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Ha Alrcceprarlr4oHnyrc pa6ory Anr-KaMaJIH Mapnana (DapxaHa Cau$a Xaccana

<@opnanpoBaHue 3oJrb-reJrb MeroAoM BbIcoKoKpeMHe3eMHcrbIX M I4rIeH efi c

HAHOIIACTHIIAMT4 :l,/iEAVI H CE OKCI{AA ANfl CO3AAHVTfl, HAHOCTPYKTYPI4POBAHHbIX

rrJreHop), npeAcraBJreHHyro Ha concKaHrle yveHofi crerleHl4 KaHA krl.ura

TexHnrrecKr,rx HavK no c[eur4turbHocrtM 05.16.08 - HauorexHoJlorvrkr v

HaHOMarepI{ELIIbI

3rcneprnsa AuccepraL1lan, aBTope$epara v ocHoBHbIX ny6nrarauuir ro

reMe Ar4cceprarluoHuofi pa6oru rrpoBoAvrlrucb B cooTBercTBpII4 c rIpHKa3oM

J\b 128 or ( 2 >> nos6ps 2022.

1. CoornercrBrre coAeprca,ntrfl AHccepraIIHH 3aflBJreuHofi

cneqnaJrbHocru H orpacJrll HayI([

BunolHeHHbre B Ar{cceprarlnoHnofi pa6ore uccJIeAoBaHHfl nocBslrleHbl

ycraHoBJreHr{ro 3aKoHoMepHocrefi SopuupoBaHl,Ifl 3oJIb-reJIb MeroAoM

BbrcoKoKpeMHe3eMncrbrx uurueHefi, coAep)KaITIHX HaHorIacrHIIbI MeAH kr ee

oKcr{Aa, Hcnonb3yeMbrx Anfl llonyqelJldfl, HaHocTpyKTypHpoBaHHbIX nJ]eHoK Ha

noAnolKKax vr3 KpeMHr4t H KBaprleBofo cTeKJIa, v3yqeHl{Io vrx onTHrIecKI4X U

gJreKTpoSzsuuecKr4x ceoficre B 3aBvrcr4Mocrt4 or pexklMoB QopnrrapoBaHut 14

cocraBa, onerrpoQl,I3urrecKl4x QoroeneKTpHrIecKHX rlapaMerpoB

ToHKorrreHoqHbrx crpyKTyp Anfl SoroerreKTpuqecKnx gJIeMeHToB, B ToM tIHciIe I'nn

AarqHKoB r,rHTeHcHBHocrH corHeqHoro cBera. SrcnepIaMeHT€LiIbHo ycraHoBJIeHo,
rrro c pocroM KoHrIeHTparIlrH oKcvILa MeAH B cocraBe Kceporelefi I{ B llpoqecce I4x

repMoo6pa6orru Ha Bo3Ayxe Ao 800 oC ua6lrcAaerct yMeHbIxeHI4e y'AelrHofi

noBepxHocrr4 o6pasyrouuxcfl Kceporenefi c 149 Ao 119 rurzlr, a rIpH

BOCCTaHOBJTeHHT{ OKCHAa MeAH B arrvrocQepe BoAopoAa, npl4 nonyqeHlaV

Kceporelefi cocraBa SiOz : Cuo, Ha6nroAaerct yMeHbIrreHHe yAelrHota

noBepxHocrlr MHKpocQep c 155 Ao 129 v?lr. VcrasoBJIeHbI oco6esHocru

JroKaJrH3aLIr4vr B cQopvrupoBaBrrr eitcs MarpHtIe-HocHTeJIe arJlolueparoB



BoccraHoBJreHHoFo Cuo. flpe4no)I(eHa MoAenb QopnaupoBaHufl, ABylilepHoro

HaHoMarepuaJra Hs aroMoB BoccraHoereHHofi MeAH, cop6npyrorueficr Ha

noBepxHocrr4 SiOz-rno6yn. Ha ocHoBalnlar aHaJIHsa onruqecKl4x napaMerpoB,

noryrreHHbrx HaHocrpyKTypr{poBaHHbIX nJIeHOK, nOK€t3aHO, IITO rlpn erIcorcofi

KoHqeHTparIHH Cuo B nJreHxe SopMupyrorct H3onHpoBaHHbIe HaHoqacrnubl MeAH

csepu.recxofi Sopnru, rrro flqilflercfl. KpHTepIaeM !^nfl orHeceHns, pa6orsl K

cnerlu&rbHocrlr 05.16.08 HasorexHoJIorI{I,I H HaHoMarepuanbl (rexuHqecKue

Hayxn).

,{ucceprarJvrfl, Alr-KaManr{ M.O.C.X. (OopMIapoBaHrIe 3oJIb-reJIb NIeroAoM

BbIcoKoKpeMHe3eMHcrbIx tuurueHefi c HaHoqacrI,IIIaMI{ MeAI,I t4 ee oKcvAa rnn

co3AaHr4r HaHocrpyKTypr4poBaHHbIX nJIeHoK) rlo petuaeMblM B sefi 3aAaqaM vl

o6lercry r4ccJreAosaHr,rfi, noJryqeHHbIM pe3ynbraraM, ocHoBHbIM BblBoAaM v

noJroxeHzrM coorBercrByer , rrlHKToM 1 - nflpoueccbl kr rexHoJI orw

ra3roroBJleHnfl HaHoMarepr,rarroB, HaHocrpyKTyp v us4enuir H3 HI4x, BKJIroqat

noryqeHlre HaHonoporrrKoB vt HX KoHconHAat1Ho, SopurapoBaHl{e HaHocrpyKryp

Ha noAJrox(Kap) v 3 <llpoueccbr SopvupoBaHllfl HaHoAI{crepcHbIX qacrnu.

3olr-reJlb rexHoJrorufl. TexgoJrorl{tr [epeMelrruBaHvfl. vI roMoFeHH3aIIHH cl4creM c

HaHoAncnepcHbrMut qacruuav'H. CuHteg v pa3AeneHue HaHoqacruu B

rasoo6pa:lHbrx v )KHAKHX cpeAax. floeeAeHne HaHoqacrrlu B pacrBopax,

SMynbcvrflx, KOJIJIoHAHbIX Cr4CTeMaX 14 CyC[eH3I,IflX)) naC[OpTa CneIIHaJIbHOCTH

05. 1 6.08 HanorexHoJroruu vt HaHoMarepH€LIIbI (rexHnqecKue Hayrca )
yrBeplKAeHHoro flpurasovr BAK Pecny6JIHKI4 Eenapycr or 12 cenrn6pt 2019

J\b 205:
n. 1. flolyueHue nJreHoK Tonrrlunofi oKoJIo 100 HM, cQopvrrapoBaHHblx

r{oHHo-nyrreBbrM pacnbrJreHnena SiOz : CuO u SiOz : Cuo MHIrIeHefi, cocroqrlux H3

aruroMeparoB vtlrvt AoMeHHbrx crpyKTyp, pa3Mep Koropblx cocraBrqer or 20 Ao

40 Hna 14 gaBvrcuT or rvrna r4 KoHrleHTpalluvrnctronb3yeMblx Anfl pacrlblneHnfl, HoHoB,

rITo no3BoJrrer nu6upatr rexHoJrorl4qecKne pelKHMbI !.nfl HaHeceHVs. IIJIeHoK c

rpe6yeuofi crpyKrypofi H ronriuuoir

rl. 3. Parpa6oraHH€rfl MeroAr{Ka cHHTe3a 3oJIb-reJIb MeroAoM

BbrcoKoKpeMHe3eMucrbrx KoMno3lrroB SiOz : CuO (na noa4yxe) u SiOz : Cuo (e

cpeAe BoAopoAa) c ynpaBJrfleMbrM coorHoIIIeHHeM Si : Cu or 1 : 0,10 ao I : 0,50,

cocrorrqux ug 2040 npr rno6yn arvropSnoro SiOz c aroMauvr CuO n Cuo Ha vx

noBepxHocru, rrro o6ecneqlrJlo co3AaHI4e ra6lerupoBaHHblx uurueueil rnfl

HOHHOTO paCIIbI neHnfl, H I{M[ynbCHOfO JIa3epHOfO HCnapeHVIfl,.

,,{one4eHr,re pe3ynbraroB pa6oru Ao rlpaKTnqecKoro Hc[onb3oBaHuq rpn

nonyqenvrr4 MtrrrreHefi cocraBoB SiOz : CuO n SiOz :Cuo AHaMerpoM ao 80 MM H

noJlyrlelE.l4t4 TOHKI,IX nJIeHOK MeTOAaMI4 I,IOHHO|O paCrIbIneHVIfl, Vl plMrlynbcHofo

n€L3epHoro I4cIIapeIdI,''fl' tITo Aaer BO3MO)KHOCTb NONVqEHIlfl



HaHocTpyKTypHpOBaHHbIX nJIeHoK c Tpe6yeMbIMI,I o[TI{qecKI,IMH Ia sJIeKrpoHHbIMH

CBOfiCTBAMLI.

Tarnv o6pasovr, Ancceprarll4oHHafl pa6ora AII-KaMELIII4 M.O.C.X.

cooTBeTcTByeT cneuHanbHocTl,r r{ oTpacnl4 HayKH, flo KoTopbIM OHa npeAcTaBJIeHa

K 3arrlure: 05. I 6.08 HauorexHoJroruvr v HaHoMarepnilnbl, orpac JrH - rexHnt{ecKue

HayKvq n npo$IlJlro coBera no 3aIrIHre Al{ccepra\uit [,02.15.07.

2. Hayqnufi BKJTaA corrcKareJrfl B perueHne HayrrHofi gaAaqu c oueHrcoE

efo 3HaqlrMocrrr

AuccepraHToM ycraHoBJreH MexaHI{3M pac[peAeneHvls, MeAH v ee oKcI4Aa B

crpyKrype QopvrrapyeMhrx Kceporetefi, qro ro3BoJIHJIo pazpa6orarb pexl4Mbl

yrrpaBJreHHr KoHrreHrpaquefi ssoAul{ofi MeAH no o6leuy KceporelrHofi

3aroroBKu vt pazpa1orarb MeroAI,IKy QopuzpoBaHuq 3oJlb-renb MeroAoM

KoMno3urlr{oHHbrx Mr4KporopolxKoB cocraBa SiOz : CuO u SiOz : Cuo,,

coAep)KarrIZX MeAb B MoJrbHoM orHoIrIeHW Si : Cu_ 1 :0,10 Ao I : 0,50 c

FOMOTeHHO pacnpeAeneHHbrMH BerrIecrBaMH-AonaHraMI4 B cTpyKrype Sio:-

Marpr,rrlbr, HcnoJrb3yeMbrx Anfl rtonyqeHv:fl, ra6leulpoBaHHblx uurueuefi

BbrcoKosHeprerurrecKoro BaKyyMHoro pacnbl reHnr. Paspa6oraHa, IIo pe3yJIbraraM

BbItIOJIHeHVIfl, OnTLIqeCKOfO, CTpyKTypHOrO H MaCC-CneKTpOMeTpI4qecKOro AHaIIV3a,

MoAenb pacnpeAeJreHr{r raoHoB MeALI B BbIcoKoKpeMHegeN,ILIcrofi MarpI4IIe vr

c$oprrauponaHuofi nJreHKe, rro3Bo lrvrBtnafl nocrpokrrb rpexMepHyro xI4MI,IqecKylo

Tonofpa$uro pacrpeAeJreHr.{r MeAr{ B crpyKType IJIeHKI,I u oftscHl,Irb nosBJIeHHe

B Hefi nJra3MoHHoro e$Sercra, cBr3aHHoro c HaHoqacrl{uaMu Cuo c$epuvecxoil

Qopvru.
Taruu o6pa^:ona, HayqHbrfi srraA col4cKareJlt B petueHlae HayuHofi 3a!.av-v

3aKrroqaercfl, B ToM, rrro At4ccepraHToM: l) yctaHoBneH MexaHI43M pacrpeAereHnt

MeAH vr ee oKcHAa B crpyKrype {opvrupyeMblx Kceporelefi, qro ro3BoJrHJIo

paspa6orarb pexrdMbr ynpaBn eHvIA KoHlleHrpaqzefi eeoAnNaofi MeAH IIo o6tertry

Kceporelsuofi 3aroroBrcu; 2) orpeAeJIeHbI crpyKTypHble csoficrBa ToHKI,IX TIJIeHoK

(rolqunofi - 100 Hu), cSoprraHpoBaHHbIX HoHHo-ryrIeBbIM pacrblneHzeM v

HMnynbcHbrM nEBepHbrM HcnapeHI,IeM nauureHefi Ha ocHoBe MI,IKpoIIopotxKoB

nr,rporeHHoro KpeMHe3eMa, coAeplKaIrIHX MeAb u ee oKcI,IA; 3) ycraHoBJIeHo

cHr,rlKeHne AugJreKTpLrqecxofi npoHurlaeMocru nJIeHoK SiOz : CuO B I,IHrepBane
rracror 10 rcfq - 1 Mfq, a raKxe o6ocsoBaH BbIBoA, ocHoBauuufi Ha aHa,rIH3e

OTITHIICCKI4X NAPAMCTPOB NONYqAEMbIX NJIEHOK, O TOM, qTO B HHCPTgOfi CPCAE B

nJreHKe Sopnanpyercr BbrcoKat KoHIIeHTpa\Hfl, mo6yntpHoro CuO

c$epouAzurrHofi $opr'arr 4) pazpa6oraHa, no pe3ynbraraM BbITIoJIHeHlan

onTrrrrecKoro, cTpyKTypHoro 14 Macc-cneKTpoMeTpl4rlecKofo aHaJtv3a, MOAenb

pacnpeAeneHnr HoHoB MeAr{ B BblcoKoKpeMHegeuucrofi Marpulre v

c$oprraHpoBaHHofi nleHKe.



Hayuuat, 3HaqraMocrb nonyqeHHblx pe3yJlbraroB 3aKruoqaercfl B

ycraHoBJreHHH HoBbrx 3aKoHoMepHocrefi SopnrnpoBaHl,tfl HaHoqacrnu B

BbrcoKoKpeMHeseMr,rctofi Marpplue n ycraHoBIreHLrv oco6enHocrefi BIrvflHHfl

oKcr{Aa MeAr{ (II) vt BoccraHoBJIeHHofi MeArI Ha npoqecc ((yrnorHeHnt))

BHyrpeuHefi crpyKTypbr flonyqaeMblx KoMno3HIIHoHHhIX MarepHaJIoB, qro

no3BoJrnJro npeAJroxnTb MoAeJrb JroKanli3aqlala B c$opvuEpoBaBlrreitcs, MarpHIIe-

HocI,ITeJIe afJloMeparoB aroMoB Cuo. Ha ocHoBar.vllz, aHanrvaa orITHqecKHX

napaMeTpoB, IIoJIyqeHHbrx HaHocTpyKTypI,IpoBaHHbIX nJIeHOK, BbICKa3aHO

npeAnoJro)r(eHne, qro npu BbrcoKofi rosqeHTpaquu Cuo B rIJIeHrce SopMnpyrorct
H3oJIHpoBaHHbIe HaHoqacrI4IIbI MeAH cSepuuecrofi Sopnau.

3. KoHnperHbre HayqHbre pe3yJrbrarbl (c yKa3aHHeM Hx HoBH3Hbl lr

npaKTuqecrcofi 3HaqHMocru), 3a Koropble coucKareJrlo MolICer 6ulrs

rrpncylrqeHa HcKoMafl yqeHafl creneHb

Anr-KaM€urH M.O.C.X. 3acny)KnBaer rlpucyx( p;aHLTA yueHofi crerleHu

KaHAHAara rexHHrrecKHX HayK rro cneqplalbHocrtrvr 05.16.08 - HaHorexHoJIorvrr4 v

HaHoMarepn€urbr (rexHuqecKr{e Hayru) 3a cneAyrcIrlue HoBbIe HayqHo

o6ocHoBaHHbIe pe3ynbrarbl, Koropble BhIHeceHbI Ha 3aulvry :

l. Paspa6oraHH€rf, MeroAHKa craHre3a 3onb-reJlb MeroAoM I{3 SiOz (aapocr.rn) n

Cu(NO:), nogsonflrorqar $opMr{poBarb rpu 800-900 oC BbIcoKoKpeMHe3eMHcrbIe

KoMno3rrrbr SiOz : CuO (Ha nos4yxe) v SiOz : Cuo (n cpeAe no4opo4a) c

ynpaBJrreMbrM coorHorrreHneM Si : Cu or I : 0,l0lo 1 : 0,50, cocroqilIl4e uz 20-

40 Hnr rno6yn arraop$Horo SiOz c aroMaMvl MOAI{ Ha vx noBepxHocrH B cocraBe

CuO v Cuo, 6laroA apfl pacnpeAeneHl{Io oKcHAa MeAH Ha noBepxHocll4 rno6yl

KpeMHe3eMa, qro o6ecnerrv Baer co3AaHHe ra6lerl4poBaHHblx uzuren efi Anfl

r{oHHoro pacnbrJreHHfl r4 HMrryJrbcHoro na3epHofo HcrlapeHvlfl.

2. MeroAr,rKa nonyqeHnfl, KoMrro3LIqpIoHHbIX MlllrreHefi SiOz : CuO ra SiOz : Cuo

c roMoreHHo pac[peAeJreHHbrMn JIerupyrcuIrIMI,I rro:navlvl MeAH, seo6xo guwoil

reoMerpnuecxofi Sopnau An{ r{oHHoro pacnblnenwfl, vI I,IMrryJIbcHoro na3epHoro

r{cnape[vrfl, rryTeM H3MeJrbqeHvffi, cHHTe3I4pOBaHHbIX KOMIIO3I4TOB AO

MuKpoAucrrepcHoro cocroflHr4fl\ QopvrupoBaHufl ruuxrbl vI TepMoo6pa6orxra npn

700-900 oC B KoHrpolnpyenrofi ragosofi cpeAe (nor4yx, aproH, BoAopoA), qro

rro3BoJrrer paBHoMepHo AH$Qy3r4oHHo pacrpeAenllrb MeAb no o6revry MHTIeHH,

coxpaH[Tb Sioz-rraarpHrly B avrop$nona cocroflHvlv\ a cuo u cu" B BHAe

HaHoKpucr€rrrJrr4To B c MoHoKJrraHHofi rpncr€il[r Hqe crofi peurerrofi .

3. flneurcu ronrqnHofi oKono 100 HM, c$oprraupoBaHHble IaoHHo-nyr{eBbIM

pacnhrneHueM SiOz : CuO u SiOz : Cuo MrllueHefi, nonropflIor cocraB NITITIeH eil a

cocTorT t43 aruroMepaToB r4[rv AoMeHHbIX CTpYKTYP, pa3Mep KOTOpbIX cocraBlqer

or 20 Ao 40 HM H 3aBr,rcHT or runa v KoHIIeHTpa\HV LlcrroJlb3yeMbrx n.nfl

pacrrbrJr envlfl, HoHoB, rITo no3BoJrfler nu6uparr rexHoJlorplqecKue pe)KHMbI ilnfl

HaHeceH:as, nneHoK c rpe6yeuofi crpyKrypofi.





4. 3rcnepnMeHTaJrbHo Ha6lroAaeMoe yBerHrIeHHe onrldqecxofi IxI4pHHbt

3anpeqeusofi 3oHbr ToHKHX rrJIeHoK SiOz : CuO or 3,91 Ao 3,97 sB u rIoBbIIreHHe

vrx Ar{eJreKrpnqecrofi rpoHrarlaeMocrn B HHTepBaJIe 10 xfq-l Mfq rIpH

yBernrrenvrr4 coAepx(anvfl, KucnopoAa B ArlOz cMecl4 ra3oB 0, 50oA, l00oA.,

Hcnoirbayerraofi rIpH pacrrbrJreHr4v\ flBJ/..fleTgfl, CJIeACTBHeM KOHCOJIHTa\L4V| I4OHOB

MeAr{ vr Hx KJracrepn3arluu, rrpr4BoAsrqefi rc o6pasoBaHuK) HaHoKpIacrarIJIHroB CuO

cSepouAa.nbHofi $oplab\ a raKxe K Bo3Mo)I(HocrI,I BoccraHoBJleHufl, oKcHAa MeAH

Ao Cu* u/uttu Ao Cuo, rrro Aaer Bo3Mo)KHocrb noJlyqeHr4fl

HaHocrpyKTypr,rpoBaHHbrx nJreHoK c rpe6yeMblMn olrLIqecKI,rMH H 3neKTpoHHbIMH

cgoficrBaMLl.

[paKTurrecKafl 3HarluMocrb cocronT B rroJryreHr4r4 n pa6ore reope'rl4rlecKHx

r{ gKcnepuMeHTaJrbHbrx 3aKoHoMepHocrefi Koropble Moryr 6utr I4crIoJIb3oBaHbI B

Mr,r4po- H HaHogJreKTpoHlrKe rlpu paspa6orKe rexHoJlorufi I{3roroBJreHnfl

[epc[eKTHBHoro KJracca SynrcqnoHanbHblx ToHKt4x nJIeHoK KaK 3aunrHoro

Ha3Haq e:nnfl, TaK u B KarrecrBe eQQercrHBHbIX ceHcopoB I4HTeHcHBHocrH

corHeqHoro ra3ryqeHrrfl,. flocrcorbKy ronyqeHHble rIJIeHorIHbIe crpylcrypbl

o6laAaror BbrcoKHMr4 H3oJlflrIHoHHbIMIa ceoficrBaMl{, To Moryr 6strr

I{CIIOJTb3OBaHbI KaK SJreMeHTbr B MHKpOCXeMaX B KaqeCTBe 3aTBOpOB nOJIeBbIX

TpaH3r,rcTopoB.

Ha 6ase anpo6 HpoBaHnofi TexHoJrorlrn roryqe lrvIs, BbIcoKoKpeMHe 3 eM HcrbIX

unrueuefi pazpaloraHa rexHurrecKafl AoKyMeHTaryIfl, Ha ta6oparopHrrfi

TexHoJrornqecKrafi, rrpoUecc npr4roroBJleHl4fl MnKponopolrrKa, JIerHpoBaHHoro

LIoHaMH rrepexoAHbrx Mer€LIrJroB, noryrleHbl ra6letplpoBaHHble MHrueHI4 trnfl

raoHHoro pacrbrJreHr.{.fl AHaMerpoM or 10 ao 80 rr,rvr I{ TonlquHofi or 3 Ao 10 uu,

orpa6oraHbr pex(r{Mbr BoccraHoBreHnq oKcI{AoB MeTaJIJIoB Ao MeraJIJII4qecKoro

cocrorHvrfl B noroKe BoAopo4a B reMneparypHoM laHrepBane or 300 ao 800 oC.

Pesynrrarbr Aucceprarl?roHHofi pa6oru BHeApeHbI B yue6nuit npouecc

ffTy HMeHH ll.O.Cyxoro, ffy r{MeHr4 O.CropHHbI, EfyI4P H peKoMeHAoBaHbI

AJrr r4crroJrb3oBaHufl OOO . <3ueproMalrruHocrpoureJlbHoe KoHcrpyKropcKoe

6ropo> (Mocrna), uro roArBepxAaer cfl aRTaMI,I BHe rper.'vrfl .

4. 3arrerraHnfl no AlrccepraquoHuofi pa6ore

1. OrcyrcrByer o6ocHoBaHne nsr6opa aopocuna MapKH ,{3 80 rnn

Soprr,rupoBaHr4 f, M H IrreH e fi .

2. B ra6luqax 4.2 Ha c.85 v 4.6 Ha c.95 He yKa3aHa rlorpelxHocrb

H3Mepe:n:an roJrrrlnHbr nJreHoK SiOz, SiO2:CuO u SiOz:CuO pa3nI4qHbIMH

cnoco6 aMH, a s ra6ruqe 4.4 sa c.93 purMepHocrb IxL.IpHHbI 3arpeuleHHofi soHrl.

3. B reKcre aBrope$epara Aucceprarluvr Ha c. 7 yKa3aHo, qro

MlrKpopemeS rroBepxHocru rrJreHoK rrccneAoBaJll4 c noMolrlbro aroMHo-cl4JloBoro

MlrKpocKona Solver Bio (NT-MDT, 3ereuorpaA, Poccnr) oAHaKo B reKcre



Ar{ccepTaLuvru ycnoBr,rr v pe3yJrbTaTbl vccneAoBa:Hus, MopooJlorvH roBepxHocrH

frJreHoK Ha AaHHoM o6opyAoBaHVvI He npeAcraBJIeHbI.

4. B reKcre Anccepratvrkr vr. aBrope$epara coAep)Klarcn pflA

crr,rJrr{crurrecKux HeroqHocrefi, op0orpa$u.recKnx onucoK vr ourn6ox

oSoprraJreHnt pe3ynbraroB :

Ha crp. 4 (anrope$epar) oKoHrraHue cJIoBa (cBl,IAererlbcrByroureM))

ouu6oqHo;
- Ha crpaHHrle 56 (4uccepraqua) onncKa B cnoBe ((BpeMneHnofi>;

- Ha crpaHz ue 97 (4rnccep raryw.) oKoHqaHufl. noApucyHotrHo ir narnvcvr 4 .13

npeAcraBJleHa c ouu6KaMI,I.

OAHarco, orMeqeHHbre 3aMeqannfl. He cHH)KaIor Hayuuofi u [paKT]Iqecxofi

3HaqI{MocrH AnccepralluoHsofi pa6oru

5. CoorBercrBue HayqHofi nna.nuQuKaqnn colrcKareJrfl y.reHoilr crefieHu'

Ha Koropyrc oH npereHAyer

flpnne4eHHbre B Ancceprarlr{oHuofi pa6ore pe3yJlbrarbl vI peKoMeHharllavr

HafrHo-o6ocuoBaHHbrMpr, BbrBoAbI apryMeHTI4poBaHhI kr orpa)Kalor HayqHble

noJroxeHvrn) rrpeAcraBJreHHbre B pa6ore. [ocroBepHocrb pe3yJlbraroB Lt BbIBoAoB

noATBepx(AeHa ny6nnr agflMvr B oreqecrBeHHblx H sapy6elKHblx v3naHnflx.

CoucrcareJreM ony6lzKoBaHo 29 HayrIHbIX pa6or B coaBropcrBe,

coorBercrByroqrax n. l8 floloxeHv:s. o npucyiKpLeHvrrl yqeHbIX crenesefi vI

npr.rcBo ennvr yqeHBrx ssaHuir B Pecny6JIHKe Eelapycr, BKJIIoqat 9 crarefi B

perleH3rapyeMbrx HayrrHbrx )KypHarrax (5 B )KypHaJrax ro HayqHoMy HarpaBJIeHI4Io

HaHorexHoJrorupr v HaHoMarepzaru), 17 crarefi B c6opnuKax Marepua-rloB

rconSepeHrlufi, ceMHHapoB, 3 Te3r{ca AoKJIaAoB B c6opnuKax re3ucoB AoKnaAoB

ron$epeHqufi v ceMraHapoB. ConorcyrlHocrb HaytIHhIX v npax:rur{ecKHX

pe3ynbraroB, npeAcraBneHHbrx B AlacceprallrloHHofi pa6ore Anr-KaMaJIH

M.@.C.X., [o3BoJlfler 3aKJrrorrnTb, rrro rnaruQvKarlnn coucKareJlfl coorBercrByer

yuettofi creneHu KaHA r4trara reXHu'IecKI{x HayK.

,{ucceprapfl coorBercrByer n. 20 lloloxeHvIfl, o npucpKqeHkrkr yqeHbIX

creneH efi u npr{cBo eHnkr f{eHbrx gsanuir. AnropeSepar B noJIHofi rtrepe orpa}I(aer

coAepx a:n:ae Ar4ccepragkr. Vponeur uayuuofi noAroroBKI,I Anr-KaMaJII,l

M.O.C.X.. coorBercrByer rcnzuruSvKagu KaHAI{Aara rexHI,IqecKHX HayK no

cneqr{EurbHocrra 05.16.08 HaHorexHoJIorI4H H HaHoMarepv€ulbl (rexHuqecKue

nayrcu).

6. PercoueHAaUrru tro ncrroJrb3oBaHIrIo pe3yJrbraroB AHcceprauHHt

Koropble Moryr Hafir[ rpaKT[qecKoe trprMelreHne

Pesynrrarbr AucceprarlnoHsofi pa6oru Moryr 6urr peKoMeHAoBaHbI !'nfl

r{crroJrb3oBaHufl Ha [peArrpvrflTr4flx gneKTpoHHofi rIpoMbIIrIJIeHHocrH |rpH



pa3pa6oTKe TexHoJrofHfi u3roToBJIeHI4t IIepCneKTI{BHOTO KJIaCCa

QyHrcqraoH€IJIbHbIX ToHKux TIJIeHoK KaK 3aIrIrITHofo Ha3Haqeuvlfl,, TaK I4 B Kar{ecrBe

e$Sercrr4BHbrx ceHcopoB HHTeHcr,rBHocrH conHeqHoro H3nyqenvlfl,, a raK)Ke KaK

SJIeMeHTbr B Mr{KpOCXeMaX B KarrecTBe 3aTBOpOB nOJIeBbIX TpaH3HCTOpOB.

3arc.nroqeHrle

.{ucceprauuoH lnafl, pa6ora Alr-KaMaJIH MapnaHa OapxaHa Cau$a,Kac caH a

<@opnanpoBaHr4e 3oJrb-reJrb MeroAoM BbIcoKoKpeMHe3eMLIcrbIx l,turueuefr c

HaHOqacTHrIaMH MeAH H ee OKCHAa AJI' CO3AaHI4f, HaHOCTpyKrypHpoBaHHbIX

rrJreHoK>, npeAcraBJreHHafl Ha coucKaHHe yueHofi crerleHl4 KaHAHAara

TexHr{rrecKnx HayK, .fl BJrrercq 3aKoHqeHHofi rearl,IQurcaquonHofi Hayr{Hofi 1ta6orofi ,

caMocroqrerbHo rroArorosreHHofi coldcKareJleM, Koropafl rlo ypoBHro r+ayuHofi

HoBH3Hbr, [paKTnqecrofi 3HarruMocrl{ yAoBnerBopter rpe6oBaHutM <<llolox eHVfl

o npHcylKAeHHH yqeHbrx creneHefi v npr4cBoeHuu HalnrHbIX 3BaHHfiD, a ee aBropy

Moxer 6rrrr rrpucy)KAeHa yqeHafl crerleHb KaHAIaAara rexHVrrecKHX rlayK rlo

crrerluanbHocru 05. 1 6.08 HauorexHoJIorI,IH H HaHoMarepI{€uIbI (rexutlqecKue

uayrcu) ra:

SKCnepHMeHT€IJrbHO yCTaHOBJTeHHbIe AaHHbIe ToM, rITO C pocToM

KoHrIeHTparwrv oKcHAa MeAra B cocraBe Kceporelefi H B rlpoqecce vx

TepMoo6pa6orKn Ha Bo3Ayxe Ao 800 oC u sa6lroAaercs yMeHbIIreHI4e yAe:rrnoil

rroBepxHocrr,r o6pasyrcuuxcr Kceporelefi c I49 Ao lI9 ru?lr, a ilpv

BOCCTaHOBJTeHT4H OKCr,rAa MeAH B arr"rocsepe BoAopoAa, npH nonyqeH]/Ikl

Kcepotrelefi cocraBa SiOz : Cuo, conpoBo)KAaloqee yMeHbIrIeHHeM yAensHofi

noBepxHocrr.r MHKpocSep c 155 Ao I29 u2lr. 3ro Mo)Ker cBuAereJlbcrBoBarb o

Qopl,rupoBaHun orAeJrbHhrx qacrr,rq MeAH (Cu") B oTJIHtII{e or oKcI4Aa MeAH (CuO),

pacnpeAeneHHoro rro roBepxHocru nop KceporeJlf,. flonyueHa l\lnarpaMMa
3aBVcvIMocrH H3MeHeHvIfl, Maccbr Kceporelefi pa3nuqHoro cocraBa or BpeMeHH vrx

xpaHeHvrfl, Ha Bo3Ayxe (rax pe3ynbrar rrorJIoIrIeHHt KceporeJlflMl4 napoB BoAbl H3

Bo3AyrrrHofi cpe4u);

Ha ocHoBe anufi4sa C3M-uao6paxennfi rloBepxHocrl4 cSopvuapoBaHHblx

KceporeJrbHbrx 3aroroBoK H cKaHnpyrouefi goHAonofi MI{KpocKotII4LI (o6pa6orKa

nonyqeHHbrx MraKpor{so6pax eruuir nporpauuofi Gwyddion) orucaHbl

oco6euHocrn SopvrupoBaHur uo6ylrpnofi crpyKryphl SiOz-rnrarpl{Ilbl Kceporerq.

flpone4eHa KoppeKrupoBKa vr r{HBeprHpoBaHHe MacKLI C3M-uso6paxeuuir,, B

pe3yJrbTaTe rrefo noJryqeHbr aHalrraTHqecKHe AaHHbIe no cTaTHcTHKe ((3epeH)) v

Aucrrepcvr4 pa3MepoB rno6ylrpHbrx o6pasosanuir. VcraHoBJIeHbI oco6euHocru

Blrvrfl:r,vrs oKcHAa MeAH (II) u BoccraHoBJIeHHofi MeALI Ha yAenbHyro rloBepxHocrb H

rropHcTocTb cTpyKTyp bI cLIHTe3 HpOBaHH bIX MI{KpO rop OIIKOB ;

MeroAoM npocBequearoqefi eJreKrpoHHofi MHKpocKonHH G3M) H3yr{eHbI

Kceporerv cocraBa SiOz : CuO H SiOz : Cuo. YcraHoBJIeHbI oco6euHocru

JroKarrugal\Hvr B cSoprraupoBaB[I efics, MarpHue-HocI,ITeJIe arJloMeparoB



HaHoMarepnaJra vB aroMoB BoccraHoBJIeHHofi MeAI{, cop6zpyroueficr Ha
noBepxHocrrl SiOz-rno6yn ;

HA OCHOBaI{VII.d AIdaJTV'SA OITHTTeCKHX rIapaMeTpOB, [OJ]yrreHHblx

HaHocrpyKTypr{poBaHHbrx nneHoK, noKa3aHo, trro npu sHcoxofi KoHue}rrparryrv
Cuo B nJreHKe Soprr,rupyrorcr r{3onnpoBaHHble HaHoqacrHIIbI MeAI{ cQepu.recrcofr

Qopvru, o qeM cBu.qereJrbcrByer yBenr,rqeHl{e o[Turrecrcofi urrpuHbl 3anpeuleunofi

3oHbr c 2r5 Ao 3,3 oB, noATBepxAaeMble rIotBJIeHIaeM B crleKTpe npoilycKaHnfl
noJrochr rrornorqeHnfl, B o6lacru 590-650 HM cBl4AereJlbcrByrouleM o e$Qexre
noBepxHocTHoro IIJIE[3MoHHofo pe3oHaHca.

rlTO B COBOICyIIHOCTIT IIO3BOJIkIITO yCTaHOBIaTb MeXaHLI3M pacnpeAe.reHl4fl

MeAH vr ee oKclrAa B crpyKrype $oprvrupyeMblx Kceporelefi; paspa6orarb pext4Mbl

yrrpaBJr envrfl, KoHrleHrpaqnefi ssoAr.{N,Iofi MeAI4 rlo o6rerr,ry KceporelsHofr

3aroroBKn H paspa6orarb MeroAr4Ky SoprvrupoBaHl{t 3oJIb-reJIb fvleroAoM

KoMrro3uUlroHHbrx MHKporopoIxKoB cocraBa SiOz : CuO v SiOz : Cuo,

coAep)KarrIrdx MeAb B MoJrbHoM orHorueHuvI Si : Cu- 1 :0,10 Ao I : 0,50 c

roMofeHHo pacnpeAeneHHblMH BeIIIecTBaMH-AonaHTaMH B cTpyKrype SiOz-

Marpurlbr; [onyqr,rrb ra6lerupoBaHHble MIaIITeHH, I4crIoJIb3yeMble rnfl
BbrcoKoeHepreTr{qecKoro BaKyyMHoro pacnblne}{I,Ifl; nocTpollTb rpexMepHyro

xnMr4qecKyro rorrorpa$nro pacnpeAeJleHut MeAH B crpyKType TIJIeHKH v

o6rrcukrrb noflBJreHue B nefi nJIa3MoHHoro sQ$ema, cBfl3aHHoro c

HaHoqacrurlaMv Cuo cQepn.recrcofi Soplau.
Orsus rocyAapcrBeHHoro HayqHoro yqpelrAeHl{t <<VIuc"turyr xHMHH HoBbtx

Marepu€uroB HAH Eenapycu) o AHccepraIIHIa Alr-Kannzutu M.O.C.X. npHHnr lto

pe3yJrbraraM gKcfleprrr3br Aucceprapu vr o6cyx4eHufl, AoKJIaAa coucKaleJlt Ha

3ACe\AHr4Vr paCIIIupeHHOfO HayrrHoro ceMHHapa focyAapcTBeHHofo Hayr{Hofo

yqpex(A eH:as, <<I4ucrwryr xvrunvr HoBbrx Marepla€uloB HAH Benapycu)) (nporoKoJl

Nb 3* or 09 Hox6pr 2022 r.).
Ha sace$aHvru HayrrHoro ceMr{Hapa rpprcyrcrBoB€Lllu 2I rleJloBerc. I4s HI4x I

AoKTopoB TexHurrecKldx HayK, 2 AoKTopa xI,IMHrrecKrIX HayK, I I KaHAI4AaroB
xHMHqecKHX HayK. flporonocoB€ulu :

(3a>) - 14;
(rrporue) - 0;
(Bo3Aepx(€urr{cr>> - 0.

flpe4c eAareJrb 3ace AalavIfl,,
HraBHbrfi nayusufi corpyAHI,IK fHy <<kllacturyr x
Marepu€tJroB HAH Eelapycrl, A.x.H., AoIIeHr KoponeBa E.B.

Srccuepr
Ar{peKrop fHV <d4scruryr xvtv'uvr HoBbIX
Marepr{€rrroB HAH Benapycu), tlreH-KoppecroHAeHT,

AOKTOp rexHlrqecKr.rx HayK, npo$eccop

Cerperdpb,
Y.IeHHfi cerperapb fHy <<I4ucruryr xpIMI,II,I Ho
Marepu€rrroB HAH Eenapy evD, K. x. H.

Pora.ree A.A.

Coser no 38trlnTe
ATqcepraunf, npn Efynp
*13t.-' Sq4iDg- zg),2_ r.

ufi tO.K.


