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B YaCTHOCTHU K JJIEKTPOJIHUTHO-TUIa3MEHHONH 00paboTKe, 1 MOXKET ObITh IPUMEHEHO VIS MOJMPOBAHUS,
YHAJICHUS] 3ayCEHLEB, CKPYIIEHHS OCTPBIX KPOMOK, OYHMCTKH ITOBEPXHOCTH M3AENUHA M3 THTaHOBBIX
CIUIaBOB W N3 CBEPXYNpPYTHMX HUKEIb-TUTAHOBBIX CILIABOB C 3(PdekToM maMsaTH (Gopmbl. 3amaduecii
3asBISIEMOTO M300pETeHHs SABISACTCS MOBBINICHUE 0E30MaCHOCTH peanu3alu crocoda ansd moned u
o0opynoBaHus, a TaKke odecredeHne kadecTBa oOpabaTsiBaeMoil moBepxHOCTH. [locTaBneHHas 3amaqa
JIOCTHTAETCs 38 CUET NMPUMEHEHHS JJICKTPOINTA HA OCHOBE BOIHOTO PacTBOPa ¢ HU3KOHW KOHIIEHTpAIHeH
COCTABJISIOIIMX KOMITIOHEHTOB, a TaK)KE CHIDKEHHUS MapaMeTpPOB LIEPOXOBATOCTH MOBEPXHOCTHU 32 CUET
YCTaHOBJICHUS TTapaMeTPOB BpeMeHH O0pabOTKH W3MeNHs, TeMIIEpaTyphl MIEKTPOIUTa U HONABAEMOr0
Ha W3JeNnue HanpspkeHus. J{Isi pemeHns MocTaBIeHHON 3aJa4yi MpeasIaraeTcsi Crocod 3JIeKTPOIUTHO-
IMJIa3MEHHOT'O MOJIMPOBAHUA MMOBEPXHOCTHU I/ISLleJ'II/Iﬂ N3 TUTAHOBBIX W HUKEJIb-TUTAHOBBLIX CILIaBOB, IPHU
KOTOPOM K 00padaTsiBaeMOMY U3IEIIHIO IPUKIABIBAIOT IIONOKUTENEHOE [0 OTHOIICHUIO K SJIEKTPOJIUTY
HarpsHKeHHE U MOTpyKaloT 00padaTbiBaeMOe H3/IETIHE B AIICKTPOIIUT.
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Cnoco6 3/1eKTPOITHTHO-NIa3MEHHOT 0 IOJIHPOBAHHS

NIOBE€PXHOCTH H3Je/Ini U3 THTAHOBBIX H HHKEJIb-THTAHOBLIX CILJIABOB

M3o0pereHne  oTHOcHTCS K 00OJacTH  3IeKTpOPHU3MYECKOH |
JJIEKTPOXUMHUYECKOH 00paboTkH MaTepuajoB, B YaCTHOCTH K 3JIEKTPOJIHUTHO-
IU1a3MeHHOM 06paboTke, 1 MOXKeT OBITh MPUMEHEHO IS MOJMPOBAHUA, YIAICHUA
3ayCEHLEeB, CKPYIJIEHUS OCTPBIX KPOMOK, OYHCTKHA IIOBEpXHOCTH HW3JEIHH U3
TUTAHOBBIX CIUIABOB U U3 CBEPXYIPYTHX HUKEJIb-TUTAHOBBIX CIUIABOB C 3 (HEKTOM
namatu ¢opmel. Haubonee nepcniekTUBHON 001acThiO NMPHUMEHEHHS 3aIBISEMOrO
nU300peTeHnss SBISAETCS NPOU3BOJACTBO M3AETUHA MEOUIMHCKOTO Ha3HAYEHHS,
GYHKIMOHMpOBaHHE KOTOPBIX IIpednojaraeT peanmsanuio sddexrta naMaTH
¢dhopMBI.

N3BecTHO npHCTIOCOOIeHHE TS 3IEKTPOXMMHYECKOTO TIOJTUPOBAHHUS, COCTaB
ANEKTPOJIUTA I DJIEKTPOXUMHUYECKOTO TOJHUPOBAHHUS CTEHTOB M3 HHKEINb-
TUTAHOBOTO CIUIaBa W CIOCOO HCIIONB30BAHUS DJJIEKTPOJIMTa B COYETAaHHHM C
npucnocobaeHreM, NpeyCMaTpUBalOIIUe, YTO JIEKTPOJIUT COAEPKUT: METAHOI —
70-95 %,; cepHyto Kucnoty — 5—15 %; comsHyto kucnory — 1-6 % [1].

HepoctatkoM maHHOro cmocoba SBISE€TCS HCNOJIb30BAaHUE TOKCHYHOTO U
JIETKOBOCILIAaMEHSIOILETOCS] METaHOJIa.

W3BecTHBI COCTaB 3JIEKTPOJIATA H METO AIEKTPOXUMHUYECKOTO MOTUPOBAHHS
HHUKEJIb-TUTAHOBBIX CIUIABOB M JAPYTHX METAUIMYECKHX MaTepuasioB, BKIIOYas
BOJIb()paMOBble, HHIOOHEBbIE M TAHTAJIOBBIE CILIABBI, MpEeNyCMaTpPUBAIOIIHE, YTO
3JIEKTPOJIMT BKIIIOYAET METAHCYIBPOHOBYIO KHUCIOTY (25 %) u 6yTanon (75 %) [2].

Henocrarok  maHHOro  Meroja  3aKilo4aeTcs B HMCIOJIb30BaHUU
JIErKOBOCILIaMEHSIFOIIETOCS U BBI3BIBAIOLIET0 KOPPO3HIO JIEKTPOJIUTA.

Kpome Toro, u3BecTeH 3JIEKTPOIUT AJis SIEKTPOXUMHUYECKOIO IIOJIUPOBAaHUA

IIOBEPXHOCTEH H3NENIMi K3 METAUIOB, coJepXaumid cepHylo kucinoty (20,0—



60,0 %), Oudropun ammonus (4,0-8,5 %) wu, Kak MUHHMYM, OJIHY
ruaApoKcuKapboHoByto kucioty (40,0-80,0 %) [3].

HenoctaTtkoM yka3aHHOTO COCTaBa 3JIEKTPOJIMTA SBJISAETCS €ro BBHICOKas
arpecCUBHOCTb U MCIIOJIb30BaHNE TOKCUYHOTO OU(TOpHIa aMMOHMS.

Taxxe u3BecTeH crnocob MONMPOBaHUS HETalel U3 TUTAHOBLIX CIJIABOB,
OpelycMaTpUBalOUi, YTo K oOpabaTeiBaeMOW IeTadd IMPHKJIAABIBAIOT
aNeKTpUYeCKHH noteHuan ot 250 B no 320 B, npuyeM B kauecTBe 3E€KTPOIUTA
HCIIO0JIB3YIOT BOJHBIN pacTBOp ¢ coaepxanueM oT 3,0 no 7,0 % ruapokcunaMuHa
COJITHOKHUCJIOTO YHMCTOI'0, YUCTOrO JJis aHalu3a WM TEXHHYECKH YHUCTOrO U
cogepxanueM ot 0,7 no 0,8 % NaF wnu KF B xauectBe pTopcomepikainero
COEJIMHEHHS, a MoNupoBaHue BeayT npu temneparype ot 70 °C no 90 °C [4].

HenocratkoM mnpuBeneHHOro cmocoba SBISETCS BBICOKas TOKCHYHOCTD,
KaHLIEpPOre€HHOCTh, B3pPBIBO- M IMOXXAPOOIACHOCTh, YTO O0YCJIOBJIEHO HAJHYHEM B
COCTaBe IEKTPOJIUTA I'HIpoKcHiIaMuHa. Kpome Tord, JaHHBIN CTIOCO0 He MO3BOJISET
NOJyyaTh Ka4eCTBEHHYIO MOJMPOBAHHYIO MIOBEPXHOCTh JeTajleld U3-3a HEBBICOKOM
cTaOHUJIBHOCTH B TIpoliecce 00pabOTKH.

N3BecTeH cnoco6 31eKTPOJHTHO-IUIA3MEHHOTO MOJHPOBAaHHUSA, COTJIACHO
KOTOpoMy 00pabaThiBalOT JeTajlb HW3 TUTAHOBOrO CIJIaBa C COAepkKaHUEM
BaHaaus oT 3,5 10 6,0 %. K neranu npukiaasiBaOT 3JIEKTPUYECKUNA OTEHIINAI
oT 340 B o 360 B, a 06paboTKy BBIMOJHAIOT B 3JIEKTPOJIUTE B BHIE BOJHOTO
pactBopa ¢ congepxanueM 30-50 r/n KF-2H,0 u 2-5 r/n CrOs npu Temneparype
ot 75 °C nmo 85 °C B TeueHue He MeHee 1,5 MuH [5].

HenocratkoM yka3zaHHOro crocoba SBJIS€TCS HaJIMYHE B BIIEKTPOJIUTE
TOKCHYHOTO ¥ KaHLleporeHHoro okcuaa xpoma (VI).

U3BecTeH BEeKTPONHT, HCIOJB3YEMBIH i 3JIEKTPOJUTHO-IJIaA3MEHHOTO
NOJIMPOBAHUS U3/IeNHI U3 TUTAaHA U ero CIUIaBOB, COCTOSILUM U3 BOAHOIO pacTBOpa
¢ropucroro ammonus (1,0-5,0 %) u propucroro kamus (0,5-5,0 %) [6].

JlaHHOe TeXHHMYEeCKOe pellleHhue sBiIgeTcs Haubonee OMU3KUM IO
TEXHUYECKOH CYIIHOCTH K 3asABIsIeMOMY H300peTeHHIO M BBIOpaHO B KadyecTBe

MMPOTOTHIIA. OIIHaKO Ka4Y€CTBCHHOC J3JICKTPOJHUTHO-INIA3BMCHHOC ITIOJIMPOBAHHE C



OPUMEHEHHEM TaKOrO 3JIIEKTPOJIUTa MOXET OBITh JOCTHTHYTO TOJIBKO ISt
TEXHUYECKH YHCTOro TuraHa BT1. B pe3ynbrate 0OpabOTKH THTaHOBBLIX CILIABOB,
COJEPKAIlNX TAaKUE JIETHPYIOIIME 3IIEMEHTHl, KaK aJIOMHHHMM, BaHaiui H
MONUOIEH, Ha TTOBEPXHOCTH 00pasyroTcs AedekTrl. Taxke HEZOCTATKOM JAHHOTO
TEXHUYECKOI'O pEIICHMs SBISETCA HAM4HMe B COCTaBe BJIEKTPOJIMTa TOKCHYHBIX
KOMIIOHEHTOB. Kpome Toro, ykasaHHBIIi COCTaB 3JIEKTPOJIUTA HE TMO3BOJISET
BBINIOJIHUTh KaYE€CTBEHHOE 3JIEKTPOJIUTHO-IUIa3MEHHOE IMOJIMPOBAaHHUE H3AETUH W3
HUKEJIb-TUTAaHOBBIX CIIJIaBOB, B OCOOEHHOCTH WU3JECIUH MaJlor0 CeYeHHsd u
XECTKOCTH, YTO NPOSBIsAETCS B POPMUPOBAHUHU Ha 00pabaThiBaeMOi MOBEPXHOCTH
PBIXJIOTO OKCHUJHOTO CJIOS, U YpPEe3MEPHOM pa3orpeBe W3JeNvs, YTO BBI3BIBAET
($a3o0Boe MpeBpallleHHe MaTepuaja ¢ MOCIeNYIOIIUM HeOOpaTHMBIM H3MEHEHUEM
¢hopMbI U3nENus.

TakuMm oOpa3oM, B HACTOSAIIMA MOMEHT OCHOBHBIM HEHOCTAaTKOM
CYILLECTBYIOIIMX METOJOB MOIUPOBAaHUS NOBEPXHOCTH U3JEIMA U3 TUTAHOBBIX U
HUKEJb-TUTAHOBBIX CIIJIaBOB SBJISIETCS UCNOJIb30BaHUE ONACHBIX KOMIIOHEHTOB JJIs
MIPUTOTOBJIEHUST JJEKTPOJUTOB. Ilpu 3TOM B OTHOILIEHHWH 3JIEKTPOJIUTHO-
IUTa3MEHHOr0 METOoJa IIOJMPOBaHMS C IPUMEHEHHEeM BOJHBIX pPacTBOPOB
OTCYTCTBYIOT COCTaBBI DJIEKTPOJUTOB U PEXUMOB 0OpabOTKH HHUKEIb-TUTaHOBBIX
CILIaBOB.

3amaueii 3asBNLEeMOro H300peTeHHs SBIAETCA MOBbILIEHUE OE€30MacCHOCTH
peanu3anuu criocoba Ui NPOU3BOJCTBEHHOTO IlepcoHalNa M 00OpylOBaHHMS, a
TaKke olecreueHHe KauecTBa oOpabaTeiBaeMod moBepxHOCTH. [locTaBieHHas
3aaya JOCTUTAeTCs 3a CUET MPUMEHEHHsS 3JIEKTPOJMTa Ha OCHOBE BOJHOIO
pacTBOpa C HH3KOW KOHUEHTpalued COCTaBSAIOIIMX KOMIIOHEHTOB, a TakKxe
CHIDKCHHSI IIapaMeTpOB IIEPOXOBATOCTH IOBEPXHOCTH 3a CYET YCTAHOBJIEHHS
apaMeTpoB BpeMeHW o0OpabOTKH U3JeIHs, TeMIeparypbl JJIEKTPOJIHTa U
[I0/IaBa€MOT0 Ha U3/Ie/Ihe HalPsDKeHUS.

Jlns pelleHUs MOCTABJICHHOM 3aJjaud IpejsaraeTcs Crocod 3JIeKTpOIMTHO-
IUIa3MEHHOTO TOJMPOBAHUS TMOBEPXHOCTH H3JENMA M3 TUTAHOBBIX M HUKEIb-

THTAHOBBIX CIINIABOB, ITPH KOTOPOM K 06pa6aTBIBaeMOMy HU3ACJINIO ITPUKIIaAbIBAlOT



TMOJIOKHUTEIPHOE II0 OTHOIIEHMIO K D3JIEKTPONUTY HampsbkeHHEe W MOrPYXKarT
obpabaTbiBaeMoOe H3Jede B OJNEKTPOJIUT, IPM OSTOM MPHKIAJBIBAEMOE K
obpabaTbiBaeMOMy  WM3IeNHI0O  HampsbkeHwe — cocraBmier 200450 B,
obpabaThiBaeMoe H3IeNHe MOMEIIaeTcss B JJIEKTPONMT Ha 1-3 MHH, Ipu 3TOM
TeMmnepaTypa djekrponuta coctaBiasger 80-95 °C, a 31neKTponHuT COHEpPIKHT
aMMOHMSA (TOpPHI, aMHUHOCHHPT ¥ BOAY TIPH CJIEAYIOMIEM COOTHOILIEHHH
KOMIIOHEHTOB, Macc. %:

- ammonus propun: 3,0-6,0 %;

- amuHocniupt: 0,5-1,5 %;

— BOJIa: OCTAJIBHOE.

[Ipu sTOM mpenycMaTpuBaeTCs YacCTHBIM cllydail pead3alyu criocoda, npu
KOTOPOM 3JIEKTPOJIUT MpeIBapUTeIbHO NpopabaTeiBatoT aHOAOM M3 TuTaHa BT1 ¢
KoymyecTBOM aektpudectsa 0,1-0,5 A-u/n.

Bo3moxHa peanusanusa crnocoba, IpH KOTOpoid obpabaTeiBaeMoe U3eIHe
uzrotoByieHo U3 TutaHa BT 1 unu tutanoBeix criaBoB OT4 wiu BT6.

Taxxe BO3MOXEH 4YacTHBIM Ciy4ail peanu3anuu crocoba, MpH KOTOPOM
obpabaTeiBaeMOe H3Je/IMe HMEeT HCXOAHYK IIepOXOBATOCTh IMOBEPXHOCTU HE
6oisee 0,7 MKM.

Kpome Toro, mpemycMmarpuBaercss peaiusanus cnocoba, npd KOTOpPOH B
KauyeCcTBe aMHHOCTIMPTa UCTOJb3yEeTCsl TPUITAHOJAMHUH.

Peanuzanus cnocoba 3JIEKTPOJIUTHO-ILIA3MEHHOT O HOJIUPOBAHHUS
MIOBEPXHOCTH M3IENMA W3 TUTAHOBBIX U HUKE/Ib-TUTAHOBBIX CILUIABOB MOSCHIETCS
CJIEYFOIIMMH U300paXKEHUSMH.

®ur.1 — BHemHHH BHI TMOBEPXHOCTH OO M TIOCJHE BJIEKTPOIUTHO-
IUTa3MEHHOTO IMOJIMPOBAaHMSL.

®ur. 2 — BiusgHue npoaoHKUTENbHOCTH MOJMPOBAHMS Ha LIEPOXOBATOCTH
MOBEPXHOCTH.

@ur. 3 — CocTossHMEe NOBEPXHOCTHU 10 U NOCIE 3JIEKTPOIUTHO-TUIA3MEHHOTO

IIOJIMPOBAHHUA.



Qur.4 — BiusHHe NPOJOKUTENFHOCTH MOJUPOBAaHHMsS HA MOTEHLHAI
NUTTUHTO00pa30BaHUS TOBEPXHOCTH.

Croco6 3NeKTPOIUTHO-TIIA3MEHHOTO HOJIMPOBAHUS [TOBEPXHOCTH H3AEIMM
U3 TUTAHOBBIX M HUKEJIb-THTAHOBBIX CIJIABOB PEAIU3YETCS CIECAYIOIIMM 00pa3oM.

W3penue, BBHINONHEHHOE W3 TUTAaHOBOI'O WJIM HHUKEJb-TUTAHOBOI'O CILUIaBa,
¢ukcupyercss U K HeMy mojaercs HampshkeHue 200—450 B, xotopoe sBnsercs
MIOJIOXKUTEIIPHBIM 110 OTHOLIEHHIO K DJJEKTPOJIUTY. 3aTeM JAaHHOe U3Jelue
MOTPYXXaIOT B JJIEKTPOJUT TAaKUM oOpa3oM, 4YTOOBI 3JEMEHTHI H3IENHUS He
BBICTYIJIHM HaJ IOBEPXHOCTHIO 3JeKTponnuTa. [Ipu 3TOM npexycMarpuBaeTcs, YTO
JaHHOE U3JIeNINe MOXKET OBITh U3roToBIeHO U3 TuTaHa BT1 wiu TuTaHoBoro cniasa
OT4 wm BT6. Kpome TOro, naHHoe H3ACIHE MOXET HMETh MCXOIHYIO
IIIepOXOBaTOCTh MOBEPXHOCTH He Hoiee 0,7 MKM.

[Togaya Ha wuzgenue HanpspkeHus B auanazoHe 200—450 B nossosser
HUCKIIIOYUTH (OPMUPOBaHHE Ha MOBEPXHOCTU U3JENMs U3 TUTaHA OKCUAHOIO CJIOf
ceporo uik 6eJ10ro OKCHIHOTO CII0s, a JJIS U3JeNUs U3 HUKEJIb-TUTaHOBOIO CIUIaBa
YEpHOTO OKCHJHOIO CJIOS, U pa3orpeBa, BHI3bIBaIOIIEro (ha3oBoe MpeBpalleHHe
MaTepHaa H, Kak CJIeICTBHe, HeoOpaTuMoe u3MeHeHue Gpopmbl uzaenus. I1pu stom
TaK)Ke He BO3HHMKAaeT IIpepblBaHHE CIUIONIHOCTH (OPMHpPYEMOH  BOKpPYT
00pabaThIBaEMOTO M3AEIUS Tapora3oBoii 060I0YKH.

DJEKTPOJIUT, B KOTOPBIH MOTPY>KAIOT U3JeKe, COOEP>XUT aMMOHHS pTOpuUz,
TPUITAHOJAMHH U BOAY IPU CIEIYIOIIEM COOTHOUICHHHM KOMIIOHEHTOB: aMMOHHMS
dropun: 3,0-6,0 %; amuaocnupt: 0,5-1,5 %; Boga: octanpHOE.

AMMOHHS (TOpHUI, SBISIONIUACS OCHOBHBIM KOMIIOHEHTOM 3JICKTPOJIHTA,
obecreynuBaeT ero HeOOXOAUMYIO 3JIeKTPOIIPOBOJHOCTh M aKTUBHBIE CBOMCTBA 3a
CUeT cojepxaHus HOHOB (ropa. KoHleHTpanus aMMOHHUS PpTopuja Ha ypoBHE 3—
5% mno3Bonser chHOpPMHPOBATH CTAOWIbHYIO MApOra3oByI0 OO0OJOYKY BOKpPYT
obpabaTeiBaeMoro wusfenus. [Ipy 3TOM He NPOMCXOOUT H3JIHUIIHEro Harpesa
U3JeNMs U OKHMCJIEHHS OCTPBIX KPOMOK H3JENHUS C MOCHeAyIONMM HeoOpaTHMBIM
M3MEHEHHMEM CBOMCTB MaTepHala, TakKe He IIPOUCXOIUT GOpMUPOBaHHS AeheKTOB

06paboTKH MOBEPXHOCTH B BHJIE TIOP.



AmuHOCTIMPT ¢ KoHUeHTpauued 0,5-1,5 % B cocraBe 3JeKTponuTa
obecreunBaeT (GOPMHPOBAHHE IIISHIEBOW I[TOBEPXHOCTH, a TAKXKE OTCYyTCTBHE
okHcIoB U nop. IIpu 3ToM He mpoucxoauT GOpMHPOBAHHS CBETJIOH HJIM TEMHOM
OKCHJIHOW IUIeHKH. IIpemycMaTpuBaeTcs, YyTO B KadyecTBe aMHHOCIIHPTA MOXKET
HCIIONB30BaThCs TPHUITAHONIAMUH.

Taxum o6pa3zom, HH3Kash KOHIEHTPALUA KOMIIOHEHTOB, BXOISAIIUX B COCTAB
JNIEKTPOJINTA, HCKIIOYaeT €ro JIeTKOBOCIUIAMEHAEMOCTb, TOKCHYHOCTh H
KaHLIEpOreHHOCTh, 4TO 00ecneyrBaeT 6€30MacHOCTh ero MpUMeHeH!sI.

Kpowme Toro, B nensix uckimodeHus GopMHUpoBaHUs Ha IOBEPXHOCTH H3ZeIUs
CBETJIIOTO HJIM TEMHOTO OKCHUIHOTO CJIOSi TMpH TOTpYXeHUH W3Aelus B
CBEXXEIPUTOTOBJICHHBIH 3JIEKTPOJIHT LeJIeCOOOPa3HBIM SBJISETCS MpeIBapUTeIbHAs
npopaboTka 3nmekTponura aHoaoM u3 TuTaHa BT1 ¢ konuyecTBOM 3nekTpuuecTBa
0,1-0,5 A-u/n. Dro mno3BoysgeT obecmeyuTh MONUPYHOIMHA 3(dekT 3a cuer
HAKOIUIEHUS B NEKTPOJIMTE HOHOB TUTAHA.

Taxxke 3JIEKTPONUT, B KOTOPBIM TOTPYXAKOT HU3IENHE, NOJKEH HMETh
TeMnepatypy B auanazoHe 80-95 °C, yto mo3BosisieT obecneyuTh CTabUIBHOCTD
napora3oBoii 000J109KH, OTHOCUTENFHO HU3KYIO IUIOTHOCTh TOKa U, KaK CJIEICTBHE,
UCKJIIOYAeT 4pe3MEpPHBI CcheM MeTailia. B pe3ysibTare BO3MOXHBIM SBISETCA
BBHINIOJTHEHUE 00pabOTKM U3AEIUN Maoro Ce4eHUs K KECTKOCTH.

ITocne morpyxeHus u3zenue, Haxonsmeecs noja HanpsokeHueMm 200450 B,
BBIJIEP)KUBAIOT B 3JIeKTpoiuTe B TeueHHe oT | no 3 muH. Ilox BosmedcTBHEM
HanpsDKeHHUs BOKPYT MOTPYKEHHOTO B JIEKTPOJIUT U3JIENNHs BO3HUKAET yCTONYMBast
naporasoBasi 000J04Yka W IO Bceil oOpabaTbiBaeMOil MOBEPXHOCTH IMPOUCXOASAT
HUMITYJICHEIE dJIeKTprYecKue pa3psabl. K Bo3HUKHOBeHUIO 3¢ (eKTa NoIHupoBaHUs
IPUBOAMUT COBMECTHOE BO3IECHCTBHE Ha NIOBEPXHOCTH AETAIM XUMHUYECKH aKTUBHOM
Cpelbl U JEKTPHUUECKHX Pa3psIoB Yyepe3 MaporasoByo 000JI0UKY, IPUBOIAIINX K
PacTBOPEHHIO MHKPOHEpPOBHOCTEH. BO3HUKHOBEHHE JIEKTPUYECKHUX pa3psaoB
Ha0II0MaeTCsa MPEUMYIIIECTBEHHO Ha BEPIIIMHAX MUKPOBBICTYIIOB, a8 pOpMHpOBaHHE

MHKpoOnpomisi, IPOUCXOOUT 3a CYeT HuX CcriaaxuBaHusa. B pesynbrare



obecrieyuBaeTcs TpebyeMoe KadecTBO MOBEPXHOCTH Ge3 popMUpoBaHHus penbeda ¢
[IPOSBIICHUS MUKPOCTPYKTYPHI.

Hanee u3nenve U3BNEKAIOT U3 AIEKTPOJIUTA M MPEKPAIIAIOT [TOJaYy Ha HEro
HanpsHKSHHUS.

B  pesyneprare npumeHeHus cmocoba  3NEKTPOIMTHO-IIA3MEHHOTO
IIOJIMPOBAHHUS IOBEPXHOCTHU U3JEIHH U3 TUTAHOBBIX M HUKEJIb-TUTAHOBBIX CILIABOB
MIPOXCXOIUT U3MEHEHHE LIEPOXOBATOCTH MOBEPXHOCTH 00pabaThIBAEMOTO HU3IEHS
¢ 0,7 Mxm 110 0,06 MKM.

IIpuMepoM mNpaKTHYeCKON pealu3aldy MpejiaraeMoro H300peTeHHs
SIBJISIETCSI ANIEKTPOJIUTHO-IJIA3MEHHOE MOJIMPOBaHHE CTEeHT-3JIEMEHTOB,
M3TOTOBJICHHBIX U3 HUKEIb-TUTAHOBOI'O CIUIaBa B COOTBETCTBHH CO CTaHIApPTOM
ASTM F2063. 3arotoBKH CTEHT-3JIEMEHTOB IOJy4Yald U3 TPYObl METOJIOM
nazepHoil pe3ku. Ilocne nasepHOH pe3kH BBINOJNHAIACh TepMUYeckas oOpaboTka.
[Tnomaas 06pabaThIBaEMOM MOBEPXHOCTH H3/EIHs COCTaBIsIa 3,2 cM2,

Hcnons3yemslit ans 06paboTKH yKa3aHHOTO M3ZENHs 3JIEKTPOIUT COAepiKal
amMMmoHusa ¢ropun 4,0 %, amunocrupt (TpusataHojgaMuH) 1,0 %, Boga — octanbHOe.
TemnepaTtypa oanekrponuta coctaBisiia 92 °C. O6paboTka CTEHT-3JeMEeHTOB
BHIMOJHSIach mnpu  HampsokeHud 320 B ¢ pasnuyHON  BpeMEHHOI
IPOAOIKHUTENBHOCTBIO.

BHelmHuii BHI NOBEPXHOCTH 0OpabaThiBaeMOro M3Aenus IO U MOCHe
3JIEKTPOJIMTHO-IVIA3MEHHOTO  MOJIMpOBaHUsA TnpenacraBieH Ha ¢ur. 1. Ha
MOBEPXHOCTAX UCXOAHOTO 00pa3lia NpUCy TCTBYIOT PUCKH, IIOJyYEHHBIE B IIPOLECCE
nidOBaHHUS MPU MPOU3BOJCTBE 3arOTOBKU, I'paT, 0Opa30BaHHBIM NpU J1a3epHOM
pe3ke, a TaKXe MeXaHWYeCKHWe 3arps3HeHHs. B pesynpraTe 31€KTpOIMTHO-
IUTa3MEHHOTO TMOJIMPOBaHUS TPOM30IILIA OYHUCTKA IOBEPXHOCTH, CriaXHBaHHUE
MHKpopenbeda, yIalleHWe  3ayCeHLEB, IMPUTYIUIEHHE OCTPhIX  KPOMOK.
CyliecTBeHHOE H3MEHEHHE MUKpopelbeda OBLIO NOCTUTHYTO mociie o6paboTku
IPOJOIKUTENBHOCTBIO 3 MUH.

Haunbosee HHTEHCUBHOE CTIa)XHBaHHE MHUKPOHEPOBHOCTEH HabI0Ialoch B

HayaJIbHOW CTaAuM Ipolecca 00pabOTKU MOBEPXHOCTH MPU NMPOAOTIKUTEIHLHOCTH



no 1 muH. Ilpu nansreiinieii 06paboTke HHTEHCHBHOCTD CIUIAXXKHUBAHUS 3HAYUTEIHHO
CHIXKanack. B pesynprare 006paboTKH NpOROIKHTENBHOCTBIO 5—7 MHMH ObUIM
JOCTUTHYTEHI IIpEAENIbHbIE 3HAYEHUs CpeJHEro apuMeTHYECKOTO OTKIOHEHHS
npo¢uns (Ra). BiusiHue NMpORoKUTENPHOCTH MOJIMPOBaHMS HA HIEPOXOBATOCTh
NIOBEPXHOCTH 00pabaThiBa€MOro U3/eNius MPUBEACHO Ha ¢ur. 2.

N3obpaxkenus, I€MOHCTpPHUpYIOLIHE COCTOsIHHE HNOBEPXHOCTHU
o0pabaThIBa€MOTro U3JENUS 10 U MOCIIE SIEKTPOIUTHO-TUIaA3MEHHOTO [TOJIHPOBAHHS,
npencTasineHsl Ha ¢ur. 3. Ha noBepxHOCTH HUCXOAHBIX 00pa3IoB, MPUCYTCTBYIOT
OUTTUHTA oOpa3oBaHHble B pe3ysibTare NpeIBApUTENIBHOIO XHUMHYECKOTO
TpaBJIeHUs, a TaKKe BKIIOYEHHS B Bule HHTepMeTALIHAHBIX (a3 TiNiOx u TiC.
B pesynbrare 06paboTKM  NpPOJODKHATENBHOCTBIO 1 MHH ObU1  y#alieH
MOBEPXHOCTHBIN CIIOHM, coaepxaliuid MUTTUHTH, oOpa3oBaHHblE B IMpolecce
MpeIBApUTEILHOIO XUMHYECKOTO TPaBJIeHHs, HO UHTEPMETAIUIHIHBIE BKIIOYEHUS
MPOSIBIISUTUCEH B Ooblliel CTENEHH, YeM Ha MCXOIHOM MOBEpXHOCTH. [lanbHenas
o6paboTka B TeueHHe 3 MHUH NPUBOJWIA K TOMY, 4YTO HWHTEpMETALIUAHbBIE
BKJIFOUYEHHS HAaYMHAIW BBITPABIMBATHCA M3 CTPYKTYpHl CIIaBa, a Ha UX MecTe
OCTaBAJIUCh 0cBOOOAMBILIECS TIOPBI. B pe3yJibTare 06paboTku
IPOIOIKUTENEHOCTEIO 5—7 MHH KOJHMYECTBO HMHTEPMETAJUIMAHBIX BKIIIOYEHUH
CYILLECTBEHHO YMEHBIIAJIOCh, @ KOJTUYECTBO MOP, COOTBETCTBEHHO, YBEJIUYHBAIOCH.
ITpn aToM ¢QopmupoBanacs XapakTepHas Ui 3JIEKTPOXUMUYECKOTO TpPaBICHUS
penbedHas MOBEPXHOCTH C MPOSABIEHHEM MHUKPOCTPYKTY PBI.

Huarpamma, XapaKTepu3ylomas BIIMSIHUE NPOAODKUTEIFHOCTH
NIOJTUPOBAHMUS Ha MIOTEeHLIHAT NUTTUHIO00pa30BaHUs MOBEPXHOCTH
obpabareiBaeMoro wusfenus mnpexacraBieHa Ha ¢ur. 4. CpenHue 3Ha4YeHMs
NOTeHIMaNa MUTTUHroobpazoBaHus (E,y) o6pasuoB oOpabaTeiBaeMOro H3Ae/Ius
nociue 3JIEKTPOJIUTHO-TIA3MEHHOTO NOJIMPOBaHUS c pa3TuYHOMR
IPOJIOJDKUTENFHOCTEIO cocTaBisuid oT 318 MB no 523 mMB. Cpennee 3nauenue
MOTEHIMATa TUTTUHI000pa30BaHus MCXOAHOro obpasua nocie TepMoobpaboTKu
cocraBuia 348 MB. Haubosbline 3HaYeHHS MOTEHIMANa MUTTHHrooOpa3oBaHMs

OBUIH JIOCTHUTHYTHI IIpH 00paboTKe MPOJOKUTENFHOCTRIO 10 3 MuH. O6paboTka



OGonee S5 MHMH I@pUBOAMJIA K 3HAYUTEIBHOMY YMEHBIIEHHIO IIOTEHLHAA
NUTTHHrooopasopanus. TakuM oOpa3oM, 0O6paboTka NPOAOIKHTEIBHOCTHIO 10 3
MHH [IPUBOAUT K YBEIHMYEHHUIO KOPPO3HOHHOW cTOWKOCTH 00paboTaHHOI
IIOBEpXHOCTH.

XMMHYECKHUH aHaN3 1T0Ka3aJl, YTO JEKTPOIUTHO-IIIIA3MEHHOE MTOJIUPOBaHUE
He IIPUBEJIO K U3MEHEHHIO COCTaBa IMOBEPXHOCTHOrO cios. IIpyu 3ToM nossieHHe
KOPPO3UOHHON CTOMKOCTH CBSi3aHO HE C U3MEHEHHEM COOTHOLICHHS KOMIIOHEHTOB
CIUlaBa, a C OYHMCTKOM IIOBEpXHOCTH, TIOBBIICHHEM €€ OJHOPOIHOCTH,
CTJIaXKMBaHUEM MHKPOIIPOGUIIS.

Taxum 00pa3oM, 3asiBisieMoe H300peTEeHUE NT03BOJIIET 00ECIIEYUTh CHIKEHHE
napamMeTpoB IIEPOXOBAaTOCTH IOBEPXHOCTH H3AEIMHA W3 THTAHOBBIX U HHKEIb-
THUTAHOBBIX CIUIABOB, a TAKXXE 3a CYEeT NPMMEHEHHs BOJAHOIO PacTBOPA C HU3KOM
KOHIIeHTpalieil Jocturaercsi 6e30MacHOCTh peanu3aluy crnocoba Ui TIOAeH H

obopynoBaHus.
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®opmy.a n3obperenns

1. Cnoco6 31eKTPOJUTHO-TIa3MEHHOTO  TTOJIMPOBaHKUS TIOBEPXHOCTH
M3JENMiA W3 TUTAHOBBIX M HUKEIb-TUTAHOBBIX CIUIABOB, IPH KOTOPOM K
o0pabaTriBaeMOMY U3JIENTUIO MPUKIAIBIBAIOT MOJOXHUTEIBHOE [0 OTHOLIEHHIO K
3JIEKTPOJIMTY HalpsDKEHHE U MorpyxaroT oOpabaTtbiBaeMoe n3JieNue B 3JIeKTPOJIHT,
OTJIMYAIOIIHIHCA TeM, 4YTO IMpHKJIaAbIBaeMoe K oOpabaThbiBaeMOMY H3/IETHIO
HanpspkeHue cocrtasnger 200450 B, ob6pabateiBaeMoe u3znenne NMoMeIIaeTcs B
9NEKTPONMT Ha 1-3 MHH, TIpH 3TOM TeMmIlepaTypa 3JIEKTPOJIUTAa COCTaBJISET
80-95 °C, a nneKTpoNUT CONEP>KUT aMMOHMA (PTOPHUI, AMUHOCITUPT U BOLY IpH
CJIeIyIOIIEM COOTHOLIIEHHH KOMIIOHEHTOB, Macc. %o:

- ammoHus ¢propun: 3,0-6,0 %;

- amuHocnupt: 0,5-1,5 %;

— BOJIa: OCTAJIBHOE.

2. Cnoco6 mno 1.1, orTauyamwmuiics TeM, YTO DJICKTPOJIUT
MpeABapUTENbHO IpopabdaThIBalOT aHoOAOM u3 TuTraHa BTl ¢ konuuecTBOM
anextpudectsa 0,1-0,5 A-u/m.

3. Crnioco6 no 1. 1, oTinyalommuiics TeM, 4To oOpabaTbiBaeMoe u3zenue
HU3roToBjieHO u3 TuTaHa BT1 unm tutaHoBEIX cruiaBoB OT4 unu BT6.

4. Crnioco6 1o 1. 1, oTiin4aomuiics TeM, 4To 0OpabaTeiBaeMoe u3Jenue
HMeeT HCXOAHYIO IIepOX0BaTOCTh MOBEpXHOCTH He 6onee 0,7 MKM.

5. Cnioco6 1o 11. 1, oTJIHYalOIHiCA TeM, YTO B Ka4ECTBE aMHHOCIIHPTA

HCIIOJIB3YETCSI TPUOTAHOJIAMHH.



Cnocob IJEKTPONHUTHO-IIJIAZBMCHHOI'O NMOJIHPOBAHHUA

NOBEPXHOCTH H31eJIJUH U3 THTAHOBBIX H HHKEJIL-THTAHOBLIX CIIJIABOB

HUcxonHoe cocTosiHUE CocTtosiHme nocie o6paboTku

@ur 1.



Cnoco06 SJICKTPOJMUTHO-IIJIA3MEHHOI'O NOJTHPOBAHHSA

MOBEPXHOCTH H3eJIMH U3 THTAHOBBIX H HHKEJIb-THTAHOBLIX CIIJIABOB
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Cnoco0 IJCKTPOJHTHO-IIVIA3MEHHOI'0 IOJIHPOBAHHSA

NOBEPXHOCTH H3IleJ'lHﬁ H3 THTAHOBBLIX H HHKCJ/JIb-THTAHOBBIX CIIJIABOB




Cnoco0 3JIEKTPOJIMUTHO-IIJIA3MEHHOr0 NNoJIHpOBaHHuA

NOBCPXHOCTH H3/JeJIMH U3 THTAHOBBIX H HUKEJ/JIb-THTAHOBDbIX CILIABOB
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