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PEUEH3Lf,

PeuenseHTa AoKTopa rexniqru4x HayK, upo$ecopa

CTAXIPII [asra frocuuotltru

Ha 4racepraqifiuy Po6orY

qEMEPI,ICA .{rvrurp a Bircrop oBrI qa

Ha TeMy <<ElexrpoQisuun i ra vrarn iroTpaHcIIO pru i xa paKTepr cTrI KII

H IITK9 II oli6uux rcpllcra.rris GaAs AJIfl ceHcopu oi eJIeKTpo H ircu>>

npeAcTaBJreHy ua s4o6yrT, HayKoBoro cryreHfl AoKropa silocosii

sa cueqialrnicrro 153 <Mircpo- Ta HaHocucTeMHa rexuir<a>> n ranysi 3HaHb

1 5 <Asrotr{arusauis ra rlpl4JlaAo6yAynauur>

L. Arcrya.rrluicrr reMI{ qucepraqii

Hurxono4i6ni uir<poKpr4craJrr4 e [epcneKTlzBHoro eJIeMeHTHoro 6a:orc Ars

ceHcopHoi elertponirra. Ha croroAni nafi6inbluy yBary npllBepTae AocniAxeHH's

vrixpo- Ta HaHoKpzcralin Si, Ge Ta cnoJIyK A3B5, 3orpeMa TaKI4x sr< GaAs' Baxlueorc

HayKoBo-Texniqnoro npo6nevroro, .flKa 3aJll4lrlaerucr ni,4xpllTolo, e pospo6r<a r<onqeuqifi

orBopeHHx cencopin QisuuHrax BeJrrrquH, 3AarHI/rx fipallroBarl4 B cKJIaAHI4x yMoBax

.n.nryurarlii ( nprcoxi uarurirui rroJrq, ungrri TeMrepaTypl4, BITJIHB paaiauii).

Ha cyuacHoMy e.raui HaKonlrqeHo reoperu'tluit ra eKcrlepl4MeHTaJlbuufi naa'repian

3 Br4BrreHHf, eJreKTpo$i:uuuux, TepMoAl4uauiquux ra rarlbBanonaaurirHl4x BJlacrueocrefi

Hr4TKonoAi6unx rpncranir rpyll4 A3B5. PasoNa 3 TI4M, 6araro npo6nevr 3aIIZuaIoTbc'

uenupiureHr{Mr4. 3or<peua, AocniANeHn.s xiuerHrrHl4x e$exrin y Hl4TKorloli6nnx

Kpr4cTanax GaAs 3 KoHueHTpauiero JrefyBaHHx UO6luSy repexoAy MeraII-AleneKTpI4K

Hr,r3bKI4x TeMrepaTyP ni4 BTJII4BoM 4e$opuaUii Anq cTBopeHHfl ceHcopHo-eneKrpoHHl4x

npucrpoin ua ocHosi TaKI4x cTpyKryp. Kounlexcui AocniAxeHH' eneKTpuquux i

ruarnirsux rpaHcrroprHr4x BJracrr4Bocrefi s HI4TKorIoAi6uux uaninnponiAulzronvlx' 3a

Hr43bKrrx TeMleparyp ra BucoKrrx MarHirsux nolin, AJIfl po3po6xpt xouqenUifi

HaArryrnr4nnx, p a4iaqifi no cdfi Kr4x r' e3op e3I4crI4BHIax ceHcopin, a raKox p o:po 6rca



TerrJroBr4x i u'esopestrcrrrBHax ceucopin, 3AarHI4x rIpaIIroBarI4 B eKcrpeMa[bHrrx yMoBax

e 3aAarrerc 6e,:yruosHq aKTy4fl sHorc.

2, Haficyrresiuri nayxoni pe3yJrbrarrr ArrceprauifiHoro AocliAxeHHfl ra ii
HOBII3HA

[o uafisaroMirrrx uayKoeux pegyrrrarip aBTopa Arrceprauifinoi

po6orn criA eiAHecru nacryuui:

1 . Ha ocuosi eKclepr,rMeHTaJrbHr4x Ao cniAxeHb rroJlbo BI4x 3alexs ocrefi

uaruriroonopy B o6nacri xpioreuuux reMreparyp Bt4flBJIeHo, Iuo s ganexuocti

uarniroouopy HurKouoAi6nux r<pucralin GaAs siA uorx npu 4,2 K, ra npl4 Ayxe
cra6xovry rrraruirnouy uoni s iu4yrqiero Ao 0,2 Ttr cnocrepexeHo aHoMaIIbHo

fro3raTrrBHufi nrarniroouip xpncranin, xxuit 3yMoBJreHzfi cuin-op6iranrnoro B3aeMoAiero

nociis sapflAy.

2. Bueprue BrrflBJreHo nassHicm e$er<ry Herarl4BHoro uaruiroonopy B

HlrrKorroAi6nux Kpr4cr€Lrrax GaPAs ig rourleHrpaqiero JIeryBaHHs 1018 cM3 e IrnpoKoMy

reMneparypHoMy Aiana^soHi eig 4,2 ao 60 K g uaxcuMiLIIbHI4M 3HarreHHrM. ao 7o/o sa

TeMrreparypu pi4r<oro reliro, rqo non'rsaHo 3 KBaHTyBaHHTM eJIeKTpoHHI4x craHie

nociin :apx4in npu ix nepeBaxaroqifi uponi4nocri na nonepxni 3peBKa y xpracrani :i
crpyKryporo flApo-o6oronxa.

3. Bnepure BcraHoBJreHo xopenrqiro naiN enexrpo- Ta rr,taruirorpaHcroprHrMl4

xapaKTepr{crr4KaMrr HrrrKorroAi6nrzx xpucranin GaAs s pisnoro KoHueHTpaqiero

neryroqux Aouiurox uo6lusy repexoAy uerar-4ieJleKTplrK B rlrupoKonay 4iauasoui
reMneparyp.

3. 3ara.rrsHa oqinrca po6oru

[ucepraqia r{enaepuca il. B. e saneprueHoro po6ororo, sxa vricrurr Honi, HayKoBo

o6rpyuronaui pesyJrbrrrlu qinecupruoBaHux KoMfIJreKcHlIx AocJli4xeHr, suKraAeHi Ha

126 cropiHKax Marur{Horll4cy B 5 pos4inax.

Bcryu ni4rnep4Nye Baxnr4nicm reMrr Ar{ceprarlii, nzsnauae Mery gocli4xeHur

Ta HayKoBo-rexniqni san4ann.a, ueo6xi4ni 4nx fioro BrrKoHaHHr.

B nepuonry pos4ini npoananisoBaHo AocniINeHH, IrIoAo pospo6neuua

npncrpoin Ha ocuoei uauinuposiAnuKosr{x H}ITKouoli6nux r<pucranie, orll4caHo

rrpuHrlurur po6oru npucrpoin, ocHoBa po6oru flRr4xJIexI4Tb e NaaruirorpaHcrloprHrrx ra
r'esoelerrpLrrrHr4x rrpouecax. Onacaui flBarr:q:a, rorpi flpo.flBnflrorbcfl npu AocniAxenui
narHirorpaHcrroprHr{x BJracrr{socrefi HK GaAs, rar<i rK ocurrll.ruii Illy6Hirona Ae

I aaza, cuiu- op6iranrua B3aeMoA it, cta6xa noKanisalrir.



Y 4pyrouy po:4ini o\vcalF^a MeroAlrKa BrrpoUyBaHH, HI4TKonoAloHI4x KplICTarlI

MeroAoM xirvriquux rpaHcroprHrrx peaxqifi, ra xirraiqru4M ocaAxeHHflM s naponoi Surr.
Hr4TKonoAi6uux xpucraninpo:4ini

OnHcauo MeroAI4 cTBopeHHs oN,Iiqu[x xourarris, ra nuuiploBaHb onopy [pI4

xpioreunux TeMrlepaTypax Ta niA liero cIrIIbHI4x Iuamri'rnux uortie.

Y rpertonay pos4ini [oAaHo pe3ynbrarl{ KoMrIIreKcHI,Ix AocJIiANeHr BunrrBy

TeMrreparypu i uarHirnoro rroJrf, Ha BJlacrlasocti HI4TKorIoAi6Hrax xpzcralin GaAs.

flocni4Neuo oco6nnnocri uarniroouopy 3pa3Kin upu pisuifi KoHlleHrpaqii neryrouoi

Aoniruru s N{arHirHr{x rroJrfx s iu4yxqieto 0 : 14 Ttr, Tarrppr reMrleparypi nia 4,2 lo 77

K. B pesyttrari rpoBeAeHux AocriAxeHb rloKa3aHo, oco6lunocri uepeHeceHH-fl nociin

3apfl[y B Hrr3bKoTeMneparypHr4x xapaKTep[cruKax :pa:xin. BcranosreHo, Iqo

aHoMiljrbHufi,ilosvrusHrafi uarniroonip m uarniroonip unrxouoAi6nrzx rpucralin

GaAs npu cna6rovly noni ra HrasrKifi'reuneparypi BI,IHI4Karorr sHacriAor

cniu-op6iralrnoi egaeNaoAii Hociie 3apfl.^y, uo roxoAlzrr eiA AoMiruxoeoi nponi4uocri

s o6racri nepexoAy ueral-AieneKTpllK.

Y uerneproMy po3Aini naneAeHo pe3ynbrarl4 KoMrJIeKcHI4x AocniANeHb BEnHBy

TeMreparypn i uaruiruoro rroJr.fi Ha BJlacrl,Inocri HI,ITKorIoAi6sux xpucralin GaPAs,

3oKpeMa oco6rgsocri uaruiroolopy spasxin upn pi:uzx KoHlleHrpaqirx neryrouoi

4ouiruxu e NaarHitHLIx ro1lrx s in4yxqiero 0 + 14 Ttt npl4 TeMreparypi nig 4,2 Ao 77 K'

TaxoN aBTopoM 3arrporroHoBaHo Br,rKopl4craHHf, t<pucralin e sxocri TorrHl'lx

TeMnep arypHrrx Aar.Iuxin B IuI4poKoMy,4iara3 oni'reunep aryp.

V u'srovry pos4ini HaBeAeHo pe3ynbTaTl4 4ocni4NeHb BJlacTl'lsocrefi

Hr4rKoroAi6uux xpucranin GaAs B rxr4poKonty Aiauasoui reuneparyp ra Ae$oprllallifi.

Onucani 3ajrexHocri siAuocuoi sMiHra oropy eia aesopMauii po3rry Anfl Kpl,Icranie s

pisnrzvr ruroMlrM oflopoM, Ta HaBeAeni uaxczrraanrni 3HaueHH, roe$iqieura

reH3orryrrzsocri Ars HurKouoli6nix xpzcranin GaAs n i p - rl4rry uponi4uocri'

HareAeuo ra6nrauro 3 ocHoBHuMkr rrapaMerpaMlr pospo6neHl4x reH3opesucropin'

B Hcnosxu 3a pe3ynb r ut avrvr Br4KoHaHH{ Al{oeprallii ni4xp ecllrororb H ayKoBy

HoBr43Hy Ta npaKTl4uuy qinnicTb npoBeAeHl4x AocliAxenr.

Cuncor BHKopIzcTaur4xAxepeJl cniA'rurr flpo Te, Uo nil uac po6oru 6yno

upo auanisoBaHo cyuacHi p e3yJrbrarra HayKoBrrx Ao cliAxeur.

fincepmqir e saneplueHolo HayKoBoIo npaUerc, a fi oSopuJIeHHq siAnoeiAae

BoTaHoBJIeHLIM BuMoraM MOH Yxpaiuu.

4. IlparcrurrHa sHaqul{icrr po6oru rtorqrae B ToMy, rqo:

1. Pospo:po6neno reH3ope3r4croprz Ha ocuosi Hl4rKoroAi6uux xprzcralin GaAs p-

T4try nponi4uocri, axi xapaKTeplr3yrorbc, BI4coKo[o reH3oqyrnlaeicrro, cla6xoro

TeMreparypHoro sanexHicrro ix roesiqieura reH3orryrrtueocri Ta He3Har{Horo sl\aiHoro

onopy ra reMrreparypuoi 3aJrexHocri ouopy rpu EoBTopHI4x III4KrIax narpinannx i



oxonoAxeHHfl. 3a3HarreHi TeH3ope3r4cropr4 Moxyrb 6yru 3acrocoBaui 4nx nuuiprcnanr
y pisunx po6ouzx Aiaua:ouax reMrreparyp (-120 + +350oC) i ae$opN,raqift
(+( 1 x I 05+ 1 x1 03) niau.oa.).

2.BqasoBJreHo, rrlo Hr4TKonoai6ni Kpr4craJrr{ GaPAs Moxyrb 6yru eur<opucraui

xr r 4iauaeoui reprraicropr4 3 BraaoKHM TeMneparypHr4M r<oesiuieuroM orropy
reMneparyp sia 4,2 go B0 K sa paxyHoK sNaiHu oropy na ximxa nopr4xie BerzqrHr4 B

uboMy Aiaua":osi TeMreparyp.

5. Cryuiur o6rpyuronasocri Ta gocronipuicrr HayKoBHx rroJro)r(eHb i
sucuosrciB Arrcepraqifi uoi po6oru

locronipsicrr HayKoBrax pe3ynbrarin ra sauporroHoBaHrzx aBTopor,r piureur,
nvcuoeKie Bl43Harraerbcfl BeJrr{Koro ximxicrro [peAcraBJreHrrx eKcnepuMeHT€L[bHrax

AocniANeHb npoBeAeHrrx n Yxpaini Ta 3a KopAoHoM Ha cfracHovry nanriproBilnbHoMy

o6ra4uauni ig sacrocyBaHH.trM HosirHix MeroAr4K. lnr 4ocni4xeur eneKTpo- Ta

uaruirorpaHcnoprHlrx BJracrr{eocrefi HHTKonoAi6unx rpucranin GaAs 6y ru
3acrocoBaHi ueroAu aroMHo-cvflosoi Ta eJreKTpousoi nrirpocxouii, sorperra, uixpocKorr
AFM IOH HAHY y naicri Krzie ra cKaHyro.ri erexrpoHui naixpocKorra Hitachi SEM
S806, JEOL JSM-I13, a raKox SQUID iraarHirouerp MPMS-XL5. Marsiroonip spasxin
[pI4 rloJrflx siA 0 ao 14 Tr ra rpioreuuux reMrreparypax Br4BrraBc.[ 3 Br4KoprrcraHH.flM

6imepircbKoro ra HaAnponi4uoro MarHirie y MiNuapoanifi ra6oparopii cunruux
ruarnirHrax uorie i urasrxzx reMrreparyp y naicri Bpoqran, Ilonrura. Bce
Br4rrle3a3HaqeHe sa6esne.rye o6rpynrosauicrr ra Aocroeipuicrr oAep)KaHlrx HayKoBr4x

pe3yJlbrarin ra cSopMynboBaHLrx Haixnifi ocHosi srcuosxis Ar4ceprarlifiuoi po6oru.

Anp o 6a uiq p o6oru npoxoAlrna Ha aBTopr4TerHr4x H ayroBr4x $ opyrr,rax.

fly6nixaqii anropa B HayKoBLrx xypHnlraxra uarepiarax xonSepeuuifi siao6paxarorb
cyTb B}rKoHaHrlrx Aocri.4NeHb Ta [peAcTaBJreHr'rx B Ar4cepTaqii pesynrranie.
AnropeSepar Ar4ceprauii uonnicrro niAuoeiAae if suicry, nin a4exBarHo nepeAae

ocnosHi nayxoni pe3ynbrarv AncepraHTa.

6. 3ayeaxeHHq 4o po6oru

3a iraarepiaJraMLr Ar{ceprarlifiuoi po6orz MoxHa spo6uru raxi saynaxeHH.fl i upouosuqii:

1. B pos4ittt2.l eapro rprrBecru 6inrrue iu$opuaqii upo rexHorroriro uapoulyBaHH,
HrrrKoBr4Aurax Kp rrcrani n 3oKp eM a, TeMn ep ary puufr, up o Sinr n eqi.

2. B pos4ini 3.2.1 uezposyvrino is rercry, sxuir is orpurvrauux pe3yJrbraris
no{cHroemcs cuiu-op6iranruoro B3aeMo4iero B Hr.rrKoBr4AHr.rx Kprrcranax GaAs.
TeN carrae crocyerbca pos4iny 3.2.2 Ae orucaHacta6xanoxanisarlis B

HT4TKO BI,TAH r4X Kp r4 CTarI aX.



3. B pos4ini 5 noniAoMJlflerbc.s npo pospo6neHH.rr reH3ope3r,rcropie Ha ocuosi
Hl{rKoroAi6urax xpucranin GaAs p-rrrny nponiguocri. Bapro 6yno 6 e rexcri
Ar4ceprarlii npranecru Sororpa$ii aocni4Nynauzx 4arvzxin.

4. y rexcri Al4ceprallifiuoi po6oru sycrpiuarorbcfl oKpeui uouurKr4, Herortrocri ra
rexui.rHi orpixu flpore, sa3ua.reui Br4rue 3ayBaxeHHf, He BIrJII4Barorb Ha 3ar€urbHy

rro3r{rr{BHy oqiHxy Auceprauifi Hoi p o 6oru.

HaBeAeui BHITIo 3ayBaxeHH, He BnJrr.rBarorr ua o6rpyuronanicrb HayKoBr{x
roJloxeHb ra BLIcHoBxin 4zcepraUii i He sHuxyrorb ii nayxonoi ra npaxrzuuoi
qiuuocri.

7. Brcuoeorc

!z cepraqifi u a p o6 ora r{eu eprz c a luzrp a B irropo Btrqa <En exrp o S isra.rHi ra
naaruirorpaHcloprHi xapaxrepr4cruxrz Hr4TKorroAi6unx xpucranin GaAs 4rr ceucopuoi
eneKrpoHixu>>, npeAcraBJleHa na:4o6yrT x HayKoBoro cryneHfl AoKropa SinocoSii sa
cueqialruicto 153 - naixpo- Ta HaHocr4creMHa rexuixa, ranysi gHaur 15 -
aBToMarI4saIIis raflpvnal4o6ylynanHs, e 3aBeprxeHoro HayKono-AocniAHr4UbKoro
po6ororc, Hayroni pe3yJl6Tarr,r sxoi ra [paKTr4rrHe 3HaqeHH.rr orpr4MaHr4x pe3ynrraris e

BaxJrr{Br.rMvr ilrfl po3Br{TKy uixpo- Ta Hauocr{creuuoi rexuixn.

Ony6nir<onani po6orl4 aAeKBarno ni4o6paxarorb cyrb ra sr,ricr Ar4ceprauifiuoi
po6oru. Ocuonnufi uarepian Ar4ceprarlii sucnirreHi y
ra o6ronopeHo Ha rrncJreHHr,rx xoH$epeHqixx.

uepio4rzuHux $ axoBr{x BrzAaHHf,x

34o 6yna.r 9evrepac flvrurpo B ixroponLr q 3 acryroBye rpr4 cyAxeuux fi onry
cryneH{ AoKropa SilocoSii sa cneqiamuicrro 153 - nrixpo- ra HaHocHcreMHa rexuira,
rarysi 3HaHb l5 - asroNaarurza\is. ra nprrJraAo6yAynauHa.

Peqensenr:

[oxrop rexHiqnrzx HayK, npo$ecop
upo$ecop raSe4pz eneKTpoHHoi iHNeuepii

fli4nrac A.r.H., upoSecopa flaera CTAXIPI4
(3ACBIIT{yIO)

B.reHzfi ceKperap Haqiou
<JlreiBcbKa uolirexnira>

Ilasro CTAXIPA

Pouau BPVIILHCLKWilI(( ))


