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 . ,              

 .         γ ,   -
 .           γ → ∞ . ,     -

 ( )diag ×  –       ,    . 
       ,          

  ( )diag ×       γ . 
 :  ,   ,  ,  ,  

. 

   1.     , , 
,        (  [1 – 13]). 

       ,     -
            -

,      ,       . -
  ,          [14], 

  : 

. 1 –   : 
( , ), ( , )u x t v x t  –   

   . 

2( , ), ( , ), , 0;u u x t v v x t x t= = ∈ Ω ⊂ ≥

( )

( )

22

22

( ) ,

, 0;

( ) ,

tt t

tt t

u B u u Q u d u u v p

x t

v B v v Q v d v v u p

β γ

β γ

Ω

Ω

+ + Δ + − ∇ Ω Δ + − =

∈ Ω >

+ + Δ + − ∇ Ω Δ + − =

  (1) 

0 0 1 1
0 0 0 0

, , , ;t tt t t t
u u v v u u v v= = = == = = =   (2) 

00, ;u u v v xν ν= ∂ = = ∂ = ∈ Γ  (3) 

( ) ( )1 1 11 0, 1 0, ;u u v v xμ μΔ + − Σ = Δ + − Σ = ∈ Γ   (4) 

( )

( )

2
2

1
2

2

1 ( ) ( ) ,

;

1 ( ) ( ) ,

n t n

n t n

u u d x g u u Q u d u

x

v v d x g v v Q v d v

μ σ β

μ σ β

Ω

Ω

∂ Δ + − Σ = + − − ∇ Ω ∂

∈ Γ

∂ Δ + − Σ = + − − ∇ Ω ∂

  (5) 

 Ω  –  ,     ;   0 1∂Ω = Γ Γ ; 

0 1Γ Γ = ∅ ,  0Γ   –   ,  1Γ   –   ;    ( , ), ( , )u x t v x t   
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x
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     ;  ( ) ( ) ( )B z d x b z=   ( ) ( )d x g z  -

           ;  2( ) ( )p p x L= ∈ Ω  -

  ,   ;  ( )u vγ −     , 

  0γ ≥    ;   iΣ   -

: 

1 2 2 2 1 1 1 2 2 2 1 1

2 2 2 2
1 1 2 1 2 2 1 2 1 22 , (( ) ( )),x x x x x x x x x x x xz n n z n z n z z n n z n n z zτΣ = − − Σ = ∂ − + −  

 1 2( , )n n n=  –       ∂Ω ,  τ  –   ; 

 , ,β μ σ  ,   Q     . 

,         : 
 1. (  ) 

1( ) ( ) ( ) : ( ) ( ); ( ) 0, ; ( ) ( ); (0) 0; '( ) 0, ;B z d x b z d x L d x x b z C b b z z∞= ∈ Ω > ∈ Ω ∈ = > ∀ ∈

( )1 1 1 1, 0 : '( ) 1 ( ) , 1;m M m b z M zb z z∃ > ≤ ≤ + ≥
 2. (  ) 

1
1 1 2( ) ( ), ( ) 0, ; ( ) ( ); (0) 0; '( ) 0, ;d x L d x x g z C g g z m z∞∈ Γ > ∈ Γ ∈ = ≥ > ∀ ∈

2 20 : '( ) (1 ( )), 1.M g z M zg z z∃ > ≤ + ≥  

 (1) – (5)     ( , )tH Sγ    

0

2 2 2
2[ ( )] [ ( )]H H LΓ= Ω × Ω

   :tS H Hγ → ,    

( ) ( )0 0 1 1, , , ( , ), ( , ), ( , ), ( , ) ,t t tS u v u v u x t v x t u x t v x tγ =

  
0

2 1
2( , ), ( , ) ([0, ]; ( )) ([0, ];L ( ))u x t v x t C T H C TΓ∈ Ω Ω  –     (1) 

– (5)    0 0 1 1( , , , )u v u v .

  0γ ≥    ( , )tH Sγ      γ . 

     ( )M N γ
+ ,      

 N γ .  ,   { }γ     H     

γ .         

sup ( ) ( ) / ,
t

u t v t C γ
∈

− ≤                                                                           (6) 

  (0; )C ∈ ∞   ( ( ), ( ), ( ), ( )) , 0t tu t v t u t v t γ γ⊂ > . 

     γ   γ → ∞ .     -

   –    [15]. ,    -

 γ   γ → ∞    

0
0( ) , 0,

N N N H

Nγ

γ≥ ≥
∞ = ≥  

 [ ]H
       H .      [16] , 

   γ  γ → ∞        H :

{ }0

0 0 1 1 0 1 2
2( ) ( , , , ) : ( , ) ( ) ( ) .diagH z z z z z z H LΓ∞ ⊂ = ∈ Ω × Ω  (8) 

 (8)      (1) – (5)  ,t γ→ ∞ → ∞ : 

( ) ( )2
20

lim lim ( , ) ( , ) ( , ) ( , ) 0.t tH Lt
u t v t u t v t

γ
γ γ γ γ

Γ Ω Ω→∞ →∞
− + − =  

 .         ( )∞ ,  ,  -

      ( )b z : 

( ) 1' 0, ,b z m z≥ > ∈  (9) 

    ,   ,    0 0γ γ≥ >  

 t → ∞ .  ,  ,        
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: 

( ) ( ) ( ) ( ) ( ) ( )
( )0

2
2

2 2
,t t

t tH L
u t v t u t v t Ce δ− −

Ω Ω
− + − ≤                                             (10) 

 0 00, 0t t γ γ≥ > ≥ >    , 0C δ > . 

 
 .   -  ,   

         : 

22(z ) , , 0;tt tz B z Q z d z p x tβ
Ω

+ + Δ + − ∇ Ω Δ = ∈ Ω >                                     (11) 

0 1
0 0

| , ;t t t
z z z z= == =                                                                    (12) 

00, ;z z xν= ∂ = ∈ Γ                                                                            (13) 

( ) 1 1;1 0,z z xμΔ + − Σ = ∈ Γ                                                                       (14) 

( ) 2
2 11 ( ) (z ) z, .n t nz z d x g z Q z d xμ σ β

Ω

∂ Δ + − Σ = + − − ∇ Ω ∂ ∈ Γ                               (15) 

,       (11) – (15)  ,     (1) – (5),  ,  
 1      . 

 (11) – (15)     
0

2
2( ) ( )H H LΓ= Ω × Ω ,     

 (    2  [16])  
0

2 1
2( , ) ([0, ]; ( )) ([0, ]; L ( ))z x t C T H C TΓ∈ Ω Ω    -

  0 1( , z )z H∈ .   (1) – (5)  (11) – (15)    H  -

 ,     . 
  :tS diagH diagH→  : 

( ) ( ) ( )0 0 1 1 0 0 1 1, , , ( , ), ( , ), ( , ), ( , ) , , , , ,t t tS z z z z z x t z x t z x t z x t z z z z diagH= ∀ ∈  

 ( , )z x t  –    (11) – (15)    0 1( , z )z . ,   -

   tS       diagH   tSγ    -

   γ : 

( ) ( ) ( )0 0 1 1 0 0 1 1 0 0 1 1, , , , , , , , , , , 0, 0.t tS z z z z S z z z z z z z z diagH tγ γ= ∀ ∈ ≥ ≥  

   ( ), tdiagH S . ,     -

    

( ) ( ) ( ){ }0 0 1 1 0 1, , , : , .diag z z z z z z= × = ∈                                                (16) 

     γ     γ ,    

  

, 0.diagHγ γ= ∀ ≥                                                              (17) 

,    diagHγ   tSγ  , -

 (    diagH   ),   tS ,    -

    ,  

( ){ } ( ){ }0 lim sup , , sup , , .H t H
t

dist S a a diagH dist a a diagHγ γ
→∞

= ∈ = ∈  

        diagHγ    

diagHγ ⊂ .   (17) ,        tSγ . 

     ,  ,   γ⊂ . 
 

 .  
 1.    1        (1) – 

(5).  

1.    ( )∞    ( , )tH Sγ ,   (1) – (5), -

      ( , )tdiagH S ,   (16); 
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2.     1   (9),   γ    ( , )tH Sγ  

         γ . 
 

  1.  ,     ,   -
      ( )∞ . 

 1.    1.   ( )∞     H   -

   tSγ       γ ,   

( ) ( ) , 0, 0.tS tγ γ∞ = ∞ ∀ ≥ ≥                                                               (18) 

   1   . 

 1.    1. 

  ( ( ), ( ), ( ), ( ))i i it itu t v t u t v t , [ ]0,t T∈    ( , )tH Sγ   -

    γ .  0R >  ,   

( ) ( ) ( ) ( ) [ ]2 2
2 20 0

2 2 2 2
( ) ( ) ( ) ( ) , 0, , .i i it itH H L L

u t v t u t v t R t T i
Γ ΓΩ Ω Ω Ω+ + + ≤ ∈ ∀  

   ( ) ( ) ( )i i iw t u t v t= −    

( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( )2 1 22

2 2 21
,

2 it i i i iL L L
w t a w t w t w t w tσ γ

Ω Γ Ω
+ + + ≤  

( ) ( )
[ ] ( ) [ ]1

,

,
, , sup ( ) , , , 0, , ,i H

s t

C R
C R t s w s t s t T i

t s
δ

τ

ε
ε ε τ + Ω

∈
≤ + + − < ∈ ∀

−
                               (19) 

  

( )( ) ( )( )1 1 1 1 2 2 2 2 1 2 1 2
( , ) 1 2 1x x x x x x x x x x x xa y z y z y z y z y z dμ μ μ

Ω

= Δ Δ + − + + − Ω , 

 0, 0 1ε δ> < < , ( , ), ( , T, ) 0C R C Rε ε >     γ . 
 

 2.  ( )ijw t   ( ) ( ( ) ( )) ( ( ) ( ))ij i j i jw t u t u t v t v t= − + − .  

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

2 12

2 2 ,1
,

2 ijt ij ij ijL L

C R
w t a w t w t w t

t s

ε
σ ε

Ω Γ
+ + ≤ + +

−
 

( ) ( ) ( ) ( ) ( )( ) [ ], , , , , 0, , , ,i j i j i i j jC R t s lot u u lot v v sot u v sot u v s t s t T i jε+ − − + − + − + − < ∈ ∀                (20) 

 

( )
[ ] ( ) ( )

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

sup ( ) , 0 1, sup ( ) ( ) ,tH H L
s t s t

lot z z sot z z zδ
τ τ

τ δ τ τ+ Ω Ω Ω
∈ ∈

= < < = +  

 0ε > , ( , ), ( , , ) 0C R C R t sε ε− >     γ . 
 

  (19), (20)           -
     ( , ., [17]).    -

           
[12, 13, 18 – 24]. 

  1. 

,   N
N H

γ

γ ≥
Ω =     0N N≥ .   -

  . ,       

{ } 1 2 3 4
1

, ( , , , )i i i i i ii
a a a a a a

∞
= = ,  

( ), 10 ', ' 0, .H i jdist a a i jδ δ≥ > ≠  

  ,   ,       γ   
   γ ,   

: , , , .i
i i j ia i j iγ γ γ γ∈ ≠ ≠ → ∞ → ∞  

    ( ( ), ( ), ( ), ( )),i i i i
t tu t v t u t v t tγ γ γ γ ∈    iγ  

,    0T > ,     ,  
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( ) ( ) ( ) ( )( ), , , .i i i i
t t iu T v T u T v T aγ γ γ γ =

      (19), (20). 

   (20) 0,s =  ,t T= ( )2
' /10ε δ= ,  T   , 

( ) ( )2
, / ' / 10C R Tε δ≤ .

 ( ), ( )i iu t v tγ γ    
0

2 ( )HΓ Ω ,    ( ), ( )i i
t tu t v tγ γ  –   

2 ( )L Ω ,   , 0t γ∈ ≥ . ,  { } { }( ) , ( )i iu t v tγ γ     

 1( , ; ( ))C H δτ τ +− Ω    0 1δ< < .      1 0N > , 

( ) ( ) ( )( ) ( )2
, , ' / 10j ji iC R T lot u u lot v v

γ γγ γε δ− + − ≤   1,i j N≥ . 

 (19),    

( ) ( ) ( )2
20,

sup ( ) ( ) ( ) ( )i i i i i i
t tH LT

sot u v u v u vγ γ γ γ γ γ

τ
τ τ τ τ

Ω Ω∈
− = − + − . 

  (19) 2
0( ') /(60 ( , , )), 0,C R T s t T Tε δ ε= ⋅ = = + ,  0T   , 

( ) ( ) ( ) ( )2
02 , , , / ' / 30C R C R T T Tε ε δ⋅ ⋅ + = . 

  2N  ,  

( ) ( ) ( )
( )1

0

2
0 2

0,
2 , , , , sup ' / 30 .i i

Ht T T

C R T T C R T u v i Nδ
γ γε ε δ+ Ω∈ +

⋅ + ⋅ ⋅ − ≤ ≥  

,      (6).     (19)    00,t T T∈ + , 

   

( ) ( ) ( ) ( ) ( )1
0

0
0,0

, '
, , sup .

10 , ,
i i i i

Ht T T

C R
sot u v C R T T u v

T T C R Tδ
γ γ γ γε δε ε

ε+ Ω∈ +
− ≤ + + + − ≤

+ ⋅
  (21) 

    (20),    

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

2 12

22 2 '
, ,4ijt ij ij ijL L

w T a w T w T w T
δσ

Ω Γ
+ + ≤

( ) ( )j ji i
ijw u u v v

γ γγ γ= − + − , { }0 1 2, max , ,i j N N N≥ =   

( ) ( ) ( ) ( ) ( ) ( )2
2

1 1 2 2 3 3 4 4 ' .2i j i j i j i j
H L

a a a a a a a a δ
Ω Ω

− + − + − + − ≤

  (21)  ,  

( ) ( )
( )

( ) ( )
( )2

2
0 0

' , 0, , .5
i i i i

t tH L
u t v t u t v t t T T i Nγ γ γ γ δ

Ω Ω
− + − ≤ ∈ + ≥

    ,i ja a      ,i j  ( 0,i j N≥ ): 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( )2 2 2

2 2

1 1 2 2 3 3 4 4 1 1 2 2,H i j i j i j i j i j i j i jH H L L H
dist a a a a a a a a a a a a a a

Ω Ω Ω Ω Ω
= − + − + − + − ≤ − + − +

( ) ( ) ( ) ( )
( ) ( ) ( )2 2

2 22

1 2 1 2 3 3 4 4 3 4 3 4 ',i i j j i j i j i i j jH H L LL
a a a a a a a a a a a a δ

Ω Ω Ω ΩΩ
+ − + − + − + − + + + + ≤

   . ,  NΩ     0N N≥ , 

    ( )∞    H       H  . 

 ,   ( )∞     tSγ    -

   γ .  ( )∞      H ,   

, 0tSγ γ ≥     tS ,   ,   ( )∞   -

 tS . 
 ,     

( ) ( ) , 0.tS t∞ ⊂ ∞ ∀ ≥  (22) 

, (22)       ( )a ∈ ∞   0 0t > ,  
0

( )tS a ∉ ∞ .  a

    γ       0γ ≥ , ,   

   { } ,a aγ γ γ
γ →∞

∈ .    γ   -
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    tSγ , 
0t

S aγ γ γ∈ .    -

 NΩ    H    0N N≥ , ,  { }
0t N H

S aγ γ γ

γ ≥
⊂  -

  

{ } ( )
0 0

' ' ' '

'
, ' .t tN

S a S a aγ γ γ γ
γ

γ
≥

→ ∈ ∞ → ∞  

,  
0t

a S a= .     . ,  
0t

a S a≠ ,   

( )0
, 0.H tdist a S a θ= >                                                                      (23) 

    ' ' ' ' '( ( ), ( ), ( ), ( )) , ,t tu t v t u t v t tγ γ γ γ γ⊂ ∈  ,  
' ' ' ' '( ( ), ( ), ( ), ( ))t tu T v T u T v T aγ γ γ γ γ=    0T > ,     ,    -

 ( ( ), ( ), ( ), ( )) , 0,t tz t z t z t z t diagH t⊂ ≥    ( ( ), ( ), ( ), ( )) .t tz T z T z T z T a=    -

   H    t   ' 0γ ≥ : 

( ) ( ) ( ) ( )2 2
2 20 0

2 2 2 2' ' ' '( ) ( ) ( ) ( ) , , ' 0.t tH H L L
u t v t u t v t R tγ γ γ γ γ

Γ ΓΩ Ω Ω Ω
+ + + ≤ ∀ ∈ ≥

       3  [16],     

( ) ( ) ( )( )1 , 0C R t s
w wE t E s e s t−≤ ≤ <  (24) 

 

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

22 2 2 2 ' '
1 2 1 1 2 2 1 2

1 '
, , ,

2 2w t tL L L L L
E t w w a w w a w w w w u vγ γγσ σΩ Ω Γ Γ Ω

== + + + + + + + −  

' '
1 2, .w u z w v zγ γ= − = −  

   (24) 0,s T t t T= = + ,  T   ,   ( , ) /C R Tε   

1 00.1 exp( ( ) )C R tε θ= ⋅ −   (19)   ε . ,  (6),    'γ  ,  -

 
[ ]

( ) ( )
( )1

0

2' '

,
sup

HT t T
u v δ

γ γ

τ
τ τ + Ω∈ +

− (19)   ε .   (19)    

T   'γ   

( ) ( )
( )

( )( )
2

2' '
1 0' 0.3 exp .

L
u T v T C R tγ γγ θ

Ω
− ≤ ⋅ −  

,   a  –    { }'aγ   'γ → ∞ ,    

'γ   ,      ( )wE T    ε .   (24)  

0( ) ,wE t T θ+ <    (23).      (22). 

  ( ) ( ), 0tS t∞ ⊃ ∞ ∀ ≥   . 

 1  .      1,  ,  -
 ( )∞ = ,      (16). 

   ( )∞  –     diagH    -

 H , ,      t → ∞ .  ,  ( )∞   

  tS ,     

( ) ( ){ } ( ) ( ){ }0 lim sup , , sup , , .H t H
t

dist S a a dist a a
→∞

= ∈ ∞ = ∈ ∞

   ( )∞      H ,     ( )∞ ⊂ . 

    (  (17)), ,  ( )∞   . 

      1.    . 

 2.    1   (9).     

( , )tH Sγ ,     H   ,      -

 diagH ,  ,     0 0 00, 0, ( ) 0t tγ δ> > = > ,   

  0 0 1 1( , , , ) ( ( ), ( ), ( ), ( ))t t tS u v u v u t v t u t v tγ =     0 0 1 1( , , , )u v u v    -

  (10)  0 0,t t γ γ≥ ≥ . 
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  2.   ( , ) ( , ) ( , )w x t u x t v x t= − ,  ( ), ( )u t v t  –   

 (1) – (5). ,  ( , )w x t      -  : 

( ) ( )( ) 2 2 22 2 0, , 0,tt t tw B u B v w Q u d w u v d d v w x tβ β γ
Ω Ω Ω

+ − + Δ + − ∇ Ω Δ + ∇ − ∇ Ω ΩΔ + = ∈ Ω >    (25) 

0 0 0 1 1 1
0 0| , | ,t t tw w u v w w u v= == = − = = −  00, ,w w xν= ∂ = ∈ Γ  1 1(1 ) 0, ,w w xμΔ + − Σ = ∈ Γ  

( ) ( ) ( ) ( )( ) ( )2 2 2
2 11 , .t tw w d x g u g v w Q u d w u v d v xν ν νμ σ β β

Ω

∂ Δ + − Σ = − + − − ∇ Ω ∂ − ∇ − ∇ Ω∂ ∈ Γ  

  ( )V t ,  : 

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

2 2 2 2 21 1
, 2 , 0,

2 2t tL L L L L
V t w a w w w w Q u w w wdσ γ β η ηΩ Γ Ω Ω Ω

Ω

= + + + + − ∇ ∇ + Ω >  

  

( ) ( ) 0 00, 0, , .
d

V t V t t t
dt

δ δ γ γ+ ≤ > ≥ ≥                                                  (26) 

 ,     : 

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

2 2 2
1 , ,

L L L
w C a w w w C wε σ εΩ Γ Ω∇ ≤ + +  

 ( )V t    : 

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

2 2 2 2 2 21
, 2 , 2 .

4 t tL L L L L L
w a w w w w V t w a w w w wσ γ σ γΩ Γ Ω Ω Γ Ω+ + + ≤ ≤ + + +  

   (25)  tw   w       Ω ,  

( ) ( ) ( ) ( )( ( )( ) ( )2 1 2 2 22

2 2 2 2 21 1
, 2

2 2t L L L LL

d
w a w w w w Q u w

dt
σ γ βΓ Ω Ω ΩΩ⋅ + + + + − ∇ ∇ ≤  

( ) ( )( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )
2 1 22

1

2 2 2
1 1 ,t t t t t t tL LL

w w C w B u B v w d d x g u g v w dη ηΓ ΩΩ
Ω Γ

≤ + + ∇ − − Ω − − Γ  

 

( ) ( ) ( ) ( )( )
2 1 22

2 2 2
, 2t t L LL

d
w wd w a w w w w

dt
σ γΓ ΩΩ

Ω

Ω ≤ − + + +  

( ) ( )( ) ( ) ( ) ( )( ) ( ) ( )1

1

2
1 t t t t t t H

C B u B v w d d x g u g v w d C w θ+ Ω
Ω Γ

+ − Ω + − Γ +  

  : 0 1θ θ< < .     2,    2 ( )L Ω   2 1( )L Γ   w , -
,     : 

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

1

2 2
, .t t t t t t t tL L

w C B u B v w d w d x g u g v w dΩ Γ
Ω Γ

≤ ⋅ − Ω ≤ − Γ  

  ,     1 ( )H θ+ Ω  –  w : 

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

2 2 2
2 2, .

H L L
w a w w w C wθ η σ η+ Ω Γ Ω≤ + + ⋅  

       : 

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

2
2 1 2 ,

L

d
V t V t C C a w w w

dt
δ η δ η η ηη σ Γ+ ≤ − − − + + −  

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

2
1 1 2 1 21 2 1 , , ,t t t t t t L

C C B u B v w d d x g u g v w d C wη η η δ γ η η η Ω
Ω Γ

− − − − Ω + − Γ − − − +  

  1 2, , , 0δ η η η >     γ   ,  (26). 
    (26),  (10). 

 

 2 ,         1. 
   2 ,   γ        -

    γ : 

0, 0,diagHγ γ γ⊂ ≥ >  
   (17)     : 

0, .γ γ γ= ≥  
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.           -
.      γ     γ , -

   .      ( )∞  
 γ → ∞ .    (  t → ∞ )     -
   γ        (1) – (4). 
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