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1. �¢¥¤¥¨¥

� ¤ ®© à ¡®â¥ ¨§ãç îâáï ®æ¥ª¨ á¨«ìëå ¬ ªá¨¬ «ìëå äãªæ¨© � à¤¨-�¨ââ«¢ã¤  ¨
�¥ää¥à¬  -�â¥© .

�â¥à¢ «®¬ ¢ RN ¡ã¤¥¬  §ë¢ âì ¬®¦¥áâ¢® ¢¨¤ 

I = fx : ai � xi � ai + hi; i = 1; : : : ; Ng (hi > 0);

¥á«¨ h1 = � � � = hN , â® ¨â¥à¢ « I  §ë¢ ¥¬ ªã¡®¬.
�ãáâì f 2 L1

loc(R
N ). �¡®§ ç¨¬ fI = 1

jIj
R
I f(t)dt. � ¢¥áâ¢ ¬¨

Mstf(x) = sup
I3x

1
jIj
Z
I

jf(y)jdy (1.1)

¨

f#
st f(x) = sup

I3x

1
jIj
Z
I

jf(y)� fI jdy (1.2)

®¯à¥¤¥«ïîâáï á¨«ìë¥ ¬ ªá¨¬ «ìë¥ äãªæ¨¨ � à¤¨-�¨ââ«¢ã¤  ¨ �¥ää¥à¬  -�â¥©  á®®â-
¢¥âáâ¢¥® (¢¥àåïï £à ì ¡¥à¥âáï ¯® ¢á¥¬ ¨â¥à¢ « ¬ i � R

N , á®¤¥à¦ é¨¬ â®çªã x). �á«¨ ¢
(1.1) ¨ (1.2) ¡à âì ¢¥àåîî £à ì â®«ìª® ¯® ªã¡ ¬, á®¤¥à¦ é¨¬ â®çªã x, â® ¯®«ãç ¥¬ ®¡ëçë¥
¬ ªá¨¬ «ìë¥ äãªæ¨¨ Mf(x) ¨ f#(x) (á¬. [1], [2]).

� [3] ¡ë«  ¯®«ãç¥  ®æ¥ª  äãªæ¨¨ f#
st ¢ â¥à¬¨ å ç áâëå ¬®¤ã«¥© ¥¯à¥àë¢®áâ¨ äãª-

æ¨¨ f 2 Lp(RN ) ¯à¨ p > 1. �®à¬ã«¨à®¢ª¥ íâ®£® à¥§ã«ìâ â  ¯à¥¤¯®è«¥¬ ¥ª®â®àë¥ ®¯à¥¤¥«¥¨ï.
�ãáâì f 2 Lp(RN ) (1 � p <1). � áâë¬ ¬®¤ã«¥¬ ¥¯à¥àë¢®áâ¨ äãªæ¨¨ f ¯® ¯¥à¥¬¥®©

xj (1 � j � N)  §ë¢ ¥âáï äãªæ¨ï

!(j)
p (f ; �) = sup

0�h��

�Z
RN

jf(x)� f(x+ hej)jpdx
�1=p

(0 � � <1);

£¤¥ ej | ¢¥ªâ®à, j-ï ª®®à¤¨ â  ª®â®à®£® à ¢  1,   ®áâ «ìë¥ ª®®à¤¨ âë | ã«¨. �ã¤¥¬
 §ë¢ âì ¬®¤ã«¥¬ ¥¯à¥àë¢®áâ¨ ª ¦¤ãî ¥ã¡ë¢ îéãî, ¥¯à¥àë¢ãî, ®£à ¨ç¥ãî ¨ ¯®«ã-
 ¤¤¨â¨¢ãî   [0;1) äãªæ¨î !(�) á !(0) = 0.

�á«¨ !1(�); : : : ; !N(�) | ¬®¤ã«¨ ¥¯à¥àë¢®áâ¨, ¨ 1 � p < 1, â® ç¥à¥§ H!1;:::;!N
p ®¡®§ ç¨¬

ª« áá ¢á¥å äãªæ¨© f 2 Lp(RN ), ¤«ï ª ¦¤®© ¨§ ª®â®àëå

!(j)
p (f ; �) � c!j(�) (j = 1; : : : ; N ; 0 � � <1): (1.3)

� ¨¬¥ìèãî ¯®áâ®ïãî c ¤«ï ª®â®à®© ¥à ¢¥áâ¢  (1.3) ¢ë¯®«ïîâáï ¯à¨ ¢á¥å j = 1; : : : ; N ¨
¢á¥å � 2 [0;1), ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§ N(f).
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�ãáâì f!1(�); : : : ; !N(�)g | á¨áâ¥¬  ¬®¤ã«¥© ¥¯à¥àë¢®áâ¨. �à¥¤¨¬ ¬®¤ã«¥¬ ¥¯à¥àë¢®-
áâ¨ ¤«ï íâ®© á¨áâ¥¬ë  §®¢¥¬ äãªæ¨î ([4], [5])

�!(�) = inf
�1�:::��N=�

max
1�j�N

!j(�j):

�ãªæ¨ï à á¯à¥¤¥«¥¨ï ¨§¬¥à¨¬®©   RN äãªæ¨¨ f ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬

�f (�) = jfx 2 RN : jf(x)j > �gj (0 � � <1):

�¥¢®§à áâ îé¥© ¯¥à¥áâ ®¢ª®© äãªæ¨¨ f  §ë¢ ¥âáï äãªæ¨ï ¢¨¤ 

f�(t) = inff� : �f (�) � tg (0 � t <1):

�ã¤¥¬ à áá¬ âà¨¢ âì â ª¦¥ äãªæ¨î

f��(t) =
1
t

Z t

0
f�(�)d�:

�¯à ¢¥¤«¨¢® à ¢¥áâ¢® ([6], á. 89)

sup
jEj=t

Z
E

jf(x)jdx =
Z t

0

f�(�)d� (0 < t <1): (1.4)

�âáî¤  á«¥¤ã¥â ¯®«ã ¤¤¨â¨¢®áâì ®¯¥à â®à  f ! f��.

�¥®à¥¬ . [3]. �ãáâì !1; : : : ; !N | ¬®¤ã«¨ ¥¯à¥àë¢®áâ¨, ¨ 1 < p < 1. �®£¤  ¤«ï «î¡®©

äãªæ¨¨ f 2 H!1;:::;!N
p

(f#
st )

�(t) � c(p;N)N(f) sup
��t

��1=p�!(�) (0 < t <1):

�®¯à®á ®¡ ®æ¥ª¥ (f#
st )�(t) ¢ á«ãç ¥ p = 1 ®áâ ¢ «áï ®âªàëâë¬. �§ãç¥¨¥ íâ®£® ¢®¯à®á 

á®áâ ¢«ï¥â ®á®¢ãî § ¤ çã ¤ ®© áâ âì¨. �¤¥áì ¤®ª §ë¢ ¥âáï, çâ® ¤«ï «î¡®© äãªæ¨¨ f 2
L1(RN ) á¯à ¢¥¤«¨¢  ®æ¥ª 

(Mstf)
�(t) � cN

1
t

Z t

0

�!(f ; �)
�

logN�2 t

�
d� (0 < t <1); (1.5)

�!(f ; �) | áà¥¤¨© ¬®¤ã«ì ¤«ï á¨áâ¥¬ë ç áâëå ¬®¤ã«¥© ¥¯à¥àë¢®áâ¨ f!(1)
1 (f ; �); : : : ; !(N)

1 (f ; �)g.
�®áª®«ìªã f#

st (x) � 2Mstf(x), â®   «®£¨ç ï ®æ¥ª  á¯à ¢¥¤«¨¢  ¨ ¤«ï (f
#
st )�(t). � áâ âì¥ ãáâ -

 ¢«¨¢ ¥âáï, çâ® ¯à¨ ®¯à¥¤¥«¥ëå ãá«®¢¨ïå   ç áâë¥ ¬®¤ã«¨ ¥¯à¥àë¢®áâ¨ íâ  ®æ¥ª 
®ª®ç â¥«ì  ¢ á«¥¤ãîé¥¬ á¬ëá«¥: áãé¥áâ¢ã¥â â ª ï äãªæ¨ï f 2 H!1;:::;!N

1 , çâ® ¤«ï ¢á¥å t > 0

(f#
st )

�(t) � 1
t

Z t

0

�!(�)
�

logN�2 t

�
d�:

�à¨ ¯®áâà®¥¨¨ á®®â¢¥âáâ¢ãîé¥£® ª®âà¯à¨¬¥à  ¨á¯®«ì§ã¥âáï ª®áâàãªæ¨ï �. �®à .
�®ª § â¥«ìáâ¢® ®æ¥ª¨ (1.5) ®á®¢ ®   ¥à ¢¥áâ¢¥ á« ¡®£® â¨¯  ¤«ï á¨«ì®£® ¬ ªá¨-

¬ «ì®£® ®¯¥à â®à  Mst. � â¥à¬¨ å äãªæ¨¨ à á¯à¥¤¥«¥¨ï íâ® ¥à ¢¥áâ¢® ¡ë«® ¤®ª § ®
�. �ãá¬ ®¬ ([7], á¬. â ª¦¥ [8], á. 51). �® ¨¬¥¥â ¢¨¤

jfx 2 RN :Mstf(x) > �gj � cN

Z
RN

jf(x)j
�

�
1 +

�
log+

jf(x)j
�

�N�1�
dx: (1.6)

� ¯®¬®éìî áâ ¤ àâëå à ááã¦¤¥¨© ¥âàã¤® ¯®ª § âì, çâ® ¥à ¢¥áâ¢® (1.6) à ¢®á¨«ì®
®æ¥ª¥

(Mstf)
�(t) � cN

1
t

Z t

0
f�(�) logN�1 t

�
d�: (1.7)
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� ¬¥â¨¬ ®¤ ª®, çâ® ¤®ª § â¥«ìáâ¢® (1.6) ¢ à ¡®â¥ [7] ï¢«ï¥âáï ¤®¢®«ì® á«®¦ë¬. � x 3 ¯®«ãç¥-
® ¯àï¬®¥ ¤®ª § â¥«ìáâ¢® ®æ¥ª¨ (1.7) ¨ ¯®ª § ®, çâ® (1.6) «¥£ª® ¢ë¢®¤¨âáï ¨§ (1.7). �à¨ íâ®¬
¢ x 3 ãáâ  ¢«¨¢ îâáï ¤¢ãáâ®à®¨¥ ®æ¥ª¨ ¤«ï ª®¬¯®§¨æ¨¨ ç áâëå ¬ ªá¨¬ «ìëå äãªæ¨©
MNMN�1 : : : M1f (ª®â®à ï ¬ ¦®à¨àã¥â á¨«ìãî ¬ ªá¨¬ «ìãî äãªæ¨îMstf). �«ï N = 2 íâ¨
®æ¥ª¨ ¤àã£¨¬ ¬¥â®¤®¬ ¡ë«¨ ¤®ª § ë �.�.�â®ª®«®á®¬ [9]; ¢ ç áâ®áâ¨, ®¨ ¯®§¢®«ïîâ ¯®«ã-
ç¨âì å à ªâ¥à¨§ æ¨î ª« áá  L(log+ L)N ¢ â¥à¬¨ å MNMN�1 : : :M1f (®â¬¥â¨¬, çâ® ¢ â¥à¬¨ å
Mstf â ª ï å à ªâ¥à¨§ æ¨ï ¥¢®§¬®¦  [10], [11]).

2. �á¯®¬®£ â¥«ìë¥ ¯à¥¤«®¦¥¨ï

�¥¬¬  1. [5]. �«ï «î¡®© á¨áâ¥¬ë ¬®¤ã«¥© ¥¯à¥àë¢®áâ¨ ¥¥ áà¥¤¨© ¬®¤ã«ì â ª¦¥ ï¢«ï-

¥âáï ¬®¤ã«¥¬ ¥¯à¥àë¢®áâ¨.

�ãáâì !(�) | ¬®¤ã«ì ¥¯à¥àë¢®áâ¨. �®£¤  «¥£ª® ¢¨¤¥âì, çâ®

!(�)
�

� 2
!(�)
�

(0 < � � � <1): (2.1)

�®ª ¦¥¬, çâ® ¤«ï áà¥¤¥£® ¬®¤ã«ï ¥¯à¥àë¢®áâ¨ ¢ë¯®«ï¥âáï ¡®«¥¥ á¨«ì®¥ á¢®©áâ¢®.

�¥¬¬  2. �ãáâì !1; : : : ; !N | ¬®¤ã«¨ ¥¯à¥àë¢®áâ¨, �! | áà¥¤¨© ¬®¤ã«ì. �®£¤ 

�!(�)
� 1=N

� 2
�!(�)
�1=N

(0 < � � � <1): (2.2)

�®ª § â¥«ìáâ¢®. �á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ áà¥¤¥£® ¬®¤ã«ï, ¯®«ãç¨¬

�!(�) = inf
s1;:::;sN�1>0

max
�
!1

�
s1

N

r
�

�

�
; : : : ; !N�1

�
sN�1

N

r
�

�

�
; !N

� �

s1 � : : : �N�1

N

r
�

�

��
�

� 2 N

r
�

�
inf

s1;:::;sN�1>0
max

�
!1(s1); : : : ; !N�1(sN�1); !N

� �

s1 � : : : � sN�1

��
= 2 N

r
�

�
�!(�): �

�¡®§ ç¨¬ ç¥à¥§ L(log+ L)r (r > 0) ¯à®áâà áâ¢® ¢á¥å ¨§¬¥à¨¬ëå   RN äãªæ¨© f , ¤«ï
ª®â®àëå Z

RN

jf(x)j(log+ jf(x)j)rdx <1:

(§¤¥áì log+ t = max(log t; 0)).

�¥¬¬  3. �ãáâì � > 0, r > 0 | ¢¥é¥áâ¢¥ë¥ ç¨á« . �«ï «î¡®© äãªæ¨¨ g 2 L(log+ L)r

á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

Z �

0
g�(t) logr

�

t
dt � 2r

Z
RN

jg(x)j(log+ jg(x)j)rdx+ cr�; (2.3)

£¤¥ cr =
1R
0

1p
t
logr 1

t
dt.

�®ª § â¥«ìáâ¢® íâ®© «¥¬¬ë á®¤¥à¦¨âáï ¢ ([12], â. 1, á. 59).

�¥¬¬  4. �ãáâì äãªæ¨ï f 2 L1. �®£¤  f 2 L(log+ L)r ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨

¤«ï ¥ª®â®à®£® "0 > 0 Z "0

0

f�(t) logr
"0
t
dt <1:
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�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì ¢ëâ¥ª ¥â ¨§ «¥¬¬ë 3. �à¥¤¯®«®¦¨¬, çâ®
Z "0

0

f�(t) logr
"0
t
dt <1:

�®£¤ 
Z
RN

jf(x)j(log+ jf(x)j)rdx =
Z 1

0

f�(t)(log+ f�(t))rdt �

�
Z 1

0

f�(t)
�
log+

kfk1
t

�r
dt =

Z kfk1

0

f�(t) logr
kfk1
t

dt <1: �

�¡®§ ç¨¬ ç¥à¥§ L1 + L1 ¯à®áâà áâ¢® ¢á¥å ¨§¬¥à¨¬ëå   RN äãªæ¨© f , ¯à¥¤áâ ¢¨¬ëå ¢
¢¨¤¥ áã¬¬ë f = g + h, £¤¥ g 2 L1, h 2 L1.

�¥¬¬  5. �«ï â®£® çâ®¡ë f 2 L1 + L1, ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë
"0R
0

f�(t)dt < 1
¤«ï ¥ª®â®à®£® "0 > 0.

�â  «¥¬¬  ¥áâì á«¥¤áâ¢¨¥ ¨§¢¥áâ®£® ¥à ¢¥áâ¢  ([6], á. 108)

inf
f=g+h

(kgk1 + tkhk1) =
Z t

0

f�(�)d� (0 < t <1):

�®áâàãªæ¨ï ¬®¦¥áâ¢ , à áá¬ âà¨¢ ¥¬®£® ¢ á«¥¤ãîé¥© «¥¬¬¥, ¯à¨ ¤«¥¦¨â �.�®àã ¨
¨¬¥¥â ¬®£®ç¨á«¥ë¥ ¯à¨¬¥¥¨ï ¢ â¥®à¨¨ á¨«ì®£® ¤¨ää¥à¥æ¨à®¢ ¨ï ¨â¥£à «®¢. �«ï
¯®«®âë ¬ë ¯à¨¢®¤¨¬ ®æ¥ªã ¬¥àë íâ®£® ¬®¦¥áâ¢ .

�¥¬¬  6. �ãáâì ç¨á«  1; : : : ; N > 0, � > 1 ¨

E =
[

�i�i;
�1�:::��N=�1�:::�N

fy : 0 � yi � �i; i = 1; : : : ; Ng:

�®£¤  jEj > 1
(N�1)!

�1 � : : : � N logN�1 �.

�®ª § â¥«ìáâ¢®. �¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¡ã¤¥¬ áç¨â âì, çâ® 1; : : : ; N = 1. �¡®§ ç¨¬

S =
n
(y1; : : : ; yN�1) : 1 � yk � �

� k�1Y
i=1

yi
��1

; k = 1; : : : ; N � 1
o

(¥á«¨ N = 2, â® S = fy1 : 1 � y1 � �g),

A =
n
y : (y1; : : : ; yN�1) 2 S; 0 � yN � �

�N�1Y
i=1

yi
��1o

:

�®ª ¦¥¬, çâ® A � E. �ãáâì y0 = (y01; : : : ; y
0
N) 2 A. �®«®¦¨¬ �0

i = y0i (i = 1; : : : ; N � 1), �0
N =

= �
�N�1Q
i=1

�0
1

��1

. �®£¤  �0
i = y01 � 1 (i = 1; : : : ; N � 1). � «¥¥, ¢ á¨«ã ®¯à¥¤¥«¥¨ï ¬®¦¥áâ¢  A

�0
1 � : : : � �0

N�1 = y01 � : : : � y0N�1 � �. �âáî¤  �0
N � 1.

� ª¨¬ ®¡à §®¬, �0
i � 1 (i = 1; : : : ; N), �0

1 � : : : � �0
N = �. � ç¨â, y0 2 fy : 0 � yi � �0

i g � E, çâ®
¨ âà¥¡®¢ «®áì. �«¥¤®¢ â¥«ì®,

jEj > jAj = �

Z
� � �
Z

S

dy1 : : : dyN�1

y1 : : : yN�1

= �

�Z
1

dy1
y1

�=y1Z
1

dy2
y2

� � �
�=(y1:::yN�2)Z

1

dyN�1

yN�1

=
1

(N � 1)!
� logN�1 �: �
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3. �æ¥ª  á¨«ì®© ¬ ªá¨¬ «ì®© äãªæ¨¨ � à¤¨-�¨ââ«¢ã¤ 

�ãáâì f 2 L1
loc(R

N ). � ªá¨¬ «ì ï äãªæ¨ï � à¤¨-�¨ââ«¢ã¤  ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬

Mf(x) = sup
Q3x

1
jQj

Z
Q
jf(y)jdy;

£¤¥ ¢¥àåïï £à ì ¡¥à¥âáï ¯® ¢á¥¬ ªã¡ ¬, á®¤¥à¦ é¨¬ â®çªã x.
�®à®è® ¨§¢¥áâë ¥à ¢¥áâ¢  ([8], á. 56)

c0N
�

Z
fMf>�g

jf j � jfMf > �gj � cN
�
kfk1 (� > 0): (3.1)

�¥à ¢¥áâ¢® ¢ ¯à ¢®© ç áâ¨ ¢®áå®¤¨â ª � à¤¨ ¨ �¨ââ«¢ã¤ã. �¥¢ ï ç áâì ¥à ¢¥áâ¢  (3.1) ¡ë« 
¯®«ãç¥  ¢ à ¡®â å �â¥©  [13] ¨ �¥àæ  [14]. � â¥à¬¨ å ¯¥à¥áâ ®¢®ª ¤¢ãáâ®à®¨¥ ®æ¥ª¨
¬ ªá¨¬ «ì®© äãªæ¨¨ á®¤¥à¦ âáï ¢ à ¡®â¥ �¥¥ââ  ¨ � à¯«¨ [15]:

c0Nf
��(t) � (Mf)�(t) � cNf

��(t) (t > 0): (3.2)

�¥ªâ®à x = (x1; : : : ; xN ) ¡ã¤¥¬ § ¯¨áë¢ âì ¢ ¢¨¤¥ x = (xj ; x̂j), £¤¥ x̂j = (x1; : : : ; xj�1; xj+1; : : : ; xN)
(j = 1; : : : ; N). � áá¬®âà¨¬ ç áâë¥ ¬ ªá¨¬ «ìë¥ äãªæ¨¨

Mjf(x) = sup
I3xj

1
jIj
Z
I

jf(�; x̂j)jd� (j = 1; : : : ; N)

(¢¥àåïï £à ì | ¯® ¢á¥¬ ¨â¥à¢ « ¬ I � R1 , á®¤¥à¦ é¨¬ â®çªã xj). �§¬¥à¨¬®áâì â ª¨å
äãªæ¨© å®à®è® ¨§¢¥áâ  ([12], â. 2, á. 461). �®ª ¦¥¬, çâ® ¤«ï Mjf(x) á¯à ¢¥¤«¨¢® â®ç® â ª®¥
¦¥ ¥à ¢¥áâ¢®, ª ª ¨ (3.2).

�¥¬¬  7. �«ï «î¡®© äãªæ¨¨ f 2 L1 + L1 á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 

c0f��(t) � (Mjf)
�(t) � cf��(t) (0 < t <1; j = 1; : : : ; N): (3.3)

�®ª § â¥«ìáâ¢®. �à¥¤¯®«®¦¨¬ á ç « , çâ® f 2 L1. �¡®§ ç¨¬ A� = fx : Mjf(x) > �g.
�®£« á® ¥à ¢¥áâ¢ã (3.1) ¤«ï ¯. ¢. x̂j 2 RN�1

c0

�

Z
fxj :Mjf(x)>�g

jf(�; x̂j)jd� � jfxj :Mjf(x) > �gj � c

�

Z
R1

jf(�; x̂j)jd�:

�â¥£à¨àãï ®¡  ¥à ¢¥áâ¢  ¯® x̂j 2 RN�1 ¨ ¯à¨¬¥ïï â¥®à¥¬ã �ã¡¨¨, ¯®«ãç¨¬

c0

�

Z
A�

jf(x)jdx � jA�j � c

�
kfk1: (3.4)

�§ ¯à ¢®© ç áâ¨ (3.4) á«¥¤ã¥â, çâ®

(Mjf)
�(t) � c

t
kfk1 (0 < t <1): (3.5)

�ãáâì â¥¯¥àì f 2 L1 + L1. �®ª ¦¥¬ ¯à ¢ãî ç áâì ¥à ¢¥áâ¢  (3.3). �ã¤¥¬ ¨á¯®«ì§®¢ âì
áâ ¤ àâë¥ à ááã¦¤¥¨ï, ¢®áå®¤ïé¨¥ ª à ¡®â¥ � «ì¤¥à®  [16].

�¡®§ ç¨¬ E = fx 2 RN : jf(x)j > f�(t)g; g(x) = (f(x) � f�(t) sign f(x))�E(x), h(x) = f(x) �
g(x). �®£¤  kgk1 � t(f��(t)� f�(t)), khk1 � f�(t). � «¥¥, Mjf(x) �Mjg(x) +Mjh(x) �Mjg(x) +
khk1. �âáî¤  ¨ ¨§ (3.5) ¨¬¥¥¬

(Mjf)
�(t) � (Mjg)

�(t) + khk1 � c
�kgk1

t
+ khk1

�
� cf��(t):
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�«ï ¤®ª § â¥«ìáâ¢  «¥¢®© ç áâ¨ (3.3) ¯®«®¦¨¬

f1(x) =

8<
:
f(x); x 2 A(Mjf)�(t);

0 ¢ ®áâ «ìëå â®çª å;

f2(x) = f(x)� f1(x):

� ¬¥â¨¬, çâ® jA(Mjf)�(t)j � t. �âáî¤  ¨ ¨§ «¥¢®© ç áâ¨ (3.4) ¯®«ãç¨¬

kf1k1 � cjA(Mjf)�(t)j(Mjf)�(t) � ct(Mjf)�(t):

�®áª®«ìªã jf(x)j �Mjf(x) ¯. ¢., â® kf2k1 � (Mjf)�(t). �«¥¤®¢ â¥«ì®, ¢ á¨«ã ¯®«ã ¤¤¨â¨¢®áâ¨
f ! f��

f��(t) � f��1 (t) + f��2 (t) � kf1k1
t

+ kf2k1 � c(Mjf)
�(t): �

� ¬¥ç ¨¥ 1. �á¯®«ì§ãï ¡®«¥¥ â®çë¥ ®æ¥ª¨ ¤«ï ®¤®áâ®à®¥© ¬ ªá¨¬ «ì®© äãªæ¨¨
([8], á. 57), ¯®«ãç¨¬, çâ® ¢ ¥à ¢¥áâ¢¥ (3.3) ¬®¦® ¢§ïâì c0 = 1

2
, c = 2.

� ¬¥ç ¨¥ 2. �§ ¥à ¢¥áâ¢ (3.2) ¨ (3.3) ¢ëâ¥ª ¥â, çâ® ¯¥à¥áâ ®¢ª¨ äãªæ¨© Mjf(x) ¨
Mf(x) íª¢¨¢ «¥âë.

�¤ ª® ¯®â®ç¥ç® äãªæ¨¨ Mjf(x) ¨ Mf(x) ¬®£ãâ ¥ ®æ¥¨¢ âìáï ®¤  ç¥à¥§ ¤àã£ãî. �
ª ç¥áâ¢¥ ¯à¨¬¥à  ¤®áâ â®ç® ¢§ïâì f(x) = �[0;1]N (x).

� áá¬®âà¨¬ â¥¯¥àì ª®¬¯®§¨æ¨î ç áâëå ¬ ªá¨¬ «ìëå äãªæ¨© MNMN�1 : : :M1f(x). �¥-
¯®áà¥¤áâ¢¥® ¨§ «¥¬¬ë 7 ¢ëâ¥ª ¥â

�¥®à¥¬  1. �«ï «î¡®© äãªæ¨¨ f 2 L(log+ L)N�1

c0N
1
t

Z t

0
f�(�) logN�1 t

�
d� � (MNMN�1 : : : M1f)

�(t) � cN
t

Z t

0
f�(�) logN�1 t

�
d�: (3.6)

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬,  ¯à¨¬¥à, ¯à ¢ãî ç áâì (3.6) ¢ á«ãç ¥N = 2. �®á«¥¤®¢ â¥«ì®
¯à¨¬¥ïï ¥à ¢¥áâ¢® (3.3), ¯®«ãç¨¬

(M2M1f)
�(t) � c

1
t

Z t

0

(M1f)
�(�)d� � c2

1
t

Z t

0

1
�

Z �

0

f�(�)d� d� = c2
1
t

Z t

0

f�(�) log
t

�
d�:

� «®£¨ç® â¥®à¥¬  ¤®ª §ë¢ ¥âáï ¢ ®¡é¥¬ á«ãç ¥.

�â¬¥â¨¬, çâ® ¯à¨ N = 2 ¥à ¢¥áâ¢  (3.6) ¡ë«¨ ¤®ª § ë ¤àã£¨¬ á¯®á®¡®¬ ¢ [9].
�§ ¥à ¢¥áâ¢  Mstf(x) �MNMN�1 : : : M1f(x) ¨ (3.6) ¯®«ãç ¥¬

�«¥¤áâ¢¨¥ 1. �«ï «î¡®© äãªæ¨¨ f 2 L(log+ L)N�1

(Mstf)�(t) � cN
1
t

Z t

0

f�(�) logN�1 t

�
d�: (3.7)

� ¬¥ç ¨¥. �®ª ¦¥¬, çâ® ¨§ ¥à ¢¥áâ¢ (2.3) ¨ (3.7) «¥£ª® á«¥¤ã¥â ¥à ¢¥áâ¢® á« ¡®£®
â¨¯  ¤«ï á¨«ì®£® ¬ ªá¨¬ «ì®£® ®¯¥à â®à  Mst ([8], á. 51)

jfx :Mstf(x) > �gj � c

Z
RN

jf(x)j
�

�
1 +

�
log+

jf(x)j
�

�N�1�
dx: (3.8)
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�¡®§ ç¨¬ �(�) = jfx :Mstf(x) > �gj. �®¤áâ ¢«ïï ¢ ¥à ¢¥áâ¢® (3.7) �(�) ¢¬¥áâ® t, ¯®«ãç¨¬

�(�) � cN
1
�

Z �(�)

0
f�(�) logN�1 �(�)

�
d�:

�®§ì¬¥¬ ¥ª®â®àãî ¯®áâ®ïãî c ¨§ ãá«®¢¨ï c cN
1R
0

1p
t
logN�1 1

t
dt < 1. �à¨¬¥¨¬ ¥à ¢¥áâ¢®

(2.3), ¯®« £ ï g(x) = f(x)
c�
, � = �(�),

�(�) � Cn c

Z �(�)

0

� f
c�

��
(�) logN�1 �(�)

�
d� �

� cN c 2N�1

Z
RN

jf(x)j
c�

�
log+

jf(x)j
c�

�N�1

dx+
�
c cN

Z 1

0

1p
t
logN�1 1

t
dt
�
�(�):

�âáî¤ 

�(�) � c0N

Z
RN

jf(x)j
�

�
log+

jf(x)j
c�

�N�1

dx � c00N

Z
RN

jf(x)j
�

�
1 +

�
log+

jf(x)j
�

�N�1�
dx;

çâ® ¨ âà¥¡®¢ «®áì
�®¦® ¯®ª § âì, çâ® ¢ á¢®î ®ç¥à¥¤ì ¨ ¥à ¢¥áâ¢® (3.7) ¢ë¢®¤¨âáï ¨§ (3.8), â ª çâ® íâ¨

¥à ¢¥áâ¢  à ¢®á¨«ìë.
�áâ ®¢¨¬áï   ¢®¯à®á¥ ®¡ ¨â¥£à «ìëå á¢®©áâ¢ å ¬ ªá¨¬ «ìëå äãªæ¨©. � à ¡®â¥ �ã-

á¬   ¨ �í«« ¤  ([17], á¬. â ª¦¥ [8], á. 59) ¡ë«  ¤®ª §  

�¥®à¥¬  �. �ãáâì f 2 L1(RN ). �®£¤ Z
fMf>1g

Mf(x)dx <1() f 2 L(1 + log+ L):

�à¨ ¤®ª § â¥«ìáâ¢¥ ¨á¯®«ì§®¢ «®áì ¥à ¢¥áâ¢® (3.1). � ¯®¬®éìî ¯¥à¥áâ ®¢®ª â ª ï å à ªâ¥-

à¨áâ¨ª  ¯®«ãç ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬. �à®¨â¥£à¨àã¥¬ ¥à ¢¥áâ¢® (3.2) ¯® t 2 (0; "). �®«ã-
ç¨¬

c0N

Z "

0

f�(t) log
"

t
dt �

Z "

0

(Mf)�(t)dt � cN

Z "

9

f�(t) log
"

t
dt:

�âáî¤ ,   â ª¦¥ ¨§ «¥¬¬ 4 ¨ 5 á«¥¤ã¥â

�¥®à¥¬  �0. �ãáâì f 2 L1(RN ). �®£¤ 

Mf 2 L1 + L1 () f 2 L log+ L:

� «¥¥, ¥á«¨ ¯à®¨â¥£à¨à®¢ âì ¯® t 2 (0; ") ¥à ¢¥áâ¢® (3.7) ¨ ¯à¨¬¥¨âì «¥¬¬ã 4, â® ¯®«ãç¨¬
â ª¦¥ ¨§¢¥áâ®¥ ([8], á. 62)

�â¢¥à¦¤¥¨¥. �ãáâì f 2 L1(RN ). �®£¤  f 2 L(log+ L)N =)Mstf 2 L1 + L1.

�ãá¬  ¯®áâ ¢¨« ¢®¯à®á ® á¯à ¢¥¤«¨¢®áâ¨ ®¡à â®© ¨¬¯«¨ª æ¨¨, â. ¥. ® å à ªâ¥à¨§ æ¨¨ ª« á-
á  L(log+ L)N ¢ â¥à¬¨ åMstf . �âà¨æ â¥«ìë© ®â¢¥â   íâ®â ¢®¯à®á á®¤¥à¦¨âáï ¢ à ¡®â å [10] ¨
[11]. �¥à ¢¥áâ¢® (3.6) ¯®ª §ë¢ ¥â, çâ® å à ªâ¥à¨áâ¨ª  ª« áá  L(log+ L)N ¢®§¬®¦  ¢ â¥à¬¨ å
ª®¬¯®§¨æ¨¨ MNMN�1 : : :M1f . �à¨¬¥ïï ª ¥à ¢¥áâ¢ã (3.6) â¥ ¦¥ à ááã¦¤¥¨ï, çâ® ¨ ¢ëè¥,
¯®«ãç¨¬

�«¥¤áâ¢¨¥ 2. �ãáâì f 2 L1(RN ). �®£¤ 

MNMN�1 : : : M1f 2 L1 + L1 () f 2 L(log+ L)N :
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�®«ãç¨¬ ®æ¥ªã ¯¥à¥áâ ®¢ª¨ á¨«ì®© ¬ ªá¨¬ «ì®© äãªæ¨¨ ¢ â¥à¬¨ å L1-¬®¤ã«¥© ¥-
¯à¥àë¢®áâ¨. �«ï äãªæ¨¨ f 2 L1 ç¥à¥§ �!(f ; �) ¡ã¤¥¬ ®¡®§ ç âì áà¥¤¨© ¬®¤ã«ì ¥¯à¥àë¢®-
áâ¨ ¤«ï á¨áâ¥¬ë ç áâëå ¬®¤ã«¥© ¥¯à¥àë¢®áâ¨.

�¥¬¬  8. �«ï «î¡®© äãªæ¨¨ f 2 L1(RN ) (N � 2)

f��(�) � cN
�!(f ; �)

�
(0 < � <1): (3.9)

�®ª § â¥«ìáâ¢®. �®á¯®«ì§ã¥¬áï ¥à ¢¥áâ¢®¬ (á¬. [5])

f��(t)� f�(t) � c
�!(f ; t)

t
:

�âáî¤  ¨ ¨§ «¥¬¬ë 2 ¯®«ãç¨¬ (f��(+1) = 0, â. ª. f 2 L1)

f��(�) =
Z 1

�

f��(t)� f�(t)
t

dt � c

Z 1

�

�!(f ; t)
t2

dt � c0
�!(f ; �)
�1=N

Z 1

�

dt

t2�1=N
� c00

�!(f ; �)
�

: �

�¥®à¥¬  2. �«ï «î¡®© äãªæ¨¨ f 2 L1(RN )

(Mstf)
�(t) � cN

1
t

Z t

0

�!(f ; �)
�

logN�2 t

�
d�: (3.10)

�®ª § â¥«ìáâ¢®. �¥®à¥¬  á«¥¤ã¥â ¨§ ¥à ¢¥áâ¢ (3.7) ¨ (3.9)

(Mstf)
�(t) � c

1
t

Z t

0
f�(�) logN�1 t

�
d� =

= c(N � 1)
1
t

Z t

0

f��(�) logN�2 t

�
d� � c0

1
t

Z t

0

�!(f ; �)
�

logN�2 t

�
d�:

4. �æ¥ª  á¨«ì®© ¬ ªá¨¬ «ì®© äãªæ¨¨ �¥ää¥à¬  -�â¥© 

�§ â¥®à¥¬ë 2 ¯®«ãç ¥¬ ®æ¥ªã

(f#
st )

�(t) � cN
1
t

Z t

0

�!(f ; �)
�

logN�2 t

�
d�

¤«ï «î¡®© äãªæ¨¨ f 2 L1(RN ).
�®ª ¦¥¬, çâ® ¯à¨ ¤®áâ â®ç® ®¡é¨å ãá«®¢¨ïå   ¬®¤ã«¨ íâ  ®æ¥ª  ®ª®ç â¥«ì  (®âáî¤ 

¡ã¤¥â á«¥¤®¢ âì â ª¦¥ ®ª®ç â¥«ì®áâì (3.10)).
�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢á¥ ¬®¤ã«¨ !i(�) áâà®£® ¢®§à áâ îâ ¨ ¨¬¥îâ ®¤¨ ¨ â®â ¦¥ ¯à¥¤¥«

�0 ¯à¨ � !1. � íâ®¬ á«ãç ¥ ¬®¦® ¡®«¥¥ ¥áâ¥áâ¢¥® ®¯à¥¤¥«¨âì áà¥¤¨© ¬®¤ã«ì.
�ãáâì !�1

i (�) (0 � � < �0) | äãªæ¨ï, ®¡à â ï ª !i(�) (i = 1; : : : ; N). �®£¤  äãªæ¨ï,

®¡à â ï ª
nQ
i=1

!�1
i (�), á®¢¯ ¤ ¥â á® áà¥¤¨¬ ¬®¤ã«¥¬ ¥¯à¥àë¢®áâ¨ �!(�) (á¬. [5]).

�¥®à¥¬  3. �ãáâì ¬®¤ã«¨ ¥¯à¥àë¢®áâ¨ !1; : : : ; !N ã¤®¢«¥â¢®àïîâ ãá«®¢¨î

�

Z 1

�

!i(�)
� 2

d� = O(!i(�)) (i = 1; : : : ; N): (4.1)

�®£¤  áãé¥áâ¢ã¥â äãªæ¨ï f 2 H!1;:::;!N
1 â ª ï, çâ® ¤«ï ¢á¥å t > 0

(f#
st )

�(t) � 1
t

Z t

0

�!(�)
�

logN�2 t

�
d�: (4.2)
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�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ �i(�) = !�1
i (�!(�)). �®£¤ 

NY
i=1

�i(�) = �: (4.3)

�®§ì¬¥¬ �1 2 N â ª, çâ®¡ë �1�!(1=�1) � 2, ¯®«®¦¨¬

�n+1 = minfm 2 N : �!(1=m) <
1
2
�!(1=�n)g:

�®£¤ 

2�!
� 1
�n+1

�
< �!

� 1
�n

�
� 2�!

� �n+1

�n+1 � 1
1

�n+1

�
� 4�!

� 1
�n+1

�
: (4.4)

�âáî¤  á«¥¤ã¥â

�i
� 1
�n+1

�
<
1
2
�i
� 1
�n

�
(i = 1; : : : ; N): (4.5)

�¥©áâ¢¨â¥«ì®, ¢ ¯à®â¨¢®¬ á«ãç ¥ ¡ë«® ¡ë

�!
� 1
�n+1

�
= !i

�
�i
� 1
�n+1

��
� !i

�1
2
�i
� 1
�n

��
� 1
2
!i
�
�i
� 1
�n

��
=
1
2
�!
� 1
�n

�
;

  íâ® ¯à®â¨¢®à¥ç¨â (4.4). �¡®§ ç¨¬ Hn = �n�!
�

1
�n

�
, r(i)n = �i

�
1
�n

�
(i = 1; : : : ; N). �§ (4.3)

¨ (4.5) á«¥¤ã¥â, çâ® �n+1 > 2N�n. �âáî¤  ¨ ¨§ (4.4) ¯®«ãç¨¬ Hn+1

Hn
> 2N

4
� 1. � ç¨â, fHng

áâà®£® ¢®§à áâ ¥â (¨ H1 � 2). �®§ì¬¥¬ â¥¯¥àì ¢®§à áâ îéãî ¯®á«¥¤®¢ â¥«ì®áâì fang â ª,
çâ®¡ë ¨â¥à¢ «ë Rn = fx : an � xi � an + r(i)n Hn; i = 1; : : : ; Ng ¯®¯ à® ¥ ¯¥à¥á¥ª «¨áì.
�¡®§ ç¨¬ Pn = fx : an � xi � an + r(i)n ; i = 1; : : : ; Ng. �ç¥¢¨¤® Pi \ Pj = ?, ª®£¤  i 6= j. �§
(4.3) á«¥¤ã¥â, çâ® jPnj = 1=�n.

�®«®¦¨¬ 1 f(x) =
1P
n=1

Hn�Pn(x). �®ª ¦¥¬, çâ® f(x) 2 H!1;:::;!N
1 . �æ¥¨¬,  ¯à¨¬¥à, !(1)

1 (f ; �).

�¡®§ ç¨¬ �(1)
h f(x) = f(x+ he1)� f(x). �¬¥¥¬

k�(1)
h fk1 �

1X
n=1

k�(1)
h fnk1;

£¤¥ fn(x) = Hn�Pn(x). �¥£ª® ¢¨¤¥âì, çâ®

k�(1)
h fnk1 = 2�!

� 1
�n

�
min

� h

r(1)n

; 1
�
:

�ãáâì

�1

� 1
�s+1

�
� h < �1

� 1
�s

�
; s � 2: (4.6)

�®£¤ 

1X
n=1

k�hfnk1 � 2h
s�1X
n=1

1

r
(1)
n

�!
� 1
�n

�
+ 2

1X
n=s

�!
� 1
�n

�
: (4.7)

1 �â¬¥â¨¬, çâ® äãªæ¨¨ â ª®£® ¢¨¤  ¡ë«¨ ¯®áâà®¥ë ¢ à ¡®â¥ [5] (á¬. â ª¦¥ [4]).
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�ç¨âë¢ ï (4.5) ¨ (2.1),   § â¥¬ (4.1) ¨ (4.6), ¯®«ãç¨¬

h
s�1X
n=1

1

r
(1)
n

�!
� 1
�n

�
= h

s�1X
n=1

1
�1(1=�n)

!1

�
�1

� 1
�n

��
�

� 2h
s�1X
n=1

!1(�1(1=�n))
�2
1(1=�n)

�
�1

� 1
�n

�
� �1

� 1
�n+1

��
�

� 4h
s�1X
n=1

!1(�1(1=�n+1))
�1(1=�n+1)�1(1=�n)

�
�1

� 1
�n

�
� �1

� 1
�n+1

��
�

� 4h
s�1X
n=1

�1(1=�n)Z
�1(1=�n+1)

!1(t)
t2

dt � 4h

1Z
�1(1=�s)

!1(t)
t2

dt � ch
!1(�1(1=�s))
�1(1=�s)

�

� c!1

�
�1

� 1
�s

��
� 4c!1

�
�1

� 1
�s+1

��
� 4c!1(h):

�«ï ®æ¥ª¨ ¢â®à®£® á« £ ¥¬®£® ¢ (4.7) ¨á¯®«ì§ã¥¬ (4.4) ¨ (4.6). �¬¥¥¬
1X
n=s

�!(1=�n) � 2�!(1=�s) � 8�!(1=�s+1) = 8!1

�
�1(1=�s+1)

� � 8!1(h):

�«¥¤®¢ â¥«ì®, k�(1)
h fk1 � c!1(h) (h � h0), çâ® ¨ âà¥¡®¢ «®áì.

�ãáâì 1=�n+1 � � < 1=�n (n � 1). �®£¤  ¢ á¨«ã (1.4)

f��(�) =
1
�
sup
jEj=�

Z
E

f(x)dx � 1
�
Hn+1jPn+1j = 1

�
�!(1=�n+1) � 1

4
� 1
�
�!(1=�n) � 1

4
� 1
�
�!(�): (4.8)

�®áª®«ìªã
�R
0

f�(t)dt ¢®§à áâ ¥â,   �!(�) ®£à ¨ç¥ , â® ¨§ (4.8) á«¥¤ã¥â, çâ® ¤«ï ¢á¥å � > 0

f��(�) � c
�!(�)
�

; (4.9)

£¤¥ c > 0 § ¢¨á¨â â®«ìª® ®â ¬®¤ã«¥© !1; : : : ; !N .
�æ¥¨¬ â¥¯¥àì m(�) = jfx : f#

st (x) > �gj. � áá¬®âà¨¬ á ç «  á«ãç ©, ª®£¤  � � H1=4.
�ãáâì Hk=4 � � � Hk+1=4 ¨ j > k, k � 1. �¡®§ ç¨¬ I�(�

(1)
j ; : : : ; �(N)

j = fx : aj � xj � aj +

�
(i)
j ; i = 1; : : : ; Ng, £¤¥ �(i)

j � �(i)
j , �(1)

j � : : : � �(N)
j = Hj

2�
jPj j. � ¬¥â¨¬, çâ® 2� � H1=2 � 1. � ç¨â,

�(i)
j � �(i)

j � Hj jPj j
�
2�
Q
i 6=j

�(i)
j

��1

� �(i)
j Hj. �âáî¤ 

Pj � I�(�
(1)
j ; : : : ; �

(N)
j ) � Rj : (4.10)

�¢¥¤¥¬ ¬®¦¥áâ¢ 
I�;j =

[
�
(i)

j
��

(i)

j
;

�
(1)
j

�:::��(N)
j

=
Hj

2� jPj j

I�(�
(1)
j ; : : : ; �

(N)
j ):

�§ ¤¨§êîªâ®áâ¨ Rj ¨ (4.10) á«¥¤ã¥â ¤¨§êîªâ®áâì I�;j (j > k). �®£« á® «¥¬¬¥ 6

jI�;j j > 1
(N � 1)!

Hj

2�
jPj j logN�1 Hj

2�
: (4.11)

�¡®§ ç¨¬ J� =
1[

j=k+1
I�; j. �®ª ¦¥¬, çâ®

J� � fx : f#
st (x) > �g: (4.12)

45



�ãáâì x 2 J�. �®§ì¬¥¬ ¨â¥à¢ « I � I�(�
(1)
j ; : : : ; �

(N)
j ) � I�;j , á®¤¥à¦ é¨© x. �®£¤  jIj = Hj

2�
jPj j ¨

¢ á¨«ã (4.10) f(y) = 0 ¤«ï y 2 I n Pj . �¬¥¥¬

f#
st (x) �

1
2jIj2

Z
I

Z
I

jf(u)� f(v)jdu dv = 1
jIj2

Z
InPj

jf(u)� f(v)jdu dv =

=
jIj � jPj j
jIj2

Z
Pj

f(u)du =
jIj � jPj j
jIj2 Hj jPj j =

4�2Hj jPj j(Hj

2�
jPj j � jPj j)

H2
j jPj j2

=

=
2�Hj � 4�2

Hj

= �
�
2� 4�

Hj

�
> �:

� ª¨¬ ®¡à §®¬, ¢ª«îç¥¨¥ (4.12) ¤®ª § ®. �à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® àï¤
1P
j=1

Hj jPj j logN�1Hj

áå®¤¨âáï.
�®£« á® (4.11) ¨ (4.12) ¤«ï ¢á¥å � � H1=4

m(�) � jJ�j =
1X

j=k+1

jI�;j j � 1
(N � 1)!

1X
j=k+1

Hj

2�
jPj j logN�1 Hj

2�
=

=
2

(N � 1)!

Z
ff>4�g

f(x)
4�

logN�1 f(x)
2�

dx � 2
(N � 1)!

Z
ff>2�g

f(x)
4�

logN�1 f(x)
4�

dx: (4.13)

�ãáâì � < H1=4. �¡®§ ç¨¬

I� =
[

�(i)��
(i)
1 ;

�(1)�:::��(N)=
H1
2� jP1j

fx : a1 + �(i)
1 � �(i) � xi � a1 + �(i)

1 ; i = 1; : : : ; Ng:

�¥£ª® ¢¨¤¥âì, çâ® I� ¥ ¯¥à¥á¥ª ¥âáï á Pn ¯à¨ n � 2. � ª ¦¥, ª ª ¨ ¢ëè¥, jI�j > 1
(N�1)!

�
�H1

2�
jP1j logN�1 H1

2�
¨ ¤«ï ¢á¥å x 2 I� f#

st (x) > �
�
2� 4�

H1

�
> �. � ç¨â,

m(�) >
1

(N � 1)!
� H1

2�
jP1j logN�1 H1

2�
: (4.14)

� ¬¥â¨¬, çâ® ¤«ï ¢á¥å � < H1=4
Z
ff>4�g

f(x)
4�

logN�1 f(x)
4�

=
1
4�

1X
n=1

HnjPnj logN�1 Hn

4�
�

� c
� 1
�

1X
n=1

HnjPnj logN�1Hn +
1
�
logN�1 1

�

1X
n=1

HnjPnj
�
�

� c0
1
�
logN�1 1

�
� c00

H1

2�
jP1j logN�1 H1

2�
:

�®íâ®¬ã ¨§ (4.14) ¯®«ãç¨¬

m(�) >
1

(N � 1)!
� H1

2�
jP1j logN�1 H1

2�
� c

Z
ff>4�g

f(x)
4�

logN�1 f(x)
4�

dx; (4.15)

£¤¥ c > 0 § ¢¨á¨â â®«ìª® ®â ¬®¤ã«¥© !1; : : : ; !N . �¡ê¥¤¨ïï ®æ¥ª¨ (4.13) ¨ (4.15), ¨¬¥¥¬ ¤«ï
¢á¥å � > 0

m(�) � c

Z
ff>4�g

f(x)
4�

logN�1 f(x)
4�

dx:

�âáî¤  ¨ ¨§ «¥¬¬ë 3 á«¥¤ã¥â, çâ®
Z m(�)

0

f�(�)
4�

logN�1 m(�)
�

d� � 2N�1

Z
ff>4�g

f(x)
4�

logN�1 f(x)
4�

dx+ cNm(�) � cm(�):
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�«¥¤®¢ â¥«ì®, ¤«ï ¢á¥å � > 0

c
1

m(�)

Z m(�)

0
f�(�) logN�1 m(�)

�
d� � �: (4.16)

� ¬¥â¨¬, çâ® äãªæ¨ï '(�) = 1
�

�R
0

f�(�) logN�1 �
�
d� ¥ ¢®§à áâ ¥â. �ãáâì t > 0. �á«¨ m(�) � t,

â® ¨§ (4.16) ¯®«ãç¨¬

� � 1
m(�)

Z m(�)

0
f�(�) logN�1 m(�)

�
d� � c

1
t

Z t

0
f�(�) logN�1 t

�
d�:

�âáî¤  ¨ ¨§ (4.9) ¨¬¥¥¬

(f#
st )

�(t) = inff� : m(�) � tg � c
1
t

Z t

0

f�(�) logN�1 t

�
d� =

= c(N � 1)
1
t

Z t

0
f��(�) logN�2 t

�
d� � c

1
t

Z t

0

�!(�)
�

logN�2 t

�
d�:

� ç¨â, äãªæ¨ï f(x)=c ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë.

� ¬¥ç ¨¥ 3. �á«¨ àï¤
1P
j=1

HjjPj j logN�1Hj à áå®¤¨âáï, â® ¢ á¨«ã (4.13) ¨¬¥¥¬ (f#
st )�(t) �

+1, â ª çâ® ¥à ¢¥áâ¢® (4.2) âà¨¢¨ «ì® ¢ë¯®«ï¥âáï. �®¦® ¤®ª § âì, çâ® áå®¤¨¬®áâì àï¤ 
1P
j=1

Hj jPj j logN�1Hj íª¢¨¢ «¥â  â®¬ã, çâ®
1R
0

�!(�)
�

logN�2 1
�
d� < 1 ([5], ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë

5).

�¢â®à £«ã¡®ª® ¡« £®¤ à¥ �.�.�®«ï¤¥, ¯®¤ àãª®¢®¤áâ¢®¬ ª®â®à®£® ¢ë¯®«¥  ¤  ï à ¡®-
â ,   â ª¦¥ �.�.�â®ª®«®áã §  ®¡áã¦¤¥¨¥ à ¡®âë ¨ ¯®«¥§ë¥ ª®áã«ìâ æ¨¨.
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