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ne4yu1efi opraHrl3apvr - focy.uapcrBeHHoro HayqHoro yqpexrAeHux I{eurp

r4ccJreAoBa:rrufl. rlHHoBarIHoHHbrx rexHoJrorr4ur rrpv HAH Ta.{xrarucraHa Ha

Ar.rcceprar{HoHHyro pa6ory lllapuuoea Anauuro llaproenuua <CuHres tr

csoficrsa aHTrlMoHr44avr apaeHvr4ataJrrrvrfl e rnep4ofi u NuArcofi $*ar, upel-
craBJreHHofi na cor4cKaHr{e yreuofi creIreHLI KaHAI4Aara rexHI4rIecKI4x HayK rlo
crer{rlanbHocrr{ 05. 02. 0 1 - Marepz€uroBeAeHrae (n oneKrporexllure)

1. AtcryaJlbHocrb reMbl Al{ccepralluu.
Ar<ryanruocrb reMbr npeAcranreunofi Ha or3brB A?Icceprarlnouuofi pa6oru

He Bbl3brBaer coMHeHvrfl, T.K. p€I3BHTI,Ie coBpeuenHofi oneKTpoHuoff rexuI4KH Tpe-

6yer rrocrotHHoro qeneHanpaBneHHofo tlor4cKa HoBbIX nonynpoBo.qHI,IKoBbIX Ma-

repr{anoB, r{Meroilrr4x pa3Hoo6pasnoe coqeraroqrrx gneKTpo$n:uuecxue, Susuxo-
xHMHrrecKIle, TepMo3neKTplrqecKr4e, TepMoAr4HaMkrrrecKl4e z ,4pyfue ceoftcTBa B

uI,IpoKoM LIHTepBaJIe TeMnepaTYP, BKIIoqa{ I4 XI4AKyIo $asy.
llepcnerulBHbrMlr [onynpoBoAHlrKoBbrMl4 coeALrHeHr4flMI,I flBJl{Iorcg Anofi-

Hbre r4 rpofiHue x€urbKoreHr4.{br railrrufl coeAr{HeHrlf, lpyrrrrrt AutBv I4 B qacrHocrl4

rBepAbre pacrBopbr Ha r4x ocHoBe. Ha ocroee JrrrreparypHoro o6sopa no coeAI{He-
HLrflM AIIIBV ycraHoBneHo, rrro noJrynpoBoAHnKr4 grr4x rlrrroB o6ra.{amr eS$erc-
TtrBHbrMr{ coqeraHr{f,Mr4 oJleKrpo$vsuuecKux I4 TepMogreKTpvqecKl4x cnoficrn, xo-
Topbre Moryr 6urr r4ccneAoBaHbr KaK Ha rIoJII4KpIacr€uuII4trecKIzx, TaK v Ha MoHo-
Kpr4craJrnnrrecKr{x o6pasqax. BuparqvrBaHne MoHoKpI{er€uIJIoB Anf, HeKoropblx
xaJrbKoreHuAoB raJrrrvrfl, MeroAoM ra3orpaHcuoprnofi peaKIII4I{, rpe6yer c[eIIH-
alruofi a[[aparypbr r,r MeroAr4Kr.r [poBeAeHraf, TexHororurrecKl4x rlpoqeccon. Ha

rrpl4Mepe xaJrbKofeHr4.{oB raJ]Irufl. oTKpbIBaIoTc.fl Bo3Mo)KHocTH 14 [epC[eKTI4BbI tIO-

nyrreHu{ MoHoKpr{cr€urJroB nonynpoBoAHr,rKoBbrx coeAI4H ertui,t, Mero.qoM <Creo-

eH Hbrx ruuefi >> u <<Xuwuq e cKlrx ra3 orp aHcn oprHbIX pe axquft >.

flracceprarlrroHHar pa6ora BbrrroJrHeHa B coorBercrBr4u c focy4apcrBeHHblMl4
ilporpaMMauu: <<Crparerurfl, Pecuy6nuru Ta4NnKr4craH e o6racru HayKrI 14 rexHo-

Jrorr{rr sa 2007-2015rr.>; <Bne4peurle pe3yJrbraroB Hayr{Ho-rexHl4r{ecKl4x Aocrl4-
Neuuft B rrpoMbrrxJreHHoe npor43BoAcrBo B Pecny6nure TaANHKI4craH ira 2010-
2015rr.>, a raKxre vr <flporparvrua LrHHoBarIr4oHHoro pa3BvLrvrfl, Pecny6ruaru
TaAxurHcraH sa 20I I -2020rr.>>.

I{elr padoru 3aKrroqaercr B 3KcnepuMeHTaJrbHoM r{ccJre.{oBaHl{e gneKTpo-

$usra.recrux u Susraro-xrlMl{qecKrrx csoftcrB aHTr4MoHr4Aa I4 apceHl4na rarIrr4fl,, a
raKx(e nerupoBaHHbrx o6pa:qon B rur4poKoM rruTepBaJre reMrleparyp. Yconepureu-



/
crBoBaHI4e rexHoJIofHrIecKHX rlpoqeccoB cr4HTe3a u nonyqeHz.f, rroJrr4- 14 MOHO-
Kpr.{cT€LnnoB 3Tr,rX COeAr4 HeHr{ft .

2. CreneHb HoBr{3Hbr pe3yJrbraroB, HayrrHbrx rroJro}r(eHufi, rcoropbre Bbr_
HOCflTCfl Ha 3arrII{Ty.

Pesylrrarbl, uI3Jro)KeHHbIe B Ar4cceprarJarrr lllapuuona A.lI. rBrsrorcr Ho-
BbIMI{ 14 HayrIHo o6ocHosaHHbIMIr. lraccepraHToM Ha ocHoBe KoMnJreKcHbrx Hc-
cneAoBaHzfr uonyueHbl cJIeAyIoqI4e HoBbre HayqHbre pe3ynbrarbr, Koropbre co-
craBJrrror HayrrHyro HoBr{3Hy pa6orrr:

l. I4ccneAoBaHbI $a^:oeue paBHoBeckrfl B czcreMax Ga-As z Ga-Sb rz
AoKa3aHo cyqecrBoBaul4e vrHrvrBur1yaJrbHocrb coeAr4HeHufi 11wna AIIlBv. B cn-
creMe Ga-As-Sb ycraHoBneH Henpepunurrfi p-rA TBepAbrx pacrBopoB, orpeAeneHbr
KpH CTannl4qec Ka.f, crpyKTyp a 14 np ocrpaHcrBeHHa.f, fpynna 3Tr{x coeAuueuufi ;

2 . P azpa6oraHa HoBa.f, pa3HoBI4AHo crb Mero.{a xr4Mr{qecKr4x rpaHcnopr-
Hbx peaKquft, nosnoJlHBluaq nonyquTb MoHoKpI4cTaJIJIbI coeAr4HeHufitunaA"'Bu;

3' llo reMrleparypHblM 3aBLIcI4MocrrM Sr,r:urco-xr{Mnr{eaKr4x, oJreKTpo-
Qnenuecrrx ceoficrB coeAl4uenuit AIIIBV cAenaHo 3aKrrorreHr.re o roM, rrro He
sa6;rroAarorc-s paAI4KaJIbHbIe I43MeHeHufl B xapaKTepe xr4Mur{ecroft cB.fl3r4 H crpyK-
rype 6nra)KHero nop-f,AKa npl4 nnaBJIeHI{H r4 AaJrbHefiurev HarpeBe pacnnaBoB AaH-
Hbrx coeAuwewwit;

4. BsrssreH BKnaA cocraBJltrcrqefi TennonpoBorHocrr4 (e,rexrpouHofi,
6unon.apHoir w naolxpuofi) n o6qefi reuroupoBoAHocru 6uuapHbrx r4 cJroxHbrx
X AJIbKO f E HI4 A O B I AJITIVIfl B 3 ABI4CI4MO CTI4 OT TCMNCP ATYP bI ;

5. Pacc'IuraHbl TeMneparypHble 3aBr4clrMocrra roe$Qzqueura repMo-
3neKrpuqecxofi eS0eruueHocrl4 (4o6poruocra) AaHHbrx coeAr4HeHnfr, no Koro-
pbrM cAenaHbr rrpeAJroxreHr4.f, o6 ux ilpaKTr4r{ecKoM npr4MeHeHr4rl;

6. llorcasaHo, rrro rrpu nerr4poBaHr4r{ u3yr{eHubrx xaJrbKoreHrrAoB r€urJrr4.rr
MoxHo perynzpoBarb I4x eleffipoQl43llqecKl4e csoficrsa lyreM KoMneHcarlr4r4 Ho-
cureleft 3apflAa, a raruKe ycraHoBneHbl gKcnoHeHrlr4aJrbHbre 3aKoHbr reMneparyp-
Hofi sanucllMocrl4 rIoABI4x{HocrI4 Hocl4TeJrefi zapxpan MexaHrr3M r4x paaeeflH'fl.

Irp u xm uq e c Kutt qe H H o cm u uc cn e d o 6 u H ufl orrpeAen.qerc.fl cJreAyrorqr,r M rr 11o-
JIO)KEHI4flMI4:

1. Cos4aHa ycraHoBKa Anf, BbIpaIIrHBaHr4r MoHoKpr4craJrJroB Mero4aMr4
Anofisstx rurlefi 14 ra3orpaHcnoprHofi peaxqrar4 [r ycoBeprxeHcrBo BaHa an[apary-
pa Au BbIpaUaBaHPrfl. KpHcrannoe treofiublx H rpofiurrx xaJrbKoreHr4loB rarrLrfl
MeroAoM xrrMr4r{ecKr4x rpaHcnoprHbrx peaxqzfi ;

2 . P asp a6oraH bI opI4 rI4H€tJIb HbIe Ko HcrpyK wu s\eirrfl4 Anfl r43M ep eH r4t
3neKrponpoBoAHocru, xoe$SuqraeHroB repMo-oAc 14 rosssraqLre1ra Xol.ua

rndp4rx 14 x{r4AKrrx nonynpoBoAHr4KoB npr4 BbrcoKl4x TeMrreparypax ;
3. onpe4eJleHbl coe.{I4HeHu.q A"'Bv H TBepAbre pacrBopbr Ha HX ocHoBe,

.[BntIotIIHeCf, [epcneKTI4BHbIMI4 nOnylpoBoAHHKOBbrMr4 Marepvana:ML l.nfl Lra-
IIOJIb3OBAHUfl B KAIIECTBC TEPMOsNEKTPO|EHCPATOPOB I4 TEPMOAATIII4 KOB ;

4. onpegeJleHa reMlleparyp Hafl 3aBkrcr.rMocrb rerrJroeMKocrrr, onpeAene-
HbI OTAenbHbIe ee cocraBuroull4e -c'acrvr r{ ycraHoBJreHbr npeAenbr sKcnoHeHrdr4-
€ulbHoro 3aKoHa reMrleparypHofi 3aBI,IcI,IMocrI4 TelJroeMKocru B ooear4HeHr4f,x



AtttBu. llo AauurrM TeIIJIoeMKocrI4 paccr{r4TaHa reMrreparypHa{ 3aBr{clrMocrb rep-
M oAr,rHaMZq e cKr,rx Synrcqrafi orr4 x co e4uu eulrfi ;

OcnoeHrre rroJrolr(eHrrfl Ar{ccepra rrvu t Bbr HocrrM bre Ha 3a rqrry :
l.Pesynrrarbl I4ccJreAoBaHI4f, TepMr4rrecKofo, crpyKTypHoro 1a peHTreHo-

Sa:onoro anarrtr3a cr4 creMbr GaAs- GaSb.

,,?:l,atynbrarbl I4ccJIeAoBa:aufl enexrpo$Lr3zrqecKux cnoficrB coeAr4Heuuit
Tutra A"'B', retupoBaHHblx ilpl{Mecblo xpoMa.

3.Pesynrrarbl I4ccJIeiloBaHvrfl rennoSrzsr4qecKr4x 14 TepMoAr4HaMr{qecKr4x
cnofi crn coeAr4 HeH uit 'una ArllB v B rxr4p oKoM rzHTepBaJre reMneparyp.

4.Pe:ynlrarbl I4ccJIeAoBaHIr.f, enexrpo$H3r4rrecKr4x, Sv:rzro-xr,rMnqecKrrx 14
renlo0zsl4r{ecKl4x csoficrs rBepAbIX pacrBopoB cr4creMrr GaAs-GaSb e rnep4ofi H
xu4rcoft Sa:e.

5. Pe:ynlrarbl I{ccneAoBalkrfl 3aBr,rcrrMocru MarHuruofi Bocnplrr4MrrnBocrr4
aHTHMoHLIaa GaSb 14 apceHula GaAs B TBepAoM H )Kr4AKoM cocrof,Hr4rx or reMrre-
paTypbr.

3. ObocHoBaHHocrb I{ AocroBep'ocrb ocHoBHbrx pe3yJrbraroB r{ peKo-
MeHAarlufi, c$opuyJrrrpoBaHHbrx e pa6ore.

O6ocnoeaHHocrb 14 IocroBepHocrb Hayr{Hbrx rroJro)KeHafi, nrrnoAoB, peKo_
ueuAarrufi H 3aKJlroqeuufr, nonyr{eHHblx B Ar4cceprarlr{r4, no.qrBep)KAaercr Kop-
peKTHbIM I4CIIOJIb3OBaHI4eM COBpeMeHHbrx MeroAoB r4CCneAOBaHr,r.f, c npurMeHeHI4eM
cI'IcreMHofo H SynxquoHaJlbHoro aHaJru3a. 3rcuepraueHTaJrbHbre uocneAoBaFrr4t
BbITIoJIHeHbI c rIpI4MeHeHrIeM Mo,AepHr43r,rpoBaHHbrx upz6opoB a MeroAoB Teopar4
nn aHr4poB aHVfl SKCIrep 14 Me HTa.

locronepHocrb nonyr{eHHblx pe3ynbraroB noATBepx4aerc{ .raKxe rrpaBe-
AeHHbIMI4 pe3ynbraraMkr SKcrIepI,IMeHT€urbHbrx r,rccneAoeaHrafi r4 cpaBHeHr4eM He-
KOTOpbIX nonyr{eHHblx pe3ynbraroB c AaHHbrMr{ Apyfr4x r4ccne.{oBarelefi, anpo6a-
uueft ocHoBHbIX pe3ynbraroB, ny6nrEraqkrflMr B )KypHanax, peKoMeHAoBaHHbrx
BAK npv llpe:?rAeHre Pecny6nuxu Ta4xuKr4craH.

Jruquuit ercnad coucKamenfl 3aKlrwqaerc.lt n paspa6orKe a peanr43ar{uu fiila-
Ha I4CCneAOeaUzfr, B IIOCTaHOBK9 I4 peIIIeHI4I4 3a|La!_I4CCJI€AOBaunfl, B6ISOJIHSHH6TX
B coaBTopcrBe' [oryqeHI'II4' o6pa6orrce vr aHanzge 6olurr4HcrBa oKcnepgMeH-
TaJIbHbIX AaHHbIX I4 pe3ynbraroB oKcnepr4MeHToB, a raKxe n Sopuyru4poBr(e oc-
HoBHbrx rroJro)KeH[fi u ssreoAoB ilLraaepr arluv.

, 4. Ily6.nnKarluq ocHoBubrx pe3yJrbraroB pa6oru.
IIo reue Allccepraqrara ouy6JIIaKoBaHbt 17 ttayuHbrx crar eit, uz ttux 2 crarbr4 B

xypHanax' peKoMeHAoBaHHbIx BAK upra lIpesI4AeHTe Pecny6nurn Ta4xvrKr4craH,
8 crarefi B Apyrl4x xypHarlax u 7 crareil s \aarepvanax MexAyHapoAHbrx H pec-
ny6nuxaucKux Hayr{Ho-npaKTr4rrecxzx xonsepenqlafi. llony.reHo 3 laun"rx nareHTa
Pecny6nnxu Ta4xzKr{craH (J\b TJ 623,669, qf S).

ouy6nzroBaHHble erarbvr, HayrlHo-MeroAr{rrecKr4e noco 6ux upeKoMeHA ar\Lr1,
I4crlonb3oBaHHble MeroAbI LIccneAoBauuit, a raKlre yMeHLre caMocro{TeJrbHo cra-
BHTb I{ pelrarb coBpeMeHHbIe HayrrHbre 3aAaqr{ rro clerlr4€LnbHocrr4 05.02.01 -
MarepuanoBeAeHrre (n enexrporexHuxe), cua4ereJrbcrB)nor o Aocraror{Ho Bbrco-
KoM ypoBHe HayrrHofi KsarlaSnraqraa lllapzuona A.lI., qro [o3BoJrrer yrBep-
)I(Aarb o coorBercrBr4u efo yqeHofi creneuz KaHALIAaTa rexHl4rrecKr4x H€lyx.



5. Oqenrca o{opnaJrenr{fl Ar{cceprarln[.
flzccepraqnoHHa.fl pa6ota cocror4T rr3 BBeAeHr4.s, qerblpex rnaB, ocHoBHbrxBbIBoroB Ia npunoxennfi' o6l4ufi o6l€u ruaccepraqzonuofi pa6orrr 159 crpanzuKoMrrbrorepHofo na60pa, BKnrcqarorlero 36 pr-y"no" u 16 ra6nu4. cnacox qu_rupyenaofi Jrr.rreparypbr cocrorrr us g4 

"urr."o" 
auuit.

Bo BBeAeHITI'I o6ocuoeaua aKTyanbHocrb BbrrronHeHHbrx vccneAoBanuit,cSopvyru4poBaHbl Ilenb u 3a/.a.uu pa6o*r, HayqHa{ HoBr43Ha, npaKT'rrecKa{ 3Ha-rll4Mocrb I4 ocHoBHbIe llonoxeH4fl\ BbIHocI{Moe Ha 3aqury H KparKoe cogepx aHHeAkr ccepTarlr4r{.
rrepeaa zrs6o - <<rro.nynpoBoAHlrKoBbre coeAr{He'r{fl apceH upa lraHTnMo-HuAa rarruq - [epcleKTI{BHbIe MarepuaJlbl 3JreKrpoHuofi Texugptr (O6sopJIHTeparypbI)>>' B erofi rJIaBe paccMorpeHbr: Mecro 6zuapnrir upran"AoB 14 aH-TI4MOHI4AOB r€UIJII{-I B cl4creMe coeArrHeHr{.fl TkfIra GaBv; araparranrrrBbr npr4MeHe-Hu-{; o6ql4e 3aKoHoMepHocra SopnarzpoBa'rr-f, [pocrbrx aHTr4MoHr{AoB r4 apceHa-AoB Iiunu{; 3aKoHoMepHocrl4 o6pa^:onaHufl aHTHMoHrzAa u apaelurya fanrrufl TL1,taGaBv I4 TBepAhIX pacrBopoB Ha I4x ocHoBe; coBpeMeHHbre acrreKTbr reopr4r4 3JreK-TpoHHbIX cnoftcrB paclnaBoB; MoAenu npuliuxe'ufl (xnasvxpncrarnr4r{ecKoe

npu6nr'xeHae; upa6nraNeHl4e MoAeJrr4 dIo.{TH cno6o4nrix gneKTpoHoB)); ,^Byx-3oHHa''I MoAeJIb; MeroA culruofi cnxsz); olpeAeJleHr4e ocHoBHoro HanpaBJreHr4.rrr4ccJreloBalouit.
flpu paccMorpeHI4ll emopoil zJtonbr - <<MeroAbr r.rccJreAoBaHr{fl KoMrrJreKc-HbIx cBoficrn MeraJrJIoB I{ noJrynpoBoAHr{KoB n rn€pAoM r{ x(rrAKoM cocrofl-HI'Ifx)> yKa3blBaeTc{, tITo SKcIIepHMeHT€lJIbHoe I4ccneIoBaHI4e enexrpo6r43l4rrecKux14 TepMosreKTpxrrecKl4x caoficrn MerELnnoB 14 noJrynpoBoAHr4KoB B rxupoKoM Ar4a-rla3oHe TeMrleparyp, BKnroqafl kr xI{AKyro Sasy trBJlterc.fl aKTyanbHbrM, c rorrKr43peHI4'q KaK TeoperllqecKoro' TaK I4 rlpaKTI{rrecKoro npLIMeHeH ux. B cB 3Hc grr4M,

HaMII 6rura cKoHcrpyl{poBaHa ycraHoBKa, c ucloJrb3oBaHr.ena qzspoBbrx yHaBep-c€uIbHbIX npel{H3I{oHHbIX uprz6opon' Koropafl rlo3BoJrf,er r.rccJleAoBarb KoMrIneKc-Hrtx ceofrcrB MeranJIoB 14 nonynpoBoAHaKoB n rnep4ovr 14 xr'AKoM cocrorHr4{x.
MeroAou [pelu43l4oH'oro KepaM'qecKoro ',nrufi r43roroBJreHbr crrerd vrarrb-HbIe I43MeparenbHble 'qqefiKz, Koropblx npeAno)KeHa ucfroJrb3oBarb Anf, o.qHoBpe-MeHHO|O rrccneAoBaH4fl TepMo-9AC; essexra Xorra H sneKTponpoBoAHOCTr4, qro

f,BJl'fierct cyqecrBeHHblM [pI4 I43ytreHkrLr pacnnaBoB, coAepxarrlHx JrefKoJreryuuia
KOMTIOHEHT.

flpe4noxeH I4 I'IcnoJIb3oBaH np'4 3anoJrHerr'4r4 {qeeK MeroA B!&Br.rHBB HLrfl uc-cJleAyeMofi xraAxocr' noA 4eftcrnneu IEs6rrroqHoro AaBneHr/rr r4HeprHoro ra3a,qro o6eclerll4Baro Kar{ecrBeHHoe 3arroJlHeHue pa6overo o6reMa I43MepureJrbHbrx
f,qeeK.

flpu paccMorpeHl4uI mp emoe il zJtils bt - <orccnep'Me'TaJrbHbre uccJreAoBa-HHq cnoficrB aHTTIMOHI'IAOB I{ apceHI{AoB raJrJrr{fl B rnepAofi u ?Kr{AKofr ease>>orMeqaerct' qro BDKHOe Mecro B u3yrleHuI4 rronylpoBoAHLrKoBbrx aHTr4MOHr4.4OB HapceHl/rAoB r€LJInI4f, u 4nofiHrrx coeAI4He:auit rnrra AuIBv au""*ua, r4ccJreAoBaH,ettoss@uql{eHTa TepM'rrecKoro pacurupeHkrfl H TelJroeMKocrb, kr Hx Koppen.rrrr^r4MexAy SneKTpI4tIecKrrMI4 u TepMoAI4HaMHrrecKr4Mr4 cnoficrnanrz. lloerouy, nnepByro oqepeAb, ueo6xo4uMo noryqurr 6olee nonHyro TepMoAr{HaMr4r{ecKyro



xapaKTep'rcruKy STIIX coeAl4HeHuit ua ocHoBaHIiIIa I43MepeHr4r TerrJroeMKocr' ,nxoe0$raq'eHTa nr'*refi noro pac,'up e'ufl B ru'poKoM urHrepBaJre reMrreparyp.I'Isuepeul4e npoI43BoAI4nI4 [pI4 rrocro.rrHHoM AaBneHr4LI Kr.rrreHr4s xonoAr4nbHo-ro areHra vr npv BbIcoKoM BaKyyMe (1,3' 10-3+1,3' 10-4lla). o6ecueqeHr4e apua6a-rn'{ecKofi 3aIqI4TbI ocyulecrBJlf,Jlocb npr4 rroMorrlr4 nonylpoBoAHr.rKoBoro aBToMa-Tl4qecKofo peryJ.'Topa' To'rHo_crr ilorAep)K aHLrfl p€r3Hocrr4 TeMrreparyp Kanopr4-Merpa 14 sKpaHa paBHa 3'10-4 oc' 
T.non.putypy I43Mep.rrnr4 [ocpeAcrBoM rrJrarrrHo-BO|O repMoMerpa corpor%BlreHhrfl c reMneparypHbrM xoesQiaqr4eHToM Conporr4 B-JreHr{r w>1 ,3910, cralu''ruocrb rroKa3aHufl repMoMerp a npu Ooc paau a *2.I0^3Yo' LIzwepeHl{e relnocoAepx(aHrr.fi [por43BOA Urrv Br4HrepBan e 2gg-760oK c urarou45-50'c n AeofiHoM MI4KpoK€LnopI4Merpe Kenree. llorperuHocrb r.3MepeHr4fr uenpeBbrruana2yo.

TennonpoBoAHocrb tlpocrblx aHTI4MoHr4AoB 14 apceHr4AoB raJrJr'.rr r43Mep{nacbHa ycraHoBKe' cKoHcrpyl4poBasuofi n pa6ore. trrsiuepzreJrbHar x.refrxa cocror4T r43KoaKcI{aJIbHhrx I{HnaHApoB, BbITIOJIHOHHbIX I43 cleKTp€urbHo rrr4croro rpaQara, o6-naAaloruat nrrcoxofi TennolpoBoAHocrbro. vcra'oBKy rrpr4 a3Me pe'u.Tennonpo-BOAHOCTI4 tIperBapI4TeJIbHO OTKaqr4Baror H rroaJre [porpeBa 3arronHrror crreK-Tp€uIbHo tII4crbIM aproHoM' PacqerHa.q orua6xa olpereneHr4s TerrJronpoBo4Hoc.u4
OTII4CAHHbIM MCTOAOM B HAIIII4X OIIbITAX COCTABJI.f,ET HE 6OICE S-IO%,

ltx ucctreAoBaHr{r oJreKrponpoBoAHocrz u repMo_oAc n rnep4ofi Oase [ony_tIeHHbIe CJII4TKI4 14 MOHOKpI4CT€UIJIbr pa3pe3anr4cb Ha craHKe npl4 noMorr{r4 €tJrMa3HO-ro Kpyra' o6pa:qbl I4M.JII4 Sopty napannenerrr4rreAa. Irlsnrepeu,.s npoBo rvn*abKOMrIeHcauI4oHHbIM MeroAoM Ha [ocrof,HHoM TOKe C npI4MeHeHr4eM rIoreHqI4O-MerpoB' r{ro rro3BoJr'Jro r43Meprrb Hanp{xeHr.re Ao 1.l0-6B 
",on 

I -l0:;. 
--"-""

flpone4eH AeraJIbHbI fi auastuz cyqecrByroqux cxeMorexH'qecK'X cuoco6onu3MepeHzx e00enra Xolla B nonynpoBoAHrrKax z nu6pau xax uau6oJree npueM-leurrfi c rIo3I.IIzfi rransunakrsa\w Bo3MoxHbrx norpeursocrefi r{3MepeHr4 fl B pae-[JIaBax AByxqacroruufi MeroA nepeMeHHoro ToKa 14 [epeMeHHoro MarHHTHoroIIOJI.f,.

Paspa6oraHa kr co3AaHa 3KcnepplMeHTaJrbHaf, ycraHoBKa Anr KoMrrJreKcHoroI4ccneAoBaHvrfl Szszuecxux csoficrB pacnnaBoB rronynpoBoAHr4KoB oneKTponpo-BOAHOCTT4' TepMo-3AC kr eSSer<ra Xoua B rxapoKoM AHana3'He reMneparyp ao1500K' I4cnonrsyeMat I43MepnreJlbHaf, cxeMa (ycranonxa) nosnon.,rer npoBoAr4rbllccne'{oBaHkrfl' xoeQSaqI4eHTa Xonla c norperxHocrbro Ao 6-7o/o,3JreKTponpoBoA-
Hocrr4 lo 2,5Yo r4 repMo_3.I.c.- lo 2,5yo.

ftx ra:^repeH'fl y4en*rofi gneKTpolpoBoAHocrr4, B KaqecrBe sJreKTpoAoB r43oHIoB [pI4MeH-f,nHcb tIJIarI4HoBbIe npoBoAa A]IaMerpotvr 0,2 uu. I4srrepeHr4r [po-I43B0AI4JII40b B sBaKyupoBaHHofi (1,3'10-3lla) crerrxuHofi annyJre co rurnQoira naruoc$epe qr4croro reIrufl .
B uemeepmoil zJtil^e - r<cuure3 Kpr{craJrJroB rr [ccJreAoBaHr{e euruno-XUMI'qECKI,IX CBOfiCTN qI{CT'IX I{ JIEIUPOBAHH'IX AHTI,IMOHI,IAA V APCEHUAAraJrJrr{fl B TBepAofi u xugnoil eare>> [oKa3aHo, r{To:
1. coeAnnenuir GaAs (65,34 nec.yo As) u Gasb (63,5g sec.%oAs), u:roron_neHHbIe cTIJIaBJIeHI4eM 3JIeMeHroB:t.TlgY$pl4qecKoro cocraBa n rpaQrar v3upo-BaHH'IX' BaKyyMHpoBaHHbIX 4o 1,3 ' l0-3 f7i u 3arlarHHbrx KBapr{etsbrx aMrryJrax.
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I4Meror rcy6uvecryro crpyKrypy rutra quuxonofi o6iuasru (ZnS) c nocro.r{nnofi
KpracraJrnuqecxoft p eurerrofi

o

6,105 +0,006 A u d = 5,946+ 0,007 coorBercrBeHHo.

Ertlu [ocrpoeHbl Al4afpaMMbr Sa:onofi cocrorHnr cr,rcreMrr Ga-As ra Ga-Sb no-
cpeAcrBoM [onyqeHHblx HaMLI pe3ynbraroB repMHqecKofo, Mr4KpocrpyKTypHofo pr
peHTfeHocTpyKTypHofo aH€urr43oB.

2. [ttx cI4HTe3a I{ rronyqeHl,I{ tll4crbrx H coBeprxeHHbrx MoHoKpr4crannoB co-
e4zueHnfi GaAv I4crIoJIb3oBaH MeroA (xr,rMr,rqecKr,rx ra3orpaHcnoprHbrx peaKuun)
B cKoHcrpyl4poBaHuoft Hauz (AByx3oHnofi (4nyxreMneparypuofi) requ)), reMrre-
parypa re'{efi r<oropofi cra6utuzrlpoB€Lnacb c BbrcoKofi roqHocrbro ilo + 2" C .

3. Ha ocHoBaHI4I4 nonyqeHHblx pe3ynbraroB ycraHoBJreHo, rrro B pa3pe3e cr4c-
rena GaAs u GaSb o6pasyerc.a HerlpepunHrrfi pf,A rBepAbrx pacrBopoB c rrJraBHbr-
MI4 I43M0H9HH{MH Srz:Htco-xI{Mur{ecKZX oneKTpoQusuvecxzx, TepMogneKTpl4rre-
c Kr4x r4 TepMoAr4HaMI4qecKr,t x csoft cre.

4. Ha ocHoBe rI3MepeHI4fl ucrkrHHoit u cpe4nefi renJroeMKocrr4 ra xoeQ$rErlu-
eHTa TepMuqecKoro pacllrnpeHufl coeAuuerruit AIIIBV B rxrapoKoM uHrepB€ure reM-
rleparyp HaMI4 paccqI4TaHbl peuero.rHHfi BKJIaA r4 BKJTaA TepMrlqecKoro pacurr4pe-
HI4t B o6Iqefi TerlloeMKocru 3HTponI,IH H gHTaJrbrrr4u, xapaKTepucrr4qecKyro reM-
reparypy fie6at v r.L.YcraHosreHbl npeAeJrbHbre 3aKoHbr renloeuxocrr,r C-(T)
r Cv - f (T) H r,rHrepB€urbr HX rrpr4MeHuMocru.

5. SnercrpoSH:uvecrze cnoftcrBa HerrpepbrBHbrx pf,AoB rBepAbrx pacrBopoB
GaAs-GaSb uccneAoBaJII4 n paspa6oraHuofi HaMr4 yHr4Bepcanrsofi rpeqa3uosuofi
ycraHoBKe B IuI4poKoM I4HrepBane reMneparyp, BKnloqafl v xr4lKyro $azy. I4c-
IIOJIb3y.fl AaHHbIe no SJIeKTpOIpOBOAHOCTT4 r,r repMo-3AC., C [pr4MeHeHr{eM OAHO-
soHuofi MoAenI{ MerannoB u nonynpoBo,{Hr4KoB, onpe.{e lifl;rvr ypoBeHb Sepuz, a
TaK)I(e 3aBl4cl{Mocrb ypoBenr Sepuz or reMlleparypbr B 3aBr.rcr{Mocrr,r or uuNuefi
fpaHr4rlbr 3oHbr npoBoAr4MocTr4.

6. r4ccteAoBaHbr Mr{KpoAnarpaMbr coeAuHeHrzfi AIIIB' - nerr4pyroquft upn-
Mecb xpoM (Cr) ueroAoM MI4KporBepAocrz. Ha r43orepMax HMerorcf, orrrerJrrrBo
BhipDKeHHbIe repeJloMbl no KoropbrM orrpeAen.rrJrra pacrBopr4Mocrb xpoMa (Cr) n
AIIIB' ilpl4 coorBercrByry.ul-qfi rerr,rneparype pe3yJrbrarbr orrbrroB noK€BaJrrr, r{To
pacrBopl4Mocrb (Cr) n AIIIBV MaKcHManrHo y o6p€ts{€}, co.qep)Karrlero 0,85 u 0,82
sec oA Cr coornercrBeHHo n GaAs u GaSb. Tar<uvr o6pasou, MaKcr4MaJrbHbre 3Ha-
rreHrre pacrBopr.rMocrr4 cr s AIIIBU cocra"nrer 0,g 1 (dsb) u Q,7g (GaAs).

T.YnenvrqeHl4e KoHueHrparlutr aroMoB nprEuecefi xpoMa (Cr) uoerrtrraer no-
BepxHocrHoe HarflxeHr{e rr Ml4KporBepAocrb pacnnaBa cocraBa onpeAeneHa aA-
cop6qur z noBepxHocrHat KoHlleHrparJvrfl aroMoB xpoMa (Cr) n pacrnaBax cocra-
Ba A"'B ". llolutepMbl rloBepxHocrHoro HarflxeHr4.rr pacnnaBa cocraBa AtttBu s
HHTepBaJIe reMneparyp 950 + lI70 oC yAonnerBopr4reirbHo orrr4cbrBaercr ypaBHe-
IJkrfllr4r: o = 540+ 0,5(z -1196),epz l cu2 (anx GaSb) u o= 560 + 0,3(T -1125), epe/cu2
(altx GaAs ).

8.'I4ccneAoBaHbI snerrpo$I{3l4qecKr4e cnoficrBa KaK qucrbrx TaK vr nerr4po-
BaHHbIX xpoMoM (Cr) coeau:aenufr AuBv B rur4poKoM r,rHTepB€ure reMrreparyp,
BKJIIoTIafl 14 xI4.{KyIo $asy. B rnepAofi $ase nce o6pa-:rlbr KaK r{r4croro raK 14 Jrerr4-
poBaHHoro xpoMoM (Cr) coxpaHfror KoB€uIeHTHbre cBf,3rl H r4Meror ronyrpoBoA-



HI{KoBbIe xapaKTep [pI4-BoArrMocrI'I' a B x(IaAKofi Qa:e 3HaqeHr{e gneKrponp,oeoa-
Hocrb 4nx o6pa:qon AIrIBu, co4epx{aHr4eM cr, uzNe qeM qr,rcrbrx A,,.Bu. BceYKA3 AXHbIC O 6P ASqrr |lTIABflT A fl IIO THNY ( N OJIYIP O BOAHI4K M CT€UIJI )).9' HaftrcHbI oKcrIoHeHI{rr€uIbHbIe 3aKoHbr r43MeHeHufl KoHqeHTp arJ'u H rro-ABpIx{HocrI{ Hocrrrenefi sapfl'Aa or reMrleparypbr. onpe4eneHrr sSSeKrHBHbre Ho-curelefi 3apfl.ra n rroKa3aHo, rrro roA BnaxHocrr4 3aptrAoB (o) rpr4MepH o ua 20_
25o/o 'o'.blrre' a essexruBHafl Macca AbrpoK BABoe MeHbrue rreM y 3JreKTpoHoB,vto' co6crBeHHo, u o6ycnoBJII'IBaeT AblporrHbrfi xapaxrep ilpoBorr4Mocrr4 rrr4croroLI ner,p oBaHH o f o ap a eHLr Aa pI aHTr4 Mo Hu Aa I arrrkrfl xp oM oM.

B eorcodax csopn'rynupoBaHbl ocHoBHbre BbrBoAbr rro [poBeneHHbrM B Ar4c-cepraur4onHofr pa6ore uccJre.qoB aHLrflM.
6' cooreercrBlre anropesepara ocHoBHoMy coAep?KaHrr ro Arrccepra rr u u.Anropesepar aAeKBarHo orpaxaer ocHoBHoe corepxaHr4e Alrccepraur4rr.crpyruypa' coAepx aHvle' a TaKXe oSoprr,rneHr4e crrr4cKa rdrrrr{pyeuoft Jr'reparypbicoorBercrByror focT p 7.0-11-2011 <<CvcreMa craHraproB no zHQopMarlaa,6u6nuorer{HoMy H v'Aare.rrbcKoMy Aeny. {rzccepra rJufl. u anropeQe par A*acepra_qua. crpyKrypa n npaBurra osopun eHufl.-M.: iru"auprznQoplr, 2012>.B aeropeSepare, cornacHo rpe6onaHzsu BAK npz llpe:r4AeHre pT anrercrcqHAeHTar{HbIe pe3roMe Ha raA)KHKcKoM, pyccKoM u aurluitcKoM,3brKax.
7. 3aueqalrlafl rro Auccepraqr{onuofi pa6ore.
1. o6:opnafl -qacrb Ar4ccepraqvouuofi pa6omr, upvne4duHofi e nepnofr rnaBecoAepxl4T HeAocrarorlHylo uuSopuallulo [ocireAHero Aecf,Tr4nerr4ro no AaHuofrTEMATI4KE.

2' YxasauHble MeroAbr' a TaK)Ke nprz6oprr a cpeAcTBa u3Mepeuufi o6rexronI4ccneAoBa[Iufl' npzne4enHofi eo nropofi tnu". (crp. 36-64 rvccepra rJ1kr vr cTp. 7-8 anrope0epara) rpe6yror o6'onreur4.rr [ocJreAHr{x AocrrDKeH uir uayxur4 rexH'-KA.

3. Tpe*-a rJraBa (crp. r2r-r2g Ar.rccepraL\vv ucrp. g-r2 anropeQepara) no_cBl[xleHa B ocHoBHoM sKcnepzMeHTanbHblM r4ccneAoB a.uoflM. OAuaxo 3Aecb HaHaIu B3rnflAPr3IruLnHe npl{BoIflTcfl p€Bnur{Hble MeToAI4Krr, Koropble AonxHtr 6trrlorHeceHbr Ko BTopofi uane.
4' B 'rere€proft rnaBe Ar.ccepraqraz (pzc " 4.20 Ha crp. 123 gucceprarruu puc.12 sa crp' 20 anrope0epara) xapaKrep r4 MexaHr43M H3M.H eH.rflreMneparypnoi3aBrIcI4MocTI{ KoHueHTpaIII4a HocHTeJIefi ror<a I4 noABLIXHocrrz 3aprAoB r{I4croro 14nerI4poBaHHofo xpoMoM GaSb rpe6yer lonoJrHrirenbHoro o6rs,cueuux.
5' B '{acrI4 BbIBoAoB I{ peKoMeHAarIHr4, oco6euuo nyHKTa 4 pexovre H*ar\vvraBTOp yKa3blBaer Ha peanla3al{I4ro [poqecca cHHTe3a u BbrpailIrrB aHUfl MOHOKpTT-TaJInoB cofJlacHo [oryr{eHHblM I4M B coaBTopcree Manoro'rrareHra pecny 6tmxuTa4xuxacraH Ns1i668 ua zso6pereHr{e or 30. 12.20i3r. o4uaKo rpr4 3roM HeyKa3brBaercx eQ SeKTr4BHocrb ax npLrMeHeHa.fl .
6' [uccepralll4oHHaf, pa6ora He nn[reHa HeAocrarKaMr{ TexHr4r{ecKoro rpaM-MarI4r{ecKofo I{ crLrlrurcrLrtlecKofo xapaKTepa. Tarxe cne.{yeT yrorrHr4Tb rrepeBoAHeKoropbrx repMr4HoB c pyccKoro Ha rapKuxcxzft .f,3brK.
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Orlteruu, qro npvIne4eHHble 3aMeqaHufl B ocHoBHoM r4Meror xapaKTep noxe-
Irauvrfl rI He yMaJr{Ior AocrorlHcrBo H IIoJro}KHTenbHyro orIeHKy paccMarpueaeNaofi
Arcceprarluouuofi pa6oru.

8. PercoueHAallun rro ucrloJrb3oBaHrrro pe3yJr[,TaroB AnccepraurronHoro
rrccJreAoBaHnq.

Pesymrarbl npoBeAeHHbIX HccJIeAoBauuit MoxHo peKoMeHAoBarb K HcrroJrb-
30BaHHlO:

- coeALIHeHvrfl rvr\a AIllBvlGaAs, GaSb) r4 rBepAbie pacrBopbr Ha r4x ocHoBe
GaAs-GaSb s rBepAoM v pacrtnaBJleHHoM cocroflHr4r4 r4Meror BbrcoKyro repMo-
3neKTpl4rlecKyro e$QercrnBHocrb, qro r,rx MoxrHo peKoMeHAoBarb B KaqecrBe tro-
JIoxI{TeJIbHbIX nernefi TepMooneKTpr4rrecKr4x Marepr4anoB. Tarxe coeAuueuufi
AIIIBV I{MeIor BbIcoKyIo Bocnpolr3BoAr4Mocrb B rrHrepBaJre reMneparyp 250-750oK,
r{To peKoMeHAylorafl AIrfl co3AaHI4s repMope3r4cropoB r,r pa3nuqHlrx <larqr4KoB
reMneparyp)) ((repuo4arunxu>);

- HeKOTOpbIe npeAnox{eHllfl H peKoMeH4ar\uv Ar,rccepTaHTa, a TaKXe pa:pa6o-
raHHbIe uvrra <TepMoAarquKra> (<[arul4Kr{ TeMrreparypbr)>) Harunu rxr4poKoe npu-
MeHeHHe B p€Bnr4qHux o6racrtx npoMbrrrrJreHHocrr4. 3rn varepnanbr {BJrflrorcs
BblcoKorepltocrofirnM v cnoco6HuMn K nerrrpoBaHr4ro, rrro [peAcraBrr.rrror' [paK-
rn.{ecxzfi uHTepec K co3AaHr{ro Ha r4x ocHoBe pa3nnirHrrx npra6opon;

- cor{eraHue MaTHI4THIIX I{ [onynpoBoAHrzKosrix csoficrB B coeAr4HeHwir lurta
^  I l l ^VA"'B " orKpblBaror Bo3Mo)KHocrIa co3AaHr4fl Ha lrx ocHoBe pa3nr4r{Hbrx npzSopon:
[pI4eMHI4KI4 KpaTKOBOJIHOBO|O I43nyqeH[fl; VATOqHr4Kr4 HeKOTpeHTHOfO CBeTa; nO-
nynpoBoAHIlKoBbIe KBaHTOBbIe feHepaTopbr; faHHoBcKr4e feHepaTopbr; pa3nvr{Hbre
MafHr,rTope3ucTopbr rr T.A.

- pa:pa6oraHHafl vMvr y ar aHoBKa <,{nyxsounax (4eyxreMrrep arypuax) rer{b>)
MOIKHO IIC[IOJIb3OBaTb .qng CHHTe3a I{ nonyqeHzr MOHOKpI4CTaIJII4TIeCKI,IX OAHO-
poAHbIX o6pa:qon npocrblx u 6onee cJro)r{Hbrx coeAnHeHufi ueroAoM ((xr4Mr{qe-
cKr,rx ra3orpaHcnoprHbrx pearqHfi >.

- paspa6oraHHa.q yHr4Bepcuubnafl rrperln3r4oHHar ycraHoBKa u x\.eiaKr4 peKo-
MeHAyIor cfl nnfl r4ccneAoB aHLrfl KoMnJreKca cnoft crB MeruurJrrar{ecKr4x r4 rrpocrbrx,
rpoffurx n 6oree cJroxHbrx nonyupoBoAHr4KoBbrx MarepueuroB r4 rBepAbrx pac-
TBopoB, o6pasyrorqvrxefl, Ha rrx ocHoBe.

- ocHoBHbre pe3ynbrarbl Al4ccepraqraoHuofi pa6orlr B Br4Ae pa:pa6oraHHbrx
<Tepvro4arrll{KoB) HaITIJITI [rl4poKoe npl4MeHeHlre B [pou3BoAcrBeHHbrx Koonepa-
rr4Bax <<Paxuar>> u <C.A. Xavra4onra> Kynr6cxoro pafi.oua, <Mraspo6> a <XoA-
x{aMyMrIH> BocceficKoro paitoya, a raKxe u @uttuare Ta4xuKcKofo arpapHoro
yHl4Bepcurera I4MeuIa IlI. [Iorevypa n ,{aurapr4HcKoM pafione y 2012 ro4y. Pa:-
pa6orauHble MarepvraJrbr qBr{Iorc{ BblcoKorepuocrofirarM vr cnoco6uuMu K Jrelr4-
poBaHI4Io I4 [peAcraBJlrlor [paKTurrecrufr r{HTepec K co3AaHnro Ha HX ocHoBe pa3-
rrzr{Hbrx npra6opoe.

9. 3arc"rrroqeHl{e o coorBercrBlru Ar{cceprarluu rpedonaHusna BAK upu
llpesugenre PT.

Anarzs Auccepraqrara lllapurroBa Arauuro llaproenuqa Ha reMy <Cuures u
ceofrcrna aHTI4MoHrIAaLr apaeHvraararrrr4fl B TBepAoft u xr,rAr<ofi Qa:e> no3BoJrfler



cAeJraTb 3aKlroqeHr4e o ee AocTaTorIHo BbrcoKofi SKcuepr4MeHTuurbHo-Teoperr.r-
rlecKofi 3Harrr4Mocrlr [onyqeHHblx B Hefi pe3yJlbraroB, rrpeAcraBJreHHbrx BbrBoAoB.

[racceprarlr4oHHar pa6ora coorBercrByer rpe6oeauuqM (lloJroxreHne o no-
pf,AKe rpr4cylqenufl. yuduux cr:eueuefi) BAK npra llpesr4AeHre Pecuy6nuxe Ta-
AXr4Kr4craH, yrBep)K4euurru rocraHoBJleHr4eM llpanurenbcrBa Pecny6nzxu Ta-

A)Kr4Kr4cran ot 26.II.2016r., J\b505, a ed aBrop - Illapunon Aravuro llaproennv
3acny)Kr4Baer npucyxAeHl{f, yveuofr crerreHr4 KaHAr4Aara rexHr{r{ecKl4x HayK rro
cnerdr,raJrbHocrr{ 05.02.01 - MarepuanoBe.{eHze (e aneKrporexurar<e).

Orsus o6cyN4eH vr e.U{HofnacHo o4o6peu Ha pacur4peHHoM 3aaeqanvlr
Hayuno-rexHrzr{ecKoro coBera fHV <I{eurp r{ccneAoBaHr4flktHHoBarlr4oHHbrx rex-
Horrorr4r4)) npr4 HAH TaAxurucraHa (llpororcon Jrlb <_5_> or <03> uas 2021
ro4a)

llpe4cegarenr HayuHo-TexHr4rrecKoro coBera
f Hy <I{e Hrp r,r c cn eAo B a:ar4fl. r4 HHoBarIuoHHbrx
rexHoJro r vrv>> trpv I-IAH TaAxur<u craH a,

AOKTOp reXHlrqecKHX HayK, AOTIeHT f Sruon E.E.

3rcuepr,3aMecrr4Tenb Ar4peKropa ub nayvHofi ra yue6nofi
pa6ore fHy <I-{enrp uccneAoB aHtrfl. r,rHHoBarIHoHHbrx
rexHoJror w>> npu FIAH TaANurucraHa
KaHAI{AaT XI4MHqeCKLIX HayK, AOIIeHT Hopona M.T.

Cercperapb coBera,
KaHAr,rAaTa TexHr4qecKr4x HayK

Ilodnucu A. T.H., .{orIeHTa
Hopoeoil M.7.,. u rc.m.u. P
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Paxuuon O.A.

Hasapoea M.I,I.

Cr. r,rncueKrop OK fHY <L{e
I4HHOB AUI4 OHHbIX TCXH O JIOf I4I4))

Iloumoeuni adpec opzaHu3arluu: 7 34 trcurcu1mqu, z.,{ywau1e,
yn. Ailuu 299/3, Ten. (+992) 372-225-80-91, E-mail: innovation.an.tj@mail.{U
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