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bÂÁÄÃ�Å�Æ	Ç2È�É7Ê�Ë�Ì�Í�Î7È�Ï7Ì�Ë�È�Ð�Ç	Ñ	ÒgÆ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï	Õ5ÖØ×,È�Ë�Ð�É7Ð�Í�É	Î2ÒgÐ�É2Ï2Ð�×,È�Ç	Ï	Õ5Ö�Ù�Ç7Ì�Í�Ï2È�Ï	Ñ	ÚpË�Ñ	Æ7Ì
Ê�Í�È�Ç	Ë�Ó	Ñ�Û�ZUÎ2Ò¡×ªÏ2Ð�Ü�Ð�×,È�Ç	Ï	Õ5ÖyÙ�Ç7Ì�Í�Ï2È�Ï	Ñ	ÚÝ×IÌ�Ë�Ç	Ñ	Þ	Ï2Ð�Ú�Ê�Í�È�Ç	Ë�Ó	ÑyÓ	Ç	Ñ	Ë�È�Ç	Ñ	ÚyÆ	Ç	Ñ2×,È�Ï	Ñ2×,Ð�Ê�Ë�Ñ�Æ	Ç2Ð�ß
È�Ó	Ô	Ñ2Ð�Ï	Ï2Ð�Ü�ÐU×,È�Ë�Ð�É�Ì]Æ2Ð�Î2Ù�Þ2È�ÏàR!Û�b]Û�PGÐ�á�Ì�Ó�Ð�×âÁ ã�Å2Ï7ÌQÐ�Ê�Ï2Ð�Í�È±×,Ð�É2Ñ2äGÑ	Ó'Ì�Ô	Ñ	Ñ<Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�ÐV×,È�Ë�Ð�É�Ì
HhÛ#æ]Û'\�Ñ2×,Ð�Ï2È�Ï	Ó�Ð�Á ç'è�é�Å�Û#HGÊ�Ê�Î7È�É7Ð�Í#Ì�Ï	Ñ2È]äGÇ2È�É2Ü�Ð�Î2å�×,Ð�Í�Ð�Ê�Ë�Ñ¡×ªÏ2Ð�Ü�Ð�×,È�Ç	Ï	Õ5ÖvÑ	Ï	Ë�È�Ü�Ç7Ì�Î2å�Ï	Õ5Ö�Ð�Æ2È�ß
Ç7Ì�Ë�Ð�Ç2Ð�ÍVÊ±Ì�Ï	Ñ	á�Ð�Ë�Ç2Ð�Æ	Ï2ÐVÐ�É2Ï2Ð�Ç2Ð�É2Ï	Õ±×ªÑvÒ�É2Ç7Ì�×ªÑhÓ�Ð�×ªÆ7Ì�Ó	Ë�Ï2Ð�Ü�ÐVË�Ñ	Æ7Ì§Á ê�Å	Ç2È�É2Ù�Ô	Ñ	Ç	Ù�È�Ë�Ê�Ò<ÓhÑ2Ê�Ê�Î7È�ß
É7Ð�Í#Ì�Ï	Ñ	ëYÐ�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í¡Ê�Í�È�Ç	Ë�Ó	ÑÝÏ7ÌhÜ�Ç	Ù�Æ	Æ2È

Rn
ÊGÓ�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ±×ªÑ�Ó�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑ�Æ	Ç	Ñ

n > 2
Û

bØÊ�Í�Ò'á�ÑvÊ±ì�Ë�Ñ2×íÆ	Ç2È�É7Ê�Ë�Ì�Í�Î2Ò	È�Ë�Ê�Ò¡Ì�Ó	Ë�Ù#Ì�Î2å�Ï	Õ±×pÆ2Ð�Ê�Ë�Ç2Ð�È�Ï	Ñ2ÈSÆ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï2Ð�Ü�Ð§×,È�Ë�Ð�É�ÌGÉ	Î2Ò<Ç2È�î§È�ß
Ï	Ñ	ÒGÙ�Ç7Ì�Í�Ï2È�Ï	Ñ	Ú!Ê,Ë�Ì�Ó	Ñ2×yË�Ñ	Æ2Ð�×ÝÐ�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í2Û�FªÌ�Ê�Æ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2È�Ï	Ñ2È5Æ2Ð�É	Ö#Ð�É�ÌSPGÐ�á�Ì�Ó'Ì5^�\�Ñ2×,Ð�Ï2È�Ï	Ó�Ð
É	Î2Ò<Ê�Í�È�Ç	Ë�Ð�ÓvÊ±Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	Ï	Õ±×ªÑ�Ó�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑàÆ2Ð�Ë�Ç2È�ï�Ð�Í#Ì�Î7Ð!Æ2Ð�Ê�Ë�Ç2Ð�È�Ï	Ñ	Ò<Ï2Ð�Í�Ð�Ú<Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ú
Ê�Ë�Ç	Ù�Ó	Ë�Ù�Ç	Õ>Ï7Ì¡Ð�Ê�Ï2Ð�Í�È<Ñ2×,È�ëQð§È�Ú2Ê�ÒíÍgÁ ã�Å�è¦ÑíÑ2Ê�Ê�Î7È�É7Ð�Í#Ì�Ï	Ñ	ÒpÈ�È<Ê�Í�Ð�Ú2Ê�Ë�Í2ÛXb_Ï7Ì�Ê�Ë�Ð�Ò'ð§È�ÚgÇ7Ì�ï�Ð�Ë�È
É	Î2Ò�Ì�Î2Ü�È�ï�Ç	ÕUè�Æ2Ð�Ç2Ð�ñ§É7È�Ï	Ï2Ð�ÚpÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì�×ªÑíÊ!Ó�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ±×ªÑgÐ�Æ2È�Ç7Ì�Ë�Ð�Ç	Ï	Õ±×ªÑíÓ�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�ß
×ªÑ�è�Æ	Ç2È�É7Ê�Ë�Ì�Í�Î7È�Ï7Ì§Ó�Ð�Ï2Ê�Ë�Ç	Ù�Ó	Ô	Ñ	Ò�Ë�Ì�Ó�Ð�Ú�Î7Ð�Ó'Ì�Î2å�Ï2Ð�ÚÝÊ�Ë�Ç	Ù�Ó	Ë�Ù�Ç	ÕUè�Ó�Ð�Ë�Ð�Ç7Ì�Ò�á�Ì�Ë�È�×pÑ2Ê�Æ2Ð�Î2å�á�Ù�È�Ë�Ê�Ò
É	Î2ÒhÆ2Ð�Î2Ù�Þ2È�Ï	Ñ	ÒhÓ	Ç	Ñ	Ë�È�Ç	Ñ	Ò<Æ	Ç	Ñ2×,È�Ï	Ñ2×,Ð�Ê�Ë�ÑvÆ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï2Ð�Ü�Ð!×,È�Ë�Ð�É�ÌGÉ	Î2ÒhÙ�Ç7Ì�Í�Ï2È�Ï	Ñ	Úà×ªÏ2Ð�Ü�Ð�×,È�Ç'ß
Ï2Ð�ÚhÊ�Í�È�Ç	Ë�Ó	ÑàÊ�Ó�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ±×ªÑàÓ�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑ�Û�EGÐ�Ê�Ë�Ç2Ð�È�Ï	Ï	Õ1Ú<Æ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï	Õ1Úv×,È�Ë�Ð�É<Ù�Ê�Ñ'Î2Ñ'ß
Í#Ì�È�Ë<Ç2È�á�Ù�Î2å�Ë�Ì�Ë�ÕnÁ ò'è�ó�Å�è	Ü�É7ÈGÆ2Ð�Î2Ù�Þ2È�Ï2ÐhÉ7Ð�Ê�Ë�Ì�Ë�Ð�Þ	Ï2Ð�ÈVÙ�Ê�Î7Ð�Í�Ñ2ÈUÆ	Ç	Ñ2×,È�Ï	Ñ2×,Ð�Ê�Ë�Ñ�Æ	Ç	Ñ2ï�Î2Ñ	ñ!È�Ï	Ï2Ð�Ü�Ð
×,È�Ë�Ð�É�ÌyÇ2È�î§È�Ï	Ñ	ÒgÙ�Ç7Ì�Í�Ï2È�Ï	Ñ	Ú�Ê�Í�È�Ç	Ë�Ó	Ñ�Ï7Ì¡Ü�Ç	Ù�Æ	Æ2È

Rn
Ê<Ó�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ±×ªÑØÓ�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑ�Ï7Ì

Ð�Ê�Ï2Ð�Í�ÈGÇ2È�É2Ù�Ó	Ô	Ñ	ÑyÓyÆ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï2Ð�×ªÙy×,È�Ë�Ð�É2Ù�É	Î2Ò¡×IÌ�Ë�Ç	Ñ	Þ	Ï	Õ5ÖÝÊ�Í�È�Ç	Ë�Ð�Ó�Û

ô B�õhö�|X÷7¾7|Xøh¿ÝùX¿�ú�x�û,ü'ý�þ	ý'ø

E]Ù�Ê�Ë�å
Rk

Ñ
Ck
è
k > 2,

^ÿÍ�È�ð§È�Ê�Ë�Í�È�Ï	Ï2Ð�ÈGÑ¡Ó�Ð�×ªÆ'Î7È�Ó�Ê�Ï2Ð�È
k
ß�×,È�Ç	Ï	Õ±ÈGÍ�È�Ó	Ë�Ð�Ç	Ï	Õ±ÈGÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï'ß

Ê�Ë�Í#Ì'Û�KIÊ�Î2Ñ
W

^ ï�Ì�Ï7Ì�Ö#Ð�Í�ÐgÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�Ð	è�Ë�Ð�Þ2È�Ç2È�á
L (W )

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×nï�Ì�Ï7Ì�Ö#Ð�Í�Ù�Ì�Î2Ü�È�ï�Ç	Ù
Í�Ê�È�ÖNÎ2Ñ	Ï2È�Ú	Ï	Õ5ÖiÐ�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Ï	Õ5Ö Ð�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�ÍâÍ

W
Û5E]Ù�Ê�Ë�å

X
Ñ
Y
^ Î2Ñ	Ï2È�Ú	Ï	Õ±ÈíÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï'ß

Ê�Ë�Í#ÌàÊV×,È�Ç2Ð�Ú
µ
Û��GÈ�Ç2È�á

Lp(X)
è
1 6 p < ∞,

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×dï�Ì�Ï7Ì�Ö#Ð�Í�ÐvÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�Ð�Ñ	á�×,È�Ç	Ñ2×ªÕ5Ö

�
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ê�ò �S 	�	�	$�� 4 � 4
Ó�Ð�×ªÆ'Î7È�Ó�Ê�Ï2Ð�á�Ï7Ì�Þ	Ï	Õ5ÖØäGÙ�Ï	Ó	Ô	Ñ	Ú�è�Ê�Ù'×,×ªÑ	Ç	Ù�È�×ªÕ5ÖíÏ7Ì

X
Ê
p
ß�Ð�ÚgÊ�Ë�È�Æ2È�Ï	å�ë§è�ÑíÐ�ï�Õ1Þ	Ï2Ð�ÚgÏ2Ð�Ç2×,Ð�Ú�Û

�GÈ�Ç2È�á
Lp(X) ⊗ Lp(Y )

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×`Ë�Ð�Æ2Ð�Î7Ð�Ü�Ñ	Þ2È�Ê�Ó�Ð�È�Ë�È�Ï	á�Ð�Ç	Ï2Ð�È�Æ	Ç2Ð�Ñ	á�Í�È�É7È�Ï	Ñ2ÈºÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í
Lp(X)

Ñ
Lp(Y ) � Ê�×1ÛÄè@Ï7Ì�Æ	Ç	Ñ2×,È�Ç�è,Á ��Å���Û@FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×iÐ�Æ2È�Ç7Ì�Ë�Ð�Ç	Ï	Õ±ÈàÌ�Î2Ü�È�ï�Ç	Õ A (⊂ L (Lp(X)))Ñ

B(⊂ L (Lp(Y )))
è
1 < p <∞ Û�KIÊ�Î2Ñ

A ∈ A
è
B ∈ B

è�Ë�Ð!Þ2È�Ç2È�á
A⊗B

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×ØË�È�Ï	á�Ð�Ç	Ï2Ð�È
Æ	Ç2Ð�Ñ	á�Í�È�É7È�Ï	Ñ2È5Ð�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í

A
Ñ
B
è�Ì1Þ2È�Ç2È�á

A ⊗B
^iË�Ð�Æ2Ð�Î7Ð�Ü�Ñ	Þ2È�Ê�Ó�Ð�È5Ë�È�Ï	á�Ð�Ç	Ï2Ð�È�Æ	Ç2Ð�Ñ	á�Í�È�É7È�Ï	Ñ2È

Ì�Î2Ü�È�ï�Ç
A
Ñ

B
Û'KIÊ�Î2Ñ

U
^`ï�Ì�Ï7Ì�Ö#Ð�Í#ÌàÌ�Î2Ü�È�ï�Ç7Ì'è	Ë�Ð

U + ^`È�ÈGÙ�Ï	Ñ	Ë�Ì�Î2Ñ	á�Ì�Ô	Ñ	Ò¦Û
E]Ç	Ñ	Í�È�É7È�×ÿÓ'Î�Ì�Ê�Ê�Ñ	Þ2È�Ê�Ó�Ð�ÈíÐ�Æ	Ç2È�É7È�Î7È�Ï	Ñ2È�Æ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï2Ð�Ü�ÐØ×,È�Ë�Ð�É�Ì � Ê�×1Û]Á �'è�Ê�ÛQÃ��	��Å���Û5E]Ù�Ê�Ë�å

{Pm}m>1(⊂ L (Lp(X)))
^ÂÆ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å¡Æ	Ç2Ð�È�Ó	Ë�Ð�Ç2Ð�Í2è¦Ê�Ñ'Î2å�Ï2ÐvÊ�Ö#Ð�É2Ò'ðhÌ�Ò	Ê�Ò�ÓÝË�Ð�ñ§É7È�ß

Ê�Ë�Í�È�Ï	Ï2Ð�×ªÙyÐ�Æ2È�Ç7Ì�Ë�Ð�Ç	Ù
IL (Lp(X))

è'Ñ
A ∈ L (Lp(X))

Û7FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×âÙ�Ç7Ì�Í�Ï2È�Ï	Ñ2È

Af = g. � Ã
�
E]Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï	Õ±×g×,È�Ë�Ð�É7Ð�×íÏ7Ì�á�Õ1Í#Ì�È�Ë�Ê�ÒhÆ	Ç	Ñ2ï�Î2Ñ	ñ!È�Ï	Ï	Õ1Ú�×,È�Ë�Ð�ÉàÇ2È�î§È�Ï	Ñ	Ò§Ù�Ç7Ì�Í�Ï2È�Ï	Ñ	Ò � Ã
��è�Ê�Ð�Ê�Ë�Ð�ßÒ'ð!Ñ	ÚyÍ<Ð�Ë�Õ±Ê�Ó'Ì�Ï	Ñ	ÑÝÇ2È�î§È�Ï	Ñ	Ò

fm(∈ PmLp(X))
Ù�Ç7Ì�Í�Ï2È�Ï	Ñ	Ò

PmAPmfm = Pmg. � ã��
KIÊ�Î2Ñ�è�Ï7Ì�Þ	Ñ	Ï7Ì�ÒoÊÝÏ2È�Ó�Ð�Ë�Ð�Ç2Ð�Ü�ÐØÏ2Ð�×,È�Ç7Ì

m0
èIÉ	Î2ÒâÎ2ë]ï�Ð�Ü�Ð

g(∈ Lp(X))
Ù�Ç7Ì�Í�Ï2È�Ï	Ñ2È � ã��<Ñ2×,È�È�ËÈ�É2Ñ	Ï2Ê�Ë�Í�È�Ï	Ï2Ð�È¡Ç2È�î§È�Ï	Ñ2È

fm
èXÑ�Æ	Ç	Ñ

m
Ê�Ë�Ç2È�×ªÒ'ð§È�×,Ê�ÒØÓØï�È�Ê�Ó�Ð�Ï2È�Þ	Ï2Ð�Ê�Ë�ÑâÆ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å

{fm}m>m0

Ê�Ë�Ç2È�×ªÑ	Ë�Ê�ÒvÓàÇ2È�î§È�Ï	Ñ	ëoÙ�Ç7Ì�Í�Ï2È�Ï	Ñ	Ò � Ã
��è�Ë�ÐUÜ�Ð�Í�Ð�Ç#Ò'Ë�è�Þ	Ë�ÐUÓvÐ�Æ2È�Ç7Ì�Ë�Ð�Ç	Ù A Æ	Ç	Ñ2×,È�Ï	Ñ2×Æ	Ç2Ð�È�Ó	Ô	Ñ2Ð�Ï	Ï	Õ1Úº×,È�Ë�Ð�É�Æ2ÐhÊ�Ñ2Ê�Ë�È�×,ÈUÆ	Ç2Ð�È�Ó	Ë�Ð�Ç2Ð�Í {Pm}m>1
Û

E]Ù�Ê�Ë�å
Vp
^ná�Ì�×ªÓ	Ï	Ù�Ë�Ì�ÒyÆ2Ð�É�Ì�Î2Ü�È�ï�Ç7Ì

L (Lp(R
k))
è	Æ2Ð�Ç2Ð�ñ§É7È�Ï	Ï7Ì�ÒÝÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì�×ªÑºÊ�Í�È�Ç	Ë�Ó	Ñ

(Caf)(x) =

∫

Rk

a(x− y)f(y) dy, a ∈ L1(R
k);

X
^ Æ	Ç2Ð�Ñ	á�Í�Ð�Î2å�Ï	Õ1ÚpÖ�Ì�Ù�Ê�É7Ð�Ç2äUÐ�Í�Ó�Ð�×ªÆ7Ì�Ó	Ë�Êà×,È�Ç2Ð�Ú�è

Kp
^ Ñ'É7È�Ì�Î�Ó�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ5Ö�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í

Í
L (Lp(R

k))
Û�FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×`ï�Ì�Ï7Ì�Ö#Ð�Í�ÙNÌ�Î2Ü�È�ï�Ç	Ù

V
Kp
p (= Vp ⊗ Kp

��Û�E]Ù�Ê�Ë�å
M

^ á�Ì�×ªÓ	Ï	Ù�Ë�Ð�È
Ð�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Ï2Ð�È�×ªÏ2Ð�ñ!È�Ê�Ë�Í�Ð�Í

Rk
Û�æ�Ù�É7È�×oÆ	Ç2È�É2Æ2Ð�Î�Ì�Ü�Ì�Ë�å2èªÞ	Ë�Ð�É	Î2ÒíÓ'Ì�ñ§É7Ð�ÚpË�Ð�Þ	Ó	Ñ

x
Ü�Ç7Ì�Ï	Ñ	Ô	Õ

∂M
×ªÏ2Ð�ñ!È�Ê�Ë�Í#Ì

M
Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�ËgÓ�Ð�Ï	Ù�Ê

Kx
ÊyÍ�È�Ç	î!Ñ	Ï2Ð�ÚâÍ

x
èIÐ�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�Ñ

u
è
v
Ë�Ð�Þ	Ó	Ñ

x
Ñ

C1 ß É2Ñ2äUäUÈ�Ð�×,Ð�Ç2äGÑ	á�× ϕ : u → v
Ë�Ì�Ó	Ñ2È�èªÞ	Ë�Ð

ϕ(x) = x
è
ϕ′(x) = I

Ñ
ϕ(M ∩ u) = Kx ∩ v

Û
bnÁ ã�Å,Í¡Ó'Ì�Þ2È�Ê�Ë�Í�È<Æ	Ç	Ñ2×,È�Ç2Ð�ÍyË�Ì�Ó	Ñ'Ö�×ªÏ2Ð�ñ!È�Ê�Ë�ÍÝÆ	Ç	Ñ	Í�Ð�É2Ñ	Ë�Ê�Òíá�Ì�×ªÓ	Ï	Ù�Ë�Ð�È<×ªÏ2Ð�ñ!È�Ê�Ë�Í�ÐÝÊ!Ü�Î�Ì�É2Ó�Ð�Ú
Ü�Ç7Ì�Ï	Ñ	Ô2È�ÚÝÑyÐ�ï�Ç7Ì�áUá�Ì�×ªÓ	Ï	Ù�Ë�Ð�Ü�Ðà×ªÏ2Ð�Ü�Ð�Ü�Ç7Ì�Ï	Ï	Ñ	Ó'Ì

M
Æ	Ç	Ñ

C1 ß É2Ñ2äUäUÈ�Ð�×,Ð�Ç2äGÑ	á�×,È ϕ : Rk → Rk
Û

bâÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�È
Lp(X)

á�Ì�äGÑ	Ó�Ê�Ñ	Ç	Ù�È�×�ï�Ì�á�Ñ2Ê {ηi}∞i=1

Û'FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×�Æ	Ç2Ð�È�Ó	Ë�Ð�Ç
Qm

è'Ð�Æ	Ç2È�É7È�ß
Î7È�Ï	Ï	Õ1ÚÝÍ

Lp(X)
Ê�Î7È�É2Ù�ëQð!Ñ2×ØÐ�ï�Ç7Ì�á�Ð�×�

(Qmf)(y) =

m∑

i=1

fiηi(y), fi ∈ C.

b ÁÄÃ��'è���Û�Ã�ç�ã�ÅsÉ7Ð�Ó'Ì�á�Ì�Ï2Ð	è7Þ	Ë�ÐhÏ2Ð�Ç2×ªÕ Ë�Ì�Ó	Ñ'Ö¡Æ	Ç2Ð�È�Ó	Ë�Ð�Ç2Ð�Í�Ð�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Õ�ÍàÊ�Ð�Í�Ð�Ó	Ù�Æ	Ï2Ð�Ê�Ë�Ñ�Û �GÈ�Ç2È�á
PM

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×�Æ	Ç2Ð�È�Ó	Ë�Ð�Ç�è	É7È�Ú2Ê�Ë�Í�Ù�ëQð!Ñ	ÚyÍ
Lp(R

k)
Æ2Ð<äUÐ�Ç2×ªÙ�Î7È	�

(PMf)(x) =

{
f(x),

È�Ê�Î2Ñ
x ∈M è

0,
È�Ê�Î2Ñ

x /∈M Û

\�äUÐ�Ç2×ªÙ�Î2Ñ	Ç	Ù�È�×âÐ�Ê�Ï2Ð�Í�Ï2Ð�ÚyÇ2È�á�Ù�Î2å�Ë�Ì�ËvÏ7Ì�Ê�Ë�Ð�Ò'ð§È�ÚÝÇ7Ì�ï�Ð�Ë�ÕUÛ
��¿#÷7ùX¿��Qþ�?7B��S 2�����

A ∈ (V
Kp
p )+

4 :h���º� -���-�* ��� -	� / - 0@��"���� - "�/

(PmM ⊗Qm)A(PmM ⊗Qm) : (PmM ⊗Qm)Lp(R
k ×X) → (PmM ⊗Qm)Lp(R

k × X)
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� /1�	� -	� "������2�ª/d������
'�����
m
* $������	$��
���±$@��� - � - " -���- $ - ����"��

m0
* �y
�/10 - �	$��'� - � �h 2��� - 
��@�

sup
m>m0

‖((PmM ⊗Qm)A(PmM ⊗Qm))−1‖ <∞, � ç��

$@� -	� � - ���2� - �à� - ������� - ��$ -�* ��� -	� /N�����¡
'�����
x (∈ ∂M)

� /1�	� -	� "������2�ª/ - 0@��"���� - "�/

(PKx ⊗ I)A(PKx ⊗ I) : (PKx ⊗ I)Lp(R
k × X) → (PKx ⊗ I)Lp(R

k × X).

� û,¿�ÀIö�ý'¾7{X¿y?7B��5���	�
0 ∈ intM

* � - � - 0@��"���� - "2 
A(∈ (V

Kp
p )+)

0#"��2����$	�2�g0#" - ���	�	� - $	$	/1�
����� - ��0 - ���@���������U0#" - ���@� - " - 
 {PmM ⊗ Qm}m>1

� -�� ���v��� - ����� - � -�� ��� * � -�� ��� - 0@��"���� - "
A-	� "������2�Ø�v������
'�����

x(∈ ∂M)
-	� "������2�ª/ - 0@��"���� - "�/

(PKx ⊗ I)A(PKx ⊗ I)
4

Z!Ð�Ó'Ì�á�Ì�Ë�È�Î2å�Ê�Ë�Í�Ð�Ê�Î7È�É7Ê�Ë�Í�Ñ	ÒºÍ�Õ1Ë�È�Ó'Ì�È�ËÝÑ	áhË�È�Ð�Ç2È�×ªÕÂÃ§Ñ�Ó	Ç	Ñ	Ë�È�Ç	Ñ	ÒºÆ	Ç	Ñ2×,È�Ï	Ñ2×,Ð�Ê�Ë�ÑgÆ	Ç2Ð�È�Ó'ß
Ô	Ñ2Ð�Ï	Ï2Ð�Ü�ÐÝ×,È�Ë�Ð�É�Ì � Ê�×1ÛIÁÄÃ�è�Ê�Û �'Ã�Å���Û�Z!Ð�Ó'Ì�á�Ì�Ë�È�Î2å�Ê�Ë�Í�Ð�Ë�È�Ð�Ç2È�×ªÕ Ã�è�Ð�Ê�Ï2Ð�Í#Ì�Ï	Ï2Ð�ÈàÏ7Ì�Æ	Ç	Ñ2×,È�Ï2È�Ï	Ñ	Ñ
Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�Ðp×,È�Ë�Ð�É�Ìp\�Ñ2×,Ð�Ï2È�Ï	Ó�Ðg^ PGÐ�á�Ì�Ó'Ì'è�Æ	Ç2Ð�Í�Ð�É2Ñ	Ë�Ê�ÒâÍíÇ7Ì�á�É7È�Î7Èyé2ÛIFªÌ�á�É7È�Îiç�Ê�Ð�É7È�Ç#ñhÑ	Ë
Ð�ï�Ð�ï�ð§È�Ï	Ñ2È�Ó�Ð�Ï2Ê�Ë�Ç	Ù�Ó	Ô	Ñ	ÑØÎ7Ð�Ó'Ì�Î2å�Ï2Ð�Ú�Ê�Ë�Ç	Ù�Ó	Ë�Ù�Ç	ÕnÉ	Î2ÒØÌ�Î2Ü�È�ï�ÇØÐ�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�ÍgÊ�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	Ï	Õ±×ªÑ
Ó�Ð�ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑ�Û


 B,u§ö��X÷ �Q÷��þ	ý'¿�û,ü7|Xþ��Øû,÷7z¦þ�û,ü7|Xþ���ö�ý'ùsx�zXý�x�ùXþ
E]Ç	Ñ	Í�È�É7È�×pÏ2È�Ê�Ó�Ð�Î2å�Ó�Ð§Ð�Æ	Ç2È�É7È�Î7È�Ï	Ñ	Ú�è	Ð�ï�Ð�ï�ðhÌ�ëQð!Ñ'Ö<Ó'Î�Ì�Ê�Ê�Ñ	Þ2È�Ê�Ó	Ñ	Ú�Æ2Ð�É	Ö#Ð�É�Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�Ðh×,È�ß

Ë�Ð�É�ÌhÁ é�Å�Û�E]Ù�Ê�Ë�å
A
^_ï�Ì�Ï7Ì�Ö#Ð�Í#ÌVÌ�Î2Ü�È�ï�Ç7ÌGÊ1È�É2Ñ	Ï	Ñ	Ô2È�Ú

e
è
X
^_Ó�Ð�×ªÆ7Ì�Ó	Ë�è�Ì

ΣX
^ ï�Ð�Ç2È�Î7È�Í�Ê�Ó'Ì�Ò

σ
ß

Ì�Î2Ü�È�ï�Ç7Ì1Æ2Ð�É7×ªÏ2Ð�ñ!È�Ê�Ë�ÍGÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í#Ì
X
Û�E]Ù�Ê�Ë�åSá�Ì�É�Ì�Ï2Ð±Ï2È�Ó�Ð�Ë�Ð�Ç2Ð�È5Ð�Ë�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ2È

p : ΣX → A
Û

W�Ð�Í�Ð�Ç#Ò'Ë�èªÞ	Ë�Ðyì�Ë�Ð�Ð�Ë�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ2ÈvÆ2Ð�Ç2Ð�ñ§É�Ì�È�Ë�ÍºÌ�Î2Ü�È�ï�Ç2È
A ��������������������� �!�����"�#�!�$���&%('&�!��)

��� ���&�����+*��-, X
è2È�Ê�Î2ÑyÍ�Õ1Æ2Ð�Î2Ï	Ò'ëQË�Ê�ÒyÙ�Ê�Î7Ð�Í�Ñ	Ò �

Ã
�
p(X) = e .ã��
(∀u, v ∈ ΣX) p(u ∩ v) = p(u)p(v) .ç���É	Î2ÒvÎ2ë]ï�Õ5Ö

u, v ∈ ΣX
è2È�Ê�Î2Ñ

u ∩ v = ∅
è'Ë�Ð

p(u ∪ v) = p(u) + p(v) .é��
sup
u∈ΣX

‖p(u)‖ <∞ Û
qIÎ7È�×,È�Ï	Ë

a ∈ A
Ï7Ì�á�Õ1Í#Ì�È�Ë�Ê�Ò0/ ��12,31#���"�-,4���������������&56�7�"8�'�� è�È�Ê�Î2ÑàÉ	Î2ÒhÎ2ë]ï�Õ5ÖhÉ2Í�Ù#Öhá�Ì�×ªÓ'ßÏ	Ù�Ë�Õ5Ö�Ï2È�Æ2È�Ç2È�Ê�È�Ó'Ì�ëQð!Ñ'Ö#Ê�Ò�×ªÏ2Ð�ñ!È�Ê�Ë�Í

u, v ∈ ΣX p(u)ap(v) = 0
Û

E]Ù�Ê�Ë�å
M(X)

^ ï�Ì�Ï7Ì�Ö#Ð�Í#ÌºÌ�Î2Ü�È�ï�Ç7ÌÝÐ�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Ï	Õ5ÖpÓ�Ð�×ªÆ'Î7È�Ó�Ê�Ï	Õ5ÖØäGÙ�Ï	Ó	Ô	Ñ	Ú�èsÐ�Æ	Ç2È�É7È�Î7È�Ï'ß
Ï	Õ5ÖhÏ7Ì

X
è�Ê±Ð�ï�Õ1Þ	Ï	Õ±×ªÑ�Ð�Æ2È�Ç7Ì�Ô	Ñ	Ò	×ªÑvÑ<Ï2Ð�Ç2×,Ð�Ú�è

K(X) = {1u}u∈ΣX

^YÊ�È�×,È�Ú2Ê�Ë�Í�ÐGÖ�Ì�Ç7Ì�Ó	Ë�È�Ç	Ñ'ß
Ê�Ë�Ñ	Þ2È�Ê�Ó	Ñ'ÖÝäGÙ�Ï	Ó	Ô	Ñ	Úy×ªÏ2Ð�ñ!È�Ê�Ë�Í

u ∈ ΣX
Û �GÈ�Ç2È�á

S(X)
Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×N×ªÑ	Ï	Ñ2×IÌ�Î2å�Ï	Ù�ë á�Ì�×ªÓ	Ï	Ù�Ë�Ù�ë

Æ2Ð�É�Ì�Î2Ü�È�ï�Ç	Ù¡Ì�Î2Ü�È�ï�Ç	Õ
M(X)

è	Ê�Ð�É7È�Ç#ñ§Ì�ð!Ù�ë
K(X)

Û7OSÞ2È�Í�Ñ'É2Ï2Ð	è'Þ	Ë�Ð
S(X)

Ê�Ð�É7È�Ç#ñhÑ	Ëàï�Ì�Ï7Ì�Ö#Ð�Í�Ù
Ì�Î2Ü�È�ï�Ç	Ù

C(X)
Ï2È�Æ	Ç2È�Ç	Õ1Í�Ï	Õ5ÖyÍ�È�ð§È�Ê�Ë�Í�È�Ï	Ï	Õ5ÖyäGÙ�Ï	Ó	Ô	Ñ	ÚyÏ7Ì

X
Û

qIÎ7È�×,È�Ï	Ë
a ∈ A

Ï7Ì�á�Õ1Í#Ì�È�Ë�Ê�Ò ���������������9��:;���&�"8�,=<>,?����1�*�� �@��'&���A*�� �àÍpË�Ð�Þ	Ó�È x ∈ X
è

È�Ê�Î2ÑiÊ�Ù�ð§È�Ê�Ë�Í�Ù�ëQË�Ð�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å
u
Ë�Ð�Þ	Ó	Ñ

x
Ñoì�Î7È�×,È�Ï	Ë

b ∈ A
Ë�Ì�Ó	Ñ2È�è±Þ	Ë�Ð

bap(u) = p(u)
(p(u)ab = p(u)).

qIÎ7È�×,È�Ï	Ë
a ∈ A

Ï7Ì�á�Õ1Í#Ì�È�Ë�Ê�Ò ���������������B��:;���&�"8�,=<>, Í¡Ë�Ð�Þ	Ó�È
x ∈ X

è¦È�Ê�Î2Ñ
Ð�Ï�Î7Ð�Ó'Ì�Î2å�Ï2ÐvÐ�ï�Ç7Ì�Ë�Ñ2×�Ê�Î7È�Í#Ì§ÑÝÊ�Æ	Ç7Ì�Í#Ì§Íhì�Ë�Ð�ÚyË�Ð�Þ	Ó�È�Û

qIÎ7È�×,È�Ï	Ë�Õ
a, b ∈ A

ï�Ù�É7È�×�Ï7Ì�á�Õ1Í#Ì�Ë�å7/ �C*�8�*�����1#���"��<>,=8D*=�"��E��C1 x ∈ X è�È�Ê�Î2Ñ!É	Î2Ò!Î2ë]ï�Ð�Ü�ÐÞ	Ñ2Ê�Î�Ì
ε > 0

Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�ËàÐ�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å
u
Ë�Ð�Þ	Ó	Ñ

x
Ë�Ì�Ó'Ì�Ò¦è2Þ	Ë�Ð

‖(a− b)p(u)‖ < ε, ‖p(u)(a − b)‖ < ε.

\�Ð�Ó	Ç7Ì�ð§È�Ï	Ï2Ðàï�Ù�É7È�×�Æ	Ñ2Ê�Ì�Ë�å
a ∼x b

Û
E]Ù�Ê�Ë�å

A
è
B
^>ï�Ì�Ï7Ì�Ö#Ð�Í�ÕiÌ�Î2Ü�È�ï�Ç	ÕoÊ1Î7Ð�Ó'Ì�Î2å�Ï	Õ±×ªÑyÊ�Ë�Ç	Ù�Ó	Ë�Ù�Ç7Ì�×ªÑ�Ï7Ì�É�Æ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í#Ì�×ªÑ

XÑ
Y
èsÆ2Ð�Ç2Ð�ñ§É7È�Ï	Ï	Õ±×ªÑNÐ�Ë�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ	Ò	×ªÑ

p : ΣX → A
Ñ
p′ : ΣY → B . a ∈ A

Ñ
b ∈ B

^
ì�Î7È�×,È�Ï	Ë�Õ ì�Ë�Ñ'ÖoÌ�Î2Ü�È�ï�Ç�è

x ∈ X
Ñ
y ∈ Y

^ äGÑ	Ó�Ê�Ñ	Ç2Ð�Í#Ì�Ï	Ï	Õ±ÈíË�Ð�Þ	Ó	Ñ�Û1E]Ù�Ê�Ë�å�Ê�Ù�ð§È�Ê�Ë�Í�Ù�ëQË



ê	� �S 	�	�	$�� 4 � 4
Ð�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�Ñ

u
Ñ
v
Ë�Ð�Þ2È�Ó

x
Ñ
y
è	Ü�Ð�×,È�Ð�×,Ð�Ç2äGÑ	á�×

ϕ : u→ v
ÑyÑ	á�Ð�×,Ð�Ç2äGÑ	á�×

T : p(u)A p(u) →
p′(v)Bp′(v)

è	Ù�É7Ð�Í�Î7È�Ë�Í�Ð�Ç#Ò'ëQð!Ñ2ÈVÊ�Î7È�É2Ù�ëQð!Ñ2×ØÙ�Ê�Î7Ð�Í�Ñ	Ò	×�
Ã
�
ϕ(x) = y .ã��
(∀w ∈ Σu) T (p(w)) = p′(ϕ(w)) .ç��
T (p(u)ap(u)) ∼y p

′(v)bp′(v)
Û

csÐ�Ü�É�Ì!Ü�Ð�Í�Ð�Ç#Ò'Ë�è	Þ	Ë�Ð!ì�Î7È�×,È�Ï	Ë
a
Í!Ë�Ð�Þ	Ó�È

x �C*�����8 / �C*�8�*�����1#���+1#� ì�Î7È�×,È�Ï	Ë�Ù b Í!Ë�Ð�Þ	Ó�È y Û	\�Ð�Ó	Ç7Ì�ßð§È�Ï	Ï2Ð<ï�Ù�É7È�×ØÆ	Ñ2Ê�Ì�Ë�å
a ∼x∼y b

Ñ'Î2Ñ
a ∼x ϕ

è
T ∼y b

Û
E]Ù�Ê�Ë�å

X
^nÑ	á�×,È�Ç	Ñ2×,Ð�ÈUÆ2Ð�É7×ªÏ2Ð�ñ!È�Ê�Ë�Í�ÐvÍ

Rk
è'Þ2È�Ç2È�á

AX
Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×N×ªÏ2Ð�ñ!È�Ê�Ë�Í�ÐvÊ�È�×,È�Ú2Ê�Ë�Í

{Am}m>1
Î2Ñ	Ï2È�Ú	Ï	Õ5ÖyÐ�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Ï	Õ5ÖÝÐ�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í

Am : (PmX ⊗Qm)Lp(R
k × X) → (PmX ⊗Qm)Lp(R

k × X)

Ë�Ì�Ó	Ñ'Ö¦è�Þ	Ë�Ð
supm>1 ‖Am‖ < ∞ Û1OSÆ2È�Ç7Ì�Ô	Ñ	ÑoÊ�Î7Ð�ñ!È�Ï	Ñ	Ò¦è1Ù'×ªÏ2Ð�ñ!È�Ï	Ñ	ÒdÑNÙ'×ªÏ2Ð�ñ!È�Ï	Ñ	ÒdÏ7ÌgÊ�Ó'Ì�ß

Î2Ò'Ç�Í
AX

×,Ð�ñhÏ2Ð¡Í�Í�È�Ê�Ë�ÑíÆ2Ð�Ó�Ð�Ð�Ç�É2Ñ	Ï7Ì�Ë�Ï2Ð	èªÌvÏ2Ð�Ç2×ªÙºÐ�Æ	Ç2È�É7È�Î2Ñ	Ë�åÝÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð�× ‖{Am}m>1‖ =
supm>1 ‖Am‖

Û'LGÈ�Æ2Ð�Ê�Ç2È�É7Ê�Ë�Í�È�Ï	Ï2ÐhÆ	Ç2Ð�Í�È�Ç#Ò	È�Ë�Ê�Ò¦è2Þ	Ë�Ð§×ªÏ2Ð�ñ!È�Ê�Ë�Í�Ð
AX

ÊQÍ�Í�È�É7È�Ï	Ï	Õ±×ªÑ¡Ë�Ì�Ó	Ñ2×ØÐ�ï�ß
Ç7Ì�á�Ð�×NÐ�Æ2È�Ç7Ì�Ô	Ñ	Ò	×ªÑ�ÑÝÏ2Ð�Ç2×,Ð�Ú�Ò'Í�Î2Ò	È�Ë�Ê�ÒÝï�Ì�Ï7Ì�Ö#Ð�Í�Ð�ÚíÌ�Î2Ü�È�ï�Ç2Ð�Ú�Û¦OSÆ	Ç2È�É7È�Î2Ñ2×âÍ

AX
Ê�Î7È�É2Ù�ëQð§È�È

×ªÏ2Ð�ñ!È�Ê�Ë�Í�Ð��
JX =

{
{Am}m>1 ∈ AX : limm→∞ ‖Am‖ = 0

}
.
LGÈ�Ë�Ç	Ù�É2Ï2Ð¡Í�Ñ'É7È�Ë�å2è�Þ	Ë�Ð

JX
Ò'Í�ß

Î2Ò	È�Ë�Ê�Ò�á�Ì�×ªÓ	Ï	Ù�Ë�Õ±×�É2Í�Ù#Ö#Ê�Ë�Ð�Ç2Ð�Ï	Ï	Ñ2×dÑ'É7È�Ì�Î7Ð�×âÍ
AX

Û��GÈ�Ç2È�á
AX

Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×däVÌ�Ó	Ë�Ð�Ç'ß�Ì�Î2Ü�È�ï�Ç	Ù
AX/JX

Û5PQÎ�Ì�Ê�Ê�Ê�×,È�ñhÏ2Ð�Ê�Ë�Ñiì�Î7È�×,È�Ï	Ë�Ì {Am}m>1 (∈ AX)
Æ2ÐpÑ'É7È�Ì�Î2Ù

JX
Ð�ï�Ð�á�Ï7Ì�Þ	Ñ2×ÂÞ2È�Ç2È�á

[{Am}m>1]JX
Û'ZUÎ2ÒyÓ'Ì�ñ§É7Ð�Ü�Ð�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì

A : Lp(R
k × X) → Lp(R

k × X)
Ð�Æ	Ç2È�É7È�Î2Ñ2×Nì�Î7È�×,È�Ï	Ë

jX(A) (∈ AX)
äUÐ�Ç2×ªÙ�Î7Ð�Ú

jX(A) =
[
{(PmX ⊗Qm)A(PmX ⊗Qm)}m>1

]
JX
. � é��

E]Ù�Ê�Ë�å
Ṙk

^`Ð�É2Ï2Ð�Ë�Ð�Þ2È�Þ	Ï7Ì�ÒÝÓ�Ð�×ªÆ7Ì�Ó	Ë�Ñ2äGÑ	Ó'Ì�Ô	Ñ	Ò
Rk
è
X
^ná�Ì�×ªÕ1Ó'Ì�Ï	Ñ2ÈV×ªÏ2Ð�ñ!È�Ê�Ë�Í#Ì

X
Í
Ṙk
Û

��¿#÷7ùX¿��Qþ ô B��±� -	� "����<��$	�@�
p : ΣX → AX

*¦- 0#"s���s���@��$	$ - �1"���
'��$@����
 - �

p(u) =
[
{Pm(u∩X) ⊗Qm}m>1

]
JX
,

0 - " - �V�������§
v��� � � � "s�
AX

� - �	������$� ��n����"2 	�@�� #"2 ¡$����º0#" - ����"���$@����
 - �
X
4

b�Õ1Æ2Ð�Î2Ï2È�Ï	Ñ2ÈÝÞ2È�Ë�Õ1Ç2È�Ö�Ù�Ê�Î7Ð�Í�Ñ	ÚNÐ�Æ	Ç2È�É7È�Î7È�Ï	Ñ	Ò�Î7Ð�Ó'Ì�Î2å�Ï2Ð�ÚdÊ�Ë�Ç	Ù�Ó	Ë�Ù�Ç	ÕÂÆ	Ç2Ð�Í�È�Ç#Ò	È�Ë�Ê�ÒNÆ	Ç#Ò�ß
×ªÕ±×ªÑyÍ�Õ1Ó'Î�Ì�É2Ó'Ì�×ªÑ�Û

a¦Ì�äGÑ	Ó�Ê�Ñ	Ç	Ù�È�×_ï�È�á�Ù�Ê�Î7Ð�Í�Ï	Õ1Ú�ï�Ì�á�Ñ2Ê {e1(x), e2(x), . . . , ei(x), . . . }∞i=1

Í
Lp(R

k)
Ñpï�È�á�Ù�Ê�Î7Ð�Í�ß

Ï	Õ1Úhï�Ì�á�Ñ2Ê {η1(y), η2(y), . . . , ηj(y), . . . }∞j=1

Í
Lp(X)

Û�H]á�Í�È�Ê�Ë�Ï2Ð	è�Þ	Ë�ÐQÆ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�åVÍ�Ñ'É�Ì

{e1η1, e1η2, . . . , e1ηj , . . . , e2η1, e2η2, . . . , e2ηj , . . . , eiη1, eiη2, . . . , eiηj , . . . }∞i,j=1 � ê��
Ð�ï�Ç7Ì�á�Ù�È�Ë�ï�È�á�Ù�Ê�Î7Ð�Í�Ï	Õ1Úoï�Ì�á�Ñ2ÊÝÍgÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�È

Lp(R
k × X)

Û�E]Ù�Ê�Ë�å
f(x, y) ∈ (PmX ⊗ Qm)

Lp(R
k × X)

Û2csÐ�Ü�É�Ì<äGÙ�Ï	Ó	Ô	Ñ	ë
f
×,Ð�ñhÏ2Ð<Ç7Ì�á�Î7Ð�ñhÑ	Ë�åàÆ2Ð<ï�Ì�á�Ñ2Ê�Ù � ê�� �

f(x, y) =

∞∑

i=1

m∑

j=1

αmij ei(x)ηj(y), αmij ∈ C. � ò��

b�Í�È�É7È�×�Ð�Ë�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ2È
µ : S(X) → AX

äUÐ�Ç2×ªÙ�Î7Ð�Ú
µ(ϕ) = [{Φm}m>1]JX

è	Ü�É7È

(Φmf)(x, y) =





∞∑
i=1

m∑
j=1

αmijϕ(x/m)ei(x)ηj(y), x ∈ mX,

0, x /∈ mX.

� ó	�
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1) {Φm}m>1 ∈ AX
4

2) µ
�'
���������� �¡$@��0#"s��"�/1
�$	/±� ��- � - � - "��S�2�� - � 4

3) ‖µ(ϕ)‖ 6 ‖ϕ‖S(X)

4
4) (∀u ∈ ΣX) µ(1u) = p(u)

4
MUÈ�×,×IÌ�ÃàÉ7Ð�Ó'Ì�á�Õ1Í#Ì�È�Ë�Ê�Ò�Æ	Ç#Ò	×ªÕ±×ªÑ�Í�Õ1Ó'Î�Ì�É2Ó'Ì�×ªÑ�ÛIH]á¡Ë�È�Ð�Ç2È�×ªÕUèXÉ7Ð�Ó'Ì�á�Ì�Ï	Ï2Ð�Ú�ÍØÁ ã	èªÊ�Û,ê	��Å�è

Ê�Î7È�É2Ù�È�Ë�è2Þ	Ë�ÐhÆ2Ð�Ê�Ë�Ç2Ð�È�Ï	Ï	Õ1ÚÝÜ�Ð�×,Ð�×,Ð�Ç2äGÑ	á�×âÈ�É2Ñ	Ï2Ê�Ë�Í�È�Ï	Ï	Õ1Ú�Û
��¿#÷7ùX¿��Qþ 
 B�:h������� ��-���-<- 0@��"���� - "��

A ∈ (V
Kp
p )+ � �@������$@� jX(A) � - �	������$ -���- ���	0�� 4

C
Z!Ð�Ó'Ì�á�Ì�Ë�È�Î2å�Ê�Ë�Í�Ð Ë�È�Ð�Ç2È�×ªÕ Ê�Í�Ð�É2Ñ	Ë�Ê�ÒYÓ_É7Ð�Ó'Ì�á�Ì�Ë�È�Î2å�Ê�Ë�Í�Ù>Ê�Î7È�É2Ù�ëQð§È�Ü�ÐdÙ�Ë�Í�È�Ç#ñ§É7È�Ï	Ñ	Ò¦Û

E]Ù�Ê�Ë�å
λI + A ∈ (V

Kp
p )+

è@Ü�É7È
λ ∈ C

è@Ñ {um}m>1
è {vm}m>1

^ Ê�È�×,È�Ú2Ê�Ë�Í#Ì¡Ñ	á�×,È�Ç	Ñ2×ªÕ5ÖíÆ2Ð�É	ß
×ªÏ2Ð�ñ!È�Ê�Ë�Í

Rk
Û	E]Ù�Ê�Ë�å

ρ(um, vm)
^nÇ7Ì�Ê�Ê�Ë�Ð�Ò'Ï	Ñ2ÈV×,È�ñ§É2Ù¡×ªÏ2Ð�ñ!È�Ê�Ë�Í#Ì�×ªÑ

um
Ñ
vm
Û2KIÊ�Î2Ñ

lim
m→∞

ρ(um, vm) = ∞,

Ë�Ð
lim
m→∞

‖(Pum ⊗Qm)(λI +A)(Pvm ⊗Qm)‖ = 0. � ���
FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×�Ð�Æ2È�Ç7Ì�Ë�Ð�ÇíÍ�Ñ'É�Ì

λI +
∑l

i=1 Ãi ⊗ Bi
è@Ü�É7È

Ãi
^ Ð�Æ2È�Ç7Ì�Ë�Ð�ÇgÊ�Í�È�Ç	Ë�Ó	ÑgÊhäGÑ	Ï	Ñ	Ë�Ï	Õ±×

Ò�É2Ç2Ð�×
ai(x)

è
Bi ∈ Kp

è
λ ∈ C

Û�cXÌ�ÓvÓ'Ì�Ó�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	ÕNË�Ì�Ó�Ð�Ü�ÐVÍ�Ñ'É�ÌUÆ'Î7Ð�Ë�Ï	ÕâÍ
(V

Kp
p )+

è�Ë�ÐGÎ7È�×,×ªÙ
É7Ð�Ê�Ë�Ì�Ë�Ð�Þ	Ï2ÐhÉ7Ð�Ó'Ì�á�Ì�Ë�å<É	Î2Ò�Ë�Ì�Ó	Ñ'ÖyÐ�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�Í2Û7cXÌ�ÓyÓ'Ì�ÓyÑ2×,È�È�Ë�Ê�Ò¡Ó�Ð�Ï2È�Þ	Ï2Ð�ÈUÞ	Ñ2Ê�Î7ÐhÒ�É7È�Ç

ai(x)
è

Ë�ÐvÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë¡îhÌ�Ç�Ç7Ì�É2Ñ	Ù�Ê�Ì
r
Ë�Ì�Ó�Ð�Ú�è¦Þ	Ë�ÐvÆ	Ç	Ñ |x| > r

Í�Ê�È!Ò�É2Ç7Ì
ai(x)

Ð�ï�Ç7Ì�ðhÌ�ëQË�Ê�Ò�Í�Ï	Ù�Î2å2Û
cXÌ�ÓyÓ'Ì�ÓyÆ	Ç	Ñ

ρ(um, vm) > r PumÃiPvm = O
Ñ
PumPvm = O

è'Ë�Ð§Ñ	áUÇ7Ì�Í�È�Ï2Ê�Ë�Í#Ì

(
Pum ⊗Qm

)(
λI +

l∑

i=1

Ãi ⊗Bi

)(
Pvm ⊗Qm

)
=λ
(
Pum∩vm ⊗Qm

)
+

l∑

i=1

PumÃiPvm ⊗QmBiQ
m

Ê�Î7È�É2Ù�È�Ë�è2Þ	Ë�ÐhÆ	Ç	Ñ�É7Ð�Ê�Ë�Ì�Ë�Ð�Þ	Ï2Ðvï�Ð�Î2å�î!Ñ'Ö
m

(Pum ⊗Qm)
(
λI +

l∑

i=1

Ãi ⊗Bi
)
(Pvm ⊗Qm) = O,

Þ	Ë�Ð§É7Ð�Ó'Ì�á�Õ1Í#Ì�È�ËàÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð � ����Û B
� B��º÷7z¦þ'ú#þ	ý'¿�û,ü7ö�ý'¾7÷p÷7ö�|X÷7¾7|X÷��÷íùX¿�ú�x�û,ü'ý�þ	ý�þ

Z!Ð�Ó'Ì�á�Ì�Ë�È�Î2å�Ê�Ë�Í�Ð�Ë�È�Ð�Ç2È�×ªÕ Ã�Ð�Æ	Ñ	Ç7Ì�È�Ë�Ê�ÒâÏ7ÌíË�Ç	Ñ�Î7È�×,×ªÕUÛ�EGÈ�Ç	Í#Ì�Ò�Î7È�×,×IÌíÙ�Ê�Ë�Ì�Ï7Ì�Í�Î2Ñ	Í#Ì�È�Ë
Ê�Í�Ò'á�åÝ×,È�ñ§É2ÙíÐ�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�å�ëÂÑ�Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ú�Ð�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�å�ë Ð�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�ÍºÊhÓ�Ð�×ªÆ7Ì�Ó	Ë�Ï	Õ±×ªÑ�Ó�Ð�ß
ì�äUäGÑ	Ô	Ñ2È�Ï	Ë�Ì�×ªÑ�Û±OSË�×,È�Ë�Ñ2×nÆ	Ç	ÑNì�Ë�Ð�×1è�Þ	Ë�ÐpÇ7Ì�Ê�Ê�×IÌ�Ë�Ç	Ñ	Í#Ì�È�×ªÕ1Ú Ð�Æ2È�Ç7Ì�Ë�Ð�Çi×,Ð�ñ!È�ËØÑNÏ2È�ï�Õ1Ë�å
Ð�Æ2È�Ç7Ì�Ë�Ð�Ç2Ð�×�Ë�Ñ	Æ7ÌhÊ�Í�È�Ç	Ë�Ó	Ñ�Û

wÝ¿�� �Qþ ô B �S 2�����
K

� �2�����"��2�ª/1� � - $� 2� ��
'��"��!�	$ - � 
 $� ��@��� - 0@��"���� - "
A ∈

(L (Lp(R
k)) ⊗ Kp)

+ ����� - � * ��� - � �@������$@� jK(A)
� - �	������$ -���- ���	0�� 4 :h���N� -���-�* ��� -	� / - 0@�	�

"���� - "
(PK ⊗ I)A(PK ⊗ I) : (PK ⊗ I)Lp(R

k × X) → (PK ⊗ I)Lp(R
k × X)

� /1� -	� "������2� * $@� -	� � - ���2� - �Ø� - ������� - ��$ -�* ��� -	� / � �@������$@� jK(A)
� /1�N� - �	������$ -Ø-	� "������2�


h$� ��@� 4

C 
 1#��:��	��%�8�,=�����"�� cXÌ�Ó<Ó'Ì�Ó<Ð�Æ2È�Ç7Ì�Ë�Ð�Ç (PK⊗I)A(PK⊗I) Ð�ï�Ç7Ì�Ë�Ñ2×�Í (PK⊗I)Lp(Rk×X)
è

Ë�Ð§Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë§Þ	Ñ2Ê�Î7Ð
m0

Ë�Ì�Ó�Ð�È�è	Þ	Ë�ÐVÉ	Î2Ò<Î2ë]ï�Ð�Ü�Ð
m > m0

Ð�Æ2È�Ç7Ì�Ë�Ð�Ç
(PK ⊗Qm)A(PK ⊗Qm)Ð�ï�Ç7Ì�Ë�Ñ2×>ÍgÊ�Ð�Ð�Ë�Í�È�Ë�Ê�Ë�Í�Ù�ëQð§È�×ÿÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�È

(PK ⊗ Qm)Lp(R
k × X)

Û5\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è5Æ	Ç	Ñ



ò	� �S 	�	�	$�� 4 � 4

m > m0
Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë§Ð�Æ2È�Ç7Ì�Ë�Ð�Ç

Cm
è#Ð�ï�Ç7Ì�Ë�Ï	Õ1Ú�Ó

(PK ⊗Qm)A(PK ⊗Qm) Û�csÐ�Ü�É�ÌVì�Î7È�×,È�Ï	Ë c =
[{Cm}m>1]JK

ï�Ù�É7È�Ë¡Ð�ï�Ç7Ì�Ë�Ï	Õ±×1è�Ìàá�Ï7Ì�Þ	Ñ	Ë�è@Ñ�Î7Ð�Ó'Ì�Î2å�Ï2ÐyÐ�ï�Ç7Ì�Ë�Ï	Õ±×1è@Ó
jK(A)

Û¦LGÈ�Ð�ï�Ö#Ð�É2Ñ2×,Ð�Ê�Ë�å
É7Ð�Ó'Ì�á�Ì�Ï7Ì'Û

� �����"�&�"��E��������"�� E]Ù�Ê�Ë�åyì�Î7È�×,È�Ï	Ë jK(A)
Î7Ð�Ó'Ì�Î2å�Ï2ÐÝÐ�ï�Ç7Ì�Ë�Ñ2×oÍ¡Ï	Ù�Î7È�Û�csÐ�Ü�É�ÌyÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë

ì�Î7È�×,È�Ï	Ë
b = [{Bm}m>1]JK (∈ AK)

ÑyÐ�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å
u(⊂ K)

Ë�Ð�Þ	Ó	Ñ
0
Ë�Ì�Ó	Ñ2È�è2Þ	Ë�Ð

bjK(A)p(u) = p(u).

\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è2É	Î2Ò�Î2ë]ï�Ð�Ü�Ð
f(∈ (PK ⊗ I)Lp(R

k × X))

lim
m→∞

‖Bm(PK ⊗Qm)A(PK ⊗Qm)(Pmu ⊗Qm)f − (Pmu ⊗Qm)(PK ⊗Qm)f‖ = 0.

E]Ù�Ê�Ë�å
β = supm>1 ‖Bm‖

Û¦H]áhÆ	Ç2È�É2Õ5É2Ù�ð§È�Ü�Ð¡Ç7Ì�Í�È�Ï2Ê�Ë�Í#Ì�Æ2Ð�Î2Ù�Þ7Ì�È�×1è¦Þ	Ë�ÐvÉ	Î2Ò�Î2ë]ï�Ð�Ü�Ð¡äGÑ	Ó�Ê�Ñ'ß
Ç2Ð�Í#Ì�Ï	Ï2Ð�Ü�Ð<Þ	Ñ2Ê�Î�Ì

ε(> 0)
Ï7Ì�Ú'É7È�Ë�Ê�ÒyÏ2Ð�×,È�Ç

m0
Ë�Ì�Ó�Ð�Ú�è2Þ	Ë�Ð§É	Î2ÒvÎ2ë]ï�Ð�Ü�Ð

m (> m0)

‖Bm(PK ⊗Qm)A(PK ⊗Qm)(Pmu ⊗Qm)f − (Pmu ⊗Qm)(PK ⊗Qm)f‖ 6 ε;

‖(Pmu ⊗Qm)(PK ⊗Qm)f‖ − ε 6 β‖(PK ⊗Qm)A(PK ⊗Qm)(Pmu ⊗Qm)f‖. � ���
cXÌ�Ó�Ó'Ì�Ó

mu ∩K Ò'Í�Î2Ò	È�Ë�Ê�Ò�É	Î2Ò
K
Ñ2Ê�Þ2È�Ç	Æ	Õ1Í#Ì�ëQð§È�Ú�Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å�ë`Æ2Ð�É7×ªÏ2Ð�ñ!È�Ê�Ë�ÍÝÑ

Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å {Qm}m>1
Ê�Ñ'Î2å�Ï2Ð<Ê�Ö#Ð�É2Ñ	Ë�Ê�ÒÝÓ

IL (Lp(X))
è'Ë�Ð

lim
m→∞

‖(Pmu ⊗Qm)(PK ⊗Qm)f − f‖ = 0; lim
m→∞

‖(PK ⊗Qm)f − f‖ = 0. � Ã����

FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2×âÞ	Ñ2Ê�Î7Ð�Í�Ù�ë_Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å
εn → 0

Æ	Ç	Ñ
n→ ∞ Û	H]á � ���5Ê�Î7È�É2Ù�È�Ë�è2Þ	Ë�Ð

(∀n ∈ N) (∃mn
0 ) (∀m > mn

0 )

1

β

∥∥(Pmu ⊗Qm)(PK ⊗Qm)f
∥∥− εn

β
6
∥∥(PK ⊗Qm)A(PK ⊗Qm)(Pmu ⊗Qm)f

∥∥.

\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë Ê�Ë�Ç2Ð�Ü�Ð ×,Ð�Ï2Ð�Ë�Ð�Ï	Ï2Ð Í�Ð�á�Ç7Ì�Ê�Ë�Ì�ëQðhÌ�Ò Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å
mn → ∞ Æ	Ç	Ñ

n→ ∞ è'Ë�Ì�Ó'Ì�ÒyÞ	Ë�Ð§É	Î2Ò�Î2ë]ï�Ð�Ü�Ð§Ï7Ì�Ë�Ù�Ç7Ì�Î2å�Ï2Ð�Ü�Ð
n
Í�Õ1Æ2Ð�Î2Ï	Ò	È�Ë�Ê�ÒÝÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

1

β

∥∥(Pmnu ⊗Qmn)(PK ⊗Qmn)f
∥∥− εn

β
6
∥∥(PK ⊗Qmn)A(PK ⊗Qmn)(Pmnu ⊗Qmn)f

∥∥. � Ã�Ã
�

H]á � Ã����5Ê�Î7È�É2Ù�È�Ë<Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

lim
m→∞

∥∥(PK ⊗Qm)A(PK ⊗Qm)(Pmu ⊗Qm)f − (PK ⊗ I)A(PK ⊗ I)f
∥∥ = 0. � Ã�ã��

EGÈ�Ç2È�Ö#Ð�É2ÒyÓ�Æ	Ç2È�É7È�Î2Ù�ÍhÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í�È � Ã�Ã
��Æ	Ç	Ñ n→ ∞ è�Ù�Þ	Ñ	Ë�Õ1Í#Ì�Ò � Ã�����Ñ � Ã�ã���è�Æ2Ð�Î2Ù�Þ7Ì�È�×1è	Þ	Ë�ÐÉ	Î2Ò�Î2ë]ï�Ð�ÚyäGÙ�Ï	Ó	Ô	Ñ	Ñ
f(∈ (PK ⊗ I)Lp(R

k × X))
Ê�Æ	Ç7Ì�Í�È�É	Î2Ñ	Í�ÐàÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

1

β
‖f‖ 6 ‖(PK ⊗ I)A(PK ⊗ I)f‖. � Ã�ç��

EGÐ�Ó'Ì�ñ!È�×1è�Þ	Ë�ÐUÐ�ï�Ç7Ì�áQÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì
(PK⊗I)A(PK⊗I)(∈ L ((PK⊗I)Lp(Rk×X)))

á�Ì�×ªÓ	Ï	Ù�Ë�è
Ë�Û2È�Û

im(PK ⊗ I)A(PK ⊗ I) = im(PK ⊗ I)A(PK ⊗ I). � Ã�é��
ZUÎ2Ò¡ì�Ë�Ð�Ü�ÐhÇ7Ì�Ê�Ê�×,Ð�Ë�Ç	Ñ2×�Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�å

fn(∈ im(PK ⊗ I)A(PK ⊗ I))
Ë�Ì�Ó	Ù�ë§è	Þ	Ë�Ð

lim
n→∞

fn = f(∈ im(PK ⊗ I)A(PK ⊗ I)), � Ã�ê��
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Ñ¡Æ2Ð�Ó'Ì�ñ!È�×1è7Þ	Ë�Ð
f ∈ im(PK ⊗ I)A(PK ⊗ I)

Û2H]á�Í�È�Ê�Ë�Ï2Ð	è2Þ	Ë�Ð

(∀n ∈ N) (∃ϕn ∈ (PK ⊗ I)Lp(R
k × X)) (PK ⊗ I)A(PK ⊗ I)ϕn = fn. � Ã�ò��

H]á5äGÙ�Ï'É�Ì�×,È�Ï	Ë�Ì�Î2å�Ï2Ð�Ê�Ë�ÑhÆ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�Ñ {(PK⊗I)A(PK⊗I)ϕn}∞n=1

Ñ!Ï2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í#Ì � Ã�ç��Ê�Î7È�É2Ù�È�Ë§äGÙ�Ï'É�Ì�×,È�Ï	Ë�Ì�Î2å�Ï2Ð�Ê�Ë�å§Æ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�Ñ {ϕn}∞n=1

Û#b�Ê�Ñ'Î2ÙhÆ2Ð�Î2Ï2Ð�Ë�ÕNÆ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í#Ì
(PK ⊗ I)Lp(R

k × X)
è2Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�ËàäGÙ�Ï	Ó	Ô	Ñ	Ò

ϕ ∈ (PK ⊗ I)Lp(R
k ×X)

Ë�Ì�Ó'Ì�Ò¦è2Þ	Ë�Ð

lim
n→∞

(PK ⊗ I)A(PK ⊗ I)ϕn = (PK ⊗ I)A(PK ⊗ I)ϕ. � Ã�ó	�
H]á � Ã�ê���è � Ã�ò��ºÑ � Ã�ó	�ºÆ2Ð�Î2Ù�Þ7Ì�È�× Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

(PK ⊗ I)A(PK ⊗ I)ϕ = f
èUÊ�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è

f ∈ im(PK ⊗ I)A(PK ⊗ I)
èXÞ	Ë�ÐÝÉ7Ð�Ó'Ì�á�Õ1Í#Ì�È�Ë � Ã�é���ÛXcXÌ�Ó	Ñ2×YÐ�ï�Ç7Ì�á�Ð�×1èªÑ	á � Ã�ç���è � Ã�é��UÑ�Ë�È�Ð�Ç2È�ß×ªÕ_Ð�ïàÐ�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�ÑíÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì'è@Ð�Ë�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Ï2Ð�Ü�Ð¡Ð�ËvÏ	Ù�Î2ÒpÁÄÃ��'è�Ê�ÛsÃ�Ã���Å,Ê�Î7È�É2Ù�È�Ë¡Ð�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�å

Ð�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì

(PK ⊗ I)A(PK ⊗ I) : (PK ⊗ I)Lp(R
k × X) → im(PK ⊗ I)A(PK ⊗ I).

Z!Ð�Ó'Ì�ñ!È�×âÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð

im(PK ⊗ I)A(PK ⊗ I) = (PK ⊗ I)Lp(R
k × X). � Ã����

H]áhÎ7Ð�Ó'Ì�Î2å�Ï2Ð�Ú�Ð�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�ÑpÍyÏ	Ù�Î7Èhì�Î7È�×,È�Ï	Ë�Ì
jK(A)

Ê�Î7È�É2Ù�È�Ë�èsÞ	Ë�ÐyÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë
c (∈ AK)

Ñ
Ð�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å

v(⊂ K)
Ë�Ð�Þ	Ó	Ñ �§Ë�Ì�Ó	Ñ2È�è	Þ	Ë�Ð

p(v)jK(A)c = p(v). � Ã����
FªÌ�Ê�Ê�×,Ð�Ë�Ç	Ñ2× äGÙ�Ï	Ó	Ô	Ñ	ë

ϕ(∈ C(K))
èGÉ	Î2Ò Ó�Ð�Ë�Ð�Ç2Ð�Ú

ϕ(0) = 1
Ñ
ϕ(x) = 0

Æ	Ç	Ñ
x /∈ v

Û
l]×ªÏ2Ð�ñhÑ2× � Ã�����Ê�Î7È�Í#Ì�Ï7Ì�ì�Î7È�×,È�Ï	Ë µ(ϕ) è±Ü�É7È µ ^ Ü�Ð�×,Ð�×,Ð�Ç2äGÑ	á�×1èSÐ�Æ	Ç2È�É7È�Î2Ò	È�×ªÕ1Ú�äUÐ�Ç2×ªÙ#ß
Î7Ð�Ú � ó	��Û'cXÌ�Ó�Ó'Ì�ÓyÊ�Ð�Ü�Î�Ì�Ê�Ï2Ð!Î7È�×,×,ÈhÃ p(v) = µ(1v)

è�Ë�ÐVÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð � Ã�����Æ2È�Ç2È�Æ	Ñ2Ê�Õ1Í#Ì�È�Ë�Ê�Ò¡Í!Í�Ñ'É7È
µ(ϕ)jK(A)c = µ(ϕ)

Û	cXÌ�ÓyÓ'Ì�Ó¡ì�Î7È�×,È�Ï	Ë
jK(A)

Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�Ð<Ë�Ñ	Æ7Ì'è'Ë�Ð!Ñ	áGË�È�Ð�Ç2È�×ªÕUè'É7Ð�Ó'Ì�á�Ì�Ï	Ï2Ð�Ú
Í�Á ã'è�Ê�Û'ò�ã�Å¦Ê�Î7È�É2Ù�È�Ë�è�Þ	Ë�Ð

jk(A)
Ó�Ð�×,×ªÙ�Ë�Ñ	Ç	Ù�È�Ë<Ê±Î2ë]ï�Õ±×gì�Î7È�×,È�Ï	Ë�Ð�×�Ñ	á

µ(C(K))
è�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�ß

Ï2Ð	è
µ(ϕ)jK(A)c = jK(A)µ(ϕ)c = µ(ϕ). � ã	���

l]×ªÏ2Ð�ñhÑ2×âÆ	Ç7Ì�Í�Ù�ë Þ7Ì�Ê�Ë�åvÇ7Ì�Í�È�Ï2Ê�Ë�Í#Ì � ã	���5Ï7Ì p(K)
Û7EGÐ�Î2Ù�Þ	Ñ2×

jK(A)µ(ϕ)cp(K) = µ(ϕ)p(K)
Û

E]Ù�Ê�Ë�å]ì�Î7È�×,È�Ï	Ë
c
Ñ2×,È�È�Ë]Í�Ñ'É

c = [{Cm}m>1]JK
Û�E]Ù�Ê�Ë�å

f ∈ (PK⊗I)Lp(Rk×X)
Û�H]á�Æ2Ð�Ê�Î7È�É2Ï2È�Ü�Ð

Ç7Ì�Í�È�Ï2Ê�Ë�Í#Ì<Ê�Î7È�É2Ù�È�Ë�è2Þ	Ë�Ð

lim
m→∞

‖(PK ⊗Qm)A(PK ⊗Qm)ΦmCm(PK ⊗Qm)f − Φm(PK ⊗Qm)f‖ = 0. � ã'Ã
�
cXÌ�ÓyÓ'Ì�Ó

mv ∩K ^nÑ2Ê�Þ2È�Ç	Æ	Õ1Í#Ì�ëQðhÌ�ÒyÆ2Ð�Ê�Î7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð�Ê�Ë�ÑºÆ2Ð�É7×ªÏ2Ð�ñ!È�Ê�Ë�ÍvÉ	Î2Ò
K
è'Ë�Ð

(∀ ε > 0) (∃ r > 0)

∫

K\rv×X

|f(x, y)|p dxdy < ε.

H]áGÏ2È�Æ	Ç2È�Ç	Õ1Í�Ï2Ð�Ê�Ë�ÑºäGÙ�Ï	Ó	Ô	Ñ	Ñ
ϕ(x)

Ê�Î7È�É2Ù�È�Ë�è2Þ	Ë�Ð

(∃m0) (∀m > m0) max
x∈rv

|1− ϕ(x/m)|p < ε.

H]áGì�Ë�Ñ'ÖyÊ�Ð�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ	ÚºÊ�Î7È�É2Ù�È�Ë<Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

lim
m→∞

‖Φm(PK ⊗Qm)f − f‖ = 0. � ã�ã��
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Z!Ð�Ó'Ì�ñ!È�×âÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð

lim
m→∞

∥∥(PK⊗I)A(PK⊗I)ΦmCm(PK⊗Qm)f−(PK⊗Qm)A(PK⊗Qm)ΦmCm(PK⊗Qm)f
∥∥ = 0.

cXÌ�ÓÝÓ'Ì�Ó
Φm ∈ L ((PK ⊗Qm)Lp(R

k × X))
è	Ë�Ð§É7Ð�Ê�Ë�Ì�Ë�Ð�Þ	Ï2Ð<Æ2Ð�Ó'Ì�á�Ì�Ë�å2è7Þ	Ë�Ð

lim
m→∞

‖(PK ⊗ I)AΦmCm(PK ⊗Qm)f − (PK ⊗Qm)AΦmCm(PK ⊗Qm)f‖ = 0. � ã�ç��

OSË�×,È�Ë�Ñ2×1è�Þ	Ë�ÐUÐ�Æ2È�Ç7Ì�Ë�Ð�Ç
A
Æ	Ç2È�É7Ê�Ë�Ì�Í�Ñ2×gÍGÍ�Ñ'É7È

A = λI+ Ã
è�Ü�É7È

λ ∈ C
è
Ã ∈ L (Lp(R

k))⊗Kp
Û

OSÔ2È�Ï	Ñ2×�Ï2Ð�Ç2×ªÙ�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç7ÌhÑ	á � ã�ç��

‖(PK ⊗ I)AΦmCm(PK ⊗Qm)f − (PK ⊗Qm)AΦmCm(PK ⊗Qm)f‖
= ‖(PK ⊗ I)ÃΦmCm(PK ⊗Qm)f − (PK ⊗Qm)ÃΦmCm(PK ⊗Qm)f‖

6 ‖(PK ⊗ I)Ã− (PK ⊗Qm)Ã‖‖ΦmCm(PK ⊗Qm)‖‖f‖.
� ã�é��

ZUÎ2Ò
Ã
Ñ2×,È�È�Ëh×,È�Ê�Ë�Ð!Ù�Ë�Í�È�Ç#ñ§É7È�Ï	Ñ2È�è7Ì�Ï7Ì�Î7Ð�Ü�Ñ	Þ	Ï2Ð�È]Î7È�×,×,È§ÃQÑ	á§Á ò�Å�Û	\�Ð�Ü�Î�Ì�Ê�Ï2Ðhì�Ë�Ð�×ªÙàÙ�Ë�Í�È�Ç#ñ§É7È�ß

Ï	Ñ	ë
lim
m→∞

‖(PK ⊗ I)Ã− (PK ⊗Qm)Ã‖ = 0. � ã�ê��
cXÌ�ÓÝÓ'Ì�Ó {Φm}m>1 ∈ AK

è'Ë�Ð {ΦmCm(PK ⊗Qm)}m>1 ∈ AK
è'ÑyÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë

β > 0
Ë�Ì�Ó�Ð�È�è2Þ	Ë�Ð

sup
m>1

‖ΦmCm(PK ⊗Qm)‖ < β.

\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è � ã�é��5Ð�Ô2È�Ï	Ñ	Í#Ì�È�Ë�Ê�ÒÝË�Ì�Ó �

‖(PK ⊗ I)Ã− (PK ⊗Qm)Ã‖‖ΦmCm(PK ⊗Qm)‖‖f‖ 6 β‖(PK ⊗ I)Ã− (PK ⊗Qm)Ã‖‖f‖.
cXÌ�Ó	Ñ2×âÐ�ï�Ç7Ì�á�Ð�×1è2Ñ	áGÆ2Ð�Ê�Î7È�É2Ï2È�Ü�Ð<Ï2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í#Ì'è � ã�é���Ñ � ã�ê��5Ê�Î7È�É2Ù�È�Ë � ã�ç���ÛZUÎ2ÒyäGÙ�Ï	Ó	Ô	Ñ	Ñ

f
Ñ2×,È�È�Ëà×,È�Ê�Ë�Ð<Ð�Ô2È�Ï	Ó'Ì �

‖(PK ⊗ I)A(PK ⊗ I)ΦmCm(PK ⊗Qm)f − f‖
6 ‖(PK ⊗ I)A(PK ⊗ I)ΦmCm(PK ⊗Qm)f − (PK ⊗Qm)A(PK ⊗Qm)ΦmCm(PK ⊗Qm)f‖

+‖(PK ⊗Qm)A(PK ⊗Qm)ΦmCm(PK ⊗Qm)f − Φm(PK ⊗Qm)f‖ + ‖Φm(PK ⊗Qm)f − f‖.
H]á5Ç7Ì�Í�È�Ï2Ê�Ë�Í � ã'Ã
��� � ã�ç��sÊ�Î7È�É2Ù�È�Ë�è�Þ	Ë�Ð limm→∞ ‖(PK⊗I)A(PK⊗I)ΦmCm(PK⊗Qm)f−f‖ = 0.OQï�Ð�á�Ï7Ì�Þ	Ñ2×âÞ2È�Ç2È�á

ψm = ΦmCm(PK ⊗Qm)f
Û	csÐ�Ü�É�ÌhÆ2Ð�Ê�Î7È�É2Ï2È�ÈUÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð<ì�Ó	Í�Ñ	Í#Ì�Î7È�Ï	Ë�Ï2Ð

lim
m→∞

‖(PK ⊗ I)A(PK ⊗ I)ψm − f‖ = 0,

Þ	Ë�ÐhÉ7Ð�Ó'Ì�á�Õ1Í#Ì�È�Ë�Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð � Ã�����Û�a¦Ì�×ªÓ	Ï	Ù�Ë�Ð�Ê�Ë�å�Ð�ï�Ç7Ì�á�ÌàÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì (PK ⊗ I)A(PK ⊗ I)
ï�Õ5Î�Ì

É7Ð�Ó'Ì�á�Ì�Ï7ÌUÇ7Ì�Ï2È�È � Ê�×1Û � Ã�é�� ��è�Ó'Ì�ÓvÑàÐ�ï�Ç7Ì�Ë�Ñ2×,Ð�Ê�Ë�å!ì�Ë�Ð�Ü�ÐVÐ�Æ2È�Ç7Ì�Ë�Ð�Ç7ÌUÏ7ÌUÊ�Í�Ð�È�×gÐ�ï�Ç7Ì�á�È�Û#cXÌ�Ó	Ñ2×pÐ�ï�ßÇ7Ì�á�Ð�×1è�×ªÕ�É7Ð�Ó'Ì�á�Ì�Î2Ñ�è�Þ	Ë�Ð
(PK⊗I)A(PK⊗I) Ð�ï�Ç7Ì�Ë�Ñ2×yÍ±Æ	Ç2Ð�Ê�Ë�Ç7Ì�Ï2Ê�Ë�Í�È (PK ⊗ I)Lp(R

k × X)
Û
B

E]Ù�Ê�Ë�å
u
è
v (⊂ Rk)

^ÂÐ�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�ÑºË�Ð�Þ	Ó	Ñ
x(∈ Rk)

ÊUÜ�Î�Ì�É2Ó	Ñ2×ªÑºÜ�Ç7Ì�Ï	Ñ	Ô7Ì�×ªÑ�è
ϕ : u → v

^
C1 ß É2Ñ2äUäUÈ�Ð�×,Ð�Ç2äGÑ	á�×�Ë�Ì�Ó�Ð�Ú�è7Þ	Ë�Ð ϕ(x) = x

Ñ
ϕ′(x) = I

Û	E]Ù�Ê�Ë�å

sup
x∈u

∣∣(Jϕ)(x)
∣∣ <∞, sup

y∈v

∣∣(Jϕ−1)(y)
∣∣ <∞,
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Ü�É7È
(Jϕ)(x) = detϕ′(x)

^ Ò'Ó�Ð�ï�Ñ7Ì�Ï_Æ	Ç2È�Ð�ï�Ç7Ì�á�Ð�Í#Ì�Ï	Ñ	Ò
ϕ
ÛGOSÆ	Ç2È�É7È�Î2Ñ2× Ð�Ë�Ð�ï�Ç7Ì�ñ!È�Ï	Ñ2È

Tϕ :
p(u)ARkp(u) → p(v)ARkp(v)

Ê�Î7È�É2Ù�ëQð!Ñ2× Ð�ï�Ç7Ì�á�Ð�×�IÆ	Ù�Ê�Ë�å
a = [{Am}m>1]J

Rk
(∈ ARk)

è,Ë�Ð�ß
Ü�É�Ì

Tϕ(p(u)ap(u)) =
[{
(Pmv⊗Qm)T−1

m (Pmu⊗Qm)Am(Pmu⊗Qm)Tm(Pmv⊗Qm)
}
m>1

]
J
Rk
, � ã�ò��

Ü�É7È5Ð�Æ2È�Ç7Ì�Ë�Ð�Ç
Tm : (Pmv⊗Qm)Lp(Rk×X) → (Pmu⊗Qm)Lp(Rk×X)

Ð�Æ	Ç2È�É7È�Î2Ò	È�Ë�Ê�Ò<äUÐ�Ç2×ªÙ�Î7Ð�Ú

(Tmf)(x, y) =





∞∑
i=1

m∑
j=1

αmij ei(mϕ(x/m))ηj(y), x ∈ mu,

0, x /∈ mu,

Ü�É7È
f(x, y) ∈ (Pmv ⊗Qm)Lp(R

k × X)
ÑyÈ�È]Ç7Ì�á�Î7Ð�ñ!È�Ï	Ñ2È!Æ2Ðhï�Ì�á�Ñ2Ê�Ù � ê���Ñ2×,È�È�Ë<Í�Ñ'É � ò���Û\IÎ7È�É2Ù�ëQðhÌ�ÒvÎ7È�×,×IÌ§É7Ð�Ó'Ì�á�Õ1Í#Ì�È�Ë�Ê�ÒÝÆ	Ç#Ò	×ªÕ±×ªÑÝÍ�Õ1Ó'Î�Ì�É2Ó'Ì�×ªÑ�Û

wÝ¿�� �Qþ 
 B
Tϕ

�'
���������� ���2 - � - "��S�2�� - � � ��$���� - 
�/ �Ý��� � � � "
p(u)ARkp(u)

�
p(v)ARkp(v)

4

wÝ¿�� �Qþ � B �5���	�
A ∈ (V

Kp
p )+

* � -
jRk(A) ∼x ϕ

*
Tϕ ∼x jRk(A)

4

C
E]Ç2Ð�Í�È�Ç	Ñ2× Ë�Ç	Ñ_Ù�Ê�Î7Ð�Í�Ñ	Ò_Ð�Æ	Ç2È�É7È�Î7È�Ï	Ñ	Ò�Ó	Í#Ì�á�Ñ	ì�Ó	Í�Ñ	Í#Ì�Î7È�Ï	Ë�Ï2Ð�Ê�Ë�Ñ�ÛVb�Õ1Æ2Ð�Î2Ï2È�Ï	Ñ2È�Æ2È�Ç	Í�Ð�ß

Ü�Ð�Ù�Ê�Î7Ð�Í�Ñ	ÒíÐ�Þ2È�Í�Ñ'É2Ï2Ð	è�Í�Ë�Ð�Ç2Ð�ÈhË�Ì�Ó	ñ!ÈhÎ7È�Ü�Ó�ÐyÆ	Ç2Ð�Í�È�Ç#Ò	È�Ë�Ê�ÒíÆ	Ç#Ò	×ªÕ±×ªÑgÍ�Õ1Ó'Î�Ì�É2Ó'Ì�×ªÑ�Û,OSË�×,È�Ë�Ñ2×
Î2Ñ	î!å2è	Þ	Ë�Ð!É	Î2Ò�Î2ë]ï�Ð�Ü�Ð

w ∈ Σu
Ê�Æ	Ç7Ì�Í�È�É	Î2Ñ	Í�ÐàÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð

(Pmv ⊗Qm)T−1
m (Pmw ⊗Qm)Tm(Pmv ⊗Qm) = Pmϕ(w) ⊗Qm. � ã�ó	�

a¦Ì�äGÑ	Ó�Ê�Ñ	Ç	Ù�È�×âÆ	Ç2Ð�Ñ	á�Í�Ð�Î2å�Ï2Ð�È
ε > 0

Ñ¡É7Ð�Ó'Ì�ñ!È�×1è@Þ	Ë�Ð
Tϕ(p(u)jRk (A)p(u)) ∼x p(v)jRk(A)p(v),Ë�Û2È�Û'Þ	Ë�Ð<Ê�Ù�ð§È�Ê�Ë�Í�Ù�È�ËàÐ�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å

w(⊂ Ṙk)
Ë�Ð�Þ	Ó	Ñ

x
Ë�Ì�Ó'Ì�Ò¦è2Þ	Ë�Ð

‖(Tϕ(p(u)jRk(A)p(u)) − p(v)jRk(A)p(v))p(w)‖ < ε,

‖p(w)(Tϕ(p(u)jRk(A)p(u)) − p(v)jRk(A)p(v))‖ < ε.
� ã	���

cXÌ�ÓgÓ'Ì�ÓpÆ2ÐyË�È�Ð�Ç2È�×,È�ç�ì�Î7È�×,È�Ï	Ë
jRk(A)

Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�Ð�Ë�Ñ	Æ7Ì'è�Ë�Ð¡É7Ð�Ê�Ë�Ì�Ë�Ð�Þ	Ï2ÐÝÉ7Ð�Ó'Ì�á�Ì�Ë�åºË�Ð�Î2å�Ó�Ð
Æ2È�Ç	Í�Ð�ÈàÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð	ÛXE]Ç2È�É7Ê�Ë�Ì�Í�Ñ2× Ð�Æ2È�Ç7Ì�Ë�Ð�Ç

A
ÍyÍ�Ñ'É7È

A = λI + Ã
è¦Ü�É7È

λ ∈ C
è
Ã ∈ V

Kp
p
Û

csÐ�Ü�É�Ì'è2Æ	Ç	Ñ2×,È�Ï	Ò'Ò � é���è � ã�ò���Ñ � ã�ó	��è'Æ2Ð�Î2Ù�Þ7Ì�È�×

‖(Tϕ(p(u)jRk (A)p(u)) − p(v)jRk (A)p(v))p(w)‖
= ‖[{((Pmv ⊗Qm)T−1

m (Pmu ⊗Qm)Ã(Pmu ⊗Qm)Tm(Pmv ⊗Qm)

−(Pmv ⊗Qm)Ã(Pmv ⊗Qm))(Pm(w∩Rk) ⊗Qm)}m>1]J
Rk
‖.

\�Æ	Ç7Ì�Í�È�É	Î2Ñ	Í#ÌV×,Ð�É2Ñ2äGÑ	Ó'Ì�Ô	Ñ	Ò<Î7È�×,×ªÕ�Ã1Ñ	áVÁ ò�Å�è�Ñ	áSÓ�Ð�Ë�Ð�Ç2Ð�ÚvÊ�Î7È�É2Ù�È�Ë�è#Þ	Ë�ÐUÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë
m0

Ë�Ì�Ó�Ð�È�è
Þ	Ë�Ð§É	Î2ÒvÎ2ë]ï�Ð�Ü�Ð

m > m0
Í�Õ1Æ2Ð�Î2Ï	Ò	È�Ë�Ê�ÒÝÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í�Ð

‖(I ⊗Qm)Ã(I ⊗Qm)− Ã‖ < ε. � ã	���
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csÐ�Ü�É�Ì

∥∥[{((Pmv ⊗Qm)T−1
m (Pmu ⊗Qm)Ã(Pmu ⊗Qm)Tm(Pmv ⊗Qm)

−(Pmv ⊗Qm)Ã(Pmv ⊗Qm)
)
(Pm(w∩Rk) ⊗Qm)

}
m>1

]
J
Rk

∥∥

6
∥∥[{(Pmv ⊗Qm)T−1

m (Pmu ⊗Qm)(Ã− (I ⊗Qm0)Ã(I ⊗Qm0))

×(Pmu ⊗Qm)Tm(Pmv ⊗Qm)(Pm(w∩Rk) ⊗Qm)
}
m>1

]
J
Rk

∥∥

+
∥∥[{(Pmv ⊗Qm)(Ã− (I ⊗Qm0)Ã(I ⊗Qm0))(Pmv ⊗Qm)

×(Pm(w∩Rk) ⊗Qm)
}
m>1

]
J
Rk

∥∥+
∥∥[{((Pmv ⊗Qm)T−1

m (Pmu ⊗Qm)(I ⊗Qm0)

×Ã(I ⊗Qm0)(Pmu ⊗Qm)Tm(Pmv ⊗Qm)− (Pmv ⊗Qm)(I ⊗Qm0)

×Ã(I ⊗Qm0)(Pmv ⊗Qm)
)
(Pm(w∩Rk) ⊗Qm)

}
m>1

]
J
Rk

∥∥.

� ç	���

OSÔ2È�Ï	Ñ2× Ð�Ë�É7È�Î2å�Ï2ÐâÓ'Ì�ñ§É7Ð�È�Ê�Î�Ì�Ü�Ì�È�×,Ð�È�ÛQH]ágË�Ð�Ü�Ð	èSÞ	Ë�Ð
Pmv ⊗ Qm

è
Pmu ⊗ Qm

è
Tm
è
T−1
m

Ñ
Pm(w∩Rk) ⊗ Qm

Ð�Ü�Ç7Ì�Ï	Ñ	Þ2È�Ï	Õ Í�Ê�Ð�Í�Ð�Ó	Ù�Æ	Ï2Ð�Ê�Ë�ÑoÑNÑ	á � ã	���àÊ�Î7È�É2Ù�È�Ë�è5Þ	Ë�ÐpÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë C > 0Ë�Ì�Ó�Ð�È�è2Þ	Ë�Ð

∥∥[{(Pmv ⊗Qm)T−1
m (Pmu ⊗Qm)(Ã− (I ⊗Qm0)Ã(I ⊗Qm0))(Pmu ⊗Qm)

×Tm(Pmv ⊗Qm)(Pm(w∩Rk) ⊗Qm)
}
m>1

]
J
Rk

∥∥ < C

(
sup
t∈u

|Jϕ(t)|
) 1

p
(
sup
t∈v

|Jϕ−1(t)|
) 1

p

ε.

� ç'Ã
�RSÏ7Ì�Î7Ð�Ü�Ñ	Þ	Ï	Õ±×âÐ�ï�Ç7Ì�á�Ð�×�Æ2Ð�Î2Ù�Þ7Ì�È�×�Ð�Ô2È�Ï	Ó	Ù

∥∥[{(Pmv⊗Qm)(Ã−(I⊗Qm0)Ã(I⊗Qm0))(Pmv⊗Qm)(Pm(w∩Rk)⊗Qm)
}
m>1

]
J
Rk

∥∥ < Cε. � ç�ã��

ZUÎ2Ò¡Ë�Ç2È�Ë�å�È�Ü�ÐàÊ�Î�Ì�Ü�Ì�È�×,Ð�Ü�Ð<Í � ç	����Ñ2×,È�È�Ëv×,È�Ê�Ë�ÐhÇ7Ì�Í�È�Ï2Ê�Ë�Í�Ð
∥∥[{((Pmv ⊗Qm)T−1

m (Pmu ⊗Qm)(I ⊗Qm0)Ã(I ⊗Qm0)(Pmu ⊗Qm)Tm(Pmv ⊗Qm)

−(Pmv ⊗Qm)(I ⊗Qm0)Ã(I ⊗Qm0)(Pmv ⊗Qm)
)
(Pm(w∩Rk) ⊗Qm)

}
m>1

]
J
Rk

∥∥

=
∥∥[{((Pmv ⊗Qm0)T−1

m (Pmu ⊗Qm0)Ã(Pmu ⊗Qm0)Tm(Pmv ⊗Qm0)

−(Pmv ⊗Qm0)Ã(Pmv ⊗Qm0))(Pm(w∩Rk) ⊗Qm0)
}
m>m0

]
J
Rk

∥∥.

H]áIÎ7È�×,×ªÕØç'è�É7Ð�Ó'Ì�á�Ì�Ï	Ï2Ð�Ú§Í!Á ã'è�Ê�Û�ò	��Å�è�Ê�Î7È�É2Ù�È�Ë�è�Þ	Ë�ÐSÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�Ë]Ð�Ó	Ç2È�Ê�Ë�Ï2Ð�Ê�Ë�å
w (⊂ Ṙk)

Ë�Ð�Þ	Ó	Ñ
xË�Ì�Ó'Ì�Ò¦è2Þ	Ë�Ð

∥∥[{((Pmv ⊗Qm0)T−1
m (Pmu ⊗Qm0)Ã(Pmu ⊗Qm0)Tm(Pmv ⊗Qm0)

−(Pmv ⊗Qm0)Ã(Pmv ⊗Qm0))(Pm(w∩Rk) ⊗Qm0)
}
m>m0

]
J
Rk

∥∥ < ε.
� ç�ç��

cXÌ�Ó	Ñ2×âÐ�ï�Ç7Ì�á�Ð�×1è2Ñ	á � ç	��� � � ç�ç���Æ2Ð�Î2Ù�Þ7Ì�È�×âÊ�Æ	Ç7Ì�Í�È�É	Î2Ñ	Í�Ð�Ê�Ë�åvÏ2È�Ç7Ì�Í�È�Ï2Ê�Ë�Í#Ì � ã	����Û B
���������	��
��������
�����
���������������� 
 1#��:��	��%�8�,=�����"�� H]áVÙ�Ê�Î7Ð�Í�Ñ	ÒyË�È�Ð�Ç2È�×ªÕ�Í�Õ1Ë�È�Ó'Ì�È�Ë�è�Þ	Ë�Ðì�Î7È�×,È�Ï	Ë

jM (A)
Ð�ï�Ç7Ì�Ë�Ñ2×âÍvÌ�Î2Ü�È�ï�Ç2È

AM
Û2cXÌ�ÓÝÓ'Ì�ÓÝÆ2ÐhË�È�Ð�Ç2È�×,È!ç§ì�Î7È�×,È�Ï	Ë

jM (A)
Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ü�Ð

Ë�Ñ	Æ7Ì'è�Ë�Ð]Ñ	á5Î7È�×,×ªÕØéU×,Ð�ñhÏ2ÐGÍ�Õ1Í�È�Ê�Ë�Ñ�è�Þ	Ë�Ð
jM (A) ∼x∼x jKx(A)

É	Î2Ò!Î2ë]ï�Ð�Ü�Ð
x(∈ ∂M)

Û�csÐ�Ü�É�Ì
Ï7Ì!Ð�Ê�Ï2Ð�Í#Ì�Ï	Ñ	ÑyË�È�Ð�Ç2È�×ªÕ êUÑ	áhÁ ã	è�Ê�Û	ò�ê�Å¦ì�Î7È�×,È�Ï	Ë

jKx(A)
Î7Ð�Ó'Ì�Î2å�Ï2ÐhÐ�ï�Ç7Ì�Ë�Ñ2×�Í§Ë�Ð�Þ	Ó�È

x
Û'bâÊ�Ñ'Î2Ù
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Î7È�×,×ªÕ ã'èIÙ�Þ	Ñ	Ë�Õ1Í#Ì�Ò�Ñ	Ï	Í#Ì�Ç	Ñ7Ì�Ï	Ë�Ï2Ð�Ê�Ë�å�Ð�Æ2È�Ç7Ì�Ë�Ð�Ç7Ì
A
Ð�Ë�Ï2Ð�Ê�Ñ	Ë�È�Î2å�Ï2Ð�Ê�É2Í�Ñ	Ü�Ì'è�Æ2Ð�Î2Ù�Þ7Ì�È�×1è�Þ	Ë�Ð

Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	Õ
(PKx ⊗ I)A(PKx ⊗ I)

Ð�ï�Ç7Ì�Ë�Ñ2×ªÕiÉ	Î2Ò�Í�Ê�È�Ö
x (∈ ∂M)

Û
� �����"�&�"��E��������"�� E]Ù�Ê�Ë�å§Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	Õ (PKx ⊗ I)A(PKx ⊗ I)

Ð�ï�Ç7Ì�Ë�Ñ2×ªÕâÉ	Î2Ò<Í�Ê�È�Ö
x(∈ ∂M)

Û
csÐ�Ü�É�Ì

jKx(A)
Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ð�ï�Ç7Ì�Ë�Ñ2×�Í�Ë�Ð�Þ	Ó�È

x
ÛXbYÊ�Ñ'Î2ÙíÓ	Í#Ì�á�Ñ	ì�Ó	Í�Ñ	Í#Ì�Î7È�Ï	Ë�Ï2Ð�Ê�Ë�Ñ

jM (A) ∼x∼x

jKx(A)
ì�Î7È�×,È�Ï	Ë

jM (A)
Î7Ð�Ó'Ì�Î2å�Ï2ÐpÐ�ï�Ç7Ì�Ë�Ñ2×>ÍíÓ'Ì�ñ§É7Ð�ÚNË�Ð�Þ	Ó�È

x(∈ ∂M)
Û�KIÊ�Î2Ñ

intM 6= ∅
è

Ë�ÐdÊ�Ù�ð§È�Ê�Ë�Í�Ù�È�ËiË�Ì�Ó'Ì�Ò Ë�Ð�Þ	Ó'Ì
x0(∈ ∂M)

è]Þ	Ë�Ð
intKx0 6= ∅

Û]E]Ù�Ê�Ë�å
y0 ∈ intKx0

Û]csÐ�Ü�É�Ì
jKx0

(A) ∼y0∼y0 jRk(A)
Û1\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	è

jRk(A)
Î7Ð�Ó'Ì�Î2å�Ï2Ð�Ð�ï�Ç7Ì�Ë�Ñ2×YÍgË�Ð�Þ	Ó�È

y0
Û�cXÌ�ÓâÓ'Ì�Ó

Ð�Æ2È�Ç7Ì�Ë�Ð�Ç
A
Ñ	Ï	Í#Ì�Ç	Ñ7Ì�Ï	Ë�È�ÏdÐ�Ë�Ï2Ð�Ê�Ñ	Ë�È�Î2å�Ï2ÐpÊ�É2Í�Ñ	Ü�Ì'è�Ë�Ð�ì�Î7È�×,È�Ï	Ë

jRk(A)
Î7Ð�Ó'Ì�Î2å�Ï2ÐpÐ�ï�Ç7Ì�Ë�Ñ2×YÍ

Ë�Ð�Þ	Ó�È
x(∈ Rk)

Û¦ZUÎ2Ò
x ∈ intM jM (A) ∼x∼x jRk(A)

Û,\IÎ7È�É7Ð�Í#Ì�Ë�È�Î2å�Ï2Ð	èªì�Î7È�×,È�Ï	Ë
jM (A)

Î7Ð�ß
Ó'Ì�Î2å�Ï2ÐVÐ�ï�Ç7Ì�Ë�Ñ2×íÍUÓ'Ì�ñ§É7Ð�ÚàË�Ð�Þ	Ó�È

x (∈M)
Û�csÐ�Ü�É�ÌUÆ2ÐGË�È�Ð�Ç2È�×,ÈQç]Ñ	áVÁ ã'è�Ê�Û�ò�ç�Å�Ð�ÏàÐ�ï�Ç7Ì�Ë�Ñ2×1Û	q�Ë�Ð

Ð�á�Ï7Ì�Þ7Ì�È�Ë�è	Þ	Ë�Ð§Ð�Æ2È�Ç7Ì�Ë�Ð�Ç	Õ
(PmM ⊗Qm)A(PmM ⊗Qm)

Ð�ï�Ç7Ì�Ë�Ñ2×ªÕUè'Ï7Ì�Þ	Ñ	Ï7Ì�Ò¡ÊQÏ2È�Ó�Ð�Ë�Ð�Ç2Ð�Ü�Ð
m0Ñ¡Í�Õ1Æ2Ð�Î2Ï	Ò	È�Ë�Ê�Ò � ç���Û B
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