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MNPEOVCJIOBHE

HHru6uTopbl KOPpPO3HH € KaXXAbIM FOJLOM IPHOGDPETAIOT Bce 60Jb-
liee 3HayeHHe B NMPOTHBOKOPPO3HOHHOH 3allluTe METAJJIHYECKHX CIJa-
BOB B Pa3HOOGPa3HbIX 06/1aCTAX TEXHHKH H XO35HUCTBA.

3almuta MeTaJJ0B OT KOPPO3HH HHTHOMTOpAMH OCHOBAaHA Ha CBOM-
CTBe HEKOTOPBHIX HHAMBHUAYAJbHBIX XHMHUECKHX COEJUHEHHH HJIH HX
CMecedl NpH BBEeJEHHH HX B HE3HAUHTEJbHBIX KOHILEHTPaLHSIX B KOP-
PO3HOHHYIO CPelly YMeHbLIAaTh CKOPOCTh KOPPO3HOHHOrO IIpollecca HJIH
HOJIHOCTBIO €ro NOJaBJATD.

Huru6uTopsl NpUMEHSIOT /I8 3aLIMThl METAJJIOB IPU TPaBJIEHHM,
no6biye u mepepaboTke HeTH M ras3a, B TeIJIOOOMEHHOH ammaparype,
B BOJOCHa0OXeHHH, B 3SHEPreTHYeCKHX YCTAHOBKAX, MAIUHHOCTPOEHHH
# 1p.

B nocnennee BpeMmsl OBl HakeHbl HOBble 06J1ACTH MCIIOJb30BAHHUS
HHTHOHTOPOB, B YaCTHOCTH HHTHOMTODPH Haualu NPHMEHSTb B pPaKerT-
HOH TeXHHKe; 60JIbLIIOe PACHPOCTPAHEHHE NOJNYUHJIH JEeTyure UHrHGHTO-
pHl MJI 3alUTHl OT aTMOCGHEPHOH KOPPO3HH H3JAeJHH MaIlHHOCTpOe-
HHS; OTKPHIT HOBBIH NPHHIHUI MOAMGUUHMPOBAHHSA NMOJHMEPHBIX NMOKDHI-
THH C TIOMOIIbIO HHIHOMTOPOB, CHJBHO IOBHILAIOMIAX 3aLIUTHHIE
CBOHCTBA 3THX MOKPHITHH; 60Jlee LIHPOKO HAYAJIH BBOAUTH HHTHOGHUTODHI
B CMa3KH, MacJja, TOIJIHBA, TOPMO3HBIE KXMAKOCTH, SMYJbCHH H T. 1.

Bes npeysesnueHns MOXHO yTBepXKAaTh, YTO 3a MOCJHEJHHE TOIBI
HHTHOUTOPBl KOPPO3HH HE TOJIBKO CTaJH CaMOCTOSITEJIbHBIM BHIOM 3a-
IHTHl, HO H CYIIECTBEHHO HM3MEHHJIH MHOTHEe KJIacCHYeCKHe CpPeACTBa
3amuTh (Macjaa, CMas3KH, TOJMHMEpHble IOKPHITHS, OXJaxAaollue
U TOPMO3HBIE KHIAKOCTH). B HacTosimmee BpeMsi Macsa, CMa3KH, peak-
THBHO€ TOILJIHBO, BOJOBHITECHSIIOIIHE XXHUAKOCTH H aHTHOGJIEIEHHTENb-
Hble COCTaBhl BBINYCKAIOTCS, KaK NpaBuio, ¢ MHrubutopamu. B cBs3u
C OXpaHOH OKpyXKalolleH cpelbl CUCTEMbI OXJAXKIEHHS Tema006MeHHOM
anmnapaTyphel nepeBOJATCA Ha 060pOTHOe BoJOcHaGkeHHe. Posib WHrH-
6UTOpPOB IPH 3TOM CHJILHO BO3pPAacTaeT, MOCKOJbKY 6e3 HHX 3TH CHCTe-
MBI HaJeXHO 3KCIJIyaTHpPOBaTbCcs He MOryT. KMeeTcs psii TEXHOJOTH-
YeCKHX Cpell, KOTOpEle BOOOIle Heab3s NMPHUMEHSITb 6e3 HHTHGHTOPOB
KOPpO3HH, HallpuMep NpHMeHeHHe B PAKETHOH TeXHHKE CHJIBbHBIX OKHC-
JIUTeJIEH CTaJO BO3MOXKHBIM JIHIIb Ojarogaps H3bICKAHHIO HHTHOGHTO-
POB KODPO3HH; XHUIKOCTH, NPHUMEHSieMble NJIS OXJaXKIeHHS Temaoo6-
MEHHOH anmapaTyphl, HeJb3sl HCIOJb30BaTb 6e3 HHTHOHTOPOB KOPPO-
3uH; N00bHYa HeTH M rasa W HUX IepepaboTKa HEBO3MOXKHH 06e3
MHIHOMTOPOB KOppO3uH. [lHTeJNbHOE XpaHeHHe TEeXHHKH, MaJIbHHe
MODCKHE IePEBO3KH H3[eJUli MAIIMHOCTPOEHHSI HEMBICAHMBI ceHuac
6e3 HHTHOUTOPOB KOPPO3HH.



OTauMYHTeSIbHOM YepTOH MeTOda 3alMThl H3LeJuil, AanmnaparToB
¥ KOHCTPYKLUHMH OT KOPPO3HH C MOMOIIbIO HHFHGHTOPOB SIBJSIETCS €ro
npocTtora U AemeBusHa. C MOMOIbIO HHIHOHTOPOB ylaeTcsl 3HAYHTE/b-
HO YAJIHHHTb CPOK CJYKOb 060pyAOBaHHsS, a B psifie clyyaeB H3rOTOB-
JSITh €r0 H3 OOGBLIYHBIX CIJIABOB BMECTO JIerHPOBaHHBIX.

K coxaJnennio, 60JbIIMHCTBO (DUPM, KOTOpHIE H3TOTABJIUBAIOT HH-
THOUTOPBl KOPPO3UH, He cOOOINAIOT HX COCTaB, MIO3TOMY IOAYAC TPYA-
HO COCTaBUTb cebe NpeACTaBJIeHHE O TOM, KaKHe XHMMHUYeckue CoeluHe-
HUA HJIH q)y}{KU.HOHaJIbeIe rpynnel B CJOXKHBIX CO€JHHEHUAX HJIH CMeE-
CSIX BBIMOJIHSIOT 3allMTHBle QYHKUMH. 3HaTh e 3TO COBeplLIeHHO
Heo6XOANMO /151 TNOHHMaHMS MeXaHH3Ma 3allUThl MeTasJoB HHIHOH-
TopaMH. B cBfI3u ¢ 3THM paccMOTpeHHe NMAacCHBHPYIOUIMX M 3aLIUTHBIX
CBOMCTB pa3JIHYHBIX HEOPraHWYECKHX M OpPraHuYeckHX COeNMHEeHHH
npenctabdaser Oogblioil HHTepec. He MeHee BaKHBIM fIBJsSIeTCS ycTa-
HOBJIeHHe OOIIMX 33KOHOMEPHOCTeH 3alllUThl MEeTaJJIOB OT KOPPO3HH
MHTHGUTOpAMHU: XapakTep aicopOlLHH, BIHSHHE HHIMOMTODOB Ha 3JeK-
TPOXHMHUECKYIO KHHETHKY, CBfI3b MEXIYy COCTaBOM H CTPYKTYypOH
XHMHYECKHX COELMHEHHH M HX 3aIUTHBIMH CBOMCTBAMH, BJIUSHHE HH-
rHGUTOPOB Ha NOBefeHHe MHOIO3JEKTPOJIHBIX CHCTEM, METOAbl Ompeje-
JIeHHs 3alIUTHBIX CBOBCTB HHTUOHTOPOB, BO3MOXKHOCTb Da3BHTHUSI
JIOKaJIbHOM KOPPO3HM B IPHUCYTCTBHM HHrubutopoB. Paccmorpenne
3THX BONIPOCOB, HECOMHEHHO, OGJIETYHT TPYA HCCIAefOoBaTesel, 3aHHU-
MaIOIUXCS TIOUCKAMH HOBBIX MHTHGUTOPOB, a TaKXKe TPYA HHXKeHepHbIX
paGoOTHHKOB, HCHOJb3YIOIHX HHMMOUTOPH KOPPO3HH B TEXHHUKE.

3a moc/iefHHe TOABI AOCTHTHYTHl 3HAUUTEJNbHbIE YCIEXH B Hay4HOH
pa3paboTke mpobiaeMbl 3aIUUTHl METAJJIOB OT KOPPO3HH MHTHOHTOpAMH
M B TPaKTHYECKOM MCIIONb30BAHMM HHTHOUTOPOB B pas3/HYHBIX ObJaa-
CTAX TeXHHKH. K coxaJjeHnio, HakomuBIUHiicS B 3TOH 0o6GJacTH Mare-
puan pasbpocaH MO MHOTOYHCJIEHHBIM XYpHajnaM, He o606lieH H IOo-
3TOMy (aKTHYeCKH HeJOCTYNeH JJsi LIHMPOKOro Kpyra uHTaTeneH,
B OCOOEHHGCTH AJISI MHXKEHePHO-TEXHHUYECKHX PaGOTHHKOB H CTYIEHTOB.

B Hacrosue#i MoHOrpadHH aBTOP IOCTaBHJ 3afayy H3JOXKHTb TeO-
peTHYeCKHe OCHOBBl 3AIUTHl METaJJIOB OT KOPPO3HH HHTHOHTOpaMH,
OmHCaThb CBOMCTBA PA3JMYHBIX HHTHOMTOPOB, ONpeNeNHTb OOJACTH HX
npumeHenyus u Haubosee 3¢ HeKTHBHBIE METOJBl UCMOML30BaHUSA. Takoe
COBMECTHOE PacCMOTPEHHe HAayYHbIX H NMPaKTHYECKHX NPobJeM HOJKHO
VIOBJIETBOPUTb HauboJee WIHPOKUH KPYr yHTaTeel.

OcHOBHOe colepxKaHHe MOHOrpaduM COCTABJMSIOT pe3yJabTaThl HC-
CleNOBaHHMH, MOJyyeHHble aBTOPOM ¢ coTp. B MHcTHTyTe (hH3HuecKok
xumun Axkapemun Hayk CCCP. Mcnonb3oBaHbl TakKe U JHTepPaTypHbe
HCTOUHHKH: 0030pHl, KHUT'H U CTAaTbH M3 MEPHONHUYECKOH HAYYHOH M TeX-
HHYECKOH JIHTEepaTypHhl.

ABtop Gmaromapen corpyaunnkam JgaGopatopun H. C. Ilanmmosy,
JI. ®@. Tpy6enkoit u T. . Poraukosoii, okazaBIIUM 60JbIIYIO TOMOIIb
IPH TOATOTOBKE PYKONHUCH K NMEYaTH.

Bce 3aMeyaHHs MO CONEPKAHHIO KHUTH OYAVT NPUHSITH aBTOPOM
C MPH3HATEJTbHOCTbIO.

H. Jl. PO3EH®EJIB]



Yacme [

OCHOBbI TEOPHH 3ALIHTHI METAJIJIOB
OT KOPPO3HH HHTHBHTOPAMH

BBEJEHHUE

Bo/IbIIMHCTBO KOPPO3HOHHBIX IPOLECCOB METAJJIOB, MPOTEKAaIOLINX
B 3JEKTPOJHUTaX, SABJAIOTCS IO CBOeH NPHPOAE 3JEKTPOXHMHYECKHMH.
CxopocTb J1I060T0 3JIEKTPOXHMHYECKOTO KOPPO3HOHHOIO Ipollecca 3a-
BHCHT OT CKOPOCTH [ABYX CONPSI2KEHHBIX peakuuil, HAyLHX Ha IOBEpX-
HOCTH MeTaJ/lja: aHOAHOH, 3ak/ioyalollelcssi B INepexofe HOH-aTOMOB
MeTaJjla M3 pelleTKH B PacTBOP H CONpOBOXKAAOLIefics ocBoGOXKIe-
HHEM 3JIEeKTPOHOB, ¥ KaTOXHOM, 3aKJIIOYAIOIIEACS B ACCHMH/ISIIUA OCBO-
60X IaOWKXCs NPH aHORHOH peaKIHH 3JEeKTPOHOB KaKUM-HHGYIb Je-
MOJISIPU3ATOPOM

ne M — > M 4 ne” (1,1)
ne” 4- Ox —> Red (1,2)

WHrubutopel MOTyT HM3MEHATb CKOPOCTb KOPPO3HOHHOrO IIpoilecca
JULUIb B TOM CJy4ae, ©C/JH OHH BJHSIOT HAa KUHETHKY 3JEKTPOXMMHYE-
CKHUX peakiiuii, 00yCJOBIUBAIOIUX ITOT IpoIecc.

YuutbiBass 310 006cTOsiITEAbCTBO, dBanc [1, ¢. 128] kmaccuduuupo-
BaJ BCe MHTMOMTOPbl HAa aHOAHBblE, KaTOAHble H CMeIIaHHble, HMes
B BUJY, 4TO IepBble 3aMCAJSIOT NPEeHMYIECTBEHHO aHOJIHYI0 PeaKIHIo,
BTOpble — KaTOAHYIO, a TPeTbH — 00e peaknUH OJHOBPEMEHHO.

[TockonbKy MHTHOHUTOPHl H3MEHSIOT KHHETHKY 3JeKTPOXHMHUYECKHX
peaxnuil, o0yCcJOBIHBAIOIHX KOPPO3HOHHBIH NpoLlecC, MEXaHU3M HHTH-
6UpOBaHHA MOXKeT ObITb HanboJee IOJHO PACKPHIT, ecJH YCTAaHOBHUTb
OCHOBHBIE 32KOHOMEPHOCTH 3JIEKTPOXHMHUECKOH KHHETHKH B IPHCYTCT-
BUH HHTUOUTOPOB, a TaKXe MOJEKYJISPHBIH MeXaHHU3M HX HeHCTBHUS.
Pewennio 3TuX ABYX (QyHAaMeHTa/bHBIX HAYYHBIX 3afay IO CYILECTBY
H TOCBSILIEHH HayyHble HCCIeNOBAHHA B 00JIaCTH HHIHOHTOPOB KOp-
PO3HH.

PaccmoTpenne pe3ysnbTaToOB HCC/IENOBAaHHMH NOC/IEIHHX JeT Haubo-
Jee 1eeco00pa3HO NMPOBECTH OTHAENbHO AJS HEOPTaHWYeCKMX HHTHOH-
TOPOB U OPraHHYECKHUX, NMOCKOJIbKY MEXaHHU3M HX NeHCTBUS CYIIEeCTBEH-
HO pasynyaercs.

Heoprannuyeckue MHTHOUTOPHl, KOTOPble B OCHOBHOM IPHMEHSIOT
B HeHTPaJbHBEIX 3JEKTPOJNHUTAX, BJAUSAIOT TJIABHBIM 00pa3oM Ha aHOA-
HBIJf NIPOLECC M IIaCCHBHOe cOCTOsIHMe Merasia. [logaBienne Kopposuu
6Jarogapss U3MEHEHHIO JIMIIb KUHETHKM KAaTOAHOH peakUWH B Hed-
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TPaJIbHBIX 3JIEKTPOJHUTAX PEAKO NaeT OILyTHMBIA 3(deKT, ecau He
MMeTb B BHAY [OJIHOE yAaJeHHe KaTOAHOro menoaspusatopa (O).

Oprannyeckue HHIHOUTOPLI, IPHMEHSAIOUINECS B OCHOBHOM B KHCJBIX
3JIEKTPOJIUTAX, B KOTOPLIX CTaGU/JBLHOCTh (Da30BLIX CJIOEB HUXKe, Hel-
CTBYIOT IO APYromMy MexaHu3Mmy. Bosblioe 3HaueHHE 3fech HMeeT aj-
copbuus M BJIMSHHE, KOTODOe OHAa OKasblBaeT Ha KHHETHKY KaTORHOH
peakuuu. B KHCJBIX 3JEKTPONHTAaX CKOPOCTb PAacTBOPEHHS MOXKeT
OLITh CYLIECTBEHHO MOHHXKEeHa 3a CYeT YMeHbLIEHHS CKOPOCTH KaToj-
HOH peakIHH paspsiia HOHOB BOAOPOZA HJIH APYTOr0 HENOJIsIPH3YIOLLETO
areHTa, a TakXe yJajeHdHss H3 cepbl peaKUHH NPOMEKYTOYHOTO IIPO-
IOyKTa peakuuu BoccTaHoBJeHHS. OXHaKO 4acTo HaGJMIOAAETCS ONpene-
JIEHHOe BJMSIHHEe HHTHOHTOPOB M HAa aHOAHYIO PEaKUHIo.

Jlenenne MHrHOHTOPOB Ha OpraHHYeCKHe M HeOpPraHHYECKHE II0
cpele, B KOTOPOH OHH NPHMEHSIOTCS (HeHTpaJsbHble, KHCJBIE), SIBJASETCS
HECKOJIbKO YCJOBHBIM; B IIOCTeNHee BPeMsl OpraHHYecKue HHTHGHTOpHI
Haya/ii NMPHUMEHSITb U B HEHTPaJbHBIX, 4 HeOpraHHYeCKHe — B KHCJLIX
anekTposnuTax. OJHAKO ¢ MEeTOAMYECKOH TOYKM 3pEHHSI TaKas KJacCH-
¢ukanyus HHrHEOUTOPOS8 yI0O6HA U 4acCTO HCIOJb3YeTCsl.



r1ABA 1

MEXAHU3M BO3SHUKHOBEHHSI MACCHBHOI0O COCTOSIHHUS
§ 1. AHOJLHAS MACCHBALLUA

3amura MeTasJ0B OT KOPPO3UH B HEHTPAJbHBIX 3JIEKTPOJHTAX MO-
XKeT ObITb OCYIIECTBJE€HAa KaK HHTHOMTOpPaMHM, TaK H IacCHBATOPaMH.
[Tpu sTOM mnox MHTHOGHTOpPAMH CielyeT NMOHHUMAaTh J000e coelyHeHHe,
KOTOPO€ TO0JaBJseT KOPPO3HI0, BHE 3aBHCHMOCTH OT TOrO, Ha Kakyio
3JIEKTPOXHMHUYECKYIO peakiuio oHo Bauser. K maccuBatopam Oynem
OTHOCHTb JIHIIb T€ COENHHEHHs, KOTOPble YMEHBIIAIOT CKOPOCTb KOP-
posuu Gjarogapsi NpPeHMyIeCTBEHHOMY TODMOXKEHHIO aHOMHOH peax-
nud. B corsacuu ¢ 3TUMH ONpefe/eHHSIMH HHTHOHTOP MOXET H He
ABJISTbCS NACCUBATOPOM, HO J0OOH maccuBaTop OyAeT MHTHOHTOPOM.

Korza mHrubupoBaHHe KOPPO3HOHHBIX CpeJi OCYLIeCTBJSAETC ¢ IO-
MOMIbI0O COeAMHEHHH, H3MEHAIMHUX MNPEUMYIIECTBEHHO KHHETHKY
aHOJHOH peakIHMH, a 3TOT MeXaHHU3M SBJSEeTCS B HeHTpaJbHHIX
3JIEKTPOJUTaX HaunboJsee 3¢ (PEeKTUBHBIM, TO HHIUOHDOBAHHE TECHO CBA-
3aHo ¢ maccuBanueii. O6a 3T mpolecca 3aBHCAT OT MPHPOABI MACCH-
BHPYIOIIMX CJIOEB, BO3HUKAIOUIMX Ha TOBEPXHOCTH MeTalla, a TaKxe
Xapakrepa U KHHETHKH KaTOJHOTO mpouecca, o06ecnedyHBalollero mepe-
BOJ, M€TaJjJja B IIaCCHBHOE COCTOSIHHE.

PaccmoTprM cHauyana OCHOBHBIE 3aKOHOMEPHOCTH aHORHOTO PacTBO-
peHHss B HeHHTHOMPOBAHHBLIX 3JIEKTPOJHUTAX, YTOOBI IIOTOM IMPOCJAEAUTD
3a M3MEHEeHHSIMH, KOTOpble BHOCAT B 3TOT NPOLECC HHIHOHTOPHI.

Ha puc. 1,1 mpeacraBiena cxeMaTHYHO aHOAHAS IMOTEHIHOCTATHYE-
CKasi KpHBad, XapaKTepH3ylolllas 3aBHCHMOCTb CKOPOCTH aHOXHOIO
pacTBOpeHus (mmoTHOCTH TOKA ia) MeTaJJIoB OT NOTEHIHaNa Q. Ha
Heil MMeloTCs c/Iefylonie 0003HAUEHHUsI: @, — PABHOBECHBIH NMOTEHIHA
aHOJAHOH pPeaKUHH B NAHHOM 3JIEKTPOJHTE; Qcr — CTAHOHAPHBIA IIO-
TEHIMaJ] MeTajja B NaHHOH cpele (MOTEHIHAJ KOPPO3UH); Qg — IO-
TEHLUHAJ NMaCCHBALHH; Qn. p— MNOTEHIHAJ NOJHOH MAacCUBAUHH; Qmur —
NOTEHUHAJ  NHTTHHrOOOPAa30BaHMA;  Qupos — NOTEHLHAJN  Npo6os;
Qrep — TMOTEHIHA/ NePENacCHBAIHY, ix — MJIOTHOCTb TOKAa NMacCHBAIMH;
iy, y — MJIOTHOCTb TOKA NOJIHO¥ NaCCHBAIMH.

HmeeTcst 1ocTaTOYHO OCHOBAHHH CUHTATh, UTO K NPOLECCY aHOXHOTO
PacTBODEHHS METa/VIOB NMPHMEHHMA TEODHsS 3aMEeJICHHOTO paspsaa.
IToatoMy, eciin NpUHATH, YTO JUMUTHPYIOIIEH CTafiHell B Ipolecce pac-
TBOPEHMSI SIBJISIETCSI MOHM3AalHs MeTasja, TO CKOPOCTb aHONHOro mpo-
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necca iy HOMKHA HAaXOOUTbCS B 3KCIOHEHIIHAJbHOH 3aBHCHUMOCTH OT
fIoTeHnuaJga:

ia = kexp (an@,F/RT) (1,3)

rie R — KOHCTaHTa CKOPOCTH aHOJLHOH peakUHH; ¢ —KO3POHUHEHT mepeHoca; Pa —
NOTEHUHAJ alofa; H—YHCJIO 3JEKTPOHOB, OCBOGOKIAIOIMUXCH MPU Mepexofe HOH-aToMa
MeTaana B pactBop; R, T, F'— o6GbluHO NPHHATbIE 0003HAUEHMS.

U3 3Toro ypaBHEHHsSI CJeNyeT, 4TO [0 Mepe CMelleHHs MOTeHIHaJsa
B CTOPOHY IOJIOXHTeNbHBIX 3HAUeHHH CKOPOCTb pPACTBOPEHHs JOJIKHA
pacTu.

Ecau mposiorapuMHpOBaTh 3TO ypaBHEHHE U NMOACTABHTb 3HAUYEHHE
paBHOBECHOTO IOTEHNHaka AJs aHOLHOTO Ipolecca, TO MOXKHO TMOJy-
YHTb NOBOJBbHO IPOCTOE BbIpaXKEHHe /s MepeHanpsiKeHHs aHOLHOTO
npornecca (Ma):

Na=a-+blni, (1,4)

roeau b — KOHCTAHTHI, ia — {IJIOTHOCTb aHOJLHOT'O TOKa.

Kax BHAHO, 3aBHCHMOCTb CKOPOCTH aHOJHOI'O PAaCTBOPEHHSI OT IIO-
TeHIlHaJsa ONHChIBaeTCs OObIYHON TadeseBCKOH mpsiMmoit. [leficTBHTE/Ib-
HO, eCJIM OTJIOXKHTb 3KCIepHMeHTaJ/IbHble Pe3yJbTaThl, MOJyUeHHbIE NPH
aHOJHOM DACTBOPEHHHM MEeTaJlJIOB, HAallpHMep eJse3a, B MOJyJorapud-
MHUYECKHX KOOpJAHMHATaX, TO MOJYYHM TpeOyeMyio TeopHell MNpSIMYI0
C TeM HJIH HHBIM HakJOHOM. OfHako BOJIM3M MOTEHIMAJa TMacCHBAIHH
¢n aHOJLHOE pacTBOpeHHe IlepecTaeT NOAUHMHSITHCH TadeneBCKOH 3aBH-
CHMOCTH: CKOPOCTb peaKLUHH HayHHaeT pe3Ko NajaaTh, AOCTHras HHd-

TOXKHO MaJblX 3HaYeHHH NIPH NOTEH-

¥ nyuaje IMOJHOH NacCHBAUUU (@ u)-

[Tpu sToM moreHuuaje MeTaJs cra-

HOBUTCS IIOJHOCTbIO IIACCHUBHBIM,

T. €. IePeXOAUT B COCTOSIHHE, KOTO-

poe, no Tomamosy [2,c.13], onpe-

HeJseTcs KaK COCTOSIHUE IOBBIIIEH-

HOH KODPPO3HOHHOH YCTOHYHBOCTH

MeTaJlyla, BbI3BAHHOE TOPMOXKEeHHEM
aHOJHOTO Ipolecca.

AHoManbHOE TNOBEJEHHE Kenes-
HOTO 3JIEKTPOJa MO CPaBHEHHIO C
TeM, KOTOPOe MOKHO ObLIO OXKHAATh
ucxons u3 ypaBHenus (1,4), B npuH-
UHIIe MOXeT ObITh O00YCJIOBJEHO
| l , TIPSIMBIM HJIH KOCBEHHBIM BJIHSIHHEM
inn i, i, KOHIEHTDAHOHHOH  NOJAPH3ALHH

: ~ 7 MM HM3MEHEHHMSIMH  XHMHYECKHX
Puc. 1,1. Amoguas motemumocramge- COOMCTB IOBEPXHOCTH, 3aTpynHsIO-
cKasi KpuBasi AJs MeTasaa, ckaoHHoro IIHMH I€PEXOJ KaTHOHOB B pacTBOP

NMePeXoHuTh B MacCHBHOE COCTOSIHHME. Ha TpaHHLe MeTaJdJ—>3JIEKTPOJIHT.
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Pacuer KOHIEHTPAUXOHHOM MOJIPH3ANMH JJsi KATOLHOIO Ipouecca
paspsiia MOHOB W AHOAHOIO NPOLECCa HOHHU3AUMH TEX JKe HOHOB NpH-
BOJMUT K JIByM ypaBHEHHUSIM:

RT ix—1

A = In == (1,5) =
RT  ig+i

Mgy = In == (1,6) b

CpaBHHUB HX, JIETKO 3aMeTHUTb, YTO OXHA U Ta K€ IMJOTHOCTb TOKAa BHI-
3bIBaeT ropasfio 60Jiee CHAbHYIO KATOIHYIO NOJSIPH3alIKIO, HEXEMH aHO-
Hyl0. B camom Jene, Koria nioTHOCTb KaTOJHOTO TOKA ix MPHOJIHKA-
eTcsl K IpeleJbHOH MJOTHOCTH AHU(P(HY3HOHHOTO TOKA iy, IOTEHIHAJ
KaTofa CIBUraeTcs CHJIbHO B OTPHLATENBHYIO CTOPOHY, CTpeMsch B
npefiesie K MUHYC OECKOHEYHOCTH NpH ix==iy. [loTeHnuan xe anoma
npu ia==i; HM3MeHseTCs Bcerja Ha BeauuuHy, pasHylo (RT/nF)In2.
OTciofa caenyer, ytTo caMa no ceGe KOHIEHTPALHOHHAS NOJISPH3ALHUS
(0 KOCBEHHOM ee BJHWSIHUHM CM. HHXKe) He MOXKeT IPHBECTH K cylie-
CTBEHHBIM M3MEHEHHWSIM IIOTE€HIMasa 3JeKTpoja H, CTajo ObITb, He
MOXeT 0GyC/JIOBUTh aHOMAaJbHOe MOBeleHHe 3jaekTpona. IToaTomy pes-
KOe H3MEeHEeHHe CKOPOCTH aHOAHOI'O DACTBOPEHHS TOCJae JOCTHXKEHHS
ONpefie/IeHHOTO MOTeHIMasla CBS3bIBAIOT C HAKOINJEHHEM HA NMOBEPXHO-
CTH 3JIeKTPOJa aJcOpPOHMPOBAHHOTO KHCJIOPOAA MJH XMMHUYECKH CBSI3aH-
HBIX C MeTaJ/JIOM KHCJIOPOAHBIX COCAHHEHUH.

Canenyer, oHAKO, MMeTb B BHIY, YTO H3MEHEHHE KOHIEHTPAlHH
NPOLYKTOB aHOAHOH pEAaKIWH B PAacTBOpe MOXKET KOCBEHHO OKasblBaTh
BJIHMSIHHE Ha IACCHUBHPOBAHHE 3JeKTpoia. ITocKo/NbKy pacTBOPHMOCTb
coJlell orpaHuHueHa, ype3MepHOe HAKOIJIeHWe HOHOB MeTaJjlia B NpH-
3JIEKTPOJHOM CJO€e TPUBOAMT K BBIEJIEHHIO COJIEH Ha 3JIEKTPOJE,
9KpPaHUPOBAHMIO 3HAUUTEJbHOH 4acTH TOBEPXHOCTH U PE3KOMY BO3pa-
CTaHMIO TOKa Ha cBOGOJNHOM uacTH HoBepXHOCcTH. bDBuaaromaps artomy
nmacciBupoBaHHe obgeryaercd. TaKoH BHA NMACCHBHOCTH Ha3bIBAIOT
COJIEBOHI.

TepMoauHAMHYECKHIT pacyeT NOKasbiBaeT, 4YTO KeJse30 JOJKHO
OTHOCHTEJIBHO JIErKO OKHC/ISATBCS JAEKTPOXUMHYECKH HOHAMH THIPOKCH-
Jla 11 KHCJIOPOJOM BOABI

Fe - 20H" === FeO + H,0 + 26 (1,7) :
AF° = AFpco + AFH,0 — 2AFoH— (1,8)
AF® = —244 112 -1 (—236 964) - 2 (157 147) = —166 782 Tl
OTKYy/1a
. AF° 166782
PpH—145= 706485 — — 2.96485 — —0.565B

C yueroM 3aBHcHMOCTH 3TOH peakuuu ot pH ana HeATpasbHBIX
3JICKTPOJIUTOB IOJyYaeM

D7 =Ppy_14,5 -+ 0,059 (14,5 —7,0) = —0,422B



Bo3Mo0xHO 06pa3oBaHHe OKHCJIOB APYroro COCTaBa, MpH 3TOM GYAYT
CJIenyloLlye 3HaUueHHsT OTEHIHAJIOB:

3Fe 4 80H™ === Fe,0, - 4H,0 -+ 8¢" (1,9)
Pprm7 = —0,473B
9Fe 4 60H™ === Fe,0, + 3H,0 +} 6¢~ (1,10)

Ppr7 =—0,431B

Ilpu oKHC/IEHHH XKeJsle3a KHCJIOPOAOM BOAbI

Fe 4-H,0 === FeO + 2H* -+ 2¢~ (1,11)
AF® = AFpeo — AP 0 = —244 112 + 236 964 = —7148 Tl
. AF° 7148
PpH=0 = 706485 — — 192969 — —0,037B

C yuerom 3aBHCHMOCTH 3TOH peakuun oT pH ana HefiTpanabHOro
2JIEKTPOJIUTA UMeEEM

cp°pH=7 = ¢;H=O + 0,059 (0 —7) = —-0,037 —0,059.7 = —0,450B

IIpu o6pasoBannu okucaa FesO, 3a cueT peakiHu OKHCIEHHS BOJOH
3Fe 4 4H,0 === Fe,0, + 8H* + 8~ (1,12)

Ppr—7 = —0,421B

a nna okucia Fe,O; Takike ¢ yuerom pH
9Fe ++ 3H,0 === Fe 0 4 6H* 4 66" (1,13)
q’;H=7 = ——-0,463B

Kak BHIHO, MOTeHIHAaIbl 06Pa30BAHUSI OKHCJOB Kejne3a NOBOJBHO
GMM3KH W HMEIOT OTpHIATeJbHble 3HaueHHsI. ByayT JM 3TH OKHCIH
06pa3oBbIBATbCSl HAa NMOBEPXHOCTH MeTaJsla HJH HeT, 3aBHCHT, ecTe-
CTBEHHO, OT 3HAYeHHs IOTEHIIMaJa, YCTaHABJHMBAIOLIErocs Ha MOBEpX-
HOCTH 3JIeKTPOfA: €CJH OHO (oJjiee IOJNOXKHTEJIbHO, YeM 3HaueHHe
NoTeHIHaa 0o6pa3oBaHUsI OKHCJIOB, Ha 3JEKTpOje OyAeT NPOTeKaTb
pPeakuusi OKHCJEHHS, eCIH OHO 0oJjiee OTPHIATENbHO — peaKlus BoOC-
CTaHOBJIEHHSI OKHCJIOB (C yueToM, KOHEYHO, HEKOTOpOro IepeHanps-
JKeHHs ).

CpaBHeHMe 3HAYeHUIl CTAIlHOHAPHBIX MOTEHIHAJ/IOB XKeJje3a (NMOTeH-
IIMaJIoB KOPPO3HH) B HeHTpaJbHbIX anekrpoaurax (—0,3-+-—0,4 B) co
3HAYeHHSMH TNOTEHIHAa/JOB 06pa30BaHUs OKUCJIOB XKeJje3a PHBOXUT
K BBIBOLY, YTO yXe IPH HE3HAYHTeJbHOM CMeIIEeHHH MOTeHIHajla ¥XKe-
Jie3a WJIH CTaJH B IOJIOKHUTEJIbHYIO CTOPOHY OT CTallHOHApHOrO mapai-
JIeJIbHO TpOLlecCY HOHHM3alHH MeTajsia Ha 3JIeKTpoJe AOJIKHAa IpoTe-
KaTb peaKUHs OKHUCJEHHs, MPUBOASIAS K BO3HUKHOBEHHIO Ha IOBEpX-
HOCTH OKHCHBIX CJIOEB. DTa peaklHs, NOCKOJbKY OHa SIBJISeTCS 3JeK-
TPOXUMHUECKOH, NOJKHA TIPH aHOAHOH INOJSpDH3alUH, TaK Xe Kak H
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peakuus HOHM3allMH MeTaJsJa, ycKopsTbes. IloaToMy mo mepe cmelie-
HHS NIOTEHIMa/Na B NMOJIOXKHTEJNbHYIO CTOPOHY CTEIEHb NOKPLITHS 3JEKT-
poXa KHCJIOPOAOM Bce GoJiblile H 6ogblle yBeanuyuBaercs. Ilpu moctu-
XeHHH ONpeJeJIeHHOIo NMOTeHIHajNa (n 3JEKTPOX OKa3blBaeTCH INOUTH
MOJIHOCTbIO MOKPHITBIM OKHCHBHIM cJioeM. Murpamus (auddysus) ka-
THOHOB M3 METaJIJIMYEeCKOH peLIeTKH B pacTBOpP yepe3 TaKOH OKHCHBIH
C/IOK 3aTpyHHSeTCH, H CKOPOCTb aHOAHOTO MpoIlecca HAYHHAET MalaThb.
DTOT NoTEeHUHaJ B OTeYeCTBEHHOH JIHTepaType HasbIBaeTcs MOTEHLHa-
JoM naccuBanud. MiHorga ero HasmiBator dJajie-mOTEHIHAJIOM 1O HMe-
HH yY€HOT0, BIiepBble HaGJ/IONABILEr0 3TO SBJEHHE.

Hauunass ¢ HEKOTOpPOTO NMOTEHIHaNa @un, MOJYYHBIIEr0 Ha3BaHHE
NOTeHIMaNa MOJNHOH MacCHBAIHH, CKOPOCTb AHOKHOTO Ipolecca AOCTH-
raeT HHYTOXHO MaJblX BeJIHYHH U NPAKTHYECKH IepecTaeT 3aBHCETb
OT NOTeHIHaa,

ITo muenuio Xopa [3, c. 284], B 3T0ii 06JIaCTH NOTEHUHANOB Me-
HAeTcd XapaKTep aHOAHOTO Mpolecca; peaklHs HOHH3AUHH MeTaJja
npexpamaercs H TOK pacxXoyeTcs JHIIb Ha aHOXHOe 06pa3oBaHMe
naccuBHpylouiero okucaa. Monel Merasja momafaioT B pacTBOp JHIIb
3a cyeT OObLIYHOM XHMHUYECKOH peaklUHH pacTBOPEHHsS OKHCJa, KOTopad,
€CTeCTBEHHO, He JOJIKHa 3aBHCeTb OT moreHuuana. Ognako Hopakos-
ckuit ¥ Jluxaues [4], HayuaBIuHe mpouecc aHOLHOTO PAacTBOPEHHs mac-
CHBHOTO JeJjie3a METOJOM pafHOaKTHBHBIX HHAuKaTopoB (%°Fe), mo-
KasajH, 4To B OGJIaCTH NMACCHBHOIO COCTOSIHHSI CKOPOCTb Tepexofa
KAaTHOHOB B pacTBOP YYBCTBUTEJNbHAa K M3MEHEHHIO NMOTEHIHaJa H 4TO
3HAYUTeNbHAS YacTb BHEIIHEr0 aHOLHOrO TOKA NpH Nepexoie H3 ONHOTO
CTALlHOHAPHOI'0 COCTOSIHHSI B APYroe MPHXOLHUTCS HAa CKOPOCTb pPacTBO-
PEHHS XKeJesa.

Ecau pomycTHTb, 4TO Ha 3JIEKTPOAE B MACCHBHOM COCTOSIHHH IIPO-
IOJIKAIOT MapaJjyie/IbHO NMPOTeKaTh ABe 3JEKTPOXHMHUYECKHe peaKIHH,
a HMEHHO aHOJHOe PacTBOPEHHe MeTajlJja 4Yepe3 OKHCHYI0 INIEeHKY
¥ 3JIEKTPOXHMHYECKOe OKHCJEHHe 3JIEKTPOJa KHCJIOPOIOM, TO HE3aBH-
CHMOCTb HJH cJa6yl0 3aBHCHMOCTb CKOPOCTH aHOAHOrO Ipoliecca OT
MoTeHIMaJla MOXHO OODBACHHTH ciaefyiolum obpasoM. Ilo mepe cme-
IEHHUST TIOTEHIHAJ/a B IOMOXKHUTEbHYIO CTODOHY YBEJHYHBAETCSl Hampsi-
JKEHHOCTb 3JIeKTPHUECKOrO IOJISi B OKHCJIE, 4TO HOJNKHO YBEJHUHTD
CKOPOCTb ABMKEHHS KAaTHOHOB uepe3 IJeHKY (aHOZHbIN ToK). OnpHako
OJHOBpPEMEHHO YCKOPSETCS H peaKius JeKTPOXHMHUECKOrO OKHCJEHHS
MeTaJjJja KHCJAOPOJa, a 3HAUUT, H TOJIIHHA IJIEHKH. DTO 3aTpPyAHSET
BBIXOJL KaTHOHOB MeTaJlJla H3 pelleTKH B pacTBop. B pesyabTarte aTux
ABYX TPOTHBOIOJIOXKHO AEHCTBYIOWHUX (PAaKTOPOB aHOJHBIA TOK OCTaeTcs
MOCTOSIHHBIM HJIH C€J1a60 MeHseTCs ¢ M3MeHeHHeM IOTeHlIHaJa.

B03MOXHOCTb peasiu3alyui PacCMOTPEHHOI0 MeXaHM3Ma MacCHBa-
IMK Keje3a 3a CYeT KUCJAOPOAHBLIX COENMHEHHH CTaHOBHTCA elne 60-
Jiee BepOSTHOMH, eC/IH NPHHSATb MEXaHH3M aHOJAHOTO PacTBODEHHs, Npes-
JgoxeHHb#i KomoTeipkunbiM, KabaHoBuiM, Bonrodpdepom, DBoxpucom,
Jlopennem, Xoficnepom [5—10] u 3akaioualomufics B HeNOCPEACTBEH-
HOM YYaCTHH KOMIIOHEHTOB arpecCHBHOH CDeJbl B 5/eMEHTAapPHBIX aKTaX
aHOJHOT'O PaCTBOPEHHST METaJIJIOB,
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[To MHeHHIO 3THX HccaemoBaTesel, MepBOi CTajueHd pacTBOPEHH:
XKeJjie3a SIBJAsETCS paBHOBecHas afcopOius Ha HeM noHoB OH—, xoro-
past ONHCHIBAGTCS CAEAYIOIIUMH ypaBHEHUSIMH:

Fe -+ OH™ === Fe(OH)az. + ¢~ (1,14) =
Fe -+ H;0 === Fe(OH) . 4+ H¥ + ¢~ (1,15) =

Janpuefiliee OKuC/leHHe XeJje3a mocje O0Opa3oBaHHS KOMILJeKca
MOKEeT, B 3aBHCHMOCTH OT HPHPOAbl MeTaJjja M Cpelbl, IPOTEKaTb KakK
00 NMPOCTOMY MEXaHH3My, TaK H IO CJOXKHOMY — C y4YacTHeM KOMIIO-
HEHTOB pacTBOpa H MeTaJJa:

Fe(OH)azc —> FeOH* - ¢~ (1,16) =

Fe(OH)ape + OH™ —— (FeO)ape + Hy0 + €~ (L,17) =
Fe(OH)azc + Fe === Fe(FeOH),;. (1,18) % P =

Fe(FeOH),zc + OH™ —— FeOH* - Fe(OH)azc + 26~ (1,19) =

[Mepeitmer nu ancopOupOBaHHBIN KHCJIOPOAHBIA KOMIIJIEKC B PacTBOP
WM OCTaHEeTCss Ha NOBEPXHOCTH MeTaJsJsa, OydeT 3aBUCETb OT INOTEH-
IHaJja 3JeKTPOLA; NPH CMeLleHUH MOTeHIHAasa B IOJNOXKHTEJNbHYIO CTO-
POHY YBeJHYHBAETCH BEPOSITHOCTb IlepeXofa KOMIJIEKCA B KHUCJOPOA-
HOe cOelMHeHMe, OCTalollleecss HAa MOBEPXHOCTH U obJajalolliee BLICO-
KHMH 3aIIUTHBIMU CBOHCTBaMH.

Takum o6pas3oM, mies O KOHKYDEHIHH IIPOLECCOB PaCTBOPEHHS
MeTaJ/i1a ¢ BO3HHKHOBEHHEM U pa3pylIeHHEM NAacCHBUPYIOLIETO OKHCJIA
M03BOJISIET C €JAHHBIX MO3HLUH OOBSICHHTb H AKTHBHOE DacTBOPEHHE,
¥ maccuBanuio Meranaa [5].

[Tpn HaMMYuM B 3JEKTPOJIHTE AKTHBUPYIOLUIMX areHTOB, HANpHUMeEp
XJIODUZ-HOHOB, NMpPH ONpEeNeJeHHOM 3HAUEHHH NMOTEHIHANIA Pmur MACCUB-
HOe COCTOSIHHe Hapylraercs, Npolecc aHOLHOTO pPacTBOPEHHS YCKOpH-
ercs. OOBsCHAETCS 3TO TeM, YTO IO Mepe CMeNleHHsl IOTeHIHasna B
TOJOXKHUTENbHYI0O CTODOHY yCHJHMBaercs alncopOUHsi XJIOPUMA-HOHOB.
[Tocko/IbKYy CTeNeHb MOKPLITHS NMOBEPXHOCTH KHCJIOPOAOM HEOLHHAKO-
Ba, B MeCTax, I'le UMeIOTCS NedeKThl B CTPYKTYpe OKHCHOH IJIEHKH,
HAUHHAIOT NpeMMYILIeCTBEHHO alfcopOHpOBAaTbCS XJOPHI-MOHBHl, H BMe-
CTO NMAaCCHBHPYIOLIEro OKHCJa oGpasyeTcs TaJsOTeHHA, oO6Jafaiomui
xopolue#f pacTBOpUMOCTbl0. HaunHaeTcst NUTTHHrOBask KOPPO3HA. DTOMY
BHJly KOPPO3HH OCOOEHHO MOJABEpKeHbl Hep:KaBelllHe CTANH H ApPYyrue
NACCHUBHPYIOMIMECS CIJIABBI: AJIOMHUHHIH, THTaH, LHPKOHUH.

Kak mokasanu Hawu wuccienosauust [11], muTTHHrOBas KOppoO3HUS
MOXeT OBITh IOJaBJieHa C MOMOINbIO aHHOHOB, CIOCOOHBIX NPEeNOTBpa-
IaTth ajAcoOpOIHIO IaJOTeHHI-HOHOB MJM BBITECHSTb HX C MOBEPXHOCTH
meranua. s sToro Heo6xonuMo, uTO6L B pacTBOpe ObIJIO ONpelesNeH-
HOe COOTHOIIeHHe mNaccuBUpyoilero Il ¥ akTHBHpYIOLIEro HOHa A,
HOasa crann 1X18HIOT B 0,1 . NaCl mosyuensl cienyiolise OTHOIIE-
nus a=II/A:

Wou ... SO CrO3- NO; ClOoj  ClO;
a ... 10 7 0,4 2 0,5
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Ec/iH PaclOJIOKHTb HCCJIe/IOBAHHBIE AHHOHBI B NODsiAKe BO3pacTa-
pust UX 3P EKTHBHOCTH, TO MOJIYYHTCS CAEAYIOUHMA Psia:

NO; > ClO3 > ClOj > CrO3~ > SO3-

Kax BHAHO, 3Q()EKTHBHOCTb He CBf3aHA C OKHMCJHTE/JIbHOH CIOCO6-
HOCTbIO AHHOHOB H, CJIEI0BATEJbHO, O «3aJeUHBaHHU» aHHOHAMH Jedek-
TOB B OKHMCHOH IJIEHKe, KaK 3TO paHee NpEeANOJarajaH, pedd ObiThb He
moxkeT. TIPOTHB 3TOTO MeXaHU3Ma TOBOPHUT U CJIO0XKHAs 3aBHCHMOCTb

=[S0i™ ]/[Cl-] ot pH:
pH ... ..
a ..o 2 10 2

Oxa3ajoch, YTO B KHUCJBIX 3JEKTPOJHTAX, B KOTOPHIX YCTOHYHBOCTh
}a30BbIX IUIEHOK HH3Ka, TpeGyeTcss ropasjo MeHblle CyJbdaT-HOHOB,
yTOOBl NPENOTBPATHTH KOPPO3HIO CTaJH, YeM B HEATPAJ/bHbIX, B KOTO-
peiX (ha3oBble IJIEHKH Gojee yCTOHUMBHL. B ILeJOUHBIX cpelax 3Hade-
HHMEe @ 0Ka3aJochb TaKHM »Ke, Kak B Kuc/abx. HanpamuBaercss BBIBOJ,
YTO 3/leCh OMpeleJeHHYI0 POJib WrPaeT KOHKYpHpylomas ajacopOuus
HOHOB. ¥JaJoCb TMOJYyYUTh HENOCPEACTBEHHbIE 3KCIEePUMEHTAJbHbIE
JI0KA3aTeJbCTBA B I0Jb3Y afCOPOLUMOHHON NPHPOAbI AKTHBHPYIOUIETO Y
MaCCHBUPYIOLIEro AeHCTBUS aHHOHOB.

M3yuass u3MeHeHHe paZMOAKTHBHOCTH pacTBOpa, COMEpKaLlero
usoron *Cl, ynanoch ompemenuth komuuectso HoHoB Cl—, amcopGu-
pyIOLIMXCs Ha mNOBepXHOCTH Meraana. ks puc. 1,2 BuAHO, Ha-
CKOJIbKO CHJIbHO YMEHBINAeTcsi KoJuyecTBo amcopbuponannoro Cl-
npH BBeleHuu B sjekTpoaut uono SOi” u OH-. Ilpu Gosee BBICOKHX
KOHIIEHTPAUHAX MNaCCUBHPYIOMUX HOHOB MOXKHO IIOJIHOCTBIO HCKJIIO-
YHTb aJCOPOILHI0 AaKTHBHPYIOIUXHOHOB. DTO HATJIAMHO MOXKHO HJIJIIO-
CTPUPOBATb KPUBBIMH aHOJAHOTO 3a-
pSKEeHHUs.

Ocuuanorpaduueckass — 3anuchk

O 10%, o-gnf
aHOJHBIX KPHUBBIX 3apsiXKEHHS NOKa- o T

3bIBAET, UTO B YHCTOM PACTBOPE XJIO- 50,0

puza 3/J1eKTPOoJ HAXOAUTCS B aKTHB-

HO-IIaCCUBHOM cocTosiHuH (pHuc. 1,3); 4

Ha6JI0faI0MHUecss OCUMIISUME 110~ %0

TeHIMaJja CBA3aHH C TeM, YTO Ha ’

3JIEKTPOJIe NMPOTEKAIOT JBa KOHKY- 75

PUPYIOIIMX npomecca — aKTHBALHS ' 4

U naccupaunus. Ecan B anekTposut 0 L
06aBUTb HUTPAT- WJIH CyJabdar- %8

HOHBI, NIOTEHIHAJ 3J€KTPoaa cTabu-

JHSHPYETCsT, OCUMJIAUMA  TPEeKpa- Puc, 1,2. Bausnue n06aBOK TOCTO-

Watores. Takoit 5J€KTPOa  MOKHO DOHHHX HOHOB Ha ajcopGumio I
3anoaspu3oBaTh 6e3 aKTHBALIUM N0  HOHOB xjopa Ha xpome B 0,01 H.
BBICOKHX T10JIOKHTEJbHBIX IIOTeH- NaCl (¢on):

HAJIOB. I — dbon; 2 — 0,01 1, Na;SOs; 3 — 0,002 K.

NaOH; 4 — 0,1 H. Na;SO..
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Ancop6uuonHasi npHpOAa NACCHBHPYIOLIEr0 AeHCTBHS aHHOHOB AO-
Ka3blBaeTcsl TaKXe TeM, 4YTO 3((PeKTHBHOCTb HHIHOUTOPOB ONpeneds-
eTcsi 3HaueHueM mortenuumana (puc. 1,4). Hom NOs Bwuirecuser Cl-
B LIMPOKOH 0O6JIaCTH NOTEHUHAJOB; ciaalbble OCUMJJIANHH NOTEHIHa/Ja
HaGJI0NAI0TCs JIHIIb BOJH3H NMOTEHIMa/ja NMHUTTHHroobpasoBanus. Hon
CrO%, nao6opor, BuitecHser Cl- ¢ mOBepXHOCTH MeTajJsia H NAcCHBH-
pyeT cTajb OpH MaJjbiX MOJNOXKHTEJNbHBIX morenuuanax. IIpu Gouee
MOJIOXKHUTENbHBIX 3HAUEHHAX NOTeHNHasa afcopbuusi Cl— ycuauBaercs
B Goubluel cremenH, yeM ajacopbuus CrOZ , U MeXIy HHMH HauuHa-
€TCsl KOHKYDEHLHs: 3JIEKTPOJ IePEeXOAUT B HecTaGH/IbHOE COCTOSHHE
M HaupHaeTCsl IepPHOJMYecKass akKTHBAauUMs M mnaccuBauusi ero. [Taccu-
BHpPOBaHHe HHTHOMTODAMH HepXKaBeloUIUX CcTajefl 0O6Jerdaercs Io
Mepe YBEJHYEHHS KOHLEHTPAalUH XpoMa B CIJaBax, NOCKOJbKY 3TOT
3JIEMEHT JIETKO aCCUBHPYETCS KHCJIOPOIOM.

Takum o6pasoM, KOHKypHpylomas azncopOuusi, o6ycJjoBjauBarOLIas
IIaCCUBHOE COCTOSIHHE MeTaJljia, 3aBHCUT OT OTHOLIEHHS KOJHYECTB
aKTUBUPYIOIIUX U IAaCCUBUPYIOIIMX HOHOB, HX 3apfja, MOTeHUHaJa
3JIEKTPOJia H COCTaBa CIIaBA.

B HeKOTOpHIX ciyyasix HapylleHHe MacCHBHOTO COCTOSIHUSI MeTaJa,
CONPOBOXKJalolleecss yBeJHYEHHEM CKOPOCTH aHOLHOHN peaKLHH, MOXKeT
HACTYNMHUTb M B OTCYTCTBHE [aJIOT€HUI-HOHOB, B pe3yJbTaTe «npobosi»
OKHCHOW mnseHKH. Takue siBjeHuss HaOJIOJAIOTCHA M B CYJb(aTHBIX
snekTposauTax. OODBSICHSIETCS 3TO, OUEBHAHO, TEM, 4TO B pe3yJbTaTe
HepaBHOMEDHOrO NOKPLITHS NOBEPXHOCTH MeTajja KHCJIOPOJOM B OT-
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Puc. 1,3. AHozmHble ocuniorpaduueckue KpHBbie 3apsiKeHus cranu IX18HI0T
(ia=2-10-% A/cm?):
1—0,1 H. NaCl; 2—0,1 u. NaCl4+0,04 u. NaNO;.
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Puc. 1,4. AHogupe ocuuanorpaduueckie KpuBbie 3apsxkenuss craian 1X18H10T
((a=2-10-8% A/cm2):
a—0,1 H. NaCl40,02 . NaNOs; 6 — 0,1 u. NaCl+0,1 u. Ki,CrOq.

HeJNbHBIX TOYKaX, rje IJeHKa OYeHb TOHKA, HANPSXKEHHOCTb 3JIEKTDPH-
4eCKOro IMoJisi NPH ONpele/eHHOM NOTEHIHAaNe QPupos CTAHOBUTCH Upe3-
MepHO GOJIBIION M B 3THX MECTAaX HAUYHHAETCS YCHJEHHOEe pacTBOpeHHe
MeTaJa.

I xejesa, XpoMa, a TakXe HepxKaBeloOUIMX CTaJjefl BO3MOXHA
H Jpyrasi NpHYHHA YCHJIEHHOTO DacTBOPEHHsS, 3a CYeT TaK HasblBae-
Moro siBieHHs nepenaccuBanuu [12]. O6yc/oBIeHO OHO TeM, YTO BMe-
CTO TPYAHOPACTBOPHMBIX OKHUCJIOB HH3LIEH BAJEHTHOCTH, BO3HHKAIOIUX
npu GoJee orpuuaTesbHbx noTeHnuasnax (FeOs, Cr:03) u obmapaio-
IHX TaCCHBHPYIOLIMMH CBOMCTBaMH, IIPH JNOCTHXKEHHH OIpeleseHHOro
MOJIOXKHUTEJILHOTO 3HAUeHHs] MOTEHIHasa HayHHAOT 006pa30BbLIBATHCA
nerkopactBopuMble okuciasl (CrO% , FeO% ), He obGmanaiomue 3amur-
HbIMH CBOHCTBaMH; 3TO M IPHBOJHT K HApYIIEHHIO MACCHBHOTO COCTOS-
Hus. IloTeHuuan, npu KOTOPOM 3TO siBJIeHHe HabJaiojaercs, Ha3blBaeT-
CSl IOTEHI[HAJIOM TIepeNacCHBAMH Qrep.

Ha nmnoreHuuocTaTHYecKof AaHOAHOH TNOJNSAPH3ALUOHHON KPHBOH
(cM. pumc. 1,1) umeercsa, Takum 006pas’oM, HECKOJbKO IIOTEHIHAJIOB,
XapaKTepH3YIOIHX COCTOSTHHE 3JEeKTPOAa, MPHPOLY aHOMHOrO mpoluecca
H ero CKOpOCTb.

§ 2. MPUPOJA NMACCHBHPYIOILHX CJIOEB

[Tpupona moteHnyasa naccHBalUH @p OYEHb BaxKHa JJIs NOHHMAaHHSA
MeXaHH3Ma BO3HHKHOBEHHs maccuBHOro cocrosiHs. Ilo muenuio Per-
tepa [13, c. 831], nanGoJsiee mpaBAONOAOOHO, UTO NMOTEHIHAJ MacCH-
Ballid COOTBETCTBYET IIOTEHIHAJy OKHCHOTO 3JIEKTPONa, ONpEeReJsiio-
IeMycsi CYMMapHOH 3JIEKTPOAHOH peakiHed

Mne™ 4+ nHy0 == MO, + 2nH* + 2ne” (1,20)
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Ecsau o6paTuThbCa K JaHHBIM, 1OJY-

(P,
4 yeHHBIM HaMu auist ctadd B 1 H. NagSOy,
=041 TO NMOTEHNMAaJ TacCHBAllMH OKa¥erT-

¢ paBHbIM TnpuMepuo 0,25 B*
(puc. 1,5). Takue xe sHaueHus MOJY-
yuad  bourobdep, Kapraenx u
®pank. ITOT MOTEHIIHAA HAMHOTO IIO-
JOXHTENIbHEE  TEeOPEeTHUeCKUX  3Ha-
YeHUH  TOTEHUHaNoB  06Gpa3oBaHUs
TPpeX  H3BECTHHIX OKHCI0B  FeO,
\ Fe;O3 u FesO,. HMx morennymananl 06-
Y 0 40 imAlow? pasoBanus npu pH=7 paBub co0T-
BercrBeHHo —0,42; —0,43 u —0,47 B
(mas  Fe/FesO, B &KucaoO# cpene

Puc. 1,5. AHoaHasi moTeHUMOCTaTH-  © ——00
yeckas KpuBas Aai craan B 1 B,  @pH=0 =—VU, 8 B). Ha stu orkJioHe-

Na,30;. HHUS BIepBble 06paTHJ BHHMaHHe BoH-

ropdep; 3aTeM OHU CTaNH MpPEIAMETOM

MHOTOYHCJ/IeHHbIX HccenoBanuil. [To muennio @errepa [13], ux MoxHO

OGBSICHUTD, NMPEINOJIOKHB, YTO IAaCCHBHPYIOLIHEA CJOH CO CTOPOHHI

meTasna coctouT u3 FesOy, a co croponsl anmekTposnta — u3 y-FexOs.
[Tockosbky AF° peakiuit

+0,4

0,8} |

Fe - 4Fe,0; ——> 3Fe,0, AF° = —96 140 IIx (1,21)
4FeQ —— Fey0,-+Fe AF°=—17138 IIx (1,22)

HMeeT OTpHIlaTeJbHOE 3HAYEHHE, H3 H3BECTHBIX OKHCJIOB TOJIbKO FesOy
MOXEeT HaxOJHTbCS B DaBHOBECHH C MeTajjuueckuMm xkesne3oM. OGa
okncia keneda FesO, u FeOs MoryT HaxonuThcsi B PaBHOBEeCHH APYT
C APYroM J/MIb NMpPH ONpEeAeJeHHOM NapUHaJbHOM [aBJEHHH KHCJIOPO-
Ila, ompeesieMoM peaknuen

3Fe,05 —> 2Fe0, + /50, (1,23)

Korpa pocrturaercs moTeHIMaJ, TIPH KOTOPOM NaplHajbHOe JaBJeHHe
KHcjIopofa oTBeuaer paBHOBechio FeyOs==Fe;0, rtepmoannamuyecku
CTaHOBHTCS BO3MOXHBIM 00pasoBaHHe Ha cJjoe okucaa FesOy co cro-
poHnbl ajekTposnuTa cjosi Fe;Os. Takum oOpasom, mpeamosiaraercs, 4to
9KCIEPUMEHTAbHbIA NMOTEHIHAJ NaCCHBALHMH SBJAETCS MOTEHIHAJOM,
cootBercTByIoIUM paBHOBecHi0 Fe;Os==Fe;O.. Ero smauenue ompene-
JIIETCSI CyMMapHOH 3JIEKTPOJHOH peaKLHen

9Fe,0, - HyO == 3y-Fe,0, + 2H* + 26~ (1,24)

* 3mech W JaJjiee TTOTeHUMAJbl NPUBOASTCS TIO OTHOLIEHHIO K HOPMaJbHOMY BOAO-
POLHOMY 3JIEKTPOLY.
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JlokasaTeJabcTBa B MOJIb3Y TAKOH CJIOKHOW CTPYKTYpPhl HaCCHBH-
PYIOLLEro OKHCJA, COCTOSAIIEr0 H3 BHYTPEHHEro, NpHJEramoLiero K Me-
rajaly, cnos FesO, m BHellHero, npuseraioniero K 3JeKTPOAy, CJOs
Fe;O;, 6blin nmostyuensl B paGorax Harasima u Kosna [14]. Ilpu usy-
YeHHH 3THMH aBTOpPaMH IPOLECcCca KaTOXHOTO BOCCTAHOBJIEHHS OKHCHBIX
CJIOEB, MOJIyYeHHBIX NpPH NMACCHBALMH, Ha KPUBBIX 3apsKeHHs OblLIH
o6HapyxKeHbl ABe 3aJepXKKH NoTeHuHasna: nepsas (—0,26=-—0,36 B)
CBsisbiBaeTcs ¢ BoccTaHoBJaeHueM Fe;Os, a Bropas (—0,68 B) — ¢ Boc-
cranoBneHveM FesO, Uem GoJsee moJokKHTeJEH IMOTEHIHAJ, IPH KOTO-
poM ¢GopMHpyeTCs NacCHBHpylollas IJIeHKa, TeM GoJiblle Obl1a pas-
HHLa MeXJy KOJHMYeCTBOM 3JEKTPHYECTBA, KOTOPOEe MOJy4yasoch U3
pacuera KoHUeHTpauuu Fe?t B pacTBOpe M KOJHYUECTBOM 3JIEKTPHUECT-
B4, NMOIIEJUINM HAa BOCCTAHOBJIEHHE HAPY:KHOTO CJIOS OKHCJAA. DTO Ha-
B€JIO HA MBICJIb, YTO HAPYXKHBIH /00 OKHc/IA OJarofaps LONMONHHUTEJb-
HOMY OKHCJIEHHIO COLEpKHUT UOHB 60Jiee BHICOKON BAaJIEHTHOCTH M Ipel-
CTaBJseT cOOOH MJIEHKY C MOBBIIIEHHBIM COJEpXKaHHeM KHCJIOpOAa IO
CpaBHEHHIO CO CTEXHOMETpPHYeCKHM cocTaBoM Fe,O; (oKucen ¢ H3OBIT-
KOM KaTHOHHBIX BakaHCHH). ITOBBIIIEHHBIM COfEpPXKaHHEM KHCIOPOZA
B HAapYyKHOM CJoe U 00yCJOBJIHBAIOTCH, IO MHEHHIO aBTOPOB, NAaCCHBH-
pylolllHe CBOHCTBA NMOAOOHBIX OKHCJOB.

~

Uro kacaercst cocTaBa, CTPYKTYPbl H TOJNLIMHBI OKHCHBIX CJIOEB, 00- .

pasylolluXcs Ha NAaCCHBHOM KeJe3e, TO 3JeKTpoHorpaduuecKkue Hccie-
JoBaHud, BhinonHeHHbie JankoBbiM ¥ IlumakoBbim [15], a Takxke
Maiinom u Ilpafiopom [16], mokasanu: Ha TMOBEPXHOCTH 3allacCHBHPO-
BaHHOro xKesaesa umeercsd FepOs manm FesO,. O6a aTH OKHCIA HMEIOT
ONHY M Ty Xe KPHCTa/JJHYeCKylo pelleTKy, HO B OTiHuHe OT Fe;Ou
B Fey,O3 oTcyTcTBYyeT KaxAbIA AEBATHH HOH XeJjesa.

XuMHYeCKHil aHanM3 IJIEHKH, CHATOH C 3aMacCHBHPOBAHHOTO Ke-
Jle3a, 10KasaJj, 4TO OHA COMEPKHT JHUUIb TpexBasJeHTHoe Xeseso. [To
yTBepxAeHHI0 DBaHca [l], miaeHka, cHATas C MAacCCHBHOTO Xese3a, He
pacTBOpsSeTCs B COJISIHOH KHCJIOTE, B TO BPeMs KaK OCaX[EHHBIH T'H.-
pat xkenesa Fe(OH); umnu npoayxrel kopposun (FeO-OH) nerko B
Helt pacrtBopsiiored. OTcloma GBI clenaH BLIBOJA, YTO 3a NMAcCCHBALMIO
OTBETCTBEHHBI OKHCHBIEe (Da3bl, a He T'MADOOKHCHBIE, KOTOpHle He 006.a-
JaloT 3alUUTHBIMH CBOHCTBaMH.

HeckosnbKo MHYIO TOYKY 3peHHS HAa MeXaHU3M BO3HMKHOBEHHS Iac-
cuBHOTO cocTosiHust Bbickasan Cato c corp. [17]. Tlo ero mHeHmio,
ABYXCJIOFHAsh CTPYKTypa MAacCHBHPYIOUIEro OKHMc/aAa He 00s3aTesbHa.
IMaccuBHOEe COCTOSTHHE MOXKET HACTyNaTb M IIPY HAJHUYHM HA TIOBEPX-
HOCTH OJHOro ruapaTHpoBaHHOro cjost Fe,0;-0,39H,0. O6napyxeH-
Hble JXe IpPH KyJOHOMETDHYECKHX HCC/IelOBAHHAX JABE OCTAHOBKH IIO-
TEHIHa/Ja MOXHO OOBSICHATh BOCCTAHOBJEHHEM THAPATHPOBAHHOTO
OKucaa 10 OKucaa Gosiee HH3KON BaJIEHTHOCTH, a JaJjee — 10 MeTaJJa.

NMeroTcs BBICKA3bIBAHHS W O TOM, YTO IACCHBHOE COCTOSIHHE 00y-
cioBieso BosnukHoBenueM FeO-OH. Cyxorun [18] mpeanmonaraer,
YTO MaCCHBHOE COCTOSTHHE XKese3a O00ycjaoBaeHO (ha30BOH IJIEHKOH
Fe;0,, o6pasoBanne KOTOPOM NMPOMCXOAUT uyepe3 DS NMPOMENKYTOUHBIX
cranuii. OCHOBaHHEM MJIS TAKOTO BbIBOZA MOCJAYKHJIO TO, UTO HaGJIo-
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V,,MB [aeMbll TIOTEeHIHaJ  JenacCuBalUu

? B HauGosee 6/M3KO COBIamaer C pac-

03l a CYUTAHHBIM TIOTEeHIHaJOM ‘peaKIII/IH
’ BoccTaHoBJaeHua FesO, mo FeO

0,2 FegO, + 6H* - 267 =—>

=—> FeO + 2Fe*" - 3H,0 (¢° = 0,593)
o Ecny npuHaTb 3Ty CXEMY, TO MOXKHO
0 ! TS OGBSICHHTD, I0YEMY MOTEHUHAJ NMacCH-
o0 Baluk GoJiee TMOJOKHUTENEH NOTEHIHA-
+0,1L J1a 06pasoBaHUs BCEX H3BECTHBIX OKHC-
JIOB KeJse3a.

Lgi(meAjem?) B nocjennee BpeMsi CTaja0 OYEBHI-
5r HBIM, YTO CIIOCOGHOCTb OKHMCHHIX (a3
sl g NAaCcCHBHPOBATh META/Ibl  HAXOXHTCH

B NpPSIMOM 3aBHCHMOCTH OT MOJYIPO-
ik BOIHMKOBBLIX CBOHACTB OKHcJOB. Elle B

Hamux paHHuX paborax ¢ Owme [19, %
w2l c. 103], a Taxxe B paborax Bsmo6-

xeckoro ¢ corp. [20] mo m3yyenuio

7 | | | BJIMSIHUSL OOJIyYeHHS] Ha CIJIaBBl ObLIO

_0000‘30,5 0 5 1048 obpalieH0 BHHUMaHHE Ha TO, YTO

-2l 3JIEKTPOXHMHUECKOE H KOPPO3HOHHOE

IIOBeJIEHHE METAJJIOB MEHAETCA B CO-

Puc. 1,6, 3asHcumocts GOTOOTBE- OTBETCTBUH C TeM, KaK MEHSIOTCS MOK

Ta (a) w Jorapupma CKOPOCTH BJMSIHUEM H3JyYEHHUSI CBOHCTBA OKMHC-

aHOJHOTO PAacTBODeHUs KeJesa HBIX IJIEHOK, KOTOpbie paccMaTpHBa-

(6) or morerunana B 1 n. JHCb KaK MOJYNPOBOAHUKHU. IIpu aToM
Na;SOs. YIPOBOAHHKH. 11p

HCXOAMIH M3 TOrO, 4TO TIPHpOAA IIO-
JYTIPOBOJHHKOBOH TJIEHKH U OTKJOHE-
HHSI OT CTeXHOMETPHH HI'paloT CyLIeCTBEHHYIO poJib B Ipoleccax nepe-
HOCa 3apsOB M BelleCTBa Yepe3 3TH IJIEHKH.

B cBsi3u ¢ 3TUM HaMH ObIIM NPEATPHHSATH NONBITKH H3BICKATb METO-
Ibl, KOTOpBIE MO3BOJHUJN Obl Ha6JI0AaTh 32 U3MEHEHHEM TOJNYNPOBOAHH-
KOBBIX CBOMCTB OKHCHBIX (a3, BOSHHKAIOIIUX Ha NOBEPXHOCTH METAJJIOB
B NIPOLECCE aHOJHOTO OKHCJEHHS M MmaccuBaluH. BecbMa mJI0A0TBO pHBIM
B 3TOM OTHOINEHHH OKasaJscs pa3paboTadHbIi MeTOX (OTO3JeKTpHye-
ckofl moasipuzauuu (¢. 3. m.), KOTOPLIH NMO3BOJAET HENpepLIBHO, HE
BbIHHMAsl 3JEKTPOJA H3 3JeXTPOJUuTa, HabJI0JaTh 3a NOBEPXHOCTHOH
TIOJYIIPOBOJHUKOBOH (ha3ol, u3aMeHeHUeM ee Ne(deKTHOH CTPYKTYpH H
cocTaBa B IpoLecce aHOAHOIO OKHcJ/eHHd. Teopus M CYLIHOCTh METO-
na onucansl B paGorax [21]. M3 Teopum Meroma ¢. 3. m. cienyer,
YTO XapakTep M CTeNeHb OTKJIOHEHHS OT CTeXHOMETPHH OKHCJa CBA3a-
HBbl CO 3HAKOM H aMIIATYJIO0H (OTOOTBETa COOTHOIUEHHEM

kT
Vo.om= - In W‘ (1,25) =
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rae [VZ””]", [V'a'“]0 — KOHLEHTPALHH COOTBETCTBEHHO KATHOHHBIX H aHMOHHBIX BaKall-
CUll B OKHCJIe.

3Hak (oToOTBETA yKa3blBaeT, KaKasi M3 ABYX H30BITOYHBIX NPOTUB
CTeXHOMETPHH KOMIIOHEHT — MeTaJslJIHuecKast MM KUCJIOPOAHAs — Iipe-
obJjafaer, a aMIJIMTyAa (OTOOTBETA MO3BOJSET ONPENENHTb, HACKOJb
KO oJHa H36bITOUHAsT KOMIIOHEHTa INpeBbLIaeT Apyrylo. Takum obpa-
30M, H3Mepsisi CKOPOCTb AHOJAHOTO OKHCJEHHS] MEeTaJsa U OLHOBPEMEHHO
KOHTPOJIUDYSI H3MEHEeHHe INOJYNPOBOAHHKOBLIX CBOMCTB OKHCHBIX (a3,
BO3HHKAIOLMX HA NOBEPXHOCTH METa/lia, MOXHO MOJYYHTb LEHHYIO
MHQOpMALMIO O MEXaHH3Me PACTBOPEHHS H TIaCCHBAIMH.

Ha puc. 1,6 npuBefieHs KpUBble 3aBHCHMOCTH ¢.3.1. H IJIOTHOCTH
TOKa aHOJAHOTO OKHCJEHHsS XKeJe3a OT MOoTeHIHasa oJjextpona. O6e
KpHBbIe IOJy4eHBl ONHOBPEMEHHO Ha OJHOM M TOM e o6pasue. Mox-
HO BHJETb, YTO NPH NOTeHLHa/aX, oTpHuaTeabHee — 0,5 B, perncrpu-
pYIOTCA NOJIOXHTEJIbHble 3HAueHHs ¢.3.M., YTO CBS3aHO C HaJHYHEM
Ha NOBEPXHOCTH Hu3uero okucaa FeO, oGnamaiomero ibpOYHBIM TH-
NOM NPOBOAMMOCTH H COAEPXKaIero H3GLITOUHbIH KHCAOPOL.

OGJsacTH aKTHBHOT'O DACTBOPEHHSI KeJeda M 0GJACTH NacCCHBALUH
OTBeYalOT OTpPHLATeJbHble 3HaueHHss ¢.3.m. Iro, cornacHo (1,25),
yKasblBaeT Ha TO, YTO TIOBEDXHOCTHbIE OKHCJIbl, CYLIECTBYIOLIHE Ha XKe-
Jese B 00/aCTH aKTHBHOTO DacTBOPEHHSI M B OGJACTH NaCCHBAIlHH,
o6sajaT NPOBOAYMOCTbIO MPEHMYILECTBEHHO 3JEKTPOHHOIO THNA H
colepxkaT H30bITOUHble TIPOTHB CTEXHOMETPHH aTOMBI XKeJaesa. [lo-
CKOJIBKY [J151 OKHCJIOB JXKeJleda XapaKTepHa pa3ynopsiAoueHHOCTb 3a CYeT
aHHOHHBIX BAKAHCHH, NOBEPXHOCTHBIH OKHcesJl B OGJACTH TacCHBALHH
Xese3a OTBEYaeT o6meﬁ cpopmyne pa3ynopsiiOueHHOCTH

2—10
e e (Fe2x €ox [V ] )OS—x (1,26)
IIe X — UHCA0 HEAOCTAIOUIMX aTOMOB KHCAOPOAA; [V27]% — KOHUEHTpALMSA AHHOMHBIX
BAKaHCHI; e~ — JIOKaIM30BaHHEI BOJIH3M BAKAHCHH DJEKTPOH.

O6masi ¢hopMysna pasymopsiiOYEHHOCTH IOBEPXHOCTHOTO OKHCJA
B 06JlacTH aKTHBHOrO PacTBODEHHs MOXKET GBIThb MpeAcTaBjeHa B cle-
AyloLleM BuAE:

Fej o, + Fef o, (Fe3, e/ [ Vz_] 0P, (1,27)

OTH pesyJbTaThl HAaXOAATCS B COOTBETCTBHH C JAHHBIMH 06 3JeK-
TPOHHOM NPOBOAMMOCTH MaccHBHBIX 06pasnoB FeO, FesO, n y-Fe,Os
3a cueT HM3OLITOYHOro KeJje3a B pelleTKe, NMOJNYYEHHHIMH B OGBIYHBIX
yCIOBHAX MO 3HaKy adderra Xosnsa uau TepMo-3.14.c. M3 puc. 1,6
MOXHO BH/eTb, 4TO IPH NOTEHIMAaJaX aKTHBHOTO PAcCTBOPEHHsS 3Haye-
HHe OTpHuIaTeJbHOH (.3.1. pacTeT A0 MOTEeHHHAjJa MacCHBALMH
(40,45 B). 3o yxkaswmiBaer, coraacHo (1,25), Ha mpeHMyIlLECTBEHHO
KaTHOHHBIH XapaKTep NepeHoca B OKHCHO! (ase IpH 3THX TOTEHIHA-
Jax H Ha TO, 4YTO aKTHBHOE PAaCTBOPEHHe KeJje3a CBSI3aHO C yBeJHYe-
HHEM OTKJIOHEHHSI OT CTeXHOMETPHYECKOTO COCTaBa IIOBEPXHOCTHOTO
OKHCJIa U POCTOM KOHIEHTpPanHH AedeKTOB CTPYKTYpbl — aHHOHHBIX
BaKaHCHil (HOHOB Fe2+ u cBOGORHBIX 3JIEKTPOHOB).
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FeysOn FeyOp IIpy HaKON/JEHHH HA CTaJHH aKTHUB-
e ——— HOTO PacCTBOPEHHsT aHHOHHBIX BAKAHCHMH
9,994 2,99% 5 okmcHOIN tdase Fe;O, mocaenusasi npH
DOCTHXKEHHH KPHUTHYECKOH KOHUEHTpaIHH
2,996 BAaKaHCHH BBIXOAMT 3a npejensl 00JacTH
! FOMOTEHHOCTH, TepsieT yCTOHYUBOCTb H
l IepexofuT B HOBYIO (pa3y ¢ GoJjiee BbICO-
I 2998 KOH BaneHTHocTblo KatHoHa. CoryiacHo
I
|
|

399

3,996
JaHHbIM . 3. ., 3TO NPOUCXOZUT TPHU

norennyage +0,45 B, orBewarowmem 1mo-
4,000 5000  TEHUHMAJy maccuBauud. dTa HOBas (¢asa,
500 -300 0 +300 $MB Kak OblJIO OTMeYeHO BHIIE, MO AaHHLIM
9JIGKTPOHHOH  JU(paklHH,  OTBeyaer
Puc. 1,7. Kpusas otkaonenus ot (opmyte y-FeoO;. Takum ob6pasom, mo-
CTEXHOMETPHUECKOTO COCTABa WO~ TEHIIHA/ NACCHBAIMH COOTBETCTBYET M0-
Bmeuliﬁ*;“;;bie;;“e“‘r?;ﬁ ];(;{3:;;{0& TeHuHaay paBHOBecHs FeyO4==y-Fe;O3
NONAPU3AHH. HJIH DABHOBECHIO MEXJYy BaJIEHTHBIMH
cocrostHusiMu Fe?t u Fedt,
[Tagenue orpumatenabHoit ¢. 3. m. mo-
C.1€ JOCTHXKEHHS MaKCUMyMa IpH TIOTEHIMaJjie MacCHBAIMH YKa3biBaeT
Ha TO, 4yTO IpH (popmupoBaHuHu y-FesO; KaTHOHHBIA XapakTep OKHCJIe-
HUsI CMEHSIeTCs aHHOHHBIM. MIHBIMM CJIOBaMHM, NMPH MOTEHIHAJaX BbillIe
NOTeHI[HaNa IacCHBALHH NPOHUCXOJHT INpPEHMYIIEeCTBEHHAs COpOLHs
KHC/JI0POAA MOBepXHOCTHOH ¢(a3oii. IIpu 3ToM BO3HHKaeT 3KBHBAJIEHT-
HOe KOJIHYeCTBO MNYCTHIX y3sioB M noHOB Fedt B wmeranmnueckoit mopn-
peureTke okucaa. ITosBreHHe KaTHOHHBIX BaKaHCHH NPHOIHKAET CO-
CTaB OKHCJ/JIA K CTEeXHOMETPHUECKOMY.

ITockoMbKy aHMOHHBIE U KaTHOHHbIE BaKaHCHM 06/1alaloT COOTBET-
CTBEHHO CBOHCTBaMH HOHOPOB H aKLENTOPOB 3JEKTPOHOB, IEPEXOX
K CTEXHOMETPHUECKOMY COCTaBy NPHBOAHMT K aKIENTOPHO-LOHODPHOMH
KOMIEHCALHH y OKHcJa, 6jarofapsi yeMy KoHUeHTpauus Fe?t (uam
KOHIeHTpalHus 3d-3/1eKTPOHOB) B OKHCJIE YMEHbIIAETCS.

Ha puc. 1,7 npuBefeHa KpHBas OTKJIOHEHHsI MOBEPXHOCTHBIX OKHC-
JIOB Ha XeJje3e OT CTeXHMOMETPHYECKOTO COCTaBa B 3aBUCHMOCTH OT
NOTeHUHaMa 3JaeKTpona. KpuBasg mocTpoeHa mo AaHHBIM ¢.3.1. ¢ HC-
nosab3oBanueM ypasHeHHus (1,25). M3 kpuBoi#t MOryT ObITH OmpeeseHbl
06/1acTH NOTEHLHAJOB, B Ipejenax KOTOPHIX OKHCJBI COXPAHSIOT Tro-
MOTEHHOCTb, a TaKXe OTKJOHEHHS OT CTeXuoMeTpuu. B uactHOCTH, M3
puc. 1,7 MOXHO yBHIETb, UTO OGJACTH NMAaCCHBAIMH OTBEUAeT OKHUCHAsS
dasa nepemennoro cocraBa y-FesO,, rie n uaMeHsiercss ¢ aHOAHBIM
notexnuasoMm ot 2,994 mpu noteHuuase maccusanuu 1o 2,999 npu mo-
TeHIHaJe MOJHOH MaCCHBALUH,

Takum o6pas3oM, HCXOAS M3 pe3yJbTATOB, NMOJYYEHHBIX C MOMOILbIO
Merona ¢.3.1., naccuBanus xesnesa B 1 H. pactBope NaxSO; 06ycios-
JleHa H3MEeHeHHEeM COCTaBa IOBEPXHOCTHOTO OKHCJIA B CTOPOHY CTEXHO-
METPHUECKOro COCTaBa, Pe3KMM YMeHbLIeHHeM KOHIEHTpAalHH HecTe-
XHOMETPHUECKHX Je(pEeKTOB M aKRUEeNTOPHO-TOHOPHON KOMmeHCalHeH
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y OKHCJa. K aHaAJIOTHYHBIM BbIBOAaM O MeXaHH3Me aHOAHOH IacCHBa-
MM TPUILJIH IPY H3YYEHHH METOAOM (POTO3JMEKTPHUECKON MOJsIPH3AlLHH
aHOJIHOTO OKHCJEHMs MeAM H cepeGpa B pPacTBOpPE IIETOYH H HHKENs B
KHCJIOM pPacTBOpE.

Bomnpoc 0 ToM, Kakoe KOJMYECTBO KHC/IOPOZA HOJNKHO ObITh Ha
MOBEPXHOCTH MeTaJljia IJsi TOTO, 4TOGbl OH Tepelles B IaCCHBHOE CO-
CTOSIHHE, 0 CHX IIOp OCTaeTcs AUCKYyCCHOHHBIM. IIpoGsema maccuBHOTO
COCTOsIHMSI paccMaTpHBajach HaMH JO CHX 10p, HCXOAS H3 INJIEHOYHOM
TEOPHH IACCHBHOCTH, CBSI3bIBAIOILEH NEepPeXoj MeTaJJIOB H3 aKTHBHOTO
COCTOSIHHSI B NACCHBHOE C BO3HHKHOBEHHEM HA NMOBEPXHOCTH MeTaJJa
OKMCHBIX IIEHOK, 00pasyriollHX OTAeNbHYI0 (asy (TonliHHA IJIEHKH
Ha NacCcUBHBIX Merajjax jocturaer yacto 50—100 A). Mexay Tem
uMeeTcsl psifi HaOJIONEHUH, YKa3blBAIOIIHX HA TO, YTO MOMKHO CHJIbHO
CHH3HUTb CKOPOCTb PACTBOPEHHSI METAJIIOB IPH aACOPOLHH Ha IOBEPX-
HOCTH MeTajlla TaKOro KOJIHYeCTBA KHCJIOPOJA HJHM APYroro areHTa,
KOTOPOT'O SIBHO HEXOCTATOYHO JaxKe AJsi 06pa30BaHUS OJHOTO aTOMHOI'O
cnosi. Briepsrle 3To0 6bLIO NMpoOAeMOHCTPUPOBaHO JpuuiepoM [22] mpu
HCCJIEJOBAHHU aQHOJHOIO PAaCTBOPEHHsI IIATHHB; OH IIOKasaJs, 4TO
CKOpOCTb mpolecca yObIBaeT ¢ yBeJHYEHHEM KOJHUECTBAa KHCJIOPOAA Ha
TIOBEPXHOCTH IIATHHBI IO 3KCIOHEHIHAJbHOMY 3aKOHY; NPH 3amoJ-
HeHuH 6% NOBEPXHOCTH KHCJOPOJAOM CKOPOCTb PacTBOPEHHS YMEHbLIH-
nace B 4 pasa. B panbneitmem KaGanos u Jlefikuc [23] nokasauy,
YTO JKeJe30 NPH AHOJHOM NOJISIPH3alMH MOXKeT ObITb IepeBefeHO B
naccuBHoe coctosinve B 0,5 M NaOH, ecnin yepe3 Hero mnpomycTHTb
11,56 mKn/cm? sekTpuyectBa. ITOro KOJIHYECTBA 3JEKTPHUECTBA
SIBHO HELOCTATOYHO MAJIS TOTrO, YTOGBI BO3HHK OLHOATOMHBIH CJIOH KHC-
JIOPOXA HJIH OXHOMOJIEKY/SPHBIA caoil y-FexOs, KoTOpHIH, Kak Obljo
BHIILIE YKa3aHO, OTBETCTBEH 3a NMAaCCUBHOE COCTOSTHHE.

HuTepecHble pe3y/bTaThl B 3TOM OTHOLIEHHH ObIIH IOJy4YeHbl TaK-
ke CueiiBin u XakkepMaHoM [24]. ITo ux JaHHBIM AJ NacCHBAalHH
xKeJje3a B MOIKHCJIEHHOM pacTBope cyabdarta Tpebyercss ~ 3 MKu/cm?
3JIEKTPHUECTBA B pacyeTe Ha BUAMMYIO NMOBepXHocTb. [Jlajee aBTOpHI
KaTOXHO! TOJsTpH3alliedl BOCCTAHABIUBANU MACCUBHBIH cJOH H HabJIO-
Jajd 32 aHOAHBIM IOBeJEeHHEM 3JeKTPOja; 0Ka3aJoch, 4TO MOXKHO BOC-
ctaHOBHTb ~ 70% OKHMCHOTO CJ0S, 8 3/IEKTPOJ OCTaHETCS B NMACCHBHOM
cocTosiHuU. TakKOW YaCTHYHO BOCCTAHOBJIEHHBIH 3JEKTPOJ aHOALHO He
pactBopsieTcs. OTciofa GbIIO cleaHO 3aKJIIOYeHHe, YTO JJIs MAcCHBH-
poBaHusi Kejnesa B cyibdarTHOM pactBope jocratouno ~ 1 mKa/cm?
9JIEKTPHUYECTBA, YTO COOTBETCTBYET MOHOAQTOMHOMY CJIOIO KHCJIODOAA.
Takass maccMBHOCTb B OTiMune OT (a3oBoii HasblBaeTcs axcopoOuu-
OHHOM.

UTo6bl OOGBSCHHTb 3TH IKCIEPHUMeHTasbHBIE Pe3y/abTaThl, NPHXO-
nuTcs mpuGeratb K pasHoro poja AONYLIEHHAM, KOTOpble He Bceriaa
MOTYT GBITb JOKa3aHbl. B uacTHOCTH, OIXHM aBTODPH JONYCKAIOT, 4TO
NoJ BJHSHMEM aACOpPOHPOBAHHOTO KHCJIOpPOLA H3MEHsSeTCsl pacmpene-
JIeHHe 3JEeKTPOHOB B MOBEPXHOCTHOM cJjoe MeTasua. Ilpyrue cuMTaior,
YTO Ha MOBEPXHOCTH 3JIEKTPOAa MMeeTcss OrpaHHYeHHOe YHCJO aKTHB-
HBIX LEHTPOB, CBSI3bIBaHHE KOTOPHIX AOCTATOYHO JJIS MpeKpalleHus
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Kopposuu. Ha 3THX akTHBHBIX LIEHTPax B NEpBYIO ouepelb H aacopOH-
PYETCsi IacCHBATOP, U I03TOMY HET HEOOXOAHMOCTH B MOHOMOJIEKYJISAD-
HOM 3anojHeHHH. M HakOHel, NONYCKAalOT BO3MOXKHOCTb HPOSIBIEHHS
XeMOCOPOIMOHHBIX CHJI Ha paccTosiHHH (3G dekT najbHOAEHCTBHA),
a TaKiKe BO3MOXKHOCTb H3MEHEHHSI CTPOEHHS JIBOMHOTO CJIOSI.

B uacTHOCTH, DBAaHC, KOTOPHII SIBJISETCS CTOPOHHUKOM (a30BOM
TEOpPHH NAaCCHBHOCTH, CYHTAeT (eCJaH IPEANOJIOXHTb, YTO IEePexon xe-
Je3a B pacTBOpP BO3MOXKeH TOJbKO Ha yyacTKax ¢ AedeKTHOH CTPYKTYy-
po#), uTo MJsI NAcCHBAIMH JOCTATOYHO MeHee ORXHOI'O MOHOCJIOSI KHC-
Jgopoga. OaHako NPHPOAA NACCHBHPYIOLIEro cj1osg He uaMeHnurtcss. Jas
MOJIHOH TAacCHBALMM, O DBAHCY, HEOOXOAUMO, YTOOH HA MOBEPXHOCTH
MeTaslJla BO3HHK/JA TpexMmMepHas IueHka [25]. AHaJOTHUHYIO TOUKY
3peHHst BbicKasas HeJaBHO Xop [26]. [To ero MHeHMIO, OJHOTO MOHO-
CJIOST KHCJOPOJAa MOXKET H JOCTATOYHO HJsI BPEMEHHOTO yMeHbIIeHHs
PEaKIMOHHOH CIOCOOHOCTH MeTaJjJa, HO AJS TOro 4YTOoOB  MeTaJl
ocTraJicsi B IIaCCHBHOM COCTOSSHHH IIPH M3MEHEHHH BHELIHHX YCJOBHH
(HanmpuMep, NpH NepeHoce KeJje3a H3 KOHLUEHTPHPOBAHHOIO PacTBOpA
a30THOH KHCJOTH B pa3baBieHHbIH, KoTopoe Habmojgann Papanen
u lllen6eiin), Heo6xoAuMa 6oJiee TOICTass OKUCHAS IIJIEHKA.

®pankenrasnp [27] Ha cnuaBax cucreMbl Fe—Cr HefaBHO mokasal,
YTO IJIEHKA M3 afCOpPOHPOBAaHHOIO KHCJOPOJAA NPHOCTAHABJIHBAET KOp-
PO3MOHHBIH Mpolecc IpH MOTeHnHasnax 6ojiee IOJOKHUTENbHBIX, YeM
NOTEHLHAaJ  MacCHBAllMH, OXHAKO MeTasJ BHOBb aKTHBHpYeTCS, KOTAa
NOTeHIMAJ CTAHOBHTCS 6oJiee OTpHLATeNbHbHIM. TpexmepHas IJIeHKa
OKMCJIa 3alluIlaeT OT KOPDPO3UH M B TOM C/yyae, KOrJa IOTEHIHAJ
CMeCTHTCS B 06J1acTb, XapaKTepHYI JJs aKTHBHOIO DacTBOPEHHS.
B stom cMmbicse afacopOuHOHHAsi NVIEeHKA He HapyliaeT 0oOpaTHMOCTb
CHCTeMBbl, B TO BPeMSl KaK TPexXMepHas IJIeHKa CO3/aeT AONOJHHTeNlb-
HbIH TOpMO3siui 3(dekr. M3 3THX 3KcnepuMeHTOB Jesnaercsl BBHIBOJ,
yTo HabJroflaeMble H3MEHEHHsI CBOHCTB CHCTeMbl HECOMHEHHO CBfI3aHBI
C HaJHYHeM IIJIEHOK 3HAYMTEJbHOH TOMIUMHBL. B psne cayyaeB (meHcT-
Bue [~ u F— B KucsioTax) maccuBHOE COCTOsIHME JAEHCTBHTEJIbHO 00Y-
CJIOBJIEHO aJCOPOLHOHHBIMHU CJIOSIMH, HO YAOBJIETBOPHTEJNbHOH TEOpHH,
KoTopast 00bsiCHsAJIa Obl 5TH SIBJIEHHS, NIOKA elle He CYIIeCTBYeT.

HnutenbHoe BpeMs ¢ asoBast 4 aAcOpOIHOHHAS TEOPHH NACCHBALUU
npoTHBONOCTaBASAINCE. Ha camom e jese OCHOBaHHH K 3TOMY MaJo,
NOCKOJIbKY OfMH BHJ NMAaCCHBHOCTH MOXeET IepexojuTb B [APYro#,
a HHOTJa, BEPOSITHO, OHH MOTYT NpPOSIBJSITbCS OAHOBPeMeHHO. B uacT-
HOCTH, H3BECTHO, YTO ()a30BOH MACCHBHOCTH MpPEAUIECTBYET aAcopOLHOH-
Has, a afcopOUMOHHAs, KaK OblIO mpeamosoxeHo AKuMoBhHIM H bat-
pakoBbIM [28, c. 11], oGseryaercss 0pH HAIWYUH Ha TOBEPXHOCTH
¢ a30BOH MJIEHKH.

IlIBa6e [29], u3yuaBmMH aHOAHYIO IAacCUBALHUI0O HAa OOGHOBJEHHON
METOJIOM 3aYHCTKH NOBEPXHOCTH METaJ/JOB, IIPHUIEJ K BHIBOALY, YTO 3a
NacCHBHOE COCTOSTHHE OTBETCTBEH 00pas3yIoIHHCT XeMOcopOHpoBaH-
Hbl caoft KHcaopona. ITockosnbKy MeTasbl aHOAHO NMAacCHBHPOBAJIHChH
¥ B YCJOBHSX, KOTAA CbeM MeTaJjl1a NPH 3auHCTKe NOBEPXHOCTH GBI Be-
JIMK, CBSI3bIBaTh NAaCCHBALHMIO ¢ 06pa3oBaHHeM ()a30BOro OKHC/IA TPYIHO.

24



HamertuBuieecs: c6/MKeHHe MeXIy aAcOpPOGIHOHHON M $a3oBoi Teo-
PHSIMH IIaCCHBHOCTH MOXKHO YCMOTPeTb H B TPAaKTOBKe NPHPOJAbBI [ACCH-
BHpYIOLIEro cJ0s, KoTopasi faercsi B pa6oTax Apyrux aBTopoB. B uacrt-
HocTH, Mancdenabn u Yaur [30] XoTs H yTBepXKAAIOT, YTO NAacCHBHAs
IJIEHKa, BO3HHKAIOIAsg Ha CIJIaBax 3JE€MEHTOB ¢ He3aNOJHeHHBIMH
d-NOAYPOBHAMH, COCTOHT IJIaBHBIM 00pasoM H3 XeMOCOPGHPOBaHHOrO
KHCJIOpOJa, HO OTMeYaloT, YTO OHAa MOXKET COJAepXKaTb ONpele/eHHYIO
¢pakuHio MeTaNJHYeCKHX HOHOB, HO He B OOBIYHBIX CT€XHOMETPHYECKHX
COOTHOLIEHHUSX. 3[eCh yKe TPYAHO IPOBECTH IrpaHb MEXNY NMOHATHAMH
XeMOCOpPOIIHOHHBIN CJIOH KHCJIOpOoJa U (pa3oBast MJeHKa.

Ckopuesmnerta [31, c. 253] mosaraer, 4uTo HeOGXOLMMO MEPECMOT-
peTb caMH TNOHSATHS ()a3oBOr0 OKHCJIA H XeMOCOPGHPOBAHHOTO CJOAL.
He uckiioueno, 4to OKHCHBIE IJIEHKH TOJIIIMHON B OAMH HJIH HECKOJbKO
3/IeMEHTOB KPHCTAJ/JIHYECKOM peIleTKH HMEIOT HHbBle TepMOAHMHA-
MHYeCKHe CBOHCTBA, YeM KOMIaKTHble OKHCJb. C Apyrod CTOPOHBI,
CBOHCTBA XeMOCOPOHPOBAaHHOI'O KHCJIOPOAA CXOAHBI C XHMHYECKHMH
CBOHCTBAMH OKHCJIOB. IloaTOMy cTHpaeTcss rpaHb MeXIy HNOHSTHIMH
XeMOocOopOHpOBaHHBIH KHCIOPOA H (pa30BbIA OKHCEJ.

Takoit noxxoz, no MHeHHio CKOpYe/NJIETTH, YCTPAHHA OBl IPOTHBO-
peuHsi B TOJIKOBAHHM NPUPOAH naccuBHOCTH. OAHAKO Ha JaHHOM YpOB-

Ta6anuuna 1,1. Hamenenwe noresunana A (mMB) B oTpHuaTenbHYyl0 CTOPOHY
NOJ BJMSHHEM HENPEepbIBHOH 3aYMCTKH NOBEPXHOCTH MeETala, NMOrpyxeHHOro
B 0,1 H. pacTBOp 3JeKTPOJHTA

Mertann (NaAC()pH) Merana (IfAqu)) Mertann ( Nﬁgl ) Merann (Hﬁ& )
Mn 827 Cr 556 Al 670 Al 424
Cr 680 Nb 463 Cr 577 Cr 350
Be 552 Al 438 Nb 449 Nb 345
Si 503 Mo 416 Mo 445 Mo 344
Fe 476 Ag 285 Ni 330 Si 180
Co 450 Cu 211 Ag 280 Ag 108
Ni 426 Si 95 Be 263 Be 69
Nb 380 Ni 22 Si 221 Mn 27
Mg 361 Fe 7 Co 216 Cd 1
Mo 330 Be 5 Mn 198 Sn 1
Ag 218 Zn 5 Sn 198 Pb 1
Cu 212 Pb 1 Cu 159 Fe 0
Cd 180 Mg 1 Fe 106 Co 0
Al 15 Sn 0 .Zn 68 Ni 0
Zn 3 Mn 0 Mg 68 Cu 0
Sn 0 Co 0 Pb 36 Mg 0
Pb 0 Cd 0 Cd 6 Zn 0
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He HaUIMX 3HAHHH 3TO CHeNaTb HEmpocTo, HOO HMeeTcs PSL IKCHEDH-
MeHTAaJbHBIX (AKTOB, CBHAETEJbCTBYIOIIUX KaK B II0Jb3y aLCOPOLUOH-
HOIl, TaK ¥ ()a30BOH IaCCUBHOCTH.

B mosnb3y KOHLENIUH INAacCCUBHOCTH, OOYCJIOBJIEHHO!N (ha30BbIMH
NJIeHKaMHi, yO6eIUTeJbHO TOBOPAT 3KCIEPHMEHTaJbHble Pe3ysbTaThl IO
H3MEHEHHI0 NMOTEHIHAJ0B MeTaJJIOB IIPU 3a4HCTKE HX NOBEPXHOCTH IIOL
pacTBOpaMHu 3JeKTPOJHTOB, KOTOPYIO BIepBble mpuMenua Akumon [32].
VnaneHnne NJIEHKH C NOBEDXHOCTH MeTaJjsa, KaK NMpaBUJO, NPUBOIHUT

K CMeIleHHIO MOTeHIKaja B OTpPHLATebHYIO cTOpoHy (Tabua. 1,1); 310, ©

HECOMHEHHO, YKa3blBaeT Ha NPEBAJUPYIOLIYI0 POJIb OKHUCHBIX (ha30BHIX
c/I0eB B YCTAHOBJIEHHH CTallMOHAPHOTO NOTEHIHaJa, a CJeL0BaTelbHO,
KHHETHKH KOPPO3UOHHBIX 3JIEKTPOJAHBIX peaKUUil M MacCHBHOCTH.

3acayxuBaloT Takxke BHUManus paborsl Cyxoruna [33] u Hosa-
KOBCKOr0o [34], B KOTOpBIX yGeiuTe/NbHO NMOKAa3aHO, YTO HMEETCS IJIy-
GoKasi aHAJOTUSI MEKJY 3JEKTPOXUMHUECKHMH CBOMCTBAMH MarHeTHTa
1l TaCCUBUpYIOILEH NJIEHKH Ha }KesJe3HoM 3iaeKTpofe. CXOJACTBO NPOSIB-
JsieTcs B TOM, 4TO KaK MAarHeTHT, TaK M NACCHBHOE »KeJe30 pacTBO-
PSIIOTCS MO 3JEKTPOXMMHYECKOMY MeXaHHM3MYy, a BbIXOA KaTHOHOB B
pacTBOpP peryJupyeTcss CBOHCTBAMH HeCTeXHOMETPHUECKOTO CJOS OKHC-
Ja, BO3HUKaWIero Ha marHeture [34]. B a3tux paborax mosyyeHO
MHOTO [0Ka3aTeJbCTB B IIOJb3y TOTO, UYTO NMAaCCHBHOE COCTOSHHE psAa
MeTaJsyIoB 00YC/I0BJIEHO BO3HHKHOBEeHHEM (Da30BbIX MJIEHOK.

§ 3. BIMAHHUE NMPUPOABI AHHOHA 3JIEKTPOJIHTA
HA KCPPO3HIO H MACCHBALLHIO METAJUJIOB

KopposnoHHoe noBefieHHe MeTasJIOB, a CJel0BATENbHO, H NMPOLECCHI
HHTHOHPOBAHHS CHJBHO 3aBHCAT OT AHHOHHOTO COCTaBA 3JIEKTPOJHTA.
B 3TOM MOXKHO yOeAHTbCS, €CIH PACCMOTPETb HaHHblE O 3aBHCHMOCTH
CKOPOCTH KOPPO3HMH CTaJ/IH, aJIOMHHMS H CBHHIIA OT NPHPOABLI H KOH-
IIeHTPallHH aHHOHOB, IOJyYeHHble aBTOPOM KHHTH COBMecTHO ¢ JIblcoi
u JlyneBniM. lasi cranau (puc. 1,8a) arpecCHBHHIMH aHHOHAMH SIBJS-
IOTCSI XJIOPHA, HHTPAT H cyJbdar. B npenenax H3yyeHHBIX KOHIEHTpa-
uuit (o 1 H.) aas XJopuAa HaGJ/I0faeTCss HeNpepLIBHOE YBeJHYeHHe
CKOPOCTH KOPPO3HII C DOCTOM KOHIeHTpauuu conau. Jjas HHTpaTa H
cvabara KOpPpO3Hs pacTeT JHIIb 10 ONpeNeJeHHOH KOHIEeHTPaluH,
nocse yero HauvHaer manaTh. OOGBIYHO 3TO CBA3HIBAIOT C MaleHHeM
KOHLIEeHTpaluu Kucjopona B ajaektpoaute. IlaccuBupyioumue csoiicTBa
N0 OTHOIIEHHIO K CTaJH MPOSBJSIOT KapOOHAT M OukapOOHAT HATPHA.

Jlas cBMHIA KapTHHa HecKoabko wuHasi (puc. 1,86): xkap6onar
HaTPHs HENPEpPbLIBHO yBENHUYHBAET C POCTOM KOHIIEHTPAlHH CKOPOCTb
KOPPO3HH, HHTPAT HATPHS M XJOPHCTHIH HATPHH — JHIIb 10 ONpeJe-
JEHHBIX KOHIEHTpAalHi, mocje Yero CKOpPOCTb KOPPO3HH HayHHaer
yMenbuiathesi. Ilo OTHOMIEHHMIO K CBHHIY NacCHBHPYIOILIHE CBOHCTBA
nposIBJASIOT cynbdaT U 6HKapboHAT, a MO OTHOLICHHIO K aJIOMHHHIO —
cvabdar n unrpat (puc. 1,88). B kapdounate u xJopuie HabJjiomaercs
HEMPEPbIBHOS VBeJNYEeHHe CKOPOCTH KOPPO3HH ¢ KOHUEHTpalueil CONH.
B pas6aBaeHHBIX pacTBOpax 6MKap6oHaTa HaTPHA CKOPOCTb KOPPO3HH
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Puc. 1,8. 3aBrucuMocTb ckopocTH oOLielt

KOppO3uu cranu (@), cBunua (6) u ajmo-

MHHHS (8) OT KOHUEHTpauuu (HOPMalb-
HOCTH) HaTPHEBLIX COJeH:

1 — Na,COs; 2 — NaHCOyg; 3 — NaNO;3;
4— NaQSOr, 5 — NaCl.

aJIOMHHHSI HHXE, UeM B aHAJOTMYHBIX N0 KOHIEHTPAaLMH pacTBOpax
cynabbara u mutpara. JIumb npu GOJBLIMX KOHIEHTpauusx Gukap6o-
Hata (1 H.) CKOpOCTb KODpPO3HH aJIIOMHHHS Bbllle, yeM B HHTpare
u cyabdare, o1HAKO OHA NMPUMEPHO HA LIECTb MOPSAKOB HUXKe, ueM B
KapGoHaTe. ArpeccHBHbIE CBOICTBA 110 OTHOILIEHHIO KO BCEM TpeM H3y-
YeHHBIM MeTajlJiaM OOHapyXKHBaeT B TOH H/IM MHOH CTelleHH H XJOPHI.
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Kak BuAHO, BIHSIHME pa3JMYHBIX AaHHOHOB CHeLH(HUYHO IO OTHOLIE-
HHIO K Ka)X/IOMy METaJlIy, YTO HAafO YYHTHIBATb IIPH MOAGOpEe HHIUOH-
TopoB. IlaccuBupyloliue CBOHCTBA HEKOTOPBHIX aHHOHOB, COJEpPIKALIMX-
¢ B IPHPOJAHBIX BOJAX, KaK OYyHeT HHXKe IOKa3aHO, MOXKHO HCIIOJb-
30BaTh AJIS 3aIIUTHI.

Ha panHuux cragusix pasBUTHS HAyKH O KOPPO3HH IPeMIOJiaraJd,
YTO aKTHBHpYIOLlee NEHCTBHE arpecCHBHBIX MOHOB, M B YaCTHOCTH
HOHOB XJIOpa, CBSI3aHO C pa3pylleHHeM OKHCHBIX IleHOK. OfHako oxa-
3aJI0Ch, YTO MEXAHHU3M JeHCTBHUSI 3THX HOHOB ABJsETCS 00Jiee CI0KHBIM.
AxTuBHpYyIOlLlEee BJHSIHHE arpeCCHBHBIX HOHOB MOXKHO HaGJIIOAAaTb H B
TeX CJIyYasix, KOrja NOBEPXHOCTb MeTaJsja OCBOOOXKIeHAa NPaKTHYECKH
oT (as3oBoii nieHku. HauGosiee BepOSITHBIM SIBJISIETCSI HENOCPELCTBEH-
HOe yyacTHe aHHOHOB B 3JI€MEHTAapHOM aKTe HOHM3alUH MeTasauaa. dTa
ujes pasBuBaercs B pa6orax Kosoteipkuna ¢ cotp. [5].

WHTepecHble pe3ysbTaThl B 3TOM IJIaHe OBLIH 32 NOCJELHEE BpeMs
nonyyensl JloceebiM ¢ cotp. [35]. IIpu mcciefOBaHHHM aHOAHOTO pac-
TBOPEHHsI aMaJsiblaMbl HHAMS OBIJIO yCTAHOBJIEHO, UTO CKOPOCTb IPO-
necca NPONOPIHOHANbHA KOHIEHTPAUMH aHHOHA B CTeNeHH m ([Js
I- m=1, npas Br- m=2 u gnas Cl- m=3). B panHux pa6orax
dpuiiepa TaKXKe YKasblBaJOCb, YTO CKOPOCTb PACTBOPEHHS IJIATHHBI
NpPONOPLHOHAIbHA KOHIIEHTPAlUH HOHOB XJIOpa B 3JieKTpoJuTe. Bee aTo
HaBeJO Ha MbICJb, YTO aHOJHOMY pacTBOPEHMIO MeTajJa B pacTBOpe
IOJXKHA MpEeNLIeCTBOBATb IpelBapUTeabHasi afAcopOLUs aHHOHA, T. €.
npoliecC He CBOJHUTCS K [EPeXOAy B PacTBOD NPOCTHIX HOHOB MeTaJJa.

CorsniacHo COBpeMEHHBIM IIPEICTaBJEHHSIM, KOMIIOHEHTBHI arpeccus-
HOH cpellbl NPHHHMAIOT HENOCPeICTBEHHOE yyacTHe B 3JeMEHTapHBIX
aKTax pacTBOPEHHS MeTaJss0B, 00pa3ys NPOMeXYTOUHble KOMILIEKCH
MeTaJjljla C aHHOHAMHU:

Mne™ 4+ mA~ —— MAU"= 1 ne” (1,28)

Taxoli NpOMeXYTOYHBIH KOMIIEKC o6Jeryaer IepexoJ HOH-aTOMOB
MeTaJjla M3 pelleTKH B pacTBOP BCJAEACTBHe OCJabJeHHsI HX CBSI3H
MexX1y co0oi.

Crenyet TakXe UMeTb B BHAY, YTO aKTHBHpYIOLLEe JeHCTBHE aHHUO-
HOB CHJIbHO 3aBHCHT OT NOTEHIHAaJa, H NOJO6HO TOMY Kak HOHBI THIp-
OKCHJIa TIpH OTpPHULATEJNbHBIX NOTEHIHa/Jax OO6JIeryalT pacTBOpeHHe
xKeJjie3a, a IPH MOJOXKHTEJIbHBIX NACCHBHPYIOT €ro, aHHOHBI, B YacTHO-
cTH cynbdaT- ¥ XJIOPHA-HOHBI, MOTYT IPH ONpENeJEHHBLIX NOTEeHIHa-
Jax BBICTymaTb B KauyecTBe HHru6uTOpOB. [lomoGHBbIe sBJeHHd, KaK H
30 eKT cHHepru3Ma, TakXKe CBS3aHHBIH C JBOMCTBEHHOH DOJIbIO aHHO-
HOB, 6YYT pacCCMOTPEHBI HUXKE.

§ 4. ONPENEJIEHUE UCTUHHOW CKOPOCTH
AHOIOHOIO PACTBOPEHHSA

IIp MCTOJNKOBAHMH pe3yJbTaTOB NOJIAPH3AUHOHHLIX H3MEpEeHHH, H
B YaCTHOCTM 3aBHCHMOCTH CKODOCTH aHOJHOTO IIpollecca OT MNOTEH-
nxana, HeOGXOAUMO HMETb B BHIY, YTO TOK, PErHCTPHpyeMblil NPHGO-
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poM, He BcCerga OTpaxaeT HCTHH-

HYIO CKOPOCTb PacCTBOPEHHS 3JEKT-

pPOAa; TOJbKO B TeX CJIyyasix, KOTAa \
CKOPOCTb CaMOpPAacTBOPEHHS MeTaJl- Ky
Ja O4eHb ‘Maja MO0 CPAaBHEHHIO C Sy
QHOIHBIM TOKOM, IIOCJEeIHHH MOX- L

HO OTOK[IECTBJATb C HCTHHHOH CKO-
pPOCTbIO pacTBOpPEHHsS aHOAA IIpH
3aJlaHHOM ToTeHIHajse. IloaTomy V 9,
BeCbMa IOJIE3HBIM AJS PacKpbITHS AR

MexaHu3Ma pacTBOPEHHUs], MacCHBa-

IMH ‘Y1 MHTHOUPOBAHHUSA  SBJSETCS
Hapsly C TIOCTPOEHHEM TOKOBBIX A AN

KPHUBBIX IIOCTPOEHHE KPHBBIX 3aBH- NN Y
CHMOCTH CKODOCTH KOPPO3HH OT IIO- —~£
TeHnnasna. B ofuem ciayuae cko- i, ig
pOCTb aHONHOrO pacTBOPEHHs, pe-

THCTPHpyeMas Mo TOKy mMpuOOpa, Puc. 19. IToTenuuocTaTuueckne mos-
NpEACTaBJseT PA3HOCTb CKOPOCTEH  PH3AUMOHHbIE KDHBbE, MO KOTODHIM
QHOJHOTO M KAaTOLHOTO HpOU.eCCOB. MOXHO ONpPeHeJNHTb HCTHHHYIO CKOPOCTb

TlocKO/IbKYy —TOKOBble KpHBbIE PacTBOpeHnA anola.

CHHUMAIOTCSl CO CTalHOHApHOTo IO-
TeHI[HaJa, Ha HUX OTCYTCTBYeT y4YacTOK, NPOCTHDAIOIIMHACA OT CTalH-
OHApPHOTO NOTEHIHaNa (¢r 4O PABHOBECHOTO TOTEHIMAaJa aHOAHOH pe-
aKIUH B JAHHOH cpefle ga. Ero MOXHO IOJyYHTb METOROM OTmpeje-
JIEHHS] 3aBHCHMOCTH CKOPOCTH aHOJHOI'O (IOTepst MacChl) HJIH KaToA-
HOTO mpolecca (KOJHYeCTBO BbIJeTHBLIENOCS BOAOPOJAA HJIH MOTJOILEH-
HOTO KHCJIOpOAa) OT MOTeHUHasa (NpH CMeIleHHH INOTeHIHaJja B OT-
PHLATE/IbHYIO CTOPOHY OT CTAllHOHAapPHOTO).

Tak Kak B yCJOBHSIX CaMOpPacCTBOPEHHS aHOJHble H KaTOAHBIE TOKU
paBHBI, HCTHHHYIO CKOPOCTb KOPPO3HH (PacTBODEHHS) MOXKHO NOJYYHTb
MeTOJAOM CyMMHDOBaHHMs KPHBOH, IIOJIy4YeHHOH IO TOKY, C KaTOZHOH
noJsspu3anyuoHHON KpuBOH. IIpomJsocTpupyeM 3TO Ha HECKOJbKHX
npuMepax.

Ha puc. 1,9 npencraBneHa mnosHas aHOAHAs MOJSpH3ALHOHHAS
kpuBasi @3, ABCDE, xapakTepHusyiomasi HCTHHHYIO CKOPOCTb pacTBO-
peHHs aHOAa (aHOAHBIH TOK-TOK camopacTBopeHusi). Eciu Ha 3jek-
TpOJe MPOTeKaeT OTHOCHTEJbHO Mas03((PeKTHBHLIA KaTOAHBIA Ipolece
@, K, To mocTpoeHHas mo TOKOBBIM IOKasaTesiM Ipubopa aHOAHAsS
KpHBast uMeeT BUJ ¢a, A’B’CDE. OHa sBJsieTcCs pe3y/bTaToOM aJjreG-
PaHYeCKOTO CYMMMPOBAHHS KDHBBIX KAaTONHBIX @x, K H aHOXHBIX
93, ABC TokoB. Kak BHIHO, TOKOBasi KpuBass Ha yyaCTKe aKTHBHO-
MaCCHBHOI'O COCTOSIHHSI BBHAY cJa60i 3()()eKTHBHOCTH KaTOXHOTO IpO-
Ilecca HAa TOM y4yacCTKe MaJjio YeM OTJHYaeTcs OT HCTHHHOH aHOJHOH
KpHBOH, OCTPOEHHOH MO 3aBHCHMOCTH CKODOCTH KODPO3HH R OT NOTeH-
nuasa Q.

Eciy H3BecTHO, KaK MeHSIeTCS C MOTEHLHAJOM KaTOAHBIH  TOK,
MOXHO NOJIYYHTb METOJIOM CYMMHPOBAHHSI KaTOAHOH MOJSPH3aIMOHHON
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KPUBOH @x, W aHOLHOH ¢f, A’B’C, mOCTPOEHHOH II0 TOKY, HCTHHHYIO
aHOJIHYIO KPHBYIO, T. €. KOppo3uouuywo, ¢z, ABCD.

[Ipu Hannyuu B cucTeMe 3Q(HEKTHBHOTO KATOLHOTO mpoliecca ¢g, L
TOKOBAsl aHOJHAsi KPUBas yxkKe 3aMeTHO OTJIHYAETCs OT MCTHHHOMH, T. €.
Koppo3HOHHOH. OHa npuobperaer BuA KpuBOH ¢a,A”B”C, Ha KOTOpPOH
NOSIBJIsieTCsl KaTOAHAs BEeTBb, HECMOTPS Ha TO 4TO MeTaJJ NOJSPU3Y-
ercss anoaHo. Takoe aHOMaJbHOe INOBeJeHHE 3JEKTPOAA CBHAETENBLCT-
ByeT O TOM, YTO OKHC/JIHTEJbHO-BOCCTAHOBHTEJbHBIE DEaKIHH, INpOTe-
Kalolllde B CHCTEMe, CO3MAlOT BLICOKHE IMJIOTHOCTH TOKa, KOTOpHIE
HAMHOTO BBIII€ aHOAHBIX TOKOB, HEOOXOAMMBIX JJIsl IACCHBAIINHU 3JIEKTPO-
na. B Takux yCAOBHSX METaJ/J MOXKET B ONpENeNeHHOH 006/1acTH IOTEH-
[1a/JOB IlepelTH B NMACCHBHOE COCTOSHHE W 0Ge3 BHEIIHEr0 aHOJHOIO
TOXa. AHAJOrMYHBIM 00pa3oM, IPOCYMMHPOBAB KATOAHYIO KPUBYIO
QPr; M ¢ aHomHO! TOKOBOH KpuBOil EF, MOXHO IOJYYUTb HCTHHHYIO
aHoiHyIo KpuByio DE u Ha yyacTKe nepenaccuBauuu. bojsee mogpoOHbIH
aHaJu3 TIOBeJeHHs MONOOHLIX CHCTeM clenaH B pa6ore TomamioBa H
Yepuosoii [2, ¢. 13].

B ycaoBufx caMopacTBOpeHHSI COCTOSIHHE, B KOTOPOM GymeT Haxo-
JUTbCS MeTaasa (aKTHBHOE MJH MacCHBHOE), 3aBUCHT OT TOTO, KaKo#
NOTEHIHAJ <HABSXKET» €My OKHCJHUTEJNbHO-BOCCTAHOBHTEJNbHAS CHCTE-
Ma. Ecan KaToaHBIH mpolecc NMpoTeKaeT ¢ MaJsod CKOPOCTbIo, T. €. OH
Maso3peKTHBeH, TO OH He B COCTOSIHHM OyleT 3HAUHTEJbHO CMECTHThb
NOTeHIHaJ MeTasja B IOJNOXKUTENbHYIO CTOpoHY. CranuoHapHBIA IIO-
TeHLHAJN @1, KaK BHAHO, HaXOAMTCS B O0OJACTH MOTEHIHAJNOB, Xapak-
TepHbIX MJS aKTHBHOTO PacTBOPEHMS, M MeTaJJ OyIeT IOJBEpPraThbCs
KopposuH. Takoe coCTOsTHME XapaKTepHO, HampuMep, AJsl Keje3a B
HeHTpaJbHBIX 3JEKTPOJHUTAaX, I'le OCHOBHLIM KAaTOLHBIM IIPOLIECCOM SIB-
JISIETCS] peaKI sl BOCCTAHOBJIEHUST KUCJIOPOJa.

Ecau xe B cucreme umeercsi 3¢(eKTUBHBIH OKHCJIHTENbHO-BOCCTA-
HOBHTEJNbHBIH IIpolecc, KOTOPHIH CIOCOOEH CMECTUTb NOTEHIHasJ Me-
Tajsla L0 (2, MeTaJsJs nepeiieT B macCUBHOe cocTosHHe, Takoe coCTOf-
HUe XapaKTepHO, HallpuMep, AJs Kesje3a B a30THOH KHCJOTE.

OnHako He BCerja BBICOKO3((EeKTHBHBIN KaTOXHBIH mpouecc Oyaer
NOAJEPKUBATH METAJJ B NACCHUBHOM COCTOSIHUM; €CJaH 3(P(HEKTHBHOCTD
KaTOMHOTO mpolecca GyleT HACTOMbKO BHICOKA, YUTO OH CMECTHT IOTEH-
nuaj Merajaja A0 (s, TO, KaK HCTPYAHO BHJAETb, HAcTyllaeT Iepemac-
cUBallMsl ¥ MeTaJl OMNATh HAauMHAET PacTBOPATbCS € OOJBLIOH CKO-
pocTbio. Takas curyanusi BO3HHKAeT, KOTJa HepxkaBelollas CTalb,
HaxoJslascs oObIYHO B Aa30THOH KHCJIOTE B IIaCCUBHOM COCTOSIHMH,
Ha4YMHAeT PACTBOPSTBLCS C KOJOCCAJIbHOH CKOPOCTbIO MPHU JNOMOJHHUTENb-
HOM YyBeJIHUYEeHHH OKHCJHUTENbHO-BOCCTAHOBHTEJNBHOTO IOTEHUHANa CH-
CTeMbl, HalpUMep NMPU BBENEHUH B a30THYIO KHCJIOTY OMXpomaTa KaJjus.

§ 5. OCHOBHbBIE NMYTH YMEHbBIWIEHHUS! KOPPO3UU METAJIJIOB
C MOMOIIbIO HHTHBUTOPOB

AHann3 aHOJHOTO INOBEAEHHSI METAJJIOB II03BOJISIET HAMETUTh HAaHU-
6onee pauuoHaJsibHble NIYTH YMEHbIICHHSI CKOPOCTH KOPPO3WH HJU IOJ-
HOT'O MOJaBJIeHH KOPPO3HOHHOTO Ipolecca. Us MoNMAPU3aHOHHBIX
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KpHUBbIX (CM. puc. 1,1) caemyer, 4To HMEIOTCS ONpele/eHHble 0GJaacTH
MOTEHIIHaJ/MI0B, B KOTOPBLIX MeTaJlJl HaXOJAUTCSd B NMAaCCHBHOM COCTOSIHHH.
9T0, BO-NEPBHIX, YYaCTOK, IPOCTHPAIOLIMICS OT IOTEHIHAIa NOJHOH
naccHBallWM Q. n A0 NOTEHIHaJa BBIJAENEHHS KHCJIOPOAa, HJIH Iepe-
naccuBaluH (Qo,, Quep), H, BO-BTOPBIX, YYacTOK, IpUJEraioluil Hemo- -
CPELCTBEHHO K paBHOBECHOMY MOTEHIMAJNy aHOJHOH peaKUWyu B JaHHOH
cpefie ¢a. Ecau mpHBecTH MeTasJ B 3TH COCTOSIHHS, €0 peaKIHOHHAS
cnoco6HocTh pe3Ko ymenbmaercs. IlepeBecTw MeTans B IacCHBHOE
COCTOSTHHE MOXKHO JHOO C IIOMOLIbIO BHELIHEr0 aHOAHOTO TOKa, JHOO
BHYTpPEHHEr0 KaTOLHOTO TOKa, BO3HUKAIOUIETO 33 CYET OKHCJIHUTEJIbHO-
BOCCTAQHOBHTEJ/ILHON PeakIHH.

[Tpn 3amuTe MeTaNMOB OT KOPPO3HH HHIHOHTOPAaMH, Kak GyneT
N0Ka3aHO HMXKe, HCIIOJb3yeTcs NPeHMYILECTBEHHO BTOPOH INyTh, IpH-
YeM BO3MOXKHBI CJHy4aH, KOTAa (YHKUHMH HHTHOMTOpPA CBOAATCS JIHIIb
K «HaBf3bIBAHHIO» MeTaJJy TOTO HJIM HHOT'O OKHCJHTEJbHO-BOCCTAHO-
BHTEJIbHOTO NOTEeHIHaJsa 6e3 HemocpeJCTBEHHOTO0 H3MeHeHHsI KMHEeTHKH
aHONHOH peakIHH, ¥ CJAy4YaH, KOrjla HHTHOHTOpP H3MEHSeT TaKkKe KH-
HEeTHKY aHONHOH peaklyH.

Heo6xoauMBIM yC/I0BHEM NaCCHBAMK MeTasJia IO 3JEKTPOXHMHUYe-
CKOMY MeXaHHU3My SIBJSIETCS NpeBblIIEHHE IJOTHOCTH BHEIIHEro aHOA-
HOT'O TOKa HJH BHYTPEHHEro KaTORHOTO TOKA, BO3HHKAIOLIETO 3a CYeT
OKHCJ/IMTEIbHO-BOCCTAHOBUTEJbHOH peaKlHH, Hal IUIOTHOCTBIO TOKa
MacCHBAlLUY iy. YMeHbIIEHHS KOPPO3HH MOXHO TaKikKe JOOHTbCS, CO00-
IIMB MeTaJssIy HOTeHLHaJ, OJM3KHH K paBHOBECHOMY IOTEHLHAJNy Me-
TaJja B JLaHHOH cpele ¢%. DTOr0O MOXKHO HOCTHTHYTH JuGO MOCPEnCT-
BOM KaTOJHOH MOJspH3alHH, JuOO0 MOCPEeNCTBOM yMEHbIIEHHS OKHCJH-
TEeJbHO-BOCCTAHOBHUTEJILHOTO MOTEHIIHAaJsa CPefbl, HAIpUMep YyAaJeHHeM
KHCJIOPOZA H3 CHCTEMBI.

Mmeercs elle ¥ Apyrass BO3MOXKHOCTb YMEHbIIEHHSI CKODOCTH pac-
TBOpEHHsI METa/ljla — 3TO HENOCPeACTBEHHOe YyMEeHbIIeHHe CKOPOCTH
aHOJOHOH peaKLUM HOHM3aLHMU MeTassa 6e3 BMeUIaTeJNbCTBAa HHIHOHTO-
pa B xaroaHblfi mpouecc. OyeBHIHO, YTO ecJH KaKHM-HHOYIAb XHMHYe-
CKMM CDeICTBOM 3aTpYAHUTb TeueHHWe 3TOH peaKUHH, TO KpHBas ¢ A
(cm. puc. 1,1) 3a cuer yBennueHHs] MOJSPH3aLUH Bce OoJblie OGyaeTr
HaKJOHATbCS K OCH OpPAMHAT M CKOPOCTb Ipoliecca NPH 3afaHHOM IIO-
TeHIHa/Jle MOCTHTHET HHUTOXKHO MaJblX BeJHYHH. B psime ciayuaes
TakuM 00pa3oM MOXKeT ObITb AOCTHIHYT M NOTEHIMAJ IOJHOH NaccH-
Ball¥H.

[TockoIbKY KOppO3Hs SBJSIETCS CJAEACTBHEM JBYX COMNPSIKEHHBIX
peakuuii, 3aMelJUTb WJIH NPHOCTAHOBUTb KODPO3HUI0 MOXKHO TaKxKe
MOCPEACTBOM 3aTPyJAHEHHS KaTOJHOH peaKLHUH, HalpHMep YBEeJIHUeHHS
NepeHaNpsiKeHHs] peaklUHH HOHM3aUMH KHCJIOPOAA, BOCCTAHOBJEHHS
BOJIOPOJa M APYTUX AeNOJSPU3YIOIIUX IIPOIECCOB.

C yy4eTOM H3J/I0KEHHOTO BBLIPHCOBBIBAIOTCS CJEAYIOILIHE NMYTH YMeHb-
HIeHWS DPeaKIHOHHOH CHOCOOGHOCTH MeTaJlJIOB U CIJIABOB C IOMOILBIO
MHTHOUTOPOB M MACCHBATOPOB.

1. YBe1uueHHe mOJSIpPH3YEMOCTH aHOXHOTO Ipoliecca (aHOLHblE HiH-
THOUTOPBI) .
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2. YBenuueHHe HOJsIpH3YeMOCTH OGOHX 3JEKTPOJAHBLIX IPOIECCOB
(cMelLIaHHBIE HHTHOUTOPHI).

3. YBesnueHHE OKHCJIHTEJNbHO-BOCCTAHOBUTEJIbHOIO MOTEHIIHAJJaa CH-
CTeMbl (MHTHOHTOPHI, YCKOPSIOLIHe KAaTOAHBIN Ipouece).

4. YBesuueHHe MOJSPHU3yeMOCTH KAaTOAHOrO Ipouecca (KaTOMHBIE
HHTUGHTOPHI) .

5. YMenbllleHHe OKHCJHTEJNbHO-BOCCTAHOBUTENBHOTO IOTEHIHaJa
cucTeMbl (KaTOJAHble MHTHOHTOPHI).

IlepBble ABa NYyTH yMeHbLIEHHS KOPPO3MH OCHOBaHBI Ha 3aMeje-
HHH aHOJAHOH peaklHH H MO3TOMY MOTYT pacCMaTpHBATbCS Kak KJjac-
CHYECKHe CJyyaH nmaccuBauuu. TpeTHH MyTb 3aK/OUaeTcs B YCKOPEHHU
HMHTHOHTODAMH KaTOLHOM peaKIHH IO TAaKOH CTeNeHH, IPH KOTOPOH CTa-
HOBHTCSl BO3MOXHOH NacCHBAlUsl METaJJIOB; TaKHe HHIHOHTOPH MOXKHO
B M3BECTHOM CMBIC/IE TaKXKe OTHECTH K maccuBaTopaM. UeTBepThlii H
fISTHIH MyTH OCHOB3HBl Ha 3aMe[JIeHHH MHIHOMTOpAaMH KAaTOXHOH peax-
Y. DTO NPHBOLUT K CMellleHHIO NOTeHIHajJa MeTajja B OTpHIATE]b-
HYIO CTOPOHY, 4T0 B COCTBETCTBHH C 3aKOHOMEPHOCTSMH 3JIEKTPOXHMH-
YeCKOH KHHETHKH MOJ/KHO YMEHbUIHTb CKOPOCTb Kopposuu. OmHako
STOT ME€XaHM3M HHUero oOlero ¢ MeXaHH3MOM IacCHBHDOBaHHS He
HMeerT.



r1ABA 2

MEXAHUW3M 3AIIUTHI METAJJOB OT KOPPO3HH
WHI'HBUTOPAMH B HEHMTPAJIbHbIX 3JEKTPOJHUTAX

§ 1. MACCHBALLUA METAJIJIOB B MPUCYTCTBHH
HHITUBHUTOPOB, OBJIAJAIOLULHUX
OKHCJIMTEJbHbBIMH CBOWMCTBAMH

[TepBblit MyTh HHTHOMpPOBaHUS, 3aK/AIOYAIOUIUACT B yMEHbIIEHHH
CKOPOCTH aHORHOH peakuWH HOHH3aLUH MeTasjia, MOXKHO [POHJJIIOCT-
pHpOBaTh Ha NpHUMepe AEHCTBHA HHTPHTA HATpUA. OTOT HHTHOHTOD
CHJIBHO CABMraeT NMOTEHLHAJ CTaJH B NOJOXHTENbHYIO CTOPOHY, Iepe-
BOAS ee B NAacCHBHOe cocTosiHHe. IIpH HaJHYHM B 3JEKTPOJIHTE YiKe
He6OJIbUIMX KOHLEHTPAUHH HHTHOHTOpPA HauasbHBIH NMOTEHLUHAJ CTaJH
cMemaeTcst npubausuresbHo Ha 0,2B B moJOXKHTENbHYIO CTOPOHY, a
KoHeuHbIH, yepe3 10 cyrtok, 6onee uem Ha 0,7 B (puc. 2,1). CunbHbit
CIBHT NOTEHIHana B IOJOXKHTEJbHYIO CTODOHY BO BPEME@HH CBHAETEJb-
CTBYeT O XHMHUYECKOH MpHpOJEe CBSI3M MeTaJjJa C HHTHOHTODOM H ee
ycuseHuH Bo BpeMeHH. [Ipu dusnueckolt axcop6uuH 3TOT Mpouece npo-
TexaJ Obl Z0BOJILHO OBICTPO.

B npHCyTCTBHH HHTPHTA HATpUSi aHOAHAs MOJSPH3YEMOCTb 3JeK-
TPOAa CHJIbHO BO3PaCTaeT, O YeM MOXKHO CyAHTb IO NOTEHIHOCTaTHUe-
CKOil KpHBO#, mpeAacTaBiaeHHO# Ha puc. 2,2. Ilpu morenunane maccusa-
IUH CTaJbHON 3JIEKTPOJ HAXOAHTCA B 3JEKTPOJHTEe C HHTHOHTOPOM
(kpuBasi 2) mo CymecTBy B IIACCHBHOM COCTOSTHHH; CKOPOCTb pacTBO-
peHHsl OYeHb MaJja. B mpuHLHNe, MepeBOA CTaJH B MacCHBHOE COCTOSA-
HHe MHTHOHTOPOM OKHCJHTEJBHOTO THIA MOXET SIBHTbCS Pe3y/bTaToM
yBeJqHueHHs: 3(()EKTHBHOCTH KAaTOLHOTO Npolecca HJAH YMeHbIIeHHS
CKOPOCTH aHORHOTrO mponecca. To 4To B JaHHOM cJydyae HMeeTcs KJjac-
CHUECKH} TpHMep MacCHBAlMM MeTa/la 3a CYeT yMEHbLIeHHs CKOPOCTH
aHONHOM peakIHH, a He 3a cueT yBeqHueHHS 3(PPeKTHBHOCTH KaToA-
HOTO Ipolecca, MOATBEpKIAeTCsl pe3yJbTaTaMH KHHETHUECKHX HCCJe-
HOBaHHA KaToOAHOro mpouecca. Ecau 6bl HUTPHT-HOH BOCCTaHABJiHBaJ-
Csl ¢ MaJbIM NepeHanpsKeHHeM, TO NpH MOTEHIHaJIaX KOPPO3HH JNOJK-
HO 6bl0 GbI HAOJMIONATHCS 3aMETHOE YBeJHYEHHEe CKOPOCTH KaTONHON
peakuun. Ha camom Jefle HM B KHHETHYECKOH, HM B AH(D(DY3HOHHOM
06/1aCTH CKOPOCTb KaTORHOTO Mpollecca He BO3pacTaer.

HsBectHO, uTO BOCCTAaHOB/IEHHE HHTPHUT-HOHOB IPOHCXORUT IO CJe-
Lylolled peakuuu:

NOj -+ 6™ -+ TH+ —> NH, + 2H,0 (2,1
3—933 33
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¢8 CienoBaTenbHO, NPH HAJHYHH J0-

CTaTOYHO YYyBCTBUTE/JIbHOIO MeETOAA
040t aeln aHaJH3a aMMHaKa MOXKHO, I0Jf-
pH3ys IJIUTENbHO KaTomn B MaJjoM
0,501 o6beMe 3JeKTPOJUTA NpH pas/Hy-
‘ g HbIX MOTEHIHaJaX, ONpedesJHuTh TO
020l Q% 3HaueHHe, DU KOTOPOM 3TOT MpO-
g N g,01 necc mporekaeT. BecbMa uyBCTBHU-
Lot XX~ TeJbHBIM HHAMKATOPOM Ha aMMHakK
iy / SBJISIETCS peakTHB Heccaepa
X/" (0,00007 wmr/xn). PactBopsl, comep-
? XXX XKallue MaJible KOHIEHTpalUHuH aMm-
[”;X/X’<‘7\x\x Axy 0,05 ‘VI:II:IJ:{ae OKpaluBa u p a .
e ’ S h , ") I0TCA PeaKTHBOM
woh %‘A /‘ Heccsiepa B XKeaThlil UBeT:
\
o, “A-%\ 2K,(Hgl,) + 3KOH + NH,OH =
B, A A
roof TSR TN, 0,75 Hg
ma\hb‘tﬁ. 7’0 /\
oIt 025 =0 NH,I + 7KI - 3H,0 2,2 5
0,30 | i ; ! N
T2 8 4 t(mun) Hg

Puc. 2,1. Bauanne 100aBOK HHTPHUTA A\HaJILHSbI TIOKasajH, |TO MpH
natpust K adexrpoaury 0,025 r/n KaTOLHOM TOJSPHU3ANHH CTaJH B
NaCl + 0,057 r/n NaySOs + 0,164 r/n  HEHTPAJbHBIX 3JEKTPOJUTAX aMMH-
Na,CO; (pH=9) na sexTpoauniit mo-  ax OOGHAPYKHUBAJICH JHUIb NPH OT-
TEHLHAT KeJesa. pHIATEJbHBIX 3HAUYEHHSX IIOTEH-
uuana (—0,6-——0,7 B), wnamuoro ,(
MPEBOCXOASILHUX MOTeHIHaa Koppo3uH. [IpH cTamHOHApPHOM TOTEHIIHa-
Je aMMHaK 3THM BecbMa YyBCTBHTE/JbHBIM METOZOM OGHApPYKHUTH He
y1a.10Ch. )
OcHOBHasi TpHYHHA BBICOKOTO 2
mepeHaTlpsizKEeHUsT MJsi 3TOH peax- ylg—o\’\o{ \\
UHH 3aK/I0YaeTcs B CTPOEHHH HHT- :
PHT-HOHA, OTJaHYalollerocs ycroi-  ~U7 [
YHBOU 3J1eKT130HHoﬂ CTPYKTYpPOH, 0
3aTPyLHAIONIEH IOAXO0J K KaTOAy H
arepopmamHio HOHA B 3JEKTpHYe-
ckoM moJsie. M3BeCTHO, YTO MOAXOX X
K OTPHUIIATe/IbHO 3apsSKEeHHOMY Ka-
TOIY YacCTHI C OTPHUUATEJbHBIM 121
3HAKOM BO3MOXEH JHLIb B CJyyae :
CJIOXKHBIX aHHOHOB, CIOCOOHBIX K W
JeopMaLHu B 3JEKTPHUECKOM 1I0-

+

)

DN
{

! ! LI4 !
a1e. OfHaKO HUTPHUT-HOH HACTO/bKO 25 509 -1 0 2 20 60
Maa1 H 06/ajiaeT CTo/b yCTOHYUBOM i, mhjem®
5/J€KTPOHHOH CTPYKTYpO#, YTO ero

nedopmanus, KOMOpast cnoco6cTBO- Puc. 2,2. Bausinne HHTPHTA HaTpuA Ha

4 g He cTaJu:
BaJga Obl YVIEPKAHHIO 3T HHO- AHOMHO® PacTBOPEH
yAep STOTO aHHO {—1 H. NaSOs 2—1 H. NaSO+0,6% 3

Ha B OTpHUATENbHOM IIOJIE KaTOMI- NaNO,.
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HOI'0O NpPOCTPAHCTBa, 3aTpyAHEHa. HOTeHHMaJI KaTojaa MOJI2KEH HMEThb
CJIMIIKOM 00Jb1IOe OTpHLaTEJbHOE€ 3HaAYCHHE, YTOOBI npousomaa ne-
¢dopMaLHsT HUTPUT-HOHA H €ro BoccTaHoBJAeHHe. ONBITH TIOKa3HIBAIOT,
TakKuM OépaS*O‘M, YTO NACCHBHOE COCTOsIHHE CTaJH B HeﬁTpaanux
3JIEKTPOJINTAX B MIPUCYTCTBUH HHTPHUT-HOHOB HE CBSISAHO C YBEJHYECHH-
eM 3(Q(QeKTHBHOCTH KaTOMLHOro Mpollecca; OHO HAacTymaeT B pesyJbTa-
Te HEMOCpEACTBEHHOIO BJUAHHA 3THX QHHOHOB Ha KHHETHKY aAHOAHOH
peaxuuy.

Mexanusm npouecca MOXeT B KOPHE H3MEHHThCS, €CJIH H3MEHHTCS
pH xopposronHO# cpelbl. B uacTHOCTH, B KHCABIX H CJa6OKHCJAbIX
3JIEKTPOJIUTAX BOCCTAHOBJEHHE HHTPHT-HOHOB CHJIbHO 006J€ryaercs
BCJ/EeACTBHE O6pa3OBaH‘I/IH a30THCTOH KHCJIOTBI, KOTOpAasi, B CBOIO Oue-
peab, o06pasyeT OKHCb a30Ta, JEerKO BOCCTaHaBJHBAIOLIYIOCS Ha pas-
JIMYHBIX MeTaJIax:

3HNO, = 2NO -+ NOj -+ H* -+ H,0 (2,3)
NO -- 5¢™ -+ 6H* ——> NH} -+ H,0 (2,4)

Bo3HuKHOBeHHEe HOBOTO KaTOAHOTO JenoJsipu3aTopa NpHBOIHT ua-
CTO K YCHJIEHHIO KOPpO3HH. XOTS MJIOTHOCTb KaTOXHOTO TOKAa M pacTer,
OHa He CTOJIb BeJNKa, YTOOB! NepeBecTH MeTaJJ B MaCCHBHOE COCTOSI-
HHe. DTUM OODBACHSETCS YCHJEHHE KOPPO3HH OXJaJHTEJbHBIX CHCTEM,
3al{LIeHHbIX HUTPHTOM HaTPHS, NPH CIyYyaHHOM NOAKHCJIEHHH CPebl.

O6pamaer Ha cefs BHMMaHHe, OJHAKO, OfHA HHTEpecHasi 0COGEH-
HocTb. OKasbiBaercs, 4TO C NMOMOLIbIO JAOCTATOYHBIX KOHLEHTpaUHil
HHUTPHTA HaTPHsS MOXHO 3allacCHBHPOBATb CTA/b M B KUCJABIX 3J€KTPO-
JuTax, B KOTOPBHIX cTaOMJbHOCTb (Da30BbIX IJIEHOK HH3Ka. Ha puc. 2,3
NpeACTaBJeH psifi TOTEHIHOAMHAMHYECKHX KDHBBIX, IIOJYUYEHHBIX B
kucaom GydepHom amekTpoaute (pH=2), B KOTOpOM KOHIEHTpalHs
HUTPHTA HATPHS HENpPEepPHIBHO MeHssacb. Ilo Mepe yBeJHYEeHHs] KOH-
IeHTpAUUX HUTPHTA HATpPHs B OydepHOM 3JEeKTPOJHTE IacCHBALHA
cranu obJseryaercsi: NOTeHUHA] MAacCHMBALMH CMeLlaeTcss B OTpHIa-
TeJbHYIO CTOPOHY, @ TOKH naccuBauuyu mnajaioT. IIpm KoHIeHTpauuu
uutputa Hatpus 0,15 H. TOK maccuBaumu cHuxkaerca ¢ 20 MA/cm? B
yucToM OydepHOM 3JekTpoauTe fo 6 MA/cM2 a mOTeHUHMaJ TacCuBa-
und — ¢ +1,1 B go 40,05 B. Ecan ke moBecTH KOHIEHTPALHIO HHT-
puta Hatpus mo 0,25 H., cTaJb NmepexofHT B MACCHBHOE COCTOSIHHE, Ha
YTO YKa3biBaeT 3HaueHHe CTAIlIOHAPHOTO  MOTEHUHaNa  (Qer=
=-40,33 B).

Ha6arwopamwoueecs ¥ B NPHCYTCTBUM HUTPHTA HATPUS BJAHSHHE HHUT-
PHUT-HOHOB Ha NACCHBAIIHIO MOXKHO OOBSCHHTb MX afcopOuueii, KoTopas
yMeHbLIaeT CBOGOJHYIO 3HEPTHIO CHCTEMBl H 3aTPYAHSIET NMEPEXOH HOH-
aTOMOB MeTaJjiia M3 pellieTKH B pacTBOp. BeposTHOCTb TOro, YTO HHT-
PHT-HOHBI H3MEHSIIOT XapaKTep IacCHBHUPYIOLLEro cJjosi, Maaa. Ha aTo,
B YaCTHOCTH, yKa3blBaeT NPSMOJIMHEHHAs 3aBHCHMOCTb MEXAY IIOTEH-
uuanom naccuBauuu u pH, KoTopas OObLIYHO XxapakTepHa AJs 3J€K-
TPOXMMHYECKOH peaKIHH BO3HHKHOBEHMS OKHCHOTO cJjosi. ITo-BHAMMO-
My, IpH BBICOKHX KOHHEHTPAIHSX HUTPUTA HATPHs CKOPOCTb KAaTOAHOTO
npouecca BO3pacTaeT HaCTOJNbKO, YTO CTAHOBHTCS BO3MOXHON IIacCH-
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BallUsl MO0 MEXaHU3MY YCKODEHHS
KAaTONHOH peakuuu (CM. HHXKe).
MoxHO JH Ha NpaKTHKe oOcylle-
CTBUTb 3aILUTYy METAJJIOB B KHC-
JBIX 3JIEKTPOJIHTAX ¢ IOMOILBIO
HHUTPUTA HATpHA, HMes B BHAY
ero IOCTENEHHOE BOCCTaHOBJIE-
HHe, CKa3aTb TPYLHO; TpebyloTcs
NOTOJIHUTE/IbHBIE HCCIeJOBAHHA
O HaJIHYHH NPHHIHUIHAJIBHO
Pa3JIMYHBIX CBOACTB y IMaCCHBH-
PYIOLIUX CJIOEB, BO3HHKAIOLIUX
Ha CTaJH B UHTHOHPOBAHHBIX H
HEHMHTHOHPOBAHHBIX  3JIEKTPOJH-
Tax, MOXKHO CYAUTb H IO NOTEH-
IHOAMHAMHYECKUM aHOAHBIM IIO-
JSIPU3aLHOHHBIM KPHUBBIM, H30-
O6paxeHHbIM Ha pHc. 2.4. Ilpu
CHITHM NPSIMOrO U OGPATHOro
X0la AaHOJAHOH MOJISIPU3ALHOH-
Puc. 2,3. Bansue nuTpTa Hatpus na mac- HOH KPHBOH B Cyab(are u HHT-
CHBalHIO CTaan B OydepHoii cMech PHTe Ha KpUBOH OGHApYXKHBAIOT-
004 u. HsBOs +004 .  HPO,+ o rucrepesucHble TMETIH, yKasbl-
+0,04 1. acygfgagﬁm{oﬂ‘){ (PH=2 sajomme Ha BOSHMKHOBeHHe Ha
1 — Gydep: 2“’_0'01"“.; 5—01 ns 4—015 n, OUEKTPOLE B 000UX 3JEKTPOJHU-
NaNO.. Tax MacCHBHPYIOIUHX cJoeB ¢a-
30BOr0  HMJHM  aAcOpPOUHOHHOrO
xapakrepa. B npucyTcTBHM HHTpPHTA HaTpHs TJeHKH obsanaior Gosee
BBICOKHMH NaCCHBHpYIOWIUMH cBoiicTBaMH. OG 3TOM, B YA4CTHOCTH,
CBHJETEJNbCTBYET TOT (aKT, YTO MOC/Je AHOAHOH MOJISAPH3aLHH CTaJH
B pacTBOpe HHTPHTA HATPHf Ha aHOAHOH NOJSPU3ALMOHHOH KPHBOH B
IIAPOKOH 06/1acTH MOTEHIMAJIOB DErHCTPHPYIOTCS KaTOoAHble TOKH. Mx
MOSIBJIEHHE CBSI3aHO C TEM, YTO M3-3a HH3KOH MOHHOH HPOBOJXHMOCTH
MaCCHBHPYIOIHUX IJIEHOK MJOTHOCTb aHOLHOI'O TOKA, HEOOXORUMas IJis
MoAfepxKaHUS MeTajjla B TAaCCHBHOM COCTOSIHMH, HAMHOTO HHXe TIIOT-
HOCTH KaTOJHOTO TOKAa BOCCTAHOBJEHHSI KHCJIOpPOJa (BOCCTaHOBJIEHHE
HUTPHT-HOHOB IPH 3THX NOTEHLHaJaX, KaK OblJIO Bhille I0Ka3aHO, HC-
KJII04aeTcs).
3acayxuBaeT TaKxKe BHHMAaHHsS TO OGCTOSTENbCTBO, YTO €CJHH B
cyilbdare  aHOAHOe  pacTBOpPeHHe HauyMHaeTcss NpPH IOTEHIHaJse
~—0,5 B, To B HATpPUTE 3TOT NpOLECC HayHHaeTcsA NpH GoJjee moJo-
XHUTeJIbHBIX 3HauYeHHsiX moTeHnuana (~—~0,15 B). Iloresnunan nosnxoi
MacCHBALlMM INIPH OTHOCHTEJIbHO OLICTPOM H3MEHEHHH TOTEHIHaJa
(80 MB/MuH) peructpupyercsi TOJbKO NpPH OOPAaTHOM XOAe MOJSPH3a-
IIMOHHOA KpHBOH, KOrla NMacCHBUpYyIOLLas IJIEHKAa Ha 3JIEKTPOAe YkKe
chopMupoBanach. 3Ha4eHHs NMOTEHIMAJIOB IOJHOH IacCHBALHUH, Xapak-
TepH3YIOlllHe MACCUBHPYIOIIHE CBOHCTBA 3JEKTPOJHTA, pAa3JHYHH; B
cynodare Qno=~-+0,4 B, a B murpure 40,15 B. XapakrepHno, uto

0 4 & 12 16 20 i mAfem?
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mpsiMOd U o6paTHbI Xon B cyJbdare
TpH TNOTeHIHa/sax 6oJjiee OTPHIATEJb-
HbiX, uem +0,25 B, cosmapaior, T. e.
aHOJHO 00pa3oBaHHble MaCCUBUPYIO-
IHe CJOH JIeTKO BOCCTaHaBJHBAIOTCH
TIPY CMEIIEeHHH MOTEeHIHajla B OTDPH-
narteabHyio cropony. CoxpaHsIOTCs
OHM Ha TOBEPXHOCTH TOJbKO IIPH IO-
TeHUHasax GoJiee MOJNOKHTEJNbHbIX,
uem +0,25 B. B Hutpute HaTpuUs mac-
CHBHPYIOILHE CJOH COXPAHSIOTCS Ha
IIOBEPXHOCTH U NpH OoJjiee OTPHILA-
TeJbHBIX IMOTEHIHasaX, a TOK IaccH-
BAallMM HA HECKOJbKO NOPSIIKOB HH-
Xe, 4eM B cyabdare.

W3 Bcero H3/0XKEHHOTO MOXKHO
cliesiaTb BbIBOJ, YTO HHUTPUT-HOH 3Ha-
YUTENbHO O00Jieryaer aHOAHYIO IacCHu-
BaIlMI0 CTaJbHOrO 3JjekTpona. Heob-
XOI¥MO, OJHAKO, UMETb B BHIY, UYTO
naccUBHpyOll¥e CBOHCTBA AHHUOHOB
CHJBHO 3aBHCAT OT NPHCYTCTBHA B
pacTBOpe aKTHBHPYIOLUIMX HOHOB H HX
COOTHOLIEHUS; TIpH Inpeobaafaiomlen
KOHIIEHTPALUUH aKTHBHDYIOLIHX HOHOB
(Cl-, SOi" u NOj; mas cranam) maccw
BallUsl JEeKTpoJa 3aTpynHsercs. Takoe
TNOBEleHHe 3JIEKTPOXa, HECOMHEHHO,
CBSI3aHO C KOHKypHupylolleld axcopo6-
nueil. Ancop6uHOHHAsT NPUPOAA 3THX
sIBJeHHH Oblla Bbllle NPOAEMOHCTpH-
poBaHa Ha  NpHMepe  B3aHMHOTO
BJUSHAS CcyabdaT- H THIPOKCHJ-HO-
HOB II0 OTHOLIEHHI0O K XJIOPHA-HOHY.
[Tpu mosOKMTENbHBIX NOTEHIHaJsax
cyabdaT-HOHBl  XOpomo  amcopOupy-
IOTCS Ha XPOMe, BBLITECHSSI C IOBEpX-
HOCTH HOHBl XJOpa. AHAJIOTHYHBIM Xe
0o6pa3oM [eHCTBYIOT Ha CTa/JlH HHTH-
6upytomue uonsl (NO,, OH-, CrOi-),
KOTOpBIE, B CBOIO OYepelb, BEITECHSIOT

ﬁ 0,61 0,74 N2,80,
2 6 —
041

N 45
o
oy
0,651
105
L1112

-8 -4 -5 -6 —6-5-4 -3
Vgi, (A/en?) gy (Blow?)

Puc. 2,4. TloreHUMOAMHAMHYECKHE
aHOLHbie TOJISIPU3ALMOHHBIE KPHBBHIE
CTan¥i B NPHCYTCTBUH AKTHBHPYIO-
wux (0,1 . Na;SO4) u maccusupy-
omux (0,1 1. NaNO,) nomos:
1 — npamoft xoa; 2 — o6paTHbill XOM.

C TOBEPXHOCTH CY/b(aT-HOHBI, fABJSIOIIHECST arPecCHBHBIMH 1O OTHO-
LUIeHUIo K craju. TpeGyeMmbie AJsi MacCHBAlUHM CTaJ¥ OTHOLIEHHS KOH-
LEeHTPaLUUil AKTHBHUDPYIOIIHX H MacCHBHPYIOIUUX HOHOB OIpeNeseHbl

(cM. Huxe).

K KiaccuueckuM maccHBaTOpaM, CHJIbHO TOPMO3SIUIHM aHOJHYIO
peaxuuio, OTHOCATCS W XpoMaThl. OZHAKO B OTJIHYHE OT HHTPHTA HaT-
PHS OHH TODMO3SIT B HEKOTOpOH CTeNeHH M KATOLHYIO peakIHio, MOo-
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v B 3TOMY MOT'YT OBITb OTHECEHBI
K CMEIIAaHHBIM HHrHOUTOpaM.
XpoMaThl U GUXpPOMAThl, He-
CMOTPSI Ha TO YTO OTHOCSITCS
K OKHCJIHTENSIM H, KaxeTcs,
MOIJIH Obl YBeNHUYHTb 3ddek-
THBHOCTb KaTOLHOTO IIpolec-
ca, He TpOSBJIAIOT  3THX
CBOWCTB B HEATPAJbHBIX 3J€K-
tposurax. Ha puc. 2,5 mnpexn-
CTaBJIEHBl TaJbBaHOCTATHYe-
CKHE KaTOLHBble II0JIsipH3alH-
OHHBIE KPHBbIE, NOJyYEHHbBIE B

+01 17 S T 6ydeprom pactBope (pH=
! 0 25 50 15 100 1,mKAfem? ~9), comepxaueM pasany-
ﬁ Hble KOHLEHTpauuu Ouxpoma-

b9 [ | l Ta KaJgus.
25 50 75 100 i,M/(ﬂ/z‘Mz Kak HeTpyAHO 3aMeTursb,

oOblyHasl KAaTOXHAS KpHBas,

Puc, 2,5. Bausnue 6uxp‘o.\1aTa Kamxﬁsx ('g: IJ{(:I;I XapakTepHas [AJd peakuuu

o oo Reros s OUSPIO  poccranonemin < Tpewn o6-

40530 r/a NaCOs + 0420 r/a NaHCO, J1aCTAMH (HOHH3ALHH KHCJIO-

(pH = 9): pona, nuddysuu xucaopona

q — npAMoit Xol; 6 — o6paTHBIT XOX. U paspsapga HOHOB BlOIlO])OlIa),

HabJiofaercs JHUIIb B 3JEKT-

poJauTe, He colep:kamieM HHruburopa. Bce ocranbHble KpHBHIE C ca-

MOro Hadaja KpyTO HOXHHMAIOTCSl BBEpX, UTO CBHJETEJ]bCTBYET O Ka-

KHX-TO 3aTPy/HEHHSX, BOJHHKAIOUHX NPH NPOTEKAHHH KAaTOJAHOrO TIPO-
mecca.

Buxpomat kanaust He TOJbKO He BOCCTAHABJIHBAETCS NPH CMELIEHHH
NOoTeHIHana OT CTAallHOHAPHOIO 3HAYeHHSI B OTPHIATENbHYIO CTOPOHY
Ha 0,3-0,4 B, HO ¥ yMeHbmaeT B 3TOH 06J1aCTH MOTEHIHAJIOB CKO-
pOCTb BOCCTaHOBJ/IEHAs] KHCJOpoAa. BoccTanoBsieHne HOHOB GHXpomaTa
HacTymaer JHIIb INpH NOTeHIHanax O6oJjiee OTPUIlATENbHBIX, YeM
—0,6~—0,8 B, a He npu Tex 3HAYEHHAX, KOTOPbIE MOKHO GBIIO OXKH-
JIaTb, HCXOAA H3 OKHCJIHTEJbHO-BOCCTAHOBHTEJBHOrO MOTEHLMA’Ia
peakuuu

Cr,0% - 14H¥ - 66” === 2Cr** - 7TH,0 (2,5)

PaBHoBecHbIll moTeHUHan 3TOH peakuuun @pu—o = -+1,33 B, oanaxo
NpOTeKaeT OHA, KaK BHAHO H3 pHC. 2,5, ¢ GOJbIIMM IepeHanps-
HKEHHEM.

HccnepoBanue npouecca BOCCTaHOBJIEHHSI XPOMAT-HOHOB, IPOBEJIEH-
Hoe JImHreiiHom u Kosbrropom Ha pryTHOM 3jektpose [36], Takxke
N0Ka3aJjio, 4YTO BOCCTAHOBJIEHHE NMpPOTeKaeT C GOJbLIMM IepeHanpsixe-
HHeM. Ha KaTOIHBIX NOJSIpH3aLUOHHBIX KPUBLIX HeGydepHpoBaHHBIX
pacTBOPOB XJODHCTOTO KaJus HaAGMIONANHChb UYeThipe BOJHBI: IIpH
—0,66; —0,76; —1,31 u —1,56 B. MoxHo0 mnoJjiarath, 4To IepBas BOJ-
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Ha, Haubojiee BaXKHas JJsg IOHHMAHHS INpOLECca KOPPO3HH KeJesa
B MPHUCYTCTBHH XPOMAaTOB, COOTBETCTBYET BOCCTAHOBJIEHHIO HOHOB XPO-
MaTa Mo ypaBHEHHIO

CrO2~ - 4H,0 4 3¢” —— Cr(OH); - 50H™ (2,6)
AHanu3 KpHBBLIX, OHAKO, yKa3bIBaeT HA TO, YTO MEPBasi BOJHA HE CO-

oTBeTCTByeT BoccraHoBiaeHHio Cré+ po Cr¥t. Ilocseguue TPU BOAHBI
IO pacyeTaM COOTBETCTBYIOT PeaKIUsM

CrO3~ + 4H,0 + 3¢~ — Cr(OH); -- 50H~ 2,7
CrO3~ + 4H,0 -+ 46~ — Cr(OH), - 60H" (2,8)
CrO3~ + 4H,0 4 6¢~ —> Cr 4 80H™ (2,9)

[ToTeHuna bl BOCCTAHOBJIEHHS XPOMAaT-HOHOB IO IOCJAELHEH cXeMe
Jexart, 04HaKo, B obsacTi 6oJee OTpHLATEeNbHbIX 3HAYEHHH MOTEHIIHA-
JIOB IO CPABHEHHIO C TeMH, NIPH KOTOPHIX IPOHCXOAHT HPOIeCC KOppo-
3UH XKeJse3a B HeATpa/IbHBIX cpejax.

Bricokoe mepeHampsizeHHe mpolecca BOCCTAHOBJEHHS XPOMAaTOB
# OUXpOMATOB Ha PTYTH CBSA3BIBAIOT C 00Pa30BaHHEM Ha MOBEPXHOCTH
IJIEHOK K3 THAPOOKHCH XpOMa HJIH OCHOBHOTO XpPOMaTa, KOTOpHIEe 3a-
TPYLHSIOT IpollecC BoccTaHOBMeHHs. [103TOMY moJIHOE BOCCTAaHOBJIEHHE
xpomar-uoHoB paxe po Cr**t He HauMHaeTcs, NOKAa MOTEHIHAJ HE J0-

- crurHer 3HaueHuss —0,76 B. OueBHAHO, UTO Ha TBEpPABIX 3JIEKTPOAAX,
1 B OCOOEHHOCTH Ha KeJe3HOM KaToje, CKJIOHHOM K IacCHBAallMH, B
yC/IOBHSIX, KOTZa HCXOJAHAs NOBEPXHOCTb KaTofa He OGHOBJSIETCS,
NJIGHKH M3 THADPOOKHCH XpOMa HJH OCHOBHBIX XpOMaToB OyayT Gosee
YCTOMYMBBIMH M BO3HHKHYT TrOpasjo Jerye, yeM Ha Kalje PTYTH, XKHU-
ByLIell DO/ CEKyHAbl. Bce 3TO JO/XKHO NPUBECTH K YBEJHUEHHIO Iepe-
HanpsKeHHs, HeOOXOAMMOTO JJISi TOJHOTO BOCCTAHOBJIEHHS XpPOMaT-
HIM GUXPOMAT-MOHOB Ha XKeJle3HoM Karoje. Kaxylueecs Ha nepBbiit
B3IJISI, IPOTHBOpEYHE MeXAY 3THM YTBEpXKJAeHHeM H OOHapyXeHHeM B
HEKOTODBIX CJyYasiX B 3allHUTHOH IJIEHKE HOHOB TPEXBAJEHTHOI'0 XpoMma
obbsicHsieTcs caedyiomuM. [lo-BuaumMomMy, B HayaJbHBIH MOMEHT IIO-
TPYIKEHHUS XKeJEe3HOTO 3JeKTPOAa B 3JEKTPOJHT NPOHUCXOAUT HEKOTOPOe
BOCCTAHOBJIEHHE XpOMaT-HOHOB. OJHAKO KaK TOJBKO Ha IOBEPXHOCTH
Kesnesa oOpasyeTcs MJI€HKAa U3 THAPATOB OKHCH XpoMa H KeJesa,
JaJjibHellllee BOCCTAaHOBJEHHEe XPOMAT-HOHOB Ipekpamiaercs. Takum
06pa3oM, TaKOH CHJBHBIH OKHCJIHTENb, KaK OHXpPOMAT KaJHsd, He TOJb-
KO He yBe/JHuHBaeT 3(p(PeKTHBHOCTb KATOMHOI'O IpOIlecca B HEHTpaJib-
HOM 3/IEKTPOJIHTE, & YMEHbIlIaeT ee,

Hurubupyioline CBOHCTBA XPOMATOB 3aKJAIOYAIOTCS HE CTOJbKO B
3aMel/IeHHH PEaKUHH BOCCTAHOBJIEHHS KHUCJIODOAA, CKOJIbKO B HX CIO-
COGHOCTH yMeHbIIATh CKOPOCTb aHOXHO# peakuuu. Ha puc. 2,6 mpex-
CTaBJIEHH NMOTEHHMOCTATHYeCKHe KpUBBIE, TOJy4YeHHble Ha CTaJH B
cyabdaTtHOM pacTBope ¢ pasinunbiMu xpomaramu [37]. Kak Buaxo,
XpOMaThl CHJBbHO YMEHbLIAIOT CKOPOCTb AHOJHOH peaKkUMH HOHH3aUHH
merasna. ITaccusupylouiye CBOMCTBA CHJIBHO 3aBUCAT M OT COCTaBa
OpPraHHYeCKOTo KaTHOHA. DTO yKa3blBaeT HA TO, YTO NOCJAENHHH ydacT-
ByeT B IpolLlecce NacCHBAIlHH.
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Cu/bHBIE TacCHBHPYIOLIHE CBOMCT-

g;’B Ba OMXPOMAT-HOHOB BBHIABJAIOTCA H
02 7 UpH TaJbBAHOCTATHYECKON aHONHOM
.l ) noJssipusanuu. JlocTaToyHO BBeCTH B
r : snekTposutT 0,25—0,50 r/n Guxpoma-
+0,2 8 %3 Ta KaJjus, 4TOObl NJIOTHOCTBIO TOKA

scero okoso 10 MkA/cM2 cMecTUTb 1O-

v trennuaa no -+1,2=-+41,5 B (puc. 2,
Ta).

IIpu wuccnefoBaHWH aHOMHOIO IO-
BelleHHs1 CcTaau Oblia OOHapyXeHa
HHTEpecHast 0COOEHHOCTb, CBHIETEe]b-
CTBYIOILasi O BO3MOXHOCTH aKTHBAIlUH
3JeKTPOJa MaJbIMH KOHUEHTPanHsIMH
GuxpoMaTta KaJusi M HarJISIAHO BBISIB-
JSIOULAsiCSl TMPH PACCMOTPEHHH  mpsi-
MOT'0 X O6pPaTHOTO XOfa IOJSIpPU3alH-
OHHBIX KpPHBBIX (pHc. 2, 76). Manne
KOHLEHTpalluH OuxpomaTa KaJus mnpH
NOJNIAPH3alMH  OT GOJbIUHX IJIOTHO-
cTefi K MaJbiM aKTHBUPYIOT IOBEpX-
HOCTb XeJe3a. B urore moreHnman
xKenesza npuobperaer 6oJsiee OTpUIA-
TeJbHble 3HAYEHUS MO CPaBHEHHIO CO
3HAYeHUAMH [0 TOJApH3aluuH. ITa
pasHuIla 3aBHCHT OT KOHIEHTPalHH
puxpomMara Kaaust 1 Moxer gocturuyte +0,4 B (0,5 r/a).

[MoTenunan cranu mocjae aHOJAHOH MOJSPH3ALUH B PacTBOpE, COLEP-
xamem 0,1 r/n GuxpomaTa Kauusi, 6oJee OTPHLATEJEH, YEM B HCXOJ-
HOM 3JIEKTPOJIHTe. ECIH CPaBHHTb CKOPOCTH DACTBODEHHSI CTA/IH INPH
OJIHOM INOTEHUHAaJe B TOH 00JacTH, Tle 3TO MOXKHO CHeJaThb, HAIpH-
mep npu +0,25++4-0,5 B, To serko 3aMeTHuTh, YTO CKOPOCTb pacTBOpe-
HHfA B pe3yJbTaTe NPeABapHTENbHON aJAcopOUUHU HeOOJbIINX KOJHYECTB
OHXpoMaTa KaJHs yBeJHuHBaeTcs Ha 2—3 mopsaka. [lpu Gosbmimx
KOHIeHTpauusax 6rxpomara Kaaug (1,5 r/n u BbIlLE) MOTEHLHAN 3JeK-
TPOJa MO Mepe CHUXEHHA MJIOTHOCTH TOKAa OCTAeTCs B IACCHBHOH 06-
JIaCTH.

Takum o6pa3oM, MeXaHH3M OeHCTBHS XpOMaToOB OOYCJOBJEH TOD-
MOXEeHHeM CKopocTefl 00eHX 3JeKTPOXHMHYECKHX peakuuil, npuyeMm
TIPeMMYILECTBEHHO aHOAHOH. I103TOMy mO 3/IeKTPOXHMHYECKOH KJaCcCH-
GHKan¥H XpOMAaThl OTHOCATCH K MHTHOHTOpAM CMeLIaHHOIO THMA,

Jlo cux mop paccMaTpHBaMHCh HHTMGHTODEI, 3alHILAOIIHE MeTalll
OT KOppO3HH, rJaBHbIM o0pasom Osarozaps 3aMeNJIEHHIO KHHETHKH
aHOJHOH peakIWH, OJHAKO 3a NOCJefHee BpeMs OLIIO NMOKA3aHO, YTO
3alacCHBHPOBATb METAJJ MOXHO B ONpeJe/IeHHBIX YCJIOBHSX H 3a CyeT
yCcKOopeHHst kaTonHOM peakuun [38]. C noMouiblo HeOpraHHYECKHX
HHTHOHTOPOB 3TOTO CHENaTh HeJb3sl.

TN TR N B35 NN W B
0 20 40 60 67 127 160 200

iAot

Puc. 2,6. Bausuue 106aBOK xpoma-
toB (0,01 Moab/n) Ha aHOXHOe pac-
teopenne crtaan B 1 H. NapSO,
(don):
1 — ¢oH; 2 — xpoMaT ryatHuauHa; 3 — Ka-
nus; 4 — U30MPONHNAMHHA; 5 — LHKJOre-
KCH/MIaMHH4A; 6 — AHOHKJIOr€éKCHNaAaMHHA,
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Puc. 2,7. AkTUBauusi cTajiu MaJbiMH JoGaBKaMu GuxpoMara kanus B GydepHoit cMecH
(cocraB cM. puc. 2,5):
a — npaMolt xom; 6 — o6paTHBIH XOA.

O6niunble HeopraHuueckue okucautesu (O, Na,CrO;, NaNOs),
KaK ObLIO I0Ka3aHO BbILIE, He BOCCTAHABAHBAIOTCA B HEHTPAJbHBIX
BJIEKTPOJIHTAX CO CKOJIbKO-HUOYIb 3aMeTHOH CKOPOCTbIO; TOKH BOCCTa-
HOBJIEHHS HMX aHHOHOB INpH noTeHuuate kopposuun (—0,3+-—0,4 B)
He [peBBLIIAIOT HECKOJbKHX JecsiTKOB MKA/cM2 (puc. 2,8, KpH-
Bole /—3). [ToaToMy 3a CueT 3THX TOKOB HeJsb35l CMECTHTb IOTEHIHaJ
MeTaJjlJia [0 3HaueHHi, MPU KOTOPHIX HauHHAeT (OPMHPOBATLCH IJIEH-
Ka, crnocoGHasi 3amaccHBHpPoBaTh Mertant. OZHAKO, KaK NMOKa3aJH Ha-
IIH KCCIeOBAHHUSI, MOXKHO JOOHTbCS HCKIIOUHTEJIbHO BBICOKHX CKOpPO-
creil BoccTaHoB/enus, HanpuMep rpynn NO,, eciu BBECTH HX B COCTaB
OpraHMueckux coeguHeHuit; npu BBeleHHH NO,-rpynnbl B 6eH30JbHOE
KOJIbIO, THe OHAa (haKTHUECKH HeHTpa/bHA, CKOPOCTb BOCCTAHOBJIEHHS
pes3ko yBesnnuuBaercs. Eule 6osbliell CKOPOCTH BOCCTAHOBJIEHHS! MOXKHO
DOGUTbCSI, €C/M MOMOJNHHUTENbHO BBECTH B O€H30JbHOE KOJbLO KaKOH-
JAU60 3MeKTPOGHUJbHBIH 3aMeCTHTeb, YMEHbLIAIOMHA 3JEKTPOHHYIO
IJIOTHOCTb Ha a3oTe (pHuc. 2,8, kpusble 4—95).

Eciu B kKauecTBe 37eKTPOQUIbHBIX 3aMecTHTeselt BHIOpaTh Kap6-
OKCHJIbHYIO TPYNNy ¥ BTOPYIO HHUTPO-TPYNNy, TO, TIPHMEHSIs TaKoH
OKHCJIHUTENb, MOXKHO HOOUTbCS yBeHueHHST 3()(PEeKTHBHOCTH KaTOLHOTO
mpomecca, a KpoOMe TOTO, 3allHTHTh PAL IBETHBIX MeTasnoB. IIpu Boc-
CTAaHOBJIEHHH TAaKHX COEJHHEHHI MOXKHO NOJYYHTb IJIOTHOCTH TOKa,
nocruramomue 10—20 MA/cm2.

B HEXOTOpHIX c/Iyyasix W 3THX IJOTHOCTEH TOKa MOXKeT He XBaTHTb
NJIsi MaCcCHBHPOBaHHUs MeTaJjia. [103TOMy MOMHMO 6OJbLIOH CKOPOCTH
BOCCTAHOBJIEHHS Heo6XoImMMO, uTOOHl B COCTaBe MHrHOUTOpPa OBLIH
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%8 OpraHHyecKHe KaTHOHBl HJH aHHO-
HBEI, KOTOpPBI€ XOPOIIO afcopOupy-
I0TCS IOBEPXHOCTbIO METaJja U 1o-
KPBIBAIOT 3HAYHTEJbHYIO YacTb ee
NOBEPXHOCTH. B 3THUX ycn0BHAX 00-
JeTyaeTcs NOCTHXKEHHE Ha Hemo-
KPBITBIX y4acTKaX INOBEPXHOCTH Tex
KPHTHYECKUX MJIOTHOCTEH TOKa, KO-
TOpEle HEOOXOAMMBl JJI IaCCHBH-
poBaHusi. BecbMa 3¢ deKTHBHBIMHU
MOTYT OKa3aThcs M aHHOHBI, 00pa-
3ylolllHe ¢ MeTaJ/JIoM HepacTBOpH-
Mble COENHHEHHS.

Kax BuAHO, 3mecb peajnusyercs
NPUHUUINAJBHO HOBBIH MYTb CO37a-
HUS MHDMOUTOPOB, OCHOBAHHBIA He
Ha TpagMUHOHHOM IpHHIHNE TOp-
MOXKEHHSI 3JeKTPOXHMHUECKHX pe-
aKkIu#, a Ha NPUHLIUNE YBeJHUEHHUS
3¢ )eKTHBHOCTH KaTOLHOTO IIpo-
necca, NPUBOAAIINE K CMeLleHHIo
NOTeHLHana K 3HAYeHHAM, MpH KO-
Puc. 2,8. Karoansle KpHuBbie BOCCTaHOB- TOpPBIX  CTaHOBUTCA BO3MOXKHbIM

JIEHHs pa3JIMUHbIX OKHCJWTEJEH Ha cra- dbopmupoBaHue acCHBHPYIOMIEro
JH B HeATPaJbHBIX 3jekTposautax (1 H.

Na,S0,): CJ10.
1 — KHCJIOPOX BO3LYXa; 2 — HHTPHT HATDHS; _ B npaBu/ibHOCTH NpeNJOXKEHHO-
et Ja IOl 4IRS’ TO MEXAHH3MA MOXKHO YGGNMTBOS

Tpo6GeH30aT reKcaMeTHJeHHMHHA, IpH  pacCMOTPEHHH  pe3yJbTaToB

NOTEHIIMOCTATHYECKUX  HCCJe0Ba-
Huil anoanoro mpouecca [39]. Ecam BBectn B GopartHbliit Gydep 0.01
MOJIb/J1 NHUMSPHIAMHA, NACCHBHPYEMOCTb CHCTEMbl PE3KO BO3pacTaer:
paclupsiercs B 3HAYHTEJbHOH CTeleHH 06/1acTh MaCCHBHOTO COCTOSIHHSA
U yMeHbLIAITCs TOKH MaccHBauuu. Takas ke KOHIEeHTpauus GeHzoa-
Ta nunepuanHa 3¢ ¢dexra He Aaer. OxHako ecau BBecTH 0,01 Mousb/m
HUTpOGeH30aTa NUNepUAHHA HAU 3,5-AMHUTpoOeH30aTa NHNEPHAMHA,
Haya/JbHBIA NOTEHLMAJ CHCTEMBI CMel[aeTcsl HajJeKo 3a MOTEHIHaJ
MOJTHO¥ TacCHBALMM MeTasla B GopaTHoM Gydepe (puc. 2,9).

Bce 310 yKashiBaeT Ha BO3MOXHOCTb (DOPMHUDOBAHHSI Ha Kesese
NaCCHBUPYIOILETO OKHCJAA B IPHCYTCTBUH 3THX coefuHeHuii. Onanaxo,
IIOCKOJIbKY B NPHCYTCTBHH HUTPOOEH30aTOB Ha 3JEKTpoAe HOJIKEH
npotekaTb 3G (heKTHBHBIH KaTOLHBIH NpollecC, OOGbIYHbIE MOTEHIHOCTa-
THYEeCKHE KDHBble B TOKOBbIX KOOpPAMHATax He MOIYT JAaTh IOJHYIO
uHdopmanyio 06 aHOAHOM Ipouecce. B cBs3u ¢ 3THM Obljla H3yyeHa
3aBHCHMOCTb CKODOCTH PacTBOPEHMsS OT MNOTEHIHaja II0 H3MEHEeHHIO
MaccChl.

Briio o6HapyKeHO, YTO B HPUCYTCTBHH HHTPOOEH30aTOB aMHHOB
HabJaofaercs 06oJblilasi pasHUIla MEXAY TOKOBBIMH IIOKasaTelsiMH
H IpaBHMeTpHYeCKHMH. Ec/IH OLEeHHTb HCTHHHYIO CKOPOCTb aHOIHOIO

+0,2

0 4540 15 124, mAjem*
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mpolecca no CKOPOCTH pac-
TBOPEHHUS NPH OLHHAKOBBIX
3HAYEHHUAX MoTeHIHaxa
(puc. 2,10), TO CTAaHOBHTCS
SICHBIM, YTO HHTpOOeH30a-
Tbi aMHHOB He BJIHSIOT Ha
aHOJHBIH npouecc (aHOA-
Hble KpuBble B HHIHOHDO-
BAHHBIX ¥ HEHHTHOUPOBAH-
HbIX 3JIEKTPOJIHTAX COBIa-
nator). Ortcioga cienyer,
uyto HabJaogaeMoe cMelle-
HHe TMOTeHIHaja CTald 3a
NOTEHLHaJ [1acCHBAIUU SB-
JAeTCH CJeACTBHEM YBeJHU-
yeHUus1 3(PPEeKTUBHOCTH Ka-
TOJAHOTO mpolecca. AnaJjo-
THYHBIM 00pa3oM MacCHBH-
pyior HUTPOOEH30aTH
CIJIaBbl Ha KeJEe3HOH oc-
HOBE M B OTCYTCTBHE BHEI-
Hejl aHOJHOM MOJIsIpH3aLMHU.

Lennyio napopMauuio o

X
0&1 L ! ! 1 !

-20 .*\%a, 40 60 80 i, mrAlcm?
+0,7 X‘
¥X
o21p 57
A

0,3

Puc. 2,9. Bausnue numepuausa (2), Gendoara

nunepupuHa (3), M-HUTPOGEH30aTa WHNEPHIHHA,

(4) n 3,5-muuuTpoGeH3oarta mumepenuHa (§) Ha

aHOMHOE PacTBOpeHue cranu B GopatHoM Gydep-

oM pactsope pH=2 (I), comepxamem 0,03 H.
NasSO4 (Cuur = 0,01 Moas/a).

MeXaHH3Me JeHCTBHsS MHIH- %6 /

OHTOPOB MOXKHO IIOJYYHTB, 04

HONOMb3Ysl METOJ XHMHUe- 03

ckoii maccuBanuu®  [40]. 02

DTOT MeTOA HCCIENOBaHHS 0.1 ! : ! ! |,
KHHETHKH PacTBODEHHS Me- T T

TaJJI0OB ObLT BIEPBble MPH-
MeHeH aBTOpaMH paboThl
[41]. Buito moka3aHo, 4TO
He3aBHCHMO OT TOrO, 4eM
3afaeTcs MOTEHIHAJN 3JeK-
TPOAY (BHeIIHeH aHOMHOM
noJsisipu3alyeil UM OKHCJIUTENSMH), CKOPOCTb PACTBOPEHHST OXHHAKOBA.
Takasi 3aKOHOMEPHOCTb He Bcerfa cobionaerca. O4eBHIHO, OHA MOXKET
HMETh MeCTO JIHLIb B TOM cJlydae, Korja (QyHKUHH OKHUC/IUTENsT CBOASATCS
JHUb K «HABA3bIBAHHIO» METaJJly TOrO HJIH HHOTO OKHCJIHTEJIbHO-BOC-
CTAHOBHUTEJBHOrO MOTeHIHana. Ec/n e KOMIIOHEHTHl pacTBOpa XHUMHYE-
CKIl aJcOpOHPYIOTCSA Ha MOBEPXHOCTH 3JEKTPOAa, H3MEHSEeTCs] KHHETHKa
AQHOJNHOIl PeakUHH H MOTeHLHaJ yXe He OyJeT OJHO3HAYHO ONMpPENENsTh
CKOPOCTb PAaCTBOPEHHS.

Puc. 2.10. Bauanue 3,5-1MHATPOGEH30aTa MUMEPH-

auHa (6,75-10~3 Moab/n) (2) Ha HCTHHHYIO CKO-

pocTb pacTBOpPeHHsi cTaau B GopaTHoM Gydepe
(pH=7), conepxauem 0,03 u. Na,SO; (I).

—_—

* DTOT METOL mpaBuJbHee GBIO Obl, OUGBHAHO, HA3BaThb METOAOM BHYTpeHHeil
2HOLHOM MOJIAPH3ALMH, TOCKONbKY U TIPH BHEIIHeH aHOLHOM TOASPH3AUHH TIACCHBAIUA
BO3HHKAET B De3ysbpTaTe XHMHUECKOH PeaKkUHH, DPa3BHBAIOWEHCH Ha TMOBEPXHOCTH Me-
TaMA.
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Ha puc. 2,11 npencrasiena
KpHBasi 3aBUCHUMOCTH CKOPOCTH KOp-
pO3HH CTalM OT IOTeHLHaJa, Ko-
TOpPBLIH 3ajaBaJics 3JEKTPomy C INOo-
MOIIbIO M-HUTPOOEH30aTa aMHHA.
Ecnu cpaBHHTb 3Ty KPHBYIO C
aHOJHOH NOTEHIHOCTaTHYECKOH
KDHUBOH,  IOJYYeHHOH  MeEToJL0M
BHELIHell AaHOAHOH MOJspH3alHUHA
(puc. 1,5), To nerko 3aMeTHTb, YTO
IpH BHELIHEeM OOILeM CXOJACTBE OHH
[0 KMHETHYECKHM Iapamerpam OT-

80 240 400 i,mnAjew? THUAIOTCA HOTEHIHAN naccHBalHH
B IPUCYTCTBHH MHTHOHTOpPA HAMHO-
Puc. 2,11, 3aBucuMOCTb CKOPOCTH pac- ro ~ OTpHHaTe/bHEE — TOTEHNHA/a
TBOpeHHA cTalM OT TOTeHmWaaa, xoro- 1ACCHBAIlMH, KOTODHIH HaGJofaer-
PHIil 3aflaBajicsl 3JEKTPOAY M-HHTPOGeH- CSI IIPH BHEIIHEH aHOAHOH IOJISIpH-
3oatoM  rekcaMetwjenumuna (1 H.  3alyMH; TOKH PacTBOPEHHs NpPH OJH-
NazSOy). HaKOBBHIX NOTEHIHANax B NMPUCYTCT-

BHH HHTHOMTOpPA HAMHOTO HHXKe.
3aBHCHUMOCTb CKOPOCTH KOPPO3HH OT MOTeHLMAaJa NpH BHYTPEHHeH
MOJISIPH3alliK HUTPOOEH30aTOM aMHHa Takas e, KakK ¥ IPU BHELIHeH
AQHOIHON MOJIPU3AlMK: BHAyaJe IPH CMelleHHH NOTeHLHaJsa B MOJO-
XHTENbHYIO CTOPOHY CKOPOCTb pacTBOpeHHsl yBeJHuHBaercsl. [locae
JOCTHXKEHUs ONpelesIeHHOr0 NCTeHIHaJa, KOTOPHH Mbl HasBaJH IO-
TEHIHAJOM YaCTHYiIOH NMACCHBALMHU Qg n, CKOPOCTb KOPPO3HH HauuHAaeT
Pe3Ko najaTbh U NPU LOCTHXKEHHH APYroro moTEeHUHaJa Qp um JMEKTPON
MepexofUT B maccHBHOoe cocTosiHMe. Kak BHAHO, moJyuaercs THIOHYHAS
AJIs1 MeTaJJa, CKIOHHOTO NepeXOAuTb B NACCHBHOE COCTOSIHHE, KpHBas
C TPeMS y4aCTKaMH: aKTHBHOTO pPacTBODEHHS, AaKTHBHO-NIACCHBHOIO

COCTOSIHHSI H IaCCHBHOT'O COCTOSIHHS.

AHanu3 sKCIepHMeHTaJbHOTO MaTepHalja IOKasbBaeT, 4To B 06Ja-
CTH aKTHBHOTO PacCTBODEHHSI CMEILEeHHE IOTEHINaJa B NOJOXUTEIbHYIO
CTOPOHY 00YCJIOBJIEHO BOCCTAaHOBJEHHeM HHTpoGeH30aTa aMMHa H YBe-
Ju4yeHHeM OJsarofapsi 3ToMy 3G GheKTHBHOCTH KaTOAHOro mpouecca. Ha
rpaHulle aKTHBHO-NIACCHBHOTO COCTOSIHHA NOTEHLHAJ CMellaeTcs B IO-
JIOXXHTEJbHOM HANpaB/eHHH INpeuMyllecTBeHHO OJjaroaaps TopMoxe-
HHIO aHOJHOH peakuHH; yCTaHaBJHBalollleecs B NACCHBHOH 006sacTH
3HayeHHe MOTeHIHaJa ONpefiefigeTcs NPOLECCOM OKHCJEHHS MeTaJJa
KHCJIODOZOM BOJIbl, YYacTBYIOIUHM B ()OPMHPOBAHHH IACCHBHPYIOLIErO
cJos.

1 il

§ 2. NACCHUBALIUSI METAJIJIOB B NMPHCYTCTBUH
HMHTUBUTOPOB, OBPA3YIOLIUX TPYILHOPACTBOPHUMBIE
COEAHHEHHUA

KpoMe HHTHOMTOPOB OKHCJHTENbHOTO THNA 3AIMHTHTh METaJJbl OT
KOppo3uHu MoryT u takue coenunenusi, kak NaOH, NasPO,, Na,HPO,,
Na;COs, NaBOs, Na,B.O7, ne siBasiomuecs oxucautensimu. Ilpu rup-
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poJiH3e 3THX  COEINHHEHHH, Ky » 2/ (%-cym) "y

IpeCTaBISIOIHAX COGOM COMH 40 NaOH ~ 05
CcJ1a008 KHCJOTHl U CHJIbHOTO

OCHOBAHHsI, BO3HHUKAIOT HOHBI 32

THAPOKCHJIA, CIIOCOGCTBYIO-

mHe o6pa3oBaHHI0 MAcCCHBH- 24

pywoiero oxucna. [Ipumensas

HX, MOXHO NOJHOCTBIO IIpPH- I

OCTaHOBHTb KOPPO3HIO KeJe-

3a M ero CmJjaBoB. JDTO Ha- P)

TVISAHO HJJIOCTPHPYETCS KPH-

BLIMH, TpPEICTABJEHHLIMH Ha 0 05
puc. 2,12. Jlo6aBneHue K -2 -/ 0

cyabbpary Hatpus (0,1 = g ¢ (moms/ 1)
Na,SO,) He6oNbIIUHX KOHIEH-
TPaUHH IEIOTH CHALHO CHBH- Puc. 2,12. Bumsunme po6asok NaOH x

racet moTeHUHaNd B MOJIOXKH- (] y, Na,SO, Ha 5J4eKTPOMHEI MOTEHLHAN
TEJNIbHYI0O CTOPOHY. Hpﬂ OTHO- ¥ HCTHHHYIO CKOPOCTb PacTBODEHHS CTaJH.

wennn [NapSO4] : [NaOH] =

=1 pasHuma ‘B NOTeHIHaJax

cTasH B aJeKTposure 6e3 uHru6uTopa u ¢ HuM mocturaer 0,7 B. Bcee
3TO YKa3bIBAa€T Ha CHJIbHbIE MACCHBHPYIOLIHE CBOMCTBA THAPOKCHJIbHBIX
HoHoB. HaunuHas ¢ onpeneseHHOM KOHUEHTPALMH WIEJNOUYH, MOTEHIHAJ
CTaJIi TIePECcTaeT MEHSIThbCsS, HECMOTPS Ha TO, UTO KOHIEHTpAUHus Lieo-
Y B 3JEKTPOJHTE yBeJHUYHBaeTcs. MCTHHHAss CKOPOCTb pacTBOpEHHS
CTa/JH B 3aBHCHMOCTH OT KOHIIEHTPAIHH LIEJOYH MEHSETCsS 10 CJeaylo-
IeMYy 3aKOHY: BHauaJse NpH K0GaBJEHHH LIEJNOUYH K CyJabdaTy HCTHHHAS
CKOPOCTb KOPPO3HH PACTET, JOCTHTaeT MaKCHMaJIbHOTO 3HAUEHHs, TIOCIe
Yero HauMHaeT MmajnaThb.

IIpn mocTaToOuHO! KOHLEHTPALHH HOHOB THAPOKCHJAA B 3JEKTPOJIHTE
CTAaHOBHTCS BO3MOXHBIM 00pa3oBaHMe NACCHBHPYIOLIEFO OKHCJA 3a
cyeT KHMcaopoja ruppokcusa mo peakuuH Fe4-20H-—2e—FeO
+H;0 Ges BHemHell aHOAHOH mosasipH3auuu. HMoHel Bogopona u3 rump-
OKCHJIa COENHHSIIOTCS C JNPYyTHM THAPOKCHJIOM, 06pas3ys BOdy, Kak
ykasaHo Huxe [1]:

@?al

Comu cna6oit KUCJIOTHI M CHJIBHOTO OCHOBAHHSI HMEIOT IpeHMYylle-
CTBA Iepel OObIKHOBEHHOH MLIeJO0Yblo, MOCKOJbKY HOHBl THAPOKCHJA,
pacxoiyeMble Ha o0pa3oBaHHe IacCUBHPYIOLIEro OKHC/IA, aBTOMa-
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¢.8 ©8 THYECKH TIOMOJIHSIOTCS 33 CYer
, e PHAPOJIH3A.

oz ‘7’+r"°~_°'} Cnenyer uMeTb B BHAY, HTO

4,2 I neiCTBHE PaccCMaTpUBAEMBIX HH-

p gi(t” “ ruGUTOPOB 3aKJ/IIOYAETCS HE TOJIb-

[; KO B YBEJHYEHHH KOHUEHTpALHH

+4,2 w2 __ THIPOKCHJ-HOHOB, HEOOXOZMMBIX

L mMAfEMI T 0Opa30oBaHUA MACCHBUPYIO-
IUX CJ10eB. 31ech NpOSABJAETCS
a1le | cnenupuyeckoe JeicTBHE
:amux anuoHoB. Ha sto, Hampu-
Mep, yKa3blBaeT 3aBUCUMOCTD M0~
reHllHa/]0B IMacCHBAIUH U TOKOB
NacCUBAliMU OT IPUPOJLI AHHOHA,
a TaKXe TO, YTO 3alUTHbIE KOH-
LUeHTPAUHY HHTUOUTOPOB  TPU
onuHakoBoM 3HadyeHun pH pas-

L1 1 1 1 1. nuuneel. VI3ameHeHHe cocTaBa 3a-
0 4% 8 12 16 20 24 imAfck? IUUTHBIX IJIEHOK TaKxke CBHUJe-

TeJbCTBYET O CHEMUPUISCKOM

Puc. 2,13. Bausinne KOHLEHTPALMHM BOLOPOA- BIUSIHUM 'CAMUX aHHOHOB. MaiH

1bix HoHOB (pH) Ha aHORHYIO mMacCHBALHUIO " 49 B YACTH

cranx B OvpepHoit cmecu 0,04 m. HzBO, + 1 MeHTOp [ ]’ OCTH,

+004 1. HyPO, + 0,04 1. CH;COOH -10Ka3a/H, 4T0 OKHCHAA TIEHKa,
+ NaOH: BO3HHKalomas Ha xkeqese B 0,1 H.

I — =2 2—pH=42 3—pH=52 4 -pH=7. NagHPOy, cocrour u3 y-FeyOs
C BHEIPEHHBIMH B Hee YaCTHILAMU
FePO4-2H20.

Cneuuguyeckoe B/IHSIHHE aHHOHOB MOXET HaHTH OTpaXKeHHe B CIO-
COOHOCTH K aAcOpPOUUK UK 00Pa30BAHHIO TPYAHOPACTBOPHMBIX COEH-
HeHuil. BblcoKas KOppO3HOHHAs CTOHKOCTb XKesesa B docdarax, ce-
pe6pa B XJOpHAAaX, CBHHIA B cyab(aTax ¥ MarHus Bo ¢ropuiaax, He-
COMHEHHO, O00ycJ/0BJeHa 00pa3oBaHHEM TPYAHOPACTBOPHMBIX COJIEH
H WITIOCTPUPYET clielHdHIecKoe BJIHAHHE aHHOHOB.

JIsiss Toro 4toGbl M3YYHTb HENMOCPEACTBEHHOE BJHSHHE THIPOKCHJb-
HBIX HOHOB 6€3 H3MEeHEeHHs] KOHIIEHTPALUH aHHOHOB 3JeKTPOJHUTa, 6panu
docthatHo-GopaTHbiit Gydep u usmensau pH ¢ nomompio NaOH. Ha
puc. 2,13 npeacrasieHbl NOTeHIHOJHHAMHYECKHE AHOJHbIE MOJNAPH3ALH-
ounblie kKpuBbie (V=40 MB/mun), nonydenusie JlanunoseiM 1 OpaHcKoil
B OV(epHOM 3JeKTpoJuTe ¢ pasauyHbiMu 3HaueHHAMH pH. ITockouabky
B sToM GOydepe (0,04 H. HyPO,4+4-0,04 u. H;BO;+0,04 u. CH;COOH--
+NaOH) pH saekTposinTa H3MeHsieTCsl JHIIb 3a CYeT KOHLEHTPALHUU
FHAPOKCHJIBHBIX HOHOB, XOJ TOJSIPH3ALHOHHBIX KPHUBBIX OTOOpaxKaer
Baussue pH. Kak BuxHo, mo Mepe ysenuuenuss pH noTenuuan maccu-
BallMM CMeLlaeTcs B OTPUIATENBHYIO CTOPOHY, a TOK IIaCCHBAIM{ Na-
naer. Habomaercss nuHefiHasi 3aBHCHMOCTb MOTEHILHANa MacCHBALHH
ot pH (puc. 2,14).

HaksoH npaAMBIX 3aBHCHT OT HAa/IHYHS B 3JEKTPOJHTE aKTUBHUPYIO-
UHX IV [acCHUBUPYOWMX HOHOB. CyabdaThl 3aTPYAHAIOT MacCHBa-
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Puc. 2,14, 3aBUCHMOCTb TOTeHIHasa

naccuBalMH cTanad ot pH mpu mo-

GaBaeHun X OydepHoit cmecu ()
Pa3/IMYHBIX COJIEH:

2— 0,01 H. N6N02+0,1 H. NazSOu 3 —
0,01 H. NaNO,; 4 — 0,1 1. NaNO,.

1410, CMellas NoTeHUHaJ  naccHBa-
HHH K 60Jiee MOJOXKHTENbHBIM 3Ha-
yeHussM. Hutput-nons, Haob6opor,
o6JieryaloT TNacCHBaNHIO, CMellas
NOTEHLMaJ TacCHBalMU K OTpHIia-
TeJbHBIM 3HaueHUsAM. [1psMoanHeli-
Hasi 3aBHCHMOCTb NOTeHIHaJjga nac-
cuBanuu ot pH, Habmonaromascs u
B NPHUCYTCTBUH HHUTPHTA HAaTpis,
CBHJIETEJNbCTBYET, ONHAKO, O TOM,
YTO MACCHBAlHS OCTaeTcs MO CBOEIl
NpUPOZle OKHCHOI; €e BBI3bIBAIOT
HOHBl THAPOKCHJIA HJIH KHCIOPOJ
BOJIbl, @ HHTHOUTOP JHIIb 0bJeryaer
3TOT Ipolecc.

HuTpur-uoH OKasbiBaeT CHJIbHOE
BJIUSIHHE HA MOTEHIHaJ NacCHBALHN
JUIIb B KHCJABIX H  CJAa060KHCABIX
3JIEKTPOJIUTAX; MO Mepe mnpub.aIu-
KeHuss K HelitpaabHbiM (pH ~8)
NMOTEHIHAaJ IacCHBAHH BO BCeX
3JEKTPOJIMTAX OAHMH M TOT Ke. ITO
TaKkKe CBHUAETEJNbCTBYET B MOJb3Y
TOTO, YTO TACCHBAalUsl BO BCEX pac-
CMOTPEHHBIX HaMH 3JEKTPOJHTaX

IBJIIETCS 110 CBOeH NpHpoae okucHOH. Axcop6uys nonoB OH— mo Mepe
yBeainueHus pH Bo3pacraer, a APYrUX aHHOHOB — Majaer.

Cmemense cyabdaT-HOHaMHM INOTEHIMAja MAacCHBAUMH K OTpHIa-
TeJbHBIM 3HAYeHHSAM OOBSCHSETCS TeM, YTO OHM 3aTPYAHSIOT axcop6-
LIMI0O HA MOBEPXHOCTH CTAJH HUTPHT- M THAPOKCHJI-HOHOB H TE€M CaMbIM

naccuBanuio craau. Cyapdart-
HOHBI 00JIeryaloT TaKkXe aHOIHOe
pacTBOpeHHe B 06/1aCTH aKTHBHO-
ro pacTBopeHus 6Jarojaps Helno-
CPECTBEHHOMY Y4aCTHIO B 3Je-
MEHTAapHOM aKTe pAacTBOPEHHS.
Ha 3710 ykasniBaloT 3HaueHus mno-
JISIDH3yeMOCTH 3JeKTpojaa 0¢p/0i
B cyabdaTHHX H ¢ocdarbopart-
HBIX 3JeKTPOJHTAX NPH OJHHAKO-
BoM 3HaueHuu pH (~5,2), pas-
Hole cootBerctBeHHo 100 u 14
MB/MA.

HurepecHo npocieauts 3a us-
MeHeHMeM  TOKa  MacCHBAlMH
(puc. 2,15). 15 BceX H3yuEHHBIX
3JIeKTPOJHTOB OOGHApYKHUBAIOTCS
nBe o6saactd pH, B KOTOpbIX H3-

g, (MAjem?)
2f

{ ! | |

2 4 Iy pH

Puc. 2,15. 3aBuCHMOCTb IJOTHOCTH TOKa
naccuBalmy craau or pH mpu mo6aB.aesun
K GydepHoii cMecu (3) PasJHUHBIX COveii:

1 —0,1 H. NagSO4 2—0,1 H. Na:SO4+

40,01 u. NaNO,; 4—001 H. NaNOy
5-—0,1 u. NaNOa.
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menenue pH mo-pasHoMy BaMsieT Ha TOK naccuBauuu: go pH=
=4-5 gabOJuwonaercs cjgaboe H3MeHEHHE TOKa TMaccuBalMd, a Iocjie
3TOro 3HaueHus u3MeHenue pH HauMHAeT CHUABHO BJIMATH Ha TOK IMaCCH-
Baunu. Ilpu pH~~8 ToKM naccHBalMH BEIPaBHHBAIOTCH, 4TO CBHAETEMb-
cTByeT 0 mnpeobsajfaioleM BIMSHHH Ha NMAcCHBALMIO HOHOB TMAPOKCHJA
i Boxbl. IlepesoM Ha KpHUBBIX COBIAjaeT ¢ TeMH 3HaueHusMu pH,
IpH KOTOPHIX OObIYHO HAGJ/I0fAeTCs JJIS CTAJH Pe3Koe H3MEHEHHE CKO-
poctu Koppo3uu. I1pu Hanuuuu cyabgpara B pacTBOPE TOKH NACCHBALHH
cnabo MeHsIOTCSl ¢ u3MeHenueM pH, 4To, Kak yxe yKasbnlBajocCh, CBSI-
3aHO C BbITECHEHHEM C MOBEPXHOCTH MOHOB T'HMAPOKCHUJIA.

MexaHH3M PacTBOpEHUS Kese3a B CAaGOKHC/IbIX CYJabdaTHRIX pac-
tBopax (pH=4,0+5,3) usyuancs rtakxke aBropamu paGotbl [43].
ABTOpHl Ha OCHOBAHHH KHHETHYECKHX NAHHBIX O peaKUHH aHOXHOrO
pacTBOpeHHUsI MPeAIoJaraioT CaeAyIolue peakuu:

Fe + H,0 === (FeOH),z + H* + ¢~ (2,10)

(FeOH)ap, == FeOH* +4- ¢~ (2,11)

FeOH* + H* == Fel} + H;0 (2,12)
(FeOH), ¢ + H,0 === [Fe(OH)slape + H¥ + ¢~ (2,13) :

[Fe(OH)y)aze + HY === FeOH* 4 H,0 (2,14)

a B IIPUCYTCTBHH aHHOHOB

[Fe(OH),Jazc + 2A™ === FeA, - 20H~ (2,15) :

FeA, 4 nH,0 = Felf. +2A~ (2,16)

BosmoXHOCTh mapaJJjesnbHoro Tteyenus peakuuit (2,11) u (2,12)

V
I

3aBHCHT OT CTemleHH MOKpHITHS O anekrpona xommiekcoM (FeOH)ape,

KOTOpasi pacTter ¢ yBejauueHHeM pH M aHOJHOro nepeHampsKeHHs.
IIpn Hu3kux 3HaueHusx pH M MasjbiX aHOXHBIX NepeHaNpSKEHHAX
peasusyercss OOGBIUHBIM IOCJENOBATEJbHBII MEXaHH3M, OINHCHIBaeMBbl
peakuusimu (2,10)—(2,12). IIpu pH>>5,5 crenenb MOKPHITHSI 3JEKTPO-
Aa gommiaekcoM (FeOH)aue cumbHO Bo3pacraer. Ilpu BbICOKHX 3Haue-
Huax pH u(unn) Gosee BHICOKOM aHOAHOM IepeHampsiXKeHHH YBEJHYH-
BaeTCsi U CKOPOCTb 06pasoBaHHs INPOMEXYTOYHOrO KOMILIEeKca IO
ypaBHeHHIO (2,13). DTOT MpoMeXyTOUHBI KOMIIJIEKC, 10 MHEHHIO aBTO-
POB, MOXET NpEeNmsTCTBOBAaTL TeueHMo peakuuu (2,11), cospaBasi mo-
rpanuyHblil caoft. [To mepe Bo3pacTaHus CTENEHH NMOKPLITHS 3JMEKTPOAA
kommiekcoM  [Fe(OH)s]ane pacrBopenne kommiekca (FeOH)ape
NpaKTHUECKH INpekpaiaercsi. [Ipy HaNHYMM arpeccHBHbHIX aHHOHOB
npomexyrounbiii kommiaekc [Fe(OH)s]ape, cormaco (2,15) u (2,16),
paspyluaeTcs.

Buausune pH u cocraBa ajekTposMTa Ha NAacCHBAUMIO XKeje3a H
CTaJH NOLPOOHO H3yuyeHO MHOTMMH HccaeroBarteasiMu [33, 44, 45].
B GoabmuHCTBe paboT OBLIO YCTAHOBJIEHO, YTO NOTEHIHAJ IaccuBa-
uuy JuHeiiHo usmeHsiercss ¢ pH. Onnako B pabote [45] Gulo moka-
3aHO, UTO €CJIH B HMTPATHBIX, alleTaTHBIX H GOPaTHBIX pacTBopax IO-
TeHUHaJ NaCCHBAlUMH CHJAbHO CHuXKaercs ¢ poctoM pH, to B cyabdar-
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HBIX M IIEPXJOpaTHBIX pacTBOpax
NOTeHIHaJ acCHBallUM HE 3aBHU-
cut oT pH u onpepensiercss npu-
POMOH ¥ KOHIEHTpalueil aHHOHA.
3aBHCHMOCTb MOTEHNHMaJa mac-
CHBAlMH OT AaKTHUBHOCTH coJsie
@ yKjaajbiBaeTcs Ha IPAMYIO,
ONUCHIBAEMYIO yPaBHEHUEM: QPp=
=0,51—0,03 1g a.

B cBA3M Cc 3THM aBTOpHI 2
NpeAnoJiaraloT fABa pasJHYHBIX
THIA NacCUBALMHM; NacCHBaILUI
[NepBOro THIA, 3aBUCAIlAs OT
pH, CcBSI3aHa € 06'pa:3‘0BaHPIe‘M Puc. 2,16. Bausuue np,uponm. aHMOHA Ha

nacCHBAUHUIO CTaJIH:
¢)33>0'B0'I‘0 OKHCJa NJIH KHCJIOPOA- 1 — ¢ou (GopaTHbllt Gydep + 0,05 H. NaSOs
HOI'O CJ104, BOSéHI/I»KaIOque'I‘O B pe- pH=TI); %)—(;12%}(0;—Sbgi}b/ro:&ba/:lpgazsma; 3—
3yJbTaTe B3aUMOAEHCTBUS XKe- ’ '
Jesa ¢ BOJOH. DTOT BHA MacCCH-
BalJHd 3aTPyAHSIOT NMPOYHO ancopOHpoBaHHble HOHBI. [laccuBamus xe
BTOpOro THNa, He 3aBucsmas or pH, cBfi3aHa ¢ HemocpenCTBEHHBIM
yyacTHeM aHHOHOB B IHpouecce (OPMHPOBAHHS [AaCCHBHPYIOIIETO
caosi. [Tpu stoM pomyckaercsi, uto anuonbl SOi~ u ClO™ moryT ycko-
PATb peakuuio 00pa3oBaHHs MACCKBUPYIOLLETO CJO0S IOCPEACTBOM, Ha-
npuMep, Nepefayd KHCJIOpPOAAa OT MOJIEKYJabl BOJABl K MeTasny. DTOT
MEXaHH3M He COBCEM SICEeH.

Jast Toro 4ToGbl BHIIBHTb Clel(pHYEcKoe BJIHSHHE aHHOHOB, BXO-
JAALIHX B COCTaB MHTHOMTOPOB, 3aLHILAIOLHUX MeTasa Ojaromapsi 06-
Pas3oBaHMIO TPYAHOPACTBOPUMBIX COeAMHEHHH, H3y4aJH B HX IPHCYTCT-
BHM aHONHOE IOBe/leHHe CTaJ/u B Oy(pepHOM 3JIeKTPOJHUTE NPH MOCTOSIH-
HoM 3HaueHuu pH. Takum 06pa3oM HCK/IO4aJOCh BO3MOXHOE BJIHSHHE
pH npu BBeleHHM 3THX LIEJOYHBIX HHTHOHTOPOB B KOPPO3HOHHYIO Cpe-
1y (puc. 2,16). Kak HeTpyaHO 3aMeTHTb, IPH OJHHAKOBOM 3HAYeHHH
pH u onuHakoBo#i MOJIbHOH KOHIeHTpauuH (ochaTa ¥ CHAMKATa HX
BJIHSIHHE Ha aHOAHOE PACTBOpEHHe CTaJH Pas3jHyHO; GpocdaT nepeBOXUT
CTaJb B IIaCCUBHOE COCTOSIHME, a B INPUCYTCTBUM CHJIMKATA CTajb OCTa-
eTcsl B IUHPOKOH 0OO0JIaCTH NOTEHUHAJOB B AaKTHBHOM COCTOSIHHH. DTH
pe3yJ/bTaThl HJIIOCTPHPYIOT clelH(HYecKOoe BJHSHHE aHHOHOB H YKa-
3bIBAIOT HA TO, YTO AEHCTBHE MHIHOHMTOPOB LIEJOYHOTO XapakTepa
06YyCJ/IOBIEHO He TOIbKO H3MeHeHHeM pH.

! |
-6 -5 -4 -3 1gi/afem?)

§ 3. YMEHBUIEHHE KOPPO3HWHU MOCPEJACTBOM H3MEHEHHSA
KHHETHKH KATOAHON PEAKLLHH

PaccmoTpuM cayuali, KOrna cCKOpOCTb KOpPpO3HH 3aMejJasiercss 6Ja-
roflaps BBelEHHIO B 3JIEKTPOJHT HHTHOUTOPOB, CIOCOOHBIX 3aMelJIsiTh
CKOpOCTb KaToaHO# peakuuu. [locaennee moxeT ObITb NOCTHTHYTO He-
CKOJbKHMH HYTSAMH: 1) NpH HCIOJNb30BaHHH NPOAYKTOB KaTOJHOH pe-
aKuuy JJs ee XKe 3aMelJIeHHs; 2) NmpH CO3NaHHH aACOPOUMOHHBIX HJIIH
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(a30BbIX NJEHOK HHTMOHTOpA HAa NMOBEPXHOCTH MeTaslna, 3aTpVAHSMIO-
KX AOCTYN AENOJsipu3aTopa K MOBEPXHOCTH 3JEKTPOAa; 3) NpH BBe-
JIEHHH B 3JIEKTPOJIHT TAKHUX COeJHHEHHH, KOTOpble XHMHUYECKH CBSI3bl-
BAIOT AENOJISIpH3aTop.

Kak ¥3BeCTHO, KOHEYHBIM NPOAYKTOM KaTOJAHOH peakUHH AJs Ipo-
11ecCOB KOPPO3HH C KHCJIOPOJAHOH AemogasipH3aunuefl SBJAFIOTCS HOMBI
THAPOKCHIIA, 06pa3yIolIHecs N0 cXeMe:
nepBas cTaius

0, - 2H,0 - 2~ —> H,0, -- 20H"
BTOpast CTaius
Hy0, + 267 —— 20H™
cymMMapHasi peakiius
0, - 2H,0 -- 4¢~ —> 40H~

B cBsisM ¢ TeM, YTO MMeeTcs OTHOCHTENbHO 06O0Jbllas rpynmna Me-
TaJJOB, COCOGHBIX 00pasOBHIBATH TPYAHOPACTBOPHMBIE T'HApAThl, CTa-
HOBHTCS BO3MOXKHBIM HCIIOJIb30BAaTh NMPOAYKTH KaTOZHOH peakiui, T.e.
HOHbl THAPOKCHJA, AJS TOPMOXKeHHS KaTOJHOTO e npoiecca. Ecan
BBECTH COJIb C NMOAOOHBIM KATHGHOM B 3JIEKTPOJIHT, TO B pe3y.bTare
HaKOMJIEHHUS I1eNOYH B NMPHIJIEKTPOLHOM CJIO€ AOBOJBHO OBLICTPO JOCTH-
raeTcs Ipejie] PacTBOPHMOCTH M Ha 3JEKTPOAE OCaxKAaeTcsl TPYIHO-
pactBopuMbiil ruapat. Ocafok, S3KpaHUPYS 3JMEKTPOJ, 3aTPyAHSET A0-
CTYyN KHCJIOPOJAa H 3aMeJsieT KaTORHBIH mpolecc. THNHYHBIMU TIpej-
CTaBHUTENSIMH 3TOT'0 KJacCa KHTHOUTOPOB SIBJAIOTCA COJMH HUHKA H
KaJ/IbLHS.

Ha stoM npunuune ocHoBaHa 3amura OHKapOOHATOM KaJbLHST
CTaJbHBIX TPYOONpOBONOB, Hallefulass LIMPOKOE IpHMeHeHHe B IIpoO-
MbILJIEHHOCTH. Buiaropaps 3allenaynBaHHIO BOJbI y NMOBEPXHOCTH Me-
TaJJla, BO3HHKAWOLIEMY B pe3ysabTaTe KaTOJHOM peaKLuH, KecTKas
BOJla, cofep:Kallasg OuKapOOHAT KaJjbLHS, CIOCOOCTBYET OTJIOXKEHHIO
Ha NOBEPXHOCTH MeTaJ/jla IUIEHKH M3 KapOoHaTa KaJblus H 3aMelJe-
nuio KopposuH. Ilpu aToM cienyer uMeTb B BHAY, 4TO 3P(HEKTHBHOCTD
3allUTHl 33aBHCHT OT TeMIIepaTyphl BOIbl, NOCKOJbKY pPacTBOPHMOCTb
KapOOHaTa KaJbLHs ¢ TeMIepaTypoH yBe/HuuBaercs H cOpMHpPOBaH-
Has MJEHKa MOXeT HayaTb pacTBopATbecs. 1o aToMmy Xe mpuHuMmy
AEeHCTBYIOT U COJIH LIMHKA.

IlpakTHKa, 0HaKO, MOKA3bIBAeT, YTO 3a CYET TOPMOMKEHHS OLHOrO
KaTOJAHOTO Ipollecca, €CAU TOJbKO He YHAeTcsl ero MOJIHOCTbIO TNpH-
OCTaHOBHTb, IIPEKPaTHTb KOPPO3HI0 TpyaHO. KaTonHble MHTHOHTODHI
OKas3blBaloTCsd, Kak NpaBusio, MeHee 3 (eKTHBHBIMU, HEXEJH aHOAHbiEe
UM CMellaHHble MHTHOUTOpPBI, KOTOPBlE TOPMO3SAT Ty H APYTIylO peak-
uud. Tem He MeHee KaTOXHBIE HHIHOUTOPBI NPHMEHAIOTCS Ha MpaKTUKe
KaK CaMOCTOSITE/IbHO, TaK H B CMeCH C aHOAHBIMH HHTHOMTOpaMH, mo-
CKOJIbKY OHH HE HMEIOT TOr0 HeAOCTaTKa, KOTOPbIH CBOMCTBEH aHOIHBIM
HHTHOUTOPAM, — CHOCOOHOCTH JOKAaJH30BaTh AHOLHBIN NpOLecc i yBe-
JINYHBATb €I'0 CKOPOCTb NMpPU HEMOJHOH 3alluTe.

YuuTEIBash MEXaHH3M JAeHCTBHS HHTHOUTOPOB, 06pasylomux TPYLHO-
pacTBOpHMble THApATH], ObIT MpeaJoXKeH H peasu30BaH Ha NpakTHKe
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KOMOUHHPOBAHHLIH MeTOJ 3a-
LIHTBI,  3aKJIOYAIOUHHACS B
NPHMEHEHUH  NIPOTEKTOPHOMH
3alUThl B KOMOMHAUUH ¢ HH-
rubutoproit [46]. Ipu sToMm
HCXOJHJIX U3 TOT'O, YTO KaTOM-
Hag moJsipu3anus  Kejesa
npuBefer k 60Jiee CHJIbBHOMY
3aleNaydBaHUI0 3JIEKTPOJIHTA
B MPHAJNEKTPOLHOM CJIO€, UeM
B YCJIOBHAX CaMOpacTBOpe- 0 20 as
HUS, U HeNpepbhBHOMY OTJIO-

KeHUIo rufpara uuHka. Kak 1 pye 2,17. Bausuue no6asox (0,1 H.) npoH3BoA-
npeanoJiarajocb, 3aliuTa I1O0- HbIX HU3KOMOJEKYJasapHeix amMuHoB MOXAH-4
JyYdIach npeBocxogHol. (2) u HUOXAH-5 (3) Ha cKOPOCTb KAaTORHOI
HpI/IMe‘HHH TOJIBKO HHIMGHTO-  PeaKUHH Boccraﬂl\(l)sngguﬂ IKchopona B 1l n
psl [ZnSO,, Ca(NOs)s], mo- 250 (1)

O6UMTbCA  3alUUTBI CBApHBIX H

KJAeNaHblX KOHCTPYKUHMH He ypajoch. Hesap@hekTHBHbIMH B OTCYyTCTBHC
HHTUOUTOPOB OKA3aJ/IUCh H IHHKOBBIE MPOTEKTOPHI, MOCKOJILKY OHH JAO-
BOJIBHO OBICTPO IOABEprajuch 3aMeTHON aHoAHON mnaccuBauuu. Cos-
MECTHOE Ke NPHMEHEHHe IIHHKOBBIX NPOTEKTOPOB C CePHOKHC/BIM LHH-
KOM 00eCcIIeyHBaJ0 MOJHYIO 3aLIUuTy.

JpyruMH cOeMHEHUSIMH, CHOCOOHBIMH CHJIBHO TOPMO3HTb KaTOJAHYIO
PEaKIHIO BOCCTAHOBJIEHHSI KHCJIODPOAA, SIBJSIOTCS HHTHOMTOPBI THIA
HO®XAH. Ouu npepcraBasiior coGOil MPOH3BOJHBIE HH3KOMOJIEKYJSIP-
HblXx aMHHOB U HeHCTBUTE/NbHO CHJIBHO TOPMO3SIT KaTOAHYIO DeakiHIo
(puc. 2,17). DT0 MOIJIO SBHTbCS CJAEACTBHEM JHOO YMEHbUIEHHS KOH-
LleHTPALUH JeNosipH3aTopa H3-3a B3aUMOJEHCTBHS C HHM HHTHOHTOpA,
Jn6o 3aTpyAHEHHs] NOCTyNa HemoJspH3aTopa K NOBEPXHOCTH 3JIEKTPO-
na. MccienoBanve KaTOZHON peakUWH Ha BpalllalOLEMCs JQHCKOBOM
3JEKTPOJie MOKa3aJso, YyTo IO Mepe yBeJHUYEeHHS 4yHuc/aa 00OpOTOB 3JeK-
Tpoga TOpMO3AIHH 3(deKT HHrubuTopa ocjabeBaeT H B mpejese NMpH
n=>5000 06/MUH OH MOJHOCTbIO HCYe3aeT. DTO yKasbiBaeT Ha TO, UTO
NPOU3BOAHbIE HH3KOMOJIEKYJSPHBIX aMHHOB He YAAJAT JAeNoJspH3a-
top (O2) H3 37eKTposHTa, a AeHCTBYIOT GJarogapss o6pa3oBaHHIO Ha
II0BEPXHOCTH MeTaJ/la MOJHMOJMEKYISPHBIX CJI0€B, 3aTPYAHSAIOIHUX AHD-
¢y3uio Kucmopona K ajekrponay. Murubutoper tHna MOXAH umeior
IpeuMylllecTBa Mepej YHCTO KaTOAHBIMH HHTHOMTOpPaMHM, IIOCKOJIbKY
OHY CHJIBHO 3aMe[JIAIOT M aHOJAHYIO peakuHio, 6saarogapsi demy obec-
neyuBaT GoJiee HAJeXKHYIO 3aALHTY.

OTHOCHTEJbHO MeXaHH3Ma TOPMOXKEHHS aHOJHOH pPeaKUUH MOMKHO
cKazaTb chaeaywoollee. Kak mokasanu Macc-CIeKTPOMETPHUECKHE HCCle-
noBanusi, uuru6utopsl Tuna MOXAH comep:kat ABa aKTHBHBIX reTepo-
atoMa N u O (B Macc-CIeKTpe HCCJeJOBAaHHBIX COeJHHEHHH ObLIO 00-
Hapy»KeHO JBa IHKAa, OAMH H3 KOTOPHIX CBSI3aH C JIOKAJH3aLHeH 3aps-
la Ha aToMe asoTa, a JAPYroii — Ha aToMe KHCJIOpOAa). ITH
reTepoaToOMbl 06pa3yioT NOHOPHO-AKIENTOPHYIO CBA3b C METaJlIoOM.

0 | I | | l
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Ancop6uust 3THX COEIHHEHHH H3MEHSeT 3SHepreTHYECKOE COCTOSIHHE
aTOMOB MeTaJlja Ha MOBEPXHOCTH, O YeM CBHIETEJbCTBYET YMeHbLIeHHe
paboThl BHIXOJla 3JIEKTPOHA. YBeJIHUYEHHe KOHTAKTHOH PasHOCTH NMOTEH-
nuajnos Gosee yem Ha 0,3 B ykasbiBaeT Ha BO3SHHKHOBEHHE NpPOYHON
CBSI3H, B KOTOPOH MHTHOMTOD sIBJseTCs AOHOPOM, a MeTaJslyl — aKIeNTo-
poMm (moapoGHO CM. HHXKe).

Y, nakonemn, ocraeTcsi pacCMOTPeTb HOCJENHHH, T. €. NATHIH, NyTb
yMeHbLIEHHs] PeaKUHOHHOH CHOCOOHOCTH METaJJIOB NOCPEACTBOM CHH-
XEeHHSI OKHCJIHTEJbHO-BOCCTAHOBHTEJNbHOTO MOTeHIHMaJsa cucTeMul. Cie-
LyeT cpasy e OrOBOPHTLCSH, UTO XOTS 3TOT MyTb H NPHBOAMT K maje-
HHIO CKODOCTH KaTOAHOH peakIHH, OH OTJIHYEH OT pPacCMOTPEHHOro
JO 3TOTO CJyyas TOPMOXKEHHs KaTONHOH peakuuH. B mnpemblnyuiem
clyuae CKOPOCTb KAaTOAHOH peakluH, Kak ObLIO NOKa3aHO, 3aMelJsieT-
cst 6arofapst CO3NaHMIO HA MOBEPXHOCTH MeTala IJIEHOK, MpeiacTaB-
JA0WHX AHPOY3HOHRbIE 6apbep JJs KHCJIOPOAA HJH APYroro HemoJsi-
pusaTopa. YMeHbIUEHHE XKe OKHCJHTEJbHO-BOCCTAHOBHTEJBHOI'O MOTEH-
nyaJja CHCTeMbl CBSI3aHO, XaK NpPaBUJO, C YMEHbIIeHHeM KOHIEHTPaIHH
Jenoasipusatopa. Ha aToM npuHnuNe, B 4aCTHOCTH, OCHOBAHBI METOMbI
60ppObl C KOpPO3HEH 3IHepreTHYECKHX YCTAaHOBOK, 3aKJIOyalollHecs B
XHMHYECKHX H/IM TePMHUYECKHX Crnoco6ax yJaJieHHs U3 BOAbI KHCJIOPO-
Ja. YMeHblIass OKHUCJHTENbHbIH NOTEHUHAJ CHCTEMBl, CMELaloT NOTeH-
IyaJ MeTal/a K 3HaueHHIO PaBHOBECHOTO NMOTEHIHaJla PeakIHH B HaH-
HOH cpelle, IPH KOTOPOM CKOPOCTH NpSIMOH (MOHH3aLMH MeTasana) H
obpaTHOll (OcaXKJieHHs MeTa/sla) peakUHH NpaKTHYeCKH paBHHI, T. €.
K YCJIOBHSIM, KOTJla KODPO3HH IO cyllecTBy HeT (@a; Ha puc. 1,1). Tex-
HOJIOTHSI OCYIIECTBJEHHsS NOJAOOHOH 3alUMThl H3J0XKeHa HHxXe (cM.
crp. 251).

§ 4. MEXAHHM3M NMACCHBHPOBAHHUSA
METAJIJIOB HHTUBHTOPAMH

BonbmyHCcTBO 3¢ (heKTHBHBIX HHTHOHTOPOB NPOSIBJAIOT B HEATpaJib-
HbIX 3JIEKTPOJIHTAX 3allluTHble CBOHMCTBA G6Jsarofapst macCHBHPOBAHHIO
MetassoB. Cieayer MOAYEPKHYTb, YTO B BONpOCe NMACCHBHPOBAHHS Me-
TaJJI0OB HHTHOHUTOpPAMH, KaK H BO B3IVISfaX Ha CaMo fBJEHHe IaccuBa-
MM, CpPefl HCClefoBaTesiell HeT ellle eNMHOH TOukH 3peHHs. OnHako,
KOrJla Mbl HMeeM [eJI0 C HHIHOHTOpaMH, OKHCJHTE/bHbIE CBOHCTBA KO-
TOPBIX NPOSIBJSIOTCS BIOJHE OTUETJNHBO, ylaeTcs HaAHTH OJHO3HAuHOe
00DbsICHEHHe MeXaHH3MY IIaCCHBAILLNH.,

BoccranaBauBasich ¢ OCTaTOYHOH CKOPOCTHIO B JIIOGHIX 3JIEKTPOJH-
TaX, TakKHe HHTHOMTOPbl 32 CYeT BHYTPEHHEeH aHOAHOH MOJISIPH3ALHH
CMelaloT NMOTEHLUHAJ K 3HauyeHHsIM, NOCTAaTOUYHBIM MJs1 OCaXKJAEHHsS Ha
NOBEPXHOCTH MeTaJslJla MacCCHBHPYIOLIEro okucsaa (asoBoro HJIH af-
copGIHOHHOTO Xapakrepa. M1 B 3TOM ciyuae He oGxonutcsa 6e3 Tpyn-
HOcTefl, TaK KaK BbICOKasi CKOPOCTb BOCCTAHOBJIEHHSI He Bcerna ofecrne-
yyBaeT naccuBauuio. Hampumep, mepMmaHrasaT KaJjiHs JIeTKO BoccCTa-
HaBJIHBAeTCs NOYTH Ha BCeX TEXHHUECKH BaXHBIX MeTalliax, HO, TeM
He MeHee, OH sIBJseTCs ca1abbiM HHrH6uTOpOoM. BaxkHoe 3HaueHue 3fech
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HMeeT CIIOCOGHOCTb HOHOB HMJIM HEHTpPaJbHBIX MOJIEKYJ K agcopbnuu,
KOTOpas o6Jieryaer nacCHBaIHuIo,

Ecnu uHru6utop He crnocoGeH BOCCTAHABIMBATBLCS HJIH BOCCTAHAB-
JIUBAETCS C HE3HAYHTENbHOH CKOPOCTbIO, TO CPa3y BO3HHKAaeT BOIPOC:
KaKas KaToAHas peakuusi 00ecleuHBaeT OCa)KJeHHEe NAaCCHBHPYIOLLEro
OKHCJIA H MOJJiepXKaHHe ero B YCTOHYHBOM COCTOSHHH? 3JecCb NpelJa-
raloTcsi aBa Mexanusma. COrJIacHO OJHOMY M3 HHX YKe HeGoJibluas
CKOpPOCTb BOCCTAHOBJIEHHS HHTHOHTOpA [OCTATOYHA MHJISi TOTO, YTOGHI
MOAepKHUBATb METAJJI B IIACCHBHOM COCTOSIHHH, IIOCKOJIbKY BOCCTAHOB-
JenHas ¢opma HHru6utopa, Hanpumep CryOs, BXOZHT B COCTaB MAacCHU-
BHPYIOILEro OKHCJa, KOTOPbIH mpHoOperaer GJarofaps 3tomy O6oJee
BBICOKHE 3alluTHble cBoOHcTBa. CorsacHo Apyromy, HaccuBamusi HpPH
MaJ/blX KaTOJAHBIX TOKaX BO3MOXHAa H3-3a TOTO, YTO OOJILIIMHCTBO 3-
(eKTHBHBIX HHTHOHTOPOB OTHOCHTCS K XOPOLIO afcoOpOHpyeMBIM COeNH-
HEHHSM, B CHJYy Yero GOJIbIIMHCTBO AaKTHBHBIX LEHTPOB Ha MOBEPXHO-
CTH 3alllHLaeMOro Merajljla OKa3blBAlOTCS XHMHYECKH HJIH (pH3HMYECKH
CBSA3aHHBIMH C HHTHOHTOPOM. B TaKuX yC/IOBHSIX yKe He3HaUHTeJNbHbIe
KaTOJAHble IIOTHOCTH TOKa (B pacueTe Ha BCIO IeOMETPHYECKYIO IIO-
BEPXHOCTb) [OCTATOYHBI HJIS1 TOT'O, YTOOBI CMECTHTb IOTEHLHaJ K 3Ha-
YEHHSM, IPH KOTOPHIX OCaXK/AaeTCsl MacCHBHPYIOUHHA OKHCeJ.

VMcxonst U3 3THX paccyXJeHHH, pacCCMOTPHM MeXaHH3M NacCHBALUH
MeTaJlJIOB HHTHOMTOpaMH, pa3bMB HX Ha TPH KJaacca: 1) HHTHOHTODHI,
OTJIMYAIOLHecs: BHICOKHMH OKHCJIHTEJbHBIMH CBOHCTBAMHU; 2) MHTHOHTO-
pbl, He ofJajaiollye OKHCAHTENbHBIMH CBOHCTBAMH, HO 00pasylollHe
TPYAHOPACTBODHMble COEJMHEHHsI; 3) HHTHOHTOPHl C AaHHOHOM THIA
MO7~, orsiuyarolnrecs: cjJabbIMH OKHCJAHTEJbHBIMH CBOHCTBAMH.

Kax noxkasaHo Bbllle, 4yTOObI NEpeBECTH KeJe30 HJIH CTajb B Mac-
CHBHOe COCTOfiHHe, TpebyeTcss B HEHTPaJbHOM 3JEKTDPOJHTE CMECTHTb
ero nortennuan fo +0,3=-40,5 B, Ha uto npu BHem:HeHd aHOAHOH mHO-
JSIpH3alMY B 3aBHCHMOCTH OT CKOPOCTH H3MEHEHHs IOTeHLHasNa Tpe-
6yercst ot 50 no 250 MA/cM2 Ecaiu CTOSITb Ha YHCTO 3JIEKTPOXHMHUE-
CKHX MO3HIMSX M He NMPHINHCHIBATb HHTHOHTOPY KaKOro-nmubo crneuudu-
YeCKOro BJIMSHHS, TO NOJHOH 3alLUTHI, HADHMep, CTaJH B CyJb(aTHOM
pacrBope (0,1+-1,0 H.) MOXHO HOGHTbCA JIHLIb B cJlydyae, KOrja BHYT-
PEeHHHIl TOK OKHCJHTEJbHO-BOCCTAHOBUTENbHOH PeaKUHH NMPEBLICHT TOK
TMacCHBalHH.

IMTono6HBIX HHFHOUTOPOB, KOTOpble BOCCTAHABJHBAMHCh Obl C TaKOH
60JbLIOH CKOPOCTbI0 B HEHUTPAJbHBIX 3JEKTPOJHTAX, HE CYIIECTBYET,
fI03TOMY 3aMacCHBHPOBATb MeETAJ1 JHIIb 32 CYeT BHYTPEHHEro TOKa
KaToNHOH peaKUHH He yjaaBajocb. Dosee TOro, TakHe HHTHOHTODBHI,
cMellasi MOTEHIMAM B MOJIOXKHUTEJNbHYIO CTOPOHY, HO He BHIBOAS €ro 3a
npejesibl MOTEHI KA A NMAaCCHBAIlHM, YBEJHUYHMBAJH JHIIb CKOPOCTb KOP-
po3uu, T. €. GaKTHUECKH HE SIBJSJIHCb HHTHOHTOpaMH.

TeM He MeHee TaKOH NMPHHIMN 3alIUTHl ObIJ 3a NOCJEeLHHE TOJbI
peann3oBaH 6sarofiaps COYETaHHIO B ONHOM COEJHHEHHH JIerKO BOCCTa-
HaBJIMBAIOIIETOCS aHHOHA M XOPOIIO afcopOHpyollerocs KaTHOHA
[38]. B ycsoBusix, Korga 3HauyMTeNbHAsh 4aCThb IOBEDXHOCTH 3aHATA
TIpOYHO aJCOPOMPOBAHHBIMH KATHOHAMH HMJHM MOJIEKyJaMH HHTHOMTODA,
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MOKHO 3aIlacCHBHPOBATb METaJJ M IPH MeHbIUHX IJIOTHOCTAX TOKa
~5—10 MA/cm2 Heoprannueckue HHTHOHTOPH OOecleuuTb TaKHe
MIOTHOCTH TOKAa, €CTECTBEHHO, He MOTYT.

THOHYHBIMH IpeNCTaBUTENSIMH HHTHOHTOPOB, NEHCTBYIOLIHX MO VKa-
33HHOMY MeXaHH3MYy, fIBJAIOTCS HHTPOOEH30aThl H NUHHTPOGEH30aThl
amuHoB. C HX MOMOLIbIO yJaeTcsi YCHELUIHO 3allUTHTb OT KOPPO3UH
BONbILIOe YHCJIO TEXHHYECKH BaXKHHIX MeTaJJIOB. B BOAHOH cpene HHT-
poOeH30aTHbIH HOH MOABepraeTcs NPOTOHH3AlMH C NpeBpalleHHeM B
AKTHBHBIN KOMIIJIEKC, KOTOPBIH JIETKO BOCCTaHAaBJIHBAaeTCs [0 THAp-
OKCH/JIaMHHHOT'O IIPOH3BOJHOTO

NO,H*

NO,
‘OOC——Q\< haig "ooc—C\< AN

—OH™

NO,H NHOH

- +
— ‘ooc—<f_\<, 2L ool N ~ H,0 (2,17)

Kax BuIHO, IPOAYKTBl BOCCTAHOBJEHHS] MHTHOHTOpPa HE MOTYT BOH-
Til B COCTAB 3aLIUTHOI'O CJ/IOSl, BO3HHKAIOLIETO HA IOBEPXHOCTH CTaJH.
He MOryT oHM M OKHCJIHTb NepPBOHAYaJbHO 00pa3ylOLLylOCs B aKTHB-
HOI 06JsiacTH TOTeHIHas 0B IiaeHKy FesO, o okucia 6osee BBICOKOMH
BaseHTHOCTH FeyOs. ITosToMy ocraercss AOMyCTHTb, YTO NIPH AOCTHXKe-
HiHl ONpeJeJeHHOrO INOTeHI[HaJa B POJHM INacCHBATOpPa BHICTYNaeT He
HHCHOUTOP, a APYroH maccuBHpYIOIUEA areHT. MICTOUHMKOM KHCIOPOAA,
KOTOpbI HEOOXOAMM A/ BO3HHKHOBEHHS HA NOBEPXHOCTH CTaJH Iac-
CHBUPYIOIIEr0 OKHCJIa 60Jjiee BBICOKOH BAJIEHTHOCTH, SBJSETCA KHCJIO-
pon BOIBI

9Fe,0, + Hy0 — 2~ — > 3y-Fe,0, + 2H* (2,18)

Muruburop e BLICTYIIaeT B OCHOBHOM B POJIM akKleNnTopa 3JeKTpo-
HOB, T. €. IBHXKYIUEH CHJIbl aHOJHOH peakUHH, XOTH, KaK y¥Ke yKa3bl-
BaJ0Ch, aACOpPOIMS KAaTHOHOB HJIH MOJEKyJ HHIHOHTOpa o6Jjeruaer
3aWHTY. DJIEKTPOHOrpa(HYeCKUMHU HCCIeOBAHHSAMH IOBEPXHOCTH CTa-
JH MOCJIe BO3JAEHCTBUS HUTPOOEH30aTOB aMUHOB He OOHADyXKEeHO HHUKa-
KUX 3JIeMEHTOPTaHMUECKHX COeJHHEeHHH, a 3aHKCHPOBAHO JHIIb HAJH-
yie Ha IIOBEPXHOCTH OKHCJA KeJse3a 6oJjee BHICOKOH BaJEHTHOCTH.

[TaccuBupoBaHHe C MOMOLIbIO HUTPOOEH30ATOB AMHHOB SBJSETCH,
TakuM 00pa3oM, THOHYHBIM [PUMEPOM IaCCUBHPOBAHMs MeTasja 3a
CyeT YCKODEHHS] KaTOAHOH peaklUHH BOCCTAHOBJIEHHS HHIHOHTODPA, KOTO-
pas coobliaer 3/71eKTpoAy HeoGXoAuMblii moTeHuuas. Kakum ke obpa-
30M JOCTHTaeTCsl MACCHBALUs NPH HCIOJb30BAHMH HHTHOHTODPOB, He
06.1aflaI0IUX OKHCJUTEJbHBIMH CBOMCTBAMH HJIH 06JafaloUIHX TaKo-
BbiMI, HO BOCCTAHABJHMBAIOLIMXCS ¢ GOJbLIMM mNepeHanpsxkeHuem? Ha
3TOT BONPOC MOXKHO YaCTHYHO IOJYYHTb OTBET, HCIIOJb3yST METOA XH-
MUYECKOH macCUBalMM, a TakxXe Ipyrue (PH3HKO-XUMHYECKHE METOIbI
HCc/e0BaHUsST HHTHOHTOPOB.
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§ 5. XUMHYECKAS NMACCHBALLUSI HHTUBUTOPAMHU

Meto1 M3yueHHs XHMHUECKOH MAacCHBAIMH 3aKJIIOYaeTcss B HCCae-
IOBaHWH 3aBHCHMOCTH CKODOCTH pacTBOpPEHHS MeTaJjJa OT IIOTeHIua-
Ja, KOTOpbIH 3ajaeTcs 3JeKDPOAY HE C NMOMOLLbIO BHEIIHEH aHOAHOMN
fIONISIPH3ALMH, a BBELEHHEM B 3JEKTPOJHT XHMHUECKHX COeJMHeH.
DTOT METOA NO3BOJIAET, CYAs IO pe3yJabTaTaM, KOTOpble OYAYT H3.10-
’KeHbl HHXKe, NOJYyYaTb LIEHHYI0 HHpOpMAaUHI0O 0 MeXxaHu3Me NelcTBHsS
HHMM6HTOPOB BOJIM3H CTAllHOHAPHBIX MOTEHIMAJOB, 4ero He MO3BOJSET
MeToJ BHelUHedl aHOJAHOW NOJSPH3alHH, CHJIbHO CABUTAIOLUI ITOTEH-
[uaJj B MOJOXHUTEJIbHYIO CTOPOHY.

Ilpu BHeliHeH aHOAHOH MOJSPH3ALUH TPYAHO OTHAEJHUTb NMacCHBallM-
OHHble 3((eKTh, BO3HUKAIOLIME 32 CYeT aJAcopOLHH KHCJA0POAa, OT
naccuBalHOHHLIX 3((}exTOB, BO3ZHHKAIOIHX 3a CUET aACcOpPOIHMM HHTH-
6uTopoB. OODBACHSIETCS 3TO TeM, YTO YIOMSIHYThie 3G ¢eKTh He afau-
THUBHbI; Yallle BCEro BHENIHSAS aHOAHAs TOJAspH3anus obJiersaer aj-
cOopO1HI0 HHTHOMPYIOMYX AHHOHOB M JieJaeT NPOYHee HX XUMHYECKVIO
cBSi3b ¢ MeTasaoM. ITOCKONIbKY B peasibHBIX YCJIOBHSIX IpUMEHEHHs
HHTHOUTOPOB BHELIHEH aHOJAHOM MOJSIpU3AIUH yallle BCero He OBLIBAET,
pesyJbTaThl, NOJyyaeMble NPH BHEIIHEH AHOAHOM MNOJISIPH3ANMH, C.le-
AVeT NONOJHATb HJIM NMepellpoBepsATb METOAaMH XHMMYECKOH TaccH-
Ball}H.

Meron XMMHYECKOH IacCHBALMM NO3BOJISET NOJYyYaThb A MeTad-
JIOB, CKJOHHBIX IepexOAUTb B IIaCCUBHOE COCTOSIHHE, TaKHe Ke I10.15-
pHU3aLHOHHBIE QHArpaMMbl, KOTOpble IOJNYYalOTCS NPH BHEIIHEH aHO.-
HOM NMOJNAPH3aLUH. DTH AUArpaMMbl HMEIOT YUacCTKH, XapaKTepHbie 14.15
AKTHBHOT'O PaCTBOpEHHS, aKTHBHO-IIACCHUBHOT'O COCTOSIHUS M IIACCUBHOTO
coctossuusi. Ha puc. 2,18 mpenxcTaBiieHbl KpHBble 3aBHCHUMOCTH CKOPO-
CTH KODPO3HM CTaJH OT HOTeHIHaJja, KOTOPHIH 3afaBaJjics 3JEKTPOay
c MOMOUIbI0 PA3JUYHbIX KOHLEHTpalHH eIKOTro HaTpa, CH/IHKaTa, ¢oc-
¢ata u mepbopara HaTpusi. Kak BHIHO, 3aKOHOMEPHOCTb IOJydYaeTcs
Taxkas e, Kak 4 IPU BHelllHe# aHOJAHOH mossipu3aunuu. B nauane aua-
rpaMMbl HMeEETCSl aKTHBHAs 06J1acTb pacTBOPEHMs, B KOTOPOH cmelle-
HHe NOTEeHLHasJa B IOJOXKHTENbHYIO CTOPOHY NPHBOAHUT K yBeJHUYEHHIO
CKopocTH pactBopenHs. Ilocie qocTHKeHHs ONpeneJeHHOrO NOTeHUMa-
Jla, KOTOpbIH Ha30BeM IOTEHIHAJIOM YacCTHYHOH IAacCHBAIMH, CKOPOCTb
pacTBOpeHMs] HauMHaeT majgaTb. [lojHas TaccuBalus HacTyHaeT B
. IPUCYTCTBHH 3THX HMHTFHOMTOPOB INPAKTHYECKH NPH OJMHAKOBBIX 3Ha-
yeHusix norenuuana (-0,2--+40,25 B).

WHTepecHa mossipH3allHOHHAsT KPHBas, NOJyYeHHAs AJs LIEJOYH.
Ha neit moTeHnyas yacTHYHOM MACCHBAIMH COBMAJaeT C IOTEHIMAIOM
NoJHON naccuBalMu. Kak TOJbKO NOTEHLMAJN 3JeKTpPofa HOCTHTaeT
~+0,2 B, nHaunnHaercs GbiCcTpasi MAcCHBALUSI 3JEKTPOAA: CKOPOCTDb
pacTBOpEHHS NajlaeT, a MOTEHIHAJ OCTaeTCs HOCTOSHHBIM,

' Flonsipusannonnble KpHUBbIE, NONYYEHHbIE ML APYTHX HHTHOHTOPOB,
HMEIOT Pa3HbIi HakKJOH M B 06JIaCTH aKTHBHOTO PacTBOPEHHS, H B 0O-
JlacTH aKTHBHO-IIACCHBHOI'O cOCTOsIHHS. ITOCKONBKY paccMaTpHBaeMbie
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Puc. 2,18. 3aBMCMMOCTb IJIOTHOCTH TOKa KOPPO3HM CTajM OT NOTERLHAJNa, KOTOPHIH

3ajaercs 3JeKTPOAY HHIHGMTOpaMu HeOKHCJuTeapHOro tuma (dor — 0,1 H. NaySOy

t=10 cyT; BHU3Y cnpaBa — KPHBble H3MEHEHHS TJOMANH aKTHBHOH 4YacCTH 3JEKTPOLa
B 3aBHCHMOCTH OT KOHLEHTPAlHH HHrHOHTOPA).

HHTHOUTOPBl He CIOCOOHBI yYacTBOBATb HEMOCPEACTBEHHO B KAaTOXHOM
npoluecce, HeACHO, KaKHM 0Gpa3oM OHH MOTYT B aKTHBHOH 06/1aCTH
DPACTBOPEHMST YBENHYHUBATh CKOPOCTb AHOJLHOH peakIMu M KaKas KaToJ-
Has peakuus oOecleyuBaeT OCaXKJEHHe MACCHBHPYIOLIETO OKHCIA.

AHanus mokasbiBaeT, YTO YCTaHABJIMBAIOIIHECS HA 3JIEKTPOJAE 3Ha-
YyeHUs NOTEHLHaJOB B AKTHBHOH 00/1aCTH He MOTYT ObITb 0OycCJIOBJe-
HBl M3MEHEeHHeM KHHETHKH aHOXHOH peakuuu. Ecam OBl 3T0 cMelieHHe
NOTEHIHAJa B MOJNOXKHUTEJNbHYIO CTOPOHY SIBHJIOCH Pe3yJbTaTOM 3aMef-
JIEHHs aHOJHOH peaKIHH, TO OHO CONPOBOXAAJNOChb Obl yMeHbLIEHHEM
KOPPO3HOHHOTO TOKa.

B orcyrcTBue BHemineil mossipuzanuu 6e3 usMenenus 3¢$deKTHB-
HOCTH KaTOJLHOTrO Ipolecca Hesb3s cebe NpeACTaBHTb, KAKHM 00pasoM
YBe/JIHMUHBAETCS IIJOTHOCTb KOPPO3HMOHHOI'O TOKa IIPH OJAHOBPEMEHHOM
CMellleHHH MOTeHUHaJa B MOJOXKHTEeJbHYI0 CTOpOHY. ITocKO/MIbRY 3TH
HHTUOHUTOPHl He MOTYT NPHHHMATh y4yacTHs B KaTOLHOH peakIHH, NpH-
XOIOUTCS HCKaTb APYTHe BO3MOXKHOCTH H3MeHeHHs 3()(PEeKTUBHOCTH Ka-
TOJHOTO Ipoliecca.

Hab6/onenus 3a noBeleHneM 3JeKTPOAa NOKAa3bIBAIOT, YTO MO Mepe
yBeJIHUEHHS] KOHLEHTPAlHH HHIHOHTOPOB B PAaCTBOpPE NPOHCXOLUT Ya-
CTHYHOE IIaCCHBHDOBAHHE 3JIEKTPOAAa H AHOAHAS peaKUHs NPOTEKaeT
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JJHUIb HA 4YacCTH IIOBEPXHOCTH. 3HauuTeJbHas YacTb 3JIEKTpOAa BbLIBO-
ILHTC M3 cdepbl aHOmHOH peakuuu. C HOMOIIbIO MHKDPOCKOIA C PHCO-
Ba/IbHBIM alapaToM HJH 60jee MPOCTHIMH METOAAMH MOXKHO C LOCTa-
TOYHOH TOYHOCTbIO ONpPEIENUTb BEJHUYHHY IOBEPXHOCTH 3JIeKTpoAa, Ha
KOTOPOH NPOUCXOAUT AKTHBHOE PACTBOPEHHE, H PACCYMTATb HCTHHHYIO
IJIOTHOCTb AHOJHOTO ToKa. 110 XapakTepy H3MEHEHHS aKTHBHOH 4acTH
3JIEKTpOJa LieIOYH OTJIHYAIOTCA OT 6opaTta M (ocpara (cM. pHc. 2,18).

Ecnu ans WeJOYH H CHJIHKaTa XapaKTepHO HeNmpephiBHOE yMeHb-
IIeHHe ¢ POCTOM KOHLEHTPAalMH HHTHOHTOpPA aKTHBHOH YacTH NOBEpX-
HOCTH, TO AJg 60opata H ¢ocdaTa akTHBHAS YacTb MOBEPXHOCTH MEHS-
eTcsl JHIIL B aKTHBHOH 00JaCTH INOTeHIMaJsoB. Korza MeTaJJy Haxo-
IOUTCS Ha TpaHMIle aKTHBHO-NACCHBHOTO COCTOSIHMSI, aKTHBHas YacTh
IOBEPXHOCTH OCTAeTCs MOCTOSSHHON M JIMIIb NMPH NPHOJHXKEHHU K TO-
TeHIHaNy MOJHON NacCHBAalMH OHA HAYMHAET BHOBb COKpallaThCs A0
TexX NOp, MOKa MeTajJs He mepeifieT IOJHOCTbIO B IIaCCHBHOE CO-
CTOSIHHE.

Bce 3T0 HABOOHT HA MbICJAb, YTO THAPOKCHJIbHbIE HOHBI HIDaiOT
ocobylo posp B mpollecce naccuBaluH. VX nmaccHBHpylomue CBOMCTBa
NPOSIBJISIIOTCS, OAHAKO, JIMIIb NPH AOCTHXXEHHH ONpeJesIeHHOro MOTEeH-
nHasa, KoTopbii 6ojee MOJNOXKUTENEH, YeM Yy APYTHX HCCJeIOBaHHBIX
aHMOHOB. ['MpOKCH/bHbIE HOHB CaMH N0 ce0e He 3aMeJISIOT KHHETHKY
AHOMHOM peaklUWH HAa AaKTHBHOH YaCTH 3JIEKTPOLA, MOKa MOTEHIHaJ He
pocturHer 0,2 B, ueM u OTJIHYAIOTCS OT APYTHX HHTHOGHTOPOB 3TOTO
KJjacca, Kotopble yxe npu moreHunuanax —0,300--—0,400 mB Haun-
HAlOT pe3K0 3aMeNJsiTh CKOPOCTb pacTBopeHusi (cM. puc. 2,18). Mouw
THOPOKCHJA IpH NOTeHNHaJjax Gosee oTpHUaTesNbHBX, 4eM -+0,2 B,
YCKODSIIOT aHOAHYIO PeakIuio, a IPH NOTeHNHaJsJax 6oJiee MOJNOKHTEb-
HbX, yeM 40,2 B, maccuBupyioT MeTansn. DTO OGBSACHIETCS TEM, UTO
OHH, K4aK OBbLJIO Bhllle IIOKa3aHO, IPHHMUMAIOT HENOCPEICTBEHHOe yya-
CTHe B 3JIEMEHTAaPHOM aKTe pacTBOpeHHs, o6pasys NPOMEeXKYTOYHBIH
KOMIIJIEKC, KOTOPBIH B 3aBUCHMOCTH OT IOTeHLHa/Na MOXKeT Jubo mepei-
TH B pPacTBOp, JUGO OCTATbCS HAa MOBEPXHOCTH MeTaJlla.

ITockosbKy MHTHOHTOPBI, 0Opasyoolile TPYJHOPACTBOPHMbIE COEJLH-
HeHHs!, BHIBOAAT 3HAUHTE/bHYIO YacThb IIOBEPXHOCTH 3JEKTPOLA H3 cde-
pPbl aHOJAHOH peakIHH, TO 3TO, ECTECTBEHHO, JOJXKHO YMEHbIIHTb OOLIHH
KOpPO3HOHHBIH TOK. OHAaKO MpsiMOf 3aBUCHMOCTH MEXKIY 3THUMH ABYMS
napamerpaMu He Habmiopaercs (taba. 2,1). Koppo3uoHHBIE TOK
yMeHblllaeTcs He NPONOPLHOHAIbHO AOJNH 3aNacCHBHPOBAHHOH 4acTH
NIOBEPXHOCTH; CTeNeHb MOKPBHITHS O MOBEPXHOCTH TPYAHOPACTBOPHMAHIM
COeJIHHEHHEM HJIH NAacCHBHPYIOLIMM OKHCJIOM BCEeTJa omepexkaer cTe-
NeHb M3MeHeHHs CYMMapHOTO KOPPO3HOHHOTO TOKa [/, UTO M NPHBOAHT
K YBe/JHYEHHIO CKODOCTH pacTBOpeHHs (IJIOTHOCTH TOKa [) Ha TOH ua-
CTH 3JIEKTPOJa, KOTOpas OCTajach B aKTHBHOM COCTOSIHHH.

MexaHu3M 3TOr0 SIBJEHUS MOXKHO OOBSICHHTH TeM, uTO GJaronaps
naccuBallMy 3HAYUTEJbHOM YaCTH MOBEPXHOCTH YBEIHYHBAETCS KaTOA-
HBIH TOK BOCCTAHOBJIEHHsI KMCJOpOAAa M Gyiarofapsi BHYTpeHHeH aHOA-
HOW MOJIIpH3alMu YCKOPSIeTCS aHOAHAs peaklIMsl Ha aKTHBHOH 4aCTH
3JIeKTpofa. MoxXHO cuuTaTh, YTO IPH IOTEHIHAaJe YACTHYHOH INaCCH-
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BAUIH H3yYeHHble UHTHOUTOPBI YBEJHUYUBAIOT CKOPOCTb pPaCTBOPEHHS
Ha aKTHBHOH 4acCTH 3JeKTpoza B cpefiieM B 10 pas.

AHaJjlornyHass 3aKOHOMEPHOCTb JOJI)KHA HaGJiofaThCsi, HCXOAS H3
o0LIUX TPEeACTABJEHHI 3/JEKTPOXHMHUYECKOH KHHETHKH, U B OTCYyTCTBHE
CTPOTrO# JIOKA/IH3aUUH 3JEKTPOXHMHYECKHX PEaKIHi IO [NOBEpXHOCTH.
J11060i MHrHOUTOp, KOTOPHIH 6/arofaps amAcOpPOLUUH HJH OCaXKIEHHIO
TPYAHOPACTBOPUMBIX COEIHMHEHHH cMellaeT IOTeHIHaJ MeTaJ/la B I0-
JAO0XKHUTEJbHYI0 CTOPOHY, OCTaBJsisi METajJ B AKTHBHOM COCTOSTHHH,
J10/KEeH yBeJHYHBATb CKOPOCTb aHOAHOM peakuuu. [Ipy 3TOM 4YeM
MeHbllle aHOAHAs MOJAPH3YEeMOCTb CHCTEMBI, TeM CHJ/bHee IPH OAUHA-
KOBOM IIPHPAIIEHHH NOTeHLHasJa OyJeT U3MEHSTbCS aHOLHBIH TOK.

3pech YMECTHO 3aMETHTb, YTO CO CMELIEHHEM INOTeHIHaJja B IOJO-
JKUTEJbHYIO CTOPOEY HOJIXKHA YMEHbLIAThCS CKOPOCTb KaTOLHOH peax-
UHH, @ NOCKOJbKY 3TH pEaKIHH CONpPSKEHB, TO 3TO NOJKHO YMEHb-
iwaTh Kopposuio. OQHAKO eC/H y4YecTb, YTO OOJIbIIHHCTBO KOPPO3HUOH-
HBIX NPOLIECCOB C KHCJIOPOAHOH AeNoJspH3alHed NPOTeKalT ¢ KaToMd-
HbIM OU'pDaHHYeHWeM, T. €. ¢ OOJbLIOH MOJISPH3YeMOCTbIO KaTOAHOH pe-
aKUHH, TO IPH OLHOM Y TOM Ke CABHIE NOTEHIHaJa B IIOJOXKHTENbHYIO
CTOPOHY CKODOCTb KAaTONHOH peaKUHH H3MEHHTCS B MeHblIeH CTeleHH,
HeXeNMH CKOpPOCTb aHONHOH peakuuu. B pesyjabrate 3TOT0 yacTHYHAS
maccCHBalUs 3JEKTPOAA, BHE 3aBHCHMOCTH OT TOro, HabJogaeTcss JH
JOKaJdH3anus 3JeKTPOXUMHUYECKHX peakIui IO NMOBEPXHOCTH HJHM HeT,
J0/2KHA IPHUBOAUTL K YBEJHYEHHIO CKOPOCTH PacCTBOPEHHs MeTaJJa.

Uccnenosanne coeqHHeHHH, CMOCOOHBIX YaCTHYHO NacCHBHPOBAThb
aleTaJljl, MOKas3blBaeT, TaKUM 00pa3oM, YTO IPH MaJblX KOHIEHTpaUHIX
OHHM MOTYT IIPHBECT K YBEJHYEHHIO CKOPOCTH aHOLHOH peakIUHH H B
yCJIOBUSIX, KOIJJa HHTHOHTOP HENOCPENCTBEHHOTO YyacTHs B KaTOMHOM
peaKIMH He MPHHHMAET.

Ha ocHOBaHHMH H3JI0XKEHHOT'O MEXaHU3M HeHCTBUS MHTHOHTODOB He-
OKICJIHTEbHOTO THIIA MOXKHO NPEACTaBUTh CJAeAYIOIIUM 06pa3oM: 3aTop-
MO3HB AHOJHYIO peakIHI0 HOHH3alUH Meranna Osarofaps ob6pasoBa-
HIIO TPYXHOPACTBODHMBIX CO€IHHEHHH HJH HENOCPeJCTBEHHOrO 3JIeK-
TPOXHMHYECKOTO OKHCJEHHS MeTajsa, 3TH MHTHOGHTOPBl CMeLaloT
MOTEHUHAJ MeETajJ/Na K TaKHM 3HAYeHHUSM, NPH KOTOPBIX CTAHOBUTCS
BO3MOXHBIM OKHCJEHHe MeTajja KHCJIOpoAoM BoAbl. [Ipu mokpeimuu
3HAYUTEJBbHOH YacTH 3JEKTPOAa TPYAHOPACTBOPHMBIM COEIHHEHHEM

Ta6auma 2,1. CpaBHHTeNbHble NaHHbIE 06 W3MeHeHHH MHrHOMTOpamu O, [ u |
NpH NOTeHUHaJle YaCTHYHOH NMacCHBAUHH

Bo CKONIBKO pa3 H3MeHseTCst BO CKONTbKO Pa3 H3MeHsIeTCst
Hicu6
1rUGHTOD 0 ! ; Hnrubutop 0 | ‘
NaOH 56,0 1,35 8,72 | NasSio, | 26,8 | 4,10 9.3
Na,CO, 26,6 2,74 | 10,00 | Na,PO, 12,2 1,21 11,4
NaHCO4 9,27 1,15 9,72 NazHl:’O4 11,0 1,50 8,42
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Piic. 2,19. 3aBHCHMOCTb NJIOTHOCTH TOKAa KOPPO3HM CTajH OT MOTEHLHaJa, KOTOPhiil
3alaeTcs 3JeKTPOAY MHTHOHTOPaMH ¢ OGWHM aHuOHOM Tmuma MOZ~ (dpon — 0.1 u.
NaySOy; £=10 cyT).

VMEHBLIAIOTCS TOKHM ITAaCCHBALMM, NMO3TOMY Te IJIOTHOCTH TOKA, KOTO-
pble BOSHHKAIOT 3a CYET OOBIYHOH peaKUHH BOCCTAHOBJEHHSI KHCJIOPO-
Ja, KOCTAaTOUHBl, YTOObl NMOANEPXKaTh NOTEHIHAJ Ha ypOBHE, HEOOXOLH-
MOM /151 MacCHBalUH. 3/eCb NPOSIBJISETCS CBOeOOpas3HbIil BHYTPEHHMIT
CHHepreTHYecKHi 3¢ GdeKT, 3aKJIoYaoluicsS B TOM, YTO HHIHOHTOp 06-
Jeryaer naccHBalMI0 MeTaJsJa KHCJIOPOAOM BOJBI, XOTSI CaM OH B Ka-
TOAHOM Ipolecce He YyuacTBYeT.

Hrax, Mbl paccMOTpeaH ABa Kjaacca HHTHOHTOPOB, OTJIHYAIOLIHXCA
ApPSMO IPOTHBONOJIOKHEIMH CBOHCTBAMH; OJHH OTHOCSITCS K CHJIbHBEIM
OKHCJHUTENAM, NeHCTBYIOIHM NPEUMYILECTBEHHO KaK CTHMYJSATOpPH Ka-
TOJHONO Ipolecca M KOCBEHHO 3aMeNJISIOIMM aHOAHBIH, ApYrue, He
o6.1aflas OKHCJHTEJbHBIMH CBOHCTBaMH, OKasblBaloT O6Jiaromaps ua-
CTUYHOI NaCcCHBAllUM 3JEKTPOJLa KOCBEHHOe BJ/HMSHHE HAa KaTOAHVIO
peakuulo, yBeJHYHBas €€ CKOPOCTb, H HEMNOCPEACTBEHHO BJIUSIOT Ha
AHOJHYIO peakuiio, 3aMelss ee.

OcTanoch paccMOTPeTb TPeTHH KJacc MHTHOHTOPOB, KOTOPHIA MO~
HO OTHECTH K COCJMHEHHSM, OTJIHYAIOIUMCSA CJa0bIMH OKHC/IHTENbHbI-
MH CBOHCTBaMH M uMeroluuMm o6wmuit anuon tuma MO;~. Ha puc. 2,19
npefcTaBJeHa 3aBUCHMOCTb CKOPOCTH KOPPO3HH CTaJH OT MOTEHLHa’a,
KOTODPBIl 3a/aBaJjics 3JEKTPOAY C NMOMOLIbI0 YKa3aHHBIX MHTHOMTODOB.
Kax BuaHO, BHayaJse ajcopOLHs HEKOTOPOTO KOJHYECTBA NMAaCCHBUPYIO-
I[ler0 areHtTa OPHBOAHMT K CMEILIEHHIO NOTeHIHaja B MOJOXHTEJbHYIO
CTOPOHY H YBEJHYEHHIO CKOPOCTH pacTBopeHHs. [Toayuaercs THIHUHBIH
V4aCTOK aHOAHOM IOJIIPM3ALMOHHOM KPHUBOHM, XapaKTepHBIH NJIs ax-
THBHOTO pactBopenHs. IIOCKOJBKY 3TH HHTHGHTOPHI OTHOCATCS K CO-
el1MHEHHIM OKHCJIMTENbHOTO THNA, MOXHO ObLIO OB NPEAIOJOXKHTb,
4TO CMelleHHe MOTEHNHasna B IOJOXHTENbHYIO CTOPOHY, COTPOBOK-
Jalollleecss VBEJHYEHHEM CKOPOCTH pPAacTBOpEHHs, 00YyC/IOBJIEHO, KaK H
B Clyuae pacCMOTPEHHBIX BbIle HHTPOGEH30aTOB aAMHHOB, yBeJaHYe-
HueM 3QQEKTHBHOCTH KaTOLHOTO Mpollecca BCJENCTBHE BOCCTAHOBJE-
HUs 3THX HHTHO6UTOpOB. OnHAKO 3TO He TaK. MeTom BHYTpeHHeH mo.si-
pu3auuy Cc MOMOUIbIO HHTHOHMTOPOB HJIH APYTHX XHMHMUECKHX COeIHHe-
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Na,CrO, HUH IO3BOJISIET MOJYYHTD

1 KaTOLHbIE TIOJISIpH3allH-
e e OHHble KDHBBIE HJIs peaJb-
HOI'0 KODPO3HOHHOrO ([IpO-
necca. Pacnosarass maHubI-

|
ol- | MH O CKODOCTH pacTBope-
. | HHS TPH KaX[IOM IOTeH-
+02 | I nuaje U O BeJHYHHE Tac-
04 | CHBHOH 4acTH MOBEPXHOCTH
06k 7 | M ToJ1aras, 4TO KaToAHas
’ g | peaKlus TMpoTeKaeT Ha
0,61 l | MaCCHBHOH YacTH 3JeKTpo-
1,0 | L L 1 1, 14, MOXHO DacCuHTaTh HC-
-2 -1 0 +7 lgi(mAjem) THHHYIO TJIOTHOCTb TOKa

[IPpH 'KaXXAOM IIOTEHIHaJe
Puc. 2,20. Axonuble moJsIPH3AUHOHHBIE KDHBBIE, y TagyM 06pasoM  IOJY-
nmoJiyueHHble JBYMSI HE3aBHCHMBIMM MeETOAaMH YHTb peasibHble KaTOJHbIE

(anextpoaut — 0,1 H, NapSOy; ¢=6 m):
| — BHEUIHAs1 aHOAHAasl MNOJISAPH2ALHUSA; Z—BHyTpeHHﬂﬂ HOJIHPHSaHHOHHbIe KpHBbIe
aHOMHAas MOJAPH3ALHs C NMOMOLLBIO XpOMaTa HaTpHS. I/I‘c‘c.)le,U,O',BaHHe KHHETH-
KH KaTOJHOH peakIHH Ha
CTaJbHOM 3JIeKTpOJe B HMHTEpBaJie INOTEHIHAJOB, XapaKTepPHBIX MIJsi
naccuBHoro (+0,2 B) u akruHoro (—0,4 B) cocrosuuii, mokasaJo, :
4T0 3()()eKTHBHOCTb KaTOLHOTO Mmpolecca B NPHCYTCTBHH paccMaTpH-
BaeMblX UHTHOHTOPOB He YBEJHUHMBAETCS, a4 OCTAeTCs TaKOM »Ke, Kak
B 3JIEKTPOJINTE, He cojepxKalleM HHIHOUTOPOB (ix==15-+20 mxA/cm2).
Orcioa MOXHO cAenaTb BbIBOA, YTO YKa3aHHble HHTHOHTOPHI He NpH-
HHMAIOT y4acTHsl B KaTOZHOM Mpoliecce.

Hsyuenne BO3MOXKHOCTH BOCCTAHOBJIEHHSI 3THX Ke HHTHGHTOPOB B
6osiee WHPOKOH 06/1aCTH MOTEHIMAJNOB Ha IJIaTHHE [OKAa3aJo, 4TO HH
OAMH M3 HHX He BOCCTaHABJMBAeTCsl IPH NOTeHLHaJax Kopposuu. Bo-
Jiee TOro, peakunus BOCCTAHOBJEHHS KHCJIOPOAA, PacTBOPEHHOI'O B
3JIEKTPOJIUTE, B NPHCYTCTBUH, HaNpHMep, XpoMaTa Haxe 3aMeMJseTcs.
HHorga B mpoldykTax KOPPO3HH, a TaKkKe Ha NMOBEPXHOCTH 3JEKTPOAA
06HapyKHUBAIOTCS COENMHEHHS TpexBa/jeHTHOro xpoma. OpHako uX
NPOUCXOXKIEHHE SBJAETCH, OUEBHAHO, Pe3y/JbTaTOM OKHCJEHHS IBYX-
BaJIEHTHBHIX HOHOB XeJe3a, NepelleflINX B pacTBop. B Tex xe ciy-
yasix, KOTJa [JOCTHraeTcs MoJiHas 3alluTa, COeJUHEHHS] TPEeXBaJeHTHOrO
XpoMa He OOHApyXKHBAIOTCS Ha 3J€KTpole. DTO CBHAETENbCTBYET O
TOM, YTO XpOMAaT-HOHBl aAcOpOHUPYIOTCS IOBEPXHOCTbIO M He IpeTeplie-
BalOT XMMHYECKHX npespallenuii. OTcioga HanpaluBaercss BHIBOMA, YTO
peaxuysi BOCCTAHOBJIEHHS HHTHOHTOPOB C OOIIHM aHHOHOM THIA MO;
He MOXeT ObITb OTBETCTBEHHOH HH 32 yBeJHUEHHE CKOPOCTH pacTBOpe-
HHSl CTaJH, HaXOAflleHCs YaCTHYHO B AKTHBHOM COCTOSIHHH, HM 3a
0o6pa3oBaHHe acCCHBHPYIOLIETO CJIOS, MepeBOASIIEr0 METa/Jl B IaCCHB-
HOe COCTOSIHHE.

HccaenoBanre 3aBHCHMOCTH CKOPOCTH DAacTBOPEHHSI CTaJH OT IIO-
TeHNYasna IBYMS HEe3aBHCHMBIMH MeTOAAMH — BHEIUHeH aHOLHOH IIO-
Jsipu3alliell ¥ BHYTPeHHeH c IOMOIIbI0 MHrHGHTOpOB (pmc. 2,20) mo-
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Puc. 2,21. UsMeHenne akTHBHOH 4aCTH 3JeKTpoja Fa NpH NacCHBAUUH CTaJH HHTHGH-
TOpaMH.

KasaJjo, 4TO NMpH MOTEHIHaNaX, XapaKTepHbIX AJsS aKTHBHOTO PacTBO-
penusi (—0,5--—0,3 B), xpoMarT-HOHbI He H3MEHSIOT CKOPOCTH aHOA-
HOH peakuUuH (IKCHepHMeHTaJbHble TOYKH JIOXKATCA Ha OAHY KPHBYIO).
Huru6urop JulIb CABUraeT MOTEHIMAJ NacCHBALMH B OTPHIATEJbHYIO
CTOPOHY H yMeHbLIaeT GoJsiee 4eM Ha NMOPSNOK TOK maccuBauud. Eciau
CKOpOCTb -AHOJAHOH peaKLHH He MeHsieTcs, a HHIHOMTOp He y4yacTByeT
B KaTOLHOM IIpollecce, TOTJa 3a CYET 4ero Xe CMelllaeTcsl MOTeHLHaJ
B IOJIOXKHTEJIbHYIO CTOPOHY H YBEJHYHBAETCS CKOPOCTb PacTBOPEHHS?
Hsyuenre moBepXHOCTH 3JE€KTPOAAa B MHIHOHPOBAHHBIX U HEMHTHOHPO-
BAHHBIX 3JIEKTPOJIUTAX IIO3BOJHJIO OOGOCHOBAaTb MEXaHH3M PacTBOPEHHUS
M MacCcHBalMH Ge3 HeMmoCPeICTBEHHOTO yYyacTHs HHIHOHUTOPOB B KaTOA-
HoM mnpouecce. OkasaJjoch, YTO, TaK Xe KakK M B cJydae pacCMOTpEH-
HbIX BblIleé HHIUOUTOPOB HEOKHCJHTEJbHOIO THIIA, IIPH BBEJEHHH B
9JIEKTPOJUT HHTHGHTOPOB ¢ OOWMM anHOHOM Tuma MO”" npoHcXomHuT
YaCTHYHAs MaCCHBALUsl 3JeKTPONa M 3HauHTeJbHAas €ro 4YacTb BHIBO-
auTcsi u3 chepbl aHOXHOH peakuuu. IIpum 3TOM BaXHO OGpaTHTb BHH-
MaHHe Ha TO, YTO TaKas YacTUYHAs MACCHBALUs IPOUCXOAUT JIHIIb
B 06/1aCTH aKTHBHOTO PAacTBOPEHMs H 3aKaHUMBaeTCs NPH NMOTEHLHaJje
YaCTHYHOH maccHBalMU. B akTHBHO-MaCCUBHOH 06JIAaCTH CTeleHb IO-
KPbITHSI 3JIEKTPOJA IACCHBHPYIOIUM OKHCJIOM HJH KHCJIODOIOM He
MeHsieTCs B LIMPOKOH 00JIacTH MOTEHIHAJOB H JHIIb IPH NPHOJIHXKE-
HHH K TOTEHUHaJy MOJHOH maccHBallMHd MOBEPXHOCTb 3J€KTPOLa HayH-
HaeT BHOBb NOKDBEIBAThCS 3aIUTHHIM caoeM (pHuc. 2,21).

ITono6Hast 3aKOHOMEPHOCTb B M3MEHEHHH COOTHOLIEHHS MeXAy akK-
THBHOH M IaCCHBHOH YaCTAMH IOBEPXHOCTH CJOXKHOTO 3JeKTpPOia MO3-
BOJIET OOGBACHHTb BECb XOJ MOJSPU3ALHOHHBIX KpPHUBHIX. [TocKosbKy
B aKTHBHOH 0GJIACTH CTeNeHb 3allaCCHBHPOBAHHOCTH MOBEPXHOCTH He-
NpPepbIBHO pPacTeT, 3TO AOJXKHO NPHBECTH K yBeJHYEHHIO 3()(EKTHBHO-
CTH OOBLIYHOrO KaTOJAHOTO IIpollecca BOCCTAHOBJIEHHSI DacTBOPEHHOrO
B 3J/IEKTPOJIHUTE KHCJIOPOJAA, KOTODPBHI MPOTEKaeT Ha NMAaCCHBHOH 4acCTH
anekTpona. Takaa puddepeHunanus 3J1eKTPOXHMMHYECKHX DeaKUHH IO
MOBEPXHOCTH YaCTHYHO 3alacCHBHPOBAHHOTO 3JEKTPOAa NPHBOAHUT K
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BHYTpeHHeH aHONHOH NOJspH3alLHH aKTHBHOH 4acTH 3JeKDpoja, CMe-
Hlaollell MOTeHIHaJ B NMOJOXKHUTENbHYIO CTOPOHY M yBeJMYABAKOLIEH
CKOPOCTb PacTBOPEHHs. DTO MOXKHO HPOHJIIOCTPHPOBATH SKCIIEPHMEH-
TaJbHBIMH JaHHBLIMH, NpPEACTaBJeHHbIMH B TabJ. 2,2. Tak Xe, Kak u
MHTHOHTOPH, 00pasyloliue TPYAHOPACTBOPHMBIE COEAMHEHHs], HHTHOH-
TOpbl, COfepxKallyue oO6wuil annon tuna MOJ~, B 3HAUHTENBHO 60.b-
meil cTelleHH NMacCHBHPYIOT IOBEPXHOCTb, HEXKEJH YMEHbLIAIOT OOLLyio
KOppo3Hio. BcaefcTBHE 3TOTO IVIOTHOCTb TOKa BO3pacTaeT Ha TOH ua-
CTH TOBEPXHOCTH, KOTOpasg OCTajaCb B aKTHBHOM COCTOSIHUH. Xapak-
TEpPHO, YTO XOTSl 3TH MHTHOMTOPH 06/1aJal0T HEKOTOPBIMH OKHCJIHTE/b-
HBIMH CBOHCTBaMH, IVIOTHOCTb TOK2 B HX NPHCYTCTBHH yBEJHUHBAETCS
Ha aKTHBHOH YaCTH 3JIeKTpOJa B MeHbIUeH CTeleHH, yeM y HHTHGHTO-
poB, He 00/afalOUX OKHCIUTEJbHBIMH cBOHcTBaMHu (Taba. 2,2). dT10
TakXe CBHAETENBCTBYET B IOJb3y TOTO, YTO OHH HE BOCCTAHABIH-
BaloTCH.

IMpu morenumanax 6osee MONOKHTEJIbHBIX NOTEHIHANA YaCTHUHOI
naccHBalHM MeXaHH3M IMpolecca MeHSIeTcs, ero CKOPOCTb IepecTaer
3aBHCETb OT CKOPOCTHM KaTOAHOH peakUHH M ONpelessieTcs yiKe CKO-
pOCTblIO aHOAHOH peakuuu. ITockKobKYy NpH moOTeHLHaJjax, Xapakrep-
HbIX JJIS aKTHBHO-TIACCHMBHOTO COCTOSIHHS ~ 3JIEKTPOAA, <COOTHOIIEHHE
MeXJy NacCUBHOM M aKTHBHOH 4acTSIMH IOBEDXHOCTH HE MEHSeTcs H,
cJefoBaTe/IbHO, 00 yBeaHueHHH 3((PEKTHBHOCTH KaTOAHOrO mpolecca
FOBOPHTb He NPHXOMMTIH, YMEHbLIEHHe CKODOCTH PacTBOpeHHs IpH
JaAbHeHIleM CMeIIEHHH TIOT€HLHajJa B IOJOXKHTEIbHYIO CTOPOHY
MOXKHO OOBACHHUTb JIMLIb T€M, YTO HHTHOMTOP HauMHAaeT OKas3blBaTb He-
IIOCpeACTBEHHOE BJHSHHE Ha AaHOAHYIO peaklHulo, 3aMeluss ee. Kak
BHJHO, HMeeTCs NpPHUHIHUNHAJbHOEe pas3/jMyHe B MeXaHH3Me NeHCTBH
M3y4eHHBIX MHrHOMTOPOB B CJAydasiX, KOTAa 3JMeKTPON HaXOAHUTCS B
aKTHBHOM H aKTHBHO-NIACCHBHOM COCTOSIHHAX; B II€PBOM CJydyae HHIH-
O6uTOpH YBEJIHYHBAIOT 3(P(EKTHBHOCTL KATOAHOIO Ipolecca, He BMe-
IIMBasiCb B aHNJAHLIH, BO BTOPOM — YMEHbIIAIOT CKOPOCTb AHOLHOTO
npolnecca, He BMeLIHBasCh B KaTOAHBIH.

3acyy:K¥BaeT TakKXe BHHMaHHs TOT (akT, 4TO ecan B 06JacTH
aKTHBHOTO pAacTBOPEHMs, a TakKxKe HA NpaHHIE aKTHBHO-TIACCHBHOTO
COCTOSIHHSI H3yYeHHble HHIHOUTOPH OKa3blBAIOT KOCBEHHOE MJIH NPsSIMOe
BJIMSIHME HAa CKOPOCTb 3JEKTPOAHLIX peaklui, NPOsABJAs cheluduue-
CKHe CBOHCTBA (pa3/iuuHble CKOPDOCTH PACTBOPEHHS MPH OJHOM H TOM

Ta6auua 2,2. CpaBHuTeNbHble JaHHble 06 H3MeHeHHH 0, [ u i mHrHGuTOpamu
¢ o6mumM anmonom MOY  npH noTeHUHMaje YAaCTHYHON MacCHBaUHH

Bo ckosbko pa3 MeHsieTcs BO CKOJIBKO pa3 MeH7eTcs

Hnrubutop HHru6urop

Na,CrO, 2,6 | 4,60 7,2 | Na,wo, | 13,3 2,68 | 6,2
Na,MoO, | 15,0 | 3,54 6,2 | Nayvo, | 20,74 | 6,76 | 3,75
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XKe nmemma.ne), TO IIpH IIepexoJe MeTaJs/ia B MacCHBHOE COCTOSIHHE
MHAUBUAYyaJbHble CBOHCTBA HHIHOMTOPOB KakK Obl HCUE3AIOT — MOJHOE
[aCCHBHOE COCTOSIHHE B INPHUCYTCTBHH BCeX H3YYEHHBIX HHTHOHTOPOB
HacTymaeT TPHMEpPHO TIPH ONMHAKOBBIX 3HAUEHHAX TOTEHIMAJaa
(+0,2++4-0,25 B). Ilo-BuguMomy, BOJHM3H IOTEHIHAs]a IOJHOH mac-
cHBAUMH (YHKIMH IAaCCHBHUpYIOLIEro areHta OepeT Ha cebs Apyroi
IacCHBATOp, BEPOSITHO, KHCJOPOA BoAbl, nepesonamuii FesO, B oxmcen
6osiee BHICOKOH BaseHTHOCTH y-Fe;Os; mo peakuun (1,24). DToT OKH-
ces, Kak IOJaraloT, OT/JIHYaeTcsi GoJsiee BHICOKHMH NaCCHBHPYIOLIHMH
cofictBamu. CTaHAapTHBIA MOTeHUMan 3TOoH peakuuu, no Perrepy
[13, c. 831], pasen +0,63 B (AH=—7942 Il:xk/mosb). C yuetom pH
JJ% HEeATpaJbHBIX 3JeKTPOJHTOB nosayuaeM ~ +-0,2 B, uto ykasbiBaer
Ha BO3MOXHOCTb NPOTEKAHMs 3TOH peakUHH IPH PerHCTPHPYEMBIX I10-
TeH[Halax.

YuuTbIBasi paccMOTpPEHHBIE Bbllle 3aKOHOMEPHOCTH, MOXKHO moJja-
raTh, 4TO IIPH BHYTPeHHEH aHOLHOH MOJSAPHU3ALHU CTAJH HHTHOHUTOpA-
mMu ¢ ob6muM aHuoHoM THma MO}~ mpHpoJa NacCHBHPYIOILHX CJOEB
ocTaercd Takoil Xe, KaK W IPH BHellHe#l aHoAHO# moJspusanuu. Crme-
nuduyecKoe AeficTBHe HHTHOHTOPOB NPOSBIASAETCH B TOM, 4TO, aACOPOHU-
pPYSICh Ha NMOBEPXHOCTH MeTaJJja, OHM IOHHXKAIT OOLLYI0 CBOGOLHYIO
3HEPTHI0 CHCTEMBl H MOBBILIAIOT CTAOHJIbHOCTb MNACCHBHBIX IJIEHOK.
B 3aBHCHMOCTH OT NPHPOJBI aAcOpOHPOBAHHBIX YACTHIl, HX KOHLEHTPa-
LKA Ha MOBEPXHOCTH M NMPOYHOCTH CBSI3U MEHSETCS CKOPOCTb pPacTBOpe-
HHS, TOJSPU3YeMOCTb U IJIOTHOCTh TOKa, HeoOXoaumasi IJsi acCHBA-
UMK, a TaKXKe NMOTeHIHaJ/J MacCHBalUMU. B TaKUX yCJHOBHSIX MacCHBALUS
MOZKeT HacTYOUTb U 0e3 GOJbLIOT0 BHYTPEHHEIO TOKA OKHCJIHTEJBLHO-
BOCCTAHOBUTEJbHOA peaKUMH WHDMOMTOpA JIMIIL 32 CYeT HeOOJbIUMX
MJTOPHOCTEH TOKA PEaKIMH BOCCTAHOBJIEHHS KHCJIOPOAA, PACTBOPEHHO-
TO B 3JIEKTPOJIUTE.

Ipyro#i BaxKHBbII BBIBOJ, BHITEKAIOLIUH H3 H3JI0XKEHHOTO, 3aKJIioua-
eTCs% B TOM, YTO IPH XHMHUYECKOH NacCHBAllMH MOTEHIHAaJsJ He Bcerja
0JHO3HAYHO OMpeJesseT CKOPOCTb pacTBOpeHusi. B Tex cayuasix, korna
3HayeHHe IOTeHLHaJa, yCTaHABJMBalolLleecss Ha 3JeKTpoae, 00ycaoB-
JIeHO M3MEHEeHHeM CKOPOCTH O0eHX 3JIeKTPOAHBIX peakKlui, BHeIUHSs
aHOAHAs TOJSpH3aLHUs yXKe He TOXKIECTBEHHAa BHYTpPeHHeH aHOJLHOH
NOJISIPH3ALMHY, KaK 3TO 0TMeuasnoch B pa6ore [41], rae ckopocTb aHO.-
HOW DeaKUHH NpPH BBEJEHHH OKHCIHTeNs He MeHs/aach. B Hammx ycio-
BHSIX B 3aBHCHMOCTH OT IPHpPOABI aACOPOHPYIOILErocs MOHA H Xapak-
Tepa ero CBA3H C MeTa/JIN4eCKOH NOBEPXHOCTbIO MOXKHO IIPH OXHOM
H TOM e IOTeHIHaJ/Je Ha0/I01aTb caMble pa3HoOOpasHble CKOPOCTH
pacTBOpeHHUs.

Cieqyer 3aMeTHTb, YTO He BCe KHCJIODOJCOAep:Kallue UHTHOHTOPBI
00HapyXHBAIOT TaKYyI0 e 3aBHCHMOCTb CKODOCTH DAacTBOpPEHHS OT
nOoTeHIHana, Koropas Oblia Bbime paccMorpexa. CTpoeHue MOJeKy.1
HHTHOGUTOPOB OKas3biBaeT GOJIbINOE BJIMSHHE HA MEXAHH3M 3allUTHI.
B 3ToM oTHOIIeHUH MOKa3aTeJbHO IOBEJeHHe MeTaBaHafaTa M OPTO-
BaHajgaTa HaTpus. O6a 3TH COeIMHEHHS SIBJASIOTCS XOPOIUMMH HHIH-
OuTopaMu, ONHAKO JEHCTBYIOT OHH II0-DA3HOMY, HECMOTPS Ha TO, YTO
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Puc. 2,22. 3aBucumocTb IJIOTHOCTH TOKa KOPPO3HH CTajH OT NOTEeHIHaJa, KOTOPHIA
3apaercst saextpofdy ¢ nomoumpio NaVO; u NagVO, (Fa — naomaan akTUBHOA Y4CTH
3JIeKTpOaa).

BaJIEeHTHOCTb BaHAJMsl B 3THX COeJMHEHHAX OAHHAKOBa. B mpucyrcTBHH
MeraBaHagara NaVO; ne Ha6a10JaeTcs aKTHBHOH BETBH Ha MOJISIpH-
3allMOHHO KPHBOM; C yBeJHUEHHEM KOHIEHTPALHH 3TOrO HHTHGHTOpa
B 3JIEKTPOJIMTE NMOTEHIHAJ 3JEKTPOJa He MEHseTcs, a CKOPOCTb KOppo-
3un nafaer (puc. 2,22). MHbIMH cl0BaMH, CKOPOCTb PacTBOPEHHSI He
3aBHCHT OT NOTeHIHAa.

Taxoe noBejeHHe aJneKTpoia OGBACHSETCS TeM, UTO MeTaBaHaZaT
He H3MeHsIeT aKTHBHYIO YacTb 3JEKTPOAa BIVIOTb A0 NMOTEHIHaJa mac-
cuBanuu (cMm. puc. 2,22). ITockoabKy MeTans YacCTHYHO HE MACCHUBH- .
pyercs, To He H3MeHseTcs M 3((EKTHBHOCTb KaTOLHOTO Ipolecca,
KOTOpas, KaK Obl0 Bbllle MOKa3aHO, OTBETCTBEHHA 3a yBeJHYEHHE CKO-
poctH pacTBOopenHs. JIMIUb NpH NPHOJIMXKEHHH K MOTEHIHAJNy NOJHOH
NacCHUBalMHM 3JEKTPOL NMOJHOCTBIO NMAacCHBHUpPYyeTCs, a AO ITOTO OH Ha-
XOJUTCS B aKTHBHOM COCTOSTHHH.

OproBanajar NazVO, u3MeHseT CKOPOCTb aHORHOR peaKIHH IO-
ApyroMy: MaJjble KOHUeHTpauuu mHruburopa (mo 2 r/n) He H3MEHSIOT
aKTHBHYIO 4acTb [OBEPXHOCTH; NOTEHIHAJ IPH 3TOM TakKkKe cnabo Me-
HsleTCs, B pe3yJbTaTe Uero CKOPOCTb KOPPO3HH He TpeTephneBaeT cy-
IeCTBEHHBIX H3MeHeHHH. Haumnas c ompelesleHHOR KOHIEHTPAaUHH
HHTHOMTOpa, Ha6J/I0faeTcsl HelpepbiBHOE yMepbllleHHe aKTHBHOH YacCTH
MOBEPXHOCTH, T. €. IPOMCXOAMT YaCTHYHas IaCCHBAlMs 3JeEKTpoAa.
B pesyabraTte yBenuuuBaercss 3¢(HEKTHBHOCTb KaTOLHOTO Ipolecca H
MOTeHIIHAJ 3JEKTpPOAa cMellaercs B MOJOXHTeJbHYo cropony. Koraa
MoTeHIHasN 3JeKTpofa pocturaetr mpumepHo —O0,175 B, naunHaercs
aKTHBHOE BO3JelicTBHe MHIHOHTOpPA Ha AHOJHYIO DEAaKUHI0O H CKOPOCTb
pacTBopeHHs1 nafaer. IIpu morennuane ~ 4-0,2 B aznekTpox mepexo-
IUT B NAacCHBHOe cocTostHHe. TakuM 06pa3oM, MeXaHH3M 3aLIHTH H
NoBeJeHHe 3JeKTPONa MPH HEMOJIHOH 3alIHTe ONPENeISIIOTCS Pas3jiHyHs-
MH B cTpoeHnH adnonos VO~ u VOs. ITpu stom MeTaBaHajnaT HaTpHus
SIBJIsIeTCSl €IMHCTBEHHBIM HM3BECTHbIM AHOXHBIM HHTHOHTODOM, KOTOPBIH
He CMOCOGEH YCOHJHBAaTh KOPPO3HIO MPH HemosHo# 3amute. Ero mono6-
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HO ‘KaTOAHBIM HHTHOHTOpaM MOXKHO ¥ 8
OTHeCTH K 0€30MacHbIM HHTHOUTO- 05
pam. OTO0 ero cBOHCTBO 0OO6yC/I0OB-
JIEHO TeM, YTO OH yMEHbIUAeT CKO-  f4
pOCTb aHOJHOI peaklluH, He facCHU-
BHpYsS YacCTHYHO 3JEKTPOX, a oc- oﬂég
TaBJIsisl €ro A0 NOTEHLHaNa MONHOH /%)
HaccHBaldy B aKTHBHOM HJH aK- '
THBHO-NIACCHBHOM COCTOSIHHAIX. B -4,7
CBSI3H € 3THM HHTEHCHBHOCTb KOp-
posun He BO3pacTaeT, a CKOPOCTb
HenpepbIBHO Tafaer. vy

B 3akiiouenue Heo6xonumo pac-
CMOTPETb POJIb OKHCHBIX IIEHOK, 072 - 2
06pasyoluXcsa Ha CTaJdsgX Ha BO3- 0 G25 05 §75 40 i,mAfem” 31E-3
nyxe. Kax mnokasanu ucciaenosa-

HHS, 3Ta IJIeHKa oGJeryaer /na‘ocn-g:cc- 2%23%3“"’1“‘"‘3 OO?MH%’! Jgeikn Ha
BAIMIO CTANW WHHGHTOpaMH; aa Ll Il b b e
TMOJTHOH MmacCuBalUU TIPEABAPUTEIIb-; _ geq NpeABaPHTENbHOTO TpPaBJIEHHSI 3JEKTPO-
HO TpaBJIeHOI‘O SﬂeKTpOﬂa Tpe6yeT‘ Aa; 2—c¢ NpeaBapHTEJbHBIM TpPAaBJIEHHEM.
csi npumepHo B 8—10 pa3 Gouee

BbICOKAs KOHLeHTpauus uHrudurtopa. [loTeHnnan maccuBaluy Kak AJs
TPaBJEHOTO, TaK M HEeTPaBJIEHOI'O 3JEKTPOLa OAMH U TOT XKe, 4TO yKa-
3bIBaeT Ha OJMHAKOBYIO NPHUPOAY IMaccCHBHUpyloulero c/osi. [110THOCTD
JKe TOKa, IPH KOTOPOH MeTaJssl NepexOofUT B MacCUBHOE COCTOSHHUE, AJs
TPaBJIEHOT'O 9JIEKTPOJa B HECKOJNBKO pa3 Bhillle, YeM JJIs HETPaBJEHOTO
(puc. 2,23).

OO6BACHHTb 3TO MOXKHO CJIEAYIOIHM 06Pa30oM: MeXaHH3M JEHCTBHS
HUTpOOEeH30aTa reKkcaMeTH/IeHaMHHa 00YCJIOBJIeH, KaK ObLIO BBIIIE IO-
Ka3aHO, BBICOKHM OKHCJHTEJbHO-BOCCTAHOBUTEJbHBIM MNOTEHIHAJOM
cucteMbl. [IoaToMy MOXKHO AyMaTh, YTO BOZHUKAIOLHH TIPU BOCCTAHOB-
JICHHH WHTHOHTOpA TOK NpPEHUMYILECTBEHHO KOHIEHTPHUpPYyeTcs B IHOpax
NepBHYHOH OKMCHOI IJIeHKH, oOJjeryasi maccuBauuio. B orcyTcTBHE
OKHCHOHN IIEHKM 3TOT Ke aHOAHBIH TOK pacmpenessieTcss Ha 6OJbLIYIO
NOBEPXHOCTb, YTO YMEHbIUAET MOJSIPU3YEMOCTb M 3aTPYAHSET JNOCTH-
JKeHMe NOTeHIHaJ/ a MOJHOH MacCHBAallMH,

H3noxenHble Bbille cOOGpaxKeHHSI MO JMEKTPOXHMUUYECKOMY Mexa-

HH3MYy NMAaCCHBALMHU MO3BOJISIOT C €IMHBIX MO3HLUUA MOOHTH K mpobie-
Me 3allUTH MEeTaJJIOB OT KOPPO3HUM HHIHOHTOpaMH B HEHTPaJbHBIX
cpenax. CTaHOBHTCS BO3MOXHBLIM OOGBSCHHTb MEXaHH3M IaCCHBAIHU
B CJyYasx, KOTJa MHTHOMTOD He NMPHUHUMAET HEMOCPEACTBEHHOrO yua-
CTHS B KATOLHOU DEaKIHH ¥ KOTJa 3TO MPOUCXONHT.

§ 6. MPHPOJA NMACCHBHPYIOUIUX CJIOEB U MOJIEKYJIIPHbIA
MEXAHHM3M JENCTBHA HHTHBHTOPOB

Hpnpoaxa MacCUBHPYIOLIHX CJIOEB, BO3HHKAIOUINX Ha MeTaJjJjnax B
cpenax, colepxaumux I/I'HI‘I/IGI/ITOpr OKHCJIKTECJBbHOTO THIIA, KOTOpbIE
BOCCTaQHaBJ/JHBAIOTCA C MaJblM IepeHalpsXkKeHHEM, YaCTHYHO YyXKe 00-
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cyXKJajsach B COOTBETCTBYIOIIMX pasjenaX. DblJIO NMOKa3aHO, YTO OHH
HUYeM He NOJIKHBI OTIMYAThC OT AHAJOTMUHBIX OKHCHBIX (a3, BO3HH-
KalollUX, HanpuMep, IPH AaHOAHOH NacCHBAUMH cTajdu. Bciexcrsue
YCKOPEHHsI KaTOJHOro Ipollecca NOTeHIUaJ CTAaJH NpHOOpeTaeT TakHe
3HAYEHHUS, NpU KOTOPHIX CTAHOBHUTCS BO3MOIKHBIM OKHCJEHHe MeTasia
KHCJIOpOAOM BOABI ¢ 0OpasoBaHHeM OOBIYHOTO KHCJIOPOAHONO CcOelH-
HEHHSI.

Wuruburtopsl, obaafalouiie LeJOYHBIMH CBOHCTBAMH, CHOCOGHBI
3JIeKTPOXHMHYECKH OKHCJATh CTaJb HOHAMH THAPOKCHJA, HO H B 3TOM
ciydae NpOSIBJASIOTCS HHAMBHAYaJbHble CBOHCTBA aHHOHOB, 00pasylo-
IHX TPYAHOpacTBOpUMble coefuHeHus. [lo Mepe Hakom/IeHHs HOCHAeN-
HHX Ha MOBEpXHOCTH MeTaJjja oO0Jierdaercss MacCHBAlUs, NOCKOJBKY
He6OJIbIlINe MJIOTHOCTH TOKA, BO3HUKAIOIHEe B CTALLHOHAPHBIX YCJIOBHAX
3a CYET BOCCTAHOBJEHHS KHCJIOPOAA, CTAHOBATCS yKe NOCTATOYHBIMH,
4yTO6GBl CMECTHTb IOTEHI[MaJ MeTajasJa K TaKUM 3HAuYeHHUsIM, IPH KOTO-
pbix obJsieruaercss macCHBalys THAPOKCUJI-HOHAMH H (HJIH) CTAHOBUTCH
BO3MOXKHOH OObIYHAST OKHCHA$Sl NMAacCHBAIMs 32 CYET KHUCJIOPOLA BOJMBL.
U B TOM, H B APYrom cjayuae NPUPOJa HACCHBHPYIOILETO CJIOS OCTAETCS
OJIHOH H TOH XKe.

To, uto HekoTOpble HHTHOUTOPH ((ocdaThl H GeH30aThl) OKA3bI-
BaloTcs 3(Q(GEeKTHBHBIMH JHIIb B IPHCYTCTBHH KHCJIOPOJA, TaKxkKe
yKJalblBaeTCsT B paccMaTpUBaeMblii Bbllle MeXaHu3M 3amutel. [lo-
CKOJIbKY MacCCHBALHSl B 3TOM CJy4yae OCTAeTCsl OKHCHOH H SIBJSETCS IO
CBOEH NpUPOLe 3JMeKTPOXMMHYECKOH, HeOOXOAMM KaTOAHBIH AENOJSpPH-
3aTop, KOTOPHIA sibJsgeTcs NBHXKYILeH CHJIOH JAJis aHOZHOrO Ipolecca.

B GospmuucTBe paGoT, MOCBSIIIEHHBIX MEXaHH3MY 3allUTHI XKeJe3a
oT Kopposuu ¢ocharamy, BbICKa3biBaeTcss MHeHHe, 4To (ochaTHbIH
CJIOH OCaxJaeTcsl U3 3JEKTPOJHTA, a NACCUBUPYIOILHI OKHCeJ BO3HH-
KaeT 3a CyeT B3aHMOJEHCTBHSI MeTassla ¢ KHCJI0poJoM. Posb BTOpHY-
HOI'0 OCaX/IEeHHOTO M3 3JEKTpoJHTa (ochaTa 3aKa0OUaeTcs B CHHXKe-
HHM CKOPOCTH DAacTBOpEHHsSI OKHCHOro cjiosi. B paGorax [47] Oblio
M0Ka3aHO, YTO B NMPUCYTCTBHH (hochaTOB HA aHOLHON IOJSPH3AIHOH-
HOIl KpUBOH HMMeeTCs [Ba NOTeHIMa/ja IacCHBAllMH: ONMH H3 HUX CMe-
mer Ha 0,2 B B orpuuaresbHyI0 CTOPOHY IO CPaBHEHHIO C NOTEHIHA-
JoM OoObIUHOH maccHBal UM, HabGJaonaeMeiM B 6opatHoM Oydepe, He co-
nepxkauem ¢ocoparos. M3 artoro ngenaercs 3bIBOA, 4TO B (ochaTHBIX
pacTBopax Iepexoiy KeJe3a B MAaCCHBHOE COCTOSTHHE MNpEALIECTBYET
cnenrduyeckas maccuBauHsg, 06yCJOBJIEHHAs BTOPHUHBIM OCaxKJeHHEM
dochara meramna u3 pacrBopa. HakonneHue Ha MOBEpXHOCTH CTaJ/IH
aoxopacteopumoro ¢ocdara Kesesa cozgaer GJaaronpuUsTHHE YCJIO-
BHSA /I OObIYHON OKMCHOH NacCHBAIMH.

OTHOCHTE/IbHO MOJIEKYJSADHOTO MeXaHu3Ma JeHCTBHA TPeTbero
KJacca HHTHGHTODPOB ¢ o6uiuM anuoHom tuna MOj~ HMeeTCs HECKOJIb-
KO Touek 3penus. dBaHc ¥ Xop [l] mpexmosaraju OZHO BpeMsi, 4TO
XpOMaT-HOHbl OTHHMAIOT, HalpHMEp, OT JBYXBaJEHTHBIX HOHOB XKeJe-
3a, MepemeliuX B PacTBOp, TPETHH 3JEKTPOH, NpeBpalias HX B TPeX-
BaJsieHTHble MOHBbI. [locsienHue, B3amMoOJeHCTBYS ¢ BOmOH, o0GpasyloT
HEPaCTBOPHMBIH OKHCEJ, KOTODBHIH H OCaXJAaeTcsi IpeHMYIeCTBeHHO
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B IOpax €CTeCTBEHHOH OKHCHOH IIEHKH. DTOT MeXaHH3M OCnapuBaer-
csi Kapriemxkem [48] B cBsI3M ¢ TeM, 4TO NMAacCHBHPYIOLME CBOHCTBA
XpoMaT-HOHOB MOTYT ObITb cBeJeHbl Ha Her uoHamu (SOi~ , Cl-), xo-
TOpble B NPHHINIE He H3MEHSIOT OKUCJHTENbHBIX CBOHCTB NaCCHBHPYIO-
IIHX aHHOHOB, a TaKXe HX CHOCOGHOCTb OCaXKJAaTb TPYAHOPACTBOPH-
Mble coefuHeHus. YJaur [49] mpennosiaraet, 4TO XpOMAaT-HOHBI, aacop-
OMpysiCb Ha NMOBEPXHOCTH MeTasJa, KakK Obl «OTAEJNSIOT» BHELIHHe
3JIEKTPOHBl OT HX aTOMa, CB3bIBAsi MX H CHHXKAas TeM CaMbIM aKTHB-
HOCTb MeTaJiia. AHaJOTHYHBIM 00pa3oM OGBSICHSIOT H MaCCHBHPYIOLIHE
CBOMCTBA KHCJIOPOJa IO OTHOLIEHHIO K KeJjiesy W ero cmjiaBaM. B ua-
CTHOCTH, NONYCKAETCs, YTO KHCJOPOJ OTTATHBAeT yacThb d-3JIEKTPOHOB
y TOBEPXHOCTHBIX aTOMOB KeJe3a. [lacCHBHOCTb CBsI3BIBAETCSl, TAKUM
o6pa3oM, ¢ mepepaclpefie/ieHHeM 3JeKTPOHOB B aTOMaX MeTaJlJIoB.
dra ToYKa 3peHus, nmo MHeHuHio KaGanoBa [23], siBasieTcss crnopHOWH,
IIOCKOJIbKY TaccHBallUs He CONpPOBOXKIAeTcs H3MeHeHHeM (DH3HYeCKHX
CBOHCTB CaMOr0 MeTaJjJja; MacCHBHBIH MeTas ¢ TepMOAHHAMHYECKOH
TOUKH 3peHHUst He siBjsieTcsi Gojiee 6aroponaHbiM, yeM akTuBHBIHA. [lac-
CHBHOCTb CBsSI3aHa JIMIIb C HAKOIJIEHHeM Ha MOBEPXHOCTH MeETaJljia KHC-
JIODOAHBIX aJCOPOUHOHHBLIX MM (Da30BBIX CJI0EB H H3MEHEHHeM HX
YCTOHYHBOCTH.

Ancopbuusi KHCIOPOAA HJIM KHCJIOPOACOAEpKAlMX HOHOB IPHBO-
IHT K MOHHKEHHIO CBOOOJHOH 3HEPIMH CHCTEMbl M NOBBIIIEHHIO CTa-
OGUILHOCTY TAcCHBHOH mJeHKH. [Ipuw 3TOM uyem Gosbuie afxcopOupye-
MOCTb HOHOB, TeM 0oJiee OTpHIaTeJeH TOTEHIHAJ NacCHBalUH.
B asorHo#i KucJOTEe TMOoTeHuuas maccuBamuu (gn=--0,63 B) Goxee
NoJIOXKHTeJIeH, ueM B XxpomaTe (gpn=-0,54 B); orcioma nenaercs BbI-
BOJ, UTO Ha MaCCHBHOMN MJeHKe afcopbupyeTcsl ropasjo 6oJblie Xpo-
MaT-HOHOB, YeéM HUTPAT-HOHOB. DTO NMPUBOJUT K GoJiee CHIbLHOMY CHH-
JKEHHI0 CBOOOMHON SHEPTUH CHCTEMHBI.

Ecnn Kese3o macCHBHpyeTCSi B pacTBOPax XpOMAaToOB, HUTPATOB,
MOJIH6RaTOB, BOJMbGpamMaToB, ¢eppaToB WM NepTeXHATOB, 3HAUYeHHS
®nane-noTeHNMaNoB NOYTH TaKHe XKe, KaK H B JAPYTHX 3JEKTPOJHTAX.
[TosTomy cuHTalOT, UTO NMacCHBHAsl MJIEHKAa Ha KeJje3e BO BCeX 3THX
cJayyasix OJAHHAKOBA, HE3aBHCHMO OT Ipolecca NacCHBalHH.

Ancopbumonnasi TeOpHS NAaCCHBHPOBAHHS MHTHOMTOPAMH CTPOHTCS
Ha TPENNONOXKEHHH, YTO MeTaJ/ibl MOKPBIBAIOTCS XeMOCOPOHPOBaHHON
MJIEHKOH MaCCHBUPYIOIIMX HOHOB. TaKOH cJIOH BHITECHSET afcopOHPO-
BaHHble MOJIEKYJBbl BONBI H 3aMelJsieT IpoIecc aHOLHOTO pacTBOpe-
HHSl, BKJIOYAIOWMA CTaAHIO THIpAaTalHM HOHOB. AXcOpOLHOHHAS Teo-
pusl MoJIyuHJa NMOJNEpPKKYy Ha TOM OCHOBAHHH, YTO GOJBIIHHCTBO JIEr-
KO TacCHBUPYIOUINXCS METaJJIOB OTHOCHTCSl K NEPeXOJHBIM MeTajjaM
nmepuoaNyecKoi cucreMbl MeHaeneeBa, T. €. K TakKUM, KOTOPble conep-
XKaT HesamoJiHeHHble d-MOAYPOBHH. DTO MOXeT OOBSICHUTb MeXaHH3M
06pa3oBaHis CHJIbHOM CBSI3M METallJla ¢ WHTHOHTOpDaMH, B YaCTHOCTH
COIepKalIMMH KHCJOPOL: KpOMe HOHHOH CBSI3H BO3HUKAET M KOBAJIEHT-
Hast CB$I3b.

Ha6monaemoe B asoTno#t xucnore 3nauenue Diane-noreHnuana
(40,63 B) cornacyercst ¢ morenunansom (40,56 B) xemocop6upoBau- ;
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HOH IVIEHKH KHCJOPOJa Ha JKeje3e, BBIYMCJIEHHBIM MO dKCIePHMEHTaJlb-
HO ONpeJeJIeHHOH TEIJoTe ancopOLUMH, a TaKXKe SHTPONHH afacopOuuu
Ha KeJjie3e [0 ypaBHEHHUIO

3H,0 -+ Fepog —> 0,+0 (anc. Ha Fe) 4 6H* 4 6e~ (2,19)

XyuMuuyeckKHe ~ SKBUBAJEHTb  BellleCTBA  NACCHBHOH  IJIEHKH
(~0,01 Kua/cm?) COOTBETCTBYIOT OAHOMY CJOK aTOMOB KHCJIOpOAa
(0,7 A), Ha KOTOPOM XeMOCOpPOHPOBaH OJAHH CJOH MOJIEKYJ KHCJIO-
poza (1,2 A). Cunralor, yTo naccuBHas IJIEHKA Ha XKeJe3e CONEPXKHT
KHCJIOPOA, B COCTOAHMM OoJiee BBICOKOH 3HEpPrHH, YeM y KHCJIOpOja B
ao6oM okucje xejeza. OHa Jierko okuciaserT xpomut-uodnl CrO; B
xpomat-uonbl CrOj~ . Takoro oKHCJIEHHsI Ha aKTHBHOM XeJjie3e He IIpo-
ucxonut. ITo Yaury, topMmossimee BJIHSHHE KHCJIOPOACOAEPKAIIHX
HOHOB CBSI3bIBaeTCs ¢ 00pa30BaHHEM 3JEKTPOHHBIX (XHMHUYECKHX) CBS-
3ell ¢ aTOMaMu Ha MOBEPXHOCTH MeTajla.

['unoresa, joryckamomas, YTo NacCHBUPYIOIIHe HOHB 006pasyloT
3/JIEKTPOHHBIE, T. €. XHMHYECKHe, CBS3H C aTOMAaMHM Ha NOBEPXHOCTH
MeTasiJia, BCTpedaeT BO3PaxKeHHSI Ha TOM OCHOBAHHMH, YTO CHJIBI, yIep-
XKHBAIOIHEe NMaCCHBHPYIOLIYE HOHBl H4 NOBEPXHOCTH MeTaJsJa, 3HauH-
TeJbHO cjaabee IO CPaBHEHMIO C CHJIAMM XHMHYecKoil cBs3u. Ileprex-
HaT-HOHBI, HanmpuMep, mo MHeHuo Kaptaemxka [48], serko BbiTecHs-
I0TCA C HOBePXHOCTH CyJb(aT-HOHaMH. DTa peakuus ofGMeHa mpore-
KaeT NOBOJBHO OBLICTPO, NOTEHIHAJ/] MeTajsia KoJebJeTcs H cOo3Jaercs
BIIEYATJICHHE, YTO STH aTOMB KGHKYPHDYIOT 33 MECTO Ha NOBEPXHOCTH
MeTaJsaa. Hpn YBEHYCHHH KOHIEHTPAUHH arpecCHBHEIX HOHOB SOi~
nocjelHHe 3aHHMAIOT B pe3y/bTaTe KOHKypHpYyIOLlel ancopOLuH Me-
CTO Ha IOBEPXHOCTH, U HauumHaeTcss Kopposus. Orciofa jesnaercs Bbl-
BOJ, YTO afcopOuus HepTeXHAaT- W NMOAZOOHBIX HOHOB Ha MeTajie 00y-
cJIOBJieHa He XMMHYeCKOH CBsI3plo, a ropasfo 6oJiee cjJabbIMH CHJIAMH
NPUTAKEHHUS .

Cuna ajacopOuuu mpeacrasiseT co6oi 3J1eKTpocraTqucxoe npH-
TSXKEHHe MeXAY IIOJIOXHTENbHO 3apsiKeHHON BHyTpPeHHeH 4YacTblo
MOHa H 3JEeKTPOHAMH MeTaJiia HJM ero okucaa. Mmerorcss ocHOBaHHS
CYHTaTh, YTO B aHHOHaX THHa MO;~ BaJieHTHBIE 3JEKTPOHBI pacmpene-
JSIOTCS MeXJY LEeHTPa/JbHBIM aTOMOM M aTOMaMM KHCJIOpPOJa Mo-pas-
HOMYy. B Xxpomar-HoHe, HampuMmep, HEKOTOpbi€ H3 3JEKTPOHOB XpOMa,
IO BCell BEPOSITHOCTH, OTTSHYTbl OT HEro H INepellH K KHCJIOPOLY
(s;ekTpoBaseHTHAss CBsA3b). [103TOMy LEHTP HOHA HOJXKEH OGHapy-
KHMBATh BLICOKHH NOJOXKHTeJbHbIH 3apsil. baaromaps stomy sapsamy
XpOMAaT-HOH, aJcOopOMpOBAHHBIA NMOBEPXHOCTBIO MeTaJJ/a HJIH OKHCHOH
TIJIEHKOH, MOXET «BLITATHBATb» CBOOOJHBIE 3/JEKTPOHBI C NMOBEPXHOCTH
MeTanaaa. OTo OGyAeT HO HEKOTOPOH CTeNeHH OrpaHHYHBaTh INONBHXK-
HOCTb 3JIEKTPOHOB H 3ajlepXuBaTb Kopposuio. Cienyer, OIHAKO, 3aMe-
THTb, YTO BLIMOJNHEHHble HAMH COBMECTHO ¢ JIapbKMHBIM KBaHTOBOXH-
MHUYECKHe pacueTbl NOKaszaJH, YTO CBSI3b XPOMAaT-HOHOB C XKeJe30M
OCYLIeCTBJISETCS HE IEHTPaJbHHIM aTOMOM XpPOMa, a MOCPEeJCTBOM
KHCJIOPOJAHBIX aTOMOB (IOAPOGHO CM. HHXe).
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Ecau runoresa Kaptiemxka BepHa, TO 3()PEKTHBHOCTb MACCHBH-
pylOLIEX HOHOB MOJIKHA 3aBHCETb OT BEJHYHHBI NOJIOXKHTEJIBHOTO 3a-
psjfia UeHTPaJbHBIX aToMOB. [lepTexnar-uoH, UMEIOIHUHA CeMb INOJOXKH-
TeJbHbIX 3apSAJOB, H0JKEH OKazaThcst 6oJee 3(pGheKTHBHBIM HHTHOHTO-
poM, YeM XpOoMaT-HOH, HMEIOIMH LIecTb MNOJOKHTEJIbHBIX 3apsifoB.
Mcxons u3 aToit runoressl, MOXKHO OblI0 Gbl OOBSCHATb, OYEMY CYJb-
daT-uoH, HMeIHUl OAHHAKOBOe CTPOEHHE C XpPOMAaT-HOHOM, HE SBJS-
eTcss MHrHOUTOPOM KOppo3uH. B cysbdar-noHe 3J€KTPOHBI Cephl
cnapenbl ¢ 3/JEKTPOHAMH OKPYXKaIOLIMX €ro aToMOB KHCJIOpOLAa H 006-
pasyloT KOBaJeHTHYI0 CBf3b. B pesyabrate 3TOro LeHTpasbHasg 006-
JacTh HOHA TOYTH 3JIEKTPHUYecKH HeiTpanabHa. OnHAKO, KaK yXKe yKa-
3bIBAJIOCh, CBSI3b MHIHOHTOPOB C IOBEPXHOCTbIO MeTaJsJja OCYLIeCTBJS-
ercs He uepe3 HeHTPAJbHBIH aToM.

HeckoJbKO HHYI0 TOYKY 3pEHUS] HA MeXaHH3M D,EI/IC’DBPIH KHCJIOPOA-
CONepXKalliX WHIHGHTOPOB ¢ oGmuM anmoHoM Tuna MO]~ BhicKasas
dBanc [25]. OH Takke cuuTaer, YTO BaxKHbHIM (AaKTOPOM, OIpeesio-
KM [ACCHBUPYIOLINE CBOHCTBA AaHHOHOB, SBJSIETCS THII CBA3H MEXIY
KHCJOPOAOM H JPYTHM 3JeMEHTOM B aHHOHE, OJHAKO IOJIaraer, 4To
Kak cy/ab(arsl, TaK H XPOMAThl COCIMHAIOTCS C MOBEPXHOCTHIO METall-
Ja He uepe3 IEHTPAJNbHBIH INOJOXHTENbHO 3apsSXKEeHHbH aToM, a Io-
CPELCTBOM KHCJODPOJa MO CJeLyI0IleH cXeMe:

-+ -+
M|o Mo
Scro, S0,
/ ,
0
0 )
Cro, 50,

Pasnuia e B 3alUTHBIX CBOMCTBAX 3THX aHHOHOB OOYCJOBJEHA TeM,
YTO OHH CO3JAIOT PA3JIHYHBIE NOJIS Yy NMOBEPXHOCTH MeTaJsua. [1ocKoJb-
Ky XPOM SBJSETCS MEeTaJJOM, a €ro CBsI3b C KHCJIOPOJOM — TJIaBHBIM
00pa3oM 3JIEKTPOBAJEHTHOH, TO CJIOH KHCJIOPOLA, NMOCPELCTBOM KOTO-
pOTO aHHOHBI CBSI3BIBAIOTCS C METAJJIOM, OYyJeT OTPHLATEJbHO 3aps-
XKEHHBIM OTHOCHTENbHO OCTAaJbHOH yacTH aHHOHA. s TOro yTo6HI
HOH-aTOMY 3alllulllaeMoro mertaJja npoiita ot I ko II ciowo, Heob6xo-
IuMa ONpeJesieHHass SHEPTHus, KOTOPYI0 He BCErJa MOXKeT 00ecneyHTb
KaTOxHbIH mpouecc. VoH-aTOMy MeTaJla, BHIIEALIEMY Ha IIOBEPXHOCTb,
Jerde safepxartbcs B I ciioe, 06pasys ¢ KHCIOPOAOM 3TOrO CJIOs
nacCUBHpYyOIHA okuces. IT03TOMYy NpH mOTpyXeHHWH KeJjesa B pac-
TBOP XpPOMara OHO NMACCHBHPYETCS H B OTCYTCTBHE BHEIIHEro aHOLHOTO
Toka. Jlag TOoro uroGbl BO3HHK/IA NAcCHBHpYIOLIAsi IJIeHKAa B 3THX
YCJOBUAX, AOCTaTOYHA Ta HeGoJblIasi MJIOTHOCTh KATONHOrO TOKA, KO-
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TOpas BOBHHKAET 3a CYET PEaKIMH BOCCTAHOBJIEHHS PaCTBOPEHHOIO B
3JIEKTPOJIUTE KHCJIOPOAA.

B mpoTHBOMOJIOXKHOCT XPOMY cepa He SIBJSIETCS] METaJJoM H, Be-
POSITHO, COeNMHSETCS C KHCIOPOLOM TVIaBHBIM 06pasoM KOBaJIeHTHBIMH
cBsizstMu, [loTOMY AHIONBHBIA XapakTep 3apsiiloB B aHHOHE BbIpaXKeH
MeHee sipko. IlepBblf CJ0f KHCJIOPOJA SIBJASETCS HECKOJbKO GoJjiee OT-
PHIlaTEeJbHBIM IO CPaBHEHHIO cO BTOPHIM SO,, MO3TOMY BHIXOL HapyXKy
TIOJIOXKHUTENbHBIX HOHOB SIBJISIETCSl GoJiee JIETKUM.

CorylacHO TOYKe 3peHMss DBaHCA, NAaCCHBUPOBaHHE C IOMOILIbIO
vonos tuna MOJ™ MOXHO HpPeACTaBUThb CJEAyIOUIeH CXeMOM:

- r ==
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drta cxeMa Npeanosnaraer, 4To KHCJIOPOA, HEOOXONUMBIH IJsi BO3HHK-
HOBEHHS ITaCCHBUPYIOLlel IJIeHKH, Gepercss oT aHuoHa. [Tocnenyroiee
BOCIIOJIHEHKE KHCJOpOJa IPOMCXOAUT 32 CUeT NBYX T'HAPOKCHJBHBIX
HoHOB. TakuM 06pas3oM, MOXHO B H3BECTHOM CMBICJIE PacCMaTpPHBATh
3Ty CXeMy KaK [acCHBALMIO 34 CYET KHCJIOPOAA BOIHI.

Ha BO3MOXHOCTbL NMaCCHBHPOBAHMS METAJJIOB KHCJODOIOM BOJHI
ykaspiBaeT M Xop. OCHOBaHHEM &/ TaKOrO YTBEPXKIEHHS SBHJIHCDH
9KCIEPHMEHTHl, B KOTOPHIX C NOMOIIbIO MEeYeHbIX aTOMOB OBIJIO yCTa-
HOBJIGHO, UYTO IPH aHOJHOM OKHCJEHHH HHKeJs B CePHOH KHCJOTe H3
BOJBI IEPEXONHJI0 HAa MeTaJsJsl ropasfio 6osblie KHCJIOPOAA, YeM M3
cyabdaT-noHOB. B simTepatype BcTpeuaeTcs M psl APYTHX YKasaHHi,
CBHJETEe/JbCTBYIOIUX O MACCHBUPYIOUHX CBOACTBAX BOAB. B yacTHOCTH,
OBanc coobuiaer J0O00NbITHRIA PakT: 99%-Hasi yKCycHass KHCJIOTa He
OKa3bBaja HHKAKOTO KOPPO3HOHHOTO BO3JEHCTBHS Ha aJIOMHHHUI, ON-
Haxo crouso u3 Hee ynaautb 0,05% BOAB, KaK CKOPOCTb KOPPOSHH
yBequuunacy B 100 pas. B numerundopmammuie, comepxaslieM cep-
HYI0 KHCJOTY, HHKeJb NePEeXOIHJ B NAacCHBHOE COCTOSIHHE, KOTJla KOH-
neHTpanust BoAb mpesbiiana 0,2%. B orcyTcTBHE BOAB HUKENb aKTHB-
HO pactBopscs. Omucanbl Takke cCJaydad NaCCHBHPOBAHHS THTaHA
He3HaYHTeJbHBIMM KOJMYECTBaMH BOJIbl B HEBOJHBIX CpPellaX, a TaKxKe
aJIIOMHHHEBBLIX CIJIABOB M HEPXKABEIOIIUX CTaJed B OKHCIHUTENSIX.

§ 7. KBAHTOBOXUMHYECKHUE PACYETbI CUCTEMBI
METAJJT — HHTHBUTOP

Kax Oblmc NmoKazaHO BhINIe, Y HCCJaefOBaTeJed HET eNHHON TOUYKH
3peHus Ha MOJIeKYJAPHBIH MeXaHusM JeHcTBHs HHrHOHTOpoB. KBaHTO-
BOXHMHUECKHE pacdeTbl MOTYT IIOMOUb IOHSTb CBOMCTBA HHIHOGHTOPOB
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B afXcOpOMPOBAHHOM COCTOSIHHUH.
B cBsi3M ¢ 3THM MBI COBMECTHO
¢ JIapbKHHBIM BbLITOJHUIN IHKJI
paboT MO NpPUMEHEHUIO pacllu-
PEeHHOTO MeTozna X10KKe13
(PMX) x wuccienoBaHHIO HEKO-
Topbix uaru6uTopoB  (NayCrOy,
NasVO,, awmunbl) B ancopOupo-
BAHHOM COCTOSIHHM Ha XeJese.
Ha puc. 2,24 noxasano pacmo-
JIO)XEHHEe aTOMOB B  aHHOHE
CrOs~; aromM xpoMa HMeeT
[LIeCTb BAJEHTHBIX 3JEKTPOHOB,
KOTOpbl€ CO3LAal0T B aHHOHe ue-
TbIpE CBSI3U: JB€ JBOWHLIE U IBE
oanHapHble. XpOMAaT-HOH SIBJS-
€TCSI CHJDBHO TIOJSIPH30BAHHBIM (Fe,d}‘
HOHOM. BuyrpumosexyaspHoe

B3ANMOAGHCTBHE HOCHT B OCHOB- Puc. 2,24. Crpoenne xpomar-uoma CrO%~

HOM HOHHBIH XapakTep, Ha LCHT- y erg OpHEHTAaUUsT OTHOCHTENbHO (parmeH-
paJbHOM aTOME€ XpoOMa CcOCpeno- Ta TOBEPXHOCTH eJie3a:
TOYEeH 3HAYUTEJbHBIH I[IOJOXU- a— KOHTAKT C JBOHHOIl CBSI3bI0 aTOMOB KHCJIO-

. poja; 6 — KOHTAKT C ONHHApHBIMH CBSI3SMH;
TeJbHBIA 3apsll, a Ha TNepPude- & gourakr c ABORHOM H OLHHADHOR CBA3AMH.

pUIHBIX aTOMax KHCJI0pOAa —
OTPHIATE/AbHBIH.

McxolnHpiMu 4HCI0BBIME JaHHBIMH IIPH pacueTe SIBJISJHCb KOOPAH-
HaTbl aTOMOB, BXOJSIIIMX B pacCMaTPHBAeMyl0 MOJEKYJSIPHYIO CHCTe-
My, U NOTeHIHa/ bl HOHH3AaLUK Bcex Ga3uCHBIX opOuTajell pacCMaTpH-
BaeMblX aToMoB. KoopauHaThl onpeessiiCh MO H3BECTHBIM MeXaTOM-
HBIM paccTOSIHHAM H yriaam Mexnay cBsssiMu Cr—O B Xpomar-HOHe.
B cBo6oanom coctrosiuuu CrOi~ Hecer 3apsifi, paBHBII IBYM 3JieK-
TPOHAM.

B /mTeparype HeNOCTaTOYHO CBelNeHHH 06 OpHEHTAlMH XpoMmart-
YOHA Ha NOBEPXHOCTH MeTajna npH agcopOuuu. ITosatomy anamusupo-
BaJH HECKOJbKO BO3MOXKHBIX IOJIOXKEHHH XPOMAaT-HOHA OTHOCHTEJBLHO
dparmMenTa nosepxHocTH (cM. puc. 2,24, nonoxenus a, 6, 8). Ilpeumy-
[ECTBO OTAABaJH KOH(UIypalHsaM, B KOTOPHIX XPOMAaT-HOH DacIoJo-
XeH K IIOBePXHOCTH HE3aHATHIMHM CBSI3IMU; 3Ty MOJeJb paccMaTpHBa-
JIi 0COGEHHO 10 pOOHO.

IToBepxHOCTHBIE (pparMeHTH BbIOMpasud TakKuM 00pa3oM, YTOGHI
KaYeCTBEHHO MOXKHO OBLIO NMPOCJEJHTb 3a OCOOEHHOCTSIMH HOBEIEHHS
XpOMAaT-HOHOB IPH Pa3/IMYHbIX INOJNOXKEHHSX Ha IOBEPXHOCTH XKeJse3a
HJIH €T0 OKHCJOB H ONpeleJNHTb H3MEHeHHe 3apsifoB Ha aToMax KHC-
Jopofla m xpoMa. MoJesNb NOBEPXHOCTH INPENCTaBJeHAa HECKOJbKHMH
COueTaHHAMH aTOMOB Kejeza u kucsaopopa: 3Fe, 2Fe-0O; Fe+20;
Fe-+-40. 9T coyeTaHUsT MOAENUPYIOT BO3MOXKHEIE YCJIOBHS aAcOPOIHH
Ha BOCCTAHOBJIEHHOM H OKHCJEHHOM XeJsese. Bce aTombl MeraJsia Je-
’KaT B OJHOH IJIOCKOCTH NO OTHOIIEHHIO K Xpomar-uoHy. OH OpHeH-

(Fe, G} m
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THPYeTCsl TOOYEepelHO CO CTOPOHBI PA3MHYHBIX CBSI3eH TeTpasapa:
a) 1,63 Awu 1,63 A; 6) 1,86 A u 1,86 A; B) 1,86 A u 1,63 A. Jauue D
cBsizel  OpaJuch M3 JIMTepaTypHbIX JHaHHbIX: Fe—Fe — 245 A,
Fe—0O — 1,66 A; Cr=0 — 1,86 A u Cr—O — 1,63 A.

Buiuncaenus npoopuau merogoMm MO JIKAO 6es3 camocorsacoBa-
uusi. [Ipu pacuere AJsS aTOMOB KeJje3a M XpPOMa YYHUTHIBAJH aTOMHbLIE
4s-, 4p-, 3d-opOurany, A aToMa KHcJaopoaa 2S-, 2p-opOUTAJH.

[Torennuansbl HOHH3AUMH aTOMOB NPUHHMAJH DaBHBIMH: JJIS XKe-
Jdesa — 4s=—8,469 B; 4p=—5,072 B; 3d=—12,164 B; mas xucmao- % +
poga — 2s=—32,364 B; 2p=—15,872 B; jp1a xpoma —4s="
=—6,597 B; 4p=—3,559 B; 3d=—7,179 B. Buiunc/ieHus npoBOIHIH
no MOAH(HUIHMPOBAHHOH MpOrpaMme C yuyeToM aTOMHBIX 3d-opGHraief.
Hcnosbp3oBanu  3/1eKTPOHHO-BHIUMCAHTEAbHYI0 MaumuHy M222 BI
NPXAHa.

Canenyer momuepkHyTt, uTo B aHHoHe CrOj~ atoM xpoma 6/10KHPO-
BaH CO BCEX CTOPOH aTOMaMH KHCJIOPOAA, OITOMY BSaHMOILeHCTBHe c
NOBEpPXHOCTBIO MeTajia Heauccouuuposannoro uona CrOi~ BoaMOXK-
HO TOJIBKO Yepe3 aTOMBI KHCJIOPOJA, X MaJOBEPOSITHO, YTOOBI MOAENb
Kaprnenxa, mnpeaycMaTpuBaolias B3aHMOAEHCTBHE IEHTPaJbHOIO
aToMa XpoMa C 3JeKTPOHAMH 3alUHIaeMOr0 MeTaJsJaa, MOrja ObITb
peasu30BaHa.

B Taba. 2,3 npuBenens moayueHHole Ha DBM naHHble 0 3apsine
Ha aTtoMax cBOGOJHOTO XpOMAaT-HOHA, T. €, MOHA, He HCHBLITHIBAIOILETO
HHKaKHX BO3MYIUEHHH CO CTOpPOHBI MeTa//1a, a TaKke XpoMaT-HOHa,
BO3MYILEHHOr0 parMeHTOM MOBEPXHOCTH; B TabJ. 2,4 — JaHHbBIE O 3a-
psilie Ha CBAI3SX.

AHanns M3MeHeHHH 3apsiNOB Ha aTOMax H Ha CBSI3SX INO3BOJSET
NOJNY4YUTh HH(GOPMANHI0 O NOBEJEHHH XpPOMAaT-HOHA Ha IIOBEPXHOCTH

Ta6auma 2,3. 3apaas, no Mannukeny, Ha atomax CrO} B cBOGOAHOM <?<5
H aacopGupoBaHHOM Ha noBepxHoctH Fe m FeO cocrosnusix JC@
3apsii aToma
Hou, pamuxan, dparment | ITosoxeHde o o
TIoRepXHOCTH Houa Cr 01,63 4)|0(1,63%) [0(1,864) |0(1,864) > D=
CrO%~ 1,254 | —0,765 | —0,765 | —1,957 | —1,957
CrOy4” 1,228 | —0,689 [ —0,689 | —0,950 | —0,950
a 1,198 | —0,805 | —0,805 | —0,543 | —0,543
3Fe 6 1,205 | —0,701 | —0,702 | —1,350 | —1,348
B 1,230 | —0,820 | —0,826 | —1,282 | —1,279
a 1,035 | —0,716 { —0,717 | —1,211 | —1,232
2Fe, O 6 1,195 | —0,711 | —0,711 { —0,118 | —0,117
B 1,201 -—0,720 | —0,721 | —1,561 | —1,525
a 1,200 | —0,743 | —0,743 | —0,632 | —0,632
Fe, 20 6 1,231 —0,735 | —0,734 | —1,189 | —1,190
B 1,238 | —0,742 | —0,742 | —1,205 | —1,207
Fe. 40 a 1,219 | —0,753 | —0,753 | —1,342 | —1,343
& 6 1,311 | —0,672 | —0,675 | —1.415 | —1,415
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MeTaJla H ero OKHcHON nJaeHxe. Kak BumgHO u3 Ttaba. 2,3, B cBOGO-
wom aunoHe CrOj~ 3apsii Ha aTOMe XpOMa HAMHOTO MeHbINe LIECTH,
T. €. 3apsAd OTTAHYT Ha aTOMbl Kucjaopoia. M3 ananusza sapsioB Ha
aToMax MOXHO C/ieJlaThb BBIBOJ, YTO B 3aBHCHMOCTH OT TOT'O, KaK OpH-
entupoBan terpasnp CrOi” Ha MOBePXHOCTH Ke€Je3a, aToM XpoMa Mo-
XKeT JH60 nproOpecT 3apsf, JHOO NMOTEpPATh 3apsl, T. €. ObTh H JI0-
HOPOM, H akKIenTopoM. DTO OTHOCHTCS TOJbKO K aToMmy Xxpoma. Ecau
Xe paccMaTpHBATh XPOMAT-HOH B Le/IOM (cymMa 3apsiioB Ha aTomax),
10 3apan ua CrOi” CTaHOBHTCS B OCHOBHOM 60Jiee OTPHLATE/NbHBIM,
YTO sIBJSIETCS NPAMBIM YKa3aHHeM Ha TO, YTO XPOMAaT-HOHbI NPH B3aH-
MOJIEACTBHH C IIOBEDXHOCTHBIMH (pparMeHTaMH XKeje3a INPOSBJSIOT aK-
nentopHble cBoiicTBa. Mckiouenue cocrasiser Kondurypanus 2Fe, O,
KOTOpasi DU B3aHMOJEHCTBHHM C XpPOMAaT-HOHAMH CO3[4a€T 3HAYHTE/b-
Hple OTpHIATE]bHble 3apsiibl Ha cBsizgsx Cr—O B terpasgpax CrOf~
OLHAKO 3TO COOTBETCTBYET PaspLIXJSIOILUM MOJEKYJISIPHbIM op6ma-
JISIM, T. €. NOJIOXEHHIO, B KOTODOM CHCTeMa B LeJOM fIBJSIETCS He-
YCTOHYMBOH M BO3MOXKHA JHCCOLHALMS HOHA.

Ananus sapsgoB Ha cBsi3siX (oM. Tabu. 2,4) IO3BOJSET CAEIATh BbI-
BOJA O IOJsipH3allui CBsi3ell B XpOMaT-HOHE B afCOPGHPOBAHHOM CO-
CTOSIHMH (MO CPaBHEHHIO C COCTOSSHHEM CBOGOZHOTO XpOMaT-HOHA).
Ornomenne 3apsafoB Ha cBf3X Cr=Ose u Cr—Oyg B CBOOOZHOM
xpomar-uone cocrabaser 1,255 (cM. Taba. 2,4), uTO COOTBETCTBYET
crpykrype CrOf”, mpuBenenHoit Ha puc. 2,24. B amcop6upoBaHHOM
COCTOSIHHM 3TO OTHOLIEHHE H3MeHseTCsl B 3aBHCHMOCTH OT TOrO, Kak
OpPHEHTHPOBAH XPOMAT-HOH OTHOCHTEJbHO (parMeHTa NOBEPXHOCTH.
Ecan xpomaT-uoH ofpallieH K HOBEPXHOCTH NBOHHBIMH CBS3SIMH, TO

Ta6nuuya 2,4. 3apanbl, no MaaaHuKkeHy, Ha CBA3fIX B HOHe CrO%~
B cCBOGOAHOM W axcopGupoBaHHOM Ha noBepxHoctu Fe u FeO cocroanuax

3apsif Ha CBA3H
HoH, papuxai, Tonoxenue|
($parMeHT MOEBEPXHOCTH HoHa Cr—0 ar—0 Cr—0 Cr=0
Cro3™ 0,981 0,981 1,232 1,232
CrO;° 0,593 0,593 1,158 1,158
a 0,850 0,832 —0,012 —0,017
3Fe 6 0,872 0,872 0,637 0,632
B 0,857 0,901 0,315 —0,050
a 1,001 0,156 —0,025 —0,937
2Fe, O 6 0,995 —0,030 0,600 —0,296
B 0,015 1,091 0,096 —0,400
a 0,856 0,856 0,017 0,017
Fe, 20 6 0,930 0,935 0,350 0.350
B 0,895 0,901 0,081 0,089
a 0,832 0,845 —0,042 —0,056
Fe, 40 6 0,799 0,799 0,892 0,892
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5TO OTHOIIEHHE YyMeHbLIaeTcs, a
eCc/ii OfMHAPHBIMH — YBeJHYHBACT-
cs1. Ilonapusanus cBsa3ed XpoMmar-
HOHA BJIeYET 3a co0OH H3MeHeHHe
XHMHYECKOH AaKTHBHOCTH Ha IIO-
BEPXHOCTH Me€TaJljla, KOTOpasa yBe-
JMYMBAETCI B TEPBOM chaydae H
yMEeHbIIIaeTCss BO BTOPOM. DTOT pe-
3yJbTaT IIOKa3biBaeT, YTO HauboJsee
BEpOSITHOE TIOJIOXKEHHE XpOMaT-Ho-
Ha OpH aacopOUUM TakKoe, IPH KO-
TOPOM KOHTaKT ¢ TIOBEPXHOCTbHIO
JIOCTHUraeTcss 3a Cc4eT CBOGONHBIX
BaJIeHTHBIX CBA3eHd (cMm.  puc.
2,246).

KBaHTOBOXHMMHUYECKHE PpacueThl
CBOHCTB XpOMAaT-HOHOB B ajcopOu-
Puc. 2.95. Opuentanus Bauaxar-ona POBAHHOM COCTOSIHHH IIOKa3biBaIoT,
OTHOCHTeBHO (parMeHTa mosepxioctn TAKHM 00Da3oM, YTO XPOMAaT-HOHHI
Kene3a (KOHTaKT ¢ TpeMs aTOMaMHu BBICTYIIAIOT B KAYECTBE aKLENnTOpPOB

KHCJI0pOAa). 3/JIEKTPOHOB 110 OTHOIIEHHIO K Xe-

Jge3y. BsaumopneficTBue ¢ Kejle3oM

[IPOHCXONUT MOCPEACTBOM ABYX AaTOMOB KHcJIOpoia aHuoHa CrOi~;
TP 3TOM H3MEHSIETC XAMHYECKass aKTHBHOCTb XPOMAT-HOHOB.

AnanormyHeIM 06pasoM OBIO H3yYeHO anCOPOLHOHHOE COCTOSHHE
BaHa/laT-HOHOB. AHHOH pPacCMaTpHBAJCI B CBOGOJHOM COCTOSIHHH H
NpH B3aUMOLEHCTBHH C ()parMEHTAMH NOBEPXHOCTH KeJesa: a) co
cropoubl cBsizein 1,74 A, 1,74 A u 1,74 A; 6) co cTOpoHB CBsi3er
1,74 A, 1,74 A u 1,68 A (puc. 2,25). Ananus pesyabtatoB Taba. 2,5
NoKasaJ, YTo BO3MYIIEHHe J1I060r0 M3 paccMaTpHBaeMBIX (parMeHTOB
He M3MeHseT 3HakKu 3apsifoB Ha atomax VOi~ . D10 o3HayaeT, uToO B
aacopOHMpOBaYHOM COCTOSIHHM 3apsii, Ha LEHTPaJbHOM HOHe MeTaJjlia
OCTaeTcss MOJIOKHTENbHBIM, a OTPHLATEJbHBIH 3apsii OTTSHYT K aTo-
MaM KucjI0poaa Ha nepudepuio anvona. Cymma 3apsioB Ha aToOMax
KHCJIOPOfa B aJAcOpPOHMPOBAHHOM COCTOSIHHHM BO3pacTaeT MO CpaBHEHMIO
C 3apsiaoM CcBOOOLHOTO pajukana. JTO CBHAETENbCTBYET O TOM, 4TO
B3aHMOJEeACTBHE AaHHOHOB IOLOOHOTO THNA C METAaJJIOM IPOHUCXORUT
TIOCPE[CTBOM KHCJOPOAHBIX aTOMOB.

Hsmenenne 3apsina Ha LEHTpPAJbHOM aTOMe BaHAAMs BO3MYILIEHHO-
ro aguona VO~ He3HauHTesNbHO, B TO BPeMsl KaK CyMMapHBIA 3apsik
Ha aToMaX KHCJIOPOAA H3MEHSeTCSl CHJbHO. DTO yKa3blBaeT Ha TO, 4TO
B aJcOpOMPOBAHHOM COCTOSTHHHM BaHaAaT-HOH IIPOSIBJSIET aKUENTOPHBIE
CBOMCTBAa B OCHOBHOM TOCPEICTBOM aTOMOB KHCJOpOAA. DTO IPOTHBO-
PEYHT THIOTe3e O TOM, YTO 3JEeKTPOHHOe B3aHMOAEHCTBHE HHTHOHTO-
poB, uMewwux obuui aHmoH tuma MO)~, c IOBEPXHOCTbIO MeTaJia
TPOUCXOLHUT 4Yepe3 UEeHTPANbHBIN IOJNIOXKUTEJNBHO 3apAXKEHHBIH aToM
Metajna. Axcopbunss VO~ nHa ¢dparmenTax Kejesa He NPHBOAUT K
3HQUUTEJBHOMY H3MEHEHHIO NaplHaJbHOH 3aceJeHHOCTH, YTO TakKkKe
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CBHJIETEJbCTBYET 00 OPpAaHHYEHHOM YyYacTHH LEHTPaJbHOTO aToMa
BaHaJus BO B3aUMOJEHCTBUH C NOBEPXHOCTBIO XKeJe3a.

ITUM XKe MeTOAOM H3ydaJsHch H anudaTHYeCKHe aMHHBL. B orinune
OT ApPYrux paboT, B KOTOPBHIX IpH pacuyeTax YUYHTHIBAJIH JHIIb 3JeK-
TPOHHYIO CTPYKTypy aMHHa B CBOOOJAHOM DaBHOBECHOM COCTOSIHHH, MBI
YUYHTBIBAJIH 3JIEKTPOHHYIO CTPYKTYpPy B aJCOPOHPOBAHHOM COCTOSIHHH,
TaK KaK 3TH COCTOSIHHSI MOTYT CHJIbHO OTJMYaTbCs HAPYT OT Apyra.
PaccmarpuBass HHTHOMTOD B afcOPOHPOBAHHOM COCTOSIHHHM, MOXKHO
IOJIyYHTb CBEIlEHHS O ME€XaHH3Me 3allHThI.

Mbl HccleloBaNu 3JeKTPOHHYIO CTPYKTYpPY (BeJHYHHY 3apsiioB Ha
aToMax M CBfA35X) MOJeNH IOBEPXHOCTHOI'O KOMIJIEKCa MeTajja ¢
aMpHaMy  (3THJIaMHHOM, JMITHJIAMHHOM, TPHITHJIAMHHOM), MAJA
cpaBHeHHs Opanu aMMHak. PaccmarpuBaeMble KOMIIEKCH afuGaTH-
YeCKHX aMHHOB C KesJe30M OJIM3KH 1O TIeOMEeTPHYECKOH CTPYKType
(B KaXXIOH MOJIEKyJie aTOM a30Ta HMeeT IO OJHOH HeloJeJIeHHOH nape
3JIEKTPOHOB) H INPENCTABJSIOTCS COBOKYNHOCTBIO TOJIBKO MOJIEKYJSAp-
HBIX ©O-OpOuTajeii. MeXaTOMHblE pacCTOSHMS aMHHA, BXOAALIETO B
KOMILJIeKC, AJisi pacyeTa NPHHHMAJH PaBHLIMH DaBHOBECHOMY COCTOS-
HHIO MeXIy siipaM# B cBOOOIZHOM aMHHe. PaccTosHHe MeXAy aTOMOM
KeJesa ¥ aTOMOM a30Ta TMPHHUMAJH PABHBIM CyMMe MeTaJsJIHuecKoro
panyyca eJe3a H KOBAJEHTHOTO pajuyca aToMa asora (AJd xeJaesa
B KyOHuecKoil 0GBeMHO-IEHTPHPOBAHHOH peweTke r=1,231 A, a mas )
asora r=0,69 A).

BoabmivHCTBO HCc/enoBaTesNedl CXOAHTCS Ha TOM, 4TO aJCcOpOLHs
aMHHOB Ha OKHCJAaxX M MeTajJax NPOHCXOAHT 3a CYeT HeNoJeJeHHOH
napbl 3/JEeKTPOHOB aToOMa a3oTa, MO3TOMY B HCCIeJyeMOH MOJeNH
KOMIJIEKCa aToM XeJse3a Obll NOMellleH Ha ONHOH OCH C aTOMOM as3o-
Ta. B 0HO! U3 Hamux paboT ObIIO YCTAHOBJIEHO, YTO MEXAy JioTapHd-
MOM 3aLIUTHOH KOHLEHTPAalUH H OCHOBHOCTBIO aJH(paTHYECKHX aMHHOB
pK. uMeercs cienyioliee COOTHOILGHHUE:

1g cam = —2,28 4+ P (11,0 — pKy) (2,20)

Ta6auua 2,5. 3apags, no MaaaukeHy, Ha atomax VO§~ B cB0GOIHOM
M apcopGuporanHom Ha nosepxHocTH Fe n FeO cocrosnusax.

3apsii, aToma
WoH, paguxan, TTonoxe-
(dpar MeHT MOBEPXHOCTH HHe HOHa v 0(1,74 1) 0 (1,63 Z) 01,68 ‘A) 0(1,68_.?\) o P D
Vo3~ 1,001 | —0,801 | —1,082 | —1,082 | —1,082
VO, ** 0,989 | —0,706 | —0,091 | —0,091 | —0,091
3Fe a 0,858 | —0,789 | —0,850 | —0,850 | —0,850
6 0,981 | —0,775 | —0,971 | —0,971 | —0,971
9Fe. O a 0,987 | —0,800 | —1,002 | —1,001 | —1,002
’ 6 0,991 | —0,803 | —0,999 | —0,999 | —0,999
Fe. 30 a 0,996 | —0,799 | —0,805 | —0,895 | —0,895
’ 6 0,983 | —0,800 | —1,000 | —1,000 | —1,001
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Ta6auma 2,6. 3apaabl Ha aToMax CBOGOJHOr0 aMHHa M aMHHAa
B KOMILJIEKCE C XKeJe30M

3apax aroma

AMuHB
H KOMIUIEKCH Fe N c
NR, — —0,815| 0,097 | 0,037 | 0,273 | —0,550 | —0,550
Fe...NR, —1,839 | —0,736 0,065 0,020 0,020 0,276 | —0,203
NHR, —0,421 | —1,086 | —1,086 | —0,197 | —0,197 | —

Fe..NHR, | —1,119| 0,272 | —0'812 | —0'812 | —0'126 | —0126 | —

NH,R — | —0,869 | —0,061 | —0,143 | — — —
Fe...NH,R | —0,836 | —0.216 | 0.089 | 0,049 | — — —
NH, — | —0,978| — — — — —
Fe...NH, | —0,623|—0.323| — — — — -

Tak xak pK, siBjsiercs Mepoil OCHOBHOCTH aMMHA, KOTOpas, B CBOIO
ouyepelb, 3aBHCHUT OT 3apsifia Ha aToMe a30Ta, CO3JaBaeMOTO B OCHOB-
HOM HeNOJE/JeHHOH NapoH 3JEKTPOHOB, MOXHO OXHIATb KOPpESIUH
MeXIy 3apsloM aToMa a30Ta H BeJHYMHOH oOpaTHOH 3aLIUTHOH KOH-
nentpauuu. ComocraBieHyue pasHoOCTH 3apsfoB Ha aToOMe a30Ta, BXO-
JsIlero B KOMIIJIEKC, H Ha aTOMe a3oTa CBOOOLHOTO aMHHA C BEJHYH-
HOH Jiorapr¢ma oOpaTHOH 3aLIUTHOH KOHUEHTPaLHH HHIHGHTOpA MOKa-
3aJ10, UTO 3TH 3aBHCEMOCTH yXOBJETBOPHUTENBHO KODPENHPYIOT MEXIY
co6o1.

PesyabTaTel KBAaHTOBOXHMHYECKOTO pacueTra H3MeHEeHHs 3apsia
aTOMOB B KOMIIJIEKCAX II0 CPaBHEHHIO C 3apsilaMy CBOGOIHBIX MOJEKYI,
nonyuyeHHbx Ha DBM, npencrasiens B TabJ1. 2,6.

W3 panupix ta6a. 2,6 BUAHO, YTO 3J€KTPOHHAS CTPYKTYpPa MOJEKY.I
HHrHOHMTOpPa B CBOOOLHOM COCTOSSHHM 3HAUYHTEJBHO OTJIHYAETCS OT
CTPYKTYPBl B aficOpOHPOBAHHOM COCTOSHHH. V3MeHeHMe 3apsjna aToMa
asora B MOJekyJe CBOOOJHOTO aMHHA IO CPaBHEHHIO C 3apsIoM B
KOMIIJIEKCE CBHJETENbCTBYET O TOM, YTO B KOMILJIEKCE 3apsifi mepepac-
npesie/isieTcss Ha aTOM KeJje3a, YTO COOTBETCTBYET JOHOPHO-aKIeNnTop-
HOH CBfI3H, B KOTOPOH aMHUH B OT/IMYME OT XpOMaT- ¥ BaHaJaT-HOHOB
ABJASETCS JOHOPOM 3JIEKTPOHOB. DTOT BLIBOA MOATBEPKIAETCH H IKC-
NepuMeHTa/bHO MO H3MEHEeHHIO KOHTAKTHOH DPasHOCTH IIOTeHIHaJoB
npH ajcop6uyuH aMHHOB Ha xenese (Tabu. 2,7).

§ 8. ACCIENOBAHHE MEXAHM3MA NENUCTBHS WHTMBUTOPOB
C MOMOIbI0 KOHTAKTHON PA3HOCTH MOTEHILHAJIOB

Ecan nBa meTanna ¢ pasHeIMH paGoTaMH BBIXOJA 3JIEKTPOHOB (g
M (o KOHTAKTHPYIOT JApyr ¢ APyroM, TO Ha TpaHHUE HX COIPH-
KOCHOBeHMs ¢ aTMocdepoii (MJIH BaKyyMOM) BO3HMKAeT Da3HOCTb IO-
TeHUHanoB Vx=e (go—¢1), Ha3piBaeMasi KOHTAKTHOH Pa3HOCTbIO IIO-
tenunanoB (KPII)*. PaGora Bhixoma ¢ npeicrasiseT coGoi pa6ory,

* KPII cjepyer OTyHuaTh OT BHYTPEHHeHl PA3sHOCTH TOTEHIHAJIOB, pa3BHBaIONIEH-
€4 Ha TPaHHIEe CONPHKOCHOBEHHS 3THX METaJlIOB.
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KOTOPYIO HaJo 3aTpPaTHTb, YTOObl IIepEHECTH 3JEKTPOH H3 MeTaJjljia B
BakyyM Ha paccrtosaue 10—3-+10-% cm. Eciu Merann He umeer H30bI-
TOYHOT'O 3apsia, TO

P = —p=2z0 — p = — (0G/0n)p,T

rie M, pW — 3JIeKTPOXMMHUYECKHH M XHMHUECKHMHA {IOTEHUHMAaJbl SJIEKTPOHOB; Ze — 3aPAR
3JIEKTPOHA; Y — MOBEPXHOCTHBIH 3JEKTPOCTATHUECKHH TOTEHLMAJ] MeTaj/ia, MPeiCcTaB-
JISIOLIME cOoGOf CKauoK IIOTeHIWajla Ha TpaHuUe pasfena M — BakyyM; G — sHeprus
'nG6ca; n — yucyao 3JEKTPOHOB.

Vamenenne ¢ Merajja NpH afcopOUMH ONIpelensieTcs H3MeHe-
HueM y. Bropoe cilaraemoe p omnpepessercs oObEMHBIMH CBOHCTBaMH
MeTaJJja H IpH aJcopOLHH HE H3MEHseTCsl.

Hmeerca muoro MmetomoB onpeienenuss KPII, omnako nambosee
npueMJIeMbIM sIBJseTCs KoHAeHcaTopHblil MeToA KenbBuna. Ilocae ero
yCOBEpLICHCTBOBAHUS 3UCMAHOM OH IIHPOKO NMPHMEHSJICS B HCCJIENOBA-
HUAX (DU3HKO-XMMHUECKHX MPOIECCOB, NMPOTEKAIOIHX Ha NOBEPXHOCTH
MeTaJlJIOB.

B 3ToM Merome HccienyeMasi MOBEPXHOCTb BMeCTe C JEKTPOAOM
cpaBHeHHst 06pa3yeT KOHAEHCATOp, pa3HOCTb NMOTEHIMAJOB HA OOKJaj-
ke kortoporo (uam KPII), xak ykasbiBasJocb Bbille, YHCJEGHHO DaBHA
pasHocTH paboT BHIXOJ4A 3JEKTPOHOB H3 0OKJIamok Vi Jas uamepe-
HUH 3TOM PA3HOCTH OAHA M3 NMJAaCTHH (OGBIYHO 3JIEKTPOR CPaBHEHHS)
MEepPUOAUYECKU KOsMe6sMeTcsl, H3MeHsIsT TeM CaMblM eMKOCTb KOHJeHCaTo-
pa C. Bcuencrsue storo B uenu Tteuer tok [=VdC/dt, nponopuuo-
HaJabHbA Vi Tok I BecbMa MaJ, ¥ Ha NMpaKTHKe OOBIYHO YCHJAHBAIOT
nafenue nampsikenus AU (AU~10-°-+10-3 B), Bosnukaioulee Ha
GOJILIIOM BXOJHOM CONMpPOTHBJIeHHH Rpx ycunutens (AU=Ryxl). Tak
KaK BBIXOJHOH CHIHAJl 3aBHUCHT KpoMme Vi OT psia TeXHHYECKHX (ak-
TopoB (Hampumep, or AC/C, BeNMUHHBl YCHJEHHS U T. A.), AJs ONpe-
JleseHuss Vi Jyullle HCNONABb30BATh MeTOA KoMmmencauuu. Jlas atoro
B CXe€My BBOIMTCS IIOCTODOHHHH HCTOYHHK 3.4.c. V. Torma mpH
Vk=—Vp, AU=0 u cursan Ha BbIXOJe YCH/IHTeJNs MHHHUMAaJeEH, a
MOKasaHusl MOTeHIHOMEeTpa paBHBl Vk ¢ 06paTHEIM 3HAKOM.

Tak Kak MeTOJX UyBCTBHUTENEH K IOMexaM, siluedKa ¢ HcclaelyeMbIM
¥ OTCYETHBIM 3JIEKTPOAOM M MNepBBIfl KacKajJ YCHJHTENs 3allMILaJHCh
3a3eMJIEHHBIM MeTa/l/IHYecKUM 3KpaHoM. UyBCTBUTENbHOCTb yCTAaHOBKH
onpenenenuss KPII (mpu cob.iofenuu psima ycaoBuit) mocruraer 1 mB.
Bmok-cxema ycraHoBku Juis  uaMepenusi KPII npexacraBnena Ha
puc. 2,26.

s Toro uTo6bl HCKIIOUHTb BO3MOXKHYIO OLIMOKY OT amcopOuuy
HHTHOMTOPOB Ha OTCUETHOM 3JeKTpoje (MIacTHHKA M3 30J10Ta), H3Me-
peunst KPII mpousBonusiu B mpomecce AecopOUHM HHTHOHTOpaA, afcop-
6HpOBaHHOTO paHee B 3aMKHYTOM oOGbeMe. IIocTOSHCTBO paGoOTHl BhI-
X0Ja OTCYETHOTO 3JeKTPOLa NEePUOAMUECKH KOHTPOJHPOBAJH, 3aMeHss
HcclefyeMblii o6pasel, Ha 3TaJOHHYIO IIACTHHY (HHKe/b), H IPH He-
O6XONHMOCTH BBOJMJ/IH IONPaBKy. [Ipy H3yueHHM KOHTAKTHBHIX HHIUGH-
TOPOB B 3TOM HEOGXOAUMOCTH He Oblno. JJIst MJIIOCTPAllMH BO3MOXKHO-
CTefl 3TOTO METOla NPHBENEM HEKOTOpble pe3yJbTaThbl, IOJNyuYeHHbIE
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L 1 npu  ajpcopbuuu  JeTydyHux
HHTHOUTOPOB Ha  XKeJjese
U3 ras3oBod (asel (Taba.
2,7).

PesyabraTtel uccaenoBa-
£ HHS TOKa3blBAIOT, YTO H3Y-
YeHHble MHTHOUTOPHl SIBJISI-
I0TCS JTOHOpPaMH  3JeKTpo-
HOB, TIOCKOJIbKY NPHU HX af-
copbuun paboTa BBHIXOAA
3JIeKTPOHOB  YMEHbILAETCs
Ha 0,1--0,7 B (moBepxHoCT-
Hblil MOTEHIHAJ] paBeH H3-

1 — renepatop 3ByKoBoll uactotsi ['3-33; 2 — reweparop MEHEHHIO pabOThl BBHIXOMA

MexaHuyeckux KosaeGaHuit TMK-1; 3 — BbICOKOOMHBIN MO- O
TeHLHOMeTp P-307; 4 — OTCUeTHBI! 30J10TOH 3JEKTPOX; 3'}IeKTpOIL{OB C 06paTHbIM
5 — o6Gpasel]; 6 — MeTaJUIMYeCKHii 3KpaH; 7 — CeJIeKTHB- 3‘HaK'OM) . Byce OHHU \npp] an-

HbIfl YCHJIHTeNb HH3KOA YacToThl ¥Y2-6. COp-6HHH Ha *IIOBer'HO‘cTH
Kejgesa 3apsKalTes To-
JIOXKHUTENbHO. ANCOPOLHOHHBIH NOJNOXKHTENbHBIN 3apsili, JOKAaJH30BaH-
HbIIl ‘Ha MOJIEKYJaX HHTHOHTODA, KOMIEHCHPYETCS OTPHIATEJbHbIM 3a-
pPsilOM, PAacIOJNIOXKEeHHbIM Ha BHYTpeHHell rpanune oxkuciaa Fe—FeO,.
M3meHeHnne TMOBEPXHOCTHOrO moTeHnuasna Ay HJaun paboTH BBHIXOJA
3/1eKTpoHa Agp=—AVx(3B) npsiMo mponopuHoHaJbHO KOJHYECTBY ai-
COPOHPOBAHHOrO Ha 3JI€KTpPoje BemecTBa (puc. 2,27). [1pubanxenHoie
pacyeTbl NMOKAa3bIBAIOT, YTO HANPSKEHHOCTb 3JMEKTPHYECKOrO0 IOJS B
oxHcJe mpH 3ToM mocruraer = 10 B/em. Ona, HeCOMHEHHO, B COCTOS-
HHH, C Y4€TOM HalpaBJEHHs MOJg, 3aTOPMO3UTb TPAHCIOPT KaTHOHOB
yepe3 MJEHKY.
Hpyrum crelctBueM afcop6Liy HHTHGHTOPOB SIBJISIETCS H3MEHEHHe
CIIOCOOHOCTH NOBEPXHOCTH CTaNU ajacopOupoBaTth Bomy. Ha azmektpone,
Ha KOTOpPOM TpeABapuTeJbHO OblIM aAcOpOMPOBAHBI HHIHOHTOPHI,

Puc. 2,26. Bbiox-cxeMa ycTaHOBKH AJsI H3MEPEHHs
PIT:

Ta6nuua 2,7. U3MeHeHke NOBEPXHOCTHOrO MOTEHUMANA, HAMPSXKEHHOCTb NOJS
B OKHCJE H 3JEKTPOHHG-XHMHYecKas 3G (eKTUBHOCTH MOJEKYJ HHFUGHTOPOB

OK "
ViHrucutop AV, ke AEyaye 1078 Sq)(kv(ffﬁioc“
B/cm
Hustunamun (JDA) 40,5 2,5 1,1.107"
Tekcamerunenumun (M) +0,5 2,5 4,3.10718
Huknorekcunamun (LITA) -+0,7 3,5 9,5.10712
Junuxaorekcuaamun (JLTA) +0,7 3,5 4,5.1071
Bensoar J2A 0,3 1,56 2,1.10716
Bensoar MU -+0,2 1,0 2,3.10716
Bensoar LITA —+o0,1 0,5 —
Bensoar JULTA 10,1 0,5 —

* TInotHocTs AN H3MepsieTcsi KOMHMUECTBOM MOJIeKyJs, aacopGupomanHnbix 1 cm?
MOBEPXHOCTH.
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CHJIBHO Majaer KOJHYECTBO an- av, 8
copGupoBaHHO# BoAbl. [Ipu 3TOM [
o6J1acTh TOJHMONEKYJISIPHOM
KOHAEHCAllHH  HE  HacTymaer 7
BINIOTb 10 jAaBjeHusi 0,9 P/P,.
MakcuMa/bHOe KOJHYECTBO BO-
Jbl, KOTOpOE MpH 3TOM aacopOu- 0,2}

pyeTcs, He mpeBblLIaeT B MpPH-
CYTCTBHH G€H30aTOB MOHOCJOS. g %
TlockoabKy aHOAHAs peakuus

BKJIOYAeT CTAJMIO THAPATAlUA oL | L T .
HOHOB METaJjla, 3TO HEe MOXKeT 2 4 6 am1052/em
He CKas3aTbCsl Ha CKOPOCTH KOp- (- L L -
po3uH, KOTOpas, Kak mMoKasaJau 7 2 3 af10,ry
9KCIIEPUMEHTH], TOJHOCTbIO Mpe-

Kparlaercs. HpH STOM KOJIHHIECT- Puc. 2,27. V3MeHeHue NMOBEPXHOCTHOrO {I0-
BO alCOPGHPOBAHHOrO H3 raso- TeHIHMana Xkedesa AV B 3aBHCHMMOCTH OT
BOH (paspl HHrHOMTOpA (6€H30a- xoauuectBa AJCOPGHPOBAHHOTO HMHTHGHTO-
Ta, HUTPOGEeH30aTa) MOXKeT OKa- pa:

32ThCA_ HEMOCTATOUHBIM  Jaie | juumeiorescurawyn: 2. uorercuaaui:
IJ1st 06pa3oBaHUs OXHOTO MOHO-

aTOMHOTO CJIOS*.

HesnauutenbHass cTenmeHb 3amOJHEHHS NOBEPXHOCTH HHTHGHTOpA-
MU 3aHKCHPOBAaHA M 1IPY afCOpPOUUH M3 3JeKTPOIHTOB. B yactHOCTH,
NpH HCCJIeJOBaHHH aACOPOLMH NepPTeXHAT-HOHOB Ha JKeJje3e MeTONOM
pafHOaKTHBHBLIX HHAMKATOPOB B OAHON M3 Hawux pa6or [50] Gwuio
nokasaHo, 4To Ha 1 cM? xxese3a afgcopbupyercsi = 4-10!3 uonos TeO;,
YTO TakKXkKe HeNOCTATOYHO JJIS MOHOCJIOMHOTO 3amosiHeHHs. 1o KaHHBIM
Kaptaemxka [48], creneHb MOKPLITHS MOBEPXHOCTH Kejie3a TEXHEIHeM
okaszanacb paBHoH 3-10'2 atomoB Ha 1 cm2 Bpamep u Cros [51],
H3yyaBIIMe afAcopOUMIO XpOMAaT-HOHOB Ha JKeJe3e, YCTAHOBUJIH, UYTO
KOJMYeCTBO axcopbupymomerocss xpoma cocrasiaser 5,2-101% atomos
Ha 1 cMm2 Ilo pammbiM ITayspca m Xakkepmana [52], KoauyecTBO aj-
cop6HUPOBAHHOTO XpoMa OKasasoch paBHBIM 5,2-1013 atomoB Ha 1 cm2

SIcHO, UTO Takas He3HauyuTesJbHAsl CTeNeHb 3aNOJHEHHS MOBEPXHO-
CTH HCKJIIOUaeT BO3MOXKHOCTb MHTEPNpPETallMH 3allUThl, HCXONS U3
MeXaHu3Ma 3KpaHupywouero neiictsus. Haunbosee BepOSTHBIM SIB/ISET-
Csl H3MeHeHHe SHEepPreTHYECKOTO COCTOSHHS CHCTeMbl MeTaJlJl — 3JeK-
TPOJIUT, KOTOPOE MOXKeT GbiTh 06YCJOBJEHO JHOO H3MEHEHHeM CTpoe-
HHSI IBOHHOrO 3JE€KTPHYECKOT'0 CJOS, HANPHMep 3a CYeT MOJIOXKHTe/b-
HOTO 3HAUEHHs P;-TIOTEHI[Ha/sa NMpPH aACOPOLHH OPraHHYECKHX KaTHO-
HOB, JH60 3a CUET H3MEHEHHSI CBOMCTB IIOBEPXHOCTHBIX aTOMOB. Bo3-
MOXKHO, 4TO afcopOuisi MOBEPXHOCTHO-aKTHBHBIX HOHOB HJIH MOJIEKYJ
Gaokupyer nanbosee aKTHBHBIE IEHTPHl MOBEPXHOCTH, HAmpHMep yuya-
CTKH JNedeKTHOH CTPYKTYpHl, KOTOpHle OOBIYHO H SIBASIOTCS Haubon:e

* Jlenaercst JOMYyileHHe, YTO JJIS MOHOCJAORHOTO 3amojHenust TpeGyerca = 104
MoJexyJsa Ha 1 cm2,
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peaKkUHOHHO-cIOCOOHBIMHU. B Takux ycnoBusix BoBce He Tpebyercs, YTO-
Obl CTENEHb NOKPBITHSI MOBEPXHOCTH COCTABJSAIA MOHOCIOM.

Yro kacaercss xapakTepa aiacopOuHH, TO 3KCIHePHMEHTAaJbHBIE JaH-
Hble YKa3blBalOT Ha TO, YTO MOJ BJIHSIHHEM HHIHOHTOPOB KOPPO3HH II0-
BepXHOCTb MeTaJlla mpeTepleBaeT HeoOpaTHMble M3MeHeHHs. B aTom
IJIaHe HHTEPeCHble Pe3yJbTaThl OblIM HELABHO NOJyYeHbl B ONHOH H3
nawux pabor [53]. Mcenenys usmenenne KPIT mocne u3Bieuenus
3JIEKTPOJA U3 HHTCHOHUPOBAHHBIX 3JIEKTPOJNHUTOB, NPOMBIBKH €r0 B JH-
CTH/IJIMPOBAHHOH BOJE M BLICYWIMBAHHs, OOHADYKHUJIH, UTO ACCHBALUS
MeTaJjJia 3JeKTpoja HEOPraHHYeCKMMH HWHTHOUTOpAaMH NPHBOLHT K
CTOHKMM M3MEHEHHSIM 3JIEKTPOHHBIX CBOHCTB IMOBEPXHOCTH MeTaJja.
Merann obsaanaer xak Obl 3QGheKTOM «maMsTH», COXpaHss Te U3MeHe-
HUA, KOTOpbie BbI3BaJ HHrHOMTOp. CHBUI KOHTAKTHOrO MOTEHIHAaJ/a
AVy yKaspiBaeT Ha yBeJHYeHHe pabOThl BBIXOJA 3JEKTpPOHA A, uTO
COOTBETCTBYET CABHUIY 3JIEKTPOLHOIO IIOTEHIHAJa B MOJOXKUTEIbHYIO
cropony (raba. 2,8).

Kak BUIHO, H3MEHEHHSI KOHTAKTHOTO ¥ 3JEKTPOAHOrO IIOTEHIIHAJIOB
TIPOTHBOTIOJIOKHHK 1O 3HAKY ¥ OJIM3KH MO 3HAUEHHSIM NI MHOTHX HHIH-
6uTOpOB. DTO O3HAYaAET, YTO H3MeHeHHe 060HX mapaMerpoB (Vi U @ox)
onpeseJsieTcs OJHUMH U TeMH XKe (U3HUECKHMH NpPOLECCaMH, a COCTOSI-
HHE NOBEPXHOCTH, obecneyHBaollee YCTOHYHBYIO TACCHBHOCTD, CYIIECT-
ByeT BHe pacTBopa. M3meHeHue AV MoxKeT ObITb JIMIIb CJIEACTBHEM
H3MEeHeHHs CKayKa NOTeHLIMana B IAcCCHBUPYIOUIEH MJIEHKE OKHCJA.

Ta6numa28 HameHeHne KCHTAKTHBIX AV H 9NEKTPOAHBIX AQox
NOTeHLUHANOB CTalH B pe3y/bTaTe MacCHBAUHMH
B PacTBOpPaX HeOPraHM4eCKMX HHTHOHTODPOB

Pactrop AVK, MB A(pan, MB TIpuMeyanus
Huctun. Boma -1 r/a Na,CrO, —170 +140
» -+ 1 r/n Na,MoO, —400 —90 Kopposus
» + 1 r/a Na;WO, —100 +220
» -+ 1 r/1 NaVO, —450 —390 Kopposus
» + 1 r;m1 NaOH —130 -+250
» -+ 1 r/n NaNO, —120 150
» -+ 1 r/a KyCr,0O, —140 4160
0,1 1. Na,SO, + 10 r/a Na,CrO, —100 +110
» + 25 r/a Na,WO, —100 --160
» =+ 8 r/n Na,MoO, —110 +230
» + 25 r/n NaVO, —140 -+150
» <+ 10 r/x NaNO, —100 4150
» -+ 5 r/n NaOH —110 280
» -+ 50 r/a KyCr;0, —170 -+150
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Puc. 2,28. 3aBucHMOCTb TJIOTHOCTH TOKA KOPPO3HH CTaNH ixopp (/) M KOHTAKTHOIO

norenuuata AVyx (2 m 3) OT 3MeKTPOXHMHUECKOTO MOTEHIHaJda 3JMeKTPORa Pax. (Kpu-

Boie 1 1 2—0,1 1. NapSOy; 3—1 n. NaySOy; t=6 4. Jlas cpaBHEHHS KPHUBBIX 3KCIE-
PHMEHTaJIbHbIE TOUKH TPOHYMEPOBaHBI.)

MoxHO AymaTb, 4TO Mbl MMeeM [1eJO ¢ OTHOCHTENbHO 3aMOPOMKEHHBIM
pacnpesesenreM NedeKTOB B IpeleJaXx BecbMa TOHKOTO CJIOSi MACcCH-
BHDYIOLIEr0 OKHCJA, KOTOPHIH (OPMHDYETCS NOA BO3JEHCTBHEM HHTH-
6uTtopa, KucJopoAa M BoAbl. IIpu 3TOM OTpHUATes]bHbIE 3apsSAbl JIOKA-
JIU3YIOTCS NMPEUMYILEeCTBEHHO y BHEIIHeH I'DaHUIbl OKHCJIA, a NMOJOXKH-
TeJIbHble — BOJIM3H BHYTPEHHEH TIpaHHMIBl, NOCKOJbKY paboTa BBHIXOZA
NpH [acCUBHPOBaHMM pacTeT. BecbMa BeposTHO, 4YTO Yy TpaHHIBI
M—MO njeHKa COAEPXKUT U3OGBLITOK MOJIOXKUTENbHBIX HOHOB MeTallia,
a BOam3u rpanunsl MO — pacTBop (B03AyX) — H36BLITOK OTpPHIATE/b-
HbIX HOHOB KHCJIOPOJAa (FHAPOKCHJIA). DTO COrJacyercs ¢ pa3BUBae-
MbIMH TIPEACTAaBJEHUSIMH 00 OKHCJIEHHH METaJsJoB*.

BosHMKHOBeHHe CKayka IIOTEHLMasa B OKHCJIE IPOHCXOLHUT, Bepo-
fITHO, 1O CJeAyIoUEeMy MeXaHH3My: NpH cHenudpHuecKOod ancopOuuu
MCC/IelOBAHHBIX HHTHOUTOPOB ¢ oOwMM aHHOHOM Tuma MO}~ Ha mo-
BEPXHOCTH OKHCJEHHBIX MEeTa/JJOB C TIJyGOKHMH He3amOJHEeHHBIMH
d-opGuTaasMH 3JEKTPOHBl aHHOHA 3aTSITHBAIOTCS B PEIIETKY OKucaa**

* Meron KPII, nossossiouyii 3MepuTh NOBEPXHOCTHBINM NOTEHIMAA BHE JIEKTPO-
JIMTA, UCKJIIOYAeT BO3MOXKHbIE U3MEHEHHSI B HABOMHOM 3JIGKTPHUECKOM CJIO€ M (DHKCH-
pyer, TakuM 00pa3oM, Jiullb H3MEHEeHHS B MeTaJlie.

** B03MOXKHO, YTO 3/eCh CKa3bIBAETCS BJUSHHE BOJBbI.
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U, B IpeleJbHOM CJyyae, MPOHCXOAUT IOJHBIH NEPEHOC OTPHUATE]b-
HOTO 3apsila B MeTaJsJ 6e3 MoC/eldylollero pacnaga andoxna. Cymmap-
HOe I0Jie BO3HMKAIOUIHX MOBEPXHOCTHHIX 3apsifloB NPHBOAUT K Hepepac-
npejieieHuIo 3apsiia B BO3JYIIHO-OKHCJIEHHOH IUIeHKe, KaK 3TO HabJIio-
naerca mo usmepenuio KPII, B pesyabTaTe yero MeraJJ nepexojuT B
[accHBHOE COCTOSIHHE IPH BecbMa MaJbIX TOKaX BOCCTAHOBJIEHHS.

Takum oGpasom, 6marofapsi cnenuduyeckod aacopOIHH HEODraHH-
YecKHX MHTHOHUTODOB NMAacCHBAIMS, KaK y¥Ke yKa3blBaJoCh, MOXKeT GHITh
HOCTHTHYTa 6e3 BOCCTAHOBJIEHHS caMHX HHIMHOHTOPOB. OGHApPYXKeHHBI
3pdekT «naMsaTH» y CTaJH IOCJe BO3JEHCTBHSI HHTHOHTOPOB YKa3bl-
BaeT HAa BO3HMKHOBEHHE 3JEKTPHUECKOro moJss B oKuciae. IToaTBepx-
JleHHeM BBIIBHIaeMOTO MeXaHH3Ma MOTYT CJYXKHTb JaHHbBIE IO 3JeK-
TPOXHMHYECKOH LacCHBAIMK CTAJH C NMOMOINBIO BHELIHEeH aHOXHOH MO-
Jspusauuy ¢ ofHoBpemMeHHbIM H3MeHeHHeM KPII nocne ussieuenus
®JIEKTPOLA H3 3JEeKTPOJHUTA. Dbllo 06HApyKeHO, YTO NPH MOJSPU3ALUH
cTa/su B HHTepBane TmoTeHnuastos ot —0,4 mo +0,55 B xkpusas
@on=[(AVx) BHeIIHe CXOAHa C OOBIYHON NOTEHUHOCTATHYECKOH KpH-
BOH Qan =/ (ixopp), T'l€ ixopp — IJOTHOCTb TOKAa KOPPO3HH, OMpENeJeH-
Has [0 moTepsiM Macchl (puc. 2,28).

BupHo, 4TO CHBHT NOTEHIHaka B CTOPOHY IOJOXHTEJNbHBHIX 3HA-
YeHHH B aKTHBHOH 06JIAaCTH CONPOBOXKIAETCS yBeJHYeHHeM pabGoThi
BbIXOKA Ha =~ 400 MB, B akTHBHO-maccHBHOM 06JacTH paGoTa BHIXOAA
majgaerT H MO JOCTHXKEHHH MOTeHIMaJja MOJHOH IacCHBAllMH OHAa JOCTH-
TaeT MHHUMAaJbHOTO 3HAUEHHs, HO Bce e ocraercsa Ha 110 mMB Bbime
pa6oThl BBIXOLA BO3AYLIHO-OKHCJIEHHOH IOBEPXHOCTH. DTO 3HaueHHE
COBNajaerT ¢ M3MeHeHHeM paGoOTbl BBIXOJA, 3apETHCTPHPOBAHHBIM MJIf
9JIeKTPOJOB, 3alaCCUBHPOBAHHLIX INPHMEHEHHeM 3allUTHBIX KOHIEH-
Tpanuit uuruéutopos (cM. Taba. 2,8).

YmeHnbuienve paboThl BBIXOJA, HaOJOfaeMOe HOcCJae NOCTHXKEHHS
TOKa NAacCHBalMH, 00YCJIOBJIEHO, MO-BHIAMMOMY, IOSIBJI€HHEM IOJOXH-
TeJILHOr0 00bEMHOTO 3apsAa, TOPMO3SILEro ABHXKEHHE KaTHOHOB 4epe3
mJenky B pacTtBop. Korma BenmuunHa 06BeMHOTO 3apsifia CTaHOBHTCA
CTONb CYIIECTBEHHOH, YTO HOHHBI TOK Yepe3 IJIEHKY NPaKTHYECKH
mpekpallaeTcs, HaCTynaeT INaccHBHOe cocTostHHe. ITOCKOMBKY ycTaHo-
BHBILeecst 3HaueHue AVyx BecbMa cTaOHJIBHO BHe pacTBOpa (3JeKTPOJ
«3aIOMHHJI» TIOJNSIPU3AUHUIO 1 penakcauuio Vi CTaHOBHTCH 3aMeTHOH
JIMIIb Yepe3 HeCKOJbKO CYTOK), HMEIOTCS OCHOBAaHHS CYHTaTh, YTO
00bEeMHBIN 3apsj NPOYHO JOKA/IH30BaH B IJeHKe. [laiabHelimee cMe-
IeHHe 3JeKTPOLHOTO TOTEHLUHAana B CTOPOHY MOJOMKHTEJIbHBIX 3HAue-
HUH Jaxe Ha Takoe 0O/blIOe 3HAUEHHE, KaK OJHH BOJbLT, HE NPHBOMHUT
K u3MeHenuto Vi (cM. KpuBYyI0 3 Ha puc. 2,28)*, uTo TaKXKe yKasbiBaeT
Ha JOCTATOUHYIO 3JeKTPHUUECKYI0 NPOYHOCTb CTPYKTYPH B IJIEHKE OKHC-
Ja, obecleynBalomlell MacCHBHOCTb.

* Heo6xonumocts uamepenns Vyx B 1 H. NapSO, Bm3sana Ttem, uro 3 0,1 H.
Na,SO, mocae + 0.8 B naGaonaercs npo6oit OKMCHON IJEHKH.



r1ABA 3

OCHOBHBIE 3BAKOHOMEPHOCTH PA3BUTHUA JIOKAJIbHOAU 7 D
KOPPO3UH NPHU 3AILUTE METAJIJIOB HHTUBUTOPAMU DO $
W METOIbI EE NPENJOTBPALLEHUSA

§ 1. YACTHYHAS MACCUBALUA NMOBEPXHOCTH METAJIJIA > D

Wuru6uropsl, agcopOupyoliyecs XHMHYECKH HJIH CIOCOOCTBYIOILHE
OKHCJIEHHIO IIOBEPXHOCTH MeTaJljla KHC/JIOPOAOM BOABI, CHJbHO 3aMej-
JSIOT aHOJAHYIO peaklHI0 HOHM3AaUUH MeTalsa H NO3TOMY OKa3blBAIOT-
¢ 6osee 3 PeKTHBHBIMH, yeM (H3HYECKH aACOpOHMpOBaHHbIE HHIHOM-
TOpbl MJIM MHTHOHTODPHl, KOTOpble TOPMO3AT JHIIb OZHY KaTOXHYIO
peaxIuio.

Oanaxko aHOAHBIE MHTHOMTOPBI NpH HEOJNAroNpUSITHBIX YCJOBHSAX,
KOrJla KOHLEHTpAlHUs HX B 3JEKTPOJHTE MOHHXKAETCS HACTONbKO, UTO
ee yxe HeJI0CTaTOYHO AJISl TOrO, YTOOBl 3aNacCHBHPOBATH BCIO IOBEPX-
HOCTb, MOTYT, KaK ObIJIO NOKa3aHO BHILIE, YCHIHTb CKOPOCTb KOPPO3MH
B TeX MeCTax, I'le KODPO3HOHHBIH IpomecC He mpHocTaHOBJeH. O0b-
AcHseTcss 3T0 3G (}eKTOM BHYTpPeHHEHl aHOJHOH NOJSpU3alHH, BO3HHU-
Kaiolle#l 3a cueT HeMOJHOH NacCHBALHUM 3JeKTpoaa. Kormaa 3JeKTpon
He INOJIHOCTbIO 3aNaCcCHBHPOBAH, NPOUCXOAUT Au(depeHUIHaANNs 3JeK-
TPOXMMHUECKHX peakluil, o0yc/JOBIHBAIOLMUX KOPPO3HOHHBIH Ipolecc,
0 HOBEPXHOCTH U HeOoJbllas aKTHBHAS 4acTb IIOBEPXHOCTH IMOAINOJS-
PH30BLIBAETCS aHOMHO 32 CUET yBesuueHHs 3P(EKTHBHOCTH KAaTOJHOIO
mpolecca Ha 3anacCUBHPOBAHHON UacTH 3JeKTpoma. B 3ToM  oTHO-
IIEHHH aHOJHble MHTHOUTOPBI, €CHH HX HEPas3yMHO IPHUMEHSTb, H3-3a
YaCTHYHOM MacCHBALMHU 3JEeKTPOAa Y JOKaJH3alHHu aHOLHOTO Ipolecca
TIPeACTaBJISIOT ONPEe/leNIeHHYI0 ONacHOCTD.

B Takux ycJ0oBHSIX paccMaTpHBATh 3JEKTPOJ Kak elHHYI0 CHCTEMY,
Ha IOBEPXHOCTH KOTODOH B KaxJ0H TOYKE CO CTaTHCTHYECKOH BEpOsiT-
HOCTbIO TI0 BpeMEHH H IpPOCTPAHCTBY OJHOBPEMEHHO NMPOTEKaloT aHOA-
Hble ¥ KaTOJMHblEe PeaKLHH, Hesb3s. Pacuer CKOPOCTH peaklMH Ha BCIO
TIOBEPXHOCTb Ge3 yuyeTa 3TOro ()akTopa NPHBOAUT K OLIHGOUHBIM pe-
sysabrataM. JIoKaJau3amus QHOAHOIO Ipoilecca 4acTo 3aXONMUT Tak
HaJieKo, UTO NPUXOAMTCS 3JEKTPOXMMHYECKHE peakIHH, Jexauiue B
OCHOBE KODPO3HOHHOTO IIpOLiecca, IPHBSSBIBATb» K OIpeleseHHbIM
yYacTKaM HOBEPXHOCTH.

Yactuunaa maccHBalys 3JEKTPOAA NMPUBOIUT TAKKE K CYIIECTBEH-
HOMY M3MEHEHHIO CKOPOCTH 3JIEKTPOXHMHUECKHX pDeakuuil mpu cobJio-
IeHHH paBEHCTBA aHOLHBIX M KATOLHBIX TOKOB.
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[Tpu vacTHuHOiI maccuBalliu CKOPOCTh PAaCTBOPEHHS MeTaJjlja Ha
aKTHBHON YacTH 3JeKTpPOAa JAOJIKHA BO3PACTH H 3aBHCETh OT KHHETH-
YeCKHX OCOOEHHOCTEH TeX peakiHH, KOTOpble OMpeAe/sIOT CyMMapHBIH
KOPPO3HOHHBIII TOK: Y€M CHJIbHee IOJISIPH3YeTCs KAaTod B (OHOBOM
3JIEKTPOJIHTE, TeM BbILlIe CKOPOCTb PAacCTBOPEHHS HA AKTHBHOH YacTH
3JIeKTpoJa H, HAaoOOpPOT, YeM CHJIbHEEe NMOJNSPU3YETC aHOH, TeM HHKe
CKOPOCTb PacTBOPEHHS TOH YacTH 3JEKTPOAa, KOTOPAs OCTajach B aK-
THBHOM COCTOSIHHH.

Pacuer H 3KCIepHMeHTaJbHblE pPe3ysJbTaThl II0KAa3blBAlOT, UTO IIPH
HENOJIHOH MacCHBALMH 3JEeKTPOoJa CTeNeHb 3aMOJHEHHs II0OBEPXHOCTH
NaCCUBUDYIOIIUM CJIOEM, KaK IPaBHJIO, HAMHOT'O Bhillle CTENEHH yMeHb-
weHuss KOppo3uu. MHBIMM cJOBaMH, KOPPO3HOHHBIH TOK /| H3MeHseTCs
B rOpasfio MeHbllUeH CTeNeHH, HeXeJH IacCHBHAsI 4acTb MOBEPXHOCTH.
CuleiICTBHEM TAKOTO IOJOXKEHHS NOJNKHO OBITh YBEeJNHUEHHe IIOTHOCTH
TOKa Ha aKTHBHOH YaCTH 3JEKTpoJa.

Jlokanusanuss KOPpPO3HOHHOIO Ipolecca CIOCOOCTBYeT TaKkKe H3-
MEHEHHIO XapaKTepa KOPPO3HOHHOH cpeabl. Korna a/eKTpojHble peak-
MM HEe JIOKAJH30BaHBI IO MOBEPXHOCTH, a CTATHCTHUECKH pacrpeje-
JeHbl 10 Heil, npoaykThl katopHo#l (OH-) u anomuoit (Ht) peaxmuit
B3aUMHO HeHTpaJH3yIoT Apyr Apyra. Ilpu JioKasu3amuu Xe CO3alo0T-
csl 6/1aTONpPHSTHLIE YCJAOBHS AJMs MOAKUCIEHHS CPeJbl HA TeX yyacTKax,
rje NpeMMyLIeCTBEHHO NPOTEKAlOT aHOAHble mpoulecchl: pH mpu sToM
MOXKeT M3MEHHTbCS Ha HEeCKOJNbKO €IMHHI,, YTO CHJIbHO YBEJHUHBAET,
Kak OblI0O HaMH MOKa3aHO Ha IpHMepe OpraHHYecKHX XpOMaToB, CKO-
pPOCTb 2HOMHOTO PacCTBOPEHHUSI.

Ecnu K ToMy Xe uMHruoutop o6/afaeT OKHCJIHTEJIbHBIMH CBOHCTBA-
MH U crnocoOeH NpH NOTeHIHajJe KOPPO3UH BOCCTaHABIMBATBCS Ha
3JIEKTPOJEe C 3aMETHOH CKOPOCTbIO, HE NEPeBOAS MeTaJJ B IacCCHBHOE
COCTOSIHHE, TO 3TO MOXKeT NPHBECTH K yBeJHYEHHIO CKOPOCTH M COmps-
KEeHHOM aHOLHOH peakIuH, a cjael0BaTeJbHO, H KOPpo3Hu. HacTuuHas
IacCHBALHUSl MOBEPXHOCTH IPHUBONUT K IOSIBJIEHHIO B CHCTeME€ aKTHBHO-
MacCHBHBIX 3JEMEHTOB €O 3HAUHUTEJbHOH pa3HOCTbIO MOTEHIHaJOB
(0,4=0,6 B), xoTopble YCHJIHBAIOT KOPPO3HI0 HAa AaKTHBHOH 4YacTH
3JIEKTPOLA.

Pa6oTra TaKuX KOPPO3HOHHBIX 3J€MEHTOB JOJKHA YYHTHIBATbCA IPH
3amuTe uHruobutopamu. [loBeneHue ABYX3JEKTPOAHBIX CHCTEM JIerye
BCEro aHa/JM3HpOBaTh MO AMarpaMMaM JBaHCA, a IOBEJEHHE MHOrO-
3JIEKTPOJIHBIX CHCTEM — Ha OCHOBE TeOpHH, pa3paboTaHHOH AKHMOBHIM
u TomamwosuM [32, c. 88; 54, c. 209].

3Hasi 3aBHCHMOCTb CKODPOCTH 3JEKTPOLHBIX MPOLECCOB OT MOTEH-
nyYa/nga, a Takke IJIOIlaAb AHOMHBIX M KATOAHBIX COCTABJAIOLIHX CH-
CTEeMBI, MOXKHO IO IOJISIPH3AIHOHHBIM KPHBBIM NOCTPOHTb AHArpamMmy
KOPPO3HOHHOTO Tpollecca, MO3BOJSIOILYI0 pPacCyuTaTh CHJAY TOKa, a
caenoBatenbHo, H Kopposuio. Kopposnonnasi guarpamma n3o6paxkaer-
csa IBYMsl KpuBbiME (Katopuoit Bb u anomno#t Ab mosspusanuu), xa-
pPakTepH3YIOUIUMH 3aBHCHMOCTb NMOTEHIHAJOB KaTOZa M aHoAa OT
cunbl Toka (puc. 3.1). Touka mepeceyeHHss KPHUBBIX COOTBETCTBYET
MaKCHMAaJbHOMY TOKY Iyvaxe, KOTOPHI MOXeT AaThb JanHas mapa. [lo-
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cneqHee OOBIMHO peasiu3yercs B 2
TOM cJy4ae, KOIZa KOPPO3HOH-
Hasi cpefla o0O0Jajgaer BBICOKOM
3JIEKTPOIPOBOAHOCTbIO. B Takux
9JIEKTPOJINTAX TMOTEHIHAJMbLl Ka-
TOAa M aHoja Osarojaps ToJs-
pH3al UK NpaKTHYECKH BbIPABHHU-
BawTcd, T. €. CHCTeMa MOJIHO-
CTbIO 3amoJisiPH30BLIBAETCS.
HaxJjioH KpHUBLIX ONpeneJser
Mepy KOHTPOJISI CKOPOCTH KOppPO-
3MOHHOTO  Qpolecca  JaHHOH
2JIEKTPONHON peakuuedi. Mepoi ) - ;
KOHTPOJISI aHOJHOH M KaTOIXHOH WRHp
peakuui CayXaT TaHIeHCBl YT-  Ppyc. 3,1. Kopposwonnas amarpamma JBai-
JIOB @ U [3 ca, Mo3BoJdoias aHamx3nup05aTb noBene-
I/IS ﬂHanaMMbI \CﬂeﬂyeT, 4yTO HUE JABYXIMEKTPOAHOH CHCTEMBI.
IpY JUHEHHOH 3aBHCHMOCTH IIO-
TeHIIHaJjia OT TOKa IOTEHIMajbl KaToJda M aHo/a OIpenenasioTcss ypaB-
HEHUSMH
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Px =, — I tgo = ¢ — Pil (3,1)
Pa=0,+ [ tgB =@, + Pal (3,2)
rae PK H Pa — KaTOJlHOe Hu aHOJHOoe nonﬁpm‘auﬂor{x{me COnpOTHBJIeHI/Iﬂ.

B Ttouke NEepECEYEHHA KPHBBLIX, COO’DBC’I‘CTByIOHleﬁ MaKCHMaJIbHOMY
TOKY, IIOTEHIHAJNbl KaTOAa H aHOJAa PaBHBI

(P;—lemaxc=¢;+PalmaKc (3,3)

Tvaxe = (@ — $)/(Pic + Pa) (3,4)

M3 ypasnenus (3,4) caefyeT, 4TO B MOJHOCTBIO 32MOJISIPH30BAH-
HBIX CHCTeMaX HauaJ/bHasl Pa3HOCTb IOTEHIHAJNOB pacXopyercs Ha Ipe-
Of0JIeHHe KATOAHOTO H AHOJHOTO NOJISIPH3ALMOHHBIX COTPOTHBJIEHHH.

Cucrembl, o6Jajaiolie 3HAUHTEJIbHBIM OMHYECKHM CONPOTHBJIE-
HHEM, He MOTYT CYUHTaThCS HOJHOCTbIO 3aNOJSPH30BAHHBIMH, H IPH
ONpeJleJieHHH TOKa KOPPO3HH NPHXOAHUTCS YYHTHIBATH H OMHYECKOe Ia-
IleHHe moTeHunuasa B aJekTposute ([’R). EcrecTBeHHO, 4TO TOK B CH-
creMe He OyJeT y:Ke COOTBETCTBOBATb MAaKCHMAJbHOMY, a BBIPA3HUTCH
MeHblIllel BeInunHoH I,

YpaBHeHHe, ONHCHIBAIOLIEe KOPPO3HOHHBIH NPOLECC, B JaHHOM C.Iy-
yae BBIBOAHTCS c/eLyromuM o6pasom. Us puc. 3,1 caenyer, uto Tok I,
OTBEUYAIOLIHI OMHYECKOMY CONpPOTHBJIEHHIO R, paBen

I'— (9, —g)/R (3,5)
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3HaueHHs] MOTEHLHAJIOB @; H @ ONpPENEeNSIOTCS, KaK OblJIO IMOKa-
34HO BbIlIe, YpaBHEHUIMH

Py = Py + Pal’ (3,6)
P =@ — Pul’ (3,7)

CienoBartesbHO
I'= (9 —¢)/(R + Pxc+ Po) (3,8)

YpaBHeHnue (3,8) ABJASETCS OCHOBHBIM ypaBHEHHEM KOPPO3HOHHOTO
nmpolecca, YYHTHIBAIOIIUM KaK IMOJSIPU3ALHOHHOE, TaK M OMHUECKOe
CONPOTHBJIEHHe, Y3 3TOT0 ypaBHeHHsS CJeLyeT, YTO NpHU HAJIUYUH IIO-
JSIPU3alMK M COINPOTUBJIEHUS TOK ONpPeesieTcs HayaJbHOH pPasHOCTbIO
MOTEHI[HAJIOB ¥ CYMMOR IOJIIPM3allMd H OMHYECKOTO CONpPOTHBJEHHS.
CiienoBatesibHO, HauaJbHAash Pa3HOCTb NMOTEHIHAJOB Maphl PacXOLyeTcs
B NAHHOM CcJydYae Ha MNpeOfoJieHHe OMHuecKoro compotusienusi I'R,
AHOJHOTO MOJSIPH3ALMOHHOIO compoTuBJeHHs [’R, M KartogHoro Io-
JISIPH3AIlHOHHOTO CONpOTUBJIeHUs /'Ry

M3 srtoro e ypaBHeHHs, a TaKike Ha OCHOBaHMH pabor [32, 46,
54], BboinonHeHHbIX AKHMOBBLIM, ToMaioBbiM, Posendenbrom, cienyer,
YTO MOJIAPU3ALHS M CONPOTHUBJIEHHE SKBUBAJEHTHBl H, CJELOBATENbHO,
MOTYT CKJIaZblBaThCSI.

Ecsu oMHueckoe cONpOTHB/IEHHE I'ajJbBaHUYECKOTO 3JE€MEHTa M3Be-
CTHO, 3HaUeHHe KOPPO3HOHHOI'O TOKAa ONMpefe/sieTcsi METOLOM CyMMHPO-
BaHHs NPSMOl OMMYECKOTO NajfeHHs] NMOTEHIHajla B 3JEKTPOJHTE C
KPHBOH KaToAHOH mosspusaunuH. Ilas AByx ajektpopoB (F=1 cm?),
HaXoAsMXC APYr OT Jpyra Ha HEKOTOPOM PacCTOSIHHH, OMHYecKoe
NajieHHe NOTEHIHasa B 3JEKTPOJHTE JJIsi pasHbX 3HAUeHHH IJIOTHO-
cTell TOKa BBIPA3UTCS TNPOH3BEJEHHEM YIEJbHOTO CONPOTHBJIEHHUS
3JIEKTPOJIUTA HA DACCTOSIHHE H IJIOTHOCTH ToKa (cM. mpsmyo OJK Ha
puc. 3,1). IlpocymmupoBaB Ha opAMHATE NPSIMYyI0O OMMYECKOTO maje-
HUsl moreHuuana B ajaektpoautre (OJK) ¢ KpuBOH KaTOZHOH MOJSIPH-
3anuu (Bb), mosyyuM CyMMapHylO KpHBYIO KaTOAHOH NOJSIpH3alHU
BH. Tlepeceuenne »TOH HOBOH KPHMBOMH, BK/IOYAIOIell KaK OMHYECKOe
najieHye NOTEHIMana, TaK ¥ KaTOAHYIO MOJSPU3aLHUIO, C KPHBOH aHOA-
HOM TOJISipH3aNuy 1aeT 3HaueHHe KOPPO3HOHHOTO ToKa [’.

Hcnonp3yst BbiBelleHHble Bbillle OTHOILEHHS, MOXHO IPOaHaJJIH3HPO-
BaTh, KaK JOJKeH BeCTH ce0s YaCTHYHO 3alMaCCHBHDPOBAHHBIN 3JeK-
TPOX.

§ 2. AJIEKTPOXUMUYECKHE OCOBEHHOCTH MOBEILEHHSA
YACTHYHO 3ANTACCHBHUPOBAHHOTO 3JIEKTPOJA

PaccMOTpUM BJIHSHHE Ha KHHETHKY 3JEKTPOLHBIX INPOLECCOB HHTH-
GHTOPOB KOPPO3HH, BBENEHHBIX B 3JIEKTDOJIHT, H MOCIENCTBHs, K KOTO-
peIM 3T0 MOXKeT mpuBecTH. IIpexae Bcero mosiCHEM HEKOTOpHIE TEPMH-
Hbl, KOTODBIMH B JaJbHeHIueM OyJdeM II0Jb30BAThCS. YCJOBUMCS TOJ
cKopocThio 0OIeH KOppO3HH NOHHMAThb IIOTEPIO MAcchl C €IMHHUIBI IIO-
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BEPXHOCTH B €IHHHIy BPEMEHH, PACCUHTAHHYIO Ha BCIO MOBEPXHOCTH
KOPpOAHPYIOIIEro 06pa3la; HHTeHCHBHOCTbIO KODPO3HH Ha30BEM CKO-
poOCTb KOPPO3HOHHOTO IIpOLlecca, PaCCUHTAHHYIO Ha @IHMHHIY IOBepX-
HOCTH, TNOJBEprileicss KOPPO3HOHHBIM paspylenusM. Ias npocToTsl
pacyeTa BOCMOJIb3yeMCs YIPOLIEHHOH NMOJSPH3aLHOHEOH NHarpaMMoi,
COTJVIACHO KOTOPOH MOTEHI[HAJBl 3JEeKTPOJa H3MEHSIOT CBOH 3HAYeHHS B
3aBUCHMOCTH OT CHJBI TOKa IO JIUHEHHOMY 3aKoHy (cM. puc. 3,1).

YpaBHeHHe KpHBOH KaTOAHOH IOJNSpH3alMH [/ 3TOro ciaydas
UMeeT BHJ,

Pk = @ — K, (I[Fx) (3,9)
a ypaBHeHHe KPHBOH JJisl aHORHOH IOJIIPH3aIHU
Pa = 9, -+ K (//Fa) (3,10)

rze K; u K; — KOHCTaHTHl TONSIPH3YyeMOCTH KaTofa ¥ aHOAa MpPH INIOTHOCTH TOKa,
paBuo#i enmuune; Fx M Fo — miomany naccuBHOH (KaTOM) M aKTHBHOM YacTH JeK-
Tpoza (aHoR).

Cuna KOPPO3HOHHOTO TOKa CHCTEMbl OIpeHessieTCd ypaBHEHHEM

o o

| = (PK - (pa I
=R+ (KiJFd + (KoJF2) (3,11)

B 3aBHCHMOCTH OT TOro, Ha KaKOil 3/IEKTPOJAHBIA IpoUecC OKa3bl-
BaeT BJMAHME HHTMOHTOD, H YYHTHIBAsi XapaKTep KOHTPOJS CKOPOCTH
KOPPO3HOHHOI'O NpoLlecca, MOXKHO NPEICTaBUTb JEBSITb BO3MOMKHBIX
c/yyaeB NPOsIBJIeHHs NeHCTBUS HHIHOHTOPOB.

A. WHru6utop TOPMO3HT HCKJIIOUHTEJNBHO AQHOMHYIO pPeaKIHuIo:
1) MHTHOHTOP aHOAHBIA — KOHTDPOJIb AHOAHBIA; 2) MHIHGHTOP AaHOZ-
HBI{l — KOHTPOJIb CMEIUAHHBIH; 3) HHTHOMTOD aHOAHBI — KOHTPOJb Ka-
TOLHBIH.

B. MHru6uTOp TOPMO3HT HCKJIOUHTENBHO KATONHYIO PEaKIHIo:
1) HHrHOHTOpP KAaTOAHBIM — KOHTPOJib AHOMHBIH; 2) MHTHOGHTODP KaTOM-
HBIH — KOHTPOJIb CMeIUaHHbIH; 3) MHTHOHTOpP KAaTOXHBIA — KOHTPOJb
KaTONHbIH.

B. Muru6urop TOpMO3UT 06€ 3/eKTPOAHbIE peakuuu: 1) HHrHOGHTOP
CMellaHHbIH — KOHTPOJIb aHOAHBIH, 2) HHIHOHTODP CMellaHHBIH — KOH-
TPOJIb CMeIIaHHbIH, 3) MHTHOUTODP CMeIIaHHBIA — KOHTPOJb KaTOIHBIMH.

I'paduuecky BCe mepeunc/eHHble BhIIIE CJAy4ad H300paxeHb Ha
puc. 3,2. IIpocToe paccMoTpeHHe puarpaMM KOPPO3HOHHOTO Mmporecca
NOKa3bIBAET, YTO METOJ HCCJAeNOBaHHS 3JeKTPOLHBIX NOTEHIHaJOB Me-
Tanna JaeT BO3MOXKHOCTb KaueCTBEHHO KJacCHGHIUPOBATb HHIHOHTO-
DBl IO MeXaHH3MY HX HeHCTBHS.

Anonublli MHTHOHTOpP, BBEJEHHBI B 3JIEKTPOJHUT, B CJAyyae, KOrga
npolecc KOPPO3UH KOHTPOJHDPYETCS HCKJIOUHTEJBHO aHONHOR peak-
IHell, He U3MeHseT MOTEHIHA MeTalsia. B IByX Apyrux ciayuasx cme-
IIaHHOTO M MPEUMYILEeCTBEHHO KATOLHOTO KOHTPOJS 3JIEKTPOAHLIH IT0-
TEHIMAJ MeTajjla CMelllaeTcs B MOJIOXKUTENbHYIO CTOPOHY.

Karonueii MHrHGHTOp BO BCEX Cayuasix, KpOMe TOTO, KOTHA CKO-
POCTb NpOIlECcCa KOHTPOJNHPYETCS HAleNo KaTOLHOH peakuUHeH H 3JeK-
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Puc. 3,2. Koppo3uoHHbIe JuarpaMMbl, 03BOJSIONME aHAJAH3HPOBATh NOBEISHHE HABYX-
3NeKTPOAHBIX CHCTEM B TPUCYTCTBHMH HHIHOHTOPOB (I — aHOmHBIH KOHTpOJb;, II —
cMeIlaHHb KOHTPOAb; 111 — KaTOoMHbIH KOHTPOJIB) :

@, 1 —KpHBbIE aHOAHON TNOJADH3AallHH B OTCYTCTBHE HHIHOGHTOPOB; @, 2 — KpuBbie aHOAHON mOJs-
PH3alHH B NPHCYTCTBHH HHrHGUTOPOB; O, | — KPUBBle KaTOAHOH MOJNSIPH3ALHH B OTCYTCTBHE HHIH-
6GHTOpPOB; 6, 2 — KpHBBle KaTORHOH NOJNAPH3AiHH B NPHCYTCTBHH MHTHOGHTOPOB; 8, I, 2 — KDHBHIe
COOTBETCTBEHHO aHOAHOH H KAaTORHOH TNOJApPH3alHU B OTCYTCTBHE HHTHGHUTOPOB; 6, 1', 2 — KpH-
Bble COOTBETCTBEHHO AaHOJAHOH H KaTONHOH NOJSPH3ALKH B NPHCYTCTBHH HHIHOGHTOPOB.

TPOAHBIA IOTEHIHa] MeTajJa paBeH O6Jarofaps 3TOMY NOTEHIHAMY
aHOJHBIX YYaCTKOB, IIPUBOAMT K CMEIUEHHIO MOTeHIHaja B OTpHIA-
TeJbHYIO CTOPOHY.

3HauYuTeNbHO TPYAHEe ONpefe/UTb MEeXaHHU3M NeHCTBUS HHTHOUTO-
pa IO 3HaYeHHUIO 3JEeKTPOJHOTO NOTEeHIHaJa, KOrAa HHrHOHTOp BMe-
muBaercs B 00e 3/MEKTPOAHBIE PEaKLUH, T. ¢. KOTLA OH SIBJASETCS CMe-
wanHpiM. OJHAKO, KaK HeTPYAHO BHIETb, H B 3TOM CJyyae NpPH aHOA-
HOM KOHTpOJIE CKOPOCTH KOPpPO3WM MOTEHLIHAJ MeTaJia CTaHOBHTCA
6oJiee OTpHIIATEJbHBIM, a4 B C/Iyuyae KaTOLHOIO KOHTpOJS — 6oJee Io-
JIOKHTEJIbHBIM,

[Ipu cMelraHHOM KOHTpOJie, B 3aBHCHMOCTH OT TOTO, KaKylo peak-
IIHI0 CHJIbHEE TOPMO3UT HHIHOUTOp, 3JeKTPOAHBIH IOTEHIHAaJ MeTaJ-
Jla MOXeT H3MEHsSTb CBOe 3HaueHHe B IOJOXUTEJbHYI HJIH OTPHIA-
TeJIbHYI0 CTODOHY H NIIPH PaBHOM TODMOXKEHHH 3JEKTPOAHBIX peaKuHui
ocTaTbcsl TAKHM Ke, KaK B HCXOMHOM 3JieKTposauTe. Koria HHru6uTop
yBeJHYHBaeT JHWb 3(QQPEeKTHBHOCTb KaTOLHOTO IpolLecca, a MeTalsll
0CTaeTCs B YaCTHYHO 3allaCCHBUPOBAHHOM COCTOSIHMH, IIOTEHIHAJ Me-
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TaJla CABUT'Ae€TCAd B NOJOXKHUTEJAbHYIO CTOPOHY, a KOppOBPIOHHbIﬁ TOK
pacrer.
Paccmorpum noapoGHee moBeJeHHE OTAENbHBIX KJIACCOB HHTHGH-
TOPOB.
§ 3. AHOOHbBIE HHIFHBHTOPDI

Korma uuru6uTOop TOPMO3HUT TOJbKO AHOAHBIA INPOIECC, CKOPOCTb
KOPPO3MH MOMKET YMEHbINATbCsl KaK M3-3a YMEHbLIEHHS CKOPOCTH Iepe-
X0Ja HOHOB MeTaJJa B PacTBOP (HampuMmep, NPU aACcOPOIHHU TI0/IOXKH-
TeJNIbHO 3apsiKEHHBIX YACTHI B JBOHHOM CJIOE), TaK U i3-3a COKpaIeHU
AKTHBHOH YaCTH 3JEKTPOJAa BCJEJCTBHE NACCHBAUMHU.

Ecan npoucxoaur maccuBanus 3JeKTpofa (TAKOH MexaHu3M HeH-
CTBHS HMHTHOHTODOB B HeHTpaJ/IbHBIX CpeflaX BCTPeYaeTcs dalle BCETo
U gBasiercss Haubosee 3PGEKTHBHBIM), TO H3-3a COKpAlEHHS aKTHB-
HOH TOBEPXHOCTH 3JeKTpofa o0uiasi KOpPO3usl BCeraa yMeHbLIAeTCs.
OmHako M3 3TOrO COBCEM He CJELyeT, YTO HHTEHCHBHOCTb KOPDPO3UH
Takxke najgaer. Bce 3aBHCHT OT TOTO, 4TO yMeHblnaeTcsl B OoJblLiel
CTelleHH — o0Llasi KOpPPO3Wsi HJHM aKTHBHAs YacTb 3JjekTpona. Ecau
CTelleHb NMOKPBITHA 3JeKTpojaa 0 macCHBHUPYIOLIMM OKHCJIOM BbILIE CTe-
IeHH YMeHbIIEHHsS CyMMapHOTO KOppO3HOHHOro 3d¢derra I, TO HHTEH-
CUBHOCTb KOPPO3HH [ JO/KHA Bo3pacTd. CremeHb YMeHbIIGHUS CHJIbI
TOKa 3aBHCHT He TOJIbKO OT 0, HO M OT XapakTepa KOHTPOJS CKOPOCTH
KODPO3HOHHOTO Mpollecca M NOJSIPH3aUMOHHBIX XaPaKTEPHUCTHK CHCTe-
MBbl MeTaJJ — 3JeKTPOJHT NpPU NPOTeKaHHH B HeH KATOAHOH M aHOI-
HOH peakuHui.

CokpallleHHe aKTHBHOH YacTH 3JIEKTPOLA CBS3aHO C yBEJIHYEHHEM
nJollaf¥ NacCHMBHOHM 4acTH, TaK KaK CyMMa IJOLIafied saBJIseTcs Be-
JMYHHOH mocTosiHHON. [ToaTOMy aHOAHBIH MHIMOHTODP KOCBEHHO BMEILH-
BaeTcd U B KaTOMHBII IpoIlecc.

B cuny yBenuueHus macCHBHOM YacTH 3JeKTpoJAa MeXaHH3M [ei-
CTBUSI aHOAHBIX M CMEIUIAHHBIX MHTHOUTOPOB rpad)uueckd mIpaBuIbHEE
n300paxarTh TaK, Kak 3TO chesaHo Ha pHc. 3,2 (cM. cayuau a u 6).
ITpu 3TOM EHaZO MOMHHTb, YTO CABUT KATOAHON NOJISIPU3AMHOHHON KpH-
BOHM BHH3, a CJeNOBATENbHO, U yBeJHUEHHE CHJbl KOPPO3HOHHOTO TOKa
(/> Bmecto Iy) mo cpaBHEHHIO ¢ TeM, 4TO GbLIO Obl B OTCYTCTBHE KOC-
BEHHOTO BJIMSIHMSI aHOJZHOTO HHTHOHMTOpA Ha KAaTOAHBIH NpOLECC, IPOHUC-
XOAAT He MOTOMY, YTO AHONHBIH HHTMOHTODP HENMOCPeACTBEHHO H3Me-
H€T CKOPOCTb ONHOH M3 CTaJWi KaTOLHOH peakUuH, a BCJEICTBUE
HOBOTO COOTHOILEHHS MJoLlanel.

MoxHo I0KasaTb, YTO AHOJAHBIH HHTHOUTOP NMPH CMELIAHIOM KOH-
TpOJie KOpPPO3HOHHOTO Ipomecca OyJdeT BCerfa 3HAUHTENbHO CHJIbHee
COKpallaTh aKTHBHYIO 4acTb 3JeKTPOAA, YeM YMEHbIIATb KOPPO3HOH-
HBIH TOK. BocmosbayeMcsl /151 3TOH Le/JH ypaBHEHHEM, ONpelesioluM
CHJIy KOPPO3HOHHOTO TOKa. Il MOJIHOCTHbIO 3amOJISiPH30BAHHOM CHCTE-
Mbl R MaJo mo CpaBHEHHIO C INOJSAPH3AMHOHHBIM CONPOTHBJEHHEM, I
ypaBHeHHe (3,11) npuHUMaeT BUL

I = (P:(_(P; _ A(P (3.12)
T (Ky/F) + (Ky/Fa) — (Ki/Fy) + (Ko/Fa)
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CuJ/la KOPPO3HOHHOTO TOKA B HCXOJHOM 3/IEKTPOJIHTE

A
1 (3,13) =

h=&IF) + KefFay

Cuja KOPPO3HOHHOTO TOKa B 3/JEKTPOJIUTE, COLepzKalleM HHIHUGH-
TOp, BBIPA3HTCS VpPaBHEHHEM

Iy= 4%, (3,14) =

(K1/Fxy) 1 (K3/Fa,)

OrpannyuMmca cayyaeM, korpa Ki=K, (6oJsee c/J0XHBIA cayyail paso-
6pan Huxke). Torga u3 ycioBus Ag;=Ag, MOXKHO HAalHCaTb

Iy (K[Fa; 4 K[Fy)) = Iy (K[Fa, -+ K/[F,) (3,15)
11/l = [(Fyy + Fap) - Fa Fu J/[FayFr, (Fxy + Fa))l (3,16) 5
YuutsiBas, 410 Fu +Fy,=1 u Fay, +Fy,=1, uMeem
I1/1y = (Fa,/Fa,) (Fx,/Fx,) (3,17) 4
Fal/le2 = (I4/1)) (Fxc_,/Fxl) (3,18)>

[TockoabRy Fy,>>Fy *, umeem Fy,/Fy, > 1

FaylFay > I/l (3,19) =

W3 ypasuenusa (3,19) cuaenyer, 4To aKTHBHAsl 4acTb 3JEKTPOAA B
NPHCYTCTBHU @HOJLHOTO HHIMOHTOpPA COKpallaeTcsl CHJbHee CHJBl KOp-
PO3HOHHOTO TOXa.

Ecin MHTHOHTODP H3MCHSIET OKHCJ/IHTEIbHO-BOCCTAHOBUTEJbHBIA IO-
TeHLHAJ CHCTeMBl TakuM 00pas3oM, 4T0 3 (HEeKTHBHOCTL KaTOZHOTO IpPO-
Iecca BO3pacTaer, MOXKeT NPOM3OHTH yBeJHUYeHHe IIOTHOCTH TOKa Ha
aKTHBHOH 4acTH 3JIeKTpojAa B 00JblieH CTeNeHH, yeM cJedyeT H3 ypas-
nenus (3,19).

Omnpenenrm, kakoBa OygeT IJIOTHOCTb TOKAa Ha AaKTHBHOH YacTH
3JIeKTPOJa IIOoCJe BBeJAEeHHS B pacTBOp aHOAHOro uHruburopa. Ha
puc. 3,2 noa uudpoir I nzobpaxeHbl AHarpaMMbl AJsT KOPPO3HOHHOTO
nporuecca, KOHTPOJIMDYIOILErocsl BCELeNO aHOAHOH peaklHel; AeACTBHe
UHTHOMTOpPA IIPH 3TOM CBOAHUTCA K CHJIBHOMY TOPMOXKEHMIO aHOAHOH
peaxuuu GJarogapsi cCOKpallleHHI0 aKTHBHOH YacCTH 3JIEKTPOAa.

W3 puarpamMMbl BUJHO, YTO NIPH BBEJeHHH B 3JEKTPOJHT TaKOTO
VMHrHOMTOpPA KOPPO3UOHHBIH TOK YMEHbIIaeTcs, a 3JEeKTPOAHBIH NOTEeH-
IyaJ MeTaj/a OCTAaeTCs IOCTOSHHBIM. YMEHbIIEHHEe CHJBI KOPPO3HOH-
HOT'O TOKa MPHBOJHT K YMEHbIUEHHIO CKOPOCTH KOPPO3HH.

OnpenpenuM MJIOTHOCTH TOKA HA YYyacTKaX, MOABepralolIuxcs KOppo-
3HMOHHOMY pa3pylUeHHIO.

IMoTennuansl maccHBHOM M aKTHBHOM uacTeil 3/eKTpPOLa ompene-
JSI0TCS CAEAYIOLHMU yPaBHEHHSIMU:

Pk = @y — Ky (1/Fy) (3,20) ,

Pa= 9, + K, (1/Fa) (3,21) 5

* 3Jech HCK/OYAIOTCST KPafiHHe ciydaH, Korfa He NMPOHCXOAUT AupdepeHUHaLHH
3JeKTPOAHBIX PeakUHil 10 MTOBEPXHOCTH HWJIH KONAAa METaJul MOJHOCTBIO 3aMaCCHBHPOBAH.
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JlJia TOJTHOCTBIO 3aMOJIIPH30BAHHON CHCTEMBl 3HayeHHE OOILEro Io-
TeHIllHaJa MeTaJjja MOXET OblTb BbIBEJEHO H3 YCJOBHS

Poom = P — K1 (1/F) = @, + K (1/F) (3,22)

3HaueHne 3JEKTPOAHOTO NOTEeHIlMaJga MeTaJja A0 BBENEHHA HHTHOH-
TOpa B 3JI€“KTPOJII/IT OIIpene/IeTCsl BhIpaKeHHEM
' o
Posm = Pa, +K2'(11/Fa,) (3,23)

3HayeHHe 3JEKTPOLHOI'0 MOTEHI[HaJla MeTaJJia Iocje BBEINEHHS B
3JIeKTPOJIUT HHTHOUTOPA PaBHO

Pogy = Fa, + Ki (Io/Fay) (3,24)
[TockoabKy 3/7€KTPOAHBIH MOTEHLHAJ MeTajsa B IPHCYTCTBHH HH-

mémo'pa OCTaeTCqd TaKHM K€, KaK B HCXOIHOM 3JEKTPOJHUTE, MOXKHO
3anucaTb

Posi, = Posm (3,25)
(P:a1 + Ky (1/Fa) = (le + K3 (Iy/Fay) (3,26)
Ky (I1/Fay) = K3 (I3/Fa,) (3,27)

B pasbupaeMoM 3ecb cjayyae HHTHOUTOP YMeHbIIAaeT TOK HCKJIO-
YHTeJbHO OJ1aroflaps COKpallleHHI0 aKTHBHOH 4yacTH snekTpozna. Caeno-
BaTeJbHO, KOHCTAHTHl MOJSPH3ALUK AJS aHOAHOTO Ipolecca B HCXOX-
HOM 3JIEKTPOJINTE H B 3JEKTPOJHTE, cOJepKallleM HHTHOHTODP, paBHBI
(K:=K3) u ypaBHeHue (3,27) npuHHMaeT BUL

Iy/Fay = I,/Fa, (3,28)

M3 nocnennero ypaBHeHHS, JieBas M IpaBas yacTb KOTOPOTO Ipej-
CTaBJSIOT COOOH IIOTHOCTH TOKA, CJeLyeT, YTO B NPHCYTCTBHH HHTH-
6uTOpa KOPPO3HOHHBIH NIPOLECC Ha AKTHBHOH YacTH 3JeKTpona Oyner
HITH C TaKOH Xe CKOPOCTbIO, KaK W B HCXOLHOM 3JekTpoaute. Caeno-
BaTeJbHO, HHTEHCHBHOCTb KOPPO3HH OCTaHETCS IOCTOSHHOIL

Tako#l BBIBOJ, BHITEKaeT HENOCPEACTBEHHO M3 YCJOBHS IOCTOSHCTBA
noTennuana. EcaM noTeHuuas MeraJsa He H3MEHHJCS, TO B COOTBET-
CTBHH C OOBIYHBIMHM INIPEIACTABJEHHSIMH 3JIEKTPOXHMHYECKOH KHHETHKH,
NJIOTHOCTb TOKa Ha aKTHBHOH YacTH 3JEKTPOJAa JOJIKHA OCTaThCA
noctosHHoi. OTCl0fa NPUXOAMM K BecbMa BaKHOMY BBIBOLY: €CJH
KOppO3Hsl KOHTDOJIHPYeTCS BCelleJO AaHOAHBIM IIPOlleccoM, BBEJeHHe
aHOJHOrO MHIMOHTOpA Jaxke B KOHIEHTPANUsX, HELOCTATOYHHIX MJIs
TIOJTHON TMacCHBAllMM 3JIEKTPOJa M NpeKpallleHHs KOPPO3HH, He NPHBO-
IMT K YBEJHUEHHIO HHTEHCHBHOCTH KOPPO3HH Ha aKTHBHOH YacCTH 3JEK-
Tpola. B mocienHeM c/ayuae aHOAHBIE MHTHOHTOD SIBJSIETCS COBEpIIEH-
HO 6e30T1aCHbIM.

Ecan ¢ BBeleHHeM HHI'HOMTOpPA Hapsioy C YMEHbLUIEHHEM aKTHBHOH
yacTH 3JekTpoaa OyleT Hab/0faThcs M 3aMeJJieHHe aHOLHOIO MpoO-
Iecca H3-3a yMeHbLUEHHs CKODOCTH Ilepexofia HOHOB MeTaJjJa B pac-
TBOp, TO CKOPOCTb DaCTBODeHHs] MeTaj/ja Ha aKTHBHOH 4acTH 3JeK-
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TPOAa MOXKeT Jaxke yMeHblHTbcs. [TocKombKy aHOLHAsi peakmus mpo-
Tekaer ¢ 6oJbliel IOJdsSpU3alueld 37eKTpona, T. e. K; >Kp, TO Lag
co6mofenns paBeHcTBa (3,27) HEOOXOAMMO, YTOGBI

11/Fa, >13/Fa, (3,29)

B o6oux cayuasx HHTHOHTOp OYAeT HeHCTBOBATb GJAarONpHATHO,
Tak KaK OH yMeHblllaeT OOlHe KOPPO3HOHHbIE IIOTEPH H OCTaBJsET
HHTEHCHBHOCTb KOPPO3HH MOCTOSTHHOH HJIM faxe YMEHbIIaerT.

Huoe Gyaer HabJa0maTbCA, eCad NPOLEce KOPPO3HH YaCTHYHO KOH-
TPOJIHPYETC CKOPOCTbIO KATOMHOH peakUuH, a HMHTHOUTOP MOJaBJSET
AHONHYIO DEakKIHIO TOJbKO 6J/arofaps yMEHbLIEHHIO aKTHBHOH 4YacTH
saekTpofa. JluarpaMMbl 1l TaKOrO ciaydas KOPPO3HH H300paKeHHI
Ha puc. 3,2 mox uudpoi II. M3 mumarpamm BHIHO, YTO C BBeJEHHEM
B 3JIEKTPOJHUT HHTHOHTOpA OOLIMI TOK HajaeT, a 3JeKTPOLHBIH NOTEH-
IMaJ MeTajsa CMellaeTcsl B NOJIOKUTEbHYIO CTOPOHY.

Omnpefe/ M NJIOTHOCTb TOKA HAa AKTHBHOH 4acCTH 3JEKTpona, T. €.
HHTEHCHBHOCTb KOPpO3uH. BHaua/se orpanuuuM Hally 3amauy ciaydaem,
KOrjla aHOAHAas M KaTOAHAs peaKUUH NPOTEeKalOT C ONUHAKOBOH MOJS-
pusanueit sjsekTponos (K;=K). Bocnosbsyemcs ciaexyomuM ypas-
HeHHUEeM JJ151 CHJIbl KOPPO3HOHHOTO TOKa:

Ap
= RIF T KF, (8,30) :

Jlns HCXOAHOrO 3JIEKTPOJIHTA B OTCYTCTBHE HHIHOMTOpA Bbipaxe-

HHe IJg CHJBbl TOKA 3alHLIeTCS B BHAE

A,

h= R T Ko,

(3,31)

Jlnsi s/eKTpoJuTa, CopepKallero HHrHOUTOp, 3TO BbIpaXKeHHE NMPH-
MET BUJL

Iy = K—I/FKZ—AEZK—Q/—FQ (3,32)
U3 paBencrBa Agi=Ag¢p, nosyuaem
1y (Ky/Fy, + Ky[Fay) = Iy (K1/Fx, + K3/Fa,) (3,33)
U3 TepMHHA «aHOAHBIH MHTHOUTOP» CJEIYET, YTO OH He BMELIHBAETCS
B KAaTOIHBLIN mpouecc, a caepoBatenbuo, Ki=Ki u K;=Ks. [Tostomy
ypasuenye (3,33) sanmuuieTcs B BHAE
LK (1/Fay 4 1/F) = 1K (1/Fa, -- 1/Fy,) (3,34) =
Il/Fal -+ II/FK1:12/F32 + IZ/FKg (3,35)
Iy[Fa, —1[Fa, = I1/F; — Is/Fx, (3,36)
JIerko saMeTuTb, uTO JeBasi yacTb ypaBHenus (3,36) mpemcrasasier

coboi pasHOCTh MeXAy NJOTHOCTbIO TOKa Ha AKTUBHOH YacTH 3JeK-
TpoAa B 3JEKTPOJUTE, COAEpKalleM HHI‘H6HTOP, H TIJIOTHOCTBIO TOKa
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Ha aHOJHBIX YYacCTKaX B HCXOQHOM 3JEKTPOJHUTE, T. €. HCKOMYIO HaMH
BEJIHUHHY.

UmeeM Fi, <Fyx, ul;>1I, ciepoBaTeqbHO
Iy/F, > Iy/Fx, (3,37)

JleBast yacTb ypaBueHnus (3,37), mpejcTaBJsiomas co6oil pasHOCTb
IUVIOTHOCTEH TOKA, sIBJSIETCS BeMHYHHOH NOJIOXKHTENbHOH, CJel0BaTelb-
Ho, u3 (3,36) BBITEKaeT, 4TO

Iy/Fay > 11/Fa, (3,38)

Takum 00pasoM, IPHXOAMM K BBHIBOAY: KOTNa KOPPO3HOHHBIH NPO-
Iecc KOHTPOJHPYETCS YaCTHYHO KATOLHOH peakuuell, a HHTHOHTOP
BMELIHBAETCS B aHOAHBIA IIpomecc HCKJAIOYHTENbHO Gjaromapst coKpa-
LIEHHIO aKTHBHOH YaCTH 3JeKTPOAa, MHTEHCHBHOCTb KODPO3HH, €C/H
TOJIbKO NPOLECC KOPPOSHH INOJHOCTbIO He IPHOCTAHOBJEH, BO3pa-
CTaer.

OTOT BBIBOJ BBITEKA€T TaKXKe H3 PACCMOTPEHHs 3HAUEHHS SJIEK-
TPOJAHOTO MoTeHnHasa. IlocKoMbKy TMpH 3HAYHTENBHOM COKpallleHHH
aKTHBHOH YacCTH 3JEKTPOJAa NOTEHIHAaJ €ro CHJAbHO CMeLIaeTcs B IO-
JIOXKHTEJNbHYIO CTOPOHY, MJIOTHOCTb TOKA Ha YaCTH 3JEKTPOAA, OCTaB-
mwefics B aKTHBHOM COCTOSTHHH, HOJIKHA BO3PACTH.

Briosne IOHATHO, 4TO TaKOH chayyall KOPpO3HH, BCTpeyalolleics,
KCTaTH, HauboJjiee YacTo Ha NPAKTHKeE, SBJISETCS HEGJIaronpHUsSTHLIM,
TaK KaK IPH YMeHbIIEHHH KOHUEHTPAHH MHTHOHTOpA HHXKEe KPHUTHYe-
CKOro 3HaueHHsl, He0OXOAMMOTO JJIs [OJMHOM MacCHBAIHH, HHTEHCHBHOCTD
Koppo3uM Bospacraer. IIpu TakoM cTeueHHH OOGCTOSITEJBCTB aHOMHBIE
HHTHOMTODPH BeCbMa ONACHBl M HaJleXHasl 3allUTa OT KOPPO3HH MOXKET
ObITb JOCTHFHYTA TOJBKO NpPH KOHUEHTPAaUHH HHTHGHTOpa, KOTOpas
obecneynBaeT MOJHYIO 3aLIUTV.

Ecan xe uHruGuropa N00aBJseTcss MaJjO HIH HMEIOTCS ONaceHHs,
YTO JOCTYN €ro K OTAEJbHBLIM YacTIM KOHCTPYKLUHH 3aTPyINHUTENEH, TO
TaKas HeNOoJIHAas 3all(UTa fBJAETCS BpEeJHON, MOCKOJbKY OHa MOXKET
IIPHBECTH K YBEJIMYEHHIO KOPPO3HH HA OTHENbHBIX YY4acTKax.

Pasbepem npumep, KOrjga INOJSPU3YEeMOCTH 3JEKTPOLOB, Ha KOTO-
PHIX TIPOTEKAIOT peaklyH, Jexallhe B OCHOBE KOPPO3HOHHOTO IPOIEC-
ca, He paBubl: K;5= Ks. Bepnemcs x ypasnenuio (3,33).

W3 tepMuHa «aHOAHBIH HHTHOHTOpP® M YCJIOBHS HEH3MEHSEMOCTH
NOJISIPH3ALMOHHBIX XapakTepHCTHK BhiTekaeT: Ki=Ki n K:=K;.
CrenoBaresbHO, ypaBHeHHe (3,33) MOXHO mepemucaTtbh TaKuM 06-
pasom:

Iy (K1/FK1+K2/Fa1)=12 (KI/FK2+K2/F32) (3,39)
PackpblB cKOOKH, MOJTyUYHM
12/F32—11/F81=K1/K2'(11/FK1_'12/FK2) (3,40)

Brime Geuto moxasano, uto Bhipaxenue (Ii/Fy, —I/Fy,) sBasier-
C BEJHUYHMHON MOJIOKHTENbHOH, a (Iy/Fa, —Ii/Fa) npencrasasier pas-
HOCTb ME€XJy IJIOTHOCTbIO TOKAa Ha aKTHBHOH YacTH 3JeKTpona B
pacmsope, COfepiKallleM WHTHOHUTOD, H MJIOTHOCTHIO TOKA Ha 3JEKTPOJE
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B HCXOJHOM 3JekTtpoaute. OTCIOna clelyeT, YTO YeM Bbllile KaTOZHAS
NOJIIPH3YyEeMOCTh CHCTeMbl B HCXOZHOM 3JeKTpoiute (Ki), TeM Bhille
HHTEHCHBHOCTb KOPPOSHHM B INPHCYTCTBHH HHTUOMTOPA HPH HEMOJHOH
samure. HaoGopot, 4em Bbllle aHOAHAs MOJISAPH3YEMOCTb CHCTEMBI
(K2) B HCXOIHOM 3JIEKTPOJIMTE, TEM B MeHblIeH CTENeHH BO3pacTaeT
HHTEHCHBHOCTh KOPPO3HH IPH YACTHYHOH NacCHBAMH 3JEKTpona.

[Tocnennuit BHIBOL SIBJISeTCS, Ha INEPBBIH B3IVIAJ, HECKOJbKO He-
OXHIAHHBIM, IOCKOJbKY B OOBIYHBIX YCJOBHSX CYHTAIOT, YTO KOTZA
KaTojHasi peaklHs NPOTeKaeT ¢ HE3HAUUTEJbHOH NOJSpU3ALUEH 3JeK-
TpoAa, 3T0 6JaronpusATCTByeT Kopposuu. ONHAKO IPH 4aCTHYHOH Mac-
CHBAIIMH 3JIEKTPOJa KapTHHA MEHSIeTCS M BBICOKAs KAaTOAHAs MOJSPH-
3yeMOCTb B HCXOJHOM 3JIEKTPOJHTE CHOCOOCTBYET YBeJHYEHUIO HHTEH-
CHBHOCTH KOppo3uHu. OObsICHIETCS 3TO TeM, YTO HPH MaJOd MOJSIPH-
3YeMOCTH AHOAHOU pe€akKuuu He3HAYUTEJbHOE€ CMEUIeHHe IOTEHIHaJa
B INOJIOKHUTEJNbHYIO CTOPOHY HHTHOMTOPOM NPHBOAUT K GOJbILIEMY NpPH-
pallleHHI0 aHOLHOTO TOKA.

Jlo cux mop 1pH PacCMOTPEHUH BJHSHHS MHTHOUTODOB Ha HHTEH-
CHBHOCTb M CKOPOCTh KODPO3HH MBI MCXOAMJIH M3 TOTO, YTO MOCJEIHHE
He H3MEHSIIOT NOJSPH3alHOHHBIE XapaKTepUCTHKH MeTrasna. OnHako
ObIBAIOT CJaYYaH, 4YTO HHTHOHTOPbl BMEIIMBAIOTCS B KHHETHKY 3JEKTPO-
XHMHYECKHX Peakluil, H3MeHsIs MNOJISIPH3YyeMOCTb CHCTEMHI.

YCTaHOBHTh BJIMSHHE NOJNSPH3ALUOHHBIX XapaKTePHUCTHK, T. €. IO-
JSIPU3yeMOCTH 37eKTpofoB K; u Ky, Ha MHTEHCHBHOCTb KOPPO3HH He-
TpyaHo. OueBHIHO, YTO BCe HHTHOUTOPHI, YBEJHYHBAIOIIHE KATOAHYIO
H aHOJHYIO NOJIAPH3YeMOCTH, 6YAyT 6/aronpHsSTHO BIMATb Ha yMeHb-
IIeHHe MHTEHCHBHOCTH KOPPO3HH HE MOJIHOCTBIO 3alIHUILEHHBIX CHCTEM
¥, Ha060pOT, HHTHOUTOPDI, YMEHbIIAIOIHE IOJSIPU3YEMOCTb, OYAYT AO-
IIOJTHUTE/IbHO YBEeJIHUHBATb WHTEHCUBHOCTb KOPPO3HH.

Hexortopeie uuruburopsl, Hanpumep ¢ocdatel, MOTYT OcaxaaTh
Ha NOBEPXHOCTH MeTasasa IJeHKH, OTJIHYAIOLIHecs HCKIOUUTENbHO
BLICOKMM CONPOTHBJIEHHEM MJIsi TepeHoca 3JeKTPOHOB. JTO BecbMa
OmaronpuATHbIA (akKTop, TaK KaK CIOCOGCTBYeT ocaabJeHHI0 BPEeLHOTO
BJIMSIHUS, OKa3biBa€MOTO AHOAHBIMM HHTHOMTOpPAaMH INpPH YaCTHYHOH
[IacCHBAINH 3/1€KTPOLA.

Tperu#t cayuait mAeficTBHS aHOAHOTO HHTMOHTOpA HPH IOJHOM KOH-
TpPOJe CKOPOCTH KOPPO3MHM KATOAHBIM IIpoleccoM H306paxKeH Ha
puc. 3,2 nox uudpoir I1I. Ecam ckOpoCTb KOPpPO3HH KOHTPOJUPYETCS
BCelle/JO KAaTOLHBIM INpOIleccoM, NO6aBKH aHOAHBIX MHTHOHTOPOB B Ma-
JBIX KOHUEHTPaUUSIX He MOTYT 3aMeTHbHIM 00pasoM MOHHU3HTb CHJIY
KOppO3HOHHOro ToKa. Hao6opoT, Masible KOHIEHTpaUU¥ aHOAHOTO HH-
ru6uTopa 3a4acTyio NPUBOAST HE TOJILKO K YCHJIEHHIO MHTEHCHBHOCTH
KOPPO3UH, HO U Jae K yYBEJHUEHHIO CYMMapHOTO KOPPO3HOHHOTO 3¢-
tdexra.

YBesuuenne KOHIEHTPAIMH aHOLHOTO MHIHOHTOPA B PacTBOPe MO-
XKeT, OJHaKO, IIPHBECTH K TOMY, YTO aHOAHBIH KOHTPOJIb HAauyHeT Ipe-
o6nanaTh Haj KaTOAHBIM. B 3ToM cayuae, XOTs HHTHOUTOD yXKe U Gy-
JeT crnocofeH B 3HAUMTEJbHONH CTENEHH CHH3HTb CHJY KOPPO3HOHHOTO
TOKA, HMHTEHCUBHOCTb KOPPO3UH, KaK ObIIO MOKa3aHO Bhllle, BO3pacTeT
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BCJIEICTBHE TOTO, YTO NPOLECC KOPPO3HH CKOHLEHTPUPYETCS Ha MaJoi
aKTHBHOH IJIOILAAM 3JeKDPpPOAa, HaXodslleHcss T1OA BO3AEHCTBHEM
60JbIIOTO H 3(p(deKTHBHOro Karoja. MHbIMH c/10BaMH, Mbl IPHXOILMM
K pa300paHHOMY BHIIIE CJYYalo CMEIIaHHOTO KOHTPOJIS.

AnopHble HHIUOUTOPH NIPH HAJHYHH HX B 3/JIEKTPOJHTE B JOCTATOY-
HBIX KOHIIEHTpaIusX, KaK NpaBuJo, NOAABJAAIOT HOJHOCTbIO KOPPO3HOH-
HBIA Ipoluecc U ABJAIOTCSA BecbMa 3()()eKTUBHBIMH.

§ 4. KATOOAHBIE UHTUBUTOPDI

HeiicTBHe KaTOAHBIX HHTHOUTOPOB B IIPOTHBONOJOXKHOCTb aHOLHBIM,
KOTOpble MOTYT YaCTHYHO 3aNacCHBHPOBATH 3JEKTPOX, OCTABJSIS HEKO-
TOPYIO €r0 YacTb B aKTHBHOM COCTOSIHMH, He CBSI3aHO C 4YaCTHYHOH
naccuBauyed. KaTojnnsle HHrHOUTOPBHI YMEHbIIAIOT KOPPO3HIO BCJENACT-
BHe TOPMOXKEHHS OTHENbHBIX CTAaJMH KAaTOLHOH peaklHH: HOHH3aUHU
KHCJI0POAa, AU Py3nu KHUCIOPOAA K KaTOLy M paspsiia HOHOB BOJLOPO-
Jla, 4TO, eCTECTBEHHO, He MOXKET IPHBECTH K JIOKAaJbHOH KOPPO3HH.

B npucyTCTBMM TaKMX KaTOJHBIX HHTMOHTOPOB, Kak OHKapOoHAT
Kajbuus uin ¢ocdaTr Kaablus, 3HaUUTeJbHAs 4acTb 3JEKTPOZA CTa-
HOBHTCSI MHEPTHOH IO OTHOIUEHHIO K KaTOJZHOMY IIPOLECCY H 3TO pe3-
KO yMeHblllaeT KOPPO3HOHHBIH TOK.

Eciyu cKopocTb KOppO3HM KOHTPOJHpPYeTcs BCElesNOo aHOAHBIM IIPO-
1lecCOM, TO KaTOJAHLIH MHTHOMTOP HE MOXKeT BJHSATb HH Ha CKOPOCTb
KOPPO3HH, HH Ha MHTEHCUBHOCTb Koppo3HH. IlockosbKy, omHako, mio-
Wajb, Ha KOTOPOH MOXKeT NPOTeKaTb KATOAHAsS peakllMs, 0 Mepe yBe-
JIHYEeHHs] KOHIEHTpalluyu HHrHOHTOpa NMOCTENeHHO COKpallaeTcs, KOppo-
3MOHHBIH NPOLECC HAYHHAET YaCTHYHO KOHTPOJHPOBATLCS CKOPOCTBHIO
KaTonHOU peakuuu (cayuai II Ha puc. 3,2).

Jlerko moxasartp, 4TO IPH CMEIUAHHOM H NPEHMYILECTBEHHO KaTOX-
HOM KOHTPOJIe KAaTOAHBIA HHTHOMTOp GyJeT Bcerja IOHHXKATh Kak
CKOPOCTb KOPPO3HH, TAK M €€ HHTEHCHBHOCTb. TyT MOTYT BCTPETHTbCS
JBa KpaWHUX cJyudass: a) yMeHbIeHHe CHJBl KOPPO3HOHHOTO TOKa
TIPOHCXOAMT BCJEACTBHE COKpAllleHHS IIOILAAH 3JEeKTPONa, Ha KOTO-
poil MOXeT HpoTeKaTb KaTOAHBIA Ipolecc (reoMeTpHuecKHil (akrop);
6) yMeHbllleHHe KODPO3HM BLI3HIBAeTCS TOPMOXKEHHeM ONHOH H3 cTa-
MU KaTOJLHOrO Ipolecca.

B nepBom ciyuae ymeHblaeTcsi CHJIa KOPPO3HOHHOTO TOKa, a ak-
TUBHAd 4acCTb 3JIEKTPOAA, HAa KOTOPOH IPOHMCXOAUT IPOLECC aHOJHOTO
pacTBOPEHHsI MeTaJJja, OCTaeTcs IOCTOSHHOH MM B HEKOTOPHIX YCJIO-
BHSIX Jlaxke yBeJHYHBaercd. $ICHO, YTO 3TO JOJKHO NPUBECTH K YMEHb-
LIEHHIO CKOPOCTH KOPPO3HH H €€ HHTEHCHBHOCTH.

Ilpn TOpMOXKEHHM ONHOM H3 CTafui KaTOLHOrO Ipolecca H3Me-
HAeTCs MOJSPH3yeMOCTb KaTofa, T. €. KoHcraHTa K;y B ypaBHe-
Huu (3,11) pesko BospacTaeT; 3TO, €CTECTBEHHO, IPHBOJUT K YMeHb-
IIEHHIO KOPPO3HOHHOrO TOKa. ITOCKOJNIbKY HHTHOHTOpP B JaHHOM ciydae
He M3MEHSIET COOTHOIIEHHS MeXJYy aKTHBHOH M IacCHBHOH 4YacCTIMH
3JIeKTPOJIa, @ CHJla KOPPO3HOHHOTO TOKa yMeHbLIaeTcs, TO yMeHblla-
10Tcs Kak 00llas KOppO3us, TaK U ee HHTeHCHBHOCTb. Kartomnble HH-
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THOUTOPBI ABJSIOTCSI COBEPLIEHHO 6e30MacHbIMH, TaK KaK OHH HHKOTrZA
He MPHUBOJASAT K JIOKAJbHOM KODPO3MH, a 3HAUHT, H YBEJHUYEHHIO €€ HH-
TeHcHBHOCTH. KaTonHble HHTHOHTOPE HEOMacHbl H B TeX CJyuasiX, KOT-
Ia OHH NOGABJAIOTCS B JEKTPOJHT B HEJOCTATOUHBIX KOHIEHTPALHSX.
OnHako, KaK NOKa3blBAIOT pe3yJbTaThl HALIETrO HCC/IELOBAaHHS, a TaK-
JKe NpaKTHKA, KaTOJAHble HHTHOUTOPB MeHee 3(DeKTUBHBI NPH 3alHTE
MeTaJlJIOB OT KOpPO3HH, ueM aHOAHble. Ho u3-3a cBouX G6J1arONpHAT-
HbIX CBOHCTB OHH YacTO NPHMEHSIOTCS Ha NMpPaKTHKE.

§ 5. CMELWUAHHBIE HHTHBHUTOPBI

PaccmoTpes BiHSIHHE KaTOMHBIX M aHOAHBIX HHTHGHTOPOB Ha CKO-
pOCTb KOppO3MH, ee pacnpejeieHHe H HHTEHCHBHOCTb, JIETKO OTpeje-
JHTb 3apaHee, KaKoe BJHSIHHE Ha IPOIECC KOPPO3HH OKaXyT HHTH-
6uTOpHI, TOPMO3sILIUE 00e 3JMeKTPOAHble peakuuu (cm. puc. 3,2). Oue-
BHJHO, UTO IPH 3CeX BHAAX KOHTPOJS CKOPOCTH KOPPO3HOHHOTO IIPO-
necca Takue MHIHOHTOPhi OyAyT HMeTb NpEHMYINecTBa Nepel HHTHOH-
TOpPaMH, TOPMO3SIUMH TOJBKO aHOAHBIH Mpolecc. TH NMPEeHMYLIECTBA
6yayT TeM 3HauHTeJbHee, YeM Bbille OTHOCHTEJbHAsl JOJS TOPMOXKe-
HHSI HHTHOMTOPOM KaTOJHOTO Ipollecca.

3auacTyio OfHOBpeMEHHOE TOPMOXKeHHe HHTHOUTOpaMH OGOHX 3JeK-
TPOAHBIX IIPOLECCOB MOXKET MNOJHOCTbIO HCKJIIOUHTb BpeJHOE BJIHSHHE
YHCTO AHOAHBIX MHTHOHTOPOB, NPHBOASINHX IPH YaCTHYHOH MaccHBa-
IHH MeTaj/a K yBEJHYEHHIO HHTEHCHBHOCTH KopposuH. J[Has aroro
Tpebyercs, 4TOObl VMEHbIIEHHe KOPPO3HOHHOTO TOKa BCJEACTBHE TOP-
MOXEHHs] KaTOLHOH peaKlUHH PaBHAJOCh IPOU3BENEHHI0 pPa3HOCTH
MJIOTHOCTH TOKAa TOCJIe BBEJEHHS HHTHOHTODA iz H IO €T0 BBEJeHHs ij Ha
naomanab Fa, TOH 4acTH 3JEeKTPOAA, KOTOpAss OCTanachb B aKTHBHOM
COCTOSTHHH B NPHCYTCTBHH 3aMeluTens: (io—iy)Fa =1.

§ 6. ONACHBIE U BE3ONTACHBIE HHTHBHUTOPDI

[Tocne npomenanHoro aHanusaa MOXKHO cHOpPMYJIHPOBaTh YCJIOBUS
0e30MacHOCTH TNPHMEHEHHsST HHIHOHTOPOB: aHOJHbIE HHTHOUTOPHI 6e3-
OMAacHBI TOJILKO B T€X CJydYasixX, KOT4a CKOPOCTb KOPPO3UH KOHTPOJIHPY-
eTcsl BCelleso aHOAHOH peakuuei. ITnoTHOCTh TOKa, BO3HHKalomias Ha
TOH YacTH 3JeKTpOJa, KOTopas ocCTaJjacb IO KaKUM-THOO NMpHYMHAM
B AKTHBHOM COCTOSIHHH, OCTAaeTCsl B TAKHX YCJAOBHSAX TaKOH Ke, Kak H
B HCXOZHOM 3JeKTposaute. [Ipy cMemaHHOM KOHTpOJie CKOPOCTH KOp-
pO3HH aHOJHble MHTHOHMTOPH B KOHIEHTpaUUsX, He obeclneyHBarOlIHX
NOJHYIO NMACCHBALMIO MeTaJlla, BbI3BIBAIOT yBeJHYeHHE HHTEHCHBHOCTH
Kopposuu. YeMm c Goubluell MOJISIPH3YeMOCTbIO 3JEKTPOLA MPOTEKaeT
aHOJHAasl PeakUHs B HCXOJHOM 3JIEKTDPOJHUTE, TEM HHXKe HHTEHCHBHOCTb
KOPPO3HH B NPHUCYTCTBHUH MHTHOMTOpA M TeM MeHee OMACHLIM fIBJseTcs
Tako# HHru6uTOop. BhiCOKasi KaTomHas MOJIsIPH3YEeMOCTb MeTaJjlia B MC-
XOIHOM 3JIEKTPOJIHTe, Ha060POT, COCOOCTBYET YBENHYEHHIO MHTEHCHB-
HOCTH KODPO3HH B 3JEKTPOJHUTE, COLepkKallleM HeNOCTaTOuHyl MAJs
IIOJIHOH 3aLIUTHl KOHIEHTPANHIO aHOJHbIX HHTHOHTOPOB.
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Puc. 3,3. VisMeneHne cpefHell ryOuHB KOPPO3HOHHBIX MOpaxeHul [ Ha cramu c yse-
nnueHneM KoHUeHTpauuu Huru6utopoB KoCrsO7 m NaNO; B aaexrpoante 30 Mr/a
NaCl + 70 mr/x1 NasSO; u NaVO; B 0,1 H. NaySO,.

[Mpumensisi aHoAHble HHIHOHTODLI, HEOOXOAHMO ONPEAEJHTb IOPOT
KOHIIEHTpalUMi, OPH KOTOPOM AHOAHBIH HMHTHOHUTOP CTAHOBHTCA OIlac-
HBIM, 3aQIIHTHYIO €r0 KOHIEHTPAIMIO B PacTBOpe, a Takke 00eCIeuUTh
paBHOMEpHBIH LOCTYNl HMHTHOMTOpPA KO BCEM YaCTAM KOHCTPYKIIHH.

Pasgymeercs, uTo Ge30macHbBIMH HOJIKHBE OBITb TaKHe aHOJHbIE HH-
THOUTOPBEl, KOTOPHIE TOPMO3SIT AHOJAHYIO pEaKUHIo, He H3MeHss NpH
3TOM COOTHOLIEHHSI MeXJAy aKTHBHON H NACCHBHOH YacTAMH 3JEKTpPO-
Jda. CaMbIMH ONMACHBIMH IIPH KOHIEHTPALHAX, He oGecrneuHBalOLHX
HOJIHYIO 3alLHUTy, SIBJASIOTCS HHTHOHTOPH,, BHI3BIBAIOLIYE YCHJEHHYIO
AaHONHYIO TOJIIPHU3alMIO BCJENCTBHE YACTHYHOH IIaCCHBALHH MeTaJlia
H B TO Xe BpeMs SIBJASIOLINEcs XOPOIUHMH AENoJsApH3aTOpaMH KaTOX-
HOTO mporecca.

CoopMyaHpoBaHHBIE BHIILE 3aKOHOMEDPHOCTH MOATBEPKAAIOTCS IKC-
nepuMeHTasbHo. Ha puc. 3,3 nmokasano, Kak H3MeHseTcss TIJyOHHA
KOPPOSHOHHBIX NOpaKeHH# (HHTEHCHBHOCTb KOPPO3HH) B MPHCYTCTBHH
HUTPHTA HaTpus, OMXpoMara KaJusl M MeTaBaHajaTa HaTpusa. Maunie
KOHIIEHTPAllUh HUTPUTA HATPHUA M OGHUXpoMaTa KaJjMs, Kak H CJIef0BaJo
OXXHJaTb, IPUBOAAT K YBEJHUEHHIO TVIyOHHBE KOPPO3HH.

MeraBanajgar HaTpHs, He NMAaCCUBHPYIOLMH YaCTHYHO 3JEKTPOL H )
He U3MEHSTIOIHII B IIHPOKOH 06/1aCTH KOHIEHTPAIMH COOTHOIIEHHE MEX-
Ay NacCUBHOM H aKTHBHOH 4acTAMH 3JIeKTPOAA, He YBeJHYHBAeT IJy-
OHHBl KOPpO3HUH, a, HA060POT, HENPEPLIBHO €€ YMeHbIUaeT (B AaHHOM
cJlydae OHa COBNAAAeT CO CKOPOCThIO KOPPO3HH) IO Mepe YBEJIHYEHHS
KOHIIeHTPaluH HHIUOUTOpPA B 3JIEKTPOJIHTE.

Karoxnsle HHTHGHTOPH BO BCEX Cayyasix Ge30HacHbl, TaK Kak B
JI0ObIX KOHI[EHTPAUUSX OHHM YMEHBIIAOT CKOPOCTb H HHTEHCHBHOCTD
KOPDO3HH.

"~ CmemanHple HHTHGHTOPHL MEHee OMACHBI, YeM UHCTO aHOAHLIE, H B
psiie clayuyaeB MOTYT He NPHBOAUTb K POCTY HHTEHCHBHOCTH KOPPO3HH.
[pu npenMyIleCTBEHHOM TODMOXEHHH KaTOAHOTO Hpolecca HX CBOH-
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kn,g,z(/4z..;ym) ¥, 8 cTBa MPUOJUKAIOTCI K KaTOJAHBIM,
] T. €. OHH CTAHOBSTCSl COBEPIIEHHO
- g4  06e30macHBIMHU.

PaccMoTpuM MeHee H3yUeHHBIH
cJayyal, OOHapyXeHHBI B TOCJEA-
Hee BpeMs, KOTJa 3alluTa MeTaJjuia
T%%2  ocymecrBisieTcs ¢ TOMOLIbIO HHT-
po6GeH30aToB aMHHOB 0Jarojaps
yBeJHUeHHI0O 3(PPEeKTHBHOCTH Ka-
TOJHOrO Ipolecca. B Tex cayuasx,
KOT[la KOHIIEHTpAlHsg UHIHOHTOpa
npeBbIIAaeT 3aUUTHYIO, METAJJI Te-
PEBOIHUTCS B NMACCUBHOE COCTOSIHHE,
~+g,2 B cayyasix e, KOTAa KOHLEHTpa-
Ul HHTrHOMTOpa BhHIOpaHa Helpa-
BWJIBHO, NOTEHIHAaJ MeTajjia XOTS
H CTaHOBHUTCA G6oOJiee MOJOKUTENb-
7 o HBIM, HO OKasbiBaeTcs eule B 06Ja-

& 02 0yyshnomip CTH aKTHBHOTO pacrsopenus. Ilpx
Puc. 3,4. 3aBHCHMOCTD CKOPOCTH obei 3TOM MOXKET uBOSPacTaTb HE€ TOJIb-
KODPO3UH Ko M 3JEKTPOLHOrO MOTEHIHA- KO HHTEHCHBHOCTb KOPPO3HH ky,
Ja @ CTajy OT KOHUEHTPAUMH AMHHTDO-  HO WY CYMMapHBIH KOPPO3HOHHHIH
Gengoara mumepumuHa B 1 H. NapSOy. sddexT ko (pHC. 3,4).
Bo3MoxXHOCTP wWacTHYHOH Tac-
CHBAaUMH MeTa/JIOB aHOAHBIMH HMHTHOMTOpAMH He HCK/I04aeT, OJHa-
KO, MX YCIEWHOro mpHMeHeHHs. sl TOro yToOnl H36exXaThb JIOKAJbHO-
TO pa3BUTHSl TpolLecca, HeOOXOAMMO JIKIUb CJAEAUTh 332 TeM, YTOOHI
KOHLeHTpallusd HHIHOUTOpPA He CHHU3MJIACh HUXKe 3amuTHOH. KoHTpousb
OCyILeCTB/sIETCS] OOBIYHO INEPHOAUYECKHM AaHAJTH30M 3JEKTPOJHTA Ha
conepxanue yuru6uTopa. Kpome Toro, mocko/nbKy He3aBUCHMO OT IIPH-
POABI MHTHOHTOPA M €ro 3alUTHOH KOHIEHTPALHKH TOJNHAs TMacCHBaIHS
CTaJu AOCTHUTaeTcs IPH OJHOM M TOM K€ 3HAUeHHH IOTeHIHana (Lias
0,1 1. NagSO4 @n. r=0,20-+-+4-0,25 B), nosHOTY 3aIUTHl MOXKHO KOHT-
POJIHpOBaTh MO 3HAUEHHIO MOTEHIHAJa, KOTOPLIH HeoOXOAHUMO mpejBa-
PHUTEJbHO YCTAHOBUTb AJST KaXKIOT'O 3JEKTPOJIHTA.

ITpu aToM Hamo pasnuuath TP cayyas: 1) HHTHGUTOP H3MEHsET
JULIb OKHCAHUTEJNbHO-BOCCTAHOBUTE/bHBIN NMCTEHLIHAJ CHCTEMBI, HE H3-
MeHsI1 aHOAHOM peaKLHuH; 2) H3MeHsSeTCS OKHCJIHTeJbHO-BOCCTAHOBH-
TeJbHBIH NOTEHIHAJ CHCTEMbl M YMEHBbIIAeTCS CKOPOCTh KaTOLHOW pe-
axnuu; 3) H3MEHSeTCS OKHCAUTEIbHO-BOCCTAHOBHUTEJbHBIH MOTEHIHAJ
CHCTEMB! H BO3MOXKHA YacTHYHAS NaCCHBANHUsS 3JEKTPOAA.

B mepBoM ciyyae He3aBHCHMO OT TOrO, Kakoil peakuHeH ompene-
JeTCs CKOPOCTb KOPPO3UH, KOPPO3HOHHBIH TOK B CHCTEME BO3pacTaer
H CKOPOCTb Ipolecca GyJeT Bbllle, YeM B HEeHHIHOMPOBAHHOM 3JIEKTPO-
Jgute. Bo BTOpOM ciyyae yBeqHueHHE CKOPOCTH KOPPO3HH, BLI3BAHHOE
usMenenneM 3PPeKTHBHOCTH KaTOLHOTO mpouecca, OyleT HECKOJbKO
ocnab/eH0 3aMelJieHUeM aHOLHOH peaKUMH H, B NPHHIUNe, 3TH ABa
NpPOTUBOMNOJIOXKHO JEeHCTBYIOIHUX (akTOpa MOTYT ApPYr Ipyra ypaBHOBe-
CHTb HACTOJNbKO, YTO CKOPOCTb KOPpPO3HH He H3MeHHTcs. HaubGosee
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