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Na osnov� modif�kovanogo metodu zm�wen~ rozrobleno spos�b pobudovi efektivnogo sta-

tistiqnogo operatora, wo v�d�gra rol~ aproksimac��nogo � priznaqeni� dl� dosl�d�enn�

sil~no ne�deal~nih ferm�{sistem bez vikoristann� metod�v teor�Ý zburen~. Zagal~na shema

zastosovana do model� odnor�dnoÝ elektronnoÝ r�dini pri niz~kih temperaturah bez obme-

�enn� na znaqenn� parametra ne�deal~nost�.
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I. MODIF�KOVANE ZOBRA�ENN� ZM�WEN^

� APROKSIMAC��NI� STATISTIQNI�

OPERATOR

Dosl�d�enn� vlastivoste� ferm�{sistem pos�da

odne z central~nih m�sc~ u statistiqn�� f�zic� �

f�zic� tverdogo t�la.�kwo slabko ne�deal~n� sistemi

do c~ogo qasu v osnovnomu vivqen� metodami teor�Ý

zburen~, to vivqenn� Ýh v oblast� sil~noÝ ne�deal~-

nost� potrebu zastosuvann� nestandartnih p�dhod�v.

Odnim z nih  metod zm�wen~ � kolektivnih zm�nnih,

zaproponovani� u prac�h [1, 2] dl� model� elektron-

noÝ r�dini � rozvinuti� u ser�Ý prac~, prisv�qenih

ferm�{ � boze{sistemam [3{7].

Meto� naxoÝ roboti  rozrobka spec�al~nogo va-

r�anta metodu zm�wen~ [8] dl� modele� ferm�{sistem

z lokal~no� dvoqastinkovo� vzamod��, v�dm�nnogo

v�d metodu prac� [1]. Vstanovleno ner�vnost� dl�

termodinam�qnogo potenc�alu. Pobudovano aproksi-

mac��ni� statistiqni� operator, �ki� da zmogu

rozrahovuvati f�ziqn� harakteristiki bez vikori-

stann� tradic��nih metod�v teor�Ý zburen~.

Rozgl�nemo ferm�{sistemu z gam�l~ton�anom za-

gal~nogo vigl�du
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de � | parametr vkl�qenn� vzamod�Ý (0 < � � 1).

Ma�qi na uvaz� nastupni� rozrahunok statistiq-

noÝ sumi u velikomu kanon�qnomu ansambl� ta uza-

gal~n��qi peretvorenn� prac� [8], vikonamo zobra-

�enn� zm�wen~ u statistiqnomu operator� model~noÝ
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Budemo vimagati, wob nev�domi� operator zm�wen~
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Zg�dno z� zroblenimi viwe pripuwenn�mi
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V�dpov�dno do r�vnost� (1.4)
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Z (1.3) vipliva graniqna umova:
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zapixemo statistiqni� operator model~noÝ sistemi
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de T | simvol zviqa�nogo hronolog�qnogo vpor�dku-

vann�. Statistiqni� operator
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Do c�Ý sistemi bliz~ka �nxa model~na sistema, �ku

opisu statistiqni� operator
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ÕÝ termodinam�qni� potenc�al
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pov'�zani� z termodinam�qnim potenc�alom sistemi

(1.1)
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tako� ner�vn�st�:
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Pri c~omu simvol < ::: >

P

oznaqa zviqa�ne sta-

tistiqne seredn: <

^

A >= fSp

^
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z (1.12) termodinam�qni� potenc�al model�, wo opi-

sut~s� operatorom
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1

, obme�u znizu termodi-

nam�qni� potenc�al f�ziqnoÝ sistemi (1.1). Dl� dove-

denn� skoristamos~ v�domim metodom [9] oc�nki ter-

modinam�qnogo potenc�alu. Osk�l~ki v�n �runtut~s�

na vikoristann� gam�l~ton�an�v, a ne statistiqnih

operator�v, rozgl�nemo dopom��nu model~nu sistemu

z \gam�l~ton�anom"
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de 0 < t � 1. Pri t = 1 operator
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Zavd�ki vlastivost� cikl�qnost� xpuru statistiqna

suma sistemi z \gam�l~ton�anom"
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�ki� pri t = 1 zb�gat~s� z

^

H

�

. Obidv� skladov�

\gam�l~ton�ana" (1.16) | erm�tov�.

Gam�l~ton�an f�ziqnoÝ sistemi (1.1) zapixemo u vi-

gl�d� takih dvoh dodank�v:
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Z v�domoÝ ner�vnost� Bogol�bova (div. [9]) znahodimo,
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Rozgl�nemo statistiqnu sumu Z(�jt) � termodi-

nam�qni� potenc�al 
(�jt) dopom��noÝ model~noÝ si-

stemi (1.13) pri � = 1:
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U dodatku dovedeno, wo

d

dt


(�jt)  monotonno� ne-

spadno� funkc�� parametra t, wo dor�vn� nulev�

pri t = 0. Vnasl�dok c~ogo z toto�nost� (1.20) vipli-
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oder�umo ner�vn�st~ (1.12). Zaznaqimo, wo vona vi-

konut~s� dl� kvantovih sistem z gam�l~ton�anami

tipu (1.1) nezale�no v�d statistiki � konkretnogo vi-

gl�du operatora
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V .

Ner�vn�st~ (1.12)  p�dstavo� dl� pobudovi ta-

kogo statistiqnogo operatora
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�k vipliva z r�vn�nn� (1.5), �ogo rozv'�zok mo�na

zapisati u vigl�d�
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Ot�e, u tih oblast�h parametr�v sistemi, de zale�-

n�st~ '̂(�) v�d �  monotonno�, operator
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zapixemo ner�vn�st~ (1.18) u tak�� form�:
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Veliqina �(�

0

) zada m�n�mal~n� simetriqn� me��

dl� r�znic� termodinam�qnih potenc�al�v f�ziqnoÝ

sistemi � model~noÝ (1.9): j
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Nad operatorom p�d znakom xpuru vikonamo pere-
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z operatorom
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eksponenc��no malimi v oblast� niz~kih temperatur.

Nehtu�qi nimi, znahodimo, wo �̂
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II. OPERATOR ZM�WEN^ DL� MODEL�

ELEKTRONNOÕ R�DINI

Pobudumo operator

^

U

�

dl� model� elektron-

noÝ r�dini, vikoristovu�qi zobra�enn� vtorinnogo

kvantuvann� dl� gam�l~ton�ana (1.1):
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; (2.1)

^

V =

1

2V

X

q6=0

V

q

X

k

1

;k

2

X

s

1

;s

2

a

+
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+
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Tut �
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vtorinnogo kvantuvann� na bazis� ploskih hvil~. R�vn�nn� (1.5) zadovol~n� operator u vigl�d� sumi baga-

toqastinkovih lokal~nih vzamod��
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+
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Vikonut~s� umova q
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j�; �; �) mo�na �nterpretuvati �k fur'{obrazi

n-qastinkovih efektivnih vzamod��, �k� ne zvod�t~s� do vzamod�� ni�qogo por�dku. Voni zale�at~ v�d

zm�nnoÝ hem�qnogo potenc�alu �, osk�l~ki mi prac�mo u velikomu kanon�qnomu ansambl�. Obqisl��qi ko-

mutator [[

^

H

0

;

^

U

�

]

�

;

^

U

�

]

�

u �vnomu vigl�d�, vikonamo zam�nu

^

N

^

I

n

(:::) ! N(�)

^

I

n

(:::), de N(�) = h

^

Ni | stati-

stiqne seredn operatora qisla qastinok. Taka zam�na ob�runtovana tim, wo peretvorenn� (1.3) v�dbuvat~s�

p�d znakom Spf:::g. Pohibka, wo v c~omu vipadku vinika, ma por�dok N

�1

. Prir�vn��qi koef�c�nti pri

odnakovih operatorah

^

I

n

(:::) u r�vn�nn� (1.5), oder�umo lanc��ok r�vn�n~ tipu zgortki dl� koef�c�ntnih

funkc�� (dal� dl� skoroqenn� poznaqen~ � = (�; �; �)):

@

@�

�

1

(�) = N(�)V

�2

X

q

�

q

�

2

2

(q;�qj�); (2.3)

@

@�

�

n

(q

1

; :::;q

n

j�) = �V

n

(q

1

; :::;q

n

j�) +

X

m�2

	

(m)

n

(q

1

; :::;q

n

j�) + 2N(�)V

�1

�

2

2

(q

1

;�q

1

j�)�

q

1

�

n;2

+(1� �

n;2

)�

n

(q

1

; :::;q

n

j�)�

n

(q

1

; :::;q

n

j�):

Dl� zapisu c�Ý sistemi r�vn�n~ vikoristano tak� poznaqenn�:

V

2

(q;�qj�) = �V

q

; (2.4)

V

3

(q

1

;q

2

;q

3

j�) = h

2

(2m)

�1

�

q

1

+q

2

+q

3

;0

3

X

i 6=j=1

(q

i

;q

j

)�

2

(q

i

;�q

i

j�)�

2

(q

j

;�q

j

j�);

V

4

(q

1

;�q

1

;q

2

;�q

2

j�) = �4h

2

m

�1

�

3

(�q

1

;q

2

;q

1

� q

2

j�)

� f(q

1

;q

1

� q

2

)�

2

(q

1

;�q

1

j�) + (q

2

;q

2

� q

1

)�

2

(q

2

;�q

2

j�)g;

	

(2)

2

(q;�qj�) = h

2

m

�1

V

�1

X

q

1

(q

1

;q

1

� q)�

2

(q

1

;�q

1

j�)�

2

(q� q

1

;q

1

� qj�);

	

(3)

2

(q;�qj�) = 2h

2

m

�1

N(�)V

�2

X

q

1

fq

2

1

+ (q

1

;q

1

� q)g�

2

(q

1

;�q

1

j�)�

3

(�q

1

;q;q

1

� qj�);

	

(4)

2

(q;�qj�) = h

2

N

2

m

�1

V

�3

X

q

1

q

2

1

�

2

(q

1

;�q

1

j�)�

4

(q

1

;�q

1

;q;�qj�);

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

�

n

(q

1

; :::;q

n

j�) = h

2

m

�1

N(�)V

�1

n

X

i=1

q

2

i

�

2

(q

i

;�q

i

j�):

R�vn�nn� dl� funkc�� �

n

(q

1

; :::;q

n

j�) pri n � 3 ma�t~ odnakovu strukturu. R�vn�nn� � dl� parnoÝ funk-

c�Ý �

2

(q;�qj�) vir�zn�t~s� b�l~x sil~no� nel�n��n�st�. Sistem� r�vn�n~ (2.3) v�dpov�da graniqna umova:
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�

n

(:::)! 0 pri � ! 0.

Dl� skladnoÝ sistemi suttvo nel�n��nih �nte�ro{diferenc�al~nih r�vn�n~ (2.3){(2.4) ma zm�st zna-

hod�enn� nabli�enih rozv'�zk�v. U c�� sistem� osoblive m�sce za�ma r�vn�nn� dl� �

2

(q;�qj�). �k vidno

z anal�zu r�vn�nn�, v oblast� nevelikih hvil~ovih vektor�v mo�na znehtuvati �ogo �nte�ral~nimi sklado-

vimi 	

(m)

2

(q;�qj�) pri m � 2. V c~omu nabli�enn� vono zvodit~s� do diferenc�al~nogo r�vn�nn�, a �ogo

rozv'�zkom 

�

(0)

2

(q;�qj�) = ��

1=2

V

q

(h!

0

)

�1

f1�R(�)g f1 +R(�)g

�1

;

R(�) = exp

n

�2��

1=2

h!

0

o

; (2.5)

de !

0

= f4�e

2

N(�)m

�1

V

�1

g

1=2

. Pri � = �

�

(de �

�

| hem�qni� potenc�al sistemi) !

0

zb�gat~s� z qasto-

to� plazmovih kolivan~. Hoq rozv'�zok (2.5) v�dpov�da asimptotic� malih hvil~ovih vektor�v, v�n viznaqa

harakter zale�nost� �

2

(q;�qj�) v�d temperaturi: eksponenc��no slabku zale�n�st~ v oblast� niz~kih tempe-

ratur (k

B

T � h!

0

). Ce da p�dstavu rozgl�dati r�vn�nn� dl� �

2

(q;�qj�) �k �nte�ral~ne, nehtu�qi poh�dno�

@

@�

�

2

(� � �):

��V

q

+ 2N(�)V

�1

�

q

�

2

2

(q;�qj�) +

X

m�3

	

(m)

2

(q;�qj�)

�h

2

(mV )

�1

X

q

1

(q

1

;q� q

1

)�

2

(q

1

;�q

1

j�) �

2

(q� q

1

;q

1

� qj�) = 0: (2.6)

�nte�ral~n� skladov� 	

(m)

2

(� � �) pri m � 3 mo�-

na vrahovuvati metodom posl�dovnih nabli�en~.

Tomu rozgl�nemo spoqatku nel�n��ne �nte�ral~ne

r�vn�nn� pri 	

(m)

2

(� � �) = 0. Dl� anal�zu �

nabli�enogo rozv'�zuvann� �ogo vvedemo bezroz-

m�rn� zm�nn� x = qa

0

n

�1=3

� funkc�� y

2

(x) =

�

�1=2

(4�a

3

0

)

�1

n

7=6

�

2

(q;�qj�), de a

0

| rad�us Bora;

n = 4�a

3

0

N(�)=V . U cih zm�nnih pri 	

(m)

2

(� � �) = 0

mamo take nel�n��ne r�vn�nn�:

x

2

y

2

2

(x) � x

�2

� (2�

2

)

�1

Z

dx

1

(x

1

;x� x

1

)

�y

2

(x

1

)y

2

(jx� x

1

j) = 0: (2.7)

Vikonu�qi peretvorenn� Fur' do zm�nnih �, spr�-

�enih zm�nnim x,

y

2

(x) =

Z

f

2

(�)e

�ix�

d�; (2.8)

zapixemo ekv�valentne r�vn�nn� v koordinatnomu zo-

bra�enn�:

f4�rf

2

(�)g

2

� �

�1

(2.9)

�4�

Z

f

2

(�

1

)r

2

�

f

2

(j�� �

1

j)d�

1

= 0:

Z anal�zu r�vn�nn� (2.7) baqimo,wo y

2

(x) � �x

�2

pri

x! 0 (f

2

(�) � ��

�1

pri �!1). Z r�vn�nn� (2.9)

frf

2

(�)g

2

� �

�1

+ const pri �! 0; (2.10)

tomu f

2

(�) ' C + C

1

�

1=2

+ C

2

�

3=2

+ � � � pri � ! 0.

Vikoristovu�qi c� asimptotiku, zna�demo nabli-

�eni�| asimptotiqno toqni�| rozv'�zok r�vn�nn�

(2.7) metodom probnih funkc��. Funkc�� z neveliko�

k�l~k�st� parametr�v mo�na zadati abo v koordinat-

nomu, abo v �mpul~snomu zobra�enn�:

f

(0)

2

(�) = �B�

�1

[1� e

�p�

][1 + b�

1=2

e

��

]; (2.11)

y

(0)

2

(x) = �Ax

�2

[1 + ax

2

� bx

4

(1 + ax

2

)

�1

]

�3=4

;

a

2

> b:

Bezposeredn�� rozrahunok sv�dqit~, wo y

(0)

2

(x) ma

taku � asimptotiku v koordinatnomu zobra�enn�, �k

� f

(0)

2

(�). V �mpul~snomu zobra�enn� obidv� funkc�Ý

te� ma�t~ pod�bnu asimptotiku, a same:

y

(0)

2

(x) �

�

�x

�2

+ const+ ::: ; x << 1;

�const x

�7=2

+ ::: ; x >> 1:

(2.12)

Parametri funkc�Ý y

(0)

2

(x) zna�deno z umovi, wob u

r�vn�nn� (2.7) kompensuvalis~ qleni tipu x

�2

pri

x >> 1, a tako� x

�2

� x

0

pri x << 1:
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A = 1; a = 4(9�)

�2=3

(1� �

0

)

�1

; b = �

0

a

2

: (2.13)

Pri c~omu �

0

 rozv'�zkom r�vn�nn�

(1� �

0

)

3=2

1

X

n=0

�

n

0

(2n+ 1)!! (2.14)

�2

�n

(n!)

�1

(2n+

1

2

)

�1

= 4=3

� nabli�eno dor�vn� 0.2929... . Parametri funkc�Ý

f

(0)

2

(�) viznaqen� z tih samih umov, a tako� z vimogi,

wob r�vn�nn� (2.7) toqno vikonuvalos~ pri f�ksova-

nomu znaqenn� zm�nnoÝ (x = p):

B = (4�)

�1

; b = �2p

�1

; (2.15)

 = p � 0:5758::: ; p = 2:7008::: :

Funkc�Ý y

(0)

2

(x) � f

(0)

2

(�) du�e bliz~k� m�� sobo� u

vs~omu �nterval� 0 � x � 1. Na ris. 1 zobra�eno

Z

2

(x) = x

2

y

(0)

2

(x) u r�znih nabli�enn�h. Kriva 1

Ris. 1. Funkc�� Z

2

(x) = x

2

y

2

(x) pri T = 0 K v r�znih

nabli�enn�h: kriva 1 v�dpov�da y

(0)

2

(x), 2 { rozv'�zku r�v-

n�nn� (2.7), 3 { rozv'�zku (2.20) pri vrahuvann� 	

(2)

2

(:::)

ta 	

(3)

2

(:::), 4 { rozv'�zku c~ogo � r�vn�nn� v nabli�enn�

	

(m)

2

(:::) = 0 pri m � 5.

v�dpov�da funkc�Ý y

(0)

2

(x), a kriva 2 | rozv'�zku

r�vn�nn� (2.7), obqislenomu qislovim metodom. Za-

znaqimo, wo �

2

(q;�qj�)  fur'{obrazom potenc�alu

vzamod�Ý kvantovih paket�v. Z funkc�Ý f

(0)

2

(�) pri ab-

sol�tnomu nul� temperaturi mamo

�

2

(rj�) = V

�1

X

q

�

2

(q;�qj�) exp(iqr) = �(�r

s

)

1=2

3

�1=6

�

�1

[1� e

�p�

][1�

2

p

�

1=2

e

��

]; (2.16)

de � = 3

1=3

(a

0

r

s

)

�1

r, r

s

(�) = a

�1

0

�

3V

4�N(�)

�

1=3

pri N(�) = N zb�gat~s� z parametrom V��nera-Braknera [10].

Pri c~omu �

2

(0j�) = �(�r

s

)

1=2

3

�1=6

p.

V oblast� niz~kih temperatur r�vn�nn� dl� funkc��

y

m

(x

1

; :::;x

m

) = �

�1=2

n

m�5=6

(4�a

0

)

1�m

�

m

(q

1

; :::;q

m

j�) (2.17)

tako� ne m�st�t~ �odnih parametr�v, �k � (2.7):

y

m

(x

1

; :::;x

m

)

~

�

m

(x

1

; :::;x

m

) +

X

l�2

~

	

(l)

m

(x

1

; :::;x

m

) =

~

V

m

(x

1

; :::;x

m

): (2.18)

Metodom probnih funkc�� oder�umo asimptotiqn� rozv'�zki cih r�vn�n~:

y

3

(�x

1

;x

2

;x

1

� x

2

) ' �

~

V

3

(�x

1

;x

2

;x

1

� x

2

)f�(x

1

) + �(x

2

) + �(jx

1

� x

2

j)g

�1

;

y

4

(x

1

;�x

1

;x

2

;�x

2

) ' 2y

3

(�x

1

;x

2

;x

1

� x

2

)f�(x

1

) + �(x

2

)g

�1

� f(x

1

;x

1

� x

2

)y

2

(x

1

) + (x

2

;x

2

� x

1

)y

2

(x

2

)g; (2.19)

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

~

V

3

(x

1

;x

2

;x

3

) =

1

2

3

X

i 6=j=1

(x

i

;x

j

)y

2

(x

i

)y

2

(x

j

); �(x) = �[x

2

y

2

(x)]

�1

:

Vikoristovu�qi (2.19), zna�demo nabli�en� virazi dl� �nte�ral~nih skladovih 	

(m)

2

(q;�qj�) �, ot�e, za-
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mknute �nte�ral~ne r�vn�nn� dl� funkc�Ý �

2

(q;�qj�). Zapisane v bezrozm�rnih zm�nnih, vono ne m�stit~ n��kih

parametr�v � viznaqa un�versal~nu funkc�� y

2

(x):

�x

�2

+ x

2

y

2

2

(x) +

X

m�3

~

	

(m)

2

(x;�x) � (2�

2

)

�1

Z

dx

1

(x

1

; (x� x

1

)y

2

(x

1

)y

2

(jx� x

1

j) = 0: (2.20)

Mi dosl�dili anal�tiqno, a tako� qislovim metodom r�vn�nn� (2.20) z urahuvann�m vnesku triqastinkovih

vzamod��

	

(3)

2

(x) = �

�2

Z

dx

1

[x

2

1

+ (x

1

;x

1

� x)]y

2

(x

1

)f�(x) + �(x

1

) + �(jx� x

1

j)g

�1

(2.21)

�f(x;x

1

)y

2

(x)y

2

(x

1

) + (x

1

;x

1

� x)y

2

(x

1

)y

2

(jx

1

� xj) + (x;x� x

1

)y

2

(x)y

2

(jx� x

1

j)g:

Komp'�ternomu rozv'�zku v c~omu nabli�enn� v�d-

pov�da kriva 3 na ris. 1. V�dnosne v�dhilenn� krivoÝ

3 v�d krivoÝ 2 dos�ga znaqenn� por�dku 20 % v osnov-

n�� oblast� zm�nnoÝ x. Rozv'�zku r�vn�nn� (2.20) z ura-

huvann�m 	

(3)

2

(x) � 	

(4)

2

(x) (v�dbuvat~s� Ýhn� znaqna

vzamna kompensac��) v�dpov�da kriva 4.

Dl� znahod�enn� nabli�enogo rozv'�zku r�vn�n-

n� dl� �

2

(q;�qj�) pri sk�nqennih temperaturah v�z~-

memo do uvagi asimptotiqni� rozv'�zok (2.6) � zro-

bimo p�dstanovku:

�

2

(q;�qj�) = �

2

(q;�qj�;1; �)f

q

(�);

de �

2

(q;�qj�;1; �)  rozv'�zkom r�vn�nn� (2.7), f

q

(�)

pr�mu do odinic� pri � ! 1, a pri � ! 0 funk-

c�� f

q

(�) pr�mu do nul�. Nabli�eno r�vn�nn� dl�

f

q

(�) ma taki� vigl�d:

@

@�

f

q

(�) (2.22)

= �V

q

[�

2

(q;�qj�;1; �)]

�1

ff

2

q

(�)� 1g :

�ogo rozv'�zkom 

f

q

(�) = f1�R

q

(�)gf1 +R

q

(�)g; (2.23)

R

q

(�) = expf2��V

q

[�

2

(q;�qj�;1; �)]

�1

g:

Taki� rozv'�zok ma sens v oblast� malih znaqen~

vektora q, de pokaznik eksponenti mo�na zapisati

�k

�2��

1=2

h!

q

; (2.24)

a !

q

viznaqa spektr plazmovih kolivan~:

!

q

= !

0

f1 + �(q=k

F

)

2

+ � � �g: (2.25)

Vikoristovu�qi y

(0)

2

(x), dl� koef�c�nta dispers�Ý

oder�umo znaqenn� � =

1

2

(

3

2

)

1=3

[1 � �

0

]

�1

� 1. V�n

ne zale�it~ v�d parametra ne�deal~nost�, na v�dm�nu

v�d nabli�enn� slabo ne�deal~nih sistem. Tut k

F

=

�

3�

2

N

V

�

1=3

| hvil~ove qislo Ferm�.

P�dstavl��qi (2.23) u perxe z r�vn�n~ (2.4), vizna-

qamo nabli�eni� rozv'�zok dl� funkc�Ý �

1

(�):

�

1

(�)

�

=

N(�)V

�2

X

q

�

q

[�

2

(q;�qj�;1; �)]

2

� f� + [�V

q

]

�1

�

2

(q;�qj�;1; �)[1�R

q

(�)] [1 +R

q

(�)]

�1

g: (2.26)

Perehod�qi do bezrozm�rnih zm�nnih, mamo

�

1

(�)

�

=

�

Ry

r

s

(�)

� d(�

�

);

d(�

�

) =

2

�

3

1=3

Z

1

0

dx x

4

y

2

2

(x) �

�

1 +

x

2

y

2

(x)

�

�

�

1�R(xj�

�

1 +R(xj�

�

�

; R(xj�

�

) = expf2�

�

[x

2

y

2

(x)]

�1

g: (2.27)

Ot�e, pri niz~kih temperaturah funkc�� �

1

(�) proporc��na do �, a vs� �nx� koef�c�ntn� funkc�Ý �

n

(:::)
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ma�t~ slabu eksponenc��nu zale�n�st~ v�d c�Ý zm�nnoÝ, z qogo vipliva eksponenc��na mal�st~ operator�v

@

^

K

�

@�

� [

^

K

�

;

@

^

U

�

@�

]

�

.

III. ROZRAHUNKI � OC�NKI

Zaverxenn� shemi pobudovi aproksimac��nogo statistiqnogo operatora dl� model� elektronnoÝ r�dini po-

trebu rozrahunku �

0

�k funkc�Ý parametra ne�deal~nost�. Z c�� meto� rozgl�nemo statistiqnu sumu Z

0

�

(�)

v okol� toqki � = �

�

, de �

�

| hem�qni� potenc�al model� (kor�n~ r�vn�nn� N = �

d

d�




0

�

(�) ). Vikonu�qi zsuv

zm�nnoÝ hem�qnogo potenc�alu, mamo

Z

0

�

(�) = Z

0

(~�)hexp

^

U(�̂j�)i

0

;

~� � �+ �

�1

f�

1

(�)� (2V )

�1

X

q6=0

�

2

(q;�qj�) + (3V

2

)

�1

X

q

1

;q

2

6=0

�

3

(q

1

;q

2

;�q

1

� q

2

j�) + :::g; (3.1)

de Z

0

(~�) | statistiqna suma �deal~noÝ sistemi (�ka v�d�gra rol~ bazisnoÝ), a simvol h:::i

0

oznaqa zasered-

nenn� za stanami c�Ý sistemi. Pri c~omu

^

U(�̂j�) =

X

n�2

(n!)

�1

V

1�n

X

q

1

;:::;q

n

�

q

1

+:::+q

n

;0

~�

n

(q

1

; :::;q

n

j�)

n

Y

j=1

�̂

q

j

(3.2)

 operatorom efektivnih bagatoqastinkovih vzamod��, zapisanim u term�nah operator�v elektronnoÝ gustini

�̂

q

=

X

k;s

a

+

k+q;s

a

k;s

: (3.3)

U zv'�zku z perehodom v�d

^

I

n

(q

1

; :::;q

n

) do �̂

q

funkc�Ý ~�

n

(:::)  l�n��nimi komb�nac��mi �

n

(:::), napriklad:

~�

2

(q;�qj�) = �

2

(q;�qj�)� V

�1

X

q

2

;q

3

�

q+q

2

+q

3

;0

�

3

(q;q

2

;q

3

j�)

+V

�2

X

q

2

;q

3

;q

4

�

q+q

2

+q

3

;q

4

;0

�

4

(q;q

2

;q

3

;q

4

j�) + ::: ; (3.4)

~�

3

(q

1

;q

2

;q

3

j�) = �

3

(q

1

;q

2

;q

3

j�)� V

�1

X

q

�

4

(q;q

1

;q

2

;q

3

j�) + ::: :

Dl� rozrahunku seredn~ogo u formul� (3.1) pere�demo do prostoru kolektivnih zm�nnih �

q

= �

c

q

+ i�

s

q

za

dopomogo� operatora perehodu [10]

^

J(�� �̂) =

Y

c(q)

�(�

q

� �̂

q

); (3.5)

wo  analogom funkc�Ý perehodu v klasiqn�� statistic� [11, 12]. Osk�l~ki �̂

q

ta �̂

�q

ne  nezale�nimi

(�̂

�q

= �̂

+

q

), oblast~ c(q) ohopl� polovinu vs�h mo�livih znaqen~ q. Zm�nn� �

q

ne pov'�zan� z zobra�enn�m

vzamod�Ý � tomu  pr�mimi analogami kolektivnih koordinat u statistic� klasiqnih sistem. Vikoristovu-

�qi sp�vv�dnoxenn�

�̂

q

=

Z

(d�)

^

J(�� �̂)�

q

; (d�) =

Y

c(q)

d�

c

q

d�

s

q

(3.6)

ta �nte�ral~ne zobra�enn� �-funkc�Ý, viznaqamo
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Z

0

�

(�) = Z

0

(~�)

Z

(d�) expU(�j�)

Z

(d!)J(!) � exp[i�

X

q6=0

!

q

�

q

]: (3.7)

Tut

U(�j�) =

X

n�2

(n!)

�1

V

1�n

X

q

1

;:::;q

n

�

q

1

+:::+q

n

;0

~�

n

(q

1

; :::;q

n

j�)

n

Y

j=1

�

q

j

(3.8)

| zobra�enn� operatora

^

U(�̂j�) v kolektivnih zm�n-

nih,

J(!) = hexp[�i�

X

q6=0

!

q

�̂

q

]i

0

= exp

X

n�2

D

n

(!); (3.9)

D

n

(!) = (�i�)

n

(n!)

�1

X

q

1

;:::;q

n

!

q

1

:::!

q

n

S

0

n

(q

1

; :::;q

n

);

a funkc�Ý S

0

n

(q

1

; :::;q

n

) viznaqen� �k zv'�zn� seredn�

v�d dobutku operator�v (3.3)

S

0

n

(q

1

; :::;q

n

) � S

0

n

(q

1

; :::;q

n

j~�) (3.10)

= h�̂

q

1

�̂

q

2

:::�̂

q

n

i

zv

0

� pov'�zan� z bagatoqastinkovimi strukturnimi fak-

torami bazisnoÝ sistemi. Pri c~omu zm�nn� !

q

=

!

c

q

� i!

s

q

spr��en� do zm�nnih �

q

, (d!) =

Q

c(q)

d!

c

q

d!

s

q

.

�nte�ru�qi za zm�nnimi �

q

u formul� (3.7), zvedemo

statistiqnu sumu do takogo zobra�enn� v !-prostor�:

Z

0

�

(�) = Z

0

(~�)

Z

(d!)J(!)f(!) : (3.11)

Mno�nik

f(!) =

Z

(d�) exp

8

<

:

U(�j�) + i�

X

q6=0

!

q

�

q

9

=

;

(3.12)

u nabli�enn� dvoqastinkovih vzamod�� mo�na vra-

huvati toqno:

~

f

2

=

8

<

:

Y

c(q)

[�V

�1

~�

2

(q;�qj�)]

9

=

;

�1

� exp

(

�

2

2

V

X

q

!

q

!

�q

~�

�1

2

(q;�qj�)

)

: (3.13)

Vrahuvann� � bagatoqastinkovih vzamod�� (wo v�d�gra�t~ rol~ popravok) mo�na zrobiti nabli�eno metodom

moment�v.

�nte�ruvann� v (3.11) tako� ne mo�na vikonati toqno qerez skladnu zale�n�st~ S

0

n

(q

1

; :::;q

n

) v�d svoÝh

ar�ument�v. Na�prost�xi� spos�b nabli�enogo �nte�ruvann� pol�ga u vid�lenn� bazovogo rozpod�lu

W

0

(!) = exp

(

�

�

2

V

2

X

q

!

q

!

�q

g

�1

(q)

)

;

g(q) = �~�

2

(q;�qj�)�

�1

0

(q); (3.14)

�

0

(qj�) = 1� V

�1

S

0

2

(q;�q)�

2

(q;�qj�);

�ki� dopuska toqne �nte�ruvann�, � v nastupnomu vrahuvann� mno�nika J(!)f(!)W

�1

0

(!) metodom momen-

t�v v�dnosno bazovogo rozpod�lu. Takim qinom vinika zobra�enn� termodinam�qnogo potenc�alu u vigl�d�

kvantovih �rupovih rozklad�v. U c�� robot� mi obme�imos� nabli�enn�m dvoqastinkovih vzamod�� v U(�j�),

zam�n��qi ~�

2

(:::) na �

2

(:::) u formulah (3.13), (3.14). U c~omu nabli�enn�




0

�

(�) = 


0

(~�) +

1

2�

X

q

ln �

0

(q) +

X

n�1

B

n

(~�);
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B

1

(~�) = ��

�1

X

n�2

(�1)

n

V

�n

[(2n)!!]

�1

X

q

1

;:::;q

n

S

0

2n

(q

1

;�q

1

; :::;q

n

;�q

n

)

n

Y

j=1

g(q

j

); (3.15)

B

2

(~�) = �(4�V

2

)

�1

X

q

R

2

2

(q;�q)g

2

(q) � (2�)

�1

X

n�3

(�V )

�n

(n!)

X

q

1

;:::;q

n

R

n

(q

1

; :::;q

n

)R

n

(�q

1

; :::;�q

n

)

n

Y

j=1

g(q

j

);

::::::::::::::::::::::::::::::::::::::::::::::::::::::

R

n

(q

1

; :::;q

n

) = S

0

n

(q

1

; :::;q

n

) +

X

l�1

(�V )

�l

[(2l)!!]

�1

X

q

0

1

;:::;q

0

l

S

0

n+2l

(q

1

; :::;q

n

;q

0

1

;�q

0

1

; :::;q

0

l

;�q

0

l

)

l

Y

j=1

g(q

0

j

):

Za svo� strukturo� �rupov� koef�c�nti B

n

(~�)

zb�ga�t~s� z �rupovimi koef�c�ntami klasiqnoÝ sta-

tistiki u bazisnomu p�dhod� do vrahuvann� korot-

kos��nih vzamod�� [13]. Specif�qn� risi, harak-

tern� dl� kvantovoÝ model�, v�dobra�a�t~ kumul�nti

S

0

n

(q

1

; :::;q

n

) bazisnoÝ sistemi.

Beruqi do uvagi temperaturnu zale�n�st~ funkc��

�

n

(q

1

; :::;q

n

j�), baqimo, wo termodinam�qni� poten-

c�al osnovnogo stanu model� viznaqat~s� skladovo�




0

(~�) pri ~� = �+ �

�1

�

1

(�), a vs� �nx� skladov� (3.15)

vnos�t~ temperaturn� popravki, �k� peretvor��t~s�

v nul~ pri � !1. Z r�vn�nn�

�N =

@

@~�




0

(~�) (3.16)

viznaqamo hemopotenc�al model� u vipadku abso-

l�tnogo nul� temperaturi

�

�

�

= �

F

�NV

�2

X

q

�

q

�

2

2

(qj�;1; �

F

) (3.17)

=

�

�

2

r

2

s

�

�d

r

s

�

Ry;

de �

F

= h

2

k

2

F

(2m)

�1

| energ�� Ferm�. Seredn� ener-

g�� osnovnogo stanu model�

E

�

= 


0

(�

F

) +N�

�

�

=

�

3

5

�

2

r

2

s

�

�d

0

r

s

�

N Ry; (3.18)

de d

0

| un�versal~na stala, nezale�na v�d f�ziq-

nih parametr�v. R�znim nabli�enn�m dl� funkc�Ý

y

2

(x) v�dpov�da�t~ tak� znaqenn� d

0

: asimptotiq-

ni� rozv'�zok y

(0)

2

(x) da znaqenn� 1:3044:::, qislo-

vi� rozv'�zok r�vn�nn� (2.20) pri 	

(m)

2

(x) = 0 dl�

m � 3 da znaqenn� d

0

(2) = 1:3872:::, u nabli�enn�

	

(m)

2

(x) = 0 pri m � 4 oder�umo d

0

(3) = 1:9600:::,

vrahuvann� 	

(m)

2

(x) pri 2 � m � 4 da d

0

(4) =

1:6873::: � t.d. Ni�qe navedeno znaqenn� d

0

(n) �k

funkc�Ý qisla n(2 � n � 6):

n 2 3 4 5 6

d

0

(n) 1.3872 1.9600 1.6873 1.8417 1.7704

�k vidno z anal�zu krivih ris. 1 ta funkc��

	

(m)

2

(x), urahuvann� skladovih 	

(m)

2

(x) pri m > 6

mo�e zm�niti y

2

(x) neznaqno, ta � to lixe v oblast�

malih znaqen~ zm�nnoÝ x. Ot�e, vpliv 	

(m)

2

(x) pri

m > 6 na znaqenn� d

0

te� bude neznaqnim.

�k v�domo, energ�� osnovnogo stanu elektronnoÝ

r�dini v oblast� niz~kih gustin (r

s

>> 1) dosit~ do-

bre dosl�d�ena. V��ner zaznaqiv [14, 15], wo u c~omu

vipadku vig�dnim sta utvorenn� ob'mocentrovanoÝ

kub�qnoÝ �ratki, elektrostatiqna energ�� �koÝ v gra-

nic� sil~nogo zv'�zku E

w

= �N Ry 1:79815:::. Na

osnov� kvantovo{mehan�qnogo opisu dinam�ki �ratki

V��nera v prac�h [16, 17] bulo oder�ano taki� roz-

klad dl� energ�Ý osnovnogo stanu za stepen�mi para-

metra r

�1=2

s

:

E

0

= N Ry

8

<

:

X

n�0

A

1+n

r

�(1+1=2n)

s

+ (3.19)

+0(exp[��r

1=2

s

])

o

:

Pri c~omu A

1

= �1:79815:::, A

2

= 2:65724:::, A

3

=

�0:73:::, A

n

= �0:8:::; � = 2:06::: . Takim qinom obqi-

slene nami znaqenn� energ�Ý osnovnogo stanu E

�

pri

� = 1 asimptotiqno toqno viznaqa energ�� �ratki

V�gnera pri velikih r

s

� obme�u znizu znaqenn�

energ�Ý elektronnoÝ r�dini pri dov�l~nih znaqenn�h

parametra ne�deal~nost�.

Rozgl�nemo dal� pitann� pro vib�r parametra

vkl�qenn� �

0

dl� vipadku osnovnogo stanu model�.

Wob rozv'�zati r�vn�nn� (1.37), neobh�dno znati ne

lixe

h

@

^

U

�

0

@�

i

P

1

= h

@

^

U

�

0

@�

i

P

0

�

0

= N Ry

�

0

d

0

r

s

; (3.20)

ale tako� h

^

V i

P

1

ta h

^

V i

P

0

�

0

. Korektni� rozrahunok

ostann~oÝ veliqini mo�na vikonati na osnov� parnoÝ
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korel�c��noÝ funkc�Ý model� z� statistiqnim opera-

torom p̂

0

�

0

, wo, odnak, vihodit~ za ramki c�Ý statt�.

Tut mi poka�emo, wo mo�livi� taki� vib�r parame-

tra �

0

= �

0

(r

s

), �ki� zabezpequ toqni� zb�gE

�

z ener-

g�� model� pri vs�h znaqenn�h parametra ne�deal~-

nost� r

s

. U c~omu vipadku veliqina�

1

= h

^

V +

@

^

U

�

0

@�

i

p

1

bude v�d'mno�, v�dpov�dno do r�vn�nn� (1.37) � ma-

lo�.

Dl� rozrahunku seredn~ogo h

^

V i

P

1

vikoristamo ta-

ki� pri�om. �k v�domo, seredn znaqenn� energ�Ý mo-

del� (1.1) mo�na zapisati u vigl�d� [18]:

E = E

id

+

Z

e

2

0

de

2

1

e

2

1

h

^

V

e

2

1

i

P

1

(e

2

1

)

; (3.21)

de E

id

| seredn znaqenn� energ�Ý �deal~noÝ sistemi;

h

^

V

e

2

1

i

P

1

(e

2

1

)

| seredn znaqenn� energ�Ý vzamod�Ý u

sistem�, de zar�d elektrona dor�vn� e

1

. Vnesok

vzamod�Ý v (3.21) mo�na zvesti do takoÝ formi:

Z

e

2

0

de

2

1

e

2

1

h

^

V

e

2

1

i

P

1

(e

2

1

)

= Nh

2

[2mhri

2

]

�1

r

2

s

�(r

s

); (3.22)

de hri = (3V=4�N)

1=3

, a �(r

s

) | bezrozm�rna funkc��

parametra r

s

, a same:

�(r

s

) = �

HF

(r

s

) + �

c

(r

s

): (3.23)

Tut �

HF

(r

s

) = �3�(2�r

s

)

�1

| vnesok, zumovleni�

�deal~nimi korel�c��mi, �

c

(r

s

) | tak zvana kore-

l�c��na energ�� (vnesok ne�deal~nih korel�c��). Z to-

to�nost�

h

^

V i

P

1

= e

2

d

de

2

(

Z

e

2

0

de

2

1

e

2

1

h

^

V

e

2

1

i

P

1

(e

2

1

)

)

(3.24)

znahodimo, wo

h

^

V i

P

1

= N Ry r

�1

s

d

dr

s

[r

2

s

�(r

s

)]: (3.25)

Viberemo teper parametr �

0

z umovi

�

�

0

d

0

r

s

= �(r

s

); (3.26)

�ka zabezpequ sp�vpad�nn� E

�

z toqnim znaqenn�m

energ�Ý model� (1.1) pri T = 0 K. Pri takomu vibor�

�

0

viznaqamo, wo

�

1

(�

0

) = h

^

V +

@

^

U

�

0

@�

i

P

1

= �d

0

d�

0

(r

s

)

dr

s

=

d

dr

s

[r

s

�

c

(r

s

)]: (3.27)

Vid�l��qi energ�� vzamod�Ý z (3.19), znahodimo roz-

klad za stepen�mi r

�1=2

s

dl� parametra �

0

(r

s

) v

oblast� niz~kih gustin:

�

0

(r

s

) = 1� a

1

r

�1=2

s

+ a

2

r

�1

s

+ a

3

r

�3=2

s

+ ::: : (3.28)

Koef�c�nti a

n

> 0 viznaqa�t~s� takimi sp�vv�dno-

xenn�mi: a

1

= �A

2

A

�1

1

= 1:47776, a

2

= A

�1

1

[A

3

�

3=5�

2

] = 1:6461, a

3

= A

�1

1

A

4

= 0:44490 � t.d. V�d-

pov�dno dl� �

1

(�

0

) mamo:

�

1

(�

0

) = �1:32862r

�3=2

s

+ (3.29)

+ 2:94r

�2

s

+ 1:2r

�5=2

s

+ ::: :

Z rozklad�v (3.28), (3.29) baqimo, wo �

0

(r

s

) < 1

� pr�mu do odinic� pri r

s

! 1. Funkc�� �

1

(�

0

)

 v�d'mno� � malo� por�vn�no z �(r

s

): v�dnoxenn�

�

1

(�

0

)�

�1

(r

s

) ma por�dok �A

2

(2A

1

)

�1

r

�1=2

s

� pr�mu

do nul� v granic� velikih r

s

. Pri rozrahunku �

0

(r

s

)

mi poklali, wo d

0

= �A

1

= 1:79815:::.

V oblast� visokih gustin vikoristamo v�domi� vi-

raz dl� korel�c��noÝ energ�Ý [18]

�

c

(r

s

) = 0:0622 ln r

s

� 0:096 +O(r

s

): (3.30)

Z formul (3.26) ta (3.27) znahodimo v granic� malih

r

s

:

�

0

(r

s

) = 3�(2�d

0

)

�1

� 0:0622 d

�1

0

r

s

ln r

s

(3.31)

+0:096r

s

+ ::: ;

�

1

(�

0

) = 0:0622 ln r

s

� 0:034 +O(r

s

):

Ot�e, �

0

(r

s

) pr�mu do znaqenn� �

0

(0) = 3�(2�d

0

)

�1

=

0:509596::: v granic� slabo ne�deal~noÝ sistemi (r

s

!

0). V�dnoxenn� �

1

(�

0

)�

�1

(r

s

) ! 0 pri r

s

! 0,

hoq �

1

(�

0

) ma taki� sami� por�dok veliqini, wo

� �

c

(r

s

). Use ce sv�dqit~ pro nedoc�l~n�st~ viko-

ristann� aproksimac��nogo statistiqnogo operatora

dl� opisu slabo ne�deal~nih sistem . Na ris. 2 po-

kazano zale�n�st~ parametra �

0

v�d parametra ne�de-

al~nost� r

s

u nabli�enn� (3.31) (kriva 1), a tako� v

nabli�enn� (3.28) (kriva 2). Kriva 3 pobudovana za

formulo� (3.26), priqomu dl� korel�c��noÝ energ�Ý

vikoristano aproksimac��nu formulu, spravedlivu

v oblast� prom��nih r

s

tako�:

�

c

(r

s

) = �2b

0

Z

1

a

dx (b

1

+ x

�1

) (3.32)

� [1 + b

1

x+ b

2

x

2

+ b

3

x

3

]

�1

pri a = r

s

1=2

, b

0

= 0:0621814, b

1

= 9:81379, b

2

=

2:82214, b

3

= 0:69699, wo v�dpov�da aproksimac�Ý

rezul~tat�v metodu Monte{Karlo [19], zroblen�� u

prac� [20] dl�

d

dr

s

�

c

(r

s

). Mo�na baqiti z risunka, na-

bli�enn� niz~kih gustin (3.28) spravedlive v�e v

oblast� r

s

� 10.
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Ris. 2. Zale�n�st~ parametra �

0

v�d parametra ne�de-

al~nost� r

s

: kriva 1 { nabli�enn� visokih gustin (3.31),

2 { nabli�enn� niz~kih gustin (3.28), kriva 3 v�dpov�da

formul� (3.26) pri vikoristann� �nterpol�c��noÝ for-

muli (3.32) dl� �

c

(r

s

).

IV. VISNOVKI

Zaproponovane nami uzagal~nenn� metodu zm�wen~

 de�ko� al~ternativo� do metod�v teor�Ý zbu-

ren~, �k� tradic��no vikoristovu�t~ u teor�Ý sistem

vzamod��qih qastinok. Ner�vnost� (1.12), (1.18) da-

�t~ p�dstavi dl� pobudovi model~nogo statistiq-

nogo operatora

^

P

0

�

0

, �ki� v�d�gra rol~ aproksimac��-

nogo dl� dosl�d�uvanoÝ f�ziqnoÝ sistemi (1.1). Na

priklad� model� elektronnoÝ r�dini mi pro�l�stru-

vali mo�liv�st~ takoÝ pobudovi, a tako� mo�liv�st~

re�ul�vann� granic~ v�dhilen~ rozrahovanih termo-

dinam�qnih harakteristik v�d Ýhn�h toqnih znaqen~.

Dl� viznaqenn� parametra �

0

mi skoristalis� re-

zul~tatami rozrahunku seredn~oÝ energ�Ý elektronnoÝ

r�dini metodom Monte{Karlo [19]. Odnak c�Ý meti

mo�na bulo b dos�gti, vikoristavxi dobre v�domu

asimptotiqnu zale�n�st~ �(r

s

) pri malih ta veli-

kih znaqenn�h r

s

, a tako� qislov� rozrahunki c�Ý ha-

rakteristiki v oblast� prom��noÝ ne�deal~nost� [21].

Statistiqni� operator

^

P

0

�

0

da zmogu rozrahuvati vs�

harakteristiki model�, u tomu qisl� � pri sk�nqen-

nih temperaturah. V�dsutn�st~ zobra�enn� vzamod�Ý

znaqno� m�ro� polegxu c� zadaqu � da zmogu sko-

ristatis� metodami klasiqnoÝ statistiki.

Na osnov�

^

P

0

�

0

budut~ dosl�d�en� fazov� stani mo-

del� odnor�dnoÝ elektronnoÝ r�dini (paramagnetni�,

nadprov�dni� [22], feromagnetni� [18]), a tako� mo-

�liv� strukturn� peretvorenn� (viniknenn� hvil~

zar�dovoÝ gustini, �ratka V��nera [10]). Aproksi-

mac��ni� operator mo�na zastosuvati tako� dl� do-

sl�d�enn� spor�dnenih modele� sil~no ne�deal~nih

ferm�{sistem, zokrema modele� metal�v, nadprov�d-

nik�v, elektron{d�rkovoÝ r�dini. Osoblivi� �nteres

stanovit~ mo�liv�st~ zastosuvann� c~ogo p�dhodu

dl� vivqenn� harakteristik prostorovo neodnor�d-

nih ta obme�enih ferm�{sistem.

DODATOK

Qerez antierm�tov�st~ operatora

^

K

1

poh�dnu

d

dt


(�jt) zruqn�xe obqisliti na osnov� operatora

^

H

2

(t):

d

dt


(�jt) = �2th

^

L

1

i

P

2

(t)

; (D.1)

^

P

2

(t) = exp[��(

^

H

2

(t)� �

^

N)] = exp[��

^

H

0

2

]:

Zv�dsi vipliva, wo

d

dt


(�jt) = 0 pri t = 0, a

perxi� dodanok drugoÝ poh�dnoÝ (div. (1.21))  ne-

v�d'mno� veliqino� pri vs�h t.

Dl� obqislenn� drugogo dodanka poh�dnoÝ

d

2

dt

2


(�jt)

vikoristamo vlastiv�st~ cikl�qnost� operac�Ý

Spf:::g, perehod�qi v�d neerm�tovogo operatora

^

H

0

1

do erm�tovogo

^

H

0

2

Sp

n

^

K

1

e

��

^

H

0

1

^

K

1

e

��(1�)

^

H

0

1

o

(D.2)

= Sp

n

^

B(t)e

��

^

H

0

2

^

B(t)e

��(1�)

^

H

0

2

o

;

de

^

B(t) = exp(t

^

U

1

)

^

K

1

exp(�t

^

U

1

). Pere�demo do zo-

bra�enn�, v �komu H

0

2

d�agonal~ni�, vrahovu�qi,

wo dl� matriqnih element�v

^

K

1

vikonut~s� r�v-

n�st~ (

^

K

1

)

ij

= �(

^

K

1

)

ji

. Vvod�qi matriqn� elementi

�

(�)

kl

= [exp(�t

^

U

1

)]

kl

, oder�umo:

�

�1

d

2

dt

2


(�jt) =

�

d

dt


(�jt)

�

2

(D.3)

+Z

�1

(�jt)

X

l

1

;l

2

;k

1

;k

2

(

^

K

1

)

l

1

;k

1

(

^

K

1

)

�

k

2

;l

2

A(l

1

; l

2

; k

1

; k

2

);

de

Z(�jt) =

X

n

exp(��E

t

n

);

A(l

1

; l

2

; k

1

; k

2

) =

X

n;m

A

m;n

(t)�

(�)

k

1

;n

�

(+)

nl

2

�

(+)

ml

1

�

(�)

k

2

;m

; (D.4)

A

m;n

(t) =

�

E

t

n

�E

t

m

	

�1

�

�

exp(��E

t

m

)� exp(��E

t

n

)

	

;

a E

t

n

| vlasn� znaqenn� operatora

^

H

0

2

=

^

H

2

(t)� �

^

N .

Beruqi do uvagi, wo A

m;n

(t) | dodatna funkc�� �

X

n

�

(+)

nl

�

(�)

kn

= �

l;k

; (D.5)

zna�demo tak� m

0

; n

0

, wo

A(l

1

; l

2

; k

1

; k

2

) � A

m

0

;n

0

(t)�

k

1

;l

2

�

l

1

;k

2

: (D.6)

Tomu
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�

�1

d

2

dt

2


(�jt) �

�

d

dt


(�jt)

�

2

(D.7)

+A

m

0

;n

0

(t)Z

�1

(�jt)

X

l

1

;l

2

j(

^

K

1

)

l

1

;l

2

j

2

� 0:

Ot�e, poh�dna

d

dt


(�jt)  monotonno� nespadno�

funkc�� parametra t(0 � t � 1), wo dor�vn� nu-

lev� pri t = 0. Z c�Ý priqini

0 �

Z

1

0

dt

d

dt


(�jt) �

�

d

dt


(�jt)

�

jt=1

; (D.8)

zv�dki vipliva ner�vn�st~ (1.22).
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APPROXIMATING STATISTICAL OPERATOR FOR A STRONGLY

NON{IDEAL FERMI SYSTEM
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On the ground of the modi�ed displacement transformation a method of constructing an e�ective statistical

operator for the strongly non-ideal Fermi systems has been developed. The general scheme is adapted to the

homogeneous electron liquid model at the low temperatures without the limitation on the nonideality parameter

r

s

.
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