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o$uqua-rrbHoro orrroHeHra Ha ALIccepraIIVoHHyro pa6ory Ea6yrurnna Aprervra

Cepreenuua <<Bru.sHLre HoHHo-rrJrasN,reHHofi o6pa6orxu Ha ocraroqHbre

MexaHI{qecK?Ie HaIIpDKeHIU B TOHKI{X IOILrKpI4CT€UIJII{TIeCKHX IIJIeHKaX

MerarrJroB)>, [peAcraBneHHyro Ha col4cKaHvre yreuofi crerreHr4 KaHAr{.qara Susurco-
MareMarLrqecKlrx HayK rro clequ€urbHocrr4 1.3.8 - <<@usvKa KoHAeHcLrpoBaHHoro

cocTotHLI,I).

AxryarrHocrb reMLI

B pa6ore Ea6yurr<una A.C. I4ccneAoBaHo Brrkrfllrtvrfl, r4oHHo-nJra:uenuofi

o6pa6orxz Ha ocraroqHble MexaHI{rIecKI4e HarrprxeHr{f B ToHKrrx

rroJrr4Kpl{cTalnr/FrecKl4x rrJreHKax MeTanJroB. Tarcue uJIeHKLT IIIlrpoKo

r4crroJrb3yroTc{ B orrTLrKe, Mr{Kpo3neKTpoHuKe, MLrKpoSneKTpoMexaHlrqecKllx

cr4creMax (M3MC), ycrpoficrBax xpaHeHllt IaH$opuar1urvr, a raKxe B KarrecrBe

SynrcquoH€rrrbHbrx uorprrrnfi. Mexanu.recKrae HalprlKeHr4{ B rrJreHKax MoryT

oKa3blBarb 3HaqlrrerbHoe HeraruBuoe BJrrrrHr{e Ha pa6ory KoMrroHeHToB vr

ycrpoficrn, u3roroBJreHHbrx Ha r4x ocHoBe. C 4pyrofi cropoHbr, Hutrl4rlrle

HarrplureHuit s rrJreHKe Moxter 6rrrr rroJre3HbrM, Halpl{Mep, Anf, Lr3roroBJrenvrfl.

TpexMepHbrx rrJreHorrHbrx MrrKpocrpyKTyp. Mexauu.recKr4e HarrprxeHr{r B rIJIeHKax

MoryT 6rrrr ucloJrb3oBaHbl An.rr caMoc6oprn MlrKpoKarylrreK, aHTeHH, a raKlxe

pa3rr/FrHbrx MSMC ycrpoficre. lloerorr,ry pa3Br4rrre MeroAoB ynpaBneHl4f,

ocTaTorIHbIMI4 MeXaHI4qeCKI{MI,I HaIrpf,)KeHHflMlLr B TOHKLIX IIJIeHKaX gBJI.geTCfl

BAXHbIM.

I4ssecrHo, qro 6ona6apaupoBKa rIneHoK I{oHaMLr LrHeprHbrx ra3oB rro3BoJl.ter

BJrr{rrb Ha MexaHr4rrecKr4e Hanpr}KeHl,rr. B 6omuruHcrse pa6or r4ccneAyerct

nosAeficrBr{e r4oHoB c gHeprkrflMr 0.5 t<sB-l MeB, a Avraila3oH MeHbrrrux eueprnfi

lpaKTnrrecKr{ He H3yqeH. ZcnomsoBaHl4e 6oree rrJrorHbrx rroroKoB rloHoB, Ho c

ueururefi enepruefi, TaKr{e [o3BoJr{er oKa3brBarb Bo3Aefrcrene Ha HarrpxrKenvrfl,

us6erax pacrrbrneHLrt Marepkrara rrJreHKr{. B cs.ssz c BbrrrrecKa3aHHbrM rdenv 14

3a4arrv Aaunofi pa6 orur rBrrrorc.fl , He coMHeHHo, aKTy€uIbHbIMI4.

OqeHna coAep?Kaurrfl Al{ccepralluounofi pa6orrr

,{raccepraqrax cocrol4T I43 BBeAeHI{f, ) rrflTvr rJIaB,

Jrr{reparypbr. O6u{ufi o6reivr pa6oru cocraBJlter Il7
pucynrcon, 2 ra6ruqrr vr I57 6u6nHorpa$nvecrux

3AKIIOqEHKIfl, U CIILICKA

crpaHr{q, BKrroqat 57

ccbrJroK. Co4epxaHze

anrope$epracoorBercrByerMarepl,IuulaMAucceprar\r4vr.



Bo BBeAeHrru aBTOpOM CsOpUylI4poBaHbI Ilenb vI 3aAArM

O6ocHosaHa aKTyaJIbHocTb TeMbI AvIcAepTa\Uv, pacKpblTa Hayl{.Hafl'

pa6orbl,

HOBH3Ha,

TeoperLTqecKar rr rrpaKT?lrlecK€ul 3Haql4Mocrb pa6orbl, rIpI4BeAeHbI IroJloxeEvIfl,

B6IHOCI4M6I9 Ha 3auluTy, a TaKx(e o6 anpO6a\vIr4 pe3ynbTaToB I'ICCJISAOBaHI1g'

[epnan rrlaBa 1lpeAcraBrlf,er co6oft nnreparypHblfi o6:op ro reMe

AlracepTaIILIoHHofi pa6oTbl. 3Aecr aBTop paccMaTpuBaeT BnI{tHI4e MexaHI4lIecKuX

HanpqxeHllfi B TOHKI4X MeT€rInI4rIeCKI4X IIJIeHKaX Ha pa6ory ycrPoficrB,

u3roroBJreHHbrx Ha vrx ocHoBe. B AaHHofi rJIaBe paccMarpl4Balorcfl npI4rIuHbI

Bo3H?rKHoBeHr4.f, ocraroqHbrx MexaHI4qecKI{x HalpffKeHvrf4 v vrx 3aBr4cl4Mocrb or

ycnoBl4fi ocax.qeHrlt IIJIeHoK. llpone4eno CpaBHeHLIe ciloco6oB ynpaBneHzs

MCXAHI{IIECKHMI4 HANPflXCEH]/lflMll4 B TOHKHX IIJIEHKAX' ilPEACTABJIEHHbIX B

nr.rreparype. Onr4cbrBarorcr npeuMylrlecrBa 6ol,r6ap4upoBKl4 TIJIeHoK HoHaMH Ar B

TIJI A3ME BbICOKOI{ACTOTH O f O I{HAYKqI4OHH Of O P A3Pf, AA H IZI3KO| O AABN EHPIf '

Bropaa fJraBa rrocBrrrleHa MeTOAaM I,ICCJIeAOBAIJ.VI[. MexaHI4qecKI4X

HaIIp{xeHLIfr B TOHKI,IX fIJIeHKaX, KOTOpbIe I'IC[onb3yIoTCt B AaHHOfi pa6oTe'

Anroporra npeAnolKeHa MeTOAr4Ka, TIO3BOJI{IOIIIaff IIo I{3MeHeHI4IO Cpe'{HI/rx

HanptlKeHuit u lpaAIIeHTa onpeAeJII{Tb ruIy6u}ry MoAIIoI{KaI\vIr4 HaIIps}KeHuit s

ToHKofi rIJIeHKe, BbI3BaHHofi uossofi 6ou6apAl4poBKofi. B KarIecTBe TecToBbIX

cTpyKTyp I{clonb3oB€UILIcb 6alr<u MI4KpoMeTpoBbIX pa3MepoB' H3roToBJIeHHbIe I,I3

?rccneAyeMofi 11neHKla. CpeAHI4e HaIIpfl]Kenufl' orlpeAenflJll4cb tlo I43r?I6y MocToB, a

rpa.{IlIeHT rIO I43flr6y KaHTI',IneBepoB.

B TpeTbefi fJraBe rrpeAcTaBJreHbr pe3ynbTaTbl sKCnepvMeHT€LIIbHbIX

r4ccne.4oB aHair BIIvIflHvIfl LIoHHO-IIJIa3MeHHOfi o6pa6orru Ha OcTaTOrIHbIe

MexaHr4rrecKr4e HarrptxeHlrf, B ToHKHX rIJIeHKax Cr. I4zyuaercx I43MeHeHIae

cpeAHI{X HarpfrreHlliI V fpaAl{eHra B 3aBI4aHMocrLI or napaMeTpoB o6pa6orxu u

?rcxoAHoro Hailp{}KeHHoro cocrotHl4g. VcragoBJIeHo' rITo rJIy6I{Ha I43MeHeHvrg'

Harrp{xeHr{fi cpaBHr{Ma c TonIqIIHOfi IIJIeHKI{' He cMoTpr Ha MaJIbIe gHeprI{H

r4oHoB. llpo4eruroHcTpl{poBaHa clloco6socrl o6pa6oraHHblx IIJI9H9K Cr n nlasue

Ar EHCOKOIIACTOTHO|O I{HAYKIII{OHHO|O PA3Pf,AA HU3KOfO AABJIEHUfl II3MEHflTb

r{3n46 MIIKpoMeXaHI4qecKLIX cTpyKTyp H3foToBJIeHHbIX Ha vlx ocHoBe' B

3aB?rcr{MocTg or LrcxoAHbrx Harrpf,xeHVi4, SHepfI{I4 I4OHOB I4 BpeMeHu o6pa6o*u,

OHa MoxteT IIpLIBoALITb KaK K BbInptMJIeHI4Io 6aloqsnx cTpyKTyp, I{3roToBJIeHHbIx

r43 rrJreHor cr, TaK r4 K erqe 6olrureuy varu6y. B saeucl4MocT?I OT IIenU MOXHO

[o,qo6p arb co orBercrByloull4fi p eNurrl o6pa6 orrcz'

gerneprafl fJraBa nocBf, rrleHa pe3ynbTaTaM MOJIeKyntpHo-AI4HaMI{qecKofo

(MA) MoAenr4poBalufl. ocaxAeHr{f rIonrIKpIlcr€uIJII,MecKHX TIJIeH0K Cu n Ct, a

TaKXe ux 6ou6apALIpoBK?I pIoHaMI'r Ar. Mo4enupoBaHl4e ocalKAeHl4t nJIeHoK c



pa3HbIMI,I3HepfuflMl{ocaxAaeMblxaToMoBucKopocTqMl4ocaxAeHl4f,
rIpoAeMoHcTp?IpoBaJIO KaqecTBeHHOe cofJIaCHe 3BOJIIOIII4I{ HallpflxeHuft c

nr,rTepaTypHblMl4 AaHH6IMI4. EulO IIOATBepXAeHo' tITo Bo3HIIKHoBeHI'Ie

pacT{fr4Baroulux Harrpflx(eHIafi upoucxoAHr B pe3ynbraTe oopMI4pOBaHI4f HoBbIX

yqacTKoB Me}K3epeHHbIX fpaH[II, a Bo3HI4KHoBeHI4e cxI4MaIoqI4X HallpqxeHl4ft

IIpoI4cXoAlITBpe3ynbTaTeIIpoHI{KHoBeHI4f,aAaToMoBctIoBepXHocTI4B
Mex3epeHHbre fpaHr{ubr. IrlccleAon a''e I43MeHeHI4q MexaHI4r{eCK?IX HaIIps)KeHUfi B

xo,{e ocTaHoBKt4 ocax{AeHn{ IIOKa3aJIO, IITO O6parrauax peJIaKcaIII4fl CXI',IMaIOII?IX

HailpqxeHr4fi o6yclonlena naTepanbHbIM nepepac[peAeneHl4eM aToMoB'

rrpoHllKrrrr{x B Me)K3epeHHbre fpaHI/IIIbI B XO.qe oca)KAeHufl. Mo4emapoBaHl4e

6o\,r6ap.uupoBKr4 rrJreHoK r4OHaME Ar uoxaaalo, r{To npoTeKaIOIId}Ie npoqeccbl

aHaJIofI{lIHbI TeM, rrro ilpol4cxoAtr Bo BpeMf ocaxAeHl{x' Orila'Irle JIHIITb B ToM'

rrTo B xoAe 6ou6apAHpOBKr4 aAaroMbl BO3HUKaIOT BCJIeACTBUe ert6uBaHnfl' aToMoB

c noBepxHocTll.

B nqrofr rJraBe npoAeMOHCTpIIpoBaHbI IIpI{MepbI npI4MeHeHLIfl I4OHHO-

rrJra3MeHHofi oSpaSorKr4 Antr caMoc6oprra rpexMepHblx Ml{KpocrpyKryp Ha ocHoBe

rrJreHoK cr. llpe4cTaBJreHo H3foToBJIeHI',Ie MLIKpOKaTyIIIKI',I' KOTOpat Bo3HI4KaeT 3a

ctrer rpa,qr4eHTa HarrprxeHrafi, SopvulpyeMoro B pe3yJlbrare o6pa6orru nlocxofr

3afoToBKI'I B BnAe JIeHTbI C OTBepcTvrflMvI B BI4Ae IIapaJInenorpaMMOB C yuloM y

ocHoBaHl4f, 60o. TarNe npoAeMoHcTpupoBaHa Bo3MoXHocTb co6r'rpau

rpexMepHne o6texTbr c rrJrocKI4MI,I fpaHsMI4 Ha npl',IMepe MI4KpOry6on' B AaHsou

cnyqae sogAeficrBr,re Ha HarrptxeHvrg. B rureHKe oKa3bIB€LIIocb JIoKaIIbHo 3a crrer

r4cIIoJIb3oBaHVfl.MacKI4 Si. fpaaueHT HallpqxeHufi $opn'flapoBaJlcs' B yrlacTKax He

3aKpblTbrx uacrofi.

B 3aKrroqeHuH C@OpUynI4poBaHbI nara6olee Bax{HbIe pe3ynbTaTbl VI

BbIBoAbI ArlccepTaquouuofi pa6orrt'

TeoperuqecKar Ir rrpaKTl{qecKafl 3Harrl{Mocrb

llpe4craeJreHHar s pa6ore MeToAI4Ka IIO3BOJIfleT OIIpeAelsTb I43MeHeH?Ie

MexaHr,rqecKr,rx HailprxeHuit u rny6zny Nao4raSura\vra B rIJIeHKax B pe3yJlbrare

?loHHo_rrJraguensofi oSpa6orxu. trilosHo-rrJra3MeH]HaX O6pa6offia B HCCJTeAoBaHHbTX

pelKI,IMaX IIO3BOJLIeT ylpaBJlf,Tb MexaHI4qecKI{MI4 HanpflxeH4fl.vr1r B ronrcu*

rrJreHKax MeraJrJroB uusru6o.vr MSMC crpyKTyp, r{3roroBJIeHHbIX I43 HI4x'

flonyuenHbre MeTOAOM MoneKynf,pHoit $u]HatvtuKl{ pe3yJIbTaTbI pacIIIHptIoT

npeAcTaBJreHlrr o MexaHI43MaX, O6yclaelIIBaIOilII4X SBOITOIIHIO MeXaHI{rIecKI4X

uanprxeuufi B TOHKHX IIOJII{KpI4CTaJIJII{qeOKI4X IIJIeHKax MeTaIIJIOB B XOAe

oca)KAeHlrf, rr nocJreAyroqefi HI,I3KO3HepfeTI4rIeCxofi taousofi 6ona6apALIpOBKI4'



Ocnonnrre rroJroxeHrrr Lr BbrBoAbI Aldccepral{uonnofi pa6our rrporunll

aupo6aquro Ha 15 uex4yHapoAHbrx u poccuficrux HayrIHbIX ron$epenwrflx vr

ouy6nuxoBaHbr n 6 naytrbrx Lr3AaHarflx, vr*AeKcl4pyeMblx PL{FII{, Scopus, Web of

Science n peKoMeHAoBaHHbIx BAK.

Hayunar HoBrI3Ha P$YJrbraroB

l.Bnepnue 3KcrIepIaMeHT€uIbHo [poAeMoHcrpllpoBaHa B03MOXHOCTb

rrcrroJrb3oBaunfl. LroHuo-rrJra:ueHnofi o6pa6orr<u c eHepruefi I4oHoB Ar Hllxe

rropora pacrrbrneHurfl, B Auarra3oHe 15-30 gB Ans ylpaBneHl{rl MexaHI,IrIecKI4MI4

Haup-f,xeHvrflvrkrB roHKrIX rIJIeHKax Cr (200-300 nu).
' 2. BuepBbre rrpeAcraBJreHa MeroAI{Ka, rlo3BoJl.srcqafl oUeHIaTb He roJIbKo

BellrqlrHy r{3MeHeHr4rr MexaHr{qecKr4x Harrpflx{eHufi s roHxofi nnenre B pesyilbrare

raonuofi 6ou6ap4upoBKl4, Ho vr ruy6uny, Ha xoropofi upoucxoAllr AaHHoe

LI3MEHCHLIE.

3. Mero,qovr MoJreKyJltpHofi AI4HaMITKII

CXLIMaIOquX uaUpxxenufi$opvrnpoBaHlle
rronprKprrcrarrJrlrqecKlrx rrJreHor Cr ra Cu, a raruI{e B xoAe ux 6ovr6apAr{poBKl4

r{oHaMr.r Ar c enepruefi 15-30 eB, o6ycJIoBJIeHo rpoHIaKHoBeHueM aAaroMoB c

noBepxHocTr.r B Me)rcepeHHyro rpaHral\Y, 4 qacTvrrlHas, penaKcallll' cXLIMaIOU{I4X

uanprxenufi rtpn ocraHoBKe flpoqeccoB o6ycnonleua. JIarepaJrbHbIM

lepepaclpeAeJleHlleM aTOMOB B MeX3epeHHbIX fpaHrlllax.

4. Buepnrre [poAeMoHcrptrpoBaHa. Bo3Mo]KHocrb IacrloJlb3oBauvrfl' I{oHHo-

nnasi\deuHofi o6pa6orrcra An-f, QopuupoBankrs. rpexMepHblx MllKpocTpyKryp Ha

ocHoBe ToHKLIX nneHoK Cr.

flpe4craureHHas Ea6yumunrru A.C. AI4ccepraIIkIoHH€t{ pabora fiBIrflerc

3aKoHqeHHbrM HafrHbrM rlrccneAoBaHl4eM c o6ocuonannofi aKTyanbHocrbro 14

HoeugHofi, oAHaKo I{Meerct p-ttA 3aMerlawnfi,:

1. B srcnepr{MeHT€urrHofi rracrr4 ne o6r.scrulerct nrr6op raKHX [apaMerpoB

pa6oru peaKropa rar< BH Molrluocrr, pa6ovee AaBneHI4e 14 np.

2. He yKa3aHbr [prrr,rHbr, rro KoropbrM gKcleplrMeHTanbHoe I{ccJIeAoBaHvre

npoBeAeHo ToJIbKo AJIfl ITJIeHoK Ct, Ho He Cu, XoT.f, IIocJIeAHI4e

Lr3yqarorct MeroAoM MoJleKynxpHoft AHHaMTIKI{.

,{ocronepHocrb pe3yJrbraroB.

BrIepBbIe fIoK€BaHo, rITO

B XOAE OCAXAEHLIf,



3. He yKa3aHo, KaK MeHtercf reMlleparypa B MA MoAenI4 IIpn pa3HbIX

cKopocTf,X ocax(Aenz4\ aTaKxe B XoAe 6ovr6ap.UupoBKl4 I{9HaMI'I Ar.

4. llleurau Cu cBoficrBeHeH pocr pa3Mepa 3epeH B xoAe ocax<AeHu.a

rrJreHoK. B npe.qcraBneHHofi B pa6ore MoAenIl pa3Mep 3epeH He MeHterct

c pocToM TonuII'IHbI TIJIeHKI4.

OAnaxo ilepearl4cneHHbre 3aMerIaHI4t He cHLI)KaIor IIeHHocrb HayqHbIX

nccneAoBaHkri4 r{ [onyqeHHbrx pe3ynbraroB. Ha ocHoBaHI4I4 BbIIIreu3JIoxeHHoro,

crrr{Taro, rrro AucceprarllroHHafl palora Ea6yruruna A.C. (BlutHI4e I'IoHHo-

IIJIa3MeHHoit o6pa6orKtr Ha ocrarorlHble MexaHl4rrecKl4e HarlprxeHvlfl. B ToHKLIX

rroJruKprlcr€uuruqecKr4x [JreHKax MeTaJIJIoB) yAoBnerBopqer rpe6oBaHl4flM rl.n. 9-

14 uonoxe1Lrfl, BAK P@ (O npr4cyxAeHwr yqeHbIX crenenefr), yrBepx{AeHHbIM

rocraHoBrreHr{eM flpaezrelbcrBa PO Ns82 4 or 24 ceurx6px 2013 roAa, a ed

aBTop, Ba6yurrcun A.C., 3acny)Kr'rBaer rIpHcy)KAeHI4t crerIeHI,I KaHAuAara SIaeur<o-

MareMarr4rrecKprx HayK no c[erlr4€LrlbHocrH 1.3.8 - (@I,I3I4Ka KoHAeHcIapoBaHHoro

cocTo{HI{t>.

OQuqua;rsnrrfi o[rIoHeHT

,{orcrop Su:rar<o-rr,rareMarlrlrecKl4x HayK rlo cneul4€ulbHocrl4 02-00.04

qusuqecKafl. xvr6prfl, BeAyrlufi uayvnrtfi corpyAHlm na6oparoplll4 rloBepxHocrHblx

cr4[ yrrpexAeHnfl Poccuficr<oft ara4eMur4 HayK l4v.cruryra Su:uuecKofi xvrMr4r4 Yr

sJleKrpoxuMr4kr r.ru. A.H. (Dpyn't<Hua PAH
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