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1.    
   

1.1.     
    

    

      -
    .  -

       -
    [8, 14].    -
     ,  ,  

      [45],  
      -

   . 

1.1.1     

      -
       -

 ,   0U    – 

2

2

T 2 2 3
0

2 3 4

C CB CAB CA B
U V U CA B AB A B CAB CA B CA B

CA CA B CA B CA B
,    (1.1) 

 U  –  , 
V –  , 

 A, B, C  –    . 

   (1.1)     
   

det 00 0U U               (1.2) 

    , 
    . 1.1,   -
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1 2( )
s

; 

1 2( )M b ; 

M ; (1.3) 

1 1M M J s ; 

2 2M J s . 

 2J  –    ; 

1  –  1-   ( ); 

2  –  2-   ( ); 

M  –  ,  ; 
M  –  ; 

M  –   ; 

M  –   .  

. 1.1.     

      -
   2-    -

  ( . 1.1)   -   -
   [5, 20]: 
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d x x u
dt

A B ;  

y xC . (1.4) 

     (1.3)   : 

1
1 2

1 1 1 1

1 1d b bM M
dt J J J J

;

1 2
d

dt
M

c c ;         (1.5)      

2
1 2 c

2 2 2 2

1 1 1d bM M
dt J J J J

. 

 

1

2

x M –  ,

u M  –  , 

2y  –  . 

        -
 (1.4)  

1 1 1

2 2 2

1

0
1

b b
J J J
c c
b b
J J J

A ; 
1

1

0
0

J
B ;  0 0 1C .
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  -   2-   -
    [53]:  

1 1 1 11 1

2 2

2 2 2

1 1

0 0
1 0

b b
J J J J

d M c c M M
dt

b b
J J J

; 

1

2

2

0 0 1 M . (1.6) 

   (1.2)  : 

11 12 13 3

21 22 23 3 3
1 2

31 32 33

det det 0
u u u

cu u u
J J

u u u

2

2 3
0

2 3 4

CB CAB CA B
U CAB CA B CA B

CA B CA B CA B
. 

 11 0u ;       

12 21
1 2

bu u
J J

;       

2
1 2 1 2

13 22 31 2 2
1 2

b J J cJ J
u u u

J J
; 

      
2

1 2 1 2 1 2
23 32 3 3

1 2

2b J J b J J cJ J
u u

J J
; 

      
2 2 2 2 2

1 2 1 2 1 2 1 2 1 1
33 3 3

1 2

( 2 )b J J b J J b J J cJ J c J J
u

J J
. 

 ,     (1.6)  
  . 
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   c    : 

d x x u
dt

A BK B , (1.7) 

 1 2 3k k kK  –    , 

u U  – . 
      -

   [20]. 
     

: 

det 0sI A BK , (1.8) 

 s  –  ;  

1 0 0
0 1 0
0 0 1

I –   3-  .

   ,  ,  ,  A B K I   (1.8)   -
: 

3 21 2 2 1 1 2 1 3 2 2

1 2 1 2

( )b J J J k c J J b k k cJ k
s s s

J J J J
 

1 3

1 2

( ) 0c k k
J J

.               (1.9) 

     -
        3-  -

 [20]:  

3 2 2 3
0 0 03 3 0r r rs s s .                 (1.10) 
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     -
 s   (1.9)   (1.10) , -
      -
    

1 2 2 1
0

1 2

3 r
b J J J k

J J
; 

21 2 1 3 2 2
0

1 2

( )
3 r

c J J b k k cJ k
J J

;             (1.11) 

31 3
0

1 2

( )
r

c k k
J J

, 

     , 
     -

     1 2,  ,  ,  J J c b   -
   0r  [2, 53],   -

 :  

1 2 0 1 2
1

2

3 ( )rJ J b J Jk
J

; 

3 3 2
1 2 0 1 2 0 1 2

2 2
2

3 ( )r rbJ J cJ J c J Jk
J c

; (1.12) 

2 3
1 2 0 1 2 0 1 2

3
2

3 ( )r rJ J cJ J bc J Jk
J c

. 

      -
   : 
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( ) ( ) ( )x s s u sH ;  
1

2

1

2

U

UM

U

H
M H U

H

;            (1.13)  

1

2

2
2

1 2

1 2

1 2

1 2

( )

( )
( )

( )

U

UM

U

c bs J s
J J Z sH

cJ ss s H
J J Z s

H c bs
J J Z s

H I A BK B ,                    (1.14) 

 
1 2, ,  U UM UH H H  –     -

 U     -
 ;  

–   ,

3 21 2 2 1

1 2

( )( ) det b J J J kZ s s s s
J J

I A BK

1 2 1 3 2 2 1 3

1 2 1 2

( ) ( ) ( )c J J b k k cJ k c k ks
J J J J

. (1.15) 

        -
    

2UH      
 : 

1 2 1 3(0)( ) .
1

J J Z k kH s bc b s s
c

            (1.16) 

       
  . 1.2. 



17

 ,      -
   ,   

        
         

,   . 
 ,      

       -
 . 

1.1.2.      

       -
    : 

 ( , ),    
     -

 ;
 (      ),

     ;
    

(   , , , ).
         -

,       -
      

,      . 
       

      (  
, ,   . .)   . 

 ,    , -
       

    .   -
     ,     -

    . 
   ,   -

      -
        

,     . 
      -

 :  
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 [3, 4, 5, 7, 43, 44, 47],
    [4, 19];
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 [42]. 

     ( . 1.3)  -
    ,     -
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   nU .     nU   
        

 nU ,   . 
     1nx     
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[4-7, 42]        -
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