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B npenemne Manomn KOHIIEHTpalnu 30HHBIX HocuTenei II0OKa3aHo, YTO y4YeT CHUILHOro Mey3elbHOro B3au-

MoOeicTBUA 3JIEKTPOHOB B paMKax nepuo,unqecuoﬁ Mogenun AHI[epCOHa NIPUBOOUT K OIBYM Ka4Ye€CTBEHHO HOBBIM

0coO6eHHOCTAM ee BHGPFGTH‘{GCKOﬁ CTPYKTYDPBHI. IIepBaﬂ 0co6eHHOCTh CBA3aHa C UHOYLOUPOBaAHHWEM OOIOIHUTEIb-

HOr'o KBa3dnJIOKAalIN30BaAHHOI'O YPOBHA, CyHI€CTBEHHO MEHAIONIEr0 CTPYKTYPY IJIOTHOCTU 3JIE€KTPOHHBIX COCTOA-

Huil. BTopaa oco6eHHOCTHL 3aKII0YaeTCA B CUILHON peHOPMUPOBKE 3 (PeKTUBHOI KOHCTAHThI r'MOpUAU3aUY C

3aTpaBOYHBIM JIOKAJIN30BaAHHBIM YPOBHEM.

PACS: 71.10.—w, 71.27.4a

1. Ilpy wccnenoBaHUM CBOMCTB CHILHO KOPPEIUPO-
Bauubix (CK) cucreM B paMKax NepUOAMYECKON MO-
memn Aupepcona (PAM) [1] cumrtaercs, 4YTO UCTOYHU-
KOM Koppenfiuuii ABIAeTcA xab6apIOBCKOe OTTalKMBa-
HUe ABYX BIEKTPOHOB, HaXOAALIUXCA HA OZHOM y3le U
001a/jalo¥X POTUBOMNONOMHBIMU POEKLUAMH CIIUHO-
Ilpy 3TOM KyIOHOBCKOE B3aMMofeii-
CTBUE MeMIy [ByMA TpyNNaMd 3IeKTPOHOB He Y4YH-

BbIX MOMEHTOB.
ThIBaeTcA. Meay TeM, BO MHOTHMX ClydasaX Xapak-
TepHad PHEPrufl KYJIOHOBCKOTO B3aMMOAEHCTBUA DIEK-
TPOHOB, NMPUHAJIEKALIUX COCETHUM y3jaM, MOMET He-
CyIIECTBEHHO OTJIMYaThCA OT Xa66apmoBCKON 3HEpPruu.
1A TakUX CUCTEM MOMHO OMMIATh, UTO YUYET MEMY-
senbHbIx Koppenauuit (MRK) npu pacuere aneKTpoHHOMN
CTPYKTYPBI MOKET OKa3aThCA CTOJb ke CyIEeCTBEHHBIM,
YTO M YyYeT OJHOMOHHBLIX B3auMopeiicTBuii. PaHee Bas-
Haa poab MK oTmeuanach, Hanpumep, NMpU HcCClIeq0Ba-
HUU fIBIEHUA TPOMEKYTOYHOM BaleHTHOCTH [2], a Tak-
sKe MPHU NOCTPOoeHuH 3)PEeKTUBHOIO raMUIbTOHUAHA A
oxcunoB mMenu [3]. HexaBuo Gbuio ofpameHo BHUMaHNe
Ha To, uTo 3¢¢dexts MK, npuBoadAme K 3apANOBBIM
GbayKTyanuam, MOryT HHIYIMPOBaTh KyNnepoBCKOe clia-
pusanue [4].

B macToseit paGoTe npeacTaBleHbl pe3yihTaThl UC-
cnenoBanuii BiuAHua MK Ha a1eKTPOHHYIO CTPYKTYpPY
PAM c BHKIIOYEHHBIM KYJIOHOBCKMM B3auMMOJeiicTBUEM
Mem Ay AByMA FpynnaMu 3JeKTpoHoB. Ilpeanonaraercs,
4YTO f-3NE€KTPOHBI JIOKANM30BaHbI, 8 d-3JIEKTPOHBI KOJ-
JeKTUBU3UPOBaHLI U B MpejicTaBieHun BaHbe onuchiBa-
I0TCA MOCPEeACTBOM NMEPECKOKOB 110 y3jaM, pUHajIea-
WKUM APYroii nogpemerke.

De-mail: vvv@iph.krasn.ru

Ina apexBaTHoro yyera MK ucnonb3oBaHo mpubiu-
JeHue, BhIXOAflllee 3a paMKu npubnumenusa XapTpu-
@ora. B ocHOBe moaxoja JNEMUT NMPEANONOMEHUE O Ma-
JIOCTY KOHIIEHTPALUU KOLIEKTUBU3UPOBAHHBIX 3IEKTPO-
HOB. B aToMm cinyuae peanusyioTcs yCIOBUA TPUMEHU-
MOCTH T'a30BOr0 NMPUGIUKEHUA U CTAHOBUTCA BO3MOK-
HBIM MPOCIEIUTh 33 PEHOPMHPOBKaMU HHEpPreTUdYecKoit
ctpykTypbl PAM, unnynupoBanusivu MA.

2. lna  paccMOTpeHUA OWMHAMHUKM  3JIEKTPOHOB
B KpHCTaIMYECKOll pelleTKe peAK03eMelbHBIX CO-

envHenuit (puc.l) 3anumem raMmuiabToHMaH PAM,
©) ©) ©)
y
[ ]
O ¢ (©) (©)
x
@) ©) ©)

Puc.1. KpHCTaJI.TIPI‘{eCKaH pemeTKa peJjKOo3€eMeJNbHOro WH-
TepMeTalinga

YUUTBIBAIOMMUA JABe CUILHO KOppelupoBaHHbIE MOJ-
cucteMbl f- U d-3NEKTPOHOB, a TaKMe KYJIOHOBCKOE
B3aMMOJEHCTBUE MEKAY HUMHU. YUYeT OJHOY3elbHBIX
KOppelANnuii ocyllecTBIAeTCA NOCPEICTBOM Iepexoaa K
aToMHOMY mnpeacraBieHuio. IIpu 3ToM raMuiIbLTOHUAH B
npenene CK (U — oo) MomeT GbITh 3anucal B BUAE

Iucema B MATP® Tom 87 BRIM.3—-4 2008



Biauanue cHIbHBIX MeiKy3eJbHBIX Roppe.rmum?l Ha cMelIVBaHHe 30HHbIX U JOKalW30BaHHBIX COCTOAHHUM ... 235
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Oneparops! Xa66apaa [5] ZP? n XP? oTBe4aloOT Nepexo-
JaM MeJAy OJHOATOMHBIMHU COCTOAHUAMM JBYX T'DyNI
SJIEKTPOHOB; NMEPBOE M BTOpOE cllaraeMble raMUILTOHU-
aHa ONMCHIBAIOT OJHOY3elbHble DHEPrUM 3IEKTPOHHBIX
MOJCHCTEM, TPEThE CllaraeMoe OTpaaeT ru6puan3anunio
f- u d-cocTofHMil, YeTBEpTOE — OMUCHLIBAET NMEPECKOKU
SJIEKTPOHOB B KONIEKTUBU3UPOBaHHOI mojcucreMe, mf-
Toe — oTpaxaer MK nByx moacucrem.

B ycnoBusax, Korga B pacueTe Ha OZHY AYeMKY pac-
cMaTpuBaeMoli pemeTsd ny ~ 1, a umcio ng <K 1,
MOKHO NpeHeGpeub B3aUMOAEMCTBUEM MEMH Y BIEKTPO-
HaMH B KOIJIEKTUBU3UPOBaHHBIX cocTOAHUAX. [eiicTBu-
TENbHO, XapaKTepHasA YHEPrUf STOr0 B3aUMOJAeNCTBUA
~ Ugqn? KBazpaTvyHa Mo napameTpy MalocTH mg, TOT-
Ja KaKk B3alMOJEeNCTBHE MeKAYy ABYMA HOACHUCTEMaMU
~ Uggngng ~ Ugq - ng muneitHo no ng. Tarum obpaszom,
3agaya o6 SHEpPreTUYeCKOM CIEKTpe B clydae Maloro
Yyypcya 3JeKTPOHOB NPOBOJUMOCTH B CUCTEME COLEPIKUT
rasoBelii napamerp ng < 1. HcnonwzoBanue sToro mna-
pamMeTpa MalloOCTH U JIEKUT B OCHOBE BO3MOKHOCTH KOP-
pexTHoro onucanua MA.

3. lnA BBIYKCIEHUA DHEPre€THUYECKOro CHEKTpa CHC-
TEMBI BOCIIONb3yEeMCA METOAOM JBYXBPEMEHHBIX TeMIIe-
patypHbix QyHruuit I'puna [6], mocTpoeHHBIX Ha omnepa-
ropax Xa66apna [7, 8]. TouHble ypaBHEHUA NABUMEHUA
IJIAl pacuIMpeHHOro Habopa IPUHOBCKUX GYHKIMI 3anu-
CBIBAIOTCA B BUJE

(w = Bo) (25 |Z50))0 = mam (258 + Z57) +
+V Y ((E + Z) X0 258 +

+ (257 X2\ Z59)) )+de2 (2002l 2w (2)

(w— Eo — Usa){{Zp2 | Z50))0 =
= 8 (22 + Z27)A %) +
+V Z((Z;‘n“’Xﬁ‘” 1Z50))w +

A IDI (&6 cakrab ) W

mi#m o1
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+ 33 ((Z XX 1258 —
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(w —ea)((X27|Z29Y),, =
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+ (X221 2580 ) +
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B nonyuyeHHylO cuUCTEMY YypaBHEHMii BXOJAT BhICIINE
¢yurnuu I'puHa, B KOTOPHIX JEBBIi ONEpPaTOp NMPEACTaB-
n1geT coboil mpou3BelleHUe pa3HOY3elIbHLIX ONEepaTOpOB.
IIpu s3TOM 3HepreTUUecKue MHOMUTENY, CTOALIME TTepe]
TakuMHu QyHKNUAMU, B ciydae, korja Uzqg > V,t, cy-
IMecTBEHHO pa3iuyHbl. Torpaa, o6o6maa ugeio Xa66ap-
Ia [9], BBeieHHYIO AIA y4yeTa OJHOY3eIbHBIX KOppelnf-
nuit Ha cayvait MK, monyuum, uto B ¢yHruuax I'pu-
Ha, nepel KOTOPLIMU He CTOUT OONLIIOIN 3HepreTuyec-
kuit napameTp Usq, MO#HO clenaTh 00bIUHOE paclemnie-
Hue no tuny npubmuenua Xaptpu —®oxa. B To ke
BpeMsA, MHOroyselnbHble (yHKNUU ['puHa, BXoAAmNe B
ypaBHeHUA C 6G0ONbUIMM DHEPreTUYeCKUM MHOMUTEIEM,
JONHBI YUYUTHIBATHCA TOYHO, M AJNA HUX HeoGXoauMMO
OUCcaTh COOTBETCTBYIONINE YpaBHEHUA IBMmeHud. Yuc-
JI0 TaKUX HOBBIX YPaBHEHMI B HalleM clIyvae CyLIecT-
BEHHO COKpalllaeTcA, 6r1arogapa UCHOIb30BaHUIO I'a30BO-
ro npubmmxenus. [IpakTuuecku 3To oTpaxkaeTca B TOM,
4yTOo npeHeGperaeTca BCEMU MHOrOy3elbHbIMU (QYyHRIU-
avu I'puna, onuceiBamomumu Gonee 4eM OJUH KOJIEK-
TUBHBIN 3JIEKTPOH B OGJIMKaiilell OKPECTHOCTU pelKo3e-
MelbHOr0 HOHa.

B nuneitnom npuGnuxeHUM MOKHO NpeHeGpeyb Mpo-
1eccaMy NepeBOpoTa CIMHA U OrPaHUUYUThLCA NPOCTpaH-
CTBEHHO — OJJHOPOJHBIMU pemeHuAMHU. [IpocTeiimee npu-
6nuseHNe NO3BOJAET TaKKe He YUUThIBaTh KUHETU-
yeckne koppenatopel (Z30X97) u (X2°X0%). Tor-
Ja 3aMKHYTaf CUCTeMa YpaBHEHUIl [Ii1Ad HaXoJeHUuf
FPUHOBCKUX (PYyHKIUI B KBA3UUMMYILCHOM IpeJCTaBle-
HUU [oclie PAJa NPOCThIX NpeoGpa3oBaHUil MOMKET ObITh
npeacTaBlieHa B BUJe

= Np(w) + VA (w){(Xio| 2L )),
= ViNal(Zwo |28 ,)). (5)

(w — Eo){{Zxo | ZL,))
(w — &) ((Xuo | 21, ))

3Iech BBeleHbl 0003HAaYEHUA
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~ 4Udnd n
Nf(w):Nf<1+(w_‘E);_de)>aNf:1_7fa
nyg nyg de ng
A =1-—=4+ — Ng=1-—
() 2 T2 w_F U 2’

- k.a kya
ex = &8¢+ tilNg, Vi =4V cos(T) cos(L),
Eqa=€a+4Usa, tx = 2t(cos(kya) + cos(kya)).

TMonyuennas cuctema ypaBHenwuii (5) cogep:ut pag oco-
6enHocTeil. Bo-mepBbIX, K03GOUINEHTHI, CTOAIINE Te-
pen uckoMbIMu GyHKRIUAMU ['puHa, npuobpeTaioT 3aBu-
CHMOCTb OT 4acTOThI. JTO MHAYIMPYET PEHOPMUPOBKH,
3aBUCAIINE KaKk OT OGIero 4ucia BMEKTPOHOB B CHUCTE-
Me, TaKk U OT 3Ha4YeHUil Tol 3HepreTuyecKkoii obiaactu, B
KOTOPO#i pealu3yloTcA paccMaTpuBaeMble pepMUEBCKUe
Bo36y#AeHUA. B yacTHOCTH, B OKPECTHOCTH HUKHETO
nomoca E ~ Ey npu Upg # 0 rubpunusanua Mmesk-
IOy OBYMA 3IEKTPOHHBIMM NOJCUCTEMAaMU NOAABIAETCA,
Kak Toabko ny — 1. MaremaTuyecku 3TO oTpama-
eTCcA NMOCPEACTBOM PEHOPMUPOBKYU TI'MOpPUIM3ANMOHHOTO
B3aMMOJIENCTBUA MO cueHapuio V — V = V(1 - nf).
Nuaue roropf, HUMHAA BHEpreTUYecKasd 30Ha, COOTBET-
CTBYIOLIAA JIOKATN30BaHHBIM 3JIEKTPOHHBIM COCTOAHU-
AM, 1pu ny — 1 cTaHoBUTCA Ge3aucnepcHOl, UTO MOHeT
NPUBOJUTH K CYLIECTBEHHOMY BO3pacTaHuio 3hderTHB-
HOU Macchl (pepMUOHOB.

Bo-BTOpBIX, KONIEKTUBHAA 3JIEKTPOHHAA 30HA HCIBI-
ThIBaeT CMellleHue, onpeaendeMoe BennuuHoi 4Uzq. Du-
3UYecKad NPUYMHA 3TOro (pakTa OUeBHAHA: MOABUBIINIA-
CAl Ha y3Jie pelleTKY OAVH 30HHBII AIeKTPOH B3auMoJeii-
CTBYET C YeThIPbMA HaXOAAMKMMUCH Ha COCEJHUX y3iax
JOKANM30BAHHBIMU AIEKTPOHAMMU.

W3 cucremer ypaBHenwmii (5) ciegyer, 4To CHEKTp
(epMueBcKUX BO30Y#AE€HUI onpelendeTcA pelleHUuAMU
KyOUUYecKOro ypaBHeHUSA

E3 —mE? +pE+q=0, (6)
rae BBeJeHbI o6o3HaueHUuA

m = ex + 2F +de,
p=¢ex(2E + de) + Eo(Eo + de) — Ndesz,
q = (Eo +Uysa)(NsNaVi — Eoex) — (7

n
— UsaNg (Ef) V2.
VYpaBuenue (6) uMmeeT Tpu KOpHA:

8 3
E1k=—§+t+u+i§(s+2t),

3
Ezkz—%+t+u—i§(s+2t), (8)
FE3x = s — 2t + u.

31ech

1
5= g(—36mp —108g + 8m?® +

+121/12p% — 3m?p? + 54mpq + 81¢% — 12qm3)"/3,
_3p—m? m

185 ' T3 )

Hcnonesys cnektpanbHyio Teopemy [10], HeTpyaHO
3anucaTh CHCTEMY ypaBHEHHUIl camMocoriacoBaHUA Iiaf
HaXOoM/JeHUA 3aBUCUMOCTH HEPreTUYECKOi CTPYKTYPbI
OT YKClIa BIEKTPOHOB B CUCTEME:

1
% =% zk: zj:Ai(Eik)f (Bix),

N4
2

t

= = 3 Bi(Ea)f (Bu) (10)
k ¢
Ny + ng =mn,

rge ¢ = 1,2,3, cnekTpalbHble MHTEHCUBHOCTH

Ai(Ead) = i Nt(Eu)(Ex — ex)(Ea — Eo — Uyq)

_l;[,(Ez' — Ejx) ’
3
Bi(Ba) = 3 Nl - 10 ! 2, )

(2
JFi

f(z) = (exp(*:3%) + 1)~" - ¢ynruus depmu-Jlnpaka,
7 — TIOJIHOE YHCIIO BIEKTPOHOB.

4. Ha puc.2 ansa cpaBHEHWA TpeJcTaBlieHa XOPOLIO
M3BECTHafA 30HHAaA KapTMHA paccMaTpUBaeMoil MoJenu,

E(R)|

-2

(0,0) (m,m) (1,0) (0,0)

Puc.2. 3ounaa kaptuna PAM, nonyueHHas B mpuGnuase-
unu Xaprpu-@oka (ny = 0.97, ng = 0.10, p = 1.2)

noryyeHHas B npubnuxenun Xaptpu —Poka, s cneny-
iomero Habopa napaMeTpoB:
€ |4

f
—— =5 —
e [t

Upa _

t=1eV, Ey =0, =

=1, 2. (12)
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MupHble CNIONIHBIE JTUHUU OTPaKalOT PE3YILTUPYIO-
muii cnekTp GepMueBCKUX BO36Y:HAEHUI, TyHKTUDPHbIE
IUHUU — 3aTPaBOYHBIN cnekTp. TOHKaA chniomHaA ro-
pU3OHTalbHaA TUHUA NOKa3bIBaeT MOJOMEHNEe XUMUYeC-
KOro NoTeHIuana CUCTeMBI y. BugHo, 4TO 3HepreTuyec-
Kaf CTPYKTYpa CUCTEMBI COCTOMT U3 ABYX 30H: HUMKHAA
o6pa3oBaHa MPerMYIECTBEHHO JOKANN30BaHHBIMH f-CO-
CTOAHUAIMH, & BEPXHAA — COOTBETCTBYET KONIEKTUBU3U-
poBaHHBIM d-cocToauuAM. Ha puc.3 usobpameH sHep-

10

E(k)1|

0 e ———————————————————————————————————— e T e p

(0,0) (m,m) (m,0) (0,0)

Puc.3. 3ounan kapruna PAM npu yuere MK B rasoBom
npubanmennu (ng = 0.95, ng = 0.24, p = 2.12)

reTUYECKUI CIEKTP MOJENN, PACCUYUTAHHBIN NpU yueTe
MK B raszoBoM mpuGIMMeHUM AIA TOTO ;e CaMOro Ha-
Gopa napamerpoB (12). U3 cpaBHeHus AByX NpeacTas-
JIEeHHBIX Ha pUC.2 U 3 CNEKTPOB BUAHO, YTO KAaYECTBEH-
HOe OTJIHYKe 3aK/II04YaeTcA B TOM, YTO BO BTOPOM ClIy4ae
(opMupOBaHUEe Pe3yNLTUPYIOMEr0 CIEKTPa IPOUCXOAUT
IpU y4YacTUM He OJHOT0, & JBYX pacUIenlIeHHBIX JOKa-
JM30BaHHBIX YPOBHel, pasHeceHHbIX Ha BenUuuHy Ugq.
Humunas noj3oHa oTBeYaeT NOKAIU30BAHHBIM f-COCTOA-
HUAM 3JIEKTPOHOB, B OKPECTHOCTU KOTOPBIX OTCYTCTBY-
IOT 30HHBIE IEKTPOHBI, BEDXHAA COOTBETCTBYET COCTOA-
HUAM c Goslee BbICOKO# sHepruei Bo3bymaenua Ey+Uyzq,
00f3aHHOIl MOABIEHUIO 30HHOT'O BNEKTPOHA BOIU3U JIO-
Kalu30BaHHOr0. J3aMeTHM, YTO MEXaHM3M paculemnie-
HUA IOKATM30BAHHOIO0 YPOBHA Ha [IBa KaueCTBEHHO aHa-
JOruyeH MeXaHW3My BO3HMKHOBEHHUA JBYX xab6apaoB-
CKUX MOJ30H NPU CUILHOM BHYTPHATOMHOM OTTATKH-
BaHuU. [lelicTBUTeNbHO, HUMHAA 30Ha B Mojenu Xal-
6apJa COOTBETCTBYET [ABHMEHHIO 3JEKTPOHA MO y31aM
IpH YCIOBHUM, UTO Ha 3THUX y3JlaX OTCYTCTBYIOT Apyrue
SNeKTpPOHbI. BepXxHAA 30Ha BO3HUKAET B pe3ylabTaTte ne-
PECKOKOB 10 y3l1aM, ecilli Ha 3THX y3lax y#e HaX0AATCA
SJIEKTPOHBI C MPOTHBONOIOKHBIMYU MPOEKIUAMU CIMHO-
Boro MoMeHTa. Il03TOMy 3Hepruf Takoil 30HBI JOJHHA
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BRKJIIOYaTh CABMKKY Ha BeJIMUYUHY KYJIOHOBCKOIO OTTal-
ruBanuA U. AHanorvdysHo 3ToMmy, B clydae, Korja Koi-
JNeKTUBU3UPOBaHHbIE COCTOAHUA He 3aHATHI, MOABIEHUIO
3JIeKTPOHA B JIOKAAN30BaHHOM COCTOAHUM COOTBETCTBY-
eT yBelu4eHNe HePruy Ha Bemuuuny €. Ecnu e B6au-
34 f-ypPOBHA HaXOJUTCA OJVH KONIEKTHUBU3MPOBAHHBIN
AIIEKTPOH, TO JJIfl 3aHATHA TOr0 f-ypoBHA NOTpedyeTcA
sHeprus €5 + Uyq. Tarum o6pasom, MexaHM3M BO3HMK-
HOBEHUA 1By XyPOBHEBOI KapTHHEI IOKaIU30BaHHBIX CO-
CTOfIHUI ABIfleTCA, MO CyTH, NPOCThIM 00001eHrneM Ha
cnyuait yueta MK Mexanusma nosBnenusa aByx xa66ap-
JOBCKUX IOJ30H NpU y4eTe 0JHOY3elbHbIX KOppeaAnuii.

KonmuecTBeHHOE NOATBEpHKIEHUE 3TOTO TE3UCA MPO-
JEMOHCTPHPOBaHO Ha puc.4, rjie NoKa3aHbl 3aBUCMOCTHU

1.0

ny
0.8
0.6

0.4

0 ! ! ! ! !
1.7 1.8 1.9 2.0 2.1

Wil

Puc.4. I'paduk 3aBUCHMOCTY KOHIIEHTPALNii TOKAIU30BaH-
HBIX BIEKTPOHOB B HU:KHeli (CIIONIHAA TMHUA) U BepXHel
(nyHKTUpHaA 1MHUA) f-IOA30HAX OT XMMUYECKOrO OTEH-
nuana

3aCeNeHHOCTEN HUMHEr0 U BePXHEr0 YPOBHEl NpU N3Me-
HEeHUH XUMUYEeCKOro noreHnuana. Hanomuum, 4to B Mo-
nenu Xa66apaa, 6marogapa 3aBUCHUMOCTU CIEKTpaabHOM
MHTEHCUBHOCTH XaG6apIOBCKUX NMOA30H OT KOHIEHTpa-
MY DIEKTPOHOB, NPH JIONHUPOBAaHUK IPOUCXOZUT Iepe-
pacrnpefielieHle CIEKTPalbHOr0 Beca MEMAY STUMH NOJ-
3oHamMu. B HameMm ciyuae nHabmiofaeTcs nogoGHasa Kap-
THHA: [PU YBeIMYEHUM YKCIA BIEKTPOHOB B CHUCTe-
Me IPOUCXOUT NepepacnpeneneHie Uucia I0Kanu30BaH-
HBIX BJIEKTPOHOB MeKIy HUMHeN U BepxHell f-moa3oHa-
mu. Kaxr noxassiBaeT rpaduk, npy BO3pacTaHUY [ YHCIO
f-2IeKTPOHOB ¢ XapaKTepHOii aHeprueit Fy yMeHbIIaeT-
A, TOrJia KaKk 4YUCIIO 3JeKTPOHOB ¢ aHeprueii ~ Fo+Uyzq,
HanpoTHUB, yBeauuuBaeTcA. B obnactu u = 2.2 yucino f-
BIEKTPOHOB C BHeprueit ~ FEy magaer 1o HyIA U MOY-
TH BCE JIOKall30BaHHbIE DIEKTPOHBI HAXOAATCA B BepX-
Heit f-noxzone. Kpome Toro, HeGonwinasa yacTh f-anek-
TPOHOB “3a6packIBaeTcA” B 30HY NPOBOJUMOCTHU 3a CUET
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rubpuau3anuoHHbIX 3¢ derToB. U3 npefcTaBieHHBIX pe-
3yJAbTaTOB ClefyeT, YTO NPU 3HAUYUTENbLHOI BelnvuHe
MK ¢opMupoBaHue 3HEPTeTUUYECKOro CleKTpa (epMu-
€BCKUX B030y/JeHUIl NPOMCXOAUT B pe3ylbTaTe rubpu-
JU3alMOHHBLIX NPOLECCOB C BEPXHUM JIOKAAM30BaHHBIM
YpPoBHEM. JTO 06CTOATENLCTBO KAaYeCTBEHHO MEHAET
XapakTep 3HepreTuyeckoil cTpykTypsl PAM. CymecTt-
BEHHO, 4YTO 3(pdeKTNBHAA rubpuUAN3anuA ¢ HUIKHUM U3
paclienieHHbIX JOKaNN30BaHHbIX COCTOAHUM 3HAUUTENb-
HO ToJaBlfeTcAd U3-3a OTMEUYEHHOI Bblllle PEHOPMUPOB-
KU. ITO UHAYLUPYET BO3HUKHOBEHHE NUKA MIOTHOC-
TU BJIEKTPOHHBIX COCTOAHUI B OKPECTHOCTU HUIKHETO
ypoBHA (puc.5). B oxpecTHOCTH BTOPOro ypoBHA Tak-
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Puc.5. IInoTHOCTE 31eKTpPOHHBIX cocroAHmit (ny = 0.92,
ng = 0.23, DyHKTUPHOH JMHHElH NOKa3aHO IOJOKEHUEe

XMMIOTeHIuana p = 2)

e MMeeT MeCTO 3HAYUTENbHOE BO3pacTaHue MIOTHOC-
TH COCTOAHUN (MeHbllee N0 CPABHEHHIO C MIOTHOCTHIO B
OKPECTHOCTH HUKHEro YPOBHA, HO 3aMeTHO Goubliee 1o
CPaBHEHHUIO C IIIOTHOCTHIO COCTOAHUIN KOIIEKTUBHOI 30-
ubl). CllegyeT noguepKHyTh, YTO BO3pacTaHUe MIOTHOC-
TU COCTOAHUH B OKPECTHOCTH XMMHMYECKOro NOTeHInana
nonyuveHo 6e3 NpUBIEYEHNA UJEONOTUU CIIUB-6030HHOT0
npeAcTaBIEHNU .

PesynbTaThl YKCIEHHOrO aHalNM3a ypaBHEHUI camMo-
cornacoanua (10), orpaskaiomue, B YaCTHOCTH, CBA3b
Me# Ay MONHBIM YKHCIOM 3IEKTPOHOB B CUCTEME U CTENe-
HBIO 3aMOJHEHUA YHEPreTHYeCKUX YPOBHEMH, MPOJEeMOH-
CTpPUpOBaHbI Ha pHC.6, I'le MpeacTaBleHa 3aBUCHUMOCTh
XMMHMYEeCKOro MoTeHIHana OT NOJHOro yucia dpepMuo-
HOB. BuzHo, 4TO mpu 4ucie 3NEeKTPOHOB B CUCTEME He-
3HAYUTENBHO MEHBIIEM €IMHHIIbI, XUMUUYECKUH MOTEH-
uan, TeM He MeHee, HAaXOAUTCA B BepXHeil f-NMOA30HE.
YBenuueHue umucia 3IEeKTPOHOB NPUBOJUT K BO3pacTa-
HUIO XMMHYECKOT0 MOTEHIMala U K UHTEHCUBHOMY 3a-
MIOJTHEHWIO BEPXHeIl MOJ30HbI KBA3UIOKATN30BaHHBIX CO-
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Puc.6. I‘pa(pmc 3aBUCMMOCTH XMMHUYECHKOr'o IIoTeHyalna oT
TIIOJTHOI'0 YUCia 3JeKTPOHOB

croauuit. Ilpu pu = 2 uMeeT MecTOo M3IOM B 3aBHUCU-
MOCTH XMMIIOTEHIala OT KOHIeHTPaluy, CBA3aHHbI ¢
HayajJoM 3aMnolHEHNA KONJIEKTUBHON 30HbI P-COCTOAHMIA.
Pa3zHocTh yriioB HaKlOHa B 3THX 3aBUCUMOCTAX OTpaska-
€T pa3HOCThb MJIOTHOCTENH COCTOAHUMN B 30HE KONIEKTUB-
HBIX COCTOAHHI U BepXHeil M0J30He KBa3WIOKalIN30BaH-
HBIX COCTOSIHUIA.

B 3akmioueHre OTMETHM, YTO NPEJI0MEHHBIH METO]
yueTa CHUIBHBIX MeMy3elbHBIX KYJIOHOBCKUX KOppenf-
Ui, M0 CyTH, ABIAETCA €CTECTBEHHBIM 0006IIeHUEM aK-
THUBHO MCNOJNb3YEMOr'0 MNOAX0Ja B TEOPUM CHIBLHO KOp-
penupoBaHHBIX CHUCTEM C OTHOY3elbHBIMU KOppenAlusf-
Mu. Ero nocrnenoBaTenbHOe NpUMeHeHHe NOKAa3bIBAET,
YTO CHUJILHBIE MeMY3elbHble KOPPEIANUU BO MHOTHX OT-
HOIIEHUAX He MPOCTO UHAYINPYIOT KOMUYECTBEHHbIE 13-
MEHEHUA DJIEKTPOHHON cTpyKTypbl PAM, HO U KauecT-
BEHHO MOJUQUIUPYIOT, HalpUMep, MIOTHOCThL COCTOA-
HUil. JTO 03HAYAET, YTO yUET MEMY3ENIbHBIX KOppelnsd-
Uil ABIAETCA CYIIeCTBEHHBIM IJIfl UHTEPIPETANN Tep-
MOAVHAMUUECKUX CBONCTB pPEIKO3EMENBHBIX HHTEpME-
Talnua0B, onuckiBaeMbix PAM.

ABTopr! Bripamalor GnaromapHocThk .M. JI3eGuca-
IMIBIJIM 3a MONe3Hoe o6cysHAeHre paboThI.

Pa6ora BeinonneHa npu nogaepske Illporpammer Ot-
nenenua ¢usuveckux Hayk PAH, Poccuiickoro ¢on-
Ia QyHAaMeHTalbHbIX uccienoBanuii (rpant # 06-02-
16100), a tamme Huterpanmonnoro nmpoexkra CO PAH
Ne3.4.
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