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Ha JIMCccepTalioOHHYyI0 paboTy emunosa EBrenns BiaguMmuposrya
«DJIEKTPOHHBIE SBJICHUs [IEPEHOCA B YCIOBUAX KBAHTOBOTO M KIACCHYECKOIO
pasMepHBIX 3P (PEKTOB B TOHKHX IJIEHKAX BUCMYTa,
IPEICTaBJICHHYIO Ha COUCKaHUE YUYEHOU CTeIIeHH TOKTOpa
(U3UKO-MaTeMaTHUECKUX HAYK IO CIIEIHUATBHOCTH
1.3.8. ®usuka KOHIEHCUPOBAHHOTO COCTOSHHUSI

AKTyaJILHOCTDH paboThI

CoBpeMeHHOE pa3BUTHE HAyKU W TEXHHKH XapaKTEPH3YeTCs YCTOWYHMBON
TeHJEHIMEH K MHHUATIOPH3ALMKM YCTPOHCTB. DTOT TEXHOJIOTMYECKUN TpeH
3aKOHOMEPHO Ha IPOTSHKEHUH IIOCIEIHUX HECKOJBKUX JEeCATUIIETHH CMEIaeT
(okyc Hay4yHBIX MCCIENOBaHHM B 00NACTh HAHOTEXHOJNOTMH H (DH3HKH
HU3KOpPA3MEpPHBIX  CHUCTeM.  AKTyaJlbHOCTh  TMOJOOHBIX  HCCIENOBAHUI
o0ycioBieHa TeM OOCTOSITENBCTBOM, YTO MNpPH IIepexofie K HaHoMaclITabam
GyHnamentanpHBle  (U3MUECKHME ~ CBONWCTBA  MATEPUAIOB  IIPETEPIEBAIOT
CYLLIECTBEHHBIE VU3MEHEHUS. KBanToBbIe s dexTh paguKaIbHO
TPaHCQOPMHUPYIOT MHOTHe (U3MYECKHe XapaKTepPUCTHKUA HHU3KOPa3MEPHBIX
00beKkTOB. B 3TOl cBsA3M 0COOBIH HayYHBIH HHTEpEC MPEICTAaBISET BUCMYT —
Marepyai, o0nalaomuil 3HAYUTENbHON JUIMHON BOJIHBI Jie Bpoiisis 31eKTpOHOB.
B cBsizu ¢ Gonbuioil amuHOM BoNHBI ge Bpoitisa 9JIEKTPOHOB I10 OTHOILUEHUIO K
TUIIMYHBIM METajljIaM ¥ OOJIBIION MOIBHKHOCTBIO HOCUTENEN 3apsa BOJHOBBIE
5 (EKTH B BUCMYTE TPOSIBIAIOTCS AaXe B OTHOCHTENBHO KPYIHBIX CTPYKTypax,
4TO JeNaeT ero ynoOHOM MOJENbHOM CHCTEeMON [UISi H3YYeHHs pPa3sMEpHbIX
s¢dexroB. ToHKHME IIEHKH BHCMYTa MO3BOJISIOT OJHOBPEMEHHO HCCIIEIOBAThH
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KJIACCUYECKUU pa3sMepHBI 3((GeKT U KBAHTOBBIM pa3mepHbii 3¢dext (KPD) B
SJIEKTPOHHBIX SIBJICHUSIX TIEPEHOCA.

KomiuiekcHOe — M3ydeHHWe  BEKTPHYECKHX, TralbBAHOMATHHTHEIX M
TEPMOSNIEKTPUIECKUX CBOMCTB TaKMX HU3KOPA3MEPHBIX CTPYKTYp HE TOJIBKO
yriyOmsier noHuMaHMe (yHIAMEHTANBHBIX (DU3HUECKUX IIPOLIECCOB, HO M
3aKJIaZIpIBaCT OCHOBY JJIsI CO3/@HMs IEPCIIEKTUBHBIX TEXHOJOTHH, CBI3AHHBIX C
OJIEMEHTAMH  KBAHTOBBIX BBIYMCIIUTENBHBIX YCTPOWCTB MJIM JPYTHX THIIOB
YCTPOMCTB, HaIpuMep, BBICOKO3()(heKTUBHBIX TEPMOBJIEKTPUIECKUX
npeoOpazoBareiei.

AKTyaJlbHOCTh TeMBI JUCCEpPTAI[MOHHON pa6otsr E. B. Jlemumosa
00ycioBeHa HEOOXOIUMOCTBIO 6ojiee  HeTaTbHOro U3y4YeHUs] (DU3HIECKUX
MCXaHU3MOB, ONPEICISIOIIMX JJIEKTPOHHBIE CBOMCTBA HH3KOPa3MEPHBIX CHCTEM
Ha OCHOBe BUCMyTa. HecMmoTps Ha TO, YTO OCHIJUISLHOHHAS 3aBHCHMOCTE
SJIEKTPUHYCCKUX W I'aJIbBAHOMarHUTHBIX CBOWCTB TOHKHUX ILIEHOK BHCMYTA OT HX
TONIIMHBL,  OOycioBlIeHHass  mposiBieHmeM — KPD, 9KCIIEPUMEHTAIBHO
TIOATBEPXIICHA M TEOPETHYECKH OOOCHOBaHA B psifié  MPeIIeCTBYIOLHX
MCCIICNIOBAHUH, 3HAYUTENbHAS YaCTh OKCIEPUMEHTAIBHBIX JAHHBIX 10
HACTOAIIEro BPEMEHU He MMeNa OOLIeNpU3HAHHON (PH3HYeCKOl HHTepIpeTaIiy.
B wactHOCTH, HabmonaemMble OTKIOHEHHS TIEPHONA OCIHIUIAIMN OT pacUeTHBIX
3HAYEHWH, Ppa3IUYHBI WHTEpBal TOJMMH TOHKMX IUIEHOK, B KOTOPBIX
HaOJIOAANUCh  OCHMIUIALMOHHBIE  3aBHCHMOCTH,  aHAJIH3 TEOPETUUECKU
IIPEJICKa3aHHOTO nepexoza IIOJTy METaJIJI-TIOJTY TIPOBOTHUK TpeGoBan
KOMIUICKCHOT'O aHalu3a C yYeTOM IOMOJHMTENbHBIX (D)aKTOPOB, BIMSIONIAX HA
TPaHCIIOPT HOCHUTEJIeH 3apsia. BeeacTBue BhIIeCKa3aHHOro Tema JYcCepTaIin
Hemunosa E.B., mocesiiieHHas ycTaHOBIEHHIO 3aKOHOMEPHOCTEN M3MEHEHUs
FaIbBAHOMAarHUTHBIX W TEPMODJIEKTPUYECKHUX CBOWCTB  TOHKOILUIEHOYHEIX
00pasLIOB IOMyMETA/UIOB B yCIOBHSX Peali3aldi KBAHTOBOIO U KIACCHIECKOro
pasMepHBIX 3((QEKTOB Ha mNpUMepe TOHKHX ILIEHOK BHCMYyTa SIBJISIE€TCS
aKTyaJIbHOM.

CrpykTypa n ocHOBHOE coaepskanue paboThbl

JlMccepranms COCTOMT M3 BBeNEHMS, ISITU IVIaB, 3aKTIOYEHHS M CIIHCKA
JTUTEPATypbl, KOTOPKIH BKIOYaeT 320 HaUMEeHOBaHMUIA.

Bo BBe/ieHuy 060CcHOBaHA aKTyalbHOCTE TEMBI UCCJICIOBAHMSL, IPUBOIUTCS
MH(QOPMAIS O CTEIeHH ee pa3paboTaHHOCTH, chopMyITHpOBaHBI LIETh U 3312491
AUCCEPTALMOHHOM paboThl, yKa3aHAa Hay4yHas HOBH3HA, TeOpeTu4ecKas u
MPaKTHIECKasd 3HAYUMOCTh pe3yNbTaToB, MPHMBEIECHBI OCHOBHBIE ITOJNIOXKEHHS,
BBIHOCUMBIE Ha 3alUTy. Takxke NPHBOAATCA CBeHeHHS 06 HCII0JIb3YEMBIX
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MeToax HcciefoBaHUsl, 000CHOBaHA JOCTOBEPHOCTD IOJYUYEHHBIX PE3YJILTATOB,
cofiepKaTcs CBEJIEHUS O JTMYHOM BKJIaJle aBTOpa U anpodaruy paboTsl.

B T'maBe 1 cneman o00630p JauTepaTypsl IO TEeMaTHKE HCCIIEIOBaHUS.
[TonpoOHO mpencraBieHbl CBeAeHHS 00 OCOOEHHOCTAX (HU3MYECKHX CBOMCTB
KPUCTAJIJIOB TUIIA BUCMYTa, 30HHOU CTPYKTYpPBI U 3JIEKTPOHOTO SHEPTeTUYECKOTO
cnekrtpa. IIpoBenen 0630p ucciaenoBaHUM SBIIEHUN NepeHOca B TOHKUX IUIEHKaX
nosyMeTaioB. OGCYXkIAI0TC COBPEMEHHBIE TOCTIKEHHS B O0JIACTH H3ydYeHHUs
KJIaCCUYECKOr0 M KBAaHTOBOIO pa3MepHbIX d3(dekToB, sddekra cnadoi
JIOKaJIU3aluu.

B I'naBe 2 kpaTko NpeacTaBiieHa TeOpHs MPOLIECCOB POCTa TOHKOM IJIEHKH
U IIPUBEJIEHO OIMCAHUE PA3JIMYHBIX METOJOB IIOJyYEHUS TOHKHUX ILJICHOK.
OTpakeHBl NpeuMyIIecTBA M HEJOCTATKH JaHHBIX METOIOB, a TaKKe TaKHe
BO3MOXXHOCTH YJIyYIII€HHs] CTPYKTYpPbl TOHKMX IUIEHOK CHUCTEMBI BUCMYT-CypbMa
KaK OT)KWT, 30HHAsI PeKPUCTAJUTH3ALIHS.

IIpuBeneHbl CBeIEHHUs O MPEeJIOKEHHBIX U allpoOUpOBaHHBIX B paboTe
METOAMKAaxX Ha OCHOBE AaTOMHO-CHJIOBOM MHUKPOCKONIMKM B KOMOHWHALIMM C
CEJIEKTUBHBIM XUMHYECKUM TPaBJIECHUEM WU JIEKOPUPOBAHIIUEM IJISI BBISIBICHHS
MHKPOCTPYKTYPbl TOHKHMX IUIEHOK M KOHTpPOJS UX ToiuuHbL [lpemcraBieHs
pe3ynTaThl HCCIIENOBAHHUSA BIUSHUS TEXHOJOTMYECKUX PEXHMOB MeToja
TEPMHYECKOr0 MCIApeHHss B BaKyyMe Ha CTPYKTypy H MOP(OJOTruio
IIOBEPXHOCTH II0JIy4aeMBIX B JaHHOW paboTe IUIeHOK. [IpuMmeHsieMble MeTObI
U3rOTOBJIEHHS M MCCIENOBaHUS CTPYKTYphl OOeCHedmi BO3MOXXHOCTH
ONTHMM3aLMK  IIpOLlecCa M3TOTOBJIEHUS IUIGHOK BHUCMyTa ¢ Haubojee
COBEPILEHHOUN CTPYKTYpPOH.

B I'naBe 3 mnpuBeneHo moApoOHOE ONMCaHHWE HCIIONB3yeMBIX B paboTe
YCTaHOBOK [IJIsI MCCJIEIOBAHUS SIBJICHUN [TEpEeHOCa, IPEICTABIICHBI BRIIOJEHHEIE B
JNaHHOM paboTe HCCIIeZIOBaHUS DIEKTPUUECKHMX, TIaJlbBAHOMATHUTHBIX W
TEPMODSJICKTPHYECKUX CBOWCTB TOHKHMX IUICHOK HEJIErHPOBAaHHOIO BHUCMYTa H
TBEPJOTO pPacTBOpa BUCMYT-CypbMa, a TaKkKe BHUCMYTa, JIETMPOBAHHOIO
Tejrypom. MccnenoBanus MpoBeeHsl B IIMPOKOM JHaria30He TEMIIEPATyp OT 5
1o 300 K 1 MmarauTHbIX nossx 1o 8 Tu. IlpuBeneHbl pe3ynbTaThl HCCIIEI0BAHMS
IUIs TJIEHOK TOJIIIKMHOM oT 15 HMm 1o 1,5 MxM. ITonpoOHo obcyxnarores xapakrep
TEMIIEPATyPHBIX M TOJUIMHHBIX 3aBUCHMOCTEH YIEJIbHOTO COMPOTHBIICHHUS,
MarHeToCONpOTUBIIEHH, Ko3dduuuenra Xoa, TEPMOIC. Y CTAaHOBJIEHO, YTO B
IUIEHKaX BUCMyTa C OOJNBIIMMH pa3MepaMd KPHUCTAUINTOB M ILIABJIEHBIX
MOHOKPHUCTaJUIMYECKUX IIJIEHKaX BUCMYTa KJIACCUYECKUU pa3MepHBId 3¢ (deKT B
OoJiblIel CTENEeHU yBeIUYMBaeT MapyalbHbIi BKJIAI IIPOYHOM COCTABISAIOIEH
B raJlbBAHOMarHUTHBIX M TEPMOIJIEKTPUYECKUX CBOMcTBaX. Ha TemmepartypHoit
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3aBHCHMOCTH MarHeTOCONPOTHBIICHUsS] OOHAPYKEHBl aHOMAJIMU, KOTOPEIE MOTYT
OFITh HpOsiBIIeHHeM dhdeKTa c1aboii ToKanu3anuy HocuTeNel 3apsza.

B rnaBe mnpuBeNeHbl JaHHBIE 10 MOJYYEHHBIM OCILMUISLAOHHBIM
3aBUCHMOCTSM 3JIEKTPUIECKUX U TaJIbBAHOMArHUTHBIX CBOWUCTB, 00YCIIOBIEHHBIM
PasMEpHBIM KBAHTOBAaHUEM 3HEPIE€THYECKOTO CIIEKTpa 3JEKTPOHOB U IOKA3aHO,
4TO Uil HaOJIONEHUs KBAaHTOBOTO pa3MepHOro 3¢@deKTa ONTHMAIbHBIMH
SABJIAIOTCS KPYIHOOIOUHbIe mieHKH BucMyTa (111) ¢ pasmepamu 610k0B, Golee
YeM Ha IOPANOK IPEBBHIMIAIONIMMA HMX TOJIIUHY, CHHTE3 KOTOPHIX METOIOM
TEPMUYECKOrO  MCIAPeHUSI B  BaKkyymMe O0OecleuMBaeTcs CliedyOLUMH
YCIIOBUSIMH: HCIIOJIb30BAaHUE IOUIOKKHM U3 CIIOABI (MyCKOBHT), TOIIEpPKAHHE
TEMIIEPATYpPhl MOJUIOKKHK B Ipolecce IONTydYeHUs IUIEHKH okojo 140 °C,
MOCTCAYIOIMKA OTXKUI IUIEHKH IPH Temmeparype okoyo 240 °C B TeueHme He
MeHee 30 MUHYT.

B I'naBe 4 paccMaTpuBarOT pa3IndHbIE OIXOABI K PACUETy [OJBHKHOCTH
Y KOHLUEHTPallMM HOCHUTEJEH 3apsja B TOHKHMX IUICHKAX IOJyMETAIOB H
AHAJTM3UPYIOT IPUMEHUMOCTD UCIIONB3YEMbIX IPUOIIMKEHUIH.

IloxasaHo, YTO mNpUMeHEHHe MNPUOIMKEHUS H30TPOIHOCTH  JUIMHBI
CBOOOHOrO Mpobera JIEKTPOHOB B IIIOCKOCTH MOUIOKKH TTO3BOJISET KOPPEKTHO
NPOU3BECTH pAacyeT KOHLEHTPAlMud M TOABIKHOCTH HOCHTeNed 3apsna B
IIeHkax  BucMyTa  (111) ¢ ucmonb3oBaHMeM — radbBAHOMATHWTHBIX U
TEPMOSJIEKTPUYECKUX CBOKMCTB, B Clly4yae IPEHMYIIECTBEHHOIO PpACCEeSHUS
3JICKTPOHOB IIOBEPXHOCTHIO II0 CPABHEHHIO C paccessHueM Ha (POHOHAX

IIpuBesieHbI pe3yabTaThl COOTBETCTBYIOIMX PACCUETOB, BEIMOJHEHHHX Ha
OCHOBE M3MEpPEHHBIX K03 (uienToB nepeHoca. ITogpobHo pasbuparorcs, Kak
U3MCHEHMS TOJIMIMHBI M MHKPOCTPYKTYypblI IUICHOK BHMCMYyTa CKa3bIBAIOTCS HA
KOHIECHTPAWK U MOABUXHOCTH HOCHUTEINEH 3apsia, MPOsBIEHHE KIaCCHUECKOTo
pasMepHOro sddexra. BrIsBIeHHBIE 0COGEHHOCTH OTPAHHYEHHS TTOABUKHOCTH
SJICKTPOHOB M JBIPOK TOBEPXHOCTHIO U I'PAHUIAMH KPUCTAJUIUTOB B ILIEHKAX
BUCMYTa M TBEPJIOM PacTBOPe BUCMYT-CypbMa IIpelaraeTcsl UCIONb30BaTh JIJIs
PerynupoBanHus 3HAY€HUH TEPMOIJAC TOHKUX IUICHOK C LENBIO YBEIHYEHHs
TEPMOBJIEKTPHYECKOM 3 exTuBHOCTH n-BETBH TEPMOIJIEKTPUIECKUX
npeoOpa3oBaTeNnedl SHEPrUH HA OCHOBE TBEPJOTO PAacTBOpA BHUCMYT-CypbMa WK
CO3MaHUs P-BETBH TEPMOIIICKTPHYECKHUX NpeobpazoBaTeliell SHEpruu B 00JIacTH
HU3KUX TeMIIeparyp.

IloxasaHo, 4TO POCT KOHIEHTPALMK HOCUTeENeH 3apsa B IIEHKaX BHUCMYyTa
Ipy  YyMEHBIICHMM MX  TOJIUUHBI OOYCJOBJIEH YyBEJIMYEHHEM BKJIAja
JIOTIOTHATENIBHOW ~ KOHUEHTPAllMH, CBS3aHHOM C  HaJW4YMeM CBOGOIHOI
[IOBEPXHOCTH, TIpPaHULIAMH  KPUCTAUIUTOB M  XW/UIOKOB. YMEHBIIEHUE
KOHIICHTpaLM{ HOCUTENIEH 3apsiia BCIEACTBIE KBAaHTOBOTO pasMepHOTo addexra
























