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STOM rrpLIHIIUllI€uIbHO

perxeHlrro 3aAaq ro

oSzqza-rrbHoro o IIrroHeHr a Ha Avrc cepraul{oHnyro p a6 ory Ky4€lt<o
IOuu HnronaeBHbl Ha reMy <Paspa6orKa rlpoqeccoB cop6qun
HoHoB Mer€LIIJToB QyurqraoH€LIIbHo-aKTLIBHbIMLI rpynlaMu

xevrocop6qlroHHbrx BoiIoKoH Ha ocHoBe npI4BLITIIX coIroJILIMepoB)),

nepepa6orKa IroJILIMepoB LI KoMrIo3LIToB

Arcrya.nrHocrb pa6orsr, BbrrroJrHeHHofi Ky4€nro IO. H., orpeAeJlflerct

TeM, qro ona locAtruleHa perueHlllo oAHofi u3 BaxHbIX gKoJIortFIecKIlx 3a4arl

upo6leurr oxpaHbr orcpyxaroqefi cpeAbr co3AaHrlro nrrcorcoeQSerrunnnx

flpoqeccoB orrI4cTKLT TexHoJrorr4qecKux cPeA H III4TbeBOI'I BOAbI OT TtXeJIbIX

MerurJrJroB c rroMorrlbro pa3pa6orausrrx BoJIoKHI4crux copbeHToB I4 KoMtIJIeKcHoMy

LICCJIeAOBaHI4IO IAX COpOqUOHHbIX CBOI{CTB.

Anarus coBpeMeHHoro cocrof,Hr4fl, Hccne4osaHufr e o6racrl{ HayqHblx I4

lpaKTnrrecKllx acrIeKToB [onyrreHr4x u cnoitcrB xeMocop6qrEonHblx MarepLTuuIoB

rro3BoJruJr aBTopy o6ocHonarb rrocraHoBKy HccneAonanufi HuxHarlpaBJleuut'.flpu

BaxHbIM flBlrfleTgfl. p?-3BkrrLre IIepcneKTkIBHofo [oAXoAa K

r{crroJlb3oBaHl4}o Anfl, grLIX rlelefi oco6oro KJIacca

xenaocop6qlroHHbrx BoJroKHracrbrx MarepI4€LJIoB, [oryrIeHHbIX Ha ocHoBe IIpI4BIITbIX

corroJrLrMepoB, crpyKrypa Koropbrx o6ecre.rzsaer xoporuylo AocryrlHocrb

XI,IMI4qCCKLT - AKTI4BHbIX IPYNT, PACIIOJIOXCHHbIX B NPI{BI4TbIX IICTIf,X TIOJIHMCPOB.

fiannax pa6ora flBrrflerefl. qacrbro ckIcreMarl4qeeKux IlccneAoBauuit B

ofltacrn Synr<qzoH€rrrbHo-aKTr{BHbrx uonI4MepHbIX MareputuloB, npoBoAHMhIX Ha

raQe4pe rexHoJrorlrur xrrMr4rrecKlrx BoJIoKoH H HaHoMarepLIaJIoB MfyAT.

MHoroqeJreBoe Ha3HarreHrle L4 nocrpe6oBaHHocrb QyurcqzoHaJlbHo-

aKTLrBHbrx fionlrMepHbrx Marepu€uroB AI4KTyer seo6xoAtlMocrb Aalruefrurero

pa3Bgrrvfl, r4ccJreAoBarrufi, rro BbrflBJreHI4rc BIrr4flHr4fl. crpoeHl4f, kr crpyKTypbl, B

qacrHocrLr BoJroKHr.rcrbrx rronkrMepHhlx xevrocop6eHToB Ha cop6quonHue

csoficrna, LrHTepec K KoropblM rrocro.flHHo pacrer B cl4ny o6texrnaHblx nprr.II4H:

cnequSuxz MaKpoCTpyKTypbI, MeXaHI4rIeCrOfi npOr{HOCTI,I vI oCMoTl{qecrofi

cra6ulurocru Marepr4€LJra r4 MHoroo6pasux Qoptut Qnlrrpytolul4x sneMeHroB.



,{uccepraqLroHHar pa6ora BKrroqaer BBe.qeHLre, Jll4TeparypHrrfi o6sop,

MeroAlrqecKyro qacrb, gKcrrepr{MeHTulrrbHbrfi pas4er, 3aKJrlorreHr4e, np?IJloxenufl, vr

clrrcoK Jrr,rreparypbr rrs I25 sautvteHosanlrfi. Pa6ora r{3Jro)r(eHa sa 136 crpaHLluax

reKcra, coAepxur 3I ra6nwly r4 31 pzcynor.

B JrureparypHoM o6sope npoaHarru3rlpoBaHa o6urapuax nllreparypa o

cnoco6ax [onyqeHr,rf, cop6quoHHo aKTT4BHrIX BoJIoKoH, 3aKoHoMepHocrgx

cop 6qnz uoHoB T.f, )KeJrbrx MeraJrJroB rronr{MepHbrMr4 xevro c op6 eHTaMu, o6cyx4eurt

MeTOAbr Urr,ruo6ulvlsarlkru cepe6pa B KaqecTBe noTeHrlr4€rJrbHoro 6uolorz.IecKl4 -

aKTI4 BHO| O BeUIeCTBa B p a3nuqHbre MaTepr4€urbr.

B MeroAutreclcofi .lraarr4 planaa o6ulas xapaKTepvrcrkrKa o6ter<roe

uccJreAoBayuit, onkrcaHbr MeroAr4Kr4 3Kcnepr4MeHTa, MeroAbI LTccneAoBasug.. Ee

c oAepxaH Lre 4aer npeAcraBJr eHlre o rcnanl.rQ Hrlr4p o BaHHoM rroAxoAe K np oBeAeHI4ro

unSopvrarrrBHblx MeroAoB

ronyqeHHbrx pe3yJlbraToB vr

c$opnryrlrpoBaHHhrx BbrBoAoB.

SrcnepuvreHT€LrrbHar rracrb Bbr3brBaer oco6rrfi LrHTepec BcJIeAcrBIle

gKcrrep?rMeHTa c npLrBlerreHpreM pa3nnrlHblx

rIccJIeAoBaHVfl., rITO rroBbrruaer AocroBepHocTb

cr{creMHoro rroAxoAa K v3yrreHlrro 3aKoHoMepuocrefi cop6quu uoHoB T.f,}KeJIbIX

MeranJroB aKTI4BHhrMrr rpymraMvrnpnBvrrrrx qeneft BoJroKHl4crrrx copOeHToB.

B nepnoru pa3AeJre gKcrreplrMeHT€LJrbHoit'racru AaHa o6qag xapaKrepucrurna

x?rMkrrrecKoro cocraBa, crpoenufl, u cnoftcrn SyHrcquoH€ulbHo - aKTUIBHIIX rpy[n

xeuocop6rlr4oHHbrx BoJroKoH Ha ocHoBe npl{B?rrbrx corIoJILIMepoB, Koropble

rrcrroJrb3oBaHbr B pa6ore rlpv r4ccneAoBaHvrkr cop6quouurtx [poqeccoB rro

yIraBlrurBaHuro LroHoB MeraJrrron. Hapr.1y a 3Tr4M, npoBeAeHbl I,IccJIeAoBaHI4s rlo

YTOqHEHHIO rrapaMerpoB IpI4BUBOqHOL lonHMepI43arJHLr

AnMeTI,rnaMLrHOsTrrJIMeraKpLrnaTa K noJrr4KaIrpoaMI4AHOMy BOnOKHy, IITO

rro3BoJrr4Jro 3a cqer krcrroJrb3oBanvrfl. nonofi oKkIcJILITeJIbHo - BoccraHoszremHofi

cI4CTeMbI LI noBblrueHus, KoHqeHTpAIIr4I4 MoHOMepa yBeIuIqI4Tb BbIXOA IIpI4BI4TOrO

[onLlMepa r4 rroBblcl{rr o6uenHyro eMKocrb BonoKHl4croro cop6enra.

Bo nropoM pa3Aene gKcrrepr4MeHr€rJrbuofi .racrrd rr3yqeH npoqecc cop6quu

r.roHoB MeArr IIKA BoiroKHoM, coAepxarqprM xlrMuqecKr4 - aKTtrnnrtfi upunurofi



noJurAr4Merr4JraMr4HogTuJrMeraKprrnar. Bu6op B Kaqecrne cop6ara HoHoB MeAI4

BrIoJrHe orrpaBAaH, vcxo1fl. vrg vrx oqeHb errcorcofi gKoroKcrlqHocrn 4nr prr6o-

Bo,4oxo3{ft creeHHrrx BoroeMoB.

Haz6onee uo4po6Ho r43yqeHbr 3aKoHoMepHocrra cop6quul I4oHoB IueAu. Tar

KOOpAr4HarIr4OHHbIe V HeKOTOpbIe

AJrf, xeMocop6quonHoro BoJroKHa Ha ocHoBe npl4BlzToro corIoJI?IMepa IIKA -

IIA4AOMA ronyqeHbr KOJII{IIECTBEHHbIE IIOKA3ATEJII4 KHHCTNKI4

KoM[JreKcoo6pasonaHurfl, npr4 cop6qur,r MeAr4 B Sase BoJIoKHa c rperHqHbIMI4

aMr4HOrpylrlaMlr r{onlrMepa, KoHcTaHTbI

ypaBHeHr4r Jlenruropa, a raKnte

TepMoALrHaMZqecKr4e xapaKTepvcrvrKvr

rrpeAcraBJr.rrer HayrrHyro HoBr{3Hy pa6orrr.

r43OTepM COpoqUU B KOOpALIHaTaX

o6pa:yrorqurxcfl. KoMfIJIeKcoB, qro

BHsereHHHe BbrcoKue 3HarIeHHt cKopocru npoqecaa cop6quz 14

ne6onruroe BpeMf, ycraHoBJrelliufl. paBHoBecvrfl, B paclpeAererkrvr IroHoB MeraJIJIa

Mexqy BoJroKHoM u pacrBopoM, Hapfl.Ay c errcoroft crerleHblo I{3BJIelIeHrIt,

yK€r3brBaror Ha eSQeKTr{BHocrb rrpoqeccoB oqucrKr,r BoAHIIX cpeA or r{oHoB MeAI4

c rrpLrMeHeHI4eM BOJIOKHI4CTO|O

noJr?rArrMeTr4JraMkr Ho3TkIJIMeTaKpLI JIaT.

cop6eura, coAep)Kalrlero upunurofi

Tarcxe no4po6Ho rrpoBeAeHbr r{ccneAoBaHu.fl uo cop6ql4l4 I4oHoB cepe6pa (3

pas4en) rl4oaMuAcoAepxaql4M BoJIoKHoM. ,{era.rrno

[poqecca, BIrvfl:rtkre KoHIIeHTpawr4 LIoHoB Cepe6pa Ha

r43BJreqeHzt, r<oeSQuqI4eHThI paclpeAeJIeHIzs. C )^reroM

TayroMeTpvrr4 paacMoTpeHbr Bo3MoxHbre MexaHr.r3Mbl cop6qrau HoHoB cepe6pa.

flpuuqunuuurbHo BalKHbrM pe3yJrbraroru pa6orbr tBJlflerafl pa3pa6orra cuoco6a

KoJrr4rrecrBeHHoro yJraBJrr4BaHr4-f, HoHoB cepe6pa vr3 HI{3KoKoHIIeHTpI4poBaHHbIX

pacrBopoB Hr{Tpara cepe6pa, qro ro.qrBepxAaerc-f, [oryrleHl4eM uareura P(D.

Becounru rpaKT[qecn[M pe3yJr braroru pa6orbl tBJl.lercf, rlpeAloNeHurtfr

cnoco6 AooqucrKlr crorrHhrx BoA or lIoHoB MeAH B rlpzpoAooxpaHHblx cucreMax rI

co3AaHkre $zlrrpyroulero Marepuana Alrfl. o6essapaKvrBaHnfl. BoAHrIX cpeA, o rIeM

I43Yr{eHa KI'IH.TI4Ka

cKopocrb, crefleHb

Tr4oH - rnorluoft

cBlrAerenbcrByror rroJro)KlrreJrbHbre unrcpo6raororllqecKlle I{c[bITaHHfl.



Cle4yer orMerr4Tb, r{To KoMrrJreKc r4ccJleAoBauuit, lpoBeAeHuufi Ky,udlxo

FO. H. c [pr{BJrelreHlreM 6olruroro qrrcra zHSopuau,IBHbIX Mero.4oB, IIo3BoJIllJ]

perrrr4Tb rrocraBJreHHbre B Akrcceprar\krvr 3a4aril4. Marepzan AvrcaeprallLTt4 I43JIoxeH

IIETKO I4 JIO|LIIIHO.

flonyuenHbre B xoAe BbrnoJrHeHufl. [r4acepralll4oHHofi pa6oru Ky4€nrco IO.

H. pesynrrarbr HccneAoBartuit ony6ruxoBaHbl B Tpex crarb.flx, ABe I43 Koropblx B

xypHanax, BKJrK)r{eHHbrx B nepeqeHb BAK, rIoJIyqeH uareHT P(D 14 oHI4

o6cyN4enbr Ha Bcopoccufi crux u Mex4yHapoAHbIX HayrrHblx rouQepeHlll4flx.

Buecre c reM, rro Anaceprarp4ur MolKHo cAeJlarb pflA 3aMer{aHI4LI u

rroxeJlaHplfi orno czTeJrbH o Aalr g eft urero p a3BI4 Tkrs. p:aHlao fi p a6 orrr.

o Tar KaK AaHHafl, pa6ora nocB-f,uleHa I{ccJIeAoBaHI4Io cBoI4crB

xeMocop6rlr4oHHbrx BoJroKoH, nolyqeHHblx Ha ocHoBe npHBI4TbIX corIoJIHMepoB

rronr{KarrpoaM}rAa r4 rlennroJro3br, xoreJrocb 6u ysHarb MHeHI4e anropa o6 ux

rrpelrMyrrlecrBax [epeA r,r3BecrHbrMu xervrocop6III4oHHbIMI4 BoJroKHaMu rvrra

Buou, Konan u @u6an [onf{aeMbrx sa 6aze rIoJIIraKprIJIoHI4TpIrnbHbIX I4,

qacTI4rIHO, TIOJII'IIpOTI,IJIeHOBbIX BOJIOKOH.

o B pa6ore He u3yqeH rrpoqecc 4ecop6ql4ll LIoHoB MeArr, Bo3MoxHo I{3-3a ua-uofi

xeuocrofiKocrLT rIoJIHaMHlnofi

pereHepupyroqefi cl{creMbl.

MaTpI4IIbI MUHepaJIbHbIM KI4CJIOTaM

o Llccte$oBaHvrfl. cop6qnra llurr4 6u 6onule un$opvraIJvrr Ant rlpaKTlzqecKoro

npr4MeHe H ufl avrHT e3I4poBaHHbIX xeM ocop6 eHro n, ecJrpr 611 6lrnra AorIoJrHeHbI

,{aHHbrMLr Ar4HaMuqecKr4x LrccJreAoBa:nuitt cop6qurE u 4ecop6\uu.Taxue AaHHbIe

neo6xoAuurr [nfl pacqeroB

sKCIIJIyarArryI|I.

BrrcraganHrte 3al.re'q'alJ'krfl.

arnaparypbl cop6qrau 14 pexl{MoB I4x

He cHHXaIor o6Iqefi errcoKofi oIIeHKLI

BbrrroJrHeHnofi AuccepralluoHuofi pa6orrr.

r<nanuSnraqlaoHuofi

xapaKTepvrcTvrKvr

[ucceprarlr4oHHar pa6ora Ky4€nxo FO. H. flBJrfl.erQfl,3aKoHrleHuofi uayuno -

pa6orofi, xoropofi coAep)Kl4Tcf, perxeHl4e 3a4aq'B

T4crpoeHLTt cop6quonHrx csoficre co3AaHHbIX



XeMocop6quoHHblx BoJIoKoH Ha OcHoBe IIpLIBI4T6IX CoIIoJII4MepoB' I4MeIOqI4x

cvlIecTBeHHOe 3HaIIeHI4e AJIf, TexHoJIOfHH HOBbIX nonI4MepHbIX MaTepI4€LnoB'

AnropeQepar A} IccepTauuucooTBeTcTByeTocHoBHbIMI IOJ Io }KeHI4 ' IM

pa6orbl, a [y6nI,IKaIIuu B nonHoft Mepe oTpa]Kalor ee coAep11taHl4e' Terua

Alrcoeprarlr4rr orBerraeT rracnopTy HayqHofi OIeIIH€IJIbHOCTI{ 05.17.06 - Texuororus

H rrepepa6orra [onLIMepOB I'I KOMTIO3I',ITOB'

flpe4craeJreHHa{ AUCCepTaIILIOHHa' pa6oTa IIo o6beMy' HayrIHOMy ypoBHIo

14 npaKTr4qecKofi 3Haqr,rMocTtl oTBeqaeT KpLTTepLIf,M (llono)Icelg.nfl' O IIpI4CyIKAeHUI4

rreHbrx creneuefi>, yrBepxAeHHOfO IIOCTaHOBJIeHI,IeM flpaeurenbcrBa P@ or 24

ceHrf,6p{ 2013 r. i\b842, npeAbsBnfleMblM K KaHA7IAaTCKIIM AI',ICCepraIII4flM' ABrop

Aucceprarl[Lr KyAdnro IOnHs HuroraeeHa 3acJIyxLIBaer rlpl4cyxAeHnfl' yr{eHoft

cTeneHr4 KaHAkr/IaTa rexHLrqecKI,IX HayK IIO Clleuu€ulbHocrll 05'17'06

Texnotor vrfl, u nepepa6 oTKa no JrLrMep oB lI KOMIIO3IITOB.

,{orrop rexHl4qecKux HaYK,

upoQeccop, nPo$eccop raQe4Prt

HanocrpyKTypublx, BoJIoKHIacrbIx

r4 KOMTIO3?TIILTOHHbIX MaTepI4 uul OB
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