
  

 

466 

    
  .  .    

. .  
   . . . ,   

603950,  , . , 23, e-mail: vbfedoseev@unn.ru 

 ,   [1] ,   -
  ,     ,   -

     .      , -
 [1],      ,   -

.  ,      -
          .  

   ,       
     ,    -

.  ,  ,      ,  
 .    ,  -

           , 
   [1]. 

         
" " – ,      ,   -

 ,        (r).  
  ,      :  

 V1,    1    V2    2. -
  N1, N2   .   (r)    

   .    [2]  , -
       : 

 
2

2
i

i
i

VW . (1) 

     ,   -
,   .,      -

           -
.         -

          [3]. 
   -   [4]  : 

 lno
i i i iW nr r r , (2) 

 nl(r) –    i      r; o
i  – "  -

 " ; – "  ".    -
     (2) exp o

i i in r r r .  

  i        
 (    ,   )    -

         .  
         ,  
        -



. .  

 

467

 l(r) = l = const       -
     . 

 1(r) = 1 = const  2(r) = 2 = const   (l)  (2), :  

 
2 2 2

1 2 1 1 1 2 2 1

2 2 1 1 2

~ exp exp
2 2 2

n V V V V V
n

r r r r
r

. (3) 

  ,         
   ,    ( 2V1 – 1V2). 

  (3)     [5]: 
1.     (V1 = V2)    -
 (   )      .   

       ,  
2.  ,       ( 2 = 1),   -

      ,    -
      –      .  
3.            -

 :         " "   
  ,   " "    . 

     [I],     
(1)–(3)    ,     -

   , ,   : "  " 
[6]     ,    

.         , , -
   ,  ,      . 

     [1]  "  " [7]. 
  .   ,  , -

  (   )  ,      
  ( . 1 ).        

    .     -
      ( . 1 ),     ,   

, , .        -
.   ,    ,     -

     ,    , -
  [8]. 

H

a) )

h

h

 
. 1.  ,  –  ,  –    

 

    [1]  [7].  [1]    -
,     ( ,     ),  ,  [7]  -

   . 
           

      .    (  



  

 

468 

       , . 1)      
  Wg       Wa ( . . " -

  " [9, §30]).   g aW h W h W h   

   h: 
2 2

2 2 2

0

, ,
2 2

, .
2 2 2

g g g

h h H

a a a
h

h H hW h Mg h gSh h C C gS

v h v h v hW h M S dh C C S dh
 

         h. ,   -
       : , ,  

,   ,    .    
 , : 2 ~ hv h e ,  ,   ,  
       .  

  h ( . . 1)    W= W(h) – W(0)  -
       M      

 (M0  S h). ,     M > M0   
2 2

0 0 2W M M gh v h v ,  2 20v h v , , -

  W < 0. ,    M < M0   

,  W= W(h) – W(H)  2 2
0 2W M M g h H v h v H   

     W < 0. ,   -
 ,     ( )    , 

     [7].  
          

 ,      (  , -
,   . .). -     

 

 2( ) 2 ( ) ln ( )o
i i i i i ih V gh v h p h V n h , (4) 

 i, Vi –    (  )  , g –   
, v(h) –      h, nl(h) –    i, p(h) – 

 .      ,   -
 v(h)  p(h)    .  [4] ,    -

       
  (h)=const.      -

      ,   
 ni<< n0 1 ( ,   . .),   (4)  0(h) = 0(0) = const  

 

 
2 2

0
(0) ( )0 1

2
v v hp h p gh . (5) 

    – ,      -
 ,   p(h)  (4).     -

  " " ,     -
     i(h) = i(0) = const. 

 

 
2 2

0 (0) ( )0 exp 1 1
2

i
i i

i

M gh v v hn h n
gh

. (6) 

    – " " ,  -
-     (  )  [10], 



. .  

 

469

 (6)    . 
,   (6)     2 2(0) ( ) 2v v H gh   

2(0) 2v gh ,   2 2 2(0) 2 (0) ( )v gh v v H    . 
        .     

       -
  .  

        ,  (6). 
      ,     -

  ,       -
   . 

 ,       ,  -  
      (1).   ,   -

 ,       n0 1,    
     : (h) = p(h),    
       = ,  

2

0 0 0 0 0 const
( ) ( )1
2 2

o v h p hh V gh p h V , 

  
2 2

0

0 (0) ( )1 0 1
2 2

p h p v v hp h p gh
gh

. 
 

    (   ) p(h)   (5).  
        -

   i(h) = i(0) = const    
 

 
2 2

01 ( ( ) (0)) 2 (0) ( )0 exp 1 1
1 ( ( ) (0)) 2 2

i i
i i

i

M gh p h p v v hn h n
p h p gh

. (7) 

 ,  >> p    (6). 
  (7) ,     <     ,   -

  ,     > , ,    . -
        "  

" [11].  
         -

 p(H) ( ,     ).   
  "  " – ,    
      (  ).   p(H),  

          
   .  ,    p(h) < 0. 

,     ,    " "  
  ,    [7]. 

 ,    ,     
 ,   (3), (6), (7)  2

1( ) 2Vr , iM gh   
.      ni(0)    

.       ( )   -
    [11].       

 (   0)    . ,   (6) 
     2( )d v h dh g .   -

       hmax,   –  
(           hmax = H, 



  

 

470 

  hmax = 0).      -
   ,      i(h) = 

= i(hmax). 
   (6),      

    .     
     (  )    

2 2(0) ( ) 4v v h gh ,  2 2(0) ( ) 2v v h gh      " -
", ,   2 2(0) ( ) 4v v h gh ,     ,   

 . 
        ,  

   ( ,      15–20 ,    
Mg,   Fe   93–95 ) [12],  ( , -  [13]).  

     ,     , , 
.       -

         -
,   .  

   . .   ,  
  . 

 
  

 

1.  . .          
//  . 1990. . 312. 2. . 332–334. 

2.  . .   . .:  , 1971. 287 . 
3.  . . ,   . .   . .: , 1976. 584 . 
4.  . . ,   . .    ( )   

  .    // . 1999. 365. 5. . 608–610. 
5.   . .      . 1. -

      //    : .  
VIII    . . . - . 1998. . 232–235. 

6.  . . ,   . . ,   . .     -
   //  . 1989. . 308.  4. . 810–811. 
7.  . .    ,   //  . 1983. 

. 270. . 62. 
8.  . . ,   . .        // 
 . 1986. . 289, 2. . 314–317. 

9.  . . ,   . .  . .: , 1973. 208 . 
10.  . .    .     . 

M.: , 1988. 464 . 
11.  . .       :   

. .: , 1981. 288 .  
12. : . .: . 1991. 510 .  
13.  C . . ,   . .       

          //  
  : . XVII . . .   . . 3. .: . 2007. 

C. 164–166. 
 


