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�¨¬ ®¢® ¬®£®®¡à §¨¥ M  §ë¢ ¥âáï ¤¢ãåâ®ç¥çë¬ ®¤®à®¤ë¬ (¤. ®.) ¥á«¨ ¤«ï «î¡ëå
¯ à â®ç¥ª p1; p2 2 M ¨ q1; q2 2 M , ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î �(p1; p2) = �(q1; q2) (�(p; q) | à á-
áâ®ï¨¥ ¬¥¦¤ã â®çª ¬¨ p ¨ q), áãé¥áâ¢ã¥â â ª ï ¨§®¬¥âà¨ï g ¬®£®®¡à §¨ï M , çâ® g(p1) = q1
¨ g(p2) = q2. �®à®è® ¨§¢¥áâ® [1], çâ® ¢á¥ ¤. ®. ¬®£®®¡à §¨ï | íâ® ¥¢ª«¨¤®¢ë ¯à®áâà áâ¢ ,
®ªàã¦®áâì S1 ¨ á¨¬¬¥âà¨ç¥áª¨¥ ¯à®áâà áâ¢  à £  1 ª®¬¯ ªâ®£® ¨ ¥ª®¬¯ ªâ®£® â¨¯®¢.
� ¯®á«¥¤¨¥ £®¤ë  ªâ¨¢® ¨§ãç îâáï à §«¨çë¥ § ¤ ç¨ â¥®à¨¨ ¯à¨¡«¨¦¥¨© äãªæ¨©   ¤. ®.
¬®£®®¡à §¨ïå ( ¯à., [2]{[5]). � ª ç¥áâ¢¥  ¯¯ à â  ¯à¨¡«¨¦¥¨ï   ª®¬¯ ªâëå ¤. ®. ¬®£®-
®¡à §¨ïå ¨á¯®«ì§ãîâáï áä¥à¨ç¥áª¨¥ ¯®«¨®¬ë,   ¥ª®¬¯ ªâëå ¤. ®. ¬®£®®¡à §¨ïå ¢ ª ç¥áâ¢¥
¯à¨¡«¨¦ îé¨å äãªæ¨© ¤®«¦ë ¢ëáâã¯ âì ª ª¨¥-¨¡ã¤ì   «®£¨ æ¥«ëå äãªæ¨© íªá¯®¥-
æ¨ «ì®£® â¨¯ . � ª ¢ [5], [6] ¢ ª ç¥áâ¢¥  ¯¯ à â  ¯à¨¡«¨¦¥¨ï ¨á¯®«ì§ãîâáï æ¥«ë¥ ¢¥ªâ®àë
íªá¯®¥æ¨ «ì®£® â¨¯  ¢ ¥ª®â®àëå ¡  å®¢ëå ¯à®áâà áâ¢ å, ® íâ¨ ¢¥ªâ®àë ¥ ï¢«ïîâáï
äãªæ¨ï¬¨   ¯à®áâà áâ¢¥ M . � ¤ ®© à ¡®â¥ ¢ ¯à®áâà áâ¢ å Lp(M) ®¯à¥¤¥«ïîâáï æ¥«ë¥
Lp-äãªæ¨¨ íªá¯®¥æ¨ «ì®£® â¨¯  ¤«ï ¯à®¨§¢®«ì®£® ¤. ®. ¬®£®®¡à §¨ïM . �áâ ®¢«¥®, çâ®
¤«ï ¥¢ª«¨¤®¢  ¯à®áâà áâ¢  ¢¢¥¤¥ë¥ äãªæ¨¨ á®¢¯ ¤ îâ á ®¡ëçë¬¨ æ¥«ë¬¨ äãªæ¨ï¬¨
íªá¯®¥æ¨ «ì®£® â¨¯ , ¯à¨ ¤«¥¦ é¨¬¨ ¯à®áâà áâ¢ã Lp,   ¤«ï ª®¬¯ ªâëå ¤. ®. ¬®£®®¡à -
§¨© ¢¢¥¤¥ë¥ äãªæ¨¨ á®¢¯ ¤ îâ á® áä¥à¨ç¥áª¨¬¨ ¯®«¨®¬ ¬¨.

�¨ªá¨àã¥¬ ¥ª®â®àë¥ ¯®áâ®ïë¥ ®¡®§ ç¥¨ï. �¥à¥§ M ¡ã¤¥â ®¡®§ ç âìáï ¤. ®. à¨¬ ®¢®
¬®£®®¡à §¨¥, G| £àã¯¯  ¢á¥å ¨§®¬¥âà¨© à¨¬ ®¢  ¬®£®®¡à §¨ï M , o | ¥ª®â®à ï ä¨ªá¨à®-
¢  ï â®çª  ¢ M , K | áâ æ¨® à ï ¯®¤£àã¯¯  â®çª¨ o ¢ £àã¯¯¥ G. �àã¯¯  G ¥áâ¥áâ¢¥ë¬
®¡à §®¬ âà §¨â¨¢® ¤¥©áâ¢ã¥â   M ¨ á®®â¢¥âáâ¢¥® ¯à®áâà áâ¢® M ¬®¦® ®â®¦¤¥áâ¢¨âì á
ä ªâ®à-¯à®áâà áâ¢®¬ «¥¢ëå á¬¥¦ëå ª« áá®¢ M = G=K, ¯à¨ íâ®¬ â®çª  o ®â®¦¤¥áâ¢«ï¥âáï
á á¬¥¦ë¬ ª« áá®¬ eK (e | ¥¤¨¨æ  ¢ £àã¯¯¥ G).

�«ï «î¡®£® ¬®¦¥áâ¢ X á ¬¥à®© d� ç¥à¥§ Lp(X; d�) ¡ã¤¥¬ ®¡®§ ç âì, ª ª ®¡ëç®, ¡  å®¢®
¯à®áâà áâ¢® (��), á®áâ®ïé¥¥ ¨§ ¨§¬¥à¨¬ëå ª®¬¯«¥ªá®§ çëå äãªæ¨© f(x)  X á ª®¥ç®©
®à¬®©

kfkp = kfkLp(X) =
�Z

X

jf(x)jp d�
�1=p

; 1 � p <1:

�á«¨ X | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, â® ç¥à¥§ L1(X) ¡ã¤¥¬ ®¡®§ ç âì �� à ¢®¬¥à® ¥¯à¥-
àë¢ëå ®£à ¨ç¥ëå äãªæ¨©   X á ®à¬®©

kfk1 = kfkL1(X) = sup
x2X

jf(x)j:

�¥à¥§ C(X) ¡ã¤¥¬ ®¡®§ ç âì ¬®¦¥áâ¢® ¢á¥å ¥¯à¥àë¢ëå äãªæ¨©   X,   ç¥à¥§ Cc(X)
| ¬®¦¥áâ¢® ¥¯à¥àë¢ëå äãªæ¨© á ª®¬¯ ªâë¬ ®á¨â¥«¥¬ (¢á¥ äãªæ¨¨ ¯à¥¤¯®« £ îâ-
áï ª®¬¯«¥ªá®§ çë¬¨). � ç áâ®áâ¨,   à¨¬ ®¢®¬ ¬®£®®¡à §¨¨ M ¢®§¨ª îâ �� Lp(M) =
Lp(M;dx) ¨ L1(M), £¤¥ dx | í«¥¬¥â à¨¬ ®¢®© ¬¥àë   M .

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (¯à®¥ªâ 99-01-
00782).
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�ãáâì TxM { ¬®¦¥áâ¢® ª á â¥«ìëå ¢¥ªâ®à®¢ ª ¬®£®®¡à §¨î M ,   S(x) | ¬®¦¥áâ¢®
¥¤¨¨çëå ª á â¥«ìëå ¢¥ªâ®à®¢ (¥¤¨¨ç ï áä¥à ) ¢ â®çª¥ x 2 M . �ãáâì B | ¬®£®®¡à §¨¥
¢á¥å ¥¤¨¨çëå ª á â¥«ìëå ¢¥ªâ®à®¢ ª ¬®£®®¡à §¨î M . �®çª¨ ¬®£®®¡à §¨ï B ¨¬¥îâ ¢¨¤
(x; �), £¤¥ x 2 M , � 2 S(x). �àã¯¯  G ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¤¥©áâ¢ã¥â   B, ¥á«¨ ¯®«®¦¨âì
g(x; �) = (gx; g��), £¤¥ g 2 G, g� | ¨¤ãæ¨à®¢ ®¥ ®â®¡à ¦¥¨¥ ª á â¥«ìëå ¢¥ªâ®à®¢. � ª ª ª
M | ¤¢ãåâ®ç¥ç®¥ ®¤®à®¤®¥ ¬®£®®¡à §¨¥, â® íâ® ¤¥©áâ¢¨¥ âà §¨â¨¢® (á¬. [7], £«. IX, x 5; [8],
£«. 1, x 4), ¯®íâ®¬ã   B áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ ï, á â®ç®áâìî ¤® ã¬®¦¥¨ï   ¯®«®¦¨â¥«ì®¥
ç¨á«®, G-¨¢ à¨ â ï ¬¥à  dv(x; �) ([8], £«. 1, â¥®à¥¬  1.9). �ãáâì Lp(B) = Lp(B; dv) ¯à¨ 1 �
p <1, L1(B) ®¯à¥¤¥«¥® ¢ëè¥.

�¡®§ ç¨¬ ç¥à¥§ d�x(�) í«¥¬¥â ®¡ê¥¬  áä¥àë S(x) ¨ ¯ãáâì � | ¯®«ë© ®¡ê¥¬ íâ®© áä¥àë.
�§ á¢®©áâ¢ ¨¢ à¨ âëå ¬¥à   ®¤®à®¤ëå ¯à®áâà áâ¢ å ([8], £«. I, x 1, ¯à¥¤«®¦¥¨¥ 1.13)
á«¥¤ã¥â, çâ® ¤«ï ¥ª®â®à®© ¯®«®¦¨â¥«ì®© ¯®áâ®ï®© A > 0 ¨ ¤«ï «î¡®© äãªæ¨¨ F (x; �) 2
Cc(B) á¯à ¢¥¤«¨¢  ä®à¬ã« Z

M

�Z
S(x)

F (x; �) d�x(�)
�
dx = A

Z
B

F (x; �) dv(x; �):

� ª ª ª ¬¥à  dv ®¯à¥¤¥«¥  á â®ç®áâìî ¤® ã¬®¦¥¨ï   ¯®«®¦¨â¥«ì®¥ ç¨á«®, â® ®à¬¨àã¥¬
íâã ¬¥àã â ª, çâ®¡ë A = �. �®£¤ Z

M

�Z
S(x)

F (x; �) d�x(�)
�
dx = �

Z
B

F (x; �) dv(x; �): (1)

� ª ª ª Cc(B) ¯«®â® ¢ L1(B), â® (1) á¯à ¢¥¤«¨¢® ¨ ¤«ï «î¡®© äãªæ¨¨ F (x; �) 2 L1(B).
�§ ¥¤¨áâ¢¥®áâ¨, á â®ç®áâìî ¤® ¬®¦¨â¥«ï, ¨¢ à¨ â®£® ¨â¥£à «    ®¤®à®¤®¬

¬®£®®¡à §¨¨ á«¥¤ã¥â â ª¦¥, çâ®Z
B

F (x; �) dv(x; �) = A

Z
G

F (gx0; g��0) dg; (2)

£¤¥ dg | í«¥¬¥â ¬¥àë �  à    £àã¯¯¥ G, (x0; �0) | «î¡ ï ä¨ªá¨à®¢  ï â®çª  ¨§ B, A > 0
| ¥ § ¢¨áïé ï ®â F ª®áâ â . �§ (2) á«¥¤ã¥â, çâ® ¯à¨ F 2 Lp(B), 1 � p <1,

kFkpLp(B) = A

Z
G
jF (gx0; g��0)j

p dg:

�áâ¥áâ¢¥ë¬ ®¡à §®¬ ¯à®áâà áâ¢® Lp(M) ¢ª« ¤ë¢ ¥âáï ¢ Lp(B), ¥á«¨ ¤«ï f(x) 2 Lp(M) ¯®-
«®¦¨âì f(x; �) = f(x). �§ (1) á«¥¤ã¥â, çâ® ¤«ï f(x) 2 L1(M)Z

B

f(x) dv(x; �) =
Z
M

f(x) dx;

¨ ¯à¨ f 2 Lp(M), 1 � p <1,

kfkLp(M) = kfkLp(B); (3)

â. ¥. ¢«®¦¥¨¥ Lp(M) � Lp(B) ¨§®¬¥âà¨ç® (®ç¥¢¨¤®, à ¢¥áâ¢® (3) á¯à ¢¥¤«¨¢® ¨ ¯à¨ p =
1). � ¤ «ì¥©è¥¬ ¡ã¤¥¬ ¯®áâ®ï® ¯®«ì§®¢ âìáï íâ¨¬ ¢«®¦¥¨¥¬ ¨ áç¨â âì, çâ® Lp(M) |
¯®¤¯à®áâà áâ¢® ¢ Lp(B). �«ï ªà âª®áâ¨ ¡ã¤¥¬ ç áâ® ¯¨á âì kFkp ¢¬¥áâ® kFkLp(B).

�ãáâì (x; �; t) ¤«ï (x; �) 2 B | £¥®¤¥§¨ç¥áª ï «¨¨ï   M , ã¤®¢«¥â¢®àïîé ï ãá«®¢¨ï¬
(x; �; 0) = x, d

dt
(x; �; t)

��
t=0

= � ¨ ¤«ï «î¡®© äãªæ¨¨ F (x; �) 2 Lp(B) ¨ t 2 R

F t(x; �) = F ((x; �; t); d
dt
(x; �; t)):

�§ á¢®©áâ¢ £¥®¤¥§¨ç¥áª¨å «¥£ª® ¯®«ãç¨âì

(F t)s = F t+s 8t; s 2 R: (4)
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�¥¬¬  1. �á«¨ F (x; �) 2 Cc(B), â®Z
B

F (x; �) dv =
Z
B

F t(x; �) dv 8t 2 R:

�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ â®çªã o 2 M ¨ ¥¤¨¨çë© ª á â¥«ìë© ¢¥ªâ®à �0 2 ToM .
�ãáâì (o; �0; t) | á®®â¢¥âáâ¢ãîé ï £¥®¤¥§¨ç¥áª ï. �§¢¥áâ® ([7], £«. IV, â¥®à¥¬  3.3), çâ®  
¤. ®. ¬®£®®¡à §¨¨ £¥®¤¥§¨ç¥áªãî ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

(o; �0; t) = R(t)o; (5)

£¤¥ R(t) | ¥ª®â®à ï ®¤®¯ à ¬¥âà¨ç¥áª ï ¯®¤£àã¯¯  ¢ £àã¯¯¥ �¨ G (â®ç¥¥ £®¢®àï, ¢ [7]
à áá¬ âà¨¢ ¥âáï á«ãç ©, ª®£¤ M | á¨¬¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, ® ¤«ï ®áâ «ìëå ¤. ®. ¬®-
£®®¡à §¨© á®®â®è¥¨¥ (5) ®ç¥¢¨¤®).

�«ï ¨§®¬¥âà¨¨ g 2 G á¯à ¢¥¤«¨¢ë à ¢¥áâ¢ 

g(x; �; t) = (gx; g��; t); (6)

g�
d

dt
(x; �; t) =

d

dt
(gx; g��; t): (7)

�®«ì§ãïáì á®®â®è¥¨ï¬¨ (2), (5){(7) ¨ ¨¢ à¨ â®áâìî ¬¥àë �  à    G ®â®á¨â¥«ì® ¯à -
¢ëå á¤¢¨£®¢ (¢á¥ £àã¯¯ë �¨ G, á®®â¢¥âáâ¢ãîé¨¥ ¤. ®. ¬®£®®¡à §¨ï¬, ã¨¬®¤ã«ïàë), ¯®«ãç¨¬Z

B

F t(x; �) dv =
Z
B

F

�
(x; �; t);

d

dt
(x; �; t)

�
dv =

= A

Z
G

F ((go; g��0; t)) dg = A

Z
G

F (gR(t)o; g�R(t)��0) dg =

= A

Z
G
F (gR(t)o;

�
gR(t)

�
�
�0) dg = A

Z
G
F (go; g��0) dg =

Z
B
F (x; �) dv: �

� ª ª ª Cc(B) ¯«®â® ¢ ¯à®áâà áâ¢¥ Lp(B) ¯à¨ 1 � p < 1, â® ¨§ «¥¬¬ë 1 á«¥¤ã¥â, çâ®
®â®¡à ¦¥¨¥ F ! F t ¯¥à¥¢®¤¨â ¯à®áâà áâ¢® Lp(B) ¢ á¥¡ï ¨ ¯à¨ íâ®¬

kF tkp = kFkp: (8)

�à¨ p =1 á®®â®è¥¨¥ (8), ®ç¥¢¨¤®, â ª¦¥ ¢ë¯®«ï¥âáï.
�¡ê¥¤¨ïï á®®â®è¥¨ï (4) ¨ (8), ¯®«ãç ¥¬

�à¥¤«®¦¥¨¥ 1. �¥¬¥©áâ¢® ®¯¥à â®à®¢

U(t) : F 7! F t; t 2 R;

®¡à §ã¥â á¨«ì® ¥¯à¥àë¢ãî ¨§®¬¥âà¨ç¥áªãî £àã¯¯ã ®¯¥à â®à®¢ ¢ �� Lp(B), 1 � p � 1.

�à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ ¤«ï £àã¯¯ë U(t) á«ã¦¨â ®¯¥à â®à ¤¨ää¥à¥æ¨à®¢ ¨ï

D : F (x; �) 7! F 0(x; �) =
d

dt
F t(x; �)

���
t=0
:

� [9] ¯à¨¢¥¤¥® ®¯à¥¤¥«¥¨¥ æ¥«®£® ¢¥ªâ®à  áâ¥¯¥¨ � (íªá¯®¥æ¨ «ì®£® â¨¯ ) ¤«ï ¯à®¨§-
¢®«ì®© ®£à ¨ç¥®© á¨«ì® ¥¯à¥àë¢®© £àã¯¯ë ®¯¥à â®à®¢ ¢ ��. �«¥¤ãï [9], ¤ ¤¨¬

�¯à¥¤¥«¥¨¥ 1. �ãªæ¨ï F (x; �) 2 Lp(B)  §ë¢ ¥âáï æ¥«ë¬ ¢¥ªâ®à®¬ íªá¯®¥æ¨ «ì®£®
â¨¯  áâ¥¯¥¨ �, ¥á«¨ äãªæ¨ï U(t)F = F t ¯à®¤®«¦¨¬    ª®¬¯«¥ªáãî z-¯«®áª®áâì (z = t+ is)
ª ª æ¥« ï äãªæ¨ï á® § ç¥¨ï¬¨ ¢ Lp(B), ¨ ¤«ï «î¡®£® " > 0 áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï ï
C", çâ®

kU(z)Fkp � C"e
(�+")jzj: (9)
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�¡®§ ç¨¬ ¬®¦¥áâ¢® ¢á¥å æ¥«ëå ¢¥ªâ®à®¢ áâ¥¯¥¨ � ¢ Lp(B) ç¥à¥§ M�p(B).
�®«®¦¨¬ M�p = M�p(M) := Lp(M) \M�p(B) (¯à¨ íâ®¬ ¯®«ì§ã¥¬áï ¢«®¦¥¨¥¬ Lp(M) �

Lp(B)). �ãªæ¨¨ ¨§ M�p ¡ã¤¥¬  §ë¢ âì æ¥«ë¬¨ Lp-äãªæ¨ï¬¨ áâ¥¯¥¨ �   M .
�à¨¢¥¤¥¬ ¯® [9] ¥ª®â®àë¥ á¢®©áâ¢  æ¥«ëå ¢¥ªâ®à®¢ áâ¥¯¥¨ � ¢ Lp(B) (®¨ á¯à ¢¥¤«¨¢ë

¤«ï ¯à®¨§¢®«ì®© ®£à ¨ç¥®© á¨«ì® ¥¯à¥àë¢®© £àã¯¯ë ®¯¥à â®à®¢ ¢ ��).

�à¥¤«®¦¥¨¥ 2. 1) �á«®¢¨¥ (9) íª¢¨¢ «¥â® ãá«®¢¨î 1

kU(z)Fkp � Ce�jsj; z = t+ is;

£¤¥ C = kFkp.
2) �®¦¥áâ¢® M�p(B) ï¢«ï¥âáï § ¬ªãâë¬ «¨¥©ë¬ ¯®¤¯à®áâà áâ¢®¬ ¢ Lp(B).
3) �«ï â®£® çâ®¡ë äãªæ¨ï F 2 M�p(B), ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë ¤«ï ¢áïª®£®

 âãà «ì®£® r ¢ë¯®«ï«®áì ¥à ¢¥áâ¢® (  «®£ ¥à ¢¥áâ¢  �¥àèâ¥© )

kDrFkp � �rkFkp: (10)

� ¯à®áâà áâ¢¥ Lp(B) ¢®§¨ª ¥â ¥áâ¥áâ¢¥®¥ ª¢ §¨à¥£ã«ïà®¥ ¯à¥¤áâ ¢«¥¨¥ � £àã¯¯ë G,
¥á«¨ ¯®«®¦¨âì �

�(g)F
�
(x; �) = F (g�1x; g�1� �):

�â¬¥â¨¬, çâ® íâ® ¯à¥¤áâ ¢«¥¨¥ ã¨â à® (â. ¥. k�(g)Fkp = kFkp 8g 2 G) ¨ ¯®¤¯à®áâà áâ¢®
Lp(M) ¨¢ à¨ â® ®â®á¨â¥«ì® ¯à¥¤áâ ¢«¥¨ï �.

�¥¬¬  2. �®¤¯à®áâà áâ¢® M�p(B) ¨¢ à¨ â® ®â®á¨â¥«ì® ¯à¥¤áâ ¢«¥¨ï �.

�®ª § â¥«ìáâ¢®. �§ á®®â®è¥¨© (6), (7) á«¥¤ã¥â, çâ®

�(g)F t =
�
�(g)F

�t
8F 2 Lp(B); 8t 2 R:

�®á«¥¤¥¥ á®®â®è¥¨¥ ¬®¦® â ª¦¥ ¯¥à¥¯¨á âì ¢ ¢¨¤¥

U(t)�(g)F = �(g)U(t)F:

�ãáâì F 2M�p(B). �ãªæ¨î U(t)
�
�(g)F

�
¯à®¤®«¦¨¬   ª®¬¯«¥ªáë¥ § ç¥¨ï z, ¯®« £ ï

U(z)
�
�(g)F

�
= �(g)

�
U(z)F

�
; z = t+ is:

�ç¥¢¨¤®, ¯®«ãç¨âáï æ¥« ï   «¨â¨ç¥áª ï äãªæ¨ï ¨, â. ª. ®¯¥à â®à �(g) ã¨â àë©,

kU(z)
�
�(g)F

�
kp = kU(z)Fkp � C"e

(�+")jzj;

á«¥¤®¢ â¥«ì®, �(g)F 2M�p(B).

�«¥¤áâ¢¨¥. �¨¥©®¥ ¯®¤¯à®áâà áâ¢® M�p(M) § ¬ªãâ® ¨ �-¨¢ à¨ â®.

� áá¬®âà¨¬ á«ãç ©, ª®£¤  M | ®ªàã¦®áâì S1. �ªàã¦®áâì S1 à¥ «¨§ã¥¬ ª ª ä ªâ®à-
¯à®áâà áâ¢® R=2�Z, â. ¥. â®çª¨ S1 | íâ® ¤¥©áâ¢¨â¥«ìë¥ ç¨á«  x á â®ç®áâìî ¤® ¯à¨¡ ¢«¥¨ï
ç¨á¥« ¢¨¤  2�k, k 2 Z. � ª ¦¤®© â®çª¥ x 2 S1 áãé¥áâ¢ãîâ à®¢® ¤¢  ¥¤¨¨çëå ª á â¥«ìëå
¢¥ªâ®à , ª®â®àë¥ ¡ã¤¥¬ ®¡®§ ç âì (+1) ¨ (�1). �áâ¥áâ¢¥ë¬ ®¡à §®¬ äãªæ¨¨   S1 ®â®-
¦¤¥áâ¢«ïîâáï á 2�-¯¥à¨®¤¨ç¥áª¨¬¨ äãªæ¨ï¬¨ f(x), x 2 R,   äãªæ¨¨   B ¨¬¥îâ ¢¨¤ F (x; "),
£¤¥ " = �1, x 2 R ¨ ¯® x äãªæ¨ï F ¯¥à¨®¤¨ç¥áª ï á ¯¥à¨®¤®¬ 2�. �¥©áâ¢¨¥ ®¯¥à â®à  U(t) ¢
íâ®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤ �

U(t)
�
(x; ") = F (x+ "t; ")

� ç áâ®áâ¨, ¤«ï f(x) 2 Lp(M) �
U(t)f

�
(x; ") = f(x+ t"):

�ãªæ¨ï f ï¢«ï¥âáï æ¥«®© Lp-äãªæ¨¥© ¯®àï¤ª  � â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  f ï¢«ï¥âáï
æ¥«ë¬ ¢¥ªâ®à®¬ ¯®àï¤ª  � ¢ ¯à®áâà áâ¢¥ Lp(S1) ®â®á¨â¥«ì® ®¤®¯ à ¬¥âà¨ç¥áª®© £àã¯¯ë

1�¢¨¤ã ®£à ¨ç¥®áâ¨ äãªæ¨¨ U(t)F   R.
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®¯¥à â®à®¢ V (t) : f(x) ! f(x + t), ®, ª ª ¨§¢¥áâ® [9], â ª¨¥ äãªæ¨¨ á®¢¯ ¤ îâ á âà¨£®®¬¥-
âà¨ç¥áª¨¬¨ ¯®«¨®¬ ¬¨ áâ¥¯¥¨ ¥ ¡®«¥¥ �. �«¥¤®¢ â¥«ì®, M�p(S1) { ¯à®áâà áâ¢® âà¨£®®-
¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ áâ¥¯¥¨ ¥ ¡®«¥¥ �.

�¥®à¥¬  1. �ãáâì M = R
n { ¥¢ª«¨¤®¢® ¯à®áâà áâ¢®. �®£¤  ¬®¦¥áâ¢®M�p(Rn) á®¢¯ ¤ -

¥â á ¬®¦¥áâ¢®¬ æ¥«ëå äãªæ¨©   Rn áä¥à¨ç¥áª®£® â¨¯  �, ¯à¨ ¤«¥¦ é¨å ¯à®áâà áâ¢ã

Lp(Rn).

�®ª § â¥«ìáâ¢®. A) �à¥¬¥® ®¡®§ ç¨¬ ç¥à¥§ M0
�p ¬®¦¥áâ¢® ¢á¥å æ¥«ëå   «¨â¨ç¥-

áª¨å äãªæ¨©   Rn áä¥à¨ç¥áª®£® â¨¯  �, ¯à¨ ¤«¥¦ é¨å ¯à®áâà áâ¢ã Lp(Rn). �ãáâì x =
(x1; : : : ; xn) 2 Rn , jxj = (x21 + � � � + x2n)

1=2, � = (�1; : : : ; �n) | ¥¤¨¨çë© ¢¥ªâ®à ¨§ Rn . �áâ¥áâ¢¥-
ë¬ ®¡à §®¬ ª á â¥«ì®¥ ¯à®áâà áâ¢® ¢ ¯à®¨§¢®«ì®© â®çª¥ x 2 R

n ®â®¦¤¥áâ¢«ï¥âáï á Rn .
�¥©áâ¢¨¥ ®¯¥à â®à  U(t)   äãªæ¨î f(x) 2 Lp(Rn) ¨¬¥¥â ¢¨¤�

U(t)f
�
(x; �) = f(x+ t�):

�à®¨§¢®¤ïé¨© ®¯¥à â®à Df(x; �) = D�f(x) á®¢¯ ¤ ¥â á ¯à®¨§¢®¤®© äãªæ¨¨ f ¯®  ¯à ¢«¥-
¨î �.

�ãáâì f 2M0
�p. �®£¤  á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® â¨¯  ¥à ¢¥áâ¢  �¥àèâ¥© 

kDk
� f(x)kLp(M) � �kkfkLp(M); k = 1; 2; : : : (11)

([10], ¯. 3.2.6). �á¯®«ì§ãï (1), ¨§ (11) ¯®«ãç ¥¬

kDkfkLp(B) � �kkfkLp(M); k = 1; 2; : : :

�® ¯à¥¤«®¦¥¨î 2 ¨§ íâ®£® á«¥¤ã¥â, çâ® f(x) 2 M�p(Rn). �¥¬ á ¬ë¬ ¯®«ãç¥® ¢ª«îç¥¨¥
M0

�p �M�p.
�) �«ï ¤®ª § â¥«ìáâ¢  ®¡à â®£® ¢ª«îç¥¨ï à áá¬®âà¨¬ á ç «  á«ãç © p =1. �ã¤¥¬ ¨á-

¯®«ì§®¢ âì ¢ à ááã¦¤¥¨ïå ¥ª®â®àë¥ ¯®ïâ¨ï ¨§ â¥®à¨¨ £àã¯¯ �¨ ¨ â¥®à¨¨ ¯à¥¤áâ ¢«¥¨©
£àã¯¯ �¨ ¢ �� ( ¯à., [11], [12]). �ãáâì g |  «£¥¡à  �¨ £àã¯¯ë G, exp : g ! G | íªá¯®-
¥æ¨ «ì®¥ ®â®¡à ¦¥¨¥. �® ª¢ §¨à¥£ã«ïà®¬ã ¯à¥¤áâ ¢«¥¨î � ®¡ëçë¬ ®¡à §®¬ ¢®§¨ª ¥â
¨¤ãæ¨à®¢ ®¥ ¯à¥¤áâ ¢«¥¨¥  «£¥¡àë �¨, â. ¥. ¤«ï X 2 g ¯®« £ ¥¬

�
Xf

�
(x) =

d

dt
�(exp(tX)f)

���
t=0
:

� ª ª ª ¯à®áâà áâ¢®M�1 § ¬ªãâ® ¨ �-¨¢ à¨ â®,   ¯à¥¤áâ ¢«¥¨¥ � ¢ ¯à®áâà áâ¢¥ L1(M)
¥¯à¥àë¢® ( ¯®¬¨¬, çâ® L1(M) á®áâ®¨â ¨§ à ¢®¬¥à® ¥¯à¥àë¢ëå äãªæ¨©), â® ¨§ ®¡é¥©
â¥®à¨¨ ¯à¥¤áâ ¢«¥¨© £àã¯¯ �¨ ¢ �� ([12], £«. 4, x 4) á«¥¤ã¥â, çâ® ¢ M�1 áãé¥áâ¢ã¥â ¯«®â®¥
¯®¤¬®¦¥áâ¢® M1

�1 ¡¥áª®¥ç® ¤¨ää¥à¥æ¨àã¥¬ëå ¢¥ªâ®à®¢, â. ¥. â ª¨å äãªæ¨© f(x) 2M�1,
çâ® X1 : : : Xkf 2M�1 ¤«ï «î¡ëå X1; : : : ;Xk 2 g.

�à¨ ¯®¤å®¤ïé¥¬ ¢ë¡®à¥ ¢¥ªâ®à®¢ Xi 2 g ¯®«ãç¨¬ ®¯¥à â®àë Xif = @f
@xi

(¡ã¤¥¬ ®¡®§ ç âì
@f
@xi

ç¥à¥§ @xif), ¯®íâ®¬ã, ¥á«¨ f 2 M1
�1, ¤«ï «î¡ëå ¥®âà¨æ â¥«ìëå æ¥«ëå ç¨á¥« r1; : : : ; rn

äãªæ¨ï @rxf 2M�1, £¤¥ r = (r1; : : : ; rn) 2 Zn
+, @

r
x = @r1x1 : : : @

rn
xn
.

�«ï «î¡®© äãªæ¨¨ f 2 M�1 ¨ «î¡®£® ¥¤¨¨ç®£® ¢¥ªâ®à  � ¨§ ¥à ¢¥áâ¢  (10) á«¥¤ã¥â,
çâ®

kDr
�fkL1(M) = sup

x2M
jDr

�f(x)j � �rkfk1: (12)

�á«¨ f 2M1
�1, â®, ¯®á«¥¤®¢ â¥«ì® ¯à¨¬¥ïï ¥à ¢¥áâ¢® (12), ¯®«ãç¨¬

k@r1x1 : : : @
rn
xn
fk1 � �r1k@r2x2 : : : @

rn
xn
fk1 � � � � � �r1+���+rnkfk1;

¨«¨

k@rxfk1 � �jrjkfk1; (13)

64



£¤¥ jrj = r1 + � � � + rn. �§ ¥à ¢¥áâ¢  (13) á«¥¤ã¥â, çâ® äãªæ¨ï f æ¥« ï áä¥à¨ç¥áª®£® â¨¯  �.
�«¥¤®¢ â¥«ì®, M1

�1 �M0
�1,   â. ª. M

0
�1 § ¬ªãâ® ¢ L1(Rn) ([10], ¯. 3.5), â® ¨ M�1 �M0

�1.
�) � áá¬®âà¨¬ â¥¯¥àì á«ãç © p < 1. �ãáâì '(x) | ¯à®¨§¢®«ì ï ¥¯à¥àë¢ ï ¥®âà¨æ -

â¥«ì ï äãªæ¨ï   Rn , à ¢ ï ã«î ¯à¨ jxj � 1 ¨ â ª ï, çâ®Z
Rn

'(x) dx = 1:

�«ï f(x) 2 Lp(M) ¥¥ "-ãáà¥¤¥¨¥ ¯® �®¡®«¥¢ã (" > 0) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

f"(x) =
1
"n

Z
Rn

'

�
x� u

"

�
f(u) du =

1
"n

Z
Rn

'

�
u

"

�
f(x� u) du:

�§ å®à®è® ¨§¢¥áâëå á¢®©áâ¢ ®¯¥à â®à  ãáà¥¤¥¨ï ([10], ¯. 1.4) á«¥¤ã¥â, çâ®

1) f"(x) 2 L1(Rn) \ Lp(Rn);
2) ®â®¡à ¦¥¨¥ f ! f" ï¢«ï¥âáï «¨¥©ë¬ ¥¯à¥àë¢ë¬ ®¯¥à â®à®¬ ¨§ Lp(Rn ) ¢ L1(Rn);
3) kf � f"kp ! 0 ¯à¨ "! 0.

�ç¥¢¨¤®,
�
U(t)f

�
"
= U(t)(f"), ®âªã¤  á«¥¤ã¥â, çâ® ®¯¥à â®à ãáà¥¤¥¨ï ¯¥à¥¢®¤¨â ¯à®áâà -

áâ¢® M�p ¢M�1. �ãáâì f 2M�p, â®£¤  f" 2M�1 \Lp(M) ¨ ¨§ ¢ª«îç¥¨ïM�1 �M0
�1 á«¥¤ã¥â,

çâ® f" 2M0
�1 \ Lp(M) =M0

�p. � ª ª ª M
0
�p § ¬ªãâ® ¢ Lp(M) ¨ f" ! f ¢ Lp(M), â® ¨ f 2M0

�p.
�ª®ç â¥«ì® ¯®«ãç ¥¬ M�p �M

0
�p.

� áá¬®âà¨¬ á«ãç ©, ª®£¤ M | ª®¬¯ ªâ®¥ à¨¬ ®¢® ®¤®à®¤®¥ á¨¬¬¥âà¨ç¥áª®¥ ¯à®áâà -
áâ¢® à £  1 (����� ¯® â¥à¬¨®«®£¨¨ ª¨£¨ [13]). �á¥ ¥®¡å®¤¨¬ë¥ á¢¥¤¥¨ï ¨§ â¥®à¨¨ á¨¬¬¥-
âà¨ç¥áª¨å ¯à®áâà áâ¢ ¨ ¨§ £ à¬®¨ç¥áª®£®   «¨§    ª®¬¯ ªâëå á¨¬¬¥âà¨ç¥áª¨å ¯à®áâà -
áâ¢ å ¯à¨¢¥¤¥ë,  ¯à¨¬¥à, ¢ [7], [8], [13]. � ç áâ®áâ¨, â ¬ ¯à¨¢¥¤¥  ¯®« ï ª« áá¨ä¨ª æ¨ï
¢á¥å �����. �¤¨¬ ¨§ ¢ ¦¥©è¨å ����� ï¢«ï¥âáï n-¬¥à ï áä¥à  Sn, â. ¥. ¥¤¨¨ç ï áä¥-
à  ¢ ¥¢ª«¨¤®¢®¬ ¯à®áâà áâ¢¥ Rn+1 . �§¢¥áâ®, çâ®   ����� ¢á¥ £¥®¤¥§¨ç¥áª¨¥ § ¬ªãâë ¨
¨¬¥îâ ®¤¨ ª®¢ãî ¤«¨ã 2L. �¨¬ ®¢  ¬¥âà¨ª    á¨¬¬¥âà¨ç¥áª®¬ ¯à®áâà áâ¢¥ ®¯à¥¤¥«¥-
  á â®ç®áâìî ¤® ã¬®¦¥¨ï   ¯®«®¦¨â¥«ì®¥ ç¨á«®. �«ï ã¤®¡áâ¢  ®à¬¨àã¥¬ à¨¬ ®¢ã
¬¥âà¨ªã   M â ª, çâ®¡ë L = �. �ãáâì � | ®¯¥à â®à � ¯« á {�¥«ìâà ¬¨   M . �¯¥ªâà
®¯¥à â®à  � ï¢«ï¥âáï ¤¨áªà¥âë¬, ¤¥©áâ¢¨â¥«ìë¬ ¨ ¥¯®«®¦¨â¥«ìë¬ ([13], £«. 8). �¯®àï-
¤®ç¨¬ ¥£® ¯® ã¡ë¢ ¨î (0 = �0 > �1 > �2 > � � � ) ¨ ®¡®§ ç¨¬ ç¥à¥§ Hk á®¡áâ¢¥®¥ ¯®¤¯à®-
áâà áâ¢® (¢á¥£¤  ª®¥ç®¬¥à®¥) ®¯¥à â®à  �, ®â¢¥ç îé¥¥ á®¡áâ¢¥®¬ã § ç¥¨î �k. �ãáâì
Pm(M) = H0 +H1 + � � � +Hm. �ãªæ¨¨ ¨§ Pm(M) ¡ã¤¥¬  §ë¢ âì áä¥à¨ç¥áª¨¬¨ ¯®«¨®¬ ¬¨
  M áâ¥¯¥¨ m (¢ á«ãç ¥ M = Sn ®¨ á®¢¯ ¤ îâ á ®¡ëçë¬¨ áä¥à¨ç¥áª¨¬¨ ¯®«¨®¬ ¬¨).
� «¥¥ ¡ã¤¥â ¯®ª § ®, çâ®   ����� ¬®¦¥áâ¢® æ¥«ëå Lp-äãªæ¨© ¯®àï¤ª  � á®¢¯ ¤ ¥â á
¬®¦¥áâ¢®¬ áä¥à¨ç¥áª¨å ¯®«¨®¬®¢ áâ¥¯¥¨ ¥ ¡®«¥¥ �.

�à¨¢¥¤¥¬ ¥®¡å®¤¨¬ë¥ á¢¥¤¥¨ï ¨§ £ à¬®¨ç¥áª®£®   «¨§    ����� [8]. �àã¯¯  G ¢ íâ®¬
á«ãç ¥ ª®¬¯ ªâ ï. �ãáâì dg | í«¥¬¥â ®à¬¨à®¢ ®© ¬¥àë �  à    G (¬¥à  ¢á¥© £àã¯-
¯ë G à ¢  ¥¤¨¨æ¥). � ¦¤®¥ ¨§ á®¡áâ¢¥ëå ¯®¤¯à®áâà áâ¢ Hk ¨¢ à¨ â® ®â®á¨â¥«ì®
ª¢ §¨à¥£ã«ïà®£® ¯à¥¤áâ ¢«¥¨ï � ¨ ¢®§¨ª îé¥¥ ¢ Hk ¯à¥¤áâ ¢«¥¨¥ �k = �

��
Hk

£àã¯¯ë G

¥¯à¨¢®¤¨¬®. �ãáâì �k(g) = tr�k(g) | å à ªâ¥à ¯à¥¤áâ ¢«¥¨ï �k.
�«ï «î¡ëå äãªæ¨© '(g)   £àã¯¯¥ G ¨ f(x)   M ®¯à¥¤¥«ï¥âáï á¢¥àâª 

' � f(x) =
Z
G
'(g)f(g�1x) dg; x 2M:

�á«¨ f(x) 2 Hk, â®

�l � f =

(
1
dk
f ¯à¨ l = k;

0 ¯à¨ l 6= k;

£¤¥ dk | à §¬¥à®áâì ¯à®áâà áâ¢  Hk, ç¥àâ  ®§ ç ¥â ª®¬¯«¥ªá®¥ á®¯àï¦¥¨¥.
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�«ï «î¡®© äãªæ¨¨ f(x) 2 Lp(M) äãªæ¨ï �k�f(x) ¯à¨ ¤«¥¦¨â ¯à®áâà áâ¢ãHk, ¨ ¬®¦®
¢¢¥áâ¨ àï¤ �ãàì¥ ¤«ï f(x):

f(x) �
1X
k=0

dk �
k � f(x): (14)

�á«¨ f 2 L2(M), â® àï¤ (14) áå®¤¨âáï ¢ L2(M),   ¢ ®¡é¥¬ á«ãç ¥ ¯à¨ f 2 Lp(M) àï¤ �ãàì¥
®¤®§ ç® ®¯à¥¤¥«ï¥â äãªæ¨î f(x) ( ¯à., [8], £«. V).

�¥®à¥¬  2. �ãªæ¨ï f(x) 2M�p â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  f(x) ï¢«ï¥âáï áä¥à¨ç¥áª¨¬

¯®«¨®¬®¬ áâ¥¯¥¨ ¥ ¢ëè¥ �.

�®ª § â¥«ìáâ¢®. �ãáâì f(x) 2 M�p, f 6� 0. � ª ª ª ¯®¤¯à®áâà áâ¢® M�p § ¬ªãâ® ¨ �-
¨¢ à¨ â® (¯® á«¥¤áâ¢¨î), â® ¢ M�p ¡ã¤ãâ á®¤¥à¦ âìáï ¢á¥ äãªæ¨¨ ' � f(x) ¤«ï «î¡®©
¥¯à¥àë¢®© äãªæ¨¨ '(g) ¨, ¢ ç áâ®áâ¨, áä¥à¨ç¥áª¨¥ ¯®«¨®¬ë �k � f .

�ãáâì �(x) 2 Hk \M�p, �(x) 6� 0. � ª ª ª ¯à®áâà áâ¢® Hk ¥¯à¨¢®¤¨¬®, â® ®âáî¤  á«¥¤ã¥â,
çâ® Hk �M�p.

�®á¯®«ì§ã¥¬áï ®¡®§ ç¥¨ï¬¨ ¨§ ¤®ª § â¥«ìáâ¢  «¥¬¬ë 1. �ãáâì �0 | ä¨ªá¨à®¢ ë© ¥¤¨-
¨çë© ¢¥ªâ®à ¨§ ToM , £¥®¤¥§¨ç¥áª ï (o; �0; t) = R(t)o, £¤¥ R(t) | ¥ª®â®à ï ®¤®¯ à ¬¥âà¨ç¥-
áª ï ¯®¤£àã¯¯  ¢ £àã¯¯¥ G (â®ç¥¥ £®¢®àï, R(t) = exp tX, £¤¥ X | ¥ª®â®àë© ¢¥ªâ®à ¨§  «£¥¡àë
�¨ £àã¯¯ë G, ª®â®àë© ¢ë¡¨à ¥âáï, ª ª ¢ â¥®à¥¬¥ 3.3 ¨§ ([7], £«. IV)). �§¢¥áâ® ( ¯à., [14], «¥¬-
¬  3.1), çâ® ¤«ï «î¡®© äãªæ¨¨ �(x) 2 Hk äãªæ¨ï p(t) = �(R(t)o), t 2 R, ï¢«ï¥âáï ®¡ëçë¬
âà¨£®®¬¥âà¨ç¥áª¨¬ ¯®«¨®¬®¬ áâ¥¯¥¨ ¥ ¡®«¥¥ k, ¯à¨ç¥¬ áãé¥áâ¢ãîâ äãªæ¨¨ �(x) 2 Hk,
¤«ï ª®â®àëå ¯®«¨®¬ p(t) ¨¬¥¥â áâ¥¯¥ì, áâà®£® à ¢ãî k (â ª, ¥á«¨ �(x) | §® «ì ï áä¥à¨-
ç¥áª ï äãªæ¨ï ¯à¥¤áâ ¢«¥¨ï �k, â® p(t) = P

(�;�)
k (cos t), £¤¥ P (�;�)

k (z) | ¯®«¨®¬ �ª®¡¨ áâ¥¯¥¨
k; �, � | ¥ª®â®àë¥ ç¨á«  ([8], £«. V, x 4)).

�ãáâì e1(x); : : : ; edk(x) | ¡ §¨á ¢ ¯à®áâà áâ¢¥ Hk, äãªæ¨¨ �kjr(g), 1 � j; r � dk = d, |
¬ âà¨çë¥ í«¥¬¥âë ¯à¥¤áâ ¢«¥¨ï �k ¢ íâ®¬ ¡ §¨á¥, â. ¥.

er(g�1x) =
dX

j=1

�kjr(g)ej(x): (15)

�ãáâì �(x) 2 Hk, ¯à¨ç¥¬

�(R(t)o) =
kX

l=�k

cl e
ilt

¨ ck 6= 0. � ª ¢ «¥¬¬¥ 1, § ¬¥â¨¬, çâ® ¥á«¨ x = go, � = g��0, â®

�t(x; �) = �(gR(t)o):

� ª ª ª �(x) | «¨¥© ï ª®¬¡¨ æ¨ï äãªæ¨© ej(x), â® ¨§ á®®â®è¥¨ï (15) á«¥¤ã¥â, çâ®
�t(x; �) ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

�t(x; �) = �(gR(t)o) =
kX

l=�k

 l(g) e
ilt;

£¤¥  l(g) | ¥ª®â®àë¥ «¨¥©ë¥ ª®¬¡¨ æ¨¨ ¬ âà¨çëå í«¥¬¥â®¢ �kjr(g
�1). �â¬¥â¨¬, çâ® äãª-

æ¨ï  k(g) 6� 0, â. ª.  k(e) = ck 6= 0 (e | ¥¤¨¨çë© í«¥¬¥â ¢ £àã¯¯¥ G).
� «¨â¨ç¥áª¨¬ ¯à®¤®«¦¥¨¥¬ äãªæ¨¨ �t(x) ¡ã¤¥â äãªæ¨ï

�z(x; �) =
kX

l=�k

 l(g) eilz ; z = t+ is:
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� áá¬®âà¨¬ äãªæ¨î

�z(x; �) eks =
kX

l=�k

 l(g) eilte(k�l)s:

�§ ä®à¬ã«ë (2) á«¥¤ã¥â, çâ®

k�z(x; �)ekskpLp(B) = A

Z
G

���X l(g)eilte(k�l)s
���p dg: (16)

�ãáâì s! �1, â®£¤  ¢ (16) ¢á¥ á« £ ¥¬ë¥, ªà®¬¥ ®¤®£® (á l = k), à ¢®¬¥à® áâà¥¬ïâáï ª
ã«î, á«¥¤®¢ â¥«ì®,

k�z(x; �)ekskpLp(B) ! A

Z
G

j k(g)jp dg > 0:

�®£¤  ¯à¨ ¡®«ìè¨å (�s) > 0

k�z(x; �)kLp(B) > C e�ks = C ekjsj;

£¤¥ C | ¥ª®â®à ï ª®áâ â . �§ ®¯à¥¤¥«¥¨ï ¯à®áâà áâ¢  M�p ¯®«ãç ¥¬, çâ® �(x) =2 M�p

¯à¨ k > �. �«¥¤®¢ â¥«ì®, ¢ àï¤¥ �ãàì¥ ¤«ï äãªæ¨¨ f(x) 2M�p ¬®£ãâ ¡ëâì â®«ìª® á« £ ¥¬ë¥
áâ¥¯¥¨ ¥ ¢ëè¥ �, ¨ ¨§ ¥¤¨áâ¢¥®áâ¨ àï¤  �ãàì¥ ¯®«ãç ¥¬, çâ® f(x) ï¢«ï¥âáï áä¥à¨ç¥áª¨¬
¯®«¨®¬®¬ áâ¥¯¥¨ ¥ ¢ëè¥ �.

�¡à â®, ¥á«¨ f(x) | áä¥à¨ç¥áª¨© ¯®«¨®¬ áâ¥¯¥¨ ¥ ¢ëè¥ �, â®, à ááã¦¤ ï, ª ª ¢ëè¥,
¯®«ãç ¥¬, çâ® äãªæ¨ï f t(x; �) ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥

f t(x; �) =
X
jlj��

 l(g) e
itl;

£¤¥ (x; �) = (go; g��0),  l(g) | ¥ª®â®àë¥ äãªæ¨¨   £àã¯¯¥ G. K®íää¨æ¨¥âë

 l(g) =
1
2�

Z 2�

0

f t(x; �) e�ilt dt

ï¢«ïîâáï äãªæ¨ï¬¨   ®¤®à®¤®¬ ¯à®áâà áâ¢¥ B = G=K1, £¤¥ K1 | áâ æ¨® à ï ¯®¤£àã¯-
¯  â®çª¨ (o; �0) 2 B. �ãªæ¨ï f t(x; �) ¤®¯ãáª ¥â   «¨â¨ç¥áª®¥ ¯à®¤®«¦¥¨¥

f z(x; �) =
X
jlj��

 l(g) e
ilz ; z = t+ is: (17)

�§ (17) áà §ã ¢¨¤®, çâ® f z(x; �) | æ¥« ï äãªæ¨ï á® § ç¥¨ï¬¨ ¢ Lp(B) ¨

kf zkLp(B) � C e�jsj;

á«¥¤®¢ â¥«ì®, f(x) 2M�p.
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