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�ãáâì äã­ªæ¨ï f : Rn ! R ¨§¬¥à¨¬  ¢ Rn, ª®­¥ç­  ¯®çâ¨ ¢áî¤ã (¯. ¢.) ¨ �f (�) = mesnfx 2
Rn : jf(x)j > �g < 1 ¤«ï ¢á¥å � > 0. �¥¢®§à áâ îé¥© ¯¥à¥áâ ­®¢ª®© äã­ªæ¨¨ f(x) ¡ã¤¥¬
­ §ë¢ âì äã­ªæ¨î f�(t), ­¥¢®§à áâ îéãî ­  (0;+1) ¨ à ¢­®¨§¬¥à¨¬ãî á jf(x)j. �­  ¬®¦¥â
¡ëâì § ¤ ­  à ¢¥­áâ¢®¬

f�(t) = inff� : �f (�) � tg; t > 0:

�à®áâà ­áâ¢®¬ �®à¥­æ  Lp;q(Rn) ­ §®¢¥¬ ¯à®áâà ­áâ¢® ¢á¥å ¨§¬¥à¨¬ëå ­  Rn äã­ªæ¨©, ¤«ï
ª®â®àëå

kfk�Lp;q(Rn) =
�
q

p

Z 1

0
[t1=pf�(t)]q

dt

t

�1=q

<1; 0 < p; q <1:

�®¤ ¯¥à¥áâ ­®¢ª®© äã­ªæ¨¨ f(x), x = (x1; x2; : : : ; xn), ¯® ¯¥à¢®© ¯¥à¥¬¥­­®© ¡ã¤¥¬ ¯®­¨-
¬ âì äã­ªæ¨î R1f(s1; x2; : : : ; xn), ¨§¬¥à¨¬ãî ¢ R+ �Rn�1, ­¥¢®§à áâ îéãî ¯® s1 ¨ â ªãî, çâ®
äã­ªæ¨¨ R1f(s1; �) ¨ f(x1; �) à ¢­®¨§¬¥à¨¬ë ª ª äã­ªæ¨¨ ®¤­®© ¯¥à¥¬¥­­®© ¤«ï ¯®çâ¨ ¢á¥å
ä¨ªá¨à®¢ ­­ëå ®áâ «ì­ëå [1]. �­ «®£¨ç­ë¬ ®¡à §®¬, ¯¥à¥áâ ¢¨¢ R1f(s1; x2; : : : ; xn) ¯® ®áâ «ì-
­ë¬ ¯¥à¥¬¥­­ë¬, ¯®«ãç¨¬ äã­ªæ¨î R1;2;:::;nf(s1; s2; : : : ; sn); à ¢­®¨§¬¥à¨¬ãî á f(x); ­¥¢®§à -
áâ îéãî ¯® ª ¦¤®© ¯¥à¥¬¥­­®©, ª®â®àãî ¡ã¤¥¬ ­ §ë¢ âì ¨â¥à â¨¢­®© ¯¥à¥áâ ­®¢ª®© äã­ªæ¨¨
f(x). �¥®¡å®¤¨¬® § ¬¥â¨âì, çâ® ¯®àï¤®ª, ¢ ª®â®à®¬ ¬ë ¯¥à¥áâ ¢«ï¥¬ äã­ªæ¨î, áãé¥áâ¢¥­. �
¯à¨¬¥àã R1;2;:::;nf 6= Rn;n�1;:::;1f . �à®áâà ­áâ¢ ¬¨ �®à¥­æ  Lp;q(Rn) ¨ Lp;q

� (Rn) ¡ã¤¥¬ ­ §ë¢ âì
¯à®áâà ­áâ¢ , ®¯à¥¤¥«ï¥¬ë¥ à ¢¥­áâ¢ ¬¨

kfk�Lp;q(Rn) = k � � � k fk�Lp;q(R) � � � k
�

Lp;q(R);

kfk�Lp;q
�

(Rn) = k � � � kR1;2;:::;nfk
�

Lp;q(R) � � � k
�

Lp;q(R);

£¤¥ ­®à¬  ¯à®áâà ­áâ¢  Lp;q(R) ¡¥à¥âáï ¯®á«¥¤®¢ â¥«ì­® ¯® ª ¦¤®© ¯¥à¥¬¥­­®©, ­ ç¨­ ï á ¯¥à-
¢®©, ¯à¨ ä¨ªá¨à®¢ ­­ëå ®áâ «ì­ëå.

� [2] ¡ë«® ¤®ª § ­®, çâ® ¯à¨ p 6= q, q 6= 1 ­¨ ®¤­® ¨§ ¯à®áâà ­áâ¢ Lp;q(Rn), Lp;q(Rn) ­¥
ï¢«ï¥âáï ¯®¤¬­®¦¥áâ¢®¬ ¤àã£®£®. �á­®¢­ë¬ à¥§ã«ìâ â®¬ ¤ ­­®© à ¡®âë ï¢«ï¥âáï

�¥®à¥¬  1. (i) �á«¨ 0 < p < q <1, â® Lp;q(Rn) � Lp;q
� (Rn).

(ii) �á«¨ 0 < q < p <1, â® Lp;q
� (Rn) � Lp;q(Rn).

(iii) �á«¨ p 6= q, â® Lp;q(Rn) 6= Lp;q
� (Rn).

�®ª § â¥«ìáâ¢®. �«ï ­ £«ï¤­®áâ¨ ¤®ª ¦¥¬ â¥®à¥¬ã ¯à¨ n = 2. �à¨ n > 2 ¤®ª § â¥«ìáâ¢®
¯à®¢®¤¨âáï  ­ «®£¨ç­®.

� ¤ «ì­¥©è¥¬ ¡ã¤¥¬ ¯®«ì§®¢ âìáï â¥¬, çâ® äã­ªæ¨¨, ­¥¢®§à áâ îé¨¥ ¯® ª ¦¤®© ¯¥à¥¬¥­-
­®©, ­¥¯à¥àë¢­ë ¯. ¢. � âàã¤­ïïáì ¤ âì ááë«ªã, ¯à¨¢¥¤¥¬ ¤®ª § â¥«ìáâ¢® íâ®£® ä ªâ .

�¥¬¬ . �ãáâì f(x; y) | ­¥®âà¨æ â¥«ì­ ï, ­¥¢®§à áâ îé ï ¯® ª ¦¤®© ¯¥à¥¬¥­­®© äã­ª-

æ¨ï, ®¯à¥¤¥«¥­­ ï ¤«ï x; y > 0, â®£¤  f(x; y) ­¥¯à¥àë¢­  ¯. ¢.
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�®ª § â¥«ìáâ¢® «¥¬¬ë. �ãáâì m(x; y), M(x; y) | äã­ªæ¨¨ �íà ,

m(x0; y0) = lim
�!+0

inf
(x;y)2I�

(x0;y0)

f(x; y);

M(x0; y0) = lim
�!+0

sup
(x;y)2I�

(x0;y0)

f(x; y);

£¤¥ I�(x0;y0) | ª¢ ¤à â á æ¥­âà®¬ ¢ â®çª¥ (x0; y0) ¨ ¤«¨­®© áâ®à®­ë �. �ã­ªæ¨¨m(x; y);M(x; y) ¨§-
¬¥à¨¬ë ([3], á. 143),   §­ ç¨â, ¨§¬¥à¨¬® ¬­®¦¥áâ¢® E = f(x; y) :M(x; y) > m(x; y)g| ¬­®¦¥áâ¢®
â®ç¥ª à §àë¢  äã­ªæ¨¨ f(x; y). �ãáâì mes2E > 0. �¡®§­ ç¨¬ En = f(x; y) : M(x; y)�m(x; y) >
1
n
g, n = 1; 2; : : : �á­®, çâ® E =

1S
n=1

En ¨, §­ ç¨â, áãé¥áâ¢ã¥â â ª®¥ n, çâ® mes2En > 0.

�¥à¥å®¤ï ª ¯®«ïà­ë¬ ª®®à¤¨­ â ¬ ¨ ¯à¨¬¥­ïï â¥®à¥¬ã �ã¡¨­¨, ¬®¦¥¬ ãâ¢¥à¦¤ âì, çâ®
­ ©¤¥âáï â ª®© «ãç L = f(x; y) : y = kx; x > 0g, çâ® mes1(En \ L) > 0. �ë¡¥à¥¬ ¯®á«¥¤®¢ â¥«ì-
­®áâì â®ç¥ª f(xi; yi)g1i=1 â ª, çâ®¡ë (xi; yi) 2 En \ L ¨

xi < xi+1; yi < yi+1; i = 1; 2; : : :

�ãáâì f(x1; y1) = M . �ç¨âë¢ ï, çâ® f(x; y) ­¥ ¢®§à áâ ¥â ¯® ª ¦¤®© ¯¥à¥¬¥­­®©, ¯®«ãç¨¬ ¤«ï
¢á¥å i ­¥à ¢¥­áâ¢®

f

�
xi + xi�1

2
;
yi + yi�1

2

�
� f

�
xi+1 + xi

2
;
yi+1 + yi

2

�
+
1
n
:

�âáî¤  ¢¨¤­®, çâ® ¥á«¨ i0 = ([M ] + 1)n, â® f
�
xi0+xi0+1

2
;
yi0+yi0+1

2

�
< 0, çâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î

«¥¬¬ë.

�à®¤®«¦¨¬ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë.
(i) �«®¦¥­¨¥ Lp;q(R2) � Lp;q

� (R2) ¡ã¤¥â á«¥¤®¢ âì ¨§ ­¥à ¢¥­áâ¢  ¤«ï ­®à¬

kfk�Lp;q
�

(R2) � ckfk�Lp;q(R2): (1)

�ã­ªæ¨ï¬¨ ¢¨¤  (�) ¡ã¤¥¬ ­ §ë¢ âì ­¥®âà¨æ â¥«ì­ë¥, ­¥¢®§à áâ îé¨¥ ¯® ª ¦¤®© ¯¥à¥¬¥­-
­®© äã­ªæ¨¨

f(x; y) =
NX

m;n=1

cm;n�Im;n
(x; y);

£¤¥
Im;n = ((m� 1)�;m�] � ((n� 1)�; n�];

m; n = 1; N , � > 0 | ä¨ªá¨à®¢ ­­®¥ ç¨á«®. �®ª ¦¥¬, çâ® (i) á¯à ¢¥¤«¨¢® ¤«ï äã­ªæ¨© ¢¨¤  (�).
�¥à¥­ã¬¥àã¥¬ ª¢ ¤à âë Im;n, m;n = 1; N , ¢ ¯®àï¤ª¥ ã¡ë¢ ­¨ï ¯à¨­¨¬ ¥¬ëå ­  ­¨å §­ ç¥­¨©
äã­ªæ¨¨. �á«¨ ¢á¥ §­ ç¥­¨ï äã­ªæ¨¨ à §«¨ç­ë, â® ¯à®æ¥áá ­ã¬¥à æ¨¨ ®¯à¥¤¥«¥­ ®¤­®§­ ç­®
¨ § ¢¥àè ¥âáï §  N 2 è £®¢. �á«¨ ¦¥ ­  ­¥ª®â®à®¬ è £¥ ¬ë ¯®«ãç¨¬ k ª¢ ¤à â®¢, ­  ª®â®-
àëå äã­ªæ¨ï ¯à¨­¨¬ ¥â ®¤¨­ ª®¢ë¥ §­ ç¥­¨ï, â® ¯à®¤®«¦¨¬ ­ã¬¥à æ¨î á«¥¤ãîé¨¬ ®¡à §®¬.
�ë¡¥à¥¬ áà¥¤¨ ­¨å â¥, ã ª®â®àëå ¯¥à¢ë© ¨­¤¥ªá ­ ¨¬¥­ìè¨© ¨ ¯¥à¥­ã¬¥àã¥¬ ¨å ¢ ¯®àï¤ª¥ ¢®§-
à áâ ­¨ï ¢â®à®£® ¨­¤¥ªá . � ®áâ ¢è¨¬¨áï ª¢ ¤à â ¬¨ ¯®áâã¯ ¥¬  ­ «®£¨ç­ë¬ ®¡à §®¬, ¯®ª 
­¥ ¯¥à¥­ã¬¥àã¥¬ ¢á¥ k ª¢ ¤à â®¢.

�â ª, äã­ªæ¨ï ¯à¨¬¥â ¢¨¤

f(x; y) =
N2X
k=1

�k�Ik(x; y);

£¤¥ �k | §­ ç¥­¨¥, ª®â®à®¥ ¯à¨­¨¬ ¥â äã­ªæ¨ï ­  ª¢ ¤à â¥ Ik. � ¬¥â¨¬, çâ® ¥á«¨ Ik =
((m� 1)�;m�] � ((n� 1)�; n�]; â®

mn � k ¨
ZZ
Ik

(xy)q=p�1dx dy �
p2

q2
�2q=pkq=p�1: (2)
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�¥©áâ¢¨â¥«ì­®, ¨§ á¯®á®¡  ­ã¬¥à æ¨¨ á«¥¤ã¥â, çâ® ­®¬¥à ª¢ ¤à â  Im;n ¡ã¤¥â ­¥ ¬¥­ìè¥ ­®¬¥à®¢
ª¢ ¤à â®¢ Ii;j , i � m, j � n, â. ª. ­  ­¨å äã­ªæ¨ï ¯à¨­¨¬ ¥â §­ ç¥­¨ï ­¥ ¬¥­ìè¥, ç¥¬ ­  Im;n, ¨
®¡  ¨­¤¥ªá  ã ­¨å ­¥ ¯à¥¢®áå®¤ïâ á®®â¢¥âáâ¢¥­­® m ¨ n.

�¥à¥áâ ­®¢ª  äã­ªæ¨¨ f(x; y) ¨¬¥¥â ¢¨¤

f�(t) =
N2X
k=1

�k�(�2(k�1);�2k](t);

  â. ª. f(x; y) ­¥ ¢®§à áâ ¥â ¯® ª ¦¤®© ¯¥à¥¬¥­­®©, â® f(x; y) = R1;2f(x; y): �¬¥¥¬

kfk�
q

Lp;q(R2) =
q

p

Z 1

0

tq=p�1f�
q

(t)dt = �2q=p
N2X
k=1

�qk[k
q=p � (k � 1)q=p] � 21�q=p�2q=p

N2X
k=1

�qkk
q=p�1:

� ¤àã£®© áâ®à®­ë, ãç¨âë¢ ï (2), ¯®«ãç¨¬

kfk�
q

L
p;q
�

(R2) =
q2

p2

N2X
k=1

�qk

ZZ
Ik

(xy)q=p�1dx dy � �2q=p
N2X
k=1

�qkk
q=p�1 � 2q=p�1kfk�

q

Lp;q(R2):

� ª¨¬ ®¡à §®¬, ­¥à ¢¥­áâ¢® (1) á¯à ¢¥¤«¨¢® ¤«ï äã­ªæ¨© ¢¨¤  (�).
�®ª ¦¥¬ (1) ¢ á«ãç ¥, ª®£¤  f(x; y) | ¯à®¨§¢®«ì­ ï ¨§¬¥à¨¬ ï äã­ªæ¨ï. �¥ ®£à ­¨ç¨¢ ï

®¡é­®áâ¨, ¬®¦­® áç¨â âì, çâ® äã­ªæ¨ï f(x; y) ­¥¢®§à áâ îé ï ¯® ª ¦¤®© ¯¥à¥¬¥­­®©, ­¥®-
âà¨æ â¥«ì­ ï ¨ ®¯à¥¤¥«¥­­ ï ¤«ï x; y > 0. �â® ¬®¦­® á¤¥« âì, â. ª. f(x; y) ¨ R1;2f(x; y) ¨¬¥îâ
®¤¨­ ª®¢ë¥ ¯¥à¥áâ ­®¢ª¨.

� áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨©

fk(x; y) =
N2X

m;n=1

f(m2�k; n2�k)�Im;n
(x; y);

£¤¥ Im;n = ((m� 1)2�k;m 2�k]� ((n� 1)2�k; n2�k], N = 4k, m;n = 1; N , k = 1; 2; : : : � ¬¥â¨¬, çâ®
¤«ï ¢á¥å (x; y) á¯à ¢¥¤«¨¢®

f1(x; y) � f2(x; y) � � � � � fk(x; y) � � � � (3)

¨ ¤«ï ¢á¥å k

f(x+ 2�k; y + 2�k) � fk(x; y) � f(x; y): (4)

�§ (4) ¨ «¥¬¬ë ¡ã¤¥â á«¥¤®¢ âì, çâ® ¤«ï ¯®çâ¨ ¢á¥å (x; y)

lim
k!1

fk(x; y) = f(x; y): (5)

�à¥¤¯®«®¦¨¬, çâ® kfk�Lp;q(R2) =M <1. �®£¤ , ãç¨âë¢ ï (3){(5) ¨ â®, çâ® fk(x; y) | äã­ªæ¨¨
¢¨¤  (�), ¯® â¥®à¥¬¥ �¥¢¨ ¯®«ãç¨¬

kfk�Lp;q
�

(R2) = lim
k!1

kfkk
�

L
p;q
�

(R2) � c lim
k!1

kfkk
�

Lp;q(R2) = ckfk�Lp;q(R2):

�â® ¤®ª §ë¢ ¥â ¯¥à¢ãî ç áâì â¥®à¥¬ë 1.
(ii) �®ª § â¥«ìáâ¢® ¢â®à®© ç áâ¨ â¥®à¥¬ë 1  ­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã ¯¥à¢®©.
(iii) �áå®¤ï ¨§ (i) ¨ (ii), ¤®áâ â®ç­® ¯®ª § âì áãé¥áâ¢®¢ ­¨¥ äã­ªæ¨© f(x; y) ¨ g(x; y) â ª¨å,

çâ® ¥á«¨ 0 < p < q < 1, â® f(x; y) 2 Lp;q
� (R2), ­® f(x; y) =2 Lp;q(R2),   ¥á«¨ 0 < q < p < 1, â®

g(x; y) 2 Lp;q(R2), ­® g(x; y) =2 Lp;q
� (R2).
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�ãáâì 0 < p < q <1 ¨ f(x; y) =
1P
n=0

2�n=p�In(x; y), £¤¥

I0 = (0; 1] � (0; 1]; In = f(x; y) : (xy)q=p�1 � 2(1�n); x 2 (�n�1; �n]g; (6)

�0 = 1; �n = exp
� nX
k=1

2(k�1)
q

q�p

�
; n = 1; 2; : : :

�¥âàã¤­® ã¡¥¤¨âìáï, çâ®

mes2 In = 2n�1; n = 1; 2; : : : ; (7)

  §­ ç¨â, f�(t) =
1P
n=0

2�n=p�Jn(t), £¤¥ J0 = (0; 1], Jn = (2n�1; 2n], n = 1; 2; : : : �§ (6) ¨ (7) ¯®«ãç¨¬

ZZ
In

(xy)q=p�1dx dy � 1: (8)

�ã­ªæ¨ï f(x; y) ­¥ ¢®§à áâ ¥â, §­ ç¨â, f(x; y) = R1;2f(x; y). �ç¨âë¢ ï (8), ¡ã¤¥¬ ¨¬¥âì

kfk�Lp;q
�

(R2) =
�
q2

p2

Z 1

0

Z 1

0

(xy)q=p�1f q(x; y) dx dy
�1=q

=

=
�
q2

p2

1X
n=0

2�nq=p
ZZ
In

(xy)q=p�1dx dy
�1=q

�

�
q2

p2

1X
n=0

2�nq=p
�1=q

<1;

­®

kfk�Lp;q(R2) =
�
q

p

Z 1

0

tq=p�1f�q(t)dt
�1=q

=
�
1 +

1X
n=0

(1� 2�q=p)
�1=q

=1:

� ª¨¬ ®¡à §®¬, f(x; y) 2 Lp;q
� (R2), ­® f(x; y) =2 Lp;q(R2).

�ãáâì â¥¯¥àì 0 < q < p <1 ¨ ¯ãáâì g(x; y) =
1P
n=0

�In(x; y), £¤¥

I0 = (0; 1] � (0; 1]; In = f(x; y) : (xy)1�q=p � 2�n; x 2 (�n�1; �n]g; (9)

�0 = 1; �n = exp
� nX
k=1

2
kq

p�q

�
n = 1; 2; : : :

�¥£ª® ¢¨¤¥âì, çâ®

mes2 In = 2�n; n = 1; 2; : : : ; (10)

  §­ ç¨â, g�(t) = �(0;2](t). �§ (9) ¨ (10) ¯®«ãç¨¬ZZ
In

(xy)q=p�1dx dy � 1: (11)

�ã­ªæ¨ï g(x; y) ­¥ ¢®§à áâ ¥â, §­ ç¨â, g(x; y) = R1;2g(x; y). �ç¨âë¢ ï (11), ¨¬¥¥¬

kgk�Lp;q
�

(R2) =
�
q2

p2

Z 1

0

Z 1

0

(xy)q=p�1gq(x; y)dx dy
�1=q

=

=
�
q2

p2

1X
n=0

ZZ
In

(xy)q=p�1dx dy
�1=q

�

�
q2

p2

1X
n=0

1
�1=q

=1;

­®

kgk�Lp;q(R2) =
�
q

p

Z 1

0

tq=p�1g�q(t)dt
�1=q

=
�
q

p

Z 2

0

tq=p�1dt

�1=q

<1:
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� ª¨¬ ®¡à §®¬, g(x; y) 2 Lp;q(R2), ­® g(x; y) =2 Lp;q
� (R2). �¥®à¥¬  1 ¤®ª § ­ .

� ¬¥ç ­¨¥ 1. � áâ âì¥ �«®§¨­áª®£® [1] ãâ¢¥à¦¤ ¥âáï, çâ® ¯à¨ p 6= q, q 6= 1 ­¨ ®¤­® ¨§
¯à®áâà ­áâ¢ Lp;q(Rn), Lp;q

�
(Rn) ­¥ ï¢«ï¥âáï ¯®¤¬­®¦¥áâ¢®¬ ¤àã£®£®. �®-¢¨¤¨¬®¬ã, §¤¥áì ¨¬¥¥âáï

®¯¥ç âª ;  ¢â®à ®¡®á­®¢ë¢ ¥â íâ® ãâ¢¥à¦¤¥­¨¥ ááë«ª®© ­  áâ âìî �¢¨ª¥«  [2], ­®, ª ª ã¦¥
®â¬¥ç «®áì ¢ëè¥, ¢ ã¯®¬ï­ãâ®© áâ âì¥ à¥çì ¨¤¥â ® áà ¢­¥­¨¨ ¯à®áâà ­áâ¢ Lp;q(Rn), Lp;q(Rn):

� ¬¥ç ­¨¥ 2. �® áãé¥áâ¢ã ¨§ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1 á«¥¤ã¥â ¡®«¥¥ ®¡é ï

�¥®à¥¬  2. �ãáâì f(x) : Rn ! R ¨§¬¥à¨¬  ¢ Rn. �®£¤ 

(i) �á«¨ q > p; â® kfk�Lp;q(Rn) � sup kgk�
Lp;q(Rn) � ckfk�Lp;q(Rn):

(ii) �á«¨ q < p; â® ckfk�Lp;q(Rn) � inf kgk�
Lp;q(Rn) � kfk�Lp;q(Rn); £¤¥ ¢¥àå­ïï ¨ ­¨¦­ïï £à ­¨

¡¥àãâáï ¯® ¢á¥¬ äã­ªæ¨ï¬ g(s), s 2 Rn
+; à ¢­®¨§¬¥à¨¬ë¬ á f(x) ¨ ­¥¢®§à áâ îé¨¬ ¯® ª ¦¤®©

¯¥à¥¬¥­­®©.

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬ ãâ¢¥à¦¤¥­¨¥ (i) ¤«ï á«ãç ï n = 2: �à ¢®¥ ­¥à ¢¥­áâ¢® (i) á«¥¤ã-
¥â ¨§ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1. �«ï ¤®ª § â¥«ìáâ¢  «¥¢®£® ­¥à ¢¥­áâ¢  (i) ¤®áâ â®ç­® à áá¬®-
âà¥âì äã­ªæ¨î g(s; t) = f�(t)�(0;1](s); £¤¥ f�(t) | ­¥¢®§à áâ îé ï ¯¥à¥áâ ­®¢ª  f(x; y): �ã­ªæ¨ï
g(s; t) ¡ã¤¥â à ¢­®¨§¬¥à¨¬®© á f(x; y) ¨ ­¥¢®§à áâ îé¥© ¯® ª ¦¤®© ¯¥à¥¬¥­­®© ¨ ¤«ï ­¥¥ ¡ã¤¥â
¢ë¯®«­ïâìáï

kgk�Lp;q (R2) =
�
q2

p2

Z 1

0

sq=p�1ds

Z 1

0

tq=p�1f�q(t)dt
�1=q

= kfk�Lp;q(R2);

çâ® ¤®ª §ë¢ ¥â ãâ¢¥à¦¤¥­¨¥ (i).
�â¢¥à¦¤¥­¨¥ (ii) ¤®ª §ë¢ ¥âáï  ­ «®£¨ç­®.
� § ª«îç¥­¨¥  ¢â®à å®â¥« ¡ë ¢ëà §¨âì ¡« £®¤ à­®áâì �.�.�®«ï¤¥ §  ¯®áâ ­®¢ªã § ¤ ç¨ ¨

®¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢.
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