
OT3bIB
oQuquaJrbHoro o[[oHeHTa Ha Arrcceprarl[K)

rfy6enno EnreHrrfl EopncoBrrqa
<<Ooprvr [poBa H ve n cnofi crBa HaHoKoM rro3rrrH brx MarepnaJroB

Ha ocHoBe oKc[Aa qr.rHKa>), [peAcraBJreHHyro Ha co[cKaHrre yueHofi crerreHrr

AoKTopa SnsnKo-MareMarrrqecKux HayK
rro c[erlnaJrbHocrn 05.16.08 HaHorexHoJrornlr H HaHoMarep[aJrbr

(rvrarepnaJrbr AJrfl oJreKTpoHlrKH n Qoronurcn)

1. CoornercrBne Auccepraulr[ c[eq[aJrbHocrrr H orpacJrn HayKrr,

rro KoTopbrM oHa rrpeAcTaBrqeTcfl K 3arrlrrTe

Tervra rpeAcraereHHofi Arrccepralll4oHuofi pa6oru rly6enro EereHraq

BopncoBr,rqa H ee coAeplxaHr4e coorBercrByer rracropry cnequurrrbHocrpr 05.16.08 -

HasorexHoJroruvr u HaHoMarepr{€rnbr (vrarepvrarrbr rnfl gneKTpoHHKkr n SoroHzru)
I4 orpacnu HayH - SuslrKo-MareMarlrqecKl4e HayKr{, BKrroqa,fl cneAyroque rryHKTbr:

III.2.1 <llpoqeccbr, 3aKoHoMepHocrlr u MeroAbr $oprr,rzpoBaHr,rfl
H aH o cTpyKTyp pr H aHo cTpyKTypr4p oB aHHbrx M aTepr,r arroB)) ;

III.2.2 <<Csoficrsa HaHocrpyKryp I,I HaHocrpyKrypt4poBaHHbrx MarepvarroB));

III.2.7 dlpoqeccbr 14 e$Serru B3arirMo ryeitcrr;us HaHocrpyKryp kr

H aH oM areprl art o B c r43nyq e lalaflMrz' p a3nr4rtr ofi npr4p oAbr)) .

2. ArcryaJrbHocrb t.*ri Arrcceprarlrrr

ArryanbHocrb reMbr lucceprauldoHnofi pa6oru orpeAeJrrercfl HayqHbrM

H rrpaKTurrecKzM ranrepecoM K prccneAoBaHr4ro MeroAoB nonyqeHvr.fl.) cnoficrs
pI rrpr{Menenufi nonylpoBoAHlrKoBbrx oKcLIAoB, HaHocrpyKryp Lr HaHoKoMno3rrrHbrx

Marepr4aJroB Ha Lrx ocHoBe. Tarue Marepv€ilrrbr B Hacrorrqee BpeMfl Bocrpe6onaHu
B orITooJIeKTpoHuKe, $oronoJrbrallKe 14 HaHogJreKTpoHHKe 4^nfl co3qaHufl,

SynxquoHarrbHbrx uorpurufi kr aKTpIBHhIX cnoeB. OrcuA rIrrHKa orHocr4Tcfl

K noJryrrpoBoAHr.rKoBbrM oKcr,rAaM c 6onbruofi uupnHofi 3arrpeqeusofi 3oHbr,

coorBercrByroqefi ynbrpa$uoneroBoMy p;nana3oHy oneKTpoMarHr4THoro

H3nyrrenufl. Iloerouy oH xoporuo rroAxoArlT rnfl co3AaHr.rfl cBeropr3nyqarcqux
ycrpoficrn vr JrroMrrHoSopon cuHero, ynbrpaQuoreroBoro kr 6eloro rvana3oHa,
rrpo3paqHbrx rrpoBoArrrlr4x sneKTpoAoB Anfl orrToSJreKTpoHHbrx

SoronoJlbrar{qecKux upz6opon v ycrpoficrB, aKTr{BHbrx rrornoqarcur4x cJroeB

n SororrpzeMHr4Kax ynbrpaSuoneroBoro rr4aila3oHa pa3nuqHoro rvna. Tarxe

oKcLrA TIHHKa HaxoAr4T npuMeHeHr4e B SororaraJwrrkr.recKr4x ycrpoficrBax a

cr4creMax. JlerzpoBaHrle oKcr4Aa uuHKa H BKrroqeHr4 e ero B cocraB

HaHOKOMTTO3HTHbTX MaTepzaJrOB vr feTepOCTpyKTyp rro3BorqeT pacrrr4pr4Tb efo

o6nacrz rpr4MeH enufl. 3ro Aaer Bo3MolrHocrb Ao1urscs, 6olee e$SerrvBHoro



pa3AeneHLrfl HocI4TeIIeu 3apflI.a, pac[Iupr{Tb crreKTp nofnorqeldkrfl. r{3nyrreH[fl,,

fIoBbIcHTb SneKTpotIpoBoAHocTb, I43MeHvITb c[IeKTpanbHbrfi cocTaB u3nyqaeMoro

cBera $oro-, KaroAo- 14 oJleKTponrcMr{HecrleHrlr,rr4. Hecuorpf, ua 6olrruofi o6revr

rlpoBoAflIrll{xcfl B Hacroflrrlee BpeMfl LrccneAoeaHr,rfi B oroM HarrpaB rrelnlala.-

rlpaKTl4qecKoe npIrMeHeHI4e oKcLI.{a UHHKa 14 KOMrIO3r4THbrX MaTepr4€uroB Ha efo

ocHoBe Ao cHX rlop orpaHr4rreHo vn+a orcyrcrBnfl, eAr4Hhrx rrpeAcrasrenuir

o 3aKoHoMepHocrflx SopvrupoBaHzfl AaHHbrx MarepnzuroB u y[paBn ennfl,
zx csoficrBaMr4.

flpone4eHHble aBTopoM Azcceprarlr4oHHofi pa6oru B paMKax 4anuofi
npo6leuu KoMrIneKcHbIe HccneAoBaHr..rr 3aKoHoMepHocrefi v MexaHr,I3MoB

SopnrzpoBaHnt p€BnI4qHbIMH HLr3KoreMrreparypHbrMkt MeroAaMra
HaHOKOMIIO3HTHbIX MareprlarroB Ha ocHoBe oKcv4a rIr4HKa, BKrrcqaroqux oKcr4Abr

Apyrl4x MeriuIJIoB, Mer€ulJrhr, nopucrufi rcpevnzfi, anrop$Hufi yrnepoA, Hkrrpvr1
yrnepoAa r4lrr4 cynrsu4 I1unrcd, pa3HocropoHuufi aH€uu43 csoficrs nonfreHHbrx
MarepI4aJIoB, no3BoJlvlrv aBTopy pa3Brrrb noAxoAhr x SoprraupoBaH4ro rroKprtrnit u

QynxquoH€LIIbHbIX cJIoeB Ha krx ocHoBe. llpaKTr4rrecKafl HarrpaBJreHHocrb
pazpa6oraHHblx rIoAXoAoB noATBepxAaercfl co3AaHHbrMH Ha ocHoBe lonyqeHHbrx
HaHoKoMrIo3I4THbIX Marepl{aJroB, BKJIIoqaroq[x oKcHA rIHHKa, JrroMrrHoQoparraz c
pa3nurrHblM cneKTpoM cBerreHnt, SoroupraeMHraK avrar ynbrpaSuoneroBofo

Ar4aila3oHa, SoroxaraJrrTvrqecKl,rMvr. kr aHTu6arcrepu€urbHbrMr4 noKpbrrvtflMvr.

3. CreneHr HoBH3HrI "pe3yJrbraroB, troryqeHHbrx B Arrccepra\vu) H
HayrrHblx rloJroxeilnfi, Koropble BbIHocflTcfl Ha 3arrlrrry

OcHoenrte pe3ynbrarbl 14 HayqHhle rroJro)Ke H:afl. Araccep rarrvrvr rBJrflK)Tcfl
HoBrIMTI H [onyrleHbl atsTopoM BrrepBble. K uau6olee 3HarrHMbrM MoryT 6uru
oTHeceHbr cJreAyroque.

l. VrccteAoBaHbr 3aKoHoMepHocrr4 vr MexaHr{3Mhr
rIonI4KpkIcr€uIJII4qecKHX uorpurufi Lr3 co6crseHHoro vr nergpoBaHHoro
lepexoAHbIMI4 MeT€UIJIAMLI OKCI4Aa UkIHKa MeTOAOM fr{ApoTepM€rrrbHofo ocaxAeHkrfl,
c I4C[IOJIb3OBaHHeM 3apOAbIIrIeBbIX CnOeB HeJrefHpoBaHHOfO OKCr4Aa rIr.rHKa,
HaHeceHHbIX Ha noBepxHocTb rIoAno)KKI,I MeroAoM noclofiHoro aroMHoro
ocalKAeHvrfl. I4cuolr3oBaHne 3apoAbllrleBofo cJrofl tro3BongJro ilonyrrr4Tb raKr4e
IIOKpbITpIfl, KaK Ha nonylpoBoAHIIKOBbIX KpeMHHeBbrx rroAnolKKax, TaK kr Ha

AugneKTpHrIecKI4x cJlotx avop$noro AHoKcHAa KpeMHur. florasano, rrro

n3MeHeHVe roJrIrII'IHbI 3apoAbllrleBoro cJroff or 2 Ao 20 HM Aaer Bo3Mol6Hocrb
KoHTponl4poBarb naop$oJlorlalo QopnrupyeMblx uorpurzfi, nonyqarb MaccprBbr
HaHOKpH CTaJTJTO B r{ CrrJro rlHbre frJre HKLI IIonyIIp oBoAHkr Ka.

2. VIccteroBaHbl 3aKoHoMepHocrr4 v MexaHH3Mbr rrpoqecca
sneKTpoxl'rMt'IqecKoro SopnrupoBaHl,It HaHoKoMno3HTHbrx Marepg€uroB Ha ocHoBe
oKckIAa UkIHKa H oKcHAoB MeAH, HI{KeJIfl ulrv xo6alrra B pacrBop&X, coAep}KarrIHX

SopurEpoBaHun



cynb$ar-HoHbl, rIo3BoJII4BrrrI4e ronyqnTb rroKpbrrr4r c pa3Br4Tofi Mop$oJrorrdeft,

orrurrarculaect rroBblrrressofi [nouaAbro rroBepxHocrr4 3a cr{er o6pa^:oBaHkrfl,
rIJIacrHHqarbIX KpncruurJrr4ToB AkraMerpoM Ao 1-2 uru r{ TonrqHnofi 10-20 nvr.

3. Pa^:pa6oraHa MoAenb roKorrepeHoca B cJroflx Me3orropr4croro KpeMHrdfl,
fIOIVIICHHbIX MeTOAOM SneKTpoxHMHr{ecKofo aHoArrpoBaHkrfl

cHJIbHOIefrrpoBaHHbIX TIJIacTHH MOHOKpkT CT€UrJrHrIeCKOfO KpeMHr4fl, KOTOpafl

yr{I4TblBaer Harrrqne H cocro.flHze o6e4neH:afl, ToHKoro troBepxHocrHoro

Hrl3Korropl4croro cJrof,, o6lagarcIr1efo BbrcoKHM gneKTpHrrecKHM colpornBJreHr{eM,

Koropat rlo3BoJlvrra cQopnrupoBarb HaHoKoMrro3HTHbre Marepu€urbr, BKrroqaroqze

oKcHA III4HKa h nopvcrufr KpeMHr4fi c BrrcoKHM roaQSuqLreHToM 3arroJrHeHr4fl rop.

4. Paspa6oraH uoeHfi cnoco6 14 MexaHV3M $opivrupoBaHr4fl
HaHOKOMTIO3I4THbIX Marepl4arroB Ha .OCHOBe OKCIIAa TIHHKa H yfnepoAa 3oJrb-feJrb

MeroIoM, orJlnrlalolguitcx HcrroJrb3oBaHr,reM xnopl4Aa rIHHKa, roropufi

4o6ann fl.erefl. B Iacxo4Hufi 3oJrb Ha ocHoBe H3orrponnnoBoro cnnpra,
MOHOSTaHOnaMVTHa H arJeTaTa uHHKa, rrTo fro3BoJrreT B OAHOM IIpOqeCCe [OnyrrHTb

rroKpblTl4.fl, cocroflIrll4e r43 avrop$noro yrnepoAa c BKJrroqeHrzeM HaHorracrurl

Kpr.rcr€urJrr4qecKoro oKcHAa rIlrHKa pa3Mepovr 50-1 50 nvr.

5. Pa^:pa6oras uosHfi cuoco6 v MexaHH3M o6pa^:oBaHufl
TpexKoMrIoHeHTHbIX HaHOKOMrrO3r4THbrX MarepuaJloB, cocro,flIrlr4x H3 oKcI4Aa
III4HKa, cyn;SzAa IIHHKa kr rpaQzrouo4o6Horo H:aTqH2a yrnepoAa r4 rronyqaeMbrx
MeroAoM TepMur{ecKoro pa3no)K eHHfl TBepAo$a:nofi cMecn arlerara rIkrHKa vr
TI4 oKap 6 arvuga (rn o vr orr e BI4Hbr ) c no cn eAyro tr1u M 83 auvr o4 e fi crBH e M rrp oAyKTo B r,rx
pa3no)KeHvrfl.. O6ocHoBaHa rr floKa3aHa Bo3Mo)KHocrb yrrpaBnenkrfl, cocraBoM TaKHX
TpexKoMfIoHeHTHbIX HaHOKOMfTO3HTHbTX Marepr4€rrroB rryreM r43MeHeHVfl,
KorurrecrBeHHoro cooruorxeHr4,f, r4cxoAHbrx BerrlecrB B TBepAoSasnofi cMecr4
z reMrreparypbr rrpoq ecca repMurrecxofi o6pa6orKn.

6. VcraHoBJIeHo, trro SoronroMr{HecrleHrlr,rfl e 6rzxHeM ynbrpaQzoneroBoM

I.krarrasoHe KpHcTaJIJITIToB oKcHAa III4HKa n cSopMupoBaHHbrx 3onb-reJrb MeroAoM
noKpbITHflX rrpeHMylrlecrBeHHo olpeAeJrflercfl 3Kcr4TOHaMr4, CBfl3aHHbrMH Ha
aKuenropHblx noBepxHocrHbrx cocrof,Hkrflx) KoHrIeHTparIHfl KOTOpbTX fro
orHoIrreHHIo K KoHIIeHTpaLryrkr roqer{Hblx 4e$exron B o6teue nonynpoBoAHprKa
pacrer rIpH yMeHbrueHkrkr pa3Mepa Kpr4cruLrJrHToB, rrro o6ycnoBJreHo
Bo3pacraHI,IeM coorHorrleHztr [nouIaAH HX rroBepxHocru K r,IX o6nevry.

7 . Y craHoBJIeHbI MexaHI43MbI, Koropbre onpeAeJr,flroT crreKrp€urbHyro
xapaKTepHcrl4Ky SoronrcMI{HecqeHIIHH TpexKoMrIoHeHTHbrx HaHoKoMrro3HTHbrx
MarepuuuloB, cocro{UIVX vr3 oKcHAa rIr,rHKa, cynrSu4a TIHHKa 14
rpa$zrono4o6Horo :raTpvtra yrnepoAa, nonyqeHHbrx ilpkr p€Bnurtrofi
reMrleparype. Ouu BKJlroqaror H3MeHeHHe ruHpHHbr 3anpeqessofi 3oHbr
rpa$urono4o6Horo HI4rpIaAa yrnepoAa npu I43MeHe Hr4r4 reMneparypbr cr4Hre3a,
rrpoqeccbl H3nyrrarelruofi per<onr6krHarJnu B Kpucr€urJr1aTax oKcr4Aa rIr,rHKa



ra cynb$vr4a rIr,rHKa, cBr3aHHbre c ruy6oxvrMkr rIeHTpaMH, TepMltrrecKoe

pa3no)KeHr,re rpa$urono4o6Horo Hkrrpv4a yrnepoAa H yMeHbrueHue ero

KOHTIeHTpaL\VIV B HaHOKOMTTO3T,TTHOM MaTepr,raJre IIpU BbrCOKr4X TeMrrepaTypax

CI,IHTE3A.

8. lloxa^:aHo, rrro oneKTporrpoBoAHocrb HaHocrpyKTyprapoBaHHbrx rrJIeHoK

oKcIaAa rIrrHKa, nernpoBaHHbrx HI,IKeJTeM vr ro6amroM, nonfreHHblx

fuApoTepMarrbHbrM MeToAoM ocaxAelanfl, KoHTponvpyeTcfl KoHrleHrpaquefi

nernpyroulefi rpHMecH B racxoAHoM pacrBope v Moxer 6rrrl cHr4)KeHa rlo

cpaBHeHuro c oJreKTporrpoBoAHocrbrc rrJreHoK co6crneHHoro oKcr4Aa rIr4HKa Ha p.Ba

rropflAKa Ao 2,47 'I0-2 Onr'cnr.

9. Oupe4eneHbr $uevxo-TexHonorl4rrecKr4e [apaMerphr rrpoqeccoB

ilonyqelnkrfl, QororaraJrrTuqecKr4x noxprirufi Ha ocHoBe HaHoKoMrro3r,rrHbIX
Marepra€LrroB oKcHA urEnxa/oKcr4A MeAr4 gneKTpoxr4MurrecKr4M MeroAoM, a raKlre

oKcHA qznxa/yrnepoA gom-r6m MeroAoM, AeMoHcrplrpyrcrrlkrx rroBbrrrreHHyro

Ha 12 - 16 % Qororararr4TkrqecKyro aKTHBHocrb rro orHorrreHr4ro K opraHlrrrecKr4M

KpacrrreJr.flM rro cpaBHeHuK) c rroKpblTnflv'u Lr3 co6crseHHoro 6ecupuMecHoro
oKcI4Aa III,IHKa, IrOnyqeHHbIMI4 TeMI4 }Ke MeTOAaMI{ IIpH aHaIIOft'ITIHbIX yCnOBIItX.

10. OnpeAeneHbr Qzsnro-rexHoJlorr,rqecKkre rapaMerpbr npoqeccoB

nonyqeHvfl, SoroxaraJrv3aropoB Ha ocHoBe rpexKoMrroHeHTHbrx
HaHoKoMrIo3I,ITHhIX Marepr4aJroB, cocroflIrlux z3 oKcHAa rIr4HKa, cyJm$u4a rIuHKa r4

rpa$uronoAo6Horo lnvrrpvrpLa yrnepoAa, o6ra4aroilIrx rlr4ToroKcktrrHocrbro rro
OTHOIIIeHI4TO K IpaMOTpI{UaTenbHbrM MI{KpOOpfaHE3MaM, TaKr,IM KaK KI,IIIeIIH€UI

iluuloqKa, AeMoHcipzpyrorlr4x 6oree BblcoKyro eQ$exruBHocrb rro cpaBHeHkrro
c6ecnpI,IMecHbIM rpa$urouo4o6HbrM HHTpraAoM yrnepoAa, Aocruraroqyrc rrpu
o6nyreHr4kr cBeroM ynbrpaSzoleroBoro 4nana3oHa 75-76 %.

4. O6ocHoBaHHocrb tr AocroBepHocrb BbrBoAoB tr peKoMelaila\uit'

cSopvryJrrrpoBa H H brx B Aucceprarlrr H

O6ocHoBaHHocrb v AocroBepHocrb HayrrHbrx pe3ynbraroB v BbrBoAoB,
coAeplralrll4xcfl B AI,IccepraIII4oHHofi pa6ore, rroATBep)KAaercr r4crroJrb3oBaHueM
coBpeMeHHbIX TeopeTHrIecKI4X r4 9KCrrepI{MeHT€UIbHbrx MeTOAHK HCCneAOBAHkrfl, H
o6opy4oBaHl,Ifl, o6ecuequBaloqero AocraroqHo BhrcoKyro rorrHocrb H3Mepe:nuit.
llolyueHHble HoBbIe HayqHble pe3ynbrarbl He nporr4Boperrar QyngaNaeHT€urbHbrM
upHHIIHTIaM Slasuxz rBepAoro reJra, SHsurcu [ony[poBoAHHKoB, xvvlvrk;
SneKTpoxI4MHI4; OfITH.IeCrOfi CIIeKTpOCKOIIHLT H He nporHBoperrar AaHHbrM,
ony6lnKoBaHHbIM ApyrI4MH aBTopaMI4 B 4anHofi o6lacru HccneA oBaHvrfl.

flonyreHHble BbIBoAbI apryMeHTupoBaHbr, noATBeplKAeHbr pe3yJrbrutaMr

rIpoBeAeHHbIX TeopernrlecKl4x H 9Kc[epHMeHT€LrrbHbrx uccneAoBar.uit H orpaxaror

HafrHble rrono)KeHkrfl, BhrHocuMbre Ha 3arrlkrry. llo4roroBJreHHbre Ha ocHoBe

nonyqeHHblx HayqHbIX pe3ynbTaToB cTaTbra B HayrrHo-TexHHrrecKVX xypHaJrax,



rJraBbr B MoHorpa$raxx 14 crarbrl B c6opuzKax rpyaoe HayrIHbIX roHQepeuqufi

ouy6nuKoBaHbr B peUeH3upyeMbrx vs4aur4flx a rtonyrrunu rIoJIo)I{I4TenbHyro

orIeHKy cIeIII4€UILICTOB.

5. Hay.uran, fipanTllrrecKaq, 3KoHoMuqecKafl v coql{aJrbHafl

3HaqrrMocrb pe3yJrbraroB Aucceprallur c yKa3aHreM peKoMenAauufi ro Hx

IICTIOJIb3OBAHI{IO

Hayuuax 3HarrraMocrb pe3ynbraroB Al,Icceprar\r4r 3aKrroqaercfl, B

ycraHoBJreHI,rH HoBbrx 3aKoHoMepHocreit, MexaHI{3MoB H MoAeleit, onLIcbIBaroIrIHX

lpoqeccbr ruAporepMulrrbHofo, oJreKTpoxlaMl,IqecKoro, 3oJIb-reJIb SopnrHpoBanufl, vr

TepMHrrecKofo pa3no)KeHkrfl, cHHTe3a HaHOKOMIIO3I4THbIX MaTepH€LIIOB HA OCHOBe

OKCHAa UHHKa, BKJIIOqaTIIILIX TaK)Ke OKCLIAbI ApyrI,IX MeTaJIJIOB, MeTalIJIbI,

rropncrufi rpewruuir., anropSnufi yrnepoA, Hurpkr1 yrnepo Ia lankr cynr$zA uvHKa,
H ycraHoBJreHHH crpyKTypHbrx, orrrl4rrecKl,Ix, gneKTpo$zeuuecKl4x vr

QororaraJrvrruqecKr{x csoficrn lonyqeHHblx Marepu€uroB, rrro BHecJIo BKnaA B

pa3Br4THe Bocrpe6oeaHHoro B HacroflIrlee BpeMfl HayqHoro HanpaB lrelnr4fl, B

o6lacrz HaHorexuolorufi H HaHoMarepI4€LIIoB, KacarcIqeroct rtonyqeHvIfl.

HaHocrpyKrypr,rpoBaHHbrx rroKpuruit, c KoHTponHpyeMbIMH ceoficrBaMu Ha ocHoBe

rxHpoKo3oHHbrx oKcHAHbrx nonynpoBoAHktKoB I'nfl I,I3roToBIeHVfl,

$ynr<qzoHaJrbHbrx, cBerolr3nyrrarcqux u SoroKar€rIII4THrrecKHX rroKp:';tr.uit.

llparruqecKa.s 3Haqr{Mocrb nonyqeHHbrx pe3ynbraroB cocrolzT B

paspa6orKe Ha ocHoBe ycraHoBJleHHbrx 3aKoHoMepHocrefi LI MexaHH3MoB:

1)rexnoJrorurrecKux pe)KraMoB rl,IAporepMuulbHoro oca)I(AeHr4fl. ToHKHX

rrJreHoK co6crseHHoro H nerupoBaHHoro rIepexoAHbIMH MeraJrnaMI,I oKcI4Aa IIVHKa,

3neKTporrpoBoAHocrb Koropbrx H3MeHrerct tIoA eosAeficrBl4eM I43nyrreHlafl,

ynbrpaSzoneroBoro lLrana3oHa, rrro zcnoJlb3oBaHo p.nfl ao3p.ar,.vrfl,

cB erorryBcrBr4TenbHblx crpyKTyp ynbrp a@ u olero Bo ro 4nailasoH a ;
2) SoroKaraJrr,rrr4rrecKr4x uorpurufr vr3 HaHoKoMrIo3IaTHbIX Marepl4€uloB

oKcr4A rlzsxa/oKcr4A MeAH, [onyqeHHblx MeroAoM gneKTpoxllMurrecKoro

ocaxAelr^lafl, H oKcHA rlusra/yrnepoA, [onyqeHHblx 3oJIb-reJIb MeroAoM,

o6naAarorrlnx rroBbrrxeunofi QororaraJrvrrkrqecnofi aKTr4BHocrbro rro orHolxeHl{ro K

opfaHlrrrecKlrM KoHTaMr,rHr4pyrour{M BerrIecTBaM rro cpaBHeHHro c rroKpbrTl,i.flMr4 H3

co6crseHHoro 6ecnpzMecHoro oKcrrAa rIHHKa, rrro Mo)Ker 6uru HcrroJrb3oBaHo p.nfl

co3AaHIar SoroKar€ur urvrqecKr{x cuI creM oql4crKr,r BoAHIIX cpeA ;

3) aurz6anrepn€urbHbrx $ororararrvrkrqecKprx uorprrrufi H3

TpexKoMnoHeHTHbrx HaHoKoMIIo3I4THbrX MaTepI{aJIOB, BKJrrOqarcIIIIIX OKCHA UI4HKa,

cynrSug rIr4HKa kr rpaQnronoAo6uufi lnkrrpn!\ yfnepoAa, o6tayarcilIl4x

rroBbrrrreuuofi rlzToroKcrarrHocrbro rro orHorrreHnro K rpaMorpurlareJlbHblM

Mr4KpoopraHlr3MaM, rrro rarcKe Mo)Ker 6uru Hcrronb3oBaHo Anfl co3AaHl{,fl

$ oro rar ankrrkrrre c KHX c H creM orr H crKkl BoAHIIX cp eA ;



4) rexnoJrorrrrrecKlrx pe)KHMoB nonyqeHvrfl. JIIoMHHoSopon, vl:'IrytrarcIrlux

6elufi cBer, c KoHTpolupyeivrofi qseroeofi TeMneparypofi Ha ocHoBe

TpexKoMrroHeHTHbrx HaHoKoMfIo3I{THbIX MaTepVaJrOB, BKJIIOqaIOIIInX OKCI4A UHHKa,

cynrsn4 rIprHKa vr rpaQzronoAo6nufi lntrrpvr1 yfnepoAa, rrro MolKer 6um

r4crroJrb3oBaHo B racrorrHr4Kax cBera, ycrpoficrBax vlg^Alz'rtaL\vru H oro6pa)KeHl4.f,

unQopvr arlkrkr.

3xosovruqecKar 3HarrktMocrb lonyqeHHblx pe3ynbraroB cocrozT B

pazpa6orKe nplrHrlr{rroB r,rcrroJrb3oBaHvIs. Hn3KoreMneparypHblx MeroAoB

nonyqeHnfl, HaHOKOMfIO3I4THbIX MaTepHEUIOB Ha OCHOBe OKCI4Aa IILIHKa,

coAepxaulux raK)Ke oKcr4Abr Apyrl4x MeraJIJIoB, Mer€ilIIJIbI, uopucrufi xpeunufi,

arraopSuufi yrnepoA, Hvrrpvl\ yrnepoAa ulru cynrSIE4 IIHHKa, BKrroqaroIrIHX

fHApOTepM€UIbHOe H SIeKTpOXLIMI4TIeCKOe OCaII(AeHHe) 3OJIb-feJIb kI TepMUrIeCKOe

pa3noxenuelcuHTe3, cyulecrBeHHbrMl{ npeHMyIrIecrBaMH Koropblx flBJlflrorcfl

rrpocToTa pealvr3arryrv H Hr43Kr4e 3aTpaTbI, a TaruKe HarlpaBneHHocTb IIpI4KnaAHbIX

pe3ynbraroB pa6oru Ha perueHne gKoJrorl,IqecKux I4 gHeprerllqecKlax 3a4aq.

Coqualbnafl, 3HaquMocrb cocrol4T B I4crroJIb3oBaHIaI,I pe3ynbraroB

Ar{cceprarlr4oHuofi pa6oru B yve6uovt rpoqecce yqpe)KAeHnfl, o6pasoBannfl,

<<Eeropyccrzfi rocyAapcrseHHrrfi yHIaBepcI4Ter zn$oprr,rarvntr
paAr4ooneKTpoHlrKr4) ua xaQeApe MI{Kpo- I4 HaHooneKTpoHI4KH.

6. ffo"nHora ony6.nnKoBaHr{fl ocHoBHbrx rroJro}Kenufi, pe3yJrbraroB

Al{cceprallnu B HayqHofi rerraru
t -

Peaynrrarbr HayrrHbrx r,rccneAoeaHlafi, I,I3JIo)I{eHHbIe B Aucceprar1.krkr,
floJro)KeHr4fl,, BbrHocI,IMbre Ha 3au\vrTy, v BhIBoAbr AocTaTorrHo rIoJIHo oTpDKeHbI

n ny6ruKaur4flx colrcKareJr.fl, B [epeqeHb Koropbrx BXoAflT 32 HayrrHhre pa6oru,

coorBercrByrorrlue n. 19 lloroxelanfl, o npucy)KAeHlakt yrreHbrx creneuefi

kr npvreBoeHun yrreHbrx gr,aHui1 BKJrroq as, 2 rJIaBbI B KoJIJIeKTHBHrTx MoHorpaQuxx,

24 crarbr,r B perleH3npyeMbrx HayrrHo-TexHzrrecKlrx )KypHarrax, 6 crarefi B

c6opnuKax MarepnarroB xouQepeuqufi .

7. CoorsercrBlre

Pecuy6JrrrKrr Fe;rapycr

oQoprvrJreHrrfl Ar{cceprarlHr{ rpe6onaHHflM BAK

, Aucceprarlkrfl, kr aBTopeSepar o$opvrJreHbr B coorBercrBr4r4 c rpe6or,aHuflMvl

r{HcrpyKrlrru o roprAKe oSopvr rreHnfl, Aucceprar\krr4, Auccepra\ur4 B BHAe

HayrrHoro AoKnaAa, aBTope$epara AllcceprarJvrr kr ny6nuxauuit rlo reMe

Aucceprarryrvr, yrBep)K4enHofi rrocraHoBJIeHHeM BAK Pecny6tuKvr Eenapycr

or 28.02.2014 J\b 3 (n peAaKur.rr4 rlocraHoBrreHr4r BAK Pecny6rrkrKu Eelapycr
or 22.08.2022 J\b 5).

Anrope$epar rroJrHocrbro coorBercrByer coAep)KaH?rro Ar4ccepralll4oHuofi
pa6oru, BKJrroq afl. 3aKIrroqeHkre Lr rroJlox(eHrr{, BbIHocHMbre Ha 3arqvry.



8. 3avreqaHuq H rrpeAJroll(eH[q rro AlIccepraIIHH

B KarrecrBe ocHoBHbrx 3aMerrasuit rro Ar4cceprarlnoHHofi pa6ore cneAyer

BbrAenr4Tb cneAyroque :

1). B orrlrcaHnr4 :eayquofi HoBLr3Hbr (crp. 13 Auccepraquu) rrcrloJlb3oBaHbl

He coBceM yAarrHbre SoprynHpoBKH 14 He npuBoAflTcfl, rrI4cJreHHbIe 3HarleHufl

rrapaMerpoB. B .racrHocrr4, B [yHK're 7 yKa3aHo: <,f,auo odtncHeHue 63anuvtoc6.flsu

cneKmparbHozo pacnpedeneuun uHmeHcunHocmu QomonrcJwuHecl4eHquu co

cmpyrcmypoil u meJilnepamypoil cuHme3l HaHoKott4nosumHbtx Jilamepuclnoe...)>.

OAnaxo, orreBrrAHo, rrro B AaHHoM cnyqae peqb rrAer He o B3aI4Mo cBfl3vr, To ecrb

B3aHMHoM Blrr4flHnkr, a o6 orrpeAer,rroqefi ponv reMneparypbr cr4HTe3a B

SopuupoBaHurr cocraBa, crpyKTypbl H QoronroMr4HecrleHrlr4u nonyqaeMblx

Marepr4€rrroB. O6paruoe B3akrMHoe. BrrnflHne B AaHHoM cnyqae r4cKnroqeHo. Taxxe

B rryHKTe 8 He yKuBaHo, HacKoJIbKo Hr,r3KHM 6uro [onyqeHHoe yAenbHoe

colpoTHBJreHr4e HaHocrpyKTypr{poBaHHbIX rrJreHoK nenrpoBaHHofo oKcr4Aa IIHHKa,

a B [yHKTe 9 H 10 He yKa3aHo, HacKoJrbKo krMeHHo 6ura rroBhIIrIeHa

S oro nar aJwrrkrLre c Kar aKTH B H o crb M arep I{ €IJr o B .

2). B reKcre Ar4cceprarluoHnofi pa6orrr yK€BaHbr onpeAeJreHHble

SKCnepHMeHT€L[bHbrM MeTOAOM 3HarreHhr TonrrlkrHhr [oJryqeHHbrx rrJIeHoK,

rcoMeTpr4qecKr4x pa3MepoB Kpr4cT€t[Jrr,rToB, yAenbHoro co[poTI4BIreHVfl,

c $ opvrupoBaHHbrx HaHoKoMfro3I4THbIX M arepl4arr o B r,r Apyrr,rx nap aMerp oB, oAHaKo

He yKa3 aH br rrorp errrHo crr4 14 3Mep e lnuit AaHHbrx BeJrHrrHH.

3).VIz reKcra Ar{cceprarluvr cneAyer, qro rrpeAno}KeHHafl B rJraBe 5 uoAem

MolKer 6urr uciom3oBaHa roJIbKo Int, orruca:nufl. npoqecca roKorrepeHoca rrpu

KaTOAHOM sJreKTpOXr4MHqeCKOM OCaXAeHr.rr{ OKCHAa TIHHKa B rrOpUCrOfi rpeUUUfi

oAHoro crpyKTypHoro ^ Tr4na - Me3orlopzcrufi rpevrunfi, ronyqeHHhrx MeroAoM

SneKTpoxHMrrrrecKofo aHoAHofo TpaBneHkrfl. BbIcoKonefI4poBaHHbIX IIJIacTI4H

MoHoKprrcr€urJrur{ecKofo KpeMHHfl gneKTpoHHoro rvrrra npoBoAuMocrr4. He

yK€BaHbr fpaHr,rubr nprrMeHzMocrr,r Aaguofi MoAenu Lr He orMerreHo, Mo)Ker JrH oHa

HCrronb3oBarbcr I.nfl ofrncaHr4fl. [poqecca ToKonepeHoca B Apyrux Tldrrax

loprrcTofo KpeMHH.fl.

4).B rJIaBe 9 He npr,rBoAurcfl, rpqMoe cpaBHeHr4e Aocrr{rHyrhrx sua.reHufi

Sororcararr4TrLrecxofi aKTI,IBHocrH ilonyqeHHbrx B pa6ore HaHoKoMrro3r{THbrx
MarepH€LIIoB c pe3ynbraraMl,I, ony6JIktKoBaHHbrMLr Apyrr,rMr{ r4ccneAoBareJr flvtn.
florasaHo roJIbKo orHocHTeJIbHoe yBenurreHrle eQ$exuaBHocrr4 rro cpaBHeHnro c
OAHOKOMIIOHeHTHbIMI,I nOKpbITI4flMVt.. TaKXCe nOnyqeHHbrMH aBTopoM AI4CC9pTaWH.

OAsaxo, yKffiaHHbre 3aMerranurfl, He cHr{}r(aror o6qefi uayrHofi vr
rlp aKTr,rqe cxofi 3 H arr 14 M o cru Ar4 c c epraur4oHn ofi p a6 orrr.



9. CoornercrBrle nayunofi rcna.nuQr.rKarIHH colrcKareJrfl yqeHofi
cTerreHw) Ha KoTOpyrc oH rrpeTeHAler

Anarus coAeplxaHr4fl. Alrcceprarrnvt, ocHoBHbre HayrrHbre pe3ynbrarbr, Hx
HOBI43HAId aKTyiLIIbHOCTb, a TarcKe KaqecTBo I43JIO)KeHHOTO MaTepva[Ia, TorIHocTb vl
JlorrltrHocrb BhIBoAoB, nrrcorufi uayvnufi ypoBeHb ny6nzr aryuit, B Koropbrx
npeAcraBJIeHhI ocHoBHbre pe3ynbrarbr Ar4cceprarlr4oHuofi pa6orrr,
cBHAerenbcrByror o BbIcoKoM ypoBHe Hay.ruofi rnanz$krKarJukr aBTopa, roroprrfi
coorBercrByer yuenofi creneHl4 AoKTopa Susr,rxo-MareMarrdqecKr4x HayK rro
creqpl€ulbHocTl4 05.16.08 - HaHorexHoJIorpILI I,I HaHoMarepu€rJrhr (uarepvraJrbr Infl
oJreKrpoHraKr4 u QoroHuxu).

10. 3arcJrroqeHlle

[zccepraurroH Hafl, pa6ord tly6euxo EsreHux Bopr4coBurra <OopMktpoBaHne
u ceoficrsa HaHoKoMno3rITHbIx Marepn€uloB Ha ocHoBe oKcr4Aa Ur4HKa>,
npeAcraBJleHHas Ha coI{cKaHHe yvenofi crerreHz AoKTopa Susuro-
MareMarl4rrecKHx HayK, flBrflerlfl, 3aKoHrrenuofi xnanvQr4Karluosuofi Hayvuofi
pa6orofi, caMocroflTeJlbHo rloArorouenuofi coucKareJreM, Koropaq no ypoBHro
uayuuofi HOBH3HII kr [paKTl4.Iecrofi 3Harll4Mocrr4 yAoBnerBoprer rpe6on a;gl:I|flv-
flonox envrfl, o rIpHcy)KAeHI4LI yqeHbrx crenesefi kr npkrcBoeHr{r4 yrreHbrx znauuit, a
ee aBropy MolKer 6rrTb rpl4cyx{AeHa y.rre:aafl crerreHb AoKTopa $zsuxo-
MareMarHqecKI,IX HayK rro crrellz€ulbHocrra 05. I 6.08 HanorexHoJrorkrr,r v.
HaHoMarepI4€uIbI (iaarepuaJrbl ;^nfl oneKTpoHI{KI4 vr Qoronurra) 3a pa3BHTre
aKTy€ubHofo HayqHoro HalpaBJIeHI{.fl HaHOTeXHOJrOftrr4 u HaHoMaTepr{€rrroB l.nfl
SJIOKTpOHI4KI'I vr QoroHunra, cocroflIrlee B paspa6orKe Susnxo-TexHoJrorr4rrecKqx
TIpHHIII{IrOB kr 3aKoHoMepHocrefi llonyqeHufl, HaHoKoMrro3HTHbrx Marepr4€uroB Ha
ocHoBe oKcI4Aa III4HKa, BKnrOqaIoIrIHX TarcKe oKcI4Abr ApyfHX MeT€UIJIOB, MeTaJrJrbr,
rropl{crufi rpervruufr, auopQHufi yuepoA, HTITpI,IA yrnepo Ia vrnkr cylrsnA rIrrHKa,
MeTOAaMI'I fI4ApOTepM€uIbHOrO, SneKTpOXI4MHrreCKofo, 3oJIb-feJIb ocaxAeHvIfl, vr
TepMocrI{MynI,IpoBaHHoro pa3no)Kesus,/cuHTe3a, Koropbre [o3BonLrJrH [onyqr,rrb
HoBbIe SynrqzoHallbHhle, cBerou3nyrrarcqze v Soroxar aJr4TvrqecKge rroKpbrr[fl
Ha I4X OCHOBe' A VIM9HHO:

1. YcrauoBJIeHLIe 3aKoHoMepHocrefi Qop*:npoBaHvrfl. kr MexaHH3MoB,
orrpeAenqrcql4x vtopQoJlorHlo norpurufi H3 co6creeHHoro H nergpoBaHHoro
nepexoAHbIMI4 MeT€UIJIaMH OKCLIAa rIkrHKa MeTOnoM xr4Mr4qecKoro
fI4ApOTepM€trIbHofo ocaxAeHkrfl, Ha [oAno]KKt4 C 3apoAbrrrreBbrMr4 cJrorMr4
co6crseHHoro oKczra rIrzHKa pa3nurrnofi TonrrluHbr;

2. YcraHoBJIeHIae 3aKoHoMepHocrefi SopvrupoBaHu,rr v MexaHH3MoB,
onpeAensrcIrlHx nropQoJlorHro uorpurzfi H3 HaHoKoMrro3r4rHbrx Marepr4aJroB Ha
ocHoBe oKcHAa IIHHKa kr oKcI4AoB MeAH, HHKeJr,fl HnH ro6anrra, Sopnar,rpyeMbrx



SneKTpoxkIMI4r{ecKHM MeTOAOM, frO3BOJrflrOrrIr4X yBenHrrHTb yAenbHyro llnoulaAb
IroBepxHocrl4 Ha ABa-TpH rIOpflAKa rro CpaBHeHHro c [naHapHbrMkr rroAnox(KaMH;

3. Pa:pa6orrcy MoAenH ToKolrepeHoca B Marprdrle nopr4croro KpeMHkrfl B
|Ipoqecce 3JIeKTpoxHMHr{eCKOfO OCa)KI\eHkrfl. B Hee oKczAa rIHHKa, yrrr4TbrBarouyro

cocrotHl4e kr SneKTpolrpoBoAHocrb Hr43KorropHcrofo noBepxHocrHoro QJrofl,, rrro

no3BoJILIno nonyr{HTb HaHoKoMrro3r{THbre Marepuzurbr oKcHA qunxa/lopucrufi

KpeMHHfi c eHcoKr,rM roeSSnqLreHToM 3arron HeHvrfl.;

4. Paspa6orrcy cuoco6a H ycraHoBJreHne MexaHr43Ma oAHocraAprfiuoro

QopnrupoBaHus HaHoKoMrro3larHbrx MarepzaJroB Ha ocHoBe HaHorracrlrrl oKcraAa
IIHHKa, BKnIoqeHHbIX B Marpz{y avropSHoro yrnepoAa, rryreM BBeAeHH.fl xJropura
III4HKa B craHAaprnufi 3oJIb rnfl [onyqeHufl.6ecupzMecHoro oKcHAa rIHHKa.

5. Paspa6orry cnoco6a kr ycraHoBJreHr4e MexaHLr3Ma oAHocragrafiuoro
ilonyqe}lldfl. HaHoKOMTIO3I,ITHbIX Marepr4arroB, BKJrtoqaroqr4x oKcrrA rIHHKa,
cynsSuA UI4HK a 14 rpaQuronoAo6uufi HHrpr{A yrnepo,qa, MeroAoM TepMkrrrecKoro
pa3no)K eHlafl rBepAo$a:nofi cMecu arlerara rIr4HKa kr rraoKap 6avuga c
nocneAyrcqefi rroJrnMepLrca\ueit u Kpr4cr€Lr nn3arfvefi upoAyKToB vrx pa3no)KeHu.fl;

6. O6uapy)I(eHI4 e 3aBnckrMocru yBenr4rr eHkrfl. r4HTeHcr4BHocrH gKcraronuofi

$orolrcMHHecIIeHIIkILI rrpr KoMHarnofi TeMneparype or pa3MepHocrn
HaHOKppICTaIIJILITOB OKCUAa UHHKa, nOnyqeHHbIX 3oJrb-feJrb MeroAoM.

7 . BrrssreHne H3MeHerruit clreKTp€urbHoro cocraBa QoromoMr4HecrleHrlzrr
HaHoKoMrro3I4THbIX MarepzaJroB, BKJrroqarouIHX oKcHA rIr4HKa, cylr$u4 TIlz':nKa H
rpaSurono4o6uufi HIaTpI4A yrnepo Ad, B 3aBnckrMocru or reMrreparypbr cHHTe3a.

8. Paapa6orxy cnoco6a cHrI)Kenvrfl. u o6ecnerreHprr cra6utbHocrr4 yAenbHoro
coIIpoTlIBJIeHI4fl IIOnyTIeHHbIX fHApOTepMUurbHbrM MeToAoM TOHKT4X rrJreHOK OKCr,rAa
III4HKa, oltagarcIrlzx rlyBcrBuTeJlbHocrbro K u3nyqeHr4ro ynbrpaSr,roleroBoro

II4anA3OHa, nyTeM nefl4poBalll4fl, IIepeXOAHbIMH MeTZUTnaMV HerrocpeAcTBeHHo B
Ilpoqecce cr4HTe3a;

9. Paspa6orKy cuoco6a SopvrnpoBaHr4fl HaHoKoMrro3urHbrx Marepr4uuroB
oKcI4A Ilranxa/oKcl4A MeAI4, oKcr4A t\uuxalyrnepoA H oKcHA gunxalcynrsu4

Uuura/rpaQurono4o6uufi HI{rpI4A yrnepoAa, AeMoHcrpr4pyrorrlgx rroBbrrrreHHyro

QoroxaraJrrTr4tlecKyro u asru6aKTepl4€trlbHyro aKTr{BHocTb noA nos4eficrBr4eM

OQuqzalsuufi olrroHeHT,
rJraBHbrfr nayusufi corpyAHHK

na6oparopuu MHKpo- r4 HaHoceHcop LIK:a

,',d,Fqe,{tl p""q ( Onr r4na, onrosJreKrpoH :a:rta H na3ep :eafl Ka),
.h'\

Q"443ZKO-MareMaTHr{ecKr4x HayK, AoqeHT

r,r3nyrr e Hr4fl. B prALrM O f O H yn brp a$ vr ol ero B o f o [uaila3o H a.
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