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1. BgencHue. OCHOBHBIC TTIOHATHUS U onnpcacjICHHA.

MeTanibl ¥ CIiIaBbl HA METAJUTMYECKON OCHOBE - OCHOBHBIE KOHCTPYKIIMOHHBIE
Matepuaiibl. K cojxaneHuto, B yCIOBUSAX UX IKCIUTyaTallul OKUCJIEHHOE UX COCTOSIHUE
ABIII€TCS O0Jiee YCTOMYMBBIM. B 3TO COCTOSIHME METauibl U CIUIaBbl MEPEXOIST B
pe3yabTaTe KOPPO3HH.

Koppo3us - caMompou3BOJIBHOE pa3pylIeHHEe METAUIMYECKUX MaTepHUaioB
BCJICACTBHE WX XUMUYECKOTO WM ODIICKTPOXHUMHYECKOTO B3aMMOJCHCTBUS C
OKpYXarollel cpenoi (4Jaie *ujakoil wim razooopasnoit). Kopposus B mepeBoje ¢
JATHHCKOTO - pasbeldaHWe, B OTIWYHE OT JPO3MH - Pa3PYIICHUS, BBI3BAHHOTO
UCTHUPAHUEM (MEXaHUICCKHM H3HOCOM).

JIto6oif  KOpPPO3MOHHBIM  TPOLIECC  CBOAUTCA K  OKHUCIHMTEIbHO-
BOCCTAHOBUTEIHLHOM peakIuu BUA:

Me — Me"" +ne” |
Ox +ne” — Red ,
rie Me - metamn; Ox, Red - okucieHHas U BOCCTaHOBICHHAs (popMa MMEOIIETO B
KOPPO3UOHHOMU CpEJie BEIIECTRA.

2. Knaccudukaims KOPPO3UOHHBLIX ITOTEPHL M MACHITA0Ll VOBITKOB, MPUYHUHIEMBIX
KOPPO3HUE.

Koppo3uonHsie motepu KiiacCuPUIUPYIOT KaK MPsIMbIE U KOCBEHHBIE.
[IpsiMble MOTEpPU - CTOMMOCTH 3aMEHBI KOHCTPYKLMHA, MEXaHU3MOB M MX YaCTEW,
NPUIIEAIINX B  HETOAHOCTh  BCIEJACTBUE  KOppo3uu. BenuumHa  mpsiMBIX
KOPPO3UOHHBIX MOTEPh OLICHUBAETCS MPUMEPHO B 5.5 MUJLIMAPAOB J0JJIAPOB B TOJ
(mo nanueiM Harmmonansnoro bropo Crangapros CIIA).

KocBennsble norepu aensites:
1. IIpocton 0o6opynoBaHusI.
2. Iloreps mone3HOro NpoAyKTa (T€Ub MPOAYKTOIMPOBOIOB).
3. Iotepst mpoumsBoauTenbHOCcTH O0OOpymoBanus (exeromno B CIIIA mo mpuuwmne
KOPpPO3WUU - 3aCOPCHUs] TPyO pPIKABUYMHOM, MPOUCXOJUT TIOBBIIIEHUE MOIIHOCTU
HarHeTaTeIbHbIX MAIIUH. JTO 3aTpaThl - 40 MIIH. 10JUIapOB B IO/,
4. 3arpsi3HEHUE MOJIE3HOTO MPOAYKTA.
5. 3aBbIlIEHHBIE MPUITYCKU MPU MPOSKTUPOBAHUM JIeTayiel (yBEIUYEHUE TOJIIIUHBI
W3JIeNIUS C IPUITYCKOM Ha KOPPO3HIO).

KocBeHHbIE TOTEpPH OIEHUBAIOTCS KaK MPEBBIMIAIONIME TPSMbIE B JBa- TPHU
paza. Ilo MexTyHapOIHBIM, OIIEHKAM 3aTpaThl Ha BOCIIOJIHEHUE TOTEPh OT KOPPO3UHU
CpPaBHUMBI C 3aTpaTaMy Ha MEAMIIMHCKOE OOCIYyXKMBaHWE B Pa3BUTHIX CTpaHax (OT
TpeX A0 JECSITH MPOLIEHTOB I'OI0BOrO HAlMOHAIBHOTO mpoaykta). [Ipumepno 40%
€KETOIHO MPOU3BOJUMBIX METAJIOB U METAJUIMYECKUX MaTE€pUaJIOB PacXOIyeTcs Ha
BOCITOJTHEHHE KOPPO3HOHHBIX MOTEPh, TOITOMY 0€3 IPUHATHS PEIIUTEIBLHBIX MEP 10
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CHUKCHHIO KOPPO3HOHHBIX TIOTEPh, YBEIUYCHHE MPOU3BOACTBEHHBIX (HOHIOB
CTAHOBUTCSI OECCMBICIICHHBIM.

Takum oOpazom, 1ellb Kypca KOPpO3HHM M 3alllUThl METAIOB - pa3paboTka
CIIOCOOO0B 3aIIMThl METAJIUTMYECKUX MaTEpPHAIOB OT KOPPO3MOHHOTO pa3pylICHHs Ha
OCHOBE 3HAHUS MEXAHU3Ma B3aMMOJCHCTBUS METAJUIMYECKUX MAaTEpUalioB C
KOPPO3UOHHOM CPEIION.

Hayunas 6a3a kypca - ¢pusznueckasi XuMus, TEOPUsI METAIUTYPTUYECKUX MPOIECCOB, a
TaK)Ke METAJJIOBEJICHUE U TepMHUUYecKas 00paboTKa.

3. Kinaccudukanms KOppo3nOHHBIX IIPOIIECCOB.

Bce MHOroo6pasue KOpPpO3HMOHHBIX TMPOILIECCOB MPHUHATO KIACCUPUIMPOBATH IO
NpPU3HAKy WX MEXaHW3Ma, YCJIOBUU TNPOTEKAHUS M XapakTepy  IMOJIy4aeMoro
paspymienuns (puc. 3.1).
[lo MexaHu3My MpPOTEKAHUS PaA3IUYAIOT XUMHUYECKYI0 U DJICKTPOXUMHUYECKYIO
KOPPO3HIO.
[To ycrmoBusM mpoTeKaHUs MPOIECCOB, KOTOPhIE BECbMa pa3HOOOpa3HbI, Pa3INYaroT
CJIETYIOIINE BUIbI KOPPO3UHU (OCHOBHBIC BU/IBI):
- ['a30By10 KOppO3HUI0 - KOPPO3UI0 METANIMYECKUX MarepuaioB B arMocdepe
pacKaJIeHHbIX Ta30B;
- ATMOC(]EepHyI0 KOPPO3HIO - KOPpPO3UI0 METAUIMYECKUX MaTrepuajioB B
arMocdepe BiIaroco/iepKaiiux ra3os;
- XKuakocTHass KOppo3us - KOPPO3UI0 METAJIOB B JKUJKOCTAX (DIEKTPOIIUTAX U
HE AJIEKTPOJIUTAX);
- [logzemMHy10 KOPPO3UIO - KOPPO3HIO B MOYBAX U TPYHTAX;
- CTPYKTYpHYIO KOPPO3HIO - KOPPO3UI0 METAINTMYECKUX MaTE€pPUaioB B CBA3U C
HEOJHOPOJIHOCTHIO UX CTPYKTYPHI;
- Buokoppo3utio - KOppo3HuI0 MOJ BIAUSHUEM MUKPOOPTaHU3MOB;
- Kopposuto Oy aaronium 1 BHEITHUM TOKOM.
[To xapakTepy KOppO3HOHHOTO pa3pylI€HUs Pa3InyaroT:
- OO01IyI0 KOPPO3HI0 (CILUIONIHYIO);
- MecTHyl0 KOppO3HIO (KOPPO3UIO OTIEIbHBIX YYaCTKOB METaJNIMYECKUX
MOBEPXHOCTEN).

OO1as Koppo3usi ObIBaeT paBHOMEPHOU (MPOTEKAET C OJUHAKOBON CKOPOCTHIO
Ha BCEil MOBEPXHOCTHU MeTaJljia), HarpuMep, Koppo3us yriepoauctoi crtanu B H,SOy ;
HEPaBHOMEPHOU MPOTEKAIOIIEH C HEOJUHAKOBOW CKOPOCTHIO Ha PA3IMYHBIX y4acTKax
MOBEPXHOCTU MeTaJu1a (HalpuMep, KOppo3ust YIIIEepOAUCTON CTall B MOPCKOM BOJIE);
u30uparenbHON (pa3pyliaeTcsi Jullb OJHA CTPYKTypHash COCTaBJsIOlas CIUIaBa,
Hanpumep, GeppUTHasi CTPYKTYpHas COCTABISAIONIAS YyTYHA).

MectHas koppo3usi, ObIBaeT: MsATHAMU (KOPPO3Hs JIATYHU B MOPCKOM BOE),
sa3BaMH (KOppO3Hsl CTalld B TPYHTE), TOYEUHOU (KOPPO3Us HEPKABEIONICH CcTaiu B
MOPCKOH BOJIE), MEKKPHUCTALIUTHON (KOPpPO3Usl HEP)KABEIOLIEH CTAJM B KHUCIBIX
Cpelax), HOKEeBOM (KOPpO3Hs CBApPHBIX IIIBOB).

Hekotopsle BUJIbI KOPPO3HOHHBIX pa3pyLIEHU MTPEICTABIECHBI HAa puc. 3.2.
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Pucynok 3.2. Ocnognule 6uovi Koppo3uoHusix paspyuieHuil: 1 — pasHomepHas (cniownas);
2 — mecmuas (namuamu),; 3 — uzbupamenvuas, 4 — moveunas (nummume);
5 — mexckpucmannumuas,; 6 - LOONOGEPXHOCMHASA

4. XumMuueckass KOppO3Hsl.

4.1. OnpeneneHue SBJICHUS.

XUMHUYECKass KOPpPO3HS - CaMOIIPOM3BOJBHOE  pa3pylI€HWE METAJUIMYECKHUX
MaTepHuajoB BCIEACTBUE UX B3aUMOJACUCTBUS C KOPPO3UOHHOM CPENIOM, PU KOTOPOM
OKUCJICHHE MeTaula W BOCCTAaHOBICHUE OKHUCIMTENIA - MPOCTPAHCTBEHHO

HEpa3JIEJICHHbIE ITPOLIECCHI.
[Iponecc XUMHYECKON KOPPO3UN MOXKHO OINKCATh PEaKIIMEN BU/IA:

Me+ Ox = Me" +Red . (4.1
XuMuyeckass Koppo3usi HaOMroqaeTcsl Mpy MOMEIEHUN METAJIMYECKUX MaTepuasioB
B atMoc(epy pacKaJIeHHBbIX ra3oB WM B XKHUJIKOCTb,HE SIBISIOIIYIOCS 3JIEKTPOIUTOM
(aedTh, 6eH3MH U T.71.). Haubomnee pacnipocTpaHeHHBIA BUJl XUMHUECKONW KOPPO3HUH -
ra3oBasi KOppO3Hsl.

4.2. TepMOaIUHAMHKA IIPOIIECCA XUMUYECKON KOPPO3UH.

B kauecTBe mpumepa pacCMOTpPUM IPOLECC OKUCIEHHA MeTala B arMmocdepe
kucaopoza. [Ipouecc okucineHus Meramia MOXKET ObITh IIPEICTABIECH peakuuel BUaa:

(4.2)

X 2
2% Mey, +{0,} &= (Me,0,) .

y y Ts
BO3MOXXHOCTh TIPOTCKaHWSI TakKOW pPEaKIUU ONPEACIIICTCS COOTBETCTBYIOIIUM
U3MEHEeHHeM dHepruu [ nooca:

~AG, = RT(InK — Alna), (4.3
rie K - koHcTaHTa paBHOBECHST XUMUYECKOW PEaKIIHH;
Alna- anareOpanueckas cymMMma JIOTapu(MOB HAYaJIbHBIX AKTUBHOCTEH BEILICCTB -

MPOAYKTOB XUMUYECKOHN peaKIuu.



2 2

y y
_AG, = RT( In—L0e0n__py @ 0R0) (4.4)
2— 2—
a’u* b, a’ue*p,

Ecau MeTania u okcua MeTajljla YMCThIE BEIeCTBA — TO UMEEM:

- AG, :Rl{lnPL—lnLj. (4.5)

0, Po,
rie Po, -PaBHOBeCHOE J1aBlieHHE KUCIOPOa B CUCTEME;
PO, -HavanbHoe naBieHune Kuciaopoaa B ra30Boi dase.
OkoHYaTeNbHO:
—AG, =RT(Inp, —InP,). (4.6)

TakuM 00pa3oM MpoUECC OKHCIECHHS METAUIOB BO3MOXKEH,ECH po02>P0;
(AG,<0) m He BO3MOXEH eciu po,<P0, mpu po,=P0, KOppo3MOHHAs cUCTeMa
HAXOJIUTCS B COCTOSIHUM TEPMOJAMHAMHUYECKOTO PAaBHOBECHS.

Jlnst citydasi CTaHAAPTHBIX YCJIOBHM B KOPPO3HMOHHOM CHUCTEME BO3MOXXHOCTH
IPOTEKaHUs] KOPPO3MOHHOIO Mpolecca NpU J00W TeMreparype OINpenesseTcs: U3
ypaBHEHUS

~AG’r = RTInKp (4.7)

WIM MOXET OBbITh OLEHEHAa C TMOMOUIBI0 TaOJIUIl TEPMOAUHAMUYECKHX (YyHKUIUN
BELIECTB B CTAHIAPTHOM COCTOSIHUM C MCIIOIb30BAHUEM COOTHOIICHMUS:
—AG’r = AH’7r —TAS’r.

Becbma  ynmoOHOW  XapaKTEpUCTUKOM BO3MOXKHOCTH TEUYEHUS  PEeaKIuu
OKHUCJIEHUS] OCOOCHHO /JI CIOKHBIX KOPPO3MOHHBIX CHCTEM SBIISETCS BEJIMYMHA
KHCJIOPOAHOIO TOTEHIHAaNa. TepMOIMHAMUYECKUM YCIIOBUEM OKHUCIIEHUS SIBISETCS
HEpaBEHCTBO BUA!

Toedy = To(Me,0,) (48)
TIE 7, - KACIOPOJHBIN MOTEHIMAI ra30BO# (asbl;
To(Me,0,)” KHUCIIOPOIHBIN TTOTEHIIMANI CUCTEMBI( Me — Me, O, ).

Pacuer KHCIIOPOIHBIX TTOTEHIIMAIOB Ta30BOM (ha3bl M OKCHAA METalla IIPOU3BOIUTCS
U3 COOTHOIIIEHUH:
Toogy = RTn po, , (4.9)

ocme0,) = RTIn Po, , (4.10)

IJ€ PO, - AABJICHUE KUCIOPOAa B ra30Bou (hasze;
Po, . paBHOBecHOE naBeHNE KHCIOpOoAa B cucTeMe ( Me— Me,O,).

4.3. Kuneruka nporecca XMMHUYECKON KOPPO3UH.
XoTs TepMOJMHAMHUKA W JAaeT OTBET Ha BOIPOC O TOM, HAa CKOJIBKO H3ydaemasl
CUCTEeMa OTJajeHa OT COCTOSHHUS pPAaBHOBECHS, HO OTBET Ha BeChMa BAXKHBIN
MPAKTUYECKUM BOIMPOC O CKOPOCTU IPOTEKAHUS KOPPO3MOHHOIO pa3pyIlICHHsS B
paMKax TEPMOAMHAMUKY TTOTYUYEH OBITh HE MOXKET.
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PaCCMOTpeHI/IeM 9TOro0 BOIIPpOCAa MW 3aHUMACTCA KHUHCTHKA KOPPO3HMOHHBIX
IIpOLCCCOB.

4.3.1 CkopocTtb nporiecca koppo3uu. [lokazareny XuMHUYECKON KOPPO3UHU.
CKOpOCTh XUMUYECKON KOPPO3UHU OIPENEISAIOT KOIUYECTBEHHO 10 HAOIIOAEHUSIM BO
BPEMEHM 332 U3MEHEHUEM KaKON-IMOO NOAXOIAIIEeN A 3THUX LEJed BEIUYUHBI,
V3MEHSIIOLIEHNCS B IIPOLIECCE KOPPO3HH.

Torma UCTUHHAA CKOPOCTh KOPPO3HHM METAJUIMYECKOTO Marepuaja ONpenessercs U3
BBIPA)KECHHUS:
V = dy/dt, (4.11)
r1e Y - U3MEHSIOMAsACS B IPOLECCE KOPPO3UU XAPAKTEPUCTUKA
CBOICTBA Marepuana;

t - Bpems Koppo3uu.

JIIsT  KOJMMYECTBEHHOIO BBIPAXKEHUS CKOPOCTH KOPPO3HOHHBIX pa3pylICHUHA Ha
IIPAKTUKE TIOJIB3YIOTCS IOKA3aTeNIMM  KOPPO3HMH, SBISIIOIIMMUCS, 10 CYTH,
OTPaXECHUEM CPEIHEN CKOPOCTH KOPPO3UOHHOIO pa3pyLIEHUsI MaTepHaa:

V,=4ylAt. (4.12)
Hcnonp3yercs psAx mokasarenei KOppo3HH.
1. I'myOWHHBIN TOKa3aTeNb KOPPOZHHU:

Kn=AI1/At, (4.13)
rae All - tmy6uHa (cpeHsis Ui MakCUMalbHasi ) KOpPO3HOHHOTO pa3pylICHHUS;
t - Bpems Koppo3uu.

2. ITokazarenb U3MEHEHUS TOJIIIMHBI 00pa3yrolencs Ha MEeTaJJIe MIEHKH TPOAYKTOB

KOPpPO3UM:

K =4h/At, (4.14)
rae Ah - u3MeHeHue TOMIIUHBI 00pa3yIOMIEHCs Ha MEeTaJUIE IJICHKU
MPOJIYKTOB KOPPO3UH;
At - BpeMsi KOppO3HH.
3. Iloka3areab M3MEHESHHUS MACCHI
Km=4m/S* At, (4.15)
rae 4Am - u3BMEHEHUE MacChl KOPPOAUPYIOIIETO METasa;
S - mMOBEpPXHOCTH KOPPO3UH;
At - Bpemsi KOppo3uu.
4.00bEMHBIH TTOKA3aTeIb KOPPO3UH
K,=A4V/S* At, (4.16)
riae AV - 00beM rasa, BbIJICTUBIIETOCS WK MOIJIOMIEHHOTO B IIPOIIecce
KOPPO3HUH U NPUBEACHHBINA K HOPMAJIbHBIM YCIIOBUSIM;
At - Bpemst KOppo3uu;
S - TOBEpPXHOCTh KOPPO3UHU.
5. MexaHn4yecKMM IoKa3aresib KOPPO3HHM.
K,=(A0l At)*100%, (4.17)
r1e Ao - OTHOCUTENIbHOE U3MEHEHUE XAPAKTEPUCTUKN MEXAHUYECKOTO
CBOMCTBA;
At - BpemMs Koppo3uH.
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6. [Tokazarenb U3MEHEHHUSI IEKTPUYECKOTO COMPOTUBIICHUS.
Kr=(4R/At)*100%, (4.18)
rae AR - oTHOCHTENbHOE U3MEHEHHE IEKTPOCONPOTUBIIEHUS 00pa3la;
At - BpeMsi KOppO3HH.

4.3.2 I1yeHky Ha MeTajIax.

BoapIIMHCTBO METAUIOB M METAITMYECKUX MAaTEPUAIOB TIPH B3aMMOJIEHCTBUH C
KHCIIOPOJOM BO3/yXa WU IPYTUMU OKUCIHTEISIMH MOKPBIBAIOTCS TUICHKOW OKCHIIa
WJIM IPYTOTO COSAMHECHHUSI.

IlepBas craaus npouecca B3auMOACHCTBHS MeTalljla ¢ KOPPO3UOHHOU Cpeion —
xemocopotus okuciurensa(O,,CO,,H,0,S0;)Ha moBepxHOCTH MeTaiIa, HAPUMED:
Me(TB) + {02} = Me(TB) + ZOaﬂc (419)

[Ipy HAIMYMK XUMHYECKOTO CpPOJCTBA MEXKIYy METALIOM M OKHUCIHUTEIIEM
peanu3yeTcs BTopas CTajiusl B3aUMOICHCTBHS MeTalla ¢ KOPPO3HMOHHOM Cpenor —
Iepexo/l XeMOCOPOUPOBAHHON IIJIEHKH B OKCHIHYIO. DTOT MPOILECC MOXKET OBITh
YCJIOBHO OIKMCaH peakiuei BUjaa:

XMe (1) + YO, = MeOy. (4.20)

OO6pa3yromascss Ha MOBEPXHOCTH MeTalljla OKCHJIHAS TIJICHKA MOXKET 3aMEJIJISATh
MIPOIIECC KOPPO3WH, BCIIECICTBHE TOPMOXKCHHSI MTOIBOAA OKHUCIUTENS K IMMOBEPXHOCTH
OKHUCJIIONIETOCS MeTayla. B 3ToM cioydae ImieHKa oONagaeT —3alluTHBIMU
CBOMCTBaMH.

4.3.3 YcnoBue CIUIONTHOCTH IUICHOK HAa METaJlIax.
3aUTHEIMA  CBOMCTBAMHW MOTYT 00JaJaTh TOJBKO CIUIONIHBIC TUICHKH.
Bo3MoxHOCTh 00pa3oBaHUsi TaKOW IJIEHKH OMPENENseTCs YCIOBHEM CIUIONTHOCTH
[Munnuara — benBopca: MOJSpHBIA 00bEM COEIWHEHHWS, BO3HUKAIOIIETO Ha
noBepxHoctn Metayia(Vo) JMIOomKeH ObITh Oombiie  oObema Metamia(Vie),
M3PACX0/I0BAHHOTO Ha 00Opa30BaHUE OJHOTO MOJISI COCTUHEHUS:
Vo/Vive > 1. (4.21)
Ecmu Vo/ Ve <1 ,T0 TIEHKA HE MOXET OBITH CILIOINIHOIA.
Otrotrenue Vo /Vye MOKHO paccuuTarh o Gopmyie:
VOk
VMe

1€ Uok - MOJISIpPHAsI Macca OKCUA;

Lme - MOJISIDHAS Macca MeTaJlia;

Pok - INIOTHOCTh OKCHUJIA;

PMe - ILIOTHOCTh METAJLIA;

M - YKCJIO aTOMOB METAJIJIa B MOJIEKYJIE OKCHJIA.
K mertamnam, HE yIOBIETBOPSIONIMM YCIOBHUIO CIUIOIIHOCTH MPHU OKHUCIEHUH HX
KHCJIOPOIOM, OTHOCSITCS ~ IEJOYHBIE M  IIEJOYHO-3EMENbHBIE METaibl (32
uckIoueHueM Be).

CHjomHoCTh IJIGHOK — HEOOXOAWMBIM, HO HEIOCTaTOYHbIM  (akTop,

onpenensonuin ee 3amuTHele cBoricTBa. Kak nmokasan ®panunesny M.H., y miieHok ¢
Vo/Vme >>1 He MOXeT OBITh BHICOKMX 3aIIUTHBIX CBOIMCTB, BBHy BO3HUKHOBECHHS B

_ Hox >l<pMe
Por ™ Hpge *m s (4 22)
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HUX OOJBIINX BHYTpeHHHX HampspkeHuil (Hampumep, MoO;z; unu WO;3). B xauectse
BEpXHE TIpaHUIBl OTHOLICHHS O0O0BEeMOB NpUHUMAIOT BeiauuuHy 2,5. Torma

YTOYHCHHOC YCJIOBHC CINIOINHOCTH BBITTIAINUT:
1 < Vo/Vie < 2,5. (4.23)

4.3.4 3akoHBI pOCTa OKCHUJIHBIX INICHOK Ha METaJIaX.

[Ipomecc pocTa HOPHCTOH IUICHKM HE OCJOXHSICTCS IIPOIECCOM ITO/IBOAA
OKHUCJIUTENISI K TOBEPXHOCTH METajlia, a KOHTPOJHUPYETCS CKOPOCTHIO XMMHYECKOU
peaknuu oOpa3oBaHusl Okcuaa. CKOpPOCTh KOPPO3WHM B ATOM CIIydae BBIPAYKACTCS

YPaBHEHUEM:
V = dx/dt = KC, (4.24)
1€ X - TOJNIINHA TJICHKH;
t — Bpems;

K - KoHCTaHTa CKOPOCTH XMMUYECKON peakIuy 00pa30BaHUs OKCHJIA;

C - KOHIIEHTpalLUsl OKUCIUTENS Ha MOBEPXHOCTH METaJa.
Pasnenum nepeMeHHbIE U ITOJIyYUM 3aKOH pOCTA IIOPUCTOM IIIICHKHU:

dx/dt = KC = fix=/KCdt=x=KCt= x=K t, (4.25)

T.€. POCT IOPUCTOM IUIEHKH,KOHTPOJIHUPYEMBIM CKOPOCTBIO XWMHYECKOM pPEaKINH
OKHMCIICHHS METAJLIA,[IPOTEKAET BO BPEMEHH I10 TUHENHOMY 3aKOHY.

JInHEWHBIN 3aKOH POCTa UMEET MECTO:
a) MpU BBICOKOTEMIIEPATYPHOM OKHCJIEHUHM B BO3AYXE M KUCJIOPOJE METAJUIOB IMPHU
Vok/ VMe<1;
0) B cmyuae 00pa3oBaHUU JETYIUX OKCHIOB.
CIUIoIIHbIE IIEHKH, 3aTPYAHSIOT IPOHUKHOBEHUE PEAr€HTOB APYT K APYTy U UX POCT
COIPOBOXKIAETCA CAMOTOPMOKEHHEM Ipouecca. Pesynsrupyromas CKOPOCTb 3TOrO
CJIO)KHOTO TIpoLecca OMPENENsIETCs] CKOPOCTBIO CaMOW MEUIEHHOW CTaauu, T.€.
BO3MOXKHBI PA3JIMYHbBIE BAPUAHTBI KOHTPOJISI TEUEHUS IIpoLiecca.

IlepBbIil BApUAHT.
CKopocCTb KOPPO3UU KOHTPOJIIUPYETCS cTaaueil Maccornepenoca (qudPy3noHHbIM
KOHTPOJIb Mporiecca). B 3ToMm ciiydyae umeem cienyroliee ypaBHEHHE:
V = dx/dt = D (Cy)/x, (4.26)
rae D - koapduuuent quddysun pearenra;
Co - KOHIIEHTpaIMs peareHTa (OKUCIUTENs) B Ta30BOH (aze.
Crnenyer 0c000 MOAYEPKHYTh, YTO KOHILIEHTpAllMS OKUCIIMTEINs Ha TPaHUIIEe pas3zena
Me — okcupnas meHka (Cx) paBHa HY/IIO, T.K. CKOPOCTh XMMHUYECKOW peakInH
BEChMa BEJIHKA.
Pemas ypaBuenue, (4.26) monydaeM ypaBHEHUE MapabOINYECKOTO 3aKOHA POCTa
OKCHUJIHOW TJIEHKMU:
dx/dt = D(Co/x) = dx=/DCodt= x*/2 = DC,t
Y OKOHYATeJbHO!
x> = 2DCot uau X* = K’*t. (4.27)
[Tapabonuyeckuil 3aKOH poOCTa peaNu3yeTcsi, B YaCTHOCTH, IMPU OKHUCICHHUU
JKeJe3a Ha BO3yXe MPU Pa3IMyHbIX TeMIepaTypax.
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BTtopoii BapuaHT.

B npeapiaymem ciayyae Cx = 0 ,T.€. HAKOIUICHUE OKUCIUTEISI HA BHYTPEHHEU
IOBEPXHOCTA  OKCHUJIHOM IUICHKM HE IPOUCXOAMUT. YUTEM BO3MOXHOCTH
KMHETUYECKOTO TOPMOXKEHHMS IIpollecca poCTa OKCHAHOM IUICHKM Hapsgy ¢
TOPMOXKEHHEM Ha CcTaauu maccornepeHoca (auddy3noHHO-KMHETUICCKUN KOHTPOJIb
nporiecca). B aToM ciaydae cipaBeyIMBO COOTHOIICHUE:

V = dx/dt = D (C,-C,)/x = KC,. (4.28)
Pemrast (4.28) mpruxomum K CI0KHO-TTapaboTMIeCKOMY 3aKOHY POCTa OKCHTHOM TIJICHKH:
X2ID + 2X/K = K 7"#. (4.29)

PocCT OKCHIHBIX IICHOK TIO CIIOKHO-TIapab0IMIeCKOMY 3aKOHY BBITIONHSICTCS:

a) IPY OKWCJICHUU KeJie3a B mapax Bobl win B atMochepe COy;

0) npu okuciernuu Co, Cu B armocepe YucToro KUCIopoa;

B) IIPW YaCTUYHOM Pa3pyIIeHUN OKCHUIHOU TJICHKH.
PocT okcuanbix mieHOK npu JuhHy3MOHHO-KUHETUYECKOM KOHTPOJIE MOXKET OBITh
BBIPAKEH TAK)KE CTEMIEHHBIM 3aKOHOM:

"= K,*t, (4.30)

rJe N — He paBHO 2.

TpeTuii BapuaHr .

Yacto pocT TIUICHKA TMPOTEKAET MEJICHHEE, YeM JTO CJeayeT u3
napaboIMYeCcKOro 3aKoHa pocTa. DT0 HaOIIOMaeTCs MPYU BOZHUKHOBEHUH OKCHTHBIX
IUICHOK TIpH HU3KUX Temmeparypax (Ha Cu B8 O, mpu T < 100 °C; ma Al, Ti, Ni, Zn B
O® mpu T < 300-400 °C.)

3aryxaHue OOBSICHSETCS JMOO YIUIOTHEHHEM IUICHOK, JTMOO TOSIBICHUEM
nedexroB (my3bIpeit, pacciioeHuil). B 3Tux ciaydasx pocT IUJICHKH MPOTEKAET B
COOTBETCTBHH C JOTapu(PMUUECKUM 3aKOHOM POCTa:
X = In(K*t). (4.31)
B 3akmroueHue, MOXXHO OTMETHUTH OOMIYIO JUIsi OOJBIIMHCTBA METAJIOB
TEHJCHITNI0O K CHWKCHHUIO CaMOTOPMOMKEHHUS IPOIecca OKUCICHUS BO BPEMEHH C
POCTOM TEMIIEpaTypHhI:
jorapuMUYECKUi 3aKOH => 0OpaTHBIN JIorapuPMUIECKUil 3aKOH =
cTeneHHoM (N>2) 3aK0H = MapadOIUIECKUIA 3aKOH —> CII0KHO-TTapa00INIECKHM
3aKOH —> JINHEHHBIN 3aKOH.

5. BimmsiHME BHEITHUX U BHYTPCHHHX d)aKTODOB Ha XUMHYCCKVYIO KOPPO3HUIO MCTAIOB

CKOpOCTh M XapaKTep Mpoliecca XUMUISCKON KOPPO3UH METAJIIIOB 3aBUCUT OT
psna GpakTopos.

BremHruME Ha3bIBaOT (PaKkTOphI, CBI3aHHBIC C COCTABOM KOPPO3UOHHOM CPEIIbI
U YCIOBHSIMH KOppO3uW (TeMIleparypa, MdaBIICHHE, CKOPOCTh TIEPEMEIICHUS
KOPPO3UOHHOM CPEJIbI U T.11.).

BuyrpenHuMu Ha3biBaloT (HaKTOphI, CBSI3aHHBIE C COCTABOM, CTPYKTYpOH,
BHYTPCHHUMHU HANPSDKCHUSMH B METajie, KadeCTBOM OOpaOOTKHM MOBEPXHOCTH
MeTasuia u Jp.

5.1. Bousgaue BHeNIHUX (HAKTOPOB.




12

Temnepamypa.

Temneparypa - 93TO MONIHBIM BHemHUM Qakrop. XapakTep BIUSHUS
TEMIIepaTypbl Ha CKOPOCTh OKHCIIEHHUS MeTajula ONpEeNeNsieTCs 3aBUCUMOCTHIO
KOHCTaHTBI ckopocTu peakiuu okucieHus (K) m koadpdunmenra audpdysuum (D)ot
temneparypel. M1 K=f(T) u D=f(T) omuceiBaroTcss OIHUM H TEM K€ ypaBHCHHEM
(ypaBHEeHUE AppeHuyca):

K =Ky * exp (-E/RT), (5.1)
rae Ky - koHcTaHTa;

E - sHeprus akTuBauv XMMUYECKON PEAKIUU.

D =Dy * exp (-E/RT), (5.2)
rae Dy— xoHcTanTa;

E - sHeprus akruBauuu quddysum.

Takum oOpa3oMm, BHE 3aBHCHMOCTH OT BHJa KOHTPOJUPYIOMIEH CTaauH
mpoliecca OKUCIIEHUS, C TOBBIIICHUEM TEMIIEPaTyphl CKOPOCTh OKHUCIECHHUS PE3KO
BO3paCTaer.

Konebanusi Temrieparypbl, 0COOCHHO TEPEMEHHBIM HArpeB U OXJIAXKICHUE,
YBEIMYMBAIOT CKOPOCTh OKUCIIEHHUS METalia, T.K. B 3allIUTHON TUICHKE 0Opa3yroTcs
TPEIIUHBI.

Cocmas 2az0601i gaswi.

Brnusuaue coctaBa ra3oBoil (ha3pl Ha CKOPOCTh KOPpPO3UU METallia BEJIUKO,
cnenupuIHO U U3MEHSIETCS C TeMIIepaTypoil. B 4acTHOCTH, HAa CKOPOCTh OKHCIICHUS
JKeJe3a U CTad, OCOOEHHO CHUJIBHO BIIMSIOT KUCIOPOJ, COCAUHEHUS CEPbI, BOASHBIC
Tapehl.

[IpuBeneHHBIE  HW)KE  JaHHBIE  CBHJCTEIBCTBYIOT O  3aBHCHUMOCTH

OTHOCHUTENIBHOM ckopocTH Kopposuu ctanu ¢ 0,17%C ot cocTaBa ra3oBoit (asbl npu
900 °C:

YUCTBIN BO3TyX------------- 100%

YuCThIN BO3AyX+2%SO,p-------- 118%

quCThINA BO3MyX+5%H,0 ------- 134%

KHUCJIOPO]] --=============== 200%

quCThIA BO3MyX+5%S0,+5%H,0--276%

3HaUUTEIbHOE BIMSHHE HA KOPPO3UIO CTajlled M CIUJIaBOB OKa3bIBAIOT

HPOJYKThI TOPSHUS TOILINBA,cofieprkanie BaHa it (Hampumep V,0s).
DTO CcOoeNMHEHWE HAXOAWTCS B 30JI€ OT CXXHUTaHWs JCIIeBOTO TOIUIMBa-Ma3yTa,
He(TEenpoayKTOB. 30J1a, HaJIUMas Ha METaJll, YBEJIMYUBAET CKOPOCTh €T0 KOPPO3UH B
necarku pa3. Ilpuumna »3ToMy - “BaHagueBas Kopposus®, OOYCJIOBIIEHHAS
aerkomiaBkocTeio V7,05 , U ero  crnocoOHOCThIO O(IIOCOBBIBaTH (NEPEBOJUTH B
KHUJKOE COCTOSHHE) XMMUYECKHE COCAMHEHHWS 30Jbl U OKaJWHBI, YTO CHHUXKACT
3alUTHBIE CBOMCTBA MTOCIIEAHEH ,a TAKKE y4aCTBOBATh B MPOIIECCE OKUCIICHHUS:

4Fe + 3V,05 = 2Fe,05 + 3V,03, (53)
V,05; + O, = V5,05, (54)
V,05 + Fe,05 = 2FeVO,. (55)

[ToBermienne comepxanusi CO B ra3oBoi (ha3ze MOHMKET CKOPOCTh KOPPO3UU
YIJIEPOUCTHIX U HU3KOJIETHUPOBAHHBIX CTajiel, HO mpu Oombimux koaudectBax CO B
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ra3oBoi (paze MOXKET MPOM30UTH HAYITIEPOKUBAHUE MOBEPXHOCTHU cTanu. [Ipu stom
BO3MOXKHBI CJEIYIONINE XUMUYECKHUE PEAKIINU:
2C0O + O, = 2CO0,, (5.6)
2C0O = Cyx + CO,. (5.7)
Haesnenue okucrumens.

Ecnu Obl moBepXHOCTh MeTallla HEe Oblila Obl TOKPHITA OKCUAHOW TJIICHKOU, TO
CKOPOCTh OKHCJIEHHMsI OblIa Obl NPOMOPIMOHANIbHA TaplHaIbHOMY JIABJICHUIO
OKUCIUTENS (151 ABYXaTOMHBIX razos-VP).

Ho Tak kak TOBEpPXHOCTh MeTajlla TOKpPHITA CIOEM OKCHJIa, TO 3aBUCHUMOCTH
CKOPOCTH OKHCJICHHMSI OT BEJIMYMHBI MaplUUaIbHOTO JIaBJICHUS OKHUCISIONIEH Trasza
MOJKET OBITh PA3TUYHON B 3aBUCUMOCTH OT CTPOCHUS 3aIIUTHOM TJICHKH.

Hanpumep, npu oxkucinenuu sxenesa npu 700-950°C ckopocTb OKHCIEHUS HE
3aBUCHUT OT PO..

Ckropocmb 08udiceHUst 2430801 ha3zvl.

Okucnenue, Kak reTepOreHHbIN MPOLIECC, ONMPEACISIETCS CKOPOCTHIO MOABOA U
OTBOJIJa pPEarcHTOB B 30HY peakuuu. [loaToMy, 4eM OoJibllle CKOPOCTh ABUKEHUS
MOTOKA Ta3a, TeM OOJIbIlIE U CKOPOCTh OKUCIICHHS MeTalljia.

PexxuM HarpeBa Merajuia.

Binusinue pexxrma HarpeBa MeTajlsla MOXET OBITh PACCMOTPEHO B KOHTEKCTE
BIUSHUS KOJieOaHWIl TeMmeparypbl. TO €CTh MEPEMEHHBbIE HArpeB U OXJIAKJICHHE
YBEJIMYMBAIOT CKOPOCTb OKHCIJICHHS BBHJY HapyLIEHUs COXPAHHOCTH 3alllUTHOM
TIJICHKH.

5.2. Bmusgaune BHYTpeHHNUX (haKTOPOB HA CKOPOCTH IIPOIECCA XUMUYECKONH KOPPO3HH.

Cocmaeg cnaasa.

[TpumenuTenpbHO K HanboJiee BaKHBIM KOHCTPYKIIMOHHBIM CIIJIaBaM — CIUIaBam
HAa OCHOBE JK€JI€3a, MO)KHO OTMETHUTB CIIEAYIOIIEE JUIS CiIydasi Ta30BOM KOPPO3HUH.

1. TIpu Beicokux Temmeparypax (6onee 800°C) ¢ yBeIMYEHHEM COAEPIKAHUS
yIJIepo/ia B CTallM CKOPOCTh €€ OKUCIIEHUS U 00€3yTIIepOKUBAHMS

yYMEHbBIIaeTcsl BCIEACTBUE Oojee akTUBHOro odOpaszoBanus CO, 4YTO CHHXKaeET
OKHUCJIUTENIbHBIN OTEHIIMA Ta30BOM (ha3bl.

2. Cepa, ¢ocdop, HUKETb, MapraHel] MPAKTUYECKHM HE BIMUSIOT Ha CKOPOCTb
OKHUCJICHHS JKele3a.

3. Tutan, menb, koOayibT, OEPUIUIMI 3aMETHO CHHUXKAIOT CKOPOCTh OKHUCIICHMS
Keesa.

4. XpoM, amtOMUHUN, KPEMHUI CUJIBHO 3aMEJISIIOT OKUCIIEHUE KEe3a.

5. Bananuii, Bonbpam u MOIUOIEH MOTYT 3HAUUTEIBHO YCKOPUTH OKHCIICHHUE
CTaJId, KOTOPOE MHOT/Ia HOCUT KaTacTpo(uueckuii xapakrep.
Cmpykmypa cniasa.

AHaJIN3 HKCIIEPUMEHTAIBHBIX JAHHBIX CBHJETEIBCTBYET O TOM, 4YTO YEM
MEHBIIE B CIUIABE CTPYKTYPHBIX COCTABJISIIOIIMX, TEM BBIIIE €r0 KapOCTONKOCTb.
[IpuMeHuTENbHO K CIUIaBaM JKeNe30 — YIIepoJ, Haubosee yCTOMYMBOW SIBISETCS
aycTeHUTHas cTpykrypa. Ctanu ¢ 1Byx(ha3Hoi ayCTeHUTHO — GEePPUTHOM CTPYKTYpOr
MEHee YCTOWYUBHI MPOTUB OKUCIEHUsA. X MeHbIIas KapoCTOMKOCTh CBSI3bIBAETCA C
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OoJblIel HEOTHOPOIHOCTHIO 0OPA3YIOIIEHCS 3aIMTHOM MJIEHKH, YTO MPUBOAUT K €€
pa3pylieHuI0 TOpu  pocTe  (HEOAHOPOJHOCTh  BO3HUKAIOMIMX  BHYTPEHHUX
HaIpsHKEHUHN ).

Tax XxpoMo-HHKeNIeBbIE CTalli ¢ OAHO(A3HOM ayCTEHUTHOW CTPYKTYpOil OoJee
YCTOMYMBBI TIPOTHB OKHUCJICHHS, yeM aByxdaszneie: X12HI2M2T, X12H9T Benyt
ce0s myurie, uem OX21HSMJI2T, 1X21HST.

Ha xapocTOMKOCTP UYYryHOB KpOME HUX COCTaBa BIMSIET M CTPYKTypa.
CymiecTBeHHOE  BIMSHHE  OKa3biBaeT (GopMa TrpadUTHBIX  BKIIIOYCHHI:IPU
HIApOBUAHON ¢opme rpaduTa CTOMKOCTH NPOTHB OKHUCICHHUS BBIIIE ,4€M TIpU
IJTACTUHYATOM.

Cocmosanue nogepxnocmu Memanid U Hamyue 8 Hem HanpsAHCeHu.

HanexHo yCTaHOBIIEHO, YTO TMpeABapUTENbHAs XOJIOAHAS IJIACTUYHAs
nedopmarysi HECKOJIBKO YCKOpSET OKHUCIEHHWE METalljla BCJEACTBUE IMOBBIIICHUS
3araca ero sHepruu. Yem TiiarenbHee oOpaOoTaHa MOBEPXHOCTh MeETajla, TEM
MEHBIIIE CKOPOCTb €ro OKHUCJIEHHS, YTO OOYyCJIOBJIEHO Jy4YIlIed COXPaHHOCTBIO
3alIUTHBIX IJIEHOK Ha IVIa/IKOM MOBEPXHOCTH.

6. 3aIHI/ITa OT ra30BOM KOPPO3UHM.
Crioco0ObI 3alIUThI pacCMOTpUM IIPUMCHHUTCIIbHO K OCHOBHOMY
KOHCTPYKIIMOHHOMY MAarTcpHaly — CIlllaBaM Ha OCHOBC JKCJIC3a.

6.1. KoHTponupyeMble ¥ 3aIIUTHBIC aTMOCHEpPHI.

B kadecTBe 3aumMTHBIX arMoc(ep MCHONB3YIOTCS Ta30Bble Cpeabl U3
TEXHUYECKU YUCTOIrO a30Ta, reusi, aproHa U JPyruX HHEPTHBIX ra30B.

B pape ciywaeB i 3alMThl  MeTalla OT  OKHCISIOIIETO  JIEMCTBUS
ra3oo0pa3Hodl  cpenbl  MCHOJB3YIOT  BApUAHT  BAKyyMUpOBaHHMS  pabodero
MIPOCTPAHCTBA MPOMBIIIIICHHOTO arperara, HalpyuMep HarpeBaTeIbHOM Meyu.

Kpome BbIlIeyKa3aHHBIX MPUEMOB 3aIMUTH METALTMYECKUX MAaTEpPHATIOB OT
OKUCJICHHS TPU BBICOKHMX TEMIlepaTypax, UCIOJIb3YIOT TaK Ha3bIBacMbIe
KOHTPOJUpYEeMbIe aTMOC(hepbl — ra3000pa3HbIe CMECH C KOHTPOJIUPYEMBIM 3HAYEHHE
OKHCIIUTENIbHOTO MOTEHIINANA.

[Ipunnun  BeIOOpa cocTaBa KOHTPOIMPYEMOW aTMochepbl CBOAUTCS K
BBHITIOJIHEHUIO HEPABEHCTBA BUJIA:

ooy < To(Me,0,) 1 (6.1)

TIE 7y, - KHCIOPOAHBIN MOTEHIMAI ra30Bo# a3kl

Zo(e.0,)~ KACTIOPOHBIiA MOTCHINAN OKCHA MCTAlIA,

B OpOMBINIICHHBIX YCIOBUSIX B KaueCTBE KOHTPOJUPYEMBIX aTMocdep
UCITOJIb3YOTCSI:

a) a3or W Biaxubeiii Bogopoa(N,+Hy/H,O); 3Ty rasoByio cMech MOIy4aroT
JTUCCOTMAIIMEl aMMHuaka W JOXUTAaHWEM O0pa30BaBIIETOCS TMPHU JAUCCOIUAINAN
BOJIOPO/A;

0) azor, moHo- u guokcun yriepoaa(N,+CO/CO,); maHHYIO Tra3oByI0 CMECh
MOJTy4aloT B IPEBECHOYTOJILHBIX TeHEPaTopax;
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B) a30T, BJI@KHBIA BOIOPOA, MOHO — W JAWOKCHI  yIJIepoja
(N,+Hy/H,O+CO/CO,):ata  atmocdhepa - MOPOAYKT  HEIOJHOTO  CrOpaHHUS
YIIIEBOJIOPOJIOB;

I') a30T, MOHO- U AWOKcU I yriaepoaa, MetaH, Bogopoa (N,,CO/CO,,CH4/H,);3Ta
HayTJIepOXHUBaroIIasi arMocdepa, BRIMONHAIOMAS KPOME 3alTUTHBIX (QYHKIIMA U POITH
HayTJICPOKUBAIOIIICH.

Yacto, O0COOCHHO B TIPAKTHKE TEPMUYECKOW OOpabOTKE WCIONB3YIOTCS
arMocdepsl, Ha3bIBaEMbIC SHIO0 - W OK30TCPMUYECKHUMH KOHTPOIHPYESMBIMU
arMocdepamu (3HI0 — U IK30Ta3).

CocraB »K30rasa:
10%CO; 16%H,; <0,05%CO,; 1,5%CH,; N»(ocT.);
CoctaB 3Hj10ra3a:
20%CO0; 40%H,; <1%CHy; Ny(oct.).
W3 naHHBIX cocTaBa cleayeT, 4To dHaoarMocdepa HeuTpanbHa U He COACPIKHUT
razoB — OKHCIUTENeH, HO B3PBIBOONACHA, II03TOMY HCIIOIB3YETCS TOJIBKO B
TrepMETHYECKH 3aKPBITHIX HArPeBaTEIbHBIX YCTPOUCTBAX.

6.2. JXKapocToiikoe JerupoBaHue.

[Ipu ocymiecTBICHUU KApPOCTOMKOTO JIETMPOBAHUS JICTHPYIONIUE J00aBKH
BBOJISIT B 3alllMIa€MbIii MaTephal Ha JTale €ro BBILJIABKU, B PE3yJbTaTe 4Yero
MIPOUCXOJIUT 00JIee WM MEHEE PAaBHOMEPHOE pacHpe/iesieHUE MOCIEIHUX B 00beMe
3aIMIIAEMOT0 MaTepuaa.

N3BecTHBI pa3auyHbie TEOPETHUUECKHUE TMOJIOKEHUS, OIMpPEAeIsIoNne BhIOOD
JISTUPYIOIIETO 3JIEMEHTA MIPU CO3JaHUU KAPOCTOUKUX CIIJIABOB.

Cnenyer ykazaTh Tpu Hanbojee OOOCHOBaHHBIE TEOPUHU, OTIMYAIOIIHAECS
MPEoaraéMbIM MEXaHU3MOM JIEHCTBUS JIETHUPYIOIIEH 100aBKH:

1) MOHBI JIETUPYIOMIETO AIIEMEHTA, BXOS B PEIIETKY OKCHIa OCHOBHOTO MeTalja,
YMEHBIIAIOT €€ 1e()EKTHOCTh U COOTBETCTBEHHO CKOPOCTh MAaCCOTIEPEHOCA B HEW;

2) Nerupyromui MeMEHT Ha TOBEPXHOCTH 3allMIIaeMOro MaTepuana oopasyeT
CIIeLIMAJIbHBIN 3aIUTHBIN OKCHI, PENSATCTBYIOIINN OKUCIEHUIO OCHOBHOTO METALIA;

3) JNerupyroomuii SJIEeMEHT ¢ OCHOBHBIM METANIOM O0pa3yroT IBONHOM OKCH]
THUTIA ITTUHEIN, 00J1aAa0NUi TOBBIIIIEHHBIMU 3alTUTHBIMHA CBOWCTBAMH.

ABTOpaMHU MEPBOM TEOpUM KapocTorkoro jerupoBanus (Barnep, Xaybhde u
Jp.) BbICKa3aH psj TpeOOBaHUM, TPEABSIBISEMBIX K JIETUPYIOIIEMY SJIEMEHTY.
OCHOBHBIE U3 HUX TaKOBBI:

a) JICTUPYIOIIUMA DJIEMEHT JIOHKEH UMETh OOJIbIIee CPOJCTBO K KUCIOPOIY, YeM
OCHOBHOM METAaJlJI;

0) Jerupyromuyidi dJIeMEHT JOJDKEH XOpOIIO PACTBOPITBCA B OKCHJIE
OCHOBHOT'O METaJlJIa.

JlaHHasi Teopusi, B YaCTHOCTH, MO3BOJUJIA MpPEACKa3aTh MPUTOAHOCTh MAJIbIX
KOJIMYECTB JIETUPYIOIIUX HIIEMEHTOB, BBOJMMBIX B COCTaB KEJIE30YIJIEPOJIUCTHIX
CILJIABOB, C LIEJIbIO MOBBIIICHUS UX KapPOCTOUKOCTH.

CornmacHO OCHOBHOM HJiee, BBICKA3aHHON aBTOpaMHU BTOPOW TEOPUHU
xapocrtoiikoro yierupoanus (CmupHoB A.A.,Tomamos H./1.), nerupyroniuii aneMeHT
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JOJDKeH 0oOpa3oBbIBaTh HAa IMOBEPXHOCTH 3alllMIIAEMOr0 MeTallla CleluaJbHbINA
OKCH/I, 3aTpyAHsIoUMi 11 dy3UIo peareHToB U OKMCIECHNE OCHOBHOTO METalja.

JlanHast Teopus TPEABSBISICT CIEAYIOIIME OCHOBHbIE TpeOOBaHUSA K
JIETUPYIOIINM 3JIEMEHTAM:

- OKCHJ JIETUPYIOLIETO DJJEMEHTa [JOJDKEH  YIOBJIETBOPATH  YCIOBHIO
CILTOMHOCTH, T.¢. Voi/ Vier >1, Tie Me - Iernpyroiuii dIeMeHT;

- IETUPYIOUTUH AIIEMEHT JIOJKEH 001a/1aTh OOJBIINM, YeM Y OCHOBHOTO MeTajlia
CPOJICTBOM K KHCJIOPOLY;

- pa3Mep HOHOB JETUPYIOUIETO 3JIEMEHTa JOKEH OBITh MEHbIE, YeM Y
OCHOBHOTO MeTamia (I, < I,);

- OKCHJ  JIETHPYIOIIETO  3JEeMEHTa  JODKeH  o0lajgarb  BBICOKHM
DIIEKTPOCONPOTUBIICHUEM, BBICOKOM TEMIEPATypOW IUIABICHUS M KUIICHHUS W HE
00pa30BbIBaTh 3BTEKTUK C JAPYTUMHU OKCUIAMHU.

N350keHHasi TEOpUsl HAaXOAWUTCS B XOPOIIEM COOTBETCTBHU C IMPAKTUKON U
NO3BOJISIET OLEHUTh IPUTOAHOCTh Pa3jIUYHBIX JIETUPYIOUIUX JJIEMEHTOB JUIA
OCYLIECTBJICHUSI CpEOHEH M BBICOKOW CTENEHU JIETUPOBAaHUS MaTepuaia iUl
NOBBILIECHHUS €T0 KapPOCTOMKOCTH.

OcHOBHasl ujes TPETbeW TEOPHUH KAPOCTOMKOIO JIETMPOBAaHUSA CBOIUTCA K
TOMY, YTO JETUPYIOIIMM 3JIEMEHT [UIsl IOBBILIEHUS KAPOCTOMKOCTH OCHOBHOIO
MeTaljia JOJDKEH O0O0pa3oBbIBaTh C HHUM JIBOMHBIE OKCHABl THUIA LIIHHEIU
(MeMe,0,).ABropsl Teopun — Jauko I1.J[., Apxapos B.M. u ap. Ilnumenn
001a1atl0T MOBBILIEHHBIMHU 3alUTHBIMU CBOMCTBAMHU IO CPaBHEHHUIO C MPOCTHIMU
oKcuJaMu . JTa Teopusi HauOosee noiaHo chopmynupoBana ApxapoBbiM B.U. mis
CIUIaBOB Ha OCHOBE kejne3a. ONTUMaJbHBIMH C TO3ULUN ATOW TEOPUHU SIBIISIOTCS
TaKUe JIETUPYIOUIUE 3JIEMEHThI, KOTOPbIE YMEHBIIAIOT BEPOSITHOCTh OOpa30BaAHUS
BrocTuTHOM (a3el (FeO) , smmsrometics Hanbonee mudPy3nOHHO- TPOHHUIIAEMON.
[ToBpIlIEHNE KAPOCTOMKOCTH C IMO3ULUHAN TEOPUU JBOMHBIX OKCHUJIOB HOCTHUTAETCS
JETUPOBAaHUEM CTAJIM XPOMOM, QIIOMHUHUEM WIM KPEMHUEM. OTH DJIEMEHTHI,
HaXOJSIIMECS] B COCTOSHUU TBEPJbIX PacTBOPOB, NMPHU HarpeBe oOpa3yroT 3allluTHBIE
wieHkH aBoiHbIX okcuaoB(FeCr,04, FeAl,Os, FeSIO, u mp.).

B nHactosimiee BpeMs, OCHOBBIBASICh HA U3JI0)KEHHBIX TEOPETUUECKUX MO3ZNULIUSAX,
CO3JIaHbl KApOIPOUYHbIE CTalU M CIUIaBbl ,001aJal0LINEe MPU 3TOM U JOCTATOYHO
BBICOKOU JKapOCTOMKOCTBIO.

6.3. JKaporpoyHbI€ U )KaPOCTOUKHUE CTAIH.

6.3.1. Cmaau neprummnoco kiacca.

Takumu cransamu sBisitorca 12X1M®, 15XIM1® u gp., oTHOcsumecs K
MaJIOYIJICPOIUCTBIM HHU3KOJIETUPOBAaHHBIM. OHHU HCIOJB3YIOTCS IS HM3TOTOBJICHUS
JeTaJIleld M y3JI0B SHEPIreTHUECKUX YCTaHOBOK, PA0OTAIONIUX JIUTEIBHOE BpeMs TIPH
Temrieparypax He Boime 500-580°C.

6.3.2. Cmanau mapmencumno20 u MapmeHCcumHno - heppummno2o Kiaccos.

Paboune Temmeparypbl 3TUX crajgeii He mpessmmaor 580-600°C. B
3aBHCHMOCTH OT COJCPIKaHHS XpOMa OHM OTHOCSITCS WJIM K MapTeHcuTtHoMy (1o 10-
11% Cr) wnn x mapreHcutHo-pepputHomy (1o 11-13% Cr) xmaccy. Mapku 31ux
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cranel TakoBbL:1SX11IM®,15XI12Bb®P u gp. Otu cTanu HCHONB3YHOTCS IS
W3TOTOBJICHHMS JICTaje U y3J10B Ta30BbIX TYPOUH U MApOCUIIOBBIX YCTAHOBOK.
6.3.3. Cmaau aycmenumno2o Kiacca.

JI1s iomy4yeHust ayCTeHUTHOM CTPYKTYPBI, CTaIU JOJDKHBI COCPKaTh OOJIbIITNE
koandecTBa Cr, Niu Mn.

AYCTEHUTHBIE CTallM CO CTPYKTYpOW TBEpPABIX PACTBOPOB, HamNpHUMED
10X18HI2T,08X12H24B4TP wu  np., 1peaHasHa4eHbl Uil WM3TOTOBJICHMS
naporieperpeBaresieii  TpyOOIPOBOJOB CHJIOBBIX YCTaHOBOK BBICOKOTO JAaBJICHHSI,
paboraromux mpu 600-700°C. Kpome ayCTCHHTHBIX CTajei, HE YIPOYHIEMBIX
CTapCHHEM, MIPUMEHSIOT ayCTECHUTHBIC CTaJIn c KapOMTHBIM
ynpourerarnemM(10X11H20T3P,10X11H23T3MP u ap.).

6.3.4. JKaponpounvie cniagbl Ha HUKel1e60U OCHOBE.

DT cIjgaBbl Ha OCHOBE HHUKENId Ha3bIBalOT HUMOHMKaMU. OHHM HaXomsT
IIUPOKOE NMPUMEHEHHE B PA3IMYHBIX O00JIACTAX TEXHUKH: aBHAIIMOHHBIC JBUTATEIIH,
ra3oBble TYpOHMHBI, XUMHYECKHE ammnaparsl ¥ ap. OHU KaAPOCTOMKH JI0 TEMIIepaTyp
nopsaka 850°C

HaubGonee mmupoko wucnonb3ytorcs craBel XH77TIOP wnmu XH70BTIO,
00JIaJaroIIKeE elle U JOCTATOYHOM MmtacTuaHoCThIO pu 700-800°C.

6.4. [ToBepXHOCTHOE JIETUPOBAHME.

[loBepxHOCTHOE  JerupoBaHue —  TepMoau(y3noHHOE  HACHIIIECHUE
JIETUPYIOLIUM 3JI€MEHTOM IMOBEPXHOCTH 3aIUIIAEMOro MeTajuia. MeToJ MO3BOJIsIeT
CYIIECTBEHHO  CHU3UTh  pPacxXod  JIETHPYIOIIMX  DJEMEHTOB,  MOBBIIIAIOIINX
KapOCTOMKOCTh METAILIA.

HacrpilmieHne  MOBEPXHOCTH  3aIMIIAEMOT0  MeTajula  JITHPYIOIIUMU
AIIEMEHTAMH, TPOU3BOIAT W3 TBEPAOM, ra3000pa3HOM WM KUAKOW (a3, mpu HX
HENOCPEACTBEHHOM KOHTAKTE B YCIIOBUSX MOBBIIIEHHBIX TEMIIEPATYP.

[Ipu  co3zmanuu  TepMoAM(PPY3UOHHBIX  TMOKPHITUA HAa  TOBEPXHOCTHU
3alUIIAEMbIX MAaTepHaJiOB, HaNpuUMEp HHU3KOYIJIEPOAMCTON CTalu, B IpoLEcce
Koppo3uu obOpasytorcs npoctbie okcuabl tuna Al,Oz, SiO,, Cr,03 unm aBoiiHbie -
FeAl,O,, FeCr,0,, FeSiO,, obnanaromue MOBLIIIEHHBIMYA 3aI[UTHBIMU CBONCTBAMH U
NPENATCTBYIOIINE JaIbHEUIIEMY OKUCIICHUIO CIIIaBa.

6.4.1. Arumuposanue.

AJUTHpOBaHHWE - TIPOLIECC HACHIIICHHUS] MOBEPXHOCTHOTO CJIOS  3alUIaeMOTO
Marepuana amoMuHueM. L{enb - ToBBIIIIeHne OKaTHHOCTOMKOCTH (KapOCTOUKOCTH) U
COMIPOTUBJICHUS aTMOC(EepHO KOpPpO3WU. AJUTUPOBAHUE CTANBHBIX U3JCIUN
(>KapoIlpoYHbIE CIUIaBBI, HIyINIME Ha W3TOTOBICHHE KJIAlaHOB aBTOMOOWMIBHBIX
JIBUTATeJIeH, JJOMATOK U COTIEN Ta30BbIX TYpOUH) OCYIIECTBISIETCS B COOpAaHHOM BUJIE,
TaK KaK 0Opa3ylolIMiCs 3alUTHBIN CIOW XPYNOK M HE JOMYCKAaeT MEXaHU4eCKOu
00paboTKH.

JleTany, OUYMIIEHHBIE OT TPSI3U M PXKABUMHBI, 3arpyXal0T B TE€PMETUYECKU
3aKpBIBAIOIINICS SIUK(PEaKTOp), 3achlIalOT peaknuoHHOW cmechio  (50%Al-
nopomka ,45-48%Al,0; u 2-5%NH,Cl) 1 nomeniaror B HarpeBaTelIbHOE YCTPONCTBO
(meun). Bpems Beiepskku 3-4 gaca, remreparypa 950-1000°C.
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AJWTHUpOBaHME - OAWH W3 CaMbIX HAJEKHBIX CIOCOOOB TOBBIIIICHUS
KAPOCTOMKOCTH CTAJId OT OKHUCJSIOIIETO JEUCTBUSL KUCIOPOJA TPU IMOBBIIICHHBIX
TeMIieparypax.

6.4.2. Tepmoxpomuposanue.
I[Ipolecc TEPMOXPOMUPOBAHKS IPOBOAAT pu Temmeparype 1000-1250 °C B cmecH
Cr-mopomka, xaomuHa(Al,03*2Si0,*2H,0) wu wamareips.  OOpasyiomuiics B
PE3YAbTaTe OKKUCIICHUS CJION OKCHIOB COOOIIAEeT METAJITY CTOMKOCTh B BO3JIYIIIHOW U
ra30BOM _cpelle  colepykaiieil COeTMHEHUs BaHaaws ¥ cepbl o 1000°C.
TepMOXpOMHUPOBAHHBIA _CJI0W 00Ja1a€T TOBBINMICHHONW HM3HOCOCTOMKOCThIO. Crioi
MOJUTAETCS MEXaHUIECKOU 00paboTKe.

6.4.3. Cunuyuposanue.

CunuiupoBaHue — HAJICKHBIA CIIOCOO MPEOXPAaHEHUSI OT Ta30BOM KOPPO3UU
tyromiaBkux MetamioB (Nb,W,Mo,Ta u ap.). CtolikocTh 00pa3yromerocst HOKPhITHS
00BbsICHSACTCSI 00pa30BaHUEM IUIOTHBIX CHIMIMIAHBIX TOKpeITHH  (WSI,,MOSIy),
oOnanaronmx 3¢HeKToM caMo3aaeuuBaHMUSL.

CununupoBaHue ocymiectBisiercs npu remmeparype 1000-1200°C. AxkruBHas
cpena — CMeCh MOPOIIKo0Opa3Horo kpemuus win dpeppocunuiums ¢ NH,Cl.

6.5. Heoprannueckue HeMETAINISCKUIE MTOKPHITHS.

K Heopranndeckum HEMETAUIMYECKUM MMOKPBITUSIM OTHOCSTCS CUJIMKATHBIE

(amasieBbie) MOKPHITHA. OHM MPEACTABISIOT COOOM HAIUIaBICHHBIE HA MOBEPXHOCTH
MeTajula CTeKJISIHHbIE (HA OCHOBE KPEMHE3eMa) MIICHKHU.
Bricokas 3ammTHasi CTOMKOCTb 00yclioBiIeHa ux Tu(Qy3noHHON HEMPOHUIIAEMOCThIO
no otHomeHnio K H,0, O,. CuiukaTHbIC TOKPBITUS HCHOJIB3YIOTCS IS 3allUTHI
BBIXJIOMHBIX TPYO PEAKTUBHBIX JIBUTATEIICH.

B nocnennee BpeMs mosiy4aroT pa3BUTHSI CUTAUIOBBIC 3aIlIUTHBIE TTOKPHITHUS, &

Takke Kepamudeckne Ha ocHoBe OkcuaHoil (Al,Oz ,ZnO,)mmm 0eCKUCIOpOaHOM
kepamuku (SiC,BN,MoSi,).

1. J1eKTPOXMMHUYECKAsl KOPPO3Usi METAJLIIOB

7.1. O01MeE MOJIOKEHUS.

OJEKTPOXUMHUYECKasi  KOPpPO3us —  CaMOINPOU3BOJIBHOE  pa3pylleHUe
METAJUIMYECKUX MATEPUAIIOB BCIICICTBUE UX JJIEKTPOXUMHUYECKOTO B3aUMOJICUCTBUS
C OKPYXKAIOIIEH, DIICKTPOJIUTUUYECKH TTPOBOIAIIEN CPEIOM.

I'maBHasi 0COOCHHOCTH JJIEKTPOXUMUUYECKON KOPPO3UU COCTOUT B TOM, UTO B
MIPOIIECCE €€ TEUEHHUs], MOHU3AIMUS aTOMOB METAJIa U BOCCTAHOBIICHUE OKHCIIMTES,
COZIEPKAIIETOCS] B KOPPO3UOHHOW Cpeie — MPOCTPAHCTBEHHO Pa3JEJICHHBIE aKIIUH, a
MX CKOPOCTH ONPEAEISAIOTCA BEIUUYMHAMHU JJICKTPOAHBIX MOTeHUHanoB. Kpome toro,
po1eCce AIIEKTPOXUMHUYECKOM KOPpO3UHU COIIPOBOXKIAETCS HaAJIMYUEM
ANEKTPUYECKOIO TOKA B KOPPOJAUPYIOLIEM METAJUIE.

OTOoT THUN KOppo3uHM HaubOojee pacnpocTpaneH. OH peanusyeTcs Mpu
B3aHUMOJICICTBUM  METAJUIMYECKUX MATEPHATIOB C JJIEKTPOIUTAMHU: BOJHBIMU
pacTBOpaMu COJIEU, KUCIIOT, HIEJI0UEH, pacIilaBaMu COJIEN U IIEITIOYEH.
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7.2. DIEeKTPOAHBIN MOTEHIIMAI METAJIA.

[Ipn nomemeHurn MeTraia B 3JEKTPOIUT MPOUCXOAUT MPOLECC €r0 pacTBOPEHHS,
HOCSIMHN crelupUIeCKU XapakTep: KaXIblii KaTHOH MeTallja, IMOjA JCHCTBHUEM
MOJIEKYJT PAacCTBOPUTENS MEPEXOAsl B PacTBOP, OCTABIIET HAa MOBEPXHOCTH MeETAJlIa
HKBUBAJICHTHBIA OTPHUIATENBHBIA 3apsifi B BHUJI€ CBOOOAHBIX 3IEKTpPOHOB. lIporecc
pacTBOPEHHUSI MOKHO BBIPA3HUTh peaklMeil BUA:
Me + mH,0 < Me""*mH,0 + ne". (7.1)
BBuay cuil 31€KTPOCTAaTUYECKOTO B3aUMOJICHCTBUSA, KATHOHBI METAJIA NEPEIIEAIINE
B DJIEKTPOJIUT, MPUTATUBAIOTCS K MOBEPXHOCTU MeETasuia, o0pa3ysd TaK Ha3blBaeMbIN
JIBOMHOW  DBJIEKTPUYECKHUM  CIIOW, TI0 CBOEMY YCTPOWCTBY HAIIOMWHAIOIIUN
3apsHDKEHHBIN TUIOCKUEM KoHJeHcaTtop. OOpa3oBaBIIMIICS JBOWMHONM SJIEKTPUYECKHIMA
CJIOM TPENATCTBYET NAJIbHEHIIEMY PAaCTBOPEHHUIO MeTajla U cucrema Meramn —
pacTBOpP MNPUXOAUT B COCTOSSHUE TEPMOAMHAMUYECKOTO paBHOBecus. B 3ToMm
COCTOSSHUM MEXJIY METAJZIOM U PACTBOPOM BO3HUKAET YCTOWYMBAs PA3HOCTH
MOTCHIIMAJIOB (CKAauOK TMOTEHIIMaJia), Ha3blBaeMas »AIIEKTPOIHBIM IOTEHIIUAIOM
MeTaJLIA.
BenuuunHa 3TOro noreHpana pacCUMThIBA€TCS B COOTBETCTBUU C YPABHEHHUEM:
Ore = 0 + (RT/NF)*IN ape™, (7.2)
rae (pOMe - 3JICKTPOJHBIN OTEHLIHAJ METAJJIa B CTAHAAPTHBIX YCIIO-

BUSIX;

N - YKUCIIO MOJIb-3KBUBAJICHTOB BEILIECTB, YYACTBYIOUINX B PEAKIIUU OKUCIICHUS;
ame ' - AKTUBHOCTH MOHOB METAaJlj1a B PACTBOPE.

UeM oTpuiiaTenbHee BEIUUYMHA IEKTPOJHOTO MOTEHIIAAIA METAJIA, TEM BBIIIE
CKJIOHHOCTh Me€Tajula MOChUIATh CBOM KAaTMOHBI B PACTBOpP. 3HAUYCHUSA ((pOMe) 1St
OOJBIIMHCTBA METAJJIOB U XHMHYECKUX COCAMHEHUN TMPUBOASTCS B Taliuile,
HAa3bIBAEMOM PSAIOM HAIPSIKEHUN.

CkopocTh  mporiecca pacTBOpeHUsT MeTauia  (aHOJHOTO  Mpolecca)
XapaKTEePU3yeTCsl COOTBETCTBYIONIMM 3HAYCHHEM IUIOTHOCTH aHOAHOro Toka (i), a
CKOpOCTh Ipolecca OCAXKIECHUS HOHOB METallla M3 pPacTBOpa — IUIOTHOCTBIO
KaToaHOTOo ToKa (ik). B yCIOBHAX TEpMOIUHAMHYECKOTO PAaBHOBECHS 1,=I.

7.3. XUMHUYECKHU M DIEKTPOXMMHUYECKHU MEXAHU3MbI DACTBODEHUS METAJUIOB B
YIIEKTPOJIUTAX.

PacTBopenue Mertamia B 3JIEKTPOJIUTE MOXET MATH IO JBYM pPa3iUYHbIM
MEXaHU3MaM: XUMHUYECKOMY U 3JIEKTPOXUMUUYECKOMY.

XUMHAYECKUN MEXaHHW3M pEAIN3yeTCsd B BHJE XHUMHUYECKOW PEAKLNH,
OJIMHAKOBO TIPOXOJSINECH Ha BCEH MOBEPXHOCTH METajuia 0e3 MHTPAllMM CBOOOHBIX
JIEKTPOHOB B MeTaiyie. Tak pacTBOPSIOTCS, HampUMeEp, JKeJie30, XPOM U HHbBIC
YUCTBIE METAJLTBI B BOJHOM pacTBope H,ySOy:

Me + nH,0 = Me(OH)n + n/z H,. (73)

OJICKTPOXUMHUYECKUN  MEXaHM3M PACTBOPEHUS  PEAIM3yeTCd B  BHUIE
JByXCTaIMMHOM peakIuu, MPOTEKaroled C y4aCTHEeM CBOOOJHBIX 3JIEKTPOHOB,
MIpUYEM MOHHU3AIMS aTOMOB METajla U BOCCTAHOBJIEHUE OKHUCIIUTEINSI KOPPO3UOHHOM
Cpelbl, MPOXOJAT B JABYX Pa3IMYHBIX AKTaX, & UX CKOPOCTH 3aBUCAT OT BEJIUYMHBI
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AJIEKTPOIHOIO IMOTEHIMaNa MeTaia. TakuM o0pa3oM, MpU 3BIEKTPOXUMHUYECKOM
B3aUMOJICHCTBUM OKHUCIIMTEIb JIMIIb 3aUMCTBYET BAJICHTHBIE JIEKTPOHBI y METajuIa,
HO HE BCTYIIA€T C HUM B XMMHYECKOE B3aUMOJICHCTBHE.

ONEKTPOXUMUYECKMM MEXaHU3M pAacTBOPEHMS JOIYCKAeT BO3MOKHOCTH
TEYEHHUS] IIpollecCa TOMOT€HHO — JJIEKTPOXUMHYECKHMM M TE€TEPOr€HHO —
IEKTPOXUMHYECKUM Ty TAMH.

T'OMOT€HHO - IEKTPOXUMHUYECKUH ITyTh IPEAIIOJIAracT PACTBOPEHNE METAJLIA C
OTHOPOAHON TOBEepXHOCTHIO. [Ipw 3TOM cropocTH aHomaHOTO —(I;) W KaTomHoro (i)
IPOLIECCOB OAMHAKOBBL. K COXKaleHuto, TOMOI€HHO-AJIEKTPOXUMHUYECKUN MYyTh
TEUEHHs IMpoLecca AMEKTPOXUMUUECKON KOPPO3UU HE OOBSCHSIET HEpAaBHOMEPHBIE U
MECTHBIE Pa3pyLICHUS] METAJLIA.

I'eTepOreHHO - ANEKTPOXMMHUYECKHUM IyTh MPEANOIATAET, YTO YYACTKH AaHOJHOM
Y KaTOAHOW peaklUHUHd MPOCTPAHCTBEHHO PA3JENICHbl M JJIsl NPOTEKAHHsI KOPPO3UHU
HEoOXoAMMa MUTpalsi BJIEKTPOHOB B MeETalie M HOHOB B 3JIEKTPOIUTE. OTH,
OTIMYAIOIIMECS IO CBOWCTBAM YYacTKH ITOBEPXHOCTH MeETalUla, SBIFOTCS
KOPOTKO3aMKHYTBIMH KOPPO3HOHHBIMH T'aJIbBAHUYECKUMU DIEMEHTAMH.

1.4, [TpuuuHEI O6D&30BaHI/I$I KOPPO3HNOHHLIX I'aJIbBAHMYCCKHUX 3JICMCHTOB.

K mnpuunHaM BO3HUMKHOBEHUSI KOPPO3HOHHBIX TaJIbBAHUYECKUX JJIEMEHTOB Ha
MIOBEPXHOCTH KOPPOAUPYIOLIErO METAJIa OTHECEHBI CIIEIYIOLIUE:

a) HEOJHOPOTHOCTh METAJTMYECKOH (ha3bl;

0) HaJIM4Ke TPaHull 3€PEH B METAILIE;

B) HEOJTHOPOJAHOCTD 3aIMTHBIX MJIEHOK HAa MOBEPXHOCTU METAJIA;

') HEOJJHOPOIHOCTh BHYTPEHHUX HAMPsIKEHUH;

1) HEOHOPOJHOCTH 3JEKTPOJINTA;

€) HEOAHOPOJHOCTh (PU3UUECKUX YCIOBUHN B CUCTEME METAJUT — AJIEKTPOJIUT.
TakuM 00pa3oM, reTeporeHHOCTh MOBEPXHOCTU METaJlIa IPUBOIUT K PA3JEICHUIO €€
Ha aHOJIHBIC - ¢ 00JICe OTPHUIATEIIBHBIMH 3HAYCHUSAMH JICKTPOIHOTO MOTEHITHaa (¢,)
U KaToJIHbIe-C 00JIee TONIOKUTEILHBIMU 3HAYCHUSAMH SJIEKTPOIHOTO TOTCHIHAA ((y)
ydyacTku. CTeneHb TeTepOreHHOCTH IMOBEPXHOCTH MeETaula XapaKTepU3yITCs
PA3HOCTBIO JIEKTPOJHBIX MOTEHIIMATIOB AaHOJHBIX U KAaTOAHBIX YYACTKOB, TO €CTh (y -
@a >0.

7.5. TepMoauHaMUKa IIPOIECCA DIEKTPOXUMHUYECKON KOPPO3UH.

CaMOompon3BOJIbHBIN TIPOIIECC B HEU3OJIMPOBAHHON CHUCTEME BO3MOXKEH, €CIIU €ro
TEUYCHHE COMPOBOXKAACTCS YOBUIBIO dHEeprun [ nboca:

AGr<0, (7.4)
rae -AGr=Ap.
Ap-paboTa TO TEPEMEMICHUIO JJIEKTPUUYECKOTO 3apsifa MEXIy AIEKTPOJAMHU

raJIbBAHMYECKOTO 3JieMeHTa. BenwunHa 3TON paboThl MOXKET OBITh paccuMTaHa W3
COOTHOUICHHUS:
Ap=nFE, (7.5)
e N - YWCIO MOJIb-DKBUBAJECHTOB BENIECTB,  YYaCTBYIOIIMX B PEAKIUH,
MIPOUCXOISIICH B TAIbBAHUYECKOM JIEMEHTE,
F - yucno ®apanes (F=96500 Kin/momnb-3kB);
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E - anexTpoaBrKyIasi cCujia raJJlLBAHUYECKOTO AJIEMEHTA.
VYenoue AGr < 0 Bemmonnsiercs, eciiu E > 0, tne E = ¢, - ¢@,. Takum obpazom,
IIPOLIECC  DIEKTPOXMMHUYECKOM KOPPO3UMM TEPMOAMHAMUYECKH Pa3pELICH, €CIU
BBITIOJIHSIETCSI HEPABEHCTBO BUA!

G = Pa >0 ] (76)
e Py = PMe -

Hpyrum CJI0BaMH, rpoLecc ANEKTPOXUMHUYECKOU KOppO3uu
TEPMOJMHAMUYECKH BEPOATEH, €CIM B KOPPO3MOHHOM Cpele MNPUCYTCTBYET
OKHCIIUTEIb, AJIEKTPOMHBIA IOTEHIHUAI KOTOPOIO ITOJIOKHUTEIbHEE JJIEKTPOIHOIO
IIOTEHLIMAJIa METaJlIa.

7.6. CxeMa nporecca JIEKTPOXUMUYECKOU KOPPO3UH.

DNEeKTPOXUMUYECKOE pPAaCTBOPEHHE MeTallla, HAyIIee 10 TeTePOreHHO-
AIIEKTPOXUMHUECKOMY TIYTH MOXKHO TPEACTABHTH COCTOSIIUM M3 TPEX OCHOBHBIX
npoiieccoB (puc.7.1):

a) aHOJHOTO Tmporliecca — oOpa3oBaHMS TUAPATHPOBAHHBIX HOHOB METallla B
AIIEKTPOJIUTE U CBOOOIHBIX AIIEKTPOHOB HAa aHOIHBIX yUACTKaX:
(ne), <—ne’'Me™ mH 0 > Me™*mH,0; (7.7)
0) mporecca mepeToka 3JIEKTPOHOB B METaUl€ OT AHOAHBIX K KaTOJHBIM
y4acTKaM U COOTBETCTBYIOIIECTO MEPEMEIICHUS HOHOB B 3JICKTPOJIUTE:
(ne)a——> (e ; (7.8)
B) KaTOJIHOTO MpoIiecca — MPUCOSAMHCHUS (AaCCUMIIISAIINAHN ) JICKTPOHOB KaKUMU -
a1u00 MOJICKYJIaMH WJIM HWOHAMH pacTBOpa (IeHoJspH3aTopaMu), CIIOCOOHBIMH
BOCCTaHABJIMBATLCS HAa KATOJHBIX yJacTKax:

D + ne = [Dne’. (7.9)

Memarnn Pacmeop
LSS, ===
/?AHOO 7

/ M "_‘___» Pucynok 7.1. Cxemamuueckoe
—_— npeocmaesienue 0OCHOBHbIX
npoyeccos npu
§ D)—CD) -

NEeKMPOXUMUYECKOU KOPPO3UU
Kamood —_
A N

ANRNRRN

7.7. Tongpuzaus dJIEKTPOAHBIX IPOIIECCOB.

B OonpmuHCTBE CllydaeB  3JEKTPOXUMUYECKOW  KOPpPO3UM  METAIIOB
OCHOBHBIMH TOPMO3SIINMHU €€ SIBJICHUSIMHU SBISCTCSA MOISPU3ALIMSL.
SIBneHue MONApPU3AUMU  TPOSBISIETCS B CMEIIEHUMM 3HAYEHUH PaBHOBECHBIX
(oOpaTuMBbIX) NIEKTPOAHBIX  IOTEHUMAIOB  JJIEKTPOAOB KOPPO3HOHHOTO
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rajlbBAaHUYECKOTO  KOPOTKO3aMKHYTOI'O  3JIeMeHTa. V3MepeHue MOTEeHIMalIoB
MOKa3bIBACT, YTO MOTECHIIMAJ aHOJA CTAHOBUTCS 00Jiee MOJOKHUTEIBbHBIM a TOTEHITHAI
KaToza - 0osiee OTpULATEIbHBIM:
P’ = Qat AQ,, (7.10)
P’ = Pt Agy, (7.11)
TIe O,’, Ok - 3PPEKTUBHBIE IIEKTPOIHBIEC TOTCHIIUATIBL;
A, ,AQk - CMEILIEHNE aHOTHOTO Y KATOJHOIO IMOTEHIIUAJIOB.
SIBeHue MONMSAPU3AIUHN — CIIEACTBUE OTCTABAHUS IEKTPOIHBIX MPOIECCOB (aHOIHOTO
Y KaTOJIHOTO) OT NEPETOKA IEKTPOHOB C aHOJHBIX HA KATOAHBIC YUACTKH.

7.8. [IlpryrHbBI AaHOIHOU TTOJSIPUA3ALIAN.

[IprynHBI aHOTHOM MOJIIPU3ALIMU COCTOAT B CIEAYIOLIEM:

a) TOPMOXEHUE AaHOJHOM DSIEKTPOXMMHUYECKON peakuuu, OpUBOIALIEE K
BO3HUKHOBEHUIO IIEKTPOXUMHUUYECKOU MIOJISIPU3ALINH, Ha3bIBACMOM
HepeHanpsHKEHUEeM HOHU3AIMU MeTaia (AQ,), « ;

0) TOPMOXEHHE TpaHCIOpTa HMOHOB METayla OT €ro IMOBEPXHOCTH B 00bEM
pacTBOpa, NPUBOIAIIAS K BO3HUKHOBEHHMIO KOHIICHTPAIMOHHOW NOJAPU3ALUN
(AQy)on;

B) MEPEXOJI METAJIA B TACCHUBHOE COCTOSTHUE(AD,);:.

Takum  00pa3oMm, pe3ynbTUPYIOLIEE CMELIEHHE  NIEKTPOJHOIO  MOTEHIMaIa
IpeCTaBiIsAeT cO00 CIENYIONIYI0 CYMMY:

AQ, = (A(Pa)a.x.+ (A(Pa)KOHu+ (A(Pa)m (7-12)
npuieM ciaraemMoe (AQ,); OKa3bIBACT PEIIAIOIISe BIMSHUAEC HA BETUUUHY AQ,.

7.9. ITacCMBHOCTH METAJIJIOB.

SIBneHNE TMACCHBHOCTH METAUIOB OTKPBITO Oojee JBYX BEKOB Hasall, HO
MPOJIOJDKAET aKTUBHO M3y4YaThes, T.K. UIMEET OIPOMHOE MPAKTUIECKOE 3HAYCHHUE.

ITacCUBHOCTL - 3TO COCTOSHUE OTHOCHTEIBHO BBICOKOW KOPPO3HOHHOMN
CTOMKOCTH MeTalljia, BHI3BAHHOE TOPMOXKEHHUEM aHOIHOTO IMpoliecca.

K nmepexony B nmaccuBHoe coctosinue ckionusl Fe,Cr,Ni, Ti,Al u mHOTHE npyTHe
METAaJUIbI.

Kak mpaBmiio, macCMBHOE COCTOSTHUE HACTYMAeT MPU KOHTAKTE METAJUIOB C
CHJIBHBIMH OKHCJIMTEIISIMH: KHCJIOPOJIOM, TIEPOKCHIIOM BOJOPO/IA, MOHAMH XpoMara
CrO42', ouxpomara Cr2072‘, U apyruMu. [{ns TuTana 3To Boja.

[TaccuBHOE COCTOSIHME MeTajllla MOXXHO BBI3BaTh IIYTEM CMEIIEHHUS €ro
DIIEKTPOIHOTO TOTEHIIMAja B TOJIOKUTEIBHYIO O0JIaCTh C IOMOIIBIO BHEIIHETO
WUCTOYHUKA TOKa. IIpw 3TOM perucTpupyroT KpPUBBIC aHOMHOW TMOJSPHU3AIN WIIH
MOTCHIIMOCTATHYCCKUE KPUBBIC. DT KPUBBIE MMEIOT YEThIPE XapaKTEPHBIX OOJACTH
(puc.7.2):

| - 06;1aCTh aKTUBHOTO PACTBOPEHUS METAJLIA;
Il - oGmacth popmMuUpOBaHHS MACCUBHOTO COCTOSIHUS, KOTOPOE HACTYIAET TOCIIE

AOCTYDKCHUS IOTCHIHAIA ITACCUBAIUU Py ; Y INIOTHOCTHU TOKaA IMaCCHUBALIUA I s
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Il - ob6macTh MacCMBHOCTH, HACTyMHaromias MNpU JAOCTHKCHUU IOTEHIIHAJA
MOJIHOM MacCuBallUd @, . B 3TOM 00JaCcTH CKOPOCTH PACTBOPEHUSI MeTala
MUHUMAaJIbHA U ONPEACIIASTCS TUIOTHOCTBIO TOKA ITOJIHOM IMaCCUBAIUH Iy ;

Ecin B KOppO3MOHHOW Cpeae MPUCYTCTBYIOT aKTHBHBIC HMOHBI, Hampumep Cl°, To
COCTOSIHAE TTaCCUBHOCTH TIPEKIECBPEMEHHO HapyIIaeTcs. OJTO MPOUCXOIUT TPHU
HOTCHIHMAIE <IPOOOS» Py - MPOWCXOAUT TMPOPHIB IMACCUBHOW ILJICHKH,
chopmupoBaBIIeiics BO BTOpoi oOmactu. IIpu 3ToM XapakTep paspylIeHHs MeTalia
— IUTTUHTOBAST KOPPO3HSL.
IV - obOmacTe mepernaccHBamyy, HAYMHAIOIIASCS IO JOCTHKCHHM ITOTCHIIMAIIA
nepenaccuBanui ;. CKOPOCTh KOPpPO3WHM BHOBH BO3pacTacT MIpH
YBEJIMYCHUH TOTEHITHAa aHOA.

Pucynox 7.2. Anoonas
NONAPU3AYUOHHASL
HOMEHYUOOUHAMUYECKASL

Kpusas

.

I'nn. Lun.

B Tex cnydasix, korma Juisi MeTana He XapaKTepHO SIBJICHUE TepenaccuBallu,
CBA3aHHOE C €ro IEePEeMEHHON BaJICHTHOCThIO, CMEIIECHHE TMOTEHIMala B
MOJIOKUTEIBHYIO CTOPOHY MOXET BBI3BAaTh BBIJICICHUE KUCIOPO/A MO PEaKIINU:

40H < O, + 2H,0 + 4e, (7.13)
a100 MpOTEKaHUE Mpoliecca aHOAUPOBAHUS — 00Pa30BaHMSI TOJICTOTO CJIOSI OKCHAA Ha
MOBEPXHOCTU MeTaia. [IepBbIil U3 ATUX MPOLECCOB HAYMHAETCS MPH JIOCTHKEHHUU
PaBHOBECHOTO 3HAUCHMS TTOTEHIIMAJIA (PO, , @ BTOPOM- 3HAUCHUSI TOTCHITHATIA (P AY.

JI71st mpaKkTUUECKUX 1eJiel JKeIaTeIbHO, YTOObI 00J1aCTh MACCUBHOTO COCTOSIHUS
Obl7a, MO BO3MOXKHOCTH IIHPE, T.€. YTOOBI MHTEPBAJ
Qi - Pryr, OBUT IOCTATOUHO BEJIMK, & BEIUYUHBI Iy U 1, - BECHMa MaJlbl.

Jlerupyromiye »JIEMEHTbl, BBOJUMBbIE B CTajldb, IO-pPa3HOMY BIHUAIOT Ha
XapaKTePHbIE TOYKH aHOTHOM MOISPU3AMOHHON KpUBOi (Tabmuma 1).
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Tabnuma 1. BnusiHue Jerupyronmx 31eMeHTOB Ha XapaKTepHbIE TOUKU KPUBOIH
aHOJTHOM MOJIsIpU3aIUU

DneMeHT Pun QPrn Prpr Pr iH.H
Xpom = = = = U
Huxenb N — — — U
Monu0OaeH = — — — 0
Kpemuunit — — = — [
Banauii — — — — 0

[TosscHenus x Tadnuie:
3HAK = 03HAYaeT CMEIICHUE TIOTEHIINAJIA B TIOJIOKUTEIBLHYIO CTOPOHY;
3HAK <= 03HayYaeT CMEIICHUE TOTCHI[MAJIa B OTPUIATEIIFHYIO CTOPOHY;
suak 1l wm U o3nauaer YBEIMYCHUE WM YMCHBIICHUE IUIOTHOCTH TOKA
COOTBETCTBEHHO;
3HAK <> - IPOTUBOPEUYUBHIC JaHHBIC.

7.10. Kopp0O3HOHHBIE IPOLECCH] ¢ KUCIOPOAHOU JEMOIIPU3ALIMEH.

[Iponiecchl KOppO3WMHM METAIMYECKUX MaTepualioB, B KOTOPBIX KaTOIHAs
JENOJIIPU3ALMS OCYILECTBIIETCS PACTBOPEHHBIM B 3JIEKTPOJIUTE KHUCIOPOIOM IO
peaKkLuu:

O, +4e + 2H,0 < 40H, (7.14)
Ha3bIBAIOTCSI KOPPO3HUOHHBIMU MIPOLIECCAMU C KUCIOPOIHOM IeTosipu3auei.

7.10.1. Tepmoounamura npoyecca KOppo3uu ¢ KUCIOPOOHOU OenoNsApUAYUECLL.
N3BecTHO, 4TO caMOMPOU3BOIBLHOE OCYILECTBICHHUE KOPPO3ZUOHHOTO Mpoliecca
BO3MOYKHO, TIPYU BBITIOJIHEHUU YCIIOBHUSI:
> Prte (7.15)
a JJd Ciydas KOpPpPO3UM C KHCIOPOJHOM Jemnojsipyu3alueil 3TO HEPaBEHCTBO
3aITMIIETCS:
() > PMe; (716)
rIIe (p02=(p020 + RT/nF*In Po,/a*OH";
Po, - maprmansHOE JaBJISHHUE B Ta30BOH (hase;
aOH’" - aktuBHOCTHL MOHOB OH'.
PacueT mokaspIBaeT, 4TO BHE 3aBUCUMOCTH OT 3HaueHUH PO, m aOH’, 3HaueHwms
(P02 OYEHb TOJIOKUTEJIBHBI, CIEAOBATEILHO YCJIOBHS CAMOMPOU3BOJIBHOTO TEUEHUS
mpoiiecca CoONIOIAIOTCS BO MHOTHX CITydasiX.
Ha mpakTuke, KOpPpO3MOHHBIM NPOLECC C KHUCIOPOAHON JECNOISpU3aALUCH
HaOIIOMaeTCs ISl METAJUTMICCKUX MaTepHUalioB HaXOSIIUXCS:
- B atMocdepe (pKaBlIeHHE METATUYECKOro 000pyI0BaHus);
- B BOJA€ M B HEUTpaJbHBIX BOJHBIX PacTBOpax coyiel (Koppo3us OOLIMBOK
CYy/I0B,CUCTEM OXJIAXKJICHHUS JIOMEHHBIX,MapT€HOBCKUX,KOHBEPTEPHBIX,
ANIEKTPOYTOBBIX MEYEH U T.1.);
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- B IpyHTE (KOppO3Us NOA3EMHBIX IPOAYKTOIIPOBOIOB).
Takum o0Opaszom, mpolecc KOppO3UHM € KUCIOPOAHOM  JAenoispu3anuend —
BeChbMa paclpoCTPAHEHHBIN MPOIIECC.

7.10.2. Cxema u cmaouu npoyecca Koppo3uu ¢ KUCIOPOOHOU 0enoasapu3ayuell.
Karogublii mporiecc ¢ yqyacTueM KHUCJIOPO/AA BKIIFOUAET Psijl MOCIEI0BATEIbHbBIX

CTaJIuN:

- PacTBOPEHHE KHUCIOPOIa BO3yXa B 3JIEKTPOIUTe (TIepBast CTausl);

- TPAHCIOPT PACTBOPEHHOTO KHUCIOPOJa B OOBbEME S3JEKTPOIUTA B pE3yjbTare
JBH>KEHUS TIOCTIEAHETO (BTOpast CTaaus);

- IEPEHOC PACTBOPEHHOIO KUCIOPOa CKBO3b MPUAICKTPOIHBIN CIIOW K KATOAHBIM
y4acTKaM MOBEPXHOCTH MeTajuia (TPEThsl U YETBEPTas CTA/IUN);

- HIOHM3ALIMS KUCIOPOJa — SIIEKTPOXUMHUYECKasi peakius (1sarasi cTaaus):
(B HEUTpaJIbHBIX U IICJIOYHBIX PACTBOPAX)

0, + 4e" + 2H,0 < 40H, (7.17)
(B KHCIIBIX PacTBOpaXx)
O, +4e +4H" < 2H,0, (7.18)

- otBol MOHOB OH™ OT KaromHBIX YYacCTKOB MOBEPXHOCTH KOPPOAHMPYIOIIETO
MeTajuia B NIyOUHY 3JIEKTposIUTa (IIecTas CTaaus).

Karonnslii mpolecc ¢ KUCTOPOAHON JEMONSpU3ALUENd MOKET TOPMO3UTHCA Ha
CTaANM DJIEKTPOXMMUYECKON pEeaKlMd HWOHU3AIMK KUcJIopoja (KMHETHYECKUU
KOHTPOJIb ~ TIpollecca), YTO TMPUBOAUT K TIOSBICHUIO  DJICKTPOXUMHUYECKON
nojsipusaiui  (AQg)rx= 0. DIEKTPOXUMHUYECKYIO TOJSIPU3AIIMI0 €Ile Ha3bIBAIOT
NepeHanpsHsKeHUEM HMOHU3ALMKM KUCIopoAa. DTOT BHUJ MOJSpU3aLUU HaOMIOIaeTCs
npyu HEOONBIIMX IUIOTHOCTSX KATOJHOTO TOKa, B CHJIBHO MEPEMEIIMBAEMBIX
AIIEKTPOJIUTAX, MPH OYEHb TOHKOM IUIEHKE NPOAYKTOB KOPPO3MM Ha METajuie
(Hanpumep, B cirydae aTMOChEepHO KOPPO3UH).

Ecnu  xaromHbelii  mpollecC  UCHBITHIBAET  TOPMOXKEHHE HAa  CTaAusX
MacCOIEepPeH0Cca, TO ITO MPUBOIUT K KOHIIEHTPAMOHHON mossipu3anud (AQx)kour. B
ATOM CJIy4yae KaTOAHBIN MPOoIecC HaXoauTcs B TUPPy3MOHHON 001acTh KOHTpoJiA. OH
UMEEeT MECTO IMpHU IUIOTHOCTSX KaTOJHOTO TOKa, ONM3KUX K NpeNeibHbIM, B
CIOKOMHBIX  DJEKTPOJIUTaX, JUOO0  MpU  HAIMYUU  TOJCTOM  TUICHKHU
TPYIHOPACTBOPUMBIX MPOYKTOB KOPPO3HH (ITOA3EMHAsI KOPPO3H).

Takum 00pazom, pe3yIbTHPYIOIIEE CMEIICHHE KaTOJHOTO AIIEKTPOJHOTO
noTeHuuana (AQg) pacCUUTHIBAETCS U3 BHIPAKECHHUSL:

AQx=(A@k)>.x + (APr)komr- (7.19)

7.11. 3ammTa MeETalIMYECKUX MATEepUaioB  OT KOPPO3UU B HEUTpaJIbHBIX
a’pUPYEMBIX Cpeax.

Jnsg 3amuThl METAIUIMYECKUX KOHCTPYKLIHMM OT KOPPO3UMM B HEUTPATBHBIX
a’puUpyeMbIX cpeaax (MpoLecChl AIIEKTPOXUMUUYECKOM KOPPO3UHM C KHUCIOPOAHOU
JETIOJISIPU3ALINEN ) UCTIONBb3YIOTCS CAEAYIONIUE TPUEMBI.

1. Illpumenenue ycmouyugvlx Memaiios u cniasos.
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a) C NOBBIIIEHHON TEPMOAMHAMUYECKOW YCTOMYHMBOCTBIO, HAIPUMEDP MEIb H
CIJIaBBI Ha €€ OCHOBE (JIaTyHH U OpPOH3bI), ABJSIOIIUECS JOCTATOYHO YCTOMYHMBBIMU B
Mopckoit Boge (¢°cu= + 0,35 B):;

6) CKIOHHBIE K maccHBHpoBaHmio: amiomuamit  (¢°a= -1,67 B),
MACCUBUPYIOIIUNCS B KHUCIOPOIOCOACPIKAIIUX Cpelax ¢ 00pa3oBaHUEM OKCHIHOM
wienkn u3 AlLO; wmmm  AlLOz*H,O (ycroitumB B cpemax ¢ pH = 3-9); ero
KOPPO3WOHHAs YCTOMYMBOCTH ITOHMKACTCS MPH HAIUYUM B HEM KaTOJIHBIX WM
AHOJIHBIX BKJIIOYCHHUI, TUTAH (q)OTi = -1,63B),001a1ar011ii CKIIOHHOCTBIO K TIEPEXOTY
B TIACCMBHOE COCTOSHUE B HEUTPAIBHBIX M OKUCIUTEIBHBIX Cpelax, HampuMmep B
mopckoii Boze; Hukenb(¢'ni = -0,25 B), KOTOpEIH B CHIBHOOKHCIHTEIBHBIX CPEax
MaCCUBUPYETCS; YCTOMYMB B IIEJ04Yax pas3IMYHBIX KOHIICHTpAIlUi, B pacTBOpax
MHOTHX COJIed, B aTMocdepe U B IPUPOJIHBIX BOAAX;

B)[TOKPBIBAIOIINECS 3AIIUTHHIMU TUICHKAMH BTOPUYHBIX, TPYIHOPACTBOPUMBIX
npoaykToB koppo3uu (Zn B H,O, Pb B cynbdarHbIx pacTBopax).

2. Yoanenue u3  snexmpoauma _ Oenonspuzamopa-kuciopooa  (deaspauyus
NeKMPOIUMA, 00ECKUCTOPOHCUBAHUE).

Jlea’pupyroT BOIY, HMCIOIB3YIONIYIOCS TSI OXJIAKICHHUS TapOBBIX KOTIIOB,
TypOWH, CHCTEM OXJIAXKICHHUS METAJUTyPTHUECKHX arperatoB, TEPMHUYECCKUX TICUCH H
T.1.

3. Bseoenue 8 anexmpoaum paziuHuvlx 000a80K, 3aMeUISIONINX TeYSHUE KOPPO3HH.
[IpyuriHa TOPMOKEHUSI KOPPO3UOHHOTO MpoIlecca B ITOM CIydae — TOPMOXKCHHE
aHOJIHOTO TPOIECCa 3a CUET BBEJCHUS B DJCKTPOJIUT BEHIECTB — IACCHUBATOPOB
(KngO4 ,NaNo, u I[p)

4. Coz0anue Ha N0BEPXHOCINU MEMALIUYECKUX MANEPUATIO8 3AULUMHBIX NOKDOIIULL

- Meraumueckux (Zn-,Cd-,Ni-,Pb - mOKpeITHS Ha MOBEPXHOCTH CTaJbHBIX
u3AeIui);

[To cnocoOy 3alUTHOTO NEUCTBUS METALIMYECKUE TOKPBITHS ACNSITCS Ha
KaTOJHBIC U aHO/THBIC.

Karonubie mokpeituss 3 Pb,Cu,Ni co3maHHbIC Ha MOBEPXHOCTH CTaJIbHBIX
W3MICTTUH  3alUIIAlOT TOCJIECIHUE YHCTO MEXaHWYEeCKH, T.K. BEIUYMHA WX
AIIEKTPOAHOTO MOTEeHIHANA (P;) O0bIle, 4eM y cTanu (¢, > @f ). [loaTOMy r1aBHOE,
MPEABIBISIEMOE K HUM TpeOOBaHHUE - MX OECIIOPUCTOCTD.

Anoanbie TOKpBITHS U3 ZN ,Cd , BBHIY TOTO, YTO @, < Qre 3aIIUIIAIOT U3CIINE
HE TOJIbKO MEXaHWYECKH, HO TJIABHBIM 0OpPa30M D3JICKTPOXMMHYECKH, y4acTBYs B
aHOJTHOM TIPOIIECCE BMECTO 3AIMUIIAEMOTO CTATBHOTO H3CIIHS.

OCHOBHOI METOJT CO3/IaHHsI METAUIMYECKUX MOKPBITUN — rajibBaHu4Yeckuili. B
MOCJIETHAE TOAbI IIMPOKOE PACTPOCTPAHEHUE IMOJYYAIOT METOJbI HANbUICHUS —
m1a3MeHHoe, razodasztoe, repmonudpy3noHHoe U Ap.

- HEMETAJTMYECKUX HE OPTaHUYECKHUX;

K HeMmeraminueckuM HEOPraHMYECKUM TOKPBITUSM OTHOCATCS OKCHUIHBIE U
dbocdaTHbIe.

OKcuIHBIE TIOKPBITHS CO3AI0TCS CIOCOOOM OKCHIWPOBAHUSI — CO3/IaHHE Ha
MOBEPXHOCTH  3AIMINAEMOT0 METAIMYECKOTO H3JENIUsl OKCHUIHOW  IIJICHKH,
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BO3HUKAIOIIEH B TMPOLIECCE AHOJHOTO PACTBOPEHHUS IMOBEPXHOCTH 3alIUIIAEMOTO
MeTaia.
Hamnpumep, okcuaupoBaHue allOMUHUS CBOJUTCS K PEAKIIMK BUIA:
2Al + 3H,0 = Al,O; + 3H, T. (7.20)
OKCHOHas IIJICHKa
OKCUIMPOBAHME YEPHBIX METAIJIOB — BOPOHEHHE. ETo MpoBOAAT XUMUUECKHUM,
TEPMOXMMHUYECKUM U DJIEKTPOXMMHUYECKHM criocobamu. Ha sxenese u ero criaBax
oOpa3yeTcsl TUIEHKa MarHuTHOro okcupaa sxeneza FesO, . Ee crtolikocTh HeBenmka,
MIO3TOMY OHa BBITIOJIHSAET OOJIbIIE IEKOPATUBHBIC (DYHKIIUU.
®docdaTHbIe TOKPBITHS CO37al0TCs B Ipolecce dhochaTupoBaHus — 00pabOTKU
CTaJIbHBIX U3/ICNIUN B ropsiueM pacTBope dochopHOoKucibIX coneit Fe,Zn . Tlpu aTom
Ha TOBEPXHOCTH CTAJIBHOTO W3JENUsl Oo0pa3yeTcss IUIEHKa TPYIHOPACTBOPUMBIX
docharoB (FEHPO, wmu Fe3(PO,),). [lnenka mopuctas W XOpOIIO ‘“‘BIHMTHIBACT
MacJjo U KpacKy, HaJIeKHO 3alllMIasl CTajdb OT KOPPO3HH.
- OopraHuyeckux (JIaKOKpacouyHble, ac(hanbTO-OUTYMHBIE, MOIUAITHICHOBBIE U
JPYTUe TOKPBITHUSA);

5. Dnekmpoxumuyeckue cnocoowvl 3auumal.
- KaTOJIHAs 3allUTa,;

OcHOBHas uesl METOJa OCHOBBIBAETCS HA SBJICHUH KATOJHOW MOJISIpU3AIUN:
3alMIIAEMOE METANIMYECKOEe u3lenue (Hanpumep, MOoA3EMHBIN IPOIyKTONPOBOA) C
NOMOIIbIO BHEIIHET0 MCTOYHHMKA TOKa (KaTOJHOM  CTaHLMU-BBIIPSIMUTES)
3aI0JISIPU30BBIBACTCS JI0 TIOTEHIIMAIA aHO/IA, T.€. JI0 BEJIMIHUHBI (°\.. B 3TOM cityuae
06a anextposa — anoj (Metamn) u karox (O, unu H') J0ocTUTaloT 0HOTO ¥ TOro ke
3HAUEHHUS SJEKTPOJHOIO MOTEHIHMAala U KOPPO3Usl CTAHOBHUTCS TEPMOIMHAMUYECKU
HeBeposTHOW. Ecnu Meraminueckoe 3amojisipu30BaTh HEMHOI'O BBINIE€ MOTEHIMANA
aHoJla, TO CKOPOCTh KOPPO3UHU TaKke OyleT paBHA HYJIO, HO OOJIBIION TOK MOKET
BbI3BaTh HapylI€HUE 3alIUTHOrO ac(aibTO-OMTYMHOTO TMOKPBITHS, MO3TOMY Ha
MPaKTUKE CHITy TOKA MOJACPKUBAIOT HA ONITUMAJIbHOM YPOBHE.

- IPOTEKTOPHAS 3AIINTA;

MeTto Tak)ke OCHOBAaH Ha SIBJICHUM KaTOJIHOM MOJSpU3aINK, HO 0e3 ydacTus
BHEIIIHEIO MCTOYHUKA 3JIEKTPUYECKOTO TOKAa. B 3TOM  ciywae K 3amuiiaeMoit
KOHCTPYKLMU MTPUCOEIUHAIOT METAI (TPOTEKTOP) C MEHBIIUM, YEM Y 3aALIUILAEMOIO
ANIEKTPOAHBIM MOTEHIMANOM. I[IpoTekTop, pacTBOpssAch B KOPPO3WOHHOW cCperne,
cHa0»XaeT KOHCTPYKIUIO 3JIEKTPOHAMH, KaTOAHO 3amojsipu3oBbiBas ee. [Iporextop
NepUOANYECKHA BO300HOBIIsIETCA. B KauecTBe MpOTEKTOpa UCOIB3YIOT MarHuil LIWHK
u ux cmaaBbl. [IpoTekTopHas 3amuTa OpraHu3yeTcs TOorAa, KOorja IMOJydeHHe
HHEPruM M3BHE 3aTPYJAHEHO WJIM SKOHOMHYECKH He LenecoodpasHo. [IporekTopHas
3alllMTa IUPOKO UCIOJIb3YETCs MPHU 3allUTE KOPITYCOB CYA0B, aBTOMOOMIIEH.

- aHOJHAas 3aIluUTa.

IIpyHIMIT aHOTHOM 3aILUTHI COCTOUT B TOM, YTO 3AIIHINAEMYI0 KOHCTPYKIIUIO
IIPUCOCIUHAIOT K TOJOXUTEIBHOMY IIOJIFOCY BHEIIHETO MWCTOYHUKA TOKa, a
BCIIOMOTaTEJIbHBIM AIEKTPOJ - K OTpULATEIbHOMY. [Ipr 3TOM MponcxoauT cMemeHni
ANIEKTPOAHOTO MOTEHIMAA 3aIUIIAeMOI KOHCTPYKLMHU B TACCUBHYIO 00JIaCTh.
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AHoOAHas 3amMTa NOTEHIMAJIBHO OIAacHa: B Cllydae IEepepbiBa B IOJaye
AJIIEKTPUYECTBA BO3MOXKHO AKTHUBUPOBAHHME TOBEPXHOCTHM MeTalla U €ro
WHTEHCUBHOE aHOJHOJHOE pacTBopeHue. [loaToMy 3a paboToil cHCTEMbl aHOIHOMU
3aIlUTHI TPEeOyeTCsl TIATEIbHBIM KOHTPOJIb.

7.12. KODDOSHOHHBIQ MPOLIECCHI C BOAOPOJHON J€NOJISIpU3ALIUCH.

[Tporiecchl  KOpPpO3UM METAIIMYECKUX MAaTEpUajoB, y KOTOPBIX KaTOAHAs
JENOJIAPU3ALMs  OCYIIECTBISETCS BOAOPOAHBIMM HOHaMH 1o peakuuu (7.21) ¢
BBIJICJICHUEM BOJIOPOZAA, HA3bIBAIOT MPOLECCAMH KOPPO3UU C  BOJOPOIHOU
JETIOJISIPU3ALNEN:

H**H,0 + e = H + H,0 = '/,H, + H,0. (7.21)

7.12.1. Tepuodunamuxa npouecca KOpposuu ¢ 6000POOHOU QenosapU3aUUel.
N3BecTHO, 4TO POTEKaHUE KOPPO3UOHHOTO IMpoIlecca BO3ZMOKHO €CIIU (Pyfe <
¢Qx . Jusg ciydas Koppo3ud ¢ BOJOPOJTHOM Jenosisipu3anuedt @Ox = Qyp ,II03TOMY
TEPMOJIMHAMHYCCKIUM  yCIIOBUEM COBEPIIECHUS KOPPO3WOHHOTO TIpolecca ¢
BOJIOPOJIHOM JCTOJNISIPU3AIINEH SIBIISICTCS BHIMOJIHEHUE HEPABEHCTBRA!
PH2 > PMe- (7.22)
o = RT/nF*In(an./PY4y), (7.23)
rne Py, — mapumanbHOE JaBlieHHWE BOJIOpOJa B ra3oBoi (aze (sl AJIEKTPOJIUTOB,
COMPUKACAIOMIIXCS ¢ aTMOcdepoii Py, = 5*1071a);
ap+ - AKTUBHOCTh MOHOB BOJIOPOJIOB B DJIEKTPOJIUTE.
Pacuer mokasbiBaeT, 4YTO BEIMYMHA @y, OOJiee OTpUIIATENIbHAS BETUYMHA YEM
(o2, IOITOMY KOPPO3HOHHBIE MPOIIECCHl ¢ BOJAOPOTHON NETIOSIPU3AIUEH SBISIFOTCS
MEHEe BEpOSITHBIMH MPOIECCaMU W WUMEIOT MECTa IMPU BBITIOJHEHUH CIEIYIOIINX
YCIIOBHUM:
1) mpu 10CTATOYHON aKTHBHOCTH HMOHOB BOJOPOJA B 3JCKTPOJIUTE, HANpPUMEp B
cllyyae KOPpO3UH Kelie3a, [IMHKA, U IPYrux MeTauioB B pactBopax H,SO, ,HCI;
2) TpY I0CTaTOYHOW OTPHIIATEIIBHOCTH TIOTEHIIMAIA KOPPOIUPYIOIIET0 METasLIa.
Ha mpakTuke ¢ BOIOPOMHOW JEMONIIPU3AINCH KOPPOIUPYIOT METATUICCKUAC
MaTepHaJIbl, HAXOAIINECS B PACTBOPAX KUCJIOT: CTAIBHBIC IIUCTEPHBI IS TIEPEBO3KH
U E€MKOCTH IS XpaHCHHWsS KHCIIOT, OaKu W ammaparbl NPeanpUATHA XUMHYECKOU
MPOMBIIINICHHOCTH;  METAJIMYECKOe  OOOpYAOBaHWE TPABWIBHBIX  OTACIICHUN
MIPOKATHBIX IIEXOB, IIEXOB TAIBBAHUYECCKUX TTOKPBITUN U T.]1.

7.12.2. Cxema u cmaduu npoyecca Koppo3uu ¢ 6000pOOHOU 0enoispu3ayuel.
Karogublii mpouecc ¢ BOGOPOAHON IETOMSIPU3ALUENR COCTOUT U3 psia CTaI:

- monaBoa (KoHBeKIMS W AuQQy3us) THAPATAUPOBAHHBIX HOHOB BOAOPOJ]A
(H™H,0) k KaTOHBIM ydacTKaM MOBEPXHOCTH KOPPOAUPYIONIEr0 METANIA;

- pa3psii BOJOPOIHBIX MOHOB B COOTBETCTBUU ¢ peaknueid H-H,O + +e = H,
+ Hzo,

- pacTBOpEHHUE YacTH aJcoOpOUPOBAHHBIX aTOMOB BojiopoJa (H,,.) B MeTaie;

- peKoMOHWHaIM BOAOPOIHBIX aTOMOB 10 peakuuu  H, . + H,c = Hy;

- OTBOJ MOJIEKYJI BOJIOPOJIa OT KaTOJHBIX YYACTKOB B 00BEM AJIEKTPOIUTA U UX
BbIJIETICHHE B aTMOC(epy;
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- o0pa3oBaHWe U OTPBIB IMy3BIPEKOB BOZ0poaa (NH3)oT moBepxHOCTH METaIa B
COOTBETCTBHH C peakiuert H, + H, + ... = nH, T
KaTogupiii mpornecc MOXET TOPMO3UTBCS HA CTAAUSIX XUMUYECKHX PEaKIHi, 4TO
MPUBOJUT K BO3HUKHOBEHHUIO DJIEKTPOXUMHYECKOM TMOJISIpU3alUM  Ha3bIBaEMOMU
MEepEHanpsKeHUEM  Bojiopoa (Myp). EciM kKaTonHBIA mOpoliecC TOPMO3UTCA Ha
CTaUSIX MacCOIepeHOCca, TO BOSHUKACT KOHIIEHTPAIIMOHHAS MOJAPHU3AIUS (APH?)xomu:

PaznuyaioT HOHHYIO ¥ Ta30BYIO0 KOHIIEHTPAIMOHHYIO MOJISPU3AIUIO.

HNoHHast KOHLIEHTpallMOHHAS TOJISIpU3alns — CJICICTBUE TOPMOKEHUS TTpoIiecca
TPAHCIIOPTa MOHOB BOJOPOJA K KAaTOAHBIM Yy4yacTKaM, a Tra30Basi — CIEACTBUE
TOPMOXKEHUS MPOIECcCa 0TBOJIA MOJIEKYJISIPHOTO BOJIOPOJIa OT KaTOJIHBIX YYaCTKOB B
o0BeM DIJeKTposuTa. B oTiMumMe OT WOHHOW, Ta30Bas KOHIICHTPAIMOHHAsS
MOJISIpU3alMs TTOCTOSTHHO COIPOBOJKJIAET IMPOLECC BOJOPOJAHON JEMOJSApU3ALMNN U
BCerja JI0OBOJILHO 3HAYUTEIIbHA.

[IpumepoM HIEKTPOXUMHUYECKON KOPPO3UM SBIISIETCA PIKABJICHUE CTaJIbHOM
MIOBEPXHOCTH B €CTECTBEHHOM aTMoc(epe BIIAKHOTO BO3JyXa, KOTrJa Iepenajsl
TeMIepaTypbl MPUBOIAT K oOpa3oBaHUIO Kameiab koHaeHcata (puc. 7.3). Ilpuuewm,
dopmupoBanue pkaBurHbl (Fe;03 - X H,O) B 3THX yCIOBHAX BO3MOXHO Kak C
KUCJIOPOJIHOW IETOJISIPU3ale, TaK U C BOJOPOIHOM.

Kamsa
BOJIBI

Pucynok 71.3. Cxema
NEKMPOXUMULECKOLL
KOppOo3uu cmanu 80

8naNiCHoOU ammocgepe

7.13. 3ammra METAUIMYECKUX MAaTEPUAJIOB OT KOPPO3UU B PACTBOPAX KUCJIIOT.

JUis 3a0Thl METAJUTMYECKUX MaTepHUalioB OT KOPPO3HHM B PacTBOpPAx KHUCIOT
UCIIOJIb3YETCs Psijl CIIOCOOOB.
1. Ilpumenenue KUCI0mMOCMOUKUX MEMALI08 U CHAABOS.
- TEePMOJWHAMUYECKH YCTOWYMBBIE METAJUIbI, HAlpUMEp IUTATHHA W MeEIb B
pactBopax H,SO, u HCI;
- MACCUBUPYIOIIUECS CIJIABbI;
K maccuBupyromuMcesi cruiaBaM OTHOCATCSI CIUIABBI HA JKEJIE30-HUKEJIEBOM
ocHoBe, HantpuMep cruiaB 04XH40M/ITHO.
DTOT cIJIaB MpeHa3HaueH AJig paboThl MpU OONBIIMX HArpy3Kax B pacTBOpax
H,SO,.
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st paboter B pactBopax H,SO, ,HCI ,H3PO, npumensieTcst HUKeneBbId CIuiaB
H70M®. CruiaBel Ha OCHOBE CHCTEMBI HHUKEIbL-MOJIMOIEH HMEIOT BBICOKOE
comnpoTuBIieHHe Koppo3uu B pactBopax HNO:s.

Haunbonwinee pacnpoctpanenune nonydun criaB XH65MB miist pabotel nipu
MOBBIIICHHBIX TEMIIepaTypax BO BIakHOM xjope, pactBopax H,SO, m HCI ,cmecsx
KHUCJIOT U JPYTUX arpECCUBHBIX CPENaX.

VYrnepoaucTele W HU3KOJETMPOBAaHHbIE  CTalM  00JafaloT  JI0CTaTOYHOM
ycroitunBocthio B 50-60% (Mmacc.) pactBope HNO; ,a xpomucTteie — B pacTBopax
HNOj3 ¢ mupokrM UHTEPBAIOM KOHIICHTPAIHiA.

- CIUTaBbI, 00Pa3yoIINe TPYTHOPACTBOPUMBIC IJICHKH MPOTYKTOB KOPPO3HH;

K o10oii rpynme CrjnaBoB OTHOCSAT CIUIABbl CHUCTEMBI KEJIE30-KPEMHUM,
oOJraaronye KOppo3HOHHOW cTOMKOCThIO B pactBopax HNO3,H,SO,4HCIH;PO,, a
TaKXKe KEJIe30-yIIICPOAUCThIC CIUIaBbl (CTajdu) B KOHIICHTPUPOBAHHOW CepHOI
KHCJIOTE.

- METANTHYECKUE MaTEepPHaIbl, 0CO0O0 YHCTHIE MO KaTOJHBIM MPUMECSM;

UucTeie ’xene30, UWHK, ATIOMUHUNA BEChbMa YCTOMYHMBBI B CIIA0OKHUCIIBIX
pacTBopax.

2. Beedenue 8 pacmsopbl KUCI0m 000a80K, MOPMO3AULUX HPOUECC KOPPOZUL.

K 3amemnmurensm KOppO3UM METAJUIMYECKUX MATEPUAIOB OTHOCATCS TaK
Ha3bIBAaEMBIC TpaBHiIbHBIC mpucaikd. Karmomst As®' Bi** o6pasyrommecs mpu
pPacTBOPEHUU TPUCATOK BOCCTAHABJIMBAIOTCS HA KATOAHBIX Y4acTKaxX MOBEPXHOCTH
KOPPOOUPYIOLLETO Marepuajga W 3aMEUISIIOT MPOLIECC BOCCTAHOBIEHUS HOHOB
BOJIOpOAA, 00J1a7asi BEICOKUM NEPEHANPSKEHUEM BOIOPOAA.

3. Hamnecenue na nosepxHocmv Memaiiuyeckux Mamepuaios KUCiomoCmouKux
3AUUMHBIX HOKDbIMULL.
- METAJUTMYECKUE 3alIUTHBIC TOKPBITHUS,

C 1esnbio MpeaoTBpaleH s KOPPO3HH YIIIEPOIUCThIX cTaiei B pactBopax HCI
u HNO; nocnennue MOryT moABEpraThCs TEPMOCHIUIIUPOBAHUIO.

JIns  TMOBBIIEHUST YCTOWYMBOCTH YIJIEPOAUCTBIX CTaJIel B CEPHOM KHUCIOTE
UCIIOJIb3YETCS CBUHLIEBAHUE TOBEPXHOCTH.
- CO3/IaHME TJIAKUPYIOIIETO CIIOS;

[[nakupoBaHuEe — MEXAaHOTEPMHUYECKHM METOJl TMOJYYEHHUs] 3allUTHOTO
METaJUTMYECKOTO TOKpPHITUsA. OHO 00pa3yeTcs B pe3ybrare COBMECTHOM MPOKATKH,
ropsiueii TPECCOBKH, HarpeBa IO JaBICHUEM JByX CJIOE€B METaIIMYECKUX
MaTepHuajoB, OJIMH U3 KOTOPBIX UTPAET POJIb MOKPHITUA. TOMIIMHA MOKPHITHUSI OOBIYHO
coctasiisgeT 10-20% OT TOIIIMHBI OCHOBHOTO (3aIlIMIIIAEMOT0) MeTaslia.

Hanpumep, 115 3amMThl MajaoymIEpOIUCTON HU3KOJIETUPOBAHHOW CTAJIM MAPKHU
09I2C wucnonp3yercss METOJ IUIAKUPOBAHUS — CO3JAHUS 3alUTHOTO CJOSI W3
HUKeNEBBIX cru1aBoB Tuna XH65MB, H70M® u np.

- HEMETAJUTMYECKUE OPTaHUYECKUE TTOKPBITHUS;

Yame apyrux HCHONB3yrOTCsS (eHon- ¢dopMambIeruiHble, 3MOKCHIHBIE,
KPEMHUIOPTaHWYECKUE CMOJIbI, a Takke ac(aiabro-OuTyMHble TOKpBITHI. OcoOyio
IEHHOCTh MMEIOT KPEMHUUOPraHUYECKUE CMOJIBI — OPraHWYECKUE COEAUHEHUS, B
LEMSIX KOTOPBIX KUCIOPOJl YaCTUYHO 3aMellleH KpeMHreM. CMmennBas uxX ¢ OKCUJIaMU
THTaHa, MOXHO TIOJTy4aTh ITOKPBITHS, CTOMKHME K HarpeBy 10 600°C.
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4. IIpumenenue ycmou4ugblx HeopeanuyecKux Mamepuaios.
- CTEKJIO ¥ dMAJIY;

DOMali — CTeKJIOBHUIHbIE MOKPBITUS. KucioTocTolk1e aMaiu U3roTaBinuBaioT ¢
BBICOKUM cojiepkanreM SiO, ,a KHCIOTO-IIEIOUYEeCTONKHE B CBOEM COCTaBE UMCHOT
JTUOKCHUJ IMPKOHMSI. DMalld TONy4YaloT CIUIABICHHEM IIUXTHI (IIECOK, MeJ, IJIMHA U
np.) u miaBHen (0ypa, coma Gropucteie coin). VX BbIcOKas XUMHUYECKass CTOUKOCTh
0OyCIIOBJIEHA MIPUCYTCTBUEM Oyphl U KpeMHe3eMa. OMalieBble MOKPBITHS MOTY4aroT
NOTPYKEHUEM B paciUlaB WM MYJIbBEpH3alMEd C MOCIEAYIOIUM OOXKHUIOM 0
CIIeKaHMs B [IedH mpu Temmeparype 880-1050 °C.

- KepaMuKa,

Kepamuka — HeopraHW4yeckuii MaTepual, MOJydaeMblii OOKHUTOM TJIMHHUCTHIX
MaTepuaioB, COCTOSIIUX M3  HEOONBIIUX  KPUCTAUIOB  THIPATUPOBAHHBIX
ATFOMOCUITMKATOB. M3 KepaMUKKU M3TOTABIMBAIOT KUCIOTOCTOMKHME U3IETHs (TUTUTHI,
KHUPIINY).

- rpaduT U rpadUTOBBIE MaTEPUATIBI;

DTy MaTepuanbl BCIEJACTBUE WX YHUBEPCAIBHONW XUMHUYECKOHW CTOMKOCTH
UCIIOJIB3YIOTCSI B MPOTUBOKOPPO3HOHHOM TEXHHUKE KaK (PyTEpOBOYHBIC W3AEIUS
(TUIUTKH, TUIACTUHBI OJIOKH).

- KAMEHHOE JINThE U CUTAJUIbL;

Kamennoe mutbe (KJI) — wmarepuan, mnoiydaemblid KpHCTATU3AIMEN U3
pacIiaBa, OCHOBOM KOTOpOToO siBsieTcsl n[uadas, O6aszanst, anae3ut. M3nenus uz KII:
IUTUTKH, (DaCOHHBIE AETAIH, TPYOHI.

Curamibel — HEMETAUIMYECKUH HEOPTraHWYECKUM CTEKIOKPUCTAIINYECKUI
Marepuai, TIOJy9aeMblil KpPUCTAIM3allMell CTEKJIOMacchl MPH HAIWYUU B HEH
HYKJI€aropoB (LEHTPOB KpHUCTauu3aluu). M3 cUTAIIOB W3rOTaBIMBAIOT JIUCTHI
(pyTepoBouHBIif MaTepua, TpyObl, (HACOHHBIE UAEIHS).

Wznenuss w3 KJI w cutaimoB 007a7atOT BBICOKOM KHCIOTOCTOMKOCTBIO TpHU
Temieparypax e 6omnee 100°C.

5. Qﬂekmpoxumuqecme cnocodwl 3aujumeal.

B o5ToM KkadecTBe dHamie HCHONB3yeTCS CHOCOO AHOJHOW  3aIlMTHI,
0a3upyoIIMiics Ha IEPEeBOIe METANIMYECKOTO MaTepraa B TaCCUBHOE COCTOSHUE.



