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   1.    (r; Z)         

  .          

  r0  ,        –  (  1).  

            , 

,   – .       

       ,        

             . 

    ,       -

     [1].  

      U(r;Z) = U(U;V),  U(r;z)  V(r;z) – 



 3.  . 

       0r  0z,  -

   (      ): 

    Div U = 0,  rot U = 0.                                                    (1) 

            
 1.          

      :  –  , 

 –       ;   

  «0»    ( r; z).  Q0  –   ; 

          

         -

 (1)     [1, . 419]: 

                ( r U)
I
r  +  ( r V )

I
z = 0;     (U )

I
z = (V )

I
r                                               (2)  

,        -

 ,          [5], 

   :    U= (r) (z);   V = F(r) f(z).                   (3)   

 (3)   (2)     (      
fz

I
(z);

I
z(z); Fr

I
(r); 

I
r(r) –     ): 

(z) [r (r)]
I
r + r F(r) fz

I
(z)  = 0;      (r) 

I
z(z) = Fr

I
(r) f(z). 

   : 
I
z (z)/ f(z) =  Fr

I
(r)/ (r) = m;   [r (r)]

I
r /[ r F(r)]  = - fz 

I
(z)/ (z) = n.     (4)    

 m  n = const, . .   [5]     

:       (4)    -

 r  Z,      , , m  n = const. -

 (4)       ,    

   ,  m  n = const   . , 

     (4)   :    

 
I
z (z)/ f(z) = m;                   - fz 

I
(z)/ (z) = n.                                          (5) 

 [r (r)]
I
r /[ rF(r)] = n;           Fr 

I
(r)/ (r) = m.                                    (6) 

  (5)   : 

 
II

zz (z) + m n (z) = 0;     f 
II

zz (z) + m n f(z) =0.                                  (7) 

       -

    mn.      -

       [5].  -

    ,  , - ,   

     (r; Z) , - ,     

      : 

U  = (r) (z) 0    r; z  ;  V = F(r) f(z) 0    r; z  ;        (9 ) 

,  (r) 0  F(r) 0   r  , (z) 0  f(z) 0  z  
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.    ,       U     0r   r = 0  

  : U(0)= 0, . . 

 

(0) = 0.        

     , : V Ir(0) = 0, -

   -

   

    Fr I(0) = 0.                                               (9 ) 

  (9)     .   -

 ,     (4) – (9)    r 

 z ,      ,    -

,  .       

     r0,          -

   :  x = r/r0;  y = z/r0.    ,   -

 ,      (r; z)  ,    

     , . . .   r  

z        r0.  

 m   n     .  

    (7)  : 

mn  z);       f(z) = C02 exp(-  (z) = C01 exp(- mn  z).                           (10) 

  C01   C02 = const –     ,   exp(  ) 
   ( ).  (10)  (5) ,  C01  

C02 :      

     m C02 = ( - nm ) C01                                                     (10 a) 

   (10)   (- mn)   , . . 

 : m n < 0,  ,  m  n    .  

  F(r)  (r)   (6)     -

  ,     .  

r F
II

rr(r) + F
I
r(r) – (mn r) F(r) = 0;   r 

2
(r)

II
rr  r  + (r r - )

I
(r)(1 + mn r

2
) = 0.    (11)   

      (r) = r (r),       

,      (11),  : 

 r rr
II
(r) - r

I
(r)  -  (mn r) (r)  = 0.                                                       (12) 

   (   )    -

  [5].         .  

    F(r)  (   : r)

    (r) = aj r 
j
 (j = 0, 1, 2, 3 …) 

 

j  bi – .  , , , 

F(r)

F

        i = 1, 3, 5, 7, 9…   

 

  i = 2,4,6,8,…    -

 b0  

( 2

   F(r) = bi r
i
  (i = 0, 1,2,3 …) 

 a  

  :  

(r) =b0 + b1 r  + b2 r 
2
 + b3 r 

3
 + b4 r 

4
  + b5 r 

5
  + b6 r 

6
  + b7 r 

7
 + b8 r 

8
 +  b9 r 

9
 + b10 r 

10
+ …  

      (11)    -

    r ,     , 

  , 

  , . .: 

  b1 =  b3 =  b5 =  b7 =  b9 = …  = 0.                                             (13 ) 

   

 : 

b2 =  b0 mn) / [ 2]; b4 =  b0 (mn)
2 
/ [2 4]

2
; b6 =  b0 (mn)

3
 /[2 4 6]

3
;  

b8 =  b0 (mn)
4
 /[2 4 6 8]

2
  . .                                                                               (13 ) 

  

F(r) =

 ,  F(r)     :   

 b0 {1+(mn)/2
2

r 
2
+(mn)

2
/(2 4)

2
  r 

4
+(mn)

3
/(2 4 6)

2
r 

6
+

 
(mn)

4
/[2 4 6 8]

2
r

 8
+ …}(14) 

    bi    (13)  (14) -
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        i.    :  i 

=1,3,5 …   bi =0.  :  i = 2, 4, 6, 8…   bi = b0 (mn) i/2/ [2i/2 (i/2)!]2                                

   (i/2)!       1   i/2, 

. . (i/2)! = 1 2  3 … i/2;      i/2.   B(r)  

        ,     F(r) 

 12
 + … } 

         

   F(r)  

   :   

 F(r) = bi r
i
 = b0 B(r) =  

          mn          (mn)
2
          (mn)

3
            (mn)

4
            (mn)

5
              (mn)

6
 

= b0  {1 + ---- r 
2 
+  ------ r 

4
 + ------- r 

6
  +  -------- r 

8
 +  --------- r 

10
 + ----------- r

                   2
2
1!        2

4
(2!)

2
        2

6
(3!)

2
           2

8
(4!)

2
  2

 10
(5!)

2
           2

 12 
(6!)

2
  

                                                                                                                                (15) 

  (15) ,  

 (9 ),  : Fr 
I
(0) = 0. 

  F(r)     : (r).   

   . - ,    (6) (r)  

    (15),      b0 (r mn 

/2), , : 

  (r) = aj r 
j
 = Fr

I
(r)/ m = [b0 r n /2]  A(r)  = 

                              mn             (mn)
2
            (mn)

3
             (mn) 

4
               (mn) 

5
   

 … } 

         

  (16) 

= b0 (r n /2) {1
 
+  ------- r 

2
 + -------- r 

4
 +  -------- r 

6
 +  ------------ r 

8
 + ------------- r

 10
 +

                               2
2
 (2!)         2

5
 (3!)          2

7
3(4!)          2

 9
12 (5!)          2

 11
60 (6!)          

                                                                                                                                 (16) 

  A(r)        . -

  (15)  F(r)    [5]     , -

  (r)      ,       

(16).   

 (r)        (6),     

  (6),    : [r (r)]Ir = n  [r F(r]).     -

 

  -

  m  n:  

    (15)  (16) ,    : 

    [r
2
  A(r)]

I
r = 2r B(r).                                                         (17) 

  (15)  (16)      

.  ,      

     

 m           U = (r)  (z) = C 1 exp n / z /) (b0 r n/2) A(r). 0 (-

 V = F(r)  f(z)= C02 exp(- mn / z /) b0 B(r).                                                    (18) 

  ,    C01  C02   

: m C02 = (- nm ) C01.      mn   

 

 ,   U < 0    V < 0   1.   -

      r0     r0 

  ,  C01. 

   ,     r0.    

 . - ,     Q01    

    V        z = 0      ,        0 < 

r < r0; z = 0.   ,         

(  2), 

   (18) :     

                                                                                                   

                 Q01 = - 2 r V(r; 0)  dr = - 2  C02 b0 r B(r) dr .  

  

 r B(r),    (17)  [r A(r)]
I
r), -

                            
0
                                                

0
                  

   2
2
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                         r :  

                 Q01 = -  C02  b0 | r
2
 A(r) |

 
0  =  -  C02   b0  r0 

2
 A(r0), 

 :               mn             (mn)
2
              (mn)

3
               (mn) 

4
                    (mn) 

5
 

A(r0) = {1
 
+  ------- r0 

2
 + -------- r0 

4
 +  -------- r0 

6
 +  ------------- r0 

8
 + ------------- r0

 10
 + … }. 

                     2
2
 (2!)          2

5
 (3!)            2

7
3(4!)            2

 9
12 (5!)             2

 11
60 (6!)                     (19) 

     

 2.   Q01     V(r;

   ( )   Q02   ,   

   U(r0; z )  

 0)   

    r0    

    U (r0; z )     -

    

  

 = - 2 

 ( ) 

, - ,    ,    

  U(r0; z)  (  2), ,       

  r0 

 : 

              

 U(r0 ; z) dz =  - 2 r0  (b0 nm )  Q02 r  r0 n/2) C01 (r0) / ( - 1 /0 ( - 1) =   

= - 

       
0
    

r
2

0 b0  n C01 (r0) / ( nm ) .                                                                              (20) 

 A(r0)    (19).  ,     -

,   , . .   Q01 = Q02 = Q0,    

: 

 

 (19  (20)   

- r0
2
 C02 b0 A(r0 )= - r0

2
b0 n C01  A(r0) / mn .                                           (21) 

  

,     (    ) 

…  

= 1 –

      C01  C02  (10 ), :   

     m n = - 1.                                                     (22)

:    C01 = - m C02                                                                        (22 ) 

 ,    (16)  (19),     

 . ,         

  r0, ,   ,     , 

      ,   r0,  

 , : r0 = 1.  ,      

(19)  , 

  :     

                               1                1               1                 1                   1 

 A(r0) =1
 
-  --------- + --------   -   ---------  +  -----------  -  -------------  + 

                              2
3
 (1!)      2

5
 (3!)       2

7
3 (4!)       2

 9
12 (5!)     2

 11
60 (6!)      

 0,125  + 0,005208 -  0,0001085 + …  0, 880.                                                     (23)   

     S = r20,     -

  (19)  (23)   :   Q0 = C02  b0 0,880 S. 
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  C02  b0     Vmax 

 ) : 

,     (18)   (22)    

 U 

,   (18)  (15

Vmax = V(0;0) = C02 b0 B(0) = C02  b0. 

 ,   : Q0 = 0,880  S  Vmax.                            (24) 

       .   

 (22)  (24) 

 : 

= (r) (z) =  Vm x exp(- / z /)a r A(r)/2. 

V = F(r) f(z)  =  Vmax  exp(- / z /) B(r).    

    A(r)  B(r) ,   ,     

(15)  (16),    (22)   (    ): 

B(r) = 1 – 0,25 r 
2
 + 0,015625 r 

4
 – 4,3403 10

 - 4
 r 

6
 + 6,7817 10

 - 6
 r 

8
 -  6,7817 10

 - 8
 r 

10
 + …   

A(r) = 1 – 0,125r 
2
 + 5,2083 10 

-3
r 

4
 - 1,08507 10 

- 4
r 

6
 + 1,3563 10 

- 6
r

 8
 – 1,1303 10 

– 8 
r

 10
 + … 

         

  ,      -

                                                                                                                                    (25) 

 ,        -

    .        

   . ,   ,      

 , . .       ,  

        ,    -

     ,   . . .  ,  rot U 

= 0 [1, . 485]. 

 . 

            -

      .  ,  (25)    (23) , 

      (1;0) : U(1;0) = 0,44 Vmax   V(1;0) = Vmax  0.  

           .  

  ,          -

       (   ).  

   ,    -

      ,  -

  .           

    (  3)      C01  C02 

 (22 ).  

 

 3.          

    2r0       

  z = 0   :  r  /r0 = 0,2; 0,3; 0,5; 0,8

 ,  

 

  

1,0. « »  « »   , 
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    3   (25)     : 

 tg = dz/ dr = V/ U  =  2 B(r) / {r A(r)}.                                                           (26)      

       B(r)  A(r).   

  :  «  »,    ,  -

        .    

         [6].  

           . . -

 [7],         n    

   n –  .          -

         A(r)      

B(r)/A

:  

(r) =1 – 0,125r 
2 
- 0,5212 10

 - 2
 r 

4 
– 0,32553 10

 - 3
 r 

6    
 – 0,218 10 

- 4
 r

 8
 …  (27)  

…}  

         

      

 

   .  

      , 

 -

  (27)        :  

Z(r) = 2{ ln(r/r  ) - 0,0625 (r 
2
 – r

2
) - 1,303  10

 - 3
(r 

4
 – r

4
) – 0,1519  10 

- 3
(r 

6
 –  r 

6
) +

                                                                                                                                   (28) 

       , . .  , 

      , . .   -

 (r .; 0)   3,       -

   r  / r0,      r  /r0 = 0,2; 0,3; 0,5; 0,9  1,0.  r   

      (       

      ).  ,    3   

       r  = 1,0   « »  «  »,  

     .   , -

  10r0      (25)   

    

    Vmax .   
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