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Beenenue

B Poccun u 3a py0ekoM AOCTaTOYHO YCHEIIHO Pa3BUBAIOTCS TEXHOJIOTHMHU
MOJIYYEHHUS] KOMIIO3UIIMOHHBIX AJIEKTpoxumuieckux nokpeituii (KOIT) u Mmarepuanos
(KOM) [1-72]. Tlpumenenme KOII mo3BONSET YBEIUMYHTH CPOK DKCILTyaTaIHH
CTAJIbHBIX U3JEJINNA, 3aMEHUTh ACQUIMTHBIE JIETUPOBAaHHBIC CTAJIM HAa OOJIee JeIIeBbIe
copra Mmetaymia. OIHMM M3 TJIABHBIX JOCTOMHCTB KOMIIO3MIIMOHHBIX ITOKPBITHA
SBJISIETCS. yBEJIIMYEHHE M3HOCOCTOMKOCTH M 3alIUTHOM CHOCOOHOCTH W3AEIUM.
[TosydeHrEe KOMIIO3MIMOHHBIX AJIEKTPOXUMUYECKUX MATEPUANIOB M IOKPBITHHA C
3aJJaHHBIMU CBOMCTBAaMHU  SIBJISIETCS.  OJHMM M3 IEPCIEKTUBHBIX  HANpPaBJICHUN
HayKd U TeXHUKH. OJIHAKO IMPOKOMY IMPHUMEHEHMIO IMPOIECcca 3IIEKTPOOCAKICHUS
KOII B mpOMBIIIUIEHHOM MacliTade MPEensTCTBYET OTrPAaHUYEHHOCTh CBEICHHUH O
napameTpax MOoJy4YeHUs U CBOMCTBAX KOMIO3ULMOHHBIX MOKPHITUN B CTAlMOHAPHOM
Y HECTAI[MOHAPHOM PEXUMaXx 3JeKTposmsa [12].

B Hacrosimem mocobun 0000marTcs pazpabOTKH MO BOIMPOCAM IMOITYYEHUS
KOMITO3UIIMOHHBIX 3JEKTPOXMMUYECKHX MOKPBITHIA, OCOOEHHOCTAX (HOPMHUPOBAHUS
CTPYKTYpPbI U 00JIACTSX MPUMEHEHHUS.



1. DJaekTpoocaxkieHne KOMIIO3UIIMOHHBIX MOKPBITHIA: CTPYKTYpAa,
CBOMCTBA, 00JIaCTH IPUMEHEHU S

KOII — »3T0 MeTaiMuecKkue MOKPBITHS, IMOJIYy4YaeMble HW3BECTHBIMU
TaTbBAHUYCCKUMHU METOJaMH, HO C TEM OTJIMYAEM, YTO BMECTO OOBIYHBIX
roMo(a3HbIX  BJEKTPOJUTOB  MCHOJB3YIOTCS  BJIEKTPOJUTHI-CYCIICH3UH (WM
OMYJbCUM), B KOTOPBIX JIUCIEPCHON (a30il SBISAIOTCS TBEpPIbIE (PeXKe >KHUIKHUE)
YacTUIl C pa3MepaMH MHUKpPOMETpoBoro mopsiaka (oosiyHo 0,1-3 MrM). OTH
YacTHIlbl, COOCaxaaemble TNpu (OPMHUPOBAHUU TaTbBAHUYECKOTO IMOKPBITHS,
MO3BOJISIOT LIEJICHANIPABICHHO MOAU(PUIIMPOBATh GU3HUECKUE U AaHTUKOPPO3UOHHBIC
CBOIMCTBAa TMOKPBHITUS WJIM TpHAaBaTh €My HOBBIE KadecTBa (MarHUTHBIE,
KaTaIUTH4YecKue, GUIbTPYIOLIMEe CBOMCTBA, MOPUCTOCTh, CMAa304YHOE JeicTBUE) [7,
13, 14]. DnekTpoauT, MPEACTABISIOMUN OO0 CYCIEH3UI0, COACPKHUT JTOOaBKY
00br1HO0 OT 10 Mo 200 KT/M° B3BEIIEHHBIX gactull. OJHUM U3 TPeOOBAHUMN K YaCTUIIAM
BTOpOW (a3pl SBISIETCS MX HMHEPTHOCTh MO OTHOLIECHUIO K AJIEKTPOIUTY. Manbii
pazmep uactun (0,01 — 1,0 MKM) goipkeH oOecneduBaTh HHU3KYIHO CKOPOCTb
CEIMMEHTALIMHU, YTO TO3BOJISIET MPOBOAUTH Ipouecc 3nekTpoocaxaeHuss KOII kak
Ipu TEepeMelInBaHnuU, TaK U B OTCYTCTBUHU ero [/, 13-15]. Mcmons3ysi dacTuIibl
JTUCTIEPCHON (ha3bl pa3IuYHON MPUPOJIBI U pa3MepoB npu noixydeHuu KIII, moxHO
MOAU(PUIIUPOBATh MATPUILy IS PA3NIMUHBIX II€JIe, B YaCTHOCTH TMOBBIIICHUS
npouHocTy mokpeiTuid [11]. IlpakTruecku Bce BernecTBa AucrepcHoi ¢asnl (D)
JIOCTATOYHO JIETKO CMEIIMBAIOTCS C DJIEKTPOJIUTOM U  OOECNEeYMBAIOT TMOJIyYCHHE
K3II ¢ wmHormmu wmetauiamu. VICKITIOUEHUSIMH SBJISIIOTCST TTOPOLIKH BEIIECTB
TBepaoi cMmaszku: rpadur, MoS,, a — BN u smekTpornpoBosime YaCTHULIBI
(Metaypl, rpadguT, OOpHUABI, KapOWAbl, HUTPUIbI d - 3JIEMEHTOB), IJIs1 KOTOPHIX
TpeOyeTcsl MPeBAPUTENbHOE CMAaYMBAaHUE U PACTHPAHUE C BJIEKTPOJIUTOM WIU
€ro KOMIIOHEHTaMHU.

Kak ycranoBmeno B paborax P. C. Caitdpymmuna [7, 13-15], BkimroueHue B
cocTaB MOKpbITUS HeMetawmuecko ¢as3el (Al,O3, SiC, Cr;C,;) oOecneunBaer
MOBBIIIEHUE M3HOCOCTOMKOCTH, TBEPAOCTHU, COMPOTUBIECHUN K PEKPUCTAILIU3ALIMH,
KOPPO3HOHHOMY pa3pylICHHUIO. [loBbIICHKE JIUCTIEPCHOCTH YacTHIL
HeMeTtaumueckor ¢assl ¢ 0,1 70 0,01 MKM MO3BOJISIET YBEIMYHUTH UX COJEPIKAHUE B
nokpeiTun 110 40 006. % mpu coXpaHeHUU PAaBHOMEPHOCTH PACIIPEACIICHUS 110 OCAIKY.
BaxxHbIM siBIIIeTCS TOT (DAKT, UTO HATMYKME HEMETAIUTMYECKON (pa3bl MOXKET TOBIIUSITH
Ha HaBojopoxkuBaHue uznenuii. 1. M. BaneeBbim [12] mokaszaHo, 4TO BKIIIOUCHHE B
HUKEJIEBOE MOKPHITHE KapOWIOB (B YaCTHOCTU KapOuja TUTaHAa) B 2-5 pa3 CHUKACT
HABOJIOPOKMBaHUE TOKphITUA. ABTOp [12] cumrtaer, dro pgaHHBIA d3QdekT
JOCTUTaeTCsd 3a CYeT JEenoJisipu3alii 3JIEKTPOBOCCTAHOBJIEHUS Hukend. [lpu
coBmecTHOM 3jekTpoocaxaeHu Ni ¢ TiC cHwkaeTcss BHyTpeHHEE HampsKeHUe
NOKpBITUSL B 5-6 pa3 MO CpaBHEHHMIO C HUKeENEeBbIM ocagkoM. Kopposuonnas
ctoikocTth KOII 1o CcpaBHEHMIO C KOPPO3HMOHHOM CTOMKOCTBIO MaTepualia
METaJUIMYeCKOM MaTpHIbl HEOJAHO3HauHa: HarnpuMmep, 1 KOII Ha ocHOBe 1MHKa ¢
100aBKOM YacTHI] AJIEKTPOIUTHUECKOTO HUKEIS XapaKTepHa BbICOKask KOPPO3MOHHAS
CTOMKOCTb, HO HCMOJIb30BAHHUE JAPYTOr0 BHUJIa HUKEJIEBOTO MOPOIIKA MOXKET ITPUBECTH



K YBEJIMYCHHUIO CKOPOCTH KOPPO3UOHHOTO pazpyiieHus [12]. Cpenu nepcrneKTUBHBIX
KOMITO3UITMOHHBIX TIOKPBITUH MOXHO yka3aTh Ni — SIC — nns HaHeceHuWs Ha
3arOTOBKH TP MpeccoBaHmH mactMmacc; Ag (Zn, Cd, Sn) — Al,O3 (SiO,, SIC) — kak
OoJiee TBEpAbIE WU M3HOCOCTOMKHE, YeM YHUCThle MeTaiuibl, cruiaBbl wian KOII nHa
OCHOBE Xpoma IpH YCIOBUU MNOJJEP’KaHUS IOCTOSHCTBA COCTABOB CYCIIEH3UU WU
nokpbITuii u3 HuX [12]. Ilpm uX HCHONB30BAHUM BO3MOXHO CYIECTBEHHOE
HOBBILIEHHE CKOPOCTH OCAXKACHMS MeTajljla 3a CUeT JUHAMHUYECKOIO BO3AECUCTBUSA
JOBUKYLIUXCA YacTHL M TOJIY4YEHHs MOKPBITMM C MEHbLIEH IOPUCTOCTBIO U
HaBOJIOPAKMBAEMOCTbIO, a TakKXe CIJaKEHHbIX B  IIPOLIECCE  OCaXACHUS
JOBIKYLIIUMHCS 4YacTuiamMu. HeoO0XoAMMOCTh aKTMBHPOBAHUS IOBEPXHOCTH AHOAA
MOXKET TakkKe MOoTpeOoBaTh MNPUMEHEHUs cycneH3uu. llpu snexkTpoocaxaeHuu
BO3MOYKHO KaK BKJIIOYEHUE BBICOKOJMCIIEPCHBIX YaCTHUI[ CYCIIEH3UUM B OCAJ0K C
oOpazoBanuem KOII, Tak u mosiyueHue NOKPBHITUIA O€3 YacTHUI] NMPU UX pa3Mepax,
HAMHOTO NPEBBIMIAIOMINX TOJIMIMHY ciog Metamia. Kak yxe ObUIO OTMEUYEHO,
nporecc anekTpoocaxaeHns KOII mpoBoautcs npm nepememmBaHuu. YacTUibl
NEPEHOCATCS] K TOBEPXHOCTH KaToJla 3a CYET MEXAaHUYECKOIO MEePEMEILIMBAHMUS, a
TaKkke KarodopeTnuecku. B pesynbTaTe B3aMMOJEHCTBUS YACTHUI] C MMOBEPXHOCTHIO
AJIEKTPOJa  BO3pACTACT €ro MCTUHHAS IUIOMIA[b, MOTYT OOpa30BbIBATHCSA PHIXJIbIC
NOKpBITUA (HampuMmep, ocaaku Ni — rpadur, Ni — Pd) [12]. MuTepecHbIM sBIsSCTCS
UCIIOJIb30BAHUE  YJIBTPA3BYKOBOIO M HHU3KOYAaCTOTHOIO IEPEMELIMBAHUSA IS
CYCIIEH3UI W WCIIOJIb30BAaHUS MHOI'O30HHBIX IOKPBITUI C Pa3jIU4HBIM COACPKAHUEM
BTOpPO#l (ha3bl MO TOJIIMHE U, CIEAOBATENbHO, (DYHKIMOHAIBHBIMU HAa3HAYECHUSIMU
ornmenbHBIX 30H [12]. Kak mokazano B [12], nama  ocaxaeHHUS CaMbIX
pacnpoctpaHeHHbIx KOII (Ha ocHOBe HuKeNs) LieaecooOpa3Hee MCIOJb30BaTh IS
NpeaynpexaeHus Xpynkoctd W yMmeHbluenuss BH  BMecto  cynbdarHoro
cynb(amataeie anekTponuthl [12]. Tlpomoimkarommecs 1O CETOMHSANIHUN JICHb
pabotel uccnenoBarened nmo KOII opueHTHpOBaHbI  Ha H3Y4YEHUE MPOLECCOB
ANEKTPOOCAXKACHUSI TOKPHITUH Ha OCHOBE U3 HHKeNs (A0 ¥ myOmaukaiuit),
XUMUYECKU OCAKIEHHOTO CIIaBa HUKENb — (pocdop, HMHKA, CIUIaBa LIMHK — HUKEIb,
HEKOTOPBIX OJAaropoAHBIX METaUIoB, Kagmus [9-72]. B xadecTBe nucnepcHOi ¢a3bl
qame Bcero npumMensitoress a—Al, O3, SIC, TiO, rpadut. T0 HanpaBiIeHHUE MO CYTH
ABIeTCsT pas3BuTHeM paHHuUX pabor mo KOII, HO ¢ wucnonb3oBanueM Ooee
3 PEKTUBHBIX METOJOB H3YYCHHUS IMOBEPXHOCTH M CTPYKTYpbl TOKpbiTHH [12].
Oco0oe BHMMaHUE yHAeNseTcs KOPPO3MOHHBIM CBOMCTBaM B uccieaoBanuu KIII u
ero BIUSHHIO Ha Ka4ecTBO MOKpbITHs [9-17].

HUcnonws3oBanne wyactun Jd pa3nuuyHO MNpPUPOABI U pa3MepoB IIPU
oOpazoBanun KOII mo3Bosnsier MoaubuuupoBaTh METAUIMUYECKYIO MATpUIly AJis
NOJy4YeHHsT 00pa3ioB C pa3IMYHBIMU (PYHKIIMOHAIBHBIMH XapakTepuctukamu [15].
OOpa3oBaHuEe KOMIO3UIMOHHBIX TMOKPHITUH  C HAHOAMCIEPCHBIMU YacCTULIAMU
JOJDKHO oOecrieunBaTh 0Oosiee 3HAUMTEIbHOE YIIYYIIEHHE  SKCILTyaTallMOHHBIX
XapaKTepUCTUK TOKPHITUA B CPaBHEHUUM C TOKPBITHSIMH, BKIIOYAIOLIIMMHU
MUKPOYACTHIIBI, JaK€ MIPU MajbIX JOJSIX BKIIOUEHHUS TNEPBBIX, Onaromaps HX
paBHOMEpPHOMY pacnpeneneHuto B Marpuue. C  MOMOIIBIO JIHCIEPTrUPOBAHMS
HAHOYACTHUI[ B TMOKPBITHM MOXHO HW3MEHATh €ro TBEPAOCTh, CMAa3bIBAIOIILYIO



CIOCOOHOCTh, OOECTEeYUTh TMOJYyYEHHUE MHOTOPYHKIIMOHANBHBIX TOKPBITUH C
BBICOKMMH DKCIUTyaTallAOHHBIMH CBOMCTBaMH, pa0OTaIOMIMX TMOJ HAarpy3Kol B
DKCTPEMAJIBHBIX YCJIOBHUSAX OKCIUIyaTallMd, C MOBBIIMIEHHBIMU CIUIOIIHOCTHIO,
WU3HOCOCTOMKOCTBIO M JKAPOCTOMKOCTBIO M MEHBIIEH MIEPOXOBATOCTHIO, a TaKKe
MEHBIINM U 0oJiee cTaOMIbHBIM K03 puientom tpenus [1, 26-27.]. OcoGeHHOCThIO
MOBEJCHUSI HAHOYACTHUI[ B PACTBOPAX DJEKTPOJIUTOB SBISIETCS CIOCOOHOCTh MX
0o0pa3oBbIBaTh  KOJUIOWJHBIE CcUCTeMbl. KoJloWaHble 4YacTHUIBl HNPUHUMAIOT
HEMOCPEJICTBEHHOE  ydacThe B OOpa3oBaHMM  OIPEACIICHHOM  CTPYKTYpHI
raJIbBAaHU4ECKOTO MOKPBITUSL. VX ocaxaeHne Ha KaToJie MPUBOAUT K CYIIECTBEHHOMY
OTIIMYUIO CBOMCTB TaJIbBAHUYECKUX MOKPBITUA OT METAUIMYECKUX KOMITAKTHBIX
MeTauioB.  Kpucramimueckue  CTPYKTypbl — HAHOOOMACTH  OTJIMYAIOTCS  OT
MHUKPOOOIACTH T€M, YTO 00JIaJal0T CYIIECTBEHHO OOJbIIEH TIOMAbI0 TTOBEPXHOCTH
Mex(pa3HbIX TpaHUl, Ojgarogaps 4YeMy BO3MOXKHO (OPMHUPOBAHUE MATEPUU C
W3MEHEHHbIMH CBOWCTBaMH. IIpu paBHOMEpPHOM pacHpeelIeHUH HAHOYACTHUI[ IO
TPaHMIIAM 3€pPEH MOXKHO 3HAYUTENBHO YIYUIIHTh KOPPO3UOHHYIO CTOMKOCTb
rabBaHUYCCKUX TOKPBITUHA [3]. C TIOMOIIPIO HAHOYACTHI[ MOXHO OCaXIaTh
NOKPBITUS € AHTUOTPaXKarolleld, aHTU(PUKIMOHHON M  CaMOOYMILAOUIeCs
NIOBEPXHOCThI0 [4], a TakkKe W3rOTOBIWBATH PETYJUPOBOYHBIC INAHOBI WU
TEpMOCTONKUE u3aenust it apromoomied [5]. OcoOeHHO MPHUroJHBI B Ka4yeCTBE
HAaHOOOBEKTOB YACTUIBI U3 30JI0Ta, KOTOPbIE HE OKHUCISAIOTCS U HE 001agaroT
MarHATHBIMH CBOWcCTBaMHU. HaHOYacTMYKM anMasza yIydllIaloT MUKPOTBEPIIOCTh
NOKPBITUMA, OKCHJI QJIOMHHHS, OKCHUJ KPEMHHS — YMEHBIIAKOT IOPUCTOCTH,
YBEJIUYHUBAIOT MUKPOTBEPIOCTh M KOPPO3HMOHHYIO CTOMKOCTD MOKPBITHI [6, 28].

ABTopamu [43] paccMOTpeHa TEXHOJIOTHSI MOJYYEHHS KOMIIO3ULIMOHHBIX
HUKEJIEBBIX TaJIbBAHUYECKUX MOKPBITUN, MOIU(MUIMPOBAHHBIX  YIJIEPOIHBIMU
HanoTpyOkamu (YHT) «Taynur». YHT npousBoasTCs MUPOIU30M YIIIEBOAOPOIOB C
MCIIOJIb30BAHUEM HUKEJIEBOTO KaTalu3aTopa U MPEACTABISIIOT COOOH JJIMHHBIE TOJIbIE
BOJIOKHA, COCTOSAIIME M3 IpaeHOBBIX CIOEB (PYLIEpPEHONOI00HON KOHCTPYKIIHH.
[73]. T'oTOBBIN MPOIYKT MpeacTaBisieT cOOOM CyXO# ChIMYyYHi MOPOIIOK YEPHOIO
1[BE€Ta, B KOTOPOM HAHOTPYOKH CHYyTaHbl U OOpa3yloT arjomeparhl (TpaHyJibl)
MUKPOMETPUYECKUX Pa3MEpPOB U HEMpPaBWIbHOW (opMbl. [ psAna npuMeHEeHH
1eJeco00pa3HO HCIOJIb30BATh arjioMeparbl, B JPYrHUX CIy4yasiX — OTIEJIbHBIC
HaHOTPYOKHW [73]. st yMEHBIICHHUS pa3MepoB arjioMepaToB, a TAKXKE IMMOTy4YEHUs
OTHENBbHBIX  HAHOTPYOOK  3JEKTPOJIUTHl  HHUKEIMPOBaHHUS €  J00aBICHUEM
yIbTPAJAUCIIEPCHBIX ~ alMa3oB  oOpalaThiBaid  yJABTPa3ByKOM  Ha  JTarme
OPUTOTOBJICHUS, TaKH€  OBJEKTPOJMUTHl  COXPAaHAIOT  pabOTOCIOCOOHOCTH |
CEIMMEHTALMOHHYIO YCTOMYMBOCTD B MPOM3BOJCTBEHHBIX YCIOBUAX B TEUECHUE ABYX
aet [73].



2. Mexanu3Mm djektpoocaxaenuss KIII

MexaHnu3M  BKJIIOYEGHHMS  PA3NUYHBIX  JUCIEPCHBIX  YAaCTUL  IpHU
AJIEKTPOOCAKICHUHA W3 CYCIIEH3MH mMeeT cBou ocoOeHHocTH. OOpaszoBanme KOII
OCHOBAaHO Ha BPAIMBAHWH B KATOJHOBBIICISIOMNNACS METAII YaCTHI] BTOPOi (ha3wl
pa3smepom oT | — 10 HM 10 HECKOJIBKUX MHUKPOMETPOB. JTOT MPOLIECC 3aBUCHUT HE
TOJNBKO OT YCJIOBUM BJEKTPOJU3a: TEMIIEPATYPhbl, MNEPEMEUIMBAHUS, HO U OT
JIUCIIEPCHOCTH, NPUPOALI M KOJIMYECTBA YACTUI. JTO IMO3BOJISIET BapbHUpPOBATH
(U3HKOXMMHYECKHE CBOMCTBA KOMIIO3MIIMOHHBIX MOKphITHi [15, 18].

KOII, no wmuenuto P.C. Caiipymimna, W.A. AOnymwmna [73, 13-15],
ClelyeT KIacCUPUIMPOBATh  KaK  «MHKPOKOMIIO3UIIMU» B  OTJIMYKME  OT
M3BECTHBIX MAaKpPOKOMIIO3UIIMMA,  COJAEpKAIMX  KPYIHBIE  YaCTUI[BI  BTOPOil
¢ba3zml, U YIBTPAMUKPOKOMITO3UIINHM, KOTOPhIE  00pa3yroOTCs  €CTECTBEHHBIM
NyTEM W3 YHUCTHIX BJIEKTPOJIUTOB U COJACPKAIIUX BKIIIOYCHUSI YACTHUI] Pa3MEPOM
Menee 0,01 MKM. DIEKTPOOCAXKIEHHEM WM OECTOKOBBIM IPOIIECCOM 00pa3yroTCs
raJbBaHUYECKHE TOKPBITHS TOMIMHOW 5-20 MKM WIM TaJdbBaHOIIACTHYECKUE
MaTepuangbl TOJMHUHOWM 10 | MM u Bblme. ['adpBaHONIACTHUYECKHE MAaTEPUAIIBI
00JIaJal0T  TOBBIIICHHOW  TBEPJOCTHIO, HM3HOCOCTOMKOCTBIO,  KOPPO3MOHHOM
CTOMKOCTBIO U JIPYTMMH CHEIUaNIbHbIMU cBoMcTBamu [12]. HHTeHCcHbuKaims
nporiecca oOpaszoBanus KOII obecnieunBaeTcs:

> MyTEM HCIIOJb30BaHUA YIbTPa3ByKa U MATHUTHOTO TOJIS,

> MepEMEIINBAHUEM DJIEKTPOJIUTA-CYCIICH3UH,

> HECTALIMOHAPHBIM JIEKTPUUYECKUM PEKUMOM,

> UCIIOJb30BAaHUEM TYCTBIX CYCIEH3UH [  «ILEJTOYHOTOH» W
«TaMIIOHHOTO» JJICKTPOOCAKICHHUS,

> TOPU30HTATIBLHBIM PACIIOIOKEHUEM KaTo/1a,

> NPUMEHEHUEM TMPEABApUTEIbHON  (U3MYECKOM MM  XMUMHYECKOM
00paboTKN AucnepcHOM (a3bl, B TOM YHUCIE KalCyJIHUPOBAHUE JIEKTPONPOBOIUMBIX
yacrtuir [12].

MexaHu3M COOC@XKJCHHUS METAIOB M JUCIEPCHBIX MATEPUAJIOB  HWIIU
METAJTU3alMU YacTHUIl SIBJISETCA CJIOKHBIM, TaK KakK Ha MPaKTHUKE IMOJIyYeHHE
KOMIO3ULIUOHHBIX AIEKTPOXUMUYECKUX MOKPBITUI W MaTepuaaoB
OCYIIECTBIISIETCS U3 AUCTIEPCHBIX CUCTEM, B KOTOPBIX YACTHUIIBI JUCTIEPCHOM (ha3b
ornuyatorcs  pasmepom ot 0,01 mo 100 mxm u Oosee. [IucmepcHast cpena MOXKeT
OBITH KaK KOJIJIOUTHBIM PAacTBOPOM, TaK U TOHKOW WU Tpyooii cycniensueit [14]. [pu
anekTpoocaxkaeann KOII Bo3HHKAeT MHOXKECTBO (PAKTOPOB, KOTOPHIC OMPEACIISIOT
MEXaHU3M COOCAKJICHUS, U, CIICIOBATEIHHO, OH HE MOXET OBITh OJIMHAKOBBIM JIJIsI
BCEX MPOIIECCOB 00Opa30BaHUsI KOMIIO3UITMOHHBIX AICKTPOXUMUYECKUX MOKPBITUN U
marepuanioB. P. C. Caitpymmn [14] npemyaraeT BbIICIUTh B CXeME OOpa30BaHUS
KOII Tpu ocHOBHBIE CTalNM, KOTOPHIC SIBJISIOTCS OOLIMMHU MIPU COOCAKIACHUU YACTHII
C METAJLJIOM:

> JIOCTaBKa YaCTHIl K TOBEPXHOCTH KaTO/1a;

> B3aMMO/JICHCTBUE YaCTUIl C TOBEPXHOCTHIO;

> 3apacTaHUe YacCTHUIl HA TOBEPXHOCTHU KATOJa METAITIMYECKOW MaTPUILIEH.



B 3aBUCHMMOCTM OT COOTHOIIEHUSI CKOPOCTEW YKa3aHHBIX CTagui Oyner
dopmupoBatbest coctaB nokpeitus [14]. JI. . Antponos, 0. H. Jlebemunckmii [8]
paccMmotpenu mnpouecc anekrpoocaxaeHuss  KOII, yuuThiBas Hanuume MExXIy
YaCTHUIIEH AUCTIEPCHOM (ha3bl M MOBEPXHOCTHIO KAaTOAa PACKIMHUBAIOIICTO JTABICHHUS
(PJT) TOHKHX CTIOEB DIIEKTPOJIMUTA, T.€. CUJIOBOTO OTTATKUBAIOIETO Oaphepa, KOTOPHIN
BO3HUKaeT, HauuHas ¢ pacctossHus 0,01-1 Mxwm. YcranoBiueHo, 4yto Tipu P/l
MOKPBITUE HE O0OpaszyeTcs Jake B TOM ciydae, KOIJa 3JEKTPOJl PacloIOKeH
rOPU30HTAIbHO. MeHbIIUI  pa3Mep  YacTUll NPUBOAUT K OOJBIIEH TONIIKUHE
KUAKOM  mpocioiiku. Poct kaTonHolM mosspusanuu U pa3z0aBiieHUE 3JEKTPOJIUTA
MPUBOJAT K YMEHBUICHUIO TOJIIUHBI KUIAKOW TPOCIONKH, CJIEAOBATEIBHO,
oOecrieuynBalOT  ycnoBus g oOpazoBanus KOII.  Yrobbsl  mpoucxoauio
B3aMMOJICCTBUE YACTULBI C IMOBEPXHOCTHIO BJEKTPOJA U TOCIEAYIOIlee €€
3apacTaHue METAUIMYECKON MaTpuuei, TpeOyeTcss pas3pblB >KHAKOW MIPOCIOMKH.
OToMy CIOCOOCTBYIOT pacTymme 3apoisimm  Metauta [13]. Ha wmexanusm
oOpazoBanus KOII oka3pIBatOT 00JIbIIIOE BIMSHUE CBOWCTBA YACTHII, B YACTHOCTH MX
AJIEKTPOIIPOBOIUMOCTD. Y CTAHOBJICHO [25], 9TO IS 3JCKTPOMPOBOMSIINAX YACTHII
qUcnepcHor (a3bl XapakTepeH  paJualbHbIl pPOCT MOKpbITHSA. B pesynbrare
YBEIIMYUBACTCS DJEKTPUUECKAss €MKOCTh MOBEPXHOCTH DJIEKTPoJa. AHAIU3UPYs
YCJIOBUSI, MPU KOTOPBIX BO3MOXKHO TMOJYYEHUE MEJIKO3EPHUCTBIX OCAJIKOB, P.
Caitdymnun [7, 13-15] BeienseT cleayronue:

> HaJIM4KMe WM 00pa30BaHUE B MPHUAIJIEKTPOIHOM CIIOE MAJIOPACTBOPUMBIX
COEIMHEHUI WJIM YaCTUIl Pa3psyKacMOro MeTasia;

> obOecricueHUE BBICOKOM KAaTOAHON MOJSIpU3aIIK;

> MaJiasi BBIpaBHUBAIOIIAsi CTIOCOOHOCTD AJIEKTPOJINTA;

> MCITI0JIb30BAaHUE HECTAIMOHAPHOIO PEXXUMA 3JIEKTPOJIN3A.

Nzyuass mexanm3m oOpaszoBanusi KOII, uccnenosarens [13] ykaswpiBaeT Ha
BO3MOYKHOCTbh 00pa30BaHMs 3apsiia Ha JUCIEPCHBIX YACTUIAX 3a CYET aJcopOIuu Ha
WX MOBEPXHOCTH KAaTMOHOB OCAXJaeMOro MeTajla WM MOHOB Bojaopona. [lomyuus
3apsiji, YaCTHUIIbI MEPEHOCATCS K MOBEPXHOCTU JICKTPO/Ia, B3aUMOJEHCTBYIOT ¢ HEU U
3apacTaloT MeTauIMyecKod wmatpuiuei. J[aHHbIA MexaHu3M «He paldoTaeTy mpH
YCIIOBUH, €CJIM MOBEPXHOCTb AJIEKTPOJA 3apsKeHA TMOJOKHUTEIbHO OTHOCHTEIBHO
ANEKTPOJUTA (MMPUMEPOM MONKET CIYKUTh MPOIECC B CYIb(ATHOM DIIEKTPOJIUTE
MeHeHus [15], koraa katoj aacopOupyeT aHUOHBI TaKe TIPU UX MUKPOKOJIMYECTBAX
B ayiekTpoauTe (Hampumep, aias xjaopuaoB 10-4 monw/n). B stom ciayuae Cl-anc
3aTPYAHSIIOT JOCTYM JUIsl YACTHUIl IUCTIEPCHON a3kl K TMOBEPXHOCTH  Karoja,
yMEHBITAs UX afcopOIMi0 W TEM CcaMblM HWHTHOHMpYS mpoliecc oOpa3oBaHUS
nokpeiTuii Thma Cu — Al,03 mmm Cu — TiO,. TlomoxuTenbHo — 3apsyKCHHBIMHU
OTHOCUTEIBHO AJIEKTPOJIUTA  MOTYT  OBITh  TaKXKE€ TMOBEPXHOCTH JPYTUX
0JIarOPOJIHBIX ~ METAJUVIOB  TPH  HMX  JJEKTPOOCAXKACHUU M3  HE  CHIIBHO
«3aKOMIUIEKCOBAHHBIX» AIeKTposuToB [13]. CoryacHo juTepaTypHbIM JaHHbIM [13],
U3 TpeX OCHOBHBIX cTanuii oOpazoBanuss KOII [moaBox wacTuil, 3aKkperuieHHE
(amcopOuusi) yacTUll Ha TIOBEPXHOCTHM MW  3apallliBaHuE ee| damle BCero
JUMUTUPYIOIIEH SABIAETCS CTaaus 3apallMBaHUs 4YacTHUI[ JUCIepcHON  (a3bl



10

metaiuiom [13]. HawmbGonee OnarompusitHo mnomyuenue KOII mpu crnemyromux
ycnoBusix [7] (Pucynok 1):

Cycnensun
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Pucynok 1 [7] - Cxembl 0Opa3zoBanus pa3nudyabix Bu0B KOII a) moKpeITHE TEOPETHYECKOTO
cocTaBa, 0) MOKPHITHE ¢ MAKCUMaJIbHBIM KOJIMYECTBOM BKJIFOUEHUH; B, I') MOKPBITUE, COIEpIKALIIUE B
Ka4eCTBE YaCTHIl BTOPOi (ha3bl AUAIIEKTPUK; JT) MOKPBITUE, COACPIKAIEe B KAUECTBE YACTUL] BTOPOH

(a3bl MPOBOTHKUKH; €) TOKPHITHE, BHITAJTKHBAIOIIEE YAaCTUIIBI BPOU (a3bl (Ha BEPTUKAIEHOM
KaTOJIe); JK) MOKPBITHE, BHITAJKMBAOIIECE YACTUIBI BTOPOH (ha3bl (HAa TOPH30HTAIBHOM KaTO/IE)
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IIpu ocaxaenun KOII akryanbHOW sIBiIs€TCA 3ajaya IMOJIYYEHUS 3aaHHOTO
CoJIepKaHus AUCTIEPCHOMN (ha3bl B MOKPHITHH. 3BeCTHO, UTO Cofiep)KaHue U XapaKTep
pacnpeneneHuss JUCHEpPCHOW (a3bl B MOKPBITUM 3aBUCAT OT OOJIBIIOrO YHCIIA
dakTopoB. YcTaHoBieHO [41], 9TO YacTUIIBI pa3MEpOM MEHEe 2 MKM OCaXKTAar0TCsl Ha
MOBEPXHOCTH KaTosa AuPy3uoHHO, a 6osiee 7 MKM — KOHBEKTHBHO.

ABtops! [1] ycranoBunu, uro nonyuenue KOII ¢ 3agaHHBIM coaepkaHHEM
JTUcniepcHo (ha3bl HA BHYTPEHHUX MOBEPXHOCTAX JI€Tajeil MAIIMH BO3MOXKHO MyTEM
NPUIAHUSA DBJIEKTPOJIUTY-CYCIIEH3UH BpPAIATENbHOTO JABWKEHHUS C OMNPEAEIEHHON
yraoBoil ckopocThto. Ilo ux MHenuto [42], momyuenue KOII ¢ coxmepkanuem
nucnepcHoi Qaszbl Oombiie 20% sBisieTcst HelenecooOpa3HbIM U3-3a TMOSBICHUS B
MOKPBITUM KOHIJIOMEPATOB YaCcTHUI, WUMEIOUIMX HHU3KYK MPOYHOCTb. OAHUM U3
HampaBieHU B co3ganuum  KOII  gBimseTcss HCHOJIB30BaHHWE — AJIEKTPOJIUTA,
COJIEPKAILIETO CYCHEH3HI0 MOJYypacCTBOPUMBIX MOPOIIKOB, CIYKAIIUX HCTOYHUKOM
MOHOB MeTajlia, JErupyoLero MeTal MaTpulbl. K yuciny Takux mMaTepraioB MOTYT
OBITh OTHECEHBI OKCUBI p- U d-anemeHToB [15]. C uenbio odecrnedeHus MOoTyueHUs
KOMITO3UIIMI CO CTPOTO ONPEAETICHHBIM COJAEPKAHUEM BEILIECTB U PABHOMEPHBIM UX
pacnpeseieHueM B TOKPBITUH, a, CJIEAOBATEIbHO, OOECIEUEHUs €ro 3aJlaHHbIX
CBOIMCTB HCIIOJIB3YyE€TCSl TPHEM METaUIM3alMl HMCXOAHBIX IOPOLIKOB (s1€p)
Metamamu [2-4, 24, 47, 66-69]. Apropamu [13, 37-38] oTmaeTrcs mpearodyTeHUe
IEKTPOXUMUYECKOMY METOAYy MeTauin3auuu mopoimkoB. OH obecrneunBaer
3aIaHHYI0 TOJIIMHY METaUIM4ecKkoro ciosd. IIpu 3TOM MOXKHO oOcaXIaTh Kak
OJIHOCIIOMHBIE, TAK U MHOTOCJIOWHBIE MIOKPBITHS.

Astopsl [18] npuMEHHIN B KauyeCTBE CTUMYJISATOPA METHUJICHOBBIM 3CJICHBIN
(M3), KoTOpBIi TPUBOAUT K MOBBIMICHHUIO coaepkanus JId no 1%, a takke K
YMEHBIICHUIO MIEPOXOBATOCTH B 1,5 paza M  yBENMYEHUIO CTOMKOCTH MOKPHITUNA B
2,5 paza MmO CpaBHEHHIO C KOHTPOJIbHBIMH. M3 crocoOCTByeT 0O0pa3oBaHUIO
MEJIKO3EpHUCTOTO PAaBHOMEPHOTO OCa/JKa, YTO MOATBEPKIAAECTCS HMCCIEI0BAHUAMMU
MopdooTuu MOKPbITUNA. Mukpockonuuecku ucciefgoBanu Biausaue D SiO, u
pacTBopuMoOi A00aBku M3 Ha CTPYKTypy MOBEPXHOCTH MOKpHITHH. Ha pucyHke 2
MPECTABIICHBI AIEKTPOHHO-MUKPOCKOMMMYECKUE CHUMKH TTOBEPXHOCTU MOKPHITUM.

ABtopamu [18] oOHapyxkeHo, uTo 3epHa KpucTtamwioB KOIT Zn — M3 — SiO,
UMEIOT (HOpMYy THUPaMUIbI c pazmepoM okosio 3,5-8 MxM. Ilpu BBeneHuM B
AJIEKTPOJIUT TOJILKO J00aBKu M3, 3epHa KPUCTAIIJIOB CUIILHO YMEHBIIIWIUCH U CTAJIA
okoJio 1,5 MkM. 3epHa HE UMEIOT KaKOW-THOO0 BRIPAKEHHOUN KpucTauiorpaduaeckoi
orpanku. Kpome Toro, XopoIio BuieH Ty04aThlii XapakTep pesbeda MOBEPXHOCTH.
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Pucynok 2 [18] — DiaekTpOHHO-MHUKPOCKONUYECKHE CHUMKHU MOBEPXHOCTH IIMHKOBBIX
HOKPBITHI B 3aBUCUMOCTH OT COJICpKaHMsI J00aBOK: a — HeT; 0 — SiOy;

B - SiO, + M3; r — M3. VBemnuenne 2000%

AHanu3 nuTepaTypHBIX NaHHBIX TOKa3aj, 4To mporiecc obOpazoBanus KOII
ABJSICTCS CIIOXKHBIM, U COOCAXKACHUE METAUIMYECKOM MATpUIbl C YaCTUI[AMHU
HEMeTaJuIMuecKord (a3pl HE o00sA3aTeNbHO NpENnojaraeT  HaJMYUe Yy YACTHII
MOJIOKUTENBHOTO  3apsiia. OTOT (aKT yKa3blBa€T Ha CIOXHOCTh Ipolecca
dbopmupoBanust KOII u Ha HEOOXOIUMOCTH ydeTa M3MEHEHHH 3apsija 4acTull, UX
azcopOLMK, a TaK)Ke OCMOTHMYECKOTO AABJICHHS, HOHHOIO COCTaBa AJIEKTPOJUTA 3a
CYET 3JIEKTPOCTATUYECKOTO B3aUMOJCHCTBUSA, a TAKKE HAIMYUS PACKIMHUBAIOIIETO
JIaBJICHUS CJIOSI KUAKOCTH MEXK]y YacTULEW U TBEPIAOM IMOBEPXHOCTHIO KaTOla B
IIPUIJIEKTPOAHOM CIIOE.

3. KoMno3unmnoHHbIE IEKTPOXUMHYECKHE MOKPBITHS ¢ HUKEJIEBOil
MaTpuuen

CtpeMHUTENBHO pa3BUBAIOLIMECS B MOCIEAHHUE TOJIbI TEXHOJOTUU MOJyYEHUs
HAHOJUCIIEPCHBIX MatepuasioB [43, 44, 46, 73-80] crtaBsaT 3amady noucka oOiactein
ux npuMmeHeHus. OmHUM W3  BO3MOXHBIX  HANpaBICHWHA  WCIOJb30BaHUS
HAHOJWCIIEPCHBIX MaTEPHAJIOB SBJSETCS TOMydYeHHE HAHOMOAM(PHUIIMPOBAHHBIX
KOMIO3UIIMOHHBIX TaTbBAaHUYECKUX TMOKPBHITUH C YIYYIICHHBIMA CBONCTBaMH.
HayuHo-uccnenoBarensckre paOOThl B 3TOM HAaIlpaBIE€HUU BEAYTCS Pa3IMYHBIMU
opranuzauusmu [24, 43-48] u nepBble MOJTYYEHHBIE PE3YJIBTATHI MO3BOJIAIOT CAENATh
BBIBOJ O TIEPCIEKTUBHOCTM JTOTO HAMpPABJIEHHUSA. YCTAaHOBJIEHO, YTO NpH
raJbBAHUYECKOM COOCAXKJECHWM HAHOAJIMa30B C XPOMOBBIMM U HHKEJIEBBIMU
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NOKPBITUSIMU, & TAaKKE C MOKPHITHAMU W3 ONaropojHbIXx MetaiwioB [24, 43, 47]
yIIydIatoTcs: GU3NKO-XUMHUECKHUE CBOICTBA.

Haubonemiee pacnpoctpanenue cpeau KOII monayuyunu TOKpBITHUS €
HuKeneBo marpunen [15, 17, 19-22, 26, 29, 33-35, 43-45, 48, 64, 72, 81].
KOMITO3UIIMOHHBIE TOKPBITHUS HAa OCHOBE HHUKENS XapaKTEPU3YIOTCS BBICOKOM
TBEPJOCTbIO U HU3HOCOCTOMKOCTHIO, YCTOMYMBOCTBIO B KOPPO3UMOHHBIX Cpellax U
XOPOIIIUM BHEUTHUM BHAOM. VX MPUMEHSIOT ISl JeTane U y3joB, paboTarolmux B
KECTKUX M 0c000 xkecTkux ycnoBusx [15]. C HukeneM JIeTKO COOCaXIarOTCs
JUCIIEPCHBIC YACTHUIIBI pa3inyHoN npupoabl. s nonydenuss KOI1 Ha ocHOBe HUKe
MOTYT OBITh MCIIOJIB30BAHbI MTPAKTUYECKU BCE U3BECTHBIC JIEKTPOJIUTHI, HO HauboJliee
4acTO MPUMEHSIOTCS CYJIb(PaTHO-XJTOPUAHBINA (AIEKTPOIUT YOTTCA) U CyJib(pamMaTHBIHI
[15, 29].

N3zBectHo [15, 18, 72], uto cTpykTypa U MOp(]OIOTHS, a COOTBETCTBEHHO, U
(¢u3nUecKue CBOMCTBA KOMIIO3MIIMOHHBIX MAaTepUajoB 3aBUCAT OT COCTaBa U
KOJIMYECTBA YaCTHUL], BHEIPUBUINXCS B METAIUTMYECKYIO0 MaTpully. [l onpeaeneHus
KOJIMYECTBA YaCTHUILl B MOKPBITUN HCIOJB3YIOTCS Pa3IMYHbIE COBPEMEHHBIE CIIOCOOBI
[81]. OmHMM W3 TakHUX CIIOCOOOB SIBIISIETCSI METOJT MTPEPHIBUCTO-KOHTAKTHON aTOMHO-
CHWJIOBOM MHKpPOCKOMHUH. C MOMOILIBIO 3TOTO METOJIa ONPEAESIM HaJu4he YacTHUIl
Al,O3 ¢ pasmepom 20-40 HM B HHMKEJIEBOW MAaTpPHIIC, KOTOPHIC YCIOBHO MOXKHO
paznenuTh Ha ABe Tpynnbl: kKpymnHbie (50-340 M) u menkue (ot 5 g0 30 MKM).
YacTuiisl HAXOASTCS Yallle BCETO B BUJE arjloMeparoB (IiepBas rpyrina) U OTACIbHBIX
yacTHIl (BTOpasi TpyIIa), pacioyIoKeHHBIX BHYTPU 3€PEH.

KonnektuBoM aBTopoB [18] ycraHoBieHo, uto ctoiikocth KOII ¢ HukesneBoi
matpuiiei ¢ yactuamu Al,O3 (am=3-6 macc %) B 3 % pactBope NaCl noBeimaetcs
B 2,5-3 pa3a no CpaBHEHHUIO C YUCTHIMU HUKEJIEBBIMU NOKPBITUAMH. MUKPOTBEPAOCTh
ATUX MOKPBHITUM MOBbIMIAeTca 1,4 pasa B 3aBUCUMOCTH OT KOJMYECTBA YaCTHI] B
NOKpeITUsAX. M3 ymrepatypsl [15] n3BeCcTHO, YTO MOKPBITHS COJEPIKAIINE YACTHIIBI,
OCOOEHHO MUKPOIOpSJIKAa, HMEIOT Ha TOBEPXHOCTH MHOXECTBO Je(EKTOB,
MPUBOASIIKX K 00pa30BaHUIO MOPUCTHIX 0CaKOB. IIpennonaranu, 4T0 HAHOYACTHIIBI
OyIyT BBIpaBHUBAaTh MOBEPXHOCTh TMOKPBITHUH, YTO MPUBEAET K TMOJYYEHUIO
MaJIONIOPUCTBIX MOKPBITHH. B padore [15] uccrmenoBarenn BBOAMIN B 3JCKTPOJIUT
JIBa BHJA YacTHUI[, B YaCTHOCTHU Al,O3 n Si0O,, TO €CTh TOJyYalld
MOJINKOMIIO3UITMOHHBIC TIOKPHITUSA. Takue TMOKPBITHUS O0JaaoT YIy4IICHHBIMU
CBOMCTBaMU IO CPABHEHUIO C MOHO- U KOHTPOJIbHBIMH HUKEJIEBBIMU MOKPBITUIMH.
Koppo3noHHass CTOMKOCTh YKa3aHHBIX IOKPBITUM YyBenuuuBaeTcss B 4 pasa,
MOPUCTOCTh YMEHBIIAETCS B 5 pa3 U MIepoxoBaTocTh B 10 pas.

JUIst HOSTy4€eHUsl TBEPIOTO HUKEJIEBOTO OKPBITUS HCIIOIB3YIOTCS 3JIEKTPOJIUTHI
B COCTaB KOTOPBIX BXOAAT COJM aMMOHHUs [65]. YacTuiel MeHSIOT Xapakrtep
ANEKTPOKPUCTATUTU3ALUU HUKEJs U CIIOCOOCTBYIOT 00pa3zoBaHHIO
MEJIKOKPUCTAUIMYECKOH  CTPYKTYpbl, YTO MNPUBOJAUT K  YBEIWYEHUIO  UX
MUKpPOTBEPAOCTU. YacTo yBelWYeHUE TBEPAOCTU MOKPBHITUM MPUBOIUT K POCTY MX
U3HOCOCTOMKOCTH. DTO SBICHHE MOXHO OOBSICHUTH [7/1] Kak TMOBBIIICHUEM
M3HOCOCTOMKOCTH COOCTBEHHO HHUKENS, TaK U YCUJIEHHEM YNPOUHsIouero sgdexra
yacTul] Al,O3, KOTOpbIE HE «yTOMAaOT» B 00Jiee TBEPIOi MaTpulLe.
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Ha pucynke 3a moka3zaHa CTPYKTypa MOKPBITHSI, MOJyYEHHOTO KOJUIEKTHBOM
aBTOpoB [43] u3 snekTponura Yorrca 0e3 100aBOK, Ha puC. 20 - U3 AIEKTPOJIHUTA,
comepxamero 60 wmr/nm  yriepomaaslx HaHOTpyOOok (YHT), ouumenHoro or
HUKeJeBoro kartanuszaropa. Ha ¢ortorpadusx BumHO, 4TO pasmep KpPUCTAIIOB
HAaHOMOAM(PHUIIMPOBAHHOTO HHUKEJIEBOTO TOKPBHITUS CYIIECTBEHHO MEHbIIE, YeM
pa3Mep KpUCTAJIOB OOBIYHOT'O HHUKEJIEBOro MOKPHITHSA. [lo MHeHHIO aBTOpOB [43],
MEJIKOKPUCTAJNINYECKasi CTPYKTypa U OOecreyruBaeT yBEIWYEHUE MUKPOTBEPIOCTU
MOKPBITHS.

OKCIEpUMEHTAIBHO YCTaHOBJIEHO [43] yBelIMYEHHE MHUKPOTBEPAOCTH U
CHMKEHUE TOPUCTOCTH  JJIi HUKENEBbIX MMOKPBITHA HaHOMOAUPHUIIMPOBAHHBIX
HAHOYIJIEpOAHBIM MaTepuanoM «TayHuT». BbickazaHo mpeanosioxkeHue, 4YTo ATH
MOKa3aTeln H3MEHSIOTCS 3a CUET COBEPUICHCTBOBAHUS CTPYKTYPHI HHUKEIEBOTO
MOKPBITHS B pe3yJbTaTe BO3JIEHCTBUS Ha HErO HAHOYTJIEPOAHBIX TPyOOK B mporiecce
ocakJeHus. YKa3zaHHbIE d((EKThI YITYUIIICHUS CBOMCTB IMMOKPBITHI MPOSBIISIOTCS TIPH
MaJbIX KOHIEHTpanusx HaHomatepuana «Tayawmr» (0,05-0,08 r/m) B amekTpoiuTe
[43]. Onpenensiromiee BausiHUE Ha cBoWcTBa U cTpykTypy KJII B mepByro ouepennb
OKa3bIBAIOT MPHUPOJAa U pa3Mepbl YacTull AucrnepcHou (as3pl. [lo maHHBIM aBTOPOB
[48], KOIl Ha ocHOBEe HHUKeNs C BKJIFOYECHUEM YIJIEPOJHBIX HAHOMATCPUAIIOB
00J1a71a10T Pa3BUTON MOBEPXHOCTHIO U MPOSIBISIOT BHICOKYIO AKTUBHOCTD K PEAKIIUAM
BBIJIEJICHUS BOJOPO/1a U KUCIOPOAA.

Pucynok 3 — MUKpOCTpYKTypa HUKETEBBIX TTOKPBITHA, MOTy4YEeHHBIX U3:
a) UCXOJTHOTO dJIEKTpouTa YOoTTCa; 6) anekTpoauta, Moguduiupopanaoro YHT
(0,06 /)

XopoIlIo HW3BECTHO, YTO CTPYKTypa ¥ MOpP(]OJIOTHs, a COOTBETCTBEHHO, W
MEXaHUYECKHE CBOMCTBA KOMITIO3UTHBIX MAaTEPUATIOB 3aBUCAT OT KOJIMYECTBA YACTHII,
BHEAPHUBIINXCS B METAUIMYCCKYIO MatTpuily. ABTopamu [72] moKa3aHO, Kak
HAJI0KEHHE MMITYJIbCHOTO TOKa BJIMSET Ha KOHIEHTpamnuio dacTul] SiC MUKPOHHOTO
pasMmepa B HUKeneBoW Marpuiie. Cieayer OTMETUTh, YTO B OCajKaX, MOTYYEHHBIX C
MTOMOII[BI0 TIOCTOSIHHOTO TOKa, cojaepkanue SiC nmocturaer 1-3 mac. %, B TO Bpems
KaK MPUMEHEHUE CIEIHAIBHBIX YCIOBUM UMITYJILCHOTO TOKA MPUBOJUT K POCTY ITOU
BenuuHbI 710 22 Mac. %. Y nokpeituii n3 Ni/SiC — KOMIIO3UTOB, OCAKICHHBIX KaK Ha
MOCTOSTHHOM, TaK U Ha UMITYJIbCHOM TOKE, MUKPOTBEP0CTh 1o Bukkepcy Bhlle, yeM
y OCaJIKOB YHCTOI'O0 HUKEJS, MOJYYCHHBIX TIPH TAKUX K€ YCIOBHUSAX. DTO MOBBIIIIEHUE
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MUKPOTBEPAOCTH, IMOMHUMO YIPOYHEHHs, OOYCIOBICHHOTO TBEPAOCTHIO CaMOM
apMupymomei (aspl, MOXHO OOBACHUTH BJIHMSHUEM JBYX (aKTOpOB, a HMMEHHO,
YMEHBILIEHHEM pa3Mepa 3epHa U CTPYKTYPHBIM MOIU(PUIIUPOBAHUEM KpPUCTAJUIUTOB
HUKEJIS, 9TO MPOSIBIISETCS B CMEHE MPEUMYIIIECTBEHHON OprueHTanuu [72].

Yro kacaeTcs BAMSHUS pa3Mepa 4acTHI] HA MUKPOTBEPIOCTh, HECOMHEHHO, YTO
HAMBBICIIIas MUKPOTBEPIOCTh HaOMoaaeTCs Y Niyayo — SIC — koMIo3uToB. M3BecTHO,
YTO TBEPJOCTh METAUIMUECKUX MaTpUIl KOMIIO3UTOB 3aBUCHUT OT JIOJIM M pa3Mepa
4yacTHI] JAUCHEpCHOM (a3bl, HE TOBOPS YK€ O MEXAaHHYECKHX XapaKTEPUCTHKAX
MaTpHIlbl, YacTHUIl W TpaHUl] pasjaena. B olOmem cioydyae U3 TPOBEIECHHBIX
UCCJIEIOBAHUM cliefyeT, 4YTo MUKpOTBepAoCcTh Ni/SiC — KOMIIO3UTOB BO3PACTaET C
poctom konmuecTBa yactuil SiC B ocaake. CoriacHO AaHHBIM [72] 3TO CIIpaBeIUBO
TOJBKO JJIsI Ciy4asi, KOrJa 4YacTUIbl MMEIOT OJWHAKOBBIM pa3zmep. bomnee Toro,
BEJIMYMHA MHMKPOTBEPJOCTH 1O BHKKepCy CHIBHO 3aBUCHT OT pa3Mmepa
BHEJIPUBIIUXCS YaCTHUI, IPUYEM HAHOpPA3MEpPHBbIE YACTHUIIBI IMO3BOJISIIOT JOCTHYb
Oosee BBICOKOH MHUKPOTBEpAOCTH 10 Bukkepcy, ueM y Niyypo — SIC — ocankos, mpu
0onee HU3KOM 00beMHOM mpoueHTe SiC B ocajgke. DTOT pe3yibTaT MOJYEPKUBAET
BaKHOCTh PACCMOTPEHUSI HE TOJIBKO OOBEMHOIO MPOIEHTA BHEIPUBIIUXCS YaCTHIL
P CPaBHEHUM BIMSHUS pa3Mepa YacTUIl HAa COOCAXKIEHUE, HO U «IUIOTHOCTH
BHEJIPEHUS» ITHX 4YacTUIl. B 3TOM ciyuyae pa3HMIla B YEThIpE MOPAJIKA BEJIMYUHBI B
gpcie yacTHI B MOKPBITUAX Niyypo — SIC — B Niyayo — SiC MOXET OBITH ydTEHA IPH
OoOBsICHEeHHH 0oJiee BBICOKOM MHUKpOTBEpAocTH 10 Bukkepcy y mnocieaHero
KOMIIO3UIIMOHHOTO MOKpbITUSA. ClieyeT OTMETUTh OOLIyI0 TEHACHILMIO, 4TO MpH
MOCTOSTHHOM  pa3mepe dYactuir SiC ¢ yBEJIMYEHHEM UX 4YHClIa B TOKPHITHH
MUKPOTBEPAOCTh PAaCTEeT, M HAaWBBICILIEE €€ 3HAYCHHE HaOII0JaeTcs Uil MOKPBITHM,
TIOJYYCHHBIX MPH HU3KOHM ckBaxHOCTH (10%) (ckBaskHOCTH UMIYIBCOB = Ton(To, +
Tot), Te Toy — MPOAOIKUTEIBHOCTh UMITYJIBCA, & Toff — MAy3a MEXKIY UMITYJIbCAMU);
IpU STOM JIOCTHTAeTCsl camasl BBICOKas OOBbeMHasi KOHIEHTpAIUsl BHEIPUBIIHXCS
yactuil: 16,2 u 4,7 00. % COOTBETCTBEHHO, IJii MHKPO- M HAHOKOMITIO3UTHBIX
ocankos [73].

[TomydeHbl KOMITO3UITMOHHBIE JJIEKTPOXUMHUYECKHAE TOKPBITHS Ha OCHOBE
HUKEJIS C KOJUIOUIHBIM rpaduToM B KauecTBe AucriepcHOu ¢asbl [64]. Kak cuuTarot
aBTOpbl [64], BBemeHHE KOUIOMIHOTO TpaduTa B DJICKTPOJUT HUKEITUPOBAHHS
oOJieryaer MpoIEeCcC AJICKTPOOCAXKACHUS M CcrocoOcTByeT (opmupoBanuio KOII.
Bxoxass B cocTraB TanbBaHMYECKHUX OCAJKOB, KOJUIOMAHBIA TpaduT OKa3bIBACT
OTIpENIETSIONIEe BIMSHNE HAa UX CTPYKTYpY U Tpubosiornyeckue cBorcTBa. B ciyuae
KOIl Hukenr — rtpadutr KOIPGUIMEHT TPEHUS KOMIOZUIIMOHHBIX MMOKPBITHIA
YMEHBILIAETCSI BJBOE 0 CPABHEHUIO C YHCTHIM HHUKEJIEM. JTO CBS3aHO C TE€M, 4YTO
YaCTUIIbl KOJUIOUIHOTO rpaduTa, KOTOPBIE MPHU JIEKTPOOCAKIECHUN BXOJAT B COCTAB
MOKPBITHS, BHITIOJTHSIOT (DYHKIUIO CyX0oH cMa3ku [64].
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4. KoMno3uuuoHHbIE 3JIeKTPOXUMHYECKHE MOKPBITHS ¢ HIMHKOBOI MaTpuuei

HNHTepec K KOMITO3UIIMOHHBIM 3JIEKTPOXUMHUYECKUM TOKPBITUSM C ITHHKOBOM
MaTpHIEH CBSI3aH C TEM, YTO OHHM OOJAMAIOT YJIYYIICHHBIMU (PU3UKO-XUMUYECKUMHU
CBOMCTBaMH, TAKMMH KaK IIOBBIIIECHHAsI KOPPO3MOHHAA CTOMKOCTH HOKPBITHM,
MUKpPOTBEPAOCTb, MEHBIIUN KOADPUIMEHT TpeHUs U Jp., KpOME TOTO HUMEETCS
BO3MOYKHOCTh YMEHBIICHUSI TEXHOJOTUYECKHX OIepanui MpU AJIEKTPOOCAKICHUU
MOKPBITUIA, TOBBIIIEHUS SKOJIOTUYHOCTH MPOU3BOICTBA.

C yuyeroM BIMSHUSA TIEPEUYMCICHHBIX BbIIE (PAKTOPOB HA MPOIECCHI
MOJIYYeHUS! KOMITO3UIIMOHHBIX TMOKPBITUH, TEOPETHUYECKH MOKHO MPEANOIO0KHUTD,
YTO HUMeEeTCs BO3MOXHOCTh monydeHuss KOII  paznuuHoit  KoMOMHanuu
METaJUIMYecKasi COCTaB/IOIIAsl - HeMetauinmueckas ¢asza. WM3BecTHbl ciiydau
nosnyuenuss KOII Zn — yrneponnsiii Mmatepuan: KOII Zn — ynapTpagucnepcHslil anmas
[9], Zn — 30mbHas meuTh [10], IMHKOBBIE CJIOM ¢ HAHOYACTHIIAMH KapOuja KPeMHHSI
[11], Zn — Ni — xoyonanb# rpadur [49] u ap.

Komno3uiroHHble MOKPBITUS TPEACTABIISIOT COOOM METAUTMYECKYI0 MaTPUILY,
B JaHHOM CJIy4ae, U3 [IUHKa, COJIEPKAIILYI0 TUCIIEPCHYIO a3y, B YACTHOCTH, TBEPbIC
U CBEpPXTBEp/Able YacTUIbl. Takue TOKpBITUSA, KakK TMpaBWio, 00JaJaoT
MOBBIIMICHHBIMU  (PU3UKO-MEXaHUYECKMMU XapaKTepucTukamu. B psane ciydaes
YMEHBIIAETCS TMPOYHOCTh M  YBEJIMYMBAIOTCS AHTUKOPPPO3UOHHBIE CBOMCTBA.
HaubGonee mmpokoe pacnpoCTpaHEHHE TMONYYWIM TMOKPBHITHS, B KOTOPBIX 3THU
XapaKTEepPUCTUKU ONpEeNeNsieT, B OCHOBHOM, aucrepcHas ¢asza, a MeTaul TOJIbKO
CBSI3BIBACT JIUCIIEPCHBIE YACTHUIIBI MEXIy CO00M M MOoBepxXHOCThIO u3nenus. [lo
naHHbIM HeMenikor ¢pupmbl «Gramm Techniky nucnepcHoe ynpoyHeHHe U yCUIICHHE
KOPPO3HOHHOM CTOMKOCTH (HHMKEJsS, OJIOBA, CBUHIIA, XpOMa, 30J0Ta, cepedpa u
PYTEHUSI) 32 CUET UCMOJb30BAHUS MEIKOAUCIIEPCHBIX YaCTUI] TBEPABIX MaTepUATIOB-
nanojgautened (SiC, B4C, SigN; wnm anmassl (MpUpoOAHBIE WU CTaTHYECKOTO
CHUHTE3a)) OMPEACNISIIOTCS KOJWYECTBOM M pa3MepaMy BBOJMMBIX TBEPIBIX YACTHUII
[9]. Mexny obonmu (hakTopaMu CYIIECTBYET OMpEe/IeIICHHAs B3aHMOCBSI3b:

1) uem MeHbIIIE pa3Mep YaCTHUIl, TEM MOKPHITUE TBEPIKE;

2) mpu CIAUIIKOM KPYIMHOM pa3Mepe 4YacTHIl CHUXKAETCS TMPOLEHT UX
coJlep KaHMsl B MaTPHIIE, a 3TO O3HAYAET CHUKEHUE BBIIIEOMMCAHHBIX TapaMeTPOB.

[Ipu >TOM ONTUMANBLHBIM CUYHTAETCS] TPOIEHT COAEPMKAHUS TBEPIBIX YACTHIL
10-25% B matpuiie npu ux paszmepe 1-5 mxm. [ns sdexTuBHON KOPPO3IUOHHOU
3allTHl B 3aBUCUMOCTH OT OOJACTH TPUMEHEHHS MeTallla W HAMOJHUTEIS
pexomenayercst TommmHa cios B 10-50 mxm. [lo manaepim [82-84], dusuko-
XUMUYECKHE, MEXAaHWYECKHEe W AaHTHUKOPPO3WOHHBIC CBOWMCTBA  Pa3IMYHBIX
KOMITO3UIIMOHHBIX ~ TMOKPBITHH  JIOCTUTAIOT  MaKCHMAJIBHBIX  3HAYCHUH  TIpH
cozepkanuu nucrepcHoil gaspl 5-10% (00.) ¥ npy yMEHBILIEHUU pa3Mepa 4YacTull
aToit asel 10 0,5 MxM. [TpuHATO cunTaTh, UTO AANbHEHIIIEE YMEHBIIEHUE PAa3MEPOB
YaCTHUIl BEJET K YMEHBIIECHUIO UX COJIEpKAHUS B TOKPBITUU M, KaK CIEJICTBUE, K
YXYJIIEHUIO KauecTBa MOKpbITU. Hanmpumep, eciu mpu ocakaAeHUU 13 CI1aOOKUCITBIX
AJIEKTPOJIUTOB LIMHKOBAaHUS B KOMIIO3UIIMOHHBIE AJIEKTPOXUMHUYECKUE TMOKPHITUSA
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BKitouaetcs 10 20% BTopoil (a3bl, TO KOPPO3UOHHAST CTOMKOCTh 3TUX MOKPBHITUN HE
Oyzaer oTiiM4aThest OT ynucToro Zn-mokpeitus [82-84, 51].

Kak mpaBuiio, KOMIO3UIIMOHHBIE TOKPBITUS C JUCIEPTUPOBAHHBIMH B HUX
YaCTUIIAMU TOJIYYarOT METOJOM OC&XKIEHHUS U3 DJIEKTPOJIUTOB, COJACPKAIIMX COJb
OCaXJaeMOro MeTajia U AucnepcHyto ¢a3y. CocTaB 3JEKTpOJIMTa U CBOWCTBA
JTUCIIEpCHOM (a3bl, B TOM YHCIE pa3Mmep, MNPUPOJa, YCTOWYUBOCTh 4YACTHI[ K
CeMMEHTAIMU M KOAryJlMH, ONPENESIOT KAaueCTBO IOJy4aeMOro IMOKPBITHSL.
HeobxoaumbiM TpeGoBaHUEM, TPEABABISIEMBbIM K JUCIEPCHBIM YACTHUIAM, SIBIISIECTCS
TaKK€ HUX XUMHUYECKas CTOMKOCTh B NPHUMEHSEMBbIX JyekTpoiuTax. Haumbomee
NpPUEMIIEMBIM [IJISi arpEeCCUBHBIX AJIEKTPOJIUTOB ITUHKOBAHUS SIBJISIOTCS aliMa3HbIe
yactuisl [9].

KoMno3unmoHHbIe AIEKTPOXUMUAYECKUE TOKPBITUS C LMHKOBOW MaTpULIEH
OCaXJal0T B OCHOBHOM U3 KHCJOTO (Cynb(haTHOT0) U MIETOYHOTO (IIMHKATHOTO)
anekrposmToB (Taomuma 1) [7].

Tabawma 1 [7] - CocTaBsl 1 pexuMbl dJieKTpoocaxacHus KOIT

Konrentpanus KOMIOHEHTOB, T/
KommoHneHTsI = "
CyJb(MaTHBIN JIEKTPOJIUT IIUHKATHBINA JIEKTPOJIUT

ZnS0O, 7H,0 310 16
Na,SO,-10H,O 75 -
A12(804)3‘ 1 8H20 30 -

KOH — 220

Sn — 0,3

DNEKTPONH3 U3 CyIb(pATHOrO IEKTPoIHTa IpoBoaaT mpu 25°C u i,=0,5 KA/M’;
W3 [IMHKATHOTO — MPHU 50°C u i, = 0,4 kKA/M°. HeoOXOIMMO CIIEAUTD 3@ TEM, YTOObI B
BaHHY HE€ IMIOMAaJajid BEIIECTBA, KOTOPHIC IO OTHOIICHUIO K IIMHKY SIBJISIFOTCS
KaToJlaMH, HampuMep CypbMa WM BHUCMYT, TaK KaK B 3TOM cllydae 0Opa3yroTcs
MOKPBITUS ¢ TOHMKEHHOU (B 1,5-2 pa3a) KOppO3MOHHOW CTOMKOCTHIO B KHUCIOTE W
BoJie [7].

[ToBeiCUTH TBEpAOCTh HMHKOBOrO MOKpbITHSA 10 500 MIla MoxHO mytem
ocaxxaeHus: KOII Ha ero ocHOBE B Cylb()aTHOM 3JIEKTPOJIUTE, B KOTOPOM B KaueCTBE
HEeMEeTaJUTUYeCcKou (ha3bl UCTIONB3YIOT KOPYH npu coaepkanuu 0,4-0,6 % (macc.) [7,
13, 15, 25]. llpumeHeHUe MOPOIIKA HHUKEIS B IIMHKATHOM JJIEKTPOJIMTE IO3BOJISET
MOJIYYUTh KOPPO3MOHHOCTOMKHE TMOKPBITHS. JTO OOBSCHAETCS TEM, YTO YaCTHIIBI
HUKEJIS 00J1aJJal0T SKPAHUPYIOIINM JICHCTBUEM IO OTHOIICHUIO K MaTpuile. [Ipu sTom
CHI)KACTCS PACXOJ] HHKENs, TaK KaK OOBIYHO KOPPO3HMOHHOCTOMKHE TMOKPBHITHS

MOJYYaroT raJlbBaHUYECKMM OCaKIcHHEeM ducToro craBa Zn — Ni C comepikanuem
Hukens 18-20 % [24].
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Kpome Toro, u3BecTHbI Cily4au MOJYy4YEHHs IOKPBITHUS HAa OCHOBE LIMHKA C
BKJIFOUCHUSIMU TTOJIMMEPHBIX YacTUIl (KarpoH u moiauamu-548) [65]. YcraHoBieHO
[65], uTo BBenecHHME B cocTaB MOKPBITHA KarpoHa B koimuwdectBe 0,9-3,1% (macc.)
MOBBIIIAET CTOMKOCTh MOKPBITUS K JEHCTBUIO KHUCJIOT B 1,5 pas3a mo cpaBHEHHIO C
YUCTBIM IIMHKOBBIM). BBemenune mnonumamuga-548 oOecneurBaeT IOBBIIIICHUE
TBEPJOCTH MOKPBITHS, OJJHAKO TIPU 3TOM CHIXKAETCS €r0 KUCIOTOCTONKOCTb.

[Ipu nmepexose OT cynb(paTHBIX JIEKTPOJIUTOB K KOMIUIEKCHBIM, B YaCTHOCTH
ATWICHIUAMUHOBBIM HAOIIOAAETCS U3MEHEHHE CTPYKTYPbl AJIEKTPOOCAKICHHOTO
nuHka [8]. Ocobrie cBoiicTBa KOII B 3HaUMTENBHON Mepe CBSI3aHbI C UX CTPYKTYPHO
— MopdosoruyeckumMu Xxapakrepuctukamu. [lo MHeHHIO aBTOpOB [8], mpuMeHeHue
KOMITJIEKCHOT'O 3JIEKTPOJIUTA JUIsl OCAXKICHUSI KOMITIO3UIIMOHHBIX MOKPBITUNA JOJKHO
HEIMOCPEJICTBEHHO OTpa)kaTbCsid Ha uUX cTpykrype. B pabdore P.C. Calidpymiuna u
P.E. ®omuno# [25] nccnenoBana KWHETHKA HAYabHBIX cTaaui popmupoBanus KOII
Ha OCHOBE IIMHKA HAa MOHOKPHUCTAJUIMYECKUX JJIEKTpoAax. 3a(HUKCHpPOBAHO
VU3MEHEHUE KOHLEHTPAUUU STUJIEHANAMUHOBBIX KOMIUIEKCOB IIMHKA B MPUCYTCTBUU
mucriepcHoit  ¢aser TiIO,  (mmcmepcuocts  0,5-3  mrwm).  [lomydyeHnble
BOJIbTAMIIEPOrPAMMBI  3JIEKTPOBOCCTAHOBIICHHS] ATUJICHIMAMUHOBBIX KOMILIEKCOB
IMHKa Ha TpaHAX €ro MOHOKpPHUCTallla CBHUAETEIIbCTBYIOT, YTO NPH pas3psie
STWICHIUAMUHOBBIX KOMILJIEKCOB IIMHKA TMPOSBISAETCA KpUCTALTOTpaduyecKuii
3¢ deKT, KOTOpBIA HAOII0JAeTCs IPHU AJIEKTPOBOCCTAHOBICHUU AKBAaHOHOB.

ABTOpamu [/] yCTaHOBIIEHO, YTO KOMIUIEKCHBIE HOHBI ITMHKA CIIOCOOHBI
ancopOMpoOBaThCS HA NOBEPXHOCTHU JAUCIIEPCHBIX YACTHIl. DTO 00ecreunBaeT HaJIuune
HA HHUX 3apsfa Y BKIIOUYCHME UX B KaTOAHBIA OCaloK. AJICOpPOIIMOHHO—
DIIEKTPOCTATHYECCKOE B3ammoseicTBue vactuil 110, ¢ kKaTtomoM B OOJbIIEeH Mepe
OTHOCUTCA K (pakuusiM MalblX pa3sMepoB. OITO CHOCOOCTBYET OoOJbIIEMY
BKIItoueHH0 ux B ocamok. Jlns KOII Ha ocHoBe mmuka ¢ TiO, xapakTepHO
dbopMUpOBaHUE OJHOPOIHBIX MOKPHITUNA C YIYYIIEHHBIMA (U3UKO-MEXaHHUYECKUMU
XapaKTepUCTHKaMH [7].

Jus  momydyeHuss  Oosee  KOPPPO3MOHHOCTOMKMX M HPU  ITOM
Jerkoo0padaThIBa€MbIX KOMIMO3UIIMOHHBIX I[IMHKOBBIX TOKPBITUA B AJIEKTPOJIUT
LIMHKOBAHUSI BHOCAT: HE PACTBOPUMBIE B JJIEKTPOJIUTE HEOPraHUYECKUE OKCH/IBI,
METAJIMYECKHE MEJIKOAUCIIEPCHBIE YacTHUIlbl, BOJIOHEPACTBOPUMBIE MaTEpHUAaIIbI
paznmyHoro Bua [9].

Bonbmioe umcino pa3pabOTOK OCHOBAHO Ha BHECEHHMM B  JJICKTPOJIUT
[IMHKOBAHWS ~ WHEPTHOTO  HAIMOJHWUTENs HAa  OCHOBE KPEeMHHS  —  9TO
KPEMHUUCOAEPKAIUE COCAVMHEHUS, CUIMKOHOBOE MAaciO M, KOHEYHO, JIBYOKHCH
kpemuus [18].

B pa6ote P.C. Caiidpynnuna ¢ corpyaaukamu [50] ucciaeqoBaHo BIUSHUE psja
100aBOK (METAJJIOB M HEMETAINTMYECKUX YacTUIl) K PTOpOOpATHBIM, CyIb(PaTHBIM U
HIEJIOYHBIM 3JIEKTPOJIUTAM LIMHKOBaHUs. TOJIIMHA MOKPBITHUS KCClIeIoBajIachk OT 5 110
50 mxMm. Kopynn (Al,O3) mapok M7 (3-7 mkm) u M 14 (7-14 mxM) BBOJMICS B
CyiabGaTHBIA M IIEJIOYHOM 3JIEKTpoNHThl B mpeaenax ot 10 mo 200 r/m [50].
[lony4yeHHbIE HMHK-KOPYHIOBBIE MOKPBITUS MO BHEHNIHEMY BHUAY MPAKTUYECKH HE
OTIMYAINCHh OT LIMHKOBBIX 00pa3ioB. ConepxaHue B MOKPHITUM KOPYH/IA COCTABIISIO
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or 0,2 no 1,2%. Ilpu 3TOM MUKpPOTBEpJOCTh WX TMOBBbIIaTach Ha 25-30% [50].
ABtopamu [9] mpemsiokeH crocod MOJyuyeHUsT KOMIO3UIIMOHHOTO TOKPBITUS Ha
OCHOBE IIMHKA, KOTOPBIM MO3BOJIAET IMOJy4YaThb HOKPBITUA C MOBBIIICHHBIMA
AHTUKOPPO3HOHHBIMU CBOMCTBAMHM NIPH MaJIOM pacxo/ie HE pacTBOPUMBIX B
DIEKTPOJIUTE YJIBTPAIUCIEPCHBIX YAaCTHLl IO IPOCTOM TEXHOJOTMHM. B KauecTBe
TBEPJBIX YACTHUL UCIIOJIB3YIOT YIbTPAAUCIIEPCHBIE anmasbl ¢ pazmepoM dactull 0,001
- 0,120 mMxm B kommuectBe 0,5-30 r/n [9]. Yabrpanucnepcusie anmasbl YA (wim
MHay4e — KJIACTEPHBIE) — ATO chepuyecKue Wi OBaJbHbIE HEaOpa3uBHbIEC YacTHUIIbI. B
HacTrosiee BpeMs cuHTe3 YJIA mnpou3BOAMTCA 4alle BCEro IIyTEM IOJpbIBA
CHELUAIbHO MOArOTOBJIEHHBIX 3apsIOB M3 CMECEBBIX COCTABOB TPOTHUII-TEKCOT€H BO
B3pPBIBHBIX KaMmepax, HAlOJHEHHBIX HEOKUCIUTEIbHOU cpenoi [78]. B cycnensun
arperatel YJIA Morytr umers pasmep a0 50 vm (0,05 MKM) mnpu yclioBUU
cnenuanbHo 00paboTku. CpenHuil pasMep UHANBUAYAIbHBIX KPUCTAJUIMKOB ajaMasa
4-6 um (0,004-0,006 MKkM), OOBIYHO UX pa3Mep YKJIaJbIBA€TCS B AMANa3oH oT 1 1o
120 M (0,001-0,120 mMxm) [78].

ABtopam [9], TOMHMO MHOTOKPaTHOTO YCHJIGHHS aHTUKOPPO3UOHHBIX
CBOMCTB, YJaJIOCh YBEINYUTh MUKPOTBEPAOCTh NOKPHITUA Zn-YIA. YVIA, B oTinnuune
OT JIOOBIX JIPYTMX MEJKOJUCIEPCHBIX TOPOIIKOB, SBISIIOTCS HE  CTOJIBKO
HAIIOJIHATEISIMU WIH BTOPOM dazoii, CKOJIBKO celu(pUIecKUM
CTPYKTYpOOOPa3yIolUM areHTOM B IPOLECCe 3IEKTPOKPUCTAIUIM3AUN IMHKA. B
CHJTy MaJIOTO pa3Mepa YacTHIl M UX HEBBICOKOTO cozepxanus B mokpsiti (0,5-1,5%)
CYILECTBEHHOE IOBBIIICHHE AHTHKOPPO3UOHHBIX CBOMCTB M MHUKPOTBEPAOCTH Zn —
YIA — nokpsITHE HE MOXKET OBITH CBA3aHO C TBEPJOCTHIO aMasa.

Hannble [9] moka3pIBalOT, YTO MO CPAaBHEHUIO C LIMHKOBBIM IOKpBHITHEM 0€3
YA BBeIEHHE TOCICIHETO B LIMHKOBYIO MATPHUILy YBEIMYUBAECT KOPPO3UOHHYIO
CTOMKOCTH B 2,3 pa3a. Ecium HMHKOBOE MOKPBITHE MOJABEPTHYTh XPOMATUPOBAHUIO, TO
KOPPO3MOHHAsA CTOMKOCTh IMHK — Y J[A — IUIEHKM BO3pacTaeT COOTBETCTBEHHO B 3,3
pa3a, a eciM BMECTO XpOMaTHPOBaHUA UCIOJIb30BaTh (pocharupoBanue — B 4,6 pasa.
CpaBHUTENbHBIE UCMBITAHUS B JAHHOM CJIy4yae MOKa3ald, YTO CKOPOCTh KOPPO3UU
XpPOMAaTUPOBAaHHBIX IIMHK — aJMa3HbIX TMOKPBITHI MNpUONIMKAETCI K CKOPOCTH
KOPPO3HHM XPOMAaTUPOBAHHBIX KAJMHEBBIX MOKPBITHI, a CKOPOCTb KOPpPO3UU
docdatupoBaHHBIX LMHK — ajIMa3HbIX MOKPBITHUHM Jake MEHbIE, YeM CKOpPOCTb
Koppo3un GpochaTUpOBaHHBIX KAAMHUEBBIX TOKPBITHA.

I[loMuMO  CyIIECTBEHHOIO  YJIYYIIEHHS  AHTUKOPPO3HOHHBIX  CBOMICTB
YBEIMYHMBAETCS M MHMKPOTBEPAOCTh LIMHK-AJIMa3HbIX IOKPBITHI: MHKPOTBEPIOCTb
yBennuuBaetcs Ha 23-30 % B o6siacTu onTUMaIbHBIX 3HAaYeHUM KOHLeHTpauuu Y 1A
B AJIEKTPOJIUTE.

B pab6ote [11] npencraBieHbl pe3yiabTaThl 110 HAHECEHUIO KOMITO3UIIMOHHBIX
AIIEKTPOXUMUYECKUX MOKPBITHA C MaTpUllaMU W3 LIMHKA, COAEpIKaIIle HAaHOYACTULIBI
kapouaa kpemuus (SiC). [Ipu 3TOM aBTOPBI YCTAaHOBUIIM, YTO YacTUIIBI S1C MOBBIIAIOT
CTOMKOCTh ULMHKOBBIX MOKpbITHM B pactBope NaCl, Takke yBEIUYMBACTCS UX
MUKpOTBepJocTh. Kpome Toro, aBTOpbl caenaad BbIBOA O TOM, UTO Ha
AKCIUTyaTallMOHHbIEe Xapakrepuctuku Zn — KOII Binusier npeasaputensHas o0paboTka
MTOKPBITHH.
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Jlna ocaxxnenust KOII Ha ocHOBe nmHKa aBTOphl [51] B KauecTBe nucnepcHOR
da3bl ucnoap30BaM OKcu Kpemawst (adpocut 300), 06agarommii BRICOKOW YASTBLHOM
noBepxHocThio (300 M°/T) W MaibiM pasmepoM uactuil (10 HM). B kauecte
MOJIOKUTELHOTO BIUSHUS OTMEUYEHO BBIPAaBHUBAHHME MHUKpopenbeda MOBEPXHOCTH
00pa3ioB. BhIsBIEHHBINH XapakTep M3MEHEHHUS MHKpopenbeda MOBEPXHOCTH MOXKET
OKa3aTh BIUSHHUE W HA APYTHE XapaKTEPUCTHKUA MOKPBITUHA, B YAaCTHOCTH, Ha HX
KOPPO3UOHHYIO CTOMKOCTh. Takum 00pazom, B MPUCYTCTBUU JUCHIEPCHOM (ha3bl MOTYT
ObITh MOJY4YEHBbl TOKPBITHS, oOOnagaronme OoJjiee BBICOKOH  KOPPO3HMOHHOM
CTOMKOCTBIO, Y€M OCaJIKU, HE COJIepIKaIlie JucrepcHyto da3y [51].

[pu sHammumu uactun SiO, 5-50 r/mM° B Cynb(haTHOM SIEKTPOIHTE
IIMHKOBAHUSI WX COAEpXKaHHWE B MOKPHITUAX cocTaBisieT 0,2-1,0 macc. %. BBeneHue
B 3JIEKTPOJIUT HEKOTOPBIX PACTBOPUMBIX T00ABOK CIIOCOOCTBYET BKIIFOUEHUIO YACTHII
B NOKphITHE. Takue 100aBKM Ha3bIBAIOTCA CTUMYysTOpamMu oOpazoBanusi KOII. B
pabote [37] B kauecTBe TakuX M00ABOK HCIIOJIE30BAIH BOJIOPACTBOPUMBIHN MOIAMED
katnoHHoro tuna Mapku BIIK — 402 u THOMOYeBUHY. DTH 100aBKH YBEJINYUBAIOT
kosmuecTtBO BKimoueHun Jd mo 0,6 m 1,3 mac. %, COOTBETCTBEHHO, IpH
KOHIEHTPAIIMM YaCTUI] B 3JIEKTpoJUTe 15 r/nv°.  C IeIbI0 BBISICHCHHS BIIMSHHS
pacTBOpUMBIX 100aBOK U JID HA XMMHYECKYIO CTOMKOCTh MOKPBHITUIA OBLIO U3yYEHO
NOBE/IEHNE IMHKOBBIX MOKpBITUH B 3 % pactBope NaCl. BrisgBieHO, YTO YacTHUIIbI
SiO, moHM*kKaeT CTONKOCTh MOKPBITHIA B 1,5 pa3a. BeposiTHO, 3TO MPOUCXOIUT H3-3a
YBEJIIMYEHUS] KOJMYECTBA JAEPEKTOB B KpUCTANIMYECKOW pemeTke. Bpenenue
troMourBUHBI U BIIK IpUBOAWMT K MOJYyYEHHIO TIAAKAX MEJIKO KPUCTAJUIMYECKHUX
nokpeituii. KOIT Zn — BIIK — SiO, — NH,CSNH, siBistroTcst 6osiee CTOMKHMH 10
CPaBHEHHIO C KOHTPOJBHBIMM IIMHKOBBIM MOKpBHITHEM B 6 pa3. Takum oOpazom,
aBTOpbl [37] BBISABWIM, 4YTO TpeABapuTeNibHAs 00pabOoTKa 4YacTHUI] BIUSCT Ha
BKJIIOYEHHE WX B IIOKPBITUS; BBEACHUE B MMUHKOBBIM dyekTposutr BIIK un
THOMOYMBHUHBI TPUBOAMT K MOBBILIEHUIO CTOMKOCTH IIMHKOBBIX MOKPBITHII B 6 pas.
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5. BriusiHMe HeCTALIMOHAPHOI0 TOKA HA CTPYKTYPY U CBOMCTBA MEeTAJJIMYECKUX
1 KOMIIO3UIIHOHHBIX 3JIEKTPOXUMHYECKUX MOKPHITHIA

B TedeHre HECKONBKHUX NECATHICTUN OOJNBIIOE YHCIIO HCCIENOBAaHUI OBLIO
HANpaBJICHO HA BBIACHEHUE BIMSIHHUS TMApaMeTPOB SJICKTPOOCAKIACHHS (COCTaB
AJIEKTPOJIMTUYECKON BAaHHBI, IEpEMEIINBAHNE, IPUCYTCTBUE A00aBOK, TEMIIEpaTypa,
pH, MIOTHOCTH TOKa, PEXUM MOJSIPU3ALMK) W, UIA Caydas OCaXICHUS KOM-
NO3ULMOHHBIX TOKPBITUH, YCIOBUH apMHUpOBaHUS (TUI, pa3Mep, KOHLEHTpALUs
JUCIEPCHBIX YacCTHIl B BAHHE) HA CTPYKTYpPY, MOP(OJIOrHIO U CBONCTBA MOKPBITHI.
3HAYUTENBHOE YMCIIO MyOJIMKAlMKA MOKa3bIBAET, YTO MUKPOCTPYKTYPY U CBOWCTBA
YHUCTBIX MOKPBITUH MOXKHO MOJIM(ULIMPOBATH HCIOJB30BAHUEM HECTALMOHAPHBIX
BUJIOB TOKa paznuuHbix (opm [85-115]. B ciaydae KOMMO3MIIMOHHBIX MOKPBITHIMA

IIPUMCHCHUC HECTAIMOHAPHOTO QJICKTPOJIN3a IIO3BOJISIET IoJIy4aTb
MCJIKOKPUCTAJUIMICCKHUC IIOKPBITHA, coAcpiKamume OombIICce KOJIN4YCCTBO
ApMUPYIOIIMX YaCTUll, PaBHOMCPHO pPaCIIpCACICHHbBIMU W BHCAPCHHBIMHU B

METaJTHYECKYI0 MaTpHily [86].

OCHOBOMNOJIO)KHUKAMU ~ NPUMEHEHUS] HECTAalMOHAPHOIO  JJIEKTPOJu3a B
ranpbBaHoTexHuke sABisOTCa A. K. Kpusnos, A.M. Ozepos, A.T. Barpamsan, K.M.
['opoynoBa, A.A. Cyrsaruna, T.H. Kynpssues, P.}O. bex, M.A. Jlomkapes, B.b.
Kocos, A.W. JIeBuH u 1pyrue COBETCKHUE U 3apyOeKHbBIE YUCHBIE.

B Poccun onHMM W3 mEpBBIX Havall HAy4dyHYIO pabOTy B ATOM aKTyaJbHOM
HarnpaBiieHUn Anekcannp Muxainosuy O3epoB. B HamncaHHON MM B COaBTOPCTBE
nepoit B CCCP wMonHorpaduu 1o BOIpOcaM HECTAIMOHAPHOTO 3JIEKTPOJIU3a
[89] mpencraBiens! ero coOCTBEHHBIE HCCIIEIOBAHUS M 0000IIEHHbBIE PAOOTHI.

JlanHO€ HalpaBlieHHE NMPUBJICKAECT BHUMaHUE 3apyO€KHBIX U POCCUMCKUX
yueHbIx [85-115].

B mHacrosmee Bpems KaxXAo€ W3 HAIpPaBICHUM TajlbBAHOCTETMH —
TPAAULIMOHHOE, KIIACCUYECKOE, T.€. C MPUMEHEHHEM IMOBEPXHOCTHO-aKTUBHBIX
BeuiectBs (IIAB), m HOBOe, T.e. MMITYJIbCHBII DJIEKTPOJIU3, — pPa3BUBAIOTCA
HE3aBUCUMBIMU NyTIMH. OJHAKO UMIYJIbCHBIE PEXKUMBI BJEKTPOJIU3a B
couetannun ¢ IIAB OTKpBIBAaIOT IIMPOKUE TEPCIEKTUBBI  YIPABJICHUS
AIEKTPOJHBIMH MPOLECCAMU MPU JIEKTPOOCAKICHUN METaIoB U criaBoB [90-
92].

Hcnonp30BaHrEe UMIYJIBCHOIO TOKA MO3BOJISIET IPU BCEX MPOYUX PABHBIX
YCIOBUSIX BBOJMUTH Ooisiee mpocThle, MeHee neduuutHoie [TAB unu xe, B
KpalHEM CJy4yae, HCOOJIb30BaTh pPAacTBOPbl C MEHBIIEH KOHICHTpALMEH
NeUIUTHBIX MaTepPUaAIOB. B 4aCTHOCTH yCTaHOBJIEHO, YTO TIPU IIMHKOBAHWU B
CJ1a0OKHCIIOM XJIOPUCTO-aMMOHHMEBOM JJIEKTPOJIUTE HAa HMITYJIBCHOM TOKE
BBeJicHUE J00aBOK Ooibie 75 % HOPMBI HE 1I€IecCO00pa3HO HU C MO3UIUM
01eckoo0pa3oBaHus, HU C MO3UIUN CTPYKTYPbl U CBOMCTB OCAIKOB. ABTOPBI
[91] oO®BsAcHsAIOT TONyYeHHBIH J(@PEKT TEM, YTO MMITYJIbCHBIH TOK
OTIPEJICJICHHBIX TapaMeTpoB oOecrneunBaeT onpeacieHHylo 3GGEeKTUBHYIO C
MO3UIMKU OJIECKOOOpa30BaHUsl CTEIEHb 3alOJIHEHUsS] MOBEPXHOCTH JJIEKTpOJia
100aBKOIA.



22

[IpakTHueckoe BHEApPEHHWE HMITYJIbCHBIX  TexHomorud [85, 95]
IIOKa3bIBa€T, 4YTO B CBSI3M C TEM, YTO BO3pacTalOT TPeOOBAHUS IO
WCIIOJb30BaHUIO B 3yeKTpoiuTax 1IAB, HeCTaMOHAPHBIN PEKUM IJIEKTPOIU3A
— 3TO TIEPCHEKTHUBHBIM M HAJEKHBIH CIMOCO0, OTIMYAIOMIMNUCS MPOCTOTON U
3(pPEeKTUBHOCTHIO YIIPABICHUS CTPYKTYPOU M CBOMCTBAaMH TalbBaHOIOKP BITHH,
UHTEHCU(UKaLMel mnpolecca 3JIEKTPOOCAXKIEHUS MO CPAaBHEHUIO C IMOCTOSHHBIM
TokoMm [85].

[IporpaMMHBIE  pEXUMBI TO3BOJSIIOT TaKXE YBEJIWYUTh AJTC3UOHHYIO
IPOYHOCTh BCIEACTBHE TOIO, YTO CO3JAIOLIUIICS Ha KaToAe pa3BUTBIA pesbed
IOBEPXHOCTU 3a CYET BBICOKOYACTOTHOW MAayKW MMIIYJIbCOB OJaronpusiTHO
CKa3bIBAETCs Ha CLEIUVIEHUH C OCHOBOM, YMEHBIIIAETCS HOPUCTOCTH 0CATKOB [97].

Haubonee mnpocThie NpUMEpPbl UMIYJIbCHBIX PEXUMOB IMPEACTABICHBI Ha
pucynkax 4 u 5 [85, 95].

1) NMIyibCHBIM ~ peXUM -  [OpAMOYrojbHble (WM OnM3KHE K
IPSIMOYTOJIbHBIM) MMITYJIBCBI TOKAa YEpPEAYIOTCS C May3aMu, Py 3TOM JJIUTEIbHOCTb
UMITYJIbCa, KaK NpPaBWJIO, MEHbBIIE JUIMTEIBHOCTH IMay3bl, a IUIOTHOCTb TOKa B
MMITYJIbCE BBIIIE IJIOTHOCTU MOCTOSIHHOTO TOKA, TPUMEHSIEMOT0 JUI TOTO e Mpolecca
(Pucynok 4 a) ¢ 3TuM cCBsi3aHa BO3MOXKHOCTH IOJYYEHHUS HAHOKPUCTAJUIMYECKHUX
MTOKPBITH;

2) [TocTosIHHBIA TOK C MMITyJbCaMH TOKa Oo0Jiee BBICOKOW IUIOTHOCTU
(Pucynox 46). [laBHO W3BECTHO, YTO, TPHMECHSS IOBBIIICHHYIO IUIOTHOCTh TOKAa B
HEPBBII MEPUO] IEKTPOOCAKICHUS (KTOMYOK TOKA»), MOXKHO YIYUILIMTh CLEIJICHUE
0CaJIKa C OCHOBOM U CHU3UTB €0 IIOPUCTOCTb.

3) PeBepcrBHBIN peXUM - MPSIMOYTOJIBHBIE UMITYJIBChI TOKA YEPELYIOTCS C
AHOJTHBIMU MIMITYJTbCAMH, TIPH STOM KOJMYECTBO IEKTpHUECTBa (MPOoM3BeACHUE I - t),
NPOIIE/IIEEe B KaTOAHBIN MEPUOJ, CYIIECTBEHHO OOJbLIE KOJMYECTBA AJIEKTPUUYECTBA,
npouiemero B aHoAubid nepuoxa (i, t)) (Pucynok 5a). Ilpu peBepcupoBaHUM TOKa
MOYKHO TIOJMyYUTh OJIECTSIIME OCAJKAU B OTCYTCTBHM CHELMAIbHO BBOJUMBIX
OsieckooOpa3oBaTesie.

4) Tok ¢ may3o0if u oOpatHbiM ummyjiabcoM (Pucynok 56). Ilocne mpsimoro
UMITYJIbCA U May3bl ClieAyeT 0OpaTHBIA UMITYJIEC TOKA (T.€. OCaJIOK B 3TO BPEMSI MOMKET
YaCTUYHO PaCTBOPSITHCS).

5) [lepromuueckuit  TOK  clokHOW — ¢opmbl  (TIpU  JTaOOPATOPHBIX
UCCIIEIOBAaHUAX COBPEMEHHas TEXHHUKA IO3BOJISIET MOJIyYaTh MPAKTUYECKU JIIOObIE
3aBucuMOCTH | — t 1 E — 1, T.e. 1r00BIe 3aBUCHMOCTH TOKa M MOTeHIHMAana). KatoaHbrit
UMIYJbC COCTOMT W3 IAYKH OYEHb KOPOTKHUX HMITYJIbCOB C KOPOTKMMH Iay3aMu
MEXIy HHMH, a IOCJIE€ MAYKH KaTOAHBIX HMITYJIbCOB CJEIYET AHOAHBIA HMITYJIbC
(Pucynok 5B). Bo3mM0»kHO TaKxke HaJIO)KEHHE TIEPEMEHHOT0 TOKa Ha TTOCTOSIHHBIH .

B obmactu  HecTalMOHapHBIX  PEKMMOB  PA3BUBAETCS  DJIEKTPOIHU3  C
(UKCUPOBAaHHBIMM 3HAYEHUAMU (B TEUEHUE TPOIlecCa HAHECEHUS IMOKPBITHS)
napaMeTpaMu MOJSIPU3YIONIUX UMITYJIbCOB. [lepen uccnenoBaTensiMu U TEXHOJIOTaMU
CTOMT 3a/laya MO BBISBJICHUIO HanOosee ONTUMAIbHBIX (POPM MOJISIPU3YIOUIETO TOKA C
(UKCHPOBAHHBIMH B IIPOIIECCE AIICKTpoJIM3a napamerpamu [95, 97].
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Pucynok 5 [85] — Buasl peBepcHBHOTO 3JIEKTPOJIH3a a - PEBEPCUBHBIH TOK;
0 — UMITyJTBCHBIN TOK C TIAy3aMU U aHOIHBIMU UMITYJIbCAMU; B — CIIOKHBIA UMITYTBCHO-
PEBEPCUBHBIN TOK. 1 — KaTOAHBIE UMITYJIBCHI, 2 — MAy3bl, 3 — aHOJIHbIE UMITYJIbCHI
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MrHOBEHHBIE UMITYJILCHI TOKA B COBOKYITHOCTH C BBICOKMMH amImaTyaamu (10 10
A/mvM® B OOpAaTHOM HMITylIbCE) OOYCIOBIMBAIOT CYIECTBCHHYIO HECTALMOHAPHOCTH
ANEKTPOMHBIX  IPOIIECCOB, KOTOpas TMPUBOJUT K MEPEpPaclpe/iCieHHI0 IEHTPOB
KPUCTAJUTA3AIMA U PACTYIIUX TPAHEH KPUCTAIIOB, YTO BIUSET HA CTPYKTYPY U CBOMCTBA
MIOKPBITH (3TOMY CIIOCOOCTBYET YepeIOBaHNE Ha KaTOJE PEAKITHI pa3psia M MOHU3AIINH )
[96]. ABtophl [96] oTMeuaroT, YTO MPUMEHEHHWE HECTAIIMOHAPHBIX TOKOB OKAa3bIBACT
3HAUUTENILHOE BIMSHHE Ha 00pa3oBaHWE M POCT KPUCTAIIOB, & TAKXKE IMOJOKUTEITHHO
OTPa’KACTCsl HA OCHOBHBIX (PU3UKO-MEXaHMIECKUX CBOMCTBAX IMTOKPBITHIA.

[Ipr wcronp30BaHUHM HECTAIIMOHAPHBIX PEKUMOB yIaeTcs Toiydarh Oosee
YHUCThIC OCAIKH, MEHEE MOPUCTHIC, PABHOMEPHO pacCIpe/ieiieHHbIE MO MOBEPXHOCTH
KaTofa, oOmamaromue OoJiee BBICOKOW KOPPO3HMOHHOW CTOWKOCTBIO W 3aIllUTHON
CTIIOCOOHOCTBIO, TIOBBIIIICHHON MHUKPOTBEPIOCTHIO, KPOME TOTO C OOJIBIIEH CKOPOCTHIO
ux Hanecenwus [85, 86, 88-99]. YayuiieHne cBONWCTB METAJLIOB, 3JEKTPOOCAKICHHBIX
Ha UMITYJIbCHOM TOKE, CBS3BIBACTCS CO MHOTUMH (haKTOpaMH, TJIABHBIMHU U3 KOTOPBIX
SBJITFOTCS. XUMHUYECKasl YUCTOTA M CTPYKTypa MOKPHITHH. OCHOBHBIM CTPYKTYPHBIM
W3MCHCHUEM, TIPUBOJANIAM K YJIYUIIICHUIO CBOWCTB OCAJKOB, ITOJYYCHHBIX Ha
UMITYJIbCHOM ~ TOKE, SIBJSIETCS ~ yMEHBIIIEHHWE  CPEIHET0  pa3Mepa  3epeH
AIIEKTPOJIMTHICCKUX TOKPBITHI [92, 96].

W3BectHO [85], uTO mpoTekaHue 3JIEKTPOIHBIX PEAKIMIA CBA3aHO C MEPEHOCOM
3apsfa 4yepe3 MOBEPXHOCTh pazfena AByX (a3. CKopocTh mepeHoca 3apsiia 3aBUCUT
0T (PU3UKO-XUMHUYECKUX CBOMCTB, COCTABJISIONINX Mapbl «METAILT — AJIEKTPOIUTY, OT
Pa3HOCTU  JJEKTPOJHBIX TMOTEHIMAJIOB MEXIy HHUMH, KOTOpas CBs3aHa C
MOBEPXHOCTHBIM  HATSHKEHHWEM  METAJUIMYECKOro  diiekTpoaa. I[loBepxHOCTHOE
HATSOKEHUE HETOCPEACTBEHHO OTKJIMKAeTCd Ha CKAa4yoK IMOTEHIMana. 3aMeTHOE
W3MCHCHHUE TIOBEPXHOCTHOTO HATSDKCHHS O00ECIIEYMBACTCS OYCHBb MaJIbIM PacXoioM
DHEPTrUM HA U3MEHEHHE COCTOSHHUS Mek(pa3HOro ciios. M3MeHeHHI0 TOTeHIHAIa BO
BpPEMEHH OTBEYAET BIIOJIHE OMPEACIEHHOE N3MEHEHNE 00BEMHOTO 3apsia.

3apsoKeHHE TOBEPXHOCTH METAUTMYECKOTO D3JIEKTPOJa MOXKET IMPOUCXOIUTH
MTHOBEHHO, OJIHAKO  HYKHO  OINpEACIICHHOe BpemMs Ha  (HOpPMHUPOBAHHE
COOTBETCTBYIOIIETO OOBEMHOTO 3apsijia CO CTOPOHBI AJIEKTPOJIUTA, KOTOPOE MOXKET
OBITh COM3MEPHUMO C JUIMTEIBLHOCTHIO HMMITYJIBCHOTO ToKa. CiemoBaTeiabHO, IS
HAIPaBJICHHOTO BO3JCUCTBUS HA MPOTEKAHUE AJIEKTPOIHBIX MPOIIECCOB, a Yepe3 HUX
Ha JJOCTUTAEMBbII TEXHOJOTHYECKUN dPPEKT (CTPYKTYPY U CBOMCTBA TAIbBAHUYECKUX
MOKPBITUMA, JOKAIH3AIMI0 U TOYHOCTH JJICKTPOXUMUYECKOW OOpabOTKM © T.1.)
HEOOXO0IMMO 33aBaTh MapaMeTpbl UMITYJIbCOB [95].

OCHOBHBIMHU TIapaMETPaMH, XapaKTEPU3YIOMKUMHU MPOIIECC IIEKTPOOCAKICHUS,
SBJISFOTCSL BEJIMYMHBI KOJIMYECTBA JJICKTPUUYECTBA, 3aTPauMBacMOTO BO BpeMs
KaToAHBIX (TMpsiMbIX) (Qx = Ik X ) M aHOAHBIX (0OpaTHBIX) UMIYIbCOB (Qy = Iy X ).
[TnotHOCTh KarogHOoro Toka (ix) B HMMITyJbCE, KaK IPABHIIO, BBIIIE, YEM IPH
TIOJIIPU3AIIANA TTOCTOSTHHBIM TOKOM. MI3BECTHBI CllydaW IMPaKTHYSCKOTO MPHUMEHEHUS
TOKOB, TUIOTHOCTh KOTOpbIX B 2-100 pa3 mpeBblmaeT npeaeabHyro auddy3uoHHYO.
[Ipr 5TOM C POCTOM ILIOTHOCTH TAKOTO TOKAa HEOOXOIUMO COKpAIIATh JTUTCILHOCTD
ero WMIYJIbCOB. B ciydae MOCTOSHHOrO TOKa Ha TpeAeibHON audQy3noHHOMI
wiotHoctr (I,) (wm naxe npu I Oomee 1/2 1) BecTH TpOIECC OCAKIACHUS
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KOMITAKTHOTO MeTajiyla HE TPEJCTABISETCS BO3MOXKHBIM: OBICTPO pa3BUBACTCS
IIIEPOXOBATOCTh  MOBEPXHOCTH, a TP  HCIOJH30BAaHUU HMMITYJIbCHOTO  WIIH
PEBEPCHUBHOTO PEKHMMa BO3MOXKHO HA MAaKCHMAJIBHO JIOITYCTUMOMW TUIOTHOCTH TOKa (I =
1/2 1) u ipu Gonpmx 3HaUeHUsX [85].

C MOBBINICHHEM I, CKOPOCTH aKTUBHOTO PACTBOPEHHMS BO3PACTALT, YTO IMPHUBOIUT K
YIOAJICHUIO TIPUMECHBIX aTOMOB (B YacTHOCTH BOJOPOJA) C TIOBEPXHOCTH PACTYIIHX
KpuctauioB Merauia. CTeneHb CTPYKTYPHOTO COBEPILICHCTBA AJIEKTPOOCAXKIICHHOTO
MeTaJlla 3aBHCUT OT COOTHOIICHHS JUTMTEILHOCTH KaTOJHOW TOJISPU3AIMHA U TAy3bl, OT
COOTHOIIICHUS JJTUTEIIbHOCTH KaTOIHON W aHOHOM MOJIAPU3AIHH, & TAKKE U BEMUMHBI Iy
U I, BO3pacTaeT C YBCIMYCHHEM BCJIMYMHBI AHOIHOW COCTABJIIONMICH IUIOTHOCTH
MIEPUOIMIECKOTO TOKa. HadanpHasi KOHIIGHTpanusi MOHOB METalla B MPUAJICKTPOTHOM
cJI0e BoccTaHaBmBaeTcs [85].

Cnemyer OTMETHTh, YTO HMHTEHCHU(UKAIUSA TpoIecca IMPU HCIOIb30BaHUU
HECTAIMOHAPHBIX (POPM TOKA CBSI3aHA C YBEIIHMUCHHUEM Iy B IMITYJIbCE.

[Tocne kaTOAHOTO MUMITYJIbCA KOHIIEHTPAIUS NOHOB Pa3psHKAIOIIETOCs MeTaia y
MOBEPXHOCTH KaToJa CHJIBHO IMaJaeT, 4YTO MPHUBOAWT K POCTY NEPEHAIPSDKEHUS, U B
pe3ynbTaTe 3TOTO HM3MEHSIOTCS YCIOBHS O0pa30BaHUS HOBBIX KPUCTALTHUECKUX
3apoapimeil. [lpu Tom ke o0mieM KOIMYeCTBE OCaXIECHHOTO METajlla YMCIIO 3apo-
JIBIIIEH TIPU UMITYJIbCHOM PEXHME OKa3bIBAETCS CYIIECTBEHHO OoJble. B pesynbrare
KPUCTAJLJIBI OCAJIKa MOJIy4atoTcs TeM 00siee MEJIKUMU, YEM BBIIIE UMITYJIbC KaTOTHOTO
TOKa TIPU TIOCTOSIHHOM KoJu4ecTBe sjekrpudectBa (Q = 1 X t) B Hem. A
MEJIKO3EPHUCThIE OCaJKH 00JiafatoT 0Ooyiee BBICOKOM TBEPIOCTBHIO, IUIACTUYHBI U
OOBIYHO UMEIOT 00JIee HU3KKUE BHYTPEHHUE HANIPSKEHUS, MEHEE TTOPUCTHI U T. 1.

FO.J1. I'amOypr [85] oTmMeuaeT eriie HECKOJIBKO OCOOCHHOCTEH HECTALIMOHAPHOTO
aJIeKTpoan3a. Bo BpeMs may3bl UM aHOTHOTO UMITYJIbCa MOYKET U3MEHATHCS JICHCTBHUE
n100aBOK OJecKkooOpa3oBaTesiel 1 cMaunBaTeNel, Tak Kak OHO 3aBUCHUT OT MOTEHIIHAJIA
katojia. [loaToMy HEKOTOpBIE BEIIECTBA, UCIOIB3yEeMbIE MPH MOCTOSHHOM TOKE, MOTYT
oKa3aThCsl HeA((HEKTUBHBIMY B UMITYJILCHBIX PEKUMAX WJIU TIPH PEBEPCHBHOM TOKE (U
HaoOopot). Kpome Toro, npuMeHEeHHE aHOJHBIX HUMIIYJILCOB Jlake HEOOJBbIION
aAMIUTUTY/IbI, B OTJIMYUE OT MMOCTOSIHHOTO TOKA WJIM PEKUMa UMITYJILC — May3a, HHOTaa
OKa3bIBaeTCs 0YCHb d(DPEKTUBHBIM C TOUKH 3PCHHUS TOJYUYCHHUS TIIATKUX OCAIKOB C
MUHUMYMOM JI€()E€KTOB KPUCTAUIMYECKON CTpyKTypbl. [lo-BUmuMomMy, aHOIHBIM
UMITYJIbCOM ~ PACTBOPSIOTCS HauOoiee akTuBHbIE (T.e. JedeKTHhIE), a TaKxKe
BBICTyHAIONMe (T€OMETPUUECKN) YYaCTKH MOBEPXHOCTH. ECIM B Te4eHHE KAaTOIHOTO
Mepro/ia BO3HUKIIM BBICTYIIBI, CIIOCOOHBIC TPU JaldbHEUIIEM pocTe CchHOPMUPOBATH
JICHJIPUTHI, TO UMEHHO OHU PaCTBOPSIIOTCS B TIEPBYIO OYEPE/Ib.

Hcnons3oBaHre pPEeBEPCUBHOTO TOKA IMO3BOJISIET TMOBBICUTH PABHOMEPHOCTH
MHUKPO— W MaKpopaclpeAeNeHus TOKa W MeTajla 1O TOBEPXHOCTH DJIEKTpoja Mo
CPaBHEHHIO C TIOCTOSIHHBIM TOKOM. OJTO OKa3bIBAETCS BO3MOXKHBIM, €CIH aHOJHOE
pacmpeieieHie MeHee PaBHOMEpPHO. TeopeTWdecKH ymaloch IOKa3aTh, 4TO Oojee
BBICOKAs TMOJISPU3YEMOCTh B KaTOIHBIA MEPUOJI, YEM B aHOJIHBIH, ABJISETCS YCIOBUEM,
Opyd KOTOPOM pEBEPCHUBHBIM TOK MOXET oOecrneyuTh OoJjiee paBHOMEpPHOE
pacrpenencaue [88].
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BennunHa KaToAHOrO BBIXOAA IO TOKY B MMITYJIBCHBIX PEXUMAX 3aBUCUT OT
COOTHOIIECHMS IJIOTHOCTEW TOKA BBIJICTICHHS METAIA M BOIOPOAA BO BPEMSI KATOJHOIO
UMITYJIbCa, OT BEJIMYMHBI TOKAa M MOTEHIMAJa BO BpeMs aHOAHOro mmiryibca. Kak
NPABUJIO, BBIXOJ MO TOKY B UMITYJBCHBIX PEKMUMaX MEHbBIIIE, YEM NPU CTALMOHAPHOM
TOKE, OCOOCHHO IPH MOBBIIIEHUN aMIUIMTYAbl UMITYJIbCOB. [IprunHa 3TOro COCTOUT B
ToM, uto [85]:

»  MOOOYHBIA MPOIECC BBIACICHUS BOAOpOAa (M, BO3MOXKHO, HEKOTOpHIC
Jpyrue noOOYHbIE MPOIIECChl) YCKOPSIETCS B OOJIbIIEH CTETIEHU, YeM 1LIeJIeBOM IpoIiece
BBIJICTICHUS METAILIA,

> BBIXOJ TI0O TOKY  MOXET CHHU3UTBCS W B PE3YNbTaTe YCHUJICHHS
MHrUOUpOBaHMs (3aTpyAHEHUS]) TIpollecca AJIEKTPOOCAXKIACHUSI TOJ[ JeHCTBUEM
00aBOK MOBEPXHOCTHO-AKTUBHBIX BEILIECTB.

[lornmomenne ocagkoM BOIOPOAA HEPEAKO YMEHBIIAETCSA, TaK Kak 4YacTb
BKJIFOUEHHOTO BOJIOPOAA BO BpEMsl Nay3bl W/WIM AHOJAHOIO HMITYJbCa YCIIEBAET
BBIUTH M3 ocaaka. B psge cinydaeB NpU UMMIIYJIBCHOM M PEBEPCUBHOM TOKax
Ha0JII0JAJIOCh AHOMAJIBHO CHJIBHOE CHM)KEHUE KOHLEHTpAlMKd MPUMECE B Oca/iKax Mo
CPaBHEHHIO C TIOCTOSHHBIM TOKOM. DTO MOJKET OBITh CBSI3aHO C TEM, YTO B YCJIOBHUSX
BBICOKMX  HMITYJIbCHBIX  IUIOTHOCTEH  TOKa  pa3BUBAETCs  IOBBIIIEHHOE
KPUCTAJUIM3AalMOHHOE JIaBJICHUE, B PE3YJbTAaTE YEro ajcopOUpOBaHHBIE MOJIEKYJIbI
NPUMECH OTTECHSIOTCS (POHTOM pacTyinero kpuctamia [85, 96, 99].

bonee BbICOKas 4YMCTOTa OCAIKOB SIBISIETCSI OJHOM W3 NPUYMH HUX MEHBLIEH
NeQEKTHOCTH, 4YTO TAaKKE€ HEOJHOKPAaTHO HAOMI0JaNoCh MPU  HMMILYJIBCHOM U
PEBEPCUBHOM TOKaxX. B LEIOM MHKPOCTPYKTYypa M COJAEP’KaHHE HECOBEPIICHCTB
KPUCTAITTINYECKOW PEUIETKH MOTYT CJIOXKHBIM O0pa3oM 3aBUCETb OT MMITYJIbCHOTO
pexuma ocaxkaeHua. C oJHOW CTOPOHBI, 00Jiee BHICOKUE MEPEHAIPSHKEHUS BO BpeMs
KAaTOAHOTO UMITYJIbCA MPUBOAAT K YMEHBIICHHUIO PA3MEPOB 3€PEH, U, CIIEA0BATEIBHO, K
BO3PACTaHUIO JOJU J€PEKTHOTO MaTepHualia MEXK3EPEHHbIX TI'PaHMIl, BO3PACTAHHUIO
IUIOTHOCTU JMCIOKAIMMA, COCTABISIOUIMX 3TH I'PAHULIBI, K BOSHUKHOBEHUIO TOUYEYHBIX
nedektoB. C 1pyroi CTOPOHBI, BCIAEACTBUE 00Jiee BBICOKOM YHCTOTHI METalIa OYEHb
OBICTPO MPOMUCXOIAT MPOLECCHl YHOPSAOUYEHHS PACTYIIMX KPUCTAJIIOB, M CIy4ailHO
BO3HUKIIHNE JEPEKThl MOTYT OBICTPO MCUE3ATh €UI€ B MPOLECCE IIEKTPOOCAKICHHUS.
OTOMY MOTYT JOMOJHUTEIBHO CIIOCOOCTBOBATH May3bl TOKA, BO BPEMsI KOTOPBIX TaKKe
MOYET IPOXOUTh YIOPSIOUCHHE KpUCTaIHuecKoi perretku [85, 96, 99].

B pesynbraTe NEHMCTBUS yKAa3aHHBIX IPOTHUBOIIOJIOXKHBIX TEHJICHIIMN 3apaHee
IpeICKa3aTh XapaKTep BIMSHUSA UMITYJICHOTO MIIM MHOTO PEXHUMA JIEKTPOOCAKICHUS
Ha MUKPOCTPYKTYPY MeTallila 0ObIYHO OKa3bIBAETCS 3aTPYIHUTEIBHO.

Hcxons U3 3TOro, MOXKHO CIENATh BBIBOJ O TOM, UTO PACKPBIBAETCS PsIi HOBBIX
TEXHOJIOTUYECKUX BO3MOXKHOCTEM KATOJHOIO DJJIEKTPOJIM3a TPU HU3MEHEHUHU
rapaMeTpa UMITYJIbCOB TOKa!

»  yOpaBJICHWE BBIXOJOM 10 TOKYy B TIPOIECCE DIIEKTPOOCAKICHUS
METaJUIOB MPU HEM3MEHHON aMIUIUTYIHOM MIIOTHOCTH TOKA B UMITYJIbCE;

»  yIOpaBlIeHHWE CTPYKTYpOH, a CJIe0oBaTebHO M CBOWCTBAMHU TMOKPBITUH,
BCJICICTBUE H3MEHEHMS B [IMUPOKOM JMAINA30HE BEJIWYMHBI MOJIAPU3ALNU,
JIOCTUTAaEMOM 3a BpEMsI MMIIYJbCOB TOKA, TaK KaK IOTEHIIMAN TPaHMIIbl pas3iesa
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METaUl — DJJEKTPOJUT, BEIWYMHA €€ E€MKOCTH W TOBEPXHOCTHOE HATSIKEHUE —
TEPMOMHAMHYCCKH CBSI3aHHbBIC BeTMIUHBI [98].

[Ipu >1IeKTPOOCAKIECHUN ITUHKOBBIX TOKPBITHA OBLUIO YCTAaHOBJICHO, YTO
IIMHKOBAHWE B JJICKTPOJUTaX C OJeCKOOOpa3oBaTesIMH  TPHUBOJUT K BBICOKOU
CTETICHU HABOJIOPOXKUBAHUS CTaJIhbHOW OCHOBBI. B pabdote [116] Obut0 mMoOKa3zaHo, 4ToO
MPUYMHON CaMOIIPOM3BOJILHOTO pocTa KojnuecTBa AU Y3MOHHO-TIOABHUKHOTO
BOJIOPOJIa B OJICCTSIIMX ITMHKOBBIX MOKPBITUSX SBJISICTCS JACCTPYKIUS OPTaHUUECKUX
BKJIIOUEHUM, OOHapy>keH HOBBI 3h(EeKT caMonpou3BONBHON pereHepauu
1 dy3MOHHO-TIOABMKHOTO BOAOpOAa B OJIECTAIIUX IIMHKOBBIX IOKPBITHUSAX BO
BpeMsl CTapeHUs MPYU KOMHATHOM U 6oJiee HU3Kou Temnepatypax (-9°C).

HUcnonb3oBaHne  HeCcTalMOHAPHBIX  (opM  TOKa  MpU  OCAKICHUHU
TaTbBAaHUYCCKUX TTOKPBITUHA OKA3bIBAET 3aMETHOE BIIMSHHE Ha HABOJOPOKMBAHUE KaK
raJIbBAHMYECKUX IMOKPBITUH, TaK | o 1ok [ 100].

Ha pucynke 6 mnpuBemeHBl 3aBUCHMOCTH CTEIICHU HAaBOJIOPOKHWBAHUS
CTaJIM OT BPEMEHH CTApPCHUSI MOCJIC OCAKIACHUS IIMHKA B PEKUMAaX IMOCTOSTHHOTO
TOKa W TIEPHOAUWYECKOTO TOKa TPpH KOMHATHOW Temrmepatype. M3 pucyHka
BHUJIHO, YTO I KpUBOH | (MPU MOCTOSSHHOM TOKE) UMEET MECTO «HOpPMAaIbHas»
3aBUCUMOCTb, TO  €CTh  HAOJNIOMAaeTCs  3aMETHBI  pPOCT  CTCNEHH
HAaBOJIOPOKMBAHUSA CTalli B TMpoliecce crapeHus. [IpuHIUNUaIBLHO WHOMN
XapakTep 3aBUCUMOCTH HaOJII0aeTcs Mpy NepuoandeckoM Toke (kpupas 2). B
ATOM CJy4ae CcoJep>KaHHE BOJIOpPOJa B CTadd MPAKTUUYECKU HE MEHSETCS, TO
€CTh B TMOCJIEHEM CJIydae OTCYTCTBYET MCTOYHUK JOMOJIHUTEIBHOTO BOJOPOA,
KOTOpBIM, corimacHo [116], mocie OKOHYaHUS  DJICKTPOJIM3a  MOXKET
00pa30BBIBATHCS B OJIECTSIIEM ITMHKOBOM MOKPBITUHM B Pe3yJbTaTe JECTPYKIHHU
OpPTaHMYECKHUX BKIFOUYCHUM B TIPOIIECCE CTAPSHUS IPU KOMHATHOMW TeMIlepaType.

Ha pucynke 7 mpencraBiieHa 3aBUCHMOCTH COJIEp)XKaHUS BOJOpPOJa B
IIMHKE OT BPEMEHU CTAPCHUS ITMHKOBBIX MOKPBITHH, IMOJYYECHHBIX B PEKUMax
MMOCTOSTHHOTO M MEPHUONYSCKOTO TOKOB. BUIHO, 4TO B Cllydyae MCIOJIL30BaHUS
MMOCTOSTHHOTO TOKa (KpuBas 1) 3aBUCHMOCTh MMEET IKCTPEMAaJIbHBIN XapakTep.
B TedeHme mepBBIX ABYX CYTOK CTENEHb HABOJOPOKHWBAHUS TTOBHINIACTCS (Ha
25% wnn BHa 2,4 CMS/F), a 3aTeM CHWXaeTcs, Ojlarojapsi «paccachbIBaHUIO»
oOpa3oBaBmerocss AU Gy3MOHHO-MOJABM)KHOTO BOJAOpPOJia B CTajlb W B
atmocepy [116]. B caywae wWcnonp30BaHUS CIEHNHAIBHOTO PEKUMA
MEPUOIUIECKOr0 TOKa (KpuBas 2) He HaOJIo1aeTcs yBeaudeHus coaepkanus H,
B MOKPBITUH B TIPOIECCE CTAPEHUS, TaK K€ KaK HE HAOJIIOJAaeTCs U TOBBIIIICHUE
COJIepKaHUsI BOAOPOJia B cTalbHOU ocHOBE (PucyHoOKk 7, kpuBas 2).

CornacHo JaHHBIM TaOMUIBI 2, U3MEHCHHWE pEXKUMa HaHECCHUS
raJbBaHUYCCKOTO ITMHKOBOTO ITOKPBITHS OT IMOCTOSHHOTO K TEPHOIHNYCCKOMY
TOKY TIPUBOJUT K YMCHBIICHUIO CYMMAapHOW KOHIICHTPAIlMW BKJIIOYCHHH
OpTaHMYECKHUX IIPUMECEH IPUMEPHO B 2 pasa.
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Tabmuma 2 — [116] 3aBHCUMOCTB COCTaBa IMHKOBBIX MOKPBITUN OT PEKHMa OCaKICHHS

CocTaB IMHKOBBIX TTOKPBITUM, aT.%
Pexum OCAXIACHU L
Zn C @) S N Fe
OcaxxgeHue C
HCIOJIb30BaHUEM 59 19 10 7 2 2
IIOCTOAHHOI'O TOKa
OcaxxgeHue C
HNCITOJIB30BAHUCM
CIICHHHAJIBbHO
Mo100paHHOTO 79 11 4 4 1 1
pexuma
MEPUOTNIECKOTO
TOKa
5 1 10
4 - 9
3 - 8
T T 1
> >
2 - 7 <> 9 2
1 9 2 6
O <
0 T T T T \ 5 - . . .
0 2 4 6 8 10 0 5 10 15
t,cyT t, eyt
Pucynok 6 — [116] 3aBucumocCTh Pucynok 7 — [116] 3aBucHUMOCTH
CTENIEHU HaBOIOPOKUBAHUS cTanu COJIep)KaHus BOJOPOIa B ITUHKE (CM3/ 100 r)
(CM3/ 100 T) OT BpeMeHH CTapeHHus MOCJe oT BpEMEHU CTapeHust IIMHKOBBIX

OCaAXKJICHUS NUHKA B PCIKUMAX!

1 — moCcTOsSAHHOI'O TOKa,
2 — IepUOINIECKOTO TOKA

HOKpBITI/IfI, IMMOJIYYCHHBIX B pCKUMaAX:

1 — moCcTOsSIHHOIO TOKa,
2 — MIepUOIUIECKOTO TOKA
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Takum 00pa3oM, MPUMEHEHUE HMITYJbCHBIX (OPM TOKa IO3BOJISIET
pPE3KO CHU3UTHh KOJMYECTBO OPraHMYECKUX BKIIOYEHUH B IIUHKOBOM
MOKPBITUH, YTO B CBOIO OYEpEIb IUMHUHHUPYET IMPOILECC HX JEeCTPYKIIHH,
COINPOBOXKIAIONIUNCS TOABICHHEM OOJIBIIOTO KOJMYECTBA IOJIBUXKHOIO
BOJIOPO/Ia U YBEJIUYEHHUEM CTEIEHU HABOJIOPOKUBAHUS CTAIU U MOKPHITUS B
Ipoliecce cTapeHus IMpH KOMHATHOM TemIiepaTtype [118].

B pa6ote [106] Obum W3ydeHBI MPOIECCHl ITWHKOBAHHUS B IEJIOYHBIX H
KHUCTBIX 3yekTponuTtax 6e3 nobaBok I[TAB. Kucnbie aneKkTpoauTsl 0b6ecreuynBaoT
0oJiee BBICOKYIO IUIOTHOCTh TOKa, Y€M MIEJIOYHbIC IPU HCIOIb30BAHUU KaK
MOCTOSIHHOTO, TaK M HWMIIYJIbCHOTO PEXUMOB. PeBepCHBHBIM TOK MO3BOJISET
MOJY4YUTh 00Jiee OJHOPOJAHOE MOKPBITUE MO CPABHEHHIO C HUMITYJIbCHBIM TOKOM
[106].

B pa6ore [109] craBunace 3agada JETadbHOTO M3YYEHUS BIUSHUSA
aAMIUTUTYJIbl TUIOTHOCTH TOKa TMPU HUMITYJIBCHOM DJIEKTPOJIM3€ Ha XapakTep
pacripeieieHusi 3epeH 10 pa3Mepy HM OCOOCHHOCTHM TOHKOM CTPYKTYpBI
ANEKTPOIUTUYECKUX OCAJKOB IUHKA. VIMIYJIbCHOE 3JEKTPOOCAKICHUE OKa3aJoCh
MOIIHBIM CPEJCTBOM KOHTPOJISI MpoIiecca JIEKTPOKPUCTATUIAZAIUU; OHO ITO3BOJIAET
MoJIy4aThb OCAJKU C YHUKAIBHBIMU CTPYKTYpOM U cBoiicTBamu. KMIlynbCcHOE
AIIEKTPOOCAXKACHUE JAeT OCAJKH C OYEHb TOHKHUM 3€pHOM U YpE3BbIYAITHO
OJTHOPOJIHOM Ha BHUJ MOBEPXHOCTBIO OCAAKA, TMOCKOJIBKY KOHTPOJIb HMITYJIHCOB
MO3BOJISIET BECTU OCAXACHUE MPHU 00Jiee BHICOKOH MTHOBEHHOM TUIOTHOCTH TOKa IO
CPaBHCHHIO C TIOCTOSHHBIM TOKOM. B pabGote [109] Opu10 mccnemoBaHO BIHSHUC
apamMeTpoB  UMIYJIbCHOTO  3JIEKTPOOCAXKIEHUS W3  KHUCJIOro  CyJlb(paTHOro
ANEKTPOJUTA (JUIUTEIBLHOCTh MUMITYJIbCA, TEPUO MEXKAY HUMITYJIbCaMH, MJIOTHOCTh
TOKa B MMITYJIbCE) Ha pa3Mep 3epHa U OPUEHTAIMIO IIMHKOBBIX OCAJKOB. BiusHue
IJIOTHOCTU TOKa B UMITYJIbCE HA MUKPOCTPYKTYPHBIE XapaKTEPUCTUKHU LIMHKOBBIX
TOKPBITHIT MCCIIEOBAIIOCH B HHTepBale 0T 1 10 2 A/cm®. Pasmep 3epHa cocTaBmi,
COOTBETCTBEHHO, 55,48 1 40 HM MpPU YBEIUUYEHUU INIOTHOCTU TOKA B UMITYJIbCE OT
1 mo 2 A/em®. TIOKpBITHE, OCa)KACHHOE HPH IUIOTHOCTH TOKa 2 A/cM’, HMeeT
OJTHOPOJIHYIO TOBEPXHOCTh; ITO MOKPBITUE COCTOUT M3 «UACTUIICTIOJOOHOTOY
HAaHOKPHUCTAJUIMUECKOTO HMHKOBOTO mOokpbiTusa [109]. VkpynHeHnue 3epHa mnpu
OOJIbIIIEM TEPHOJIE MEXKIY HMITYJIbCaMH MOXXHO OOBSCHHUTH JecopOIuen, Kak
cuntaroT aBTOpHI [ 109], BBOMMMBIX 100aBOK WIJIM BOJIOPO/Ia BO BpEeMsI JUTUTEIBHBIX
MEePUOI0B MEXKYy UMITYJIbCAMH, YTO OJIarOMpUATCTBYET pocTy 3epHa. K Tomy xe
aTOMbI IIMHKAa BO BpEMs JIMTEJIBHOTO TMEpUoJia MEXKIYy HMIYJIbCaMU HMEIOT
BO3MOXHOCTh MUTPUPOBATH IO MOBEPXHOCTH KPUCTAJIa U MHTEHCU(DUIIMIPOBATH
npouecc pocra 3epeH. [Ipu namMenennn nepuoaa Mexay UMIYJIbCaMu OT 4 10 8 MC
pa3Mmep 3epHa B LIMHKOBBIX MOKPBITUSX YMEHbIIaeTcs. [IpuumHa cocTOUT B TOM,
YTO TpPU OTUX 3HAYCHUSIX BPEMEHU MEXKIY HMIYJIbCAMU HE BOCIOJHSIETCS
HEIOCTATOK MOHOB Zn°' BOIM3H IIOBEPXHOCTHU HIEKTPO/A, BOSHUKIIMI 32 CYET HX
NnOTpeOICHUS BO BPEMS UMITYJIbCA.

UccnenoBarenu [72] BBIICHWIM, YTO, KaK B CIy4ae Niyupo — SIiC, Tak u
Nijao — SiC KOMIIO3UIIMOHHBIX TOKPHITHA HAJIOKEHUE HMITYJIbCHOTO TOKa
OpUBOAUT K  OOpa3OBaHHMIO  OCAagKOB CO  3HAYUTEILHO  IOBBIIICHHOU
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MUKpPOTBEPAOCTbIO M0 BUKKEpCy MO CpaBHEHHIO C OCaJlKaMH, MOJYyYE€HHBIMH Ha
HOCTOSIHHOM TOKe. ClietyeT OTMETUTh, YTO y 0CaAKOB Niyayo — SiC, moJy4YeHHBIX B
pexKUME UMITYIBCHOTO TOKa, MUKPOTBEPAOCTh MPUOIUZUTEIHLHO BIBOE BBIIIE, YEM
y TaKMX K€ OCAJKOB, PUTOTOBJIICHHBIX B PEKHUME MOCTOSHHOTO ToKa. CorjacHo
HaIIUM TPEXKHUM JaHHBIM, YIy4llleHHne KOMIO3UIUOHHBIX Ni/SiC — mOKpbITUH B
OTHOIIIEHUU UX MUKPOTBEPJIOCTHU SABIISETCS OKUIAEMBIM, TOTOMY YTO B pE3yJIbTaTe
UCIIOJb30BAaHUSl MMITYJIBCHOTO TOKA TOJYYarOTCs MOKPBITHS C PaBHOMEPHBIM
pacnpenenenueM dyactur] SiC B Ni — maTpuie, a Takke ¢ 00Jiee BBICOKUM
IPOLEHTOM BHEApUBIIUXCS YacTHI] SiC M0 CpaBHEHUIO C PEKUMOM MOCTOSHHOTO
toka. K ToMy ke s 3Tux KOoMno3uluMoHHbIX Ni/SiC — MOKpPBITHII HauBBICIIAS
MUKPOTBEPAOCTh ObUIa JOCTUTHYTa MpPH HAJOXKEHUH HMITyJIbCOB C HHU3KOU
CKBaXHOCThIO. HaOmromaembiii addext ynpodyHeHHs 3aBUCUT OT MapaMeTpPOB
UMITYJIbCA, €r0 MOKHO MPUIIMCATh 3HAUYUTEILHOMY YMEHBIICHHIO pa3Mepa 3epHa
IIPY YCJIOBUH, YTO BPEMs Tay3bl MPEBBINIACT JJTUTEIILHOCTh UMITYJIbCa [72].

Takum 00pa3om, mapaMeTpsl UMITYJIbCA OKA3bIBAIOT OOJBINOE BIUSHHUE Ha
pa3Mep 3epHa HAaHOKPHUCTAJUIMYECKOIO IIMHKOBOTO IMOKPBITHS, OCAaXIACHHOIO U3
KHCJIOTO CYJNb(ATHOrO 3JIEKTPOIMUTA. YBEIMYEHHUE IUIOTHOCTH TOoKa oT 1 o 2
A/cM® TIPUBENO K yMEHBIICHHMIO 3¢pHa ¢ 55 10 40 uM. TIpH IOCTOSHHBIX MEpHOJE
MEXIYy HUMIyIbCaMHU M TUIOTHOCTH TOKa B HMITYJIbCE HAWMEHBIIEE 3€PHO B
IIUHKOBBIX OCaJKax OBUIO TMOJYyYeHO MPHU ATUTEIBHOCTH HMMITyjlbca 2 Mc. UYTo
KacaeTcsi Mepruojia MEXJIy UMITyJIbCaMH, €r0 3Ha4eHHEe 8§ MC OTBEYAET CaMOMY
TOHKOMY 3€pHY IIMHKOBOrO TMOKpbITHS (okono 35 HM). Ha opueHranmio
HAaHOKPHUCTAJUTMIECKUX ITUHKOBBIX TOKPBITUN MTapaMeTPhbl HMITYJIbCA BIHSIIOT MaJIo
[109].

HakonnenHupie B HacTosiliee BpeMsl 3HAHUS M OMNBIT MO HUMIYJIbCHBIM
pexrMaM  MO3BOJWIM  mOpemtoxuTh [110] Merom oOlEHKH —mapaMeTpoB
UMITYyJIb,CHOTO TOKa TPH HAHECEHUHM METKOKPUCTAUIMYECKUX Hanboyiee TIaJKuX,
TUIOTHBIX, TBEPJBIX, C MAJBIMA BHYTPEHHUMH HaNpsOKEHUsSMU ocaakoB. Haunbonee
rmagkvue (HauMeHee IIepoXoBaThie) OCaaKd (POPMHUPYIOTCS TPU HaMMEHbIeH (U3
psfa yCIOBUM) UIMTETLHOCTH UMIYILCOB 1. B aTOoM ciywae mynbcupyrommuii
mubdy3noHHBIA cloM  OyneT TOHKMM | TIOBTOPSITh HEPOBHOCTH HAYAILHOU
IIEPOXOBATOCTH KATOAHON IMOBEPXHOCTH. Torjga ee BBICTYIBI U BIATUHBI OyIyT
PaBHOAOCTYIHBI  JUISI  pa3psUKAIOIIMXCS HMOHOB, W YCWJICHHS  HAadalbHOM
IIEPOXOBATOCTH (B OTIMYKE OT CTAIIMOHAPHOTO 3JIEKTPOJIN3a) HE TIPOUCXOTHT.

C apyroil CTOpOHBI, B PEXMMAX UMITYJIBCHOTO 3JICKTPOJIA3a ISl MOTyYECHUS
MEJIKOKPUCTAJUIMYECKUX TBEPABIX OCAIKOB MCIIONB3YIOT BHICOKHE M CBEPXBBICOKHE
AMIUTUTYABl ~ TIOJSIPU3YIOMIMX ~ HMMITYJIbCOB,  OOYCIIOBIMBAIONIME  BBICOKYIO
HOJISIPU3ALIMI0O U TEM CaMbIM TaKXe BBICOKYIO CKOPOCTb 3apOblIIe00pa30BaHMUS;
JUIs 00€CTIeYeHHs e HU3KOIM CKOPOCTU POCTa UMITYJIbC JTOJKEH ObITh KOPOTKUM. B
psiie TpOLECCOB TpU  ONPENCNICHHBIX pEeXuMax (POPMHUPYETCS HACTOJIBKO
MEJIKOKPHUCTAJUTMYECKAsE CTPYKTYpa, YTO MOXXHO CUUTATh, YTO B HMITYJhCE TOKa
POCT 3apOIbIIIICii OTCYTCTBYET, @ UMEET MECTO TOJIBKO MX oOpasoBanue [110] .

[Ipy wmcCnonp30BaHUM ANEKTPUUYECKUX PENKUMOB, OTIMYHBIX OT OOBIYHOTO
MOCTOSIHHOTO TOKa, HEOOXOIMMO 00paTuTh BHUMAaHHUE Ha CJIETYIOIINE MOMEHTHI:
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> Teopus 00pa30BaHUsl KPUCTAUIMUECKHUX 3apOJbIIIEH MOKAa3bIBAET
(1 3TO MOJATBEPKIAETCS HA OMBITE), YTO YCKOPEHUE 00pa30BaHMsI HOBBIX 3apOjbl-
1ield MPUBOJIUT K TOMY, YTO OCAJOK MOJydaeTcsi 0ojiee MEIKOKPUCTALTMYECKUM.
WNuade roBopsi, MPU TOM K€ 00IIEM KOJIUYECTBE OCAKIECHHOTO METAIIa KOJIUYECTBO
00pa30BaHHBIX 3apOJIBIIICH 3a BECh IMEPUOJ AIEKTPOIN3a OKas3biBacTcs Oombie [99].
[TooToMy HamMuMe WMITYIHCOB BBICOKOW IUIOTHOCTH TOKa MPHBOIUT K (op-
MHPOBaHMIO OOJIee MENKO3EPHHUCTOTO OCajka, YeM IMPU MOCTOSHHOM TOKE C TOM XKe
CPEIHEN ITOTHOCTHIO;

> MAaKCHUMAJIbHO BO3MO’KHasl CPEAHsS IUIOTHOCTh TOKA 3a MEPUOJ B
JI000M HMITYJILCHOM PEKMME BCETJa MEHbIE MpeebHON Tu(dy3MOHHON TIIOTHO-
ctr Toka. OJHAKO UMITYJIbCHBIE PEKUMBI YaCTO OKa3bIBAIOTCS Ooee 2PPeKTHBHBIMI
C TOYKH 3PEHUS] CKOPOCTU OCAXKJICHUS, YEM MOCTOSHHBIN TOK. DTO 00YCIIOBJICHO TEM,
YTO MpPU DJIEKTPOOCAXKICHHUH Ha IIOCTOSHHOM TOKE pEajJbHO MOXHO BECTU
OCaXJeHHE MeTajlla MpU TUIOTHOCTH TOKA MEHEe MOJIOBUHBI AU Py3noHHOH, a npu
MIEPUOJIMTUECKOM TOKE KOMITAKTHBIE OCAJIKAU OOpa3yloTCsl M MpU 3HAYMTEIHHO OoJjiee
BBICOKOHM TUJIOTHOCTU TOKa, OCOOEHHO €CJIM KaTOJIHbIE WMITYJbChl YEpPEayIOTCs C
aHOJHBIMU. KauecTBEHHO ATO OOBSICHSETCS TEM, YTO BO BPEMs aHOJIHBIX MEPHOJIOB
pacTBOpSIIOTCS. HauOoJiee aKTUBHBIE (Je()EeKTHbIE WIM TE€OMETPUYECKH BBIC-
TyHarolue) Y4YacTKA TIOBEPXHOCTH, HA KOTOPbIX MOr Obl B JalibHEWIlEeM
00pa3oBaThCsl HAPOCT WU JCHIPUT;

> pacrnpeielieHie MeTajula 10 IOBEPXHOCTH OKa3bIBaeTcs Ooliee
PABHOMEPHBIM TIPHU TMEPUOJAUYECKUX PEXKUMAX B CIIy4ae aCUMMETPUYHOMN MOJISIpU-
3allMOHHOM KpWBOM. Jlen0 B TOM, YTO HHU3Kas NOJSAPU3YEMOCTH COOTBETCTBYET
CUJIBHOM PAa3HUIIE B CKOPOCTAX IMPOLIECCOB HAa BBICTYIIE M HA BIAJAUHE IMOBEPXHOCTH,
MPUYEM KaK MpU KaTOAHOM OCAXIIEHHH, TaK U MIPU aHOIHOM pacTtBopeHuu. [lortomy
€CIIM aHOJHAs TOJISIPU3YEMOCTh Maja, a KaToJHas BEJIUKa, TO PE3yIbTUPYIOIINN
OCaJI0OK OKa3bIBACTCS PABHOMEPHBIM. JICHCTBUTEIIBHO, HAXE€ €CJIM 3a KaTOAHBIN
nepuo;i 00pa3oBaJICs BHICTYII, TO 3a aHOIHBIA IEPHOA OH OyJIeT 0COOCHHO aKTHBHO
pacTBOPATHCS,

> IIPU HAJIMYUU B PACTBOPE JBYX THUIIOB PA3PSKAIOLIMXCA HOHOB
UMITYJIbCHBIE PEXUMbI MO3BOJISIIOT BBIJIEIATh MYJIBTHCIIONHBIE OCAJIKH, KOTOPBIE, O/
HaKo, Mpu 0oJiee CTPOroM PacCMOTPEHUU SABIISAIOTCS OCAJAKaMU C MOIYJIALUEH
COCTaBa MO TOJIIIMHE, TaK KAK MEXIy CIOSMH 00pa3yloTcsi TpaHUYHbIE 00JacTv
IIPOMEKYTOYHOTO COCTaBA;

> NPUMEHEHUE UMMYJIbCHBIX PEXKUMOB MPOTPAMMHOTO TOKa
MO3BOJISIET OCaXJaTh TOKPBITUS C Pa3IUYHBIMU KOMOUWHAIIUSIMU CBOMCTB,
HAllpUMEP, TBEPABIX M OJHOBPEMEHHO IUIACTUYHBIX. Takoe co4YeTaHue
CBOMCTB B 0CaJIK€ MOKHO TIOJIYUYHUTh ITyTEM KOMOWHAIIMU PA3TUIHBIX OPM U
rnapamMeTpoB B Tadkax (LMKJIAaX, CTYINEHSX) MOJISIPU3YIOLIUX HUMITYJILCOB B
TEYEHUE BCETO BPEMEHU HAHECEHUS TTOKPBITHS.

B mnpoMBIIUIEHHON TajlbBaHOTEXHUYECKOW TMPAKTUKE HECTALMOHAPHBIC
pexuMbl ekTponn3a npu ocaxaeHuu KOII npumensitorcss kpaliHe peako, 3To
CBS3aHO C OTPAHUYCHHOCTHIO CBEJEHUN 00 YCIOBUAX MOJYYCHHS W CBOMCTBAX
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KOOIl nmpu HecTalMOHaApHOM TOKE, HECMOTpPSI Ha MHOXXECTBO MPEUMYIIECTB U
BO3MO>KHOCTEH.

OnHako B 3aKJIIOYEHHUE CIEAYET MOTYEPKHYTh, YTO UMMIYJIbCHBIA 3JIEKTPOIIN3
KaK HOBOE HAIPABJICHUE MPUKIAJHON JIEKTPOXUMHUH HE CJIEAYET MPEACTABIIATh KaK
aJbTEPHATUBY CYIIECTBYIOIIEMY KJIACCHUYECKOMY HamlpaBieHUIO — BBeAcHUIO 1TAB,
pa3pabOTKEe HOBBIX DJJEKTPOJUTOB M T.O., W Kiaccuyeckoe HampapieHUE, U
VMMITYJIbCHBIE PEXUMBI  SIBISIFOTCS  JAONOJHSAIONMMUA  APYr JApyra METOJAMH
COBEPIICHCTBOBAHMS T'AJIbBAHOTEXHUKHU.

N3 ananuza nmurepaTypHbIX HCTOYHUKOB MO U3YYEHUIO CTPYKTYPhI U CBOMCTB
raJbBaHMYECKUX TMIOKPBITUM, TIIOJYYEHHBIX HA HECTALMOHAPHBIX PEKUMAX
AIIEKTPOJIN3a, MOXKHO CJENIaTh BBIBOJ O TOM, UTO JIaHHAS 00JIaCTh TaIhBAHOTEXHUKH
MIPOJI0JDKAET YCHEIIHO pa3BUBAThCs. [loiydeHbl HOBBbIE MOKPBHITHS, 00JaJaroIIue
MOBBIIIEHHON TBEPJOCTHIO, HW3HOCOCTOMKOCTBIO, KOPPO3WOHHON CTOHKOCTHIO,
MEHBIIIMM Pa3MEpPOM 3€pHa U APYTUMHU SKCIUTYyaTallMOHHBIMUA CBOMCTBaMHU. OJIHAKO
MMPUMEHUTEIIBHO K KOMITO3UIIMOHHBIM 3JICKTPOXUMUYECKUM TTOKPBITHSAM Ha OCHOBE
IIMHKA CBEJEHUS MaJlounclieHHbl. IloaToMy B HacTosimel paboTe ¢ IeJbIo
NpPUJIaHUS  ITUHKOBOMY  TIOKPBITHIO  OOJIBIIEH  3aIlIUTHOH  CIIOCOOHOCTH
HCTIOJIB30BAIOCHh  AJIEKTPOOCAXKICHUE KOMIIO3UIIMOHHOTO  3JICKTPOXHUMHUYECKOTO
MOKPBITUSL HA OCHOBE IIMHKA B HECTALIMOHAPHOM PEKHUME.

6. K3II Zn — kosusionaHbIi rpadguT, MOJy4YeHHbIE B CTALIMOHAPHOM U
PEeBEPCHBHOM PeKMMAaX 3JIEKTPOIH3A

Nzeectro [9, 65-69, 117], 9yTo W3 METAUTMUSCKHUX IMOKPHITHA B MHPOBOM
NPaKTHKE HauOOoJIee IIMPOKO MPUMEHSIIOT IIMHKOBBIC, (DU3UKO-XUMHICCKUE CBOMCTBA
KOTOPBIX TIO3BOJISIFOT YCIICIIIHO TPUMEHSTh MX JUIS 3alllUThl META/UIOW3IACIHN OT
koppo3un. [lo 00beMy W HOMEHKJAType 3allUINacMbIX OT KOPPO3HU H3ACIUI
IIUHKOBOMY TOKPBITHIO HET PaBHBIX CPEIU JIPYIMX METAJUTMYECKUX IMOKPBITHH.
Oro  oOyciaBiauBaeTcs  MHOrooOpasWeM  TEXHOJOTHYCCKHUX  IMPOIICCCOB
IWHKOBAHUS, WX OTHOCUTEJIBHOW MPOCTOTOM, BO3MOXXHOCTHIO UIIUPOKOH
MEXaHM3allMi W  aBTOMATH3allMd, BBICOKHUMH  TEXHHUKO-DKOHOMHUYECKHUMHU
nokaszarensmu [9, 65-69, 117].

JIuTepaTypHBId aHAIHM3 TOKa3aj, YTO OTMEYACTCS BO3MOXKHOCTH MOBBICHTH
3aIIUTHYI0  CIIOCOOHOCTh  IIMHKOBBIX  IOKPBITHH  IyTeM  BHEIPCHHUS B
METaUIMYECKYI0 MaTPHUIy HEMETAJNIMYCCKUX BKJIIOUCHUHN JIHCIIEpCHOM (a3bl, T.e.
MyTEeM 3JCKTPOOCAKICHUS KOMITO3UIIMOHHBIX 3JICKTPOXUMHUYCCKHX IMOKPBITHIH
[7,9].

Co3aHre KOMITO3UIIMOHHBIX JJCKTPOXHUMHYCCKUX TOKPBITUN SBJISCTCS
OJTHUM M3 BaXKHBIX HAIIPaBJICHUN COBPEMEHHOM rajbBaHOTECXHHUKH.

[lepcieKTUBHBIM ~ HAmMpaBiACHHEM  YIAy4YIICHHS  (PU3HUKO-XUMHYECKHX
XapaKTePUCTHK SBIISICTCS MPUMEHECHUEC HECTAI[MOHAPHBIX PEXKHMMOB 3JICKTPOJIN3a
[85-90].

[enbto pabor [58-60] siBrioch M3ydeHHE KMHETHKH SJCKTPOOCAKIACHUS H
CBOMCTB ZN W KOMIIO3MIIMOHHBIX 3JICKTPOXUMHUYECKUX TOKPHITHH IIMHKA C
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KOJUIOUTHBIM TpaduTOM, TIONYyYEeHHBIX W3 CyIb(aTHOTO JJIEKTPOJIMTa B
PEBEPCHBHOM PEXHME.

Onexrpoocaxkaenne KOII Ha ocHOBE IMHKA MPOBOAWIOCH HAa CTAIbHYIO
OCHOBY (cTajib 45) U3 KUCIIOTO 3JIEKTPOINTa MUHKOBaHUs coctaBa: ZnSO, 7H0 —
310 /1, NaxSO,4 10H,0 — 75 1/11, Aly(SO4)-18H,O — 30 r/11 ¢ 100aBKOI KOJUIOHIHOIO
rpadura (Cyoy,) pu t = 25°C [7, 67].

PaGouast MOBEPXHOCTH CTaJIbHBIX SIIEKTPOJIOB HOJIBEpTanach
MexaHudeckomy numdoBanuio HaxnauHor Oymaroit mapku (IOCT 10054-80),
XUMHUYECKOMY OOE€3KMpHBaHHIO B pacTtBope cocrtaBa, r/m: Na,CO; — 40,

NazPO, 12H, O — 40, Na(OH) — 40, tpaBnenuto B pactBope HCl — 150 r/x1 B

teuenue 70 ¢ [67]. [Tociie kax 1o oneparuy MpOBOIUINCH TIPOMBIBKU B XOJIOHOM
MPOTOYHON U AUCTUITTUPOBAHHON BOJIE.

Karomuesle mimoTtHocTM TOKa wu3MeHsuMch oT 250 mo 600 A/M?. ITpu
WCIIOJIb30BAHUM PEBEPCUBHOIO PEKHMMa aHOJHAs IJIOTHOCTh TOKAa BAPbUPOBAJIACH
or 100 xo 150 A/m°. CooTHoLICHHE BpPEMEHHM KaTogHON mosspusanuu (t,) Ko
BpEeMEHU aHOJHOW momspusanuu (t,) cocraBmsmo 20 ¢ / 1 ¢, 12 ¢ / 1 c.
[Tomsipu3arust OCymecTBISIach ¢ TOMOIIBI0 ToTeHnuoctata P-8S. Tlorenmman
pabouero 3JIEKTpoa u3MepsIcs OTHOCHUTEJILHO HAaCBHIIEHHOTO
XJIOpUCEepeOpSIHOTO AJIEKTpoaa cpaBHeHMs. Karton umMen pabouyro MOBEPXHOCTh
1-10* M°. AHOmOM CIyXuia UMUHKOBas IactuHa pasmepom 0,02 x 0,02 m.
TonmmHa HAHOCMMOIO MOKPBITUA cocTaBisina 1S5 MM, [ng umccienoBaHwmil
M CIIOJIb30BaH AIEKTPOXUMUYECKHUE METO/IbI: rajbBaHOCTATUYECKU,
MOTEHIUOJUHAMUYECKUAM, MOJISPU3AIUs PEBEPCUBHBIM TOKOM. MUKpPOTBEPIOCTH
crutaBoB  u3Mepsiii Ha npubope HVS-1000B  (IT'OCT 9450-76) wmeromom
CTaTUCTHYECKOTO BJABJIMBAHUS aaIMa3HOW MUPAMHIKU T0J Harpy3koi 25 r [118].
OTreyaTku HAHOCHWIIM HA PACCTOSHUM HE MEHEE ABYX AUAroHAlIeW Ipyr OT Apyra.
TBepmocTs Mo Mertomy Bukkepca (HV, Kr/MM®) ONpeeqsuid HpH ITOMOIIH
WHJICHTEpPA MUpaMUJANbHONW (OpPMBI € MPOTUBOISKAMMUM yriaom 136° mo

bopmyie:
2FSin

F
HV = — 1,8544 E(KF/MMZ) (1)

r7ie: @ — HAKJIOH aJIMa3HOr0 UHACHTEpa MUpaMuIaibHON (HOPMBI;

F — ucneiTarenbHOE ycuiue;

d — cpeansis nMHA TUAroHAIH OTIIeYaTKa (MM)

OrnpeneneHre MOPUCTOCTH MPOU3ZBOAMIOCH C UCIOIB30BaHUEM MPOrPaMMBbI
«Mukpouund» Ha aHanuzaTope H300paxkeHus MUKpocTpykryp AITIM — 6M
OVIJIK 401163.001-01. Tlonme wmzoOpakeHHs, MOJIYy4aeMOTO C HMCIOJb30BAaHHUEM
AI'TIM-6M, coctasisiino 430 MKM.

AHaM3  3allUTHOM  CIOCOOHOCTH  3JICKTPOOCAXKTACMBIX  ITOKPBITUI
NPOBOAWIM TyTEM CHSITUS HAa HUX [OTEHIHOJWHAMUYECKHX KpUBBIX B 3%
pactBope NaCl mpu ckopocTu pa3BepTku moteHnuaiza 4 mB/cex oT moTeHmuana
NOTPY)KEHHWsI B AaHOJHYIO M KaTogHyl oOmactu. Kpome TOro ckKopocTh
KOPPO3MOHHOI'O Pa3pyIICHUs] OIEHUBAJIACh T'PABUMETPUYECKH, TIOCIE BBIJIEPKKU
CTaJIbHBbIX 00pa3noB ¢ HaHeceHHbIM ZN u KOII Zn — komonHbIi rpadur.
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MaccoBblil moka3areiab KOPPO3UU PACCUUTHIBAJICS M0 YPABHEHUIO:

Kyace = As—r: (kr/M°gac) (2)

Am — u3MeHeHne B Bece oOpasiia mociae KOppo3HH, Kr;

S — mIomAaab 0OpadaTHIBAEMOIl TOBEPXHOCTH MIEKTPOLA, M ]

t — BpeMst 00paboTKH, yac.

DIEKTPOMPOBOAHOCTh U3MEPSIN KOHAYKTOMETPOM C JATYUKOM HAJIUBHOTO
tuna YOII - U — C.

CrexkTpalibHbIH  aHajau3  MPOBOAWICA C  TOMOIIBIO  JIa3€pPHOIO
CHEKTPOAHAIUTUYECKOTO KOMILIEKCa, BKItouaromero B ceds nazep Ha Nd:YAG,
mudpakuronnblil cnekrporpad ADC —458C u [13C — npucraska MUPC.

B pesynbTare npoBeAeHHBIX MCCIEAOBaHU Oblla yCTAaHOBJIEHA BO3MO>KHOCTh
MOJTYYEHUs KOMIIO3UIIMOHHBIX MOKPBITUM Ha OCHOBE LMHKA, MOAUMDUIIMPOBAHHBIX
yrirepoaabiM MatepuaiioM (C,,,) [958, 63]. Komnonansiit rpadut BBOIWICS B BUAC
nucnepcud B konumyectse 0,5-15 mu/n. g onpeaenenust MaccoBoi 101u rpadura
B CYCIEH3UU (3TaHOJIE) MPOBOAWIOCH BBIAPUBAHUE. OKCIEPUMEHTAIbHBIE
JaHHBIE TTOKAa3aJli, YTO MAacCOBas JI0JIA CyXOTro BEIIECTBA B CYCIIEH3UU COCTABIISIET
ot 6 10 10 %.

CornacHO JHUTEpaTYpHBIM TAaHHBIM YTJICPOAHBIN MaTepuan 0OecreuynBaeT
¢dbopMHpOBaHNE TAKUX CBOMCTB MOBEPXHOCTH pazzena (a3 B IIMHKOBOM IMOKPBITHH,
rJie TpaHulla pa3jenna «4acTUlla — MUHK» CIY>KUT YCUIUBAIOIINM U YIPOYHSIOIIUM
3BEHOM B CTPYKTYPE KOMITO3UIIMOHHOTO MOKPHITHS [9].

[Ipu osnextpoocaxaeHun KOIII u3 31eKTpOIUTOB-CYCIIEH3UN YaCTHUIIBI
MOAXOMASIT K TMOBEPXHOCTH Karoja BCJIECACTBUE NEpeMelIMBaHUs, OPOYHOBCKOTO
JIBIDKEHUSA, 32 CUET CUJI TpaBUTAlUM, AeKTpodopeTnueckum mytem. Cuuraercs,
YTO MEPEHOC YaCTHULl K KaToly oOecrednBaeTcs aacopOIueil Ha UX MOBEPXHOCTU
KaTHOHOB OCaXXJaeMOro MeTajla Wiu Apyrux HOHOB [/]. Mcnonb3ys AaHHBINA
MOJIXO0J, MOKHO TIPEIOJI0KUTh, YTO BBEICHHE B DJEKTPOIUT HEMETAIITUICCKHIX
YaCcTHII B BUJE AUCIIEPCHH TOJDKHO U3MEHHUTH JIEKTPOIIPOBOAHOCTH CUCTEMBI. J1Jist
BBISIBJICHHUSI BO3JICHCTBHS  KOJUIOMJHOTO Tpadura HA DIEKTPONPOBOTHOCTD
AIIEKTPOJIMTHOU CUCTEMBI HUCCIIEOBAINCH MHOTOKOMIIOHEHTHBIE BOJTHBIE PACTBOPHI
u cycneHsun ocaxacHus rmuaka u KOII Ha ero ocHose (Tabimma 3). U3 Tabmuiier 3
CJIEIIyET, YTO C BBEACHUEM KOJUIOMIHOTO TpaduTa MPOUCXOIUT HE3HAYUTEIIbHOE
CHW)KEHHE TPOBOAUMOCTH. OAHOM W3 MPUYUH JAHHOTO SIBIICHUS MOXET OBITh
acopOLIsi MOHOB SJICKTPOINTA, B YACTHOCTH MOHOB ZN°* ma rpadmure. B
pe3ysbTaTe MPOUCXOAUT YMEHBIIEHUE HEKOTOPOTO KOJUYECTBA «CBOOOIHBIX)
THIPATUPOBAHHBIX WOHOB B DJIEKTPOJIUTE, BO3PACTAET YMCIO 4acTull rpadura,
HECyIIUX Ha cede ancopOrupoBaHHbIC MOHBI. [10/IBUSKHOCTD TaHHBIX YaCTHI] HUXKE,
YeM y «CBOOOIHBIX)» MOHOB, YTO OTPAXKAETCS HA DJIEKTPOIPOBOJIHOCTH PACTBOPA.
Takum 00pa3zom, H3MEPEHHS DIEKTPOIMPOBOAHOCTH CYCIEH3MH B HCCIEAYEMBIX
DIIEKTPOJIUTHBIX CHCTEMax MO3BOJISIOT BBICKA3aTh MPEIINOIOKEeHNEe 00 aacopOIuu
MOHOB DJICKTPOJUTAa YacTUIAaMH KOJUIOMAHOTO Tpaduta. Ha 3TO ykaspiBaeT u
3HAYEHHE DJICKTPOKUHETHUECKOTO MOTEHIIMAa Ha TPAHMIIE YacTHUIA AJIEKTPOJIUT,
paBHOE + 79-10° B. Hanmuume MonokuTENBHOTO 3apsiga JOJDKHO CKas3aThbCsl Ha
KMHETHKE 3JieKkTpoocaxaeHus KOII.
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Tabmuma 3 — Y aenbHas 3JIeKTPOIPOBOIHOCTH (0, CM/M) pacTBOPOB U CYCTICH3UM
ocaxxnenus Zn u KOII Zn-Cyoun

Konnentparus D (Cyop), 0 2 5 10 15
MJT/TT
o, Cm/Mm 6,70+0,01| 6,67+0,01 | 6,58+0,01 | 6,51+0,01 |6,26+0,01

N3mepenus noreHuumana ceexxeocaxaeHubix KOII nokaszanu, 4To MOKPBITHS
UMEIOT Oosiee TOJIOKHUTENbHBIE 3HaueHUus (MpuOmm3uTenbHo Ha 17-21 MB), uem
MOTEHIINAT JIEKTPOOCcCaKaeHHOTO ZN. COrlacHO JINTEpaTypHBIM NaHHBIM |14, 64]
BKJIIOUEHHE TPaUTOBOrO MaTepHalia B METAUIMYECKYI0 MAaTpUIy TPHUBOIUT K
CMEILIEHUIO TIOTEHIMaNa B 00yiacTh Ooyiee MOJOXKHUTENbHBIX 3HAaUeHUU. Takum
0o0pa3oM, TOJNyYEHHBIE AKCIEPHUMEHTaIbHbIC pPE3YyJIbTaThl CBUACTEIBCTBYIOT O
BKJIFOUEHUH YaCTHUI] KOJUIOUAHOIO rpaduTa B COCTaB MOKPHITHSL.

Ha ranpBaHocTaTHuecKkux KPUBBIX 3jeKTpoBocccTaHoBieHus: Zn u KOII Zn
— Cyomr Ha cTazbHOM 31eKTpoze (PucyHok 8) Ha mepBbIX cekyHJax HaOIroAaercs
pe3Koe CMElIeHHE IMOTeHIMaja B CTOPOHY Oo0jee 3JIeKTPOOTPULATENIbHBIX
3HaueHuil. [lo ucreuenuto mnpumepHo 10 cex ycTaHABIMBAETCS CTALIMOHAPHOE
COCTOSIHME, OOYCJIOBJIIEHHOE MNPOTEKaHUEM IIPOLIECCOB: 3JEKTPOBOCCTAHOBJICHHE
UHKa W3 TUAPATUPOBAHHBIX MOHOB, BBIIEJICHHE BOJOPOJAa U B3aUMOJCIHCTBHUE
00pa3yOmUXCsl B MPUIJICKTPOAHOM CIIO€ THIPOOKCHUIHBIX COCIWHEHUH IHWHKA
(ZnOH", Zn(OH),) ¢ noBepxHOCTHIO KaTosa. C BBEJIEHHNEM B PACTBOP DIEKTPOIHUTA
KOJUIOMJHOTO rpauTa MPOUCXOJUT CMEIICHHE MOTEHIMala C CTOPOHY Oolee
OTPHUIATENHHBIX 3HAYECHUH TI0 CPABHEHUIO C AIEKTPOOCAKIACHUEM IIMHKA. YacTUIIbI
JCTIEPCHOM (Da3bl ANIEKTPOIHTA, UMEIOIINE TTOJIOKUTEIBHBIN 3apsi/l TOCTABISIOTCS K
KaTOAy M TaM BCTPAMBAIOTCS B KPUCTAIUIMYECKYIO PELIETKY pacTyliero nokpeitus. Ha
KaTOJAHOM IMOBEPXHOCTH YacTHUIIbl KOJUIOWIAHOTO TrpaduTa BBICTYNAIOT B KauecTBE
LEHTPOB KPUCTALIM3ALMUK, ONpPEACsisl AadbHEHIINI POCT 3IIEKTPOIUTUYECKOrO
ocanka. B pesymbrare ancopOnMu 4YacTULl KOJUIOWAHOTO TIpadura MPOUCXOAUT
yBEJIMYECHUE TepeHanpsbkeHus mpoiiecca anekrpoocaxaenuss KOII. HawubGonee
ANIEKTPOOTPULIATEIbHBIA ~ TOTEHUMAN  HAOJIOJaeTcss Npu  KOHIEHTpAaLUH
kosutouHoro rpaduta 2 miu/a (0,02 /).

Bxitouenue B cocTaB IMHKOBOTO TOKPBITHS TUCTIEPCHOM (ha3bl M3MEHSET €ro
(U3UKO-XMMHYECKUE CBOWCTBA, B YaCTHOCTU 3aIUTHYIO criocoOHocTh (Tabmmma 4).
CormacHO JaHHBIM TAOMMIEI 4, HauOOJBIIEH 3aIlUTHOM CIIOCOOHOCTBIO 00J1aJaroT
MOKPBITUS, TIOJTY4YEeHHBIE U3 3JEKTpoauTa ¢ n00aBko Cy,,; B KOJIWYECTBE 2 MI/I,
CIICIOBATENHHO, MATbHENIIIee YBETMUECHHE COACPKaHUs JUCTICPCHOM (ha3bl B pacTBOpE
HeIeJIeco00pasHo.
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Pucynoxk 8 — E — t kpusle anekrpoocakaenuss Zn (1) u KOIT na ocHoBe Zn (2-5) Ha ctanb 45
u3 anektponura cocraBa: ZnSO, - 7H20 — 310 /1, Na;SO4:10H,0 — 75 /i, Al1,(SO4)3-18H,0 —
30 /i, npu t 25°C B CTALMOHAPHOM TaIbBAHOCTATHYECCKOM PEXKUME IIPH i = 600A /M.
ConeprkaHue KOJJIOMIHOTO IrpaduTa B yekTpoaute 2 — 2 ma/n; 3 — 5 mu/n; 4 — 10 mo/m; 5 — 15
MIT/TT

Tabnuna 4 — upuna obnacTu noTeHKanoB maccuBHoro cocrosiuus (AE) Zn u KOII
Zn — Cyon, OCRXKICHHBIX HA CTAL 45 U3 CEPHOKUCIIOTO AIeKkTposuTa coctaBa: ZnSO,-7H,0 —
310 r/m, NapSO4-10H,0 — 75 r/m, Aly(SO4)3-18H,0 — 30 /1 ¢ 106aBko# Cyopy, TpH i, = 600

At =25°C
Zn XpOMaTUPOBAHHOE Konuentpauus 1® (CKOHH)’ M/
MTOKPBITHE ZN NOKpBITHE 2 5 10 15
AE, MmB 590 640 860 830 730 740

Hcnonp3oBanne peBEpCUBHOTO pekuMa diekTpoocaxaeHus Zn u KIII Zn-
Cronn OOecrneunBaeT Oousbliyro mossipuzyemMocth mporecca (Pucynokx 9), yro
MNPUBOJUT K TOJIYYEHHIO PABHOMEPHBIX, MEJIKO3EPHUCTHIX, MAJIOMOPHUCTHIX
0CaJIKOB, 00JIaaI0IUX MOHWKEHHBIM KO3 puuuentom tpenus (Tadmuna 5). Ilpu
BKJIFOYCHUM AHOJIHOM COCTaBJISIIOLIEH PEBEPCUBHOTO pEXUMa IPOUCXOJIUT
pacTBOpeHHE IIMHKA, MaTepuana TMOUIOKKH. B  mpusiaexkTpogHoM — cioe
YBEIMYMBACTCS KOHIEHTPALMS HMOHOB IIMHKA, HAKaIlJIMBAIOTCS MOHBI JKEJe3a,
KOTOpbIE TMpPHU TMOCJHEAYIOIEM KaTOAHOM HMMIYJbCE BOCCTAaHABIMBAIOTCS Ha
anekTpoae. B pesynbrare popmupyercs ocagok, coJepiKalluii B CBOEM COCTaBe
MOMUMO IIMHKAa aTOMbl >Xeyie3a. CHEeKTpalbHbId aHAIN3 HU3y4YaeMbIX ITUHKOBBIX
MOKPBITUM TOKa3al POCT MHTEHCUBHOCTU CHEKTPAJIbHBIX JIMHUM IS JKelie3a Mpu
Mepexo/ie OT CTAMOHAPHOTO PEKHUMAa BJIEKTPOIU3a K peBepCUBHOMY OT 39+2 1o
62+2. 3 quarpamMm, XapakTepU3YIOMIUX dJIEMEHTHBIM COCTAB AIEKTPOIUTUIECKUX
ocankoB Zn u KOOIl Zn — Cy,, cueayer, 4Tto cojaepxxaHue rpadpurta MNpu
WCIIOJIb30BAaHUU PEBEPCUBHOTO pekuma yBenuwumBaercs (Pucynkm 10, 11), a B
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COCTaBe TOKPBITHA, MOMHMO ZNn, Fe wm rpadura NpUCYyTCTBYET aIFOMUHUMU.
Bxmouenne Al MokeT OBITH CBSI3aHO C aACOPOLMOHHONW CIIOCOOHOCTBIO €ro
THJIPOOKCUAHBIX COCIWHCHHUM, OOpa3yIIIUXCS B MPUIJICKTPOJHOM CJIOC IPH
KaTOAHOM TIOJMSAPHU3AIMM KaK Ha IMOBEPXHOCTH AJICKTPOJAa, TaK M Ha YaCTHIAX
KOJUIOUHOTO rpaduTa.

Takum oOpa3zoM, MPU HUCIOIH30BAHUN PEBEPCUBHOTO PEKHMMA DJICKTPOIN3a
dbopMupyeTCs CIUIaB, COASPIKANINN YaCTHUIIHI HEMeTaUTHIecKon (pa3el — rpaduTa.

-500
700
-900
]
2 1100
i

-1300

1500

-1700
o &0 40 el B 100

t:C

Pucynok 9 — E — t kpuBas snexkrpoocaxaenust KOII Zn- Cy,,, Ha cTalb 45 U3 DJIEKTpOIUTa
coctaBa: ZNSO4*7H,0 - 310 /1, Na;SO4*10H,0 - 75 r/n, Aly(SO4)3*18H,0 - 30 r/1, Cyony -
2MJ1/J1, TIOTyYEHHAs! B PEBEPCUBHOM PEXHUME TIPH Iy = 600A/M? | i, = 150A/M t /t,=12¢/1¢

N3menenue Ka4eCTBEHHOTO u KOJINYECTBEHHOTO cocTaBa
AIIEKTPOJIMTUYECKOTO TOKPBITHS CKa3bIBACTCSI HA €r0 MEXaHWYeCKUX U (hU3UKO-
xuMudeckux cBoricTBax (Tabmuier 4, 5, 6). BBenenue B cocTaB MOKPHITHS YaCTHII
KOJUIOMJHOTO TrpaduTa M HCMOJb30BAHUE PEBEPCUBHOTO PEXHUMA IJICKTPOJIN3A
MPUBOJUT K YMEHBIICHUIO TOPUCTOCTH OCajaka, K03 UIIMEHTa TPEHUS U €ro
MUKPOTBEPAOCTHU 32 UCKITIOYEHUEM MOKPHITUS ZN — Cypyy , TOTYUYEHHOTO MPU MPHU
i = 600 A/M% i, = 150 A/M®, t/ t, = 12 / 1. DTOMYy PEKHMY COOTBETCTBYET
MEHBIIIMNA MaCcCOBBIN TMOKa3aTeNb KOPPO3UU JIJIsl M3ydaeMbIX MOKpbITHil (Tabnuia
6). IlomydenHsle pe3ynbTaThl MOXKHO OOBSCHUTH (POpMUpOBaHHEM Haubosee
MEJIKOKPUCTAJUIMYECKUX MTOKPBITUI B YKa3aHHOM PEXKUME.
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3neMeHTHbINW cocTaB

Pucynok 10 — DieMeHTHBIH cocTaB ZN MOKPBITHS, TTOJyYSHHOTO, MTOJYYEHHOTO B PEBEPCUBHOM
pexume mpH i, = 600 A, i,=100 A2, 1/ t, =121 1
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3NeMeHTHbIM CoCTaB

Pucynox 11 — DnementHsiit coctaB KOIT Zn - Cyyyy, MOTYIEHHOTO B PEBEPCUBHOM PEKUME TIPHU
i =600 A/M%, iy = 100 A/, t/ t, =12/ 1
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Tabnuma 5 — MukpoTBepAOCTh, TOPUCTOCTH, KOAduIeHT TpeHus Zn nokpeitus U KOIT Zn — Cy,

Pexum MuxkpoTBEpAOCTH KO3 (PULIHEHT
[Topucrocts, % pOTBCRAOCTE, eprn
ANEKTPOIIN3a H/m TPEHUS

Zn IOKPBITHE

o . 6
CTaEI/é(())I({)aR}/I;IZH I 17 906-10 0,445

PEBEPCHUBHBIH I =

2 - _
600 A/m", ;a— 100 15 430.106 0,401
A/M°,

tk/ta=12/1

PEBEPCUBHBIN
R 2
I 000 A 5 604-10° 0,364

tk/ta=12/1

K3II Zn — Cyopn

1,600 AL 9 . o

PEBEPCUBHBIN
P 2
F ?88 ﬁ‘sz’ 8 794-10° 0,268

t/t,=12/1

PEBEPCUBHBIN
R 2
I 000 A 7 1365-10° 0,305

tk/tale/l

Tabnua 6 — MaccoBblit mokasatesib Koppo3uu (Kyace) ZN u KBIT Zn — Cyyp,
AIIEKTPOOCAKICHHOT'O U3 CEPHOKHCIIOTO JIEKTPOJIUTA

2
Kyiace, KT/M 4ac
Pexum

Zn K3IT Zn — Cyomn

CTallMOHAPHBIN
i, = 600 A/m*
PEBEPCUBHBIN
i,= 600 A/M,
i,= 100 A/em?,
t/t,=12/1
PEBEPCUBHBIN
i,= 600 A/M,
i,= 150 A/M°
t/t,=12/1

46107 3,0-107

3,2:107 2,910

2,510 2.8:107°




40

BriBoinl

1. OmnpeneneHa onTuMaidbHas KoHIeHTpanus J® B siekrponute
HaneceHus KOII Zn — C .,

2. YCTaHOBIEHO BIMSHHUE HECTAllUOHAPHOTO peXMMa Ha (QHU3HKO-

MexaHuuyeckue xapaktepuctuku ¢opmupyeMbix KOII (yBennumBaeTcst 3aminTHas
CIIOCOOHOCTh, YMEHBIIAETCSA TMOPHUCTOCTh OCATKOB, KOIPPUIUMEHT TpEHUs,
YBEIUYHUBACTCS MUKPOTBEPJIOCTH).

3. CHekTpajlbHBIM ~ aHajJu30M  ONpEAENIeH  3JEMEHTHBIA  COCTaB
MOJTy4aeMbIX MOKPBITHUH. Y CTAHOBJIEHO, YTO B COCTAB MOKPBITUIl BxoasT . ZNn, Fe,
Al, C. KonTMYecTBO KOMIIOHEHTOB 3aBUCHT OT PEXHUMa SJICKTPOJIM3a: TUIOTHOCTH
TOKAa B MEPUOJT aHOJHOH MoJIsIpu3aiyu, cooTHommeHus ty/ t;.

4. H3MepeHbl OCHOBHBIC (DH3MKO-MEXaHWYECKHE CBOWCTBA (3aIMTHAsS
CIIOCOOHOCTh, KOA(DOUITMEHT TPEHUS, MUKPOTBEPAOCTh, IIOPUCTOCTH ).
5. OnpeneneHbl  ONTUMAJIbHBIE MapaMETPbl PEBEPCUBHOTO PEXHUMA

ANEKTPOJIN3a, TMO3BOJSIONIME TMOJAy4YaTh OCAQAKU C YIYYIICHHBIMUH (PU3UKO-
MEXaHHUYECKIMH XapaKTePUCTHKAMH (PEeBEPCHBHBINA PEsKUM mpH i, = 600 A/M?, i, =
100-150 A/M?, t/ t, = 12/ 1).
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7. JlabopaTopHasi padoTta

HN3y4yeHnue BJUSHUS YCIAOBUM 3JICKTPOOCANKICHUS
HA CBOMCTBA KOMIIO3MIMOHHOIO 3JIEKTPOXUMHUYECKOI0 MOKPbITHSA

Hean padoTsi:

BapuaHT | — uccnenoBaTh 3akoHOMEepHOCTU (QopmupoBanus u cBoictBa KOII Ha
OCHOBE IIMHKQ;

BapHaHT 2 — UCCIEN0BaTh 3aKOHOMEpHOCTU (QopmupoBanus u coicta KOII Ha
OCHOBE CIIJIaBA HUKEIIb-XPOM.

MeToanka IKCIepUMEHTA

1. IIpuroroBjieHHe CyCNEH3UN HA OCHOBE Pa00YHUX JIEKTPOJIUTOB
iekTpoocaxkaenus KIII

1.1. Mcnonp3yeTrcs 3JIeKTPOJIUT COCTaBa:
Bapwuant 1: ZnSO,4-7H,0 — 310 /1, Na,SO4-10H,0 — 75 1/,
A|2(804)318H20 - 30 F/J'I;
BapuanT 2: NiSO4 — 83 1/11, NiCl, — 20 1/11, Cry(SOy4)3 — 40 1/11, H3BO3 — 30 /7,
1,4-6ytunauon, NH,CH,COOH — 220 r/i1, (NH),SO,4 — 200 r/m.
1.2. B3BecuTh KOMIIOHEHTHI J3JIEKTPOIMTa Ha Becax ¢ ToyHOCThIO + 0,01 1 u3
pacuera 00beMa roTOBOr0O pacTBopa iekTposuta 250 mi. [l npurotToBiaeHUs
pacTBOpa UCMOJB30BaTh JUCTUIIMPOBAHHYIO BOJTY.
1.3. 3mMepuTh 31€KTPONPOBOIHOCTD 3JIEKTPOIUTA C TOMOIIBI0 KOHAYKTOMETPA.
1.4. N3 UCXOIHOrO »SJEKTPOJIUTAa MPUTOTOBUTH CYCIEH3UIO C KOJUIOWIHBIM
rpadguroM. O6bEeM CyCIIEH3UH U KOJMYECTBO KOJJIOMIHOTO Tpadurta B Hel (U3
pacyeTa KOHIEHTpAIMK KosutouaHoro rpadura 2; 5; 7; 10 mui/n) o 3amaHuto
penoaaBaTels.
1.5. I3MepuTh 351€KTPONPOBOJHOCTD MOTYUYEHHBIX CYCIIEH3UM (Mepe N3MEPEHUEM
pacTBOp MepeMeaTh).
Pe3ynbTaThl ©3MEpeHU 3aHeCTH B TAOJIHILY /.

Tabnuua 7
Bmusune coctaBa QJICKTPOJINTA Ha BEJIMYMHY €I'0 3JICKTPOIIPOBOAHOCTH
CocTas Conepsxanne No OIEKTPONIPOBOAHOCTD
KOJUIOMIHOTO
IJIEKTPOJINTA OTIbITa
rpacdura
X XCPEQ

1

2

3
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2. IloAroToBKA MOBEPXHOCTH IJIEKTPO/IA Mepel HAaHeCeHHeM MOKPbITHS

2.1. Mexannueckas 00paboTKa CTalbHOTO AJIEKTPOJa MEIKO3EPHUCTON
HaXJTauyHOM OyMarom.

2.2. ITpomMbIBKa JUCTUIUIMPOBAHHOU BOJOM.

2.3. OOe3xHWprBaHWE B IICJOYHOM DJIEKTPOJIUTE WIM B OPraHUYECKOM
pactBoputene (ameToH). CocTaB 3IEKTPOIUTAa XUMUUECKOTO 00€3KUPUBAHUS:
Na,CO; — 20-40 r/m; NazPO,-H,O — 20-40 r/m; NaOH — 40 r/a. Pexum
obe3xupuBanms: t = 60-65°C,z = 2 MuH.

2.4. ITpoMbIBKa TUCTUIUTMPOBAHHON BOJIOK.

2.5. TpaBieHHE IOBEPXHOCTHU 3JIEKTPOJA B KUCIIOM JJIEKTPOJIUTE COCTaBa:

HCI 0,1 monb/i1, Bpemst 00paboTku — 1-2 MUHYTHI.

2.6. [TpombIBKa JUCTUIUIMPOBAHHOU BOJOM.

2.7. Cymika o0pa3uoB QuibTpoBajIbHOM OyMaroil ¢ mocienyroniei BbIIEPKKOW B
CYLIWJIBLHOM IKady Npu TeMIiepaType 120°C, 15 MUHYT.

2.8. I3MepeHune Beca UCXOIHBIX ANEKTPOAOB ¢ TouHOCThIO 10,0001 r.

2.9. V3MmepeHue TOJNIIMHBI HCXOMHOTO OOpaslia Mepell HAaHECEHUEM IOKPBITHS
MHUKPOMETPOM B 5-7 TOUKaAxX
Pesynbrarel u3mepeHunii 3aHecTd B Ta0uIy 8.

Tabmuia 8
Brwsiare ycioBuid ocaXkIeHHs Ha TIPUBEC JICKTPOJIa ¥ TOJIIIUHY MOKPBITHS
s =
= ~ & =
f— g{ g{ [':‘ W.\ X E " E % E
o <
| B 25 88| ¢ : 5| | 2¢
= a, = > = a s &= s & E s 2 < Eﬁ
o 2 o = © 3 2 2o & Z o 4 g g %
=Rt 5 =g = a S S8 | E & & s E 5 R
S g o 8 = A Z =i 5 5 & 5 B = g 2 Sl
H = o 2 O 2 o =i
S ) S o 9 [9) 2 5 < 2 o 9 =5 = 5 o
@) = ol (OIS o = (] o = O o = = S o o o,
O 3 Z M = M o m H 8 = H a8 o = = = ©

01|~ | W N | Ne uzmepeHus

* - U3MEpPEHHUS B 5-TH TOUKAX Ha JJIEKTPOJIE.

3. Hanecenne KJII Ha cTajibHYI0 OCHOBY

3.1. Ocaxnenne KOII mnpou3BOAWTBCS B TallbBAHOCTATUYECKOM PEXKUME.
DNeKTpruYecKasi cxemMa coorpaercs COrjlacHO pucyHok 12.

3.2. Bpems anekTpoiin3a paccuuThiBaeTcs (MprioxeHue 1), ucxoas u3 3aJaHHON
npenojaBaTesieM TONIIMHBI TadbBaHUYecKoro mokpeitus (10, 15, 20, 30 Mxm),
ToKa ocaxmeHust mokpsrtus (30, 35, 40 MA/cm?). TIpH 9IeKTPOOCaXKIeHNHN
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K3II Ha ocHOBe 1IMHKA BBIXOJ MO TOKY IpuHHMaetcs 95 %. (s ocaxaeHus
KOII Ha ocHOBe cIJlaBa HUKEIb-XPOM B pacueTax MPUHUMAETCSI COOTHOIIICHUE
MeTaJ1oB B MOKpbITUU 50:50, BeIXOA 110 TOKY 45 %.

IMOTCHIIMOCTAT nEepCOHAJILHbBIN
KOMIIBIOTEP

CyCHeH3Us pactBop KCI

Pucynok 12 - Cxema nonsipusyromieii nenu: A — anon, K — xaron,
OM — 31eKTPONUTHYECKUN MOCTUK, DC — AJIEKTPOJl CPABHEHHUS

3.3. DHeKTpol TMOrpy’KaeTcs B HUCCIeAyeMblil pacTBOp. Cxema pacmnoIOKECHUS
AJIEKTPOJIOB 10 33JAHUIO TPENOJaBATEIS:
a — COTJIACHO PUCYHKY 3;
0 — COIJIaCHO PUCYHKY 4.

Pucynok 13 - Cxema nmapaiensHOro Pucynok 14 - Cxema pacrnoyioxkeHus KaToja
PAacIIoNIOKEHUs SJIEKTPOJIOB B sSTUEHKe O[] YTJIOM K aHOAY

3.4. llpy NOrpyXeHHM CTAJIBHOTO DJIEKTPOJA B HCCIECAYEMBIA DJIEKTPOJIUT-
cycneHsuto ¢ukcupyercs mnoreHuuan mnorpyxenus (Ep, B). Onextpon
BbIJIEpKMBAETCs 0€3 TOKa B TeUYeHHE 3 MUHYT. Peructpupyercss moTeHuual
ANEKTPOJa Yepe3 3 MUHYTHL. 3aTe€M AJIEKTPOJ U3BJIEKAETCS U3 3JIEKTPOJIUTA-
CYCHEH3UHU U MPOBOAUTCS BU3YAIbHBIN OCMOTpP €r0 MOBEPXHOCTU. Pe3ynbTarsl
3aHOCATCS B TaOIUITy 3.

3.5. YcnoBus ocaxaeHus 1o 3aaHu0 MPEroJaBaTes:

a — C MepEeMENIMBAHUEM JJICKTPOJIUTA C OMOIIbI0 MArHUTHON MEIIAJKH,
0 — 0e3 mepeMenIMBaHus.

3.6. IIpoBomutcsi ocaxnenne KOII B rambBaHOCTATUYECKOM pEXKUME MpHU
3aIaHHBIX TMPENOJABATEeNIeM IUIOTHOCTSIX TokKa. DUKCUpPYETCd HN3MEHEHUE
NOTEeHIMaIa paboyero EeKTPoa BO BPEMEHH.
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3.7. Tlocne OTKIIOYEHUS TMOJSPUIYIOLIETO TOKa (PUKCUPYETCS MMOTEHIUAT
UCCJIENYEMOTO AJIEKTPOJa B TeUeHHe 2 MUHYT. Pe3ynbrar 3aHOCUTCS B TaOIl.
Q.

3.8. DnekTpoa M3BIEKAETCA U3 AJIEKTPOJIMTA, MPOMBIBACTCS IUCTWLIIMPOBAHHOU
BOJOM.

3.9. CormnacHo 3alaHHBIM TMPENOJABATENIEM YCIOBUSAM MPOBOAUTCA OCAXICHUE
MOKPBITHS U3 UCXOTHOTO IIEKTPOIHTa 0€3 10OaBKH KOJUIOUTHOTO TpaduTa.

3.10. [Insg KaxOgoro M3 HCCIEAYEMBIX JJICKTPOJIUTOB IPOBECTH HE MEHEe 3
napajuieNIbHbIX ONBITOB MO ocaxaeHuto KOII.

Tabmuma 9
Bnusinue coctaBa 351€KTpOIMTA HAa BEJIMUUHY MTOTEHIIMANIA SJIEKTPOa

CocraB 31eKTpoIuTa Ne En, B En, B

3IEKTPO/Ia (Ha 3 MuHYTE) E (nmokpeitus), B

4. UccaenoBanne GU3NKO-XUMHYECKUX CBOWCTB MOJY4e€HHbIX 00pa31oB

4.1. Cymika 006pa3ioB B CYHIIWIHLHOM HIKa(y Mpu TEMIepaType 100°C, 15 MHHYT.

4.2. B3emmBanue o0pa3noB ¢ Tounoctbio +0,0001 r.

4.2. Bu3yaJbHO OLICHUTh KAYECTBO MOKPHITUSA: PABHOMEPHOCTD, IBET U JP.

4.3. OueHuts MOPQOJIOTHIO MOKPHITUS C TOMOILIBIO MUKPOCKOIIA MPU YBEIUYEHUN
B 200 pas.

4.4. Onpenenuth TOJIIUMHY MOKPBHITHS B 5-7 TOYKax € MOMOIIbIO MHUKPOMETPA.
Pe3ynbpTaThl ©3MEpEeHUI 3aHECTU B TAONIHILY 2.

4.5. Ha nony4yeHHbIX 00pa3uax onpeaeiauTh BEIMYUHY KPaeBOro yriia CMaulMBaHUs
0 nmokpeITUA (IpUTIOKEHUE 2).

4.6. Onpeaenutsb K03PPUIMeHT TpeHus oopasnos f (mputokenue 3).

4.7. Ha omHOM U3 00pa3IoB OLIEHUTD are3ut0 MOKPHITHS (MPUIIOKEHUE 4).

4.8. OnpenenuTh 3alUTHYIO CHOCOOHOCTHh MOKPHITUS AEyop B 3%-M pacTBOpe
NaCl B cpaBHeHHM C TOKpBITHEM 0Oe€3 J00aBKM KOJUIOMIHOTO rpadura
(mpumnoxxenue 5).

[Tomy4yeHHBIC SKCTIEPUMEHTANIbHBIE TaHHbIC 3aHeCTH B Tabmuiry 10.

Ta6nuua 10
Bnusgnue ycnoBuil ocaxaeHus: Ha GU3NKO-XUMHUYECKHE CBOMCTBA MOKPHITUI

aare3ust

. 0
Ne obpasua 0, f MOKPBITHSA

A]EKOPa B
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Bonpocel 111 caMOKOHTPOJISA

. O6nactu npumenenust KOII.
. [IpenmymmectBa KOII niepen aneKTpOXUMUYECKUMU TOKPBITUSMH.
. Komnonentei-Bkimouenust B KOIL.
. MeTozpl IpUrOTOBIIEHHUS 3JIEKTPOJIUTOB-CycnieH3ui nmomyuenuss KOIT.
. Mexanusm ocaxaenus KOIL.
. Dnektpodoperraeckuii 3P heKT.
. Ponb muddy3un, anre3un, moBepXHOCTHOTO HaTsDKeHUA B (hopmupoBannu KOIT.
. Biustnue mporiecca Beienenus Bogopoaa Ha popmuposanue KOII.
. OPhEKT «paCKIMHUBAIONIETO IABJICHUS KUJKUX TTPOCTIOCKY.
10. Bnusinue ycnoBuii anekTpoiinsa Ha popmuposanue KOII.
11. YcnoBus nomydenust Menko3epHucTbix KOIT.

O 0NNk W -

Texnuka 0€30MaCHOCTH

Bemmonnenne nabopaTopHbIX paboT TpeOdyeT 3HaHUS HMEIOLIUXCS B
7abopaTopud MHCTPYKIHMHA 1O TEXHHKE O€30MaCHOCTH, MPOTHBOIOKAPHBIM
MEPOPHUIATHIM U OKA3aHUIO MIEPBOM MOMOIIH MPU HECUACTHBIX CITydasx.

OOmue TpeOoBaHUS TO TEXHUKE Oe30MacHOCTH clienyomue. Padorty
CJIEyeT BBITIONHATH TOJBKO B 3alIMTHOM Xxamnate. [Ipum paboTe ¢ XHUMHYECKUMU
BEIIECTBAMH  HYXXHO  TIOJb30BAaThCS  3allUTHBIMU  TEpYaTKaMH,  TIpU
HEOOXOJMMOCTH — 3allUTHBIMA ~ OoukamMu. [Ipum mpoBeneHuu 1abOpPaTOpPHOTO
IPAKTUKyMa HEOOX0IMMO paboyee MECTO COJIEPKaTh B YUCTOTE, HE 3arPOMOXK/IaTh
€ro Mocy/10il U MOCTOPOHHUMH NPEAMETAMHU.

He ucrnonb30BaTh XUMHUYECKYIO TIOCYAY, UMEIOLIYIO TPEIUHBI UM OTOUTHIE
Kpas. B aBapuiiHbIX CHUTyalusiX pa3JIUThle KHUCIOTHl W IIEJIOYH HEOOXOIHUMO
3achINarh MeCKOM, HEUTPAJIN30BaTh, IIOCIIE 3TOTO MPOBOIUTH YOOPKY.

[lepen paboToil ¢ BIEKTPOOOOpPYyAOBAaHHEM HEOOXOIUMO IPOBEPUTH
COCTOSIHME€  M30JSIUMU  TOKOMPOBOJSIIMX  IPOBOAOB,  3JIEKTPOPO3ETOK,
DIIEKTPUYECKUX BHIIOK, HAIWYUE AMDICKTPUUECKUX KOBPHUKOB. llomp3oBaThcs
AIIEKTPOTIPUOOpaMH  HYKHO TOYHO TI0 HaszHaueHnto. COOpKy W JEMOHTax
DIIEKTPUYECKOW CXEMBI TPOBOJIUTH TOJBKO TPH BBIKIIOUYEHHBIX MPUOOpax.
Kareropuuecku 3amperiaercs OCTaBIATH  JACHCTByomue mpubopel  0e3
HaOMIoIGHUsT U OJHOMY paborarh B saboparopuu. Eciu Bo Bpemsi paboThI
OOHaApy)XMBAETCSI HEUCIPABHOCTH JIIEKTPONPUOOpPa HEOOXOIUMO HEMEJICHHO
OTKJIFOUUTH €T0 OT DJIEKTPOIHEPTUH.

[To oxoHuaHuum paboOT HEOOXOAMMO BBIKIIOUWTH HCTOYHHKH HAarpesa,
AIEKTPONIPUOOPHI, BEHTWIAIMI0O ©u T.0. OTpaboTaHHBIE pPEaKTHUBBI CcOOpaTh
pa3zenbHO B clienualbHylo nocyay. [IpuBectu B mopsiiok cBoe pabouee MeECTO,
pubOpPHI U Apyroe 060pyaoBaHue 1a00PaTOPHOTO MPAKTHUKYMA.
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Odopmirenue 1adopaTopHOil padoThI

B nHauane nmpuBOIUTCA MOPSIKOBBIM HOMEp BBIIOJIHIEMOM 1a00paTOpHOIL
paboThl. 3aTeM yKa3bIBaeTCs €e Ha3BaHHE, IPUBOANTCS L1eIb paboThI.

B koHCmekTe HOKHBI OBITh NMPHUBENEHBI OCHOBHBIC MOHSATHS IO TEOPHUH
BBITIOJTHSIEMOU J1ab0paTOpHOM pabOTHI.

Jlamee MPUBOAUTCA METOAMKA JKCIEPUMEHTA, CXeMa JKCHEPUMEHTATbHON
ycTaHOBKH. CXeMbI H300pakatoTCs ¢ MMOMOIIBIO YCIOBHBIX 0003HAYEHMI, KOTOPBIE
JIOJKHBI UMETh pacIiin(poBKy.

DKCepUMEHTANIbHBIE PE3yJbTaThl MPEACTABIAIOTCS B BUAEC TaOIUIl H
rpadukoB. [[ns ompenensieMblx BEIMYMH JO/DKHA OBITh yKa3aHa pPa3MEpHOCTb.
Tabnuiibl ¥ PUCYHKH JOJKHBI OBITH IPOHYMEPOBAHBI U TIOIITHCAHBI.

BriBoapl Mo paboTe JOIHKHBI OTpaXKaTh Pe3yNbTaThl SKCIEPUMEHTATBHBIX
MCCIIEIOBAaHM O BIUSHUM yCJIOBUN AKCIIEPUMEHTA Ha MOJTyYCHHbIC JaHHbIE.
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MNPUJIO)KEHHUE 1
Pacuer BpeMeHH 3J1eKTPOJIN3a

o-d
Bpewms anextponusa: t,=———,
? BT
Ik -Q-
r7e O - TOJIIMHA TTOKPBITHS, M;
3.
d - mIoTHOCTE MeTailIa, KI/M;
: 2.
Iy - KaToHAas IIOTHOCTh TOKa, A/M” ;
q - 2JAEKTPOXUMHUYECKHUI SKBHBAJICHT OCaKIaeMOro MeTallia, KI/A - c;

BT - BeIX0A OcaxkaeMoro merajia o TOKY, J0JIU €IUHUIIBI.

II;roTHOCTE cIuiaBa:
demr=d(Me 1)-g(Me 1) + d(Me 2)-g(Me2),
rae g — coiepkaHue KOMIIOHEHTA B CIUIABE, JI0JIM €IMHULIBI.

BJ'IGKTpOXI/IMHIIGCKI/H?I OKBHBAJICHT CIlJIaBa.
Qorn = l/Gcnm

G 1 N 1
rae = .
T q(Me1)-p(Mel)  q(Me2)- p(Me2)
Tabmuma 1
DJIEKTPOXUMHUYECKUE SKBUBAJICHTHI U BEJIMYMHBI INIOTHOCTH METAIJIOB
DIIEKTPOXUMUYECKUN
N3meneunue IlnotHOCTE
DaeMeHT Peaxmus BATCHTHOCTH JKBUBAJIEHT, veTana. Hond
€HTHOC r-(A-c)'1-103 € , I/C
Zn Zn**+2e — Zn 2 0,3388 713
Ni Ni?*+2e” — Ni 2 0,3041 8,90
Cr Cr¥*+3e - Cr 3 0,1796 7,19

Pacuyer BbIX01a 110 TOKY
Brixon o Toky:

BT = "LIIPAKT. 10005,
I’nTEOP
rae Mppagxt — MPUBEC DIIEKTPOJA, KT
Mrgop — Macca OCaJKa, BBIIEIMBILETOCA Ha JJIEKTPOAE, PACCUMTAHHAS IO
3akony Papanes, Kr.
3akoH Dapanes:
m=q-I-t,,
| — oK, A;
{5 — BpeMs DIIeKTpoun3a, C.
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IMPUJIO’)KEHHUE 2
MeTtoauka u3MepeHHs BeJIMYMHbI KPAeBoro yrjia cMauMBaeMOCTH

OmnpeneneHre BEIMYUHBI KPaeBOTO yIjla CMauyWBaeMOCTH IPOBOJHUTCS TIO
METOIY «cuasueit Karmmy. [IpuroToBiieHHBIE 00PA3IBl ¢ OCAKICHHBIM ITOKPHITHEM
MIPOMBIBAIOTCSL BOJIOM, 3aT€M alleTOHOM, Jajieé Ha HCCICIyeMYH0 TOBEPXHOCTh
HAHOCHUTCS KaIlIsl AJIEKTPOJINTA, U3 KOTOPOTO HAHOCWIIM TIOKPBITHE, TIOCTOSHHOTO
oobema (V = 0,1mu).

C moMomplo Ty4Yka CBETa, HAMpPABIICHHOTO NapajUIebHO TOBEPXHOCTH,
MIPOCIIMPYIOT Ha dKpaH O0KOBOE M300pakeHue Karum. Yepes3 TouKy, B KOTOpOH Ha
N300paKCHUH COTPUKACATUCH BCEe TpH (a3bl, IPOBOAMTCS KacaTeIbHAsI K KOHTYPY
KaIlJTd M OIpPEICIACTCS YTroJl HaKJIOHA KacaTelIbHOM OTHOCHUTEIBHO MOBEPXHOCTH
MeTaJlIa.

QJICKTPOJ
HpeHMeTHLIﬁ CTOJIMK

Pucynok 1 - Cxema n3mepeHus KpaeBoro yria cMaulBaHus

IMPUJIO’)KEHHUE 3
Metoauka usmepeHusi K0O3gGuiIHeHTa TPEHUs OKPbITHH

Omnpenenenue kod(hGUIMEHTa TPEHUS CKOJIBXEHUS T MOKPBITHST TPOBOUTCS
COTrJIaCHO CXEMeE, NPUBEACHHON HA PUCYHKE:

KOHTPTEIO

BIIEKTPOJ

Pucynok 2 - Cxema onpezenenust ko3 duienta TpeHus
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Beanunna fpaCC‘II/ITI)IBaeTC}I 1o (I)OpMy.]Ie:
f = FTP/P:tg a,

rie F,, — cuiia TpeHus: CKOJIbKEHUS;
P — cuna, ¢ KOTOpO KOHTPTENIO AAaBUT HA UCTBITHIBAEMYIO IOBEPXHOCTH;
F, — cuia TsbxecTH .
B kadecTBe KOHTpTENa HCIOIB3YETCS CTAIBHOW oOpaser mMaccoil 1 rpamm.
KoaddummenT TpeHUs CKONBKEHUS paBE€H TAHTEHCY yria o, TpH KOTOPOM
HAYMHAETCS CKOJIBKEHUE TeJla 10 HAKIIOHHOM IMJIOCKOCTH.

INPHUJIO’KEHUE 4
MeToauka onpeaejieHus aAre3uu

Anre3uss TOJTYYEHHBIX OCAJKOB OLIEHHWBAECTCS IyTEM HAHECEHUS CETKU
napanmuH (I'OCT 9.302-88). Ha mOBEpXHOCTh KOHTPOJIUPYEMOTO MOKPBITHS
CTAJIbHBIM OCTpUEM HaHocuTCid 4 - 6 napajuleNbHBIX JMHUNA TIIyOMHOH [0
OCHOBHOTO MeTaimia, Ha paccrosaum 2,0-3,0 MM omHa oT apyroi, u 4-6
MapaJuIeNIbHBIX JIMHUWA TIEPIIEHAMKYJSIPHBIX TIepBbIM. Ha koHTpommpyemon
MOBEPXHOCTHU HE IOJHKHO HAOMIOAATHCS OTCIAUBAHMS IIOKPBITHSL.

NPUJIOKEHUE 5
MeToauka KOPPO3HMOHHBIX UCTIBITAHUM

Omnpenenenre 3aMTHON CIOCOOHOCTH MOJIYYCHHBIX MOKPHITHI MTPOBOIUTCA
no  oskcrnpecc -  meromuke  (I'OCT  9.308-85) myrem  cHsSTHSA
NOTEHIIMOAMHAMUYECKUX KpUBbIX B 3%-pactBope NaCl mpu ckopoctu passepTku
Vp = 4 mB/c. KpuBble cHUMaTCS OT OECTOKOBOTO IMOTEHIManda oOpaslia B
aHOJIHYI0O W KaTOAHYIO CTOPOHY JO pe3Koro mnoabema Toka. KopposuoHHas
yCTOMYMBOCTh 0Opas3lla OILICHWBAETCA IO BEJIWYMHE OOJIACTH TACCHUBHOTO
COCTOSIHHSI.

i ], MA/cm?

A E xop E,B

<<
-

.
>

Pucynok 3 - Cxema omnpeenieHus: 001acTH TAaCCHBHOTO COCTOSTHUS
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