 3THX 3/1eKTpPoJHTaxX
MOKHO NMPHUMEHATh BHICOKHE NJIOTHOCTH TOKa.

MexauusM o6pasoBaHus OJecTAIIUX Cepe6pSHBIX IO-
KPBITUE B 3JEKTPOJNHTAX cepeOpeHus ¢ pPasjuYHbIMH 106aB-
KaMH TIOKa ellle NOJHOCThIO He BhlicHeH. Hekoropele acnex-
TBHl 3TOTO BOIIPOCA pacCMOTPeHB! B paBorax [24—28].
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IIpumeHsieMble INPU NOJYyUEeHHH O6JeCTIUX cepeOpsiHbIX
NOKPHITHH N06aBKIl MOXKHO Pa3fesNuTb Ha C/lelyHoLlie IpyI-
Bl

1. Cepoyriepon U ero Npou3BOJHELE.

2. Heopranuueckue COeJHHEHHS CEpPBIL.

3. OpraHuuecKHe COeJHHEHHS CepHl.

4. CoenuneHns cejleHa W TeNJTypa.

5. Merannpl IV u V rpynn Ilepnonnuecko#t cucremsl
3/1€MEHTOB.

IIpumenenne cepoyrieposia B kauecTBe 6/eckoo6pasoBa-
TeJil B 3JEKTPOJIHTAX cepeGpeHHs] H3BeCTHO NABHO, B Ha-
cTosilllee BPeMsi B YUCTOM BHJIe OH yNOTPeOGJsieTcss LOBONBHO
penxo [29]. Bieckoobpasymouiee aeficTBHE Cepoyrieposa
OB110 OTKPEITO B 1847 r. B AHrIuu.

BBuny Jierkofl JIeTy4ecTH cepoyI/epofa ero HYXHO BO
BpeMs cepeGpeHHs 4acTo J06aBiATb K 3JEKTPOJIUTY.

JleficTBHe cepoyTJiepojla 3aBUCHT OT KOHILEHTPaIlUU ero
B pactBope. IIpu u36GuTKe cepoyriepoja Ha kKaTofe obpa-
3yIOTCA MaToBBle ocaiku. lloaromy koHmentpanus CS,, a
TaKKe IJIOTHOCTh TOKa, TEMIEPATypa, NepeMelIuBaHle 3JIeK-
TPOJHTa AOMKHEL BO BpeMsl cepe6peHHs] NOALEPKUBATHCA
OTHOCHTEJBHO TMOCTOSIHHBIMU.

[Tpu mo6GaBJsieHun YUCTOrO cepoyriepona Gjeckoobpasy-
omui 3¢ QeKT HacTynaeT He cpasy, a CIyCTA HEKOTOopoe
BpeMs. [Ipu aTOM [OJIKHO NPOHCXOMUTH XMMHYECKOE B3aH-
MOJIeHICTBHE C COCTaBHBIMH YaCTAMHU 3JEKTPOJIHTA, YTO BeAeT
K 00pa30oBaHHUIO COGNMHEHHH, OKasblBalOIIUX JAeHCTBHE Ha
KaTol. Dello mpemioxKeHo mo/ydaTbh 3TH COeLMHEHHS Cepo-
yrieposa mepes 100aBJeHHEM K 3J1€KTPOJIHUTY.

B coorsercrsun ¢ pekomenpmauuei E. Busbcona [30],
28 r cepoyriiepoza pactBopsiOT B 56 T adupa u 106aBJISAIOT
1o 1 1 snekrponuTom cepebpenusi. DTy cMecb pa3MellHNBa-
10T B TeueHue 7—14 pueii. HepacTBopumeblil cepoyriepon or-
JeJSII0T OT pacTBOpa M OT OCTaBIIErocsi, pactsopa GepyT
7,5 Mo Ha kaxnele 100 J1 sgekTposura.

Hpyroit cnoco6 npennoxut A. Ilapconc [31]:6 ma ce-
poyraepona pob6asasior K 1 i 30%-#Horo pactsopa nuaHuza
kaaus. PacTBop pasmewnBaioT [0 Tex nop (npubIu3UTE/]b-
HO 30 u), MOKa OH He TMPHMeET IBeT rycroro mopreeiHa. Ha
kaxaele 100 J aznexkTpoanra Heo6xonumo 7,7 MJI 3TOTO pa-
CTBOpA.

B snureparype mpHUBOAATCS BO3MOXKHBIE DeaKUHUH, KOTO-
pEle MOTYT NMPOUCXOIUTb MEXIY CEpPOYIVIEPOLOM U COCTaB-
HBIMH dacTsiMU ajekTpoauta. OnHAKO BONPOC, B KaKoH ¢op-
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Me JefiCTBYeT cepa, ocTaeTcs elile OTKPHITHIM. BosMoxHo,
Graromaps peakiuu ¢ cepe6poM, coaepxKaIuMcs B 3JeKTPo-
aute, o6pasyercs cyabdun cepebpa UIN IPYyrue COeNMHEHHUs
cepel. JIxk. @umep [32] ycraHOBHI, 4TO €C/lM HCNOIb30BATh
B cBoGONHOA OT NM0oGaBOK BaHHE aHOM, KOTOPHIH OBLI IOJY-
YyeH M3 CEepYCOIEpIKAIIero 3JeKTPoJIuTa, To Ha Katone obpa-
3yercs IVIaAKuil U GJecTsamuil ocallok cepebpa.

[TpoucxoouT Ju 3TO 3a CUET PACTBOPEHUSI CepycolepxKa-
ero coeJHHeHus WiaH oOpasoBaHus cyiabpuna cepebpa B
KOJIJIOUlaJbHOH (OopMe, NOKA ellle He BBICHEHO.

B HacTosiee BpeMsi u3BecTeH PsiJ HPOU3BOAHEIX CEPOYT-
JIepojia, KOTOpble XapaKTepu3yTcs Jydniell yeToHunBOCThIO
B 2JIEKTPOJIUTE, & TakKXKe Oosee paBHOMEPHBIM H 3 (eKTHB-
HBIM JIeHiCTBHEM, YeM YHCTHIH CepOoyIIepoll.

K 6/eckoo6pasyiomuM NPOU3BOAHLIM CEPOYIIeposa Or-
HOCSITCSI COJIM KCAHTOTEHATOBOH KHCJOTHI — KCAHTOTEHATHI.
[lenounrle KcaHTOreHaTH 06Pa3yIOTCs NPH AeHCTBHU 3THIO-
BOTO CNHUPTA HA CEPOYIVIEPON B NPHCYTCTBHH Lieslovyel:

SNa
C,H,OH-+NaOH--CS, =S =C < + H,0. (26)
OCH; -

K anekTponuTy R00aBASIOT TaKXkKe aJH3apHHOBOE MacJo,
KOTOpOe IpeAcTaBJ/sieT co00H cMech pa3/IMYHBIX COEMHEHUH
U moJsyyaercsl NpH o6paboTKe KacTOPOBOrO Macja CepHOH
kucaorot. Tlocse cynbdupoBaHus NPOAYKT peaKlyu HeHUTpa-
JIU3YIOT LIEJIOYbIO.

YcranosaeHo [33], uTo He BCSIKOE TOProBOe alH3apHHO-
BOe MacJIo NPHUTOJHO IJs1 406aBJeHHsS B 3JeKTPOJHUT cepel-
penusi. OHO He mpefcTaBasgeT COOOH ONLHOPOSHOTO COENMHE-
HUSI U B 3aBUCUMOCTH OT YCJAOBHH CYJb()UPOBAHHA HMEeT
pPasJIMYHBIH COCTAB.

Hnrepecuyto rpynny 671eckooOpa3oBareliell nmpeacTaBist-
IOT IPOAYKTHl KOHJEHCAllUH cepoyriepoia ¢ KeTOHAMH, ajlb-
JlerujaMy 1 APYTHMH OpraHHYeCKUMHU COeJUHEHUSIMH C JBOM-
HEIMH MJIH TPOHHBIMH HEHACHILEHHBIMH CBSI3SIMH.

Peaknus cepoyrjepofa ¢ HeHACHIIEHHBIM afbAerHIOM
JlaeT pacTBOPHMBIe B niejoun coefquHeHus. Ilo onnomy us
naTeHToB! 1 3TOro mpuMensior akposend CHy=CH—
CHO mniu npoiyKT peakuuu 3amellleHus akposeuHa. s
10JIyYeHHsT ONTHMAJIbHOTO OJslecKa Heo6X0[UMa ero IOCTOSH-
Has KoHIeHTpauus. Jlo6aBKa NOJUTIHKOIEBOTO 3dupa yiyu-

! TTar. (®PT), Ne 958795, 1957.
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waer GieckooGpasylomee relctBue. [lalbHellee yBeJanue-
uue OJecka aocruraercss poOaBleHHEM aHHOHOAKTHBHOTO
BeIlleCTBa, HalpuMep CyIbpoHaTa KUPHOTO CIHPTa HJHU NPO-
nykTa pacmana Genka'!' PekomeHnyercst Takke JN00aBJATH
K TPOAYKTY KOHJEHCAUHH aKpOJeHHa TeKCcaMeTHJTeTpa-
aMuH 2,

Peaknuss KeTOHOB C cepoyryieponoM Ovlla BIEpBbe
omycaHa B HauaJje 3T1oro croserud. CoryacHo wHcc/eno-
Bauuio O. Kapmoca3, xerousl wumewr O6pyrro-dopmMysty
RCH,COCHR’. Ilpu stom R u R’ npeacrasasiior cobot
aJKUI-, apuil- Wi KapGOKCUIMETH/IBHYIO TPYIMIIBL.

[TosyueHHble TPOAYKTHl KOHJAEHCALMH JIETKO PaCTBOPHU-
MBI B LIEJOYHBIX pacTBopax. JJo6aBKa anu3apHHOBOTO Mac-
Ja TpeGyercs A7 LOCTHKEHHS ONTHMAaJ/JbHOTO GJecKa U IpH-
MeHeHHs1 6oJiee BEICOKOH MJIOTHOCTH TOKa.

TTpumepHBIH cOCTaB 3JIEKTPOJIHTA:

Luanun cepebpa, T'uppookuce Xamus,

1177, S 45—60 rfno.o. .. 3
Huanng xagaus, Baeckoobpasosa-

V2, S 100—140 Temp, /0. . . . 0,15—0,3
KapGonat xauawus, AnmzapuHoBoe Mac-

V7 S 35—45 g0, mafar . . . . 0,4—1,6

Peaknus cepoyriepofa ¢ auTHOKap6OMaTOM [TaeT Mpo-
IYKTBI, KOTOpble 06/1anaioT 6/1ecKo00pa3yIomuM CBOHCTBOM 4,
[lpeuMymecTso 3ak/gaoyaercs TIpexje BCEro B TOM, 4TO
pacTBOp AaxkKe NPH NOBLIIIEHHOH MJOTHOCTH TOKa OCTaeTCs
NpPO3payHBIM, UTO He HMEeT MeCTa NPU HCIONb30BAHUU JPY-
rux 6/1eckoo6pasywouux 106aBoK.

Ho6GaBaeHne THOCy/b(aTa HATPUS K LHAHHUCTHIM 3JI€K-
TposuTaM cepebpeHHs NMPHBOAUT K oOpasoBaHHIO noJybJe-
cramux ocankoB. Hemoctatok THOCYIb(aTa 3aKJIIOUAETCS B
TOM, YTO B LIEJOYHBIX pacTBoOpax OH pasnaraercs ¢ obpa-
30BAHHEM CEPOBOJNOPOAA IO CJEAYIOIEMY yPaBHEHHIO:

S,03” ++ H,0 2 SO}~ + H,S. (27

ITosTOMY mpH KOHIEHTpaluu THOCY/Abdara, IpeBHIIIa-
Iollell onpefleNleHHBIH TIpefies, U3 3JeKTPOJHTA BBHIMANAET
cynbbun cepebpa. Hactnuku cyabduna cepedbpa BHI3BIBAIOT

! TTar. (®PI'), Ne 1008079, 1957; nar. (CILIA), Ne 2800439, 1957.

2 TTat. (®PT), Ne 1042338, 1959.

8 Tlar. (CIIA), Ne 2666738, 1950; mat. (CILIA), Ne 2807576, 1957;
nar. (®PT), Ne 885036, 1953; mar. (Dpanuus), Ne 1048094, 1953; mar.
(IBeiinapus), Ne 298147, 1954; nar. (CILA), Ne 2666783, 1954.

4 TMar. (®PT), Ne 959775, 1957.
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o6pasoBaHue Ha KaTOfe LIEPOXOBATHIX OCaJKOB M Ha aHO-
ne — nienku. Hast Toro uto6Gbl H36exaTh 3THX HeNOCTAT-
KOB, GBbIJIO MpEeII0XeH0 OKUCASTh oOpasyrouuicsa cyabdui
B cyJbdar noGaBleHHEeM OKHCAHTeNdeH!.

Tak e Kak U OpH NPUMEHEHHH cepoyriepoja M ero
[POU3BOJHBIX, MOXKHO JOCTHYb y/aydlleHus 6JieckooOpasylo-
Iero JeHCTBUSI BBeleHHeM IpYyrux no6aBok2, Yp:

60%-Helt  THOCyMb()AT aMMOHHA . 32,5
CyabduT HaTpus . S 4,2
28%-Hast ykcycHas xucaota . . . 3,5

pH npu stom nomKen coctaBasTb 4,5.

CorsacHo JIpyromy mpeanoxeHuod, no6aska ¢opmasb-
JIeruacy1bQoKCcHIaTa HaTPHs WM LUUHKA U CyJbpHpPOBaH-
HOTO TPOAYKTA KOHJEHCALMH KUPHBIX KHCJIOT IIOBBIIIAET
671eckoobpasyomuilt spgexr THOCYAb(DATA.

Hccnenosannst [34] ¢ moMombi paflOaKTUBHOH CEpHI
MoKa3alH, 4TO B KaTOJNHBIH OCaloK BHEPSeTCH TOJNbKO
4acTb CepBl, B TO BpeMs Kak Jpyras 4acTb ee OocelaeTr B
BaHHE.

E. Pay6 c cotpyauukamu [35] uccienoBas ¢ IOMOIIBIO
panHoakTHBHOI'O MeTolLa MOBeAeHHe TIocy/dbtara B HUaHU-
CTBIX 3JIEKTPOJNUTAX cepeGpeHHs] U YCTAHOBMJ, YTO BHEIpe-
HHE Cephl B OCAJlOK B 3HAUHTEJNBHOHN CTENEHH 3aBUCHT OT
IUVIOTHOCTH TOKAa, KOHUEHTPAUMH H TeMIIepaTyphl.

Ponanunsl ¢ cepe6poM 1al0T KOMIJIEKCHBIE COeIHHEHHS,
KOTOpbIe JIerKO pasJjaralor cyiabdui. PasjioxkeHHe MOXKHO
3aMeJ/IMTb, €CJH BMECTO POAAaHUAA NPUMEHHTb 3QHP THO-
IIMaHOBOH KHCJIOTHl CO CIUPTOM HJH (DeHOJOM, Hampumep
pPONAaHOBBIH KpacHBII 4

Iluanucro-KanueBass Cosib cepe6pa rm. ... 75
Ivanun xamus, tfa . . . . e e 80
Tuppooxucy Xamus, r/m . . . . . . . . . . . 18
Kap6onar kamus, ©f1 . . . . . . . . . . . 15
PopaHoBwift xpacuwit, Mr/r . . . . . . . . . . 100

B kauectBe OJieckoo6pasyroiux No6aBOK /s 3JeKTPO-
JIATOB cepeOpeHHs ObIIM NMpPeNJOKEHH TaKkKe OpTaHHYecKHe
COeIMHEHHS MepKanraHa s, HanpuMep MepKanToGeH30THO30/

! TTar. (CIIA), Ne 2783194, 1957.

2 [Tar. (OPT), Ne 837794, 1952; mar. (CILIA), Ne 2440672, 1945,

3 [Tar. (OPT), Ne 836721, 1952.

4 Tar. (®PT), Ne 937211, 1955; mar. (Beabrns), Ne 501187, 1953;
nat. (®PT), Ne 917584, 1954.

5 TTar. (®PI'), Ne 13260, 1950.
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HJH TeTepOLUKINYecKHe coelHHeHHs Mepkanrana!. Kpome
Toro, 6/ecko06pa3youMH CBOACTBAMH 006/1afaloT THOKAap-
GamMuHOBasl KHCJIOTa, THOKap6amar, THOMOYEBHHAa U THO-
nuaHar 2

P. Baitnep paspaboraJ 3JeKTpPoOJHUT cepeGpeHusi, B Ko-
TOPOM B KauecTBe OJieckoo6pa3oBaTelss COLEPKHUTCS CelleH
B BHJE CeJleHUTA. DTOT 3JIEKTPOJNHUT OTJIHYAETCT He3HAUH-
TeJbHOH YyBCTBUTENbHOCTBIO M XOpOLIEH YCTOHNUHBOCTBIO.
[Tepenaceimenue 6Jeckoob6pa3oBaresem He BpegHo. [Haps-
Iy C coelUHEHHUSIMH cesleHa NONOOHEIM 3ddexToMm obaana-
IOT COJIM TeJIypa.

Has ynyumenuss 6seckoobpasyrowero LeAcTBUA Heob-
xonuMo no6aBiieHHe cepycofepxkKamux coefuHeHHi. Taxue
opraHuyeckKne COeJHHEHHs, KaK aJblerui W KyMapuH Tak-
ke nosumalT Giaeckoobpasywoumuil 3¢ ¢pekt. OcobeHHO mOo-
Je3Ho JNobaBJieHHE TNPOLYKTOB KOHIEHCALUUH YKHPHBIX KHC-
JOT H MPOAYKTOB pacmajna 6eakos 3.

B ceseHcozmep:KamlIx 3JEKTPOJHTAX BO3MOXKHA IJIOT-
Hoctb ToKa oT 0,3 mo 4 A/nm2 Ilpu Goslee BBICOKOH MJIOT-
HOCTH TOKa HeOOXOAMMO [BHIKEHHe JeTalell M mepeMelnH-
BaHHE 3JIEKTPOJIHTA, TaK KaK UHade 6JleCK NOKPHITUSA Oyner

CHHXKATbCH.
[TpuMepHbIli cOCTaB cesleHCONEPKALIEro 3JIEKTPOJHUTA,

r/a:
Cepe6po  (merasinye- CesleHuT HaTpus . . 5
CKOB) + & o & & 30 Tuocynbdar HaTpus . 0
Lnanun xaaust (cBo- JIamenoH R 1
6omHBIH) . . . . . 30
Kap6orar xamms . . 30

[ToxpriTHe, TONYyYEHHOE H3 3TOrO 3JEKTPOJHTA, Xapak-
TePH3YeTCsl TEM, UTO €To 3JIeKTpHYECKas NPOBOIHMOCTb CHH-
JKaeTcss He3HAUHTeNbHO IO CPABHEHHIO CUYHCTHIM cepebpoM,
BCJIEJICTBUE Yero OHO HaXOMUT OCOGEHHO INHPOKOe IMpHMe-
HeHHe B 3J1eKTPOTEXHHUKE.

CorsacHo mareHrty*, mo6aBka HuTpaTa Kajaus y/ydlla-
€T CBOKCTBA CEJIEHCONEPIKAIUEro 3JMEKTPOJUTA, T/

Cepe6po (Merajuuyeckoe) . . . . . 30
Iuanug xamus . . . . . . . . . 55
Hurpar kamus . . . . . . . . . 100
CeneHuT Xamus . . . . . . . . . 1

! Ast. cBup. (CCCP), Ne 168572, 1965, Bicar. u306p. u TOB. 3Ha-
KoB, Ne 4.

2 TTar. (CIHA), Ne 2110792, 1938,

8 Mar. (®PT), Ne 879048, 1953.

4 Tlar. (CLIA), Ne 2613179, 1952.
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Hapsany c cenenntoM B KauyecTBe 6JiecKo0Gpasyiouiero
Bentectsa npuroansl KpSe*! nmu KCNSe*2,

CorjlacHO Jpyromy maTeHTY*®, peKOMeHAyeTcs B Kaue-
cTBe GieckooOpasoBaTenst MPUMEHATh NPOAYKT KOHMeHca-
unn — Hadraauu-cyabdoxucaora-popManbieru.
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Codepranue HCN, e/n

Puc. 5. 3aBHCHMOCTb COCTaBa OCaiKoB cepe6pa OT comep-
JKaHHS CypbMBl (@) H uuanuma (6) B SJIEKTPOJHTE H OT
' IJIOTHOCTH TOKa:

1—0,25 A/om2;, 2 —0,5 A/am?; 3—1,0 A/am?; 4— 2,0 A/am?

ITo nateHTy** ocamok cepebpa moJydyaercs B TOM CJIy-
yae BBICOKOGJIECTSIMM, ec/i celleH N0OaB/sIOT B 3JEKTPO-
JIUT B BUJE cyJbdoceseHnna KagMus.

Ocanku cepebpa TOBBIIIEHHOH TBEPAOCTH MOJYYalOTCs
U3 3JIEKTPOJIUTOB, COMEepKAINX 3JaeMeHTH 4-# u 5-¥ rpynn
[leprnonuueckoit cucTeMbl: CBHHEL,, BUCMYT, MBIIIbSIK, repMa-
HHH U 010BO *5,

[Ipu onHOBpeMeHHOM BBENE€HHH OPTaHMYECKHX OKCHKHC-
JIOT ¥ aMHHOKHCJIOT Hapsily C BBICOKOH TBEPAOCTBIO MOJY-
yaloT Takxke 11 6JecTsmlie ocagkd. B xauectBe 106aBKH MO- -

*1 TTar. (CIOA), Ne 2777810, 1957.
*2 TTar. (®PI'), Ne 1081734, 1960.
*3 TTar. (OPTI), Ne 1140425, 1961.
*4 Tlat. (®PTI"), Ne 1109480, 1961.
*5 [lar. (®PI), Ne 843785, 1952; mar. (OPT), Ne 848787, 1957,

nat. (CIIA), Ne 2735808, 1956; mar. (CIHA), Ne 2735809, 1956; nar.
(CIIIA), Ne 2555375, 1951.
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I'yT NPUMEHSATbCS Takke OKcHCMUPTHI*!. Ocoberit 3 dekt
JIOCTHraeTCsl, €CJIH OJHOBPEMEHHO N0OGaBJSIOT MeTasJIbl b-#
u 6- rpynn*2.  JloGaBKH 3TUX METa/lJOB BBOAAT B BHJE
KOMIIJIEKCHBIX COEIUHEHHH. DJeKTPOJIUTH — CHUJABHO IIEe10Y-
HBle W B LleJgX INOBHIIEHUs paccenBamwouieil crnocoGHOCTH

uMeloT 0oJiee BHICO-

/oagql ' ' — KyI0 KOHIEHTpAIHIo
T’j—@ CBOGOMHOTO IMaHH/A.

L Koganuectso  mo-

06aBJsseMOro MeraJjia

3aBHCHUT OT COflepiKa-
Hus cepebpa B 3JIeK-

o,
), /e

0,

Cepedp.
g S
]
N %

Y 5 10 15 20 25
finomnacmo mond, Afdm¢ TPOJIUTE U COCTABJA-
er B o0OlIeM MeHee
Puc. 6. 3aBHCHMOCTb COCTaBa OCajKOB Ce- 10% ot comepxkaunus
peGpa oT nnorug;g{x_r;gﬁ&nepememusaﬂm cepe6pa. Conepia-
1 — 6e3 IHepeMelHBaHHs; 2~ C NepeMellH- HHe €ero B OCajkKe
BaHHeM . JIOJIZKHO OBIThb MeHee

1%. O6pasyercsa
cMechb KDPHCTAJIOB, TBEPAOCTh MoBhimaercs no 150—190
Kre/Mm2.

H. I1. ®enotbes ¢ cotpyauukamu [36] uccienosan ocan-
KH CIJIaBOB, MOJYYEeHHBIX H3 3JIEKTPOJHTOB cepeOpeHus ¢
no6GaB/eHHeM CYpbMbl B BUAE AHTHMOHHJTapTpaTta U HHT-
para xanusi. Ha puc. 5—6 npusefeHBl 3aBUCHMOCTH COCTa-
Ba OCaJIKOB OT COIEpPKaHHUs CYpbMBl M CBOOONHOrO LHAHU-
Jla B 3JEKTPOJIHTE, JIOTHOCTU TOKA U MepeMEIIHBAHHS 3JIeK-
tTpoauTa. M3 3THX PHCYHKOB CJeLYeT, YTO BHEAPEHHE Cypb-
MBI B OCAIOK TOBBHILIAETCS C yBeJAHYEHHEM KOHLIEHTpaluu
ee B 3JEKTPOJIUTE, C yBeJHUYEHHEM KOHIEHTpPaUuu CBOGOJ-
HOTO IHAHHAA U NOBBIIIEHHEM NJIOTHOCTH TOKA.

Hpyrue komnoHentn (K—Na-taprpatsl, morami, raapo-
OKHCb KaJlMs) He OKa3bBlBaIOT GOJIBINOrO BJHUSHHS Ha COMEp-
JKaHHe CyPbMBI B OcajKke.

B xauectBe KoMmekcoobGpasoBartesell MOTYT IpuMe-
HATBCSl TaKiXKe KOMIJIEKCHBIE apoMaTHYecKHe COeNMHEHHS U
HeHaChIIleHHbBle MJH HacblleHHble aMuHOCHHpPTH. Huxe
NpUBeJIeH TPHMEPHBIH COCTaB 3JeKTPOTUTOB*3, /i

Cepe6po . . . . . 40 T'uppooxuch xanust . . 1
Iluasun xamusa . . ., 160 Tpexoxkucb CypeMBbl . 1
IMoramr . . . . . . 40 TpusranonaMus | 3

*1 TTar. (®PT), Ne 1024305, 1958.

*2 TTar. (®PT), Ne 20547, 1958.

*8 Tlar. (®PT), Ne 1153587, 1963; nar. (®PT), Ne 1182014, 1964;
nat. (®PI'), Ne 1177450, 1964.
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3. Om3nKo-xMMAYECKHE CBOHCTBA JIEKTPOIHTOB

Ha GoapliuHCTBE NPEANPUATHH 3JeKTPOJUTHUECKOE ce-
peGpeHne MPOM3BONST MPH KOMHATHOH Temmepatype. Ilpu
6o/iee BLICOKOH TeMIepaType 3JEKTPOJHTAa MOXKHO IpHMe-

or o
1075 71,75 =
,—O""' o= V‘
70,50 b 750 -
70,25 |—A 7125 |
N V4 ’
70,00 17,00
0 4 6 2 5 20 Jg 4 6 12 16 2
Codepmarue quanuda nanuR, e/n Co0epmanue Kapdonama nams,efk

Puc 7. 3aBucumoctb pH pacTtBOpa oT Puc. 8. 3aBucumocts pH BoOmHOrO
KOHLEHTpAllHH IHAHHAA KaJHusl pacTBOpa OT cojep:KaHHs KapGoHaTa
KaJus

HATb GoJlee BBICOKYIO KaTOAHYIO IJIOTHOCTb ToKa. OmHako
NpH BBICOKOH TeMmmepaType GEHICTpee pasfaraercsi 3JeKTpo-
JUT U 00pas3yloTcs AA0BHTAS CHHUJIbHAS KHCJIOTA W Iaphl
aMMHaKa, HaKamlnBaloTcs KapOoHaTe. Temmepatypa sJek-

tx 28
,§
Puyc. 9. 3aBHCUMOCTb YAeJbHOTO ~
3JIeKTPOCONPOTHBJIEHHST  9JIeKTPO- & & 20 [T O———]
JHTa OT CoOjepxKaHHs cepebpa: §§
Q2
1—8 r/n unuamuga  (cBo6.), §v§ P \n//
33 r/n kapGomaTa HaTpus; 2— 3 R 5 o]
8 r/a npuamuga (cBo6.), 60 r/n N \\0‘/2
KapboHaTa  HaTpHusi; 83— 30 r/n N J
nuanuga (cBo6.), 33 r/a kap6o- S 79 sl
HaTa HaTpHsA Vi 20 40
Codepmanue cepedpa, 2/n
X 20 -
SN
$y 75 N —
Y
NI \% 112 g Puc. 10, 3aBUCUMOCTb YJIeNbHOIO
S 3 0 \ /L 1/ 7 3JI€eKTPOCONPOTHBJIEHUST  3JIEKTPO-
h\% \§ JuTa OT COAepXKaHHUsA IHaHHAA
§ L OGo3HaueHHUs Te XKe, YTO Ha PHC. 9
Om
] 5

a 15 Jo 45 60 75 g0
Codepmanue wenovnoco yuanuda, &/n
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TPOJIHTA BJHsET TaKxKe Ha 6J1ecxoo6pa3y}om,ee neficTBHe
pasiHYHbIX 106aBOK.

3unauenne pH nMaHHCTBIX 3/J€KTPOJUTOB cepeGpeHUs Co-
orBercTByer 11—12. OntumanbHoe 3HaueHHe pH B arek-
TpoJauTe cepeGpeHnss 3aBHCUT OJHAKO OT PA3JHYHBIX (aKTO-
POB M He MOXKET PacCMaTPUBATHCH KaK €IWHCTBEHHBIH KpH-

Tepuii pa6oToCNOCOOHO-
40\ CTH 3JIEKTPOJIHTA. B ocC-
s HOBHOM 3HaueHue pH
]
S { |
[
R -
S 40 S S 2
N Y ! 3
] S
S \ R PN
2 g
S 20 \ N N r \
S AR N4 N
N \ 2 \\ SS \c
3 N 3
S S‘ '&Q:\c N
3 7T [~ 8
70 3
I
0 40 60 120 760
V4 Jo 60 90 Codepmanue wumpama
COTEPMAHUE NTISOHAMAT HAMPUR, E/77 /mﬂaﬂ e/
Puyc. 11. 3aBHCHMOCTb YIeJbHOIO 3JIEKT- Puc. 12. 3aBHCHMOCTb YyIeJbHO-
POCONPOTHBJEHHSI 3JeKTPOJHTAa OT CO- IO 3JIGKTPOCONPOTHBJIEHHS 3JIEKT-
IepxKaHHs Kap6Gonarta. OGO3HaYeHHsT Te posHTa OT COAepXKaHHs HHTpaTa
JKe, 4TO Ha pHC. 9 KaJaus

3JIEKTPOJINTA ONpeJlesieTcs CoAepKaHHeM LHaHUAA H Kap-
6oHata. O6a KOMIIOHEHTa 0Ka3blBAIOT clelln(HuyecKoe BJIHA-
HHe ¥ Ha [IPOLeCC OCaXKAEHHUS.

PactBop, comepxamufl meloyHO# LHAHH[, BCJEICTBHE
THAPOJIN3a HMEeT 1eJ0UHYI0 peaknuio. C yBeJHYEHUEM KOH-
HEeHTpanuu LuaHuja Ka/lus BejnuuHa pH pacTBOpa IOBHI-
maercsl (puc. 7). Kap6oHat, mpuCYTCTBYIOIHUHE B 3JEKTPO-
JAuTe cepeGpeHus, NpefoTBpalllaeT rHApOJIM3 uuanuna. Ha
puc. 8 moxasaHo TOBBILIEHHe 3HaueHus pH B 3aBHCHMOCTH
OT cojep:KaHus kap6oxara Kanaus [37].

DJIEKTPONUTHUECKOE CONMPOTUBJEHHE LHAHUCTOTO 3JeK-
TposuTa cepebpeHusi cocrasaser or 5 go 20 Owm/ma [20].
C yBesqHueHHEM TeMNEPATypHl 3JEKTPONPOBOJHOCTb PaCTBO-
pa noBeimaercss [38]. KoHuentpauus cepeGpa majo BJHs-
eT Ha 3JIeKTPONPOBOAHOCTb PacTBOpa. 3HAUUTEJbHO YBENH-
YUBAIOT 3JeKTPONPOBOJHOCTh pacTBopa Kap6GoHaThel. CBO-
GonHBIH UMAaHUA U N0GaBKH HUTPaTa M THAPOOKHUCH KaJjusd
TaKKe MOBBIIIAIOT 3JE€KTPONPOBOJAHOCTL PacTBOPA.
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Codepmanue napdowama nanus,e/n

Puc. 13. UViaMeHeHHe YHeJbHOrO

5JIEKTPOCONPOTHBIIEHHS pacrBopa

uHanuna kKanaus (25 r/n) npu noGaB-
JIeHHH KapOoHaTa KaJHus
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Codepmanue weroynoeo
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Jnekimponpodod-
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Puc. 14. DJNeKTPONpPOBOAHOCTH pac-

TBOPOB IHaHHIa Kajaus (I) W umuaHH-

na HaTtpus (2) omuHaKoOBO#i MoJasp-
HOCTH
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N
S 7760
S o jd § g5
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§ 1,120 / §§/ 013 > —
S 71002 SV =
N

S /080 S o0

o Ww o 80 4 q905 a7 413

Codepmarue waodonama Lodepmanue wenowwoco yuarida,
wanuUR, N rons/n :
Puc. 15. 3aBHCHMOCTb NJOT- Puc. 16. TInoTHOCTb PacTBOPOB LHaHUpma Ka-

HOCTH 3JIEKTPOJIKTAa OT conep-
KaHHs kapGoHaTa KaJjaus
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Puc. 17. 3aBHCHUMOCTb BSI3KOCTH DacTBO-

poB nuanuga Kaiaus (I) M nuanujga Har-
pus (2) OT HX KOHUEHTpauHu

aus (I) 1 IMaHUKA HaTpHs (2)
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Puc. 18. 3aBICHMOCTb BSI3KO-
CTH LHAHHCTBIX 3JEKTPOJHUTOB
cepeGpeHHsT OT TeMIepaTyph
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Ha puc. 9—12 npuseleHb 3aBHCHMOCTH 3JeKTPONpPO-
BOJIHOCTH pAacTBOPA OT KOHIEHTPAIHH B 3JEKTPOJNUTE Ce-
pe6pa nuaHuna, kap6oHara u Hutpara kanus [20].

W3 puc. 13 cienyeT, 4TO yIeJbHOe 3JEKTPOCONPOTHBIIE-
HHe pactBopa, coxep:xkamero 25 r/a KCN, nocre noGasie-
HHS K HeMy KapOOHaTa KaJ/lus CHHXKAaeTcs NMpHOJIH3UTENbHO
Ha 19 Om [13]. Baaronapsi nepemMemnBaHuIo, KOTOPOe MPo-
HCXOJIUT BO BpPeMs 3JIEKTPOJIH3a, 3JE€KTPONPOBOJHOCTD B OT-
JeNIbHBIX MecTax 3JIeKTPOJNHTa MOKeT MeHATbes [39].

35,5

§ // </
N
NN Puc. 19 3aBHCHMOCTH IIO-
I BEPXHOCTHOTO HAaTSIKEHHS OT
S KOHLGHTPALMH CMadHBalolLe-
RN ro BelecTBA B IHAHHCTOM
;‘}g J4 3JIEKTPOJIHTE CepeCpeHHs:
SR ( 1, 2 — Toprosple  CMauyHBaloO-
< s 2 L(He BeliecTBa

£

JJ

20 40 60
Yucno nocpymerud

3HAUUTENbHO OTJIHYAIOTCS MO 3JEKTPONPOBOJHOCTH pac-
TBOpPHl cOJIeH HaTpusi u KaJjusi. [Ipm paBHOH MOJIAPHOCTH
3/JEeKTPONPOBOJHOCTb COENUHEHHH, COAepxKaLUX HATpHH,
MeHbIIe, YeM 3JeKTPONPOBOIHOCTb COEJUHEHHH COJEeH Ka-
JIisi, Kak caenyeT u3 puc. 14 [16].

[TsoTHOCTE pacTBOPOB BO3pAacTaeT C yBEIHMYEHHEM KOH-
ueHTpauuu kKapOoHata M nuanuaa xanusi [40], mpuueM B
IPUCYTCTBHH cOJIeld KaJjusi oHa OoJsblie, 4eM B pacTBOpe
coJiefl HAaTpUs TPH OJMHAKOBOI MOJSIPHOH KOHLEHTPAaLHIl
(puc. 15 u 16) [16].

XapakTepHasi 3aBHCUMOCTb BSI3KOCTH OT OTHOCHUTEJIbHOM
KOHIEHTpAlUH OUaHuAa M KapOoHaTa KaJjus, a TaKke OT
IPUPOLBI IIeJOYHOTO KaTHOHA INpHBeJeHa Ha puc. 16—17, a
OT TemmepaTypsl — Ha puc. 18 [39].

Ha puc. 19 npuBeneHa 3aBUCHMOCTb ITOBEPXHOCTHOIO
HaTs2KeHHs OT KOHIEHTPallui cMauuBamoomux Bemects [40].
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4. RaronHoe ocaskaenne cepeOpa
Mexanuszm npoyeccal

[Totenuuasn cepebpa B UHAHHCTOM 3JeKTposaute Ha 1,3 B
oTpulaTeJbHee HOPMAJBHOTO NMOTEHNHAaka (OH COCTaBJSET
B 3JIEKTpoJIuTe 0ObYHOTO cocTaBa okoso 0,4—0,5) u moso-
JKHUTe/bHEe IMOTeHIHaska BOAOPOJA, 3HAaueHHE KOTOPOro B
mesoyHoM pacteope cocrasaser 0,7 B. Heo6xomumo Ttax-
JKe TPHHUMATh BO BHUMaHHE U MePeHanpsi)KeHUe BbIIEIEHHUS
BOJOpPOJa Ha NMOBEPXHOCTH cepeOpsiHOTO 3JekTpoaa [43].

Coramacuno C. I'eccroHy, mpH ocaxJeHHH cepebpa HU3
0,1-H. pacTBOpa uHMaHOapreHTaTa HE3aBHCUMO OT KOHIIEH-
Tpaluu cBOGOIHOTO I[Ha-

7100
HUJA TUIOTHOCTb TOK3, g o
IpH KOTOPOHM HauyuHaeT- N4 7
- RN /

Csl BLULENEHHE BOXOPO- 3 T vl
11a, COCTaBJIsSieT IpUMeP- R X 400 i
HO 2,5-10—% A/nm2. LN

CoBMecTHOe BhIeJ/Ie- S
HHe IIeJOYHOro MeTaJ- g 45 L0 4540
Ja u cepebpa u3 nua- fnomnocmeo mona, Afdr1?

HHCTOTO  3JIEKTPOJIHTA .

Puc. 20 KpuBble KaTOHHBII HOTeHLMAN —
HEBO3MO2KHO, TaK KaK qjoTuocTh TOKa B LHaHHCTOM 3JEKTPOJNUTE
OTEHIKAJ BOCCTaHOBIIe.  CPechesta Kmempatlia csoconiore wha-
HHUSI HOHOB LIEJOUHOTO
MeTajjla 3HA4YUTeJNbHO OTpHIlaTeJNbHee (HOPMAaJIbHBI IIO-
TeHIHasJ  nasg xanaus 2,9 B, naa warpust 2,7 B).

Muenue, Brickasannoe C. I'meccroHom u mo3xke A. Ioa-
3yHoBelM ¥ M. Illlnorrepom 06 06pa3oBaHHU B LHAaHHCTOM
3JIEKTPOJIHTE KOMIJIEKCHLIX KAaTHOHOB, H3 KOTOPBIX JIOJXKHO
ocaxjaartbesi cepeGpo, HEOMHOKPATHO OmpoBeprasoch [24].

OueHb He3HAUHTeNbHasi KOHIEHTpPAunHsa HOHOB cepebpa
B LHAHUCTBIX 3JEKTPOJUTax cepeOpeHHUs], MO KpalHel Mmepe
npu 6GOJbIIOH KOHIEHTpalUuud CBOGONHOTO IHAaHHUIA, HCKIIO-
4aeT BO3MOXKHOCTb BBIJEJEHUS IPOCTOTO THUAPHPOBAHHOLO
HOHa cepebpa IO CxeMe:

[Ag(CN),]— = Ag* + 2CN-, (28)
Agt+e=Ag. (29)

1 O xatomnoM oca)kueHHH cepeGpa U3 pPacTBOPOB HPOCTHIX coJieil,
HanpuMep nuTpara cepeGpa, cM. paGoTnt [41, 42].
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C noBHILIEHHEM comepxKaHug LHaHUuAa B 3JEKTPOJIHUTE
KOHIIeHTpalusad HOHOB cepeépa B HEM pE3KO CHHXKAeTCH:

KoHpeHTpauusi UMaHHAa Kanus KoHueHTpauus
nonos Agt
0,25-. KAg(CN)q-pactBop 10—11
0,25-u. KAg(CN)2+0,025-u. KCN 10—17
0,25-1. KAg(CN)2+40,25-u. KCN 10—20

E. Pay6 u B. Byabxopct, ucxonss U3 HepaBHOMEPHOTO
XO0lla KpPHUBOH IIOTHOCTb TOKAa — KATOAHBIH IOTEHIHAJ
(puc. 20), 3ak/a0YuaIHN, YTO OPU OocaxKJaeHuu cepebpa B MpH-
KaTOIHOM CJIoe JOJIXKeH 06pa3oBBIBATHCH KOJJIOUIHBIA IHa-
nux cepe6pa [Ag(CN)] no cxeme:

[Ag(CNz]— = [Ag(CN)] + CN-. (30)

B TabJi. 4 mpuBeneHo colepxKaHHe IHaHHUAA cepebpa B
KaTOAHBIX OCaJKaX IO MaHHBIM XHMHUECKOTO aHaJsu3a.

) Tabruya ¢

CopepxaHde LMaHMAA B ocajke cepeGpa, NOJy4eHHOM
U3 LMaHucToro anekTpoaura (20 r/m Ag) npu temneparype 20° C

NaCN .;06, CocTosiHHe IMnothocTs Toka | CORepkanme wu-
/a1 5JIEKTDOJIHTA A/nm? aH“»'(l:OBMOaC&Ig;e %
10 Crioko#iHoe 0,3 0,22
10 ITepemeiunBanue 0,5 0,1
10 » 1,5 0,05
100 CriokofiHoe 0,3 0,01
100 IlepememnBanne 1,5 Creppl

M3 rtabmuubl cienyer, 4TO IPH HHU3KOH KOHILEHTpAlUH
cBOOOJHOrO LHAHHNA B 3JEKTPOJUTE B KATOAHBIH OCaIOK
BKJIOYaeTcsl Haubosblllee KOJHYECTBO LHaHHAA cepebpa.

M. @unmrux v X. Tepumep [8] B pesysnbrate H3Mepe-
HUA IVIOTHOCTH TOKa oOMeHa Npu ocaxaeHuu cepebpa B 3a-
BUCHUMOCTH OT KOHLEHTpPalMH IHaHHAA NPHUULIH K BBIBOLY,
4TO B 3JIEKTPOJHTAX PA3JHYHOTO COCTaBa IMPOIECC JOJKEH
NPOTEKAaTh N0 Pa3JHYHBIM MeXaHH3MaM.

Ecny KOHUEHTpaUHusl LHaHWIA JEeXHT B 06JacCTH KOH-
nenTpauuil Huxe 0,1-M, TO IPOMCXOZUT OCaxKAeHHe H3 IHa-
HuJa cepebpa:

[Ag(CN)s]>~— [Ag(CN)] + 2CN-, (31)
[Ag(CN)] + e—>Ag + CN-—. (32)
Ilpu Goslee BLHICOKOH KOHLEHTpaLHH LuaHuga cepebpa
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(Bbime 0,2-M) KaTogHas peakUHus 11POTeKaeT C BblAEJEeHHEM
cepebpa M3 JULHaHapreHTara:

[Ag(CN)s]*~— [Ag(CN):z]~ + CN-, (33)

[Ag(CN);]~ 4+ e—>Ag + 2CN—*. (34)

®. Xabep u I'. Bonsienziep elle paHbile yKasanid Ha BO3-

MOXKHOCTb IIPSIMOTO paspsija LHAHHCTOTO KOMILJeKca ce-
ebpa.

P § ®umep [24] mo Xo@y KpHBOH IUIOTHOCTb TOKa —

[OTEeHIHAT Takxe 3aKJIOUHJ, UYTO ocaxkieHHe cepebpa B

48
-06 —= [ aq7
=04 N = Q
/ f . g6
02 ,//‘f * f § ! i
’ s § o ¥
Yy — 'T?_.._"_,_:_,___ §gg
*0 R ]
N YOS 24
# 02 fmer - L 03 2
N ]
* 04 N S0z
. } $
tq,d?j q7
08
aJ 7 2 3 4 5 g6 aJ a4 06 12 16 20
Irbubanenin yuarulde Mnomuocme mona, A/ omn?
Puyc. 21 ViaMeHeHHe TIIOTeHLHajaa Puc. 22. BiusiHMe mnepeMellHBa-
AgCN B 3aBHCHMOCTH OT KOH* HHUSL 3JIEKTPOJHTa Ha KaTOAHBbIY
ueHTpanHd NaCN TOTeHIHaJ:

1 — Ge3 nepeMelIMBaHUsA; 2 = CJa«
Goe IepeMellHBaHHe; & — CHJlb+
HOe NepeMeluHBaHHe

3aBHCHMOCTH OT COCTaBa 3JIEKTPOJHTA ONpeJesseTcs pas-
JUUYHBIMH TnponeccaMu. [Ipu sJeKTpOMETPHUYECKOM THTPO-
BaHHH (pHC. 2]1) OOHapyKeHO, UTO CTAlOHAPHHIA IIOTEH-
LyaJj U3MeHseTCs TOJBKO B 00J1ACTH HU3KOH KOHIIEHTpaLHH
LHaHula, B TO BpeMs Kak npu 0oJiee BBICOKOM COIepKa-
HHH H3MEHEHHsI ero He3HauuTeabHbl. [lomoGHBIM XKe 006-
pasom NEHCTBYIOT Ha XOJ KPHUBOH ¥ TeMIepaTypHble H3Me-
HeHHsl.

I/ISMGPEHI/IE KaTOJAHOroO IOTeHIlMaJla B HHAaHHCTOM 3JIEKT-

* CM. takke pabory E. A. Heuaepa u P. IO. Bexa («daextpoxn-
Musi», 1966, 1. 2, c. 150). ({Tpumn. ped.)
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posnuTe cepe6peHUsT OTHOCHTEJNbHO TPYLHO U He BCerna Jaet
BOCIIPOU3BONYMbIE Pe3yabTaThI.

H. Ipomusea u . Byn [20], uccienys BausiHue pas-
JUYHBIX ()aKTOPOB Ha KaTONHHINM TOTeHLHAaJ], IoKasdanu
(puc. 22), uTo moc/eAHU# 3aBUCUT OT HMHTEHCHBHOCTH JIBH-
XKEeHHUs 3JeKTPoJHuTa. B 3aBHCHUMOCTH OT CKODOCTH IepeMe-
INMBAHUSI aBTOPHl ONpefessi/id, Yeped Kakoe BpeMsa (B ce-
KyHIaX) Iocje IepepblBa TOKA NOTEHIMAJ] KaToja TPHUHU-
MaeT HCXOJHOe 3HaueHHe.

Bo Bpemsi 3JekTposu3a H3MeHseTCHd KOHLEHTpAIUs
ssmektposaura. OH OGosee u/IM MeHee CHJIBHO OOerHseTcs
paspsKarmliuMUCa HOHaMH H oboramjaercs ApyruMmu. Kou-
HeHTpaLus NOJSPHBIX OPraHHYeCKUX BellleCTB B 3aBHCHUMO-
CTH OT UX 3apsilla B KaTOLHOH IJIeHKE TaK¥Ke IOBHIIIAETCS
win yMeHbwaercss. boarogaps usmeHenuo pH uim Besen-
CTBHE KATOJLHOTO BOCCTAHOBJIEHHS B KaTOLHOH IJIEHKe MoO-
TyT BO3HUKHYTb HOBBlE COEJHHEHHs. DTO BO3MOXKHO BCJeEJ-
CTBHE TOTO, YTO BBUJIY 3HAUUTEbHOrO NaJeHHs HaNpsKeHUst
BOJIM3M KaTona LUAHHCTHIH KOMIJeKC Je(opMHUpyeTcs U
pacnanaerca. bBuaromaps 3THM H3MeHeHHSIM KaTogHas
NJieHKa OTJHYAaeTCs OT OCTAJIbHOTO 3JIEKTPOJHTA He TOJbKO
0 XUMHYECKOMY COCTaBY, HO M IO (PH3HUECKHM CBOHCTBaM.
[TnoTHOCTH, BA3KOCTb, IOBEPXHOCTHOE HATsSXKeHHe CJIOEB,
JeXallHX HEeNOoCPeICTBeHHO BOJM3H KaTOAa, BJAHAKT Tak
e, Kak IepeMellNBaHHe M TeMIeparypa 3JeKTPOJHUTa
Ha ToaIuHy nuddysuorHoro cios. [Ipu pasauyHoi TosIH-
He AU Hy3NOHHOrO £J10s BeJHUYHHA M XapakrTep IepeHamnps-
XKeHHUs Ha KaToge TakK:kKe pasjiMyHbl, 4TO HMeeT 3HauyeHHe
IJIS1 OCaxKJIeHHs MeTaJsja. J[BHKeHHe KHAKOCTH, KOTOpOe
BO3HHKAeT BCJEICTBHE pPAa3JIMYHOH TOJIUHHBI KaTOAHOH
NJIEHKH, TaKXKe BJHUSAET Ha HPOIecC OCAXKAEHUS H IOJAPH-
sanuio [44].

ITroTHOCTE TOKA

HonyctuMmasi MJIOTHOCTb TOKA, T. €. IVIOTHOCTB TOKa,
IpU KOTOpPOH 00pasyoMmuics ocalok IoJyd4aeT Heob6xomu-
Mble CBOHCTBA, 3aBHCHUT B 3HAYHTeJLHOH Mepe OT COCTaBa
3JIEKTPOJIHTA. B OOLIYHBIX LMAHHUCTBIX 3JIEKTPOJHTAX ceped-
peHust oHa cocrasiser 0,5—1,5 A/nm2 DBoJsee BEICOKas
MJIOTHOCTb TOKa AOMYyCKaeTcs TOJBKO B TOM CJiydae, eCJH
NPUMEHSIOT [epeMelInBaHUe 3JIeKTPOJINTA, PeBepCUPOBAHHE
MOCTOSTHHOTO TOKa HJIM HAJIOXKEeHHE NEePeMeHHOTO TOKa Ha
MoCcTOsIHHBIA. BBelleHHe clenuasbHBIX H0OGABOK B 3JIEKTPO-
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JIUT TaKkKe MOXKeT 3HAYUTeJbHO PAaCHIMPHUTL MAOMYCTHMbIE
IHana3oHbl IVIOTHOCTH Toka. Hapsamy ¢ 3THM  0Ka3bBaloT
BJHSIHHe TOJILHMHA I10JIy4aeMOro ocajka H reomMeTpuyeckas
(opMa Karoza.

Hau6onee cuabHo mpopuiupoBaHHBIE AeTaju TpebyloT
npuMeHeHHst Gojiee HH3KOH NJIOTHOCTH ToKa. B asexrtposu-
TaX, COAEpKAalUX HOHBI

kaads, Moryr npume- 9

HATBCS GOJiee BBICOKHE e
IJIOTHOCTH TOKa, ueM « 47 r—

npu nenosbsoBamum  § | Ll
5JIEKTPOJNHTOB C COJISIMHU 4 "
HaTpHA. .

P. 10. Bek u E. A. He- /4//
yaes [45] uccaenoBany /

[
96

/
H. T. Kynpsasues, //’

Aromnocms mond, Afdm?
o~ .
N =

MaxkcuMaJibHO J0NYyCTH-
Myi0 IIJIOTHOCTb TOKa

(SN I

NpH pasiUYHBIX TeMIIe- , 72|, @
paTypax 3JeKTpoJuTa B 2 g 0 T
3aBUCUMOCTH OT KaToH- Hanprrenue, 8

HOro IMoTeHlHaljla U Oll-

Puc. 23. 3aBHCHMOCTb KaTOMHOTO IIOTEHs
penesidgaan KauecTBOM I10- IHala OT IJIOTHOCTH TOKa H TeMIepa-
JIYYEHHBIX OCaKOB (pHC. PR

. I — cBerabiit  Gnecrsimiuit ocamok; [I—
23) HO MHEHHIO aBTO WHIKooGpasHble HapocTsl; [I] — mepo-
PoOB, Jonycrumasa IIJIOT- XOBaThId MaTOBBIi OCamoK
HOCTb TOKa oIpenenseT-
cs1 6oJiblIedl UM MeHbLIel CKOPOCcThIo angcopbuun CN—-noHa
Ha xatoge. ITomoOHBIM 3Ke 0OpasoM MOJKHEI BecTH cebs
OnmpeleJ/ieHHble cepyco/epzKauiue COeAHUHEHHsI W YaCTHYHO
HUOHBI HI€/JOYHBIX MeTaJla0B.

Boixod no roky

BeIXo4 10 TOKy B HMaHUCTHIX 3JEKTPOJHTAX cepeGpeHus
cocraBsseT okoso 100%. OH 3aBHCHT OT mNpUMEHSAEMOMH
IJIOTHOCTH TOKA H COCTaBa 3JIEKTPOJNHTA. [lOHHMKEeHHBIH
BHIXOJI 10 TOKY (<C100%) He Bcerma o6ycJ/IOBJHMBAETCS BHI-
JeJleHHeM BOJOPOLA M APYTHMU MOGOYHBIMH HpoLeccaMu
BOCCTAHOBJIEHHUS. B mepemMemuBaeMbix HAHUCTHIX PacTBOPaX
MOXKeT NPOHUCXOJIHUTh YACTHYHO oGpaTHOe PacTBOPeHHe Ka-
TOJHOTO 0cajaka cepebpa.
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Pacceusatoujan cnocobrocts

KauecTBo ranbBaHHYecKOro ocajgka cepe6pa 3aBHCHT
B 3HAaUUTEeJbHOH Mepe OT PaBHOMEPHOCTH paclpeleseHus
€ro Ha NOBEPXHOCTU OCHOBHOTO MeTaJia.

CorsacHo uccienosanusim E. Pay6a [46], pacnpenesne-
HHe TOKa B IIMAHHCTOM 3JIEKTPOJIHTe cepeOpeHHs] B 3HAuH-
TeJbHOI Mepe ONpefe/seTcs KOHLEHTPAUHOHHOH MOJSpH-
3anues.

Inst xapaKTepHCTHKH pacHpesieJieHHs ocajka MeTaJja
B raJbBaHOTeXHHKe INPHBOAATCS Pas/jUuHble NOHATHS, KO-
TOpHIe CyLIeCTBEHHO OTJHYAIOTCS APYT OT npyra [47].

PaccenBalomas cnoco6Hocth («Streufdhigkeits) yxka-
3bIBA€T HAa pasjMyHe B TOJILIHHE rajbBaHHYECKOTO MOKPBI-
tua. Ilonarue «rny6una pefictBusi» («Tiefenwirkungs) !
XapaKTepU3yeT CIJIOLIHOCTb NOKPHITUS Ha penabedHOH mo-
BEPXHOCTH.

PasnuualoT MakpopacceMBalOMyI0 H MHKPOpacCEeHBAalo-
mylo crnoco6rocTH. IIpu MakpopaccenBaloomiell cnocoGHOCTH
(MakpopacceuBaHue)  pacnpefeseHHe  MeTaJJHYECKOTro
ocajgka NMPOHCXOLUT Ha MakpompodHie MoBepXHOCTH. MHK-
popaccenBalolasi CocoOHOCTb XapaKTepusyeT paclpesesne-
HHe MeTaJjijia 0 MHKponpodmuiio, Korma ¢axTophl, onpene-
JSIIOIHE MaKpopacceMBaHHe, He SBJIAIOTCA  peLIAIOUIHMMH.
BrlpaBHUBaHHe He HAEHTHYHO C MHKPOpacCceHBaWOUIeHd cHo-
co6HOCTbIO. BhipaBHHBaHMe MHKpopeabeda MHOBEPXHOCTH
NPOHCXOAUT B TOM CJ/ydae, €ClIM NJIOTHOCTb TOKa B yrayo-
JIEHUSIX OKa3blBaeTcsl 0OJblle, YeM Ha BBICTYNAIOMIUX Me-
CTax, BCJAENCTBHE Yero MeTaJslJl ocaxAaeTcss Ha HHX c 60Jb-
el CKOpPOCThIO.

MaremaTtnueckoe onpejesneHHe pacnpefeleHus MeTralnla
Ha M3JeJHSIX HEOLHOKDATHO CJIYXKHJIO NPeAMeTOM H3BecT-
HBIX HCCeNOBaHuil B 3Toit ob6iactu [48]. OnHako meITasice
YCTAHOBHUTb COBMECTHOe HeHCTBHe pa3iHYHHIX (DaKTOpPOB,
HCcAelIOBaTeNd HATAJKHBAJHCh Ha 3HAUHUTEJNbHBIE TPYI-
HOCTH. -

Hapsny c o6mensBecTHHIME (paKTOpaMH, XapaKTepH3y-
IOLIMMH MaKpOpacCeHBAaIOLIYI0 CIIOCOGHOCTh B IMAHHCTOM
3JIEKTPOJINTE cepeOpeHHsi, HMeeT 3HaueHHe pasjiHyHe MecT-
HBIX KOHLEHTpauu#l pacrsopa. Bosee TsxKeable cjoH 3J€KT-
poJsuTa B c(epe AEHCTBUSA aHOHA OCemalOT Ha AHO, a GoJee
Jerkue B cepe HeHCTBHA KaTOZa IOJHHMAIOTCS BBEPX.

! Ymu xporowast cnoco6rocts. ([1pus. ped.)
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BosHuxalomue npyu 3ToM CIBHTH KOHLEHTpAIMH HAYT B
BePTHKaJbHOM HampasJjeHHH. TakuM o6pasoM, paccioeHHe
3JIEKTPOJIUTA C YBeJHYEHHEM INPOLONIKUTEJIbHOCTH 3JI€KT-
posnusa craHoBuTcs nocrostHHbIM [38]. IToBblmenHass Kow-
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Puc. 24. PacnpeneneHde ocajka cepe6pa B IHJIHHADHYECKOH NoJoi dopMe (MaT-
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Puc. 25. PacnpeneiieHde ocajgka cepe6pa H3 IHAaHHCTOrO 3JIEKTPOJIHTa B Y-o6paa-
soM npoduie ray6unoit 3 MM. KaTongHass mioTHocTh Toka 0,6 A/mM?, cHOKORHBIH
9JIEKTpPOJHT, TeMnepatypa 20°C, cpelHsisl TOJNUIHHA ocaika 20 MKM:

a—120 r/n KCN; 6 —60 r/n KCN; 8 ~—24 r/fn KCN. Hlupuna npoduns 0,5 MM
(I)y; 1 MM (2); 2 MM (3); 3 MM (4

LeHTpaluusl NMaHHAA KaJHusf B BePXHHX CJIOSIX 3JIEKTPOJIHTA
CIIOCOOCTBYET YBEJHYEHHIO KAaTOLHOH Nosgpu3anyd. B HUXK-
Hux GoJsiee TSIXKENBIX CJOSIX 3JIEKTPOJHTA, GoraThix cepe6-
pOM, KaTOIHAs NMOJSPH3aLUs YMeHbIIaeTcs. -

JlJis1 mpaKTHYEeCKOrO ONpelesieHHsl pacceuBaloliell Cro-
COGHOCTH HCIIOJIb30BAJNH YCTAHOBKH PA3JHYHBIX KOHCTPYK-
unit [49]. E. Pay6 [46] nmpuMeHs/n LUJIHHAPHYECKHE MPO-
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¢bunn guamerpom OT 3 1o 6 MM mpu TayOuHe npodus
12 Mm. OH yCcTaHOBHJI, YTO BJIHSHHE KOHLUEHTpPAUHH I1es0u-
HOrO LIMaHHJa Ha MakKpOPAaCCEHBAIOILYI0 CIOCOGHOCTb 3JIEK-
TposIuTa cepeOpeHHs] OTHOCHTE/JbHO HeBesHKo. [Ipu HH3KOH
MVIOTHOCTH TOKa pacceMBalomasi CIOCOOHOCTb Jiydlle, YeM
OpY IVIOTHOCTH TOKa, NpeBbimatomiei 1 A/qm2,

B rpaduueckom nzobpaxkeHun (puc. 24) cpemHsis ToJ-
muHa ciosi cepebpa (%) OTkiambiBaeTCs OT BHEIIHETO
Kpast 710 CepeluHbl PO HIS.

ITpumensemuii Pay6om 3siexTposuT cepeOpeHus Comep-
xan 30 r/n cepebpa u 30 r/m kapGoHaTa KaJnus. KoHueHT-
pauysi cBOGOJHOTO IIEJA0YHOrO LHAHHIA COCTaBJsJa COOT-
BeTCTBeHHO 24, 60 u 120 r/m, TemmepaTtypa 3JeKTpPOJUTa
20 u 50° C, naorHocts T0Ka 0,3; 0,6; 1,0 u 1,5 A/nm2.

Ilpu cpaBHeHHH 0CafKOB, KOTOpPbe OBIIM IOJY4eHB Ha
UUJIHHIPHUECKHX W V-00pasHbIX TNPoduIsiX, 0co60 YeTKHX
pasgauunii o6HapyxKeHO He OblI0 (pHC. 25).

PacceuBaomasi cnoco6HOCTb NPH HU3KOM COLEPXKAHUH
uvaHuna Owvlia HanMmeHbwied. IIpu  yBesHYeHMM IIHPHHBL
oTBepcTHs Npodusas ynayumanachb pPaBHOMEPHOCTb paclpe-
nenenuss ocanka. Ilpm wmupuHe oTBepcTHA V-00pasHOro
npodusas 3,2 u 1 MM u raybuse npodunasa 0,5 MM Habona-
JIOCh CHJIBHOE BBHITECHEHHE JKHIKOCTH KOHBeKUHeH. B pe-
3yJbTaTe 3TOTO MOTYT 00pas3oBaTbcd AH(PPY3HOHHEIE CJIOH
U TIOSIBJISIIOTCS. IPU3HAKH MHKPOpacCeuBaHus.

MuxkpopaccenBaiomasi coco0HOCTp HMeeT 3HadeHHe
IJIsl paclpellesieHHs C/I10s MeTajia B TOM clydae, eC/lH Bbl-
coTa NpoQus NOBEPXHOCTH MeHbIIe TOJIHHH AHPDY3H-
onHoro cJjosi. s momBona HOHOB, pa3psKAIOUUXCA Ha
KaTome B 06GJaCTH MHUKpPOpacceHBaHHs, 3HaueHHE HMeIOT
T0JbKO AUGdy3us U 3jekTpudeckuil nepeHoc. Karomgmas
nud¢dysuoHHass NJAeHKA B LUAHHCTOM 3JEKTPOJIHTE MOXKET
ObITh pa3nuyHOH Mo TosmnHe. Ho OHAa penko IpeBHIIaer
10~2 1 10~% cm.

TonmuHa c10s CyLeCTBEHHO 3aBHCHT OT CHJIBI  CIIEIIe-
HHS Ha NOBEPXHOCTH KaTOAA, BA3KOCTH W NApyrux ¢usnde-
CKHX CBOHCTB NOKpbITHSI [16]. KoHBekuusi wiu ABHKEHHE,
HMelonee MeCTo B OOBIYHBIX 3JIEKTPOJIHTAX, NEeHCTBYET B
ONpeJie/IeHHOH CTeNeHH TaKxKe Ha COCTOSIHHEe KaTOXHOH
NJeHKH. BBULY yCHJIeHHOH KOHBEKIMH KOHIEHTPHPOBAH-
HBIA PacTBOp NOABOAUTCS HENOCPENCTBEHHO K MHG(Y3HOH-
HOH mnJieHKe, 6Jarojgapst uemy AU(GGY3HOHHBIA TNepenai B
KaTOJIHOH NJeHKe 6oJjiee pe3kuil U cKopocTb Auddysuu pas-
PSKAIOMIMXCH MOHOB IPH 3TOM YBEJHUHBACTCH.

40



MuxkpopaccenBaolas ClOCOOHOCTb B LHAHUCTBIX 3JEKT-
posnTax cepeGpeHHs: 3aBHCHUT OT COLEPKAHHS B IJEKTPOJIH-
Te cBoGomHOro umanuna. Ilpy BHICOKOH TNJIOTHOCTH TOKa
MHKpOpaccenBalIas crnoco6HOCTb HECKOJNBKO XyKe, yeM
npy HU3KOH. B o6sacTy HHU3KOH KOHLEHTPALMH LHMaHHAA H
HU3KOH IIJIOTHOCTH TOKAa B 3THX 3JEKTPOJHTaX HabJjworaer-
cs xopomasi MHKpopacceHBatomiasi cnocobHocTs [46], xo-
TOopasi NPH H3BECTHBIX YC/JOBHSX, TaK Xe Kak U B KHCJBIX
3JEKTPOJNIHTAX, MOXKET NPUBECTH K KaXKyIIeMycs BhIpaBHHU-
BaHHIO NOBepxHOCTH. [loBEHIIIEHNe TeMIepaTypbl CHHXKaeT
MHUKpOpaccenBawiy crnocobHocTs. [loBHIIEHHE nepBOHaA-
4aJbHOTO colepxkaHus uuanuga c 30 mo 60 r/n yaydmaer
MHKPOpPACCEHBAIONIYI0 CIIOCOGHOCTh, OLHAKO JaJjbHeHInee
NOBBIIIEHHE KOHIUEHTpauun Luanupa no 120 r/n ocoGeHHO
NPH HU3KOH NJIOTHOCTH TOKA NPHBOAUT K YXYAIIEHUIO pac-
npefesieHust ocagka cepe6pa. E. Pay6 otHocur aTtu pasmu-
YHsl B MHKPOpacceHBaloUled CIOCOOHOCTE K MeXaHHU3MY
ocaxaeHus cepebpa.

Ilpn HH3KOH NJIOTHOCTH TOKa AOCTaBKa paspsiKaloluX-
csl HOHOB B IJIyOHHY NpoQHJs ellle OTHOCHTEJBHO BEJIHKA.
OpnHako MOBBIIEHHE TIJOTHOCTH 3HAUHUTENBHO H3MEHsIeT
ycaoBus ocaxaenuss. COOTBETCTBEHHO MNOBBINIEHHIO IJIOT-
HOCTH TOKa yBEJIMYHBAETCsl CKOPOCTb Paspsina, JEKTPOJUT
B ray6uHe npoduns obenHsieTcss OBICTpee paspsKarouu-
MHCST HOHAMH, B KaroJHas NOJSPH3alusd TaM CYLIECTBEHHO
noBbimaeTcs. Ecn MOBBICHTh cofep:KaHue CBOGOLHOTrO IHU-
aHula, TO paBHOBecHe KOMIJeKca cepebpa Hapyuiaercs: Tak
CHJIPHO, 4TO OCa)KIeHHe MeTaJsa B riyOuHe npoduns Oy-
IEeT NPOUCXOIUTE C OOJIBIIMM 3aMe/JeHHeM.

Kporomas cnoco6HOCTb LIHAHHCTOTO 3JEKTPOJHUTa Ce-
peOpeHHs IO CPaBHEHHIO C HEKOTOPHLIMH JIPYTHMH 3JEKTpO-
JIITAMH OTHOCHTEJIbHO MaJja. TOT HEJOCTATOK OCOGEHHO 3a-
MeTeH NPH HAaHECEHHH MOKPBITHH Ha CHJBHO TNPOQHIHPO-
BaHHBIE JIeTaJ/H, a TaKXe B TOM cjyuae, Korna cepeGpeHHIo
MoABEePraloTcs passivyHble MeTaJl/ibl OJHOBPEMEHHO.

Bausnue suda Toka

lnsi raqbBaHHYECKOro OCaxKIeHHs cepebpa NpUMEHSIOT
MOCTOSTHHBIA TOK. B ‘oT/iMuHe OT aKKyMyJATOPOB HJH TaJb-

BAHHYECKHX 3/1€EMEHTOB OOLIYHble BHIIPSAMHTENH, KOTODBIE.

[IPUMEHAIOT B Tra/JibBAaHOTEXHUKE, HE HAalOT IIOJHOCTBIO MO-

cTosiHHOro Toka. OgHako MyJbcalldsi TOKAa He OKas3BIBAET

OTPHLATEILHOIO BJINSIHHS Ha OCafoK cepebpa, mMoJyyaemo-
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rQ. M3 NPOCTHIX LHAHHCTHIX 3JEKTPOJUTOB. B ompeneneHHbix
YCIOBHAX OHA MOXKET OKa3aTh Ja)ke MOJOXKHTeJbHOE JeH-
CTBHe Ha MNpollecC OcCaxkjeHHus. BinsHue ocTaTouHOH myJb-
canuu Ha OJecK OCaJKOB elle He JIOCTATOYHO H3YYEHO H
MOXKeT 3aBHCeTb OT BHAA NpuMeHseMoll OGJeckoobpasyio-
el 1o6aBKH.

Jlns HeKOTOPHIX Iesielf B rajbBaHOTEXHHKE MPUMEHSIOT
HCTOYHHKH TOKa, BhIpabaTbIBaloLie NEPHOJHYECKH HpEephl-
BaeMbIH NOCTOSTHHBIH ToK. IIpu HuU3KOH wacToTe KoJeGaHHH
MOXKHO TOJIyuaThb M3 NPOCTHIX LHAHHUCTHIX 3JIEKTPOJHUTOB
OTHOCHTEJIBHO IVIaJIKHe OCafKy cepebpa. .

B nauane 40-x rogoB 3TOro CTOJIETHS NPOBOJHUIHU OIBITHI
N0 3JIeKTPOJN3y NOCTOSIHHBIM TOKOM C HaJIOKEHHeM Iepe-
meHHoro [50]. Cornacho uccienoBanusim H. T. Kynpsisie-
Ba, P. IO. Beka u M. A. T'ypesnua [21], mo/kHO coxpa-
HATbCS ONpe/leJIeHHOE COOTHOLIEHHE IJIOTHOCTH INOCTOSIHHO-
ro ¥ nepeMeHHoro Toka. MiMeer sHaueHHe TakxkKe dYacToTa
nepeMeHHOI'0 TOKa, HaKJaJAbpBaeMOro Ha NOCTOSIHHBIH.

HsmeHnsis HampaB/eHHe TOKa (pPeBEpPCHPOBAHHE), MOXKHO
moJiyyaTb M3 LHAHHCTBIX 3JEKTPOJHTOB OJiecTSIIHE OCaIKy
cepebpa. O crnocobax nepeMeHBl MOJIOCOB COOOIIANOCH emle
B NIpouioM cToseTHH. TakuM crnoco6oM H3 NPOCTHIX IHa-
HUCTBIX 3JIEKTPOJUTOB cepe6peHust MOryT OBITb HOJIyYeHB
OTHOCHTEJIbHO TOJICThHlE OCaJKH C XOPOIIMMH CBOHCTBaMH.
OnmHako Npu pacuyeTe TOJIIMHBI CJIOSI CAEAyeT YUHUTBIBAThb
aHOJHOE CTPaBJHUBaHHue cepebpa.

X. ®Oumep [24] uccnenoBas NPOUECCH  OCaXKAEHHS ce-
peGpa npu peBepcupoBaHuM Toka. OH NpenJsaraer ciaemyro-
UHHA COCTaB 3JMEKTPOJHTA, T/a:

Cepe6po (B BHmEe UHaHoapreHrata Kamus) . . . . 45—48
Huaunpg kamug (cBoGOmHmIf) . . . . . . . . . 9—35
KapGosar xamug . . . . . . . . . . . . . 70—5B5

CocraB 3/1eKTpoJiuTa BEIOUPAIOT ryIaBHEIM 06pa3oM B 3a-
BHCHMOCTH OT TpebyeMoH cTeneHH OJiecka ocaika, KOTODBIH
JOCTHTaeTCsl W3MeHeHHeM HallpaBJIeHHSl NMOCTOSTHHOI'O TOKa.
CooTHoeHHe BpeMeHH (B CeKyHJNaX) KaTOAHOrO W aHOILHO-
ro nepuogoB cocrasasieT 20:5. Baectamue ocagKku noayyaoT
Npu MJIOTHOCTH TOKa 1o 2-10-2 A/cm?.

Wuorpa pexoMeHayercst 6oJiee GuicTpasi mepeMeHa MOJIO-
COB, NIPHYEM INepPeKNI04eHHe 3JEKTPOLOB MOXKEeT NPOHCXO-
auTh 3a BpeMs go 10— c.
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YabTpassyk

B To BpeMs KakK NpHUMeHeHHe yJIbTpasByka MpH 06e3KH-
PUBAHHM MeTa/IMYECKHX NOBEPXHOCTEH H IPH OCaXkKJEeHHH
M3 KHCJBIX PacTBOPOB 0Kas3asoChb MOJIE3HBIM, AEHCTBHE €ro
Ha KaTOJIHbIE NPOLECCH B IHAHUCTBLIX 3JEKTPOJHUTAX elle OT-
HOCHTeJIbHO HesicHO [51, 52].

A. Ponab [53] mccnemoBan AeiicTBHe yabTpa3Byka Ha
BBIXOZ 110 TOKY W KaTOAHYIO M QHOAHYIO MOJISIPH3ALMIO B IH-
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1 — Ge3 mepeMeLIMBaHHSI H YJbTPAa3BYK3;

2 — cunbHOe MepeMelldBanHe; 3--c yabT- Puc. 27. [elictBHe ynbTpas3ByKa Ha

pasBykoM, 34 kI'm, 0,3 Br/cm? 4—c¢ aHOAHYIO mosasipu3anuio  cepeépa.

yabTpassykoM, 34 kI'm, 0,3 Br/cm? cuas- Temnepatypa 20° C. OGosHaueHHsI Te
HOe IlepeMellHBaHHe Xe, 4TO Ha pHC. 26

AHHCTBIX 3JIEKTPOJIUTAX cepeGPeHHsT B 3aBUCHMOCTH OT IJIOT-
HoCTH TOKa (pHc. 26 u 27). Uro6bl n36eXaTb BOSHHKHOBEHHS
KaBuTalKH, POJJIb MPOBOAMWJ ONBITHl IIPH 4acTOTE 3BYKa
34 xI'm ¥ MakcuMaJ/bHOH HHTeHCHBHOCTH 3ByKa 0,3 B/cm2.
OH yCcTaHOBHJ, YTO BBIXOJ IO TOKY IPH MOBHIIEHHBIX IJIOT-
HOCTSIX TOKa YBeJHYMBAETCs, KATOXHBIH NOTeHI[HAJ OCakK/e-
HHSl CIBUTAETCSI B MOJIOXKHTENbHYIO CTOPOHY H MacCHBHBIE
IVIEHKH NPH BBICOKOH IVIOTHOCTH TOKa Ha aHOMe He o6Gpasy-
totcst. C MOBBILIEHHEM YACTOTHl BJIHSHHE YJAbTPa3ByKa CHH-
xKaercs [b4]. [eiicTBHe yJabTpasByKa MOAOOHO BJIHMSHHIO
CHJIBHOT'O MeXaHHYeCKOTO JIBHXKEHHS 3JIeKTPOJIHTA.

Cr. Puu [55] Tak:Ke yCTaHOBMJ, YTO yJAbTPa3BYK II03BO-
JsieT TNPUMEHATb Gojiee BBICOKYIO IVIOTHOCTb Toka. OmHaKo
0 €ro MHEHHIO, IPHMeHeHHe Y/IbTpa3ByKa JaeT NmperuMylie-
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CTBO IIPH NOJy4YeHUH 6oJjiee TOJNCTHIX C/I0eB cepebpa, mpuMe-
HSIEMOTO /IS TEXHHUECKUX IleseH.

P. Baiinep [52] uccienoBas nokpbiTHsi cepeGpoM, MoJy-
YeHHBIe ¢ NPHMeHeHHeM YJbTPa3ByKa H 6e3 Hero M3 3Jjek-
TPOJIUTA CJELYIOLIEro COCTaBa, I/i:

Cepe6Gpo (B BHIe LMaHOApreHTaTa Kamgusg) . . . 30,0
Huanup xamus (cBoGommblit) . . . . . . . . 30,0
Kap6onar xanus . . . . . . . R 30,0

B ocajnke, nonyueHHOM ¢ NpHMEHEHHEM YJbTPas3ByKa, OT-
MeUeHbI JIMIIb He3HAUHTEIbHbIE Y/IYUIIeHHsI CTPYKTYppl. B He-
KOTOPBIX cJydasx Ha6/0fanoch gaxe yXyAlleHHe KauecTBa
ocankoB cepebpa. [Ipn 3JeKTpOHHOMHKPOCKONHYECKOM pac-
CMOTPEHHH HeJb35l OBbLJIO YCTAHOBHUTH CYIIECTBEHHOH pasHH-
LBl MeXJy OCafikaMH, HOJyYeHHBIMH NIPH NPHUMEHEHHH YJIbT-
pasByka u 6e3 Hero [56, 57].

5. Anopamnt

Pacrsopumoie arnodot

AHoppl, HCnONb3yeMble B BaHHAX cepeOpeHHsi, JOMKHbI
06J1afaTh XOpOUIEH NMPOBOJUMOCTbIO B BO3MOXKHO 0oJiee MIu-
poxo#i o6sacTH NJIOTHOCTEH TOKAa, He NACCHBHPOBATBbCS H
obecrneunBaTh MOCTOSTHCTBO COZLEpPXKAaHHSI MeTajJa B PacTBO-
pe. C npyroil CTOPOHEL, OHH He JOJIKHHBl DacTBOPATHCSH B
OTCYTCTBHE TOKa. XHMHYecKas pPacTBOPHMOCTb aHOJAOB 3a-
BHCHUT OT COJepXkKaHHs L¥aHuna B 3jekrpoaute. [lpu amau-
TEJBbHBIX NEPEPHIBAX JIEKTPOJIH3a cepebpsiHble aHOAH CJle-
JyeT U3BJeKaTb H3 BaHHHL.

— B OHaHHCTHIX 3JeKTPOJHTaX cepeGpeHHs NPUMEHSIOT
TOJIbKO aHOJBl U3 BaJbIOBAHHOTO, DEKPHCTAJIH30BAHHOIO
MarepHuaja. HesHauuTe/qbHOe comep:kaHHe MelH He OKasbl-
BaeT OTPHLATENbHOrO BJHSHHUSA Ha PACTBOPHMOCTb aHOAOB H
He NpensiTCTBYeT 3JeKTpoausy. IlpuMecu TpymHOpacTBOpH-
MBIX MeTa/JIOB CBHHIIA, CeJeHa, Telaypa, NasJaius KOH-
LEHTPHPYIOTCS Ha MOBEPXHOCTH aHOJ A, 3aTPYAHAS HaJjbHel-
Iee ero pacTBOpeHHe.

PacrBopuMocTh cepeOpSIHBIX aHOLOB 3aBHCHT He TOJBKO
OT CTelleHH HX YHCTOTHl, HO B 3HAYHUTEJNbHOH CTEHNEHH H OT
¢busnyeckoro cocrossHus ux. Ilpu 3ToM OKaskIBaeT BJHsIHHE
TaKXKe COCTaB 3JEKTPOJIHTAa H NJOTHOCTh ToKa. CorsacHo
peHTreHOBCKOMY aHanu3y [58] mwiam, o6pasoBaHHBIH Ha
aHoze M3 yHCcTOro cepefpa, COCTOHT H3 TOHKOJLHCIIEDCHOTO
MeTaJin4eckoro cepebpa.
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OcTaToK mI1aMa COCTOUT M3 CBHHIA, XKeje3a U JPYTux
MeTas0B. OH CONEP:KHUT TaKKe OpPraHHYECKHe BellecTBa.

Hekoroprle anonbl u3 cepebpa pacTBOPSIIOTCS BO BPeMs
3JIEKTPO/IN3a YACTHYHO, BO3HHKAIOT ABIPHI, KaK Obl BBHI3BaH-
Hble KopposHell. YacTo ocTaTOK aHOJa UMeEET BHJ, CETKH.

Tak Kak npu 3JeKTpoJsin3e BO3MOXKHO 06pa3oBaHHe aHOX-
HOrO MIJIaMa, KOTOpHIH, momajas Ha KaTof, YXYIIIaeT Ka-
YeCTBO OCaJKa, He0OXOAUMO IPUMEHSITh aHOLHBIE YEXJIbI.

CorstacHo paunbiM I1. IxoHca u ap. [59], B wenounom
pacTBope cepebpo okucasercs ¢ obpasoBaHueM Ag,O u
AgO. OznHako 3TO CIpaBeNJUBO TOJbKO IJIS 3JEKTPOJHUTOB,
He COlepKalluX CcBOGOMHBIN LHAHHA. BrickasaHO MHeHHe,
YTO TEeMHBblE CJIOM, HaXOASAIIMecs Ha MOBEPXHOCTH aHOXa,
yKasbBalOT Ha o6GpasoBaHue OKHCJIOB cepebpa. HaiimeHo,
yro AgsO u Agy03; 06pasyioTcsi mpu aHOMHOM OKHCJIEHHH
cepebpa B pasGaBieHHBIX pacTBopax Miesoyd. Ilpu oGwiu-
HBIX K€ HOPMAaJIbHBEIX YCJIOBHUSIX 3JIeKTPOJHM3a 06pasoBaHHue
OKHCJIOB cepefpa Ha NOBEPXHOCTH 3JEKTPOLOB He IPOUCXO-
nut. Ilpu onpeneneHHBIX YCIOBHSX 3JEKTPOJH3a Ha aHOMe
TIPOUCXOAHT NMEePHOAHYECKOe 06pa3oBaHUe NJIEHKH C uepelo-
BaHHMEM TEeMHBIX U CBETJbIX ca0eB. OIHOBPEeMeHHO MepHOIH -
YeCKH N3MEHSIIOTCS CHsla TOKa W HanpsxkeHHe Ha BaHHe. O6-
pasoBaHHe IJIEHKH HE 3aBHCUT OT UYHCTOTH HMPHMEHSIEMOTO
cepebpa. E. Pay6 n BysabxopeT Hamiu, 94T0 NPH H3MEHEHHU
coCTaBa 3/JEeKTPOJIHTA KaueCTBEHHBIH XOA KPHBOH MJIOTHOCTb
TOKa — HanpsixKeHHe OCTaeTcsl MOCTOSHHBIM. B obsmactn Hus-
KOTO HaNpsXKeHUS WM HEe3HAYHTEJNBHOHN MJIOTHOCTH  TOKA
aHOZHAs NOJSPH3ALHUS Maja H aHOJ PacTBOPSIETCS XOPOLIO.
I1pu GoJsiee BEICOKOI MJIIOTHOCTH TOKA MOTEHIHAJ H3MeHSETC
ckaykoob6pasHo. Ha noBepxHocTH aHoma obpasyeTcs IJIeHKa
XKeJITOBATOTO L[BETA, KOTOPAsi NPH IOBBIILIEHUH HAMpPSKEHHUS
CHUMaeTcs ¥ BHOBb 06pasyercs.

Jlo6aBKa THAPOOKHCH LIEJTOYHOTO MeTaJjsaa B 06JacTH
HU3KOTO HaNpsKEeHHS CHHKAaeT aHOAHYIO0 MNOJSPH3AIHUIO,
uTo 0ODbsICHAETCS pasphixjeHHeM ofpasyloulelics Ha aHOMe
TVIEHKH.

A. Aszam u M. dsb-Ancapu [60] uccienoBanau BaHSHHE
collepKaHusa MeTaJj/ja, CBOOGOLHOTO HHAHHWAA H NpUMEHse-
MOH NIJIOTHOCTH TOKa Ha PacTBOPHUMOCTb CePe6pSIHBIX aHO-
noB. OHH yCTaHOBHJIH, Y4TO cepe6po BO BCEX HCC/ENOBAHHBIX
pacTBOpax Ha aHoje maccuBupyercsi. C Bo3pacTaHuem Co-
InepKaHus LHaHuAa HayaJlo NacCHBHOCTH CABHraercs B 006-
Jactb GoJsiee BEICOKOH MIOTHOCTH ToKa. OG6GpasoBaBmnecs
NacCHBHbBIE MJIEHKH, BEPOATHO, COCTOAT H3 LHaHHIa cepebpa
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H OKHCH cepebpa, noc/IeHssl CHOBA PAacTBOPSETCS B H3OLITKe
uvaHuga. Mexny cnenudHuecKol KOHCTAHTOH NacCCHBHOCTH
M MOJIIPHOCTBIO PacTBOPa CYILECTBYET 3KCIOHEHTHAs CBA3b.
C BospacranueM conepxkaHusi cepe6pa B pacTBOpe PacTBo-
PHMOCTb aHONOB CHHKaeTcs. AHoxHasi nmosspu3anus cepeb-
pa npu conepKaHuu KapGoHarta cBeie 100 T/ 3HauYnTE -

Anodnas nnommocms mona, A/ Grm?
0 G4 48 12 16 20 G4 26 32 0

% -

o~
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X - 400 - - 2 8
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HO HoBHILIaeTcs. Takoe e BJIHSIHHE OKa3blBaeT MNOBBILICHHE
TeMIepaTyphl.

Has Toro, uYTo6bl NMPOHCXONUJIO PAaBHOMEpPHOEe aHOIHOe
pacTBopeHHe cepeGPSIHBIX aHOLOB, aHOJAHASl IJIOTHOCTb TOKA
He NOJIXKHA mpeBbimath 1,2—1,5 A/nm?. Jomyctumas miot-
HOCTb TOKa 3aBHCHT OT cOoCTaBa 3jeKTpoaHra (puc. 28). Ha
NpakTHKe pabGOTaIOT NPU COOTHOLIEHHH NOBEPXHOCTeH aHOAa
K karony 1:1.

Hepacreopumsie arodot

Uro6bl NpeJOTBPATHTb yBeJNHYeHHe COReprKaHus cepeb-
pa B 3JIEKTPOJIUTE HAPANLY C cepeGpSIHBIMH aHOJLaMH, IpHUMe-
HSIOT B ONpeJie/JeHHOM COOTHOLIEHHH TaKxkKe aHOJblL M3 Hepa-
CTBOPHUMOTO B 3JIEKTPOJNHTe MaTepHana. s 3Toro ciayxar
HHKeJb, CTajb, HepKaBelollasi cTajb, NJaTHHA.

OnHako npoTeKallue Ha HEPACTBOPHMEIX aHONAX peak-
LMK OTJHYAIOTCS OT peakuuil Ha cepeGpsHBIX aHOAaX. 3apa-
Hee He/b3d CKas3aTh, IPOHMCXONMT JIH TaKXKe paBHOMEpHOe
NpOXOXKJIEHHEe TOKAa Yyepe3 pasjnyHOro BUAA aHOABL Tak Kak
OKHCJIeHHEe COLepKaLUXCs B JIeKTPOJUTE aHHOHOB ITPOHCXO-
IOWUT NPH 3HAUUTEIbHOH NONSIPHU3alUH, TOK Ha HEPacTBOPH-
MBIX 3JIEKTPOJax He OyJdeT NPOXOAHUTh IO TeX IHOp, MOKa He
6yoeT NOCTHUTHYT MOTeHIHas okucaeHuss HoHoB CN— uau
OH-. C mpyroii cTOPOHbI, Ha XOPOIIO NPOBOASILIUX TOK Ce-
pe6GpPSIHBIX aHOAAX NPH BHICOKOH MJIOTHOCTH TOKa MOTYT 00-
pa3oBbIBAaTbCA NOKPOBHBEIE cjon. Ha puc. 29 npusemeHa
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3aBHCHMOCTD, NOJYYeHHAs NIPH BKJIIOUEHHH B ONHY LieNb Ma-
paJlIesIbHO NJIATHHOBHIX M cepeOpsHBIX aHooB. Ilpm anop-
HOI IJIOTHOCTH ToKa 1,25 A/nM? KoaMYecTBO TOKa, mpoTeka-
[olIero uepes cepeOpsiHble 3JeKTPOIBI, COOTBETCTBYET 061ie-
MY KOJHYeCcTBY Toka. [IpuM 3TOM dYepe3 IJIATHHOBBIE AHOIbI
TOK He npoxonut. [Ipu HanpsxeHuu 1,7 B u mioTHocTu ToKa
1,4 A/nM? TOK mpoTeKaeT TaKXKe H 4epe3 MJIATHHOBBIH 3JeK-
tpox. Ho nmpu Takoii NJIOTHOCTH TOKa Ha cepeOpSHOM aHOME

< 75 —
5 A
Puc. 29. PacnpenesieHde E 60 o 3
TOKa Ha pPAacTBOPHMOM H R Aﬁ/ |- Pt
HepacTBOPHMOM aHoze ST 4 . 9
mromanpio 1 AM? NPH 1o- IS / {;
BBIIIEHHH CHJbl TOKa. E}ia % ,.’
ab =~ 1ONsT TJIOTHOCTH TO- N ’ e ‘
ka Ha Ag-aHome, ac— § - ,’ |
[OJsl TMJOTHOCTH TOKa H3 I ¥ oo o——=
Pt-anome; ad — cymMap- S rars w1 Ag
HBII TOK S o lz

9 15 40 45 60 15 90
Oowar cuna mona, A

HaunHaeTcss ob6pasoBaHue MOKPoBHoro caosi. Ilpu ysesande-
HHH TOJIHHBl 3TOTO CJOs PACTET TaKXkKe €ro COINpOTHBJe-
HHe W aHOAHBIH NpOIecC HAET NPeHMYLIeCTBEHHO Ha IJaTH-
HOBOM aHOJe.

Kak TOMbKO HauHHAeTCsl PacTBOPeHHe MOKPOBHOro CJod
Ha cepeGpsiHOM 3ieKTpose Giaromaps nuddysuu cBoGOLHO-
ro IIeJOYHOro LHaHHAA, TO CHIa TOKAa Ha HeM CHOBa BO3pa-
cTaeT W NJOTHOCTb TOKA Ha NJIATHHOBOM aHOJe COOTBETCT-
BeHHO majaeT. Ho BcaeACTBHEe BBICOKOH NJIOTHOCTH TOKa Ha
cepeGpAHOM 3/eKTPOLe BHOBb 06pasyeTcst NOKPOBHBLIA C/I0H
 npoliecc nosropsiercs. IIpu gajbHedleM NOBHIIEHAN Ha-
NpsIKeHAss Ha CepeGpaHOM 3JeKTpone (opMHupyeTcs TBep-
JIblH, IJIOTHBIHA IIOKPOBHBIH CJIOH.

ITocpeACTBOM WHTEHCHBHOTO JBHIKEHHUs 3JeKTPOLOB 0C-
pasoBaHHe aHOMHBIX MOKPOBHBIX CJI0EB MOXKeT GHITh 3aMell-
JIEHO.

6. CpoiicTBa raarpBaHHYECKHX OCaJIKOB cepefpa

- Pusuueckue csolicrsa

Meramnueckoe cepe6po HMeeT KyGHUECKYIO IpaHeleHT-
pupoBaHHyio pemetky. ITocTosnnas pemertku npu 20°C, no
naunbeiM E. PayGa, cocrasaser 4,0774-10-8 cm. daekrponn-
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THYECKHe OCajKu cepebpa pasjuualoTcss mo GopMe pocra H
pacroJIoXeHHI0O KPUCTAJNJOB B 3aBHCHMOCTH OT NpHMEHse-
MBIX 3JEKTPOJHTOB M YCJOBHI 3JeKTpoausa. [Ipu ocaxne-
HuH cepebpa W3 HUTPATHBIX 3JEKTPOJNHTOB NPH MJIOTHOCTH
toka 0,01 A/cm? kpucramaer ¢ rpausmu [111] wam [001]
pacroJiaraloTcs TnapaJjaelbHO HanpaBleHuo Toka. OmgHako
yxe npu miaorHoctn Toka 0,022 A/cm? KpHcTaslabl pacnosa-
r&lOTCsi IPOU3BOJIBHO.

Ocanky, noJyYeHHble M3 LHAHUCTHIX 3/JEKTPOJHUTOB YiKe
NIPH OTHOCHTEJbHO HH3KOH IUIOTHOCTH TOKA, HMEIOT MEJKO-
KpHCTAJNIHYeCKylo cTpykTypy. IIpn sTom cHauama o6pasy-
IOTCSl OCafKH C 3€PKaJbHO IJIaJKHMH PE3KO BhIPaiKeHHBIMH
rpaHsamMH [100] u ¢ MeHee pasBUTBIMH HeMHOT'O BOJHOOGpas-
HbIMH rpaHamu [110]. O6pasyioTcs Takke 0caiKH ¢ TPaHbIO
[111] Oe3 yeTkuX rpaHuL.

M3 nyaHUCTHIX PACTBOPOB TPYLHO NMOJYYHTb XOPOLIO pas-
BHTBbIEe KpUCTaIbL. [IpH onpeneseHHBIX YCI0BUAX OT/e bHbIE
KPHCTaJJIbl PAcTyT HepaBHOMepHO. KpymnHO3epHUCTHIE, Tpy-
Oble ocafkH 06pas3yloTcs Npex/ie BCero NpH MJIOTHOCTH TOKa,
npeBBIIAONIEH KPUTHYeCKyl0 [23], 4TO MMeeT MecTO 0cCO-
6eHHO Ha yIyaX, Ha TPaHsX U CHJIbHO NPOQUINPOBAHHEIX MO~
BepxHOCTSIX Kartoxa. IIpu BBICOKOH NJIOTHOCTH TOKa MOTYT
BO3HHKATh Ipy6Gble ocafku Gsarofaps BHEAPEHHIO KOJIJIOH-
IIOB M YyKEPOAHBIX TeJ, KOTOpPble HApYIIAIOT POCT KPHCTaJ-
JgoB. Ha dopmMmy ocanka cepebpa BJHAIOT TAKXKE BBIIEJAIO-
muecss My3bIPbKH Ta3a ¥ KOHLEHTpALUOHHbIE H3MeHeHHsS B
NPUKATONHOM cJoe 3jeKTposauTa. CyllecTBEHHO BJIHseT Ha
BUJ ocajka cepebpa Merassa ocHoBaHHs (mopmaoxka). Ecuw
pasMephl peLIeTKH 0CaAKa H OCHOBHOIO MeTaJsa CXOMHBI
Mex 1y cobofi, TO 0CaLOK MOXKET NPOJOJMKATh POCT PELIETKH
OCHOBHOTO MeTaJuia. I[Ipu oTkaIoHeHUH, GoablieM ueM =159,
NpPENMYIeCTBEHHO BO3HHMKAIOT JIBOHHHKOBble 00pa3oBaHHs
[23]. C. Koueprun u M. Kapruna [61] uccienoBanu ciou
cepebpa TosmuHONH 25—50 MKM, INOJydYeHHBIE Ha MeIHOMH
OCHOBE, H YCTAHOBHJIH, YTO CTPYKTYPa UX HMEET OPHEHTALHUIO
[011] u [111]. Ocanxu ObLIM H3YYeHHl C IOMOLIBIO JIeK-
TPOHHOTO MHKPOCKONA H PEHTTEeHOBCKOro aHaJ/u3al.

T. Certu n X. Yuabman [65] ucciemoBastu CTPyKTypy
ocagKoB cepebpa, MONYyYeHHBIX U3 LHAHHUCTBIX 3JEKTPOJHTOB
¢ n06aBKO# cepoyr/iepona, THOCeMHKap6asuaa, THOMOUYEBH-
Hel. Tlpu 3TOM 06HapyxXeHO, 4TO Ha POCT KPHCTAJJIOB OKa-
3piBaeT BAMAHHe BHJ n06aBku. Ha rpansx [110] ocHoBHOro

! O crpyxrype cepeGpsiHEIX OCafKOB CM. Takxke paGoTsl [62—64].
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MeTas1a 06pasyloTcsl 4eTKO BbipaxKeHHsle rpanu [111]. As-
TOpPBl A€Nal0T BHIBOJ, YTO B OCaJKax, MOJYYEHHBIX M3 3THX
3JIEKTPOJINTOB, 06pa3yloTcs MJIOCKHE I'PaHH ¢ OTHOCHTEJBHO
MaJIoH II€POXOBATOCTHIO.

CyliecTBeHHOE BJIHMSIHHE Ha POCT ocajka cepebpa okashl-
BaeT TAKXKe COCTOSIHHE IOBEPXHOCTH OCHOBHOIO MeTaJjia
[66].

CoraacHo wuHTep(epeHl-MHKPOCKOIIHYECKHM HCCJIeN0Ba-
uusim E. Pay6a [67], cTpykTypa NOBEpPXHOCTH OGJIeCTSIIIHX
ocaZikoB cepefpa 3HAUHTEJIbHO TOHbLIE, YeM CTPYKTypa Io-
BEPXHOCTH MeXaHHYECKH NOJHPOBAHHOH NMOBEPXHOCTH.

TBepaocTb YHCTOrO OTOXKXKEHHOro cepebpa cocTas-
aser 26—28 kre/mm2. Ocanku cepebpa, NoNydeHHBIE U3 TIPO-
CTHIX 3JEKTPOJHTOB, HMEIOT TBepLOCTb o0 Bukkepcy, pas-
Hyo 100 xre/mm2, [loGaBieHue K JeKTPOJSUTY GJeckoobpa-
30BaTesell crocoGCTBYET MOBHILIEHHIO TBepAocTH mo 100—
130 xrc/mm2. TBepable ocanku cepebpa, oOcaxIeHHbIE H3 Oie-
CTSILIUX 3JEKTPOJUTOB, HMEIT TBepAocTb 180, a B HekoTO-
pbix cayuasix 200 krc/MM? U BHILIE.

DJIEKTPOJNUTHYECKHE OCAJKH METaJJIOB B OOJBIIHHCTBE
c/lyuaeB HMEIT 3HAUNTENbHO OOJBLIYIO TBEPAOCTDb, YeM II0-
Jy4eHHBIE U3 pacliaBa.

Cornacuo I'. TaMmmaHHY, COCTOsIHHE, B KOTOPOM HaXOIHT-
csl JIEKTPOJNHTHUECKH OCAXKAEHHBEIl METasJ, OYeHb CXOIHO
C COCTOSIHHEM MeTaJlja, NpOIIeJIIero X0JA0AHYy0 06paboTKy.

[Tocse HarpeBaHHsI JEKTPOJUTHUECKHX OCAJKOB cepel-
pa yxe npu temnepatrype 80—100° C TBeproCTb UX HauHHA-
eT CHHXKAThCSl BCJENCTBHE PEKPUCTAJIIM3aLluH, KOTopas 3a-
kaHyuBaercs npu 600° C.

CorsiacHo P. Baiinepy, noBbllIeHHAass TBEPAOCTb raJjibBa-
HHYECKH MOJYYeHHBIX OCAJKOB 3aBHCHT OT HX CTPYKTYPHL
E. Pay6 uccienoBas ocagku cepebpa TOJMIHHOH 1—2 MM,
KOTOpble GbLIH MOJTYYeHBl U3 YHCTBIX 3JEKTPOJIHUTOB C COAEP-
xKaHueM cepebpa 40 /1 U NOBBLIIEHHBIM COJEpPXKAHHEM IIHa-
Hupa Rasaus. Hauswicmiyio TBepmocth (100 kre/mMm2?) umen
0cajgoK, IOJYYeHHHIH NPH KAaTOZHOM NoTeHIHaJe 860 MB.
Y ocanka, MOJyuYeHHOrO NPH KAaTOLHOM mnoTeHuuajne 410 MB,
O6b1a oOHapyXKeHa HauMeHbllas TBEpPAOCTb, paBHas
43 kre/MM2.

Ha TtBepmocTs 06pasoBaHHOroO ocajgka, KpOMe cojepiKka-
HUSA [MaHHA B 3JEKTPOJIUTE, BJHUSIOT TaKXKe IVIOTHOCTh TO-
-Ka M TeMIepaTypa 3/JeKTPOJHTA.

YBesnyeHHe MJIOTHOCTH TOKA MOBBIIIAET KATOAHYIO HOJS-
pH3alHuIo, B TO BPeMsl KaK NOBLIIIEHHEe TeMIEPaTyphl 3JeK-
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TPOJIUTA CHUIKAET €€ M TeM CaMBbIM yMEHbIIAaeT TBEPAOCTb
ocanka. ITocaenylomufi HarpeB ocajka NPHBOJUT K yMeHb-
WEHMIO TBEPIOCTH, KOTOPOe HauHHAeTCs NPU TeMIepaTtype
100° C.

Cornacuo Ha6uaiomenusim I'. Xefinpmanna [68], TBep-
JOCTh rajJbBaHHYeCKHX OCaJKOB cepefpa CHUIKAETCS TaKkKe
nocje AJUTENbHOTO XpaHEHHs MPU KOMHATHOH TeMIlepartype.
[Ipu 3TOM TBepmocTh nagaer co 110 no 65 krc/mMmm2. Ocrartou-
Hasg TBEPLOCTb Yy BCEX HCCIELyeMBIX OCaJKOB COCTaBJfJA
60 kre/Mm2.

ITo nanupm k. @umepa [69], no6aBKu ¢ MaJabIM COLEp-
XKaHHEM Cephl, XOTS M MOBHIIAIOT TBEPLOCTb OCalKa, HO yXKe
Opu KOMHAaTHOH TeMNeparype OHa OHICTPO cHHXKaeTcs. Ha-
NpSI)KEHHOE COCTOSIHHE DEIIeTKH Yy 3THX OCaAKOB He OYeHb
crabuiabHo. Jlo6aBKU ¢ GOJBUIMM COXEpP:KaHHUEM CEPBl CIIO-
co6cTBYIOT GoJlee  AJIUTEJBHOMY COXPaHEHHIO TBepIOCTH
ocajka cepe6pa. [Tocne wacosoro ormycka npu 100° C chu-
JKeHHe TBEPAOCTH He MPOUCXOMUT. TBEepHOCTb CHHIKAETCH
TOJILKO ITI0C/TIe ABYyX4acoBoil TepMooGpabotku mpu 200°C.
Cra6u/bHOe HampsXKeHHOe COCTOSIHHE B Ocajke cepebpa Ha-
CTymaer B TOM cJydae, €ClM B BaHHY cepeOpeHUs HapsanLy c
cepycosepxkamieil 1o0aBKOH BBOJAAT €Ile HEKOTOPHIE Heop-
raHuyecKHe aHMOHBI, HampHMep cylbdar HJIM XJIOpHA, a
TaKXke OpraHuueckue coefuHeHus. COINIacHO NPOBEIEHHBIM
OMBITAM AHHOHHI aeﬂCTBy}OT TOJIBKO BMECTE C CepycojiepKa-
wuMH fo6aBKamul.

H. I1. ®enotves, [1. M. Bauecnasos u M. 1. lesaH [72]
HCCAEe0BANH BJIISIHHE KOHLEHTPALHH HHUKeJAs B LIHAHHUCTHIX
3JIEKTPOJIUTAX cepeOpeHHs H MIOTHOCTH TOKa Ha MHKpO-
TBepnocTh ocanka (puc. 30). CooTBeTcTByMOLIHE pe3y/bTa-
THl GBUIH TIOJYYeHB H 115 N06aBOK, COLEpXKaluX KoOasbT.

[To naunbim I'. Xe#inbmanua [68], TBepmnocTh OcCanKoB
cepe6pa 3HAUMTENBbHO CHHXKAeTCs MOCJIE IOJHDPOBAHHUS
(puc. 31).

E. Pay6, uccienys BAHsSHHE PA3JHUHBIX CIIOCOOOB TIOMH-
pOBaHMs HA TBEPAOCTb rajbBaHHYECKHX OCAaJKOB cepebpa,
crenan caenyollie BHBOJAE. Ha TBeprocTh IOBEpPXHOCTH
TBEpABIX OCaJKOB cepebpa MexaHHYECKOe MOJHPOBaHHE He
OKa3bIBaeT GOJ/IBIIOTO BJHUSIHHSA. TBEpJIOCTh MSTKOTO cepeod-
pa mnocJie CTaJbHOrO MONHPOBAHNS H3MEHSIETCS] 3HAYHTEIbHO.

CornacHo nauubiM A. Kyruesapnura [73], ¢ moMoIIbio

! O Bausnuu TepMoobpaboTku Ha Taepnocm 0canKkoB cepebpa cM.
Takxke paboret [70] u [71].
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pacTBOpa XJIOpHIA Keje3a MOXHO MOJy4yaTbh pas/HYHYIO
OKpacKy Ha NMOBEPXHOCTH cepebpa, KOTOpas 3aBICHT OT J€e-
¢dopmaunu Merasna. OTOT MeTOA MOIKHO HCHOJIb30BAaTh
119 OnpeJie/ieHusi TBePLOCTH 0CafKoB cepebpa.
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Pyc. 31, Bawsinue NOJNHPOBAHHSI TOBEPXHOCTH Ha TBEPAOCTb OCafd-~
KOB cepeGpa, TemmepaTypa 17° C, Ge3 ABHKeHHS:

1 = HENONNDPOBaHHAS TOBEPXHOCTb; 2 == MOJHPOBAHHAS NOBEPXHOCTD;

cocTaB ajekTposura: 30 r/n Ag B Bume KAg(CN),+50 r/n KCN

(¢B06.)+30 r/n K.CO;3 (/); 30 r/n Ag B Bupe KAg(CN).+50 r/n KCN
(cBoR.)+30 r/n+70 r/n G6aeckooGpasoBatenss (/1)

Mo cux mop eme HeT OOLIENPHHATOrO crnocoba ompene-
JIEHHST U3HOCOCTOHKOCTH NOKPHITUH, KOTOPHIH OB ma-
BaJl CpaBHHMBbIe pe3y/bTaThl. Ha H3HOC BJAHSIOT pasiHuHbIe
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(GakTophl, KOTOpble OUEHb TPYIHO OOHAPYXKHTb MJIH OTJe-
JHUTb JPYr OT npyra. Mexay CTpOEHHEM CJIOS U H3HOCOM
CYIIECTBYET OmNpejieseHHas B3aUMOCBSI3b. :

Usnoc 06ycioBaHBaeTcst HArpy3KOi TPYIUMXCS MOBEPX-
wocreit. [Ipupona Tpymieiicss WM CKOJIb3SINEH cpeibl HMeeT
Gousbinoe 3HaueHue 115 u3Hoca [74]. Ilpu stom mpumens-
I0T pasJIMyHble CIOCOGH HenbITaHuH [75].

CorsiacHo P. Baitnepy u I'. Knainy [76] u O. Jlos6uxy
[77], TBepmOCTh MO METOLY BIABJAHBAHHS MOMKET paccMar-
pHBaTbCs KaK Mepa HM3MepeHHs H3HOCa TOJIbKO NpH ompe-
JIeJIeHHBIX yCIOBHAX. M3HOC MeTrasna 3aBHCHT He TOJBKO
OT TBEPJOCTH, HO H OT BSI3KOCTH Matepuaja. OnpeeneHHON
XapaKTePUCTUKOH BA3KOCTH MeTa/lsa fABJAETCS CKJIepOMerT-
puyeckasi TBEpJIOCTb (OnpeneseHHass METONOM liapanaHus).
OnHaKO MeXIy ycpeIHEeHHOH TBEPIAOCTHIO IO METOJYy BJaB-
JIMBAHHUS U CKJIEPOMETPHYECKO!N TBEPAOCTHIO MOTYT CYLIECT-
BOBaTb onpejeseHHble padnnuus. CornacHo ncc/lel0BaHHU-
am P. Bafinepa u I'. Knaiina [76], u3nococToiiKocTh He3Ha-
YHTEeNbHA, €C/H CKJIePOMETpHUYecKasi TBEPIOCTh CHJIBHO CHHU-
JKaeTcsl M0 CPaBHEHHIO C TBEPAOCTBIO MO METONLY BJAaB/IHBA-
Husi. Ecau o6Ge 3TH TBEPIOCTH 3HAYHTENIBHO OTJIHYAIOTCH
IPYT OT JIpyra U €C/lH Heb3sl YCTAHOBHTb YETKOrO chama
H3MepsieMOH TBEPJIOCTH C yBeJHYEHHEM HArpy3KH, TO MOYKHO
PACCUHUTHIBATH HA OTHOCHTENBHO XOPOLIYIO H3HOCOCTOMKOCTb.

[Tpu u3yueHnu rajJbBaHHYECKH NOJYYEHHBIX OCAJKOB ce-
pe6Gpa HyXKHO pa3nuiyaTh U3HOC M pacuapanbiBaHHe MOBEpPX-
HocTH. CorylacHO ONpeJe/eHHI0 M3HOC MpEeACTaBaseT cobOoil
yIajeHHe MeTasljla, B TO BpeMs KakK NpH paclapanblBaHUH
3TO He Bcerja umeeT mecto. [Ipu pacuapanbiBaHHH BJLaBJIH-
BaeMOe TeJO TOJBKO OTOJBHTaeT MeTala B CTOpoHy. [lpu
3TOM MSATI'Kas NMOBEPXHOCTb OKAa3bIBAeT JIMIIb HE3HAUHUTEJb-
Hoe conpoTusienue [78]. Ilpu He3HAUHTENBHOH CTONKOCTH
NPOTUB pacliapanblBaHHs H3HOCOCTOHKOCTH MOMKET OBITb
xopouteil. TBepabie moBepXHOCTH 06/1a1aI0T OTHOCHTENBHO
Xopourell CTORKOCTBbIO K pacuapanbiBanuio. OmHaKO eciu
TBepLas MOBEDPXHOCTb OJIHOBPEMEHHO XpYMNKas, TO BO3HH-
KaeT OMacHOCTb pacIUen/eHHss B MHKPOOG/acTH MOBEPXHO-
CTH MeTaJJia l.

BosHukHOBeHHe  BHYTPEHHHX HamNpsAXKEHHN
MOXeT GbiTb 00YCJIOBJIEHO Pa3lHYHbBIMH NMPUYHHAMH. ¥CJI0-
BHS OCaxKJeHHs, HalpHMep TeMIepaTypa, nepeMellrBaHHe

! VlcenenoBanust H3HOCOCTOMKOCTH CEPEOPSIHBIX MOKDBITHA OMHCHI-
BaloTCS TakxKe B paborax [79—82].
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M COCTaB JEKTPOJNHTA, a TaKXkKe IJOTHOCTb TOKAa MOTYT Bhl-
3LIBATD AHHM3OTPOIHIO CTPYKTYPHl. 3HayHTe/bHOEe BJHAHHE
OKa3blBaeT BHeApenue OJeckooOpasylomux MH06aBOK HJH
IPYTHX UY?KEePOAHBIX BeLIeCTB, HAXONSAIIUXCA B 3JEKTPOJIH-
te. CTpyKTypa OCHOBHOTO MeTaJJa OKa3blBaeT [eHCTBHE
Ha BO3HHKHOBEHHE HANpPSKEHHUS B TOM cJaydyae, €CIH OHa
CHJILHO OTJIHYAETCS OT CTPYKTYPBHl OCaXKIEHHOrO MeTaJsa.

Y ocalnkoB, MOJYYEHHBIX B IHAHUCTBIX 3JEKTPOJIHTAX,
MOKET BO3HHKAThb KakK HanpsKeHHe pacTsKeHHd, Tak H Ha-
npsiKelue cxaTtusi. B oco6bIx ciyyanx, o0coO6eHHO NPH Ocax-
JIEHHH CIJIaBOB, MOTYT BO3HHKAaTh BHYTPEHHHE HaNpSKEHHS
Gsaronapsi HepaBHOMEPHOMY paclpefleJleHHI0 Hampsi:KeHHH
CXAaTHA U pacTsxeHUs. MeX1y BHYTPEHHHMH HamnpsiKeHHs-
MH M JPYTUMH CBOKCTBAMH OCaiKa — TBEPAOCTbIO, MpPOU-
HOCTbIO, TJIACTUYHOCTBIO — HMEETCS OmpeleseHHasi B3auMo-
CBfI3b.

BHyTpeHHHe HanpsiKeHHUs] OKa3bIBAIOT GOJIBIIOE BJIHUSHHE
Ha TIIPOYHOCTh ClemeHus ocaaka. [Ipun Haauuuu Hampsixke-
HUSl PacTAXKEeHHsl, KaK MPaBHJO, NMPOUCXOAHUT OTCAaMBaHHUE
ocanka. HanpsizeHHble CJIOHM NMPU XOpPOLIEH MPOYHOCTH CHEN-
JIEHHs] MOTYT 00pa3oBbIBATb MaJieHbKHE TPELIMHBI, KOTOphIe
OKa3blBAIOT OTpHIATENbHOE BJIHSHHE Ha 3JEKTPONPOBOL-
HOCTb. .

Buyrpennne HanpsixeHHs NpPOSIBISAIOTCS OCOGEHHO OTPH-
UaTelbHO TOIJIA, KOTJA MOBEPXHOCTb OCHOBHOIO MeTaJlja
nepes cepe6peHHeM HELOCTATOYHO XOpoOIIo ouHmieHa. Hamo
NPUHAMAaTh TaKXke BO BHHMAaHHe BO3HHKHOBEHHE BHYTPEH-
HAX HampsXeHWi B ocajKax cepebpa IPH MOKPLITHH HEIpo-
BOJHHUKOB, HampHMep MJIacTMAacChl U KepaMHUYeCKHX MaTe-
pHAJIOB.

CyuecTBeHHOH XapaKTepHCTHKOH cepeGpsAHbIX MOKPLITHI
ABJASETCd MPOUYHOCTDb CIHETMJEHNUS HX C OCHOBHBIM
MeTaJJoM. [l Xopouiero clemieHusi HeoOXOLHMO, YTOGLI
NOBEPXHOCTb OCHOBHOTO MeTaJjJa Oblia cBO6OLHA OT MOCTO-
pOHHHX BellecTB. Ecin cuia croemnsieHHs MaJa, TO 0CafokK
MOXKET yKe BO BpeMs 3JIeKTPOJIH3a UJAH BCKOpPe [oCJe HEero
OTCJIONTbCS OT OCHOBBL. OTclaHBaHHe OCafKa MPOHUCXOAUT
MHOTJa NIPH HarpeBaHMH M IPH ONpPeIeNeHHbIX YCAOBHSX
JIUIIb MOCJIe MPOAOIKHUTENBHOTO XPAaHEHHS Ha cKiaagax. Ya-
CTO HUIrpaloT POJIb B 5TOM BHYTPEHHHe HampsiXKeHHs B Ocal-
Kax.

Xopowasi IPOYHOCTb CLEIVIEHHS HaAOJar0aercs Bcerga
B TOM cJydae, ec/H CTPYKTYpa OCHOBHOTO MeTaJJia BOCIpO-
U3BOJHUTCS B HaHeceHHOM NOKpHTHH. [HeoGxomumo 1pH
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9TOM, 4TOGH OCHOBA H OCAJOK IO THITY PEIIeTKH COOTBETCT-
BOBaJ/IM HJIH MO KpaiHell Mepe GbLIM MOLOGHBI APYT JIPYTY.
Bo mHormx c/iyyasix IPOYHOCTH CLEIJIGHHSI CIIOCOGCTBYeT
nuddy3us MexRTy OCHOBHBIM METaJJOM M MOKPBITHEM.

DaekTpuseckue csolictsa

Cepe6Gpo uMeer GoJiee BBHICOKYIO NMPOBOJUMOCTb, UEM OC-
TaJlbHble MEeTaJ/Ibl. YJejbHas MPOBOJHMOCTb cepefpa IpH
20° C cocrasaser 61,25 mOm~! MmM~2. 3arpsi3HeHIiss B MeTalsl-
Jie BJIHUSIIOT Ha 3J1€KTPHUIECKOE CONpPOTHBJIEHHE.
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cepebpa, comepmamwux cypbMmy (I, 3) u MblbAK (2, 4)
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Puc. 33. 3aBHCHMOCTb 3JIEKTPONPOBOAHOCTH (I, 2) W TBEpPROCTH
(3, 4) ocapkos cepe6pa, copepKamlux cypbMy (7, 3) W MBILUbSH
(2, 4) OT NJOTHOCTH TOKa
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Xopomiasi 3/J€KTPONPOBOJHOCTb NMOBEPXHOCTH OCOGEHHO
Heo6X0/HMa TPH H3TOTOBJIEHUH BOJHOBOLOB B BLICOKOYa-
CTOTHOH TeXHHKe. 3/leChb TOK JNOJIKEH NMPOTEKaThb Hapaselb-

o HO IIOBEPXHOCTH (TaK Ha3hl-

& 2 1" Baemblii «CKUH-3(Q(DeKT»).
Eﬂ ~.. |7 . Tonmuna ciaos, Heo6xoxuMast
% B ‘>/<; t AJS NOJyueHHst 3TOro sddex-
I 2 w0y T4, JEXKHT B Ipelesnax ToJ-
§ / N[ Sf| s WmHB OGBIYHBIX ralbBaHHue-
3 wly TN N CKHX TIOKPBITHI.
H \ Pesynbratel  Hccienosa-
@ 60 Husa [83] BaHsSHUS 1eKTPOIH-
92 06 Al 15

NINOMHOCTs TI0Ka, A)imn?

Puc. 34. BausiHMe MJIOTHOCTH TO~ $
Ka Ha 3JIEKTPONPOBOXHOCTB (I, 2, L 200
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Puc. 35. BnusinMe NPONOJKHTENbHO- Lruna Bonner, s

CTH CyNb(GHIHPOBAHHUS HaA mepexon-

HOC  CONPOTHBJIEHHE OCajKoB  Ce- Puc. 37, KpuBasi OTpaxeHHs
pebpa cepe6pa

Ta U yCJOBHH 3JIEKTPOJIH3a Ha 3JIEKTPHYECKOE CONMpPOTHBIIE-
Hue cepe6pAHBIX OCAJKOB IIPHBEJIEHb Ha puc. 32—34.
VYenvHasi IpoBOAUMOCTb OJIECTAMIUX U TBEPIAbIX GJIecTs-
[MX. OCaJKOB MeHblIe, YeM NPOBOAHMOCTb OOBLIYHBIX OCajl-
KOB cepebpa. ¥ MOKDBITHS, MOJYYEHHOrO H3 CepycojepKa-
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LIHX 3JEKTPOJUTOB HJIH H3 3JEKTPOJIUTOB, CONEPKALIUX Cce-
JIeH, yaeJbHas NMPOBOJAMMOCTb cocTaBiaser 85—90Y%, a vy
MOKPHITHH, I[IOJYYEHHBIX M3 3JEKTPOJIHTOB, COMepKAaLIUK
CYpbMY HJIH MBILIBSIK, TOJbKO 10—25%.

Tepmuueckasi o6paboTka MNOKPHITHE TpU TeMnepaType
100° C mpHBOAUT K 3HAYUTEJbHOMY IOBLIIIEHHIO IPOBOAHU-
MOCTH M CHHXKEHHIO cpenHell TBeproctd. Ha nosenenue
ocajika, COlepKallero cypbmy, TepMoo6paboTka mpakTHue-
CKH He OKasbiBaeT BausaHus. CypbMa H cepe6po o6pasyroT
cMechb KpHCTall10B. MbIbAK BeneT cebsi aHaJOTHYHO
cypbme L. :

Hapsiny ¢ 31eKTponpoBOIHOCTBIO 0c000€e 3HAUCHEE HMe-
eT mnepexojgHoe conporuBaenue [84]. Huxe
npuseneHbl [85] cpenHue 3HaueHUs MEPEXOJHOrO CORPOTHB-
JIEHHS] pa3JINYHBIX cepeGpsiHbIX MOKPBITUI B CPaBHEHUU C HX
yAeJbHOH 3JIeKTPONPOBOLHOCTLIO:

DJIEK TPOJUT Y penbHas IlepexopHoe
T1POBOJUMOCTD CONPOTHBJIEHHE,

MOM—L.Mm—2 MOM
bes no6aBok . . . . . 55,00 5,59
C pmo6aBkoit cepbl . . . 54,50 5,59
C pobaBkoii ceineHa . . 53,00 6,01
C no6GaBkoii CypbMBl . . 30,00 6,86

Ocanxy, NONyyeHHble H3 3JeKTPOJIHTa, COEpKalLEro
CypbMY, BCJIEJCTBHE HX HE3HAUHTEJIbHOH 3J€KTPONPOBOIHO-
CTH HUMeJIH BBICOKOE NEPEXOTHOE CONPOTHBIEHHUE,

[TepexonHoe conpoTHB/IEHHe Y THX MOKPBITHH OCTaBa-
JIOCH MOCTOSIHHBIM B TEUEHHE MPOJOJIKHTEJbHOTO BpPEMEHH.

Ha puc. 35 noxkasaHo BAHAHHE TPOJONKHUTEIbHOCTH
CyJAb(QUANPOBAHUS] HA CpejlHee 3HAUEHHE MEPEXOJHOr0 CO-
npoTuieHusi. M3 3TOro pucyHka cjaegyeT, UTO IepexoqHOe
COIpPOTHBJEHHE CYIb(GUIHPOBAHHEIX 00pA3LOB MOC/IE 3aMBbI-
KaHHSl KOHTAKTa OBICTPO IajiaeT 10 OTHOIIEHHIO K MepBOHA-
4aJbHOMY 3HAUYeHUIO. DTO SBJIEHHE MOXKHO OOBACHHUTL TEM,
YTO OTHOCHTEJBHO MSTKHE CyJAb(UIHbIE CJIOH MO AeHCTBHEM
Harpy3ku KOHTakTa npojasiauBatoTcs. Ha puc. 36 mpusene-
Ha 32BHCHMOCTb IIEPEXOJHOTr0 CONPOTUBJEHHS OT BpPEMEHH
Harpy3ku. Hepes 5—6 MuH nepexoJHOe CONPOTHBJEHHE CHHU-
)kaetcs Ha 50% oT mepBOHaYa LHOrO 3HAUEHHS.

Ha mnepexoZHoe CONpPOTHB/IEHHe OKa3bIBAeT BJHSHHE
U CcOolepXKaHue BJArd B cydbpunHoMm ciaoe. Biaxkuele cion

! O6 u3MepeHHH 3JeKTPONPOBOLHOCTH CepeGpSIHBIX TMOKPBITHI CM.
Takxe paGotel [71] u [83].
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MSTKHM U 1O BJHSIHHEM Harpy3kd Jerko nephopupyorcs.
Co6cTBeHHast TPOBOJUMOCTb BJIAXKHBIX cjI0eB Jjyuie. [Tepe-
XOJIHO€ CONpPOTHBJIEHHE CYXUX Cynb(UIHBIX ciaoeB Ha 50Y%
BHIIIle, Ye€M BJIAXKHBIX.

XpomarHasi o6paGoTKa NMOBEPXHOCTH cepeGpa NpHBOIUT
K MOBBIIIEHHIO NEPEXOJHOr0 COnpoTHBIeHHs [85].

Onrtuueckue csoticTsa

Cepebpo — Guectsiuuil Gesblil MeTa/ll C BBICOKOH OTpa-
JKaTeJbHOH CcrocoGHOCTBhIO. B cBeXenoqupoBaHHOM cOCTOSI-
HUM OH o6jagaer 999%-HOl OTpa)KaTeJbHOU CNOCOGHOCTBHIO.
Coranacno JI. Bocaopdy u A. bayspy [86], B cekTpabHOk
PEMHCEHH HET pas3/nuus MeXAy OJIeCTAIHMH OCaiKaMH U
II0JIMPOBAHHBLIMU OCagKaMU cepebpa.

Ha puc. 37 nokasaH X0/ KpUBOH OTpaxkeHus cepeobpa.

OrtpaxarenpHas crnocoOHOCTb 3€pKaJbHOTO cepebpa
Gaaronapsi 06pa3oBaHUIO HA €rO MOBEPXHOCTH TOHKUX CYJlb-
(UIHBIX CT0eB H3MEHsIeTCA OTHOCHTEIbHO OblCTPO. B BHICO-
KOM BaKkyyMe HaoG0opoT oTpakaTe/JbHast CIOCOGHOCTb YC-
TofunBa .

Xumuueckue csoticrsea

Bnaronaps BBICOKOH XMMHUECKOH CTOMKOCTH cepebps-
Hble TOKPBITHS MPHMEHSIOTCS B XHMHYECKOM annapaTocTpo-
€HHH, TIPH TPOU3BOJCTBE JIEKAPCTBEHHBIX NpPENapaTtos H B
MULIEBOI POMBILIIEHHOCTH.

Hopmanbumil nmotennuan cepe6pa Ag/Agt cocraBnser
+0,799 B. Takum o6pa3om, OHO He PACTBOPSIETCS B KHCJO-
Tax C BblIeJeHHeM BOAOpPOaa. B KHCIOTaX, COMEpKalIHX
OKHCJIUTE/H, OHO GoJiee HJIH MeHee JIETKO PacTBOPSIETCSI.

AsoTHas KucIOTAa pasbenaer cepeGpo  OTHOCHTEIBHO
6bicTpo. Ilpu 3TOM pacTBOpeHHe HAUHMHAETCS Uepe3 HEKOTO-
poe BpeMms, Korma ofpasyercsi JOCTATOYHOE KOJHYECTBO
okHcH a3oTa. IIpoxonKuTenbHOCTE MHKYOAIMOHHOTO Bpe-
MEHH 3aBHUCHT OT KOHUEHTPALHH H TeMIEPaTypPhl KHCJIOTHL.

CepHas KHCJOTa NPH KOMHATHOH TeMmepatype He Jefi-
CTBYeT Ha cepe6Gpo, HO TpPH HAarPeBaHHM pAacTBOPsIET €ro
obicTpo. B pacTBope cepHON KHC/JOTH MIOTHOCTBIO MEHbIIE
yeM 1,7 cepe6Gpo He pacTBoOpsieTcs.

! TlBer ocanxos cepe6pa B 3aBHCHMOCTH OT COCTOSIHHSI MOKpLIBae-
MOIl TOBEPXHOCTH W YCJOBHil OCaXKIeHHs paccMaTpHBaeTcs B paborax
[87, 88].
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B xucsopoaconepikalueli coJsHON KHCIOTE Ha IOBEPX-
HocTH cepebpa o6pasyercsd TOHKas IJIEHKa XJopupaa cepe6-
pa, KoTopas 3allyIlaeT ero OT Ja/JbHEHLIEro pacTBOPEHHS.
[Tapsl, comepxamue XJOPHA aMMOHHUS, pa3beLaloT cepedpo
CHJIbHee, YeM coJfHas KucaoTa. [Ipu pefictBuu razoobpas-
HBIX raJIOTeHOB Ha HOBEPXHOCTH cepebpa 00pa3yoTcs TOH-

20009 '
X
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= 300 o
v <
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§/’00(7 Puc. 38. PocT cynbduaHore
N closs Ha o6paGoranuon (/)
S x 7 u Heo6paGoTaHHOK (2) mo-
600 ,a/ 02 1 BEPXHOCTH cepe6pa
300 -n/’

g 70 20 30 40 50 60 70 60
V/ 7]

KHe TYCKJble TMJeHKH. XJIOpuA Menun obpasyer Ha cepebpe-
HOM MOBEPXHOCTH cepble msATHA [89].

XpomoBas KHuC/IO0Ta padbefiaeT cepeGpo ¢ o6pa3oBaHneM
XPOMATHHIX MOKPHITHH. [IpouHOCTb CLeNVIEHHS 3THX MOKpBHI-
THI 3aBHCHT OT YCJIOBHH PaboThHL.

B 6o/bIIMHCTBE OpPraHHYeCKUX KHCJOT cepe6po  ycToii-
unBo. Illesoun Ha cepebpo He JEHCTBYIOT, pacTBOPEHHE
IIPOMCXOMHUT TOJNBKO B MPHUCYTCTBUH TepeKHcH. B pacTBopax
IIMaHU/IOB IIEJT0YHBIX MeTaJJ0B cepe6po pacTBOPsETCs B IPH-
CYTCTBHH KHCJOpPOZA, C PTYTbl0 0oOpa3yer aMaJjbramy.

Xumuueckoe moBefeHue OJecTAMHX U OJeCTAIIHX TBEp-
IbIX cepeGpsIHBIX MOKPHITHE 3aBHCHUT OT XapakTepa HpHMe-
usiemblx n06aBox [90]. Ha Bo3ayxe moBepxHOCTb cepebpa
TIOKPBLIBAETCS] TOHKOH OKHCHOH IVIEHKOH.

B nmapax cepnl u ee coefuHeHHl cepe6po MaJso yCTOHUH-
Bo. Ha noBepxHocTu cepe6pa B NPUCYTCTBHH BJaru B aTMO-
cdepe 06pa3yrOTCcsl TOHKHE, pafyKHble HJIH TeMHBbIE IJIEHKH.
AMMHaK u ero coelMHEHHS YCKOPSIIOT 3TOT npolecc. AHa-
JUTHYECKHE HCCIeNOBaHHs CyJb(HUAHBIX IJEHOK IOKa3aJ,
uTO HapsAny c cyabduraMu cepebpa OHH B OOJIBLIMHCTBE
clyuaeB comepKaT He3HAUUTEeNbHOE KOJHUYECTBO cyJabdara
cepebpa. Ha mosupoBaHHON mOBepxHOCTH 006pa3oBaHue
3THX MJEHOK IIPOUCXOIUT MeJJIeHHee, YeM Ha mepoxosaTon
(puc. 38).
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Baectsimue ocaaku cepebpa npu ompejesNeHHBIX YyCJ/O0-
BUsiX 6ojiee YCTOHYHBHI, UeM TNMOKDHITHS H3 3JIEKTPOJHTOB
6e3 no6aBok. CKIOHHOCTb cepebpa pearupoBaTh C CepOBO-
JOPOIOM HJIH CcyabdumaMu ¢ 06pa3oBaHHEM IJIEHOK CYJib-
duna cepe6pa HCMONB3YyeTCsA NPH MPOM3BOACTBE PA3MHYHBIX
usnenanii. C Ipyroil cTopoHbl, HEOOXOAUMO ¢ OcoOOH TiIA-
TEJIbHOCTBIO BEHIOMPATh YNAKOBOYHBIH MaTepHas [Js ceped-
peHbiX H3neaud. [l ymakoBKM HYXKHO HCIOJb30BaTh OY-
Mary, He COIEepKallylo KHCJIOTY, Cepy H ee COeINHEeHHS
U XJOPHABL.

I o4MCTKY MOTYyCKHeBIIeH 1NoBepXHOCTH cepebpa mpH-
MEHSIIOT passuyHbie crnocobbl. OLMH H3 NPOCTHIX CMOCOOOB
3aKJ/I0UaeTcs B JETKOM TOJHPOBaHUH IOBEPXHOCTH cepebpa
C IPUMeHEeHHEeM CMeCH CJIeIYIOIIEro cocTaBa:

MbuibHass cTpy®Ka, T . . . . . . 40
Kap6onar ammoHus, ©' . . . . . . 60
Kusempryp, r. . . . . . . . . . 100
KpeMHucTBIH Menm, ¢ . . . . . . . 60
Boma, a . . . . . . . . . .. 1

Hapsany c MexaHnyeckn [eHCTBYIOIIUMH CpeACTBaMH
OUNCTKH HallVIM NPUMEHEHHE H pa3jHyHble XHMHUYECKHe H
3JIEKTPOXHMHUECKHe cnocobbl. OUuCTKA ¢ HOMOIIBIO 3THX Me-
TOLOB HJET OLICTPO M NOTEPH MeTa/sa He TaK BeJNHKH, KaK
MpH MeXaHH4YeCKOM cmocobe. Kpome Toro, npu nmpuMeHeHHH
3THX METOLOB MOXHO YAAJATh TeMHBIe HaJleThl M3 TPYIHO-
JOCTYNHBIX MeCT JeTajd. B 0o1HOM M3 3THX METOLOB MpUMe-
HAIOT TOpsiYHe IIeJOYHBle pacTBOpbl (Hampumep, 10Y -Hbri
pacTBop coirl). B pacTBop BMecCTe ¢ H3[eJHEM MOTPYKAIOT
aNIOMHHUH. Beieasiomuiics npy” 3TOM BOJOPOJ BOCCTAHAB-
JuBaeT cyabpun cepebpa. Ipyroit meton [91] ouncrku mo-
BEPXHOCTH cepe6pa OCHOBaH Ha TOM, 4TO CyJb(HL cepe6Gpa
pacTBopsieTcs MOYEBUHOH B IPUCYTCTBHH MHHepAaJIbHOH KHC-
JIOTHI 110 peaKLuu

AgeS + 2H+ 4+ n HoN.CS-NH, =

= 2AgH,-N.CS-NH;-n 4 H,S. (35)
CocTaB /st OYHCTKH: ‘

THoMoueBHHa, T . . . . . . 80

CepHas kucaora, T . . . . . 10

Boga, o . . . . . . . . . 1

Ilpu snayenun pH=0,5 peaxuus nporTekaer oueHb OHl-
CTpoO.
B pas6aBieHHOM pacTBOpe pacTBOpPeHHE IJIEHKH IPOHC-

59



XOJNHUT MeJlJIeHHee, TO3TOMY Ha IOBEPXHOCTH MOTYT OCTaTb-
Ccsl TeMHBIE NATHA.

151 OuMCTKH MOBEPXHOCTH cepebpa NPHUMEHSIOT ! TakkKe
KOMITO3HLHUIO CJIEAYIONEro COCTaBa, I:

TuomoueBnna . . . . . . . 80
JlumMonnass kmcstora . . . . . 100
Kuseapryp . . . . . . . . 200

Kpome THOMOYEBHHBI, HCHOJIb3YIOT TaKXKe THOCEMHKAp-
6asun 2.

CgexKecepeOpeHble IOBEPXHOCTH HaslOTCS  XOPOIIO.
[Tpn mnafike e MNOTYCKHeBLIEeH INOBEPXHOCTH BO3HHKAIOT
TPYAHOCTH H3-3a IJIOXOrO cuemaeHus1 npunosi. OOGBIYHBIC
(JIocHl He pa3befaloT cyabohuaHble cjlou cepebpa. Las to-
ro yTo6Hl JOCTHYb XOPOLIEro CIENJIEeHHs NPHIOos, Heo6X0onHu-
MO TOBEPXHOCTb IepeJi MalKON OYHCTUTb PacTBOPOM LHAHH-
Ja IIeJOYHOTo MeTaJjJjla MY Iocje cepe6peHHsl Ha MOBepX-
HOCTb HaHecTH 3alluTHOe mokpeitHe. A. Kefinb [97] uccie-
J0BaJ TOBeJleHHe TOBepXHOCTH cepebpa, oOpabGoTaHHOM
pasnuuHbiMH crnocobamu. Ilocse xpomMaTHpOBaHUS IOBEpX-
HOCTb cepeGpa XOpPOILIO NasJiach ¢ MOMOLIbIO CIIENHAJNbHOH
nactbl. [Ipurogusl 3amuTHbIE NMOKPLITHS K3 MOJMUYpPETaHO-
BOrO JaKa. Xopoune pe3ybTaTsl NONYUEHE! NPH HAHECEeHHHU
30JI0THIX TOKPBITHH.

Pasuunnl B nasieMocTy 6J1ecmumx U TBepablx OJecTsi-
IIHX cepeOpsIHBIX MOKPBITHH He 0GHApYXKeHO.

7 IIpensapurensnaa oGpaborra

Ha cepe6peHbzx JeTaJasx uHorga Habsamonaercs o6paso-
BaHHe My3bIPeH HJH OTC/AauBaHHe NMOKPBITHSA. HacTo aTH He-
IOCTaTKH OOHapy:KMBAIOTCS JHIIb NPU SKCIJIyaTaUUH H3-
penuii. B Go/bIIMHCTBE clyyaeB NpHYHHA HX 3aK/IH0YAETCs
B HeNpaBUJ/bHOH NpeABapUTE/NbHOH 006paboTKe OCHOBHOIO
MeTaJa.

[TpuuHHOHA 3THX HELOCTATKOB MOTYT ObITb TakxkKe aedek-
Thl CAMOr0 MeTaJ/ljla, HalpHMep PUCKH, MOpPbl, YCadOYHbIE
PAKOBMHBI, OCTATKH IIJAaKa U T. J., BO3HUKAIOIINE TPH H3rO0-
TOBJIGHHH H3Je/IHi. B mMOpEl U paKOBHHBI OCHOBHOTO MeTaJlla
NonajarT arpecCUBHble PACTBOPH], KOTOPbIE BhI3BHIBAIOT €ro
KOPPO3HIO.

! TTar. (®PT), Ne 968189, 1957.
2 INar. (Auraumsa), Ne 722255, 1950; nar. (Auraus), Ne 774521, 1957.
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Oco6oro BuuMaHnus TpebyloT Mecra naiiku. Cepe6po mMo-
WeT He OcaxKJaTbCs Ha 3THX MecTaXx. Ecin B mopax ocHOB-
HOro MeTaJjljla OCTaeTcs 3JEKTPOJHUT, TO B JaJbHellieM IpH
BBIlepKKE BO BJAXKKHOH aTtMoc(epe Ha NMOBEPXHOCTH cepeo-
pa 06pasyloTcst NSATHA BEJNHYHHON ¢ OyJaBOUHYIO TOJIOBKY.
[Tpuunsoii 06pa3oBaHUs NATEH MOXKeT OBITb TaK¥XKe NMpUMeE-
HeHHe HeKaueCTBEHHBIX MOJHPOBOYHBIX nact [93].

O npexBapuTe/IbHOH 06paboTKe MeTaNJIHYECKHX NOBEpPX-
HocTell B o6Iux yepTax coobmanocs B paborax [94—96].
[Tpu BbIGOpe pacTBOPOB 00€3XKUPHBAHMS CJIEAYET YUHTHI-
BaTh NMPHPOJLY OCHOBHOro MeTra/uia. B mociennee Bpems OT-
KasaJHuCh OT BaHH 0Ge3:KHPUBAHHSA C OJHOBPEMEHHBIM NpO-
MEKYTOUHBIM MeJHeHHeM, TaK KaK HHOrJa NOKpBIBaeTcs
MeIbl0 H HeoGe3:KHpeHHas YacTb MOBEPXHOCTH MeTasl-
aa [97].

Panee mnpuMmeHsiBuieecss INPOMeXKYTOUHOE KpaleBaHHe
NOBEPXHOCTH BpallalONUMHUCA JAaTyHHBIMH HJIH MeJbXHOPO-
BBIMU NPOBOJIOYUHBIMH ILIETKAMH 3aMEHSIOT B HacTosillee
BpeMsi XMMHYECKHMH HJIH 3JIeKTPOXHMHUECKHMH MeTONaMH.

B GosblumnHCTBe C/IydaeB mojJjexaliye cepeOGpeHHIO Me-
TaJl/Ibl -MeHee GJ1arOpojHEl, yeM cepeOpsHOe TMOKphITHE. B
CBSI3H C 3THM BO3HHKAaeT OMACHOCTb OCaxKjeHHus cepebpa
OpU MOTPYyXKEHUHU JeTajedl B 3JeKTPOJIHT 3a cUeT KOHTAKTHO-
ro o6meHa. B Takom ciyuae KaTogHo ocaxKaaeMoe cepe6ps-
HOe TMOKpPLITHEe HeJOCTATOYHO NPOYHO NMPHCTALT K OCHOBHOMY
meTaany. CiencTBueM 3TOrO siBJsieTcss 00pa3oBaHUE MY3bl-
peft u oTciaauBane. lHOrna 3TH HEJOCTAaTKH HAaCTymaiooT
JIMIIb TOC/e TMpPOJOJIKHTENbHOH BbiAepKKH. UTo6bl mpen-
OTBPAaTHTb OTC/laHBaHHe cepefpa OT OCHOBHOIO MeTaJJa, Ha
NOBEPXHOCTb TOC/JEIHEr0 HaHOCAT NPOMEKYTOUHbIE CJOH.
OHHU COCTOAT U3 MeTaJJIOB, BeJHYHHA TMOTEHIHAJa KOTOPHIX
He3HAYUTeJbHO OT/IHYaeTCs OT MOTeHIHala cepeGpstHoro
nokpbiTus. [IpuMeHsas noaxoisliye NpOMeKyTOUHble CJIOH,
MO2KHO MOKPBLIBATb cepefpoM MecTa TMaiKH.

Amarveanuposarue

K usBsectHnIM cnoco6aM mpenBapuUTe]bHOE 06pabOTKH
OTHOCSITCSi aMaJ/lbTaMHpOBaHHe, NpeABapuTeNbHOe cepebpe-
HUe, MpelBapHuTelbHOE MeTHEHHe W HHKeJdupoBanue. [Ipen-
BapHTeJNbHOE cepeOpeHHe c/IelyeT NPOBOAHTL JaxKe TOT[a,
KOIJla OCaKIalOT MPOMEeXYTOUHble CJOH M3 APYrHX Me-
TaJJIoB. .

Ilpu amanbpramMupoBaHHUM JeTanu mepen cepeGpeHHeM
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NOrpy«alT B pacTBop cojel prytH. Ha mosepxHoctu nera-
Jell obpasyeTcsa TOHKHH cjoi prytu. Ilotennuan ocHoBHOTO
MeTaJ/lyla TIPH 3TOM OTHOCHTENBHO 3JEeKTPOJHTa cepebpeHus
CTaHOBHTCS 60JIee MOJNOXKHTEIbHBIM.

AmanbramMupoBanue Heo6XOZMMO HPOBOJHTb B TeueHHe
OYeHb KOPOTKOro BpeMeHH !. MI3GEITOK PTYTH NPHBOJHT K 06-
pa3oBaHHIO aMaJ/braMhl ¢ cjoem cepebpa. CiaencTsiueM 3T0-
ro spJjsercsi o00pasoBaHHe CepbIX MNATEH Ha MNOKPBITHH
H XpynkocTb. PacTBop co/n pPTyTH MOXKeT NPHBECTH K pas-
PYLIEHHIO HEKOTOPHIX CIIaBOB, HampuMep JaTyHH, 3a CUeT
KOPPO3HOHHOTO PacTPecKHBaHHsA NOJ HampsikeHneM. UToGhl
u3bexaTb 3arpsA3HeHHUs] 3JEeKTPOJNHTA cepeOpeHHs COMSIMU
pPTYTH HeoOXOAMMO IOC/Ie aMa/lbraMHPOBAHHS TIIATENbHG
npoMblBaTh Aeraiu BoxoH. llemecoo6pasHo HMeTh TakkKe
IPOMEXYTOYHYIO BaHHY Npe/lBapUTEJBHOrO cepeGpeHus.

AManbramMupoBaHHe B HACTOsILlee BPEMsI MPUMEHSIOT
npu cepe6peHHH CIVIaBOB, CQIEpKAalIUX HHKEJIb, HApUMEp
Helsuiab6epa.

s aManbraMHpOBaHMsI CHyKaT KHC/Able HJIH [HAHHU-
CTBIE PACTBOPHI COJIeH PTYTH.

[TpuMepHBIe COCTABBl KHCJBIX PacTBOPOB, T/J:

a) Hurpar pryrs (II) . . . . . . 10
AsoTtHas kucaora . . . . . . . Jlo momyueHus cBetio-
ro pactBopa
6) Xnopum pTyTH . Ce 8
Xmopum aMmoHHs . . . . . . . 4
B) Cymbdar prytd . . . . . . . . 100
Asortnas kucaora . . . . . . . 160

CocTaB [HaHUCTOTO pacTBOpa, I/u:

Iuanun xanusa . . .. ... . ... 25—40
LIlnanucTo-KanueBas pTyTb. e e e e .. .. 20—25

B kaxjpom ciayuae nmocie aMaJbraMHpPOBaHHS TOBEpPX-
HOCTb HYXKHO CepeGpHTb B BaHHE NpeIBapHTEIbHOIO ceped-
penus. biaronaps 3ToMy He TOJbKO TOBBIIIAETCS MpPOY-
HOCTb CIeNJeHHsl, HO NpeJOoTBpaIaeTcss 3aHOC COMell PTyTH
B 3JIEKTPOJIHT:

! Ot HECKONbKHX CEKYHJ 10 1 MUH B 3aBHCHMOCTH OT NMPHPOJb IO-
KpbiBaeMoH nosepxHocTH. ([Tpum. ped.)
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Cepebperue

[lpu mnpenBapuTelbHOM cepeOpeHHH HAHOCAT TOHKHHA
cioli cepebpa mpH BBICOKOH KaTOAHOH mnoaspusauuu. Jaa
3TOTO0 HEOOGXOJUMO TPUMEHATb 3JEKTPOJHT C MaJBIM KOJIH-
yecTBOM cepe6pa U BBICOKOH KOHIEHTpanuei LHaHHIA.

[IpenBapure/nbHoe cepe6peHne NPOU3BOAAT IIPH KOMHAT-
Ho#t Temmepartype. Bpems 0OBIYHOrO NpeaBapUTENLHOrO ce-
peGpenus cocrasiser 5—30 c. [Ipu 3ToM Ha mMOBepXHOCTH
o6pa3yercsl IPOYHO CLEMN/IEeHHbIH, paBHOMEPHBIH OCANOK Ce-
pebpa. YBeiuueHue BpeMeHH NpelBapuTeJNbHOro cepebpe-
HHsI OKa3BIBA€T BpeJHOe BJMSHHE Ha CTPYKTYPY M POCT IO-
CJIeyIOLero NOKphITHS.

[TnotHOCTE TOKA B cpenHeM cocrasiaser 2,5 A/am2 Ona
BpI6HUpaeTcss B 3aBHCHMOCTH OT BHJA IOKpPLIBaeMOH JeTaju
U cocTaBa 3JeKTPoauTa. BBIXOM MO TOKY B BAHHAX MpeiBapH-
TeJIbHOTO cepeOpeHHs BCJAEACTBHE BBICOKOH MOJISIpHU3aLHN
CPaBHUTEJbHO HH3KHUH H COCTaBJjsieT Bcero Juib 10—20Y%.
B npoTHBOMOMIOXKHOCTD KATOLHOMY BBIXOLY IO TOKY aHOZ-
HBIH BBIXOJ NO TOKY BBICOKHMH BCJEACTBHE BBICOKOTO COfIep-
JKaHuA LHaHHMAa B 3JekTpoduTe. PacTBopuMocTs cepebpsa-
HBIX QHOJIOB NOBBIIIAETCS 3a CYET XUMHUECKOro pacTBope-
Husl. ITosaToMy gacTo BMeCTO pacTBOPUMbIX cepe6psIHBIX aHO-
OB NIPHUMEHSIOT HepacTBOPUMBbIe AHOJBI, HAalpUMEp CTaJjb-
HblE.

PacTBop 1151 ipeiBapUTENbHOTO cepeOpeHUsT HMeeT cie-
IYIOIIKI IPUMepHBIH cocTas, I/

Cepe6po  (MeTasIHuecKoe) . . 3—5
Uwuanug (cBoGomHmli) . . . . 60—100
Kap6onar . . . . . . . . 10—30

[Tpu HemocpencTBeHHOM cepeGpeHHH CTaJH, KOrZa Ka-
TOJHAs MONSPU3AUUS NOJKHA OBITb OYEHb BEHICOKOM, MpUMe-
HHUM DacTBOp CJeIYIOLIEro cocTaBa, I/i:

CepeGpo (meramiuueckoe) 0,7—I1,5
Hunaunn (cBoGomHHI) . 1o 150
KapGonar .. 30

DJIEKTPONHT J/1s1 OOBIYHOrO cepeGpeHHsi pas/IHUHBIX Me-
TaJJIOB HMeeT CJeyIOIui cocTas, r/a:

Cepe6po (MeTaJIHYECKOE) 16—18
Huaunp (csoGomubiil) . . 15—22
KapGonmar . . . . . . 20

Hutpar xamua . . . . 1o 150
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Mednenue

IMpenBapuTe/bHOE MeIHeHHEe B HacToslLlee BpeMs HaXo-
IHT NpUMeHeHHe [ MOKPBITHA MecT [aHKH, OCOOeHHO
B cjydae MOJBIX H3AeNHH, IJs TNperBapuTe]bHOR 06paboT-
KH 0J10Ba M 0JIOBOCOAEpPXKAIUUX CIVIaBOB U IJI51 HEKOTODHIX
Jpyrux Marepuanos. IlpenBapHTe/bHOe MeJHEeHHe oOcylle-
CTBJISIIOT B UHMAHUCTBIX H B CNEUHAJbHEIX C/yyasX B KHCJBIX
pacTBOopax MeiHeHHs OGbluHbIX cocTaBoB [98]. B wacrosi-
liee BpeMda MeIHeHHe 3aMeHSAIOT NpeaBapUTeJbHbBIM HHUKeJ/H-
poBaHHeM.

Hukeauposarnue

[IpenBaputesbHOE HHUKEJHUPOBAHHE MpPUMEHSIETCS OCO-
OeHHO B TexX ciyuasx, Korna TpeGyeTcs IOJNY4YHTb TOHKHE
ocanku cepebpa.

st HUKeJIUPOBAHUSI TNpPUMEHSETCS  CHUJIbHO KHCJIBIH
3JIEKTPOJIHT:

Xnopun Hukens, rfm . . . . . 240
Consinasg xuciora, ma/a . . . 125
IlnotHocTs TOKaA, A/mmZ . . . 16

Temneparypa saexrponura 20—35° C.
B 3aBucuMocTH OT BHJa OCHOBHOI'O MeTaJlJla B BaHHbLI HY-
KeJUpPOBaHUS BBOAAT COOTBeTCTByIomHe pAo6asku |[99].

IIpedsapurensvras 06paboTKka pa3iuuHblX MATEPUANO8

Menp u MenHble cmiaBbl (JaTyHb, OpoOH3a, TOMIIaK
U T. I.), KaK IpaBujo, cepebpAT ¢ mpuMeHeHHeM NpeaBapH-
TeJIbHOro cepeGpeHusl WM ama/JbraMupoBaHus. B cayuae
cepe6peHusl JaTyHH, OCOOEHHO BaJbLOBAHHOH, CcJelLyeT
HUMeTb B BHJY, UTO NPH aMajbraMHPOBAHHH OHA MOXKeT MOJ-
BepraThCsi KOPPO3HOHHOMY PacTPeCKUBAHMIO IOJ, HalpsiKe-
HHEM.

OmnpeneneHHble TPYJHOCTH BO3HUKAIOT TaKXKe NpPHU ceped-
PeHHH JIaTYHH, cojllepKalllell CBHHEN B BHIE MeJKHX BKJIO-
uenuii. HanexHo#t npexapuTesbHol 06paboTKON siBJAsIeTCS
TpaBJieHHe B pa3baBJeHHOH a3O0THOH KHCJIOTe H NpeABApH-
TeJbHOE MeJHeHHe B IeJOYHOM pacTBope. Kpome Toro, pe-
koMmeHayercsi [100] tpaB/ieHne B MJIAaBHKOBOH KHCJIOTE.
BpoH3el u Apyrue MelHOOOBSIHHBIE CIIaBBEl HYKHO NpeiBa-
PHTEJbHO MEJHUTb B KUCJHBIX 3JEKTPOJIUTAX. ‘

Mennble cnjiaBbl, coOfepxKamue 6epuINE  HIH  TeJJayp,
MeJHAT OOBIYHO B KHCJBIX PacTBOpax, XOTS MOMKHO MpHMe-
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HSTb H LleJOYHble pacTBOpbl. ONbITH NOKAa3bIBAIOT, 4YTO
MOXKHO NMpUMeHsTh 00a MeTojaa, eClH THIATeJbHO MpOBeje-
HbI TpaBJleHHe U 00e3XKUpUBAHHUE.

Huxe npuBenena texHosorusi cepeGpeHust 6epusineBoi
OpOH3HI:

1) ouucTka B OpraHH4eCcKOM PacTBOpHUTEIIE,;

2) 1wen04HOEe NMpelBapuTe/]bHOe 00€3XKHPUBAHUE;

3) NpOMBIBKA;

4) akrusupoBanue B 20% -HOl cepHOH KHCJIOTe NMPH BhI-
COKOH TeMIeparype;

5) npoMEIBKa;

6) xaTonHoe 06e3KUpUBaHUE;

7) MeIHeHHe B KHCJIOM HJIM I[HAHHCTOM pacTBODE;

8) npoMbIBKa;

9) npenBapurteabHoe cepebpeHue.

CBuHen U 0JI0BO, TaK e KaK U UX CIUIaBhl, B HacTosllee
BpeMst cepebpar penko. OnMoBo cepeGpsAT B OCHOBHOM AJISt
3JIeKTpOTeXHHUYeCKUX ueneli. [Ipu sTom pekoMeHayeTcs mpH-
MeHSTb Npe/BAPUTENbHOE MeJHEHHE.

YacTo BO3HHKAIOT TPYILHOCTH NpU cepeOpeHUH CN/IaBOB
0JI0BA U CBUHIIA, IPUMEHSEMBIX B KauecTBe MSTKHX MpPHIIO-
eB, 0COOEHHO B MaJIONOCTYNHBIX MecTax usneaufi [101, 102].
Heo6xonumo ciaenutb 3a TeM, 4TO6BI B 3THX MeCTax IpH
nafike He 06pa30BbIBaJaCh OKaJdHHA.

Huxenbp nepemx cepebpenneM akTtuBupyior B 20—
30%-noii cepHoi xucnOTe. MOXHO NpeIBapHTENbHO cepel-
pPHUTb HMKeJb HJIH HAHOCHTb Ha €r0 MOBEPXHOCTb NMPOMEXY-
TOYHBIH CJIOM HHMKeJSl H3 CHJIbHO KHCJIOrO 3JIEKTPOJHTA.
B npuGopoctpoenun u3neaHs H3 MesabxHopa nepen cepeb-
peHHeM YacTO aMaJblaMHPYIOT B LIEJOYHBIX HJIH KHCJBIX
pactBopax. B HekOTOpBHIX ciydasx NpUMEHSIIOT TpeABapH-
TeJIbHOE HHKEJIHPOBaHHUE.

ITpu cepeGpeHun UMHKA ¥ LUUHKOBHIX CIVIABOB MEXKIY
LHUHKOM ¥ cepe6poM BO3HHMKAeT IPOMEXYTOUHBIH Oapbep-
HbIA nuddy3uonnbil cioi. Baaronaps nuddysun meranna
Ha [IOBEPXHOCTH cepefpa OOGEIYHO BO3HHMKAIOT Cepble MATHA.
[TosroMy u3genuss W3 LUMHKA U €ro CIVIAaBOB HeOOXOIMMO
npelBapUTeJbHO MeJHUTb HJIH HHKEeJHPOBATh.

Cranp mpeaBapuTeJbHO MEIHAT, HUKEIUPYIOT M HHOTAA
JatyHupylor. HenocpencrBeHHOe cepe6GpeHHe CTaly MOXKHO
NPOBOJHTL B 3JEKTPOJIHTE C HE3HAUHUTENbHBIM COJEepKaHH-
eM cepe6pa W BBHICOKOH KOHLIEHTpauuweHd uuMaHupa, r/i:

Cepe6po (merasinyeckoe) . . 0,5—1
Huanup (cBoGomumrit) . . . . 100—120
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[Tpu moxpbiTHH cepeGpoOM TBEPAbIX H BBHICOKOKaYeCTBEH-
HBIX cTaJjell HeoGXOAMMO MPHHUMAaTb BO BHHUMAaHHe, 4TO NpH
npeaBapuTeTbHOM cepeOpeHHH BELIENsSeTCd BOLOPOA. ITO
NPUBOAUT K CHUIKEHHIO NMPOYHOCTHBIX CBOUCTB CTaJjeH.

ITepen cepeGpeHuem HepxKaBelOWHX cTajled HeoOXOAMMO
aKTHUBUPOBATH MOBEPXHOCTb. AKTHBHPOBAHHE MOBEPXHOCTH
npoBoasT nyTeM o6paGoTku ee B 20—50%-Hoil cepHO# Kuc-
Jote npu Temnepartype okoso 80°C unu B 20%-HO# cong-
HOJ KHCJOTe TMpH KOMHATHOH teMmneparype. ITocie akTHBH-
pPOBaHHUsI NOBEPXHOCTb HHUKENHPYIOT HJIH MEIHAT B KUCJIOM
3JEKTPOJIHTE.

Onsi HUKeNHpOBaHHsI TNPHMEHSIOT CJeLylOLUH pac-
TBOp, T/il:

XnOpHCTBIT HHKEJb . . . 200—250
Consinas kucjiora . . . 60—90

Ha nosyueHHBI# mepBBIA CI0H K3 3TOr0  3JEKTPOJHTA
MOXKHO OCaxKlaTb BTOPOH, OoJiee TOJCTBIH U3 OOBIUHBIX
3JIEKTPOJIUTOB HUKEJHUPOBAHHS. '

Jl1si npeaBapUTENbHOrO MEIHEHHSI MPHMEHSIOT CJeyio-
Ui pacTBOp, I/

Xnopux Memdm . . . . . . . 2
CosnsiHasg  KHCaOTA . . . . . 15

Anromunuil cepebpaT 1715 TEKOPAaTUBHBLIX Hesel, uYTo6h
COOOIUTb XOPOLIYI0O MPOBOJUMOCTb MOBEPXHOCTH, KOTOpas
BcJeJCTBHE 00pa30BaHuUsl HA Hell OKUCHOTO CJIOSI UMEET BHI-
COKoe mepexofHoe conpoTtusienue. Cepebpo sBJIsSETCS XO-
pOIIUM MaTepHaJOM IJ/s MOKPHITHS Aa/JIOMHHHS, TaK Kax
o6a MeTanna MMEIOT OTHOCUTEJBHO GJIU3KHE KO3 (PHUIIHEHTHI
pacwmupenus (cepe6po 18,5-10-% mM/°C; anomunuin 24-
-10-% mm/°C). IToBepxHOCTb aMIOMHHHSI CHAYaja LHHKYIOT
B I[HHKAaTHOM pacTBOpe, 3aTeM MpeIBapUTEIbHO MEIHST
u cepeGpsT. MoKHO cepeGpHTh aJIOMUHUE HEMOCPENCTBEHHO
13 CHJbHO LeJOYHOro ssekrposauta [103, 104].

MarHuii ¥ ero cnjaBel Nepef cepe6peHHeM HYXKHO LMH-
KOBaTb TajlbBAHHYECKHM HJH XUMHYECKUM METOMOM.

B coBpemeHHOH TexHUKe, 0COGEHHO B KOCMHUYECKOH TeX-
HUKe H B 3JeKTPOHHKe, BO3pacTalwluee 3HaueHHe Npuobpe-
TalT MeTa/l/Ibl, KOTOPBIe 0 HACTOSILIEr0 BPeMEHH pEeaKo
WM COBCeM He MOKPHIBAAHCh TrajJbBaHUYECKHM CIIOCOOOM.
K takum merasinaM otHocsiTcsl OepHilINi, THTAH, MOJHOIEH,
BoJb()paM, TaHTaJ, UUPKOHHUH, HHOOWH, TOpUH u ypaH. [id
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TOBLIIIEHHST 3JIEKTPONPOBOJHOCTH U NasgeMOCTU HJIH IPYrHX
CBOHCTB YKa3aHHBIE MaTepHaJbl HEOOXOLUMO cepebpUTh.

Bepuanauii nogo0HO alIOMHHHIO aKTHBHDYIOT B CEpHOH
kuciote. Paspymenne OGepu//iMsi B KOHIEHTPHPOBAHHOMN
CepHO¥ KHCJIOTe MPOHCXOLUT oueHb MedJeHHo [105]. Lluw-
KOBaHHe OepH/IJIHsi MyTeM MNOrPYKEeHUS B KHCJBIH pPacTBOP
CTYKHUT XOpOLIeH MOJLJIOXKKOH Nepel HaHeceHHeM rajbBaHuU-
yeckux mokpbitHi [106]. Moau6aeH MOXKXHO aKTHBHPOBATb
B HMAHUCTBHIX HJIU COJITHOKHCJ/IBIX pacTBopax. [Tocse akTHBH-
pOBaHHS TPHMEHSIIOT TpelBapUTeJbHOE HUKEJHPOBAHUeE.
Boaspam MO0xKHO akTHBHPOBAaTb B CMECH a30THOH H mJa-
BHKOBOH KucJI0T [107]. TuTaH akTUBHPYIOT B pacTBOpe mJaa-
BHKOBOH KHCJIOTHl HJIM KaTOAHO B CepHOH KHcJoTe. B kaue-
CTBE NMPOMEXKYTOYHOTO CJIOSI MPUMEHSIOT HHKeJeBOe MOKPHI-
THE, MOJyYyaeMOe H3 3JEeKTPOJHTA MpelBapHTe]bHOTO HHKe-
JUPOBaHHUsL. MOXHO Oca)Xa1aTh HUKEJb U XUMHUYECKUM MyTEM
[108]. Tautan u HHOOUI AaKTHBUPYIOT B CMECH MJAaBHKOBOH
1 CEePHOH KHCJOT HJIM B CMECH IJIaBUKOBOH H a30THOH KHuC-
qot [109, 110].

Topuit TpaBsit anonno B 10%-Ho# coJsiHOM KHCIOTE U
NPOBOAAT HpejBapurelbHoe Hukenupoanue [111]. IMpexn-
BapuresnbHast 06paboTKa LHUPKOHHUS Takasl XkKe, KAK U y TH-
TaHa. YpaH MOXHO aKTHBHPOBATH B COJISIHOH, a30THOH KHC-
JOTax WM B CMeCH 3THX KHcJOT. [IpenBapuresbHOe HHKe-
JUPOBAHHE TPOU3BOAAT B CJAAGOKHCIOM 3JEKTPOJIHTE.

HenpoBoguuku (cTeksao, miacTMacchl, KepaMuka) mepes
rajbBaHHuecKoll 06paboTKOi TpeGylOT cneuuaspHOH mpen-
BapuTtenbHol o6pabotku. Ha ux noBepxHOCTE He0GXOMHMO
CHayaJa HaAHECTH TOHKHH MeTaJJHYeCKHH NpPOBOMSIIHH
c/of. DTO OCYLIECTBJSETCS METOAOM HCIAapeHusi MeTaslja,
XUMHYEeCKHM BOCCTAHOBJIEHHeM uJu rpacdurupoBanueM. Ha
dapdop uIM CTEKNO HAHOCAT JaK, cojepxKaluui cepebps-
HBIH MOPOIIOK U 06XKHUTaIT. DTO MO3BOJSET NMOJYYHTh XOPO-
lee CUEMNJIEHHEe MOKPBLITHS C OCHOBHBIM MaTepHaJsoM.

8. [lomonnurenpnas
M 3aKIIOYATEIbHAA 00paldoTKa cepeGpAHBIX MOKPHITHI

IIpometska

Oco6oe 3HaueHune MNpH TrajJbBaHHYECKOM cepeOpeHUH
HMeeT NPOMbIBKAa. Tak Kak c JeTalsiMH Imociae cepeGpeHust
BCerjla YHOCHTCS U3 BAHHBI YacCTb 3JeKTPOJHUTA, TO BBHILY
BBICOKOH CTOMMOCTH cepe6pa NPUMEHSIOT CHauasja MpOMbIB-
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Ky B BaHHAaX C HENPOTOYHOH BOJOH, KOTOpas mocje obora-
I[eHHSA 3JeKTPOJIHUTOM MepelHuBaeTcs B BaHHY cepeOpeHus.

CoraacHo X. IMunkeprony [112], u3 BaHH cepebpeHnus
yHOCHTCS C TIJIagkuMu Jetaqsmu 0,6 MJ  3/eKTPOJIHTA,
a ¢ npoduanpoBaHHbIME — 1,6 M Ha Kaxap# 1 am? obpa-
GaTbiBaeMol noBepxHOcTH. KosHuecTBo yHOCHMOro cepebpa
3aBHCHT OT Pas3/MUYHBIX (AaKTOPOB, KOTOPEIE MOXKHO 00beliu-
HUTb B Tpu rpynnsl [113]:

1) dopma u cocTosiHHe NOBEPXHOCTH JeTasel;

2) cocraB u ¢u3uueckUe CBOHCTBA 3JEKTPOJIUTA;

3) ycaoBus paboTHL.

dopma u3feaHil CYIECTBEHHO BJHAET HA IOTEPH 3JIEKT-
posuta. 3HAUHTENbHOE KOJHYECTBO 3JEKTPOJHTA YHOCHTCS

{3 BaHHBI MOJBIMH IeTajsIMH U

20 JeTaJsIMU C 3aTHYTHIMH KpasiMH.
Takue meranu nepem NPOMBIBKOH
JOJIKHBI HaJl BAHHOH OINpOKH/IbI-
\ BaThCS C T€M, YTOOH 3JE€KTPOJIUT
BBITEKAJ M3 HX NOJIOCTeH.

3HayuTebHOE BJIHSHHE Ha
\ YHOC 3JIEKTPOJIHTA, TaK Ke Kak
A\ 1 ¢opMa mpeiMeTa, OKa3bIBAIOT
N, COCTaB W KOHIEHTpAIHUsl 3JIeK-
tpoanuta. OT cocraBa 3JEKTpO-
] JUTa 3aBUCAT ero (¢usHyecKue

0 W 2 0 w CBOKCTBA: IUIOTHOCTb, BSI3KOCTb
Ternepamypa,c H M[OBEPXHOCTHOE HaTSXKEHHe
Puc. 39. 3aBHCHMOCTH BSi3KO- pacraopa. Stumu ¢axropamu
CTH LHaHHCTOTO 3JEKTPOHTA onpenessieTcst TOJMMINHA MPHJHUII-
cepeGpeHHsi OT TeMnepaTyphl o

mel niaeHkd. [loBelleHHas TeM-
nepatypa CHHUXKaeT BS3KOCTb

3jekTpoauta (puc. 39).

[Ipu no6aBienuu B adekTponuT KapGoHaTa KaJaus
IJIOTHOCTb pacTBOpa mNoBHIIaeTcss. [loBelIaeTcs Takke H
BI3KOCTb pacTBopa.lbC NMOBHIILEHHEM MJIOTHOCTH CHHMKAIOTCS
MOTEPH 3a CYET YHOCA 3JIEKTPOJHUTa, B TO BpeMsi KakK C yBe-
JUUEHHEM BS3KOCTH TOJLIMHA TPUWIHNIIEH IJIEHKH BO3-
pacraer (puc. 40). Ha m/ockoi miactiHe nmotepy yBeJdHUYH-
BAlOTCA C TOBLILIEHHEM COJep:KaHUs KapOoHaTa KaJjus
MeJJ/1eHHO. 3/1eCb B 3HAUMTENbHON CTeNeHH HeHCTBYyeT Mac-
ca sjekTpoauta. HampoTuB ecim paccMaTpuBaTh MNOTEPU
Ha YIVIOBOH mJacTHHe, TO BJHSHHE BSI3KOCTH M TOBEPXHOCT-
HOTO HATSIXKEHHs1 OKasbiBaeTcsl GoJsiee 3HAUUTEJNBHBIM, YeM
yBeJIHYeHHe MJIOTHOCTH.
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C moBbllIEHHEM COJlepKaHua LHaHua B pacTBOpe I[pH
MOCTOSITHHOM COCTaBe 3JIEKTPOJHTA IMJIOTHOCTH pacrBopa
takX)e noBoimaercs. OIHAKO BSI3KOCTb H MOBEPXHOCTHOE
HaTs2KEeHUe Npu Jo6aBleHUM LHaHHUAA Kajusi HU3MEHSIeTCs
He3HauuTeJbHO. B CBf3H C 3THM YHOCHMO€ KOJHYECTBO
3JIEKTPOJINTA IpH MOBBILIIECHHOM COJEpXKaHHH LHaHHAa Ka-

Tobeprnocmrpaoe Lamamenue, Gus/cr
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Puc. 40. Tlotepu 3a CYeT yHOCAa 3JeKTDOJHTA B 3aBHCHMOCTH OT NJOTHOCTH (1),
BSI3KOCTH (2) M NOBEPXHOCTHOI'O HaTsAXKeHHs (3):
a — YHOC YTVIOBBIMH O6pasnaMH; 6 — YHOC NMJIOCKHMH o6GpasumaMu

JHUS 3HAUUTEIbHO YMEHbIUaercs, OCOOEHHO TpPH NOKPHITHH
NJ0CKOH maacTulel (puc. 41).

B rasnpBaHHYecKHX BaHHAX Ha NMOTEPH 3a CUeT YHOCa
3JIEKTPOJINTA OKA3hIBAIOT BJHMSHHME TaKkKe Haxolslluecs B
anektposaute OJeckoobpasoBatean u cMauuBartead. OHu
B GOJIbIIHHCTBE C/1yYaeB CHHKAIOT MOBEPXHOCTHOE HaTsXKe-
HHe. DJIEKTPOJNUTHI, KOTOpPblE COJEPXKAT COMH KaJsus, HMeloT
MeHbIIHe TOTEPH, YeM JIEKTPOJUTH HAa OCHOBE COJiell Hart-
pust (puc. 42).

Ha kosnuuecTBO yHOCHMOTO pacTBopa OKa3biBAeT BJIHS-
HHE CKOPOCTb BHITPY3KH JAeTajell u3 BaHHLL. CKOpPOCTb BHI-
rPY3KH Ha aBTOMaTHYeCKH paboTaloIIUX ycTaHOBKax GoJee
IOCTOSIHHA, YeM NpU pyduHoil pabore. Ha aBTOMaTHyeckol

69



ycTaHOBKEe BpeMs BBITPY3KH cocraBJ/ser okosao 12—30 cwm/c.
W3 puc. 42 cnenyer, 4To NpH paBHBIX HOPMaJIbHBIX KOHIIEIIT-
pallusix 3JeKTPOJIUT, COLepKAMUY KaduH, YHOCHTCS B MeHb-
IeM KOJIHYecTBe, 4eM 3JIeKTPOJIUT Ha OCHOBE HATPHEBHIX
conerr. C mMOBBILIEHHEM CKOPOCTH BHITPY3KH jJerajell 3ra
pasHHuLa yMeHbIIaeTcs.

TiatespHasi mMpoMbIBKa HeoGXOAHMMAa He TOJbKO JJis
pacTBOpeHHs HAXOAAIIeHCS Ha MOBEPXHOCTH HETaJNH TOHKOI

o 6
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Puyc. 41. TloTepn 3a CYET YHO- » 161/
ca IHAHHCTOI'O 3JEKTPOJHTA
cepe6penHss B 3aBHCHMOCTH Puc. 42. TlotepH 3a cYeT YyHOCa
OT COJepXaHHWsl IHaHHIA Ka- 3JIEKTPOJINTa B 3aBHCHMOCTH OT CKO-
JIHS: POCTH H3BJIEUEHHS] JHeTaljelf:
a — niaockuii  o6pasen; 6 — 1 — 3JIeKTPOJIMT C LHAHHJIOM KaJjus;
yrioBo#t o6pasen 2 — 371eKTPOJIMT C LHAHUAOM HaTpHs

IVIeHKH; OHa JNOJXKHa yAa/JATb TaKkKe OCTATKU JIeKTPOJIUTA
U3 mop ocaika cepeGpa. B Mecrax mop MOryT B JajibHeH-
meM o6pasoBatbcs mnsATHA. [lo/se3HO mpomecc NPOMBIBKH
IPOBOJUTb NMOOYEPESHO B ropsiuell U XOJOLHOH BOJE.

ITpocToe morpyzKeHue ferajell B BaHHY NPOMBIBKH, KaK
NPaBHJIO, TOJMHOCTbIO He YyhajseT C NOBEPXHOCTH JeTatlu
npuaunumui pactsop. Heo6xoaumo nostomy cu/ibHOE BCTpS-
XUBaHHUe JeTajled U HarpeBaHue BoAbl. Llesecoo6pasHo mnpu-
MeHAS TeXHHUKY NPOMBIBKH, MOXHO C3KOHOMHUTb TPOMBIBOY-
uyio Bony [114].

HapexHbIM cpelCcTBOM MpPOTHB MOCJAeAyIoLlero o6paso-
BaHHA coJied Ha cepeGpeHbIX H3Lenusx ABjisercsa o6paborT-
ka ux B 10%-HOM pactBope xpomara Kanus. Bmecto xpo-
MaTa MOXKHO NPHMEHATb pa30aBIeHHYIO CEPHYIO KHCJOTY,
YKCYCHYIO KHCIOTY WJIH PacTBOP KHCIOTO BUHHOKHCIIOTO Ka-
aus. PekoMenayercs moc/e NpOMBIBKH TaKKe o6paboTka ce-
pe6peHbIX NeTasell B ropsueM TpH- HJH NEepXJOpPITH/EHe.
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AHOOHOe u xumuueckoe easiHuyesaHue

E. nurtansckuit B 1910 r. mojyyus mepBbld maTeHT Ha
aHOJIHOE IVIfHIeBaHHe cepebpa B 3J1EKTPOJIHTE CAENYIOLIErO
cocTaBa, r/i:

JKenesucrocuHepomgucThll Kammit . . . . . 60
Uuanug Hatpusg . . . . . . . . . . . 60

B 1940 r. nateHT Ha aHOJLHOe IJsHLIEeBaHHe cepebpa ilo-
ayuua X. Bayp.

E. Pay6 u B. Byabxoper B 1941 r. uccienoBanu npouecc
aHOJHOTO TVISIHIIeBaHHS B HAHUCTOM 3Jjekrtpoaure. OHU yc-
TaHOBUJ/IH, YTO B 06/1aCTH HU3KUX NJIOTHOCTEN TOKa MOJSpPH-
3anusi cepeOpsHOrO aHOlAa He3HAauyHTeJbHa U cepebpo pac-
tBopsiercst co 100%-HBIM BBIXOZOM 1O TOKY. Ilpu mpeBliue-
HUM Omnpeje/eHHON AHOJAHOH NJIOTHOCTH TOKA, BEJHYHHA
KOTOPOH 3aBHCUT OT YCJIOBUH paboOThl U COCTaBA JIEKTPOJIH-
Ta, MJIOTHOCTb TOKA NMPH OJHOBPEMEHHOM TMOBLIILIEHHH Ha-
npsaxeHus nagaer. dddeKT IVIAHUEeBAaHUS HACTyIaeT TOJb-
KO B 06GJIaCTH TMEPUOAHYECKHX KOo/eGaHUH NJIOTHOCTH TOKa
U Hanpsxenus. [Tpy NMOBHIIIEHHH HANpPAMXKEHHS Ha MOBepX-
HOCTH aHojma o6pasyeTcs TeMHas MNJeHKa, BO BpeMs maje-
HHSA HanpsKeHHs OHa pacTBOPSAETCH.

ITepuonudeckoe o6pasoBaHHe W pacTBOpPeHHEe AaHOJHOH
IVIEHKH Ha MoBepXHOCTH cepebpa Oblio oTrmeueHo E. Xenre-
coM ente B 1926 r. D10 ABNeHHe OH 0OBCHUI 06pa3oBaHUEM
H COOTBETCTBEHHO OOpaTHBIM pacTBOpPeHHEM LHaHujxa ce-
pebpa u okucu cepebpa. IlosnHee E. Pay6 u B. Byabxoper
[115] mccnenoBanu cocTtas cjloeB, 00pasylOmIUXCA Ha iO-
BepxHOCTH aHopma. Ilpu kartomHoh o6paboTKe aHOMHO IJISH-
ueBaHHoro cepe6pa B 0,2-M pacTBOpe XJIOpHIa aMMOHHS yC-
TaHaB/JAMBAJCSA CHayajJa KaTOAHBIH MOTEHIHAJN, COOTBETCTBY-
IOIUA MOTEHIHATYy OKUCH cepebpa, U Moc/e BOCCTaHOBJAEHHS
OKHCH cepe6pa dYepe3 HEKOTOPYIO NPOMEXKYTOYHYIO CTY-
neHb — MOTEHLHAJ BOLOPOA.

Tonmuua cios, 06pasylolierocss Ha aHOJHO IJISIHLEBaH-
HOM cepebpe, paccuuTaHHas MO Pacxojy TOKa JO BhlJeJle-

o
HUS BOJOpOAa, cocraBiasia ot 36 mo 2100 A B 3aBucuMOCTH
OT YCJIOBUH paboTHI.
E. Pay6 u B. ByabxopcT nNpeioXuayu clAeflylOmUN co-
c/TaB 3JIEKTPOJIMTA I aHOJHOTO TIVISHIEBaHHsA cepebpa
/a1

Cepebpo (Merasuiuyeckoe) . . . . . . 3—5
Llyagun xamus (cBoGopmwit) . . . . . 156—20
Kap6oHat Kamust . . . « - . . . . . 30
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[Tpu rasHueBaHHu cepeGpa CYIIECTBEHHO BaxKHO Ompe-
JleJleHHOe COOTHOIIeHHe cepebpa u uuanuna. KoHueHtpanus
norama MoxeT Kosebarbcsi B IIMPOKHUX npefenax. [Ipume-
HsieMasl IJIOTHOCTb TOKa TOBBHILNAETCH C TeMIepaTypou
ajektpoauTa. KatoqHas moBepxHOCTb NOJKHA OBITH B 2—
3 pasa Goabme aHonHoi. CorsnacHo gpanubiM E. Pay6a u
B. Byabxopcra, TisHIEBaHHe MPOHCXOAUT B 3JEKTPOJIHTE,
colep:KaueM TONbKO nuaHuf kKanusa. OcoGeHHO XOpOIIo
MIHLYIOTCS ocajkH cepebpa, NOJYyYeHHble H3 3JEKTPOJH-
TOB GJlecTtsiniero cepeGpeHHsi, colepkKalIuX cesleH u cepy L.
X. ®pancus u B. Koabuep [117] Ha ocHoBe ocuuinorpadu-
4eCKMX HaOJIIOJeHHH YCTAHOBUJ/IM, 4YTO HaHOONBIUNH 3G ¢deKT
IVISTHIleBAHHUSl HACTynaeT HNPH BHICOKOH 4YacToTe MepeMeHHO-
ro TOKa.

T. ®dypykasa [120] pekomeHayer npHu IJsSHUEBaHAH Ce-
pebpa MpPUMEHSTb NepeMeHHBIH TOK H 3JeKTPOJIHUT CJeLyio-
LIero cocTaBa:

BopHasi xuciora, rfm . . . 20
AmMmuak, rfm . . . . . . 8—12
Boma, mMax . . . . . . . 40

Temneparypa 3/1eKTposiuTa KOMHaTHasA. [1IOTHOCTD TOKA
200—250 A/nm2.

I'. Conmep6epr [121] npemioxul XUMHYECKHH cMoCO6
IJIHIEeBaHUsl cepe6pa B pactBope CJeAYIOLIEr0 COCTaBa, I:

Huanug Hatpusg . . . . . . . . . 21
30%-Has mepekuch Bogopoxa . . . . 18

[Tocsie morpyeHus B 3TOT pacTBOpP JAETaH TPOMBIBAIOT
B BoJe M oOpabaThiBaloT B pa3baBleHHOM pacTBOpe LHa-
HEJA HATpUA. DTOT NpPOLECC MOXKHO MOBTOPSTb HECKOJb-
KO pas.

LI ruposanue u nosuposarue

Cepe6po — MATKHH MeTaJl/Jl, IO3TOMY MeXaHHueckasi 06-
paboTka MOBEPXHOCTH JOJKHA MPOBOIUTLCSA ¢ 0CO6OH OcTo-
POKHOCTBIO. DJIEKTPOJUTHUECKH MOJyUYeHHbIe cepebpsiHbie
MOKPHITHS LUNIHQYIOT TOJBKO B HCKJIOUUTEJIbHBIX CJydasix.

ITonnpoBaHHe MaTOBEIX OCafiKOB cepebpa MpOH3BOJUTCS
BPYYHYIO NMOJIHPOBAJbHUKAMH H3 CTA/JdM HJIH U3 KPUCTAJJIH-
4eCKOM OKHCH 2Kese3a (KPOBABHK) H MAUIMHHBIM CHOCOG0M
B aBTOMaTax C IpHMeHeHHeM CTaJbHBIX MOJIHPOBAJbIIHKOB.

1 O6 aHoAHOM TIJISHILEBAaHHH cepeGpa cM. Takxke paGorel [116—119].
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B Hacrosimee BpeMs MOJHPOBaHHE OCafKoB cepebpa
NPOBOJAT PeKO, TaK KaK MPUMEHSIOTCS 3JeKTPOJHTH BJle-
cTAImero cepeGpeHusi, IQ3BOJSAIONINE TNO0JYYaTb OCAIKU
C COOTBETCTBYIOIIUMHU CBOHCTBaMH. B GOJIBIIMHCTBE ciydyaeB
NPOBOJAT JIerKoe IVISHIEBaHHEe NOBEPXHOCTH C NPHMEHEHH-
€M MATKHX NMOJHPOBOYHBIX NACT.

Xopowu# rasHen Ha cepe6peHbIX AeTastdx MoJydyaercs
noc/le nOJHPOBaHUs UX Wapukamu [112].

3awura 0T NOTYCKHEeHUs

L1 3amuThl - MOBEPXHOCTH cepebpa OT MOTYCKHEHHUS
[PUMEHSIOT CleyIoUIHe NOKPBITHSA:

1. OpraHuyeckue H JaKOBbIE.

2. Heoprannueckue 3allHuTHEBIE.

3. Okucabl MeTaJlJIoB.

4. ToHKHe MeTaJlJIHUECKHE.

P. Befinep u I'. Kieiin [123] ykasbiBaioT, 4TO Ha CKO-
pOCTb MOTYCKHEHUSI NMOBEPXHOCTH cepe6pa OKasblBaIOT BJHUf-
HUe OTpe/ieJIeHHbIE NOJHPOBOYHEIE MACTHL.

J1s 3amuTel MoBepXHOCTH cepebpa OT MOTYCKHEHHS BO
BpeMsl CKJAaJCKOTO XpaHeHHUs ero MOKPBIBAIOT TOHKHM CJIOEM
XKHpa, Macaa M BOCKa, MpeJBapUTENbHO PAacTBOPEHHBIX
B OpraHHYeckoMm pacTBopuTe/ae. PacTBop HaHocAT Ha mo-
BEPXHOCTb METOJNOM TOTPYIKEHIS] HJIH paclbl/IHBaHHEM.
ITociie ucnapeHuss pacTBOPUTENsS] HA TOBEPXHOCTH OCTAETCS
TOHKasl 3auutHas mieHka. Ha mnpakTtuke npuMensercs
3% -HBIil pacTBOp OUYHMILIEHHOTO Ba3eJHHA B TPU- WU Mep-
XJIOpATAHE.

3HauUTeJNbHO Jyulias 3allUTa OT NOTYCKHEHHs MoJyda-
eTcs nmpu npuMeHeHHH JakKoB. OJIHaKO B oOmpeeseHHBIX
clyuasix, HaIpUMep B 3JeKTPOTEXHUKE, JIaKOBBIE CJIOH HMe-
IOT BHICOKOE TepexojHoe compoTtuBJaeHue. [losnHee ObLI
pa3pabGoraH uamnoHJIaK BO3AYIIHOH cymkH. Ho ero ycroii-
UlBOCTb He3HaulTesabHa. OH IIMeeT JHIIb TO NPEUMYILECTBO,
YTO JIEerKo yaaJsiercsi ¢ MOBEepXHOCTH cepebpa B TEIJOH Bo-
ne. B nacrosiee BpeMsi HaXOIAT MpHUMEHeHHe JaKH Ha OC-
HoBe miaactMacc. OHII JOCTATOYHO YCTONYHBHEL I TBEpP/HL.

M3 Heopranuyeckux 3alUTHBIX MOKPHITHH IOHPOKOE
npUMeHeHHe HaXOASAT XpoMaTHble MmileHKH. OHH MOJMydaroTcs
MpH MOTPYKEHHH U3JeNHH U3 cepe6pa B PacTBOPHl XPOMO-
BOH KHCJOTHl WJIH IOJKHCJIEHHBIE pacTBOPE OHXPOMATOB.
PactBop mias xpomartupoBanua coaepxut 0,5 r/n1 xpomoBoi

73



KHC/IO0THE, Bpemss o6pabGotku | mMuH. MOXKHO mNpHMEHATH
Takxe U 60Jlee KOHIEHTPHPOBAHHbIE PACTBOPHIL.

Jlydiiee 3aumuTHOe AEHCTBHE LOCTUraeTcs NpPH HaHece-
HUH TJIEHOK 3JIeKTPOJHTHYECKHM MeTOJOM. 3aluuTHOe JeH-
CTBHE IVIEHOK 3aBUCHT OT BMAa cywKu [124]. Topsuuii Bo3-
Lyx npu rtemneparype Bbime 50° C 4acTHYHO CHHXKaeT yc-
TOMYHMBOCTD 3aLIUTHOTO MOKPHITHS.

Hns 3amuTel MOBepXHOCTH cepe6pa OT NOTYCKHEHHS
NPUMEHSIOT TaK¥Ke MOKPBITHUS oKucaamu Metadnos III u V
rpynn Ilepuonnueckoi cucrembl daeMeHTOB [125]. DTH mo-
KPBITHS OCaXAalT KaTapopeTHdecKH M3 BOJHBIX pPacTBO-
poB. Ilpu atom Heo6xoxuMO CcOOG/II0JEHHE ONpeeleHHOro
3HayeHusi pH Bo u3bexkaHue BbIMAJeHNs] OTAENbHBIX KOMIO-
HeHTOB M3 pactBopa. J[lo6aBieHnem Komiekcoo6pa3oBa-
TeJel, HampuMep aMMHAYHBIX coOJlefl MHOTOOCHOBHBIX aJH-
¢datuyeckux KapOOHOBBIX KHCJIOT, MOXKHO CTAaOH/IH3UPOBATH
pactBop !. Jlyulune pe3ysabTaTel JOCTHTAIOTCS MPH MpHMe-
HEHUH BBICOKOMOJIEKYJSPHBIX OpraHHYeCKHX KOJJIOUIHBIX
CHCTEM.

3aluTHble NMOKPBHITHS Ha NOBEPXHOCTH cepe6pa MOXKHO
MOJYYUTh HCMapeHHeM B BaKyyMe OIpefleJeHHBIX OKHCJIOB
HEKOTOPBIX MeTaJl10B, HamnpuMep OepHJLINS, aJIOMHHHS,
KpeMHHUs, THTAHa, UUPKOHHsS, HHOOHA, TaHTala M Xpoma 2,

ITyrem HaHeceHHsl Ha cepeGpPO TOHKHX MeTaJVIMUECKHX
NOKPLITHY HapALy € 3alUTOH OT MOTYCKHEHHS, MOXKHO INpI-
IaTb MOBEPXHOCTH He TOJbLKO JE€KOPAaTHBHBLIN BHJ, HO H JpYy-
THe CrenuaJgbHble TEXHHYECKHe CBOHCTBA, HANMPIIMEP yMeHb-
LINTh TEepPeXOJHOe CONPOTHBJIEHHE Y 3JeKTPUUYECKHX KOH-
TaKTOB.

ITpenmersl ykpamieHHit moc/e cepeOpeHHsi PEeKOMEHIY-
etcs ponupoBatb. OKpacka ponusi nogoOHa OKpacke cepel-
pa. PonrupoBaHue NMpHMEHSIIOT U NpH 3amure cepeOpsHbIX
koHTakTOB. A. Keiltib [92] pekoMmeHIYyeT HaHOCHTH JJIf
3TOH Le/JM TOHKHe 30/10Thle NMOKPEITHA. B HekoTOpHIX cayua-
fX MPHUMEHSIOT IJIATHHOBBIE W TMaJsJagueBble MOKPBITHS 3.

®. ®eru u E. Ben [124] uccnenosanu samuTHoe aeHcT-
BHE TMOKPLITHH, OOpabOTaHHBIX pAa3lIHUYHBIMH MEeTOdaMu
(taba. 5). OHu onpeneasiyii  KOPPO3UOHHYIO CTOHKOCTD,
CTOHKOCTb MPOTHUB JaBJ/eHUusi na/jblaMH Hu TmaseMocTb. Mc-

! TTat. (®PT), Ne 1048460, 1959.

2 Tlar. (®PT), Ne 863277, 1953.

3 CBemleHHst O NOKPHITHSIX ADYTHMH MeTaJJlaMH NPUBENEHBl TAKKE
B caenylowmeit auteparype nar (CHIA), Ne 2684328, 1954; nat (®PT)
Ne 910862, 1951, nar. (®pauuus), Ne 1097672, 1954,
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MbITAHHS COCTOSIIM M3 JBYXYacOBHIX [HKJIOB. B Teuenue
3TOr0 BPEMeHH JeTani HaXOIHJIHCh B aTMocdepe, coxepKa-
et 0,1% ceposongopona. BiaxHocts Bo3nyxa 95%, temme-
patypa 28°C. eranu HeOQHOKpaTHO 6pasiu pyKaMH, 4TOOHI
YCTAHOBHTDb YCTONYHBOCTb NPOTHB HCTHPaHHS.

A. Bypkxapar u X. Illaerens [126] paspaGoranu cre-

Tabauya 5

YcToHYHMBOCTD NPOTHB AEHCTBHMS CEPOBOAOPOAA B TeueHHe BpeMEHH
no uukjaam (1 uukan=2 u)

OHHasi CTOM
MeTo o6paGorki Koppo3uoHHAass CTOHKOCTb

TIOBEPXHOCTH 1 | 9 3 4 5
0,5 MkM nammagas . . . | —/kK | —/k KT/K KT/K Ke /K
[TaccuBupoBaHHe B pac- .
TBOpE XJOpHEa uMHKa . | —/K | KT/K | KT/K Ke /K Ke/K
DNeKTPOXHMHYECKOe
xpomatupoBanue . . . | —/— | —/k | —/k —/x —/k
Karatopernueckoe  mac-
CHBHPOBAaHHE OKHCBIO Ge-
puag . . . . . . .| —[— | —/— | —/— | —=/— | —/—

ITpodoascenue Taba. 5

Meroa 06pabork Koppo3noHHasi CTOHKOCTh

TIOBEPXHOCTH 6 7 | 8 l 9 10
0,5 MxM namnagus . . . | Ke/k | ke/k | ke/k Ke/K Ke/K
ITaccuBHpOBaHHE B pac-
TBOpe XJIOpUAA UHMHKA . | Ke/K Ke/K Ke /K Ke/K Ke/K
DeKTPOXUMHYECKOE
xpomMatupoBamue . . . [ —/K [ —/k | —/x kb/k | Kb/K
Karadoperuueckoe  nac-
CHBHPOBaHHE OKHCbIO Oe-
puumms . . . . . . | —/— | —/— | —=]—| —=/— | —/—

IlIpuMeuaHnue. B uHcauTeNe — KOPPO3HOHHaA CTOMKOCTb NPOTHB HAeHCTBUS
CepoBozioposa, B 3HaMeHaTele — YYBCTBUTENLHOCTh K NABJEHHIO MaJjbIeB. K — KOP-
posHs; K — KODPO3HOHHBIE ISITHA; KT — TOYEUHAs KOPPO3HS; Ke — paBHOMepHas
KOPPO3HsI Ha BCel MOBEPXHOCTH.
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UMaJbHBEI ammapar, KOTOPHI MO3BOJISET BO BpeMs 3KCIIO-
3HLUHH MOAJep:XUBaTb B KaMepe HCIBITAHHS MNOCTOSHHYIO
KOHHEHTpalHl0 cepoBopopona. TpeGyeMoe KOJHUECTBO Ce-
pOBOZOPOZA BBIIEJNsETCS M3 THOalNeTaMHga C MOMOIIbIO
CTenuaNbHOrO YCTPOHCTBA.

Ha Bpemst xpaHeHus uanesnus, NOKpuTHE cepeGpomM, He-
06X0JHMO YNaKOBBIBATH B HMIPErHHPOBaHHyIO Oymary.
Jns nMnpersnpoBaHiisg MPUTOAHBI COMH MEAH, CBHHILA, IHH-
Ka U Kagmuga L.

I/ICHOJIbSleTCH TaKXXe KOHTEHHephl, MNJIAaKHPOBaHHbIE
¢osbroft U3 Menn? WM W3 APYTHX METAJJIOB 3,

MoOXXHO TPUMEHATb AJIs 3aLUTHl JeTydyHe OpraHuuecKie
BellecTBa * NI NJIeHKH M3 CHHTETHYECKHX MAaTepUaloB.

9. Becnnmanuncrhie 3IEKTPOIMTHI cepedpeHusn

PaspaGoraHo MHOro GeCHHaHHCTBIX 3JEKTPOJHUTOB Cce-
peGpeHusi, OfHAKO IIHPOKOr0 MPHMEHEHHS B MPOMBIILIEH-
HOCTH OHH 1OKa He MOJYYHJIH.

Hurpatnele pacrBopsl, BeaeACTBHE MaJIOH MOJSPH3aLHH
Ha KaroJe, JalOT HUrJooOpasHble U KPYNMHO3epHHUCTHIE Ocaj-
ku. OcaxneHne cepeGpa U3 HUTPATHBIX 3JEKTPOJUTOB Ha-
XOIHUT TMpHMeHeHHe NpH paduHHpOBaHUU cepebpa B 3JEKT-
poMeTasJIypruu.

MoxKHO no/ydyaTb YAOBJETBOPHUTEJNbHbIE OCAiKH cepel-
pa H3 HHUTPATHOTO 3JIEKTPOJNHTA, COJEPIKAIIero THOMO-
YeBHHY:

Hurpar cepebpa, r/fn . . . 25—30
TuomoueBuHa, rfax . . . . 60—70

Temnepatypa siaektposiura 30—35°C, MIOTHOCTH TOKa
0,2 A/nm2.

B atom pactBope cepebpo o6pasyeT KOMIJIEKC ¢ THOMO-
YeBHHOH, KOTOPBIH pacTBOPHM B H30ObITKE THOMOYEBHHHL.

Temneparypa anektpoauta 30—35°C, NJIOTHOCTb TOKa
5TOT 3JEKTPOJHUT He Hallle]l MNPaKTHUYECKOro IpPHUMeHeHHs.

[To nauubiM A. I'pasma, C. Xefimana u JI. IIunkeprona
[127], Genble, x0opomero KayecTBa ocafkH cepe6pa MOKHO
noJy4yaTh U3 pacTBOpa CJAeLYIOLIero cocTaBa:

CepeGpo (B BHAE XJODHAA cepe6pa) I‘/JI e 0,5
Xaopup JutHda, T/a . e 500—750
CoJasiHasi KHCJIOTA 28%-1—1aﬁ MJI/I‘ e no 100

! TTar. (CIUIA), Ne 2709653, 1952; mat. (Anrams), Ne 726807, 1952;
nar. (CLIA), Ne 2749210, 1956.

2 Tlar. (Anraus), Ne 774149, 1957,

3 [Tar. (®PT), Ne 886996, 1953; mat. (®PT), Ne 943001, 1956.

4 Tlat. (Anraus), Ne 773833, 1953.
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DJaekTpoJHT TpebyeT mpopalbOTKIl B TedeHHe KOPOTKOTO
BpeMeHH TpH TeMIepaType KumneHus. Pekomenayemas TeM-
neparypa aJaexrpoanra 70°C. IlnotHocts Toka 0,02—
0,7 A/nm2. [Qnst mOBHILIEHHST AHOAHOTO BHIXOAA MO TOKY
B 3JIEKTPOJIHUT N00AaBJASIOT XJIOPUL aMMOHHS.

P. Baiinep ucciaenoBas 3JeKTPOJNUT HAa OCHOBE XJOpHIA
cepebpa u THOCyJb(daTa HATpPUS, B KOTOPHIH AJs CTaOHJIH-
3alMM pPacTBOpa BBOAMMM CYNbGHT H JJs YJIydYlIeHHS
CBOHCTB OCaJKOB cepe6pa — auerat Wi cy/abpar HaTpHsl.
[MoxprITHA OBUIM 3epKa/JbHO GJECTSLHMH, HO OYeHb TBEp-
ABIMH U XPYIKHMH.

CocraBs 3JIeKTPOJIHTA, T/J:

Xaopup cepebpa . 40 Fuppocynbdur Ha-
Tuocynepar  Hat- TpHA . .
pug . . . . . . 170 Cyan)a'r Hanml . 50

ITnoTHOCTL TOKa 0,5 A/mM2.
M. Ulnorrep, O:x. Kopnuyn u B. Bypmeiictep ocaxnainu
cepe6po U3 3JEKTPOJIHTA CJAEAYIOMIEero cocrasa, I/a:

Homun cepeGpa . . . . . . . 45
Hopmp xams . . . R 450
HopycroBogoponnas Kkucaota . . 15
XKematun . . . . . . . L L. 2—4

[TnotHOCTh TOKa 0,6—1,5 A/nm2. Temnepatypa 3JeKTpOJHTA
40—50° C.

M3 sToro ajexTposuTa MOMXKHO HEMOCPEeICTBEHHO cepeb-
pPUTb Menb, JaTyHb H JApyrue Merasiel. OZHAKO OCaiKH
NOJIy4aloTCs XeJToro LBeTa.

ITo nanupim T. Pama-Hapa u P. Canaromarana [128],
no6aBKa K. HOLUCTOMY 3JEKTPOJHTY, COCTOsAImEMY H3 20—
40 r/n cepebpa (B Bunme moxupa cepedpa) u 400—600 r/a
HOAMAA Kajud, cylbdara aMMOHHS WM CyJbpara HaATpHus
JlaeT BO3MOXKHOCTb TOJYyuYaTb OJecTsIue MOKPHITHA IMpH
njaoTHoctH TokKa 0,2—1,6 A/am? u temmeparype 25—60°C.

B. 51. Cemeplok [129] npensaraer 3/1eKTPOJNHT CJIeLYIO-
[ero cocrana, Ir/J:

Xmopup cepeGpa . . e 40
Huanogeppar (II) Kamug . . . . . 200
Kap6onar xamusa . . . o 20

[TnotHocts TOKa 1,6—1,6 A/nm2 TeMHepaTypa 3JIEKTPOJIH-
ta 60—80° C.

DTOT 3/EKTPOJUT HEJIb3sl CUMTATh HENHAHHCTHIM, TaK
KaK TpH HarpeBaHWH B HeM OOpasyeTcss UHaHOApreHTaT
KaJslus.
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M. Hlnorrep peKomeHnyeT POLAHHUCTHIA 3JIEKTPOJHUT, CO-
nepKauuh, I‘/JI
Popanug cepebpa . . . . . 33
Popauug watpus . . . . . . 200
TInotHOCTb TOKa 0,5 A/nm2.
Jlo6aBleHHe  NOBEPXHOCTHO  AKTHBHOIO  BeLIECTBA
K 3JIEKTPOJIMTY MO3BOJISIET TMOBBICHTb IJIOTHOCTb TOKa A0
1,2 A/nm2.
B paGore [130] mpuBemeH pacTBOp, KOTOPHIH COCTOHT
U3 popaHujaa u nuaHoaprenrara (II).
B pa6Gorax [131—132] omucaHbl 3J€KTPOJNUTH cepebpe-
HHSI Ha OCHOBe CYJb(aMHHOBOH KHCJOTHL.
E. X. Mak-Ke#i! npennaraer nupodocdaTHBIl 31€KTpO-

JUT cepeGpeHHus cocTaBa, I/

Hutpar cepe6pa . . . . . 30—48
IMupodocthar Hatpus . . . 20—40
Cyabpar amMmuaka . . . . 8

Avmupak . . . . . . . . JopH=9

E. HdioppBextep 2 3anaTeHToBasl Cnoco6, no KOTOPOMY
cepe6po MOKeT OCa)KAaThbCsi U3 PacTBOpa COJH a-oxcnnp‘o-
nuoHOBOH Kucaotel npu pH==5--6. Ilo narenry? nas ocax-
HeHHs cepe6pa MOXKHO MNPHUMEHATb IIEJOYHOH pacTBOp
cynbdamMuna GeHnsoino# kucaorel u 40 r/m HuTpara ce-
pebpa.

10. Xumuueckoe cepedpenne

Cepe6Gpo MOXKeT OcaxJaThCsl HAa Mellb U MeJHble CIJIaBH
M3 LHAHHCTBIX PAacTBOPOB 3a CYeT KOHTAKTHOro obGMeHa.
[Tpu 3TOM MOJy4YaloTCs OYeHb TOHKHE, HECTOHKHE IMOKDHITHS
cepe6pom. IIpumepHble cOCTaBHl PacTBOPOB MAJIS XHMHUe-
CKOro cepeGpenusi, r/i:

a) Cepe6po (B BHAE xnopxma cepeépa) e 5
Huanug xamauma . . ... .2
6) Hurtpar cepeGpa . . . . . . . . . . . . 10
Uuavug xaoms . . . . . . . . . . . . . 3b

[Tpu narpeBanum pacrsopa 6 no 40—80°C MoxHO mO-
JyuaTh OJecTsIine MOKPHITHUS.

! Tar. (CLIA), Ne 2504272, 1951.
2 [Tar. (®PT), Ne 939720, 1956,
3 [lar. (®PT), Ne 1195133, 1966.
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Kpome cepe6peHnsi NOrpy:KeHHEM B PacTBOpP, MOMKHO
HAHOCHTb NOKDBITHS HaTHpaHHeM. DTOT cnocob 0ocoOeHHO
NpUMEeHHM JJIsi KDYNHEIX JleTallell HaIH /I HCIpaBJIeHUs 110-
kpbiTHH. OJHAKO moJydaeMble NMOKPLITHS HMeEIOT OYeHb Ma-
JIYIO TOJILIHHY.

Cocras pacrsopa:

Cepe6po (B BHAe XxJOpUAA cepeﬁpa) e 10r
Xmopup HaTpHA . . . . .o 20r
Kucablit BHHHOKHCABI Kajuii B BHe nopou.u{a . 20r
Boma . . . . . . . . .. .0 OcranpHoe

Vmerorcs yKa3aHHs 0 XMMHUYECKOM cepeOpeHHH B HOAUCTBHIX
pacrBopax. '

Hns mMHOTHX UeJsell, HanpuMep IJs MeTaslJIM3alMH He-
TIPOBOJHUKOB, MPUMEHSIOT cioco6 BOCCTAHOBJEHUs cepebpa
U3 aMMHayHO-IIeJOYHOTO PacTBopa ¢ NOMOLIbI0 ¢opMaJb-
Jeruja ¥ JNpyrux BoccraHoBHTeseH. I[IpuMeHsieMble pacTBo-
pbl HEYCTOHYHBHE M AO/KHBI OBITb BCerna cBexHMH. s
cepebpeHuss HeoOXONUMBI JBa pacTBOpa, KOTOpPble HAHOCAT
Ha TMOBEPXHOCTb pa3fielbHO. MakcumalbHasi TOJMMIMHA II0-
JyyaeMBIX NOKPBITHH cocTabJjser okodo 0,75 mkm. Cocra-
BBl pactBopoB [133]:

a) Imanupg cepeGpa, r/m . . . . . . . . 2
Uuanua kamusa, rfm . . . . . . . . 0,2
6) Hutpat cepeGpa, rfn . . e 60
Ammuak  (25%-HbIH), wafa . . . 20

B pactBopsl a m 6 MOXKHO noéaB.nmb 40—100 r/n
dopmanpmeruna (37%-Horo) wmaum 10 r/a runodoctura
HaTpHs.

OnbITbl MO TOJYYEHHIO TOJCTBIX MOKPHITHH cepeGpom
croco60M BOCCTAHOBJIEHHSI He NpuBEJIN K NOJOXKHTEJbHbIM
peayabtataM. IlonyuaeMble OcafiKu cepebpa Jerko mJjiamy-
I0OTCSd H UMEIOT HU3KO€ KayecTBo !

! HemocraTku H CHOCOGH HX yCTpaHeHHsi NMPH cepeGpeHHH TpHBeae-
el B paGore [171].



Taasa 2
30JIOYEHUNE

1. Cocrasbl
HUAHUCTHIX JIEKTPOIHTOB
30JI09CHN A

Ilnanucrele 3JIEKTPOJIUTHL  30J10-
YEHHs CPaBHHUTE/JIBHO IIPOCTH MO
COCTaBy. PaCTBopr coaepxKart
30/I0TO B BHJAE LlHaHOaypaTa Ka-
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Kowyewnmpayus sonoma,e/n
Puc. 43. BausiHue cojepIKaHHS 30J10-

Ta B 3JEeKTPOJHTE 30JI0YeHHs] HA Bbi-
xon no Toky. Temmepartypa 70°C:

I1—0,2 A/nM?, nepeMeuuBaHue; 2=
0,2 A/nM? crokofHOe cOCTOsIHHe; 3 —
2,5 A/oM2, cCIOKOHHOE COCTOsiHHE

Jiist, CBOOOJAHBIA LMAHIA KaJus,
kKapOoHAT Ka/lus U OpPHU OIpele-
JIEHHBIX ycJoBUSIX (pocdar adio-
MuHusl. Bo Bpems 30J/04eHHA
OpPOU3BOJUTCH IPOMEXYTOUHOE
KpaneBaHue. B Hacrosimee Bpe-
Msi pa3paboTaHbl 3JEKTPOJHUTHI,
KOTOpble [Hal0T BO3MOXKHOCTb
nosydatbh TOJCTHle OJecTsiine
30/10Thle TNOKPHITHS 6e3 mpome-
JKYTOUHOTO KpaleBaHHs.

BBuny BBICOKOH CTOMMOCTH
30J10Ta COlepKaHHe ero B 3JeK-
TposauTax coctasiser 1—8 rfum.
JonycTumble TNJIOTHOCTH TOKa,
TaK e Kak U KaTOJHble BBIXOJBI
0 TOKY, 3aBHCAT OT COAEpKAHUA
Au B pacrBope [134] (puc.43).



IIpu cocraBieHHH 3JE€KTPOJHUTOB TraslbBaHHUECKOTO 30-
JIOUeHHs] HCXOAAT OObYHO M3 HuaHupa 3odota [Au(CN)]
uinu unanoaypara kanusi (K[Au(CN).].

B Hacrosmiee BpeMs npumeHsIoT nuaHoaypatr (1) ka-
JIUsl, MOJIyuyaeMBll 3JeKTPOJIHTHYECKHM IIyTEM H COJAEpIKa-
wul 674-0,2% 3o0s0Ta. HucThble 30/10THE aHOABl PACTBOPSIOT
B BOJAHBIX pPAacTBOpax LUHMAHHJA Ka/lHs NPH NPHUMEHEHHH AHa-
¢parM. 3areM pacCTBOp BHIIAPHBAIOT Il MepEKPHCTANIH30-
BBIBAIOT.

[To nanubim A. MopuxeiiMa [135], MOXKHO ocaxaaTh 30-
Joto u3 nuaHoaypara (III) Ha ocHOBe TpexBaJieHTHOIO 30-
nora. Huanoaypar (III) monyuaror mpu noGaBieHHH XJIOp-
Horo 3osota [AuCl,]— B pacTBOp IHaHHAA ILIENIOUYHOIO
mertamia. OnHako coriacHO HccadenoBaHusMm A. Kuopasepa
[136], Takue 3/eKTPOJIHTH HEYCTOHUYHBHI.

Huanoaypar (III) ycToiuuB TOJNBKO B KHCJBIX PacTBO-
pax. Paspyienue xoMjleKca B HOpMaJbHOU CEePHOH KHCJIO-
Te HACTYNaeT C BblAeNeHHeM LHAaHHIA 30JI0Ta TOJBKO MOCHE
HEeCKOJNIBKHX JHefl HarpeBaHUs IMpH TeMIepaType Bhllle
90° C. B mie/JOuHBIX PacTBOpPax TPeXBaJEHTHHIH L HAHHCTHIMA
KOMILIEKC 30JI0Ta MeHee yCTOHYMB. TpexBaseHTHOe 30J10TO
IpH B3aHMOAEHCTBHH C METa/JVIHYeCKHM 30JI0TOM BOCCTa-
HaBJIHBAETCsl B OJHOBAJEHTHOE IO CJELYIOLIEMY YPaBHEHHUIO:

[Au(CN)4]~ + Au— 2[Au(CN),]-. (36)

Bo BpeMs 3/1eKTpOJH3a LHMAHHCTBIH KOMILIEKC TpeXBa-
JEHTHOTO0 30JI0Ta BOCCTAHABJHBAETCS Ha KaToAe kO Me-
TaJ1a

[Au(CN) 4]~ + 3e— Au + 4CN- (37)

H 4aCTHYHO A0 OOHOBAJIEHTHOTIO
[Au(CN),]- + 26— [Au(CN)s]- + 2CN-.  (38)

[Ipu CcOOTBETCTBYIOIIUX YCJAOBHSIX HENOJHOE BOCCTaHOB-
JleHHe MOXeT MpOoTeKaTbh KaK eJHHCTBEHHBIH mpolecc, U oca-
JIOK MeTaJlJla Ha KatoJe He ob6pasyercs [137].

Komniekc onHOBajeHTHOro 3o/0Ta — LuaHoaypat (1)
YCTOHUHB B LIEJOUYHBIX PAcTBOPAX U HEYCTOHUHB B KHUCJBIX
pacrBopax. Ilpu onpeneneHHbIX 3HaueHusix pH, kotopeie
3aBHCAT OT COCTAaBa 3JIEKTPOJIUTA, HAYHHAETCS pasjokKeHHe
KOMIIIEKCOB ¢ 0o6pa3oBaHHeM LHaHHa 30J10Ta. JTa IpaHH-
na Haxomutcsa mpu pH=3[137]. OxHako B mpUCYTCTBUH
coJiefl HEKOTOPHIX TSKeJBIX MeTaJJIOB pasJioXKeHHe HauHHa-
eTcs npu GoJiee BBICOKHX 3HauyeHusix pH. B mpucyrcrBuy,
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HampuMep, HOHOB MeJM TpaHHIa JIEXHT INPH 3HAUYeHHUH
pH=~5,5.

Hasnuuue cBoGOAHOrO LuaHHAa B 3JEKTPOJUTE He0OXo-
JUMO AJIsi TOro, 4TOOBI cTaGUIH30BATH KOMILIEKC 30J10Ta U
o6ecrneynTbh pPacTBOPHUMOCTb 30JOTHIX aHOAOB. Ecian KoH-
HeHTpanuss cBOGOJHOTO IHMaHHAA B HENOCPEACTBEHHOH OJH-
30CTH OT aHOJa He3HauHTesJbHa, TO oOpasyercsi TpyAHOpAc-
TBOPUMBIH HHAHUA 30J10-
; Ta, KOTOPBIA Ocaxnaaer-
cfl Ha aHoJe U IperoT-
Bpalaer  JaaJjbHedIuee
pactBopenue anoga. C
pocToM colepKaHus
CBOGOZHOTO  LHAHHZAA
0cafloK CTaHOBHTCHA Go-
Jlee MeJKO3epHHCTBIM H

paBHOMEPHBIM IO TOJ-

Puc. 44. BausHHe copepiKaHHS CBOGOIHOTO niuge.
LHaHHLA B 3JEKTPOJHTe 30J04YeHHS Ha BbI-
XOA MO TOKY: Ha puc. 44 npusene-

1—025 Alnw%; 205 A/aw%; 3—24 A/nw  HA 3aBHCHMOCTB BBIXOZA
N0 TOKYy OT colepika-
HHS CBOGOXHOIO LHAHH-
Ila H IJIOTHOCTH TOKa, o AaHHbM [lapkepa [134]. Konnen-
Tpauuo cBOOGOAHOrO IHAHHAA MOXKHO NPUMEHSATH OT 15 10
20 r/n [138].

B nuaHUCTBIH 3/7eKTPOJIUT 30/104eHHs N0OABJISIOT TaKkKe
onpejesieHHOe KOJHYECTBO KapOoHaTa, YacTHYHO OH obpa-
3yeTcs 3a cueT B3aHMOAEHCTBHS IHAHUAA C YIVIEKHCJIOTOH
Bo3nyxa. Kap6oHaTbl MNOBBILIAIOT 3JEKTPONPOBOLHOCTb H
yJAydIIaloT ~ PacCeHBAION[YI0 CIOCOGHOCTb  3JEKTPOJHTA.
C pocrom cofep:kaHus KapGoHaTa KaTOAHAs U aHOJHAs
NOJISIPH3AIMH BO3PaCTAaIoT.

Ilnanoaypar HaTpusi HMeeT MEHbUIYIO PacTBOPUMOCTb,
ueM IHaHoaypaT KaJjus. B CBfI3H ¢ 3TUM UHaHHCTBIE 3JIEKT-
POJIUTHl 30JI0YEHHS] He MOJIKHBI COJEPXKaTb HOHBI HATPHS.
Ha puc. 45 npuBeneHa pacTBOPHMOCTb LHaHOAypaTa KaJjHs
¥ HaTpus HpH pasiuyHeix TeMneparypax [139]. Pacrsopu-
MOCTb OGOMX coJieil 30J0Ta yBeJHYUBAETCS C IOBBIILIEHHEM
KOHILEHTPAUUH LHaHuAa B pacTtBope. PacTBopuMOCTb IHa-
HoaypaTa KaJusi C POCTOM TeMIepaTypbl 3HAYHTENbHO
6osblile, YeM HATPHEBOH COJNH. B 3/JeKTPOJHTAX. C BBICOKHM
COflepKaHUEM 30JI0Ta U PACTBOPHMBIMH 30JOTHIMH aHOJAaMH
MOXKEeT NPOH30ATH BhINMAaJeHHe LuaHoaypata Hartpus. Llua-
HOaypaT HaTpHsi Ha NOBEPXHOCTH aHoja 0o6pasyer MJEHKY,
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KOTOpasi MPensTCTBYeT Aa/bHeHIleMy pPacTBOPEHHIO 30/10Ta
WM 1O MeHbluell Mepe orpanuuuBaer ero. [Ipu sTom nuaso-
aypar HAaTPHSI MOXKET OKHCJIATBCA [0 TPeXBaJeHTHBIX KOMII-
JIEKCOB 30J10Ta.

IIpu npuMeHeHHH KaJHEeBBIX COJeHl MOXKHO NPHMEHATb
6oJiee BBICOKHE IMJIOTHOCTH TOKa.

HoGaska ¢ocdaToB mnoswiuaer OydepHble CBOHCTBA
3JIEKTPOJINTA, CHOCOGCTBYSI MOAAEPKAHHIO ONpefeJeHHOro
snauenuss pH. Cornacio nauueiM E. Ilapkepa [134], npu
no6asjennn MoHoocdhara HaTpus obpasyercs ocafoK 30-

ot/
s [P

50441 oot
E ,/ ,/ 7 /’/2’(
Sl /ﬁj/ s
E‘zo ol ] y

aq 50 700 15¢ 200 250 Joo 350 400
PacamBopuriocmos Au, e/n

Puc. 45. PacTBOPDHMOCTb llHaHOoaypaTa Kaaus (a) m HaTpusa (6):
1 —5% NaCN; 2 — 2% NaCN; 3 — Boza

JOTa CBETJIO-XKeJNToro usera. 3HaueHne pH azekTposnuta
cocrapasier 5,5. Ilpumenenne TpuHatpuiidocdara, KOTOPHIH
HaeT GoJsiee CHJIBHYIO LIEJOUHYIO peakIHIo, MPUBOIHUT K IO-
JY4EHHIO OCAJKOB 30JI0Ta C KPACHBIM OTTEHKOM.

[TpocToit UHAHUCTHIH 3/IEKTPOJNHUT 30JI0YEHHS UMEET Clle-
IYIOIIHE cOCTaB, r/i:

3os0T0 (B BHIE nuaHoaypaTa Ka.ﬂHﬁ) o 0,5—5
Huanun xamua . . e e 15,0
Kap6onar xammsa . . . .o OKoio 20,0

Temneparypa 60— 70°C HJIOTHOCTb toka 0,2—0,4 A/nm2,
Ocazku M3 TAaKOro 3JEKTPOJHTA MOJY4aloTCs MSATKHMH H
IJIAaCTHYHBIMH. B TOHKHX CJIOSIX OHH MaTOBBE, C POCTOM
TOJIIIMHEI TEMHEIOT H CTaHOBSTCS KPYNMHO3E€PHUCTHIMH.
A. Kop6enak [140] npeanaraer ciefyomui cocTaB
KOHIIEHTPHPOBAHHOI'O 3JIEKTPOJIUTA, T/J:
3osoTo (B BUAE LmaHoaypaTa 30J10Ta) e 8—14
Uuanun xamumst . . . .. . . 15=30

Temneparypa 60—70° C. HJIOTHOCTb toka 0,2—1,0 A/nm2.
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CooTBercTBYyIOHIHI COCTaB 3jeKTposiita onncan A, M. dIm-
nonsckum [141], r/m:

3osoto (B BUAE uuaHoaypaTa Kamm) .. 1525
unanun xanus . . e 8—10
Tugpookuch Kamusa . . . . . JHol00

Temnepatypa 55—60° C. HJIOTHOCTb ToKa 2—4 A/nm2.

C. Baysp [138] pekoMeHayeT ClIeAYIOUHH COCTAB 3JEKT-
pOJIHTa AJS TOJYYEHHS] TBEPABIX OCAAKOB YHCTOIO 30JI0-
Ta,.T/J:

3osmotTo (B BHIE uHaHoaypaTa Kamusg) . . . 18
Uuanun xamus . . . . S, 120
Fuppooxuce xamvsa . . . . . . . . . . . 4
Cynpdur xamus . . . . . . . . . . . . 4
Banuann . . . .. 0,3

Temneparypa 80° C. HJIOTHOCTb TOKa O 5 2 A/nm2.

Jo6aBku cyabduTa H BaHHJIHHA cnocodcTByIOT o6paso-
BAHHIO MeJIKO3epHHUCTHIX 0CaJKOB 30J10Ta.

Oco6yio rpynmy IieJOUYHLIX LHAHHCTBIX 3JEKTPOJIHTOB
30JI0YeHHUS] NPeACTaB/ISIOT 3/JeKTPOJUTHl Ha OCHOBE rIeKca-
uuaHodeppara (II) xanusa  (3Kesle3HCTOCHHEPOAUCTOTO
KaJus).

X. ITaBek u P. Befinep mpeasaraior 3J1eKTPOJIHT TaKOTO
THIIA IJ151 TOJYYeHHs TBEPABIX OCAaAKOB 30J10Ta, I/JI:

JKenesucrocuHepomucTeii  Kamufi . . . . ., 200
30/I0TOX/IOPUCTOBOJOPOAHAS KHCAOTA . . . . 50
Kap6onar marpuz . . . . o 50

Temnepatypa 70° C. HJ’IOTHOCTb TOKa 4 6 A/nm2.
PekomMeH/lyeTCsl CHJIbHOE IepeMellUBaHHe 3JeKTPOJIHTA.
A. Kop6enak [140] u C. Baysp [138] mpennaraior cJe-
IYIOIIUHA COCTAB 3JIEKTPOJHUTA, T/JI:

JKenesucrocumepomucThiii Kajmit . . . . . . 200
Inanoaypar XKajaust . . . . . . . . . . . 30
Luanug xaausa . . . .. 7,5

Temneparypa 65—85° C. Hnomocrb tToka 3—6 A/nm2
DJIeKTPOJIU3 MPOH3BOJHUTCS NPH NepeMeIlNBAHHU 3JIEKT-
posura.
B paGore [141] npuBOAHTCH 3JEKTPOJHT C MaJjbIM CO-
JepKaHUeM 30J10Ta, I/J:

JKesesucrocuHepoayuCTHI Kamui . . . . . . 15
30JI0TOX/JIOPHCTOBOLOPOAHASA KHCAOTA . . . . 2,6
Kap6onar wHatpus . . . . . . 15

Temneparypa 50° C. ITnorwocte TOKa 0,1—0,2 A/mm2
Brixon no toky 25—35Y%.
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ToscTeie Ocafku 30/10Ta MOXKHO MOJYYHTH H3 JIEKTPO-
JHUTOB, KOTOpble HMeloT 3HaueHue pH, 61u3Koe K HeATpasb-
Homy!. Biaronapsi mo6asienuto ¢ocdaroB pH nommepxu-
BaeTcss Ha ypoBHe 6,5—7,5. MoXHO moJydyaTh CJIOH 30/10Ta
0o 20 MxM 6e3 HpPOMEXYTOUHOrO KpaleBaHHS.

Jsi ycraHoB/eHust B ajektpoaute pH=4-5 ucnoansy-
I0T B KauecTBe Oy(epHPYIOIIUX BeIECTB JUMOHHYIO KUCIOTY
mu ee conu. Haxonsit npuMeHeHne TakKe YKCycHas KHCJO-
Ta U COOTBETCTBEHHO ee coid. B. OcTpoy? mpumeHsan aJjs
OCaXKJIeHHs YHCTOTO 30/10Ta H €ro CIJIaBOB 3JIEKTPOJIHT
¢ pH=2,5--5. DieKTpONUT colepxKajl TakkKe pasjHYHbIE
61eckoo6pasyiolire BENIeCTBA.

Cornacio M. [lauemapky u [l. Beiimepy [142] moxHO
0CaXKJaTh YHCTOE 30JI0TO U3 BAHH C ellleé MEeHbIIHNM 3HAYeHHU-
em pH. Has storo, pasymeeTcsi, HOJKHB IPHUMEHATHCS
OYeHb YHCTBbIE 3JEKTPONUTHL. TBEPAOCTb TAaKHX OCAAKOB Bbl-
Ile, MOPHCTOCTh HE3HAUHTENIbHA.

Kucnble 371€KTpoNUThl HAULNIK IIHPOKOE TPHMEHEHHe IS
GJecTALIEr0 30JI04eHHST H OCAaXKAEHHS CIJVIAaBOB 30J/10Ta.

2. AeKTPOIATHI OIECTAINEr0
H TBEpHOro OJeCTAMEro 30109€HAA

D/1eKTpoJHUTH OJecTsLIero 30J04eHHs GblIM paspabora-
Hbl 3HAUYHTEJbHO MO3JHee, YeM 3JIEKTPOJHTH I/ OcaxKje-
HHSl APYTUX MeTa/JIOB, HalpHMep HHUKeJs HJIH cepebpa.
Ocanku 30/10Ta NPHMEHSVIM CHayajla TOJBKO MJIs JIeKopa-
THBHBIX Leded. O61acTH NpUMeHeHUs OBUIM OTpaHHYEHHI.
JIume ¢ pa3BUTHEM 3JE€KTPOHHUKH H TeXHHKH CTa/l0 Heob6Xo-
JUMBIM TOJY4aTbh TOJCTBlE CJIOH 30J10Ta C OUpeleseHHBIMH
cBofictBaMu. PaspaboTka chnenualbHBIX  3JeKTPOJHUTOB
30JI0YEHHS] B CBSI3H C STHM IIPeACTaBJsjla 3KOHOMHUYECKHI
uHTepec. 3a MpoleiIHe [ABa JAeCATHJIETHS pa3paboTaHo
60J/IbIIOe KOJHYECTBO 3JIEKTPOJIHTOB 30J0YEHHS, KOTOphle
HAlLJIK NpUMEHeHHe He TOJNbKO B 3JeKTPOHHKe, HO H IIpH
Hcc/eloOBaHUH KOCMOCa.

Has 6aecrsimiero 30/104€HHsS MPUMEHSIOT 3JEKTPOJIUTHI
¢ no6aBKaMHu OpraHHYeCKHX COeIHHEeHHII B KauecTBe GJiec-
KooGpasoBatesell. Ocafku NOJNY4arOT C MeJKOKPHCTAJIH-
gyecKOH cTpyKTypo#. Tak Xe Kak M npu ocaxaeHuu cepebpa
npu OJectsiieM 30JI0YEHHH HMIpaeT poJib J06aBKa CYpbMbl.

! Mar. (®PT), Ne 801312, 1950; mar. (CIHA), Ne 2812299, 1957.
2 Mar. (CHIA), Ne 2660554, 1953.
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MertaJibl, KOTOpEIE COOCAXKAAIOTCS C 30J0TOM, HMEIOT 3Ha-
yeHIle NPH MOJYYeHHH TBEPAbIX 30JOTHIX MOKpHITHE. Melko-
3epPHUCThIE OCAJKH 30J10TAa TPH KOMHATHOH TeMIeparype
MOKHO lnonyr{aTb U3 2JIEKTPONUTA CJEAYIOIEro cocra-
Ba, r/ua:

3on0oT0 (B BHAe LMaHoaypaTa Kajus) . . . 8
Budocdpar kamua . . . . . . . . . . 30
®ochopnas kucaora . . . . . . . . . HopH=3,b

ITnotHocth Toka 1 A/mm2.

ITonyyaemble oOcaikH 30JI0Ta HMEIOT TEeMHO-XKeJTbIH
uBer. [Ipu MOBBHIIEHHOH TeMIepaType OCaXKIalOTCS CBETJIBIE
ocaaku. [o6aBxka 5 r/m cyibdara runpasuHa Aaer Mogay-
6JyecTsILI[HE OCAJKH.

[IpensoxKeHBl  3JeKTPOJNUTH  GJECTSLIEr0  30JI0YEHHS
[143, 144] ¢ no6aBkaMu pas3iHYHBIX NMOBEPXHOCTHO AaKTHB-
HBIX BEHIECTB, HampUMep NPOAYKTOB KOHAEHCALHH CEpOYr-
Jepofia HJIH KCAaHTOreHAaTOB C a/IbJeruaaMH %, aau3apuHOBO-
rc mMacja 3, nonurankosesoro s¢upa u T. 1. [Ipu miaorHoctH
toka 0,6 A/amMq ¥ KOMHATHOH TeMmIlepaType MOMKHO MOJy-
yaTth GJecTdliMe OCalKH 30J0Ta. TBEpIOCTb TAKHX OCAAKOB
(110—130 xrc/mm?) BBIIE, YeM TBEPAOCTb OCAAKOB, IOJY-
YeHHBIX H3 INpPOCTHIX 3JeKTposauToB. CojepxkaHue cBoGO.-
HOTO IIMaHuIa JOJKHO COCTaB/IsATh He MeHblie 50 r/a. [Ipu
paboTe C MOBBILUEHHOH MJIOTHOCTBIO TOKA HEOGXOAHMMO MO-
BeIIaTh Temnepartypy no 50° C. TBepaocTh ocafikoB 30/0ra
MOXKHO NMOBBICUTb J00aBleHHeM B 3JEKTPOJIHT MOCTOPOHHHX
MeTaJJ10B.

B. Ocrpay* mpennaraer 106aB/iATh NPOAYKT KOHAEHCA-
IUH KHPHOH KHCJIOTH ¢ 8—18 atomaMu yriepona u aMuHo-
kucaotel. Jas ycunenus G6Jeckoo6pasyroimiero IeHCTBHS
MOKHO J00aBJATh B 9JAEKTPOJHT COJIHM OJ0BA HJH HHKEJIS.

DJeKTpOoJUTH ¢ N06aBKOH CypbMBl B KauecTBe GJecKo-
ob6pasoBaress Oblin onucaHsl T. fImamoro u P. Xomma 5.
Ocaaku, MoJNyyeHHble M3 3TOTO 3JEKTPOJIHTA, NOJKHBI Ha-
rpeBaTbcsi nmpu temneparype 150—200°C. Ilpu oxpHOBpe-
MEHHOM MpPHUCYTCTBHH OPTaHHYECKOH OKCHKHCJIOTHI CHHIKA-
eTCsl XPYNKOCTb 0CaAKOB }76]. TBepIOCTb TaKHX TMOKPBITHIL
cocrasasier 150—190 krc/mm2

! TTar. (®PT), Ne 1215467, 1967.

2 TMatr. (®PT), Ne 958795, 1957, mar. (PPT), Ne 1008079, 1957;
nar. (CIIIA), Ne 2800439, 1957.

3 Tar. (CILIA), Ne 2801960, 1957

4 Tlar. (CILA), Ne 2660554, 1953.

5 ITar. (SImonusi), Ne 3954, 1954.
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Corsiacio E. IMapkepy [145], 30/10Tble MOKPHITHS, CO-
nepxkamue 0,3—0,6% CcypbMBl, HMEIOT TBEPAOCTH IO
203 Krc/mm2 DTH O0CaJKH MOTYT CIeKaThbCAd Ha repMaHHeBHIX
naactuHax npu Temneparype 500° C. Takum o6pasom, MOXK-
HO MOJIY4aTh MOJYIPOBOAHUKH.

E. Ilapkep mnpensnaraer cjelylOIIHA COCTaB 3JEKTPO-
JINTA:

3osnotro (B BHOE unaHoaypaTa Kamm) MI‘/JI e 8
Ilpanug xamust, v/m . . . L. 30
budocbar xamusa, rfax . . . . . . . . . . L. 30
Kap6onar kauus, r/.n R oo 30
CyppMa (B BHJAE aHTHMOHATa CyprbI) MF/J‘I .. . . 6—16

Temneparypa 60° C. [TaotHocTs Toka 0,1—1 A/am2

Jo6aBka K HUAHHCTOMY 3JEKTPOJIHUTY 30J0YeHHs 7,5—
45 r/n raunepuHa u 2,3—32 /1 anH3apHHOBOrO Macja COB-
MEeCTHO C COJIbIO CypbMBI B BHJ€ aHTHMOHHJITApPTPATa KaJjus
K(SbO)C4H,O¢ B k0MHuectBe 0,15—1,2 r/n! nossosaser mno-
JAy4aTtb TOJICTble H OJIeCTSIHE 30J0Thle MOKDBITHS.

3. Becumanucrpie MEKTPOIATH 30109€HUA

JI. Dnb3Hep moaydas ocaJKu 30J10Ta H3 CYJIb(HUTHBIX H
’KeJIe30CHHEePOJUCTEIX 3J1eKTpoJNuTOB. BepHep ¢on Cumenc
HCIIO/Ib30BA/ 3JIEKTPOJIUTBl 30JI04€HHS, COJepIKallHe THO-
cydbdat. A. Poceneyp u M. Jlamakc ocaxkjaaand 30/10TO H3
(bOChOPHOKHCIIBIX H CEPHOKHCIIBIX PAaCTBOPOB.

Jnst ocakJeHHs TOJICTHIX OCAAKOB 30JI0Ta IVIaBHHEIM 006-
pa3oM npu pasjeNeHHd N paQUHHPOBAHUH MPHUMEHSIH CO-
JISTHOKHCJIble COJTH. B 3THX BaHHAX MOXKHO NPHMEHSTb OTHO-
CHTEJbHO BBICOKHE MJIOTHOCTH TOKa — 10 10 A/nm? npu tem-
neparype 70° C. CocTas 3/1€KTPOJIHUTA:

3os0T0 (B BHIE XJOpHAA 30J10Ta) r/n oo ... 26—40
Xaopun Hartpusa, Tr/a . . . .o .. . . . . 1030
CepHast xucaora, ©/r . . . . . . . . . . . . . 10—20
ConsHas kucaoTa, Ma/a . . . . . . . . « . . . 20-b0

Coraacuo naunbim T. Tecpopda, 3TOT 3/JeKTPOJNUT MOK-
HO NPUMEHSITh TaKKe [J/15 TralbBaHHYECKOro OCaXKJAEHHUS 30-
JIOTBIX MOKpBITHEH. Pasymeercsi AJs yJydlIeHHS NOPOYHOCTH
CLleNJIEHHsT MOKPBITHE HEO0O6XOJHUMO NpelBapHTEJIbHO NPOBO-
JIHUTb 30JI0UeHHEe B [HAHUCTBIX JIEKTPOJNUTAX.

! Mar. (Uranus), Ne 581477, 1958; nar. (Ppanums), Ne 1184396,
1959.
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M. llnoTTep mpeasaraer HUCIONIb3BBATh POJAHHIHBIE H
HONUHBIE PACTBOPBL. DTH 3JMEKTPONHUTHI, OJHAKO, HE HALLIH
MPaKTHYECKOTO NPHMeHEHHUS.

4. TIpomeccnt mpyH KaTOTHOM OCAaKIEHHH 30J0Ta

Ha puc. 46 [137] npuBeieHBl KPHBbIE MJIOTHOCTb TOKA —
MOTEHLHAJ TIPH OCaXKIEHHH 30JI0Ta U3 LHAHHCTOIO 3JIEKTPO-
JuTa, cojepxKauero 8 r/a cBo60OAHOro LHaHHAA. 3HaueHHE

-~

Namooran nnomuocms mona, A/dm?

Hamodneri memenyuan, nb

10 48 a4 0 w0 g8 94 0

— -5 - 100

Le—"7l % h
/- /"/ 9 g
/"’ - /:" §'

//' van1 1 Rl - 500
' N
',// /o N
) Q
]

-1300 R - 900
N

a
-1500 - 7000

Puc. 46. KpuBble KaTOOHBIH IOTeHIHAaJ — IJIOTHOCTb TOKa B 3JIEKTPOJNHTAX 30JI0-
yenusi; pH=4,2.

@ —2 I/n yuanoaypaTa KaJHs, 8 I/1 LHaHHAa Kadust (cBOG); 6 —2 r/1 muaHoa-
ypata Kanus, 40 r/n JMMOHHOM KHCJOTH, 60 r/n uurpata HaTpuda; 1, 4—20°C;
2,5—40°C; 3, 6 —60°C; I, 2, 3 — cnokoiiHoe COoCTOsiHHe; 4, 5, 6 — nepeMelliHBaHHe

pH rakoro asnexkrtposura cocrasiser 11. Ilas cpaBHeHHs
HCCJIeOBaJH 3JEKTPOJHT C PAaBHBIM COZEpXKaHHeM 30J10Ta
u pH=4,2. Kak cnenyer u3 puc. 46, B KuCJIOM pacTBope I0-
TeHIHAJ bl UMeIoT GoJiee MOJOXKHTENbHble 3HAaYeHHs. BeIxon
MeTa/ljla 1Mo TOKY HAINPOTHB B 3TOM 3JEKTPOJHUTE HHXKe, UeM
B IIEJOYHOM.

Brizenenue 30J0Ta Ha KaToje NMPOUCXOIHT B Pe3yJbTare
HEMOCPEeCTBEHHOI0 BOCCTAHOBJEHHS LuaHoaypatHoro (I)
Kommniekca [137]: -

Au(CN)z]~+e—Au+ 2CN-. (38)

Honyctumasi MJIOTHOCTb TOKA NpPH TajbBaHHYECKOM 30-
JOUEHHH MOXKeT KoJe6aTbCsl B OTHOCHTEJNBHO IIHPOKHX
npenenax. OHa 3aBHCHT OT BHJIA MOKPBIBAaeMbIX H3JeNNi
M COCTaBa 3JIEKTPOJHTOB, NPHMEHSeMBbIX INpPH 30JOYEHHH.
B mpocThIX 3/JeKTPOJNHTAX 30JI09eHHs paboTaloT ¢ HHU3KHMH
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IJIOTHOCTAMH TOKa, Hanpumep npit 0,1 A/aM2% ¥ npUMeHSIOT
NIPOMEeRKyTOYHOe KpaleBaHHe. 3HAUHTeNbHOEe IOBHILIEHHE
JONYCTHMOH IJIOTHOCTH ToKa (H0 4 A/aM?%) moxHO moay-
YHTb B 3JEKTPOJHTaxX OJecTslLero 30J04eHHs.

BBIXOm MO TOKY MpH KaTOAHOM OCaXAEHHH 30J10Ta H3
3JIEKTPOJIHTA 30JI0YeHHsT 3aBHCHT OT INPHMEHSeMbIX IUIOT-
HOCTH TOKa H cocTaBa 3Jektposura (puc. 43, 44). Ilpn
OCaXKJIEeHHH 30JI0Ta M CIVIABOB U3 KHCJBIX PacTBOPOB Ha
BBIXOJ MO TOKY Bausier Takxke pH pacrsopa [137].

Baaronaps BBICOKOH CTOMMOCTH MeTajla IpPH MOKPHI-
THH 30JI0TOM 0co60e 3HaueHHe HMeeT MakKpo- H MHKpopac-
cexBaoLias CNOCOGHOCTb.

. ®oyneke u [. Ixoucon [146] uccienoBanun makpo-
pacceHBaloyl0 CNOCOOGHOCTb PA3JHYHBIX 3JIEKTPOJNHTOB
30J10ueHHs B suelike XepuHTra.

OnbiTEl MPOBOAUIH CO CIOKOHHBIM H IepeMelldBaeMbIM
3JeKTposuTaMu. MccienoBanu B/IHSHHE IJIOTHOCTH TOKa,
temnepatypel 1 pH pactBopa. Okasanoch, 4TO MOBHIIIEHHE
[JIOTHOCTH TOKa NMPHBOAUT K YJAYUIIEHHIO MaKpOpacCeHBalo-
el cnocoGHOCTH, H3MEHEHHe JKe TeMIEpPAaTyphl BJHSIET He-
3HAyMTeJbHO. B KHCIOM 3JIEKTPONHTE MaKpopaccenBaiouias
crnocoGHOCTh yBeJIHUHBAeTCs C MOBbILIeHHeM 3HaueHus pH.

[Tpu ocax[IeHHH CIJIAaBOB IOJIE3HO NPHUMEHSTH MYJbCH-
pylowuii noctosiHHbl Tok. Ilo mawueim I. T'apmama
u Y. Tuncsenna [147], okpacka u cocras cmjiaBa 30J10TO —
Meab Gosiee paBHOMEPHBI, B TOM CJyyae, eCTH MPUMEHSETCs
NyJbCHPYIOMIHEA MOCTOSTHHBIHA TOK ¢ UMKJIOM B 3,5 ¢ (puc.47).
Ilpn 3TOM OTHOLIEHHE

175 \
1,50

BpeMeHH BKJIOYEHHA K
gaeT OOJIbILIOE BJHSIHHE. & \

qunna)

nepeprBy TOKA OKa3bl-

IS¢

C nomomipio 3TOro cno- 4,25

coba MOXKHO TNOJy4yaTh =700 \ \ A
- NI N

paBHOMEpHbIE  NOKpH 3 51 N

THSL. 3075 —

HmerorTcsi ykasaHusi & 8
S 0,50
[148] 06 snexTpoocax- g
IeHUH 30JI0Ta C HaJoXe- &025
R 3 6 9 2158 2 2

HHEeM NepeMEeHHOro ToKa
Ha IIOCTOAHHBIH, a4 Tak-
Xe 06 ocax/IeHHH Cnﬂa‘: Puc. 47. Bausuue COfepXKaHHST MeIH M LHK-
BOB 30JI0Ta C BBICOKOHU Jla OCaXJIeHHs Ha oxpale{y 30JI0TOr0 MOKpPbI-
TBEPLOCTBIO M XOPOLINM A —6uenﬂo-po:ol:s’:e' B — xenrtoe;
67eCcKOM  TIpH KPaTKo- B seneioe '

Codepmanue redy 6 Bude yuawuda, efrn
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BpeMeHHOH cMeHe ToJtocoB. B nocnennem cayuae katoaHast
MJIOTHOCTb TOKa cocTasaser 1 A/aM% mpu aHOZHOM KpaTKo-
BpeMenHoM uMmnyabce 10 A/nm% Bo usbexaHue CHIBHOTO
pacTBOpeHHs ocajKa 30JI0Ta coldepKaHHe CBOGOJHOro 1ua-
HHUIA B 3JeKTPOJNUTE M0MKHO O6bITh HH3KUM 0,5—5 r/a1. Ilpo-
JOJIKHTEIBHOCTh KaTogHoro BKAoueHus 30—60 ¢, aHOLHBIH
umnynasc 2—10 c.

JI. BpoGenb [149] onucbiBaer pe3ysabTaThl MpOBeNEHUS
9JeKTPOJNH3a C IpUMEHEHHEeM YJAbTPa3ByKa. ¥JbTPa3BYKO-
Bble BOJIHbl yJAy4lIaloT 6/1eCK W BEIXOJ MeTa/l/la MO TOKY,
II03BOJISIIOT MPHUMEHSTb OoJiee BBICOKHE IIJIOTHOCTH TOKa.
IIpu 3TOM  TBEPHOCTb  TOKPHITHH  MOBBIIAETCS 10
220 xrc/mm? Jlyumive pesysnbTaThl OBIM TOJYYEHBI TPH
crenyoux ycaopusix: Temneparypa 28° C, wacrora 20 kri,
mMomHocTs 1,2 Bt/cm?2 *1,

5. 3omouenne 0e3 TOKa

OnuH u3 crapbx cnoco60B 30/0YeHHs], PHMEHsIBIIHNC
B TE€XHHKe, COCTOUT B TOM, UTO H3JEJHS MNOrpy2KAlOT B Lie-
JIOYHOH pacTBOp coju 30Js0Ta. [Ipu 3TOM HOKphITHE 06pasy-
€TCA B pe3yJbTare B3aUMHOI'O BBITECHEHHsI 30/I0Ta MeTaJ-
JIOM H3JeqaHud B BHAE OUeHb TOHKOI'O CJIO4.
B HacTrosilee BpeMsl 30JI0UeHHEe MOTPYyKEHHEeM IIpUMeHdA-
IOT TOJIBKO OJid HEOTBETCTBEHHBIX MEJKHX 1/I3}1€JII/IfI.
OnuH H3 cTapelx pPacTBOPOB 30JOUYEHHs TOTPYyKeHHeM
IMeJ CeYIOMWH cocTas, I/
XjiopHOE 30JI0TO .
Uuanug xanus
®octhar Hatpusg . . .

Cynbtur HaTpus .
Tuppookucy Harpus

—
—WHO O
ocoocoo,

)

STOT pacTBOp HAUPEBAIOT A0 TeMIepaTyphl KUIEHUS H
BHIIEPKHBAIOT B HEM H3JeJUs B TeueHHe HECKOJIbKUX ce-
KYHI.

Hpyro# pactBop 30/0YeHHs *2, paGoTAOUHKHA TPH KOM-
HATHOH TemIleparype, HMeeT CJIeIYIOWHH cocTtas, % :

Xnopux 3omora . . . . . 0,79
Xmopun Hukeas . . . . . 0,79
Tpunarpufidochar . . . . 9,57
Hupanuny xamua . . . . . 9,75
Ykcycnas kueaora . . . . 3,78
Boga . . ... . . . . . 755

*1 O BIMAHHM YJbTPa3ByKa CM. Takxke pabory [51].
*2 Tlar. (CHIA), Ne 2501737, 1950.
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PactBop A/l 30/I0Y€HHsT MEIHBIX H3IENHH, I/

Hurugpodochar varpus . . 42,0
luanupg Hatpusa . . . . . 25,0
Huanoaypar xamusg . . . . 4,0

Temneparypa pacrsopa 80° C.

Ocanku 30/10Ta, TOJYYEHHbIE TMOTPYKEHHEM H3JENIHH
B pacTBop 6e3 Ha/OXKEHHS TOKa, HMeIT He6OJbIIYIo Io-
puctocts [150].

PaspaboraHbl cnoco6el ¢ NPHMEHEHHEM CrenHabHbIX
BOCCTAHOBHTENEN B PAacTBOPE, KOTOpbIE II03BOJSIOT MOJY-
YaTh 30JI0Thi€ IIOKPHLITHS PA3JHUHOHN TOJIIUHBEL B 3aBUCHMO-
cTH OT BpeMeHH 3oso0ueHus [151]. B kauecTBe BoccTaHOBH-
TeJsl CAYXKUT aMHHHBI KOMILIEKC 3os0Ta. [Ipu BBICOKHX
TeMIepaTypax BOCCTAHOBJIEHHE YCKOpPSETCH. YKas3bBaeTcs,
uro npu Temneparype 90°C B TeueHHe & MHH ocaxaaercs
40 mr/om? 3os0Ta. To/IHHA NMOJYYEHHOTO MOKPBITHS 3aBH-
CHT OT BHA OCHOBHOT'O MeTaJlja.

ITo npyromy cmocoby [152] npemnaraercsi B KauecTse
BOCCTaHOBHTENS runodocdur, r/i:

Iluasoaypar kamusa . , . . 2,0
Xyopux aMMOHHS . 75,0
Hurpar HaTpus . . R 50,0
Funodochur Hatpug 10,0

Temneparypa pactBopa 90° C. Jo6aBieHneM aMMHaka yc-
ranasauBator pH pacrBopa 7—7,5. BaHHbBl 151 30/109eHHS
H3rOTABJIMBANT U3 HepXKaBelollell CTalu MU crekaa. TeM-
neparypa pacTBopa JAOJKHA IONLEPKUBATHCS MOCTOSHHOM,
TaK KaK C IOBBIIIEHHEM TeMIepPaTyphbl YBeJHUHBAETCS TOJ-
IHHA MOKPBITUSA L.
s somoueHuss ¢ IpUMeHeHHeM KOHTAaKTa MpeJsoKeH
[156] cienyrowuit pacTBop, r/u:
BosmoTo (B BHAE LHaHHLA 30/10Ta) .
JKenesucToCHHEPORUCTHIH Kaaui .
Hunarpufibochar . . .

Kap6onar Hatpus .
Cyabthur HaTpus

—
O J UL~

—_Oo IO N

15

PactBop 3anuBaloT B NVIHHSHBIA nuauunp (auagparma),
BCTABJIEHHBIH B COCYX, comepxamuii 20% -Hblil pacTBOp XJI0-
PUCTOro HATPHUS. B pacTBOp XJIOPUCTOTO HATPHA NOTPYKaIOT

! TIpen/ioKeHB TaKKe PacTBOPE C A0GaBKaMM JHMOHHOH KHCJOTHI,
BOJIbOPAMOBOIl KHC/JIOTH H 1IEJIOYHOH COMM JHUMETHIATIMLHUHA, a TaKxKe
pacTBOpHI, COAepiKalllle B KaueCTBe BOCCTAHOBUTENS THAPAT THIApasHHA
[154], moueBuny [155]. ([Tpum. ped.)
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IUHHKOBBIA 3JEKTPOL H COENAMHSIOT C 30JI04EHOH JETasblo.
Temneparypa pactBopa okoso 70° C. B Gosee mosnneit nu-
tepatype [157, 158] onmucaHbl HOBbIE METOJBI, KOTOPLIE TO-
3BOJIAIOT YJAYYIIHTb KOHTPOJb 32 IPOIECCOM 30JI0YEHHS.

6. AHoms!

st 307104eHUs] NPUMEHSIOT PacTBOPHUMble M HepacTBO-
puMble aHOABI. PacTBOpHMBlEe aHOABI [OJKHBI OBITb H3 YH-
CTOTO 30JI10Ta C OYeHb HE3HAUHUTEJbHBIM COJepKaHHEM Ce-
pe6pa u Meiu. DJEKTPOJHT TOTOBAT HA OCHOBE TOJBKO
uuaHuna Kanaus. HeOospiioe 3sarpssHeHHe 3JeKTPOJHUTA
HOHAaMM HaTPHUSl CHHXKAeT PACTBOPHMOCTb 30JIOTHIX aHOJOB
U BBI3BIBAeT N1aCCHBHPOBAaHME HUX.

AHonpl He HepadUHHPOBAHHOIO 30J10Ta COAEpKaT MHpH-
MecH IPYTHX MeTaJslJIoB: cepebpa, CBHHILA, MEIH M BHCMYTA.
B Ba/sloBOM 30J10T€ NMPUCYTCTBYIOT TaKikKe MeTasJbl IJIaTH-
HOBOH Tpymnbl: MJIaTHHA, Nadlaiuil, HpUAMH U POnLUH, He-
3HAYUTEIbHOE KOJHYECTBO CyPbMbl, MBIIIbSIKA, CeJeHa HU
tessypa. OOBYHOEe HepadHHHPOBAHHOE 30JI0TO HMEET YH-
croty 99,5%, uucrora BasoBOro 30J0ta 0kKosao 99,96%.

[Tpu Hasuuuyu cepe6pa B 30JI0THIX aHOAAX B XJOPHICOAEP-
KalKX 3JEKTPONUTAaX 06pasyercst XJOpPHUCTOe cepebpo, KO-
TOpO€e NMPOYHO NMPUCTAET K MIOBEPXHOCTH aHOAA H MAaCCHBHPY-
eT ee. [IpHcyTCcTBHe Meiu B 30JI0THIX aHOJAX IIOBBIIIAET UX
PacTBOPHMOCTb, HO BLI3bIBAeT 06MJIbHOE 00pa3oBaHHe aHOM-
Horo mtama. OGoralleHue 3JeKTpPOJNUTa MeAbI0 CIOCOOCT-
ByeT IPU ONpeJeNeHHBX YCJOBUAX H3MEHEHHIO TOHA OKpac-
KH 0CaJIKOB 30J10Ta /IO KPacHOro.

[InatuHa mpUCYTCTBYeT B 30JOTHIX BaJOBHIX aHOAAX
penko. Ponuit u upuauit ocrarorca B umiame. CBUHell, NpH-
CYTCTBYS B 30JI0TBIX aHOZaX, 00pa3yeTr Ha NOBEPXHOCTH aHO-
Ja TPYAHOPACTBOPHMBIH CJIOH B BHJE OKHCH CBHHIA H XJIO-
puia cBHHUIA. BHCMYT, cypbMa, MBIIbSK, CeJeH U TENIyp
TakKe 00pa3yloT Ha IIOBEPXHOCTH aHOJOB MACCHBHEIE
TJIEHKH.

B kauectBe HEpPaCTBOPUMBIX aHOJOB IPH 30JOYEHHH Ya-
llle PUMEHSIOT HepXKaBeloIlyl0 CTalb. XpPOMOBBIE CTaJH
AJIST 9THUX Lesell HenmpurogHol. [IpuMeHSIOT B OCHOBHOM
XpoMoHHKeJeBble cranu 18—8. DBuaronpusthioe BiHsHHE
OKa3blBaeT J06aBKa K CTaJH MOIHOIEHA.

YrosbHble U rpaduTOBLHIE aHOABI Pa3pywIAlOTCA C BhINA-
JleHHeM MeJKHX YaCTHll, 3arPsS3HSIOLMX 3JEKTPOJHT, IIO-
3TOMY HeoO6XOAHMMO MOMelaTb HX B (UIBTPOBAJbHELIE
MeMIKH.
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HPHMCHHIOT TaKKe MJIaTHHHPOBaHHble TAHTAJIOBblE U TH-
TaHOBBIE aHOJBI.

B kucabix BaHHaX NPpUMEHUMBI AaHOABI U3 IJIATUHLI U IJId-
THHUPOBAHHOIO THUTAHA. 30J10TO B KHCJBIX pactBopax d4a-
CTHYHO pPacTBOPSIETCH.

7. IlpepBapurensHaa o0padoTKa

Crnoco6rl mpeBapuTeabHON 06paboTKu (MOATOTOBKH IO-
BEPXHOCTH) MeTaJJIOB Iepes raJbBAHHUYECKHM 30/0YeHHEM
COOTBETCTBYIOT OOBIYHO NMPHMEHSIEMBIM B raJibBaHOTEXHHUKE,
HO ¢ 0cO00H TUIATETbHOCTbIO, TAaK KaK IJIOXHE OCaJKH 30-
JIOTa TPYIHO yLaJUTh C AeTaJH.

B HekoTOpHIX cayyasix AJs yJAydLIeHHs CLeNJeHHs ocaj-
KOB MPUMEHSIIOT NpeNBapHUTeNbHOE 30JI0YeHHe B pacTBoOpe
CJIelyIOWEr0 COCTaBa, I/J:

Hnanoaypar kanus . . 1
panux xamus . . . . . 25
T'uapookuch Kaaus . . 50

)

oo,

’
Bpewms 3omo4yenus 5—10 c.

Menp 3070TAT OOBIYHO IIPH M3TOTOBJEHHH MEYaTHBIX
CXeM U B 3JeKTponpoMblimieHHOCTH. [lepen 3o/0ueHneM mo-
BePXHOCTb MeIH 00e3XKUPUBAIOT 3JIEKTPOXHUMUYECKH Ha
KaTo/le U B OCOOBIX CJydyasx NMPOTHUPAIOT BEHCKOH HU3BECTbIO,
nocJie 4ero c/efyer HeHTpanu3auus B pa30aBieHHbIX KHCJIO-
TaX U aKTUBUPOBaHHE.

Mesikye neranu ouumaroT B 6apabaHax UM KOJOKOJaX
1 aKTUBHPYIOT B CMeCH XPOMOBOH H CEpHOH KHCJIOT, B CYJIb-
(dhamMuHOBOU nau 60pPOGTOPUCTOBOLOPORAHOA KUCTIOTE. Bpems
aKTHBHDOBAaHHSA B 3THX pacTBOpax cocrasiaser 15—30 c.

B oTnenpHHX cayuasx NOPAMEHAIOT XHUMHYECKOe HJIU
aHOJHOE MOJNHPOBAaHHE METAJ/JIH4eCKOH MOBEpXHOCTH.
~ Hep:kaBeromue cranu peKOMeHIyeTcsl CHauyasja OYHILATh
aHOJIHO B FOpPSAYMX LIENOYHBIX PACTBOpax, 3aTeM HUKEIHPO-
BATb B 3JEKTPOJIHTE CIENYIOIEro cocTaBa, r/J:

X/OpUCTHI HHKEdb . . 120
ConsiHasg KHucjOTa . . . 240

Monn6eHoBble CILIaBbl 300TAT J/151 3alUUThl IOBEPXHO-
CTH OT OKMCJIEHHS IIPH NMOBBIIEHHBIX TEeMIIEpaTypax.

A. Kop6enak [159] npennaraer crepyouyio TexXHOJO-
THYECKYI0 CXeMYy IpeBapuTe/bHOM 06paboTKH mepes 30J10-
ueHHeM Mosu6reHa: aHonHas o6paGoTka B pa36aBJeHHON
CepHOli KHCJIOTe, MPOMLIBKA B BOJe, HeHTpanusauHus B pas-
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GaBJeHHOH 1eJOYH, HPOMBIBKA B BOJE, IpPOMBIBKa B
10% -HO# cepHOU KHCJOTe, IPOMEIBKA B BOJE, IOTPYXKeHHe
B pa30aBJeHHYI0O XPOMOBYIO KHCJOTY, IIPOMBIBKA B BOJE,
npefBapuTeIbHOE HUKEJIHPOBaHNE, IPOMBIBKA B BOJE, 30JI0-
yeHHe.

ToHKMe c/ou 30JI0TA UHOTJA TONBEPTAlOT HarpeBaHHIO
npu temneparype 950°C B TeueHue 3 MHH B HHEPTHOM rase.
Benenctue nuddysun o6pas3yloTcs XOPOIUO ClelJIeHHbe
30JI0TbIe MOKPHITHS JIOOO0H TOIIHHEI.

KpemHuuii cuauana o6pabarpiBator B 20%-Hoit wiesoun
¥ HeATpanu3yloT. 3aTeM CJelyeT XUMHYeCKOe HUKEJIHpOBa-
HUe, [pelBapUTeIbHOE 30JI0YeHHe U, HAKOHeL, 30JI0YeHHe
Ha TpeOyeMYyIO TOJLIUHY CJOSI.

st 30/10uenyst mpenJiaraeTcsi JMEKTPOJIUT CIeYIOLEro
cocrasa L.

PactBop umaHoaypaTa KajaMsg, MI . . . . . . . 4

I'mppookuch aMMOHHs, MJ . .

Ilutpar aMMOHHS, MJI .

InaBukOBast KHCJIOTA (40%-1—135{) .
KpemuedTopucroBopopoaHas xnc.nora (27%-Haﬂ),

—_Oltotno

Herann u3 maruus [160] cHauana npoMeiBal0OT B TPHU-
XJIOP3THJIEHE, 3aTeM ULIHGYIOT MOKPOH WIKYPKOH, TINATE/b-
HO NPOMBIBAIOT M IITHOYIOT IWKYPKOH ¢ OYeHb TOHKHM 3ep-
HOM. B nasbHeiimemM npouecc OCYLIECTBIISETCS 1O CJELYIO-
el cxeMe: 0Ge3KHUPUBaHUE TPUXJIOPITHIEHOM, IPOMBIBKA,
06e3:KupHBaHUe B Cl1a6OM IIEJOYHOM PACTBOpPE, MPOMBIBKA,
aKTHBHPOBAHUE B pacTBOpe, cocTosiuieM u3 85% -Hoil cepHOil
KHCJIOTHl ¢ J06aBKOH (TOpHIA Kasusl, MPOMbIBKA, XHMHUE-
CKOe IMHKOBAaHHE B pacTBope cylbdaTa uUHHKA, (TOpUAA
Kaausi ¥ nupodocdara HATpUsl, MPOMEIBKA, NPENBAPUTEb-
HOe MeJHeHHe, IPOMLIBKA, cepeGpenne B GiIecTsiuieM 3JIeKT-
poJIHTE, NMPOMBIBKA, NPOMBIBKA TOpsiueil BOJAOW, MOJHPOBA-
HHe cepeOpSHOr0 MOKPHITHS, O0€3)KHPUBAHHE B TPHUXJOP-
3THJIeHe, 06e3XKUpPUBaHHE B CAaGOLIETOYHOM pPaCTBOPE,
NPOMBIBKA, 30/104eHHe B GJIeCTSALIEM 3JEKTPOJIUTE, TOJHPO-
BaHHe, 06e3KUpUBaHHE, MPOMbIBKA, CYIIKA 2.

[ToBepXHOCTb aMIOMHHHUS B 3JEKTPONPOMBINIJIEHHOCTH 30-
JOTAT 151 1eKOpaTHBHbIX uenedl. Ilpu npensaputenpHou
06paboTKe MOXKHO Ha NOBEPXHOCTb HAHECTH MOKPHITHE M3

! TTar. (®PT), Ne 1171231, 1965.

2 Cepe6penne mepell 30JI04€HHEM HE BCErla IOJE3HO, TaK KakK B IO-
pax 30JI0TOrO NOKPHITHA cepeGpo B3aHMOMEHCTBYET C CepOBOJAOPOJIOM,
HaxoxsuuMcst B arMocdepe, cyabpuAMpyeTCs, NOKPHIBAETCS IBETHHIMH
(1o depHoro usera) maesHkaMmu. ([Ipum. ped.)
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apyroro Meranaa (UHHK, HHKeJdb, Melb, OJIOBO) HJH IOJY-
YHTb IOPHCTHIA OKHCHBIH cJof. TexHoJoruyeckue CXeMbl
npusenensl B pabore [104].

Y. Xapmusr [161] omuceiBaeT psin MeTONOB IpelBapH-
TesqbHOR 06paGoTKU THTaHa Nepel 30J04yeHHeM. Jlydmum
SIBJISIETCS XMMUYECKOe HHUKEJIHPOBaHHe, II0C/Te KOTOPOro IIo-
BEPXHOCTb aHOJHO TPAaBAT.

Bepuanuii, xoTOpH# NPUMEHSAIOT yYalle BCEro B CTPOH-
TeNbCTBE ATOMHBIX PEaKTOPOB, PpEKOMEHIYIT o6pabaThl-
BaTb XMMHUUYECKUM IIyTeM, Kak u ajqroMmunui [105, 106].

8. 3axmounTexbnas 06padoTka

B cBsi3u ¢ ucnonb3oBaHUEM Iporecca G/1eCTsero 30J0-
YeHHUsl, 30JI0Thle MOKPBITHSI He NMOJBEepraloT JanbHelmel 00-
paboTke. OgHAKO IJIs CIIEUHANBHBIX LeNell MOXKET NpHMe-
HATbCSL JIErKOe [VISHLIEBaHHE 3JIEKTPOJHTHUECKHM  CIIO-
co6om.

k. dnBapnc [162] mnpensaraer ciaenyromuil CoOCTaB
pacTBopa JIsi 3JEKTPOJHTHUECKOrO TIVISTHUEBaHHs 30J10Ye-
HBIX [eTaJei:

Coap Poxeans, rfa . . .
®dochopHas KHCIOTA, M/
AmMuak, maja . .

Uupauup kamus, r/fa . . . . . . fli
1

Heo6xonumo xopoiee nepeMeIinBaHHe 3JEKTPOJUTA H Ha-
npsixkenne no 10 B. TemnepaTtypa pacTBopa cocraBisier
60° C.

Hpyroii pacTBop /ISl 3JEKTPOIHTHYECKOTO TJISHIEBAHHS
3oJiota npepnoxua C. Tasma:

Vkcycnas kuciaora, r/m . . . . 10
Cepnas xucjiora, Mr/m . . . . 3
TuomoueBuna, rfa . . . . . 25

Temneparypa anaektpoaura 40°C. IlaorHoctb  TOKa
2 A/gm2. *

* Jleranu ¢ GOJIBLIONH MOBEPXHOCTBIO IIOC/TE 30JI0YEHHSI, €CJAH HYKHO
TOJIUPYIOT PYUYHBIMH TNOJHPOBANLHHUKAMU H3 CTAaJU WM KPOBABHKA C IPH-
MEeHeHHeM CMauMBalOLIMX Xujakocreld. Ilpu sToM moTepu 30ix0Ta MpaxTH-
YeCKH OTCYTCTBYIOT. Tak monupoBany IOCHe 3JEKTPOJHUTHYECKOrO 30J10-
YEeHHs1 JeTajJd KpeMJeBCKMX 3Be3l, yacoB Cmacckoi GallHH H T. .
(ITpun. ped.)
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9. CpoiicTBa rajJbBaHMYECKHX OCATKOB 30J10Ta

dusuyeckue ceolicrea

30J10TO — KeJATHIH, GJecTAlHid MeTals C BBICOKOU IJa-
CTHYHOCTBIO, KPUCTALIN3yeTCs, KaK H cepebpo, ¢ KyOuue-
CKOHl TpaHeleHTPHPOBAHHOH pEIICTKOH; IIOCTOSIHHAS pelneT-

ku 4,07-10-8 cm.
M. Antiep [163] npoBoxun peHTreHorpagpuyeckie u Me-
TaJorpaduuecKie UCCIENOBAHHA Ha YHCTOM 30JI0T€ M €ro
cnyaBax. Ocajky HMesH yacTHY-

§ HO CTOJGYATYI0 H YaCTHYHO Ijia-
1 / CTUHYATYIO CTPYKTYPY.
32, —t [Ipn MexaHHYECKOM MOJHPO-
§8 / BaHWH  TOBEPXHOCTH  30JI0Ta
S CTPYKTypa €€ CHJIbHO H3MEHSeT-
< co.

0 / 2

KatonHoe ocaxaeHue 30/0Ta
H3 IHAHHCTBIX  3JIEKTPOJHUTOB

Puc. 48. Bausiume comepmaHHs NPpOUCXOAHUT B OPHEHTALIUHU [111]
MeAH Ha MHKDOTBEPIOCTb CIJa- 110]
Ba 30J10TO~—Melb H [ .

Codepmranue megu, e/n

IlanHBle O  3aBHCHMOCTH

CTPYKTYpBHI raJbBaHUYECKUX

OCaIKOB 30JI0Ta OT MNPHMEHSEMOTO 3JEKTPOJIHTA IPUBEILEHbI

B pabore [164]. OcoOblil uHTepec /IS MPAKTHKH IPECTaB-

JISleT NOBeJeHIle U CBOACTBA OCAJKOB CIVIABOB 30/10Ta. Ecian

MeTaJ/l/lbl, TOJYyYeHHbIe 3JeKTPOKPUCTALNN3alHel, OTIHYa-

I0TCSl TIO CTPYKTYpe OT META/JIOB, MOJNYyYeHHBbIX MJaBJIEHUEM,

TO 3TO Pa3JUYHe NPH JIEKTPOKPHCTAIIH3AUHU CJIABOB 30-
JIOoTa elle 3HAUYHTeIbHee.

B ocankax 3o0J0Ta B 3aBHCHMOCTH OT YCJIOBHH MOTYT
BO3HUKATb KaK HaNpsiXKeHHs CIKATHS, TaK H HamnpsKeHIs
pactsixenus. CornacHo E. Punkepy [165], npeo6aamator
nocJeqHue.

TeeprocTb ragpBaHHYECKHX OCAaAKOB 30JI0Ta KOJeOJeT-
Csl B OTHOCHTEJbHO LIMPOKHX mpenenax. OHa 3aBHCHT OT yc-
JIOBHH pabOoTBl, TPUMEHSIEMOTO 3JIEKTPONUTA M NMPUCYTCTBUS
COOCaXKAaIOMHUXCS NIOCTOPOHHHX METa/JIOB UJIH GJIECKO06-
pasoBareJell.

PexpucrannnzoBaHHOe YHCTOE 30JI0TO HMeEET TBEPAOCTD
28 kre/mMm2.

M3 mnpocThiX LHAHUCTBHIX 3JEKTPOJHTOB TOJYYaIOTCS
OCafIki TBEPJAOCTbIO OKOsMO 65 Krc/mMm2. OpraHuueckue J0-
6aBKU K 3JIEKTPOJIUTY NPHBOIAT K HE3HAUUTENbHOMY NOBBI-
wennto tBepaoctd (10 80 krc/mm?). M3 KHCABIX 3JeKTPOJIH-
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TOB TOJIy4alOT OCAfKH 30JI0Ta TBepAOCTblo 250 Krc/mMm? us
9JIEKTPOJIUTOB  TBEPAOrOo U OJeCTALIero  30JI0YEHHs
300 krc/mm2. Ho6asaenne 0,5% cypbMbl B OCaliOK MOBBI-
maer ero TBepAocTb Gosee ueM Ha 200 krc/Mm2. 3HauHTe/]b-
HO NOBBILIAETCS TBEPAOCTb OCAJKOB 30JI0Ta IpH nobaBile-
HHH B 3JIEKTPOJHT MEJH, KOTOpas, BBIEJSSICb Ha KaTofe
COBMECTHO ¢ 30J10TOM, OGpasyer ¢ HHM cmiaB [166]*
(puc. 48).
Tepmuueckue
U 3neKTpuueckue csolcrea

Temneparypa niaB/leHHs YUCTOTO 30JI0TA COCTaBJISAET
okoso 1063°C. MerajnndecKkie INpPHUMECH, IPUCYTCTBYS
B HEe3HAaYUTeJbHBEIX KOJIH-

yecTBax, Nopbumaor TeM- 7 "
IepaTypy €ro IJaBJeHHS. < I____|/
JlaBJeHne mapos 30J10- §Z5 A
Ta 3HAYUTEJbHO HHXKE MaB- S
JeHns mnapos  cepeGpa. (¥ / Avbo—
QW
TenronposogHOCTb 30/10TA  § /
npu 0°C pasna 0,744 kan/ §7 4
[(cMm-c-rpan). ] m 1
DJIEKTPONPOBOLHOCTD 870 7/ i
30JI0THIX TOKPBITHA 3aBH-  § A | —
5 /M —
CHT OT BHJA NPHMEHSEMO-  § ST
ro 3JeKTPOMITa, YCJOBHH [ ’ |
3JIEKTPOJIH3a M TNPUCYTCT- 7 7 2 7 4 5 &
BHSI COOCAXKIAIOIIMXCA MO~

Codepmarue HECITEqROOHIEO
CTOPOHHHX METAaJJOB. remanna, Jo (am.)

X' FPOCCMaHH u B MepJI Puc. 49. 3aBHCHMOCTb YJIEJBHOTO COIPO-

[168] HUCCJJe0BaJSId 3aBU- THBJIEHHS] OCa[KOB 30/I0TO—HHKENb H 30-
JIOTO—KOGaJbT OT KOHIleHTPalHH

CHMOCTb YIEeJBHOI'0 CONpPO-
THBJIEHHS] TOKPHITHH U3
cniaBa 30J10Ta C HUKEJEM U 30J10Ta ¢ K06aJbTOM OT KOHIeH-
TpauuHu Jerupymnollero komnonenra. Kak ciaenyer us puc. 49,
yAeJbHOE CONPOTHBJEHHE 30JOTHIX MOKPBITHH BO3paCTaeT C
yYBeJIMUEHHUEM coJlepxKaHus uukess. IlonyyeHHble 3HaueHHUS
npuMepHo Ha 509% Bbillle H3BECTHHIX U3 JIUTEPATYPHI TAHHBIX
JUIST TOMOTeHHBIX cI1aBoB. Mcxons U3 aToro, aBTOPHI | 3a-
KJAIOYAIOT, UTO KPUCTAJNINUYECKasl pelleTKa rajbBaHHYeCKUX
0CaZKOB JOJIKHa OBITh 3HAUNTEIBHO HAPYILEHA,

Ho6aBka ko6GajbTa K 30JI0TY NMOBHIAET YAeJbHOE CO-

* CM. TakXe pa6orty [161].
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IIPOTHUBJIEHHE OCAJIKOB B GOJ/IbleH CTelleHH, yeM Ho6aBKa HU-
kessi. [TomyyeHHble 3HAYeHHsST COOTBETCTBYIOT 3HAUeHHSIM
I roMoreHHeIx cniiaBoB. Onnako X. [pocemand u B, Mepa
He 3aKJII0YalT U3 3TOro, YTO OCAJNOK HpelCcTaB/ser CcOOOH
TOMOTEHHYIO CUCTEMY C HEHAPYHIEHHOH pelleTKOH.

:%é%%%

TuUn anenmponuma

Tepexodnoe

conpomubnenue, MOM
TN > SIN
T

T

Puc. 50. BiausinHe KOHIIGHTDHPOBaHHOH aTMocdephl cepoBopopona (BpeMs o6pa-
6oTkH 120 MHH) Ha HepexXoAHOe CONPOTHBJIEHHe DPasJHYHBIX rajJbBaHMYECKHX ocal-
KOB 30J10Ta:

a == Au; 6 —cnnaB Au—Cu; 8, 2~ cmnas Au—Ag; 9, e — Au—Ni; o — Au—Co;
a, 6, 8 — menouHolt saekTpoaur; 6, 0, e, 9% — KHUCABIH SJEKTPOJHT

[TepexomHoe COMPOTHBJEHHE TaJbBaHHYECKUX 30JI0TBIX
MIOKPBITHA 3aBHCHT OT cnocoba 3ojodenus [169, 170].

Huxe npuBeneHbl 3HaUeHUs] EPEXOAHBIX CONPOTHBIEHHH
Pa3/IHYHbIX TaJbBAHHUECKUX 30JIOTHIX NOKPBITHH H CIJIABOB
3osota [169] B cpaBHeHuu c cepeGpOM, HUKeJNeM, POJUEM:

Ocapok DNEeKTPOAHT ITepexoamnoe compo-
THBJIeRHEe, MOM

Yucroe 30J10TO Llnanucroiit 5,0
Au—Cu Kucabrit 5,9
Au—Ag Huanucroi 6,3
Au—Ni Kucabiit 7,7
Au—Co » 7,2

Rh — 6,5
Ni — 8,6
Ag —_ 5,6

3HaunTesIbHOE BJIUSIHHE HAa IEPEXOJHOE CONPOTHBJEHHE
OKa3bIBAIOT CJI0U CyJiabduaa, 06pa3yoomuecs Ha 0BePXHOCTH
ciaBoB 3os0ota (puc. 50). IlepexomHoe compoTuBaeHHE
cynbQUANPOBAHHBEIX CJIOEB 30/10Ta YBEIHYHBAETCS C MPO-
IOJIXKUTEJTbHOCTbIO CY/JAbGUAMPOBAHHS B MEHbINEH CTelleHH,
yeM y cepebpa (puc. 51).
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Puyc. 51. 3aBHCHMOCTL mnepexofHoro S
COIPOTHBJIEHHS]  30JOTBIX IOKPBHITHH §~
OT NPOJOJKHTENBHOCTH CYAbGHIHPO- Q
BaHHA: [
1 — cepe6po; 2 — uucroe 3on010; 3 — R S0
30J0TO—Mefb; 4 — 30J10TO—HHKeNb '§ sl /
S <
RS 3oL 3
S 2w} 4 5
0 s ---=-=.,:—-:.=—:—.-f='='—¥

9 10 2030 60 90 120
~Apodenmumensnocmo cyns@udupobanys, un

Onruueckue u xumuyeckue c8oLCT8A

Oxpacka CIIaBOB 30J10Ta CHJIBHO H3MEHsSIETCs B 3aBHCH-
MOCTH OT KOMIIOHEHTA CIIIaBa U ero colepKaHus B OCaJKe.
Oka3niBaeT BJHSIHHE Ha IIBET OCaJKOB 30JI0TA U €ro CIJa-
BOB TOJIIMHA NOKpbiTHs [87, 88].

Kucisopon u npyrue KOMIOOHEHTHEl aTMocdephl Ha XOJMOLY
U TpPU NOBBIMIEHHON TeMIlepaType He 0Ka3bIBAalOT 3aMETHOTIO
BJIMSIHUSI Ha [IOBEPXHOCTb 30J10TA.

Yucroe 30/10T0 B GOJMBUIKHCTBE KUCJIOT ycToiunBo. OnHa-
KO C TOBBHINIEHHEM TEMIEPaTyphl KHCJIOT YCTOHYHUBOCTb €ro
CHHXKaeTcs.

C mesnouamMy npu HarpeBaHUU YUCTOE 30JI0TO He pearu-
pyer. OfHAKO B LIEJOYHBIX LHAHUCTHIX PACTBOPax B NMPUCYT-
CTBHH KHCJOPOJa OHO JIETKO PACTBOPSIETCH.

FanbBaHnYecKue OCaIKH 30J0Ta, COIepKallue IpPHMeCcH
MIOCTOPOHHUX METAJJIOB, HMEIOT 3HAYHTEJbHO MEHbIIYIO XH-
MHYECKYI0 YCTOHYHBOCTb MO CPABHEHHIO C YHCTBIM 30JI0TOM.

lanbBaHUYECKHe 30JI0Tble MOKPBITHS XOPOWIO NasitoTcst.

1 O menocraTkax M crnoco6ax MX YCTpaHeHMs IIPH 30JI0YEHHH CM. pa-
Gory [171].
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Taasa 3

METAJIJIbI
IJIATUHOBON
I'PYIIIIbBI

\

Merannel  mIaTHHOBOR — rpym-
OBl — pyTeHufl, poxuii, nanna-
IHU#, OCMUH, HPUIUK U mJaTHHA.
OnHako B rajbBaHHYeCKOH TeX-
HUKEe HIPAalT DOJb TOJBKO PO-
Iufl, Dangafaui u miatuHa. JIpy-
rde MeTajbl JI2aTHHOBOH TpyIl-
OBl B HacTosilllee BpeMs HMeIOT
MoKa TOMYHHEHHOE 3HaueHHe.
WzBecTHbl cnocobbl KaTOXIHOTO
OCaXKJIeHUsl HDUAHUS W DPYTeHHs,
HO TeXHHYECKOTO0 TpHMeHeHHUs
3TH ITOKDBEITHS ellle He HAILIH.
OcMmuil BBULY JETKOH JIETY4eCTH
geTBIDEXOKHCH He TNpHMeHseTcs
B UHCTOM BHIE.

Ecau o6pabaTmiBaTh MeTas-
Jbl IJIATHHOBOH TPYIIBl NpH
BBICOKOH TeMIlepaType B MPHCYT-
CTBHH KHCJIOPOAAa, TO COIJIAcHQ
Kpyrcy [172] oum pacmonara-
I0TCSl B CJeAYIOIUUH psal Mo CTe-
NIeH! HClapeHHus:

Ocmuit . . . . . 1000
Pyremust . . . ., 200
Upumut . . .« 60
Mannanuii . .. 6
Ilnatuea . . . . 2
Pommit . . . . . 1

CnenoBaTe/bHO, OCMUH U PY-
TEeHUH He [OJKHBl BBHIIEpPXKH-
BaThb BBICOKOH TeMIepaTypHl.
PonueBble TOKPHITHA U3 BCeX
METaJJIOB MJIaTHHOBOH TPYIIBI
HaxonsaT HauboJbliee NpuMeHe-
HHe B TalbBaHOTeXHHKe. XOpO-
mas XUMHUYecKas CTOMKOCTb H
BHICOKAas TBEPAOCTb POXUEBHIX
HOKPBHITUHA  HCIOJB3YIOTCA  BO
MHOTHX 006JacTX TeXHHUKH. Po-
JHeBble MOKPBITHS HMEIOT Jyd-
WUH JTeKOpaTHBHEIH BHI, 4YeM
JIpyrue MeTaaabl IUIaTHHOBOMH
rpynnel.  [lmaTwHOBEIE NOKpHI-
THA TPUMEHSAIOT MPeUuMYyILecT-



BEHHO B XMMHYECKOM amnnapartocTpoenud. [lamnanuesre mo-
KDBITHSI B BHAY MX CEeDPOH OKPAaCKH He HAXOAAT NPHUMeHEHH
IJIs1 MeKopaTHWBHBIX Lesnell. OHH HCNOJB3YIOTCS B 3JEKTPO-
HUKe JJs1 3allUThl cepeOpeHbIX IOBEPXHOCTEH.

1. Pogmporannme
COCTABBI JJEKTPOJINTOB POXVMPOBAHUA

Ponnit — enuHCTBEHHBIN MeTas/ IMJATHHOBOH TPYIIIHL,
KOTOPHIF MOXET OCaKIaThbCs H3 TPOCTHIX 3JEeKTPOJHTOB.
HaxonmuTcst n B TaKUX 3JeKTPOJNUTAX POMHH B BHIE KOM-
IJIEKCHOTO COeJHHEeHHs — BONpOC ellle He pemeHHbH [173].
W3 nByx H3BeCTHHIX CyabdaToB pomus xKeatoro Rhy(SOy)s-

14H,0 u xpacuoro Rhy(SO4)5-6H.O nociennemy mpumu-
CbhiBaeTcsl KOMILTEKCHBIH xapakrep [174].

IIpocroii 3/1eKTPOJIUT POAMPOBAHUS COCTOHUT H3 CyJb(a-

Ta PONHUS H CEPHOH KUCIOTH B KOHIEHTPAUHH:

Pomnit (B Bume cymbtara pomm) r/n. Coe 2
CepHag xucaoTa, Maja . . . . P 40

Temneparypa pactBopa 40—45° C. IlrotHOoCTh TOKa 1—
11 A/am2 UtoGel m36exkaTh NMOSBJIEHHS B POJHUEBHIX OCal-
Kax BHYTPEHHHX HaNpszKeHHH, HeOGXOIHMO IMOIAEPKHBATh
KaTOIHYIO IJIOTHOCTb TOKa B pa3GaB/eHHBIX 3JEKTPOTUTAX
He Boiue 0,5—1 A/am2. OueHb BaxHO, YTOOH POJHEBBIE CO-
JIF OBLIY YHUCTBIMH.

Jns nonyueHHs] NEeKOPATHBHBIX PpOMHEBBIX MOKPHITHH
IpUMeHsSI0T pa3faBileHHBle pacTBOphl. ToJmuHA cI0s  CO-
crasasier 0,2—1 MkM. B ToscTHIX clOosiX ocanku U3 pas6as-
JIEHHBIX PacTBOPOB INOJYYalOTC XPYNKUMH U UMEIT 60Jb-
IINe BHYTPeHHHe Hanps:keHus. /s TONyY4eHHsT TOJICTHIX
POAMEBBIX TNOKPBHITHH MOJXKHBI IPHMEHAThCS KOHUEHTPHPO-
BaHHble 3JEKTPOJHUTHI, HANpUMep 3JEKTPOJHTHI, cOmepKa-
mue 10 r/n1 ponusi. FI3BeCTHBI 3J€KTPONUTH PONHPOBAHUS C
conmep:kanuem 100 r/n poxus [175]. CunbHoe pacTpeckuBa-
HHEe DOJHeBbIX NOKPHITHH YKa3blBaeT Ha HHU3KOE COjepKa-
HHE MeTajjla B 3JeKTPOJHTE M HE3HAUHTENbHBIH BBHIXOX IO
Toky [176]. Ilns mpenoTspalleHHs BhIJeJeHHs BOAOPOJA
IpU OCaXKIeHHH DOAHs MPUMEHSIOT NO06GaBKM MaJeHHOBOM
KHCJIOTBI I XHHOHA.

IeiicTBue 3arpsisHeHHil Ha ocaxJAeHHe poAMsa OBLIO HC-
cnenosano C. Jopuepom u JI. @posascom [177]. Pesyis-
TaThl 3TOTO HCCJIeNOBaHUs NpHBeleHH B Tabsa. 6. Cmauusa-
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Tabauya 6

Bananne 106aBoK Ha cBOACTBA POAHMEBBIX TOKpbITHI [177]

JoGaBka KoHnenTpanHs Bausnue IpumeuaHue
XKeneso 0,135—0,89 r/a | He Bauser —
Hukenp 0,045—1,67 r/n | To xe —
Menb 0,085—1,535 r/a | [TonocaThle ocag- —

KM H OCaxJIeHHe
MeIH, 0CO6GEHHO
NPH HHUSKUX ILIOT-
HOCTSIX TOKa
Cepebpo 0,009—0,45 r/a | ITonocatele u TeM-|PactBop GhicT-
Hble OcaJKd TNpH|po TeMHeer
O4YeHb BBICOKHX H
HHM3KHX IJIOTHOCTSX
TOKa
3oJq10TO 0,005—0,02 r/a | To xe, 4TO ¥ IpH —
HaJU4YHH MeoH
OuioB0 0,43—0,16 r/n | To xe, 4TO ¥ TpH —_
Hanuuuu cepebpa;
TeMHBIE OCaJKH, HO
NpPEeAMYIIECTBEHHO
[IpU BBICOKHX IJIOT
HOCTAX TOKa
1lunk 0,03—0,915 r/a | IToanocaTthie ocamku —
®epponnanun 0,1—0,6 r/n He sauser —
Kanus
Ilepcynbpdar 0,5—5,0 r/x To xe O6parnas cro-
aMMOHHSA pOHA TJIACTHHHI
npu BBICOKOH
KOHIIEHTp aLHH
TEeMHeJa
AsoTtHas 1—8 emd/n » » —_
KHCJI0Ta
Coasnas 2—12 cm®/a > » —
KHCJIOTa
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IOlMe BellleCTBa M JPYyrHe OpraHHUYECKHe COeJUHeHHus, BHe-
CEHHBLIE B 3JEKTPOJIHUT, YXyALIAJH CBOHCTBA PONHEBEIX IO~
kpbiTuil. [laibHelle HCCIeJOBAHUA N0 H3YUEHHIO BJIHMAHHA
3arpsasHeHu#l 3JekTpojuTa OblIH npoBeleHsl k. Xuimiom
[178], M. [Tanemapkom u JIx. Pyckonu [179].

Bospacraomee 3HaueHHE TalbBAaHHUCCKHX POJHEBBIX
HOKPHITHI B TeXHHKE, H OCOOEHHO B 3JIeKTPOHHKE, NpelbsB-
JageT ocobule TpeéoBaHmi IO [OJNYYEHHIO TOJICTHIX HepacTpe-
CKUBAIOIUXCS NOKPBITHI.

Cornacio @. Peiiny [180], MOXHO mOJy4nTb OTHOCH-
TeJbHO ToJCThe (Mo 20 MKM) HepacTpecKHBaIoLuecss poOJH-
eBble MOKPHITHSA, €CJH OCHOBHOH MeTal]l TpelBapHTeIbHO
TOKPHITh 30/10TOM. [loGaBiienue cyabdara allOMHHHS B KO-
JuyectBe 6 I/ Takxke CINOCOOCTBYET OCaXKIEHHIO HepacTpe-
CKHBAIOIUXCH POAUEBBIX MOKPHITHH. OXHAKO NMOBEPXHOCTH
NOKPHITHI cTaHOBUTCS wiepoxoBaToll. IlomoGHble pesyibra-
THl MOJy4aauch npu gobasieHun cynbdara mMaruus'.

Jlo6aBKa K 3JeKTPOJNUTY CEJEHOBOH KHUCJIOTH B KOJIHYe-
cre 0,05 r/n cHmxaer o6paszosanue TpemuH [180] u mpn
comepxanuu 0,1—1 r/s celeHOBOI KHUCJIOTH B 3JEKTPOJHTE
o6pa30BaHus TPELIUH He HAOJII01aeTCs.

DJIeKTPOJIUT UMeeT CIeIYIOMHUI COCTaB:

Ponuit (B Buge cymbdara pozmﬂ) 1‘/.71 e e e e 5,0—20,0
CepHas KucaOTa, MJ/a . e e e e o 100
CeneHoOBast KHCAOTA, T/ . . . .+ « « « o o .« . . 0,1—1,0

Temnepartypa ajekrpoaura 50—70°C. IlnotHoCcTh TOKa
1,0—5,0 A/nm2.

Huskas nioTHocTe TOKa M NMOBHIIEHHAsi TeMIepaTtypa
YCUINBAIOT AeHCTBHE CeJIEHOBOH KUCJ/OTHI.

Coraacuo I'. Xensemo [173], mo6aBka HEHOHOTEHHBIX
BEIECTB yMeHbIIaeT 06pa3oBaHNe TPEUIMH H MOBHIIIAET
rasgHen, nokpeitu#. Ilpu TonmuHe ocagka 17 MM u 6ogee
B HEM TOSIBJSIIOTCS HEOOMbIINE TPELIUHEL.

[TpuBoxutca ynomuHanue [172] o cynbdaTHOM 3JeKTpO-
JIUT¢ POLHPOBAHHS, KOTOPHI CONEPIKUT B KauecTBe JOGaBKH
cynb¢aT aMMOHHS, T/JI; .

Ponuit (B BHIE cym;tbaTa pomm) e e 4
CepHasg kuciora . . .. . . . . 60=70
Cympdar aMmoHEA . . . . . . . . . . . 15—30

AY

Temneparypa ssnekrponura 30—40°C. IlioTHocTs TOKa
1 A/nm2

! Tar. (®PT), Ne 1068091, 1960.
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IMsl B 9JIEKTPOJIHTE BHIXOJ MeTa/ljla II0 TOKY B IepeMeLlH-
BaeMOM Cy/JIb(paTHOM 3JIEKTPOJHTE POAUPOBAHUS PE3KO yBe-
auynBaercs [176]. DTo 06CTOATENLCTBO B NpPaKTHKE HMeer
ocoGoe 3HaueHHe, TaK KaK 3JEKTPOJIHTH POLHPOBAHHUS 3KC-
IJIyaTHPYIOTCsSI C HEPACTBOPHUMBIME aHOZaMH. B Takom ciy-
yae, 4TOGBl BBHIXOJ MeTaJjJjla IO TOKY OCTaBaJsCs MOCTOSIH-
HBIM, HEOGXOAMMO B 3JIEKTPOJIUT 4acTO N06aBJSATH COTH PO-

-100
L
7 ="
< N 1 J /
60 S AP
BN N \a/ J\ —
N 7L 1< N / A
S 40 e N =
8 I T 3 41N
S — S 2
3 =<
< ¢ 2
0 105 27 355 42 54 27 B2 Jl68 453 449
Konyenmpayun R,/ Termnepamypa,’C
Puc. 53. BnusiHHe KOHIIEHTPALHH pO- Puc. 54. BnusiiHe TeMIepaTypel Ha
JHA Ha BBIXOA IO TOKYy B CIHOKOHHOM BBIXOX II0 TOKy B INepeMeLIHBaeMOM
cyabdaTHOM sSiekTpoauTe. TeMmepa- Lya1b$HaTHOM 3JIEKTPOJIHTE DPOAHPOBA-
Typa 50°C, 26,4 MJa/n cepHOH KHc- HHfA, coiepxamem 4,5 r/a1 cyabdarta
JIOTHL: aMMOHHSA, 6 r/n1 pogHss B BHIe CyJb-
1—195 Alam® 2—25 Al 3— dara u 52,8 Ma/n cepHOM KHCIOThI:
5 A/lnm?, 4 — 7,5 Alam? 1—06 A/onm?%, 2—1,25 A/am?; 33—

1,25 A/aM?, Ge3 [BHXKeHHs; 4— -
2,5 A/nM?, Ge3 JBHIKeHHS

IUsT WIH yMeHbIUaTb IJOTHOCTh ToKa. CHHXKeHHe BBIXOMa
II0 TOKY CBA3aHO C yBeJHYHBAIOWIMCA 00pa3oBaHHEM BOJIO-
pona Ha KaToie, KOTODHIH OKasblBaeT HeGJaronpHusiTHOE
BJHSIHME Ha CBOICTBA 00pa3yOLIUXCs OCAJKOB POMAHA.

C noBBIIIEHHEM COLEPXKAaHHUS KHCIOTHl BBIXOA MO TOKY
cHayaja OblcTpo cHHKaercss. [lpu comepxanuu OKOJIO
70 Mr/a cepHOH KHCJIOTHI CIaJ BbIXOAA IO TOKY 3aMeMJser-
csi. Bosee He6naronpusaTHOe BIHMSHHE OKa3biBAaeT HA BHIXOX
no Toky (ocopHass KucJoTa. 3HAUUTENbHO BJIHSIET Ha BHI-
XOJ, IO TOKY NepeMellNBaHue 3JjeKTposaura. M3 puc. 53 cie-
JyeT, 4TO BHIXOJ MO TOKY B HellepeMelINBAeMOM 3JeKTpo-
JIUTe C NOBHIIIEHHEeM KOHILEHTPAalHH DONUS YBeJIHYHBAETCS
3HAYHUTEIbHO MeJeHHee u pocturaer 609% maumb npu oueHb
BBICOKO! KOHIeHTpauuu pomust [176]. Boabmwoe BausHue
Ha BBIXOJ IO TOKY OKas3blBaeT TeMIlepaTypa 3/eKTpOJHTa

106



(puc. 54) [176]. ITpu BEICOKO# TeMmepaType BBIXOM MO TOKY
Moxer coctasiasTh 100% . [TosToMy /151 MONYYEHHS TONCTHIX
POMHEBLIX TMOKPHITHH c/lexyeT paboTaTh MPH IMOBHIEHHBIX
temnepatypax (okosao 50°C).

OueHb BEICOKYIO TEMIIEPATypy NPHUMEHSITb HE pPeKOMeH-
nyercsi [184], Tak Kak pacTBOpHl IpH TeMmmeparype 60—
80° C moryr pasnarartbcs. 'HAPONN3 pPOXHEBOH COJNH MOXK-
HO TpPeIOTBPATHUTb, €CJIH

COOTBETCTBEHHO TOBHICHTD 00 N
COlepKaHHe KHCIOTHL B , gn ] NIN__IN\
3JIeKTPOJIUTE. . \\ AN ‘\ P

C NOBbILIeHHeM IIOTHO- § 50 NN s
ctu Toka (puc. 55) Brixom § N N\ ‘-\ Flnd
_To ToKy cHmKaercsa [176]. § ) N\, el
Ho B Havanmbubifi nepnox ‘Y \\ (2]
polupoBaHus  UeNecool- 2 ~
pasHo paboTarth NpH MOBH- TN
IIeHHOH TIJIOTHOCTH TOKa, /
yTO06Bl JOCTHYb TEepeKpHl- 0 216 432 646 664 1060
THS1 NTOBEPXHOCTH. finomuocme mora,Afom?

CorJacao JaHHBIM Puyc. 55. BiausHHe NJIOTHOCTH TOKa Ha

o BBIXOJ, 10 TOKY B NlepeMeLIHBAEMOM CYJib~
L. pr6e u Bai Yanr Fy $aTHOM 3JIEKTPOJIMTE POXHPOBAHHA, CO-

TPeXBaJIEHTHbIE HOHBI PO- mepxamem 26,4 Ma/n cepgoi.i KHCJIOTHI,
TeMnepaTtypa 50°C:

JHs OKHCJSIOTCS Ha QHOJE  ;_9) /iy Rh: 2~37 rjn Rh: 3e

0 HOHOB 6oJlee BHICOKOH 53 r/n Rh; 4=79 r/n Rh

BAJIEHTHOCTH. ITOT TIpO-

I[eCC COMpOBOXKIaeTcs OKpallMBaHHEM 3JeKTPOJIHUTA.

Kak yxe ykasbBasloch, Ha OCaJKH POJHUSl OKa3blBaIOT
BPellHOe BJHUSIHHE MeTajJHuecKHe 3arpsa3HEHHs 3JIEKTPOJIH-
ta. Cornacuo E. Jlaficrepy u P. Benxamy [185], moBblmeH-
HOe COIEepKaHHe KUCIOTH B 3JeKTPOJHUTE He CHHUKAET UyB-
CTBHUTENBHOCTh €r0 K MeTaJ/Juueckum 3arpssuenHusiM. Ilo
nauusiM E. ITapkepa [186], TONIbKO HHKeNb B KOJHYECTBE
no 1 r/n He oka3bIBaeT BJHSHHE Ha IPOLECC OCAXKAEHHS pO-
nusi. JIpyrue meTasiibl, HanpuMep Menb, cepe0po, 0JOBO,
CBHHeI[ U KaAMHUM, B KoJnyecTBe Oojiee yeM 5 MT/JI BPEIHBHL.
B cBs3u ¢ sTHM H3genus I/ pOLMPOBAHHS BCerja 3aBe-
IIMBAIOT B BaHHHI [I0J] TOKOM. B NpPOTHBHOM cJlyuae OCHOBHOM
MeTaJIJl pacTpaBJAUBAETCS KHCJIOTOH, HaXONSAIIeHCsS B dJIeK-
TpoJure.

ITo npyrum naHHEIM, HaJHuYHe B 3JEKTPOJNUTE CBHHIA H
MeJld B KOJIMYeCTBe MeHee 5 MI/J yJydIiaeT KauecTBO POJIH-
eBBIX IOKPHITHIT!.

! Tlar. (CUIA), Ne 2577365, 1951. ]
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Ha o6GpasoBanue poiHeBBIX OCaIKOB OKa3bIBAaIOT 6.aro-
IPHUATHOE BJHSIHHE HEKOTOpble OPraHHYeCKHe COeIHHEHHs,
noGasjisieMble B He3HauutesJbHOM KoauuectBe [173]*!. Ho
IpH HEKOTOPHIX YCJIOBHAX OHH MOTYT CHHXKATbh BBIXOL IO
TOKY.

[Tpu ompeneneHHBIX YCAOBHSX MOXKHO IOJYYHTb I(BET-
Hble MOKPBITHsI, NMpPeACTaBAdIOmUe COOOH OKHCJIBL pOJHS.
HoGaBieHne LIEJOYHBIX, LIeJOYHO3eMeNbHBIX M aMMOHHH-
HBIX COJIel, KOT[1a OHH HaXOJSITCS B 3JEKTPOJIHUTE B GOIBIIOM
KOJINUECTBe, MPHBONUT K OOpa30BAaHHIO OCALKOB IKeJITOBA-
TBEIX TOHOB.

E. IMapkep [186] ykaseiBaeT, 4TO 1JIs CHHXKEHHS BHYT-
PEHHUX HAMpsAXKEHUH B POIHMEBHIX NOKPHITUSX HEOOXOTUMBI
cleLyiOUIie YCIOBHSA:

1) BBICOKAsl KOHIEHTpALHS MeTasljla B 3JEKTPOJNUTE;

2) BBICOKOE cOfiepKaHHe KHCJIOTHI;

3) BBICOKAs TeMIlepaTypa pacTBopa;

4) noBBIIIEHHAS CTeNeHb OYHCTKH NPUMEHSIEMBIX cOJeH
ponus;

5) cooTBeTcTByIOLlas IpexBapuTeslbHas o6paboTKa ocC-
HOBHOTO MeTaJlJa. :

Ponu#t MOXXHO oca)XnaTh H3 COJISTHOKHCJIBIX PacTBOPOB
xnopuna poxus (II) Takxke Ge3 Toka*2. Ha B0O3MOXKHOCTb
HCIO/Ib30BaHHUS TAaKOTO METONA OCAaXKIEHHS yKasbiBaj TakK-
ke P. IlxxoHcoH [155].

AHOJIBI

ITpn poaupoBaHHH NPHUMEHSIOT TOJBKO HEpPACTBOPHUMBIE
aHoAbl. B/iarogapst BHICOKOMY CONEPXKAHHMIO KHCIOTH B pac-
TBOPE YMOTPEGJSIOT NMPEHUMYIIECTBEHHO IJIATHHOBbEIE aHOIHI
[187]. Haxonsimuecss B 3JeKTPOJHUTE HOHBI TPEeXBaJIeHTHO-
ro POXHMSl YaCTHYHO OKHCJSIOTCS Ha aHome. Kpome Toro,
HMeeT MeCTO GoJjiee MM MeHee CHJIbHOe BbIIE/IEHHe rasa, B
YaCTHOCTH KHCI0POJA.

NPEXBAPUTEIBHAA OBPABOTKA

Heranu, KoTopble POAHPYIOT C JeKOPATHBHOH IEJbIO
(6yecTsiLEe MOKPHITHSA), IPeJBAPUTENbHO NOJHPYIOT, 3aTeM
ux 06e3XKUPUBAIOT U HekamupyioT B 5%-Hoél cepHoit KHC-
JIOTe.

Ha npakTtuke merann nepex ponupoBaHHEM 4yacTo Mpef-

*#1 [Tar. (CILA), Ne 2577364, 1951.
*2 TTar. (CILA), Ne 2702252, 1955. .
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BapuTeJbHo HUKenupyloT [188]. Tloce HuKennpoBaHus OHHU
JOJIXKHBI OBITH XOPOIIO IPOMBITHL.

[lepen HaHeceHHeM TOJICTBIX OCAfKOB POAHUS Ile/Jecoob-
pasHo MeTaJJIHYecKylo MOBEPXHOCTb CHeJiaTb HIEPOXOBATOH
[174, 189]. Baarogaps 3TOMY NPOYHOCTh CIEMVIEHHS MOKPHI-
Tl yaydymaercs. Huxxe npuseeHbl crnoco6bl npeBapHTeb-
HOK 00pabOoTKH pas3/IMYHLIX METaJJIOB U CIUIaBOB Iepej po-
JIHPOBaHHEM.

CepeGpo

. DJIEKTPOIHTHYECKOE 00e3XKHPUBaHHe.

. TIpomeiBKa.

. Anoanoe TpaBsenue B 19%-HOM pacTBOpe LMaHHOA KaJaus.
. ITpombiBka.

. Horpyxenue B 5% -HYI0 CEPHYIO KUCJIOTY.

U QO DN =

Hukens

. DJIeKTPONUTHYECKOe 06e3:KUPHBaHHE.

. IIpombiBKa.

. Xumuueckoe TpasieHue 20—30 ¢ B pactBope: 20 r/m xJopuiaa xele-
3a+60 M1/ COMAHON KUCAOTHL.

. TTpoMbiBKa.

> L N =—

Mepnp, Meapxuop

. DnekTponuTHYeCKOe 06e3:KHPHBAHHE.

. TIpomeiBKa.

. Amonnoe tpasaeHue B 1,0%-Ho#t docdopHOi KHCIOTe NPH IIOTHOCTH
roka 0,7 A/nm?, 40 c.

. IIpomeiBKa.

S oM —

JaTyns, Gepuninii—Mens

. DNeKTPONUTHYECKOE 0Ge3KHpUBaHHe.

. IIpomsbIBKa.

. AHomHoe TpaBJjeHne (peXHM TpPaBJEHHS TOT e, YTO H IJsS MEMH).

. Menuenue B pacrsope 25 r/a cynbdara Menu-+38 mJ/n cepHOR KHCIO-
te1. [InoTHOCTL TOKa 2 A/nM2, 1 Mun.

. IIpoMbiBKa.

[9)] > 0O N —

®docgopnctsie GpPOH3EL

. DJeKTpOoNMTHIECKOE 06€3KHPUBAHKE.

. TIpombIBKa.

. Tlorpyxenne Ha 10—15 ¢ B pacTBOp XJ0pHAA XKe/e3a KK NPH HUKEJE,
. Tlorpyxenue B 10%-HbIf paCTBOp UMAHHAA KAJHSL,

. TIpomuiBka B 5% -Holl cepHOl KHC/IOTE.

. Mennenue (pexuM TOT Ke, 4TO H Jjs GepH/IHeBOH GPOH3bI)

UL WO N —

CBOICTBA TAJBBAHNYECKHUX POJUEBBIX IIOKPBITHN

JaHHBIX O CTPYKTYpe PpOIHUEBBEIX MOKDPLITUE B JUTepaTy-
pe HerT.

BcrencTBue cOBMECTHOrO OCaXK[EGHHS DPOMAHS H BhIIele-
HHS BOJOpPOJA FasbBaHU4eCKHE POLHEBbIE NOKPHITHS HMEIOT
Gosiblliie BHYTPEHHHe HANpPSXKEHHs, KOTOPble MPUBOIAT K
00pa3oBaHUIO TPEIHH. )

109



I'. Xensenp [173] uccienosan pasnHyHble CJIOH POMAHUS
C TOMOLIBIO CMIHPAJbHOTO KOHTpakToMerpa. B uucThIX cyilb-
(haTHHIX 3/MeKTPOJNUTAX BHYTPEHHHE HANPSKEHUS 3aBHCAT
OT COJIeP¥KaHus B 3JEKTPOJNUTE CEPHON KHCJIOTHl U TeMIepa-
Typhl pacTBopa. Hannune B 3JeKTpOJIHTE MEIH TOBBILIAET
BHYTpPEHHHE HANpSIKeHHs, B TO BpeMs Kak cy/JbdaT Marius
U CeJleHOBasi KHCJOTA CHHXKAIOT BHYTPEHHHe HampsiKeHHUs
[188]. Haumenbmue BHyTpeHHHe HampsixKeHus (32 krc/m?2)
HMeJH POJHeBble NOKPBITHS, NOJNydeHHble H3 CY/Ib(haTHOTO
aJeKkTpoJuTa ¢ fo6askamu (tabJ. 7).
Tabauya 7

Teepnocts no Bukkepcy W BHyTpeHHHMe HANPSKEHHS
POINHEBBIX MOKPbITHA H3 PA3JMYHBIX 3JMeKTPOJIHTOB [173]

BuyTpennune
Tun 3JeKTpoJIuTa JHo6aBku TB:IPQ(LCJJ’ Ha}l?;)ﬂl:;l(eﬂgﬂ,
Krc/mMm?

Cynbtdateeit . . . . — 860 43
CynbdartHeit . + 830 32
dochataeit . . . . + 875 58
Cynbdar-dochatublii , -+ 790 46
dropGopaTHHIH . . . + 765 48
CyabbamatHblll . + 725 40

IIpuMeuwanune. 3HaK «+» o3nagaer, 94To no6aBKa naeTcs.

Ponu#i, nonyueHHBI W3 pacllaBOB, UMeeT TBePIOCTb
120—300 xkrc/mMm2. TBepaoCTh rajbBaHHYECKHX pPOMHEBHIX
OCaZKOB 3HAYUTEJIbHO BBIIE H B 3aBHCHMOCTH OT COCTaBa
9JIEKTPOJINTA U YCJIOBHE oOcaxKJaeHus cocrasiaser 700—
800 xrc/Mm2.

ITo nanubiM I'. Xensenss [173], TBepmocTb pORHEBBIX
NOKPBLITHH U3 (ochaTHBIX 3JEKTPOJHTOB HECKOJbKO BBILIE
TBEPLOCTH TMOKPHITHH, TIONYUEHHEIX U3 CYJIb(aTHBIX 3JEKTPO-
JauToB (TabJ. 7). TBepAoCTh 0CAaNKOB, MOJNYUEHHBIX U3 CYJlb-
(baMaTHBIX 3JIEKTPOJHTOB, 3HAUHTEJbHO HHXKe, YeM H3
cynbGhaTHHX U (pochaTHBIX 3JEKTPOJIUTOB.

Cpenuss ynelbHas TEIJIOTa POAMS MPU TeMIepartype
mexnay 0° u 100° C cocrasaser 0,058 xaJs/rpan, Temniompo-
BogHocTh mpu 17°C 0,21 xan/(cm-c-Tpan).

M3 MeTa/yioB IJIATHHOBOH TPYIIbl POAHE HMeeT Haubo-
Jiee BBICOKYIO OTpaxKaTelbHYIO CIOCOOHOCTb B JTHHHOBOJIHO-
BOM JHanasoHe cBeTa. B BunuMoit 06/1acTu cBeTa OTpaXKeHHe
Y pOAHsS C H3MeHEeHHeM [JIMHBI BOJIHbI CHHKAeTCs MEHbIIe,
yeM y APYTHX MeTasJIoB IJIaTHHOBOK rpynmnbl. OfHaKo oTpa-
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JKeHHe y pOmus HuKe, ueM y cepeGpa mpnmepHo Ha 20%.
B yabrpac¢muoseroBoit 06acTH cBeTa OTPaKeHHe COCTaBJs-
eT ?/3 oTpaXKeHUs B BUIUMOH 06J1acTH CBeTa.

Oxpacka pOAHEBbIX NMOKPHITHH MOXKeT ObITb pasJHyHa
YucTble poAMeBBle OCaJKH HMEIOT CBeT/ble TOHA. B 3aBucu-
MOCTH OT YCJOBHUH OCaXKIeHHS ¥ TOJILMHBI CJI0S OKpacka
0CaJKOB M3MEHSIETCS OT CEPOTo 10 TeMHO-ceporo. 3arpsisHe-
HHsI 9JIEKTPOJHTA MOTYT U3MEeHSTh OKPacKy J0 XeJITOro IBe-
Ta U JPYTHX TOHOB.

YIenbHOe CONMPOTHBJEHHE YHCTOTO paclJiaBJeHHOro po-
nus cocraBiasierT 4,3. OMHAKO 3JeKTPHUECKOe COINPOTHBJe-
HYe raJbBaHUYeCKHX OCaJKOB POIHS BCJIENCTBHE HX JPYrod
CTPYKTYpPBI, BbICOKOH TBepIOCTH M HAampsSXKeHHOTO COCTOdA-
Hus1 cocrapisier oKoso 20—30% oT conmpoTHBIEHUSI pEKpH-
CTa/MJIH30BAHHOTO POJAHsA. 3HAUHUTEeIbHAS CKJIOHHOCTb raJfb-
BaHMYECKHX PONHMEBBHIX MOKPBITHH K 0Opa3sOBaHUIO TPEIIHH
npu OOJbIIHX TONINHHAX 3aTPYAHSET MPOBENEHHE TOYHBIX
H3MepeHHH.

Ha moBepxHOCTH poiusi, KaK ¥ Ha MOBEPXHOCTH APYTHX
MeTaJ/JIOB IJIATHHOBOH TPYINbl, HMeeTCs OKHCHAas MJIEHKA.
3HauuTe/bHOEe OKHC/JEHHe HacTylmaeT NPHU BBICOKHX TeMIle-
paTypax.

XuMHyecKoe IMOBEJNEHHE TalbBaHMUECKUX POJHEBHIX IIO-
KDPBITHE B 6OJIBLIOIH CTENEeHH 3aBUCHT OT YCJIOBHH OCaKJIeHHUs
U 3arpsi3HeHHH WM N006aBOK, KOTOPBIE COMEPKATCS B 3JIEKT-
pOJIHTE.

PonueBble MOKPBITHSL YCTOHYUBH B KHcaoTaX. KoMmakr-
HBIE MeTaJ//1 MOYTH HEPACTBOPUM. DTO MOJNONKEHHE H3MEeHS-
eTCsl CO CTeNeHbIO IIePOXOBATOCTH M COOTBETCTBEHHO C pac-
npenejeHreM MeraJa.

ITo oTHOWIEHHIO K KUCTIOTaM ponuil BemeT cebst Kak GoJiee
6/1aropogHBIH MeTaJJl, ueM, HallpuMep, IUIaTHHA, HmaljJaguid
u 3oy0T0. Ha Hero He meHCTBYIOT KHCJOTHI, HallpuMep IJia-
BHUKOBasl, X0J0AHas napckas Boaka. [1pu BeicOKOl TeMmepa-
Type B LLApCKOH BOIKE POLHH paspyliaercs. ,[[blMﬂmaﬂCH
KOHIIeHTPHPOBAHHAS CepHAast KHCJIOTa pa3befaeT POAHH MpH
TemMnepatype 300° C. ;

Heno6poxauecTBeHHBIe MOKPHITHS POAMS MOXKHO yna-
JATb C IOBEPXHOCTH JeTajlell JIUIIb Ha aHOMe U C HAaJIOXKEHHU-
€M TepeMEeHHOr0 TOoKa Ha IOCTOSIHHBIH B COJISTHOKHCJIOM pa-
CTBOpE HJIHM pacTBOpe, coepxkKallleM LHaHU[ LIeJOUHOTO Me-
tajlna. HesHauuTenbHOe BO3IEHCTBHE OKA3bIBAlOT HA IIO-
BEPXHOCTb POJHS XJIOp, HOL H (TOp.
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2. NlanaruanpoBanne

COCTABBI JJIEKTPOJIUTOB IIJIATUHNPOBAHUA

OnuH U3 CTapbiX 3JeKTPOJIHTOB IJIATHHHPOBAHHUS OBLI
onucaH B pabore I'. I'py6e. Ero rotoBun u3 xjopHaa mia-
tuibl  (PtCly-5H,0) wim  miiaTHHA-XJIOPHCTOBOAOPOIHOMN
kicaorer  (HgPtClg-6H,O) u ee aMMOHHEBBIX COJIeH.
B anexkTposinThl n06aBASNH TaKKe COJISHYIO MJIH CEPHYIO
KHCJIOTY.

P. Arkuncon [190] mpuBOAHT 3JMEKTPOJNHT CJeLYyIOIIEro
cocrasa, r/u:

Tlnatusa (B BHAE XJOpHAA HJIaTHHbI) 15—25
ConfiHag KHCAOTA . . . . . . . 10—390

U3 sroro asekTposuta npu Temmeparype 45—75°C
MJIOTHOCTH TOKa A0 3,5 A/nM? mosyyaloT MOKPHITHSI IJATH-
HOI 10 25 MKM B yac. PacTBop NoJ/KeH OBITb OUeHb KHCJIBIM;
Tak Kak yxe npu pH=2,2 HaunHaeTcs ruaposu3 naaTHHO-
BbIX cosied. [Ipu BEICOKOM cOJep:KaHHH KHCJIOTH H BEICOKOH
TeMIepaType MJIATHHOBBlE AHOJBl MPH TPOXOKIEHHH TOKa
pacTBOPSIOTCS.

[Tnactuunele, 6e3 TpeIMH OCALKH MOJYYAIOTCS TOJIBKO B
OTHOCHTEJIBHO Y3KOH 00J1acTH IJIOTHOCTH TOKa. JlonmyctuMas
IJIOTHOCTb TOKA 3aBHCHT OT COJepKaHHsl KHCJIOTHL B pa-
cTBope. UeM BHIIE cofep:KaHHEe CBOOOJHOH KHCJIOTHI, TEM
mHpe AManas3oH MIOTHOCTeH ToKa !. BBUAY BBICOKOrO comep-
JKaHUSl KHCJOTH B PacTBOpe IMOBEPXHOCTb H3JEJHs LOJXKHA
OLITb NMpeJBapHTENbHO NMOKPHITA TOHKHM CJOeM MeTallia,
YCTOHYHBOIO B LaHHOI cpejie.

B. ll¢anraysep peKoMeHL0OBaJ CIELYIOLIUI COCTAB JJIEK-
TPOJINTA, T/JI:

Husarpufidochar Na,HPO,-12H,O0 . . . . . 100
Juammonunidochat (NH4)2HPO4. e e 20
Xaopup ammonus NH.CI . . e e 25
Xnopun maatunel PtCly- 5H20 D e e 7,5

PactBOop HarpeBalOT 10 KHNEHHS H MOCHe OXJaxkKIeHHS
no6asasor 10 r/n ammuaka. PaGouas remneparypa 70—
80°C. Honycrtumas maoTHocTh Toka 0,5 A/nM2. Buixon mo To-
Ky 3aBHCHT OT YC/I0BHE paGoTh u cocraBiaser 10—50%.

IToxpbiTHS, OTYYEHHBIE H3 3TOTO 3JIEKTPOJIHTA, OTHOCH-
TeJIbHO MOpPHUCThIe U ry6uatsie. [TosToMy Heo6xomumo ocaj-

! Tar. (CILA), 2792341, 1957.
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KU KpaueBaTb. Bo BpeMsi 3/71eKTpoJN3a Ha MOBEPXHOCTH aHO-
J1a 06pasyloTcsi TPYLHOPACTBOPHMBIE KeJThble MJIEeHKH.

A. SImnosbekuil [141] NpHBOAUT 3JEKTPOJHUT Clleylolle-
TO cocTaBa, I/

Ilnatuna (B Bume NaoPtCls-H,0) . . . . . 8,3
Huuatpuitpochar NagHPO4-12H,O0 . . . . 120
Huammonmicdocpar (NH,),HPO, . . . . . . 24

Temneparypa sjnexrpoiura 20—25°C. IlaotHocTs TOKA
0,1—0,2 A/nm2. Brixon no Toxy 40—45%.

[Tepuonuyeckoe nepek/IIOYeHHE TOKA MO3BOJISIET IOJY-
YaTh IIOKPBITHS TOJTIIHHOM 10 20 MKM.

[MToxkpriTust TommuHOA 1o 200 MKM MOXKHO MOJy4aTb U3
aMMHAaKaTHO-IEJTOYHOrO 3JeKTPOJIHTa T/JI:

IliatuHa (8 Bume (NHg)oPtClg) . . . . 8,5
Hunarpuiipochar . . . . . . . . . 120
Temneparypa ajnektposanta 60°C. ITnorHocts TOoka 0,4—

0,5 A/nm2. Brixon no Toxy 75—85%.

Bo BpeMsl 2J1eKTPOJIN3a PACTBOP JOJKEeH HHTEHCUBHO Te-
peMeInBaThCs, Jydnie Bo3LyXoM. PekomeHnnyercs ¢uibrpa-
uusg pacrBopa. KoHUeHTpanusi mJaTUHBE NOJMXKHA OHITH HE
Huxe 5 r/n. Huskoe conep:kaHHe mIaTHHH MPHUBOIUT K Ta-
IEHHIO BHIXOZA MO TOKY. [1pu onpesesneHHbIX ycJOBHSAX OCal-
KH BO BpeMsl OCaK/leHHs] He0O6XOAHMO KpaueBaTh.

JInaMHHOHHTPHUTHBIE 3JEKTPOJHTH TOTOBAT Ha OCHOBE
TPYIHOPACTBOPUMOH [HAMHHOBOI COJIM, KOTOpas NpH Ha-
rpeBanni B 5%-HoM pacTBOpe aMMHaKa NepeBOAUTCS B Jer-
ROPACTBOPUMYIO TeTpaaMHHOBYIO cosib [182].

CocTaB 3J1€KTpoJUTa, I/

[TnaTuna-AHaMHHOHMTPHT Pt(NHs)z(Nog) o 16,5
Hutpur ammonus NHNO; . . . e e e 100,0
Ammuak (28%-HBIH) . . . . . . . . . ... 50,0

Temneparypa pacrBopa 95—100°C. IlnotHocTh TOKa 3—
10 A/nm

DnerTpoauT TpebyeT NMOCTOSHHOrO A00aB/JEHHST K HEMY
aMMHakKa, KOTOphIH Y/JIeTyYHBAeTCs BO BPEMs 3JEKTPOJH3a
BCJIEICTBHE BBICOKOH TEMIEPaTYpHhI.

s moJiydeHusi TOJICTHIX MJIATHHOBBIX MOKPBITHH HeoO6-
XOJIUMO TIOJJIePXKHBATh BHICOKYIO KOHIEHTPAIHIO METAa/lia B
3JIeKTPOJIHTE.

Ecin npuMeHATb mepuofHYECKOe NepeKaIoueHne MoJio-
COB B pexXHMe: b ¢ Ha KaTole H 2 ¢ HA aHOMe, MOXKHO MpH
IJIOTHOCTH TOKa 5 A/aM? B TeueHue | 4 mosiyyaTb MJIOTHBIE
MOKPHITHS TOJILMHON 5 MKM ¢ HeGOJBHION IMOPHCTOCTBIO.
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Cornacro E. ITapkepy [191], niaTHHOBBIE MOKPHITHS, TO-
JydeHHble TaKHUM Crnoco6oM, 601ee KOPpO3HOHHOYCTOHYHUBHI,
yeM OOBLIYHBIE. )

H3BecTHB TaK:kKe NpYrue 3J€KTPOJHUTH MJIATHHHPOBAHHSA
Ha OCHOBE NHAaMHHOHHTPHUTOB!.

H. Xonkunc u JI. Bunbcon [192] npemsoxunu ycTofdn-
BbIH 3JIEKTPOJIHT, H3 KOTOPOTO MOMKHO MOJYy4YaTb TOJICTblE
CBeT/Ibe MJIAaTHHOBHIE MOKpHITHS. MccaenoBann ciaemnyiomune
COe/IMHEHHsI MJIATHHBI:

xaoporpunurpomiatuaar kKaausi KoPt(NOy);Cl;

nuxsnopoaunurponatuHar kKanusg KePt(NOg)oCly;

cynbdparoguHutponiatuHat Kaaus KeoPt(NOg)SO,.

Kpome coselt xanausi, MOTYT TPUMEHSITbCS COeNHHEHHS
JIUTHSI, MaTHus, aJIOMUHHUS, HHKeJs U uHKa. Mcciaenosasiu
TakKe aHHOHHble KOMILIEKCH C alleTaToM, 60paTom, TapT-
paToM, nurparoM, ¢ropbopaTtoM, dpocdatoM, cyabpamMaToM.

OnbITEl MOKAa3aJi, YTO PACTBOPBI 3THX COeNHHEHHH MO-
TYT OBbITb TPUTOAHBI JIJIst MOJYYEHHS MJIATHHOBBIX MOKPBITHH.
Ilpu nmornoctu toka 0,5 A/nM* u TemmepaType 3JeKTPOJI-
ta 40° C kaTomHbl#l BeX0 1O TOKY coctasisna 10—15%. Co-
JepKaHue MeTajja B 3JeKTPOJHTE NOJXKHO ObiTh 10 /7.
IIpu anekTposin3e NMpUMEHSIIOT MIATHHOBHIE aHOABL. J06aB-
JIsIsSl CepHYIO KHCJOTY, monnep:xkuBaior pH pacrBopa Huxe
2. VI3 HeKOTOpPBIX PACTBOPOB MOJYYasH IEPOXOBAThle pPacT-
pecKHBaOLHecs HJIH NOPOIIKOOOp a3HEIE OCaIKH.

Ilo6aBneHne Ka/JueBBIX HJH HAaTPHEBBIX COeIHHEHHH
yJyyiaet KauecTBO ocajakoB. IIpu mMasoM comep:kaHuu Imiia-
THHBI (HHKe 4 r/J1) ocalku HEPaBHOMEDHBEI H HMEIOT TEMHYIO
okpacky. ITpu pH BBme 2 nomyyarmoTcs 4epHBIE, MOPOMUIKO-
o6pasHble OCaJKH. ‘

Buaectsnne ocasku MOXKHO NMOMYYaTh NPH IJIOTHOCTH TO-
ka 0,25 A/nm2 Tlpu GoJiee BBICOKOH IIIOTHOCTH TOKa OCajKH
HMEIOT TpeluHbl. JIJIf MOJYYeHHST TOJICTHIX MAATHHOBHIX IO-
KPBITHH peKOMeHIyeTcs MJIOTHOCTb TOKA NMOANEPKHBATH OKO-
a0 0,5 A/nm2.

[Tpu Temnepartype pactsopa 25° C ocaxaalTcs mEpOXo-
BaTHe NMOKPHITHS, NpH TeMnepatype 30—70° C oHu nosyua-
10TCst GJECTAIIUMHI U TVIafAKHMH.

M3 mies0O4HBIX 3J1€KTPOJIMTOB MOXKHO MOJY4aTb MOKPHI-
THS C BBICOKHM BBIXOJOM IO TOKY. B 3THX pacTBopax miatu-
Hy npumeHsioT [193] B BuAe rekcaruJIpomjaTiHaTta HaTpPHA
NayPt(OH)s.

! Tat. (Auraus), Ne 843959, 1965; Ne 856405, 1965.
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Cocras 3/71eKTPONUTA, I/l

IMnatuHar HaTpHa . . 20,0
I'mppookuch HaTpus . 5,6
Oxcanar HaTpua . . 5,6
Cyabdar Hatpug . . 34,0

Temneparypa saekrpoaura 65—85° C. IliotHocTs TOKa 0,3—
1,5 A/nm?, BEIXO# MmO TOKy 6/H30K K 100%. Oaekrpoaur
OYeHb UYBCTBHTEJNEH K 3arpsisHeHHAM Iuanugom [194], B
TIPHCYTCTBUH KOTOPOTO BHIXOA IO TOKY CHH¥Kaercs. IIpyrue

%0
90
a0 /; -
70 / 80 v ]
= / 70 1
R / N7
] 50 R 57
N 40 N 40
"5 N
§ Jo I § J0
S 29 S 27
70 0
Lt
0 10 20 30 40 50 60 70 g J 6 9 r
Termepamypa, ¢ Rongenmpayur Pt e/n
Puc. 56. 3aBHCHUMOCTb BbIXOJa MO TO- Puc. 57 3aBHCHMOCTb BBIXO+
Ky OT TeMIepaTypbl B LieJOYHOM a MO TOKY OT KOHIEHTpaILHH
3JIEKTPOJIUTE MaJllaJUPOBaHHS MJIAaTHHBl B LIEJTOYHOM 3JIEKT-

poJsuTe NnpH  TeMmIeparype
70°C

3arpsisHeHHs BJHSIOT Ha ¢opMy ocanka miaatuHel. [Ipu min-
TeJIbHOM paboTe B CTEK/JISHHBIX BaHHAX BblLeJauHBaeMble
CHJIHKATH TPHBOAAT K IMOJYYEHHIO MOJOCYATHIX MOKPEITHIL.

M3 snexTposura, comepxainero 3 r/s IJIaTHHEL, HOJyYa-
I0T IJIOTHEIE, GJIeCTAIIHe, CIerka ceporo lBera ocanku. [Tpu
HU3KOH TeMnepatype ajnektpoaura (mo 30° C) BrIXom mo To-
Ky ouedb maJ. IIpu temneparype 30° C W Bbillle BBIXOJ IO
TOKY pe3Ko Bo3pacraer (pHc. 56).

BHIX0/ 110 TOKY 3aBHCHT OT COJIEpXKaHHUS MeTaJjljia B 3JeK-
tposiute (puc. 57). IIpu KOHUEHTpalK NJAaTHHB HHUXKe 3 T/
BBIXOJ TI0 TOKY pe3ko magaet. JlomycTHMmas MIOTHOCTb TOKA
npu Tako# KoHUeHTpauuu cocrasaser 0,3—2,5 A/am2. Bpu-
Iy GOJIBIIOTO COAepKaHHd THAPOOKHUCH HATPHS pacTBop 06o-
ramaercs kapOoHaTOM 3a cyeT YIVIEKHCJIOTEL aTMOC(EepH.
DT0 MOMKHO NMPEeNOTBPAIlATbC METOMAMH, TPHUMEHsieMbIMHE
B 3THX CJIy4asx MpHU cepeOpeHun.
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DekTpoocaxkKAeHHe NJIATHHB H3 LHAHHUCTBIX PacTBOPOB
He IPeJCTaBJ/sieT IPAKTHIECKOTO HHTepeca.

A. Kop6enak [195] coobuian o cyabhaMaTHOM 3JI€KTPO-
aure. st MOJMyYeHHS TOJCTHIX OCAIKOB IJIATHHBI MpeJJIo-
JEeH coCTaB 3JeKTposuTa, I/al:

[Mnatuna . . . o 6—20
CyubdamuHoBas Kuctora . . . 20—100

Temneparypa aaekrponura 65—100° C. IlmotHOCTh TOKa
0,4—11,0 A/nm2.

H. Xopkunc u JI. Buabcon? uccienoBaau 3J€KTPONHTHL
Ha ocHOBe GOp¢TOPHCTOBOLOPONHONH KHCJOTH, a P. Jlakpo-
ukc u Y. Beknnep® nNpemsoXUIN 3JMEKTPONUT CIELYIOLIErO
cocrasa, I/a:

Ilnatuna (II)-puamunonHTpuT . . . 20
BopodTopHCcTOBOROPOAHAS KHCJIOTa . 50—100

Temnepatypa ssnekrposura 70° C. IlmorHocts ToKa 5 A/nm?2.

[TnaTHHOBBIE MOKPBHITHSI MOXKHO OCaXKAaTh H XHMHUYECKHM
nyteM. A. SImnosabckuit [141] mpemmaraer pacTBop ciaeny-
IolIlera cocrasa, r/i:

ITnatuna- xnopucmBonoponHaﬂ KHCIOTA + . « o+ . 10
Xnopux BaTpua . . . . R 20

Temnepatypa 3/1€KTpOJHTA 70° C HJIOTHOCTb Toka 5 A/nm2.

CBOIICTBA T'AJBBAHNYECKHNX
INIATHHOBBIX ITOKPBITHN

O cTpoeHHH H CTPYKType rajibBaHHUECKHX IJIATHHOBHIX
0CaJKOB M3BECTHO oueHb MaJo. [lnatuna ocaxnaerca Ha Ka-
TOZEe COBMECTHO C BhIeJeHHeM Bonopoja. Bomopon BHexps-
eTcsl B pellleTKy MeTaJsa M paclpefefsieTcss paBHOMeDHO B
ocanke. Pekom6uHanus Bogopojga A0 MOJEKYJSAPHOro BOLO-
pojia B mopax H cBOOONHBIX NMPOCTPAHCTBAX NPHUBOIUT K 00-
pasoBaHHI0 NY3BIPbKOB H OTCJAWBAHHIO IJIATHHOBOTO IIO-
KPBITHS.

B nyaTHHOBEIX NOKPHITHAX BO3HHKAIOT HATPSIXKEHUS CXKa-
THSI, KOTOPBle 3aBHCAT OT KOJHYECTBA BHEAPEHHOTO BOJIO-
poza.

TeepmocTe nnaTHHBE, IOJNYYEHHOH IIaBKOK, paBHA

! Tlar. (CIOA), Ne 2984604, 1961.
2 Tlar. (Axrams), Ne 843959, 1965; Ne 856405, 1965.
3 TIar. (@PT), Ne 1240358, 1967.



50 krc/MM2, a raJbBaHHYeCKHX INJIAaTHHOBBIX OCAJKOB B 3a-
_ BUCHMOCTH OT ycJOBHHE ocaxuenus 600—700 xrc/mm2.
O/IeKTPONPOBOJAHOCTh TajJbBaHHYECKHX OCAaJKOB IIIa-
THHBI 3HAYUTEJIBHO OTIIMYAETCA OT 3JEKTPOIPOBOLHOCTH Me-
TaJJja, [HoJyYeHHOro MJIaBKOH W 3aBHCHT OT YCJIOBHH OCaxk-
JeHHs H COCTaBa 3JEKTPOJIHUTA.
OrpaxarelbHasi CIOCOGHOCTb NOBEPXHOCTH IJIATHHEI CO-
crasJsieT okoso 65%.
B BaHHax NJIATHHUPOBaHHs, KaK NPAaBHJIO, NMPHUMEHSIOT
[J1aTHHOBBIE aHOAB. B GOJbUIMHCTBE 3/IEKTPOJTHTOB MJIaTHHA

Tabauya 8
AHoJHOe pacTBOpPEHHE MJIATHHBI

l'lnomoc‘n% 9,2-H., 11,44-m., 6,18-x., 6,18-1.,
TOKa, A-10 Jem? 80°C 50 °C 80°C 50°C
6 99,2 91,9 96,9 96,7

17 99,3 75,4 96,7 46,7

33 99,2 41,8 —_ 24,2

67 95,8 29,4 93,5 10,5

He pacTBopsieTcsi Ha aHofe. MIcKioueHHe COCTaBJAIOT COMA-
HOKHCJIbIE 3JIEKTPOJIUTBI, KOTOpble NPHMEHSIOT C BBICOKHM
cojJiep:KaHHeM KHCJIOTH M BBICOKOH TeMIepaTypo.

Merann nmepexofuT B PacTBOP B YeTHIPEXBAJEHTHOM CO-
crosiHun. B Ta6s. 8 npuBeneHbl JaHHbBIe 06 AHOLHOM pacTBO-
pEeHHH MJIaTHHOBBIX aHOLOB B 3aBHCHMOCTH OT COJEpKaHHS
COJITHOH KHCJIOTHl, TEeMIEPaTypPhl H aHOAHOH NJIOTHOCTH TO-
Ka, 1o qauHsM 'py6e.

3. llaanaguposanue
COCTABBI 3JTEKTPOJINTOB IMAJIJIATUPOBAHUA

st aseKkTpoocaxieHus nasjiajusi NpUMEeHSIOT pasJjiud-
Hble 3JIEKTPOJHTH, 3HaueHue pH Kotophix KosjebJeTcs B IIH-
pokux npexpenax — ot 0,1 go 14.

IIpuMepoM CHJIBHO KHCJIOTO 3/€KTPOJIHTA NasaaiupoBa-
HHSI MOXKeT CJAYKHTb PAacTBOP CJeIYIOLIero cocraBal:

IMannaguit (B BHEe XJjopHAa namam»m) F/JI e 52
CossiHag KHcaAoTa, Mala . . . . e 66
XnopHA aMMoOHHs, T/T . . . . . . . . . . . . 2237

! Tar. (CILIA), Ne 233582, 1943; mar. (CILIA), Ne 2457021, 1948.
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pH snexrtponura 0,1—0,5; Temneparypa 37-—50°C, mior-
HocTb Toka 0,5—1,0 A/nm2.

3 sToro s;nekTpoJuTa MOXKHO HOJY4aTh OTHOCHTEJNbHO
TOJICThIe OCafKH NaJiaAus. s 3amuTbl OCHOBHOTO MeTal-
Ja OT BO3IEHCTBHUSA CHJBHO KHCJIOIO 3JIEKTPOJHTA PEKOMEH-
IyeTcs IpeiBAPUTE/LHO MOKPLIBATE €TI0 30JOTOM HJIH ILIa-
THHOH. K 3TOMY 3s1eKTpONATY cienyer 1106aBJIHTb TaKxe op-
raHMYecKHe BeLIeCcTBA, HaNpPHMep THOMOYEBHHY'.

B cunbHO KHCJIBIX pacTBOpax MOXKHO NPHMEHSITb PacTBO-
pHUMBble MaJagueBble aHOLHL.

U3 cnabo KUCTBIX 3JEKTPOJHUTOB NajaafupoBaHus (c
PacTBOPHMBIMH aHOZAaMH) IpeaaoxeH pactsop [193] cie-
IYIOIIEro cocrasa, Ir/i:

IMannanguit [B BHIE Nazpd N02)4] . (]
Xnopug HaTpus . . . B U

pH=5,5. Temneparypa 40—50° C. IlnotHocts Toka 0,4—
1,0 A/nm2.
Jlo6aBKo# GOPHOH KHCJOTH MOXKHO MOAAEpPIKHUBATL 3HA-
yenue pH nmocTosiHHEIM.
B paGore [141] npuBemeH TakXKe CJAENYIOUIHH 3JEKTPO-
Jaut, v/i:
Xuiopupy namiagus 5—10
Hutpur wmatpus . 15—20

Xnopup warpus . 40—50
Bopsas xuciora . 25—30

pH=5,6-+6,5. Temneparypa 50°C. Beixox mo TOKy mpu
stoM cocrasaseT 40—50%.

s mannagupoBaHHST KOHTAKTOB NpensnoxeH [196—
198] aaextposut, comepxaumit 10 r/a1 TeTpaaMHHOHUTPH-
ta namaagusi npu pH=6--7. Temneparypa 60—80° C.
[TnotHoCTh TOKA 0,5—2 A/,HM2. AHOIBI — NJIaTHHOBEIE.

IIpuMepoM CHJIBHO LIENOYHOTO 3JIEKTPOJUTA MOKET CJy-
KHUTb 3JEKTPOJHT, padpaboranuuiit E. [Tapkepom [186], r/u:

Mannagut . . . . . . 2,5
T'uapookHCh Xanus . . . 75—295

pH=14. Tewmmneparypa 25—50° C. IlmorHocts TOKa 0,5—
2,0 A/nm2, AHopmbl — M3 HepXKaBEIONIHH CTaJH.

Jx. Pumep paHee yxKe ONHCHIBAJA NOAOGHBIH 3J1E€KTPO-
JIUT, B KOTOPOM COZep:KaHHe Nannagus (B BHIE XJOpHIA)

! TTar. (®panuus), Ne 1270052, 1960.
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cocrasasiio 0,5 v/ u rugpooxucu Hatpusi 60 r/m. B cuabHo
IeJOYHOM pacTBOpe 06pasyeTcsi THAPOKCOKOMILIEKC NaJia-
nusi. Tlonyyaemble ocagky Naniafus — MSTKHe, GJecTsIIHe
U NJOTHHIE.

A. SImmoabckuit [141] OpPHBOAUT CIEAYIOIIUHE pacTBOp
3JIEKTPOJINTA, T/:

Terpaammuoxsopua  naiuiajus 35
Xmopupx aMMOHHA . 18
['uApOoOKHCh aMMOHHS (25% Haﬂ) 55

pH=8,5—19,5. Temneparypa 15—25°C. IlnoTHOCTH TOKa
1—2 A/nm2. Beixom no Toky 98%. AHombl — masiaguesbie.

N3 3TOro 3/7eKTPOJUTa MOXKHO IOJydYaTb OJecTsinue
0CajKH TOJILIMHON K0 5 MKM.

Cornacao Ix. CreBency [199], nnactuxuaTee namnnianm-
eBble TIOKPHITUSI MOKHO IOJIY4aTh H3 3JEKTPOJNUTA, KOTOPBIA
comepXKut Tterpaamunonainanuii  (1I)-6pomun, Gpomun
aMMOHHSI H aMMHaK. Bweixon mo toxy cocrasaser 90—959%.

MoxHo ocaxnaTh mamnaauil U3 caaGo IeJ0YHBIX pac-
TBOPOB AHaMHHOCOJMel maminanus. OnHaKo, MPH HEKOTOPHIX
yCJAOBUSIX Ha IIOBEPXHOCTH 00pasyeTcs GyphlH, JIETKO CTH-
paeMeiii HaJeT. Ec/IM B 3J1€KTPOJHUT L06ABISATL CMAYUBATENb,
TO HaJjieT He o6pasyercs.

ToscThie ocanku najanagnd peKOMeHAYeTcs IOJydYaTh B
3JIEKTPOJIUTE C BBICOKMM COJep:KaHUEM Masiagus U NPH BbI-
COKOIl TeMIlepaType pacTsopa.

MoxHo mnosyyaTh TNaJiajaueBble MOKPHTHS M3 caaGo
aMMHaYHO-IIEJOUHOIO 3JIEKTPOJHUTA, COMEPKAIIETO XJTOPHI
nannagusi ¥ ruppodochaT aMMOHHSA, NMpH TeMnepaType pa-
crBopa 50° C u nuorHocTH ToKa 0, 2—0 3

B. Keiirenp [182] pekomenayer 9JIeKTpOJIPIT caenyolie-
ro cocrasa, r/u:

IMannaguit (B BHAe AHAMUHOHUT-
pura na.n.nazmﬁ) paCTBOpEHHbm B

aMMHaKe .o . 2,0
Hurpar amMonns . . . . . . . . 90,0
Hutpar marpus . . . . . . . . 10,0
AmMuax . . . . . . JHopH=7

Temneparypa 43——55°C I'IJIOTHOCTb toka 0,5—1,0 A/nm2
UTo6bl MOJMYYHTb TOJICThE NMOKPHITHS, Heo6x01mMo pH
pacteopa MoOBHIIIATH f00aBJeHHEM aMMHAKa.
B. Buom u T'. Xora6ym [200] npennoxuau ciaenyouui
COCTaB JIEKTPOJIHTA T/l

[Mannaguit (B Buae AHAMHHOHHTpITA nNajafamna) . 4
Huuarpuiidochar . . . . . . . . . . . L, 100
OuamMonmiidochar . . . . . . . . . . . . 20
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Temneparypa aiekrpoautra 18—20°C. IlnoTHocTh TOKa
0,2—0,4 A/nm2.

PactBop nepen pa6oToli He06XOAHMO KHNSTHTb L0 TeX
HOp, TIOKa OH He NPHMET CBETJIO-XKeJTYI0 OKPAacKy.

A. SImnoabckuit [141] npuBOOHUT MOXOGHBIH 3JEKTPOTHT
¢ po6aBko#l 2,5 r/n GeH30HHOM KHCJIOTHL. DBJaecTsiuue ocap-
KH TOJIIHHOA 10 7—8 MKM IOJyYaJHCh IIPH TeMIlepaType
80—90° C.

®. Peiin [201] uccaenoBast cBoicTBa IHAMHHOLHHHTPO-
nasnnanueBbix (P-cojb) 3Je€KTPOJHTOB.

st mpurotoBienus 10 J 31€KTPONHTA HEOGXOAHMEL CJle-
LYIOIHE PACTBOPHL:

a) 5 a1 oGeccosnenHoit Bogel HarpesaloTr g0 50°C u pac-
tBOpsitoT B Hel 1000 r HUTPUTA aMMOHHA. 3aTeM N100aBJAIOT
100 r HuTpPHUTA HATpPHS.

6) x 500 Ms rHAPOOKHCH aMMOHHs pnobasasior 90 r
P-conu. O6a pacTBOpa XOpOLIO IE€PEMEIINBAIOT H IMOJYyUYeH-
BB pactBop noBoxasat Bopo# o 10 Js; pH atoro pacreopa
noBonsAT 0o 9—10 go6aBneHHeM THAPOOKHCH aMMOHHS.

Comep:kaHue NMaJaaafus He QOJMKHO NPeBBINATH 2 T/JI.

HexkoTtopele cBeeHusI 06 2/1€KTPOJNUTAX MaNIaHPOBaHUSA
npuBeneHs! B paGote [202].

XUMHAYECKOE IMAJITATUPOBAHNE

[Mannagnit ocaxkmaetcss NPH XHUMHUYECKOM BOCCTaHOBJIE-
HHH, KaK NpaBujo, B BHAe Nopomka. OQHAaKO NpH BBeIEeHHY
onpeneseHHbIX JN06aBOK MOXKHO IOJYYHUTb IJIOTHBEIE, KOM-
MaKTHBIE NaJjajanueBble NOKPLITHS. BbineneHHbIH MaJjaamui
IEHCTBYeT KaK KaTaJH3aTop M MOXKHO IOJYYUTH NOKPEITHS
TosmuHOR no 50 MKM. B KayecTBe KaTasu3aTOpPOB HCIOJb-
3YIOT U APYrHe MeTaJsJbl: aqIOMHHHH, XPOM, HHKENb, 30J10TO,
cepebpo, 0JIOBO U BoJb(Ppam.

IMpumepusiit pactBop [203] nns ocaxkineHHs majaamus
HMeeT CJeLYIOUHH COCTaB, I/i:

Mannagnft (B BHAe aMMHAyHOrO KOMILIeKca) .
Tuppookuch amMMoBMS . . . . . . . . . . . 35
JuHaTpueBasi COJb  3THJEHIHaMHHTETPAYKCYCHOI
KHCJIOTHL ,
Fugpasun . . . . « + . . . . . . . ... 0,

Temnepatypa pacrBopa 80° C.

Ilpu 3TOM HPOHCXORHT CJIELYIOMIAs PEAKIUS:

Q[Pd (NHa) 4] 2+ + N2H4 —l— 400H- —
—2Pd + 8NHj3 4+ N; + H,0. (41)
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Hpyroit pacrBop [204] comep:xHT cielyolHe KOMIIO-
HEHTHI;

Taananui, r/a . . e 7
I'rapooKHCh aMMOHHS, r/.u R 280,
JunatpueBast coJb aTuneHunaMHHTeTpayxcyCHon

KHCJIOTH, T/ . L. A 8
PactBop rujpasuia, MJI/J‘I e 8

U3 storo pacrsopa npu temnepatype 35° C BhIeAsIOTCS
0CaJKH UYHCTOTO MaJJiajusi, TBEPAOCTb KOTOPEIX COCTABJISET
150—350 krc/mMm2.

B xauecTBe BOCCTAHOBUTENS MOXKHO NPHMEHSITb THIO-
¢dochur. OmHaKo cTa6UABHOCTb PacTBOPa NPU STOM He 0UeHb
xopoiuas.

Hust moayyeHust TOHKHX [aJJaJHeBbIX IOKPBHITHH Ipen-
goxeHn [198] meron xoHTakTHOro o6MeHa. IIpuMeHsioT pa-
CTBOpP KOMILJIEKCHOT'O COeJMHEHHs — AHHHTpOCYIbdo-namma-
nueBasi kucnota Hy[Pd(NO;)SO,].

Wsnenust TuiatesbHO 06€3XKHUPHBAIOT B OPTaHHYECKOM
pactBopuTene, 3ateM 06pabaThHBAIOT B [Opsiuedl IHEJOYH
u npoMbiBaioT. OTBeTCTBEHHblE IeTand, HaIpuUMep, redart-
Hble CXeMbl, 06€3)KHPUBAIOT BEHCKOH wu3BecTbi0. CKOPOCTDH
o6pa3oBaHHsl NaJJaJHEBOIO TIOKPBITHS H €ro TOJIIHHA
3aBHCAT OT NPHPOABI OCHOBHOTO MeTtaJjia. UeM MeHee GJia-
TOPOJMHBIA MeTajsa, TeM ObIcTpee 06pa3yeTcsi IOKPEHITHE.

Ha ckopocts 06pa3oBaHHsl Ocajka OKa3bIBAeT BJHSHHE
U colep}KaHue Namaajnusi B pacTBope (puc. 58). Buusnue
TeMIIepaTypbl PacTBOPa Ha CKOPOCTb OCAXKIEHHS MOKPBITHS
HE3HAUUTENbHO.

O6pasyoonigecss ocaikd IIOPUCTblE H IIOITOMY HE MOTYT
CAYXHUTh AHTHKOPPO3HOHHBHIM IIOKpHITHEM. X HaHOCAT B
IeJIsIX 3alIUTBl KOHTAKTOB OT HoryckHeHus. [lasemocTts mo-
KpeiTHH Xopomast. ITOKPHTHS Na/afueM HMEIT He3Hauu-

TeJbHYIO CKJIOHHOCTDb K THPDY3HH.

,5
0

IPOIIECCHI TP KATOJHOM OCARIEHUU IMAJIJIATUAA

[Tannaguit B GONBIIMHCTBE 3JIEKTPOJHUTOB CYIIECTBYET
B KOMIIEKCHOH ¢opMe. OcaxueHHe NPOUCXOTUT H3 KOMII-
JeKca IPH OTHOCHTEJNBHO BBICOKOH MOJSIpH3aNUK:

[Pd(NH4)o]%+ + 2e— Pd + 2NH;. " (42)
Ha puc. 59 mpuBeneHa 3aBUCHMOCTb KATOMHOTO BHIXOJA
0 TOKYy OCH OT TeMIepaTyphl 3JeKTpoJHuTa, Ha puc. 60 —

OT KOHIEHTPALHH NaJJafus B JeKTPOJHTe H Ha pUc. 61—
OT IMJIOTHOCTH ToKa [205].
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Puc. 58. 3aBHCHMOCTb KOJHYECTBA
0CaXK[AeHHOro naJjJafiHsl OT KOHLEHT-
palliH ero B pacCTBOpe
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CBOMICTBA TAJBBAHNYECKUX HAJIJIATUEBBIX IOKPBITHN

O crpykrype U opMe ocanKkoB Nassalus NPH JIEKTPO-
KPHCTAJIH3aLHH H3BECTHO MaJIo.

BenencTBHe BHeIpeHHs BOLOPOAA B Na/Vafuil IpH Ka-
TOJIHOM OCaXKIeHHH, 0COOEHHO NPH HU3KOM BBIXOJE IO TOKY,
TBEPAOCTb rajbBaHHYECKHX OCAIKOB MaJ/liafus sBJAseTcs
BbICOKOH (300—400 xrc/mm?)- ITonyyenneie u3 6pomconep-
Kal[UX JeKTPOJUTOB IPU BEICOKOH NJOTHOCTH TOKa OCa-
KH NaJJafusi MMeloT TBepHocth 75—100 kre/mm? [206].

BryTpeHHHe HaNpsXKeHUSl TraJbBaHHUECKHX MNaJsJiajnue-
BBIX IIOKPHITHH BCJeACTBHE COBMECTHOTO BBbIJe/JeHHS BOJO-
poma ¥ masJaius OTHOCHTEJNbHO BHICOKH. OHH MOTyT J0O-
crurats 70 krc/Mm? (Hukeab 35 kre/mMm2, xpom 66 Krc/mMm?).
B TosICTHIX OCafKax BO3HHKAIOT TPEIIMHBI M OHH OTC/IaHBa-
1oTcs. XOpolmero KavecTBa OCafKH MOXKHO IOJy4aTh He-
6OJIBLION TOJNIIMHEL, KOoTOopasi cocTaBaseT 1,5—25 Mkm
[207]. B nocienHee BpeMsi, OfHAKO, IOJAYyYalOT XOpPOLIHe
OCaKH TONIUHOH 6—10 MKM u GoJee.

KoHTakTHOe cOMpOTHBJEHHE TaJbBaHHYECKUX Nasaiue-
BBIX OCaAKOB JexXHT B o6snactu 20,3 u 1,83 MOm. Ilyrem no-
MOJIHUTEJNBbHOH TepMOOGPa6OTKU KOHTAKTHOE CONpPOTHBJIEHHE
MOKHO 3HAYHTEJIbHO IIOHU3HTb.

[TannanyueBble MOKPHITHSL B GOJIBIIMHCTBE CJAydYaeB TOJY-
yaioTca 6ojiee HAH MeHee TeMHBIMH. [locie Tepmoo6paGor-
KH OKpackKa IIOBepXHOCTH 3HAaUHTeJbHO H3MeHsercs. Mame-
HAeT OKPAacKy NOBEPXHOCTH U BHeApeHHBIH Bomopond. Tewm-
nepaTypa 3/JeKTPOJIHTa TaKXKe OKa3blBaeT BJHMSHHE Ha LBET
N0Jy4aeMOT0 HOKPHITHS.

Ha puc. 62 npuBeneHa 3aBHCHMOCTL OTpaxKaTeJbHOM
CIIOCOGHOCTH NaJiMafHueBHX NOKpbITHE oT pH amekrposaura
[205].

Ha Bo3ngyxe na moBepxHocTH najiagus o6pasdyercsi TOH-
Kasi OkMcHas mieHka, [lannaguit npu temmnepatype 400°C
KpacHeeT. IIpu noselmenuu TeMnepatypsl 1o 750° C okpac-
Ka H3MeHseTCSl yepe3 OpaHKeBYIO 10 KeJnTo-3eneHoft. Iloc-
Je dacoBoro HarpeBanus mpu 810° C mamnagueBasi ¢oJsbra
OKpalIHuBaeTCcs B CEPO-CHHHH IIBET.

B kucnorax mammamuii  oTHOcHTeabHO ycroiuuB. Llap-
CKas BOJKa pasbefaer Na/jnaguil yxke Ha xoqony. [lpm
CHJIBHOH IIepPOXOBATOCTH IIOBEPXHOCTH MaJJaguil pasbena-
eTCsl a30THOH M CepHOH KHCIOTOH. KOppo3HOHHO3aLIHTHEIE
CBOHCTBAa NaJ/IafiHeBBIX NOKPBITHH ONpeNessIOTCs] B OCHOB-
HOM HX MOPHCTOCTBIO.
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IMannaguit npu naike AUGOYHAUPYET He TaK CHJILHO B
npunoi, xak, Hanpumep, 3oa0To [208]. YcranoBaeHo, 4ToO
KOHTAKTHBIE JeTajd C NajafHeBbIM NOKPBITHEM B MecTax
nafiky ocTaloTCsl B TeueHHe GoJiee rojfia B XOpouleM COCTOfI-
Huu. Cornacuo k. Yurduneay u A. Ky6uny [209], Tou-
IMHA NajiafiueBbIX NOKPBHITHH OKa3biBaeT BJHsIHHe HA
YCTOHYHBOCTD TMasHBIX COEJHHEHHH.

AHOJIBI

B cHIbHO KHCIBIX 3JEKTPOJHTAaX paboTalOT ¢ pPacTBOPH-
MbIMH aHogaMu. C/1a600TOXKKEHHBIe Naj/lafiieBble aHOAb B
KHCJIBIX 3JEKTPOJUTAX CKJIOHHBI K OOpa3oBaHHIO MIIaMa.
TBeproBasbllOBaHHEIE aHOABl BeNyT ceGs B 9TOM CMBHIC/IE
JydIle.

M. Kimouxko, 3. MenBeneBa u M. Muponosa [210] uccre-
LOBa/J{ aHOAHBIN MOTEHIHAJ Majafus B pasJHYHBIX pac-
tTBOpax. Ilannanuilt B 3/7eKTpoJiuTe ¢ 1-H. COJNITHOH KHCJIOTOH
naccusupyercs. Jlump npu Gosee BHICOKOH KOHIEHTPallMH
KHCJIOTBl OH CTAHOBUTCS ONSITh aKTHBHBIM.

JanHble 06 aHOZHOM TNOBENEHHH NaJIafus NPHBELEHD)
Takxe B pabore [211].

I'pacduroBbie aHOAB B Ipoliecce 3J1eKTPOJIH3a pas3pylua-
IoTcsd. AHOIBl M3 XPOMHCTOH CTajH HeycToiuuBel. B pacrt-
BOpe o6pa3yeTcsi KOPHUHEBHIH OCaJOK THIPOOKHCH XKeJse3a
(IIT). Kpome nammaausi, MOXHO NPHUMEHATb B KayecTBe He-
pacTBOPHMBIX aHOAOB IJIATHHY H XPOMOHHKEJIbMOJHOLEHO-
BBHIE CTaJIH.

4. dmeKTpoIUTHYECKOE OCAKIEHHE PYTeHHA

Ilns ocaxkmeHHs] PYTeHHS NPHUTOJHBI TOJNLKO TaKHe pyTe-
HHUeBble COJIH, KOTOpPBlE He THAPOJIH3YIOTCSl, HanpuMmep, HHUT-
po3ocoenuHeHHs: pyTeHHs. KaTomHoe ocaKaeHne MOXKHO
BECTH M3 HEHTPaJbHBIX, KHCIBIX M LIEJOYHBIX PaCTBOPOB.

CocTaB IPOCTOTO KHCJIOTO 3JIEKTPOJIHUTA:

Hutposox/sopun pyTeHus, r/a .

4,0
Cepuast xucjaora, MJAI . . . . . . . 20,0

[TnotHocTh TOKa 2,2 A/nm2. Temnepatypa 80° C.
OGpasyomuecss 0cafKkl PyTeHHs OTHOCHTEJIbHO TOHKHE.
OHH HMeIOT XOPOIIHi IVIsiHEl, HO 1O LBETy TeMHee, 4eM pO-

IVeBble MOKPHITHS. TOJCTHIE OCAaZKH CJerKa IIepOXOoBaThle
u oueHb nopucreie [186].
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Hccnenoanust [212] mpoueccoB rajbBaHHYECKOrO Oca-
JKIEHUs] PYTeHHs NOKa3aJju, 4TO NOTEHUHAJ OCaKIeHHS
3aBHCUT OT BHJA H COCTOSIHHS NOBEPXHOCTH OCHOBHOI'O Me-
rajna. Ha KaTomHBIA Ipollecc OKa3bIBaeT BJHSIHHE TaKkKe
H TeMIlepaTypa 3JeKTPOJIHTA.

L TOKDPLITHS KOHTAaKTOB OCOGEHHO NPUTOJAHBIM SIBJISI-
eTcst cyabdaMaTrHblil 3eKTpoauT!. TTOKpHITHS — TOJIIHHON
OKOJIO 2,5 MKM YCTOHYMBEI B BOJIbTOBOH Jyre. DJeKTPOJHT
HMeeT cJeNyIOIHi COCTaB, I/

Pyrennit (B Bupge cyaetara) . . . . . . 5
CynbpaMHHOBAS KHCJIOTA . . . . . . . . 5
Temneparypa 25—50°C. IlnotHocts Toka 1—2,5 A/nm2
3amnareHTOBaH ? 3JIeKTPOJNUT TNOBBILIEHHBIM COLEpIKaHH-
eM Cy/1b(aMHHOBOH KHCJIOTBI, C KOTOPHIM MOXHO paGorath

npu tremneparype 90° C.

Cornacho panHbiM ®. Peiina u k. Baeiika [213],
MOXKHO NMPUMEHATh /5 0Cax- 25
IEeHUS] PYTEHUS 3JIEKTPOJHUT
Ha OCHOBe HUTPO3UJI-CYyabda-
Marta pYyTeHHSA. ODJEKTPONUT
FOTOBHTCSI HarpeBaHHeM pac-
TBOpPA CBEXKEBbINABLIEH HHUT-
POSHJITHIPOOKHCH DYTEHHSI H
JBOHHOTO KOJIHYECTBA CYJib-
(haMHHOBOH KHCJIOTH. DJieK-
TPOJNUT CONEPKHUT 2,5—50 r/a

20 <

S

rJ

DA

S

Aamodnord Bsmad a0 mony, %

pyrenusi. I3 Takoro 3JekTpo- 5

JIUTA OcaxAaloTcs GJecTsne T

MOKPBITHST PYTEHHS TOJIIHHOH

2 mxm. Temmneparypa pac- 0 10 2030 4050 60 70 80 90790

tBopa 20—90°C, KaTOXHBIH L, TemepamypaC

BBIXOJ IO TOKY COCTaBJISIET 0 1w X W 4w %

10—20%. Codepmanue Ru , e/n
Bo3smoxHO ocaxieHue py- L

0123456788900

TEHHS TaKiKe U3 3JICKTPOJIUTA, Mnommocms mona, Afor?
’ .

colepxallero TerpacyJ/bda-

- . 3 Puyc. 63. 3aBHCHMOCTb BHIXOAa MO TO-
MaT-HHTPO3H/I-pyTeHar °. Ha Ky OPHM OCaXXAeHHH DYTeHHs OT yc-

pHc. 63 npuBeleHa 3aBHCH- JIOBHA S7IEKTPONH3A,
1 — nnotHocTs Toka 4 A/aM?, TeMme-
MOCTb BbIXOOa IIO TOKY OT ycC- ga'r}'pa 50° C; 2—xoauecl-rrp;unﬂ Ru
o r/n, Temuepatypa 70°C; 3 — maort-
JIOBHH OCaXKIeHHA. HOCTb TOKa 4 A/AM?, KOHLUeHTpauus

Ru 5 r/n

! Tlar. (CLHA), Ne 2600175, 1952.
2 Tlar. (Ppannus), Ne 1325155, 1962.
8 IMar. (Auraus), Ne 938164, 1962.
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[TonyyaeMble TOKPHITHS YaCTHYHO MMEIOT CHJIbHBIE BHYT-
peHHHe HanpsixkeHus. IloGaBnenueM cyibata aJlOMHHHSA
MOXKHO NpPeNOoTBpaTHTh o0pas3oBaHHe TPEIIMH B OcCagkax
pyTenus. TBepmnoctb ocankoB cocraBiaser 800 xkrc/mm2.

Pyrenunft MoXHO ocaxkxaTh H XHMHYECKHM NYyTeM, Kak
ponuH.

Pyrennii npuMeHsIOT AJ1s1 HaHeCeHUS NOKPLITHA Ha KOH-
tTakThl. [Ipu BBICOKOII TeMmepaType pyTeHHeBBle NOKDPBITHA
HMeIOT XOPOIIYI0 H3HOCOCTOWKOCTb H Majioe KOHTAKTHOe
COTIPOTHBJIEHHE.

5. JIeKTpoIUTAYECKOe OCAKIeHIe UPHTHA

Ocaxpnare MpHAMN Ha KaTode MOXKHO INIPH 3JeKTPOJH-
3e pacmiaBoB cojied. [lepBrle ONBITEI OBIIH IPOBELEHHl C
Lenbl0 paUHHUPOBaHUS NJaTHHBL. M3 pacniaBa XJIopHIOB
MOKHO OCafMTh MPHIMH B BHIe NPOUYHO CLeEMNJeHHOro 6eso-
IO MOKPBITHS.

B Hacrosiiiee BpeMsi IPHMEHSIIOT Pacl/iaBBl, COCTOSIIHE
u3 70 u. nmanupa Hatpusa u 30 4. nmaHupa xaaus [214].
Upunuesasi conp o6pasyeTcs pacTBOPeHHeM MeTaJjja C
[IOMOLIBI0 NepeMeHHOro Toka. UToObl M3 3TOro pacliasa
[OJYYHTh MPOUYHO CIEJIEHHble NJIacTHUHble Gesible OCaiKH
TOJILIMHOM 25 MKM, HeOGXOZHMO BBECTH B Hero 5—7 r/y HpH-
nus B Bume conu. TeMmneparypa pacniaBa 600° C. ITaor-
HocThb Toka 1,0 A/nm2.

HoJroe BpeMmsi CyliecTBOBaJO MHeHHe, YTO HPHIUI He-
BO3MOXHO OCaJHThb 3JEeKTPOJHTHUECKHM NYyTeM H3 BOJLHBIX
pactBopoB. MccnenoBarenbckie paGoTsl B 06/1aCTH paKeTo-
CTPOEHHSI M HCC/JIeLOBaHUS KOCMOca JaJjJH HOBble IIpejCcTaB-
JeHHs 10 3ToMy Bompocy. Mpunuit uHTepeceH TeM, U4TO OH
o6JsiafaeT BBICOKOH TEMIEPaTypHOH YCTOHUYHBOCTBIO.

Eme panbme Jx. PoccManH nokasas, 4To yAOBJIETBO-
pUTeJNbHBlE OCAIKH HPHIHMS BBIIEISIOTCS Ha KaTolle U3
CEpHOKHCJBIX PACTBOPOB CJIeLYIOLIEero coCTaBa, /i

Hpupuit (B Buoe HaTpPHH-HDHAMH XJOpHAa HIH
B BHJe aMMOHMA-HpPHMAME xjopupa) . . . . . 15
CepHast KHCIOTA . . . . . . « « « « & . 3,5

I1. OBenpmen [215] Hames, 4TO TeMHble, HO IIPOYHO
CLeIlJIeHHble OCaJKH MDHAHS MOXKHO NOJY4aTb NPH KOMHAT-
HOU TeMIlepaType U3 3JeKTPOJHTa, KOTOPHIA [OTOBAT CJaenLy-
fomuM obpasom: 1 r xjopuma upunusi, 1,4 r dropuna am-
MoHus 4 0,6 r 6opaTta aMMOHUS pacTBopAT B 100 Ma BOAH
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u no6asasiorT 0,5 M 3THAeHTrIHKoOMAA. PacTBOp NmpomoMxKu-
TeJIbHOe BpeMsl KHIATAT, QUIBTPYIOT W 3aTeM pas30aBJsIOT
no 100 ma Bomo#.

A. SImmonbekuit [141] DPHUBOAMT 3JEKTPOTHT CleAYIO-
LEero cocTaBa, I/u:

Wpunuit (B BHEEe aMMOHHII- HpPIIle xnopmla) 6 ,0—8,0
CepHasi kucaora . . . '6—0.8
Temneparypa 18—25°C. pH—l4—17 IlmoTHOCTE TOKA

1,0 A/om2. Beixox no Toky 25--30%.

W3 sTOro 3/eKTpoaHTa MOMKHO OCAaJHThb HPHIHEBOE I10-
KPBITHE TOJIIIHHOH 2 MKM.

E. Mak-Hamapa [216] coo6uiun 06 ocakIeHHH HPHUIMs
npu Temneparype 60°C U3 3seKTposuTa, COIdepKAIEro
KOMILJIEKCHBIE COeJHHEHHS UYeThIPeXBaJIeHTHOIO HpHIHS.
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