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� ¡®â  ¯®á¢ïé¥­  â¥®à¥â¨ç¥áª®¬ã ®¡®á­®¢ ­¨î ­¥ª®â®àëå  ¯¯à®ªá¨¬ â¨¢­ëå ¬¥â®¤®¢ à¥è¥-
­¨ï á« ¡® á¨­£ã«ïà­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï ¯¥à¢®£® à®¤  á¯¥æ¨ «ì­®£® ¢¨¤  ¢ ¯à®áâà ­-
áâ¢¥ ­¥¯à¥àë¢­ëå äã­ªæ¨©. �¨á«¥­­®¬ã à¥è¥­¨î ¨­â¥£à «ì­ëå ãà ¢­¥­¨© á «®£ à¨ä¬¨ç¥áª¨-
¬¨ ï¤à ¬¨ ¡ë«® ¯®á¢ïé¥­® ¬­®£® à ¡®â (á¬., ­ ¯à., [1]{[4] ¨ ¡¨¡«¨®£à ä¨î ¢ ­¨å). �­â¥£à «ì­®¥
ãà ¢­¥­¨¥ á ¤¢ã¬ï «®£ à¨ä¬¨ç¥áª¨¬¨ ®á®¡¥­­®áâï¬¨ ¡ë«® à áá¬®âà¥­® ¢ [5], [6], £¤¥ ª ­¥¬ã ¡ë«
¯à¨¬¥­¥­ ¬¥â®¤ ®àâ®£®­ «ì­ëå ¬­®£®ç«¥­®¢.

�áá«¥¤®¢ ­¨ï ¢ íâ®© à ¡®â¥ ¢¥¤ãâáï ­  ®á­®¢¥ à¥§ã«ìâ â®¢ [7], [1]. �á¯®«ì§ã¥âáï ¯à¥¤«®-
¦¥­­ë© ¢ [2] ¯®¤å®¤, ®á­®¢ ­­ë© ­  ®âëáª ­¨¨ ª®àà¥ªâ­®© ¯®áâ ­®¢ª¨ § ¤ ç¨ á ¯®á«¥¤ãîé¨¬
¯à¨¬¥­¥­¨¥¬  ¯¯à®ªá¨¬ â¨¢­ëå ¬¥â®¤®¢. �áâ ­®¢«¥­ë áãé¥áâ¢®¢ ­¨¥, ¥¤¨­áâ¢¥­­®áâì ¨ à ¢­®-
¬¥à­ ï áå®¤¨¬®áâì ¯à¨¡«¨¦¥­­ëå à¥è¥­¨©, ¯®«ãç¥­­ëå ¬¥â®¤ ¬¨ ®àâ®£®­ «ì­ëå ¬­®£®ç«¥­®¢,
ª®««®ª æ¨¨ ¨ ¬¥å ­¨ç¥áª¨å ª¢ ¤à âãà, ª â®ç­®¬ã ¯à¨ ®¯à¥¤¥«¥­­ëå ãá«®¢¨ïå ­  à¥£ã«ïà­®¥
ï¤à® ¨ ¯à ¢ãî ç áâì.

1. �âàãªâãà  ®¡à â­®£® ®¯¥à â®à  ¨ ª®àà¥ªâ­®áâì § ¤ ç¨. � áá¬®âà¨¬ ¨­â¥£à «ì­®¥ ãà ¢-
­¥­¨¥ ¯¥à¢®£® à®¤  á «®£ à¨ä¬¨ç¥áª®© ®á®¡¥­­®áâìî ¢¨¤ 
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| á¨­£ã«ïà­ë© ¨­â¥£à « á ï¤à®¬ �®è¨, ¯®­¨¬ ¥¬ë© ¢ á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï ¯® �®è¨.
�¡®§­ ç¨¬ ç¥à¥§ V� = V�[�1; 1] «¨­¥©­®¥ ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­ëå äã­ªæ¨© '(t), ¤«ï ª®â®àëå
á¨­£ã«ïà­ë© ¨­â¥£à « ��1I(�') ï¢«ï¥âáï â ª¦¥ ­¥¯à¥àë¢­®© äã­ªæ¨¥©, á ­®à¬®©

k'kV� = k'kC + k 1
�
I(�')kC ;

£¤¥ �(t) = (1 � t2)�1=2. �ãáâì V 1
q [�1; 1] | «¨­¥©­®¥ ¯à®áâà ­áâ¢® ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã-

¥¬ëå äã­ªæ¨© '(t), ¤«ï ª®â®àëå á¨­£ã«ïà­ë© ¨­â¥£à « I(q'0) ï¢«ï¥âáï â ª¦¥ ­¥¯à¥àë¢­®©
äã­ªæ¨¥©, á ­®à¬®©

k'kV 1
q
= k'kC + kq'0kC + kI(q'0)kC ;

£¤¥ q(t) = 1=�(t) = (1 � t2)1=2. �¡®§­ ç¨¬ ç¥à¥§ W rH� = W rH�[�1; 1] ¯à®áâà ­áâ¢® äã­ªæ¨©,
¨¬¥îé¨å ­¥¯à¥àë¢­ë¥ ¯à®¨§¢®¤­ë¥ ¤® r-£® (r � 0 æ¥«®¥) ¯®àï¤ª , ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î
��¥«ì¤¥à  á ¯®ª § â¥«¥¬ �, 0 < � � 1.
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�¥è¥­¨¥ å à ªâ¥à¨áâ¨ç¥áª®£® á« ¡® á¨­£ã«ïà­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï
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¡ã¤¥¬ ¨áª âì ¢ ¯à®áâà ­áâ¢¥ V�[�1; 1] ¯à¨ ¯à ¢®© ç áâ¨ f 2 V 1
q [�1; 1]:
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£¤¥ V
1

q | ¯à®áâà ­áâ¢® ­¥ç¥â­ëå äã­ªæ¨© ¨§ V 1
q , Tk(t), Uk(t)| ¬­®£®ç«¥­ë �¥¡ëè¥¢  ¯¥à¢®£®

¨ ¢â®à®£® à®¤®¢ á®®â¢¥âáâ¢¥­­®.

� ¯¨è¥¬ ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥ (1) ¢ ®¯¥à â®à­®¬ ¢¨¤¥
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�ãáâì X = V�[�1; 1]; Y = V
1

q[�1; 1]. �§ â¥®à¥¬ë 1 ¢ á¨«ã ¨§¢¥áâ­ëå à¥§ã«ìâ â®¢ (á¬.,
­ ¯à., [8]) ¤«ï ®¯¥à â®à­ëå ãà ¢­¥­¨©, ¯à¨¢®¤ïé¨åáï ª ãà ¢­¥­¨ï¬ ¢â®à®£® à®¤  ¢ ¡ ­ å®¢ëå
¯à®áâà ­áâ¢ å, á«¥¤ã¥â

�¥®à¥¬  2. �ãáâì ï¤à® g(t; �)| ­¥ç¥â­ ï äã­ªæ¨ï ¯® ¯¥à¥¬¥­­®© t ¨ ®¯¥à â®à G : X ! Y
¢¯®«­¥ ­¥¯à¥àë¢¥­. �á«¨ ®¤­®à®¤­®¥ ãà ¢­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ ãà ¢­¥­¨î (1), ¨¬¥¥â â®«ì-

ª® ­ã«¥¢®¥ à¥è¥­¨¥, â® ®¯¥à â®à K : X ! Y ­¥¯à¥àë¢­® ®¡à â¨¬.

� ¤ «ì­¥©è¥¬ ¢áî¤ã ¡ã¤¥¬ áç¨â âì, çâ® ãà ¢­¥­¨¥ (1) ®¤­®§­ ç­® à §à¥è¨¬® ¢ ¯à®áâà ­áâ¢¥
V�[�1; 1] ¯à¨ «î¡®© ¯à ¢®© ç áâ¨ f 2 V

1

q [�1; 1], â. ¥. § ¤ ç  à¥è¥­¨ï ãà ¢­¥­¨ï (1) ª®àà¥ªâ­®
¯®áâ ¢«¥­ .

2. �¥â®¤ ®àâ®£®­ «ì­ëå ¬­®£®ç«¥­®¢. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¡ã¤¥¬ ¨áª âì
¢ ¢¨¤¥
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n ­¥ç¥â­®¥,   ­¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë ®¯à¥¤¥«¨¬ ¨§ á«¥¤ãîé¥© á¨áâ¥¬ë «¨­¥©­ëå  «£¥¡à -
¨ç¥áª¨å ãà ¢­¥­¨© (����):
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�¥®à¥¬  3. �ãáâì äã­ªæ¨¨ f(t) 2 W r+1H�, g(t; �) 2 W r+1H� ¯® ¯¥à¥¬¥­­®© t à ¢­®¬¥à­®
®â­®á¨â¥«ì­® � , 0 < � � 1, r � 0. �®£¤  ¯à¨ ¢á¥å n � n0 ���� (3) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥

à¥è¥­¨¥ f��2i+1gk0, ¨ ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï
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3. �¥â®¤ ª®««®ª æ¨¨. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ (2). �¥¨§-
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�¥®à¥¬  4. �ãáâì äã­ªæ¨¨ g(t; �) 2W r+1H� ¯® ¯¥à¥¬¥­­®© t à ¢­®¬¥à­® ®â­®á¨â¥«ì­® � ,
f(t) 2W r+1H�, 0 < � � 1, r � 0. �®£¤  ¯à¨ ¢á¥å n � n0 ���� (4) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥

f��2i+1gk0 , ¨ ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï '�n(�) áå®¤ïâáï ª â®ç­®¬ã à¥è¥­¨î '� = K�1f à ¢­®¬¥à­®

á® áª®à®áâìî

k'� � '�nkC = O

�
lnn
nr+�

�
:

4. �¥â®¤ ¬¥å ­¨ç¥áª¨å ª¢ ¤à âãà. �à¨¡«¨¦¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¡ã¤¥¬ ¨áª âì ¢
¢¨¤¥ (2). �¥¨§¢¥áâ­ë¥ ª®íää¨æ¨¥­âë f�2i+1gk0 , k =
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�¥®à¥¬  5. �ãáâì ï¤à® g(t; �) 2 W r+1H� ¯® ª ¦¤®© ¨§ ¯¥à¥¬¥­­ëå à ¢­®¬¥à­® ®â­®á¨-

â¥«ì­® ¤àã£®© ¨ ¯à ¢ ï ç áâì f(t) 2 W r+1H�, r � 0, 0 < � � 1. �®£¤  ¯à¨ ¢á¥å n � n0 (n0
®¯à¥¤¥«ï¥âáï á¢®©áâ¢ ¬¨ äã­ªæ¨¨ g(t; �)) ���� (5) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ f�2i+1gk0,
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�¨â¥à âãà 
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