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l'13y"'eHHe CBOikTB MeTanna C rrapaM8I'HI1THbiMH ripHMeCHMH ITp0113BO
/l/ 

aunocb rnaBHbiM o6pa30M ua ocuoae Moaenu s- d o6MeHa , OaHaKo B 

rrocneauee BpeMH Ha"'an liHTeHCHBHO pa3BHB8TbCH Jlpyi'OH ITOJlXOJl, OCHOBaH
/2/ 

Hbili ua MoaenH, rrpeano)Keuuoli AuaepcouoM • Her COMHeuuli B TOM, "'TO 

cymeCTByeT HeKOTOpOe CXOJlCTBO Me)I<Jly o6eHMH MO)lenHMii, liJputlJ<j>ep H 
/3/ 

BonbtlJ , rrpoH3BeJlH KBHOHH"'eCKoe rrpeo6pa30BaHue raMunbTOHiiaHa AH-

aepcoua,rrony"'unu HOBhiH raMunbTouuau, He coaep)l<amuli "'neuoa nepaoro 

ITOpS!JlK8 ITO B38HMOJleliCTBHIO s H d aneKTpOHOB H COBIT8Jl8I01l{HH C TO"'-

uocTbiO ao "!neuoa aTop oro rropHJlKa c raMI1nbTOH118HOM s- d o6MeHa. Hec-
~. /4/ 

KOnbKO HHa"'e 9TO CXOJlCTBO 6binO ycTaHOBneHO D.BOpHHbiM , KOT0pbllf 1 

ucrronb3YH caoeo6pa3HYIO reopuiO B03Mymeuuli, o6Hapy)I<Hn noraputlJMu"'eC

KyiO 3aBHCHMOCTb corrpoTuaneHI1H or TeMneparyphi B Moaenu Auaepcoua. 
/56/ 

B pa6oTax ' 6bma caenaaa ITOflbiTKa ycTpaHHTb noraputlJM!i"'ecKyiO pac-

XOJlHMOCTb, HCITOnb3YH C8MOCOI'naCOB8HHbili MeTOJl ypaBHeHHH JlBH)KeHHH JlnH 
171 

4JyuKuuli fpuua. B "'BCTHocru, Ory"'u rroKa3an, "'TO B CHMMeTpH"'HOM 

cny"'ae ( 2 E + U = 0 ) H3 9THX ypaBHeHHH cneayeT HC"'e3HOBeHHe BCCX 

OC06eHHOCTeH THrra KOHJlO, H O, C apyrofi CTOp0Hbl 1 B Bbi"'I1CneHI1HX 1 OCH0-

11n11 TeOpliH B03-BaHHbiX Ha MeTOJle 4JyHKUHOH8nbHOI'O HHTei'pHpOB8HHH 
/8/ 

/9/ 
MyiUeHHi!: 1 CHMMeTpH"'HblH cny"'ai!: B OCHOBHblX "'epTaX He OTnH"'8eTCSI 

OT apyrux. 
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/56/ 
B JlBHHoA pa6oTe, KaK H B ' , K MOJlenH AHJlepcoHa npHMeHHeTCH 

MeTOJl cpyHKUHA fpHH8 1 HO ypaBHeHHH JlBH)!{8HHH peiUeHbl B 6onee 06IUeM 

cny'lae. ITpeJ:tnonaraeTCH, TonbKo, 'ITO 2 E + U 6onbme aepxHeA rpaHHUbi 

30Hbl npOBOJlHMOCTH. C nOMOlllbiO nony'leHHOro peiUeHHH Bbl'IHCnHeTCH aneK

TpH'IeCKOe COnpOTHBneHHe H TepM09JlC 1 Bbi3B8HHbl8 npHCYTCTBHeM npHMeceA. 

I. HcnonbayeMaH HaMH MOJlenb onpeJ:tenHeTCH raMHnbTOHHaHoM BHJla 

H= I £ "c :. c h + E ~ n • + + U I n n + 
• • -· "·· ( 1 ) 

+ I + " + ) 
ka 

(Vkchd.+Vkdscka. 

3JleCb c+ 
k• H c - onepaTOpbl p0)!(Jl8HHH H YHH'IT0)!{8HHSI aneKTpOHOB npo-. "• 

BOJlHMOCTH 1 n • = d! d. - onepaTopbi 'IHcen aanonHeHHH aneKTpOHOB d -

COCTOSIHHA 8TOMa npHMeCH 1 £ k H £.- OJlHO'IaCTH'IHbie 9HeprHH CB060Jl-

HbiX aneKTpOHOB npOBOJlHMOCTH H nOKanH30B8HHOrO d -COCTOHHHS1
1 

OTC'IH-

Tb!B88Mble oT noaepxHoCTH «PepMH, TpeTHA 'lneH raMHnbTOHHaHa npe)lcTaa-

nHeT 9HeprHIO KynOHOBCKOro OTTanKHBBHHH d -aneKTpOHOB C npOTHBOno-

~~)!{HbiMH cnHHBMH. ITocneJlHHH 'IBCTb raMnnhTOHHaHa onHCbiBaeT aHeprHIO 

s - d aaaHMOJleAcTBHH. Bee HHTepecyiOlllHe Hac aenH'IHHbi MO)!{HO nony'IHTb, 

paCCM8TpHB8H ~yHKUHIO fpHHa 

«c (r);c+, »=-< Tc" (r),ck+, (Oh. 
"• k • • • (2) 

DnH ~ypbe -KoMnoHeHT aToll ~YHKUHH, onpeJ:teneHHbi:X paBeHCTBOM 

+ {3 r + 
<<c ;c , ·>>= f e• <<clc (r); c, ·.»dr, 

"• k • • k • 
0 

rJle Z = i ~(2 n +]) 1 HMeeT M8CTO Cne)ly!Olllee ypaBH8HHe JlBH)!{8HHSI: {3 . 

( z - ( ) « c ; c +, ·» = 8 , + v « d ; c + , ·» . k k. k • k,k k • k • 
(3a) 

4 

DnH cpyHKUHH fpHHa B npaaoA cTopoHe (3a) ypaBHeHHe JlBH~ 

BHJl 

( z - E ) .« d · c +' •» = U « n d ,, k·• -· • 

+ 
; c lc,. •>> + 

X + 
+ I V o .<< c o ; c , •>> f L La k a 

TaK KaK oco6eHHOCTH THna KoHJlO noganHIOTCH acneJlCTBHe K• 

JlY sneKTpOHBMH npOBOJlHMOCTH H 9neKTpOH8MH d -COCTOHHH 

y'leCTb ~YHKUHH fpHHa BbiCIUero nopAAKa. TorJla JlOnonHHTen 

cne)ly!Oli1H8 ypaBH8HHSI: 

+ X + 
( z- E- U) « n d • ; c ", ·>> = I V o << n c 0 ; c k, •>> 

•• a f L -• La a 

+ 1 X . + 
vf «d_.cf_. d.; 

+ 
clc'• 

X + •» - I Vo « co d J ; c f L L-a -8'" a 

+ 
( z- £") << n -• c k •; ck' • •>> = <n -• •> 8 "·"' + V k << n_ 8 d •; 

+ + X + 
I Vo « c o d c " ; c ", ·>> + I V o << d c o c. f L L-a -a a a f L -a L-a ~ 

+ 
(z-£")<< d_ 8 ck-•d• 

+ 
c +, •>> = V << n d · c ' 

Jc • lc -· • ' lc • 
•>: 

- 1 + + 
Vf << cf-• c"_,.d•; c "'• ·>>+ 1 X + 

V f « d_ 8 c k-

( + + X + z+£,.-2E-U)<<c d d ;c k' •>>•- Vk.«n d ;ck' •>'>+ 
fc-a -• • • -• • • 

Jr + X + +I Vo « c d co ; c , •>o> + I V o « c" c o d ; c f l It- a -a L a k a f L -a L-a a 
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• 

DnH ¢YHKUHH rpuHa B npaaoA CTOpOHe (3a) ypaBH8HH8 aBH*8HHH HM88T 

Blfa 

( z -E ) « d a ; c:' 8 •» = U .« n _ a d 8 

+ 
; c lr, IJ •::>> + 

" + 1 Ve «ce. ;c+, >::>> 
k • 

(36) 

TaK KaK oco6eHHOCTH THna KoHao noHBnHJOTCSI acneacTBHe KoppenSIUHH Me)f<

ay <meKTpoHaMH npoaoaHMOCTH H sneKTpoHaMH d -cocTOHHHH, To HY*Hb 

y'leCTb ¢YHKUHH rpHHa BbJCwero nopMKa. Toraa aononHHTenbHO nony'IHM 

cneayJOWH8 ypaBH8HHSI: 

+ ( z-E-U)«n d.; c k~• 
-a 

·» = I e " c Ve « n_. e. +, ; c k • '>> + 

+ I e 
" . + + " + V 0 « d co d ; ck, •::>>- I Vo « co d J ; [. -· [.-. • .• e (. t.-• _,. • 

+ 
Ck' 8 

( 3a) 

·>> 

+ + 
( z- t" ) << n -• c "• ; c k, • •>> = <n _ • •> 8 k,k' + V k << n_ 8 d •; c k, • •>> -

(3r) 

+ + " + + -I 
r Vo <<c 0 d ck ;ck' •>>+I Vo «d co c, ;ck' (. t.-• -· • • e (. -· t.-• • • ·>>, 

+ 
(z-t,)<< d_

8
ck-•d• c !, . + 

•>> = V k << n_ 8 d • ; c k' • '>> -

- 1 + + " + v 0 << c 0 c II d ; c k, ·» + I v 0 « d c" c 0 
L L- 8 lr- a a 8 f L - 8 - 8 La 

+ + " + (z+£ -2E-U)<<c d d ;c,, •>>=-Vk.<<n d ;c,, •)'>+ 
1£ fr-a -· II 8 -a 8 8 

( 3a) 

+ 
ck'•'>>, 

(3e) 

"' + '<' " + + +I Vo << c d co ; c , •>> + ..&. V o << c k c n d ; c , •)I>. r , ,_. -. r. • " • e r. - 8 r. - 8 • " • 
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06opaeM uenoqxy ypaaHeHHA (3a)-(3e), asoag pacuenneHHH 

.<<c~_.d_8ck 8 ; C~'• ·>>=<ct_. d_ 8><< cks; ct'. >>, 

+ 
« d_.ce-8 

+ , 
; C k B >> = < d + c n 

-s L-- • 
+, 

; c k 8 C ks > << C k B >> ' 

+ . + + + << co c k- 8 d •, c k,. ·>> = < c e-. c k- • > << d • ; c k 8 >> . r.-• 

lJT06hi nony'IHTb COI'naCOBaHHyiO CHCTeMy ypaBH9HHH, Heo6XOAHMO BhiB9CTH, 

+ 
HcxoaH H3 WHKUHH << d • ; d. >> , ypaaHeHHH, aHaJIOI'H'IHhie ypaaHeHHHM 

(3a)-(3e). C HCnonb30BaHHeM pacuenneHHli, noao6HhiX aaeneHHhiM Bhiiile, 

CHCTeMa ypaBH9HHH p9IIl89TCSI CnenyiOlUHM o6pa30M : 

.<< c ; c +, 
k. k • 

·>> = (4) 
z- ( 

k 

vk v~, t .(z) + _ _...::"---::: .... __.::.._. __ _ 

(z-fk)(z-fk,) 

H 

« d ; d+ ·»= t (z), 
• • • ( 5) 

npH'IeM MaTpHUa pacceHHHSI t 
8 

( Z ) 38BHCHT 01' Cp9llHHX 3H8'19HHlf on epa To--. poa. EcnH yqecTb, 'ITO 

Jf 

«d; c+ ">- vk t.(z) • k. / - ___ ;;.._ __ ' << c . d + ks • 8 ·>> = -----'~ 
z - ( 

k z- ( k 

H HCnonb30Ba Tb H3B9CTHhl9 COOTHOIIl9HHSI M9}Klly Cp9llHHMH 3H8'19HHSIMH one

paTopoB H COOTB9TCTByiOlUHMH $yHKUHSIMH fpHHa 

J IW /) 
.< B A > = - I. e n « A ; B » = 1 I « A ; B >> I , 

{3 n 

TO nony'laeTCSI HH1'9I'panbH09 ypaBH9HH9 ang t ( z) 
• 

t ( z ) = [ z - E- U- 2 F ( z) + F (- z + 2 E + U ) + U < n •> + . -· 

6 

F(iw)-F(z) . )I U
1

l F(iw)-F(-Z+2E+U) 
+ U 1 I t- (, w - - · 2 E U 

z-iw • z+Jw--

xUz-E-F(z))(z-E-'U-2F(z)+F(-z+2E + U)) + 

+U(R(z)-R(-z+2E+U))+U1 I [F(iw)- F (z) ]2 
z -i Ct) -· (i 

+ U11 
F(iw)-F(-Z+2E+ U) 

z + iw -2 E- U 
[F(iw)+F(z}]t (iw)l] 

rne aaeaeH~ o603Ha'leHHH 

F(z)= I. _I --
k z- ( 

k 

R(z} = 11 F(iw)-F(z) 

z -i Ct) 

-· 

I. 

161 
3To ypaaHeHHe 6bmo pellleHo a npenene U ... oo a pa6oTe 

cMoTpHM 6onee o6mHR cnyqaR 2 E + U » D , rne 2 D - IllH 

npoaoaHMOCTH. Torna, y'IHThiBaH, 'ITO a oTcyTcTaHe MarHHTH~ 

t 
8 

( Z) = t _
8

( Z ) = t ( Z ) , BM9CTO ( 6) nony'IHM ypaSH9HH9 

t(z) .. [z-E-U-2F(z)+U<n·>+U1 I F(iw)-F(z) t(iw) 

[F(iw)- F( 
x[( z-E-F( z))( z-E-U-2 F( z )) + U R(z) + U11---

z- i Ct) 

2. ,Llns1 pellleHHH ypaaHeHHH (9) aocnonb3yeMCH o6hi'IHhi 

cornaCHO KOTOpOMY pellleHHe CHHI'ynHpHOI'O HHTerpanbHOI'O y~ 

7 



F(iUJ)-F(z) . )I U~l F(iUJ)-F(-z.t2E+U) 
+ U ~I t (, (J) - - · 2 E U t (iUJ)I]x 

z-iUJ -• z + 'UJ- - -· 
x[(z-E-F(z))(z-E-'U-2F(z)+F(-z+2E + U)) + 

+U(R(z)-R(-z+2E+U))+U~ I [F(iUJ)- F (z) ]2 
z -i (J) 

( iUJ) I + -· 
F(iUJ)-F(-z.t2E+U) _

1 
+U~I [F(iUJ)+F(z}] t (iUJ)I] , 

z+iUJ-2E-U -• 

r~e sse~eH~ o603aaqeHHH 

F ( z) = I -I v k 12 
k z- f 

k 

R(z) = ~ 1 F(iUJ)-F(z) 

z -i (J) 
I. 

(6) 

(7) 

(8) 

3To ypasHeHHe 6hmo peweao a npe~ene U -+ oo 
ffll 

B pa6oTe • 3~ecb pac-

CMOTpHM 6onee o6wHl!: cnyqal!: 2 E + U ·» D , r~e 2 D - WHpHHa 30Hbi 

nposo~HMOCTH. Tor~a. yqHTbiBaH, qTo B oTcyTcTBHe MarHHTHoro nonH 

t 
8 

( Z) = t _.f Z ) = t ( Z ) t BM9CTO ( 6) nonyqHM ypaBH9HHe 

t(z) .. [z-E-U-2F(z)+U<n·>+U~ 1 F(iUJ)-F(z) 
z -i(J) 

t(iUJ)I]x 

(9) 

[F(iUJ)- F(z )]
2 

-1 
x[(z-E-F(z)}{z-E-U-2F(z ))+ UR(z )+ U~l t(iUJ )I] 

z- i (J) • 

2 • .UnH peweHHH ypasHeHHH (9) socnonbayeMCH o6biqHbiM no~xo~oM, 

cornaCHO KOTOPOMY peW9HH9 CHHrynHpHOrO HHTerpanbHOrO ypaBH9HHH T8KQ-

7 



1"0 THna CBOllHTCSI K peWeHHIO 3alla'IH PHMaHa 06 OTb!CKHBaHHH KyCO'IHO

aHanHTH'19CKOA 4JyHKUHH no 3a.aaHHOMy CKa'IKY BllOnl:> HeKOTOpOI"O KOHTypa. 

Dpe)l(.ae ecero npe.anono)I(HM, 'ITO nnoTHOCTb cocTOSIHHA 30Hbi npoeo.aHMoc-

TH paena N(O) .anSI:Ill ~ D H ayn10 BHe aToA o6nacTH. Tor.aa H3 (7) cne-

.ayeT 

+i~ ' lwi~D, 
FT ( (L) >= F ( (L) ± i 8) = . " 

0 I (L) I'> D' 

r.ae 

~=11<1Vk ! 2 ·> N(O). 

DonaraSI e (8) Fr •• ( z) BMecTo F( z) , nony'IHM ypaeneHHSI .anSI t.j z) 

HnH t,. ( z ) , KOTOpbie y.ao6Ho 3anHCaTb B cne.ayiOIUeA ¢opMe: 

r.ae 

..... 

1 -
+ 

X,,,. ( z) 
i~t (z}= 

'·" C) (z) 
••• 

X (z}.(z+-E-i~)(z-E-U±2i~)-+2i~U<n > + UR(z), r, a + 

til (z}=(z- E+i~)(z-E-U ±2i~)-U¢ (z), r,a _ r , a 

r/J r, • 

(z) ~ D th {3w .. ---;; f --~2~ 

-D 
U±2i~t (w)]dw. ... z-w 

( 10) 

( 11 ) 

( 12) 

(13) 

B (11)-(13) Mbi nepewnH oT cyMM no wn K KOHTypHbiM HHTerpanaM. Ec

nH npeo6paaoeaTb (8) K 

8 

~ D 
R(z) =- -- f 

217 - D 

th ...l!..!:!._ 
2 

z-w 
d (L)' 

TO BHllHO, 'ITO (8a) H (13) onpe.aenSIIOT KYCO'IHo-aaanHTH'Iec 

ucnbiTbiBaiOIUHe npH nepexo.ae 'lepea oTpeaoK (-D, D) eewecTJ 

CKa'IKH 

H 

+ 
¢,,. 

R+(w) -R-(w). i~ th {3w 

2 

-
( w)- ¢ '•" (w)=-i~[l±2i~t (w)]th !!.::.:__. 

••• 2 

T aKHM o6paaoM, 

+ - + -
C) (w)-tll (w)=[X (w)-X (w)] 

r r r r 

x. ( (L) ) 

C)- (w ) 
• 

+ 
+ - + - 1 Xj w ) til (w)-tll (w)=[X (w)-X (w) ___.L..___ __ 
a a a a 

tll+(w) 
t 

M3 COOTHOW9HHA (14a) H (146) nony'laeM 

+ + + + - - - -til, (w)tll,.(w)-X~w)X,.(w) ... Ill, (w)tll,. (w)-X, (w)X • I 

OTKylla Cne.ayeT, 'ITO ~YHKUHSI 

w(z) =til, (z) tll,.(z)-X, (z JX,.(z) 

9 



.. 

,1 D 
R(z) =- -- f 

2rr _ D 

th~ 
2 

z-cu 
d cu' 

(Sa) 

ro BHAHO, qro (Sa) H (13) onpeAensiDT KycoqHo-aHanuruqecKue ~YHKUHH, 

ucnbiTbiBaiDI.UHe npu nepexoAe qepea orpeaoK (-D, D) semecrseHHoi!: ocu 

CKaqKH 

H 

+ 
cp ,,. 

R+(cu) -R-(cu). i.1 th fJcu 

2 

-
( CU )- cp r,a ( cu) =- i .1 [1 ± 2 i .1 t 

T aKHM o6paaoM, 

a,r 

+ - + -
ell (cu)-ell (cu)=[X (cu)-X (cu)] 

r ' r r 

(cu)] th fJcu 2--

X. (cu) 

ell- (cu ) 
a 

+ 
ell+ (cu)- ell- (cu) = [X+( cu)- x- ( cu )] _x_.r._(_cu_>_ 

• • • • 
ell+(cu) 

r 

Ha COOTHOWeHHi!: (14a) H (146) nonyqaeM 

+ + + + - - - -
ell r (cu) ell. (cu)- X/cu) X.(cu) =ell r (cu) ell. (cu)- Xr (cu) X • (cu), 

OTKyna cnenyeT, qro ~YHKUHS 

w(z) = ellr (z) ell.(z)-Xr (z )X.(z) 

9 

( 14a) 

( 146) 

( 15) 



aenpepbiBHa npu nepexoJle 'l:epea paapea (- D, D ) H, TaKHM o6paaoM, 

8H8JlHTH'iH8 Ha sceA riJlOCKOCTH H pasHa CB09MY 3H8'ieHH~ H8 6eCKOH9'i-

HOCTH 

w = 4 t:J. 2 U [ (E + 3 U) < n '>- U < n •>
2 

+A ] , (16) 

I'Jle 

A=-·-/ th. f3w [w(t,(w)-t.(w))+3it:J.(t,(w)+ t.(w))]dw -
4rr -D 2 . 

senB'iHHa nopRJlKa t:J. , KOTopoA s Jl8JtbHeA~eM 6yJleM npeae6peraTb, 
. -

J1a cJ!opMYJt ( 14) H (15) HerrocpeJlCTBeHHO BbiTeKaeT OCHOBHOe COOTHo-
, /10/ 

weaue aaJla'iH PuMaHa (eM,, aanpnMep, ) 

+ - -
·~ < w) ~ < w ) = x+ < w) x r w ) + w , 

r a r e 

BJlH 

~ + (w) 
t ~-:-(w) =K(w){l7) • ...... 

(w-E+ it:J. Hw-E-U+2i t:J.) (w-E-i t:J.Hw- E -U- 2i t:J.) 

I'Jle 

+ -X ( w) X • (w) + w 
K{ W) = r 

[ (w -E) 2 +!12 ][(w-E-U) 2 + 4 t:J. 2 

Peweaue ypasaeHHSI ( 17) amuweM s cneJly~meM BHJle ( onycKaSI sepxaue 

HQJleKCbl): 

~ r, • 

1/2 
( z) - ( z -E ± i t:J. )( z- E - U ± 2 i t:J. ) K ( z ) e ± 17'1 ( • J (18) 

10 

rae 

1 D 
T/ (z) .. -- P f 

2rr 
-D 

ln K (w) 
dw. 

z-w 

DOtlCT8BJlSISI (11) H (18) B (10), rrOJlY'iHM Bblpa)l(eHHe JlJlSI 

HHH, 

nnH Jl8JlbHeHWHX Bbl'iHCJleHHH YJl06Ho BB9CTH XapaKTeJ 

rrepaTypy MOJlenH T K , onpeJleneaay~ ycnosueM Re X T (0. 

'iTO HHTerpan (8a) pasea 

+ t:J. {3D 1 {3w 
R-(w)=-[ln-- -1/J(-± )], 

rr 2rr 2 2rri 

HMeeM 

I'Jle 

2dD " :1 
T = -- exp I -- [ E ( E + U ) + 2 t:J. ]l 

K 1T t:J.U 

d 
t/J (X ) = - f11 r (X ) , 

dx 
1 ln4a=-t/I (-) . 
2 

B cny'iae, Koraa IE(E+U)l»t:J. 2
, TaKaS! TeMrreparypa coo1 

cJ!eKTHBHOMy 06MeHHOMy B38HMOJleifcTBH~ 1 KOTOpOe B JlB8 p~ 

JlH'iHHbi 1 riOJly'l:eHHOH C rrOMOIIlb~ K8HOHH'i9CKOI'O rrpeo6pa30E 

rrpeaene U-+ 00 cJ!opMyJtbi (18)-(20) rrepeXOJlSIT B COOTB9TCTI 
/6/ 

T8Thl pa60Thl , 

3, DpHMeHHM HaHaenaoe HSMH pewe.11ue K Bbl'l:Hcneau~ 

conpoTusneHHH p ( T) H TepMosJlc S ( T) , BbiasaH.IIbiX 1 

eM 3Jl9KTpOHOB rrpOBOtlHMOCTH C rrpHM9Cb~. Cornacao o6r 

1 2 1 L1 -, 
Lo 

e:z Lo H S (T) = 
p( T) 3· ek T 
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rae 

TJ(z).,_1_p / lnK(w) 
2 TT d W • 

-D z-w 
(19) 

OoacTaBJHHI (11) li (18) B (10), IIOJIY'IHM Bbipa>KeHHe anH MaTpHUbl pacceg-

HHH, 

llns aallbHeHl!IHX Bbi'IHCJieHHH yao6HO BBeCTH XapaKTepHCTH'IeCKyiO TeM

rrepaTypy MoaenH T K , onpeaeneHHYIO ycnosHeM Re XT (0), Y'IHTb!Bas, 

'ITO liHTerpan (8a) paseH 

+ t1 
R- ( w) =- [ ln 

TT 

{3D 

2TT 

- t/d _1_ + {3 (iJ 2 - ) 1 2 "i , 

HMeeM 

2ctD TT '• 
T = -- exp I -- [ E ( E + U ) + 2 t1 11 

K TT tlU 
(20) 

rae 

tjJ (X)= 
d 1 

ln 4 a = - tjJ ( - ) • 
2 dx 

ln f (X ), 

B cnyqae, Koraa IE(E+ll)l»t1 2
, TaKas TeMnepaTypa coOTBeTcTsyeT s<P

<jleKTHBHOMy o6MeHHOMY B381iMOaei1CTBii10 0 KOTOpoe B asa paaa MeHbllle Be

/3/ JJii'IHHbi, rrony'leHHoii c rroMol!lbiO KaHOHH'IecKoro npeo6paaosaHHH , B 

rrpeaene U-> oo ljJOpMyJJhl ( 18 )-(20) rrepeXOaHT B COOTBeTCTBYIOIUHe peayJib
/6/ 

TBThl pa60Thl , 

3, OpHMeHHM HaiiaeuHoe HBMii pellleHHe K Bbi'IHcneHHIO sneKTpH'IecKoro 

corrpoTHBneHHSI p ( T) li TepMosAc S ( T ) , Bbi3BaHHbiX saaHMOAeACTBH-

eM sneKTpOHOB rrpoBOAiiMOCTH c rrpHMeCbiO, Cornacao o6l!IHM ljlopMynaM 

1 2 
S (T) = 1 

ek T 

Lz e2 Lo ----, H 

p( T) 3· L 
0 

11 



II 

I -. 

l'Jle 

:z ar 
L n .. I w n v ( w) N ( w) -- r (w) d w 

aw 

H r (w) = - 2 c <I V I :z '> t ( w ) , c- KOHUeHTpauHH npHMeceA, 
k r 

Bbl'l[HCJIHH HHTerpa11bl L n c TO'lHOCTbiO JlO nepsoro HeHC'le38IOIIlero 

'lneaa B pasno>KeHHH 3oMMep«flenbJla, nony'laeM 

p(T)=p (1 Er+ab 
0 + --=======-

.\...jE:z +.1:z 

(21) 

H 

S(T) = 
173 

1 -:z 
a--- b.\. (Er+ab) 

2 (22) 
12 e 

.I :z :Z AyE +.1 +Er+ab 

l'Jle BB9Jl9Hbl 0603Ha'leHHH 

...... 

T 2E E 
r=ln --,a=.1U+ ), b=77(1-2<n'>- --), 

Tk E + U U 

ll8HHbi9 cflopMy11 (21) H (22) 0 6ynyT O'leHb B911HKH K fiOBeJleJ 

JIH'IHH B M0Jl911H S - d o6MeHa, 

B saKJIIO'IeHHe as Top· Bbipa>KaeT 6naroJlapHOCTb .U.H. 3y 

CY>KJleHHH H fiOCTOHHHhiA: HHTepec K pa6oTe, 
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8 :3THX cfJopMynax OCTaeTCH HeonpeJle1leHHOA B911H'IHHa < n ·> 0 KOTopyJo 

3Jl9Cb paCCM8TpHBaeM KaK napaMeTp, XOTH B npHHUHfie ee MO>KHO Ahi'IHC-

11HTb H3 C119JlYIOII19I'O COOTHOII19HHH: 

D 
1 

<n·>= -- I th 
417i -D 

{Jw 

2 
[ t, (w)- t.( w)] dw 

KpoMe Toro, Mbi npeJlnonaranH, 'ITO E + U '>> .1 , B cnyqae, KOI'Jla 

IE I'>> .1 , TeMnepaTypHbie 38BHCHMOCTH conpOTHB119HHH H TepM03llC, 

12 

PyKonHcb nocTynHna B H3JlaTenbCKHA 

21 MaH 1971 I'OJla, 
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JlaHHbJe <flopMyn (21) H (22) 1 6yJlyT O'leHb BenHKH K fiOBeJleHHIO 9THX Be-

nH'IHH B MOJlenH s - d o6MeHa. 

B saKniO'IeHHe aaTOJY Bbipa:lKaeT 6naro!lapaocTb .a.H. 3y6apeay sa o6-

cy:lKJleHHSJ H fiOCTOSIHHbdl: HHTepec K pa6oTe. 
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