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oQuquarbHoro onroHenTa Ha ArrccepraurroHHyro pa6ory 3afirpa JInnHa Ha reMy

<<Ou:urco xlrMuqecKlre MoAeJrI{ MexaHrr3MoB peaJrn3arlur,r KaroAHbrx

Mr{Kpopa3pqloB rlpu [poBeAeHnI{ flpoueccoB Mr{KpoAyfoBofo oKclrArrpoBaHrrfl>>,

rrpeIcraBJreHHyro Ha corrcKaHrre yueHofi crerreHrr KaHArrAara xrrMrrqecKrrx HayK

rro c[eq[aJrbHocrrr 05.17.03 - <<TexnoJrorrrfl 3JreKTpoxuMurrecK]tx flpoqeccoB u

3arrl[Ta oT Koppo3rr[>)

Arcrya;rrHocrb.

B nocneAHee Aec[TI4JIerHe Ha6mo4aercr 3KcrroHeHrlt4rumnrrfi pocr ltvcila

I{ccJleAoBawuit, cBt3aHHbIX c pa3pa6orroft HoBbrx MarepilaJroB Ha ocHoBe JrerKr,rx

cnnaBoB c [oKpbITwflMvI, Koropble l4Meror yHr4KturbHbre Snsraro-xplMr4rrecKl4e vt

fruszxo-vrexauuqecrrae ceoficrBa. Halr6onee [epcneKTr4BHbrM MeroAoM nonyrreHr4r

norprrrufi Ha JIerKr4x KoHcrpyKIII4oHHbrx cnnaBax cqr4Taerc{ MprKpoAyroBoe

oKcpIApIpoBaHLIe (MAO). faHnuft MeroA, qacro nagrrnaeurrfi rna3MeHHo-

3neKTponI4THrrecKI4M oKcI4AI4poBaHr4eM (n ocHoBHoM, sapy6elKHbrMn yueHunan),

HcKpoBbIM UJII{ MI4KporIJIa3MeHHbIM aHoAr4poBaHr4eM, HecoMHeHHo r4Meer 6onrruoe

rlpeuMyrllecrBo rlepeA npl4Men.teMbrMr4 B npoMbrrrrJreHHocTr4 aHoAHbrMt4 crroco 6a.rltu

(cpe4He- v roJrcrocJrofinoe aHoArrpoBaynn) v ApyrlrMr4 MeroAaMV nonyr{eHue

3aITII,ITHrIX norprtrzfi Ha MeraJrJrr4qecxoft noBepxHocrn, 6naro4apx errcoKofi

reMneparype, Aocrl4raeMofi 7000 19500 oC, B JIoKaJIbHbrx nJra3MeHHbrx

Ml,IKpopa3pff[ax, peanl43yrorlr4xcr npn aHoAHofi nolxpu3ar\Htr pa6ovrax 3neKTpoAoB.

llpoqeccrr MIO rpoBor-t{r, rrponycKa-f, rrepeMeHHbrx roK Me}KAy

3neKTpoAarvrv. O4naKo poJlb raro4noft cocraBJrf,rorqefi oc:raBanocb HeBbrrcHennofi.

B 4r.Iccepralll4oHHofi pa6ore 3aiaxpa Jhanna He roJrbKo ycraHaBJrr4BaJrr4cb

ycnoBl4t 3a)I04raHI4t KaToAHbIX MI,IKpOpa3prAOB, HO r4 MeXaHlr3M n;rrrr^rrlafl rarO4nOfi

cocraBJr{rou1efi nepeMeHHoro roKa Ha crpyKrypy z csoficrsa norprrrnfi.

Tar KaK nocneAHee r4 rBJl{ercr oAuofi w3 ocHoBHbrx qenefi gannofi

Al4ccepraquonnofi pa6o:rrr, To oHa, HecoMHeHHo, aKTyaJrbHt. ,..



Hayunan HoBrr3Ha.

B AkrcceprarllroHHoft pa6ore 3aiarpa JIuHna rpeAnoxeHbr Sraszro-

XI4MUIIECKI'IC MOAENI4 PCAJIU3AIIUU IIJIA3MCHHbIX AHOAHbIX I4 KATOAHbX MLIKPOP€I3PflAOB

Ha rroBepxHocrlr pa6ouero oJIeKTpoAa. B ocnoBe 3TLIX uoAerefi: 1) uepe.ayroqee

o6pa-:onanue JroK€urbHbIX aHoAHoro H KaroAHoro gneKTpoAoB Ha rpanlrrle pa3AeJra

rrapoB€ur Sasa, c$optr,rupoBaHHat B cKBo3Hbx flopax rIoKpbITLIt, - gneKTpoJrr4T rrpr4

rrporeKaHlrra nepeMeHHoro roKa MexAy o6pa":qona u pa6ouefi BaHHbI LI3 HepxaBeroqefi

crurpr; 2) nrrcorcafl, HarrpflxeHHocrb 3neKTpruecKoro noJrr MexAy MerarrJrrdrrecrofi

ocsonoft Lr oJreKTpoJrkrroM. 3axraranne HHTeHcr{BHbrx KaroAHbrx MLrKpopa3p-sAoB Ha

rroBepxHocrr{ paOo.rero SneKTpoAa [poI4cxoII4T BcJIeAcrBI4e rlepe3apf,AKr,r rpaHHrI

psAena napoBzur 6u:a, c$opunpoBaHHiul upu anoAuoft noJurpr43arlr4r{ pa6overo

3neKTpoAa B cKBO3HbrX rropax IIOKpbITLIf,, - 3JIeKTpOIUT UpU npOTeKaHI{LI npoqecca

M|O B aHo,qHo-KaroAHoM pexr4Me. llpu erovr o6sgaremHo BbIIIoJrHeHrre, xorx 6rr,

oAHoro cJre4yroqero ycnoBr4r: l) noJryqeHl,Ie noKpbITI4rI c M€trIbIM KorI4tIecrBoM

cKBO3HbrX [Op, B KOTOpbX pea[r,r3yrorcr o$seKTr{BHbre MHKpop€l3pf,Abr; r. e. co3AaHLIe

ycJroBrnr Anr BbrAeJreHprfl AocraroqHofi uoqsocru B MuKpopa3pflIax; 2) yrraenrrueHl4e

pH onercrpoJrura (pH< 7), uro rro3BoJlf,er co34arb eS$ercrrnnHrrft roxamHrtft aHoA, B

ocHoBHoM, cocrortquft Lrs Karr{oHoB BoAopoAa. Ilporouu rrpu orHocI4TeJIbHo

ne6olrurofi naupxxeHHocrlr sneKTplrlecKoro rIoJIt Moryr nprao6perarb BcneAcrBl4e

ux naalofi Maccbr Lrp4ryca. B orrr,Frrae or Apyrlrx KarI,IoHoB, BbIcoKyIo Kl4HeruqecKyto

3Heprnro r4 ocyrqecrBJrrrb lrHTeHcl4Buyro 6onr6apauponKy MoJreKyn naponofi Qasu ra

MeraJrJlrlrrecrofi ocHoBbr AHa cKBo3Hbx rlop IIoKpbITI4{. }lgNexrLIpoBaHHbIe c MoJreKyJI

v MeraJrJrr{qecroft ocHoBbr gneKTpoHbl rlpu raxofi 6orvr6ap,urapoBKe tBrsrorct

poAoHarranbHuKaMr4 gneKrpoHuofi lasuHu; 3) xeuocop6qzx $ropa Ha noBepxHocrtl

pflAa MeriurrloB 14 clrrraBoB. Orop ($top-rzoH) annxerca

oJIeMeHToM, B cylqecrBenuofi crerleHl4 lI3MeH.flrouII4M

caMbrM e$Senrranurrna

npu xeuocop6quu

MeraJglldqecKax Marepualax oneKTpoHHoe cocro.rHne I4x rloBepxHocrHblx cloen. llpu

STOM 3HAIII'ITCJIbHO YBENUqLIBAETC' BCPOflTHOCTb I4HXEKTLIPOBAHI4' 3JICKTPOHOB B

rrapoByro Qary BcJreAcrBr4e JroK€rrru3a\ptu orpplllareJlbHoro gapflAa(onexrpoHon) B

ITOBepXHOcTHbIX MeTaIIJILIqecKI/tX cJIof,X. Kpoue Toro, ycTaHoBJIeHo, rITo npl4

rrpoBeAeHur4 upoqeccoe MIO n alroAHo-KaroAHou (A-K) pe)KI,IMe KaroAHbIe upo6ou



e6rusu MerarrJrrrqecxofi ocHoBbr AHa cKBo3Hbrx rrop [pr4BoAf,T r o6paronaHr,rro aroMoB,

a 3aTeM TLIApOKCUAOB MeTaJTJTOB B UIenOqHbTX SJreKTpOnVTaX) 3aIIOJrHrrOUIrrX 9Tr4 [Opbr.

flpn auo4nofi norspu3aqlztu pa6overo sneKTpoAa, KorAa sneKTpoJII,IT B cKBo3Hbrx

[opax HacbrrrleH aHr4oHoM ruApoKcuAa €[JrroMr4Hlrr r4trvr rr4ApoKcr4Aa MarHr4rr, a

MorrlHocrb, BbrAeJr.fleMar B MuKpop€r3prAax HeAocraroqHa.urs BbrHoca 6onrureft qacrlr

MaTepl,rafia I{3 rrop Ha rroBepxHocTb IIoKpbIT}If,, yBeJI[tIIIBaeTct KoJIt4IIecTBo pacruIaBa

oKcLrAa alrloMuHufl. UIII4 OKCZAa MaIHUI', 3aIIOJIHtrcqerO 3TI4 IIOpbI, B TOM qUCiIe LI

rrpoAonbHbre rropbr, pacnoJro)KeHHble n1rusu H Ha rpaHLIIIe pa3Aena crIJraB -
rroKpbrTue.

Kporr,re roro, B ero pa6ore: l) upuee4eHbr oKcrrepr4MeHTarrbHbre AaHHbre o

TepMLIIIeCKOM BO3AeI,ICTBI,II4 Mr4Kpopa3pf,AoB MeTaJrJIUqeCKyrO OCHOBy,

npr4BoryrrleMy K JroKnrrbHoMy [rraBJreHI,Iro, p€]3olpeBaHl4lo pac[IraB 14 nrr6pocy .tacrvr

MarepuaJroB rroKpbrrnfl kr o6pa6arlrsaeldofi AeraJII4 B 3neKTpoJrkIT, uro npuBoAI{T K

o6pasonaHuro [uraMa npv rrpoBeAeHr.ru MIO €t[IoMI{HLIeBoro crIJIaBa; 2) nora:aHa

B3ar4MocB.fl3b r{3MeHrrouluxc . B rrpoqecce 3KclJlyara\wt $nsrarco xI4MI4rIecKI{x

cnoficrn cI4JrLrKarHo rrlerorlHoro gneKTpoJII4Ta c cocraBoM c$opvrr.rpoBaHHbx

uorpurzfi Ha aIIroMI,IHuIeBoM cnJIaBe MeroAoM MAO.

llprane,4enHoro Bbrrue BrIoJrHe AocrarorlHo, qro6H cqurarb, tITo Aartlaas.

,{rdcceprau nonnafl, pa6ora I4Meer BecoMylo Hayquylo IIeHHocrb.

IlparruuecKaq 3Harll{Mocrb.

,{auu cJreAyroqrle peKoMeHAar1uu: l) ilnfl [oJryrleHut Ia3Hococroftrnx,

aHTr4Koppo3raoHHbx riorprrrufi npoqecc MAO cneAyer IrpoBoAIfIrr 6es no{BJIeHLITI

[HTeHcLrBHbrx (nz4ururrx) xaro4urrx MI4Kpopa3ptAoB Ha roBepxHocrl{ pa6ouero

gJreKTpoAa; 2) orIeHKy cKopocrpl o6pasoeauua rIoKpbITIat cneAyer rIpoBoALIrb tlo

yAeJrbHoMy u3MeHeHrrro Maccrr o6pauloB B eAuHLrIry BpeMeHn, a He rro cKopocrkl

r{3MeHeHurr roJrrrlllHbr uorprrrzr; 3) He crotlT crpeMl4Tbcf, 3axllrarb KaroAHbIe

MlrKpopur3prAbr ip [poBe,{eHLIu [poqeccoB MAO, TaK KaK He rIpoI4cxo,4LIT

oKctrAlrpoBaHr{e Merurrtrtuqecxoft ocHoBbI B KaroAHbIfi uolynepl{oA nporeKaHl4f, ToKa.

pesylparrr pa6orbr Ar.rccepraHTa 6rrru r4cnoJlb3oBaHbl rIpI4 BII[oJIHeHI{I4

rocyAapcrBeHHbrx KoHTpaKTon. Ospt Mory 6rtm peKoMeH,qoBaHbI l.n'fl. ua\oJrb3oBaHut



B pa3ILItIHbIx IIHCTIITyTaX V npe.4npllf,Tllflx, B IIaCTHoCTLI: OAO <V$uIracrOe

Moropocrpr{TeJrbHoe [pou3BoAcrBeHHoe o6reAuneHlre)), OAO <Mocroncxoe

MaruuHocrpokITeJlbHoe rlpeArrpl4trl,Ie I4MeHI{ B. B. rlepnrrurena>>, I-{eHrpanlnrrfi

uHcruryT aBrraquoHHoro Marur4HocrpoeHr.rr r{M. lI. w. Eapauona, Irlncruryr

$usnvecrofi xprnrrarl rI gJIeKTpoxkIMrIu PAH P@, ,{anbHeBocro.rHHfi Se4epanruufi

yHlrBepcr4rer (!BOy), OAO <<I4Jl>>

CneAosareJrbuo, AucceprarluoHHa.fl paGora 3afiipa JIuHna lrMeer u 6olruroe

lpaKTnqecKoe 3HatIeHI4e.

Buecre c reM, cneAyer orMerLITb I4Merorrlkrec{ y MeHf, r pa6ore Borrpocbr ra

3AMEIIAHIIfl:

1) K coxarleHulo, B pa6ore 3aitxpa Jluuna He paccMorpeHo BrruflHve

r{HTeHcuBHbx KaroAHbrx MllKpopa3pf,AoB Ha I43MeHeHue Sasonoro cocraBa uorplrrnft,

$oprrar.rpyroullrxcr Ha aJIIoMIaHI{eBbx cruIaBax [ocJre r4x MAO B ulertoqHbrx

SJreKTpOJ[IT,X;

2) A[ccepraHr ue o6rscHter, iloqeMy ero opuruHartlnrrfi pacqer o6reunoft

noplrcrocrr4 He 6rur upuMeHeH AJII rroKptrrnir, cSopurapoBaHHbrx Ha MarHrdeBoM

crrrraBe MJI5;

3) 3afixp JIuHH He yKa3brBaer, KaKr4M o6pa:ovr oH orrnqaer KaroAHhre

Mr.rKpopa3pxArr or aHoAHbx [pr4 AocrI4xeHI,Iu roJrrrlrHbr norprrrnft, $oprraupyeMbx Ha

crrJraBe [16,1trusroft K rpeAeJlrnoft roJIIqLIHe. I,Icnomsyeuuft MeroA $oro-3,,{C ue

[rpuroAeH Nrfl perlrcTparlr4r4 KaToAHbIX pa3pflAoB, rrocKoJlbKy onpeAenrreT Jrr{rub

r4HTerpzurbrryrc cBeTr.rMocTb pa3ptAoB, He IIo3BoJItt $rarccuponaTb pa3Jll4rc-iufl B cneKTpe

perucTpupyeMoro l43nyrreHl,rt, a [puMeHeHLIe cBeroBoAoB He IIo3BoJIf,eT oxBaTnTb BcIo

rroBepxHocrb uzilenuit cnoNsofi reoMerplr.recrofi $oprurrr. CreAonareJlbHo,

IrorBJrrroqr{ecfl KaToAHbIe r4oKpbr He MoryT flBlrflTbcfl. ((AaTTII4KOM)), yKa3bIBaIOIqI{M Ha

Heo6xoAuMocrb rlpeKpalqeHl4tr IIpoBe AeHLTs. trpoqecc a MIO.

4) B MeroALrrrecrofi uacru AuccepraHT B qncle rtpotll4x o6rexron

LrccJIeAoBaIJLtfl Ha3bIBaeT cTaJrbHble IUIaCTI{HbI C HaUbIIIeHHbIM IIIIa3MeHHbIM MeTOAOM

nJrroMrrHI{eM, oAHaKo B pe3yJlbrarax uccneAoB antns,'i' He o6cyN.4arorcr

aHTUKOppO3r,rOHHbre xapaKTepucTr4Kr.I uorprnufi Ha 3Tlltx o6pasqax; Iloiraralo, tITo



6onee uo4po6noe ur3freHr{e 3rr,rx o6lexros Mouro 6u cyllecrBeHHo o6orarurr

gKcrrepuMeHTarlbrlyto 6a:y nccneAoBaHl4t.

VKasaHHrte 3€rMeqaHnfl, B He3narll4Temgofi crerrenu yMeHbruarcT xoporuee

BleqarreHue or npeAcraBnennoft pa6oru.

Ily6.nurarylrr orpalr(arcuue ocHoBnoe coAeplrcanue Arccepraunn

OcuosHoe coAepxaHr4e pa6orn ouydmmoBaHo B nfl'ru crarb.f,x B

perlemnpyeMbx xcypHaJlax, peKoMeHAoBaHHbx BAK Nrfl. rrydnuxaqr,rft HayqHbrx

pe3yJrbraron. CneAyer orMerurb, rrro oAHa ero crarba orrydnuKoBaHa B xypHalre

<Surface and coatings technology> (nxoAsureu n peOepatlrnnyro 6a:a nay,rHrrx

rlv6nuxaunfi Web of Sciense). Kporvre roro, psA ero ocHoBHbrx rroJroxeHr4fi KsroNeH n

AByX Te3UCZTX AOKJIa"4OB Ha)nrHO-npaKTLrueCr<UX rOn$epenqrEfi .

Anrope$epar HarrncaH flcHo, rlerKo u rroJrHocrbro orpaxaer ocHoBHoe

coAepxaHl4e Auccepr ar\uu.

B cnssu c Bbrruen3JrolreHHbrM crluralo, rrro Ar4ccepralllloHHa"f, pa6ora 3aitxpa

JIuHs rcnaln$uqnpyercfl, KaK 3aKoHqeHHar HafrHo-nccneAoBareJlbcKat pa6ora,

BbrrroJrHeHnafl, Ha BbrcoKoM HayqHoM ypoBHe, orBerlaer BceM rpe6onannsvr BAK PO

(n. 9 <floloNenns o rrpkrcyx.ueHuu 1"{eHbrx creueHefi> or 24.09.2013 Ns 842),

rrpeAb.flBJrfleMbrM K KaHAr{AarcKraM AI4ccepraIILItM, a 3afiip Jluuu, 6erycronno,

3acJryxrrBaer rrptrcyxAeHr{f, eMy freHoft crenenu KaHA}lAara xpIMI{rIecKLtx HayK rlo

cnequarrbHocrtr 05.17.03 <Texnororl4t oJIeKTpoxuMI{qecKI4x qpoqeccoB I{ 3aIrItITa or

KOppo3uLD.
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