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BBeaenue

[TokpbITHSA, KOTOPBIMU pacroyiaraeT COBpEMEHHasi TEXHHKA, BEChbMa pa3HO00-
pa3Hbl KaK MO CBOMCTBAM, TaK M MO criocoOam mnonydeHus. [I[puMeHeHne 3aluTHbIX,
3aIUTHO-IEKOPATUBHBIX U (DYHKIIMOHATBHBIX MOKPBITUI MO3BOJISET pPelIaTh MHOTHE
3amaun. BeiOupas marepuan MOKPBITHH, YCIOBUSI MUX HAHECEHUSI, KOMOMHUPYS Me-
TAJUTMYECKUE U HEMETAJUTMYECKUE MOKPBITUS, MOXKHO MPUIABATh MIOBEPXHOCTU U3[IE-
TUW pa3UyHbIM IBET U (PakTypy, HE0OOXOaUMbIE (PUZUKO-MEXAaHUYECKUE U XUMUYE-
CKME CBOWCTBA: MOBBIIIEHHYK) TBEPAOCTh M MU3HOCOCTOMKOCTH, BBICOKYIO OTpa)ka-
TEJbHYIO0 CIIOCOOHOCTD, YIy4llleHHbIE aHTU(PUKIITMOHHBIE CBOMCTBA, TOBEPXHOCTHYIO
ANEKTPONPOBOIHOCTh U T.J. Ho onTumanbHbIil BBIOOP MOKPHITUN WM CIIOCOOOB UX
OTJIEJIKNA HEBO3MOXEH 0€3 BCECTOPOHHEIO yyeTa UX CBOWCTB U OCOOEHHOCTEH MOIy-
YEHUSI.

B nocobuu nmpeanpuHsITa NOMBITKA U3JI0KUTH OCHOBHBIE CBEJICHUSI O TTOKPHI-
TUSIX, paccMarpuBasi UX (YHKIIMOHAIbHBIE CBOWCTBA, CIOCOOBI MOJYYEHHS] OJIHO-
CJIOWHBIX 1 KOMOMHUPOBAHHBIX MOKPBITUH.

OcHOBHOM 3aJlauell JTAaHHOTO MOCOOUSs SIBISETCS MOMOIIL CTYJIEHTaM B yCBOE-
HUU y4€OHBIX KYypcOB «DHU3MYECKHE U TEXHOJOTMYECKHE CBOICTBA MOKPHITUI» U

«OCHOBBI JICKTPOXUMHUYECKON TEXHOJIOTHI.



1. Knaccnpuxkanus noKpbITHl

[TokpeITHs — crenUanbHO co3AaBaeMble Ha (PU3UYECKUX MOBEPXHOCTSX IO-
KPOBHBIE TUICHKH W3 Pa3IMYHBIX METAUNIMYECKUX M HEMETAJUIMYECKHUX MaTEpHUasoB.
BcecTopoHHssT XapaKTepUCTHKA MOKPBITHN OCYILIECTBISETCS B pe3ysbTaTe UX Kiac-
cudukanuu 1mo GyHKIUOHAIBHBIM CBOMCTBAM, (PU3UKO-XUMHUUECKON MPUPOJIE U CIIO-
co0aM HaHECEHUS Ha pa3lInYHbIE MaTEPUATIbI.

I. B 3aBUCHUMOCTHU OT (YHKYUOHANLHBIX CEOUCME TIOKPBITHUS MOAPA3AEIISIIOTCS
Ha JIeKOpaTUBHbIE, 3allUTHBIC U creluaibHble. OQHAKO Takasi KiaccupUKalus sBIIs-
€TCSl B 3HAUUTEIBHON Mepe YCIOBHOM, T.K. TPYAHO BBIACIHUTH CIy4au, KOTJa OJHO U3
ATUX CBOMCTB BBICTYMAaeT B 4MCTOM BHje. CTPOro MOKHO JIUIIbL TOBOPUTH O MPE0o-
JaJaHUU TOW WU MHOM (PYHKIHUM B KOMIUIEKCE CBOMCTB MOKPHITUM, T.€. 00 OCHOBHOM
LEU, paayu KOTOPOIl JaHHBIN BUJ MOKPBITUS puMeHsiics. [IpakTudecku yaiiie BCero
ObIBa€T TakK, YTO JEKOPATUBHBIC MOKPBITHS BBIMOJHSIOT 3allUTHBIE (PYHKIHUH, a
(yHKIIMOHAIBHBIE MOYTH BCerJa 00JaatoT ONpeIeICHHBIMU 3al[UTHBIMU WU JIEKO-
paTUBHBIMM CBOMcTBamMu. Hampumep, CTOUT 3aada co3aaHusi CYBEHUPOB, CUMBOJIU-
3UPYIOMINX HAayajao KOCMHYECKOH 3pbl. B KauecTBe KOHCTPYKIIMOHHOTO MaTepuara,
BEpOSITHEE BCEro, OyAeT BbIOpaHa IJIacTMacca, U3 KOTOPOM MpoIle U ACLIEBIIE U3ro-
TOBUTH CJIOKHBIE KOHTYpBI MOJOOHBIX Mozeneil. B 3Tom cinydae ux HeoOXOAUMO
MMUTHPOBATH MOJI METAJLJI, UHAYE MOJENIHU HE OYyAYyT ACTETUYECKHU MOJHOLECHHBIMHU.
Mertanau3anuio mIacTMacChl OCYHIECTBISAIOT MPU MOMOIIM MpOoIecca BaKyyMHOM
KOH/JICHCAIIU, HAIPUMEp, aJIFOMUHUS, KOTOPHIA B pacCMaTPUBAEMOM BapUAHTE HAHO-
CUTCS UCKIIIOUUTENIbHO B UMUTAIIMOHHO-JEKOpAaTUBHBIX 1ensix. Ho, kpome Toro, O:e-
CTAlIAs MICHKAa MeTauia OyeT 3alllMIaTh MJIACTMACCY OT CTApEHHMs IMOJ BO3JIEHUCT-
BHEM pa3pyLIAKOLIETo AeucTBUA Y D-1ydeil.

Hpyroit npumep. IIpoektupyercsi oObrdHass MsacopyOka, TpaJUIMOHHBIM Ma-
TEpPHUAJIOM JJIsl KOTOPO ABISETCSA CEPbId UyTyH, 00JIaIaloNIUi Y0BIETBOPUTEIHHBIM
KOMILIEKCOM KOHCTPYKITMOHHBIX M IKCIUTyaTallMOHHBIX CBOMCTB. OCHOBHOM () yHKITU-

eu IMOKPLBITHUA B JAHHOM CJIy4ac SABJIACTCA 3alllMTa YyryHa OT KOPPO3KWHK, BO3ZHUKAIO-



el B Pe3yJIbTaTe HEMOCPEACTBEHHOIO KOHTAKTA METAJIa C BOAOM U IMHIIE-
BbIMU TpojykTamu. Haunbonee moaxoasiuMm ajis 3TOW IENU SBISIETCS OJIOBSIHHOE
MOKPBITUE, KOTOPOE HAHOCHUTCS U3 paciiaBa (ropsuee nyxenue). Ho mpu stom ce-
pasi, 5CTETUYECKU HEBBIPA3UTENIbHASI MOBEPXHOCTh YYyTr'yHa BHEIIHE 00Jaropa>kuBaeT-
csl, MpUOOpeTast MPUSITHBIN cepeOpUCTO-OeIbIil 1IBET.

I1. 71o ceoeil npupooe Bce OKPOBHBIC IUICHKH JCIATCS HA HEOPTraHUYECKHUE,

OpPraHU4YCCKUC U KOM6I/IHI/Ip OBAaHHBIC.

[ToxperTHs
Heoprannueckue OpraHnueckue KomOunupoBanHbie
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B rpynny Heopranuyeckux BXOISIT METAJUIMYECKUE U HEMETAIIMYECKUE TTO-
KPBITHS.

B mpakTuke memannuueckux nokpolmuil daile BCEro MPUMEHSIIOTCS TaKHe
MeTaJlIbl U ciuiaBel, kak Zn, Ni, Cr, Cd, Sn, Fe, Al, Ag, Au, Pt, naryns, Opon3a.

HexoTtopsie GU3MKO-XMMHUUYECKHE XapaKTEPUCTUKH METAIIJIOB, HAanboJyee Jac-
TO UCIOJIb3YEMBIX JJIsI 3alUTHI U OTAENKHU JIeTaleld MpUuOOPOB U U3IEIUN KYJIbTYPHO-
OBITOBOTO Ha3HAYECHUS, IPUBEICHBI B Ta0. 1.

[oarpynny nememaniuueckux nokpsvimuil TPEACTaBISIOT KOHBEPCUOHHBIE U
CUJIMKATHBIC TIOKPBITHS.

K KOHBCPCHOHHBIM OTHOCAT IIOKPBLITHA, KOTOPBIC HC HAHOCATCA M3BHC Ha I10-

BEPXHOCTH JeTajei, a GOpMUPYIOTCS B pe3yJbTaTe KOHBEPCUH (MpEeBpallleHuil) Tpu

B3aMMOJICHCTBUM METajjia C pa60‘-II/IM pacTBOpOM, TaK YTO MOHBLI MCTalJlJla BXOJAT B



CTPYKTYpPY HOKPBITHS. DTO MPEXKIE BCETO OKCUHBIE UM COJIEBBIE, Yallle Bcero ¢oc-

(daTHbBIE IUIEHKH, KOTOPhIE 00Pa3yIOTCsl TOIBKO HAa METalllaX U CIUIaBax B MPOIECCe

X XUMHUYECKOU WIIH DJIEKTPOXUMHIECKOM 00pabOTKH B pabounX pacTBOpax.
Tabauma 1

OCHOBHEBIE (1)I/ISI/I‘-ICCKI/IG N XUMHUYCCKHUC XapaKTCPUCTHUKH MCTAJLJIOB

Me | E,B |d, HB, p, 107° Tnn, CobcTBEeHHAs CTOMKOCTB * [Ber**
r/em® | kr/em® | Cm/em® | °C B atMocdepe | B pacTBOpax
Cy- | Bmax- | CILKH- | CILIIe-
XOM | HOM CIIBIX | JIOYHBIX
Al | -1,67 | 2,07 25 2,70 660 + + + - Cremo-
CephIN X
Zn | -0,76 | 7,14 35 5,75 419 + - - - -
Cr | -0,71 | 6,92 220 15,25 | 1800 | + + + + ="—
Fe | -0,44 | 7,86 50 10,60 | 1540 - - - - Cremo-
CepHhIi H
Cd | -0,40 | 8,65 20 10,60 321 + + - - Beo-cepslii
H
Ni | -0,25 | 8,90 70 7,24 1455 | + + + + Caerto-
cepbli c
JKEJITOBA-
TBIM m
Sn | -0,13 | 7,30 5 11,5 232 + + + - Beno-cepslii
m
Pb | -0,12 | 11,34 4 18,8 327 + + + - Caemo-
cepbIi c
TOITyOBIM X
Cue | +0,34 | 895 35 1,65 1083 + - - - Po30BBIii m
Ag- | +0,79 | 10,53 25 1,50 961 + + + + Benbrit m
Au | +1,68 | 19,28 18 2,0 1063 + + + + Slpxo-
JKEIThIU m
Pt | +1,19 | 21,45 25 - 1773 + + + + CBGTJEO-
CephId H

Me — MeTana NOKpPhITHS,

E — snekTpoxuMuueckuil MOTEHIMAN MO OTHOLICHUIO K MOTEHLHANTy BOJO-
POIHOTO DJIEKTPOAA;

HB — tBepnocts o bpunento;

p— YIEJIbHOE DJIEKTPOCONPOTUBIIEHUE;

Thz — TEeMIeparypa niaBJICHHUS

* - XUMUYECKasi UHEPTHOCTb WJIM aKTUBHOCTh CAMUX MOKPOBHBIX IJICHOK 0€3

ydeTa MaTepuajia OCHOBHI (+ - CTOMKUE, — - HECTOUKUE);



** - Bu3yasibHas OIIEHKA IIBETA MATOBBIX MOBEPXHOCTEU MOKPBITHUS, X - XO-
JIOJHBINA, M — TEIUJIbIN, H - HEUTPaJIbHBIN;

® - JaTyHb MMEET I[BET 30JIOTUCTO-KENThIN (X0JI0AHbBINH), OpoH3a — OT Oeno-
CepOTro JI0 KPACHO-KENTOro (Teribiii); (U3NUeCKUue U XUMHYECKHE CBOMCTBA
3aBUCAT OT COCTaBa CIJIaBa U U3MEHSIOTCS B IIIMPOKHUX Tpeieriax.

CunukaTHble (CTEKJI03MaleBble) MOKPBITHS — JIETKOIUIaBKUE, Yallleé HEempo-

3padHbI€ CTEKJIA, KOTOPHIE B BUAE TOHKOIO CJIOSI HATUIABIISIIOTCS HA TOBEPXHOCTh M3-
nenusi. [IpuyeM, B OTIMYME OT KOHBEPCUOHHBIX, CUJIMKATHBIE MOKPBITUSI MOTYT OBIThH
MOJYy4YE€Hbl HE TOJIBKO HA METAJUIMYECKOM OCHOBE, HO M Ha Pa3JIMYHBIX CHJIMKATAX,
KEpPaMHUKE.

K rpynmie oprannyeckux moKpbITHH OTHOCST BCE PA3HOBHIHOCTH JIAKOKpPA-
COUYHBIX M MOJUMEPHBIX TUICHOK, TOJIIMHA KOTOPHIX B 3aBUCUMOCTH OT psifa (hakTo-
POB MOYKET U3MEHATHCA OT HECKOJIBKHUX JECSITKOB 10 HECKOJIIBKMX COTEH MUKPOH.

CylecTBEHHOE pa3iauyue MEXy JIAKOKPACOYHBIMU M ILIACTMACCOBBIMH Ma-
TEpUAIAMU, €CJIM HE KAacaThCAd UX XUMHUYECKOIO0 CTPOECHUS, 3aKIIOYAETCS B TOM, YTO
MOCJICTHUE HE COJIEPKAT JIETYYMX KOMIIOHEHTOB M, KaK MPaBWJIO, HAHOCITCS Ha KOH-
CTPYKLIMOHHBIE 3JIEMEHTHI B BUJIE€ MEIKOJIUCIEPCHBIX TEPMOIIACTUYHBIX MOPOIIKOB.
ITokpeITHS HA OCHOBE MOJIMMEPHBIX IJIEHOK JAIOT BO3MOXHOCTh B IIUPOKUX IpEJe-
JaX BapbUpPOBATh LBET U (HAKTypy MOBEPXHOCTH PA3TUYHBIX KOHCTPYKIIMOHHBIX Ma-
TEPHUAJIOB, B TO K€ BPEMS 3allUINAs UX OT KOppo3uu. Kpome TOro, OoHM MOTyT Ciy-
KUThb JTUDIICKTPUKAMHU MPU OTHOCUTEIIBHO BBICOKOW TEPMOYCTOMYMBOCTH, MPEKPACHO
CONPOTHUBIIATHCSA BO3/ICUCTBUI0O MHOTUX arpeCCUBHBIX JKUJIKOCTEN U Ta30B, 0071 al0T
PAIOM IIEHHBIX CBETOTEXHUYECKHUX CBOMCTB.

DU3NKO-XUMUYECKHE CBOMCTBA, a TaKXke 00JIaCTH MPUMEHEHUS OpraHuye-
CKHMX TOKPBITUNA XapaKTepU3YIOTCS MPEXAE BCEro MPUPOJON IJIEHKOOOpa3yrolei
OCHOBBI, OJIHAKO BO MHOTOM 3aBHUCAT OT MPUMEHSIEMBIX MOJUPUKATOPOB, HAMIOTHU-
Tenen, CTabuIn3aTopoB, MUTMEHTOB.

[Ton KOMOMHUPOBAHHBIM MOKPBITHEM MOHUMAKOT CUCTEMY, COCTOSIIIYIO U3
IBYX WU Oojee, Kak MpaBUII0, HEUJICHTUYHBIX OJIHOCIOMHBIX MOKPOBHBIX IICHOK,

HaHCCCHHBIX Ha IOBCPXHOCTb OAHOI'O 3JICMCHTAa KOHCTPYKIIHUH.
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[[Iupokoe NpUMEHEHNE HA MPAKTUKE HAXOIAT MHOTOCIOWHBIC MOKPBITUS, CO-

CTOSIIIAE U3 2X-4X CIIOEB, PA3JIMYHBIX IO CBOEH MPUPOJE U CBOMCTBAM OJHOCIONHBIX
MOKpoBHBIX TIeHOK. Hampumep, metammonokpeitus thuna Cu- Ni, Ni-Cr, Cu-Ni-Cr;
KOMOMHAIIMU TUIA OKCUJHBIE U (PocdaTHbIC MJIIEHKH C JaKOKPACOYHBIMU, WU pa3-
JUYHBIE JIAKOKPACOUYHBIE MEXKTY COOOM.

KoMIO3UIIMOHHBIC MOKPLITHS npcacTaBIsAIOT coOoi OoCaJKu MCTAaJIlIOB C BHC-

JIPEHHBIMU B UX CTPYKTypy MenkoaucnepcHbiMu dactumiamu (0,1-1,0 mxm) no 10
Mac.% TOKOHENPOBOSIIMX TYTOIUIABKUX MaTEPUAIOB — HUTPUJOB, OOPUIOB, KOPYH-
na, okcuaa kpeMHus U T.1. OHHM COBMeMIAlOT B ce0e CBOMCTBA MeTajla ocajaka U
TBEPAOCTH, U3HOCOCTOMKOCTh JUCIEPTUPOBAHHBIX YACTHLI.

II1. Bce cnocobwr nanecenus MOKPHITHN B 3aBUCUMOCTH OT MaTepHajia OCHO-
BBl U TPeOOBaHUM, MPEABIBIAEMBIX K HOKPBITHIO, MOAPA3ALIAIOTCS HA (DU3UUYECKUE,
XUMHAYECKHE U IIEKTPOXUMHUYECKUE.

K dusndecknm crioco6am, IMEIOITUM MPOMBINIJICHHOE 3HAYEHHUE, OTHOCST

CIIEAYIOIIHNE:

— MOTPYKEHUE B PACIUIABICHHBIN MeTasul (TOpsTYuil METON);

— COEJMHEHUE METANIOB ropsueid MPOKATKOW — IIaKUpOBaHUE (TEPMOMEXaHUUYECKUM

METO/);

— MeTaJTM3alusl HaMbIJICHUEM KaleJIbHOKUJIKUX METAJJIOB U CIJIAaBOB Ha MOBEPX-
HOCTb U3JIeNIUS CKAThIM BO3JyXOM WJIM UHEPTHBIM ra30M;

— nuddy3roHHas MeTaNIU3alUs — HACBIILIEHUE TOBEPXHOCTU U3ACIHUM TIPU BHICO-
KOU TEMIIEpAType YCTOMUUBBIMH K arpECCUBHON Cpe/ie AIEMEHTaMU;

— KOHJICHCAIUs METAINTIMYECKUX MapoB B BaKyyMe.

XHUMHUYECKHE METOABI 3aKIKOYAIOTCS B BOCCTAHOBJIICHUH METAJLJIOB U3 BOJHBIX

WJIU HEBOJIHBIX PACTBOPOB U MACT, COJIEPKAIIUX COJM ITUX METAJIOB, a TaKXKe U3 He-
KOTOPBIX JIETYUYHX ra3000pa3HbIX coenuHeHnil. OTHON U3 OCHOBHBIX OCOOCHHOCTEH

3TOTO CII0C00a SIBIISICTCS BCACHUC IIpoLeEcCca 0e3 HaJIOKEHHUS QJICKTPHUICCKOI'O TOKaA.

DIEKTPOXUMHUYECKHH cIOCc00 OCYIIECTBIIAECTCS MyTEM BHEIIHErO (MHOT 1A
BHYTPEHHET0) 3JIEKTPOJIM3a PACTBOPOB M PACILIaBOB PA3IMUYHBIX XUMUYECKHUX COEJIU-

HeHHﬁ, B COCTaB KOTOPBIX BXOJUT MCTAJLI IIOKPBLITHA.
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MeTanandeckue IIOKPLITUA MOXXHO HAHOCHTHb BCEMHU IICPCUYHUCIICHHBIMU CIIO-

cobamu. B Tabn. 2 mpuBeaeHbl ciocoObl HAHECEHHUs] HamboJiee pacnpOCTPaHEHHBIX

MOKPBITHM.
Tabmuna 2
Cnoco6 HaHeceHus Amomunnii | Kagmuii | Onoso | Hunk | Xpom
[Torpyxenue B pacruias + B + + _
Tudysms T i} 3 TR
Merammzanus + B B + _
Hamnrienue B Bakyyme + B B + +
DJIEKTPOXUMUYECKUI _ + + + +
XUMHUYECKHM B B + B +

Hemertannnueckre moKpeITHS (JITAaKHU, KPACKH, MJIACTMACCHI) HAHOCAT B OCHOB-
HOM (M3UYECKUMHU criocoOamu. VICKIIOUeHUs COCTaBIISIIOT OKCHAHBIE U (hochaTHbBIC
MOKPBITHUS, MOJy4aeMble MyTEM XUMHUYECKOW WM AIEKTPOXUMHUYECKOU 00pabOTKH

JIETAJIEN.

2. CBoiiCTBA NOKPBLITHH

2.1.Pu3nK0-MexXaHNYeCKHe CBOMCTBA MOKPbLITHI

B o0mieM KoMIuiekce NpOYHOCTHBIX XapaKTepPUCTUK MaTepHaioB, 00ecreyu-
BAIOIIUX JOJTOBEYHOCTh CIYKObI M3TOTOBJISIEMBIX U3 HUX JIeTajeH, ONpeaesonlyto
pOJIb UTPAIOT TBEPJOCTh, UBHOCOCTOMKOCTh, aHTU(MPUKIIMOHHOCTh pabOYUX MOBEPX-
HOCTEM.

[loBbIllIeHHAsS TOBEPXHOCTHASL M8EPOOCHb XaPAKTEPU3YET CIIOCOOHOCTh Ma-
Tepuajnga IPOTUBOCTOSITh OCTATOYHOM AedopMalluy MPU BO3IEUCTBUM HA HETO BIAaB-
JIMBAIOIINX WJIN YIAPHBIX YCHIAN C ONPEAEICHHON YIeIbHOW HArPy3KOi.

TBepaOCTh METAIIIOB, OCAXKICHHBIX JIEKTPOJIUTUUECKUM CIIOCOOOM, BCeraa
BBIIII€ TBEPJOCTH COOTBETCTBYIOIIMX METAJIJIOB, MOJIYYECHHBIX APYTUMHU METOAAMU, B

JaCTHOCTHU, MCTAJIITYPIUICCKUM. DTO CBSA3BIBAIOT C HaBOAOPOKHUBAHUCM JJICKTPOJIHN-
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THUYECKUX TOKPBITHM B MPOLECCE BJEKTPOJIM3a M CBSA3AHHBIM C HUM HCKaXECHHEM
KPUCTAJUIMYECKON pemeTkd. OJHAKO COOTHOLICHUE MEXIY TBEPAOCTHIO MOKPBITUI
U COAEPKAaHWEM B HUX BOJOPOJA JAOBOJIBHO HEONMPEAEIEHHO. Tak, TBEPAOCTh XPO-
MOBBIX TOKPBITUN HE MPETEPIIEBACT 3aMETHOIO0 CHWXEHHS npu yaaneHuu 10 90%
MOTJIONIEHHOTO BoAopoAa. TeM Oosee Hennb3si 00bSICHUTH MOBBIIICHHYIO TBEPAOCTD
JIETKOIUIABKUX 3JIEKTPOOCAXKICHHBIX METAJIOB, KPUCTAJUIA3ALUNS KOTOPBIX IMPOHUC-
XOJIUT MPAKTUYECKU B OTCYTCTBHE BOAOPO/IA.

[lo MHeHMIO psna uccieaoBaTeseil, MOBBIIIEHHAs TBEPAOCTh OOBICHSIETCA
BKJIFOUEHUEM TIPU JJICKTPOJIU3€E B CTPYKTYPY OCaJKa IMOCTOPOHHHUX YaCTHUIl Pa3idy-
HOM MpuUpoAbl (ATOMOB IMpUMeECEH, MOBEPXHOCTHO-AKTUBHBIX BEIECTB U JIp.), fB-
JAOMUXCA MPEMSITCTBUEM Ha MyTH JIBWXKEHHS nuciokauuil. Hampumep, npu HaHe-
CEHHMM MOKPBITUN U3 3JIEKTPOJIUTOB, COACPKAIIMX AMMOHUMHBIE COJIM, OJJHOBPEMEH-
HO C METAJUIOM OCAXIAKTCA KOJUIOU/BI .

Eme oaHOM NpUYMHOW MOBBIMIEHHOW TBEPAOCTH AIEKTPOJIUTHUYECKUX MO-
KPBITUN SIBIISIETCSl 1€(EKTHOCTh KPUCTAIMYECKOTO CTPOEHHUS OCAJKOB. DJIEKTPO-
KpUCTaJUIU3alus MPOTEKAET B YCIOBUAX, AAIEKHX OT TEPMOAMHAMUYECKOTO PaBHO-
BecHsi, U JJIs1 POpMHUPYEMOI CTPYKTYpPhl XapaKTepHa BbICOKasi IIOTHOCTh JIUCIIOKa-
WM, KOTOPasi TEM BBILIE, YEM KECTUE YCIOBHUS JIEKTPOIU3A.

CoBMecTHOE OCaXKJ€HUE JBYX METAJIOB B €lle OOMbIIECH CTENEeHU YCUIMBa-
eT 3TOT 3Q(DEeKT. ATOMBI JIETUPYIOIIET0 KOMIOHEHTA BBI3BIBAIOT JIOKAJIbHBIE MCKa-
KEHHS KPUCTAJUIMYECKON PENIETKH, YBEJIMYEHNUE TUIOTHOCTU JUCIOKALNMI, CHU)KEHUE
WX MOJBMXKHOCTH, YTO M CIIOCOOCTBYET YIPOYHEHUIO OCAAKOB. J{MCTIEpCHOCTH Ocai-
Ka, BO3pAcCTalolasi C YBEJIMYEHUEM CTEIEHU JIETUPOBaHUs, 00YyCIOBIMBAET Ooliee
BBICOKYIO TBEPAOCTb.

Baxnyto ponb urpaer, 0€3yCIOBHO, BEIMYMHA 3€pHA: YEM MEJIKOKpPUCTAII-
JUYHEE 0CAJI0K, TEM OOJIbIlI€ €r0 TBEPIOCTh. [’ paHuIIbl 3epeH MOTYT ObITh MPEMHSATCT-
BHEM Ha MYTHU JBHXKCHUS JUCIOKAILIUM, BIMSSL TEM CaMbIM Ha CONMPOTHUBJIEHUE OCa-
KOB IJIJACTUYECKOU nedopmaliuu, xapakTtepusyrolieil ux tBepaoctb. [lokpbiTus, mno-

JYUYCHHBIC M3 KOMILUICKCHBIX JJICKTPOJHMTOB, TAKIKC HMMCIOT 0oxee BBICOKYIO TBCP-
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JOCTh, YEM W3 MPOCTHIX, MOCKOJIbKY YBEIWYEHHE KATOJHOW MOJAPU3ALUU BEIET K
YMEHBIICHUIO pa3Mepa 3€pHa.

Ha mukpoTBepocTh OOJNBIIOE BIUSHUE OKa3bIBAE€T TeMIlEpaTypa U IUIOT-
HOCTh TOKA: YBEJIIMYEHUE IIOTHOCTH TOKA MOBBIIAET KATOAHYIO IMOJSPU3ALMIO, a
YBEJIIMYEHUE TEMIIEPATYPhI CHUKAET €€.

B Tabn. 3 mpuBeneHbl JaHHBIE MO TBEPAOCTH AIEKTPOJIUTHUYECKUX OCATKOB
HEKOTOPBIX METAJUIMYECKUX TOKPBITUM.

Haubonee pacnpocTpaHeHHBIM MOKPBITHEM, O0ECIEYMBAIOIINM BBICOKYIO
MMOBEPXHOCTHYIO TBEPAOCTD, SABJSECTCS XPOMOBOE, & TAKKE HUKEIIEBOE, COAEpKALIEe
oko0sio 7% docdopa. 3HAUUTENTHHO MOBBINIAIOT MOBEPXHOCTHYIO TBEPAOCTh IIBETHBIX
U JIETKUX METAJUIOB CTEKJI03MAaJEBbI€ IJIEHKU, HO UX NPUMEHEHUE OTPaHUYUBACTCS
XapakKTEPHON I CHIIMKATOB XPYNKOCTBIO. MCKIIFOUMTENIBHO BBICOKOM TBEPAOCTHIO
00J1aJJal0T TOJICThIE aHO/IHbIC OKCUIHBIC INICHKU HA allFOMUHUMU.

TBEepIOCTh MOKPBITHN H3MEPSETCS METOAOM CTAaTHYECKOrO BIABIWBAHUSA
aJMa3HOW MUpPaMUIKH oA MaiabiMu Harpy3kamu (oT 0,02 no 2 H) unu tak Ha3biBae-
MBIM METOJIOM H3MEPEHUSI MUKPOTBEPAOCTH C MOMOIIBIO CIENUAbHOTO mpubdopa —
MukKpoTBepaomepa [ ITM-3.

H3nococmoiikocmp SBISIETCA ONHOW W3 BaXXHEUIIUX XapaKTEPUCTHK MO-
KPBITUI U MPE/ICTaBIsIET COOOM CBOMCTBO MaTepuasna OKa3blBaTh COMPOTUBICHUE U3-
HAIlIMBAaHHIO B OMPEIECICHHBIX YCIOBUAX TpeHUs. M3HammBaHue — 310 mporece pas-
pYILIEHUS. U OTIEJICHUS MaTepuana OT MOBEPXHOCTH TBEPAOTO Tejia U (WJIM) HAKOII-
JIEHWE €ro OCTaTOYHOU Nnedopmariuu npu TPEHUU, MPOSBIISIONIEHCS B MOCTETIEHHOM
M3MEHEHUH pa3MepoB U (Win) GopMbl Tea.

Crenenp M3HOCOCTOMKOCTH MOBEPXHOCTHBIX CIOEB XapaKTEPU3YETCsI CKOPO-
CTBIO CHAITHSI MaTEpuaja Ipyu HENPEPHIBHOM WM MTEPUOIUYECKOM TPEHHUU B OIIPEE-
JICHHBIX YCIIOBUSIX U 3aBUCUT OT (PU3UKO-XMMHUECKUX CBOMCTB TpylIeHcs Maphl, Ha-
JUYUSL WIK OTCYTCTBUS a0pa3MBHBIX YacTHUI, OCOOEHHOCTEU pabOyMX WM CMa304-
HBIX )KUJKOCTEM, €CIIM OHU MPUCYTCTBYIOT B 30HE TPECHMUSL.

MHOrO4YMCIEHHBIMU HUCCIEAOBAHUSAMM IMOKA3aHO, YTO MEXKIY H3HOCOCTOM-

KOCTBIO M JIPYTMMHU CBOWCTBAMM HE CYIIECTBYET NpsIMOW CBsi3u. Hu onHa u3 mexa-
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HHUYCCKHUX XapPaKTCPUCTHUK, B3ATaA B OTACIIBHOCTHU, HC MOXCT CIYXKHTb HAACKHBIM

KPUTEPUEM JIJIs1 OLIEHKU U3HOCOCTOUKOCTH. [ToKphITHSA, NMerolne OJIU3K0e 3HAUCHUE

TBEPJIOCTH, HO PA3IUYHYIO CTPYKTYPY, 4acCTO 0OJaJal0T pa3HbIM YPOBHEM H3HOCO-

CTOMKOCTH, @ MUHUMAJIbHBIM U3HOC HE BCETJla COOTBETCTBYET HAUOOJNBIIEH TBEPAO-

CTU MOKPBITHH.

Tabnuma 3
TBEepIOCTH NEKTPOIUTUUECKUX MOKPBITUI
[ToxperTHE TBepnocThb [ToxperTHE TBepaocTh
1o bpune- 1o bpune-
mo HB, mo HB,
k[/MM? k[/MM?
[{unkoBOE 40-50 bnectsmee nHukeneroe 500-550
Kaamuesoe 35-50 CepebpsiHoe 60-140
OnoBssHHOE 12-13 brectaimee cepedbpsiHoe 100-150
MenHoe U3 KUCIIBIX 60-80 CmnaB cepebpo-cypbMa 180-220
ANEKTPOJIUTOB
MenHoe U3 MaHu- 120-150 3osoToe 40-100
CTBIX JIEKTPOJIUTOB
HuxkeneBoe u3 rops- 140-160 [TannanueBoe 250-300
YUX JEKTPOJIUTOB
HuxkeneBoe u3 snek- 300-350 Ponuesoe 400-800
TPOJIUTOB TPHU KOM-
HAaTHOM TEMIIEpaType
Huxkeneroe xummnye- 450-500 XpomoBoe 700-1000
CKOe

TaK, U3HOCOCTOMKOCTD XPOM-BaHAAUCBBIX JJICKTPOJIUTHUYCCKHUX CILJIaBOB,

nonydeHHsx npu 70°C, 3HAYMTENBHO BBIIIE, YEM OCAXKIEHHBIX IpPU 0OJee HU3KOU

TeMIeparype, XOTsl UX TBEpJIOCTh Hibke. Halmotaemoe HeCOOTBETCTBUE OOBSICHSIET-

CiA TCM, 4TO TBEPAOCTb, PCACIT TCKYUCCTU WU NPCACIT IIPOYHOCTU XAPAKTCPUIYIOT
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CBOMCTBa MakpoOObEMOB MaTepuala, a CONPOTUBICHUE U3HAIIIMBAHUIO CYIIECTBEH-
HO 3aBUCHUT OT CBOMCTB MUKPOOOBEMOB U OTJIENbHBIX CTPYKTYPHBIX COCTABIISIOIIMX.

N3HOCOCTOMKOCTh MOKPBITHIM HE TOJBKO HE KOPPEIUPYET C APYTUMH CBOM-
CTBaMH, HO U SBJISIETCA 3aBUCUMOM OT MaTepuaia KoHTprena. be3 yuera sToro dak-
TOpa JIaHHbIE [0 COMPOTUBJICHUIO MOKPHITUM MEXaHUYECKOMY MU3HOCY HE MPEACTaB-
7s10T uHpopMaTUBHOM 1IeHHOCTH. Hampumep, yTBepkaeHHE O MOBBIIIEHHOW H3HO-
COCTOMKOCTH MOKPBITUN CIUIABOM cepedpo — CypbMa MO CPAaBHEHUIO C CepeOpsIHBIMU
CIIpaBeJIMBO JUIIb [0 OTHOIICHHUIO K CTAlId WM HUKEN. B mape Tpenus ¢ ogHo-
MMEHHBIMU MOKPBITUSIMU TaKOTO Pa3inyusl HET.

YMEHBIIUTh U3HOC METAJUIONOKPHITUNA MOYKHO JISTUPOBAHUEM JPYTUMU Me-
tamamu. Hampumep, cmiaBel cepeOpa ¢ majijagueM OTIUYAIOTCS HE TOJIBKO MOBBI-
IIEHHOM TBEPIOCTHIO MO CPABHEHUIO C CEpeOpOM, HO U MIPEBBILIAIOINICH cepeOpsiHbIe
MOKPBITHS] U3HOCOCTOMKOCTBIO B 5-6 pas.

Haunbonee n3HOCOCTOMKUMU MOKPBITUAMH CPEAN METATUTMYECKUX CUUTAIOTCS
XpOMOBO€, HUKeIb(PochopHOe, HUKETbKOOATbTOBOE M HEKOTOpHIC Apyrue. Tummd-
HBIMU M3HOCOCTOMKHUMM MPEICTABUTEISIMU KJlacca MOJMMEPHBIX IUICHOK Cpeau Jia-
KOKPACOUYHBIX SBJISIOTCS 3MOKCUHBIC, MOJUYPETAHOBBIE, a W3 YMCIa HAMbUISIEMbIX
MJJACTMACCOBBIX MAaTEpUAIOB - Pa3IUYHbIe KOMIIO3UIIMM HA OCHOBE IMOJIHMAMUIHBIX
CMOJI.

HcnbiTaHne MOKPHITUNA HAa U3HOCOCTOMKOCTh OCYIIECTBIISIETCS. HA MpUOOpE,
obOecreurBaloIieM BO3BPATHO-TIOCTYMATEIbHOE ABWKEHUE oOpasiia. M3HocoycTOM-
YUBOCTh MOKPBITUSI OMPEACIAIOT [0 BPEMEHU HUCTUpaHHs 00pas3na 0 OOHaKeHUS
OCHOBBL. [Ipu BBICOKON HM3HOCOYCTOMUMBOCTH OOpaslia OMPEACNSIOT MOTEPI0 €ro
MacChl.

Anmughpukyuonnsie ceoiicmea xapaxTepusyroTcs K03QOUITMEHTOM TPEeHUs
MEXKy JaHHOW MOBEPXHOCTHIO MaTepHalia MOKPHITUS U KAKUM-TUOO0 KOHTPTEIIOM.

[Ipumenenue MOKPBITHH, 00JIaIalONUX AHTU(QPUKIIMOHHBIMU CBOMCTBAMH,
OCOOCHHO B Pa3flMWYHBIX y3JlaX TPEHUS, UMEET OOJIbIIOE 3HAYEHUE U OOYCIOBICHO
CEAYIOIIMMU MIPUYMHAMHU, B YACTHOCTH, CTPEMJICHUEM K SKOHOMHUU JOPOTUX U Jie-

(GUIUTHBIX AHTU(PPUKIUOOHBIX LBETHBIX METAUIOB W CIUIaBOB TuUma 0aOOWUTOB U
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Opon3s. Kpome Toro, aHTU(PUKIIMOHHBIE TOKPHITUS HE3aMEHUMBI B YCJIOBUSIX CYXOT0
TPEHMS, KOrJa MOoJadya CMAa304HBbIX JXKHUJAKOCTEW K TPYLIMMCS IapaM O TEM WIIH
WHBIM MPUYMHAM HEBO3MOXHA. B 3TOM cilyyae crnenuanbHO MOJ00paHHbIE MOKPHI-
TUS (M3 OJIOBSIHUCTON OpOH3BI, U3 MOPUCTOIO XpOMa, U3 MOJUMEPOB, COJEPIKALIUX
rpaduT) BBIIOJIHSIIOT POJIb CYXUX CMA30K

Buympennue nanpaxcenun (BH), Bo3HHKamMe Npu 3IEKTPOKPUCTAILIU-
3aIliu, OTHOCSITCSL K YHMCIIy HanOoJee BAKHBIX XapaKTEPUCTUK TaIbBAHUUECKUX TIO-
KpbiTuid. B GonbmnHcTBe cinyyaeB BH npuBoasT K pacTpecKUBaHUIO, YBETUUYEHUIO
MOPUCTOCTH, CHUKEHHUIO 3alIUTHON CIIOCOOHOCTH M M3HOCOCTOMKOCTH MOKPBITHIA, a
TAKX€ K OTCIIANBAHUIO UX OT OCHOBBI. C Opyroil CTOPOHBI, UMEIOTCS CBEJICHHUS O I10-
BBIIIEHHBIX TBEPJIOCTH, OJIECKE, N3HOCOCTOMKOCTH HEKOTOPBIX MOKPHITUNA C BHICOKH-
mu BH.

Eme Mumnc (E.I. Mills) B 1877 r. ycranoBui, yto oguu metamisl (Ni, Fe,
Cu, Ag) B mporecce AIEKTPoIn3a CTPEeMTCA K cxkaTuto, a npyrue (Zn, Cd) — x pac-
HIMPEHHIO; METAJUIbI IEPBOM TPYIIIBI KPUCTAJUIU3YIOTCS C HANPSI)KEHUSIMU PaCTSIKe-
HUSI, @ BTOPOM — C HANPSXKEHUAMU CHKATUSL.

[Ipn pelicTBMM Ha KPHUCTAUl BHEIIHEW pPACTATUBAIOLICH HATPY3KH PacCTOs-
HHUE MEXK]ly aTOMaMH yBEIIMUYMBAETCS, U PABHOBECHOE PACIIOJIOKEHUE UX B KPUCTAII-
JIe HApYyWIAEeTCsA. DTO MPUBOJUT K HAPYLICHUIO PABEHCTBA CUJI MPUTSKEHUS U OTTall-
KUBAHUSI, XapaKTEPHOIrO JIJIsi MIPUTSHKEHUSI U OTTAJIKMBAHUS, XapaKTEPHOTO AJIsl paB-
HOBECHOT'O COCTOSIHUSI aTOMOB B KPHUCTAJUIMYECKON PEIIETKE U BO3HUKHOBEHUIO
BHYTPEHHUX CHWJI, CTPEMSIIUXCA BEPHYTh ATOMbl B NEPBOHAYAIBHOE MOJIOKECHUE
paBHOBecHs. BelmnunHy 3THX CWJ, PACCUMTAHHYIO HA €IMHUIY IUIOLIAIH IOIepey-
HOI'O CEYEHUs KPUCTAIIA, U HA3BIBAIOT HANPSIKCHUEM, T.€. MOJ 8HYMPEHHUMU HA-
NpANCeHUAMU TTOHUMAIOT CUIIbL, CTPEMSIIUECS PACTAHYTh WA CKATh OCAAOK METAJI-
na.

BH onpenensitorcs 00abIIMM YUCIIOM (PAKTOPOB: OHH 3aBUCAT OT MaTepuaia
U MpeIBapUTENbHON 00pabOTKM MeTalllla — OCHOBBI, BIUSHUE KOTOPOM MOXKET CKa-
3BIBATHCS 10 TOMMMUH ocanaka 15-20 mxm. BH ymeHbmaroTCs ¢ yBEIMYEHUEM TOJ-

IIMHBI OCaJKa, 32 MCKIIOUYEHUEM MaJIbIX TOJIIUH (2-5 MKM), T/¢ HaOJII0daeTCa HX
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pocT. OIHaKO B MPOLECCE POCTA MHOTJA MOXKET MPOUCXOAUTh U3MEHEeHHe 3Haka BH.
Jlns MHOTHX MeTaioB, ocobenHo mis Zn, Cd, Bi, Hd, Sn, xapaktepHo 10BOJIBHO
osicTpoe cHmxkeHue BH mocnie snekTponusa B pe3ylbTaTe MPOTEKaHUs MOCIEKPU-
CTAJUIM3ALUOHHBIX MTPOLIECCOB. AHAJIOTUYHBIE SIBJIICHUS HaOI01at0Tes Takxke 11 Cu
u Ag, olHaKO B TeueHHe OoJiee JUIUTENHHOTO BpeMeHHu (AecsiTku cyTok). [locnexpu-
CTaJUIM3ALMOHHBIE MPOIECCHl MPHU MOBBIIIEHHBIX TEMIIEpAaTypax MPOTEKaT Ooliee
OBICTDO.

[IpucyTrcTBHE B AJEKTPOIUTE 3arpsi3HEHUN, a TaK)XKe OPraHUYECKUX T00aBOK
MOXET U3MEeHATh 3HaueHus: BH, uTto Hanbosee 3aMeTHO CKa3bIBaeTCsl MPHU OcCaxe-
HUU IIMHKA, BUCMYyTa, MEJId U MEHEE CHJIbHO MPHU OCAXKIEHUU Keje3a U KoOallbTa.
3arps3HeHus] OOBIYHO CHMDKAIOT HAMPSHKEHUST PACTSXKEHHUS.

C pocTOM IIJIOTHOCTH TOKA HANIPSKEHUS PACTSKEHUS B TAKUX METaliax, Kak
KOOaJbT U KeJie30, BO3PACTaloT, JUIsl MEU U CypbMbl HAOIIOJaeTCs Mepexo OT Ha-
NPSKEHUN CHKaTUS K HAPSIKEHUSAM PACTSIKEHHS, B OCaJKaxX IIMHKA, KaJMUs, BUCMY-
Ta, OJIOBA, CBUHIIA YMEHBIIAIOTCS HANPSIKEHUS CHKATHS.

[ToBbllIeHUME TeMMIEPATyphbl BBI3BIBAET YMEHBIICHUE HANPSKCHUN pacTsKe-
HUS JJIs1 &Kese3a, KodanbTa, Med, CypbMbl. XapakTep usmeHenust BH B uunke, kaj-
MUH, OJIOBE, CBUHIIE, BACMYTE MPH MOBBIIIICHUHN TEMIIEPATYPhl MOKET ObITH pa3Inuy-
HBIM.

KucnoTHOCTh 25I€KTpOIMTa OKa3bIBaeT HamOosee cuibHOEe BiusHue Ha BH
MIPU OCAXJECHUU METAJUIOB TPYIIIHI JKeJie3a: OOBIYHO YBEIUYEHUE KUCIOTHOCTH MPU-
BOJIUT K BO3PACTaHUIO HANIPSKEHUN PACTSKEHHUS.

B nenoM M0XHO OTMETHUTH, YTO JJIs METAJIOB TPYIIIBI JKEJie3a pOCT MOJIs-
pHU3alHH U YBEJIMYEHNE KOJINYECTBA BBIAEISIOMIETOCS BOJAOPOAA MPUBOAAT K BO3pac-
tanuto BH pactsokenusi. OObBIYHO ¢ HANPSXKEHUSIMU PACTSHKEHUST OCAXKIAIOTCS JKele-
30, HUKEJb, KOOANBT, XpOM, Me/lb. BO3HUKHOBEHUE HANPSHKEHUN PACTSHKEHUS CBsi3a-
HO CO CXXaTHEM OCaJika B mporiecce dnekTpoiusa. [locneanee MoxeT ObITH 00YCIOB-
JIEHO YMEHBIICHUEM Pa3MEpOB 3€pEH MpU UX (POPMUPOBAHUHU, YTO BO3MOKHO, Ha-
MpuUMep, B Pe3ysibTaTe BhIXOJA UMEIOLIUXCSA B KPUCTAJJIE BAKAHCUU M JUCIOKALIUMA

Ha TPAHUIIBI 3€PEH JTM00 AaHHUTHIALINU Ae()EKTOB.
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C HanpsoKEeHUSMHM CKaTUs OOBIYHO OCaXJAlOTCS LUHK, KaJMHUH, CBHUHEI,

0JIOBO.
OTH METAJUIBI OTHOCSITCA K TPYIINE «MATKUX» METAJUIOB U UX 3€pHA, CIEA0BATEIBHO,
MOTYT JIETKO JedOpMUPOBATLCA NP JABICHUH, OKa3biBaeMOM Apyr Ha apyra. [lo-
3TOMY HAaNPSKEHUS, BOSHUKAIOIINE B 3TUX METAJJIAX, JOJKHBI UMETh MEHbIIEE 3HA-
YEHHE, YEM I «TBEPABIX» METaIoB. C Ipyroil CTOPOHBI, TECHOE CONMPUKOCHOBE-
HHE 3€PEH MOXKET BbI3BaTh MPOTEKAHUE HA UX TPAHULIAX KPUCTAIUIM3ALMOHHBIX MPO-
LIECCOB, CBA3AHHBIX C YBEIIMUCHUEM MEK3E€PEHHBIX I'PAHULL, YTO MPUBEAET K BOZHUK-
HOBEHMIO HampsikeHUM cxkatusd. [lo-BuaumMomy, agcopOius opraHuuecKux Ui Ipy-
IUX YacTHI[ Ha TPaHUIAX 3€peH Takxke OyeT BiusTh Ha usMmenenre BH. Eciu nocine
dbopmupoBaHusa OcCaJKa MEpPecTpoiika agcopOMPOBAHHBIX YACTHUI] COMPOBOKIACTCS
YMEHBIIICHUEM 00BbeMa, TO YBEIMYMBAIOTCSA HANPSKEHUS PACTSIKEHUS, €CIU 00beM
YBEJIMYUBACTCS — BOZHUKAIOT HampspkeHust cxkartus. 3menenue BH moxxHO 00Bsic-
HUTH CyNEPIIO3UIMEN HANIPSIKECHUN PACTSIKECHHS U CIKATUSL.

KpoMme Toro, HampsikeHUs: JIOKIU3YIOTCSI B 00beMax MOpsiKa HECKOJIbKUX
AJIEMEHTAPHBIX sTYeEK U 00YCIOBJIEHBI, KaK MPaBUIO, TOYCYHBIMU Je(HEKTaMHu CTPYK-
Typbl — BaKaHCUSIMU, MEKY3E€JIbHBIMU WJIA MPUMECHBIMH aTOMAMU, BBI3BIBAIOIIUMHU
ynpyrue aeopManui 1 UCKaXKeHUsI KpUCTAILNTMYECKOU PELIeTKH.

CymectBenHoe BimsiHue Ha BH okasbiBaeT BOIOpOX, pa3psia U BBIACICHUE
KOTOpPOTO MPOUCXOAUT B IMPOLECCE 3JIEKTPOJN3a. BHEAPSACh B KPUCTALIMYECKYIO
pEelIeTKY MeTallia, BOJAOPo AehOpMUPYET €€, BbI3bIBAasl 3HAUUTEIILHOE YBEIUUYCHUE
BH.

Takum o6pa3zom, BenuunHa ¥ 3HaK BH 3aBuCAT OT momaam Mex3epeHHBIX
rpaHull, T.€. OT pa3Mepa 3epHa, MPUPOIbl MeTallJia (B OCHOBHOM, OT €T0 TBEPJIOCTH U
CIIOCOOHOCTH K TIACTUYECKOW JedopMalii) U cocTaBa pacTBopa, OMpPEAeIISIIOIEro
BKJIFOYEHHUE B O0CAJOK MOCTOPOHHHMX YACTHUI] — HOHOB, MOJieKyJ [IAB, rugpokcunos,
BOJIOpOJA U T.J.

Ilopucmocms BO MHOTOM OIPENEISIET KOPPO3UOHHYKO CTOMKOCTH IMOKPBI-
tuil. [lopuctocTh onpeaenseTcss CcyMMapHbiM 00bEMOM BCEX MYCTOT (TIOpP) B MOKPHI-

THUM, KaK CBSI3aHHBIX, TaK U HE CBA3aHHBIX MEXIy coboil. [To pasmepam mopsl moj-
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pa3nensoT Ha MUKpomnopsl (paauyc <15A), makponops! (paguyc >1000A) u npome-
KYTOUYHBIE.

Baxneiinyto poJib B MOSBIICHUHU MTOPUCTOCTH B FaIbBAHOMOKPBITUSAX UTPAIOT
cieayoomue (GakTopel: HAIMYME HAa MOKPHIBAEMOW IMOBEPXHOCTH HEMPOBOASIINX
Y4acTKOB (OKCHIOB, CYJb(UI0B, HEMETALINYECKUX BKIIOYEHUN, OCTATKOB MAacCIsi-
HBIX 3arps3HEHUN, IuIaMa); agcopOoius oOpa3yroIMUXCs Ha KaToJlle My3bIPhbKOB MO-
JEKYJISIPHOTO BOAOPO/A; YAAICHUE U3 KPUCTATUIMUYECKON PEIIETKH OCaJKa BKIIOYEH-
HOTO B HEE€ YaCTUYHO MOHU3MPOBAHHOTO BOJIOPOJIa; KOHIICHTPALMS BaKaHCUN U UX
MUTpaIys K TOBEPXHOCTH POCTA; BOSHUKHOBEHHUE B OCaJKax 3HaunuTeNlbHbIX BH.

XapakTep NOPUCTOCTH OOBIYHO U3MEHSIETCS C TONIIMHON NOKphITHUS. Tak, Ha
HaYaJIbHBIX CTAJIUSIX OCAXICHUS MOPUCTOCTH OMPEAEISICTCS COCTOSIHUEM MOBEPXHO-
CTH MOKPBIBAEMOM OCHOBBI. JTa CUTYyallHsl COXPAHSETCA OO OMPEACICHHOW TOMIIIU-
HBI, IO JIOCTUKEHUH KOTOPOW Ha MOPUCTOCTH MPEBAIHUPYIOIICE BIUSIHUE HAUMHAIOT
OKa3bIBaTh 0COOCHHOCTH (POPMUPOBAHUS CTPYKTYPHI MOKPHITHUSI.

Jiist mosmyyeHust 0€COPUCTBIX MOKPHITUM Majioil TONIIUHBI HEOOXOAUMBI Ta-
KHE YCIIOBHUS 3JIEKTPOJU3a, MPU KOTOPHIX (POPMUPYIOTCS MIOTHBIE MEITKOKPUCTANI-
JUYEecKre ocajaku. Yem BhIIIE CKOPOCTh BO3HUKHOBEHUS KPUCTAIUNIMUECKUX 3aPOJIbl-
1Iei Ha OCHOBE U HMXKE CKOPOCTh UX POCTa, TEM MPU MEHBIIIEH TONIIUHE 00pa3yeTcs
O0ecnopucThiii ocagok. Cleayer Takke OTMETUTbh, YTO MOPUCTOCTh rajJbBaHUUYECKUX
MOKPBITUI 3aBUCUT HE TOJBKO OT pa3MepOB KPUCTAJUIUTOB, HO U TJIOTHOCTU UX yTa-
KOBKH.

CyliecTBeHHOE BJIMSIHUE Ha TMOPUCTOCTh TaIbBAHOMOKPBHITUN OKa3bIBAIOT
N00aBKH B DJIEKTPOJUTHI MOBEPXHOCTHO-aKTUBHBIX BellecTB. Hampumep, nobaBka B
AIEKTPOJIUT HUKEIUPOBAHUS Kpe3oJia U popManbAeruia MOBhIIIAET MOPUCTOCTD TO-
Jy4aeMbIX TOKPBITH, a qucyibhaHapTaTnHOBON KUCIOTHI - CHUXaeT. PocT mopuc-
TOCTH B MPUCYTCTBUU OPraHUYECKHX J00ABOK OOYCJIOBIIEH UX aJcopOIuel Ha Mo-
BEPXHOCTHU KaTojia. B pe3ynbrare 3TOro, Tak k€ Kak W MpU MHTEHCUBHOM BbIJEJIe-
HUU BOAOPOJA, OCAXKICHUE METaJlJIa Ha OTAECIbHBIX y4acTKax 3aTpyAHEHO, YTO MpH-

BOJUT K 00pa3zoBaHuto nop. HanpoTus, ymeHbllIeHHE TOPUCTOCTH MPU JOOABIECHUU B
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ANEKTPOJIUT OJIECKOOOPA3yIONIUX UM BBIPABHUBAIOIIMX JOOABOK CBSI3aHO, OUEBUJI-
HO, C U3MEJIbYUEHHEM CTPYKTYPbl (HOPMUPYEMBIX OCATIKOB.

[Topbl B MOKPHITUSX MOTYT UMETh pa3Hbie pasmep, PopMy U pacrpeeicHue
no tonmuHe. HanpuMep, B 30710ThIX HOKPBITUSIX HAOTIOIAIOTCA MOPHI JBYX THUIIOB -
MHOTOYHUCJICHHBIE TIOPhl HEMPABWIHLHON (OPMBI B 04€Hb TOHKHX c0saX (~0,1 MKM),
McYe3arolue Mo Mepe yTOJIIEHUS 0CajiKa, U MOPhl TPEYroJbHOU (OpMbI, OOJbIIIHE
M0 pa3Mepy, HO MPUCYTCTBYIOIIUME B MEHBIIEM KOJIMYECTBE U COXPAHSIOUIUECS MPU
YBEJIMYEHUU TOIIINHBI OCAJIKA.

Hanbomnee mpocThiMu ¥ pacpOCTPAaHEHHBIMH METOJAAMU MU3MEPEHHUS TMOPHUC-
TOCTH SJEKTPOIUTUYECKUX TOKPBITUH SBIISIIOTCS KOppo3ukHbie. McnbiTyemblit oOpa-
3€Il IS BBISBICHUS TOp 00pabaThiBalOT CHEIUAIBHBIM PACTBOPOM, KOTOPBIHA, HE
JIEUCTBYS Ha METAJI OKPBITUSI, pEarupyeT Yyepe3 MOophl C METAIVIOM OCHOBBI U 00pa-
3yeT XOpOIIO BUANMBIE MPOAYKTHI peakuuu. OOHapyKEHHbIE TOUKU KOPPO3UU MO/ -

CUHUTBIBAIOT, Ha6moz[a;1 HNX HCBOOPYKCHHBIM I'J1a30M WJIX IIPU YBCIIMYCHUMU.

2.2. PusznyecKkue CBOMCTBA

Tennomexnuueckue c6oticmea TOKPHITUM XapaKTEPU3YIOTCS UX TEIIOMpPO-

BOJIHOCTBIO, TETUIOCTOMKOCTBIO U )KapOyCTONYUBOCTBIO.

Tennonposoonocms — CaMOTIPOM3BOJIBHBIN HEOOpPATHMBIN MpoOIIecC Mepe-
HOCa SHEpruu B opme TEIJIOTHl B HEpaBHOMEpPHO HarpeToil cpene. [lokpriBas ma-
Tepuasbl IUJICHKaMH, OO0JaJalolMMK Pa3IMYHON TEIJIONPOBOJAHOCTHIO, MOXHO B
3HAUYUTEILHOW CTETIEHU BJIUSATH HA YCJIOBUS U PEKUM TEIIOOOMEHA MEXKIy U3JEeIH-
€M M OKPYXKAIOLIEH CPenoil, OCYIIECTBIIATh MPEUMYIIECTBEHHBIA OTBOJ TEIJIA B 3a-
JTAHHOM HaNpaBJICHUU, 3aMEIJISATh WIH YCKOPATh TEIJI00TAauy U T. . OCOOEHHO Be-
JIMKU 3TH BO3MOKHOCTH B CIy4a€ HAHECEHUS HEMETAJUIMYECKUX, B YaCTHOCTH, MO-
JUMEPHBIX MOKPBHITUM Ha METAJUI U HA00OPOT — METAJUIOB Ha MOJUMEPHBIC U CUJIU-
KaTHble Matepuaiibl. [10CKOIBKY Mpolecc TermaooOMeHa MEXAY TBEPIbIM TEIOM U

OKpYXaIUIEH Cpellor, Hapsiay C aTOMHO-MOJICKYJSIPHBIM MEXaHU3MOM Iepeaadyu
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Teria, oOyCJIOBJICH U TEIIOU3IyYEeHUEM, €ro KMHETHKA CBsI3aHa C IIBETOM U MaKpO-
penbehoM MOBEPXHOCTH.

D@ deKTUBHOCTh MPUMEHEHUSI MOKPBITHI, CYIIECTBEHHO BIUSIOIIMX Ha yC-
JIOBUSA TEIJI000MEHA, HAMISIAHO WIUTIOCTPUPYETCS Ha MpUMeEpe OBITOBOrO TepMOCa, B
KOTOPOM BHYTPEHHSSI TOBEPXHOCTh CTEKJISIHHOTO cocyna [lroapa monBepraercst Xu-
MUYECKON MeTalu3anuu. Takoe MOKPBITHE B HECKOJIBKO pa3 3aMeJIsieT CKOPOCTb
TertoooMeHa. B kauecTBe apyroro npumMepa MOKHO MPUBECTH MPUMEHEHUE METall-
JUYECKUX PYKOSITOK JJISI YIIPaBICHUS PAa3IMYHBIMU MEXaHU3MaMu, paOoTaloIINMU B
YCJIOBUSIX HU3KUX Temreparyp. Bo u3bexaHue npuMmep3aHus KOXH PYK PYKOSTKH
MOKPHIBAIOT MOJUMEPHBIMU TJICHKaMU, YCTPAHSsl TEM CaAMbIM HENPUSITHOE CBOMCTBO
OXJIaXJECHHOTO MeTajlia. 3JeCh OJarompusiTHO CKa3bIBAIOTCS TEILTOM3OJSIIHOHHbBIC
CBOMCTBA MOJUMEPHBIX TUICHOK COBMECTHO C UX THAPOGOOHOCTHIO.

JIpyrumM Ba>XKHBIM CBOMCTBOM IOKPBITHH SIBISIETCS UX MENI0CMOUKOCb —
CrOCOOHOCTH K 00Jiee WU MEHEe JIUTEIBHOM IKCIUTyaTallud B YCIOBHUSAX MOBBIIIEH-
HBIX TeMreparyp. BbICOKON TEMmI0CTOMKOCThIO 00afaeT OOJBIIMHCTBO HEOPTraHU-
YECKUX TMOKPBITUM, MOJYYEHHBIX Ha OCHOBE CHJIMKATOB, META/VIOB M MX OKHUCJIIOB.
OHU CcIIOCOOHBI JIMTENLHOE BPEMs BBIAEPKUBATL Temmeparypy 10 300°C, He mo-
BEprasich Mpu 3TOM CYIIECTBEHHBIM U3MEHEHUSIM.

Urto kacaeTcss MHOTUX MOJMMEPHBIX IMJICHOK, TO B TAKUX YCIOBUAX OHHU
CKJIOHHBI K UHTEHCUBHOW OKUCIUTEIBLHON JECTPYKIIUHU, MPUBOMASIICH K CHIKEHUIO
X (PU3NKO-MEXaHUYECKUX U aHTUKOPPO3UOHHBIX CBOMCTB. Cpeau miacTMacCOBBIX
MOKPOBHBIX TUICHOK HAuOOJIbIIEH TEIIOCTOMKOCThIO 00JIalal0T HEKOTOPHIE BUJIBI
(droporiacToBbiX NOKpHITHI. K TaKOKpacOYHBIM MOKPBITUSIM C MOBBIIICHHOW TeTI-
JIOCTOMKOCTBIO OTHOCSITCS HEKOTOPBIE OUTYMHO - MAacJIsIHO-CMOJISIHBIE M 3TIOKCUTHBIE
IJIEHKOOOpa30BaTeii U OCOOEHHO MaTepuaibl HAa OCHOBE MOJIU(DUIIMPOBAHHBIX
KPEMHHUHOPraHUUECKHX CMOJI, yeTolumBbIe 10 350°C.

Cnenyer UMETh B BUJY, YTO BO BCEX CIy4YasiX, KOT/Ia MOKPBITHUS, OCOOCHHO
OpraHUYEeCKHUE, UCTIONB3YIOTCA B YCIOBUSIX MOBBIIIEHHBIX TEMIIEPATYp U, TeM OoJiee,
B YCIIOBUSIX PE3KUX TEMIIEpATyPHBIX KOJeOaHUM, 00IbIII0€ BHUMAHUE YIEISETCS Ha-

ACKHOCTH CHCIVICHHUS IMOKPOBHBIX IINICHOK C OCHOBOH U OIITUMAJIbBHOMY PCriIaMCH-
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TUPOBAHUIO TOJIIMHBI MOKPHITUM. DTO OCOOCHHO Ba)KHO, KOTJIa TEMIIEpATyPHBIE KO-
3 PUIMEHTHl pacIIMPEHUs OCHOBBI 3HAYUTEIBLHO OTIMYAIOTCS OT TAKOBBIX IS TO-
KPBITHI, IOCKOJIBKY YCHJINSI, BOBHUKAIOIINAE MPH HATPEBE HA TPAHUIE pa3esia MExK-
Iy OCHOBOM M TOKPBITHEM, CTPEMSTCA HAPYILIUTH aAre3UOHHYIO CBs3b. [Ipu 3TOM,
YeM TOJIIIE TOKPBITHE, TEM OOJIbIIIE TPU MPOUYUX PABHBIX YCIOBHUSX BEPOSTHOCTH Ha-
PYLIEHUS CUCIUICHHUS.

XapakTepusys TEIIO0CTOUKOCTh MOJUMEPHBIX MOKPHITUH, ClIeTyeT OTMETUTh
HEKOTOpbIE 0COOCHHOCTH, KAaCaIOIINECsI UX MOPO30yCTOMUYUBOCTH BIUIOTH JJO TEMIIE-
parypsl —60°C. IIpu HU3KHX TeMIEpaTypax dJIACTUYHOCTh MHOIMX IOJMMEPHBIX
MJICHOK YMEHBIIAETCSI, YTO MPUBOJUT K MOSBICHUIO XPYNKOCTH U HEMPOUYHOCTHU TO-
KpbITUH. J{J1s1 TIOOBIX JIAKOKPACOYHBIX MATEPUATIOB COXPAHEHUE DJIACTUYHOCTH B yC-
JIOBUSAX MHMHYCOBBIX TEeMIMEpaTyp B OOJbIIEH WM MEHBIIEH CTENEeHU AOCTUTaeTCs
BBEJICHUEM B IUICHKOOOPA3YIOIIYI0 OCHOBY MOPO30CTOMKHUX IIACTH(UKATOPOB.
Haubonee MOPO30CTOMKUMM CUMTAIOTCS MOKPOBHBIE IJIEHKM HAa OCHOBE CTOIPO-
IEHTHBIX (PEHOJIBHBIX, MOJIUYPETAHOBBIX U A(UPOIEIUIIOIO3HBIX HIEHKOOOpa3ylo-
IIMX MaT€pHUAIIOB.

Kapocmoitkocms (okanunocmoiikocms) — CriOCOOHOCTh Marepuana IMpo-
THUBOCTOSITh XUMUYECKOMY PAa3pyLICHHUIO MOBEPXHOCTH HA BO3AYyXE WIIM B Ta30BbIX
cpenax B IPOIECCE DKCIUIyaTalldd Ipu Temieparypax Bbime 550°C (BILIOTH 10
1000°C) 6e3 Harpy3ku uiu B c1abOHArpyKEHHOM cocTosHuU. Hanbonee MHTEHCUB-
HOE pa3pyILICHUE MAaTEPUATIOB B MEPBYIO OUEPENb NPOUCXOAUT HA MTOBEPXHOCTH Ha-
TPETHIX W3JCIHNN, HAXOASIIMXCA B HEMOCPEICTBEHHOM KOHTAaKTE€ C KOPPO3MOHHOU
CpEIION.

C uenpio SKOHOMHUH JOPOTUX U JE(UIIMTHBIX KAPOCTOUKUX CIUIABOB B PAJIC
CIIy4aeB OKa3bIBACTCA 1€J€CO00pa3HBIM HCMOJIb30BaHUE OOBIYHBIX METAJUIOB C MO-
CHEAYIOWIEN 3alMTON UX CIEHHUATbHBIMHU KapOyCTOMYMBBIMHU MOKPBHITUAMU. Takue
MOKPBITHS, €CTECTBEHHO, OTHOCSTCA HMCKIFOYUTEIBHO K KJIACCY HEOPTAaHWYECKUX U
MOT'YT UMETh KaK METaJUTMYECKYI0, TaK U HEMETAJNINYECKYIO TPUPOTY.

K MeTannnueckuM MOKPBITUAM, 3HAYUTENBHO MOBBIIIAIONIUM KapOCTOM-

KOCTb CTaHeﬁ, OTHOCATCA XPOMOBBIC W AJIIOMHUHHCBEBIC, KOTOPBIC Hall€C BCCTO HAHO-
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cATCA Ha JieTanu TepMoan(dy3MOHHBIM CrIoco0oM. /{715 3alUThI OT ra30BOM KOpPpoO-
3UM OpU OTHOCHTENLHO HEBBICOKUX Temieparypax mopsaka 600-700°C  unorma
MPUMEHSIIOT CPABHUTEIBLHO TOHKHE MOKPBITUS XpOMa U HUKENS, HAHOCUMbIE MyTEM
AIEKTPOJIN3a U3 BOAHBIX PACTBOPOB.

HeMmertannuueckue mOKpBITHS MOTYT OBITh MOJYYEHBl HA OCHOBE HEKOTOPBIX
CTEKJIOAMaJIel C MOBBIIICHHBIM COJIEPKAHUEM TYTOIIABKUX OKUCIIOB TaKUX METall-
JIOB, KaK XpOM, TUTaH, aIIOMUHUN U Jp. DTU HOKPHITUSI HAHOCATCS] HAIBUICHUEM C
MOCJEAYIONIMM OIUIaBJICHUEM CTEKJIOAMAJM U CHOCOOHBI BBIJIEPKUBATH TEMIIEpaTy-
pbl mopsiaka 1100-1200°C.

Haubonee BBICOKYIO XKapOCTOMKOCTh 00OECIEYMBAIOT MOKPHITHUS HAa OCHOBE
TYTOIUIABKUX KapOUI0B, HUTPUAOB, OOpPUJOB U CUIUIUIOB METAJUIOB, BBIICPIKHU-
Barone temmeparypy a0 2000°C. OHM MOIy4aroTcs IPH BBHICOKMX TEMIIEpATypax
Kak U3 TBEPJOU, TaK U M3 Tra3000pa3Hoi (a3, coaepKaliux peaKIMOHHOCIIOCOOHbIS
COCIMHEHUS yTiiepoja, 00pa U APYrUX 3JIEMEHTOB, B YCIOBUSAX HEMOCPEACTBEHHOIO
KOHTAaKTa 3TUX COCIMHEHUHN C TOKPHIBAEMBIMU TOBEPXHOCTSIIMHU.

B nocnennee Bpemsi BeCbMa NEPCHEKTUBHBIMHU IS MOBBILIEHUS 5KapOyCTOM -
YUBOCTH IMOBEPXHOCTH METALUIOB CTAJIM TaK HAa3bIBaeMble METAJNIOKEPAMUYECKHE
MOKPBITUSL — KepMeTbl. OHU 00pa3yrOTCs MPU BBEICHUM B OKUCIIBI WIH JIPyTrUe Tyro-
IJIaBKUE COEUHEHUS] MEJKOJUCIIEPCHBIX METAINTMYECKUX MOpOIIKOB. KepMeTsl na-
10T BO3MOXKHOCTb B IIMPOKUX Mpe/esiaX BapbUPOBaTh CBOMCTBA MOKPHITUN, B 4acCT-
HOCTH, yJIy4lIaTh UX TEIJIONPOBOJAHOCTb, INIACTUYHOCTH U P APYTUX cBOUCTB. [lo-
Jy4YeHUE METAJTIOKEPAMHUYECKUX MMOKPBITUM OCYIIECTBISIETCS METOJIOM Ta30Iuia3-
MEHHOT'O HalbLICHHUS.

OrnpeneneHue xKapoCTOUKOCTH MaTEPUATIOB MPOBOJSAT TPEMS METOJAMHU: Be-
COBBIM IO U3MEHEHMIO MacChl 00pa3iia; HEMOCPEACTBEHHBIM U3MEPEHUEM T1yOUHBI
KOPPO3UHU; KOMOMHUPOBAHHBIM — COUYETAHUEM BECOBOTO METOJIa WJIM METO/a HEMo-
CPEICTBEHHOI'0 U3MEpEeHUsl o0pasiia ¢ y4eTOM TOJIIMHBI MOJOKCUIHOTO CJI0sI, 00e-
HEHHOTO JIETUPYIOIIUMHU 3JIEMEHTaMU, WU TJIyOMHBI JIOKAIBLHOW KOPPO3UH.

INeKMPOMEXHUUECKUe C8OUCMBA NOKpblmuy. DIIEKTpUYECKasl ITPOBOJIH-

MOCTb M IIEPCXOJHOC (KOHTaKTHOC) COIMIPOTHUBJICHUC ABJIAIOTCA OCHOBHBIMH 3JJICK-
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TPUYECKUMHU XapPaAKTEPUCTHUKAMHU TaJbBAHOMOKPBHITUN. 3HAUYCHUS 3J1EKMPUUECKOIU
nPo6oOUMOCmU SIECKTPOOCAKICHHBIX MOKPHITUN B OOIbINIECH UM MEHBIIIEH CTeTICHU
OTKJIOHSIFOTCSI OT TaOJWYHBIX JAHHBIX, MPUBOJAUMBIX JJii MaTE€pPUATIOB METAJLTyprU-
YECKOr0 MPOUCXOXKACHUSI. DTH OTKIOHEHUS OOYCJIOBIECHBI PSAIOM (DAKTOPOB: MOBHI-
HIEHHBIMU JUCIEPCHOCTHIO U AE(EKTHOCTBIO CTPYKTYPHI MOKPBITHI; 0COOEHHOCTHIO
ux (pa3oBOro CTpoeHUs; MPUCYTCTBHEM B OCAJKaxX CHeNU(PUUECKUX 3arpsa3HEHUI B
BHUJI€ TUJIPOKCHUIIOB, CYJIb(UIOB, YACTUI] OPraHUYECKOU MPHUPOJIbI; BKIIOUECHHEM B
OCaJK1 aTOMOB IMPUMECHBIX KOMIIOHEHTOB H JIp.

DNEKTPOIUTUYECKHUE CIUIaBbl UMEIOT 00JIe€ HU3KYIO SJIEKTPUUECKYIO TPOBO-
JTUMOCTb, YeM MeTaJUIbl. [I[pUUMHBI 3TOTO pa3IMUHbI U 3aBUCAT OT UX (a30BOTO CO-
ctaBa. [Ipu ¢hopmMupoBaHuU Ha KAaTOJE CILJIABOB — OJIHO(A3HBIX TBEPJBIX PAaCTBOPOB
— aTOMBbI PaCTBOPEHHOTO KOMIIOHEHTA MCKAXalT KPUCTAIUIMYECKYIO PEMIETKY OC-
HOBHOT'O METaJjla, YTO NPUBOJUT K JOMOJHUTEIBHOMY PACCEIHUIO 3JIEKTPOHOB MPO-
BOJIMMOCTH ¥ MU3MEHEHUIO 3JICKTPOHHOW CTPYKTYpbl MOKpbITHH. Tak, JerupoBaHue
MEJIHBIX TaJIbBAHOMOKPHITUN cepebpoM (10 2-3%) MOHMKAET UX SIAEKTPONPOBOJ-
HOCTB 1OYTH Ha 25%, a BKIIIOUeHHUE B cepeOpsanbie okpbiTus 10% Menu yMeHbIIaeT
AIEKTPONPOBOIHOCTH nocaeaHux Ha 30%.

DNEeKTPONPOBOAHOCTH ABYX(a3HBIX CILIABOB B OOJIBIITUHCTBE CIIy4aeB TaKKe
HIKE, YEM Y YUCTHIX METAJIOB. DTO CBS3AHO C TEM, YTO ABYX(a3HbIe OCAJKH XapaK-
TEPU3YIOTCS MEIKOJIUCIEPCHOW CTPYKTYPOM M COOTBETCTBEHHO MMEIOT MOBBIIICH-
HYIO MPOTSKEHHOCTh MEK3EPEHHBIX TpaHul]. Mex3epeHHOe MPOCTPAaHCTBO 00IaaeT
0oJiee BBICOKMM COMNPOTHUBICHHUEM IO CPABHEHHIO C OOBEMOM 3€pEeH, MOATOMY B
MEJKOKPUCTANINYECKUX MOKPBITUAX JIBUKEHUE DJIEKTPOHOB 3aTPYJHEHO B OOJIbIIIEH
CTEIEHU, YEM B KPYITHOKPUCTAIUIMYECKUX Ocajkax. Hampumep, 3neKTpoIuTHYECKUE
JATyHH, MOJy4YaeMble U3 LUAHUAHBIX PACTBOPOB M KPHUCTAJUIM3YIOLIMECS C MEJKO-
JTUCTIEPCHOM CTPYKTYPOU, UMEIOT JJIEKTPUUECKYIO TPOBOAUMOCTD B 2-5 pa3 HUXKE IO
CPaBHEHUIO C OCAJIKAMU ME]IH.

Yoenvnoe conpomuenenue, xax u TBEpAOCTb, TAKXKE SBIAECTCA «CTPYKTYpPO-
YyBCTBUTEJIbHBIM» CBOMCTBOM JJIEKTPOJUTUUECKUX OCaAKOB MeTauioB. [lo abco-

JIOTHOMY 3HAYCHHUIO YACIBbHOC COIIPOTHUBJICHHNC HCCKOJIBKO 0OJBIIIEe YeEM COOTBETCT-
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BYIOIIUX METAJLUTyprudeckux. M3MeHeHue CONMpPOTUBICHUSI MOXKHO OOBSICHUTH pas-
JUYHOM BEJIMUMHOM 3€pHA BCIIEJICTBUE PA3IMUMS B CIOCOOAX MOIYUYEHUS: PU AJIEK-
TPOOCAXKJICHUH pa3Mep KPUCTAILIOB METAJLJIa MOIY4aeTCsl 3HAUUTEIIbHO MEHbIIIE, YeEM
MpY KPUCTAUIM3AIMU €T0 M3 PACIIaBICHHOTO cocTosHUsA. Kpome Toro, Mexkpu-
CTaJZTMTHOE MPOCTPAHCTBO 001a7aeT OOBIYHO OOJIBIITUM COMPOTUBJICHUEM, YEM CaM
KPUCTAIIJI, IO3TOMY 3JIEKTPOHBI IIPU CBOEM MPOXOXKJICHUHU JOJAKHBI MPEOJI0IEBAThH
3HAYUTENILHO OOJIBIIE TAKMX YYACTKOB B TOM CIIydae, €CJIM CTPYKTypa ocajJika Mej-
KOKpHCTANIMYECKasl.

Ilepexoonoe conpomuenenue BOZHUKACT B 30HAX COMPSDKCHUS dJICKTpUYC-
CKHMX KOHTaKTOB U OMNpEJEsSeTcs KaKk CyMMa COMPOTUBICHUS COOCTBEHHO MOKPHITUS
1 COTIPOTHBJICHUS TOBEPXHOCTHOM TIJICHKH.

Haunbonee mmpokoe mpuUMEHEHHE W3 YMCIIAa JICKTPOIMPOBOIHBIX MOKPBITHH
HaxXoJIAT MEJHBIE U cepeOpsiHbIC; HAPSIAY C HUMU UCTIONIB3YIOTCS 30JI0ThIE, POJIUEBBIC
U najuiaiieBbie. B OONBIIMHCTBE CIyyaeB HAHECEHHUE ATUX METAJIOMOKPBITUM OCY-
MIECTBISACTCS XUMUYECKUM U AJIEKTPOXUMHUUYECKUM CIIOCO0aMU WJIH K€ UX MOCIIEI0-
BaTEIbHOM KOMOWHAITUEH.

B psne ciaydaeB MOXET BOZHUKHYTh HEOOXOIMMOCTh B CO3JaHHH DJICKTPO-
MPOBOJIAIINX CBOMCTB B MOJMMEPHBIX IJICHKAX, YTO JIOCTUTAETCS HAIMOJHEHUEM HX
TOKOTIPOBOASIIMMH IMUTMEHTaMHU, KOTOpPhIE B MOKPOBHOM TMJICHKE JOJKHBI KOHTaK-
TUPOBaTh APYr C JAPYroM M C METauioM OCHOBBI. Hambojee pacrnpocTpaHEHHBIM
MMUTMEHTOM, TIPUMEHSEMBIM JJISl OTOM 1€, SBISETCS [TUHKOBAs IMbLIb, KOTOPAs OJI-
HOBPEMEHHO C JJIEKTPOMPOBOAHOCTBIO O0OECIIEUMBAET BBICOKYIH) aHTHKOPPO3HOH-
HOCTb MOKPBITHS.

Hapsiny ¢ HEoOXOauMOCTBIO MPHUAAHUS TOBEPXHOCTSIM TOKOIPOBOISIITUX
CBOMCTB C Pa3auYHbIM KO3(POHUITMEHTOM 3JIEKTPOIPOBOIHOCTH YaCTO BO3HUKAET I10-
TpeOHOCTh pelraTh 00paTHYIO 3a7auy — 00ecreyuBaTh 00Jiee MIIM MEHEE BBICOKMMU
TURJIEKTPUICCKUMU CBOMCTBAMM TMOBEPXHOCTH PA3IUYHBIX MPOBOJHUKOB IEPBOTO
poaa. ITO JHOCTUTACTCS HAaHECEHHWEM Ha METaJUIbl MOJMMEPHBIX WM CTEKJI0dMaljie-
BBIX TOKPBITUM, IUAJICKTPUUECKHE CBOMCTBA KOTOPBIX OMPEACTSIOTCS MPHUPOIOH

HJIGHKOO6paSOBaTeJ'I$I U IMMNTMCHTOB.
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C pa3BUTHEM BBIYHMCIHTCIHPHON TEXHUKH M MHKPOSJICKTPOHHKH 3aMETHO
BO3pPOC MHTEPEC K MOTYUYEHUIO TOHKHUX AICKTPOIUTHICCKUX TOKPHITUH (70 1 MKM),
00JIaIarOIIIX OCOOBIMH MACHUMHBIMU C8OLICMEAMU C BapUaIlUel TIOCIEIHUX B IIIH-
POKOM Jurara3oHe. B 3aBUCHMOCTH OT MarHUTHBIX XapaKTEPUCTHUK U OOJIACTH IIPH-
MEHEHHS ()epPOMArHUTHBIC TUICHKH JEIAT Ha MAarHUTOMSTKHE (C KOOPIUTUBHON CH-
gort 1o 1000 A/M) m mMarHUTOXKECTKHE (KodpuuTHBHas cuia 6omee 1000 A/m). B
OOJBIMMHCTBE clTydaeB (heppPOMATrHUTHBIC MMOKPBITHSI MOYYalOTCS HA OCHOBE METall-
JIOB BOCEMOU TPYIIITBI TIEPUOANIECCKON CUCTEMBI DJIEMEHTOB — Keje3a, HUKES U KO-
OambTa W SBISIOTCS CIUIABAMH JTHUX METAJUIOB, B PANIE CIIy4acB JIETHPOBAHHBIMU
dhocdopom, MOTUOAEHOM, KPEMHHUEM U JIP.

Ceemomexuuyeckue (onmuueCKue) ceolCmea IIOKPOBHBIX INICHOK XapaKTC-

PU3YIOTCA OmMpaxcamenbHou WIA c8emono2iowaowell cnocooHocmvio, ceemo-
CMOUKOCMbIO W TIOMUHECYEHMHOCMbIO TIPU BO3JEUCTBUU HA HUX JIYYHCTON YHEPTHUU.

[IIupokoe MpUMEHEHUE B KaueCTBE MOKPHITUHM, 00eCTIeUMBAIONINX HEOO0XO-
TUMYIO OMpa)3camenabHylo CROCOOHOCMb TOBEPXHOCTH Pa3IUYHbIX MaTEpHaIOB,
HaIlUTU cepeOpsiHble, XPOMOBBIE U aTIOMUHUEBbIC TUIEHKHU. 3 HUX HAaUOONBIINM KO-
s PumeHToM OTpaxkeHusl 00J1aatoT cepeOpsHble MOKPHITUS. OJHAKO MX CKIIOH-
HOCTh K MOTYCKHEHUIO B YCIOBUSX JUIMTEIHHON SKCIUTyaTallul U CPABHUTEIBHO BBI-
COKasi CTOMMOCTh OOYCJIOBHWJIM IMOCTEINEHHOE BBITECHEHHE cepedpa altOMUHHEM H
XPOMOM.

B cnydyae mpo3padHblX MaTepuanoB THUIIA CTEKJA, MOJUCTUPOIA MOKPBITHE
yarie BCEro HaHOCHUTCS Ha THUIbHYIO MOBEPXHOCTh M3Aenus. B ciaydae ke Hemnpo-
3payHbIX MaTEpPUaAJIOB — METAIOB, KEPAaMUKU W OOJIBIIMHCTBA IUIaCTMAacC — 3Ta
MJIEHKAa HAHOCUTCS HAa JIMIIEBYIO MOBEPXHOCTb. MeTallibl, IpUMEHAEMbIC I 3ep-
KaJIbHBIX MOKPBITUNA, MOTYT OBITh HAHECEHBI Ha MOBEPXHOCTh XUMUUYECKUM U DJIEK-
TPOXMUMHYECKUM CHOCOOOM, a TakKe ucrnapeHueM B Bakyyme. llocnennuii cnoco6
o0naaeT psiioM TEXHUKO-3KOHOMUYECKUX MPEUMYIIECTB, a IJis aJIOMUHUEBBIX MO-
KPBITUN SIBISICTCSI €IMHCTBEHHO BO3MOXHBIM. ECTECTBEHHO, YTO MOBEPXHOCTH OC-
HOBBI, Ha KOTOPYIO HAHOCHUTCSl PEe(IEKCHOE METAUIMYECKOE MOKPBITHE, TOJKHA

OBITH MPEETBHO TJIaJIKOM.
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[ToBepxXHOCTHP MHOTHX JA€Tayiel, TJIaBHBIM 00pa3oM, ONTUYECKUX MPUOOPOB
J0JKHA 00J1a/1aTh CIOCOOHOCTHI0 MAKCUMAIILHOTO ceéemonozinoujenus. Jjisi 3Toit
e IPUMEHSIIOTCS TTTyOOKO MaTOBBIE YEpHbBIE MOKPOBHBIE IIeHKU. Ha MeTaiax ux
MOXHO TMOJIYYUTh HAHECEHUEM OKCHUHBIX, JTAKOKPACOYHBIX U HEKOTOPHIX CIEINab-
HBIX YEPHBIX METAJUIONOKPHITUHN, HATPUMEP, YEPHOTO Xpoma U HuKes. Bce uepHbie
MOKPBITHUS, MPUMEHSIOIINECS 111 CBETOIOIJIONIEHHUS, TOJKHBI 001a1aTh MUKpOdaK-
Typoii, oOecneunBatomet gudpdysHoe oTpakeHUE HEMOTIONIEHHOW 4YacTu Maaaro-
IIEro CBETa, YTO UCKIIOYAET BO3MOXKHOCTh 0Opa3oBaHus O01ukoB. C 3TOH LENbIO MO-
BEPXHOCTSIM OCHOBBI, OCOOCHHO TEpej] HAHECEHUEM OKCUAHBIX M METANTUYECKUX
YEPHBIX JICHOK, MTyTEM CIEeHaIbHON 00pa0OTKH MPUIAETCSI MUKPOLIEPOXOBATOCTD.

BaxHO! CBETOTEXHMYECKOW XAPAKTEPUCTUKON MOKPBITHM SIBISIETCS UX C@e-
mocmoiiKocms, KOTopasi npuoOpeTaeT oco0oe 3HaueHue Jis MOBEPXHOCTEH pas-
JUYHBIX AJIEMEHTOB KOHCTPYKIUMH, MOJABEPKEHHBIX B MPOIECCE IKCIUTyaTalluyd WH-
TEHCUBHOMY OOJy4eHHUIO. BONBIIMHCTBO HEOPTraHUYECKUX TOKPBITUM SIBISIOTCS
JIOCTATOYHO YCTOWYMBBIMU MPHU JUIUTEILHOM BO3ACHCTBUM Ha HUX €CTECTBEHHBIX U
MCKYCCTBEHHBIX UCTOUYHUKOB JIYUUCTON SHEPrUU. B MOKPOBHBIX MIICHKAX, MOJy4YECH-
HBIX Ha OCHOBE OPTaHMYECKUX MOJUMEPHBIX MAaTEPUAIOB, MPOTEKAIOT CIOXKHbIE (O-
TOXUMHUYECKHUE MPOLIECCHI, MPUBOSIINE K 00JIee UM MEHEee OBICTPOMY pa3pyLICHUIO
MOKPBITUH (T.H. cTapeHue). BnusHue COMHEUYHOW WM MCKYCCTBEHHOW pajualuud Ha
OpraHWYECKHE TMOKPBITUS MOXKET MPOSABIATHECA KaK B YXYAIICHUH (DU3UKO-
XUMUYECKUX CBOMCTB IJICHKH, TaK U B U3BMEHEHHUH €€ 1IBETA.

[leHHBIM CBOMCTBOM HEKOTOPBIX CIEHHUATBHBIX MOJIUMEPHBIX MOKPBITHH SIB-
JSIETCSl UX JIMUHECYEHMHOCMb, T.€. CIOCOOHOCTh K XOJIOAHOMY cBeueHuto. JIio-
MUHO(OpPBI — BEIIECTBA, CIIOCOOHBIE MPEOOPa30BHIBATH MOIOMAEMYI0 UMU SHEPTHUIO
B CBETOBOE U3JIYUYCHHUE, - IO JTTUTEIbHOCTH JTIOMUHECUIECHIIMU YCIOBHO MOApa3esi-
10TCsl Ha (ayopecuupyomnme (KpaTKOBPEMEHHOTO cBeueHus) u (pocdopeciupyro-
e (AJIUTEeIbHOTO CBEUEHUS ).

dnyopecuupyronme JIOMUHOPOPHI CONEPKAT CIENHAIbHBIE OPTaHUYECKUE
KpacuTenu, obyamaromue OOJbIION SPKOCThIO CBEUCHHUS MPU OOJYYCHUH UX YIIbT-

paduoneroBbiMu dydamu. Dochopecuupyronirie CBETAIMECS ICHKH OBIBAIOT JIBYX
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BUJIOB: TIOCTOSIHHOTO JICMCTBUSI, COJAEpKalllie PaJlOAKTUBHBIC BEIECTBA U HE Tpe-
OyroIIue /i CBOEr0 CBEUECHUSI BHEITHETO0 MCTOYHUKA CBETOBOUM SHEPIUH, U BPEMEH-
HOTO JIEUCTBUS, cOoJepKaliie Cyab(QuIbl IMHKA, KaAMUI U APYTUX METAIOB C He-
OonbIIMMH 100aBKaMH aKTUBATOPOB B BUJIE coJieid meau u cepedpa. [locnennue as
CaMOCBEUEHHS JOJKHBI IPEIBAPUTEIBHO 00Iy4aThCsl JHEBHBIM CBETOM.
Hauny4mumu CBSI3YIOMUMU JUIsl PA3IMYHBIX TUTMEHTOB C JIIOMUHO(DOPHBI-
MU CBOMCTBaMH SIBJISIFOTCS JJaKU HA OCHOBE aKPHUIJIOBBIX CMOJI, 00JIaJal01i€e BHICOKOM

IMpO3Pa4YHOCTBIO U YCTOﬁqHBOCTBm B OKCILTyaTaluu.

2.3. DU3UKO-XUMHYECKHE CBOMCTBA

YacTo CyleCTBEHHBIMHU AKCIUTYyaTallHOHHBIMU U TEXHOJIOTMYECKUMU XapaK-
TEPUCTUKAMU MOKPBITUM SIBIAIOTCS UX CMAYUBAEMOCHb U COPOYUOHHOCHb, HETO-
CPEICTBEHHO 3aBUCSIINE OT UX MUKPOCTPYKTYPHI U CBSI3AHHOUM C HEW MOBEPXHOCT-
HOW DHEPrUeH.

Cmauueaemocms TBEPIIbIX MATEPUATIOB U M3TOTOBIECHHBIX U3 HUX MOKPbI-
TUA Pa3NUYHBIMU KUIAKOCTSIMHU XapaKTEPU3YETCA CTENEHbI0 JTUOPUIBHOCTU WU
11no(GOOHOCTH MOBEPXHOCTU U OMPEACNSIETCS MO KpaeBbIM yrilam cMmaunBanus. Ha
MOBEPXHOCTSX, 00JIAIAIONIMX XOPOUIUM CMAUYUBaHUEM, KAl )KUJKOCTH PacTeKaeT-
Ccsl, B TO BpeMsl, KaK MpH IJIOXOM CMauyMBaHUU HAOJIOAaeTCsl TEHACHIUS K 00pa3oBa-
HUIO MUHUMAJIbHOW MOBEPXHOCTH KOHTAKTa MEXY KUAKOCTBIO U TBEPABIM TEIIOM, a
(dbopma Karm B peiesie CTPEMUTCS K 1Iapy.

B peanbHbIX yCIOBUSAX 3KCILTyaTallMK HHTEPEC MPEIACTABIAIOT MIPEAKIE BCETO
ruApoduiibHbIe WK TUIPOPOOHBIE CBOMCTBA MOKPBITHIA, T.€. CHOCOOHOCTh MX CMa-
YUBATHCS WJIM HE CMAYMBAThCSl BOJOW WM BOAHBIMU pacTBopamu. Kak mpaBuiio, Bce
OpraHUYeCKUe MOKPBITUSL TUAPOPOOHBI, B OTIMYNE OT HEOPraHUYECKUX, KOTOPHIE B
MOJIABJISIFOIIEM OOJIBIITMHCTBE 001aal0T XOpOoIel TuIpoUILHOCTHIO.

[Ipu npouyux paBHBIX YCIOBHSIX THMAPOo(OOU3MpOBaHHAS MOBEPXHOCTH ME-
TaJUIOB U JIPYTUX TUAPOPUILHBIX MaTepUalioB OKa3bIBaeTcsi 0ojee KOPPO3UOHHO-

CTOMKOHN B YCJIOBHUSAX BIIAXKHOW aTMOc(ephl, TaK KaK HA HEW 3aTpyJHEHa KOHJIEHCA-
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U BJIaTH, HAJTUYHE KOTOPOH SBIISICTCSI OTHUM W3 HEOOXOIMMBIX yCIIOBUN Pa3BUTHS
mporiecca AMEKTPOXUMUYECKON KOPPO3HUH.

CrocoOHOCTh K CMaYMBAEMOCTH MPHOOpETaeT 0co00e 3HAUECHUE MPU HAJIU-
YU B TOKPBITHHA CKBO3HBIX TIOP M MOXKET CITIOCOOCTBOBATH WJIM MPEMSATCTBOBATH Ka-
NWUIAPHBIM CUJIaM, oOJieTdas WU 3aTPyAHSS MPOHUKHOBEHHE KOPPO3HOHHOTO
areHTa K mMarepuainy ocHoBbl. [loaToMy 3amonHeHue mop u BooOIiie o0paboTKa pas-
JUYHBIX THAPOPUIBHBIX TTOKPBITUN C METBI0 MOYYSHUS Ha HUX TOHKUX TUAPOGHOO-
HBIX TJICHOK CIIOCOOCTBYET YIIYUIICHUIO aHTUKOPPO3UOHHBIX CBOMCTB ITHX MOKPHI-
tuii. Kpome toro, ruapodoOHbIe TOKPHITHS MEHBIIE MOABEPTAOTCS 3arpsi3HEHUIO B
MpoIIecce IKCIUTyaTaIluy, 9eM TUApOo(ILHEIC.

Copoyuonnaa cnocodHocmb — CIOCOOHOCTh MOKPBITUH aKTHUBHO IOIJIO-
aTh U yJIEePKUBATh Pa3INYHBIC BEIIECTBA: KPACUTEIH, CMAa3KH, CBETOTYBCTBUTEIIb-
HbIE COCTaBBl M T.N. Hambonee pa3HOCTOPOHHEE NMPUMEHEHHE HAXOAT HCKITIOYH-
TEJIHLHO BBICOKHE COPOIIMOHHBIE CBOWCTBAa OKHCHBIX IUICHOK HAa QJIOMUHUU, TOJY-
YEHHBIX CIIOCOOOM aHOJIHOTO OKCHAMPOBAHMS 3TOTO MeTaiia. [loBepXHOCTh aHOH-
POBAHHOTO AFOMUHUS aJICOPOIIMOHHO OKPANTUBACTCS PA3IMYHBIMU CBETONMPOYHBIMH
OpPraHUYEeCKUMHU U MUHEPATbHBIMU KPACUTEIISIMHA B MTUPOKOW ramMMe 11BeToB. [Topuc-
ThIE XPOMOBBIC KPACUTEIIM aKTUBHO TMOTJIOMIAIOT U YACPKUBAIOT CMa304YHBIC BeIle-
CTBa, 9TO OOECMEYNBAET BHICOKHE aHTU(PUKIIMOHHBIE CBOWCTBA TPYIIUXCS MOBEPX-
HOCTe. OTIIMYHO TIPOMUTHIBAIOTCS MacjiaMu U TUAPO(POOUZHPYIONTUMHU COCTABAMH
OKCUIHBIC U (PochaTHBIC TICHKH, MTOJYICHHBIC HA PA3IMYHBIX METAUIaX, B Pe3yJib-
TaTe Yero 3HAYMTEILHO YIIYUIIAIOTCS aHTUKOPPO3UOHHBIE CBOMCTBA ATUX KOHBEPCH-
OHHBIX MOKPBITUH.

BoapmmHCTBO OECIIBETHBIX JTAKOBHIX IJICHOK, TIOJYYCHHBIX HA OCHOBE MHO-
TUX IJIEHKOOOpa3oBaTeseld, XOpoIIo MOAMAI0TCS aacOPOIMOHHON OKPAaCcKe B BOIHBIX
pacTBOpax KpacHUTeNed, 4TO MCKII0YaeT HEOOXOIUMOCTh BBEACHHS KpacHTENeH B
WCXOHBIN JIAKOKPACOYHBIM MaTepHuasl u obecreunBaeT 0oyiee BHICOKYIO paBHOMED-

HOCTb U HHTCHCUBHOCTb OKPACKH.
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2.4. CanuTapHO-TUTHEHHYECKHUE CBOMCTBA

C ocHOBHBIMM (DYHKIIMOHATBHBIMU CBOMCTBAMH MOKPBITHII TECHO CBSI3aHBI
CaHUTApPHO-TUTUEHUYECKHUE TPEOOBAHUS K HUM, KOTOpble HEOOXOJUMO UMETh B BHU-
Iy TIpY BBIOOpE OTNENKH M3JAeNUid. DTH TPeOOBaHUS HEMOCPEACTBEHHO BHITEKAIOT U3
YCJIOBUHM IKCIUTyaTallMU U3JEIUN U ONPENENIIOTCS HEKOTOPHIMU OMOXMUMUYECKUMU
1 (pU3NYECKUMU OCOOCHHOCTSIMU MTOKPOBHBIX TIJICHOK.

K OGuoxuMuueckuMm XapakTEpUCTUKAM OTHOCSITCA JaHHBIE O BIUSIHUM MaTe-
pralia MMOKPBITHI HA YEJIIOBEYECKUN OPraHU3M IPHU YCIOBUU UX KOHTAKTA C MPOAYK-
TaMU TMHATAHUSA WIM HEMOCPEACTBEHHO C MOJOCTHIO PTa, MUIIEBAPUTEIBHBIM TpPaK-
TOM, KPOBEHOCHON CHCTEMOH M JPYTMMH YYBCTBUTEIBHBIMU K HWH(EKIMOHHO-
TOKCUYECKUM BIIMSHHUSIM opraHaMu. Kilaccnueckumu nmpuMepamu NOKPBITHM, pac-
CMAaTPUBAEMBIX C 3TON TOYKU 3PEHHUS, SABJISIIOTCS MOKPBITUS MEIUIIMHCKOTO 000py-
JIOBAaHUS Y MHCTPYMEHTA, MUIIEBOM Tapbl U MOCY/IbI, CTOJIOBBIX MPUOOPOB, a TaKKe
HEKOTOPBIX BUJOB UTPYIIECK ISl MAJEHbKUX JETEH.

K HEeopranmyeckuM MOKpBHITUSAM, KOTOPBIE MOYKHO MPUMEHATH JJISI U3TOTOB-
JICHHS TIEPEUYUCIICHHBIX U JUISl APYTUX aHAJTIOTUYHBIX U3JIEJIAN, OTHOCITCA MOKPBITUSA
XpOMOM, OJIOBOM, OJIarOPOJIHBIMU METaJJIaMU U CTEKIIO3IMAJIEBbIE MOKPBITHS, HE CO-
JepoKallie COeAMHEHUN CBUHIIA, CYPbMbI, MBIIIbSIKA, [IMHKA, MEAH, KaAMUS U Oapus.
be3BpeaHbIMU 711 4ETTOBEUECKOTO OPraHu3Ma SIBJISIFOTCS OKCUIHBIE U OMATAJIEBbIE
IJICHKU Ha amoMuHuu. Cpeau oOIIMPHOTrO acCOPTUMEHTA MOJIUMEPHBIX U JaKOKpa-
COYHBIX MOKPBITHM K YUCIYy MHEPTHBIX MO OTHOUIEHHWIO K OPraHMW3MYy 4YEJIOBEKa OT-
HOCsTCA Juilb HeMHorue. Haubornee mupokoe mpuMeHEHHE, B YaCTHOCTH, AJISI U3-
TOTOBJIEHUSI MPEIMETOB, TaK WM WHAYE COMPUKACAIOIINXCS C MUIIEBBIMHA MPOAYK-
TaMu, HaXOAAT MOJMMEPHBIE MOKPBITHS HA OCHOBE HEKOTOPBIX MAapOK MOJUITUICHA
BBICOKOT'O ¥ HU3KOT'O TaBJICHHUS, TIOKPBITHSI HA OCHOBE AMOKCUAHBIX CMOJ U Jp.

Hapsiny ¢ OMOXMMUYECKMMU CBOWCTBAMH JJISI CAHUTAPHO-TUTUEHUYECKOM
XapaKTEPUCTUKU MOKPHITUNA OOJIbIIIOE 3HAUEHUE UMEIOT UX (u3ndeckue cBorcTna. K

HHM B IICPBYIO OUCPCAb OTHOCATCA CTCIICHD IICPOXOBATOCTH ITIOKPOBHBIX IINICHOK, UX
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THOPUIBHOCTD WK JTHO(GOOHOCTh, a TAK)KE KOMITAKTHOCTD M 3JIACTUYHOCTD, MCKITIO-
YaloIlue OTASICHUE MEJIKUX YacTHUIl MaTepralia MOKPHITHS.

OuyeBUJIHO, HAMPUMEpP, YTO YUCTOTY MOKPBITHM B MpOlECCE HKCILTyaTalluu
W3JIeNIUM JIeTYe COXPAHUTh B Clydae MPUMEHEHUS TNIaJIKUX GakTyp ¢ MaKCUMaIbHOMN
muodOoOHOCTHIO, B TO BpeMsi, KaK C peiabe(HBIX MIEPOXOBATHIX MOKPHITUN TPYIHO
YAQISTH NMbUTh U PA3IUYHBIC 3arps3HEHUs. JTO, OJJHAKO, HE 03HAYAET, YTO MPUMEHE-
HHUE TIOKPBITUM C MakpopeabedoM JOIKHO OBITh MCKIIFOYEHO, HO, BHIOHMpast UX, He-
00X0IMMO THIATEIBHO YUYHUTHIBATH OCOOCHHOCTH PAa0OTHI M3JIENUN M HKCILTyaTallu-
OHHOM cpefbl. XPYyNKOCTh MOKPBITHS, OCOOCHHO MPU HEJOCTATOUHOM €ro Clerlie-
HHH C OCHOBOM, MOXKET OKa3aThCAd MPUUUHON MOMATaHUS YACTUIl MOKPOBHOW IIJICHKH
B MHUIINY U YETOBEUECKUU opranusM. [lo3ToMy HalEKHOCTH CUEIJICHUS, KOMIIAKT-
HOCTb, DJIACTUYHOCTh U OECIOPUCTOCTh, HAPSAAY C XUMUUYECKON HMHEPTHOCTHIO, SIB-
JIAIOTCS HEMPEMEHHBIM YCIIOBHEM IS TMOKPBITUM, UMEIOIIUX HEMOCPEICTBEHHBIN

KOHTAaKT C HI/IHICI\/'I M 4YCJIOBCYCCKHUM OPIraHHU3MOM.

2.5. DkcniyaTaliuOHHbIE XaPAKTEePUCTUKH

Cy11ecTBEHHBIMU 3KCILTyaTallMOHHBIMU XapaKTEPUCTUKAMU SIBIISIIOTCS ad2e-
3UOHHAS NPOYHOCMb, USHOCOCHOUKOCHb, JICAPOYCMOUYUBOCb.

HemnpeMeHHbIM ycliOBHEM JOOPOKAYECTBEHHOCTH 3alIUTHBIX, 3alUTHO-
JEKOPATUBHBIX U CIECHHUATBHBIX NOKPBITHH SIBIETCS HAIECKHOCTh UX CUCIUICHUS C
OCHOBOM, T.€. adze3uonHan npouynocms. CUila CUCIUICHUS, BOZHUKAIOIIAS HA TPAHU-
e MEXJYy MaTepuajoM U TOKPBITUEM IMPEXKIE BCEro ompeaensercs (Qpuanko-
XUMHAYECKOW MPUPOAON JaHHOM KOHKPETHOM mapsl. B mpuHmMDe, cuerieHue mno-
KPBITUSL U OCHOBBI 00YCIIOBIIMBAETCS MEKATOMHBIMU CUJIAMH, TIO3TOMY CTETIEHb YHC-
TOTBl W OJHOPOJHOCTH MOKPBIBAEMOM MOBEPXHOCTH MMEET PEIIAIOIIECEe 3HAUYCHUE.
[Tox ynMcTOTOM M OJHOPOAHOCTBIO IMOJPA3yMEBAETCS OTCYTCTBHE HA MOBEPXHOCTHU
Pa3IMYHBIX BKJIKOYECHUN U 3arpsA3HEHHI MUHEPAJIbHOTO WM OPraHHUYE€CKOrO MPOUC-
X0XKJIEHUSA, KOTOPhIE MOTYT MPENSATCTBOBATh BO3SHUKHOBEHUIO KOHTAaKTa MEXIY Ma-

TCPpHUAJIOM OCHOBBI M IIOKPBITHCM. Yem 0obIIe OTHOIICHUE UCTHHHOM IMOBCPXHOCTHU
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ATOTO KOHTAKTa K TEOMETPUUYECKOM, TeM HaJie:kHee cuerienue. [loatomy, korna ¢u-
3UKO-XUMHUYECKOE CPOJICTBO MEXIY MOKPHITUEM U OCHOBOM HEAOCTATOYHO, CIIEIIe-
HUE MOKHO TOBBICUTH 3a CUET CO3/IaHMS IIEPOXOBATOW MOBEpXHOCTU. OUEBUIHO,
YTO HAJEKHOCTh CIETIJICHUS MOKPBHITUS C OCHOBOM B 3HAYUTEIHLHON MEpe Ompeaes-
€TCsl MPAaBUWIHLHBIM BHIOOPOM CITIOCOOOB MOATOTOBKHM MOBEPXHOCTH U TIIATEIBHOCTHIO
ux BbInoyiHeHUs. [Ipornecc MOATrOTOBKU MOBEPXHOCTHU JETANIe Mepea HaHEeCEeHHEM
MOKPBITUN COCTOUT M3 MEXAaHWYECKOW M XMMHYECKOM W/WIM 3IEKTPOXUMUUYECKOU
00paboOTKH, MpUYEM TIepBas He BCera ABISETCS 0053aTEILHOM.

OnHako Ha aAre3UOHHYIO MPOYHOCTH BIUSET HE TOJIBKO MpeABapUTEIbHAs
MOATOTOBKA MOBEPXHOCTU OCHOBBI, HO M CTPYKTYPHBIE XapaKTEPUCTUKU KOHTAKTH-
pytoux MetamnoB. [lonydeHue npoyHOCUEIIIAEMBIX MOKPBITUM HanboJiee BEpOsIT-
HO, KOTJIa KPUCTaJUIMYECKasi CTPYKTypa MOKPHIBAEMOTO U OCaXKJAEMOI'0 METAaJIOB
UJICHTUYHA, a MapaMeTpbl PEIIETOK OTInYaroTcs He Oosiee ueM Ha 12%. B xauectBe
npuMepa MOKHO NPUBECTH OCAJKU MEIW Ha JIaTyHH, OJIOBAa HAa MEAM, Xpoma Ha
AIEKTPOOCAKICHHOM HHKEJE U T. M. B TO ke BpeMsl CylIeCTBYIOT CUCTEMBI, B KOTO-
PBIX KOHTAaKTUPYIOIIUE METAIbl UMEIOT Pa3HYyI0 CTPYKTYpPY, HO OCAQXKJCHHBIEC IO-
KPBITUSL XapaKTEPU3YIOTCSI BBICOKOUW aJre3MOHHON MPOYHOCTHIO, HAPUMEp, IIUHK Ha
ctanu. ClieoBaTeNbHO, CXOJCTBO CTPYKTYPhl OCHOBBI U TIOKPBITHSI HE SBISIETCSA
€MHCTBEHHBIM U OO0SA3aTEIbHBIM YCIOBHEM MOJYyYEHHUS MPOYHO CIEIJICHHBIX IMO-
KPBITHIA.

3HAYUTENBHO BaKHEE, OYEBUJIHO, CIOCOOHOCTh KOMIIOHEHTOB OCHOBHI U T1O-
KpbITUS K B3auMHoOM auddy3uu u odpazoBaHuto TBepAbIX pacTBopoB. Ha addextus-
HOCTh npoTekaHusi AU Py3nOHHBIX MPOILIECCOB CYIIECTBEHHO BIMSET XapaKkTep TOH-
KOU CTPYKTYPBI OCaJIKa U OCHOBBI, U, MPEKJE BCEro, KOHIEHTpAIUsl BaKaHCUH, IO-
CKOJIbKY COJIEp>KaHUE B KOHTAKTUPYIOIIUX MaTepuaiax H30bITOYHOW KOHIEHTpAIUU
BaKaHCHUM OOYyCJIOBIMBAET MOBbIIeHUE KO3 duirenToB quddysuun Ha 1-2 nopsaka
M0 CPABHEHUIO C TEPMOAMHAMUYECKU PABHOBECHBIM COCTOSIHHEM.

Yamie Bcero MpUMEHSIOT Kaue€CTBEHHBIE METOJbI ONpENETICHUs] MPOYHOCTH
CUEIJICHUS, OCHOBAaHHBIE HA PA3INYUN (PU3UKO-MEXAaHUYECKUX CBONCTB MOKPBHITHI U

OCHOBBI. bosbIieit 4acThi0 OHM OCHOBaHBI Ha CHJIBHOM Aedopmariiu oOpasia, mpo-
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HUCXOOSIIEH C pa3pylICHHUEM MOKPBITUA. JJIsi KOHTPOJIA NOMYCKAE€TCS NMPUMEHSThH
000pyIOBaHUE U MPUCTIOCOOTEHUSI PA3IMUHBIX TUIIOB — MOJMPOBAIBHBIE U Kpalle-
BaJIbHbIE€ KPYTH, IETKH, TUCKU, My(eJIbHbIC €YU U T.]I.

KonnuecTBeHHBIE METOABI ONPEAEIEHUS POYHOCTH CLETUIEHNUS OCHOBAHBI B
OoJbIIIEeH WIJIM MEHBIIIEH CTETEHU Ha ONPENIeICHUH CUJIbI, HEOOXOUMOMN I OTPhIBA
MOKPBITHSL OT €r0 OCHOBAHUS WIIX JJISI €r0 cpe3biBaHus. KonnmyecTBEHHbIE METOIbI
M3MEpPEHUS TI0 CPABHEHUIO C KAYECTBEHHBIMU UMEIOT MTPEUMYIIECTBA, TaK KaK Jar0T

a0COJTIFOTHBIE BEJINYHHBI.

2.6. TexHoJoru4ecKme CBOMCTBA

OaHUMHU 13 OCHOBHBIX TEXHOJOTHYECKHX CBOMCTB MOKPBITHH SBIISIIOTCS 00-
pabamuleaemMocms, Wepoxo8amocms u 01ecK, nasemocmes.

MexaHnueckyro o0pabOTKy NPUMEHSIOT AJiSi MOJYyYEHHs] YCTaHOBJICHHOM
TEXHUYECKUMHU YCIOBUAMHU HEOOXOIMMOU TOUHOCTU Pa3MepoB, (POPMBI U B3aUMHOTO
PaCIOIOKEHUST TOBEPXHOCTEM, CHUKEHUSI IIIEPOXOBATOCTH MJIM U3MEHEHHUS BHEIITHE-
ro BUja. BOJBIIMHCTBO 3aMTHBIX U (YHKIIMOHAIBHBIX MOKPHITUN HE MOABEPraroT
MOCJIe AJEKTPOOCAKIACHUSI MEXaHMYECKOM 00pabOTKe, MOCKOIbKY T€OMETPUUYECKHUE
mapaMeTpbl UX MOBEPXHOCTH YAOBJICTBOPSIOT YCIOBHUAM JKCIUTyaTanuu. Vckmroue-
HHSI COCTABIISIIOT MOKPBITHS, TPUMEHSIEMbIC JJIsI BOCCTAHOBJICHHS J€TaJ€ld MallvH,
MOBBIIIEHUSI U3HOCOCTOMKOCTH MEPUTEIBHOTO U PEXKYIIEr0 MHCTPYMEHTA, HEKOTO-
pble JeKopaTHBHBIE TOKpBITUSI. OOpadaThIBAEMOCTh TAIbBAHMYECKUX TMOKPBITUN
UMeeT crienuuIeckue 0COOEHHOCTH, O0YCIIOBIICHHBIE TEM, YTO CTPYKTypa M CBOM-
CTBa 3JICKTPOOCAXKICHHBIX METAUIOB M CIJIABOB OTJIMYAKOTCS OT aHAJOTMYHBIX Me-
TALTYPru4eCKuX MaTEpUaoB.

Hanpumep, u3BECTHO, YTO 3JIEKTPOOCAKICHHBIC KEJIE3HBIE IMOKPBITHUS Xa-
pakTepu3yroTcs 0oNbIIMMU pacTsaruBaromumMu BH, noBbllieHHON TBEPAOCTHIO, TUC-
MEPCHOCTHIO M Je(PEKTHOCTHIO KPUCTATIIINUECKON CTPYKTYPhI, BKIIFOUEHHEM B OCATI0K
MPUMECHBIX KOMIIOHEHTOB. DTH (paKTOPHI B 3HAUYUTEIHLHON CTEIICHH OMPEICSTSIOT Xa-

paKkTep CTPYKKOOOpa30BaHUS, IEPOXOBATOCTh 00PaOOTAHHON MOBEPXHOCTU, U3HOC
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pexylero MHCTpyMeHTa. Jljisi MexaHudeckoll oOpabOTKM >KEJIE3HBIX MOKPBITHI
HanOoJsiee 4acToO MPUMEHSAIOT TOYEHUE W NUIM(POBAHUE MPU CHEHUATBHO MOJI00paH-
HBIX PEXKHUMaxX — BBICOKUX CKOPOCTSAX pe3aHHUs, MUHUMAJIbHBIX MOJa4ax U MaJbIX
MPUITYCKaX, OMPEACICHHON 36pHUCTOCTH a0pa3uBHOTO MaTepuana v TBEPAOCTH al-
Pa3UBHOIO Kpyra.

JIJst 1eKOopaTUBHOTO MOJUPOBAHUS IPUMEHSIIOTCS] AJ1aCTUYHBIE KPYTH C UC-
MOJIb30BAHUEM MOJUPOBATIBHBIX MACT WU a0pa3UBHBIX 3€PEH, CMEIIAHHBIX CO CMa3-
Koii. B 30He monupoBaHus OJTHOBPEMEHHO MPOUCXOAT MPOIIECChl TOHKOTO pe3aHusl,
MJIACTUYECKOTO Ae(hOPMUPOBAHUS U XUMHUYECKOTO BO3/ICUCTBUSL aKTUBHBIX BEIIECTB,
BXOASNIIMX B cocTaB macT. KauecTBO u CBOMCTBA MOBEPXHOCTU 3aBUCAT OT TOTO, Ka-
KOM W3 yKa3aHHBIX TMpoleccoB mnpeoOnagaer. Tak, o00paboTka 3alIUTHO-
JIEKOPATUBHBIX MOKPBHITUM XpOMa Ha MOBBIIICHHBIX OKPYXHBIX CKOPOCTSAX MOJIUPO-
BAJIBHOTO Kpyra CONpOBOXAaeTcs cpe3anueMm 10 20% Ttomamussl cios. [ns ymeHb-
HIEHUS OTEPH MPU MOJIUPOBAHUY MOKPHITUM OJArOPOJIHBIX METAILJIOB U UX CIUIABOB
pPEKOMEHAyeTCsl BECTU Mpollecc cryneHuyaro. Hampumep, npu oOpabotke cepeOpsi-
HBIX MOKPBITUHN MpeIBapUTEIbHOE MOIUPOBAHUE MOKHO MPOBOAUTH OAMKOBBIM KpY-
rOM, CJErkKa CMOYEHHBIM KEPOCHHOM, KOT/a MPEBAIUPYET MPOLECC MIACTUYECKOTO
nedhopmupoBanus. [locie 3Toro, Ajist AOCTUNKEHUS 3€PKATIBHOTO 0JIECKa UCTIOJIb3YeT-
Ci JPYrol Kpyr ¢ HaHECEHHOW KPOKYCHOW WIIM KH3EJIbI'YpOBOW MACTOW. 30JIOTHIE
MOKPBITUS TIOTUPYIOTCA KpyraMu U3 Haubosee MATKHUX MAaTepHalIOB CO CIEIHAIBHO
MPUTOTOBJICHHBIMU MACTaMHU.

Illepoxoeamocmp SBISAETCS OAHON U3 OCHOBHBIX T€OMETPUUECKUX XapaKTe-
PUCTUK MOBEPXHOCTH M OKAa3bIBAET CYIIECTBEHHOE BIUSHUE HA BHEIIHUN BUJ TO-
KPBITHI, UX U3HOCOCTOUKOCTb, CTOMKOCTh IMPOTHUB KOPPO3UM U Ap. MHBIMH CI10BaMH,
KaueCTBO MOBEPXHOCTH OTPEJIETAETCS €€ NIEPOXOBATOCTHIO, 4 TAKKE BOJTHUCTOCTHIO.
MukporeomeTpudeckas IJoIlIaib MOBEPXHOCTH, 00paboTaHHAs Ha)XJayHOU Oyma-
roui, mpuMmepHo B 16 pa3, a monupoBanHas B 10-13 pa3 Gosblie 3TOM K€ IJIOIIaa1 B
OOBIYHOM T€OMETPUUECKOM U3MEPEHUMU.

[IIlepoxoBaTOCTh - 3TO COBOKYIMHOCTh HEPOBHOCTEHM C OTHOCUTEIBHO MAJIBIMU

maramMu, BBIACJICHHAA B IIPCACIax 0a3oBoit JJIUHBI. Y CTaHOBJIEHO ILICCTH mapamceT-
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POB 1IepoxoBaTocTU: Ry — BbICOTa HEPOBHOCTEW MO JAecsATU Toukam; R, — cpeanee
apupmMeTrueckoe OTKIOHEeHUEe npoduist; Ry, — HanbosbiIasi BEICOTa HEPOBHOCTEN
npoduisi; S, — CpeAHHl 1mar HepoBHOCTEN mpoduiist; S — cpenHHl 1mar MEeCTHBIX
BBICTYIIOB IPO(HIIS; t,- OTHOCUTENBHAS onopHas JunHa npoduis. IllepoxosarocTs
MOBEPXHOCTH OILICHUBAIOT U HOPMUPYIOT OJIHUM WIIM HECKOJBKHUMHU M3 ATUX Mapa-
METpPOB.

[IlepoxoBaTOCTh MOBEPXHOCTU KOHTPOJIUPYIOT JIMOO KaU€CTBEHHO - CpaBHE-
HUEM C 3TAJIOHHBIMU 00pa3liamMu, JTUOO KOJIMYECTBEHHO — OMPE/ICICHUEM 3HAUYCHUI
napaMeTpoB MIEPOXOBATOCTH C TMOMOIIBIO CHEIUAIbHBIX NpUOOpoB. MHCTpyMeH-
TaJlbHbIE METOJbl TOYHEE M OOBEKTHUBHEE M MOITOMY MOJYUYWIM HAMOOJbIIEE pac-
npoctpaneHue. CynieCTBYIOT pa3IM4HbIC TUIBI IIYMOBBIX TPOPUIOMETPOB U MPO-
¢dunorpados, B ToM yucie OpubOPOB C ANEKTPOMEXAaHUUYECKUMU MIPeoOpa3zoBaTes-
Mu. Konebanus uroapyaToro mrymna nocjie ONTUYeCKOro YBEIUUYCHUS HIIH AJIEKTPOH-
HOTO YCUJICHUS SABJISIOTCSI MEPOU 1IE€pOXOBATOCTH.

BonHUCTOCTh — COBOKYIHOCTh MEPUOAUYECKH TMOBTOPSIONIUXCS HEPOBHO-
CTeH Ha TMMOBEPXHOCTH, KOTOPhIE 00Pa3yIOTCs MPEKJIE BCETO B CBA3M C KOJICOAHUSIMU
WJIM OTHOCUTEIbHBIMU KOJIEOATEbHBIMU JBU)KEHUSIMUA B CUCTEME CTAHOK — UHCTPY-
MeHT — u3zenue.. K BOTHUCTOCTH OOBIYHO OTHOCSITCSI IEPUOJANYECKUE HEPOBHOCTH,
y KOTOPBIX OTHOIIIEHHE 111ara K BeicoTe OosbIe 40.

bneck noBepxHoCTH 00YCIIOBJIEH TEM, YTO MAJAIONIUA HA TTOBEPXHOCTh CBET
HE pacCcerBaAETCS PAaBHOMEPHO MO BCEM HANpPaBJIEHUSM, KaK B Cllydyae MaTOBBIX IO-
BEPXHOCTEH, a OTPa)KaeTCsl OT MOBEPXHOCTU MO 3aKOHY I€OMETPUUYECKOW OMTUKU
(yron oTpaxkeHus paBeH yriy mnajeHusi). Yem MeHbIlIe CBETa PACCEUBAET MOBEPX-
HOCTb U 4eM OOJIbIlI€ €T0 OTPaKeHHE, TeM OoJiee OIecCTAIEeH OHA SBIISIETCS.

XapakTepHslil 0JIeCK METAUTMYECKUX MOKPHITUN 00yCIOBIUBAIOT CBOOOIHbBIE
AIIEKTPOHBI ATOMOB MeTalIoB. CBET MOTJIOMIAETCS TOBEPXHOCTHIO METANIA, U €T0
ANIEKTPOHBI HAUUHAIOT UCITYCKATh CBOU, BTOPUYHBIE, BOJTHBI U31yUYEHHUSI, KOTOPbIE
BOCIIPUHUMAIOTCS 3PUTEIBHBIMU PELENTOPAMU Kak MeTajuinueckuit 6eck. Hanbo-
Jiee BBICOKOM OTparkaroliei criocOOHOCTRIO 001a1al0T TaKKE METAIIIbI, Kak cepedpo,

M€Jlb, PTYTh.
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3epKaabHO OTPAKEHHBIM CBET MPU U3MEPEHUU YIIaBIUBaeTCs JIMOO ONTUYe-
CKUM TIpubOpoM — GoToMeTpoM ((hoToMeTpruyecKuil MeTon), 100 (HOTOIIEKTpHUYe-
CKUM TIpubopoM — ¢oTodnieMeHToM (poTodnnekTpudueckuit meron). Usmepenue cre-
MeHH OJiecKa MOBEPXHOCTH OJIECKOMEPOM CBSI3aHO C TEM, UTO YETKOCTh OTOOpakeH-
HOTO B OJIECTsIled MOBEPXHOCTU 00pa3iia npeaMera (depHble 1udpel Ha Oenoi Oy-
Mare) TeM MEHbIIIE, YeM OOJIbIIE PACCTOSTHUE MEKTY HUMHU.

Hasemocms - 3TO CIOCOOHOCTH MaTepHaIOB 00PA30BBIBAThH MAsSHBIC COSIU-
HEHHUsI ¢ TpeOyeMOl MPOYHOCTHIO, ANEKTPONPOBOIHOCTHIO, TEPMETUYHOCTHIO. 3a py-
0€XOM MasieMOCTh ONPENEAI0T 00Jiee Y3KO — KaK CIIOCOOHOCTh MPUIOS K CMayuBa-
HUIO OCHOBHOI'O MaTepuasa BO BpeMs maiiku. B nobom ciydae cMmauyuBaHue siBISET-
Cs OCHOBHBIM NpPHU3HAKOM. B mocnemnee Bpemsi MJisl MOKPBITUM AETajleld MO MalKy
BMECTO JIOPOTUX U JIEPUIUTHBIX METAIJIOB UCIOIB3YIOT ANEKTPOJIUTUYECKHUE CILIa-
BBl OJIOBA C JIPYTMMU 3JIEeMEHTaMU (CBUHEI], BACMYT, IMHK, KaJIMHUIl, ME/ib, HUKEb).
[lockonbKy CBOMCTBA 3JEKTPOIUTUYECKUX CIUIABOB OJIOBA M3MEHSIIOTCS CO BpeMe-
HEM, OJIHOW M3 BaXXHEHIIMX ()YHKIIMOHAIBHBIX XapaKTEPUCTUK TAKUX MOKPHITUN SB-
JISIETCSI CPOK COXPaHEHUS MasieMOCTH.

[ToTepst cmocOOHOCTHU K MailiKe MPU CTAPEHUU OJOBSHHBIX MOKPBHITUMA MTPOUC-
XOJIUT BCJEACTBUE OBICTPOTO OKHUCJIEHUS MOBEPXHOCTH. JIermpoBaHHE OJIOBSIHHBIX
MOKPBITUH MO3BOJISIET CHU3UTh CKOPOCTh OKUCIIEHUS U CYIIECTBEHHO YIy4llaTh Maii-
Ky MOcJe JUIUTEIbHOTO XpaHeHus. HanpuMep, y MOKpHITUN 0JI0BOM, TEPSIOMIUX Masi-
€MOCTb 4epe3 5-7 HEH, MOBEPXHOCTHOE COJIEpKaHUE KHUCI0POaa YBEJIMYMBACTCS 3a
6 MecsueB B 3 pasa, a MOKPBITHM, JETUPOBAHHBIX BUCMYTOM — B 1,5-2 paza. [Ipuuem
MOCJIEAHUE TIPU TOJIIUHE 9-12 MKM COXpaHSIOT CHOCOOHOCTSD K maiike 6-12 mecsiies.
DTO JaeT OCHOBAaHUE CUUTATh, YTO ATOMBI JETHPYIOIIETO KOMIOHEHTA HA TOBEPXHO-
CTHU MOKPBITUH 3aTPYAHSIIOT 00pa30BaHUE OKCUIHBIX TJICHOK.

Kpowme Toro, motepsi cnocOOHOCTH K Taiike WHOT/a CBs3aHa C 00pa3oBaHUEM
MHTEPMETAIUTMYECKUX COCAUHEHUN B pe3yJibTaTe B3auMHOW Au(p(y3un KOMIOHEH-
TOB MOKPBITHS U OCHOBBI. B 3TOM cilyyae Ha CpOK COXpaHEHHUS MaseMOCTH BIIHSIET
CKOPOCTh POCTa MHTEPMETAJUINIOB, KOTOpasi, B CBOIO OY€pPe/ib, 3aBUCUT OT XapaKTe-

pa CTPYKTypbl MoiydaeMbIX cioeB. Hampumep, mpu QopMHpoBaHHMU B OCaaKax
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CIJIaBa OJIOBO — BUCMYT SPKO BBIPAXKEHHOUW TEKCTYpbI, XapaKTEPHOU ISl OILIABJICH-
HBIX MOKPBITHM, CYIIECTBEHHO 3aTPYIHAETCS POCT UHTEPMETAIUIUAOB B MOKPBITUIX
Y COOTBETCTBEHHO YBEJIIMUMBAETCS CPOK COXPAHEHUS Mas€MOCTH.

CrocoOHOCTh MOKPBITUH K Mailke U3MEHSIETCSl B 3aBUCMMOCTH OT YCJIOBHUI
UX HAHECEHHUs, XUMHYECKOrO0 COCTaBa U  KPUCTANIMYECKOW  CTPYKTYpHI.
DIIEKTPONIMTUYECKNE OCAJIKU CIUIaBa OJIOBO — LIUHK ¢ conepkanueM 20% nuHka co-
XPaHSIOT CIOCOOHOCTh K maiike B TeueHue 10 mecsiieB, B TO BpeMs, KaK MOKPBITHS
TAKOI'0 K€ COCTaBa, HAHECEHHBIE METOJOM ropsiuero ayxenus, 10-15 cytok. YBenu-
YEeHUE BPEMEHU COXPaHEHHS CIOCOOHOCTH K TMalKe OOBSICHAECTCS OCOOCHHOCTSIMU
CTPYKTYpbI raqbBaHOMOKPHITHI. CTPYKTypa CIUIABOB, MOJIYYEHHBIX METALTypruye-
CKHM CHIOCOOOM, OUYE€Hb HEOJIHOPOJIHA U XapaKTePU3yeTCsl HAJTUYUEM KPYIHBIX JICH-
JIPUTHBIX 3€pPEH IIMHKA, MPOHU3BIBAIOIINX BCE MOKPHITUE MO ToJuHe. ["anpBaHomno-
KpbiTUs, conepxaniue 20% IuHKa, MPEJCTaBISIIOT COO0M MEXaHMYECKYI0 CMECh
KPHUCTAJUIOB OJIOBA U LIMHKA, HO UX Pa3MEpPhl BO MHOT'O pa3 MEHBIIIE, YEM B CIUIABE,
MOJIYYEHHOM KpUCTAIIU3AIMeNd U3 KUJAKOTO COCTOsIHUSA. B raabBaHOMOKPBITHIX
MEJIKOJIUCTIEPCHbIC BKJIIOUEHUS IIUHKA (MEeHee | MKM) mpeuMyIlecTBEHHO pacrioa-
raloTcsl Ha CThIKax 0oJjiee KPYyHmHBIX KpUCTAILIOB 0JioBa (0koi0 10 MKM), oTaensst ux
Ipyr OT JIpyra, MpU 3TOM LIMHKOBBIE BKJIIOUEHHUSI, KaK MPaBUJIIO, HE UMEIOT HEMOo-
CPEICTBEHHOI'0 KOHTaKTa Mexay coooi. Ilocnenuss 0cOOEHHOCTh CIYKUT TJIaBHOU
MPUYUHON JITUTEIBHOIO COXPAHEHUS! CIIOCOOHOCTU K MalKe y 3JIEKTPOJUTUUYECKUX
OCaJKOB.

[uHk kak O6oJiee PIEKTPOOTPULIATENIbHBIA KOMIIOHEHT OKUCIISETCS Ha BO3TY-
X€ B IMEPBYIO0 OUEpenb, MPEAOTBpAIlasi OKUCICHUE 0JIoBAa. B crutaBax, moJiydeHHBIX
METAJUTYPTrUYECKUM CIIOCOOOM, MPOLECC OKUCIEHUS CIUIOLIHBIX JACHAPUTOB IIMHKA
MPOUCXOJIUT CPABHUTEIBHO OBbICTpO. M3-3a OKpyXKeHHUs 3epeH 0JI0Ba MOPOIIKO00-
Pa3HBIMM IPOJIYKTAMHU KOPPO3UHU IIUHKA y CIJIaBa UCUE3aeT CIIOCOOHOCTH K mnaiike. B
raJibBaHOMOKPBITUSAX MEIKOUCIIEPCHBIC BKIIOUECHHS IMHKA Pa3eieHbl MPOociIonKa-
MU OJIOBA, KOTOPBIE 3aTPYAHSIOT OKUcCIeHue uHKa. [lo Mepe cTapenus cmiiaBa 3a-

HIIUTHBIC (bYHKI_[I/II/I BBIIIOJHAIOTCA BKIIOYCHUAMHU LIMHKA, PACIIOJIO0XKCHHBIMU B Oonee
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FJ'IY6OI(I/IX CJI0AX IIOKPBITHA. Hpouecc OKHCJICHUA SJCKTPOIUTHYCCKOro CIiliaBa 3a-

MEJJISIETCSI, BPEMS COXPAHEHUSI CIIOCOOHOCTH MOKPBITHS K MaiiKe YBEIUYNBAECTC.

2.7. [lekopaTuBHbIE CBOWICTBA MOKPBITHI

Hughopmamuenocms BHEUIHETO BUJA TMOKPBITUM — ATO BOCIPOU3BEICHUE
€CTECTBEHHBIX IIBETOBBIX M (DAKTYPHBIX KOMIO3UIIMKM (CTPOCHUE M OKpacKa >KUBOT-
HBIX U PACTeHH, Y30pbl MUHEPAJIOB, HEIOBTOPUMBIA PUCYHOK MOpPO3a Ha CTEKJIE U
T.I.), a TAKXXKE€ a0CTPaKTHBIX JEKOPATUBHBIX 3P(EKTOB, HE BHI3BIBAIOIIUX HEMOCPE/I-
CTBEHHBIX aCCOIMAIIM C IIBETOM U (PaKTypoil €CTECTBEHHBIX MAaTEpPUAJIOB.

Ilgem — >TO CBOMCTBO MOBEPXHOCTEUN BBI3BIBATH OINPEICICHHOE 3PUTEIBHOE
OIIIYIIEHUE B COOTBETCTBUM CO CHEKTPAJIbHBIM COCTABOM UM MHTEHCUBHOCTHIO OTpa-
KAEMOT'0 WJIM HUCITYCKaeMOro UMU BUJMMOIO U3JIy4YeHus. B BUIMMON 4acTu coiaHed-
HOTO CIIEKTpa, CyMMapHO BOCHPHUHUMAEMOU Kak O€NbIii CBET, MPUHSITO pa3iNyaTh
CEeMb TUIMHUYHBIX U3JYYEHUHN, KAXKI0€ U3 KOTOPHIX XAPAKTEPU3YETCS ONMpeIeTCHHBIM

IIBETOM W UHTEPBAJIOM JIJIMH BOJIH B HaHOMeTpax (1 HM = 107 M):

Cnexmpanvuwiii yeem Hnumepesan onun 601, Hm

DUONETOBBIN 380-450
Cununii 450-480
[NonyGoit 480-510
3eneHbIn 510-550
Kenrsrii 550-585
OpanxeBbIi 585-620
Kpacusbrit 620-770

Kaxx1omMy BETHOMY M3JIy4YEHHUIO B CIIEKTPE COOTBETCTBYET APYIroe LBETHOE
U3ITy4eHHE, KOTOPOE MPU CMEIIEHUHU B ONPEAECICHHOM COOTHOIIEHHH C MEPBBIM 00-
pa3yeT HEOKpAIIEHHOE B CHEKTpalbHbIE LIBETA U3IydeHUE. Takue mapbl CEKTpasib-
HBIX U3Jy4EHHI HA3bIBAIOTCS JOTOJHUTENbHBIMH UM B3aUMOIOTOJHUTEIbHBIMH.

Bce cymecTBytomye B IpUpoj€ LBETA AEIATCA Ha XPOMAaTUYECKUE U axpo-

Mmatuueckue. K XpOMATHYCCKUM OTHOCATCA LBCTA BI/II[HMOP’I 4aCTHu CIICKTpa. AXpO—
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MaTHYECKUMH SIBJISIIOTCST O€IbIN, YEPHBIM U BCe HEUTpaJIbHBIE CEphbIe, KOTOpHIE 00pa-
3YIOTCSl B PE3YyJIbTaTe CMEIICHUS IBYX TEPBBIX.

[TockonbKy IIBET OTpa)kaeT B CO3HAHUM CyOBhEKTa OOBEKTUBHBIE CBOMCTBA
MOCTYMAIOIIEH B IJ1a3 JIy4YUCTON SHEPrUH, CYIIECTBYIOT JIBA KPUTEPHUS OIICHKH I[BETA
— ¢usndeckuili U ncuxosiornueckuii. Mu3nYeckas OLEHKA IIBETAa OCYIIECTBIISIETCS
MyTEM KOJIMYECTBEHHOI'0 U3MEPEHHUS €r0 IPKOCTU, YUCTOTHI U TOMUHUPYIOIIEH JTH-
HbI BOJIHBI, T.€. U3MEPUB 3TH XapPAKTEPUCTUKH, MOKHO CTPOTO M OJJHO3HAYHO OIpe-
JIEUTH TaHHBIN 1IBET.

Apkocmb XapaKTEepU3yeTCs CUIION CBETa, U3Ty4aeMOT0 C €UHUIIbI TOBEPX-
HOCTU. Yucmoma 1BeTa ONpeAesieTCsl KaK OTHOILIECHUE BEJIMYHUHBI SIPKOCTH MOHO-
XpOMaTHYECKOTO U3IYyUCHHS] K CYMMapHOH SIPKOCTH MOHOXPOMATHYECKOTO U 0€I0ro
U3JIy4eHUN, HEOOXOAUMBIX /I BOCIIPOU3BECHUS JaHHOTO 1BeTa. [Ipu 3TOM yucro-
Ta CIEKTPaJIbHBIX I[BETOB MPUHSATA 3a €AUHHUILLY. /lomMunupyrowas OIuUHA 80JIHbL BbI-
paxaeTcs B HAHOMETPAX U OMpeJIesieT OTTEHOK 1BETa, OJM3KUM K CIIEKTPAIbHOMY C
JAHHOW BOJIHOBOW XapaKTEPUCTUKOM.

K ncuxonornyeckuM XapakTEpUCTHUKAM OTHOCST CBETJIOTY, HACBHIIIEHHOCTh
1 1BeToBOM (hoH. COBOKYMHOCTh HACHIIIEHHOCTH U IIBETOBOro (poHa 0003HAYAETCS
TEPMUHOM YBEMHOCHb, & HACBIIIEHHOCTH U CBETJIOTHI — TEPMUHOM UHIMEHCUBHOCHIb.

OproHoMudeckuid (akTop BKIIOYAET B CE0sl MCUXOJIOTUUECKOE U (PU3HOIIO-
rudyeckoe Bo3jeicTBUE 1BeTa. [lepBoe U3 HUX MpEke BCEro CBSA3aHO C MOHSATHUEM
TEIUIbIX ¥ XOJIOJHBIX 1IBETOB. OHO BO3HHUKAET B PE3yJIbTaTe MCUXOJIOTUUYECKUX aCCO-
[UAlKKN C pa3IMYHBIMUA BEIIECTBAMU U SIBICHUSIMU MPUPOJIBI.

[[BeTa KpacHO-KENTOM YACTH CIIEKTpa HA3bIBAKOTCS TEIUIbIMU. OHU CBA3BI-
BAIOTCS C MPEJICTABICHUSIMH YEJIOBEKA O I[BETE PACKaJICHHBIX TeJl, OTHS, KPOBU U T.II.
[TomuMoO olynieHus Temiaa OHU OKa3bIBAIOT Ha YEJIOBEKa BO30yXkaroliee JeHCTBUE,
MOBBIIAIOT MBIIIEYHYIO aKTUBHOCTh. OJTHAKO JIUTEIBHOE BOCTIPUSITHE SIPKUX, C BbI-
COKOM HACBIIIEHHOCThIO IIBETOB KPACHO-KEITOM YaCTU CIEKTpa OTPHUILIATEIIBHO
BIIMSET HA OPTaHU3M, CMEHSI BO30YKIEHUE YTOMIIEHHEM (3TO (PU3UOJIOTHYECKAs CO-

CTaBJISIOIIAS ).
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K xo05101HBIM 1IBETaM OTHOCSTCSI CHHE-TOJyObI€ U TOJyOOBATO-3€JI€HbIE, Ha-
MMOMMHAIOIIUE O LIBETE€ BOJbI, BO3yXa, MeTaIa, JbJa. OHU BBI3BIBAIOT ONIYIICHUE
CBEKECTH U YUCTOTHI, YACTUYHO KOMIICHCUPYS YTOMJIEHHUE, BOSHUKAIOIIEE IPU TEM-
nepaType BO3/yXa, MPEBBINIAIONIEH OObIYHBIE HOPMBI. B OKpy)XeHUU 3THX TOHOB
JIer4Ye MEePEeHOCUTCS OTCYTCTBHE IHEBHOTO CBETA WJIM 3allbUIEHHOCTH Bo3ayxa. Kpome
TOT0, XOJIOJIHBIE IBETA CHUIKAIOT HAMPSIKEHUE 3PEHHS B MPOLIECCE HOUHOU padOThI
WJIU YTCHHUSL.

Bce mokpoBHbBIE TUIEHKHA TO TPUPOJE U OCOOCHHOCTSIM MX OKPACKHA MOXKHO
MPEACTAaBUTh B BUJIE JBYX TPYIIIL.

K nepeoii oTHOCSATCS TOKPBITHS, IIBET KOTOPBIX OOYCIOBJIEH COOCTBEHHOMU
OKpacKoW MJIEHKOOOpa3yIolleil OCHOBBI UM TEXHOJOTHEH ee HaHeceHus. OHU Xa-
PaKTEpU3yIOTCSI XOPOIIEH BOCHPOU3BOJUMOCTBIO UX IIBETOBBIX NTApaMETPOB U BBICO-
KOU, HE U3MEHSIIOIIEHUCS BO BPEMEHHU, CBETOCTOMKOCTHIO.

TunuYHBIMU OpEICTaBUTEISIMU ITOUM TPYIIbI SBISIOTCSA BCE METAJUIMUECKUE
1 OOJIBIIMHCTBO OKCUAHBIX IJIEHOK. HelTpanbHble Oenechie U CBETIIO-CEphIe I[BETa
HMMEIOT MOKPBITUS U3 0JI0Ba, KaJMus, cepedpa U IUIaTUHbL. Terible cepoBaThie 1BETa
C JKEJITOBATBhIM WJIU PO30BBIM OTTEHKOM COOTBETCTBEHHO XapaKTEPHBI JIJIsl MOKPBITUN
HUKEJEM U €ro CILIABOM C OJIOBOM. XOJIOJIHBIE C TOJIyOOBAThIM OTIMBOM, CEPOBATO-
Oesiechie LIBETA AIOT MOKPBITHUS [IUHKOM, XpPOMOM, CYpbMOM. ['aMMy pO30BBIX U 30-
JOTUCTHIX I[BETOB 00Pa3yl0T METAIUIONOKPHITUS HA OCHOBE MU U 30y10Ta. YepHble
[[BETA C PAa3IMYHBIMH OTTEHKAMH MOTYT OBITh MOJYYEHBI TP XUMUYECKOM U DJIEK-
TPOXUMHUYECKOM OKCHUJIUPOBAHUM CTAJIU, MEJU, IIMHKA, CIJIABOB, a TaKXKe IPU HUKE-
JUPOBAHUU U XPOMHUPOBAHUU B HEKOTOPBIX AJIEKTPOJUTAX CI0KHOTO COCTABA.

Bmopas epynna o0beuHsSIET MOKPOBHBIEC IJICHKU, 0Opa30BaHHbIE HA OCHOBE
MpO3pavyHbIX U OECIBETHBIX MJIEHKOOOpa3oBaTeieil, UX OKpacka MOXET ObITh MOJIY-
YeHAa 3a CYET BBEACHUS KPaCAIIUX BEIIECTB MUHEPAIHLHOTO U OPraHUYECKOro Mpouc-
XOXKJIEHUSI. ITO CTEKJIOAMAJIEBbIC U MOJTUMEPHBIE MOKPBITHS, a TAKKE OKCUIHBIC Ha
aJTIOMUHUU U €ro cIjiaBaxX. Bce kpacsiiue BeniecTsa, BBOJAUMbBIE B IIIEHKOOOpa3yo-
IIyI0 OCHOBY, NIENATCS HAa MUTMEHTHI U Kpacurtenu. Kpacsiue BemiecTBa, pacTBO-

pAOIHCCA B HJ'ICHKOO6pa30BaTeJ'Ie, Ha3bIBAIOT Kpacumeimu, a HCPACTBOPAIOIMINCCA
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— nuemenmamu. OKpalleHHble TUTMEHTAMH TUIEHKOOOpAa3yroIie MaTepHualbl Ipe-
CTaBJIAIOT COOOM CYyCHEH3UU MENbYalIINX IBETHBIX YACTHUIl B IJIEHKOOOpa3oBaTee.
[TnenkooOpa3zyrolirie MaTepralibl, OKpalleHHbIE KPACUTEISIMU, SIBIISIIOTCS B OTJIMYKE
OT MUTMEHTHBIX CYCIIEH3UN PACTBOPAMH.

Ecnau mokaszarens ONTUYECKOTO MPEIOMIICHUS MUTMEHTa, HAXOJMSIIEeToCs B
IJIEHKE, PaBEH MOKAa3aTelo MPEJIOMIICHHS TIJIEHKOOOpa30BaTelisi, TO MUTMEHT KaXeT-
Cs B IUICHKE MPO3payHbIM. TaKue MUIMEHTHI HA3bIBAIOTCA J1€CCUpPYIOWUMU, B OTIIU-
Yue OT KPOIOIIUX, MOKa3aTelb MPEJIOMIICHHUS] KOTOPBIX OOJIbIIe, YeM CBSI3bIBAIOIETO
UX TIeHKooOpa3oBares. DPHEKT JecCUpOBaHUS MOKET ObITh UCIOJIB30BaH B JIEKO-
PATUBHBIX LEJSAX MPU JKEJIIAHUU COXPAHUTH (PAKTYpPy OCHOBBI.

@axkmypa (ot nat. factura) — xapakTep MOBEPXHOCTH, SIBISETCA HAPANY C
[IBETOM BA)KHOW XapaKTEPUCTUKOMN €€ JEKOPATUBHBIX CBOMCTB. DakTypa marepua-
JIOB U TIOKPBITUN MOXKET OBITh OJECTAIECH WM MATOBOM, INIAJKON WU IIEPOXOBa-
TOW, MOHOTOHHOW WJIM TEKCTYPHUPOBAHHOM, T.€. OTPaKaeT MaTepUalIbHbIC, OCs3a-
TEJIbHBbIE CBOWCTBA MOBEPXHOCTH.

[Tpuyem screTndeckoe Bocnpusitue GakTypbl, CTENEHb €€ BHIPA3UTEIHLHOCTH
HAaXOAUTCS B TECHOM CBS3U C LBETOBBIM TOHOM NMOBEPXHOCTH U CTENEHBIO €r0 Ha-
chlllieHHOCTH. Hampumep, npu oIMHAKOBBIX (DOTOMETPUUYECKUX AAHHBIX O OJiecke
YyepHasi ’Majib BOCIIPUHUMAETCS Kak OoJiee TIISHIEBasl, 4yeM Oenasl.

B coBpeMeHHOM NMPOMBINIUIEHHOM Ju3aiiHe (pakTypa MOBEPXHOCTH U3AEIIUM
onpenensercs: cnocoooM ee oO0pabOTKU U SIBISETCS OJHUM U3 CPENICTB XYA0XKECT-
BEHHOU BbIpa3uTeabHOCTU. CyIIECTBYIOT TpU MOKa3aTels €e onpeaesieHus: — OJeck,
CTENEHb IIEPOXOBATOCTU M PUCYHOK, KOTOPBIM MOXKET OBITh MOJYy4eH MEXaHH4e-
CKHM, XUMHUYECKUM U AIEKTPOXUMUYECKUM criocobamu. [Ipu MexaHndyeckoM croco-
0e 00pabOTKM MOKHO MOJYYUTh Pa3Iu4YHbIE BapHaHThl PUCYHKA, MOIb3YACH JIUIIb
OJIHUM HMHCTPYMEHTOM W MEHSSI XapakTep €ro ABUIKEHUS MO MOBEPXHOCTU, CUITY
naBieHus U T.1. boliee mupokre BO3MOXHOCTA Y XMMUYECKOTO U AJIEKTPOXUMUYE-
CKOI'0 METOJIOB TPAaBJICHUSI, TOCPEICTBOM KOTOPHIX MOKHO MOJYUYUTh PUCYHKU Pa3-

JUYHON KOH(UTYpalluu U TOJIIHHBI.
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Hpyrue nBa napamerpa (GakTypbl HOBEPXHOCTH — OJIECK U IIEPOXOBATOCTD,
KaK MpaBUiO0, B3auMo3aBUCUMBI. Co3/71aBasi ONpeEICHHbBIE YCIOBUS, MOXXHO MOJY-
YUTh OYEHb TJIAJIKYI0, HO, BMECTE C T€M, TJIyOOKO MAaTOBYIO MOBEPXHOCTb U HA00O0-
pOT, IEPOXOBaTyI0, 00JIaIal0NyI0 CPaBHUTEILHO BBICOKOU cTeneHnto Onecka. [Ipu-
MepaMH MOTYT CIIY>KUTh MOJIOYHBIM XpOM Ha MOJIUPOBAHHON MOBEPXHOCTH CTAIH U
OJIeCTSIINI HUKEIb, OCAXK/ICHHBIA Ha ONECKOCTPYECHHBIA METAJLL.

3a4acTyro CTOUT 3ajaya MOJy4YeHUs He ONEeCTAIIUX, a MATOBBIX MOBEPXHO-
ctei. OIHUM U3 CIOCOOOB PETYIUPYEMOTro MOHUKEHUS 0JIeCKa MOBEPXHOCTU MOKET
OBITH €€ MeXaHu4yeckasi 00padoTKa pa3IMUYHBIMU a0pa3UBHBIMU MaTepuasaMu. AHa-
JIOTUYHOTO Pe3yJibTaTa MOXKHO JOOUTHCS, MATUPYs MOBEPXHOCTh XMUMHUYECKUM WU
AIEKTPOXUMHUYECKUM criocobamu. OOBIYHO MOI00HBIM 00pa3zoM 00padaThIBaIOT Ma-
Tepualbl, HE UMEIOIINE TaAIbBAHUYECKUX MOKPHITHI. OIHAKO ¢ TOHMKEHUEM OJiecka
YBEJIMYUBAETCS IIEPOXOBATOCTh MOBEPXHOCTU U MOJAJEpKAaHHE CTAOMIBHOTO Kaue-
CTBa Ipu 00pabOTKEe OOMBIITNX CEPUU U3ICIIHI SBISETCS BeChMa MPOOIEMaTHIHBIM.

Metoapl TOJTy4eHHsT MAaTUPOBAHHBIX MOBEPXHOCTEH MyTEM HAHECEHUS CIie-
[AAJIbHBIX TAJIbBAHUUECKUX MOKPHITUN Pa3BUBAIOTCS B HECKOJbKUX HAIPABIICHUSIX.
OnHO U3 HUX — MOJIYYEHHUE MOKPHITUNA TUIA «HUKEIb-CATUHY, SBIISIOIUXCS pa3HO-
BUJIHOCTBbIO KOMIIO3UIIMOHHBIX MOKPHITUNA. PazMep dyacTul, HaXoJAIIUXCA B BUJEC
CYCHEH3UIl B 3JIEKTPOJUTE MOJYOJIECTIIIEr0 HUKEIUPOBAHUS, MOKET KOJIeOAaThCs B
npenenax 0,02-0,4 mxm. [Iponecc 351eKTpoOCakIeHUSI TPOXOINUT MPU AKTUBHOM Me-
XaHUYECKOM HJIM BO3yIIIHOM ME€PEMENIMBAHUU AJIEKTPOIUTA JJI TOAJIep>KaHusl yac-
THUIl BO B3BEIIEHHOM COCTOSHUHU. CTaOMIBHOCTh COCTaBa MOJOOHBIX MOKPHITUH 3a-
BHUCHUT OT YCTOMYMBOCTU COCTaBa JUCHEPCHOU (pa3bl, KOTOpasi, B CBOIO O4epe.ib, 3a-
BUCHUT HE TOJIbKO OT MHTEHCUBHOCTU U PABHOMEPHOCTH NEPEMENIUBAHUS, HO U OT
HaJUYUsl B SJIEKTPOIUTE TOCTOPOHHUX MEXAHUYECKUX MTPUMECEH.

Jlpyroe HampaBiieHUE — MOJIyYEHUE TaK HA3bIBAEMBIX «BEITIOPOBBIX» MOKPHI-
Tuid. B oTim4me ot npuMeHeHus: TBepIoM reTeporeHHou ¢asbl, s GOpMUPOBaAHUS
MOKPBHITUN C TIOHWKEHHBIM KO3(POUIIMEHTOM OTPAKEHUS MPEIAraeTcs IEKTPOIHT,
coAepKaluii CTaOMIM3NPOBAHHYIO SMYJIbCHIO. B KauecTBe 100aBOK, 00pa3yomux B

QJICKTPOIUTC TOHKOAJUCIICPCHBIC S5MYJIbCHH, HCIIOJIB3YIOTCA BBICOKOMOJICKYJIAPHEBIC
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COCIMHEHUS — MOJUATUIICHIIOTUITPOTMICHOKCU I, TOJUATUIICHIIOTUMETUIICUIIOKCa-
HBI, CUJIOKCAaHTOJIUA(PUPHI U T.JI. IMYIBCUU «COBEPIIAIOT» B AJAEKTPOIUTE OPOYHOB-
CKOE€ JBIKEHHE, «IOAXOAAT» K KaToay, OJOKUPYIOT €ro OTACJIbHBIE YYaCTKH, TEM
CaMbIM IPEMNSTCTBYS OCaXACHUIO HUKeNs. [lociie oTpbiBa Kamenek SMYJIbCUM Ha Ka-
TOAE OCTAIOTCA MUKPOYTIyONeHHUs, TUaMeTp U TIyOWHA KOTOPBIX COOTBETCTBYET
pa3mepy Kanenb. B ocaxaaeMbIx HOKpBHITUSIX TU(PPY3MOHHOE paccestHue CBETOBOTO
MOTOKA JOCTUTAETCs HE 3a CUeT 00pa30BaHUS MUKPOBBICTYIOB, KaK B MOKPBITHSIX
«HHUKETb-CATUHY, a 32 CYET MUKPOYTIYyOJICHUH.

BenunurHa 11epoxoBaTOCTH MOBEPXHOCTU OCAJKA MOKET MEHSTHCSA HE TOJb-
KO OT IPHUPOJbI AUCTEPCHOUN (a3bl, HO U OT €€ KOHIeHTpauuu. [Ipu 3ToM YacTUIlsI
AMYJILCUH MOTYT BO3pacTaTh 0 TAaKUX Pa3MEPOB, MPHU KOTOPBIX PE3KO YXYIIAETCS
KaueCTBO MOKPBITUS — OHO CTAHOBUTCSI MOPUCTHIM U IIEpPOXOBaThIM. {7151 mojaepxa-
HUS AMYJIbCUNA B CTAOMJIBHOM COCTOSIHUM B DJIEKTPOJUT AOOABISIIOT AMYIbraTop —
BEIIIECTBO, CIIOCOOHOE COKPATHTh PE3KUU IMEepPeXoj] OT OJHON HECMEIIMBAIOIICHCS
KUJKOCTU K Apyroi. B oTnuuue OT 3JIEKTPOJIIUTOB THUMA «CATHH-HUKEIbY, JIEKTPO-
JUTHI C SMYJIBCUOHHBIMU YaCTUIIAMU MOKHO (DUIIBTPOBATH, TAK KaK SMYJIbCUU 00JIa-
JAI0T CBOMCTBOM IPU OXJIAXKIACHUU MEPEXOJUTH B UCTUHHBIE PACTBOPHI.

[TokpeITHS THIIA «GKEMYYT» - OHA U3 PA3HOBUIHOCTENH MATOBBIX MOKPBITH,
oTivyaromasics Hu3kou mepoxoBatocThio (R,=0,01-0,3 Mkm) u kosddunuentom
oTpaxxeHus ceta otT 77 10 3%. VX cyTb COCTOMT B TOM, YTO Ha NPEABAPUTEIIHLHO
MOATOTOBJIECHHYIO MOBEPXHOCTh OCaxkaaercss (akTypooOpa3yrouui cliol Meaud u3
CyJb(AaTHOTO BJEKTPOIUTA CO CHEUUATbHBIMU JT00aBKaMu. B cocTaB MOKpbITU Ta-
KOr0 THUIIA, C PEryJupyeMbiM KO3((HUIIMEHTOM CBETOBOTO IMOTOKA, BKIHOYAIOTCS
MUKpOC(Ephl Pa3IMUHOIO AHAMETPa, 3aMEHSIONINE MO0 CBOEMY HA3HAYCHUIO TBEP-
Y0 WU KUJKYI0 (a3bl B MPOIECCAX «CATUH-HUKEIb» U «BEIIOP-HUKEIb». MeHss
BEPXHUU CJIOM MOKPBIBAIOIIETO METajla, MOXHO MOJYYUTh <GKEMUY>KHBIE» MOKPHI-
THSI IIUPOKON LBETOBOM raMMbl (XpoM OJIeCTSIIHI —TOayO0 <«KeM4yr», HUKEIh
MOTYOJIECTAIUNA — KEATHIM «GKEeMUYT», XpOM U3 DJIEKTPOJUTOB TPEXBAJIECHTHBIX CO-

Jel — Cephlil «KeMUYyr» U T.1.).
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Takum 00pa3oM, MOXKHO XapaKTepu3oBaTh (HAKTypy KaK CBOMCTBO MOBEPX-
HOCTH, ONPEAENIIEMOE COBOKYIMHOCTbIO MUKPO- U MaKpopenbe(oB OCHOBBI WM TO-
KPOBHOM IIJICHKU JaHHOU I[IBETHOCTH.

MakpopenbeoM MPUHITO HA3bIBATh IIEPOXOBATOCTh, OOPAa30BAHHYIO pPaB-
HOMEPHO pacIpee]ICHHBIMU Ha TTOBEPXHOCTH BBICTYNIAMHU W BHaJAMHAMU, KOTOPBIE
JIETKO OUIYIIAIOTCS OPTraHOJENTUYECKH U MOTYT ObIThb KOJUYECTBEHHO OIMMUCAHBI
npoduiorpaMmmoi. B otnuuue oT makpopenbeda, CpaBHUTENBHO MPOCTO TOJJIA0-
HIErocsi KOJIMYECTBEHHOW T€OMETPUYECKOU OllEHKE, MUKpopeiabed Kak JIeKOpaTHUB-
Has COCTaBJISIIONIAsI TOBEPXHOCTH SIBJSICTCS CIIOAKHON (PYyHKIIMEH TpeX MepeMEHHBIX.
Mukpopenbed MoxkeT ObITh ONMpPEAeNieH KaKk TOHKasl CTPYKTypa MOBEPXHOCTH, dJie-
MEHTBI KOTOPOH COpa3MEpPHBI C IJTMHAMH BOJIH BUAMMOI 4acTu CHeKTpa (mepBas me-
peMenHas ). KpoMe 3T0oro, ero acTeTU4ecKoe BOCHPUSITUE 3aBUCHUT elle OT ABYX (hak-
TopoB. [lepBbIM sIBIIsIETCS MPUPOJA JAHHOTO MaTepuasia WK MOKPBITHS, BTOPHIM —
TEXHOJIOTUSI TOJYYECHHUS] MOKPBITHS WM €ro MOBEPXHOCTHAS (PUBHKO-XMUMHUYECKAs
00paboTKa.

PaccmoTtpum B 00IIMX YepTax OCHOBHBIE OCOOEHHOCTHM MakKpO- U MHUKPO-
penbedoB B cCUCTEME KOHCTPYKIIMOHHBIM MaTepuall — MOKPOBHAS ITJIEHKA U UX BIIUS-
Hue Ha popmupoBaHue (HakTypbl TOBEPXHOCTH.

Ecnau HanecTu pa3nuyHbie MO CBOEH MpUPOJE M CIOcoOaM MOJIydeHUs Io-
KPBITHSI, HAIPUMEDP, Ha CTATBHYIO IOBEPXHOCTH MOCIE Ipy0oil TokapHO 00paboTKH,
MOXHO OOHApYXUTh TPU TUINUYHBIX Clydasi BIUSHUS MOKPHITUN HA Makpopeiabed
ocHOBBI (puc.l). OKcUIHbIE U METANTMYECKUE MOKPHITUSA, KaK MPaBUIIO, JIyUIlIe BOC-
MPOU3BOJIAT MaKpopenabed MOBEpXHOCTH MOKPHIBAEMOT0 MaTepualia, 4eM JIaKoKpa-
COUYHBIC U CTEKJIOAMAJIEBbIE. DTO 3aBUCUT HE TOJIBKO OT TOTO, YTO IMEPBbIE B OOJIb-
IIMHCTBE CIy4aeB HAHOCSATCSA B BHUJIE 00JIe€ TOHKUX CIIOE€B, HO U OT CIeUPUUECKUX
CBOMCTB caMUX MOKPOBHBIX MJIEHOK U CITIOCOOOB X HAHECEHMUSI.

Opnnako ¢dakTypa NOKPBHITHS MOXKET 3aBUCETh HE TOJBKO OT MPUPOBI U CHO-
coba ero HaHeceHus. Hanpumep, Bapbupysi COOTHOIIEHUE MEKY TEMIIEPATYPHBIM U
TOKOBBIM PEXHMMaMHU B MPOLIECCE AIEKTPOJIUTHUYECKOIO XPOMHUPOBAHUS, MOXHO Ha

OJHMHAKOBBIX ITIOBCPXHOCTAX OCHOBEI ITIOJIYYUTDH 6J'I€CT$IH.IHI>1, MOJIOYHBIA WJIM MaTOBO-
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cephlil 0caiok xpoMma. V3MeHsist TeMnepaTypy M BpeMsl CYIIKH IPO3PavyHOM JIAKOBOM
IJIEHKH, JOOMBAIOTCS PA3IUYHON CTENeHH ee OJecKka MpU COXpaHEHUH B 3aJaHHBIX

npeaciax HGO6XOI[I/IMI)IX @HSHKO—MCX&HI/I‘-IGCKI/IX CBOMCTB.

Puc.1. Tunuunsie cnyyan B3aumMocBs3u pesbeda OCHOBBI U IOKPBITHUSL:

@ — OKCUJIHbIE U METAJUINYECKUE TJICHKH, HAHECEHHBIE XUMUYECKUM CII0CO00M;

O - OKCUJIHbIE U METAJNTUUYECKUE IJICHKH, HAHECEHHBIE AIIEKTPOXUMHUUECKUM CIIOCOO0M;
6 — CUJIUKaTHbBIC U OPraHUYeCKue IJICHKH, HAHECEHHBIE (PU3NUECKHUM CIIOCOO0OM

WNuorna nonHoe omrynieHue GakTypbl HEBO3MOXKHO 0€3 OLIEHKHW WHAWBUIY-
aJbHBIX CBOWMCTB MaTepualia myTtem ocs3aHus. [Ipukacasch K MOBEPXHOCTH, MOKPbI-
TOW CTEKJIOAMAJICBOM IIJICHKOW WJIM SMaje€BOM KPACKOHM, MBI B MEPBOM CiIydae BOC-
MPUHUMAEM XOJIOJ U TBEPJOCTh CTEKJIa, BO BTOPOM — YIPYI'yI0 NOAATIMBOCTh MO-
nuMepHoH mieHku. [Ipukacasich kK MONMPOBAaHHOM, a 3aTeM K OJeCTAIIe OKCUANPO-
BAHHOM MOBEPXHOCTH AIFOMUHUS, KOTOPBIE BU3YaJbHO TPYJAHO OTINYUTH, MbI MTOIY-
yaeM JOMOJHUTENbHYI0 UHPOPMAIIMIO O TOHKHX HIOAaHCaX (PaKTyphbl, CBA3AHHBIX C
(U3UKO-XUMHUYECKUMHU CBOMCTBAMHU MMOBEPXHOCTH.

Texcmypa B 00llleM NOHUMAHUU MPEJCTABISIET COOON MPEUMYIIECTBEHHYIO
OPHEHTALIMIO 3JIEMEHTOB CTPYKTYPbl WJIM PUTMUYHO NOBTOPSIOLIUANCS Y30p, BO3-
HUKIIUI B pe3ysbTaTe JIOKAIbHBIX KOMOMHAIMNA IBETOBBIX MU (aKTypHBIX Mapa-
MeTpoB. IHBIMH CIOBaMH, 3TO €CTECTBEHHBIN MJIM WCKYCCTBEHHBIN y30D, BUAUMBIN
HEBOOPYKEHHBIM TJIa30M (PUCYHOK JPEBECHBIX MOPOJ UM MHUHEPAJIOB, KPYMHOKPU-
CTAJUIMYECKUHN y30p Ha MeTajlaX WX MOJMMEPHBIX MaTepuaiax u T.i.). B cucreme
KOHCTPYKIIMOHHBIM MaTepuas — MOKPBITHE TEKCTypa MOXKET ObITh aTpUOYTOM OCHO-
Bbl WJIM MOKPOBHOM IUICHKHA. THUIWYHON WIUTIOCTpAlME MEPBOTO Cilydas SIBISETCS
MMOBEPXHOCTH JIPEBECHUHBI, TOKPHITASI MPO3PAYHBIM JIAKOM, BTOPOTI'0 — TPECKAOIIASICS
Kpacka (MMUTALMST KPOKOJIUIIOBOM KOKH), HAHECEHHAs] HA METAJNTIMYECKYIO WM Je-
PEBSIHHYIO OCHOBY.
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B 3aBucumoctu OT 0COOEHHOCTEH MOBEPXHOCTH OCHOBBI MJIM MOKPOBHBIX
IJIEHOK y30p MaKpPOTEKCTYPhl MOXKET OBITh TIagkuM win penabedusiM. Hanpumep,
rJ1ajikas TEKCTypa MOBEPXHOCTH C KPYMHOKPUCTANIMUECKUM Y30pOM oOpasyercs
IIpU TOPSiYEM IMHKOBAHHUM CTAJIM U3 pacijiaBa [IMHKA, IETUPOBAHHOTO OJIOBOM.

Bo3MoxkHbIe KOMOMHAIIMU I[BETOBBIX U (DAKTYpHBIX MMApaMeTPOB, CO3JA0-
IUe y30p TEKCTYPhl, CBOJATCS K TPEM OCHOBHBIM BapHaHTaM.

1. VY30p npu oauHaKOBOM (akType 3a CUET Pa3IUYHON JIOKAJIbHOU I[BET-
HOCTH, HalpuMep, JOKaJIbHOE paclbUICHUE TEMHON AMajid Ha CBEXKEOKPALICHHYIO
MOBEPXHOCTH CBETIOTO (poHa (3P eKT ieonap1I0BOM HIKYPHI).

2. Y30p Ha MOBEPXHOCTH C OJMHAKOBOW LIBETHOCTBIO MPH JIOKAJTBHOM CO-
YETAaHUU PA3IMYHBIX (DAKTYPHBIX COCTABIISIIOLIMX, HAMpUMEp, MOJUPOBAHHAS TO-
BEPXHOCTbH METaJljIa C BHITPABIECHHBIM PelbedoM.

3. PuHCYHOK TEKCTyphl MOXET 0Opa3oBaThCi KaK pPE3yJbTaT Pa3IUYHBIX
JIOKAJIbHBIX COYETAaHUM LBETOBBIX M (PaKTypHBIX MMApaMETPOB OJHOBPEMEHHO. TH-
MAYHBIM MPUMEPOM 3TOr0 HauboJsiee CI0KHOTO BapHaHTa SBISIETCS Y30p IIBETHOIO
KPUCTAJJIUTA, TMOJYYEHHBI € TOMOIINBIO D3JIEKTPOXMMHUYECKOTO OKpalluBaHMUS.
BcenencrBue unTepdepeHny CBeTa UBET OTJAEIbHBIX AJIEMEHTOB MOJIUKPUCTAIIIINYE-
CKOU TEKCTYphl U3MEHSETCS B 3aBUCHUMOCTH OT yIJia 3peHus: (PakTUUeCKu TiajgKoe
KPUCTAINTMYECKOE MOKPBHITUE 3a CUET Pa3IMUHOW OPUEHTAIIMU KPUCTAJUIOB CO3/1a€T

BIIEUATIICHHE 00BEMHOCTH, 00pa3ys A3 PeKTHbIC TEKOPATUBHBIE KOMITO3UIIUY.

2.8. 3amMTHBIE CBOMCTBA MOKPBITHI

2.8.1. Koppo3usi KOHCTPYKIHOHHBIX MATEPHAJIOB

Koppo3zus — siBneHne u nporecc caMonpon3BOJILHOIO HEXKENATEIbHOr0 pas-
pYILIEHUS! KOHCTPYKIIMOHHBIX MATEPUATIOB MOJ BO3JACHCTBHEM Pa3IMYHBIX (PU3UKO-
XUMHUYECKHX M OMOJIOTHYECKUX (PAKTOPOB OKPYKAIOIICH CPEeIbl.

Oco0eHHOCTH KOPPO3UOHHOTO Pa3pylICHUS B PA3IUYHBIX CPEax 3aBUCAT HE
TOJBKO OT MPHUPOJbl KOHCTPYKIIMOHHOIO MaTepuaia — MeTaljia, JPeBECUHbBI, MOJHU-

MEpOB M CHJIMKATOB, HO B 3HAYMUTEIILHON Mepe 00YCIOBIMBAIOTCA XapaKTepoOM ca-
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MOH Cpe/ibl B COYETAaHUU C MEXaHUYECKUMU (haKTOpaMu — MEPEMEHHBIMU Harpys3Ka-
MM, BUOpanuei, TpeHUueM  T.]1.

HauGonbiielt KOppo3MOHHON aKTUBHOCTBIO B aTMOC(EPHBIX YCIOBUSAX DKC-
IJIyaTaluy, a TakK€ BO MHOTHX >KMAKHX U ra3000pa3HbIX cpelax, 00JialatoT me-

majijivl U Cnjideol, 0COOEHHO CaMbIC pacupoCTpaHCHHBIC M3 HUX — YIUVICPOAUCTBIC

cTanu ¥ 4yryHbel. Koppo3noHHbie mpoliecchl MPOTEKAIOT Ha IpaHuUlle paszaena a3
MpU B3aUMOJICUCTBUU TBEPJIOTO BEUIECTBA — METAJUIMYECKON MOBEPXHOCTU C Tra3oM
WJIU KUJKOCTBIO. Takol MeXaHU3M Ha3bIBAETCS T€TEPOrEHHBIM, T.€. IEPEXO] METall-
J1a B MOHHOE COCTOSIHUE M BOCCTAHOBJICHHWE OKHUCIEHHOTO KOMIIOHEHTA HE SIBJSIOTCS
HE3aBUCHUMBIMHU CONPSKEHHBIMU CTaJIUSIMU, Pa3/IeICHHBIMU BO BPEMEHU WIIU TPO-
CTPaHCTBE, a MPOSBIISIIOTCSA B OJTHOM aKTe.

MeTtanisl U CIJIaBbl MOTYT pa3pylIaThesl MOA JEUCTBUEM XUMHUYECKOTO (Xu-
Muyeckas Kopposust), JIEKTPOXUMUYECKOTO (91eKMpOXUMULECKAsl KOPPO3UsL) U Me-
XaHUYECKOTro (9po3us) BO3AEHUCTBUI BHEHIHEW cpeabl. Koppo3uio, mMpoTEeKarolyro
MO/ BIMSIHUEM KU3HEACATEIbHOCTH MUKPOOPTAHU3MOB, OTHOCAT K OUOI02UYECKOU
KOpPpO3UH, a MPOTEKAIOUIYIO TMOJ JACHCTBUEM DPaJHMOAKTUBHOTO M3NY4YEHUSI — K pa-
OUAUUOHHOIL.

Baxneimuii mpuMep KOPPO3UH — 2a306as1 KOppO3usi — MPOLECC pa3pylICHUS
METAJIJIOB U CILJIABOB B PE3YJbTATE€ UX XMMHUYECKOTIO B3aUMOJACHCTBUS C razamMu Mpu
BBICOKHMX TeMIIepaTypax, Korja HEBO3MOKHA KOHACHCAIMs BJIard Ha MOBEPXHOCTH
Metaa. [IpuurnHa KOppo3uu METAIOB — UX TEPMOJIMHAMUYECKAsi HEYCTOUUHUBOCTD
B JIaHHOW cpeJie MpU OMNpPEJEICHHBIX BHEIIHUX YCIOBUAX (TeMIeEpaType U JaBiie-
HUH).

[lopaBnsitoniee OOJBIIMHCTBO METAUIMUECKUX SJIEMEHTOB B 3€MHOM KOpe
HaXOJIUTCSI B OKUCJIEHHOM COCTOSIHUU B BHUJI€ OKCHUIOB, CYJIb(UIOB, IPYTUX COEAU-
HeHU. MeTtanmnyprudyeckasl MpOMBIIIIEHHOCTh OCYIIECTBIISIET BOCCTAHOBJICHUE Me-
TaJUIOB U3 WX MPUPOJHBIX COCMHEHUI. MeTamn B BUJe U3/ENUs MPU €r0 IKCILTya-
TallM¥ B3aUMOJIEUCTBYET C KOMIIOHEHTAMU OKPY>KAIOLIEH Cpe/bl, HAPUMEpP, C KHU-
CJIOPOJIOM BO3/yXa, MO PeaKiuu

2Me + O, — 2MeO.
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JInst onpeneneHus HaMpaBICHUS PEAKIIMU HY>KHO 3HATh U3MEHEHUE SHEPrUU

I'n66ca AG B cucrteme:

AG = Gg -G 1
raie G;u G, — sHeprus ['n66ca UCXOAHBIX BEIIECTB U MPOAYKTOB PEAKIIUUA COOTBET-
CTBEHHO.

CaMOonpou3BOIBHO MPOTEKAIOT TE€ IPOLECCHl, KOTOPHIE COMPOBOKIAIOTCS
yMeHbllleHueM sHeprun ['ud0ca, 1.e. st kotopbix G; >G, unu AG < (. Jlns peak-
MU OKUCIICHHS y BCEX METAIIOB (KpOMe 30J10Ta) MPU CTaHJIAPTHBIX YCIOBUSIX A G’
< (. CnemoBaTesIbHO, METAJIbl CaMOIIPOU3BOJILHO TEPEXOAAT B OKHCICHHOE CO-
CTOSIHHE MPHU B3aUMOJCHUCTBUH C OKHCIUTEIbHBIM KOMIIOHEHTOM OKPYXAaKOUIEN Cpe-
161, UTOOBI NPOAJIUTH CPOK CITYKObI METAJUIMUECKUX U3EIUN, HEOOXOAUMO OCyIIle-
CTBJISITh CIICIIUAJIBHBIC MEPOIIPUATHS IO 3aIIUTE METAJIOB OT KOPPO3HUH.

K naubonee KOppO3HOHHOYCTOMYMBBIM MaTepuaiaM OTHOCATCS CUIUKAMbL,
KOTOPbIE MOJIBEPKEHBI XUMHUYECKONH KOPPO3UH (BBIIIECIAYNBAHUIO) JIUIIb B YCIOBUSIX
0c000 arpecCUBHBIX KHCIBIX W MIETOYHBIX cpef. [IpuuemM aHTHKOPPO3ZHMOHHOCTOM-
KOCTb CHJIMKATOB TE€M BBIIIIE, YEM MEHBIIE B HUX COACPKUTCA OKUCIOB IIECTOYHBIX U
IIEJI0YHO3EMEIbHBIX METAJIJIOB.

BriCOKON KOPPO3HMOOHOCTOMKOCTBIO, XOTSI 3HAUUTEILHO MEHBIIE, YEM CUJIH-

KaThbl, OTINYacCTCA OOJIBIIMHCTBO NOJUMEPHbBIX Mamepuaios. O,Z[HaKO MHOI'u€ U3 HHUX

B YCJIOBHSIX AKCIUTyaTaluu B atMocdepe, 0OCOOEHHO MpU CTUMYIUPYIOIIEM BIUSHUU
COJIHEUHOW paJualuil U TEeMMEPATypHBIX KOJeOaHUN MOABEPKEHb XUMHUYECKOU
KOPpO3HH, Ha3biBaeMou cmapenuem. CTapeHHE MPOSBISIETCS B HEOOPAaTUMOM U3Me-
HEHUM U YXYIAIICHUH UX (PUBHKO-XUMUYECKUX U MEXAaHUYECKHX CBOWCTB - CHUXKE-
HAHW JUJIEKTPUYECKUX MOKA3aTENIeH, MOBBIICHUN XPYNKOCTH, MOSBJICHUNA TPELIUH
1 T.1. CyIHOCTh MPOLECCa CTAPEHUS MOJUMEPOB 3AKIIOYAETCS B CIOXKHOW LEMHON
peakuuy, NpoTeKarolei ¢ 00pa3oBaHuEM CBOOOJHBIX PAIUKAIOB. DTO COIPOBOKIA-
eTCsl JEeCTPYKIMEen (pa3MsirdieHue, BhIJCICHUE JETYUYUX BEIIEeCTB), JIMOO CTPYKTYpH-
poBaHUEM (TIOBBIIIEHUE TBEPJOCTU, XPYMKOCTH, MOTEPS STACTUYHOCTH) MOJTUMEP-

HBIX IETEH.
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AHTHKOPPO3UOHHOCTOMKOCTh Opegecutbl, OCOOCHHO MSATKHX €€ MOpOoj, Ha-
MHOTO HI)KE, YeM CUJIMKATOB U MOJMMEPOB. JIpeBecuHa — 3TO TKaHh MHOTOJIETHHUX
JPEBECHBIX M KYCTAPHUKOBBIX PACTEHUH, COCTOSIIASI U3 KIETOK C 0JICPEBEHEBIINMU
000J0YKaMU U UMEIOIIasi COCYJIUCTYIO MPOBOJAIIYI0 cucTemMy. B 3aBucuMOCTH OT
KOHKPETHBIX OCOOCHHOCTEU Cpelibl KOPPO3us (eHueHue) NPEBECUHBI MOKET HOCHUTH
XUMUYECKUN WM OMOXUMHUYECKUM xapaktep. B aTMocdepHbIX ycroBUAX 3KCILTya-
Taluy, OJArompHUSATHBIX IJI S>KU3HEASATCILHOCTH PAa3IMYHBIX T'PUOOB, THHUEHUE,
oOycnoBIMBaONIEE JECTPYKTYPUPOBAHUE WM KOPPO3UIO KIIETYATKH, MPOTEKAET
Yarie BCero no OMOXMMHUUYECKOMY MEXaHU3My. B arpecCUBHBIX KUJKUX WM ra3000-
pa3HbIX cpeAax, rje pa3BUTHE OMOXUMHYECKUX CTUMYJATOPOB KOPPO3UU UCKIIOUE-

HO, IMPOTCKACT XUMHUUYCCKAA KOPPO3usl.

2.8.2. Crioco0bI 3a1IMTHI OT KOPPO3UHU

AHTHKOPPO3UOHHASl 3alllUTa MOXET OCYIIECTBISITHCA TPEMS OCHOBHBIMHU
crocobamu.

[lepBbIM U3 HUX SIBJISETCS JIETUPOBaHUE WM 00pabOTKa MaTepuanga KOHCT-
PYKLIHMH B Macce CHEUUATbHBIMH JI00aBKaMM, CIIOCOOHBIMU YBEIUYHUTH €r0 COMPO-
TUBJICHUE KOPPO3UOHHOMY U3HOCY (pa3pyIICHHUIO).

Hamnpuwmep, nerupoBanue oO0buHOM yriaepoauctou cranu 18% xpoma u 8%
HUKENS JaeT BO3MOXKHOCTh MOJIYYUTh HEPKaBEIIIYI0 cTallb. Koppo3noHHas CTOil-
KOCTh MEJIU MOXET ObITh 3HAYUTEJILHO MOBBIIIEHA MTyTEM JIETUPOBAHUS €€ HECKOJIb-
KUMU TIPOLICHTAMHU 0JI0Ba, ATFOMUHUS WU OCPUILIUS.

3ammTa ApPEeBECHHbl OT THWJIOCTHOTO PAa3pyIICHUS OCYIIECTBISETCS MyTeM
MPOMUTKU €€ PA3TUYHBIMU KUJKOCTIMUA MUHEPATBLHOTO WM OPTraHUYECKOIro MPOUC-
XOXJICHUSI, KOTOPBIE CIIOCOOHBI MPEAYNPEIUTH WU OCTAHOBUTH PA3BUTUE MUKPOOP-
raHu3MoB (OakTepuii, rpuOOB U T.11.). BemecTBa, mpuMeHsiemble NIl 3TOM 1€, Ha-
3bIBAIOTCSI AHTUCENTUKaMU. B kauecTBe MUHEPAIbHBIX aHTUCENTUKOB HIUPOKO MPU-
MEHSIIOTCS COJIM (PTOPUCTOBOJAOPOJAHOM U KPEeMHE(PTOPHUCTOBOJOPOJHON KHUCIOT,

Cy.]'IB(l)aTI)I " XJIOpHUAbl MCAW, IMHKA, KAJIbIHA 1 APYTIHX MCTAJLII0B. K anTHcentukam
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OpPraHUYECKOr0 MPOUCXOKIACHUS OTHOCATCS TJIaBHBIM 00pa3oM Maciia, MoidydyaeMbie
CyXOH MeperoHKoi KaMeHHOTo yIiisl, He()TEeKPUO3UT, aHTPALIEHOBOE MACJIO U T.1.

JIns 3a10UThI TOJIMMEPHBIX MAaTEPUAIIOB OT TEPMOOKHUCIUTEIIBHOTO, CBETOBO-
ro U JAPYyTrUX BUJIOB CTAPEHUS B UX COCTaB BBOJST BEIIECTBA - CTAOUIINU3ATOPHI, HAU-
0oJiee BaXXHBIMU U3 KOTOPBIX SABJISIOTCS aHTUOKCUJAHTHI, TOPMO3SIIUE LIETTHOU MPOo-
eCC AECTPYKIUU MOJMMEPOB, NPOUCXOASIIIUNA MO BIUIHUEM KHCIOPOJa BO3IYXa.
B kxayecTBe aHTHOKCHUJIAHTOB MPUMEHSAIOTCA (PEHOJIbI, APOMATUUECKUE aMUHBI U .
doTocTadUIM3aTOPhl NIPUMEHSIOTCS JJISI 3alIUThHI MTOJIUMEPOB OT CBETOBOTO CTape-
HHS, & TAK HA3bIBAEMbIEC aHTUPAJbI 3aIUILIAIOT IIACTUYECKUE MACChl OT PA3JIMYHBIX
BHUJIOB PAJIMOAKTUBHBIX U3JTYUCHUM.

Btopoil cnocob 3akitodaercss B CHEHHATIbHOM 00paboTKe KOPPO3MOHHOM

Cpepl, HEMOCPEICTBEHHO COMPUKACAIOIMIEHCS C MOBEPXHOCTHIO M3MIENIHM, C LEIbIO
CHIDKCHUS €€ arpeCCUBHBIX CBOMCTB IO OTHOUIEHHIO K JAHHOMY Martepuany. Bemre-
CTBa, UCIOJIb3YEMbIE C 3TOM II€JIbI0, HA3BIBAIOTCS uHeubOUumopamu xopposuu. Ilo yc-
JIOBUSM MPUMEHEHUS UX Pa3leNsaioT Ha ABe rpymnmbl. K mepBoil OTHOCAT UHTUOUTO-
PBI 11 BOJIHBIX (KUCIBIX, IETOYHBIX U HEUTPAIbHBIX) CPEM, KOTOPhIE IPUMEHSIIOTCS
JUISL 3AIUTHI U3EIUNA, KOHTAKTUPYIOMINX B MPOLECCE IKCIUTYyaTallud C arpeCCUBHBI-
MH KHJIKOCTSIMU. BTOpas rpymma ucnonb3yeTcs s 3allUThl METAJUIOB TOJIBKO IIPU
JUTUTEIbHOM XPaHEHUHU U HOCUT Ha3BaHUE JIETYYNX UHTUOUTOPOB.

MexaHu3M JelcTBUS OOJBIIMHCTBA BOJIHBIX U JIETYYUX UHTUOUTOPOB UMEET
ANEKTPOXUMUYECKUN XapaKTeP U 3aKII0YACTCS B TOPMOKECHUU AHOJHBIX MJIM KATOJI-
HBIX PEaKUHM, MPOTEKAIIIMNX B KOPPO3ZUOHHBIX MHUKPOTATbBAHUYECKUX SJIEMEHTAX.
TUNUYHBIMU aHOJHBIMU UHTUOUTOPAMU SIBISIIOTCSL TAKUE OKUCIUTEINN, KaK HUTPAThI,
HUTPUTHI, XPOMAaThl IIEJIOYHBIX METAUIOB U JAPYIHUE, CIIOCOOHBIE 0Opa3oBbIBaTh Ha
MOBEPXHOCTH METAJlJIa YCTOMYMBBIE TOHKUE MMaCCUBHBIE IUIeHKU. KaTogHbie MHTHOU-
TOPBI TOPMO3AT NMPOTEKAHUE KATOJAHON pEeaKUUU, CBSA3BIBASI WM 3aTPYHSS BblIEIIC-
HUE JEMOJSPU3YIOIMIMX ar€HTOB, KOTOPBIMU YaIll€ BCETO SABISIOTCA KUCIOPOJ BO3IY-
Xa, B cllydae aTMoc(epHON KOPpPO3UH, WIH BOJOPO/, B YCIOBUSIX KUIKUX arpecCuB-

HBIX CpeJl.
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K neryuynM uHruOMTOpaM OTHOCATCS BEIIECTBA, O00JAJAIOLIUE BBICOKUM
JaBJICHUEM Tapa M XOpoWIed ajAcopOMpPYEMOCThIO HAa MOBEPXHOCTH 3aIIMILAEMOI0
MeTtaia. bonbiioe 3HaueHue A1t 3PHEKTUBHOCTH 3alIUThl UMEET CIIOCOOHOCTH Jie-
Ty4YUX MHTUOUTOPOB 3aTPYAHATH KOHACHCAIMIO BJIArd U3 OKPY’KAOIIEro BO3AyXa Ha
METaJUIMYECKUX JIEMEHTaX KOHCTPYKIUH.

HekoTtopble MHTHOUTOPHI BXOJAT B JIAKOKPACOUHBIE MaTepUabl U CMa3Ku
JUTSl TIOBBILLICHUSI UX AHTUKOPPO3MOHHBIX CBOMCTB. B 3THUX ciiywyasix ux AeilcTBHE
AQHAJIOTMYHO JIEUCTBUIO CTAaOMIIM3aTOPOB-aHTHOKCHJIAHTOB, 3aMEIJISIOIIUX KOpPpPO-
3HIO0 TIOJIUMEPOB.

Tpetuii, Hanbosiee pacIpPOCTPAHEHHBIM U YHUBEPCAIbHBIN CIIOCOO, COCTOUT
B CO3[JaHUU HEIIPOHMIIAEMOTro O0apbepa MEeXAy MaTepruaioM U KOPPO3UOHHOU Cperon
B BUJIE Pa3IMYHBIX 3alUTHBIX MOKPBITUNA, KOTOPHIE Yallle BCETO MPUMEHSIOTCS IS
3alMThl METAJJIOB U JAPEBECUHBI. BBHIOOP TOrO MM MHOTO BHIa MOKPBITUS OCYILECT-
BJISIETCS UCXOMS U3 MPUPOJBI U criocoda (popMoBaHUS KOHCTPYKIIMOHHOTIO MaTepHa-
Ja, 0COOEHHOCTEN U peXuMa IKCIUTyaTallu, NPUPOIsl 1 BOBMOXHOIO METO/1a HaHe-
CEHUS MOKPBITHUS.

Hamnpumep, Haubosiee peHTaOENbHBIM CIIOCOOOM 3aIlUThl SBISIOTCS JIAKO-
KpPaCOYHbIE MOKPBITUS; CAMOE JICIIEBOE U3 TAIbBAHMUYECKUX MOKPBITHIA — LIMHKOBOE,
B HECKOJIBKO pa3 JOpOKe JAaKOKpacouyHoro. OQHAKO A AeTalied, 3KCIUTyaTUpPYIo-
IIUXCSI TIPU MOBBIIIEHHBIX TEMIIEpaTypax, JJaKOKPACOUHOE MOKPBITHE HCIOJIb30BATh
Henb3d. K ToMy ke, 00JIbIIMM JOCTOMHCTBOM TaJIbBAHUYECKOTO METO/1a HAHECEHHUS
MOKPBITUHN SBISETCSA JIETKOCTh PETYJIUPOBAHUS MPOIECCA B OTHOIICHUM TOJIIMHBI

ocaxgacMoro Mcrajjia.

2.8.3. Cneunuka 321U THOTO JeiiCTBUS MOKPbITHI

3alMTHOE NEHUCTBUE MOKPBITUS, OTAEISIOIIEr0 KOHCTPYKIMOHHBIM MaTepu-
aj OT KOPPO3UOHHOM cpefibl, B OOJIBIIMHCTBE CIy4yaeB HOCUT YUCTO (PU3MUECKUN Xa-
pakTep. OqHaKo B psAe CIydacB BO3MOXKEH JJIEKTPOXUMHUUYECKHI MEXAHU3M 3alIUT-

HOTO JEHCTBUS, OOYCIOBICHHBIN MPUPOAOIN OCHOBBI U TTOKPOBHOM TJICHKH, a TAKXKe
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CBOWMCTBAMU KOPPO3MOHHOW cpenbl. JUIsi WITIOCTpaluk TAKOM BO3MOKHOCTH pac-
CMOTPHUM HECKOJIbKO TUITUYHBIX IPUMEPOB.

[lycTh o/1Ha U Ta e cTajbHas JAeTallb, HAXOAIIAACS BO BIaXKHON aTMocde-
pe, B OJTHOM clly4ae MOKPhITA CUJIMKATHON SMAaJIblO, B IPYTOM — MEJIbIO, B TPEThEM —
IMHKOM. Ecliu coil mOKpbITHI BO BCEX CIydasiX SBJISIETCSA CIUIONIHBIM U OeCropuc-
TBIM, TTOKPBITUSI MPEJCTABIISIIOT cO00il du3nueckuil 6apbep, OTAETAIONINN CTalb OT
OKpY’Karolel cpeabl U UCKITIOYAIOIUM BO3MOXKHOCTh KOPPO3UOHHOTO Pa3pylICHUs
ocHOBHOTO MeTaiia. Ho eciu mo kakoi-nub0 NpuyuHe MOKPBITUSI OKAXKYTCS HE UJIe-
aJbHO CIUIOIIHBIMU, aTMOC(HEPHBIN KUCIOPO U Bllara MoJIy4aroT JOCTYH K MOBEPX-
HOCTH CTaju, U 3(PPEeKTUBHOCTH 3alIUTHI B PACCMATPUBAEMBIX MPUMEPAX OKAXKETCS
MPUHIUIIAAIBHO PA3IMYHOM.

CrexnosmaineBas MOKPOBHAs IMJICHKA, SIBIISSICh JUAJIEKTPUKOM (puUc. 2 , @), HE
OylleT NMpPUHUMATh HEMOCPEJCTBEHHOTO YYacTUsi B BO3HUKHOBEHUM U Pa3BUTUU
AIEKTPOXUMHUYECKON KOPPO3UU Ha cTanu. B 3TOM ciyuae Ha CBOOOJHBIX OT MOKPHI-
THS yY4aCcTKaxX CTAJIM KOPPO3ZUOHHOE pa3pyIlEHUE MPOTEKAET 3a CYET pabOThl MUKPO-
raJbBaHMYECKUX 3JIEMEHTOB, 00Pa3yIOUIUXCSl Ha MOBEPXHOCTH OCHOBHOI'O METAJLIA.

[Ipy nokanbHOM OOHAKEHWU CTadd TOJ MEIHBIM TOKphITHEM (puc. 2, 0)
KOPPO3MOHHBIN MPOIECC PA3BUBACTCS IJIaBHBIM 00pa3oM 3a CueT paboThl KOPOTKO-
3aMKHYTOM 3JIEKTPOXUMHUYECKOU Mapbl MeAb-)Kelie30, B KOTOPOM Meb, Kak Oosee
0JIaropoJIHbIA MeTal, OyJeT HEpacTBOPUMBIM SJEKTPOAOM — KaTOJOM, a CTallb —
MHTEHCUBHO PACTBOPAIOMIMMCSA aHOAOM. boiblliasg pa3HOCTh MOTEHIUAIOB MEXKITY
Menpio (0,34B) wu xenesom (-0,44B) cosmaer ycmoBus aiisi 0ojiee MHTECHCUBHOM
AIEKTPOXUMHUYECKON KOPPO3HH, YEM B CIy4ae HEOMEAHEHHOW cTtanu. [loaTomy, KO-
rla METal TMOKPBHITUS SBISETCA MEHEE AKTHBHBIM, YEM METall OCHOBBI, CILIONI-
HOCTh U OECIIOPUCTOCTh MOKPOBHBIX TUICHOK SIBJISIETCS OJHUM U3 PEIIAIOIINX YCIIO-
BHUI HAJIC)KHOM aHTUKOPPO3WOHHOM 3alMTHI METALUIOB. B 3TOM ciydae 3amura HO-
CUT MEXAHUYECKUN XapaKTep.

B Tperbem BapuaHTe 3alIUTHOTO MOKPHITHS (pUC. 2, 8) METAILT OKPBITUS —
uuHK (motenuuan -0,76B) — sBnseTcs Oojiee aKTUBHBIM (3JIEKTPOOTPUILIATEIBHBIM),

4€M CTallb, U IMO3TOMY B IICPBYIO OUCPCAb IMOABEPracTCsa OKHCIAIOIICMY I[GﬁCTBHIO
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atMoc(epHoro kuciopona. Paspymasch, OH coxpaHseT OCHOBHON MeTaiul. B aToM u
OPYTUX AHATOTUYHBIX CIIy4asX MOKPBITHE BBICTYNAET B KAYECTBE aHOJAA, a 3aIUATA
HOCHUT DJICKTPOXUMHUUYECKUN XapakTep. CTeneHb 3allUIIEHHOCTA 3aBUCUT OT aAKTHB-
HOCTH METAJIJIa MOKPBITUSA: YEM MEHBIIE OH IOJIBEPTAETCA KOPPO3UM, TEM JIyYIle

3amumacT OCHOBHOI MeTaJll AaKe TaM, I'’IC YK€ HC ITIOKPLIBACT ITOBECPXHOCTD.

Puc. 2. Ocobennoctu mporekanusi KOPPO3MOHHOIO IIPOLIECCA HA MOBEPXHOCTH CTAH,

MOKPBITON: @ — CTEKIIOAMANBIO; O — MENIbIO; 8 — [IMHKOM

Ecnu 3nekTpoaHbIil paBHOBECHBIN MOTEHIIMAT METAJUIA MOKPBITUA MO OTHO-
IICHUIO K METaJUly OCHOBBI SIBJISIETCSI 0OJi€e MOJOKHUTEIbHBIM, MOKPHITUE SIBISETCS
KaTOJHBIM, B IPOTUBOIOJIOKHOM CIy4ae — aHOJHBIM.

AHOOHBLIMU TIOKPBITUSIMU SBJISIIOTCS 3alllUTHBIE TUIEHKH, KOTOpBIE B Mpoliecce
AKCIUTyaTallul TMOABEPraloTCs KOPPO3WHU, a 3allMINAeMbIi MeTamn (u3aenue) mpu
3TOM HE KOPPOJIUPYET.

B sTOM ciyyae MBI UMeeM CIEAYIOIIYIO CXEMY KOPPO3HWH B IPOLIECCE DKC-
ITyaTaluu u3Aenui. Jlomyctum, ctaib 3aMiieHa TMHKOM. J[o Hayana Koppo3uu Ha
MOBEPXHOCTU M3JICNINSI KOHLIEHTPUPYETCA Bjara C PacCTBOPEHHBIMU Tra3aMH IpO-

MBIIIJIEHHOM cpeasl (puc. 3).

<\\\E:\\ \zn\‘:f\\

Puc. 3. Hauano xoppo3uu cTany ¢ HAaHECEHHBIM IIMHKOBBIM ITIOKPHITUEM
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[Ipu 3TOM HaNMUIO ANEKTpoXUMHUUecKas mapa, rae Zn (E° = - 0,76 B) aBuser-
cst anogoMm, a Fe (E° = - 0,44 B) - karogoM. IIpu paboTe KOPpO3MOHHBIX Map IUHK
OKHUCIISIETCS TIO CXEME:

Zn — Zn*" + 28
Ha crtansHOM 3iekTpoae OyAeT MpOTEKaTh JEMOJISIPU3ALMOHHBIM MPOIIECC BOCCTa-
HOBJIEHHs MOHOB Bojopoaa (H') mnm kuciopona, urto onpenensercsa 3HadenneM pH
Cpeabl:
0, + 2H,0 + 48 — 40H (menounas cpena);
2H + 28 —H, (kucnas cpena).

B pesynbTaTe KOppo3uu IMUHK (aHO) PACTBOPSIETCS B XOE IEKTPOXUMHUYE-

CKOT0 TIpoIiecca U IpeBpaliaeTcs B THAPOKCH (puc. 4):
Zn*" +20H — Zn(OH),

[Ipu 3TOM XKene30 (cTanb) KOPPO3UU HE MOIBEPracTCsl.

—_OH=-CO,_—_0, ~_ ¢ - 80, "

(}\\\\\\\\W@%}
[

Puc. 4. Pesynbrar KOppo3uu cTany ¢ HAHECEHHBIM LIMHKOBLIM MOKPHITHEM

AHOJIHBIX MOKPBITUH, UCIIOIb3YEMBIX B MPOMBIILICHHOCTH, U3BECTHO BEChMa
HeMHOro. OHM 00N al0T TEM MPEUMYIIECTBOM, YTO MX 3allUTHBIE CBOWMCTBA IMpaK-
THUYECKH HE 3aBUCST OT HOPUCTOCTH.

K TakuM mOKpBITHSIM OTHOCST LIMHK BO BCEX KOPPO3UOHHBIX CpeAax, KaaMHU
MIPY IKCIUTyaTalluk B MOPCKOM BOJE; OJIOBO - B CPEJE MUILEBBIX MPOAYKTOB; LIMHKO-
BbI€ TMOKPBITHS HA CTald, HUKEJIEBBIE — HA MEIU, JIAKOKPACOUYHBIE IUICHKH, HAIOJI-

HCHHBIC IWHKOBBIM HWJIM AJIIOMHUHHUCBBIM ITIOPOIIKOM. HpI/I 9TOM KaI[MI/Iﬁ H OJOBO
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MMEIOT 0oJiee OTPHUIIATEIBHBIN MTOTEHIMAN, YeM Kene30. ['oBopsT Tak: «l{uHK (kan-

MUI1) 3aIIUIIAIOT CTalb AIEKTPOXUMUYECKHU WU aHOIHOY.

K xamoowuvim TOKPHITHSIM OTHOCST TaKue, KOTOPhIE B MPOIECCe DKCILTyaTa-
IIUW W3 KOPPO3UH HE MOABEPTAIOTCS, a 3alUIIaeMbId METAILIT MPU 3TOM paspy-
aeTcsl.

B 5TOM ciiydae MBI IMeeM CIIeTYIONIYI0 CXeMY KOPPO3UHU U3IEIUi B TIPOIIEC-
ce aKkcIutyaTanuu. Jlomyctum, ctaib (Kejae30) 3aiuileHa HukeneM (puc. S). Jlo Ha-
Jajla KOPPO3WW Ha TIOBEPXHOCTH W3MEIUi OyJeT KOHIIEHTPHUPOBATHCS Bjara ¢ pac-

TBOPCHHBIMU I'a3aMH HpOMBIIHJIGHHOfI CpCabl.

— —
—

—_OH-=-CO, - H ~_cl - 50~

NSV ENNEIN

05777

Puc. 5. Hauano xoppo3uu craim ¢ HaHECEHHBIM HUKEIEBBIM OKPHITHEM

A

\,

il

31ech Takke HalMIo dJIeKTpoxuMuueckas napa, rae Ni (E° = - 0,23 B) saBnus-
etcs katonoM, a Fe (E° = - 0,44 B) BeicTynaet anogom. B pesynbrate paboThl KOppo-
3MOHHOM Maphl CTalb (3keyie30) OyJeT OKUCIATHCS Yepe3 MOPhI IO CXEME:
Fe — Fe’' + 28

Ha HukeneBoM 31€KTpojie BO BIAXKHOU Cpele MPOTEeKaeT ACNOJISIpU3alMOHHbBIN MPO-
IlecC BOCCTAHOBJIEHHS HOHOB Bojopona (H') mmm Monekyn xucioposa (B 3aBHCHMO-
cTy OT 3HaueHus pH cpenpi):

2H;0" + 28 — H, +2 Hy0

0, +2 H,0 +4& — 40H
B utore umeem oOpazoBaHue MpOAYKTOB KOPPO3HUH Keje3a M0 CXEME:

Fe *"+20H — Fe(OH),
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Jlanee ruapoKcu xkee3a okuciseTcs: kuciopoaom Bozayxa B Fe (OH);:
4 Fe(OH), + 0, + 2 H,0 = 4 Fe (OH);
Fe (OH); yacTU4HO OTHICTUISIET BOJY:
Fe(OH); — FeOOH + H,0
[TpoayKThl KOPPO3UN 3aHUMAIOT OOJBINI 00BEM, YEM aTOMBI Kelie3a, U pe3yIbTa-

TOM €€ SBJISIETCS B3{yTHUE HUKEJIEBOTO MOKPHITHUS (pUC. 6):

Fo (c si3Ba (KaBepHA)
e T
//////é&%%?/

Puc. 6. Pesynbrar Koppo3uu cTany ¢ HAHECEHHBIM HUKEJIEBBIM TIOKPHITHEM

B 3TOM cnydae roBopsT, YTO HUKEIb 3alIUIIAET CTadb (KeIe30) KaTOJHO WU
MeXaHW4YeCcKu. KaTogHOE€ NOKpBITHE H30JIUPYET 3alMIIAEMBIA METAl OT OKpY-
Karolien cpeapl. [Ipyu 3TOM MOPUCTOCTh CHUXKAET 3AIUTHBIE CBOMCTBA MOKPBITUH, U
BO3HHUKAET HEOOXOIUMOCTb CTPOUTH TEXHOJOTHYECKHU MPOIIECC TaKUM 00pa3oM,
9TOOBI MOKPBITHUS HE UMeNH 1Mop. OOBIYHO 3TO peau3yeTCs MyTEM HAHECEHUS] MHO-
TOCJIOMHBIX MOKPBITUN, B PE3yJbTaTe€ YEro MOPhl B3aUMHO MEPEKPBIBAIOTCS, U (-

(heKT 3aIIuThl PE3KO Bo3pacTaeT (puc. 7).

N L] -ll' ll | Cr WIH 3Malhb

( \,,——-Nl HIH 3Maib
{ // s / 7 / / //
Fe (cTasms)
DI

Cu WM 3Maib
Puc. 7. Cxema Hanecenust MHOTOCTIOMHBIX MTOKPHITHI

54



KaToaHbeIx MOKPBITHH B MPHUPOJIE 3HAYMTEIBHO OOJIbINE, YeM aHOAHBIX. K
HUM MOHO OTHECTH HUKEIJIEBbIE, XPOMOBBIE, ME/IHbIC U JIPyTHE, UMEIOIINE MOTEH-
nuan 0ojee MoJIOKUTEIbHBIN, UeM Y JKelle3a, MEHbIE U HUKEJIEBbIE — M0 CTald, 30-
JIOTBIE U cepeOpsiHbIC — 10 MEJIU U €€ CIIaBaM, a TaKXKe JIJAKOKPACOYHBIE MOKPBITHS,
CoJieprKalllie UHEPTHBIEC TUTMEHTHI (TUTAHOBBIE OCMMIIA, CaKa, OPOH30BbINA TIOPOILIOK U D).

Oxcunnpie u ¢docdaTHbIC TMOKPBITHS SBISIOTCS HEHTpPaIbHBIMHU, T.K. OTHO-
CATCS K TUDJICKTPUKAM.

3allUTHOE JEHUCTBHUE IMOKPHITUM 3aBUCHUT HE TOJBKO OT MPHUPOJBI METAJLIA
MOKPBITHS, HO M OT COCTaBa KOPPO3MOHHOM cpeanl. Hampumep, 0710BO sABIsSETCS Ka-
TOJAHBIM MOKPBITUEM IO OTHOIICHUIO K KeJe3y, HO B Cpele OPraHMYECKHX KUCIOT
W3MEHSET CBOM MOTEHIHMAT M CTAHOBUTCS aHOJAHBIM IOKPBITHEM, YTO ITHPOKO HC-
MOJIB3YETCS B MUIIEBOM MPOMBIIIICHHOCTH JJIS 3aIlIUThl KOHCEPBHOM Taphl. Kaamue-
BBI€ TTIOKPBITHS B MOPCKOM BOoJie U aTMocdepe, HaCBIIEHHONH MOPCKHUMHU HCIIapEeHUS-
MH, TaKX€ MEHSIOT CBOM MOTEHIIMAJ, KOTOPBI CTAaHOBHUTCS 0OJiee OTPHUIIATECIHHBIM
M0 OTHOUIEHUIO K JK€JIe3y, U B 3TUX YCIOBUSX SBISIOTCS aHOJJHBIMU MOKPBITUSIMHU.

OnHaKoO OIEHKA MOKPHITUA HA OCHOBAHUU MX XUMHUYECKOW WU DIICKTPOXHU-
MHMYECKOM aKTUBHOCTH IO OTHOIICHUIO K MaTepHaay OCHOBBI SABIISICTCS JIUIITb OJTHUM
13 KPUTEPUEB, XaPAKTEPHUIYIOIIUX HX 3aIlUTHBIE CBOMCTBA. BrIOOp onmTMMambHOTO
JUISL TAHHOT'O CydYasl 3alllUTHOTO MOKPBITUS M €0 TOJIIUHBI MOKHO CJIeIaTh TOJIBKO
C YYETOM BCEX B3aUMOCBS3aHHBIX 00CTOATEILCTB. [Ipr 3TOM OTHpaBHBIMHU JaHHBIMHU
BCErJia ABJISIOTCS NpuUpoja U cnocod gopMooOpa3zoBaHusi MaTepuasa, a TakKe 0Co-

OCHHOCTH PKCILTyaTallUOHHON CPEIbI.

4

LT
-

Puc.8. 3aBucumocts 3aMTHBIX CBOMCTB MOKPBITHS OT CTEIEHH €10 CLIEMTIEHHSI C OCHOBON
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HemnpeMenHbIM ycnoBreM it J1000ro BHIOPAHHOI'O BapHuaHTa SIBISETCS Ha-
JIEKHOE CLICTNICHHE TTOKPBITUSI C OCHOBOM M OTCYTCTBUE CKBO3HBIX MOP B MOKPBITHUH.
Koppo3uonHslil nporiecc, 3apOJUBIIMICS HAa Y4aCTKE CKBO3HOM MOPHI WU Laparnu-
HBI, IPU UJI€ATLHOM CLEIUIEHUH MOT Obl UMETh JIOKaJbHOE 3HaueHue (puc. 3, a). B
Clly4yae OCNa0JIeHHOTO CIENJIEHUS MPOIYKThl OKUCIEHHUS CIIOCOOCTBYIOT OTPBIBY IO-
KPOBHOW IUICHKH MO NEPUMETPY KOPPO3UOHHOIO Ovara, HEMPEpPhIBHO paclIupsis
(pPOHT KOHTAaKTa OCHOBHOT'O MeTajllla ¢ KOPPO3UOHHOU cpeoil (puc. 8, 0, B). Cuia
CUEIJICHHUS, WU aIN€3MOHHAsI CBA3b MOKPHITUS C MOBEPXHOCTHIO MaTepuaia, Xapak-
TEepU3yeTCsl ABYMS COCTABJISIOMIMMHU — crenuduueckol u Mexannueckoil. [leppas
SBJISIETCS OMPENENSAIONIel M 3aBUCUT OT COBOKYIMHOCTU (DU3UKO-XUMUUECKUX
CBOMCTB OCHOBBI U MOKPHITUA. BTOpas coctapnsromnias meHee 3¢ PpeKTuBHA U MPOSB-
JSIeTCSl MPU HAHECEHUU MOKPBITUM Ha CUJIIBHO Pa3BUTYIO (IIEPOXOBATYIO) MOBEPX-
HOCTb.

HenocraTouHoe ciiernieHre mOKpbITHSI C OCHOBOM MPU HAJIMYUU B HEM CETKH
CKBO3HBIX MOP CO3JIa€T YCIOBHUS ISl HHTEHCUBHOT'O MPOTEKAHUS MPOIECcca IIEKTPO-
XUMHUYECKOU KOPpPO3UM, OCOOCHHO B TE€X CIydasiX, KOrJja OCHOBHOM MeTasul Oosee
aKTUBEH, 4eM MOoKpbITHE. C pOCTOM TOJIIHHBI MTOKPHITUS KOJUYECTBO TMOP, T0XOJIS-
IIUX IO OCHOBHOTO METajljla, YMEHbIIAECTCS, U MPHU OMPEACICHHBIX TOJIIMHAX TO-
KPOBHbIE TIJIEHKU CTAaHOBSATCS MPAKTUUYECKH OecriopucThiMU. Takum oOpazoM, yiyd-
IICHUE 3al[UTHBIX CBOMCTB MOKPBITHS, Ka3aJOCh Obl, HAXOJUTCS B MPSIMOIl CBSI3U C
yBEIIMYEHUEM €ro TOMMUHBL. OIHAKO JJIsi OOJIBIIMHCTBA MOKPOBHBIX IJIEHOK POCT
TOJIIIMHBI CBA3aH C BO3SHUKHOBEHHEM B HUX BH, oTpuiiarenbHO cka3bIBaroIuxcst Ha
MPOYHOCTHU ClEIJIeHus. Takasi 3aBUCUMOCTh CTAHOBUTCSI OCOOEHHO OITyTUMOM B TEX
Clly4asix, KOT/ia JIeTajli B Ipoliecce COOPKHU WIIM SKCIUTYyaTalluid UCIBITHIBAIOT MeXa-
HUYECKHUE U TEIUIOBBIC HATPY3KHU. B 3TOW CBA3M TOJIIMHA MOKPBITUWA HE BCErJa MO-
KET SIBIIATHCS KPUTEPUEM UX IKCIUTYyaTal[MOHHOW HaJeKHOCTH.

B psane cnydyaeB BO3HMKAeT HEOOXOAMMOCTh NMPUMEHEHHS IBYX- U TpEX-
CJIOMHBIX KOMOMHUPOBAHHBIX MOKPLITUH. Hanpumep, HaHeCEeHHE LIMHKOBOTO MOKPbI-
TUS SBJISIETCA OJHUM U3 CaMBIX PacpOCTPAHEHHBIX CIIOCOOOB MPEAOXpPaHEHUS Yep-

HBIX METAJUIOB OT KOPPO3UU U MPEACTABIISIET KIACCUUYECKUN MPUMEP SIEKTPOXUMHU-
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yeckoi (MmpoTekTopHOi) 3amuThl. OJHAKO caM ITWHK, BCIEACTBHE €T0 XMMHUUYECKOU
aKTUBHOCTH, CPAaBHUTEIILHO OBICTPO pa3pylIaeTcsi, 0COOEHHO B aTtMocdepe, 3arpss-
HEHHOW MPOMBIIIJIEHHBIMU Ta3aMH, ¢ 00pa30BaHUEM PBIXJIBIX MPOJTYKTOB KOPPO3UH.
Ecnu ke UMHK, HAHECEHHBIM HA CTallb, 3AIIUTUTH JAKOKPACOYHBIM MOKPBITHEM, TO
AHTUKOPPO3MOHHBIE CBOMCTBA U JOJITOBEYHOCTh TAKOM JABYXCIOWHOW KOMIIO3UIIUH
pe3ko Bo3pacTyT. JlakoBas miieHka, obiaropakuBasi IMHK, OyAET MPEIOXPaHsITh €r0o
OT pa3pylICHUs, & OH, B CBOIO OYEPEAb, JIEKTPOXUMHYECKH 3aIIUTUT OCHOBHON Me-
TaJJT OT KOPPO3UH.

[ToBbIllIeHNE 3alIMTHBIX CBOMCTB MOKPBITUM MOXKET OBITh JOCTUTHYTO 3a
CUYET NPUMEHEHHUS MHOTOCIOMHBIX MOKPBITUN (IBYXCIOWHBIX MEJIb — HUKEJb, HUKEIb
— HHUKEJb, HUKEJIb — XPOM, TPEXCIOUHBIX MEJIb — HUKEIb — XPOM, HUKEIIb — HUKEIb —
XpOM | JIp.).

Koppo31noHHYy10 CTOMKOCTh OLIEHUBAIOT KAYE€CTBEHHO WJIM KOJIMYECTBEHHO. K
Ka4eCTBEHHBIM METOJIAM OILIEHKM OTHOCSATCS BU3YaJbHBIM METOJ U MHUKPOHUCCIIENO-
BaHue. BuzyanbHoe HAOII0IEHUE COCTOSIHUS IOBEPXHOCTU MIPUMEHSIIOT TOT/Ia, KOraa
MPOAYKTBI KOPPO3HH OCTAIOTCSI HA 00paslie B BUjE HEpacTBOpUMOro ocajka. [Ipouc-
XOJIAIIMEe U3MEHEHUsI OTMEYAIOT KPAaTKUM OMHCAaHUEM, a Takxke (oTorpadupoBaHu-
eM. MukpouccieaoBaHue NPUMEHSIOT [Uisl 0oJjiee THIATEILHOTO U3yYeHUsl 00pa3IioB,
MOJBEPraroINXC KOPPO3UH.

KonnuecTBeHHO KOPPO3HMOHHYIO CTOMKOCTh YacTO OLICHUBAIOT HamOoiee
MPOCTBIMH TOKA3aTEJSIMA: BPEMEHEM IMOSBICHUS MEPBOr0 KOPPO3UMHOIO odara u
YUCJIOM KOPPO3MOHHBIX IIEHTPOB Ha E€IUHHUIIEC IJIOIIAAM MOoBepxHOCTU. Haubonee
MPaBUJILHOE MPEACTABIEHNE O KOPPOZUOHHOM CTOMKOCTH JE€TAIEN MOYKHO IMOJTYyYHUTh

B €CTECTBEHHBIX YCIOBUSIX SKCIUTyaTaluu (MOJIEBbIC U HATYPHbIC UCTIBITAHMUS).

3. Heopranuveckue moKpbITUSA

3.1. Koneepcuonnvie nokpvimus
Heopranndeckue dhocdaTHbie U OKCUIHBIC TTOKPHITUS MOJYYalOT MyTEeM XH-

MUYECKON WIIM IJIEKTPOXUMHUYECKOU 00pabOTKU U3AENH, B pe3ysbTaTe KOTOPOil Ha
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MOBEPXHOCTH METAJIOB OOPa3yrOTCs MPOYHBIE COJEBbIC WM OKCHIHbBIC ITUICHKH. B
3aBUCUMOCTH OT YCJIOBUI MPOBEJECHUS MPOIECCOB MOJy4aeMble IUIEHKH MOTYT 00-
JaJaTh BBICOKON aIcCOPOIIMOHHON CIIOCOOHOCTBIO, 3JIEKTPOU3OJISIITUOHHBIMU CBOMCT-
BaMH, TOBBIIIEHHOW TBEPAOCTHIO U U3HOCOCTOMKOCTHIO U T.1. [Ipu ycrmoBum ux no-
MOJIHUTENHHON 00pabOTKM MyTeM HAIOJHEHUS MAaCCUBUPYIONIUMU PACTBOPAMH HIIH
MPOMUTKA CMa30YHbIMU MaTepuajiaMi HEOPTraHUYECKHe IMJIEHKU MOBBIIIAIOT KOPPO-
3MOHHYI0 CTOMKOCTh METAJIJIOB U CILJIABOB.

CymHocTs nporecca GochaTupoBaHUsl 3aKJII0OYAETCS B 00pa30BaHUU Ha T0-
BEPXHOCTHU YEPHBIX U I[BETHBIX METAJIOB IJIOTHBIX, XOPOIIIO CBA3aHHBIX C OCHOBOM
MJIEHOK, KOTOPbIE COCTOSIT U3 HEPACTBOPUMBIX B BOJIE (POCHPOPHOKUCIBIX cONeh Me-
Tajjla OCHOBBI U JPYTUX TSKENBIX METAIOB, BXOJSIIMX B cocTaB pacTBopa. llo-
Ipy>XEHHbIE B pacTBop Mg (ocdaTupoBaHus JETaTU HAUYMHAIOT PACTBOPSITHCA C
OYpHBIM BBIJIETIEHUEM BOJOPOJIa, P 3TOM OCHOBHOM MeTasll, IEPEX0/id B pacTBOP,
cBs3bIBaeT PochHOpHYIO KUCIOTY ¢ oOpa3zoBaHueM (QochaTHOU TUICHKU U3 ABYX- U
Tpex3amenieHHbIX ¢ocharoB. Mexay pocdhaTHol MIEHKONH U METAILJIOM CYIIECTBY-
€T TeCHasi KPUCTAUIOXUMHUYECKasl CBsI3b — MOHBI (pocaTupyemMoro meramia sBis-
I0TCsl cocTaBHOM 4vacThio (ochaTtHoil mieHku. [lo mepe dbopmupoBaHus u pocta
IJIEHKU MOBEPXHOCTh METANIa M30JMPYETCS] OT BO3JEHCTBHS PacTBOpa, CKOPOCTh
dbocharupoBaHusi yMEHBIIAETCA U YE€PE3 HEKOTOPOE BpeMsl MIPOIIECC MpeKpalaeTcs,
4TO (PUKCHPYETCA MO MPEKPAIICHHUIO BBIJICTICHUS ITY3bIPHKOB BOJOPO/IA.

B 3aBucuMocTH OT ycnoBuUid MPOBEAEHUS MPOIEcca, OCOOCHHOCTEW MeTala
OCHOBBI U CIOCOOOB €ro MOJAroTOBKU (hocdaTHbIE MOKPHITUS MOTYT UMETh MEIKO-
W KPYTHOKPUCTAIUIMYECKYIO CTPYKTYpPY U ToamuHy oT 2 a0 10-15 mxm. Ho B oc-
HOBHOM (ocdaTHble IIICHKH 00pa3yloT BBICOKOPA3BUTYIO IIEPOXOBATYIO MOBEPX-
HOCTb, 00JIaJIato[yl0 MHOTUMH IIEHHBIMH CBOMcTBamu. biarogaps xopoiuei ajare-
3MOHHOU criocoOHOCTU (GochaTHbIE MOKPBHITUS JIETKO YIEPKUBAIOT MPOIMUTHIBAIO-
[IMEe PacTBOPBI U CMa3KH, KOTOPbIE MPOHUKAIOT B MOPHI U KAMWIISPHI TUICHKU. 3a-
IIUTHAs CIOCOOHOCTD MX MPU 3TOM 3HAYUTENBHO MOoBbIaeTcs. PocaTHbIe MOKPbI-

THA ABJIAIOTCA XOPOIIHMM I'PYHTOM AJI1 HAHCCCHHA JTAKOKPACOYHBIX HOKpBITHﬁ. Nx
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UCIIONB3YIOT JUIsl U3ACNHM, SKCIUTyaTUPYIOIIMXCS B OUYEHb KECTKUX YCIOBUSX, Ha-
MPUMEP, B MOPCKOM BOJIE WIIA B TPOIMTMYECKUX palOHAX..

docdaTHble TJIEHKH 00JaJal0T TAKXKE XOPOIIUMHU SJIEKTPOU3O0IAIMOHHBIMU
CBOMCTBaMHU, MPEJOXPAHSIOT METAUIBI OT CMAauMBaHUS PACIUIaBICHHBIMU MeETalljia-
Mu (Zn, Sn). Hepoctatkom gochaTHbBIX MICHOK SBISETCS HU3KAs MPOYHOCTh U 3Jia-
CTUYHOCTh, B pe3yjbTaTe YE€ro OHU JIETKO HcTuparorcs. Kpome Toro, B mpoiecce
dbocharupoBaHusi BO3MOKHO HABOJOPOKUBAHUE METAJIOB, T.€. YBEIIMUECHHUE XPYII-
KOCTH IMOBEPXHOCTHBIX CJIOEB.

OkcuaupoBaHue cTajed, MeId U MEIHbIX CIJIABOB, IIMHKA W IHMHK-
ATIOMUHUEBBIX CIUIABOB MPOBOJAT C LEIbIO 3aLIUTHO-ACKOPATUBHOU OTACNIKHU TO-
BEPXHOCTHU W3ennil. ICKycCTBEHHbIE OKMCHBIE TJICHKH MPEACTaBISAIOT COO0M pa3-
JUYHBIE TI0 CTPYKTYpE U CBOMCTBAM KOMIAKTHBIE COCAMHEHUS METajljla C KUCIOPO-
noMm. OO 7151 BCEX METANIOB MEXaHU3M UX 00pa30BaHMs CBOJIUTCA K Oosiee Wiu
MEHE€ YIPaBIIIEMOMY MPOLECCY OKUCICHUSI METAINIOB, KOTOPBI COCTOUT U3 CTaAui
00pa3oBaHus U POCTa KPUCTAIITMYECKUX 3aPOIbIIIEH OKHUCIIOB.

[lonyueHne MCKYCCTBEHHBIX OKCHUHBIX MOKPBITUN 3aKII0YaeTCs B 00padoT-
K€ METAJJIOB COOTBETCTBYIOIIMMU BOJAHBIMU PACTBOPAMH, COJAEPKAIIUMU OKUCIHU-
TENM, KOTOpPbIe CIIOCOOHBI T€HEPUPOBATh HA MOBEPXHOCTH Je€Tajei aKTUBHBINA KHU-
CJIOpPOJ, BCTYMAIOIINI BO B3aUMOJAECHCTBHE ¢ MeTauioM. J[Jisi OKCHUIMpPOBaHUS CTa-
7l OPUMEHSIOT TOpsiYMe KOHIEHTPUPOBAHHBIE PACTBOPHI IIEIOUHU, COJEpIKALIUE
okucnutenu. Ilpu 3ToM Keme3o pacTBOpsieTCs C OOpa30BaHUEM COEIUHEHUI
Na,FeO, u NayFe,O4 , u3 koTopbIx hopMHUpYETCsT OKCUAHAS TIJICHKA!

N32F602 + N32F6204 +2H20 — F€3O4 + 4NaOH.

OxkcuaHasi MjaeHKa Ha MaJoOYIJIEPOJUCTBIX CTAISAX UMEET TIIyOOKHUM YepHBIN
[[BET, & Ha BBICOKOYIJIEPOJUCTHIX — YEPHBIM C CEpOBATHIM OTTEHKOM. TommuHa
MJIEHKHU COCTaBMseT 1-3 MKM, KQ4ECTBO 3aBUCHUT OT COCTaBa pacTBOpPA U PEXKUMA Be-
JIEHUs mpolnecca. 3aluuTHas CIIOCOOHOCTh OKCHUJIHBIX IJICHOK Ha CTal yBEIUYHBa-
€TCsl MOCJIE MPOMUTKU UX MacilaMU U CMa3KaMU WY MOKPBITUSA JJAKaMU U KPACKaMH.

[Ipu okcuaMpoBaHUU MEAU U €€ CIUIABOB, MPEXKIE BCEro, JIATyHHU, 00pa3y-

FOTCSL YEPHBIC WIIM YEPHO-CHHUE IUIEHKW TONIIUHOM 1-2 mMkM. Pa3HOBUIHOCTBIO
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ANEKTPOXUMHUYECKOTO0 OKCHUIUPOBAHMS MEIM U CIUIAaBOB, OOTaThIX €10, SIBISETCS
MPOIIECC IEKTPOXUMHUUECKOTO OKpAIIUBAHUS, KOTOPHIA Ja€T BO3MOXKHOCTbH MOJIY-
4yaTh SPKYIO IBETHYIO OKpPAaCKy Ha MoBepXxHOCTU. Hampumep, B mpoiecce 3JaeKTpo-
JTUTUYECKOU KaTOJHOM 00pabOTKU MEAH B CHEIHAIBHBIX IIEIOYHBIX 3JIEKTPOJIUTAX,
COJIep KallliX KOMIUIEKCHBIE HOHBI JIBYXBaJ€HTHOU ME/IH, OJIY4YatOTCsl TOHKUE CI0U
30JIOTUCTOM OKPAaCKH.

IIpi OYeHb MAIBIX KaTOXHBIX MIOTHOCTSX Toka (0,01 A/mM°), KOMHATHOl
TeMIeparype, ¢ MEJHbBIMU aHOJIaMH Ha MU 00pa3yeTcs U MEIJICHHO PacTeT IJICH-
Ka €€ 3aKuCH, TOJIIHHA KOTOPOW copa3MepHa C JJIMHAMHU BOJIH MOHOXpOMaTHYe-
CKHMX cocTaBisifolux Oenoro cera. [lo Mepe pocta mieHKa MOCIENOBATENIbHO OK-
palmBaeTcs B pa3fIUUHbIC I[BETA CHEKTPA, KAXIbIM U3 KOTOPBIX JIETKO 3aUKCUPO-
BaTh IPEKpalIeHUEeM TIpoliecca IeKTpoin3a. L{BeTHbIe MIIEHKH, TOTyYEeHHbIE TAKUM
crocoOOM, MMEIOT HUYTOXKHYIO TOJIIMHY, MO3TOMY HMX HEOOXOAMMO 3allHIaTh
MPO3paYHbIMU JIAKAMHU.

OkcuaHble MJICHKU Ha AJIIOMUHHH, MOJYyYEHHBIE XUMHUYECKUM CIIOCOOOM B
C1a00IIEI0YHBIX PACTBOPAX XPOMATOB, 00BIYHO OYeHb TOHKHKE (0,5-2 MKM) ¢ MaJiou
MEXaHUUYECKON MpouHOCThIO. VX yalie BCero MCHoyib3yloT B Ka4eCTBE I'PyHTa MO
JAKOKPACOYHBIE MTOKPBITHS.

Toncteiit okcuaHbii cnoit (20-30 MKM) ¢ BBICOKOW aJICOPOLIMOHHON CIIOCO0-
HOCTBIO, TEIUJIO- M JJIEKTPOU3OJISIIIUOHHBIMU CBOMCTBAMH, IOBBIIIEHHON TBEPHO-
CTPIO U HU3HOCOCTOMKOCTBIO 0Opa3yeTcs TMpU aHOJHOM 3JIEKTPOXUMUYECKOM
OKCUJMPOBaHUU amtoMUHUS. CHOCOOHOCTh MOPUCTHIX AHOAHBIX IUIEHOK aJIcOpOu-
pPOBaTh U MPOYHO YACPKUBATH PA3IUYHBIC BEIIECTBA, B TOM YUCJIE OPraHUYECKUE U
MUHEPAJIbHbIE KPACUTENH, IIUPOKO MCHOJb3YETCS JUIsl OKPACKU MOBEPXHOCTH alto-
MUHHS B CaMbl€ Pa3JIMYHbIC 1IBETA.

CyurHocTh mpoliecca aHOJJHOTO OKHCIICHUSI alllOMUHUS COCTOUT B CIEIYIO-

meM (puc. 9).
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Puc. 9 Cxema o6pasoBanus OKCHIHOM IIIEHKK HAa ATFOMUHKU: |- IJIOTHAS TUIEHKA; 2
IIOPUCTas IUICHKA

[lox meiicTBHEM BBIACINSIIONIETOCS HA aHOJAE aKTHMBHOTO KHUCJIOpPOJa Ha ajo-
MUHHM OOpa3yeTrcsl ToHualmumii cinoilt okucna meraimia (0.01-0.1 mxm) — noTHas
MJIeHKa 0apbepHOro THUIA M0 PEAKIUU:

2A1+3H,0 — ALO; + 6H" + 6¢°

Bremnsst ctopoHa 3ToM IieHKH, oOpalieHHas K pacTBOpPY, YacCTUYHO pac-
TBOPSIETCSI B AJICKTPOJIUTE U CTAHOBUTCS MOpUCTOi. Yepe3 oOpa3zoBaBiIuecs MOpPbI
KHUCJIOPOJI TPOHUKAET K OCHOBHOMY METaJLTy, OJarojaps 4eMy mpolecc OKUCICHUS
AQTIOMUHUS WJET HEMPEpPhIBHO, T.€. 0ApbEepHBIM CJIOM MOCTEIIEHHO OOHOBISETCS U
Kak ObI epeMelaercs B riayosr Metaimaa. O4eBUIHO, UTO CKOPOCTh POCTA OKCUIHOM
IJIEHKU M €€ CBOMCTBA 3aBUCIT OT COOTHOILIEHUSI CKOPOCTEN ANEKTPOXHUMHUYECKOTO
OKUCJICHUS aJIIOMUHUS M XUMHUYECKOTO PAaCTBOPEHUS TIJICHKHU B DJICKTPOJIUTE.

[Tocne 06pabOTKM MOPHUCTHIX OKCHUJIHBIX IJICHOK Ha aJllOMUHUN B MACCUBH-
PYIOLIUMX pacTBOpax COJIE Xpoma MapoM WM Topsiued BOJOM 3aluTHas croco0-
HOCTbH TUICHOK TOBBIIIAETCS BCJEACTBUE THpATAIlUH OKCHIA, a TaKXKe aIcopOIuu
xpomata u oopaszoBanus coeauueHuit Tuna (AlO),CrO;.

Pa3HOBUIHOCTHIO MPOIECCa aHOAHOTO OKHUCIICHHS aJIIOMUHUS U €T0 CILIABOB
ABJISICTCS ImMamanuposarue. B oTiinurve OT aHOJIHBIX IJICHOK, MPAKTUYECKU HE H3-
MEHSIOMUX (PaKTypy OCHOBHOIO MeETajjia, dMaTalIeBble MOKPBITHS MPUIAIOT IO-
BEPXHOCTH «HEMETAUUIMYECKUI» BUJ, HAIIOMUHAIONMN 3Maiib. [Ipeanonaraercs, 4To
IaBesieBasl KUCI0Ta, BXOJSINAas B COCTaB PAaCTBOPOB SMaTaIUPOBAHMS, SBIISICTCS
MJIEHKOOOpa3oBaresieM; APYrue€ KOMIOHEHTHI (OKUCIbI TUTaHA, UPKOHUS) HAIMOJ-

HSIOT MOPBI, YTO MPUBOJUT K MOTEpPE MPO3PAYHOCTH OKCHUJIHOU TJIEHKOW U 00yCIOB-
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nuBaeT crnenuduueckuid BUJ, HanmoMuHaromui sManb. [lo crpykrype u puszmko-
MEXaHUYECKUM CBOWMCTBAM 3MAaTajieBble IJICHKA M0 OTJIWYAKOTCS OT OKCHJIHBIX,
MOJIYYEHHBIX aHOJUPOBAHUEM. SIBISASCh MOPUCTHIMU, ITH IJIEHKH CIIOCOOHBI OKpa-

IIUBATHCS B PA3JIMYHBIE 1[BETA, JICOPOUPYSI OpraHUYECKUE KPACUTEIIH.

3.2. Cmeknoimanesvle NOKPbImMus

CunukaTHbIe MaTepUaibl — 3TO 00Ilee Ha3BaHWE HEOPTaHUUECKUX MaTepHa-
JIOB, COJEPKAIIMX PAa3JINYHbIE COEAUHECHUS KPEMHHUSA C IPYTUMHU 3JIEMEHTAMU, a
TAKK€ OKCHJIbl ATFOMUHHUS, MarHusi, UUPKOHUA U T.1. CUIMKATHBIE SMalu NpPeACTaB-
JSIIOT cOOOM JIETKOTUIABKUE, Yallle HEMPO3pauHble OKpPAIICHHBIE CTEKJIa, KOTOPhIE B
BHUJIE TOHKOT'O CJIOSl HAIUIABIISAKOTCS HA MOBEPXHOCTh HU3Aeauid. OHU NPUMEHSIOTCS
JUISL 3aITUTHO-JIEKOPATUBHOM M CIIEIIMAIbHOM MOBEPXHOCTHOM 00paOOTKH METAJIOB
Y KepaMUKU. B sMamupoOBaHHBIX METAIMYECKUX U3JICIUSIX YIAYHO COUYETAIOTCS Me-
XaHWYECKas MPOYHOCTh METAJIa C XMMUYECKOM CTOMKOCTBIO, IEKOPATUBHOCTHIO U
JIPYTHUMU CBOMCTBaMU CTEKJIA.

Omanu, MPUMEHSEMBbIE Uil MOKPBITHS METAJUIOB M KEPAMHUKH, IMOIYy4arOT
CIUIABJICHUEM IIMXThl — OJHOPOJHON CMECH MOATOTOBJIEHHBIX JJISI CTEKJIOBAPEHHUS
CBIPbEBBIX MaTEPHUAJIOB: KBApIIEBOTO MECKa, MOJEBOrO LINaTa, Oyphl, COMIbI, B3ATHIX B
OMPENIEICHHOM COOTHOIIEHWU , U HEOOJBIINX KOJUYECTB CHEUUATBHBIX TOOABOK.
OnHu W3 HUX YAYYIIAIOT CUEIUIEHHE 3MaJIeBOrO CIOsi ¢ OCHOBOM, Apyrue 00yclioB-
JIMBAIOT JIEKOPATHUBHBIC U CIELMAIbHBIE CBOMCTBA MOKPBITHI. CIUIaBICHHYIO 3Majb
B BHJIE KUJIKOTO paciljiaBa BEUIMBAIOT B BOJY, IJIe OHA 3aTBepjieBacT B hopme Med-
KMX YaCTHI] — rpaHya pasmepoM npuMepHo 0,5 mMm. 3arem rpanyibl SMand pa3ma-
JBIBAIOT JI0 MEJIKOJIUCIEPCHOIO COCTOSIHUS B BOJTHOM PAacTBOPE, COAEPKAIIEM Bellle-
CTBa, COCOOCTBYIOIINE 00PA30BaHUI0 YCTOMYMBOW CYCIIEH3UH — SMAJIEBOTO IIIJTUKE-
pa. llInukep HaHOCAT HA MOBEPXHOCTh NOATOTOBIEHHBIX K SMAIMPOBAHUIO U3IEIUN
OKyHaHHEM, OOJIMBaHHEM, HANIbUICHHEM U KHUCThI0. M31enusi ¢ HaHeCeHHBIM Ha HUX
IUIMKEPOM BBICYLIMBAIOT /10 MOJHOTO yIalleHUs BOJIbI, MOJBEPraroT 00KUry (Harpe-
BAHUIO B CIENUAILHBIX I€4ax mnpu Temneparype 750-900°C) mis cruiaBieHHs dac-

TUII CTCKJIAa U 06pa30BaH1/1;1 OTHOCHUTCIIBHO paBHOMCPHOI'O SMAJICBOI'O ITIOKPBLITHA.
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B GonbIIMHCTBE Ci1ydaeB SMaJIEBOE MOKPBHITHE COCTOUT U3 TPYHTOBOTO CJIOSI
U OJIHOTO-JIBYX MOKPOBHBIX cyioeB. [Ipudem, uem TOHbIIE IJIEHKA 3Maji, TeM Ha-
JIe’KHEE CIIETUICHUE MOKPBITUS C OCHOBOM M MEHBIIIE BEPOATHOCTU CKOJIa UK 00yieTa
AMaJH.

OxkpailiuBaHue riayXux U Mpo3padyHbIX dMajiel OCYIIECTBISETCS BBEACHUEM
IBETHBIX OKHCJIOB KOOaIbTa, *Keje3a, Meu, XpoMa 1 MapraHiia B MIUXTY Wik J00aB-
JIEHWEM Pa3JIMYHbIX MTUTMEHTOB B TOTOBBIE TPAHYJIBI AMAJIH IIPU UX MTOMOJIE.

Hapsiny ¢ mOKpOBHBIMU SMAJIIMU, BBITIOTHSIOIIUMU 3aIllIUTHO-/IEKOPATUBHbIE
(yHKIIMY, TPUMEHSIOTCS 3MalH, 00J1aJalole HEKOTOPhIMU CIEIUaIbHBIMU CBOM-
ctBamu. Kucinotocrolikue sManu coiepat MOBBIIIEHHOE, MPOTUB OOBIYHOTO, KOJIH-
4ecTBO KpeMHe3ema. [loBhillieHHasi CTOMKOCTh B IIEIOYHBIX CpEIax IOCTUTACTCS
BBEJICHUEM B IIUXTY JOMOJHUTEIbHBIX KOJUYECTB OKUCH IIUPKOHUS C OJTHOBPEMEH-
HBIM HCKJIIOYCHHEM HECTOMKHUX B IIeJI0Yax OKHCIIOB aJIlOMUHMS U IuHKa. JKapo-
CTOMKOCTh 00€CTeunBaeTCsl YBEIMUEHUEM COJEPKaHUSI B OMAJIEBBIX TpPaHyJIax Tyro-
MJIABKUX OKUCJIOB QTIOMUHUS U XpOMA.

K rpynrme cnenuanbHbIX OTHOCSITCS CBETSIIIHECS YMaH, MOTy4yaeMble BBEIEC-
HUEM B COCTaB IIUXTHI JIIOMUHO(OPOB, Yalle BCEro Cyab(pUI0B IIMHKA, aKTUBUPO-
BAHHOTO MUKPOJIO0ABKAMHU TSIKENBIX METAIOB. DMAIU-TIOMUHOGOPHI MOCIIE OCBE-
HieHUs 001aal0T HENMPOAOJKUTEIbHBIM CAMOCBEYEHUEM, OOBIYHO HE MPEBBIIIA0-
UM vaca. [ moisydeHus: sManeld ¢ MOCTOSIHHBIM CBEYEHUEM MPUMEHSIOT JTIOMU-
HO(OPBI, coAepKaIIie PaJHOAKTUBHbBIC BEIIECTBA.

OManunpoBaHue 30/10Ta, cepedpa, Mein, CIUIABOB HA UX OCHOBE MPUMEHSIETCS
B JICKOPATUBHBIX LEJSAX ISl U3TOTOBJICHUS FOBEIUPHBIX U CYBEHUPHO-MOAAPOYHBIX
u3aenuid. [{ns 3Toro ucnoyib3yroTcsl JErKOMJIaBKUE MHOTOCBUHIIOBBIE KAJIUEBOCUIIH-

KaTHBIE DMaJIM, 00/1aJal0IIE CUIbHBIM OJIECKOM.

3.3. Memannuueckue nokpolmus
Merannuyeckre MNOKPBITHS HAHOCAT Ha U3JIENUs MOTPYKEHHEM B pPaCIIaB-
JICHHBIN METall, PaCIbUICHUEM, TEPMOMEXaHUYECKUM, TU(PHY3MOHHBIM U TalibBaHU-

YCCKHUM MCTOOaMMU.
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[lokpeITUs copsuum memodom HAHOCIT HA U3JCIIHNE WUIIU 3aTOTOBKY IMyTEM UX
MOTPYKEHUS HAa HECKOJbKO CEKYH]I B BaHHY C PaCIUIaBJICHHBIM MeETauioM (IMHK,
0JIOBO, CBHUHEII, allOMUHUNA, UMEIOIINE HU3KYI0 TeMmmeparypy IuiasieHus). Ilepen
HaHECEHHEM Ha M3JIeJINe MOKPBITUS ero o0padaThiBalOT (HIFOCOM — KHAKONW CMECHIO
XJIOPUCTBHIX cojied aMMOHMSI U 1uHKA. Diroc 3ammuimaeT pacriaB OT OKUCICHUS U
yAQISET ¢ MOBEPXHOCTU METaJlJIa OKCUJHBIE U JIPYTHE IUICHKHU, YTO YIYUIIaeT yclo-
BUsI CMauuBaHus ero pacriaBoM. [locie u3BieueHrs U3 pacijiaBa Ha HUX OCTaeTcs
MIPOYHO CIIEIJICHHAs C OCHOBOM IUICHKA KUAKOr0 MeTajuia, 00pa3yroias mocie 3a-
TBepJieBaHUsl MOKpPbITHE. OCHOBHBIM YCIIOBUEM, OMPEACISIONIUM BO3MOKHOCTH Ha-
HECEHHUS TTOKPBITUS METOJIOM TMOTPY>KEHHUs, SBISETCA COCOOHOCTh PACILJIABIIEHHOTO
MeTalljia XOpOoIlo CMAayuBaTh MOBEPXHOCTh U3AENHs, 00pa3ysi Ha rpaHUlE UX COIpPU-
KOCHOBeHUs U Py3noHHBIN ciioii craBa. TemnepaTypa IiiaBlieHHUs] MeTallla OCHO-
BbI JIOJDKHA OBITh 3HAUUTENILHO BBIILIE TEMIIEPATyphl TIABJICHUS METalIa MOKPBITHUS.

OTANYUTENBHON OCOOCHHOCTHIO TMOKPBITUM, MOJIYyYaeMbIX MOTPYXKEHHEM B
pacIuiaB, SIBISETCS OTCYTCTBUE UETKOW TpaHHUIIbl MEXAY METaJIaMH OCHOBBI M IO-
KPBITHS.

Juggysuonnvie nokpvimus NOTy4arOTCsl TPU COBMECTHOM HArpeBaHUU Me-
TAJUTMYECKUX U3JIETTUNA U AJIEMEHTa MOKPBITUS, KOTOPbIA MOXKET UCIOJIB30BATHCS KaK
B BHJIC MOPOIIIKA C J00aBKOM XJIOPUAOB, TaK U B BUJIE MAPOB €r0 JIETYYUX COEJIUHE-
Huil. [Ipr TaKOM COBMECTHOM HAarpeBaHWM BBIJICIIAIOIAICS 3JIEMEHT B aTOMapHOM
cocTtossHUHM TUGQYHAUPYET B MOBEPXHOCTHBIM CIIOM M3AENIHS, KOTOPLIH MpHoOpeTaeT
YCTOWYHBOCTB K Ta30BOUM KOPPO3UH, OBBIIICHHYIO TBEPAOCTh U H3HOCOCTOUKOCTb.

Hubdy3nonnas meramiuzanusi — 3TO MPOIECC HACBIIMIEHUS MPU BBICOKUX
TeMreparypax YCTOMYMBBIMHU K arpeCCUBHON Cpejie dJIEeMEHTaMU: alllOMUHUEM (aju-
TUPOBAHUE), XPOMOM (XpPOMHUPOBAHUE), KPEMHUEM (CHUIUMIUPOBAHUE) AIEMEHTA IO-
KPBITHUS, KOTOPBIM MOKET UCMOJb30BaThCA KaK B BUJIEC MOPOLIKA C 100aBKON XJIOpH-
JIOB, TaK U B BUJIE TIAPOB €T0 JIETYYNX COCTUHECHUM.

Crno¥t MOKPBITHS, MOJYYEHHOTO TaKHUM CIOCOOOM, MPAKTHUUYECKHU IEJTUKOM CO-
CTOUT M3 CIUIaBa METaJIJla OCHOBBI M MeTaJlJla MOKpbITUA. Pemaromumu dakrtopamu,

ONpeNIEeNAIONMMU BO3MOKHOCTh 00pa3oBaHus TU(PPy3UOHHBIX MOKPHITUN, SBISIOTCS
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COM3MEPUMOCTh Pa3MEPOB ATOMOB M POJICTBEHHOCTh KPHUCTAJUIMYECKUX CTPYKTYP Y
B3aUMHO JTUDPYHAUPYIOMIHNX METAILIIOB.

HaulOonbiee npakTuyeckoe NPUMEHEHUE TOTYYUIIN [IUHKOBBIE, XPOMOBBIE U
atoOMUHUEBBIE TU(DPY3UOHHBIE TOKPBITUS, KOTOPhIE HAHOCSIT HA YEPHBIE METAILIIBI.

Heuto cpennee Mexny nud@y3uoHHON MeTaIM3alued U crocodoM Morpy-
KEHHUS B PACIUIaB MPEJCTaBISIET COOOM MpoIecc ropsyero amanveamuposanus. W3-
BECTHBIM elie B riyOOKOMl JPEeBHOCTH, OH MHOTJA MPUMEHSETCS Il HAHECEHUs] Ha
MeJlb U CIUIaBbl HA €€ OCHOBE 30J10Ta U cepedpa. ONUIKU WM MOPOIIKU JIParoieH-
HBIX METAJIJIOB PACTBOPAIOTCA B PTYTHU C 0Opa30BaHUEM aMajbraMbl, KOTOpas Morpy-
KEHHUEM WJIM HaTUPAaHHEM HAHOCUTCS Ha MPEBAPUTEIIBHO aMallblaMUPOBAHHYIO TO-
BEPXHOCTH MeTajia. M3nenne Harpesaercs a0 temmeparypsl 300-400°C mon Tsroi
70 TIOJIHOTO HcnapeHus pTyTd. Ha moBepXHOCTH MeTamia ocTaeTcsi clioil cepedpa
WJIU 30J10Ta, IPOYHO CIEIJICHHBIA ¢ OCHOBOM Oiarojaps HEKOTOpo# B3auMoauddy-
3UM JParolieHHOr0 METAJUIa U METaJja OCHOBBI.

Memannuzayus nanviienuem — 3TO MPOLECC HAHECEHUS KaNEIbHOKUIKOTO
MeTaJla WX CIUIaBa C pa3MepoM vactull 15-20 MKM mpu mOMOIIM CTPYH CKATOTO
BO3/yXa WM MHEPTHOIO Ta3a HAa MOBEPXHOCTh M3AENUsA. YaCTULIBI )KUAKOIO METaIA,
oOnajaromire OnpeaeIeHHON KUHETHYECKOM 3HEeprueu, momajaas Ha oOpabdaThiBae-
MYIO TOBEPXHOCTb, BKJIMHUBAIOTCS W MPUJIUIAIOT B MOpax U HEPOBHOCTSAX B BHUJEC
PACIUTIONICHHBIX Karellb. JTO OOYCIOBIMBAET XapaKTEpPHOE JUIsl TAaHHOTO Crocoda
YEUIyn4aToe 1 MOPUCTOE CTPOCHUE CIOSI IOKPBITHSL.

BecpMma nepcneKTUBHBIM U YHUBEPCAJIbHBIM SIBIISIETCSI CIIOCOO0 HAHECEHUS Me-
TANIMYECKUX TTOKPBITUM KoHOeHcayueli 8 sakyyme. CyIIHOCTD IpoIecca 3aKIroyacT-
Cs B TOM, YTO METAJIJI MIPU HArpeBaHUU B BaKyyMe MEPEXOAUT B MapooOpa3HOe Co-
CTOSIHUE, a 3aT€M KOHJEHCHUPYETCS Ha TBEPJIbIX MOBEPXHOCTSIX, HAXOMSIIUXCS B Ba-
KYYMHOH Kamepe. DTOT Croco0, Kak U HanbUICHUE, MO3BOJISET MOIYyYaTh Pa3auyHbIe
METAJIJIOMOKPBITHUS HA JIIOOBIX, B TOM YHCJIE, HA a0CONIOTHO HETEIUIOCTOMKHX MaTe-
puanax. Haubonee mupokoe mpakTUuecKoe MPUMEHEHHE B TEXHOJOTHH BAKYYMHOM
METaJTU3AIMU HAILIUIM TaKUE METAJIIbI, KaK aJlOMUHUMN, XpOM, TUTaH, IIMHK, CEPeOpo,

30JI0TO.
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Xumuueckas memannuzayusi IPUMEHSETCA 1J11 HAHECEHHS] HEKOTOPBIX MeTall-
JIOB Ha KOHCTPYKIIMOHHBIE MaTepHaibl, 00JIaJaloIiNe CTOUKOCTBIO B TOPAUYUX C1ab0-
KHUCJIBIX WK cabomenounbix pactBopax. CylIHOCTh MpoIecca 3aKIvYaeTcs B XU-
MHUYECKOM BOCCTAaHOBJIEHWH MOHOB HAHOCHUMOTO METaJlIa, HaXOASIIHUXCSI B PaCTBOPE,
70 METAJUTMYECKOT0 COCTOSIHUS. Peakius nmpoTekaeT Ha MOBEPXHOCTH 0O0padaThiBae-
MOTO M3JENHs MO0J BO3AEHCTBUEM BOCCTAHOBUTENS, IEPENAIOIIETO METAILTY HEOOXO-
JUMOE JUIsl BOCCTAHOBJICHHUS KOJIMUYECTBO 3JIEKTPOHOB.

HaulGonbiiee npuMeHeHre B MPOMBIIIIIEHHOCTH HAIIeNl CIOCO0 XMMUYECKOTO
HUKEJIUPOBAHUS, MPUMEHEHUE KOTOPOTO OCOOEHHO I1eIeco00pa3Ho AJisi HAaHECEHHS
MOKPBITUHA B MacCOBOM MPOU3BOACTBE MEIKUX METAUIMYECKHUX JAeTaneil, UMEIOIUX
TOYHBIE PA3MEPHI U CIOKHYIO KOHPUTYPALHIO.

dnekmpoxumuueckuii cnocob MeTalIu3aluu SBISETCS Hauboliee paclpo-
CTPaHEHHBIM M JIETKO YIPAaBISIEMBIM M3 BceX MEeTOA0B. OH JaeT MPUHIUIHUAIBHYIO
BO3MOKHOCTh BOCCTAHABJIMBATH MTOYTH BCE METAJUIbI U CIUIaBbl HA UX OCHOBE U3 BOJI-
HBIX ¥ HEBOJHBIX PAaCTBOPOB COOTBETCTBYIOIIUX cOjlei. MeXxaHu3M 3JIEKTPOIUTHYE-
CKOr'0 TOJIyYEHHUS METaJUIOMOKPBHITUM OCHOBBIBAETCS HAa M3BECTHBIX 3aKOHAX M 3a-
KJIFOYAETCS B CIEAYIOIIEM.

Ecnu B pactBOp Kakoi-nubo coyi MeTajlla MOTPY3UTh METAJNIMUECKUE DIICK-
TPOJABl U MOAKIIOUYUTh K HUM HUCTOUYHHK MOCTOSIHHOTO TOKa TaKUM OOpa3oM, YTOOBI
OJIMH 3JIEKTPOJl ObLI COEIMHEH C OTPULIATENIbHBIM, a IPYTOU € MOJOKUTEIBHBIM TO-
JIOCOM HMCTOYHHKA TOKA, TO Ha 3JEKTPOJax OyIyT MPOTEKATh 3JIEKTPOXUMUYECKUE
pEaKIuu, B OCHOBE KOTOPBIX JICKUT MPEBpAIICHUE ANEKTPUUECKON SHEPTUU B XUMHU-
yeckyro. [lon neiicTBUEM 3JEKTPUUYECKOTO MOJI MOJIOKUTENIbHO 3apsSyKEHHBIE MOHBI
MeTajia (KaTUOHbBI) MOAXOJAT K OTPUIIATEILHOMY JIEKTPOAY (KaToly) U MOIydaroT
OT HEro HeoOXOAMMOE KOJUYECTBO DJIEKTPOHOB, MPEBpaIIasich B HEUTpaJbHbIE aTO-
MBI, KpUCTaTM3YIONIecs Ha KaToje B BUJE MeTamdeckoro ocaaka (Me" + ne —
Me). B To Bpems, kak Ha KaTtoAe OyJeT MPOUCXOAUTh HENPEPHIBHOE BBIJICICHUE ME-
Tajja W3 pacTBOpa, Ha MOJOXKHUTEIBLHOM 3JEKTpojAe (aHOAE) METalll B pe3ysibTaTe
TIPOTHBOIIOJNIOKHO HATIPABJIECHHOH 3NMEKTpOoXHUMUUeckoil peakimu (Me - ne — Me™)

6YI[CT MNEPECXOJUTH B PACTBOP B BUAC KATHOHOB, HCIIPCPBIBHO ITOIIOJIHAA X Y6LIJ'H> n3
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pacTBopa. B peasibHBIX yCIOBUSX MOMYYEHUS PA3IMYHBIX METAIONOKPHITUN MpUBE-
JICHHAs JJIEMEHTapHas CXeMa 3JIEKTPOJM3a 3HAUYUTENIbHO YCIOXKHSETCS BCIEICTBUE
MPOTEKAaHUs MOOOYHBIX MPOIECCOB, COMYTCTBYIOIINX OCHOBHBIM 3JIEKTPOHBIM peak-
UM, TaKUX, KaK BbIJEJICHUE BOJAOPO/Ia HA KaTOJIe U KUCIOPOJa Ha aHOJIe B Pe3yJib-
TaTe AJIEKTPOJIN3a BOJBI.

[Ipon3BOAUTENBHOCTD TMpoOIEcCca MIEKTPOOCAKACHHS ONPEEIIETCS, C OJHOU
CTOPOHBI, BJEKTPOXUMUUYECKUM IKBUBAJIEHTOM METajlla MOKPBITUSA, C APYTOd — €ro
BBIXOJIOM MO TOKY U JIOMMYCTUMOW KAaTOJHOM IUIOTHOCTHIO TOKA. Yem OoJibliie 3JieK-
TPOXUMHUYECKUM SKBUBAJICHT U MEHBIIE JOJS TOKA, 3aTpauyrBaeMasi Ha MPOTEKaHUE
MOOOYHBIX JIEKTPOHBIX MPOIECCOB, YEM CUJIbHEE TOK, MPUXOMSIIUICS HA €AUHUILY
MOBEPXHOCTHU MOKPHIBAEMOM JI€TalIM, TEM BBIIIE CKOPOCTh OCAXKJCHUSI MeTajlia Io-
KPBITHS.

[{BeT OOMBIIMHCTBA MOKPOBHBIX METAINIMYECKUX MIICHOK Kojebyercs ot Oe-
JI0-CEPOro U CBETIIO-CEPOT0, B 3aBUCUMOCTH OT MPUPOABI METAJIJIa TOKPBITUS U 0CO-
OCHHOCTE!N TEXHOJOTHH €ro HaHeceHus. VICkioueHne cocTaBisioT MOKPHITUS Ha OC-
HOBE MEJIU U 30JI0Ta, IBETOBOM ()OH KOTOPBHIX MOXKET MEHSTHCS OT TEMHO-PO30BOIO
70 0J€HO-KENTOr0 B 3aBUCUMOCTHU OT KOJIMYECTBA U CBOWCTB JIETUPYIOIIUX KOMIIO-
HEHTOB.

C TOUYKM 3peHUSs ICUXOJIOTHUYECKOTO BOCIPUSATHS BCE METAJUTMYECKHUE TTOKPHI-
THSI CPABHUTEIBHO JIETKO Pa3/IeNAIOTCS Ha TEIJIbIE U XOJOAHBIE, YTO SIBISIETCS OJHUM
U3 KPUTEPHUEB UX ICTETUYECKOUN OLICHKHU.

Oco0eHHOCTBIO OOJBIIMHCTBA METAJUIONOKPHITUN  SIBISIETCSA CHOCOOHOCTD
BOCIIPOU3BOJIUTh penbed U MePeKThl KOHCTPYKIMOHHOTO MaTepuajia, Ha KOTOPBIM
OHM HAHOCSITCS, €CJIA JIEMEHTBI ATOTO pesibeda Mo TIIyOMHEe COM3ZMEPHUMBI C TOJIIIU-
HOM MOKPOBHBIX METAUIMYECKUX MICHOK. TOJNIIMHA MPUMEHSEMbIX B COBPEMEHHOM
TEXHOJIOTUU METAJUIOMOKPBITUM B 3aBUCUMOCTH OT MPEAbSIBIAEMBIX TPEOOBAaHUMN KO-
nebyieTcst OT J0Jied MUKpPOHA JI0 HECKOJIbKUX JIECSITKOB MUKPOH. B HEKOTOpBIX Ciy-
qasix, HalpuMep, JJis MOBBIIICHUS! U3HOCOCTOMKOCTH WM BOCCTAHOBJIEHUS Pa3MEpOB
CpabOTaHHBIX JETaJIeH, TOJIIMIMHA TOKPHITUH MOXKET U3MEPATHCS COTHSIMU U ThICSYa-

MM MHUKPOH.
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Bo3moxkHbie cIOCOOBI HEMOCPEACTBEHHOIO HAHECEHHs HauboJiee pacmpo-
CTPaHEHHBIX METAJUIONOKPHITUN HAa pa3NM4Hble KOHCTPYKIMOHHBIE MaTepUalibl Wil-

JTOCTpUpPYIOTCS Tab.4.

4. Opranuyeckue NMOKPbITUS

CaMbIM pacIpOCTpaHEHHBIM CIIOCOOOM OO0JIaropaXMBaHUs U 3aIlllUTa TaKHX
MaTepuanoB, Kak METaJUIbl U IPEBECUHA, SIBJISIETCS HAHECEHHE MOJIMMEPHBIX OpPTaHU-
YECKHUX MOKPBITHH, BEIyIIIe€ MECTO CPEAN KOTOPBIX 3aHUMAIOT JIaKOKpacoyHble. Oi-
HAaKO B psiJie CIy4aeB BO3HUKAET HEOOXOJUMOCTh UX HAHECEHMs M Ha CTEKJIO, Kepa-
MUKY, IJIACTMACCHI.

JlakokpacouyHble TOKPBHITUS MOTYT OBITh MPO3pAuYHbIMU (OMU(BI U JIaKU) U
HEMPO3payHbIMU (KPAaCKU U dMaJN).

KoMmnonenTaMu JaKOKpPacCOUYHBIX MATEPHUANIOB CIIYXaT IJIEHKOOOpa3yromme
BEILIECTBA, PACTBOPHTENH, IUIACTU(DHKATOPBL, ITMIMEHTBI, HAMOITHUTEIH, KATAIM3aTOPBL

[InenkooOpa3yroiire BEHeCTBa — TO BEIIECTBA, CIIOCOOHBIE 0OPa30BHIBATH
TOHKHE MPOYHbIC TUICHKH, - PACTUTEIbHBIC Macia, IPUPOJAHbIE U CUHTETUYECKHUE BbI-
COKOMOJICKYJISIPHBIE COEIUHEHUS, A(UPBI UEUTI0I03bI, >KUBOTHBIE KIIE€U, MKUIKOE
CTEKJIO, IEKCTPUH, Ka3eHH.

PactBoputensimMu mieHKo0Opa3yIoKUX BEIIECTB CIYKAT CIIUPTHI (ITAHOII,
OyTaHOJ), alleTOH, OCH3UH, CKUMKUAAp, Toxyoa u aAp. [lnactudukatopbl - Kaydyyku,
KacTOpOBOE€ Macyo, nulOyTuiadTanaT U T.A., - OPUAAIOT HOKPBHITUSIM HEOOXOIUMYIO
AnacTUYHOCTh. KpacuTenu v MUrMEeHTHI BBOASAT JIJIsl MPUAAHUSL ONMPEIEIEHHOTO 1IBe-
Ta nokpeiThio. Kpome Toro, npuposa, cTeneHb JUCIEPCHOCTU U (hopMa YaCTHI] IHT-
MEHTA OKa3bIBAET CYIIECTBEHHOE BJIMSIHUE U HAa (PU3UKO-XUMUYECKUE CBOWCTBA TO-
KpBITHUS, MOBBIIIAS €r0 TBEPJIOCTh, U3HOCOCTOMKOCTh, BOJOHENPOHUIIAEMOCTh, Me-
XaHUYECKYIO MPOYHOCTb.

HanonnuTtenu BBOJSAT JJisI CHMXKEHUSI CTOMMOCTH TOKPBITHS (MEJN, TalbK,

KaoJIMH, acOecToBas MbuUlh). Katanu3aTopbl, KOTOPBIMU CIYXaT COEAMHEHUS CBUHIIA,
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MapradHga 1 Ap. ¢ OpraHn4CCKUMHU KHCJIOTaMH, BBOIAT B COCTAB KOMIIO3WIIWU JIA

YCKOPCHUS BbICBIXaHUSA MACJIAHBIX IIJICHOK.

Tabnuia 4
Cnioco0bl HEMOCPEICTBEHHOTO HAHECEHUST HanboJiee paclpoOCTPAHEHHBIX Me-
TaJIOMOKpbITUM Ha MeTasuibl (M), cunukatsl (C),

nonumepsl (I1) u gpeBecuny (/)

Mertamn Croco0bl HaHECEHUS
MOKPBITUS
orpy- Q- | HambUICHUE | KOHICHCALIUS BOCCTAaHOBJIEHUE
XKeHue B | Qy3us XUMHYECKOE AIEKTPOXU-
pacriaB MHYECKOE
Al M M,C,IL /] M,C,IL /]
7n M M M,C,IL /] M,C,IL /] M
Cr M M,C,IL /] M,C,I1 M
Fe M,C,H,I[ MaCaH M
Cd M,C,IL /] M
Ni M,C,I1 M
Sn M M,C,I1 M
Pb M M M
Cu M,C,IL /] M,C,IL /] M,C,I1 M
Ag M M,C,II M,C,II M
Au M M,C.,I1 M,C,I1 M
CnnaBsl M M,C,IL 1 M,C,IL I M

Jlaku — pacTBOPBI MJIEHKOOOPA3YIOIIUX BEIIECTB B OPTaHUUYECKUX PACTBOPH-
tensax. Kpacku — cycneH3uu NUrMeHToB B IJIEHKOOOpa3yromux BemecTBax. OCHO-
BOM MAacCIHBIX KpPacOK clykaT oJu(bl (mepepaOOTaHHbIE PACTUTEIbHBIE Macia),
AMaJIeBbIX — JIAKH.

JIJist mojiydeHus: MPOYHOTO CIEIJICHUS MOKPBITUSI C TTOBEPXHOCTHIO U3/IEIIHUS
UCIIONB3YIOT TPYHTOBKHU, & JJI YCTPAHEHUS! PUCOK, YIIIYOJeHUN, U3bSIHOB - INMAT-

JIEBKH, COCTOSIIIIHNE U3 IJIEHKOOOPAa3yIOIIEeT0, HAOIHUTEIEH, TUTMEHTOB.

69



Hanecenune nakoKpacOUYHBIX IJIEHOK Ha KOHCTPYKIIMOHHBIE MaTepHabl MO-
KET BBITIOJHATHCSA PA3TUYHBIMU CLIOCOOAMU: KUCThIO, OKYHAHUEM, PACIIBLICHHEM.

MeTanioKOHCTPYKIMUA U Pa3IMYHbIC U3ACIUS MPEIOXPAHIIOT OT KOPPO3HH,
MOKPBIBasi UX TEPMOIUIACTUYHBIMHU TMOJIUMEpPAMU, TAKUMHU KaK TOJUITUIIEH, IMOIH-
MPOMWICH, YMOKCUIHbIE COeUHEHUsI, (PTOPOIUIACThl, moauaMuibl U Jp. [loaumeps
Ha 3aIHIIAEMYyI0 TOBEPXHOCTh HAHOCSIT B BUJIE JINCTOBBIX MaTE€PUAJIOB, CYCIEH3HH,
MEJIKOJIUCTIEPCHBIX TOPOIIKOB WJIM PAaCTBOPOB PA3IMUYHBIMU CTIOCOOAMH — Fa30BBIM U
BUXPEBBIM HAMbBLJICHUEM, TIPUKICUBAHUEM U T.1.

Hamnpumep, npu ra3oBoM HambUICHHH MOPOILIOK MOJMUATUIICHA HAHOCAT Ha
IPYHT Ha Harperyio 10 160°C moBepXHOCTL, HA KOTOPOM OH pacILIaBIsSeTcs ¢ 00pa-
30BaHUEM CILIOUTHOTO MOJIUMEPHOI0 MOKPHITUS. [I1eHKa MMeeT BBICOKYIO aJre3HI0 K
METaJlTy, IPOYHOCTh, YCTOMUUBOCTh KO MHOTHMM arpecCUBHbIM cpeaam. [lokpsiTus
13 (TOPOIIACTOB YCTOMYUBBI K KHCIOTaM, pacTBOpaM COJieH, K MOPCKOHM Boje,
MMEIOT XOPOIIUE 3JIEKTPOU3OJSLNOHHBIE M MEXaHW4Yeckue cBorcTBa. [lommmepsr
IIUPOKO MCHOJIB3YIOTCS sl (PYyTEpOBKH €MKOCTEH M PEeakTopoB IO CIOCO0Y CBO-
00JIHOTO BKJIAJbIIIA, T.€. MPUKICHUBAHUEM UM MPUBAPKON JIMCTOB MOJUMEPHBIX Ma-
TE€pUAJIOB K BHYTPEHHEH MOBEPXHOCTH 3aLUIIAEMbIX U3/ICTUH.

3amnmTa OT KOPPO3UH PE3MHON MM Y00HWTOM Ha3bIBACTCS TYMMHPOBAHUEM
U OCYIIECTBISECTCS MyTEeM OOJIUIOBKM IMOBEPXHOCTU M3JEIUN CHIPOM PE3MHOBOM

CMECHI0, KOTOPYIO ITPOKATHIBAIOT BaJIMKAMU C MOCIEAYIONICH BYJIKAaHU3AIUCH.

5. KoMOMHUpOBaHHbIE NOKPBITHUS

Bo MHOTHX ciaydasx TpeOoBaHHMSA K (DYHKIIMOHAJIBHBIM CBOWMCTBAM IOBEPX-
HOCTH M3ACIUN HE MOTYT OBITh 00€CTIeYeHBI OJTHOCIOMHBIMHU MOKPBHITUSIMU. ITO 00-
CTOSITENIbCTBO TOCTY)KHJIO TMPUUYUHON IS pa3pabOTKM M BHEIPEHHS PA3THUHBIX
KOMOMHHUPOBAHHBIX TOKPBITH.

5.1. Muozocnoiinvie nokpeimus

MHorocaoiiHble METAJUIONOKPBITHS YCIOBHO MOXKHO pa3eUTh Ha JBE

I'pYHIIBI: IOKPBITHA, COCTOAINUC N3 PA3JIUYHBIX MCTAIJIOB WJIN CIIJIaBOB, U ITOKPBLITHUA
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U3 CJIOEB OJTHOTO U TOTO K€ MeTajljia, 00JaJaroluX pa3JIuYHbIMU CBOWCTBAMHU 3a
CYET YCIOBUM MX HAHECEHUSI.

[IpumepoM mepBOro BapuaHTa SIBISIOTCS MHOTOCJIOWHBIE MOKPBITUSI THUIA
MeJlb — HUKEJb, HUKEIb — XPOM, MEJlb — HUKEIIb — XpOM, M€Jlb — cepedpo, MeJlb - 30-
J0TO.

OnHUM U3 TJIaBHBIX YCJIOBUM, ONPEACIAIONIUX 3alUTHBIE CBONCTBA JI1000T0
MOKPBITHS, SBISIETCA €ro O0eCOPUCTOCTh, KOTOpas MPU OJMHAKOBOW MUHUMAIIbHOU
TOJIIMHE JIET4Ye JOCTUTACTCS Y ABYXCIOMHOTO MOKPBITUSI MEJIb — HUKEIb, YeM Y O/I-
HOCJIOMHOrO HUKeneBoro (puc. 10). 9To 00BsICHIETCS Maoil BEpOSITHOCTHIO COBMA-
JICHUs KaHaJIOB U 00Opa30BaHUsl CKBO3HBIX MOP B ABYXCIOWHOM MOKPBITHH, COCTOS-
IIEM U3 PA3JIMUHBIX MO CTPYKTYpe U CBOMCTBaM MeTailioB. KpoMe Toro, HukeneBoe
MOKPBITUE 110 MEPE POCTA CTAHOBUTCS HANPSKEHHBIM M XPYNKUM, CKIIOHHBIM K pac-
TPECKUBAHUIO U OTCIAUBAHUIO MOJ JEUCTBUEM MEXaHUYECKUX U TEIUIOBBIX HArpy-

30K.

Huxenb

A
\

Meds

.&‘r&‘m&@/&\\‘ms%

Puc 10. Mogens nmopucroctd 0QHOCIONHOTO (@) ¥ ABYXCIOWHOTo (6) MOKPBHITHH Ha
CTaJIbHOW OCHOBE

a Cmanskg s
ocHobo

OnHAKO 3JIEKTPOXMMHYECKOE IMOBEJACHUE HUKEIA B CIy4yae JABYXCIOWMHOTO
MOKPBITUSI KOPEHHBIM 00pa3oM MeHseTcs. B ciaydae HemocpeiACTBEHHOrO KOHTaKTa
CO CTaJIbI0 HUKEJb BBICTYyHAEeT Kak Oojee 0J1aropoAaHblii METasl, B TO BpeMs Kak, CO-
MPUKACASICh C MEABIO B DJICKTPOXUMUUYECKOM Tape MeIb-HUKEIb, OH B OOJIBIITHHCTBE
CIIy4aeB CTAHOBUTCSI PACTBOPHUMBIM AJIEKTPOJOM, CPABHUTEILHO OBICTPO TYCKHES U
paspyliasch BO BIaXHOW aTtMocdepe. DTOT HEAOCTATOK ABYXCIOWHOTO MOKPBITHS
Me€lIb-HUKEb YCTPAHSIETCS, €CJIA Ha CJIOM HUKEJSI HAHECTU TOHKYIO TICHKY 3JIEKTPO-

JUTUYECKOTO XpOMa, KOTOPbIHA, 00J1a/1asi BRBICOKOW MHEPTHOCTHIO BO BJIAXKHOW aTMO-
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cthepe, Oyler 3alUIIaTh HUKENIb OT MOTYCKHEHUSI U CIIOCOOCTBOBATH COXPAHEHUIO
0JiecKa MOKPHITUS B MPOECCE ATUTETbHON SKCIUTyaTallH.

JlexopaTuBHBIE CBOMCTBA Y JABYXCJIOWHBIX MOKPBITHI TakXe MOTYT OBITh
BhIlie. Hampumep, MSITKHMH W 3JaCTUYHBIM IOJCION MEIU XOPOIIO «3aTSITUBACT)
BCEBO3MOXKHBIE PUCKHU U LIApANKUHBI U TOJUPYETCs A0 Oyecka, obecrieunBas O1eck u
y HUKEJNEeBOro MokpbiTHs. Henb3st 3a0bIBaTh U 00 S5KOHOMUYECKUX MPEUMYIIECTBAX
MHOTOCJIOMHBIX TOKPBITHM, TAK KaK MEJIb B YETHIPE pa3a JACUICBIIC HUKEIIS.

XPpOMOBBIE MOKPBITUS 3HAYUTEIBHO JOJIBIIE, YEM HHKEIEBBIE, COXPAHSIIOT
MEpBOHAYAIBHBINA BUJI, HE TYCKHEIOT B MPOLIECCE IKCILUTyaTallud BO BIIAKHOW aTMO-
chepe. Ho ToHKHE TUIEHKH XpoMa U3-3a UX OOJBIION MOPUCTOCTH HE MOTYT oOecIie-
YUTh HAJECKHOM 3alUTHI OT KOPpPO3uu 0e3 mojiciaost Hukens u menu. [loatomy mpu-
MEHSFOT MHOTOCJIOMHBIE IMTOKPBITUSL TUNIA HUKEIIb — XPOM U ME€JIb — HUKEIb — XPOM, B
KOTOPBIX TOJIIIHMHA IJICHKA XpOMa HE MPEBBIIIAET -2 MKM.

N3BeCTHO, UTO HEMOCPEACTBEHHO HA YEPHBIX U HEKOTOPBIX I[BETHBIX METAJI-
Jax HE yAAaeTCsl MOJY4YUTb, HANPUMEp, CEPEOPSIHOE WU 30JI0TOE MOKPHITHE, 00Ja-
Jlaroniee HaASKHBIM CIICIUICHHEM C OCHOBOMU. Ilojacimoit Mmenu, HaHECEHHBIM U3 I[ha-
HUCTBIX JJIEKTPOJIUTOB, MMOMHUMO JIONOJHUTEIRHOW AHTHKOPPO3WOHHOMN 3allUTBHI,
obecreuyrBaeT HEOOXOUMYIO aJIre3UI0 IPArOIEHHOT0 MEeTala.

BTopblM BapmaHTOM MHOT'OCIOWHBIX TMOKPBITUH SIBISIFOTCS IMOKPBITHS, CO-
CTOSIIIIME U3 JIBYX WU OoJiee CIOEB OJHOI0 MeTauia W 00JafaroluX pa3IudyHbIMU
(U3UKO-XUMHUYECKUMU CBOMCTBaMU. MI3MeHssI cOCTaB 3IEKTPOJINTA, €T0 TeMIepaTy-
Py, KUCIIOTHOCTh U KaTOAHYIO IJIOTHOCTh TOKA, MOHO TMOJIy4aTh MATKWE WIIA TBEP-
JIble, IOPUCThIE U OECTIOPUCTHIC TOKPOBHBIE TJIEHKU C PA3TUYHBIMU aJr€3MOHHBIMH,
aHTU()PUKIIUOHHBIMU U JIPYTUMH CBONCTBAMM.

MenHble TOKPBITUS, MOTYYEHHBIE U3 KOMIUJIEKCHBIX [IUAHUCTBIX 3JIEKTPOJIH-
TOB, UMEIOT MEIKOKPUCTAIUNIMYECKYIO CTPYKTYpPY, 00J1a/lal0T Majoil MOPUCTOCThIO U
BBICOKOM aJIre3uei K pa3MyHbIM MeTajiiaM. Ho IHaHuCThIE 3EKTPOIUTHI HEI0CTa-
TOYHO CTAaOWIJILHBI B pab0TE M HE 00ECIEYNBAIOT BO3MOXHOCTH HHTEHCU(DUIIUPOBATh
npouecc MenHeHus. [IOKpBITUS U3 KUCHBIX 3JIEKTPOJIUTOB KPYNMHOKPUCTAIUIMYHBI U

IMOPUCTBI, HC MOT'YT HAHOCHUTBLCA HCIIOCPCACTBCHHO HA CTAJIb M IIMHKOBBLIC CILIIABBI,
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00J1a1al0T HEBBICOKOM paccenBarolieit crnocoOHocTei0. Ho 3aT0 B HUX MOXHO Hapa-
LIMBaTh TOJICTHIE CJIOM MEIW MPHU BBICOKUX IJIOTHOCTAX TOKA. YUHUTHIBAs NEPEUUC-
JIEHHbIE 0OCOOCHHOCTH 3JIEKTPOJIUTOB, IIUPOKO UCIIOIB3YIOT IBYXCIONHOE MEHEHUE:
U3 IUAHUCTOTO BJIEKTPOJIUTA HAHOCIAT TOHKYIO (5-6 MKM) IJIEHKY, 3aT€M U3 CEPHO-
KHUCJIOTO — TOJICTBI OCHOBHOM CJIOM.

CBoMCTBa ANEKTPOJUTHUYECKUX OCATAKOB XpOMa, MOJYYECHHBIX U3 OJHOTO H
TOTO K€ JJIEKTPOJINTA, BECbMA YYBCTBUTEIBHBI K BEJIMYNHAM U COOTHOLIECHHIO IPHU-
MEHSIEMBIX TEMIIEPATYP M KAaTOAHOM IUIOTHOCTH TOKAa. Bapeupys 3Th mapamMeTpsl,
MOXHO TOJIy4aTh TBEPJIbIE U OJIECTSIINE, HO TPEIIMHOBATHIC U MOPUCTHIE MOKPHITHS
WU MSITKUE, HO OECTIOPUCTBIEC OTIOXKEHUSI «MOJIOYHOT0» XpoMa. UTOObI COBMECTUTD
TBEPJIOCTh, U3HOCOCTOMKOCTh U OJIECK C BBICOKOW KOPPO3UOHHOCTOMKOCTBIO, MPH-
MEHSIIOT KOMOMHHPOBAHHOE MOKPBITHE U3 XPOMA, TJI€ MEPBBIA CIOM SIBISETCS aHTH-
KOPPO3UOHHBIM «MOJIOYHBIM» MOKPBITHEM, @ BTOPOU - TBEPBIM U OJIECTAIIUM.

[lo cpaBHEHUIO C MATOBBIMU MOKPBITUSIMU, OJECTAIINN HUKEIIb XapaKTepH-
3yeTCS HECKOJBKO XYIAUIMMH aHTUKOPPO3WOHHBIMU CBOWCTBAMH, YTO CBA3aHO C
BKJIIOYEHHUEM B OCaJIOK MPOJYKTOB 3JIEKTPOXMMHUUECKOTO MpeBpalieHus 01ecKo00-
pa3yoIIUX cepycoJiepxKaux 100aBok. st yinydieHus 3TUX CBOMCTB MPEII0KEHO
WCIIOJIB30BATh JIByX- U TPEXCIOWHBIE HUKEJIEBBIE MOKPBITUS. [Ipu 1BYXCIOWHOM cuc-
TEME TMEPBBIM OCAXKIAIOT MOTYOJIECTSIINI HUKENb 0€3 aKTUBHBIX OJieckooOpa3yro-
X J00aBOK, a HA HEro — ONECTAIUA HUKENb, COACPKAIIUA BKIIOYEHUS CEPHI.
OTOT CIION SIBISETCS aHOJHBIM IO OTHOIIECHUIO K MOJYOJIECTSIIEMY H, MMO3TOMY,
MPEXkK/IE BCETO MOABEPracTcsl KOPPO3MOHHOMY BO3AEHCTBUIO. Pa3pymienus meranna
OCHOBBI HE OYJET MPOUCXOJUTh, OKA HE Pa3pYLIUTCA CIOW ONECTAIIEr0 HUKEIS.
Tak kak Mpu OJHOCITOMHOM HUKEIUPOBAHUU MOKPBITUE SBISETCS KATOAHBIM IO OT-
HOLICHHWIO K OCHOBE, TO €r0 3alllUTHOE JCHWCTBHE 3HAYUTEIBHO MEHBIIE, YeM IpHU
IByXcJIOWHOM. ToJIIMHA MEPBOro MOoayOJeCTSIIEero ocajika 10KHa ObITh HE MEHEe
2/3 ot o0uie# TONIIMHBI MOKPBITUS, a ISl HanOobIne 3¢ HEeKTUBHOCTH aHTUKOPPO-
3MOHHOM 3alUThl CYMMapHas TOJIIWHA JOJKHA COCTABIISITh 18 MKM U BBIIIIE.

Ha ynydimenue 3allMTHBIX CBOMCTB MOKPBITUN HAIMPABJIEH MPOILECC MOTyYe-

HHA TaK HAa3bIBACMOI'O CHUJI-HHKCIIA KaK IMOACIIOA IICPCA ACKOPATHBHBIM XPOMHPOBA-
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HueMm. OH ¢popMupyeTcs B pe3yabTaTe BBEACHUS B AJICKTPOIUT MEIbUANIINX UHEPT-
HBIX YaCTHIl, HAIlpUMEp, KOaJuHa, YTO MPHUJAET CBOEOOpa3HyI0 (PaKkTypy MOBEPXHO-
CTH, KOTOpasi COXPAHSETCS MOCIE€ XPOMUPOBAHHS M IOBBIIIAET MHKPOIOPUCTOCTH
ocajaka xpoma. [lociaegHee oOCTOATENHCTBO IPUBOAUT K YBEIUYEHUIO MIOBEPXHOCTH
HHUKEISA, B3aUMOJICUCTBYIOIIErO0 C BHEIIHEN CpPEOM, NaJECHUIO INIOTHOCTH KOPPO3HU-
OHHOT'O TOKa U, KaK CJIE€ACTBUE, 3aMEIJICHUIO MPOLIECCAa KOPPO3UHU.

Kak Tperuii BapuaHT MHOTOCIOMHBIX METAJUIONOKPBITUA MOKHO paccMar-
pUBaTh Pa3IMYHbIE COYETAHUS MEPBBIX ABYX, TUIWYHBIM MPUMEPOM KOTOPOTO MO-
KET CIIY)KHUTh MPOLIECC HAHECEHUSI METAJUIOMOKPBITHI HA TOJIMMEPHBIE MaTEPHUAbl C
LEJIbI0 MPUAAHUS WX MOBEPXHOCTH JECKOPATUBHBIX WIIHM CIIEUAJIbHBIX CBOMCTB. Ha
CIEIUANIBHO MOATOTOBICHHYIO U aKTUBUPOBAHHYIO MOCJIEIOBATENbHON 00paboTKOM
B pACTBOpAaX XJOPHUCTHIX COJIEN 0J0BA U MAJIANS TOBEPXHOCTh IJIACTMACCHl XUMHU-
YECKUM BOCCTAHOBUTEIIEM HAHOCUTCS TOHKUH XOPOIIO CUEIICHHBIN ¢ OCHOBOM CIIOM
Melld, 00eCIeYMBAIOIINI JIEKTPONPOBOHOCTD MOBEPXHOCTU. M3 MEAHBIX PacTBO-
POB AJIEKTPOJIUTUUYECKA HAHOCUTCSI CHauajaa MaToOBbI, 3aTeM ONEeCTAUN CIION Meu,
Ha KOTOPBIM OCAXKIAIOTCA B 3aBUCUMOCTH OT (PYHKIIMOHAJIBbHBIX CBONCTB, KOTOPHIC
XOTSIT COOOIIUTh MOBEPXHOCTH KOHKPETHBIX AeTaneil, HUKEIb, XpOM, JIPyrue MeTal-
JIBL.

5.2. Komno3uuyuonnvie nokpoimus

DIIEKTPONIUTUYECKOE COOCAKIACHHUE C METAJUIAMH YACTHI] — PA3JIMYHBIX WUHO-
POAHBIX BKJIIOYCHUN HAXOJIHUT MPOMBINUIEHHOE NPUMEHEHUE YK€ B TECUCHHE HE-
CKOJIBKAX JAeCATWICTUH. [[puHIMN MOIydeHUs KOMIIO3MLMOHHBIX 3JIEKTPOJIMTHYE-
ckux nokpbiTuil (KOII) 3akmtouaercss B TOM, YTO B3BEIICHHBIE B JIEKTPOJIUTE Yac-
THUILIBl MUKPOHHBIX U CYOMUKPOHHBIX Pa3MepOB MOTYT acOpOUpPOBATLCS Ha KaToJe
B XOJE JJIEKTPOJIN3a U IMPH ONPEACICHHBIX YCIOBUAX BKIIOYATHCS B CIIOM OCAaJIKa
MeTtaia. OHU MOTYT ObITh OTHOCTOMHBIMU M MHOTOCHOWHBIMU. KOOI coBMemiaroT B
cebe CBOMCTBA AJEKTPOJUTHUYECKH OCAXKJIEHHBIX METAJUIOB (AJIEKTPO- U TEILIOMPO-
BOJTHOCTh, M3HOCOCTOMKOCTh, IUIACTUYHOCTH), a TAKXKE€ CHEeUUPUUECKHE CBONCTBA

BKJIIOUCHHI - METAJIOB U HEMETAJIJIOB ()K&pOCTOﬁKOCTB, XHUMHUYCCKasA 1 aHTUKOPPO-
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3HMOHHAsl CTOMKOCTh, TBEPIOCTH), KOTOPbhIE MOTYT OBITh BKJIFOUEHBI B OCAJIOK MPU Ha-
JIOKEHUH TOJISIPU3YIOLIETO TOKA.

CaoiictBa KOII 3aBUCAT OT CTPYKTYpbl U MOpQosioruu noBepxHoctu. Oc-
HOBHBIMU TlapaMeTpaMH, BIHUSIOUIMMHU Ha TEKCTYpPY, CTPYKTYpy U MOP(OJIOTHIO
KOII, sBnsitoTcs yCclIOBHS 3JEKTPOIU3a, PEKUM NEPEMEITUBAHUS, TUI U TTOATOTOBKA
MOBEPXHOCTH U3JENHS U XapaKTep YNPOUHSIONIEro MaTeprana (KOHLIEHTpalus, pas-
Mep, hopMma, TUCTIEPCHOCTD B SIEKTPOJIUTE).

VYayumenue cBoiictB KOII 3aBUCUT OT comepkanusi BTOpOU (a3bl B MOKPHI-
TUU U PABHOMEPHOCTHU paclpe/ieNICHUs YacTHUIl 0 MeTauindyeckon matpuiie. O1HUM
U3 CaMbIX BOXKHBIX NMAPaMETPOB COOCAXKJCHUS SIBIISIETCS pa3Mep BKIIOYAEMbIX B IO-
KPBITUE YACTHIl: YEM MEHBIIIE UX Pa3MEPbI, TEM paBHOMEPHEE OHU paclpeaeaeHbI M0
MaTpulie U TeM 0oJiee COBEpPIICHHB MEXaHUYECKUE CBOMCTBA TTOKPBITHS.

Ha konuuecTBO BKIIIOUEHHUH B MOKPHITUU CYIIECTBEHHOE BIUSHHUE OKa3bIBACT
ero tojuuHa. YeM oHa MeHbIIE, TeM OOJblliee KOTMYECTBO YaCTUI] BKIIOYAET MO-
KpbITHE. DTO MPOUCXOAUT OJarojaps aAre3uu 4acTHUIl Ha MOBEPXHOCTU KaTojaa, a
TaKKe B CBSI3U C 0JaronpusiTHBIMU yCIOBUSIMU B HAYAJIbHBIA MOMEHT 3JIEKTPOJIN3a.

Hcnonp3oBaHue OMNpPENENCHHBIX YIbTPAJUCIIEPCHBIX CHUCTEM B KauecTBE
BTOpOM (ha3bl B KOMITO3UITMOHHBIX MOKPBITUSIX MTPUBOJUT K YIYUIICHUIO UX (DU3UKO-
MEXaHUYECKUX CBOMCTB, U3MEIBbUYEHUIO CTPYKTYPHI IO CPABHEHUIO C aHAJIOTHUYHBIMU
YUCTHIMU TOKPBHITUSMH.

Hamnpumep, BKIItOUEHHE B COCTaB TaJIbBAHUUECKOTO OCaJKa HUKENS OT Jecs-
TBIX JOJIEH 10 HECKOJBKUX MAaCCOBBIX MPOILIEHTOB YIbTPAAUCIEPCHBIX aIMa30B MPH-
BOJUT K 3HAUYUTEIIbHOMY CHUXEHHUIO KO3(p(uUlleHTa TPEHUs, MOBBIIICHUIO U3HOCO-
CTOMKOCTH B 2 pa3a u yBenmueHuto mukpotrBepaoctu KIII na 50-75% no cpaBHe-
HUIO C YACTHIM HUKEJIEBBIM MOKPHITHEM. B cocTaB camMmocMa3bIBaIOIIUXCA XPOMOBBIX
MOKPBITUH, 00J1aal0IINX HU3KUM KO3(DPUIIMEHTOM TpeHHUsI, BXOAST rpaduT u ciro-
na. I3HOCOCTOMKOCTh 0CAJIKOB XpOMa C BKIIFOUEHUSIMH YaCTHUI] OOpU/Ia TUTAHA BHIIIIE
M3HOCOCTOMKOCTH OCAJKOB XpOMa, MOJYYEHHBIX U3 APYTUX JIEKTPOIUTOB, B 20 pas.
OcoO0blif MPaKTUYECKUN UHTEPEC MPECTABISIIOT MEHbIE TOKPBITHS, COJIEpKALIUE B

CBOCM COCTABC BKIIIOUYCHUA B BUAC TBCPAbIX CMA30K, B HaCTHOCTH, Fpa(l)I/ITa.
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5.3. Tekcmypuposeannbvie noKpvlmus

TexctypupoBaHHble MeTauiondakoBeie NOKpbiTUa (TMII) oGnamaror mpuH-
UUMHUAJIBHO HOBBIMHU JEKOPATUBHBIMM CBOMCTBAMH M 3a4aCTyH) HAllOMUHAKOT HEKO-
TOpbIE NPUPOIHBIE TEKCTYpPbl. DTH MOKPBITUSA, MOMHMO JEKOPATUBHBIX CBOMCTB,
yIa4HO COYETAIOT B ce0€ TUMMYHBIE CBONCTBA METAJUNIMUECKUX U MOJTUMEPHBIX I1Jie-
HOK. B aHTMKOPpPO3MOHHOM OTHONIEHHH OHHM HE YCTYIAKOT MHOTIOCJIOWHBIM METall-
JUYECKUM U JIAKOKPACOYHBIM KOMITO3UIUSAM, SIBIISISICh TPAKTUUYECKU OECIIOPUCTHIMHU.

dakTypHbIE WU IBETOBBIE M300paXEHUS WU Y30pbl HA METAJNIMYECKOU OC-
HOBE, 3allUIIEHHbIE TPO3PAUYHON JTAKOBOW MIICHKOH, OJIy4aloT IByMs Clloco0aMu.

[lepBblii ciocob — 00pa3zoBaHUE KPUCTATUIMYECKOTO Y30pa, HATOMUHAIOIIETO
nensHble y30phl Ha crekie. OH XapakTepu3yeTcs oOpa30BaHUEM KPacUBOW IMOJU-
KPUCTAJUIMYECKON TEKCTYPBI MPU OMPEACICHHBIX YCIOBHUIX TEPMOKPUCTAILIM3ALUN
METAJUIMYECKON TMOJJIOKKH C €€ MOCICAYIOME XUMHUYECKON WA 3JIEKTPOXHUMUYE-
ckoii 00paboTKOM. TUNUYHBIMU METANIONAKOBBIMHU TMOKPBITUIMH, WILTIOCTPUPYIO-
IIUMU 3TO HaIpaBJICHUE, ABJISIOTCS «KPUCTATUIUTY U KUCKPHUT.

Ha coOoTBETCTBEHHO MOATOTOBICHHYIO MOBEPXHOCTh METAJIa 3IEKTPOIUTH-
YECKU HAHOCAT CJIOW OJIOBA TONIIMHOM 2-3 MKM. Jly>KEHHBIE I€Tanu MOJABEPraroT
TepMooOpaboTke mpu TemmepaType 300-350°C. Oxnakaasch U 3aTBEpAEBast, KUAKas
OJIOBSIHHAS TUIEHKA 00pa3yeT 3PGHEeKTHYI0 MAKPOKPUCTATUIMYECKYIO TEKCTYPY, KOTO-
pas CKphITa MOJ OKUCHOM IIJIEHKOM W MPOSIBIISIETCA JUIIb MIPU MOCIEAYIOMIEH XUMU-
YEeCKON WM S3JIEKTpOXuMUUYecKor oOpadoTke. IlomydueHHBIE KPYMHOKPHUCTAIIHAYE-
CKHE Yy30pbl OOpa3ylT TEKCTYypYy, HANOMHUHAIONIYI0 HM3MOPO3b WIH MepiaamyTp.
BcenenctBue MexaHWuecKOil HEMPOYHOCTU OHU JOJDKHBI OBITh 3alllMIIECHBI CIIOEM
MPO3PAYHOr0 MWW OKPALIEHHOTO JIAKA.

Btopoit cnocod — HaHeceHHuEe Ha METAUIMYECKUE CJIOU PETYISIPHOTO WU
HEPEryJIIPHOIO PUCYHKA 3a CYET M30UPATEIbHOTO OKCUIUPOBAHMUSI, TPABICHUS WU
JIPYTUX XUMHYECKUX WIH DJIEKTPOXUMUUECKUX MPOIIECCOB, B PE3yJbTaTe KOTOPBIX
Ha METAJUIMYECKON MOJJI0KKE BO3HMKAET PUTMUYHO MOBTOPSIOLIMNCS y30p 3a CUET
Pa3IUYHBIX JIOKAIBHBIX LBETOBBIX WJIM (PAKTYpPHBIX COUETAHWH. DTO HampaBieHUE

NpCaACTABJIAIOT TAKHUC IIOKPBITHA, KaK «XpOM-arar» U «CJIIOHUT.
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[Mpunuun nonyuenuss TMII ocHoBaH Ha U30UpPATENHHOM XUMHYECKOW WU
ANEKTPOXUMUYECKONU 00pabOTKe METAUIMUYECKUX MOJITI0KEK. ITa 00paboTKa ocyle-
CTBIISIETCS B IMPOLECCE MUCKPETHOTO MPOXOXKICHUS AETalle 4epe3 OTHOCHUTEIbHO
TOHKHI CJI0M BOAHOTO PacTBOpa ANEKTPOIUTA, KOTOPBIM HAXOJIUTCS HA MOBEPXHOCTHU
TSDKEJION, HE CMENIMBAIOIIEHCS C AJIEKTPOJIMTOM UHEPTHOU KUJIKOCTH. [[MCKPETHBIN
MOJIBbEM WJIU MOTPY>KEHHE JIeTajeil B 1BYX(a3HOU KUJIKOH CUCTEME OCYLIECTBISAETCS
C TIOMOIIIBIO PA3TUYHBIX IEKTPOMEXAHUUYECKUX WUIIU THAPABIMYECKUX MPUBOIOB IO
3agaHHOW mporpammMe. [Ipu 3ToM yyacTku AeTtanel, B JaHHBIA OTPE30K BPEMEHH Ha-
XOJISIIIIUECS B CJIO€ AJIEKTPOJUTA, MO BO3ACHCTBUEM ITPOTEKAIONIEH HA UX MOBEPX-
HOCTH XMMHUUYECKOHN WUIU 3JIEKTPOXUMHUUECKON peaKIuu MPUOOPETAIOT I[BETOBBIC WU
(haKkTypHbBIE XapaKTEPUCTUKHU, OTIUYHBIE OT 001Iero (hoHA METATUITMUYECKON MOITI0XK-
ku. KoMno3umus cioucToro y3opa — MIMPUHA U 4aCTOTA MOJIOC, CTENEHb UX IBETO-
BOM mwiK (HaKTypHOU KOHTPACTHOCTH IO OTHOIIEHUIO K (DOHY, BApbUPYETCS B LIKUPO-
KHUX TIpejieiaX € MOMOIIBI0 TPEX HE3aBUCHUMBIX MEPEMEHHBIX — PEKUMOM JIUCKPET-
HOT'O TIEpEMENIEHHUS JIeTalu, T.€. IIaroM U BPEMEHEM BBIIEPKKH €€ B CJI0€ AJIEKTPO-
JIUTA, TOJIIUHON CIIOS JIEKTPOJIUTA U CKOPOCTHIO PEAKIIUU.

[Ipotiecchl MOMyYEeHUS] CIOUCTBIX TEKCTYP Ha Pa3IUYHBIX METAINTUYECKUX
MOJIOKKAX BJECKTPOXUMUUYECKUM CIIOCOOOM MOKHO pa3iesiuTh Ha TpU cnenuduye-
CKHE TPYMIbl — MO3UTUBHO-AHOAHBIC, TO3UTUBHO-KATOIHbIC U HETAaTUBHO-aHO THbIC.

K no3uTuBHBIM mpolieccaM OTHOCSITCS TaKUE, B KOTOPBIX MOJOCYATHIA Y30P
oOpasyeTtcst HeMOoCPEACTBEHHO Ha (D)OHE OCHOBHOM METAUTMYECKOMN MOJII0KKHU MyTEeM
€€ aHOJJHOM WJIM KaTOJHOM 00pabOTKH B CJIOE AJIEKTpoanuTa. HeraTuBHBIN 00BEIUHS -
€T Te Cilyyau, KOrja Ha OCHOBHYIO MOJJIOKKY XUMHYECKUM HIIH 3JIEKTPOXUMUYE-
CKMM IIyTeM HAaHOCUTCA TOHKasi (He Oosiee 1 MKM) crutomHasi (OHOBas IJIEHKA, KO-
TOpasi 3aTeM PACTBOPSIETCS C TOMOIIBIO AaHOTHOM 00paOOTKH.

OnnuM u3 HanOosee MPOCTHIX U JICHIEBBIX MO3UTUBHO-AHOJHBIX CIIOMCTHIX
MOKPBITUHN SIBISIETCS «IHUHK-CJIOUT», HATOMUHAIONIUN Y30p HEKOTOPBIX OCAJ0UYHBIX
MOpPO/JI, HAMpUMeEp, MOJocYaToro Mpamopa. Jletanu u3 crajium MmoJaBeprarTcs 3JIeK-
TPOJIUTHYECKOMY IIMHKOBAaHUIO B ILHMAHUCTBHIX, aMMHAKATHBIX WU CEPHOKHCIBIX

anekTpoiutax (6-9 MKM), THIATEIBHON MPOMBIBKE UM TEKCTypHUpOBaHUIO. s 3TOTO
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OHH TMOTPY’KAIOTCS B IBYX(a3HbId pabOUYNil pacTBOP HUXKE TPAHULIbI, pa3Jestomen
ANEKTPOJIUT U UHEPTHYIO KUAKOCTh, & 3aTEM IO 3aJaHHOW IPOTrpaMMe IUCKPETHO
MOJHUMAIOTCS, IPOXOJd Yepe3 CJIOM 3JEKTPOJIMTa B KayecTBE aHoAa (KaTolaMH
CIIy>aT HUKeJIeBble IUIacTUHBI). HukHss ¢aza pabouero pactBopa MpeACTaBIISET
co00M TEXHUYECKUM MEePXJIOPITUIIEH, & BEPXHSS — DJIEKTPOJIUT, COJIEPKAIIUN eAKUN
HAaTPUM U ABYXPOMOBOKUCJIIBIN HATPUM WU Kalnui. B OTCYTCTBHM TOKA 3JIEKTPOIUT
MPAKTUYECKU HE pearupyeT ¢ MHKOBLIM MOKphITHEM. [Ipu BKItOUeHHM TOKa (aHO-
Hast IVIOTHOCTB TOKa — 5-10 A/0m’)Ha ydJacTKe MOBEPXHOCTH IETAIHN, HAXO/AIEHCS B
JaHHBIA MOMEHT B JJIEKTPOJIMTE, BO3HHMKAET IUIEHKA, 0Opa30BaHHAs IMPOAYKTAMH
pPacTBOPEHUSI M OKHUCJIEHUS LIMHKA, KOTOpPas M3MEHSET CBOM LBET BO BPEMEHHU OT
CBETJIIO-CEPOTO 10 YEPHOTO.

IIpuMepoM NO3UTHBHO-KATOJHOTO CIIOUTA CIIy’KaT PO30BO-YEPHBIE U 30JI0-
TUCTO-YEPHbIE KOMIIO3HMIIMM HA MOJUIOKKAX M3 MEOU U JIATyHU, KOTOPbIE KaTOJHO
TEKCTYPHUPYIOTCS B CIIO€ JJIEKTPOJIUTA YEPHOTO XPOMHUPOBAHUS.

JlexkopaTuBHBIE KOMIO3UIUU CIOUTA MOKHO TaK)Xe MOJYYUTh U HA OCHOBE
HEMETAJUIMYECKUX MaTEepHaJOB — CTEKJIa, KEpPaMHUKH, IUIACTMACC, IMOKPHIBAEMBIX

CJIOEM MCETaJliaa.
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[Mpunoxenue

Puc. 2. VY30p kpucramiura
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BnusiHue npupobl METALNIMYECKONW MOJIOKKH HAa XapaKTep KPUCTAIUIH-

Puc. 5.

Ha HUKCJIC, B — HA CTAJIM, I' — HA aJIIOMHWUHHNHN

- Ha Meau; O

YEeCKOro y3opa: a
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