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Pobudovano sistemu kvaz�klasiqnih r�vn�n~ dl� nadprov�dnih kontakt�v rozkladom funk-

�� �r�na za bazisom �z parnih � neparnih rozv'�zk�v odnoqastinkovogo r�vn�nn� Xredin�era.
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I. VSTUP

Dl� obqislenn� strumu v nadprov�dnih kontaktah

r�znih tip�v na�qast�xe koristu�t~s� sistemo� r�v-

n�n~ Gor~kova dl� funk�� �r�na. Osk�l~ki toqni�

rozv'�zok ih r�vn�n~ za na�vnosti prostorovoÝ ne-

odnor�dnosti nemo�livi�, vda�t~s� do kvaz�klasiq-

nih r�vn�n~ [1℄.U nih nehtut~s� dr�bnomasxtabnimi

zm�nami na dov�inah por�dku atomnoÝ � zalixa�-

t~s� lixe velikomasxtabn� zm�ni na dov�inah po-

r�dku dov�ini kogerentnosti �

0

. Dl� Ýh pobudovi

v [1℄ funk�Ý �r�na rozkladali za bazisnimi funk-

��mi, rozv'�zkami odnoqastinkovogo r�vn�nn� Xre-

din�era, wo opisu�t~ hvil�, �k� pada�t~ na bar'r

zl�va � sprava, � vikonuvali potr�bne userednenn�.

Rozv'�zki pobudovanih takim qinom kvaz�klasiqnih

r�vn�n~ dl� funk�� �r�na ma�t~ nesimetriqn� v�d-

nosno poqatku koordinat kra�ov� umovi na nesk�n-

qennost�. Wob otrimati simetriqn� umovi, u robot�

[2℄ vikoristano �nxi� bazis | plosk� hvil�. Kra-

�ov� umovi na nesk�nqennost� pri ~omu sta�t~ stan-

dartnimi, odnak vtraqat~s� neperervn�st~ funk��

�r�na na bar'r�. Ce pov'�zano z tim, wo plosk� hvil�

ne  rozv'�zkami r�vn�nn� Xredin�era �Ý zadaq�.

U �� robot� zaproponovano pobudovu r�vn�n~ roz-

kladom funk�� �r�na za bazisom z vlasnih funk��

odnoqastinkovogo r�vn�nn� Xredin�era, �k�  par-

nimi abo neparnimi (rozd�l II).

Na osnov� otrimanih r�vn�n~ budut~s� teor�� toq-

kovogo kontaktu ta kontaktu SNINS (nadprov�dnik|

normal~ni� metal | �zol�tor | normal~ni� metal

| nadprov�dnik) (rozd�li III � IV v�dpov�dno).

II. POBUDOVA R�VN�N^ DL� FUNKC��

�R�NA TUNEL^NOGO KONTAKTU V

SIMETRIQNOMU BAZIS�

Dl� rozrahunku strumovih staniv u nadprovidnih

tunel~nih kontaktah neobh�dno sklasti � rozv'�zati

sistemu rivn�n~ dl� funki� Grina nadprovidnika,

zglad�enih po atomnih dov�inah. U [1℄ dl� ~ogo

vikoristano model~ z Æ{funki�nim poteni�l~nim

bar'rom U (r) = U (z) = U

0

Æ(z) i vvedeno bazis �z roz-

v'�zkiv odnoqastinkovogo rivn�nn� Xredin�era:
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Hvil~ovi funkiÝ normovani v neskinqennomu ob'mi

na Æ{funki�.
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Rozv'�zki pobudovanih takim qinom kvaziklasiqnih

rivn�n~ dl� funki�
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Zavd�ki na�vnosti Æ{funki� usi inte�rali u (8) znimut~s� i mi otrimamo:
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Zrozumilo, wo to� sami� zv'�zok matime mise i mi� starimi ta novimi funki�mi �rina v t{predstavlenni

(div [1℄, [2℄)
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Dl� matriqnih elementiv parametra por�dku mamo (opuska�qi parametr x)
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Veliqina tunel~nogo strumu qerez bar'r u novomu bazis� vira�at~s� formulo�:

j(0) = 2�iev

0

N (0)T

X

!

n

1

Z

0

dxx

p

D(x)(G

2;1

!

n

(0; 0)�G

1;2

!

n

(0; 0)): (13)

Perekonamos�, wo vikoristann� bazisu sto�qih

hvil~ (7) privodit~ do funki� �rina �z simetriq-
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pri t!1 parametr upor�dkuvann� pr�mu do staloÝ

veliqini, �ka dor�vn� �e

�i'=2

na minus neskinqen-

nosti i �e

i'=2

na pl�s neskinqennosti (nadprovidniki

zliva i sprava vva�amo odnakovimi). Todi matriqni

elementi (12) dorivn�vatimut~

^

�

1;1

=

^

�

2;2

= ��

x

os

'

2

; (14)

^

�

2;1

= ��(

p

R+ i

p

D sign t)�

y

sin

'

2

= (

^

�

1;2

)

+

:

Na neskinqennosti funkiÝ �rina zale�at~ v�d r�z-

ni� ar�ument�v, � sistema kvaziklasiqnih rivn�n~
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Sistema (15), a tako� analogiqna dl�
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Takim qinom, u rozkladi za novim bazisom mi spravd� otrimali na neskinqennost� rozv'�zki, �ki perehod�t~

odin v odni� pri zamini t!�t.

III. TOQKOVI� KONTAKT

Oder�an� kvaz�klasiqn� r�vn�nn� v model� z kuskovo{stalim parametrom upor�dkuvann�, �ka  toqno� dl�

toqkovogo kontaktu, mo�na rozv'�zati za dov�l~noÝ prozorosti bar'ra.
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Sistema r�vn�n~ (11) nabuva vigl�du
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x

os'=2

�

^

G

2;1

!

n

(t; t

0

) = 0;

abo v simvol�qnomu zapis�

^

Kg(t; t

0

) = Æ(t � t

0

); (20)

de

^

K =

0

B

�

i!

n

+ i�

z

d

dt

���

x

os'=2 �(

p

R+ i

p

D sign t)�

y

sin'=2

�(

p

R� i

p

D sign t)�

y

sin'=2 i!

n

+ i�

z

d

dt

���

x

os'=2

1

C

A

;
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g(t; t

0

) =

�

^

G

1;1

!

n

(t; t

0

)

^

G

2;1

!

n

(t; t

0

)

�

:

Pri rozv'�zuvann� skoristamos~ metodom, vikladenim u [3℄.

V oblast�h t < 0 i t > 0 nedi�gonal~ni elementi matrii

^

K peresta�t~ zale�ati vid t. Napriklad, pri t < 0

^

K =

0

B

�

i!

n

+ i�

z

d

dt

���

x

os'=2 � 

�

�

y

sin'=2

�  �

y

sin'=2 i!

n

+ i�

z

d

dt

���

x

os'=2

1

C

A

;

de  =

p

R+ i

p

D; jj

2

= 1: C� matri� di�gonalizut~s� za dopomogo� matrii unitarnogo peretvorenn�

b

B =

1

p

2

�

1 

�

� 1

�

:

Pri ~omu

^

~

K =

^

B

^

K

^

B

�1

=

=

 

i!

n

+ i�

z

d

dt

��(�

x

os'=2� �

y

sin'=2) 0

0 i!

n

+ i�

z

d

dt

��(�

x

os'2 + �

y

sin '=2)

!

;

a rivn�nn� (20) perehodit~ u

^

~

K~g(t; t

0

) =

^

BÆ(t � t

0

); (21)

de

~g(t; t

0

) =

^

Bg(t; t

0

) =

1

p

2

�

^

G

1;1

!

n

(t; t

0

) + 

�

^

G

2;1

!

n

(t; t

0

)

�

^

G

2;1

!

n

(t; t

0

) +

^

G

1;1

!

n

(t; t

0

)

�

�

�

^

L(t; t

0

)

^

M (t; t

0

)

�

: (22)

U rozgornutomu vigl�di (21) zapisut~s� tak:

�

i!

n

+ i�

z

d

dt

���

x

os'=2 +��

y

sin'=2

�

^

L(t; t

0

) =

1

p

2

Æ(t� t

0

);

�

i!

n

+ i�

z

d

dt

���

x

os'=2���

y

sin'=2

�

^

M (t; t

0

) = �



p

2

Æ(t� t

0

)

abo

d

^

L(t; t

0

)

dt

+

^

A(')

^

L(t; t

0

) = �

i

p

2

�

z

Æ(t� t

0

); (23)

d

^

M(t; t

0

)

dt

+

^

A(�')

^

M (t; t

0

) = i



p

2

�

z

Æ(t� t

0

): (24)

Tut

^

A(') � !

n

�

z

���

y

os'=2�� �

x

sin'=2 =

�

!

n

i�e

i'=2

�i�e

�i'=2

�!

n

�

;

�

^

A (')

�

2

= !

2

n

+�

2

� ~!

2

n

:
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Rozv'�zok rivn�nn� (23) podamo u vigl�di sumi za-

gal~nogo rozv'�zku odnoridnogo rivn�nn� � qastin-

nogo rozv'�zku neodnoridnogo:

^

L(t; t

0

) = e

�

^

A(')t

^

L

0

(t

0

)

�

i

2

p

2~!

n

(~!

n

�

z

sign(t� t

0

) +

^

A(')�

z

)e

�~!

n

jt�t

0

j

;

de

^

L

0

(t

0

) { matriqna funk�� v�d zm�nnoÝ t

0

, �ka we

potrebu znahod�enn�. Osk�l~ki

e

�

^

A(')t

^

L

0

(t

0

) =

e

~!

n

t

2~!

n

(~!

n

�

^

A('))

^

L

0

(t

0

)

+

e

�~!

n

t

2~!

n

(~!

n

+

^

A('))

^

L

0

(t

0

);

to dl� zabezpeqenn� anal�tiqnosti funk�Ý

^

L(t; t

0

)

pri t!�1 matri�

^

L

0

(t

0

) povinna mati vigl�d

^

L

0

(t

0

) =

 

�

1

(t

0

)

1

b

�

1

(t

0

)

b�

1

(t

0

) �

1

(t

0

)

!

;

de �

1

(t

0

) � �

1

(t

0

) { nev�dom� funk�Ý v�d t

0

� pri ~omu

vvedeno poznaqenn� b = i

~!

n

+ !

n

�

e

�i'=2

. Ot�e,

^

L(t; t

0

) =

 

�

1

1

b

�

1

b�

1

�

1

!

e

~!

n

t

�

i

2

p

2~!

n

(~!

n

�

z

sign(t� t

0

)

+

^

A(')�

z

)e

�~!

n

jt�t

0

j

(25)

(dl� kompaktnosti mi opuskamo ar�ument t

0

u fun-

k��h �

1

� �

1

). Tak samo dl�

^

M(t; t

0

) znahodimo

^

M (t; t

0

) =

 

�

2

�

1

b

�

�

2

�b

�

�

2

�

2

!

e

~!

n

t

(26)

+

i

2

p

2~!

n

(~!

n

sign(t � t

0

) +

^

A(�'))�

z

e

�~!

n

jt�t

0

j

:

Pererozv'�zumo (22) stosovno

^

G

1;1

!

n

i

^

G

2;1

!

n

:

^

G

1;1

!

n

(t; t

0

) =

1

p

2

 

�

1

� 

�

�

2

1

b

�

1

+



�

b

�

�

2

b�

1

+ 

�

b

�

�

2

�

1

� 

�

�

2

!

e

~!

n

t

�

i

4~!

n

[2~!

n

sign(t � t

0

) + (

^

A(') +

^

A(�'))℄�

z

e

�~!

n

jt�t

0

j

=

1

p

2

 

�

1

� 

�

�

2

1

b

�

1

+



�

b

�

�

2

b�

1

+ 

�

b

�

�

2

�

1

� 

�

�

2

!

e

~!

n

t

�

i

2~!

n

[~!

n

�

z

sign(t � t

0

) + !

n

� i��

x

os'=2℄e

�~!

n

jt�t

0

j

;

^

G

2;1

!

n

(t; t

0

) =

1

p

2

 

�

1

+ �

2



b

�

1

�

1

b

�

�

2

b�

1

� b

�

�

2

�

1

+ �

2

!

e

~!

n

t

�

i

4~!

n

[A(')�

^

A(�')℄�

y

e

�~!

n

jt�t

0

j

=

1

p

2

 

�

1

+ �

2



b

�

1

�

1

b

�

�

2

b�

1

� b

�

�

2

�

1

+ �

2

!

e

~!

n

t

+



2~!

n

��

y

sin'=2e

�~!

n

jt�t

0

j

:

V oblast� t > 0 � funk�Ý znahodimo analog�qno, odnak teper matri�

^

K d��gonal�zut~s� za dopomogo�

matri�

b

B =

1

p

2

�

1 

�

�

1

�

� umovu anal�tiqnosti sl�d nakladati pri t! +1. U visl�d�:

^

G

1;1

!

n

(t; t

0

) =

1

p

2

 



1

� 

2

�b

�

Æ

1

� bÆ

2

�

1

b

�



1

�



b



2

Æ

1

� Æ

2

!

e

�~!

n

t

�

i

2~!

n

(~!

n

�

z

sign(t � t

0

) + !

n

� i��

x

os'=2)e

�~!

n

jt�t

0

j

;

^

G

2;1

!

n

(t; t

0

) =

1

p

2

 



�



1

+ 

2

�

�

b

�

Æ

1

+ bÆ

2

�



�

b

�



1

+

1

b



2



�

Æ

1

+ Æ

2

!

e

�~!

n

t

+



�

2~!

n

��

y

sin'=2e

�~!

n

jt�t

0

j

:
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Nevidomi funkiÝ �

i

(t); �

i

(t); 

i

(t) i Æ

i

(t) (i = 1; 2) zna-

hodimo z umovi neperervnosti funki�

^

G

1;1

!

n

i

^

G

2;1

!

n

v toq� z = 0. Prote dl� znahod�enn� strumu nam

dostatn~o obqisliti �

1

(t

0

) � �

2

(t

0

). Dl� nih mamo

sistemu lini�nih rivn�n~:

�

1

(t) � 

�

�

2

(t)� 

1

(t) + 

2

(t) = 0;

b�

1

(t) + 

�

b

�

�

2

(t) +

1

b

�



1

(t) +



b



2

(t) = 0;

�

1

(t) + �

2

(t) � 

�



1

(t) � 

2

(t) = 0;

b�

1

(t) � b

�

�

2

(t) +



�

b

�



1

(t) �

1

b



2

(t)

= �i

 � 

�

p

2~!

n

�sin'=2 � e

�~!

n

jtj

:

Sistema legko rozv'�zut~s�, i dl� l�vogo verhn~ogo

elementa matri�

^

G

2;1

!

n

znahodimo:

G

2;1

!

n

(t; t

0

) = �

i

4

p

D�

2

sin'

!

2

n

+�

2

(1 �D sin

2

'=2)

e

�~!

n

(jtj+jt

0

j)

: (27)

Okremo xukati funki�

^

G

1;2

!

n

(t; t

0

), �ka vhodit~ u viraz dl� strumu, nema potrebi, oskil~ki legko pomititi,

wo ÝÝ otrimumo z

^

G

2;1

!

n

(t; t

0

) zam�no�  na 

�

, tobto

p

D na �

p

D. Takim qinom, oder�umo toqni� za prozorist�

bar'ra viraz dl� strumu qerez SIS{kontakt u modeli z kuskovo{neperervnim parametrom upor�dkuvann�:

j(0) = �ev

0

N (0)T

X

!

n

1

Z

0

dxxD(x)

�

2

sin'

!

2

n

+�

2

(1�D(x) sin

2

'=2)

=

�

2

ev

0

N (0)

1

Z

0

dx � xD(x)

�

q

1�D(x) sin

2

'=2

th

�

q

1�D(x) sin

2

'=2

2T

sin': (28)

Pri mal�� prozorost� bar'ra � formula pere-

hodit~ u klasiqni� d�ozefson�vs~ki� viraz dl�

strumu.

IV. SNINS{KONTAKT

Obqislimo strum u SNINS{kontakt� za dov�l~nogo

polo�enn� �zol�tora v normal~n�� oblast�. U n��

� = 0 � v model� kuskovo{stalogo parametra vpor�d-

kuvann� mamo

�(z) = �e

�i'=2

�(�z � d

1

) + �e

i'=2

�(z � d

2

); (29)

d

1

� d

2

| v�dstan� v�d �zol�tora (z = 0) do l�voÝ � pra-

voÝ NS{me�� v�dpov�dno. Dl� viznaqenosti budemo

vva�ati, wo d

1

� d

2

.

Mamo p'�t~ oblaste� z r�znimi znaqenn�mi para-

metra vpor�dkuvann�. Rozrahunki mo�na sprostiti,

�kwo vdatis� do de�kih modif�ka�� metodu.

Domno�imo sistemu r�vn�n~ (11) zl�va � sprava na

�

z

. Otrimamo

(i

d

dt

+ i!

n

�

z

)

^

G

i;k

!

n

(t; t

0

) �

X

i

0

^

�

i;i

0

(t)

^

G

i

0

;k

!

n

(t; t

0

)

= Æ

i;k

Æ(t� t

0

);

de

^

�

i;i

0

(t) v�dr�zn�t~s� v�d matri� z takim �e po-

znaqenn�m �z poperedn�h rozd�l�v domno�enn�m zl�va

na �

z

, tobto

^

�

i;i

0

(t) =

 

0 �

i;i

0

(t)

�

�

�

i;i

0

(t) 0

!

�

^

G

i;k

!

n

(t; t

0

) =

^

G

i;k

!

n

(t; t

0

)�

z

=

�

G

!

n

(r

1

; r

2

)

~

F

!

n

(r

1

; r

2

)

�F

!

n

(r

1

; r

2

) �

~

G

!

n

(r

1

; r

2

)

�

:

Pri t = t

0

funk�Ý �r�na

^

G

i;k

!

n

(t; t

0

) perehod�t~ v a�-

lenber�er�vs~k�.

U model� (29) matriqn� elementi

^

�

i;k

(t) dor�vn�-

�t~
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^

�

1;1

(t) =

^

�

2;2

(t) =

8

>

>

<

>

>

:

i��

y

os'=2; jtj > a

2

;

�

2

�

0 e

�i'=2

�e

i'=2

0

�

; a

1

< jtj < a

2

;

0; jtj < a

1

;

^

�

1;2

(t) =

8

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

:

i

�

��

x

sin'=2; t < �a

2

;

�

�

�

2

�

0 e

�i'=2

�e

i'=2

0

�

; �a

2

< t < �a

1

;

0; �a

1

< t < a

1

;

�

�

2

�

0 e

�i'=2

�e

i'=2

0

�

; a

1

< t < a

2

;

i��

x

sin'=2; t > a

2

;

^

�

2;1

(t) =

8

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

:

i��

x

sin'=2; t < �a

2

;

�

�

2

�

0 e

�i'=2

�e

i'=2

0

�

; �a

2

< t < �a

1

;

0; �a

1

< t < a

1

;

�

�

�

2

�

0 e

�i'=2

�e

i'=2

0

�

; a

1

< t < a

2

;

i

�

��

x

sin'=2; t > a

2

;

de a

1;2

= d

1;2

=v

0

x:

Pri obqislenn�h mi znovu mo�emo obme�itis~

funk��mi

^

G

1;1

!

n

�

^

G

2;1

!

n

:

Pri t < �a

2

^

�

1;1

(t) =

^

�

2;2

(t) = i��

y

os'=2;

^

�

1;2

(t) = i

�

��

x

sin'=2;

^

�

2;1

(t) = i��

x

sin'=2;

ot�e, mi mamo rozv'�zati sistemu

(i

d

dt

+ i!

n

�

z

� i��

y

os'=2)

^

G

1;1

!

n

(t; t

0

)

� i

�

��

x

sin'=2

^

G

2;1

!

n

(t; t

0

) = Æ(t� t

0

);

(i

d

dt

+ i!

n

�

z

� i��

y

os'=2)

^

G

2;1

!

n

(t; t

0

)

� i��

x

sin'=2

^

G

1;1

!

n

(t; t

0

) = 0:

Dl� l�n��nih komb�na��

^

L =

^

G

1;1

!

n

+ 

�

^

G

2;1

!

n

;

^

M =

^

G

1;1

!

n

� 

�

^

G

2;1

!

n

;

r�vn�nn� rozq�pl��t~s� � nabuva�t~ vigl�du

�

i

d

dt

+ i!

n

�

z

��

�

0 e

i'=2

�e

�i'=2

0

��

^

L(t; t

0

)

= Æ(t� t

0

);

�

i

d

dt

+ i!

n

�

z

��

�

0 e

�i'=2

�e

i'=2

0

��

^

M(t; t

0

)

= Æ(t� t

0

):

�k u�e zaznaqalos�, pri t = t

0

funk�Ý

^

G

1;1

!

n

;

^

G

2;1

!

n

,

a znaqit~, �

^

L ta

^

M nabuva�t~ a�lenber�er�vs~kogo

vidu. Tomu mo�na pripustiti, wo Ýhn�� xpur ma do-

r�vn�vati nulev�. Kr�m togo, mi mo�emo dl�

^

L

0

(t; t

0

) �

^

M

0

(t; t

0

) | rozv'�zk�v v�dpov�dnih odnor�dnih r�vn�n~

| odrazu zapisati taku � funk�onal~nu zale�n�st~

v�d t

0

, �k � v poperedn~omu rozd�l�.Takim qinom, dl�

^

L(t; t

0

) �

^

M (t; t

0

) mamo

^

L(t; t

0

) =

1

2~!

n

[�i~!

n

sign(t � t

0

)� i!

n

�

z

+�

�

0 e

i'=2

�e

�i'=2

0

�

℄e

�~!

n

jt�t

0

j

+ �

 

1 �

1

b

b �1

!

e

~!

n

(t+t

0

)

;
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^

M (t; t

0

) =

1

2~!

n

[�i~!

n

sign(t� t

0

) � i!

n

�

z

+�

�

0 e

�i'=2

�e

i'=2

0

�

℄e

�~!

n

jt�t

0

j

+ �

 

1

1

b

�

�b

�

�1

!

e

~!

n

(t+t

0

)

;

tut � � � | konstanti, �k� potrebu�t~ znahod�enn�.

Pri zapis� rozv'�zk�v odnor�dnih r�vn�n~ urahovano

umovu anal�tiqnosti pri t!�1.

V oblast� �a

2

< t < �a

1

mamo

^

�

1;1

(t) =

^

�

2;2

(t) =

�

2

�

0 e

�i'=2

�e

i'=2

0

�

;

^

�

1;2

(t) = �

�

2



�

�

0 e

�i'=2

�e

i'=2

0

�

;

^

�

2;1

(t) = �

�

2



�

0 e

�i'=2

�e

i'=2

0

�

:

Dl� takih samih l�n��nih komb�na��

^

L �

^

M otrimu-

mo

fi

d

dt

+ i!

n

�

z

g

^

L(t; t

0

) = Æ(t� t

0

); (30)

�

i

d

dt

+ i!

n

�

z

��

�

0 e

�i'=2

�e

i'=2

0

��

^

M (t; t

0

)

= Æ(t � t

0

): (31)

R�vn�nn� dl�

^

L(t; t

0

) ma vigl�d r�vn�nn� funk-

�� �r�na normal~nogo proxarku. �ogo rozv'�zok pri

t = t

0

z toqn�st� do poki wo neviznaqenih konstant

dobre v�domi�:

^

L(t; t

0

) =

�

�

1

�

3

e

�2!

n

t

�

2

e

2!

n

t

��

1

�

:

R�vn�nn� dl�

^

M ne zm�nilos~, ot�e, pri t = t

0

mamo

^

M(t; t

0

) =

1

2~!

n

�

�i!

n

�

z

+�

�

0 e

�i'=2

�e

i'=2

0

��

+ �

 

1

1

b

�

�b

�

�1

!

e

2~!

n

t

:

V oblast� �a

1

< t < a

1

,

^

�

1;1

(t) =

^

�

1;2

(t) =

^

�

2;1

(t) =

^

�

2;2

(t) = 0 . Tomu tut

fi

d

dt

+ i!

n

�

z

g

^

G

1;1

(t; t

0

) = Æ(t � t

0

);

fi

d

dt

+ i!

n

�

z

g

^

G

2;1

(t; t

0

) = 0:

Dl�

^

L �

^

M otrimamo r�vn�nn� vidu (30) � v�dpov�dno

Ýh rozv'�zki

^

L(t; t

0

) =

�

�

1

�

3

e

�2!

n

t

�

2

e

2!

n

t

��

1

�

;

(32)

^

M (t; t

0

) =

�

�

1

�

3

e

�2!

n

t

�

2

e

2!

n

t

��

1

�

:

Zavd�ki simetr�Ý matriqnih element�v �

i;k

(t) v�d-

nosno poqatku koordinat (�z toqn�st� do zam�ni $



�

) rozv'�zki v oblast�h a

1

< t < a

2

� t > a

2

vipisu�-

t~s� avtomatiqno. Tut r�vn�nn� rozq�pl��t~s� dl�

l�n��nih komb�na��

^

L =

^

G

1;1

+ 

^

G

2;1

;

^

M =

^

G

1;1

� 

^

G

2;1

:

Pri t > a

2

^

L(t; t

0

) =

1

2~!

n

�

�i!

n

�

z

+�

�

0 e

i'=2

�e

�i'=2

0

��

+ 

 

1 b

�

�

1

b

�

�1

!

e

�2~!

n

t

;

^

M(t; t

0

) =

1

2~!

n

�

�i!

n

�

z

+�

�

0 e

�i'=2

�e

i'=2

0

��

+ Æ

 

1

1

b

�

�b

�

�1

!

e

�2~!

n

t

:

Pri a

1

< t < a

2

^

M(t; t

0

) take � same, a

^

L(t; t

0

) ma

vigl�d:

^

L(t; t

0

) =

�



1



3

e

�2!

n

t



2

e

2!

n

t

�

1

�

: (33)

Vona zalixat~s� tako� � � pri �a

1

< t < a

1

, a

^

M

tut dor�vn�
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^

M(t; t

0

) =

�

Æ

1

Æ

3

e

�2!

n

t

Æ

2

e

2!

n

t

�Æ

1

�

: (34)

Dl� znahod�enn� strumu nam dostatn~o znati G

2;1

(0; 0), tomu mi mo�emo ne �kavitis~ koef��ntami

�

3

; �

3

; 

3

� Æ

3

. Z umov neperervnosti funk��

^

L(t; t

0

),

^

M (t; t

0

) �

^

L(t; t

0

),

^

M(t; t

0

) u toqkah �a

1

� �a

2

znahodimo:

�

1

= �i

!

n

2~!

n

+ �e

�2~!

n

a

2

;

�

2

= �

�

2~!

n

e

�i'=2

e

2!

n

a

2

+ �be

�2(~!

n

�!

n

)a

2

;

�

1

= �i

!

n

2~!

n

+ �e

�2~!

n

a

1

;

�

2

= �

�

2~!

n

e

i'=2

e

2!

n

a

1

� �b

�

e

�2(~!

n

�!

n

)a

1

;



1

= �i

!

n

2~!

n

+ e

�2~!

n

a

2

;



2

= �

�

2~!

n

e

�i'=2

e

�2!

n

a

2

� 

1

b

e

�2(~!

n

+!

n

)a

2

;

Æ

1

= �i

!

n

2~!

n

+ Æe

�2~!

n

a

1

;

Æ

2

= �

�

2~!

n

e

i'=2

e

�2!

n

a

1

+ Æ

1

b

e

�2(~!

n

+!

n

)a

1

:

(35)

V oblast� �a

1

< t < a

1

G

1;1

!

n

=

1

2

(L +M ) =

1

2

(L+M);

G

2;1

!

n

=



2

(L �M ) =



�

2

(L�M):

Ce da r�vn�nn�

�

1

+ �

1

= 

1

+ Æ

1

;

�

2

+ �

2

= 

2

+ Æ

2

;

 (�

1

� �

1

) = 

�

(

1

� Æ

1

);

 (�

2

� �

2

) = 

�

(

2

� Æ

2

):

(36)

P�dstavivxi s�di virazi (35), otrimamo qotiri l�n��nih r�vn�nn� na konstanti �, �, , � Æ. Opuska�qi

vikladki, vipixemo k�nevi� rezul~tat | viraz dl� strumu SNINS{kontaktu:

j = 2�ev

0

N (0)T

X

!

n

1

Z

0

dx � x �D(x)�

2

sin'=2

�

1

(~!

2

n

+ !

2

n

) h 2!

n

(a

1

+ a

2

) + 2~!

n

!

n

sh 2!

n

(a

1

+ a

2

) +D�

2

os' +R�

2

h 2!

n

(a

1

� a

2

)

: (37)

C� formula bula vperxe otrimana v robot� [3℄.

Pri ~omu bulo vikoristano dva metodi: kvaz�kla-

siqn� r�vn�nn�, pobudovan� v statt� [2℄ dl� rozrivnih

na bar'r� funk�� �r�na z� zb��nimi ar�umentami

(rozklad za ploskimi hvil�mi), a tako� kvaz�kla-

siqn� r�vn�nn� dl� funk�� �r�na z nezb��nimi ar-

�umentami � z nesimetriqnimi kra�ovimi umovami

(rozklad za vlasnimi funk��mi odnoqastinkovogo

r�vn�nn� Xredin�era u form� hvil~, wo pada�t~ na

bar'r zl�va � sprava). Pri ~omu bula z'�sovana za-

le�n�st~ strumu v�d polo�enn� tunel~nogo bar'ra

vseredin� normal~nogo proxarku. Na v�dm�nu v�d ih

p�dhod�v tut zastosovano metod, u �komu rozklad pro-

vadit~s� za vlasnimi funk��mi odnoqastinkovogo

r�vn�nn� Xredin�era, �k�  vodnoqas vlasnimi fun-

k��mi operatora parnosti. Ce da dewo zruqn�xi�

opis, a v�ivann� funk�� �r�na pri nezb��nih ar�u-

mentah dozvol� vikoristati Ýhn� anal�tiqn� vlasti-

vost� za r�znie� ar�ument�v.

Ostatoqna v�dpov�d~ v us�h metodah vi�vl�t~s�

odnakovo�. Zauva�imo, wo vperxe rezul~tat takogo

tipu buv otrimani� u monograf�Ý odnogo z avtor�v [1℄

dl� kontaktu tipu SINS.�ogo oder�umo z (37), �kwo

poklasti a

1

= 0; a

2

= a, tobto rozm�stiti �zol�tor

na odn�� �z me� rozd�lu nadprov�dnika � normal~nogo

metalu.

Rozgl�nemo �nx� qastinn� vipadki.

1. Kontakt z� zvu�enn�m.

Pokladamo a

1

= a

2

= 0, a D(x)

�

=

D(1) � D. Tod�

p�dsumovuvann� za maubar�vs~kimi qastotami legko
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vikonut~s� za formulo�

T

X

!

n

1

!

2

n

+ �

2

=

1

2�

th

�

2T

� mi oder�umo

j =

�

4

ev

0

N (0)

D�sin'

q

1�D sin

2

'=2

� th

�

q

1�D sin

2

'=2

2T

: (38)

Zokrema pri D = 1 otrimumo rezul~tat Kulika �

Omel�nquka [4℄

j =

�

2

ev

0

N (0)� sin'=2 th

�

�

2T

os'=2

�

: (39)

2. SIS{kontakt.

Formula (37) m�stit~, zviqa�no, rezul~tat D�o-

zefsona dl� sta�onarnogo strumu v SIS{kontakt�.

Poklada�qi a

1

= a

2

= 0 � D � 1, otrimumo

j =

�

2

ev

0

N (0)� sin'

1

Z

0

dxxD(x) th

�

2T

: (40)

3. SNS{kontakt.

Formula (37) tako� opisu SNS{kontakt bez v�dbitt�. Poklad�mo a

1

= a

2

=

a

2

=

d

2v

0

x

, a tako� D = 1.

Mamo

j = 2�ev

0

N (0)�

2

sin'

1

Z

0

dxxT

X

!

n

1

(~!

2

n

+ !

2

n

) h

2!

n

d

v

0

x

+ 2 ~!

n

!

n

sh

2!

n

d

v

0

x

+�

2

os'

: (41)

Formula (41) dewo v�dr�zn�t~s� v�d klasiqnogo rezul~tatu dl� SNS{kontaktu (por. [1℄, f-la (35.5))

j = 2�ev

0

N (0)

1

Z

0

dxx ImT

X

!

n

!

n

h

�

!

n

d

v

0

x

+

i'

2

�

+ ~!

n

sh

�

!

n

d

v

0

x

+

i'

2

�

~!

n

h

�

!

n

d

v

0

x

+

i'

2

�

+ !

n

sh

�

!

n

d

v

0

x

+

i'

2

�

;

odnak legko perekonatis�,wo obqislenn� u�vnoÝ qastini v�d drobu v ostann�� formul� privodit~ ÝÝ do vigl�du

(41).

Takim qinom, formula (37) m�stit~ u sob� �k qastinn� vipadki �lu nizku rezul~tat�v teor�Ý nadprov�dnih

kontakt�v.
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ON THE THEORY OF THE CURRENT STATES IN THE SUPERCONDUCTING

JUNCTIONS

A. Svidzynsky, O. Viligursky, O. Biruk, A. Rakutsky

Lesya Ukrainka Volyn State University,

Department of Theoretial and Mathematial Physis,

13 Voli Avenue, Lutsk, UA{263000, Ukraine

The set of the quasilassial equations for the superonduting juntions has been built by the expansion of the

Green's funtions on the basis of the even and odd solutions of the one-partile Shr�odinger equation. Obtained

solutions for the quasilassial Green's funtions have a symmetri asymptoti behaviour in the depth of the

superondutor. Superonduting urrent in the point{ and in the asymmetri SNINS{juntions is alulated.
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