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HOBMA TUIl KBAHTOBHX 3JEKTPOMAMHUTHBX BOJH
B CUJIbHOM MATHUTHOM [10JIE

B.A.lenmuzoscxui, A.ll.llpomorexos

B pape reoperuueckux paboT Nnoka3aHo, 4To B BLIDOXJACSHHOM 3JEKTPOHHOM rase,
MOTYT CyHleCTBOBATb NpoJoJbHbIe U NoNepeyHble 3JeKTPOMArHUTHBIE KoJebamusi,
obycaoBJeHHbIe KBAHTOBaHHEM OPOMTANLHOIO [ABUXEHMS SJEKTPOHOB B CHAbHOM Mar-
HuTHOM noJe [1—4], ITu KoneGaHus, noayuuBIIMe HAZBAHKE KBAHTOBLIX BOJH, CBi-
3aHbl C ONpefeJeHHbIMM Pe30HAHCHHIMY NIepexofaMu MexXay ypoBHsMu Jlaugay n.
KaxoMy ofHOUaCTHUHOMY pe30HaHCy C 3aJaHHbIM A n oTBeuaeT ofiia 6o3e-BeTBb
KOJJeKTUBHBIX BO30yX/eHHii B cucTeMe B3auMOAEHCTBYIONMX SAeKTPOHOB, Kcau
ycnoBus kBantroauug H Q >> T, (1 >> pHe BHNOJHEHb, TO KBAHTOBbIE BOJHbI
CHIbHO 3aTyxaioT, (5 — mocrosHHas [laaska, (! — IMKJIOTPOHHAA YacTOTa, T — TEM-
nepaTypa B SHepreTMeckux eIMHMNAaxX, p — YacToTa CTOJKHOBEHHR), B HacTosmeM
coobiennyu HaltfeHbl 3aKOHbI MCNePCHU HU3KOYACTOTHBIX NPABONOJSPHIOBARHBIX
9eK TPOMArHMTHLIX BOJH, PACHPOCT pPAHSIOUMXCS BAOJb MAarHATHOMO MOJS,

JlucnepcuoHHble KpUBbie KBAH TOBBIX 3JEKTPOMAarHUTHHIX Bo30yx/eHult Jexar B
‘TeX y4acTKax naockocts (w, q), rae 3atyxasue Jlannay orcyrcrsyer. [Ipu sTom
BCEM 3JeKTPOHIBIM NepexofaM C 3aflaHHbiM A n COOTBETCTBYIOT oOnpe/ieJeHHbie 00-
JacT4 3aryxanus Jlanpay, B culy aucnepcuonsbix cooTHowerult Kpamepca — Kpo-
HUra Ha rpauiax obxactell 3aTyxamus MHMMas 4acTb NpoBogMMOCTH Npu T -» 0 u
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v » 0 CHHTYJspHA, M3 MCniepCHOHHLIX ypaBHekwuit caefyer, uTo B6au3u ocoben-
HocTH Imo;, Kax MpaBUiO MOABJAETCH Peliie HHE, COOTBETCTBYIOMEE ONpPeaeNeHHO
My TMRY SJEKTPOMArHUTHbIX KoxeOaumi,

Ob6aacty 3aryxanus Jlanaay MoryT ObITh HalijeHbl U3 aHAIM3a 3aKOHOB COXpas
HeHus 1 npuiimna [layam (cMm. (5, £1). MoxHo noxasaTb, YTO AAs NpaBONOAIPH30-
BaHHON BOJHbI, pacnpocTpansiomeiics BAOAb MAarHUTHOrO noas, Koraa An =-1,
o0aacTM 3aTyxanus Jlanjay onpejessioTCsi HEDABeHCTBAMM (CM, PHCYHOK ):

hq?

(4)),‘9_-3—';’— +an, (‘)
K q?

wS-Q+—§;n—- +vnq,
hq?

©w 3 = 4+-—é—;;'-vnq.

IvaK BUAHO M3 pUCYHKA, Npi w < ) CyiileCTBYET pAl yYaCTKOB, I'le 3aTyXaHue
OTCYTCTBYyeT, Pasauuibie TMOLL 9THX Y4aCTKOR 0Bo3Hauenb wdipamu 1, 2, 3, 4,

CxeMaTuueckuit BU IMCTIEPCHOHHBIX KPUBBIX U 06JaCTb 3a-
Tyxawus Jlannay aas npaBonoJspu30BaHHbIX BO36YxaeHui

Lcam snekTpoHbl B KpucTaute sanoansior N ypoenefi Jlanzay, To cymecTsyloT

N - 2 cBoGoaHbIX OT 3aTyXaHus obaacteit BToporo u N - 2 Tperbero Tunos, (lia
pucyrke #3obpaxeH cayuail 3anoJHenus YeTblpex ypoBHeii Jlaumay). i3bicoTa yyac-
TKa, o6o3HauenHoro mahpoit 4, onpefeasercsa cTenesbio 3an0AHEHAS HAUBLICLIETO
yposHs Jlaujay,

BOm3M rpanur; cBOGOAHBIX OT 3aTyXaHUs y4aCTKOB BTOPOrO , TPETHErO U YeT-
BEPTOro THUIIOB /I0JUKHbI CYWECTBOBATD PEIICHUS [MCNePCHOHHONO YPaBHEHUs AN
NpaBoNoJAPH30BAHHbIX BOJH, [loxaxem sTo anamutuuecku, Obuee Boipaxenne Lis
TEH30pa NPOBOAMMOCTH ¢, , B yCJOBUAX KBaHTosaHua Jlanaay Obijo nogyueHo B
paborax [7, 8]. Caenlys [8] MOXHO nokasarh, YTO s NPABONOJS PHSOBAHHOM

592



BoJHb! nipu q || H aMcnepcuoHHoe ypaBHeHMe uMeeT BULL

ﬁqz ( 0 n+1
-4rrz[,_‘,n°q(l- )= 2 In «
@, n=o 7“72
V.9 +_2m +(e2 + )
q?
v,9 - — + (0 + Q)
: ‘ 2m
n)
X 7 (2)
)
v, 9 +2_m- -(ow + 9)
_(ch )1/2 . _ hk,
Fle o, — IB3MEHHAS YECTOTa, (H =(— ~ MarHuTHas fIMHa, v = —0 o

MaKCuMaabHas CKOPOCTb 3JEKTPOHA HA n YPOBHE, n — KOHLUBHTPALMA. YpasHeHue
{2) sanucaHo npu ycaouun T =04 v= 0,

HaitpeM pelrenuss AMCNepCHOHHOrO ypaBHEHMs B yUacTKax BTOPOro Tuna, .sije-
14B B npaBoft yacTH (2) caaraemoe, npuBoAsllee K 0COGERHOCTH HA MpaHUL@X n-ro
;4acTKa 4 0003HAYMB BKJAAA OCTAJNbHBIX CcJaraevbix Kak b (o, 1) noay-
MM TNIpH @ << Q)

©,(9) =v, 3= (v,_, -v )Texpl -F(q)+ b}, (3)

c2q?

rie = q-(k -k ), f(q) = (1 + _q_z ) 472[:, n,q . Benuny b(q, w)
“p

MOXHO OLEHATb, 3aMeHAs CyMmupoBanue B (2) MHTerpuposanuem, /Jas napameTpor
COOTBETCTBYUMX METANNy M CUABHO BLIPOXIAEHHOMY MOJYNPOBOAHUKY (Y HKIUAS
f(q) >> b B paccmarpusaeMoit 061aCTH 1 NOSTOMY B () MOXHO NONOKUTb b = 0,
AHAJNOrMYHO, BHAENAA MIaBHbie YJeHbl B NPaBOil 4acTy (2), Ha MPAHMIAEX Y4ACTKOB
TPEeThero THNAa NOJAyYMM AM o << Q

1 ~
“’1,2("’ q) = > { v, = v, .19 £(v, +v"4,1)1’52 —4arz'exp{ -f(a) }1/2} .(4)

3nech 9 =q - (k, + k,,,). a, #3MeHAETCA OT BEAMUMHEI NOPA/KA ‘F/f' ao N

1pU U3VEeHEHUH n oT Hyas Ao N - 2, Qopmyan! (3) 4 (4) npu n = N - 2 palor peiue-

Hdst B oGaacTi 4, 1losefilenne pelteHunit pu < ) Noka3ado Ha pPUCYHKe,
Pa3zaoxue aorapubmbl npi MaabiX q, NoJAyuuM ypasHeHHe

2 2
| Wy . Q mi c2q2 . BNQ3 wpl,z_,
-2 2 = -
€ =0 @ mz_ nz . &)2 (’d“‘ 9)3 C2 y

(5)

rae By= (4x?n )=! T k3, onpenensiouee cralyio nepeHOPMHpoBKY "OGHIK HO-

n=o N
BeHnoi" Boanbl [9], (sbiumcrerme X k3 oM. B [5]).
ne=o
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Jlnst HAGmONEeHUs KBAHTOBbIX - [IPABOMNOJS PU30BAHHBIX AEKTPOMArHUTHBIX BOJH
BO-0EpBLIX, HE00X0MMMO, YTOOb! BLNOMHAIACH YCIOBKS CYyUIECTBOBAHNS MHIAHTC
KMX KBAHTOBLIX oCIMNsA It noraoueHus {41, Ilpu sToM paccMaTpusaeMbie BOJNHbI
cnabo 3aTyxaioT, KpoMe TOro AAf CywecTBOBAHHMS KBAHTOBBIX BOMH Heobxoumo,
yToOb BeJMYMHa "pe30HAHCHOrO" J0rapu(MUYEcKoro CJAArasMoro npu KOHEYHbIX
vi T 6blaa cpasHMMa C Npasoi YacTbio (2), TO €CTh B NPUGAMKEHMH BDEMEHH pe-
JAKCaIp, KOTOPbiM Mbl TIOAb3yeMCs S OUBHOK, MOJKHO BHINOJHATHCH YCIOBHE

| In | 2f(q). (6)

n

JT0 ycaoBMe, NO-BHAMMOMY, MOXET ObiTh BbinoaneHo B Bi u InSb , rae f(q) = 1
npu H =104+ 105 5,

I"opbkoBCKuit v
roCy IapCTBEHHbI}I YHUBEPCUTET MocTyniaa B pepakimio
M, H.JTobaueBckoro ‘ 27 anpess 1970r,
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