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VUD–
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Kleyn-   - -Uva-
- v  d rinlikl rind n, radial   v orbital  kvant  ,

Kleyn- -

-
- - -

si

Bu nöqteyi-
edir. Hal- -

leml rin-
-
-

- mi (standart) Vuds - Sakson 
- r( ) = 1 + 1 +   ,                                  (1)

burada   ,    - ya nüv nin 
radiusu, -

-
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Vuds - d dinin 0 ix-
tiyari qiym tind nlikl ri d qiq h ll oluna bilmir. Orbital kvant d -
dinin 0

fin-
-

t rtib q d r h dl ri 
n z r almaqla eksponensiallara gör f Pe-

-Uvarov metodunun  köm yi il orbital kvant 
d dinin ixtiyari 0 - Sakson tipli potensiallar üçün radial 
redinger v radial Kleyn - Qordon t nlikl ri analitik h jinin 

m xsusi qiym tl ri v m - l rd
ixtiyari -  ( ) si-
masiya sxemi – Pekeris 1 = 1 + 1 + e + 1 + e   .                           (2)

  ,    ,  , k miyy tl ri (2) münasib tinin h r iki t r fini nüv nin s -
-  = nöqt si d n

t yin olunan parametrl rdir. [6] v [7] – d is
effektiv Vuds- -  = mi-
ni  ,  ,  approksimasiya para-
metr ( ) 

- metod-
yi il  - dir. 

- – Qor-
.

Hesablamalar ixtiyari - Sakson poten =   ,  ,  approksima-( ) -
-

Radial Kleyn-
Sferik simmetrik skalyar ( ) v vektor ( ) potensial sah l rd spini 
rab r olan z rr cik üçün stasionar Kleyn-Qordon t

kimidir [8]:(  ,  , ) + 1 [( ( )) ( + ( )) ] (  ,  , ) = 0 ,      (3)
burada – z rr ciyin kütl si,   - radius,   - polyar bucaq,  - azimutal bu-
caq, - Plank sabiti, –
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= = +  , = 1                             (4)
(  ,  , ) = ( ) (  , )                                         (5) (  , ) sferik f(  , ) = ( + 1) (  , )                                       (6)

t nliyi öd nilir, burada - orbital kvant d di v  
(4) - -

sonra  ( ) ( ) + 1 ( ) + ( ) ( + 1) ( ) = 0, (7)
burada  0 <  dir.

Skalyar v -
b rab r  ( ) = ( ) = ( ) olduqda (7) t kl( ) + 1 2( + ) ( ) ( + 1) ( ) = 0 , (8)

Orbital kvant d dinin ixtiyari qiym tind Nikiforov-Uvarov, asimptotik 
iterasiya  v s. üsullardan istifad etm kl bu potensial üçün (8) t nliyini analitik 
h ll etm k mümkün deyildir v buna s b b m rk z ni( ) = ( + 1)  .                                             (9) 
Bu m qs dl yeni =  d nini daxil edib  = (1 + ) orbital 
m rk z qaçma  ( ) -Sakson ( ) potensia-( ) = 0 rtind = =  t nliyini 
öd y n, y ni onu (1) ümumil -Sakson  ( )  == 1 minimum nöqt si ( ) = ( + 1) = ( + 1) 1(1 + ) == 1(1 + ) 2(1 + ) ( ) + 3(1 + ) ( ) +       (10)
burada  = ( )- =   > 0  > v ya < rt öd nm zs ,
ümumil -Sakson  ( ) keris  (r) -6]:( ) = ( + 1) 0 + 11 + + 2(1 + )2   ,                 (11)
burada = v = ( )-dir.
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( )  = =   ( = = )
( ) = 0 + 11 + + 2(1 + )2 1(1 + )2 + 2 2(1 + )3 ( )

1 (1 )2(1 + )3 + 2 (1 2 )(1 + )4 ( )2 +      (12)
(10) v (12) ifad l rind   -0 , 1 , 2

0 + 11 + + 2(1 + )2 = 1(1 + )                                   
1(1 + )2 + 2 2(1 + )3 = 2(1 + )                                       
1 (1 )2(1 + )3 + 2 (1 2 )(1 + )4 = 3(1 + )

       (13)
- 0 , 1 , 2 -

0 = 1(1 + ) + (1 + )2(1 + )3 31 + + 3(1 + )
1 = 2(1 + )2(1 + )3 2 3(1 + )(1 + )                  

2 = (1 + )3(1 + )3 1 + 3(1 + )(1 + )
         (14)

Radial Kleyn- ( ) -( )
Kleyn- ( ) ( ) ( ) + ( + 1) + 2( + ) ( + ) ( + 1)

1 +2( + ) + ( + 1)
1 + ( ) = 0 .                           (15)

Yeni  =   ;  0 1 d nini daxil ets k, (15) t nliyi ( ) + 1 2(1 ) ( ) + +(1 ) ( ) = 0  ,         (16)
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kl r, burada= ( + 1) > 0 ,                                    (17)= 2( + )( + ) ( + 1) > 0  ,                  (18)= 2( + ) + ( + 1) > 0  ,                                (19)
laq li hallar üçün > 0  (| | ) 

Nikiforov-( ) = (1 );  ( ) = 1 2  ;  ( ) = +  ,           (20)
ki,  ( )  ( ) = 1 2  ( ) = ± ( ) + ( )                                  (21)

olur. Sabit 

= + +   .                          (22)
Bel likl , h r bir üçün iki mümkün  ( ) ( ) = ± +    g r  = + +  + +    g r  = + + + (23)

NU metoduna [3] sas n  ( ) polinomunun (23) dörd mümkün for-
ma sini seçirik ki, bu forma polinom üçün ( ) -( ) = ( ) + 2 ( ) = 2 + + + 1 + 2 + 1  ;( ) = 2 + + + 1 < 0 (0 , 1)  ( ) < 0 , 0 1 . Buna gör ( ) v ( ) ( ) = + + +                                     (24)( ) = 2 + + + 1 + 2 + 1                (25)= + + +                                         (26)
Onda  = + ( ) sabiti= + + + + +           (27)

-= = 2 + + + ( + 1)                           (28)
+ + + + += 2 + + + ( + 1)
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+ + + + 12 14 = 0 .
+ + =                                          (29)

= 1 + 4 12                                                 (30)
v ( = 0 , 1 , 2 , ) .= 12 +                                           (31)

laq < 0 v  > 0 , +> 0  > 0  | | < , v - - –

+ + ( + 1) + +2
+ 16 1 + 8( + ) + 4 ( + 1) 2 1

+ 16 2( + ) ( + 1) ( + )
1 + 8( + ) + 4 ( + 1) 2 1 = 0. (32)

Bu irrasional t nlikd v d rinlikl rind  
enind n, s thin   radial v orbital  kvant d dl rind n
m hdud sayda  enerji 

Ümumil - sind ya-
yin etm k üçün ( ) , ( ) , ( )( )( ) = ( )( )       v      ( )( ) = ( ) ( )( )

- b adi diferensial t nlikl ri h ll ets k,
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 (0 ,1) ( ) v ( )( ) = (1 )  ,                                      (33)( ) = (1 )  .                                    (34)
( ) = (1 ) (1 )        (35)

olar, burada  = 1! - ( ) 
( ) = , (1 2 ) ,                            (36)

burada ( , )(1 2 ) = 1! (1 ) (1 )            (37)
( ) = (1 ) , (1 2 )          (38)

olar, burada  normalanma sabitidir.
Enerji s viyy l rinin (32) t nliyind qeyri-(  ) keçs k, y ni  , + 2 ,  ,  

çevrilm l rini aparsaq, onda ümumil - -
relyativistik   enerji spektrinin ifad= 2 + ( + 1)2 + +2

32 1 + 8 + 4 ( + 1) 2 1
+ 16 2 ( + 1) ( + )

1 + 8 + 4 ( + 1) 2 1             (39)

Ümumil - sind m rk z qaçma poten-
tbiq ed r k orbital   -
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–GORDON EQUATION 
FOR THE GENERALIZED WOODS–SAXON POTENTIAL

V.H.BADALOV

SUMMARY

In the present work, the analytical solutions of the radial Kleyn-Gordon equation have 
been studied for the generalized Woods-Saxon potential by using the Pekeris approximation. 
The energy eigenvalues and radial wavefunctions were found for arbitrary  l - state via the 
Nikiforov-Uvarov methods. Furthermore, a finite number energy spectrum depending on 
depths of the potential  V  and  W, the radial  n and the orbital l quantum numbers and 
parameters  R  , a was identified as well.
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