
OT3bIB
Hayq Hofo KoHcyJr bTaHTa

rro Aucceprarlura ConoBbdBa fpocnasa AreKcaHApoBI4qa

<(Dopvrr4poBaHue MeroAoM 6ucrpofi repvroo6pa6orKu 6aprepHblx crloeB !^nfl
KpeMHHeBbrx Ar{oAoB fllorrru c ynyqlueHHofi eHepros$QeKrplBHocrbro))

Ha cor4cKaHr4e yueHofi crerreHl4 AoKTopa rexHlrrrecKl4x HayK

no cneur4aJrbHocru 05 .27.01 - rnepAorenbHafl eneKrpoHuKa, paAI4oGneKrpoHHbIe

KoMnoHeHTbr, MHKpo- H HaHooneKTpoHr4na, npz6opbl Ha KBaHToBbIX e$tper<rax

HayuHaq oqeHKa AHccepraIIHrI

Pa^:pa6orKa npn6opon curosofi u CBq oneKrpoHLIKIa orHocl4rcfl K

saxHefirrruM TexHHrrecKHM 3aAarraM coBpeMensofi MI4KpogneKTpoHI4KI4 B KoHTeKcre

vrx rrpr4MeH eHwfl. B ycrpoficrBax yrrpaBnelnlafl, MoITIHIIM npoMbIIrIJIeHHbIM

o6opygoBaHneM, B aBToMo6umuoit u wautuHocrpol4TeJlbnofi orpacnflx) B cl4creMax

ynpaBneHzfl, r431envflMtt cnerlr4anbHoro Ha3Har{eHVs, H ycrpoficrsax CBH rexHHKH.

MHoroqgcJreHHbre HccneAoBaHr4fl IIoKa3bIBaIor, qro cxeMbl c 1vrol.aMr4 L[Iorrxn

rBrqrcTcs nau6onee rroAXoAf,rrII,IMH p^Irfl TaKI,IX rrpuMeHeunit, [ocKoJIbKy Hapfltr.v ':

uoAXoA.rruILrMr4 npra6opHbrMn xapaKTepucrvKaMn, caM rlpouecc r4x rIpoI43BoAcTB jt

orJrr,rqaerct orHoclarelruofi npocrotofi, TexHoJIorHrIHocrbIo 14 cpatsHl4relrHofi

.tletrleBHsHofi.

foxrop cKafl, Ar4cceprarJkrfl, rrocBflIrleHa I4ccneAoBaHrlro npoqeccoB 6rtcrporo

repMlrqecKoro SopnrupoBaHr4r psg:a KoHraKruo-6apbepHblx crpyKryp (cwnwlwg

MeraJrrra)/Si-noA:IoNxa, Koropbre flBn;rrorc,s ocHoeofi Anfl ALIoAoB lllorrxu.

Paspa6oraHa Srasnro-MareMarurrecKa.rr MoAeJIb HarpeBa KpeMHHetsbIX TIJIaCTIIH npI'I

6ucrpofi repMkrrrecrofi o6pa6orre crpyKryp MeTaJlJl/xpenmnfi c

cr4JrbHoneruponassofi o6parnofi cropoHbl. VcraHoBJreHbI HoBbIe kr rIpaKrHqecKII

Ba)r(Hbre 3aKoHoMepHocrn Sopnaup oBaHlz'fl. curnvrlkrAoB KaK B cnyqae oAHHapHbJ x

MeranJron (Ni, Cr, Pt), TaK 14 6oree cJIoxHbIX MeraJIJIHrrecKHX cilJraBoB.

. HayvHyro 3Harrr4Mocrb r4Meror raruKe ycraHoBJIeHHbIe R3aHMocBfl3l4

oneKrposzsravecKr{x u npu6opHbrx xapaKreplacrvK KoHraxrHo-6apbepHblx crpyKry")

c grreMeHTHbrM cocraBoM crpyKTyp kr vrx crpyKTypHo-Sa:oBbIMH cocro.rHkrfl}/rr4, r{To

no3BoJrprJro pazpa6orarb ruauefiry HoBbIX AI4oAoB lllorrrcu, xapaKTepla3ylolrlHxcfi

ynyqueHHofi oHeproe$$eruHBHocrblo. Pesyrrrarbl I4ccne.uonauufr 14

paspa6oraHHbre rexrrpoqeccbr H3roroB IreHr4fl, KoHTaKTHbIX 6aprepoB 3aIIareHToBaFIbI

(18 uarenron) 14 BHeApeHbr n cepufiHoe rpor43BoAcrBo c gKoHoMl4qecF;rartr srp$eKroM.

Teuaruxa uccneAosaHxft coorBercrByer llepevHro npuopHrerHblx

HalpaBtep1uit HayqHoit, uayuHo-TexHr,rqecKoirt u I4HHoBaIIHoHHofi Dest9rlbHocrH H1

202I - 2025 rr., orpeAeJreHHbrx Yrasonr llpean4eHra Pecny6lu4Kvr Eenapycl" or

07.05 .2020. }.lb 156.
Bce TIoJIO)KeHr4fl,, BbIHOCHMbIe Ha 3aIrII4Ty, f,BrqroTcfl HoBbIMH HayqHbIMr'{

KaqecrBeHHo o6ocsoBaHHbrMr4 pe3ynbraraMll. BlteoArI v peKoMeHralryrkL

c$opvryngpoBaHHbre B .qrdcceprarJvrr4 o6ocuoBaHbl 14 AocroBepHbl. Pe:ylilarbl



AHcceprarvrv ony6nzKoBaHbr kr allpo6zpoBaHbr B o6reue, ilpeBbruarculer,,I
rpe6onaHvrn BAK.

XaparcrepucruKa uayuuofi, HayqHo-rreAaror[qecrcofi v rpou3BoAcrBeuHofi
t rEf  TEJI b HOCTH COI{CKATETq

Conosree -f,pocnan ArexcaHApoBurr pa6oraer B OAO (I4HTE|PAI)-
yrlpaBnflrolqat KoMraHI4,a xonAl4Hra (I4HTE|PAI). Ha yKa3aHHoM npeAilpr4flrrr.4
IIpoIIIen IIyTb oT HH)KeHepa Ao HarIaIbHHKa-HayrrHo-TexHr4r{ecKofo rIeHTpel-

3aBeAyroqero na6oparopuefi, pa6oran nHlreHepoM-oneKTpoHprKoM, Hi{)r(eHepoM
rexHoJloroM, HHII(eHepoM TexHoJIoroM III-fi, II-fi il I-fi xareropzfi, BeAyrrIHI'r
I4HXeHepoM TexHoJIoroM, HarIanbHI,IKoM TexHonofurrecxofi na6oparopkrvr orAena
fJIaBHOfO TeXHOJIO|a, 3aHI4Man OTBeTCTBeHHbIe AODKHOCTI4 rrepBofo 3aMeCTIdTeII.fl,

IJIaBHOfO TeXHOJIO|a, IJIaBHO|O TeXHOJIO|a, tnaBHOfO HH)KeHepa, 3aMeCTkrreIrfl,

Al4peKropa rro rexHuqecKr4M BorrpocaM Qunuana <TpaH3ncrop). C 2007 r. pa6oraer
ilo coBMecrHTeJIbcrBy AoIIeHToM xaSe4prr 3neKTpoHsofi TexHHKH v rexHoJr orvrr4
yrlpexA eHLrfl, o6pasoBaHufl, Eenopycucufi rocyAapcrseHHbrfi 'yuunepcurer

uHQopnnurHKH 14 paAl4ogneKTpoHvrKvr, rAe [penoAaer Ar4crlunr{,{Hbr, cBfl3aHHbre 2
rexHonoruefi z o6opyAoBaHI4eM Anfl npon3BoAcrBa rronyilpoBoAHnKoBbrx npn6oporr
H CEI,IC. llol ero coBMecrHbIM HayrrHbIM pyKoBoAcrBoM B 2016 r: 3auuruJ-icrr
KaHAHAaT TeXHI,IqeCKHX HayK. :.

fraccepralll4oHHble HccneAoBaHHt BbITIoJIH flnr4e:l B paMKax focylapcrBeHHbrx
HayqHbrx nporpaMM, yrBep)KAeHHbIX rrocraHoBJreHz flv'r4 Coeera MnuncrpoB
Pecny6nkrKtr Eerapycr, BKrroqa.f, flIHI,I <<SrexrpoHuKa kr SoroHzKa), (cporc
peaJrr,r3agr4z}Ll4015 rr.), flIHI4 <<@oroHr4Ka,orro- H MrrKpooJTeKrpoHr4Ka>, (cpox
peanr.r3 arJvrvr 2016-2020 rr.), |HTII <MIExpooJreKrpoHHKa> (cpox peanu3 ar\r4w 2016-
2020 rn), rAe coucKareJlb pyKoBoAI4n vr flBJrfl;rcfl orBercrBeHHbrM r4cnoJrHr4reirer\,d
sa1auvfi,. Kpovre rorb, cozcKareJlb flBJrflIrcfl, pyKoBoAr4TeneM v orBercrBeHHbli{
HcrroJrHr4reJreM 3a1aHvrfi no IJJ/.P rHVIOKP s paMKax focyaapcrBeHnofr nporpaMrv{ur
<HayroeMKr4e rexHoJrorvru r4 rexHvKa (cpor peanu3arJr4r4 2021-2025 rr.), HayqHo-
Texnrrqecxofi rporpaMMhr CorosHoro rocyAapcrBa <Paspa6orra nepcreKrkrBHbr i
6asobux rexHororr4rrecKlrx npoqeccoB rIoJIyrreHI4rI Sy"*qr4oH€urbHbrx MarepI4aJIoB,
crpyKryp, KonanoHeHroB H MoAyrcit g.nfl BbIcoKoeSSerrHBHbrx H3rennfi $oroHHKr4 B
CorosnoM rocyAapcrBe) cpoKu peanl43aIJr4vr 2023-2026 rn), a raKxe pnila HVIP u
HI4OKP reMarr,rqecKoro rrnaHa OAO (I4HTEfPAI)-yrpaBn.srcuIan KoMraHHn
xonnzHra <<WITE|PAI).
' Pe3ynbrarr4BHocrb rBoprrecxofi pa6oru rpof,BrrJracb B pazpa6orKe
TexHoJlorufi H nocraHoBKe Ha cepufiuoe [pol{3Bo.qcrBo rrrzpoKofi rauubl H3Ae rkr'4
culonofi gneKTpoHr,rKH ilnfl npeo6pa3oBarerefi gneKTpr4.recxofi 3Heprr4I,I 14 l4t,l
y[paBn eHnfl, rrHraHHeM (nxlrouax AHoAbI TTlorrrrz, 6unotspHble rpaH3l4cropbl,

SunotspHbre rpaH3r4cropbr c H3onI4poBaHHbIM 3arBopoM, AMOII-rpaH3I4cropb;',
rrperln3lroHHbre r4cror{HnKvr onopHoro Hanp,a)KeHnfl, cra6nnl43aropbl Harrpflxennfl,

IIII4M-KoHrponnepbr H Ap.), a raKxe I4C quSponux AarrII4KoB H3Mepzrelefi

re M ri ep aryp br, H3 ror aBJI H Bae M rrx OAO ( I4HTE| PAJI) .



3a MHoroJrerHroro [noAorBopHylo npol43BoAcrBeHHyro v HayrrHo-
rreAarorr,rqecKyro AeflTeJrbHocrr Corosren fl*A. Hafpa)KAeH norrerHblMl4 fpaMoraMvl
OAO (I4HTE|PAI), locyAapcrBeHHoro KoMr4rera ro HayKe H rexHororn.sM PE, yO

<Eelopyccxnfi rocyAapcrseHHrtfi yHI4BepcI,Irer raH$oprvr arHKLr I{

paAuo3neKrpoHuKr4)), flBrrflerefl, naypearoM npeuufr MnsucrepcrBa

rrpoMbrrxJreHHocru PE s o6racru HayKvrurexHHKH 2a2009,2010,2011,2013 ra 202,)

ft

Bcs [poH3BoAcrBeHHas., HayrIH€Lq 14 neAaforl4rrecKafl Ae.flTenbHocrb
Coroerdsa fl,.A. cBuAerenbcrByer o efo coorBercrBvrr4 xnann$r4Kar1r4tr creneHu

AOKTOpa TeXHHrrecKHX HayK.

Cqnraro, rrro Ar4cc eprarluo H Hafl, pa6 or a < @opvrllpo BaHIae MeroAou 6u crp olZ

repMoo6pa6orrn 6aprepHbrx cnoeB Ant KpeMHrIeBbIX AkI oAoB lllormu ]

ynyquenuofi oHeproeSseru4BHocrbro)) coorBercrByer rpe6onaHI.If,M BAK,

rrpeAbflBJueMbrM K AHccepraIII4tM Ha col4 cKaHHe yueHofi crerleHl{ AoKropa

rexHr4rrecKux HayK (nn. 20-26 llonoxeHvrfl o npncyiKAeHvrw yqeHbIX creneuefi 'I

rrpncBo eHkrtr yqeHbrx zsatruir e Pecny6lraxe Eenapycb). YqzrutBa.x 3HaqurenbHylo

HayqHylo HoBH3Hy H [paKTr4rrecKyro 3HarluMocrb Arlcceprar\r4vr, ee aBTop, Colosrds

flpoclae AlexcaHApoBr4rr, 3acny)Kl{Baer [pzcBo eHlafl y.renofi crel]eHl4 AoKTopa

TexHHqecKHX HayK tro cnerlnaJrbHocrl4 05.27 .01 rBepAoreJlbHat 3neKrpoHl4Ka,

paAnogneKTpoHHbre KoMrroHeHTbr, MI4Kpo- 14 HaHo3JIeKTpoHvrKa, npu6opn Ha

KBaHToBbIX e$Serrax.

Vuenyro creneHb AoKTopa rexHlrqecKux HayK cotlcKareillo

Co4losrdey t[.4. [peAJraraercfl rrpncyAuTb 3a pa3BI,ITlIe aKTy€tlbHoro HayrlHori)

HanpaBneHHfl - Mr4KpO3JreKTpOHr4Ka H nonyrleHl4e npHHIIHIII4aJIbHO HOBbIX HayqHbIX

pe3ynbTaTOB, COBOKyIIHOCTb KOTOpbIX flBJIfleTCfl KOHIlenTyanbHblM pa3BplTldat:,r

HarrpaBJreHr4fl SoroHnbre rexHoJlorlatr [nfl, co3.qaHl4fl MI4KpooneKTpoHHbIX crpyKrYP,

BKJrrOqarcIqHX:
- pa3pa6oraHHyro $usuro-MareMarrlqecKylo MoAeJIb HarpeBa HeKorepeHrHbIM

cBereM c o6paruofi cropoHbr BbIcoKonerI{poBaHHbIX KpeMHHeBbIX rIJIacrI'IH,

rro3BoJrflrorIyrc ilporHo3r4poBarb c orKJIoHeHHeM MeHee 2,5 o/o ux HarpeB Ao 960'C

np1a r43MeHe Hr4kr MorrlHocrz IrIK JraMrr vr yrpaBnsrb npoqeccoM vrx 6srcrpoia

repMoo6pa6orru,r;
- ycraHoBJreHHbre 3aKoHoMepHocrra crpyKrypno-SasoBblx v sneKrpoQzanuecKl4x

u3MeHeHuit. s oAraHapHbrx cllcreMax CrlSi u Ni/Si upu 6ucrpou (- 7 c) HarpeB,p

cBeroBbrMu HMrrynbcaM:z B cpeae Ni Ao reMlleparyp or 400 Ao 500oC, Koropble

rrpr4BoArr K QopuupoBaHuro Ar4oAHbrx crpyKryp [LIorrKI4 c yBenvqesuofr Y 1,4 pa3a

rrJrorHocrbro rpqMoro roKa (cucrevra CrlSi) vr yMeHbIrreHHbIM npflMbIM

Hanp,rr)KeHHeM (cucreva Ni/Si), qro o6ycnoBJleHo SopvrupoBaHueM crpyKrypHo

oAHopoAHbrx n rnaAKHX rpaHlrrl pa3Aena CrSiz/Si ra NiSi/Si c HI43Ko:ft nlorFlocrbro

4e$erroB r4 Bbrcorofi,6apsepa IlIomKI4 coorBercrBeHHo 0,61 B u 0,63 B.



- o6napyxeHHyro nocneAoBareJrbHocrb rBepAo$asHrx pearcqrafi B cMerxaHuoli
cucreMe Ni-Pt-V/Si rrpr4 ee HarpeBe Ao reMneparypbr 450 - 500'C o6nyveHkreM
cBeToBbIMH I{MrIynbCAMr4 CO CTOpOHbI KpeMHVr, KOTOpar no3Boirf,eT flonyrraTb
KoH'raKrHo-6apbepHbIe crpyKrypbl lllorrru c pacrxr4peHHbrM reMrreparypHbrM

4r4ailasoHoM 3KcnnyaralJvrkr 3a crler QopnaupoBanvrfl cJroeB MoHocHntrrJkr1a HHKeJrr,
coAepxaul4x aroMbl Pt e 3apoAhlluax Sasu cvrnwrJwAa HprKeJrr Ha pa.HHHX erarkrflx

SopunpoBaHl,Ifl I,I c nocneAyrcrqefi cerperallueit cutwlrlAa rr.rraruHbr Ha vrex$a3Hvro
rpaHHIIy pa3AeJIa, rlro rIpI{BoAr4r K o6pasoBaHr,rro 6aprepos [LIorrKH c Bbrcoroir -0,7 |

B;
- BbIflBJIeHHbIe 3aKoHoMepHocru 6rrcrpofi repMlrr{ecrofi o6pa6orKur (- 7 c, 550oC) e
cpeAe Nz cBeroBbrMkt HMrrynb caM]/^ co cropoHbr KpeMHr4fl ABycnofiHofi cr4creMu Ni-
V/PtlSi c ronlqzuofi cJIofl Ni-V or 20 ao 40 HM r,r cJro.fl Pt -40 HM rro3BonnlorrlHe

QoprvrzpoBarb KoHraKrHo-6apbepHble crpyKTypbr lllorrrn pacrur4peHHoro
TeM[epaTypHofo AHaIIa3oHa SKcIrJryaTaIMvr c yMeHbIrreHHbrM npflrvrbrM Harrprx(eHraeM,
rlro o6ycnoBneHo cHHTe3oM crpyKrypHo oAHopoAHofo cJros p maArcofi rpanuqefi
pa3Aena NixPtvSi/Si, B Koropofi ynelurleHI4e ronruzHbr frJreHrz Ni-V or 20 lo 40 rnnr
IIpHBoAI4TKyMeHbIIIeHI.IIoBbIcoTbI6aprcpaIlIorrruoT0,83ao0,80B.

HayvHufi xoscynbraHr -

npo$eccop raSeApbr $rasnvecrofi
oneKTpo Hr4Ku 14 HaHorexHoJrorzfi
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