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JNTEKOPATUBHAS DJEKTPOXUMMNYECKAS U XUMHNYECKASI
OBPABOTKA MIOBEPXHOCTH IOBEJIUPHO-XY/J1OXXKECTBEHHBIX
CIIJIABOB
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KocTpoMckoii rocy1apcTBEHHBIN TEXHOIOTHYSCKUN YHUBEPCUTET

Paccmompenvl npoyeccovl 0exopamusHOU 31eKMPOXUMULECKOU U XUMUYe-
CKOU 00pabomKu NOBEPXHOCU HBENUPHO-XYO0HCECMBEHHBIX CNIAB08: Mpasiie-
Hue, (pezeposaHue, paxmypuposanue, NOIUPOSAHUE, POPMUPOBAHUE KOHBEPCU-
OHHBIX U 2ab8aHUYeCcKUx nokpuimuil. Ilokazano npeumyujecmeo 31eKmpoxumuye-
CKUX U XUMUYECKUX MEXHOJI02ULl N0 CPABHEHUIO C MPAOUYUOHHOU MeXAHUYeCKOU
00pabomoll.

KitoueBnbie cioBa: dexopamusnas obpabomka mMemanniog, 1eKmpoxumude-
CKas u xumudeckas oopabomka Memannoa.

Beenenue

B mnocnennee BpeMsi B MUPOBOM IMPOMU3BOACTBE U MOTPEOJEHUU OBEIHP-
HBIX H3JENINN, a TakKe OMKYTepUH, HAMETWIUCh SBHBIC TCHICHIIMH K PE3KOMY
pPaCIIMPEHUIO ACCOPTUMEHTA 3a CUET OPUTHHAIBHBIX AU3ANHEPCKUX PEIICHUH, UC-
ITOJIb30BAHUS HOBBIX HETPAIULIHOHHBIX MATEPHUAIIOB, METAJUIOB, CIUIAaBOB U ITOKPHI-
TUW Pa3IMYHBIX [[BETOB U OTTEHKOB, CIOKHOMPO(DUINPOBAHHBIX U CIOKHODAKTY-
PUPOBAHHBIX NOBEPXHOCTEH. IIpM U3rOTOBICHUM TaKUX WU3ACIUN HCIOJIb3YETCs
PSZT COBPEMEHHBIX TEXHOJIOTHH, 000PY/IOBaHUS UM MAaTEpPUAIOB, HaJ pa3padOTKOU
KOTOPBIX  TPYIMTCS 0obIIOE KOJIMYECTBO  NPO(PUIBHBIX  HAy4yHO-
HCCJIEIOBATENbCKUX M OINBITHO-KOHCTPYKTOPCKUX 3apyO€KHBIX OpraHu3aluil u
npeanpusatuid. K rpomagHoMy coxalieHuro, B Poccuu Takue MUCCieoBaHus Mpak-
TAYECKHU HE MPOU3BOJSTCS, @ OTEYECTBEHHBIN MTPOU3BOINUTENb HE TOTOB K MCIOJIb-
30BaHMIO 3arpaHUYHBIX HOBIIECTB. Ha OOJIBIIMHCTBE POCCUMCKUX TPEANPUATUAN
OTCYTCTBYIOT CHEIMAIHUCTHI, TU3aHEPCKUE UEH, MaTepUaIIbl, TEXHOJIIOTHMH U 000-
pPYIOBaHHE MO CO3/JaHUI0O M CEPUHHOMY BBIMYCKY MOJAOOHBIX COBPEMEHHBIX H3Je-
muit. Takoe monoxeHue Bemieil Tem 0osee TPEBOXKHO M3-3a BCTyIuieHus: Poccun B
BTO, korpa oredecTBEHHbIE TPOU3BOAMUTENN B MOJIABIIAIOIIEM OOJIBIIUHCTBE CIY-
YaeB MOTYT OKa3aThCsl HEKOHKYPEHTOCIIOCOOHBIMH TIO CPABHEHUIO C 3apyOE)KHBI-
mu. [2, 6, 18. 19]

OnHako CynecTBYET CepbE3Hast AIbTEPHATUBA MHOCTPAHHBIM TEXHOJIOTUAM
— aekTpoxumudeckas oopadborka (3XO) u xumuueckas odpadorka (XO) nosepx-
HOCTH METAJUIOB U CIUIABOB C LEIBIO UX JEKOPUPOBAHUS, U3BECTHAS €LIE C I03a-
npornuioro Beka. [1o psimy 0ObeKTHBHBIX U CYOBEKTUBHBIX MPUYUH OHA HE HAXOJUT
JOJKHOTO MPUMEHEHHsI y HAaC B CTPaHE B Pa3IUYHbBIX 00JACTSIX MPOMBIIIIIEHHOCTH,
B TOM YHCJIE U B IPOU3BOJICTBE IOBEINPHO-XYA0KECTBEHHBIX M3Aenuil. K TakoBBIM
MOKHO OTHECTH HEJOCTaTOYHYIO KOMIIETEHTHOCTb TEXHOJIOI'OB-



METAI000pab0TYUKOB, TPAJIUIUOHHOE MCIOJIb30BAHUE HE BCErJa COBEPLLIEHHBIX
ANbTEPHATUBHBIX TEXHOJIOTMA U 00OpyAOBaHUS 3apyOE€KHOrO MPOU3BOACTBA, HE-
JKEJIaHWE MTPOU3BOAUTENIEH MEHSATh YCTOSBIIHUECS MPUBBIYHBIE NPOU3BOJICTBEHHO-
TEXHOJOTUYECKUE 1IENOYKH, OTCYTCTBHE HEOOXOJIUMOCTH JE€KOPUPOBAHUS MOBEPX-
HOCTH M3EIHNI 13-3a YOOIrOCTH aCCOPTUMEHTA U3/IeTINi U MHOTO€ JipyToe. [6, 7]

B pamkax HacTosiIel cTaThy clenaHa MonbITKa 0030pa BO3MOXKHOCTEH Je-
kopatuBHON DXO u XO 00paboTKM MOBEPXHOCTU PaA3IMYHBIX METAJUIOB M CIUIA-
BOB, B TOM WIM HHOM M€pe HCIOIb3YEMBIX IIPU H3TOTOBJIEHUM FOBEIUPHO-
XYJ0’KECTBEHHBIX U3JIEITHI.

DJIEKTPOXHUMHUYECKOE U XUMHYECKOEe TeKOPHUPOBAHUE MOBEPXHOCTH

[Tox 37AEKTPOXUMUYECKUM W XUMHYECKUM JICKOPUPOBAHUEM MeETajlIhde-
CKOM TTOBEPXHOCTH MPUHATO MOHUMATh ONpeAeIEHHbIN HAOOp Omeparuii:

- TIOJTUPOBAHKE U TIISHIICBAHUE C IEIBI0 CHIDKCHHS IIEPOXOBATOCTH U MPH-
JTaHUS BBICOKOM OTpakaTeIbHOU CIIOCOOHOCTH U 0JIECKa;

- TpaBJICHUE C LIEIbIO MPUAAHUS ONPEACIEHHON 1IepOXOBATOCTH WK (hak-
TYypBI;

- CKBO3HO€ WJIM TIOJIOCTHOE (pe3epoBaHUE IO 3aJaHHOMY KOHTYPY, Kak
IPAaBWIIO, C UCTIOJIB30BAHUEM PA3IMUHBIX TpadapeTos;

- (hopmupoBaHHE KOHBEPCHOHHBIX MOKPBITUN, OOJAAIONINX OMpeaeaEH-
HBIMH (PU3UKO-MEXAaHUYECKUMHU U KOJIOPUCTUYECKUMH CBOMCTBAMU;

- HAHECEHWE TaJIbBAaHWYECKUX 3aIUTHO-ICKOPATHBHBIX METATUICCKUAX
MOKPBITUH, O0JaJArOMINX ONpeaenéHHON (DakTypol, OTpakaTeIbHON CHOCOOHO-
CTBIO, IIBETOM WJIM OTTEHKOM.

[TpeumymiectBa 3XO u XO 1o CpaBHEHHUIO C TPAAUIIMOHHOW MeEXaHUYe-
CKOl 00pabOTKOM M3BECTHBI TEXHOJIOTraM-MeTauI000pad0TYNKaM J1aBHO U HE BBI-
3BIBAKOT COMHECHUN:

- BO3MOXXHOCTh OOpa0OTKHU JIOOBIX METANIOB M CIUIABOB, HE3aBHUCHUMO OT
X QU3UKO-MEXaHUUECKUX CBOMCTB (TBEPIOCTHU, BI3KOCTH, XPYIKOCTH);

- OTCYTCTBHE PACXOIyEMOTO JOPOTOCTOSAIIEI0 NHCTPYMEHTA,

- BO3MOXXHOCTb 00paOOTKH JieTaliei JIro00i KOHPUTypaIuy;

- MEHBIIUN Pacxo]l METa/UIa ¥ BO3MOKHOCTH TMPOCTOM YTHIM3AIUU IIJIa-
MOB TIPAKTUYECKU 0€3 MOTePh, YTO OCOOCHHO BAXKHO MPHU 00pabOTKe JAParoleHHbIX
METAJIJIOB U CIUIABOB.

K HemocTaTkaM MOXKHO OTHECTH IOBBIIIICHHBIE SHEPro3aTparthl (B cilydae
5XO0) 1 HEOOXOTUMOCTh MCITOJb30BAHKS BBITSDKHOW BEHTHISAIUK U OTBOAA Jie-
TY4HX OPOJYKTOB PEAKLUU U3 30HBI 00PaOOTKH.

XO mno cpaBaenuro ¢ DXO mpolie B UCIOIHEHUH, HE TpeOyeT BHEIIHUX
UCTOYHUKOB TTUTaHus. OTHAKO MpHU €€ MCTOIL30BAHUH TPYAHO PEryJIUPOBaTh CKO-
pPOCTh 00pabOTKH, HEOOXOUMO CTPOroe COOJIFOACHUE PEKUMOB, TTOJA0O0P COCTaBa
AJIEKTPOJIUTA JJIs KOHKPETHOTO CIIaBa M 4YacTasi CMEHa JIOPOroCTOSIIUX PaCTBO-
POB, TPEOYIOIMIMX MOCICTYIONIEH YTUIN3aIINH.



Ha xadenpe TexHomoruu Xy10:,KecTBEHHON 00pabOTKH MaTepUasoB, Xy0-
KECTBEHHOTO TIPOCKTUPOBAHMUSI, HICKYCCTB M TEXHUYECKOTO cepBrca KocTpoMckoro
rOCYy/IapCTBEHHOT'0 TEXHOJIOTMYECKOTO YHUBEPCUTETA HAa MPOTSHKEHUHM Oosiee IBa-
JaTy JIeT poBoasiTcst HayuHble uccienoanust u OKP B o6nactu XO u 9XO no-
BEPXHOCTU FOBEIMPHO-XY0KECTBEHHBIX METAJUIOB U CILIaBOB. Pe3ynbTatom sBU-
Jach pa3paboTKa psga TEXHOJOTHYSCKHUX MPOIECCOB U YCTAHOBOK IS JICKOPATHB-
HOW 0O0paOOTKM MIMPOKOW TaMMbl YEPHBIX W IBETHBIX METAJIOB M CIUIABOB,
HAIISIUX IIMUPOKOE MPUMEHEHHE Ha IOBEIMPHBIX U METAIII000padaThIBAIOIINX
npennpustusax. Vcnonb3oBaHue 3J€KTPOTEXHOIOTH B 00pabOTKe MOBEPXHOCTH
CIOXKHOMPOMUIUPOBAHHBIX, CIOKHO(DAKTYPUPOBAHHBIX, TEPEKPHIBAIOIINX U
SKPAHHUPYIOIMKUX JPYT JApyra IMOBEPXHOCTEH, a TakKe IMPU CO3JaHUU IIUPOKOU
raMMbl KOHBEPCHOHHBIX JCKOPATUBHBIX MOKPHITHH TMO3BOJISIET MO-HOBOMY B3IJISI-
HYTb Ha MPOEKTUPOBAHUE U3JICTUN W 3HAUUTEIHHO PACHIUPSIET BO3MOKHOCTU JIH-
3aifHepa-nmpoeKTHpoBINKKa. [6, 7, 18, 20, 40, 48]

IHonuposanue u cnanuyesanue

Xumudeckoe noiaupoanue (XI1) u risHIIeBaHUE TOBEPXHOCTH METAIIOB U
CIUIABOB, a TakXKe 3jeKkTpoxumuueckoe noaupoBanue (DXII) u riusHIIeBaHUE TIPU
W3TOTOBJICHUY FOBEITUPHO-XYI0KECTBEHHBIX U3/IEIUN U OMKYTEPUH UCIIONIb3YETCs
BeChbMa orpannyeHo. [IpuMepaMu MOTYT SIBISATHCS:

- 9JIEKTPOXUMHUYECKOE CHITHE 00OTAIEHHOTO CII0SI C 30JIOTHIX OTJIMBOK IO-
CJI€ JIUThS MO BBHITUIABISIEMBIM MOJICTISIM B pacTBOPax THOMOYEBUHBI M CEPHOM KHC-
JIOTHI CO BCEBO3MOXKHBIMU Jo0aBkamu [1, 50];

- «OOMOMHI» MJI TOJIMPOBAHUS TIOBEPXHOCTH IOBEIMPHBIX HW3JIETUN U3
CIUTAaBOB 30JI0Ta M cepedpa B CMECH IHAHUOB M MEPOKCHAA BOIOpPOA, OTPaHMU-
YCHHO MCTIOIb3YEeMbIH U3-3a IIPOo0JIeM ¢ oXpaHoi Tpyna [47, 49];

- JIEKTPOXHUMHYECKOE MOJTUPOBAHNE TTOBEPXHOCTH MEIU U CIUIABOB Ha €€
OCHOBE TIPY M3TOTOBJICHUH OVDKYTEPHH W W3MIETUI Majol IUIACTUKH B PAacTBOPAx
optohocHOpHOI KMCIOTHI C pa3IUUHBIMU J00aBKamu [ 7, 44];

- cucteMma nUIMGOBKU U MOIUpoBku cepedpa PMG, pazpaborannas OOO
«CoBpemennsie FOBennpHbie TexHONIOTHNY, UCTIONB3YIOMIAs COBMEIIEHHYIO AJICK-
TPOXUMHKO-a0pa3uBHYI0 00paOOTKY M OTrpaHUYEHHO NPUMEHsSEMas B IPOMBIIII-
JICHHOCTH H3-3a OOJIBITUX ra0apuTOB M HU3KOW MIPOU3BOAUTEILHOCTH [46];

- pSLI IPYTUX YCTAHOBOK M MPOIIECCOB OTEYECTBEHHOTO U 3apy0eKHOTO H3-
TOTOBJICHUS, TIPUMEHSIEMBIX BeCbMa (pparMeHTapHO.

Hamu noctatouno nmoapoOHO u3ydeHsl mnpoiecchl DXII pa3nuuHbix MeTa-
JIOB M CIUIABOB C MCIOJIb30BAHUEM YHHUIIOJSPHBIX U OUIOJAPHBIX KOPOTKUX HM-
myJa6coB Toka: craneit 20X13, 40X13, 60I', V8 [31, 51]; Mmeau u criaBoB Ha €€ oc-
HoBe [7, 16, 32, 39, 44]; cepebpa u cmaBoB 925 npoo6s! [3, 7-9, 16, 27, 31, 34];
pa3JIMUHBIX CIUIABOB 30j0Ta 585 mpolwl [/, 15-17, 27, 28, 31, 33, 35, 38, 42, 48,
52, 53]. IIpemnoskeHbl TEXHOIOTHUECKUE MPOIECCHI MOJIMPOBAHUS M COOTBETCTBY-
roriee odopynosanue [7, 21-28, 31, 48, 52, 53].

OcoOenHocTrio mpouecca DXII sBisiercss HEOOXOAUMOCTh MOAAEPKAHUS
oOpabaTpiBaéMON METAJUIMYECKONW TOBEPXHOCTH B OIPEACIEHHBIX CTaOWUIBHBIX



YCIIOBUSAX B Y3KOM JIMANa30HE PEKMUMOB, 00€CTIEUMBAIONINX OajaHC MEXIy aHOJ-
HBIM PACTBOPEHUEM BBICTYIIOB M MACCUBAIIMEN MeTaia BO BajguHax. B atom ciy-
yae HaOrojaercs CriakuBaHHE MUKPOHEpPOBHOCTEH moBepxHocTu. [Ipenmouru-
TEJIbHO UCIOJb30BaHUE OUIONIIPHBIX MMITYJIBCOB TOKA, TAK KaK 3TO 00€CIeYynuBaET
BOCTIPOM3BO/ICTBO ONTHUMAJIbHBIX YCIOBHM MOJTUPOBAHUS OT UMITYJIbCA K UMITYJIbCY
U TIOJJIEp>KaHNE UX TIOCTOSSHHBIMU B TEYEHHE BCEro mpoliecca 00paboTKu.

HNHuTepecen (akt, 4To 3JIEKTPOXUMHUYECKH 00paboTaHHasi B TAKUX YCIOBHU-
SIX TIOBEPXHOCTH 00JasaeT 0dblel oTpakaTeIbHOM CIIOCOOHOCTRIO (0JIECKOM) TIO
CpaBHEHHIO ¢ 00pabOTaHHON MEXaHUYECKUM CIIOCOOOM W 00afarolei aHaJoruy-
HOM MHKPOIIEPOXOBATOCTHIO. DTO 00BsICHAETCA OOJBIIEH reoMeTpUuecKOl OaHO-
POJTHOCTBIO AJEKTPOXUMHUYECKHA C(HOPMHUPOBAHHBIX MHKPOBBICTYIIOB IO BBICOTE.
[Ipu mexanudeckoit oOpaboTke 3€pHA MCTIOJIB3YEeMOro abpa3uBa MOJUAUCTIEPCHBI
0 pa3MepaM M OKa3bIBalOT Pa3IMYHOE BO3JEWCTBUE HA MMOBEPXHOCTh. B pe3ynbTa-
T€ MpHU 00IIeN aHATIOTMYHOM CpeJHEM pa3Mmepe Oosbline pazdpoc 1mo BeicoTe chop-
MHUPOBAaHHBIX MUKPOBBICTYNOB. KpoMe Toro, uem MeHbIIe 3aTpOHyTa MOBEPXHOCTh
NpeBApUTEIHHON MEXaHMYeCKOM oO0paboTKOW, TeM KadeCTBEHHEE pe3yibTaT
OXII. [7, 29, 38, 48]

OddextuBrocts IXII, BeIpakaromascs B OTHOIICHHH YMEHBIIICHUS BHICO-
Thl MUKPOHEPOBHOCTEN K Macce yJajJ€HHOro MeTauia, BO3pacTaeT B psay:

MOCTOSIHHBIN TOK < UMITYJIbCHBIA YHUIIOJISIPHBIN < UMITYJIbCHBINA OUIOJISPHBIM.

To ecTp, Mpy UCTIONB30BAaHUM OUIOJSIPHBIX MMITYJIBCOB TOKA OMpeeNEH-
HBIX aMIUTHTYJAHO-BPEMEHHBIX MapaMeTpoB 3(D(eKT MOTUpOBaHUS TMPOSBIIAETCS
ObICTpee IpU MEHBIIEM YAAJICHUU MeTajula. A MPH HCIOJIb30BAHUU MOCTOSHHOTO
TOKa 3a4acTyl0 HEBO3MOXKHO JIOOMTHCS BBICOKHUX MapaMeTpOB MOJUPOBAHHOW IO-
BEPXHOCTH, YTO HE MO3BOJISIET B psje ciaydaeB paccMmarpuBaTh DXII Ha mocTosH-
HOM TOKE Kak (DMHHUIIHYIO oneparuio. [7, 27, 38, 48]

Tpaenenue, paxmypuposanue (mexcmypuposanue)

Ha oreuecTBEHHBIX NPEANPUATHIX, KaK MPaBWIO, JJs (HaKTypUPOBAHHMS
IIaJIKUX MOBEPXHOCTEN UCTIONb3YIOTCS:

- MEXaHUYECKHE yCTPOMCTBa (DOPMUPOBAHHS aTMa3HOM TPaHu;

- IECKOCTPYIHBIE aIlapaThl;

- pyaroe popmupoBanue HaKTyp IMTUXEISIMH WIH APYTUM MEXaHUIECKUM
UHCTPYMEHTOM.

Anma3zHasi TpaHb UMEET CrelM(PUIEeCKU BHEITHUNA BHJT U XapaKTePU3YETCs
MEJIKUMHU CBETOOTPAXKAIOIINMH TPaHIMH, CO3JAOMIMMH 3(PPEKT MeperuBUaTOCTH.
[TeckocTpyiHBIMU amnmapaTaMu CO3JaETCsl TOJIBKO MeJKas MaroBas ¢akTypa, Tak
Ha3bIBAEMOE CaTMHUpOBaHHE. PyduHoe QakTypHpoBaHHE BeCbMa TPYAOEMKO, OCO-
OCHHO MOBEPXHOCTEN OOJBIINX TUIOMIAJCH M HA JNETANSAX MaJbIX TOJIIUH, U TPH-
MEHSIETCS, B OCHOBHOM, B 3KCKJIFO3UBHBIX U MaJIOCEPUNHBIX U3/1ETHUSX.

OXO0O u XO noBepXHOCTH METAIJIOB MO3BOJISIIOT TOJAOOPOM COCTABOB 3JIEK-
TPOJUTOB U PEKUMOB 3JIEKTPOJIM3a PEryJIUPOBaTh MPOIECC PACTBOPEHUS B IIUPO-
KHX Tpefaenax, co3gaBas (akTypbl pa3aIuyHoro npoduis U BHemHero Buja. llpu
ATOM BO3MOXHO (haKTYpHUPOBAHHE JIFOOBIX CIOKHOMPO(DUIUPOBAHHBIX MOBEPXHO-



CTeH, coueTaHne MHOTUX (PaKTyp Ha pa3IMYHBIX y4acTKax, 0OpabOTKa MIMPOKOMH
raMmMbl MaTepUaIoB, HE3ABUCUMO OT MX (PU3UKO-MEXAaHUYECKUX CBOMCTB, 0€3 HcC-
HOJIb30BaHUS TOPOrOCTOSIIEr0 000Py10BaHUSI.

Hamu pa3paboraHbl TEXHOJIOIMYECKHME MNPOLECChl (aKTypHUpOBaHUS IO-
BEPXHOCTU HIMPOKON raMMBbI IOBEIUPHO-XYA0KECTBEHHBIX METAJUIOB U CILIABOB,
KaK C MCIOJb30BaHUEM IMOCTOSIHHOI0, TaK M UMITyJIbcHOro Toka [7, 12, 27, 30, 36,
44]. Mpuuém mosrydeHue KpymHoH, cpenHei, Menkon (hakTyp U MOJIUPOBAHHON TMO-
BEPXHOCTH TPU HEOOXOAUMOCTH BO3MOKHO B AJIEKTPOJIUTE OJHOTO COCTaBa MpH
BapbUPOBAHUM MapaMeTpaMu AJIEKTPOJIN3a U aMIUITUTYAHO-BPEMEHHBIMU MapaMeT-
paMu UMITYJIbCOB TOKA.

Bonbiioe BHUMaHUE MpU 3TOM JOJKHO YIAEISAThCSA Mpeaucropun odpada-
THIBAEMOI'0 MeTalljia, TO €CTh HEOOXOAMMO KOHTPOJIHMPOBATH DS MPEABAPUTEIb-
HBIX TIPOLIECCOB €ro o0paboTku. Pe3dynbrar moBepxHOCTHOM AexkopatuBHOM XO u
3XO B0 MHOT'OM oOIpeAensercs pazmepamMmu U GopMoi 3€peH, a TaKKe COCTOSHUEM
MEXK3EPEHHBIX T'paHull. BblsBiIeHAa HENOCPEACTBEHHAS CBA3b MPEABAPUTEIBLHON
MEXaHHUYECKOU U TepMUUYECKONH 00pabOTKH, POBE/ICHUS €€ B OKUCIUTEIbHON WU
OE30KUCIUTEIBHONW Cpe/le Ha KAa4eCTBO MOJIMPOBAHMS M BEIMYMHY (DAKTYpBI MO-
BepxHocTH. [3, 4, 7, 30]

Dpeszeposanue (cpasuposanue)

OyeHb YacTO B IOBEIHUPHO-XYJT0KECTBEHHBIX M3JIETUAX MCIOJIb3YETCS
CKBO3HO€ WJIW MOJIOCTHOE (hpe3epoBaHuE MO 3aJJaHHOMY KOHTYPY. ITO MOTYT OBITh
BCEBO3MOJKHbIC PUCYHKH M HAAMKUCH, (POPMHUpPYEMble Ha TIAJKUX MOBEPXHOCTSX,
HanpuMep, Ha TTOBEPXHOCTH JIE3BUM HOXEH, 0hOpMIIEHHE OKJIaJ0B MKOH, (popMuU-
POBaHHE IOJIOCTEN MO IMOCHEAYIOLIEE SMAIMPOBAHUE U MHOroe apyroe. Onepa-
ISl TIPOU3BOAMTCS, KaK MPABWIO, C KCIOIH30BAHUEM Pa3IMYHBIX TpadapeTos.
Bo16op TexHonorun ¢GopMUpOBaHMS WM HaHeceHUs Tpadapera BO MHOI'OM OIpe-
JIEJIIET HE TOJIBKO KaueCTBO U YETKOCTh BOCIIPOU3BEAECHUS MOIYy4aEMOI0 PUCYHKA,
HO ¥ BO3MOKHOCTbH IpoIecca B LIEIOM. Brienstomuecs B pe3yJbTaTe XUMUYECKUX
U 2JIEKTPOXMMUYECKHUX PEAKIMH ra3bl U TEIJIO pa3pylialoT TpadapeTHyIo MIEHKY,
MPOUCXOJUT €€ OTCIaMBaHUE, KaK HA KpasiX, TaK W MO rpanuiam nop. Omnpenens-
IOLIUM 3/IEChb CTAaHOBUTCS CIUIOIIHOCTh Marepuana Tpadapera, ero aare3us K mo-
BEPXHOCTH METaJlJIa, a TAK)KE€ YCTOWYMBOCTD IMOJ| JEHCTBUEM TEMIIEPATYpPhI, IIEK-
TPOJIUTA U 00PA3YIONINXCS XUMUYECKHUX BEIECTB.

[TogGopomM COCTaBOB 3JEKTPOIUTOB U PEKUMOB 00pPabOTKH MOKHO (op-
MHUPOBATh MOJOCTH HE TOJBKO 3aJJaHHON (POPMBI U pa3Mepa, HO U C KOHTPOJIUpPYe-
MOH IIEpOXOBATOCTBIO U TEKCTYpOW BHYTPEHHHUX IMOBEPXHOCTEH. DTO MO3BOJISET
YBEIUYHMBATh CUEIUISIEMOCTh 3MaJIeld ¢ MOBEPXHOCTHIO, CO3/1aBaTh IP(EKTH TUIIb-
OLLIMPOBKHU U KOHTPACTa MOBEPXHOCTEN Ha BBICTYIAX WM BIAJIUHAX TPABUPOBAHHOTO
pucynka u ap. [4, 7, 12, 29, 30]

Kongepcuonnvie nokpvimus

KoHBEpCHMOHHBIE MOKPBITHS PA3IUYHBIX LIBETOB M OTTEHKOB OYEHb YACTO
WCIIOIB3YIOTCS JIJIsl IEKOPUPOBAHUSI TTOBEPXHOCTH AJIOMHUHUS, TUTAHA, [IMPKOHUS,
HUOOUSA, HUKENsS, cepedpa, MEAU U CIUIaBOB HAa MX OCHOBE. DTH TUIEHKH MOTYT



UMETh OKpPACKY BCJIEACTBUE OIMPEAENEHHOTO COCTaBa M TOJNIIUHBI, WU OHA (op-
MHPYETCS MPU MPONUTKE MOP TVIEHKU PA3TUYHBIMU KPACSAIIUMU BEIIECTBAMU, KaK,
HaIpuMep, Ha aJIIOMUHUU U pAJie ero cruiaBoB. Ha psiae MetainoB (TUTaH, LUPKO-
HUI, HUOOU, HUKETb U JIp.) KOHBEPCUOHHbIE MIIEHKK MOKHO CO3/1aBaTh TEPMOOO-
paboTKoi mpu GUKCUPOBAHHBIX TemmepaTypax. OJHAKO B 3TOM CiIydae MOKPBITHS
00J1aJ1al0T OrpaHUYEHHOMN IIBETOBOM TaMMOIA.

[IpoBenéHHbBIE UCCIEA0BAHNS MTOKA3BIBAIOT 3aBUCUMOCTb CBOWMCTB XMMUYE-
CKHU M DJIEKTPOXUMUYECKH (HOPMHUPYEMBIX KOHBEPCHOHHBIX IUIEHOK OT COCTaBa U
MUKPOCTPYKTYPBI CIIaBa, PEKUMOB AJIEKTPOJIN3a, COCTABA DJIEKTPOJINUTA, AMILIH-
TYZHO-BPEMEHHBIX NAapaMETPOB HMMITYJIbCOB TOKa. WX mocnenyrouiee BETOBOE
BOCHPUSITHE CYIIECTBEHHO OIPEACISIETCS MUKPOIIEPOXOBATOCThIO U (aKTYpPHUPO-
BAHHOCTBIO ITOBEPXHOCTH, CIIEKTPOM OCBEIICHUSA. MHOTHE MOKPBITUS HEAOCTATOY-
HO YCTOWYMBBI MPH aTMOC(EPHBIX YCIOBHUSIX M TPEOYIOT 3alIUThI MPO3PAYHBIMHU
JJaKaMH, 4TO TaK)KE M3MEHSAET MX LBETOBOE BocnpuaTue. [loatoMy npu ncnosnp3o-
BaHUU TAKUX TUIEHOK HEOOXOAUM YU€T LIENOro ps/ia B3aUMO3aBUCUMBIX (PaKTOPOB
emé Ha JTare MPOSKTUPOBAHMS FOBEIMPHO-XYI0KECTBECHHBIX m3nenuid. [4, 5, 10,
13, 14, 37, 46]

I'anveanuueckue yeemnwvle memaiiuyecKue NOKPoIMu

["asibBaHNYECKOE HAHECEHUE METAJIJIOB U CIUIABOB PA3JIMYHBIX IIBETOB U OT-
TEHKOB, B TOM YHCJI€ U JIParolieHHbIX, HanOoJiee MMPOKO MCIIOJIB3YEeTCsl B OTeUe-
CTBEHHOM FOBEJIMPHOM MPOMBIIUIEHHOCTH. HaHOCATCS KaKk 4YMCThIE METAJLIbI, TaK U
CIUIaBbl cepedpa, 30J10Ta, poausd, Naliagus, UHAUA, XpoMa U 1p. [Ipu sTomM BO3-
MO>KHO TIOJIy4€HHE MHOXKECTBA OTTEHKOB O€JIOro M Ceporo, >kEITOro U KpacHoro,
3eNIEHOr0 M CUHEro I[BETOB. B mocnenHee Bpemsi co3aHbl KOPUYHEBBIE, TOIYObIE,
nyprypHbIe, YE€pHBIC, 3eNEHBIC I[BEeTa 30J0ThIX NOKphiTHiA [43]. [Tpu 3TOM HacTo
JU3aiiHephl MBITAIOTCA HKCIOJIb30BAaTh TPHU, YEThIpE M OOJIbIlIE I[BETOB B OJHOM
IOBeJTUpHOM u3zaenuu [41].

[IpoBen€HHbIE HAMU HMCCIEAOBAaHUS MOKAa3aldd, YTO 3PUTEIBHOE BOCIPUS-
THEe Oosiee TPEX OTTEHKOB 30JI0THIX MOKPHITUN B OJIHOM M3JIE€IUU 3aTPYJHEHO s
YeJI0BEYECKOro riasa. KpoMe Toro Ha 3TO BOCHPHUATHE CYIIECTBEHHOE BIIUSHUE
OKAa3bIBACT CIIEKTP OCBELICHUS, TO €CTh IPU JHEBHOM WJIM BEYEPHEM OCBEILECHUU
HOCHUTCS (9KCIuTyaTupyercs) usnenue. OKa3plBaeT CyMIECTBEHHOE BIUSHUC U (ak-
Typa MOBEPXHOCTHU — Pa3JIMYUsi B OTTEHKAaX 3aMETHEE Ha MATOBBIX U (hakTypupo-
BaHHBIX MIOBEPXHOCTSX, & Ha MOJIMPOBAHHBIX OTTCHKH clinBatoTcs. [11]

[ToaToMy MCIIONIB30BaHUE OOJIBIIIOTO YKMCIIA OTTEHKOB MOKPBHITUI WU CILIa-
BOB Pa3JIMYHBIX [IBETOB B OJHOM M3JI€JIMU C TOUKHU 3PEHUS ICTETUYECKOTO BOCIIPU-
ATHUS HELENecooOpa3Ho, WM TpeOyeT OT Au3aiiHepa-IpOEKTHPOBUIMKA XOPOILIEro
BKyCa M yu€Ta MHOTHX B3aUMOMCKJIIOUYAIOIINX (aKTOPOB.

3akiouenme
Hcnonp30BaHne XMMHUYECKHUX W DJIEKTPOXUMHUUYECKHUX TEXHOJIOTHUH o0pa-
OOTKHM W JACKOPUPOBAHUS TOBEPXHOCTH METAJIOB M CIUIABOB, C OJHOW CTOPOHBI,
pacKpbIBacT HOBBIE BO3MOKHOCTH TIEpe]l TU3aifHEpOM, a ¢ APYro — TpedyeT oco-



ObIX 3HAHWUH, KOTOPHIMU MOJABJISIOLIEE OOJBIIMHCTBO MPOEKTUPOBIIUKOB IOBE-
JUPHO-XYI0’KECTBEHHBIX M31eNuid He oOnanaer. IloaroroBka crenuaaucTos, Bia-
JEOUIMX 3TUMHU 3HAHUSMH, U UCIOJIB3YIOIIUMH UX B MPAKTUUYECKOU AESATEIBHOCTH
OpU CO3JAaHUU M3JENINM, MO3BOJIMUT BBITYCKATh KOHKYPEHTOCIIOCOOHYIO MPOJYK-
L0, YOBJIETBOPSIOILYIO CaMbl€ U3bICKAHHBIE BKYCBHI IIOKYIIATEIEH,

bubanorpadguyeckuii cnucox

1. Amnonnas obpaborka m3aenuil w3 cruraBoB 3oiota: I[locobue mo Tex-
HOJIOTMYECKOMY IIPOLIECCY MPOM3BOJCTBA FOBENUpPHbIX nu3nenuu. JI.: BHUHUroBe-
nupnpom, 1975. — 28 c.

2. bepxkonu M.U. IOBemupnoe npousBoactBo B Poccum / M.U.
bepkosuu, C.U. INamanun // KO, Ne7, 2009. — C.163-174.

3. Tamanmn C.MU. BunusHue npeaBapuTEIbHOM MEXaHUYECKOW U
TEPMHUYECKON 00pabOTKM HAa MHUKPOCTPYKTYPY H 3(PPEKTUBHOCTH MOJUPOBKU
crutaa Ag-7,5Cu / C.M. Tamanwn, E.Il. I'pummnaa, O.A. HBanosa, [O.JL
Henbmuna // ®usuka u xumus 06padotku matepuanos, 2004, Ne2. — C. 56-60.

4. Tanmanmn C.M. BnausHue npeaBapuUTEIbHONM MEXaHHUYECKOW H
TEPMHUYECKON 00paOOTKH Ha SJIEKTPOXMMUYECKOE M XHUMHYECKOE JICKOPUPOBAHUE
noBepxHocTy TuTaHoBoro cruiaBa OT4—-1 / C.W. TI'ananun, JI.B. Ilomosa, 1O.I1.
Esrpadosa, C.A. Coxos // Bectauk KI'TY. Koctpoma: uza-so KI'TVY, 2009, No20.
— C.62-609.

5. Tananun C.N. Bo3moxHOCTB YIPABJIECHUSA CBOWCTBaMU
NOBEPXHOCTHOM OKCUAHOW IIJIEHKM CIUlaBa HAa OCHOBE aliOMUHHS A6 Tmpu
W3MEHEHUH aMIUTUTYIHO-BPEMEHHBIX MapaMETPOB UMITYIbCOB TEXHOJOTHUECKOTO
toka / C.M. Tlamanun, U.A. MakmanuukoB // C6. tpynoB VII PHTK «Cospewm.
3JIEKTPOTEXHOJIOTHA B MPOMBIIIIEHHOCTH 1leHTpa Poccum»: Tyna, Tynl'y, 2004. —
C. 34-37.

6. Tamamma C.M. JluzailH W TEXHOJOTHS IOBEIUPHBIX H3JIEITHI:
poccuiickue ocobennoctu / C.W. Tamanun, K.H. Konymae // Jluzaiin.
Martepuainsl. Texunonorus: CI16, CII6YTu/l, 2011. —2(17). C.60-63.

7. Tamannn C.M. Jlu3aiiH IOBEIMPHO-XYIOKECTBEHHBIX W3JCIHA C
WCIIOIb30BAaHUEM  JJICKTPOXUMHUYECKOW  OTJEIKM  IOBEPXHOCTH  METAJLIOB
umnynbcHbIMU TokaMu. Koctpoma: u3n-so KI'TY, 2008. — 187 c.

8. Tamammn C.M. 3akoHOMEpHOCTH  TIEHKOOOpa3oBaHHS  IPHU
ANEKTPOXUMUYECKOM TIOJIUPOBAHUM cepedpa W €ro CIUIaBOB C MEAb0 B
tuocynbdatHbix pactBopax / C.M. T'ananun, E.II. I'pumuna, O.A. WBanoBa //
Kypnan npuxnannoit xumun, 2004, 1. 77, Boim. 8. — C. 1299-1302.

9. Tananun C.UM. 3akOHOMEPHOCTH SJEKTPOXUMHUYECKOTO TMOJIMPOBAHUS
cepebpa U €ro CIulaBOB UMITYJILCHBIM TOKOM B THOCYJb(aTHOM 3JIeKTpoauTe /
C.HM. Tamanun, O.A. HUBanoBa // CO6. tpymoB VII PHTK «CoBpemennas
3JIEKTPOTEXHOJIOTHA B MPOMBILIIIEHHOCTH 1IeHTpa Poccum»: Tyna, Tynl'V, 2004. —
C. 30-34.



10. Tamanun C.U. VccnenoBanue Giecka MOBEPXHOCTH U 1IBETA MATUH Ha
natynsx / C.U. T'ananun, B.O. Aradonos, A.C. l'ananuna // Mup rajibBaHUKU:
CII6, 2009, Ne1(09), 2009. — C.38-42.

11. Tanmanun C.U. WccnenmoBanue JeKOPaTUBHBIX CBOMCTB IIBETHBIX
raJIbBAaHUYECKUX TOKPHITUHA Ha moBepxHocTH cepedpa / C.M. Tamanun, E.JI.
Co6enbman, K.H. Konynaes // OHU Jluzaitn. Teopust u npaktuka. M.: MI'VIIH,
2010, Beim. 5. — C.16-30. (Pexxum noctyna: http://www.enidtp.ru)

12. Tamanun C.M. HWccnegoBanue mpoliecca IJICKTPOXHUMHUYECKOTO
dakTypupoBaHMs TOBEPXHOCTH CIUIaBOB cepebpa 925 mpobsl / C.H. Tananun,
1O.B. lamamuii // DHU Jluzaitn. Teopust u npaktuka. M.: MI'VIIU, 2010, Beim. 5.
— C.1-15. (Pexxum poctyma: http:// www.enidtp.ru).

13. Tamamun  C.MU.  HccnemoBanme  (QOpMHUpPOBAaHUS  IIBETHBIX
KOHBEPCUOHHBIX IUIEHOK Ha TmoBepxHOcTH cepebpa / C.M. Tamanun, HO.B.
lanamuii // DHWU [uzaitn. Teopust u npaktuka. M.: MI'VIIU, 2010, Bbim. 5. —
C.86-99. (Pexum nmoctyma: http://www.enidtp.ru).

14. Tanmanun C.U. UccnenoBaHue 3EKTPOXUMHUYECKOTO (POpMUpOBaHUS
JEKOPATUBHBIX LIBETHBIX IUIEHOK Ha nmoBepxHocTH TuTaHa OT4—1 / C.H. I'ananun,
JI.B. Tlonosa, O.I1. Esrpadosa // Jluzaitn. Matepuansl. Texuomorus. Ne2(9),
2009. — C.20-22.

15. T'amammn C.M.  OcoOeHHOCTHM  pachpeleneHuss TOKa  IpHU
UCIIOJIb30BaHUU TUTAHOBBIX MIOJIBECOYHBIX IPUCTIOCOOJICHUN npu
ANMEKTPOXUMHUIECKOM TOJIMPOBAHUM 30JI0TA OUTONAPHBIMU WMITYJIbCAMH TOKa /
C.M. T'ananun, W.B. KanunnukoB, A.C. lNananuna // DnektpoHHass oOpaboTka
Marepuaiosn, 2009, Ne3. — C.35-41.

16. T'amanma C.M. OcoOeHHOCTH BIEKTPOXUMHUYECKOTO TOJIUPOBAHUS
MOBEPXHOCTH META/UIOB M CIUIABOB KOPOTKUMH UMITylibcamMu Toka // IX
International Conference on the Theory of Machines and Mechanisms in
association with the 11 CEACM Conference on Computational Mechanics. August,
2004. — Liberec, Czech Republic. — P. 303-307.

17. Tamammn C.U. TlonmpoBaHue W TIISIHIICBAHUE CIOKHOMPO(PMIHHBIX
u3nenuii u3 3osota umnyiabcamu toka / C.U. Iamanumn, M.B. Copokuna, A.1O.
Toxmaxkos, A.C. I'amaauna // FOBenupHoe 0603penue, mapt 2007. — C. 77.

18. T'amanmn C.U. TlpoGnembl nu3aiiHa OTEYECTBEHHBIX FOBEITUPHBIX
m3nenuit / C.W. I'ananun, K.H. Konynaes // DHW Jluzaiin. Teopus u mpakTuka.
M.: MI'VIIU, 2011, Bemm. 6. — C.62—70. (Pexum moctyna: http://www.enidtp.ru).

19. Tamanun C.U. IlpoGnembl poccuiickoil roBenupHoit orpaciu / C.H.
I'amanun, C.A. [llopoxos // Bectauk PAEH, 2011, Ne2. — C.85-90.

20. Tananun C.U. IlpoexkTupoBaHue IOBEIUPHBIX U3JIETUN C YUIETOM TeX-
Hojorun o0paboTtku ux nosepxHoctH / C.M. I'anmanun, M.B. Copokuna, A.C.

lNamanwna, E.A. BopoObéBa // {uzaitn. Marepuanbl. Texuomorus, Ned (7), 2008.
C.3-8.



21. Tananun C.U. Cnoco® UMITYILCHOTO 3JIEKTPOXUMHUYECKOT O TIISHIIeBa-
HUA 30J70Ta U ero criaBoB. — llarent P® nHa wuzoOperenne No2184801 ot
10.07.2002 r.

22. Tamanun C.M. Crioco®0 o0OpaOOTKM OTJIMBOK M3 CIUIAaBOB HAa OCHOBE
s3omota / C.M. I'amanmn, M.B. Copokuna, A.}FO. TokmakoB. — IlareHT P® Ne
2284381 ot 27.09.2006 r.

23. Tamanma C.M. Cnoco® 37MeKTpOXUMHUYECKOT0 TOTHUPOBAHUS METAIIOB
u cruiaBoB uMmnyiabcamu Toka / C.W. I'anmanun, A.C. Namaauna, U.B. Kanuaaukos.
— [TaTtent PO Ha uzobperenue Ne2361019 ot 10.07.2009 r.

24. Tamaamn C.M. Cmoco0  2JIEKTPOXMMHYECKOTO  IMOJMPOBAHUSA
noBepxHoctH cepedbpa / C.U. I'ananun, E.Il. ['pummna, O.A. MBanoBa. — IlarteHnt
P® na uzo0perenne No2233353 ot 27.07.2004 r.

25. Tananun C.U. Crocob >7eKTpOXUMHUYECKOT0 TTOJIMpOBaHus cepedpa u
ero cmiaBoB UMnyJbcHbIM TokoM / C.W. INananun, E.I1. I'pumuna, O.A. MBaHoBa.
— [Tatent P® Ha uzoOperenue Ne2227818 ot 27.04.2004 r.

26. Tamanun C.H. Crioco0 3JeKTpOXMMHUYECKOTO MOJUPOBAHUS CILIABOB
Ha OCHOBE 30JI0Ta HMIYJIbCHBIM OUNONSApHBIM TOKOM. — Ilatentr P® Ha
nu3zooperenue Ne 2288978 ot 10.12.2006 t.

27. Tananun C.M. Teopuss M NpakTUKA AHOIHOM HSJIEKTPOXUMHYECKOU
00pabOTKH KOPOTKUMHU HMMIYyJIbCaMH TOKa: AWCC. ... A-pa TexH. Hayk / C.W.
l'ananun. — Koctpoma, 2001. — 287 c.

28. Tamanmn C.U. TexHomornueckre 0COOCHHOCTH DJEKTPOXHUMHUECKOTO
MOJIMPOBA-HUs CIIaBOB 30JI0Ta UMITYyJIbCcHbIMU Tokamu / C.W. lamanun, U.B.
Kanunankos // DnektpoHnas o6padotka marepuanos, 2009, Ne2. — C.9-18.

29. Tamanma C.M. Xumudyeckoe M SJISKTPOXMMHUYECKOE TIPaBUPOBAHHUE
noBepxHocTH TuTaHoBoro cruiaBa OT4—1 / C.W. TI'ananun, JI.B. Ilonoga, FO.II.
EBrpagosa, C.A. Cokos // Bectnuk KI'TY. Koctpoma: uza-so KI'TY, 2009, Ne20.
—C.14-17.

30. Tamanun C.M. Xumudeckoe ¢ IJICKTPOXMUMHUYECKOE TpaBJICHUE
(TexcrypupoBa-uue) nmosepxuoctu meau / C.U. 'ananun, A.JO. Xynobuna // OHU
Huzaitn. Teopus u npaktuka. M.: MI'VIIN, 2010, Bem. 5. — C.51-85. (pexum
noctyna: http://www.enidtp.ru).

31. Tamanun C.M. DnexTpoxumuyeckas oOpabOTKa METAUIOB U CIIABOB
MUKPOCEKYHIHBIMU UMIynbcamu Toka. Koctpoma: uzn—so KI'TY, 2001. — 118 c.

32. T'amaama C.M. DIEKTpOXMMHUYECKOE IIOJIUPOBAHHUE ITOBEPXHOCTH
JaTyHed UMIyJIbCHbIMHU OunonsspabiMu Tokamu / C.W. I'ananun, B.O. AradoHos //
Huzaiin. Matepuansl. Texunomorus, 2007, Ne2(3). — C.84-87.

33. Tamanun C.H. DJEKTpOXUMHUYECKOE TMOJUPOBAHUE TMOBEPXHOCTH
cruiaBa 3nCpM 585-80 ummnynscamu Ounosnspuoro toka / C.U. lamanun, C.B.
VYcnencknii / Merannoo6pabotka, 2005, Ne2(26). — C. 10-13.

34. Tananun C.M. DaexkTpoxXuMHUYECKOE MOJMPOBaHUE CIIaBa cepedpa
CpM925 ummynscabM TokoM / C.U. Nananun, A.B. Yexorun, M.B. Hukonosa //
Kypnan npuknagaoit xumuu, 2001, 1. 74, Beim. 10. — C. 1633-1635.



10

35. Tamanun C.M. DAEKTpOXMMHUYECKOE TMOJIUPOBAHUE FOBEIUPHBIX
CIUIaBOB 30JI0Ta wumnylbcamu Ounonspuoro Toka / C.M. Tamanun, M.B.
Copokuna, A.C. 'ananuna // ®usuka u xumusi 00padotku marepuanon, 2007, Ne5,
c. 67-71.

36. Tamaamn C.U. DnekTpoXuMHUECKOE TEKCTYPUPOBAHHE MOBEPXHOCTH
IOBEJIUPHBIX CIUTABOB 30JI0Ta MMIyiabCcHbIMH Tokamu / C.M. T'amanwmn, A.C.
I'ananumna // B ¢6.: M—nbe1 3 MHTK «3QnekTpoxuMuyeckue M 3JIeKTPOIUTHO-
TUTa3MEHHBIE METOABl MOTU(PHUKAIIMYA METALTUYECKUX MMOBEepXHOCTE»: KocTpoma—
Mocksa, 2010. — C.5-6.

37. Tamanmn C.U. Dnexrpoxummueckoe (HOpMUPOBAHHE JIEKOPATHUBHBIX
[[BETHBIX IJICHOK Ha MOBEPXHOCTHU cIutaBa cepedpa CpMI25 npu rcnoab30BaHUM
umMnyascHbIX TokoB / C.M. I'amanmn, O.A. MBanoBa // C6. Hay4. Tp. MOJOIBIX
yuénbix KI'TY: Koctpoma, KI'TY. — 2003. — c. 203—-205.

38. Tamanun C.U. DPdpexkTuBHOCTD pa3INYHBIX MPOLECCOB MOJIUPOBAHUSA
MMOBEPXHOCTH FOBEMPHBIX U3l u3 cruiaBa 3omota 585 mpoowl / C.U. [NananuH,
J.H. Cy66otun, M.B. Copokuna, A.FO. TokmakoB // Metamioo6paborka, 2006,
Ne4, — C.20-25.

39. Tananun C.N. OddexTUBHOCTD CIIIAKUBAHUS BBICOTBI
MUKPOHEPOBHOCTEH IMOBEPXHOCTH MEIW ¢ MEAHBIX CIUIAaBOB B  YCJIOBHUAX
AIEKTPOXUMHUYECKON 00paboTku KopoTkumu ummyinbcamu Toka / C.U. [Namanum,
T.B. JleGenena // M3BecTrsi By30B: XUMUSA M XUMUYeckas TexHonorus, 2004, — T.
47, Boi.7. — C. 28-32.

40. Tamanmn C.U. FOBenupHBI OpeH], TEXHOJOTHUS U MaTEpHUAaIbl: €CTh
mu cBsa3b / C.U. T'ananun, K.H. Konynaes // DHW Jluzaitn. Teopust u npaxkTuka.
M.. MIVYIIM, 2010, Bem. 5. — C.114-126. (Pexum  pocryma:
http://www.enidtp.ru).

41. Toit M.B. [Iu3aiiH IOBENMPHBIX U3JENHI M3 30JI0THIX CIUIABOB 585
poOBl PA3IMYHON IIBETOBOM MANUTPBI: IUCC. ... KaHA. TexH. Hayk / M.B. T'oi. —
Mockaa, 2009. — 103 c.

42. Kanuanukop W.B. IloBblmieHHe KadecTBa ITOBEPXHOCTH CIUIABOB
3010Ta 585 mMpoObI IEKTPOXUMHYECKUM TMOJUPOBAHUE OUIOJISPHBIMUA HUMITYJIb-
camH TOKa: Aucc. ... KaHj. TexH. Hayk / W.B. Kanunnukos. — Koctpoma, 2010. —
161 c.

43. Koptu K.B. CneunanbHbie 1BETA 30J10Ta. [{BeTHBIE
uaTepmetammiyeckue coenuuenus / K.B. Koptu: [Dnextponsslii pecypc]. —
Pexxum nocryma: http://master-splav.ru/ stati/yuvelirnyie-metallyi./spetsialnyie-
tsveta-zolota.-chast-1-7.html.

44, Jle6benera T.B. ComeprieHcTBoBaHWE au3aiiHA W3JCIUA W3 MEIU U
MEIHBIX CIUIABOB C  HCIIONB30BAHWEM HMMITYJIbCHON  DJIEKTPOXUMHUYCCKOMN

00pabOTKH WX IMOBEPXHOCTH. AUCC. ... KaHA. TexH. Hayk / T.B. JlebemeBa. —
Koctpoma, 2002. — 105 c.


http://master-splav.ru/%20stati/yuvelirnyie-metallyi./

11

45. MakmanunkoB IM.A. CoBepiieHCTBOBaHME Ju3aiiHa W3JACIUM U3
QTFOMHHHS OKPAITUBAHUEM €0 OKCHIHBIX MOKPBITHI: JIUCC. ... KaHJ. TeXH. HayK /
N.A. MakmanuukoB. — Koctpoma, 2006. — 102 c.

46. Cucrema mmupoBku U nonupoBku cepedpa PMG: [DnekTpoHHbII
pecypc]. — Pexxum moctyma: http:www.otecru.com.

48. Copoxuna M.B. [uzaiin roBenupHbIX u3nenuid u3 criaBa 3aCpM
58,5-8 Ha ocHOBe coBepIIECHCTBOBaHUSA (UHHUIIHON 00pabOTKM UX MOBEPXHOCTH:
aucc. ... kaana. texd. Hayk / M.B. Copokuna. — Koctpoma, 2009. — 149 c.

49. ®@auyenna B. CnpaBoyHuK 10 GUHUIIHONW 00pabOTKE B IPOU3BOJICTBE
IOBENIUPHBIX m37enuii u3 3oimota. Ilep. ¢ anrn. / B. ®@ayuenga. — OMCK: U3—BO
«denan—IIpecc», 2007. — 59 c.

50. XammmoB U.X. lampBanorexnuka s roBenupoB / W.X. Xamuios.
Caparog: uz—Bo CaparoBckoro yuusepcutera, 2003. — 60 c.

51. IlopoxoB C.A. ®opmooOpazoBaHUE TMOBEPXHOCTH IUIACTUHYATHIX
rajeB TKalKMX CTaHKOB 3JICKTPOXUMHUYECKOH OOpabOTKOW C HCIOIb30BaHUEM
MUKPOCEKYHJIHBIX UMITYJILCOB TOKA: JUCC. ... KaHa. TexH. Hayk / C.A. IllopoxoB. —
Koctpoma, 2000. — 159 c.

52. Galanin S.I. Features of current distribution with the use of titanium
suspensions for the electrochemical polishing of gold by bipolar current pulses /
S.I. Galanin, 1.V. Kalinnikov, A.S. Galanina // Surface Engineering and Applied
Electrochemistry, 2009, Vol. 45, Ne 3. — P.35-41.

53. Galanin S.I. Technological Features of Electrochemical Polishing of
Gold Alloys by Pulse Current / S.I. Galanin, A.S. Galanina, 1.V. Kalinnikov //
Surface Engineering and Applied Electrochemistry, 2009, Vol. 45, Ne 2. — P.85-
92.



