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Predstavleno statistiqnu teor�� sistemi zar�d�enih ferm�-qastinok z plosko� pover-

hne� rozd�lu. Teor�� pobudovana na metod� funk�onal~nogo �nte�ruvann�. Otrimano viraz

dl� termodinam�qnogo poten��lu takoÝ sistemi, �ki� bazut~s� na efektivnomu poten��l�

vzamod�Ý m�� elektronami ta poverhne� rozd�lu. Zna�deno anal�tiqn� virazi efektivnih

poten��l�v vzamod�Ý dl� r�znih modele� poverhnevogo poten��lu.
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VSTUP

Prostorovo-neodnor�dn� sistemi zar�d�enih qas-

tinok �k bazov� model� aktivno zastosovu�t~ dl�

opisu tonkopl�vkovih struktur, ostr�vevih lan-

��kovih struktur, nad�ratok, adsorbat�v [1{3℄, �k�

samoorgan�zu�t~s�. U zv'�zku z rozvitkom eksperi-

mental~nih metod�v doslid�enn� takih sistem (ska-

nu�q� tunel~na spektroskopi� ta mikroskopi�, po-

l~ova �onna mikroskopi� ta Ýh modifikaiÝ), �k� da�t~

use detal~n�xu informai� pro elektronnu budovu,

strukturni peretvorenn�, difuz��n�, adsorb��n�, de-

sorb��n� proesi na poverhni metaliv, dielektrikiv,

napivprovidnikiv [4℄, znaqnu uvagu prid�l��t~ teore-

tiqnomu vivqenn� termodinam�qnih ta strukturnih

vlastivoste� ih sistem.

Osnovno� zadaqe� r�vnova�noÝ statistiqnoÝ teor�Ý

takih sistem  rozrahunok termodinam�qnih funk��

ta statistiqnih funk�� rozpod�lu [5℄.Vikoristann�

dl� takih rozrahunk�v metodu funk�onal~nogo �nte-

�ruvann� [6, 7℄ dozvol� otrimati dl� ih veliqin

grupov� rozkladi [5℄, osnovo� dl� pobudovi �kih 

ekranovani� poten��l vzamod�Ý g(r

1

; r

2

). R�vn�nn�

dl� g(r

1

; r

2

)  �nte�ral~nim r�vn�nn�m tipu zgortki,

anal�tiqni� rozv'�zok �kogo| netriv��l~na zadaqa.

U podan�� statt� rozgl�nuto zadaqu statistiqnogo

opisu sistemi zar�d�enih ferm�-qastinok �z poverh-

ne� rozd�lu metodom funk�onal~nogo �nte�ruvann�.

Otrimano viraz dl� termodinam�qnogo poten��lu

takoÝ sistemi, v osnovu �kogo pokladeno efektivni�

poten��l vzamod�Ý ferm�-qastinok m�� sobo� ta po-

verhne� rozd�lu.Mi zaproponuvali p�dh�d,wo dozvo-

l� korektno vrahuvati obm�nno-korel���n� efekti

v me�ah nabli�en~, �k� rozgl�nuto v pra� [8℄. Zna�-

deno anal�tiqn� virazi dl� ekranovanogo poten�-

�lu vzamod��qih m�� sobo� ta poverhne� elektro-

n�v dl� r�znih modele� poverhnevogo poten��lu.

I. POSTANOVKA ZADAQ�

Rozgl�damo sistemu N elektron�v v ob'm� V =

SL u pol� dodatnogo neodnor�dno rozpod�lenogo za-

r�du %(R) = %(R

jj

; Z), R

jj

= (X;Y ), de X;Y 2

[�

p

S=2;+

p

S=2℄, Z 2 [�L=2;+L=2℄, priqomu �snu

umova elektrone�tral~nosti

Z

S

dR

jj

+L=2

Z

�L=2

dZ %(R

jj

; Z) = eN; e > 0: (1)

Gam�l~ton��n takoÝ sistemi ma vigl�d:

H = T + V

ee

+ V

ei

+ V

ii

; (2)

de

T = �

~

2

2m

N

X

i=1

�

i

(3)

| operator k�netiqnoÝ ener��Ý elektron�v (m | masa

elektrona),

V

ee

=

1

2

N

X

i 6=j=1

e

2

jr

i

� r

j

j

(4)

| poten��l~na ener��� vzamod�Ý m�� elektronami,

V

ii

=

1

2

Z

V

dR

1

Z

V

dR

2

%(R

1

)%(R

2

)

jR

1

�R

2

j

(5)
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| poten��l~na ener��� dodatnogo zar�du,

V

ei

= �e

N

X

j=1

'(r

j

) (6)

| ener��� vzamod�Ý elektron�v �z dodatnim zar�dom,

'(r

j

) | poten��l, �ki� stvor�t~s� dodatnim zar�-

dom. Pripustimo, wo e� zar�d rozpod�leni� tak:

%(R) = %

0

�(�Z) + �%(R); (7)

de %

0

=

2N

SL

e, �(�Z) | funk�� Gev�sa�da, �%(R) |

v�dhilenn� gustini dodatnogo zar�du v�d odnor�dnoÝ.

Zrozum�lo, wo take v�dhilenn� zosered�ene poblizu

plowini Z = 0 � faktiqno formu odnoqastinko-

vi� poten��l dl� elektron�v, �ki� budemo nazivati

poverhnevim � model�vati �ogo poten��l~nim bar'-

rom. Urahovu�qi e, otrimumo:

'(r) =

Z

V

dR

%(R)

jR� rj

=

1

e

V (r) + %

0

Z

V

dR

�(�Z)

jR� rj

; (8)

de V (r) = e

Z

V

dR

�%(R)

jR� rj

| poverhnevi� poten��l.

Dl� rozrahunku velikoÝ statistiqnoÝ sumi rozgl�-

duvanoÝ sistemi gam�l~ton��n (2) zruqno podati u

predstavlenn� vtorinnogo kvantuvann�.

II. PREDSTAVLENN� VTORINNOGO

KVANTUVANN�

Uvedemo v rozgl�d odnoqastinkov� hvil~ov� fun-

k�Ý 	

a

(r) ta v�dpov�dn� ener��Ý E

a

elektrona v pol�

poverhnevogo poten��lu V (r):

�

�

~

2

2m

�

i

+ V (r

i

)

�

	

a

(r

i

) = E

a

	

a

(r

i

); (9)

�k� vikoristamo dl� pobudovi predstavlenn� vto-

rinnogo kvantuvann�. Na p�dstav� simetr�Ý naxoÝ za-

daq� mo�na vva�ati, wo V (r) = V (z), de z | nor-

mal~na do plowini XOY koordinata elektrona, r =

(r

jj

; z), r

jj

| dvovim�rni� rad�us-vektor elektrona

v paralel~n�� do XOY plowin�. U ~omu vipadku

ener��� elektrona mo�na zapisati tak:

E

a

=

~

2

p

2

2m

+ "

�

; a = (p; �); (10)

de ~p | �mpul~s elektrona v paralel~n�� do XOY

plowin�, �| de�ke kvantove qislo, �ke zale�it~ v�d

konkretnogo vigl�du poverhnevogo poten��lu. Hvi-

l~ov� funk�Ý ma�t~ taki� vigl�d:

	

a

(r) =

1

p

S

e

ipr

jj

'

�

(z): (11)

Rozklada�qi poten��l~nu ener��� vzamod�Ý m��

dvoma zar�d�enimi qastinkami v r�d Fur'

e

2

q

(r

jj

� r

0

jj

)

2

+ (z � z

0

)

2

=

1

S

X

q

� (qjz � z

0

) e

iq

(

r
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�r

0

jj

)

; (12)

de � (qjz � z

0

) =

2�e

2

q

e

�qjz�z

0

j

| dvovim�rni� fur'-

obraz kulon�vs~koÝ vzamod�Ý, q = (q

x

; q

y

), q

x;y

=

2�

p

S

m

x;y

, m

x;y

= 0;�1;�2; : : :, gam�l~ton��n sistemi

(2) mo�na podati tak:

H =

X

p;�

E

�
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y

�
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�
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1

2S

N

X

q

0
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1
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q

0
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p
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;�

1
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0

1

X

p

2
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2
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0

2

Z
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Z
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0
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0
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�

�

1

(z)'

�

0

1

(z)

� '

�

�

2

(z

0
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�

0

2

(z

0

)a

y

�

1

(p

1

)a

�

0

1

(p

1

� q)a

y

�

2

(p

2

)a

�

0

2

(p

2

+ q); (13)

de a

y

�

(p), a

�

(p) | v�dpov�dno operatori narod�enn�

ta zniwenn� elektrona v stan� (p; �), priqomu sprav-

d�u�t~s� standartn� komuta��n� sp�vv�dnoxenn�:

�

a

�

1

(p

1

); a

y

�

2

(p

2

)

	

= Æ

p

1

;p

2

Æ

�

1

;�

2

; (14)

N =

P

p;�

a

y

�

(p)a

�

(p) | operator k�l~kosti qastinok;

xtrih b�l� sumi u formul� (13) oznaqa v�dsutn�st~

dodank�v pri q = 0, wo zumovleno umovo� elektro-

ne�tral~nosti (1).

Rozklada�qi �(qjz � z

0

) u r�d Fur'

�(qjz � z

0

) =

1

L

X

k

�

k

(q)e

�ik(z�z

0

)

; (15)

de �

k

(q) = 4�e

2

=(q

2

+k

2

) | fur'-obraz kulon�vs~koÝ

vzamod�Ý, k =

2�

L

n, n = 0;�1;�2; : : :, ta vv�vxi zm�-

xane fur'-predstavlenn� lokal~noÝ gustini elekt-

ron�v

196



STATISTIQNA TEOR�� PROSTOROVO-OBME�ENIH SISTEM ZAR�D�ENIH FERM�-QASTINOK. . .

�

k

(q) =

X

p;�;�

0

h�je

�ikz

j�

0

ia

y

�

(p)a

�

0

(p� q); (16)

de

h�j � � � j�

0

i =

+L=2

Z

�L=2

dz '

�

�

(z) � � �'

�

0

(z); (17)

dl� gam�l~ton��na (13) otrimumo:

H =

X

p;�

E

�

(p)a

y

�

(p)a

�

(p)�

1

2S

N

X

q

0

�(qj0)

+

1

2SL

X

q

0

X

k

�

k

(q)�

k

(q)�

�k

(�q): (18)

Take predstavlenn� gam�l~ton��na  zruqnim dl�

rozrahunku termodinam�qnogo poten��lu metodom

funk�onal~nogo �nte�ruvann�.

III. FUNKC�ONAL^NE PREDSTAVLENN�

VELIKOÕ STATISTIQNOÕ SUMI

Velika statistiqna suma

� = Sp exp [��(H � �N )℄ ; (19)

�ka viznaqa termodinam�qni� poten��l sistemi:


 = � ln �=� ta �nx� termodinam�qn� funk�Ý, u pred-

stavlenn� vzamod�Ý ma vigl�d:

� = �

0

exp

 

�

2S

N

X

q

0

�(qj0)

!

�

int

; (20)

de �

0

= Sp exp(��H

0

0

), H

0

0

= H

0

� �N , H

0

=

P

p;�

E

�

(p)a

y

�

(p)a

�

(p) | gam�l~ton��n nevzamod��qoÝ

sistemi, � | hem�qni� poten��l,

�

int

= hS(�)i

0

; h: : :i

0

=

1

�

0

Sp

�

exp(��H

0

0

) : : :

�

; (21)

S(�) = T exp

"

�

1

2SL

�

Z

0

d�

0

�

X

q

0

X

k

�

k

(q)�

k

(qj�

0

)�

�k

(�qj�

0

)

#

; (22)

�

k

(qj�

0

) = e

�

0

H

0

0

�

k

(q)e

��

0

H

0

0

; (23)

de T | simvol hronolog�qnogo vpor�dkuvann� \qa-

s�v" � = 1=�, � | termodinam�qna temperatura.

Dl� podal~xih vikladok zruqno pere�ti do qas-

totnogo predstavlenn�:

�

k

(qj�) =

1

�

�

Z

0

d�

0

e

i��

0

�

k

(qj�

0

); (24)

�

k

(qj�

0

) =

X

�

e

�i��

0

�

k

(qj�); (25)

de � =

2�

�

n (n = 0;�1;�2; : : :) | boz�vs~k� qastoti.

Tod� (22) nabude vigl�du:

S(�) = T exp

"

�

1

2SL

X

q

0

X

k

X

�

�

k

(q)�

k

(qj�)�

�k

(�qj � �)

#

: (26)

Wob sprostiti userednenn� S(�) zg�dno z (21), pere�d�mo do funk�onal~nogo predstavlenn� dl� S(�) [6,7℄,

skoristavxis~ toto�n�st� Stratonoviqa{Gabbarda [9℄

exp

"

�

1

2

N

X

n;m=1

A

n;m

y

n

y

m

#

= det(A )

�1=2

+1

Z

�1

N

Y

n=1

dx

n

p

2�

exp

"

�

1

2

N

X

n;m=1

x

n

�

A

�1

�

n;m

x

m

+ i

N

X

n=1

x

n

y

n

#

; (27)

de i | u�vna odini�, A = jjA

n;m

jj | simetriqna matri�, tod� dl� (26) otrimumo:

S(�) =

Y

q

0

Y

k

�

�

SL

�

k

(q)

�

�1=2

Z

(d!) exp

"

�

1

2

X

q

0

X

�

X

k

�

�

SL

�

k

(q)

�

�1

!

k

(qj�)!

�k

(�qj � �)

#

� T exp

"

i

X

q

0

X

k

X

�

!

k

(qj�)�

k

(qj�)

#

; (28)
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de (d!) | element fazovogo prostoru

(d!) =

Y

q>0

Y

k>0

Y

�>0

d!



k

(qj�)

p

�

d!

s

k

(qj�)

p

�

; (29)

!

k

(qj�) = !



k

(qj�) + i!

s

k

(qj�); (30)

!



k

(qj�) = !



�k

(�qj � �); (31)

!

s

k

(qj�) = �!

s

�k

(�qj � �): (32)

Zauva�imo, wo u zv'�zku z tim, wo operatorn�

zm�nn� �

k

(qj�) znahod�t~s� v (28) p�d znakom T -

vpor�dkuvann�, �nte�ruvati za �

0

v (24) ne mo�na.

Uvedemo dl� zruqnosti take poznaqenn�: x = (q; �), tod�, useredn��qi S(�) zg�dno z (21), otrimumo:

hS(�)i

0

=

Y

q

0

Y

k

�

�

SL

�

k

(q)

�

�1=2

Z

(d!) exp

"

�

1

2

X

q

0

X

k

�

�

SL

�

k

(q)

�

�1

!

k

(qj�)!

�k

(�qj � �)

#
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2

4

X

n>1

1

n!

X

x

1

;:::;x

n

0

X

k

1

;:::;k

n

M

k

1

;:::;k

n

(x

1

; : : : ; x

n

)!

k

1

(x

1

) : : :!

k

n

(x

n

)

3

5

; (33)

de M

k

1

;:::;k

n

(x

1

; : : : ; x

n

) = i

n

hT�

k

1

(x

1

) : : : �

k

n

(x

n

)i

0;

/ Æ

x

1

+:::+x

n;0

| tak zvan� nezv�dn� seredn� (kumul�nti);

xtrih b�l� sumi � nadal� oznaqa, wo q 6= 0, � vnasl�dok ~ogo M

k

1

(x

1

) = 0. Rozrahunok M

k

1

;:::;k

n

(x

1

; : : : ; x

n

)

provedeno v pra� [10℄.

Rozrahunok �nte�rala (33)  skladno� problemo�

[5℄. U pra� [11℄ pokazano, wo dl� korektnogo opisu

elektronnogo gazu dostatn~o rozgl�dati nezv�dn� se-

redn� do qetvertogo por�dku vkl�qno, a rexto� |

znehtuvati, tobto budemo vva�ati, wo

M

k

1

;:::;k

n

(x

1

; : : : ; x

n

) = 0; n > 5: (34)

Tomu, zg�dno z prae� [11℄, dl� �komoga l�pxo-

go vrahuvann� obm�nno-korel���nih efekt�v viwih

por�dk�v u viraz� (33) zam�nimo M

k

1

;k

2

(x

1

; x

2

) na

�

M

k

1

;k

2

(x

1

; x

2

) = i

2

hT�

k

1

(x

1

)�

k

2

(x

2

)i



, de userednenn�

v�dbuvat~s� po vs�� sistem�, ta obme�imos~ �auss�v-

s~kim nabli�enn�m u viraz� (33). Tobto zapixemo

(33) u takomu vigl�d�:

hS(�)i

0

=

Y

q

0

Y

k

�

�

SL

�

k

(q)

�

�1=2

(35)

�

Z

(d!) exp

2

4

�

1

2

X

x;k

1

;k

2

0

�

�

S

�g(x)

�

�1

k

1

;k

2

!

k

1

(x)!

k

2

(�x)

3

5

;

de vvedeno efektivni� poten��l �g(x) tak:

�

�

S

�g(x)

�

�1

k

1

;k

2

=

�

�

SL

�

k

1

(q)

�

�1

� Æ

k

1

+k

2

;0

�

�

M

k

1

;k

2

(x;�x): (36)

U pra� [12℄ pod�bno dosl�d�uvali efektivni� po-

ten��l, ale pri ~omu v kumul�nt� drugogo por�dku

rozgl�dali lixe d��gonal~n� qleni. Ce spriqinilo

v�dsutn�st~ sil zobra�enn�; u naxomu p�dhod� sili

zobra�enn�, �k bude pokazano ni�qe, vrahovano.

Vikonavxi �nte�ruvann� u (35), otrimumo taki�

viraz dl� termodinam�qnogo poten��lu 
:


 = 


0

�

N

2S

X

q

0

�(qj0)

�

1

�

ln

Q

x

0

det

�

�

S

^

�g(x)

�

1=2

Q

q

0

Q

k

�

�

SL

�

k

(q)

�

1=2

; (37)

de

^

�g(x) = jj�g

k

1

;k

2

(x)jj, 


0

= � ln �

0

=� | termodina-

m�qni� poten��l nevzamod��qoÝ sistemi.

IV. DOSL�D�ENN� R�VN�NN�

DL� EFEKTIVNOGO POTENC��LU

�k vidno z (37), wob zna�ti 
, neobh�dno znati

�g

k

1

;k

2

(x), �ki� viznaqat~s� formulo� (36).

Dl� podal~xogo rozrahunku �g

k

1

;k

2

(x) zruqno pe-

re�ti v (q; z)-predstavlenn�, uv�vxi dl� efektiv-
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nogo poten��lu �g

k

1

;k

2

(x) �ogo fur'-obraz �g(xjz

1

; z

2

)

tak:

�g(xjz

1

; z

2

) =

X

k

1

;k

2

e

�ik

1

z

1

�ik

2

z

2

�g

k

1

;k

2

(x); (38)

�g

k

1

;k

2

(x) =

1

L

2

+L=2

Z

�L=2

dz

1

+L=2

Z

�L=2

dz

2

e

ik

1

z

1

+ik

2

z

2

�g(xjz

1

; z

2

); (39)

tod� r�vn�nn� (36) nabude vigl�du:

�g(xjz

1

; z

2

) = �(qjz

1

� z

2

) (40)

+

�

SL

2

+L=2

Z

�L=2

dz

+L=2

Z

�L=2

dz

0

�(qjz

1

� z

0

)

�

M(xjz

0

; z)�g(xjz; z

2

);

de

�

M(xjz

0

; z) | fur'-obraz nezv�dnogo seredn~ogo

drugogo por�dku:

�

M(xjz

0

; z) =

X

k

0

;k

e

ik

0

z

0

+ikz

�

M

k

0

;k

(x;�x): (41)

U de�kih vipadkah zruqn�xe pra�vati ne z �n-

te�ral~nim r�vn�nn�m drugogo por�dku (41), a z

�nte�ro-diferen��l~nim, �ke mo�na otrimati z (41)

dvokratnim diferen��vann�m po z

1

:

�

d

2

dz

2

1

� q

2

�

�g(xjz

1

; z

2

) (42)

+

4��

SL

2

e

2

+1

Z

�1

dz

�

M(xjz

1

; z)�g(xjz; z

2

) = �4�e

2

Æ(z

1

� z

2

);

de v me�ah �nte�rala zrobleno graniqni� pereh�d

L!1.Wob zna�ti �ogo rozv'�zki, rozgl�n~mo pevn�

nabli�enn� dl�

�

M

k

1

;k

2

(x;�x).

A. Nabli�enn� �deal~nogo obm�nu

U (42) zam�st~

�

M

k

1

;k

2

(x;�x) poklad�moM

k

1

;k

2

(x;�x):

�

d

2

dz

2

1

� q

2

�

g(xjz

1

; z

2

) (43)

+

4��

SL

2

e

2

+1

Z

�1

dzM(xjz

1

; z)g(xjz; z

2

) = �4�e

2

Æ(z

1

� z

2

);

de g(xjz

1

; z

2

) | efektivni� poten��l u ~omu na-

bli�enn�.

Dl� klasiqnih prostorovo-neodnor�dnih sistem

zar�d�enih qastinok z odn�� poverhne� rozd�lu

tak� r�vn�nn� dl� ekranovanogo poten��lu roz-

gl�nuto v pra�h [13{16℄. U nih, zokrema, rozrob-

leno r�zn� metodi, �k� dozvol��t~ otrimati anal�-

tiqni� rozv'�zok r�vn�nn� dl� g(r

jj

; z

1

; z

2

) (z

1

, z

2

| normal~n� do poverhn� rozd�lu koordinati zar�-

d�enih qastinok, r

jj

= jr

jj

j | v�dstan~ m�� qastin-

kami v plowin�, paralel~n�� do poverhn� rozd�lu). U

pra�h [17{20℄ dosl�d�eno e r�vn�nn� dl� xaruva-

tih sistem. Tam veliqinu

�

M(xjz

1

; z

2

) predstavleno

�k sumu dvoh kumul�nt�v odnor�dnoÝ sistemi, odin z

nih v�dpov�dav prohod�enn� qastinki kr�z~ poten-

��l~ni� bar'r, a �nxi� | v�dbivann� v�d n~ogo.

Statt� [17, 21{23℄ prisv�qen� viznaqenn� ekranova-

nih poten��l�v vzamod�Ý dl� sistem tipu tonkih

pl�vok. Avtoram vdalos� rozv'�zati � zadaqu dl�

vipadku, koli nehtu�t~ qastotno� [17, 23℄ abo pros-

torovo� [21℄ dispers�� ekranovanogo poten��lu. U

statt� [22℄ zna�deno anal�tiqni� viraz dl� ekranova-

nogo poten��lu klasiqnih sistem tipu tonkih pl�-

vok u nabli�enn� \post��noÝ gustini".

Fur'-obraz nezv�dnogo seredn~ogo drugogo por�dku

v nabli�enn� �deal~nogo obm�nu ma taki� vigl�d

[10℄:

M(xjz

1

; z) =

X

k

1

;k

e

ik

1

z

1

+ikz

M

k

1

;k

(x) =

L

2

�

2

X

p;�

1

;�

2

X

�

0

'

�

�

1

(z

1

)'

�

2

(z

1

)'

�

�

2

(z)'

�

1

(z)G

�

1

(pj�

0

)G

�

2

(p� qj�

0

� �); (44)

de G

�

(pj�) = (i� + �� E

�

(p))

�1

| fur'-obraz odnoqastinkovoÝ funk�Ý �r�na.

Beruqi do uvagi, wo

1

�

X

�

0

G

�

1

(pj�

0

)G

�

2

(p� qj�

0

� �) =

n

�

1

(p)� n

�

2

(p� q)

�i� +E

�

1

(p)� E

�

2

(p� q)

= �

�

1

;�

2

(x;p) (45)
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| pol�riza��ni� operator sistemi nevzamod��qih

elektron�v, n

�

(p) = (exp[�(E

�

(p)��)℄+1)

�1

| fun-

k�� rozpod�lu Ferm�{D�raka.

Koli � ! 0, dl� M(qjz

1

; z) � M(q; � = 0jz

1

; z) ot-

rimumo [10℄:

M(qjz

1

; z)

�

=

L

2

�

X

p;�

1

�n

�

1

(p)

�E

�

1

(p)

j'

�

1

(z)j

2

Æ(z

1

� z): (46)

Model�mo poverhnevi� poten��l poten��l~no�

shodinko� visoti W , tobto vva�amo, wo

V (z) = W�(z): (47)

Vlasn� funk�Ý ta vlasn� znaqenn� ~ogo poten�-

�lu tak�:

'

�

(z) = C

�

h

� sin(�z � 

�

)�(�z)+

�

s

exp(�{

�

z)�(z)

i

;

"

�

=

~

2

�

2

2m

; (48)

de d�l�nko� znaqen~ normal~noÝ do plowini XOY

koordinati  nap�v�nterval [�L=2;+1); � | kvan-

tove qislo, vono pri�ma znaqenn�, �k� mo�na vi-

znaqiti z takogo r�vn�nn�:

�L

2

+ arsin

�

s

= n�; n = 1; 2; : : : (49)

�  nasl�dkom umovi, wo '

�

(�L=2) = 0; veliqina s po-

v'�zana z visoto� bar'raW :W =

~

2

s

2

2m

; 

�

= arsin

�

s

,

{

�

=

p

s

2

� �

2

. Konstanta C

�

viznaqat~s� z umovi

normuvann�

+1

Z

�L=2

dz j'

�

(z)j

2

= 1; (50)

� vona  tako�:

C

�

=

2

q

L +

2

{

�

: (51)

U vs�h real~nih zadaqah visota poten��l~nogo ba-

r'ra b�l~xa za r�ven~ Ferm�, tobto W > �.

Dl� togo, wob otrimati anal�tiqn� virazi dl� ek-

ranovanogo poten��lu, rozgl�n~mo nabli�enn� \po-

st��noÝ gustini" dl� �Ý model�. Osk�l~ki sin

2

�z

�

=

1=2, to

j'

�

(z)j

2

= C

2

�

�

sin

2

(�z � 

�

)�(�z)+

�

2

s

2

exp(�2{

�

z)�(z)

�

�

=

C

2

�

��

1

2

� sin 

�

os 

�

�

�(�z)+sin 

�

os 

�

�(z)

�

; (52)

de v�e vrahovano, wo L!1.

V�d sumuvann� za � zruqno pere�ti do �nte�ruvann� za tako� formulo� [24℄:

n

max

X

n=1

f(�

n

)

�

=

1

2

[f(s) � f(0)℄ +

1

2�

s

Z

0

d�

4

C

2

�

f(�): (53)

Tod� nezv�dne seredn drugogo por�dku nabere vigl�du:

M(qjz

1

; z)

�

=

�

L

2

�

X

p;�

�n

�

1

(p)

�E

�

1

(p)

j'

�

(z)j

2

Æ(z

1

� z)

�

=

�

SL

2

4��e

2

h

�

{

2

+�{

�

�(�z

1

)��{ �(z

1

)

i

Æ(z

1

� z); (54)

de

{

2

= �

2e

2

�

2

+1

Z

�1

dp

s

Z

0

d�

�n

�

(p)

�E

�

(p)

; (55)

�{ =

4e

2

�

2

+1

Z

�1

dp

s

Z

0

d�

�n

�

(p)

�E

�

(p)

sin 

�

os 

�

(56)

� pri perehod� do �nte�ruvann� vrahovano dv� mo�liv�

or�nta�Ý sp�nu elektrona. Pri niz~kih temperatu-

rah: n

�

(p) = �(� � E

�

(p)), � {  obernenim rad�usom

ekranuvann� Tomasa{Ferm� {

TF

, a pri visokih tem-

peraturah: n

�

(p) = exp(��E

�

(p)) � { | oberneni�

rad�us ekranuvann� Deba� {

D

.

R�vn�nn� dl� ekranovanogo poten��lu v nabli-

�enn� \post��noÝ gustini" tak�:

�

d

2

dz

2

1

�

�

q

2

+ {

2

+�{

�

�

g(qjz

1

; z

2

)

= �4�e

2

Æ(z

1

� z

2

); z

1

< 0; z

2

< 0; (57)
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�

d

2

dz

2

1

�

�

q

2

��{

�

�

g(qjz

1

; z

2

)

= �4�e

2

Æ(z

1

� z

2

); z

1

> 0; z

2

> 0; (58)

�

d

2

dz

2

1

�

�

q

2

+ {

2

+�{

�

�

g(qjz

1

; z

2

) = 0;

z

1

< 0; z

2

> 0; (59)

�

d

2

dz

2

1

�

�

q

2

��{

�

�

g(qjz

1

; z

2

) = 0;

z

1

> 0; z

2

< 0; (60)

de g(qjz

1

; z

2

) � g(q; � = 0jz

1

; z

2

).

Rozv'�zu�qi � r�vn�nn� z vikoristann�m umov ne-

perervnosti ekranovanogo poten��lu ta �ogo perxoÝ

poh�dnoÝ, otrimumo [10℄:

g(qjz

1

6 0; z

2

6 0)

=

2�e

2

Q

1

�

e

�Q

1

jz

1

�z

2

j

+

Q

1

�Q

2

Q

1

+Q

2

e

Q

1

(z

1

+z

2

)

�

; (61)

g(qjz

1

> 0; z

2

> 0)

=

2�e

2

Q

2

�

e

�Q

2

jz

1

�z

2

j

�

Q

1

�Q

2

Q

1

+Q

2

e

�Q

2

(z

1

+z

2

)

�

; (62)

g(qjz

1

6 0; z

2

> 0) =

4�e

2

Q

1

+ Q

2

e

Q

1

z

1

�Q

2

z

2

; (63)

g(qjz

1

> 0; z

2

6 0) =

4�e

2

Q

1

+ Q

2

e

Q

1

z

2

�Q

2

z

1

; (64)

de Q

1

=

p

q

2

+ {

2

+�{, Q

2

=

p

q

2

��{. Z� zb�l~-

xenn�m visoti poten��l~nogo bar'ra (s ! 1,

�{ ! 0) virazi (61){(64) zb�ga�t~s� z analog�qnimi

virazami dl� tovstih pl�vok [23℄.

B. Urahuvann� viwih popravok dl�

�

M

k

1

;k

2

(x;�x)

Dl� rozrahunku

�

M

k

1

;k

2

(x;�x) skorista�mos~ metodom, �ki� zaproponuvali u [25℄. Zg�dno z oznaqenn�m,

�

M

k

1

;k

2

(x;�x) mamo:

�

M

k

1

;k

2

(x;�x) = i

2

hT�

k

1

(x)�

k

2

(�x)i



= i

2

hT�

k

1

(x)�

k

2

(�x)i

=

Y

x

0

det

�

�

S

^

�g(x)

�

�1=2

Z

(d!) exp

"

�

1

2

X

x;k

0

�

�

SL

�

k

(q)

�

�1

� !

k

(x)!

�k

(�x)

#

d

d!

k

1

(x)

d

d!

k

2

(�x)

*

T exp

"

i

X

x;k

0

!

k

(x)�

k

(x)

#+

0

(65)

=

�

�

SL

�

k

1

(q)

�

�1

"

�

�

SL

�

k

2

(q)

�

�1

!

�k

1

(�x)!

�k

2

(x)� Æ

k

1

+k

2

;0

#

;

de p�d poznaqenn�m : : : sl�d rozum�ti take:

: : : =

Y

x

0

det

�

�

S

^

�g(x)

�

�1=2

Z

(d!) exp

2

4

�

1

2

X

x;k

0

�

�

SL

�

k

(q)

�

�1

!

k

(x)!

�k

(�x)

3

5

: : :

�

*

T exp

"

i

X

x;k

0

!

k

(x)�

k

(x)

#+

0

: (66)

Dl� sprowenn� zapis�v uved�mo tak� poznaqenn�:

1 = (x

1

; k

1

); 2 = (x

2

; k

2

); : : : ; Æ

1+2;0

= Æ

k

1

+k

2

;0

; : : : ;

V

�1

1

=

�

�

SL

�

k

1

(q

1

)

�

�1

; : : : : (67)
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Tod� funk�onal~ni� �nte�ral (33), obme�ivxis~ ku-

mul�ntami do qetvertogo por�dku vkl�qno, mo�na

zapisati tak:

I =

Z

(d!) exp[F (!)℄; (68)

de

F (!) =

1

2

X

1;2

0

�

M

1;2

� V

�1

1

Æ

1+2;0

�

!

1

!

2

+

4

X

n=3

1

n!

X

1;:::;n

0

M

1;:::;n

!

1

: : :!

n

: (69)

Dl� veliqin !

k

1

(x

1

) � � �!

k

n

(x

n

), n = 2; 3; 4 u pra�

[25℄ zaproponovano lan��ok r�vn�n~:

l

Y

j=1

�

d

d!

j

+

dF (!)

d!

j

�

= 0; l = 1; 2; 3; 4: (70)

Sistemu r�vn�n~ (70) budemo rozv'�zuvati, xuka-

�qi rozv'�zok !

1

!

2

u vigl�d�:

!

1

!

2

= !

1

!

2

0

+ !

1

!

2

1

+ : : : ; (71)

de poznaqenn� (: : :)

0

oznaqa rozv'�zok u nabli�enn�

nul~ sum za x = (q; �), priqomu v n~omu vrahovano

vs� sumi za k (obme�uvatis� �ko�s~ sk�nqeno� k�l~-

k�st� sum za k ne mo�na, osk�l~ki �ndeks k v�dpov�da

za neodnor�dn�st~ sistemi, � v d�l�n� xvidkoÝ zm�ni

elektronnoÝ gustini r�di ne budut~ zb�gatis�). Na

v�dm�nu v�d ~ogo, vektor q v�dpov�da za odnor�dn�st~

sistemi (q | vektor, �ki� paralel~ni� do plowini

rozd�lu), � rozkladi budut~ provoditis� za paramet-

rom � = h� i=� , �ki� dor�vn� v�dnoxenn� sered-

n~oÝ v�ddal� m�� qastinkami do rad�usa ekranuvann�

Tomasa{Ferm� � = �

TF

pri niz~kih temperaturah abo

do rad�usa ekranuvann� Deba� � = �

D

u vipadku vi-

sokih temperatur (seredn� v�ddal~ h� i =

�

3

4�n

�

1=3

,

�

TF

= 1={

TF

, �

D

= 1={

D

, n | konentra�� elektro-

n�v).

Dl� podal~xogo rozgl�du zruqno vvesti tak� po-

znaqenn�:

1 = k

1

; 2 = k

2

; : : : ; 1 = x

1

; 2 = x

2

; : : : ;

M

1;2

(1; 2) =M

k

1

;k

2

(x

1

; x

2

); : : : ;

Æ(1 + 2) = Æ

x

1

+x

2

;0

; : : : ; Æ

1+2

= Æ

k

1

+k

2

;0

; : : : : (72)

U nabli�enn� nul~ sum za x r�vn�nn� (70) pri l = 2

v�e v novih poznaqenn�h nabira vigl�du:

M

1;2

(1;�1)Æ(1 + 2)

�V

�1

1

(1)Æ(1 + 2)Æ

1+2

+V

�1

1

(1)V

�1

2

(2)!

�1

(�1)!

�2

(�2)

0

�V

�1

1

(1)

X

1

0

M

1

0

;2

(�2; 2)!

1

0

(�2)!

�1

(�1)

0

(73)

�V

�1

2

(2)

X

2

0

M

1;2

0

(1;�1)!

�2

(�2)!

2

0

(�1)

0

+

X

1

0

;2

0

M

1;2

0

(1;�1)M

1

0

;2

(�2; 2)!

1

0

(�2)!

2

0

(�1)

0

= 0:

Ce r�vn�nn� rozv'�zumo �tera��mi, vva�a�qi, wo

!

�1

(�1)!

�2

(�2)

0;0

= !

�1

(�1)!

�2

(�2)

0;1

+!

�1

(�1)!

�2

(�2)

0;1

+ : : : ; (74)

de poznaqenn� (: : :)

0;1

oznaqa nabli�enn� nul~ sum

za x ta odnu sumu za k. P�dstavivxi (74) v (73) ta

z�bravxi ves~ nesk�nqenni� r�d, otrimumo:

!

�1

(�1)!

�2

(�2)

0

= V

1

(1)V

2

(1)Æ(1 + 2)R

1;2

(1;�1);

(75)

de veliqina R

1;2

(1;�1) zadovol~n� take �nte�ral~ne

r�vn�nn�:

R

1;2

(1;�1) = V

�1

1

(1)Æ

1+2

+

X

1

0

M

1;1

0

(1;�1)V

1

0

(1)R

�1

0

;2

(1;�1): (76)

Tod� nezv�dne seredn

�

M

1;2

(1;�1) u nabli�enn� nul~

sum za x, zg�dno z (65), ma vigl�d:

�

M

1;2

(1;�1) = R

1;2

(1;�1)� V

�1

1

(1)Æ

1+2

=

X

1

0

M

1;1

0

(1;�1)V

1

0

(1)R

�1

0

;2

(1;�1); (77)

Urahuvavxi, wo R

1;2

(1;�1) =

�

M

1;2

(1;�1) +

V

�1

1

(1)Æ

1+2

, otrimumo dl�

�

M

1;2

(1;�1) u ~omu na-

bli�enn� take �nte�ral~ne r�vn�nn�:

�

M

1;2

(1;�1) =M

1;2

(1;�1)

+

X

1

0

M

1;1

0

(1;�1)V

1

0

(1)

�

M

�1

0

;2

(1;�1): (78)

Zauva�imo, wo dl� odnor�dnoÝ sistemi (tobto,

koli

�

M

1;2

(1;�1),M

1;2

(1;�1) / Æ

1+2

) �nte�ral~ne r�v-
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n�nn� (78) peretvor�t~s� u zviqa�ne al�ebraÝqne,

rozv'�zok �kogo:

�

M

1;�1

(1;�1) =

M

1;�1

(1;�1)

1� V

1

(1)M

1;�1

(1;�1)

; (79)

wo zb�gat~s� z virazom dl� kumul�ntnoÝ korel���-

noÝ funk�Ý vzamod��qoÝ sistemi [8℄.

Pere�xovxi v r�vn�nn� (78) do (q; z)-predstavlen-

n�, zg�dno z (41), oder�umo:

�

M(xjz

1

; z

2

) =M(xjz

1

; z

2

) +

�

SL

2

+L=2

Z

�L=2

dz

�

+L=2

Z

�L=2

dz

0

M(xjz

1

; z)�(qjz � z

0

)

�

M(xjz

0

; z

2

); (80)

de vvedeno tak� poznaqenn�:

�

M(xjz

1

; z

2

) =

X

k

1

;k

2

exp (ik

1

z

1

+ ik

2

z

2

)

�

�

M

k

1

;k

2

(x;�x); (81)

�

M

k

1

;k

2

(x;�x) =

1

L

2

+L=2

Z

�L=2

dz

1

�

+L=2

Z

�L=2

dz

2

exp (�ik

1

z

1

� ik

2

z

2

)

�

M(xjz

1

; z

2

): (82)

Pri model�vann� poverhnevogo poten��lu poten-

��l~nim bar'rom ta pri � ! 0 �nte�ral~ne r�vn�nn�

drugogo por�dku (80) peretvor�t~s� v �nte�ral~ne

r�vn�nn� v�e perxogo por�dku (v me�ah �nte�rala

zrobleno graniqni� pereh�d L!1):

�

M(qjz

1

; z

2

) =M(qjz

1

; z

2

) �

1

2q

h

({

2

+�{)�(�z

1

) ��{ �(z

1

)

i

+1

Z

�1

dz exp(�qjz

1

� zj)

�

M(qjz; z

2

); (83)

de vikoristano viraz (54),

�

M(qjz

1

; z

2

) �

�

M(q; � = 0jz

1

; z

2

).

Rozv'�zok ~ogo r�vn�nn� taki�:

�

M(qjz

1

; z

2

) =M(qjz

1

; z

2

) +

SL

2

16��

2

e

4

h

({

2

+�{)

2

�(�z

1

)�(�z

2

) + �{

2

�(z

1

)�(z

2

)

i

g(qjz

1

; z

2

): (84)

Urahovu�qi e� viraz dl� perenormovanogo kumul�nta drugogo por�dku, r�vn�nn� (42) zapisumo tak:

�

d

2

dz

2

1

� q

2

� ({

2

+�{)�(�z

1

) + �{ �(z

1

)

�

�g(qjz

1

; z

2

) +

({

2

+�{)

2

4�e

2

�(�z

1

)

0

Z

�1

dz g(qjz

1

; z)�g(qjz; z

2

)

+

�{

2

4�e

2

�(z

1

)

1

Z

0

dz g(qjz

1

; z)�g(qjz; z

2

) = �4�e

2

Æ(z

1

� z

2

); (85)

de �g(qjz

1

; z

2

) � �g(q; � = 0jz

1

; z

2

).

Ce �nte�ro-diferen��l~ne r�vn�nn�, zg�dno z [10℄, mo�na zvesti do diferen��l~nogo, rozv'�zkom �kogo :

�g(qjz

1

6 0; z

2

6 0) =

�e

2

q

h

e

�qjz

1

�z

2

j

� e

q(z

1

+z

2

)

i

+

�e

2

�

Q

1

h

e

�

�

Q

1

jz

1

�z

2

j

+ e

�

Q

1

(z

1

+z

2

)

i

+

2�e

2

�

Q

1

�

Q

1

�

�

Q

2

�

Q

1

+

�

Q

2

e

�

Q

1

(z

1

+z

2

)

; (86)

�g(qjz

1

> 0; z

2

> 0) =

�e

2

q

h

e

�qjz

1

�z

2

j

� e

�q(z

1

+z

2

)

i

+

�e

2

�

Q

2

h

e

�

�

Q

2

jz

1

�z

2

j

+ e

�

�

Q

2

(z

1

+z

2

)

i

�

2�e

2

�

Q

2

�

Q

1

�

�

Q

2

�

Q

1

+

�

Q

2

e

�

�

Q

2

(z

1

+z

2

)

; (87)
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�g(qjz

1

> 0; z

2

6 0) =

4�e

2

�

Q

1

+

�

Q

2

e

�

Q

1

z

2

�

�

Q

2

z

1

; (88)

�g(qjz

1

6 0; z

2

> 0) =

4�e

2

�

Q

1

+

�

Q

2

e

�

Q

1

z

1

�

�

Q

2

z

2

; (89)

de

�

Q

2

1

= q

2

+ 2({

2

+�{),

�

Q

2

2

= q

2

� 2�{.

Viw� popravki v nabli�enn� odn�Ý sumi za x dl�

�

M(xjz

1

; z

2

) vrahovano u pra� [10℄.

V. VZA�MOD�� DVOH ZAR�D�ENIH

QASTINOK B�L� POVERHN� METALU

Dl� togo, wob por�vn�ti rezul~tati naxih rozra-

hunk�v �z rezul~tatami, otrimanimi u statt� [18℄, roz-

gl�n~mo poten��l~nu ener��� vzamod�Ý pri niz~kih

temperaturah dvoh zar�d�v e

1

ta e

2

, �k� znahod�t~s�

u vakuum� na odnakov�� v�ddal� z

1

= z

2

= z v�d po-

verhn� metalu. Osk�l~ki v pra� [18℄ proanal�zovano

nesk�nqenno visoki� poten��l~ni� bar'r, to rozbi-

remo vipadok s!1. Poten��l~na ener��� vzamod�Ý

dvoh zar�d�v

�

W

12

(r

jj

; z) =

e

1

e

2

(2�)

2

Z

dq e

iqr

jj

�g(qjz; z)=e

2

; (90)

de

�g(qjz; z) =

2�e

2

q

"

1�

p

q

2

+ 2{

2

TF

� q

p

q

2

+ 2{

2

TF

+ q

e

�2qz

#

(91)

r

jj

= jr

jj

j | v�dstan~ m�� zar�dami v paralel~-

n�� do poverhn� plowin�. Dl� malih �mpul~s�v pe-

redaq� (q

2

� {

2

TF

) ekranovani� poten��l vzamod�Ý

�g(q; � = 0jz; z) (91) nabira takogo vigl�du:

1

e

2

�g(q; � = 0jz; z)

�

=

2�

q

�

1� e

�2qz

+

2q

p

2{

TF

e

�2qz

�

;

(92)

tod� poten��l~na ener��� vzamod�Ý

�

W

12

(r

jj

; z) (90)

�

W

12

(r

jj

; z) = e

1

e

2

+1

Z

0

dq

�

1� e

�2qz

+

2q

p

2{

TF

e

�2qz

�

J

0

(qr

jj

); (93)

de J

0

(qr

jj

) | funk�� Bessel� nul~ovogo por�dku. Osk�l~ki, zg�dno z [26℄, mamo sp�vv�dnoxenn�:

+1

Z

0

dq e

�2qz

J

0

(qr

jj

) =

1

q

r

2

jj

+ 4z

2

; (94)

to

�

W

12

(r

jj

; z) = e

1

e

2

0

�

1

r

jj

�

1

q

r

2

jj

+ 4z

2

+

4

p

2{

TF

z

(r

2

jj

+ 4z

2

)

3=2

1

A

; (95)

de perx� dva dodanki opisu�t~ klasiqnu vzamod�� dvoh zar�d�v b�l� poverhn�, vrahovu�qi sili zobra�enn�;

ostann�� dodanok | obm�nno-korel���n� efekti.

Dl� r

jj

� z znahodimo asimptotiku:

�

W

12

(r

jj

; z)

�

=

2e

1

e

2

r

3

jj

z

2

; (96)

�ka zb�gat~s� z rezul~tatom roboti Kona ta Lau [27℄ ta v�dr�zn�t~s� u dva razi v�d ener��Ý vzamod�Ý dvoh

dipol�v.

Rozgl�n~mo ener��� prit�gann� zar�du do metalu za rahunok sil zobra�enn� z rozrahunku na odin zar�d:

�

W

1

(z) =

�

1

2

�

W

11

(r

jj

; z)�

e

2

2r

jj

�

�

�

�

r

jj

!0

= �

e

2

2

+1

Z

0

dq e

�2qz

p

q

2

+ 2{

2

TF

� q

p

q

2

+ 2{

2

TF

+ q

(97)
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= �

e

2

4z

"

1 +

1

2{

2

TF

z

2

� �

�

H

0

(2

p

2{

TF

z)� N

0

(2

p

2{

TF

z)

�

+

�

p

2{

TF

z

�

H

1

(2

p

2{

TF

z)� N

1

(2

p

2{

TF

z)

�

#

;

de H

0

ta H

1

| funk�Ý Struve, N

0

ta N

1

| funk-

�Ý Ne�mana v�dpov�dno nul~ovogo ta perxogo por�d-

k�v [26℄.

Na dostatn~o velik�� v�ddal� v�d poverhn� metalu,

koli {

TF

z � 1, otrimumo:

�

W

1

(z)

�

=

�

e

2

4z

�

1�

1

p

2{

TF

z

�

; (98)

de perxi� dodanok v�dpov�da klasiqnim silam zob-

ra�enn�.

Z �nxogo boku, pri {

TF

z � 1 oder�umo, wo

�

W

1

(z)

�

=

�

e

2

2

p

2{

TF

(99)

�

�

1�

p

2{

TF

z

�

4

3

�

1

2

 �

1

2

ln

�

p

2{

TF

z

�

��

;

de  = 0:577215 | post��na E�lera.

Veliqina

�

W

1

(0) =

e

2

2

p

2{

TF

sk�nqenna � v�dpov�-

da obm�nno-korel���n�� qastin� ener��Ý vzamod�Ý za-

r�du e �z nap�vobme�enim metalom [28℄.Takim qinom,

viraz (97) m�stit~ �nforma�� �k pro sili zobra-

�enn� na velikih v�ddal�h v�d poverhn� metalu, tak

� pro bagatoqastinkov� obm�nno-korel���n� efekti

vseredin� metalu.

Analog�qno mo�na rozrahuvati veliqini

W

12

(r

k

; z), W

1

(z) na osnov� ekranovanogo poten��lu

g(qjz

1

; z

2

) (62) pri s!1 [18℄. V�dm�nn�st~ pol�ga v

zam�n� veliqini

p

2{

TF

ta {

TF

. Obm�nno-korel���na

qastina ener��Ý vzamod�Ý zar�du e z nap�vobme�enim

metalom, �ka bula rozrahovana z urahuvann�m pe-

renormuvann� kumul�nta drugogo por�dku, vi�vl�-

t~s� u

p

2 razi b�l~xo� za analog�qnu veliqinu bez

urahuvann� perenormuvann�:

�

W

1

(0)

W

1

(0)

=

p

2: (100)

Ot�e, vrahuvann� perenormuvann� kumul�nta dru-

gogo por�dku zber�ga f�ziqno pravil~nu poved�nku

poten��l~noÝ ener��Ý vzamod�Ý zar�d�v b�l� pover-

hn� ta privodit~ do zb�l~xenn� obm�nno-korel���noÝ

qastini ener��Ý vzamod�Ý m�� zar�dami.

VISNOVKI

Metodom funk�onal~nogo �nte�ruvann� otrimano

viraz dl� termodinam�qnogo poten��lu 
 sistemi

vzamod��qih elektron�v z plosko� poverhne� roz-

d�lu. Pokazano, wo dl� rozrahunku 
 dostatn~o

znati efektivni� poten��l parnoÝ vzamod�Ý pri na-

�vnost� poverhn� rozd�lu. Otrimano �nte�ral~ne r�v-

n�nn� dl� efektivnogo poten��lu ta zna�deno �ogo

anal�tiqn� rozv'�zki v d�l�n� niz~kih � visokih

temperatur u nabli�enn� \post��noÝ gustini". Do-

sl�d�eno vpliv obm�nno-korel���nih vzamod�� na

rozv'�zki r�vn�nn� dl� ekranovanogo poten��lu ta

pokazano, wo zaproponovani� p�dh�d korektnogo vra-

huvann� kulon�vs~kih korel��� privodit~ do zros-

tann� obm�nno-korel���noÝ qastini ener��Ý vzamo-

d�Ý.
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STATISTICAL THEORY OF THE SPACEBOUNDED SYSTEMS

OF CHARGED FERMI-PARTICLES: I. THE FUNCTIONAL INTEGRATION METHOD

AND EFFECTIVE POTENTIALS

P. P. Kostrobii, B. M. Markovyh

National University \Lvivska Polytehnia"

12 S. Bandery Str., Lviv, UA{79013, Ukraine

A statistial theory of a system of harged Fermi-partiles bounded with plane surfae is presented. The theory

is based on the funtional integration method. The expressions for the system thermodynami potential is based

on the e�etive potential of interation between eletrons and the separable surfae. Analytial expressions for

the e�etive interation potentials for di�erent surfae potentials are found.
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