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o$Erg{amHoro orrnoHeHTa Ha Al{cceprarluro OcHMu OKzna Ha reMy: <<@11sr,rKo-

xlrMI{IIecKI'Ie csofictsa crrJrJrI\dHHoB, rraoguQuqlrpoBauHbrx c5rpruofi>>,

npeAcraBleHHofi Ha coktcKaHue y.reHofi crerreHlr KaHAr,rlara rexHLrqecKl,Ix HayK

no c[eIIHaJIbHocrH 05.02.01 - MatepuaJIoBeAeHHe B Marrr,rHocrpoeHrrtr

Axqya.nrHocrb rembr HccJreAoBarrrrfl .

Cruryrvruurr o6naAaror corleraHueM BbrcoKrrrx.nnrefiHsrx ceoficrs Il

yAoBJIerBopI'ITenbHHx rlporlHocrHbrx xapaKTep]rcrrrK. Illuporoe npr,rMeHeHlre

NrxnldTbfl,Aerzurefi B aBTO-, MOTO- H aBHaCTpOeHHVT (Uanp.,KaprepoB, 6loxon

III{JIIIHAPOB, flOpruHefi), V AJIfl, npoI.I3BoAcTBa 6Hrogofi TeXHHKH

(rennoo6MeHHI'IKoB, caHuTapHo-TexHurrecKr{x 3anopHbrx apMaryp, rvr-acopy6oK), B

cKyJrbrrrypnoft rexnuxe.

HeAoctarrou cHJIyMHHa trBJlrerc.fi BbrcoKafl rropracrocrb H rpy1afl

KpyrlHo3epllvcrafl. gBTeKTI'[Ka OTJIHBOK, qro cI,IJIbHO OTpaxaETct Ha

Boclpol{3BoAHMocrI'I (cra6unrlrocrr,r) rporrHocrHbrx csoficre rroJ5 raeMbrx

Aerarefi.

B nocnegHee BpeMt paspa6otKa cnoco6on uo4u$uqnponan4fl cgrryMr{HoB

craHoBl{Tcf, OAHHM I{3 [epcneKTuBHbrx HalpaBnenufi n MarrrrirHocrpoeHr{r,r Anfl
yn)^IlueHl'lfl KarrecrBa oTJII{sorc. AHaII{3 MHoroqHcJIeHHbrx Qarropoe, BJrprrroul[x

Ha ceoficrsa 0I4JI) ,II'IHOB, IroKEBbIBaer, qro BalKH€ls ponb B QoprvrnpoBarrgr{
KarrecrBeHHbD( OTJILTBOK npHHa"qJre)KHT npoqeccaM rrao4raouqHpoBaHHr. flyrenr

Ao6anxu He6onrruoro KoJII{qecrBa sJreMeHToB - irao4uSuKaropoB Bo3MoxHo

H3MeHI{Tb naop0onornrc H AnclepcHocrb KpeMHr{t KaK B gBTeKTr4Ke, TaK u

nepBHqHbD( KpHcrEIIIJIon. flpr'r gToM Bo3MoxHo cyqecrBeHHo rroBbrcr.rr6 ypoBeH'

[JracrHrrHocrr,l cHJryMI,rHOB. 3ro ,4a€r HaM nyrb AM CO3.{aHr{, rurrefigo-

4eQoprr'raqHoHHbD( rexnonorufi SopnanpoBaHHA csoftcrs clJraBoB n

Qoprraoo6p€BoBaHr,rr orBercrBeHHhrx ugAerzft MarrrrirHocrpoeHr,rfl .

C srofi ToqKH 3peHr{fl Ar{cceprarlr4oHH€rfl

<<@nsr,rKo-xuMuqecKue csoficrsa cr{JDrMrrHoB,

pa6ora Ocunan Oruna Ha reMy:

rrao4u$nqrrpoBaHHbrx cyprrvrofi>



flBlIsgtcfl. o.ryil,IM II3 aICTaJIbHED( H 3llaltril\dbD( 9TanOB B pemeHHH AaHHOH

npooJreMbr.

Crenens o6ocnosaHHocrn HayqHbrx pe3yJrbraroB, BbrBoAoB r!

[parcr[qecnrrx peKoueHAarlufi .

O6ocnonaHHocrb [oJryqgHHtD( op]rrr,rHalrbHhrx pe3ynbraroB AocraroqHo

BbIcoKa H o6ycroeneua 6orururau o6r6uorvr HcrroJrb3oBaHHoro QamuuecKoro

MaTepHEIJIa, KpI,ITr,rqeCKUM aHaJrrr3OM CyrqeoTByroqeu IIo AaHHoMy Borrpocy

nuTepaTypbl, HpLIMeHeHrreM HaAexHhIX r{ ruprpoKo anpo6rapoBaHHbrx MeToAHK

Qusuxo-xnMuqecKltx H MexaHI,[EIecKLD( uccJreAoBauwfit, opraHl,I3alluefi n nItrrHbIM

fracrueM B ra6oparopHbrx HccneAoBaHr{flx, BKJrrorreHr,reM paspa6oraHHbrx

peaJll{3arlr{ro ocHoBHbrx 3a.{aq oTpacJreBbrxrroJroxeHHu AHccepTauuu Ha

rocyAapcTBeHHbrx nporpaMM.

.{uccepraqnoHHat pa6ora BbrrroJrHeHa Ha BbrcoKoM sKc[epHMeHTaJrbHoM rr

Teoperl{tlecKoM ypoBHe. OcnosHrre BbrBoAbr H noJro)KeHrlr Arrcceprarlurr

AocrarorlHo o6ocHosaHrr o6ruupnuu gKcrrepr{MeHTaJrbHbrM Marepr4€IJroM.

Llurepnperalll,tf, rloJrfreHHbrx pe3ynbraroB 4aerca B coorBercrBvrvr c

coBpeMeHHbrMlr rIpeAcraBJIeHI{f,M}r MarepuaJroBeAeHr4r H Qnsnvecrofi xHMHlr.

Pesymrarrr uccJIeAoBa.evIfl MoryT 6rrrr ucnoJrb3oBarlbr cnerluaJrucraMrr-

METAJIJIOBC.IAMI{.

,{ocronepnocrr rr rroBrr3Ha Hayrrnbrx pe3yJrbraroB, BbrBoAoB n

[paKT[qecKnx peKoMeH.qaqnfi .

,{ocronepHocrb pe3yJlbraroB pa6orrr o6ocnonana H noATBepxreHa

I,IcnoJIb3oBaHHeM coBpeMeHHbD( Mero4or $nsnKo-xuMurrecKoro raccJreAoBanns. B

pa6ore aBTOpOM HCnOJTb3OBaHO cepruQuqrpoBaHHoe JraoopaTopHoe

o6opy4onanne c [pI{BreqeHHeM coBpeMeHHbD( Qnsuro-xraMuqecKr{x MeroAoB

uccJreAoBanuit: I4K-cnerrpocKorrurr, peHrreHoQasonoro alJ.alrn3a'.

MlrKpocTpyKTypHofo rr sneKTpoxr{MHrrecKofo aHaJrr{3oB.

Buno4rr 6asupyrorcfl Ha rlonfreHHbrx Ar{ccepraHToM gKcnepuMeHTurrrbHbrx

AaHHbrx r,r apryMeHTlrpoBaHo o6ocnoBaHbr.

Hayvnan rroBnsrra pa6orrr 3aKJrroqaerc.fl B ToM, qro:



i
/

l.YcmrroBJIeHLI ocHoBl{r-re Qnsruco-xm,,orvecKrre xapar(TeprrcrgKtr [poqeccoB

oKIICJIeHI{fl CIUIaBOB' aHOroIOe [OBeAeHHe cIL[ytv{HHOB JI€DIpOBaHHbIX CyprUOfi.

2. BusnneHEI 3aKoHoMeplrocrlr Bnlrrflrrrrfl Jrempyrorr[D( Ao6aBoK Ha MexaHr4rrecKue

cBoficrBa H crpyrffypy crrJraBoB.

3.Onpe.qeJleHo BJTHIHLIe cypbMbl Ha TerrJro+r,r3rrFrecKue cBoficrBa 14

TepMo.ryrHaMlrrrecKr,re oyHKIH 14 crrnaBa AK 1 2.

flony reHHue Ar4ccepraHroM pe3yJrbrarbr uMeror Ba)KHoe Nrfl

TaAxIlxncraHa HayrlHoe H [pHKJraAHoe 3Haqen:a* K nparnuecxofi 3HaquMocrr,r

pa6otu MoxHo orHecrl4 HoBbIe aJIroMlrHLIeBbre crrJraBhl Ha ocHoBe

rIpoMbIIrrJIeHIrbD( cIlIrJAdHHoB, ruo4u$uqlrpoBaHHbrx cypruofi, o6naAarou+or

xoporur'IMr'r mreftnblMl,I cBoficrnarrlu H H3 Koropbx Moryr orJrlrBarbcfl, usAeJrvfl

pa3Jrr{rIHbIMr[ cnoco6arr,ru JIHThfl .

Ananrag coAepxaHl{t pa6orur Aa€r ocHoBaHrre 3aKJrroqgTb, rITo

AlrcceprallrloHHaf, pa6ora BbrrIoJIHeHa Ha AocraroqHo BbrcoKoM Ha)rqHoM ypoBHe,

ocHoBHbre BbrBoAbr o6ocnosaHbr H AocroBepHbr.

Jf urrnot fr exnad co ucKamerw.

Henocpe4crBeHHoe yqacrr,re aBTopa B Ha)rrHo-raccJreAoBareltcxofi,

nocTalroBKe H pelrreHHrl 3aAarl HCCJTeAOBaEIUII., nOATOTOBKe H rrpoBeAeHI,IlI

3Kc[eprIMeHTaJIbHbD( HccneAoBauuit B na6oparoprrsx ycnoBr{rD(, arr€lJr}r3e

[oJ$rqeHHhD( pe3ynbraroB, Qopr"rylnpoBKe ocHoBHbD( nonoxennfi u BhrBoAoB

AHCCepTUITIHH.

orle' rca coAep'*a Hrrfl A Hcceprarr Hrr, e€ sanepru€n nocrr.

, ,{ncceprarluoHHafi pa6ora cocronT H3 BBeAeHr{f,, rrerbrpex rJraB, BbrBoAoB,

npl{IloxeHHfl vr cIIr[cKa HcnoJrb3osaHHofi Jrr,rreparypbr, BKJrroqarcqux 108

HaI'IMeHosaHuir. ,.{nccepraqur H3JIo}I(eHa Ha 111 crpaHgrlux KoM[brorepHoro

Ha6opa, BKJrroqar 40 pracynKoB H 28 ra6nr,rq.

Bo eeederuuu oflocttoBaHa aKTyalrbHocrb reMbr, c$opuynupoBaHbr rrenlr H

3aAarrn Alrccepraquounofi pa6orrr, orpaxeHa e€ Hayr{Hafl 14 [paKTHrrecKEUr

3HaqLIMOCTb.
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B n epe o il araE e .rycceptarrlrg trPnBo,urcg e Ea rnr3 llmeparypgED( nerrrrlD(

no ocoSemocrm,r Banr{oAeficrBufl aJIxlMEEEfl c rqleMHEeM H c1pruof,.

BcecropoHr{nfi alraJrrr3 Jrr{Teparypr{bD( AaHHED( rroKur3aJr, trro HccneAoBanr{ff

BJrr{flrrnfl cypbMLr Ha reruroQrcrlqecKue H Koppo3uoHHo-gJrercqpoxrrMrilrecKne

csoftcrBa rrpoMbrrlrJleHHbrx cl,IJryrvrrrHoB, paHee He rrpoBoAr.IJlr{cb.

Bmopon anasa nocBfluleHa KparKoMy onrrcaHuro npr,rMeHeHHbD(

gKc[eprrMeHfturbHbD( MeroAoB Alls H3]nreHlrl[ TeMrreparypHbrx sanucuMocrefi

y4emnofi TenJroeMKocrlr, xoeQQnqHeHTa rerrJroorAarrlr, a rarcKe pacqerHblM

3HaqeHr{flM TepMoAHHaMrdqecKHX Qynrcqufi cnJraBoB vr r{x reoperuqecrofi

HHreprpeTarluu.

Anropou onpeAeneHbr renJro$urr.recrure xapaKTeplrcruKr{ qpoMbrrrueHHbD(

cr4rryMrrHoe (AK 1 2 u AKlZlvIZ), rrro4u$uqupoBurHHrn< cyprrvroft .

Tpemon anacs flocBflrrleHa rrccJreAoBaHrrro Brrutflrtvrr cypbMbr Ha aHoAHoe

rroBeAeHI,Ie cHJryr\,Iunon (AKIZ n AK,lzlVIz). AnropoM roK€t3aHo, qro aHoAHhIe

oKcLrAbI Ha grtlx c[JIaBax He I,IMeercT nop, o6naAaror nonnofi npoBoAuMocrbro LI

orJlr{rr€uorcg BbrcoKI{M greKTpLrqecKr,rM corrporrrBJreH}reM. Pocr rrJrorHbrx

oKcrlrAHbIX cJIOeB IIpOUCXOAT/IT, eCJIlr qepe3 Hr{X BO3MOXHa anssyrnr HOHOB

pacTBopf,rorqerocs clrraBa H aHHoHoB, aToMoB KHcnopoAa, HoHa rHApoKcr{AHbrx

ryyIIrI.

Vemeepman ana6a flocBflIrleHa HccJreAoBaHr{ro MexaH[rrecKax,

aKycroAeun$npyroqux csoficrs v oKltcJreHrrro qpoMbrruJreHHbrx cruD/MHHoB,

rraolu$uItrrpoBaHHbD( cyprruofi. Ha ocHoBe noJrf{eHHbrx gKcrreprrMeHTarrbHbrx

A4HHbrx cBf,3brBaK)IrIHx ar(ycroAenru$upyroque u MexaHr{qecKrle cnoficrna,

orIpeAeJIeHo oIITI'IMaJIbHbIe COOTHOrrreHr,r.f, rvrO4UQUqr4pyroqero gJreMeHTa B

npoMbrrueHHbrx cl4lryrr,Il,rHax, KoTopoe cocTaBJUreT 0,05 < Sb < 0,5 vac.o/o.

CneAyer orMerlrrr, rITo BbInoJIHeHHafl orpoMHafl r{ccneAoBarerbcK€rs

pa6ora He JIHIrreHa HeKoropbD( HeAocrarKoB. K eruu HeAocrarnaM orHocflTcfl:

1.8 pa6ore He [peAcraBJIeHbI Al{arpaMMbr cocroflHafl rpofinrrx cr{creM

u3freHHbrx cnJraBoB, rrro 3arpyAHrer ee o6cyxAeHue.

Z.OrcyrcrByer MeroAlrKa cHHTe3a crrJraBoB.



33 .uoocprurr 35lrpcgl1r Effomp1re 1yrtr€safif,.

fSUAcmrc 3arcraunr Ee yua:rnor Aocroq-ncrBa Atrcceprarlrorurofi
p6onr E Ee cnExaKlr Eeoctropulr,ryro Hayquyro n [parcrrqecKyro 3HarrrrMocrb

rroJryremrr'rx payJrbraroB HccJreAosanaft .

Ilyftunaqf,f, aBTopa.

ffonyrennue AHccepraHToM pe3yJrbrarbr orry6raroBaHbr B 7 Ha) rHhrx

TpyAilL rr3 HI{x 3 crarru a )KypHanD(, peKoMeHAoBaHHux BAK PT, n 4 cmrefi - n

MarepHEl'JId( Mex.q/HapoAHhD( H pecrry6maKaHcKax HayqHo-npaKTgqecKgx

xonQepenqrfi.

CoornetcrBlre anropeSepara ocHo BHoMy coAep?rca Hr.r K) A uccepra rlu r.

AaropeSepar aAeKBarHo orpaKaer coAeplKaHue Ar4cceprarlnr{.

CootsetcrBHe Ar4cceprarrnvr H anrope$epara rpe6oBaHr{f,M |OCT p 7.0.11-
201r.

Ctpyrrypa, coAepxaHrle, a TaK)I(e oQopunenue cnprcKa qurupyerraofi

Jlllreparypbl coorBercrBylor fOCTy P 7.0JI-20I1 <<CncreMa crar,{AaproB rro
unQopuaqzn, 6u6nuoreqHoMy vr H3AareJrbcKoMy AeJry. ,{zccepmqur vr
anropeQepar AHccepraqr.rH. crpyrrypa H npaBr,rJra oQopunenur.

M. : Cmn,qaprr,ruQop u, 20 L2>> .

.{nccepraquoHHtlt pa6ota Ocuur,r Orura coorBercrByer rracropry
cnerlr{aJrbHocrlr 05.02. 0 I - <MarepHiuroBeAeHrire B Marrrr{HocrpoeHHH).

3ro Aaer ocHoBaHlre ctluTarb, rITo coucKareJrb Ocnuu Oxran /Iocror,rH
Ilpucy)KAeHlilfl yreuofi creneHu KarrAuAara rexgrrqecKr,rx HayK rro cnerlnaJrbHocrn
05.02.01 - MarepI'IaJIoBeAeHH€ B rtarrrr{Hocrpoenun (rexnnrrecKr4e nayru).

,{uccepmqnx Lr anropeQepar BnoJrHe coorBercrByror rpe6onanvrflM)
ycraHoBJreHHbrM flOnoxerureM o IIpHcyx(AerrHH yr€nrrx creuenefi.

,{zcceprallHoHH€ul pa6ora Ocvua Orula Ha reMy: <<@ragnxo-x'Mr,rqecK'e

cnoficrea cI{Jr)iN'IHHoB, nro4u$nqplpoBaHHbrx cypruofi>> flBJr{ercfl aareprueHHoft
HafrHo-rtccJleAoBarenrcxoft pa6otofi, Korop€tfi no aKTy€rJrbHocrg rrocraBneHgbrx
qelefi v 3aAarl' ypoBHIo ax pelreHl4l, AocroBepHocrlr, nayurofi HoBH3He,
BbIBOAaM H [paKTI{tIeCK[M peKoMeHAarIHrM COOTBeTCTByeT rpe6oraHusu BAK
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