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3ana~a pacceHHHH sneKTpOHOB npOBOAHMOCTH H8 npHMeCHX CO CnHHOM 

npu aanu~:uu Marauraoro nonH :uay~anacb PMOM aBropoB, A6puKocoB1 1 I 1 cyM­

MliPYH rnaBHhie auarpaMMhi B npeanmKeHHO:fi liM TeXHHKe 1 nony~un t:tnH conpo­

TliBneHnS! HeKoTopoe BbipalKeHue 1 Bepaoe B npeaene cna6oro nonH li TeMnepaTyp 

Bpl!Ue TeMneparyphi Koaao T K , llpyrHM nyTeM noxo)!me peaynhTBThi 6bm:U 

nonyqeHhi ruaa6yproM/2/, B 131 MarHeroconpoTHBneaue Bbi'IHCnHnoch no Teopuu 

B03MyiUeHliH C TO'IHOCTb!O AO TpeTbef'O nopHAK8 1 pe3ynhT8T STOll pa60Tbl TOlKe 

roauTcH TOnbKO B o6nacru T > T K IloBeaeaue HeKorophiX ¢uauqecKHX Bemi­

~HH npu aanu~u:u MarHHTHoro nonH B o6nacTH T < T K :u anH S =1 paccMoT-

peao B pa60Te/4 / B CBH3:U C BOnpOCOM 0 CBH38HIIb!X COCTOHH:UHX sneKTpOHOB 

H noKan:uaoBaHHoro cnuaa, 

CoBepmeHHO apyro:fi noaxoa 6bm ucnonh30BaH B pa6oTe/5/ 1 r.r:le aBTOpbi 

o6o6munu ypaBHeHHe Cyna Ha cnyqa:fi npoH3BonbHoro MaPHHTHoro nonH1 aaTeM 

nonyqunu npu6nulKeHHoe ~ucneHHoe pemeaue sToro ypaBHe.HHH H onpe,l:lenunu 

KP:UTH'IeCKoe MarHHTHoe none, 4ucneHHbie pacqeTbi conpoTHBneHHH 6bmH B He­

KOTOpbiX qacTHbiX cny~aHX npoBeaeHhi BnyM¢nnhAOM n ap/6/ ~ 
B .r:lBHHo:fi pa6ore anH uay'Ie!IHH Baan.Moae:fiCTBliH sneKrpoHOB npoBoanMoc­

T:U c napa~arHHTHbiMli npnMeCHMli ucnonhayeTCH MeTO.r:l ypaBHeHn:fi anH Tep~o-
n; . 

a:nHaMH~eCK:UX ¢YHKUH:fi fpuaa , PaccMarpuBaercH TonbKO o6MeHHaH qacTb 

B381lMOAe:fiCTBHH sneKTpOHOB C npliMeCh!O li npeanonaraeTCH1 'ITO <jlaKTOpb! naa­

ae sneKrpoHOB u npuMecu oanHalCOBhi,· Ilocne HeKoropbiX npu6nnlKeHn:fi pewaer.cH 

OCHOBH8H CHCTeMa HHTerpanhHbiX yp8BII8HilH anH M8TpHUbl pacceHH:liH ll nony­

~810TCH Bb!palKeH:UH anH KpliT:U'IeCKOI"'O nonH li M8f'HeTOCOnpOT:UBneHHH1 BepHbie 1 

B npuHunne, npn npoH3BOnhHbiX TeMneparypax, 
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1. YpaaHeHHR anR ~YHKUHli fpuHa H npu6nu~eHHR 

Ilpearrono~HM0 'ITO paCCM8TpHB8eMaR CHCTeMa OIIHCbiB8eTCR MoaenbiO 

S - cJ -ooMeHa. faMHnbTOHH8H 8TOM MoaenH B IlpHCyTCTBHH Mai'HHTHOI'O IIOnR 

HMeeT BHa 

J(= I~kscks 
k,s 

. ~ + c" -hS. - -- I S. a ,c" 
s z 2N kk'ss' ss s 

ck's ,, 

rae ~ =~ - -l- sh, 
ks k ~ 

h=gp.H, S=+,-. 
B 

BBeaeM ~YHKUHH fpuHa 

' + 
G kk 's ( r} =- < T C k 's ( T) 1 C ks (0) >, 

r , ( T) = - I< T s • a , c , , ( T ), c + (0) >. 
kk s 

5
' ss k s ks 

llnR ~ypbe-KOMIIOHeHT ~YHKUHH (2) rronyqaeM ypaBH9HHe 

rae 

(z-~ , )Gkk' k s s 

z=iw 
n 

=(2n +lJ.E....; 
. . {3 

(z)=okk,-··ikfr,ds (z), 

( 1 ) 

(2) 

(3) 

' <' 

(4) 

PaccMoTpHM ypaBHeHue anR ~YHKUIIH (3). IloRBnRIOIIIHeCR B aToM ypaBHeHH.II 

~YHK,UHH fpuaa Bbicmux rropRAKOB cBeaeM K ~YHKUHRM (2) H (3), ucrronbsyg 

pacuerrneHHR U CHMMeTpHIO CHCT9Mblo H 0 B. IIpHCyTCTBHH M8I'HHTHOI'O IIOnR OCTa­

eTCR eme 'lneH, IIpOIIOpUHOHanbHb!M H8M8I'HH'leHHOCTH aneKTpOHOB. IIpOBOAHMOC­

TH. TaK K8K HaC HHTepecyiOT He CnHWKOM CHnbHbie IIOnR, TO 8THM 'lneHOM 

Mo~Ho npeHeope'lb. Toraa rronytiHM rrpu6nu~eHHoe ypaaHeHue 

(z-~, Jr, (z)=s<S >okk'+-~-[m", -S(S+l)]x 
ks kks . z 2N. -:s , .. 

~ ' '' l , 
xiGkl (z)--N[nk' --]I Ikl (z),, 

I s -s 2 . I s 

(5) 

,.·, : ~. >', 

rae BBeaeHbl 0003H8'19HHR 

4 

. ' 
;·, 

I'D,e 

nks =I 
k' 

+ l I(UO 
< c , c >=-·I e 

k s ks {3 k 'cu 
G, (icu)= 

" " 

m = ks 

~ I ~I G , (icu)l, 
k ks k' 

2 I < s -a 
k's' ss 

+ c ,c ,>= 
k s ks 

=2 I ~lr, (icu) 1. 
k ks k' 

Pemag ypaBHeHHR (4) H (5) OTHOCHTenbHO 

0"", l 
t ( z) 

Gkk 's (z)= 
s 

+-
z -~ N 

Gkk 's 

k 's ( z -~ )( z - ~ , 
ks k s 

~ 
~ s < s z > + 2 r s ( z) 

t (z) =-- ____ _;·-~------
s 2 ~ 2 

l+ ~Gjz)+ 4 F.(z)r.(z) 

, rrony-.:: 

MaTpHUa pacCeRHHR CBR3aHa C nHHeMHOM IIO KOHUeHTpaUHH 'l8CTb~ 

OIIepaTopa COOTHOWeHHeM/8/ 

I (zf=N t (z), 
s I s 

l I _...___ 
F (z)=-;:; k z-~ks s 

N 

G ( z) = .L I 
s N " 

r (z)= 1... I m~c-s -S(S + l) 
s N k z-1;;; 

Its 

'IHcno npn.Meceli, 

l 
nk-s- T 

z -" ks 

8bip83HM Terrepb C IIOMOIIIblO COOTHOWeHHM (6) H (7). aenH'lHHbl 

qepes MaTpuuy pacceRHHR. B cnyqae G s oqeauaHo;· 'ITO 
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;r npn6moKeHn:SI 

:TeMa OlliiChiB89TCSI MO)lenb!O 

IpHCyTCTBHH Ma~HHTHO~O nonSI 

+ 
lcs ck's '.I (1) 

(2) 

(3) 

paBHeHHe . ' 

( z), (4) 

~nSI!OillHeCSI B STOM ypaBHeHHU 

IKUHSIM (2) H ( 3) t HCllOnh3YSI 

TCTBHH M8I'HHTHOI'O nonSI OCTa­

OCTH .aneKTPOHOB.npOBO.!lHMOC­

ihHbie nonSI, TO STHM 'lneHOM 

moe ypaanenn:e 

, -S(S+l)·]x 
_s 

(5) 

':•,.•', 

·~. 

I 
I 
i 

~-­
! 
' 

~n.e 

+ 1 1ru8 
n = I < c , c >= - I e 

ks . k , k s k s {3 k 'ru 

m = 
ks 

2 I < S .a , c ~ c , > = 
k 's' ss k s lc:s 

~ tr , (iru) 1. 
k ks 

(; ru ) = 

PemaSI ypaBHeHHSI (4) H (5) OTHOCHTenhHO GH 's 

8kk' 
(z)= ----+-

Z -<:;;k 's N ( Z _c;; )( z - (;; 
ks k 's 

t .( z) 

~ t (z) =- -
s 2 

$ < s z > + ~ r s ( z) 

l+ ~G.(z)+ ~
2

F.(z)r 5(z) 

(6) 

(7) 

, nony'lHM: 

(8) 

(9) 

M8TpHU8 pacceSIHHSI CBSI38H8 C nHHeHHOH no KOHUeHTpaUHH 'l8CTh!O M8CCOBO~O 

onepaTOpa COOTHOllleHHeM/8/ 

::£ (zf=N t (z), 
s I s 

N 

F ( z)= L I-=----
s N k z -~ 

ks 

G(z)=LI 
s N k 

r (z)= L I 
s N k 

mk-s-S(S+l) 

z-c;; 
ks 

qn:cno npn:Meceii, 

l 
"k-s- T 
z -I;; ks 

( 10) 

Bblp83HM Teneph c llOMOillh!O COOTHOllleHn:ii ( 6) H (7) BenH'lHHhl G . n: r s s 

'lepea MaTpnuy pacceSIHn:SI. B cny'lae G s O'leBll)lHO,'. 'ITO 
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F_
5
(icu)- F. (z) 

G (z)= S:l F (icu)t (icu)l+ R (z), 
• z-icu+sh -s -s s 

r.cte 

F (icu )- F (z) 
-s s 1 

R ( z) = S: I I - - F ( z). 
• z-icu+sh 2 • 

PaCCMOTpHM Tenepb r s 

m * k-s 
2 I. ,., 

, Y.cto6Ho Bbi'IHCnHTb CHa'l:ana 

s: 1 r , o cu J 1. 
kk -s 

(11) 

(12) 

TaK KaK :I r , =- 2 t s 

", "" s ~ z - c; ks 
1 TO, HCnOnbayg CBOfiCTBO t * (z)=t (z*) 

H nocne.ctHHe H3 COOTHOIIIeHHfi (1 0) 1 HMeeM 

r.(z)=-4 S:l F_.(icu)-F.(z) 

J z -icu+sh 

-S(S+l)F (z). 
s . 

-s 

s s 

( icu Jl- (13) 

ITo.ctcTaBngg (11) H (13) B (9), nony'l:HM OKOH'IaTenbHO CHCTeMY ABYX HHTe­

rpanbHbiX ypaBHeHHfi Ha t ± ( Z) 

• ~ . ~2 F_ 5 (icu) -F. (z) 
t (z)=[- -

2 
s<S > +-

4 
S(S+l)F (z)+ ~j= I t. (icu)l]x 

• r • z-icu+sh -• 

x [l - ~4 
2 

S ( S + l ) F 2 
( z) + ~ R (z) + 

s s 

( 14) 

[F_s (icu)-F
5 

(z)] 2 
7 + ~5 l t (i (U ) ll - . 

- -· z-icu+sh 

6 

1-:.. 1
1 

iJ 
'!'i 

' 
-I 

2. PeweHHe HHTerpanbHbiX ypaBHeHHii 

ITpH peweHHH ypaBHeHHfi (14) BOcnonhayeMcg HeKOTOPhlM 

MeTo.cta, npe.ctno}l(eHHoro B pa6oTe191• BBe.cteM npe}l(.cte Bcero nnoTJ 

gHHfi B aoHe npoBOAHMOCTH N(O) p ( £) , r.cte N(O) - nnoTHOC1 

Ha noBepXHOCTH ti>epMH 1 p( £) - cPYHKUHg, Y KOTQpOfi CyiiieCTBy 

'leCKOe npO.ctOn}l(eHHe B OKpeCTHOCTb BeWeCTBeHHOfi oCR H . p (0) 

o6pa30M1 nepBOe H3 COOTHOWeHHfi (10) onpe.ctengeT KYCO'IHQ-SHI 

cPYHKUHIO. 

F (z)= F(z+lsh)= N(O) J
00 

p(cu) r1 
s 2 N l cu, 

-oo z + - sh - cu 
2 ' 

npellenbHhie 3Ha'l:eHHg KOTOpofi B OKpeCTHOCTH BeiUeCTBeHHOfi 

F ( z) 
r 

ecnH lm z > 0 H Fa ( z) ecnH 1~ 

ITpe}l(.cte 'l:eM peiiiaTh ypaBHeHHg ( 14); y.cto6Ho BBeCTH HeKoTopoe r 

HHe, ITonarag 

t
5
(z- ~ sh)=t(s;z), 

S: I g(; cu- ~ sh J I = S:. l g(i cu J I= 

p ( cu + .l. sh ) 
2 . [g 

2 
( (U) -g ( (U)] rJ (U , 

a 

00 

__ 1_ I th 
- 4rr i-oo 

npHBe.cteM ( 14) K cnellYIOIIIeMY BH,tty: 

t(s,z)=[- ·~ s<Sz >+ ~
2 

S(S+l)F(z)+ 

+ ~5 l F(icu)-F(z) 
s z -i (U 

t(-s;icu) }][J- ~sis+ 1}F
2 

(z) 4 ' 
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) l + R ( z) 1 

s (11) 

'· ( 12) 

CHa'tJ:ana 

nonbsy Sl .CBOHCTBO t * ( z )= t ( z *) 
• • 

i)) 1- (13) 

H'tJ:aTenbHO CHCTeMy ABYX HHTe-

, (icu) -F. (z) 

- i ciJ +. sh 

(i(.l))l]-'. 

t. (icu) l ]x -· 
(14) 

I 

I 

'1 
i' 

2. Peweane R.HTerpanb.HbiX ypaB!le.HR:it 

TipH pewe.HRH ypaBHe.HH:it (14) BOCllOnb3Y8MCSt H8KOTOPbiM o6o6meH~~eM·. 

MeTOA8
1 
npeAnO~eHHOrO B pa6oTe/9f. BBeAeM npe~Ae BCei"O nnoTHOCTb COCTD­

SlHRH B soHe npoBOAHMOCTH N(O) p (f) , rAe N(O) - nnoTHOCTb cocTOstHRH 

Ha noBepXHOCTR ctlepMH 1 p( f) - i!JyHKURst, y KOTQpOH cymeCTByeT aHanHTH­

"iaCKOe npoAon~eHne B oKpeCTHOCTb BemecTBeHHOH ocH R p (0) =1. TaKRM 

o6pa30M
1 

nepBOe 113 COOTHOUlaHRH (10) onpeAensteT KyCO"iHO-aHanHTR'tJ:aCKYIO 

i!JyHKURIO 

(15) 

npeAenb.Hbie 3.Ha"ie.HHSI KOTOpOH B OKpeCT.HOCTH BaUleCTBa.H.HO:it OCR paB.Hbl 

F ( z) 
I 

ecnH lm z > 0 ecnH lmz < 0. 

Tipe~Ae 'laM pe111aTb ypaBHeHHSI ~ 14), yAo6Ho BBeCTH HeKoTopoe npeo6pasoBa­

HHe. Tionarast 

t (z- Lsh)=t(s;z)1 
s 2 

(16) 

S: l g(icu- 1 sh) l :. s=. l g(i(.l)) l = 

l oo f3 ( cu + ~ sh ) 
= - J th [ g ( (il) -g ( (il)] J (il I 

41Ti-oo 2 a 

(17) 

npHBeAeM (14) K cneAyiOUleMy BHAy: 

t(slz)=[-fs<Sz>+ ~
2 

S(S+l)F(z)+ 

+ ~S: l F(i(.I))-F(z) 
s z -i (.1) 

. ~2 2 
t(-s;i(.I))J][l--S(S+l)F (z) + 4 . 
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+ ~R(s,z)+ ~j= 1 !F(icu)-F(zJ]
2 

. s 
z -i cu 

. - J 
t(-s;icu)l], (14') 

rae 

R(s;z)="j: l F(icu)-F(z) 1-_!_F(z). 
· 

5 z-icu 2 (12) 

YpaBHeHne ( 14'), onpeAeli.IIIOIIlee Kycoqao-aaannTH'lecKyro ¢yHKUHIO 

t(s;z)= 

1 
t , ( • ; z) 

t 0( s ; z) 

All .II I mz > 0, 

All .II lmz < 0, 

aeo6xoanMo an.11 aanbHefimiiX Bhi'liiCneHnfi aanncaTb B cneaymmefi ¢opMe: 

l+[F (z)-F (z}]t (s;z)= 
- ,. a r,a 

X r,o (s ;z) 

Ill ( s; z) 
(18) 

r,o 

rae 

~ ~2 
X .( s; z) = l- - s < S > ( F - F ) ~ - S ( S + l) F F + , 2%,0 4 10 

+ ~R(s.; z)+x(s;z), 
(19) 

X ( s ; z) = F F L
0 

( s ; z)- ( F + F ) L 
1 

( s; z) + L 
2 

( s ; z), 
r a r a 

(20) 

Ill, (s;z)=l- ~
2

S(S+l)F,2 + ~R(s;z)+ ~F: L
0

(s;z)- i 

- 2 ~. F, L 1 ( s ; z) + ~ L 2 ( s ; z), (21) 

n 

Ln (s; z) = j=
5 

{ F (; cu)t(-s;icu) I. 
z -icu 

(22) 

8 

t: 

1 

~ 
I 

"' 

·~ 

Memm B (19) H (21) MecTaMII F; II F 
0 

, nony"'IIM B: 

X a· II Ill a • KaK II B oTcyTCTBIIe MarHIITHoro non.11, MOIKHO 

pemeHIIe ypaBHeHIIfi (18) cBoaiiTC.II K pemeHIIID o6o6meaaofi 3aaa 

0Th!CK8H1Ie KYCO"'Ho-aHallllTll"leCKllX ~yHKUllft ITO 3aaaHHOMY CKa"'KY ... 
BeHHOll OCII. nn.ll 8TOro paCCMOTpHM tPYHKUHID R-( s; w) =." 
ee CKa"loK npn rrepexoae qepe3 BemecTBeHHYID ocb paBeH (anH c' 

ITIICII onycKaeM • apryMeHT cu 

+· {3( l 
R ( s ) - R- ( s ) = - ]_ ( F - F ) th w + 7 sh) 2 , 0 . . 2 

TI oao6Hh!M o6paSOM 

+ - 7 n n • {3(c.>+L: 
L (s) -L (s) =-- [ F t (-s)-F t (-s}] th ___ __L 

n n 2 rr oo 2 

l1cnonb3Y.II 8TH COOTHOlliSHH.II, Bhl'lHCliHM CKa'lKH tPYHKUHll 

H3 KOTOph!X ITOClle CpaBHSHII.II CliSAYST 

<IJ+(s)-<1!-(s)=[X+(s)-X-(s)][l-(F -F )t (-s}], 
r r r r r a a 

OTKyaa C ITOMOIIlbiO (18) ITOliY"'HM OKOH"laTellbHO 

+ - -Ill (s)IIJ (-s)-IIJ-(s)IIJ (-s)= 
r a r a 

= X+(s)X- (-s)- X- (s)X- (-s). 
r a r a 

Aaanorn"'HhiM nyTeM, paccMaTpnBa.ll CKa"'KII ¢yHKUIIfi X 
. Q 

H 

IIJ+(s)IIJ+(-s)-IIJ+(s)IIJ-(-s)= 
.f> r a · r a 

=X+(s)X+(-s)- x+ (s)X- (-s). 
r a r a 

113 (23) n (24) aenocpeacTBeHHo cneayeT, "'TO 

+ + . . + . + 
<II ( s) <II ( -s) - X ( s ) X ( -s) = 

a · r a 

= <11-(s)<IJ-(-s)- X -(s)X- (-s), 
r a r o 

T.e. tPYHKUH.II 9 



' ' _, 
s;iw)l] , '(141) 

(12) 

nnH · I m z > 0, 

anRcaTb B cnenyiOmeii <iJopMe: 

-, (18) 

(19) 

(20) 

(21) 

(22) 

MeHSISI B ( 19) R (21 ) MecTaMR F ,·· R F" 1 nony'IRM Bbipa)l{eHRli nnSI 

X a R <I> 
11 

• KaK I! B oTcyTCTBI!e MarHRTHOI'O nonSI, MO)I{HO noKasaTb, 'ITO 

pemeHRe ypaBHeHRii (18) CBOlli!TCSI K pemeHRID o5o5meHHOii sana'!!! P!!MaHa Ha 

0Tb!CK8HI!e KYCO'IHO-aHamiTH'!eCKHX cPYHKUHH no 38ll8HHOMY CK8'1KY BAOnb BeiUeCr-
-t-

BeHHOH OCR. nng 8TOI'O paCCMOTpi!M <PYHKUI!IO R-( s; (L)) = R(s; (L):!:: ; 8), 

ee CKa'loK npR nepexone 'Iepes BemecTBeHHyiD ocb paBeH (nng coKpaweHRSI sa­

nRC!! onycKaeM. apryMeHT w 

Tiono5HoiM o5pasoM 

(3 ( cu + ~ sh ) 

2 

+ - 1 n n • {3 ( C.H ~ sh) 
L (s) -L (s) =-- [ F t (-s)-F t (-s)] th ---

n n 2 rr aa 2 

l1cnonb3YSI 8TI! COOTHOllieHI!S11 Bbl'li!Cni!M CK8'IKI! lPYHKUI!H 

1!3 KOTOpbiX nocne cpaBHeHRSI cnenyeT 

OTKyJJ.a C llOMOIUb!O ( 18) nony'li!M OKOH'l8TElnbliO 

+ - -<I> (s)<l> (-s)- <l>-(s)<l> (-s)= 
r " " 

AHanorR'IHbiM nyTeM, paccMaTp!!BaSI CKa'IKR <PYHKUI!ii 

+ + + -<I> (s)<l> (-s)- <I> (s)<l> (-s)= 
,_,.,, a · r a 

l1s (23) I! (24) HenocpencTBeHRo cneny~T, 'ITO 

<II+ ( s) <II + ( -s) - X + ( s ) X + ( -s ) = 
a · r a 

= <II- ( s) <II- ( -s) - X - ( s) X - ( -s), 
r a r a 

T.e. lPYHKUI!SI 9 
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X 
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I! <I> 
a 

I! <IJ r ' 

(23) 

1 R!V!eeM· 

(24) 



w(s,z)= <II (s,z)<IJ (-s:.z)-X (s;z)X (-s;z) 
r a r a 

(25) 

aenpepbiBHa npR nepexone qepea BemecTBeHHYIO ocb. Bbi'IHCn.SJSJ w ( s; ~) 
C DOMOWbiO ( 19) 1i (22) 1 nony'IHM cnmKHOe Bbipa)!{eHHe, o6mufi BRA KOTOporo _ 

w(s;z)= :£ P (F ,F )w (s;z). 
I I r a I 

P, R w 
1 

- aenpephiBHbie cPYHKUHH npH nepexone qepea aemecTaeaayro ocb. 

KpoMe Toro, w 1 npencTaB1ISIIOTCSI HHTerpanaMH Koum, H cnenoBaTenbHo, ue-

1lbie «PYHKURR. T aKHM o6paaoM, npuMeHHSI TeopeMY fluyBH111ISI, nonyqaeM 

w(s;z)=~s <S > (F ..:..F )-.i
2
(F -F )x 

z:·r a 4 r a 

2 
X [ S( S + J) +< S r > ] • 

(26) 

CpaBHHBaSJ (23) 11 (25) anSI z = ru- i 8 , aafineM 

+ -<II ( s ; ru ) <II ( -s ; ru ) = K ( s ; ru ), (27) 
r a 

rae 

- ' + 
K(s;ru)=X (s;ru)X-(-s;ru)+w(s;ru) (28) 

r a 

onpeneneHO C TO'IHOCTbiO AO peryngpHOfi cPYHKUHII X ( S; CLl ) 1 KOTOpOfi B 601Ib­

mHHCTBe cnyqaeB MO)!{HO npeae6pe'lb. YpaBHeHRe (27) npencTaBnsteT co6ofi 

onaoponayro aana'ly PHMaHa (eM., aanpHMep/101), pemeaue KoTopofi HMeeT 

BHA 
-12 17J(s;r) 

<II (s;z)=K (s;z)e 
r 

(s; z) -12 -I'TJ 
<lla(s;z)=K (-s;z)e (29) 

rae 

'T](s;z)=~ t fnK(s;ru) 
2rri -oo clru. 

(30) • -
ru -z 

10 

3. Bbi'IHC1leHRe HeKOTOpbiX cPR3R'leCKHX Be1IR'IHH 

CaMOfi npOCTOfi cPYHKUHefi ll1IOTHOCTH COCTOSIHHfi, A1ISI KOTOpOi 

Tpe6yeMbie npeA1IO)!{eHHH1 SIB1ISieTCSI 

p(~) = 
D2 

Torna H3 (15) H (12') npH ycnoBHH h « D cnenyeT, 'ITO 

:!: N(O) - {3D l f3 l 
R (s ;ru) =- p(ru) [fn-

2
-- t/J( -

2 
+ -. ( ru+ -

2 
sh))]. 

N 17 - 2m 

lloncTaBHB 9TH cPOPMY1lbi B ( 19) 1 nony'IHM 

. f3D l f3 l -
X ( s ; ru ) = l + y p ( ru )[ fn - - ifJ ( - .t -. ( cJ + -

2 
sh))-

r, a 2 17 • 2 2 17 1 

2 . 
-

4
17 yS(S:.tl)+ 17is<S >L 

' - r 

N(O) 
rae y =·~ -N-- - 6eapa3MepHaSI llOCTOSIHHaSI CBH3Ho 3aBHCHMOC 

' h 
CKoro_nonSI oT TeMnepaTyphi onpenenSieTcSI ycnoBHeM ~X, (s, 2 
KOTopoe, ucno1lb3YSI onpeneneaHe TeMnepaTyphi Koano 

k, T = 
2 aD exp [ 1.. + rr2y S ( S + l ) 1, 

8 K 17 y 

MO)!{HO aanucaTb cnenyromuM o6paaoM: 

..!_ :£ g [ g 1!8 H K (T) _ T K 

2 s s 2rrk T l- fn T' 
8 K 

rae g ± ( x) = Y, ( T + ix ) - t/1 ( ~ ) , t/1 (x) - norapHcPMH'leCKaH 

cPYHKURII raMMa. 

17 k T 
B 'ISCTHOM cnyqae H3 (33) cnenyeT, 'ITO H K(O) = __ 8 K 

__ - 2ag Jl
8 . . T 

HK( T) :5, l HK (0) Y l - -T "1ISI T ... T llocnenae 
K "' K • 

coBnanaeT c peaynbTaToM pa6oTbl4/. 

nepefineM Tenepb K -paCCMOTpeHHio MaTplillbl ts( ru) B I 

ru = 0 • T aK KaK p ( ru + T sh) = l ll1ISI (L) << D 

MO)!{HO aanHCaTb B 6onee KOMDaKTHO.ii. clJopMe: 
11 

R h«D 



(....:s ;z) (25) 

IYIO ocb. Bbrtm:cnstst w(s;z) 

J8}1(8HHe1 o6nml!: BHA KOTOpOI"O 

~OAe ~epe3 semeCTB8HHyro OCb. 

1 KomH, H cneAOBaTenbao, ue­

opeMY nHyBHllllst1 nonyqaeM 

F ) X 
a 

(26) 

!M 

(27) 

(28) 

x (s; w). , KOTopol!: B 6onb-

IHe (27) · npeACTasnSieT co6ol!: 

0/) 1 peweHHe KOTOpol!: HMeeT 

-!2 -117 (•; z) 
. (-s;z)e (29) 

(30) • 

r 
I 

I 
I 

I r 
1 
I 

3. Bbi~HcneHHe HeKoTopbiX cpH3H'leCKHX BenH'IHH 

CaMOl!: IlpOCTOl!: $yHKUHel!: llliOTHOCTH COCTOSIHHl!:, llliS! KOTOpOl!: Bblll01IH8Hbl 

Tpe6yeMbl8 npellll0}1(8HHSI1. S!BliS18TCSI 

Torlla H3 (15) H (12') npH ycnosHH h « D cnellyeT, ~To 

.:!: N(O) . {3D J f3 l 
R (s ;w) =- p(w) [fn-

2
- -•/!( -

2 
+- ( ll.l+ -

2 
sh))]. 

N 11 - 2rri 
(31) 

TioACTaBHB 9TH 4JopMynbi B ( 19), nony~HM 

(32) 

N(O) 
I"Ae y =·~ --- - 6eapa3MepHaSI IIOCTOSIHH8SI CBSI3H. 3aBHCHMOCTb KpHTH~e-

N . h 
CKOI"O. nonst oT TeMnepaTypbi onpeAenHeTCSI ycnosHeM ::£X (s, -

2 
) = 0, 

s r 

KOTOpoe, HCII01Ib3YSI onpeAeneHHe TeMnepaTypbi KOI!AO 

k, T = 2aD exp [ L +rr2y S(S +lJ], 
B K 11 y 

MO}I(HO 38IIHC8Tb cneAyiOWHM o6paaoM: 

(33) 

I"Ae g±(x)=if!(-}_;ix)- ifJ ( ~), ifJ(x)- norapHcpMH~ecKaSinpOH3BOAHast 
cpyHKUHH 1"8MMa. 

1T kB T K 
B ~aCTHOM cny~ae H3 (33) cneayeT, ~To H K(OJ = H 

2a g f! 
8 

H K( T) ~' l H K (OJ Y 1 - :K AnSI T ... T K TiocneAHee Bbipa}l(eHHe 

cosnaAaeT c peaynbTaToM pa60Thi/41. 

Tiepel!:AeM Tenepb K paCCMOTpeHHio MaTpHUbl t.( cu) B OKpeCTHOCTH 

w = 0 • T aK KaK p ( w + t sh) :: l Allst cu<< D 

MO}I(HO 38IIHC8Tb B 6onee KOMII8KTHOl!: cpopMe: 

11 

H h«D 1 TO (32) 



' 
i • 

T w+ L sh 
X (s;w) =-y[£n -+g ({3 2 )- irr s<S >l. 

r,a T K ±. 2rr + z 
(34) 

BnaronapSI CHMMeTpHH X r ( s;- (<) ) = X a( -s ; (<) ) • ¢a30Bblfi MHO:lKHTe~b 

(30) CTpeMHTCSI K Hymo npH W ... 0 1 aanee H3 (26) cneayeT, . 'ITO B OK-

pecTHOCTH HynSI 

w(s;w)=rr2y2[s(s +l)+<Sz >
2 

]-2rriys<Sz>. (35) 

n ocneaHHe !jlopMynbi BMecTe c (16), (18) H (19) aaayT BbipameHHe amr t: (ec.d 

B OKpeCTHOCTH llOBepXHOCTH ~epMH 

N X,(s;w+-tsh) 
t'(w)= [l- -

s 2rriN(O) · 1 J 
]. (36) 

V X, ( s; w + T sh) X a ( -s; w - 2 sh) + w ( s, w ) 

PaccMOTPHM HeKOTOPbie '!acTHbie cny'laH «f>opMYnbi (36). Ecnn H =0, TO (36) 

cBOllHTCSI K HSaecTHbn..t pe;ynbTaTaM/9 /. B npenene T >> T K , f3 h << J 

1 
H S=y BbipameHHe amr lm t '(0) coanaaaeT c nony'leHHbiM B pa6oTe

121
, 

s 

ecnH B Hell: y'!eCTb TOnbKO o6MeHHOe B38HMOlle_fiCTBHe. 

nony'leHHbifi peaynbTaT (36) nosaonsreT npoaecTH nccneaoaaHHe npoao­

llHMOCTH MeTanna C napaMai"HHTHbiMH · npHMeCSIMH B II!HpOKOM HHTepaane 3Ha­

'leHHfi TeMnepaTyp n Mai'HHTHoro nonsr. Cneaysr o6bi'IHOMY noaxoay, HMeeM 

p - 7 (H)=_]_ e 2 N/C)) v 2 

06M. 3 F 
~ I 

s 
af(w) T (w)Jw,· 
a( w) s 

rae apeMsr mnSHH 

T-
7 

( w ) = c lm t' ( w ). 
s s 

noacTaansrsr (36) a aTH !jlopMYnbi nocne HHTerpnpoaaHHSI no w 

ao nepaoro 'lneHa B paanomeHHH 3oMMep!jlenblla, nony'!aeM 

.\. 
p (H)=p

0
c[l-Re ], 

o6M. 2 · 2 " 
-.j.\.2+rr2[ S(S+1)+<Sz> ]-2i<Sz> 

y 
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C TO'IHOCTb!O 

(37) 

rne 

Po = rrn e2 N(O) 
,.\.=fn_.I.._+g ( f3h )-irr<S > 

T + 2rr z 
K 

HaKoHeu, npnaeaeM ripn6nnmeHHbie !jlopMYnbi ansr MarHeToconpoTHB1 

npeaenbHbiX cny'lasrx: 

a) f3h«l -
p(H)-p (0) =-

7 ~(3) 

2rr 

p.Bgpoc 

kB 
~ [ £n2 _I_ + 17 2 s ( s + J)] 
T TK 

6) f3h» J 
- H 

p(H)-p(O)=-Po c 11+ £n H (0) [ 
K 

Yn2 H HK(O) +112(52- ~)]-~ 4 . 

. I'lle p (0) • - COllpOTHBneHHe B OTCyTCTBHe M8I'HHTHOI"O nonsr. 

9THX !jlopMyn Mbi ncnonbsoaann acHMUTOTH'!ecKHe Bbipa:lKeHHSI l 

g }x) B o6naCTH _ManbiX B nepBOM H 6onbiiiHX BO BTOpOM cny'Iae 

. B 3aKniO'IeHHe 8BTOP BbipamaeT 6naroaapHOCTb n.H. 3y6apeay 

.•: K pa6oTe H HHTepecHbie o6cymneHHsr. 
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11s<Sz>). (34) 

; cu ) 1 ¢aaoBbifi MHmKHTenb 

(26) cne,~:~yeT 1 . 'ITO B OK-

>. 

I) 

:::::;;:========- ] . 
l - 2 sh)+w(s,w) 

(35) 

(36) 

nhi (36). Ecnn H =01 TO (36) 

npe,~:~ene T » T K 1 f3h << l 

:!T C nony'leHHh!M B pa6oTe/
2 / 1 

il:CTBH9 •. 

[poaecTH nccne,~:~oaaHHe npoao­

~H B WHpOKOM HHTepaane 3Ha­

fR o6hi'IHOMY nOAXOAY 1 HMeeM 

s 
(w)clw, 

Hp0B8HH5I no· W C TO'IHOCTblO 

1 nonyqaeM 

-------1, (37) 

2 2 ·l'l 
> ]-.....!!. i<S > z . z 

y 

t 
t 
I 

rne 
p = __ m_* __ , ,\ = Pn ..!.__ + g ( {3 h ) - i rr < S > 

0 2 ) T + 2rr z rrn e N(O K 

HaKoaeu1 npHBeAeM npn6nn)KeHHhie !flopMynhi AnR MarHeToconpoTHBneHHSI B ABYX • 

npe,~:~enhHhiX cnyqagx: 

a) f3h«l 

p(H}-p(O)=- 7~(3) 
217 

6) f3h» l 
- H 
p(H)-p(O)=-Po c 11+ fn -- [ 

HK(O) 

H 21 2 -~ -[fn -+" S(S+l)] , 
T T 

K 

I'A9 p (0) • - conpOTHBneHHe B OTCYTCTBH9 M8I'HHTHOI'O nong, Tipli Bh!BOA9 

9THX ¢opMyn Mhi ncnonbaoBann acnMnToTn'leCKHe Bhipa)l{eHHR AnR ¢YHKUHH 

9 (x) B o6naCTH _ManbJX B nepBOM H 6onbWHX BO BTOpOM cnyqae api'yMeHTOB, 
+ 

. B saKniO'IeHHe aaTop Bhipa)KaeT 6naronapaocTb .ll.H. 3y6apeBy sa BHJIMal!ne 

.< K pa6oTe H HHTepeCI!bJe o6cy)KA9HH5I, 

1, A.A. A6pnKocoa. Physics, _g_, 71 (1965). 

2. C.n. fnaa6ypr. <PTT, !.!... 1368 (1969), 

3. M,T, Beal-Monod, R,A, Winer. Phys.Rev,, 170, 552 (1968). 

4. A.A. A6pHKOC,OB, )i(3T<P, §2.. 2109 (1967). 

5, R,More, H. Suhl, Phys.Rev,Lett., ~ 500 (1968). 
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