OT3bIB
0pHMIHMAILHOIO ONIIOHEHTA HA JUCCEPTAIMOHHYIO paboTty 3aiispa Jlunna Ha Temy
«®PU3UK0 — XHMMHYECKHE MOJeIM MEXaHH3MOB Ppeaju3alMH KaTOIHBIX
MHKPOPa3psi0B NPH NPOBEAEHUH NPOLECCOB MHUKPOAYITOBOr0 OKCHIHPOBAHHUSD,
NPEACTABJICHHYI0 HA COMCKAHUE YYEHOM CTEeNeHH KAHAWAATA XMMHYECKHX HAyK
no cnenuagbHocTH 05.17.03 - «TexHOJOrUsI JIEKTPOXHMHYECKHX IPOIECCOB M

3alIUTa OT KOPPO3uU»

AKTYaJILHOCTD.

B nocnennee necarunerue HabmomaeTcs SKCHOHEHLUMATBHBIM pPOCT 4HCla
UCCJIEIOBaHMUM, CBA3aHHBIX C pa3pabOTKOH HOBBIX MAaTEPHAIOB HA OCHOBE JIETKHX
CIUIABOB C TOKPBITHSAMH, KOTOpPbIE HMMEIOT YHHUKAaJIbHbIE (DHU3HUKO-XHUMHUYECKHE W
(dusuko-mexanudeckue cBoiictBa. Hambosnee mepcrnekTHBHBIM METOIAOM IOJNyYEHHS
TOKPBITHA HA JIETKAX KOHCTPYKLIMOHHBIX CIUIaBaX CYHTACTCA MHKPOIAYTOBOE
okcumupoBanue (MIO). JlaaHbeli MeTOA, YacTO HA3bIBAEMBIA  IUIaA3MEHHO-
JNIEKTPOJIMTUYECKMM OKCHUAMPOBAaHMEM (B OCHOBHOM, 3apyO€XKHBIMH YYEHBIMH),
HMCKPOBBIM HJIA MHUKPOIUIA3MEHHBIM AHOAMPOBAHHEM, HECOMHEHHO HMEET OONbIIOE
IPEUMYILECTBO MNEpel NPUMEHSEMBIMU B TMPOMBIIIIEHHOCTH aHOLHBIMU CIOCOOAMHU
(cpemne- M TOJCTOCIOWHOE aHONUPOBAHUSA) M JAPYTMMH METOAaMH IOJNy4YEHHE
3alIMTHBIX TIOKPBITHH Ha METAlJIMYECKOH TOBEPXHOCTH, Oyiaromaps BBICOKOM
Temrneparype, nocturaemod 7000 — 19500 °C, B J0OKanbHBEIX IUIA3MEHHBIX
MHKPOpPa3psaax, pealu3yromuxcs IPYU aHOJHOH Nospu3anu paboynx 3JI€KTPOIOB.

Ilpoueccer MJIO  mpoBoAAT, mnpomyckas TEPEeMEHHBIX TOK — MEKAY
anektpojamMu. OQHAKO POk KaTOAHOM COCTABJISIOIIEH OCTABAI0Ch HEBLIICHEHHOM.

B nmuccepranuonHod pabGorte 3aiispa JIuHHAa HE TOJBKO YCTAaHABIWBAIHUCH
YCJIOBHS 32)KWTaHUs KAaTONHBIX MHUKPOPA3psAIOB, HO M MEXAHM3M BIIMSAHHUSA KAaTOAHOMN
COCTaBJIAIOILEH IEPEMEHHOT0 TOKA HA CTPYKTYPY U CBOMCTBA MOKPBITHIA.

Tak kak mnDocienHee W SABIAETCA ONHOM W3 OCHOBHBIX II€JIEH JAHHOU

JYCCepTallMOHHON pabOoThl, TO OHA, HECOMHEHHO, aKTYaJIbHA. .



HayuyHast HOBU3HA.

B nmucceprammonHoi pabore 3aitspa JluHHa mnpennoxkeHsl (QU3HMKO-
XUMHYECKHE MOJIENH Pealn3aliy IJJa3MEHHBIX aHOJHBIX U KaTOJHBIX MUKpPOPa3psI0B
Ha IIOBEPXHOCTH pabouero 3nekTpona. B ocHoBe 3Tux Mmogneneil: 1) yepemytoree
o0pa3zoBaHHe JIOKAIBHBIX AHOJHOIO M KAaTOJHOIO 3JIEKTPOJOB Ha IpaHMIE pasfena
mapoBas ¢asza, copMUpOBaHHAA B CKBO3HBIX IIOPaX MOKPBITHsA, - JIEKTPOIUT IIpH
IPOTEKaHWH MEPEMEHHOT0 ToKa MeX Iy 00pa3rioM U pabouell BaHHBI U3 HeprKaBeromeit
CTajH; 2) BBICOKAas HAIPSUKEHHOCTb JJIEKTPHUYECKOrO IOJS MEKIY METaUTU4eCKON
OCHOBOHM H 3JICKTPOJIUTOM. 3@KUTaHUE MHTEHCUBHBIX KaTOAHBIX MUKpPOPA3psIOB Ha
IOBEPXHOCTH pabodero 3JIeKTpoAa NPOMCXOAWUT BCIEACTBHE IEPE3apsiiKd I'PaHHUI]
pasmena mapoBas (asza, chopMHpOBaHHAs TP aHOAHOM NoONApH3alUKM pabodero
DIIEKTPOJIa B CKBO3HBIX IIOpaX IOKPBITHS, — JJIEKTPOIMT IIPH IPOTEKAHMH IIpolecca
MJIO B aHOAHO-KaTOAHOM pexuMme. IIpy 5ToM 00sA3aTEeNIbHO BBINOJHEHHE, XOTS OB,
OJIHOrO CJIEAYIOIIETO YCJOBHA: 1) IOJlyYE€HHE NOKPBITHS C MajbIM KOJIMYECTBOM
CKBO3HBIX 110D, B KOTOPBIX peau3ytoTcs dOGEeKTUBHBIE MUKPOPA3PsIABL; T. €. CO3AaHUe
YCIIOBUS [UIS BBIIENICHUS JOCTaTOYHOM MOINHOCTH B MUKpPOpaspsjax; 2) yMeHbIIEHHE
pH snexrposura (pH< 7), 4To mo3BossgeT co3nath SPGEKTUBHEIN JIOKAIbHBIA aHO., B
OCHOBHOM, COCTOSIIIMH M3 KaTHOHOB Boxopona. I[IpOTOHBI INpH OTHOCHUTEIBHO
HeOGOJIBIION HAIPSHKEHHOCTH JIEKTPUYECKOrO IOJS MOTYT IpHOOpeTaTh BCIIEACTBHE
PX MaJIOW MacChl ¥ pajinyca, B OTJINYKE OT IPYTHX KaTHOHOB, BBICOKYIO KHHETHYECKYIO
SHEPIHIO W OCYLIECTBIITH HHTEHCUBHYIO O0OMOApAMpPOBKY MOJIEKYJ NMapoBOH (asbl
MeTaJUTMYECKON OCHOBBI THA CKBO3HBIX IOP MOKPBITUSA. VIHXXEKTUPOBAHHBIE C MOJIEKYJI
¥ METATMYECKOM OCHOBBI JJIEKTPOHBI TpH Takod OomOapAMpOBKE SBIAIOTCS
POIOHAYATBHIKAMHA DJIEKTPOHHOM J1aBuHBI, 3) xemocopOuust Gropa Ha MOBEPXHOCTH
psga MeTauioB H CIUIaBoB. PTop (HTOp-MOH) sABIAETCS CaMbiM  I(P(HEKTHBHBIM
5JIEMEHTOM, B CYILECTBEHHOW CTENCHH U3MEHSIONIMM IIPM XEeMOCOpOIuH Ha
METAUTHYECKUX MaTeprayax 3JeKTPOHHOE COCTOSHUE MX IOBEPXHOCTHBIX CIOeB. [Ipn
9TOM 3HAYUTENIFHO YBEJIMYMBAECTCS BEPOATHOCTH HMHXEKTHPOBAHUS JIIEKTPOHOB B
napoByto (a3zy BCIEACTBHE JIOKAIW3alUM OTPHIATENIBHOrO 3apsana (271EKTPOHOB) B
IIOBEPXHOCTHBIX METAJUIMUECKHX CcnosX. Kpome TOro, yCTaHOBJIEHO, HYTO MPH

npoBenenun mporeccos MJIO B aHOmHO-KaTonHOM (A-K) pexnme KaToHBIE IIPOOOH



BOJIN3M METAJJINYECKOW OCHOBEHI JIHA CKBO3HBIX TOp MPHUBOIAT K 06pa30BaHUIO aTOMOB,
a 3aTeM THAPOKCHIOB METAUIOB B IIEIOYHBIX JIEKTPOIATAX, 3aMOIHIIOMUX 3TH IOPBL
ITpu aHOMHOHM mONApH3aLUK pabOYero SIEKTPOa, KOIAa OJJIEKTPOJIUT B CKBO3HBIX
nopax HaCBHIIICH aHWOHOM THIPOKCHJA AQIIOMUHMS WIM THAPOKCHAA MarHus, a
MOIIHOCTb, BEIAEIAEMAas B MUKpPOpa3ps1ax HeOCTaTOYHA JIJIs BbIHOCA OOJbIIIEeH YacTH
MaTepraia U3 MOp Ha MOBEPXHOCTh IOKPHITHS, YBEJIMYUBAETCA KOJIMYECTBO PacIulaBa
OKCHIA aJIOMHHHUS HJIM OKCHJa MarHuisd, 3aloJHSAIOLIErOo 3TH IOPbI, B TOM YHCIE U
IpOJOJIbHBIE TIOpPBI, PACIOJIOKEHHbIE BONM3M M Ha TpaHHUIE pasjena CIUIaB —
MTOKPBITHE.

Kpome toro, B ero pabore: 1) mpuBeneHsl 3KCIIEPUMEHTAIBHBIE JaHHBIE O
TEPMHYCCKOM  BO3JACHCTBMM  MHUKPOPaspsaoB  Ha  METALIMYECKYI0  OCHOBY,
IPUBOJILIEMY K JIOKATbHOMY IUIABIICHHIO, Pa30rPEBaHMIO PACIUIaB M BBIOPOCY 4acTH
MaTepHaiOB MOKPBITHA U 00pabaThIBAEMON JETad B 3JIEKTPOJIUT, YTO IPHBOIHUT K
ob6pasoBanuio nutamMa npu nposeaeHud MJIO amoMMHMEBOrO CIUlaBa; 2) IOKa3aHa
B3aUMOCBSI3b M3MEHSIOIIUXCS B IIPOIlecce IKCIUTyaTallid (QU3UKO — XMMHUYECKHX
CBOMCTB CWJIMKATHO — IIEJIOYHOTO OJJIEKTPOJIMTA C COCTaBOM C(OPMHPOBAHHBIX
TIOKPHITHI Ha ATFOMHHHEBOM ciuiase Metonom MJIO.

IIpuBeIeHHOTO BBIIIE BIIOJNHE JOCTaTOYHO, YTOOBI CUMTAaTh, YTO JAHHAS

JUccepTalOHHasA pa60Ta HUMECT BECOMYIO Hay4YHYIO HEHHOCTD.

IIpakTHYecKasi 3 HAYUMOCTb.

JlaHBl ClIEMyIOIMe pEeKOMEHJalmH: 1) i IOdydYeHHs H3HOCOCTOUKHX,
AHTHKOPPO3HOHHBIX MOKPEITHI mponecc MJIO cremyer mpoBOAWTH O3 MOSBICHHUA
MHTEHCHBHBIX (BHIMMBIX) KATOIHBIX MHKPOPaspsAIOB Ha IIOBEPXHOCTH pabodero
3MEKTPOJa; 2) OLEHKY CKOPOCTH 00pa3oBaHMs MOKPBITHS CIEIyeT HPOBOAUTEL IO
yIeNbHOMY M3MEHEHHIO Macchl o0paslioB B CIMHHUIYY BPEMEHH, a HE IO CKOpOCTH
WU3MEHEHHs TOJMIIMHBI ITOKPBITHS;, 3) HE CTOUT CTPEMMTBHCS 32XHUraTh KaTOAHBIC
MHKpOpa3psiabl mpu nposeneHuH mporecco MJIO, Tak Kak HE IPOHCXORHT
OKCHJIPOBAHME METALIMYECKOH OCHOBBI B KaTO[HBIA IONYNEPHON MPOTEKAHUS TOKA.
PesynpTaThl paboThl  AMCCepTaHTa OBUIM  HCMOJB30BAHBl TP BBIIOIHCHHH

rocy1apCTBEHHBIX KOHTPAKTOB. Onu MOTY OBITH PEeKOMEHOOBAHbI UL UCIIOJIb30BAHUAA



B pPa3IMYHBIX MHCTATYTaX M Npeanpusatvsx, B dyacTHoctH: OAO «Ydumckoe
MOTOPOCTPUTENIBHOE  IPOM3BOACTBEHHOE oObeauHenue», OAO  «MOCKOBCKOE
MAaIIMHOCTpOUTENbHOEe mpeanpusatie uMeHn B. B. Yepnsimesay, IleHTpanbHbil
HHCTUTYT aBHALMOHHOro MammHocTpoenus wum. II. W. bapanoBa, HWHcTHTYT
¢usmueckolt xumuu M nekrpoxumun PAH PO, JlanbHeBocTOuHBIN (enepaibHbIM
yauBepcuret (IBDY), OAO «AJI»

CrnepoBaTenbHO, AUCCepTalMOHHAs paboTta 3aitspa JInHHA MMeeT U OOJbIIOE
MPaKTUIECKOE 3HAYCHHUE.

BwMmecTe ¢ TeM, ClielyeT OTMETHTL UMEIOIUECs Y MEeHs K paboTe BOPOCH! U
3aMeYaHus: |

1) x coxanenuto, B pabore 3ailsipa JIMHHA HE pPacCMOTPEHO BIIHSHHE
MHTEHCUBHBIX KaTOJHBIX MUKPOPa3psioB Ha N3MeHeHHe (ha30BOTO COCTaBa IMOKPHITHIA,
dopMupyroIMXCcs HAa AaIIOMUHHEBBIX CIUIaBax mocie ux MJO B mIEeNoYHBIX
JEKTPOJIHTAX;

2) IUCCepTaHT He OOBACHSET, [I0YEMY €0 OPUTHHANBHBINA pacueT 00BbeMHOMN
HOPUCTOCTA HE OBLI NMPHUMEHEH Ui IOKPHITUH, CHOPMHPOBAHHBIX Ha MAarHHEBOM
ciutase MJIS;

3) 3aiiap JIuHH He yKa3bIBaeT, KakMM OOpa3soM OH OTJIMYAeT KaTOJHBIC
MHKpOpPa3psAbl OT AaHOIHBIX [IPY JOCTHKEHHMH TOJIIMHBI IOKPBITUH, GOPMUPYEMBIX Ha
cwiase J[16, 6mu3koit k npenenbHoN TonmuHe. Mcnonb3yemsiit Mmeton ¢orto-2/IC He
IPHUrOfEH JUIS PETrHUCTPallMid KaTOAHBIX pPas3psIoB, IMOCKOJBKY OIpEENsAeT JHIIb
MHTErpaIbHyI0 CBETUMOCTb Pa3ps0B, HE IO3BOJIAA (PUKCHPOBATh PA3INYHs B CIEKTPE
PETHCTPUPYEMOTO U3ITydEHHUs, a IPHMEHEHHE CBETOBOJIOB HE II03BOJISIET OXBATHTh BCIO
IOBEPXHOCTh M3JENMH  CIOXKHOH reoMerpudeckod  Qopmel.  CrenoBaTenbHO,
HOSBIISIOIMECS KaTOMHBIC UCKPHI HE MOTYT SIBJIATHCS «IATYUKOMY, YKA3bIBAIOIIUM Ha
HeOOXOIMMOCTB MpeKpalieHus nposeaeHus npounecca M10.

4) B METOOMYECKON 4YacTH JOUCCEPTAHT B 4YHCJIE INPOYMX OOBEKTOB
WCCJIEIOBAaHUS HA3BIBAET CTAJbHBIC TIACTUHBI C HANBUIEHHBIM IJIa3MEHHBIM METOLOM
AMOMUHMEM, OIHAKO B  pe3ynbTaTax  HCCIeNOBaHMs He  OOCY)KIAKTCS

AHTUKOPPO3HOHHBIC XapaKTCPHCTHKH HOKpBITI/Iﬁ Ha J3THX o6pa3uax; mojararo, 4To



Oonee MOAPOOHOE M3yUeHHE STUX OOBEKTOB MOIJIO OBl CYIIECTBEHHO OOOraTHTh
SKCIIEPUMEHTATBHYIO 0a3y UCCIIeIOBaHuU.
VYkazaHHbIe 3aMeuaHVsl B HE3HAYHMTEIbHOH CTENEHHW YMEHBINAIOT XOpOIlee

BIIEYATJICHHE OT MPEACTaBICHHON pabOTHI.

Ilyonnkanum, oTpa)calonie OCHOBHOE COIEPKAHUE TUCCEPTAINI
OcHoBHOE cojiepkaHue paboTel OMyOJUKOBAHO B ILITH CTaThIX B
peIleH3UpyeMbIX JKypHallaX, peKoMeHnoBaHHBIX BAK mnd myGnukamui HaydHBIX
pe3ynbraToB. CleoyeT OTMETHTb, YTO OIHA €ro CTaThs OIyOIMKOBaHA B KypHale

«Surface and coatings technology» (Bxomsmem B pedepaTuBHyr0 6aza HayYHBIX

ny6mukanuii Web of Sciense). Kpome Toro, psii ero OCHOBHBIX MOJIOKEHUHN U3JI0KEH B

IBYX T€3MCaX MOKJIA0B HAyYHO-IIPAaKTUYECKAX KOH(DEPEHIIHH.

ABTropedepaT HamUCaH SICHO, YE€TKO M IIOJHOCTBIO OTPAXaeT OCHOBHOE
coziep)KaHue AUCCEPTaLliH.

B cBsI3u ¢ BBIICU3JIONKEHHBIM CUMTAIO0, YTO JUCCEpPTALMOHHAs pabora 3aiispa
Jluan kBammdUUEpyeTCs KaKk 3aKOHYEHHas Hay4dHO-HMCCIEfoBaTeNbeKas pabora,
BBIMIOJIHEHHAs. Ha BBICOKOM HAyYHOM ypOBHe, OoTBedaeT BceM TpebGoBanusM BAK PO
(m. 9 «ITosoxeHUsT O MPHUCYNKISHHH YYeHBIX cremeHei» or 24.09.2013 Ne 842),
IpeNbIBISEMbIM K KaHIWJATCKMM JHcceprandsM, a 3aiiap JIuuH, Oe3yClOBHO,
3aCITy)KMBaeT NMPUCYKACHUSA €My YYEHOW CTENEHH KaHAuIara XUMHYECKUX HayK Io
cneranbHOCTH 05.17.03 «TexHOMOrus NEKTPOXUMUYECKUX IIPOLIECCOB U 3alllUTa OT

KOppO3umn».

Crapmmii HaydHBIM COTpPYIHHK

OI'BYH Hucturyra (u3HdeCcKor _ 7
/

XUMHM M OJIEKTPOXMMHH WM. /

A H. ®pymkuna PAH, K.X.H. B. B. dymuxk
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