
OT3bIB

of nqnalbuoro onrroHeHT a Ha AucceprarlrroHnyro pa6ory

3 aitxp a Jlunna << @ lrsuKo - xlrMurre cKI{e MoA eJrrr MexaHr{3 MoB p euru3 arlnu

KaTOAHbrx MlrKpopa3prAoB npu rpoBeAeHr{r{ [poqeccoB Mr{KpoAyroBoro

oKcr4Ar4poBaHvrfl>>, [peAcraBneHHylo Ha corlcKauze yuduofi crerenr4KaH1tr41ura

xuMlrqecKr{x HayK rro cnerlz€trlbHocrrr 05.17.03 - rexHoJrorr{lr

9JI9KTpOXIIMI{q€0KIIIX npoqeOcoB Lt 3aIIII{Ta oT Koppo3LILI

Mo4nSraqLrpoBaHkr e

coBpeMeHHolr HayKr4 o

rroBepxHocTlt frBIrfleTcg, BantHoH 3aAaqel4

Marepu€urax. Oguuu u3 Han6olee [epcneKTzBHbrx

MeroAoB cneAyer cqrrarb rrJra3MeHHo-onexTponr{rHyro o6pa6orry (fI3O) zlz
MI{KpoAyroBoe oKcLIALIpoBaHI{e (MAO). flogo6noe sosAeficreze rro3BoJlfler

clIHTe3UpOBaTb Ha IOBepXHOCTTI MeTarrJrOB BeHTrrJrbHOr4 tpyrrrlbr

HaHOCTpyKTyppIpOBaHHbIe OKCUAHbIe KOMlO3r4THbre CJTOV, KOTOpbre nO MHOfrrM

rIoKa3areJUIM npeBocxoAflT rIoKpbITr{{, cSoprr,rupoBaHHbre I4HbrMkr MeroAaMI{.

Co.reraHue $ynrcqraoH€ulbHblx csoficrs (nucorax rndp4ocrr, Lr3Hoco- Lt

Koppo3l4oHnoctofixocrb, sneKTpou3onf,Ill4oHnrre cnoficrBa, psA cneqlraJrbHbrx

xapaKTepucrm) Aenaer Bo3Mo)r(HbrM r{cnoJrb3oBaH[e

rzs4enufi Bo MHorHx o6nacrsx npoMbrrrrJreHHocrr4.

vro4r,r Q uq 14 p oB aHHbrx

llp" groM Bce Bo3MoxHocrLI MeroAa, aKTrrBHoe rexHoJrorvqecKoe

LIcrIoJIb3oBaHLIe Koroporo HarlaJlocb JrI{rIrb s 90-x ro.{ax rrpotunofo BeKa, a

TaruKe ero QuszKo-xlrMr{rrecKl,re acneKTbr Lr3yrIeHbI Az[JreKo He floJlHocrsro. B

qacrHocrl4, rIpnMeHI4TeJIbHo K aHoAHo-KaroAHoMy pe)KrrMy rrpoBeAeHkrtr MAO

ocrarcTcf, orHocureJrbHo M€ulor{3yqeHHbrMr{ npor\eccbr, [por4cxoArrrlr4e B

raro4nufi nonylepl{oA. TarNe He Ao KoHrIa BbrscHeHa ponb KaroAHbrx

pa3prAoB a @opuupoBaHr{r{ ugrpurufi .

...

Teuarzrca pa6oru HaxoAr{Tc.{ B pycJre npuop}rrerfiux nanpanreHufi

pa3BHTI4t HayKr u rexHI{KLI 14 coorBercrByer rJeJroMy pf,Ay nyHKToB flepeuHr



Kpr{rkrqecKrrx rexHoJroruft Poccuficrcofi @e4epar\w, onpe4en€HHbrx Vragou

flperu4eHra P(D or 7 nrons2011r. J\b899.

Bce [epequcneHHoe cBlrAereJlbcrByer o necounennofi aKTyurJrbHocrlr

TeMbr, nrr6paunofi coucrareJleM.

B xoAe BbruoJlHent4fl Ar4ccepralllloHHoro uccJreAoBarturfl, aBTopoM 6l';rttu

nocneAoBareJrbHo pemeH bI creAylorulle SaAarr[ :

ycTaHoBneHo BJII{jIHI1Ie pH gneKTponr{Ta HA UHTeHCITBHOCTb fOpeHA{

KaroAHbrx MlrKpopa3psAoB upu M{O cnJraBoB Ha ocHoBe MarHLrr, €urroMr{Hr{r pr

y-TiAl;

olpeAeJIeHbI ycnoBl{r oAHoBpeuennofi peaJrrr3arlr{z aHoAHbrx kT KaroAHbrx

Mr,rKpopa3pf,AoB Ha noBepxHocrlr pa6ouero oneKrpoAa rpu MAO lerrzx

KOHCTpyKTIT4OHHbTX CrrJraBOB ;

paspa6orann MoAeJrbHbre rrpeAcraBreHnq o MexaHr{3Max peanvsa\uu

KaTOAHbTX M[KpOpa3ptAOB I4 [OnyqeHO sKCnepLrMeHT[ilbHOe nOATBepXAeHr4e

BbIABLIHyTbIx rplrroret rrpu [poBeAeHuz MIO cnJraBoB Ha ocHoBe arrK)MlrHrltr,

MarHkrr u y-TiAl B pa3nuqHbrx oneKTpoJrr{Tax;

BbItBJIeHO BJIn[Hne I4HTeHCI,IBHOCTLT ropeHr4.f, MLTKpOp€t3prAOB Ha

crpoeHrle, cKopocrb pocra rloKpbrrr{it, ux aHTr,rKoppo3ktoHHyrc ctoco6uocrb tr

aAre3lrro K Mer€L[Jlu.recrofi ocHoBe;

paspa6oraHn MoAenbHble npeAcraBJreHr{.n o MexaHLr3Me o6pa:onanur

uorpurufi c BbIcoKI4MI{ aHTl4KopposnouHoft cuoco6Hocrbro Lt aAresuefi K

MET€UIJII{IIECTOfi OCHOBE HA AJIIOMLIHUEBOM I{ MA|HI4EBOM CNJIABAX.

orrpeAeJrseTc.f,

I{crIoJIb3oBaHI,teM KoMnJIeKca coBBeMeHHoro aHaJrr4Tr{qecKoro o6opy4onaHvfl u

MeroAoB llccJleAoBanr4fl, MerpoJloruqecKl4M o6ecneqeHrreM u3MepI,ITeJIbHbIX

npn6opon, Boc[pol43BoArlMocrblo pe3ynbraroB. I4nrepuperarltr.f, AaHHbrx

6asnpyercx Ha coBpeMeHHbIx rlpeAcraBJreHr.rsx o6 ocHosHrrx MexaHu3Max

MAO, yAoBnerBopvreJrbHo coruracyerct

LrccJreAoBasuit B o6lacru MAO l€rrrEx

c pe3yJrbraraMra pa6or Apyrlrx

KOHCTpyKTII{OHHbrX CnJraBoB, B



qacTHocTI{, BJI[rrIH]reM. KaTOAHOI{ COCTaBJI'TOUeU [epeMeHHOfO TOKa Ha

crpoeHlre Lr cBofi crBa Qoprr,rupyeMbrx uorcpurufi .

Hayqnaq Hos[gHa. Ha uofi B3rJrrA, cyrqecrBo uayvnofi HoBr43Hbr pa6oru

Moxer 6srrr cBeAeHo K cJreAyrcrqlrM no3I{rIHsM:

1. Paepa6oraHbl MoAeJIbHbIe npeAcraBJleHl4f, o Mexanrr3Max n c$opvrynrrpoBaHbr

ycJroBLTr 3axl{raHl4t KaroAHbIX MrrKpopa3prAoB rrpkr MAO aJrroMr{Hr{\ Marnr4fl

u rrx cuJraBoB, a raKlKe crrJraBa Ha ocHoBe y-TiAl.

2. florcagana Bo3Mo)KHocrb yrlpaBneHlafl 9Heprueft, nrr4ensenaofi B KaroAHbrx r{

aHoAHbIX [JIa3MeHHrIX Ml4Kpoptt3pf,Aax, la c.r6r u3MeHeHr4r pH 3JreKTpoJrr4Ta,

ero KoHrIeHTparI[r{ r{ xrrMr{qecroft npltpoAbr KoMrroHeHToB.

3. YcraHosreHrr ocHoBHbIe npI{qLtHbI, rrpr4BoAflrr\ue K o6pasonaHraro Ha

€lJIIoMuHneBbIX n MaTHLIeBIIX crIJIaBax norprrrufi, rrMelouvrx BbrcoKyK)

aHTLIKoppo3I,IoHHyro cnoco6nocrb rI aAre3r{ro K MeraJrJrz.recrofi ocHoBe rrpr4

npoBeAeHrru rpoqeccoB MAO s AK pe)KlrMax.

rlparcrlrqecrcaq ueHHocrr

3naqenue noflyqeHHblx coLIcKareJIeM pe3ynbraroB r{ccJreAoBanLrfl Arrfl

[pLIKJIaAHbrx qelefi rloATBepxAaerc.[ HtururrrreM coAep)Karqvrxcfl B pa6ore

KoHKperHbIX peKoMeHAa\mfi, rro $opnrzpoBaHr{ro uorcprrrufi c 3aAaHHbrMr4

cnofictnauu, a raKx{e I4cloJIb3oBaHI4eM Teoper[qecKltx uoroxeurafi Ll

SKCrIepI{MeHT€uIbHbIX AaHHbIX rIpU BbrrrOJrHeHr{H pflAA fOCyAapCTBeHHbrx

KOHTpaKTOB.

O6Iuaq orleHrca co.[epxaHus AHcceprauu[
'I{erlr 

Ar,rcceprarlr{oHHoro r{ccJreAoBalnfl, paspa6orrca Quszro-
xLIMLItIecKofi uoAeJIrI MexaHzguob peaJlr.r3arlr4r{ KaroAHhrx MlrKpopa3prAoB tr

ycraHoBneHr{e ycnonufi y[paBJreHur sHepruefi, BbrAeJrfleuofi B Hr{x, 11pu

[poBeAeHLII4 MAO l6mzx KoHcrpyKIII{oHHbrx crrJraBoB.. B AK pexr,rMe.

lIoscHIateJIbHuuI 3arII{cKa cocror.rr r43 BBeAeuus., 3 uacrefi, 7 rtan, BbrBoAoB,

crII4cKa [cnonb3oBaHHbrx HcrorIHltKoB 143 160 naprvreHonanufi lt r43Jlo)KenauaT

crpaHurlax, BKJrroqa.s 7 ra6twlu 42 pucynrca.



llepnax qacrb, . cocrorrqa{ I/t3 3-x HraB, npeAcraBJrrer co6ofi

nr,rreparypHuft o6sop, B KoropoM npoaHaJlu3r{poBaHbr: nMeroqllecf, AaHHbIe o

MexaHr.r3Max BO3HLTKHOBeHT{jI aHoAHbrX rIJIa3MeHHbX MLr4pOpa3ptAOB (rnana 1);

BJrrirHr{e raroAnofi cocraBJrmoulefi [epeMeHHoro roKa Ha KrrHerrrKy rrpoqecca

MAO (rnana 2); poll;s KaroAHbIX MliKpoptr3prAoB rrpu HalpeBe aKrr4BHoro

gneKTpoAa p.ns. *ro4nSuqr4poBanun rloBepxHocrr4 MeraJrJrlrqecKLrx rroBepxHocrr4

wsAenuiT, MeroAoM onerpoxuMr,rKo-repuuqecroft o6pa6ornu (mana 3 ).

Bropax qacrb rrocBrrrleHa ol]IcaHr{ro krccJreAyeMbrx Mareplr€rJroB,

oKcrrepLrMeHTaJrbHoro o6opyAoBaHrrr u MeroAr{K rrccneAoBauvrfl, (rnann 4 u 5).

B rpeuefi qacru npI,rBeAeHbI gKcleplrMeHT€rJrbHbre pe3ynbrarbr Lr EX

o6cyx4enue. OnucaHbl MoAeJIbHbIe [peAcraB rrenufl, o MexaHu3Max peurvrca\vu

KaTOAHbTX MUKpOpa3p.f,AOB, rrpeACTaBJIeHbr AaHHbre sKClepr,rMeHTOB B VrX

IIoATBep)KAeHLIe (rnana 6). [au aHarILI3 BJII{{Hr{rc r{HTeHcr{BHocrLr KaroAHbrx r4

aHoAHbrx Mr{Kpopa3prAoB Ha crpoeH}Ie, aHTr{Koppo3r,roHHyro cuoco6nocu

norprrrnfi I4 nx aAre3lltK) K rdrruu KoHcrpyKrILroHHbrM crrJraB€rM (rnana 7).

flpe4ctanJulerct BecbMa llHTepecnofi u uHQopvrarusHofi upnueHdnnar

coI{cKaTeJIeM MeTOAVTKa OrlpeAeneHl4f, TIHTeHCLTBHOCTT,T rOpeHUS MtrKpOAyrOBbX

pa3ptAoB c oAHoBpeMeHHbIM cHtrI{eM BAX rpoqecca oKcr{AripoBanvrfl..

3aclyNunaer BHI{MaHVfl, rIoATBepxAeHLIe Toro fiarra, qro rrorBJreHr4e BrlAr{Mbrx

KaroAHbx pa3pflAoB upkl rIpoBeAeHfiI{ MAO yKa3brBaer Ha Aocrr.DKeHLre

rIoKpbITI4eM MaKcIftM€lJIbHo Bo3MoxHoft (upeaenrnofi) ToJrrrlr4Hbr, trptr roropofi

coxpaHtlorc{ ero BbIcoKI4e Qynrq,roHzlJlbHbre csoficrsa. Bomluyro HayqHylo H

[paKTI{qecKyrO 3HaqLIMocTb IlMeeT 3aTpolryTHfi s pa6ore Borrpoc o ponr{ }roHoB

Qtopa Ant aKTIIBaIIZu MeranJluqecnofi rloBepxHocrLr rrpu oKcrrAr,rpoBaHur4ps1a

MET&IINOB.

Marepnalbl Allccepralluu aupo6upoBaHbr rrocpeAcrnou ouy6JrlrKoBaHr{{

5 crarefi s BeAyrqux perleH3r,rpyeMbrx HayqHbrx )KypHanix, BKJrK)rreHHbrx B

repeqeHb BAK, 2 resucos AoKJraAoB ua Bcepoccraficrax ronfreperulurx.

Anrope6epar r,r rpeAcraBJreHHbre pa6oru n nomrofi Mepe orpa)Karor

ocHoBHoe coAepx(aHue Al,Iccepralllrr4. TeuauErca coorBercrByer rraclopry H



Soprvryne Hayuuofi clerll{iulbHocrlr 05.17.03 Texnororr4-f, 3neKTpoxr4MrrqecKr{x

npoqeccoB 14 3arrlrrra or Koppo3r,ru, rryHKTaM 1, 3, 4, 6, 7 o6lacru

raccneAoBauuit.

B qelovt pa6ora npoIl3BoAI{T rloJloxraTeJrbHoe BrrerrarJreHr.re, o.{Haro efi

ilpucylllv Lr oTAenbHbre HeAocTaTKLr.

3avre.raH[s uo pa6ore.

1. Cne4yet orMerurb HEuIHrIue n pa6ore cnoeo6pa:Horo rrocrpoeHut $paz,

orleqaroK 14 TeKcroBbIX o[Il{6orc. C aBTopcKr4M crrHTaKcucoM - no-Br4Ar4MoMy,

o6ycnonneHHblM AsofiHrrlu [epeBoAoM (racuomsoBaHr{eM HepoAHoro AJrt

coflcKarelr xaura) - Mo)KHo npvrMlvrpvrrbc.{. Ho, uauprrMep, 3aronoBoK ruasrr 2:

<<Ponr xaro4nofi cocraBJltroulefi [epeMeHHoro roKa Ha Kr{Herr4Ky nporeKaHr4t

rpoqecca MAO>;,4y6mx I{cronHl4Koe IauQopMarlr{r{ n 6u6nzorpaSzuecrou

crlrcKe (u. 40 u 99); orcyrcrBlre (nereHAbD) K pkrcyHrqy 2 (c. 29); gaunbre o

ronulllHe ecrecrBeHHofi naccl4Br4pyroqefi nneHru Ha Al ao 20 rraxnr (c. 23);

naccarK o6 orucleHlalr n arrrlocQepe aproua (c. 118, Ha caMoM AeJre - n a:ore!)

rpe6yror KoppeKrnpoBKr4.

2. Ha crp. 94 rpu cpaBHeHI4I{ Bvr6a BoJrbraMrrepHbrx xapaKreplrcrlrK MAO

crIJIaBa ,{16 n qeroqHoM LI KI4cJIorHbIx oneKrpoJrlrrax (pncynru 32 - 34)

BeporrHo nporyqeHa orcbrnKa K pr{c. 2l co crp.79.

3. He tcHo, noqeMy xapocrofiKocrb oKcraAr,rpoBaHHoro y-TiAl lrcrrbrrbrBaJrv B

BaKyyMe, a ocr€rJrbHbrx cruraBoB, rroABeprHyrbrx MAO, - Ha noa4yxe? (c. 70

Ar,rccepTarlun)

4. Oqenusaru JII{ coorBercrBlle AaHHbx z:uepennfi TonrqlrHbr norprrrufi,

npor.r3BeA€Hnrx ronrqrlrHoMepoM ISOSCOPE FMp10, u pe3yJrbraroB,

[onyqeHHblx flpu noMoIrII{ onrl{qecKoro r{ sneKTpoHHoro Mr{{pocKona (rcpoue

cryqas' rBMepeHI4t ronlqvHbl BbrcoKorropr4croro rroKpbrrr4.fl Ha y-TiAl, rAe

sa$urcrapoBaHo pacxo)KAenpre 6ole e 7 0%).

5. B pa:gene 6.3 rpI4BeAeHu QororpaQuu pir3pf,AoB, noJryrreHHbre Ha pa3Hbrx

MarepLIaJIax B pa3nLIqHbIX gJIeKTpoJrr{Tax, qro He coBceM y4o6Ho Arrfl

5



corlocraBJreHl{r. Kporr,re roro, neo6xo4Iauo Aarb rlo-f,cHeHnr, KaK

au$SepeHrlrrpoB€urr4 Tr4rrr{rrHbre KaroAHbre u aHoAHbre Mr,rKpopzrprAbr,

rroKuBaHHbre Ha pucyuKax 26 u29.

6. 3alae.raHue rro ra6t. 3 crp. 102: qerra o6ycnonneHa pa3Hr{rla B AaHHbrx

orlpeAeneHl4t $asonoro cocraBa noKpblTr,rr Ha clJraBe MJI5, IIoJryqeHHbIX

cr,rMMerpr,r.rHofi v acr4MMerplr.rHofi creurax? Vrnepx4eHr4e <<I43 9Tr{x

gKcrIepI{MeHT€uIbHbIX AaHHbrx cJreAyer, qro B ocHoBHoM QropnA MarHr{t

HaxoAr4Tcs Bo BHerlHeM cJroe noKpbrrr4r...) Tpe6yer apryMeurarluu.

7. [orcazareJlbcrBa HeBo3Mox{Hocrr,r orIeHKr{ cropocrn o6pasosaHur uoKprrrvs

no cropocru pocra ero ronuusrr (c. 105-107, ra6l. 4-6) upeAcraBnrrrorct

HeoqeBI,IAHbIMLI. 3Aecr, BLIAaMo, TepMl,IHoJlon4rrecKittr upo6leua: HylKHo 6ulo
pa3AeJII,ITB [IOH{TI{' ((pOCT TOnIqr{HbI noKpbrTr{Jr) u ((cKopocTb cr{HTe3a

(o6pasonannr) Marepkr €rlra noKpbrrr,rr).

8. B pas.{ete 7 .1 npe4craBJreHbr orreHb cKynbre cBeAeHr{r o6 usy.renr4vr Brrr4flHufl

LIHTeHCI{BHOCTI{ KaTOAHbIX I{ aHOAHbTX Mr4KpOpa3prAoB Ha aHTr4Koppo3lroHrryn

cnoco6nocrb LI aAre3nlo rrolqlblTufi. B .racrHocrl{, ecrb orAeJlbHbre AaHHbIe o

rII4TTI,tHronofi rcoppo3plu Ant oKcI{AI4poBaHHoro B pa3ruqHbrx gJreKTponr{Tax npr4

aHOAHO-KaTOAHOM pexr.rMe MJI5, pil3po3HeHHbre AaHHbre ucnuragufi B

coJrtHoM TyMaHe OKcLIALIpOBaHHOTO B piBnr,rqHbrx SJreKrpoJrr{Tax 14 npu pa3Hbrx

pe)KI{Max A16.Oqema aAre3I{I{ npeAcraBJreHa cpe4Hefi BeJrr4qr4Hofi - 80 MfIa

Anfl aHoAHo-KaToAHbIX pexfl.IMoB 6eg pezlJll43arlrlr,r rrHTeHcuBHbrx KaToAHbx

MLIKpopa3ptAoB n 30 MlIa AJII noKpstrntrr., [oryqeHHbrx B aHoAHoM pexr{Me

Anfl crrJraBa AL6. llpe4cranilflercfl., rrro Anfl o6o6u1ennfi, cAeJraHHbx,

Harrpr4Mep, Ha c. 108 vrrr4 B n.4 piBAena Brrno4rr, rauerorqeftcr saxrypu
HeAOCTaTOqHO.

VrasaHHrre 3aMeqaHl,t I, TeM He MeHee, He cHl{)I(aror HayqHofi qennocrr4 14

[paKTlaqecrofi 3HaquMocrl4 Al4ccepraquouuofi pa6orrr, He yM€rJUrrcT ee

AOCTOTTHCTB.



3arcJrro.reHlre rro AuccepTaun[

Ha ocHoBaHHH Bbrruerr3Jro)KeHHofo, cquraro, r{To ALIcceprarILroHHa{ pa6ora

3afirrpaJlprnHa flBJrflercfl.:anepurdnuofi nayvHo-KBirrrr4$zraqnonsofi pa6orofi u s Hefi

rrpeAcraBJreHbr HayqHo o6ocnonaHHbre pe3ynbrarbr, uMelourue cyqecrBeHHoe

3HaqeHue Anfl pa3Bvrrus. Teopuu 14 TexHoJrorlrlt rrJla3MeHHo-3neKTporHurofi

o6pa6orr<Lr Marepu€rJroB. Pa6ora orBeqaer rpe6onannrM rr.r. 9 - 14 lloroxenufl, o

uplrcyxAeHvrur yvenux creueHefi B peAaKr{nz flocraHoBJreHlrrr llpaeurenbcrBa P@ or

24 cerrrs6pt 2013 r. N 842, coorBercrByer rracropry HayqHofi cuequEllrbHocrrr

05.17.03 - TexHoJrorufl. gneKTpoxrrMuqecKux [poqeccoB Lr 3arr{r4Ta or Koppozuu, a ed

aBTop 3acny)Kr4Baer rrpr4cBoeHr{f, erray yrenofi creuenn KaHAr4AaraxvuvrqecKr{x HayK.
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nnQoprraaqLr oHHbIX crlcreM yrlpaBneHkI-l JIerareJIbHbIX

arraparos) OEfOy BnO (MATI4 - Poccprficrufi
rocyAapcrseHHrrfi TexHoJlorlt.lecrzfi yHI4BepcLITer

uMeHLr K.3. I-luoJIKoBcKoro)), naypear npeMrILI

flpannrerbcrBa PO s o6racru HayKI{ I4 TexHuKLI
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