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1.      
 
 

    .  E    

 ,    ,     

  x   y     x y E+ ∈ ,   -  x    

 λ    x Eλ ∈ ,    (  

 ): 

1. ( ) ( )x y z x y z+ + = + +  (  ); 

2. x y y x+ = +  (  ); 

3. E∃θ∈ ,  0 x⋅ = θ    x; 

4. ( ) x x xλ + μ = λ + μ  ( ); 

5. ( )x y x yλ + = λ + λ  ( ); 

6. ( ) ( )x xλμ = λ μ  (  ); 

7. 1 x x⋅ = . 

   x = θ   E ,      

,    0x = . 

    E      

 (   –  ),    

x E∈       x  (  
E

x ),   

 (  ): 

1.  0x ≥  ( ' ); 

2.  0x =     ,  0x =  ( ); 

3.  x xλ = λ ⋅  ( ); 

4.  x y x y+ ≤ +  (  ). 

  { }nx     E   

  ,   ,   ,   
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0x E∈ ,  0 0nx x− →   n →∞ .  { }nx     0x E∈ , 

 0lim nn
x x

→∞
= . 

  { }nx     E   

,   ,   -  0ε >   
  ( )N N= ε  ,  m nx x− < ε    n, m > N. 

   E    ( ),   
        . 

  M    E      
E ,     x E∈    nx M∈ ,  

  x .  
  M    E  ,   

 nx M∈ , 0x E∈  ,  0x M∈ .   M  

(  M )      ,  
  M. 

  -    E     E  , 

 1) E E⊂ ; 2)  
E E

x x= ; 3) E     E .  E  

   E . 
    . .   

 x E∈        ( )f x ,   E  

  f . 

 f   ,      

( ) ( ) ( ),f x y f x f yα +β = α +β  ,x y E∀ ∈ ,  ,α β  –   .  

 f   ,   -   

0x E∈    ( ) ( )0nf x f x→   0nx x→ ,  nx E∈ .  

( )f x x=   . 

      E ,     

   C ,    x E∈    ( )f x C x≤ . 

       ,   .  
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( ) ( )
1

sup sup
Ex E xE

f x
f f x

x∈ =
= =  

       :  

( )( ) ( ) ( )f g x f x g x+ = + ,  

( )( ) ( )f x f xλ = λ , 

   *E ,    . 

  -     f ,   

  G    E ,   *F E∈ ,  

 F f=  (   ,     G , 

 ( )
1,

sup
Ex x G

f f x
= ∈

= )  ( ) ( )F x f x=    x G∈  (  

- ).  F     f .  

 G    E ,    . 

  { }nf  –    *E ,     

,   nf    (  - ). 

  { }nx    E      

 0x E∈  (  0
w

nx x⎯⎯→ ),  ( ) ( )0nf x f x→   

 *f E∈ . -      .  

      . 

  f    ,   0nx x→   E  

,  ( ) ( )0 lim n
n

f x f x
→∞

≤ .  f    

 ,    0
w

nx x⎯⎯→  ,  

( ) ( )0 lim n
n

f x f x
→∞

≤ .  ( )f x x=     . 

  1E   2E  –  .   1D E⊂   

,   A,    2E ,    
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x D∈      2y Ax E= ∈ .  A   

,   

1.  1 2x x Dα +β ∈    1 2,x x D∈ ,  ,α β  –  ; 

2.  ( ) ( ) ( )1 2 1 2A x x A x A xα +β = α + β    , ,α β –  . 

  A  –    1E   2E  ,  1D E= ,    

0nx x→ , ( ){ }0Q t T= < < ×Ω  ,  ( ) ( )0nA x A x→   2E ,  A  – 

  . 

  A    ,    0
w

nx x⎯⎯→   

ΓΡ ,  0, ,n nx x Dx∈  ,  ( ) ( )0nA x A x→    2E . 

  .    E    
 ,     ,x y    

   ( ),x y ,    (   

): 
1.  ( ), 0x x ≥ ,    ( ), 0x x =    x = 0; 

2.  ( ) ( ), , ;x y y x=  

3.  ( ) ( ) ( )1 2 1 2, , ,x x y x y x y+ = + ;  

4.  ( ) ( ), ,x y x yλ = λ . 

     H     ( ),x x x= .   

 -  
( , )x y x y≤ ⋅ , 

  ,x y H∈ . 

     H   ,    
.    . ,     

   .  ,      
  . 

  *f H∈ ,     ( )u f H∈ ,   ( ) ( ),f x u x=  

  x H∈ ,  
H H

f u∗ =  (   H H ∗= ).  ,  
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   0
w

nx x⎯⎯→  ( 0,nx x H∈ )   

( ) ( )0lim , ,nn
u x u x

→∞
= , u H∀ ∈ ,   0

w
nf f⎯⎯→  ( 0,nf f H ∗∈ )   

( ) ( )0lim , ,nn
f x f x

→∞
= , x H∀ ∈ . 

  -    M    H   

   ,     M     

,      ,     

   M . 

  1H   2H  –  ,    ( ) 1 2,x y H H∈ ×  

      ,x y ,    

(  ): 

1.  1 2 1 2, , ,x x y x y x yα +β = α +β , 

2.  1 2 1 2, , ,x y y x y x yα +β = α +β ,  

 ,α β  –   . 

  ,⋅ ⋅        

1 2H H× . 

  1H   2H  –   ,     

,⋅ ⋅    

1 2
,

H H
x y C x y≤ ⋅ , 1 2,x H y H∀ ∈ ∈ , 

   ,⋅ ⋅     . 

   .  0H  –    

  ( )0,⋅ ⋅ ,      H+    

0H ,          ( ),
+

⋅ ⋅   

 
+

⋅ .   H+   0H  '   0x C x
+

≤ , 

x H+∈   0u H∈      uf   

H+    ( ) ( )0,uf x u x= , x H+∈ .   H−    

0H     
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( )0

,
0

,
supu
x H
x

u x
u f

x+
−

∈ +≠

= = . 

  H−   ,       

0H H H+ −⊂ ⊂ . 

   , ,H+  0H   H−   , 

   , ,    – 
   0H   H+   H− .  

   H H− +×      

0,⋅ ⋅   

( )0 0
, lim ,nn

v x u x
→∞

= , 

 nu v→   H− , 0 0, , , , ,n nx H u H v H x H u H v H+ − + −∈ ∈ ∈ ∈ ∈ ∈   (   

),    
0

,v x v x
− +

≤ ,  ,x H v H+ −∈ ∈  (  

). 

  ( )f H ∗
+∈   v H−∈ ,   0( ) ,f x v x=   

 x H+∈ . ,   ( )*f H−∈    

  0( ) ,f v v x= , x H+∈   v H−∈ .  ,  

  , ( )*H H− += , ( )*H H+ −= . 

  . .  2
lW .   '  l    

( )2
lW Q    ( )C Q∞  (    

   Q  )   

1 22
1 2

1
2 2

2

... 1 2 ...l
n

n

l

kk kW
k k k l nQ

uu u dx
x x x+ + + =

∂= +
∂ ∂ ∂

, 

 ( )1 2, ,..., nx x x x= , nQ R⊂  –     . 

  ( )2
lW Q    . . .  0l = ,  

 ( )0
2W Q     2 ( )L Q      



11 

    Q  .  ( )2
lW Q     

  

( ) (
1 2 1 2

1 2 ... 1 2 1 2

,
... ...n n

n

l l

k kk k k kl
k k k l n nQ

u vu v uv dx
x x x x x x+ + + =

∂ ∂= +
∂ ∂ ∂ ∂ ∂ ∂

 

         : 

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

lL Q W Q W Q W Q⊃ ⊃ ⊃ ⊃ ⊃  . 

   2 ( )L Q   ( )2
lW Q      

. .  ( )2
lW Q− ,    2 ( )L Q ,   

( )
2

2
2

2

( )

, 0

,
supl

l
l

L Q

W
u W u W

f u
f

u−

∈ ≠
= . 

   ( )2
lW Q    ,  :  

2
nk l< − ,  

( ) ( )2
l kW Q C Q⊂   ( ) ( )2

k lC Q W Q
u C u≤ , 2 ( )lu W Q∈  (  ). 

  ,        

( )2
lu W Q∈    D Q⊂     n  (   u   

D ),         , 

,  (   ). 

  .  X   Y  –  , 

:F X Y→  –    U   0x X∈    Y . 

 F        0x ,   

   
0

:xF X Y′ → ,   : x U∀ ∈  

0 Xx x− < δ   
00 0 0( ) ( ) ( )x XY

F x F x F x x x x′− − − ≤ ε − . 

   F         

 [ ]0,x x  (    [ ]{ }0: (1 ) , 0,1y X y x x∈ = λ + − λ λ∈ ),  

[ ]0
0 0

,
( ) ( ) sup

Y
y x x

F x F x F x x
∈

′− ≤ ⋅ − . 
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2.     '  
 
 

 ,     
     

( ), ,Lu F u D L= ∈      (2.1) 

   ( ){ }0Q t T= < < ×Ω ,  ( ),u t x  –  ,  

   x∈Ω    ( )0,t T∈  , Ω  –  

  nR     ∂Ω .   ( )D L   L   

  (    )   Q  

,       ΓΡ    Q∂  

  ( ( )D L C∞
ΓΡ= ). ,    

2

2
1

n

i i

u uLu
t x=

∂ ∂≡ −
∂ ∂

  

     ,     (  
 ) 

0, 0,
x L x

u u
= ∈∂Ω

= =   , 

0 0, 0,
t

x

uu
n=

∈∂Ω

∂= =
∂

  , 

0
0, 0,

t

uu u
n=

∂= + α =
∂

  , 

 ,   L      ( )2L Q ,  ( )2L Q  –   

        Q  . 

,   ( )D L       ( )2L Q ,   

     ( ) ( )2 2:L L Q L Q∗ → ,   

 ( )D L∗ . ,      

  L∗ ,    

( ) ( ) ( ) ( )2 2

*, ,
L Q L Q

Lu v u L v= , 

 ,u C v C +
∞ ∞
ΓΡ ΓΡ

∈ ∈ ,  +ΓΡ    . 
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,        
 

2

2
1

n

i i

u uL u
t x

∗

=

∂ ∂≡ − −
∂ ∂

, 

    ,    . 
  ( )2L Q      

: 

( ) ( )2 2, ,l l l lW L Q W W L Q W+ +
− + − +
ΓΡ ΓΡ ΓΡ ΓΡ

⊃ ⊃ ⊃ ⊃  

 lW +
ΓΡ  –  ( )D L     ,  ,  

( )2
lW L QΓΡ ⊂   

2 ( ) lL Q W
u C u +

ΓΡ
≤ , lu W +

ΓΡ∈ .    +
lW +

ΓΡ
 

   ( )D L∗  (    Q  ,  

    +ΓΡ )      lW
u +

ΓΡ
. 

  ,l lW W +
− −
ΓΡ ΓΡ

   ( )2L Q     

 ,l lW W +
+ +
ΓΡ ΓΡ

. 

  L   L∗       

2 +

2 +

1 2( )

1 2( )

,

,

l l

ll

L Q W W

L Q WW

u C Lu C u

v C L v C v

− +
ΓΡΓΡ

+−
+ΓΡΓΡ

∗

≤ ≤

≤ ≤
   (2.2) 

 *L  – ,     L, ( ) ( )*,u D L v D L∈ ∈ , 1 2,C C  – 

 ,      ( ),u t x , ( ),v t x . 

   , , ,
W WΓΡ +ΓΡ

⋅ ⋅ ⋅ ⋅   ,  

    ( )2L Q      

  l lW W− +
ΓΡ ΓΡ×   l lW W+ +

− +
ΓΡ ΓΡ

× , . 

   (2.2) ,   ( )L ⋅  ( , 

( )*L ⋅ )          

 lW +
ΓΡ  ( , lW +

+
ΓΡ

)   lW +
−
ΓΡ

 ( , lW −
ΓΡ ). , 
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  (2.2)         -

 ( ) ( ), , , .l lu t x W v t x W +
+ +
ΓΡ ΓΡ

∈ ∈ . 

     ( ) ( ), , ,l lu t x W v t x W +
+ +
ΓΡ ΓΡ

∈ ∈   

  

, , .
W W

Lu v u L v
+ ΓΡΓΡ

∗=      (2.3) 

'     : 
Lu F=       (2.4) 

* ,L v G=        (2.5) 

     . 

 2 . 1. '   (2.4)    lF W +
−
ΓΡ

∈  

  ( ), ,lu t x W +
ΓΡ∈       

( , ) ( ), 1,2,...iu t x C Q i∞
ΓΡ∈ =  ,  

0li iW
u u +

ΓΡ →∞− ⎯⎯⎯→ , 
+

0li iW
Lu F −

ΓΡ
→∞− ⎯⎯⎯→ . 

 2 . 2 .  '   (2.4)    
lF W +

−
ΓΡ

∈    ( ), lu t x W +
ΓΡ∈ , ,  

0Lu F− = , 

  lW +
−
ΓΡ

. 

 2 . 3.  '   (2.4)    
lF W +

−
ΓΡ

∈    ( ), lu t x W +
ΓΡ∈ , ,   

, ,
WW

u L v F v
+ΓΡ ΓΡ

∗ = , 

  -   v C +
∞
ΓΡ

∈ . 

     '   (2.5). 
 2 . 1.    L  L*   (2.2). 

  2.1, 2.2, 2.3 . 
    1 2 3⇔ ⇔ . 

 ( ),u t x  – '   (2.4)    2.1. , 

  (2.2),    ,   
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,     : l lL W W +
+ −
ΓΡ ΓΡ

→    

( ),u t x , ,  F ,  Lu F=       

 lW +
−
ΓΡ

. 

 , , ( ),u t x  – '   (2.4)   

 2.2.   ( )C Q∞
ΓΡ    lW +

ΓΡ ,    

 ( ) ( ),iu t x C Q∞
ΓΡ∈  ,  0li iW

u u +
ΓΡ →∞− ⎯⎯⎯→ .   

.

l l

ll

i iW W

i WW

Lu F Lu Lu Lu F

Lu Lu Lu F

− −
+ +ΓΡ ΓΡ

−−
++ ΓΡΓΡ

− = − + − ≤

≤ − + −
 

 Lu F=   lW +
−
ΓΡ

,      0 . 

  (2.2)    L ,  
0.l l li i i iW W W

Lu F Lu Lu C u u− − +
+ + ΓΡΓΡ ΓΡ

→∞− ≤ − ≤ − ⎯⎯⎯→  

 ,   2.1  2.2 . 
     2.2  2.3. ,  
  (2.3)  2 3  . ,  

3 2 .  ( ),u t x  – '   (2.4)    2.3: 

, ,
W W

F v F v
ΓΡ +ΓΡ

= , v C +
∞
ΓΡ

∀ ∈ , 

 

, ,
W W

Lu v F v
+ +ΓΡ ΓΡ

= , v C +
∞
ΓΡ

∀ ∈ . 

     C +
∞
ΓΡ

   lW +
+
ΓΡ

 ,  

Lu F=    ( Lu   F        lW +
+
ΓΡ

). 

.       '  
  (2.5). 

 2.1.     (2.4), (2.5)  
 (2.2).   -   2 ( )F L Q∈    '  

 (2.4)    2.1–2.3.    Lu F=   2 ( )L Q . 
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.   ( )
2 ( )( ) ,

L Q
l v v F≡    

lv W +
+
ΓΡ

∈ .   -   (2.2)  

( ) ( )
2 2 2

2

( ) ( ) ( )

* * *
( )

,

,l l

L Q L Q L Q

W L Q W

l v v F v F

L v L v C L v− −
ΓΡ ΓΡ

= ≤ ⋅ ≤

≤ ⋅ ≤
 

 ,  l         *L v W −
ΓΡ∈  

 ( ) ( )l v l L v∗= .   -    

  l         

( )lW Q−
ΓΡ .   ( )l lW W

∗− +
ΓΡ ΓΡ=    ( , ) ( )lu t x W Q+

ΓΡ∈  

,  ( ) ,
W

l w u w
ΓΡ

=    ( )lw W Q−
ΓΡ∈ .     

, ( )w L v v C Q+
∗ ∞

ΓΡ
= ∈ .  

( )
2

*
( )( ) , ( ) ,

L QW
l w u L v l v v F

ΓΡ
= = =  

 
*, ,

WW
u L v F v

+ΓΡ ΓΡ

= , 

      '   (2.4)  
  2.3,       2.1, 2.2. 

  '        (2.2). 

,  lu W∗ +
ΓΡ∈    '   (2.1),  

2
1 1( )

0ll WL Q W
u u c Lu Lu c F F −−

++ ΓΡΓΡ

∗ ∗− ≤ − = − = . 

 , 0u u∗ − =   2 ( )L Q ,     lW +
ΓΡ ,  u u∗ =   lW +

ΓΡ . 

 0Lu F− =    lW +
−
ΓΡ

,     

2 ( ) lL Q W +
−
ΓΡ

⊂ ,  0Lu F− =       2 ( )L Q .  

 2 . 2 .    (2.2)  .   -  
 2 ( )G L Q∈    '   (2.5)    

 2.1–2.3  '   (2.5).  
  2.2    

 2.1. 
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 2 . 4 . '   (2.4)    lF W +
−
ΓΡ

∈  

  2( , ) ( ),u t x L Q∈       

( , ) ( ), 1,2,...iu t x C Q i∞
ΓΡ∈ = , ,  

 
2 ( )

0i iL Q
u u →∞− ⎯⎯⎯→ ,  

+
0li iW

Lu F −
ΓΡ

→∞− ⎯⎯⎯→ . 

 2 . 5 .  '   (2.4)    
lF W +

−
ΓΡ

∈    ( ) 2, ( )u t x L Q∈ , ,   

( )
2 ( )

, ,
WL Q

u L v F v
+ΓΡ

∗ =  

  -   v C +
∞
ΓΡ

∈ . 

,  '   (2.4)    2.1–2.3  
'   (2.4)     2.4–2.5.   

 '   (2.5). 
,     2.4, 2.5   

Lu F=  
  ,    Lu    2 ( )u L Q∈   . 

 2 . 2.    L  L*   (2.2). 
  2.4  2.5  . 

.  ( ),u t x  – '  (2.4)    2.5, 

 ( ) 2, ( )u t x L Q∈   

( )
2 ( )

, ,
WL Q

u L v F v
+ΓΡ

∗ = , v C +
+∞
ΓΡ

∀ ∈ .    (2.6) 

  2 ( )pF L Q∈  ,  p pF F→∞⎯⎯⎯→   lW +
−
ΓΡ

. , 

 ( ), l
pu t x W +

ΓΡ∈  – '   pLu F=     2.1,  

   2.1,  

p pLu F= , 

 , 

0l lp p pW W
Lu F F F− −

+ +ΓΡ ΓΡ
→∞− = − ⎯⎯⎯→ ,  (2.7) 

  { }
1p p

Lu
∞

=
    lW +

−
ΓΡ

 (   lW +
−
ΓΡ

 – 

). 
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   (2.2)  (2.7),  

1 2 1 2 1 22
,( )

0lp p p p p pL Q W
u u C Lu Lu

−
+ΓΡ

→∞− ≤ − ⎯⎯⎯⎯→ . 

 ,  { }
1p p

u
∞

=
    2 ( )L Q , , 

 ( ) 2, ( )u t x L Q∗ ∈  ,  
2 ( )

0p pL Q
u u∗

→∞− ⎯⎯⎯→ . 

  

( )
2 ( )

, , ,p p p WL Q W
L v u L v u F v

+ΓΡ ΓΡ

∗ ∗= = , .v C +
+∞
ΓΡ

∀ ∈  

    p →∞ ,  

( )
2 ( )

, ,
WL Q

L v u F v
+ΓΡ

∗ ∗ = . 

   (2.6)  ,       

  v C +
∞
ΓΡ

∈ , ,  ( ) ( ), ,u t x u t x∗=   2 ( )L Q ,  

 
2 ( )

0p pL Q
u u∗

→∞− ⎯⎯⎯→ ,   
2 ( )

0p pL Q
u u →∞− ⎯⎯⎯→ .  (2.7), 

,  ( ),u t x   '   (2.4)    2.4. 

  .  ( ),u t x   '  (2.4)  

  2.4.  

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

, , ,i iL Q L Q L Q
u L v u L v u u L v∗ ∗ ∗= + − =  

( ) ( )
2 2( ) ( )

, ,i iL Q L Q
Lu v u u L v∗= + − =    (2.8) 

( )
2 ( )

, , ,i iWW L Q
Lu F v F v u u L v

++ ΓΡΓΡ

∗= − + + − , 

   v C +
∞
ΓΡ

∈ . 

   ,       
 

, 0li i iWW W
Lu F v v Lu F+ −

++ +ΓΡΓΡ ΓΡ
→∞− ≤ − ⎯⎯⎯→ , 

( )
2 2( ) ( )

,i L Q L Q
u u L v L v∗ ∗− ≤ . 

    (2.8)  i →∞ ,     (2.6). 
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 2.3.     (2.4), (2.5)   
 (2.2).   -   F     (2.4)  

 ( )lW Q+
−
ΓΡ

   '   (2.4)    2.4  2.5. 

.  2 ( )L Q      ( ).lW Q+
−
ΓΡ

 ,  

-   ( )lF W Q+
−
ΓΡ

∈    2 ( )iF L Q∈  ,  

( )
0.li iW Q

F F −
+ΓΡ

→∞− ⎯⎯⎯→  

  2.1    2 ( )iF L Q∈    '  
l

iu W +
ΓΡ∈   (2.4)    2.1.   

(2.2),  

2
,( )

0,l li j i j i j i jL Q W W
c u u Lu Lu F F− −

+ +ΓΡ ΓΡ
→∞− ≤ − = − ⎯⎯⎯→ . 

 ,  { }iu  –    2 ( )L Q ,  

     2 ( )L Q    ( ) 2, ( )u t x L Q∗ ∈  , 

 
2 ( )

0i iL Q
u u∗

→∞− ⎯⎯⎯→ .   ,   2.1 ,    

 v C +
∞
ΓΡ

∈    

, ,i iW W
v Lu F v

+ +ΓΡ ΓΡ

=  

 

( )
2 ( )

, ,i i WL Q
L v u F v

+ΓΡ

∗ = . 

     i →∞    ,  

( )
2 ( )

, ,
WL Q

L v u F v
+ΓΡ

∗ ∗ = , 

    2.2  . 
 2.4.     2.2  G    

 (2.5)   ( ),lW Q−
ΓΡ     '   

(2.5)     2.4  2.5,   (2.5). 
  2.4    2.3. 
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 2 . 3 .  ( , )v t x  – '    (2.5)   

 2 ( )G L Q∈      2.1–2.3,    

 

2

*
( )lW L Q

v C L v+
+ΓΡ

≤ ,     (2.9) 

 . ,    2.3   

 '  ( , )u t x   (2.4)    lF W +
−
ΓΡ

∈ ,  

  2 ( )L Q .    2.2 ,   -  
lF W +

−
ΓΡ

∈   -  lv W +
+
ΓΡ

∈  ,  *
2 ( )L v L Q∈ ,    

( )
2

*
( )

, ,
WL Q

L v u F v
+ΓΡ

= .     (2.10) 

  ,  

22

*
( )( )

,
W L QL Q

F v L v u
+ΓΡ

≤ ⋅ , 

 

2

2

* ( )
( )

,
L Q

L Q W

vF u
L v

+ΓΡ

≤ .    (2.11) 

    

2

*
( )L Q

v
L v

 

  lW +
+
ΓΡ

.        

( )l l
vl W W+ +

∗− +
ΓΡ ΓΡ

∈ = .  (2.11) ,      

    lF W +
−
ΓΡ

∈ .    -  

    ,       

2

*
( )L Q

v
L v

 

      ( )l lW W+ +

∗− +
ΓΡ ΓΡ

= ,     (2.9).  
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.       '  
  (2.4).     

2 ( )lW L Q
u C Lu+

ΓΡ
≤ ,    (2.12) 

 u  – '  (2.4)    2 ( )F L Q∈ . 

 2 . 4 .   ( , )u t x  – '   (2.4)    
lF W +

−
ΓΡ

∈     2.4  2.5,     

2 ( ) lL Q W
u C F −

+ΓΡ

≤ .     (2.13) 

.     (2.10)    
(2.9),  

( )
2 2

* *
( ) ( )

, ,l l lW W WL Q L Q
u L v F v F C L v− + −

+ + +ΓΡ ΓΡ ΓΡ

≤ ⋅ ≤ ⋅  

 

( (
2 2

*

*
( ) ( )

, ,lW
L Q L Q

L vu C F
L v

−
+ΓΡ

≤  

   -   (2.13).  
.    

2 ( )L Q W
v C G −

ΓΡ
≤ , 

 ( ),v t x  – '   (2.5)    G W −
ΓΡ∈    

  2.4  2.5   . 
 2 . 5 .  ( , )u t x  –  '   (2.4)  

  F     2.4, 2.5  ( , ) lu t x W +
ΓΡ∈ .  ( , )u t x  – 

 '        2.1-2.3. 

.  ( , ) lu t x W +
ΓΡ∈  – '  (2.4)   2.5, 

 

( )
2 ( )

, ,
WL Q

u L v F v
+ΓΡ

∗ = , v C +
+∞
ΓΡ

∀ ∈ . 

 

, ,
WW

u L v F v
+ΓΡ ΓΡ

∗ = , v C +
+∞
ΓΡ

∀ ∈  

, u  –  '   (2.3)    2.3. 
.       '   (2.5). 
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3.    
 
 

    .   

    

( )Lu f A h= +       (3.1) 

  ( , )u t x        

 h ,     U∂    H .  

'      ( ) ( ( ))J h u h= Φ ,   

   U∂ . ,  ,   

Φ      '  . ,   
2( ( )) ( , , )

Q

u h u t x h dQΦ = , 

 '   ( , , )u t x h     2 ( )L Q .   

2 2 2

1
( ( ))

i

n

t x
iQ

u h u u u dQ
=

Φ = + + , 

 1
2( , , ) ( )u t x h W Q∈  (    ( ) 1

2: L Q RΦ →   

( )1 1
2:W Q RΦ → , ). ,   '  ( , , )u t x h    

   ( .  §2).     

  ( )( , , )F t x h f A h= + ,      

 ( ( ))u hΦ ,     . 

 3.1.      '   

(3.1)    : 

1)   1
2: ( )L Q RΦ →       

  ( ), ,u t x h  ; 

2)    U H∂ ⊂  – , ,   ; 

3) H –  ; 
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4) A –   ,      lW +
−
ΓΡ

; 

5)    L  L*    (2.2). 

     (3.1). 

.     { } 1k k
h ∞

=
, 

kh U∂∈   

( ) inf ( ).k k h U
J h J h

∂
→∞ ∈

⎯⎯⎯→     (3.2) 

  U∂  ,   ,   (3.2) 

     H    *h U∂∈   { }
1nk n

h
∞

=
. 

      A , ,   

{ }
1

( )
nk n

A h
∞

=
   ,  ,    lW +

−
ΓΡ

. 

  2.4 ,   { }
1nk n

u
∞

=
,   

 { }
1nk n

h
∞

=
,      2 ( )L Q ,     

     { }
1n jk

j
u

∞

=
 :  

n j

w
ku u∗⎯⎯→   2 ( )L Q . 

  ,  ( ), ,
n nj jk ku u h t x=  – '   (3.1)  

n jkh h= ,      (2.6),  

( ) ( )
2 ( )

, ,
n nj jk k

L Q W
L v u F h v

+ΓΡ

∗ =      (3.3) 

   ( ),v t x C +
+∞
ΓΡ

∈ ,  ( ) ( )F h f A h= + . 

 
n jk jh h∗

→∞⎯⎯⎯→    H ,  F  –   

  H   lW +
−
ΓΡ

,   

( ) ( ), ,
n jk j WW

F h v F h v
+ΓΡ+ΓΡ

∗
→∞⎯⎯⎯→ . 
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  , ,  
n j

w
ku u∗⎯⎯→ ,  

( ) ( )
22

( )( )
, ,

n jk j L QL Q
L v u L v u∗ ∗ ∗

→∞⎯⎯⎯→ . 

 ,   (3.3)    j →∞ , ,  

( ), ( )u t x u h∗ ∗=  – '   ( )Lu F h∗=     2.5,  

    2.4. 
     Φ     

    ,  

( )* *( ) ( ( )) lim ( ( ) lim ( ) inf
n nj jk k h Uj j

J h u h u h J h J h
∂∈→∞ →∞

= Φ ≤ Φ = = . 

 *h  –  ,   3.1 . 
 3.2.      '   

(3.1)    : 

1)   1: lW R+
ΓΡΦ →       

  ( ), ,u t x h  ,  ; 

2)    U H∂ ⊂  – ,   

  ; 
3) H  –  ; 
4) A –   ,    H  2 ( )L Q ; 

5)   L   L*    (2.2). 
     (3.1). 

    . 
.   A  ,   ( )J h  

      – . 
       

    .  
  ,     

  

( )Lu f A h= + .      (3.4) 
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    .   
  (3.4)   . 

( )1 1
1

( ) ( )
s

i i
i

A h t t x
=

= δ − ⊗ϕ , { }1 1
( , ( )) s

i i i
h t x

=
= ϕ ;   (3.5) 

 [ ], 0,it t T∈ , 2( ) ( )i x Lϕ ∈ Ω ,  –   ,   , 

  

( ), (0)t v vδ =  ( )v C R∞∀ ∈ . 

   { } ( )1 1 21
( , ( )) ( )s ss

i i i
h t x U H R L∂=
= ϕ ∈ ⊂ = × Ω ,  U∂  – 

,      1H . 

 1 1
1

( ) ( ) ( )
s

i i
i

A h t t x
=

= δ − ⊗ϕ    ,    

  Q     : 

( ) ( ) ( )
1 1( )

1
,

s

A h i i
i

l v v t x x d
=Ω

= ϕ Ω . 

,   

( )1,0
2

lW W Q+
+
ΓΡ

⊂  ( ( )1,0
2

lW W Q+
ΓΡ ⊂ ) 

 

( )1,0
2

lW Q W
C +

+ΓΡ

⋅ ≤ ⋅  ( ( )1,0
2

lW Q W
C +

ΓΡ
⋅ ≤ ⋅ ),          (3.6) 

 ( )1,0
2W Q  –     Q     

( )1,0
2

1
2

2 2
tW Q

Q

v v v dQ= + , 

   lf W +
−
ΓΡ

∈ . 

,     ( ) ( )1 1 1
lF h f A h W +

−
ΓΡ

= + ∈ ,  , 

  ( )1 11( ) f A hF h l +=       

  lW +
+
ΓΡ

. ,  

( ) ( ) ( ) ( )
1 1

1
, ,

s

i if A h W
i

l v f v v t x x d
+ΓΡ

+
=Ω

= + ϕ Ω  

 . 
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   . ,  

( ) ( ) ( ) ( )

( ) ( )

1 1
1

1

, ,

, .l l

s

i if A h W
i

s

i iW W
i

l v f v v t x x d

f v v t x x d

+ΓΡ

− +
+ +ΓΡ ΓΡ

+
=Ω

=Ω

= + ϕ Ω ≤

≤ ⋅ + ϕ Ω

   (3.7) 

   .    -

,   

( ) ( ) ( ) ( )

( ) ( )2

1 1

1
2

2

1

, ,

, .

s s

i i i i
i i

s

i i L
i

v t x x d v t x x d

v t x d

= =Ω Ω

Ω
= Ω

ϕ Ω ≤ ϕ Ω ≤

≤ Ω ⋅ ϕ

 

  U∂  –    1H ,  

( ) ( ) ( )
1
2

2

1 1
, ,

s s

i i i
i i

v t x x d C v t x d
= =Ω Ω

ϕ Ω ≤ Ω .   (3.8) 

 ,     

( ) ( ) ( )
11
22

2 2 2, , ,i t
Q

v t x d C v t x v t x dQ
Ω

Ω ≤ + . 

     (3.6),  (3.8)    

( ) ( )

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

1

1/2

2 2

,

, , .l

s

i i
i

t W Q W Q
Q

v t x x d

C v t x v t x dQ C v C v +
+ΓΡ

=Ω

ϕ Ω ≤

≤ + = ≤

 

   (3.7),   

( ) ( ) ( ) ( )

( )
1 1

1
,

,

l l

l l l l l

s

i if A h W W
i

W W W W W

l v f v v t x x d

f v C v f C v

− +
+ +ΓΡ ΓΡ

− + + − +
+ + + + +ΓΡ ΓΡ ΓΡ ΓΡ ΓΡ

+
=Ω

≤ + ϕ Ω ≤

≤ + ≤ +
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     ( ) ( )
1 1f A hl v+      Q  

 ( ),v t x .   - ,   -

  ( )1 1f A hl +        lW +
+
ΓΡ

. 

 , ,  ( ) ( )1 1 1
lF h f A h W +

−
ΓΡ

= + ∈ ,  ,   

2.3    '   ( )1 1Lu f A h= +    

 2.4, 2.5. 

,   1A  –  .  ( )mh  –  

   1H   ( )m wh h∗⎯⎯→ .    

       ,  
( )m
i imt t∗→∞⎯⎯⎯→    1R    1,i s= .  

( ) ( ) ( )
1

1
( ) ( )

s
m m m

i i
i

A t t x
=

= δ − ⊗ϕ . ,     

( ) ( ) ( )( ) ( ) ( ) ( ) 0
l

m m m
i i i i mW

t t x t t x
−
+ΓΡ

∗
→∞δ − ⊗ϕ − δ − ⊗ϕ ⎯⎯⎯→ . 

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

l

m m m
i i i i W

t t x t t x
−
+ΓΡ

∗δ − ⊗ϕ − δ − ⊗ϕ =  

( ) ( ) ( )

,
0

( ) ( ) ( ) ( ),
sup .

l

l
l

m m m
i i i i W

v W W
v

t t x t t x v

v

−
+ΓΡ

+
++ΓΡ +ΓΡ

∗

∈
≠

δ − ⊗ϕ − δ − ⊗ϕ
=  

    Q   ( , )v t x  (   C +
∞
ΓΡ

) 

  lW +
+
ΓΡ

,        .   

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

( )( ) ( )

, 0

( , ) ( , ) ( )
sup .

l

l

m m m
i i i i

W

m m
i i i

v C v W

t t x t t x

v t x v t x x d

v

−
+ΓΡ

∞
++ΓΡ +ΓΡ

∗

∗

Ω

∈ ≠

δ − ⊗ϕ − δ − ⊗ϕ =

− ϕ Ω
=

   (3.9) 
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  (3.9) 

( )( ) ( )
( )

, , ( , )
m

i

i

t
m

i i t
t

v t x v t x v x d
∗

∗− = η η . 

     - ,  

- ,  

( )
( )

( , ) ( , ) 1 ( , )
m

i

i

t
m

i i t
t

v t x v t x v x d
∗

∗− = ⋅ η η ≤  

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

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

i i i i

i i i i

t t t t

t t
t t t t

d v x d d v x d
∗ ∗ ∗ ∗

≤ η ⋅ η η ≤≤ η ⋅ η η ≤   (3.10) 

( )
1/2

1/2 2

0

( , ) .
T

m
i i tt t v x d∗≤ − ⋅ η η  

  (3.10)   (3.9),     

-   

( )( ) ( )( , ) ( , ) ( )m m
i i iv t x v t x x d∗

Ω

− ϕ Ω ≤  

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

( ) ( )

2

2 2

1/2 1/2
2 2

1/2

2

( )
0

1/2

( ) ( )

( , ) ( , ) ( )

( , ) ( )

( ) .

m m
i i i

T
m m

i i t i L

m m
i i t iL Q L

v t x v t x d x d

t t v x d d x

t t v x

∗

Ω Ω

∗

Ω
Ω

∗

Ω

≤ − Ω ⋅ ϕ Ω ≤

≤ − ⋅ η η Ω ⋅ ϕ ≤

≤ − ⋅ ⋅ ϕ

  (3.11) 

   ( ) ( )1,0
2 2

lt W Q WL Q
v v C v +

+ΓΡ

≤ ≤    (3.9) 

 (3.11),  
( ) ( ) ( )

( ) ( )
2

1/2

( )

( ) ( ) ( ) ( )

.

l

m m m
i i i i W

m m
i i i L

t t x t t x

t t

−
+ΓΡ

∗

∗

Ω

δ − ⊗ϕ − δ − ⊗ϕ ≤

≤ − ⋅ ϕ
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 ( ){ }m
iϕ     i

∗ϕ   2 ( )L Ω ,    

2 ( )
m
i L Ω

ϕ     

( ) ( ) ( )

( ) 1/2

( ) ( ) ( ) ( )

0.

l

m m m
i i i i W

m
i i m

t t x t t x

C t t

−
+ΓΡ

∗

∗
→∞

δ − ⊗ϕ − δ − ⊗ϕ ≤

≤ − ⎯⎯⎯→
 

 ,  

( ) ( )
1

1
( ) ( ) 0

l

s
m m

i i m
i W

A t t x
−
+ΓΡ

∗
→∞

=

− δ − ⊗ϕ ⎯⎯⎯→ . 

 ,      Q   ( ),v t x   : 

( )
1

1
( ) ( ), ( , , ),

s
m

i i m W
i W

t t x v A t x h v
+ΓΡ

+ΓΡ

∗ ∗
→∞

=

δ − ⊗ϕ ⎯⎯⎯→ . 

, 

( ) ( )

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

s s
m m

i i i i
i iW

t t x v v t x x d
+ΓΡ

∗ ∗

= = Ω

δ − ⊗ϕ = ϕ Ω =  

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

( , ), ( ) ( , ), ( )
s s

m
i i i im LLi i

v t v t∗ ∗ ∗
→∞ ΩΩ= =

= ⋅ ϕ ⋅ ⎯⎯⎯→ ⋅ ϕ ⋅ =  

1
1

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

i i W
i

v t x x d A t x h v
+ΓΡ

∗ ∗ ∗

= Ω

= ϕ Ω =  

      ,  

( ) ( )m
i imx x∗

→∞ϕ ⎯⎯⎯→ϕ    2 ( )L Ω .    

( )

1
( ) ( )

l

s
m

i i
i W

t t x
−
+ΓΡ

∗

=

δ − ⊗ϕ    (    

 ( ) ( )
1 1f A hl v+ ),   ,  

( )
1

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

s
m

i i m W
i W

t t x v A t x h v
+ΓΡ

+ΓΡ

∗ ∗
→∞

=

δ − ⊗ϕ ⎯⎯⎯→  

    lv W +
+
ΓΡ

∈ ,     v . 
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    ,   

( ) ( ) ( )

( )

1 1
1

1

, ( ) ( ),

( ) ( ), ,

s
m m m

i iW i W

s
m

i i
i W

A v A t t x v

t t x v

+ΓΡ +ΓΡ

+ΓΡ

∗

=

∗

=

= − δ − ⊗ϕ +

+ δ − ⊗ϕ
 

 lv W +
+
ΓΡ

∈ . 

 m →∞ .     ,   

   

( ) ( )

( ) ( )

1
1

1
1

( ) ( ),

( ) ( ) 0.l
l

s
m m

i i
i W

s
m m

i i mW
i W

A t t x v

A t t x v

+ΓΡ

+
+ΓΡ−

+ΓΡ

∗

=

∗
→∞

=

− δ − ⊗ϕ ≤

≤ − δ − ⊗ϕ ⋅ ⎯⎯⎯→

 

    1( , , ),
W

A t x h v
+ΓΡ

∗ .  , ,   

   
( )
1 1, ,m

m WW
A v A v

++ ΓΡΓΡ

∗
→∞⎯⎯⎯→ , 

 1A  –  . 

 ,    
 3 . 3 .       '   

(3.1)    : 

1)   1
2: ( )L Q RΦ →       

  ( ), ,u t x h  ,  ; 

2)     [ ] ( )2 10, ( )s sU T L H∂ ⊂ × Ω ⊂   

,       ; 

3) ( )( )1 2
ssH R L= × Ω ; 

4) ( )1 1
1

( ) ( )
s

i i
i

A h t t x
=

= δ − ⊗ϕ , { }1 1
( , ( )) s

i i i
h t x

=
= ϕ ; 
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5)    (2.2)  (3.6). 

     (3.1).  

       

  

•  : 

( ) ( )
2 2

1
( ) ( )

s
k

i i
i

A h t t x
=

= δ − ⊗ϕ , { }2 1
( , ( )) s

i i i
h t x

=
= ϕ ; 

•  :  

( )3 3 1 1, 2
1

( ) ( , ,..., )
s

i i n
i

A h x x t x x
=

= δ − ⊗ϕ , { }3 1, 2 1
( , ( , , , ))

s
i i n i

h x t x x
=

= ϕ ; 

• -  : 

( )4 4 1 1, 2
1 1

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

i j ij n
i j

A h t t x x x x
= =

= δ − ⊗δ − ⊗ϕ , { } ,

4 1, 2 , 1
( , , ( ,..., ))

s p

i j ij n i j
h t x x x

=
= ϕ  

•  : 

( )5 5 1 2
1

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

i i n
i

A h x a t t x x
=

= δ − ⊗ϕ , { }5 2 1
( ( ), ( , , , )) s

i i n i
h a t t x x

=
= ϕ . 
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4.  ,  
    

 
 

         

'     ,   

   : 

 ( ) ,uLu A B u F
t

∂≡ + =
∂

 
0

0,
t

u
=
=     (4.1) 

 ( ) ( ),A B⋅ ⋅  –     . 

    (1)    , Ω  –  

  nR   -   ∂Ω .   

( ) ( )
, 1

( )
n

ij
i j i j

uA u A x a x u
x x=

∂ ∂≡ − +
∂ ∂

 ;   (4.2 ) 

 ( ) ( )
, 1

( )
n

ij
i j i j

uB u B x b x u
x x=

∂ ∂≡ − +
∂ ∂

 ,     (4.2 ) 

  ( ) ( );ij jiB x B x=  { }
, 1

,
n

ij i j
A

=
 { }

, 1

n

ij i j
B

=
–  ,  

( ) ( ),a x b x  –     Ω  .   

 (4.2 )  4.(2 )      Ω ,   (4.2 ) 

'   

 2

, 1 1 , 1
; 0,

n n n

ij i j i ij i j
i j i i j

A B
= = =

ξ ξ ≥ α ξ ξ ξ ≥       (4.3) 

 α  –  , 1; 1, .i R i nξ ∈ =  , , ( ) ( )0, 0a x b x≥ ≥ . 

   : ( )W Q+
ΓΡ  –    Q  

,    

0
0; 0

t x
u u

= ∈∂Ω
= =  ,      (4.4) 
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1
2

2

, 1
i j

n

t ij x t x tW
i jQ

u u A u u dQ+
ΓΡ

=

= + ,     (4.5)  

    ( ),u t x      

. ( )W Q+
+
ΓΡ

 –    Q  ,   

   

0; 0
t T x

v v
= ∈∂Ω

= =       (4.6) 

  (4.5);  W +
−
ΓΡ

–  ,   2 ( )L Q   

    W +
+
ΓΡ

; H +
ΓΡ , H +

+
ΓΡ

 –  

   Q  ,    (4.4), (4.6) 

    

2 2

, 1
( )

i j

n

ij x xH
i jQ

u u A u u dQ+

=

= + ; 

H −
ΓΡ  , H +

−
ΓΡ

 –   . 

 ,     (4.1)    

 . 

  4 . 1.   ( , )u t x W +
ΓΡ∈     

W W
Lu C u− +

+ ΓΡΓΡ

≤  , 

 C –      .  

 .       ( ),u t x ,  

  (4.4). ,     

( )L ⋅     ,   

 ,   u W +
ΓΡ∈ . 

     

 
( )

0,

,
sup

W
v v W W

v Lu
Lu

v−
+ +ΓΡ ++ΓΡ +ΓΡ

≠ ∈
=  ,     (4.7) 
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     ( ),u t x ,    (4.4),  

 ,⋅ ⋅        2 ( ).L Q   

    (4.7).    
    - ,      

 (4.6),  

( ) ( ) ( )
+

1/2 1/2

2 2
t t W W

Q Q Q

va x u dQ a x v dQ a x u dQ C v u+ +
ΓΡΓΡ

≤ ≤  . 

   

+

1/2

2
W

Q

v dQ C v +
ΓΡ

≤  . 

  

( ) ( )
1/2

2

Q Q

vb x udQ b x v dQ≤  . 

     

, 1

, 1 , 1
.

i j

n

ij
i j i jQ

n n

ij x ij x t
i j i ji jQ Q

uv A dQ
x x t

uvA dQ v A u dQ
x x t

=

= =

∂ ∂ ∂− =
∂ ∂ ∂

∂ ∂ ∂= − +
∂ ∂ ∂

 

  - ,       
(4.6),    ( 0

x
v

∈∂Ω
= ),  ,  

, 1
0

n

ij
i j i jQ

uvA dQ
x x t=

∂ ∂ ∂ =
∂ ∂ ∂

 . 

   -  ,  

, 1 , 1
i j

n n

ij x ij x t W W
i j i ji jQ Q

uv A dQ v A u dQ C u v
x x t + +

ΓΡ +ΓΡ= =

∂ ∂ ∂− = ≤
∂ ∂ ∂

 

 

, 1

n

ij W W
i j i jQ

uv B dQ v u
x x + +

+ ΓΡΓΡ=

∂ ∂ ≤
∂ ∂

. 
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    (4.7),   

 . 

        ( )*L ⋅ . 

  4 . 2.   ( , )v t x W +
+
ΓΡ

∈    

*
WW

L v C v +−
+ΓΡ ΓΡ

≤  , 

  ( )*L ⋅    

( ) ( )*L A B
t
∂⋅ = − + ⋅
∂

 . 

    ,   ( )L ⋅  (  ( )*L ⋅ )  

       W +
ΓΡ (W +

+
ΓΡ

)   

W +
−
ΓΡ

 (W −
ΓΡ ). 

 4 . 3.    ( , )u t x W +
ΓΡ∈     

 
W H

Lu C u− +
+ ΓΡΓΡ

≥ . 

 .      ,   

 (4.4). 

    ( ),v x t    : 

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

T

v t x u x d−= − τ + τ τ  

 ,  .v W +
+
ΓΡ

∈     

( ) 2, .
W

v Lu C v +
+ΓΡ

≥      (4.8) 

    , '   

( ),u t x   ( ),v t x ,     ,  

( ) ( )( ) ( ) ( )

( )

2

2

1

0;

t tt
Q Q Q

t
Q

va x u dQ va x u dQ t a x v dQ

C a x v dQ

= + + ≥

≥ ≥
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( ) ( )( ) ( )( )( )

( ) ( ) ( )

2

2 2 2
0

11 1
2

1 1 1 0;
2 2 2

t t
Q Q Q

t
Q Q

vb x udQ vb x t v dQ b x t v dQ

b x v dQ b x v d b x v dQ
=

Ω

= − + = − + +

+ = Ω + ≥
 

   

( )
, 1 , 1

1 .
i j

n n

ij x ij x t
i j i ji jQ Q

uv B dQ t v B v dQ
x x= =

∂ ∂− = − +
∂ ∂

   (4.9) 

   ,  

( )

( )

, 1

, 1 , 1

1

1 11 .
2 2

i j

i j i j

n

ij x x t
i jQ

n n

ij x x ij x x
i j i jQ Qt

t B v v dQ

t B v v dQ B v v dQ

=

= =

− + =

= − + +
 

      { }
, 1

n

ij i j
B

=
,     

 - ,   

( )

( )

, 1

, 1 , 1

1

1 11 0,
2 2

i j

i j i j

n

ij x x t
i jQ

n n

ij x x ij x x
i j i jQ Qt

t B v v dQ

t B v v dQ B v v dQ

=

= =

− + =

= − + + ≥
   (4.10) 

  (4.10)  (4.9)   ,  

   

( )
2

, 1
,

i j

n

ij x t x t L
i jQ

C A v v dQ Lu v
=

≤ , 

,        

2

, 1 , 1
i j i j

n n

t ij x t x t ij x t x t
i j i jQ Q

C v A v v dQ A v v dQ
= =

+ ≤ , 

 ,   (4.8)  .    

 (4.8)   

( )2 ,
W W W

C v v Lu v Lu+ + −
+ + +ΓΡ ΓΡ ΓΡ

≤ ≤ . 
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W

v +
+ΓΡ

     ( ),u t x   ( ),v t x .  

     ,    

(4.4).        u W +
ΓΡ∈ . 

  4 . 4.    ( , )v t x W +
+
ΓΡ

∈     

*
HW

L v C v +−
+ΓΡ ΓΡ

≥ . 

 .    ( , )v t x   ,   

 (4.6).   
2*( , )
W

u L v C u +
+ΓΡ

≥  ,    (4.11) 

 

1

0

( , ) (2 ) ( , )
t

u t x T v x d−= − τ τ τ . 

       

 ( ),u t x ,  

( ) ( ) ( )

( )

2

2

( ) (2 )

(2 ) 0,

t t t
Q Q Q

t
Q

ub x v dQ ub x v dQ T t b x u dQ

T t b x u dQ

− = − + − =

= − ≥
 

      ( ) ( ), ,v x t v x t      

   : 

( ) ( ) ( )( )

( ) ( ) ( )

2

2 2 2
0

1(2 ) (2 )
2

1 1 1 0.
2 2 2

t t
Q Q Q

t
Q Q

ub x vdQ ub x T t u dQ b x T t u dQ

b x u dQ b x Tu d b x u dQ
=

Ω

= − = − +

+ = Ω + ≥
 

   

, 1 , 1

, 1 , 1

(2 ) ,

(2 ) .

i j

i i

n n

ij ij x t x t
i j i ji jQ Q

n n

ij x ij x t
i j i ji jQ Q

d d dvu A dQ T t A u u dQ
dx dx dt

d dvu B dQ T t u B u dQ
dx dx

= =

= =

≥ −

− = −
   (4.12) 
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     '   { }
, 1

n

ij i j
B

=
    

, 1
(2 ) 0

i j

n

x ij x t
i jQ

T t u B u dQ
=

− ≥  .      (4.13) 

  (4.13)  (4.12)      

2

, 1 , 1
i j i j

n n

t ij x t x t ij x t x t
i j i jQ Q

C u A u u dQ A u u dQ
= =

+ ≤  , 

  (4.11). ,    4.3, 

     ,   

 4.4   v W +
+
ΓΡ

∈ . 

       1 ,  

    

 4 . 1.  -   F H +
−
ΓΡ

∈     

'   (4.1), (4.4). 

 4 . 2.     1  F   

 ( ),W Q+
−
ΓΡ

     '   (4.1), (4.4). 

   -    ,   

     (4.1) .   

       (   

   ,     

,     , ., ,  -

    ). 

      : 

u uLu ku F
t t

∂ ∂≡ − Δ + =
∂ ∂

 ,   (4.14) 

   {[0 ] }Q t T= < < ×Ω ,  ( , )u t x  –  ,  

   x∈Ω    [ ]0,t T∈  , Ω  –   

 nR     , ( )Δ ⋅  –  , k  – '  . 
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   ( , )u t x ,    (4.14)   

 

0
0

t
u

=
=  , 0

x

u
n ∈∂Ω

∂ =
∂

,    (4.15) 

 n  –      ∂Ω . 

  : W +
ΓΡ  –     Q  

,    (4.15)    

2

, 1
i j

n

t ij tx txW
i jQ

u u A u u+
ΓΡ

=

= +  , 

W +
+
ΓΡ

 –  ,     

0
t T

v
=

=  , 0
x

v
n ∈∂Ω

∂ =
∂

,     (4.16) 

W −
ΓΡ  , W +

−
ΓΡ

 –  ,    W +
ΓΡ , ( )2L Q   W +

+
ΓΡ

, ( )2L Q . 

  4.3.    ( ),u t x W +∈     

, 0.
W W

Lu c u c const− +
+ ΓΡΓΡ

≤ = >  

 .        ( ),u t x ,  

  (4.17),       

( )L ⋅     ,   

 . 
      : 

0,

,
sup .

W

W
v v W W

Lu v
Lu

v
+ΓΡ

−
+ +ΓΡ ++ΓΡ +ΓΡ

≠ ∈
=  

    ,
W +ΓΡ

⋅ ⋅ ,    W +
+
ΓΡ

  W −
ΓΡ , 

  ,    (4.15),    
   ( )2L Q ,  

( ) ( )2

0,

,
sup .L Q

W
v v W W

Lu v
Lu

v−
+ +ΓΡ ++ΓΡ +ΓΡ

≠ ∈
=     (4.17) 
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( ) ( ) [ ]
2

, .t tL Q
Q

Lu v vu v u vk u dQ= + Δ + Δ  

   - : 

( )2

1 1
2 2

2 2

.

t t
Q Q Q

W L Q W W

vu dQ u dQ v dQ

u v c u v+ + +
ΓΡ ΓΡ +ΓΡ

≤ ≤

≤ ≤

 

 ,  

,

.

t W W
Q

W W
Q

v u dQ c v u

vk udQ c v u

+ +
+ ΓΡΓΡ

+ +
+ ΓΡΓΡ

Δ ≤

Δ ≤

 

  t
Q

v u dQΔ . 

     (4.15),  

( )
1 1

i i i
i

n n

t tx x txx
i iQ Q Q

v u dQ vu dQ v u dQ
= =

− Δ = − +  .  (4.18) 

   -     

,     : 

( ) ( )

( ) [ ]( )
[ ]

[ ]( )
[ ]

[ ]( )
[ ]

1 1

1 10,

10,

0,

0,

0,

0, 0,

i i i
i

i i i i

i i

n n

tx tx xx
i iQ Q

n n

x t x x t x
i iQ T

n

x t x
iT

t

T

vu dQ vu n d Q

v u n d Q v u n d T

v u n d T

uv d T
n

= = ∂

= =∂ ∂Ω×

=∂Ω×

∂Ω×

= ∂ =

= ∂ = ∂Ω× =

= ∂Ω× =

∂= ∂Ω× =
∂
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     0
x

u
n ∈∂Ω

∂ =
∂

,  ,  0
x

tu
n

∈∂Ω

∂ =
∂

.   

      -   (4.18) 

 

1 1

1 1
2 2

2 2

1

i i i i

i i

n n

t x tx x tx
i iQ Q Q

n

x tx W W
i Q Q

v u dQ v u dQ v u dQ

v dQ u dQ c u v+ +
ΓΡ +ΓΡ

= =

=

− Δ = ≤ ≤

≤ ≤

 

 ,  ,     (4.15)  

   - ,  

W W
Q

vk udQ c v v+ +
+ ΓΡΓΡ

Δ ≤  . 

   

( ) ( )2
,

L Q W W
Lu v c v u+ +

+ ΓΡΓΡ

≤  . 

 ,   (4.4),  

.
W W

Lu c u− +
+ ΓΡΓΡ

≤       (4.18) 

      ( ),u t x ,    

(4.15),    W +
ΓΡ , ,     

  ( )L ⋅  (     (4.18)),  

  . 

  4.4.    ( ),v t x W +
+
ΓΡ

∈     

, 0
WW

L v c v c const+−
+ΓΡ ΓΡ

∗ ≤ = >  , 

 ( )L∗ ⋅  –   

v vL v kv G
t t

∗ ∂ ∂≡ − − Δ − + =
∂ ∂

 . 

    .  
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  4.5.    ( ),u t x W +
ΓΡ∈     

( )2
, 0.

L Q W
c u Lu c const−

+ΓΡ

≤ = >  

 .        

 ( ),u t x ,    (4.15),    

   ( )L ⋅     , 

       ( ),u t x W +
ΓΡ∈ . 

     : 

( ) ( ) ( )1, , ,
t

t
T

v t x I a s u s x ds−= =  

  [ ]0, .s T∈  

  

( ) ( ) ( ) ( )

( ) ( )

2 2

2
1 2 3

, ,

, .

t tL Q L Q

t t t L Q

I u Lu L I u u

v v kv av l l l

∗= =

= − + Δ + Δ = + +
  (4.20) 

      (4.15), (4.16), , 

,   ( ),u t x , ( ),v t x ,  

2
1

2
2

1

,

,
i

t
Q

n

t t tx
iQ Q

l av dQ

l av v dQ a v dQ
=

= −

= Δ = −
 

( )
0

2
3

1 1

2 2 2

1 1 1

1
2

01 1 .
2 2 2

i i i

i i it

n n

t x tx x
i iQ Q Q t

n n n

t x x t x
i i iQ Q

l av k vdQ ak v v dQ ak v dQ

a
a k v dQ k v d a k v dQ

=

= =

= = =Ω

= − Δ = = −

− = − Ω −
 

    (4.20)   ( ) ( )1a t t= − + . 

  

( ) ( )

( )

2

2

2

2 2

, ,

.

t WL Q

t L QqW

I u Lu c v

c I u c u

+
+ΓΡ

+
+ΓΡ

≥

≥
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   : 

( ) ( )2
, .t tW WL Q

Lu I u Lu I u− +
+ +ΓΡ ΓΡ

≤  

   t W
I u +

+ΓΡ

,  

( )2
.

W L Q
Lu c u−

+ΓΡ

≥  

        W +
ΓΡ ,   

   .     

  4.6.    ( ),v t x W +
+
ΓΡ

∈     

( )2
, 0.

L QW
L v c v c const−

ΓΡ

∗ ≥ = >  

  4.1–4.4   . 

 4.3.  -   ( )2F L Q∈     

'   (4.14), (4.15). 

 4 . 3.     1   F   

 ( ),W Q+
−
ΓΡ

     '   (4.14), (4.15). 

       '   

 ,  . 

  

( ) ,uLu A B u f
t

∂≡ + =
∂

    (4.21) 

0 0; 0
t x

u u
= ∈∂Ω
= = ,     (4.22) 

 ( )A ⋅  –  ,  ( )B ⋅  – ' ,   

  ,       -

 , 

( )
, 1

( ) ,
n

ij
i j i j

uA u A a x u
x x=

∂ ∂≡ − +
∂ ∂

 , 

( )
, 1

( )
n

ij
i j i j

uB u B b x u
x x=

∂ ∂≡ − +
∂ ∂

 , 
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( ),ij jiA A x=  ( )ij jiB B x= –  ,  ( ) ( ),a x b x  – 

    �  ,  

. 2

, 1 1 , 1
; 0.

n n n

ij i j i ij i j
i j i i j

A B
= = =

ξ ξ ≥ α ξ ξ ξ ≥ . 

 ,  ( ) ( )0, 0.a x b x≥ ≥  

 (4.21)     { (0, )}Q T≡ Ω× . 

   (4.21), (4.22)      

    ,       

   . 

  ( )2f L Q∈ .    '    

( ) ( ) ( )
1

,
n

n i i
i

u t x g t x
=

= ω  ,    (4.23) 

 ( )i xω  –    2 ( )L Ω ,     , 

     Ω ,   ( )ig t   ,  

  

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

( )
2

2

, , , ,

0 0, , 1,2,..., .

n
j n j jL L

L

i

duA B u f
dt

g i j n

Ω Ω
Ω

ω + ω = ω

= =

   (4.24) 

  (4.24)       n -  

  : 

( )0 0, , 1,2,..., .kg k j n= =  

 4.7.   ( ) +,u t x WΓΡ∈    

( )( ) ( ) +
2

22 , , 0.t WL Q
T t u Lu c u c const

ΓΡ
− ≥ = >     (4.25) 

 .    ,     

(4.25): 

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

22 , 2 0t t tL Q
Q

T t u a x u T t a x u dQ− = − ≥  ,  (4.26 ) 
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( ) ( )( )

( ) ( ) ( ( )

2

2 2 2
0

1(2 ) (2 )
2

1 1 1 0;
2 2 2

t t
Q Q

t
Q Q

ub x T t u dQ b x T t u dQ

b x u dQ b x Tu d b x u dQ=
Ω

− = − +

+ = Ω + ≥
   (4.2 ) 

( ) ( )( ) ( )

( )( ) ( )
2

, 1 , 1

2 ,

2 2 .
j j j

t t L Q

n n

t ij tx ij tx tx
i j i jiQ Q

T t u A u

T t u A u dQ T t A u u dQ
x= =

− =

∂= − − + −
∂

   (4.27) 

      .   
     (4.27)      

Q         ( ),u t x , ,     

.        (4.25): 

( ) ( )( ) ( )

( )( ) ( )
2

, 1 , 1

2 ,

2 2 .
j i j

t L Q

n n

t ij x tx ij x
i j i jiQ Q

T t u B u

T t u B u dQ T t u B u dQ
x= =

− =

∂= − − + −
∂

  (4.28) 

    (4.28)    ,  0
x

u
∈∂Ω

= . 

  .   : 

( ) ( )( )

( )

, 1 , 1

, 1 , 1

2 2

2 ,

i j i j

i j i j

n n

tx ij x x ij x
i j i jQ Q

n n

x ij tx ij x x
i j i jQ Q

T t u B u dQ T t u B u dQ
t

T t u B u B u u

= =

= =

∂− = − −
∂

− − +
 

,        ( ),u t x     

{ }
, 1

n

ij i j
B

=
,  

( )
, 1 , 1

12 0
2i j i j

n n

tx ij x ij x x
i j i jQ

T t u B u dQ B u u dQ
= =

− ≥ ≥  .  (4.29) 

  (4.26), (4.27)  (4.29),    
  4.4, 4.5,    . 

 4.3.  -   ( ) ( )2,f t x L Q∈   

 (4.23)    '   (4.1), (4.2)   

 ( )2L Q . 
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.      (4.24)  

( ) ( )2 jT t g t− ,   j   0  n     t   0  T . 

  

( )( ) ( ) ( )( ) ( )2 2
2 , 2 ,nt n ntL Q L Q
T t u Lu T t u f− = −  .  (4.30) 

     - ,  (4.10) 

 

( )2+n L QW
u C f+

ΓΡ

≤  .    (4.31) 

 (4.31)  ,      +WΓΡ  

      ,   (4.3) 

     { }
1kn k

u
∞

=
.    

  +û WΓΡ∈    -      

 (    { }
1kn k

u
∞

=
) ,  

1

1ˆ
kn

k
u u

ν

ν
=

=
ν

 

   +WΓΡ      +û WΓΡ∈ ,  

+ˆ ˆ 0
W

u u
ΓΡ

ν ν→∞− ⎯⎯⎯→  . 

    { } 1
ˆn n
u ∞

=
.   

      ( )L ⋅ ,  

+
ˆ ˆ ˆ ˆi j i jW W
u u c Lu Lu −

ΓΡ +ΓΡ

− ≥ −  , 

    { } 1
ˆn n

Lu ∞

=
.   

 +WΓΡ ,   ,   f̂ . , 

-
+

ˆˆ 0n nW
Lu f

ΓΡ
→∞− ⎯⎯⎯→ . 

    (4.24)    

( ) ( )2 0,i t L Tϕ ∈     t   0  T ,  
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( ) ( ) ( ) ( )2 2
, , , 1,2,..., .n i i i iL Q L Q

Lu f i nϕ ω = ϕ ω =    (4.32) 

     ˆnu     

( ) ( ) ( ) ( )2 2
ˆ, ,i i i i nL Q L Q

f Luϕ ω = ϕ ω  .    (4.33) 

   

( ) ( )
+ -+2

ˆ ˆˆ ˆ,i i n i i nW WL Q
f Lu C f Lu

ΓΡ +ΓΡ

ϕ ω − ≤ ϕ ω −    (4.34) 

        n →∞ , ,  (4.13)  (4.14) 

 

( ) ( ) ( ) ( )2 2

ˆ, , , 1,2,...i i i iL Q L Q
f f iϕ ω = ϕ ω =    (4.35) 

    { } 1i i i

∞

=
ϕ ω    ( )2L Q ,  ˆf f= . 

 , 

+ˆ ˆ 0
W

u u
ΓΡ

ν ν→∞− ⎯⎯⎯→  , -
+

ˆ 0n nW
Lu f

ΓΡ
→∞− ⎯⎯⎯→ , 

 , ( )ˆ ,u t x   '    (4.1), (4.2).   

 +WΓΡ   ( )2L Q    ,     

  +WΓΡ   { }
1kn k

u
∞

=
    ( )ˆ ,u t x   ( )2L Q . 

       ,  '  

    (4.33)    ( )2L Q    ' . 

  ,    ( ),f t x   (4.1)   

   +
-W
ΓΡ

.    ( )2L Q   

+
-W
ΓΡ

   ( ) ( )2, , 1,2,...if t x L Q i∈ = , ,  

-
+

0i iW
f f

ΓΡ
→∞− ⎯⎯⎯→  . 

     

( ) ( )
1

n

in ik k
k

u g t x
=

= ω  ,     (4.36) 

 ( )i xω  – ,  ,  ( )ijg t  – '   : 
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( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )2 2 21 1
, , , ,

n n
ik

k j ik k j i jL L L
k k

dg t
A g t B f

dt Ω Ω Ω
= =

ω ω + ω ω == ω  

( )0 0, 1,2,...; , 1,2,..., .isg i s j n= = =      (4.37) 

 4.4.  -   ( ) +
-,f t x W
ΓΡ

∈   

 (4.36)    '   (4.1), (4.2)  

,i n→∞ →∞     ( )2L Q . 

 .   (4.37)   

( ) ( ) ( ) ( )2 2
, ,j in j iL L
Lu f

Ω Ω
ω = ω  .     (4.38) 

   ( ) +
-,f t x W
ΓΡ

∈     

( ) ( ) ( ), , , 0 0, , 1,2,..., ,j n j kLu f g k j n
Ω Ω

ω = ω = =     (4.39) 

 ( ),
Ω

⋅ ⋅  –  ,      ( )
0

1
2W − Ω .   

(4.38)  (4.39),  

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

0 0, 0 0, 1,2,...; , 1,2,..., .
j in n j i

ik k

L u u f f

g g i k j n
Ω Ω

ω − = ω −

= = = =
  (4.40) 

   (4.40)  

( ) ( ) ( )11
t

ij j
T

g g d−− τ + τ − τ τ  , 

  j     nn     t   0  : 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) [ ]

( ) [ ]

1

1

1

1

1 , , ,

1 , , ,

1 , ,

1 , ,

t

in n in n
T Q

t

in n in n
T Q

t

in n i
T Q

t

in n i
T Q

u x u x d L u u

u x u x d L u u

u u d f f

u u d f f

−

−

−

−

− τ + τ − τ τ − =

= − τ + τ − τ τ − =

= − τ + − τ −

= − τ + − τ −

  (4.41) 

 ,
Q

⋅ ⋅  –  ,    +
+W
ΓΡ

  +
-W
ΓΡ

.  



49 

 in nu u u≡ − ,   

( ) ( )11 ,
t

T

v u x d−= − τ + τ τ  

     (4.41). ,  +
+ +,u W v WΓΡ ΓΡ

∈ ∈ . 

       ,  

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

2, 1t tL Q t
Q Q

v a x u va x u dQ t a x v dQ= + +  .  (4.42 ) 

        , ,   

 .  

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

( ) ( ) ( )

2

2 2 2
0

11 1
2

1 1 1 0;
2 2 2

t t
Q Q Q

t
Q Q

vb x udQ vb x t v dQ b x t v dQ

b x v dQ b x v d b x v dQ
=

Ω

= − + = − + +

+ = Ω + ≥
          (4.42 ) 

 

( )

( )
2

2

, 1 , 1
, 1 ,

i j

n n

ij ij x x t
i j i ji j QL Q

uv A t A v v dQ
x x t= =

∂ ∂− = +
∂ ∂ ∂

    (4.43) 

( )2
, 1 , 1

1, 0.
2 i j

n n

ij ij x x
i j i ji j QL Q

uv B B v v dQ
x x= =

∂ ∂− ≥ ≥
∂ ∂

   (4.44) 

 (4.21)–(4.24)       u  v, 

 

( )2 +in n iL Q W
u u C f f −

ΓΡ

− ≤ −  , 

     4.2,   ,  

 nu    '   (4.21), (4.22)   

 f . 

 .  ( ) +
-,f t x W
ΓΡ

∈   '   (4.21), 

(4.22)    ,    

   . 
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9.  '    (  -

 ). 

10.        (  

-  ). 

11.        (  
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