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� ¯®á«¥¤­¨¥ £®¤ë ­ ¬¥â¨«áï ãáâ®©ç¨¢ë© ¨­â¥à¥á ª ®¯¨á ­¨î áâ â¨ç¥áª¨å ¨ ¤¨­ ¬¨ç¥áª¨å
ï¢«¥­¨© ¢ á¨áâ¥¬ å á®áâ ¢­®£® â¨¯  (¢ ¬¥å ­¨ç¥áª®¬ ª®­â¥ªáâ¥ à¥çì ¬®¦¥â ¨¤â¨, ­ ¯à¨¬¥à,
® ª®«¥¡ ­¨ïå ª®­áâàãªæ¨¨, á®áâ ¢«¥­­®© ¨§ áâàã­ ¨ ¬¥¬¡à ­). �à®áâ¥©è¨© ¯à¨¬¥à â ª®£® â¨-
¯  ¡ë« p áá¬®âà¥­ �.�ãà ­â®¬ [1] ¥é¥ ¢ 30-¥ £®¤ë, á¨áâ¥¬ â¨ç¥áª¨¥ ¦¥ ¨áá«¥¤®¢ ­¨ï ¢ íâ®¬
­ ¯à ¢«¥­¨¨ ­ ç «¨áì áà ¢­¨â¥«ì­® ­¥¤ ¢­®.

�á­®¢­ ï âàã¤­®áâì ¢ ¨§ãç¥­¨¨ ã¯®¬ï­ãâëå á¨áâ¥¬ á®áâ®¨â ¢ â®¬, çâ® á £¥®¬¥âà¨ç¥áª®©
â®çª¨ §à¥­¨ï ®­¨ ­¥ ï¢«ïîâáï ¬­®£®®¡à §¨ï¬¨. �ãé¥áâ¢ãîâ ¤¢  á¯®á®¡  ®¡®©â¨ íâã âàã¤-
­®áâì. �¤¨­ ¨§ ­¨å ¯à¨­ ¤«¥¦¨â ¬ â¥¬ â¨ª ¬ ¨§ � ¯ ¤­®© �¢à®¯ë (G. Lumer, S.Nicaise, F. Ali
Mehmeti, J. von Below) ¨ ¯®¤à®¡­® ®¯¨á ­ ¢ [2]. �â®à®© á¯®á®¡ | ¢ á«ãç ¥, ª®£¤  á¨áâ¥¬  £¥®¬¥-
âà¨ç¥áª¨ ¯à¥¤áâ ¢«ï¥â á®¡®© £à ä, | ¡ë« à §à ¡®â ­ �.�.�®ª®à­ë¬ [3], [4], ¢ ¬­®£®¬¥à­®¬
¢ à¨ ­â¥ |  ¢â®à ¬¨ [5]{[10].

� ¤ ­­®© áâ âì¥ ¤«ï ãà ¢­¥­¨ï 4-£® ¯®àï¤ª  ­  ¬­®¦¥áâ¢ å, á®áâ ¢«¥­­ëå ¨§ ª®­¥ç­®£® ç¨-
á«  ¬­®£®®¡à §¨© (áâà â¨ä¨æ¨à®¢ ­­ëå ¬­®¦¥áâ¢ å), ®¡®á­®¢ë¢ ¥âáï ¬¥â®¤ �ãàì¥. � ¬ ã¤®¡­®
¯à¨¤¥à¦¨¢ âìáï ¢â®à®£® ¨§ ã¯®¬ï­ãâëå ¢ëè¥ ¯®¤å®¤®¢, ®á­®¢ ­­®£® ­  ¢¢¥¤¥­¨¨ ­  áâà â¨ä¨-
æ¨à®¢ ­­®¬ ¬­®¦¥áâ¢¥  ­ «®£  ª« áá¨ç¥áª®© ¤¨¢¥à£¥­æ¨¨. � ¤¨  ¢â®­®¬­®áâ¨ áâ âì¨ ®áâ ­®-
¢¨¬áï ­  ­¥ª®â®àëå ¤¥â «ïå íâ®£® ¯®¤å®¤ .

�á¯®¬®£ â¥«ì­ë¥ á¢¥¤¥­¨ï. � ª ¨ ¢ æ¨â¨à®¢ ­­ëå ¢ëè¥ à ¡®â å, áâà âë, á®áâ ¢«ïîé¨¥
áâà â¨ä¨æ¨à®¢ ­­®¥ ¬­®¦¥áâ¢® 
 � Rn, áç¨â îâáï £« ¤ª¨¬¨ ¯®¤¬­®£®®¡à §¨ï¬¨ Rn ¨ ®¡®§­ -
ç îâáï �ki (k | à §¬¥à­®áâì, i | ­®¬¥à). �à¨¬ëª ­¨¥ áâà â  �ki ª �mj (m > k) § ¯¨áë¢ ¥âáï
¢ ¢¨¤¥ �ki � �mj. � «¥¥ áç¨â ¥âáï â ª¦¥, çâ® § ¬ëª ­¨¥ ª ¦¤®£® �ki ª®¬¯ ªâ­®.

�¥à¥§ 
0 ®¡®§­ ç¨¬ ®âªàëâ®¥ á¢ï§­®¥ (¢ â®¯®«®£¨¨ 
, ¨­¤ãæ¨à®¢ ­­®© ¨§Rn) ¯®¤¬­®¦¥áâ¢®

, á®áâ ¢«¥­­®¥ ¨§ ¥£® áâà â®¢, § ¬ëª ­¨¥ ª®â®à®£® á®¢¯ ¤ ¥â á 
. �®£¤  ¬­®¦¥áâ¢® @
0 = 
n
0

ï¢«ï¥âáï £à ­¨æ¥© 
0 ¢ ãª § ­­®© â®¯®«®£¨¨.
� ¦¤ë© áâà â �ki (k � 0) ¬®¦¥â à áá¬ âà¨¢ âìáï ª ª à¨¬ ­®¢® ¬­®£®®¡à §¨¥ á ¬¥âà¨ª®©

(g��), ¨­¤ãæ¨à®¢ ­­®© ­  �ki ¨§ Rn. �¯à¥¤¥«¨¬ ®¯¥à â®à ¤¨¢¥à£¥­æ¨¨ ­  £« ¤ª¨å ª á â¥«ì­ëå
¢¥ªâ®à­ëå ¯®«ïå ~F ­  
0 (â. ¥. ~F (x) ¯à¨­ ¤«¥¦¨â ª á â¥«ì­®¬ã ¯à®áâà ­áâ¢ã Tx�ki ¯à¨ x 2 �ki
¤«ï «î¡ëå k, i) á®®â­®è¥­¨¥¬

(r~F )(x) =
1p
g

@

@y�
(
p
gg��F�)(x) +

X
�kj��k�1i

1p
gkk

gk�F�

���
kj
(x): (1)

�¤¥áì x 2 �k�1i, F� | ª®¢ à¨ ­â­ë¥ ª®¬¯®­¥­âë ~F . �®ª «ì­ë¥ ª®®à¤¨­ âë ¢¡«¨§¨ x ®¯à¥¤¥-
«ïîâáï â®«ìª® ­  �k�1i ¨ ­  ¢á¥å �kj � �k�1i, ¯à¨ç¥¬ ¤¥« ¥âáï íâ® ®â¤¥«ì­® ¤«ï ª ¦¤®© ¯ àë
(�k�1i;�kj) ª ª ­  ¬­®£®®¡à §¨¨ á ªà ¥¬ (�k�1i | ç áâì ªà ï �kj), â ª çâ® yk � 0 ­  �k�1i ¨
yk > 0 ­  �kj .

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâ 01-01-00417).
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� «¥¥ ç¥à¥§ u
��
kj
¢á¥£¤  ®¡®§­ ç ¥âáï ¯à®¤®«¦¥­¨¥ ¯® ­¥¯à¥àë¢­®áâ¨ ­  �kj áã¦¥­¨ï u ­ 

�kj . �¥à¢®¥ á« £ ¥¬®¥ ¢ (1) á®¢¯ ¤ ¥â á ª« áá¨ç¥áª®© (k � 1)-¬¥à­®© ¤¨¢¥à£¥­æ¨¥© rk�1
~F ¢

â®çª¥ x 2 �k�1i (0-¬¥à­ë© ª« áá¨ç¥áª¨© ®¯¥à â®à ¤¨¢¥à£¥­æ¨¨ áç¨â ¥¬ ­ã«¥¢ë¬),   ¢â®à®¥
¯à¥¤áâ ¢«ï¥â á®¡®© áã¬¬ã áª «ïà­ëå ¯à®¨§¢¥¤¥­¨© (~F � ~�)��

kj
(x), £¤¥ ~� | ¥¤¨­¨ç­ ï ­®à¬ «ì ¢

â®çª¥ x, ­ ¯à ¢«¥­­ ï ¢­ãâàì �kj . � ª¨¬ ®¡à §®¬, ä®à¬ã«ã (1) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

(r~F )(x) = (rk�1
~F )(x) +

X
�kj��k�1i

(~F � ~�)
���
kj
(x):

�¯à¥¤¥«¨¬ ª« áá Cm
� (
0) äã­ªæ¨© u : 
0 ! R, m à § ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ëå ­  ª -

¦¤®¬ áâà â¥, ª ª ­  ¬­®£®®¡à §¨¨, ¯à¨ç¥¬ ¨å ¯à®¨§¢®¤­ë¥ (m� 1)-£® ¯®àï¤ª  ¤®¯ãáª îâ ¯à®-
¤®«¦¥­¨¥ ¯® ­¥¯à¥àë¢­®áâ¨ ¢ áâà âë �k�1i � �kj , ­¥ ¢å®¤ïé¨¥ ¢ @
0, ¨  ­ «®£¨ç­ë© ¥¬ã ª« áá
äã­ªæ¨© Cm

� (
). �ª ¦¥¬ â¥¯¥àì, çâ® ª á â¥«ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ £« ¤ª®, ¥á«¨ ¥£® ª®¬¯®­¥­âë
¯à¨­ ¤«¥¦ â ¬­®¦¥áâ¢ã C1

�(
0).
�¡®§­ ç¨¢ ç¥à¥§ ru £à ¤¨¥­â u, § ¬¥â¨¬, çâ® ¯à¨ u 2 C2

�(
0) ®¯à¥¤¥«¥­ ®¯¥à â®à �u =
r(ru), ª®â®àë© ï¢«ï¥âáï  ­ «®£®¬ ®¡ëç­®£® ®¯¥à â®à  � ¯« á {�¥«ìâà ¬¨. � àï¤ã á � ¡ã¤¥¬
à áá¬ âà¨¢ âì ®¯¥à â®à �p = r(pr) ¯à¨ p 2 C1

�(
0), â. ¥.

(�pu)(x) = rk�1(pru)(x) + (pru)~�(x);
£¤¥

(pru)~�(x) =
X

�kj��k�1i

�
p
@u

@�

���
kj

�
(x) (2)

|  ­ «®£ ­®à¬ «ì­®© ¯à®¨§¢®¤­®©.
�á«¨ áã¦¥­¨¥ äã­ªæ¨¨ f : 
! R ­  ª ¦¤ë© áâà â ï¢«ï¥âáï à ¢­®¬¥à­® ­¥¯à¥àë¢­®© äã­ª-

æ¨¥© (­¥ ï¢«ïïáì, ¢®®¡é¥ £®¢®àï, ­¥¯à¥àë¢­®© ¢ æ¥«®¬ ­  
), â® ¡ã¤¥¬ ­ §ë¢ âì ¥e ¯®áâà â­®
­¥¯à¥àë¢­®©. �­®¦¥áâ¢® â ª¨å äã­ªæ¨© ®¡®§­ ç¨¬ C�(
). �«ï äã­ªæ¨© ¨§ C�(
) ®¯à¥¤¥«¨¬
¨­â¥£à « Z


0

f d� =
X

�ki�
0

Z
�ki

f d�;

£¤¥ ¢ ¯à ¢®© ç áâ¨ áâ®ïâ ®¡ëç­ë¥ ¨­â¥£à «ë �¨¬ ­  ¯® áâ ­¤ àâ­®© ¬¥à¥ ­  ª ¦¤®¬ áâà â¥.
�®à¬ã«®© hf; gi� =

R

0

fg d� § ¤ ¥âáï áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ ­  C�(
). �¯à¥¤¥«ï¥¬ ï ¨¬ ­®à¬ 

®¡®§­ ç ¥âáï ç¥à¥§ k � k�. �¥¯¥àì ¬®¦¥¬ ¢¢¥áâ¨ ­®¢®¥ ¯à®áâà ­áâ¢® L2�(
0) | ¯®¯®«­¥­¨¥ C�(
)
¯® ­®à¬¥ k � k�.

�¢¥¤¥¬ ¥é¥ ­¥áª®«ìª® äã­ªæ¨®­ «ì­ëå ¯à®áâà ­áâ¢:

C(
0) | ª« áá äã­ªæ¨© u : 
0 ! R, ­¥¯à¥àë¢­ëå ­  
0, ¨  ­ «®£¨ç­ë© ¥¬ã ª« áá
äã­ªæ¨© C(
);
Cm(
0) = Cm

� (
0) \ C(
0) ¨  ­ «®£¨ç­ë© ¥¬ã ª« áá äã­ªæ¨© Cm(
).

� á¯¥ªâà¥ ¤¨ää¥à¥­æ¨ «ì­®£® ®¯¥à â®à  4-£® ¯®àï¤ª  L ­  
 (áâ æ¨®­ à­ë© á«ãç ©). � á-
á¬®âà¨¬ ­  C4(
) ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à

Lu = �p(r�p)u��qu+ ku;

k(x) 2 L2�(
0), k(x) � 0; r 2 C2
�(
0), q 2 C1

�(
0) câà®£® ¯®«®¦¨â¥«ì­ë;   â ª¦¥ § ¤ çã

Lu(x) = �u(x); x 2 
0; (3)

(pru)~�(x) = 0; x 2 
 n �k; (4)

u(x) = (pru)~�(x) = 0; x 2 @
0; (5)

£¤¥ ¢ (4) áâ®¨â áã¬¬ ,  ­ «®£¨ç­ ï (2), ®¤­ ª® ¯®¤ ¥e §­ ª®¬ ®âáãâáâ¢ãîâ áâà âë, ¢å®¤ïé¨¥
¢ @
0. �¥è¥­¨¥¬ ªà ¥¢®© § ¤ ç¨ ¢¨¤  (3){(5) ¢ á«ãç ¥, ª®£¤  
 � R2, ï¢«ï¥âáï  ¬¯«¨âã¤­ ï
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äã­ªæ¨ï á¢®¡®¤­ëå ª®«¥¡ ­¨© ­ âï­ãâ®© ¯« áâ¨­ç â®-áâ¥à¦­¥¢®© á¨áâ¥¬ë1, ¯®¬¥é¥­­®© ­ 
ã¯àã£®¥ ®á­®¢ ­¨¥. �á«®¢¨¥ (4) ¢ íâ®© á¨âã æ¨¨ ®§­ ç ¥â, çâ® áâ¥à¦­¨ ¨ ¯« áâ¨­ë ¦¥áâª® á®-
ç«¥­¥­ë ¤àã£ á ¤àã£®¬, ¯®íâ®¬ã ¡ã¤¥¬ ­ §ë¢ âì ¥£® ãá«®¢¨¥¬ ¦¥áâª®áâ¨. � ®¡é¥¬ á«ãç ¥ ®­®
§ ¯à¥é ¥â ¯®¢®à ç¨¢ âìáï ¤àã£ ®â­®á¨â¥«ì­® ¤àã£  í«¥¬¥­â ¬ á®¯àï¦¥­¨ï áâà â¨ä¨æ¨à®¢ ­-
­®© ª®­áâàãªæ¨¨, ª ª íâ® ¬®£«® ¡ë ¯à®¨áå®¤¨âì ¯à¨ è à­¨à­®¬ á®¥¤¨­¥­¨¨.

� «¨ç¨¥ ç«¥­  �qu ¢ ãà ¢­¥­¨¨ (3), á¢ï§ ­­®£® á ­ âï¦¥­¨¥¬ á¨áâ¥¬ë, ¨«¨ ç«¥­  ku, ¯®-
ª §ë¢ îé¥£® ­ «¨ç¨¥ ã¯àã£®£® ®á­®¢ ­¨ï, ®¡ëç­® ®¡ãá«®¢«¥­® â¥¬, çâ® ¯à¨ ¨å ®âáãâáâ¢¨¨
á¨áâ¥¬  ¬®¦¥â ®ª § âìáï áâ â¨ç¥áª¨ ­¥®¯à¥¤¥«¥­­®©,   § ¤ ç  (3){(5) | ¢ëà®¦¤¥­­®©, ª ª
¯®ª § ­® ¢ à ¡®â å [3], [12]. �à ¢¤ , ¢ ­ è¥¬ á«ãç ¥ ¨¬¥¥âáï ¥é¥ ãá«®¢¨¥ ¦¥áâª®áâ¨, ª®â®à®¥
á®åà ­ï¥â ã¯®¬ï­ãâãî áâ â¨ç¥áªãî ®¯à¥¤¥«¨¬®áâì ¯à¨ k � q � 0. �® ¤ ¦¥ ¯¥à¥ç¨á«¥­­ëå âà¥å
ãá«®¢¨© ­¥¤®áâ â®ç­® ¤«ï ®¤­®§­ ç­®© à §à¥è¨¬®áâ¨ § ¤ ç¨ (3){(5); âà¥¡ã¥âáï ¥é¥ ãá«®¢¨¥ â ª
­ §ë¢ ¥¬®© ¯à®ç­®áâ¨ ¬­®¦¥áâ¢  
.

� §®¢¥¬ 
 ¯à®ç­ë¬, ¥á«¨ «î¡®© áâà â �ki � 
0 ¬®¦­® á®¥¤¨­¨âì á ­¥ª®â®àë¬ áâà â®¬
�mj � @
0 á¢ï§­®© æ¥¯®çª®© áâà â®¢ �k1m1

; : : : ; �kpmp
, ®¡« ¤ îé¨å á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨:

�k1m1
= �ki, �kpmp

= �mj ;
�kqmq

� 
0 ¤«ï «î¡®£® q, 1 < q < p;
¤«ï «î¡®£® q, 1 � q � p, «¨¡® �kqiq � �kq+1iq+1 , «¨¡® �kqiq � �kq+1iq+1 ;
jkq+1 � kqj = 1 ¤«ï «î¡®£® q, 1 � q � p.

�®¤®¡­®£® à®¤  ãá«®¢¨¥ ¨¬¥¥âáï ¢ à ¡®â å [5], [6]. � ¯à¨¢¥¤¥­­®© ä®à¬¥ íâ® ãá«®¢¨¥ áä®à¬ã«¨-
à®¢ ­® ¢ [13], ¢áî¤ã ¤ «¥¥ ®­® ¯à¥¤¯®« £ ¥âáï ¢ë¯®«­¥­­ë¬.

�«¥¤ãîé ï «¥¬¬  (ä®à¬ã«  �à¨­  ¤«ï ®¯¥à â®à  L) ¤®ª § ­  ­  ®á­®¢¥ à¥§ã«ìâ â®¢, ¯®-
«ãç¥­­ëå ¢ [14].

�¥¬¬  1. �ãáâì w 2 C4
�(
), v 2 C2

rg(
0) | ¯à®áâà ­áâ¢® äã­ªæ¨© ¨§ C2(
), ã¤®¢«¥â¢®-
àïîé¨å ãá«®¢¨î ¦¥áâª®áâ¨ (4). �®£¤ 
Z

0

vLw d� =
Z

0

(kvw + qrvrw + r�pv�pw)d� +

+
Z
@
0

v(qrw)~�d��
Z
@
0

[v(pr(r�pw))~� � r�pw(prv)~� ]d�: (6)

�®¡áâ¢¥­­ë¬ §­ ç¥­¨¥¬ L, á®®â¢¥âáâ¢ãîé¨¬ á®¡áâ¢¥­­®¬ã í«¥¬¥­âã u 2
�

H2(
0), ­ §ë¢ ¥âáï

ç¨á«® �, ã¤®¢«¥â¢®àïîé¥¥ ¤«ï «î¡®£® � 2
�

H2(
0) à ¢¥­áâ¢ã hLu; �i� = �hu; �i�, ¨­¤ãæ¨à®¢ ­-
­®¬ã ä®à¬ã«®© (6).

�à®áâà ­áâ¢®
�

H2(
0) ¯®«ãç ¥âáï ¯®¯®«­¥­¨¥¬
�

C2
rg(
0) (¯®¤¬­®¦¥áâ¢  C2

rg(
0)), ®¡à §®¢ ­-
­®£® ä¨­¨â­ë¬¨ ­  
0 äã­ªæ¨ï¬¨, ¯® ­®à¬¥ kuk2 =

p
(u; u), ¯®à®¦¤e­­®© áª «ïà­ë¬ ¯à®¨§¢¥-

¤¥­¨¥¬

(u; v) =
Z

0

(r�pu�pv + qrurv + kuv)d�:

�¥®à¥¬  1. �¯¥ªâà «ì­ ï § ¤ ç  (3){(5) ¨¬¥¥â áç¥â­®¥ ¬­®¦¥áâ¢® à¥è¥­¨© � = �k, u =

uk(x), k = 1; 2; : : : , ¢ ¯à®áâà ­áâ¢¥
�

H2(
0), ª ¦¤®¥ ¨§ ª®â®àëå ¢¥é¥áâ¢¥­­® ¨ ¨¬¥¥â ª®­¥ç­ãî

ªà â­®áâì. �®¡áâ¢¥­­ë¥ §­ ç¥­¨ï �k ¬®¦­® à á¯®«®¦¨âì ¢ ¯®àï¤ª¥ ¨å ¢®§à áâ ­¨ï: 0 < �1 �
�2 � � � � � �n � � � � , �n !1. C®¡áâ¢¥­­ë¥ äã­ªæ¨¨ fuk(x)g ®¡à §ãîâ ¡ §¨á ¢ L2�(
0) ¨

�

H2(
0),
®àâ®­®à¬¨à®¢ ­­ë© ¢ L2�(
0) ¨ ®àâ®£®­ «ì­ë© ¢ á¬ëá«¥ áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï ( ; ).

�¨­ ¬¨ª : ¯®áâ ­®¢ª  § ¤ ç¨. �¯à¥¤¥«¨¬QT ª ª áâà â¨ä¨æ¨à®¢ ­­ë© æ¨«¨­¤à, á®áâ®ïé¨©
¨§ áâà â®¢ �Tij = �ij � (0; T ). �á­®¢­®© ¨­â¥à¥á ¯à¥¤áâ ¢«ï¥â ­ å®¦¤¥­¨¥ äã­ªæ¨¨ u(x; t) ¢

1�®áâ ­®¢ª  § ¤ ç¨ ­  ¬®¤¥«ì­®¬ ¯à¨¬¥à¥ ¨¬¥¥âáï ¢ ([11], £«. 3).
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æ¨«¨­¤à¥ QT = 
� (0; T ), ã¤®¢«¥â¢®àïîé¥© âà¥¡®¢ ­¨ï¬

Lu+ utt = f(x; t); (7)

(pru)~�(x; t) = 0; (x; t) 2 QT n �Tk ; (8)

u(x; 0) = '(x); ut(x; 0) =  (x); (9)

ujST = (pru)~� jST = 0; (10)

£¤¥ ST = @
0� [0; T ],   ¢ (8) áâ®¨â áã¬¬ ,  ­ «®£¨ç­ ï áã¬¬¥ ¤«ï áà¥¤­¥© ª®¬¯®­¥­âë à ¢¥­áâ¢ 
¨§ (10), ®¤­ ª® ¯®¤ ¥¥ §­ ª®¬ ®âáãâáâ¢ãîâ áâà âë, ¢å®¤ïé¨¥ ¢ ST . �ã¤¥¬ áç¨â âì, çâ®  (x) 2
L2�(
0), '(x) 2

�

H2(
0),   f(x; t) 2 L2(QT ) | ¯à®áâà ­áâ¢ã äã­ªæ¨© á ª®­¥ç­®© ­®à¬®©

kuk2QT
=
Z T

0

Z

0

u2d� dt:

�¡®§­ ç¨¬ ç¥à¥§ 
0(t1) á¥ç¥­¨¥ æ¨«¨­¤à  QT ¯«®áª®áâìî t = t1. �¢¥¤¥¬ á«¥¤ãîé¨¥ äã­ªæ¨®-
­ «ì­ë¥ ¯à®áâà ­áâ¢ :

C i;1
� (QT ) | ª« áá äã­ªæ¨©, ¯à¨­ ¤«¥¦ é¨å C i

�(
0(t)) ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬
¤«ï ª ¦¤®£® t 2 [0; T ] ¨ £« ¤ª¨å ¯® t ¢ QT , i = 1; 2;
�

Ci;1(QT ) | ¯®¤¬­®¦¥áâ¢® äã­ªæ¨© ¨§ C i;1
� (QT ) \C(QT ), à ¢­ëå ­ã«î ¢¡«¨§¨ ST ;

�

C2;1
rg (QT ) | ¯®¤¬­®¦¥áâ¢® äã­ªæ¨© ¨§ C2;1

� (QT ) \C(QT ), à ¢­ëå ­ã«î ¢¡«¨§¨ ST ¨ ã¤®-
¢«¥â¢®àïîé¨å ãá«®¢¨î (8);
�

H2(QT ) | ¯®¯®«­¥­¨¥
�

C2;1
rg (QT ) ¯® ­®à¬¥ k � k12, ¯®à®¦¤¥­­®© áª «ïà­ë¬ ¯à®¨§¢¥¤¥­¨¥¬

hu; vit =
Z
QT

�
@u

@t

@v

@t
+ r�pu�pv + qrurv + kuv

�
d� dt;

�

H2(QT ) | ¯®¤¬­®¦¥áâ¢® äã­ªæ¨© ¨§
�

H2(QT ), ®¡à é îé¨åáï ¢ ­ã«ì ¢ ®¡®¡é¥­­®¬ á¬ë-
á«¥ ¯à¨ t = T .

�¤¥áì ru ¨ �pu | á« ¡ë¥ £à ¤¨¥­â ¨ « ¯« á¨ ­ á®®â¢¥âáâ¢¥­­®, ®¯à¥¤¥«ï¥¬ë¥ ¯®áâà â­®.
�ã­ªæ¨¨, ¨¬¥îé¨¥ á« ¡ë© £à ¤¨¥­â (« ¯« á¨ ­), ¡ã¤¥¬ ­ §ë¢ âì á« ¡® ¤¨ää¥à¥­æ¨àã¥¬ë-
¬¨ (¤¢ ¦¤ë á« ¡® ¤¨ää¥à¥­æ¨àã¥¬ë¬¨). �­ «®£¨ç­ë¬ ®¡à §®¬ ¡ã¤¥¬ ®¯à¥¤¥«ïâì ¨ á« ¡ãî
¯à®¨§¢®¤­ãî ¯® ¢à¥¬¥­¨.

�« ¡ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (7){(10) ¡ã¤¥¬ ­ §ë¢ âì äã­ªæ¨î u(x; t) 2
�

H2(QT ), à ¢­ãî '(x) ¯à¨
t = 0 ¨ ã¤®¢«¥â¢®àïîéãî (¯à¨ ãá«®¢¨¨, çâ® r; k; q 2 L2�(
0),   p | á« ¡® ¤¨ää¥à¥­æ¨àã¥¬ ï ­ 

0 äã­ªæ¨ï) â®¦¤¥áâ¢ãZ

QT

(r�pu�p� + qrur� + ku� � ut�t)d� dt�
Z

0

 �(x; 0)d� =
Z
QT

f� d� dt

¤«ï «î¡®© äã­ªæ¨¨ � 2
�

H2(QT ).
�¡®§­ ç¨¬

ak = h'; uki�; bk =
1
�k
h ; uki�; Tk =

1
�k

Z t

0

hf(x; �); uki� sin�k(t� �)d�:

�¯à ¢¥¤«¨¢ 
�¥®à¥¬  2. �ãáâì q(x) | á« ¡® ¤¨ää¥à¥­æ¨àã¥¬ ï,   r(x) | ¤¢ ¦¤ë á« ¡® ¤¨ää¥à¥­æ¨-

àã¥¬ ï ­  
0 äã­ªæ¨¨. �®£¤  ®¡®¡é¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (7){(10) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ àï¤ 

u(x; t) =
1X
k=1

(ak cos�kt+ bk sin�kt+ Tk(t))uk(x);

áå®¤ïé¥£®áï ¢
�

H2(
) à ¢­®¬¥à­® ¯® t 2 [0; T ]; ¥£® áã¬¬  ¯à¨­ ¤«¥¦¨â ª« ááã
�

H2(QT ).
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