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Dl� prostorovo-obme�enih sistem otrimano zagal~ni� viraz dl� s-qastinkovoÝ funk�Ý

rozpod�lu elektron�v. Proanal�zovano unarnu ta b�narnu funk�Ý rozpod�lu elektron�v na-

p�vobme�enogo metalu (�onna p�dsistema model�t~s� odnor�dnim fonom) pri model�vann�

poverhnevogo poten��lu poten��l~nim bar'rom.
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VSTUP

Termodinam�qn� ta strukturn� funk�Ý rozpod�lu

qastinok  kl�qovimi v dosl�d�enn� prostorovo-

obme�enih sistem, do �kih nale�it~ poverhn� me-

talu pri vzamod�Ý z gazami, elektrol�tami. U po-

verhnevih �viwah adsorb�Ý, desorb�Ý, difuz�Ý takih

sistem odnu z golovnih role� v�d�gra elektronna

struktura poverhn� metalu, �ku mo�na vivqati �k

eksperimental~nimi metodami (skanu�q� tunel~na

spektroskop�� ta m�kroskop��, pol~ova �onna m�kro-

skop�� ta Ýhn� modif�ka�Ý [1{4℄), tak � metodami kom-

p'�ternogo model�vann� Monte-Karlo [5℄.Dl� vi�s-

nenn� mehan�zm�v adsorb�Ý, desorb�Ý, difuz�Ý atom�v,

molekul ta �nxih poverhnevih �viw va�liv� teore-

tiqn� dosl�d�enn� termodinam�qnih funk��, struk-

turnih funk�� rozpod�lu qastinok z urahuvann�m

speif�ki vzamod�Ý m�� qastinkami sistemi.

U �� statt�, wo  prodov�enn�m [6℄, na osnov� me-

todu funk�onal~nogo �nte�ruvann� rozgl�nuto za-

daqu rozrahunku funk�� rozpod�lu elektron�v dl�

model� prostorovo-obme�enoÝ sistemi, �ka sklada-

t~s� z elektron�v ta odnor�dnogo dodatnogo fonu

z plosko� poverhne� rozd�lu. Dl� prostorovo-

obme�enih sistem otrimano zagal~ni� viraz dl� s-

qastinkovoÝ funk�Ý rozpod�lu. Provedeno qisel~n�

rozrahunki unarnoÝ ta b�narnoÝ funk�� rozpod�lu

dl� model�vann� poverhnevogo poten��lu poten��-

l~nimi bar'rami; rezul~tati rozrahunk�v por�vn�no

z rezul~tatami, otrimanimi za dopomogo� metod�v

funk�onala gustini (u nabli�enn� lokal~noÝ gus-

tini) [7,8℄ ta Monte-Karlo [9℄. Dosl�d�eno vpliv po-

ten��l~nogo bar'ra na formu b�narnoÝ funk�Ý roz-

pod�lu elektron�v.

U �� pra� vikoristano poznaqenn�, �k� buli vve-

den� v nax�� poperedn�� pra� [6℄.

I. ZAGAL^NI� VIRAZ DL� s-QASTINKOVOÕ

FUNKC�Õ ROZPOD�LU

Viznaqimo s-qastinkovu funk�� rozpod�lu

F
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de f�(r

1

; : : : ; r

N

)g | funk�Ý dov�l~nogo povnogo naboru.

Statistiqni� operator exp [��(H � �N )℄ mo�na zapisati tak:
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de S | plowa poverhn� rozd�lu,
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zm�xane fur'-zobra�enn� lokal~noÝ gustini elektron�v [6℄:
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Zrobimo nastupni� lan��ok toto�nih peretvoren~ virazu (1.1)
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Zg�dno z prae� [6℄ mamo:
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Dl� rozrahunku �nte�ral�v u virazah (1.11) ta (1.12) obme�imos~ �auss�vs~kim nabli�enn�m, zam�nivxi,
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. V�dm�nn�st~ m�� veliqinami
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�
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�
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Dl� podal~xogo rozgl�du zruqno vvesti taku veliqinu:
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Urahovu�qi e, otrimumo dl� s-qastinkovoÝ elektronnoÝ funk�Ý rozpod�lu taki� viraz:
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de vvedeno take poznaqenn�:
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g(x) | efektivni� poten��l, vvedeni� zg�dno z prae� [6℄, C | konstanta, �ka viznaqat~s� z umovi nor-
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Rozklavxi exp u viraz� (1.15) u r�d ta vikonavxi poqlenno userednenn� zg�dno z (1.16), p�sl� termodina-

m�qnogo perehodu otrimamo r�d, �ki� zbirat~s� v exp [12℄:
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II. ROZRAHUNOK UNARNOÕ FUNKC�Õ ROZPOD�LU

Dl� unarnoÝ funk�Ý rozpod�lu (s = 1) �z (1.18) oder�umo:
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Dl� podal~xogo anal�zu potr�bno rozrahuvati unarnu funk�� rozpod�lu �deal~noÝ sistemi F
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A. Rozrahunok unarnoÝ funk�Ý rozpod�lu �deal~noÝ sistemi elektron�v

Zg�dno z (1.8), koli s = 1, mamo:
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Pere�xovxi u predstavlenn� vtorinnogo kvantuvann�, otrimumo:
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| funk�� rozpod�lu Ferm�{D�raka.

Model�mo poverhnevi� poten��l poten��l~no� shodinko� visoti W , tobto vva�amo, wo

V (z) = W�(z): (2.24)
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de d�l�nko� znaqen~ normal~noÝ do plowini XOY koordinati  nap�v�nterval [�L=2;+1); � | kvantove

qislo, vono pri�ma znaqenn�, �k� mo�na viznaqiti z takogo r�vn�nn�:
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� vona  tako�:
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{
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U vs�h real~nih zadaqah visota poten��l~nogo bar'ra  b�l~xo� za r�ven~ Ferm�, tobto W > �. Tod� dl�

unarnoÝ funk�Ý �deal~noÝ sistemi oder�umo:
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de n = N=V | konentra�� elektron�v.

Koli poten��l~ni� bar'r nesk�nqenno visoki� (W !1), to otrimumo taki� viraz dl� unarnoÝ funk�Ý

rozpod�lu �deal~noÝ sistemi (div., napriklad, [11℄):

F

0

1

(z) =

�

1�

3

8

�

z

0

z

�

3

sin

2z

z

0

+

3

4

�

z

0

z

�

2

os

2z

z

0

�

�(�z); (2.30)

de z

0

=

�

4

9�

�

1=3

a

B

r

s

, a

B

| rad�us Bora, r

s

| parametr Braknera.

B. Rozrahunok �M

(1)

k

1

;k

2

(x;�x)

Tut � nadal� budemo rozrahovuvati veliqinu �M

(s)

k

1

;k

2

(x;�x) za tako� formulo�:

�M

(s)

k

1

;k

2

(x;�x) = i

2

hT�

k

1

(x)�

k

2

(�x)i

(s)

0

� i

2

hT�

k

1

(x)�

k

2

(�x)i

0

; (2.31)

tobto, na v�dm�nu v�d (1.13), v ostann~omu dodanku rozgl�damo userednenn� za �deal~no� sistemo�.

Zg�dno z oznaqenn�m, userednenn� (1.9) dl� dov�l~nogo operatora A:

hAi

(1)

0

=

Sp

1

�

exp[��H

0

0

℄A

�

Sp

1

exp[��H

0

0

℄

=

Sp exp[��H

0

0

℄

Sp

1

exp[��H

0

0

℄

Sp

1

�

exp[��H

0

0

℄A

�

Sp exp[��H

0

0

℄

; (2.32)

skoristavxis~ oznaqenn�m unarnoÝ funk�Ý rozpod�lu �deal~noÝ sistemi (2.20), otrimumo:

hAi

(1)

0

=

V

F

0

1

(z

1

)

1

Sp exp[��H

0

0

℄

Z

dr

2

: : :

Z

dr

N

X

f

�

�

f

(r

1

; : : : ; r

N

)

� exp[��H

0

0

℄A�

f

(r

1

; : : : ; r

N

) =

V

N

1

F

0

1

(z

1

)

X

a

1

;a

2

	

�

a

1

(r

1

)	

a

2

(r

1

)hAa

y

a

1

a

a

2

i

0

: (2.33)

Dl� neodnor�dnosti sistemi vzdov� os� z viraz (2.33) mo�na zapisati tak:

hAi

(1)

0

=

V

SN

1

F

0

1

(z

1

)

X

p

1

;p

2

X

�

1

;�

2

exp

�

i(p

2

� p

1

)r

jj1

�

'

�

�

1

(z

1

)'

�

2

(z

1

)




Aa

y

�

1

(p

1

)a

�

2

(p

2

)

�

0

: (2.34)

�kwo za operator A vz�ti T�

k

1

(x)�

k

2

(�x), to, zg�dno z (2.31), oder�umo:

�M

(1)

k

1

;k

2

(x;�x) =

i

2

V

SN

1

F

0

1

(z

1

)

X

p

X

�;�

0

;�

1

h�

1

j exp(�k

1

z)j�

0

ih�j exp(�k

2

z)j�

1

i

� '

�

�

0

(z

1

)'

�

(z

1

)

2

�

3

X

�

1

G

�

1

(pj�

1

)G

�

0

(p� qj�

1

� �)G

�

(p� qj�

1

� �); (2.35)

de G

�

(pj�

1

) = (i�

1

+ � �E

�

(p))

�1

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

1

| ferm�vs~ka qastota, �

| boz�vs~ka.
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C. Rozrahunok unarnoÝ funk�Ý rozpod�lu elektron�v u graniqnih vipadkah niz~kih (� !1)

ta visokih (� ! 0) temperatur

Viraz (2.35) neobh�dno p�dstaviti u formulu (2.19) ta vikonati sumuvann� za boz�vs~ko� qastoto� �.

Osk�l~ki �vni� viraz dl� g

k

1

;k

2

(q; �)  nev�domim, to z meto� otrimann� anal�tiqnogo virazu dl� F

1

(r

1

)

znehtumo qastotno� dispers�� efektivnogo poten��lu [6℄. Tod� u formul� (2.19) sumuvann� za boz�vs~ko�

qastoto� � stosut~s� lixe veliqini �M

(1)

k

1

;k

2

(x;�x) � vikonut~s� anal�tiqno. Pri niz~kih temperaturah

pokaznik exp u viraz� dl� unarnoÝ funk�Ý (2.19) nabira vigl�du [12℄:

�

2S

X

x;k

1

;k

2

0

�M

(1)

k

1

;k

2

(x;�x)g

k

1

;k

2

(x) =

i

2

V

S

2

N

1

F

0

1

(z

1

)

X

q;p;�

0

X

k

1

;k

2

j'

�

(z

1

)j

2

� Æ (� �E

�

(p)) exp[�i(k

1

+ k

2

)z

1

℄g

k

1

;k

2

(q; � = 0); (2.36)

Ot�e, unarna funk�� rozpod�lu elektron�v  tako�:

F

1

(z

1

) = CF

0

1

(z

1

) exp

"

�

f

0

1

(z

1

)

F

0

1

(z

1

)

1

S

X

q

0

g(q; � = 0jz

1

; z

1

)

#

; (2.37)

de vvedeno tak� poznaqenn�:

f

0

1

(z

1

) =

1

Sn

X

p;�

j'

�

(z

1

)j

2

Æ (�� E

�

(p)) �

�

��

F

0

1

(z

1

); (2.38)

g(q; � = 0jz

1

; z

1

) =

X

k

1

;k

2

exp[�i(k

1

+ k

2

)z

1

℄g

k

1

;k

2

(q; � = 0): (2.39)

Osk�l~ki ekranovani� poten��l dl� model� poten��l~nogo bar'ra v rol� poverhnevogo poten��lu zale-

�it~ v�d modul� vektora q, to

F

1

(z

1

) = CF

0

1

(z

1

) exp

2

4

�

f

0

1

(z

1

)

F

0

1

(z

1

)

1

2�

1

Z

0

dq q g(q; � = 0jz

1

; z

1

)

3

5

; (2.40)

de vikonano pereh�d v�d sumuvann� za q do �nte�ruvann� v pol�rn�� sistem� koordinat.

Analog�qno provod�qi rozrahunki unarnoÝ funk�Ý rozpod�lu F

1

(z

1

) dl� visokih temperatur (� ! 0), ot-

rimumo [12℄:

F

1

(z

1

) = CF

0

1

(z

1

) exp

"

�

�

S

X

q

0

g(q; � = 0jz

1

; z

1

)

#

; (2.41)

wo zb�gat~s� z v�domimi virazami, div., napriklad [13℄.

Rozrahovu�qi f

0

1

(z) dl� poten��l~nogo bar'ra sk�nqennoÝ visoti v rol� poverhnevogo poten��lu, mamo:

f

0

1

(z) =

1

Sn

X

p;�

j'

�

(z)j

2

Æ

�

��

~

2

2m

(p

2

+ �

2

)

�

=

1

(2�)

2

8

n

2m

~

2

p

2m�=~

Z

0

d�

�

sin

2

(�z � 

�

)�(�z) +

�

�

~s

�

2

exp(�2{

�

z)�(z)

�

:

A dl� nesk�nqenno visokogo bar'ra oder�umo:
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f

0

1

(z) = 3z

2

0

m

~

2

�

1�

z

0

2z

sin

�

2z

z

0

��

�(�z): (2.42)

D. Dan� qisel~nih rozrahunk�v unarnoÝ funk�Ý rozpod�lu elektron�v

Mi proveli qisel~n� rozrahunki unarnoÝ funk�Ý rozpod�lu pri harakternih dl� metal�v konentra��h

(r

s

= 2 � 6), model��qi poverhnevi� poten��l r�znimi poten��l~nimi bar'rami. Tak, na ris. 1 navedeno

rezul~tati naxih rozrahunk�v u por�vn�nn� �z rezul~tatami, �k� otriman� za dopomogo� metodu funk�onala

gustini v nabli�enn� lokal~noÝ gustini [7℄ ta metodu Monte-Karlo [9℄ dl� r

s

= 2:66.�k baqimo z por�vn�nn�,

nax� rozrahunki v d�l�n� b�l� poverhn� l�pxe uzgod�u�t~s� z rozrahunkami, �k� oder�an� metodom Monte-

Karlo.

r

s

= 2:66

z; a

B

F

1

(z)

Ris. 1. Elektronna unarna funk�� rozpod�lu dl� r

s

= 2:66. Su�l~na l�n�� | nax� rozrahunki, xtrihova |

Monte-Karlo, xtrihpunktirna | metod funk�onala gustini.

Na ris. 2 navedeno rezul~tati naxih rozrahunk�v dl� model� nesk�nqenno visokogo ta sk�nqennogo (W =

4:01 eV) poten��l~nih bar'r�v u por�vn�nn� z rezul~tatami Len�a [8℄ dl� r

s

= 5. U vipadku nesk�nqenno

visokogo bar'ra elektronna gustina xvidxe zagasa.

r

s

= 5

z; a

B

F

1

(z)

Ris. 2. Elektronna unarna funk�� rozpod�lu dl� r

s

= 5. Su�l~na l�n�� | rozrahunki dl� sk�nqennogo poten��-

l~nogo bar'ra, xtrihova | dl� nesk�nqenno visokogo poten��l~nogo bar'ra, xtrihpunktirna | rozrahunki Len�a.
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III. ROZRAHUNOK B�NARNOÕ FUNKC�Õ ROZPOD�LU

Dl� b�narnoÝ funk�Ý rozpod�lu (s = 2) �z (1.18) otrimumo:

F

2

(r

1

; r

2

) = CF

0

2

(r

1

; r

2

) exp

2

4

�

2S

X

x;k

1

;k

2

0

�M

(2)

k

1

;k

2

(x;�x)g

k

1

;k

2

(x)

3

5

; (3.43)

dl� podal~xogo rozgl�du neobh�dno rozrahuvati b�narnu funk�� rozpod�lu �deal~noÝ sistemi elektron�v

F

0

2

(r

1

; r

2

) ta veliqinu �M

(2)

k

1

;k

2

(x;�x).

A. Rozrahunok b�narnoÝ funk�Ý rozpod�lu �deal~noÝ sistemi elektron�v

Zg�dno z (1.8), koli s = 2, mamo:

F

0

2

(r

1

; r

2

)

V

2

=

Sp

1;2

exp[��H

0

0

℄

Sp exp[��H

0

0

℄

=

1

Sp exp[��H

0

0

℄

Z

dr

3

: : :

Z

dr

N

X

f

�

�

f

(r

1

; : : : ; r

N

) exp[��H

0

0

℄�

f

(r

1

; : : : ; r

N

)

=

1

N (N � 1)

1

Sp exp[��H

0

0

℄

Z

dr

0

1

: : :

Z

dr

0

N

X

f

�

�

f

(r

0

1

; : : : ; r

0

N

) exp[��H

0

0

℄

�

N

X

i 6=j=1

Æ(r

1

� r

0

i

)Æ(r

2

� r

0

j

)�

f

(r

0

1

; : : : ; r

0

N

); (3.44)

pere�xovxi u zobra�enn� vtorinnogo kvantuvann�, otrimumo:

N

X

i 6=j=1

Æ(r

1

� r

0

i

)Æ(r

2

� r

0

j

) =

X

a

1

;:::;a

4

	

�

a

1

(r

1

)	

a

3

(r

1

)	

�

a

2

(r

2

)	

a

4

(r

2

)a

y

a

1

a

y

a

2

a

a

4

a

a

3

; (3.45)

tod�

F

0

2

(r

1

; r

2

)

V

2

=

1

N (N � 1)

X

a

1

;:::;a

4

	

�

a

1

(r

1

)	

a

3

(r

1

)	

�

a

2

(r

2

)	

a

4

(r

2

)

�
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�

exp[��H

0

0

℄a

y

a

1

a

y

a

2

a

a

4

a

a

3

�

Sp exp[��H

0

0

℄

=

1

N (N � 1)

X

a

1
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4

	

�

a

1

(r

1
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a

3

(r

1
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�

a

2

(r

2

)	

a

4

(r

2

)

� (n

a

1

n

a

2

Æ

a

1

;a

3

Æ

a

2

;a

4

� n

a

1

n

a

3

Æ

a

1

;a

4

Æ

a

2

;a

3

)

=

1

N (N � 1)

X

a

1

j	

a

1

(r

1

)j

2

n

a

1

X

a

2

j	

a

2

(r

2

)j

2

n

a

2

�

1

N (N � 1)

X

a

1

;a

2

	

�

a

1

(r

1

)	

a

2

(r

1

)	

�

a

2

(r

2

)	

a

1

(r

2

)n

a

1

n

a

2

; (3.46)

vrahovu�qi, wo dl� velikih N : N (N � 1) � N

2

, ta vikoristavxi viraz dl� unarnoÝ funk�Ý (2.22), mamo:

F

0

2

(r

1

; r

2

)

V

2

=

F

0

1

(r

1

)F

0

1

(r

2

)

V

2

�

1

N

2

X

a

1

;a

2

	

�

a

1

(r

1

)	

a

2

(r

1

)	

�

a

2

(r

2

)	

a

1

(r

2

)n

a

1

n

a

2

: (3.47)
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Dl� rozgl�danoÝ zadaq� b�narna funk�� rozpod�lu F

0

2

(r

1

; r

2

) nabira takogo vigl�du:

F

0

2

(r

jj

; z

1

; z

2

) = F

0

1

(z

1

)F

0

1

(z

2

) �

�

V

SN

�

2

X

�

1

;�

2

X

p;p

0

'

�

�

1

(z

1

)'

�

2

(z

1

)'

�

�

2

(z

2

)'

�

1

(z

2

)

� exp

�

ipr

jj

�

n

�

1

(p

0

)n

�

2

(p

0

� p); (3.48)

de r

jj

= r

jj1

� r

jj2

.

Dl� niz~kih temperatur (� !1) sumuvann� za p

0

u formul� (3.48) mo�na vikonati anal�tiqno:

I (p; �

1

; �

2

) �

1

2

X

p

0

�(

2

1

� p

02

)�(

2

2

� (p

0

� p)

2

) =

S

(2�)

2

Z

dp

0

�(

2

1

� p

02

)�(

2

2

� (p

0

� p)

2

); (3.49)

de vvedeno tak� poznaqenn�:



2

1

=

2m�

~

2

� �

2

1

; (

2

1

> 0); (3.50)



2

2

=

2m�

~

2

� �

2

2

; (

2

2

> 0): (3.51)

�z (3.49) legko baqiti, wo dl� p 6 j

1

� 

2

j:

I (p; �

1

; �

2

) =

S

(2�)

2

�

�

2

1

�(

2

2

� 

2

1

) + �

2

2

�(

2

1

� 

2

2

)

�

; (3.52)

a dl� p > 

1

+ 

2

:

I (p; �

1

; �

2

) = 0: (3.53)

Vikonavxi �nte�ruvann� u viraz� (3.49), u vipadku, koli p < 

1

+ 

2

ta p > j

1

� 

2

j, otrimumo:

I (p; �

1

; �

2

) =

S

(2�)

2

[f (p; �

1

; �

2

) + f (p; �

2

; �

1

)℄ ; (3.54)

de vvedeno take poznaqenn�:

f (p; �

1

; �

2

) = 

2

1

�

�

2

+ arsin

�

2

1

� �

2

2

� p

2

2p

1

�

+

�

2

1

� �
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2

� p

2

2p

s



2

1

�

(�

2

1

� �

2

2

� p

2

)

2

4p

2

: (3.55)

Tod� dl� b�narnoÝ funk�Ý F

0

2

(r

jj

; z

1

; z

2

) (3.48) oder�umo taki� viraz:

F
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)F
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�

1
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�
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1
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�
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�
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)

1

Z

0

dp p J

0

�

p r

jj

�

I(p; �

1

; �

2

); (3.56)

de J

0

�

p r

jj

�

| funk�� Bessel� nul~ovogo por�dku.
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B. Rozrahunok �M

(2)

k

1

;k

2

(x;�x)

Zg�dno z oznaqenn�m userednenn� (1.9), dl� dov�l~nogo operatora A mamo:

hAi

(2)

0

=

Sp

1;2

(exp [��H

0

0

℄A)

Sp

1;2

exp [��H

0

0

℄

=

Sp exp [��H

0

0

℄

Sp

1;2

exp [��H

0

0

℄

Sp

1;2

(exp [��H

0

0

℄A)
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skoristavxis~ oznaqenn�m b�narnoÝ funk�Ý rozpod�lu �deal~noÝ sistemi (3.44), otrimumo:
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�kwo v rol� operatora A vz�ti T�

k
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(x)�

k

2
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C. Rozrahunok b�narnoÝ funk�Ý rozpod�lu elektron�v u graniqnih vipadkah niz~kih (� !1) ta

visokih (� ! 0) temperatur

Viraz (3.59) potr�bno p�dstaviti u formulu (3.43) ta vikonati sumuvann� za boz�vs~ko� qastoto� �. Os-

k�l~ki �vni� viraz dl� g

k

1

;k

2

(q; �)  nev�domim, to z meto� otrimann� anal�tiqnogo virazu dl� F

2

(r

1

; r

2

)

znehtumo qastotno� dispers�� efektivnogo poten��lu [6℄. Tod� u formul� (3.43) sumuvann� za boz�vs~ko�

qastoto� � stosut~s� lixe veliqini �M

(2)

k

1

;k

2

(x;�x) ta vikonut~s� anal�tiqno.

Pokaznik exp u viraz� dl� b�narnoÝ funk�Ý rozpod�lu (3.43) dl� niz~kih temperatur nabira takogo vigl�du

[12℄:
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de vvedeno nastupn� poznaqenn�:
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Viraz (3.60) mo�na we b�l~x sprostiti, zam�nivxi v tret~omu ta qetvertomu dodankah funk�Ý F
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); (3.64)

p�sl� ih nabli�en~ otrimumo viraz dl� b�narnoÝ funk�Ý rozpod�lu elektron�v (� !1):

F

2

(r

jj

; z

1

; z

2

) = CF

1

(z

1

)F

1

(z

2

)

F

0

2

(r

jj

; z

1

; z

2

)

F

0

1

(z

1

)F

0

1

(z

2

)

� exp

"

�

F

0

1

(z

1

)f

0

1

(z

2

) + f

0

1

(z

1

)F

0

1

(z

2

)

2F

0

2

(r

jj

; z

1

; z

2

)

1

S

X

q

0

exp

�

iqr

jj

�

g(q; � = 0jz

1

; z

2

)

#

; (3.65)

de bulo vrahovano viraz dl� unarnoÝ funk�Ý rozpod�lu (2.37).

Analog�qno prov�vxi rozrahunki u vipadku visokih temperatur (� ! 0), mamo:
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Osk�l~ki ekranovani� poten��l dl� model� poten��l~nogo bar'ra �k poverhnevogo poten��lu zale�it~

v�d modul� vektora q, to (3.65) ta (3.66) v�dpov�dno sta�t~ takimi:
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�z virazu (3.48) vidno, wo z� zrostann�m v�ddal�

m�� dvoma elektronami u plowin�, �ka paralel~na

do poverhn� rozd�lu, b�narna funk�� rozpod�lu �de-

al~noÝ sistemi elektron�v sta dobutkom dvoh unar-

nih funk�� �deal~noÝ sistemi
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); (3.69)

osk�l~ki J

0

(x) ! 0 pri jxj ! 1; kr�m togo, z analo-

g�qnoÝ priqini:
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� ot�e, b�narna funk�� rozpod�lu elektron�v (�z ura-

huvann�m vzamod�Ý m�� nimi)  dobutkom unarnih:
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jj

!1; z
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; z
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) = F

1
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); (3.71)

tobto pri dostatn~o velikih r

jj

korel��Ý m�� qas-

tinkami znika�t~, wo v�dpov�da prinipov� oslab-

lenn� korel��� [10℄.

D. Dan� qisel~nih rozrahunk�v b�narnoÝ funk�Ý

rozpod�lu elektron�v

Tut podano rezul~tati naxih rozrahunk�v b�narnoÝ

funk�Ý rozpod�lu dl� modele� sk�nqennogo ta nesk�n-

qenno visokogo poten��l~nih bar'r�v.
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Ris. 3. B�narna funk�� rozpod�lu elektron�v
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= �6 a

B

) pri r

s

= 2 (nesk�nqenno visoki�

poten��l~ni� bar'r).

Na ris. 3 ta ris. 5 podano b�narnu funk�� rozpo-

d�lu elektron�v u vipadku, koli odin elektron pe-

rebuva v toq� (r

jj

= 0, z

2

= �6 a

B

) ta (r

jj

= 0,

z

2

= �4 a

B

) v�dpov�dno, a �nxi� | v d�l�n� (jr

jj

j > 0,

�1 < z

1

< +1); � rozrahunki proveden� dl� ne-

sk�nqenno visokogo poten��l~nogo bar'ra �k pover-

hnevogo poten��lu pri r

s

= 2.

Z ris. 3 ta ris. 5 vidno, wo b�narna funk�� rozpo-

d�lu elektron�v ma m�n�mum pri r

jj

! 0, z

1

! z

2

, wo

 nasl�dkom kulon�vs~kogo v�dxtovhuvann� m�� elek-

tronami ta nemo�livosti perebuvann� dvoh elekt-

ron�v v odn�� toq�. Spadann� funk�Ý F

2

(r

jj

; z

1

; z

2

) u

�� d�l�n�  r�zk�xim, n�� pri vrahuvann� lixe ob-

m�nnih efekt�v [14℄.

Z ris. 4 ta ris. 6 vidno, wo pri nabli�enn� od-

nogo z elektron�v do poten��l~nogo bar'ra (plo-

wina z

1

= 0) b�narna funk�� rozpod�lu elektron�v v

d�l�n� (r

jj

! 0, z

1

; z

2

! 0) deformut~s�, v d�l�n�

(r

jj

! 0, z

1

; z

2

!�1) vona  aks��l~no simetriqno�,
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osk�l~ki e v�dpov�da odnor�dn�� sistem� (dva elek-

troni znahod�t~s� v glibin� metalu). Tobto elekt-

ron, p�dhod�qi do poverhn� rozd�lu, v�dquva ne lixe

efektivne v�dxtovhuvann� z boku �nxih elektron�v,

a � poqina v�dquvati poten��l~ni� bar'r. F�ziqno

e oznaqa, wo elektronov� ener�etiqno nevig�dno po-

kidati metal.
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Ris. 9. B�narna funk�� rozpod�lu elektron�v
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Analog�qn� rezul~tati rozrahunk�v navedeno na

ris. 7{10 dl� poten��l~nogo bar'ra sk�nqennoÝ vi-

soti (W = 4:01 eV) �k poverhnevogo poten��lu. Sk�n-

qenn�st~ poten��l~nogo bar'ra privodit~ do plav-

n�xogo zagasann� elektronnoÝ b�narnoÝ funk�Ý rozpo-

d�lu b�l� poverhn� rozd�lu.
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IV. VISNOVKI

Metodom funk�onal~nogo �nte�ruvann� otri-

mano viraz dl� s-qastinkovoÝ funk�Ý rozpo-

d�lu F

s

(r

1

; : : : ; r

s

) sistemi vzamod��qih elektro-

n�v z plosko� poverhne� rozd�lu. Dl� rozrahunku

F

s

(r

1

; : : : ; r

s

) dostatn~o znati s-qastinkovu funk��

rozpod�lu F

0

s

(r

1

; : : : ; r

s

) �deal~noÝ sistemi ta efek-

tivni� poten��l parnoÝ vzamod�Ý pri na�vnost�

ploskoÝ poverhn� rozd�lu.

Dosl�d�eno anal�tiqn� virazi dl� unarnoÝ ta b�-

narnoÝ funk�� rozpod�lu v graniqnih vipadkah vi-

sokih ta niz~kih temperatur, a tako� vpliv poten-

��l~nogo bar'ra na formu funk�� rozpod�lu.
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A STATISTICAL THEORY OF THE SPACEBOUNDED SYSTEMS OF CHARGED

FERMI-PARTICLES: II. DISTRIBUTION FUNCTIONS

P. P. Kostrobii, B. M. Markovyh

Department for Applied Mathematis, National University \Lvivska Politekhnika"

12 Bandera Str., Lviv, UA{79013, Ukraine

A general expression for the s-partile eletron distribution funtion has been obtained for spaebound systems.

The analysis has been made for the one-partile and the two-partile eletron distribution funtions of a semi-

bounded metal (the ion subsystem is modelled by a uniform bakground) when modelling the surfae potential

by a potential barrier.
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