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BBenenue

[IpoGaema KOppO3UU SIBISETCS OJTHON M3 BAXXHEHIIINX B IMIPOMBIIIUIEHHOCTH,
TPAHCIIOPTE U CEJIBCKOM XO3AHCTBE, TAaK KaK CyMMAapHbIE IIOTEPHU COCTABJISAIOT B
CTpaHax C pa3BUTONM AKOHOMUKOMN 2-4% COBOKYITHOTO HAI[MOHATBLHOTO MPOAYKTa U
COTNIOCTaBUMBI C 3aTpaTaMu B KPYHHBIX OTpACisiX X03sicTBa. B HacTosmiee Bpems
CO3JaHbl HAIMOHAJIBHBIC LIEHTPBI U MHCTUTYTHI IO KOPPO3UH, AEUCTBYET CETh JIa-
OopaTopuil, UCTIBITATENBHBIX CTAHIINM, MPOTUBOKOPPO3UOHHBIX CIIYKO U CepBHUC-
HBIX LIEHTPOB. YCHEXH HAYKH O XMMHYECKOM CONPOTHBICHUH METAJUIMYECKHUX
MaTepHaloB O0ECIEYMBAIOTCS COBMECTHBIMU YCHIMSIMH YYEHBIX KOPPO3HOHU-
CTOB, MaTEpUAJIOBEIOB, METAJUTYProB, XUMUKOB U (PU3UKO-XUMUYECKUX MEXaHH-
KOB. 3aIlliTa METAJUIOB OT KOPPO3UH CTajla BAXKHEHIIUM JIEMEHTOM COBPEMEHHOU
TEXHOJIOTUH, & YYEHHE O XMMCOIIpaMaTe MaTeprajioB — CYIECTBEHHON COCTaBIIsA-
IOLIEe MaTepruagoBeieHUs U (PU3NUIECKON XUMUHU.

dusnueckass XMMHS — €CTECTBEHHO-HAy4YHAas HUCLHMIUIMHA, KOMIUJIEKCHO
U3ydarolas B3auMooOyCIIOBIIEHHbIE IPEBpAIIeHHsI BelllecTBa U sHepruu. Hayka o
KOPpPO3UU U MPOTUBOKOPPO3MOHHOW 3aIIUTE (KOPPO3UOJIOTHS) 3aHUMAET BAXKHOE
MECTO Cpeau pa3lesoB (PU3MKO-XUMHMH, HCIONb3YIOIIUX 3JIEKTPOXUMHUECKUN
noaxoA. B mporecce Koppo3uu NMOBEPXHOCTh METAJlIa SBIAECTCA KaTalM3aTOPOM
OKHCIIUTEIBHO-BOCCTAHOBUTENBHBIX IPEBPAILICHUN KOMIIOHEHTOB JKHJIKOW W ra-
30BOM (a3, Kak 3TO UMEET MECTO B I'€TEPOr€HHOM KaTalli3e, HO caMa CIIy>KUT
Y4aCTHUKOM peakiuil. [loaToMy OO0NBIIYIO POJIb UTPAIOT CTENEHb TeTePOTeHHO-
CTH METAJNTMYECKON MOBEPXHOCTH, €€ (ha30BbIM COCTaB, NOJUKPUCTAJUIMYHOCTh U
B3aMMHO€ BJIMSIHUE CTPYKTYPHBIX COCTABIIIFOIIMX Marepuaina. CuTyauus oCaox-
HSETCSI U3MEHEHUEM BO BPEMEHM DJIEKTPOJHOTO MOTEHIMANa U MOBEPXHOCTHBIX
CJI0€B KOPPOIAUPYIOLIET0 MeTajia U cpeapl. [loaTomy HaydyHOM OCHOBOW KOPPO-
3MOJIOTUM SBIIAETCS MIEKTPOXUMUSA PACTBOPSIOIIUXCA METAUIMYECKUX ITOBEPXHO-
CTEN KaK CAMOCTOATENIbHBIN PAa3ei TEOPETUUECKON AIEKTPOXUMUU. OCHOBHBIMU
HNOHSTUAMU SBIISIOTCA (DU3MKO-XMMMYECKasi CHUCTEMa, BKIIOYAIOUash METaul U

cpeny, a Takxke puanko-xuMmuueckuit mpouecc. Mexoast u3 3Toro, KOppo3us Tpakx-



TyeTcs Kak Mepexo]] KOMIOHEHTOB METAIUTMUYECKOr0 MaTeprasia U3 ero COOCTBEH-
HOW CUCTEMBI CBA3€H B COCTOSIHHE CBSI3M C KOMIIOHEHTaMU Cpelibl. XUMHUUYECKOE U
(M) DJIEKTPOXMMHUYECKOE B3aUMOJICMCTBHE MeETalllla U CpPelbl U3MEHSET €ro
CBOICTBa U Hapymaer ero pyHkuuu. Kopposust xapakrepusyercsi CKOpOCTbIO BO-
o0pakxaeMOoro HEMpPEepPHIBHOTO JABMKEHUS TOUYKH (PPOHTA KOPPO3HUH, TO €CTh I'pa-
HULBl pa3zena MEeXIy METAJJIOM U CPENIOM, B TOM YUCJE MPOAYKTAMH KOPPO3HUH.
TexHuyeckass CKOPOCTb KOPPO3UH KAK XapAKTEPUCTUKA KOPPO3UOHHOM CTOMKOCTH
— 3TO HAMOOIBIIHMMA MTOKA3aTeNIb KOPPO3UU, BEPOSITHOCTHIO MPEBBIIICHHS] KOTOPOTO
Henb3d npeHeOpeub. CylecTBYIOT CIIEIYIOUIUE MTOKa3aTeNd KOPPO3UU: MacCOBBIN
(r/m2c), nuHelHbIE (MM/TOX), 00BeMHEBIN (M/C), TOKOBEIH (A/M?), a Takke BpeMst
J10 MOSIBJICHUS IIEPBOrO O4ara KOPPO3WH, JAOJI OBEPXHOCTH, 3aHATas NPOAYyKTa-
MU KOPPO3HUH, KOJIMYECTBO TOUEK WIIX S13B HA €IMHULE OBEPXHOCTH U JIP.
Koppo3sus kinaccupuiupyercs o xapakrepy NOpakeHUsl MeTaja: CIIouI-
Has win oOmias (paBHOMEpHasi, HEpaBHOMEpHasi, M30MpaTelibHas, Hampumep,
00ECIIMHKOBAHKE CIUIABOB) M MECTHas (MATHAMH, I3BaMH, TOUSYHAs WU MATTHHT,
CKBO3Hasl, HUTEBUHAs, TIOBEPXHOCTHAs, MEJIKOKPUCTAJUIUTHAS, HOKEBAs U Jp.);
II0 YCJIOBHUSIM IIPOTEKAHMS: ra30Bas, B KMIKUX METAJUIaX, B HEAJIEKTPOJIMUTAX, B
AJIEKTpOJIUTaX (KUCIOTHAs, IIEJIOYHas, B HEMTpalbHBIX cpeaax), arMocdepHas,
MOYBEHHAs, OMOKOPPO3HUsl, SIEKTPOKOPPO3Us, MOJ HANPSHKEHUEM U HpU JIPYroM
BO3JIECTBUM BHEIIHUX (PaKTOPOB; MO YCIOBUAM KOHTAKTa C arPECCUBHOM CpeIo:
IIPY [TOJIHOM, HENOJIHOM M IEPHOJUYECKOM ITOIPY>KEHHUH, CTPyHHAas, IIEIeBasl.
Crenyer paccMaTpuBaTh CIEAYIOIIME ACIIEKThl KOPPO3HH: IKOHOMUYECKHM
(mpsiIMbIE U KOCBEHHBIE MOTEPU OT KOPPO3UU M PACXOJIbl HA MPOTUBOKOPPO3HOH-
HYIO 3alIUTY), 3KOJOTHMYECKH (M3MEHEHHE Cpeabl BIUSET HAa KOPPO3HOHHYIO
CTOMKOCTb, @ KOPPO3USI MOKET MPUBOIAUTH K YXYALIEHUIO IKOJIOTMYECKO 00cTa-
HOBKH), TEXHOJIOTHYECKUI (CO3/IaHHEe HOBBIX TEXHOJOTUN M TIOITyUYCHHE CBEPXUH-
CTBIX MaTe€pHajoB), OMOMEIUIIMHCKUI ( CO3MaHMEe MPOTE30B), KYJIbTYPHBIH (CO-

XpaHEHUE UCTOPUUYECKUX MTaMSITHUKOB), CTPATErMUECKUM (I€PHUITUT METAIIIOB).



Pasnen 1. Teopust KOppo3uM MeTANIOB

1.1 Xumnueckasi Koppo3usi

XuMu4eckass KOppo3us — MpOLecc, Ipu KOTOPOM OKuciaeHne M u Boccra-
HoBIeHHEe OX KOppo3uoHHOU cpenpl ( yame Bcero O,) MPOTEKAaeT B OJJHOM aKTe
IIPU UX HETOCPEJICTBEHHOM KoHTakTe. Hanbosee pacnpocTpaneHa ra3zoBasi BbICO-
KOTEMIIEpaTypHast Koppo3usa. Koppo3noHHass CTOMKOCTh NMPU BBICOKUX T Ha3bIBa-
€TCs KAPOCTOMKOCTHIO, & CIIOCOOHOCTh COXPAHITh MEXaHMYECKHE CBOMCTBA - JKa-

POIIPOYHOCTEHIO.

Tepmoounamura, KUHEMUKA U MEXAHUIMbL XUMUYLECKOU KOPPO3UU

Heo6xoauMbIM yCclioBHEM MPOTEKAHMs MpoIecca sIBISETCS TEPMOIUHAMU-
YyecKash HeyCTOHYMBOCTH M B cpene, korna mpu okuciienuu (1) AG < 0. U3 ypas-
HCHHS M30TEPMbI XUMHUECKOHW peakiuu (2) clieayeT yCIOBHE BO3MOKHOCTH XH-

MU4ecKoi KopposuH (3)

MM + =20, = MOz ()
AG = RTIn(Poz)™* - RTIn(P°0)™* )
Po2 > P°o2 (3)

rje N —BaJIeHTHOCTh M, P, - mapumanpsHoe maBienue O, B raze , P°g,— ero
PAaBHOBECHOE 3HA4Y€HHUE, T.C. JIABJICHUE AUCCOIMAIIMN OKcHaa. JIJIT TEXHUYSCKHUX
METaJUIOB B BO3AYIIHON atMmocdepe Pg, >> P°q,. Mckimouenue cocrapisitoT Au,
a Taxoke Ag 1 CU mpu OBBITIIEHHBIX T.

KuHeTnka OKHCICHUS, T.€. >KapPOCTOMKOCTh CYIIECTBEHHO 3aBUCHUT OT
CBOMCTB 0Opa3yromencs MICHKA OKCUA: CIUIOIIHOCTH, OJHOPOIHOCTH M TTPOHU-
1aeMocTd. Uem BBIIIE 3alUTHBIC CBOMCTBA IVIEHKHM, TEM MCHBIIE €€ TOJIIMHA.
VYcnoBre CIUIONTHOCTH OCHOBAHO Ha COOTHOIICHHH A MOJISIPHBIX 00BEMOB METall-
1a Vy 1 okcuaa Vymomn2

1< VMmOmn/Z/ VM < 215 (4)

[Ipu A<] myeHka HECIUIONIHAsA, a €Cu OHO OoJbIne 2,5 , BOZHHUKAIOIIHE



BHYTPCHHHE HAMPSOKEHUS Pa3pyIIaioT IIeHKY. KuHeTnka Koppo3un onpeaesiseT-
Csl MEXaHU3MOM, T.€. MOCIEAOBATEIBHOCTRIO CTAJANNA C YKa3aHHEM JHUMHTUPYIO-
LK.

B o0uemM ciayyae MMEIOT MECTO CIAEAYIOIINUE CTAaIUuU: MacCOIEPEHOC OKHC-
JUTENS B Ta30BOM (haze K MOBEPXHOCTH M, ero JUCCOLMATHBHAS XeMOCOPOus,
XMMHYECKAs PEAKIUA 00pa30BaHus OKCHA, MacCONepeHoc kKatnonos M™ u O% B
daze oxcuaa, BO3roHKa JeTydero okcuzaa. [lepBas u mocnemHsst cTaguu OOBIYHO
HE JJMMHUTHUPYIOT Tiporiecca. KnuHeTnka onuchiBaeTcs 3aKOHAMHU POCTa IIEHOK BO
BPEMCHH T.

[Tpu mopucTOi HE3aIUTHOM TUIEHKE HanOoJee 3aMe/IeHa XUMUYecKas CcTa-
JIUsl 1 KOPPO3HS OMUCHIBACTCS IMHEWHBIM 3aKOHOM:

dd/dt = kCox ()

0 =30 *+ kCoxt (6)

rzie O - TOJIIMHA MJICHKU UM Macca OKUCIUBIIErocss M, &g OTHOCUTCS K UC-
XoaHOMY 3HaveHuto npu T = 0 ( Bo3mymiHas 1ieHKa), 00br4HO 00~0, K, — KOHCTaH-
Ta CKOpPOCTHU. JIMHEHHBIM 3aKOH XAPAKTEPEH ISl MICJIIOYHBIX U IIEJIOYHO3EMEIb-
HeIXx M (kpome Be), rae A<I, npu obpazoBanuu sneryuux okcumoB (W, Mo) wu
IPU MaJBIX T U1 O0JIBIIMHCTBA M.

[Ipn 00Opa3oBaHMM TOJICTBIX IJIEHOK (OKaJMHBI) KOPPO3UsS MPOTEKAET C
muhOYy3MOHHO-KUHETHYECKUM WM  TUu(hY3HOHHBIM KOHTpOJeM. 30Ha pocTa
TUICHKH, T/I€ XUMHUYECKas PEaKiusi, HaXOAUTCs BHYTPH, a pacCTOSHUE JIO0 HEe OT
IpaHMI pa3zena IeHKa-M | IJIeHKa-Ta3 3aBUCUT OT cooTHomeHus Do? u Dy™.
Yare 30HBI pocTa Oike K HApPYKHOM moBepxHOCTU. [Ipu com3aMepuMbIX CKOpO-
CTSIX OKHMCIICHUS U cTallMoHapHOU quddy3un

dd/dt = k.C = D(Co-C)/d (7)

rae Cy u C — KOHIIEHTpaluy peareHTa COOTBETCTBEHHO B 00bEME U B 30HE
pocta . BeipazuB C u3 paBeHcTBa (7) M MOJCTaBHB €r0 B MPABYIO WM JICBYIO
YaCTh, MOJYYUM IOCJIE UHTETPUPOBAHUS CII0KHO-TIapabOTMIeCKuil 3aKOH:

82/2D + &/ k¢ = const + Cyt (8)

[Tpu const=0 on 00bIuHO 3anuckiBacTcs ypaBuenuem (9) wim (10)
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52 + kid = kot 9)

oP =k, (10)

rae 1<p<2.Ecmu D >> K, ypaBaenue (8) nepexomut B (6), a mpu D << K,
T.. mpu 1 Gy3NOHHOM KOHTPOJIE C YIeTOM Toro, uro C=0, - B mapaboamdecKuii
3akoH (11).

52 = 2DCyt + const (11)

[Tpu Hu3kux T < 150-300°C nuddy3us B miieHKe 3aTpyaHEHA, a SJICKTPOHBI
TYHHEJIMPYIOT Yepe3 Hee. 3a CUET MOBBIIICHUS KOHIICHTPAllud MOHOB MEeTajlia Ha
IpaHUIle METaUI-OKCHU/] M KOHLIEHTPALMU MOHOB KUCJIOPOAA Ha TPaHUIIE OKCU-Ta3
BO3HUKAET CHJIBHOE DJIEKTPUUECKOE TOJIE W YCKOpsieTCsl MHUrpanus noHoB. [lpu
TOM BO3MOYKHBI CJIEIYIOIINE BapUAHTHI.

[Tpu xkoHTpOJIE poLecca NEPEHOCOM BJIEKTPOHOB ITyTEM TYHHEIBHOIO 3(-
dbexkTa uMeeT MECTO JorapuMUUECKUN 3aKOH:

do/dt = ksC exp(-p) (12)

o= const + k,lgt (13)

[Ipy 3aMeNIEHHON CTaauU NEPEHOCA KATHOHOB B JJIEKTPUYECKOM IIOJIE pa-
Ootaer kBaapatuyHas napadona (14), (15) mis noaynpoBOJHHKOB N- THUIA U KY-

onyeckast (16), (17) mis moaynpoBOIHHKOB P-THIIA.

ds/dt = Au/d (14)
82 = 2A;1 + const (15)
d5/dt = AJls? (16)
52 = 3A,T + const (17)

{151 0oueHb TOHKHUX IUICHOK W3 MOJYNPOBOJHUKA N-TUMA MPU BBICOKOM TI'pa-
JACHTE MOTEHIIMAaNa, KOrjaa Mpouecc JMMUTUPYETCS BBIXOJOM HOHOB C TOBEPXHO-
cti M, cobmrogaeTcsi oOpaTHbBIN TorapuMUYECKHN 3aKOH:

5= A; —ksint (18)

3aKOH pocTa TUICHOK, OCOOEHHO TOJICTBIX, MOXKET MEHSTHCS BO BPEMEHH,
HapuMep B  CJIEAYIOWIEHM MOCIENOBATEIIbHOCTU:  JIMHEWMHBINA,  CJOKHO-
napaboIMdecKui, MapabOJUYECKU, YTO COMPOBOXKIACTCS POCTOM 3aIIUTHBIX

CBOMCTB IUICHKH. B TOJICTBIEC IIIICHKHU BXOJAT BCE YCTOI>’IIII/IBBIG OKCHJIbI U B NACAJIb-
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HOM Cllydae 00pa3yloTCsi MHOTOCIIOMHBIE TUIEHKH, TJIe OT BHYTPEHHEH I'PaHUIbI K

BHEIIIHEH yObIBaeT coaepkanue M, Harmpumep, Fe|FeO|Fe;O,4|Fe,05|O,.

T'azoseas evicokomemnepamypHas KOppo3us.

[To xapakTepy OKHCIICHUS METaJLIbI KIACCU(DUIUPYIOTCS CICTYIOINAM 00-
pasom. [Ipu A<l mporecc caMOyCKOpsIeTCs U HACTymaeT Bo3ropanue. J{jis TexHu-
yecku BakHbIX M ( Fe, Ni, Cu, Mn, Ti) npu cHmwkenun T yBeITUIMBacTCs IMOKa3a-
TEJIb CTEIEHU B Hapabojie U BO3MOXKCH IEPexo] K JIOrapu(pMUIECKOMY 3aKOHY.
[Tpu pacTpecKMBaHHMHM IJICHKH ITOKa3aTellb CTENeHU naaaceT. HeOmaropogaeie Me-
TaJUTbl KaK KOMITOHEHTHI ’KapOCTOHKHX CILIaBOB M MokpeiTHil (ZNn, Al, Cr) maror
IJICHKH C BBICOKOM 3aIIUTHOM CITOCOOHOCTBIO, KOTOPHIC PACTYT IO Jorapu@mude-
ckomy 3akony. [Ipu oOpa3oBanuu meryunx okcuaoB Ha V, W, Mo, Ru, Os mpo-
IIECC OMpPEACIAETCS CKOPOCTHIO BO3TOHKH. BiaropojHbie MeTaylibl TePMOIUHA-
MHUYCCKU YCTOMYHNBEI.

[Tpu ra30BoOi KOPPO3KMH BO3MOYKHA BEICOKOTEMITEpaTypHast acCUBAIHSI, KO-
IJIa POCT CKOPOCTH II0 Mepe yBeIudeHUsI Po, MpU HEKOTOPOM KPHTHUECKOM €TO
3HaUYCHUH MEHSETCS Ha PE3KOE IMaJICHHUE 3a CUCT CO3JaHMS YCIOBUH IS (POPMH-
pOBaHUsI BHICOKO3AIUTHOM MIeHKU. Kputnueckoe Po majaeT ¢ pocToM ra3oBOro
ITOTOKA.

B cnabookucIuTenbHBIX Cpefiax, rie 00pa3oBaHUEe OKAJIMHBI 3aTPYAHCHO,

BO3MOXKHBI HAyTJIEPO’KMBAHUE M 00€3yTIepOKMBAHUE CTAJICH C y4acTHEM 1IEMEH-

THUTA:
Fe,C+CO, = 3Fe +2CO (19)
Fe,C + H,0 = 3Fe + CO + H, (20)
FesC +2H, = 3Fe + CH, (21)

B ocHoBe 00e3yriepokuBaHUsl JICKHUT MPOIECC PA3JOKEHUS IIEMEHTUTA.
Cranp TepsieT ClOCOOHOCTh 3aKaJIMBAaThCS M CHIDKAET MpoyHocTh. [Ipu Bo3pacrta-
Huu B raze coaepxkanust CO, H, u CH, oGe3yrnepoxxuBanre CHMXAETCS U CTaHO-

BUTCA BO3BMOJKHBIM HAYTJICPOKHBAHUC.



OcoObIMU BUTaMH Ta30BOM KOPPO3UHU SIBJISIIOTCS TakKe 0Opa30BaHUE BOJIO-
POJTHON XPYMKOCTH W BaHAAWEBas KOppo3usa. B BomopomaHO#l atMochepe Kpome
00€3yTJIepOKUBAHMSI CHUYKEHUE KAPOIMPOUYHOCTH 00ycioBiieHO abcopOuuen Bo-
nopoaa, oOpa3oBaHUEM TBEPJOrO PacTBOpa BOJIOPOJA B JKEJIE3€ U MOSBICHUEM
pacTpecKuBaHUs IO TpaHUIAM 3epeH u3-3a obpaszoBanms H,O u CH,. Hecmotps
Ha OYMCTKY CTaJM OT BaHaJWs, OH MOMAaJIaeT B BUJI€ MPOAYKTOB TOPEHUS KUIAKOTO
toruuBa. OKCH/IBI BaHAIHSI KaTATH3UPYIOT OKUCIICHHE 10 peaknusMm (22), (23), a
nerkoruiaBkuii V,05 , 0COOEHHO TPU HATUYHHM COCAMHCHHM IIEIOYHBIX METaJI-
JI0B, (OJIIOCYET COCIMHEHUS OKATTUHBI.

4Fe + 3 V,05 — 2 Fe,05 + 3 V,0; (22)

V,0;3 + O, — V705 (23)

Kopposzus 6 scuokux cpedax

Kopposus 6 neanekmponumax

Peub uner 06 00€3BOKEHHBIX allPOTOHHBIX OPraHUYECKUX PaCTBOPHUTENSX,
KUIKOM OpoMe, pacriaBieHHOU cepe U Ap. OCHOBHBIMU CTaIUsIMU MpOLECcca SB-
nsitoTes AudPys3us OX K MOBEPXHOCTH, €r0 XEMOCOPOIIUsI, XUMUYECKasl peaKIus ¢
METaJlIoM, JIecopOLus MPOayKTOB U uX nuddys3us B 00beM HedekTpoauTa. Jlse
MOCJIETHUE CTAANN MOTYT OTCYTCTBOBATh IPH 00pa30BaHUU IUIEHKHU. B 3aBHCHMO-
CTH OT PaCTBOPUMOCTHU U 3ALIUTHOMN CIIOCOOHOCTH IJIEHKH BO3MOXKEH KHHETHYE-
ckuid, Tu(Py3MOHHBIN WM CMEIIAHHBIA KOHTPOJb. [Ipy HaMuMm npocinoiku Bo-
JIbl MEKy METAJJIOM M HE3JIEKTPOJIUTOM MPOUCXOJIUT INEKTPOXUMHUYECKAS KOP-

po3wsl.

Kopposus 6 srcuoxkux memannax

OTOT PU3NKO-XUMUYECKUI TTPOIIECC MTPOUCKXOTUT B TETUIOHOCHUTEIISAX, HMEET
PAl Pa3HOBUJIHOCTEHM W 3aKIIIOYaeTCs MO0 B Mepexojie TBEpAOro M B KHUIKHIMA,
60 HaobopoT. Hambosnee mpocThiM ciiydaeM SIBIISIETCS HEMOCPEJCTBEHHOE pac-
TBOpeHHUE TBepaoro M B xkuakoM. KommdecTBo pacTBOopuBIIErocss M U CKOPOCTh

npoliecca ONpeAeIIAIOTCs MPeaebHON pacTBOPUMOCTbIO, 00bEMOM KUJIKOT0 M u



CKOPOCTBIO €ro HUPKYJAuu. Bo3MokHa Takke KOppo3us nmpu 00pa3oBaHUM pac-
TBOPHUMBIX coeMHeHnH TBepaoro M ¢ mpumecsmu B sxxuakom (O, Hy , N, 1 1p.),
B OTCYTCTBUE KOTOPBIX Ipolecc ocialieH win He npoTtekaeT. Hanbonee omacen
Y 4acTO BCTPEYAECTCs] TEPMUYECKHNA NIEPEHOC MACChl, KOTOPBIA UMEET HE3aTyXaro-
nmi xapakrep. [Ipu 3ToM B ropsiuent 30He KUIKOMETAIUIMYECKOTO KOHTYpa TBEP-
el M pacTBOpsieTcs, a B XOJOJHOM Kpucraumsyercs. Koppo3us pacrter npu
YBEIIMYEHUH CKOPOCTH ITOTOKA, rpagueHTta T m T mpu NMOCTOSITHHOM T'pajvEeHTE.
M30TepMuyeCcKnii IEPEHOC MACChl UMEET CIEAYIOIUE Pa3HOBUAHOCTU: BBIPABHHU-
BAHME KOHIICHTPALUN METAJUIMYECKUX U HEMETAJUIMYECKUX KOMIIOHEHTOB CILIA-
BOB, MIOTPYXEHHBIX B XKUJIKUI M; mepeHoc M ot OoJiee K MeHee HaNpsKEHHBIM
y4acTKaM KOHCTPYKLMH; CAMOCBAPUBAHUE HAXOIAIIMUXCA B KOHTAKTE TBEPABbIX M.
Bo3moskHa Takxe nud@ys3us xuakoro M B TBEpblid, KOTOpas MPOUCXOIUT IO
BCEU MOBEPXHOCTHU, HO C OOJIBIIEH CKOPOCTHIO M0 I'PAHULIAM 3€PEH, UTO PUBOJIUT
K MEXKPUCTANIMTHOW KOPPO3UH, OCOOCHHO MpH HAIWYUM HanpsbkeHuid. Ecnn
xuakuid M oOpasyer Oosiee XpyNnKrue HHTEPMETAJUIH/IBI U TBEPABIE PACTBOPHI C
IIPUMECIMHU, JIOKAIM30BAHHBIMU 110 TPAHUIIAM 3€PEH, TBEPAbIA M CHUXKAET xKapo-

MIPOYHOCTb.

1.2 DnekTpoxumMmuuecKasi KOppo3usi

DNEeKTPOXMMHUUYECKass KOpPpO3us MPOTEKAET B pAcTBOpax 3JIEKTPOJIMTOB B
OTCYTCTBHE HEMOCPEICTBEHHOr0 KOHTakTa M ¢ OXx. AHOJHAs peaklusi pacTBOpe-
HUst M 1 kaTo/iHas peakius BbiAeieHus: R mpoTekaroT Ha pa3HbIX ydacTkax. Cie-
JIOBATEIBHO, KOPPOAUPYIOMHMI M KaK MOJUAIEKTPO]I SBIISIETCA OKUCIUTEIEM JJIs
M, BoccranoButesieM i1 OX U MEPEHOCUT BJIEKTPOHBI OT AHOAHBIX K KAaTOJHBIM
yuacTtkaM. [IOoCKOJIbKY OKHCIUTENbHO-BOCCTAHOBUTENbHAS CIHOCOOHOCTh 3JIEK-
TpOJa 3aBUCHUT OT E, CKOpOCTH peakuuii 1 KOppO3UU TOXKE 3aBUCAT OT E.

Dnekmpoxumuyeckue ouazpammol

[Ipu nccnenoBaHM KOPPO3UOHHBIX MOJUAIIEKTPOAOB UCIIOIb3YKOTCS AJIEK-

TPOXUMHUYECKHE TUArpaMMbl «IIOTEHIMAI — TOK (IIOTHOCTh TOKa)». [IpocTeiimiast

10



JqUarpamma Jiis OM3JICKTPOo/Ia, TJIe peasm3yroTes mporeccs (24) u (25), npencras-

neHa Ha puc. 1.

M™+ne s M (24)
Ox +ze s R (25)
E

I
|
- I
s |
B LgR™ oy I
POnIR : = |
- T 130}{9333 |
i :
o |20z I
1o |
1 1
COR MM : :
lgi" g3 lgJ lgi

Pucynok 1. Onexmpoxumuueckas ouazpamma 0 KOppO3UOHHO20 OUITEK-

mpooa

[Monsipu3anioOHHbIE KPUBBIC MOCTPOCHBI B MPEANOJIOKEHHUSIX, YTO 3JICK-
TPOJHBIC PEAKIIMK B3aMMHO HE BIIMAIOT, 3aME/IICHbI 2JICKTPOXUMHUCCKUE CTaHH,
pacTBOp 00J1aJaeT BBICOKOH 3JIEKTPOMPOBOAHOCTHIO, TOK PABHOMEPHO pacipe/ie-
JIEH T10 TTIOBEPXHOCTH, T.€. OHA PABHOJOCTYITHA JIJI1 KATOAHOM Y AHOJIHOW PEaKLIN,
BCC MOTCHIIMAIBI M TOKU CTallMOHAPHBI. J[MarpaMMbl MOTYT OBITh TPUBEACHBI B
koopauHaTax E-i wnum E-Igi. B mepBoM cityuae BO3MOKHO TpaduuecKoe CII0KEHUE
I mpu kaxaoMm E, korma ckiIaapIBalOTCs OTPE3KH TOKOB OJHOM MOJSPHOCTH U OT
HUX BBIYMTAIOTCS TOKHM IPOTHBOIOJIOXHON IMOJSIPHOCTH, €CTh HAYaja0 OTCYeTa
wiotHocty Toka (I =0), omHako B3auMOCBsI3b Mexy E 1 | BeIpakaeTcsi KpUBBIMH (
KpoMe 00J1acTeii Py Maiol MOJISIPU3AIINH), YTO 3aTPYIHIET IKCTPArnosiui0. Bo
BTOPOM CjIydae 00JIerdaeTcs MOCTPOCHUE B IIUPOKOM HHTEPBAJIC | U Pealn3yroT-
cst TabesIeBbl IpsMble, 00JIErYaroIIre KCTAIMOIAINI0, OHAKO HEBO3MOXHO Tpa-

budeckoe cioKeHue .
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[IpsIMOJTMHEWHBIE 3aBUCUMOCTH JIOTapr()MOB CKOPOCTEH BOCCTAHOBIEHUS 1
M OKUCJIEHUS T OT E SIBJIAIOTCS MapliuaibHBIMHU, U3 KOTOPBIX MOXHO MOJYYHTH C
UCIIOJIb30BaHNeM COOTHOIIeHUH (26)-(29) cymMMapHbIe KpUBBIE PACTBOPEHUS Ip U

BBIJEICHUA Ig.

Iv= Dvins - Iv (26)
Ipm = Tyt = Dy (27)
iR = Tox - IR (28)
isox = Ir - Lox (29)

CootHomienus (26)-(29) oueBuaHBI, €CIIH ydecTb, Ut Haripmlmlsrp, ipm TEM
n+ M BM n+

OoJTHIIIe, YeM BBIIIIE CKOPOCTh OKUCIICHUS (MOHH3aMu) M M HHXKE CKOPOCTh 00-
patHOi peakiuu BocctaHoBieHus ( paspsga) M™. Kak crenyer u3 muarpammel
(puc.l), peakiui OKUCIEHUS U BOCCTAHOBJICHHMS MPOTEKAlOT NpH BceX E u ux
ckopocTH 3aBucaT oT E. HanpoTus, kaTomHbIe peakiuu BeiieneHus R (B Tom guc-
je M) npoTekaroT ToiabKo Mpu E MeHblIe paBHOBECHOTO (IIpH KaTOJHOM MOJISIPU-
3alliK), a aHOJIHbIE peakiuu Bbiaenenus Ox uim pactBopenus R (B Tom yucie M)
npu E Gosbllie paBHOBECHOTO (MpU aHOAHOM mojsipu3aiuun). Touku nepecedeHus
npaMeix E-lgU u E-lgl muis ka0t U3 JBYX OKHCIUTENILHO-BOCCTAHOBUTEIBHBIX
cucteM (24) u (25) maroT 3HaYEHHUST COOTBETCTBYIOIIETO PABHOBECHOIO ITOTCHIIMA-
na u norapudma IWIOTHOCTH ToKa ooMmeHa i, =1 = L. IIpu pE ¢ yuerom (26)-(29)
Ism=l,m=0 1 iBg=i,0,=0. CyMMapHbIe NOIAPU3ALUOHHBIE KPUBLIE B KOOPJAMHATAX
E-lgi, xak sT0 mokazaHo, Hampumep, i 3aBucuMoctH E=f(i,), uMeroT TpM
ydacTka: ropu3oHTaidbHbIi 0-1, korma i << Iy, 3JeKTpO/1 MPaAKTHUECKU HE MOJISPH-
3yetcsi; kpuBasi 1-2, korga npu manoit nomsipuzanuu AE < 2, 3RT/(onF) 3nauenus
TOKOB COM3MEPHMBI, B TaderneBa npsMas 2-3 mpu O0JIBIION MOJIsSpU3aliy, KOoraa
?Mn+ >> TM H iBM ~ ?Mn+-

CooTBeTCTBEHHO B KoopanHaTtax E-i yaactok 0-1 mpeBpariiaercsi B TOUKy, 1-
2 — B IIPSAMYIO U 2-3 — B 9KCIIOHEHIIMAJIBHYIO 3aBUCUMOCTb.

B peanmbHOM KOppo3moHHOM OmdjaekTpoae (M B pacTBope, coaepiKaiiem

M™, Ox u R) paBHOBecHbIe TOTeHIUATBI pEyin+yv U pEoyr H3MEpUTH HE yaaercs,
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T.K. OECTOKOBBII MOTEHLMANl SBJIAETCA NOTEHIManaoM Kopposuu E,,,. Yciosue
cranoHapHocTu E, ( anexkTpuyeckuii 6ananc) nmeer BUL:

Z)Mn+ + ?Ox = (iM + (ZR (30)

v ¢ yaetoMm (27) u (28) nepexoaut B (31)

J=1m =l (31)

Ecnyu Ha 37€KTpoj HE MOAAETCs TOK OT BHEIIHErO MCTOYHUKA U ipv # IyR,
HapyLIaeTCs DIICKTPUIECKUi Oananc u E,, cTaHOBUTCS HecTalMoHapHbIM. Eciu
Ipm > igr, HA DTIEKTPOJIE HAKAILUTMBAIOTCS N30BITOYHBIE 3JIEKTPOHBI, E,,, CTAHOBUT-
Csl MEHBIIIE CTAI[MOHAPHOTO, YTO B COOTBETCTBHH C KPUBBIMU PHC.] NMPHBOIWT K
CHMJKEHHMIO Ipy M poCTy Iz BO BpeMeHH. B pesynbrate E,,, yBemuuupaercs ¢ T u
CTPEMHTCS K CTalMOHapHOMY. Eciu mepBoHavaabHBIA HeCTallMOHAPHBIA OECTO-
KOBBII MOTEHIIMAT HYKHO CIEIaTh CTAl[MOHAPHBIM, IJIS 9TOr0 HYXKHO BBIIEPIKAThH
YCIIOBHE iyg > Igy, T.€ HOIATh HA 2JIEKTPOJ KATOJAHBIH TOK IJIOTHOCTBIO iy

= R - Ipm (32)

VYpaBHenue (32) omuchIBaeT YCIOBUE CTAllMOHAPHOCTH E KaTtomHOMONSIpU-
30BaHHOTO OMdIIeKTpoaa. [Ipru aHOAHOM MOISPU3aIU OHO KMEET BU/:

o = Iom - 1R (33)

Eciu ycnosus (32) u (33) He coOmoaaroTesl, MOTSHIMAN 0] TOKOM HE CTa-
nmonaper. Kpusbie E-gi, u E-Igi, npeacrasiensr Ha puc.l ¥ UMEIOT Te Ke TPH
XapaKTepHBIX ydacTka. I1ocKkonbKy MpH KaToMHOMN MONSAPU3AINH ipy MagaeT (Ipu
KaXXIOM cMellleHun nmotennuana Ha AE, =b, Ha mopsaok), a i,z pacTer Ha MOPSAIOK
npu kaxaom AE,=b,, kpuBast m10THOCTH KaTOHOTO TOKA MPAKTUUECKU CIIMBACTCSI
¢ pssmbiMu E-Igi g 1 E-1gigy. TTo o710l sxe ipuunne npu AE, >b, (b,) i.<i,m~ty. B
3TOM ciy4ae KpuBbie E-1Qisr 1 E-1gi v SBISIOTCS apIiuaibHBIMU 110 OTHOILICHUIO
K cymmapusiM E-Igi, u E-lgi,.

BbIX0 MOTOKY aHOJHOM peakiMk PacTBOPEHHUS MeTajla MPeACTaBIIsACT
co00ii 10JII0 aHOJHOTO TOKA, MAYIIEro Ha Hee, i BTy = iw/i,. IIpu E,, koraa
1,=0, BT,;\; = . B nnrepnane Exop<E<pEqyr ¢ yaerom (33) BTy = 1+ i/ i, >1

CHIDKaeTcss ¢ pocTtoM aHoAHOH momsapusatuu. IIpu E= pEyniy 1,:=0 n BT=1.
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IIpu E >pEoyr 1y = ipm + 1ox 1 BT =1~ iy04/ 1,<1, HO HOCKOMBKY i50,<<ipm
(puc.1), BT\/=1. Takum ob6pasom, BT, npy aHOIHOM MONAPU3ALUKN CHUKACTCS.
AHanoOruYHbIM 00pa30M JIETKO MOKa3aTh, YTO 3TO ke npoucxoauT u ¢ BT,z npu
KaTOHOM MOJISIpU3aIIH.

[To manHBIM pHrc.] B XOpOIIO 3IEKTPONPOBOAHOM CPEI€ MPU MATIOM PACCTO-
STHUWA M@Ky KaTOJHBIMU W aHOJHBIMHU yYaCTKaMH MTOBEPXHOCTH KOPPOAUPYIOIIIC-
ro MeTajljla SKBUMOTEHIIUaNIbHA. PaccMOTpUM BapuaHT, KOTJja MEKY KATOAHBIM U
aHOJHBIM yYaCTKaMH CYIIECTBYET OMHUYECKOE MajieHue HanpsokeHus. [ paduyecku
ypaBHeHHe 3akoHa OMa omuceiBaeTcs mpsiMoii AEg — 1 ¢ yritoBeIM KO3 GUIHCH-
toM R. [ToaTOMY moJisspu3aliMOHHBIE KPUBBIC MPEICTAaBUM B KoopanHaTax E — I u
OTrpaHMYMUMCs Hanboree BaXKHBIMU JUIsl KOPPO3HOHHOTO OMdnekTposa E—i,y n E—-
I,r (puc.2). Eciu oHM mocTpoeHsl 06€3 yueTa oMHUYECKOro (hakropa, TOraa TOYKa

UX TIEpeCceUeHHs 1aeT OJuH Exop 1 MakCMManbHyIO

_E =
21 LR
# Eagmtraa 4 /x’”.r i
| f/f Iﬂ-—"j ELL
1L"“-\. _/f .-’fl
S ; - I
B3 Bl _,_f‘f [
h = A |
L R e |
EE S T |
oy . —
1 T
/1 ™
yEonz || I
AR = iR
JB Jroa z

Pucynox 2. JJuaepamma npu nanuyuu omuueckoz2o gaxkmopa

CKOPOCTb KOPPO3HUH |,y [ yueTa omuueckoro ¢akrtopa cieayeT nepe-
CTPOUTH OJIHY M3 KPUBBIX (Ha pHC.2 KaTOAHYIO), a MMEHHO MPHU KaKIoM I 100a-
BUTh OTPE30K, paBHBINA cooTBeTcTBYIOEMY AEg (oTpesku 1-2 u 1°-2° paBHbI).
Touka nepecedeHus UCIPABICHHON KaTOAHOW KPHUBOM C AaHOJIHOM JAET MOTEHUHU-
aJl KOPPO3MH aHOJHBIX y4acTKOB E%p, 1 HOBYIO CKOPOCTh KOPpO3HH jr. Touka Ha

KaTOAHOM KPUBOW IIPU JTAHHOW CKOPOCTH OTBEYAET IOTEHIIMATy KOPpPO3UU Ka-
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TOAHBIX Y4aCTKOB E“op. IIpu 3TOM
R _ — -
AE Kop — EKKOp - EaKop - RJR (34)
Uem Oombiie R, Tem BbIllle HEIKBUIIOTEHIIMAIBHOCTh IMOBEPXHOCTU M

MEHBIIIEC |R.

Teopuu 21ekmpoxumuyecKol Koppo3uu

Teopwus, a mpaBmIbHEE MOJIETH IIPOIEcCca J0DKHA OTBEUaTh HA J[BA OCHOB-
HBIX BOIIpOCca: OYJIET M B JAHHBIX YCIOBHSIX MPOTEKATh KOPPO3US U ¢ KAaKOH CKO-
pPOCTBIO?

[lepBoit B Hauase 19 Beka Obuta cHOpPMYIMpOBAHA Meopus JNOKALbHBIX
2aNbBAHUYECKUX IIeMEHMO8, COTIACHO KOTOPOW MpPH KOPPO3UHM B KOPOTKO3a-
MKHYTOM JJICMEHTE OCHOBHOW METAJlI SIBJISICTCS PACTBOPSIONIMMCS aHOJOM, a
DJIEKTPOIIOJIOKUTETHHBIE IPUMECH — MUKpPOKaToaMu. [103TOMyY YHCTBIN METaI ¢
OJTHOPOIHOW SKBUIOTCHIIMAIBHONW IMOBEPXHOCTHIO HE JIODKEH KOPPOJAMPOBATE.
CkopocTb Ipoiiecca TeM BhIIIIE, YeM OO0JIbIIE Pa3HOCTh MOTEHIIUATIOB MEXKTY DJIEK-
TpPOJaMH, KOTOpasi pacCCMaTPUBAETCS KaK ABMXKYIAs CHJIA MPoIecca. ITy TEOPHIO
MIOJITBEP K IAJTH DKCTICPUMEHTAIEHO OOHAPYKCHHBIE KaTOIHbBIC U AaHOAHBIC YIaCTKU
Ha HEOKBHUIOTCHIIMAIBHON MOBEPXHOCTH M YCTAHOBJICHHBIH (DAKT CHUKECHUS | IO
Mepe OYMCTKH MeTajuia oT mpumMecH. Ha 6a3e Teopum mpeioKeHbl aHaTUTHYIC-
CKUI U TpadUiYeCcKuil pacueTbl CKOPOCTH Koppo3uu. [ paduueckuii pacuer mpoBo-
nuics 6e3 yuera OMHUECKOro (pakTopa M €ro MILTIOCTPUPYIOT KpuBble E—i,y 1 E—
I;r HA pUC.2, MO3BOJIAIONINE ONpPeNenuTh E,,, U J,.x. B OCHOBE aHaIMTHYECKOTO
pacuera JiexxaT ypaBHeHus, BeITekarone u3 (34) u (35), npeacrasnsroime pas-
HOCTb IMOTCHIIMAJIOB MKy MaKpOKaTOIaMH U MUKPOAHOIaMH KaK CyMMY KaToj-

HOW, aHOJHOU Tossipru3aunu u AEg.

pEoxr - pEmnem = 0 JRT o, Jr + Rjr (35)
Orcroza ciueayeT BhIpakeHue i jR:
Jr= (PEoxr - pEvnem)/ (00 + ©, + R) (36)

r7Ie ® - yJeJbHas MOJSIPU3YEeMOCTh TPU MaJoW MOJSpPU3AINK, KOTJa 3aBU-
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cumoctd E—iyy u E,r npsAMonuHelHbl. DTO ABISETCS HEJOCTATKOM IOJIX0/a, 3a-
TPYIHSIOIIMM KOJIUYECTBEHHBIA PACUET, T.K. B PEAIBHBIX YCIOBUIX pa3HOCTh AE
oonpiie 50 MB u cneayer ucnosib3oBath TadeneBbl 3aBUCUMOCTH.

DTa Teopus UCIOJIb30BaJIa BEPHYIO MOJIENb, OJHAKO B MEPBOHAYATILHOM U3-
JIO’)KEHUW HE COOTBETCTBOBAJIA PSATY IKCIIEPUMEHTABHBIX JaHHBIX. B wacTHOCTH,
OHAa HE MOTJIa OOBSICHUTh KOPPO3HUIO YUCTHIX METAJJIOB C OJHOPOJHON IKBUIIO-
TeHiuanbHoi nosepxHocthio (Hg B HNO3), anekrpononoxurensusix M , y KOTO-
PBIX MprMecH OoJiee meKTpooTprunatesbHble (AU B TApCKOH BOJIKE), a TAKIKE TOT
(akT, 4TO HEKOTOphIC AIeKTpomnookuTeabHbie mpuMecu (Pb, Cd) Topmosunu
KHACJIOTHYIO Kopposuio Zn. CremyeT TakKe YYHThIBaTh, YTO COTJIACHO JTaHHBIM
puc.2 pa3HOCTh MOTCHIIMAIOB MEX/Ty KaToJlaMH U aHOJIaMH CBsI3aHa C jg 00paTHOI
3aBHCUMOCTBIO.

[TorTOMy 3Ta TeOpHUs HYK1aJlach B MOJAU(UKAIUY.

Moouguyuposannas meopusi, WUCNONB3Ys] BEPHYIO MOJENb JIOKAIbHBIX
raJIbBAHUYECKUX KOPPO3UOHHBIX BJIEMEHTOB, OTJIMYAETCS OT IMEpPBOHAYAILHOMN
CIICYIOIINMHU TIOJIOKEHUSIMU:

1. MukpokatogaMu He 0053aTeNbHO SIBJISIOTCS BKIIOYEHUS O0JIee DIIEKTPO-
TIOJIOKUTEIILHBIX METauToB. KaTomHas peakius BeiieneHus R MOXeT mpoTekaTh
M0 BCEH MOBEPXHOCTH, HO Oosee 3(PPEKTUBHBIMU KaTOAAMU SBIIAIOTCS YYACTKH C
OoJiee HU3KHM Mg, YTO He CBsi3aHO ¢ pE meramia. Ilostomy BeiaeneHue R Bos-
MO>KHO Ha OCHOBHOM MeTajie ¥ OyIyT KOPpOAUPOBATh YUCThie M ¢ OAHOPOIHOMN
MOBEPXHOCTHIO, IIEKTPOIIOIOKHUTEIbHBIE M, a 3JIeKTPONOIOKUTEIbHBIE TPUMECH
c Oosiee BBICOKHM TR 3a CUET COKpAIICHUS aKTMBHOW MOBEPXHOCTH OyAyT CHH-
XaTh l,g © COOTBETCTBEHHO j.

2. PaznocTts E Mexay KaTOOHBIMH M aHOJHBIMH y4acTKaMH COTJIACHO T€O-
pUU TAIBBAaHUYECKOTO DJIEMEHTA SBISICTCS CIEACTBHEM OMHUYECKOTO TMaJ[eHUs
HaMpPsHKEHUST TIPEUMYIIIECTBEHHO B pacTBOpE WK B TJieHKE. [loaToMy uem GolbIie
R, TeM npu MpOYMX PaBHBIX YCIOBHSX MEHBIIE g , YTO HIUTFOCTPUPYIOT JaHHBIC

puc.2 u ypaBuenue (36) .
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Hanporus, npu R = const ysennuenue pasnoctu pE u AE,,, IpuBOIMT K
pocty g (puc.3) B coorBerctBuu ¢ ypaBHeHusmu (34) u (36). Ha puc.3 mis
YIPOIICHNS ¥ HATJISAHOCTH NPUBEJACHA OJIHA KaTOAHAs KPHBas IS TPEX MeTall-
JIOB, YTO Majio BeposTHO. OTHAKO HETPYIHO BUICTh, YTO MCIOJIH30BAHUE TPEX Ka-

TOAHBIX KPUBLIX IIPUBCJACT K TOMY K€ pE3YyJIbTATYy.
-E

PE i

PE i i,

PE i e,

PEor

Jf‘ ji‘? st |-

Pucynox 3. JJuaepamma ona mpex memanios npu HAIUYUY OMUYECKO20

¢axmopa.

Haubosniee npeanouTuTenbHa co8peMenHas meopusi 31eKmpOoXUMU4ecKkou
Koppo3uu, 0A3UPYIOIIASICS Ha OCHOBHBIX TMOJIOKEHUSIX YJIEKTPOXUMUUECKON Tep-
MOJVMHAMUKN U KUHETHUKU IPHU MAPAIUICITBHOM MPOTEKAHUU CONPSKEHHBIX PEak-
1007078

Yenosus npomexanus peakyuii Ha KOPPO3UOHHOM MOJUAIEKTPOAE:

1. Peakuuu MOTYT B3alMHO HE€ BIIMATH, @ MPHU HAJIUYUU OCIOXKHSIOIIUX
(haKkTOpOB BIUSIOT HA JIPYTU€ PEAKIUU 32 CUET U3MEHEHUSI COCTOSTHUS TTOBEPXHO-
CTH MOJIMAJIEKTPoAa ( OKMCHOM IUICHKH, 00pa3oBaHHE HEPACTBOPUMBIX MPOIYK-
TOB, aJCOPOIMM YACTHUIl U T 11.) WK COCTaBa MPHUIEKTPOIHOTO CIIOSl pacTBOpA, B
TOM uncie pH.

CornacHo npunyuny He3a8uCUMOCMU IIEKMPOOHBIX PeaKyuli B OTCYTCTBUE

OCJIOXKHSIIOLIUX OOCTOATENBCTB KHHETHUYECKOE YypaBHEHHE (MOIspU3alMOHHAS
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KpHBasi) JJIS JaHHOM peakiid He W3MEHSETCS IPH MPOTEKAHHWH Ha DJIEKTPOJIE
IPYTHX 3JEKTPOXHMMUYECKUX peakuuid. Hampumep, Ha puc.4 kpusas E-ijy B pac-
TBOpe, He copepskaineM OX, HE MEHSETCS, €M B IpUCYTCTBHH OX peaan3yercs
KatojHas KpuBast E-i'yg wmy 3a cuer Kakux-To ycIoBHil H3MeHseTcs ee BuJ 10 E-

12
| BR:

a1 .1 2

IFM E_EM EFM 1

Pucynox 4. J[uacpamma, unnocmpupyrowas npunyun He3asucumocmu

INEeKMPOOHBIX PeaKyull.

[IpyHUIKI HE3aBUCUMOCTH ONEPUPYET KMHETUYECKUMHU YPABHEHUSIMU WIIH
kpuBbiMu E=f(i). CnencTBust U3 HEro paccMaTpPUBAIOT TOYKH WIIM 3HAYCHUS .

[To nepsomy cnedcmeuro npu 3amanHom E (manpumep, E=E;) (puc.4)
CKOPOCTh KaXKIOH 3JIEKTPOXMMUYECCKON pEeakIiy OJHO3HAYHO OIpe/esieHa (3TUM
E) (manpumep 1=ipm) ¥ B3aUMHOE BIUSHUE OTCYTCTBYET.

Bmopoe cneocmeue oTHOCHTCS K cTauuoHapHOMy E,,, IIpu KOTOpOM CKO-
POCTH aHOJHOM W KAaTOIHOW peakIuii B3aMMO3aBHUCHUMBI, HO MX BIIUSHHE O0Y-
CIIOBJICHO TOJIbKO M3MeHeHueM E,,,. Hanpumep, mpu Elcop, KOTIa pacTBOpeHe M
COTIPSKEHO C MEPBOM KaToMHOM peakumeit j1=ilym, pu B2, B yCIOBUSX H3MeHe-
HUS TIOJIAPU3ALMOHHON KPUBOW KAaTOJIHOW PEaKIuu ngisz. Peakuuu conpsikeHbl
3a cyetr obmero E,,,. B oTcyTcTBUE BHENIHEro TOKA i,z MEHAETCA 3a CUET M3Me-
HEHUsI KHHETH4YecKoro ypaBHeHus M E,,, a i,m - Tonpko 3a cuer E,,. Ecin pa-
00TaeT NPUHIMIT HE3aBUCUMOCTH, TMOJSPHU3AUOHHYI0O KPHUBYIO MOXHO CHSTh
JABYMsl CIIOCOOAMHU: PErHMCTPUPOBATS iy =iy Npu BapsupyemoM E (umu Hao60porT)

B pacTBope 6e3 Ox nim onpeznensts E, 1 J=i ) Opu nocnenoBaTenbHON 3aMeHe

18
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Ox u ux C.
BmecTo monspu3aioHHBIX KPUBBIX MOKHO HMCIOJB30BaTh KMHETHYCCKUE

ypaBHenus. Ecin E,,, noctaTouno ynaneH oT pEynn U OT pEogr, TO | oM = Ty,

i,r = Tox (pHc.1) ¥ ypaBHEHUS NPH 3aMEUIEHHON DIIEKTPOXUMHUYUECKOM CTaIuM B
KoHeHTprpoBanHoM pactBope (¥ =0) umeror BuI:
Ipm = KmeXxp[(1- op)nFE/(RT)] (37)
I,z = Koy [OX] exp[-ao,zFE/(RT)] (38)

xop lpv = 1yr, UTO TI03BOJISIET M3 ypaBHeHu# (37) u (38)

[Ipu crarmonaprom E

BBIPa3uTh E,

Erop= il In%ex 10x] (39)

[zagx+n(1—ap)F] kg

IToncraBus BelpaxkeHust 11t Exop B (37) wiu (38), momy4nm ypaBHEHHE:
j = Const[OX] 1/[1+zapx/n(1-am)] (40)

[Ipu kucIOTHOM KOppo3uH, eciu Oox=0m=0,5, Boipaxkenus (39) u (40)

YIIPOILAIOTCS:
o 0116

EKOp =E xop — T (41)

16 = 1gjo - ZpH @)

Ecnn xatognas peakuus numutupyercs aupdysueit Ox u npu Eyop npoTe-
KaeT IpH IpeAebHoM Ju(Py3HOHHOM TOKE ILIOTHOCTHIO 1¢%%, TO:
j=igr =i (43)

Ox
RT k
Ekop = ln d
(1—ap)F kM

(44)

2. Tok MO MOBEPXHOCTH MOXKET paclpeaessiThCsl paBHOMEPHO U OHA KBH-
notreHuuanbHa. [Ipn HammuMm omMuyYeckoro (pakropa, SKpaHUPOBAHUHU YACTH TO-
BEPXHOCTH UJIU €€ CTPYKTYPHOU U XMMHUYECKON HEOTHOPOAHOCTH, TOK pacupee-
JI€TC HEPABHOMEPHO, a TOBEPXHOCTh HEOKBUIIOTEHIMAJIBHA.

3. HanpaBneHHOE MpoTEKaHWE aHOAHOTIO Ipoliecca pacTBOpeHus M npote-
KaeT Tosbko mpu E> pEynem, @ KaTomHOTO mpouecca Beiaenenus R ( Hanpumep,
H,) unn pactBopenus Ox (Hampumep, O,) mpu E<pEq,r (puc.l). IIpu sToM 3Ha-

uyeHus: pE nomxkHbl oTBeuats peansHbM ycnoBusM (T, C), uro cosmaer ompene-
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JICHHBIC TPYJHOCTH MPU TEPMOJUHAMHUUECKON OIICHKE BO3MOXHOCTU KOPPO3HH.
OueBHUIIHO, Ui KOPPO3HH, T.€. OJHOBPEMEHHOTO MPOTEKAHUS PACTBOPCHHUS Me-
TaJIa U KaTOJHOW JETIONISIPU3alui HEOOXOIUMO YCIIOBHUE:

pEmnem <pEoyr 1M pEyinym <Eiop<pEoyr (49)

ITo ypasuenuto Hepaera npu 1=0 pEypnem = - ©, T.k. [M™] =0, a pEoyr =
o, T.K. [R]=0. Mcxoas w3 3TOT0, MOXKHO 0KUAATH, YTO Bce M gaxe B cl1abo OKHUC-
JUTENBHBIX cpefax OyayT KOppOAUpOBATh MPU MablX T. OHAKO y 3JIEKTPOIIOIIO-
®uTenbHbIX M ycnoBue (45) ObicTpo Hapyiaetcs yxe mpu manbix [M™]. Heo6-
XOJIMMO TaKXXe YYUTHIBATh, YTO IPUMEHUMOCTh ypaBHeHUs HepHcra npu kpaiiHe
Hu3kux [OX]u [R] He mokasana, T.K. ompeneneHH0 pE CyIIEeCTBEHHO MEIIAIOT

IIPUMECH B PacTBOPE.

Mexanuzmul 31eKMpoOXUMUYECKOU KOppOo3uu

PaccmarpuBarorca aBa mexanu3ma. HecMoTps, 4To mepBbIM ObUT MpEJIo-
KEH TeTePOreHHO-JIEKTPOXUMUYECKUN MEXaHHU3M KakK CIIEJICTBHE TEOPHH JIO-
KAJIbHBIX TaJbBAHUYECKUX 3JIEMEHTOB, OCTAHOBUMCS Ha 0Oo0Jee MPOCTOM 20MOo-
eenHo-snekmpoxumuyeckom. OH UMEET MECTO Ha JOCTaTOYHO YUCTBIX M, mo-
BEPXHOCTb KOTOPBIX OJJHOPOJIHA XUMUUECKH U CTPYKTypHO. [loaTOMY KartonHas u
aHOJIHAs PEaKLMU HE CBSI3aHbI IOCTOSIHHO C €€ ONMPEIEICHHBIMUA YYaCTKaMU U MO-
I'yT MUTPUPOBaTh. JTO, OJIHAKO, HE O3HAYAET, YTO yKa3aHHbIC PEaKIUU OJIHOBpE-
MEHHO MPOTEKAIOT MO BCEH IUIOWAAM, T.K. B 3TOM ciy4dae ObLT Obl HEMOCpEe.-
cTBeHHbI KOHTakT R (M) u Ox u mponecc sBiscs Obl XUuMUYecKUM. JIoruaHo
CUMTATh, YTO TUIOMIATN KATOAHBIX S, MU AHOJHBIX S, Y4aCTKOB PaBHBI MEXKIY CO-
001 ¥ COCTABJISIOT MTOJIOBUHY OOIIICH.

J71st Bcex cllydaeB yCIOBUE AIEKTPUUECKOro OajaHca, T.€. CTallMOHAPHOCTU
Exop umeer Bua:

Jom = ipm S = Jur = lar Si (46)

ITockonbKy IIpH TOMOTE€HHO-TETEPOr€HOM MeXaHusMe S, = Sy, To npu E,

Ipm=lzr.IIpH mOCTaTOUHOI MomsApH3anuK ipy =i, U ig ~i,. IIpu 3amennensoit cra-
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JIMH TIEPEeHOCa 3apsiia, KOrjaa UMEIOT MeCTO TaeaeBhl 3aBUCHMOCTH, SKCTPAITOJIs-
uus npameix E-1gi, u E-1gi, na sHayenne E= E,,, 03B0JIAET ONPENCITHTD gy U igr.
Takum 00pa3oM, KPUTEPHU TAKOTO MEXaHU3Ma COCTOUT B TOM, YTO TOYKaA Iepece-
YEHHsI KCTPAIOJIMPOBAHHBIX YYACTKOB MOJIIPU3AIIMOHHBIX KPUBBIX OTBEYACT CTa-
nuoHapHomy E,,. DTOT ciryyaii npescrapieH Ha puc. 1.
I'emepo2enno—oneKmpoxXuMudeckuii. Mexanusm XapakTepeH IS TeXHUYe-
CKHX METAJUIOB M CILIABOB, a TAKXKE MPU JECHCTBUU OCIIOKHSIOMMX (aKTOPOB Ha
OTZIEJIbHBIX y4YacTKaX. 3a CUeT HEOJHOPOJHOCTH IpaHUIlbl pasznena M-cpena ka-
TOJAHAs W aHOJHAs PEAKIMU TMPEHMYIICCTBEHHO CBSI3aHbI C OINpPEICICHHBIMH
ydactkamu. ITockonbky 00bI9HO S, #S,, npu cranuoHapHoM E,,,, XOTs HoiHble
Jom = Jgrs yA€NIBHBIE CKOPOCTH HE paBHBI (inv Fir ). [loaToMy sKcTpamossuus
TaeNeBbIX yJacTKOB Ha IMHUIO E,,,, 1aeT 1Be yienbHble CKOPOCTH gy 1 iyr. ITo-

CKOJIBKY Ha PHUC.5 ipy >izr, U3 paBeHcTBa (46) cienmyer, uto S, >S,.

-E

Ll p

5

iaFﬁ 1'I:III.II

lgixR ]'EriDM lgl

PMC_)/HOK 5. ﬂuaepaMMa npu cemepocerHHO=-3J1eEKMPOXUMUUECKOM MEXAHUIME

KOppo3uu

Paznnyaror Makpo- 1 MUKPOIJIEKTPOXUMHUUECKYIO T€TEPOr€HHOCTh, KOTOpast
MOJKET ObITh BbI3BaHa HEOJHOPOAHOCTHIO M (BKIIIOUEHMSI, CILIaBhl), €TO MOBEPX-
HOCTH (3€pHa, AUCIIOKALUWW, HEOJHOPOJHOCTh 3aIUTHBIX IUIEHOK), BHYTPEHHHX
HaNpsHKCHUH B MeTallle, KUIKOW (asbl (pasnuuue KoHleHTpauuid M, mocrto-
POHHHX COJieH, OKucauTenen, B Tom uucie pH), a Takke (QU3NIECKUX yCIOBUN

(Temmeparypsl, 1aBJICHUS, OJICH).
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Buowr xonmpons kopposuu

ITockonbky mpu cranmoHapHoM E,,, pacTBopeHne MeTasia v KaToaHast Jie-
MOJISIpU3AIIUS  SIBISIFOTCSL COTPSKEHHBIMU PEAKIUSIMU, U3MEHEHHUE CKOPOCTU OJI-
HOW J0CTATOYHO A M3MEHEHHUs |. OJHaKO BeJWYMHA | OoJiee YyBCTBHTEIbHA K
U3MEHEHHUIO CKOPOCTH OoJiee 3aTpyIHEHHOro mpoiiecca. Kak u3BecTHO, CTENeHb
3aTPyJTHEHHOCTH IPOLIECCA XapaKTEPU3YeTCsl NEpEHANPSKEHUEM, KOTOPOE B CIIy-
yae KOPPO3UOHHOTO OMAJIEKTPO/Ia MPEJICTABISAET Pa3HOCTh MEX]Y MOTEHIIUATIOM,
pu KOTopoM npoTekaet npouecc (E,,,) 1 pE. B cBolo ouepens nepeHanpskeHue
M IpH JaHHOW | PacTeT ¢ yBEJIMUYCHUEM YJICIBHOMN MONIPU3yeMOCTH b U yMeHb-
meHueM ly. Uem Huoke b 1 BbILIE i, TEM ycTOMUMBee pE.

Ecnu koppo3ust MpoTeKaeT Npu CMEIIAHHOM KaTOJHO-AaHOJIHOM KOHTPOIJIE,
korzaa i, R = ipgM"*M i b R =~ b,M, To Nr = N ¥ BO3ElCTBYE HA KAXKTYIO U3 peak-
M MPUMEPHO B paBHOM cremeHu MeHsieT j (puc. 1). Jlpyrue Bapuantsl mpej-

CTaBJICHBI Ha pHUC. 6.

(6)

el _
. loi
lgilgi['?m
-E
-E
F EM"*’.-’M : EM,,+ s (r)
B \\\
M iBR
i‘DM /
2 Zoniz -
= | # Erp ;
pURIR I P
I lgi !\\
gty ® g Mg i=lg i ei=lgim  lgi

Pucynok 6. /Juaepammel 05 paziudHvlx munog KOHmMpoJisi KOppo3uu
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Puc.6a,6 WITIOCTPUPYET PoIb i, Ecim 1o27R << ipMMM

, IPPIIECC MPOTEKAET
C KaTOJIHBIM KOHTpoJieM (puc.6a) U U3BMEHEHHE TOJbKO KATOJHOW KPUBOU BIHSIET
Ha |, nouTH He MeHss B, = pEynym. [lepeHanpsixenne pacTBOPEHHs METAILIA Ny,
~0. OOpaTHBIi CiTydail TIpeICTaBICH Ha PHUC.60, TJIe U3MEHEHHE | 00YCIOBICHO
BIIUSIHUEM PA3IUYHbIX (PaKTOPOB HA aHOAHBIN MPOIIECC, a MEePEHAIPSIKEHUE BbIJIE-
nenust BocctanoButens Ng=0. [lo mepBoMy BapuaHTy KOPpOAMPYIOT aMaiblraMbl
IIEJ0YHBIX METAJJIOB, a 110 BTOPOMY — OJIArOpOIHbIC METAUIBI PU HU3K0H [M™].
Ha puc. 6B, moKka3aHa poJib KPYTU3HBI MOJIIPH3AIIMOHHBIX KpUBBIX. [Ipu bk = oo,
4TO UMEET MECTO B 00JIACTH TpeiebHOro Toka auddy3un OX, BETHYUHA | OIpe-
nensiercs i¢°%, T.e. iz DTOT ciydaii OMMCHIBAET KOPPO3HIO CTalel B MOPCKOM U
IIPECHOM BOJIE, a TAKXKE B IPYHTE, KOTOpasi MPOTEKAET C KUCIOPOAHON JIETIONISIPU-
3arueit. J{s macCUBUPYOIMUXCS METAIUIOB B MACCUBHON 00JIacTH b, = 00 1 KOppo-
3Us1 IMMUTHPYETCS IUIOTHOCTHIO TOKA TIOJTHOM MaCCUBAITUH ;.

PaccMOTpeHHbIE BapHaHThl OTHOCSTCS K OMAIEKTpOoJaM, T.e. K KOPPO3UHU
oxHoro M B npucyrcrBun ogHoro Ox . CoBMECTHOE I€MCTBUE HECKOIBKUX OKHUC-
auTened OyAeT pacCMOTPEHO Jajiee, a Mbl IPOaHATU3UPYEM CIIOXKHbBIE KOPPO3H-

OHHBIC CUCTEMBI, COCTOAIIMUE N3 HCCKOJIIbKHUX M c OJHUM Ox.

CnodicHble KOPPO3UOHHbIE CUCTEMbL

OcTaHOBHMCS Ha KOPOTKO3aMKHYThIX cuctemax (R~0), y KOTOpbIX MmoBepX-
HOCTh BCEX METAJIOB, HAXOSAIIMXCS B AJICKTPUICCKOM KOHTAKTE, DKBUITOTCHIIH-
albHa, T.€. YCTAHABIMBAETCS OJMMH CTAlMOHAPHBIN E*p. C yueToMm TOro, 4to
IO METAJIOB Pa3jIMyHbl, YCIOBHME CTalMoOHapHOCTH E*, omepupyer co
3HAYCHUAMHU J, a HE 1.

Z\]pM = Z\JBR (47)

910 cooTHomeHue caeayet u3 (46), Ho i Heckonbkux M. C y4eTom BbI-
pakenuii (32) u (33), mepenucanubix 11 J BMecTo |, (47) nepexoaut B (48)

2Ja = 2Jx (48)
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OTcrona cnemyeT, 4To aHaJIu3 CJIOKHBIX CHCTEM MOXXET ObIThb OCHOBAaH Ha
napuuanbHeiX (E-Jyy u E-J,r) unmu cymmapueix (E-J, u E-J,) KpUBBIX OTJETBHBIX
METaJJIOB, B PE3YyJbTaTE CIOKEHHUS KOTOPBIX MOJIYYaIOT KPUBBIE TOJUAIEKTPOIa
E-2Jom u E-2J,g unm E-2J,, E-2J,. Cnoxenue J, a MMEHHO COOTBETCTBYIOLIMX OT-
PE3KOB Ha AuarpamMmax MpOBOJUTCS MPH MPOU3BOJIBHO BbhIOpaHHOM E.

[Ipome nomyuuts cymmapmueie kpuevie E-J, m E-J, HEMOCpPEACTBEHHO IO
pe3yJbTaTaM IOJAPU3ALMOHHBIX mM3Mepenuii (puc.7). Kpupas E-J% (5 =M+
M2 +IM3, 1ipu 3amansom E) Haumnaercst ot EM'y, u mo EM%, coBmamaer ¢ kpu-

M3, T.k. mpu 31X notenumanax JML =M% =0. ITpu E <EM?, Hyx)HO cKia-

BOM E-
neBath JM2 u JM3, . Amanormuno crpourcs kpusas E-J%,. Ycnosuro (48) oreuaer
TouKa nepeceyenus KpuBbix E-J* u E-J*,. AOucca 5Toi TOUKU JaeT TOK TaibBa-
HHYECKOH KOoppo3uu Jp, a opauHara - E>p. 1o manubM pucynka 7 npu E*o, My
u M, sBnsrorcs anomamu, npuuem JML> M2 a M; — xarox. Ilpu sToM
|\]M1a+JM2a|= ‘JM3K: \]r-

Ota nuarpamma gaeT MHGOPMAIMIO O BHEIIHUX TOKaX, & HE O CKOPOCTSIX

NIEKTPOIHBIX peakuui Jom U Jur.

7

Pucynox 7. Cymmapnwie kpussie. Pucynox 8. Ilapyuanvrvie kpuevie.

JeiictBuTenbHO, U3 ypaBHeHui (32) u (33), ucnons3ys J BMecTo i , mosryya-
eM

‘JpM = ‘Ja + ‘]BR (49)

24



‘JBR = ‘JK +J pM (50)

Otcrona cnefyer, 4yTo MOJHas CKOpocTh pacTBopeHust M (J pv) cKnajbiBa-
eTCs U3 CKOPOCTH aHOJHOTO pacTBOpeHHs (J,) M caMOpacTBOPEHHS 3a CYeT Ma-
paJIeNIbHO TpoTekaromeld katogHor peakiuu (J,z). COOTBETCTBEHHO ITOJTHAS
ckopocTh BeIzeneHus R (J,z) Oonbie ckopoctu karogaHoro Beiaenenus R (J,) Ha
BEJIMYMHY CKOPOCTHM camopacTBopeHus 6e3 BHemHero toka (J py). Ilockonbky J
2<Jpm ¥ J<Jyr, CKOPOCTH TATBBAHUYECKOM KOPPO3UH MEHBIIC PEaTbHOM CKOPOCTH
xopposun J= Jpm = g 1pH Eop-

Jlns pacuera J ciemyeT WCIONb30BaTh NAPYUATIbHbIE KPUBble, KOTOPbIE
uayT ot pE (puc.8) B oTamuce OT CyMMapHBIX KPHUBBIX, KOTOPBIE UIYT OT Eop.
JUts nonydenust Jpu ¥ JR QHAIOTMYHO MPEIbIAYLIEN JuarpaMMme MPOBOIAUM
cymmupoBanue J. Kpusas E- J*v HauMHAeTCA OT PaBHOBECHOI'O MOTeHIMaza My
(Hanbonee oTpulaTesibHOrO0 Metamia). ITockonbKy Bce MeTaJlibl KOPPO3UPYIOT B
onHolt Red/Ox-cucreme, Bce KaTogHbIe KPUBBIE BBIXOIST U3 OAHOW TOUKH U TIPH
KaxaoM E HyXHO ckiiaipiBaTh 3 Toka. Touka nepecedyeHus MoayueHHBIX KPUBBIX
naet J>J. u EZKop, KOTOPBIM JOJDKEH COBMAJATh C MOJYYECHHBIM JJISI TOW K€ CH-
CTEMbI Ha OCHOBAaHUU KPUBBIX THUIIA MPEACTAaBICHHBIX Ha puc.7. [lo naHHBIM pu-
CyYHKa 8 opu EZKOP \]pM1>JM13R u M; — aHon, a JMlaz Jle- JMIBR; JpM2<JM23R u M, —
c1abwlii kaTos, nockobKy JM2= JM2x -J\p Giuska k 0, a Ms- Gonee dddexTns-
HBIA Katoa mpuueM Jovms=0. Dta quarpamma gaet Takke mHGopMaluoo 00 u3Me-
HEHUU YCTOWYMBOCTA M B MHOTO3JIEKTPOIHOW CUCTEME MO CPABHEHUIO C YHCTHIM
M. Hanpumep, st arctoro M1 mpu EM ;) Ivi=Jpm1 MeHbIte, dem Jomi ipu E>qp.
CrnenoBatenbHO, M1 3a CYET JIEKTPUUYECKOTO KOHTAKTa ¢ 00Jiee MOJ0KHUTENIbHbI-
MU METAJUIAMH YBETMIUBAET Jpmi, T.K. By > EM (0. a ckopocTh anoqHOM peak-
1uu pactet ¢ E. Jlng naubomnee moiaokuTeapHoro M3 CKOpOCTh PACTBOPEHHS TIPU
KOHTAKTe ¢ Gosiee oTpunatTenbubiM nanaer 10 0, T.K. EXop<pEmini+m<EMp. Co-
OTBETCTBEHHO, Y My, rie EM?,,=E*p, KOPPO3MOHHAS CTOMKOCTH IIPAKTHYECKH HE
MEHSIETCH.

Ha puc.8 ne npuenena kpusas E-Jpms. Cumraercs, uyTo BblaeseHHEe M3
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MpoTeKaeT TpHu TnpeneabHoM Auh(Y3HOHHOM TOKE, KOTOPBIA CYIIECTBEHHO
MEHBIIIE OCTAIBHBIX J 1 UM MOYKHO MPEeHEeOPEUb.

B obmiem cinydae koppo3noHHas CTOMKOCTh M orpesensieTcs mosipu3alim-
oHHOM KpuBoi E-Jpm vt E-ipy 1 271€KTpOTHBIM OTEHIIMAIOM, B YaCTHOCTHU Eop.
[ToaTOMy paccCMOTPUM OCHOBHBIE 3aKOHOMEPHOCTH KMHETHUKH U MEXAaHU3Ma pac-

TBOpeHHs M.

Tonnas anoonas Kpueas pacmeopeHus Memaid

Haubonee ¢yHmaMeHTaTbHON XapaKTEPUCTHKOW PACTBOPEHHS METallia sIBIIS-
ercss 0000IeHHas 3aBHCHMOCTB €ro CTalMoHapHOW ckopoctu ot E (puc. 9).
OnHa XxapakTepu3yeTcsi psSIOM KPHUTHYECKUX TOYEK M OCHOBHBIMH YYacTKaMHU:
aHnManbHOrO pactBopenus (1, 2, 3), AMEeKTPOXMMHYECKOTO aKTUBHOTO PAaCTBO-
penus (4, 2, 5), maccusaruu (5, 6), maccuBHoro cocrosiaus (6, 7, 8, 9) u BbIxoaa
U3 TTACCHBHOTO COCTOSTHUS [0 MEXaHHW3MaM JIOKAJIbHON JernaccuBaniy (MTUTTHH-
rooopasoBanus) (7, 10) mim tpancmaccuBanmu (8, 11). YkaszanHble o0jacTH
IIPU U3MEHEHUHU COCTaBa PacTBOPA, CIUIaBa U TEMIIEPATyphl MOTYT YACTHYHO HC-
ye3arb. Hampumep, npu cHwkenun pH wm yBenmuenun [Cl] maccuBnas 00-
JacTh COKpAIAeTCsl; YBEIUYCHHE TEMIICpaTyphl PacIIUpseT yY4acTOK aHOMallb-
HOTO PACTBOPEHHS;, yYMEHBIICHUE COJCPXKAHHUS XpOMa B JICTUPOBAHHON CTaJH
CHIDKACT aKTUBHOE PACTBOPCHHE, COKPAIACT IMACCUBHYIO 00J1aCTh, YBEITHUUBACT
E. Eu Iy ¥ 1, ¥ yCTpaHSCT TPAHCIIACCUBAITHIO.

Crnemyer oTMETUTh, Y4TO Ha puc. 9 1aHa 3aBUCUMOCTBb iy oT E. dakTu-
4eCKM OOBIYHO CHHMMAeTCs MoJisspu3anuoHHas kpuBas I, = f(E). Yacto mpwm
aHOJTHOU MoNApu3aIMy i, = iy (puc. 1). Ognako poct i, B maccuBHOH 061acTH,
KpOME TICPEUYHCIICHHBIX BBHINIC TPHYUH, MOXKET OBITh CBS3aH C IMPOTEKAHUEM
JIpYroM aHOHOM peakunu BoleneHus Ox, Hanpumep, O,.

B oOmiem ciydae KpuByrH Ha pUCYHKE 9 MOXHO MOJYYHTh JBYMS CIIOCO-
O0amu. IlepBblii MCMONB30BaH Ha Tpaduike W 3aKiIrOYaeTcss B U3MEHEHHH E mpu
MOMOIIIM TIOTEHIIMOCTaTa U OIPENEIEHUH CKOPOCTH aHOIHOTO pacTBOpeHus M

npu KakaoMm E. B ynpoiieHHoM BapuaHTe MPH JOCTAaTOYHOM yaajeHuu oT E.,,
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MOYHO MCIIONIB30BaTh I, = iy Jpyroi cnocod He Hy’kKJaeTcs B MCHOJIb30BAaHUM
VMCTOYHUKA DJIEKTPOIHEPTUH U 3aKIIIOYAECTCS B U3MEPEHHUH IIOCIIEI0BATENBHO Me-
HAIOIMXCA | IpK BapbupoBaHuH E,,, 3a cueT BBeJEHUS B PacTBOp (MIIM pacTBO-

pol) paznuuHbix Ox u yBenuuenus [Ox]. Uem OGonee sdpdextuBern Ox (6omblie

iOx/Red

PEoyRred ¥ MeHblle b,) Tem Oonee monoxureneH E,,,. Ecmu kpuskle,

MOJIYYEHHBIE JIBYMsI CIIOCOOAMH, MPAKTUYECKH COBIAJAOT, 3TO CBUIECTEIIb-
CTBYET O INPUMEHHMOCTH IMPHUHIMIA HE3aBUCUMOCTH 3JIEKTPOJHBIX PEaKIIMM.

lgipM

lgi 10 11

: : .
| 1
Ehn EHO E’rn E
Puc. @

E,

3Hast KPUBYIO 3aBUCUMOCTB iy 0T E u E,,,, MOXHO JIerko ONpeneuTh
KOPPO3HMOHHYIO CTOMKOCTh M Wi cruiaBa, 0COOCHHO MPHU BHITIOJIHEHUW TTPUHIIN-
1a HE3aBUCUMOCTH DJICKTPOJIHBIX PEAKIUH.

PaccMmoTpum Gosiee 1eTanbHO OCHOBHBIC YUAaCTKU KPUBOM pacTBOpeHMs M.

Axmusnoe pacmeopeHue

PactBOpeHmne MeTamia paccMaTpuBaeTCs KaK cmaoutinwii npoyeccc odpa-
30BaHMEM HU3KOBAJCHTHBIX YACTHII, TJIC HApSIy C AJICKTPOXMMHYCCKHUMH CTa-
TUSIMA TIPOTEKAIOT XUMHUYECKUE, TPUYEM XeMOCOPOIHs KOMIIOHEHTOB PacTBOpa
(pacTBOpUTENSI U AHUOHOB) OOBIYHO MPEIIIECTBYET CTauU TEpeHOca 3apsja.
Peakiuu mpoTekarT Mo MEXaHU3My KOMIUIEKCOOOpa30BaHMS.

[Ipy aKTHUBHOM PacTBOPEHUU aHOJIHAS MOJISIPU3AIINS MOKET OBITh BhI3BaHA

3aMEeJIJIEHHOCTbIO MOHM3aluuu win aud@ys3un. [lpuunHamMu KOHUEHTPALMOHHON
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OJISAPU3ALMYU SABISIOTCS HakoIuleHne M?* B IPHDIEKTPOJHOM CIIOE, 3aMel-
JICHHBIA TOJXOJ K MOBEPXHOCTH KOMILIEKCOOOpazoBaTesss win oOpa3oBaHUE Ha
Hel TUIGHKH HEePacTBOPUMBIX MPOAYKTOB. IIpu 3TOM MOTYT peanu3oBaThcsi 00-
JIACTU TPEAEIIBHOTO aHOJHOTO TOKA WJIM JAaXe KPUBBIC TUIIA MPEICTABICHHON HA
puc. 9 ¢ MAKCUMYMOM iy, €CIIU IUIEHKA C pOCTOM E MM BpeMEHH MOBBIIIAET 3a-
IIUTHBIE CBOMCTBA. DTO SIBJICHUE HA3bIBACTCS COJIEBOM MaccUBAIUMEN. 3aTOPMO-
KEHHOCTh (pa30BOr0 MPEBpALICHUS, T.C. Pa3pylIeHUs TBEpJAoW (a3bl MpOSBIs-
€TCsl MPEUMYIIECTBEHHO B OOJBIIEH CKOPOCTH PACTBOPEHHUS JIEKTPOAa HA yIilax
u pebpax.

BnusHMe aHMOHOB CBOJUTCA K M3MEHEHHUIO CTPOEHUS JBOWHOIO CIIOS U K
00pa30BaHUIO C MOHaMU MeTajljla IOBEPXHOCTHBIX KOMIUIEKCOB U B 00bEME pac-
TBOpa. MoHn3anuss M nmpoTekaer 1o CTaausMm:

M +yA — (MAy)” — (MA)"™Y + ne (51)

B 3aBHCMMOCTH OT COOTHOLIEHHUSI HNpOYHOCTEN cBsizert M-M, M-A" u A'-
pacTBOPUTEIb AHUOHBI MOTYT CTUMYJHMPOBATh WJIM MHTHOMPOBATH PacTBOpE-
Hue. Ecau mpouHocTh cBsizn M-A™ u A™-pacTBopuTens Bblille, yeM M-M, aHuo-
Hbl yCKOpsitOT mponecc. Ecin cBsizp M-M u M-A" npounee, uyemM A'-
pacTBOpUTEIb, AHUOHBI TOPMO3AT Tmporecc. [lpm mnpounoctn cBs3uM A'-
pacTBOPUTEIND BhIIIE, Y4eM M-A"~ aHMOHBI TOYTH HE BIIUSIOT HA PACTBOPEHHUE.

[TpumepoM mpoueccoB, TPOTEKAOIIMX 110 CTAAUHHOMY MEXaHU3MY C 00pa-
30BaHUEM MPOMEXKYTOUHBIX KOMIUIEKCOB HU3KOBAJIEHTHBIX YACTHUII, SIBJISIETCS
pacTBOpEHHE KeJie3a, CKOPOCTh KOTOpOro oObIYHO pacteT C pH, a Tadenes ko-
s¢pdunment b,=2,3RT/(anF) He MOXKeT OBITh BHIYHMCICH C UCIOIB30BAHHUEM HC-
TUHHOTO KO3 duimenta nepeHoca o = 0,5. J{ns mienodyHbIx pacTBOPOB MpPeEsio-

JKEH CIIEYIOIINN MEXAHU3M:

Fe + OH" S FeOHyyc + € (52)
FeOHppc + OH — FeOppc + HO + e (53)
FeOppc + OH S HFeOy (54)
HFeO, + H,0 5 Fe(OH), + OH' (55)
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Jliis HepaBHOBecHO# ctamuu (53) CKOpPOCTh HOHU3AIUH JKeJle3a OTPEeIIs-

€TCs 110 YPABHEHUIO:

Ire = K[FEOH 7 ;c][OH]exp[BFE/(RT)] (56)
Jliis paBHOBecHoOM cTaauu (52):

E = pE°+ RT/F In[FeOH ,;;c]/[OH] (57)
OTKy/a cleyer:

[FeOH ] = ko[OHJexp[FE/(RT)] (58)

[TomyuenHoe npu nmoactanoBke (58) B (56) knHETHUECKOE YpaBHEHUE

ire = K[OH?exp[(1+B)FE/(RT)] (59)

JaeT TPaBWIBHBIA mopsaok peaknuu 1o OH™-wmonam (Slgi/dpH)e=2 u
tadeneB xkoadourment (SE/BIQir)on = 2,3RT/a F = 40 mB Kaxyuuiics koad-
(UIUENT epenoca A1 CTaAuiHbIX mpoueccos (& = 1+B) B obweM ciryyae omnpe-
JENISCTCS C MTOMOIIBIO BBIPAKCHUS:

a = (n-m)/v-lo (60)

rae N - o0Iee Yuciio IEKTPOHOB B Mpoliecce, M - YUCIO OBICTPBIX OIHO-
AIIEKTPOHHBIX TMOCICAYIONIMX CTaUH, V - YHCIO TIEPEHOCOB 3JICKTPOHA B JIMMHU-
Tupyroiei craauu (00braHO v =1), | - 4nCI0 37eKTPOHOB B TMMUTHPYIOIICH CTa-
TIVH.

Takum 00pa3oM, yCTAaHOBJICHHWE KWHETHYECKOTO ypaBHEHHWs Ipolecca Mo
W3BECTHOMY MEXaHU3MY CBOAMTCS K HAIMCAHWIO ypaBHEHUS IS 3aMeIJICHHOU
HEPABHOBECHOW CTAIMM C TOCIEAYIOMIEH TMOJCTAHOBKOM B HETO KOHLEHTpaLWi
KOMIUIEKCOB TMPOMEKYTOYHBIX YaCTHII, BBIPAKCHHBIX W3 ypaBHeHHMI HepHcrta
JUTSL DIICKTPOXUMHUYECKUX PABHOBECHH WM KOHCTAHT XMMHYECKOTO PaBHOBECHS
JUISI PAaBHOBECHBIX XMMHUYECKHX cTaauid. [locie 3Toro ciieayer mpoBEPUTH IMOJTY-
YEHHBIA @ ¢ IOMOIILIO ypaBHeHus (60).

HaHpI/IMep, A1 MCXaHHU3Ma PAaCTBOPCHHUSA KCJIC3a B KHCIIBIX Cy.]'IB(l)aTHBIX

cpenax:
Fe + H,O < FEOH_Aﬂc'i‘ H* (61)
FeOH-pc <> FeOHanc + ¢ (62)
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FeOHazc + HSOs — FeSO, + Hp0 + e (63)

KuHeTnueCcKoe ypaBHEHUE UMEET BUJI:

ire = K[H2SO4][OH ]exp[(2-0)FE/RT] , (64)

aa=(2-0)/1 - 1o=2-a.

AKTUBUpYIOLIEE AEHCTBUE A™ MOXKET HPOSBIATLCS TOJNLKO IMOCIE KPHTH-
YECKOM KOHIIEHTPAIIUH, YTO CBI3LIBAETCS C MX KOHKYpPEHTHOM ancopobrmeit ¢ OH
. Usmenenue Tadenero kosddumenrta b, ¢ pocrom E Moxker 03HauaTh u3MeHe-

HUE MPUPOJIbI IUMUTUPYIOIIEH CTaUH.

llaccusayus u naccusnoe cocmosanue

B onpezieneHHBIX yCIOBHAX NpH yBenwueHUH E i,y pe3ko cHumxaeTcs 3a
CYET €ro B3aUMOJICUCTBUSA C KOMIIOHEHTAMU PacTBOpa. JTO SIBJIEHUE HAa3bIBACT-
csa maccuBauued. Meramn M; MOXHO 3amacCUBHPOBAThH IPU IOMOIIM AHOJHOU
MOJISIPU3alUU OT MOTEHIIMOCTAaTa WM UMIyJbcaMu Toka 10 E > E ., a Takke
NyTeM «XUMHUYECKON» wiH camomnaccuBaiuu (puc.10) momudunmpys mnoBepx-
HOCTh BBEJICHHEM MeTajuia M, ¢ 0oJjiee HU3KUM MEepeHaIpsHKEHUEM TepeHanps-
’KeHneM KatofHoi peakumu (iM2,x wam BBO#A B pacTBOp Oonee cmibHBIE OX

(iM,R), umu yBenunuusas [Ox]),

£
E:‘QF

E,
] nn
E2,
43 gx/R
EKOF =
£
PEQX‘/R{

Yha B& 4

Crnocobil MaccHBAllHE METANIOE
prc. 10

npu 3ToM MeHsercs E,,,. Bo Bcex cimydasx HeoOX0aMMO, YTOOBI MOTEH-
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muaia M HaxomguiICa B ITACCUBHOM 00JIaCTH:

Eyun<E(Exop)<Ern(Eno) (65)

JUi «XUMUYECKO» maccuBallMid HEOOXOJUMO COOJIIOJIEHUE TOTIOTHUTENb-
HBIX YCIIOBHM:

in<izr 1pu E; 1 pEoxr™>Enn (66)

B kadecTBe maccMBAaTOpPOB MOTYT BBICTYNATh PA3JIUYHBIE YaCTHUII, HO
yamie BCero um spisiercs kuciopod (atmocdepsl, Boasl, OH umu apyrux n1oHo-
poB). B o0miem ciyyae maccuBaTop MOXKET COBMENIATh (PYHKIMH JOHOpA KHCIIO-
poJia (XMMUYECKOE OKHUCIIeHHEe M), 4TO TPUBOJIUT K U3BMEHEHHUIO aHOAHOW KPUBOM
(En, Eqm, Iy i), ¥ KaKI0TO JAenoispu3aropa (3JeKTPOXMMHUYECKOE BOCCTAHOB-
nenue OX), 4TO CONMPOBOXKIAETCS POCTOM Eyop 0€3 M3MEHEHUs aHOJTHON KPUBOM,

HaIpuMep:

+2e +M
20H™ «— H,0, - MO + H,0 (67)
Jnst 0OBsICHEHHSI CHIMKEHMS 1y IIPU MACCHBALMK U C1a00H 3aBUCHMOCTH
inn ot E mpemnoxeno 2 teopun. COrnacHo IICHOYHOM TEOPHM CHIKEHHE iy
o0ycCJIOBJIEHO OOpa3oBaHMEM Ha MOBEPXHOCTH MeTayia ¢a3bl oKcuaa, obiana-
IOIIEHN DJIEKTPOHHOU M CJ1a00M MOHHOW MPOBOJUMOCTHIO U SIBJISIFOLIEHCS SHEPTE-
TUYECKUM M MEXaHWYEeCKUM OapbepoM. J[Jisi OKCHAHOTO AJIEKTPOJa pPaBHOBECHUE
umeeT Bua (68) mim (69), a paBHOBECHBIN MOTEHIIMAT ONMUCHIBACTCS YPaBHCHHEM

(70), xotopoe xapakTepusyer 3aBucuMocth EIT ot pH.

MmOp +2nH30+2ne <> mM + 3nH,0 (68)
MmO, +nH,0+2ne <> mM + 2nOH- (69)
pE = pE° -0,059pH (70)

Cnabasi 3aBUCUMOCTb in; OT E 0OBsicHseTCS KOMIleHcanue aByX dddex-
TOB: pocToM ipm ¢ E cormacHo ypaBaenusm tuna (37), (59), (64) u noBsieHreM
3alTUTHON CIIOCOOHOCTH IICHKW TpU yBeJmdeHHH E 3a cueT ee yTONIICHUS |
yIUTOTHEHUS. Halnume OKCHIHBIX IIJICHOK JOKa3aHO JKCIEPHMEHTAILHO, yCTa-
HOBJICH MX COCTaB, a IMACCHBHBIC JJICKTPOJbI MOJCTUPYIOTCS OKCHIHBIMHU, CBHU-

JETeNIbCTBOM 4ero siBjsieTcst ananoruunas (70) 3aBucumocts Ep ot pH. Macca

31



NaCCUBHPYIOIIETO OKcHaa pacteT ¢ E.
s omnpeneneHusi 00JaCTH MACCUBHOTO COCTOSHUSI METAJIOB B IEPBOM
MPUOIMKEHUN HCTIONB3YIOTCS Ouazpammel [Iypbe E—pH. Ha puc. 11 npeacras-

JIeHa yOpOIleHHas Auarpamma st cuctembl Zn — H20.

E Zn{OH),
1 |
Zn** ZnOy*
D |-
- 1 - Zﬂ
| | |
1] 7 14 pH

Pucynox 11. Jluaecpamma [lypoe E-pH

B Takux cucreMax peamu3yercs 3JIEKTPOXMMHYECKUe paBHOBecHs (24),
KOTOPBIM OTBEYAIOT TOPH30HTANBHBIC JIMHUM HE3aBUCUMOCTH pEyn+ or pH,
3leKTpoxumMudeckue pasHoBecus tuna (68), (69), rme pE 3aBucur or pH
(HaKJIOHHBIE JIMHKUM), @ TAKKE XUMUYECKUE PABHOBECHSI:

M™ +nOH" = M(OH), (71),

rne paBHoBecHbld pH He 3aBucur ot E (BepTukanpHbie JuHUM). Takum
o0Opa3oM, Ha JAMarpaMMe MMEIOTCS oOnacth (MMMyHHOCTH) Mertaiia (Zn), ak-
THBHOTO pactBopenus (Zn** m Zn0,*) u Bo3moxkHOM naccusHocTu (Zn(OH),),
ecM TUICHKa OO0JaJaeT JOCTaTOYHBIMU 3allUTHBIMH cBoWicTBamu. Kitaccuue-
ckue nuarpammsbl [lypOe He yYUTBHIBAIOT M3MEHEHHMs MOJIOKEHHUs 00JiacTeil mpu
Hanmuuuu annoHoB-aktuBatopoB (Cl, SO,% m np.), a Takke HECOBMAICHUS 3HA-
yeHu Eyp 1 Epp um BooO11e 0651acTi akTUBHOTO pacTBOpeHus. dopMupoBaHue
IUIEHKM Ha4YMHAeTcs npu pE okcuaHOro smekrpoxa, a o01acTh yCTOMYMBOIO
MACCUBHOTO cocTosiHUSI HaumHaeTcss npu Epp. OObryHO Ha muarpammax E-pH
MEXIy BCEMH OOJACTSAMH HMMEETCS HECKOJIbKO TMapasuIeNIbHBIX MPSIMBIX, OTBE-
YaroImux pasHeiv [M™].

CornacHo aacopOIMOHHOM WA aJICcOpOIMOHHO-

DIIEKTPOXMUMHUYECCKONW TEOPHHU, IMACCUBHOCTh OOYCIIOBIIEHA XEMOCOpOIuei
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KOMIIOHEHTOB pacTBOpa, B MEPBYIO ouepelb Kuciaopoia. PacTBopenue merania
TOPMO3UTCSI 3@ CYET OJIOKUPOBKM AKTHUBHBIX IIEHTPOB MOBEPXHOCTU M H3MEHE-
HUSI SHEPreTUYECKOT0 COCTOSIHUS MOBEPXHOCTHBIX ATOMOB, a TAaKXKe HM3MEHEHUs
CTPOEHHMSI IBOMHOIO 3JeKTpuyeckoro ciost. Cinabast 3aBUCUMOCTSD iy OT E sBis-
€TCs CJIEICTBHEM KOMIIEHCAlMU 2-X (DaKTOPOB: yBEIMYEHMs i,, M KOJIMYECTBA
arcopOUpPOBaHHOTO TaccuBaTopa ¢ poctoM E. B cormacum ¢ 3TuM mpu cry-
neH4aToM yBenuuennn E 3Hauenusd i, CHauanma pe3ko pacTyT, a 3aT€M IUIABHO
CHIDKAIOTCS. DTa TEOpHUs MOATBEP)KIACTCS HATUYHMEM MACCUBAIUU TPHU aJCcopO-
UM KHUCIIOPO/JAa B KOJMYECTBE MEHEE MOHOCIOS U BBITECHEHUEM IpEBapH-
TEJIbHO a1COPOMPOBAHHBIX YACTHULI.

AncopOumio MOXKHO paccMaTpuBaTh Kak MEPBUYHBIA IMPOLIECC MPH TO-
clieyomeM o0pa3oBaHuU IUIeHKU. MHOrjga maccuBanusi SIBISICTCSl CIEICTBUEM
oOpa3zoBanus (Ha30BBIX M JIBYMEpPHBIX cioeB. [loaToMy He ciemyeT MpOTHBOIIO-
CTaBJATh ()a30BYI0 M aJCOPOLMOHHO-AIEKTPOXUMHUYECKYIO Teopuio. B obmem
cllydae MacCUBHOCTh 00€CIEUMBAETCS IJIEHKOW, B TOM 4YMCIIE BO3AYIIHOOOPa30-
BaHHOW M XEMOCOPOMPOBAHHBIM KHCIOPOJIOM, HHTHOMUTOPOM WM PACTBOPHUTE-
JeM, KOTOpBIM CIOCOOEH TakKe 3JIeKTpornonuMepu3oBaThes. [laccuBHOCTH ur-

paeT UCKIIYUTEIBHO BAXKHYIO POJIb B KOPPO3ZUOHHOM CTOMKOCTH METAJIJIOB.

Tpancnaccusayus

TpaHcmaccuBanus — 3TO paBHOMEPHOE aKTHBHOE PAaCTBOPEHHE METalla,
cienyroriee 3a 00J1aCThIO0 MACCUBHOTO COCTOSHUSA, T.€. BBIXOJI METaJlIa U3 TACCUB-
HOTO COCTOSIHMSI C pOCTOM aHoAHOM mossgpusanuu. C no3unuid pa3zoBoil Teopuu
TPaHCIIACCUBHOE COCTOSHUE CBS3BIBACTCS C TEM, YTO TACCUBUPYIOIIAS IUICHKA HE-
pacTBOPUMOro OKCHAA MpU HU3KoH cternenn okucienus meramwia (Cr,03) ¢ po-
croM E u yBenuuenuem crenenu okucienus meramia (Cr,0,%) pactBopsiercs. 1o
aIcOpOITMOHHON TeopuH, ¢ pocToM E ycunmBaeTcs xeMocopOIus KHCIOpoa, pac-
TET unciio O-aToMOB, KOOPAMHUPYIOIIUX C HOHOM METalia, OCJIA0JISIFOTCS CBSI3U B
peméTKe MeTauia ¥ 00pa3yroTCs XOPOIIO paCTBOPUMBIC KoMILieKcsl ¢ M™ B 60-

JIe€ BLICOKOU CTENNEHU OKHUCJICHUA.
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Jloxanvnas denaccusayus

JlokasipHas enaccUBalys ¢ NTUTTUHIOBBIM MOPaKEHUEM MOBEPXHOCTH Me-
TaJJla WK CIIaBa SBISETCS APYTUM MyTEM MX BBIXOJA U3 TACCUBHOTO COCTOSIHUSA
¢ poctoM E. [Iurtunr (Touka) — yriyOjieHHMe HAa ydacTKe IMOBEPXHOCTH, 00Pa30-
BaBIlIEECs] NIPU PACTBOPEHMU M €O CKOPOCTBIO CYIIECTBEHHO BBIILE, YEM Ha
ocTanbHON moBepxHOCTH. [Ipu 3TOM o7 OTBEpcTHEM 00pa3yeTcsi 3HAYUTENbHAs
noJyioctb. I IuTTHHrOBOE pacTBOpeHue — O6osee o0l TEPMUH, YEM JIOKaJIbHAs J1e-
MacCUBAIMA U MOXET MPOTEKAaTh HAa aKTHUBHBIX, MACCUBHBIX M TPAHCIIACCHBHBIX
MeTaljiaX, B TOM YHUCIIE MO/ MOBPEKAEHHBIMU 3alIUTHRIMU TUIEHKamu. s BO3-
HUKHOBEHUS JIOKAJIBHOM JleNaccuBallii HEOOXOJMMO BBINOJIHEHUE CIEIYIOIINX
YCIIOBHIl: HEOJHOPOJHOCTh MACCUBHOTO COCTOSTHUS C aKTUBHBIMU [IEHTPAMU TIpe-
UMYIIECTBEHHO Ha IPAHULIAX HEMETAJUIMYECKUX BKIIOYEHHH, HATMYUE aHHMOHOB-
akTuBaTOpoB, HampuMmep Cl', UX MUTpalMOHHOE HAKOIUICHHE Y aKTUBHBIX IICH-
TPOB, a Takxke AocTxkeHus E, . [INTTHHroBoe pacTBOpeHUE NpOTEKAET Yepes IMo-
CJIEZIOBATENbHBIE CTAUU 3aPOXKIACHUS, Pa3BUTHUS U PENACCUBAL[MK IUTTUHIOB (Ya-
CTO B pe3ysibTare 00pa30BaHMsI CKBO3HOTO OTBEPCTHS B METAJUIE WJIU IPU IEPEXO0-
Jie MUTTUHTA B SI3BY).

[TpennoxeHHO HECKOIbKO MEXaHU3MOB HHULIMUPOBAHUS IUTTUHTOB.

1. AacopOuMpHHBIA MEXaHU3M, UCXOs U3 aJCOPOLIMOHHON TEOpHUH NacCu-
BalliH, CBSA3BIBAET HApYLICHHE IMACCUBHOTO COCTOSHUS C aJCOPOLIMOHHBIM BBITEC-
HEHHEM KHCIIOpO/la aHMOHAMU-aKTUBATOPAMHU.

2. [Ipu ncnonb30BaHUN KOHIENIHH (Pa30BOr0 OKCHIIA paCMaTPHBAETCS OCT-
pPOBKOBasi aacoOIus KJIACTEPHOTO THIIA C MOCIEIYIOIUM 00pa30BaHUEM B TTyOH-
HY IBYMEPHBIX 3apOJIbIIIEH.

3. IleneTpanoHHBI MEXaHU3M TIOpPa3yMeBaeT BHEIPCHHE aHUOHOB B Jie-
(GEeKTHYIO CTPYKTYpPY MMaCCUBPYIOIIETO OKKCIIA U HE MPUMEHUM K KPYITHBIM aHHO-
nam: SO42? ClO4 u 1p.

4. MexaHu3M pacTpecKMBaHUs TACCUBUPYIOIIETO OKHCIIA 3a CUET HarpsixKe-

HUS, JACTUIpATAlUU, 3aTPSI3HEHUN U TIP. OOJIBIIYIO POJIh OTBOJUT TTOBEPXHOCTHO-
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My HANpPsDKEHUIO, 3JIEKTPOCTPUKIIMU, MOCKOJIbKY MaJia TOJIIMHA CJIOSI U BEJIMKA
HATIPHKEHHOCTD dJIEKTpHIecKoro nous (1o 108B/m).

HaunbGonee ¢yHmaMeHTaIpHOW XapaKTEPHCTHKOW mporecca sBiusercs E,
KOTOPBIA OTBEYAET CYIIECTBEHHOMY POCTY TOKA MPH YBEJIMYEHUH E B yCI0BUAX
MOTCHIIMOANHAMUYECKUX W3MEPEHUN WA BO BPEMEHHU IPU IMOTCHIIMOCTATHYE-
CKMX wu3MepeHusax. lIpu noreHnmommHamMuueckon mnosspusanuu nepen Emo
HaOJII0aeTCsl OCHWIISALIMUA TOKA, OTBEYAIOIINE 3aPOXKICHUIO- PENacCUBALIUU TTHUT-
tunroB. [Ipu E,, snextpon Benér ceds kak MpakTUYECKH HEMOJISPU3YyEeMbId, T.K.
HCTUHHAsI CKOPOCTH TpoIlecca He MEHSETCs, a POCT TOKa OOYCIIOBJIEH YBEIMYEHU-
€M IUIOIIAIN, T.. YUCJIA U Pa3MepOB IUTTUHIOB. [Ipu raapBaHoCcTaTUUECKON MO-
asipusaiuu pocT E 00ycioBieH OMUYECKUM MaJCHUEM HANPSKEHUS MEXIY THOM
U ycTheM nuTTHHra. OnpenenéHHyo posib Urpaet Takxke IudQy3noHHbIN MOTEH-
A1 B yCTh€ NUTTUHTA. [Ipy KaTOIHOW MOsIpU3ald MUTTUHT PENACCUBUPYETCS
Ilorennnan penaccuBanuu muTTHHrOB E,<E.,, a HojspusannoHHBIE KPHUBBHIE
PSIMOTO0 U OOPATHOTO XOJa XapaKTepU3yroTcs netien rucrepesuca. Eng yMeHb-
LIAETCs C POCTOM T BBIACPKKH AJIEKTPOAA.

E,, 4yBCTBUTENEH K IPUPOAE HEMETAIUIMYECKUX BKItOUeHU. Ha mosmsapu-
3aIMOHHOM KPHBOM MOXET OBITh HECKOJIBKO YYaCTKOB JIOKAIPHOM JeTacCUBAIlUH,
KaX/IbIi M3 KOTOPBHIX OTBEYAECT AKTUBAIMH y BKIIFOYCHUH ONPEACITEHHON MPUPO-
npl. Ha cransx cHayaso MMEET MECTO HEYyCTOMYMBAs PEMAcCUBALUS Y YaCTHIL
SiO,, korga ¢ pocrom E yBenmuuenus ipy 1pu Epg (puc. 9) conpopoxkiaercs no-
CJICIYIONTUM CHIKEHUEM, a 3aT€M BO3HUKAET yCTOWYMBAs aKTUBAIUs y HamOoJsee
OIACHBIX OKCHIHO-CYJIb(PUIHBIX BKIOUeHHH. C yBenuueHueM [A’] Hepenko Me-
HSIOTCS IIEHTPHI MUTTUHTOOOPA30BaHUs, YTO MPUBOJMUT K PE3KOMY pazdiaropa-
xuBanuto E . JlefictBue n30bITOUYHBIX (Da3 (HEMETALIMYECKUX BKIIOUCHUN WA
00pa3oBaBIIMXCS MPU CErperaluv KOMIIOHEHTOB TBEPJOTO pacTBOpa IO TpaHU-
11aM 3€peH) CBSA3BIBACTCSA C TOBBIMICHHON Je(EKTHOCTHIO perméTku M BOIHM3U HUX,
00€THEHUEM 3TOTO CJIOSI KOPPO3MOHHOCTOMKUMHU JIETUPYIOIIMMH KOMIIOHEHTaMHU

CIiiaBa, aKTUBUPYIOIIUM BIIMAHHUEM IIPOAYKTOB paCTBOPCHUSA BKJIIIOYCHUS U HAJIH-
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YUEM 3a30pa MEKy BKIFOYEHUEM U OCHOBHBIM M.

Cy1iecTBEHHBIM MOMEHTOM NUTTUHTOBOM KOPPO3UHU B HEUTPAJIbHBIX U IIE-
JIOYHBIX PAacTBOpax SBJIAETCS MOHMKEHHEe PH B IMUTTHHre 3a CuéT TUApPOIM3a
IIPOIYKTOB PACTBOPEHUS, B PE3YJITATE YETO MOBBIIIAECTCA PACTBOPUMOCTD ITACCH-
BUPYIOIIETO OKCHA (KUCIIOTHAs TEOpUsl MUTTUHTA). Y CTAHOBIIEHHO, YTO JIJISl CTa-
au XI8H8 B mopckoii Boge (pH 8) pactBop B muttunre umeer pH 1,2 - 2,0 u [CI
]=12 M. HauanbHbIe CTaguyl TUTTUHTOOOPA30BaHUS MPOTEKAIOT C AKTHBAI[UOH-
HBIM KOHTpOJIEM, a pa3BuUTUE — ¢ AUPGY3uoHHBIM. [Ipu “pacKpbITUH” MUTTUHT
OOBIYHO PEMacCUBUPYETCS 3a CYET U3MEHEHHsI COCTaBa PacTBOPA U YMEHBIIEHUS
pPOJIM OMHUYECKOT0 (paKTOpa, 4TO MPUBOAMT K pocTy E B MUTTUHIE U K MPUOIHIKE-
Huto ero K E;. CaMonmpou3BOIbHO MOTYT peacCUBUPOBATHCS PACTYILME TUTTUHTU
B npenauddy3nonHoil obnactu. B nuddysmonHoit 06iactd MUTTUHT padboTaer
CTAOMIIBHO /10 00pa30BaHUSI CKBO3HOTO OTBEPCTHSI.

[lepBoii cTagueit pa3BUTHSI MUTTUHTA ABJISETCS 00pa30BaHKE SIMOK TpaBJie-
HUS MOJIMTOHAIBHOU (POPMBI, OTPAHEHHBIX IUTIOCKOCTAMU peIIETKH. OnacHbIe MUT-
TUHTU 00pa3yroTCsl IPU CIAUSHUM SIMOK TPaBJICHUS B MOJIyC(EpUUYECKUI oyar Kop-
PO3UU C 3IEKTPOIOIUPOBAHHBIM JTHOM IIPU MOCJIEAYIOIEM BO3ZHUKHOBEHUH I10JI-
HOCTBIO 3JIEKTPONOJMPOBAHHONW ToJycdephl. 3a CUYET CKauKa MOTEHI[MaNa B 4a-
CTUYHO OOE€3BOXEHHOM CJIO€ MPOAYKTOB PACTBOPEHUS (DJIEKTPONOJUPOBOYHOMN
TIEHKE) MOTEHIMAN JHA MUTTUHTA OKa3bIBAETCS CYIIECTBEHHO OTpULIaTeNbHEe (10
1 B), yem B ero ycThe.

Ha cnenyromeli craaum 3a C4€T KpUCTAIIM3AIMH METACTa0MILHOM TTOJIUPO-
BOYHOW MJIEHKHU YBEJIMYUBAETCA POJIb OMUUECKOTO (haKTopa U pacTBopeHue M re-
PEXOIUT B aKTUBHYIO 00JacTh. Takum 00pa3om, MUTTUHTO0Opa30BaHUE SBIISCTCS
JIOKaJIbHOW aBTOKATaJUTUYECKOW caMOakTuBalMen pactBopenuss M. OHO sABIsAET-
Csl OJIHUM M3 Haubosee OMacHbIX BUJIOB KOPPO3UH U pacTBOopeHUs M, ocoOEHHO
IIPY COBMECTHOM JICHCTBUHM arpeCUBHOM cephl U MEXaHMUECKOW Harpysku. Me-
pO¥ YCTOMYMBOCTU M K HUTTUHIOBOMY ITOPAXKEHHUIO SIBIIIETCSA IPOTUBO- NUTTHUH-
rOBBIi1 0a3uc:

AEno = Eno'E(Exop) (72)
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Yem Oonbmie AE,,, TeM Meanennee obpasyercs nuTTuHr, a npu E(E,,)<E;,

JIOKaJIbHasg JAcracCuBalnAa OTCYTCTBYCT.

Anomanvroe pacmeopenue
AHoManpHOE pacTBOpeHne (yuacTok 1-3 Ha puc.9) mo cpaBHEHHIO ¢ 00BIU-
HBIM DJICKTPOXMMUYECCKHM pacTBOpeHueM (ydacTok 4-5 Ha puc.9) xapakTepusy-

eTcs pAJoM crenu(puIeckux 0COOeHHOCTEH.

AHOMaIbHOE DIEKTPOXUMHUUECKOE
pPacTBOPEHHE pacTBOpEHUE
1. iap#f(E) 1. CxopocTh pacTeT ¢ yBenude-

HueM E 1mo ypaBHEHuMsM THIIa

(37), (59) u (64).

2. CKOpOCTh HE 3aBUCHT OT 2. CKOpOCTh 3aBHCHUT OT TPHUPO-
npupossl 1 C HEOKHCIHTEIb- a6l 1 C HEOKHCIIUTEIHBIX aHHO-
HbIX annoHoB (OH", SO,%, ClI' u HOB, B TOM YHCJIC [10 YPaBHECHUSAM
1p) (59) u (64)

3. Ilpsimoe yckopeHue npouecca 3. Oxkucnurenu - KaTOOHBIE Jie-
OKUCITUTEIISIMU TIOJIIPU3ATOPBI TIPU COOJIOICHUN

NPUHIIMIIA HE3aBUCHMOCTH peakx-
W HE BIUSIOT HA CKOPOCTh pac-
TBOpE- HHSI, HO MOTYT YBEIUYHU-
BaTh ] 3a cU€r 00Jaro- pa>kupa-

Hus Exop
4. TlonOXWTENbHBIA MOPSIOK 4. OtpunaTebHBIA TOPAIOK pe-
peakuuu mo H3O0+, koropsrit akuuu o H30+ kak crnencreue
apiserca Ox MOJIOKUTEILHOTO  TOpSIIKA IO
OH- cormacHo ypaBHEHUSAM THUIIA
(59) u (64)

CyliecTByeT JIBe TPAaKTOBKH aHOMAJIBHOTO pacTBopenus. [1o mepBoi mpo-
IECC SBISETCS DJICKTPOXUMHUYECKHAM, OCIIOKHEHHBIM BTOPHYHBIMHU SIBICHUSMH
npu KaToAHO# monspuzanuu. Hampumep, nmo ypaBuerusM (59) u (64) cHmkenue
Ipv TIPH KaTOJHOHM MOJAPU3AIMU KOMIIEHCHpyeTcs poctoM pH kaTonmTa 3a cuér
IPOTEKAHUS BOJAOPOIHON MIIM KMCIAOPOAHON IEPONISIPH3AIMH HITH [0 YPaBHEHHIO
tuna (56) yckopeHre pacTBOPEHHsS ¢ pocTOM E KOMIEHCHPYeTCsl CHIYKCHHEM aK-
tuBHOCTH Fe(OH),,. 3a c4ér moBbIMICHNsI CTETIEHH MepeHoca 3apsaa. Psg smiek-

TPOXUMHUUYCCKHUX MOﬂeﬂeﬁ HCITOJIB3YCT KOHICIIIUIO CONIPSAKCHUS DJICKTPOAHBIX PE-
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akuui. Hampumep, cuuTaror, 4To NpHU KaTOAHOM NOJIAPU3ALNNA CHUXKAETCS DHEp-
TUsl aKTUBAIlMU MOHM3anMu M 3a cu€r 3Hepruu, oCBOOOJUBIICHCS MpU pa3psjie
H;0". Bosee pacnpocTpaHeHa TPaKTOBKAa aHOMAIbHOI'O PACTBOPEHHS 110 XUMHYE-
CKOMY MeXaHu3My. [I0CKONbKY 3JIEKTPOXMMHUYECKOM CTaJAWM MPEAIIECTBYET X€-
MOCOPOILIMS KOMIIOHEHTOB pacTBopa Ha M, 3TO cO3/1aéT MPEANOCHUIKY I HEIO-
CpeACTBEHHOr0 B3aumoieicTBusa M ¢ Ox B OHOM aKTe, HalpuMep:

M + H;0"= MOH* + H, (73)

C no3uuuu TEOpUM peopraHu3alii pacTBOPUTEINS NPOTEKAaHUE JIBYX peak-
it okucinenns M u Boccranosienus Ox (H;0™) B ogaom akte (73) MoXxeT oka-
3aThCsl PHEPTUTUYECKHU 00JIee BBITOHBIM.

XUMUYECKAA MEXaHU3M PACCMATPUBACTCA KaK YaCTHBIM CIydail 3JIEKTPO-
XUMHYECKOTO MPU TNPOTEKAHUU COMPSIKEHHBIX PEAKIIUHU B OJHOM AKT€ HA OJIHOM
ydyacTke moBepxHocTH. Ha »3Tolf 06a3e co3gaHa KOHLENUUS XUMHUKO-
AIEKTPOXUMHUYECKOTO PACTBOPEHHMSI, IO KOTOPOH XMMHUYECKOE (AaHOMAJIbHOE) U
ANEKTPOXUMHUYECKOE (AKTHUBHOE) pACTBOPEHHE TMPOTEKAIOT MapauiebHO U
Ipm=laptisg. IIpn E<E, i3p>>1, 1 ipy=lap, a 1pu E>E, 1,,>>5p 1 Igy=l, (puc.9). Ha
puc.12a BOmu3u E,,, 1peobnanaroT >J1€KTPOXUMHYIECKUE TIPOLIECCHl U BEJIMYMHA
Jox, HAWIGHHAS U3 TOJISIPU3AIMOHHBIX KPUBBIX MMyTEM 3KCTPAIONISINAN TaeIeBbIX
Y4aCTKOB Ha JIMHUIO B, NPaBUILHO XapaKTEPU3YIOT KOPPO3UOHHYIO CTOMKOCTh

M.

ot
L~
1

F 13R
|
I
|

&T

lep

|i3R

|
| L
121 18 x lgt lg bx lgip lo

Pucynoxk 12. Jluacpammsl npu XuMuko-31eKmpoxuMuiecKom pacmeopeHuu
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memanilos

Ha puc.126 npencrapiaeH oOpaTHbINA BAPUAHT H J,,<<lg, , T.€. 27TEKTPOXHMH-
YeCKUE M3MEpPEHHsI He TAl0T HHPOpMaIK 00 YCTOHYNBOCTH M.

AHOMaJBbHOE PACTBOPEHHUE YAIlle PEAN3YETCs PU KATOTHOW MOJSPU3AIINHY,
Hu3kux pH u Beicokux T. OHO orpaHMYMBaeT BO3MOXKHOCTH KAaTOJHOM AIIEKTPO-

XUMHAYECKOM 3aIIUTEL.

Pacmeopenue cnnasos

PacTBOpeHME TEXHUYECKUX CILJIABOB, OOJIBITMHCTBO KOTOPBIX MPEICTABIISIET
co0o# TBEpJBIE PACTBOPHI, OTIMYACTCS OT MPOIIECCOB HAa YMUCTHIX METaIax ce-
JIEKTUBHOCTBIO M TIOYTH 00S3aTEIbHBIM HApyIIEHUEM MPUHIINUIA HE3aBUCUMOCTHU
AIEKTPOXUMHUYECKUX PEAKIIU.

CenekmusHocms pacmeopeHus - 3T0 MPEUMYIIECTBEHHbIN TIEPEX01 B pac-
TBOP AJICKTPOOTPHUIIATEIIBHOTO KOMIIOHEHTa A UM HAKOIUIEHHE Ha MOBEPXHOCTHU
aneKTpononoxuTeapbHoro B. OHa xapakrepusyercst KodpPUIMeHTOM CeeKTUBHO-

CTH:

ZA — ([A]5[B])paCTBop (74)

([Ao):[BoD crinas

ipaAang[Blo
= ATl 7
ippApnalAlo (75)

rae: Ay U Ag MomspHbie Macchl A u B, [A], u [B], — ucxoaHbie KoHIIEH-
Tparuu A u B B crinaBe; ipa 1 ig — ckopocTu pactBopenus. O0buHO Zp>1, x0T
npu Hu3KkHX [A], MoxeT ObITh MeHbLIE iyg . COOTHOIIEHHE ipp U ipg U BETMUMHA
Z A 3aBUCAT OT XapaKTepa pacTBOPEHUs. Y XPOMUCTBIX CTaJleld B aKTUBHOM 00J1a-
CTU Zc>1, a pu maccuBaIuy M B TACCUBHOM COCTOSIHUM Z<l.

CeneKTUBHOE pacTBOPEHUE OOBIYHO UMEET MECTO JIJIsl CIJIABOB, KOMITOHEH-
Thl KOTOPBIX HMMEIOT CYHIECTBEHHO Pa3IU4YHbIe pEpn+y. OHO Xapakrepusyercs
MOCJIEAOBATEIIBHOM CMEHOM BO BPEMEHM CIEAYIOIIMX 3aMEIJIEHHBIX CTAaJUM:

WOHU3aIMU A, HecTaloHapHOW W cTanuoHapHou auddysuu A" B pactope,
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TBepA0(ha3HON HECTalMOHAPHOH B3auMOAU(PPY3UH KOMIIOHEHTOB U 3aBEPIIACTCS
PaBHOMEPHBIM , MPONOPIUOHANBHBIM (Zo=J) pacTBOpPEHUEM CIUIaBa, €CIU TPH
naHHOM E MoryT pacTtBopsAThCs 00a KOMIIOHEHTA.

JIJIs TYTrOIUTaBKMX CIIaBOB ¢ HU3KOW [A ], CeleKTHMBHOE pacTBOpEHHUE
OOBIYHO JIUMHUTHPYETCS HECTalMOHApHOW TBepaodazHoi nuddysueit u 3aBHCH-
MOCTb ipp OT BPEMEHHU OIMCBIBAETCS yPABHEHUEM:

ipA = nAF[A]o,/ DA/T[T' (76)

T.e. KPUTCPHEM SIBISICTCS LPsIMast ipy-12

JKCTPAINOJIUPYIOIIASACA B HAYAIIO
KOOpJIMHAT, YTO CBUJCTEJIBCTBYET O He3aBUCUMOCTU D, oT Bpemenu. Juddysus
IIPOTEKAET M0 BAKAHCUSAM B KPHUCTAJUIMYECKOM PEIIETKE CIUIaBa, KOTOPBIE I'€HE-
pupyroTca npu ero pactsopeHud. [loatomy koadpdpuuument qupdysuu Dy cymie-
CTBEHHO 3aBUCHUT OT E.

Jlns criaBoB ¢ BICOKOM [A],, Hapsay ¢ pacTBopeHHEeM A, BO3MOXKHA (a-
30Bas meperpynnupoBka B, a, HaumHas ¢ HEKOTOporo kpuruieckoro E, mpo-
VMCXOIUT pa3pylICHHE HEPABHOBECHOTO MOBEPXHOCTHOI'O CJIOS M Pa3BUTHE IIO-
BEPXHOCTH, T.€. 00pa30BaHUE MOP U TPEIIUH.

JIns1 HEeKOTOPBIX CIUIaBOB (JIaTyHEW ) HaKOIUIEHUE B Ha MOBEpXHOCTH CILIaBa
MPOUCXOJUT IO MEXAHU3MY PACTBOPEHUS - OOPATHOTO OCAXKIEHUS WIIM ICEB-
JOCEIEKTUBHOTO PAaCTBOPEHHSA, KOTZIA 3a MPOLECCOM CEJEKTUBHOTO PACTBO-
penust A cienyet ocaxzaenue B. [Ipu coorBercrByromem E mexay stumu o6mia-
CTSIMH MOXET HaXOJUThCS 00JACTh PAaBHOMEPHOI'O PACTBOpPEHMSs cruiaBa. lIces-
JIOCENIEKTUBHOE pAacTBOPEHHE U (Da3oBasi MeperpynmnupoBka B cBUAETENbCTBYET O
OoJiee BEICOKOI aKTUBHOCTH B B criaBe, ueM B YHCTOM BHJIC.

[Ipy paBHOMEPHOM pPacCTBOPEHHUHM CILIABA, KOTJA €r0 MMOBEPXHOCTH MPAK-
TUYECKH cocTOUT U3 B, ypaBuenue Tadens umeer BUL:

ne = ag + bg Igi s (77)

C yuérom Ttoro, yro mpu 3toM Zx=1, u3 (74) cuemyer ia=Kaips

(ka=Agng[B]o/Aana[Al,) 1 ypaBHenue (77) mpumer BUI:
ns = ag + bg Igix —Dbg Igka (78)
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WJIM C y4ETOM BBIPAXKEHUs JJIsl CKOPOCTH PACTBOPEHMS CILIABA i ¢y = Ipa +
ipB = ipB (1+kA)

Ne = ag + Dg 191, cnx — be 19(1+K,) (79)

VYpaaenust (78) u 79) ykaspBalOT, YTO PAaBHOMEPHOE PAaCTBOPEHHUE
CIUTaBa M KOMITOHEHTa A TPOTEKAET ¢ KHHETUIECKUMHU XapaAKTEPUCTUKAMH KOM-
noHeHTa B, T.e. HapyImaeTcst MPUHITUIT HE3aBUCUMOCTH AJICKTPOIHBIX PEAKIIHH 3a
C4€T U3MEHEHHMSI COCTaBa MOBEPXHOCTH CILJIaBa.

Ecnu KOMIIOHEHTHI ciuiaBa ONHM3KH IO 3JIEKTPOXMUMHYECKUM CBOMCTBAM,
00JIaCTh CEJIEKTUBHOTO PAaCTBOPEHUSI HEBEJMKA WU OTCYTCTBYeT. Ha aTux cma-
Bax MPOIECC MPOTEKAET M0 MEXaHU3MY MOCIOWHOr0 PACTBOPEHUS U CYIIECTBYET
kputndeckas [A],, 10 KOTOpo# ciiaB BeaeT cedst kak B, a mocie koTopoit kak A.

DNEKTPOXUMHUUYECKOE TTOBEJICHUE CEJICKTUBHO PACTBOPSIONIUXCS OMHAPHBIX
CIUIABOB  XapaKTepu3yercs  psSioM  OCOOEHHOCTEH. Jis  aHOIHOM

XPOMOTIOTEHIIMOTPaMMbI TIpu 1,=CoNnst (puc.13)

", .

E Tapenxue iy 1

Pucynok 13 Pucynok 14

XapakTepHa obnactb 3aaepxku E, orBedaromas pactBopeHuto A. B obmem ciy-
Yyae BBIPAKEHHUE IS 1a MIMEET BUIL:
I5=ipa *ipg —Igr * i3 (80)
B oTcyTcTBHE aHOIHBIX peakuuil pacTBOpeHUs A U B IIoTHOCTH TOKa 3a-
psikenus i3 = i, + igg Benuka. C nHavanom pactBopenus A mpu E, i3 =i, +igg - ipa
pe3ko najgaet u Ha E,1- kpuBou peanusyercs 3anepxkka E. [Io mepe pactBopenus

A 13 TIOBEPXHOCTHOTO €01 Ips CHIDKaeTcs, I3 pacTér u E cmemaercs 1o Eg, npu
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KOTOPOM IIPOMCXOUT OJHOBPEMEHHOE MPOMOPIMOHAIBHOE pacTBOpeHne A u B,
COIIPOBOXKIaeMOE MMaACHUEM I3 1 BTopuuHOM 3aaepxkoit E npu Eg. [Ipu E, Z =00,
anpu Eg Z,=1.

Xponoammneporpammsl (E=const, i;=0) (puc.14) nmeror Bua 1 npu Eg>E>E
v Uz 2 npu E>Eg, Kpusas 1 11 ManbIx T pH ipa>igg XapakTepusyeT CHIKEHNE
Ipa BO BpeMeHu. IIpu i,a= igg i,=1,=0 , uto oTBeuaer E,,,. C pocTtom T 1o Mepe To-
ro, kak i,n—0, yBenuuuBaeTcs iy ¥ CTpeMUTCA K igr. 3Has igg M 3aBUCHMOCTS i, OT
T, MOKHO TIOJIyYHMTh 3aBUCHUMOCTB ipa OT T U IIPOAHAIM3UPOBATH €€, HAIPUMED I10
ypaBHenu1o (76). Kpupas 2, 11 koTopoii i,=ipa + Ipg — igr , IPH MaJIbIX T Xapak-
TEPHU3yeT CHIKCHHE CKOPOCTH CCIICKTHBHOT'O PACTBOPEHUS CIUIaBa, a IPH JOCTa-
TOYHO OOJIBIIIOM T BEJIMYHMHA |, HE 3aBHCHUT OT T ¥ yKa3bIBacT Ha paBHOMEp-
HOE€ pacTBOpPEHUE CIJIaBa.

3aKOHOMEPHOCTH PACTBOPEHUS CIUIABOB HCITOJIB3YIOTCS B TCOPUHU U IpaK-

THUKE KOPPO3HUHU CILIABOB U METOJOB UX 3aIllIUTHL

Kamoonwvie npoyeccol npu kopposuu memainna

IIpu wucnonb3zoBaHuu M B KauyecTBE KOHCTPYKIIMOHHBIX Ha KaTOJHBIX
y4acTKaX MOTYT HallpaBJICHHO BOCCTaHABIIMBATLCA C BhIACICHHEM R J1t00ObIe He-
OpraHM4ecKHe U opraHudeckue Bemectsa npu yciaosuud E<pEOx/R. Uem Bble
> dexTnBHOCTL KaToaa, TeM Oousblie Exop, 4TO NPUBOIUT K CHUKEHUIO KOPPO-
3UMHOM CTOMKOCTH aKTHBHOro M, HO MOJKET BbI3BaTh MAacCCHUBAIMIO U Ja)Ke JIO-

KaJbHYIO JemaccuBanuio (puc. 9).

Tepmoounamura KuciopooHo20 U 8000POOHO20 INEKMPOO08

Hawnboiee 4acTo BCTPEUYAIOIIMMUCS OKHUCIHTEISIMH SBJISIOTCS KUCIOPOI, a
B KucibiX cpefax Hz;O'-nmonbl. ITockoabky paBHOBecHbIe moTeHIMabl (84),(85)
sBogopoaHoro (81) u xkucmopoanoro (82),(83) snekrpomos 3aBucsat oT pH, Tepmo-
JMHAMUYECKYIO OLEHKY BO3MOKHOCTH MPOTCKAHHS pPEaKIUil PacCMOTPHUM C IIO-

moribio quarpammal. [1ypoe E-pH miist Bomsr (puc. 15).
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2 H30+ +2e= H2 + 2H20 (81)

0, + 2H,0 + 4e = 40H" (82)
v B kucioi cpene 0, + 4H;0™+ 4e = 6H,0 (83)
pEnwm2 = RT/2F In([H*]%/Pw2)=-0,0291gP:,-0,058pH (84)
PEo2on-= 1,23+ 0,014lgPo,-0,058pH (85)

Ha »stoit nuarpamme, pasaeneHHort smnHusMu pE=f(pH) umerorcs obnactu
TepMOIUHaMHuueckon yctoiunBoctu O,, Hy, a Takke BOJbI, TUCCOLMUPYIOLIEH HA
H* u OH". B cooTBeTcTBUU € 3THM, B 00J1aCTH | TOJDKHO MPOUCXOTUTH 3IEKTPO-
autuyeckoe Boiaenenue O, u pacrBopenue H,, B obnactu |- pactBopenue O, u

H, u B o6mactu |11 -Beiienenne H, u pactBoperue O,.

E I

0 7 14 pH

Pucynox 15. Jluaepamma nomenyuan-pH ons 600vl.

Ecnu pE Meramia Haxonutcest B 007acTH |, OH HE MOXKET KOPPOIMPOBATh HU
C BOJOPOAHOW, HU C KUCIOPOAHOW JAENOIspU3alrei, a Juisl KOPPO3UH HyXKeH 00-
Jiee CUJIbHBIM OKUCIUTENb; B obmactu |l MeTann Koppoaupyer TOJIbKO C KUCIO-
poaHOM nemojspu3anuerd u B oOmactu IlIl - co cMmemaHHOW KHCIOpOAHO-

BOJIOPOJTHOM JETIOJISIPU3ALIUEN.

THonapuszayuonnvle kpugole
CKOpOCTh KaTOAHBIX PEAKLUMM 3aBUCUT OT E MO KMHETHMYECKOMY YypaBHe-

HHIO:
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E = pEowr— (a + blgi,g) + b'Ig(1 — i/ 1), (86)

rae b” - const. [TapuuanbHbie KpUBBIC BBIJCICHUS BOJOPOA U PACTBOPEHHUS
KHCJIOPO/a, a TakKe CyMMapHas KpHBas CMEIIAaHHOW KHCIIOPOJIHO-BOJOPOIHOM
JETIONIApU3ALIIU TSl Cpell, OJIM3KUX K HEHTpalbHBIM, MPEACTABICHBI Ha puc. 16.
Kpusas E-il.n, xapakTepusyeT KUHETHKY BBIIEIEHHUS BOJOPOIA U3 BOJIBL:

2H,0 + 2e = H, +20H" (87)

OTOT mpolecc MpOTeKaeT, KOorjaa mpu npeaenbHoM Iud(y3noHHOM TOKe
MOHOB THJPOKCOHUS MOBEPXHOCTHAA MX KOHIEHTpauus paBHa 0. [Tosromy pas-
HOBECHbIN 0€CTOKOBBIN MOTEHLIMA JIJIsl 3TOM CUCTEMBI HE PEATTU3YETCS.

B KkucnpIx cpemax 3TOT MpeesbHbBIN TOK HE JOCTUTAETCS M BBIIEJICHHE BO-

A0poaa nu3 MOJICKYJ BOABI HC IIPOUCXOIUT.

~E

PEHVHZ

— |
PEOZ/OH‘/ﬁ

Pucynox 16. Kamoonvie kpusvie KUCi10poOHOU, 8000POOHOU U CMEULAHHOU

oenoaapuzayuu

Xots nonnzamusa O, 3atopmoskena (i,0208-=10° -107 Am?), kuciaopoaHas
JENOJIIpU3aIiysl OOBIYHO MPOTEKAET B 00JIACTH MpeAeTbHOTO AU(PHY3UOHHOTO TO-
Ka u3-3a HU3KoM pactBopuMmoct O, Masioro kodddunuenra nuddys3uu, a Takke
OTCYTCTBUSI MUTPAITUU U JOTIOTHUTEIbHON KOHBEKINU. KpuBbie Ha puc. 16 nanbl B
MIPEATNOJI0KEHUN TPUMEHUMOCTH TIPUHIIMITA HE3aBUCUMOCTH AJICKTPOIHBIX peak-

uuii. OgHAaKO IPU COBMECTHOM MPOTEKAHUU KUCIOPOIHON U BOJOPOAHOM JETOJIS-
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PU3aIUH BBIICISIFOIIAECS Ty3bIPHKU BOJIOPOIA 32 CUST MPUHYIUTSIIBHON KOHBEK-
UM YMEHBIIAIOT TOIIMUHY TU(P(Y3HNOHHOTO CIIOS, HO 00ECKHCIOPOKHBAIOT DJICK-
TPOJIMT, a IPHUJIUIIIINE K 3JICKTPOY My3bIPhKHA SKPAHUPYIOT €r0 OBEPXHOCTb.

B mepBbie MpOMEKYyTKH BpeMeHH 1302 HECKOJIBKO PACTET 3a CUET IEPBOrO
dakTopa, KOTOPBIH ABIAETCS HanOoJiee OBICTPOICHCTBYIOIINM, a 3aTeM IPaKTHIC-
CKH BO3BpAIACTCs K MCXOJHOMY 3HAYCHHUIO 3a CUET KOMIICHCAI[UH YKa3aHHBIX,
a2 dexToB.

Kak 1 B cilydae aHOJHBIX IPOILIECCOB, KATOHBIC MOJAPU3AIMOHHBIC KPHUBHIC
MOTYT OBITh ITOJIyYEHBI C IMOMOIIBIO MOJIsIpu3annoHHbIX E=f(I) u Koppo3uOHHBIX
E«op=f(j) m3mepenmii. Bo BTopoM ciy4ae Takas 3aBHCUMOCTb HH(OpPMATHUBHA
TOJILKO TIPU J=iy W OCIIO’)KHEHA XMMHYCCKUM B3anMojerictBueM M ¢ O,, odpa3zo-
BaHHEM OKCHJa U M3MCHEHHMEM 3a CUET 3TOro Iy. B KMHeTHYecKoi 00iacTu mepe-

HaIIPAKCHUC KaTOJHBIX peaKuHﬁ HCIIOCPCACTBCHHO 3aBUCUT OT IIPUPOIALI M.

1.3 Moaupukanuu KOppo3uu

OCHOBHBIMHM BUJIAMH, IPOTEKAIOIIMUMH 0€3 MEXaHUYECKON Harpy3KH, sIBJIsI-
I0TCSl IUTTUHIOBAs, SI3BEHHAs, LIEJIEeBasi, HOKEBasi, MEKKPUCTAJUIUTHAS KOPPO3HUs,
a TaKKe CYIIECTBYET KOPPO3MOHHO-MEXAHMUYECKOE pa3pyILICHHE: KOPPO3HOHHOE
pacTpeCKMBaHHUE, KOPPO3UOHHAS YCTAJIOCTh U KOPPO3UOHHO - SPO3HOHHBIN HU3HOC.
[Ton neiictBueM psia PaKTOPOB: CTPYKTYPHBIX OCOOCHHOCTEH METAJIOB U CIljIa-
BOB, HEOJHOPOJHOCTU OOBEMHBIX CBOMCTB AJIEKTPOIUTOB, KOHCTPYKTUBHBIX OCO-
OCHHOCTEW M YCJIOBHM IKCIUTyaTallMd M3JEIHN U anmnapaToB, MECTHBIX HapyIlie-
HUM 3alIUTHBIX MOKPHITUA U TACCUBHOIO COCTOSIHUS - IPOUCXOJIUT JIOKAIA3AIUS
AHOJIHBIX PEaKIMI Ha OTJEIbHBIX y4aCTKaxX M pa3BUTUE MECTHBIX MMOPAKEHUHN I10-
BEPXHOCTH.

[IpuMEHUTENBHO K NUTTUHTOBOM KOPPO3UHU HA IIPUMEPE JIOKAJIBHOM Jerac-
CHBAIIMM 3TO ObUIO paccMOTpeHO paHee. CienyeT OTMETUTD, YTO Psifl MOJOKEHUN
1 0COOCHHO co3AaHue Crenupuueckor MeKTPOXUMHUUECKON CUTYyaIluU, a TaKKe

M3MEHEHHOTO COCTABA AIEKTPOJIUTA B TUTTUHIE AKTYaJIbHO U MPU aHAJIU3€E APYTUX
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BH/IOB JIOKAJIBHOTO IOPAKCHUA M.

A36ennas koppo3us

SI3BeHHas KOPPO3Us COMPOBOXKAAETCS 00pa30BaHUEM HETTYOOKHX, HO IIIH-
POKHUX 5I3B U B OTJIMYME OT JIOKAJIBHOM JIeTIacCUBAIIMM XapaKTepHa Kak JUIsl mac-
CUBHOTO, TaK U JIJIsl aKTUBHOTO COCTOSIHUS MeTasuia. OObIYHO €€ PUYMHOM SBIISI-
€TCsl HapylIEHUE HEJOCTHOCTH 3aIUTHOTO MOKPBITHS. B pa3BUTHH SA3BBI 110 aBTO-
KaTaJIMTUYECKOMY MYTH, KaK U B ClIy4ae MUTTUHTA, OOJIBIIIYIO POJIb UTPAET U3MeE-
HEHUE B 5I3BE COCTaBa AJIEKTPOJUTA. SI3BEHHYIO KOPPO3UIO B OTJIMUKE OT MUTTHH-
roBoil, rae Bce ompenenserca Emo He3aBUCHMO OT crnoco0a ero AOCTHXKEHHUS,

TPYAHCC MOACINPOBATL.

Ll]enesas xoppo3us

[IleneBast KOppo3us - MHTEHCUBHOE JIOKaJIbHOE paspylieHue M B miensax
KOHCTPYKIIMH, IOJ CJIOEM IPOJYKTOB KOPPO3UH, 1O BaTepiauHuu. [IpuunHon mie-
JIEBOM KOPpPO3UH SIBJISIETCA 00pa3oBaHUE 3aCTOMHBIX 30H 3eKkTponuTa. Ha nepsoit
CTaJuU IIpoliecca aHOAHAsA peakluyss MOoHM3auuu M U KaTtoaHas peakuus pacTBO-
penust okuciutens (O,) MPOTEKAIT PaBHOMEPHO MO BCEW MOBEPXHOCTH BOJIM3U
menu. [lo Mepe cHmkenus B menu coaepxkanus O, B HEW JOKAM3YETCS aHOAHAS
peaknysl, a KaTOJHAs peaKLus NepeEMEIAETCs 3a €€ Npeaeibl. DTONPUBOAMT K U3-
MEHEHHIO COCTaBa AJIEKTPOJIUTA B LIEIIN, PACCMOTPEHHOMY BBILIE, JUISl IUTTUHIO-
BOIl KOppO3UH, U aBTOKATATUTUYECKOMY PAa3BUTHUIO Ipouecca. Y cyryOsommuMu
(dakTopaMu SIBISIOTCS HAKOIUICHHE JIEKTPOJIUTA B ILEIH IPU aTMOCHEPHOUN KOp-

PO3HH U J€TTaCCUBalUs ITACCUBHBIX MCETAJIJIIOB.

Humeesuonas koppo3us

ABnsercs cnenuduyeckord GopMoil 1IENeBO KOPPO3UU U MPOTEKAET MO
3alIUTHBIM MOKpbITHEM. [Iporiecc MOXET MPOUCXOIUTh B YCIOBUAX aTMOChepHOn
KOPpPO3UHU MPU OTHOCHUTENILHOM BIAXKHOCTU BO3ayxa Oosee 65%. Huth — 310 Ca-

MOPACIIPOCTPAHSIONMIASCA 1IEJIb, B TOJIOBKE KOTOPOM Ipeod1anaeT aHOJHBIM TPO-
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riecc u oopasyercs Témubii ocagok Fe(OH),, a B kxanase Boiie O, u Fe(OH), me-

pexoaut B Oosiee cBeTbiii Fe(OH)s.

Mesckpucmaniumnas Koppo3us

MKK — u3buparenbHoe paspylieHHUe TpaHUI] 3€PEH, COMPOBOKIAIOIICECS
noTeper MPOYHOCTH W TUIACTUYHOCTU CIUIaBa (4acTo 0e3 M3MEHEHUs BHEUIHETO
BUJIa) U pa3pylIeHUEM KOHCTPYKIMHU MyTeM pacmana Ha 3épHa. MKK npotekaer
0€3 MEXaHMYECKOr0 HANpPsDKEHHS, YEM OTIUYAEeTCsl OT KOPPO3UOHHOIO pacTpec-
kuBaHus. OOmen npuunHoit ckioHHocTH K MKK gBisitoTCsS CTpyKTYypHBIE TIpe-
BpAIllCHUSI WJIA CEeTperalus MpuMecel Ha TpaHUIlaxX 3€peH, MPUBOISIIHNE K 00pa3o-
BaHMIO aKTUBHBIX aHOJIOB, U U3MEHEHHUE COCTABA DJIEKTPOJIUTA 00PA3yIOIIMXCS Ka-
HaBok. Hampumep, MKK BBICOKOXpOMUCTBIX (pEppUTHBIX cTajiell 00ycCioBlIeHa

HAJIMYHEeM 00€THEHHBIX XPOMOM 30H T0 TpaHuiaM 3epeH 1 (puc 17).

1

pucyHok 17. 3onet MK koppo3uu

[Tpu oxyaAeHUM 3a CYET CHUKEHUS PACTBOPUMOCTH yriiepol nuddyHam-
pyeT Ha TpaHHMIIbI 3epeH | CBs3biBaeT xpoM B kapoun /Fe,Cr/,;Cq. [Tockonbky yr-
aepoa MG GyHIUpYET Jerde xpoma, kKapOuas! (30Ha 1) BKITIOYAIOT BECh YIICPO U
4acTh XpoMa U3 npuiieratomieit 30861 2. O6eHeHNE 30HbI 2 XPOMOM MIPUBOJIUT K
W3MCHCHUIO aHOTHOW KPUBOW (CIIJIONTHAS JTMHUS JJI 3€pHA U MMyHKTUPHAS IS 30-
HbI 2) (puc. 18), 0 ueM roBOpujIOCh BHIIIIE.

ITosTOMy noTeHIMan Kopposuu 3epHa E,,;, 3 HaX0auTCsA B IacCUBHOM 0011a-
ctH, a 30HbI 2 E,, , — B akTMBHO! U J, >> J3. C y4eToM TOro0, 4TO IJIomaib 3¢pHa

00JIbIIIe, YEM 30HBI 2, pa3lInyue MEXIy YACIbHBIMU CKOPOCTSIMU €I1I€ BHIILIE.
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Pucynox 18. Juazpamma ons medxckpucmaiiumuou Koppo3uu

Tpanckpucmannuueckas KOppo3sus

TKK — pa3HOBHIHOCTh KPUCTALIOrPAPUUECKH OPHUEHTHUPOBAHHBIX OYaroB
KOppO3UH, CBA3aHHas ¢ OOpa30BaHUEM TPAHCKPUCTAIUIMYECKUX KOPPO3UMHBIX
MUKPOTYHEJEH, UAYIUX OT JHa MUTTUHIA, YTO MOKa3bIBaeT €€ OOLUIHOCTh C IUT-

TUHroBoM Kopposueit 1 MKK.

Hooxcesas kopposus

HK — pasznoBumnocts MKK, BO3HHKaromass B CBapHbIX KOHCTPYKLUSX B
OUYEHb y3KOM 30H€ Ha IPAHMIIE MEXAY IIBOM M OCHOBHBIM METAJIOM 3a CYET
CHW)KEHHMSI B HEH coiep:kaHus xpoMa. MOXET BO3HHUKAThb B XPOMOHHUKEJIEBBIX
CTAJISIX C TOBBIIIEHHBIM COJIEPKAHUEM YIJIEPOJA, AAXKE JETMPOBAHHBIX THTAHOM
WM HUOOMEM JUIsl CBSI3bIBAHUS YIJIEpO/ia, €CJI CBapHOE COECIMHEHUE MPU CBapKe
MOBTOPHOTO IIIBAa WJIM TMPHU TEPMOOOPaOOTKE IMOIMAJAeT B CEHCUOMIMZUPYIOUIYIO

obnacte Temmnepatyp 400 - 850°C.

Kopposuonuno-mexanuueckoe paspyuienue
B oTinune OT JOKaIbHON KOPPO3HH 3/1€Ch MPOUCXOJUT COBMECTHOE ICH-

CTBUE arpeCcCHUBHON CpPEllbl 1 MEXAHUYECKON HArpy3Ku. DTUMH BOIPOCAMM 3aHHU-
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MaeTcs GU3UKO-XMMUYECKasi MEXaHUKa MaTepuaaoB — HayKa o 1eopMUpo-
BaHUU U pa3pylICHUH PeaTbHOrO TBEPAOTO TeJa B Cpesie Mo AecTBHEM (PU3HKO-
XUMHYECKHUX MTPOLIECCOB, MPOTEKAIOIINX B 00bEME U Ha OBEpXHOCTH. 3MeHeHue
MEXaHUYECKUX CBOMCTB (MPOYHOCTH W IUJIACTUYHOCTH) SIBISETCA PE3YJIbTATOM
B3aMMOJICUCTBHS TIPOLECCOB aACOPOLHH, KOPpo3uH U nedopmaiuu. PaBHomepHas
KOPPO3Hsl yIIydIllaeT MEXaHUYECKUE CBOMCTBA 3a CUET BhIPABHUBAHUS OBEPXHO-
CTH, a JIOKaJIbHasl YXYJIIAET, YTO CBSI3aHO C pabOTOW KOHLUEHTPATOPOB HAIpsKe-

HUM (1e(heKTOB MTOBEPXHOCTH ).

Kopposuonnoe pacmpeckueanue

KP — pacnpoctpaneHnue TpeuH B MaTepHalie MpyU OJHOBPEMEHHOM BO3-
JEHCTBUN arpeCCUBHOM CPENbl U CTATHIECKOTO MEXaHMYECKOTO PACTITUBAIOIIETO
HanpspkeHusi. KP uMeeT pa3sHOBUIHOCTH MEKKPUCTAJUTUTHOTO Pa3pylICHUs MPU
HAJIMYUH TOTOBBIX AKTUBHBIX YYaCTKOB Ha TpaHUIAaX 3€PEH U TPAHCKPUCTAIIIUT-
HOTO pa3pyIlICHUs, €CIM aKTHUBHBIE YYaCTKU TeHepupyrorcs nedopmanueit. 3a-
POKJIEHUIO TPEUIUH CIIOCOOCTBYIOT Pa3pbiB MOBEPXHOCTHOM TJIICHKU, CYOMHUKpPO-
CKONTMYECKHE TPEIIMHBI TTPU 00paboTKe MeTalljla M YMEHBIIEHUE CUJI CICTICHUS
MEXIy 3€pHAMU 3a CHET aJIcOpOIMK KOMITIOHEHTOB pacTBopa. OCHOBHBIMU (haKTO-
pamu, 0OyCIIaBIIMBAIOIIUMHU PA3BUTUE TPEIIUHBI, SIBISIOTCS HaIH4ue abcopoupo-
BaHHOTO BOJIOPOJIa, BO3HMKHOBEHHE BOJAOPOIHON XPYMKOCTH M YCKOPEHHOE pac-
TBOPEHHUE B BEPIIMHE TPEIIMHBI 32 CU€T OOHAKEHUS HOBBIX YYAaCTKOB aKTHBHOTO
MeTala, 00pa3oBaHHe KOPPO3UOHHBIX TYHHENIEH Ha

CTYIEHSX CIBUTA U 0COOOT0O cOCTaBa pacTBOpPA, MPEMATCTBYIOIIETO pernac-
CUBAIlUU. DTO MO3BOJIAET CHAENATh 3aKIIOUCHHE 00 0CO00M AIEKTPOXUMUYECKON

CUTYAalMH B BEPIIMHE PACTYILEH TPEUIUHBI.

Kopposuonnas ycmanocmo
KY — Bo3HMKaeT npu COBMECTHOM JECHCTBMU HA METAJII arpECCUBHOM Cpe-
Ibl U B oTiinune oT KP mepeMeHHBIX 10 BEJIMYUHE WIH 10 3HAKY HaNPSIKECHUM.

[Ipy 5TOM MPOUCXOIUT MOCTENEHHOE HAKOIUICHHE B MaTepualie MOBPEXKICHUN U
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MOHM)KAETCSl YCTaJOCTHAs MPOYHOCTh. OCHOBHBIM IMPU3HAKOM SIBISETCS OTCYT-
CTBUE MpeJena BBIHOCIMBOCTU (Harpy3ka MpU pa3pblBe, HE MEHSIOWIAACA IMpU
JabHEHIIIEM POCTe YHCia IUKIOB ), mpucyiiero M B Bo3ayxe. C yBeauueHUEM
YyuClia LHUKJIOB HArPYXEHUS YPOBEHb Pa3pYyLIAOMIMX HANPSIKEHUN HENPEPHIBHO
CHUKAETCSl.

[Toatomy ouienky KY mpoBoasT 1mo yclioBHOMY Mpezely, paBHOMY MaKCH-

MajJbHOMY HANpsDKEHUIO LUKIA, IPH KOTOPOM €HIE HE MPOUCXOIUT IOJHOTO

YCTAJIOCTHOTO Pa3pyLICHUS J0 33JJaHHOTO YHCJIa IIUKJIOB (2—5)~10'7. Koppo3zuoH-
HBIM (PaKTOp CHIKAET YCTAIOCTHYIO MPOYHOCTH 332 CYET YMCHBIICHHUS TMOBEPX-
HOCTHOM »Heprur M npu aJcopOIIMu KOMIIOHEHTOB CpeJIbl M OOJIErYeHUs TUIaCTH-
4ecKoM JiepopMarii BIOJb INIOCKOCTEH CKOJIbKEHHS. B BEICOKOIIPOYHBIX CTAJIAX
JTOMUHHUPYET B MHUIIMHUPOBAHUH TPEIIUH BOJOPOTHOE OXPYIUIMBAHUE, a B CTAJIIX
HU3KOM W cpeHel MPOYHOCTH MpeodiiaaeT posib aHOHOTO pacTBopeHus. KY —
HauboJiee

pacmpoCTpaHEHHBI BHUJ  KOPPO3MOHHO-MEXAaHWUYECKOTO  Pa3pyIICHHUS.
AHOJIHAs TIOJIIpU3AlldsS CHUXKACT YCTAIOCTHYIO IIPOYHOCTD, 4 KaTOAHAs 0 Ompe-
JIEIICHHOTO KPUTHYECKOTO IUKJIA, OmnpeaensieMoro 3p¢GhekToM HaBOOPOKUBAHUS,

ITIOBBIIIIACT.

Kopposuonnosposuonnsliic usnoc
Koppo3noHHO-3p03MOHHBIN WK KOPPO3ZUOHHO-MEXAHUYECKUN H3HOC UMEET

3 Pa3HOBHIHOCTH.

Kasumayuonnasn spo3us

KO — Bo3HuKaeT npu ObICTPOM OTHOCHUTEIHLHOM NEPEMEIICHUH MeTalljia U
pacTBOpa BCJEACTBHE 00pa30BaHUS U «CXJIOMBIBAHUS» IY3BIPHKOB Mapa BOIU3U
MOBEPXHOCTH, OCOOCHHO MpU HAJIMYUM Ha HeWl HepoBHOcTed. OOpa3zoBaHUE Iy-
3bIPHKOB OOYCIIOBJIIEHO 3aKUMAaHUEM >KUJIKOCTU MpH OOBIYHON TemiepaType 3a
CUET CHIKECHHS JABJICHMS. 3aT€M NPH MOBBILIEHUU JABJIEHUS IY3BIPBKH «CXJIO-

NBIBAIOTCS) C BOSHUKHOBEHHEM IIACTUYECKOM epopmanum MeTamia 1 o0pa3oBa-
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HueM s3B. KopposnoHHbIl (pakTOp Urpaer HECyIIeCTBEHHYIO pOJib, CBA3AHHYIO

TOJIBKO C HAPYIMICHUCM 3alIUTHBIX ITIJICHOK.

Cmpytinas spo3us

CrpyiiHas (ruapoynapHasi) 3p0o3usi BOZHUKAET MO/ ACHCTBUEM MTOTOKA JKH/I-
KOCTH, IBWKYIIETOCS B TYpOYJIECHTHOM PEKHUME U COJIEPIKAIIETO My3bIPhKH BO3-
JyXa W B3BECh TBEPIBIX dYacTull. Koppo3noHHBIN (akTop mrpaeT Oonee cyie-
CTBEHHYIO POJIb, TaK KaK MOTOK pa3pyliacT 3alIUTHYIO IJICHKY, HO TIPU 3TOM 00-

JICTYACTCH ITaCCUBAMsA 3a CUCT YBCIIMUCHUA JOCTABKH 02.

Kopposusa npu mpenuu

@pEeTUHT-KOPPO3KS BO3HMKAET MPU TPEHUU ABYX MOBEPXHOCTEW U UMEET
XUMHKO-3JIEKTPOXUMHUYECKYIO IIPUPOAY MPHU CYIIECTBEHHOM POJIA MEXAHUYECKOTO
¢dakropa. OOpa3zyromuecss TPOAYKTbl KOPPO3UH BBI3BIBAIOT JOMOJIHUTEIBHOE JIO-
KAIBHOE HANpPsDKEHWE, 3aKJIMHUBAaHWE W paspyuieHue. Hapsany ¢ uctupanmem
IPOUCXOAUT CKaibIBaHUE yacTHll. [Ipu OOJBLIINX CKOPOCTSAX CKOJBXKEHUS B BO3-
JYLUTHOW cpenie HaOIIoJaeTCsl sIBIEHUE TEIIOBOTO U3HOCA, MPOSBIISAIOLIEECs B pa3-
MATYEHUH MaTepuand, KOHTAKTHOM CXBATBIBAHWM W IUIABJIEHUH IIOBEPXHOCTHU
Tpenus. IIAB B oOuiem citydae MEHSIIOT IPOYHOCTh KaK MeTasula, Tak U abpa3uB-

HBIX 4YaCTHII.

Baoicnetiwue 6uovl anekmpoxumuieckol Kopposuu
[Ipexne yem paccMaTpuBaTh OCHOBHBIC BHUJBI KOPPO3UH, IEIECO0OpPA3HO
MPOAHAIN3UPOBATH PA3INUUs MPOLIECCOB, MPOTEKAIOIIUX C KUCIOPOIHON U BOIO-

POIHOM AETOJISIPU3ALIUEN.

AmmocpepHnas koppozus
OHa sBJIsI€TCSI CaMbIM PaCIPOCTPAHEHHBIM BUJIOM M MPOTEKAET IO TOHKH-
MU TUJIEHKaMU 3JEKTpojuTa. Ee CKOpocTh ompenensieTcsl BIaXKHOCThIO BO3/yXa,

HaJIMYUEM B HEM 3arpsA3HECHUS U TeMIieparypou. [I0CKOIbKY ¢ pOCTOM TOJIILIWHBI
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IUIEHKH 3JIEKTPOJIMTA 00JIer4aeTcss aHOJHAS PEeaKusl U 3aTPyIHSAETCS KUCIOPO/-
Hasl JCTOJISIPU3AIlKs, BEIUYNHA | MPOXOAHUT yepe3 MakcumyM. [lpu 3amepsanuu
IJIEHKU KOpPO3Us MPaKTHYECKU Npekpamaerca. [Ipy BbICEIXaHUU TUIEHKHA 3JEK-
TPOXMUMHUYECKAST KOPPO3Us CMEHSIETCS XHMHYECKOM, KOTOpPAs IPOTEKAET IpHU
OOBIYHOHM Temreparype ¢ O4eHb HU3KOH j. 1o MIeHKOH KOppo3us MPOTEKaeT ¢
KAaTOJHO-aHO/IHO- OMHYECKUM KOHTpOJieM. COOTHOIIEHUE MEXKIY €ro COCTaBIIs-
IOLMMH 3aBUCHUT OT TOJILIMHBI IUIEHKH, HAIMYUS MPOJAYKTOB KOPPO3UU U CIIOCO0-

HocTH M IMaCCUBHUPOBATHCA.

lloosemnasn kopposus

[Tomzemuast koppo3usi BeI3bIBaeTcst okuciuresimMu (O, Hi;O') m ObBaeT
TPYHTOBOW WM ONYKJAIOIIMMU TOKaMu (3J€KTpoKoppo3usi). boibiiyro posb ur-
paeT OMUYECKHI (PakTOp MU HaJU4ME MMap HEPABHOMEPHOM a’palvu. Y 4YaCTKH KOH-
CTPYKLIMH, HAXOJSAIIUECSH B CYXUX a’pUPYEMBIX IPYHTaX, SIBJISIIOTCSA KaTOJaMH, a
PacroJIOKEHHBIE BO BJIAXKHBIX IPYHTaX WJIM Ha OOJbLION IIyOMHE — aHOAAMH.
Koppo3noHHble OpakeHUs MIOBEPXHOCTH YaCTO HOCST SI3BEHHBIN Xapakrep. 3Ha-
YUTEIbHYIO OMACHOCTh MPEACTABISAET OMOKOPPO3Usi, BbI3bIBaEMas MPOIYKTaMU
KU3ZHEIEATEIbHOCTH MUKPOOPraHU3MOB. AHa3poOHbIE CyJlb(aT-peayluupyromme
OaKTepuu pPa3BUBAIOTCS B TSAKENbIX I'PyHTax M B Bojae. OHM BOCCTAHABIMBAIOT
Cyab(darbel 10 CEpOBOAOPOAA M CYNb(PUAOB, KOTOPHIE YCKOPSIOT KATOAHYIO M
aHOJHYIO pEaklUU U BbI3bIBAIOT HaBOJOpOkMBaHME. HampoTus, aspoOHbIE ce-
poOaKkTeprH OKHUCISAIOT CYIb(PUABI U CEPY 10 CEPHOM KUCIOTHI U PE3KO HWHTEHCH-

(GUUHPYIOT KOPPO3HUIO.

Kopposusa 6 mopckoii u npecnoti 600e

OcoOeHHOCTSIMU MpoLEcca SABJISIIOTCS BBICOKAsl arpecCMBHOCTbh MOPCKOM
BOJBI, JCHCTBHE MEXaHWYECKOTO (akTopa (dpo3usi, KaBUTAIUS, yCTAJIOCTh), a
TaK)XK€ CUJIbHOE BJIMSHUE KOHTAaKTa Pa3HOPOIHBIX METAJIJIOB, 0OpacTaHUs BOJIO-
pOCIISIMU M HaJdu4ue BaTepMHUM (11erneBas Koppo3usi).Bo3MoxkHO mposiBIeHUE

AMEKTPOKOPPo3uH. KOHTPOIh 00BIYHO KaTOMHBIN, TU(dY3UNOHHO- KHHETUYECKUN,
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KOTOPBIN mepexoauT B U Py3nOHHBINA TPH HATTUIHH CII0SI TPOTYKTOB KOPPO3UH B
HETOJBU>KHOU BOJIE, MM B KHHETUYECKUH MTPU OBICTPOM MEPEMEIICHUU BObI WU
CyJlHA.

Karognas peakuusa dyamie NpOTEKAaeT Ha 3alIATHOM OKUCHOW IUIEHKE, a
aHoqHas — B ee nedekrax. Hanmnume okanuHbl, 0OpacTaHUs WM MJI0OXOTO OKpAIIU-

BaHMH BBI3BIBACT SI3BHI.

Koppo3sus 6 6o0no-opeanuueckux cpedax

B npoToHHBIX cpeaax mporecc MPOTEKAET MO AIEKTPOXUMUUECKOMY MTyTH U
XapaKTEepU3yeTCs TEMU K€ 3aKOHOMEPHOCTSMU, YTO U B BOAHBIX. COCTaB U MpH-
poZa pacTBOPUTENSL CYLIECTBEHHO MEHSIOT CKOPOCTh U ME€XaHu3M Impouecca. 11o
CPaBHEHHUIO C BOJHBIMHU MOXET YBEIIMUUBATHCS J10JI1 AHOMAJIBHOTO PACTBOPEHUS U
poJib coseBoit maccuBaryu. OKCUHAS TTACCUBAIIUSI OOBIYHO 3aTPYIHSAETCA 10 Me-
p€ CHUKEHUS KOHILICHTPAIUU OPraHUYeCKOro pactBoputess. OpraHudecKkue cpe-
JIbl 4aCTO JIYYIlIE PACTBOPSIOT KUCIOPO U MOBBIIIAIOT aKTUBHOCTH MPOTOHA, YTO

JCIacT UX Ooiece aI'pCCCHUBHBIMMU.

Kopposus 6 0syxgpazuvix cucmemax yene8000p00-3ieKmpoium

Takue cucTeMbl TOIPA3NEISIOTCS HAa AMYJIbCUOHHBIE U C TPOTHKEHHON
rpaHuiiei pasgena (a3. ArpecCMBHOCTh MEPBBIX MAJAaeT C POCTOM COACPNKAHUS
yrieBoaopoza. B mocieaHux | BbIie 3a cueT 00pa30BaHUS TOHKUX TUICHOK JJICK-
TPOJIUTa MEXKIY M U yriaeBOAOPOIOM B OCOOCHHO Y TPaHUIIBI pa3zeiia yIriIeBOI0-
POJ-3JIEKTPOJIUT, T1I€ Y TUAPODUIBHON OKHUCICHHOU TOBEpXHOCTH M oOpasyercs
BOTHYTHIM MeHUCK. C Ipyroi CTOPOHBI, TOBBIIIEHHAS PACTBOPUMOCTH KHCJIOPOIa
B YIJIEBOJOPOJIe IO CpaBHEHUIO ¢ Boaou (mpumepHo B 10 pa3) u mHTEHCHUBHAas
KOHBEKTUBHAs JuG(y3usi B MICHKE DJIEKTPOJIUTA MPUBOIAT K CYIIECTBEHHOMY
OOJIETYECHUIO KATOJIHOM PEaKIMh M POCTY CKOPOCTH KOppo3uu. Takum oOpazom,
daza yriaeBoaopoaa SBISETCS aKKyMYJISTOPOM KHCIIOpoja B cepoBogoposa. Ilo-
3TOMY KOppo3usi npotekaeT npeumyiiectBeHHo (90%) Ha MOBEpXHOCTH, KOHTaK-

TUPYIOILEH C YIIeBOJOPOIHOM (ha30il uepe3 TOHKYIO IIJIEHKY JIeKTposiuTa. B Ta-
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KOM CHCTEME PEaIn3yIOTCSl 30HbI HEPABHOMEPHOW a’palivu, IAe KaTOJO0M CIIyKUT
MOBEPXHOCTh METAJLIA MO/ TUIEHKOM 3JEKTPOJIUTA U YACTUYHO KOHTAKTUPYIOILas ¢
YIJIEBOJIOPOAOM, a aHOJHBIA MPOLECC MPOTEKAeT Ha METAJUIE, MOTPYKEHHOM B

AIIEKTPOJIUT MPEUMYIIECTBEHHO BOJIU3M TPaHMIIBI pa3zielia sKuIKuX ¢as.

Pa3znen 2. MeToabl 3a1lIUTHI METAJLUIOB OT KOPPO3UM

3amura OT KOpPpPO3UU OCYIIECTBISIETCS MyTeM Bo3jaecTBus Ha M (00beM-
HOE M TOBEPXHOCTHOE JIETUPOBAHUE), HA Cpeay (CHIXKEHUE KOHIIEHTPAIUU OKHC-
JUTENEH U JPYTMX arpecCHMBHBIX areHTOB WJIM BBEJIECHUE WHTHOUTOPOB, B TOM
YHCJI€ [TaCCUBATOPOB), U HA TPAHUILy pasjelia MeTai-cpe/ia (HAHECEHHUE MOKPHI-
TUWA M BJEKTpoXuMUUeckas 3amurta). Hanbonee mpeanodTuTeNbHO UCIOIb30Ba-
HUE KOMOWHHPOBAHHBIX METOJOB, HAPUMEP, COUYETAHUE HICKTPOXUMHUYECKOMN

3alIUTLI C IIOKPBITUAMU HUJINU I/IHFI/I6I/ITOpaMI/I, HOKpI:ITI/II;’I C HHFI/I6I/ITOpaMI/I u ap.

2.1 DaekTpoXuMHUYeCKas 3alMUTA

Omna 3akirouaercs B n3MeHeHuu E MeTaiuia, ObIBaeT KaTOQHOM U aHOIHOM U
OCYIIIECTBIIAECTCS OT BHEIITHETO UCTOYHHKA TOKA (2JIEKTPO3aIl1Ta) UK ITyTeM KOH-

TaKTa ¢ METAUIOM-TIPOTEKTOPOM (ITPOTEKTOPHAS 3AIIUTA).

Kamoonas 3awuma

B ee ocHOBe JEXHT SBIIEHUE MOJOXKHUTEILHOTO MPOTEKT-3Pdekra, T.e.
CHIDKEHHUE IpM B aKTHBHOM COCTOSIHUM C POCTOM Ik MJIM KaTOAHOM MOJIAPU3ALIUHL.
O PeKTUBHOCTH KaTOAHOW 3aIIMUTHI JK3 ONMPEACNACTCS MPU MOMOIIN COOTHOIIIE-
HUS:

O =[( - Tpm)/i1-100% (97)

DAEKTPOXUMUYECKYIO 3PHEKTUBHOCTh KAaTOJHOM 3aIIUTHI, T.€. PAIIOHATb-
HOCTh HCIOJB30BaHUS Iy, XapakrepusyeT koddduineHt nporekt-3pderra Ky,

KOTOPBIN CBSI3aH C 3.
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Kus=( -ion)i (98)
Oxs=(Ik K /])-100% (99)
Uewm Boiie K5, TeM panmonanshee 3amura. Bepxauii npenen Ky, pasen 1
U OTBEYAET KOPPO3UH C IpeaesbHbIM AU Yy3MOHHBIM TOKOM KaTOJIHOM pEeaklUu.
B stoMm cirydae iy =] —igy 1
D=(1/]) 100% (100)
[ToaToMy KaTomHas 3anuTa OOBIYHO HCIIONB3YETCS MPH KOPPO3UU B DJICK-
TPOJIUTAX C KUCIOPOAHOW Jemnossipu3anueii. JluarpamMma, WILTIOCTpUPYIOIIAS
3JIEKTPO3aUIUTY, MpeAcTaBieHa Ha puc.20, a 3aluTy NpyU NOMOIIM aHOJHOTO
npoTeKkTopa, T.e. O6onee F3(HPEKTUBHOTO aHO/AA, YEM 3alIHIAaeMblii METaJl, Ha
puc.21. lnarpamma Ha puc.21 ayis coydast 3alIUThI KeJ1€3a IUHKOBBIM MPOTEKTO-
POM MOCTPOECHA AHAJIOTUYHO MPEACTABICHHON HA PUC.8. DIIEKTPUUECCKAN KOHTAKT

KeJe3a ¢ HMHKOM IPUBOIUT K YBEIMYEHHIO |7, ¥ CHIDKEHUIO |ppe TPAKTHYECKH 10

________ Zn
ESEJ.IJ. . EKD]_J k

Exople—"l _ _ . \""--..,‘_ Hsam \ "'""'"-....,__
' lM
| Fe -—4-—————
LP 02 I EKDp I"""'--..___
I |
|
[
. | |
FLO2=ham L jg’l Zn 192 Fe jgzz ]
Pucynok 20. KarogHas snekTpo3aiiu- Pucynok 21. IlporekTopHas 3ammra

Ta

AHoOHas 3awuma

B e€ ocHoBe nexuT siBienue naccuparuu M, 3¢ ¢heKTUBHOCTD paBHa:

35~ [(I-1n)/]1-100% (101)
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AHGTIHAs 3aIyTa BO3MOXKHA TOJIBKO JUISI AaHOJHO MACCUBUpYIONMXCS M U
OCYIIECTBIISICTCS TIPY TTOMOIIY HCTOYHHUKA JJICKTPOIHEPTUH TUIIA TTOTCHIINOCTATA
(37ekTpo3amuTa) JM00 MyTeM 3JICKTPHUECKOTO0 KOHTAKTa C KaTOJHBIM IMPOTEKTO-
poM (6omee a3 hekTrBHBIM KaTo1oM) (puc. 10) (mpoTekTopHas 3anmTa).

Bo3Mo)kHa aHOHAS 3alIuTa UMITYJIBLCHBIM TOKOM 1,>1,, €ClIi pocT I, B Tac-
CUBHOU obOsact oOycioBiieH BeineneHueM O, unu apyroro OX, HO HE pacTBOpe-

HUEM M.

2.2 3alIMTHBIE MOKPBITHS

[TokphITHA 3aIIMIIAIOT TOBEPXHOCTh METAJIa OT KOPPO3UH IMYTEM €€ H30-
JSIUM OT arpecCUBHOM Cpelibl, @ TaKkXKe 3a CUET TOpMOKeHus nuddy3un u smek-
TPOJHBIX peakuuid. J{Js 3TOro MOKpBITUS JOJKHBI 00J1aaTh MPOTEKTOPHBIM (-
(eKTOM, KOPPO3HOHHON CTOMKOCTBIO M JIOJTOBEYHOCTHIO, XOPOIIEH aAre3nei K
HOJIIOXKKE, CIJIOIIHOCTBIO U OECIIOPUCTOCTBIO, COUYETAThCA C APYTMMHU CpEACTBa-
MU 3alIUTHI U 1p. B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBUWA HEOOXOIUMO Mpeo0d-
JaIaHAE TEX WM UHBIX (PaKTOPOB.

[TpOTUBOKOPPO3HOHHBIE MOKPHITHS KIACCU(DUITUPYIOTCS:

a) MO TUIy Marepuaia: MeTaJUIM4ecKue (MeTallbl U CIUIaBbl); HEMETAILIHU-
YeCcKHe: OpraHudeckue, (JaKOKpacodHbIe, IIaCTMACCOBbIC, T'YMUPOBOYHBIE), HE-
opraHuveckue (CUJIMKAaTHBIC, OKCUAHBIC, (hochaTHBIC) U KOMOMHUPOBAHHBIC WUITU
KOMITO3UIIMOHHBIE;

0) mo nmedopmarmoHHBIM CBOMCTBaM (ympyrue, ynpyrosiacTUYHbIC, dJa-
CTUYHbIE, TIJIACTUYHBIE);

B) 10 XMMUYECKOW CTOMKOCTU (XMMCTOMKHE, OTHOCUTEIBHO CTOMKHE, He-
CTOMKHE);

I') MO TETUIOCTOMKOCTH (17151 [rana3oHoB Temieparyp 50-70°, 70-100°, 100-
150°, cBbire

1) TI0 CTETNEHU yCUJIeHus (TPOCThIe, YCUIICHHBIE, BECbMa YCUIICHHBIE);

€) M0 COCTOSIHUIO B MOMEHT IMTOCTaBKH WJIU BBIYCKA (MOHOJHUTHBIE, MACTO-

oOpasHbie
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MJIEHOYHbIE, JINCTOBBIE, IOPOIIKOBLIE, IITYYHbIE);
) IO METOJIaM HaHeCeHUs! (OOKIIAKOM, OKIEHKOM, pyUYHbIM WUJIU MEXaHUYe-
CKUM HaHECEHHEM B BUJE, KUAKOCTEH, TacT, MOPOIIKOB);

MexaHuszm TOPMOKCHUA KOPPO3WH OIIPCACIIACTCA TUIIOM MaTCpuaiia.

Memannuueckue nokpoimus

Mertannuyeckue KaTOJHbIE MOKPBITUS COCTOAT U3 00JIee IEKTPOHOIOKU-
TeJIbHOro M, yeM 3amminaemsiii M. OHM I€HCTBYIOT, IPEUMYIIECTBEHHO MEXaHHU-
YeCKH M30JUpyst M OT arpeccuBHOM cpejibl U JIOJKHBI ObITh OecropucThiMu, B
MIPOTUBHOM CJIy4ae Ha OOHa)KEHHBIX yYacTKaX HAUYMHAETCS JIOKAJbHBINA aHOIHBIN
IIPOLIECC, KOTOPBIA MOKET PACIPOCTPAHUTHCS IO MOKPBITUE. ECin 3ammmaeMslii
M CKJIOHEH K MacCHUBAllMM, a MOKPBITUE SBJISETCS KATOMAHBIM MPOTEKTOPOM, JIECH-
CTBYET 3JIEKTPOXUMUYECKUN MEXAHU3M 3aILLUTHI, HAIIPUMEDP, MEAHOE TTOKPHITHE Ha
craysx 12XI13 nnm 12XI18HIT B pacTBOpax cepHOl KUCIOTHI.

AHOJHBIE METAINTMYECKUE TTOKPBITHS 3alIUIIAI0T MEXAaHUYECKU U TJIaBHBIM
00pa3oM AJIEKTPOXUMHUYECKU 3a cueT MpoTekT-3gdekra. [lopuctocth MOKpHITHS
HE WUIPaeT CyUIECTBEHHOM POJIM, T.K. OKUCIISIETCA METAJUI MOKPBITHS, & HA OCHOB-
HOM METaJlI€ BOCCTAHABIIMBACTCSI OKUCIIUTED.

Xapakrep AEUCTBUS MTOKPBITHUS 3aBUCUT HE TOJBKO OT NPUPOAbI M, HO Tak-
€ OT COCTaBa arpeccuBHOM cpenpl, t u aApyrux ¢pakropos. Harpumep, onoBsiHHOE
IIOKPBITHE 10 OTHOLLICHUIO K JKEJIe3y UTPAET POJIb KaTOAHOTO B pacTBOpax HEOp-
FaHUYECKUX KHUCJIOT U COJIEM U aHOJHOTO - B PACTBOpPax OPraHUYECKHX KHCIOT.
[{HKOBOE MOKPBITHE HA CTAJIM SABJISECTCS AHOJHBIM B XOJIOJJHOW BOJE M KATOHBIM

- B rOpsuei.

Jlakokpacounble nokpvimus

JlakokpacouHbI€ TTOKPBITUS B 3aBUCUMOCTH OT IPUPOJIBI MUTMEHTA U TUICH-
KOOOpa3ylolel OCHOBBI CIY)KaT MPEUMYIIECTBEHHO OaphepoM, MacCHBATOPOM
WM TIPOTEKTOPOM. DTO CaMblii pacTIPOCTPAHEHHBIN CIIOCO0 3aIHUTHI.

JIakamMu Ha3bIBAIOTCS KOJIJIONAHBIC PAaCTBOPLI BLICBIXAIOIHUX MACCJ, CMOJI,
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3(UPOB TEILTIONO3bI B JIETYYUX OPTAaHUYECKUX PACTBOPUTEISIX. TBEpPAOE MOKPHI-
THE 00pa3yeTcs NPy UCIIAPEHUU PACTBOPUTEIISI UJIU B PE3YJIbTaTE MOJUMEPU3ALNN
MacJja Ui CMOJIBI IIPU HarpeBe WK ICUCTBUU KaTaau3aTopa.

Kpackamu Ha3bIBalOTCS CYCHEH3UH MUHEPATBHBIX MUTMEHTOB B IJICHKOOO-
pasoBarere, T.€. B OpraHU4eCcKOM CBs3yIomeM. [TurMeHThl - OKCUJIbl CBUHIIA, IIH-
Ka, ’eJes3a, TUTaHa, XpoMmaT IMHKa, KapOoHAT CBUHIIA, CyJIb(daT Oapus, altOMUHU-
eBas WM LUHKOBas myapa. CBsA3ylOUMM SIBISETCS BBICHIXAIOIIEE PACTHTEIBHOE
Maciio (JTpHSIHOE, KOHOIUIsTHOE), onrda. B kpacku Takxke

BBOJISITCSL KQTAJIM3aTOP MOJIUMEPHU3ALUHU (CUKKATUB), PA3KUKUATEb, HAIIOJ-
HUTEJIb 1S TOBBIIIEHUSI MEXaHUYECKOU TPOYHOCTH (citoa, Tpadur).

Mexanudeckast H30JIA1US JOCTUTAETCS, €CJIM MOKPBITHE CILIONIHOE, JTUIIIEHO
nop, o0JagaeT BBICOKOW CTENEHbIO aire3uH, He Ha0yXaeT B arpecCUBHOM cpene,
ra3o- U BJIAroHENPOHHUIIAEMO, XUMHUYECKH CTOMKO. becropucTbie MOKpHITHS J1aeT
P MHOTOCJIOTHOM HaHECEHHMH, KOT/la MPOUCXOAMUT 3aKyNopKa Mop, OOJBIIHUH-
CTBO MTUTMEHTUPOBAHHBIX JJAKOKPACOUYHBIX MAaTEPHAIOB, ITPH OTBEPKICHUN KOTO-
pBIX 00pa3yercs TpeXMepHasi CTPyKTypa IJIEHKOOOpa3oBaTesl.

OnmHOCIONHBIE TOKPHITHSI B MPOIIECCE BBICHIXaHUS 00pa3yIOT OPHI JUAMET-
pom 102 — 10* cM 1 00:1a1aF0T CTPYKTYPHOI IIOPUCTOCTHIO ¢ AuaMeTpoM mop 10
— 107 cm. IIpy OTKPBITOM MOPUCTOCTH KOMIIOHEHTBI arPECCHMBHOM CPEIbI MOCTY-
NarT K TOBEPXHOCTH M 3a cueT KanuUIIpHON KOHAECHCAIIMU U KallUJUISIPHOTO Te-
yeHus. [Ipu mIoTHOM OAHOPOJHOUN CTPYKTYpE IUICHKH arpeCCUBHBIC arcHTHI Iie-
peMeInarTcs Mo MEXaHNU3My aKTUBHPOBaHHOU nuddy3un B MaTtepuaie NOKPHITHS
Y YaCTHUYHOI'O PAacCTBOPEHHMSI B HEM areHToB. DPpexkTuBHbIA TudPy3nOoHHBIA Oa-
phEeP IOCTUTAETCS CO3AHMUEM KPUTHUECKON TOJITUHBI MHOTOCIIOMHOTO TMTOKPBITHS,
KOI'/Ia CONPOTHUBIIEHUE B €T0 MOpax MPUOIMKAETCS K COMMPOTUBIIEHUIO CaMOT0 TI0-
KPBITHSI 32 CUET YCTpPaHEHUSI CKBO3HBIX MOP M KanuiuiapoB. [Ipu upesmepHOM yBe-
JUYCHUH TOJIIMHBI MMOKPBHITUS B HEM BO3HHUKAIOT BHYTPECHHHUE HATPSKCHHUS, BBI-
3BaHHBIC YCAJIKOW W APYTHMH IpoIeccaMu Mpu (GOPMHUPOBAHUY TUICHKH, CHIKA-
I0TCS QT3S K TPOYHOCTH TOKPHITHSL.

3aluTHBIE CBOWCTBA 3aBUCAT OT MPUPOJIbI MUTMEHTa-UHruOuTOpa. CBUHIIO-
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BBIN CYpUK M XpOMAT ITWHKA SIBJISTIOTCS MMACCHBATOPAMHU, IIMHKOBAS MyApa — aHO/I-
HBIM TIPOTEKTOPOM, ATFOMHUHHUEBAS Iyipa - MIPOTEKTOPOM B COJIEBBIX PACTBOpAX U
KpOME TOTO TIPEISITCTBYeT HaOyXaHHUIO.

B ciiyqae MHOTOCTIOWHBIX TOKPBHITUN CIIOM BBHITIONHSIOT pa3IMyHbIC (yHK-
uu. Oco0ast poyib OTBOJUTCS MEPBOMY CIIOIO TPYHTa, KOTOPBIA OOECreYrMBaeT
MPOYHYIO aJIFC3UI0 ¢ METAINIOM M C TIOCISAYIOIIUMHU CJIOSMH TOKPBITHS, a TaK¥Ke
AHTUKOPPO3UOHHYIO 3allTUTy 3a CYET BBEJACHHS B COCTaB MMUTMEHTOB U MPUMEHE-
HUS TJICHKOOOPA3yIOIIMX BEIISCTB C BBICOKOW BOJOCTOMKOCTBIO M MaJIOH Ta-
30MPOHMIIAEMOCTHIO. J[JI1 yIydilieHuss CBOMCTB TPHUMEHSIIOT COTOJUMEpHI, T.K.
W3MCHEHHUE MPUPOJIBI MOJUMEPOB HEOAMHAKOBO BIIMSCT Ha WX XHMCTOHKOCTH U
CroCOOHOCTH K aare3uu. Hampumep, B psaay QyHKIIMOHATBHBIX TPYIII ITOJIUMEPOB:
COOH, OH, CONH,, CH3, CN, CI, F - agresus magaet, XoTs TMHEHHBIE TOJIHME-
pbI THIIA (PTOPOILTACTOB U MEPXJIOPBHHUIOBBIX cMOJI, coaepkammx Cl u F, otim-

Yar0TCS BBICOKOU XUMCTONUKOCTBIO.

pyeue munvi noxkpuimuii

Oxkcugnbie U GocdaTHBIC IUICHKH 00JIaJal0T HEBBICOKOH XHUMCTOMKO-
CTBIO, HO SIBJISIFOTCS] OTJTMYHBIM TPYHTOM JUIS JIAKOKPACOYHBIX TTOKPBITHH.

AMareBbie MMOKPBITHS ¥ TIOKPBITUSI HA OCHOBE MITYYHBIX CUJIMKATHBIX MaTe-
puanoB o0JaAar0T BHICOKOM XMMCTOMKOCTBIO M M30JHMPYIOIIMM AeiictBueM. [lpu
BBICOKOM mopuctocTH, nocturaromieit 30% s yriaerpaduTHBIX MaTepHasioB,
MPOIMUTHIBAIOTCS CUJIMKOHOBBIMHU KUIKOCTSIMUA M pacTBOpaMU Ha OCHOBE (heHOJI-
(bopMaNTbAETUIHBIX CMOJL.

[TokpeITHS CcMOJIaMU U TUIACTMACCaMH OOJAJA0T TaKKe H30JUPYIOIIUM

JIGUCTBUEM U BBICOKOM XMMCTOUKOCTBIO.

2.3 O0paboTka cpeabl M BBeJleHHe MHTHOMTOPOB

Obpabomka cpeodwi

OcHOBHBIE CTTIOCOOBI YAAJIICHHS arpeCCUBHBIX KOMITOHEHTOB CPEbl OCHOBA-
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HBI HA PU3NYECKUX U XUMUYECKHUX MPOIIECCax U SBICHUSIX:
1) ynajeHwe KUCJIOpoJa W OKUCHHUTeNeld AgobaBieHueM norjotrurenei O
(ruapasuH, Cyab(PUT UK TUAPOCYIBMUT HATPUS), HACKIILIEHUEM PACTBOPA UHEPT-

HBIM I'a30M (230TOM), TEPMHUYECKOM Jearpaliueii, meperoHKou;

2) yIaJieHue KUCIOT, B TOM YUCJIE YIJIEKUCIIOThI, TyTeM HeHTpaau3aluuu
Ca(OH), nnu

3) yaajieHue cojieii 00paboTKOM MOHOOOMEHHBIMU CMOJIAMH WJTU TIEpe-
TOHKOM;

4) bunbTpanys Ui abcopOIUsl arpeCCUBHBIX KOMIIOHEHTOB M TBEPABIX

YaCTUIl U3 BOJBI,
5) oOCyIllKa BO3/yXa MOTJIOTUTEIEM BJaru (CUIMKaresieM), BAKYyMUPOBaHHU-

€M HJIM TOHM)KECHHEM OTHOCHUTEIIBHOM €ro BIaXKHOCTH YBCIIMYCHUCM t.

Hneubumopul kopposuu

NHruburopamu KOppo3uMM HA3bIBAIOTCSI XMMUYECKHE BEILECTBA, BBEICHUE
HEOOJBIINX KOJMYECTB KOTOPBIX B arpeCCHUBHYIO CPEly YMEHbBIIAET CKOPOCThb
KOPpPO3UH, WM YBEJIMYMBAET WHAYKIHMOHHBIA MEpUOJ Mpollecca, WIM BOOOIIE
npenoTBpamaer ero. MHruOuTopbl AOHKHBI TAKXKE COXPAHATh WM YIy4dllaTh
(GyHKIIMOHAJIbHbIE CBOMCTBA METaIIA.

[Ipu paBHOMEpPHOU KOppO3UU 3PPEKTUBHOCTH UHTHOUTOPOB OLICHHBAETCS
koa(duieHTOM TOpMOKeHUs Kopposun K i crenenpro 3anuThl Z .

[Ipu nokanbHOM JEenacCUBaIlMU 3aIUTHOE JACHCTBUE WHTHOUTOPOB OLICHU-
BaeTCSd U3MEHEHHEM YMCa MUTTUHIOB HA €JUHULE MOBEPXHOCTH, YBEIMUYEHUEM
Ef0, TPOTUBONUTTUHIOBOTO Oa3uca, a Ipu KOPPO3UHHO-MEXAHUYECKOM pa3pyllie-
HUU U3MEHEHUEM ITPOYHOCTHBIX XapAKTEPUCTUK M.

[lpu paBHOMEPHOW KOPPO3MM CHUKCHUE | BO3MOXKHO MYTEM BBEICHHUS
aHOJHBIX UHTMOUTOPOB, TOPMO3SAIIUX pacTBOpeHre M, KaTOJHBIX HHTUOUTOPOB,
YMEHBIIAMMUX Iz, ¥ CMEIIAHHBIX KATOIHO-aHOIHBIX HHIHOHTOPOB, KOTOPBIC
HauOoJiee pacnpocTpaHeHbl. Crofia ke MOKHO OTHECTH B CITydae aHOJAHOIACCHUBHU-

PYIOIIMXCS METAJIOB 100aBkH — OX, KOTOpBIE 32 CUET XUMUIECKOTO B3aMMOJICH-
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CTBUS ¢ M al0T OKCHIHYIO TUICHKY WJIM B KQUECTBE KaTOHBIX JCTIONSPU3ATOPOB,
yBeIruuBaromux Exop, nepeBoasT M B macCHBHYIO 00/1aCThb. DTO OIIACHBIE BEIIE-
CTBa, KOTOPbIE MPHU HEJIO3UPOBKE WUIIU MEPEIO3UPOBKE CIIOCOOCTBYIOT JIOKAJTILHOMN
KOppO3uK. MeXaHu3M 3allUTHOTO JACHCTBUS HHTUOMTOPOB 3aBUCHUT OT THUIIA KOP-
pO3UH.

B kxucneix cpenax yaimie HMCHoib3ylorcs opranuuyeckue IIAB, koropbie
TOPMO3AT TpoIecc 3a CYET afcopOuuu. B ob0miem ciaydae 3aniuTHOE ACHCTBUE
00yCJIOBJICHO OJOKMPOBAHUEM YaCTH MOBEpXHOCTH MeTauia (0) U M3MeHeHHeM
sHepruu aktuBaiyu (AA) Ha CBOOOJHBIX ydacTKax. M3sMeHeHHe A MOXKET ObITh
CBSI3aHO C M3MEHEHUEM CTPOCHHMSI JBOMHOTO €105, T.€. BeanuuHbl V' - moTeHmnuana
WK ¢ OJIOKMPOBaHUEM HamOOJIee aKTUBHBIX IIECHTPOB MOBEPXHOCTU KOPPOZUPYIO-
niero Metawia. [1o »TuM npuzHaKaM UHTHOUTOPHI KIACCUDUITUPYIOTCS Kak O110-
KHPOBOYHBIC, aKTHUBAIIMOHHBIE ¥ CMETIIaHHBIC.

HauGosee moiHbiiA ydeT pa3iaudHbiX (GaKTOPOB MPOU3BEJEH B paMKax ¢op-
MaJbHOW TEOpHH JEHCTBHUS WHTHOMTOPOB, KOTOpasi OCHOBaHA HA WCIOJIb30BAHUHU
YpaBHEHHUM AJIEKTPOXUMHUYECKON KHWHETUKH. COrJIacHO 3TOW TEOpUHU 3aIIUTHOE
JIeHCTBHE HHTHOUTOPOB 00YCIIOBIICHO KOMOMHAIIMEH CiieayromuX 3 GheKToB:

a) KHHETUYECKOTO, T.e. N3MEHEHHUSI KOHCTAHTBI CKOPOCTH 3a CUET aJcopo-
[IMY Ha HanOoJiee aKTUBHBIX IIEHTPAX;

0) XMMHUYECKOro 3a CUYeT MU3MEHEHMS TEIUIOThI aJcopOIlMM, XapaKTepa 3a-
MEJICHHOW CTaJNH, CTEXUOMETPHUH, BEITECHEHUS aKTUBUPYIOIINX AaHUOHOB,;

B) MEXaHUYECKOTO, 00YCIIOBICHHOTO OJIOKUPOBKOM TOBEPXHOCTH;

I') 5JIEKTPOXMMHYECKOr0, CBA3aHHOIO C M3MEHEHHEM E,

1) aacopOIMOHHOTO WJIM JIBOMHOCIOMHOIO 3a cuyeT u3MeHenust Y-
MOTEHITHAA.

Jnst Hau6onee 3 PEeKTUBHBIX UHTHOUTOPOB KUCIOTHOM KOPPO3UM THUMA Ka-
THOHOAKTUBHBEIX I[TAB mpeobaagaroT 0JJ0KUPOBOYHBIN M aCOPOIIMOHHBIN YD dek-
THI.

[TocKOMBbKY 3JEKTPOIHBIE PEAKIIMH MPH KUCIOTHOW KOPPO3WH MPOTEKAIOT

OOBIYHO C KHHETUYECKUM KOHTpoOJieM, Topmo3snue nericteue [IAB mposiBisieTcs
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yepe3 uzmepeHue tadeneBbix koddduimeHToB aa , ak (CTaHIapTHON MOspHU3a-
un) 1 ba , bk (yaenbHOR MOISpU3yeMOCTH).

VY aHOIHBIX M KAaTOJAHBIX MHTUOUTOPOB m3MeHeHue E,,, omHOo3HauHO Xa-
pakTepu3yeT 3alUTHOE JIEHCTBUE.

CMmernianHble MHTHOUTOPHI MPU MPOYUX PABHBIX YCIOBUSIX 00Iaar0T Oosee
BBICOKMM K 10 cpaBHEHHIO ¢ KaTOIHBIMU U aHOJHBIMH, HO U3MeHeHue Exop He
CBSI3aHO MPOCTOM 3aBUCUMOCTBIO ¢ K, a XapakTepusyeT JMIlb NPEeUMYLIECTBEH-
HbIH 2 ekt no6aBku. Yem MeHbIe U3MeHEeHHE Exop IpH MPOYMX paBHBIX YCIIO-
BUSIX, TeM OoJbie K, T.K. 31eKkpoXuMudeckuil pakTop Bceraa cnocoOCTBYET CHH-
xenuto K,

Kpome HeopraHudeckux COeIMHEHUN B HEUTPAJIbHBIX Cpelax MHIHOUTOpa-
MU MOTYT CIY’KUTb THAPOPOOHBIE KOMIUIEKCOOOpa30BaTeIl, 00pa3yrolue MICH-
Ky. Bce addexTrBHBIE HHTHOUTOPBI UMEIOT MOJISIPHYIO (TUAPOPHIIBHYIO, a1copO-
UOHHOAKTUBHYIO) U HEMOJIAPHYIO TUAPO(POOHYIO YacTU. Y UCTUHHO WUJIM MOJIE-
KyJapHO pacTBOpUMBIX [IAB momsipHbie Tpynmbl HETOCTATOYHO TUAPOQPHIBHBEI.
[ToaTomMy ¢ pOoCTOM YIJIEBOAOPOJHOTO pajuKala, TO €CThb MOBEPXHOCTHOM aKTHB-
HOCTH UX PACTBOPUMOCTH PE3KO MaJaeT B CIydyae BOJbI U PACTET B YIIEBOJIOPO/-
HOM cpezie, MpUYeM BO BTOPOM Cilydae afcopOuus qokHa manate. Takue coemu-
HEHHUSI MOTYT 00pa30BbIBaTh MULIEJUIAPHBIE CTPYKTYPhl U HE 00J1a/1al0T CMavyMBa-
folel cnocoOHocThio. Kommonanopactsopumbie [TAB nMeroT cuiibHO pa3BUTHIE
HOJIIPHBIE TPYIIIBI U JOCTATOYHO JJIMHHBIN yrieBoaopoaHbIi paaukai. [Ipu no-
CTH)KCHHH B MOJIEKYJI€ OIMPEACIICHHOTO JIUMOGUILHO-THAPODUIBLHOTO Oananca u
KPUTHYECKON KOHIIEHTpauu o0pa3yroTcsl YIbTPAAUCIIEPCHBIE KOJIOWIHBIE CH-
CTEMBI, a TaKK€ MOXKET MJATH MOBEPXHOCTHOE MHUIIEI000pa3oBaHKe. 3a CUET CO-
JTFOOMIIN3AINY TTPOUCXOTUT BKIIOUCHHE YTIIEBOAOPOIOB B 3AIIMTHYIO IUICHKY MH-
ruouTtopoB. [loaTomy 3ammTa OT KOppo3uu B ABYX(Da3HBIX CHCTEMax OCYIIECTB-
JsieTCsl He TOJBKO MyTeM aJICOPOLIMOHHOTO TOPMOXKEHHUS IMpOLecca, HO U 3a CYET
ruipooOu3anuu rugpoPUIbHON YaCTH MOBEPXHOCTH MPHU BBEICHUM Maclopac-

TBOPHUMBIX I/IHFI/I6I/ITOpOB.
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DTO MPUBOIUT K MPEBPAIICHUIO BOTHYTOTO MEHWCKA B BBITYKJIBIA U HC-
YE3HOBCHUIO TIICHKH JJIEKTposiuTa. CyIECTBEHHBIM SBISETCS TOCIEI0BATEIb-
HOCTh 00pabOTKH MOBEPXHOCTH MHruOMTOpOoM. Eciu oOpaser] moMecTuTh cHava-
Ja B JJEKTPOJMT, a 3aTeM 3aJIUTh MHTMOMPOBAHHOE TOIUIMBO, TO Z OyIeT Mu-
HuManbpHa. [Ipu npeaBapuTenbHON afcopOIMU MHTHOUTOpA M3 TOIUIMBA HE CO-
Jiep>Kalero Bojbl, BennunHa Z makcumanbHa. [Ipu pasmemennn odpasia B pac-
TBOPE C UHTUOUTOPOM JIOCTUTAETCS CpeiHsis Z.

MacrnopacTBoprMble MHTHOUTOPHI Kak TUAPO(HOOM3aTOpbl MOBEPXHOCTHU
WCTIOJIB3YIOTCSI TAaK)Ke ISl 3aIUTHI OT aTMochepHoit koppo3uu. OHM yBETMINBa-
10T KpaeBOM YroJl CMauMBaHUs Karuid BoAbl ipakTrdecku Ha 180°C u mpuBosT K
CKaThIBAaHUIO KaIlIM B BUJIE IIapuKa ¢ moBepxHocTu. [TockonbKy oHM XemMocopOu-
PYIOTCS Y SIBJISIFOTCSI MEJIJICHHO JCHCTBYIOIIMMHU, KaK U B clTydae IBYX(a3HbIX CH-
cTeM, Iesiecoobpa3Ha 00paboTka Cyxoi MOBEPXHOCTH JIJIsi 00pa30BaHUs CTaOUIIb-
HOU IUIEHKHU.

B otnuume oT HEX BOIOMACIOPACTBOPUMBIC WHTHOUTOPHI MOYKHO HCITOJTb-
30BaTh JUIsl KOHCEPBAIMK BIAKHBIX MoBepxHocTen. Takue [TIAB cymiecTBeHHO mo-
HIDKAIOT TIOTPAHUYHOE HATSKEHUE MEXKIY M U BOJIOW, YMEHBIIAIOT KPAa€BOU yroJl
CMa4YMBaHUs BIUIOTH JI0 MOJHOTO PACTEKAHMS Karelb BOJBI U MOTJIANIAIOT BOAY 3a
cdyeT oOpaTHOM comroOu3arnuu. OHM 001a1at0T OBICTPHIM BOJOBBITECHSIONIAM
BOJOYJEP>KUBAIOIINM JECHCTBUEM.

BrlmenepeurcieHHbie MHTUOUTOPBI SBISIOTCS KOHTAaKTHBIMHU. Mcronb3y-
IOTCS TAKOKE JICTYYHEe WHTHOWTOPBI, KOTOPBIE BBOIATCS OJHOBpEMEHHO ¢ M B 3a-
MKHYTOE€ IMPOCTPAHCTBO, CTCHKH KOTOPOTO 00J1aat0T HU3KOM IMapo- U Ta30IPOHHU-
11aeMocThi0. OHM UCTIAPSIFOTCS, 3aMOJHSAIOT MapaMu MPOCTPAHCTBO U, aICOPOUPY-
SICh Ha MIOBEPXHOCTH 3aIlMINAaeMOro M, BIUSIOT HA KHHETUKY 3JICKTPOJIHBIX peaK-
U TIporiecca KOPPO3HH. DTH UHIHOUTOPHI (OOBIYHO aMUHBI ) MTO3BOJISIOT 3allld-
aTh OT aTMOC(HEPHONU KOPPO3UHU U3IEIHUs CI0KHON KOH(HUTypaluu u 001er4aroT
pac- KOHCEpBAIMIO WJIM BOOOIIE YCTPAHSIOT ATy omnepanuto. [IpuHIMmuaisHbIM
OTIIMYUEM JIETYUYUX WHTHOUTOPOB OT APYTHX THUIOB aJCOPOIIMOHHBIX 3aMeIINTe-

JICU SIBISCTCS HCO6XOJII/IMOCTB ONMpCACICHHOIO AaBJICHWA HACBIIICHHOI'O IIapa.
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[Tpu 5TOM HcTapsieTcst Wik MOJIEKYJIsIpHast (hopMa aMHHA WITH TIPOAYKTHI THIPOJIU-
3a coJied aMUHOB. JleTy4ecTh aMHHOB SIBJISIETCSI HEOOXOJIUMBIM, HO HEJOCTaTOU-
HBIM YCJIOBHEM, T.K. 3alllUTHAs CIOCOOHOCTh B MEPBYIO OYEPEIb OMpPEeseTCs
a7IcOpOMPYEMOCThIO T00ABOK U UX BIMSTHUEM Ha 3JIEKTPOJIHBIC PEAKIIUH.
CoueTaHne MHTUOUTOPOB C DIEKTPOXUMHUYECKOM 3aIUTOMN SIBISAETCS KOM-
OMHUPOBAHHBIM CIIOCOOOM. Vcmonp30BaHME KAaTOJHO-UHTMOMTOPHOM 3allluTh
MO3BOJISIET CHU3UTH 3aTPaThl DJICKTPOIHEPTHUH U MOBBICUTH (P deKTUBHOCTD. [Ipn
aHOJIHOM 3alllMTE BBEJCHHE MHTMOUTOPOB MpPECIEeNyeT eib PACIIUPUTH MACCUB-
HYIO 00JIACTh U CHU3UTH Iy, YTO AaET SKOHOMHIO JICKTPOIHEPTUHU U MOBBIIICHUE

() (PEKTUBHOCTH 3AIIUTHI.

IIpeodynpesicoenue nekomopwix U008 KOPPO3UU

3ammTa METalioB OT 2a3080U Koppo3uu 00eCTIeUnBAETC 0ObEMHBIM WU
MOBEPXHOCTHBIM JICTUPOBAHUEM, a TAKXKe CO3JaHHEeM 3aluTHBIX atMochep. Cy-
IIECTBYET HECKOJIBKO TECOPUH KAPOCTOWKOTO JICTUPOBAHMS.

1. Teopust ymeHbIneHus 1eHEKTHOCTH 00pa3yIOIIEHCsl OKAIMHBI U CKOPOCTH
muddy3un B perieTke 3a CYeT paCTBOPEHUST OKCUIA JIETUPYIOIIETO KOMIIOHEHTA B
OKCHJIC OCHOBHOTO METaJljla.

2. Teopust 00pa3oBaHUSI 3alIUTHOTO OKCHJAA JIETUPYIOIIETO SJIEMEHTA,
MPETSTCTBYIOMIETO OKUCIICHHIO OCHOBHOTO METajlIa 3a CUeT 3aTpyaHeHus Tuddy-
3UM PEAreHTOB.

3. Teopust 06pa3zoBaHusi BEICOKO3AIIMTHBIX TBOWHBIX OKCHIOB THUIIA HITTHHE-
J.

Hu3skas apoCcTOMKOCTh TYTOIJIABKUX METAIIIOB 00YCIIOBJICHA JIETYYECTHIO
ux okcuaoB (Ir, Ru, Os ), nerkormaBkocThio u JieTydecthio okcuaoB ( Mo, V, Re
), pa3pylieHUEM IUICHKH 3

BJICHUSIMU KAPOCTOMKOTO JICTUPOBAHUS SIBJISIIOTCS: TIOMYYEHUE CIIOMKHBIX
HEJICTYYNX OKCHJIOB

(Nb+Ti, Mo+Ni, Mo+Ni+Mn); npubmmxeane VMmOmn/2/VM B 1

(Nb+Mo); ucnonb30BaHUE 3JIEMEHTOB, OKCHIBI KOTOPBIX YCTOWYMBEE CAMOTO Me-
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taywia ( Nb+Ti, Ta+Hf); monydenne aucnepcHOYNpPOYHEHHBIX MaTepUAIOB C UC-
nosib3oBanueM okcuaos (Mo+AlI203).

BamuTtHBIe aTMOc(hephl IS CTaad HE JOJDKHBI BBI3BIBATH OKHCJICHHS,
00e3yraepoKMBaHMs, HAYTJIEPOKUBAHUS, HABOIOPOXKMBaHMs. Pacuyer cocraBa at-
MocC(epbl IPOU3BOAUTCS C YIETOM KOHCTAHTHI paBHOBECHS Kp.

JIJIs 3aIIuThl METAIOB OT ammocCghepHol Koppo3uu TPEUMYIIECTBEHHO
UCIOJIB3YIOTCS TPAJUIIMOHHBIC METOJBI C MCIIOJIb30BAaHHEM IOKPHITHIA HeMeTal-
JUYECKUX (JTAKOKPACOYHbIC, CMAa3KH), METAUNIMYECKUX (LMHK, HUKEIb), MyTeM
IIPEBpPAIICHHS TTOBEPXHOCTHOTO CJIOS B 3alIUTHOE COeAUHEHUE 3a cueT (pocdaru-
POBaHUS WM OKCHIUPOBaHUA. [IepCIICKTUBHBIMH METOJAMH SIBJISIOTCS SKOHOM-
HOE JIETUPOBaHUE CTAIH JieTkKo naccuupyrommmu Metauiamu (Cr, Al, Ti, Ni), ka-
toxnoe jerupoBanue craiau (Cu), UCIoab30BaHNE HHTHOMTOPOB CAMOCTOSTEIBHO
( KOHTaKTHBIX M JIETYYUX ) WJIM B KOMOHMHAIIUHU C MIOKPBITUSAMH, IPUMCHEHHE BOC-
KOB, YMCHBIIICHHE BJIQKHOCTH ¥ 3arps3HCHHS BO3TyXa.

K grciry MeToI0B 3aIUTHl OT HOO3eMHOU KOPPO3Uul OTHOCSTCS: HAHSCEHHUES
3aIUTHBIX U30JIMPYIONUX HEMETATNICCKUX TIOKPBITHH, 3JICKTPOXHMHUYSCKAs Ka-
TOJHAS WJIM TPOTEKTOpHAs 3allliTa, CO3JIaHue MCKYCCTBEHHOH CPEIbl IyTeM W3-
MEHCHHSI COCTaBa IPyHTA, WCIOJb30BaHUE CICIUATBHBIX METOAOB YKJIAJKH, HC-
TI0JIb30BAaHUE YCTPOMCTB JIJIS 3aIUTHI OT OJIyKJaroImx TokoB. LlenecooOpaszHo
COYeTaTh MEPECUYNCIICHHBIC METOIbI 3aIIIUTHI.

MeToamMu 3alUThl OT MOPCKOU KOPPO3ull SIBISIFOTCS:

yIaJicHHE MPOKATHOM OKAaJIMHBI, JIJAKOKPACOYHBIC IOKPBITHS; METalIHYe-
CKHe, OOBIYHO ITMHKOBBIC MOKpHITHSA ToimuHoi 150-200 MKM; okcuaupoBaHHE
s Al-crimaBoB; KaToiHas, B TOM YHCIIE HPOTCKTOpHAs 3allliTa; YCTPaHCHHE
AJIEKTPOKOPPO3UH COOIIOACHUEM MOJSPHOCTH U HCIIOJIh30BaHUEM JIpCHaXKa; pa-
IIHOHAJILHOE KOHCTpyHpoBaHHe. JlermpoBaHHe CJeIyeT HCIOJIb30BaTh C OCTO-
POXKHOCTBIO, T.K. HU3KOE€ JICTHpOBaHHE Maja03(P(PEKTUBHO, a BHICOKOJCTUPOBAH-
HBbIC XPOMHMCTBIC U XPOMOHHKEJICBBIC CTAIU IMOJABEPIKCHBI IICICBOM U SI3BEHHOM
Koppo3uu. [lepcrieKTUBHBI ME/Ib U €€ CIUIaBbl, B YaCTHOCTH ¢ HHKelleM. llemeco-

06pa3H0 COUCTATh YKAa3aHHBIC MCTOAbI 3allIUTHI.
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[Ipenynpexaenue 10kanbHoU Koppo3uu HEOOXOIMMO HaYMHATDH C yUeTa ee
BO3MOXXHOCTH Ha CTaJHH TPOEKTUPOBAHHUA, IJISI YEro MPEeIyCMOTPETh BHIOOD
CTOMKOr0o MaTepHalia U 00€CTeunTh pallMOHAIbHOE KOHCTPYUPOBAHUE. 3aluTa OT
RUMMUH2080U W WeNIe60l KOPPO3UU MOKET OCYIIECTBISATHCA SJIEKTPOXHUMHUYE-
CKUMH METOJIaMH (KaToHasl 3JICKTPO- WIIM TPOTCKTOPHAsS 3all[MTa) MJIK BBEIICHH-
eM MHruouTopoB. MHoraa /uist mpenoTBpalleH sl TUTTUHTOBOM KOPPO3HH 11€JIeCO-
00pa3HO UCII0JIB30BATH BMECTO JIETUPOBAHHBIX YTIIEPOIUCTYIO CTalb.

Metoasl OOpBOBI € MedcKpucmaiiuueckou Kopposuell OCHOBaHBI Ha
MPEJOTBPAIICHUH BBINMAICHUS XPOMUCTBIX KapOUI0B U CBOJISTCS K CHHKEHHUIO CO-
JIEep’KaHMsl yriepoja B CTalH, MPEJOTBPAIICHUIO €€ HAYTJIepOKUBAHUs, K ayCTe-
HU3AIUU WK JUTUTEIbHOMY MPOTPEBY CTAIU JIJIsi KOATYJISAUNA KapOUI0OB U 00JIer-
yeHust AU dy3nun xpoma B 0OO€THEHHBIE UM YYaCTKH, K JISTUPOBAHHIO KapOU1000-
pasyronumu tementamu (Ti, Nb, Ta).

Kopposuonnoe pacmpeckusanue ycTpaHseTCs YMEHBIICHUEM BHYTPEHHUX
PACTATMBAIOIIUX HANPSKEHUU MyTEM OTXKUTA, YJAJICHUEM arpeCCHUBHBIX KOMIIO-
HEHTOB CPeJbl JeMUHEpAIU3aIeil WM BOCCTAHOBIICHUEM, BBEICHUEM UHTUOUTO-
POB, UCIIOJIb30BAHUEM KATOJIHOM 3aIIUThI, TIPUMEHEHUEM YHCTHIX METAILIOB.

3ammrTa OT KOppO3UOHHOU YCMALOCMY OCYIIECTBIISAETCS:

CO3[IJaHUEM ONTUMAJILHOTO CTPYKTYPHO-HANPSHKEHHOTO COCTOSIHUSI METasuia
B €r0 MOBEPXHOCTHBIX CJIOSX MyTEM MOBBILIEHUS TBEPAOCTH HAKJIETIOM, HarapTOB-
KOW WM TepMOOOpabOTKOM, a TaKXKe MOBEPXHOCTHBIM YINPOUYHEHHUEM HUMITYIIbC-
HBIMH METOJaMHU OOpaOOTKH; HAHECEHHUEM AaHOJHBIX METANTMYECKUX MOKPBITUH
WJIM OPTraHUYECKUX MOKPBITHM C COOTBETCTBYIOIIMMHU MUTMEHTAMU; HCIOJIb30Ba-
HUEM CMEIIAHHBIX WHTHUOUTOPOB, CO3JAIONIUX MPOYHBIC 3AIUTHHIC TJICHKH, Ka-
TOJHOW U TIPOTEKTOPHOM 3AIIUTOU IIPU KOHTPOJIE TOTEHIHANA 11 HEAOMYIICHUS
HaBOZOpOXKUBaHUs. [Ipu MCMONB30BAaHWM WHTHOUTOPOB U DJIEKTPOXUMUUYECKOUN
3alUTHI 32 CYET OJIArOMPUSTHOTO BO3JCHCTBUS HA MOBEPXHOCTH METAJlJIa BO3-
MO>KHO J]a)Ke TIOBBILIEHUE Tpeiesia KOPPO3UOHHON BRIHOCIMBOCTH MO CPABHEHUIO
C UCTIBITAHUSIMU Ha BO3JTyXE.

[IpenoTBpanieHue KOppPO3UOHHO—IPO3IUOHHO20 HU3HOCA OOBIYHO OCYILECTB-
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JsieTcst o00pOM MaTeprasoB U (HOpPMbI U3AETUI, UCIIOIB30BAHUEM HHTUOUTOPOB
U DJIEKTPOXUMHUYECKON 3amuThl. CyIIeCcTBYIOT U CHEIU(PUIECKUE CIIOCOOBI s
KOHKPETHBIX BUJOB M3HOCA.

Jlst 60pBOBI C KagumayuoHHoOU 3po3ue ti TPUMEHSETCS:

YMEHBIICHHE BUOpALUU JIeTaliel, KOHTAaKTUPYIOIIUX C XKUIKOCThIO, HaHE-
CEHUE DJIACTUYHBIX MOKPBITUH, TOJIaBlIeHHE 00pa30BaHUs My3bIped MyTeM pery-
JMPOBAHUSA JABJIEHUS U TeMIiepaTypbl win gooasineHuem 11AB mis cHbkeHus mo-
BEPXHOCTHOT'O HATSKCHHUS.

Cmpyunas 3po3usi IOJIaBASETCS:

yAAJIEHUEM YaCTHIl TBEPAOH (pa3bl, 3aIUTHBIMH METALIMYECKUMU MOKPHI-
TUSIMH, HAIJIABKOM M IUIAKMPOBKOM, yJIaJI€HUEM arpecCUBHBIX KOMIIOHEHTOB. 3a-
HIUTA OT KOpPpO3uu Npu mpeHuu OCHOBAHA HA: MCIIOJIb30BAHUU MAacesl U CMa3ok,
NPEJOTBPAIICHNN TPOCKAIb3bIBAHUS IYTEM YBEJIWYEHHsI IIEPOXOBATOCTH, MC-

ITOJIb30BAHUHU ITPOKIIAAOK U ITIOAKIIAAO0K, CKICHBAHHUH HOBerHOCTGﬁ.
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