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   1C -   1n  -   ( )x t ,   

      0[ , );J t -   1n   

-    ( )x t ,         

;J x  -         x.  

 

1.     

 

    -   

0 0

0( ) , , ( , , ( )) , ( , , ( )) , ,
t T

t t

x t F t x K t x d H t x d t t                                 (1.1) 

   
0

0( ) ,x t x                                                                      (1.1 ) 

  ( )x t  - 1n  -    T  - 0; ; ( , , , ), ( , , )const t T F t x u v K t x    

( , , )H t x  - 1, 1n p   1,r  , - ,   

  1 0 0, , || || , || || , || || }, ,T TD t t J x u v J t T     

T     TJ J    T ,       

 
(1) (1) (1) (2) (2) (2) (1) (2)

1

(1) (2) (1) (2)
2 3

( , , , ) ( , , , ) ( )

( ) ( ) ,

F t x u v F t x u v g t x x

g t u u g t v v
                           (L1) 

(1) (2) (1) (2)
4( , , ) ( , , ) ( , ) ,K t x K t x g t x x                                           (L2) 

(1) (2) (1) (2)
5( , , ) ( , , ) ( , )H t x H t x g t x x                                          (L3)        
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       4( ) ( 1,2,3), ( , )ig t i g t      

5( , )g t       0
0, ;Tt t J x  -    1n  . 

  1.1.   ( ), ( ), ( ), ( , )u t t v t t     ( , )h t  -  

    0 0, ;Tt t J  

0 0

0 0

( ) ( ) ( , ) , ( ) ( )exp [ ( )]

( ) ( ) ( , ) ( ) exp[ ( )] ,

t s

t t

t s

t t

R t v s s d ds P t t R t

v s s s d R s ds

 

0 0 0 0

( , ) ( , )exp [ ( ) ( )],

( ) ( , ) , ( ) ( , ) ( ) ,
t T t T

t t t t

H t h t R R t

q t H s d ds Q t H s P d ds
 

     T    

0 0 0

( , ) , ( , ) ( ) , ( , ) ( )
t t t

H t d H t P d h t u d  

   t       J        t     

    0 0 0, , ,J t t t t   

0 0 0 0

( , ) , ( , ) ( ) ,
t t t t

H t d dt H t P d dt  

0 0

( , )exp[ ( )] ( ) .
t t

h t R t u d dt  

,  , 

0 0

( ) ( , ) 1.
T T

t t

q T H s d ds  

,  

0 0 0

0( ) ( ) ( ) ( ) ( , ) ( ) ( , ) ( ) , ,
t s T

t t t

u t t v s u s s u d h s u d ds t t            (1.2) 

 

0
( )( ) ( ) ( ) ( ) exp[ ( )], .

1 ( )
Q Tu t P t Q t q t R t t t

q T
                               (1.3) 
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 .  : 

0 0

( ) ( , ) ( ) , ( ) ( ) ( ).
t T

t t

X t h s u d ds t t X t  

  (1.2)   

0 0

0( ) ( ) ( ) ( ) ( , ) ( ) , ,
t s

t t

u t t v s u s s u d ds t t                         (1.4) 

   (1.4)     [20, .47-48], 

  ( , ) 0,t      [21, .121-122],   ( ) ,t const    

0

0( ) exp[ ( )] ( ) ( ) ( )exp[ ( )] , ,
t

t

u t R t P t X t W s R s ds t t                 (1.5) 

 

0

( ) ( ) ( ) ( , ) ( ) .
t

t

W t v t X t t X d  

 

0( ) '( ) ( ), .W t R t X t t t                                                   (1.6) 

 (1.6)     ,  

0 0

( )exp[ ( )] ( )exp[ ( )] '( )exp[ ( )] .
t t

t t

W s R s ds X t R t X s R s ds                  (1.7) 

,  (1.5)  

0 0

0( ) exp[ ( )] ( ) exp[ ( )] ( , ) ( ) , ,
t T

t t

u t R t P t R s h s u d ds t t                        (1.8) 

,  

1( ) ( )exp[ ( )],u t u t R t  

0 0

1 1 0( ) ( ) ( , ) ( ) ,
t T

t t

u t P t H s u d ds t t                                 (1.9) 

       (1.9)   ( ),U t  

 

1 0( ) ( ) ( ), .u t P t U t t t                                             (1.10) 
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,   t J   

( ) ( ) ( ) ( ).U t Q t U T q t                                               (1.11) 

  

( )( ) .
1 ( )

Q TU T
q T

                                                     (1.12) 

  (1.12)  (1.11)  (1.10)   (1.3). 

  1.1.   1 2( , ) 0, ( ) ( ) ( ),h t t t t    1( )t     2 ( )t - 

      ,J     2 ( )t   

      J .    

 (1.3)    (1.8)  (1.5)  

0

0 2 0 2 0( ) ( ) ( ) ' ( )exp[ ( )] exp[ ( )], ,
t

t

u t P t t s R s ds R t t t  

  0 ( )P t  - ,     ( )P t     ( )t     1( ).t  

  1.1.     1.1   ( ) 0t    ,J  

( ) 0u t     .J  

  : 

0 0

1( ) ( ,0, ( , ,0) , ( , ,0) );
t T

t t

f t F t K t d H t d  

1 2 4 2 3 5( , ) ( ) ( , ), ( , ) ( ) ( , );h t g t g t h t g t g t  

0 0

0
1 1 1 1( ) ( ) , ( ) ( ) ;

t t

t t

M t f s ds N t x f s ds  

0 0

1 1 1( ) ( ) ( , ) ;
t s

t t

R t g s h s d ds  

0 0

1 1 1 1 1 1 1 1( ) ( )exp[ ( )] ( ) ( ) ( , ) ( ) exp[ ( )] ;
t s

t t

P t M t R t g s M s h s M d R s ds  
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1 2 1 1( , ) ( , ) exp[ ( ) ( )];H t h t R R t  

0 0 0 0

1 1 1 1 10( ) ( , ) , ( ) ( , ) ( ) ;
t T t T

t t t t

q t H s d ds Q t H s P d ds  

   10 ( )P t  - ,     1( )P t     1( )M t    1( ).N t    

  1.1.  

1)    T    

0 0

5 1( , ,0) , ( , )exp[ ( )] ,
t t

H t d g t R d  

0

5 1 1( , ) ( )exp[ ( )]
t

g t P R d  

   t J         0 ,t J   

0 0 0 0

1 1 1( , ) , ( , ) ( ) ;
t t t t

H t d dt H t P d dt  

2) 
0 0

1 1( ) ( , ) 1.
T T

t t

q T H s d ds                                             (q1) 

  (1.1), (1.1 )   ( )x t     1C ,  

 

1
1 10 1 1 0

1

( )( ) exp[ ( )] ( ) ( ) ( ) , ;
1 ( )

Q Tx t R t P t Q t q t t t
q T

                 (1.13) 

  (1.1), (1.1 )    T      1C ,    

  T         1G   -    1( ) ,x t C    

  

0

5 ( , ) ( )
t

g t x d  

  t J       0 ,t J   

0 0

2 1( , )exp[ ( )] ( ) .
t t

h t R t x d dt  
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 .   (1.1) , (1.1 )   

 

0

1 0' ( ) , , ( , , ( )) , ( ) , , ( 1,2,...);
t

m m m m
t

x t F t x K t x d u t t t m                 (1.14) 

0
0( ) ( 1,2,...);mx t x m                                                     (1.14 ) 

0 0( ) 0, ,x t t t        

 

0

( ) ( , , ( )) ( 0,1,2,...).
T

m m
t

u t H t x d m  

   1,2,...m    (1.14)   -

      (1.14), (1.14 )  

   ( )mx t    1C  [16],      T    

0

( , , ( )) ( 1,2,...)m
t

H t x d m                                        (1.15) 

   t J      0.t J     

        ( ) ( 1,2,...), .mx t m t J   

     

( , , ( )) ( , ,0) [ ( , , ( )) ( , ,0)] ( 1,2,...);m mH t x H t H t x H t m              (*) 

1 1( , , , ) ( ) [ ( , , , ) ( )].F t x u v f t F t x u v f t                                     (**) 

   1,2,...m     (1.14), (1.14’)    

  

0 0

0
1( ) ( , ( ), ( , , ( )) , ( )) .

t s

m m m m
t t

x t x F s x s K s x d u s ds                    (1.16) 

 (1.16)  

0 0

1 1 1

0

( ) ( ) ( ) ( ) ( ) ( , ) ( )

( 1,2,...), ,

t s

m m m m
t t

x t N t t q s x t h s x d ds

m t t

                     (1.17) 
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0

3 1 0( ) ( ) ( ) ( ) ( 1,2,...).
t

m m
t

t q s u s u s ds m  

  (1.17)  1.1    1.1,  

1 1 10 0( ) exp[ ( )] ( ), ,x t R t P t t t                               (1.18) 

0

1 10 3 1 1 0

0

( ) exp[ ( )] ( ) ( )exp[ ( )] ( ) ( )

( 1,2,...), .

t

m m
t

x t R t P t q s R s u s u s ds

m t t

            (1.19) 

,     T    

0

( , , ( )) ( , ,0) ( 1,2,...)m
t

H t x H t d m                            (1.20) 

   t J       0.t J      1)  

  (*) ,   (1.15)     t J   

    0.t J    (1.18)   t J , TJ    

1 5 10 1( , , ( )) ( , ,0) ( , ) ( )exp[ ( )].H t x H t q t P R                  (1.21) 

   1)  (1.21) ,   (1.20)   1m     

t J      0.t J   (1.19)  

2 1 10 1 0( ) exp[ ( )][ ( ) ( )], .x t R t P t Q t t t                             (1.22) 

  (1.22) ,   (1.20)   2m      t J   

   0.t J       

 ,        3m    

 
3

1 10 1 1 1 1 0
0

( ) exp[ ( )] ( ) ( ) ( ) ( ) ( ( )) , .
m

k
m

k
x t R t P t Q t Q T q t q T t t               (1.23) 

 

,  (1.20)    t J       

0.t J    ,  (1.14), (1.14 )       
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1( ) ( 1,2,...),mx t C m      (1.18), (1.22)  (1.23). 

  

1

( ),m
m

v t                                                           (1.24) 

 1( ) ( ) ( ) ( 1,2,...).m m mv t x t x t m  

 (1.16)    t J   

0 0

1 1( ) ( ) ( ) ( ) ( , ) ( )

( 1,2,...),

t s

m m m m
t t

v t t g s v s h s v d ds

m

                       (1.25) 

 

0 0

2 1( ) ( , ) ( ) ( 2,...).
t T

m m
t t

t h s v d ds m  

  (1.25)  1.1    1.1,  

0 0

1 2 1 1 0( ) exp[ ( )] ( , )exp[ ( )] ( ) ( 2,...), .
t T

m m
t t

v t R t h s R s v d ds m t t      (1.26) 

  (1.18)  (1.26)  

2 1 1 0( ) exp[ ( )] ( ), .v t R t Q t t t                              (1.27) 

  ,       3m   

 
3

1 1 1 1 0( ) exp[ ( )] ( ) ( ) ( ) , .m
mv t R t Q T q t q T t t                    (1.28) 

 (1.18), (1.27)  (1.28)      1( )q   ,   (1.24)  

    J       0.J   , , 

( )x t   (1.24)   J .  (1.23)   (1.13). 

,       ,    (1.15) 

  ( )mx      ( ),x      t J       0.t J   

  (1.16)     ,m  ,   ( )x t   

  (1.1), (1.1 )   1.C  
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   1( )x t      2 ( )x t  -     (1.1), (1.1 )     

1C     T       1G     1 2; ( ) ( ) ( ) .T u t x t x t   

   t J      

0 0 0

1 1 2( ) ( ) ( ) ( , ) ( ) ( , ) ( ) ,
t s T

t t t

u t g s u s h s u d h s u d ds  

    1.1 ,   2 1( ) ( )x t x t     J . 

 1.2.   : 

1
1 1 1 1 0

1

( )( ) ( ) exp[ ( )] ( ) ( ) , ,
1 ( )

Q Tx t x t R t Q t q t t t
q T

                      (1.29) 

2
1 1

1 1 0
1

( )( ( ))( ) ( ) exp[ ( )] ( )( 2,...), ,
1 ( )

m

m
Q T q Tx t x t R t q t m t t

q T
             (1.30) 

  ( )x t  -    (1.1), (1.1 ) ; ( ) ( 1,2,...)mx t m  -  

,   (1.14), (1.14 ). 

  (1.30)    (1.28),  

 (1.29) -   (1.30)   2m    (1.27). 

 1.3.     1( )q    (1.1), (1.1 )   

           1.C   

 ,   -   
1

1 2 1 2 2 1
0 0

1' ( ) 12 ( ) ( ) , ' ( ) 12 , 0,
2

t

x t x x d x d x t x t  

   1( )q         1 2( ) ( ( ), ( )) :x t x t x t  

2
1 1 2 2 1 2( ) , ( ) (6 12 ) 6x t c c t x t t c c t  

( 1 2,c c  -  )      

0(0) ( 1,2)i ix x i     0 0
2 16 ;x x     0 0

2 16 ,x x      

   . 
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   1.2.  

1)    T    

0 0

5( , ,0) , ( , )
t t

H t d g t d  

   t J       0;t J  

2)    1( )q , 

0 0 0

1 1 2( ) ( , ) ( , ) ,
t T

t t t

g t h t d h t d dt                                          (A1) 

1sup ( ) ,
J

M t                                                                          (B1)         
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,   2.1     1 0t t   1[16]   

1.1    ( , , , ) ( , , )F t x u v F t x u   (     2( ' )q )  [  
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q h t g d d dt  

   , ,   (2.13)    

   0 ,t   ,    , 

  1)  2.3,  (2.13), (2.1 )    
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H t d g t d  
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1( ) ( , ( ), ( , , ( )) , ( )) .m m m m
t s

x t x F s x s K s x d u s ds                   (3.6) 

 

1( ) ( ) ( ) ( 1,2,...).m m mt x t x t m  
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1 3 3 0( ) exp[ ( )], ,t N R t t t                                                  (3.8) 
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 1,..., nc c  -  , 2 1... 0,n nc c c    
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   1 2, , ,x v v   , , 
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  p  ,  ( ) 0u t    J . 
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86



      ,   

 ( ) ( 1,2,...)px t p       J . 
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( 1) ( 1)

teR t
t t

, 2

( ) tP t e ,  2 2 2

3 2
0

[ ] 2
( 1) ( 1)

t
t t t dL e te e

t t
.  

,    ( )x t    (1.22)  : 
2

( ) ( )tx t e o t . 

  1.1.   (1.2)    
( ) ( ) ( ) ( )x t P t W t u t ,                 (1.10) 

 0 ( )W t  -   .  (1.10)  ( ) 1W t   

 (1.3). 

 1.2.       
    ( ) 0a t , . .   ,  

   3  [11]. 

  1.3.    1.1   0( ) sin( )P t A t t , 

 ,A  -  .    ( )x t   (1.2)  

 : 

0( ) sin( ) (1)x t A t t o , 

. .  0lim[ ( ) sin( )] 0
t

x t A t t , 

    (1.1)   ,     ( )x t    

 (1.1)     t . 

 1.3.     

0 0

( 1) ( 1)sin( ) 3 ( ) ( ) cos 3sin , 0
5 5

t tt te ex t x t x d t t d t
t t

   (1.23) 

    1.1  ( ) 1t t ,  ( ) 6 5 0t t , 1,n  

1( ) ( 1) tt t e , ( ) 0F t , 1( ) 0,F t  ( ) sinP t t .  
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 ,    ( )x t   (1.23)  : 

( ) sin ( )x t t o t , . . lim[ ( ) sin ] 0,x t t t . 

 1.4.   (1.1)  ( )P t    . 

,   ( ) , ( ) ( 0, , )tP t e P t kx b k k b const   . .   

( )P t kx b     ( )x t    (1.1)  : 
( ) (1)x t kx b o , . .   ( )x t   (1.2)   

 ( )x t kx b   .t ,  ,   
   t    (1.1)    . . 

    ( . , [30]).  

  1.5.    (c -   const ): 

0 0

0( ) ( ) ( ) ( , ) ( ) [ ( ) ( , ) ],
t t

t t
x t a t x t K t x d c a t K t d t t  

 ( ) 0F t .    1.1  0( ) ( ) ( ) 0 ( 1.. )i iF t c t F t i n  

,     ( )x t   (1.2)   
( ) (1)x t c o ,      ( )x t c   t . 

 

 
§ 2.         

    
    

 

 2.1.      
 J          

  : 

0

1 0 ( ) [ , ( ) ( , ) ( )] ( )
t

t

x t a t x t a x t Q t x K t x d tt f ,  (2.1) 

0t t ,  ,      

1 0 0( ), ( )tx t a t x t a x t f t t t                                    (2.10) 

     J  . 
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 ,   , . .     

    (2.1)   (2.10)    

, ,  [31;11, .83-89, .142-164].    

   . 

       , 

  [32],    (2.1),     

  .  [1,  194-217],    

 [11],    [33],  , 

  ,     3.3 [11, .111] 

    . 

  2.1.  0,  0, , 0, , 0,t t q t c q t c  

00 , c const t t .       

0

( , )
t

t

s x s ds q t c  

  

0

1 1
0 0 0 , , (  ) .

t

t

x t x t t q t c q s c s ds  

      3.1-3.3 [11, .110-111]. 

     . 

  [11]: 

0

, , ,
n

i
i

K t K t                                                                                     ( )    

0

,
n

i
i

f t f t                                                                                             (f) 

1i t i n  -   , 
1 1( ( ) ( ), ) ( , )( ) , ( ) ( )( ( ) ,)i i i i i i it tR t K t E t tf  

0( ) ( ),  ( 1( ) ),i i iR t t A B t i nt                                                               (R) 

 ( 1 )( )ic i nt -  . 

116



   ( )x t  (2.1)   ( )x t [1,c. 194-217], 

    0t   t      ,    

 (K), (f),   , , ), ,( ) ( ( )i i iR t Et t   (R),  ( )ic t , 

  1.4,1.5 [30].        
    : 

0 0

2 222
1 0 0

1

( ( )) 2 { , ,
t tn

i i i i
it t

x t a s x s ds A t X t t A s X s t ds  

0

2 2

0 0 0, 2 , [ ( ) ,
t

i i i i i i
t

B t X t t E t X t t c t B s X s t ds  

0

2
02 , ] ( , ) ,

t

i i i i i
t

E s X s t c t ds R t X t d  

0 0 0

2
* 0 0( , ) , } 2 { 

t s t

is i
t t t

R s X s d ds c x s f s a s x s  

0

0, , } ,
s

t

Q s x K s x d ds       (2.2) 

 

,   ( 1 )
t

i iX t x d i n ,  2
* 0 0

1

( ( )) ( ).
n

i
i

c x t c t  

 2.1.  1)   (K), (f), (R);   

1 10 11 11,  0;a t a t a t a t  

2) 0, 0, 0, ( , ) 0,i i i iA t B t B t R t    
* *0, 0i iA t R t  ,  

 * 2 *, ( ( )) , , ,k k k
i i i i i i it i iA t A t A t E t B t c t R t R t R t  

1 ; 0,1 .i n k      ( )x t   (2.1)   

 : 

0

22 2
11 0

1

( ( )) 2 ( ( )) [ ,
t n

i i
it

x t a s x s ds A t X t t  

0

2
*, ( , ) ] ,

t

i i
t

R t X t d M t c ,       (2.3) 
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0 0 0

2
* * *

1, { exp( ) } exp( ),
2

t s t

t t t

M t c c f s V d ds V s ds  

0

* 0 0 0 0( ) ( ) , , 
t

t

f t f t a t x t x t Q t d  

0

* *
10 0 0

1

0 0

[ ( )] 2{

[ , , ] }.

n

i i
i

t

t

V t A t R t a t a t t t

Q t t K t d
 

,  , 3) *( ) 0, 0,j j jA t A t t  0 1 ,j t j n  

1 1
* * *, 0, , 0, , ,  1 ,jq t c q t c q t c t L J R j n  

  
1 1 
2 2

* * *, , .jq t c A t M t c  

     (2.1) 1 .x t O  

 . ,  ,    
2( ( ))  1 ; 0,1k k k

i i iE t B t c t i n k    : 

2 2
0 01 , 2( ( )) , 0 0,1; 1 .k k k k

i i i i iB t X t t E t X t t c t k i n  

   ,  : 

0

0

22 2
11 0

1

2

( ) 2 ( ) [ ,

, , ) ,

t n

i i
it

t

i i
t

u t x t a s x s ds A t X t t

R t X t d
   (2.4) 

       (2.2) x t  : 

0

0 ,
t

t

x t x t x s ds  
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  (2.2),    1), 2)  2.1   

 :  

0

1/2 * *
* * 10

1

10 { ( ( )) [ ( ( ) ( )) | ( ) |]2 ( )
2

t n

i i
it

u t c f s u s A s R s a s u s       

0 0 0

1/2 1/2 1/2
0 0| ( ) | ( ( 2 [| ( , ) | ( ( | ( , ) ()) )) }]| ( ))

s s

t t t

a s u d Q s u d K s u dsd .  (2.5) 

    (2.5)  1 [33],   

0 0 0

2
* * *

1{ exp( ) } exp( ) , , 
2

t s t

t t t

u t c f s V d ds V s ds M t c   (2.6) 

   (2.3)     (2.4). 

   (2.6)  (2.3)  

2
0 *

1

, , .
n

i i
i

A t X t t M t c  

    0,iX t t   1 j n   

0

2
*( )  , ,

t

j j
t

A t x d M t c  

    * 0j jA t A t   : 

0

1 1 
2 2

* * *| | ( ) , , . 
t

j j
t

x d A t M t c q t c       (2.7) 

      (2.7)   2.1,  

  3)  2.1 : 

0

1 1
0 0 0 * *( ( )) , , ( ( ))

t

j j
t

x t x t t q t c q s c s ds  

0

1 1
0 0 0 * *( ( )) , , ( ( )) ,j j

t

x t t q t c q s c s ds  

     x t   (2.1)  J.  

. 
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 2.1.      ( ) 0,f t  . .  

0  0,1  if t i n .  0  1 , i i iB t E t c t i n   

0,  1 ,i iR t t A t i n   *( ) ( )i i iA t A t A t   : 
*

0 0( , ) ( ) , ( 1... ).i i iR t t R t R t t i n  ,    

        
    (  (2.10) ( ) 0f t     

      (  (2.10) ( ) 0f t  

). 

  2.1.     : 

2
0

4 6 , 0,  0,
1 11

t x
x t x t x t K t x d t

t tt
 

 
1

1 2
3

1 cos, 1 exp exp (
2 2

t tK t t e e
t

t
t

 

1 133 5 5
2

1001) (sin ) 1 sin
1

t
t

,     2.1  

 ,  0 0, 2, 1,t n j  
1
3

1 1
1exp , , ( 1) ,

2
tt e R t t

t
 

1
* *3

1 1* 1 1
1 1,0 1 1 0, , 0,

2 1
R t t A t A t R t

t t
 

1 1
3 *5 2

2 2 2 2

cos 31 (sin ) , ( , ) [exp ] , ( ) ,
2 ( 2)
t tt t t R t A t

t t
 

*
2 02 2

3 3 100, , ,
( 1)2 2

t
R t K t

tt * 2
6 2 1 [ ln( )] | (0) |, 

( 1) 1
tf t x

t t
 

2 2 2
1 3 3( 3) 4 6 2 1  2[ 1 ln( )

1 ( 2) 2( 2) 1 ( 1) 1
t t t tV t t t

t t t t t t
 

100 .
1 (2 1)

t
t t
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,        R . 

,    2 3
1 2( 1) ( 1)  x t c t c t   

( 1 2,c c  -  ),   

    

2
4 6 0,  0

1 1
x t x t x t t

t t
 

    R . 

 2.2.  

2
4 6( )

1 1
x t x t x t

t t
 

1
3

0

1 exp( )1 exp , 0
2 3

t t
t et e e x d t

t t
 

    2.1,  0 0, 1,t n   
1 1
3 3

1 1 1 1*
1exp , , ( 1) , 1 1 ,

2
tt e R t t A t t A t

t
 

* *
1 1 1 1 1

1 1 exp( ) 1, 0, , ( )  , ,
1 2 3 3

teA t R t B t f t E t
t t t t

 

1 0 0 * 2

6 01 , ,  ( ) ( , ) 0,  ,
2 ( 1)

x
c t K t f t Q t f t

t t
 

2
1 4(5 2)

1 ( 1)
tV t

t t
. ,       R . 

 ,       

: 

2
4 6 exp( )( ) , 0

1 31

tex t x t x t t
t tt

 

    R ,     . 

  ,      (2.1)   (2.10),  
    .    

,      (2.10)    
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   (2.1)    .    
    . 

 

 
§ 3.          

      -   
    

 
     -   ,   

    . 
 3.1.   ,     J   

          
 

0

1 0 0 1

2 0

''( ) ( ) '( ) ( ) ( ) ( , ) ( ) ( , ) '( )

( , ) ''( ) ( ), .

t

t

x t a t x t a t x t Q t x Q t x

Q t x d f t t t

                     (3.1) 

 ,        [38]  
   [11, .28-29]    
 [11, .41].        

      [35],   
 [11, .27-28],    .  [1, .194-

217],    [11, .41]      
[33],       (3.1). 

  (3.1) [35]   :          

 
2 2'( ) ( ) ( ) ( ), '( ) ( ) ( ) ( ),x t x t W t y t x t x t W t y t                                 (3.2)

                 
  0  -   ,  0 ( )W t  -  

 ,   ( )y t  -   . 

 (3.2)    
2 2 2

4 2

''( ) '( ) '( ) ( ) ( ) '( ) [ ( ) ( ) ( )]
'( ) ( ) ( ) '( ) ( ) [ '( ) ( )] ( ) ( ) '( ).

x t x t W t y t W t y t x t W t y t
W t y t W t y t x t W t W t y t W t y t              (3.3)

 

  (3.2), (3.3)   (3.1): 
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0

4 2 2
1

2
0 0 1

4 2
2 0

( ) [ '( ) ( )] ( ) ( ) '( ) ( )[ ( ) ( ) ( )]

( ) ( ) ( , ) ( ) ( , )[ ( ) ( ) ( )]

( , )[ ( ) ( '( ) ( )) ( ) ( ) '( )] ( ), .

t

t

x t W t W t y t W t y t a t x t W t y t

a t x t Q t x Q t x W y

Q t x W W y W y d f t t t

 

   ,  [35],  

0

1 0 0 1

0

'( ) ( ) ( ) ( ) ( ) [ ( , ) ( ) ( , ) ( )

( , ) '( )] ( ) , ,

t

t

y t b t y t a t x t P t x P t y

K t y d F t t t                              (3.4)
 

 
2 1 1 2 4

1 1 0 0 1

1 2 4 1
0 0 1 2 1 1

2 1 1
2 2

( ) ( ) '( )( ( )) , ( ) ( ( )) [ ( ) ( ) ],

( , ) ( ( )) [ ( , ) ( , ) ( , )], ( , ) ( ( )) ( , ) ( )

( , )[ '( ) ( )] , ( , ) ( ( )) ( , ) ( ), ( ) ( ( ))

b t a t W t W t b t W t a t a t

P t W t Q t Q t Q t P t W t Q t W

Q t W W K t W t Q t W F t W t f ( ).t

 

  (3.2)   (3.4),    : 

0

2

1 0 0 1

0

'( ) ( ) ( ) ( ),

'( ) ( ) ( ) ( ) ( ) ( , ) ( ) ( , ) ( )

( , ) '( ) ( ), ,

t

t

x t x t W t y t

y t b t y t a t x t P t x P t y

K t y d F t t t
                               (3.5)

 

     (3.1). 

 [11]: 

1 11 12( ) ( ) ( ),b t b t b t                                                                 (b1) 

1
( , ) ( , ),

n

i
i

K t K t                                                              (K) 

0
( ) ( ),

n

i
i

F t F t                                                                   (F) 

( ) ( 1,..., )i t i n

 

-   , 

1 1( , ) ( , ) ( ) ( ) , ( ) ( ) ( ) ( 1,..., ),i i i i i i iR t K t t E t F t t i n

      0( , ) ( ) ( ) ( 1,..., ),i i iR t t A t B t i n

      

       (R)
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( ) ( 0,1,..., )ic t i n  -  . 

      (3.5)   ( ) ( )t x t  (0 ( )t - 

  ),   -  '( ),y t     

,      0t    ,t       , 

    1( ), ( ), ( ),b K F    ( ), ( , ), ( ),i i it R t E t   

( ),R    0( ), ( ) ( 1,..., ).ic t c t i n    [11]   

 : 

 0 0

0 0

2 2 2 2
11

' 2 2 ' 2
11 12 0 0 12

( )( ( )) ( )( ( )) 2 ( '( )) ( )( ( ))

( )( ( )) ( )( ( )) 2 ( ) ( ) ( ) [ ( )( ( ))

t t

t t

t t

t t

t x t s x s ds y s ds b t y t

b s y s ds b t y t F t y t c t b s y s
 

0

0

0

' ' 2 ' 2
0 0 0 0

1

2 ' 2 '
0 0 0 0

' ' 2 ''

2 ( ) ( ) ( )] ( )( ( , )) ( )( ( , ))

( )( ( , )) 2 ( ) ( , ) ( ) [ ( )( ( , )) 2 ( ) ( , )

( )] ( , )( ( , )) ( , )

tn

i i i i
i t

t

i i i i i i i i i
t

t

i i i is
t

F s y s c s ds A t Y t t A s Y s t ds

B t Y t t E t Y t t c t B s Y s t E s Y s t

c s ds R t Y t d R s
0 0

0

2
*( ( , ))

2 ( ) ( ) ( ) ( )

t s

i
t t

t

t

Y s d ds c

W s s x s y s ds

           

0 0

0 0 12 '( ) ( ) ( ) [ ( , ) ( ) ( , ) ( )] ,
t s

t t

y s a s x s P s x P s y d ds    (3.6)

 
 

2

2 2
* 0 0 1 0 0 0 0 0 0 0 0

1

( ) 2 ( ) '( ), ( , ) ( ) '( ) ( 1,..., ),

( )( ( )) ( )( ( )) 2 ( ) ( ) ( ) ( ).

t

i i

n

i
i

t t t Y t y d i n

c t x t b t y t F t y t c t c t
 

 3.1.  1) 0, ( ) 0, ( ) 0,W t t     

1( ), ( ), ( ), ( );b K F R   
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2)   ( ) 0;t   

3)   11 110( ) 0,b t b     * 1
11( ) ( , )b t L J R   ,   

' *
11 11 11( ) ( ) ( );b t b t b t    

4)   '
12 12( ) 0, ( ) 0,b t b t    0 ( )c t  ,  

( ) 2 ( ) ( )
0 12 0( ( )) ( ) ( ) ( 0,1);k k kF t b t c t k   

5)   ' '( ) 0, ( ) 0, ( ) 0, ( , ) 0,i i i iA t B t B t R t     
* 1 * 1( ) ( , ), ( ), ( ) ( , )i i iA t L J R c t R t L J R   ,   ' *( ) ( ) ( ),i i iA t A t A t  

( ) 2 ( ) ( )( ( )) ( ) ( ) ( 1,..., ; 0,1);k k k
i i iE t B t c t i n k    

6)  
1 1
2 2

0( )( ( )) | ( ) | ( ( ))W t t a t t  

0

21
12

0 1| ( , ) | ( ( )) | ( , ) | ( , {0}).
t

t

P t P t d L J R  

     ( ( ), ( ))x t y t   (3.5)   

: 
1
2( ) ( ( )) 0(1),x t t                                                                              (3.7) 

( ) 0(1),y t                                                                                          (3.8) 
2 1 2 1( )( ( )) ( , ), ( '( )) ( , ),t x t L J R y t L J R                                         (3.9) 

      ( )x t   (3.1)   (3.7)  : 
1
2'( ) ( ( )) ( ) 0(1).x t t W t                                                             (3.10) 

   .  : 

0 0

0

2 2 2 2
11

2 ' 2
0

1

( ) ( )( ( )) ( )( ( )) ( '( )) ( )( ( ))

( )( ( , )) ( , )( ( , )) .

t t

t t

tn

i i i i
i t

u t t x t s x s ds y s ds b t x t

A t Y t t R t Y t d
                  (3.11) 

   1)-3), 5)   ( ) 0,u t    : 
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0 0

0

2 2 2

2 2 ' 2
11 0

( )( ( )) ( ), ( )( ( )) ( ), ( '( )) ( ),

( )( ( )) ( ), ( )( ( , )) ( ), ( , )( ( , )) ( ).

t t

t t

t

i i i i
t

t x t u t s x s ds u t y s ds u t

b t x t u t A t Y t t u t R t Y t d u t
          (3.12) 

  

0

0

2
0 0 1

2

0 0 1

2 '( ) ( ) ( ) [ ( , ) ( ) ( , ) ( )] ( '( ))

| ( ) || ( ) | [| ( , ) || ( ) | | ( , ) || ( ) |]

t

t

t

t

y t a t x t P t x P t y d y t

a t x t P t x P t y d

 

       (3.6),   
  

0

1 1
* * *2 2

* 11 11
1

( ) 2 ( )( ( )) ( ( )) ( ) [ ( ) ( )] ( )
t n

i i
it

u t c W s s b s b s A s R s u s ds        (3.13) 

0 0

1 1 1 1 1
2 2 2 2 2

0 0 1 11| ( ) | ( ( )) ( ( )) | ( , ) | ( ( )) | ( , ) | ( ( )) ( ( )) .
t s

t t

a s s u s P s P s b u ds        

    (3.13)  1   [33]  
( ) (1),u t O      3)  110 11( ( ) (1)),b b t O   5), 6) 

 3.1.     (3.12)   
  3.1.  ,  (3.7)  3.1  

  2( )( ( )) ( ) (1),t x t u t O    (3.10) -   (3.2)   

 (3.7), (3.8)  3.1. 
 ,    3.1 ,    

      (3.1)   (3.7), (3.10) 
. 

 3.1.   (3.7), (3.10)     
,       ,J  

  ,        , 
  t          (3.1) . 
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§ 4.          
   -
    

 
         

   J  (     

  t )         . 

    . 

 4.1.       

        

   

0

2 1 0 0 1, ,
t

t

x t a t x t a t x t a t x t Q t x Q t x  

2 0, ,Q t x d f t t t  .       (4.1) 

 ,            

   (4.1)  [28, 36]    [11, . 15  17]  

  ,  [37]    

[38]    [11, . 41   ];  [39]    

          

[11, . 28];  [40]    [41]. 

      ,  

      [42],    [11, . 

1; 30],     [33]. 

         

. 

   (4.1)   : 

    1x t W t y t ,      (4.2) 

    2y t W t z t ,      (4.3) 
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 0 1,2kW t k  -    , 

,y t z t  -   . 

  (4.2), (4.3)  : 

1 1 1 2 1x t W t y t W t y t W t W t z t W t y t ,   (4.4) 

1 2 1 2 1 1

1 2 1 2 1 2 1

( )

( ) ( ) .

x t W t W t z t W t W t z t W t y t W t y t

W t W t z t W t W t W t W t z t W t y t
 (4.5) 

 (4.2), (4.4), (4.5)   (4.1),  

1 2 1 2 1 2 1

2 1 2 1 1 1 0

( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

W t W t z t W t W t W t W t z t W t y t

a t W t W t z t W t y t a t W t y t a t x t
 

0

0 1 1 2 1 2

1 0

( , ) ( ) ( , ) ( , )[

] ( ), .

t

t

Q t x Q t W y Q t W W z

W y d f t t t

  

   

0

1 2 2 1 2 1 2 1 2

1 1 2 1 1 0 0

1 1 2 1 2 1 0

( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( , ) ( )

( , ) ( , ) ( , ) ( ), .

t

t

W t W t z t a t W t W t W t W t W t W t z t

a t W t a t W t W t y t a t x t Q t x

Q t W Q t W y Q t W z d f t t t

 (4.6) 

  (4.6)   1 2W t W t     : 

1
2 2 1 1 1 2 1 2( ) ( ) ( )b t a t W t W t W t W t W t W t  (  z t ), 

1 1 1
1 1 2 2 1 1 2 1 1 2b t a t W t a t W t W t W t W t W t W t  

(  ty ), 

1
0 0 1 2b t a t W t W t       (  tx ), 
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1
0 1 2 0, ,P t W t W t Q t      (  x ), 

1
1 1 2 1 1 2 1, , ,P t W t W t Q t W Q t W   (  y ), 

1
1 2 2 1 2, ,K t W t W t Q t W W    (  z ), 

1
1 2,F t f t W t W t . 

    ( )z t       

: 

0

2 1 0 0 1

0

, ,

, , .

t

t

z t b t z t b t y t b t x t P t x P t y

K t z d F t t t

 (4.7) 

  (4.2) , (4.3)   (4.7),     (4.1)  

  : 

0

1

2

2 1 0 0 1

0

,

,

, ,

, , .

t

t

x t W t y t

y t W t z t

z t b t z t b t y t b t x t P t x P t y

K t z d F t t t

   (4.8) 

  (4.8)      :    

 (4.2), (4.3)  ( ), ( )x t y t       (4.7).  

  (4.8)       

     (4.1). 

 (4.8)         

1 2 1W t W t    ( )  :  
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0

2 1 0 0 1

0

,

,

, ,

, , .

t

t

x t y t

y t z t

z t b t z t b t y t b t x t P t x P t y

K t z d F t t t

     (4.9) 

   (4.9)   (4.1)   

          

   n -   ( 2n )   

 , ,  [43, . 205]. 

       ,  

   ( ): , , 

    t   . .       

  (4.8)  ,   –  

   (4.1),        

( ) ( 1,2)kW t k .     (4.9)   

,  . 

  ( ) ( 0,1,2)kb t k  ,   

 ( ) ( 0,1,2)ka t k     

  J . 

  [1, .194-217]    (4.8)  ( )x t , 

 -  ( )y t ,     ( )z t ,     

    t   0t ,   : 

0 0

0

2 2 2 2
2 1 0

0 1 *

2 2 ( ) ( ) ( )

[ , , , ] }

t t

t t

s

t

x t y t z t b s z s ds z s b s y s b s x s

P s x P s y K s z d ds c
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0

1 22 [ ( ) ( )] ,
t

t

W s x s y s W s y s z s F s z s ds     (4.10) 

 
2 2 2

* 0 0 0c x t y t Z t . 

  : 
2 2 2

1 0 0 0( ) 0Y t x t y t Z t . 

       (4.10)  

 

1
2

0 0

1 * 1 1 1( ) [ ( ) 2 ( ) ( ( )) [ , ( ) ] ]
t t

t t

V t c g s V t F s V t G s V t d d ds ,   (4.11) 

  

2

1 2 0 1
0

( ) 2 2[ ], , 2[ , , ,k
k

g s b t W t W t G t P t P t K t . 

     (4.11)  1 [33],  

: 

0 0 0

2
1 * *( ) { ( ) } exp( [ ( , )] ] ) ( , )

t s s

t t t

V t c F s ds g s G s d ds E t c .  (4.12) 

 4.1.  1)   ( ) 0 ( 1,2)kW t k  , 

   : 

0 0

[ ( ) ( ) ( , ) ] ( 1,2; 0,1,2; 0,1),
t

j k r
t t

W t b t P t d dt j k r    1  

0 0

[ [ , ;
t t

F t K t d          2  

2)  ( ) 0 ( 1,2)kW t k  1( )W t     J.  

  ( )x t  (4.1) . 
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   4.1    (4.12)   (4.2), (4.3)   

 1), 2).    * *, ,E t c E c . 

   4.1  , , ( 0,1,2; 0,1)k rb t P t k r , 

, ,F t K t -  ,    ( 1 ), ( 2 ). 

   ,      . 

  [11]: 

  0
1

, , ,
n

i
i

K t K t K t ,      (K) 

  0
1

n

i
i

F t F t F t ,       (F) 

1...i t i n  -   , 

1 1
, , , 1... ,i i i i i i iR t K t t E t F t t i n  

0, 1... ,i i iR t t A t B t i n      (R) 

1...ic t i n  -  . 

0 01 02 03, , , ,K t K t K t K t             0K  

  0 01 02 03F t F t F t F t ,              0F  

  1 2 3 0,1k k k kb t b t b t b t k ,    kb  

  1 2 3, , , , 0,1k k k kP t P t P t P t k ,   kP  

  : 

0

2 2 2
2 02 12 02

2 2
12 02

2 [ ,

, , ] , , 1... ,

t

t

t

i

t b t F t b t P t

P t K t d Z t s Z s ds i n
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   (K), (F), (bk), (Pk), (R),     

 ,tK     tF   1.4,1.5 [42],     01 02, ,K t K t , 

01 02F t F t , 1 2k kb t b t , 1 2, ,k kP t P t  0,1,2,3k    

2 22 ,    ,   (4.8) 

   : 

0

0 0

0 0

2 2 2 2 2 22 2

2 2
0 0 0

1

2 2
0 0

22
01 0

1

2
0

{ , , 2 ,

, 2 , , , }

,

, ,

t

t

n

i i i i i i
i
t s

i i i i i i
t t

t tn

i i
it t

i s i

x t x t y t y t u t s u s ds

M t U t t T t U t t E t U t t c t

T s U s t E U s t c s ds R t U t d

c F s ds M s U s t

R s U s t d
0 0

0

0

1 2

2 2 2 2
01 03 11 13

2 2 2 2
21 23 31 33

2 2 2 2
01 03 11

2 2
13 21 23

2

{ 2 2

2 2

, 2 , ,

2 , , 2 ,

s t

t t

t

t

s

t

ds W s y s x s W s u s y s ds

b s x s b s u s x s b s x s b s u s x s

b s y s b s u s y s b s y s b s u s y s

P s x P s u s x P s x

P s u s x P s y P s u s y

 

2 2
31 33, 2 , } ,P s y P s u s y d ds            (4.13) 

 
2 2 2 2 2

4 02 02 12 22 322t b t F t b t b t b t b t  

      
0

2 2 2 2
02 12 22 32, , , , ,

t

t

P t P t P t P t d  

 0
1

, 1... ,
t n

i i i
i

U t u d i n c c c t . 
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    (4.13),   1.1, 2.1 [11] 

 

  4.2.  1) , , , 0, ( ) 0 ( 1,2),kR W t k   

 ( ), ( ), ( ),( ); 2) ( ) 0; 3) ( ) 0,k iK F b R t M t  ( ) 0, ( ) 0, ( ) 0i i iT t T t R t , 

  ,  * 1 * 1( ) ( , ), ( ), ( ) ( , )
i iiM t L J R c t R t L J R , 

:  

*( ) ( ) ( ),
ii iM t M t M t )1,0;..1()()())(( )()(2)( knitctBtE k

i
k

i
k

i

),()(),( * tRtRtR iit i
, )())(()())(()4 3

2
1

2
01 tbtbtWtF kkj  

0

2
1 3[( ( , )) ( , ) ]

t

k k
t

P t P t d 1( , \ {0}) ( 1,2; 0,1,2,3)L J R j k . 

    ))(()),(()),(( tutytx  (4.7) 

)1,0()(),(),( )()( ktutytx kk     J . 

 ,  , 

5)  )(),1,0()( 2
)(

1 tWktW k    J .    )(tx  

 )4,3,2,1()()(
1 ktx k   (4.1)   J , . .    (4.1) 

. 

  4.1.   :  

)()()()( 2322212 tWtWtWtW , 

 ),()()( 1
23

2
21 RJLtWtW .   2)  4.2: 0)(t  

   0)()()( 2
221 tWtt . 

  4.2.     ,   

  )2,1()( ktWk ,      
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)..1()( nktk    )(tci ,      

     (4.1). 

  4.1.  (1)  . 

(5) (4)3 5

9
2 2

0

2 2
(4) 2

2

6 20( ) 5 sin ( ) cos ( )
1 1

1 2 410 1 cos5 ( ) 1 ( ) ( )
11 1

1 41 ( ) ( ) ( ) ( 1)
11

t
t

t
t

ex t e t x t t x t
t t

e t x t x x
t

etx x x t
t

3 33 3
2

1

cos4 cos4 1 1 1
1

2
t t t

d
t

 

0,4cos1
2

33
2

ttt
t
et  

    4.2    4.1   

,1,1)(,)1()( 2
2

1 tWttW   34 ,sin5)( tetb t  

3 5
5

3 22 3

23 7 9
1 02

2
33 3

2

6 4 sin 8 24 2 cos( ) cos 2 , ( )
1 1 1( 1) 1

3 62 1 sin sin3 , ( ) 0, ( ) ( 1) cos
1( 1)

6sin , ( ) sin 2 , ( , ) 0 ( 0,1,2,3),
1 2

( , )

k

t tb t t b t
t t tt t

t t b t b t t t
tt

ett F t t t P t k
t t

etK t

2 2

3 332

2 1 3
23

01 02 03 1

133
2 1 2

cos4 cos4 1 1 1
,

1 2

( ) , ( ) ( ) , ( ) 0 ( 0,1,2,3),

( ) ( ) ( ) 0, ( ) 6 sin , 2, ( ) ,
1( ) cos4 ( 1) , ( , ) 1 , ( , ) ,
2

t t

k k k k
t

t t t
t t

b t e b t b t b t k

F t F t F t t e t n t et
tt t t R t t R t
t
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2 2 1 1 1

* 1 1
2 2 2

1 1 1( ) , ( ) 1, ( ) 0, ( ) , ( ) ,
2 1 1

1 1 1( ) , ( ) 4( 2) (3 2) , ( ) ,
2 4 4

E t E t M t T t c t
t t t

tM t M t t t T t
t

,tW,etW,etW,ee1tW,4c 23
2
t

22
2
t

21
2
t

2
t

22  (   4.1), 
3tt

1 tsine5ett . ,        

       ,0R , . .   

 . 

     4.1,    1tW2 . 

  4.3.     (4.1)    

  J ,      

. 

 
 
§ 5.         

  -   
  

  §       

[44, 42]        

           [45, 46]. 

     [44, 42,45, 46, 40, 47]  

  ( ,     

  J ,   ,      

  )         

     : 

2 1 0( ) ( ) ( ) ( ) ( ) ( ) ( )x t a t x t a t x t a t x t  

0

0 1 2 0( , ) ( ) ( , ) ( ) ( , ) ( ) ,
t

t

Q t x Q t x Q t x d f t t t ,   (5.1) 

     ,      
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     [45, 35, 40],   

 [1, . 194–217],    [11, . 41]   

    [43, . 490–493].   

      J    

x( t )    kx t k 1,2   (5.1).      

     kx t k 0,1,2   (5.1). 

        

  kx t k 0,1,2   (5.1)  ,   

         

(5.1)   ,   ,    

         

    ,     . 

      [45, 35, 40].   (5.1)  

  x(t)  : 
2( ) ( ) ( ) ( ),x t x t W t y t  2( ) ( ) ( ) ( ),x t x t W t y t     (5.2) 

 0  -   ,  , 0 ( )R W t  - 

   ; y( t )  -   

.    [40]  (5.1)       (5.2) 

    x(t)       

 y( t ) : 

0

2

2 1 0

0 1 0

( ) ( ) ( ) ( ),
( ) ( ) ( ) ( ) ( ) ( ) ( )

( , ) ( ) ( , ) ( ) ( , ) ( ) ( ), ,
t

t

x t x t W t y t
y t b t y t b t y t b t x t

P t x P t y K t y d F t t t

      (5.3) 
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1 2 2 4
2 2 1 1 2

1 12
2

1 2 4 6
0 0 1 2

1 2 4
0 0 1 2

1
1 1

( ) ( ) 2 ( ) ( ) , ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ,

( ) ( ) ( ) ( ) ( ) ,

( , ) ( ) ( , ) ( , ) ( , ) ,

( , ) ( ) ( ,

b t a t W t W t b t a t a t

a t W t W t W t W t W t

b t W t a t a t a t

P t W t Q t Q t Q t

P t W t Q t 2
2

1 1
2

) ( ) ( , ) ( ) ( ) ,

( , ) ( ) ( , ) ( ), ( ) ( ) ( ).

W Q t W W

K t W t Q t W F t W t f t

 

    [45, 40]   (5.3)   (5.1). 

    ,   [11]: 

 
n

i
i 0

K t , K t , ,         (K) 

n

i
i 0

F t F t ,          (F) 

n...1iti  -   , 

1( , ) ( , )( ( ) ( ))i i i iR t K t t , 1
i i iE ( t ) F ( t ) ( t ) ,  

i 0 i iR ( t ,t ) A ( t ) B ( t ) ( i 1...n ),         (R) 

ic t i 1...n  -  . 

  (   )  (5.3)   x(t),  

 (   ) -  )(ty  [1, . 194-217],   

,       t0  t,     

,     (K), (F),  ),,(tRi )(tEi ,  

(R),   1.4, 1.5 [30],      

 :  

0 0

t t
2 2 2 22

2
t t

x( t ) 2 x( s ) ds y ( t ) 2 b ( s ) y ( s ) ds  

0 0

t t
2 2

1 1 0
t t

b ( t ) y( t ) b ( s ) y( s ) ds 2 b ( s )x( s )y ( s )ds  
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0 0

t s n
2

0 1 i i 0
i 1t t

2 y ( s ) P ( s, )x( ) P ( s, )y( ) d A ( t ) X ( t ,t )  

0

0 0

0 0 0

t
2 2

i i 0 i i 0 i i 0 i
t

t t
2 2

i i 0 i i 0 i i i
t t

t s t
2

is i * 0
t t t

A ( s ) X ( s,t ) ds B ( t ) X ( t ,t ) 2E ( t )X ( t ,t ) c ( t )

[ B (`s ) X ( s,t ) 2E ( s )X ( s,t ) c ( s )]ds R ( t , ) X ( t , ) d

R ( s, ) X ( s, ) d ds } c 2 [W( s )y( s )x( s ) 2F ( s )y ( s )

   

0

s

0
t

2 K ( s, )y ( )y ( s )d ] ds ,               (5.4) 

 
t

i i

n
2 2 2

* 0 0 1 0 0 i 0
i 1

X ( t , ) ( s )y ( s )ds ( i 1...n ),

c ( x( t )) ( y ( t )) b ( t )( y( t )) c ( t ).
 

    (5.4),   ,  

 2.1  [11, . 85],    

     5.1.  1) 0)(,0 tWR ;   ( ), (F),  

(R); 2) 2 ( ) 0b t ; 3) ,0)( 101 btb 1 1
1 1b ( t ) ( b ( t )) L ( J ,R ) ;  

4) 
t

0t
00 ),t(P)t(b )()(]))((),( 0

2
1

1 tFtWdbtPi  

0

t
1

0
t

K ( t , ) d L ( J ,R \ {0 });  5) ,0),(,0)(,0)(,0)( tRtBtBtA iiii  

  ),()(),(),,()( 1*1* RJLtRtcRJLtA iii  ,   
2* ( k ) ( k ) ( k ) *

i i i i i i it i iA ( t ) A ( t )A ( t ), E ( t ) B ( t )c ( t ), R ( t , ) R ( t )R ( t , )  
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( i 1..n; k 0,1).     )(),( tytx   (5.3)  

)1,0()(),( )( ktytx k     J   

: 

),,()( 2 RJLtx           (5.5) 

2 1
2b ( t )( y ( t )) L ( J ,R ),        (5.6) 

).1()),()(( 2
0 OttXtA ii          (5.7) 

       

         (5.1)   

 (     )  (5.3) 

     .  

:  

.],)()()([)( 00
)(

0

0
2

ttdssysWtxetx
t

t

tt      (5.8) 

  (5.8)    })0{\,()( 1 RJLtW    )1()( Oty  

,  ).1()( )( 0
2

Oetx tt        (5.9) 

  (5.2) :  

).1()()()( 2 OtWtxtx  

 ,  

).1()]([)( )( 0
2

OtWetx tt         (5.10) 

  (5.2)  2( ) ( ) ( ) ( ) ( ) ( ).x t x t W t y t W t y t  

  ( k )y ( t ) O(1) ( k 0,1),   (5.10),  ,   

).1(])()([)( )( 0
2

OtWtWetx tt       (5.11) 

  ,  
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  5.1.      5.1,   

           

(5.1)   (5.9), (5.10), (5.11) .  

   (5.9), (5.10), (5.11)  

  5.2.  1)     5.1; 2)  

: ( k )a ) W( t ) O(1); b ) W ( t ) O(1) ( k 0,1);  c ) W( t ) 0, t ;    

k k

( k ) t ( k )

t PP ( k )
k

d ) W ( t ) 0, t ( k 0,1); e ) W( t ) e O(1) ( 0 ); f ) W ( t )
e O(1) ( 0; k 0,1); l ) W( t ) L ( J ,R ) ( p 0 ); m ) W ( t ) L ( J ,R )

2( k )
k 1 0 1 2( p 0; k 0,1); r ) W ( t ) ( t ) O(1) ( t 0; , 0; k 0,1) , 

    )t(x   (5.1)   : 
( k )a ) x ( t ) O(1) ( k 0,1); ( k )b ) x ( t ) O(1) ( k 0,1,2 );  

( k ) ( k )c ) x ( t ) 0, t ( k 0,1); d ) x ( t ) 0, t ( k 0,1,2 );  

( k ) te ) x ( t ) e O(1),  2 ( k ) tmin( , ), ( k 0,1); f ) x ( t ) e O(1),  

  kP2 ( k )
1 2min( , , ), ( k 0,1,2 ); l ) x ( t ) L ( J ,R )( p 0 ) ( k 0,1);  

kP( j )
km ) x ( t ) L ( J ,R )( p 0 ) ( j 0,1,2; k 0,1);

2( k )
1r ) x ( t ) ( t ) O(1) 0 1 2( t 0; , 0 ) . 

 5.1.   (5.5), (5.6), (4.7),   

          

  (5.1). 

 5.2.    (5.4),   5.1  

  . 

 5.2.  1)   1) – 3)  5.1;  

2) ,0),(,0)(,0)(,0)( tRtBtBtA iiii  :  

*
i i iA ( t ) 0, c ( t ) 0, R ( t ) 0 ,  

2* ( k )
i i i iA ( t ) A ( t ) A ( t ), E ( t )  

( k ) ( k ) *
i i it i itB ( t )c ( t ), R ( t ) R ( t )R ( t , ) ( i 1..n; k 0,1); 1W( t ) L ( J ,R \ {0 }) . 

     ( x( t ), y( t ))  (5.3)  : 
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2
0

0

t
( t t )

t

x( t ) e [1 W( s ) y( s ) ds ],       (5.12) 

( k )y ( t ) )1,0()1()( kOtV ,                        (5.13) 

 

0 0 0

t t s 1
2

0 0 1 10
t t t

n
* *

0 i i
i 1

V( t ) [1 F ( s )ds ] exp( { b ( s ) [ P ( s, ) P ( s, ) ( b ( ))

K ( s, ) ]d [ A ( s ) R ( s )]}ds ).

 

   (5.12), (5.13),  (5.2)    

 5.1, 5.2. 

  5.3.      W( t )   

 5.1, 5.2   5.1, 5.2     

          

 (1). ,   1, tW( t ) e . 

 ,    5.1, 5.2   1 10b ( t ) b 0, . .  

0
1 10

t t
inf b ( t ) b 0 .          1( b )  

       

  1( b ) , . .  10b 0   10b 0   1b ( t ) 0 . 

  ,    

  5.2.        

         

   (5.1)     1( b ) . 
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§ 6.       -
    

 

     ,   [47].  

  6.1.     )(tx    : 

)()()()()()()( 012 txtatxtatxtatx  

0210 ),()](),()(),()(),([
0

tttfdxtQxtQxtQ
t

t

.   (6.1) 

  0 , 0 ( 0,1,2)k kA k  ,   

( k ) tkx O(1)e ( k 0,1,2 ),  

     . 

 6.1.     

  (6.1).   

      (6.1)    

:  

)()()()()( tytWtqxtxptx ,       (6.2) 

 qp, -   , 0,0 qp ; 

)(0 tW  -    ; )(ty  -  

 ,    (6.1)    [47].  

      [11, . 25-

28]   (6.2)  )(tx      [11, . 41]     

)(ty  ,   [47].      

    [28, 36; 43, . 391–394]     

 (6.2).   (6.2)  

 ,        (6.1) 

          [36, 37,30,42]. 

 ,   [47]  (6.2)  (6.1)    

:  
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0

t

2 1 0 0
t

1 0

x ( t ) px ( t ) qx( t ) W( t )y( t ),

y ( t ) b ( t )y( t ) b ( t )x ( t ) b ( t )x( t ) [ P ( t, )x( )

P( t, )x ( ) K( t, )y( )]d F( t ), t t ,

   (6.3) 
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 t ,     ,    )(),(),( RFK ,  
)..1()(),(),,( nitctEtR iii ,   1.4, 1.5 [30]   

 [40]  

  6.1 [47].  1) 0)(,0,0 tWqp ,   

)(),(),( RFK ; 2) 0)(2 tb ; 3) ,0),(,0)(,0)(,0)( tRtBtBtA iiii  
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    )(),( tytx   (6.3)  : 

)1,0()1()()( kOtx k ,            
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),()()( 12
2 RJLtytb ,             

)..1()1(),()( 2
0 niOttYtA ii .        

 ,  ,  
5) ).1(O)t(W    

 )2,1,0()1()()( kOtx k , . .    (6.1) . 

  6.2.  1)     6.1; 2) ,0p  
tpeOtW )1()( .   (6.1)  . 

 .   )(tx   (6.2)    

   [28, 36; 43, . 391–394]   
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sv
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 ,1 2c c  - ,       
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0 0 1 2

1 1x( t ), x ( t ); [ p ], [ p ], p 4q ,
2 2

  

. .    2 p q 0 ; v( t )-   

    x ( t ) px ( t ) qx( t ) 0 ,    

1 2

21

t t

2 1t s
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 . 
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166



167 
 

01 02 03
0

( ) ( ) ( ) ( ) ( )
n

i
i

F t F t F t F t F t ,              (F) 

)..1()( niti -   ,  

1))()()(,(),( iiii ttKtR , 1))()(()( ttFtE iii  )..1( ni ,   

0( , ) ( ) ( ) ( 1... ),i i iR t t A t B t i n                  ( )R  

( ) ( 1... )ic t i n  -  , 

7 71 72( ) ( ) ( )b t b t b t ,                                          7( )b  

6 60 61 62 63 64( ) ( ) ( ) ( ) ( ) ( )b t b t b t b t b t b t ,               6( )b  

1 2 3( ) ( ) ( ) ( ) ( 0,1,2,3,4,5)k k k kb t b t b t b t k ,                       ( )kb  

,                     )( rP  

0

5 6
2 2 2 2 2

71 2 62 02 02 2
0 0

( ) 2 ( ) ( ( )) ( ( )) ( ( )) [( ( , )) ( ( , )) ] ,
t

k r
k rt

t b t b t b t F t K t P t d  

( , ) ( ) ( ) ( 1... )
t

i iZ t z d i n . 

     ))(),(),(),(( tztutytx   

(8.13)      )(tx ,  -  )(ty ,  -  )(tu , 

 -  ( )z t ,   ,   

    0t   t ,     ,    

 K , F , 7( )b , 6( )b , ( )kb , ,  )(ti , ),(tRi , )(tEi  ( 1.. )i n , 

 )(R ,  0( ), ( ), ( , ) ( 1... )i ic t c t Z t i n     1.4, 

1.5 [30],      K , F , ( )kb ,   

 Rxxxxxx 21
2
2

2
121 ,2 ,   )(t . ,  

  ,   : 

0

2 2 2 2 2 2 2 2 2

2 2 2
60 0 0

( , ) ( ( )) ( ( )) ( ( )) ( ( )) ( ( )) ( ( ))

( ( )) ( )( ( )) ( ) ( ( )) 2 ( ) ( ) ( )
t

t

V t x x t x t y t y t u t v u t

z t s z s ds b t z t F t z t c t
 

1 2 3( , ) ( , ) ( , ) ( , ) ( 0,1,2,3,4,5,6)r r r rP t P t P t P t r

)( rP

)( rP
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0

2 2
60 0 0 61[ ( ) ( ( )) 2 ( ) ( ) ( )] ( ) ( ( ))

t

t
b s z s F s z s c s ds b t z t

 

02 ( ) ( , ) ( )i i iE t Z t t c t
0

2
0[ ( )( ( , ))

t

i i
t

B s Z s t  

02 ( ) ( , ) ( )]i i iE s Z s t c s ds
0

2( , )( ( , )) }
t

i i
t

R t Z t d

0 0

2 2
* 61 72( ) ( ( )) [2 ( ) ( ( ))

t t

t t
c b s z s ds b s z s  

2 2
63 64( ( )) ( ( )) 2 ( ) ( ) ( ) ]b s z s b s z s z s ds

0

2, ( ( , )) ]
s

is i
t

R s Z s d ds  

0

0

0

1 2 3

03 53 43

33 23 13

03 03 1

2 [ ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ]

2 { ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) [ ( , ) ( )

t

t
t

t

s

t

W s y s x s W s u s y s W s z s u s ds

F s z s b s u s z s b s u s z s

b s y s z s b s y s z s b s x s z s

b s x s z s z s P s x P 3

23 33 43 53

63 03

( , ) ( )

( , ) ( ) ( , ) ( ) ( , ) ( ) ( , ) ( )

( , ) ( ) ( , ) ( ) ] }

s x

P s y P s y P s u P s u

P s z K s z d ds

 

0

2 2 2 2 2 2
51 41 31{( ( )) ( ( )) ( ( )) ( ( )) ( ( )) ( ( ))

t

t
b s u s b s u s b s y s  

2 2 2 2 2 2
21 11 01( ( )) ( ( )) ( ( )) ( ( )) ( ( )) ( ( ))b s y s b s x s b s x s  

0

2 2 2 2 2 2
01 11 21[( ( , )) ( ( )) ( ( , )) ( ( )) ( ( , )) ( ( ))

s

t
P s x P s x P s y  

2 2
0 0

1
{ ( )( ( , )) ( )( ( , ))

n
i i i i

i
A t Z t t B t Z t t

0

2
0

1
[ ( )( ( , ))

tn
i i

i t
A s Z s t

0

2
01( ( ))

t

t
F s ds
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2 2 2 2 2 2
31 41 51( ( , )) ( ( )) ( ( , )) ( ( )) ( ( , )) ( ( ))P s y P s u P s u   

2 2 2 2
61 01( ( , )) ( ( )) ( ( , )) ( ( )) ] } ,P s z K s z d ds            (8.14) 

 2 2 2 2 2 2 2 2 2
* 0 0 0 0 0 0( ( )) ( ( )) ( ( )) ( ( )) ( ( )) ( ( ))c x t x t y t y t u t v u t

2 2
0 60 0 62 0 0 0 0 0 0

0
( ( )) [ ( ) ( )]( ( )) 2 ( ) ( ) ( )

n
i

i
z t b t b t z t F t z t c t .  

  ,    [52]. 

  8.1.  1) 0, 0, 0v ,  

 K , F , ( )R , 7( )b , , ( )kb 0,1,2,3,4,5k ,  0,1,2,3,4,5,6r ;  

2) ( ) 0;t 2)   0 ( )c t  ,  ( ) ( ) ( )2
0 60 0( ( )) ( ) ( )k k kF t b t c t  

( 0,1);k  3) 61 610 61( ) 0, ( ) 0b t b b t ; 4) ( ) 0, ( ) 0,i iA t B t 0),(,0)( tRtB ii , 

   ),()( 1* RJLtR
i

 ,  

),()()( * tAtAtA ii i
 )()())(( )()(2)( tctBtE k

i
k

i
k

i ,    

)1,0;..1( kni ; 5)  

+ 2
3 1( ) ( ( ))k kb t b t 2

03 01( , ) ( ( , )) ]K t K t d

1( , \{0})L J R  ( 1,2,3; 0,1,2,3,4,5; 0,1,2,3,4,5,6)j k r .  

    ( ), ( ), ( ), ( )x t y t u t z t   (8.13)  

 : 
( ) ( ) (1) ( 0,1),kx t O k                                (8.15) 
( ) ( ) (1) ( 0,1),ky t O k                                 (8.16) 

( ) (1) ( 0,1),ku t O k                        (8.17) 
( ) ( ) (1) ( 0,1),kz t O k                        (8.18) 

2( )( ( ))t z t ),(1 RJL ,                                    (8.19) 
2

0( ) ( , ) (1) ( 1.. )i iA t Z t t O i n .                      (8.20) 

( ) 0 ( 1,2,3),kW t k

)( 6b )( rP

),(),,()( 1* tcRJLtA ii

),()(),( * tRtRtR iit i

2 2
72 63 64 01 03( ) ( ( )) ( ) ( ( )) ( ) ( )jb t b t b t F t F t W t

0

2
3 1[ ( , ) ( ( , ))

t

r r
t

P t P t
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 .    1) – 4)  8.1 ,  

 ( ; ) 0V t x .   2)  8.1 ,   

 ( ) 2 ( ) ( )
60 0 0( 1) [ ( ) ( ) 2 ( ) ( ) ( )] 0 ( 0, 1)k k kk b t z t F t z t c t k .                   (8.21) 

  (8.21)    ( ; )V t x ,     

 (8.14), , : 

 2 2 2 2( ( )) ( ; ), ( ( )) ( ; ), ( ( )) ( ; ),x t V t x x t V t x y t V t x  
2 2 2 2 2( ( )) ( ; ), ( ( )) ( ; ), ( ( )) ( ; ),y t V t x u t V t x u t V t x  

2 2 2
61 0( ( )) ( ; ), ( )( ( )) ( ; ), ( )( ( , )) ( ; ), ( 1.. ),i iz t V t x b t z t V t x A t Z t t V t x i n  

0

2 2 2
0 0

1

( )( ( )) ( ; ), ( )( ( , )) ( )( ( , )) ( ; ) ( 1.. )
t n

i i i i
it

s z s ds V t x A t Z t t A t Z t t V t x i n .      (8.22) 

  (8.22),   (8.14)   

 : 
0

1
2** 03( ; ) [2 ( ) ( ; ) ( ) ( ; )

t

t
V t x c F t V s x v s V s x  

0 0

1 1
2 2

1 22( ( ; )) ( , )( ( ; )) ( , ) ( ; ) ]
s s

t t

V s x w s V s x d w s V x d ds ,              (8.23) 

  

0

2
** * 01( ( ))

t
c c F t dt ,  

1 122 2 2
72 63 64 1

1
( ) 2 ( ) ( ) 2 ( ) [ ( ) ( )] 2[ ( )

n

i i
i

v t b t b t b t A t R t W t

11 1 1
22 2 2

2 61 3 53 43 33 23 13( ) ( ( )) ( ) ( ) ( ) ( ) ( ) ( )W t b t W t b t b t b t b t b t  

 
1 2 22 2 22 2 22

03 41 31 21 11 01( ) ( ) ( ) ( ) ( ) ( ) ,b t b t b t b t b t b t  

1 1 1
2 2 2

1 03 13 23 33 43( , ) 2 ( , ) ( , ) ( , ) ( , ) ( , )w t P t P t P t P t P t

1
2

53 63 61 03( , ) ( , ) ( , )P t P t b K t , 2 22
2 01 11( , ) ( , ) ( , )w t P t P t  

2 22 22 2
21 31 41 51( , ) ( , ) ( , ) ( , )P t P t P t P t

2 1 2
61 61 01( , ) ( ) ( , )P t b K t . 

170



171 
 

   (8.23)  1 [33],   : 

0 0 0

2
** 03

1( ; ) { ( ) exp[ ( ) ] } exp( ( ) ),
2

t t t

t t t
V t x c F s M d ds M s ds    (8.24) 

  

0

1 2( ) ( ) [ ( , ) ( , )] .
t

t
M t v t w t w t d   

   4)-5)  8.1,   (8.24), ,  

 : 

***( ; ) ,V t x c            (8.25) 

  

0 0 0

2
** 03

1{ ( ) exp[ ( ) ] } exp( ( ) ) .
2

s

t t t
c c F s M d ds M s ds  

  (8.25),    (8.22),   

  (8.15)-(8.20)  8.1.  8.1 . 

  8.1.   2.1 [11, . 85]  3)  8.1 

   : 

3*) 61 611 612 611 611 612( ) ( ) ( ), ( ) 0, ( ) 0, ( ) 0,b t b t b t b t b t b t          

     1
612 ( ) ( , )b t L J R  ,  612 612 61( ) ( ) ( ).b t b t b t   

    (8.15)-(8.20)   : 
1

( ) 2611( ) ( ) (1) ( 0,1),kx t b t O k                  (8.15*) 
1

( ) 2
611( ) ( ( )) (1) ( 0,1),ky t b t O k                   (8.16*) 

1
2

611( ) ( ( )) (1) ( 0,1),ku t b t O k        (8.17*) 
1
2

611( ) (1), ( ) ( ( )) (1),z t O z t b t O                         (8.18*) 

0

1
2 2

611( )( ( )) ( ( )) (1)
t

t

s z s ds b t O ,                     (8.19*) 

1
2 2

0 611( )( ( , )) ( ( )) (1) ( 1.. )i iA t Z t t b t O i n .          (8.20*) 
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    : 6) 
1
2611( ) (1)b t O ,   

 (8.15)-(8.20). 
   8.1,    8.1,  

  8.1.   1)      8.1  
  1),  2),  4),  5)   8.1    3*),  6)   8.1;   

2) ( ) ( )
1 2( ) ( ) ( ) (1) ( 1,2,3; 1,2,3,4,5)l k

kW t W t W t O k l ,     

(8.1)          
 J , . .    (8.1) . 

  8.2.  01 02 01 02 62 63( , ) ( , ) ( ) ( ) ( ) ( )K t K t F t F t b t b t  

1 2( , ) ( , ) 0 ( 0,1,2,3,4,5; 0,1,2,3,4,5,6)r rP t P t k r ,  71( ) 2 ( )t b t   

2)  8.1   : 2*) 71( ) 0b t . 

  8.3. ,     3)  8.1 

  3*)  8.1,    (8.25)   2
61( ) ( ) ( ; )b t z t V t x  

  : ( ) (1)z t O .     

     (8.19)  8.1  
,   2 [53]:  

  8.2.  1)     8.1; 2) 61( ) 0b t , 

  * 1
61( ) ( , )b t L J R ,  *

61 61 61( ) ( ) ( ).b t b t b t    

  ( ), ( ), ( ), ( )x t y t u t z t   (13)   

(8.15)-(8.17), 2
61( ) (1), ( ) ( ) (1)z t O b t z t O , (8.19), (8.20). 

 ,  , 

3) 1 1( ) 0, ( ) ( , \{0})t t L J R . 

       

. .   : 

lim ( ) ( ) .
t

z t z          (8.26) 

1( ) ( , ),z t L J R
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 ,    2( ) ( , )z t C J R  (8.26) ,  ( ) (1).z t O  

,    8.2    ,  
 8.1  . 

   :   ,    3) 
 8.1   3)  8.2 ? 

           1.4 
[11, . 45-46],  3.1-3.3 [11, . 110-112]    

 . 

      . 

   8.2   1.2   1.5 [11, c. 56-57] 
 

  8.3.  1)   1), 2)  8.2.   
    (8.13)   

(8.15)-(8.17), ( ) (1)z t O  :  

 2
0 ****( )( ( , )) ( 1.. )i iA t Z t t c i n ,        (8.27) 

  

0 0 0

2
**** ** 03 1 1

1{ ( ) exp[ ( ) ] } exp( ( ) ) ,
2

s

t t t

c c F s M d ds M s ds  

*
1 61( ) ( ) ( ).M t M t b t  

   ,   (1 ) :j j n  

2) 0( ) 0, ( ) 0, ( ) (1),j j j jA t A t t O  

 

0

1 1
( ) ( ) exp( ( ) ( ) )

t

j j j j
t

t t s s ds .                         (8.28) 

  

( ) (1)z t O .                   (8.29) 

( ( ), ( ), ( ), ( ))x t y t u t z t
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       : 

0

( ) ( )
t

j
t

s z s ds ****
0

1

j
c

A
 

  1.4 [3, . 45-46]. 

   ,   0( ) 0j jA t A   8.3 

 . 

  8.4.  1)   1)  8.3  

( ) 0 (1 )jA t j n .     ( ( ), ( ), ( ), ( ))x t y t u t z t  

(8.13)   (8.15)-(8.17),     ,   (8.27) : 

0

( ) ( )
t

j
t

s z s ds **** ( )jc q t    (1 )j n ,              (8.30) 

  
1
2( ) ( ( ))j jq t A t . 

 ,  , 

2)   

0

1 ( ) ( )( ) { ( ) [1 ( ) ( ) ] }j j
t

s t
j j j j

t
t q t q s s e ds e    

   J ,  ( )j t   (8.28).   

  (8.29).  

         (8.30) 

  3.1 [11, . 110-111],     : 

0

1
**** 0 0

( ) ( )
****

( ) ( ) { ( ) [ ( ) ( )

( ) ( ) ] }.j j

j j j

t
s t

j j
t

z t t c q t t z t

c q s s e ds e
        (8.31) 

( ) (1)z t O
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  (8.31),    2),    

(8.29)  8.4. 

   ,  ( , )C J R .    

  (8.30)  3.2 [11, .111]   

,     (8.31),    

. 

  2.  1)   1)  8.4  ( )jq t

1( , )C J R ; 2) 
0

1 ( ) ( )( ) [1 ( ) ] (1)j j
t

s t
j j

t
t q s e ds e O  ,  

    8.4. 

        (8.30)  3.2 

[11, . 111]   : 

0

1 ( ) ( )
0 0 0 **** ****( ) ( ) [ ( ) ( ) ( ) ( ) ]j j

t
s t

j j j j
t

z t t t z t q t c c q s e ds e .         (8.32) 

    2)  8.2  (8.32) ,  . 

   (8.32)   

  8.3.  1)   1)  8.4;  

2)  ( )jq t   

   8.4. 

   : 

0
0

( ) ( )
( ) exp( )

( ) ( )

t
j j

j
j jt

s t
t ds

s t
,  

   (8.32)   : 

1
0 0 0 **** ****( ) ( ) ( ) ( )j jz t z t t q t c c

0

1( )( ( )) ,
t

j j
t

q s s ds            (8.33) 

     2)  8.3 ,  . 

1( )jA t C ( , \{0})J R ( )jq t

(1 )j n

( ) (1)z t O

( ) 0, ( ) 0, ( ) 0, ( ) 0,j j j jt t q t q t 1 1( ( )) ( , ),j t L J R

( ) (1)z t O
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  4.   : 0( ) 0j jA t A . 

    (8.30) 
1
2

0( ) ( )j jq t A const     

(8.33)  :  
1

0 0 0 ****( ) ( ) ( ( )) ( )j jz t z t t q t c ,                         

 (8.34) 

   

  4.  1)   1)  8.3  

; 2) ( ) 0, ( ) 0,j jt t     

 8.3. 

 8.5.    3), 5)  8.1 ,  

 : 

0

64 63( ) [ ( , )
t

t
b t P t d 1( , )L J R .        (8.35) 

   ,   (8.35)  . 

  :  

1
2

1 64 61( ) ( ) 2 ( ) ( ( )) ,v t v t b t b t . 

   (8.23)    : 

0

0

1
2

** 03 64 64

1
2

63 61 1

( ; ) {2[ ( ) ( ) ( ( )) ( )

( , ) ( ( )) ( ) ] ( ) ( ; )

t

t

s

t

V t x c F s b s b s z s

P s b z d v s V s x

 

0 0

1 1
2 2

3 2( ( ; )) ( , )( ( ; )) ( , ) ( ; ) }
s s

t t
V s x w s V x d w s V x d ds ,           (8.36) 

   

-  ,   (8.23). 

(1 )j n

0( ) 0j jA t A (1 )j n

3 1( , ) ( , ) 2w t w t
1
263 61( , ) ( ( ))P t b

**, 1 2( ), ( , ), ( , )c v t w t w t
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   3.15 [11, . 146-147],    
 (8.36)  1 [33],    
: 

0

0 0 0

1
2

** 03 64 61

1
22

63 61 2 2

( ; ) { [ ( ) ( ) ( ( )) ( )

1( , ) ( ( )) ( ) ]exp( ( ) ) } exp( ( ) ),
2

t

t

s s t

t t t

V t x c F s b s b s z s

P s b z d M d ds M s ds

      (8.37) 

 

0

2 1 3 2( ) ( ) [ ( , ) ( , )]
t

t
M t v t w t w t d . 

    (8.22)  (8.37),  

 

0 0 0

1
22

63 61 2 2
1( , ) ( ( )) ( ) ]exp( ( ) ) } exp( ( ) )
2

s s t

t t t
P s b z d M d ds M s ds . (8.38) 

  8.5.  1)   1), 2), 4)  8.1  
 2)  8.2.       

(8.13)   (8.36), (8.37).  
 ,  , 3)   ; 

4)
0 0

03 030 2 20( ) , ( )
t t

F s ds F M s ds M . 

      :  

     (1 )j n ,    (8.39) 

  

 

0 0

1
2 2** 03 64 61( )( ( ) ( ) ) { [ ( ) ( ) ( ( )) ( )

t t

i i
t t

A t s z s ds c F s b s b s z s

( 1.. )i n

( ( ), ( ), ( ), ( ))x t y t u t z t

0( ) 0j jA t A (1 )j n

( )z t

0 0 0

1* 2 4( ) ( ) [ ( ) ( ) ( , ) ( ) ]
t t s

j
t t t

s z s ds c v s z s w s z d ds

20
1 1
2 21* 0 ** 030( ) [ ] ,

M
jc A c F e
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, 

   . 

 , , 5) ( ) 0j t ,  

  (1 )j n  

   J .  

  

( ) (1)z t O .           (8.40) 

     (8.37)    3), 4)   

 (8.39),     3.5 [11, . 112-113],  

   : 

 

0

1
4 ( , ) ( ) ] )

s

j
t

w s d ds   (1 )j n .       (8.41) 

  5)   (8.41)   (8.40)  8.5. 

            8.6.   ,   8.5  

    (8.1).     

( ) (1).z t O   :   ,    

8.5,    ( ) (1)z t O ?    ,   

      (8.1)    

  . 

20
1 1
2 22 0( ) ( )

M
jv t A e

1
264 61( ) ( ( ))b t b t

20
1 1
2 24 0( , ) ( )

M
jw t A e

0

1
263 61 2

1( , ) ( ( )) exp( ( ) )
2

t

t
P t b M d (1 )j n

0 0

1 1 1 1
2 4( ) exp( ( ) ( ) ( ) ( ) ( , ) ( ) ] )

t s

j j j j j
t t

t s s v s t w s d ds

0

1 1 1
1* 0 0 2( ) [ ( ) ( ) ] ( ) exp( ( ) ( ) ( ) ( )

t

j j j j j
t

z t c t z t t s s v s t
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  8.7.       ,  

    (8.1)   (8.13)   

  . 

        8.1  

 8.1. 

  8.1.      

 

(5) (4)[180 34 34 ( )] ( ) [329 72 72 ( )] ( )t te E t x t e E t x t  

 

2 3 3[238 2 3 64 64 ( )] ( ) [98 2 5 30 30 ( )] ( )t t t t t t te e e e E t x t e e e E t x t    

 

       

123 9(sin )3
2 , 0,

t te tt
te t  

 
1
35( ) exp[ (sin ) ],E t t t  

    8.1   8.1   

     0 0, ( ) ,tt W t e  

 

 

2 1 0( ) 3, ( ) 1, ( ) 5, P ( , ) 0, ( 0,1,2,3,4,5,6),kb t b t b t t k  

1211 2 2 9
92

2
(sin )sin 1

1 2( 1)
( , ) {[exp( ) ] } (sin sin ) , ( ) 1 ,

te ttt
t tt

K t e t F t  

(8) (7) (6)( ) [12 ( )] ( ) [62 9 9 ( ) ] ( )t t tx t e E t x t e E t e x t

2 (3)[406 2 97 97 ( ) 3 ] ( ) [366 93 93 ( )] ( )t t t t te e E t e x t e e E t x t

(4) (5)

0
[30 ( ) 64 ( ) 93 ( ) 97 ( ) 72 ( ) 34 ( )

t
x x x x x x

1 2 2
2

2

1
(6) (7) 3 3 sin 1 9

1( 1)
9 ( ) ( )] {[exp( ) ] } (sin sin )t tt

tt
x x e e t d

1 2 31, ( ) ( ) ( ) ,tW t W t W t e

2 2
1 2 3 4( ) 3 , ( ) 2 , ( ) 8 , ( ) 6 ,t t t tD t e D t e D t e D t e

7 6 5 4 3( ) ( ), ( ) 1 , ( ) 6, ( ) 8, ( ) 3,t tb t e E t b t e b t b t b t

179



180 
 

 

 

2
1
9

1 1 1 60
(sin ) 1 1 1( ) , ( ) , ( ) , ( )

2 2 1 2

te tF t E t c t b t
t t t

, 

0 0 01 02 03 01( ) 1, ( ) 2, ( , ) ( , ) ( , ) ( )F t c t K t K t K t F t   

02 03 62 63 64 61 72
1( ) ( ) ( ) ( ) ( ) 0, ( ) , ( ) 0,
2

tF t F t b t b t b t b t e b t  

2 2 2 21 1
52 51 42 413 3( ) , ( ) 18 , ( ) , ( ) 24 ,

t t t t
b t e b t e b t e b t e  
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        8.1   8.1 

   

      J. 

  8.1   8.1      

    : 
(8) (7) (6) (5) (4)

7 6 5 4( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )x t a t x t a t x t a t x t a t x t  

.       (8.10) 

  8.5.  1) 0, 0, 0, ( ) 0 ( 1,2,3),kW t k  

    7 6( ), ( ), ( ) ( 0,1,2,3,4,5),kb b b k  

0 01 02 03( ) ( ) ( ) ( ) ( );F t F t F t F t F t  

1 12
9 2

2
sin 1

1 1 1( 1)
1, ( ) (sin ) , ( , ) [exp( ) ] ,t t

tt
n t e t R t

2 3
* *sin 3 1

1 1 1 1 12( 1) ( 1)
( ) exp( ), ( ) ( ) , ( ) ,t t

tt t
A t A t R t B t

3 1 2 3( ) 0 ( 0,1,2,3,4,5), ( , ) ( , ) ( , ) 0 ( 0,1,2,3,4,5,6),k r r rb t k P t P t P t r

2 2 2 21 1
32 31 22 213 3( ) , ( ) 9 , ( ) , ( ) 9 ,

t t t t
b t e b t e b t e b t e

2 2 131
02 013 9( ) , ( ) 3 , ( ) 2 ( ),

t t tb t e b t e t e E t

( ), ( , ) ( 0,1,2,3,4,5,6,7)k ka t Q t k

3 2 1 0 0( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ),a t x t a t x t a t x t a t x t f t t t
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3)   3)  8.1;  4) 2
72 63( ) ( ( ))b t b t  

+ 2 2 1
64 01 03 3 1( ) ( ( )) ( ) ( ) ( ) ( ( )) ( , \{0})j k kb t F t F t W t b t b t L J R  

( 1,2,3; 0,1,2,3,4,5)j k ,     ( ( ), ( ), ( ), ( ))x t y t u t z t  :  

  (8.15)-(8.19)  8.1. 

 ,  , 5)   2)  8.1 ,   

          

  (8.10)    J , . .   

 (8.10) . 

  8.2.   : 
(8) (7) (6)( ) [12 ( )] ( ) [62 9 9 ( ) ] ( )t t tx t e E t x t e E t e x t  

(5) (4)[180 34 34 ( )] ( ) [329 72 72 ( )] ( )t te E t x t e E t x t  

2 (3)[406 2 97 97 ( ) 3 ] ( ) [366 93 93 ( )] ( )t t t t te e E t e x t e e E t x t  

2 3 3[238 2 3 64 64 ( )] ( ) [98 2 5 30 30 ( )] ( )t t t t t t te e e e E t x t e e e E t x t    

3 , 0,te t           (*) 

 
1
35( ) exp[ (sin ) ],E t t t      8.5  0 ( ) 1F t , 

      ,    8.1. , 

  (*)    8.5. 

  ,    8.5   

   (8.10)   [50, 51]. 

5 2 2 2
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  8.8.   , , , ( ) ( 1,2,3),kv W t k  

0( ), ( ), ( ) ( 1.. )i ic t t c t i n      

     (8.1)   (8.10). 

  8.9. ,  ,    

( , ) ( 0)pL J R p ,     t     

       (8.1)   (8.10)   
    [48; 11, c. 28-29],  

   ( )x t   (8.1)  
7

( )

0
( ) ( )k

k
k

t x t , 

  0 ( )k t  -    ( 0,1,2,3,4,5,6,7)k .   

  ,     . 

  ,       (8.1)  

  (8.13),   (8.1) . 

 8.10.    (8.1)  :  

1 1 1( ) ( ) ( ) ( ) ( ),x t p x t q x t W t y t        (8.42) 

       (8.43) 

3 3 3( ) ( ) ( ) ( ) ( ),u t p u t q u t W t z t        (8.44) 

    (2) [47, 54],    
  ( ,   J ,    

 t ,        , 

  ( , ) ( 0)pL J R p ,   J   

 )          
 (8.1).     (8.1)     (8.13),  

    (8.42)-(8.44).      
     [11, . 25-27],  

  [11, . 41],    [33]   

2 2 2( ) ( ) ( ) ( ) ( ),y t p y t q y t W t u t
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  (8.42)-(8.44)      
  [43, . 391-394].   

 8.11.       
(8.1)    2 [55, . 233-235]   3 [55, . 236],  

  1.4.1 [56; 57, . 37]. 

 8.12.  ,    8.10,   
         

   [11].  
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0

0( ) ( , ) ( ) 0,
t
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x t K t x d t t .               (9.1) 
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,    ,  , 
   ;       

    t         
. .  [58], W-  . .  [7, . 89-99].   

        , 
  [11, .114-116],      

   [59]     ) ) )A B C  [11, 

.114-116].  
 0 ( )t  -  n n  , 0 ( )P t  -  

n n  , ( )t  -  n n  ,  
1 1( , ) ( ( )) ( ) ( , ) ( )TR t t t K t  - n n      

( , ) ( ) ( ) .
t

X t x d           

    ( )P t    (9.1)   : 

( ) ( ) ( ) ( )P t x t P t x t ,      [59].   

   ( )x t   (9.1)      

( ) ( )t x t ,     0t   t ,      ,  

 ( )t ,  :   

0

0 0 02 ( ) ( ), ( ) ( ) ( ), ( ) ( ) ( ), ( )
t

t
s x s x s ds t x t x t t x t x t  

0

( ) ( ), ( ) ,
t

t
s x s x s ds                 (9.2) 

0 0

0 0 02 ( , ) ( ) ( ), ( ) ( ) ( , ) ( , ), ( , )
t s

t t
R s x s x s d ds R t t X t t X t t  

0 0

0 0 0( , ) ( , ), ( , ) ( , ) ( , ), ( , )
t t

s
t t

R s t X s t X s t ds R t X t X t d  

0 0

( , ) ( , ), ( , ) .
t s

s
t t

R s X s X s d ds          (9.3) 
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    : 

0 0

0

0 0 0 0 0 0

( ) ( ), ( ) ( ) ( ), ( ) 2 ( ) ( ) ( ), ( )

( , ) ( , ) ( , ) ( , ) ( , ) ( , )

t t

t t
t

s
t

t x t x t s x s x s s P s x s x s ds

R t t X t t X t t R s t X s t X s t ds

 

0 0 0
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R t X t X t d R s X s X s d ds c       (9.4) 

 * 0 0 0( ) 2 ( ) ( ) ( ), ( ) ( ), ( )t t P t t c t x t x t . 

 ,   (9.3)    4 [30].  

   « »   (9.4): 

0

0( ) 2 ( ) ( ) ( ), ( ) ,
t

t
I t s P s x s x s ds t t          (9.5) 

   (3.26)-(3.30)  [11, .114-116]. 

   ( )t     ,  

0 0

0

1
1 0

1 0 1 0
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t t
t
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    (9.6),  
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 3( )M t 1 1
1 1( ) ( , ) ( ), ( , ) ( )( ( , ) ( )) .T TM t K t t t Q t M t K t  

 ( , )Q t  -  .    2 

 . .  [60] : 
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 0( , ) ( , )
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Y t X t d . 

   (9.7)-(9.10)  (9.6)  
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1 0 2 0 0

2 0 0 3 0 0

( ) 2 ( ) ( , ), ( ) ( ) ( , ), ( , )

( ) ( , ), ( , ) 2 ( ) ( , ), ( , )
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M s X s t X s t ds M s X s t X s t ds  

0

0 0 0 0 0 0( , ) ( , ), ( , ) ( , ) ( , ), ( , )
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Q t t Y t t Y t t Q s t Y s t Y s t ds  

0 0 0

( , ) ( , ), ( , ) ( , ) ( , ), ( , ) .
t t s

s
t t t

Q t Y t Y t d Q s Y s Y s d ds    (9.11) 

 ,   (9.6)-(9.11)   

  (3.26)- (3.31)   [11, . 114-116] . 
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  (9.11)  (9.4)    : 
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0

0 0 0

1 0

0 0 0 0
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 0 2 0 2 3( ) ( , ) ( ), ( ) ( , ) ( ) 2 ( )tA t R t t M t B t R t t M t M t . 

   (9.12)    

 9.1.  1) 1 2( ) 0, ( ) ( ) ( ),P t t t t  

1 1( ) ( ( ),..., ( )),nt diag t t 2( ) 0, ( ) 0;t A t  2) ( ) 0;t  3) 2( ) ,t z z  - 

12 ( ) , ( ) , 0M t u z A t u u     1n   ,z u ; 

4) ( ) 0; 5) , 0, , 0,tB t R t R t 0 0, 0, , 0,tQ t t Q t t , 0,Q t
, 0tQ t .     ix t  ( 1.. )i n    ( ) { ( )}ix t x t  

 (9.1)   : 
1
2( ) ( ( )) (1)i ix t t O  ( 1.. )i n                       (9.13)  

   
1( ) ( ), ( ) ( , )t x t x t L J R .                                (9.14)  

  9.1.  1 2 1 2( ) ( ) ( ), ( ) 0, ( ) 0A t A t A t A t A t .   

 3)  9.1   ( )A t  2( )A t   4)    

:    *( ) 0b t  ,  *
1( ) ( ) ( )B t b t A t . 
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  (9.13)  
  9.1.      9.1    

0
1 1
2 20

1
2

) ( ) 0 (1 ); ) ( ) 0, (1 );

) ( ( )) (1) ( 0, 1 ); ) 0, ( ( ))

( ) (1) ( , 0, 1 ); ) ( ( )) ( , \{0}) ( 0, 1 ),
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i

i i i

t
i i i

p
i i

a t i n b t t i n

c t e O const i n d t t

t O const i n e t L J R p i n
  

   ix t  ( 1.. )i n     ( ) { ( )}ix t x t  (9.1) 

 :  

0

) ( ) (1) (1 ); ) ( ) 0, (1 );

) ( ) (1) ( 0, 1 ); ) , ( ) ( ) (1) ( 0,

, 0, 1 ); ) ( ) ( , ) ( 0, 1 ).

i

i

i i
t

i i i
p

i i

a x t O i n b x t t i n

c x t e O i n d x t t O t

i n e x t L J R p i n

 

  (9.14)  

 9.2.      9.1;  
2) 1 0( ) ( ( ),..., ( )), ( ) ( ) 0n i it diag d t d t d t d t  (  ( ) 0id t , 

1 1( ( )) ( , \{0}) (1 ),id t L J R i n      ix t  ( 1.. )i n   

 ( ) { ( )}ix t x t   (9.1)  : 2( ) ( , )ix t L J R  

(  1( ) ( , )) (1 )ix t L J R i n .  

     (9.14),  - : 

1 21( ) [ ( ) ( )( ( )) ] (1 ),
2i i i ix t d t d t x t i n    3.5  [11, . 

117].  
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tR t e
t  

41( ) ,
4

t

t e  1
1( ) ,
4

tM t e
9
4

2
1( ) ,
4

t

M t e  
4

1
1( ) ,
2

t

t e  2
1( ) .
2

t   

,    ( )x t      : 
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 ,            
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