
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

1998 ���������� ò 5 (432)

��� 517.983.26

�.�. ��������

��������� ����������� � ���� ��������������

��������� �������� ����������� ��������

�¢¥¤¥­¨¥

�¥àå­ïï �-­®à¬  | íâ® å à ªâ¥à¨áâ¨ª  áâ¥¯¥­¨ ­¥ª®¬¯ ªâ­®áâ¨ «¨­¥©­®£® ®¯¥à â®à . �®
¬­®£¨å á«ãç ïå (­ ¯à., [1]{[4]), ª®£¤  ®­  ¤®áâ â®ç­® ¬ « , à¥§ã«ìâ âë ®¡®¡é îâáï á ª®¬¯ ªâ-
­ëå ®¯¥à â®à®¢ ­  ­¥ª®¬¯ ªâ­ë¥. �¤­ ª® ¡ë¢ îâ á¨âã æ¨¨, ª ª ¢ á«ãç ¥ á ®¯¥à â®à®¬ ¢«®-
¦¥­¨ï ¯à®áâà ­áâ¢ �®¡®«¥¢  ­  ®¡« áâ¨ á ­¥à¥£ã«ïà­®© £à ­¨æ¥©, ª®£¤  ¢ëç¨á«¥­¨¥ �-­®à¬ë
¤®¢®«ì­® á«®¦­®.

� ¤ ­­®© à ¡®â¥ ¯®«ãç¥­ë ®æ¥­ª¨ ¤«ï ¢¥àå­¥© �-­®à¬ë ®¯¥à â®à  ¢«®¦¥­¨ï á¯¥æ¨ «ì­®£®
ª« áá  ¯à®áâà ­áâ¢ �®¡®«¥¢ , ¢ª«îç îé¥£® ¯à®áâà ­áâ¢  �®¡®«¥¢  ­  ®¡« áâ¨ á â ª ­ §ë¢ ¥-
¬ë¬ \®¡®¡é¥­­ë¬ åà¥¡â®¬" [5], [6].

�ãáâìQ|®¡« áâì ¢ Rn,W 1
p (Q) =W 1

p |¯à®áâà ­áâ¢® �®¡®«¥¢ , Lq(Q) = Lq |¯à®áâà ­áâ¢®
�¥¡¥£ , 1 < p; q <1, mesQ <1, L1

p(Q) = L1
p | ¯à®áâà ­áâ¢® ¢á¥å ®¡®¡é¥­­ëå äã­ªæ¨© ­  Q á

¯®«ã­®à¬®© kfkL1
p
= krfkLp

, C | á®¢®ªã¯­®áâì ¢á¥å ¯®áâ®ï­­ëå äã­ªæ¨© ­  Q, PD | ®¯¥à â®à
ã¬­®¦¥­¨ï ­  å à ªâ¥à¨áâ¨ç¥áªãî äã­ªæ¨î ¨§¬¥à¨¬®£® ¯®¤¬­®¦¥áâ¢  D � Q.

�¯à¥¤¥«¥­¨¥ 1 ([1], [2], [7]). �ãáâì E | ¡ ­ å®¢® ¯à®áâà ­áâ¢®,   
 | ®£à ­¨ç¥­­®¥ ¯®¤-
¬­®¦¥áâ¢® E. �¥à®© ­¥ª®¬¯ ªâ­®áâ¨ � ãá¤®àä  �E(
) = �(
) ¬­®¦¥áâ¢  
 ­ §ë¢ ¥âáï ¨­ä¨-
¬ã¬ ¢á¥å " > 0, ¯à¨ ª®â®àëå 
 ¨¬¥¥â ¢ E ª®­¥ç­ãî "-á¥âì.

�¯à¥¤¥«¥­¨¥ 2 ([7]). �ãáâì G ¨ E | ¡ ­ å®¢ë ¯à®áâà ­áâ¢ , A| «¨­¥©­ë© ®£à ­¨ç¥­­ë©
®¯¥à â®à ¨§ G ¢ E. �¥àå­¥© �-­®à¬®© ®¯¥à â®à  A ­ §ë¢ ¥âáï ¢¥«¨ç¨­  kAk(�) = �E(AS1), £¤¥
S1 | ¥¤¨­¨ç­ ï áä¥à  ¯à®áâà ­áâ¢  G.

�ãáâì � | ­¥®âà¨æ â¥«ì­ ï ¡®à¥«¥¢áª ï ¬¥à  ­  J = [a; b) ¨ �� |  ¡á®«îâ­® ­¥¯à¥àë¢­ ï
ç áâì �, 1 < p � q <1. �®¤ ª®­áâ ­â®© � ª¥­å ã¯â  ¯®¤à §ã¬¥¢ ¥âáï ¢¥«¨ç¨­ 

lim
�!0

N�; (1)

£¤¥

N� = sup
r2J�

�
[�(b�)� �(r)]1=q

�Z r

c

(d��=dt)�1=(p�1)dt
�(p�1)=p�

(­ ¯à., [8], â¥®à¥¬  1, £«. 1, x 1.3, c. 42).
�áî¤ã ¡ã¤¥¬ ¯à¥¤¯®« £ âì ­ «¨ç¨¥ ¢«®¦¥­¨ï L1

p=C ¢ Lq=C ¤«ï 1 < p � q <1, ¯®¤ ª®â®àë¬
¯®­¨¬ ¥âáï á¯à ¢¥¤«¨¢®áâì ­¥à ¢¥­áâ¢  �ã ­ª à¥

kf � fkLq
� kkrfkLp

; (2)

£¤¥

f =
1

mesQ

Z
Q

f(x)dx

([8], «¥¬¬  2, £«. 3, x 3.2, c. 143; [6], ­¥à ¢¥­áâ¢® 2.18).
�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®¡« áâì Q ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:
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1. ¤«ï ­¥ª®â®à®£® ¨­â¥à¢ «  J = [a; b) áãé¥áâ¢ã¥â à ¢­®¬¥à­® «®ª «ì­® «¨¯è¨æ¥¢® ®â®¡à -
¦¥­¨¥ � : Q! J , â. ¥. ¤«ï ª ¦¤®£® x 2 Q ­ ©¤¥âáï â ª ï ®ªà¥áâ­®áâì V (x), çâ®

j�(x)� �(y)j � 
jx� yj (3)

¤«ï ¢á¥å y 2 V (x), ¯à¨ç¥¬ QnQ� ã¤®¢«¥â¢®àï¥â ãá«®¢¨î ª®­ãá , £¤¥ Q� = ��1(J�),   J� = [1=�; b)
¯à¨ b =1, J� = [b� �; b) ¯à¨ b <1;

2. ¥á«¨

�(t) = mesfx 2 Q : �(x) 2 [a; t)g; �(d�)� �(c) = �(c; d) (a � c < d � b); (4)

Lp(J; d�) = Lp | ¯à®áâà ­áâ¢® äã­ªæ¨©, «®ª «ì­® «¨¯è¨æ¥¢ëå ­  J ¨ â ª¨å, çâ®

kFkLp =
�Z

J

jF jpd�

�1=p

<1;

L1;p;q(J; d�) = L1;p;q | ¬­®¦¥áâ¢® F 2 Lq, ¤«ï ª®â®àëå F 0 2 Lp, â® áãé¥áâ¢ã¥â ®â®¡à ¦¥­¨¥
M : L1

p \ C
1(Q)! L1;p;q, ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã

k(Mf)0kLp � �krfkLp
; (5)

3. ¤«ï ®¯¥à â®à  TF = F (�(x)), ¤¥©áâ¢ãîé¥£® ¨§ L1;p;q ¢ L1
p, á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®

lim
�!0

sup
f2S\C1(Q)

kPQ�
(f � TMf)kLq

= 0 (S = ff 2 L1
p : krfkLp

= 1g): (6)

� ¬¥ç ­¨¥. � ª á«¥¤ã¥â ¨§ «¥¬¬ 4.2{4.5, â¥®à¥¬ 4.6{4.7 à ¡®âë [6], ®¡« áâ¨ á â ª ­ §ë¢ ¥-
¬ë¬ \®¡®¡é¥­­ë¬ åà¥¡â®¬" ã¤®¢«¥â¢®àïîâ ¯à¥¤¯®«®¦¥­¨ï¬ â¥®à¥¬ë ¤«ï á«ãç ï p = q (â®«ìª®
íâ®â á«ãç © à áá¬®âà¥­ ¢ [6]).

� ¯®¬­¨¬ ([6], ®¯à¥¤¥«¥­¨¥ 4.1), çâ® ®¡« áâì Q ­ §ë¢ ¥âáï ®¡« áâìî á \®¡®¡é¥­­ë¬ åà¥¡-
â®¬" (generalized ridged domain), ¥á«¨ áãé¥áâ¢ãîâ äã­ªæ¨¨ u, �, � , ¨­â¥à¢ « J = [a; b) (b � 1)
¨ ¯®«®¦¨â¥«ì­ë¥ ª®­áâ ­âë �, �, �1, 
 â ª¨¥, çâ® ¢ë¯®«­¥­ë ãá«®¢¨ï:

1) u : J ! Q, � : J ! R+ = (0;1) ã¤®¢«¥â¢®àïîâ ãá«®¢¨î �¨¯è¨æ ;
2) � : Q ! J à ¢­®¬¥à­® «®ª «ì­® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �¨¯è¨æ , â. ¥. ¤«ï ¢á¥å x 2 Q

­ ©¤¥âáï â ª ï ®ªà¥áâ­®áâì V (x), çâ® j�(x)� �(y)j � 
kx� yk ¤«ï ¢á¥å y 2 V (x);
3) kx� u(�(x))k � ��(�(x)) ¤«ï ¢á¥å x 2 Q;
4) rnfku0(t)k + k�0(t)kg � � ¤«ï ¢á¥å t 2 J , £¤¥ rn | ­ ¨«ãçè ï ª®­áâ ­â  ¢ ­¥à ¢¥­áâ¢¥

j(a; b)j � rnkak kbk,   k � k | ­®à¬  ¢ Rn;
5) ¤«ï Bt := B(u(t); �(t)) ¨ S(x) := fy : sy + (1 � s)x 2 Q ¤«ï ¢á¥å 0 � s � 1g ¨¬¥¥â

¬¥áâ® ¢ª«îç¥­¨¥ B�(x) � Q ¨, ªà®¬¥ â®£®, S(x) \ B�(x) á®¤¥à¦¨â â ª®© è à B(x), çâ®
mes(B(x))=mes(B�(x)) � �1 > 0.

�®£¤  ªà¨¢ ï t! u(t) : J ! Q ­ §ë¢ ¥âáï \®¡®¡é¥­­ë¬ åà¥¡â®¬".
�âáî¤  ¢¨¤­®, çâ® ¯à¥¤¯®«®¦¥­¨¥ (3) á®¢¯ ¤ ¥â á ¯à¥¤¯®«®¦¥­¨¥¬ 2) ®¡« áâ¨ á \®¡®¡é¥­-

­ë¬ åà¥¡â®¬". � ¬¥â¨¬ â ª¦¥, çâ® ¢ á¨«ã ¯à¥¤¯®«®¦¥­¨ï (6) ®â®¡à ¦¥­¨¥ T ¬®¦­® ¨­â¥à¯à¥-
â¨à®¢ âì ª ª ®¡à â­®¥ ®â®¡à ¦¥­¨¥ ª M ­  â®© ç áâ¨, £¤¥ ¯à®¨áå®¤¨â ãåã¤è¥­¨¥ ®¡« áâ¨.

1. �®à¬ã«¨à®¢ª  ®á­®¢­®£® à¥§ã«ìâ â . �®¬¬¥­â à¨¨. �à¨¬¥à

�«ï ¢¥àå­¥© �-­®à¬ë ®¯¥à â®à  ¢«®¦¥­¨ï I : L1
p=C ! Lq=C ¢ë¤¥«¥­­®£® ª« áá  ¯à®áâà ­áâ¢

�®¡®«¥¢  ¢ ¯à®áâà ­áâ¢  �¥¡¥£  ãáâ ­®¢¨¬ á¢ï§ì á ª®­áâ ­â®© � ª¥­å ã¯â .

�¥®à¥¬ . �ãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®¦¥­¨ï (1){(6). �®£¤  á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

1=
 lim
�!0

N� � kIk(�) � �q1=q(q=(q � 1))(p�1)=p lim
�!0

N�:
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� ç áâ­®áâ¨, ®¯¥à â®à ¢«®¦¥­¨ï E :W 1
p ! Lq ª®¬¯ ªâ¥­, ¥á«¨ ¨ â®«ìª® ¥á«¨

lim
�!0

N� = 0:

� ¬¥ç ­¨¥. �â®â à¥§ã«ìâ â ®¡®¡é ¥â â¥®à¥¬ã 3 [9], ¨§ ­¥£® ¢ëâ¥ª ¥â á«¥¤áâ¢¨¥ 5.2 [6] (ªà¨-
â¥à¨© ª®¬¯ ªâ­®áâ¨ ®¯¥à â®à  ¢«®¦¥­¨ï ¢ á«ãç ¥ p = q). �æ¥­ª¨ áâ¥¯¥­¨ ­¥ª®¬¯ ªâ­®áâ¨ ¤«ï
®¯¥à â®à  ¢«®¦¥­¨ï, ¯®«ãç¥­­ë¥ ¢ â¥®à¥¬¥ ¤«ï 1 < p � q <1 (¯à¨ ¢ë¯®«­¥­¨¨ (2)), ï¢«ïîâáï
¢ ¦­ë¬¨ ¤«ï ¯à¨«®¦¥­¨© ([1]{[4]).

�®­ïâ¨¥ \®¡®¡é¥­­®£® åà¥¡â " ­¥ ¨á¯®«ì§ã¥âáï ¨§-§  á«®¦­®áâ¨ ¯à¨¬¥­¥­¨ï íâ®£® ¯®­ïâ¨ï
¯à¨ p < q,   ¯®â®¬ã ¢®¯à®á ® ¥£® áãé¥áâ¢®¢ ­¨¨ ­¥ ¨áá«¥¤ã¥âáï. �à®¬¥ â®£®, ¢ ­¨¦¥á«¥¤ãîé¥¬
¯à¨¬¥à¥ ®¡« áâì Q ¨ � ã¤®¢«¥â¢®àïîâ ¯à¥¤¯®«®¦¥­¨ï¬ â¥®à¥¬ë, ®¤­ ª® ãá«®¢¨¥ 5) ®¯à¥¤¥«¥­¨ï
®¡« áâ¨ á \®¡®¡é¥­­ë¬ åà¥¡â®¬" ¤«ï ­¨å ­¥ ¢ë¯®«­¥­®.

�à¨¬¥à. � áá¬®âà¨¬ ®¡« áâì

Q � R2; Q = f(x1; x2) : 0 < x2 <1; 0 < x1 < e��x2 ; � = const > 0g:

�¥à  �¥¡¥£  ¥¥ ª®­¥ç­ , å®âï ®¡« áâì ¨ ­¥®£à ­¨ç¥­ ,   ¯®â®¬ã ¯à®áâà ­áâ¢  Lq(Q) ¢ª«îç îâ
¢ á¥¡ï ¯®áâ®ï­­ë¥ äã­ªæ¨¨, ¯®áª®«ìªã cqmesQ < 1. �¡« áâì Q ã¤®¢«¥â¢®àï¥â ¨ ®áâ «ì­ë¬
¯à¥¤¯®«®¦¥­¨ï¬ â¥®à¥¬ë, ­ ¯à¨¬¥à, ¯à¨ p = q = 2. �¥©áâ¢¨â¥«ì­®, ¢ ª ç¥áâ¢¥ J à áá¬®âà¨¬
¨­â¥à¢ « [0;1). �®«®¦¨¬ � : (x1; x2) ! x2. �ç¥¢¨¤­®, � ã¤®¢«¥â¢®àï¥â ¯à¥¤¯®«®¦¥­¨î (3),
¯à¨ç¥¬ 
 = 1.

�«ï f 2 L1
2 \ C

1(Q) ¯ãáâì

Mf(t) = e�t
Z e��t

0

f(�; t)d�:

�¥âàã¤­® ¯à®¢¥à¨âì, çâ® ¤«ï «î¡®£® (x1; x2) 2 Q

jf(x1; x2)� TMf(x1; x2)j � e��x2krfkL2
=�;

®âªã¤  á«¥¤ã¥â á¯à ¢¥¤«¨¢®áâì ¯à¥¤¯®«®¦¥­¨ï (6). �¥¯®áà¥¤áâ¢¥­­® ãáâ ­ ¢«¨¢ ¥âáï á¯à ¢¥¤-
«¨¢®áâì ¢á¥å ®áâ «ì­ëå ¯à¥¤¯®«®¦¥­¨© â¥®à¥¬ë.

�ëç¨á«ï¥¬

�(t) =
Z t

0

e���d� = (1� e��t)=�;

lim
�!0

N� = lim
�!0

sup
r>1=�

(e��r=�)1=2
�Z r

1=�

(e��� )
�1
d�

�1=2

= 1=�:

�âáî¤  kIk(�) � 2=� ¨ kIk(�) > 0, â. ¥. I : L1
2=C ! L2=C ­¥ ï¢«ï¥âáï ª®¬¯ ªâ­ë¬, ¢ â® ¦¥ ¢à¥¬ï

¢¥àå­ïï �-­®à¬  ¬®¦¥â ¡ëâì áª®«ì ã£®¤­® ¬ «®© ¯à¨ � !1.
�®«¥¥ á«®¦­ë¥ ¯à¨¬¥àë ®¡« áâ¥©, ã¤®¢«¥â¢®àïîé¨å ¯à¥¤¯®«®¦¥­¨ï¬ â¥®à¥¬ë, ¬®¦­® ­ ©-

â¨ ¢ [5], [6].

2. �®ª § â¥«ìáâ¢® ®á­®¢­®£® à¥§ã«ìâ â 

�®ª § â¥«ìáâ¢® â¥®à¥¬ë ¯à®¢¥¤¥¬ á ¯®¬®éìî ¤¢ãå «¥¬¬.

�¥¬¬  1. �ãáâì ¢ë¯®«­¥­ë (2){(6). �®£¤ 

1: kr(TF )kLp
� 
kF 0kLp ; (7)

2: lim
�!0

mesQ� = 0;

3. ¥á«¨ I0 = lim
�!0

sup
F2JS

kPJ�(F � F (c))kLq ¨ I0 = lim
�!0

sup
F2JS

kPJ� (F � F (c0))kLq , £¤¥ JS = fF 2

L1;p;q : kF 0kLp = 1g, c = b � � ¯à¨ b < 1 ¨ c = 1=� ¯à¨ b = 1, c0 2 �(Q) | ¯à®¨§¢®«ì­ ï,
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­¥ § ¢¨áïé ï ®â �, â®çª  ¨§ ¨­â¥à¢ « , â® kIk(�) < �I0 ¨ I0 � kIk(�)=
 ¤«ï «î¡®£® c0, £¤¥
I : L1

p=C ! Lq=C | ®¯¥à â®à ¢«®¦¥­¨ï.

� ¬¥ç ­¨¥. � ®¯à¥¤¥«¥­¨¨ ¢¥«¨ç¨­ I0 ¨ I0 ¯®¤ F (c) ¨ F (c0) ¯®­¨¬ ¥âáï §­ ç¥­¨¥ ­¥¯à¥-
àë¢­®© äã­ªæ¨¨ ¢ â®çª¥ ¨§ ¨­â¥à¢ « , ¯®áª®«ìªã ¢á¥ äã­ªæ¨¨ ¨§ L1;p;q ­¥¯à¥àë¢­ë. �®çª  c
§ ¢¨á¨â ®â � ¢ ®â«¨ç¨¥ ®â â®çª¨ c0. � ¬¥â¨¬ â ª¦¥, çâ® ­  ª« áá¥ äã­ªæ¨© F + C, £¤¥ C |
¬­®¦¥áâ¢® ¢á¥å ¯®áâ®ï­­ëå äã­ªæ¨© ­  ¨­â¥à¢ «¥, à §­®áâì F � F (c) ¯®áâ®ï­­  ¤«ï «î¡®©
â®çª¨ c.

�®ª § â¥«ìáâ¢®. 1. �¥à ¢¥­áâ¢® (7) ¯® «¥¬¬¥ 4.4 [6] ¢ëâ¥ª ¥â ¨§ ¯à¥¤¯®«®¦¥­¨ï (3).
2. �¬¥¥¬ mes(QnP ) < " ¤«ï ¯à®¨§¢®«ì­®£® " > 0 ¨ ­¥ª®â®à®£® § ¬ª­ãâ®£® ¬­®¦¥áâ¢  P � Q.

�§ ­¥¯à¥àë¢­®áâ¨ � á«¥¤ã¥â § ¬ª­ãâ®áâì �(P ) � [�; �] � J . �âáî¤  ­ ©¤¥âáï â ª®¥ � > 0, çâ®
P � QnQ�, â. ¥. á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥­¨¥ 2.

3. �®ª ¦¥¬ ­¥à ¢¥­áâ¢® kIk(�) � �I0. �§ ¯à¥¤¯®«®¦¥­¨ï (6) á«¥¤ã¥â, çâ® ¤«ï ¯à®¨§¢®«ì­®£®
" > 0 ­ ©¤¥âáï â ª®¥ � > 0, çâ®

kPQ�
(f � TMf)kLq

< " (8)

¤«ï ¢á¥å f 2 S \ C1(Q). �® ®¯à¥¤¥«¥­¨î I0 ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ áç¨â ¥¬ á¯à ¢¥¤«¨¢ë¬
­¥à ¢¥­áâ¢®

kPJ�(F � F (c))kLq � (I0 + ")kF 0kLp ; (9)

£¤¥ c = 1=�, ¥á«¨ b =1, ¨ c = b� �, ¥á«¨ b <1.
�­®¦¥áâ¢® U := ff � f : f 2 S \ C1(Q)g ¢ á¨«ã ­¥à ¢¥­áâ¢  (2) à ¢­®¬¥à­® ®£à ­¨ç¥­® ¢

Lq \L
1
p. �âáî¤ , ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (5) ¨ (8), ¨¬¥¥¬ à ¢­®¬¥à­ãî ®£à ­¨ç¥­­®áâì fPJ�Mf :

f 2 Ug ¢ L1;p;q, çâ® ¢«¥ç¥â ¯® â¥®à¥¬¥ �®¡®«¥¢  à ¢­®¬¥à­ãî ®£à ­¨ç¥­­®áâì ¢ L1 ¬­®¦¥áâ¢ 
¯®áâ®ï­­ëå fMf(c) : f 2 U , £¤¥ c = 1=� ¯à¨ b =1, c = b� � ¯à¨ b <1g.

�æ¥­¨¬ à ááâ®ï­¨¥ ¬¥¦¤ã U ¨ ¢¯®«­¥ ®£à ­¨ç¥­­ë¬ ¢ Lq ¬­®¦¥áâ¢®¬ fPQnQ�
f+Mf(c)PQ�

1 :
f 2 Ug. �§ (5), (8) ¨ (9) ¨¬¥¥¬ ¤«ï ¢á¥å f 2 U

kf � PQnQ�
f �Mf(c)PQ�

1kLq
� "+ kPQ�

(TMf �Mf(c))kLq
=

= "+ kPJ�(Mf �Mf(c))kLq � �(I0 + ") + ":

�âáî¤ , ãç¨âë¢ ï, çâ® ¯® â¥®à¥¬¥ 1 ([8], £«. 1, x 1.1, c. 16) L1
p \ C1(Q) ¯«®â­® ¢ L1

p ¨ kIk(�) =
�Lq=C(IS) = �Lq

(IU), ¯®«ãç¨¬ ­¥®¡å®¤¨¬®¥ ­¥à ¢¥­áâ¢®.
�®ª ¦¥¬ ¯®á«¥¤­¥¥ ãâ¢¥à¦¤¥­¨¥ «¥¬¬ë 1,   ¨¬¥­­®, ­¥à ¢¥­áâ¢® I0 � kIk(�)=
 ¤«ï ¢á¥å c0.

�ç¥¢¨¤­®,

I0 = lim
�!0

sup
F2JS

kPJ�((F � F )� (F � F )(c0))kLq : (10)

�® ä®à¬ã«¥ (2) ¨§ à ¡®âë [3] ¨¬¥¥¬

kIk(�) � lim
�!0

sup
TF2S

kPQ�
(TF � TF )kLq

� (1=
) lim
�!0

sup
TF2S

kPJ�(F � F )kLq : (11)

�§ ®¯à¥¤¥«¥­¨ï T , ­¥à ¢¥­áâ¢ (7) ¨ (9) ¢ëâ¥ª ¥â

kF � FkLq = kTF � TFkLq
� kkrTFkLp

� k
kF 0kLp ;

®âªã¤  á«¥¤ã¥â à ¢­®¬¥à­ ï ®£à ­¨ç¥­­®áâì fF � F : F 2 JSg ¢ L1;p;q. �à¨¬¥­ïï â¥®à¥¬ã
�®¡®«¥¢ , ¯®«ãç¨¬ à ¢­®¬¥à­ãî ®£à ­¨ç¥­­®áâì ¯®áâ®ï­­ëå f(F � F )(c0) : F 2 JSg ¢ L1 ¨,
á«¥¤®¢ â¥«ì­®,

lim
�!0

sup
F2JS

kPJ� (F � F )(c0)kLq = 0;

çâ® ¢ á¨«ã (10) ¨ (11) § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢®.
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�¥¬¬  2. �ãáâì � | ­¥®âà¨æ â¥«ì­ ï ¡®à¥«¥¢áª ï ¬¥à  ­  J = [a; b) ¨ �� |  ¡á®«îâ­®

­¥¯à¥àë¢­ ï ç áâì �, 1 < p � q <1, N� ®¯à¥¤¥«¥­® ¢ (1).
�®£¤ 

I0 � q1=q(q=(q � 1))(p�1)=p lim
�!0

N�

¨

lim
�!0

N� � I0:

�®ª § â¥«ìáâ¢® ¤®á«®¢­® ¯®¢â®àï¥â à ááã¦¤¥­¨ï, ¯à®¢®¤¨¬ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ ­¥à -
¢¥­áâ¢  � à¤¨ ([8], â¥®à¥¬  1.3.1).

�à¨¬¥­ïï «¥¬¬ã 2 ª ¬¥à¥ �, ¯®à®¦¤¥­­®© ­¥ã¡ë¢ îé¥© äã­ªæ¨¥© �(t) ¨§ (4), ï¢«ïîé¥©-
áï ¢ á¨«ã ¯®áâà®¥­¨ï ­¥®âà¨æ â¥«ì­®© ¡®à¥«¥¢áª®© ¬¥à®© ­  J = [a; b), ¨§ «¥¬¬ë 1 ¯®«ãç¨¬
ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë.
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