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OBIIIAA XAPAKTEPUCTUKA PABOTHI

O0BbeKT HccJaeJ0BaHNA M aKTYaJIbHOCTHh TeMbl.

OKCIIEPUMEHTANLHOE OTKPBLITHE MHOTOOOPa3HsA PAa3NUYHBIX CTPYKTYD HA
OCHOBE ATOMAa YIIepoAa B S§p° IuOPHIN3AIMHE TOPOJUIO OTDOMHBIN HCCJIE0-
BATEILCKUM MHTEPEC K 3TUM O0ObEKTaM KaK C TOIKY 3peHus (pyHIAMEHTaIbHOM
bu3KMKY, TAK U C TOYKYU 3PEHUS] BO3MOXKHBIX NPAKTUYIECKUX LPUIIOKEHuH. B
1995 roay Tpu mayumsle rpymmsl (Yeprosatonckoro [1], me Xupa [2] u Pun-
snepa [3]) obmapyskmm, aro yraepomuse Hanorpybku (YHT) ofnamaror xo-
POIIMMY aBTOIMUCCHOHHBIMU CBOMCTBAME: SMUCCUS XapPAKTEPUIYETCS MaJIbIMU
TIOPOTOBBLIMY HANPSIKEHUAMH, OOJBIIMMY TOKAMHI U XOPOIIell BPEMEHHOH CTa-
ounpHOCTBIO. HanoTpyOku npencraBiaioT coCoif CHIBHO BBITAHYTHIE ITWJIHH-
IPBI, CBEPHYTHIE U3 OXHOTO JUCTa rpacduTa - rpadena, ux 3aMeyare/bHbIe IME-
CHOHHEBIE CBOHCTBA 00yCIOB/IEHBI GOJBIINM ACIEKTHHIM OTHOIIEHNEM (OTHOIIe-
HUE JJIMHBL K PAJUYCY), XOPOLIMMY MEXaHUYECKUMY CBOHCTBAMU, JOCTATOYHO
GOMBIIOl 3JIEKTPOITPOBOAHOCTIO, 8 TakXe TeM, 4To uro YHT obpazosans! u3
aTOMOB, COSOVHEHHBIX HE METAJUINIECKUMH, & KOBAJEHTHRIMH CBa3:aM. [locmen-
Hee OOCTOSITENBbCTBO CYIIECTBEHHO YBEJIMYUBALT SHEPIHI0 AKTHBALNK aTOMOB
[IOBEPXHOCTHOM MHTPALH ¥ NPUBOAUT K IMOBBIIEHHIO CTAOUIBHOCTH MIPOIECCa
DOMIUCCHH.

Bckope Ha ocrose YHT 6bu1 paspaboran aBTOSMUCCHOHHBIA quciuieti [4], a
3aTeM MCTOYHUK CBeTa [5]. B HacTOsuiee BpeMsi MHOrHE HAYYHBIE KOJIIEKTHBbI
IPOEKTUPYIOT PA3IHYHBIE IPUOOPHI, OCHOBAHHBIE HA ABTOJIEKTPOHHOM 3Muc-
CHM C YIMIEPONHBIX HAHOTPYOOK, HAUPUMED, TaKHe KakK sSpKWUe JIaMIIBI, PeHT-
TeHOBCKHUE TPYOKH, HCTOUHUKY SJIEKTPOHOB VIS 3JIEKTPOHHBIX MUKPOCKOIOB ¢
BRICOKMM pa3pemuienneM. MOKHO OTMETHUTh, YTO SPKUE JIaMIbl ¥ PEHTTEHOB-
ckue TpyOku Ha ocHose YHT 3T0 y»ke ycrmerunsili KoMMep4Yeckuil nponykr [6].
Bumecre ¢ TeM, HCCIEN0BAHNS [TOKA3LIBAIOT, YTO HE TOJILKO YIVIEPOJHBIE HAHO-
TpyOKY SIBJISIOTCS XOPOIIMMHM MCTOYHUKAME ABTOSJIEKTPOHHOM 3MMCCHM. YI-
JIepOIHbIE HAHOKOHYCHI [7], yryiepozHbie HaHOCIMpay (8], yriiepoIHble HAHO-
xopHHI {9], rpadurononobusle mwienku [10] u yriepoxuble HaHOMMCTHI [11-14]
TaKKe MOYKHO CUNTETH XOPOLIMMY KAHIMIATAME Ha 3TY DOJb.

Benen 3a MHTEHCHBHBIM 9KCIEPUMEHTANBHBIM WH3Y4YEHHEM IMUCCHH C
YIVIEPOZHBIX CTPYKTYp npuMmepHo ¢ 2000-ro roga Ha4a/IOCh aKTHBHOE TeOpe-



TUYECKOE HCCIELOBAHME NAHHOIO IIPOLECCA, HpeXKie BCEro, ¢ LeJbio Hafitu
cri0cobbl noBbIenus 3¢ dEeKTHBHOCTH SMuccun. MHorue paboThl 110 MOJENH-
DOBAHUIO ABTOJIEKTPOHHON 3MHUCCUM C KOHKDPETHBIX CTPYKTYP IPELCTABIAIOT
coboil pacueThl ¥3 MEPBLIX NPHUHUMIOB. ECIH 3MUTTEPH! COCTOAT M3 HEOOIb-
ILIOrO YHCJIA ATOMOB, TO TAKOE BBIYMCJIEHHE HA COBDEMEHHBIX KOMIBIOTEPAX
CTAHOBHTCA BO3MOXKHBIM [16, 17]. Jauusli moxxom G6e3yClIOBHO IIOJE3€EH,
KOIZia peds MueT o0 OmMCAHWE KOHKPETHBIX CTpyKTyp. OXHAKo HApARY C
HUM aKTHBHO Da3BUBAIOTCS JAPYrue IMOJXOAbI, OCHOBAHHBIE HA MONUMDUKAIUN
TyHHesbHOE Mopenn PDaynepa-Hopareiima. AKTyanpHOCTH HPOBENEHHS TEO-
DPETHYECKUX HCCJIENOBAHUN MMEHHO B 3TOM HallpaBJIeHHH OOYCIOBJIEHA TEM,
9TO ¢ MX OOMOUIRIO MOXKHO OTBETUTH HA BOHPOC, KakuM 00pasoM Te WM
unble GU3NUECKUE XAPAKTEPUCTHKY IMUTTEPA BJIUAIOT HA €0 IMHUCCHOHHBIE
cBofictsa. I3BecTHas CBA3b (DUIWYECKUX XAPAKTEPUCTHK C IMUCCHOHHBIMH,
C ONHO! CTODPOHBI, YKa3bIBAET IYTH yBeawuueHus 3(PQPEKTHBHOCTH IMHCCHU
3IEKTPOHOB, & C IPYroi - TO3BOJILET HCCIENOBATH (DU3MUECKHE XaPAKTEPH-
CTUKH H3 OCHOBE 3MMCCHOHHEIX. Tak KaK KONUYECTBO YIJIEPOIHBIX CIPYKTYD,
IPETEHAYIOMMX Ha POJb 3bDGEKTUBHBIX IMUTTEPOR, BEJIHUKO, HCCIEIOBAHUIM
B JaHHON OOJacTH MOCBSIIEHO OOJBIIOE KOJIWYECTBO HAyYHBIX ITyOiauxarmit.
B wacrHOCTH, crenuduKa 9MACCHH, 00YCIOBIEHHAS PEOMETPUIECKON (hopMoi
Pa3NHYHBIX IMUTTEPOB, Oblia yureHa B paGorax [18-21]. Brusinue 3oHHOM
CIPYKTYPbl HA TOK IMUCCHU U DHEPreTHYECKOe PACIDPENENEHUE 3JIEKTPOHOB
ang YHT wusyueno B [22-26). Takum o6pasoM, MOXHO 3aKJIOYHTb, YTO
HCCNENOBAHNE ABTOJJIEKTPOHHOM 3MUCCUM C YIVIEPOAHBIX CTPYKTYD SIBJSIETCS

BaXKHOM IPUKIIAIHON M HHTEpEeCHO# pu3uueckol mpodbneMoil.

Hean paGorsl.

1. Pazpaborarh ciocod y4eTa 30HHOW CTPYKTYPHI IIPH pacyeTe aBTOIJIEK-
TPOHHON 9MUCCHH.

2. HUccnenoBaTh BAUSHUE 30HHON CTPYKTYDHI IIPY ABTOIJIEKTPOHHOH IMHUC-

CHU C YIIEPOAHBIX HAHOTPYDOK, rpadhuTa U yIyIepOAHBIX JIMCTOB.

3. Paccuurars reoMmerpuueckue 3pGheKTh IPH SMHUCCHY C YIVIEPOIHBIX JIH-
CTOB U TPYOOK.



Hayunasi HOBU3HA B DpaKTHYecKas HeHHOCTh.

B npencrasnennol guccepTaiyu paspaborad METOH y4eTa 30HHOH CTpyK-
TYDBI IIPY ABTO3JIEKTPOHHON SMUCCHN, KOTOPHIH MOXKET OBITh HA3BAH MEmModom
HE3ABUCUMBLT Kananoe. Ha ocHOBE JaHHOTO MeTOLa HAlEeHbBl 3aKOHBI 9MUCCHK
JAJis OQHOCTEHOYHEBIX YIJIEPOAHBIX HaHOTpyOoK. Ilosnydennbie pesyibTaThl MO-
ryT ObITh MOJE3HBI IPH SKCIEPUMEHTAJIbHOM OINPEIe/IeHHN XUPAIbHOCTH KOH-
KPETHON HaHOTPYOKH.

PaszpaboTanublit MeToZ GBI UCIOJIB30BAH LJis PAcUera 3aKOHA aBTOIEK-
TPOHHOM SMUCCHY C IIPOCTOrO TEKCATOHANBHOIO I'padbuTa JJjif ABYX CIy4aeB:
KOr/ta IpaduToBble CIOH OPHEHTHUPOBAHBI IapPAJJIENLHO BEKTODY HAIPIKEH-
HOCTH 3JIEKTPUYECKOIO TIOJisl U KOLZQ OHY OPHUEHTHPOBAHBI [EPIIEHAUKYIIPHO
emy. O6Hapy»xensl crenyiomue 3 heKThL aHI30TPONUS IIOTHOCTH SMUCCHOH-
HOI'O TOK&, CBSI3aHHAs C OCOOEHHOCTSIMY 30HHON CTPYKTYPBI, X BIIUSIHUE MEXa-
HUYecKoi nedopMaluy Ha aBTOIMUCCHOHHEIH TOK. JJanHbIe Pe3yNAbTaThI MOTYT
OBITh MCIOML30BAHLI IPH 9KCIIEPUMEHTAIbHOM U3MEDEHUH I1aPaMeTPOB 30HHOM
CTPYKTYPBL rpaduTa.

B paMKax MeTo/a HE3aBUCHMBIX KAHAJIOB PACCIUTAHO SHEPI'ETHIECKOE PAc-
[IPeJIEeJIEHNE TIPH SMUCCUK IJIEKTPOHOB C YIJIEPONHBIX JIHCTOB, COCTOMAIMIMX U3
HECKOJIbKUX MpadUTOBBIX CJIOEB, 8 TaK¥Ke HAHAEHbI 3aKOHBI SMHUCCUY JIsI MOHO-
cnosa rpadena u aBycnos rpadena. Ionoxenve n KoandecTBo 00HADYIKEHHBIX
B 9HEPreTUYECKOM PaclpelesieHny cy6-IIKOB HAIPAMYIO CBS3aHO UHCJIOM T'pa-
¢buTOBLBIX C10eB B jucTe. Hamuuue 3Tux cy6-MUKOB SBISETCS NIPAMBIM TIPOIBIE-
HHEM KBaHTOBO-pasMepHOro addexra. IonyueHHble pe3yabTaTHI TOKA3BIBAIOT,
YTO U3MEPEHUE DACIPEIE/ICHNs SMUTHPOBAHHBIX SJIEKTPOHOB 10 SHEPTHUSIM MO-
KeT ObITh UCIONL30BAHO KaK METOM ONDPEIENICHIS YHCHIA FPadUTOBLIX CIOEB
B JIACTE, a TaKXXe KaK METOZ OIPEeIENeHUs SHEPTHY B3aUMONENCTBUS MEXIY
COCEIHMMHE CJIOSMH HAPSALY ¢ TAKUMM IOAXOZaMK Kak PaMaHOBCKOe paccesHus
¥ (DOTOIMUCCHOHHEIE SKCIIEPYMEHTEHIL.

Eme ommuM pe3ynibTaTOM OUCCEPTAIIMH SIBJISETCS DPAacdeT TeOMeTpUde-
CKMX 3(Q@PEKTOB MPY IMUCCUU C IPOTAYKEHHOTO TOPH3OHTAJILHOTO BBICTYILA,
MMEIOLIEr0 IOJYIJIANTHYECKUH 1IPOdUIb, ¥ C BBHITSHYTOI'O BEPTUKAJILHOTO
TIONYSJUINIICOUID [PY HAHOMETPOBBIX DAJUNYCaX KDPUBUIHBI y BEDPIIUHEL
O6Hapy:>KeHo, 4TO IJisi TPOTSXKEHHOrO BBICTYNa TeoMeTpuuecKue 3(PdexTsb



BBIDAXKEHBI ropa3fo MeHbine, [lomydeHHble B pe3ynbTaTe COOTHOLIEHUS
CBSI3BIBAIOT M€OMETPHUUECKUE ITaPaMETPhl SMUTTEPA C HENUHEUHOCTHIO KPHUBBIX
B koopauHaTax Daysepa-Hopareiina i MoryT GbITH MCIONB30BAHBL /IS OLEHKH
PaIMyca KpUBU3HBL B (GAKTOPa YCUJICHUS IO,

AnpobGamus paboTsl.

PesynbraTsl JUCCEPTALMH JOKIAIBIBAIUCH U 00CYKIAINCH HA HAYIHBIX CE-
MuHapax Jlaboparopuu Teoperudeckoil dbusuku uMm. H.H. Boromo6osa O6b-
eIVHEHHOTO MHCTUTYTA SIAEPHBIX HCCIeNOBAHUM, ObLIN [IPEICTaBJIeHbl B Kade-
cTBE HOCTEPHOro aokiaxs Ha ceccuu [IKK OMAU, a rakke HOKISIBIBAINCE
HA CHEeAYIOUIMX KOHQEPEHITUAX:

1. XXIV International Winterschool on Electronic Properties of Novel
Materials, March 6-13, 2010, Kirchberg in Tirol, Austria.

2. International Bogolyubov Conference Problems Of Theoretical And
Mathematical Physics, August 21-27, 2009, Moscow-Dubna, Russia.

3. XIII nayunoit koudepernun OMYC-2009, 16-21 derpans 2009 rosa.

4. IV nayqnoit koudepernnun Koudepennus ”Hanosnekrporuka, HaHODO-
TOHUKS U HenwHelHas dbusuka’, 7-9 centsabpa 2009 roxa, Caparos.

5. "Dubna-Nano2008”, July 11-17, 2008, Dubna, Russia.

6. XII mayuHO¥ KOH(MEpPEHINN MOJIOABIX Y4YeHbIX n crnenuanucTos OUAN,
4-8 deppans 2008 roma.

7. XXII International Winterschool on Electronic Properties of Novel
Materials, March 1-8, 2008, Kirchberg in Tirol, Austria.

ITy6nukammn. [lo marepuanam guccepranuy ony6aMkoBaHo 6 pabor.
ObbeM u cTPYKTypa AuccepTainuu. Jluccepranus COCTOMT W3 BBEIe-

Hud, Tpex IvaB ¥ 3akmrouenns. O6mmit obbem muccepraruy 87 CTpPaHM Ma-
IIMHONMCHOIO TEKCTAa, BKIIIOUad 26 PUCYHKOB M CIMCOK JUTeparypsl u3 93 Ha-

MMEHOBAHUIA.



COAEP>KAHWE PABOTHI

Bo BBeJieHMN 00CY>XIAETCA aKTYaJbHOCTh MPOBOAUMBIX MCCJIEIOBAHUIA,
Iano KpaTkoe CONEpPIKAHME TUCCEPTAIUH.
B nmepBoii riraBe nprBOAUTCS PACYET 3aKOHA SMUCCHUH [IJIs OIXHOCTEHHBIX

YTJIEPOAHBIX HAHOTPYOOK C y4eToM 30HHOU CTPYKTYphL. g pacuyera HUCIOIb-
sosaHb! npubmnmkenne Paynepa-Hopareiima 1ist ko3 duimenHTa Npo3pavaHOCTH

Gapbepa

D(g) = exp {—%[¢3/2U(y) - 3/2¢1/26t(y)]} = bexp(de), (1)
a Takxke mNpubMIKenue Hysesoit Temmeparypsl. ( = 8mw(2mg)Y/?/3eh,
y = (eF/4neg)/?/¢, F - HaNDAKEHHOCTh IMEKTPHUECKOTO IO,

¢ paboTa BBIXOJA, &) [UINIEKTPUYECKas IPOHMULIAEMOCTb BaKyyMma, a
= exp (-—C¢3/2v(y)/F) ud = 3¢ %t(y)/2F - obo3uavenus, BBEICHHBIE
s kparkocrn. Pymkuun v(y) u t(y) ONMCHIBAIOT OTKIIOHEHUsI IIOTEHINAIb-

<

HOro Gapnepa, KOTOPBI IIPEOAOJIEBAET SJIEKTPOH, OT TPEYroiabHO# dopMmel. B
pe3yJbTare IJIOTHOCTh TOKA BHIpasKeHa B (POpMe CyMMBI IO BCEM BETBSIM B

JHEPIreTUYECKOM CIIEKTPE, ONPEAEIAINUM KaHaJIbl 3SMUCCUHA:

jout - qu’ (2)
q

. . 3 1/2t gq . Eq
Jq = Joexp <~§%—F—:@§> = jo exp (—dgg) ; (3)
0= B hlLly (H17%t(y) exp( OV ) = hlgl,d’ 4)

Kaxxapiit cneayomuil 4ieH 3To# CyMMbI SKCIOHEHITHAIbHO IIOAABJIAETCS 3Ha-
YEHUEM 3aIPEINEeHHON 30HbI JJjIsT JAHHON BETKU, II09TOMY B CJIydae TOHKHX Ha-
HOTPYOOK aKTYaJlbHO PACCMOTPEHHE JIUIID NEePBbIX ClIaragMblx. Pasnuyueii xa-
paKTep 3aBHUCHMOCTH 1I€PBOT0 CJIAraeMoro OT AUaMeTpa y NOIYIPOBOIHUKOBBIX
U METAJLINYECKUX TPYOOK NPUBOAUT K NPUHLUIAAJILHON PA3HUIIE B [TOBEJEHUN
[IJIOTHOCTY TOKa IIPH yMeHbIIeHuu auamerpa Tpydku. Tor xxe meron obobuen
Ha CIIydaii SMUCCHH CO CTOIKK HEB3aUMOJEHCTBYIOMMUX Clioes rpadura. Janee



PaCCMOTPEH CJIyuait B3auMomeicTByomux cioes. [IpuaaTo, 94To I10CKOCTH Ipa-
uTa PaCIIONOKEHBI HENOCPEACTBEHHO OAMH HATIPOTHB PYTOro, TO eCTh MPpaduT
HMeeT IIPOCTYIO MeKCAarOHAJIBHYIO yIAKOoBKY (ynakoBky Tuma AAA).

Ananuz dopmer nosepxaocTy PepMu NOKA3BIBAET, YTO KAHAJBI SMUCCHH -
TPAEKTOPUY BBLIETAIONIUX IJEKTPOHOB B P—IPOCTPAHCTBE, MOXKHO Pa3/IeHUTh
Ha HATH PA3JIMYHBIX TUIOB B 3aBHUCHMOCTU OT TOTO, IEPECEKAIOT OHHU IMOBEPX-
HocTh DepMmy mnu Her, ¥ B Kako#t obsacTy 970 mpoucxoaut. Ilepeceyenune Mo-
JKeT TPOUCXOAUTDH 00 B O0JIACTH JBIPOYHOrO, Jubo B 0BIACTH TEKTPOHHOrO
kapMaHOB. Halinen BKIaJ KAHAJIOB KayKIOr0 THUIA B IJIOTHOCTH 3MUCCHOHHO-
ro Toka. Pe3yaprupyomas mioTHOCTb TOKS, OMPENesieHa Iy TeM CyMMUPOBAHUS
BKJI3/IOB KQHAJIOB BCEX TUIIOB U UMEET CJELYIOMmuit BUL:

N 2eb[8day/m 4 Ip(2day ) — Lo(2da )] (5)
Jtot = h2d2cup '

3Iech (1 XapaKTepU3yeT SHEPrui0 B3AMMONEHCTBUS IpadUTOBLIX CIOEB, UF -
cxopocts Pepmu 37ekTPOHOB B omuOM cioe rpadura, Lo(z) - momuduippo-
BauHasa dyukuus Crpyse, u Ig(z) - Mmogudunuposannas dbyukuus Beccens.
Jlasee IpOU3BOAUTCS AHAJIOTUYHOE BLIYUCAECHNME IJif CAY4asi, KOTAa DJIEKTPH-
YeCKOe TI0JIe HAIPABJIEHO INEePIeHINKYAAPHO ciaoaM. Teneps mosepxuocTs Dep-
MH TIOBEPHYTAa Ha JEBSHOCTO I'PAIYCOB OTHOCHTEJLHO HAMPABJIEHUS YMUCCHH.
Yncno pasaudHbIX TUIOB KAHAIOB JAJS JAHHOM KOHQUTYDPALUU PaBHO ABYM.
Kax u paHblue, IpOM3BOIUTCH BBIYUUCIEHHE BKJIAJA KaXKAOTO KAHAJNA U CyM-
MHPOBAHHIE BCEX BKIAJOB. Pe3ylbTar - 3aKOH IMUCCHM [Jis JAHHOIO CIIydas,

BBINVISZUT CIEOYIOMNUM 00pa3oM:

L 4:7Teb

Jior = m [(201d)® + 1 — exp(—201d)] . (6)

TlpuBenen aHAIN3 NONYYEHHBIX 33KOHOB 9MUCCHY, B 060MX CIIydasx OTIH-
ung ot 3akoHa @aynepa-Hopareiiva 3akimovaioTcs TOABKO B IPEIIKCIIOHEHIT-
anbHOM (DAKTOpPE, B TO BPEMs KaK HKCIIOHEHTA IIOJHOCTBIO COOTBETCTBYET M3-
BecTHOU (opmye. ITokazaHo, YTO 3aBUCHMOCTD TIPEIICIIOHEHThL OT HAIPIIKEH-
HOCTH 3JIEKTPUUECKOTO IO B 000HX CIIyvasx MPaKTHIeCKH OnuHaKoBa. Kpu-

TUYECKOE yBEJIUYECHNE IIOJA NPUBOAUT K TOMY, YTO ILIOTHOCTH TOKa IMUCCUU



IpY HAIPABJIEHUH BEKTOPA HANPSKEHHOCTH IO TAPaLIeNbHO CIOAM CTpe-
MHTCS K IIOTHOCTH TOKA HEB3AMMOIEUCTBYIOUIUX CJIOEB, TO €CTh CHJIBHOE JJIEK-
TPUYECKOE II0JIE OAABJsIeT 3deKT B3auMoAeicTBUA Mex Ay cioamu. O6xapy-
2KEHO, YUTO KOorZia BblJI€TaOUIue IPDKU SMUCCHHA 3JIEKTPOHDbI ABHXKYTCA BIOJb CJIIOEB
rpacduTa, IIOTHOCTH TOKA 3aMETHO BBIIIE, YeM KOTZa BBLIETAIOLINE 3JIEKTPO-
HBI II€PeceKaroT cyion. B pabore paccMOTpeHa 3aBHCHMOCTB IIOTHOCTH TOKA
OT cTerneHu Cxkarus. B gedopmupoBanHOM rpaduTe BeJIUUMHA SHEPTHH B3aU-
MOZEHCTBUS MeXIAy CJIOSAIMH MeHsiercd. JIaHHBIA MapaMeTp BXOIUT B 3aKOHBI
9MMCCHH, [IO9TOMY MOXKHO JOCTATOYHO NPOCTO HAMTH CBA3D IJIOTHOCTH TOKA
C OTHOCHTENBHOM Hedopmarmeil 4jis 0O0UX PACCMOTPEHHBIX cIy4aeB. llokaza-
HO, YTO IUIOTHOCTh TOKA JJif CJIydYas SMUCCHY HOIEpEK CII0eB ropasno Gomee
YYBCTBUTE/IbHa K C2KaTHUIO KpHUCTaJlJla r‘pad)MTa.

Bo BTOpOﬁ rJjiaB€ Ha OCHOBE OIIMCAHHOI'O B HepBOfI TJIaB€ METOHa IIPOU3-

BOJIUTCS YUET BIMSAHUS 30HHOM CTPYKTYDBI JIUCTOB, COCTOSIIINX U3 HECKOIbKUX
rpadUTOBBIX CI0EB, HA ABTOJIEKTPOHHYIO SMUCCUIO. JOHHAS CTPYKTYpPa HaHO-
JINCTOB BBIYMCJAETCS IPH [TOMOIIY SHEPTETHYECKOTO CIEKTPA IpaduTa CTPYK-
Typsl Bepuana B mogenu Cronxesckoro-Beiica-MakKutos (CBM), B koTopom
YyUTEHO pa3MepHOE KBAHTOBAHHE B HAIIPABJIEHHM IIONEPEK CIoeB. B kauecrse
[IEPBOro MpUOIIKEHNA YYTEHBI JIWIIE aBa Haubombuux napamerpa CBM - v
u ;. Halizennoe mpu 3TOM pacipejesieHne SMUTHPOBAHHBIX JIEKTPOHOB IO
SHEPTUAM MMEET CJIELYIOMIMH BUI:

n=N
P(e) = 6(en)V/Ielen, (7)
=1

3

roe €, = |e| + 1}, g = 4e/(h®Nc), N - uucno cnoes B mucre, f(g) - Gynkuusa
pacnpenenenus ®epmu-upaxa, 6(€) - byuxiua Xspucaitna,

7?=71x2cos<Nﬂ_7:1>, n=1...N. (8)

Pesynbrar pacdera 0o npuBeAeHHLIM (hopMynaM s ABYCJIOS IPEICTABJIEH Ha
pucyuke 1. B ofmem ciydae mosyuyeHHbIE KPUBBIE IPEICTABIAIOT cOOOi IBA
Oonbiux nuKa, 06YCIOBIEHHEE 30HOH IPOBOAUMOCTH M BaJjieHTHOH 30HOH, a
TaxxKe CyO-IIUKY, CBSA3aHHBIE C HAJTUYHEM B CIEKTPE YIJIEPOIHBIX JINCTOB BET-
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Puc. 1: Pacnpenenenue sneKTpoHOB 110 9HeprusaM ¢ rpadeHOBOrO ABYCIOS IPH
Pa3IMYHBIX TeMieparypax. F =4 V/nm.

Beft, orcrosamux oT yposua Pepmu. [anee Gbu1 NMpom3BeseH pacyeT pacipe-
JAeJIeHUd OJIA CJiydvas, KOrga BCe mapaMeTpPbl BKJIIOYEHBI. B pe3yJabTare obHa-
pYsKeHO HebGOoJIbLIOe CMEINEHNUE JIOKAIBHOIO MUHUMYMa BOAU3N yposHa DPepmu
ONA CTPYKTYp € 4mcyaoM cjoes Oosbine ayx. ITokazano, 4To momyumsrine-
€A Pe3YBbTATBL MOI'YT OBITH ITOHATHI M BOCIPOUIBEIEHBI C MOMOIIBIO HECIOXK-
HBIX TEOMETPUYECKUX CO0BGpaKeHuil, XOPOMIO MILMIOCTPUPYIOUMX CYyTh METOAA
He3aBUCUMBIX KaHaJjoB. Vccnenosans! remueparypuse addexrTsl. B pesynbra-
Te 00HAPY>KEHO, YTO IIPU BLICOKON TEMIIEPATYPe IPaBas YaCTh PACIPEIeNIeHNs
(3Muccust U3 30HBI IPOBOAUMOCTH ) UMEET Cy6-MMKOBYIO CTPYKTYPY, CAMMETPUY-
HYIO JIEBOI 4aCTH, a TaKXKe TO, YTO KPHBLIE IMUCCHM B KoopauHarax Paysnepa-
HoppareiiMa mpakTH49ecKu UASHTHYHBI AJisl IUCTOB C PA3HBIM KOMUYECTBOM CJIO-
€B. OTH KpUBLIE HeJMHEeHHBI B 06/1acTH CIabbiX TIOJIel, IpuYeM HeJNHERAHOCTD
YCHJIMBAETCS C POCTOM TEMIIEPATYPHI.

B tperbeil rmaBe wuccnenyerca BAWsHHE TEOMETPUYECKOd (POPMBI HA

9MHUCCHIO B CJIYyYae OCECHMMETPUYHOTO BBICTYNA, - MONYIJLIMNCOUNA (UIOJIKMY)
U HPOTSAYKEHHOIO BBICTYNA C IOy JunTudeckuM npodunem (6opruxa). Pac-
CYUTAHO BJIUSTHUE IIEKTPUIECKOrO MOJIS Ha U3MEHEHHS IO AN TOBEPXHOCTH,
C KOTOPO# IPOUCXONUT IMUCCHS SJIEKTPOHOB U Ha HAKJIOH KPUBBIX B KOOPIUHA-
rax ®aynepa-Hopareiima. Pacnpesenenue a/ieKTpOCTATUYIECKOTO MOTEHIUAA,

U CHJIa 3€PKAJIbHOI'O OTPa*KeHudA OJId UI'OJIKH H3BECTHBI, B TO BpeMs:A KaK AJIdA



bopTuka IPUBEIEHBI HEOOXOAMMBIE BBIMUCIEHUS. PacrpeesieHne MOTEHIIAAIA
Anisi OOPTHKa HAlIEHO [IyTeM pelleHus ypaBHeHus Jlamiaca ¢ IOMOLIbIO H3-
BECTHOTO MeToza npeobpa3oBannit B KOMILIEKCHOM miockocTu. Cuila 3epKaisb-
HOro usobparkenus I GOpTUKA HaliieHa KaK CHJIa B3aUMOAEHCTBUS 3apaia U
METaJIINYECKOro NUIMHIPa, PAIRyC KOTOPOT0 PABEH PAJUYCY KPUBU3HEL ¥ BEP-
muEel 60pTHKA. [N ompeleneHus CHIIbI B3AUMOAEHCTBUS MEXKIY 3apSIoM U
UUIMHIAPOM pemaeTcs ypasHeHre IlyaccoHa B LIMIMHAPUYIECKAX KOOPAUHATAX
¢ HeOOXOANMBbIMY IPAHUYHBIMA YCIOBUAME. TaK KaK B pPe3yiIbTaTe MONydaeT-
Csl JOBOJILHO CIOXKHAS (OYHKIWS, NPOUSBOLUTCS YNUCIEHHAS ANNPOKCAMAIAS C
TIOMOLIBIO IIPOCTOH MOJENbHOM (hOPMYIIBI.

st Toro 4robhl XapaKTepru30BaTh N3MEHEHNE BeIMYUHBI 06JIACTH ¢ KOTO-
POl TIPOMCXOAUT IMUCCUSA NIPN U3MEHEHUWEM HAIPSKEeHHOCTH I10JIsi BBEJEH HO-
BBI apaMmeTp - 9 peKTUBHAS MIIOIIAAb aMuccuu. IIpuBonuTcd pacyer HaHHO-
ro napaMeTpa AJif TPeX Pa3nnuyuHbIX paguycos Kpusu3sst (0.5 nm, 1 nm u 3 nm)
B 33BHUCHUMOCTY OT HAIPSXKEHHOCTH HOAdA. AHANIU3 HAKJIOHA KPUBBIX SMHUCCHUHU B
koopauHatax Paynepa-Hopzareiima moxa3siBaeT, 9T0 KaK B CJIy4ae UIONKH, TaK
u B ciydae GOPTHUKA 3TOT HAKJIOH MAJIO 3aBUCHUT OT PAaNyCa KpuUBU3HBL [lo-
cnesHee 06CTOATENHCTBO MO3BOMAET HANMCATEH OOINe COOTHOIIEHNS, CBA3BIBA~
I0IMe HAKJIOH B KoopauHarax @aynepa-Hopareiima, HanpsKeHHOCTb, PabOTy
BBIXO/Ia, PEOMETPUYUECKUN (DAKTOD YCUIEHNS HA BEPIIMHE W PAAUYC KPUBU3HBI

IMUTTEDA:
441
wl ~ — [
s srn(1+4z/5) = spN (1 + 5 p,BF) , (9)
5% =~ spy exp(kx) = spn ex k—¢ L (10)
FN €Xp FN €Xp BF)’

rre k ~ 1.69, 2 = ¢/(pBF), spx = —(¢3/2 /B, p - DamuyC KPUBU3HBL BEDIIHHEL,
[ - K03 DUIMEHT YCHIEHNS OIS HA, BEPIUMHE.

B sakgrogennn xparko chOpMyIHPOBAHbI [IOJIyUYEHHBIE B JUCCEPTALAN

PE3yJIbTATHL.



Ha samuTy BBIABHUraloOTCH CJIeOYIOIHe pPe3yJIbTaThl:

Paszpaboran meTonm ydvera 30HHOH CTPYKTYDPBI IIPU aBTORJIEKTPOHHON
smuccun. Ha ero ocHoBe HalifieHa CBA3b MEXKIY 30HHON CTPYKTYDPOil U
3aKOHOM 3MMCCUHM OJHOCTEHOYHBIX VIJIEPOJHBIX HAHOTPYOOK, & TaKIKe
OIMCAHA 3aBUCUMOCTh MEXKY MJIOTHOCTHIO TOKA U JUAMETPOM HAHOTDY-
OoK.

ITonmy4ennl 3aKOHBI 9MUCCHE [ KPUCTAJLIa TeKCArOHaJbHOro rpadura
NpY Pa3IUYHBIX HAMPABJIEHUSX 3JIEKTPUIECKOIO IOJsS: BIAOJL W TIOIe-
pek cioes rpaduta. VccnenoBano siuguaue JedopMaliy KpUCTaJIa Ha

IMHUCCUOHHLINA TOK.

VIzyueHo BnusiHHE 30HHOH CTPYKTYPBI Ha dMUCCHIO C YIVIEPOIHBIX JH-
CTOB, COCTOSIIMX M3 HECKOJbKUX rpaduToBhIxX cyoes, IIpenckasaHo Ha-
JIMYHE [IMKOB U CYO-IIMKOB B PACIPEIEJICHNN JJIEKTPOHOB II0 SHEPrUsiM.
VIx nonoxKeHye i KOJMHECTBO OIPEIENAETCS UCIOM CI0EB B YIVIEPOLHOM

JIUCTe, YTO ABJAEeTCAd NPOABJIEHUEM KBaHTOBO-Pa3MEPHOI'O Sd)d)eKTa..

Wccneposano BAUAHYE TE€OMETPHUM SMUTTEPA C HAHOMETPOBBEIM PaJHyCOM
KPUBU3HbLI Ha, 9MHCCUIO C MPOTSXKEHHBIX BEPTUKAJIbHBIX H BBITSHY ThIX I'0-
PU3OHTAIBHBIX CTPYKTYD, UMEIOMINX dJUIHNTHIeCKuH npoduis. B xax-
OOM CIy4ae OMHCAHA CBA3b HAKJIOHA KPUBBIX SMUCCHM B KOODIHMHATAX
®Daynepa-Hopareiima ¢ reoMeTpHYECKUMH IapaMeTpaMy, 1 ONPEIEIeHa,

3aBHUCHMOCTD IJIOIAAY SMUCCHH OT HAIIPAXEHHOCTH BHEIIHEr'O IT0JIA.
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