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� à ¡®â¥ à áá¬ âà¨¢ ¥âáï í¢®«îæ¨®­­®¥ ¢ à¨ æ¨®­­®¥ ­¥à ¢¥­áâ¢® á ¢ëà®¦¤¥­¨¥¬ ­  à¥è¥-
­¨¨ ¨ ­  £à ¤¨¥­â¥ à¥è¥­¨ï. �¥à ¢¥­áâ¢  ¯®¤®¡­®£® â¨¯  ¢®§­¨ª îâ, ­ ¯à¨¬¥à, ¯à¨ ®¯¨á ­¨¨
¯à®æ¥áá®¢ á®¢¬¥áâ­®£® ¤¢¨¦¥­¨ï ¯®¤§¥¬­ëå ¨ ¯®¢¥àå­®áâ­ëå ¢®¤ ¨ å à ªâ¥à¨§ãîâáï ­ «¨ç¨¥¬
¢ ®¡« áâ¨, £¤¥ à áá¬ âà¨¢ ¥âáï ¯à®æ¥áá, à §à¥§ , ­  ª®â®à®¬ § ¤ ¥âáï ¤®¯®«­¨â¥«ì­®¥ ãá«®¢¨¥
¢ ¢¨¤¥ ®¤­®¬¥à­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï ¨«¨ ­¥à ¢¥­áâ¢  á ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨.

�à¨ ¤®áâ â®ç­® ®¡é¨å ¯à¥¤¯®«®¦¥­¨ïå ­  £« ¤ª®áâì ¨áå®¤­ëå ¤ ­­ëå ¤®ª § ­  â¥®à¥¬ 
áãé¥áâ¢®¢ ­¨ï ­¥®âà¨æ â¥«ì­®£® à¥è¥­¨ï ¢ ª« áá¥ ®¡®¡é¥­­ëå äã­ªæ¨©. �®ª § â¥«ìáâ¢® ¯à®-
¢¥¤¥­® á ¯®¬®éìî ¬¥â®¤  ¯®«ã¤¨áªà¥â¨§ æ¨¨ á® èâà ä®¬. �áâ ­®¢«¥­  áå®¤¨¬®áâì ¯®á«¥¤®¢ -
â¥«ì­®áâ¨ à¥è¥­¨© ¯®«ã¤¨áªà¥â­®© § ¤ ç¨ á® èâà ä®¬ ª à¥è¥­¨î ¨áå®¤­®£® ­¥à ¢¥­áâ¢ .

�à ¢­¥­¨ï ¯®¤®¡­®£® ¢¨¤  ¨ ¬¥â®¤ë ¨å à¥è¥­¨ï à áá¬ âà¨¢ «¨áì ¢ à ¡®â å [1], [2].

1. �®áâ ­®¢ª  § ¤ ç¨

�ãáâì 
| ®£à ­¨ç¥­­ ï ®¡« áâì ¯à®áâà ­áâ¢  R2, � | ¥¥ £à ­¨æ , �| à §à¥§, ¯à®¢¥¤¥­­ë©
¢­ãâà¨ 
, à §¡¨¢ îé¨© ¥¥ ­  ¤¢¥ á¢ï§­ë¥ ¯®¤®¡« áâ¨.

�¢¥¤¥¬ ®¡®§­ ç¥­¨ï ¡ ­ å®¢ëå ¯à®áâà ­áâ¢, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï ¢ ¤ «ì­¥©è¥¬.

�ãáâì
�

V ,
�

V (0; T ), W (0; T ) | ¡ ­ å®¢ë ¯à®áâà ­áâ¢  äã­ªæ¨© á ­®à¬ ¬¨

kuk �
V
= kuk �

W 1
p1
(
)

+ kuk �

W 1
p2
(�)

<1;

kuk �
V (0;T )

= kuk
Lp1 (0;T ;

�

W 1
p1
(
))

+ kuk
Lp2 (0;T ;

�

W 1
p2
(�))

<1;

kukW (0;T ) = kuk �
V (0;T )

+ kukL1(0;T ;L�1 (
))
+ kukL1(0;T ;L�2(�))

<1:

�ãáâì ¤ «¥¥ z | ­¥ª®â®àë© í«¥¬¥­â ¨§
�

V (0; T ). �¡®§­ ç¨¬ ç¥à¥§ �(z(t); v) äã­ªæ¨®­ «, §­ ç¥-

­¨¥ ª®â®à®£® ¯à¨ t 2 [0; T ] ­  í«¥¬¥­â å v 2
�

V ®¯à¥¤¥«ï¥âáï ¯® ¯à ¢¨«ã

�(z(t); v) =
d

dt

�Z


!1(z(t))v(x)dx +

Z
�
!2(z(t))v(s)ds

�
:

� áá¬®âà¨¬ á«¥¤ãîéãî § ¤ çã: ­ ©â¨ â ªãî äã­ªæ¨î

u 2 K = fv 2W (0; T ); v(x; t) � 0 ¯®çâ¨ ¢áî¤ã (¯.¢.) ¢ QT = 
T � [0; T ] ¨ ­  �T = �� [0; T ]g;

çâ® Z T

0

�(u; �)dt 2 (
�

V (0; T ))�; (1)

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâ 95-01-00400).
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u(x; 0) = u0(x) ¯.¢. ¢ 
 ¨ ­  � (2)

¨ ã¤®¢«¥â¢®àï¥âáï ¤«ï «î¡®© v 2 K ¢ à¨ æ¨®­­®¥ ­¥à ¢¥­áâ¢®Z T

0
f�(u; u� v) + hAu; u� vi+ hA�u; u� vi�gdt �

Z T

0
fhf1; u� vi+ hf2; u� vi�gdt: (3)

�¤¥áì !i { § ¤ ­­ë¥äã­ªæ¨¨, hf1; u�vi (hf2; u�vi�) { §­ ç¥­¨¥ äã­ªæ¨®­ «  f1 2 Lp0
1
(0; T ;W�1

p0
1

(
))

(f2 2 Lp0
2
(0; T ;W�1

p0
2

(�))) ­  í«¥¬¥­â¥ v 2
�

V (0; T ); ®¯¥à â®àë A ¨ A� ®¯à¥¤¥«¥­ë à ¢¥­áâ¢ ¬¨

Au = �
2X

i=1

@

@xi
(ai(x; u)Ki(x;ru)); A�u = �

@

@s

�
 (s; u)'(

@u

@s
)
�
;

@
@s
| ¯à®¨§¢®¤­ ï ¯® ­ ¯à ¢«¥­¨î �.
�ã¤¥¬ ¯à¥¤¯®« £ âì (áà. á [1]), çâ® äã­ªæ¨¨ !i(u) ¬®­®â®­­® ¢®§à áâ îâ, !i(0) = 0 (i = 1; 2)

¨ ¯à¨ «î¡®¬ � 2 R1 ã¤®¢«¥â¢®àïîâ ­¥à ¢¥­áâ¢ ¬

!i(�)� � c0ij�j
�i � c1i; (4)

j!i(�)j � c2ij�j
�i�1 + c3i; (5)

c0ij�j
�i � c1i � Ji(�) =

Z �

0

!0i(�)�d� � c4ij�j
�i + c5i; (6)

(!0i(�)�)
0 � 0; (7)

�i > 1; c0i; c2i; c4i > 0; c1i; c3i; c5i � 0; i = 1; 2:
�â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢ ai(x; �0); Ki(x; �);  (x; �0); '(�1) ¯à¥¤¯®« £ ¥âáï, çâ® ®­¨ ¨§¬¥-

à¨¬ë ¯® x, ­¥¯à¥àë¢­ë ¯® ¢â®à®¬ã  à£ã¬¥­âã ¨ ¯à¨ «î¡ëå x 2 
; �i 2 R1 (i = 0; 1), �; �1; �2 2 R2

ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬:

0 < �0 � ai(x; �0) � �1; 0 < �2 �  (x; �0) � �3; (8)

jKi(x; �)j � �0 + �1

2X
i=1

j�ij
p1�1; (9)

2X
i=1

ai(x; �0)Ki(x; �)�i � max

(
�2

2X
i=1

j�ij
p1 � �3; 0

)
; (10)

2X
i=1

ai(x; �0)(Ki(x; �
1)�Ki(x; �

2))(�1i � �2i ) � 0; (11)

j'(�0)j � 
0 + 
1j�0j
p2�1; (12)

'(�0)�0 � max
�

2j�0j

p2 � 
3; 0
�
; (13)

('(�1)� '(�2))(�1 � �2) � 0: (14)

�¤¥áì �i > 0; 
 > 0; pi > 1 | ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë.
�â¬¥â¨¬, çâ® ãá«®¢¨ï (8){(10) ¨ (8), (12), (13) ®¡¥á¯¥ç¨¢ îâ ®£à ­¨ç¥­­®áâì ¨ ª®íàæ¨â¨¢-

­®áâì ®¯¥à â®à®¢ A :
�

W 1
p1
(
)!W�1

p0
1

(
); A� :
�

W 1
p2
(�)!W�1

p0
2

(�):

2. �áá«¥¤®¢ ­¨¥ ¯®«ã¤¨áªà¥â­®© § ¤ ç¨

� §à¥è¨¬®áâì § ¤ ç¨ (1){(3) ¨áá«¥¤ã¥¬ á ¯®¬®éìî ¬¥â®¤  èâà ä  á ¯®á«¥¤ãîé¥© ¤¨áªà¥-
â¨§ æ¨¥© ¯® ¢à¥¬¥­­®© ¯¥à¥¬¥­­®© t. �«ï íâ®£® ­  [0; T ] ¯®áâà®¨¬ à ¢­®¬¥à­ãî á¥âªã á è £®¬
� . �¡®§­ ç¨¬ !� = f0; �; 2�; : : : ; Tg, !� = f�; 2�; : : : ; Tg, 
1 = 
; 
2 = �:
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�ãáâì ¤ «¥¥ �i : Lq(
i) ! Lq0 (
i) (i = 1; 2) | ®¯¥à â®àë èâà ä , �iv = �jv�jq�2v�, v� =
(v � jvj)=2. �¤¥áì q � p = minfp1; p2g:

�¯à¥¤¥«¥­¨¥ 1. �¥è¥­¨¥¬ ¯®«ã¤¨áªà¥â­®© § ¤ ç¨ ¤«ï (1){(3) ­ §®¢¥¬ â ªãî äã­ªæ¨î

y" 2
�

V \ L�1(
) 8t 2 !� ; çâ®

y"(0) = u0(x) ¯.¢. ¢ 
 ¨ ­  � (15)

¨ ¤«ï ¯à®¨§¢®«ì­®© äã­ªæ¨¨ v 2
�

V \ L�1(
) á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®Z



!1(ŷ")� !1(y")
�

v dx+
Z
�

!2(ŷ")� !2(y")
�

v ds+

+hAŷ"; vi+ hA�ŷ"; vi� +
1
"
h�1ŷ"; vi +

1
"
h�2ŷ"; vi� = hf1� ; vi+ hf2� ; vi� 8t 2 !� : (16)

�¤¥áì

hf1� ; vi =
1
�

Z t

t��

hf1(�); vid�; hf2� ; vi� =
1
�

Z t

t��

hf2(�); vi� d�;

" | ¯ à ¬¥âà èâà ä .
� §à¥è¨¬®áâì § ¤ ç¨ (15)-(16) ­¥âàã¤­® ¤®ª § âì, ­ ¯à¨¬¥à, ¨á¯®«ì§ãï ¬¥â®¤ � «�¥àª¨­ .
�«ï ¤®ª § â¥«ìáâ¢  áå®¤¨¬®áâ¨ à¥è¥­¨© ¯®«ã¤¨áªà¥â­®© § ¤ ç¨ ª à¥è¥­¨î ­¥à ¢¥­áâ¢  (3)

¯®­ ¤®¡¨âáï àï¤  ¯à¨®à­ëå ®æ¥­®ª ¨§ á«¥¤ãîé¨å «¥¬¬.

�¥¬¬  1. �ãáâì u0 2
�

V \ L�1(
), u0(x) � 0 ¯.¢. ¢ 
 ¨ ­  �; f1 2 Lp0
1
(0; T ;W�1

p0
1

(
));

f2 2 Lp0
2
(0; T ;W�1

p0
2

(�)): �®£¤  ¤«ï à¥è¥­¨ï § ¤ ç¨ (15){(16) ¯à¨ 8t0 2 !� á¯à ¢¥¤«¨¢ë  ¯à¨®à-

­ë¥ ®æ¥­ª¨

ky"(t0)kL�1 (
) + ky"(t0)kL�2 (�) � c; (17)

t0X
t=0

� [ky"(t)k
p1
�

W 1
p1
(
)

+ ky"(t)k
p2
�

W 1
p2
(�)
] � c; (18)

1
"

t0X
t=0

� [ky�" (t)k
q
Lq(
)

+ ky�" (t)k
q
Lq(�)

] � c: (19)

�¤¥áì c | ª®­áâ ­â , ­¥ § ¢¨áïé ï ®â � ¨ ¯ à ¬¥âà  ".

�®ª § â¥«ìáâ¢®. � à ¢¥­áâ¢¥ (16) ¯®«®¦¨¬ v(x) = ŷ"(t), ã¬­®¦¨¬ ¥£® ­  � ¨ ¯à®áã¬¬¨àã¥¬
¯® t ®â 0 ¤® t0 � � . � à¥§ã«ìâ â¥ ¯®«ãç¨¬

t0��X
t=0

�

Z



!1(ŷ"(t))� !1(y"(t))
�

ŷ"(t)dx+
t0��X
t=0

�

Z
�

!2(ŷ"(t)) � !2(y"(t))
�

ŷ"(t)ds+

+
t0��X
t=0

�hAŷ"(t); ŷ"(t)i+
t0��X
t=0

�hA�ŷ"(t); ŷ"(t)i� +
1
"

t0��X
t=0

�h�1ŷ"(t); ŷ"(t)i+
1
"

t0��X
t=0

�h�2ŷ"(t); ŷ"(t)i� =

=
t0��X
t=0

�hf1� ; ŷ"(t)i+
t0��X
t=0

�hf2� ; ŷ"(t)i�: (20)

�¢  ¯¥à¢ëå á« £ ¥¬ëå «¥¢®© ç áâ¨ à ¢¥­áâ¢  (20) ®æ¥­¨¬ á ¯®¬®éìî ­¥à ¢¥­áâ¢ ([3], «¥¬¬  2)

(!i(�)� !i(�))� � Ji(�)� Ji(�); i = 1; 2: (21)
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�á¯®«ì§ãï (21) ¨ (6), ¯®«ãç¨¬

t0��X
t=0

�

Z

i

!1(ŷ"(t))� !1(y"(t))
�

ŷ"(t)dx �
t0��X
t=0

�

Z

i

[Ji(ŷ"(t))� Ji(y"(t))]dx �

� c0iky"(t
0)k�iL�i (
i) � c4iku0(x)k

�i
L�i (
i)

� (c1i + c5i)mes(
i); i = 1; 2: (22)

� «¥¥, ¨á¯®«ì§ãï (10) ¨ (13), ¡ã¤¥¬ ¨¬¥âì

t0��X
t=0

�hAŷ"(t); ŷ"(t)i � �2

t0��X
t=0

�ky"(t)k
p1
�

W 1
p1
(
)

� �3mes(
)t0; (23)

t0��X
t=0

�hA�ŷ"(t); ŷ"(t)i� � 
2

t0��X
t=0

�ky"(t)k
p2
�

W 1
p2
(�)

� 
3mes(�)t
0: (24)

�à®¬¥ â®£®, § ¬¥â¨¬, çâ®

1
"

t0��X
t=0

�h�iŷ"(t); ŷ"(t)ii =
1
"

t0��X
t=0

�ky�" (t)k
q
Lq(
i)

; i = 1; 2; (25)

§¤¥áì ¨ ¢ ¤ «ì­¥©è¥¬ h; i1 = h; i, h; i2 = h; i�. �à ¢ãî ç áâì (20) ®æ¥­¨¬ á ¯®¬®éìî ­¥à ¢¥­áâ¢ 
��¥«ì¤¥à  ¨ "-­¥à ¢¥­áâ¢ , ¢ à¥§ã«ìâ â¥ ¯®«ãç¨¬

t0��X
t=0

�hf1�(t); ŷ"(t)i �
1

"
p0
1

1

t0��X
t=0

�kf1�(t)k
p0
1

W�1

p0
1

(
)
+ "p11

t0��X
t=0

�kŷ"(t)k
p1
�

W 1
p1
(
)
; (26)

t0��X
t=0

�hf2�(t); ŷ"(t)i� �
1

"
p0
2

2

t0��X
t=0

�kf2�(t)k
p0
2

W�1

p0
2

(�)
+ "p22

t0��X
t=0

�kŷ"(t)k
p2
�

W 1
p2
(�)
: (27)

�®¤áâ ¢«ïï (22){(27) ¢ (20), ¡ã¤¥¬ ¨¬¥âì

c01ky"(t0)k
�1
L�1 (
)

+ c02ky"(t0)k
�2
L�2 (�)

+ (�2 � "p11 )
t0��X
t=0

�kŷ"(t)k
p1
�

W 1
p1
(
)

+ (
2 � "p22 )
t0��X
t=0

�kŷ"(t)k
p2
�

W 1
p2
(�)

+

+
1
"

t0��X
t=0

� [kŷ�" (t)k
q
Lq(
)

+ kŷ�" (t)k
q
Lq(�)

] �
1

"
p0
1

1

t0��X
t=0

�kf1� (t)k
p0
1

W�1

p0
1

(
)
+

1

"
p0
2

2

t0��X
t=0

�kf2� (t)k
p0
2

W�1

p0
2

(�)
+ �t0:

�§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  á«¥¤ãîâ ®æ¥­ª¨ (17){(19).

�¥¬¬  2. �ãáâì q � p, u0 2
�

V \L�1(
), u0(x) � 0 ¯.¢. ¢ 
 ¨ ­  �, f1 2 Lq0(QT ), f2 2 Lq0(�T ).
�®£¤  ¤«ï à¥è¥­¨ï § ¤ ç¨ (15) � (16) ¨¬¥¥â ¬¥áâ®  ¯à¨®à­ ï ®æ¥­ª 

1
"q0

t0X
t=0

� [ky�" (t)k
q
Lq(
)

+ ky�" (t)k
q
Lq(�)

] � c 8t0 2 !� : (28)

�®ª § â¥«ìáâ¢®. � à ¢¥­áâ¢¥ (16) ¯®«®¦¨¬ v(x) = �ŷ�" (t), ã¬­®¦¨¬ ­  � ¨ ¯à®áã¬¬¨àã¥¬
¯® t ®â 0 ¤® t0 � � . � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì

t0��X
t=0

�

Z



!1(ŷ"(t))� !1(y"(t))
�

(�ŷ�" (t)) dx+
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+
t0��X
t=0

�

Z
�

!2(ŷ"(t)) � !2(y"(t))
�

(�ŷ�" (t)) ds +

+
t0��X
t=0

�hAŷ"(t);�ŷ�" (t)i+
t0��X
t=0

�hA�ŷ"(t);�ŷ�" (t)i� +

+
1
"

t0��X
t=0

�h�1ŷ"(t);�ŷ�" (t)i+
1
"

t0��X
t=0

�h�2ŷ"(t);�ŷ�" (t)i� =

=
t0��X
t=0

�hf1� ;�ŷ
�

" (t)i+
t0��X
t=0

�hf2� ;�ŷ
�

" (t)i�: (29)

�®ª ¦¥¬ á¯à ¢¥¤«¨¢®áâì ­¥à ¢¥­áâ¢

Ii =
t0��X
t=0

�

Z

i

!i(ŷ"(t))� !i(y"(t))
�

(�ŷ�" (t)) dx � 0; i = 1; 2: (30)

�®áª®«ìªã !i(0) = 0, â®, ª ª ­¥âàã¤­® ¯à®¢¥à¨âì, ¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ï

(!i(ŷ")� !i(y"))(�ŷ
�

" ) � Ji(�ŷ
�

" )� Ji(�y
�

" ); i = 1; 2:

�®íâ®¬ã
Ii � Ji(�ŷ�" (t

0))� Ji(�u�0 (x)); i = 1; 2:

�§ ¯®á«¥¤­¨å ­¥à ¢¥­áâ¢, ­¥®âà¨æ â¥«ì­®áâ¨ äã­ªæ¨®­ «®¢ Ji ¨ à ¢¥­áâ¢ Ji(�u
�

0 ) = 0 á«¥¤ã¥â
(30).

�®ª ¦¥¬, çâ®

t0��X
t=0

�hAŷ"(t)� ŷ�" (t)i � 0: (31)

�§¢¥áâ­® (­ ¯à., [4], á.47), çâ® ŷ�" 2
�

W 1
p1
(
), ¥á«¨ ŷ" 2

�

W 1
p1
(
), ¯à¨ç¥¬

@ŷ�"
@xi

= �
@ŷ"
@xi

¢ 
�(t) = fx 2 
 j ŷ"(x; t) < 0g

¨

@ŷ�"
@xi

= 0 ¢ 
+(t) = fx 2 
 j ŷ"(x; t) � 0g:

�®£¤ 
t0��X
t=0

�hAŷ"(t);�ŷ
�

" (t)i =
t0��X
t=0

�

Z

�

2X
i=1

ai(x;�ŷ
�

" )Ki(x;�rŷ
�

" )
@(�ŷ�" )
@xi

dx:

�§ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ¨ ãá«®¢¨ï (10) á«¥¤ã¥â (31). �­ «®£¨ç­® ¤®ª §ë¢ ¥âáï, çâ®

t0��X
t=0

�hA�ŷ";�ŷ
�

" i� � 0: (32)

� «¥¥, ­¥âàã¤­® ¢¨¤¥âì, çâ®

t0��X
t=0

�h�1ŷ"(t);�ŷ
�

" (t)i =
t0X
t=0

�ky�" (t)k
q
Lq(
)

;

t0��X
t=0

�h�2ŷ"(t);�ŷ�" (t)i� =
t0X
t=0

�ky�" (t)k
q
Lq(�)

:
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�§ íâ¨å à ¢¥­áâ¢ ¨ ­¥à ¢¥­áâ¢ (30){(32) ¡ã¤¥¬ ¨¬¥âì

1
"

t0X
t=0

�ky�" (t)k
q
Lq(
)

+
1
"

t0X
t=0

�ky�" (t)k
q
Lq(�)

�

�
t0X
t=0

�kf1�kLq0
1

(
)ky
�

" (t)kLq(
) +
t0X
t=0

�kf2�kLq0
1

(�)ky
�

" (t)kLq(�): (33)

�¬­®¦¨¬ ®¡¥ ç áâ¨ ­¥à ¢¥­áâ¢  (33) ­  1="q
0
�1, à¥§ã«ìâ â ¯à¥®¡à §ã¥¬ á ¯®¬®éìî ­¥à ¢¥­áâ¢ 

�­£ 

�
1�

"q1
q

� 1
"q0

t0X
t=0

�ky�" (t)kLq(
) +
�
1�

"q2
q

� 1
"q0

t0X
t=0

�ky�" (t)kLq(�) �

�
1

"q
0

1 q0

t0X
t=0

�kf1�k
q0

Lq0 (
)
+

1

"q
0

2 q0

t0X
t=0

�kf2�k
q0

Lq0 (�)
:

�§ ¯®á«¥¤­¥© ®æ¥­ª¨ ¯à¨ "qi < q á«¥¤ã¥â (28).

�¥¬¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï «¥¬¬ë 2. �®£¤  à¥è¥­¨¥ § ¤ ç¨ (15){(16) ã¤®¢«¥â¢®-
àï¥â ­¥à ¢¥­áâ¢ ¬

T�k�X
t=0

�

Z

i

[!i(y"(t+ k�))� !i(y"(t))][y"(t+ k�)� y"(t)]dx � ck� 8k = 1; 2; 3; : : : ;
T

�
; i = 1; 2:

(34)

�®ª § â¥«ìáâ¢®. � ¢¥­áâ¢® (16) ¯à®áã¬¬¨àã¥¬ ¯® t0 ®â t ¤® t + (k � 1)� , £¤¥ k | æ¥«®¥
ç¨á«® (1 � k � T

�
). � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì

1
�

Z



[!1(y"(t+ k�))� !1(y"(t))]v(x)dx +
1
�

Z
�

[!2(y"(t+ k�))� !2(y"(t))]v(s)ds +

+
kX

j=1

[hAy"(t+ j�); v(x)i + hA�y"(t+ j�); v(x)i� +
1
"
h�1y"(t+ j�); v(x)i +

1
"
h�2y"(t+ j�); v(x)i�] =

=
kX

j=1

[hf1� (t+ j�); v(x)i + hf2� (t+ j�); v(x)i�]:

� íâ®¬ à ¢¥­áâ¢¥ ¯®«®¦¨¬ v(x) = y"(t+ k�)� y", ã¬­®¦¨¬ ¥£® ­  � ¨, ¯à®áã¬¬¨à®¢ ¢ ¯® t ®â 0
¤® T � k� , ¯®«ãç¨¬

1
�

T�k�X
t=0

�

Z



[!1(y"(t+ k�))� !1(y"(t))][y"(t+ k�)� y"(t)]dx+

+
1
�

T�k�X
t=0

�

Z
�
[!2(y"(t+ k�))� !2(y"(t))][y"(t+ k�)� y"(t)]ds =

=
T�k�X
t=0

�

� kX
j=1

(�hAy"(t+ j�); y"(t+ k�)� y"(t)i �

�hA�y"(t+ j�); y"(t+ k�)� y"(t)i� �
1
"
h�1y"(t+ j�); y"(t+ k�)� y"(t)i �

�
1
"
h�2y"(t+ j�); y"(t+ k�)� y"(t)i� +

+hf1� ; y"(t+ k�)� y"(t)i+ hf2� ; y"(t+ k�)� y"(t)i�

�
: (35)
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�®ª ¦¥¬, çâ® ¯à ¢ ï ç áâì ¢ (35) ®£à ­¨ç¥­  ¢¥«¨ç¨­®© kc, £¤¥ c | ª®­áâ ­â , ­¥ § ¢¨áïé ï
®â h ¨ � . �«ï ¯¥à¢®£® á« £ ¥¬®£® ¨¬¥¥¬

I =
����
T�k�X
t=0

kX
j=1

�hAy"(t+ j�); y"(t+ k�)� y"(t)i
���� � �1

�
k�0T mes(
) +

+�1
kX

j=1

�T�k�X
i=0

�ky"(t+ k�)kp1�
W 1

p1
(
)

�1=p0
1
���T�k�X

t=0

�ky"(t+ k�)kp1�
W 1

p1
(
)

�1=p1

+

+
�T�k�X

t=0

�ky"(t)k
p1
�

W 1
p1
(
)

�1=p1�
:

�§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  ¨ ®æ¥­ª¨ (18) á«¥¤ã¥â

I � kc: (36)

�­ «®£¨ç­® ®æ¥­¨¢ îâáï ¨ ®áâ «ì­ë¥ á« £ ¥¬ë¥ ¯à ¢®© ç áâ¨ (35). �®íâ®¬ã ¨¬¥¥¬

1
�

T�k�X
i=0

�

Z



[!1(y"(t+ k�))� !1(y"(t))][y"(t+ k�)� y"(t)]dx+

+
1
�

T�k�X
t=0

�

Z
�

[!2(y"(t+ k�))� !2(y"(t))][y"(t+ k�)� y"(t)]ds � kc:

�âáî¤  ¢ á¨«ã ¬®­®â®­­®áâ¨ äã­ªæ¨© !i; i = 1; 2; ®ç¥¢¨¤­®, á«¥¤ãîâ ®æ¥­ª¨ (34).

�¡®§­ ç¨¬, ¤ «¥¥, ç¥à¥§ ��� y"(t) ¨ ��y"(t) ªãá®ç­®-¯®áâ®ï­­ë¥ ¨ ªãá®ç­®-«¨­¥©­ë¥ ¢®á¯®«-
­¥­¨ï ¯® t äã­ªæ¨¨ y"(t), ®¯à¥¤¥«¥­­®© ­  
� !� . �§ ®æ¥­®ª (17), (18) á«¥¤ã¥â, çâ® ¯®á«¥¤®¢ -

â¥«ì­®áâ¨ f��� y"(t)g ¨ f��y"(t)g à ¢­®¬¥à­® ®£à ­¨ç¥­ë ¯® � ¨ " ¢
�

V (0; T ) ¨ L1(0; T ;L�1(
)),
  ¯®á«¥¤®¢ â¥«ì­®áâ¨ á«¥¤®¢ íâ¨å äã­ªæ¨© ­  � à ¢­®¬¥à­® ®£à ­¨ç¥­ë ¢ L1(0; T ;L�2(�)).
�®íâ®¬ã ­ ©¤¥âáï äã­ªæ¨ï u 2W (0; T ) ¨ ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨ f� 0g; f"0g â ª¨¥, çâ®

��� 0y"0(t);�� 0y"0(t)* u ¢
�

V (0; T ); (37)

��� 0y"0(t);�� 0y"0(t)* u �-á« ¡® ¢ L1(0; T ;L�1(
)); (38)

��� 0y"0(t);�� 0y"0(t)* u �-á« ¡® ¢ L1(0; T ;L�2(�)): (39)

� «¥¥ ¨§ (37){(39) ¨ ®æ¥­ª¨ (34) á«¥¤ã¥â (á¬. «¥¬¬ã 2 ¢ [1]), çâ® ­ ©¤ãâáï ¯®¤¯®á«¥¤®¢ â¥«ì­®áâ¨
f� 00g, f"00g, ¤«ï ª®â®àëå ¯à¨ � 00; "00 ! 0 á¯à ¢¥¤«¨¢ë ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï

��� 00!1(y"00(t))! !1(u) ¢ L1(QT ); (40)

��� 00!2(y"00(t))! !2(u) ¢ L1(�T ); (41)

J1(�
�

� 00y"00(t))! J1(u) ¯.¢. ¢ QT ; (42)

J2(��� 00y"00(t))! J2(u) ¯.¢. ¢ �T : (43)

�§ ­¥¯à¥àë¢­®áâ¨ ¨ ¢§ ¨¬­®© ®¤­®§­ ç­®áâ¨ äã­ªæ¨© Ji(u),   â ª¦¥ ¨§ á®®â­®è¥­¨© (42), (43)
á«¥¤ã¥â

��� 00y"00(t)! u ¯.¢. ¢ QT ¨ ¢ �T : (44)

�, ­ ª®­¥æ, ãá«®¢¨ï (9), (12) ¨ ®æ¥­ª  (18) ®¡¥á¯¥ç¨¢ îâ áãé¥áâ¢®¢ ­¨¥ â ª¨å ¯®¤¯®á«¥¤®¢ -
â¥«ì­®áâ¥© f� 000g, f"000g; çâ®

��� 000Ki(x;ry"000)* Ki ¢ Lp0
1
(QT ); (45)

��� 000'
�@y"000(t)

@s

�
* ' ¢ Lp0

2
(�T ): (46)
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� ¤ «ì­¥©è¥¬ ¯®á«¥¤®¢ â¥«ì­®áâ¨ f� 000g, f"000g ¡ã¤¥¬ ®¡®§­ ç âì f�g, f"g.
�¥«ì ¯®á«¥¤ãîé¨å à ááã¦¤¥­¨©| ¤®ª § âì, çâ® ¯à¥¤¥«ì­ ï äã­ªæ¨ï u ï¢«ï¥âáï à¥è¥­¨¥¬

§ ¤ ç¨ (1){(3).

�¢¥¤¥¬ «¨­¥©­ë© äã­ªæ¨®­ « F� (y"(t)) á® §­ ç¥­¨¥¬ ­  í«¥¬¥­â¥ v 2
�

V

hF� (y"); vi� =
Z



!1t(y"(t))v dx+
Z
�

!2t(y"(t))v ds:

�®ª ¦¥¬, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨®­ «®¢ ��� F� (y"(t)) ®£à ­¨ç¥­  à ¢­®¬¥à­® ¯® � ¨ "

¢ ¯à®áâà ­áâ¢¥ (
�

V (0; T ))�.
�¬¥¥¬

k��� F� (y")k
(
�

V (0;T ))�
= sup

v2
�

V (0;T )

j
R T
0 h�

+
� !1t(y"); vidt +

R T
0 h�

+
� !2t(y"); vi�dtj

kvk
Lp1 (0;T ;

�

W 1
p1
(
))

+ kvk
Lp2 (0;T ;

�

W 1
p2
(�))

:

�ç¨âë¢ ï, çâ® y"(t) ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (15){(16), § ¯¨è¥¬ à ¢¥­áâ¢®����
Z T

0

h�+
� !1t(y"); vidt+

Z T

0

h�+
� !2t(y"); vi�dt

���� =
=
����
T��X
t=0

�

�Z



2X
i=1

ai(x; ŷ")Ki(x;rŷ")
@v�
@xi

dx+
Z
�
 (s; ŷ")'

�
@ŷ"
@s

�
@v�
@s

ds+

+
1
"

Z



�1ŷ"v�dx+
1
"

Z
�

�2ŷ"v�ds� hf1� ; v� i � hf2� ; v� i�

�����;
£¤¥ v� = 1

�

R t+�
t v(x; t)dt: � ¦¤®¥ á« £ ¥¬®¥ ¯à ¢®© ç áâ¨ ®æ¥­¨¬ á¢¥àåã, ¨á¯®«ì§ãï ­¥à ¢¥­áâ¢ 

��¥«ì¤¥à  ¨ ãá«®¢¨ï (8), (9), (12),

����
T��X
t=0

�

Z



2X
i=1

ai(x; ŷ")Ki(x;rŷ")
@v�
@xi

dx

���� �
� �1(�0T

1=p0
1(mes
)1=p

0

1 + �1

�T��X
t=0

�ky"(t)k
p1
�

W 1
p1
(
)

�1=p0
1

� kvk
Lp1 (0;T ;

�

W 1
p1
(
))

;

����
T��X
t=0

�

Z
�

 (s; ŷ")'
�
@ŷ"
@s

�
@v�
@s

ds

���� �
� �3

�

0T

1=p0
2(mes�)1=p

0

2 + 
1

�T��X
t=0

�ky"(t)k
p2
�

W 1
p2
(�)

�1=p2�
kvk

Lp2 (0;T ;
�

W 1
p2
(�))

;

����1"
T��X
t=0

�

Z

i

�iŷ"vi� dx

���� �
�
1
"q0

T��X
t=0

�ky�" (t)k
q
Lq(
i)

�1=q0

kvk
Lpi (0;T ;

�

W 1
p1
(
i))

;

����
T��X
t=0

�hfi� ; v� ii

���� � kfikLq(QiT )kvk
Lpi (0;T ;

�

W 1
p1
(
i))

; i = 1; 2:

�¤¥áì Q1T = QT ; Q2T = �T . �®«ãç¥­­ë¥ ­¥à ¢¥­áâ¢  ¨ ®æ¥­ª¨ (18), (28) ¯®§¢®«ïîâ ãâ¢¥à¦¤ âì,
çâ®

k�+
� F� (y")k

(
�

V (0;T ))�
� c: (47)

�§ ®æ¥­ª¨ (47) á«¥¤ã¥â, çâ® ­ ©¤¥âáï â ª®© í«¥¬¥­â F , çâ®

�+
� F� (y")* F ¢ (

�

V (0; T ))�: (48)
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�ëïá­¨¬ áâàãªâãàã ¯à¥¤¥«ì­®£® í«¥¬¥­â  F . �«ï íâ®£®, ¨á¯®«ì§ãï ä®à¬ã«ë áã¬¬¨à®¢ ­¨ï ¯®
ç áâï¬, § ¯¨è¥¬ ®ç¥¢¨¤­®¥ à ¢¥­áâ¢®Z T

0
h�+

� F� (y"); �i��
+
� z�dt =

Z T

0

�Z


�+
� !1t(y")� dx+

Z
�
�+
� !2t(y")� ds

�
�+
� z�dt =

=
Z T

0

�
�

Z


�+
� !1(y")� dx�

Z
�
�+
� !2(y")� ds

�
��� z��tdt�

Z


!1(u0(x))�z� (0)dx �

Z
�
!2(u0(x))�z� (0)ds;

£¤¥ � 2
�

V ; z(t) 2 C1(0; T ); z(T ) = 0 ¨ z�(t) = z(t) ¤«ï t 2 !� . �ç¨âë¢ ï á®®â­®è¥­¨ï (40), (41) ¨
(48), ¢ ¯®«ãç¥­­®¬ à ¢¥­áâ¢¥ ¯¥à¥©¤¥¬ ª ¯à¥¤¥«ã ¯à¨ �; "! 0. � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âìZ T

0
hF; �i�z(t)dt = �

Z T

0

�Z


!1(u)�(x)dx +

Z
�
!2(u)�(s)ds

�
dz

dt
dt�

�

Z


!1(u0(x))�(x)z(0)dx �

Z
�
!2(u0(x))�(s)z(0)ds: (49)

�ë¡¨à ï ¢ (49) z(t) 2 C10 (0; T ), ¯®«ãç¨¬ à ¢¥­áâ¢®Z T

0

hF; �i�z(t)dt = �

Z T

0

[
Z



!1(u)�(x)dx +
Z
�

!2(u)�(s)ds]
dz

dt
dt: (50)

� ¬¥â¨¬, çâ® hF; �i� 2 Lp(0; T ); £¤¥ p = minfp1; p2g. �§ (50) á«¥¤ã¥â, çâ® äã­ªæ¨ï hF; �i� ï¢«ï¥âáï
®¡®¡é¥­­®© ¯à®¨§¢®¤­®© ¯® t äã­ªæ¨¨

	(t) =
Z


!1(u)�(x)dx +

Z
�
!2(u)�(s)ds:

� ª¨¬ ®¡à §®¬, ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®Z T

0

hF; �i�z(t)dt =
Z T

0

d	(t)
dt

z(t)dt =
Z T

0

�(u; �)z(t)dt: (51)

�¡¥¤¨¬áï, çâ® u(x; 0) = u0(x). � íâ®© æ¥«ìî ¢ (51) ¢ë¡¥à¥¬ z(t) 2 C1(0; T ); z(T ) = 0 ¨ ¯à¥®¡à -
§ã¥¬ ¯à ¢ãî ç áâì á ¯®¬®éìî ä®à¬ã«ë ¨­â¥£à¨à®¢ ­¨ï ¯® ç áâï¬. �®«ãç¨¬ à ¢¥­áâ¢®Z T

0

hF; �i�z(t)dt = �

Z T

0

�Z



!1(u)�(x)dx +
Z
�

!2(u)�(s)ds
�
dz

dt
dt�

�

Z



!1(u(x; 0))�(x)z(0)dx �
Z
�

!2(u(x; 0))�(s)z(0)ds:

�à ¢­¨¢ ï ¯®«ãç¥­­®¥ à ¢¥­áâ¢® á (49), ¡ã¤¥¬ ¨¬¥âìZ



(!1(u(x; 0)) � !1(u0(x)))�(x)dx +
Z
�

(!2(u(x; 0)) � !2(u0(x)))�(s)ds = 0:

�§ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ �(x) ¨ ¢§ ¨¬­®© ®¤­®§­ ç­®áâ¨ äã­ªæ¨© !i(u)
á«¥¤ã¥â u(x; 0) = u0 ¯. ¢.

� «¥¥ ¤®ª ¦¥¬, çâ® äã­ªæ¨ï u(x; t) 2 K, â.¥. u(x; t) � 0 ¯. ¢. ¢ QT ¨ ¯. ¢. ¢ �T . �¥âàã¤­®
ã¡¥¤¨âìáï, çâ® ¨§ ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï (44) ¨ ®æ¥­ª¨ (19) á«¥¤ã¥â

��� y
�

" ! u� ¯.¢. ¢ QT ¨ ¢ �T ; (52)

��� y
�

" * 0 ¢ Lq(QT ); (53)

��� y
�

" * 0 ¢ Lq(�T ): (54)

�§ (52){(54) ¯®«ãç ¥¬ (á¬. «¥¬¬ã 1.19 ¢ [5]), çâ® u� = 0 ¯. ¢. ¢ QT ¨ �T , â.¥. u 2 K:
�®ª ¦¥¬, çâ® äã­ªæ¨ï u ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã (3). � íâ®© æ¥«ìî ¢ (16) ¯®«®¦¨¬

v� (x) = ŷ" � ẑ� , £¤¥ z� | á­®á ¢ â®çª¨ á¥âª¨ !̂� äã­ªæ¨¨ z(x; t) 2 C10 (QT ) ¨ z(x; t) � 0 ¯. ¢.
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¢ QT ¨ �T . �®«ãç¥­­®¥ à ¢¥­áâ¢®, ¨á¯®«ì§ãï ªãá®ç­®-¯®áâ®ï­­ë¥ ¢®á¯®«­¥­¨ï, § ¯¨è¥¬ ¤«ï
¯à®¨§¢®«ì­®£® t. �¥§ã«ìâ â ¯à®¨­â¥£à¨àã¥¬ ¯® ®âà¥§ªã [0; t1]

Z t1

0

�Z


�+
� !1t(y")�

�

� (ŷ" � ẑ� )dx+
Z
�
�+
� !2�(y")�

�

� (ŷ" � ẑ� )ds+

+
Z



2X
i=1

��� ai(x; y")�
�

� Ki(x;ry")���
@(ŷ" � ẑ� )

@xi
dx+

+
Z
�

���  (s; ŷ")�
�

� '

�
@ŷ"
@s

�
���

@(ŷ" � ẑ� )
@s

ds+

+
1
"
h��� �1ŷ";�

�

� (ŷ" � ẑ�)i+
1
"
h��� �2ŷ";�

�

� (ŷ" � ẑ� )i�

�
dt =

=
Z t1

0

[h��� f1� ;�
�

� (ŷ" � ẑ�)i+ h��� f2� ;�
�

� (ŷ" � ẑ� )i�]dt:

(55)

�á¯®«ì§ãï (21), ¯®«ãç¨¬

Z t1

0

Z

i

�+
� !it(y")�

�

� ŷ"dx dt �
1
�

Z t1

t1��

Z

i

Ji(��� y")dx dt�
Z

i

Ji(u0)dx �

�

Z

i

Ji(��y"(t1))dx�
Z

i

Ji(u0(x))dx; i = 1; 2: (56)

�®á«¥¤­¥¥ ­¥à ¢¥­áâ¢® ¢ (56) á«¥¤ã¥â ¨§ ¢ë¯ãª«®áâ¨ Ji(u) (á¬. [6]). � «¥¥, ¢®á¯®«ì§®¢ ¢è¨áì
ãá«®¢¨¥¬ (11), ¡ã¤¥¬ ¨¬¥âì

Z t1

0

Z



2X
i=1

��� ai(x; y")�
�

� Ki(x;ry")���
@(ŷ" � ẑ� )

@xi
dx dt �

�

Z t1

0

Z



2X
i=1

��� ai(x; y")�
�

� Ki(x;rz� )�
�

�

@(ŷ" � ẑ�)
@xi

dx dt: (57)

�­ «®£¨ç­® ¯®«ãç ¥¬ ®æ¥­ªã

Z t1

0

Z
�

���  (s; ŷ")�
�

� '

�
@ŷ"
@s

�
���

@(ŷ" � ẑ� )
@s

ds dt �

�

Z t1

0

Z
�

���  (s; ŷ")�
�

� '

�
@ẑ�
@s

�
���

@(ŷ" � ẑ� )
@s

ds dt: (58)

� á¨«ã ¬®­®â®­­®áâ¨ ®¯¥à â®à®¢ �i ¨ ­¥®âà¨æ â¥«ì­®áâ¨ z� ¨¬¥îâ ¬¥áâ® ­¥à ¢¥­áâ¢ 

Z t1

0

1
"
h��� �iŷ";�

�

� (ŷ" � ẑ� )ii dt � 0: (59)

�®¤áâ ¢«ïï (56){(59) ¢ (55), ¯®«ãç¨¬

Z


(J1(��y"(t1))� J1(u0(x)))dx+

Z
�
(J2(��y"(t1))� J2(u0(x)))ds +
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+
Z t1

0

Z



2X
i=1

��� ai(x; y")�
�

� Ki(x;rz� )���
@(ŷ" � ẑ�)

@xi
dx+

+
Z t1

0

Z
�

���  (s; ŷ")�
�

� '

�
@ẑ�
@s

�
���

@(ŷ" � ẑ� )
@s

ds dt�

�

Z t1

0

Z



�+
� !1t(y")�

�

� ẑ�dx dt�

Z t1

0

Z
�

�+
� !2t(y")�

�

� ẑ�ds dt �

�

Z t1

0
h��� f1� ;�

�

� (ŷ" � ẑ� )idt+
Z t1

0
h��� f2� ;�

�

� (ŷ" � ẑ� )i�dt:

� ¯®á«¥¤­¥¬ ­¥à ¢¥­áâ¢¥ ¯¥à¥©¤¥¬ ª ¯à¥¤¥«ã ¯à¨ "; � ! 0

I(t1) =
Z t1

0

�
hf1; u� zi+ hf2; u� zi� +

+�(u; z) �
Z



2X
i=1

ai(x; u)Ki(x;rz)
@(u � z)
@xi

dx�

�

Z
�

 (s; u)'
�
@z

@s

�
@(u� z)

@s
ds

�
dt � lim

";�!0

Z



J1(��y"(t1))dx +

+ lim
";�!0

Z
�

J2(��y"(t1))ds�
Z



J1(u0(x))dx�
Z
�

J2(u0(s))ds: (60)

�ç¥¢¨¤­®, (60) ¡ã¤¥â á¯à ¢¥¤«¨¢ë¬ ¨ ¤«ï «î¡®© äã­ªæ¨¨ z(x; t) 2
�

V (0; t). �¥à ¢¥­áâ¢® (60)
ã¬­®¦¨¬ ­  1=� (� = const > 0), ¯à®¨­â¥£à¨àã¥¬ ¯® t1 ®â T � � ¤® T ¨ ¯¥à¥©¤¥¬ ª ¯à¥¤¥«ã ¯à¨
�! 0. � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì

lim
�!0

1
�

Z T

T��

I(t1)dt1 � lim
�!0

1
�

Z T

T��

�
lim
";�!0

Z



J1(��y"(t1))dx+

+ lim
";�!0

Z
�

J2(��y"(t1))ds
�
dt1 �

Z



J1(u0(x))dx �
Z
�

J2(u0(s))ds: (61)

� ¬¥â¨¬, çâ® ¨§ ¢ë¯ãª«®áâ¨ ¨ ­¥¯à¥àë¢­®áâ¨ Ji(�); i = 1; 2; á«¥¤ã¥â á« ¡ ï ¯®«ã­¥¯à¥àë¢­®áâì
á­¨§ã ­  L1(0; T ;L�i(
i)) äã­ªæ¨®­ «®¢

R T
T��

R

i
Ji(�)dx dt. �®íâ®¬ã

Z T

T��
lim
";�!0

Z

i

Ji(��y"(t1))dx dt1 �
Z T

T��

Z

i

Ji(u(t))dx dt:

�¥¢ãî ç áâì (61) ¯à¥®¡à §ã¥¬ á ¯®¬®éìî â¥®à¥¬ë ® áà¥¤­¥¬. � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì

I(T ) � lim
�!0

1
�

Z T

T��

�Z



J1(u)dx+
Z
�

J2(u)ds
�
dt�

Z



J1(u0(x))dx �
Z
�

J2(u0(x))ds: (62)

�«¥¤ãï «¥¬¬¥ 1.5 ¨§ [7], ­¥âàã¤­® ã¡¥¤¨âìáï ¢ á¯à ¢¥¤«¨¢®áâ¨ à ¢¥­áâ¢ 

Z T

0
�(u; u)dt = lim

�!0

1
�

Z T

T��

�Z


J1(u)dx+

Z
�
J2(u)ds

�
dt�

�

Z


J1(u0(x))dx �

Z
�
J2(u0(x))ds:
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�ç¨âë¢ ï ¥£®, § ¯¨è¥¬ ­¥à ¢¥­áâ¢® (62) ¢ ¢¨¤¥
Z T

0

�
�(u; u� z) +

Z



2X
i=1

ai(x; u)Ki(x;rz)
@(u � z)
@xi

dx+

+
Z
�
 (s; u)'

�
@z

@s

�
@(u� z)

@s
ds

�
dt �

Z T

0
[hf1; u� zi+ hf2; u� zi�]dt: (63)

� «¥¥, áâ ­¤ àâ­ë¬ ®¡à §®¬ ¤®ª §ë¢ ¥âáï, çâ® ¨§ (63) á«¥¤ã¥â ­¥à ¢¥­áâ¢® (3). � ª¨¬ ®¡à §®¬,
¤®ª § ­ 

�¥®à¥¬ . �ãáâì p = min(p1; p2), äã­ªæ¨¨ !i, ai, Ki, ',  (i = 1; 2) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

(4){(14). �®£¤  ¤«ï «î¡ëå äã­ªæ¨© f1 2 Lp0(QT ); f2 2 Lp0(�T ); u0 2
�

V \ L�1(
) ¨ u0(x) � 0 ¯. ¢.

¢ 
 ¨ ­  � áãé¥áâ¢ã¥â å®âï ¡ë ®¤­® à¥è¥­¨¥ § ¤ ç¨ (1){(3).

�¨â¥à âãà 
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