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oQuquanbHoro orrnoHeHT a A-pa rexH. HayK, rtposeccopa
Acr an-f, H l4punw Py4ra ron Hu

Ha ALrc ceprarlurc llo4pa6uHHr,rKa flaer a AHarolre B:aqa
<<I'Iccne4oBaHI4e BTopI4qHbIX crpyKTyp Ha noBepxHocrr4 TpeHr{r cno)KHoJrerupoBaHHhrx

€urroMpIHLIeBbIX cIrJIaBoB vr vrx BrrLrfrHvrfl Ha rpn6onoruqecKLre cnoficrna>>,
[peAcraBneHHylo Ha co]IcKaHr{e y.reuofi crerreHrr KaH.qr4Aara rexHr4qecKr4x HayK

rro cnerlr4€urbHocrr{ 2.5.3 - TpeHne r{ H3Hoc B MarrrprHax

l. Ar<ryaJrbHocrb nur6pannofi reurr
O6rqefi rvruponofi TeHAeHIIuefi s o6racrrr rpaHcuopra rr MarrrlrHocrpoeHurr flBrrflercfl

yBenzqeHlle Molr{Hocrefi ABl4rarenefi pa:nnrrnbrx rlrrroB r4 rroBbrrueHrle cropocrz. B
grofr cBs3ll 3HarI[TeJIbHo Bo3pacraer upo6nerraa [peoAoneHlrf, cur rpeuLrrr Lr

MLIHI4Mll3ar\vrn ero HeraruBHoro no:4eficrsz.fl. PeneHpre erofi npo6leurr 3aKJrroqaerc_f, B

ToM ql{cJre B coBepllreHcrBoBanlkrvt [pI{MeH.aeMhIX [oAIutIrIHzKoB cKoJrb)I(eHnt, cnoitctna
Koropblx f,BJIf,K)Tct ocHoBHbrM cAepxuB€troqlrM Sarropou B p€t3Blrrkrvr rexnvrrcu. flttr^
AocrLIx{eHI4t rlocraBnenHofi IIenI{ neo6xo4zrrao rlcrroJrb3oBaHr.re HoBbrx noAXoAoB K

paspa6orKe Marepu€lJroB, f{I'IThrBarorrIHX Lr3MeneHrr.fl, rrpoucxoA-rrulue Ha noBepxHocrr4
TpeHLITI B rlpoqecce sKcrlJlyararJuvr. llepcuexrlrBHbrM HalpaBneHkreM e erofi o6rracru
f,BJlf,er0{ npI4MeHeHLIe CaMoopfaHr43yroqr4xc.f, crpyKTyp Ha rroBepxHocrlr, cHrDK€uorrIHX
uHTeHcLIBHocrb kI3HaIIrLIBaHLrfl Marepkr€ua. lttx 6olee ruvpoKofo BHeApeHLrrr groro
TIoAXOAa .4LICCepraHTOM IrOCTaBJreHa rlenb rroJrrrprrb HoBbre 3ila]Flvrfl o npoqeccax,
npoucxoAtlrlI4x IIpU feHepalll{u BTOpUqHbrx crpyKTyp Ha rroBepxHocrLr rpeHkrs, orIeHETb
ux BJII4-f,HLI€. Kpovre roro, [apaJIJIenbHo peruaercfl, 3aAaqa nepexoAa c 6pousonrx
MoHoMeraIIJIXqecKux noAIIrI4nH{KoB Ha nerupoBaHHbre €L[roMlrHrreBbre clJraBhr. Hosrre
cnox{Honerl4poBaHHble MaTepLIuuIhI 6ylyr He ToJrbKo npeBocxo ALrTb 6poH:u 11o

auruQpaKr{r'roHHhrM xapaKTepkTcrprKaM, Ho Lr 6ylyr Ao rpex pa3 ,qe11reBne B
I43roroBJIeHur4. TarIEru o6pasoin, BbrBoAbr kr pe3ynbrarbr, noJrfreHHrre B xoAe
pe€uz3alluu pa6orbl, rlo3BoJr-f,T rroBbrcLrrb Kaqecrno rpu6ocr4creM, B cBr3lr c qeM pa6ora
Ar{ccepraHTa sBJrrerc_rr aKTy€urnofi .

2. Crenenr o6ocnonaHnocrn HayqHbrx no.noxenufi, BbrBoAoB u
peKoMeH4aquft.

O6ocnosaHHocrb HayrHbIX rloJroxeHufi, nunoAoB Lr peKoMeHA a\nfi cokrcKareneM
Aocrl4raerct KoppeKTHhIM nu6oporr,r reoperl{qecKr4x noAXoAoB K r43yqeHr4ro rrpoqecca
TpeHI4.{, BKIIoqaIoIIue MoneKyntpHo-MexaHpFlecKylo Teopuro TpeHr4.rr
caMoopraHkrcarlnu. Elaro4apa 3ToMy 6rrnu BbrAeJreHhr KJrK)treBbre
IlpoucxoA.fiIrlkIe Ha rloBepxHocrH €urIoMI4Hr{eBbIX CrIJraBax IIpLr
cn o c o 6 crB yro ur4 x cHH)K e H HIo r43 H arr LrBaHnfl .

14 Teopnlo
IIpoqeccbr,

TpeHuLr,



,{ocronepHocrb pe3ynbraron o6ycroBneHa o6ocHosannofi MeroAzKofi upone4enufl.
sKcnepEMeHT€uIbHbIX nccneloBarrnfi Ha MarrruHe rpeHur CMII-2, pa6orarorqefi ro
KllHeMarH.recrcofi cxeMe (B€uI-KoJroAKa) u sau6otee 6rrasrrarra o6pa^:oM HMlrrrrpyroqat
peaJlbHoe rpu6oconpflnteHl{e (rroArur{nHr{K cKoJrbx{eHu.f,-Baru. llpzMeHeHHbre MeroAbI
alJuwr3a rloBepxHocrll TpeHlrfl., TaKLre KaK CKaHr,rpyroqar 3JreKTpoHHa.f, MnKpocKorrv,I,
sHeproAlIcnepczonHufi aHaJrvr\ peHTreHoBcKar QoroenerrpoHHuur crreKTpocKorrltr,
peHTfeHoscrufi Sa:onufi anaJrvr3, MlrKporBepAocrb, o6ecuequJrtr Aocraroqnrrfi Maccr4B

AaHHhrx Ans rronyqeHut pe3ynbraroB c yAoBnerBopr4TenbHofr ro.rnocrbro, Ha ocHoBe
Koropbrx 6rrnu cAeJraHbr BbrBo.{br no pa6ore.

[ononHureJlbHhlM rIoATBepxAeHrleM o6ocnosaHHocrLr peKoMeHAa\uit r4 BbrBoAoB,

cAenaHHhIX rro I{ToraM IlccneAoBanuit, tBJrrrorct pe3ynbrarbl yc[euHbrx creHAoBbx
I4cnbITaHI4fi onrrtrrx o6pa:IIoB, Ia3foroBJleHuhrx Ha ocHoBe nonfleHHbrx AaHHbrx B

xoAe BIITIoJIHeHI{I pa6oru corlcKareJreM. Kpovre rofo, ocHoBHbre [oJroxeHr{.rr

Allccepraqzonuofi pa6oru npoIIrJIkI aupo6aquro Ha ceMr4 Mex(AyHapoAHbrx HayrHo-
flpaKTlrr{ecKktx ron$epenqurx.

3. HayuHafl HoBrr3na pa6oru
Hayrnax HoBI{3Ha pa6omt 3aKJrroqaercr B rrpr4MeHeHvrr aBTopona nonofi MeroAHKrr

rlpu pa3pa6orxe anrnQpurqLloHHbrx €rJrroMrrHrdeBbrx crrJraBoB. KmoqesrrM ee orrlrqlreM
rrpr4pa0oTKr4

aHrzQpzrqLIoHHbIe ceoficrsa. B grofi cBfl3r paspa6orKa anroMLrHr{eBbrx c[JraBoB c
nonrrrueHHoft cKnoHHocrblo K caMooprantrga\uu BeJracb ucxoA-rr ug pe3yJrbraroB
ucCJIeAOBaHua BTOpHTIHbIX CTpyKTyp Ha IIOBepXHOCTI4 TpeHLI[ OIIbITHbIX MaTepLIaJIOB.

Taxxe K 3HaqLrMbrM HayrrHbrM pe3ynbraraM Mo)KHo orHecrra:
- BbulBJleuurrfi e$Qerr BbIAeneHLIt I4 rrepepaclpeAeneHtrs, gJreMeHToB B crrJraBax

npkl Tpe}Ivrn, B qacrHocrrl MafHut u qr.rHKa, rrro fiBlrflercfl HecaMonpor43BoJrbHbrM
upoqeccoM;

- AoKa3aHHoe yclIJIeHLIe xzNa?r.{ecrofi aKTI{BHocTr4 gJreMeHToB lrpv TpeHvrkr,
uHvrrlrurpvtoqefi nporeKaHue peaKlluit e ycnoBu X, orJrurrrHbrx or paBHoBecHbrx, lrro
YBCNHqLIBACT BO3MO)I(HOCTI{ AJUI CO3AAH Ufl, BTOPPIYHbIX CTPYKTYP ;

- SKC[IepI4MeHT€LIIbHO OIILICaHO BItVrflHLre nefkrpyroull4x 3JTeMeHTOB B HOBbTX

€UIIOMUHLI EBbIX CTIJIABAX.

lanurre pe3ynbrarhr neo6xo,qzuo yrrr4TbrBarb [pr4
aHuaQpaKqr4 oHHhrx Marepr{urJroB.

4. 3Haqenue rroJryqeHHbrx pe3yJrbraroB, BbrBoAoB rr pemoMeuAaqufi

AJrfl HayKr{ II [po[3BoAcTBa
BuuolneHHbre B Ar4CCepTarIr4r4 TeopeTprqecKlre Lr SKCrIep11MeHTaJIbHbre

flBJrXeTCfl rrplrHrTr4e npoqecca
oneparlr4ro r43foToBJreELrs

Tpylrlerocf, o6lerra 3a $ranurunyro
ollpeAenrrcqylo efo krToroBbreIIoAIIIprIIHIIKa,

pa":pa6orrce HoBbrx

LlccneAoBanJ.vrfl rIo3BoJII4JIu He ToJrbKo nonfrrrrb HoBbre 3HaHu.rr o QopurpoBatnu



BToppIrrHhIX cTpyKTyp, Ho 14 oTpaooTaTb MeToAtrKy rronf{eHnr HoBhrx

aHTHQpuKIII4oHHrIX crIJIaBoB c 3aAaHHbrMr4 Tpr46oJrorr{qecKr{Mr4 cBoficrBaMr4, a uMeHHo:
- o6ocnoBaHa Bo3Mox(Hocrb 3aMeHbr rrpuMeH.rreMbrx [pu pr3roToBJreHW

6oree .rlerxeBbrMn

IIOBbIIIICHHbIMII

MoHoMeraJrJrLrqecKr4x rroArrrl4trHlrKoB cKoJlbxeHr4f, 6pons
MHOfOKOMTIOHEHTHbIMI4 €UIIOMI{HLIEBhIMZ CIIJIABAMI4 C

rpn6olor?FrecKrlrMLr cnofi crnanaz;
- AocrllrHyra rloBblrueHl{lr 3aAl{pocrofixocru H cHrlDKeHLrr uHTeHcLrBHocrr4

I43HaIrrLIBaHprfl MHoroKoMIroHeHTHoro a[IoMI4HIleBofo cilraBa 3a cqer o6pa:onanrzx
BroplrrrHbrx crpyKryp rrpoTeKaHI4r, TOM qI4CJIe, HeCaMOrrpOtl3BOJrbHbD(

rp n6oxuvuirrrecKr,rx pe arquft ;
- pa:pa6oraHbl HoBbIe anru$pmquoHHbre rlJrroMr4HtreBbre crrJraBbr c noHuxeHHhrM

coAep)KaHI4eM onoBa Anfl. MOHOMeTannr4qecKLlx rroArrlurrHLrKoB cKoJrb)KeHrtf,.

flonyueunrte aBTopoM pe3ynbrarbr uccneAoBarrptit aHru$purqrroHHbrx crrJraBoB

rpotrrnu creHAoBble l4crlhlranuflB cocraBe cepnfinoro ryp6oxoMnpeccopa TK33H-02.8
pe3ynbrare yc[ellrHbrx racurrranufi rroArutrrrHtrKrl 6ulu peKoMeHAoBaHhr

rlpoBe.qeHr4s p ecypcHbrx r4c rrhr rauuil

5. PercoueHAarluu lr [epc[eKTuBbr Aalrnefiru[x [ccJreAoBannfi
rro AaHHofi pa6ore

Ha ocHoBe BIIIToJIHeHHrIX IaccneAoBayvrit aBTopoM y6e4urelrno rroKa3aHa

lepcneKTr4Ba A€rnbHefrurnx uccneAoB awuit:
- Pa3ezrze uputrten6nHoro HoBoro cnoco6a pa:pa6omz v orrrlrMr,r3arlr4rr

anruQpuKr{uoHHhlx Marepl{uuroB Ha ocHoBe aJrroMraHvfl 3a crrer BJrnflHr4fl. Ha rrpoqeccbr

SopuupoBaHvrfl BropI4qHbIX crpymyp Anfl 6oree ruLrpoKoro ero rrpuMeHeHr4rr B

rlpoMblrxneHHocTr4.

- I-{enrro 4alruefiruux LlccJle4onannfi n o6racu4 rroBbrrrreHzrfl rpH6onorr4qecKux
xapaKTepucrLIK crIJIaBoB 3a cqer o6pa:onauux BToplrqHbrx crpyKTyp flBrrflercfl
uoJryreHrle HoBbIX sHaHufi o cllHeprerr4qecKoM BJrLr.f,HLru nerupyroqrtx gJreMeHToB Ha
cnofictna, a TaruKe coBeplxeHcrBoBaHLre cyulecrByroq[x rtap Tpoaufl, Ha ocHoBe
AOCTr{fHyTbrx pe3ynbTaToB.

6. 3aueq annfl rro ArrccepraruroHnofi pa6ore
1. B pa6ore Bce BHLIMaHLIe yAeneHo r4ccneAoBaHlrro ronbKo oAHoro o6repa

rpu6oczcreMbl - rIoAIxuIrHLIKa. Taxurr,r o6pasona, cJrolr(Ho orleHurb BrruflHve Apyrr4x
o6rerron Ha noJr)AIeHHbIe rpu6ororurrecKlre cnoficrna. Cre4onaro rarcKe npoBecrLr
uccneAoBaH.us CTEIJIbHO|O KOHTprena v cMa3Kpr Anf, orIeHKr4 Brrvrfl:Hnfl rrpoqeccoB,
Koropble B HLIX [pol4cxoAflT, Ha rpu6oloruqecKlre cnoficrna rpz6oczcreMbr.

2. Terr'rneparypa tBJlf,erct Ba)KHbrM acrreKToM, BJrrrrroqLrM Ha nporeKaHr{e
npoqeccoB Ha IroBepxHocrll TpeHI/fl u o6pa^:onaHr{e BToprrrrHbrx crpyKTyp. O.qnaro s
pa6ote yAeneHo HeAocrarorlHo BHrlMaHr{r orIeHKe reMrreparypbr B 3oHe rpeHr,r.fl,

Anfl



ofpaHuqr4BrrrLrcb Jrtrrrrb r4ccneAoBaHpIeM rrHpoMeTpoM

poJrr{Ke, qTo, B cyulHocTll, oTpoKaeT JILrrub TeMrrepaTypy

3. Tpz6onorlrrrecKLre csoficrna €LlroMlrHlreBbrx

SopuupoBaHl4eM BTopplqHbrx crpyKTyp, gJreMeHrnrrfi cocraB Koropbrx 6ul nory.reH
MeroAoM 3HeproAlrclepcr{oHHoro aHarrv3a. Onucrrnaercr ponb coAepx(alnvrfl, KaxAoro
gneMeHTa Ha nonf{eHHbre cnoficrsa. OAnaxo pr3BecrHo, rrro MeroAoM
gHepfoAl4crlepcr4oHHoro anl.anvga cJroxHo npoBecrlr .qocraroqHo ro.rHrrfr
KoJll4qecrnennuft aHalrrrr3 JrerKlrx oJreMeHToB, TaKr4x KaK yrnepoA. Tarxe He rrplrBeAeHbr

zHTepB anbr Lr3MepeHHbrx sHa.reHrafi coAepx(aHu{ gJreMeHToB.

4. Anropou noKa3aHo, rrro rtpn TpeHrrr4 npoxcxoArr HecaMorrpoLr3BoJrrHbre

rpu6oxzvu4tlecKze npoqeccbr BbrAeJreH[.f, Lr nepepacnpeAeneHr.rr MarHtrfl, pr rdrrHKa, qro

cHI4XaeT IIHTeHCLIBHOCTb r43HarXLIBAHVrfl, CITJTaBOB. cneAOSanO 6U TaK)r{e OrIeHr4Tb

KOnr4qecTBeHHOe BJrllrrHr4e sTofo npoqecca Ha yMeHbrrleHne u3Hoca.

Anlx coBepllreHcrBoBanvrfl. y3noB TpeHr4{, pa:padorKz rroAXoAoB K co3AaHr4ro HoBbrx

anruQpnxql{oHHhrx Mareprr€rnoB. Aupo6aqur pa6orur ocyqecrBJreHa Ha ceMr4

ron$epeHllutx p€Bnl4qHoro ypoBHs. Co4epxaHne Aurcceprarluv AocraroqHo rroJrHo

orpaxeHo n arrope$epare n n orry6nLrKoBaHHbrx pa6orax.
OcnoeHHe pe3yn6rarbr Akrccepraqzu lloApa6uv:aurca lI.A. ony6nuxoeaHrr s 3

crarbtx B HafrHbIXw3p.aHnrx, peKoMeHAoBaHHrx BAK, 9 - n vr31aHvrflx. BKJrroqeHHbrx B

6asrr AaHHIIX IIuIrLIpoBaHLr.{ Scopus u Web of Science, 4 ny6tuxaguu B ApyrHX
HayrIHbIX vr34anvflx, rloJryrreno 3 nareHTa P(D Ha u:o6perenut. flpu HcrroJrb3oBaHr4vr

Marepr4€rnoB I4 orAenbHhrx pe3ynbraroB n pa6ore HMerorc.rr coorBercrByroque ccbrJrKr,r

Ha aBTopoB I4 ucrorIHHKIiI. OcHosHrre rroJlo)KeHur. palorhr rrponnu aupo6aqvrro Ha
ronQepenqurx p€BnlrqHoro ypoBrur.

.{zcceprallldoHH€ul pa6ora coorBercrByer nayuHofi cleulr€lJrbHocrLT 2.5.3
<TpeHue u ?r3Hoc B MarrrrlHax).

,{uccepraqrar llo4pa6uunura llasra AHaromeBrrqa <<I4ccreAoBaHue BropnrrHbrx
noBepxHocTLI TpeHI{t CnOX{HOnefupoBaHHbrx €ulloMr4HueBbrx cnJIaBoB u vrx
rpu6olornlecKrre cnoficrea>) BbrrroJrHeHa caMocrosreJrbHo Ha BbraoKoM

HayqHoM ypoBHe. Pa6ora coorBercrByer ycraHoBneHHbrM rpe6onaHr4rM K o$opvrnennro
Lr crpyKrype ALr cceprarJtrkr.

luccepmrluf, npeAcraBJrrer co6ofi 3aeprxeHHyro HayrrHyro KBannsuraquoHHyro
pa6ory, B roropofi LtJroxeHbr HoBbre HafrHo
perxeHLnr s o6racrx rroBbrrrreHux anruQpr4KrllroHHbrx
nosrrueHHofi cuoco6Hocrbro K caMoopraHtrcarJuu

OOOCHOBAHHbIE TEXHOJIOfLIqCCKUC

CBOI4CTB €LIIIOMI,IHLIEBbIX CINABOB C

TeMnepaTypbr Ha cT€IrrbHoM

CMA3KH.

crrJraBoB aBTop cBr3brBaer c

OrMe.reHHrre 3aMeqagu.g He

LIccneAoB anuit rpercraBJrrror co6ofi

7.3arc.nroqeHre
CHLDI(aIOT IIeHHOCTLI AvCCepTaIJvIId.

KoMrrJreKc HoBbrx zuauuit", Koropbre

Pesymraru
HCOOXO,4I4MbI

crpyKryp
BJIIdflIJLIfl

HA

HA

14 SopurEpoBaHuro BTopurrHbrx



cTpyKTyp Ha rroBepxHocrtr rpeHr,r.fl,

MarrrLrHocTpolrTeJrbHofi oTpacnu.

qTo BocTpeooBaHo B xene3HoAopoxHor{ Ll

,{uccepral{u.a coorBercrByar Kpurepnxu <<floJroxreHru o upucyrlc4envru freHbrx
creneHefi> (nn. 9-11, 13, 74), upeAbrBJrreMhrM K KaHAr4AarcKLrM .qlrcceprarltrflM>>, a ee

aBTop 3acnyxuBaer rrpucyx{AeHlr.f, yreHofi crerreHLr KaHAuAara rexHlrqecKr{x HayK no
cneUuulnbHocrkr 2.5.3 - <<Tpenue Lr r43Hoc B MarrrlrHax)>.

OSuqr.ramnufi ornoHeHr:
Acnansn Vlpuua Py4uronna, upo$eccop ra$e.{prr <<TexHororr4-s rpopr3BoAcrBa

ABr.rrareJrefr lerareJrbHbrx anraparon> @IEOy BO ll4AVI,
AOKTOp TeXHPIqeCKLIX HayK

no clerlrl€urbHocrn 05.02.04 <TpeHue K r,r3Hoc B MarrrLrHax)
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