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o+llqua,'rl,Horo onrroHeHTa Ha AucceprauuoHHyrc pa6ory 3axapona Ilan,ra Cepreenuva
<3{{enr o6paruMoro fiepexrroqeHne l,rerrpu vecrcoii [poBoArrMocru B ToHKHx rureHxax

HecrexuoMerpHqecKoro oKcr{Aa KpeMHIrq)), IIpeAcraBJreHHym Ha coucKaHue yqeHoii

crefieHrf KaHAuAara t[lr:uxo-vrarerraruqecKux HayK rro cflerluaJrr,Hocrrr 05.27.01 -
TBepaoTelbHas fJreKTpoHrrKa, paArro3JIeKTpoHHr,re KOMII0HeHTBI, MrrKpo- v
HaH03,'reKTpoHrrxa, rp116oprr Ha KBaHToBr,rx rr[{exrax.

!uccepraquonnaa pa6ora nocBrlueHa reoperurrecKoMy u sKc[epuMeHTaJrr,HoMy

lrccneAoBaHr.rrc 3QOeKTa o6paTriMoro r.r3MeHeHur 3neKTpr.rqecKoft npoBoAr4Moclr B roHKt4x

rl,leHKaX HeCTeXr{OMeTprrqecKoro oKcrrAa KpeMHrrr (sio-) u BKJr}oqaeT TeopeTvrrecKoe r.r3yrreHr.{e

Ar{HaMr4KH Sa:orux nepecrpoex e SiO* u 3KcnepuMeHTanr,Hble LIccJIeaoBaHI-Ie recroBblx

crpyxryp. Anrya.nsuocrr reMbr ar.rccepraulll4 nolrBep)r(aaercn neo6xogr.rMocrr,Io co3AaHu.s

Hogoil voae,rrl o6parulroro nepeKnroqeHr4.s npoBoArrMocrr.r B Oa3e SiO*, aaeKsarHo

onltcbrBarorqeii 3Tor rrpoqecc flpLI rpKo Bbrpar{eHHoM HeIi3orepMHqecKoM Bo3.qeficrBltlr,

yrll.ITbrBaroqeM He roJIbKo efo aJtr'rrenbHocrb rr ypoBeHb, Ho TaKxe cKopocTb Ha cTa4rlu

ox,1axneHu.r, cne.{y}oqyrc 3a KpyTr43Hoil :agnero spoHra 3neKTpHqecKoro r-rMnynbca

Ilepe3anr{cr4. Kpoue roro, Ba}r(Hocr6 pa6orbl onpeaer.rrerct ee nepcneKTr.rBaMH B o6nacru

3H€proHe3aBr.rcuMoi;i pe3r{cruBHofi nausru (ReRAM).

B Auccepraqr.rl 3axapona lI.C. npegcraueHbl KoMrI.rreKcHr,Ie uccne.qoBaHu.r oQQerra

o6paruuoro flepexrlor{eHrls npoBoaltMocrr{, on[paToq[ecs KaK Ha pa3BrrBaeltyrc n pa6ore

Teoplrlo, TaK u Ha 3KcnepLIMeHT. clegyer oTMgTI.rTI" .ITO, XOTS Lr B pa3Hoil CTenerfi, npOBeAeH

asanu: o6oux !r3 rr3BecrH6x Ha cefo.qHq BapuaHToB cfopvltponauu.r $a:lt SiO, B aKTHBHoM

c:roe ReRAM-crpyxryp: HcxoaHblM co3aaHueM raxoii tfa:rt n PECVD-npoltecce unu

r.rHlyrrupoBaHHoro raK nagttsael'toil 3nexrpo$opMoBl(oii, r.e. npeABaplirenbublM

3neKTpr.{qecKr{M eogaeiicreHeN,r na Siou e BaKyyMe.

Co4eprxauue Allccepralll{oHnoti pa6oru cocrollT I{3 qerblpex r,rat, e nepnofi ul

KOTOpbIX npfiBo-lnTct loBonbHo no,rHrti:i aua-nutugecrHLi o6:op pe:y,rsrafoB tlcc,le.doBaH ii.

npeAuecrByroulr{x Ar.Icceprallur. O6sop nxlrouaer aHaJII.I3 cyluecrBy}otqux MoAeneii, xoropble,

KaK oTMerlaer aBTop, oKa3HBaIoTct HecocTotTeJrbHblMu npu noflLITKe o66scH[rs c eAlzHhrx

no:auuii Bclo coBoKynHocrb 3KoIIepr.rMenra,tlgo na6lroAaeMblx 3aKoHoMepnocreii, cB.g3aHHbIx

c flepeKnroqeHlreM npoBoaLiMocrl4 siox.

Bropar uana flocB-t IeHa reoperfiqecxoMy I4cc:reaoBaH{lo :QQexra flepeKnloqeHl'{q, B

roM qr.rc;re paspa6o'rxe optlrunanruoil raoge;rlr rlaroestx nepecrpoeK e SiO^, IaHAyuupoBaHHoM

:lexrporfopvoexoii. B pavxax pa:pa6oraHH[,rX MoAeJrbHbrx rtpeAcraBneHuii LI3MeHeHLIe

rrpoBoAuMocrr.l aKTr4BHoro cloa (SiO*) o6yclOnleuo :so11loq[eit c]IcTeMbI KpeMHueBbIx



KnacTepoB, B3ar4MoAeiicTBylorqux c MHofoKoMnoHeHTHbrM nepecLIUIeHHLIM TBepAbIM

pacrBopoM noABr4xHbrx rorreqHblx ae0eKroB B Marpuqe si02.

B rperleil rnaBe nprrBoallTct no4po6noe onrrcaHl'Ie KoHcrpyKTI'IBHr'IX ll

TexHonofuqecKl{x nprzHIIIrrIoB u3|OTOBreHuq TeCTOBbIX CTpyKTyp, a raKxe MeroaoB Hx

14CClre.[OBaH14[.

qereepra.a |naBa nocBqrqeHa 3KcnepuMeHTarrbHoMy rrccneAoBaHllrc li3foroBjreHHbrx

recroBbrx crpyKTyp. flpegcranleuur'te pe3ynbrarbl no.4TBepnqalor aaeKBarHocrb

pa:pa6orannr,tx MoAenbHrIX npe4crae,reHril, I{3noxeHHbIX eo 2-fi rraee.

.{uccepraqul 3axapona f].C. or,ruqaerct BbIcoKrrM ypoBHeM uonu:usI. Cpegu

aocrurHyrr,rx pe3yn6TaroB cne,qyer orMerI-ITb $enoueno-noru'recKylo MoAenb rpasonrx

nepecrpoex g SiO*, aaexearHocrs Koropofr [oATBep)I(AeHa KoJIv qecrBeHHbrMH pacr{eraMrr,

yAOBneTBOpI4TenbHo COBIIaAaIO II.IMI{ C 3KCnepI{MeHToM. B Or:rfi'lqe OT I43BSCTH6IX II3

nxreparypbr Mo.qeneii, pa:pa6orannue npe,qcraBreHHq BnepBbre IIo3BolrI4JIrr npeAcKa3arb

cocrotHl.ie anenrpuvecroii npoBoAHMocrLI aKTrrBHofo cJlot B 3aBI4cI4MocrIl or aMnnI4TyAr'I r{

Kpyrr.r3Hbr 3aaHero SpoHra nos.qeilcrByroqero 3neKrpuqecKoro uMnynbca, qero paHr'ue

.qocrlrrHyrb He yaaBa;rocb. I4s sceii reoperuuecroi vacrn pa6oru cneayer o4tru eaxur,Ifi rlarr:

rf r.r:uxa uslreueHr.rt [poBoaIIMocrI'I B [JreHKax c Sa:ofi SiO, orlru']aercr or o6paraivroro

nepeKnror{eHu.s 3neKTponpoBoAHocTr-I B 3Har{UTeJILHO Jlyqlxe U3yqeHHhIX rrJreHKaX OKCrI.4OB

nepexoAHbrx MeTaJr.rroB. flo perylsraralu onnoulrpyeuoi pa6orr't e SiO* npoqeccrr $asonslx

nepecrpoeK no 6orlureii uacru o6ycloeleslt o6ler'rnsrMl{ npoueccaMlr, a He croKoM Il

reuepaullei Kr.rcnopoAHblx BaKaHcui Ha rpaHI4IIaX pa3Aena aKruBHoro cnoq c 3neKTpOAaMI'I

eMKOCTHOpO 3JreMeHTa XpaHeHu.g. K cOXalenUrO, aBTOp He yKa3bIBaeT 11p.sMO Ha 3TOT

o6o6rqatoqr.rii efo uccneAoBaHHq pe3ylbrar urz n anropesepaTe, Ha B reKcTe Auccepralllrl4.

vpaeHenu.r ggalIraoaeficrefi.{ MHOTOKOMTTOHeHTHOfO paCTBOpa noABrrxGbtx ToqeqHbIX

gesenron c HaHoKpr.rcra,{Jrr.iraurz (e repM!rHonof}lu aBTopa - c r,racrepauu) KpeMHr'rq B MaTpliqe

SiO, aAeKsarHlr npe,4craBjreHHoi $euor,reuororlrr4 flpoqecca. Pesylrraut KoJII{qecrBeHHoro

MarrruHHofo pacqera BcrrJrecxa reMrreparypbr B o6.nacrr.r tfuralrenra npeacraBrqrorcq 6lu:nuva

K I-ICTI.IHg,

qto xacaercq 3KcnepllMeHTarlhHoi .IacT[, TO 3AeCb CneIyeT BbIAeJII.ITb Cneaylouue

HoBbre pe3yJrbrarbr: oueHKa cBepxy Ans BeJIIrquHbr AuaMerpa $tl,raluenra. yKa3blBarorla.g Ha

BO3MO)I(HOCTb CO3AaHIif, BbICOKOIIJIOTHLIX MaCCI4BOB SneMeHTOB XpaHeHUt, a TaK)xe oII9HKa

cBepxy Anr yAenbHoro 3neKTprrqecKoro conporlrBneHllt $zlaueura. flptt ue'rarelsno, rITo 9Ta

eenu,{uua 6oree qelr sa 6 floprAKoB Hr4xe 3Haqetrrl{ anq 066eMHofo co6crBeHHoro KpeMHIrs.

flpanruuecrtal rroJIe3HOCTr, rIOJIyr{eHHbIX pe3ynLTaTOB He BbI3bIBaeT COMHeHL{q U

o6yc,roueua aKrya;rbHocTbro pa:pa6orxlr 3HepfoHe3aBr.ronroii naltsru ReRAM, relr 6onee,



r{ro B paMKax aucceprarllroHHofi pa6oTLr fipeanoxeH opurr.iHanbHbrri 3JreMeHr xpaHeHr4.s,

3aull4uleHHblt naTeHTOM aBTOpa C COaBTOpaMrr.

[ocronepuocrr u o6ocHosaHHocrb ocHoBHbrx pe3ynr,TaroB axcceprarluoHHoii pa6oru

o6yc.iloueua KoMrrJreKcHrIM [o,4xoAoM B LIccJIeAoBaHI.tr4 oQQexra fiepeKnrorreHus

rrpoBoArrMocrrr SiO*. Kporrle roro, B rIacrLI paspa6ortclr Senouenoronruecxofi u

KOIUqeCTBeHHOI4 MOA9JIII CneAyeT OTMeTIITE, COB[aAeHUe MO,4eJI6HbIX [pO|HO3OB C

3KCnepLIMeHTa,'IbHF,IN,II4 AaHHbrMH, nOnyrreHHbIMI4 KaK aBTOpOM JIIITIHO, TaK H Apyrl-iMr-i

uccneAoBarerqMu. 9ro Kacaercq pe3yn[,TaroB 3KcneplrMeHTansnofi pa6oru, To 3aecb

aocroBepHocrb u o6ocnoeaHHoctb o6ecne.rr4naetcq licnoJIb3oBaHIleM coBpeMeHHofo

N4 erponofH qec Kofo u rex H ororl..r trec roro o6opy.aonauu.r.

K coNaaenuro, AacceprarluoHHar pa6ora 3axapoea fl.C. se ,rr4rrreua HeAocrarKoB,

KOTOpbre, oaHaKo, He CHIIXaIOT IIeHHOCTII nOnyqeHHblx pe3ynbraroB:

L 3ueprua cB.rr3l.l qacr[rl B KJracrepe Eb tBntercs $ynxqueii ero paAr.iyca. B uogenr,nsrx

x(e pacqerax (crp. 68) anrop 6ea o6r,;rcHeul4s npliHIrMaer 3Ty BenurruHy roncranroil.

2. B 3-it rnane (crp. 87) ronoplrrcr o roM, rrro 6lrrtr.r nsrorosreHbr recroBrre crpyKrypr,r

Ha ocHoBe ucxoaHo Hecrexr.{oMerpv qecr<ofi Sio*-ronxoii n:renxu c orrprnofi ToprleBoi

noBepxHocrtlo u 6e: nee. OAnaxo e 4-fi rirase orcyrcrByer cpaBHeHue 3neKTpuqecxnx

xapaKrepxcTr.rK 3Trrx TecroBbrx cTpyKTyp.

3. Kax yNe orMerranocb BbIIxe, aBTop sBHo He yKa3T'IBaer Ha o6r'eMubrii xapaKTep

npoUeccoB, npoTeKalorqux e SiOrQa:e.

He cuorpr Ha yKa3aHH6Ie HeAocrarKI'I, a ccepra\aA 3axapona II.C. <3S$err

o6paruuoro flepeKrlorreHr4rr :;rerrpuuecroii rpoBoarrMocrl'r B ToHKI{x rIJIeHKax

Hecrexr.roMerplrqecKoro oKcLI.qa KpeMHu.t) flBItg.erer. :aoepureHuofi nayvuo-rna,'ruSuxaqnouHofi

pa6orofi. esrnorHeHHoii Ha BblcoKoM HayeHoM ypoaHe- o6:raaaroruat HecoMHeHHoii HoerrHofi tJ

nparruvecxoii flore3Hocrr,Io nonyqeHHhIX pe3ynbraroB. OHa coqepNzr peIxeHI'Ie axrya,uuoti

nayvriofi :a4auu, Sopl'aapyrorqefi ouroay An.{ pa3pa6orKn IrepcneKrrrBHblx ycrpoiicrn MrrKpo- u

HaHo3JIeKTpoHnKLI MI.{KpocxeM 3HeproHe3aBucttuofi pe:ucraenofi nalt.gru. fiucceplagul

o6ranaer BHyrpeHHI4M eaI.{HcrBoM, Ha[I'IcaHa rpaMorHo rr aoxoaql4Bo. Kpoue roro, a uefi

co.{epr(arc.[ HoBble I4 [paKTLIqecKH 3HaquMble [oror(eHl4{. alpo6nponauHste ua

MHof oLILIcJreHHbrx HayqHbrx xou$epenqurx. OcHoeHrre pe3ynr,Tarbl uccneAoBaHI'Iq aocrarorlgo

noJrHo r.r3JrolKeHr,I B ceMI{ CTaTr,f,X, TpI4 I{3 KOTOpsIX Ony6:rUXOnaUU B peIIeH3IZpyeMbIX HayrlHblx

r.r3AaHrrrx, BXoAtxIIIX B neperleHr, BAK, AnropeQepar aAeKBarHo oIII'IcLBaer coaepxaHlre

nr4cceprarrlloHHoil pa6orlt.

,{ucceprauul 3axapona flasra Cepreenuva fionHocrl,Io yAoBnerBop.qer BceM

rpe6onaHurv <flo,torxenu.l o 11opsAtte np]icy]KAeHI'It yqeHbIX crerleHeii) BAK, yrBepxAeHHoro



nocraHoBJreHr.{eM paer.rrerscrna Poccr.ificroft (DeAeparluu or 24.09.2013 r. Ns 842,

[peabsBnreMLlM K alzccepTaq[4gM Ha coficKaHl{e yvenoft creneuz KiIHAIr,4aTa HayK, a ee aBTop

3ac1ryxrzBaer npr4cyxAeHar racrol,rofi yueuoii crenenu KaHAvAara Sn:rlro-InrarerraarllqecKux

HayK no cneqrraJlbHocrrr 05.27 -01 - TBepAorenbHas 3neKTpoHuKa, paArro3neKTpoHHbre

KoMrroHeHTbr, Mr-I(po- I4 HaHo3neKTpoHllr<a, npz6oplr I{a KBaHToBLIx :$Serrax.

O$uquaruuuii onIIoHeHr:

gaseAyrorqufi ra$e4poft $zruru nolynpoBoAHI4KoB I'{ oflTo3iIeKTpoHI'IKI'I

OfAOy BO <Haqsona,rrnnfi ucc:reAosarem'crr'rfi HraNeropo4cxzfi

rocyaapcrBeHHblfi ynueepcrlrer urra. H.I'1. Jlo6auencrono>,

a.<b.-u.lr., 0 1 .04.07 - Susura xongeucl.IpoBal{Horo cocrotHus,

nporfeccop flAB JIOB lr'tnrpuit A,r e rceesuq

12 muapr 2017 r. (pavlov@unn.ru; +7 905 66'1 2218)

Aapec: 603950, Poccux, r. H. Honropog, np. farapuna, 23, HHfy

brri ceKperapb,LlHry
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