
�URNAL F�ZIQNIH DOSL�D�EN^

t. 2, } 1 (1998) s. 23{29

JOURNAL OF PHYSICAL STUDIES

v. 2, No 1 (1998) p. 23{29

CIKL�QNE PERETVORENN� STATISTIQNOÕ SUMI � ZOBRA�ENN�

ZM�WEN^ U TEOR�Õ FERM�{SISTEM

M. Vavruh

1

, �. Kuxta�

2

, V. Solov'�n

3

1

L~v�vs~ki� der�avni� un�versitet �men� �vana Franka, kafedra astrof�ziki,

vul. Kirila � Mefod��, 8, L~v�v, UA{290005, UkraÝna,

2

L~v�vs~ki� ekonom�qni� b�znes{koled�, vul. Mencins~kogo, 8, L~v�v, UA{290000, UkraÝna,

3

�nstitut f�ziki kondensovanih sistem NAN UkraÝni,

vul. Svnc�c~kogo, 1, L~v�v, UA{290011, UkraÝna

(Otrimano 24 l�togo 1997, v ostatoqnomu vigl�d� | 20 qervn� 1997)

Dovedeno, wo zobra�enn� zm�wen~ u vipadku ferm�-sistem ekv�valentne de�komu cikl�q-

nomu peretvorenn� statistiqnoÝ sumi � v�dpov�da perenormovan�� teor�Ý zburen~, �ka �run-

tut~s� na vrahuvann� korel�c��nih efekt�v, zokrema efekt�v lokal~nogo pol�. Navedeno

rezul~tati rozrahunku ener��Ý osnovnogo stanu model� elektronnoÝ r�dini v oblast� parame-

tra ne�deal~nosti 10

�2

� r

s

� 10 u paramagnetn�� faz�.
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kal~ne pole, ener��� osnovnogo stanu.
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I. VSTUP

Dal~xa rozrobka metodu dosl�d�enn� sil~no

ne�deal~nih ferm�-sistem, zaproponovanogo v prac�h

avtor�v [1, 2],  meto� c�Ý publ�kac�Ý. Tut pokazano,

wo zobra�enn� zm�wen~ ne  �kims~ specif�qnim

pri�omom, a nale�it~ do pevnogo klasu peretvoren~

statistiqnoÝ sumi ferm�-sistem, a same cikl�qnih

peretvoren~, dobre v�domih u statistiqn�� f�zic�. �k

v�domo, tak� peretvorenn�  osnovo� metod�v perenor-

muvann� u teor�Ý zburen~. U c�� robot� dovedeno, wo

peretvorenn� zm�wen~ (abo cikl�qne peretvorenn�)

da zmogu sformul�vati perenormovanu termodi-

nam�qnu teor�� zburen~, zastosovnu v xirok�� oblast�

parametra ne�deal~nosti, osk�l~ki v n�� prirodnim

qinom vrahovu�t~s� �k efekti ekranuvann�, tak �

efekti lokal~nogo pol�.

Ni�qe vikoristamo t� sam� poznaqenn�, wo � u ro-

bot� [2], a tako� pokliki na v�dpov�dn� formuli c�Ý

roboti.

II. CIKL�QNE PERETVORENN�

STATISTIQNOÕ SUMI

�k � v robot� [2], rozgl�nemo statistiqnu sumu u

velikomu kanon�qnomu ansambl�

Z(�) = Spfexp[��(

^

H � �

^

N)]g (2.1)

ferm�-sistemi, �k�� v�dpov�da gam�l~ton��n zagal~-

nogo vidu

^

H =

^

H

0

+

^

V ; (2.2)

de

^

H

0

| operator k�netiqnoÝ ener��Ý, a

^

V | lokal~-

noÝ vzamod�Ý m�� qastinkami. U formul� (2.1) viko-

ristano poznaqenn�:

^

N | operator qisla qastinok,

� | zm�nna hem�qnogo potenc��lu, � | obernena tem-

peratura. Vikoristamo erm�tovi� operator

^

W , pri-

puska�qi, wo v�n komutu z operatorami

^

N �

^

V , �

vikonamo cikl�qne peretvorenn� statistiqnoÝ sumi

Z(�) = Spfexp[�

^

W ] exp[��(

^

H � �

^

N)] exp

^

Wg (2.3)

= Spfexp[��(

^

H

0

� �

^

N +

^

K

w

+

^

V +

^

L

w

)]g;

de

^

K

w

= [

^

H

0

;

^

W ]

�

;

^

L

w

=

1

2

[[

^

H

0

;

^

W ]

�

;

^

W ]

�

: (2.4)

Nev�domi� operator

^

W viberemo takim qinom, wob

vikonuvalas~ umova

[(

^

V +

^

L

w

);

^

N ]

�

= [(

^

V +

^

L

w

);

^

H

0

]

�

= [(

^

V +

^

L

w

);

^

K

w

]

�

= 0: (2.5)

Pri takomu vibor�

^

W dl� statistiqnoÝ sumi oder-

�umo zobra�enn�

Z(�) = Spfexp[��(

^

V +

^

L

w

)] (2.6)

� exp[��(

^

H

0

� �

^

N +

^

K

w

)]g ;

�ke za svo� formo� nagadu zobra�enn� zm�wen~

[2].

U vipadku model� elektronnoÝ r�dini
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^

H

0

=

X

k;s

"

k

a

+

k;s

a

k;s

; (2.7)

^

V = (2V )

�1

X

q;k

1

;k

2

V

q

X

s

1

;s

2

a

+

k

1

+q;s

1

a

+

k

2

�q;s

2

a

k

2

;s

2

a

k

1

;s

1

;

de "

k

= �h

2

k

2

=2m, V

q

= 4�e

2

q

�2

, V | ob'm sistemi, s | sp�nov� zm�nn�, a

k;s

| operatori vtorinnogo kvantu-

vann� na baz� ploskih hvil~. Umovu (2.5) zadovol~n� operator u form� sumi efektivnih lokal~nih bagato-

qastinkovih vzamod��

^

W =

X

n�2

^

W

n

; (2.8)

^

W

n

= (n!)

�1

V

1�n

X

q

1

;:::;q

n

�

n

(q

1

; : : : ;q

n

) � �

q

1

+���+q

n

;0

^

I

n

(q

1

; : : : ;q

n

) ;

^

I

n

(q

1

; : : : ;q

n

) =

X

k

1

;:::;k

n

X

s

1

;:::;s

n

a

+

k

1

+q

1

;s

1

: : : a

+

k

n

+q

n

;s

n

a

k

n

;s

n

: : : a

k

1

;s

1

:

Viberemo funkc�Ý �

n

(q

1

; : : : ;q

n

) takim qinom, wob voni zadovol~n�li sistemu �nte�ral~nih r�vn�n~ (2.3)

roboti [2] v granic� � !1, tobto:

V

n

(q

1

; : : : ;q

n

)� 2N(�)V

�1

�

2

2

(q

1

;�q

1

)"

q

1

�

n;2

(2.9)

�(1� �

n;2

)�

n

(q

1

; : : : ;q

n

)�

n

(q

1

; : : : ;q

n

)�

X

m�2

	

(m)

n

(q

1

; : : : ;q

n

) = 0:

Pri c~omu V

2

(q;�q) � V

q

, oznaqenn� funkc��

�

n

(:::) ta funkc�onal�v	

n

(:::) navedeno u (2.4) roboti

[2], a N(�) = h

^

Ni | statistiqne seredn operatora

qisla qastinok.

Beruqi do uvagi �vni� vigl�d komutatora

^

L

w

, zna-

hodimo, wo operator

��[

^

V +

^

L

w

] = �

^

N

2

V

�1

�

0

; (2.10)

�

0

= V

�1

X

q6=0

�

q

�

2

2

(q;�q)

d��sno zb�gat~s� �z graniqnim znaqenn�m operatora

zm�wen~

^

U pri � !1.

Model~nu sistemu, �ka opisut~s� statistiqnim

operatorom

^

P

B

= expf�

^

N

2

V

�1

�

0

� �[

^

H

0

� �

^

N ]g ; (2.11)

vikoristamo �k bazisnu pri rozrahunku Z(�). Vona

taka � zruqna, �k � model~ �deal~nih ferm�on�v, a

bagatoqastinkov� korel�c��n� funkc�Ý cih dvoh mode-

le� zb�ga�t~s�. Vodnoqas model~ (2.11) pevno� m�ro�

vrahovu vzamod�� m�� qastinkami. Vikoristovu-

�qi zobra�enn� vzamod�Ý, mamo:

Z(�) = Z

B

(�)h

^

Si

B

; (2.12)

^

S = T expf�

�

Z

0

d�

0

e

�

0

(

^

H

0

��

^

N)

^

K

w

e

��

0

(

^

H

0

��

^

N)

g ;

Tut

Z

B

(�) = Sp

^

P

B

= exp(��


B

(�)) (2.13)

| statistiqna suma bazisnoÝ sistemi, a 


B

(�) |

ÝÝ termodinam�qni� potenc��l; simvol h: : : i

B

ozna-

qa statistiqne seredn za stanami bazisnoÝ sistemi.

Asimptotiqno toqni� viraz dl� 


B

(�) legko ot-

rimati za dopomogo� samouzgod�enogo nabli�enn�,

skoristavxis~ toto�n�st�

^

N

2

= 2

^

NS

1

� S

2

1

+ [

^

N � S

1

]

2

: (2.14)

Nehtu�qi ostann�m qlenom u prav�� qastin� (2.14),

znahodimo, wo




B

(�) = 


0

(�

�

) + V

�1

S

2

1

�

0

; (2.15)
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�

�

= �+ 2�

0

S

1

V

�1

;

de 


0

(�) | termodinam�qni� potenc��l �deal~noÝ si-

stemi (bez vzamod�Ý). Osk�l~ki S

1

= �

@

@�




0

(�), to

umova

N = �

@

@�




B

(�) (2.16)

zvodit~s� do r�vn�nn�

N = �

@

@�

�




0

(�

�

); (2.17)

z �kogo vipliva,wo �

�

� �

id

�

�;

N

V

�

, de �

id

| hempo-

tenc��l �deal~noÝ sistemi. Takim qinom, hempoten-

c��l bazisnoÝ sistemi (2.11) dor�vn�

�

B

= �

id

�

�;

N

V

�

� 2

N

V

�

0

; (2.18)

a ÝÝ v�l~na ener��� viznaqat~s� virazom

F

B

= 


B

(�

B

) +N�

B

= F

id

�

N

2

V

�

0

; (2.19)

de F

id

| v�l~na ener��� sistemi ferm�on�v bez

vzamod�Ý.

Ot�e, cikl�qne peretvorenn� z operatorom (2.8)

statistiqnoÝ sumi ekv�valentne zobra�enn� zm�wen~

pri absol�tnomu nul� temperaturi. �k pokazano v

[2], nabli�enn� (2.19) obme�u znizu ener��� osnov-

nogo stanu model� elektronnoÝ r�dini �  asimpto-

tiqno toqnim u me�ah niz~kih gustin (r

s

� 1). Mi

poka�emo tut, wo nabli�ene vrahuvann� seredn~ogo

h

^

Si

B

u (2.12), za teor�� zburen~, privodit~ do re-

zul~tat�v, spravedlivih v oblast� visokih ta prom��-

nih gustin. Zavd�ki vid�lenn� skladovoÝ �N

2

V

�1

�

0

u v�l~n�� ener��Ý, mi mamo spravu z perenormova-

no� teor�� zburen~ pri rozrahunku h

^

Si

B

. Taka te-

or�� zburen~ v�dr�zn�t~s� v�d zviqa�noÝ [5] �k topo-

log�� d��gram, tak � na�vn�st� efektivnogo poten-

c��lu vzamod�Ý.

III. PERENORMOVANA TEOR�� ZBUREN^

�k vidno z (2.12), S-matric� pobudovana na komu-

tator�

[

^

H

0

;

^

W ]

�

=

h

2

m

X

n�2

(n!)

�1

V

1�n

X

q

1

;:::;q

n

�

q

1

+���+q

n

;0

�

n

(q

1

; : : : ;q

n

)

�

X

k

1

;:::;k

n

n

X

m=1

�

k

m

+

q

m

2

;q

m

�

^

J

n

(q

1

; : : : ;q

n

j k

1

; : : : ;k

n

) ; (3.1)

^

J

n

(q

1

; : : : ;q

n

j k

1

; : : : ;k

n

) =

X

s

1

;:::;s

n

a

+

k

1

+q

1

;s

1

: : : a

+

k

n

+q

n

;s

n

a

k

n

;s

n

: : : a

k

1

;s

1

:

Vikoristamo simvol uzagal~nenogo hronolog�q-

nogo vpor�dkuvann�

~

T [4], �ki� privodit~ dobutok

operator�v do normal~noÝ formi u vipadku odnako-

vih znaqen~ zm�nnoÝ �

0

, a same:

~

Tfa

k

1

;s

1

(�

0

)a

+

k

2

;s

2

(�

0

)g = �a

+

k

2

;s

2

(�

0

)a

k

1

;s

1

(�

0

) : (3.2)

Pere�demo tako� do qastotnogo zobra�enn� [4], uvo-

d�qi superpozic�� ferm�-operator�v u zobra�enn�

vzamod�Ý

a

k;s

(�

�

) = �

�1=2

�

Z

0

a

k;s

(�

0

) exp(i�

�

�

0

)d�

0

; (3.3)

de �

�

= (2n + 1)��

�1

| qastoti Ferm�-Macubari

[3]. U rezul~tat� oder�umo taki� qastotni� zapis

S-matric�:

^

S =

~

T expf�

X

n�2

�h

2

m

(�V )

1�n

[(n� 1)!]

�1

(3.4)

�

X

x

1

;:::;x

n

�

x

1

+���+x

n

;0

�

n

(q

1

; : : : ;q

n

)

^

f

x

1

�̂

x

2

� � � �̂

x

n

g :

Pri c~omu

�̂

x

= �̂

q;�

=

X

k;s;�

�

a

+

k+q;s

(�

�

+ �)a

k;s

(�

�

) (3.5)
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| spektral~ne zobra�enn� operatora elektronnoÝ

gustini,

^

f

x

�

^

f

q;�

(3.6)

=

X

k;s;�

�

�

k+

q

2

;q

�

a

+

k+q;s

(�

�

+ �)a

k;s

(�

�

) ;

de x � (q; �), a � = 2n��

�1

| qastoti Boze{

Macubari [3]. U robot� [4] vstanovleno pravilo ob-

qislenn� seredn�h v�d dobutku operator�v a

k;s

(�

�

),

zg�dno z �kim

�h

~

Tfa

k

1

;s

1

(�

�

1

)a

+

k

2

;s

2

(�

�

2

)gi

0

= G

0

k

1

;s

1

(�

�

1

)�

k

1

;k

2

�

s

1

;s

2

�

�

�

1

;�

�

2

; (3.7)

de G

0

k;s

(�

�

) = [i�

�

�"

k

+�]

�1

exp(i�

�

�) | spektral~ne

zobra�enn� odnoqastinkovoÝ funkc�Ý �r�na �deal~noÝ

sistemi (� ! +0). U pri�n�tomu viwe samouzgod�e-

nomu nabli�enn� formula (3.7) spravedliva � pri za-

serednenn� za stanami bazisnoÝ sistemi (2.11).

Rozrahunok seredn~ogo h

^

Si

B

vikonamo za teor��

zburen~. Unasl�dok antierm�tovosti operatora

^

K

w

vneski vs�h neparnih por�dk�v u c~omu vipadku

dor�vn��t~ nulev�. Z c�Ý � priqini dor�vn��t~ nu-

lev� tako� us� vlasneener�etiqn� d��grami abo d��-

grami z takimi elementami. U zv'�zku z cim pere-

tvorenn� (2.3) �nvar��ntne v�dnosno zam�ni

^

W ! �

^

W ,

wo ma q�tki� f�ziqni� sens. Rozgl�nemo nasampered

vnesok u termodinam�qni� potenc��l d��gram drugogo

por�dku (pol�rizac��noÝ � obm�nnoÝ) ta sumi pol�ri-

zac��nih d��gram us�h viwih por�dk�v (n � 4), pobu-

dovanih na na�va�liv�xomu efektivnomu potenc��l�

�

2

(q;�q). U c~omu nabli�enn�


(�) = 


B

(�) + (2�)

�1

X

x

ln[1 +M

x

] + 


ex

2

(�); (3.8)

M

x

= �

�

�h

2

m

�

2

(�V )

�2

�

2

2

(q;�q)

�fh�̂

x

�̂

�x

i

0

h

^

f

x

^

f

�x

i

0

+ h�̂

x

^

f

�x

i

2

0

g:

Seredn�, wo tut f�guru�t~, vira�a�t~s� qerez dvo-

qastinkovu korel�c��nu funkc�� �deal~noÝ sistemi

~�

0

2

(x;�x):

h�̂

x

�̂

�x

i

0

= �

X

k;s;�

�

G

0

k+q;s

(�

�

+ �) G

0

k;s

(�

�

) (3.9)

= � ~�

0

2

(x;�x) ;

h�̂

x

^

f

�x

i

0

= �i��

�

�h

2

m

�

�1

~�

0

2

(x;�x);

h

^

f

x

^

f

�x

i

0

= �2�N"

q

�

�h

2

m

�

�2

+ ��

2

�

�h

2

m

�

�1

~�

0

2

(x;�x):

Takim qinom,

M

x

= V

�1

~�

0

2

(x;�x)v

ef

(q); (3.10)

de efektivni� potenc��l

v

ef

(q) = 2NV

�1

"

q

�

2

2

(q;�q) (3.11)

ma vlastivost� fur'-obrazu potenc��lu kvantovogo

paketa (v

ef

(q) � q

�2

pri q ! 0; v

ef

(q) � q

�5

pri

q !1).

P�sl� obqislenn� sum za qastotami � elementar-

nih peretvoren~ vnesok obm�nnoÝ d��grami nabuva

formi




ex

2

(�) = (2V )

�1

X

q

	

(2)

2

(q;�q)~�

0

2

(q;�q) (3.12)

+ (3!)

�1

V

�2

X

q

1

;q

2

;q

3

V

3

(q

1

;q

2

;q

3

)~�

0

3

(q

1

;q

2

;q

3

):

Tut uvedeno fur'-obrazi n-qastinkovih korel�c��-

nih funkc�� �deal~noÝ sistemi:

~�

0

2

(q;�q) = �

X

k;s

n

0

k;s

n

0

k+q;s

; (3.13)

~�

0

3

(q

1

;q

2

;q

3

) = 2

X

k;s

n

0

k+q

1

;s

n

0

k+q

1

+q

2

;s

n

0

k+q

1

+q

2

+q

3

;s

�

q

1

+q

2

+q

3

;0

; :::;

de n

0

k;s

| rozpod�l za �mpul~sami v �deal~n�� sistem�. Osk�l~ki

(2�)

�1

X

x

M

x

= (2V )

�1

X

q

[N + ~�

0

2

(q;�q)]v

ef

(q); (3.14)
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to, vrahovu�qi v operator�

^

K

w

qleni z �

n

(:::) pri

n � 3, a tako� beruqi do uvagi r�vn�nn� dl� funk-

c�Ý �

2

(q;�q), zobrazimo termodinam�qni� potenc��l

u tradic��nomu vigl�d�, vid�l��qi vnesok �deal~nih

korel�c�� 


HF

(�) � tak zvani� korel�c��ni� (vnesok

ne�deal~nih korel�c��):


(�) = 


0

(�) + 


HF

(�) + 


c

(�);




HF

(�) = (2V )

�1

X

q

~�

0

2

(q;�q)V

q

; (3.15)




c

(�) = (2�)

�1

X

x

fln[1 +M

x

]�M

x

g:

U granic� malih hvil~ovih vektor�v v

ef

(q) bliz~-

ki� do kulon�vs~kogo potenc��lu V

q

(div. (2.9)), a qe-

rez ce skladova 


c

(�) bliz~ka do korel�c��nogo vne-

sku u zviqa�nomu nabli�enn� haotiqnih faz [5], za-

stosovnomu v oblast� visokih gustin (r

s

� 1). Odnak

pri malih i prom��nih gustinah 


c

(�) pri�ma viw�

znaqenn�, n�� u zviqa�n�� teor�Ý zburen~ na kulon�v-

s~komu potenc��l�. Perehod�qi do ener��Ý osnovnogo

stanu, zapixemo ÝÝ tako� u tradic��n�� form�. U na-

bli�enn� (3.15) korel�c��na ener��� v rozrahunku na

odin elektron (u r�dber�ah) dor�vn�:

"

c

(r

s

) =

3

2�

�

4

�

�

2=3

r

�2

s

1

Z

0

du

1

Z

0

dtt

3

fln[1 +m

t

]�m

t

g ;

m

t

=

�

4

�

�

2=3

r

s

t

2

Z

2

2

(t)I

2;0

�

t

h

4

3�

i

1=3

; u

�

: (3.16)

Tut vikoristano bezrozm�rn� zm�nn�

t = qa

0

n

�1=3

; u = �(2"

F

t)

�1

k

F

a

0

n

�1=3

;

n = 4�

N

V

a

3

0

; (3.17)

a I

2;0

(q; u) | bezrozm�rni� mno�nik kumul�nta

~�

0

2

(x;�x):

I

2;0

(q; u) = 2"

F

(3N)

�1

�

0

2

(x;�x)

=

1

2

�

1 + (2q)

�1

h

1 + u

2

�

q

2

4

i

ln

u

2

+ (1 +

q

2

)

2

u

2

+ (1�

q

2

)

2

(3.18)

+u

h

arctg

1 +

q

2

u

+ arctg

1�

q

2

u

i

�

:

Bezrozm�rna funkc�� Z

2

2

(t)  un�versal~no� monoton-

no� funkc�� zm�nnoÝ t, wo ma taku asimptotiku:

Z

2

2

(t) �

�

1 pri t� 1;

t

�3

pri t� 1

(3.19)

(div. ris. 1 v [2]). Poklada�qi formal~no Z

2

2

(t) =

1, oder�umo nabli�enn� haotiqnih faz zviqa�noÝ

teor�Ý zburen~ "

RPA

c

(r

s

). U tabl. 1 navedeno "

c

(r

s

),

"

RPA

c

(r

s

), korel�c��nu ener���, oder�anu metodom

Monte{Karlo [6, 7] "

MS

c

(r

s

), a tako� rezul~tati

de�kih �nxih rob�t v oblast� parametra ne�deal~-

nosti (parametra V��nera{Braknera) 0; 01 � r

s

�

10; 0. �k vidno z tabl. 1, korel�c��na ener���, ob-

qislena za formulo� (3.16), du�e bliz~ka do re-

zul~tat�v rob�t [8, 9], wo �runtu�t~s� na vikori-

stann� pol�rizac��nogo operatora, rozrahovanogo v

ramkah zviqa�noÝ teor�Ý zburen~ z urahuvann�m ko-

rel�c��nih funkc�� �deal~noÝ sistemi ~�

0

3

(x

1

; x

2

; x

3

)

ta ~�

0

4

(x

1

;�x

1

; x

2

;�x

2

)("

PRPA

c

). Rozrahovana za for-

mulo� (3.16), "

c

(r

s

) bliz~ka tako� do rezul~tat�v me-

todu Monte{Karlo [6, 7], osoblivo v oblast� slabkoÝ

ta prom��noÝ ne�deal~nosti: v�dnosne v�dhilenn� pri

r

s

= 10; 0 sklada 6%.

r

s

0.01 0.1 1 2 3 4 5 6 10

"

RPA

c

428.9 288.0 157.6 123.6 105.5 93.6 84.95 78.2 61.3

"

MC

c

; [6] - - 120.0 90.2 - - 56.3 - 37.2

"

MC

c

; [7] 380.6 242.6 120.0 89.6 73.8 63.6 56.3 50.7 37.1

"

IU

c

; [10] - - 117.4 86.9 71.1 61.0 53.8 48.3 35.0

"

V S

c

; [11] - - 112.0 89.0 75.0 65.0 58.0 52.0 35.0

"

EZ

c

; [12] - - 122.0 90.4 73.8 63.4 56.0 50.5 23.6

"

PRPA

c

; [8] - - 119.7 89.3 72.9 62.1 54.2 48.0 32.6

"

c

; (3.16) 398.4 253.7 120.0 87.5 71.2 60.8 53.6 48.1 35.0

Tablic� 1. Korel�c��na ener��� model� elektronnoÝ r�dini (�10

3

�

c

(r

s

)).
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IV. ZAK�NQENN�

Takim qinom, zobra�enn� zm�wen~, abo cikl�qne

peretvorenn� (2.3), (2.8) statistiqnoÝ sumi, mo�na

rozgl�dati �k efektivni� spos�b urahuvann� kore-

l�c��nih efekt�v u ferm�-sistemah v oblast� velikih

hvil~ovih vektor�v, tobto efekt�v lokal~nogo pol�.

D��sno, spektral~ne zobra�enn� dvoqastinkovoÝ ko-

rel�c��noÝ funkc�Ý sistemi (2.2)

�

2

(x;�x) = Z

�1

(�) Sp f�̂

x

�̂

�x

e

��(

^

H��

^

N)

g (4.1)

u rozgl�nutomu viwe nabli�enn� haotiqnih faz dl�

operatora

^

K

w

ma taki� vigl�d:

�

2

(x;�x) = ~�

0

2

(x;�x)f1 +M

x

g

�1

: (4.2)

Osk�l~ki v nabli�enn� lokal~nogo pol� [13, 14]

�

2

(x;�x) = ~�

0

2

(x;�x) (4.3)

� f1 +

V

q

V

~�

0

2

(x;�x)[1�G

x

]g

�1

;

to statiqna popravka na lokal~ne pole u naxomu p�d-

hod� viznaqat~s� sp�vv�dnoxenn�m

G

0

q

= 1� v

ef

(q)V

�1

q

: (4.4)

�kwo �

2

(q;�q) zadovol~n� perxe z r�vn�n~ (2.9), to

G

0

q

 bezrozm�rno� un�versal~no� funkc��, �ka ne

zale�it~ v�d parametra ne�deal~nosti

G

0

q

= 1� Z

2

2

(qa

0

n

�1=3

) : (4.5)

C� funkc�� ma zagal~n� vlastivost� popravki na lo-

kal~ne pole model� elektronnoÝ r�dini: zm�n�t~s�

v me�ah v�d nul� do odinic�, kvadratiqna v�dnosno

hvil~ovogo vektora q v oblast� q � k

F

G

0

q

= (q=k

F

)

2

+ � � � ;  � 0; 323::: ; (4.6)

a tako� slabo zale�it~ v�d hvil~ovogo vektora pri

velikih q.

�k v�domo, popravka na lokal~ne pole zale�it~

v�d parametra ne�deal~nosti r

s

: nav�t~ sama forma

c�Ý funkc�Ý zm�n�t~s� zale�no v�d znaqenn� c~ogo

parametra [13]. Qerez ce G

0

q

ne mo�na c�lkom ototo�-

niti z popravko� na lokal~ne pole. Odnak ÝÝ mo�na

rozgl�dati �k pevne nabli�enn� c�Ý funkc�Ý dl� vi-

padku sil~no ne�deal~nih sistem, de zale�n�st~ v�d

r

s

ta qastoti  slabko�, korotkohvil~ova asimpto-

tika bliz~ka do odinic�, a sama popravka  monoton-

no� funkc�� hvil~ovogo vektora z dovgohvil~ovo�

granice�, bliz~ko� do (4.6).
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It is proved that in the case of Fermi systems the representation of displacements is equal to some cyclic

transformation of the partition function. It corresponds to the renormalized perturbation theory which is based

on the taking into account of the correlation e�ects, particularly of the local-�eld ones. The results of the calculation

of the ground state of the electron liquid model in the paramagnetic phase are presented for the coupling parameter

region 10

�2

� r

s

� 10.
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