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� ¢¥é¥áâ¢¥­­®¬ ¡ ­ å®¢®¬ ¯à®áâà ­áâ¢¥ E § ä¨ªá¨àã¥¬ ­®à¬ã k�kE . �â  ­®à¬  ¨­¤ãæ¨àã¥â
¢ ¯à®áâà ­áâ¢¥ L(E) ¢á¥å «¨­¥©­ëå ®£à ­¨ç¥­­ëå ®¯¥à â®à®¢ ­  E ®¯¥à â®à­ãî ­®à¬ã

kAkL(E) = sup
kxkE=1

kAxkE :

� ¯à®áâà ­áâ¢¥ C([0; T ]; E) ­®à¬ , ª ª ®¡ëç­®, ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥

k	kC([0;T ];E) = max
0�x�T

k	(x)kE :

� ª®­¥æ, ¢ ¯à®áâà ­áâ¢¥ C, á®áâ®ïé¥¬ ¨§ ¢á¥å ­¥¯à¥àë¢­ëå ¢ ­®à¬¥ L(E) ­  âà¥ã£®«ì­¨ª¥
0 � t � x � T äã­ªæ¨© á® §­ ç¥­¨ï¬¨ ¢ L(E), ¢¢®¤¨âáï ­®à¬ �� kQk ��

C
= max

0�t�x�T
kQ(x; t)kL(E):

� áá¬ âà¨¢ ¥âáï ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥ �®«ìâ¥àà  ¢¨¤ 

xm+1u(x) =
Z x

0

�(x; t)K(x; t)u(t)dt (0 � x � T ) (1)

¢ L1([0; T ]; E), £¤¥ K(x; t) (0 � t � x � T ) | § ¤ ­­ ï äã­ªæ¨ï á® §­ ç¥­¨ï¬¨ ¢ L(E), ¨¬¥î-
é ï ­¥¯à¥àë¢­ë¥ ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¤® ¯®àï¤ª  N +m + 1 (N , m | ­ âãà «ì­ë¥ ç¨á« )
¢ª«îç¨â¥«ì­®, ¯à¨ç¥¬ ¢á¥ ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¤® ¯®àï¤ª  m � 1 à ¢­ë ­ã«î ¢ â®çª¥ (0; 0),
  ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ m-£® ¯®àï¤ª  ­¥ ¢á¥ à ¢­ë ­ã«î ¢ â®çª¥ (0; 0), u(x) | ¨áª®¬ ï áã¬-
¬¨àã¥¬ ï äã­ªæ¨ï ­  [0; T ] á® §­ ç¥­¨ï¬¨ ¢ E (u 2 L1([0; T ]; E)), �(x; t) | â ª ï áª «ïà­ ï
¯®«®¦¨â¥«ì­ ï ®¤­®à®¤­ ï ­ã«¥¢®© áâ¥¯¥­¨ äã­ªæ¨ï, çâ® '(s) = �(1; s) áã¬¬¨àã¥¬  ­  [0; 1].
�â¬¥â¨¬, çâ® ãà ¢­¥­¨¥ ¢¨¤  (1) à áá¬ âà¨¢ «®áì ¢ ¡®«¥¥ ¯à®áâëå á¨âã æ¨ïå [1]{[10].

�à¥¤áâ ¢¨¬ K(x; t) ¯® ä®à¬ã«¥ �¥©«®à 

K(x; t) =
�+�=N+mX
�+�=m

K��x�t� +
X

�+�=N+m+1

fK��(x; t)x�t�

¨ ¢¢¥¤¥¬ ®¯¥à â®à­ë© ¯ãç®ª

Q� � I =
X

�+�=m

K��

Z 1

0

'(s)s�+��1ds� I: (2)

�â®â ¯ãç®ª ¨¬¥¥â á¬ëá« ¯à¨ §­ ç¥­¨ïå �, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ãZ 1

0

'(s)s��1ds <1: (3)

�¥®à¥¬ . �ãáâì ¤«ï ãà ¢­¥­¨ï (1) ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï :
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1) ¯ãç®ª (2) ¨¬¥¥â å à ªâ¥à¨áâ¨ç¥áª®¥ ç¨á«® � = � + i� (� > 0), ã¤®¢«¥â¢®àïîé¥¥ ­¥-

à ¢¥­áâ¢ã (3), ¨ áãé¥áâ¢ã¥â â ª®¥ ­ âãà «ì­®¥ ç¨á«® k, çâ® � = � + k + i� â ª¦¥

ï¢«ï¥âáï å à ªâ¥à¨áâ¨ç¥áª¨¬ ç¨á«®¬ ¯ãçª  (2), ã¤®¢«¥â¢®àïîé¨¬ ­¥à ¢¥­áâ¢ã (3);
2) å à ªâ¥à¨áâ¨ç¥áª®¬ã ç¨á«ã � = �+ i� á®®â¢¥âáâ¢ãeâ ­ ¡®à á®¡áâ¢¥­­ëå ¢¥ªâ®à®¢ f 0

j

(j = 1; q1), ¨¬¥îé¨å æ¥¯®çªã ¯à¨á®¥¤¨­¥­­ëå ¢¥ªâ®à®¢ ffmj g
hj
m=1;

3) å à ªâ¥à¨áâ¨ç¥áª®¬ã ç¨á«ã � = �+k+ i� á®®â¢¥âáâ¢ã¥â ­ ¡®à á®¡áâ¢¥­­ëå ¢¥ªâ®à®¢

f0
j (j = 1; q2), ¨¬¥îé¨å æ¥¯®çªã ¯à¨á®¥¤¨­¥­­ëå ¢¥ªâ®à®¢ ffmj g

hj
m=1;

4) áãé¥áâ¢ã¥â â ª®¥ ­ âãà «ì­®¥ ç¨á«® N , çâ®

2


 jK(x; t)x�mj




C

Z 1

0

'(s)s�+Nds < 1:

�®£¤  ¤«ï ãà ¢­¥­¨ï (1) ¬®¦­® ¯®áâà®¨âì 2
q1P
i=1
(hi +1) «¨­¥©­® ­¥§ ¢¨á¨¬ëå à¥è¥­¨© ¢¨¤ 

ul(x) = x��1

� lX
r=0

�� NX
i=0

arli x
i + arlN+1(x)x

N+1

�
sin(� lnx) +

+
� NX

i=0

brli x
i + brlN+1(x)x

N+1

�
cos(� lnx)

�
lnr x

�
+

+x�+k�1 lnl+1
x

� hX
r=0

�� NX
i=0

arli x
i + arlN+1(x)x

N+1

�
sin(� lnx) +

+
� NX

i=0

brli x
i + brlN+1(x)x

N+1

�
cos(� lnx)

�
lnr x

�
(i = 1; q1; l = 0; hi; h = max

1�j�q2
fhjg);

¯à¨­ ¤«¥¦ é¨å ¯à®áâà ­áâ¢ã L1([0; T ]; E).

� ¬¥ç ­¨¥ 1. �«ï â®£® çâ®¡ë ¯à¨ 0 < � < 1 ¢ë¯®«­ï«®áì ­¥à ¢¥­áâ¢®Z 1

0

'(s)s��1ds <1;

¤®áâ â®ç­®, çâ®¡ë äã­ªæ¨ï '(s) ¡ë«  ®£à ­¨ç¥­­®© ¨ ¨§¬¥à¨¬®© ­  ®âà¥§ª¥ [0; 1].

� ¬¥ç ­¨¥ 2. �¨á«® ­¥¯à¥àë¢­ëå ­  [0; T ] à¥è¥­¨© § ¢¨á¨â ®â ¢¥«¨ç¨­ë �: ¯à¨ � > 1 ¢á¥
à¥è¥­¨ï ­¥¯à¥àë¢­ë ­  [0; T ]; ¯à¨ � = 1 ­¥¯à¥àë¢­ëå à¥è¥­¨© ­  ®âà¥§ª¥ [0; T ] ¡ã¤¥â 2q1,  
®áâ «ì­ë¥ à¥è¥­¨ï ­¥¯à¥àë¢­ë ­  (0; T ] ¨ áã¬¬¨àã¥¬ë ­  [0; T ]; ¯à¨ 0 < � < 1 ­¥¯à¥àë¢­ëå
à¥è¥­¨© ­  [0; T ] ­¥â, ¢á¥ à¥è¥­¨ï ­¥¯à¥àë¢­ë ­  (0; T ] ¨ áã¬¬¨àã¥¬ë ­  [0; T ].
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