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3amuTra OT KOPpPO3UM METAUIMYECKUX KOHCTPYKUMH U 000pylOBaHUS
HE(QTAHOU M ra30BON MPOMBILUIEHHOCTH — CJIO’KHAs 3ajjadya B CBA3U C UX BBICOKOU
METAJIJIOEMKOCTBIO U 3HAUYUTEIbHON arpeCCUBHOCTBIO IPOMBILIUIEHHBIX aTMocdep
U TEXHOJIOTMUECKHUX CpEeJ, a TAaKXKE CO CIOXKHBIM KOCIUIEKCOM TpeOOBaHUM- K
KOHCTPYKLIMOHHBIM  MaTrepuanaMm. Pe3epB  skoHOMHHM  JEUIUTHBIX U
JOPOrOCTOSALINX MaTepUaioB, 00J1a1al0LINX BEICOKON KOPPO3UOHHOM CTOMKOCTBIO,
— HCNOJIb30BAaHWE MX B BUJE METAUIMYECKUX IOKPBITUM WM IUIAKUPYIOLIUX
CJIO€B, YTO NO3BOJIAECT MOJIy4aTb MATEpHasl, COYETAIOUIMM CBOWCTBA OCHOBBI U
NOKpbITHS. B HePTSIHONW M ra3oBOl MPOMBINIICHHOCTH 3alUTHBIC TMOKPBITHS
UCIONB3YIOT JUISL 3alIUThl KOHCTPYKLIUN OT KOPPO3UU B aTMOC(HEPHBIX YCIOBUSX U
B YCIIOBHSIX arpeCCUBHBIX TEXHOJOTMYECKHUX CPEJ, a TaKKe M NPEJOTBPALLEHUS
pa3BUTHA crieUU(PUUECKUX BUIOB KOPPO3HMOHHOTO Pa3pyllIeHUss — KOPPO3HOHHOTO
pPacTpPECKUBAaHMS, BOJOPOJHOTO OXPYNUYMBAHUSA, SI3BEHHOM M MEKKPUCTAJIMTHOU
KOpo3uu. DPPEKTUBHO NPUMEHEHNE METAININYECKUX MOKPBITUN JUIsl TIOBBIICHUS
IIPOYHOCTH CTalI¥ B KOPPO3MOHHO-aKTMBHBIX Cpelax IpH LUKINYECKUX U
JUHAMAYECKUX CWJIOBBIX BO3JCHCTBUSX W A pabOTBl B YCIOBHSX
TUAPOra30adpa3uBHOIO MOTOKA.

Br16op maTepuana MOKphITHS 3aBUCUT OT YCJIOBHM 3KCIUTyaTallud WU3AETHN U
NpEIbABISEMBIX K HEMY TpeOOBaHUIA.

B  kayecTBe IIAKUPYIOIIETO  CJIOSA WM TOKPBITUS  MCIHOJIB3YIOT
BBICOKOJIETUPOBAHHbBIE CTall WU JAe(DULUTHBIE METaJUIbl, O00eCrneYnBarOIINe
HE0O0X0uMbIe (PU3UKO-XUMUYECKUE U MEXaHMYECKHUE CBOMCTBA MOBEPXHOCTU. Tak



KaK TOJIIIMHBI METAJIUIMYECKUX MOKPBITUN U TJIAKUPYIOIIUX CI0€B HE3HAYNUTEIIbHBI
W He mpeBblmaloT 1—2 MM, HUCHOIb30BaHHE OMMETAIMYECKHX MaTepUaliOB
MO3BOJIIET COKOHOMHTBH BBICOKOJICTMPOBAHHBIE CTald W JICPUIUTHBIC I[BETHHIC
METaJlJIbl.

B kadecTBe MCXOAHBIX JAaHHBIX IS 0OOCHOBAHUS BHIOOPA METALIOMOKPHITHUS
MOXET CIYXUTh OTHOCHUTEIBLHOE COOTHOIICHHE CTOMMOCTH W CpOKa. CIYKOBbI
METaJJIOB.

B rpynny camoi HU3KOW CTOMMOCTH BXOJASIT CBUHEL], IMHK, MEJb, XKEJIE30.
Hukenb, xaamMuii COCTAaBISAIOT MPOMEXKYTOUHYKO TPyIHNy, K JOPOTrOCTOSAIINM
OTHOCATCS cepedpo, Mauiaanii, 30J0TO. DKOHOMHYECKAs IIeIecO00pPa3HOCTb.
MIPUMEHCHUS AJTIOMUHHS B3aMEH ILIMHKA OINPENEISIETCS HE TOJbKO MOBBIIEHHOU
KOPPO3HOHHOW CTOMKOCTBIO B OOJIBIIMHCTBE KOPPO3HMOHHO-AaKTUBHBIX CPEIl
HEe(DTIHOW U Ta30BOM MPOMBINIJICHHOCTH, HO U CHIPKEHHEM KOHOMHUYECKHX 3aTpaT
Ha TMPUMEHAEMBbIA Marepuan. Tak, COOTHOIIEHHWE II€H I[MHKA W QJIIOMHUHUS
coctaBnsger 16,3. YuuTbiBas COOTHOIIEHHE IUIOTHOCTEH, MOJydaeM, 4YTO IMpHU
OHOM M TOH XK€ TOJIIMHE AJIOMUHHUIN 3HAUUTEJILHO JEIIeBie IMMHKA. TeXHUKO-
SKOHOMHUYECKHUE 3aTpaThl, CBA3AHHBIE C HCIOJH30BAHUEM TIOKPBITUS, B
3HAYUTEIBLHON CTENEeHM 3aBHUCSAT OT croco0a HaHeceHUs ero Ha uzaenus. [lpu
BBIOOpE crocoba HMCXOMIT W3 TEXHOJIOTMYECKHMX BO3MOXXHOCTEH HaHECEHUs
MOKPBITUSI ~ HAa  KOHKPETHOE  M3JeIue Uil TOJYyYEeHUS  HAWITydIIuX
AKCIUTyaTallMOHHBIX CBOMCTB NPU MHUHHUMAJBHBIX 3KOHOMUYECKHX 3arparax. [lo
METOY HAHECEHHS Pa3inyaroT (GU3HUECKHUE, IIEKTPOXUMUUYECKUE U XUMUYECKUE
METO/IbI.

['pynny  ¢u3uyeckux METOJOB COCTaBISIOT METOABl  KOHACHCAITUH,
TIaKupoBaHus, MU(Py3nOHHOTO HACHIICHUS, MeTau3anuu. K Hacrosmemy
BpEMEHU pa3pabOTaHbl TEOPETUUYECKHE OCHOBBI W CO3/IaHO OOOpYyIOBaHUE IS
MOJy4YE€HHUS HOBBIX NMEPCHEKTUBHBIX METOJIOB HAHECEHUSI TTOKPBITHI: MJIA3MEHHOTO,
AJIEKTPOHHO-IYYE€BOTO, HOHHOW MMILIAHTALIMH, I€TOHALIMOHHOTO.

K »1eKTpOXUMUYECKUM OTHOCSTCS METOJbl IOJIYyYEHUS MOKPBITUA MOJ
JICHCTBUEM DJJIEKTPUYECKOrO IoJig: Ha Katoje (I[MHKOBaHHE, KaJIMHpPOBaHHE,
XpOMHPOBAaHUE, HUKEIUPOBAHUE, OCAKICHUE CIIAaBOB pPAa3jMYHOIO COCTaBa),
aHOJHOE W aHOJHO-KATOJHOE OKCHIMPOBaHHE (AHOIMPOBAHUE AJTIOMUHHUS U €ro

CIJIaBOB, MUKPOIYTOBas 00paboTka); anekTpodopeTnieckoe u
IIEKTPOCTATUYECKOE  OCAXKAEHUE  IOPOLIKOBBIX  MAaTE€pUajloB, HAHECEHHE
KOMOMHHPOBAHHBIX NOKPBITHIA 3a cYeT COYETaHHUs IIPOLIECCOB

AIIEKTPOIUTUUECKOTO U AJIEKTPOPOPETHUECKOTO OCAKICHHUS.

K XuMUYECKHMM OTHOCATCSI METOJbl, CBSA3aHHBIE C B3aMMOJECHCTBHEM
MOBEPXHOCTH METaljia C Pa3lMYHBIMU peareéHTaMH, MPUBOASIINE K 00pa30BaHHUIO
3alIUTHBIX  TOBEPXHOCTHBIX  IUIEHOK  (pocdaTmpoBaHue,  XUMHUYECKOE
HUKEJIMPOBAHUE, OKCHINPOBAHUE JKeJie3a U JIp.).

Baxnblii pe3epB 3 PEeKTUBHOTO MCIOIB30BAHUS METAJUIMYECKUX MOKPBITUHN -
YIIy4IIEHHE UX aHTUKOPPO3UOHHBIX U CIELIMAIbHBIX CBOMCTB MIPU OJHOBPEMEHHOM
CHMKEHUHU TOJIIUHBl HAHOCHUMOIO CJIOA. JTO MOXET JOCTUraThCs 3a CYeT
YIyUIIEHUs] TEXHOJOTUU TMpollecca HaHECEHHUs, IMocieayueid o0padoTKu
NOKPBITUA B Pa3IUYHBIX COCTABAX, HAHECEHUS MHOTOCJIOMHBIX MOKPBITHH,



YBCIIMYCHUA TIPOYHOCTU CHCINICHUA C 3allldIacMbIM MCTAJUIOM, CHHIKXCHUA
BHYTPCHHUX HaHpH)KCHI/Iﬁ pacCTsAKCHHUA, CTCIICHHU HABOAOPOXKHWBAHHUSA OCHOBBI H
IOKPBITHA B IIPOLECCC UX OCAKIACHHUA U JIP.

Bompoc 2.1. IlpuMeHeHHE METAUIMYECKUX MOKDBITHU JUIS  3alIUThI
000pynoBaHUs OT aTMOChEPHOI KOPPO3IUU

ATMoOchepbl HePTEra30KOHACHCATHBIX KOMIUIEKCOB OTJIMYAIOTCS BBICOKUM
COJIEp’)KaHWEM Ta30B, COJIEH, arpecCUBHBIX KOMIIOHEHTOB, U TIO XapakTepy
MUKPOKIIMMATUYECKUX YCJIOBHM OHM OTHOCSITCS B OCHOBHOM K KECTKUM M OYCHB
KECTKUM yCIIOBUSM. PaspymieHuto moj neicTBrueM aTtMOChepHOW KOppO3uH
MOJIBEPTalOTCSl ~ METa/NIMYECKUe  HEPTENpPOMBICIOBBIE  COOPY)KEHUA U
KOMMYHHKAIIMHM, TPOMBICIIOBBIE W MAarucTpalbHble HE(PTEra30mpoBOAbI, CEThb
BOJIOBOJIOB U PE3E€PBYAPOB, MOPCKHE HEPTEIPOMBICIOBBIE COOPYKEHUS, ICTAKAbI,
KyCTOBbIE  TUIOLIAJKH, WHIUBUYaJIbHBIE ~ OCHOBaHMS,  00OpyJOBaHUE
HedTerazonepepadaThIBAIOIIUX 3aBOAOB U Ap. M3BeCTHO, UTO KOppO3Us METAIIOB
B aTMOC(epHBIX YCJIOBHUSIX TMPOTEKAET TMOJ CJIOEM BJIAard W OIpeaesercs
CKOPOCTBIO aJICOPOIIMM WM TEeHEpallMd Ha TOBEPXHOCTH HOHU3UPOBAHHBIX
YacTHI], CHOCOOHBIX  BBITECHATh  XEMOCOPOHMPOBAHHBIM  KUCIOpOA U3
MOBEPXHOCTHOTO  cliosi  Merauia. /g OOJIBIIMHCTBA ~ KOHCTPYKLMOHHBIX
MaTepuajoB HauOOJblLIee YCKOPEHHE KOPPO3MOHHBIX IMPOILIECCOB OMPEIENIAeTCS
HAJIMYUEM B aTMOC(epe MPUMECEH CEpHUCTOTrO rasza, CepoBOAOPO/Ia, HOHOB XJIOpa,
a Tak)Ke 3arpsi3HEHHOCTHIO BO3yXa IMbUIBIO U a3pPO30J5IMHU, KOTOPHIE CTAHOBATCS
IEHTPaMH KalWJUTSIPHON KOHJICHCAITUU BJIaTH.

BrnaxHocTs 1 TeMiiepatypa, a Takke BpeMsi KOHTaKTa BJlaru ¢ MOBEPXHOCTHIO
CYILIECTBEHHO BIUSIOT Ha MPOIIECC KOPPO3UOHHOTO Pa3pyIICHHUS.

[Ipy mpakTUYEeCKHX pacyeTax CKOPOCTH KOPPO3UOHHBIX pa3pylICHU
OTHOCHUTEJIBHO TOJICTBIX MOKPBHITUH (20MKM) M METaUIOB MOXKHO MOJIb30BAThCS
OJIHUMU U TeMH ke popmysiaMu 1 KodhPUImeHTamu.

boina npeanioxkena Gpunko-mMaTeMaTuyeckas MoJIelb Mpolecca arMochepHoit
KOPPO3UM M OLEHEHbI CKOPOCTH KOPPO3MOHHOTO pa3pylieHUus METaUIOB U
NOKPBITUA Ha HUX OCHOBE C Y4YeTOM (aKTOPOB, OKa3bIBAIOUIUX HaWOOJIbIIEE
BIUSIHHE Ha  TMPOLECC  KOPPO3UU:  TeMIEpaTypbl  MPOAOJIKUTEIHHOCTU
cyliecTBoBaHMs ()a30BOIl TJIEHKM Ha MeTajljlaX, MOBEPXHOCTHOM KOHILIEHTPALUU
XJIOPUJIOB U KOHIIEHTPAILMU CEPHUCTOIO Ta3a, a TaKkKe ObLIN MOTy4YeHbl 3HAUCHUS
KO3 UIIMEHTOB KOPPO3UHU PANUYHBIX METAJUIOB B aTMOC(EPHBIX YCIOBHSIX.

CKOpoCTh KOpPpO3WMU AQIIOMHHHMS U €ro CIUIaBOB C POCTOM TEMIEPATypbl
CHIDKAETCS, YTO CBS3aHO C (POPMHUPOBAHUEM OKHCHBIX IUICHOK Ha MOBEPXHOCTHU
ATFOMUHUS.

B atmocdepe SO, ckopocTh KOppO3UM HE 3aBUCHUT OT TEMIIEPATYphI JIJIsl BCEX
UCCJIEyEMbIX MATE€pUajoOB, KpOME CTajM. TeMIEepaTypHbId KodpuiueHTt mms
MeJH, [IMHKa, KaaMus, amoMuHus, AMIy paBeH Hyi0. MeTaibl 0 YBEJIUYEHUIO
CKOPOCTH KOpPpPO3UM C POCTOM TEMIlepaTyphbl pacrojaraloTcsi B  TaKou
MOCJIEIOBATEIbHOCTH

B uncroi atMmochepe Ky <Kany, < KCU <Kz, <Kcq <Kcramnu;



B atMocdepe npu Hammauu XJopuaoB Key<Ka; <Kam, < Kzn , Ked <Kcramy;

B atMocdepe ¢ SO, Kp <Kanvin <K<K zn<Kcg <KcTamu/

3aBUCHMOCTh CKOPOCTH KOPPO3WHU PAa3IMUYHBIX METANIOB OT KOHIICHTPAIUH
CEepPHHUCTOrO raza B arMoc(epe npurejeHa Ha puc. 18.

[TpuBeneHHbIC TaHHBIC TIOKA3BIBAIOT HanOOJIee MEPCIICKTUBHBIC HAIIPABIICHUS
MOWCKA COCTaBa 3alIUTHBIX TIOKPBITHA IS TOBBIIMICHUS JIOJITOBEYHOCTH
KOHCTPYKIIMH B aTMOC(EPHBIX YCIOBHIX C YI€TOM KOHKPETHBIX a3POXUMHUYECKHIX
¥ METEOPOJIOTHIECKUX (PAaKTOPOB.

Croco®6 TPOTUBOKOPPO3MOHHOM  3aIIUTHI  CTATbHBIX KOHCTPYKIUH W
000pyIOBaHUSA 3aBUCUT OT TpeOyeMoro cpoka CiIyKObl W arpecCUBHOCTHU
atMocdep. Bo Bcex ciayuasx craiab 00HApYXKMBAET HAUMEHBIIIYI0O KOPPO3UOHHYIO
CTOMKOCTh, U CKOPOCTh KOPPO3WHU CTAJIA TPHU CPEIHEH arpecCUBHOCTU aTMocdep
cocraBisieT 25—35 MKM/TO/I, a TpU KECTKUX YycioBUsiX mpesbimaer 100 MiMm.
BONBIIMHCTBO CTAJIBHBIX KOHCTPYKIMH B aTMOC(HEpHBIX YCIOBHUSX HEOOXOIMMO
3aIUTUTh TOKPBITHSIMH, HaHOCHUMBIMH Ha YIIEPOUCTYIO 17001
HU3KOJIETUPOBAHHYIO, CTajlb, YTO JaeT BO3MOXXHOCTh obecrednTh Ooee
JONTOBPEMEHHYI0 3amuTy. Hambosiee MHPOKO WCHONB3YIOT METAITHUYECKHE
TIOKPBITHSI HAa OCHOBE ATIOMHUHHS W IIMHKA, 3HAYUTEIHLHO TMOBBIIIAIOIINE CPOK
CIIy’)kObl METAITMYECKNX KOHCTPYKIHUHA B arMochepHbIX yciaoBusx. CKOpOCTb
KOPpO3Usl paCCMaTPUBAEMBIX MOKPBITUH CIICTYIOIIAS.

ITokpsiTHE AmomunneBoe  luHkoBOE
CkopocTh KOppo3uu, MKM/TOJI, B aTMOcdepe:
cpeaHein 0,5-1 2-4
KECTKOU 2-5 5-10

B 1a611.8 npuBeneHbl JaHHBIE 10 MHHUMAIBHOHN JOJITOBEYHOCTH MOKPBITUI B
YCIIOBUSIX aTMOC(EPHOI KOpPO3UH.

Ha puc. 19 mnpuBenena xapakTepHas KpuBash CKOPOCTH KOPpPO3HHU
OLIMHKOBAaHHON CTadM Ha OTKPHITOM BoO3ayxe. CTeneHp 3alUThl TOKPBITHEM
OLICHUBAETCSI IO TUIOUIATN TIOPAKEHHOW TOBEPXHOCTH B 3aBHCUMOCTH OT
HPOJIOJDKUTENIBHOCTH UCTIBITaHuH. [0 MTaHHBIM aMepuKaHCKHMX—HCCIIeI0BaTeNeH,
CPOK CITY>KOBI TIOKPBITHSI OIIPEIEIISICTCS] YUCIIOM JIET IO TOSIBJICHUS P)KaBYMHBI Ha
50 %noBepXHOCTH, MOKPHITON LIMHKOM.
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IIpumeHenne KaaMHUEBBIX TOKPBITUM BBHUJAY BBICOKOM CTOMMOCTH H
Ne(PUIUTHOCTH OTPAHUYEHO, UX HCIOJIb3YIOT B OCHOBHOM B XJIOPCOJAEP KALIUX
cpelax IpU YCIOBHUH, YTO 3HAUYUTEIbHBIA 3aIUUTHBIM 3PQPEKT TO0CTUraeTcs Npu
HEOOJIBIION TOJIIMHE €I0sl. B IpOMBIIITIEHHONH aTMoc(epe CKOpOCTbh KOPPO3UU
KaJIMUsl COIIOCTaBMMa CO CKOPOCThIO KOPPO3UHU IIMHKA, B IPUMOPCKOIN aTMocdepe
TPOIIMYECKUX pailoHOB OHa B 1,5—2 pa3a Huxke. Koppo3noHHas CTOMKOCTH
METANIMYECKUX MOKPBITUH B aTMOc(epe 3aBUCUT OT MOBEPXHOCTHBIX 3AIMTHBIX
IUICHOK, (OPMHUPYIOIIMXCS Ha METaule MOJA JEHCTBHEM a’3pOXUMHUYECKUX U
METEOPOJIOTUYECKUX YCIOBHM, UX MOP(OIOTHH, a TaKKEe OT COCTaBa MPOIYKTOB
KOPPO3HHU, KOTOPBIE 3aBUCAT B CBOIO OUEPEb OT MpUMecel B aTMmocdepe.

.Ecny 3TH muieHKn 1mioTHeIE HEXOPOILIO CLEIIEHBI C MOBEPXHOCTHIO METaJIa,
TO OHM ACHCTBYIOT KaK 3alIUTHBIC CJIOM U NPENATCTBYIOT JAJIbHEUIIEMY JOCTYILY
KOPPO3MOHHBIX Ar€HTOB K ITOBEPXHOCTH METAJLIA.

Ta6nuna 8. MuHuManbHasi 10JATOBEYHOCTh MOKPBITHI, TOJIbI

[ToxpeiTHE TonuuHa, XapakTepuctruka aTMochepbl
MKM
CpenHsis KECTKAs
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KOMIIOHCHTAMHU B ITPOAYKTaxX KOPPO3HMHU MUHKA ABJIAIOTCA COCAUHCHHA TUIIA
ZnCG; » Zn(OH) n 2ZnCQ-3Zn(OH),

Hawnbonee miOTHBIE TIEHKH C BBICOKOW 3allUTHOW CIIOCOOHOCTHIO JaeT
dopma Zn (OH) (1,6 - 1,4)C05(0,2 - 0,3H20, kpucrammM3yronascs B CJIOU
HEYNOPSJOYEHHOU CTPYKTYPBHI.

CKOpOCTh KOPPO3WHU ITMHKOBOTO TMOKPHITHS B YUCTOW aTtMocdepe pacTeT ¢
YBEIMYEHUEM MPOJOJLKUTEILHOCTH HUCIBITAHUS TEM 3HAYMTENIbHEE, YeM BBIIIIE
BIAXHOCTh arMmocepbl. Ilpu TonmuHe UMHKOBOro ciiosi 39 MKM CKOPOCTb
Koppo3uu coctapisier 4 mxm/rox npu BiaaxHoctd 50-70 %wu 90 mxm/rognpu
BraxHoctd 100 %.CnuuuB KUCIBIX TpuMeceit B aTMoc(epe, 0COOCHHO TBYOKHCH
Cepbl, MPEMATCTBYET 00Pa30BaHUIO 3AIIMUTHBIX IJIEHOK HA IIMHKOBOM MOKPBITHHU.
[Ipu 3TOM CKOpPOCTH pa3pyllieHUs] BO3PACTAET ¢ yBeInueHUeM KoHueHTpauu SO,
a TakXe IpPU COBMECTHOM COJEp)KaHWU B aTMocdepe CEepHUCTOro rasa M xjopa
(Ta6:1.9).

JlerupoBaHue TUHKOBBIX MOKPHITUH TO3BOJISIET PACHIUPHUTH BO3MOKHOCTH UX
WCITOJIb30BAHUS B arPECCUBHBIX aTMOC(hepax.

Tak, sierupoBanue MUHKOBBIX MOKPBITHH M, Al, Ti mo3BoJISIET *ITOBBICHTD HX
KOPPO3HOHHYIO CTOMKOCTh, OCOOCHHO B XJopcoaepkamux cpenax. [lomyuuio
MPUMEHEHNUE IIMHKOBOE TOKPHITUE, JETUPOBAHHOE PA3JIMYHBIMUA METAJIaMH B
konmuectse, %: 0,05- Mg, 0,01 —Fe, 0,1 -Al.

HccnepoBanue BIMAHMS JIETUPYIOUIMX J00AaBOK Ha CBOMCTBA LIMHKOBOTO
HOKPBITHS, TIOJTYYCHHOTO M3 paciuiaBa, nmokasano, uro Cd u Snue Bnusiot, a Cu
YBEJIUYMBACT TOJIIMHY TIOKPBITUS, mnpu d3ToM B mnpucyrctBun Cu u Cd
YBEIMYMBAECTCS YCTOMYMBOCTh LIMHKOBOTO MOKPBITUS B aTMOC(EPHBIX YCIOBHSX.
AmomuHui, BBefeHHbIH B pacmiaB A0 0,25 %, BbI3bIBaET pe3KO€ CHIKCHHE



TOJIIIIAHBI TIOKPBITHSI 1 KOPPO3UOHHOW CTOMKOCTH, HO YBEIMYHUBAET MJIACTUIHOCTD
oumeramia. [Ipy oTHOBpEeMEHHOM COJEp)KaHUM MEAU M aJTIOMUHHUS B IIMHKOBOM
MOKPBITUU Meb npu coaepkanuu 6osee 0,02 %rnonasnser AelcTBUE allOMUHUS,
U CTOMKOCTh OIIMHKOBAaHHOW CTaJlM B aTMOC(EPHBIX YCIOBHSIX IOBBIIIACTCS.
OnmHako B MPUCYTCTBUU aIOMUHUS B arMocdepe ¢ BBICOKOH BIIAXKHOCTBIO
BO3HHUKAIOT TEMHbIC MATHA, yXyIIlas BHEIIHWUN BUj u3nenus. Jlo6aBka oJoBa,
KaJMUsl, CypbMbI, ME/I, BBEJICHHBIX B pacIylaB BMECTE C aJIOMUHUEM W CBUHIIOM,
PEAOTBPAIIACT BO3HMKHOBEHHE TEMHBIX IIATEH.  BBICOKOM KOPPO3HMOHHOU
CTOMKOCTBIO 00JIaJaI0T IIMHKOBBIC MMOKPBITHSI, IETUPOBAHHBIE KEJIC30M.

Tabmuma 9. CkopocTh KOPpPO3UM IIMHKOBOTO MOKPBITUS B PA3NUYHBIX
atMocepax

Tun XapaKTepUCTHKa Ycnosus Cxo
aTMocQepbl UCIIBITAaHUS pOCTh
aTMocdepbl p Con C Kon- [Tpon KOpp
H ep)kaHue | oJep | BO OJIXKU- 03UH
SG; )KAHU | OCAJKOB, | TEJIBHOCTH | MKM/TO]I
r/om° e ClI"| mm/ron UCIIBITAHU
/o i, rT.
IIpombiuieHH
ast 4, 163 3 500 S 3,8
(ByJIbBHY) 8 )
Cenbckas
(Jlentua- 0, 32 7 1810 4 3
VYac) 5 8
Mopckas
(Kasmmor) 6, 37 1 759 3 3,35
9 33
CuiibHO
TTPOMBIIILIL. 4, 86 8 600 2 14,6
(LIeddomm) 3 8

I[To nmanupiM wuwHCTHUTYTAa "A¥poH »5HA CTun', CpEeAHHN CPOK CIIYXKObI
IIUHKOBBIX MOKpLITUH, conepxanmx 10% Fe,cocraBnser 5,4 roga, a mMOKPBITHA,
comepxamux nocie repmoodpadbotku 20% Fe, - 8,Tona.

B Tta6n. 10 npuBeneHbl NaHHBIE MO BIMUSAHUIO TEPMHUYECKOH 00paboOTKH,
YBEIMYMBAIONIEH COJIEpKAHUE jKelie3a B CIUIABE TOKPBITHS, HA JOJTOBEYHOCTH
IIUHK-)KEJIC3HOTO TTOKPBITHS.

Takoe BiMsHHE Xeyne3a Ha KOPPO3UOHHOE TOBEACHUE ITMHKOBOTO MOKPBHITUS
CBS3aHO C M3MEHEHHEM DJJCKTPOXMMHUYECKMX XapaKTePUCTUK CIUIaBa B
3aBHCHMOCTH OT €T0 CTPYKTYPHI.




AHanmm3 3aBUCUMOCTH MO PU3YEMOCTH ITUHKOBBIX TIOKPBITUH OT COJIEP KaHUS
B HHX JKeJe3a IMOKAa3bIBAET BIUSHHUE CTPYKTYPHBIX COCTAaBJISIONIMX. CIIaBOB. B
onHOGa3HON 00IaCTH TBEPJOTO pPacTBOpa MPOIECC KOPPO3UOHHOTO pPa3pyIICHHUS
KOHTPOJIMPYETCS CKOPOCTSMH aHOJHOM H KAaTOJHOW peakiui, U CKOpPOCTh
kopposun cocrasisier 0,05 r/(mM® ¢ u). Hanbombluas KOPPO3HOHHAs CTOMKOCTB
NPUXOJUTCS Ha 00JacTh JMarpaMMbl Kejle30 — IMHK, coaepxkamert 8-17 %
[IMHKA, 4YTO CBS3aHO, TO-BUIMMOMY, C TMOsIBIeHHEM [-(aspl, sBISOIICHCS
XUMUYECKAM COEJUHEHHEM Ha 0asze TBEPIOTO pacTBOPA, CTEXHOMETPUUYECKHMA
COCTaB KOTOPOTO COOTBETCTBYeT (opmyne Fe&Zng Hammume xumuueckoro
COCIMHEHMSI BHI3BIBACT YBEIMUYCHHUE MEPEHAIPSIKEHUS KaTOAHOTO Tporiecca 0oee
3HAYUTEIBHOE, YeM I 4YuCTOoro ImHKa. CKOpPOCTh KOPPO3WH CIUIaBa TMpHU
coneprkannu 8,5 YuuHka cocrasimsier 0,02r/(m” 1), a mpu 17,3%-0,01r/(m” ).

Ta6muma 10. Cpok ciry»Obl HOKPBITHS

Tumn MMHKOBOTO Pexum Conepx Cpoxk
MTOKPBITHUS TEPMHUUECKOMN aHue CITY>KOBI 710
00paboTKH )kenesa, %  |1osABIIEHUS
T,°C Bpewms, pKaBYMH
MUH bl Ha 5%
MTOBEPXHO-CTH
o0pasiia, rojibl

Merannuzanmonnoebes 06paboTku - 4.0

450 30 12,1 3,3

650 60 16,5 3.8

DnekTpoautudeckoe  be3 o0paboTku -
3.8

450 30 11,0 3,6

450 60 7,2 3.1

650 30 17,6 6,0

650 60 18,3 4,0

[Tomydeno u3 pacmnaBa bes o6pabotku 3,2
3.4

450 30 8,3 3,3

450 60 8,3 3,2

650 30 17,4 4.8

650 60 18 4,9

HNanbHelimee yBenuueHue coaepxkanus 10 80 % nuHKa OPUBOAUT K
yMEHbIIIEHUI0 KatogHou mnojspuzyemMoctd Ha 200—250 MB u HekoTtopomy
YBEIMYCHUIO CKOPOCTH KOPpO3uH. PasHWIIA B TIOBEACHUM IMHKOBBIX MOKPBITHIA,
MOJIYYCHHBIX PA3IUYHBIMA METOJIaMU, B JAaHHOM CiIydae, BEpOSITHEE BCEro,
CBSI3aHA C TOJIIIMHOM CJIOS U MAacCOW Ha €IWHUILY TTOBEPXHOCTH, OJTHAKO CIIEyeT
OTMETHUTh, YTO TPU OJMHAKOBOW TOJIIMHE pPa3IU4Me B IMOPHUCTOCTH, COCTaBE,



CTPYKTYp€, OJHOPOJHOCTU CJIOSsl, MPEABAPUTEIBHON MOATOTOBKE MOBEPXHOCTH,
HECOMHEHHO, MOKET OKa3blBaThb BJIMSHUE Ha 3alllUTHYIO CIIOCOOHOCTH
METAJUIMYECKUX  MOKpbITUKA. CKOpPOCTh KOPpPO3WUHM LHMHKOBBIX IMOKPBITHH,
MOJYYEHHBIX  DAJEKTPOJIUTUYECKUM  METOJIOM M3  Pa3HbIX  JJIEKTPOJIUTOB,
cleayroniasi.

Meron nosmyuenusa nokpeitud M3 nuanucroro M3 cepHOKuUCIOro

AJIEKTPOIIUTA AIEKTPOIIUTA
ToullHA TOKPBITUS, MKM ............ 4 15 30 V4 15 3
CKOpoCTh KOPPO3UH, MKM/TO........ 4 6 6,6 6,6 76 8,9

Takasg pasHHIlAa CKOPOCTEM KOPPO3HM CBSI3aHA CO CTPYKTYpOM OCaJIKa.
OpueHTHpOBKA KPUCTAUIOB M TEKCTypa OCaJKa CYIIECTBEHHO BIHUSIOT Ha
3aIIUTHYIO CIOCOOHOCTh MOKPBITUN. CKOPOCTh PACTBOPEHHUS T'€KCAarOHAJIbHOIO
m10THO ynakoBaHHOTO O-CO B 1 H. H,SOy 115 pa3sHbIX KPUCTAIMTOB BO3pacTaeT
B nociienosarensHocTr (0,001) < (1011) < (1120) < (101@) s mmaka (0,001) <
< (1010).

K mogoOHBIM BBIBOJIaM MPUXOJAT B PE3yJIbTATE MPOBEACHUS CPABHUTEIIBHBIX
WCIIBITAHUM ITUHKOBBIX TOKPBITHH, TOMYYEHHBIX TPU PaA3IUYHBIX YCIOBUIX
OCKJICHUS.

Hawnbosnee BBICOKMMHU 3allUTHBIMU CBOMCTBAMHU OOJAJAaOT TOKPBITUS C
MPEUMYIIECTBEHHON opHeHTanue kpuctamioB miockoctbio 0001 u TekcTypoit ¢
MEHBIIIUM PaCCEeSTHUEM.

I[Io [fmaHHBIM  ANOHCKUX  MCCIENOBATEIEH, BBICOKOM  KOPPO3UOHHOU
CTOMKOCTBIO 00JafarOT IIMHKOBBIE TOKPBHITUS, TMOJYyYEHHbIE W3 pacIlUiaBa,
comepikamiero, %: 8Al, 0,1 — 0,6Zru ciaenpt Mo. IIpu stom coaepxanue (%)
AluZr B cocraBe CIUIABOB OIpeaessior mo ypasuenuio A1(3,5—5,0) + + ZX, riae
x ot 5 1o 15. Jlns 3amutel oT atMochepHor Koppo3un 3PHEeKTUBHBIM OKa3aJIOCh
nokpeitue tumna "T'andan” Ha ocHoBe cruiaBoB ZN—A1Ll (5 % Al) ¢ nobasneHnem
muti-MetauioB (La + C1), koTopble YBEIMYHUBAIOT CIEIUICHUE W KOPPO3UOHHYIO
CTOMKOCT, B 2 paza MO CpPaBHEHUIO C HEJICTHPOBAHHBIMU ITUHKOBBIMU
nokpbITusMU. [TokpeiTre "Tandan” HaHOCHTCS Ha CTaJIb TOPAYUM LIMHKOBAHUEM C
MOCJICYIONTUM  OBICTPBIM  OXJXKICHUEM C TIIEbI0 3aKaJKd W TOJTYYEHUS
TOMOTE€HHOM CTPYKTYpbl. Takoe MmokpsiTHE obecrneunBaeT d3QPEKTUBHYIO 3aLIUTY
CTayin, 00JIajacT BBICOKOM IiacTHuHOCThIO (mpu u3rude Ha 180° pacTpeckuBanme
HOKPBITUS HE HAOJIOaeTCs).

B mnpomeiuienHsix atmocdepax, 3arpssHeHHblx H,S, SQ, mpoaykramu
ropeHusi, 0ojiee CTOMKMMM OKa3bIBAIOTCS AJTIOMUHHUEBBIE TMOKPHITUS. Bbicokas
KOPPO3HOHHAs CTOMKOCTh aJIOMMUHMPOBAHHOM CTalld B CEPOCOJAEpKAIINX
atMocepax U OTCYTCTBUE CE30HHOIO BO3ACHCTBHUS (YBEIMUCHHUS CKOPOCTH
KOpPpO3UM B 3UMHUN MEPUOJ, KOIJa COJACpKAHUE CEPHHCTOrO0 aHTUApHUa B
aTMoc(epe pe3Ko YBEIMYUBACTCS), MO3BOJISIET CUMTATh ATFOMHUHUPOBAHHYIO CTallh
MEPCIEKTUBHBIM MAaTEPHAJIOM IO CPABHEHHWIO C OIIMHKOBAHHOW Jisi OOJHMIIOBKU
KOXXYXOB TPYOOTPOBOJOB M KOMMYHHKAIUA Ha MPEANPUATHSIX HePTSIHOU u
ra3oBod MPOMBIIUIEHHOCTH. [Ipu »TOM 3()PEeKTUBHOCTh 3aIUTHI CTAIA B



aTMoc(epe BIAXHOIO CEPHUCTOro rasa yBenuuuBaerca B 1— 8 pa3, B MOpcKoi
atMoctepe B 6—7 pa3. [lpoBogwnm wuCCleOBaHHUS CTalld C AIIOMHHHEBBIM
MOKPBITHEM, TIOJyYEHHBIM METOJIOM JJIEKTPOPOPETUUECKOTO OCAKIACHHS C
MIOCIIEAYIOMIEH MPOKATKOM, Ha CTOUKOCTh B aTMOC(EPHBIX YCIOBHUSX.

Koppo3noHHYI0 CTOMKOCTh YKa3aHHOTO MOKPBITUS N3YYalu B
IIPOMBINIJICHHOH, CENTbCKOM--U- MOPCKOM aTMocdepax, XapaKTepHUCTHKa KOTOPBIX
npuBeneHa B Taom. 11.

JI7ist BBISIBIICHHSI MEXaHU3Ma 3allIUThI CTAI ATFOMUHUEBBIM TIOKPBITHEM OBLIO
IIPOBEJICHO OMpeeNieHUe MOIIPHOCTH JEKTPOAOB B Cpeiax, UMUTHUPYIOLIUX
paznuuHbie aTMoc(epHbie ycinoBus. [Ipompiniennyto atMmocdepy MOAeTupOBaIn
pactBopoM coctasa 0,011. H,SO, + 0,11. H,O,, Mopckyto atmocdepy - 0,1n.

NaC1 cenbckyro-H,0.

AHanu3 pe3ynbTaToB J1a00paTOPHBIX MCIBITAHWM TOKa3ad, 4YTO BO BCEX
UCCIICJIOBAHHBIX ~ CpelaX aJIIOMHHHEBOE TIOKPHITHE CIY)KHT aHOJOM TIO
OTHONICHUIO K CTajH, YTO MPEIIoJiaracT 3JEKTPOXUMHUYECKYIO0 3aIlUTy CTaJH
ATIOMUHHEM. AHAJIM3 JaHHBIX, XapaKTePU3YIOIIUX CPEAbl, B KOTOPHIX MPOBOIUIH
HaTYpHBIC UCIIBITAHUS aTIOMUHUPOBAHHOM CTallM, TOKA3bIBAET, UTO Ha baTymckoii
M 3BEHUTOPOJCKOW KOPPO3HOHHBIX CTAaHIUSAX 3arps3HEHHOCTh aTMochepsl
XJIOpUJaMi  MUHUMalbHasg.  HawmOomnpimass — 3arps3HEHHOCTh  XJIOpUIAMH
HaOII0JaeTCsl B yCIOBUSAX CEBEPHOUW MOPCKON atMocdepbl. B mpoMbIuieHHOM
paitone MockBbl Hab01aeTcsl HanOoJIbIIast 3arps3HEeHHOCTh SO, a Tak¥Ke MBLIBIO.

Tabnuma 4. Xapaktepuctuka armocdep

Koppo3nonHnas cpena Hamnune B cpene ['pynma
arpec-
XJIOPUIOB 802 mr/ CHUBHOCTH
, M
mr/ (M
CyT)
IIpombinuieHHas
atmocdepa
(Mocksa) 1,8-2,0 0,214 Ouensb
KECTKAS
Cenbckas atmocdepa
(B paitone 3BeHHIOpo/1a) 0,18 0,0107 Cpennss
CeBepHasi MOpcKas
atMocdepa
(JanpHO3eaCHEIIKAS 14,0 0,013 Ouenn
CTaHIIUA) KECTKas
IOxHas mopckas
aTMocdepa

(paiion barymm) 1,0 0,053 To xe




YuuTeIBas, 4TO CKOPOCTh KOPPO3HOHHOIO PA3PYLICHUS HENOCPEICTBEHHO
3aBUCUT OT NPOJOJDKUTEIBHOCTU NMpEObIBAaHUS BJIard HAa MOBEPXHOCTH MeETAJlIa,
IIPU ONPENEIICHUH CKOPOCTH KOPPO3UM AaCTPOHOMHYECKOE BpEMsI HCIBITAHUS
NEePECUUTHIBAIM Ha (PAKTUYECKOE BpeMs MpeObIBaHMS IUIEHKHM HAa MOBEPXHOCTU
obOpa3a.

DTO Bpems Uil pallOHOB CEBEpHOM M baTymMCKOl KOPPO3MOHHBIX CTAHIUMN
coctaBmio 3a rox 25004, a 1jis KOPPO3UOHHBIX CTAaHIMK MOCKBBI 1 3BEHUTOPO]1a
22501.

Koppo3noHHYyI0 CTOHMKOCTh QJIIOMHHUPOBAHHOM CTalM HCCIEIOBAIA Ha
obpasmax pazmepom 50x 100mm ¢ TommuHOM cost mOKphITHS 40-50MKM.

JInsi cpaBHEHUS KOPPO3UWOHHBIE UCHBITAHUS MPOBEAAIM U HA CTaJIbHBIX ---
oOpasiax 0e3 MOKPHITHSI.

JIns HaHeceHWs aJOMHHUEBOTO MOKPBITHS HMCIOJIB30BAIA AJTFOMUHHUEBBIN
IOPOIIIOK, coaepskaiuii B Buae npumecu, %: 0,3 k¢, 0,6 Si, 0,6A1,03 .IlokpeiTre
HAHOCWJIM Ha JIUCTOBYIO cTasib Mapku 0,8 k.

OOpa3upl yCTaHAaBIMBAJIM Ha OTKPBITBIX CTEHAAX U BBIACPKUBAIU B
aTMOC(EPHBIX YCIOBUAX B TeueHue 3 neT. Koppo3uoHHYI0 CTOMKOCTh OINpeaeisiin
0 MOTepe Macchl M BU3YaJbHOE OIEHKOM COCTOSHUSI MOBEPXHOCTH OOpa3lioB
noitie  ucneiTauus. OJHOBPEMEHHO OLEHUBAIM KOA(DOUIIMEHT TOPMOKEHUS
KOPPO3HH ATFOMUHUEBOTO TOKPBITHS.

Cranp 0e3 MOKpbITHS 00agaeT HU3KOH KOPPO3MOHHON CTOMKOCTHIO BO BCEX
UCCIIEyeMbIX aTMOC(EpPHBIX YCIOBHSX, M IMOTEPS MacChl BO BPEMEHU HMEET
TEHJICHIINIO K yBennueHuro (puc. 21,a).

Haubonpiiyto CKOpOCTh KOPPO3MOHHOTO pa3pylIeHHs HaOMoAanud B
IMPOMBINIUICHHOW W CEBEPHOW MOpckod atmocdepe. BusyanpHbII OCMOTp
HEMOKPBITHIX 00pa3lloB TOKa3aJl MX CHIBHOE pa3pylleHHe C T[IIyOOKUMHU
A3BEHHBIMU MOPAXKECHHUSAMHU, a B HEKOTOPBIX CIIy4asxX MPOU3OILIO pPa3pYLICHHE
00pasIoB.
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Puc. 21.Ckopoctb koppo3uu ctamu mapku 0,8k (a) v aTroMHHAPOBaHHON
ctanu (0) B aTMOC(HEPHBIX YCIOBUSIX:

1 — npomebinuieHHast atmocdepa;, 2 — ceBepHasi Mopckasi atmocdepa;, 3 —
I0’kKHast Mopckas atmocdepa; 4 — cenbckast atMmocdepa

anekTposinta cocrana (r/i):
ZnCl, ~ 150 + 20, Nidd - 40 + 10, .NHCI - 150 + 25mpu pH= 3,75 = 0,25.
[InotHOCTh ToKa. 10 A/mM®. JIoGaBKa B IEKTPOIHT YKCYCHO KHCIOTEl 20

r/)1, camunuiaoBod KuciaoThl 1 1/11, MO3BOJIMIIA TTOBBICUTH IUIOTHOCTH TOKa JI0 25
Alnv?, a npu Temmeparype 40°C u mepememmBannn — 10 75—80 A/am?, npu
3TOM IUIACTHYHOCTH OCajiKa Bo3pacTana. [loryueHHOe OKPhITHE UMEINIO0 TBEPIOCTh
1600—3000MIIa, u comepxkaHue HUKENS B Oocajke cocTaBisuio oT 3,4 10 15,4 %.
Koppo3noHHbie ucnbITaHus TIUTeIbHOCTEI0 15009 mpoBOAMIMCh HA TIOKPBITHSIX
¢ tonmuHOM cioss 40—50MKM B yCIOBHSIX MOTOKA, IBHKYIIETOCS CO CKOPOCTHIO
1,5 M/c B MUHEpaJIM30BaHHON CHHTETUYECKOW BOJIE, COJIEpIKAILEH CepoOBOIOPOI
COOTBETCTBYIOIIEH IO COCTaBy IUIACTOBBIM BOJaM HE(TSAHBIX TOPU30HTOB
Tarapuu.

Wou Cl Saq HCO; Ca" Mg,
Na +K*
Conepxanwe, T/11 106 0.04 0.09 145 25 48

[TnoTHOCTH BOABI mpu Temmeparype 25 T Owbumia paBHa 1,117 r/cm B atux
YCIIOBUSX KOPPO3HOHHAS CTOMKOCTH MOKPBITHH, coaepkamux) 3,5 % Ni,B 1,8-2
pa3a, a comepxkammx 11,5% Nip 3,2—3,6 pa3 BbIe, 4eM HEJICTHPOBAHHBIX
IIMHKOBBIX TMOKPHITHH. JlernpoBaHrue MUHKOBOTO MOKPHITUS HHUKEJIEM ITOBBICHIIO
npefen CTaTUYECKOW BOJOPOIHOM YCTAJOCTH M CHHM3WIO CKJIOHHOCTH CTallu K
KOPPO3MOHHOMY pPacCTPEeCKUBaHHIO B cpene 3 %HOro pacTBOpa XJIOPUCTOTO
HATpUs, HackIeHHoro cepoBoaopoaoM (pH 3,5),c modasnenuem 0,5 % ykcycHoi
kucnothl. [lpenen kputudeckod nedopmanuy ep JETHPOBAHHOTO TOKPBHITHS TIO
CPaBHEHMIO C HEJICTUPOBAHHBIM M HETIOKPBITOW cTanbio yBenuumBaeTcs oT 0,5 no
0,8%, a kpuTudeckoe HampsDKEHHE ap B HApPY)KHBIX BOJIOKHaxX oOpasiia
n3medsuiock oT 100010 1600MI]a.

JlerupoBaHHOE IMHKOBOE TOKPHITHE MPUMEHSIIOT [JIS 3aIUTHl PE3hOOBBIX
COCIMHEHU HACOCHO-KOMITPECCOPHBIX TPYyO HE(PTIHBIX M Ta30BBIX CKBAXWH W
0co0eHHO 3P HEKTHBHO 711 CEPOBOIOPOICOALCPIKANINX CKBAYKHUH.

W3yyanu BIWsSHHME JETUPOBAHUS TaJbBAHMYECKUX ITUHKOBBIX W KaJMHUEBBIX
MOKPBITHIA TUTAaHOM. OCaK/IeHNE TMOKPHITHI BEIU U3 AJICKTPOIUTOB CIEIYIOMIETO
cocTaBa:

KagmueBoe mnokpeitre (temmeparypa 293—313 K, minotHocTh TOKa 1-
1,5A/1m)

Bemecrtso.......... CdSsQ NaOH NaCN NiSQ
JlexcTpun
Copepxanue, 1/11...50-70 20-30 120-160 0,5-1,5 8-12



KagMmuii-turanoBoe mokpeiTHe (Temmneparypa 281—295 K, mioTHOCTH
TOKaA/,Z[MZ)

Bemiectso.. CdO KCN (NH),SQ, Ti NiSO,
JlexcTpuH

(MeTaTUYeCKHii)
Conepxanue, r/1...20-30 100-130 20-30 0,2-0,6 1-2 5-10

[{unk-TUTaHOBOE TOKpHITHE (Temmeparypal8 - 22T, miotHOCTH TOKa 1
Alnv®)

BermectBo Zn0 KCN K;S KOH K,TiO,
['muuepun
Copepxanue, 1/ 12-15 50-65 2-4 125-1450,4-0,7 2-4

KoHIleHTpaIuio TUTaHa B TOKPBITHH OMNPEICTISIN (POTOKOJIOMETPUICCKUM
METOJIOM TI0 HWHTCHCHUBHOCTH OKpAIIMBaHUS KOMILJICKCHOTO COCIWHCHUS,
oOpasyromerocss TpPUH  B3aUMOJCHCTBHM  YETBIPEXBAJCHTHOTO  TUTaHA C
opraHuyeckum peareHroM JAM.

CoxepxaHre TUTaHA B TOKpPBITHHM cocTaBistio jmis (Zn —Ti) — 0,4-0,63
%,(Cd-Ti) -0,09-0,18.

B Tabn. 16 npuBeaeHbI TaHHBIC MIEKTPOXUMUYICCKUX uccienoBanuit st Cd-
u Cd-Ti-, Zn-u Zn- Ti-nokpsituii B pactBope 30r/m NaCl + 2,5r/n H,S npu pH =
4,0-4,5, remneparypa 293 * 2 K. Tommmaa cimost mOKpeITHS cocTaBisia 10—
12MxM.

[Tonstpu3annoHHbIC KPUBBIE CHUMAIU MOTEHIMOAMHAMUYCCKUM METOAOM CO
CKOPOCTBIO pa3BepTKH HanpskeHus 1mB/c.

Bompoc 2.2.MexaHu3M 3alUTHOIO AeHCTBUS ITIOKPBITHI.

MexaHu3M 3alMTHOTO JEHUCTBUS ~METAJUIMYECKUX TOKPHITUA B  Ha
BOJIOPOKUBAIOIINX CPEAAX CBSA3aH KaK C €r0 SKPAaHUPYIOIIUM JIEMCTBUEM K OTOKY
BOJIOPOJA, TaK M C DBJIEKTPOXMMHUYECKHM IIOBEJACHUEM CTajld C MOKPBITUEM.
OcHOBHBIE  (DaKTOpBI, OMPEACIAIONINE 3alMUTHOE JCHCTBUE TIOKPHITUH B
HABOJIOPOXKUBAIOIIUX CpEaX, MOKa3aHbl HA PUC.22.

Okpanupyrouui 3h(PexT MOKPHITHIM CBA3aH B OCHOBHOM C HMX BOJOPOJIO-
MPOHUIAEMOCTBIO, 3aBHUCSALIEM OT MPUPOABI MeETajljla, €ro IMOPUCTOCTH U
0CcOOeHHOCTe! TEXHOJIOTUYECKUX yCIIOBUI HaHECECHMUS. [TosTomy
BOJOTIPOHUIIAEMOCTh — OJIMH M3 OCHOBHBIX KPUTEPHEB MpU BbHIOOpE MaTepualia
MOKPBITUM JJIS1 3aIMThI CTAIM B HABOJIOPOKHUBAIOIIMX CPEax, KOTOpask 3aBUCHUT OT
PacTBOPUMOCTH BOJOpOAa B MeTaiie U AU dy3uun ero yepe3 moKpbITHE.



[Io kpuTepuio  BOAOPOJONPOHHUIIAEMOCTH  3((EKTUBHBIM  Oapbepom
HABOJOPOKUBAHUIO SIBJISIIOTCSI TIOMUHUHN, IMHK, ME/b, PACTBOPUMOCTEH BOAOPOAA
B KOTOPBIX Ha JIBa-TPH MOPsIIKA HUXKE, yeM Yy cTayiu. KagmueBble TOKPBITUS TaKXKe
001aJal0T BBICOKMM DJKpPaHUPYIOIIUM JeicTBUeM. VIMEHHO C 3TUM CBSI3aHO
UCTOJIb30BAHUE  KAAMHUPOBAHMUA JJIsl  IPEJOTBpAILCHUS  HABOJOPOXKHBAHUS
00pa31oB Npy U3yYEHUH CTATUYECKON BOJOPOTHON YCTAIOCTH CTAJIH.

[TnakupoBanue wiu GyTepoBKa CTaIN METAIJIAMH, UMEIOIIUMH 00Jiee HU3KYIO
BOJIOPOJIONPOHUIIAEMOCTb, UCTIOJNIB3YETCS IS JOCTHKEHUS
BOJIOPOJIOYCTOMYMBOCTH CTAJIM MIPHU BHICOKUX TEMIIEPATYpPaX.

CTpyKTypa MOKPBITUHN, IEPEXOTHBIX 30H, OKUCHBIX TJICHOK, (DOPMUPYIOIIUXCS
B IPOLIECCE HAHECEHMs, OKa3bIBAC€T CYIIECTBEHHOE BIMSHHE HAa HMX 3allUTHBINA
3pdeKkT mpu HABOAOPOXKHBAHUHM. BOJBIION HHTEpeC NPENCTaBIsET H3YUCHHE
3alIUTHONM CHOCOOHOCTH MOKPBITUH, MONYYEHHBIX AU(P(GY3UOHHBIM HACHIIICHUEM
MIOBEPXHOCTHU CTAJIM MMOPOIIKOBBIMU MaTepHallaMH.
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YMeHbIlIeHHEe 01 BOIOPOAHON

TepMOANHAMHUYECKON
JEMONAPU3aLUYI B KATOAHOM MPOLECCe

CTOMKOCTH

Puc. 22 ®aktopsl, onpeaensonme MeXaHu3M 3alllUTHOTO JICUCTBUS
METAJTUYECKUX MMOKPHITUMA

BonopononpoHunaeMocTb MOKPBITUM 3aBUCUT OT HMX MOPUCTOCTH. Jliis
KKJI0TO CcIToco0a HAHECEHUS TTOKPBITHI CYIIECTBYET OMpe/IeTICHHAs ONTUMaIbHAS
TOJIIIIMHA, 00ECTICUNBAIONAs MUHUMAIBHYIO MMOPUCTOCTh MOKpbITHH. [lopucTocTh
MOKPBITUIA 3aBUCUT OT TEOMETPUU M pa3Mepa Mop, KOTOPhIe KIACCUDUITMPYIOTCS
KaK MakKpOIOpbl, MUKPOIIOPBI U TOPbI KAHAIBHOTO THUIA.

CHmXKeHUE NOPUCTOCTH METAJUNIMYECKUX TMOKPBITUM — BaXKHBIM pe3epB
MOBBINICHUS 3aNTUTHBIX CBOMCTB. {51 Kakmoro crmoco0a HaHECEHUS CYIIECTBYIOT
OTpeNeJICHHbIE  TEXHOJOTMYECKHE TMpUEMbl, OOeCHeunBaloOuue CHUKEHUE
KOJIM4ecTBa Mmop. Tum mop 3aBUCUT OT MeToAa (HOPMUPOBAHMS TMOKPBITHN H,




CJIEI0BATENIBHO, OT CTPYKTYPbI OCAXIECHHOIO €J0sl. MUKpPONOpPbI XapaKTepHbI IS
CTPYKTYPBI TOKPBITUHU, MOJYYEHHBIX JJIEKTPOIUTHUYECKUM METOJOM, U CTEIMEHb
MOPUCTOCTH OMPEIEISIETCS PEKUMOM 3JIEKTPOJIN3a, BIUSIONIMM Ha CKOPOCTh POCTa
KPUCTAJUIOB, MPEIBAPUTEIBLHON  00pabOTKON  MOBEPXHOCTH, BKIIOUECHHUEM
pa3IMYHBIX YYXEPOAHBIX dYacTull. Hamuume MexaHWuecKuxX 3arps3HeHui,
o0Jieryaommx paspsji BOJAOPOJa U 3aTPYAHSIONIMX Pa3psi OCaXKIaeMOro HOHA,
CIOCOOCTBYET BO3HUKHOBEHHMIO MAKpPOINOP B MOKPHITUU. BO3HUKHOBEHHE TMOp
KaHAJIbHOTO TUIA CBSI3aHO B OCHOBHOM C BHYTPEHHUMU HANPSIKEHUSAMH, BETMUMHA
KOTOPBIX MPEBOCXOJAUT BPEMEHHOE CONMPOTHUBJIEHUE PAa3pYyIICHUIO TMOKPBITUS U
IPUBOJUT K PACTPECKUBAHUIO U OOPa30BAHUIO CETKH TPEILUH.

[Ipy  DNEKTPOJUTUYECKOM METOJE HAHECEHUS IOKPBITHS  CHU)KEHHE
MOPUCTOCTU  JOCTUTAETCS TMpPH  HCIOJNB30BAHMM  OJECKOOOpasyloummx U
BBIPABHUBAIOIIHNX 100aBOK, MO3BOJISIFOIIIUX MOJIYYUTh IJIOTHBIE,
MEJIKOKPUCTAJUIMYECKHE OCaJKH; TOKa MEPEeMEHHOW MOJSPHOCTU; OCAXKICHUS B
yJIBTPa3BYKOBOM MOJIE.

MHOro4YuCIeHHbIE  UCCIEAOBAHMUS  TOKa3ald, 4YTO  OCaXJICHHEM B
yJIBTPA3BYKOBOM I10JIE MOYKHO HE TOJIbKO YBEIUYUTh CKOPOCTh MPOIECCa 3a CUET
MOBBIIICHUS TJIOTHOCTH TOKA MPU LIMHKOBAHUU U KAQAMUPOBAHUM B IUAHUCTHIX U
KHUCIIBIX DJIEKTPOJIMTaX B 3—S pa3, a B IMHKATHBIX B 8 pa3, HO W MOJIYYUTH
MNOKPBITUSI MHUHUMAJIBHOM MOPUCTOCTH TMpPU MEHbIIEH TommuHe cnos. Jls
MOJIYYCHHUS TUIOTHBIX IIMHKOBBIX M KaIMHEBBIX OECHOPUCTBIX TOKPBITUN
PEKOMEHYETCSI OCAXKJICHHUE B YJIBTPA3BYKOBOM II0JIE B BJEKTPOJIUTE CIECTYIOLINX
COCTaBOB U PEKUMOB:

TTOKPBITHE. .....uvivniiiiciceceeeeen, [luakoBoOE KanmueBoe

Cocras seKTpoauTa, /i

10)97(6) 30 11705 0 - VUTT 20—40 -

[0)97(6) 302710707 5; (ORI — 30—40
IIMAHUCTBIA HATPUM 50—120 75-100
CIKUN HATPUM. ..vvvevneiiieeeineeennnn, 50-100 30-50
10700001031 1:301) 7 1 VAR 5 -
CEPHOKUCIIBIA HUKEID evvvervnrennnennss — 1,0-1,5
ANM3APUHOBOE MACIIO. ...cvvveeeernnsnenns - 5-30
Pexxum ocaxxneHus.

Temmeparypa, K 313 312--313
IJIOTHOCTH TOKa, Almm® 16 15
4acToTa yJbTpa3Byka. Kl 1 22 20-22

JIJIst O TyYeHrs HUKEJIEBOTO MOKPBITHS UCIIOJIB3YIOT 3JIEKTPOJIHT CICAYIO
nierococrada npu pH = 5,5:

KoMnouent NiSQ, 7H,0O NaCl HBO;
Copepxanue, /11 240 22 30



Pexxum ocaxxnennsa
[I;1oTHOCTH KATOIHOTO TOKA. A/zLM2 15
Temmneparypa, K 333

VY pIpa3ByKoBasi 00pabOTKa CHIYKAET MOPUCTOCTh MOKPhITHH (Ta0a. 12).

Jlis mosydeHusl TUIOTHBIX OECTIOPUCTBIX HUKENIEBBIX MOKPHITHH MPUMEHSIOT
TaK)Ke YIbTPA3BYKOBYID OOpabOTKY SJEKTPOJUTA, COAEPNKAIIETO THAPOOKHCH
HUKEJIS B BUAE MEJIKOAUCIIEPCHOTO 3015

MexaHu3m AEUCTBHS CBSI3aH C AMCIEPTUPYIOIIUM M CTaOMIH3UPYIOLUIUM
BJIMSIHUEM YJIbTPa3BYKOBOH 0OpabOTKM Ha 30Jb THUIPOOKHCHBIX COEIMHEHHE
HUKEJIS, 00pa3yIoInxcs B MIPUKATOTHOM CJIOE.

[IpenBaputenbHas  yabTpa3BykoBas ~— o0paboTka  MEIKOAMPIIEPCHOTO
YCTOHYHMBOTO 30JI1 TUAPOOKUCH HUKENS - BBI3bIBACT PE3KOE YBEINUCHHE KATOTHOM
MOJIAPU3AIMU B TIPOIECCE OCAKACHHUS HHUKENS sI YBEIMYCHHUE IUJIOTHOCTH
NOKpPBITHS. [loNOXKUTENbHBIN 3P GEKT CHUKEHHS MOPUCTOCTH TOCTHTASTCS TpH
omnpeAenéHHOM COOTHOIICHWH BpEeMEHH O0pabOTKM Ha aHoae W Karoxae. s
Ka)XI0T0 BUIA TIOKPHITHS €CTh ONITUMaJIbHasl BETUYMHA COOTHOIICHHUSI, BRIOpaHHAS
B COOTBETCTBHUHU C MPUMEHSIEMBIM JIEKTPOIUTOM. PEBEpCUBHBIN TOK MCTIOIB3YETCS
JUTSE CHWOKCHHSI TIOPUCTOCTH TIOKPBITHA TPH OCAKICHUM MEIW, LIWHKA, KaaMus,
HUKETIS.

JUis ~ TOKpBITHH,  MOJYYEHHBIX  W3.  MOPOIIKOBBIX  MaTepHasoB
AIIEKTPOCTATUYECKUMHU 3IEKTPOHOPETUUECKUM METOAOM, MOPUCTOCTh MOKPBITUS
3aBUCUT B OCHOBHOM OT METOJOB TMOCIEAYIOIIEr0 YIUIOTHEHUS MOPOIIKa
(mpokaTkoOil TUAPOCTATHYECKUM OOXKAaTHUEM). AJIFOMHHHUEBOE TIOKDPBITHE C
NOpPUCTOCThI0 3-5% MONy4al0T YIUIOTHEHHEM MPOKATKOM MpU TOJIIUHE CI0s
nopomika 20-25MkM, a ruapocratndeckum odxatuem — He MeHee 400 MIla —
npu TonmuHe cios noporika 40—50 mMkm. [yt MeTamIM3allMOHHBIX MOKPBITUN
TIOpHC.

Ta6nuna 12. Bnusiaue ynbTpa3BykoBOH 00paOOTKH Ha MOPUCTOCTh MOKPBITHIA

[lokazarenu ITokpsiTHE

Huxkenesoe Mennoe
TonmuHa TOKPHITHS,
MKM 3 5 10 15 3 5 10 15
Yucmno nmop Ha 1 cm

IPU OCAXKICHUU:
6e3 ynmpTpazByka 130 55 10 3 460 320 190 120
c ynpTpazBykom 58 23 4 0 74 41 19 4

Bomopoc 2.3. [IpuMeHeHne METALINYECKUX HOKPBITHH B XJIOPCOAEPIKAIINX

cpenax [ 1]

Meramueckue IIOKPbLITUSA, B OCHOBHOM QJIOMHUHHCBBLIC KW IIHHKOBELIC,




MPUMEHSIOT JIJIS 3aIIUTHl OT KOPPO3UU B MUHEPATM30BAHHBIX BOJIAX, COJAEPIKAIINX
pasIu4HbIC Ta3bl, a TAKXKE B MOPCKOW BOJie. B Ximopcoeprkamux pacTBopax Kak
aTIOMMHNAM, TaK M ILHUHK — aHOAbl MO OTHOIIEHHIO K CTalld, 3allMIlas €€
anekTpoxumMudecku. OHAKO B TpoOIlecce KOPPO3UH B Pe3yibTaTe MOJIIPU3ALNH
WIM BIIMSHHS JIPYTUX (PAKTOpPOB BO3MOXKHO M3MEHEHHWE 3HAKa IMOKPBHITHS. Takou
s ekt HabmoaaeTCs IS IMHKOBBIX MOKPBITHI B TOpsiued BojEe, OCOOEHHO €CIH
B CHUCTEMY IIOIAJaeT KUCIOpoA. MaKCUMyM CKOPOCTH KOPPO3WH JOCTHTaeTCs B
temneparypHoM untepBasie 338—343K, 4To CBS3aHO CO CTPOCHHEM OKHCHOM
MJICHKH, OTJIMYAIOMIEHCS MMOPUCTOCTHIO M 00ECTIEYUBAIOIICH TOCTYIT KUCIOPOIa K
MeTtamury. COBMECTHO HAJIMYUE KHUCIOPOJA M YTIEKHUCIOTH B MUHEPATN30BAHHOMN
BOJIC 3HAYHMTEIHHO YCKOPSIET KOPPO3HMIO ITMHKOBOTO TOKpHITHS (Tabdn. 13). [Ipu
ATOM MSTKas W JUCTWLIMPOBaHHAs Bojaa OoJiee arpecCMBHA MO OTHOIICHUIO K
IIUHKY, 9YeM JKECTKas, KOTopas CIIocoOCTBYeT 00pa30BaHMIO 3alUTHBIX TIJICHOK.

B pactBopax, copepxkaiiux XJIOPHIbl 1 OMKapOOHATHI, TOTEHITUAN TOKPHITHS
3aBUCHUT OT COOTHOIICHUS KOMITOHEHTOB. CKOPOCTh KOPPO3UH OIIMHKOBAHHOMN
CTaJId B adpUPOBAHHOM MJIACTOBOM BOJIE, coaepikaliei oT 6 10 13 mr/i
cepoBojopoa, cocrasiser ot 0,03 10 0,081/ (M2 *4), y HE3aILIUIIICHHON CTalln
4,22—6,20r/ (M 1) . Cpox ciryx6b1 oupakoBanHbiX HKT yBenmanBaetcs B 5—6
pa3 1Mo CpaBHEHUIO ¢ TpyOaMu O3 TOKPBITHS.

Tabmuia 13. Bpemst 1o Hawana oOpa3oBaHusl CIIEIOB P>KaBUUHBI TIPA PA3HOM
coaepxkanuu CO,

Konnentpa Tponomki| Bpems o KonrenTparr Bpewms 10 Havana
nust CO, B TENLHOCTh | Hayajia nsg CO, B Iponomkure 06pa3oBaHus
pactBope, Mr/i1 | ucnbiTanuii, 4. |00pa30BaHUs  |pacTBOpE, JIb-HOCTb PKaBUUHBI, U
PKaBUMHBL, 94 [Mr/1T HWCTIBITAHUH, U
Kecrtkas Boga CwmemanHas Boaa
0 421 421 0 421 421
4 421 298 6 421 384
16 224 135 18 224 83
34 224 105 37 224 83
200 391 155
790 391 16

B Mopckoii Bome Ha KOPpO3WIO ITMHKA OKA3bIBAIOT BIMSHUE CYIb(aTbhl H

XJIOpUIBl. B TPHCYTCTBUM HMOHOB XJOpa CKOPOCTh KOPPO3UU YBEITUYHBACTCS,
OJIHAKO OJTHOBPEMEHHOE HAIMYUE MOHOB MarHHsl ¥ KaJbIHS 3aMEIISIET KOPPO3HIO,
TaK KaK Ha IMHKE O0Opa3yeTcs 3allUTHBIM CJIOM MarHUEBBIX W KaJbIIUEBBIX
M3BECTKOBBIX OTIIOHKEHHM.
[To pmannbiM ¢upmbl "FOnmon Kapbaiin KopropeimH", ckopocTb Kopposuu
OIIMHKOBAHHOHM CTaJli B MOPCKOW Bojie cocrtaBisier 64 mxm/rox (bpucronmbckuii
kaHan); 14,2mxm/ron (6 nokax CayrremMnroHa), B crosiuert mpecHoit soge — 10,4
MKM/TOJT; TIPH CKOPOCTH TTOoTOKa nipecHoi Boabl 0,15m/c—21,1mxm/ro.



3anUTHBIE CBOMCTBAa IIMHKOBBIX MOKPBITHII B MOPCKOW BOAE JOCTATOYHO
BBICOKH, Y OLIMHKOBaHHYIO CTaJlb MIMPOKO UCIOJIb3YIOT JJIsl 3alUThI OT KOPPO3UU
CTaJIbHBIX COOPYKEHHM, MOpPCKHX He(pTenpoBoAoB. D(DPEKTUBHO MNPUMEHEHHUE
IMHKOBBIX  TOKPBITUHA Ui 3allUTBl  OT  KOPPO3UU  CTaJbHBIX  OMNOP
HEe(TENPOMBICIIOBBIX COOpYyKeHui. [lo gaHHBIM JUTEpATYypHBIX HCTOYHUKOB,
i Py3MOHHOE IIMHKOBAHHUE TO3BOJISIET MOBBICUTH KOPPO3MOHHYIO CTOMKOCTH
CTaJIbHBIX OMOp B 30HE mnepemeHHoro cmaumBanus (0,5 M Hag Bojo#), rae
CTOMKOCTh HE3aNTUIICHHONW CTadl HAWMEHbIIAs, MPU TOM CKOPOCTh KOPPO3UHU
COCTaBJIAET JUIS OUMHKOBAHHOW ctanmm 5—10 mxMm/ron, nna mesammmenHon 300
MKM/TOZ. 15J1eTHHI OmBIT JKCIuTyatanuu TpyO ¢ nu¢(y3HOHHBIM [UHKOBBIM
MOKPBITHEM Ha MOpCKuX Hedrenmpombiciax Hedtsubie kamMHU U 0. Aprema
nokazas 3(PQGEeKTUBHOCTh OTOTO BHJA 3allUThl. AJIFOMUHUEBBIC TOKPBITHUS
MO3BOJISIIOT TTOBBICUTH 3aIIUTHBIC CBOMCTBA CTAJIM IO CPABHEHUIO C ITMHKOBBHIMU B
XJIOpcoJiepKalux pactBopax B 2—3 pasza. [lo maHHbIM 1a00paTopuu MOPCKOTO
dbaora CIIA, MeTaiM3alMOHHBIC aTFOMUHUEBBIE TTOKPBITHS TOMIMHON 120 MKM
00ecreurBaroT JOJITOBEYHOCTD 3alllUThl B MOpcKoi Boje 1o 10ser, B coueranuu ¢
OJIHOCJIOMHBIM BUHWJIOBBIM JIaKOM—710 12 j1er.

Cneunduka noBeeHus aTIOMUHUEBBIX TOKPBITUNA B XJIOPCOIEPKAIIMX CPeaax
CBSI3aHA C HAJIMYMEM MaCCUBHOM IMJIEHKH, BOBMOKHOCTBIO OTKPBITOIO KOHTAKTa
FOMUHUSA C KEJIE30M B MOPaxX MOKPHITUS U pa3pyLIAIOIUM JEHCTBUEM HOHOB
XJIOpa HA OKCUAHYIO MIIEHKY. [10 OTHOLIEHUIO K HE3AIMIIIEHHOW CTaIN
HE3aBUCUMO OT CIIOCO0a HAHECEHUs aJTIOMUHUEBBIC TTOKPBITHSI CITY>KAT aHOJIOM B
cpene 3 Y%+oro pacteopa NaCl. 3amuTHast crtocoOHOCTh aTFOMUHUEBBIX
MOKPBITHIA B XJIOPCOAEPKAIIMX CPEAaxX CYIMECTBEHHO 3aBUCUT OT CIIOco0a nx
HAHECCHUS.

Ha puc. 23 npuBeneHs! moispru3aiiiOHHBIE
kpuBbibie B 3 %0+0om pactBope NaCl
AJFOMUHUEBBIX TOKPBITUH; .TTOJYYEHHBIX
BaKyyMHBIM CIIOCOOOM M3 TOPOIIKOBBIX
MaTEpHUAJIOB 3IEKTPOPOPETUUECKUM U
ANEKTPOCTaTUYECKUM METOIAMHU C
NOCJIEYIONINM YIIJIOTHEHHEM. TommHa cios
(3JIEKTPOCTATHYECKOTO U
IEKTPOPOPETUICSCKOTO) TTOKPHITHS

1400

1200

ve]
1000 (¥
:~ coctapisiia 22 — 30mkM, BakyymHoro 10 —
S 12 mxm.
T
x &
£ 800
O | Puc. 23.1lonsipu3aniioHHbIe KPUBbIE

nokpeituii B cpene 3%To pacteopa NaCl
1— snexTpodopernueckoe; 2 —
anekTpocratnueckoe; 3 —Al1 99,9; 4 —
BaKyyMHOE

400

200

! !
500 1000

lInomuocme moka, MkA /cm2




AHOnHasg TONsSIpU3alus aTIOMUHUEBBIX BaKyyMHBIX MOKpBITUH B 3 Y0HOoM
NaCl He3HaunTeNbHA, YTO YKA3bIBACT HA CPABHUTEILHO JICTKUH MPOIIECC aHOAHOTO
pacTBOpEHUS] B TIPUCYTCTBHHM TajoreHoB. [lOKpbITHs, TOJy4YeHHBIE W3
MOPOIIKOBEIX MAaTepHUajoB, WMEIOT IUIOTHBIE W TOJCTHIE OKHCHBIC TUICHKH,
BBI3BIBAIONIHME OOJiee 3HAYUTEIBHYIO AHOIHYIO MOJSpU3AINI0. AHOJHAS KpUBas
00paTHOTO X0/1a JIJIsl BCEX MCCIENYyeMbIX MOKPBITHI CMEMIAETCS B OTPUIIATEIBHYIO
CTOpPOHY, mpudeM s 3ekTpodopeTndeckoro mnokpbiTus Ha 40—50 mB,
BaKyyMHOTO U 3JeKTpoctatuueckoro — Ha 60 — 70 mB. Otu nanubie
CBUJCTENBCTBYIOT O PAa3JIMYHOW 3alUTHOW CHOCOOHOCTH OKHCHBIX IUICHOK,
UMEIOUINXCS HA AIFOMUHUEBBIX MTOKPBITUSX.

@DaxkTop 3aIUTHOTO JEHCTBUS OKMCHBIX IUICHOK Ha aJIOMUHHUEBOM MOKPBITHH
npuobperaeT 0co00oe 3HAYEHHE B CBSI3M C PA3IUYHBIMU TEXHOJIOTMYECKUMU
napaMeTpamMH MOJY4YEHHs, a TaKKe BO3MOXKHOCTHbIO BapbHpPOBAHUS XMMHUYECKUM
COCTaBOM, OCOOEHHO B CiIy4ae TIOJy4YeHHUS TMOKPBITHS 3a CYET MOPOIIKOBBIX
MaTepUasoB.

KaromHoe moBeeHHE  OIEKTPOCTATHUECKUX U OIEKTPOHOPETUIECKUX
ATFOMHUHHUEBBIX TTOKPBITUI MOJTOOHO MOBEACHUIO YUCTOTO amtfoMuHMSI. OHU CHITHHO
MOJIIPU3YIOTCS YKE MPU MaNbIX MJIOTHOCTAX TOKA U UMEIOT JOCTATOYHO BBICOKOE
NIEpeHAIPSHKCHUE BBIZICICHUS BOJOpOJa. DIEKTpodopeTnueckne aaroMUHUEBBIC
MOKPBITUS 00J1a1al0T HAWOOJBIINM 3HAYCHHEM IepEHANpsHKEHUsT BOAOPOJa IO
CPaBHEHHMIO C MOKPBITUSMH, MOJYYEHHBIMH CIOCOOOM 3JIEKTPOCTATHYECKOTO U
BAaKyyMHOTO HambUIeHHs. lIpW TOIy4eHMHM TOKPBITUH i3 TOPONIKOBBIX
MaTepUajoB Ha IEKTPOXUMUYECKUE CBOWCTBA.

Bompoc 2.4.Koppo3noHHAs CTOMKOCTH ITOKPBITHIL B
cepoBoaopoacoaepxkammx cpempax [ 1]

B cepoBopopoaconepxkamnmx cpenax meramindeckue Al-, Cd-, Ni-mokpbrtus
— KaTOJAHBIC IO OTHONIEHWIO K CTaJld, 3HAYUTEIBHO OO0JaropakMBaroT ¢
CTarMoHapHbIH moTeHnuan. OJHAKO B TPHUCYTCTBHM HOHOB XJIOpa MOTCHIIMAI
MOKPBITHA MOXKET CMEIIAThCS B OTPHIATEIILHYIO 00JIACTh, M IOKPHITHE MOXKET
CTaTh aHOJOM IO OTHONIICHHWIO K CTajau. [[MHKOBOE MOKpHBITHE, B CEPOBOAOPOJI-
cojepxarie cpene kak 0e3 MOHOB XJIOpa, TaK W MPU HATUYUU WX SBISCTCS
AHOJIOM IT0 OTHOIIIEHHIO K CTaJILHOM OCHOBE.

[ToTeHIIMa HE3aUIIIEHHON CTaay B cepoBogopoacoaepxkaiiei cpene (H,S —
1200 mr/n) cocraBisier —650 MB. TIpu HaHECEHNN ATFOMHUHHEBOTO, KaIMHUEBOTO,
HUKEJIEBOTO TMOKPBITHS MPOUCXOIUT OOJaropakuBaHUE MOTEHIMAIa BO BPEMEHU
BCJEACTBUE O00pa3oBaHUS MOBEPXHOCTHBIX IUICHOK, (OPMHUPYIOIIMXCA B
MPUCYTCTBHHM CEPOBOJIOPOAA, TPH ITOM TIOTCHIMAJ TOBEPXHOCTU TOKPBITHUS
cocrasisieT, MB: amromuaueBoro —570, uukenesoro +280, kaamueBoro -410 u
muakoBoro -750. Xoa MOasApU3allMOHHBIX KPUBBIX JIJIS CTAJd C TOKPBITUSIMHU
CBHUJICTEIBCTBYET O 3HAYUTCIBPHOM TOPMOXKCHHHM KaTOAHOTO M aHOJHOTO
IIPOIIECCOB C MPEUMYIIECTBEHHBIM aHOAHBIM KOHTPOJIEM.

AHOIHBIM KOHTPOJIb HauOoJiee 3HAYMTEIICH Yy QJIIOMUHUEBBIX M HHUKEJIEBBIX
MOKPBITHIA, KOTOPhIE UMEIOT OOIITUPHYIO 00J1aCTh aHOAHOMW accuBHOCTHU. oT 50 10



180 MB st amoMHUHHEBOTO NMPH IUIOTHOCTH TOKA ITOJIHOM MaccuBanuu I, = 20
MkA/em® u or O +900 mB JUIS. HUKEJICBOTO MPH IUIOTHOCTH TOKa IIOJIHOU
naccuBaiuu iy, = 10 MxA/cm®. CMelienre moTeHuana CTaim IpU HaJUYUU Ha
noBepxHOoCcTH Ni — P MOKpBITHS BbIlIE€ MOTEHIIMAIA BBIACICHUS BOAOPOJA, YTO
MCKJIIOYaeT BOCCTAHOBIEHHE HOHOB H W CIIOCOOCTBYET BBICOKOM CTOHKOCTH
MOKPBITUH B HABOAOPOKHUBAONIUX cpeaax. [ kaaMHEeBOro MOKPBITHS 00JacTh
MaCCUBHOCTU OTCYTCTBYET, OJIHAKO AHOJHBIA MPOILIECC PACTBOPEHHUS 3aTPYIHEH,
TOKHA pacTBopeHus: naxe mpu noreHnuane -100 mB ne3naumtenbnbl. KaTomnas
noJIsipu3aIis HanOoiee 3HAUYNTEIbHA Y ATFOMUHUEBOTO M IIMHKOBOTO TTOKPBITHS 1
YMEHBILIAETCS K KaJAMHEBOMY U HUKeJIeBOMY. Bbicokuil 3amuTHbil 3¢ ekt
MOKPBITUIA B CEPOBOJOPOACOAEPKAMMUX Cpefax MOATBEPKIACTCS ITaHHBIMU TIO
MOJIIPU3AIMOHHOMY COTIPOTHBIICHHIO Kak 0e3 pacTsaruBaroniux Harpy3ok (0 = 0),
Tak ¥ nipu HUX (0 = 1,10 ¢ ,) (ra6m.14).

Tabmuual4. 3HaueHne noaIpU3aLUOHHOTO CONPOTUBIICHUS IOKPBITUI B
cpene H,S -1200r/ n) - B uncnurene, || (H,S - 1200r/1 + NaCl - 30r/n) - B
3HaMeHaTeJe

[ToxpeiTHE [TonsipuzanmonHoe COnporuBieHue, B cMA pu
o=0 O = 1,10’ 0,2
Amomunnesoe Kanqvuesoe 3,5 10/1,53 « 16 2.4¢10/1 - 1¢
Hukenesoe Lunkosoe 2,5+10/6,0 « 10 2,25+ 10/1,2 « 17
Cranp40X06e3 mokpsItust 1 « 13dY1,5 » 16 2.201G/2,1+10°
7 +10/5,8 « 1d 2,8+ 16/2 « 1d
8 *107/2 « 10 3,5+10/1,4 « 16

Haun0os1ee BRICOKUM MOJISPU3ALMOHHBIM conpoTHBiIeHneM B cpeae 1200r/n
H,S obnagaet urHkoBoe MoKpbITHE. [l0NsIpU3aliMOHHOE COPOTUBIICHHE
YMEHBIIAETCS OT LIMHKOBOTO K AJIFOMUHUEBOMY, KaJIMUEBOMY, HUKEJIEBOMY.
Hanosxenne pacTsaruBaomux HampsHDKEHUN 001eT4aeT aHOIHBIN M KaTOIHBIN
MIPOIIECCHI, MOTESHIIUAN TS BCEX TMTOKPBITUIA CIBUTAETCS K 00JIee OTPUIIATEILHBIM
3HAYCHUSM. 3alUTHBIC CBONCTBA MMOKPBITHIA COXPAHSIIOTCS 0 OTPEICTICHHOTO
YPOBHSI HANPSDKEHHMIA, BBIIIIE KOTOPOTO HapyIIaeTcs ux cruiomHocts. Al-, Zn-, Cd-
MOKPBITHS COXPAHSIOT BRICOKHUH 3alUTHBIN 3D ekT mpu Hanpspkerusx 0 == 1,1
00,2 BBI3BIBAIOLIUX MaJIbl€ TIACTUYECKHE ehopmaluu, B OTIMYUE OT HUKEJIEBOIO
MOKPBITHS, 00JIAIAOIET0 3HAYUTEILHON XPYIKOCTBIO, YTO MIPUBOISAT K
HAPYIIEHUIO CIUTIONTHOCTH TOKPBITHS, €0 PACTPECKUBAHUIO, IPU ATOM
HaOrOMaeTCs pe3Koe pa3diiaropaxMBanue moTeHImana. Ha moBepxHocTu cramu
HAOJIOAAOT OTCIOMBIIMECS YYACTKH HUKEIEBOTO MOKPbITUSA. OHAKO TIPH
HaIpPsHKEHUSIX O = Op o 3alIMTHAS CIOCOOHOCTh HUKEJIEBBIX MOKPBITUI OCTaeTCs Ha
peXXHEM YpoBHE. J[7151 BCceX MOKPHITHI MPUCYTCTBUE XJIOPUOHA B
cepoBomopoacoaepxaieii cpene (1200r/1 HS+3 Y%ssiit pactBop NaCl) camkaer
CTENEeHb aHOJHOTO U KaTOJHOTO KOHTPOJIS, OJTHAKO COXPAHAETCS JJOCTATOYHO



BBICOKHI 3aMTHBINA 3G dekT. [Ipr Hammuum XI0pruoHa CTalMOHAPHBIA MOTEHIINA
CMEIAETCsl B OTPULATENIbHYIO 001aCTh:

[ToxpeiTHE AmomunueBoe Hukenepoe KagmueBoe [lunkoBoe
[Torenuuan, MmB -650 -400 -680 -750

B aT0i1 cpene nonaspu3aliluOHHOE CONIPOTUBIEHUE KaJIMUEBOTO TIOKPBITHS
yBEJIIMYUBAETCS B 2—2,5pa3a, B TO BpeMsl KaK AJis APYTUX MOKPHITUN
YMEHBLIAETCS.

[Ipyu HaOXEHUM PACTIATUBAIOLIUX HANPSKEHUN MOJISIPU3ALMOHHOE
comportusienue Al-, Cd-u Zn- mokpeITHIA HAXOIUTCS Ha OJJUHAKOBOM YPOBHE,
CHMJKAsICh 110 CPAaBHEHMIO C MOJISIPU3ALMOHHBIM COITPOTUBIIEHUEM 00pa3LoB 6e3
Harpy3oK.

MeTtannnueckue NOKpbITUs 00ECIEUNBAIOT 3aIUUTY CTAIN B YCIOBUIX
CTaTMYECKOM BOJIOPOJHOM YCTAJIOCTH MPHU Pa3InYHOM YPOBHE HATPYKEHMUS.

Ha puc. 24 npuBeieHbl CpaBHUTENbHbBIE JaHHBIE 110 TPE/IeTy CTaATUYECKON
BOJOPOJIHOM YCTAJIOCTH CTANIU C PA3IMYHBIMUA METAJUIMUYECKUMU TOKPBITUSIMHU
CTaTHYEeCKYI0 BOJOPOIHYIO YCTAIOCTh UccieaoBamu B H,S — 2,5r/i1 Ha
CTaHJapTHBIX 00pa3iax ¢ Haape3oM. HanpskeHne MeHsIId yepe3 MHTepBall,
pasubiii 0,10T mpoyHOCTH HAAPE3aHHOTO OOpa3IIa.

OOmuii By 3aBUCUMOCTel 0 — |gr oTMHAKOB TSl BCEX TOKPBITHIA U TI0 Mepe
YBEJIMYEHHUS 3aUUTHOTO 3P deKTa CIBUraeTCs MapauieIbHO B CTOPOH YBEIUYCHUS
Igr, 4TO COOTBETCTBYET MOBBIMICHHUIO MPEIEIa CTATUYCCKON BOIOPOTHOM
ycranoctu. [1o pocty 3amutHOro 3¢pexra ycnoBusx cTaTUIECKOE BOJOPOIHOM
eycTasiocT Ha 0a3ze ucnbiTanuit 2004 MOKPBITHS pacrojaratoTcs B TaKOU
nocaenoarenbHocT: Cd, Ni, Al. JlanHbIe M0 Mpeeny CTaTHYeCcKoe BOJOPOTHON
ycranoctd Ha 0aze 2004 1 BpeMeHH 10 pa3pylleHus Ipu Oy =0, 71 0,80,
IPUBEICHBI HITKE.

[ToxpeiTie be3 moKpbITUA Kangmueroe HukeneBoe AFOMHHHEBOE
Bpewms no paspyuienusi, MuH,

npu Oy , Y-

0,7 8,5 105 230 1790
0,8 1,5 17 44 185
[Ipenen cratnueckon
BOJIOPOJTHOM
YCTaJIOCTH 0,3 0,4 0,5 0,6

Breicokuii 3ammTHBIN 3P (EKT B YCIOBUAX CTATUYECKOW BOJOPOJTHON YCTaTIOCTH
.00€ecTeurBaroT CTaIN MOKPBITHS, MOJy4eHHbIe MeTo1oM Jrddy3nonHoro
HACBHILIEHUS.

B ceposogopocoaepxaueii cpexe (2,5r/m H*S +3% NaCl) craunonapHbie
NOTeHIHABI AU Y3UOHHBIX TOKPHITHI OMPEACIISTIOTCS OCHOBHBIMU



HACBIAIOIIUMU 3JIEMEHTaMU. XPOMOBBIE U OOPUIHBIE TOKPBITUS - KATOJIHBIE 110
OTHOUIIECHMIO K CTaJId, CTAIIMOHAPHBIN MOTEHIIMAT UX COCTABIISIET IO XJIOP-
cepebpsiHoMY 3J1eKTpo1y cooTBeTcTBeHHO —5051u —490MB. AnutupoBanue u
[IMHKOBAaHME Pa30IaropoKUBaeT MOTEHIIUAJ CTaJId, IIPH ITOM 3HAYCHUE
CTallMOHAPHOTO MOTEHIIMAaNa JJII aTMTUPOBAHHBIX 00pa3ioB cocTapisieT — /710
MB, nnsa onnakoBanHbIXx —860MB. Pe3ynbTaThl HCCe10BaHUS CTATUYECKON
BOJIOPOJTHOM YCTAJIOCTH CTAJIEH ¢ pa3nuIHbIMU AUG()Y3HMOHHBIMU TTOKPHITUSIMH,
MIPUBECHHBIC HIKE, TTOKA3BIBAIOT, YTO HAMOOIBIIMMHE 3aITUTHBIMA CBOWCTBAMH
00J1a71a10T XpOMOBBIC U IIMHKOBBIC TIOKPHITHS.

bsn- B Lo 4 Q] e " o o
X Ne \\‘\\\‘ 54, Puc. 24.Kpusbie craTa4eckoii BOLOPOIHOI
s W S s Nje|- YCTANOCTH CTAIN C PASTHMHBIMIL
x > 3\{:\» METaNIMYECKUMH MOKPBITUSAMU: / — 0€e3
§U.-’4 — \\2"., MOKPBITHUS; 2 —KaJAMHUEBOE; 3 —XUMHUUECKOE
s ;~ei>  HHUKEIEBOE, 4 —allOMMHUEBOE
. H 1
2z 3 4{ } 95e " 3NEKTPOOPETUUECKOE; D — AIFOMHUHUEBBIC
(— ! I ("], CILIaBBI
00z 0z 2z 20 200
Bpems  u
Tur nokpeITHS be3 nokpeitnist  bopuaHoe  AIMTHUPOBAHHOE

[luakoBOE  Xpomosoe

Bpewms no paspymenns,
MUH,

Oom = 0,70,;,) 8.5 95 340 435 731

[Ipenen craTuueckon BOJIOPOTHOM
yCTaJIOCTH 0,28 0,4 0,48 0,52 0,55

Bricokue 3amuTHbIe CBOMCTBA XPOMOBOTO MOKPBITHS MPH ToNIIUHE ciiost 40—
45 MKM JOCTUTAIOTCS 3@ CUET HU3KOH BOJOMPOHHUIIAEMOCTH KapOUIHOTO CII0s, a
TaK)K€ MAJION YyBCTBUTEJIBHOCTH K BOJOPOJHOMY OXPYITYUBAHHUIO
00€e3yTrIepoKEHHOTO CJI0s, 00pa3yIomerocs moj KapoumaHou 30H0. [{[uaKOBEIC
HOKPBITHS 00JIaJJat0T, TAK)KE BHICOKOW 3alIUTHON CLIOCOOHOCTBIO. BaxkHyt0 posib B
HOBBILIEHUH 3aIUTHOTO 3(h(PeKTa HIMHKOBBIX MOKPBITUN UTPAET XUMUYECKHIM
COCTaB LIUHKOBOTO CJIOSI, 3aBUCSIIMNA OT COCTaBa UCXOIHOTO ChIPbS.

Kak u3BecTHO, B KUCIIBIX Cpefax MpoLEecC KOPPO3UH LIMHKA U3-3a BBICOKOTO
NEPEHAIPSHKEHNS BBIACIEHUS BOJIOPOAA TPOTEKAET OUEHb MEIJIEHHO, OJTHAKO B
IPUCYTCTBUM NPUMECEHN C HU3KUM MEPEHANPSIKEHUEM BOJIOPOIA LIUHK JIETKO
pacTBOpsieTCs C BbIIEIEHUEM Boiopoaa. HekoTopele MeTannueckue npumecH,
HaIpUMep aJIFOMUHUHN, 3aMEIJIAIOT KOPPO3HIO IMHKA B KMCIBIX cpenax. B
IPUCYTCTBUH MOHOB XJIOpa 00pa3yIoTCsi OCHOBHBIE XJIOPH/IbI IMHKA TUTIA
6Zn(OH), —ZnCh, xoTopbie UMEIOT CIOUCTYIO CTPYKTYPY, aHATOTHYHYIO TOH,



KOTOPYIO UMEET KapOOHAT IIMHKA, 00pa3yIoNnii TJIOTHRIE, XOPOIIO MPUJIETAIOIIHIE
CJIOHU.

Ha rpadukax kpuBas CTaTH4€CKOM BOJOPOJTHOM YCTATIOCTH JJIsI CTAJIEH C
U Py3MOHHBIM OOPUIHBIM MOKPHITUEM PACIIOTIATAETCS HUKE, YEM IS
AIIFOMUHUEBOT0, XpPOMOBOTO U IIMHKOBOT'O MOKPBITHIA, HO BBIIIIE, YEM JIJIsl CTaJei
0€3 MOKPBITHS.
brina uccnenoBana 3anuTHas CliocOOHOCTh OOpUPOBaHHOW cTay B 3 Y0HOM
pactBope NaClupu pa3muaHoi cTENIeHN HACHIIICHUS JICKTPOJINTA
cepoBoiopoaoM. boprupoBaHre NpOBOAWIMN B Ta30BOM CPEJIE, COCTOSIIEN U3 CMECU
Tpexxsiopuctoro 6opa BC13 u Bogopona Ha B cootHomenuu 1:15npu
temneparype 1123K u Bpemenn 06paboTku 2 4, TOAIMKMHA OOPUPOBAHHOTO CIOS
cocrtasisuia 0,12—0,1 5.
Ckopoctb Koppo3ud, /(M. . 1), 60pupoBaHHBIX 00PA3IOB MPHU KOHIIEHTPALUU
cepoBojopoza owuia paBaa: 400mr/n — 0,19; 2000ur/n — 0,2;ut0 B 3,5— 4,2
pasa MeHbllle, 4eM 00pa3loB 0e3 MOKphITHiA. JlaHHbIe Ta00paTOPHBIX
UCCJIeI0BAHUM ObUIH MOATBEPKIEHBI UCTIBITAHUAMHU OOPUPOBAHHBIX 00PA3IOB B
HACBIIIEHHON cepoBOI0poaoM cpeae OpeHOyprckoro razokonaeHcara u 3 %-Horo
pactBopa NaClB cootHomenuu 1:1.

Ta6muna 15.ITotepst Maccel 0Opa3siia, mr/cm?

Bpewms ncnisiTanus, mec

1 2 3
DIEeKTPOIUTUYECKUN HUKEITh 0,61 3,07
24,5
DIEKTPOIUTHYSCKUN HUKETh
¢ TepmMoobOpadboTkoit 673K B Teuenne 1 4. 0,29 0,82 10,42
TBepaoe XxpoMupoBaHue 4,6 10,4 42,5
Jucynsdum monnbdaena 8,4 16,2 89,1
ATIOMHHNEBOE METATN3AMOHHOE TIOKphITHEe O 0 -

B 1a0n.15 npuBeaeHbl CpaBHUTEIBHBIE JAHHBIE SITOHCKUX MCCIIE0BATENEH 110
KOPPO3HOHHOMY MOBEJICHUIO METAILUTMYECKUX MOKpbITHiA B cpeae HoS (6%) ,CO,
(6%) npu napnenuun 0,75MI]a.



Bomopoc 2.5 [IloBblllleHHe  3aIMMTHON  CHOCOOHOCTH  METAJUIMYECKUX
nokpbeiThii [ 1]

K MeTammuyeckuMm MOKPBITHSAM, 3allUIIAONUM CTalb OT KOPPO3UU U
HABOJIOPOKUBAHUSIB PA3JIMUHBIX arpeCCUBHBIX Cpelax, a TaKXKe B YCIOBUSIX
CTaTUYECKON BOJIOPOJHOM YCTAJIOCTH, MPEABSABISIETCS KOMILUIEKC TpeOOBaHMIA,
TaKuX,. KaK BBICOKas KOPPO3UMOHHAsT CTOMKOCTh, HHU3Kas BOJOINPOHHUIIAEMOCTD,
JIOCTATOYHAs TUIACTUYHOCTh W MPOYHOCTH CIEIJICHUS] C OCHOBOM, ONpPEACICHHBIH
YPOBEHb M 3HAK BHYTPCHHHX HAMPSHKEHWW, OTCYTCTBHE HABOJOPOKUBAHUS B
MPOIIeCCe HAHECEHWS TMOKPBITHI, TEXHOJOTHYHOCTh MPOIECCa HAHECEHUS IS
3alUTHl KOHKPETHOTO W3JEHs, SKOHOMHUYECKAs IIeJIeCO00pa3HOCTh HAHECEHUS
MOKPBITHS.
2.5.1.JlerupoBanue n 00pabOTKa METATUINYECKUX ITOKPBITHIA.

3amuTHas CoCOOHOCTh MOKPBITHIA 3aBUCUT OT (PUBUYECKUX U
AIEKTPOXUMHUYECKUX NapaMeTpoB. OMH U3 METOI0B MOBBIIICHHS 3aLUTHOM
CIOCOOHOCTH MOKPBITUN — UX JIETUPOBAHUE PA3IMYHBIMU dJIEMEHTAMU U
00paboTKa cocTaBaMH, CIIOCOOCTBYIOIIMMU YIIYUIICHUIO UX (PU3UUIECKUX
apamMeTpOB U ANEKTPOXUMUYECKHUX XapaKTepUCTUK. Pe3ynbTaThl Uccien10BaHui
MOKa3aJId MEePCIEKTUBHOCTh UCTIOIb30BAHUS METAITMYECKUX MOKPHITUHN B
arpeccUBHBIX cpeJlaXx HePTEra3oBOM MPOMBIIIJIEHHOCTH, B TOM YKCIIE B
CEpOBOIOPOACOAEPKAIIMX. B cepoBoiopoacoaepxKaIuX cpeaax IUHKOBbIE
MOKPBITHUSI HE3ABUCUMO OT CIIOC00a MOTYUYEHHUS KaK IPH HATMYUU MOHOB XJIOPa,
Tak 1 0€3 HUX SBIISFOTCS] aHOIHBIMU TI0 OTHOIIICHHUIO K CTanu. B mocneaaue roap
MOSIBUJIOCH 3HAYUTEIILHOE KOJIMYECTBO MyOJIMKAINi, B KOTOPBIX PacCMaTPHUBACTCS
BOIIPOC YBEIMYCHHUS 3aITUTHON CTIOCOOHOCTH ITUHKOBBIX TIOKPHITUH JIETUPOBAHUEM
UX MEeTaJslaMu IepexoIHOM BockMOi rpynmnsl Tabnuisl [1.11. Menaeneesa.
Oco0eHHO 3HAYUTEIBHOE MOBBIIIIEHUE 3AUTHBIX CBOMCTB AOCTUTAETCS
BBEJICHHEM B IIMHKOBOE MOKpPbITUE HUKEA. [Ipu copepkanuul B IMTHKOBOM
nokpbiTiH oT 10 10 15% Nikoppo3roHHas CTOUKOCTh CTalIU C IIOKPHITHEM
noBeimaerca B 3—>5pa3. [loBbilieHne KOPpO3UOHHOM CTOMKOCTH HaOII0AaeTCs
Takke npu ocaxaeHun ciiaBa ZN— Ni— Fe.lluHkoBOe HOKphITHE,
JIETUPOBAHHOE HUKEJEM, OcaKaanu 13 XJ10paMMOHUEBOTO

Tabnuya 16.Pe3ynbTaThl 31EKTPOXUMHUYECKUX UCCIEA0BAHNN TOKPBITHIA
2
(monstpu3anus pu 1==5QuxA/cm” )

Tur nokpsITHA CrauuoHnapHslii moTeHuMan  be3 HanpsbkeHui
0'21,10'02
X.C.D B cpene H,S 1200/n 0=0
o0=0 0'=1,10'o,2
KanmueBoe
0e3 rmaccuBaluu -0,682 -0,682 1,8/1,8 1,8/1,6

Kanmuii-tutanosoe
¢ maccuBanuei -0,683 -0,675 7,4/3,56 3,5/1,6



KanmMmuii-tutanoBoe

0e3 rmaccuBaluu -0,675 - 8,5/1,6 1,6/1,8
[{nakoBOE -0,750 -0,750 7,7/11,4 4.8/-
[{nHK-KagMHUEBOE -0,875 -0,885 2/1,7 1/1

HpI/IMC‘{aHI/IC. B uncnutene MoJApru3anusia KaToJHasA, B 3HAMCHATCJIC — aHOJHasd.

2.5.2.MHOrocI0iHbBIE METAIUTMYECKHAE HOKPHITOM

[TomyynTh BBICOKME 3alIUTHBIE W OKCILTyaTallHOHHBIE CBOMCTBA TIpH
MCIIOJIb30BaHWM OJIHOTO BHJIa TOKPBITHSI HE BCETJa BO3MOXHO. D((HEKTUBHBII
Croco0 pacuIMpeHus KOMIUIEKCa M0Jie3HbIX CBOMCTB IIOKPBITHIL - X HAHECEHUE B
BHJIC HECKOJIBKUX CJIOEB C Pa3IUYHBIMH JJICKTPOXUMUYECKUMHU U CIY>KEOHBIMHU
CBOMCTBaMHU. [[711 KOPPO3MOHHO-aKTUBHBIX cpell - dDPEKTUBHBIMU MOTYT OBITH
CUCTEMBbI JIBYXCIOMHBIX TMOKPBITMM M3 OJHOTO WJIM Pa3HbIX METAJIOB C
MOCTENEHHBIM TEPEX0JI0M MOTEHIIUANa MOBEPXHOCTU OT 00siee MOJIOKUTEIHHOTO
3HAYEHUS K OTPHUIATEIIbHOMY. 3aCIy>KUBAIOT BHUMAHUS TPEXCIONHBIE MOKPBITHS,
r1€ MEXIy IBYMS CJIOSAMH HaxXOJMUTCS CJIOM aKTUBHOTO aHola, B KOTOPOM
JIOKAJIU3yeTCsl pa3pylleHue, Mpu OSTOM BOJOPOJ paspsbkaercs Ha  Oonee
AIIEKTPOIOIOKUTEILHOM BEPXHEM CII0€, HE MMPOHUKAS K MOKPHIBAEMOMY METalIy.
Crnenyet Takke OTMETUTh, YTO, COOOIIasi BEpXHEMY CII0I0 HEOOXOAMMBbIE CBOMCTBA
(M3HOCOCTOMKOCTh, TOPUCTOCTH M Jp.), MOXHO OOCCIICUNUTh CHCTEME
HEOOXOJUMBbIE CBOMCTBA, HauOoJiee palMOHAIBHO UCHONB3YS ACPHUIIUTHbIE
MaTepHuabl.

B mpakTrke u3BECTHBI IBYXCIONHBIE U MHOTOCIIOMHBIC HUKEIIEBBIC TIOKPHITHUS
¢ nuddepeHIMPOBAaHHBIMUA  DJIEKTPOXMMHUYECKUMHU  XapaKTePUCTUKAMH B
Pa3IMYHBIX CJOSAX, YTO TO3BOJISIET MOBBICUTHh KOPPO3UOHHYIO CTOMKOCTH CHCTEMBI
[0 CPABHEHUIO C OJHOCJIOMHBIMU TIPU OJIMHAKOBOW ToimuHe ciosi. Hauboinee
BBICOKMMHU 3alIUTHBIMH CBONCTBaMU O0JalalOT JBYXCIONHBIE TOKPBITUA MpU
cootHomenuu ToauH cioeB 90 : 10%.Ha npakTrke UCTob3yOTCs MOKPBITUS C
cootHomenusiMu  cioeB 70 : 30u 60 : 40 %.Cnoit mOKpsITUS, TPUMBIKAOIITUN
HEIMOCPEJICTBEHHO K OCHOBHOMY METaJlly, JIOJDKEH OTJIMYaThCsl BBICOKOU
IJIOTHOCTBIO, HU3KMM YPOBHEM BHYTPEHHUX HANpPSHDKEHUH M MUMETh MOTEHIMAI
MTOBEPXHOCTHU 00JIEE TOJOKUTEIBHBIN, YeM MOCISAYIONNE CIIOU.

Jlnst nonmyyeHus: AByXciaoWHbIX MOKpbITH B CIIA u 3anmagHoeBponencKHuX
CTpaHaX WCIOJL3YIOT SJEKTPOJUT [JIsi OCAXKACHWsS HUKeNs Tuma Barrca, B
KOTOPBI BBOJSTCS pa3jMYHbIE OpraHUYeCKWe A00aBku THma buHWKETH',
"Hymnekc”, u ap. [Ansg mnomydeHuss JBYXCIOWHBIX HHUKEJIEBBIX MOKPBITUN
3¢ (HEKTUBHBI AJIEKTPOIUTHI, , pa3paboTaHHbie IHCTUTYTOM XUMUK W XUMHUYECKOU
texHosnoruu Jlutopckoir CCP. JIByXCl0iHOE OKPBITHE MOXKET OBITh MOJY4YEHO 110
CICNYIOLIEMY TEXHOJIOTMYECKOMY UMKIY. HuwxkHUNA clod  JIBYXCIOHWHOTO
HUKEJICBOrO0 IOKPBITUS OCaXJaeTcs M3 BaHHBI cocrtaBa, r/m. 240—280 —
cepuokucioro Hukens, 40—50 xmnopucroro Hukensi, 30—40 60pHON KHUCIIOTHI,
0,3-0,4 35 %moro pactBopa 1,4-0yrunauwona,0,1-1 kamus Oudronara wiu
cyaspocanuiuiaoBoi kuciaotel, 0,3—0,8mn/n 40 %+oro popmanuna; pH = 4—05,



temneparypa anekrpointa 323—343 K, miotHocTh Toka 2 A/am, BO3AyIIHOE
nepeMennBaHue U HenpepbiBHAsS GruibTpanys. [lodydeHHOe HUKeNeBOe TTOKPHITHE
OTIIMYAETCS TUIACTUYHOCTHIO, HE3HAYUTEIIbHBIMU BHYTPECHHHMH HAIPSHKCHUSIMH,
HU3KOW TOPHUCTOCTHIO M TIOTCHIMAJIOM IOBEPXHOCTH O0o0Jiee MOJIOKHUTEIHHBIM
(Ha200—250 MB), ueM BTOpOH CJIOH HHUKENS, OCaXJACHHBI M3 JJIEKTPOJIATA
Barrca. [lns ¢dopmupoBaHHMs BTOpPOTO CJIOSI MOTYT OBITh HCHOJIb30BaHBI

cHeruaibHble  J00aBKM  pa3IMYHOIO Ha3HAYCHHS—  BBIPABHUBAIOIIUE W
CHIKAIOIIME BHYTPCHHHE HAIPSOIKCHHS, aHTHIIMTTHHTOBBIC, TAKOTO, HAIPUMED,
cocraBa, r/m. 0,2—0,3nomoueBunbr;l— 2 maparonyoncyiabhaMun WA

xsopamuH; 0,2—3 1,46ytunanon; 1—2 xnopamusn b, 0,2-0,5mr/n "IIporpecc".
3aciy’XKMBalOT .BHUMaHUS, OCOOCHHO MJII CEPOBOIOPOICOACPIKAIIUX CPEN,
TPEXCIONHBIC TTOKPBITHSI, TAE MEXKITY IBYMsSI CIOSIMU HAXOJUTCS CJIOW "aKTUBHOTO
aHona", B KOTOPOM JIOKAIM3YETCsl pa3pylIeHnue, MPU 3TOM BOJIOPOJ Pa3psyKaETCs
Ha 0oJiee AJIEKTPOIOJIOKUTEIHLHOM BEPXHEM CIIO€, HE MPOHUKAas K OCHOBHOMY
MeTauly. HHKHUM TUIOTHBIM CJIOM OKAa3bIBACT JIOMOJHUTEIBHOE SKPaHUPYIOIIEE
JNENUCTBUE K MOTOKY BOJIOpOJa. TpexciaolHOe HUKENEBOE MOKPBITHE OCAXKIaeTcs
OOBIYHO TOOYEPEHO U3 PANIMYUHBIX AJIEKTPOIUTOB. MeXIy BEpXHUM M CIIOEM,
NPUJIETAIOIUM K OCHOBE, HaxoauTcs TOHKuH cioit Hukenas (0,75—1 mxm) ¢
HOBBIIICHHBIM  coaepkanuemM cepol  (0,15—0,18 %), kotopast crocoOCTByeT
CMEUIEHUIO TIOTEHIIMAJIA TIOBEPXHOCTH K OOJiee OTPUIIATENIbHBIM 3HAYEHUSIM, YeM
nepBelii 1 Tperuil ciou. Ilo manueim AH Jlutosckoit CCP, cpenHuii cioit co
CTaOWJIBHBIM COJIEPKAHUEM CEPhl MOXKET OBITh OCAKIEH M3 AJICKTPOJINTA COCTaBa,
r/n:. 240—280 cepHokuciioro nukenss, 40—50 xmopucroro nmkens, 30—40
oopuoit kucnotsl, 0,18-0,28npoussoanoit 6enzocyibpokucinorel, pH == 4—75,
Temmeparypa snexrpomta 313—323K,-kaToxHas MWIOTHOCTh ToKa2— 7A/mm>.
TpexcmoiHOEe HHUKENEBOE MOKPBITUE II0 CBOMM  3alllUTHBIM  CBOWCTBAM
MPEBOCXOAUT TMOKPBITHS OAHOCIONHBIE M JBYXCIOHWHBIE TOM K€ TOJIIIMHBI.
.Y CKOpEHHBIE€ HUCTIBITAaHUSI METOA0M ,, KOppOoaKoT" OAHOCIONHBIX, IBYXCIOWHBIX U
TPEXCIONHBIX MOKPHITUI PAaBHOM TONIIMHBI, [MOKA3a]IM, YTO OJUHAKOBAsI CTENEHb
KOPPO3HOHHOTO pa3pyllieHus] HaOI0aeTcsd Yy TPEXCIOMHBIX MOKphITUMA 3a 12
IUKIIOB, Y JIBYXCJIOWHBIX 32 D IMKIIOB, Y OJHOCJIOMHBIX 3a 2 IIUKJIA HCTBITAHUN.
PaccmotpeHno u yTBepk1eHO
HAa 3ace/laHuy IMKJIOBOM KOMHUCCUU
HEe(DTSIHBIX TUCIIUTUIAH

MHOTroCIOHbIE TIOKPHITHS C HCIIOJB30BAHUEM HUKEINS MOTYT MPUMEHSTHCS
st (OpMHUPOBAHMSI TOPUCTBIX TOKPBITUN, KOTOpPHIE TOKa3bIBAIOT BBICOKYIO
3¢ (dEeKTUBHOCTH TIpH pabOTe HA TPEHUE B MPUCYTCTBUU CMa30K. B aToM cirydae Ha
HUKEJIEBOC MOKPBITHE HAHOCHTCA TOHKUH ciod Hukens (0,5— 2 mMkMm) ¢
BHyTpeHHUMHU HanpsbkeHusmu 490—590Mlla, cBepxy ocaxmaercs xpoM. Ilox
JNEUCTBUEM  BHYTPEHHUX  HANpsDKEHUM  oOpa3yeTcss  CeTKa  TPemluH,
MIPOHMU3BIBAIONIAS BCIO cucTeMy. JIJis cTaOmiM3anuy 9ucia TPEIUH B DJIEKTPOJIAT
BBOJSIT pAa3JMYHbIE OPraHWUYECKUE J00AaBKH, YBEIHMYMBAIONINE BHYTPECHHUE
HanpsDKeHUs, Takue, Kak 1-, 2-, 31puc-mporan ([-1IMaHOATOKCH) METHOHUHT,
MaJIeMHOBAas, SI0JI0UHAs, STHTApHAS! KUCIOTHI U JP.



MexaHu3M TMOBBIIICHUS 3allUTHOW CIIOCOOHOCTH XPOMOBBIX TMOKPBITHHA C
MUKpPOTpPEIIMHAMH TIPU HAJIMYUKA HUKEJS 3aKII0YaeTCss B TOM, YTO 3a CYET CETKU
MUKpPOTpPEIIMH YBEJIWYMBAETCS AaHOJHAs TOBEPXHOCTh, B pe3yJbTaTe€ 4Yero
CHUKAETCS KOPPO3UOHHBIA TOK CHUCTEMBI. JIByXCIOMHOE XPOMOBOE MOKPBITHE C
MOCTENIEHHBIM YBEJIMYEHUEM BHYTPEHHUX HANPSDKEHUH OT OCHOBBI MOJMET
dbopMHpoBaThCS MO CIEAYIOIIEMY TEXHOJIOTMYEeCKOMY UuKiIy. B KkadecTBe
MOJICIIOS,, HEMOCPEIACTBEHHO NPUJIETAIONIEro K >KEJIE3HOM OCHOBE, HAHOCUTCA
XpOMOBO€ TIOKPBITHE U3 CTaHAAPTHOTO DJJIEKTPOJUTAa WM CJIOW HUKE,
COZAEPIKALIETO MEJKHME TOKOHENPOBOIAIIME YacTULbl. BepxHui cion Xpoma
(rommmuoit 0,25 MKM) HAHOCAT Ha TMEPBBIA MMOACIOW W3 DJIEKTPOIUTOB,
CONlepKalMX  cleuuadbHble  100aBKM,  oOecmeuuBarone  oOpa3oBaHHE
PAaBHOMEPHO pAacCIpECICHHbIX IO BCE€M NOBEPXHOCTH MHUKPOTPEIIMH. Takou
3¢ ¢eKT yaiie BCero JOCTUTaeTCs BBeIeHUEM cojeil ceneHa< Hrinke mpuBeneH
COCTaB AJICKTPOJIUTA, HCIOJB3YyEeMbIH Il MOJydeHHs BToporo cios, r/ia: 250
XpOMOBOro aHruapuaa, 2,5 cepHol kuciorel, 0,013 ceneHOBON KHCIOTHI,
Temneparypa pactBopa 315—317K, miotHocTh TOKa 24 Alnm.

JIJisi TIOBBIIIEHUS 3alIMTHOM CHOCOOHOCTH TMOKPBITHH HMX 00pabaThiBalOT
Pa3IMYHBIMU COCTaBaMH, 3aIOJHSIOUIMMU CTPYKTYPHbIE WM CIIy4YailHbl€ MOPBI.
OOpaboTka XpPOMOBOTIO TMOKPBITHUS B TMPONUTHIBAIOUIUX JKUJIKOCTIX IPHU
noBbIICHHBIX Temmeparypax (383—393K) cmocoOcTByeT yaajaeHHIO BIIard U3
MOp ¥ TOBBIIICHHUIO 3AIIMTHON CIOCOOHOCTH XPOMOBBIX MOKpBHITHI. B kauectse
NPONHUTHIBAIOIINX COCTABOB HCIIOJB3YIOT MACCHBUPYIOIINE PACTBOPHI (HUTPATHI,
docdare,  xpomarbl),  uHrHOMpoBaHHbIe  cmaskum  (AMC-3, K-17),
NOJMMEPU3YIOIIUECS WM TMOBEPXHOCTHO-aKTHBHBIE BEIIECTBA (JIBHSHOE MAaclo,
ket b®, ruapodobdbuas kpemuuitoprannueckas xunkocts ['KXK-94, propomnacr,
MOJIUATHIICHUP.

JJist 3a1uThl AeTalield ra30HeQTenpOMBICIIOBOIO 000pYAOBaHUS OT KOPPO3HH,
a TakkKe I BOCCTAHOBJICHHUS  W3HOILIEHHBIX IMOBEPXHOCTEH  IIMPOKOE
IPOMBIIIUICHHOE TMPUMEHEHHE TOJYYMJIM pa3IdyHble METO/Abl METAJIU3alllH,
KiaccuuipyemMble B 3aBUCHUMOCTH OT HMCXOJHOTO COCTOSIHMSI W crioco0a
IUIaBJICHUS PaACIbUIIEMOr0 Marepuaia. OTOT METOJ YCHEIIHO MOXET ObITh
MCITIOJIb30BaH JJIs MOJYYEHUSI MHOTOCJIOMHBIX MOKPBITUH.

B nocnennue roapl IMPOKO MNPUMEHSIOT METATM3ALMOHHBIA  METOJ
IUTa3MEHHOTO HAambUICHHsI, TO3BOJIIONIMN HAHOCUTH JIOOBbIE MaTepHasbl, B TOM
YHClie TYTOIUIABKUE METAJJIbl M OKHCIbI, CO3/1aBas MOKPBITUS C 3aJaHHBIMU
OKCIUTYyaTallAOHHBIMM ~ CBOMCTBAMU: HM3HOCOCTOMKHE, KOPPO3UOHHO-CTOMKHE,
KAPOCTOUKHE, HIEKTPOU3OISILIUOHHBIE H JIP.

MeTanan3auoHHbIE MTOKPBITUS OTIMYAIOTCS 3HAYUTENBHON MOPHUCTOCTHIO U
4acTO COYETAIOTCS C TMOJIMMEPHBIMU TMOKPBITUSIMHU, OOECIeunBas aJare3uto
MOJIUMEpa K METaJUTy U BBICOKME KOPPO3UOHHO-3AIIUTHBIE CBOMCTBA CUCTEM.



