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CA3bIBalollee COCTOAHNE bIPKU B JBOMHBIX KBaHTOBbIX ToukaXx Ge/Si
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HucTuTyT pusuku noxynpoBogHukoB uM. A.B. PxanoBa Cubupckoro orn. PAH, 630090 HoBocubupck, Poccua

Iloctynuna B pegakuuio 16 asrycra 2007 r.

MeTo0M CHEKTPOCKONMY KOMILIEKCHOM NPOBOANMOCTY (afMUTTAHCA) UCCIe[0BaHa SMUICCHA AbIPOK U3 CBA-
3BIBAIOLIEr'0 COCTOAHUA [JBYXaTOMHBIX MCKYCCTBEHHBIX MOIEKYI, 06pa30BaHHbBIX BEPTHUKAILHO CONPAMEHHBIMU
KBaHTOBbIMU ToukaMu Ge/Si(001). OGHapy:eHO, YTO IPK TOMIMMHE GaphepHOro cilof Si MeAy KBaHTOBBIMU
Toukamu Ge Gonblme 2.5 HM 3Hepruf CBA3M ABIPKM B UCKYCCTBEHHON MOIEKYIe CTAHOBUTCA MEHLIIE 3HEPTUU
MOHM3a[{{ ONVMHOYHON KBAaHTOBOI TOYKHM, YTO NPOTHMBOPEYUT pe3ylIbTaTaM KBaHTOBOMEXaHMYECKOil Momenu
MOIEKYIAPHBIX CBA3€H M CBUAETEILCTBYeT 06 OIpeendiomell ponu MeXaHN4YeCKUX HampAmeHui B popMupo-
BaHWM CBA3bIBalOEell op6UTaNN B CUCTEMe YIPYro HANPHAKEHHBIX KBAHTOBBIX TOUYEK.

PACS: 73.20.Mf, 73.50.Pz

Ilappl TyHHeNbHO CBA3AHHBIX KBaHTOBBIX TOYEK
(KT), cnocoGuble o6MeHUBaThCA BHYTpH cebf alleMeH-
TapHBIM 3apAfOM 1u60 CIOMHOM, paccCMaTpUBAIOTCA B
HacTofllllee BpeMfA B KauecTBe BO3MOKHOTO KBaHTOBOI'O
6uTa nHGopMaNMK NpU peannu3alui KBaHTOBBIX BBIUNC-
nennii [1-4]. C TOYKN 3peHUA BIEKTPOHHOM CTPYKTYPbI
TYHHellbHas cBA3b O3HauaeT (opMupoBaHue o6GobiiecT-
BrenHoit mexay KT op6uranu — aHamora KoBaleHTHOM
CBAI3M B NPHUPOAHBIX Monekynax. M3 npuHnuna He-
OIPEJeIEHHOCTH CIEeAYET OMUAATh, YTO SHEPruA CBA3M
BNEKTPOHA B OCHOBHOM cocTofHuu aBoiiHoit KT (B
HCKYCCTBEHHOH MoneKryne) Bcerga Golblle 3HEprun
ANEKTPOHA B M30MMPOBAHHBIX KBAHTOBHIX TOYKAX, U M0
9TOil MpUYNHE Takoe CTaGMIbHOE COCTOAHME Ha3bIBaIOT
ceasbiBaiomuM (bonding). Ilo mepe ynanennsa KT apyr
OT Jpyra 5Heprusa CBA3U NONMHA MOHOTOHHO YMEHb-
IWaThbCcA, acHMMITOTHMYECKHM NpUOIMKafACh K SHEPruu
BlIEKTPOHA B OJMHOYHOI fAMe [5].

HauGonee mepcneKTUBHBIMU C TOYKM 3DEHUA NPaK-
THYeCKOro npuMeHenusa asaAioTcA KT, nomnyuyeHHble B
pe3ynbTaTe caMOOpPraHU3alUy NMOJYIPOBOJHIKOBLIX Ha-
HOCTPYKTYP B Ipollecce [eTepOo3NUTaKCHANIbHOIO pOC-
Ta MaTepHaloB ¢ GOJIbIINM HECOOTBETCTBHEM NapamerT-
poB pemeTKH. JIOCTOMHCTBO TaKUX CHCTeM 3aKiIloya-
ercA B manoMm pasmepe (~ 10um) KT, B pesyunnraTte
yero 3(¢eKThl pasMEpPHOro KBaHTOBAaHUA NPOABIAIOT-
cAl BINIOTH 10 TeMmnepaTyp BOau3u KoMHaTHoO#H. B paGo-
Te [6] GbLIO NPOBENEHO YNCIEHHOE MOJEIMPOBAHKE MPO-
CTPaHCTBEHHO! KOHGUrypaluuy OCHOBHOIO COCTOAHUA U
SHEPTUU CBA3UM JBIPKM B “IBYyXaTOMHBIX” UCKYCCTBEH-
HBIX MOJIEKYJ1aX, 06pa30BaHHO BepPTUKAILHO CONPAMEH-
HBIMHM CaMOOPraHU3YIOMUMUCA KBaHTOBBIMU TOYKAMHU
Ge/Si(001). Bouio 0GHapY:#EHO, YTO B OTINYHUE OT OHU-

De-mail: yakimov@isp.nsc.ru
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JaeMoro MoBeJeHNA, BhITEKAIOIEro U3 TpagUlUOHHOM
KBaHTOBOMEXaHWUYECKOI MOJeH, CBA3LIBAIOIIEe COCTOA-
uue neipku B nBoitHbix KT Ge/Si xapaktepusyerca ps-
JoM ocoGeHHOcTeil. Bo-mepBbIX, Ha 3aBUCHUMOCTHU DHEp-
TU¥ IBIPKY B cBAA3bIBaiolieM cocTofnuu (Eqpwm) oT Toa-
mHb! GapbepHoro cuosa Si mexay KT Ge (tg;) cymect-
ByeT JIOKalbHbI MUHUMYM. Bo-BTOpBIX, IpM yBelnye-
HuU tg; BemnunHa Egpym B cucTeMe U3 JBYX TOYEK CTa-
HOBUTCA MeHbllle 3Hepruu uoHusanuu opunouHoit KT.
" xora ¢usnyeckada NpUYMHA NpeNCKa3aHHbIX aHoOMa-
nuit Geina noHaATa (oHa 0GyCOBNEHAa penakcanueii ymnpy-
rux gedopManuii ¥ yMeHbIIEHHNEM TIyOUHbI NOTEHIIN-
anbHON AMBI INA AbIPOK, BO3HUKIIUX MPU COMPAMEHUU
KT), skcnepuMeHTAaILHOrO IOKA3aTENbCTBA TAKOTO He-
0OBIUHOrO MOBEJEHNA MOdydeHo He Oblio. B HacTosmei
paboTe coofiaeTcs 0 pesyilbTaTax U3MePeHU 3Hepruu
casu Avipky B ABoiiHbIx KT Ge/Si. Ionyuenusie sxc-
nepyuMeHTalbHble NaHHbIe MOATBEPAWIN TeopeTUdecKue
npeacKasaHus.

Ina omnpelneneHWA SHEpPruil CBA3M OBIPOK B OJU-
HouHoit u nBoitHbIx KT Ge/Si u npoBepkyu BhIABHHY-
TBIX NpeJAcTaBleHWii HaMMu Oblla NMpUMEHeHa MeTOAM-
Ka cnekTpockomuu agmurradca [7]. IlepBoHavyanbHO
B DKCMEpUMEHTe MPOBOANIUCHL N3MEpeHUsl TeMIepaTyp-
HBIX 3aBucuMocTeii nposoaumoctu G auomos IMloTTHHU
CO BCTPOEHHBIMU B GazoByIo o6nacth cioamu KT Ha pas-
JAMYHBIX YacTOTaxX 30HAMPYIOLlero curHana f u npu pas-
JAUYHBIX 3HayeHuAX obpaTHoro cmemenus Up. Ha ocho-
Be 5TUX JaHHBIX C IIOMOIILIO MpOLENypPhl, ONUCAHHON B
[8], BoccTaHaBIMBaIOTCA TeMIepaTypHble 3aBUCHMOCTH
TeMmna sMuccuu AbIpok u3 ceasanubix B KT Ge cocros-
HUi B BaleHTHYIO 3ouy Si (puc.la). [lanee HaxoauTcA
SHEPrufA aKTUBAIMU TeMIa 3MUCCUH AbIPOK IPY Pasiny-
HOM nounoeHuu ypoBua @epmu (KOHTpPONMPYETCA Belu-
YKHO} mpuioMeHHoro obpaTHoro cMemenus Up), mpea-
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Puc.1. (a) CxemaTuueckoe nsobpazxeHue Npound BaleHT-
HOU 30HBI ¥ IOIEPEYHOr0 CEYEeHWA HCCIEeNYEeMBIX CTPYK-
Typ. (b) OKBuBaneHTHaA 3IeKTpPUYEcKasa cXeMa OTKIMKa
puona IloTTkM ¢ KBaHTOBHIMM TOYKaMH Ha IlepeMeHHoe
3IeKTPUYEcKoe Tole

cTaBnfiomas co60ii SHEPrUio CBA3U ABIPKY B ClI0€/CI0AX
KBaHTOBBIX ToueK. [iA ganwHeliuero anannsa sKcnepu-
MEHTalbHBIX NaHHLIX M KOPPEKTHOr0 CpPaBHEHWMA UX C
pe3yibTaTaMyd MOJAEIMPOBaHUA HEOOXOAUMO 3HATh, Ka-
KoMy uuciay Aaeipok B KT cooTBeTcTByeT uMaMepeHHas
sueprua Eqpm. Ilpu ¢urcuposannoit mmorHoctu KT
B MaccuBe ngp (OHa SKBUBalE€HTHA MIOTHOCTH HCKYC-
CTBEHHBIX MOIEKYI B IBYXCIONHON CTPYKTYpe) MOMHO
BBeCTU (HaKTOp 3alONHEHUA V MONERYN ObIpKaMu, K-
BHUBANEHTHbIN CPeJJHEMY YMCIY ObIPOK, MPUXOAAMUXCHA
Ha oxHy nBoiiHyio KT. OH ompejendercA nonomeHHeM
ypoBua @epmu B cucTeMe, a Cle0BaTENbHO, U BEINYU-
HOU HmpuIoMeHHoro o6paTHoro cMemenus Up:

v(Us) = pap (Us) /nqp; (1)

3necb pop(Up) — MIOTHOCTHL ABIPOK B MaccuBe “IBYX-
aTOMHBIX” HCKyCCTBEHHBIX Modekyn. HKak mnpaBuio,
npo¢uan pacnpejeneHud 3apAia B CTPYKTYpaX HaXoaAaT
U3 BoNbT-papaiHbix xapakTepucTuk. OgHaKo B cryuae

reTepoCTPYKTYPhl C PE3KUMM TeTeporpaHullamMu 3TOT
MEeTO]] OKas3bIBAe€TCA HENPUMEHHMM B CTaHAapTHON ero
(OopMynUpOBEE B CUNy OTpaHUYEHU, HAKIAIbIBAEMhIX
JeGaeBCKOI MIMHOM PKpaHNPOBaHKMA Ha MPOCTpPaHCTBEH-
Hoe paspeirenue Metoga [9]. IloaTomy anA BbIUKCIEHUA
(akTopa 3amoJHeHWA MbI KCIOJb30Balld WHOM MOAXO.
PaBHoBecHas npu gaHHOM cMmelnenuu Up KOHIEHTpanua
oeipok B maccuBe nap KT onpenensercs, ucxona us gud-
tepennuansHoii emroctu Cqp cnos aBoitubIx KT crexy-
IOLIMM BbIpa;KeHUueM:
1 u

pap(Us) = 7 | Cap(u)du, (2)

ug
rae A — mnomans koutakta IloTTRY, u ABNAETCA Benu-
YHHOU 3JIEKTPOCTAaTUYECKOro NOTEeHNMana, Co34aBaeMo-
ro 3apfoM ABIPOK B HAHOKJIACTEpaX NPU JaHHOM cCMellle-
uuu Uy, ug COOTBETCTBYET BEIUUNHE CMelleHN A, PU KO-
Topom Bce KT neiiTpanbubl (AbIPOUHBIE YPOBHHU MYCThI)
1 Cqp(ug) = 0. 3HaueHue uy MOeT ObITh HaiileHo, ¥c-
X0Zf U3 U3BECTHOr0 YPOBHA lerupoBaHusa no ¢popMyinam,
onucanHeiM B paGore [10]. na onpeneneHus eMKoCTH
Cqp Heo6X0LUMO NOCTPOUTHL 3KBUBANEHTHYIO 3leKTPH-
YEeCcKYIo cXxeMy, MoJienupyomyo oTkiank MaccuBa KT na
BHelllHee NepeMeHHOE 3JeKTpuueckoe none. Jlna mpoc-
TOTBI MBI pacCMaTpUBali TONLKO TAKUE CMeLIeHN A, IpU
KOTOpPBIX 06/lacTy NPOCTPAaHCTBEHHOI'O 3apAfa OT KOH-
TaKkTa MeTAalll — NONYNPOBOJHUK U OT 3apAMHKEHHOr0 CJI0A
HaHOKJIACTEPOB COMKHYTBI APYT ¢ ApyroMm. Mamepenus
BONBbT-(apafHbIX XapaKkTepUCTUK B HCCIefyeMbIX rete-
POCTPYKTypax MOKa3alu, YTO HTO YCIOBUE BLIMONHAET-
ca npu Up > (0 — 1) B B 3aBuCHMOCTH OT KOHKPETHOrO
obpasua. Coraacuo paGore [11], maccuB KT Ha nepe-
MEHHOM TOKe MOMKET paccMaTpUBaThCA KaK KOHJeHCca-
TOp C NOTEPAMHU C NMOCTOAHHON BpemeHHn T = RopCqp.-
Torpa skBUBaNeHTHasA cxeMa CTPYKTYphI OyJET COCTO-
ATb U3 eMKOCTU Ccop 06eJHEHHOTO MOKPBIBAIOIIETO CII0A
p-Si, BRIIOUEHHOI NMOCIEN0BATENBLHO C MapallelbHO COo-
elUHEHHBIMU eMKOCThIO Cpyfy 0OefHeHHOl uacTu 6y-
¢epHoro ciosa p-Si u nocinegoBatenbHoit RC-uenoukoii ¢
eMkocThio Cqp ¥ NocToAHHOM Bpemennu 7 (puc.1b). Em-
roctb Ceqp mpepnonaraerca He 3aBucsmeil or Uy, yac-
TOTHI w = 27 f ¥ TemnepaTyphl T' U NpU U3BECTHOH IJIO-
magy KOHTaKkTa A M ToNmMHe NOKpbIBaiouiero ciof L
BbruucigeTca Kak Ceqp = €€9A/L, Tle € — OTHOCHTENb-
Haf OUANEKTPUYECKaA NPOHUIIAEMOCTb KPEMHUA, € —
abconoTHAA OMANEeKTPUYecKas MPOHUIIAEMOCTh BaKyy-
Ma. B 3ToM cinyuae cooTHomeHUE MedAy NMOTEHIINAIOM
U U TPUIOMKEHHBIM cMeleHueM Uy 6yneT onpenenThcA
CllefyIomuM Beipaxenuem [12]:

w(Uy) — uo = —/UU [1 - %]du,’,, 3)
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rae Uy — o6paTHoe cMelenue, npu wotopom KT anek-
Tpuuecku HeiiTpaibubl, Cy — eMKOCTb ofpasla B mpe-
nene Hu3Kux vactoT (wr < 1). Ilpu aTom BrIag B
eMKOcTh 0T cocToAHMi B KT MoskeT ObITh HaiiieH U3
BOJBT-(papajHbIX XapaKTepUCTUK, M3MePeHHBIX B Mpe-
nenax wr K 1 uwr>1:

Cap(Us) = (ﬁ - %@) o

(wwoam) o

rae Coo(Up) — eMKOCTB OMOIOB B mpejiene BLICOKUX 4Yac-
TOT, KOrJa ypOBHU [LIPOK B HaHOKIAcTepax He ycre-
BalOT Tepe3apaMaThCA BCIe] 3a MPUIOMEHHBIM Mepe-
MeHHBIM HanpsamenueMm. IIpoBeneHHbIN TakuM o6pa-
30M C HcHOAb30BaHueM cooTHomenuit (1)—(4) anamus
BONbT-(DapajfiHbIX XapaKTePUCTUK M03BONAET HAUTH 3a-
BHCHUMOCTb cpefHero ¢axTopa 3amonnenus maccua KT
IObIDKaMU OT NPUIOHEHHOT0 06paTHOTO CMEIEHNA.
OGpa3ubl BhIpANIMBaIUCh METOAOM MOJIERYIAPHO-
Jy4eBoii aNMTaKCHM Ha noAnoMKax pT-Si c opuenTanuei
(001) u ynenbusim conporusnenvem 0.005 Om-cM, neru-
POBaHHBIX 60poM J0 KoHueHTpanuu ~ 109 cm—3. Ar-
TUBHaA 06MacTh CTPYKTYPhl COCTOANA U3 [IBYX HOMHU-
HalnbHO YMCTBIX clioeB Ge, cOpPMUPOBAHHBLIX NPU TEM-
nepatype 500°C u pa3sgeleHHBIX TOHKOII KpeMHHeBOMH
npocuoiikoit ¢ TonmuHOM tg; (puc.la). Benuuwmna tg;
BapbUpoBanachk B sKcnepumeHTe oT 1.5 mo 5uM. [na
BhIJleleHUA BKIajJa OT BepTUKalbHO-compsaxeHubix KT
B @aHAlOrMYHBIX YCIOBUAX BhIPAI[UBAICA KOHTPOIbLHBIH
obpaser], coJep:Kaiuiuii TOILKO OAWH CJIOi HAHOKIACTE-
poB Ge. Ilo maHHBIM CHEKTPOCKOMUM KOMGUHAIMOHHO-
ro paccesanus csera copepanne Ge B KT cocrasasno
orono 90%. Jlnsa uccnenoBaHua MOP(OJIOTUU OCTPOBKOB
IpUMeHANAach CKaHUPYIOIaA TYHHENbHAA MUKPOCKONUA
(CTM) o6pa3uoB 6e3 IOKPHIBAIOLIET0 KPEMHHEBOIO CIOA.
Ha puc.2a u b npuBenensr CTM-uso6pamenua BepXHEro
Cllofl HAaHOKJIACTepoB 1A obpasna ¢ OOHUM M C AByMA
CIIOAMU KBAHTOBBIX TOYEK, 8 TAKMKE COOTBETCTBYIOI[UE
ructorpammel pacnpenenenusa KT mo pasmepam. Bun-
HO, YTO CTPYKTYPHbIE XapaKTEPUCTHUKN MacCHMBa HAHO-
rnactepoB Ge nna o6pasioB ¢ OOHUM U C ABYMA CIOA-
Mu Ge IpUMEPHO OJUHAKOBbI, KBAHTOBbIE TOYKN UMEIOT
dopmy “hut”-raactepos ¢ 6okoBeiMU rpanamu {105} u
MpeuMyIleCTBEHHO KBaJpaTHLIM OCHOBAHWUEM CO CTOPO-
HaMi, OpMEHTHPOBaHHBIMU BROAb HampasiaeHuii (100).
Cpenuuii pasmep HaHoKIacTepoB coctaBager (I) ~11 um,
X [IOBePXHOCTHAA KOoHUeHTpanuf ngp = 1.5-10* em~2.
Ha puc.2e norasaHo uzoOpaeHHe MNONEPEYHOro cpesa
cTpyKTypsI ¢ AByMmA cioamu KT, pazgenenusimu Si Ton-
muHo# ts; = 3.5 HM, MOIYy4YeHHOe METOAOM NPOCBEYNBA-
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Puc.2. (a,b) CTM-usobpaieHne ydyacTKa MNOBEPXHOCTH
pasamepom 400 x 400 am® u (c,d) rucTorpamMmmsI pacmpee-
JIeHUA KBAaHTOBBIX TOYEK IO pasMepaM B CTPYKTYpe C Of-
HuM (a,c) u aByma (b,d) croamu HaHoknactepoB Ge (pac-
cToanue Memay cioamu Ge tg; = 3HM). CTOpoHBI M306-
pameHUA OPUEHTUPOBaHbI BJOIb KpucTamiorpadudeckoro
Hanpasiaenns [100]. (e) II9M-uso6paseHnsa momepedHOro
cpe3a CTPYKTYPbl C apaMy BEPTHUKAIBHO-CONPHMEHHBIX
KBaHTOBBIX ToYeKk (yKasaHbl CTpelKaMH), pasfieleHHbIe
croeM Si TommuHol ts; = 3.5 HM

1oueit anekTponHoit Mukpockonuu (IIAM). Xopouo Bua-
ubl nBoiinble KT, compssteHHble B BepTUKAIbHOM Ha-
npaBienun. @opmupoBanue auonoB IloTTru 3aBepiia-
JOCh HambINeHWeM B Bakyyme mnueHku Al Ha mnoBepx-
HOCTh o6pasnos. I[lnomank aTlOMUHIEBOTO0 KOHTaKTa Co-
crapnana A = 8- 1073 cm2. H3amepenus nposogumoc-
TH U €MKOCTU CTPYKTYP OCYIIECTBIAIUCH C MOMOILILIO
nporpammupyemoro RCL-uamepurensa Fluke PM6306 B
nuanasone yactoT oT 100T'm go 1MT'm m Temmepatyp
100 - 300 K. BuemHee cMemeHre nojgaBanoch Ha o6Gpas-
bl ¢ nomomsio cucremsl Keithley 6430 Sub-Femtoamp
Remote SourceMeter.

JKcnepuMeHTalbHaA 3aBUCMMOCTh BSHEPrUM CBA3U
IbIpKU OT (paKkTopa 3amoIHeHUA NMpeacTaBleHa Ha puc.d.
Bupgno, uto npu tg; > 2.5HM M v > 0.3 sHeprus
EqQpm cTaHOBUTCA MeHbIe 3HEPTUM JbIPKH B OJMHOY-
uoit KT. 3meck mpenacraBnfeTcA Ba#HLIM IIPOBECTH KO-
JMYeCTBEHHOE CpaBHEHHE pe3ylIbTaTOB MOJEINPOBaHUA
U 3KcnepuMeHTa. JJiA 3TOro orpaHMYUMCA CIy4Yaem
OTHOYACTUYHBIX JBIPOYHBIX COCTOAHMIL, ONPEENAIONINX
BIEKTPOHHYIO CTPYKTYpy Monerynsl Ge/Si, cBA3zaHHOI
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Puc.3. 3aBuCHMOCTY BHEPTUU aKTHBAIUK TEMIIA 3MUCCUU
IbIPOK M3 KBaHTOBBIX Touek Ge B BaleHTHYIO 30HY Si oT
¢arTopa 3anonnenua KT pna o6pasnoB ¢ pasanyHbIM pac-
CTOAHUEM tgi MeIy KBaHTOBBIMM TOUKAaMM B Iapax

TONBKO OOHOM AbIpKoii. Kak u3BecTHO, OCHOBHBIM (pak-
TOPOM, ONpeAeNAIIUM HEOJHOPOAHOE YIIMpeHUe MUKa
minotaoctu cocroauuit (IIC) B MaccuBax camoopranusy-
romuxca KT aBaserca pasGpoc pasMepoB HaHOKJIACTe-
poB. IIC uMeeT MakCUMYM IpPH BHEPrUM, COOTBETCTBY-
oueit cpeguemy pasmepy KT B maccuBe. C apyroii cTo-
POHbI, B aHcamGuAx KBaHTOBbIX Touek IIC Kak ¢pyHRUUA
(aKTOpa 3anoJHEHNA OCUMILIUPYET U JOCTUraeT MaKCH-
MYMOB [IPH NOIYLeJbIX 3HayeHUAX v [13], uTo ABnAeTCH
CliefIcCTBUEM BHYTPUIIEHTPOBOr0 KYJIOHOBCKOTO B3anMMO-
neiictBuA. IloaToMy AlA KOMMYECTBEHHONW XapaKTepHuc-
TUKM CBA3LIBAIOINIEr0 COCTOAHUA AbIpKY B ABoMHBIX KT,
comepsKaluX TONbKO OOHY ObIPKY, HeoOXxomumo GpaTb
sHepruo casu npyu v = 1/2. lonyyennasa takum oGpa-
30M BKCMepUMeHTalbHasA 3aBUCUMOCTb Fqpm OT tg; 1o-
KasaHa Ha puc.4 yepHbIMM KBagpaTamu. TeoperuyecKkasn
KpuBas Oblila paccYyMTaHa Ha OCHOBE MOJX0/a, U3JI0HEH-
HOro B paGorte [6], 38 TeM HUCKIIOUEHUEM, YTO B JAHHOM
ciydae Mbl yuiau ToT ¢akT, uto coctaB Ge B KT paBsen
90%. Ocranbueie 10% npunannesar atomam Si. Jlare-
panbHbIil pasmep HaHoKjaacTepoB Ge GbL1 B3AT PaBHBIM
11 um. Pacuer medopmanuit BHINOIHANCA B paMKax Mo-
Jey T0JIA BaJeHTHBIX CUJI C UCIONh30BaHUEM MeMaToOM-
Horo moteHnuana Kutunra. JHeprua CBA3M BBIUMCIA-
nack B MPUGIUMKEHUU CUILHONU CBA3U C UCMONb30BAHU-
eM Gasuca sp°. TeopeTnueckas 3aBHCHMOCTb IOKa3aHa
Ha puc.4 cnnomnoi aunueii. Habmionaercsa xopowee (¢
TouHOCTBIO 10 10%) cornacue TeOpeTHMUYECKUX U DKCIe-
PUMEHTANBLHBIX NaHHBIX. /I B TeopuM U B SKCIIEpUMEHTE
MOJIy4YeHO ONHO U TO K€ 3HAUeHHe DHEepPruu B OJMHOY-
uoit KT (~ 265wm3B). Kpome Toro, sxcnepumeHTalbHAA
3aBucuMocTb Eqpm OT ts; Aaa asoiineix KT agexBaTHO
BOCIIPOU3BOJUT aHOMAalbHOE MOBeJeHNe, NpecKa3aHHoe
B pacuerax.
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Puc.4. dHeprusa cBA3M AbIPDKU B OCHOBHOM COCTOAHUM
“nByXaTOMHOI” MoneKynbl Kak GyHKIUA TOMMUHEI Gaphb-
epHoOro ciof Si MemAy KBaHTOBBIMM Toukamu Ge ts; mnsa
¢daxTopa 3anonnenus v = 1/2. UepHble KBagpaTbl — 3KC-
nepyMeHTalbHble JaHHbIE, CILUIOMIHAA IWHUA — TEOPETH-
yeckasa Kpusad. llITpuxoBoii TMHUel OKa3aH pacyeTHbII
SHEpPreTUYEeCKUil yPOBEHEL [IHIDKM B OJUHOYHON KBaHTO-
Boii Touke. Kpyriaa Touka — pe3yiabTaT M3MepeHMil NIA
CTPYKTYPBI C OGHUM ClI0OeM HaHOKiIacTepoB Ge

ABTopbr Gnarogapubl I'}). MuxameBy 3a momolib B
npoBefleHNU MojenupoBanusd. PaGora BbINONHEHA mpu
¢unancoBoit moagepskke Poccuiickoro ¢onna pyHnamen-
TalbHBIX KMcclenoBaHuii (rpaut # 06-02-16143). AWM.
6narogaput @oHA comeiicTBUA OTEYECTBEHHON HAYKe.
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