®EJIEPAJIBHOE 'OCYJAPCTBEHHOE BIO/UKETHOE O5PA30OBATEJIBHOE
YUPEXXJIEHME BBICLIIEI'O OBPA3OBAHNS
"JTOHCKOM 'OCYJAPCTBEHHBIA TEXHUYECKNH YHUBEPCUTET"
(Ar'TY)

Kadenpa "XumMuueckue TeXHOJIOTUN HePTErazoBoro komiiekca"

KOHCHEKT JIEKIIU
N0 IMCUHUILINHE
"JIeKTPOXUMHUS METAJJIOB M 3aIIMTA OT Koppo3uu'

JJISE MATHCTPAHTOB 3204HOM ()OPMBI 00yUeHUs
no HanpasJiennio 18.04.01 Xumuueckasi TeXHOJIOTHSI

PocroB-Ha-/lony
2018



CoxkparteHus 1 0003HAYCHUS
A" - aHUOH

M

METasLI

M"™ - wnoH MeTamia
Ox
R

OKHUCIHUTCIIb

BOCCTaHOBHUTEIIb

[R],[Ox] - xoHmenTpanusa R u Ox

[TAB - nmoBepXHOCTHO-aKTMBHOE BEILECTBO

a, Ak, by, bk - TapeneBbl KO PUIIHEHTHI

C - KoHUeHTpauus

D - koaddurnment quddy3umn

pMMN+\v - PABHOBECHBIN MOTEHIMAI METalIa
pMoxr - paBHOBecHbIH noteHnuan Ox, R —cucremsl
Exop - HOTEHIMAT KOPPO3UH

Eun - moTeHuuman Hayasa rnaccuBalvu

E, - xpuTuyeckuii moTeHIMaN MacCUBALUU

E.. - DoreHIMan nojHOW HacCUBAIUU

Eno - KpuTHUECKMI MOTEHLIMAA MUTTUHIOOpa30BaHUs
E; - moTeHuman TpaHcmaccuBaliuu

G - u300apHO-U30TEPMHUUYECKHUI MOTEHINAI

i, - YAeIbHas CKOPOCTb BoccTaHOBIeHMs OX

i, - ylelbHas CKOpOCTb OKHCJIEHHs R

s n+
i .. - yJAeIbHas CKOPOCTh BOCCTAHOBJICHHS /pa3psaa/ M
M

i,, - YJHeJbHas CKOPOCTh OKUCIIEHUS /MoHu3anuu/ M
MM

iy - TJIOTHOCTh TOKa OOMEHa MeTasia

i>'® - mnotHocTk Toka o6mena Ox, R —cuctembl

i, - YA€IbHas CKOPOCTb BblAeNeHHs MeTaia M

i, - YJACIbHAs CKOPOCTb PAcTBOpEHHMs MeTaiia M

i, - YHACIbHAas CKOPOCTb BbIICIECHUSA R

i, - YHEIbHas CKOPOCTH BbliesneHHs Ox
ist - yeJIbHasi CKOpOCTh BbiaeneHus Hy
i

0, = YAETBHAS CKOPOCTb PAaCTBOPEHHS KMCIOPOa



~.
1

IINIOTHOCTBb KaTOJHOI'O TOKa

~.
1

INIOTHOCTh aHOJHOT'O TOKAa

~.
1

KpUTHUYCCKas IMJIIOTHOCTh TOKA IMMacCuBallun

IUIOTHOCTH TOKA IIOJTHOM naccuBanmuu

nn

~.
1

YACIbHasA CKOPOCTb aHOMAJIbHOT'O paCTBOPCHUA

i," - MJIOTHOCTH MpenesbHoro 1uddy3nonHoro Toka Ox

I - TOK WM monHast CKOPOCTh COOTBETCTBYIOIIECH peakiuu (CM. 0003HAYEHUS TSI 1)

j - yIeNbHAsI CKOPOCTh KOPPO3UH

J - momHast CKOpocTb KOPpPO3UU

K - xo3¢¢unueHtT TopMoskeHUs! KOPPO3UH

M - monspHas Macca

R - »snekrpuueckoe COMpOTHBIICHUE

S - miomans 3IeKTposa

t - Temmeparypa

o, B - KO3 pHUIHEeHTH TepeHoca

MNu - BOJOPOJHOE MEePCHAIPSKECHHIE

MM - TepeHanpsHKEHUE paCTBOPECHUST MeTalia

MR - MEpeHANpsDKCHNE BeIIeIeHUsT R

0 - cTemeHb 3aNOJHEHUSI IOBEPXHOCTH, T.€. OISl TIOBEPXHOCTH, 3aHsTas yactuiiamu [1AB wmu
APYToro BElIecTBa

T - Bpems



BBEJIEHUE

[IpoGnema KOppo3uM SBIAETCS OJHOW W3 BAXHEHWIIUX B MPOMBIILICHHOCTH, TPAHCIOPTE U
CEJIbCKOM XO3sICTBE, TaK KaK CyMMapHbI€ IMOTEPHU COCTABJISIIOT B CTpaHaX ¢ pa3BUTON HIKOHOMHKOHU 2-4%
COBOKYITHOTO HallMOHAJILHOI'O MPOJYKTAa U CONIOCTABUMBI C 3aTpaTaMy B KPYIHBIX OTPACisIX XO34HCTBa.
B HacTositiee BpeMst CO3AaHbI  HAIMOHAIBHBIC LEHTPHI U MHCTUTYTHI MO KOPPO3MH, JCHCTBYET CETh
nabopaTtopuii, HCHBITATEIbHBIX CTAHIUNA, MPOTUBOKOPPO3HMOHHBIX CIY>KO M CEPBHUCHBIX ILIEHTPOB.
VYcnexu Haykd O XHMMHYECKOM COINpPOTHBICHHMM  METAJUIMYECKHX MAaTepHalloB 00eCreyuBarOTCs
COBMECTHBIMH YCWJIMSIMH YYCHBIX KOPPO3HOHHCTOB, MAaTEPHUATIOBEAOB, METAJUIyproB, XHUMHUKOB H
(U3UKO-XMMHYECKUX MEXAaHUKOB. 3alllUTa METaJUIOB OT KOPPO3UU CTajla BaXKHEHIIUM 3JIEMEHTOM
COBPEMEHHOM TEXHOJOTHH, a YYEeHHE O XHMCOMpaMaTe MAaTepHalIOB — CYIIECTBEHHOW COCTaBISIOLICH
MaTepHanoBeIeHHUs U GPU3NIECKON XUMUU.

@usnueckass XUMHUS — ©CTECTBEHHO-HAy4Has JUCLUUIUIMHA, KOMIUIEKCHO H3ydaromas
B3alMOOOYCIIOBJICHHbIE  IpEeBpallleHusi  BemectBa W SHeprud. Hayka o  kopposun U
MIPOTUBOKOPPO3UOHHOM 3amuTe ( KOPPO3UOJIOTHSA) 3aHMMAeT Ba)XXHOE MECTO Cpelu pa3lieioB (PU3HUKO-
XMMUH, UCIIOJIB3YIOMIUX 3JIEKTPOXUMHUYECKUN Moaxoa. B mpoiecce Koppo3uu MOBEPXHOCTh MeTaslia
ABIISICTCA KaTaJIM3aTOPOM OKHCIHTEIHHO-BOCCTAHOBUTEIBHBIX MPEBPAIICHH KOMIIOHEHTOB JKUAKOW H
ra3oBoi (a3, Kak 3TO UMEET MECTO B I'€TEPOre€HHOM KaTalM3€, HO caMa CIIYKUT yYaCTHUKOM peaklui.
[TooToMy  OOJBIIYIO pOJIb WUIPAalOT CTEMEHb T'€TEPOreHHOCTH  METaUIMYECKON MOBEPXHOCTH, €€
¢da30BbIl  COCTaB, MOJUKPUCTAUIMYHOCTh M B3aUMHOE BIMSHHUE CTPYKTYPHBIX COCTaBIISIOIIUX
Matepuana. CHUTyalusi OCJOXKHSAETCS HW3MEHEHUEM BO BpPEMEHHM JJIEKTPOJHOrO MOTEHIMala U
ITIOBEPXHOCTHBIX CJIOEB KOPPOAUPYIOIIEro  MeTtaymia M cpenpl. IloaToMy — HaydyHOHM OCHOBOM
KOPPO3UOJIOTUN SIBJIAETCSA DSJCKTPOXUMHS PACTBOPSIIOMIMXCS  METAJUIMYECKHUX MOBEPXHOCTEH Kak
CaMOCTOSITEJIbHBINA pa3iesl TEOPETUUECKOM IeKTpOXUMUU. OCHOBHBIMU HMOHATHAMM SIBISIOTCS (DU3UKO-
XMMHYECKas CUCTEMa, BKIIIOYAIOIIAs METAJUI U Cpedy, a Takxke (pu3nko-xumudeckuit npouecc. Mcxons
U3 9TOr0, KOPPO3HsI TPAKTyeTCsl Kak Iepexoj] KOMIIOHEHTOB METaJUIMYECKOro MaTepuana M3 €ro
CcOOCTBEHHOM CHUCTEMBI CBSI3€H B COCTOSHUE CBSI3M C KOMIIOHEHTAMHU Cpellbl. XHUMUYecKoe U (Win)
AJIEKTPOXUMHUYECKOE B3aUMOJCHCTBHE METajula U CPelbl M3MEHSET €ro CBOICTBa M HapyIllIaeT ero
¢ynkuuu. Kopposusi xapakTepusyeTcs CKOPOCThIO BOOOpaKaeMOTro HEMPEPBHIBHOTO JIBUKEHUS TOUYKU
(GpoHTa KOpPpO3UH, TO €CTh I'PAaHUIBl pa3lieda MEXIYy METAUIOM U CPelloil, B TOM YHUCIE NMPOTyKTaMU
Koppo3uu. TexHuueckas CKOPOCTh KOPPO3UU KaK XapaKTePUCTHKA KOPPO3HMOHHOW CTOWKOCTH — 3TO
HauOOJBIINK TOKa3aTelb KOPPO3UH, BEPOSTHOCTHIO IPEBBILICHUS KOTOPOTO HENb3sl NpeHeOpedb.
CyliecTBYIOT CIIEIYIOIINE TTOKa3aTeId KOPPO3UU: MacCOBBIN ( T/M2c), TUHEHHBINH (MM/TOM), 00BEMHBIN
( M/c), TokoBBIN (A/M2), a Takke BpeMs J0 MOSBIEHHUS MEPBOr0 O4ara KOPPO3WH, OIS TTOBEPXHOCTH,

3aHATasd NpOAYKTaMU KOPPO3UH, KOJIMYCCTBO TOUCK UJIN 3B HA CAMHHUIIC ITIOBCPXHOCTH U AP.



Koppo3us knaccupuuupyercst o XapakTepy MOpakeHUs MeTajula: CIUIOUIHAs WM oO0Ias
(paBHOMEpHas1, HEpaBHOMEpHas1, M30MpaTenbHasi, HapuMep, 0OECIIMHKOBAHUE CIUIABOB) U MECTHAs
(msiTHaMu,  g3BaMHU, TOY€YHAas WM NUTTHHI, CKBO3Has, HUTEBUAHAsA, IOBEPXHOCTHas,
MEJIKOKPUCTAJNINTHAS, HOXKEBAsi U JIp.); 10 YCIOBUSAM IPOTEKAHUSA: T'a30Basl, B )KUIKUX METaJlIax, B
HE3JIEKTPOJIUTAX, B ANEKTPOIUTAX ( KUCIOTHAS, LIEJIOUHAas], B HEHTpalIbHBIX cpeniax), atMochepHas,
MOYBEHHAsI, OMOKOPPO3UA, AJIEKTPOKOPPO3UsA, MOJ HAMNPSHKEHHUEM M MPH JAPYTOM BO3ACHCTBUH
BHEIIHUX (PAaKTOPOB; MO YCJIOBUSAM KOHTAKTa C arpeCCUBHOM Cpeloil: MpH IMOJIHOM, HEMOJHOM M
NEPUOINYECKOM MOTPYKEHNUH, CTpyIHasl, IIeIeBast.

Crnenyer paccMaTpuBaTh CIEIYIOIIME ACHEKThl KOPPO3UM: SKOHOMMYECKHH (TpsiMble U
KOCBEHHBIE IOTEPH OT KOPPO3UHU U PacXo/bl HA IPOTUBOKOPPO3UOHHYIO 3aIUTY ), IKOJIOTUUYECKHM
(U3MEeHEeHWe cpenbl BIMAET Ha KOPPO3MOHHYIO CTOMKOCTh, a KOPpO3Us MOXKET NPUBOAMUTH K
YXYIIIEHUIO SKOJIOTMYECKONH OOCTAaHOBKM), TEXHOJIOTMYECKHUH ( CO3[aHHE HOBBIX TEXHOJOIMH M
HOJY4YEHHE CBEPXUYHMCTBIX MAaTepUanoB), OMOMEIMIMHCKHNA ( CO3/l1aHUE MPOTE30B), KYJIbTYpPHBIN

(coxpaHeHue UCTOPUUYECKUX MAMSITHUKOB), CTPATETHUECKUH (Ie(UIIUT METAILIIOB).



1. OJIEKTPOXUMUNYECKAS KOPPO3UA

DNEeKTPOXUMHYECKas KOPPO3Usl MPOTEKAET B PAacTBOpPaxX JJICKTPOJIUTOB B OTCYTCTBHE
HETOCPEICTBEHHOT0 KOHTakTa M ¢ OX. AHoAHas peakius pacTBOpeHUss M u KaToaHasi peaKuus
BbIZIeNIeHHsT R mpoTekaroT Ha pasHbIX ydacTkax. CrepgoBaTenbHO, KOppoaupyromuid M kak
MOJIUBJICKTPO ABJIACTCA OKUCIIUTCIICM  JISA M, BOCCTAHOBUTCIIEM HJIA Ox u MEPCHOCUT
3JICKTPOHBLI oT AHOJHBIX K KaTOAHBIM y4daCTKaM. HOCKOJ’II)Ky OKHUCJINTECIIbHO-
BOCCTAHOBUTENbHAS CIOCOOHOCTH 3JIEKTpOJia 3aBUCUT OT E, ckopocTtu peakuuit U KOppo3uu

TOXe 3aBUCHT OT E.

1.1.3HeKTp0XI/IMI/I‘leCKI/Ie AnarpaMm bl

IIpu  wuccnenoBanuun KOPPO3UOHHBIX  IOJIU3JIEKTPOAOB UCIIOJIB3YIOTCS
AMEKTPOXUMHUYECKUE AMAarpaMMbl « TOTEHIUANT — TOK WIHM TUIOTHOCTH Toka». [IpocTteifmas

auarpaMma Jutst OMdIIeKTpo/a, rae peanusytores npoueccsl (1) u (2), mpeacrasineHa Ha puc. 1.
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Pucynox 1 - DnekTpoxumMudeckasi 1uarpamma JJisi KOppo3uOHHOTO OUAJIEKTpOaa

[longpuzannoHHblE KpHUBBIE IIOCTPOEHBI B MPEAIOIOKEHUAX, YTO IIIEKTPOAHBIE PEAKLIUU
B3aUMHO HE BIMAIOT, 3aMEUIEHBl JIEKTPOXUMHUYECKHE CTaJuM, PacTBOp 001aJaeT BBICOKOH
JJIEKTPOIPOBOJHOCTBIO, TOK PABHOMEPHO pACHpelesieH [0 I[OBEPXHOCTH, T.6. OHa
PaBHOAOCTYIHA Ul KaTOJHOM M QHOJHOM peakiuii, Bce MOTEHIMAJbl U TOKH CTallMOHAPHBI.
Juarpammbl MoryT ObITh mpuBefeHbl B koopauHaTax E-1 wnm E-Igi. B mepBom ciyuae

BO3MOXHO TpauuecKoe CI0KEHHUE 1 Mpu KaxaoM E, korna ckiaapIBaloTCsl OTPE3KH TOKOB OJTHOU



MOJIIPHOCTH U OT HUX BBIUUTAIOTCS TOKU MPOTHUBOIIOIOKHON MOJNIIPHOCTH, €CTh Ha4ajao oTcuera
wiotHocTd Toka (1 =0), oJHAKO B3aMMOCBS3b MeXny E u 1 BeIpaxkaeTcs KpuBBIMHU ( KpoMme
obyacTeld mMpu MaJIOW MOJSPHU3AIMK), YTO 3aTPYIHSAET JKCTpamnoiisinuio. Bo BTOpoMm ciyuae
obJyerdaercsi MOCTPOCHHWE B IIMPOKOM HHTEpPBaJe 1 M PEATH3YIOTCS TadeneBbl MPsIMBIC,

06.]'[61“‘18.}0]1_[1/16 SKCTAIIOJIAIHMIO, OAHAKO HEBO3MOKHO Fpa(1)I/I‘lCCKO€ CIIOKEHHE 1.
HpHMOHHHCﬁHBIC 3aBUCHUMOCTH J'IOI“apI/I(I)MOB CKOpOCTCfI BOCCTAHOBJIEHUS [ U OKUCIIEHUA [

ot E gBnstorcs NnapuuajibHbIMU, U3 KOTOPBIX MOKHO ITOJTYYUTH C UCIIOJIb30BAHUCM

cootHouleHui (3)-(6) cyMMapHble KpUBBIE PACTBOPEHUS 1, U BBIICICHU 1.

=1 M+ = I M (3)
T 4)
bR=10x- IR (5)
ox= IR - i0x (6)

CootHomenus (3)-(6) OYEBHIHBI, €CIIM y4YE€CTb, YTO, HAIIPUMED, lpy TEM OOIBIIE, YEM BBIIIE
CKOpPOCTh OKHMCJIEHUS (MOHU3alu) M ¥ HIKE CKOPOCTh OOpAaTHOW pEakIH BOCCTAHOBJICHUS

( pazpsma) M™. Kak cienyer u3 auarpamMMbl  (puc. 1), peakiuy OKHCIEHHS M BOCCTAHOBJICHHUS
npoTekaroT nmpu Beex E u ux ckopoctu 3aBucar ot E. Hanpotus, katoaHble peakliuy BbIAECTICHUS
R ( B Tom umcne M) mporekaroT Tonbko Tnpu E MeHbIe paBHOBECHOro ( MpH KaTOAHOMN
NOJISIPU3alUK), @ aHOJHbIE peakiuu BoleneHus Ox wiu pactBopenus R (B Tom uucine M) npu E
GoJTbIIIE paBHOBECHOTO ( TIPH aHOAHO# monstpu3anun). Toukn nepeceueHns npsiMbix E-1g i u E-
1g7 1St Kask701 M3 IBYX OKMCIIHTENBHO-BOCCTAHOBUTENRHBIX cucTeM (1) u (2) 1aroT 3HaueHns
COOTBETCTBYIOIEr0 PABHOBECHOTO MOTEHIIMANIA U JIoTaprudMa TIIOTHOCTH TOKa oOMeHa ig =1 =i .
IIpu ,E ¢ yuetom (26)-(29) 15y= ipy=0 U 15r= 150x=0. CyMMapHbI€ NOIAPU3ALHOHHbIE KPUBBIE B
koopauHarax E-lgi, kak 310 nmokazano, Hanpumep, i 3aBUCUMOCTH E=f(ixy), ©MetoT Tpu
ydacTKa: ropu3oHTaNbHBIH (-1, Koraa i << iy, 3MEKTPOJ MPAKTHYECKU HE TOISAPU3YETCs; KpUBas
1-2, xora npu Manoii nonspusamuu AE < 2,3RT/(onF) 3HaueHus ip, i ¥ i COM3MEPUMEL, 1
tadeneBa npsmasi 2-3 npu OOJIBIION MOJISIPU3ALNH, KOTJa I Ma>>T M Mgy ® § Mns -
CootBercTBeHHO B KoopauHaTtax E-1 yuactok 0-1 npeBpamiaercs B Touky, 1-2 — B ipsmyto u 2-3 —
B DKCIIOHEHILIMAJIbHYIO 3aBUCUMOCTb.

B peanbHOM KOppo3HOHHOM Omdiektpoze ( M B pacTBope, conepskamem M™ , Ox u R)
paBHOBECHBIE NMOTEHIMANbI pE vty U pEoyr U3MEPUTDH HE ynaeTcs, T.K. 06CTOKOBBIN OTEHIHAT
SBJIAETCS MOTEHINAIOM KOPPO3UH Eop. YeroBue cTanunuoHa p HO € T U Eyp ( 27€KTpHYECKHI
OanaHc) UMeeT BUJI:

ivnt i ox=i mtir (7)

i ¢ yuetoM (4) u (5) nepexoaur B (8), IPU 3TOM CUUTAETCS, YTO CKOPOCTb KOPPO3HH | =ipm.



J =ipm= IR (8)
Ecnu Ha 551eKkTpo1 He OAAeTCs TOK OT BHEIIHETO HCTOYHUKA M ipM » 1zr, HAPYIIAETCS
aneKTpudeckui 6ananc u Eyop CTaHOBUTCSA HECTALIMOHAPHBIM. ECIH ipv > 1gr, HA ANIEKTPOIE
HAKAIUIMBAIOTCS N30BITOUHBIE 2JIEKTPOHBI, Eyop CTAHOBUTCA MEHBLIE CTAMOHAPHOTO, YTO B
COOTBETCTBUH C KPUBBIMU pHC.] MIPUBOJUT K CHUXKEHUIO Ipm U POCTY 1zr BO BpeMeHU. B
pesyabraTte Eyop yBEIUUMBAETCS C T U CTPEMUTCA K CTallMOHapHOMY. Eciii nepBoHavaabHbIN
HECTAIIMOHAPHBIN 0€CTOKOBBIN MOTCHIIMAT HYKHO CEJIaTh CTAIIMOHAPHBIM, JIJIS 3TOTO HYXHO

BBIEPAKATH YCIOBHE xR > 1pM, T.€ HOAATh HA IIEKTPO KATOJHBIH TOK IUIOTHOCTBIO iy

1= 1gR - ipM (9)

VYpaBHeHue (9) onMCHIBaET YCIOBHE CTAIIMOHAPHOCTH E KaTOAHOMOISIPU30BAaHHOTO OMAIIEKTPO/IA.
[Tpu aHOHOM TMONIIPU3AIMHA OHO HMEET BHI:

la = IpM - IR (10)
Ecmu ycnosust (9) u (10) He cobmoaroTes, MOTEHIMAI MOJT TOKOM He cTanroHapeH. Kpussie E-lg
iy 1 E-lg 1, mpencraBnensl Ha puc.] U UMEIOT T€ XK€ TPU XapaKTepHBIX ydacTka. [TockoabKy mpu
KaTOJHOM MOJSIpH3aliK ipv HafgaeT ( HpH KaXkIOM CMeIleHuH noTeHnuana Ha AE~=b, Ha

MOPSATOK), @ 1;k  pacTeT Ha mopsiaok mpu KaxkaoM AE,=b, kpuBas MiIOTHOCTH KaTOIHOTO TOKa

TIPAKTHYECKH CIMBAETCA ¢ IpsAMbIME E-1g i,r m E-lg i oy. ITo 9Toii sxe mpuunne npu AE, > b, (b,)
I, ® Ipm =~ i m. B atom ciydae kpuBble E-1g iz m E-lg i,v ABAAIOTCS NapuuaNbHBIMHU 110
OTHOIIECHHIO K cyMMapHbIM E-lg i, u E-lg i.

Brixona mo ToKy aHOIHOW peakuMy pacTBOPEHMs MeTallla MPEACTABISAET cO00M 100
aHOJHOIO TOKa, uaymero Ha Hee, uiu BTom = ipm/ 1. IIpu Eyop , xorma i,= 0, BTym = . B
unrepsane Ep < E < Eoxr ¢ yaetom (10) BTpm = 1+ 13r/ 1, >1 cHUKaeTcs ¢ pocToM aHOIHOM
nomgpusauuu. Ilppu  E= E yntnm 1,r=0 u BTpm=1. IIpu E > ;Eoxyr 1a = ipm + 1sox H
BTpm=1- 1oy 1a<1, HO MOCKONBKY 1s0x<< ipm (puc.l), BTpm=l. Taxum o6pasom, BT, npu
aHOJHOM TMOJIAPU3ALUM CHMXKAETCA. AHAJIOTMYHBIM O00pa3oM JIErKO I0Ka3aTh, YTO 3TO XKe
npoucxoaut U ¢ BTyr 1pu KaTOHOM NOJIApU3ALIMY.

Ilo nanHBIM puc.] B XOpOLIO 3JIEKTPONPOBOJHOM CpPENE MaJOM PACCTOSHUHU MEXIY
KaTOJAHBIMM M  aHOAHBIMU  y4YacTKaMu IOBEPXHOCTh  KOPPOJAMPYIOLIEro  MeTaja
SKBUIIOTEHI[MAIbHA. PaccMOTpUM  BapuaHT, KOrja MeXIy KaTOJHBIM W aHOJHBIM y4acCTKaMH
CYLIECTBYeT OMHYECKOEe TajJieHHue HamnpspkeHus. ['paguuecku ypaBHeHue 3akoHa Owma
onuchiBaeTcs npsmMoi AER — 1 ¢ yrioBsiM ko3¢ duuuentom R. TlosaToMy mnomnsipusanyioHHbIE

KPHBBIE MPEICTaBUM B KoopanHaTax E — i u orpaHrmuuMcs Haubosee BaXKHBIMU JIJIS



KOppo3HOHHOro 6uanexrpona E —ipv 1 E —14r (puc.2). Ecniu oHun nmoctpoeHs! 6e3 yuera

OMHYCCKOI'O (1)aKT0pa, TOorga TOYKa UX
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Pucynoxk 2 - Jluarpamma rpu HaJIM4Md OMUYECKOTO (akTopa

niepecedeHust JaetT OauH B, 1 MAKCHMAIIbHYIO CKOPOCTb KOPPO3HH Jyax. I ydeTa OMHYECKOTO
(axTopa cieayer NepecTpouTh OJHY U3 KPUBBIX ( Ha pHC.2 KATOAHYI0), @ UMEHHO MPH KaKIOM 1
00aBUTH OTPE30K, paBHBIN cOOTBETCTBYIOIIEMY AER ( oTpe3ku 1-2 u 1°-2° paBHbl). Touka

MEepECEeUCHMS UCTIPABICHHON KaTOMHOU KpuBo E —i j; ¢ a”ozaHoM E —i v JaeT noreHnman
KOPPO3UHU aHOJIHBIX y4aCTKOB E, 1 HOBYIO CKOPOCTh KOPpO3uH jr. Touka Ha KaToMHOM KpHBOH
. : «
E —iyr IIPH jr OTBEYACT MOTEHIMAY KOPPO3UH KATOJHBIX y4acTkoB E, . [Tpu 3TOM
R _ K a __:
AE,,, = E,, - E.,, =]rRR (11)

Yem Oousbiie R, TeM BbIlIe HEIKBUIIOTEHIIMAIBHOCT TIOBEPXHOCTH U MEHBLIE JR.
12.Teopuu 2IEKTPOXUMUUYECKONU KOPPO3UHU

Teopusi, a mpaBuIIbHEE MOJIENH MpoOIlecca AO0KHA OTBEUaTh Ha J[Ba OCHOBHBIX BOMpPOCA :
OyJeT U B IaHHBIX YCIOBUSIX MPOTEKATh KOPPO3US U C KAKOW CKOPOCTHIO?

[TepBoii B Hauase 19 Beka Obu1a chopMynUpoBaHA TEOPH A TOKAJIBbHBI X TaJlbBaHHU
YEeCKHUX JIEMEHTO B, COIJIACHO KOTOPOIl NPHU KOPPO3HH B KOPOTKO3AMKHYTOM 3JIEMEHTE
OCHOBHOM M€TaJsll SIBJISIETCS PaCTBOPSIOIIUMCS aHOJIOM, a JIEKTPOMOI0KUTEIbHbIE PUMECH —
MuKkpokaTtogamu. [1o3ToMy YHCTBIN METaI ¢ OAHOPOJHON HKBUIIOTEHIIMATEHOM MOBEPXHOCTHIO
HE JI0JKEeH KoppoaupoBaTh. CKOPOCTH Mpoliecca TeM BBILIE, YeM OOJIbIIe pa3HOCTh MOTEHIMAIOB
MEXJ1y 3JIEKTPOJIaMH, KOTOpasi pacCMaTpUBAETCs KaK JBUKYILIas CHJIa porecca. DTy TEOPUIO
MOATBEPK 1IN SKCIIEPUMEHTAILHO OOHAPYKEHHbIE KaTOAHbIEC U AHOJAHbIE YYACTKU Ha

HEAKBUIIOTEHIIUATIbHOM MMOBCPXHOCTHU U YCTaHOBJ'ICHHHﬁ q)aKT CHI/I)I(CHI/IHj Mo MEpe OYNUCTKHU



MeTannaa oT npuMecd. Ha 0aze Teopuu mpeqioxKeHbl aHAIUTUYECKUN M rpaduuecKuil pacyeTsl
CKOPOCTH Kopposuu. ['padudecknii pacuer mpoBoauics 0e3 ydera OMHUYEecKoro (akTopa U ero
WLTIOCTPUpPYIOT KpuBble E — i,y u E —izr Ha puc.2, nospoustomue onpeaeaurb Eqop U juax. B
OCHOBE aHAJUTHYECKOTO pacuera JieKaT ypaBHEHHUs, BoeITekaomme u3z (11) wu  (12),
MPEJCTaBISIIONINE PA3HOCTh MOTEHIMATIOB MEXKIYy MAaKpPOKAaTOAAMH M MHKPOAHOJAMU KaK CyMMY
KaTOJIHOM, aHOJIHOM noJsipu3anuu u AEg.
pEoxr - pE M0t/M = @k jJr+ ®a Jr T Rjr (12)

Otcrona cnefayeT BbIpakeHUE JJIS JR:

Jr= (Bowr - pE Mntm)/( ox + ®a + R) (13)
rjae o - yAeiabHas MOJISPU3yeMOCTh IIPU MaJoOi MOJApU3aLuM, Korjaa 3aBUCUMOCTH E — ipm 1 Egr
MPSIMOJIMHEWHBI. DTO SBISETCS HEAOCTATKOM TMOAX0/a, 3aTPYIHSIOIINM KOJUYECTBEHHBIN pacyer,
T.K. B pealbHbIX ycloBUsX pasHocTh AE 6ombsme 50 MB u crnemyer ucnonb3oBaTh TadeneBb
3aBHCUMOCTH.

OTa Teopus UCIOJIb30Baja BEPHYIO MOJEINb, OJIHAKO B MEPBOHAYAIBHOM H3JIO)KEHUHU HE
COOTBETCTBOBAJIA PSAY SKCIEPUMEHTANBHBIX NAaHHBIX. B 4acCTHOCTH, OHa HE MOTJIa OOBSICHUTH
KOPPO3UIO YHCTHIX METAIJIOB C OJJHOPOJHON SKBUIOTEHIMAIbHOM nmoBepxHOcThiO ( Hg B HNO3),
AEKTPONOIOKUTENBHBIX M , y KOTOPBIX MpuUMecH 0oJiee 3JIeKTPOOTpULaTeNbHbIe (AU B APCKOM
BOJIKE), a TaKKe TOT (PAaKT, YTO HEKOTOpbIE H3JIEKTpomnonoxutenbHele npumecu ( Pb, Cd)
TOPMO3WJIH KUCJIOTHYIO KOppo3uio Zn. CleqyeT TakKe YYUThIBATh, YTO COIJIACHO JaHHBIM pucC.2
pa3HOCTh MOTEHIMATIOB MEX]y KaToAaMH W aHOAAMH CBf3aHA C jr OOpPAaTHON 3aBUCHUMOCTHIO.
[ToaTomy 3Ta Teopus HykJanach B MOAU(DUKAIIH.

MoaudbuuupoBaHHASN TE€ODPH S, UCIONB3YS BEPHYIO MOJIENb JIOKAJTbHBIX
raJbBaHUYECKUX KOPPO3HOHHBIX 3JIEMEHTOB , OTJIMYAETCS OT MEPBOHAYAIBHOW CIEAYIOIIMMU
MTOJIOKEHUSIMH:

1. MukpokaTomamMu He 00s3aTEIBHO SBISIOTCS BKIIOYCHHS 00Jiee AJIEKTPOMOI0KUTEITbHBIX
meTaiioB. KaTonHast peakuus BbiJesieHs R MOXeT mpoTekaTh 10 Bcell MOBEPXHOCTH, HO Ooliee
3¢} dexTUBHBIMU KaTOaMHU SABIISIOTCS YU4aCTKU ¢ 60see HU3KUM MR, YTO HE CBsI3aHO ¢ ,E Meranna.
[Toatomy BhIENeHne R BO3MOXHO Ha OCHOBHOM MeTallie M OyayT KOPPOAUPOBaAThH UucThie M ¢
OJIHOPOJIHOM MOBEPXHOCTHIO, SJEKTPONOJI0XKUTENIbHbIE M, a 3JI€KTPONOI0KUTENbHBIE IPUMECH C
OoJsiee BBICOKMM TR 3@ CYET COKpAIICHHWS aKTUBHOW IOBEPXHOCTH OYIyT CHIDKATH Izr H
COOTBETCTBEHHO j.

2. Pasnocte E Mexay KaTOOHBIMM W AHOJHBIMM YYAaCTKAMHU COIVIACHO TEOPHH
raJIbBAHUYECKOTO JJIEMEHTA SBISETCS CJEACTBUEM OMHYECKOrOo TAaJIeHUs HalpsHKEHUS
MPEUMYIIECTBEHHO B paCcTBOpE Wi B IJIeHKe. [loaToMy ueM Gombiie R , TeM mpu mpounx paBHBIX

YCIIOBUSIX MEHBIIIE jr , YTO WUTIOCTPUPYIOT AaHHbIE puc.2 u ypaBHeHue (13) .



Hamnpotus, npu R = const yBenuuenue pasHocTh pE 1 AE,, NpUBOIAUT K poOCTY jr (puc.3) B
coorBercTBUU C ypaBHeHusimu (11) m (12). Ha puc.3 nns ympoiueHuss U HarJISLAHOCTH
IpUBE/ICHA OJHA KaTO/Hasl KpHUBasl U TPEX METAJIJIOB, UTO Majo BEpOSATHO. OJJHAKO HETPYAHO

BUICTH, YTO MCITIOJIB30BAHUC TPEX KATOAHBIX KPUBBIX IIPUBEACT K TOMY KE PE3YJIbTATY.

PE

MM 13,
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Pucynoxk 3 - Jluarpamma Juist TpeX METAJIJIOB IPY HATMYUU OMUYECKOTO (pakTopa

Haubonee npennoututelbHa COBpEeMEHHAasl TEOPUS DIEKTPOXUMUUECKOH
KODppO3HHu,0a3upyomascs Ha OCHOBHBIX MOJIOKEHUAX AIIEKTPOXUMUYECKON TePMOTUHAMUKHI

Y KMHETHUKU IIPU [1ApaJUICIbBHOM IIPOTEKAaHUU CONPSKEHHBIX PEaKIUH.

YcnoBus mpoTeKaHUS peaki Ui Ha KOPPOSUOHHOM IMOIUIIIEKTPOE:

1. Peaxmuu MOryT B3aMMHO HE BJIHSTH, a IPH HATUYUH OCIOXKHSIIOMMX (PaKTOPOB BIUAIOT Ha
JIPYTHE peakliy 3a CYET U3MEHEHUS COCTOSHUS TTOBEPXHOCTH MOJIUAIIEKTPO/1a ( OKHCHOM TUICHKH,
oOpa3oBaHHE HEPACTBOPUMBIX MPOIYKTOB, aACOPOLMM YaCTUI[ W T II.) HIM  COCTaBa
IPUAJIEKTPOIHOIO CJI0s pacTBopa, B ToM uucie pH.

CorlacHO NPUHUUNOY HE€3aBUCHUMOCTHU DJIEKTPOJAHBIX peaKIUU B
OTCYTCTBHE OCIOKHSIOIIUX OOCTOSITENECTB  KMHETHYECKOE YypaBHEHHE ( TMOJSpHU3AIOHHAS
KpuBas) Ui JAHHOW peaklUMH HE HW3MEHSETCS IMpU NPOTEKAHHM Ha 3JEKTPOJAE IPYrux

aNIeKTpoXuMudeckux peakuuil. Hanpumep, Ha puc.4 xpusas E- ipv B pacTBope, HE coAepiKalieM

OX , He MEHSETCs, eclu B MpUCyTcTBUM OX peanmsyercst KatoaHas kpuBas E- il, Wi 3a cuer

KaKHUX-TO YCJIOBUH U3MeHseTcs ee BuA 10 E- iZR .



LVERE SV 1

Pucynok 4 - Jluarpamma, WuTIOCTpUPYIOLIas MPUHIIUI HE3aBUCUMOCTH AJIEKTPOIHBIX PEAKIIH

[TpuHIMI HE3aBUCUMOCTH ONEPUPYET KHMHETHUYECKUMH YpaBHEHUSAMH WM KpuBbiMH E=f (i).
CrnencTBus U3 HErO pacCMaTPUBAIOT TOYKM WM 3HadeHUs 1. [lomepBOMYy CI€ 1 CTBHU IO

npu 3amanHoM E ( manpumep, E=E() (puc.4) cKopocTh KaXJIOH AJIEKTPOXUMUYECKON pEaKIUu
0JIHO3HAYHO omnpexaeneHa ( 3tuMm E) (Hampumep, 1 = igM ) ¥ B3aUMHOE BIIUSTHHE OTCYTCTBYET.

Brtopoe cnencTBHE OTHOCUTCA K CTAIMOHAPHOMY Eyop, IPH KOTOPOM CKOPOCTH aHOAHOU

U KaTOJHOM peaklui B3aMMO3aBHCUMBI, HO X BIMAHUE O0YCIIOBJIEHO TOJIBKO M3MEHEHHEM Eqp.

1
Kop 2

Hampumep, npu £, , korma pactBopeHre M cONpsiKEHO ¢ TIEpBOM KaTOTHOW peakIueH ji Ei;M ,

2 o . o .22
npu Emp B YCIOBHAX HW3MEHCHHs MOJIAPU3AMOHHON KPHBOW KATOMHOM Ppeakuuu jo=i, .
Peakunu compsikeHsl 3a cueT o0mero Eqp. B oTcyTcTBHE BHENIHEr0 TOKA 1;r MEHSETCS 3a CYET
M3MEHEHHUs KUHETUYECKOTO YpaBHEHUsS U Exop , @ 1, - TONbKO 32 cueT Eyyp. Ecmu pabotaet

MMpUHOUIT HE3aBUCHUMOCTH, IMOJAPU3AUOHHYIO KPHUBYHO MOXHO CHATb ABYMS crocodamu:

PEruCTpUpOBATh 1, =ipv Ipu BapbupyemMoM E ( mnm HaoGopoT) B pactBope 6e3 Ox unu
onpenensth Exp u j=1i,, npunocnenosarenbroii 3amene Ox u ux C.
BMmecTo nonsipu3aliMoHHBIX KPUBBIX MOKHO MCIIONIB30BaTh KHHETHUYECKUE ypaBHeHus. Ecnu

Exop mocTaTouno ynanes ot ,E ynty 1 o pEoxr, TO i o = i M, 15~ i ox (puc.l) u ypaBHeHUs IPU
3aMEJIEHHON JJICKTPOXUMHUYECKON CTaAWM B KOHIEHTPUPOBAaHHOM pactBope ( y; = 0) uMmeroT
BUJI:

i, = kmexp[(1- am)nFE/(RT)] (14)

15r = kox[Ox] exp[-c.oxzFE/(RT)] (15)
pu craumonapHoM Exop i), = I,r, uT0 no3Bonset u3 ypasuennii (14) u (15) Boipasuts Eyop:

k
Ewop= RT In—2[Ox] (16)
[za, +n(l—a,)F &,

INoncraBus BelpaskeHus 1is Eyop B (14) nnum (15), nomydnm ypaBHeHue:



j = const [Ox]"!""* *ox /" o\ (17)

[Ipu KUCIOTHON KOPPO3HH, eCH alox=0nm =0,5,BbIpaxkerus (16) u (17) ynpomatorcs:

0,116
Ewor= E° — = H 18
P Kop 1+7’lp ( )
. . n
lgj=lgjo- — pH (19)
1+n

Ecnu xarognas peakuus aumutupyetcsa auddysueit Ox u npu Eyop IpoTeKaeT npu npeieabHoM

1u(dy3MOHHOM TOKE IIIOTHOCTBIO i\, TO:

j == iy (20)
. Ox
Empzilnlfl_ Q1)
(—a,)nF &,

2. Tok Mo MOBEPXHOCTH MOXET PACHPEEIAThCS PABHOMEPHO M OHA SKBUIOTEHIManbHa. [Ipu
HaJUYUH OMHYECKOro (akTopa, SKpPaHUPOBAHMHM YAaCTU TMOBEPXHOCTH WM €€ CTPYKTYpHOW U
XUMHYECKOH HEOAHOPOIHOCTH, TOK paclpelesisieTcs HEpaBHOMEPHO, a MOBEPXHOCTh
HEIKBUIIOTECHIIUAIbHA.
3. HampaBneHnHoe mpoTekaHue aHOJHOTO Ipoliecca pacTBOpeHus M mpotekaeT Tonbko npu E>
pEMNT\, @ KaromHOro npouecca BeiaeneHus R ( nanpumep, Hy) mimm pactBopenns Ox (Hanpumep,
O,) npu E<,Eoxr (puc.l). Ilpu 3Tom 3HaueHus ,E n0mKHBI 0TBEYaTh peallbHbIM yciaoBusaM (t, C),
YTO CO3JACT OMNpPEAENEHHbIE TPYIHOCTH TMpPU TEPMOJAMHAMHYECKON OIIEHKE BO3MOXKHOCTH
Koppo3uu. O4eBUAHO, Ui KOPPO3UH, T.€. OMHOBPEMEHHOTO MPOTEKAHUs PACTBOPEHHUS METallia U
KaTOHOM JIenoiIpu3auu He0OX0AUMO YCIOBHE:

pEMn+/M < pEOx/R HiIm pEMn+/M < Exop< pEOx/R (22)
ITo ypaBuenuto Hepucra npu 1=0 Eyntny = - oo, T.K. [M"] =0, a pEoxr = o, T.k. [R]=0.
Hcxoas u3 3TOro, MOXKHO OXHUAaTh, YTO Bce M naxke B €1a00 OKHUCIUTENBHBIX cpefax OyayT
KOpPpOAUPOBATh MpU MaibiX T. OIHAKO y 3IEKTPOIMOIOKUTEIBHBIX M ycrmoBue (22) ObICTpO
Hapymaerca yxe npu Maaeix [M"]. Heo6X0IMMO TakKe YUYHTBHIBATh, YTO IIPHMEHHMOCTB
ypaBHenus Hepucra npu kpaiine Huskux [Ox]u [R] He nmokasana, T.K. omnpezaeneHuto pE

CYILLIECTBEHHO MENIAIOT IPUMECHU B PaCTBOPE.

I3.MexaHU3MBl DIEKTPOXUMUYECKON KOPPO3HUH

PaccmarpuBarorcst ABa MexanuzMa. HecMoTpst, 4To mepBbIM ObUT IPEATIOKEH FeTePOreHHO-
ANEKTPOXUMUYECKUM MEXAHHU3M KAK CIIEICTBHE TEOPUH JIOKAJIBHBIX FaJIbBAHUYECKHUX JIEMEHTOB,
OCTaHOBHMCS Ha 00Jiee IPOCTOM TOMOTEHHO-3JIE€KTpOXUMHUYecC K oM. OH umeer

MECTO Ha AOCTAaTOYHO YHUCTBIX M, MOBEPXHOCTH KOTOPBIX OAHOPOAHA XUMUYCCKH U CTPYKTYPHO.



[TosTomMy KkaToAHass W aHOAHAs pEAKIHUHW HE CBA3aHBI TOCTOSHHO C €€ OMpeelIeHHBIMU
y4acTKaMH W MOTYT MUTPUPOBaTh. IJTO, OJHAKO, HE O3HAYAET, YTO YyKA3aHHBIC PEAKIUU
OJTHOBPEMEHHO TPOTEKAIOT MO0 BCEH IUIOIMIAIH, T.K. B 3TOM cliydae ObLI ObI HETIOCPEICTBEHHBIH
koHTakT R (M) m Ox u mporecc sSBIsICS Obl XUMUYECKUM. JIOTHYHO CUWTATh, YTO IUIOMIATH
KaTOJTHBIX Sy M aHOJHBIX S, YYAaCTKOB PaBHBI MEX/Ty COOO0I U COCTABIISAIOT MOJIOBUHY OOIIIEH.
JI7st Bcex cilyyaeB yCIIOBHE AJIEKTPUUECKOro OanaHca, T.€. CTaluoHapHOCTH E,op UMeeT
BU]I:
JpM: ipM Sa = JBR = iBR SK (23)

[TockonbKy HpU TOMOTE€HHO-TETEPOT€HOM MeXaHu3Me S, = Sy, TO HOpu B pv = 1 Ilpn
JOCTaTOYHOM MOJSIPU3ALUY Ipm = 1, U 1gr ~ 1. IIpu 3aMeneHHOM cTaauy nepeHoca 3apsijia, Koraa
UMEIOT MECTO TadeneBbl 3aBUCUMOCTH, SKcTpanosaus npsameix E-1g i, u E-lg 1, Ha 3Hauenne E=
Exop TO3BOIISET ONPEAEIUTD ipm U 1zr. TaKUM 00pa3zoM, KpUTEpuUil TAKOro MEXaHU3Ma COCTOUT B
TOM, YTO TOYKA TMEPECEUYCHHs] JKCTPAIMOIMPOBAHHBIX YYACTKOB MOJISPU3ALMOHHBIX KPHUBBIX
OTBEYAET CTaMOHAPHOMY Eop. DTOT cityuait nmpencrasiieH Ha puc.l.

[eTepOreHHO—D2ICEKTPOXUMHUIYCCKUN MEXaHHMU3M XapaKTepeH I
TEXHHMYECKUX METAJUIOB U CIUIAaBOB, a TaKXKe TMPU JCUCTBUU OCIOXHSIOMUX (PaKTOpOB Ha
OTJIENbHBIX yYacTKaX. 3a CueT HEOJHOPOJHOCTH TpaHMIBI pazaena M - cpeaa kaTogHas U
aQHOJIHASI PEAKIMU TPEHMYIICCTBCHHO CBS3aHBI C ONPEICICHHBIMU YydacTKaMu. [locKoJbKy
00BIYHO S, # Sy, IpHU CTaUMOHAPHOM Eyqp, X0Td monHble Jom = Jyr , yJAE€NBHBIE CKOPOCTH HE
paBHBI (ipm # 1zr ). [oaTOMY 3KCTpanomsnus TadeneBbIX y4acTKOB Ha JUHMIO Ep, HaeT nBe
yJeJIbHBIE CKOPOCTH Ipm H 1gr. IIOCKONBKY Ha pHC.5 ipm > 1sr, U3 PaBEHCTBA (23) ciemyerT, uTo Si
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PucyHok 5 - /Ilnarpamma npu reTeporeHHO-3J€KTPOXMMUYECKOM MEXaHU3ME KOPPO3UHU

Paznuyaror Makpo- 1 MUKPORJIEKTPOXUMUYECKYIO TeTEPOT€HHOCTh, KOTOpas MOXKET ObITh
BbI3BaHa HEOJITHOPOJHOCTHI0O M ( BKIIFOUEHHS], CIIaBhI ), €r0 MOBEPXHOCTH (3€pHA, TUCIOKALINH,

HEOJIHOPOHOCTb 3aIIUTHBIX IUVIEHOK), BHYTPEHHUX HaNpsHKEHUI B MeTasuIe, )KUIKON (a3l



o + o o
( pa3jinuue KOHUCHTPALUU M" , IOCTOPOHHUX COJICH, OKHUCIIUTECIJICU, B TOM YHCJIC pH), a TaKXKEC

¢u3nueckux ycnoBuii ( TeMIepaTypbl, TaBJICHUS, TOJIEH).

1.4 Buabsl KOHTPONIS KOPPO3HUH

IMTockonbky npu cranroHapHoM E,,, pacTBopeHHe MeTallna U KaToJHasl ASHOIIpU3aLus
SIBIISTFOTCS COTIPSDKEHHBIMU PEAKITUSIMU, H3MCHEHHE CKOPOCTH OJTHOM JOCTATOYHO ISt
n3MeHeHus j. OgHako BeauvrHa j 60s1ee UyBCTBUTENIbHA K MI3MEHEHHIO CKOPOCTH OoJiee
3aTpyIHEHHOTO Mpouecca. Kak nu3BecTHoO, cTeneHp 3aTpyJHEHHOCTH MPOIlecca XapaKTepu3yeTcs
MepPEHAIPSHKEHUEM, KOTOPOE B CITydae KOPPO3ZHOHHOTO OMAIIEKTPO/Ia MPECTABISIET Pa3HOCTh
MEKy IMOTEHIMAIOM, IIPH KOTOPOM npoTekaet npouecc (Exp) 1 pE. B cBoOrO 04yepens
NIepeHAIPSHKCHHE 1| TIPU JIAHHOM 1 pacTeT ¢ YBEIUYCHUEM yICeIbHON MOJIIPU3yEeMOCTH b 1
yMeHbIIEHHEM 1o. YeM Huke b u BbIIIE ig, TEM ycToiuuBee pE.

Ecnu koppo3ust mpoTeKaeT npu CMEIIaHHOM KaTOJHO-aHOJITHOM KOHTpPOJIE, KOoTaa

-Ox/R MM R M 9 9
iy " R, u b, =b, ,T0 MR *NM U BO3ACICTBHE HA KAXKAYIO U3 PEeaKLUil IPUMEPHO B

paBHO# creneHu MeHseT | (puc.l). Jlpyrue BapuanThl IpeCTaBICHbI Ha puc. 6.

- E (a) ixR‘F o1 ®)
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PucyHok 6 - /luarpaMMsl 111 pa3IMUHBIX TUIIOB KOHTPOJISI KOPPO3UHU



Puc.6a,6 unmoctpupyet pons ig. Ecmm i % << i)' '* | npomecc npoTekaeT ¢ kaToaHBIM

KOHTpoJIeM (puc.6a) 1 U3MEHEHHE TOIBKO KaTOJHON KpUBOM BIUSET HA j, OYTU HE MEHsAA Eyop =
pEvnim. Ilepenanpsikenue pactBopeHust Metamia Ny~ 0. OOpatHslil ciydail peICcTaBiIeH Ha
puc.60 , rie u3MeHeHue j 00yCIIOBICHO BIHUSHUEM pa3IMYHbIX (PaKTOPOB HA aHOJAHBIN mpoliece, a
nepeHanpspkeHue BblaeeHus BocctaHoBUuTens Nr ~ 0. [1o nepBomy BapuaHTy KOppOAUPYIOT
aMaJIbraMbl MENTOYHBIX METAIIOB, a TI0 BTOPOMY — OJIaropojiHble MeTallIbl IpH Huskoi [M™']. Ha
puc.6 B,r MOKa3aHa poJib KPYTHU3HBI MOJSPU3ALMOHHBIX KPUBBIX. [Ipu by ~ 00, 4T0 nMeeT MecTo B

o6acT peebHoro Toka muddysuu OX, BETUUMHA ] ONPENENAETCS i, T.€. igr. DTOT CIlydaii

OINMCHIBAET KOPPO3HIO CTAJIEN B MOPCKOM U IPECHOH BOJE, a TAKXKE B TPYHTE, KOTOpasi POTEKAET
C KUCIIOPOJHOM enoispu3anueii. s macCuBUPYIOMINXCS METAJUIOB B ITACCUBHON 00JIacTH b, ~
00 M KOPPO3HUS TUMHUTHPYETCS MJIOTHOCTHIO TOKA TOTHOW MACCUBAIUH 1py.

PaccmoTpenHbIe BapHaHTBl OTHOCATCS K OMAJIEKTPOIaM, T.€. K KOPpO3UH OAHOTO M B
npucyTcTBUHU 0J1HOTO OX . COBMECTHOE IEUCTBUE HECKOIBKUX OKUCIUTENEH OyAeT paCCMOTPEHO
B IJIaBe 4, a Mbl IPOAHAIIM3UPYEM CIIOKHBIE KOPPO3UOHHBIE CUCTEMBI, COCTOSAIIUE U3 HECKOJIBKHUX

M ¢ ogaum OX.
1.5.CnoxHBlE KOPPO3UOHHBIE CUCTEMBI

OcTaHOBHMCS Ha KOPOTKO3aMKHYThIX cucteMax ( R=0), y KOTOpbIX MOBEPXHOCTH BCEX

MCTAJIJIOB, HAXOJAIINXCS B 3JICKTPUYCCKOM KOHTAKTC, S9KBUIIOTCHIIMAJIbHA, T.C. YCTAHABJINBACTCA

3 z
OIWH CTAllMOHAPHBIN Emp .C Y4€TOM TOT'O, UTO IO MCTAJUIOB pa3JIMYHbI, YCIIOBUC

CTaIlMOHAPHOCTH £ OMepUpyeT co 3Ha4YeHUsAMH J, a He i.

P
PISYEDIAY (24)
DT0 cooTHOoLIeHHE ciienyeT u3 (46), Ho st Heckonbkux M. C yuetom Beipaxenuit (9) u (10) ,
NEepenucaHHbIX s J BMecTO 1, (47) nepexoaut B (48)
2Ja=2Jx (25)

Ortcrona ciiefyer, 4To aHaJIn3 CIIOKHBIX CUCTEM MOXKET ObITh OCHOBaH Ha napuuanbHbIX ( E- Jom
u E- J;r) nmn cymmapusix (E- J; 1 E- Ji) KpUBBIX OTJ€IBbHBIX METAJIIOB, B PE3YJIbTATE CIOKEHUS
KOTOPBIX MOJIy4aroT KpuBble nonuanekrpona E- 2 Jom 1 E- 2 Jug win E- 2.7, , E- X J. Ciioxenue J,
a IMEHHO COOTBETCTBYIOIMX OTPE3KOB Ha JMarpaMMax MpoOBOJUTCS MPHU MPOU3BOJIILHO
BbIOpanHOM E.

[Ipome momyunte cy M MapHB € KpuBBH ¢ E-J, nE-J HenocpeacrseHHo no

pesynbTaTaM MoNSpU3alMOHHBIX u3Mepenuii (puc.7). Kpusas E—J> (J. =J" +JY + J* npu



3aganHoM E) HaumHaercs ot Eff; H JI0 E,f:; COBIIAAET C KpuBon FE —J kM ’, T.K. Ipu 3TUX E
M M M M M . z
Jo'=J,.7 =0 Ilpu E<E, > HyxHO cknansBate J, uJ . Ilpumep crnoxenust npu Ei: J7 (
otpesok 0-3) =J ( 0-2) +Ji”3 (0-1), mpu »tom otpe3ku 2-3 u 0-1 paBHBIL. AHAJIOTMYHO

M M v M
' u a0 £, coBmagaer ¢ kpuBon E —J .

Kop Kop

cTtpoutcs kpuBasa E —J f, KOTOpasi HAYMHAeTCs OT E
Yenosuto (48) oTBeuaeT Touka nepeceueHus kpusbix E—J. uw E—J.. Abumucca 3Toi ToUKH
JIaeT TOK TaJIbBAaHUYECKON KOPPO3HH J;. , a opauHaTa - E fop . Ilo nanueIM puc.7 npu E Kzﬂp M, uM,
ABJISIOTCA aHonamu, npudeM J V' > JM? 'a M — katon. Ilpu atom | J M +J Y2 |=J "=

Ota AuarpaMma nact I/IHq)OpMaI_II/IIO O BHCIIHUX TOKaAX, @ HC O CKOPOCTAX 3JICKTPOAHBIX peaKHI/Iﬁ

Jp]\/[I/I JBR .

|
|
]

J e Tt 7 I

Pucynok 7 - CymmapHbie Pucynox 8 - [lapunanbneie
KpUBBIC KpHBBIC

JeiictBurensHo, u3 ypasaenui (9) u (10), ucrionssys J BMecTo 1, moiayyaem

JpM:Ja + JBR (26)
JBRZJK + JpM (27)

Or1crona ciIeayeT,yTo IIoJHas CKOpocTh pacTBOpeHUsI M (J v ) CKIIaAbIBAETCSI U3 CKOPOCTHU

> p
aHOJTHOTO pacTBopeHus (J,) U camMopacTBOpEHUS 3a CUET MapauIebHO MPOTEKAIoIIel KaTOAHON
peakuuu (Jyr ). COOTBETCTBEHHO TONTHASI CKOPOCTH BhiaeneHus R (Jyr ) Oonbie ckopoctu

KatogHOoro BhieneHus R (Jix ) Ha BeIMUYMHY CKOPOCTH CaMOpPACTBOPEHUS O€3 BHEIITHETO TOKA



(Jpm ) - Hockonbky Jo <Jom H Jc< Jsr , CKOPOCTB rajlbBAHUYECKOM KOPPO3UH J; MEHBIIIE
peanbHON CKOPOCTH KOoppo3uu J = Jom = Jer Ipu E Kzﬂp .

Jls pacdera J ciaexyer UCIIONIB30BaTh Map I U alb HBI € K P H B bl €, KOTOPBIE HIYT OT pE
(puc.8) B oTaMUME OT CyMMapHBIX KpuBbIX E- J; 1 E- Ji, koTOpble unyt ot Eyp (puc.7). s

2 v
nonyuenust J ,,, u J . aHaJOTM4HO TIPEABIAYIIEi JUarpaMMe IIPOBOJMM CyMMHUPOBAHKE J.

z
Kpugas E-J oy HAUYUHACTCS OT E w1y o T€ HauOoJiee oTpHIaTeIbHOro M 1 110 » E Mg M,

coBmaaeT ¢ kpuBoi neporo M. ITockosbKy Bce MeTalTbl KOPPOAUPYIOT B ogHOM Red/Ox —

CUCTCMBI , BCC KaTOAHBIC KPUBBLIC BBIXOIAT U3 OILHOﬁ TOYKHU U IIPU KAXKIOM E HYXXHO CKJIaAbIBaTbh

z
Kop 2

3 Toka. Touka nepecedeHus MOJTyUYEHHbIX KpUBBIX faeT J > Jr u £, KOTOPBIA TOKEH

COBITAAAaTh C MOJYUCHHBIM JJIs1 TOM 7K€ CUCTEMBbI Ha OCHOBAaHUH KpHUBBIX THIIA IPCACTAaBJICHHBIX Ha

b M, M, _ M, . M,
puc.7. Ilo nauueiv puc.8 npu £, J,, >J ;' uMi—anon,a J,' =J ,, -J3' 3J,,<Ji H
V) M M )
M, — cnabbiit katox, mockoneky J,* =J . -J ., O6nuska k 0, a M3 — Gonee sddexTHBHBIA

Karon, npuiem J ,,, =0. Dta auarpamMmma gaer Takke HHPOpMaLKo 00 U3MEHCHUN YCTOHYHBOCTH

M B MHOI'02JIEKTPOJAHON CHCTEME I10 CPABHEHUIO ¢ yuCThIM M. Hanpumep, mits yucroro M; npu
M, — z
E., Ju =, Mesblie,uem J,, upu E_ . CrenosarenbHo, M 3a cuer aJIeKTPHICCKOrO

M,
Kop

P
KOHTaKTa ¢ O0Jiee MONOKUTENBHBIMI METAIUTaMK  yBeanuusaer J ,,, , T.x. £, >E 5, a CKopocTh

aHoaHOU peakuuu pacteT ¢ E. [l Hanbosee moaoxkuTeabHOro M3 CKOPOCTh PaCTBOPEHUS TIPH

z M
KOHTaKTe ¢ 0oJiee oTpUIaTeabHbiM Tagaet Ao 0,1.k. E,, < o E e, < E,,, - COOTBETCTBEHHO, ¥
7 3

M X o
My, tie E,,,~E,,, , KODPO3HOHHAs CTONKOCTH IPAKTHYECKU HE MEHSETCS.

Ha puc.8 ne npusenena kpusas E-J, . Cauraercs, 4To BblAeIeHHES M3 IpOTEKaeT Ipu

n+

J3", KOTOpBIi CylIeCcTBEHHO MEHBIIE OCTANBHBIX J M MM MOYHO MpeHeOpeyb.

B o01iem citydyae KOppo3noHHast CToMKocTh M omnpeaenseTcs: Noaspu3alioHHON kpuBoi E-

J W E-i ¥ 3JIEKTPOAHBIM MOTCHIHAIOM, B 9YaCTHOCTH, Eyop. [103TOMY paccmoTpum

OCHOBHBIE 3aKOHOMEPHOCTH KMHETHKHU U MEXaHU3Ma pacTBOpeHus M.
2. PACTBOPEHUME METAJIJIOB
21IlonHass aHOXHAas KpUBAasi pacCTBOPEHUS MeTanlna

Haubonee (¢yHmamMeHTaNbHOW XapaKTEPUCTUKOM PpPAacTBOPEHHS MeTaylia  SIBJISETCS

0000111eHHasT 3aBUCUMOCTh €ro cranuoHapHoi ckopoctu oT E (puc. 9). Ona xapakrepusyercs



PSAOM KPUTHYECKHX TOYEK M OCHOBHBIMHM yYacTKaMH: aHMMalbHOro pacTBopeHus (1, 2, 3),
ANEKTPOXUMHUYECKOTO aKTUBHOro pactBopeHus (4, 2, 5), mnaccuBaiuu (5, 6), MacCUBHOTO
cocrossaust (6, 7, 8, 9) W BBIXOJA W3 MACCHUBHOTO COCTOSIHUS IO MEXaHU3MaM JIOKAJIbHON
nenaccuBanuu  (muTTHHTO0OpazoBanus) (7, 10) wim tpancnaccuBamuu (8, 11). YkazanHbie
o0JjacTu Mpu U3MEHEHUH COCTaBa PacTBOpA, CIUIaBa U TEMIEPATypbl MOTYT YaCTMYHO HCYE3aTh.
Hanpumep, npu cumwxennn pH wu ysemmuenumm [Cl] maccuBHas oO0NacTh COKpalaercs;
yYBEJIMUEHUE TEMIIEpaTyphl pacIIUpsieT y4YacTOK aHOMAJIbHOTO pAacCTBOPEHUS; YMEHbILEHUE
COJlep’KaHusl XpoMma B JIETUPOBAHHOW CTalM CHUXKA€T AaKTHUBHOE pPACTBOPEHHE, COKpPAIAeT
MACCUBHYIO 00acTh, yBenuunuBaeT Ey, Eqy, 1; ¥ iy U yCTpaHsieT TpaHCacCUBaLIUIO.

Cnegyer OTMETHTb, YTO Ha pHC. 9 JIaHa 3aBUCUMOCTb i,, OT E. ®axrtuuecku 0OBIYHO
CHHMMAeTCsl MOJspU3allMoHHas kpusad i, = f(e). YacTo npu aHoaHoM nomapusanuu i, = i,y (puc.
1). OnHako pocT 1, B TaCCUBHOW 00JacCTH, KPOME MEPEUYHUCICHHBIX BBIIIE MPUYUH, MOXKET OBITh
CBs3aH C MPOTEKAHUEM JIPYToi aHOAHOM peakuuu BoaeneHus Ox, Hanpumep, O;.

B obmem cinyyae KpuBYIO Ha pUCYHKE 9 MOXKHO MONYy4HTh AByMs criocoOamu. [lepBbrit
UCTIONIb30BaH Ha TpaduKe W 3aKioyaeTcs B M3MEHeHWHW E mpu momomm NOoTeHmuocTaTa M
ONpeACICHUN CKOPOCTH aHOIHOTO pacTBopeHus M npu kaxaoM E. B ynpoiiieHHOM BapuaHnTte npu
JIOCTaTOYHOM yJaJleHUU OT Eyop MOXKHO UCHONB30BATH {3 = i,,. Jpyroil cnocod He HyXIaercs B
UCIIOJIb30BAaHUU HCTOYHHUKA BJIEKTPORHEPIMHM M 3aKIIOYAETCSl B M3MEPEHUM IIOCIIEN0BATEIBHO
MEHSIOLIMXCS J IpH BapbupoBaHuu E,p 32 cyeT BBeJEHUs B pacTBOP( MM PACTBOPBI) Pa3IMUHbBIX
Ox u yBenumuenust [Ox]. Uem Oonee addextuBen Ox( 6ombiie pEoye , {OR 4 meHbIue bx) Tem
Oonee mnonoxuteneH Ey,p. Ecnm KpuBble, moiyuyeHHblE OBYMs CHOCOOAMHU, HPAKTHYECKH
COBMAJAIOT, 3TO CBMJETEIBCTBYET O NMPUMEHUMOCTU NPUHIMUIA HE3aBUCUMOCTH 3JIEKTPOIHBIX

peaKuuid.

10 11

7 5 9
| I
1 |
I I

Eo E{HF—'&-{ Ehn EHO E‘rn E

BaEHCHMOCTE CTAIMOHARPHOH CEOPOCTH pacTEOREHHA METANIA OT NoTeHITHaNa (kpome 7 - 100
Puc 9




3Has KPUBYIO 3aBUCUMOCTH i,y OT E M Eyp, MOXKHO JIETKO ONpPENENUTh KOPPO3UOHHYIO
CTOMKOCTh M uim CIlJIaBa, OC06€HHO IIPpU BBINTOJHCHUHU MPUHIOUIA HC3aBUCUMOCTHU 3JICKTPOJHBIX
pEaKLHUid.

PaccmoTpum Gosiee AeTalbHO OCHOBHBIC YYaCTKH KPUBOW PacTBOpEHHS M.
22. AKTUBHOE pacTBOpEHHUE

PactBopeHne meramia paccmaTpuBaeTCs KaK CTa JM U HB U TN pomecc ¢
o0pa3oBaHMEM HU3KOBAJEHTHBIX YAaCTHUIl, TJ€ HapsAy C OJJIEKTPOXUMUYECKUMHU CTaAUSIMU
NPOTEKAIOT XUMHUYECKHE, TMPHYEM XEeMOCOPOIMs KOMIIOHEHTOB pacTBOpa (pacTBOpUTENS H
aHMOHOB) OOBIYHO IPEIIIECTBYET CTAIUM MEepeHoca 3apsaaa. Peakuu mpoTekarT o MEXaHU3My
KOMILJIEKCOOOpa30BaHUSI.

[Ipy akTUBHOM pAcTBOPEHHHM aHOAHAs  MOJSpU3alMsg  MOXKET OBbIThb  BbI3BaHA
3aMeIJICHHOCThI0 HOoHU3anuu win auddysun. [IpudarHaMyu KOHIIEHTPAIIMOHHOW MOJSpU3AINH
SIBIAIOTCA HAKOIUIeHHe M’ B IPHANEKTPOIHOM CII0€, 3aMEUICHHBIH IMOAXO0A K MOBEPXHOCTH
KOMIUIEKCOOOpa3oBaTeisi Wil oOpa3oBaHWE HAa HEW IUIEHKU HEpacTBOPUMBIX MPOAYyKTOB. Ilpu
3TOM MOTYT pPealu30BaThCs 00JIACTU MPEAEeNbHOTO aHOAHOTO TOKA WM Jake KpHUBBIE THIIA
IPEICTABICHHON Ha PUC. 9 ¢ MAKCUMYMOM iy, €CIIU IUIEHKA C pOCTOM E MM BpEMEHH IOBBIIIAET
3alllUTHBIE CBOMCTBA. OJTO SBJIEHME HAa3bIBAETCA COJIEBOM IaccUBalueil. 3aTOPMOKEHHOCTb
¢dazoBoro mpeBpalleHHs], T.. pa3pylIeHHUs TBEpAOW (a3bl MPOSBISETCS MPEUMYIECTBEHHO B
OoJbIlIel CKOPOCTH PACTBOPEHUS IEKTPOA Ha yTiaxX U pedpax.

BnusiHre aHMOHOB CBOAMTCS K M3MEHEHHIO CTPOCHHUS JBOMHOIO CJI0s M K 00pa30BaHMIO C
MOHAaMHU MeTaJlla IOBEPXHOCTHBIX KOMIUIEKCOB U B 00beme pacTtBopa. Monuzamust M mpotekaet
0 CTaAMSIM:

M + yA > (MA)">(MA)™ + ne (28)
B 3aBuCMMOCTH OT COOTHOIIIEHHUSI TTPOYHOCTEH cBA3ed M-M, M-A" u A -pacTBopUTE]Ib AHUOHBI
MOTYT CTUMYJIMPOBAaTh WJIM WHTHOMPOBaTh pacTBopeHue. Ecnu mpouHocTh cBsi3m M-A™ u A'-
pacTBopuTelNb Bhlle, 4eM M-M, annoHs! yckopsitoT npouecc. Ecnu cBsa3p M-M u M-A™ npousee,
yeM A’-pacTBOpHUTENb, aHMOHBI TOPMO3AT mpouecc. [Ipu mpoyHocTH cBsI3U A -pacTBOPUTEIND
BBIIIIE, yeM M-A" AQHUOHBI MOYTH HE BIIUSIIOT Ha pacTBOpEHHE.
[Ipumepom mporeccoB, NPOTEKAOIUX MO CTAAMHHOMY MeEXaHuU3My C 0Opa3oBaHHEM
MIPOMEXYTOYHBIX KOMILJIEKCOB HU3KOBAJIEHTHBIX YAaCTHUIL, SBJSETCS PAaCTBOPEHUE IKeyesa,
CKOPOCTh KOTOpOro 00br4HO pactet ¢ pH, a tadeneB xoapdumment b,=2,3RT/(anF) HEe mMoxer
OBITh BBIUKCJICH C HCIIOIB30BAaHHUEM UCTUHHOTO KO3 duimenta nepeHoca o = 0,5. Jlnis mienouHbIx

PaCTBOPOB IMPEATIOKCH CJ'IGJIYIOIJ_II/Iﬁ MCXaHHU3M:



Fe+OH = FGOHAI[C +e (29)

FCOHAHc‘i‘ OH — FCOAHC +H,O +e (30)
FeOpnc + OH = HFeOy 31
HFeO; + HO = Fe(OH),+ OH’ (32)

Jlns nepaBHOBecHOM cTanuu (30) CKOPOCTh MOHU3ALINH Kelle3a ONPEeNsIeTCs M0 YPaBHEHHIO:

tre = K[FeOHapnc][ OH Jexp[BFE/(RT)] (33)
st paBHOBECHOM cTanuu (29):

E =pE°® + RT/F In [FeOHpyc]/[OH] (34)
Otkyna cnenyet: [FeOHupc] = ko[ OH ]Jexp[FE/(RT)] (35)
[Tonyuennoe npu noacranoBke (35) B (33) KkuHeTUYECKOE YpaBHEHUE

{re = k[ OH J?exp[(I+P)FE/(RT)] (36)
JaeT MpaBWIBHBIN mopsinok peakmuu o OH-monam (Slgi/dpH)s = 2 u tadeneB kodddumnment
(OE/dlgire)on = 2,3RT/a F = 40 mB .Kaxymuiica ko3hpGHULIHEHT mepeHoca sl CTaIuiHBIX
npoueccoB (= [+f) B 00IIEM cilydae ONPENESETCs C MOMOIILIO BHIPAKEHUS:

a= (n-m)/v —la 37)

rae n-o0Iiee YUCIO 3JIEKTPOHOB B TPOILECCE, M - YHUCIO OBICTPHIX OJHORIEKTPOHHBIX
HOCHEAYIOIUX CTaAUi, V- YUCIIO NEPEHOCOB AIEKTPOHA B JUMHUTHPYIOIIEH craguu (0ObIYHO
v=I), [- 41cn0 3IEKTPOHOB B IUMUTHPYIOILEH CTAIHH.

Takum 00pa3oM, yCTaHOBJIEHHE KHMHETHYECKOTO YPaBHEHHS Ipolecca MO H3BECTHOMY
MEXaHU3My CBOJUTCS K HAlUCAHUIO ypaBHEHMS IS 3aMeJUICHHOM HEpaBHOBECHOM CTaluu C
MOCTIeIyIOIIeH MOJACTAaHOBKOM B HEro KOHLIEHTPAIMH KOMIUIEKCOB MPOMEKYTOUHBIX YaCTHII,
BBIDQKEHHBIX W3 ypaBHeHMH HepHCTa A SJEKTPOXMMHUYECKHMX DPAaBHOBECHH WM KOHCTAHT
XAMHAYECKOTO pPaBHOBECHs Ui DPAaBHOBECHBIX XWMHYecKux craamid. [locime storo ciemyer
[POBEPHUTH MOJIYYEHHBINA & ¢ TTOMOMIBIO ypaBHeHust (37).

Hanpumep, 11 MexaHn3Ma pacTBOPEHUS JKeJie3a B KUCIBIX CyIb(paTHBIX Cpeaax:
Fe + H;O = FeOH ppct H' (38)
FGOH_AHC = FGOHAHC +e (39)

FeOHpnc+ HSOy — FeSO,+ H,O+e  (40)
Kunernueckoe ypaBHEHHE UMEET BUL:

{re = K[HSO4][OH Jexp[(2- o )FE/(RT)]  (41)
a a=2-0)/1-Io=2-a.



AXTHBHpYIOIIEE JCUCTBHE A” MOXET IMPOSBISATHCS TOJIBKO TOCIE KPUTUYECKOW KOHIIEHTpAIWH,
YTO CBSI3BIBAETCS ¢ MX KOHKypeHTHoU ancopbuumeit ¢ OH'. M3menenue tagenero ko3ddunuenra
b, ¢ poctoM E MokeT 03Ha4aTh H3MEHEHUE PUPOIBI TUMUATHPYIOIICH CTaIHH.

23 ITaccuBanmusg U macCUBHAsI COCTOSHHUE

B ompeneneHHbIX ycnoBHAX Ipu yBenudeHuM E i,y pe3Ko CHMXKaercs 3a C4eT €ro
B3aMMOJEMCTBHSI ¢ KOMIOHEHTaMU pacTBOpa. JTO sBJIEHUE Ha3bIBae€TCsA NaccuBanueil. Metamn
M| MOXHO 3amacCHBHpOBaTh NpPH IOMOIIM AHOAHOM MOJSAPHU3ALUU OT MOTEHLUUOCTaTa WIH
umiynbcamu Toka 10 E > Epy, a Takke myTeM «XMMHYECKOi» miam camonaccuBanuu (puc. 10)

MOIU(UIUPYS TOBEPXHOCTh BBEACHHEM MeTaia M; ¢ 0ojee HHU3KUM IepeHaNnpsHKEHUEM

o . o M
KaTO/IHOM peaKiuu ( i’ WM BBOJS B pacTBOp Gosiee CHlbHBI OX (g ), mm yBenmausast [Ox].

npu oToM MeHsercs E,p. Bo Beex ciyuasx

1
E Kop Heo0X0auMoO, 4TOOBI MoTeHIHan M Haxomguics B
IIaCCUBHOM 00JIaCTH:
2 Enn
Euop - | 35 Emm<E(Exor)<Etn(Emno) (42)
I Ry .
’5E gxf’R _ Jnsg  «XHUMHYECKOM» MTacCUBAIMU HEOOXO0IUMO
s |
2 EKOP I coOJI0ICHHE OTIOTHUTEIbHBIX YCIOBUM:
p0xy/Ry | IpM o
] 4 1 < 1R IIpH Eq n pEOX/R >Enn (43)
l PMy
1 9 7 B kadecTBe maccMBaTOpOB MOTYT BBICTYIIATh
bl b {g
e e pa3IUYHBIC YACTHUIIbI, HO Yallle BCETO
puc. 10

UM sBisieTcs kuciopona (armocdepst, Boas,, OH
WIA JpyTuX JTOHOpOB). B o0mem ciydae maccuBaTop MOXET COBMeEIaTh (YHKIMH JOHOpa
KHCIIOpo/ia (XMMUYECKOe OKUCIeHHEe M), yTo NpUBOAUT K U3MEHEHUI0 aHoqHOU KpuBoH (En, Enn
, i1, 1), ¥ Kaxaoro menossipu3aTopa (JIEKTpOXUMUYecKoe BoccTaHoBieHue OX), dTO

coIpoBOXKIaeTcss pocToM Exop 6€3 M3MeHeHMs aHOJHOM KpUBOii, Hanmpumep:

H,0,—* 5 MO+ H,0
N—2 320H" (44)

Jnsi oOBACHEHUSI CHIKEHHS i,y NPH IMaccHBaluM M ciaaboi 3aBucUMOCTH imm oT E
npeanoxkeHo 2 teopud. CorimacHO NIEHOYHOW TEOPHUM CHIDKEHHE i, OOYyCIOBJIEHO
00pa3oBaHMEM Ha MOBEPXHOCTH MeTauia ¢a3bl OKCHIa, 00JIaafolIe JIEKTPOHHON W claboi
MOHHOW TMPOBOAMMOCTBHIO U SBISIOIICHCS SHEPreTHUYECKHMM M MeXaHW4YeckKuM Oapwepom. Jlis
OKCHUJHOTO DJIEKTpoJa paBHOBecue wumeeT Bui (45) unm (46), a paBHOBECHBI MNOTEHLIMAI

omnuckIBaeTcs ypaBHeHueM (47), KOTopoe xapakTepusyeT 3aBucumMocts Er oT pH.



MO, + 2nH;0" + 2ne = mM + 3nH,O (45)

M0, + nH,O + 2ne s mM +2nOH" (46)

pE = pE° - 0,058-pH 47)
Cnabas 3aBucuUMOCTb i OT E oObscHseTcss kommeHcauued aByx 3¢ddexroB: poctoM ipmm ¢ E
coriacHo ypaBHeHHsM Tuna (14), (36), (41) 1 MOBBIIIIECHUEM 3aIIUTHON CITOCOOHOCTH TIJICHKU MPHU
yBenudeHUH E 3a cyeT ee yTosmeHus W yIUIOTHEHHWs. Hanmwuue OKCHUAHBIX IJICHOK JIOKa3aHO
OKCIIEPUMEHTANbHO, YCTAHOBIEH WX COCTaB, a TACCHBHBIC DIEKTPOJAbl MOJACTUPYIOTCS
OKCHJHBIMH, CBHJICTEIILCTBOM Uero siBisiercs aHanoruvHas (47) zaBucumocts Epp o pH. Macca

MACCUBHPYIOIIETo OKcHia pacTeT ¢ E.

st onpeneneHus 06JacTH MACCUBHOTO COCTOSHUS METAJUIOB B MEPBOM IMPHUOIMIKCHUH

ucnosp3ytorcss nuarpammbl [Iyp6e E—pH. Hapuc. 11 npeacrasiena ynporieHHas

E Zn(OH),
1 -
an+ ZI]O 22_
I:I -
= 7n
| | |
1] 7 14 pH

pucyHok 11 - Jluarpamma ITyp6e E-pH
muarpamma Uit cuctembl Zn — HyO. B Takux cuctemax peanusyercsl dIeKTPOXMMHYECKHE
paBHOBecust (1), KOTOpBIM OTBEYAIOT TOPH30HTAIBHBIC JIMHHU HE3aBUCHMOCTH pEmnt ot pH,
JNIEKTPOXUMHUYECKUE paBHOBecus Tuma (45), (46), rae ,E 3aBucur ot pH (HaknoHHBIE IMHUN), &
TaK)Ke XUMUYECKHE PABHOBECHUS:
M" +nOH = M(OH), (48),
rae paBHoBecHbI pH He 3aBucut ot E (BepTukanmpHble muHUN). Takum 00pa3om, Ha AuarpaMmme
UMEIOTCS 00MacTh (MMMYHHOCTH) MeTaiuia (Zn), akKTUBHOTO DPAacTBOPEHUS (Zn*" u Zn0y") u
BO3MOkHOU maccuBHocTH (Zn(OH),), ecnu mneHka o00JagaeT JOCTATOYHBIMH 3alIUTHBIMU
cBoiictBamu. Kitaccuueckue nuarpamMmsl [lypOe He yuuTHIBAIOT M3MEHEHUS MOJIOKEHUS o0sacTeit
MpU HAUTMYWUK aHWOHOB-akTUBaTOpoB (Cl, SO42' U Jp.), a TaKKe HeCOBMaAeHMs 3HaueHu Epyp u
Enn 1 BooOmie obmact akTUBHOro pacTBopeHus. dopmupoBaHHe MIIEHKM HayMHAETCs MpH B
OKCHJ/IHOTO JJICKTPO/a, a 00JacTh YCTOMYMBOTO MACCUBHOTO COCTOSIHHMSI HauuWHaeTcs mpu Epyr.
O6pruHo Ha muarpammax E-pH mexay BcemMu 00JacTsIMH MMEETCS HECKOJBKO TMapayljIelbHBIX
MPSAMBIX, OTBEUAOIIUX Pa3HBIM M.
CornacHo aicOpOIMOHHON UM aACOPOINHOHHO-IIEKTPOXUMUYECKON TEOpUH,

MACCUBHOCTh OOYCIIOBJICHA XEMOCOpOIMeil KOMIIOHEHTOB pacTBOpa, B TMEPBYH oOdYepelb



Kucinopoaa. PacTBopeHue MeTalia TOPMO3UTCS 3a CUET OJIOKUPOBKM AKTUBHBIX IIEHTPOB
MOBCPXHOCTU M HU3MCHCHUA OSHCPICTUYCCKOI'O COCTOSAHHA IMMOBCPXHOCTHBIX 4TOMOB, a TaKiKCe
U3MEHEHUs CTPOEHUS IBOMHOrO aneKkTpuueckoro cios. Cnabas 3aBUcUMOCTD i OT E siBnsiercs
CIIEICTBHEM KOMICHCAIMU 2-X (PAKTOPOB: YBEIMYEHUS {,y U KOJIMYECTBA afcOpOUPOBAHHOIO
naccusaropa ¢ poctoM E. B cormacum ¢ 3TMM NIpH CTyIEHYaTOM yBenndeHUH E 3HaueHHs ipy
CHayajia pPe3Ko PacTyT, a 3aTEM IUIABHO CHWXKAIOTCS. JTa TEOpHUs MOATBEPXKAAETCS HAIUMUYHUEM
MacCUBAllMU TpHU aaCcOpOLMM KHUCIOpOJa B KOJMYECTBE MEHEE MOHOCIOS U BBITECHEHHEM
IIPEJBAPUTENILHO a7iCOPOUPOBAHHBIX YACTHII.

AncopOiuio MOXHO paccMaTpuBaTh Kak IEPBUYHBIA IpoOLECC MpU MOCIETYIOIEM
06pa3013aH1/11/1 IIJICHKH. I/IHOI‘,Z[a naccuBanus ABIACTCA CICACTBHUEM 06p3.30BaHI/I$I (1)330131)1); u
IBYMEpHBIX cioeB. [lo3ToMy He ciiegyeT MpOTHBONOCTAaBIATH (a30BYI0 M aJCOPOIMOHHO-
JIEKTPOXUMHUYECKYIO0 TeopHio. B o01ieM ciydae macCMBHOCTh 00ecleunBaeTCsl MIIEHKOW, B TOM
quciae BO3MYIIHOOOPa30BAaHHOW M  XeMOCOPOHMPOBAaHHBIM KHUCJIOPOAOM, HHTHOUTOPOM WIH
pacTBOpUTENIeM, KOTOPBI CIIOCOOEH TaKXkKe 3JIEKTPONoIMMepu3oBaThesa. [1acCHBHOCTH HMrpaeT

HCKIIFOYHUTENIEHO BaKHYIO POJIb B KOPPO3UOHHON CTOMKOCTH METaJUIOB.

24, TpaHncnmaccuBanus

TpaHncnaccuBanus — 3TO paBHOMEPHOE aKTUBHOE PaCTBOPEHUE METallla, CIEAyIoIee 3a
00JacThI0 TAaCCUBHOTO COCTOSIHMS, T.€. BBIXOJ MeTallla W3 MAacCCUBHOTO COCTOSIHUS C POCTOM
aHonHOM mosnspuzanuu. C nmo3unuii (pa3oBoil TeOpHH TPAHCIIACCUBHOE COCTOSHUE CBSI3BIBACTCS C
TE€M, YTO IMACCUBUPYIOIIAs IJIEHKa HEPACTBOPUMOIO OKCHIA MPU HHU3KOW CTENEHU OKHUCIICHUS
meramia (Cr,O3) ¢ poctom E u yBenmndeHHWEM CTENEHHM OKHCICHHS MeTajia (Cr2072')
pactBopsiercs. [lo agcopbumonnoit Teopun, ¢ poctoM E ycunmBaeTcss XeMocopOIus KUCIOpoa,
pacT€r unciao O-aToOMOB, KOOPIUHUPYIOLUIUX C HOHOM MeTallia, OCIa0sSIOTCS CBS3U B PEIIETKE
MeTaia M 06pa3yloTCs XOpOIIO PacTBOPUMBIE KoMIUiekchl ¢ M'™ B Gojee BHICOKOH CTeIeHH

OKHCJICHUA.

25 JloxkaapHass JIOemaccuUBanu4Ag

JlokanpHas JemaccuBalsi C MUTTUHTOBBIM IOPa)KEHHEM IOBEPXHOCTH MeTajlla WU
CIUIaBa SBISETCS APYTUM MyTEM UX BBIXOJA M3 MACCUBHOTO cocTosiHUS ¢ poctoMm E. ITurtHHTr
(Touka) — yruIyOJieHMe Ha y4YacTKe IMOBEPXHOCTH, OOpaszoBaBIlieecss MPH pacTBOpeHHH M co
CKOPOCTBIO CYIICCTBEHHO BBIIIC, YeM Ha OCTAIILHOHN MOBEPXHOCTH. [IpW 3TOM IMOA OTBEPCTHEM
oOpasyercs 3HAYMTENbHAS TOJIOCTh. [IUTTHHTrOBOE pacTBOpeHHE — OoJjiee OOIMMIA TEPMHH, YeM

JIOKaJIbHas AenacCuBalvd U MOKCT IPOTCKATh HA dKTUBHBIX, TACCUBHBIX U TPAHCIIACCUBHBIX



MeTaJljlaX, B TOM YHUCIIE IOJ NOBPEKAEHHBIMU 3aIUTHBIMU IUIEHKaMH. /{151 BO3HMKHOBEHMS
JIOKaJIbHOM JIeNIacCUBALIMM HEOOXOIUMO BBITOJIHEHHE CIIEIYIOIUX YCIOBHI: HEOJIHOPOIHOCTh
[IaCCUBHOTO COCTOSIHMA C AKTUBHBIMM IIEHTpAaMU IMPEUMYIIECTBEHHO Ha TpaHULIAX
HEMETA/NIMYEeCKUX BKJIIOYEHUH, HaJIW4YMe AaHUOHOB- akTuBaTopoB, Hampumep Cl, wux
MUTPAllMOHHOE HAKOIUIEHUWE y AKTUBHBIX LIEHTPOB, a Takke HocTuwkeHus Eg,. [lurTuHronoe
pacTBOpEHHE TNIPOTEKAET 4Yepe3 IOCIEI0BAaTENIbHbIE CTAJUU 3apOKICHUS, pa3BUTHSI U
penaccuBaniy MUTTUHTOB (YacTO B pe3yibTaTe 0Opa30BaHMs CKBO3SHOI'O OTBEPCTHS B METaie
WIN TIpU TIepexo/ie MUTTUHTA B SI3BY).
[IpennokeHHO HECKOIBKO MEXaHU3MOB MHUIIMUPOBAHMSI IUTTUHTOB.

1. AncopOuMpHHBIA MEXaHU3M, UCXO/IS U3 aJICOPOIIMOHHON TEOPHH MMACCHBAIINH, CBSI3bIBAET
HapyIlIeHWE T[aCCUBHOTO COCTOSIHUS C aJCOPOLIMOHHBIM BBITECHEHUEM KHCIOpPOJa
AHHOHAMHU-aKTUBAaTOPAMHU.

2. Ilpu wucnonab30BaHMM KOHIENUUH (Ha30BOrO0 OKCHJIA pacMaTpUBAaeTCs OCTPOBKOBas
a7co0Lusl KJIACTEpHOTO TUMA C IMOCIEAYIOMUM 00pa3oBaHHWEM B TIyOMHY JBYMEPHBIX
3apOIbIIIECH.

3. IleHerpanMOHHBIM MeEXaHU3M TIOJIpa3yMeBaeT BHEIPEHHUE AHHWOHOB B JIEPEKTHYIO
CTPYKTYpPY MACCHBHPYIOIIEro OKHC/IA ¥ He IPUMEHHM K KpymHbIM anroHam: SO4~, ClOy
u J1p.

4. MexaHu3sM pacTpeCcKMBaHMsI TACCUBHPYIOUIETO OKHCIAa 3a CYET HaNpsKeHus,
JeTuApaTalliy, 3arpsA3HEHUd M 1p. OOJbIIYyI0 pOJdb OTBOAUT IOBEPXHOCTHOMY
HaNpPsDKEHUIO, JIEKTPOCTPUKLMMU, TIOCKOJIBKY MaJla TOJIIMHA CJIOS M BEIUKa
HATIPSKEHHOCTD HIeKTpHaeckoro moms (10 10°B/m).

Haubonee QynnaMeHTanbHOM XapakTepUCTHUKOW mporecca sBisercs En, , KOTOpblii oTBedaer
CYLIECTBEHHOMY pOCTYy TOKAa IIpU YyBeIW4YeHHH E B yCIOBUAX IOTEHUHOAMHAMUYECKUX
W3MEpeHU  WIM  BO  BpEeMEHHM IMpH  NOTEHUUOCTaTH4YecKuX  u3MepeHusx.  [lpu
MOTeHIIMOAMHAMUYECKOM nonsipuzanuu nepes En, HaOnomaercs ocuuisiuyd TOKa, OTBEYAIOLIUe
3apoXxIeHuIO-penaccuBau NTUTTUHTOB. [Ipu E,, snexkrpon Benér cebs Kak NPaKTHUECKU
HETIOJIAPU3YEMBIi, T.K. UCTHMHHAs CKOPOCTb IpoLiecca HE MEHSETCS, a POCT TOKa OOYCIIOBIICH
YBEIMUEHUEM IUIOLAAM, T.€. 4YMCIa WM pa3MepoB NUTTHHIOB. IIpu raipBaHoCTaTMUECKON
noJsipu3auu poct E 00ycioBI€H OMUYECKUM MaJieHUEM HANpsKEHHUs MEXIY AHOM M YCThEM
nutTuHra. OnpenenéHHyo pojb UrpaeT Takxke AU(Qy3uOHHBIM MOTEHIMAN B YCThE MUTTHHIA.
[Ipu katoaHOM MoNsipyU3alMK NUTTUHT pernaccuBupyercs .[loTeHuman penaccuBaly TUTTUHTOB
Epn<Eno , @ MONApH3aLMOHHBIE KPUBBIE MPAMOrO M OOPAaTHOIO XOJa XapaKTEPU3YIOTCS HETIeH
rucrepesnca. Ero yMEHbBIIAETCS C pOCTOM T BBIAEPKKHU IIEKTPOJA.
Eno 4yBCTBUTENEH K IPUPOJIE HEMETAJUIMYECKUX BKIOUeHUN. Ha nonspusannonsi

KPUBOU MOXKET OBITh HECKOJIBKO YYaCTKOB JIOKATLHOW JIENaCCHBAIINH, KaXKIBIA U3 KOTOPBIX



OTBEUYaeT aKTHUBALIUM Yy BKIIIOUEHUH OmMpenenéHHoi mpupoasl. Ha cransx cHauaiao uMeeT MecTo
HeycToiunBas penaccuBanus y dactun SiOs , koraa ¢ poctoMm E yBenmuuenus ipv npu Epo (puc.
9) compoBoXkaaeTcs MOCIEAYIOIUM CHI)KEHHEM, a 3aTeéM BO3HUKAET YCTONUYMBas aKTUBALUSA Y
HanOoJiee OMacCHBIX OKCHIHO-CYIb(HUIHBIX BKIOUeHH. C yBenmnueHneM [A’] HepeaKo MEHSFOTCS
LEHTPbI IOTTUHIO 00pa30BaHUsl, YTO MPUBOIUT K pe3KoMy pasOnaropaxuBanuto E,, . [eiicTBue
M30BITOYHBIX  (Da3 (HEMETAIIMYECKHX BKIIOYCHHA WM O0Opa3oBaBIIMXCS TPU Cerperanuu
KOMIIOHEHTOB TBEPAOTO pacTBOpa IO TpaHUIaM 3€pPEH) CBS3BIBACTCS C IMOBBIIMICHHOU
neeKTHOCThI0 peméTkn M BOIM3M HUX, OOCTHEHHWEM 3TOTO CJIOS KOPPO3UOHHOCTOMKHUMU
JETUPYIOIIMMU KOMIIOHEHTaMH CIlJIaBa, AKTUBHPYIOUIMM BIUSHUEM IPOIYKTOB PACTBOPEHUS
BKJIFOUEHHS M HAIMUKEM 3230pa MEX]1y BKIIFOUEHHEM U OCHOBHBIM M.

CyIlIecCTBeHHBIM MOMEHTOM IUTTHHTOBOM KOPPO3WHM B HEHTPATBHBIX W MICIIOYHBIX
pacTBopax siBIsieTCs MOoHMKeHne pH B MUTTHUHTE 3a CUET TUAPOIM3A MIPOJYKTOB PACTBOPEHHUS, B
pe3yNbTaTe 4Yero MOBBIMIAETCS PACTBOPUMOCTh MACCHBUPYIOUIETO OKCHIA (KHUCIOTHAs TEOpHS
NUTTUHTA). Y CTaHOBIEHHO, uTo /st ctanu XISHS8 B Mopckoit Boae (pH 8) pactBop B mutTTHHIE
umeer pH 1,2 - 2,0 u [CI']=12 M. HauvanbHble cTaauu MUTTUHTOOOPA30BaHUS MPOTEKAIOT C
AKTHBAIMOHHBIM KOHTpOJIeM, a pa3BuTHe — ¢ auddy3umonHsM. [lpu “packpeiTvii’” NMUTTUHT
OOBIYHO pemaccHUBUpPYETCS 3a CU€T HM3MEHEHHMs COCTaBa pacTBOpAa M YMEHBIICHUS POJIH
OMHMYECKOro (akTopa, YTO MPUBOAUT K pocty E B muTTHHre M K mnpubmmxeHuto ero kK E; .
CamMonpon3BOJILHO MOTYT PENAaCCHBHPOBATHCS PACTYIIME MUTTUHTH B mpeaaudy3noHHON
obnactu. B nuddy3nonnoit obmactu MUTTHHT padoTaeT cTabMIBHO 10 00pa30BaHMsI CKBO3HOTO
OTBEpCTHSI.

IlepBoit cragmell pa3BUTUS TNMTTHHrA SBISETCS 00pa3oBaHHE SIMOK TpaBJICHHUS
MOJIUTOHATBHON (DOPMBI, OTPaHEHHBIX IIOCKOCTAMHU pemiéTku. OmacHbIe MUTTUHTH 00Pa3yrOTCs
IpU CIAUSHUM SIMOK TpaBJi€HMs B MOIychepHUUecKHil odar KOppO3UH C 3JIEKTPONOIUPOBAHHBIM
JTHOM TIPU TOCTEAYIOUIEM BO3HUKHOBEHHH MOJIHOCTHIO 3JIEKTPOMOIMPOBAHHON moiycdepsl. 3a
Cc4éT CKayka TOTEHIMada B YacTHYHO OOE3BOKEHHOM CJIO€ TMPOAYKTOB PACTBOPECHHUS
(371EeKTPONIOIMPOBOYHON  IUIEHKE) MOTEHLIMAd JHAa [UTTHUHrA OKa3blBA€TCs CYIIECTBEHHO
otpuniarensuee (10 1 B), uem B ero ycrtbe.

Ha cnenyromeit cragum 3a CYET KPUCTAUIM3AIMU METACTAOMIBHOW TOJUPOBOYHOM
TUIEHKN YBEIMYUBAETCS POJIb OMHUYECKOTO (pakTopa U pacTBOpeHHEe M MEepexoAuT B aKTHBHYIO
obnacte. Takum 00pazoMm, MUTTUHTOOOPA30BAHHE SIBISETCS JOKAIBHON aBTOKATATHTUYECKOU
camoakTuBanueit pacrsoperuss M. OHO SBJsi€TCSl OTHUM U3 HanOoJjiee OMACHBIX BUA0B KOPPO3UHU
U pacTBOpeHUs: M, 0COOEHHO TPU COBMECTHOM JICCTBUU arpeCUBHON cepbl U MEXaHUYCCKON
Harpy3kd. Mepoii ycToiunBOoCTH M K MNHUTTUHTOBOMY TOPaKEHUIO SIBISETCS MPOTHUBO-

[IUTTAHTOBBIA 0a3uc:

AE; 0= Eno— E(Exop) (49)



Yem 6onbiie AE,,, TeM MeluieHHee 00pa3yeTcs NUTTUHT, a IpU E(Eop)<Ep, nokanbHast

JIeNacCUBaIis OTCYTCTBYET.
26.,AHOManbHOE pacCTBOpPEHHUE
AHoMallbHOE pacTBopeHue (y4acTok 1-3 Ha puc.9) mo cpaBHEHHIO C OOBIYHBIM

INEKTPOXUMHUYECKUM pacTBopeHueM  (ydactok 4-5 Ha puc.9) xapakTepusyercs psaoM

crienu(pruaecKkux 0COOCHHOCTEH.

AHoMmaJpHOE PAaCTBOPCHHUC SHCKTpOXI/IMI/I‘{eCKOG pacTBOPCHUC

1. 1,p=/=f(E) 1.Ckopoctb pactér ¢ yBennuenueMm E no
ypaBHenus tuna (14), (36) u (41)
2. CKopoCTh HE 3aBUCUT OT Npupoabl u C 2.CKkopocCTh 3aBUCUT OT mpupoasl u C

- 2- -
HeokucauTenbHbIX aHnoHOB (OH', SO4~, CI' | HEOKHCIUTEILHBIX AHHOHOB, B TOM YHCJIE TIO

u a.p.) ypaBHeHUsiM (36) u (41)
3. [IpsiMmoe yckopenwue mporecca 3.OKUCTUTENHN-KATOIHBIE ICTIONSPU3ATOPHI
OKHUCITUTEIISIMH. MIpH COOJTIOJICHUH TIPUHITUITA HE3aBUCHUMOCTH

peakuuii He BIUSAIOT HA CKOPOCTh pacTBOpe-
HUSI, HO MOTYT yBEJIMYUBATh j 3a cU€T 00aro-
paxkuBanus Eyop
o o +
4. I1on0XHUTENBHBIN TOPSIAOK PEAKIIUU 10 4.0TpuniarenbHbIi nopsanok peakuuu no H;O
+ o
H;0", xortopsrii siBisiercs Oy KakK CJIE€ICTBUE MOJOKHUTEIBHOIO MOPSAKA MO

OH’ cornacHo ypaBHenusiM tumna (36) u (41)

CylecTByeT JIB€ TPAaKTOBKM aHOMaJIbHOTO pacTtBopeHus. [lo mepBoil mporece siBiasieTcs
3JEKTPOXUMHUUYECKUM, OCJIOKHEHHBIM BTOPHYHBIMHU SIBICHUSMH IPU KAaTOAHOW MOJISIpU3ALUU.
Hanpumep, no ypaBHenusMm (36) u (41) cHWXKEHHE Iy NPH KAaTOAHOW TMOJSAPHU3ALUH
KoMneHcupyeTcst poctoM pH kaTonuTa 3a cu€T MpoTeKaHHs BOJOPOAHOM WM KHUCIOPOIHOM
JIEpOJISIpU3alMK WIM TO ypaBHEeHHIO Tuma (56) yckopeHue  pacTBOpeHmsi ¢ poctomM E
KOMIEHCUpyeTcsl cHUkeHueM akTUBHOCTH Fe(OH),,. 3a cué€T moBbIIEHHS CTENEHU MepeHoca
3apsfa. Pan anekTpoXMMUYECKUX MOJENEH UCIOIb3yEeT KOHUEIIMIO CONPSKEHUS 3JIEKTPOIHBIX
peakuuil. Hampumep, cuuTaroT, 4YTO IpU KaTOAHOM MOJSAPU3ALMM CHUXKAETCA DHEpPrus

. v +
aKTUBAllMK MOHM3aKu M 3a cuéT sHepruu, ocBoboauBIIeics pu paspsae H;O .



Bonee pacmpocTpaHeHa TpakTOBKa aHOMAJIBHOTO pPACTBOPEHHS IO XUMHUYECKOMY
MexaHu3My. [TocKOIbKY 2NIEKTPOXUMUIECKON CTaUU MPEIIIECTBYET XeMOCOPOIHSI KOMIIOHEHTOB
pactBopa Ha M, 3T0 co34a€T MPEeANnoChUIKY ISl HEOCPeACTBEHHOro B3anmoeiicTeust M ¢ Ok B
OJIHOM aKTe, HallpUMep:

M + H;0" = MOH' + H, (50)
C mo3unuu TEOPUU PEOPTaHU3AIMH PACTBAPUTEINS MPOTEKAHUE IBYX PEAKIM OKUCICHUS M u
BoccraHoBnenns O, (H;O") B ommom akte (50) MOXET OKa3aThCs HSHEPTHTHUYECKH Oojiee
BBITO/IHBIM.
XUMUYECKUI MEXaHM3M pPacCMaTpUBAETCs KaK YaCTHBIA clydail AIEKTPOXUMUYECKOTO MpH
IIPOTEKaHUU COIPSDKEHHBIX PEaKLMM B OJHOM aKT€ Ha OJHOM y4YacTKe MOBepxHOCTH. Ha stoi
0a3e co3laHa KOHIICTIIHS XUMHUKO-JICKTPOXHMHYECKOTO PACTBOPEHHUS, TI0 KOTOPOH XUMHUIECKOE
(aHOMaJIBHOE) W DJIEKTPOXMMHUYECKOE (aKTHBHOE) pACcTBOPEHUE MPOTEKAOT MapaliebHO W
IpM=lapTisx - IIpr E<Eq 1ap>>lox U ipv=lap , @ IpE E>Eg 15x>>1ap U ipm=lsx (puc.9). Ha puc.12a
BOMM3H Eop MNpeo0nagaroT 3JIEeKTPOXMMUYECKUE IPOLECCHl U BEIUYUHA J,  HAMJICHHAs W3
HOJMSAPU3ALUOHHBIX KPUBBIX IYTEM OHKCTPANOALMU TagelneBbIX YYacTKOB Ha JUHHIO E.op

MPaBWJIBHO XapaKTEPU3YIOT KOPPO3UOHHYIO CTOMKOCTh M.

E E ot
(6) |
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F IBR
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Pucynok 12 - JluarpamMmsl Ipyu XMMHKO-3JIEKTPOXUMUYECKOM PACTBOPEHUHN METAIIOB

Ha puc.1206 npencraBiaeH 0OpaTHBINA BAPUAHT H J5x<< lap , T.€. DTEKTPOXUMHUYECKHE
U3MEpPEHUs He Aal0T HHPOpMaLUU 00 yCTOHYUBOCTH M.
AHOMaJIbHOE pacCTBOPEHUE Yallle peanu3yeTcs Ipyu KaTOAHON NoJspu3anuu, Hu3kux pH u

BBICOKHMX t. OHO OrpaHUYMUBAET BO3MOXKHOCTH KaTOJAHOM 3JIEKTPOXUMUYECKOM 3aIUTHI.



3. PACTBOPEHUE CIIJTABOB

PacTtBOpeHre TEXHUYECKHX CIUIaBOB, OOJBIIMHCTBO KOTOPBIX MPEACTABIAET COOOU
TBEPABIE PACTBOPBI, OTIMUYAETCA OT IPOLECCOB HAa YUCTBIX META/UIaX CEIEKTHUBHOCTBIO H
HOYTH 0053aTeNbHBIM HapYIICHUEM NPUHIINUIIA HE3aBUCUMOCTH JIEKTPOXUMHUYECKUX PEeaKLUi.
CeneKkTUBHOCTbh pacCTBOpPEHHUS -3TO NPEUMYILIECTBEHHBIN [IEPEXO/ B PaCTBOP
3JIEKTPOOTPHULATEIIBHOTO KOMIIOHEHTa A ¥ HAKOIUICHHE Ha  IIOBEPXHOCTH

3MeKTponoaoxkuTenbHoro B. OHa xapakTepusyercss KO3QPHUIIMEHTOM CeIeKTUBHOCTH:

(LA [BD) pacmoop

= 51

([AO] : [BO ])cnﬂae ( )

LA Bl (52)
lpBABnA[AO]

rae: Aa u Ag mossipuabie Macchl A u B, [A],u [B], — ucxonnble koHLeHTpanuu A u B B criase;
1pa U 1pg — CKOpPOCTH pacTBOpeHHs. OOBIYHO ZA>1, XOTS NP HU3KUX [A], MOXKET OBITh MEHBILIE
ips . COOTHOIIEHHE ipp U 1pp U BEINUKHA Z A 3aBUCAT OT XapaKTepa PacTBOPEHUsI. Y XPOMUCTBIX
cTajeil B akTUBHOU 00s1acTu Zc>1, a Mpu macCUBalMK U B TACCHBHOM COCTOSIHUM Z ¢ <I.

CeNeKTUBHOE PACTBOPEHHE OOBIYHO UMEET MECTO JUIS CIIAaBOB, KOMIIOHEHTHI KOTOPBIX
UMEIOT CYIIECTBEHHO pa3nudHble pEynty . OHO XapakTepusyeTcs nocie0BaTeIbHON CMEHOM
BO BpPEMEHHU CIEIyIOIIMX 3aMEUICHHbIX CTaJWii: HMOHU3alUuu A, HECTAllMOHAPHOW U
cranuonapHoit tuddysun A™ B pacTBope, TBepa0dha3HOI HECTAHOHAPHOH B3auMOnHDBy3HH
KOMIIOHEHTOB U 3aBEpPILIAETCS PAaBHOMEPHBIM , MPONOPIHOHANBHBIM (Za=J) pacTBOpeHHEM
CIIaBa, €CJIM MpH JaHHOM E MOTyT pacTBOpAThCS 00a KOMIOHEHTA.

Jlis  TYromnaBKHX CIUIAaBOB C HU3KOW [A], CENEKTUBHOE pAcCTBOPEHUE OOBIYHO
JTUMHUTHUPYETCS HeCTalMOHApHOW TBeprodaszHoit nuddysueil 1 3aBUCUMOCTb ipa OT BPEMEHU
OTIMCHIBACTCS YPAaBHEHUEM:

ipA: na F[A]()QIDH %13 (53)

: -1/2
T.C. KDUTCPUCM ABJIICTCA IPAMAs 1pA-T OKCTpAIoJIupyromasacia B Ha4ajlo KOOpAHUHAT, 4YTO

CBUJICTENBCTBYET O He3aBUCUMOCTU D oT Bpemenu. [uddy3us npoTekaeT no BaKaHCHUSIM B
KPUCTAJUIMUECKOM pelIeTKe CIIaBa, KOTOPbIe TeHEPUPYIOTCS MPHU ero pactBopeHuu. [loaromy
koadurment quddyszun Dp cymecTBeHHO 3aBucHT oT E.

Jns cnnaBoB ¢ BBICOKOHM [Al],, Hapsimy ¢ pacTBopeHHeM A, BO3MOXXHa (a3oBas
neperpynnupoBka B, a, HaunHasi ¢ HEKOTOPOro KPUTUYECKOTO E, MponcXoauT pazpyiieHue
HEPABHOBECHOTO MOBEPXHOCTHOTO CJIOS M Pa3BUTHE MOBEPXHOCTH, T.e. 0Opa3oBaHME TOpP U

TPELLHUH.



JIJ1s HEeKOTOPBIX CIIJIABOB (JIaTyHEH) HaKoIUIeHHe B Ha MOBEPXHOCTH CIUIaBa MPOUCXOIUT
M0 MEXaHW3My pPACTBOPEHHSI - OOpaTHOTO OCAKACHHWS WM TCEBJOCEIEKTHBHOTO
pacTBOpPEHH s, KOT/Ia 3a MPOILIECCOM CEJIEKTUBHOIO pacTBOpeHus A cienyet ocaxaenue B. [1pu
cooTBeTCTBymOIIeM E Mexmy 3TuMH 00JacTAMH MOKET HaxXOIUTHCS 00JIaCTh PaBHOMEPHOTO
pacTBopeHHs cmaBa. llceBmocenekTUBHOE pacTBopeHHe u (asoBas meperpymnmnupoBka B
CBUJETENLCTBYET 0 O0Jiee BHICOKOH aKTUBHOCTH B B CIlIaBe, 4eM B UHCTOM BHJIC.

[Ipu paBHOMEPHOM paCTBOPEHUU CIUIaBa, KOTJA €r0 MOBEPXHOCTh MPAKTUUYECKH
coctout u3 B, ypaBuenue Tadens umeet BuI:

NB~= aB + bB lgipB (54)

C yuértom Toro, uro npu 3ToM Za=Il, u3 (74) cnenyet ipa=ka ips  (ka=Apngp[B]o/Aana[Al,) u

ypaBHeHue (54) mpuUMeT BHI:

NB = as + bB lglA — bB lgkA (55)
WU ¢ y4ETOM BBIPAKEHHUS ISl CKOPOCTH PACTBOPEHHS CIUIABA  1p.cnn = Ipa T 1pg = 1pg (I1ka)
me = ag + bp gl — be Ig(I+ka) (56)

VYpaBuenus (55) u (56) ykas3bIBalOT, YTO paBHOMEPHOE PACTBOPEHHUE CIUIaBa M KOMIIOHEHTa A
NPOTEKAET C KUHETUYECKHMMHU XapaKTEepUCTHMKaMHM KOMIIOHEHTa B, T.e. Hapymaercs NpUHLUI
HE3aBUCHUMOCTH IEKTPOJHBIX PEAKLUH 3a CUET U3MEHEHHsI COCTaBa MIOBEPXHOCTH CILIABA.

Ecnu koMITOHEHTH! cri1aBa OJIM3KH 10 3JIEKTPOXUMHUECKUM CBOMCTBAM, 00JIacTh
CEJIEKTMBHOI'O paCTBOPEHMS HEBEJIMKA WM OTCYTCTBYeT. Ha 3THX cIutaBax mpouecc NpoTeKaeT Mo
MEXaHU3MYy MOCIOMHOT0 paCTBOPEHUS U CYLIECTBYeT KpuTHueckas [A],, 10 KOTOPOH CIUIaB BEJET
cebs kak B, a mociie koTopoi Kak A.

OJEeKTPOXUMHUYECKOE  IOBEJIEHHE  CEJIEKTHBHO  pAcTBOPSIOMMXCA  OMHApPHBIX  CIUIAaBOB
XapaKTEePU3yeTCsl PAAOM ocoOeHHOCTeH. JlJis aHOMHON XPOMOMOTEHIIMOTpaMMBbI TpH 1,=const

(puc.13)

E TaMEHHE 15 1

a
\¥ T
S e 1

Pucynoxk 13 Pucynok 14
XapakTepHa o0yacTh 3anepxku E, oTBewaromas pactopenuto A. B oOmiem citydae BeIpakeHUE

JUTS 1, UMEET BUL:



ia:ipA + ipB —1ipr + 13 (57)
B oTcyTcTBHE aHOIHBIX peakiuii pacTBOpeHHs A U B MIOTHOCTH TOKA 3apsiKeHHS 13 = 1, + iR
Benuka. C HauasioM pactBopeHust A npu Ex 13 =1, +igr - Ipa pe3ko nmagaer u Ha E, 1 - kpuBoi
peanusyercs 3anepxkka E. [To mepe pacTBopeHUst A U3 MOBEPXHOCTHOTO CIIOS 1A CHUIKAETCA, 13
pactér u E cmemaercs no Eg, mpu KOTOPOM MPOUCXOAUT OJHOBPEMEHHOE IIPOIOPLIMOHAIBHOE
pactBopeHue A u B, conpoBoknaemoe najgeHueM i3 U1 BTopudHO# 3anepxkoit E npu Ep.
IIpu EA Za= o, anpu Eg Za=l.
Xponoamneporpammsl (E=const, 13=0) (puc.14) umetor Bun I npu Eg>E>E u Bug
2 mpu E>Ep. KpuBas I nns ManbIX T IIpH ipa>1gr XapaKTEpU3yeT CHUKEHHE 1,A BO BPEMEHHU.
IIpu ipa= igr 1.=1k=0 , 4r0 OoTBeuaer E., . C pocrom 1 0 Mepe TOoro, Kak ipa=>0,
YBEJIMYUBACTCS 1y M CTPEMHUTCS K igr. 3HAS ipr M 3aBHCHUMOCTb i OT T  , MOXKHO IOJIYYHUTh
3aBUCHMOCTB 1,4 OT T M IPOaHAIU3UpPOBaTh €€, Hanpumep 1o ypasHeHuto (30). Kpuas 2, nus
KOTOPOH 1,=1pa + 1p —IBR , IPU MAJBIX T XapaKTEePU3yeT CHUKEHUE CKOPOCTH CEIIEKTHBHOTO
pacTBOpPEHHs CILIaBa, a MPHU JIOCTATOYHO OONBIIOM T BEJIMYMHA 1, HE 3aBUCUT OT T U
yKa3bIBaeT Ha paBHOMEPHOE PaCTBOPEHHE CIIIaBa.
3aKOHOMEPHOCTH PACTBOPEHMSI CILUIABOB HCHOJB3YIOTCS B TEOPUU U MTPAKTUKE

KOppO3H1H CIIJIaBOB U METOJ0B X 3allIUTHI.

4. KATOJHBIE ITPOLIECCHI ITPU KOPPO3UU METAJIJIA

[Ipu ncnosnb3zoBanu M B Ka4eCcTBE KOHCTPYKIIMOHHBIX Ha KATOAHBIX Y4aCTKaX MOTYT
HaIpaBJIEHHO BOCCTAHABIMBATHCS C BhIJETICHHEM R T100bIe HEOPTraHMYECKUE U OPTaHUIECKHE
BemecTBa npu ycaoBun E<,Eoyr. UeM Bblle 3 PEeKTHBHOCTD KaTOAa, TeM 0oblIe Eyp, 4TO
MPUBOJIUT K CHHKEHHUIO KOPPO3UMHOM CTOMKOCTH aKTUBHOTO M, HO MOXET BbI3BAaTh IaCCUBALIUIO

U JIaKe JIOKaJIbHYIO JenaccuBaluio (puc. 9).

4.1. TepMoauHaMuKa KHCIOPOJHOTO U BOJOPOHOTO DJIEKTPOIOB

Haubonee yacTo BCTpeUarOMMMUCS OKUCITUTENISIMU SIBISIOTCS KUCJIOPO/I, @ B KUCIIBIX
cpenax H;O -nonsl. ITockonbKy paBHOBecHBIE MoTeHIHMans (61), (62) Bogopomsoro (58) u
KkuciIopoHoro (59),(60) snexkTponoB 3aBUCAT OT pH, TepMOIMHAMHYECKYIO OIICHKY BO3MOXHOCTH
MPOTEKAHUS PEaKIUid PAaCCMOTPHM C IMOMOIIIbI0 quarpammbl. [Typoe E-pH mist Boas! (puc. 15).
2 H30++2e=H,+2 H0 (58)
0+ 2 Hy0+4e=4OH (59)

Wi B Kucioit cpene 0, + 4 Hz0™ + 4e = 6 H,0 (60)



p"H'/H,=RT/2F In([H']*/ P, ) =-0,029 Ig P,, - 0,058 pH (61)

p"0,/OH" = ,E’ + RT/AF In (P, /[OHT") =123 +0,0141g B —0,058pH (62)

o
Ha stoit nuarpamme, pa3aenennoi muaussmMu pE=f(pH) umerorcs obmactu
TepMoAMHaMH4ecKoil ycroitunBoctH 0, Hy, a Takke BOJbI, TUCCOLMUPYIOLIEH Ha
H" u OH". B cooTBeTCTBUH C 9TUM, B 00J1aCTH | JOKHO MPOUCXOAUTH
anexkTponutndeckoe Boiaenenue 0, u pactsopenue Ho, B odnactu II- pactBopenue

0, u H, u B o6mactu 11 -Beiienenue H, u pactBopenue 0,.

1 e &1}%

H,Oes H*+ OH-

i} 7 14 pH

Pucynoxk 15 - Jluarpamma norernunan — pH 1u1st Bogsl.

Ecmu ,E metanna Haxoaures B o01acTu I, oH HE MOXKET KOPPOIUPOBATH HU C
BOJIOPOJIHOM, HU C KUCIIOPOJTHON JAeToIsipU3anueii, a A KOppo3uu Hy>XeH 0oJiee CUITb-
HBII OKHUCINTENb; B 00macTH Il MeTania KoppoaupyeT TOJIBKO ¢ KUCIOPOIHOM JeTIoNspH-

3anueit u B obnactu Il - co cmenmanHOM KMCIOPOIHO-BOIOPOAHON ETIONIIpU3aluei.
4.2. llonsspu3aliuoOHHBIE KPUBBIE

CKOpOCTh KaTOJHBIX peakUuid 3aBUCUT OT E 10 KUHETUYECKOMY ypaBHEHUIO:
E = ,Eoxr — (a + b Igiz) + b'lg(l — iz /1™9), (63)
rae b’ - const. [laprmanpHbIe KpUBBIEC BBIJICICHUS BOAOPOIa U PACTBOPEHUS KUCIIOPOa, a TAKXKE

CyMMapHas KpruBas CMeIIaHHOM! KPICJ'IOpOI[HO—BOI[OpOI[HOﬁ ACTIOJIsIpU3aliuu IJisd Cpen, OIU3KHX K

HENTpaabHBIM, IIPeACTaBiIeHbl Ha puc. 16. Kpusas E- i;H XapaKTepU3yeT KUHETUKY BBIICICHUS
2

BOOOpOJa U3 BOJBI:

2H,0+2e=H,+2OH (64)



"

-H,0 +
OTOT Ipolecc NpOoTeKaeT, Korjaa npu i,’  mnoBepxHocTHas koHueHTpauus H30 pasHa 0. IloaTomy

PaBHOBECHBIN OECTOKOBBIN MOTEHIIUAI JJISI 3TON CUCTEMBI HE PEaTH3yeTCsl.

+

-H;0
B xucnbix cpeaax i, } HC JOCTUTACTCA U BBIACICHUS BOAOPOAA U3 MOJICKYJI BOABI HE IIPO-

HUCXOIMNT.
. On/OH- 5 1T 2
Xots nonuzanus 0, 3aropmoskena (i, 2 =107-10" A-M™),
~E KHCIIOPOJIHAS JACTIOISAPU3AIHS OOBIYHO TIPO-

A
BH 3 TEKaeT B 00JIACTH MpeeIbHOro Tuddy-

3MOHHOI'0 TOKAa M3-32 HU3KOU PaCTBOPUMOCTHU

0,, manoro ko3¢ dunmenta nuddys3uu, a TaKxKe

OTCYTCTBU MUI'DALIUU U JIOTIOJIHUTEIIFHON KOH-

Bekuu. Kpusble Ha puc. 16 qansl B Ipeanosno-

I
' I
PEHVH SER—— I ' JKEHHHW TPUMEHUMOCTH MTPUHLINIA HE3aBUCH-
1/ N
I | MOCTH 3JIEKTPOJIHBIX peakiuii. O HaKo npu
| |
E - | | | COBMECTHOM ITPOTEKAHUU KUCIOPOAHOM U
PrO0HY “ipo, | | 5
] ! I BOJOPOIHOU AETOISAPU3ALNN BBIACIAIOIIECS
[ 0y i Hao* iaz Hz0+ | .
. vd d d *hy My3BIPBKH BOJOPO/IA 3a CUET MPUHYIUTEILHON
Pucynok 16 - Katonnsie kpuBbie KOHBEKLIMH YMEHBIIAIOT TOMMHHY JH(Py3HOH-
KHCHOpOHHOﬁ, BOﬂOpOHHOﬁ U CMEITagHON HOT0O CJ104, HO 066CKI/ICJ‘IOpO>I(I/IBaIOT QJICKTPO-
JIETOJISIpU3aLUT JIUT, 4 NPpUWJIHUIIINEC K 3JICKTPOAY IY3bIPbKH

SKPAaHUPYIOT €ro MOBEPXHOCTb.
B nepBbie mpomMexyTKH BpEMEHHU 1°2 HeckoIBKO pacrert 3a cueT nepBoro GpakTopa, KOTOPBIA
ABIIsIeTCSl Hanbosee OBICTPOJACHCTBYIONINM, a 3aTEM MPAKTUYECKH BO3BPAIIAETCS K UICXOJAHOMY
3HAYEHUIO 33 CYET KOMIICHCAIINH YKa3aHHbBIX, Y)(HEKTOB.

Kax u B cimyuae anoanbIx nporieccoB (cm.3.1), KaToIHbIE TOJSIPU3AIIMOHHBIE KPUBBIE MOTYT
OBITh TOJIyY€eHbI ¢ TOMOIIBIO NoNsApu3annoHHbIX E = (1) n koppo3nonnsix Ep = {(j) namepenuii.
Bo BTOpOM cnyuae Takas 3aBUCUMOCTh MH(POPMATUBHA TOJIBKO TIPH | = iq U OCIOXKHEHA
XUMHUYECKHM B3auMo/ieiicTBueM M ¢ O,, 00pa3oBaHHEeM OKCHJIa U U3MEHEHUEM 3a CUéT 3TOTO i4. B
KHHETHYECKOW 00JIaCTH MepeHanpsHKEHNEe KaTOHBIX PEaKlnii HETIOCPEACTBEHHO 3aBUCHUT OT

npupoasl M.



4.3. MexaHu3M KHUCJIOPOAHON Aenoasipu3anuu

CyMMapHBbIe TIPOIEeCChl KUCIOPOAHON aenoispu3aruu (82) u (83) MokHO pa3OuTh Ha JBE

ABYXJJICKTPOHHBIC CTalUN:

0, +2H +2 e > 2H,0, —22¢ 5 2H,0 (65)
0, + Hy0 + 2 e —> OH + HO, —1222¢ 5 40H (66)

HJIK B BUJC MMOCJICAOBATCIIbHBIX OJAHO3JICKTPOHHBIX CTB.IIPIFI, qepeayrommxcsa ¢ IpuCoCIUMHCHHUEM

IPOTOHOB:

0, —>0;, — 5 HO, —> HO, — > H,0,——>

—* >OH +0OH —“>20H —* 2H,0 (67)
Takoii MapmpyT npouecca JoKa3blBaeTcs NosBieHreM B pactBope HyO,.
HpI/I HMHTCHCHUBHOM HepeMe]_HI/IBaHI/II/I paCTBopa HWJIA 110 OYCHBb TOHKMUMMH ITJICHKaAMHAU Z—)JICKTpOHI/ITa
33M€)1J'I€HHOI71 MOXET 6I)ITI) craaust HpI/ICOCI[I/IHeHI/ISI r[epBoro BJ'IGKTpOHa U KHHCTHUYCCKOC

ypaBHEHHE UMEET BUJI:

io, = K[O,]exp[~aF (E —¥,) /(RT)] (68)

4.4. KuHeTHKa U MEXaHU3MBbI BOTOPOJAHON JCTOIAPHU3AIUHI

Bopmoponnas nemonspuzanys B KACIBIX CpellaX MPOTEKAET C AIIEKTPOXUMUYECKUM HITH
PEaKINOHHBIM NEePEHANpPsUKCHUEM. AKTHBALMOHHbIE CTa UK BKIIOYAIOT Pa3psi JOHOPA IPOTOHA U
ylIaJleHue aacopOMpOBaHHBIX H-aTOMOB mpu MoiM3aluM 3a cueT peakiuil pekoMmOuHanmu (69)
WIN 3JIeKTpoxuMudeckoi aecopouuu (70), mubo myrem abcopoumu (71) nuddys3un H-atomoB B
M.

H,O'+e—>H,0O+H, > H,_, (69)
H,0"+e—> H,0+H, —"«>H, (70)
H,O" +e—>H,O+H, —"%* sq +H,0 (71)

HpI/IpO,Z[a M oka3biBaeT CYHICCTBCHHOC BJIMSAHUC Ha BOAOPOAHOC MIEPCHAIIPAKCHUC MH, HAIIPHUMED,

.H*/H,
-9 2 2
0 Ha PTYTH U TUTATUHE PaBHO cooTBeTCTBEHHO 7*10” A/M” 1 20 A/m”°. CornacHO AHTPOIIOBY,

BBIJACIICHUEC BOAOPOAA IPOTCKACT 11O MApIIPYTY pa3p$II[—pCKOM6I/IHaI_II/I$I u Bce M pensrcs no

BEJIMYMHE U MPUPOJIE Ny HA 3 Tpymnbl: M rpynnsl pTyTH UMEIOT HU3KYIO SHEpruto agcopouun H-



aTOMOB, 3aMEJICHHYIO CTaJUIO0 pa3psiia U BBICOKOE TMy; METAJUIbI TPYIIbI IJIATHHBI UMEIOT
BBICOKYIO SHEPTHUI0 agcopoumu H-aToMoB, 3aMensieHHy10 CTaIui0 pEKOMOMHAIIMN U HU3KOE Ny ; M
TPYMIIBI )Kelle3a 3aHUMaI0T MTPOMEKYTOUHOE TOJI0KEHHE.

[To npyrum npeacTaBieHUsIM, TaKOH MapLIpyT U MEXaHU3M HMEIOT TOJIbKO aHOIHO
AKTUBHPOBAHHBIE IJIATUHOBbIE M. B oOCTaNbHBIX CllydasxX BBIAECJICHUE BOAOpPOAA HIET IO
MapHIpyTy pa3psa-2JIeKTPOXUMUYECKass JECOpOIUsl ¢ 3aMemJIeHHON TepBou cramuen it M
Tpynmnsl pTYTH U , BO3MOXKHO, JKeje3a W ¢ 3aMeAJIeHHOW BTOpOW cramgueil ans M, xopoiio
aacopbupyromux Bogopona (W, Mo, Nb u Ta).

[Ipu 3amemsieHHBIX CTAAUSIX pa3psaa, IEKTPOXUMUYECKON TUCCOPOLUU M PEKOMOMHAIIUN
(Monu3anuu) BblAENeHUWE Bopopoda npu mMp> 120MB omnuceiBaetcst mpsMoil. B mepBbIX OBYX
ciayyasx bg=2,3RT/(0,5F)=116 mB, a B Tperbem bx=2,3RT/2F=28 mB (0,5=a - xoaddunueHT
nepeHoca, 2 — uyuciao atomoB H, pexomOumHHMpyromux B Mojekymy). CKOpocTh paspsiga
MPOMOPIMOHANIbHA 10U cBOOOAHON oT H,,. moBepxHocTu (1-®f), a pekoMOMHAIUU — JOJC

3aHSTOM MOBEPXHOCTU Oy.
4.5. DIEKTPOIUTUYECKOE HABOJOPOIKHUBAHUE M BOTOPOAHAS XPYNKOCTH

[Tpu BbIIETICHNN BOIOPOJIA MOXKET HAOMIONATHCS SJICKTPOIUTHYECKOE HAaBOIOpOKUBaHHE M
(abcopbmms Bogoponaa M) B pe3ysibTaTe KUCIOTHONH KOPPO3UU U KATOMHOW SIEKTPOXHUMHYECKOM
3amuThl, 0co6eHHo mpu nepeszamute. C yd4€TOM MEKHOHHOTO PACCTOSHUS B KPHUCTaJUIMYECKOM
pemétke M (107'° M), Bomopoa Moxer mporukats B M B Brjie mpoToroB (paamyc ry =107 m) u
peakust (95) KOHKypUpYeT co cranueii paspsiaa win B Buge H-aromoB (rg=4*10"" M) 1 peakuus
(96) KOHKYpHpPYET C IEKTPOXUMHUECKON ecopOumeit (94)

M+ H' + e - MH,, (72)

M +H" + e - MH,;c - MH,s. (73)
[Ipy 57EKTPOIUTUYECKOM HABOJOPOKMBAHMM BO3HHUKAET BOJOPOJHAS XPYIKOCTb, MPH 3TOM
YXyAIIaTcsT MPOYHOCTHBIE W IUIACTUYECKHE CBOMCTBa MeTaiioB. [IpeanoskeHo 2 OCHOBHBIE
TEOpUU BOAOPOJTHON XPYMKOCTH. Teopust HaBleHUS MOJEKYJSPHOTO BOAOPOJa B KOJUIEKTOpax
("moBymkax") Gasmpyercs Ha NpeACTABICHMHM o npoHuKHoBeHMHM H wmmum H' Bo BHYTpeHHIOHO
MOJIOCTh C TOCHenyrome Monuzanued. Monekynsl H, M3-3a 3HAUMTENBHBIX T€OMETPUUYECKUX
pa3MepoB HE MOTYT MOKHHYThb IOJOCTh, B pe3yJbTaTe 4YEro MOBBILIIAETCS MJaBIICHHWE Trasa,
BO3HUKAIOT M Pa3BUBAIOTCSA IMYy3bIPH U TPEUIMHBL. DJTa TEOpUsS OIMHUCHIBAET HEOOPATUMYIO

XPYNKOCTh HU3KOIPOUHBIX CTajiel mpu abcopOIMy 3HAUUTEIEHOTO KOJIMYECTBA BOJIOPOIA.



Teopust pgexoresuu MeTajyla TMOJ JEHCTBUEM PACTBOPEHHOIO BOJOPOJA WM TEOpUs
MaKCUMAaJIbHBIX TPEXOCHBIX HANPSDKEHUH OTHOCUTCSA K XPYMKOCTH BBICOKOMPOYHBIX CTallel Mpu
Majoii abcopOumm Bomopona. CorjmacHo 3TOH Teopuu, Boaopoa audPyHIUpPYyeT B MecTa
KOHLEHTPALMU YIPYTUX PACTATMBAIOIINX HANIPSKEHUN U CHUKAET CUJIbl B3aUMHOTO MTPUTSIKEHUS
HOHOB MeETa/ula B KPUCTALUIMYECKON pemieTke. HakormeHue nuciokanuidi U 3apOoKJICHHE
TPEIIMHBI OOBIYHO TPOMCXOIUT Ha TPaHHUIE YHOPYrod U IUIACTUYECKOW JaedopMaiiuu.
CyIIecTBeHHYIO POJIb UTPAIOT HEMETAUTMYECKUE (OKCHUIHBIC) BKIIFOUCHHS, KOTOPBIE SIBIISFOTCS
LHEHTpPaMu 3apOKJICHUS BHYTPEHHUX BOJOPOJHBIX TPEIIMH, BO3HUKAIOIIMX Ha CTPYKTYPHBIX

nedeKTax-IoBYIIKaX BOJAOPOJA IO JOCTHKCHUU €r0 KPUTHUSCKON KOHIICHTPAITHH.

5.JIOKAJIBHBIE KOPPO3MOHHBLIE ITPOIIECCHI

OCHOBHBIMH BUJAMH, MPOTEKAIOIIUMHU 0€3 MEXaHHMUECKOW Harpys3ku, SBISIOTCA
IIMUTTUHTOBAsA, A3BCHHAsA, HICJICBAA, HOXKCBAA, MCIKKPUCTAJIJIMTHAA KOPPO3HA, 4 TAKIKEC CYHICCTBYCT
KOPPO3UOHHO-MEXaHUYECKOE pa3pylleHHe: KOPPO3MOHHOE pacTpeCKUBaHHE, KOPPO3UOHHAs
yCTaIOCTh U KOPPO3UOHHO - 3p0o3uOHHBIN u3HOC. [lox neiicTBueM psina (pakTOpoOB: CTPYKTYPHBIX
0COOEHHOCTEl MEeTajlIoB M CIUIaBOB, HEOJHOPOJHOCTH OOBEMHBIX CBOWCTB 3JIEKTPOJIMTOB,
KOHCTPYKTHUBHBIX OCOOCHHOCTEW W YCIIOBUM SKCIUTyaTalldd W3/ W amnmapaTroB, MECTHBIX
HapymeHI/Iﬁ 3alIUTHBIX HOKpBITI/Iﬁ N MaCCUBHOT'O COCTOSAHUA - IPOUCXOJUT JIOKAJIHU3AIUA aHOJHBIX
peakuuMii Ha OTHENbHBIX YyYacTKaX W pa3BUTHE MECTHBIX TMOPAKEHUH MOBEPXHOCTH.
[IpuMeHUTENbHO K NMUTTHUHTOBOM KOPPO3UHM HAa NpHUMEpE JIOKATbHOW JemacCHBALlMU 3TO ObLIO
paccmotpero B maparpade 2.4. Crnemyer OTMETUTh, YTO Psifl MOJIOKCHUH M OCOOCHHO CO3JIaHue
CHenu(pUUEecKor 3IEeKTPOXUMHUUECKON CUTYyallH, a TakKe€ M3MEHEHHOI'O COCTaBa 3JIEKTPOJUTA B

IIUTTUHI'C aKTYaJIbHO U IIPU aHAJIN3E APYTUX BUIOB JIOKAJIBHOI'O IMOPAXKCHUA M.

5.1. SI3BeHHass Koppo3usd

SI3BeHHas KOppPO3Usl COMPOBOXKIAETCS 00pa30BaHUEM HETNTyOOKHX, HO HIMPOKUX SI3B U B
OTIIMYME OT JIOKAJIBHOM JenaccHBallMM XapaKTepHa KakK AJisi MacCHBHOTO, TaK M ISl aKTUBHOTO
cocrossHusl MeTaa. OOBIYHO €€ MPUYMHON SBJISETCS HapyIIeHWE IEIOCTHOCTH 3alUTHOTO
MOKPBITUSL. B pa3BUTHU A3BBI MO aBTOKATAIUTUYECKOMY TIyTH, KaK U B CIy4yae MUTTUHTA, OOJIBIIYIO
pOJib UrpaeT M3MEHEHHE B $I3B€ COCTaBa JJIEKTPOJIMTA. SI3BEHHYIO KOPPO3HUIO B OTJIMYUE OT
NUTTHHTOBOU, TJE Bce omperaensercss E;, HE3aBUCUMO OT Crocoda ero JOCTHKCHHUS, TPYIHEE

MOACIINPOBATD.



5.2. llleneBass KOppo3us

[leneBast KOppo3Us - UHTEHCUBHOE JIOKAJbHOE pa3pylieHue M B HIeNsIX KOHCTPYKIHM, MO
CJIO€M TIPOJIYKTOB KOPPO3UH, TI0 BaTepiauHUU. [[puuuHO 11e1eBoil KOPPO3UH SBISIETCS 00pa3oBaHUE
3aCTOMHBIX 30H J3JIEKTposiuTa. Ha mepBod craauu mpoliecca aHOAHAs peakiuss WOHW3anuu M u
KaToJHasi peakius pacTBopeHusi okuciautess (O,) MpOTEKalT PaBHOMEPHO MO BCEHl MOBEPXHOCTHU
BOM3M mienu. [lo Mepe cHbkeHus B mienu cogepxanus O, B HEell JOKalu3yeTcsl aHOIHAs peaklus, a
KaTOJIHAsl PEaKIIHs TIEPEeMEIIAeTCs 3a €€ MPeiebl. DTO MPUBOIUT K U3MEHEHHIO COCTaBa dJIEKTPOJIUTA
B III€JIH, PACCMOTPEHHOMY BBIIIE, JUIsl MUTTUHIOBOM KOPPO3UH, U aBTOKATAIUTUYECKOMY Pa3BUTHUIO
nporecca. YCyryOnsiommmu  (akTopaMu SIBISIFOTCS. HAKOIUIGHHWE JJIEKTPOJNMTAa B INETH MpH

aTMoc(epHOI KOPPO3UH U JIeTIaCCUBAIMS TACCHBHBIX METAJLIOB.

5.3. HuteBugHas Koppo3us

SBnsiercst cneungpuueckoil popmMoii 1eneBOod KOPPO3HM M NMPOTEKAET MOA 3aIIUTHBIM
nokpeitueM. [Iporecc MOKeT MPOUCXOANTH B YCIOBUSAX aTMOC(EpHOH KOPPO3UHU IPU OTHOCUTEILHON
BIIQXKHOCTH Bo3ayxa Oosiee 65%. Hutbe — 3T0 camopacnpocTpaHsonascs meib, B TOJIOBKE KOTOPOH
npeoliiaaeT aHOAHBINA Tporecc U obpasyercs TémHbBIN ocanok Fe(OH),, a B xanane Boime O, u

Fe(OH), nepexonut B 601ee ceribiii Fe(OH)s.

5.4.MeXKpUCTAJIIUTHASA KOPPO3HUS

MKK — u3buparenbHoe pa3pylieHue rpaHul] 3€peH, CONpOBOXKAAoLIeecs MOTepel MPOUHOCTU U
IUTACTHYHOCTH CIUIaBa (4acTo 0e3 M3MEHEHUS BHEIIHETO BHUJA) U pa3pyIIeHHEM KOHCTPYKLUHU IyTeM
pacriana Ha 3€pHa. MKK mporekaer 0e3 MEXaHMYECKOTO HAMPSIKEHUs, YeM OTJIMYaeTcs OT
KOPPO3HOHHOTO pacTpeckuBaHus. O0mer npuunHoi ckimoHHOCTH K MKK sSBISIFOTCS CTPYKTypHBIE
OpeBpallieHus] WIM Cerperanus NpuUMecel Ha TIpaHHUIaX 3epeH, MPHUBOASIIME K 00pa3oBaHUIO
aKTUBHBIX aHOJOB, U M3MEHEHHE COCTaBa AIEKTPOIMTA oOpaszyrommxcs kaHaBok. Hampumep, MKK
BBICOKOXPOMUCTBIX (DEPPUTHBIX cTajeil oOyclloBlIeHAa HaJIWYUMEM OOETHEHHBIX XPOMOM 30H IIO

rpanutam 3epeH 1 (puc 17).



Pucynok 17 - 30HbI KOppO3UHN

[Tpu oxnakieHuu 3a CUET CHIYKEHUS PACTBOPUMOCTH yriaepoa AuddyHIUpYyeT Ha TPaHUIIbI 3epeH

u cBs3bpiBaeT XpoM B kapou /Fe,Cr/23Cs. [lockonbky yriepon nuddyHaupyeT jerde Xxpoma,
KapOuael (30Ha 1) BKIFOYAIOT BeCh YTIIEpoOa M

£ yacTh XpoMa W3 Npuieraromeid 30Hbl 2.

OOenHeHne 30HBI 2 XpPOMOM TIPUBOIUT K

Exop, 2 M3MEHEHHUIO aHOAHOW KPUBOM (CILUIONIHAS JHHHUS
| | 2 18
| JUIsl 36pHa U MyHKTHUpHas uid 30HbI 2)(puc. 18), o
I
- I | 4eM TOBOPWIOCH BblIE B mnoxpaszxene 3.1.
Kap,
|
1} 900 [TosToMy mnoOTeHIMan KOpPpo3MH 3epHA Eyop3
P,
y - il HAXOJUTCS B IIACCUBHOM 001acT, a 30HBI 2 Eyopo

|
I \ — B aKTUBHOM u J; >> J;. C ydeToMm TOro, 4to
| Ina I 6 2
= IJIOIIA b 3€pHA OOJbIIE, YeM 30HbI 2, pazinyue
]

MCXKAY YACIbHBIMH CKOPOCTAMU CIIC BBIIIC.

bols ta} o Eo)

Pucynok 18 - lnarpamma st
MEKKPHUCTAIUTNYECKON KOPPO3UH.

5.5 TpaHckpucTaniauueckas KOppos3us

TKK — pa3HOBHAHOCTh KpUCTALIOTPAapUUYECKH OPUEHTHUPOBAHHBIX OYAaroB KOPPO3HH,
CBsI3aHHasl C OOpa30BaHMEM TPAHCKPUCTAJUIMYECKUX KOPPO3UHHBIX MHUKPOTYHENEH, MIYIIUX OT

JTHA TUTTUHTA, YTO MOKa3bIBaeT €€ OOIIHOCTh C MUTTHHTOBOM Kopposueit 1 MKK.



5.6. HoxeBas koppo3us

HK — pasnoBuanocts MKK, Bo3HUKaOIIas B CBapHBIX KOHCTPYKIIUSAX B OYEHb Y3KOM 30HE
Ha TPaHUIlEe MEXIy IIBOM M OCHOBHBIM METAJJIOM 3a CUET CHMKEHHs B HEHl coIepKaHUs Xpoma.
MoxeT BO3HUKATH B XPOMOHHUKECIJICBBIX CTAJIAX C IMOBBIICHHBIM COACPIKAHUCM YIJICpOAA, HAXKC
JICTUPOBAHHBIX TUTAHOM HJIN HI/IO6I/IGM AJid CBA3BIBAHUA yTJICpOoda, €CJIM CBAPHOC COCANHECHUC TIPU
CBapKe IMOBTOPHOTO IIBA WJIM MPH TEPMOOOPAOOTKE IMOIMAIaeT B CEHCHOMIM3UPYIOMIYI0 00J1acTh

temneparyp 400 - 850°C.

6. KOPO3MOHHO — MEXAHUYECKOE PA3PYIIEHUE

B oraumume OT JOKaJbHOM KOPPO3UMM 3/€Ch IPOMCXOAWT COBMECTHOE JEWCTBHE
arpeccuBHOM cpeibl M MEXaHHMYECKOM Harpy3kd. ODTHMH BOIPOCAMH 3aHUMAeTCs (U3UKO-
XUMHUYECKass MEXaHNKa MaTePUaAJOB — HayKa O e)OPMHUPOBAHNUN U PA3pPYLICHUU PEATTLHOTO
TBEPJOIo Tela B Cpejie Mo AecTBHEM (PU3NKO-XUMHUYECKUX MPOIECCOB, MPOTEKAIOIINX B 00beMe
U Ha TMOBEPXHOCTH. V3MeHeHne MeXaHMYECKUX CBOMCTB (IIPOYHOCTH U IUIACTUYHOCTH) SIBIISETCS
pe3yJabTaTOM B3aWMOJICHCTBUS MPOLIECCOB ajcopOuuu, Koppo3uu u aedopmanuu. PaBHoMepHas
KOppO3usl yJIyullaeT MEXaHUYECKHUE CBOWCTBA 3a CUET BHIPABHUBAHHUS IOBEPXHOCTH, a JIOKAJIbHAs

YXyIIAaeT, 4TO CBSA3aHO C pabOTON KOHIIEHTPATOPOB HANPSHKEHUH (IeeKTOB TTOBEPXHOCTH).

6.1 Koppo3nuoHHoe pacTpecKUBaHUE

KP — pacnpoctpanenwe TpelMH B Marepuaie IIpU OJHOBPEMEHHOM BO3ACHCTBUU
arpeCcCUBHOM Cpelbl U CTATHYECKOTO MEXAaHUYECKOro pacTaruparomero HampspkeHus. KP nmeer
Pa3HOBUIHOCTH MEXKPHUCTAJUINTHOTO PAa3pyLICHUs MPU HAJIUYUU F'OTOBBIX AKTUBHBIX yYaCTKOB Ha
rpaHulax 3€peH M TPAHCKPUCTAJUIMTHOTO Pa3pyLICHMs], €CIIM aKTUBHBIE Y4YaCTKH I'€HEPUPYIOTCS
nedopmarmedt.  3apOoXIACHUIO TPEUIMH CIIOCOOCTBYIOT —pa3phiB  MOBEPXHOCTHOM  IJICHKH,
CYOMMKpPOCKOIIMYECKHE TPELIMHbI IpU 00paboTKe MeTala U YMEHbIIEHUE CUJI CLETUICHUSI MEXKAY
3epHaMH 32 c4yeT  ajcopOIuM  KOMIIOHEHTOB  pacTBopa. OCHOBHBIMH  (aKTOpamH,
00yCIaBIMBAIONIMMU DPAa3BUTHE TPEIUIMHBI, SBISIOTCS Haduuue abCcOpOMPOBAHHOTO BOAOPOAA,
BO3HUKHOBEHUE BOJIOPOJAHOMN XPYIKOCTH M YCKOPEHHOE PACTBOPEHHUE B BEPLINHE TPEIIHUHBI 32 CUET
OOHa)X€HUsI HOBBIX YYacTKOB aKTUBHOI'O MeTajula, 0o0pa3oBaHHE KOPPO3HOHHBIX TyHHEJIEW Ha
CTYNEHSIX CABHMIa M 0COOOr0 COCTaBa PacTBOPA, MPEMATCTBYIOLIET0 pernacCuBalii. DTO MO3BOJISET

c/IeNaTh 3aKI0YeHNE 00 0COO0H PIEKTPOXUMHUUECKON CUTYAIMH B BEPIIMHE PACTYIICH TPEIIMHEI.



6.2. Koppo3noHHas ycTanocTh

KV — Bo3HUKaeT npu COBMECTHOM JEHCTBUM Ha METaJUl arpECCUBHON CPElbl U B OTINYHE
or KP mepemMeHHBIX MO BEIMYHMHE WIM II0 3HAKy HamnpsbkeHud. lIpm sTom mpoumcxoaut
IIOCTEIIEHHOE HAKOIUICHHE B MAaTCpUasC MOBPEKICHUM M IOHMKAETCS YCTaJIOCTHAs NPOYHOCTD.
OCHOBHBIM IIPU3HAKOM SIBJISIETCS OTCYTCTBUE Ipeiesia BEBIHOCIUBOCTH (Harpy3Ka IpU pa3pbiBe, HE
MEHSIOLIASACS MIPU JajbHEHNIIEM POCTE YKCIIa HUKIIOB ), pucyuiero M B Bo3zayxe. C yBeJlIM4eHUEM
yyclia LMKIOB HAarpy>XeHHs YPOBEHb pa3pyllAIOLUX HaNpsKEHUH HENpepbhIBHO CHUKAETCS.
[TosTomy oneHky KV nmpoBoasT 1o yciioBHOMY IIpezeily, paBHOMY MaKCUMaJIbHOMY HAIPSKEHUIO
LUKJIA, TIPU KOTOPOM €IE HE MPOUCXOIUT IOJHOIO YCTaJIOCTHOIO pa3pylIEHHUs A0 3aJaHHOTO
anciaa uKI0B (2-5)107. KOppo3HOHHEIH (HaKTOp CHHKAET YCTAJIOCTHYKO NPOYHOCTH 33 CUET
YMEHBIICHUSI TOBEPXHOCTHOW 3HEpruu M mpu ajacopOIUM KOMIIOHEHTOB CPebl U OOJIerdyeHHs
IJIaCTUYECKON aedopmalvu BAOIb IUIOCKOCTEH CKOJBXEHHA. B BBICOKONPOYHBIX CTajsuX
JOMHUHUPYET B WHHUIMMPOBAHUM TPELIUH BOAOPOJHOE OXPYIUIMBAHHE, & B CTAJIAX HU3KOW H
CpeHel TPOYHOCTH IMpeobiajaeT poiab aHoxHOro pactBopeHus. KY —  Haubonee
pacipoCTpaHEHHBIH BUJ] KOPPO3HMOHHO-MEXAaHMUYECKOIO pa3pyllieHus. AHOJIHAs MOJSpU3aALUS
CHMJKAeT YCTAJOCTHYIO IPOYHOCTb, A KaToJHAas JO ONPEAEICHHOI0 KPUTHUYECKOrO IHUKIIA,

ornpezaensieMoro 3pPpexToMm HaBOAOPOKUBAHUS, TIOBHIIIAET.

6.3. Kopp03MOHHO-3PO3UOHHBIN H3HOC

Kopp0o3HMOHHO-3pO3HOHHBI WM KOPPO3MOHHO-MEXAHUYECKWA  HW3HOC  HUMeEeT 3

Pa3HOBUJAHOCTH.

6.3.1 KaButanuoHHas spo3us

KD — Bo3HHMKaeT mpu ObICTPOM OTHOCHUTEJILHOM IEPEMEIICHUH MeTajsla U pacTBopa
BCJIEJICTBHE OOPa30BaHUS M «CXJIOTBIBAHHS» Iy3bIPHKOB Iapa BOJHM3M MOBEPXHOCTH, 0COOEHHO
IpyU HAIUYUM Ha Hel HepoBHocTed. (OOpa3oBaHME Iy3bIPbKOB OOYCIIOBJIEHO 3aKUIIAHHEM
KHUJIKOCTH TpU OOBIYHOM TEeMIepaType 3a CUET CHI)KEHHUsS JaBJICHMs. 3aTeM INpPU HOBBIILIEHUU

AAaBJICHUS ITY3bIPbKH «CXJIOTIBIBAKOTCS» C BOSBHUKHOBCHUEM TJIAaCTUISCKOM Ile(bOpMaI_II/II/I METallia u



oOpa3zoBanueM s3B. Koppo3noHHBII (aKTOp UTpaeT HECYIIECTBEHHYIO POJIb, CBSI3aHHYIO TOJBKO C

HAapyHICHHUEM 3allIUTHBIX IIJICHOK.

6.3.2 CtpyiiHas 3po3us

CrpyitHast (TuapoymapHasi) OSpo3usi BO3HUKAET TOJ JEHCTBUEM TIOTOKAa IKUIKOCTH,
JIBUKYLIETOCS B TYpOYJIEHTHOM DPEKHMME M COJEp KaIlero My3bIphbKH BO3JlyXa M B3BECh TBEPIBIX
yactuill. Koppo3uonHsiii (akTop urpaer 0ojee CyIIECTBEHHYIO POJb, TaK KaK MOTOK paspyliaeT

3aIIUTHYIO IIJICHKY, HO IIPpHU 5TOM obneryaercs nmaccuBanys 3a CYCT YBCIIUUCHUA NTOCTaBKU 02.

6.3.3 Koppo3us npu TpeHUuu

@OpeTUHT-KOPPO3Ksl BO3HUKAET MPU TPEHUH JABYX TOBEPXHOCTEH U HMMEET XUMHUKO-
NEKTPOXUMHUYECKYIO TIPUPOTY NPU CYIIECTBEHHOHN POy MexaHudeckoro ¢gakropa. O6pasyrommuecs
IPOAYKTHl KOPPO3UHU BBI3BIBAIOT JOMOJIHUTEIBHOE JIOKAJIbHOE HAaNpsKEeHUE, 3aKJIMHUBAHUE U
paspymenue. Hapsiny ¢ ucTupanueM MpOUCXOAUT CKaibiBaHWe yacTull. [Ipu OOmbHIMX CKOPOCTSIX
CKOJIB)KCHUSI B BO3IYIIHOHM cpele HaOIoAaeTcss sBJICHHE TEIJIOBOTO M3HOCA, MPOSBISIONIEECS B
pa3MsTYeHUH MaTepuala, KOHTAKTHOM CXBaTbIBAHWU U IUJIABJICHUU MOBepXHOCTU TpeHus. [IAB B

00111eM ciydae MEHSIFOT TPOYHOCTh KaK MEeTaJljia, TaK U aOpa3UBHBIX YaCTHII.

7. BAXHEUIINWE BUJIbI JIEKTPOXUMUYECKON KOPPO3UH

[Ipexxne yem paccMaTpuBaTh OCHOBHBIE BUJbI KOPPO3HH, 1IEI€CO00Pa3HO MPOAHATU3NPOBATH

pa3au4us MpOIECCOB, MPOTEKAIOIINX ¢ KUCIOPOIHON U BOJOPOIHON JETOISAPU3AIIUCH.

7.1 ConocTtaBUTENbHAA XapaKTEPUCTUKA KOPPO3UHU C KUCIOPOJIHOU U BOJTOPOTHOM
Nenoasipu3anuen

KucnoponHas nenosisspusanusi BCTpedaeTcs 3HAUMTENBHO dYalle, a HWMEHHO IIpHU
aTMOC(EepHO, MOA3eMHON KOPPO3HH, a TAK)KEe B MOPCKOM M mpecHoi Boje. KucioTHas kopposus ¢
MPEUMYILECTBEHHON BOJOPOIHON AEMOISPU3ALMEN TPOTEKAET B TEXHOJOTHUYECKUX CPeAax, KUCIbIX

TpYHTax U B 3arPsA3HEHHBIX MTOYBE U BOJIE (KUCIOTHBIE JOKIN).



Kucnopognas ngenonspuzanys MpH  KOPPO3UHM OOJBIIMHCTBA TEXHUYECKH BaXKHBIX
METaJIIOB Yallle BCErO MPOTeKaeT ¢ Aud(y3HOHHBIM KOHTPOIEM H j = i ¢ 2#f (Exop) mmu J =] $2f
(Exop.), @ BOIOpPOAHAs - ¢ KUHETUYECKUM KOHTPOJEM U j Win J 3aBUCAT OT Eyqp.. OTO ompenenser
pa3nuums B XapaKTepe 3aBUCUMOCTH j OT psAja (GakTOpOB NpU KOPPO3UU B HEUTPATLHBIX U KUCIBIX
cpenax. CKOpOCTb KOpPpO3MM B HEHUTPAIBHBIX CpPENax IMPaKTUYECKHM HE JOJDKHA 3aBHCETh OT
IOpUPOABl OCHOBHOI'O MeETa/ula, KaTOIHBIX BKJIOUeHUH (puc. 19 a), or miomagun aHOAHBIX
y4acTKOB U MHUKPOKATOJOB, OT OMHYecKoro ¢akropa u pH, oTHocUTeNnbHO ciab0 U CIOXKHO
3aBUCHUT OT t, CyILIECTBEHHO 3aBUCHUT OT IUIOIIAJN MUKPOKATOJOB, IEPEMEIINBAHNSA, a TaKKe OT
BO3HMKHOBEHHUS Ha IIOBEPXHOCTH HOBBIX (ha3, obOnamarommMx cBoilctBamMu Iu(dy3MOHHOTO
Oapbepa. Ilocnennuit ¢dakTop sBISETCS  OCIOXKHSIOIMIMM U MOXET MEHATh PacCMOTPEHHbIE
3aBHCUMOCTH. B dYacTHOCTH, CBOWCTBa (OPMHPYIOIIEHCS OKHCHOW TIIJICHKH WM IUIGHKH
HEPACTBOPUMBIX IIPOAYKTOB AHOJHOM PEAaKLUUM 3aBUCAT OT Hpupoabl Meramia. Ilostomy B
pEaNbHBIX YCJIOBHMSX KOPPO3HS METaJUIOB C KHCIOPOAHOM  NENOJIIpU3alued INPOTEKaeT ¢
Pa3IMYHOM CKOPOCTHIO.
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Pucynox 19 - [lonsipuzanimoHHbie KpUBBIE OUAIEKTPOIOB TIPU KOPPO3UU B HEUTPAIBHOM (2) U

JleadpUpOBaHHON KHCIIOH (0) cpere.

CKOpocTh KOppO3UHM B TaK HA3bIBAEMBIX HEOKUCIMTEIBHBIX KHUCIIOTaX, II€ OCHOBHOM
okuciutens — H3O", CylIeCTBEHHO 3aBUCHT OT TPHMPOBI M IUIOIMIAAM KATOAHBIX U AHOMHBIX
ydactkoB (puc. 19 0), t, pH, npupoabl U KOHIEHTpAalMd aHHUOHA U HE JOJIKHA 3aBUCETh OT
IepeMEIINBaHMs, XOTS B a’pUPOBAHHOM PAcCTBOPE BO3MOMKEH POCT j 3a CYET KUCIOPOAHOM
nossipusanuu. lIpomecc mporekaeT NPEUMYIIECTBEHHO € KaTOAHBIM KOHTPOJIEM, PacTBOPBI
AIIEKTPOIPOBOIHBI U OMHUUECKUH (HaKTOp MPaKTHUECKU OTCYTCTBYeT. He 00pa3yrorcs 3aluTHbIe

IJIEHKU, HO BO3MOKHBI HABOJOPOKUBAHUE U BOJOPOIHAS XpyNKOCTh. Koppo3us paBHoMepHas. B



HW3BECTHOM CTEIECHHU 3TO €II€ OTHOCUTCA U K OKHCIIMTCIBbHBIM KHCJIOTAM, I'’IC Ox — AaHUOH, I'’IC

o0Jreryena maccuBarus.

7.2. ATmocdepHas Koppo3us

Omna sBNIsI€TCS CaMbIM PacHpPOCTPAHEHHBIM BUIOM M MPOTEKAET MOJ TOHKUMU IJIEHKaMU
anekTposnnTta. Ee cKopocTh onpenenseTcs BIa)KHOCThIO BO3/yXa, HAJIMYUEM B HEM 3arps3HEHUS U
temnepatypoil. Ilockosbky ¢ poCTOM TONIIMHBI IUIEHKH SJIEKTPOJIMTa OOJerdaercs: aHOJHas
peaxIyst U 3aTpyIHACTCS KUCIOPOIHAsS NEHOSIPU3aIis, BEIUYNHA j TIPOXOJUT Yepe3 MaKCHMYM.
[Ipn 3amep3aHuM IUIEHKU KOPpO3Us MpaKTUYECKH Mpekpamaercsa. [Ipu BBICBIXaHUU IUIEHKU
NIEKTPOXUMHUYECKasi KOPpPO3Msl CMEHSETCSs XHMHUYECKOH, KOTOpas NpOTEKAaeT NpU OOBIYHOM
Temreparype ¢ odeHb HM3KOW j. Ilon mieHkol Koppo3usi MpOTEKaeT ¢ KaTOJHO-aHOAHO-
OMMUYECKUM KOHTpoJeM. COOTHOLIEHHE MEXJIY €ro COCTaBISIOUIMMM 3aBUCUT OT TOJILIUHBI

IUIEHKH, HaJIM4YUs IPOAYKTOB KOPPO3UHU U c11ocOOHOCTH M macCUBUPOBATHCS.

7.3. [TongzemMHas Koppo3us

Ilom3eMHas KOppo3us BhI3bIBaeTcs okuciuTenamu (O, H3O) u 6bIBaeT rpyHTOBOM MM
OJIyXKIArOIUMH TOKaMHu (DJIEKTPOKOppo3usi). Bombiyro posib wrpaeT oMuyeckuil (akTop Hu
HaJIW4uMe TMap HEPAaBHOMEPHON ajpanuu. YUYacTKU KOHCTPYKIMM, HaxOJISIIHecs B CyXUX
AOPUPYCMELBIX T'PYHTAX, SABJIAKOTCA KaTOdaMH, a PACIHOJIOKCHHBIC BO BJIAXKHBIX IPYHTAaX WM Ha
0ombIIoN rIyOuHe — aHogamu. Koppo3noHHbBIE MOPaKeHUsI TTIOBEPXHOCTH YACTO HOCST SI3BEHHBIN
XapakTep. 3HAYMTEIHHYI OIACHOCTH MPEICTaBIsAET OWOKOPPO3MS, BBI3bIBAEMas MPOIYKTAMH
KHU3HENEATSILHOCTH  MHKPOOPTaHU3MOB. AHa’poOHBIE CylbdarT-peayuupyromue OaKTepuu
Pa3BHUBAIOTCS B TSDKEJBIX TPYHTaX U B Boje. OHU BOCCTAHABIMBAIOT CYJIb(aThl O CEPOBOAOPOIA U
Cynb(UA0B, KOTOPIE YCKOPSIOT KATOAHYIO H AaHOJHYIO PEaKIIMH M BBI3BIBAIOT HABOIOPOKUBAHHE.
HamnpoTus, aspoOHbIe cepoOaKTepuu OKUCISIOT CYJIb(PHUABI U CEPY IO CEPHON KHUCIOTHI U PE3KO

WHTEHCU(DHUITUPYIOT KOPPO3HIO.
7.4. Koppo3usi BMOPCKOM U IpecHOU BoJE
Oco0eHHOCTSMH TpOoIIecca SBIISFOTCSI BRICOKAsI arPECCHBHOCTh MOPCKOM BOJIbI, IEHCTBHE

MECXaHHUYCCKOI'O (l)aKTOpa (BPOSI/IH, KaBUTallus, y'CTaJ'IOCTL), a TaKXKC CHJIBHOC BJIMSIHHC KOHTAKTa

Pa3HOPOJHBIX METAJIOB, 0OpACTaHUsI BOJOPOCISIMUA U HAJIMUUE BaTEPIUHHUH (ILeIeBast KOPPO3Us).



Bo3MoxxHO mposiBeHHE 31eKTpoKOoppo3uH. KoHTpons 0OBMHO KaToOmHBINA, AudQy3noHHO-
KAHETHYECKHH, KOTOPBII MepexouT B TU(PY3HOHHBII MPH HATHYUH CII0S IPOTYKTOB KOPPO3HHU B
HETIOJIBIDKHOW BOJIE, WJIM B KHHETHYECKHH TNPH OBICTPOM IE€pEeMEINeHHH BOABI WM CYIHA.
Kartomnas peakuus yaiie npoTeKaeT Ha 3alUTHONW OKHUCHOMW IJICHKE, a aHOTHAs — B ee JAe(eKTax.

Hanuuue OKaJIMHBbI, 06paCTaHI/I$I HJIN IJIOXOTO OKpallBAaHUS BBI3BIBACT SA3BbI.

7.5. Koppo3us BBOJHO-OPTaHUYECKHUX Cpellax

B nporoHHbIX cpemax mpoLecc IPOTEKaeT MO JIEKTPOXUMHUYECKOMY IIyTH U
XapaKTEepU3yeTCsl TEMU e 3aKOHOMEPHOCTSAMH, YTO U B BOAHBIX. COCTaB U IpUPOJIa PACTBOPUTENS
CYIIECTBEHHO MEHSAIOT CKOPOCTb M MeXaHHM3M mpouecca. 1Io cpaBHEHHIO ¢ BOJHBIMH MOXET
YBEIMUYUBATLCA JOJS aHOMAaJbHOIO pPAcTBOPEHUS M pOJIb COJEBOM maccuBauuu. OxcugHas
naccuBanusl OOBIYHO 3aTPyIHSETCS 10 Mepe CHIKEHHMS KOHLEHTPAIMM OpPraHuYecKOoro
pactBopuTena. OpraHudeckue Ccpeabl YacTo JIydlle pacTBOPSAIOT KHUCIOPOJ M IMOBBIIIAIOT

AKTUBHOCTB ITPOTOHA, YTO ACJIACT UX Ooiee arpe€CCMBHBIMHU.

7.6. Koppo3us B AByX(pa3HbIX cUCTEMAX yIrI€BOJOPOI-3JIEKTPOIUT

Takue cuctemsl MOAPA3IEIAIOTCS Ha SMYJIBCUOHHBIE U C MPOTS)KEHHOW IpaHuULIe pas3zaena
¢a3. ArpeccuBHOCTh MEPBBIX MMAJAET C POCTOM COJEpKaHMs yrieBogopoaa. B mocneqHux j Boiie
3a cyeT oOpa3oBaHMs TOHKUX IUICHOK JJIEKTPOJIUTA MEXKAY M U YIiIeBOAOPOJOM M OCOOEHHO Yy
TPaHUIBl pasfiena yriieBOAOPOI-3IEKTPOIUT, A€ Y THAPO(DUILHON OKUCICHHON MOBepXHOCTH M
oOpa3yetcst BOTHYThIH MeHHCK. C JIpyroil CTOPOHBI, TIOBBIIICHHAS PACTBOPHUMOCTh KHUCIOPOJa B
YIJIEBOJIOPOJIE MO CpaBHEHUIO ¢ Bojou(mpumepHo B 10 pa3) W MHTECHCHUBHAs KOHBEKTHBHAs
muddy3us B IIIEHKE IEKTPOIUTA IPUBOJAT K CYIIECTBEHHOMY OOJIETYEHHIO KaTOJHOW peakiuu U
pocTy ckopocTd Koppo3uu. Takum oOpazom, ¢aza yrieBoIopojaa SIBISETCS aKKyMYJISATOPOM
KHCIIOpoJa U cepoBojgopona. I[loaTomy koppos3usi mporekaeT mnpeumyiiectBeHHO (90%) Ha
MOBEPXHOCTH, KOHTAKTUPYIOUIEH C YIJIeBOAOPOIHON (Pa3oil uepe3 TOHKYIO IUIEHKY JIEKTPOJIUTA.
B Takoii cucreMe peanu3yrOTCsi 30HBI HEPAaBHOMEPHON al’pallid, TI/I€ KaTOJIOM CIIYXHUT
NOBEPXHOCTh METajlyla TMOJ IJICEHKOW DBJEKTPOJIMUTa M YaCTUYHO KOHTAaKTHPYHIOIIAs C
YIJIEBOJOPOJOM, a aHOJHBIM MPOIECC MPOTEKAET Ha MeETajule, MOTPYKEHHOM B AJIEKTPOIUT

PEUMYIIECTBEHHO BOJIM3U IPaHUIIBI pa3jielia KUIKUX (a3.



8. METO/bI 3AIIUTHI METAJIJIOB OT KOPPO31U

3ammra OT KOpPPO3WH OCYLIECTBISIETCS IyTeM Bo3ieicTBusS Ha M (oObeMHOE U
MOBEPXHOCTHOE JIETMPOBaHUE), Ha cpeay (CHIKEHHE KOHLEHTpPALUU OKUCIMTENeH U APYyTrux
arpecCUBHBIX areHTOB WJIN BBEJCHHWE MHTMOUTOPOB, B TOM YHCJE MACCHUBATOPOB), U HA I'PAHUILY
paszena Merami-cpena (HaHeCEHHME IOKPBITUH UM 3JeKTpoXuMuueckas 3amura). HaumbGonee
OPEANOYTUTEIFHO  HCIOJb30BaHWE KOMOMHHMPOBAHHBIX METOJOB, HalpuUMEp, COYETaHUE
ANEKTPOXUMHUYECKON 3aIIUTHI C MTOKPBITHAMHU MM WHTHOMTOPAaMH, TIOKPBITHI ¢ HHTHOMUTOpaMU U

Ap.

8.1 DnexTpoxumMuueckas 3auiuTa

Ona 3akmouaercs B wu3MeHeHMu E wMeramna, ObIBaeT KaTOOHOW U aHOOHOH M
OCYIIIECTBIISIETCS OT BHEIIHETO MCTOYHMKA TOKa (DJEKTpPO3alluTa) WIM TyTeM KOHTaKTa ¢

METAJUIOM-IIPOTEKTOPOM (ITPOTEKTOPHAS 3alHTA).

8.1.1. KatoxgHas 3ammura

B ee 0cHOBE JIEXKUT SIBICHUE MOJIOKHUTENBHOIO MPOTEKT-3Q PeKTa, T.€. CHUKEHUE ipv B
AKTUBHOM COCTOSIHUM C POCTOM i HITM KaTOAHOM mossipu3anui. IPPEeKTHBHOCTh KATOIHOM

3aIIUTHI Dy; OTPEIEISIETCS TP MIOMOIIM COOTHOIIICHHUS :

B =[( - ipw)/j1-100% (74)

DNEKTPOXUMHUYECKYIO 3 (HEKTUBHOCTH KaTOTHOW 3aIUTHI, T.€. PAIIHOHATBHOCTh

UCTIONIB30BaHUS ik, XapakTepusyeT KodpdpunueHt nporekt-agpdexra K, KOTOpbIii cBs3aH ¢ Dks.

Kiy=( -1pm)/jk (75)
Fs=(ir Kis /j)-100% (76)

Uewm Boiie Ky, Tem panmonansHee 3ammuTa. Bepxuuii npenen Kps paBen I u orBevaer

KOPPO3HH C NpeJeabHbIM A1 ((HY3HOHHBIM TOKOM KaTOAHOM peakiuu. B aTom ciaydae i=) —ipm U



De=(i/j) 100% (77)

[TosTOMy KaTo/1Has 3alUTa OOBIYHO UCIIOIB3YETCs IPH KOPPO3UH B AIEKTPOIUTAX C KUCIOPOIHON
nenossgpuzanuen. Jluarpamma, WUTIOCTpUPYIOLIas 3JIEKTPO3alUTy, NpeJcTaBieHa Ha puc.20, a
3alIUTy MpH TIOMOLIM AaHOJAHOTO TMPOTEKTOpa, T.e. Oonee 3P(PEeKTUBHOIO aHOAA, YeM
3amuniaeMbli Metaml, Ha puc.21. JluarpamMma Ha puc.21 s ciydas 3allUThl jKelle3a HUHKOBBIM
MPOTEKTOPOM IIOCTPOEHA AHAJIOTMYHO MPEACTaBICHHOW Ha pHUC.8. DIJIEKTPUYECKUH KOHTAKT

KeJle3a ¢ IMHKOM NPUBOJAMT K YBEIUYEHHIO Iz, 1 CHIKEHHUIO I r, TpakTHYecKH 110 0.
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puc. 20. Kartognas snextpo3amura puc.21. [IporekropHas 3amura

[TomHast 3ammTa JOCTHUTACTCS TPU  lsay WA Esy  (puc.20). C  Touku 3peHUs
tepMoauHaMUKH 1pv=0 1 Dx3=100% npu E<,Eninim. OnHaKo mpu kaTogHOH 3ammre pEnvinemv HE
. . m+
JOCTHTaeTCs, T.K. IO Mepe cHWkKeHHMs E wmim pocra 1y ymMeHbmarorcs Ipm, [M] # Emnim.
[TosTOMy peup UAET O MPAKTHUYECKU MMOJHOM INpeKpanieHuu pactsopenus M. Ilpu nporexropHon
b
3alIMTE 3TOMY OTBEYaeT yCIOBUE E¢op< Euuy.100% -Had 3ammra He AOCTMKKMMA IPU HAJIUMYUH
aHOMAaJbHOIO pacTBOpeHHus M, B 3TOM ciydae BepxHuil mpenen Oxz=[(J - 1ap)/j]-100%.

Ilepezamura, T.€.

ucnonb3oBaHue E«E.,, min 1> 155y, HE 1IeTIecoo0pa3Ha n3-3a MosIBICHUS BOJAOPOIHON

nenonsipuzanuu (puc.16), BOSMOKHOTO HABOJOPOKUBAHUS U BOJIOPOJAHOMN XPYIKOCTH.

8.1.2. AHonHag 3amura

B e€ ocHoBe nexuT siBneHue naccuBaui M, 3¢ ¢deKTHBHOCTH paBHa:

Da=[(-1um)/j]-100% (78)



AHO/IHas 3a1uTa BO3MOYKHA TOJIBKO JUIsl aHOAHO accUBUpyromuxcs M 1 ocyliecTBisieTcs npu
MOMOIIM UCTOYHHUKA AJIEKTPOIHEPTHH TUIIA MOTEHIOCTaTa (IEKTPO3aluTa) JM00 MyTeM

INEKTPUYECKOTO KOHTAKTA C KaTOIHBIM MPOTEKTOpOM (6osee addekTuBHBIM KaToaoM) (puc. 10,

.M2
KpHBasi 'BR ) (IIpOTEKTOpHAS 3aIlHTa).
Bo3moxHa aHOAHAS 3aIIUTa UMITYJILCHBIM TOKOM 1,>1;;, €CITU POCT 1, B ITACCUBHOM 00JIacTh

oOycnosineH BoieneHuemM O, wim apyroro Ox, HO HE pacTBopeHueM M.
82.3amUTHBIE NOKPBITHUSA

[TokpeITHs 3alUIIAIOT TOBEPXHOCTh METAUIa OT KOPPO3UH MYTEM €€ H3O0JISIIUU OT
arpeccUBHOM Cpellbl, a TaKXe 3a CYeT TOPMOKeHHs IU(P(y3UH M SIEKTPOIHBIX peakiuid. s
9TOTO TOKPBITHS JOJDKHBI 00Ja/laTh MPOTEKTOPHBIM 3(PQEKTOM, KOPPO3ZHOHHOH CTOHKOCTHIO H
JOJTOBEYHOCTHIO, XOpOIIeH aare3ued K TMOAJIOKKE, CIUIOIIHOCThIO U OeCrnopUCTOCTHIO,
COUYeTaThCsl C JPYTMMHU CPEACTBAMHU 3alUThl U Ip. B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBUM
HE00X0IMMO npeobianaHue TeX WIH MHBIX (akTopoB.
[IpoTHBOKOPPO3UOHHBIE TOKPBITUS KJIACCUPULIUPYIOTCS:

a) IO TUITy MaTepuala; MeTaUTMYeCKue (METAJIbI U CIIJIaBhl); HEMETAUIMYECKUE:
OpraHuy4eckue, (JaKOKpaco4HbIe, IaCTMAcCOBbIE, TyMUPOBOYHBIE), HEOPIraHUYECKHE
(cunukaTHble, OKCHIHBIE, (pochaTHbIE) U KOMOMHUPOBAHHBIC TN KOMITO3UIIHOHHBIE;

0) o neopMallMOHHBIM CBOMCTBAaM (YNpyTue, yIpyrosiacTUYHbIE, JJIaCTHYHBIE,
TJIACTUYHBIC);

B) MO XMMHYECKOM CTONKOCTH (XMMCTONKHE, OTHOCUTEILHO CTOMKHNE, HECTOMKHE);

I) 10 TeIIoCcTONKOoCTH (U1 quamna3onoB temiepatyp 5S0-70°, 70-100°, 100-150°, cBbitne
200°c);

1) 110 CTETIEHU yCcuJieHus (IIPOCThIe, yCUIICHHbIE, BEChbMa YCUJICHHBIE);

€) [0 COCTOSIHUIO B MOMEHT ITOCTABKU MJIM BBIITyCcKa (MOHOJIUTHbIE, ACTOOOpPA3HBIE,
IUICHOYHBIE, JIUCTOBBIE, IOPOLIKOBBIE, LITYYHBIE);

) IO METOAaM HaHeceHUs! (0OKIIaIKOM, OKIEHKOM, pyYHBIM UM MEXaHUYECKUM
HAHECEHHEM B BHJIE, )KUJKOCTEMH, MACT, MOPOIIKOB);

Mexanu3m TOPMOXXCHUA KOPPO3UU OIIPCACIIACTCA THUIIOM MaTCpHraiia.



82.1.MeTannuueckue NOKPBITHUSA

Mertannuuecke KaTOAHbI€ MOKPBITHS COCTOAT U3 00Jee IEKTPONOIOKUTEIBHOTO M, uem
samumiaeMbli M. OHU AEHCTBYIOT, IPEUMYIIECTBEHHO MEXaHUYECKH U30Upyst M oT arpeccuBHOM
cpenbl M JOJKHBI OBITh OECHOpPUCTHIMU, B mMpOTHMBHOM ciyyae Ha OOHaXEHHBIX Y4YacTKax
HA4YMHAETCS JIOKAJIbHBIM aHOJHBIA MPOIECC, KOTOPBIH MOYKET PacCHpOCTPAHUTHCS IO IMOKPBITHE.
Ecnn 3ammmaemsiii M CKJIOHEH K MacCUBAalLMM, a MOKPHITHE SBISETCS KATOAHBIM IPOTEKTOPOM,
JICUCTBYET AJIEKTPOXUMHUYECKUN MEXaHU3M 3alllUThl, HATPUMEP, METHOE MOKPBITHE Ha cTaiax 12X13
i 12X18H9T B pacTBOpax cepHON KHCIOTHI.

AHOJIHBI € METAUIMYCCKHE MOKPHITUS 3ANIUINAI0T MEXaHHYECKU U TTIaBHBIM 00pa3oM
AIIEKTPOXUMHUYECKH 3a CUET NPOTeKT-3PPekTa. [loprucToCTh MOKPHITHS HE UTPAET CYIIECTBEHHOM
pOJH, T.K. OKUCIISIETCS METaJLT HOKPBITHS, 2 HA OCHOBHOM METaJlJIE BOCCTAHABIMBACTCSI OKUCIUTEIb.

XapakTep NeHCTBUS MOKPBITUS 3aBUCUT HE TOJIBKO OT MPUPOIbI M, HO Takke OT cocTaBa
arpeccUBHOM Cpefbl, t U Apyrux GaxTopoB. HampumMep, 0I0BIHHOE MOKPHITHE IO OTHOLICHUIO K
JKEJIe3y UTPaeT poJib KaTOJAHOIO B paCTBOPAaX HEOPraHMYECKUX KUCIIOT U COJIEH U aHOJHOTO - B
pacTBopax OpraHM4ecKHX KUCIOT. [IMHKOBOE MOKPHITHE HA CTAJIU SBJISETCS aHOJHBIM B XOJIOTHOM

BOJAC U KaTOJHBIM - B ropﬂqeﬁ.

82.2.JlakoKpacoO4YHblEe NOKPHBITHUSA

Jlakokpaco4Hble TOKPBITHS B 3aBUCUMOCTH OT MPHUPOJIbI MUTMEHTA U TJIEHKO0Opa3yroleit
OCHOBBI CITY>KaT MPEUMYIIIECTBEHHO 0apbhepoM, MACCUBATOPOM HITU MPOTEKTOPOM. ITO CaMbIit
pacrpoCTpaHEHHBIN CIOCOO 3alUTHI.

JlakaMu Ha3bIBAIOTCS KOJIJIOWIHBIE PACTBOPHI BBICHIXAIOIINX Macell, CMOJI, 3()UPOB LIEJUTIOJIO3bI B
JETYYUX OpraHMYeCcKUX pacTBOpUTENSIX. TBepI0e MOKPBITUE 00pa3yeTcs IpU UCTIAPEHUN
PacTBOPUTEIIS UK B PE3YJIbTATE MOJIUMEPU3ALIUY MACIIA WM CMOJIbI IPU HArPEBE WIH JEHCTBUU
KaTajau3aTopa.

Kpackamu Ha3bpIBatOTCS CyCleH3UU MUHEPaIbHBIX MUTMEHTOB B IJICHKOOOpa3oBarese, T.€. B
OpraHUYecKOM cBsi3ytomieM. [IurMeHTsI - OKCUAbl CBUHIIA, LIMHKA, Kelle3a, TUTaHa, XpoMaT LIUHKa,
KapOOHAT CBUHIIA, Cylbdar 6apusi, allfOMUHHUEBAs] LU [IMHKOBAs myApa. CBA3YIOUIUM SIBISIETCS

BBICBIXAIOIIEE PACTUTEIHLHOE MACIIO (JILHSHOE, KOHOIUISTHOE), onuda. B kpacku Takxke



BBOJISAITCA KaTaJIM3aTOP MOJTMMEPHU3AUU (CUKKATUB), Pa3KIKUTEIb, HAIIOJIHUTEIb JIJIs1 TOBBILLICHUS
MEXaHUYECKON IPOYHOCTH (CIro/1a, Tpadur).

Mexannueckas W30S JOCTUTAETCsl, €CIIU MOKPBITUE CIUIONIHOE, JIMIIEHO 1op, 00agaeT
BBICOKOHM CTEMEHBbI0 aAre3nu, He HabyxaeT B arpecCUBHOH cpefie, Ta30- U BIaroHEmpOHHUIIAEMO,
XUMUYECKH CTOMKO. becnopuCThle MOKpBITUS JAeT IIPU MHOTOCIOMHOM HAHECEHHH, KOraa
IPOUCXOAUT 3aKyNoOpKa IMOp, OOJIBIIMHCTBO NMUTMEHTHPOBAHHBIX JIAKOKPACOYHBIX MAaTE€pHAJIOB,
OpU  OTBEPXKACHUM KOTOPBIX OOpa3yercss TpexMmepHas CTPyKTypa IUIEHKOooOpa3oBaTels.
OIHOCIOMHBIE TOKPHITHS B IPOLECCE BBHICHIXAHHS 00pasyioT mopbl amamerpom 107 - 10 oM u
00Ja1al0T CTPYKTYpHOW TOPUCTOCTHIO C JUAMETPOM TIOp 10° - 107 om. IIpu oTkpbITOU
HNOPUCTOCTH KOMIIOHEHTBl arpecCUBHOM Cpelbpl IMOCTYyMalT K MOBEepXHOCTH M 3a cuer
KaNWUISIPHOM KOHJEHCAIMU M KalWUIAPHOrOo TedeHus. [Ipu 1moTHOW OZHOPOIHOW CTPYKType
IUICHKH arpecCHMBHBIE areHThl IMepeMellaloTcs M0 MEXaHHW3MY aKTUBHUPOBaHHOU muddysuu B
MaTepHale MOKPBITHS U YACTUYHOTO PACTBOPEHHUS B HEM areHTOB. D PeKTHUBHBIN 1u((y3HOHHBIN
Oapbep JOCTUTAaeTCs CO3AAHMEM KPUTHUECKOM TOJIIMHBI MHOTOCIOMHOIO MOKPBITHSA, KOTJa
COMPOTUBIIEHUE B €ro MOpax MNPUOIMKAETCS K COMPOTUBICHUIO CAMOIO MOKPBITHS 32 CUeT
YCTpPaHEHHUsS! CKBO3HBIX MOP M KanwuiapoB. [Ipu upesmepHOM yBETMYEHUU TOJIIIMHBI TOKPBITUS B
HEM BO3HMKAIOT BHYTPEHHHUE HAIIPSDKEHHS, BBI3BaHHBIE YCAJKONW M JAPYTMMHU IpOLIECCaMU INpHU
(hopMUPOBAHUH TJIEHKHU, CHUKAIOTCS aAre3us U MPOYHOCTh MOKPBITHS.

3amMTHBIE CBOWCTBA 3aBHCST OT MPUPOJIBI MUTMEHTa-MHTHONTOpa. CBUHIIOBBIN CYypUK U
XpOMaT LMHKA SIBJIAIOTCS MACCUBATOpaMHU, LMHKOBas IMyJpa — aHOJHBIM HPOTEKTOPOM,
aIIOMUHMEBAs IyApa - IPOTEKTOPOM B COJIEBBIX pPAaCTBOPAX M KPOME TOrO MPEMSATCTBYET
HaOyXaHHUIO.
B cnmydae MHOTOCIOMHBIX TOKPBITUMA CJIOHW BBIMIOJNHSIOT pa3nuuHble GyHKIuH. Ocobas posib
OTBOJUTCSI TIEPBOMY CJIOI0 TPYHTA, KOTOPBIN 00ecreynBaeT MPOYHYI0 aAre3uio ¢ METalIOM H C
MOCJIEAYIOIUMHU CJIOSIMU MOKPBITHS, a TAKK€ aHTUKOPPO3HOHHYIO 3aIIMTY 3a CUYET BBEJICHUS B
COCTaB MUTMEHTOB W NMPUMEHEHHUS IUICHKOOOPA3YIOUIMX BEIIECTB C BBICOKOW BOJOCTOMKOCTBHIO U
MaJIOM Ta300pOHUIAEMOCTbIO. JlJIsI  yydllleHWsT CBOWCTB MPUMEHSIOT COMOJUMEPHI, T.K.
U3MEHEHHE MPUPOJBI MOJIMMEPOB HEOJAMHAKOBO BIMSET HA MX XMMCTOMKOCTh U CHOCOOHOCTH K
aaresun. Hampumep, B psany ¢yHkimoHanpHbIX Tpynn moiaumepo: COOH, OH, CONH,, CHs;,
CN, CI, F - axgresus mamaer, XOTS JHUHEWHBIE MOJMMEPHl THIA (TOPOIUIACTOB U

MEePXJIOPBUHUIOBBIX cMoJI, coaepxkanux Cl u F, oTauyaroTcst BBICOKOM XUMCTOMKOCTBIO.

823.lpyrue TuUNB NOKPBITHUHU



Oxcunuble udochaTHble IUIEHKH 00JIAZAIOT HEBBICOKONW XUMCTOHKOCTBIO, HO
SIBIISIFOTCSI OTJIMYHBIM TPYHTOM JUISL JTAKOKPACOYHBIX TTOKPBITHIA.

DOManeBBHBl € MOKPHITHI M HOKPHITHSA HA OCHOBE IUTYYHBIX CHIIMKATHBIX MaTE€PUAJIOB
00JIa1al0T BBICOKOM XMMCTOWKOCTBIO U W3OJUPYIOUIMM JeWCTBHEM. [Ipy BBICOKOH IMOPUCTOCTH,
nocturatomed  30% guis yraerpaduTHBIX  MaTEpUaoB, IMPOMUTHIBAIOTCS CHIMKOHOBBIMU
KHUJIKOCTSIMHA ¥ paCTBOpPaMHU Ha OCHOBE (peHOII(hOpMaITbIETHAHBIX CMO.

[TokpeITHICMOJIaMHU M HMIacTMacCcaM U o0IaaloT TakkKe H30IUPYIOIINIM

NENCTBUEM U BBLICOKON XUMCTOMKOCTBIO.

824.CBolicTBa MOKPBITHUHI

s obecrieyeHus JOATOBEUHOW 3alUThl MOKPBITHS TOJKHBI 00J1a1aTh KOMILIEKCOM
CBOWCTB, CpeAM KOTOPBIX CJEIyeT MHOJYEPKHYTh JIe(hOpMalMOHHO-TIPOYHOCTHBIE CBOMCTBA,
aire3su0, XMMHUYECKYI0  CTOMKOCTb, IPOHMIIAEMOCTb, TEIUIO- M  MOPO30CTOMKOCTb.
JledopMalimoHHO-IIPOYHOCTHBIE CBOMCTBA OLIEHMBAIOTCA TAaKMMH XapaKTEpUCTHKaMHM MaTepuala
MOKPBITHS, KaK Pa3pyllIalollee HaNpsHKEHUE NPU Pa3InYHbIX BUAAX HATPY3KH, TBEPAOCTh, MOLYJIb
YOPYIOCTH, YyCaJKa, OTHOCUTEIBbHOE YJ/UIMHEHHWE M  TPELMHOCTOMKOCTh. Kpurepusmu
JIOJITOBEYHOCTH  SIBJISIFOTCS  NMPOYHOCTh, B TOM 4YHCIE aAre3MOHHas, Jae(hOpMUPYEMOCTb,

XUMCTOMKOCTb ¥ IPOHULIAEMOCTb.

8.3. BaH_[I/ITa OT KOPppO3HUU UBMCHCHHUEM COCTaBa aFPCCCHBHOﬁ Cpeabl 1 BBEACHUCM I/IHFI/I6I/ITOpOB

83.1.O6paboTka cpeanl

OcHOBHBIE CTIOCOOB yJaleHUS aTPECCUBHBIX KOMINOHEHTOB
Cpeabl OCHOBaHBI Ha (PM3NYECKUX M XMMUYECKHX MPOLIECCax U SBICHHSIX:

1) ynanenue KHCIOpOia U OKHCIUTENIeH Jo0aBieHneM noriorutenei 0, (ruapas3us,
CyJb(UT WIH TUAPOCYIbPUT HATPHsI), HACHIIIICHHEM PacTBOpPa HHEPTHBIM ra3oM (a30TOM),
TEPMHUUYECKOM JI€adpalneil, HIEPETOHKOM;

2) ynaneHue KMCIOT, B TOM YHUCIIE YIIIEKUCIOTHI, yTeM HelTpanusanuu Ca(OH), win
NaOH;

3) ynaneHnue coseit 00paboTKONH HOHOOOMEHHBIMH CMOJIAMH WJTU TIEPETOHKOM;

4) dunpTpanus nau abcopOIMs arpeCCUBHBIX KOMITIOHEHTOB U TBEP/IbIX YaCTHI] U3 BOJIBI,

BO3JlyXa, rasa;



5) ocy1iika Bo3yXa MOTJIOTUTENIEM BJIard (CHJIMKAresieM), BAKYYMUPOBAaHUEM WU

MMOHIDKECHUEM OTHOCHUTEIHLHOM €0 BIaXKHOCTH YBCIIMUCHUEM t.

832.UHTUOUTOPH KOpPpPO3UHU

WHrnburopaMu KOPpO3UH HA3BIBAIOTCS XMMUYECKIE BEIIECTBA, BBEICHNE HEOOIBIITNX
KOJINYECTB KOTOPBIX B arpeCCUBHYIO CPEy YMEHBIIIAET CKOPOCTh KOPPO3UH, WIIH YBEITUUNBAET
MHIyKIIMOHHBIN MepHOJ MpoLecca, WM BOOOILIe Mpe0TBpaIiaeT ero. IHruOuTops! 10JIKHbBI
TaKXKe COXPAHATh WM yJIydlaTh ()yHKIIMOHAJIbHBIE CBOHCTBA METAJLIA.

[Ipu paBHOMEpHOI KOppo3un 3¢ (HEKTUBHOCTH UHTHOUTOPOB OLIEHUBAETCS KO3 PUIIIEHTOM

Topmoskenust koppo3uu K (79) nnu crenensto 3ammthl Z (80).

_Jo 100

j, 100-Z @)
Z=20"Ju 100% = K1 100% ®80)
Jo K

rne j,u j, - CKOpOCTb KOPPO3HU COOTBETCTBEHHO 0€3 MHIMOUTOpPA U B ero npucyrcrsuu. [Ipu

JIOKaJILHOﬁ JcrnacCuBaly 3allIUTHOC I[eﬁCTBHe I/IHFI/I6HTOpOB OILICHUBACTCA M3MCHCHUEM YHCIIA
OUTTUHTOB Ha €IMHULIE MMOBEPXHOCTH, yBenudeHHueM Erp, MPOTUBOMUTTUHIOBOTO 0asuca, a mpu
KOPPO3UHHO-MEXaHUUECKOM Ppa3pyIIeHUH HW3MEHEHHEM IMPOYHOCTHBIX XapakKTEPUCTHK M.
[Ipu paBHOMEpHON KOPPO3UU CHHMKEHHE j BOZMOXKHO MyTEM BBEACHHSI aHOJHBIX WHTMOUTOPOB,
TOPMO3SIIIIMX pacTBOpeHue M, KaTOAHBIX HMHTHOUTOPOB, YMEHBIIAIONMIUX Igr, M CMEIIaHHBIX
KaTOJITHO-aHOTHBIX MHTUOUTOPOB, KOTOpBIE Hauboiee pacmpoctpaneHsl. Cro/ia ke MOKHO OTHECTH
B Clly4ae aHOJHONACCHBUPYIOUIMXCS MeTaioB 100aBKU — Oy, KOTOpBIE 32 CUET XUMHUYECKOTO
B3aUMOJIEUCTBUS ¢ M [alOT OKCHUIHYIO IUIEHKY WJIM B KAa4€CTBE KATOJHBIX JENOJIIPU3aTOPOB,
yBeauuuBaomux E.p, nepeBoaiar M B maccHBHYI0 00JacTb. DTO OMACHBIE BEILECTBA, KOTOPBIE
NP  HEIO3UPOBKE WM TMEPEJO3UPOBKE CIOCOOCTBYIOT JIOKAJIBHOM KOppO3UWU. MexaHu3m
3aIIATHOIO JIeNcTBUA WHTUOUTOPOB 3aBUCUT OT THIIA KOPpPO3HH.
B kxumcunex cpepnxax yane UCHOIb3yloTca oprannueckue IIAB, kotopsie TopMO3ST

mporecc 3a cuér aacopobuuu. B obmiem cinyyae 3aluTHOE IEHCTBUE 00YCIOBICHO OJIOKUPOBAHHEM

YaCTH MOBEPXHOCTH MeTayuta (O) U u3MEHEeHUEM dHepriu aktuBaiyu (AA) Ha CBOOOIHBIX
ydacTkax. MiameHeHne A MOXET OBbITh CBSI3aHO C H3MEHEHUEM CTPOCHHUS JBOMHOTO IO, T.€.

BCJIMYHMHBI 1 - IOTCHIIMAJIA UK C 6J'IOKI/IpOBaHI/IeM HanOoJiee aKTHBHBIX LHEHTPOB ITOBEPXHOCTU



Kopposupytomiero Metauia. I1o 3TuM npuzHakam HHTHOUTOPHI KIACCUPUIMPYIOTCS KaK
omokupoBouHbIie (Z=0, AA = 0), aktuBarmonHse (O = 0, Z # 0, AA # 0) u cmemanubie (O > Z,
AA #0).

HauOosnee nonHelid yueT pa3nudHbIX (aKTOPOB MPOU3BEACH B paMKax (hopManbHOM Teopuu
JIeCTBUSI MHTHOUTOPOB, KOTOpasi OCHOBAaHA Ha MCIIOJIh30BAHNN YPABHEHUH 2JIEKTPOXUMHUYECKON
KHHETHKH. COTJIACHO ATOM TEOPHH 3aIUTHOE IEHCTBUE MHTHOUTOPOB 00YCIOBICHO KOMOWHAIIUEH
cnenyromux 3PQGeKToB:

a) KUHETHYECKOTO, T.€. I3MEHEHHUSI KOHCTAHThI CKOPOCTH 3a CUET aJIcopOLuu Ha Hanbomee
AKTUBHBIX [IEHTPAX;

0) XUMHUYECKOTO 3a CUET U3MEHEHUS TEIJIOTHI aJICOPOIINH, XapaKTepa 3aMeIJICHHON
CTaJIUH, CTEXUOMETPUH, BHITECHEHUS] AKTUBUPYIOLINX aHUOHOB;

B) MEXaHUYECKOT0, 00YCIIOBIEHHOTO OJIOKMPOBKOW MOBEPXHOCTH;

T) 21€KTPOXUMHUYECKOTO, CBS3aHHOTO C M3MEHEHHEM Eyqp

1) aICOPOIIMOHHOTO WJIU JIBOMHOCIOWHOTO 3a CUET U3MEHEHUS ¥ -[IOTEHIIHAIIA.

s HanGonee 3¢ (HeKTUBHBIX HHTHOUTOPOB KUCIIOTHOM KOPPO3HMHM THITA KATHOHOAKTUBHBIX [TAB
npeo01agatoT OIOKUPOBOYHBIN U aJICOPOIIMOHHBIN 3PPEKTHI.

[TockoNBKY 2IIEKTPOAHBIE PEAKIIMY TPU KUCIIOTHOW KOPPO3HH MPOTEKAIOT OOBIYHO C
KMHETUYECKUM KOHTpPOJIeM, TopMo3sue aercteue [IAB nposiBiiseTcst yepes u3aMepeHue
TadeneBbIx KOIPPHUINEHTOB a,, ax (CTaHAAPTHOMN MoNsApu3anuu) U b,, by (yaenbHo#
noJisipu3yeMocTH ). [IpruMepbl KOPPO3UOHHBIX TUArpaMM MpU HEM3MEHHBIX b U MpU BIHSHAH

UHTUOUTOPOB Ha a, T.€. 1o, AaHbI Ha puC. 22 u 23.
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[TonspusanmoHHbIE KPUBBIE B UHCTON [Tonsipu3anmoHHBIE KPUBBIE B UNCTON
KHCJIOTE U ¢ 100aBKOM KaTOIHOTO KHCJIOTE U C J0OaBKOW CMEIIaHHOTO
uHruburtopa (u). uHTHOUTOpA (1).

Puc. 22. Puc.23.



Y aHOJHBIX M KATOJHBIX HHTUOUTOPOB U3MeHeHue E o, 0OTHO3HAYHO XapaKTepu3yeT 3alIUTHOE
p

neiicreue. Hanmpumep, u3 puc. 22 cieayeT BeIpaxeHue s Ko HuimenTa TOpMOoKeHUs

KaTOJHOTO MHTHOUTOpA:
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Kop

CMmenianHble THTUOUTOPBI IIPH MIPOYUX PABHBIX YCIOBHSIX 001anatoT 6onee BeicokuM K 1o
CPaBHEHMIO C KaTOJHBIMU M aHOJHBIMU, HO U3MeHeHHe E,,, HE CBA3aHO IMPOCTOM 3aBUCUMOCTBIO C
K, a xapakrepu3yer JuIb IpenuMyIiecTBeHHbIH d(h ekt nodaBku. Tak, Ha puc. 23 yBeTU4YCHHE
Kiop. B PACTBOPE C HHTUOUTOPOM SIBJISIETCS CIIEACTBUEM OOJIBIIONO TOPMOKEHHS aHOJAHON PEaKIHu.
Yem Menble nuzMeHenue E,qp, Ipu Mpounx paBHBIX yCIOBUSX, TeM Oonbiie K T.k.

AIIEKPOXUMUYECKH (PaKTOp BCETAa CIOCOOCTBYET CHUKEHUIO K

B HeliTpadbHBIX cpegax Kopposus M nporekaer npu i . [TosTomy
U " TOPMOKEHUE JOOABKOH TOIBKO aHOJHOHN peakIny He MEHSET |, a
2 L Pog_ L PUZ .0
JOMUHMpYET cCHWXkeHue i,° (puc. 24). K takomy s¢pdexry

MIPUBOJMT MCIIOJIb30BaHME TUICHKOOOpa3oBaTeneil, KOTopble

\"" LM \emsiror D, wn tonmuuty nuddysnonsoro ciost. [loaromy,

KJ'IaCCI/I(bI/IKaHI/IH I/IHFI/I6I/ITOpOB, HCITIOJIb30BaHHAs BBIIIC JJIsA
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HOJISIpI/ISaL[I/IOHHble KpUBBIE I[eﬁCTBHH Ha BJICKTPOAHBIC PCAKIUU ABJISAIOTCA CMCIIAHHBIMH.

KHCITBIX Cpell, MOTUUIpyIoTcs. Bece 1o6aBKku Mo xapakrepy

B YHUCTOM KHUCJIOTE U C

no0aBkoi uHruOuTOpa (1).
Puc.24. o0pa3ylolye HepacTBOPUMYIO IJIEHKY C IPOAYKTaMH

KaromusiMu wHTHOHTOpamMu Oy/1eM Ha3bIBaTh COCTUHEHNS,

KatoaHou peakuuii (82) OH™ -noHamu (conu LKHKA,

OukapOOHAT KaJbIHs), @ AaHOJHBIMU MHI'MOUTOpPaMHU — ¢ TIPOLyKTaMu pacTBopeHus M (docdartsr,
cunukartel). M3menenue E,,p, nHruéuropom He Biusier Ha K.

Kpome Heopranudecknx coeiMHEHUN B HEUTpaIbHBIX cpefjaX MHIMOUTOpaMu MOTYT CITy-
KUTHh TUAPOPOOHBIE KOMIUIEKCOOOpazoBaTenu, odpasyomue ieHky. Bee adpdexTuBHbIe MHTH-
OUTOpPBl MMEIOT TOJIAPHYIO ( TUAPODUIbHYIO, aJCOPOIMOHHOAKTHUBHYIO ) M HEMOJSPHYIO
rupooOHyI0 YacTu. Y WCTHHHO WJIM MOJIEKYJISIPHO pacTBOpUMBIX [TAB momsipHBIE TPYIIIBI
HEIOCTaTOYHO THUAPOPMIbHBL [loATOMY € pPOCTOM yYIIIEBOJOPOJHOTO pajHKalia, TO €CTh

MOBEPXHOCTHOM aKTUBHOCTH MX PaCTBOPUMOCTH PE3KO MajaeT B CIy4yae BOJbI U PacTeT B



YIJIEBOAOPOAHON cpene, NMpHUYEM BO BTOPOM Cllydae aJcopOuus AOoJDKHA manath. Takue
COCIMHEHUSI MOTYT OOpa30BBIBATh MHIIEIUIPHBIE CTPYKTYPHl M HE 00JaJaloT CMadHBAroOIIEiH
criocoOHocThI0. Kommonnno pactBopumeie [TAB umeroT cuiabHO pa3BUTHIEC MOJSIPHBIC TPYIIIBI U
JNOCTaTOYHO JJIMHHBIA  YIJIEBOAOPOIHBIM  pamukan. [lpu  JocTKeHUHM B MOJIEKyIe
OTIPENICIEHHOTO  JIUIMOPUIBHO-TUAPOPUIBLHOTO OajaHca M KPUTHUECKOM KOHIIEHTPALUU
00pa3yroTcsi ylbTpaJAuCIIepCHbIE KOJIJIOWIHBIE CUCTEMBI, @ TaKKE€ MOXKET MITH MOBEPXHOCTHOE
MuIenooOpa3zoBaHie. 3a CYeT COJIOOMIN3AlUU TMPOUCXOIUT BKIIIOUEHHE YTIIEBOJIOPOJOB B
3alUTHYIO TUIEHKY WHTHOuUTOpoB. IlosTOMY 3ammTa OT KOppo3uu B JBYX(a3HBIX CHUCTEMax
OCYILIECTBIISICTCSI HE TOJBKO IyTeM aJCOPOIIMOHHOTO TOPMOXKEHHUS Mpolecca, HO M 3a CYUET
ruapododou3anum rUAPOUITBEHON 4acTH MOBEPXHOCTHU npu BBEJICHUH

MacJaioOpacTBOPHUMBIX HHTHOUTOPOB.

910 MNPpUBOAUT K MNPEBPAIICHUIO BOTHYTOTO MCHHUCKA 1

METAN MEHWCE,

JNEKTROHT

HN3menenne MeHuCKa BenuunMHa Z MakcumanbHa. [lpm pasmemnienun oOpasma
UHTHOUTOPOM pacTBOpe ¢ UHTMOUTOPOM JTOCTUTAETCs CpeHss Z.

Puc.25

MacnopacTBOpruMble MHTHOUTOPHI Kak T'HMApPO(QOOM3aTOpPhl MOBEPXHOCTH HCIIONIB3YIOTCS
TaKXke Ui 3alIUThl 0T aTMOoc(hepHoi Koppo3uu. OHU YBEIMUYUBAIOT KPAaeBOW yrosl CMauyuBaHUs
Karyiy Bopl pakTuiecku Ha 180°C 1 mpUBOJAT K CKaThIBAaHHMIO KAIUIM B BUJIE IIApUKa C IOBEPX-
HocTH. [IoCKOIBKY OHM XEMOCOPOUPYIOTCS U SIBJISIOTCS MEJIEHHO IEHCTBYIOLUIMMH, KaK U B CIIy-
yae AByX(a3HbIX CHCTeM, LiejgecooOpa3Ha o0paboTKa CyXOil MOBEPXHOCTH MJsi 0Opa3oBaHHUs
CTaOUIIbHOM IJICHKHU.

B ornyune oT HUX BOZOMAaCcCI0pPacTBOPHUMBI € HHTUOUTOPHl MOXKHO
MCIIOJIb30BaTh AJIs1 KOHCEPBALMU BIaXKHbIX oBepxHOcTel. Takue ITAB cymecTBEHHO TOHMKAIOT
NOTPAHUYHOE HATSHKEHUE MEKIY M M BOAOMN, YMEHBIIAIOT KPA€BOM YroJl CMa4yMBaHUs BIUIOTh 10
IIOJTHOTO PACTEKaHMsI Kalellb BOABI U MOIMVIAIIAIOT BOAY 3a c4eT oOpaTHOM comroOusanuu. OHu

00J1a71a10T OBICTPHIM BOJIOBBITECHSIOIIUM U BOJIOY/ICPKHBAIOIIUM JEHCTBUEM.

B

_I'_-]rJ'IE!BD.EI.I:lpD.U. BBIMTYKJIBIM 2 W MCYE3HOBEHUIO TUICHKHU 3JIeKTpoiuTa (puc.25).
CyIleCTBEHHBIM SBJIIETCSL 1OCJIEOBATEIBHOCTh O0PaOOTKU
MOBEPXHOCTH HHTrHOMTOpoM. Ecam oOpazery momMecTuTh
P CHauaja B JIEKTPOJIMT, a 3aTe€M  3allUTh MHIMOMpPOBaHHOE
rE TOIUIMBO, TO Z OyneT MuHuMaibHa. IIpu mnpeaBapurenbHOU

azicopOIMu MHTHOWTOpA M3 TOIUTMBA HE COJEPIKAIIETO BOJBI,

B



BrlnenepeuncieHHble UHTHOUTOPHI SIBISIOTCS KOHTAKTHBIMH. VICHONB3YIOTCS TaKXke JeTydue
UHTUOUTOPBI, KOTOPHIE BBOJATCS OAHOBPEMEHHO ¢ M B 3aMKHYTO€ MPOCTPAHCTBO, CTEHKU
KOTOPOTro 00J1aaloT HU3KOW Hapo- U ra3oNpoHUIAeMOCTbio. OHM HCHApsIOTCS, 3alOJIHAIOT
napamu MpOCTPAHCTBO U, aJICOPOUPYACH HA MOBEPXHOCTH 3aLIUIAEMOro M, BIUSIOT Ha KUHETUKY
ANIEKTPOAHBIX PEaKIMi mpolecca KOPpPO3UU. DTU UHTHOUTOPHI (OOBIYHO aMUHBI ) IMO3BOJISIOT
3alMIIATh OT aTMOC(HEPHON KOPpPO3UM M3ACIUS CIIONKHOW KOH(PUTYypalud U 00JIer4aroT pac-
KOHCEpBALMIO WIM BOOOILE YCTPaHSIOT 3Ty onepaunuioo. [IpyuHIUNHUaIbHBIM OTINYHEM JIETYyYHX
UHTUOUTOPOB OT APYTUX THIIOB aJCOPOLMOHHBIX 3aMeUIUTENEH SIBIISETCS HEOOXOAUMOCTh OIpe-
JIEJIEHHOTO JJaBJIEHUs HACBIIIEHHOTO napa ( 1010 Mm Hg-ctonba ). Ilpu 3ToM ucnapsiercs uin
MOJIeKyJIsipHasi (hopMa aMHHA WA MPOAYKTHI THIPOIH3a COJIEH aMHHOB. JleTydecTh aMUHOB $IB-
asieTcss HeoOXOAMMBIM, HO HEJOCTaTOYHBIM YCJIOBHEM, T.K. 3alUTHAas CHOCOOHOCTh B IEPBYIO
ouepelib onpeaesseTcs aacopoupyeMOCTbio J00AaBOK U X BIMSHUEM Ha 3JIEKTPOAHBIE PEAKIIUU.
CoueTtanne MHTUOUTOPOB C HIEKTPOXUMHUYECKOH 3aIUTOH SBISETCIKOMO M HHU P OB a
HHBIM criocodoM. Mcnonp3oBaHne KaToIHO-UHIMOUTOPHOM 3aIUThI T03BOJISIET CHUZUTD
3aTpaThl AJIEKTPOIHEPTUU U MOBBICUTH dPGEKTUBHOCTH. [Ipy aHOAHOM 3a1uTe BBEICHHE
UHTUOUTOPOB IpECIIeNyeT el PACIIUPUTh TACCUBHYIO 00JIACTh U CHU3HTH 1y, YTO TAET

HKOHOMHUIO 3JIe-KTPOIHEPTUHU U MOBBIIICHUE 3()(PEKTUBHOCTH 3AIIUTHI.
9. MPEAYNIPEXXAEHME HEKOTOPBIX BUZIOB KOPPO3UU

3amuTa METaJUIOB OTT a3 0B O M KOPP O3 U U 0OecrneuynBaeTcsi 00bEeMHBIM WU TO-
BCPXHOCTHBIM JICTUPOBAHUCM, a4 TAKIKC CO3AAHNCM 3alIUTHBIX aTMOC(bep. CyH.[CCTByeT HECKOJIBKO
TEOPHUMN KAPOCTOUKOTO JIETPOBAHHS.

1. Teopust ymeHbIIeHHS A1ePEKTHOCTH 00pa3yIOMIEHCs OKAIMHBI M CKOpOCTH Tuddy3uu B
pelIeTKe 3a CYeT PAaCTBOPEHUS OKCHJIA JIETUPYIOLIETO KOMIIOHEHTA B OKCHJIE OCHOBHOTO METaslia.

2. Teopus oOpa3oBaHUs 3AIIUTHOTO OKCHJAA JIETHPYIOIIETO 3JE€MEHTA, MPENSTCTBYIOIIErO
OKHCJICHHIO OCHOBHOT'O MeTaJljla 3a cueT 3aTpyAHeHus Tuddy3un peareHToB.
3. Teopust 06pa3oBaHUs BHICOKO3AIIUTHBIX ABOWHBIX OKCHIOB THIA IITTHHEIH.

Huskas ’apocTOWKOCTh TYTOMJIaBKUX METAJUIOB 00YCIIOBJIEHA JIETYYECThIO X OKCHIOB  (
Ir, Ru, Os ), 1erkomiaBKoCThIO U JIeTy4ecThio OkcuaoB ( Mo, V, Re ), pa3pyiienueM miaeHkH 3a

caer Vs o . /Vu>2,5 (Ta, Nb, W), ncnapennem caMux MeTaiios. B oTux ycrnoBusix Hampa-

BJICHUAMU mapocmﬁxoro JICTUPOBAHMUS SABJISAIOTCA: ITOJYUCHUC CIIOKHBIX HEJICTYUUX OKCUIOB

(Nb+Ti, Mo+Ni, Mo+Ni+Mn); npubnuxerne Vymomn2/ VM B 1 (Nb+Mo); ucnonp3oBanue diie-



MEHTOB, OKCHBI KOTOPBIX ycToiunBee camoro Metaiia ( Nb+Ti, Ta+Hf); monyuenue nucnepc-
HOYTIPOYHEHHBIX MAaTEPHAJIOB C UCIIONIb30BaHuEeM OKCcH10B (Mo+AlLO3).

3amuTHBIE aTMOC (€ p bl IS CTAIA HE JJOJDKHBI BBI3bIBATH OKUCIICHUS, 00€3-
YTIEpOKUBAHMS, HAYTIEPOKUBAHUS, HABOJAOPOKUBaHUs. PacueT coctaBa arMochepsl Mpon3Bo-
TUTCSI ¢ y9eTOM KOHCTaHThI paBHOBecus Kp. Hampumep, ans npenorsparienus okucieHus Fe mo
peaknuuu (105) ¢ yuerom 3HaueHuss Kp=Pco/Pcor,=2,2 HE0OX0auMO COOTIOCHHE YCITOBUS

Fe+CO, = Fe +CO ( 105)

JIy1st 3aIMThl METANIOB OTAaTM O ChG EepPHO U KO PP O3 U U NPEUMYIIECTBEHHO HUC-
MOJIB3YIOTCS TPAJAULIMOHHBIE METOJIbI C MCIOJIB30BaHUEM IMOKPBITUN HEMETAITHYecKuX ( JIako-
KpacouyHbIe, CMa3K ), METAIUTMYECKUX (IIMHK, HUKEb ), TyTeM MPEBPALIEHUS MOBEPXHOCTHOTO
CJIOSl B 3alIUTHOE COCTUHEHHE 3a c4eT GocharupoBaHus WM OKCUIUpPOBaHUs. [lepcrieKTHBHBI-
MU METOJaMH SIBJISIFOTCS YKOHOMHOE JISTHPOBAHUE CTAIM JIETKO MACCHBUPYIOMIMMH METaJlJIaMU
(Cr, Al Ti, Ni), karogHoe snerupoBanue cranu (Cu), UCMOIB30BaHUE MHTUOUTOPOB CaMOCTOS-
TENbHO ( KOHTAKTHBIX U JIETYYHX ) WJIM B KOMOHWHAIUU C TIOKPHITHSIMH, MPUMEHEHHE BOCKOB,
YMEHBIIICHNE BIQKHOCTH U 3arPS3HEHHS BO3IyXa.

K unciay MeTos0B 3aMTBI OTTO I3 € MHO MW KO PP O3 M U OTHOCATCS: HAHECCHUE
3aIUTHBIX HM30JUPYIOUINX HEMETAIUTMUECKUX MOKPBITUH, JJIEKTPOXUMHUYECKas KaTOIHAs WU
MPOTEKTOPHAs 3allliTa, CO3/IaHWe HCKYCCTBEHHOW CpeIbl IMyTeM H3MEHEHHsI COCTaBa TPYHTA,
WCIOJIb30BAHNE CIICIIUATBHBIX METOJIOB YKJIAJKH, HCIIOJI30BAHHE YCTPOWCTB JUIS 3alIUTHI OT
Oy xaarontux TokoB. L{enecooOpa3Ho codeTarh MepeyrCcICHHBIC METOIbI 3aIIUTHI.

MeTtogamMu 3ammMTEl OT M O P C K O H K OpPpP O3 MU U SBISOTCS:
yaJeHue MPOKATHOW OKaJIMHBI; JTAKOKPACOYHBIE TIOKPHITHS; METAJUTHYECKHUEe, OOBIYHO IIHHKOBBIC
noKpbITUS TomUHON 150-200 MxM; oxcuaupoBaHue aisi Al-CruiaBoB; KaTo/Has, B TOM YHCIIE
MPOTEKTOPHAsT  3alllUTa; YCTPAHECHHE DJIEKTPOKOPPO3HHM  COONIOJCHUEM TMOJSIPHOCTH U
UCTIONBb30BAaHUEM JIpEHAXKa;  pallMOHAFHOE KOHCTPYHUPOBAHUE. JlerupoBaHue ciegyer
WCIONIb30BaTh C OCTOPOXKHOCTBIO, T.K. HH3KOE JleTHpoBaHWE Mano d¢G(deKTuBHO, a
BBICOKOJICTHPOBAHHBIC XPOMHUCTHIC H XPOMOHHKEJICBBIE CTAJIN MOIBEPKCHBI IICIICBOM U I3BEHHOMN
Koppo3uu. llepciekTHBHBI MeIb W €€ CIUIaBbl, B YaCTHOCTH C HHKeJeMm. llemecoobpazHo
coueTaTh YKa3aHHBIE METO/IbI 3aIUTHI.

[Mpenynpexaeane TOKalbHOW KOPpP O3 WU HEOOXOIUMO HAUMHATH C YUETa €€
BO3MOXKHOCTH Ha CTQJIMMA TPOCKTHUPOBAHUS, JJII YEro MPEAyCMOTPETh BHIOOP CTOHWKOTrO Mare-

puana u o0ecneunuTh palMoHaIbHOE KOHCTPYUPOBAHHE.



3alMTAOTIUTTUHTOBOMN U IME€JEeBONH KOPPO3UHU MOXKET OCYIIECTBIATHCS
AIIEKTPOXUMUYECKUMHU MeToJaMHu ( KaToJHasi 3JIEKTPO- WJIM HNPOTEKTOpHAas 3alluTa ) WIU
BBEJICHUEM HUHruOuTOpoB. MHOrma Juisi NpenoTBpalleHUs IUTTUHTOBOW KOPPO3MM Liene-
c000pa3HO UCIIOJIb30BaTh BMECTO JIETUPOBAHHBIX YIJIEPOJUCTYIO CTAIb.

Metoap! 60ppOBIC MEXKKPHUCTAJNITUYECKONH KOpPpPO3UEH OCHOBAHH Ha
NPEIOTBPALICHUH BBIMAJEHUS XPOMHUCTBIX KapOUAOB M CBOAATCS K CHIKEHHUIO COJEp’KaHUs
yriepoa B CTajaH, MPEIOTBPALLEHUIO €€ HAYIIIEPOXKUBAHMs, K ayCTCHU3ALUH WU JUIUTEIbHOMY
HPOTPEBY CTAIM JUIsS KOAryJsiuu KapOuIoB U obisierdyeHust quddy3un xpomMa B 00eITHEHHbIE UM
YUYacCTKH, K JIETUPOBaHMIO Kapougooopazyrommumu anementamu ( Ti, Nb, Ta ).

Koppo3unonHoe pacTpecKHUBaHHUE YCTpaHsIeTCd YMEHBbIIEHUEM BHYTPEH-
HUX PACTATUBAIOIIMX HANPSIKCHUM IIyTEM OTXKHIa, YJAJICHUEM arpeCCUBHBIX KOMIIOHEHTOB Cpe-
JIbl IeMUHEpaIU3aleld Wik BOCCTAHOBIEHUEM, BBEJICHMEM MHIMOUTOPOB, MCIOJIb30BAaHUEM Ka-
TOJIHOM 3aIUThI, IPUMEHEHUEM YUCTBIX METAJJIOB.

3ammuTa OT K O pp O3 M O HHOMH yCTamdocTH OCYyIECTBIAETCS:
CO3aHHEM ONTHMAJIBHOTO CTPYKTYPHO-HAIIPSDKEHHOTO COCTOSIHMSI METajla B €r0 MOBEPXHOCT-
HBIX CJIOSX IYTEM IOBBIIIEHUS TBEPIOCTU HAKJIENOM, HAarapTOBKOH WM TepMOOOpabOTKOH, a
TaKKe IOBEPXHOCTHBIM YIPOUYHCHHEM HMMITYyJIbCHBIMH METOJaMH OOpabOTKH; HaHECEHHEM
AQHOJIHBIX METAJUIMYECKUX MOKPHITUM WM OpPraHMYECKHUX IOKPBITUH C COOTBETCTBYIOIIMMU
MUTMEHTaMU; HCIOJIb30BaHUEM CMEUIaHHBIX MHTMOUTOPOB, CO3JAIOIIMX MPOYHBbIE 3alllUTHBIE
IUICHKM; KaTOJHOW M IPOTEKTOPHOM 3alMTON NPU KOHTPOJIE MOTCHLIMANIA JJIs HEAOMYyIIECHUS
HaBoJOpoXHBaHUsA. [Ipy MCIOIB30BAHUU MHTUOUTOPOB M 3JIEKTPOXUMHUECKON 3alUTHI 32 CUET
ONaronpusATHOTO BO3ACHUCTBHUS Ha MOBEPXHOCTh METaJIa BO3MOXKHO JaKe MOBBIIICHUE Ipeserna
KOPPO3MOHHOM BBIHOCIIMBOCTH 110 CPAaBHEHHUIO C UCIIBITAHUSIMU Ha BO3/1yXE.

IIpenorBpameHie KOPppO3UOHHO—-3PO3HMOHHOTO H3HOCA OOBIYHO OCYyIIE-
CTBJIIETCSI TIOJ00POM MaTepuajoB U (GOpPMbI U3JENUil, MCIIOIb30BaHUEM HWHIMOUTOPOB U 3Jie-
KTPOXUMHUYECKOH 3amuThl. CymeCTBYIOT M crenupUUecKne CHocoObl UIi KOHKPETHBIX BHIOB
U3HOCA.

Jlnst GopsOBI ¢ K a B U T Aa Il M OHHOH 3 p 03U €U NOpUMEHICTCS:
YMEHbLICHUE BUOpaluu JeTajiedl, KOHTAKTUPYIOUIMX C JKMIKOCTbIO, HAHECEHHE 3JaCTUYHBIX
HOKPBITHH, MOJaBIEHUE 00pa30BaHNUs ITy3bIPEN yTEM PETYyIMPOBAHMS JaBICHUS U TEMIIEpPaTypbl
i no6asnerneM [1AB 11t cHUKEHUS TTOBEPXHOCTHOTO HATSKCHUSI.

Crtpy#iHass 2po03HUs MNOIABISAETCA:
yJaJeHUueM YacTUL TBepAOoH (a3bl, 3alIUTHBIMH METAJUIMYECKMMHU MOKPHITUAMH, HAIUIABKOH U

IUJIAKUPOBKOM, yIaJIEHUEM arpeCCUBHBIX KOMIIOHEHTOB.



3aHlI/ITa OT KOppoO3UWU NNIPpHU TPCEHHUU OCHOBAHA HA! HUCIOJIB30BAHUU MACCIT U

CMa30K, MPEAOTBPAIICHHHU ITPOCKAIb3bIBAHHA ITYTEM YBCINYCHHA ICPOXOBATOCTHU, HCIIOJIB30-

BaHUU NPOKJIAAO0K U MMOAKIAA0K, CKICHMBAaHUU HOBerHOCTeﬁ.
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