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1. �¢¥¤¥¨¥. �¡®§ ç¥¨ï ¨ ®¯à¥¤¥«¥¨ï. � [1] ¯®«ãç¥® ®¯¨á ¨¥ á¢®©áâ¢ ï¤à  k(x) ®¯¥à -
â®à®¢ á¢¥àâª¨

T"f(x) =
Z
Rn

k"(x� y)f(y)dy =
Z

jx�yj>"

k(x� y)f(y)dy; " > 0; (1)

¢ á«ãç ¥, ª®£¤  ï¤à® k(x) «®ª «ì® ¨â¥£à¨àã¥¬® ¢ Rn�f0g ¨ ¢ë¯®«ï¥âáï ãá«®¢¨¥ ��¥à¬ ¤¥à Z
2jxj<jyj

jk(y + x)� k(y)jdy � B; jxj 6= 0; (2)

  ®¯¥à â®àë fT"g á« ¡®£® â¨¯  (p; p) à ¢®¬¥à® ¯® " ¯à¨ ¥ª®â®à®¬ p 2 [1;1). � [2] ¢¢¥¤¥®
®¯à¥¤¥«¥¨¥ ®¯¥à â®à  á« ¡®£® â¨¯  (';') ¨ ¤®ª §   â¥®à¥¬  ¨â¥à¯®«ïæ¨¨ â ª¨å ®¯¥à â®à®¢ ¢
¯à®áâà áâ¢ å Lp(Rn), 1 < p <1. � ¤ ®© áâ âì¥ ¨áá«¥¤®¢ ë á¢®©áâ¢  ï¤à  k(x) ¯à¨ ãá«®¢¨¨,
çâ® ®¯¥à â®àë (1) ï¢«ïîâáï ®¯¥à â®à ¬¨ á« ¡®£® â¨¯  (';') à ¢®¬¥à® ¯® ¢á¥¬ ".

�ãáâì � | ¬®¦¥áâ¢® ¢ë¯ãª«ëå ¢®§à áâ îé¨å   ¯®«ã¯àï¬®© [0;1) äãªæ¨© '(t), ã¤®¢«¥-
â¢®àïîé¨å ãá«®¢¨ï¬ '(t) > 0, ª®£¤  t > 0, lim

t!+0
'(t) = 0, lim

t!1
'(t) =1. �¥à¥§ f�(t) ®¡®§ ç ¥âáï

¥¢®§à áâ îé ï ¯¥à¥áâ ®¢ª  ¬®¤ã«ï ¨§¬¥à¨¬®©   Rn äãªæ¨¨ f(x).

�¯à¥¤¥«¥¨¥ 1. �ãáâì äãªæ¨ï '(t) 2 �. �¯¥à â®àë fT"g  §®¢¥¬ á« ¡®£® â¨¯  (';') (á¬.
[2], [3]) à ¢®¬¥à®, ¥á«¨ áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï ï C > 0, çâ® ¯à¨ «î¡®¬ t > 0

mesfx 2 Rn : jT"f(x)j > tg � C

Z
Rn

'

�
jf(x)j
t

�
dx

¤«ï ¢á¥å äãªæ¨© f(x) 2 L0
1(R

n) ¨ ¢á¥å " > 0.

2. �¥à¥©¤¥¬ ª ä®à¬ã«¨à®¢ª¥ ¨ ¤®ª § â¥«ìáâ¢ã à¥§ã«ìâ â®¢.

�¥®à¥¬  1. �ãáâì '(t) 2 �, k(x) 2 Lloc
1 (Rn � f0g) ¨ ¢ë¯®«¥® ãá«®¢¨¥ (2). �á«¨ fT"g |

®¯¥à â®àë á« ¡®£® â¨¯  (';') à ¢®¬¥à®, â®

sup
0<�<1

Z
��jyj�2�

jk(y)jdy � 1: (3)

�®ª § â¥«ìáâ¢®. �ãáâì � > 0 ¨ ¬®¦¥áâ¢® 
� = fy 2 Rn : � � jyj � 2�g ï¢«ï¥âáï ®á¨â¥«¥¬
äãªæ¨¨ f(y) 2 L0

1(R
n) á kfkL1 � 1. � ª ª ª k 2 Lloc

1 (Rn � f0g), â®
R

�

k(y)f(�y)dy áãé¥áâ¢ã¥â.

�ãáâì
�� R

�

k(y)f(�y)dy
�� = � > B, £¤¥ B | ª®áâ â  ¨§ ãá«®¢¨ï (2). �®£¤  ¤«ï " = �=2 ¨ jxj � �=2
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¨¬¥¥¬

j(k�=2 � f)(x)j =
����
Z

�

k(y + x)f(�y)dy
���� �

�

����
Z

�

k(y)f(�y)dy
�����

����
Z

�

�
k(y + x)f(�y)� k(y)f(�y)

�
dy

���� � ��B > 0;

â. ¥. (k�=2 � f)�(t) � � � B > 0 ¤«ï ¢á¥å t 2 (0; 2�n�n), £¤¥  | ®¡ê¥¬ ¥¤¨¨ç®£® è à . �à¨
¤®ª § â¥«ìáâ¢¥ íâ®£® ¥à ¢¥áâ¢  ¢®á¯®«ì§®¢ «¨áì â¥¬, çâ® ãá«®¢¨¥ jx� yj > �=2 ¢ë¯®«ï¥âáï,
¥á«¨ y 2 
� ¨ jxj � �=2.

� «¥¥, ¨á¯®«ì§ãï ãá«®¢¨¥, çâ® ®¯¥à â®àë T�=2 á« ¡®£® â¨¯  (';') à ¢®¬¥à® ¤«ï ¢á¥å � > 0,
¯®«ãç ¥¬

2�n�n � mesfx : j(k�=2 � f)(x)j > ��Bg � C

Z
Rn

'

�
jf(y)j
��B

�
dy � C'

�
1

��B

�
2n�n;

£¤¥ C > 0 ¨ ¥ § ¢¨á¨â ®â � ¨ f(x). �âáî¤  2�2n=C � '
�

1
��B

�
, ¨, § ç¨â,  ©¤¥âáï â ª®¥ ç¨á«®

L > 0, ¥§ ¢¨áïé¥¥ ®â � > 0, ¤«ï ª®â®à®£® 1
��B

� L. �®£¤ 
�� R
�<jyj�2�

k(y)f(�y)dy
�� � 1

L
+ B ¤«ï

¢á¥å f(x) ¨§ L0
1(R

n), ¨¬¥îé¨å ®à¬ã kfkL1 � 1 ¨ ®á¨â¥«ì ¢ ¬®¦¥áâ¢¥ 
�. �§ ¤¢®©áâ¢¥®áâ¨
¯à®áâà áâ¢ L1(
�) ¨ L1(
�) á«¥¤ã¥â

R

�

jk(y)jdy � 1
L
+B. �®«ãç¥®¥ ¥à ¢¥áâ¢® ¢ë¯®«ï¥âáï

¤«ï «î¡®£® � > 0.

�¥®à¥¬  2. �ãáâì '(t) 2 � ¨ �' <1. �á«¨ ¢ë¯®«¥® ãá«®¢¨¥

sup
0<�<1

Z

�

jk(y)jdy <1

¨ ®¯¥à â®àë fT"g á« ¡®£® â¨¯  (';') à ¢®¬¥à®, â®

sup
�1;�2>0

����
Z

�1�jyj��2

k(y)dy
���� <1: (4)

�®ª § â¥«ìáâ¢®. �ãáâì ç¨á«® � > 0, 0 < " < �,   äãªæ¨ï f(y) 2 L0
1(R

n) ¨ â ª ï, çâ®
kfkL1 � 1, f(y) = 1 ¤«ï jyj � 2� ¨ f(y) = 0 ¤«ï jyj � 3�. �®£¤  ¤«ï jxj � � ¨¬¥¥â ¬¥áâ®
á®®â®è¥¨¥

(k" � f)(x) =
Z

jyj��

k"(y)dy +
Z

��jyj�4�

k(y)f(x� y)dy;

¨, á«¥¤®¢ â¥«ì®,

j(k" � f)(x)j �
����
Z

jyj��

k"(y)dy
����� 2 sup

0<�<1

Z

�

jk(y)jdy = �� 2B1:

�á«¨ ¤«ï ¢á¥å � > 0 ¨ 0 < " < � ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®
�� R
jyj��

k"(y)dy
�� � 2B1, â® â¥®à¥¬ 

¤®ª §  . �à¥¤¯®«®¦¨¬, çâ® � =
�� R
jyj��

k"(y)dy
�� > 2B1, â. ¥. ¢¥«¨ç¨  � � 2B1 ¯®«®¦¨â¥«ì .

�á¯®«ì§ãï ãá«®¢¨¥ â¥®à¥¬ë ® á¥¬¥©áâ¢¥ ®¯¥à â®à®¢ á¢¥àâª¨ fT"g, ¯®«ãç ¥¬

�n � mesfx 2 Rn : j(k" � f)(x)j > �� 2B1g � C'

�
1

�� 2B1

�
3n�n;

£¤¥ C ¥ § ¢¨á¨â ®â �, " ¨ f(x). �âáî¤ 

3�n=C � '

�
1

�� 2B1

�
:
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�®£¤   ©¤¥âáï â ª®¥ ç¨á«®M > 0, ¤«ï ª®â®à®£®
�

1
��2B1

�
�M ¨ � � 1=M +2B1. � ª¨¬ ®¡à §®¬,

¤«ï «î¡®£® � > 0 ¨ " 2 (0; �) ¨¬¥¥¬����
Z

"�jyj��

k(y)dy
���� =

����
Z

jyj��

k"(y)dy
���� � 1

M
+ 2B1: �

�«¥¤áâ¢¨¥ 1. �ãáâì äãªæ¨ï '(t) 2 �, k(x) 2 Lloc
1 (Rn�f0g) ¨ ¢ë¯®«¥® ãá«®¢¨¥ (2). �á«¨

®¯¥à â®àë fT"g á« ¡®£® â¨¯  (';') à ¢®¬¥à®, â® fT"g
 ) á« ¡®£® â¨¯  (1; 1) à ¢®¬¥à®;
¡) à ¢®¬¥à® ®£à ¨ç¥ë ¨§ L1(Rn) ¢ BMO(Rn);
¢) à ¢®¬¥à® ®£à ¨ç¥ë ¨§ Lp(Rn) ¢ Lp(Rn) ¯à¨ 1 � p <1.

�®ª § â¥«ìáâ¢®. �§ â¥®à¥¬ 1, 2 á«¥¤ã¥â, çâ® ¤«ï ï¤à  k(x) ¢ë¯®«ïîâáï ãá«®¢¨ï (3), (4).
�à®¬¥ â®£®, ¤«ï «î¡®£® " > 0 ¨ x 6= 0 ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®Z

2jxj�jyj

jk"(y + x)� k"(y)jdy �
Z

2jxj�jyj

jk(y + x)� k(y)jdy + 2
Z

"�jyj�3�

jk(y)jdy � B + 4B1:

�® â¥®à¥¬¥ �¥¥¤¥ª {� «ì¤¥à® {� æ®¥ ([4], á. 65) ¨§ ãá«®¢¨© (2){(4) ¯®«ãç ¥¬ à ¢®¬¥àãî
®£à ¨ç¥®áâì ®¯¥à â®à®¢ fT"g ¨§ L2(Rn) ¢ L2(Rn). �à¨¬¥ïï § â¥¬ â¥®à¥¬ë ¨§ ([5], á. 35; [6],
á. 231), ¤®ª §ë¢ ¥¬ ãâ¢¥à¦¤¥¨ï  ) ¨ ¡). � ¯®¬®éìî ¨â¥à¯®«ïæ¨®®© â¥®à¥¬ë ¨§ [7] ¯®«ã-
ç ¥¬ ¢).

�¥®à¥¬  3. �ãáâì k(x) 2 Lloc
1 (Rn) ¨ ¢ë¯®«¥® ãá«®¢¨¥ (2). �®£¤  ãá«®¢¨ï (3), (4) ï¢«ïîâáï

¥®¡å®¤¨¬ë¬¨ ¨ ¤®áâ â®çë¬¨ ¤«ï â®£®, çâ®¡ë ®¯¥à â®àë fT"g ¡ë«¨ á« ¡®£® â¨¯  (';')
à ¢®¬¥à® ¯® " ¤«ï ¢áïª®© äãªæ¨¨ '(t) ¨§ �, ã¤®¢«¥â¢®àïîé¥© �2-ãá«®¢¨î '(2t) = O('(t)),
t!1.

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì ¤®ª §   ¢ â¥®à¥¬ å 1, 2.
�®áâ â®ç®áâì ¯à¨ '(t) = tp, 1 � p < 1, á«¥¤ã¥â ¨§ à¥§ã«ìâ â®¢ �¥¥¤¥ª {� «ì¤¥à® {

� æ®¥ (p = 2) ([4], á. 65) ¨ ��¥à¬ ¤¥à  ([5], á. 35). �ãáâì äãªæ¨ï '(t) 2 �. � á¨«ã ¢ë¯ãª«®áâ¨
'(t)   ¨â¥à¢ «¥ (0;1) ¨ ãá«®¢¨ï '(0) = 0 ¤«ï ¢áïª®£® � � 1 ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢® � � '(�)

'(1)
.

�à®¬¥ â®£®, ¨§ �2-ãá«®¢¨ï ¤«ï � 2 (0; 1] á«¥¤ã¥â '(1)
'(�)

= '(��1�)
'(�)

� A1+log
2
��1 = (2�)1+log �

�1

� A 1
��
,

£¤¥ � = log2A > 0. �®£¤  �� � A
'(1)

'(�). �ãáâì t > 0, � � 1 ¨ f(x) 2 L0
1(R

n). �à¥¤áâ ¢¨¬
äãªæ¨î f(x) ¢ ¢¨¤¥ áã¬¬ë äãªæ¨© ft(x) + f t(x), £¤¥ f t(x) = f(x), ª®£¤  f(x) � t, ¨ f(x) = 0
¤«ï ¤àã£¨å x,   ft(x) = f(x)� f t(x). �ãªæ¨¨ ft(x) ¨ f t(x) ¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ ¬ Lp(Rn)
¯à¨ «î¡®¬ p � 1. �§ à ¢®¬¥à®© ®£à ¨ç¥®áâ¨ ®¯¥à â®à®¢ fT"g ¨§ Lp(Rn) ¢ L�p(R

n) ¯à¨
1 � p <1 á«¥¤ã¥â

mesfjT"f(x)j > 2tg � mesfjT"ft(x)j > tg+mesfjT"f t(x)j > tg �

� C1

Z
Rn

jft(x)j
t

dx+ C2

Z
Rn

����f t(x)t

����
�

dx �
C1

'(1)

Z
Rn

'

�����ft(x)t
����
�
dx+

C2A

'(1)

Z
Rn

'

�����f t(x)t

����
�
dx �

�
C1 + C2A

'(1)

Z
Rn

'

�����f(x)t
����
�
dx � C3

Z
Rn

'

�����f(x)2t

����
�
dx;

£¤¥ ¯®áâ®ï ï C3 ¥ § ¢¨á¨â ®â f , t ¨ ".

� ¬¥ç ¨¥. �áâ ®¢«¥®, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© â¥®à¥¬ë 1 ®¯¥à â®àë fT"g ï¢«ï-
îâáï ®¯¥à â®à ¬¨ á« ¡®£® â¨¯  (';') à ¢®¬¥à® ¯® " > 0 ¤«ï ¢áïª®© äãªæ¨¨ '(t) ¨§ �,
ã¤®¢«¥â¢®àïîé¥© �2-ãá«®¢¨î. �ã¤¥â «¨ íâ® ¢¥à® ¢ á«ãç ¥, ¥á«¨ äãªæ¨ï '(t) ¥ ã¤®¢«¥â¢®àï-
¥â �2-ãá«®¢¨î? �®«®¦¨â¥«ìë© ®â¢¥â   íâ®â ¢®¯à®á ¢ á«ãç ¥, ª®£¤  '(t) = tpe�1=t (1 < p <1)
¨ ®¯¥à â®àë fT"g ®¯à¥¤¥«¥ë   å à ªâ¥à¨áâ¨ç¥áª¨å äãªæ¨ïå ¬®¦¥áâ¢ ª®¥ç®© «¥¡¥£®¢®©
¬¥àë, ¤ ¥â á«¥¤ãîé ï
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�¥®à¥¬  4. �ãáâì '(t) 2 �, 1 < p < 1, k(x) 2 Lloc
1 (Rn � f0g) ¨ ¢ë¯®«¥® ãá«®¢¨¥ (2).

�á«¨ fT"g | ®¯¥à â®àë á« ¡®£® â¨¯  (';') à ¢®¬¥à®, â® áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï ï

A(p) > 1, çâ® ¤«ï ¢áïª®© å à ªâ¥à¨áâ¨ç¥áª®© äãªæ¨¨ �E(x) ¬®¦¥áâ¢  E ¨§ Rn ª®¥ç®©

«¥¡¥£®¢®© ¬¥àë à ¢®¬¥à® ¯® " ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®

mesfx 2 Rn : jT�"(x)j > 2tg � A(p)
Z
Rn

exp
�
�

B1t

�E(x)

��
�E(x)
t

�p
dx: (5)

�®ª § â¥«ìáâ¢®. �§ â¥®à¥¬ �¥¥¤¥ª {� «ì¤¥à® {� æ®¥ ([4], á. 65) ¨ ��¥à¬ ¤¥à  ([5],
á. 35) á«¥¤ã¥â, çâ® ®¯¥à â®àë fT"g à ¢®¬¥à® ®£à ¨ç¥ë ¨§ ¯à®áâà áâ¢  Lp(Rn) ¢ Lp(Rn) ¯à¨
«î¡®¬ p 2 (1;1). �ãáâì p 2 (1;1), t > 0 ¨ E | ¬®¦¥áâ¢® ª®¥ç®© «¥¡¥£®¢®© ¬¥àë ¨§ Rn.
�®£¤  ¤«ï «î¡®£® ªã¡  Q 2 Rn, ¯à¨¬¥ïï ¥à ¢¥áâ¢® ��¥«ì¤¥à , ¯®«ãç ¥¬

1
mesQ

Z
Q

jT"f(x)jdx �
�

1
mesQ

Z
Q

jT"f(x)j
pdx

�1=p

� C(p)(mesQ)�1=pkfkLp :

�âáî¤  á«¥¤ã¥â, çâ® (T"f)Q = 1
mesQ

R
Q

T"f(x)dx! 0 à ¢®¬¥à® ¯® ", ª®£¤  mesQ!1. �à¨¬¥ïï

ª äãªæ¨¨ jT"�E(x)jp ¯à¨ § ¤ ®¬ " > 0 «¥¬¬ã � «ì¤¥à® {�¨£¬ã¤  ([4], á. 27), ¯®«ãç ¥¬
â ªãî ¯®á«¥¤®¢ â¥«ì®áâì ªã¡®¢ fQxk;rkg á ¥¯¥à¥á¥ª îé¨¬¨áï ¢ãâà¥®áâï¬¨, çâ® jT"(x)j � t
¯®çâ¨ ¢áî¤ã   ¤®¯®«¥¨¨ Rn �

�
[
k
Qxk;rk

�
¨

(mesQxk;2rk)
�1

Z
Qxk;2rk

jT"f(x)j
pdx < tp � (mesQxk;rk)

�1

Z
Qxk;rk

jT"�E(x)j
pdx:

�à¨ íâ®¬

(T"f)Qk
=
�

1
mesQxk;2rk

Z
Qxk;2rk

jT"f(x)jpdx
�1=p

� t:

�®£¤ 

mesfx 2 Rn : jT"�E(x)j > 2tg = mesf(x 2 Rn : jT"�E(x)j > 2t) \ ([
k
Qxk;rk)g �

�
X
k

mesf(x 2 Rn : jT"�E(x)� (T"�E)Qxk;2rk j > t) \Qxk;2rkg:

�® â¥®à¥¬¥ ¨§ [6] ®¯¥à â®àë fT"(x)g à ¢®¬¥à® ®£à ¨ç¥ë ¨§ L1(Rn) ¢ BMO(Rn). �à¨¬¥ïï
â¥®à¥¬ã �® {�¨à¥¡¥à£  [8]   ª ¦¤®¬ ¨§ ªã¡®¢ Qxk;rk , ¯®«ãç ¥¬X

k

mesf(x 2 Rn : jT"�E(x)� (T"�E)Qxk;2rk j > t) \Qxk;2rkg �

� C exp(�B0tkT"�Ek
�1
BMO(Rn))

X
k

mesQxk;2rk � 2nC exp(�B1tk�Ek
�1
L1

)
X
k

mesQxk;2rk �

� 2nC exp(�B1t)t
�p

Z
[
k

Qxk;2rk

jT�E(x)j
pdx � 2nC � C(p) exp(�B1t)t

�pk�Ek
p
Lp(Rn)

�

� A(p)
Z
E

exp
�
�

B1t

�E(x)

��
�E(x)
t

�p
dx:

�§ ¯®«ãç¥ëå ¥à ¢¥áâ¢ á«¥¤ã¥â ¥à ¢¥áâ¢® (5), ¢ ª®â®à®¬ ¯®áâ®ï ï A(p) ¥ § ¢¨á¨â ®â ",
t, �E, â. ¥. ¥à ¢¥áâ¢® ¢ë¯®«ï¥âáï à ¢®¬¥à® ¯® " > 0 ¤«ï «î¡ëå t ¨ ¬®¦¥áâ¢ E ª®¥ç®©
«¥¡¥£®¢®© ¬¥àë.

�«¥¤áâ¢¨¥ 2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 4 ¨ äãªæ¨ï '0(t) ¨§ ¬®¦¥áâ¢  � ã¤®-
¢«¥â¢®àï¥â ãá«®¢¨î

sup
0<t<1

minft�1; t�p exp(�B1t=2)g
'0(t)

<1:
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�®£¤  áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï ï A('0) > 0, çâ® ¤«ï å à ªâ¥à¨áâ¨ç¥áª®© äãªæ¨¨
�E(x) ¢áïª®£® ¬®¦¥áâ¢  E ª®¥ç®© «¥¡¥£®¢®© ¬¥àë á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® mesfx 2 Rn :
jT�E(x)j > tg � A('0)

R
Rn

'0

��E(x)
t

�
dx.

�®ª § â¥«ìáâ¢® ¯®«ãç ¥¬ ¨§ ¯.  ) á«¥¤áâ¢¨ï 1 ¨ â¥®à¥¬ë 4.

�¥®à¥¬  5. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 4. �®£¤  áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï ï

C(p), çâ® ¤«ï å à ªâ¥à¨áâ¨ç¥áª®© äãªæ¨¨ �E(x) «î¡®£® ¬®¦¥áâ¢  E ª®¥ç®© «¥¡¥£®¢®©

¬¥àë ¢ë¯®«ïîâáï à ¢®¬¥à® ¯® " ¥à ¢¥áâ¢ 

(T"�E)
�(t) � C(1)

�
t�1

Z t

0
��E(z)dz +

Z 1

t
��E(z)z

�1dz

�
¯à¨ p = 1

¨

t�1
Z t

0
(T"�E)

�(z)dz � C(p)
�
t�1=p

Z t

0
��E(z)z

1=p�1dx+
Z 1

t
��E(z)z

�1dz

�
¯à¨ 1 < p <1: (6)

�®ª § â¥«ìáâ¢®. �§ á«¥¤áâ¢¨ï 1 ¨ â¥®à¥¬ë 4 á«¥¤ã¥â ¯à¨ ¢áïª®¬ " > 0 ¥à ¢¥áâ¢®

mesfx 2 Rn : jT�E(x)j > tg �

� 2pA(p)t�p exp
�
�
B1

2
t

�
mesE � A1(p)

(�
2
B1t

�p
mesE; 0 < t � 2

B1

;

exp
�
1� B1

2
t
�
mesE; 2

B1

< t <1;

£¤¥ A1(p) = max(A(p)Bp
1e
�1; 1). �®£¤  ¤«ï ¥¢®§à áâ îé¥© ¯¥à¥áâ ®¢ª¨ (T"�E)�(t) á¯à ¢¥¤«¨¢ 

®æ¥ª 

(T"�E)�(t) �
2
B1

(�
1� ln 1

A1(p)mesE

�
; 0 < t � A1(p)mesE;

(A1(p)mesE)1=pt�1=p; A1(p)mesE < t <1:
(7)

�á«¨ 0 < t � mesE, â®

(T"�E)
�(t) �

2
B1

�
1� ln

1
A1(p)mesE

�
=

2
B1

�
pt�1=p

Z t

0
��E(z)z

1=p�1dz +
Z A1(p)mesE

t
z�1dz

�
=

=
2
B1

�
pt�1=p

Z t

0
��E(z)z

1=p�1dz +
Z mesE

t
z�1dz + lnA1(p)

�
�

�
2
B1

��
p+ pA1(p)

�
t�1=p

Z t

0
��E(z)z

1=p�1dz +
Z 1

t
��E(z)z

�1dz

�
:

� á«ãç ¥, ª®£¤  mesE < t � A1(p)mesE, ¨¬¥¥¬

(T"�E)
�(t) �

2
B1

�
1 + ln

A1(p)mesE
mesE

�
=

2
B1

�
1 + lnA1(p)

�
pt�1=p

Z t

0
��E(z)z

1=p�1dz:

�á«¨ t > A1(p)mesE, â®

(T"�E)�(t) �
2
B1

A1=p
1 (p)t�1=p

Z mesE

0

z1=p�1dz =
2
B1

A1=p
1 (p)t�1=p

Z t

0

��E(z)z
1=p�1dz:

� ª¨¬ ®¡à §®¬, ¤«ï ¢áïª®£® t > 0

(T"�E)
�(t) � C(p)

�
t�1=p

Z t

0
��E(z)z

1=p�1dz +
Z 1

t
��E(z)z

�1dz

�
: (8)

�à¨ p = 1 ¥à ¢¥áâ¢® ¤®ª § ®.
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�ãáâì 1 < p < 1, 1 < t � A1(p)mesE. �â¥£à¨àãï «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ ¥à ¢¥áâ¢  (7),
¯®«ãç ¥¬ Z t

0

(T"�E)�(z)dz �
2
B1

Z t

0

�
1� ln

z

A1(p)mesE

�
dz �

2
B1

t

�
1� ln

t

A1(p)mesE

�
:

�âáî¤  á«¥¤ã¥â

(T"�E)
��(t) =

1
t

Z t

0
(T�E)

�(z)dz �
2
B1

�
1� ln

t

A1(p)mesE

�
: (9)

� á«ãç ¥ t > A1(p)mesE ¨¬¥¥¬

(T"�E)��(t) =
2
B1

1
t

Z t

0

(A1(p)mesE)1=pz�1=pdz =
2
B1

p2

p� 1
(A1(p)mesE)1=pt�1=p: (10)

�§ ¥à ¢¥áâ¢ (9), (10) á«¥¤ã¥â ®æ¥ª  ¤«ï (T"�E)��(t),   «®£¨ç ï ®æ¥ª¥ (7) ¤«ï ¥ã¡ë¢ îé¥©
¯¥à¥áâ ®¢ª¨ (T"�E)�(t). �®¢â®àïï à ááã¦¤¥¨ï, ¯à¨¬¥ï¥¬ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¥à ¢¥áâ¢ 
(8), ¯®«ãç ¥¬ ¥à ¢¥áâ¢® (6).

� ¬¥ç ¨¥. �áâ ®¢«¥ ï ¢ â¥®à¥¬¥ 5 ®æ¥ª  (6) á¯à ¢¥¤«¨¢  ¤«ï ª®¥ç®§ çëå äãª-

æ¨© f(x) =
nP
k=1

Ck�Ek(x), ¯à¨¨¬ îé¨å ª®¥ç®¥ ç¨á«® ¥ã«¥¢ëå § ç¥¨© fCkg   ¬®¦¥-

áâ¢ å ª®¥ç®© «¥¡¥£®¢®© ¬¥àë
n
[
k=1

Ek. �â® á«¥¤ã¥â ¨§ á¢®©áâ¢  ¯®«ã ¤¤¨â¨¢®áâ¨ (T"f)��(t) �
nP
k=1

(T"�Ek)
��(t) ¨  ¤¤¨â¨¢®áâ¨ ¤«ï ¨â¥£à «®¢ ([4], á. 218). � ª®£® â¨¯  ®æ¥ª¨ ¯®«ãç¥ë ¢ [9]

¤«ï ¯à¥®¡à §®¢ ¨ï �¨«ì¡¥àâ  ¨ ¨á¯®«ì§®¢ «¨áì ¢á«¥¤ ¨¤¥ï¬ � «ì¤¥à®  ¤«ï ¤®ª § â¥«ìáâ¢ 
¨â¥à¯®«ïæ¨®ëå â¥®à¥¬ ¢ ¯à®áâà áâ¢ å �®à¥æ {�¨£¬ã¤ .
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