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1. KaK H3BeCTHO, .IJ.JUI H3y1.feHHJI noBe,IJ.eHHJI cncTeMbi 

CHnbHO KOppenHp}'IOII.{HX 3neKTpOHOB B Y3KHX 30HaX /Hanp., 

V20 3 u cona TCNQ/ ucnonb3yeTcJI MO,IJ.enb Xa66ap,IJ.a, KoTopaJI 

xapaKTepu3yeTcJI cne,IJ.}'IOII.{HM raMHnbTOHHaHoM II I : 

II=~ t·· c:t" c· + U~n·tn· =Hi\+ H
0

· 
ija 11 10 W 1 1 q ' /1/ 

+ 
3,IJ.ech cia' cia, nio- onepaTopbl pmK,IJ.eHHJI, yHH'ITO)I(eHHJI 

u '-lncna 3anonHeHHJI 3neKTPOHOB c npoeKuueu cnnHa r1 =±1 
B y3ne i ; t ij - HHTerpan nepeKphiTHJI /Mhi nonaraeM tii = 
= 0/ H lJ - napaMeTp BHyTpHa TOMHOrO KynOHOBCKOro B3aHMO

,IJ.eHCTBHH. B MO,IJ.enu /1/ npeHe6peraeTCJI B3aHMo,IJ.e8cTBHeM 

3JieKTpOHOB B pa3nH'-IHhiX y3nax pemeTKH. PaccMaTpHBaeTcH 

TOJibKO O,IJ.Ha HeBblpO)I(,IJ.eHHaJI 3HepreTH1.feCKaH 30Ha, '-IHCJIO 

3JieKTpoHoB Ne paBHO '-IHcny y3noB pemeTKH N. 
B npe,IJ.ene lJ -. 0 / 30HHhiH npe,IJ.en/ MO,IJ.enh onuchiBaeT 

KBa3HCB060,IJ.Hhie 3neKTpOHbl B MeTaJine, B npe,IJ.ene tij -> 0 
/aTOMHbiH npe,IJ.en/ - ,IJ.H3neKTpHK C noKaJibHbiMH MarHHTHbiMH 

MOMeHTaMH, KOTOpble MOryT npH HH3KHX TeMnepaTypax 

npHBeCTH K ,IJ.aJihHeMy MarHHTHOMY llOpJI,IJ.Ky. 

TaKne .IJ.HHaMHl.fecKue CBOHCTBa, KaK .IJ.HHaMH'-IecKaH Mar

HHTHaH BOCllpHHM'IHBOCTb X (q->,!1J) HnH 3neKTponpOBO,IJ.HOCTb 

a(q ,u>) B 3TOH MO,IJ.enH ,IJ.O CHX nop paCCMaTpHBanacb TOJibKO 

B aTOMHOM una 30HHOM npe,IJ.ene 12-B/. Ba)I(HOH 3a,IJ.a1.fe8 JIBnJI

eTCH nony'-lenue BHTepnonBI.lHOHHoro pemeHHH MO,IJ.enu Xa6-

fiap,IJ.a, KOTOpOe OllHCbiBaeT llOBe,IJ.eHHe CHCTeMbl BfinH3H nepe

XO.IJ.a 1MeTann-,IJ.B3neKl:pHK, T.e. B06JiaCTH ~/U~l, r,IJ.e ~ = 
= (N- .~ I ti

1
.j2)ll2 - napaMeTp mapHHbi 30Hbl. MeTO.IJ. KOH-

IJ 

THHyaJibHOrO HHTerpupoBaHHHI3,4,9I,IJ.aeT B03M0)1(80CTb HaRTH 

npu6nu)l(eHHoe pemeHae MO,IJ.enu B 3TOH o6nacTH ~"' U .Hanpu

Mep, HCCne,IJ.yJI CTaTBl.feCKYID MarHHTHYID BOCllpHHMl.fH

BOCTb x ( q, m, B pa6oTe 19 I nocTpounu clla30BYJO ,IJ.aarpaMMY 
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MOJJ.en8 Xa66apJJ.a. ~enh JJ.auuoil pa6oTLI - uaiiT8 np86niDKeu

Hhie Bhipa:>KeH8B )1.8HaM8l.feCKOH MarH8THO,H 8 3neKTp8l.feCKOH 

BOCnp88Ml.f8BOCT8 C nOMOI.QhiO MeTO)J,a KOHT8HyanhHOro 8H

Terp8pOBaH8B B6n838 ~"' U. 

2. CTaT8l.feCK8e MarH8THwe 8 3neKTP8l.feCK8e caoilcTBa 

B OTCYTCTB8e BHemuero non.R nonyqaiOTCB 83 np083BOJJ.BI.Qero 

$yHKU80Hana /cTaTCYMMa/ 

Z[B,C] = Spexpi-,BH + ,B.!. <aB i + Cilnia I, 
,,a 

/2/ 

2 
fl.... fls 

X (q,O> = --!. 
N,B ij 

-iq(Ri-Rj)~-~ 1 , 

e 88.08
1
. B.=O, Ci=fl 

I I 

/3a/ 

ll(q, 0)= 1 
q2 

........ -> 2 
2 -i q ( R ·-R 1· l o ln Z I , /3 6 I e!. '---

Ni]' ij e oC i oC i s i = o, c i = f1 

rJJ.e X8M8l.feCK8H noTeuu8an f1 onpeJJ.en.ReTcB ycnoB8eM 

<!. n. > = N. 
. !a 
10 

C nOMOI.QhiO KOHT8HyanhHOrO 8HTerp,oBaH8B MO:>KHO 

uaifT8 <lJopManLuoe pemeu8e JJ.nB Z[B, C] /eM. 3,9,IO/ 8 IIpuAo
JtCeHue/: 

Z=Z 1J 0 Jfldx.
0
dy.

0 
ll dRex. dlmx. dRey. dlmy. e-f3F[x,y] , 

= j I 1 n>O m 10 10 10 

/4/ 
r)J.e BBe)J.eH <iJyHKU80Han CB060)1.HOH 3Hepr88 

4 

,BF[x,y] =" !.l<x .0 - ~B.l 2+ (y.
0

- !c. l2 +2!. <ix. 1 2 +1~ 1211-
1 C I I lC I • n>O 10 lD 

- Sp In (1 - vG"), 
, 

a a 
(v).. ,=- (acx. ,+ icy. , )8 .. o , 

'l• nn 1,n-n 1,n-n IJ aa 

aa' _ _!_!. 
(G

0 \,nn'- N k 

-> -> -> 
ik(Ri- R.) 

e J 
---o o 

iw - ,8< nn ' aa' 
n k 

/4a/ 

/46/ 

/4B/ 

rp8HOBCKa.R <iJyHKU8B )J.nB 8eB3a8MO)J.eHCTByiOI.Q8X 3neKTpOHOB 

onpe)J,en.lleTCJI qepe3 30HHYIO 3Hepr810 6nOXOBCK8X 3neKTpOHOB 

/<lJypLe-o6pa3 OT t ij /; c =<rr,BU)l/2 ; w 
0 

= (2n+ Urr , 
n ~, 0, ± 1 , .... 

Koppen.llU80HHhle <lJyuKU88 Bhipa:>KaJOTCJI qepe3 npo83Bo.D.

Hhle no BHeiliHHM non.RM OT CTaTCYMMhl /4/, uanpHMep, 

1 BlnZ ?n 2 <!.n. >= -!. ---= -.-!.<y. >+-!.C. =N, /5/ . •0 f3 . ac 1c . ,o u . I 
lU 1 j 1 I 

r)J,e C8MBOn <(. •• )> 03HaqaeT ycpe)J.HeH8e DO CTOXaCTHl.feCKHM 

nonJIM 

<( ••• )> = _!_ JD2x. D2 ( ) -,BF'[x, y J 
Z 10 Yin ••• e . /6/ 

B npeJJ.nono:>KeHH8, '-ITO F C8MMeTpaqua no y, 83/5/ cneJJ.yeT, 

'-ITO ll = U/2 - H3BeCTHhlH pe3ynLTaT .D.n.ll cnyqaJI N,.= N . 
.nnJI HenoKanhHhlX CTaTHl.feCK8X MarH8THOH 8 3neKTp8l.feC

KOH aocnp88Ml.fHBOCTeif HMeeM 

2 2 z 
II /11~ ~1:!_--1 

Xij(0)={3 oBioBj Bi=O, Ci=ll 

o .. 
2 . _ 11), 

477 f1 _ll__ ( < X i 0 X j 0 ? - 2rr 

U /7a/ 

2 2 z c e __§ _ _1_!1 __ 1 

X .. (0)= -,;- oC . 8 C · B = o C . = ll 
lj f-' 1 j i ' I 

2 
4"e 
u 

0 .. 
'>- _'_J ) ' 

(< yiO yjO. 2rr 

/76/ 

r)J.e Mhl orpaH8l.f8n8Ch ueynopJIJJ.Ol.feHHOH $a30H / xi 0 >=<yi 0 >=0. 
HenoKanhHhie JJ.8HaM8l.feCK8e MarH8THLie u 3neKTP8l.fec

K8e BOCnp88Ml.f8BOCTH 

X-~ ((u) = 11 2
8

i f dteiu.HO(t)<[m.(t), m.]>, 
I) -oo I j 

/8a/ 

X~~ (w) = e 2 i f dleiwtO(t)<[n.(t), n.]>, 
1) -oo I ] 

/86/ 

rJJ.e mi =nit- ni._, ni =nit+ ni+' MO:>KHO nonyl.fHTh 

KaK auan8THl.feCKOe npOJJ.On:>KeHBe TeMnepaT/?pHhiX rpu

HOBCKHX <iJyHKUBH B Bepxueil nonynnoCKOCTB w 
7 ,ll/ 
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n 
X~ (i~) 

IJ {3 

X~ (i{3-I!J ) 
IJ n 

I i!J r 
f3 {1

8
2 J dr e n < T m. (r)m. ~ , 

Q T I J 
/9a/ 

2 I i~r 
{3 e J dr e < T n. (r) n. > 

Q T I J 
/96/ 

(!J11 = 2 771I ). 3TH KOppen.RIJ,HOHHLIC dJyHKIJ,HH Bblpa:>KaiOTC.R qepe 3 

dJnyKTyaiJ,HH CTOXaCTH'-ICCKHX rroneu I CM. IlpUAOJICeHue/: 

x ~ <if3-1 n ) 
IJ n 

477{1~ 0 .. 
--- (<x X >- - 1.L) 

U in j,-n 277 ' 
/lOa/ 

C -I x .. <if3 n ) 
IJ n 

0 .. 
I) ) 2 > --. 4 ~ (< Y. Y · -n - 277 - Ill ], u 

/106/ 

~CHCTBHTCHLHa.R 1.faCTL 

= -iwll(q, (l)) CB.R3aHa 

BOCII:i)HHM'-IHBOCTH 

3HCKTponpoBOJ1.HOCTH u (q, u1 ) 

c MHHMOH qacTLIO 3neKTPH1.fecKou 

--> w l c -ig(Hi-llj) 
Rea(q,w) = --

2 
--~ Im x .. ·(uJ)e 

q N ij 1J 
/II/ 

TaKHM o6pa30M, rrony1.feHLI T01.fHWe awpa:>KeHH.R .11.ns ,IJ,H

HaMH1.fecKux CBOHCTB MOJ],CHH Xa66ap)1,a B BHJ],e KOHTHHyanL

HbiX HHTerpaHOB, KOTOpbiC cnpaBC,IJ,HHBbl TaK:>Ke H B o6naCTH 

;\. "' lJ Bbl1.fHCHCHHe TaKHX KOHTHHyanLHbiX HHTerpaHOB )1,0 

CHX IIOp BO 3MO:>KHO TOHLKO npH HCKOTOpLIX llpH6HH:>KCHH.RX. 

3: BwqucneHHe KOHTHHyanLHWX HHTerpanoa /10a,6/ ao3-

MO:>KHO TOHLKO B onpeJ],eneHHLIX cny1.fa.RX. B 06IIJ,eM cnyqae 

HC06X0)1,HMO C,IJ,enaTL HCKOTOpbiC 1IpH6Hn:>KCHH.R. B MCTOJ],e 

KOHTHHyanLHOrO HHTerpHpOBaHH.R ,IJ,H.R MO,IJ,CHH Xa66ap)1,a 

HCnOHb3YIOTC.R, HallpHMep, CHC,IJ,YIOIIJ,He llpH6HH:>KCHH.R/3,4,9, 10,( 
1. JloKaHbHOC llpH6HH::>KCHHe, KOTOpoe npHBO,IJ,HT K HC3a

BHCHMOMY HHTerpHpOBaHHIO no pa3HH1.fHLIM y3naM. B 3TOM 

llpH6HH:>KCHHH B pa3HO:>KCHHH dJyHKIJ,HOHana CB060)1.HOH 3HeprHH 
/eM. jgj I 

F[x,y]=~F 1 [x.,y.]+~ F
2
[x.,y.;x.,y.] + ... 

j I I i<j I I j j 
/12/ 

6 

y1.fHTbiBaeTC.R TOHLKOnepooecnaraeMOC/T.e. (G 0 )~~r:n'-- Oij /. 

2. CTaTH1.fCCKOe npH6HH:>KCHHe, B KOTOpOM HHTerpupoaa

HHC 1IpOH3BO,IJ,HTC.R He3aBHCHMO no pa3HH1.fHbiM 1.faCTOTaM n. 

B 3TOM npu6nH:>KeHHH a pa3no:>KeHHH d>YHKU.HOHana cao6o,IJ,HOH 

HOKaHLHOH 3HeprHH jcM_/lO/j 

{3F
1

[x_,y_]=f3Fst(x_ ,y_ )+277~ <!x.I
2

+1Y. l2
l-SplnM, 

1 1 l tO 10 n>O m m /l3a/ 
r.11.e 

,.,.st 2 . f3U 2 a Oa 
{-3t<

1
<x.

0
,y.

0
l=77(x.

0
+(y.

0
+I--) )-Sp ln<l-v. 0G .. ), 

1 1 1 1 2c n,a 1 11,n 

/136/ 

aa' a Oa -1 a -1 
<Ml .. ,=o ,o ,-0-o ,)v. ,[<G. ) -v.<

1
1 8 

11,nn nn aa nn t,n-n It,n 1 oa 

/l3a/ 

rrpeHeGperaiOT HCJ],HaroHaHbHWMH 3HCMCHTaMH MaTpHU.W M 
/ T. e. ( v) ua' - o I . . . , , 

!J,nn nn 

3. Ilpu6nu:>Keuue ,IJ,HH rpHHOBCKOH d>YHKU.HH I 46/ c u.enLIO 

rronyl.feHHH auanHTH'-ICCKHX Bbipa:>KeHHH ,IJ,HH F. HanpuMep, 

MO:>KHO BOCIIOHb30BaTbCH IIHOTHOCTbiO COCTOHHHH JlopCHU.a/-1/, 

KOTOpOC J],aCT 

( (; o )(~(.T 
11, nn 

-I 
~ (ir<~ + i{-3'\ sign(o ) 

n 
/14/ 

Ilocne 3TOrO KOHTHHyanbHWH HHTerpan rrepeHJ],CT B llpOH3-

BC,IJ,CHHC 06bi'-IHbiX HHTerpaHOB, KOTOpbiC MO:>KHO BLI'-IHCHHTb 

B HBHOM BH,IJ,C /:!/. IlpH6HH:>KCHHC, IIOHY'-ICHHOC TaKHM o6pa-

30M, OTHH1.faCTCH OT J],pyrHX rrpH6HH:>KCHHH, HallpHMCp, B Teo

pHH so 3MYIIJ.CHHH/ 1 o I. 0Ho MO:>KeT orrucbiBa Tb B03HHKHOBCHHe 

noKaHbHblX MarHHTHblX MOMCHTOB B MO,IJ,CHH Xa66ap,IJ,a o6nu-

3H \'"' lJ. 
06cy,IJ,HM llpH6mpKCHHH 1-3 B cnyqae, KOr,IJ,a HaC HHTe

pecyeT ,IJ,HHaMH1.fCCKa.R BOCIIpHHM1.fHBOCTL. IJpH6HH:>KCHHC ,IJ,H.R 

d>YHKIJ,HH rpuua I 14/ Mbl HC C1.fHTaeM 0'-ICHb cepbC3HWM, TaK 

KaK HaC HHTepecyeT TOHbKO 06IIJ,aH 3aBHCHMOCTb BOCIIpHHM-

1.fHBOCTH OT WHPHHW 30Hbl '\, HO HC OT J],CTaneH 30HHOH 

cTpyKTYPLI. HcnonL30BaHHe 6onee peanLHOH rpHHOBCKOH 
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4JYHKIJ,HH YCllO)f(HHeT Bhl'iHCneHHe HHTerpanoB, HO OHO He-
06XO~HMO, HanpHMep, ecnH paCCMaTpHBaTh B03HHKHOBeHHe 
~anhHero nopH~Ka MarHHTHhiX MOMeHTOB /9/. 

B noKanhHOM npH6nH)f(eHHH 1121 JaBHCHMOCTh aocnpHHM
'iHBocTH OT q HC'ieJaeT. qTo6hi nony'iHTh nepexo~ a ~anh
HoynopH~o'ieHH~ 4JaJy, Heo6xo~HMO yny'iWHTh noKanhHOe 
npH6nH)f(eHHe. llocne~Hee 6hlno c~enaHo a19 /, r~e HJ paJ
no)f(eHHH aocnpHHM'iHBOCTH no z-1 I z - 'iHcno coce~eiil 
6hma nony'ieHa 4JaJoBaH ~HarpaMMa ~nH Mo~enH Xa66ap~a. 
B ~aHHOH pa6oTe Mhi He 6y~eM npHMeHHTh JTY TeXHHKY H, 
TaKHM o6pa30M, orpaHH'iHMCH H3y'ieHHeM llOKanbHOH ~HHa
MH'ieCKOH BOCnpHHM'iHBOCTH. 

Oco6hiH HHTepec cocTOHT B paJno)f(eHHH I 131, nocKOnh
KY B CTaTH'ieCKOM npH6nH)f(eHHH )((i{:l-l!Jn) = 0,, n,;O. 
O'ieBH~Ho, 'iTO ~nH Bhl'iHcneHHH ~HHaMH'ieCKHx caoiicTa 
HY)f(HO BhiXO~HTh Ja npe~enhi CTa TH'ieCKOrO npH6nH)f(eHHH. 
YnyqweHHe CTaTH'iecKoro npH6nH)f(eHHH a Mo~enH Xa66ap~a 
paC<;MOJpeHO ~0 CHX nop TOilhKO B HeKOTOphiX pa6oTaX, -
CM_I3, 4;. 

4. qT06hi Bhi'iHCnHTh <I xn 12 >, <1Yn1 2 > 1101, Ha~o aKKy
paTHO yqecTh 4JnyKTyaiJ,HH noneii x n, Yn B F[x i. y i 1. . Mhi 
6y~eM paccMaTpHBaTh ynyqweHHe cTaTH'iecKoro npH6nH)f(e
HHH, B KOTOpOM TO'iHO Y'iHThiBaeTCH JaBHCHMOCTh F OT X iO, 

YiO ,' X in , yin , a BCe OCTanhHhle KOMnOHeHThl xim, yim , 
m "F 0, ± n 4JnyKTYHPYIOT HeJaBHCHMO. 

TaKoe npHMoe o6o6IIJ,eHHe cTaTH'iecKoro npH6nH)f(eHHH 
6hlnO nonyqeHO B TpaKTOBKe MO~enH AH~epCOHa C nOMOIIJ,hiO 
KOHTHHyanhHOrO HHTerpHpOBaHHH /!O, 12/, r~e, KpOMe n = 0, 
TO'iHO Y'iHThiBaeTCH BKna~ eiiJ,e O~HOH 'iaCTOThl n ,; 0 B 4JYHK
IJ,HOHan cao6o~HOH JHeprHH 1131. EcnH Mhl nepeHeceM JTOT 
MeTO~ Ha MO~enb Xa66ap~a, Mhl CMO)f(eM TO'iHO yqeCTh 
JaBHCHMOCTh F oT o~HoapeMeHHhiX 4JnyKTyaiJ,HH noneii x

0
, 

YO, X , Y ni06hiX aMnnHTy~. 
B nMe-¥o~e. pa3pa6oTaHHOM B/IO, I 21, HMeeM lonycKaH 

HH~eKc i I 

exp!Sp lnM l = det M "'ll det Da , 
ll 

II Sal 
a 

r~e 

8 

J 
J 

J 
1 

(DO:) ,=o ,+(o , +o , )Maa, 
n mm mm m,m -n m,m + n mm 11561 

- TpeX~HaroHailhHaH Ma TpHIJ,a, KOTOpaH 3aBHCHT TOllhKO OT 
noneii v 8 H v a CMhiCn TaKoro npH6nH)f(eHHH ~eTanhHO 
o6cy)f(~eH a/IO/~ 

a 
llocKOllhKY M H D n - 6ecKOHe'iHhie Ma TPHIJ.hl, HX Bhl'iHC-

neHHe cocTaanHeT cnO)f(H~ MaTeMaTH'iecK~ 3a~a'iy. TeM 
He MeHee, Bhi'iHcneHHe Tpex~HaroHanhHoro onpe~enHTenH 

det D ~ npoH3Be~eHo a pa6oTax /10,12/, r~e Hcnonh3oaanach 
rpHHOBCKaJI 4JyHKIJ,HH ~nH nnOTHOCTH COCTOHHHH JiopeHIJ,a 1141: 

a n -l {:l/':,. 1 1 {3/':,. V a 1 1 {3/':,. V a 
detD = n -f1-(k+-+-- _:_Q_)] n-<-k+n- -+-+....:..Jl..)] X 

n 1;: =0 n 77 n 2 27 21Ti n 2 277 277i 

00 

-2m~;: {:l!':,. {31':,. 
( v a v a )( 277ll) 1 (- + 2m~.) I 1 ( - + m k + 1) 

n - n ll77 " ll77 
X I 

mk =O · 1 1 {3/':,. v g 1 1 {3/':,. v~ 
nm +-(k+- +-- -)]f'[(m +-(-k+n--+-+-)] 

I< n 2 277 277i I< n 2 277 277i 

1161 
r~e l'(x) - raMMa-4JyHKIJ,HH. PH~ 1161 CXO~HTCH, H Mhl pac
CMa TpHBaeM B ~anbHeHWeM TOllhKO HyneBOH H nepBhiH no
PH~KH no (va v a ) : 

n -n 

detDa- 1 
n 

n -l {31'!. 
I-

k = 0 ll77 

a a v v f3A a 
-~!!___ [(k ! Ll v 0 + +-- ) 

477 2 2 277 277i X 

117/ 

a 1 {3/':,. vo -l 
X (-k + ll-- +- + --)] 

2 277 277i 

B o6nacTH o'ieHh HH3KHX TeMnepaTyp 
Bhlpa)f(eHHe I 17 I MO)f(HO paJnO)f(HTh 
H npoBeCTH CYMMHpOBaHHe no k : 

{3;\, » 1 , {3U » 1 
no cTeneHJIM {3-l 

a U 2 2 . ) 
detDn -1 = --x<lxnl -IYn I + 2ai Re(xny~) x 

x [ 1 _ 277n/ {3/':,. 
/18/ 

+ ... l . 
1 + (v~/{3/':,.)2 (1 + (vg /[31':,.)2) 2 
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flo,LJ,CTaBJI.!I.!I 1181, 1151, 1131 B 1101 H BbiDOnHH.!I HHTerpu
pOBaHHe no BCeM 'laCTOTaM KpOMe m = O,nony'IHM 

Q st 
1 2 1 • -,._..FI -I 
- = - < \y. \ > + - = [f dx dy e ] x 

2rr m 2rr 0 0 
<I X. I 2> 

In 

x U f -{3F st 

-4 2 dXody e I 
7T i\ 0 

va va 
0 2 -I 217ll 0 2 - 2 

I. [(1+(-) ) - -(1+(-) ) ]. 
(J {3~ {3~ {3~ 

1191 
TaKHM o6pa30M, pa3JIO>Keuue 1181 no MaJibiM TeMnepaTypaM 

npHBO,LJ,HT K npOCTOH 3aBHCHMOCTH X(i{r
1 

Un) OT n, TaK 

KaK HeTpy,LJ,HO nOCTpOHTb aHaJIHTH'IeCKOe npO,LJ,OJDKeHHe B 

<d- nJIOCKOCTH. 8 ,LJ,aHHOM CJiy'lae noJiy'IHM nOCTO.!IHHbiH H JIH

HeHHbiH no <'J 'IJieH B pa3JIO>KeHHH x(r-J) B6JIH3H <d = 0 . 

5. 06paTHMCH K Bhi'IHcneuuto {JF~ 1 <x 0 , Yo) 11361. CyM

Ma no MaTuy6apOBCKHM 'laCTOTaM npeo6pa3yeTC.!I B COOT

BeTCTBYIOIUHH HHTerpaJI B KOMnJieKCHOH uJ -nJIOCKOCTH 

f1ow 1<tJ n . (' dctJ 
I.f(--) =lim / -----f(uJ), 
n {1 (j._,() (. {!<,, . 1 . e + 

1201 

r,LJ,e C 06XO,LJ,HT nomoca lPYHKUHH <l>epMH B <d -nJIOCKOCTH 

B OTpHUaTeJibHOM HanpaBJieHHH. ,l.J.e$opMHpyH C. HMeeM npu 

{1 -• "" B npuMeneuuu K I 1361 

1:}\ 
l!n(1-vaG 0

) =-~'-In\\\ + 
n n 77 

(1 

1 ( u . )[ 
1

. a 1 Q \ lm v -{3/\ J +- v -1{i\ In 1\- v 1 ,._.. +arctan-----
2rri • Re v 0 

1 a . [ . a . Im va + {3/'1,. 
--(v +1{3\.) ln\l!'Hv /{:l\+arctan l-

2rri Rev a 

-vaO(-Rev!), 1211 

H, TaKHM o6pa30M, HMeeM {JF lt 1136/ B .!IBHOM BH,LJ,e. 

10 

I 
~ 

t 

~ 

Oco6hiH HHTepec npe,LJ,cTaBJIHeT pacnpe,LJ,eneuue MHHHMy-

MOB x~ , y~ cTaTH'IecKoB: coo6o,LJ,uoB: 3Hepruu {3F } 1 

B KOTOpbiX aF~ 1 /ax 0 , aF~ 1 /ay 0 o6paiUaJOTC.!I B HOJib. 
,l.J.JIH U > 0 nony'IHM Yo = 0, 

a2 {3F~~ 
--I a 2 o o 

yo xo,yo 

=2rr+2U<l+ _::.!:!_xo2)-I, 
(\,. {3/'1,.2 0 l22al 

a x 0 
= 0 

0 
nonyqaeM 

TOJibKO ,LJ,JI.!I U/ i\ < 7T ' XOT .!1 ,LI,JI.!I U/ (\,. > 7T Mhl 

,LJ,Ba MHHHMyMa, onpe,LJ,eJIHeMble H3 ypaBHeHH.!I 

CX 0 

0 c t 0 x 0 = - arc an -- • 
7T 2 {:l!}. 123/ 

II F st 
OBe,LJ,eHHe I 

'lepe3 l22al H 
B6JIH3H 3THX MHHHMYMOB OnHCbiBaeTC.!I 

a2 {3 F st 
____ I_\ 

ax 2 
0 

0 0 

x o' Yo 
2 77 _ 2 U (1 + ..E.!L X o 2)- 1 

A " 0 
!\ {3!V 

12261 

fiOJIO>KeHHe MHHHMYMOB CB060,LJ,HOi 3HeprHH H ee BTOpoi 

npoH3BO.LJ.Hoi B 3THX TO'IKax B 3aBHCHMOCTH OT U/ (\,. noKa-

3aHo ua puc. 1. TaM npuoe,LJ,eu H cny'lai lJ < 0 I "attractive 

model" Xa66ap,LJ,a, cM./13/1, r,LJ,e MeHHtoTCH poJIHMH noJIH 

x O' Yo. 

PaiUenneHHe MHHHMyMa x 0 = 0 Ha ,LJ,Ba MHHHMyMa npH 
{]j ~= TT HHTepnpeTHpyeTC.!I KaK B03HHKHOBeHHe JIOKaJibHbiX 

MarHHTHbiX MOMeHTOB C .LJ.BYMH HanpaBJieHH.!IMH CnHHa H 3Ha

'leHHeM, JaBHCHIUHM oT U/i\ .. PaciUenneuue Yo .LJ.JIH U/ f\,. = 
= -TT MO>KHO HHTepnpeTHpOBaTb KaK B03HHKHOBeHHe 3apH

,LJ,OBbiX COCTO.!IHHH, < n i :-> /o 1, CTa6HJIH3HPYIOIUHXC.!I npu B03-
HHKHOBeHHH ,LJ,aJibHero nOp.!I,LJ,Ka. 

st 
C nOMOIUbiO HBHOrO Bblpa>KeHH.!I ,LI,JI.!I {JF1 MO>KHO npOH3-

BeCTH HHTerpupoBaHHe B 1191. fiOCKOJibKy pa3JIO>KeHHe no 

MaJibiM TeMnepaTypaM .!IBJIJieTCH H pa3JIO>KeHHeM no CTeneHJIM 

n,, H3 119/ noJiy'IHM Xii (Q) H U)(ii /awJ<u=O , 3aMeHHH 
n Ha {J<o / 2rri /8-101. 

11 



iliA 

·-1 

st 
Puc. 1.MuHUMYMbZ c8o6ooHou :mepzuu F i u ee npou3800-
HOU 8 3111UX 1110'-IKQX 8 3Q8UCUMOC111U 0111 U/i'\. 

a_ 211xo0 (_!:!._) = 217_Yoo(- _ld_), 
c t\ c ·\ 

0- _1_i f-lFst(J!_)/ J 2 
2rr "'l i\ ,rxo 

1 2 st U 2 -a 11 F (- -)/ay 
211 l L\ 0 

llpHMeHBB MeTO~ nepeBaJia, llOJIY'IHM B 30HHOM npe~eJie 
({! << L\ ) 

1 B 1 c 2 2 iuJ --x (uJ) = -- \' (uJ) =- + --·--
!1 t i i e 2 • i i 17_ \ 17 i\ 2 ' 

/24a/ 

a B aTOMHOM npe~eJie (L\ « U) 

1 B ) 1 C 2 2iw 2 ~x (w = -x (w) ~--:\+---A 
11~ ii e2' ii 17 \ 171\2 ' 

/246/ 

r~e A= (1 + rrCxoo2/(3;\2)-l • 

12 

t 
l 

lloa·e~eHHe X .. (0) H ilx .. I aw I 0 B 3aBHCHMOCTH 
II II W = 

OT L\/U, , nony'leHHOe H3 'IHCJieHHoro pac'leTa, noKa3aHo 

Ha puc. 2. Pe3yJihTaT ~aeT TO'IHoe 3Ha'leHue ~JIB L\/U = 0, oo 

H HHTepnOJIHpyeT perneHHe B npoMe)l(yTO'IHYIO 06JiaCTb. 

0.. 

01b ·.s 

O,'t 

OJ.. I 

0 ·( 
I 01L 

., 
0!, ;:. 

I ~ ... 
O,'t AiU 

Puc. 2. JloKa/lbHbze OuHaMuttecKue 8ocnpuuMttU80C111U 8 npu-
6AUJICeHuu /15/-/18/ 

L\ B L\ C a- -
2 

Rex .. (w-> 0) = -
2 

Rex .. (w-> 0), 
II e 11 

fls 

L\2 B L\2 C o- -aimx .. (w .... 0)/Jw = -aimx .. (w->0)/aw. 
2 II 2 11 

11B e 

B6JIH3H i\/U = 11 -I /3TO 3Ha'leHHe 3aBHCHT oT ucnoJ1b-

3yeMoii nnoTHOCTH cocTOBHHii/ ~HHaMH'leCKHe caoiicTaa 

pe3KO MeHBIOTCB, HO H3MeHeHHe C Ll/U HenpepbiBHO. llo

CKOJibKY Irn x; i (t,J) CBB3aHa c 3JieKTponpoao~HOCThlO /11/, 
MO)I(HO roaopHTh o "MeTaJIJIH'lecKoii $a3e" ~JIB U/i\ << 11 

H "~H3JieKJJ>,HKe" ~JIB U/:\ >> 11, HO $a30BhiH nepex o~ pa3Ma-

3aH /eM. ' ' /. 

Bonpoc, CYJ.J..WCTayeT JIB npu T = 0 OTHorneHHe A/ll, 
npH KOTOpOM u(O,Q) o6paTHTCB B HOJih, B ~aHHOM npH6JIH

)I(eHHH He pernaeTCB. ~JIB 3TOrO, HaM Ka)l(eTCB, HeOfiXO~HMO 

HCllOJib30BaTh ~pyrHe llJIOTHOCTH COCTOBHHH, He HMelO~He 

~JIHHHhiX "XBOCTOB"/HanpHMep,llJIOTHOCTb COCTOBHHH JlopeH

ua/ H, KpOMe TOrO, Ha~o Y'IHTbiBaTb B /12/ CBB3b Me)l(~y 
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pa3nHl.JHbiMH y3naMH perneTKH, 'ITO npHBO,IJ;HT K B03HHKHoae
HHIO .n;anbHOynopR,IJ;Ol.JeHHbiX 4Ja3 npH HH3.KHX TeMnepaTypax. 

Ynyqrueuue cTaTHl.JecKoro npu6nH:>KCHHR /13/,/15/,/16/ 
MO:>KHO XapaKTepH30BaTb Ha R3biKC ,IJ;HarpaMMHOrO pa3nO:>Ke
HHR ,ll,nR /4/ TaKHM o6pa30M,l.JT06bl Yl.JHTbiBanHCb BCe ,IJ;Ha
rpaMMbl o.u.uoro y3na c l.JacToTaMH w = 0, 211 n. HaM Ka:>KeT
CR Ba:>KHLIM yl.JeT 3THX l.JaCTOT DOTOMy, 'ITO n HMCCT "pe3o
uaHCHbiH" xapaKTep, a B V~ o6uapy:>KHTCR ueyCTOHl.JHBOCTb 
npH lJ/,\ = 17 • 11 DOCKOnbKY Mbl orpaHHl.JHnHCb Bbll.JHCneHHCM 
x((ti) H ,, Im x(ro) /rhd npH u) = 0' YlliHpHnOCb CTa
THl.JeCKOe npu6nu:>Keuue ua qacToTbi c n =, ± 1. B pa6oTe /I O/ 
noKa3aHo, 'ITO rnaBHblH .n;ononHHTenbHbiH BKna.n; B Fs

1
·t(,..,y.) 

I I 

npOHLXO,ll;HT OT 3THX l.JaCTOT ± ~ 17 • <l>nyKTyaiJ,HH ,IJ;pyrHX 

KOMnoueHT noneii Xin, Yin BnHRIOT Ha pe3ynbTaT B OC0-
6eHHOCTH B o6naCTH lJ ~ i\, 

0TMeTHM, 'ITO Xii ((}) uy:>KHO Bbl'IHCnHTb uenocpe.n;cTaeu
uo H3 /7/, nocKonbKY rpuuoacKue <lJyuKU.HH ueauanHTHl.JHbl 

ll -· B 3TOH TO 'IKe. )l,nR x (q, to) .n;eiicTBHTeneu 3aKOH Kropu-
Beucca /6onee no.n;po6uo CM. B pa6oTe 191 I. 

llpuAoJKeH ue 

llT06bl nOHHTb CMbiCn Bhipa:>KeHHH /4/, KOpOTKO onurneM 
~ 1 3910/ ,, 

BbiBo.n; 3TOH 4JopMynbi' · ' ' . KoppenRU.HOHHaR l.JaCTb H B 
/1/ nepenurneTcR B au.n;e: 

H U =- U ~ (m?- n~). 
4 j I I 

/AI/ 

3KCDOHeHTa B /2/ C nOMOIIJ,blO TO:>K,ll,eCTBa <l>eHHMaHa pa3na
raeTCR B T-npou3ae.u.euue 3Kcnoueuu.uanbHbiX WYHKU.HH one
paTopoB, 3aBHCRIIJ,HX OT <iJHKTHBHOrO BpeMeHH r , 0 ~ r ~ 1: 

A+ 8 
e 

l l 
IdrA, IdrB, 

T eO eo 
T 

/A2/ 

B pe3ynbTaTe npuMeueHHR TO:>K,ll;eCTBa CTpaTOHOBHl.Ja/ 14 / 

KBa.n;paTHl.JHble 'lneubl I A1/ npeo6pa3yroTcR B nuueiiuble 3a 
cl.JeT HHTerpupoaaHHR no WHKTHBHbiM nonRM x i (r), y i (r): 
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! 

l 

Z= Z 0 =0 II_lDxi(r)Dyi(r)exp!-17 Idr~ (x~(r)+y~(r))l x 
I Q I 

l ~ /A3/ 
x Sp! T exp!- I dr[f.3H - ~ (a c x .(r) + af.3B .+ icy. (r)+ 

T Q T ia 1 1 1 

+ {.3C . )n ]II . 
1 ia, T 

TaKHM o6pa3oM, BMecTo npo6neMbi B3aHMo.n;eiicTBYJOIIJ,HX 
3neKTpOHOB /1/ Mbl paccMaTpHBaeM npo6neMy ,ll;BH:>KeHHH 
HeB3aHMO,IJ;eHCTBYIOIIJ,HX 3neKTpOHOB B CTOXaCTHl.JeCKHX no
nHX x . (r), y. (, ) u ycpe.n;ueuue no aceM 3Hal.JeHHHM noneii. 

I I 

Ilone X. (7) CBR3aHO CO CnHHOBOH nnOTHOCTblO m . , a none 
] 1,7 

y i (r) - C 3apR,ll;OBOH nnOTHOCTbiO n i, r • 
)l.BH:>KeHHe KBa3HCB060,IJ;HbiX 3neKTpOHOB B <lJnyKTyHpyro

IIJ,eM BHelliHeM none pelllaeTCR 06bil.JHbiM o6pa30M C nOMOIIJ,biO 
ypaaueuux )l,aucoua .n;nH rpuuoscKux WYHKUHH 131, a nocne 
4Jypbe-npeo6pa3oBaHHH 

I iil n' {.3 r e x.(r)dr + cB/\,o· X. = 
I Ill 

0 
/A4/ 

1 in r !Lc 8 
' I n y. ( r) dr -+ . i n , 0 Y. 

= e 1 Ic Ill 
0 

/ x. = x": 
1, -n 1n 

, y. = y* , n f 0 / HHTerpuposauue no 
1, -n ~ In 

BCeM nonHM xin , yin npuse.u.eT K Bbipa:>KeHHIO /4/. 
Ecnu Mbi no.u.cTaBHM B I A3/ .n;ud>¢epeuu.uanbHbiH onepa-

1 8 ~ ~ 
TOp - 2- -------, ,ll,eHCTBYIOIIJ,HH Ha Bblpa:>KeHHe no,ll, 

C Z 8 X j (r) 8 X j ( T ') 

3HaKOM rnnypa, nony'IHM KoppenHTopbi Tuna /9a,6/. HuTe
rpupyg no qacTHM, HMeeM ycpe.n;ueuue <lJnyKTyauuu cTo
xacTHl.JecKoro nonH B su.u.e /10a,6/. 
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