
OT3hIB

o$raqnaJrbHoro onrroHeHTa
o AH c c e pr arJkru C o,u on s 6 s a Iil p o c"rr aBa A.u e rcc a HA p o B n q a

Ha reMy <@opMr.rpoBaHr4e MeroAorr,r 6ucrpofi repvroo6pa6orKr4
6aprepHbrx cJroeB AIrfl KpeMHHeBbrx Ar4oAoB lflorrrcn

c ynyqueunofi oHeproe$Sexr?rBHocrbro)),
rrpeAcraBJreHHofi sa cor4cKaHr4e yueuofi crereHr{ AoKTopa rexHr{qecKux HayK

ro creul4aJrbHo crr4 0 5 .27 . 0 I - TnepAoreJlbHa.fl oJreKTpoHr.rKa, paAHooneKTpoHHbIe
KOMnOHeHTbr, MHKpO- H HaHOsJreKTpOHr.rKa, nprE6Opbr Ha KBaHTOBbTX SSSercraX

1. CoorBercrBue Aucceprarlurr c[equaJrbHocru
' rr, oTpacJrH HayKH, rro KoTopbIM oHa [peAcTaBJreHa K 3arrIHTe

Co4epx aHHe Ar{cceprar\ur4 coorBercrByer crerlr4 aJrbHocrlr 05 .27 .01 -

TBepAOTenbHar sneKTpoHr,rKa, paAHosneKTpoHHbre KoMfroHeHTbr, Mr{Kpo- u
HaHooJreKrpoHvrKa, upu6opu Ha KBaHroBbrx s$$errax (n. 3.2, 3.4, 3.5 racropra
crelll{amuocrz). llpone4eHHbre n pa6ore LlccJreAoBaHufl, cBfl3aHbr c rexHarrecKrrMpl
acrIeKTaMH co3AaHur, SyuKrIHoHHpoBaHI{f, I,I MoAuSzr<aqr{u rBepAorenbHbrx uz4erruit
MTIKpO- kr HaHOSneKTpOHVIKH, a TaKXe C IIpHMeHeHr,reM r4X B HayKe 14 TeXHHKe rrTO

[oATBep xAaer co orBercrB H e AH c c ep r arlvrr4 TexHra q e c rco fi orp acJr v HayKvr.
- 2. ArcryaJrbHocfr rerubr AHcceprarIHH

AxryanbHocrb AucceprarluoHHofi pa6oru Co"rosr6sa fl..A, orpeAeJr.f,ercfl
cneAyroulraMr4 SarropaMr{ :

$yngan,reHTanbHbrMu rper.rMyrrlecrBaMll Ar4oAoB lTlorrru rro cpaBHeHr4ro c
p-n-Ar4ol\ali'{vr, 3aKrroqaForrlprMr4c[ B MeHbrrreM IIaAeHHH Hanpr]r(eH'us, IIpu nprMoM
cMerrIeHHH vr ry.rudvr 6rrcrpoAeficru4eM, Bbr3BaHHbrM orcyrcrBraeM HeocHoBHbrx
HocHTerefi:

- orcyrcrBueM n Pecny6rure Eenapycb cepr4finofi rexHoJrofrafl QopunpoBaHl,If,
6rrcrpofi repvroo6pa6orxofi rporf,xeHHbrx cvnurluAHbrx cnoeB Anf, Ar4oAoB IITomxu,
IIpeAH€t3HarIeHHbIX Ans 3KCIIIyATAIIHH B p€BnHqHbIX TeMIIeparypHbIX ALIana3OHaX;

cHr.r)KeHHeM BpeMeHr{ paspa6orKr{ TaKHX AHoAoB [lomxu 3a cqer
HcfroJrb3oBaHr4f, orrruMaJrbHbrx KoHcrpyrcqufi I4 TexHorornfi HX r43roroBJreHr4.rr.

3. CreneHb HoBrr3Hbr pe3yJrbraroB Auccepraqur{
u HayqHbrx rroJrolneHufio BblHoclrMbrx Ha 3arrIHTy

Auarus [onyqeHHbrx B AHcceprarIHH ocHoBHbrx pe3ynbraroB B cpaBHeHnvr c
nHTeparypHbrMH AaHHbrM?r rroKa3brBaeT, qTo rIpHBeAeHHbIe TeopeTllrrecKHe kr
sKClepHMeHTaJrbHbre pe3yJrbTaTbr, paBHo KaK BbIBoAbI I4 BbIHOCI{MbIe HA 3aIrIHTy

rI oJI O)Ke }lkrfl, AH C C epT Ar\I/'Vr, .'I BJIf, rOT Cfl H O B bIM I{ .

Hau6olee BalKHbrMH H HoBbrMH pe3yJlbraraMla AHccepraIII4oHHofi pa6orrr

rrp eAcraBJIf, rorct cJIeAyrc IIII4 e :

1. Ha ocHoBaHr4u ypaBHeHkrvr Hecralluouapuofi TennoilpoBoAHocrn

[peAnoxeHa Sraruxo-MareMarurrecKas MoAeJIb HarpeBa BbIcoKoJIerI{poBaHHbIX

KpeMHr4eBbrx rrJracrlrH, o6lyqaeMbrx c o6parHofi cropoHbl HeKorepeHTHbIM rloroKoM

r43nyrreHnfl, nocroflHsofi rrJrorHocTn, rlporHo3lapyrcqafl I43MeHeHI4e reMrleparypbl



IIJIaCTHHbT OT MOTTIHOCTpT ktCTOrrHrrKa H3nyqe]f^nfl,I{ BpeMeHH rIpV HarpeBe OT HaqaIbHOfi

reMreparypbr Ao 960oC c orKJroHeHHeM MeHee 2,5 yo.

2 . Ycr aHoBJreHbr 3 aKoH oMepHocru onelcrpo$usnue cKHX H crpyKTypno-Q asoBbIX
r43MeHe:auir B cr4creMe CrlSi, Bbr3BaHHbIe ee 6ucrpofi TepMoo6pa6orrofi (- 7 c)
HeKorepeHTHbrM rroroKoM lr3JryrreHlr.f, rrocrof,unofi MorrIHo crr4 co cropoHbr KpeMHI4t B
arnrocQepe N2, 3aKJrroqarculue cfl, B Qopvrup oBanvrkr rrprt reMrreparype 60lee 400 "C
cJIofl CrSiz c pa3MepaMl4 KpHcraJIJII4rrecKHX 3epeH or 200 Ao 500 HM Lr BoJrHoo6pasHofi
vropSororuefi rroBepxHocrr{, o6ycroBJreHHofi renepa\ueit BaKaHcuit sa cqer s$Serra
Krapxe H Aarra 14 ux no cn eAyro qefi a e Q oprvraqlro HHo- crlrMynr{poBasH ofi A H 0 0y zueir, a
B 4traila3oHe reMrreparyp or 450 Ao 500 oC B cra6n:-r.v3ar\Hkr yAenbHoro
cotrporrrBJreHue cJro,fl CrSiz B 4kraila3oHe or 2 Ao 4 ruOu'cvr 14 Qopl,rupoBaHnu
crJra)KeHHoro MHKpopenre$a fpaHr,rrlbr CrSiz/Si, xapaKrepri3yroqeficr sHcorofi
6aprepa [Iorrtru -0,61 B.

3. BrusreHbr 3aKoHoMepHocrr,r oJlexrpoSu3r4qecKktx kr crpyKTypHo-SaeoBblx
pl3MeHelauir B cucreMe Ni/Si, Bbl3BaHHbIe ee 6ucrpofi repMoo6pa6orxofi (- 7 c)
HeKorepeHTHbrM rroroKoM H3nyqenr4fl, [ocroqssofi MorrlHocrn co cropoHbr KpeMHI4t B
arvrocSepe N2, 3aKJrroqarculr4ec.f, B o6pasoBanvrv Sasu NizSi npu reMrreparype 200
oC, cr4nvrlvrAHoro cJros, coAep)Karrlero Sarrr Ni, NizSi u NiSi, rpu reMrreparype
300 "C u crpyKTypHo oAHopoAHoro cJros oproporrr6u.recrofi Qasu NiSi B Araara3oHe
reMrreparyp or 350 ao 550 oC, troropuft B HHrepBaJre reMrreparyp o6pa6orKr4 or 400

ao 450oC xapaKTepr43yercf, p€BMepaMr{ KpHcraJIJrI4roB or 100 ao 200 HM, crJraxesuofi
rpaHurlefi par4eJra c KpeMHHeM 14 Bbrcoroit 6apsepa -0,63 B.

4. O6napy)KeHbr 3aKoHoMepHocru oJreKrpoSzeuqecKr{x H crpyr(rypHo-Sa:oBblx
H3MeHe:auir B cucrevre Ni-Pt-V/Si, rrpoucxoAflrrlne rrocJre ee 6ucrpofi repl,rnqecrofi
o6pa6orKn (- 7 c) upu reMrreparype or 450 Ao 500'C HeKorepeHrHbrM rroroKoM
I{3nyqeHufl, rrocrorsuofi MorrlHocru co cropoHbl KpeMHkIfl B arir,roc$epe N2,
3aKJrroqarcrrluec.rr B o6pa^:oBaHuru opropoM6u.Iecrofi Sasu NiSi c rpaHcporarluousofi
crerleHbro yroprAoqeHnocin Ha grII4TaKcI,IaJIbHbIX K [oAno)KKe AoMeHax F-NilrSirz,
coAepxarqux aroMbr Pt, uuxopropr4poBaHHble B 3apoAbrrrrr4 pacryrrlefi Sasu ekrnvrlnqa
Ha paHHHX cra1rlflx QopvrupoBaHlat c cerperarluefi cunupp'a rrJrarnHbl Ha
Mex3epeHHbrx lpaHr'rqax, BKnroqa,fl rpaHVIIy p€BAena c KpeMHr{eM, [pktBoAq K

QopvrzpoBaHuro KoHraKra c Bbrcorofi 6aprepa -0,71 B.
5. VcraHoBJreHbr 3aKoHoMepHocrI,I oJlercrpo$u3zrrecKr4x14 crpyKTypHo-Sa:oBbIX

H3MeHeuuit B crrcreMe Ni V/PySi rpu ee 6ucrpofi repMoo6pa6orre (- 7 c) B
r4HrepBane reMrreparyp or 400 Ao 600 oC B aruoc$epe Nz, rrpr{BoAxrqefi sa crrer

Ar4Q$ysuu Si rpu reMneparype 400 oC, Ni ilpra reMrreparype 450 oC kr Pt npLI
reMrreparype Bbrrrre 5 00 oC n pe3ynbrare rrocneAoBareJrbHocrn SasoBbrx repexoAoB
PtSi+NiSi-NixPtvSi, coorBercrBeHHo, K SopvrrapoBaHkrro Ha lpaHr4rle pa3Aena c
KpeMHHeM crpyKTypHo oAHopoAHoro cno.fl co crJralKeuuofi vropSolornefi 14
yMeHbrueusofi 4e$errHocrbro rpaHr4rlbr pa3Aena NixPtvsi/Si, B xoropofi rpr4
reMreparype 550'C yBenurreHue ToJIITII,IHrI rrJreHKr{ Ni-V or 20 Ao 40 HM
o6ycloBJrr4Baer yMeHbrrreHne Bbrcoru 6apbepa TIIorrxIa or 0,83 Ao 0,80 B.

BuueceHHbre Ha 3arrIHTy rroJloxtelanfl. opr4rr4HaJrbHbr H rrpr.rHaAJle)Kar
coucKareJrro, orpa)Karr ero 3HarrrrreJrbHrrfi ru.Igufi BKnaA B rlonyrreHrre u ocMblcJreHrle
pe3ynbraroB rrpoBeAeHHbrx HccneAosaHrafi .



4. O6ocHoBaHHocrb H AocroBepHocrb BbrBoAoB H peKoMeHAauufr,
cQopuyJrupoBaHHblx B Ancceprarlnrl

O6ocHoBaHHocrb H AocroBepHocrb rlonyqeHHbrx B AI{cceprarIHH pe3ynbraroB
orrpeAeJr.f,ercfl npr,rMeHeHr.reM B rrpoBeAeHHbrx gKcnepHMeHTax coBpeMeHHbIX H
B3auMoAononHf,rorqlax MeroAoB pacrponofi sneKTpousofi MlrKpocKorIHH,
peeep$opAoBcKoro o6paruoro paccefl:avrfl, peHrreHoBcKoro $asonoro aHalrkr3a,
rrpocBe.runaroqufi gJreKTposuofi MHKpocKorIHH trJrocKr4x vr rlortepeqHbrx ce.reHufi,
rrpocBe.rusaroueft gneKTpouuofi 4u$parctlw, aroMHo-cnrosofi MraKpocKolI4rI,
oJreKTpo$rasuuecKHX H3Mepe:auit roHKorlJleHorrHbrx H KoHTaKTno-6apbepHbIX
crpyKTyp. Teoperr4qecKafl r.rHTeptrperalll4f, oKcnepuMeHTaJrbHbrx pe3yJlbraroB
pa3Br,rBaer cJroxuBrur,recf, npeAcraBnenr4fl, froJrorKenuir Susnxu [oJrylpoBoAHLrKoBbIX
npu6opoB r{ He nporuBoperrr4T pe3yJrbraraM, ony6nraKoBaHHbrM Apyrt4Mr4 aBTopaMI4.
E olrurofi o6teM gKcrrepr4MeHTaJrbHbrx H ccneAo Ba lr^uit o6e cueqr,rBaer Ao croBepHo crb
lonyqeHHbrx pe3yJrbraroB, a raKxe o6ocuoBaHHocrb HayqHbrx rroiroxelr^uit kr
BbrBoAoB.

Pesymrarbr pa6oru coAepxar HoByto ran$opvrarlnrc B o6racru rexHoJI ornvI
ra3foroBJreHr,rfl AHoAoB Lllorrrz c MaKcr{Mamuofi TeMrreparypofi gKcrrnyarar\ilLr or
+100 Ao +175 "C,

-5. 
HayrlHafl , rr paKTuqecKaf , oKoHoM HrIecK afl ucorluaJrbHafl 3HaquMocrb

pe3yJrbraroB Arrcceprarlnu c yKa3aHHeM peKoMeHAaqufi rro Hx HcrroJrb3oBaHlrro
Hayuuan 3HaqllMocrb pe3ynbraroB Ar{cceprarJr4r cocror4T B ycraHoBJIeHI4I4

3aKoHoMepHocrefi:
1. Ha ocHoBaHHu ypaBHenula Hecrarluouapnofi TerrJrorpoBoAHocrl4

rrpeAJrolKeHa Sueur<o-MareMarzqecKar MoAeJrb HarpeBa BbrcoKonerupoBaHHblx
KpeMHueBbrx rrJracrr4u, o6lyqaeMbrx c o6paruofi cropoHbr HeKorepeHTHbrM rloroKoM
cBera rrocroguHofi rrJrorHo ervr, Koropafi yquTbrBaer orpa)KeHl4e cBeroBoro tloroKa or
rroBepxHocrr4 noAJro)KKr4 kr reMrreparypHble 3aBncuMocrl4 ee renro$uslaLrecKllx
rrapaMerpoB, kr rrporHo3upyer H3MeHeHIae reMleparypbl KpeMHplesofi rIJIacrI4HbI or
MoruHo cru [l[K laurr r4 BpeMeHr{ rrpu HarpeBe or KoMHarnofi reMrleparypbl lo 960"C
c orKJIoHeHHeM MeHee 2,5 oh

2. SrcnepHMeHTaJrbHo ycraHoBJreHbl 3aKoHoMepHocrt4 eJIeKTpoSnsuqecKHX rr

crpyKrypuo-Sa:oBbrx r{3MeHe nuir B cl4creMe Cr/Si, BbI3BaHHbIe ee 6ucrpofi
repMoo6pa6orxofi (-7 c) cBeroBbrM rroroKoM rlocroruHofi MoIrIHo crvr co cropoHbl
KpeMHr4f, B arMoc$epe asovra,3aKnroqarcu1uect B QopvrupoBaHur4 npv reMrlepa,Type
6olee 400"C cJrof, CrSiz c pa3MepaMr4 KpucraJrJrurrecKl4x 3epeH or 200 lo 500 HM I4

BoJrHoo6parHofi uopSoJroruefi nosepxHocru, o6ycnoBileHHofi reHepaqzefi naxascnfi

3a crrer e$Sexra Kupxeu raila rrocneAyroqefi 4eQopvrallnoHHo-
crrrMynupoBaHnofi Ar{Q$yzueir, a B rvarrasoHe reMrleparyp or 450 Ao 500 oC - e

cta6unkrcar\uu yAeJrbHoro corporuBneHue cJlo.s CrSiz B ALIarIa3oHe ot 2 Io 4 uOna'cu

v SoprvrvpoBaHuu crJralrceHHoro MnKpopenre$a rpaHLIrIbI CrSiz/Si,

xapaKrepu3yloqeficq Bblcoroir 6apsepa IIIomKLI - 0,61 B.

3. BslssneHbr 3aKoHoMepHocrr4 oneKTpo$usuuecKax u crpyKTypHo-SasoBblx

r43MeHe ttuir B cucreMe Ni/Si, Bbr3BaHHbre ee 6ucrpofi repMoo6pa6orxofi (-7 c)



cBeToBbrM IIOTOKOM nOCTOtHHOft MOIIIHOCTI{ CO CTOpOHEI KpeMHLIt B aTMOCoepe

a3oTa, 3aKJrroqarcq[ecr B O6pa3oBLrBaHv r.r oa3Er Ni2Si npz TeMlepalype 200 tc,

cr,tJrr,rrlr4AHoro crror, coAepxaqerc oa3Er Ni, Ni2si r NiSi, fipu reMrrepalype 300 "c n

crpyKrypHo oAHopoAHoro cJlot oproporu6IEuecxoft Qa:u NiSi B AI'Ia[a3oHe
t.*n.putyp or 350 .qo 550 "C, ro:roprtfi B I,IHrepB€uIe reMrepaTyp o6pa6omu or 400

ao 450 oC xaparreptl3yerct pa3MepaMl4 Kpllcrarlnl'rroB m 100 4o 200 nu,

cuaxennoft rparuEqeft pa3AeJIa c KpeMHI'IeM I'r nrrcorofi 6aprepa - 0,63 B.

4. O6napyxeurr 3aKoHoMepHocrLI snerrpo(f r'tsuvecrrx n crpyKTypno-

tpasonrrx nsueuennft B cI,ICTeMe Ni - P - V / Si, nporEcxo4xu[4e [ocJle ee 6rrctpofi

repMmecKoi o6pa6orxvt (-7 c) npr.r reMnepaType ot 450 ao 500 oc csetosHv

noro(oM nocrotsnoft MorrIHocTLr co cTopoHbr KpeMHr.rr r aruoc$epe arota,

3aKJrloqaloultlecr n o6paronaHlll4 opTopoM6['Iecroft $asrr NiSi c TpaHcpoTalluonnoft

cTenegEro y[oprAoqeHHocTl{ IIa g[I,ITaKcI4aJIEHbIx [oAJIoxKe A6MSHEpE B-Ni31Si12,
coAepxaqrx aroM6l Pt, I,IHKopnopnpoBaHHbIe B 3apoAblluu pacryulefi oa3bl
cvnu\v1a Ha paHHIlx cTaAlltx t[oprrarapoaaxr,rr c cerperaql{ei c lrr4ura4a IIJIaTnHhI Ha

MeX3epeHHbIxrpaH[ Idax 'BKI I Ioqa ' lpaHl , Iqypa3AeJIacKpeMHI4eM' I Ip I {BoA 'K
(foprrazponanulo KonraKra c Brlcorofi 6aprepa - 0,71 B.

5. Ycranosrenrt 3aKouoMepuocrll greICrpoQI'I3IlrIecK[x ]I crpylcrypHo-

ifasonux r.r3MegeHr,rfi B cr,rcreMe Ni - V / Pt / Si npr.r ee 6blcrpofi repMoo6pa6orKe

(-? c) 
" 

uHrepB€ure reMreparyp m 400 ao 600 oC s arMoc(bepe a3ora' IIpI'IBo.4tIqei

3a crrer araor[yrr,rn KpeMHLIt [pLI reMneparype 400 oC, HI{KeJr{ rp}I reM[eparyPe

450'C u TTIaTLIHLI rlpll reMneparype BbIIrIe 500'C B pe3yJlbrare

rocJreAoBarerlbgocrrl Satonrrx [epexoAoB PtSi-+NiSi+NixPtySi coorBercrBeHHo K

!f oprr,ruponanraro Ha rpaH[qe pa3AeJIa c KpeMHI{eM cTpylffypgo oAHopoAgoro cJlot co

crnaxennofi Moplbol6rueft I{ yMeHEIIIeHnofi 4etperrnocTblo lpaH[IIIbI pa3AeJIa

NixPtysi/Si, n roropoft rrpr.r reMrrepaType 550"C yBerrqeul,Ie ToJIIIILIH;I TIeHKI,I Ni-V

or 20 Ao 40 HN,r susHsaer yMeHbIIreHIte BblcorEr 6aprepa llloTncn m 0,83 Ao 0,80 B'

Ilparcruvecxafl 3iraqlMocTb BbrrrorHeHg6rx I{ccJIeAoBaH[i cocTorrT B

uc[oJIb3oBaHLrU patpa6o.ranurx TexHororFrecKr{x flpoqeccoB floJrr{eHut

6aprepnux cJroeB Ha oCHoBe clIJIt4IIuAoB c yJIf{uIeHHbIMI4 cTpyKrypHLIMI4 I'I

3neKTpraqecKuMt4 xapaKTeplrcTlrKaMll, c$opnauponaunHx 6rrcrpoft

repMoodpa6orKofi, Ans co3Aag1rrr Ar4oAoB Tllor"rxr,r u (bopMupoBagl4rl oMI4qecKI{x

KOHTaKTOB B Cepr4iHoe [por,r3BoAcTBO IOJryIpOBOAH]IKOBbIX flpuoopoB 14

lrHrerpanbH6lx cxeM s OAO d{HTEfPAJb) - ynpaBJltloqail I(oMIIaHut

xorrgr4Hra (I4HTE|PAJID, a pa3pa6oraHHofi Sr.rsuro-vateuaTl{qecKoft MoAerIu

HarpeBa BbICoKOJIeTupoBaHHLIX KpeMIII{eBbIX IJIaCTLIH, O6Iy'IaeMb[X c O6parnOE

cTopoHLr HeKOTepeIITHEIM rroToKoM cBeTa nocTotnnoi nlornocT[ B MeTO,qlIKe

fpaAynpoBKtr ycraHoBoK 6ucrpofi repMr4qecKoft o6pa6otxu, co3AaIIIIbIMv ooo

(fIepc[eICrI,IBHbIe uHHoBaIIrIoHHbIe rexHoJlon4]tD.

3rconouuqecKafl 3HaqrrMocTb Ar4CCepTarIUtOHHOr pa6OTbI 3aKIIIOqaeTct B

TOM, qro roAoBoft o6teu BblrlycKaeMofi npoAyKIII/rU' [grotosreruofi c

lrcrroJrb3oBagl{eM pa3pa6oTauHblx TexHoJIorEf, CocTaBI'I t 348 279,39 TbIc. IUT' Ha

cp.rr,,ry 3 352 118 6enopyccKlrx py6nefi. flpe4noxeuarte MeroAbl (lopuuporaru'rx

KOHTaKTOB I{ s[3IrKO-MaTeMaTuqecKarI MOAeJIE HarpeBa KpeMHI'IeBbrx IIJIaCTI4H MOfyT

6rrtr ucuolrcoBaHbr rrpu AaJrbHeftulefi pa3pa6oTKe I{ BHeApenr're a cepraftnoe
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lpoH3BoAcTBO Vrs!{eIrl,i.fi ererrponuofi TexHuKH,4 TarcKe rrpr4 ynpaBneHvrr HafpeBoM B
o 6 opyAoBaHr4 H AIrfl 6rrcrprrx repMoo6pa6oroK.

CoquaJrbHafl 3HaqnMocrb pe3ynbraroB Anccepra\uvr o6ycnoBJreHa
BO3MOIKHOCTflMTA COXpaHeHJds. 14 yBenUqeHVIfl,3aHf,TOCTVT Ha npeArrpkrflTH'fl){
MLIKpOSIeKTpOHHKI,I 3a CrreT paCrulap eHr4fl, O6reMOs 14 BTIAOB BbrrryCKaeVOfi
rrpoAyKr\uw.

Pesyrrrarbr Ancceprarrvu raKxe Moryr 6urr rcnoJrb3oBaHbr Ha rrpeAnpvflTnflx
oneKTpossofi npoMbIIIrJIeHHocrr.I rtpu co3AaHr.ru BbrnpflMJUrrouIHX vr oMr{qecKr{x
KoHTaKToB B vrg4envrflx sJreKTpouuofi TexHHKLT

6. Ony6.[urcosaHHocrb pe3yJrbraroB Aucceprarlnn B Hayqnofi rerraru
llpeAcraBneHHble B Anccepra\vLr pe3ynbrarbr npeAcraBJr.rrrorcr xoporuo

anpo6HpoBaHHbIMH vr r43BecrHbrMH uayuuofi o6ulecrBeHHocrr{. OcHosurre
rIoJIo)KeHHfl. AnccepralluoHnofi pa6oru AocrarorrHo rronHo npeAcraBJreHbr B 1
MoHofpa$un, 17 crarbf,x B HayrrHbrx r{3AaHvrflx, BKruoqeHHbrx B [epeqeHb rrsqaHkrfr,v
B HHocrpaHHbIX HayrrHbrx us4aHnflx B coorBercrBur,r c n. 19 lloloxeHufl. o
rIpI4 cpKAeHHIa yrreHblx crerreH eit u npr4cBo eHnvr yqeHbrx seaHr,rfi, 8 crarb.flx B Apyrr4x
HayrrHbIX H34alnnflx, 2I crarbe B MarepuaJrax HayqHbrx xoH$epenqnfi, 17 Te3r4cax
AoKJIaAoB Ha HayqHbIX xon$epeHrll{flx. Tarcxe nony{eHbr 18 rrareHroB Ha
ueo6pereHr4t. ,

7. CoorBercrBue oQopMJreHI{fl Aucceprarlr{H rpe6onaHuflM BAK
OSopvriIeHHe Ar4cceprawru vr anrope$epara coorBercrByer rpe6onaHnflM

LlncrpyKllkt I{ o nopsAKe oQopna IreHHfl, AucceprarJr4vr, Alrccepra\Hu B BHAe HafrHoro
AoKJIaAa, anrope$epara Al4ccepraq.krw u uy6nurauuir rro reMe Aucceprarrnr4.
[uccepralluq cocrol{T kr3 BBeAeHHf,, o6utefi xapaKTepucrr4rra pa6orbr, ceMH HraB c
BbIBoAaMH rlo rcaxAofi rJraBe, 3aKmoq eHr4fl,, crrucKa HcnoJlb3oBaHHbrx ucrorrHl4KoB H
rrpnJroxenufi.

Pa6ora :g.arrucaHa .f,cHbrM
AI,rCCepTaIIt4VI, BbI[IOJIHeHHOe C

cpeAcrB, He Bbr3brBaer Hapercauwit.
KOMrrbroTepHbIX

V TIeTKLIM HayqHbIM fl3bIKOM.

npr4MeHeHHeM coBpeMeHHbrx
OSopurIeHI4e

AnTope$epar AocrarorrHo troJIHo orpuKaer Marepr4 arrbr, coAepxarrluecr B

AHccepTarII,dId.

8. 3ameqaHur rlo Alrcceprarlnrr
1 . B pa6ore orcyrcrByer o6ocsoBaHr,re npprMeH eHr4fl, Er3orHofi aruocSeprr Anfl

nonyrennfl, currnwrAHbrx cJroeB 6ucrpuuu repMoo6pa6orKaMr4. B ro )Ke BpeMrI
uayuurrfi prHTepec npeAcraBJuror Brrr4fl:rtue Ha crpyKTypHo-SasoBbre H 6aprepHble
csoficrBa cpeAbr repMoo6pa6orKr4, Halpr{Mep B aproHe, B BoccraHoBlrreJlbHofi cpe4e,
B BaKyyMe.

2. B 4 rJraBe HeAocraroqHo rroJrHo pacKpbrrbr Qarropu, rpI{BoAsrIIHe K

QopnrupoBaHrarc BoJrHoo6pasnofi rr,rop$oJlorltll4 cnoeB Anc:alrr4r1r4pla xpoMa npu
6ucrpofi repnroo6pa6orKe. llpn orII4caHHI{ coorBercrByroqefi MoAenu Ha crp. 80-81
He yKa3aHbr rrpraquHbr, Bbr3brButroqlde Bo3HHKHoBeHHe perynf,puofi crpyKTypbl

MI,rKpoHepoBHocrefi.
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3. B BbrBoAax 3 z 5 no rrraBe 6 sa crp. 131 H I32 yxasaHo Ha Bo3Mo)KHocrb

SopnanpoBarb AHoAbr Lllorrrr4 c MaKcuM€urbHofi reMrreparypofi oKcrrJryararJuur + 150
v + 175'C. OAsaro B rJraBe 7 Ha crp. 139 H I4I rrpuBeAeHbr coorBercrByroilIlae
BoJrbr-aMrrepHbre xapaKTepracrr4Kr,r Ar4oAoB lllorrt<z roJrbKo nnfl TeMneparypbl
+ 125 "C

Terra He MeHee, [epeqI4cJIeHHbIe BbIIrIe 3aMerr aHlafl, He 3arpafuBaror ocHoeHofi
cyru pa6oru BbrBoAbr kr 3arrlr4rrlaeMbre noJro)Kennfl, H He BJrn.f,ror Ha o6rqyrc
noJro)Kr4TenbHyro orIeHKy AHcc epTar\krw.

9. CoorBercrBlle Hay.rnofi nna.nHQHKarIHH co[cKarerq
yueuofi crerreut\ Ha Koropyrc oH rrpereHAler

[ucceprarluoHHafl, pa6ora Co.nonrdna -fpocnasa AreKcaHApoBraqa coAep)I{I4r
6oruruoe KoJrr4rrecrBo caMocrof,TeJlbHo BbIrIoJrHeHHbrx raM gKcnepr4MeHTaJIbHbIX

HccneAoeaHzfi, Koropbre rro3BoJrvuwr nonyrrr4Tb HoByro zn$opvrarluro o
3aKoHoMepHocrflx crpyKrypuo-SasoBbIX 14 KoHraKruo-6apbepHbrx ceoficre
ennvr1.vrAHbrx cJroeB, c$opnrzpoBaHHblx 6rrcrpofi TepMoo6pa6ortrofi, v vx
rpHMeHeHuH B AI4oAax lllorrxv trIrfl pa3rHrIHbIX TeMrlepa.Typ oKcrlnyara\lan.
BlrsoAbr r4 ocHoBHbre rroJro)KeHn.rr, cQopvrynupoBaHHbre B Aucceprarlrdu, ofrr{parorc.rr
Ha aHarrr43 vr o6o6qeHr,re MHororrncJleHHbrx gKcrrepr4MeHT€LrrbHbrx H pacqerHblx

AaHHbrx, npeAcraBrqrorcs o6ocHoBaHlbrMra, AocroBepHbrMr{, apryMeHTHpoBaHHbrMI,r,
He rrpourBopeqar cyilIecrByroqr4M $zsra.recKraM npeAcraBJreHr{rM H ocHoBaHbI Ha
HcrroJrb3oBaHr4ra B3auMoAorronH.flrorrlr4x coBpeMeHHbrx MeroAoB r,rccJreAoBaHr4fl. llpn
Lr3Jro)KeHr4vr Marepr4arra pa6oru zcrroJrb3oBaH crporufi kr scuufi Hayuuufi f,3brK c
HcrroJrb3oBaHr,reM o6rqenpHH{Tbrx repMuHoB. Brrureueperrr4cJreHHoe rro3BoJIter
cAenarb BbrBoA o, coorBererBkrvr uayunofi rnanu$:a:rta\krkr coucKareJrr yueuofi
cTefreHrr AoKTopa HayK.

^ 
10. 3an"nK)qeHue

I4zyuenue Auccepra\krw, ee anrope$epara vr uy6nzxa\uit Ar4ccepraHra
rro3BoJr.f,er 3aKJrloqvrrb, rrro Ancceprarlr4oHHafl. pa6ora Co.nonr€na flpoctaria
ArercaHApoBr,lua, <<OopMr4poBaHkre MeroAou 6ucrpofi TepMoo6pa6orxu 6aprepHblx
cJroeB Anr KpeMHr,reBbrx AHoAoB Lllorrxu c ynyqrreHHofi sueproe$QeKrrlBHocrblo)),
rpeAcraBJr.rrer co6ofi 3aBeprxessufi uay.ruufi TpyA, orBeqaer BceM rpe6onaHnflv'
BAK Eelapycu, npeAbrBJrfleMbrM K AoKropcKHM AncceprarluflM B oltacru
TexHkrrrecKux HayK, coorBercrByer rpe6onanvrflM, ycraHoBJIeHHbIM ruanofi 3
floloN e:nrz^fl, o rrpracpK re:nvrvr yrreHbrx creueuefi H rrpncBo eHr4H yqeHbIX zsaHuia
.sBr.f,eTc.s KoHr.IelTyanbHbrM pa3BHTHeM aKTyanbHofo Ha)^{Hofo HarIpaBIIe}II{fl,
<<SoronHbre rexHoJrorur4 nnfl co3AaHr4fl, MuKpogneKTpoHHbIX crpyKTyp> H coAeplrklT,
rrpr4Hrlr4nnaJrbHo HoBbre HayqHbre pe3ynbTaTbl, coBoKyflHocTb KoTopbIX flBlrs.eTcfl,

KpyrrHbrM AocrH)KeHHeM B o6nacru rexHonorl,Il4 MnKpogneKTpoHvrKkr, a ee aBTop

3acny)KkrBaer rrpucpK4enufl, eMy yueuofi crerleHn AoKTopa rexHutrecKl4x HayK Iro

cnerlr4aJrbHocru 05.27 .01 - Tnep.uoreJrbHas orIeKTpoHIaKa, paAlaoeneKTpoHHble

KoM[oHeHTbr, Mr4Kpo- H HaHooneKTpoHI4Ka, upz6opbl Ha KBaHToBbIX s$Serrax)) 3a:

pazpa6oraHHyro Sraauro-MareMarnrrecKyro MoAenb HarpeBa

BbrcoKonefHpoBaHHbrx KpeMHr{eBbrx frJracruH, o6ryuaeMblx c o6parnofi cropoHbl
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HeKOfepeHTHbrM froToKoM r43nyrreH[fl, froQTof,HHofi frJroTHo QTvr MorrIHo crvr)
ocHoBaHHyro Ha ypaBHe[Hvr HecTarlr4oHapHofi TerrJrorrpoBoAHocTrr, KoTopa,rr rrpH
sneKrpr{qecKofi MorrlHocru r4crorrHnna H3nyqennfl, or 700 Ao 2700 Br v
xoeQ$nllr4eHTe ee npeo6pa3oBaHr4s B rrJrorHocrb MorrIHo crr noroKa H3nyrrenvrfl,
5,16'10-3 cnt-' rporHo3r4pyer r,r3MeHeHI4e reMlreparypbr KpeMHuenofi rrJracrlrHbl or
HarraJrbsofi Ao 960 "C c orKJroHeHHeM MeHee 2,5 Yo, rrro no3BoJr.fler ylpaBnflTb
reMreparypHo-BpeMeHHbrMH napaMerpaMH nonyrpoBoAHr4KoBbrx crpyKTyp.
rpoqe ccoB 6ucrpofi repvroo6pa6 orKH rronyrpoBoAHr{KoBbrx crpyKryp ;

ycraHoBJreHHbre 3aKoHoMepHocrz crpyKTypuo-SasoBbrx r.r3MeHe:auit B
cucreMe CrlSi rpLt 6rrcrpofi repMoo6pa6orxe 3a N 7 c HeKorepeHrHbrM rroroKoM
Ia3JlyqeHlafl, rrocro.finuofi MorrIHo cru co cropoHbr KpeMHHfl B aruocSepe Nz,
3aKnrcqarcqueen B o6pasoBaHnu rpr4 reMneparype or 400 ao 450 oC clor CrSi2 c
pa3MepaMvr Kpr4crarnkrrrecKr4x 3epeH or 200 Ao 500 HM H BoJrHoo6pasuofi
vropSororuefi roBepxHocrn, o6ycnoBJleHHofi reHepa\ueir BaKaHcuirgacrrer s$Serra
KupxeH rana H vrx rocneAyrorqefi qeSopuaqr4oHHo-cruMynupoBauuofi Au$Syzueir, a
B rnarra3oHe reMrreparyp or 450 Ao 550 oC B SopvrupoBaHnr4 cnraxeHHoro
MnKpopeme$a fpaHr4rlbr CrSiz/Si, xapaKreplr3yroqeficr erlcorofi 6aprepa f[orrxn
- 0,61 B, rrro rro3BoJrfler co3AaBarb 6aprepHbre cJrou c yBernrreunofi B I,4 pa3a
rrJrorHocrbro npf,Moro roKa rro cpaBHeHr4ro c 6aprepoM Mo/Si;

- ycraHoBJleHuufi MexaHlr3M SopvrupoBaHufl 6aprepHbrx cJroeB Anfl ArroAoB
Illorrxu c yMeHbrxeHr,reM Ao 1,15 pa3a rrpfMoro Harrpfl)K e:aufl, no cpaBHeHkrro c
uoru64eHoBblM 6apleporra rocpeAcrBoM 6ucrpofi repvroo6pa6orKr.r cucreMu Ni/Si
I{MrlynbcoM HeKorepeHTHoro H3ny-v.elavrfl, rrocro.rrnsofi MorrIHo cru\ Bbr3brBaroulefi npn
HarpeBe Ao reMrreparypbr or 400 Ao 450 oC 3d -7 c B cpeAe N2 o6pasoBankte B
pe3ynbrare SasoBblx'repexoAoB Ni---NizSi-NiSi crpyKrypHo-oAHopoAHoro cJlor LI
crJloKeusofi fpaHurlbr pa3Aena NiSi/Si c yMeHbrrrenuofi rrJrorHocrbro 4eQemon H
Bbrcorofi 6apsepa lllorrKra - 0,63 B;

3aKoHoMepHocrkr ra3MeHeuuit KoHTaKTno-6apbepHbrx cnoficrs cr4creMbl
Ni-Pt-V / Si rpl4 o6ny.reHtrvr IaMIryJIbcoM HeKorcpeHrHoro H3n)qenvIfl. rrocrof,suofi
MOTTIHOCTVT, 3aKlroqaroquecf, B TOM, rrTO ee HafpeB B TeMnepaTypHOM AHa[a3OHe OT
450 Ao 500 oC ga - '7 

e B cpeAe N2 ro3BoJlter nonyqarr 6aprepHbre cJror{ Arrfl AHoAoB
[lormu 

'c 
pacrxr4peHHbrM TeMrreparypHblM Anaila3oHoM gKcrrJryaraLlvrkr 3a crler'SoprrrupoBaHrl.fl 

B pe3ynbrare rocJleAoBa.TeJrbHocru Sasonux repexoAoB
Ni-Ni2Si-NiSi cJroeB NiSi, coAeplralrll4x aroMbr Pt, rrHKoproprapoBaHHble B
3apoAbrrur4 pacryruefi Qasu c:anr4rJlap.a Ha paHHrzx crapluflx SopuzpoBaHl4r c
cerperaquefi PtSi Ha Me)K3epeHHbrx fpaHrluax, BKrroqar rpaHrarly pa3Aena c
KpeMHr4eM, rrro o6ycroBJrr{Baer SopvrupoBaHue KoHTaKToB c nrrcorofi 6aprepa
L[ormu - 0,71 B;

- ycraHoBJreHHbre 3aKoHoMepHocrr4 Blrvrnlaufl HarpeBa cr{creMbr Ni-V I Pt I Si c
rouquuofi cJro.s Ni-V or 20 Ao 40 HM Lr cJro{ Pt N 40 HM r4MnyJlbcoM
HeKorepeHTHoro r43nyqeHnfl. nocrotruuofi MoIrIHocrH Ao reM[eparypu 550 oC sa - 7
c B cpeAe Nz, 3aKrloqarculuecfl B sopirarapoBaHHH 6aprepHblx cJIoeB Anfl AHOAOB
LL[orrxH pacur4p e HHo ro re Mrr ep aryp H o ro Alaana3oH a o Kc rlny ar arlkrvl c yM eHbIrIe HHeM

Ao I ,l 8 pasa rrprMofo Harp.sx eHnfl. no cpaBHeHl4ro c PtSi I Si 6apreporrt,
nonyqeHHbrM craqr4oHapuofi TepMoo6pa6orrofi, qro o6ycnoBJleHo cHHTe3oM B
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pe3yJrbrare rrocneAoBareJrbHocrll Sasonux nepexoAoB PtSi+NiSi--tNixPtvSi
crpyKrypHo-oAHopoAHoro cirofl co cnla)KeHsofi vop$ororuefi v yMeHbIIreHHofi

4eQercrHocrbro lpaHurlbr pasAena NixPtvsiisi, B rotopofi yBerurreHl{e ronulkIHbl
rrJreHKr4 Ni-V or 20 ao 40 HM rrpnBoArlT K yMeHbIueHHro Bblcorbl 6aprepa lllortxu
or 0,83 ao 0,80 B.

O S r,rquamuufi o [rroHeHT,
rJraBHbrfi nay.*rufi corpyAHHK
IildII 4 . 6 <<VIHrerpHpoBaH HbI e
MraKpo- H HaHocncreMu>> HLM BfyI4P,
aKaAeMur HAH Benapycvr H PAH,

AoKTop rexHr4rrecKr.,rx HayK, upoSeccop -ffiK';A

qrtu
ffrr i,sei1

no ruper Hlltl

Jla6ynos B.A.

Coner no
g

AHccepraIIH4
3AlUHTe

npn EIYI{P
26. 0t. 2o2q r.


