
OT3bIB
o$uqnaJrbHoro orrrroHeHra Ha Ancceprarlr4ro

r{y6eHxo EsreHur Eopr4coBuqa
< O oprvrl4poBaH vre v cn ofi crBa H aH oK oMrro3r,rrHbrx Marep 14 aJro B

Ha ocHoBe oKcHAa UHHKa)), npeAcraBneHHyro Ha coHcKaHHe yveuofi cre[eHn
AoKropa Sa:nKo-MareMarnrrecKlrx HayK tto cneunaJrbHocrn 05.16,08 -

HasorexHoJlorvrr4 v HaHoMarepnanu (nrarepnanbr Anr 3neKTpoFrHKH u SoroHuxra)

1. CoorsercrBue AI{ccepraIII{H crlellnaJrbHocrr{ ri orpacJrr{ HayKH,
IIo KoTopbrM oHa [peAcTaBrqeTcfl K 3arrlr{Te

luccepraunoHHafl, pa6ora tly6enxo E.B. nocBflrrleHa pa:pa6orKe Hayr{Hbrx
IIpHHuHrroB v rexHorrornqecKzx MeroAoB SopvrupoBaHzq HaHoKoMrro3HTHbrx
MaTepHaIIOB HA OCHOBe OKCnAa rIr,rHKa, [pHfOAHbrX I.nfl uclonb3oBaHr4r B
HHHoBaqHoHHbrx npvl6opax QyHrqraoHaruuofi oneKTpoHHKr4, a raKlKe aKTr4BHbrx
noKpbrrr4flx Anfl Qoroxarurkrca. llonyrleHHbre pe3ynbrarbr, o6o6ueHHbre B
BbIBoAax kr rroJloxeHvrflx, BbrHocHMbIX Ha 3auIpITy, orHo cflTcfl. K o6lacrgvr
HccneAonauufi , ortpeAeJreHHbrx cneAyroruuMl,I rryHKTaMr4:

[II.2.1. l lpoqeccbr, 3aKoHoMepHocrr4 v MeroAbr QopMHpoB aHVfl

HaHocrpyKryp H HaHocrpyKrypr4poBaHHbrx MaTepHanoB; H
III.2 .2 . Csofi crea HaHocrpyKryp v HaHocrpyKryp Hp oBaHHbrx MarepnaJroB

racnopra creur4aJrbHocru 05. 16.08 HauorexHoJrorr4u 14 HaHoMarepnaJrbr
(varepuarrbr p^nfl oneKTpoHHKIl u QoroHIaru) no SzsurKo-MareMarr4.recrcofi orpacnu
HayK.

2. AnryaJrbHocrb reMbI AuccepraIIHI{
OxcnA qHHKa' fl,BIrfl,ercfl, BecbMa [epcneKTHBHbIM rronylpoBoAHnKoBbrM

MarepuaJroM ilnfl nocrpo eHkrfl, SynrquoHaJIbHbIX rrpr46opon 3neKrpoHuKr4 HoBofo
IroKoJreHvrfl., [ocKoJIbKy Hapfl,Iy c rxl4poKo3oHHocrbro, o6raAaer yHHKanbHbIM
corleraHueM Qlaeuxo-xHMI4rIecKHX cnoficre H TexHoJlofur{ecKr4x Bo3Moxnocrefi.
Hapx4y c Bocrpe6osaHHocrbro B MI,rKpo- vr HaHooJreKTpoHHKe, oKcHA TIHHKa
Mo)Ker r4crroJrb3oBarbcr npr4 npor43BoAcrBe Ixl4poKoro crreKrpa npu6opon vr
noxpurufi or SoroeneKrpuqecKux npeo6pa3oBarenefi coJrHer{nofi 3HeprHI4,
cBeron3nyr{arcqux npr46opon (cnero4r4oAoB, ra:epon), Ao Sororaralrr4TtrqecKnx
cncreM oqHcrKH BoAbr kr asru6aKrepuaJlbHblx noxprtrzfi. 3ro o6ycnoBJlnBaer
noBburreuurrfi HHTepec urupoxofi HayuHofi o6qecrBeHHocrl4 K HccneAoBaHH.f,M
oKcr4Aa rlHHKa KaK B MOHOJTHTHOM, TAK U B HaHOCTpyKTypHpOBaHHOM HCIrOrIHeHHvj,

oco6euHo B nocneAHee recflTkrrlerue.'Tenaa 
AzcceprauzoHsoft pa6orur r{y6eHKo E,E. f,Bnf,erefl,, HecoMHeHHo,

aKTyanbHofi, rocKonbKy B seft peuarorct 3a4aLrv, Kacarculuecs Ba)KHrIX

syH4arr,reHrarrbHbrx 14 rrpHKnaAHbrx BoIIpocoB, cBs3aHHbIX c pa:pa6orrofi

Hu3KoreMneparypHbrx MeroAoB Sopr'rupoBaHnfl 14 rr,ro4rzQ vKaIJHr4 cJIoeB

HaHOKOMTTO3HTHbTX MaTepHarrOB Ha ocHoBe oKcHAa IIHHKa, HX nefHpoBAHHfl,

pa3nHr{HbIMH npHMeCflMH) BKIIOqat nepexoAHble MeTaJIJIbI, HHTefpaIIHrO C

ApyrHMH [onylpoBoAHr,rKaMu (n qacrHocrrl c nopucrblM KpeMHI4ev), a raK)Ke

npoBeAeHI4eM KoMnJreKcHbrx r4ccneAosaHzfi SusHxo-xI4MHrIecKHX cnoficrs

cSopunpoBaHHblx croeB v npu6opHblx crpyKryp. AxryanbHocrb



AHCCepTaLIIIOHHOH TeMbr VI CBOeBpeMeHHOCTb ee BbrrrOJrHeHVIfl. rrOATBep)KAaeTCfl

TaKXe ee coorBercrBueM npHopHTerHbIM HarrpaBJreHHrM Syn4avreHTaJrbHbrx 
'vr

npHKnaAHbrx HayqHbrx r4ccneAoBaHwit Pecny6nraxu Eerapycb ua 202I-2025 roAbr
(n.4, Vrag llpesn4eHra Pecny6rrnK:a Eenapycb or 7 was,2020 r. N156).

3, Creneur HoBr,r3Hbr pe3yJrbraroB, rroJryqeHHbrx B AHcceprarlvrri,
H HayqHbrx noJro?Keuufi, Koropbre BblHocqrcr Ha 3arrIHTy

llonyueHHbre npn BbrrroJrH eHHLr Al4cceprarlr4oHHofr pa6oru pe3yrrbrarbr Lr

3arqurrlaeMbre HayqHbre rloJloxe*krfr. flBJl.nrorc.f, HoBrIMH. HonHgHa orrpeAerflercq

cneAyrorrIHM:

1 ) ycraHoBneHbr 3aKoHoMepHocrvr v MexaHH3MbI QopvrupoBaHn.q:
- r(pHCTaIJIHTOB VI TOHKHX CIIOeB OKCHAa IIHHKa MeTOAOM XHMI4TIeCKO|O

fr4ApoTepManbHofo ocax(AeHKfl. c HclIoJIb3oBaHHeM TOHKHX 3apoAbr[reBbix

cJr o e B, onp eA en,fl ro ilIHx rra op Q oJI o rnro n orp,urra fi ;
- clroeB HaHoKoMrro3HTHbrx MaTepHaiIoB Ha ocHoBe oKcHAa TIHHKa c oKcr4AaMH

ApyrHX MeTaJrJroB M€TOIOM, KaTOAHO|O SIeKTpOXI,IMI4IIeCKO|O OCaXAeHI4fl.,

N,TOPQOIO|H,I KOTOPbIX ONPEACIIfl,ETCfl, YCNOBI,Ifll/-'l/^ OCA)KACHT4[,, TITO IIO3BOJISCT

143MeHqTb rtlopQoJrofr4ro noxprrrufr (vaccunrr HaHocTor6uxon, rrJreHKI,I

flJlacrl4Hr{arbrx KpI4craJrJrHToB, crIJIoIrIHbre uorcprrrra,a) c ertcoxofi
aSSexrusFlofi nrouaAbrc noBepxHocru;
- HAHOIIACTI{q OKCHAA III4HKA B MATPHIIE ME3OIOPIACTOfO KPEMHH,'I IIYTEM

3neKTpoxHMHrrecKofo oca)KAeHVs. u lpeAnox{eHa MoAenb ToKoflepeHoca B

croqx oneKTpoJrzT-nopHcrufi rpevuufi, rITo ro3BonI4JIo rIoBbIcH?'b

xoeS$zrlr4eHr 3anorrH eHvrfl rrop HaHoqacruuaMl4 oKcHAa UHHKa;
- HaHoKoMno3r,rrHofo Marepnana Ha ocHoBe oKcHAa IIHHKa vr anropQHoro

yrnepoAa 3oJrb-reirb MeroAoM c Ao6aereHneM xnopuAa uI4HKa,
o 6 e c n e q H B aro ule ro K ar aIwrrr4ue c Ko e B blAen e H H e y rn e p oA a ;

2) rrpeAnoxeH uonrrfi cnoco6 cuHTe3a rpexKoMrIoHeHTHbIX HaHoKoMrIo3HrHbIX

Marepr4aJroB (rpucranrHroe oKcHAa vr cynrQIa4a IILIHKa, BcrpoeHHbIX B

Marpurly rpaQvronoAo6Horo Hkrrpkrp.a yrnepo4a) ocHoBasnufi Ha

[HponHTHrrecKoM pa3nox eHW KoMiloHeHToB v3 rnep4ofi cMecu, rIpH oroM

cocraB 14 nropSoJrorHfl HaHoKoMrIo3I.IToB onpeAer-flrorcfl TeMIIep a:lypoia

cr4HTe3a H MoJI.flpHbIM cocraBoM I4cxoAnofi cMecl4;

3) o6uapy)KeHo, r{To 3KcHToHbr, cBq3aHHbIe c noBepxHocrHblMl4 aKrIelropHbIMH

cocroflHr4flv^r n c$opMnpoBaHHbrx 3oJlb-fenb MeroAoM KpHcraJIJII4rax oKcHAa

uHHKa, onpeAeJrf,ror QoronroMuHecIIeHIIHIo B 6nuxuefi ynbrpa$zolerosofi

o6tactvt, BbrxoA Koropofi pacrer rrpu yMeHbIrIeHVr4 pa3MepoB KpI4craJIJII4roB

3a cqer yBenurr eHLrA orHorrre Hr4fl, nnouaA kr vrx tloBepxHocrn x o6rerr,ry;

4) Bbr.rrBJreHbr MexaHH3Mbr, onpeAen,arcql4e cneKTpalrsufi cocraB

QorolroMHHecrIeHUI,IH HaHoKoMIIo3HToB, BKlIoqarcIUHX KpHcraJInHTbI oKcHAa

kr cyltSra4a TIHHKa B Marpnrle HlaTpvp.a yrnepoAa, B 3aBvrcvMocrl4 or

TeM[eparypbr r4x cLrHTe3a. Srra MexaHH3MbI BKrroqaror: yBenHrIeHI4e IxHpHHbI

3arrpeuesuofi 3oHbr rpa$uronoAo6Horo :atrrpvrp:a yrnepoAa c pocroM
TeMrreparypbr cHHTe3a, yMeHbrIreHI4e ero Maccoeofi KoHUeHTpauHH B cocraRe

HaHOKOMIO3HTHO|O MaTepKana B pe3yIlbTaTe IIOCTeIIeHHOTO TepMHqecKofo



pa3no)Ketnfl,, cB.rr3aHHble c ror{erIHbIMH 4e$exraMr4 vrgnyqareJrbHbre nepexoAbl
B Kpucrarrrvrrax oKcHAa H cynr$u4a III4HT(a;

5) ycraHoBJreHo, qro nyreM BBeAeHHfl B pacrBop rnfl xuMr4qecKoro
rnAporepManbHoro ocaxAeH:afl, upzuecefi r4oHoB repexoAHbrx MeraJrJroB
BO3MOXHO [OnyqeHl4e TOHKI4X nIIeHOK nefHpOBaHHOfO OKCHIa rIr4HKa Ha

3aporlbrrrreBbrx cJlotx co6creeHHoro oKcHAa rIr4HKa, yAenbHoe conporr,rBJreHue
KOTOpbIX CHI{)KeHO HA ABA nOpflAKa IIO CpaBHeHHIO C HeJrefr4pOBaHHbrMr4
rrJreHKaMH oKcHAa IIHHKa u H3MeH.gerc;t rroA AeficrsueM r43nyr{eHufl,
ynbrpaQzoneroBoro 4uanasoHa c Arnuofi BoJrHbr 310 - 400 unr, qro

rlo3BoJr;rer HcrroJrb3oBarb HX B Karlecrne Soror{yBcrBnTeJrbHbrx crpyKTyp;

6) orpeAeJreHbr XI,IM HKO.TCXHOJI O f I,Iq C C KH E YCNOBH'I IIOJIVI{CHT4fl

SoroxaraIrHTHr{ecKHX 14 anru6aKTepuaJlbHbrx HaHoKoM[o3r4THbrx norprrrnfi,
o6tailarcrrlux sa 12 - 16 % noBblruessoit Sororaranvrrtrqecrofi aKruBHocrbro
v 6onee sucorofi uuroroKcutrHocrblo (7 5 - 7 6 %) ro cpaBHeHr,rro c
HeKOMnO3HTHbIMH [OKpbITVrflMLr, nOnyqeHHbIMH B aHanOfHr{HbIX yCIOBI4,[X;

CQoprr,rynnpoBaHHbre rroro)KeHr4fl,) BbIHocHMbre Ha 3arrIHTy, B nolHofi Mepe

orpaxaror crefleHb HayqHofr Hosa3Hbr nonyqeHHbrx pe3ynbraroB.

4. O6ocHoBaHHocrb vr AocroBepHocrb BbrBoAoB vr per(oMeuAarlufi,

c$opuyirHpoBaHHblx B AHccepraIIHH
O6ocnoBaHHocrb vr AocroBepHocrb BbrBoAoB vr ocHoBHbrx rronoxennEt

AI,IcceprarJVLr He BbI3bIBaer couHeuufi, TaK KaK B vrx ocHoBe JIe)Kar

sKcnepHMeHTanbHbre AaHHbIe, noJlyrleHHbre ilpu rroMoIIIZ KoMlneKca

83aHMoAononH,qrouIHX MeroAoB I4ccneAoBaHHq: pacrponofi 3rreKTpoHHofi

MHKpocKorrHH c MHKpoaHaJrH3oM, peHTreHoscKofi 4raQpaxroMerpuu,
creKrpocKonnu rcou6nnarlr4oHHofo pacceflHkrfl cBera, SorosneKTpoHsofi
peHTreHoecrofi cneKTpocKorrkrur v Apyrl4x, c HcrroJIb3oBaHHeM coBpeMeHHoro

BbrcoKororrHoro o6opy4oBaHr4fl. BHsoAbI pr 3aKnroq eHufl, He rrporr4Boperlar

cyuecTByloruHM Hayr{HbrM noJroxeHl4flM H HaxoAflTcfl, B corJIaQI"-{H c pe3ynbraraMH,

ony6rrHKoBaHHbrMr4 paHee B HayqHo-rexHI4rtecxofi nHTeparype. KpoH,re roro,

AOCTOBepHOCTb OCHOBHbTX pe3ynbTaToB Vr BbIBOAOB nOATBep)(AaeTCq r4x

anpo6aquefi Ha Mex(AyHapoAHbrx HayqHbrx xoHSepeHIIH,ax c yqacrueM BeAyIIIHx

yrreHbrx coorBercrByrouero trpo0nnr I4 orpac nv Hayxu. floryrreHHble pe3yJlbrarbl

rpeAcraBrreHbl B aBropcKr4x pa6orax, ony6nuKoBaHHbIX B aBTopIarerHbIX

oreqecrBeHHbrx 14 sapy6exHbrx HayrIHbIX xypHanax, [paKTHKyrouI4x

peqeH3npoBaHl4e pyKonuceit, a raKxe B pa3AeJlax MoHofpa[uu.

5. HayvHan, t lpaKTurrecKaq, 3rcoHoMurrecKaf v coIIHaJIbHaf

3HaqrrMocrb pe3yJrbraroB AHccepraLIrIH c yKa3aHHeM peKoMenAaqufi ro Hx

HCNOJIb3OBAHHTO

Hayvuan 3Haqutvtocmb pa6oru orrpeAenflerct nonyqeHHblMpl HoBbIMI4

3HaHHTMH H yCTaHOBneHHbrMr4 3aKOHOMepHOCTqMH Vr MeXaHH3MaMH npoqeccoB

Sopnrzp oBaHvrfl, HaHoKoMrro3HTHbrx MarepI4aJIoB Ha ocHoBe oKcI4Aa III4HKa,

BKJrroqaroulr4x Apyrne oKcr4AHbIe flonyrrpoBoAHHKH, MeraJIJIbI, nopucrufi

KpeMHHfi, yrlepoA, Hr4Tpr4[ yrnepo Ia kr cynrSzA qHHKa Mero AaMla xLIMHqecKoro

fHApoTepManbHofo, 3neKTpoxI4MlIrIecKofo, 3oJIb-feJlb ocaxAeHr4fl.) a TaKXe

rruponr4THqecKoro pa3no)K eHwfl, c IlocneAyroqefi KoHAeH ca\uefr. 14



KpHCTannH3arl]/-.eir., ycTaHoBJIeHHeM crpyKrypHbrx, Mop0oJIorHqecKHX,

orrrrrqecKr,rx, 3neKTpoSra:HvecKr4x H QoroxaraIrr4TvrtlecKl4x ceoficrn nonyqeHHblx

HaHOKOMTTO3HTHbIX MaTepHaJIOB.

If parcmuqecKafl 3HaLtLtJvtocmb AucceprarJnvt cocrol4T B Bo3MoxHocru

Hcnonb3oBaHr,r.s pazpa1oraHHbrx MeroAoB QopvrvpoBaHH,a HaHoKoMrI03HTHbIX

MarepaarroB Ha ocHoBe oKcr,rAa uHHKa rnfl npon3BoAcrBa ycrpoficrn MI,IKpo-,

HaHo- v o[To3JreKTpoH vKkr, a raK)Ke $oronorlbraur{ecKl4x npu6opon u

$ororararrvrrkrrrecKnx cr{creM , v, B rlacrHocrl{, SorouyBcrBI4TeJIbHbIX crpyKTyp Ha

ocHoBe nefr,rpoBaHHbrx nJreHoK oKcI{Aa uHHKa, AeMOHCTpHpy}OIIIHX BbICOKyTO
r{yBcrBureJrbHocrb 14 6rrcrpo geitcrvue; rroMnHoSopon Ha ocHoBe

HaHOKOM|IO3I4THbIX MaTepI4aJIOB, COCTO,f,IIIHX VI3 KpHCTaJITIHTOB OKCI4Ia UHHKa H

cynrsraAa ur4HKa, BcrpoeHHbrx B Marpuuy rpa$HrorloAo6uoro HHrpI4ra yrnepoAa;

SoroxararrvrrvrrrecKux nolcprrrHfi Ha ocHoBe HaHoKoMrIo3HTHbIX MarepI,IaJIoB

oKcHA t\naxaloKcr4A MeAr4 14 oKcHA guaxalavrop$Hsrfi yrnepoA, ilonyqeHHblx,

COOTBETCTBCHHO. SneKTpoxfiMHrrecKLIM u 3oIlb-fenb MeTonaMI4 v

A e Mo H crp r4pyro tqlrx B br c o Kyro Q oro KaraIIvrrnqe c Kyro aKTH BHo crb .

SrcououuqecKan sHattul4ocmb onpeAe rfl,erer pazpa6orxofr ocHoB v

rrpr4Hrlr4noB pflI.a HH3KOTeMnepaTypHbIX MeroAoB nonyqe}ll/.fl HaHOKOMIIO3HTHbIX

MarepuanoB Ha ocHoBe oKcr4Aa uI4HKa, orrurlarcIquxcfl rlpocrorofr v

H erp e 6 o B areJr b Ho crbro K npo H3 BoAcrBe HHo-TexHI4rI ec Ko My o 6 opy4o B aHI4 ro

Co4uanbHa.fl sHaquMocmb Ar4cceprarJkrvr Bblpaxaercs B coBepIIreHcrBoBaHH,a

rpouecca o6yueuHr no coorBercrByrolrluM npoSunbHbIM HanpaBJIeHHqM vr

cnerluaJrbHocrflM B yrrpexqeHzflx Bblc[Iefo o6pa:oBaHl4fl, o qeM cBuAerenbcrByer

cyulecrByrouee BHeApeHHe B yve6Huff rpoqecc. Kpovre roro, peann3aw4fl'

paspa6oroK rro ' co3AaHr4ro npu6opon QyHxqraoHaltHofi 3neKrp olakrKur,

neper{r4cJreHHbrx Bbrlue, [o3BoJIf,T OpmHI43OBaTb LrX [pOI43BOACTBO kI CO3AaTb

Ao[onHZTeJIbHrre pa6or{I4e Mecra.

6. OnyltuKoBaHHocrb pe3yJrbraroB Arcceprauun B Hayquofr i leqaru

flo pe3ynbraraM pa6omr ony6JIHKoBaHo ABe rJIaBbI B MoHorp aQuu,

24 crarsvt B Hayr{Ho-TexHHqecKHX xypHanax, coorBercrByroull4x rIyHKTy

19 llonoxeHu,s o npHcy)KAeHHH yqeHbrx crerresefi 14 rrpvcBoeHuu yr{eHbIX znauuit.,

u 6 qarbflx n c6opHnKax MarepHaJIoB ronQepenqnfi. O6rqufi o6reu ny6nuxaryuir

no reMe Ar4ccep rarJvru cocraBJlf,er 18,2 aBTopcKI4x Jrvrcra. llprane4eHHble B

AHCCepTat]J4VI pe3ynbTaTbl I4CCneIOBaHkIfl5 BbIBOAbI, rIOnO)KeHHfl, Vr TIyHKTbI

3aKryoq eHVf, AocraroqHo rorrHo orpaxeHbl B lteper{HcileHHbrx ny6nHKaIIHf,x.

7. CoorBercrBHe oQopMJreHI{q AHccepraIIHH rpe6onaHuflM BAK
' 

fucceprarluoHHa.s pa6ora 14 aBrope$epar o$opnuleHbl B coorBercrBvrr c

rpe6on aHr4n;.y1kr I4ucrpyKrIHH BAK Pecny6 Jil4Kr4 Eenapycr ilo o$opvmeHHro

Ar4ccep rarJakr, aBropesepara H ny6nur< a\uit ro reMe Al4ccep raIJkru. Pa6ora

Han1reaHa rroHflTHbrM .rr3bIKoM, xoporuo oSoplaneHa kr HJIJIrocrpHpoBaHa, TeKcr

Jr ef Ko Boc tIpHHHMaeTC,[.

Anrope$epar norrHocrbro coorBercrByer coAepxaHnro AuccepraUzoHuofr

pa6oru, BKJlroqafl,3aKrIoqeHLIe u IIoJIo>KeHr4fl., BbIHocI4MbIe Ha 3allllrry.



8. 3auerraHHq rro AHcceprarIHH

1. B fJIaBe 3 roKa3aHo, rrro ocaxAeHlae rroAcnor (6y$epHoro cnox) ZnO
HaHoMerpoBblx TonIrII4 H MeroAoM ALD rro3BoJrfler 3areM SopurapoBarb
ToJrcrbre cJror4 nerupoBaHHofo H HenerupoBaHHoro ZnO ynyqueHHoro
crpyKTypHoro Kar{ecrBa Ha rlocneAyrcqefi cralwvr xr4MurrecKoro
rzAporepManbHoro oca)KAeHr4fl, (6onee AelxeBoro H TexHoirofzrrHofo nrero4a).
Kax o6cyx4aercfl. n pa6ore, 3ro cBr3aHo c reM, qro 6y$epHbre cJror4yny'+rilaror
ycnoBn-f, 3apoAbrureo6pa3oBaHn.fl 14 oKa3brBaror opaeHTapyroqee Aeficreue Ha
pocr r(pHcraJIJrHToB rlocneAyroulero cJlofl. Moxso [peA[ono)KzTb, r{To vr rtpr4
r4crrorrb3oBaHnra ApyrHX MeroAoB ocaxAeHvrfl, (enerrpoxuMzrrecKoro, 3orrb-reJrb
H Ap.) AlD-uoAcrofr oKa)Ker IIo3HrI4BHyro ponb Ha KarrecrBo cJroeB. Btrecre c
reM, B pa6ore He npHBeAeHbI raKl4e pe3ynbrarbr u (urz) He o6cyx4aercfl,
norreMy 3ror noAXoA He rpnroAeH ilpH BbrpaukrBaHvru cnoeB ZnO rpyrr4lr'r
MeroAaMH.

2. Ha crpaHnrre 1 1 6 yrBep)K 1aercfl,, rlro <flonepxHocrHrrfr clofr o6pa:oBaH
KpHcraJrJrHTaMH pa3MepoM Ao 5-8 HM, p.nfl Koropbrx HaqnHaror AeficreoBarb
eQQexrrr KBaHToBoro orpaHu-teHvrfl,, [pI,IBoA,rrrrIHe K yBenr4qeHuro rxHpHHbI
3arpeuesnofi 3oHbr [3 78], rrro B cBoro oqepeAb Bbr3brBaer yMeHbrxeHl4 e
co6creeunofi KoHueHrparJHH Hocrlrenefi 3apn4a 1379, c. 24]>. lIpH
[paBnnbHocru o6qero BbrBoAa o6 yMeHblxeHvrv KoHrleHTparr4kr HocLITercft
3apflAa v BepHocrz [ocneAyrorrlux nocrpoonuit:ouHofi 4vrarpaMMbr, rrpvrqvry.a
3roro eQSexrayna3aHa HeBepHo. A zueuHo, SopMynbr 5.3 u 5.4 nonyr{eHbl D,ilf l
MaccnBHbrx nonynpoBoAHuKoB c Henpepntsnofi KBaAparz.rHofi 3aBvrcvMocrbro
rrJrorHocru KBaHToBbrx cocrossufi or DHeprHH, TorAa KaK Kpr.rcraJIJIHTbI
HaHOMeTpOBbTX pa3MepoB r4MeroT AHcKpeTHbre SHepfeTr,rqecKHe cneKTpbI.
Bo:naoxHo, yMeHbueHr,re KoHTIeHTpaIIHH HocnTenefr 3apfl,[a cBq3aHo c
yMeHbileHHeM rrJrorHocrn 3Heprerl4qecKnx cocro.f,suit B KBaHToBopa3MepHbIX
3JreMeHTax rtopucroro KpeMHHr (creHrcu nop _ KBaHToBbIe flMbI r4Irkr Hkrrn,
HaHoMerpoBbre KpHcraJrJrI{Tbr Ha [oBepxHocru nop : KBaHToBbIe rouxu).

3, Ha pkrc. 7.I vr 7.2 rpr,rBeAeHbr crreKrpu @I or cJIoeB HeJIerI,IpoBaHHoro ZnO,

ocaxAeHHbrx xI4MHrrecKr,IM fHApOTepManbHbIM MeTOAOM B O.{I4HaKOBbIX

ycnoBuxx (no rpafiuefi rraepe B reKcre H noApl4cyHo.IHofi rIoAnHcH He yKa3aHo

uHoe), oAHaKo creKrpu OI 3aMerHo pa3nuLlarorctr. Ha puc. 7 .l o6cyx4aeriq

frponcxoxAeHue ilr4KoB rrpz 1.91 14 2.I4 38, Ho HHrIefo He roBopnrcfl o

npaKrnqecKu croJrb xe 3aMerHbIX rIHKax rpu -2.55, -2.6, -2.8 14 -2.95 eB.

HenoHgrHo raKxe, rroqeMy 3TH rIHKH He npoflBnqlorc,s Ha puc. 7,2.

4.8 pa6ore AocrarorrHo no4po6Ho onncaHo o6opy4oBaHze l.nfl ocax(AeHr4fl. crloeB

Ha ocHoBe ZnO pa3nr4qHbrMu MeroAaMrI, Anfl vreene4oBaHufl

sneKTpoxnMuqecKr4x H x:aMvrqecKux npoqeccoB. Buecre c reM, He IIpHBeAeHbI

AaHHbre o TorrHocTH ocaxAeHr4fl MaTepHalla IIo TonIIII4He H paBHOMepHOCTH IIO

nnoulaAu. llpu otrkrcanr4r4 HccneAoBarerlbcKl4x MeroAoB B pa3Aenax 2.5 vr 2.6

orreHb uo4po6uo npr4BoA flTcfl. AaHHbIe o6 HX TorrHocrz, pa3pelx eHkrflx)

norpeuHocrqx v r.I. Xorenocr 6u BHAerb raKyro xe zuSopnrallnlo H [nfl



Apyrr,rx MeroAoB B pa3Aerrax 2.I-2.4. AlrrepHarLIBHo, Ha PqAe pHcyHKoB

MoXHo 6uno 6rr yra3aTb AoBepI4TeIIbHbIe HHTepBanbI.

5. flpu o6uleu BbrcoKoM KaqecrBe orrucaHvrs. v npeAcraBJleHH-f, MarepHana B

TeKCTe AHCCeprarLkrvr rrpHcyrcrByror AocaAHbIe HeToqHocrl4, xaprcHHbIe

BblpaxeHl}4.fl, HIrv oileqaTKH :
- (np76opon 6eloro 1r4aila3oHa)) (crp.6), ((rpaHynbl pacrBopsrorcs B

rreperperofi cynepKpnrl4r{ecxofi BoAe) (crp.25 );
- Soptynbl 5.3 u 5.4 sanl4caHbl Q oileqarKaMu;
- Ha pvc. 5.7 xpail soHlr rrpoBoAHMocrLI o6ogHarleH Eco BMecro Ec;

- Ha p".. 8.3 no ocu opAHHar yKa3aH ToK n uA, TorAa KaK B TeKcre - B rr'rxA;

- Ha crp. 167 u I72, a raKxe Ha crp. I73 u I75 rryuBeAeHbl pasnHrrHble pr4cyHKr4,

Ho c oAgHaKosofi HyMeparyuefi., coorBercrBeHHo pl4c . 7 .14 u puc.7 .I9,

Cle4yer orMeTr4Tb, rrro yKa3aHHbIe 3aMeqaH[fl, He 3arparHBaroT cylqecrBa

AHcCepTatp4r4, He nOABepraIOT coMHeHI4IO BbIBOAbI I4 3aIIIHUIaeMbIe noJIoXeHHfl' He

cHHXaroT HayrrHyro 14 npaKTHqecKylo 3HaqHMOCTb AHCCepTA[J]4V, KOrOpyrc

orJruqaror 6olturoe KoJrr,rqecrBo 3KcnepHMeHTaJIbHoro MarepH ara)

opgrgHaJrbHocrb HccneAoBareJrbcKl4x MeroAHK v fny6or<ufi Susraue cxufr. aHarl/'3

pe3ynbraroB.
g. CoorBercrBHe Hayvnofi rcna.nHSr{KarlnH coHcKareJIfl yuenofr

crerleHH, Ha Koropylo oH rlpereHAler

AHarr,rs ilpeAcraBrreHHbrx B Auccepraul4oHuofi pa6ore pe3ynbraroB vr

floroxeuvrit, BbIHocHMbrx Ha 3auIVTy, BbIBoAoB pr peKoMeiHtra\urt, vx HoBI43Ha 14

aKTyanbHoCTb, JIOTI4qHOCTb I{ IIOcneAOBaTeJIbHOcTb I'I3JIOX(eHI4-g, ypOBeHb HayqHO-

TexHHrrecKHX ny6nuraguit, HecoMHeHHo yKa3blBaer Ha ro, r{To gy6eulco E.F.

flBnfl3rcfl, cneur4aJrprcToM Bucoxofi rnanr,rS HxarJvrvr, crloco6srru caMocroflTeJlbHo

Soprr,ryngpoBarb H peruarb Qyu4anaeHTaJrbHble 14 [pI4KnaAHbIe Hayr{Hble 3a\aqv.

f,HCCepraHr B nolHofi Mepe BrraAeer coBpeMeHHbIMH 3KC[epI4MeHTaJIbHbIMH

MeroAaMH BbrpauvBaH;,1^fl. [onynpoBoAHHKOBbIX CrpyKryp, I4ccrIeAoBaHHfl HX

crpyKrypHo-QasoBbrx, orrruqecKux, 3neKrpoSusuuecKl4x kr SoronaralrvrvrqecKl4x

csoficrn. EesycrroBHo, r{ro HayqHas. KBalrvrQraxaqnr rIy6eHKo E.B. coorBercrByer

yueuofi cTeIIeHI4 AoKTopa $usHKo-MaTeMaTLIrIecKHX HayK.

10. 3anJIIoqeHHe
Taxnu o6paaoM, AprccepraquoHHaq pa6ora r{y6eHxo E.E.,,@opMHpoBaHI4e

H CsOfiCTBa HaHOKOMnO3r4THbrX Marepl4arroB Ha ocHoBe oKcHI.A UHHKa)) tBJlqerct

caMocro.f,TerbHo BbrrroJrHessofi 3aBepIxeHsofi rcnanuSHKauHossofi uayuHofi

pa6orofr, Koropaq orBerraer rpe6on aHkrflv^ BAK Eenapyctt, npeAb,flBJL[eMbIM K

Alrccepraur4flM Ha coracKaHr.re yueHofi crerleHl4 AoKTopa HayK B coorBercrBl4H c

floloxeHgeM o npucyl1AeHr4g yrreHbrx crenesefi v npvcBoeHnl4 yrreHblx ssaHurt u

coAep)KHr HoBbre Hayr{Ho o6ocgoBaHHbIe 3KclepHMeHTaJIbHbIe pe3ynbrarl-'I,

coBoKy[HOCTb KOTOpbrx BHOCT4T BKnaA B KOHIIe[TyanbHoe pa3BHTHe BaxHofo

HayqHofo HanpaBJreHufl B o6lacru HaHorexHoJIofHH vr HaHoMarepl'IanoB rnfl

3neKrpoHqKr4 vr SoroHrarn SHsraxn v rexHorlorl4u HaHoKoM[o3I4l]I'loHHbIX

nonylpoBoAHHKoBbrx Marepr4aJroB Ha ocHoBe oKcHAa IIHHKa l.nfl co34AHr4fl'

HHHoBarIHoHHbrx npu6opon SyHxqr,rouanruofi 3neKTpoHI4KH 14 aKTHBHbIX

noxprtrufi.



Anrop AI4cceprallnoHttofi Pa6oru
r{y6enro EsreHLIfi BopncoBnal

3aclyxr4Baer npucy)K [elvrs, yueuofi creneHu AoKTopa Susrar<o-MareMarHrlecKl4x
HayK no cneur4aJrbHocru 05.16.08 HasorexHoJlorl4u kr HaHoMarepHanbl

(rr,1arepuarlbl rnfl 3neKrpoHHKH ra SoroHurH) sa:
-ycraHoBJreHge 3aKoHoMepHocrefi v MexaHI43MoB QoprurupoBaHl4fl HoBbIX

HaHOKOMIIo3HTHrIX MaTepHaJIOB Ha OCHOBO OKCLIAa UI4HKa, B ToM qI4CIe

HHTerpr,rpoBaHHHbrx c oKcr4AaMr4 ApyfHX MOTaJIJIOB, nOpHcrbIM KpeMHHeM,

*nop"gor rIHHKa, anrop$HbrM yrnepoAoM 14 rpa$uronoAo6HblM HHTpHAOM

yfnepoAa
- pa3pa6orxy IIa arofr ocHoBe HHHOBarIproHHbrx rexHororHqecKHx MeroAoB

XHMI4IIECKOIO rHAPOTEPMAIIbHOTO, KATOAHO|O 3IIEKTPOXHMI4I{ECKOfO'

rIHporrLITHrreCKofo vr 3orlb-feJlb oca)KAeHl/Ifl, yKa3aHHbIX HaHOKOMnO3I4THbIX

MaTepHaJIOB, OTIHTIaIOUIUXCfl ynyqUeHHbIMI4 CTpyKTypHbIMH, OTITHT{eCKI4MH 14

3 Jr e KTp o S r,rs n u e c KIIMH x ap aKT epkrcrr4KaMn
- AeMoHcrparlglo nosN,Ioxsocrefi paspa6oTaHHblx MeToAoB rlo

Soprr,gapoBaHgro SorouyBcrBureJrbHblx pe3HcrHBHbIX crpyKryp'

$oio*u ralrvrrvrrecKux noxprrrnfi c [oBbIIueHHofi Ha 16 % aKrHBHocrb]o,

iuru6ar(repgaJrbHbrx noxprrrufi c rroBbllrlensofi Ao 75% e$Sexu{BHocrb}o

rlgroroKcnr{ecKoro 4eficrnur v ApyrHX upu6opon $ynrunoHanluofi

3n e KTpo HvrKvr, Q oro norbrauqe cKHX H rIIoM IaHI4 c IIe HTHIIX npu6 opo n.

IITO flBJLflETEfl KOHIIEITYUUIbHbIM PA3BHTHEM BAXHO|O HAYIIHO|O

HarrpaBrleHg.f, n o6lacrr4 HaHorexHoJIorI4H H HaHoMarepI4aJIoB AJIfl 3rIeKTpoHHKI4 I'I

soronr.rKH 
- sn:uru H TexHoJrorHH HaHoKoMtIo3pIIIHOHHbIX [OnylpoBoAHI'IKOBbIX

MarepgaJroB Ha ocHoBe oKcHAa uuHKa AIrfl co3AaH vfl. vrHHoBaIrI4oHHbIX upu6opon

Sy uxqr,ro H aJI bH ofi enbxTpo HHK kI vI aKTHBHbIX uorpurnfi .

O$uuualssuft orrloHeHr,

yHHBepcI4Tera,

HayK, AOUeHT f afiayx
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npo$eccop raSe4Pu Qusu'recrofi
3neKTpoHHKH I4 HaHorexHoJlorPrfi

EeropyccKoro rocyAapcrBeHHoro
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