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�ãáâì �(t) { á¥¯ à ¡¥«ì­®¥ æ¥­âà¨à®¢ ­­®¥ á«ãç ©­®¥ ¯®«¥ (á. ¯.), ®¯à¥¤¥«¥­­®¥, ¯®¬¨¬® ¢¥-
à®ïâ­®áâ­®£®, ­  ­¥ª®â®à®¬ ¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥ (T; d), t 2 T . �ãáâì ¤ ­  â ª¦¥ á¨áâ¥¬ 
à áè¨àïîé¨åáï ¯®¤¬­®¦¥áâ¢ Tz ¬­®¦¥áâ¢  T , § ¢¨áïé¨å ®â ç¨á«®¢®£® ­¥®âà¨æ â¥«ì­®£® ¯ -
à ¬¥âà  z, Tz � T , Tz " T ¯à¨ z ! 1. �¡®§­ ç¨¬ �(z) = sup

t2Tz

�(t). �¥«ìî à ¡®âë ï¢«ï¥âáï

¢ëç¨á«¥­¨¥ â®ç­®© á¨«ì­®©, â. ¥. á ¢¥à®ïâ­®áâìî 1,  á¨¬¯â®â¨ª¨ �(z) ¯à¨ z !1 ¢ ¯à¥¤¯®«®¦¥-
­¨¨, çâ® á. ¯. �(t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �à ¬¥à  à ¢­®¬¥à­® ¯® t. �®¤®¡­ ï § ¤ ç  å®à®è®
¨§ãç¥­  «¨èì ¤«ï £ ãáá®¢áª¨å ¯à®æ¥áá®¢ ¨ ¯®«¥© [1], [2].

�¡®§­ ç¨¬ �(t) = �(t)=
p
D�(t) ¨ ¯®«®¦¨¬ '(�) = sup

t2T
lnE exp(���(t)). �à¥¤¯®« £ ¥âáï, çâ®

áãé¥áâ¢ã¥â â ª®¥ �0, çâ® ¤«ï «î¡®£® � 2 (��0; �0) ¨¬¥¥â ¬¥áâ® '(�) < 1. � ¯®¬®éìî '(�)
á®£« á­® [3] ¢¢®¤¨âáï ¡ ­ å®¢® ¯à®áâà ­áâ¢® B(') á«ãç ©­ëå ¢¥«¨ç¨­ � á ª®­¥ç­®© ­®à¬®©

k�k = sup
�6=0

('�1(lnE exp(���))=j�j):

�¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ ¬®¦­® ¯à¥¤¯®«®¦¨âì, çâ® k�(t)k = 1 ¯à¨ ¢á¥å t 2 T , ¢ ¯à®â¨¢­®¬
á«ãç ¥ ¬®¦­® ¯¥à¥©â¨ ª á. ¯. �(t)=k�(t)k.

�  ¬­®¦¥áâ¢¥ T ®¯à¥¤¥«¨¬ ¥áâ¥áâ¢¥­­ãî ¬¥âà¨ªã d(t; s) = k�(t) � �(s)k. �à¥®¡à §®¢ ­¨¥
�­£ -�¥­å¥«ï äã­ªæ¨¨ '(�) ®¡®§­ ç¨¬ ç¥à¥§ '�(x) = sup

�2R1

(�x � '(�)). �®«®¦¨¬ ¤ «¥¥ �(u) =

1=(u'�0(u)). � ¨¬¥­ìè¥¥ ç¨á«® d-è à®¢ à ¤¨ãá  " > 0, ¯®ªàë¢ îé¨å ­¥ª®â®à®¥ ¯®¤¬­®¦¥áâ¢®
S ¬­®¦¥áâ¢  T , ®¡®§­ ç¨¬ ç¥à¥§ N(S; "). �­âà®¯¨¥© S ­ §ë¢ ¥âáï ¢¥«¨ç¨­ H(S; ") = lnN(S; ").
�ãáâì B(t; �) | d-è à à ¤¨ãá  � á æ¥­âà®¬ ¢ â®çª¥ t 2 T , â. ¥. B(t; �) = fs 2 T; d(t; s) � �g. �. ¯.
�(t) ­ §ë¢ ¥âáï «®ª «ì­® ®¤­®à®¤­ë¬ ­  ¬­®¦¥áâ¢¥ T , ¥á«¨ ¯à¨ ¢á¥å " > 0

h(") = sup
t2T

sup
�>0

H(B(t; �); �") <1:

�  ¯à ªâ¨ª¥ ¢¬¥áâ® à §àë¢­®© äã­ªæ¨¨ h(x) ¡¥àãâ ¥¥ £« ¤ªãî ¬ ¦®à ­âã. �á«¨, ª ¯à¨¬¥àã,
T = Rk ¨ d(t; s) � C1jt� sj� ¯à¨ t� s! 0, � > 0, â® h(") � C2 + (k=�) ln(1="), "! 0.

1. �á¯®¬®£ â¥«ì­ë¥ ä ªâë

�à¥¦¤¥ ¢á¥£® ­ ¬ ¯®­ ¤®¡¨âáï ®æ¥­ª  á¢¥àåã à á¯à¥¤¥«¥­¨ï ¬ ªá¨¬ã¬  á. ¯. �(t) ¯à¨ t 2
S � T ¨§ [4]: ¥á«¨ á. ¯. �(t) «®ª «ì­® ®¤­®à®¤­® ­  S ¨

P
n
2�nh(2�n) < 1, â® ¯à¨ ¡®«ìè¨å u

á¯à ¢¥¤«¨¢  ®æ¥­ª 

P
�
sup
t2S

�(t) > u
�
� C3N(S; �(u)) exp(�'�(u)); (1.1)

£¤¥ C3 = exp
�
1 + inf

0<p<1

n
(1� p)

1P
n=1

pnh(pn�1)
o�
.

�¥¬¬  1.1. '�(
x) � 
'�(x) 8
 > 1.
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�®ª § â¥«ìáâ¢® ¢ëâ¥ª ¥â ¨§ ãá«®¢¨ï '�(0) = 0 ¨ ­¥à ¢¥­áâ¢ 

'�
��
1�

1



�
0 +

1


(
x)

�
�
�
1�

1



�
'�(0) +

1


'�(
x);

á¯à ¢¥¤«¨¢®£® ¤«ï «î¡ëå x ¨ 
 > 1 ¢ á¨«ã ¢ë¯ãª«®áâ¨ äã­ªæ¨¨ '�(x).

�«¥¤áâ¢¨¥ 1.1. '�((1 � ")x) � (1� ")'�(x) 8" 2 (0; 1), 8x.

�ãáâì fAkg | ¯®á«¥¤®¢ â¥«ì­®áâì á®¡ëâ¨©, k = 1; 2 : : : �¡®§­ ç¨¬ ç¥à¥§ A á®¡ëâ¨¥, á®áâ®-
ïé¥¥ ¢ â®¬, çâ® á®¡ëâ¨ï Ak ¯à®¨áå®¤ïâ ¢ ¡¥áª®­¥ç­®¬ ç¨á«¥. �¥¬¬  �®à¥«ï-� ­â¥««¨ ãâ¢¥à-
¦¤ ¥â

 ) ¥á«¨
P
n
P (An) <1, â® P (A) = 1;

¡) ¥á«¨
P
n
P (An) =1 ¨ á®¡ëâ¨ï An ­¥§ ¢¨á¨¬ë ¢ á®¢®ªã¯­®áâ¨, â® P (A) = 0.

�®¤¥à¦ é¥¥áï ¢ ¡) ¦¥áâª®¥ âà¥¡®¢ ­¨¥ ­¥§ ¢¨á¨¬®áâ¨ An ¬®¦­® ®á« ¡¨âì. �ãáâì F ¨ G | ¤¢¥
�- «£¥¡àë. �®£« á­® ([5], á. 205) ª®íää¨æ¨¥­â®¬ á¨«ì­®£® ¯¥à¥¬¥è¨¢ ­¨ï ­ §ë¢ ¥âáï ¢¥«¨ç¨­ 
�(F;G) = sup

A2F;B2G
jP(AB)�P(A)P(B)j. �¡®§­ ç¨¬ ç¥à¥§ Fm ­ ¨¬¥­ìèãî �- «£¥¡àã, ¯®à®¦¤¥­-

­ãî á®¡ëâ¨ï¬¨ á ­®¬¥à ¬¨, ­¥ ¯à¥¢®áå®¤ïé¨¬¨ m, â. ¥. Fm = �fA1; A2; : : : ; Amg. �­ «®£¨ç­®
¢¢¥¤¥¬ �- «£¥¡àã F n = �fAn; An+1; : : : g. �¤¥áì m < n. �¥«¨ç¨­ã �(Fm; F n) ¡ã¤¥¬ ®¡®§­ ç âì
�(m;n).

�¥¬¬  1.2. �ãáâì áãé¥áâ¢ãîâ â ª¨¥ � < 1, �0 ¨ C4 > 0, çâ® P(Ak) � C4=k ¨ 8m < n
�(m;n) � �0�

n�m. �®£¤  P(A) = 1.

�®ª § â¥«ìáâ¢®. �ãáâì 
 | ¢¥à®ïâ­®áâ­®¥ ¯à®áâà ­áâ¢®, â®£¤  A = f! 2 
 : 8l � 1

9k > l; ! 2 Akg. � ª¨¬ ®¡à §®¬, A =
1T
l=1

S
k>l

Ak. �«ï á®¡ëâ¨ï, ¯à®â¨¢®¯®«®¦­®£® A, ¨¬¥¥¬

A =
1S
l=1

T
k>l

Ak ¨ P(A) �
1P
l=1
P
� T
k>l

Ak

�
. �«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë ¤®áâ â®ç­® ¯®ª § âì, çâ®

P
� T
k>l

Ak

�
= 0 ¯à¨ ¢á¥å l � 1. �§ ¯®á«¥¤®¢ â¥«ì­®áâ¨ á®¡ëâ¨© Al+1; Al+2; : : : ¨§¢«¥ç¥¬ ­¥ª®â®-

àãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì Akr ; Akr+1 ; : : : �ç¥¢¨¤­®, Al+1Al+2 : : : � AkrAkr+1 : : : �§ ®¯à¥¤¥«¥­¨ï
ª®íää¨æ¨¥­â  � á«¥¤ã¥â, çâ® P(AB) � P(A)P(B) + �(F;G) ¤«ï «î¡ëå A 2 F , B 2 G. � ç áâ-
­®áâ¨, P(AkrAkr+1) � P(Akr)P(Akr+1) + �(kr; kr+1). � «¥¥,

P(AkrAkr+1Akr+2) �
�
P(Akr)P(Akr+1) + �(kr; kr+1)

�
P(Akr+2) + �(kr+1; kr+2) =

= P(Akr)P(Akr+1)P(Akr+2) + �(kr; kr+1)P(Akr+2) + �(kr+1; kr+2):

�à®¤®«¦ ï íâ® à ááã¦¤¥­¨¥, ¯®«ãç¨¬

P
� N\
n=r

Akn

�
�

NY
n=r

P(Akn) +
NX

j=r+2

�(kj�2; kj�1)
NY
n=j

P(Akn): (1.2)

�ë¡¥à¥¬ kn = [
n lnn], £¤¥ [x] ®¡®§­ ç ¥â æ¥«ãî ç áâì ç¨á«  x, n � r,   r ¢®§ì¬¥¬ â ª, çâ®¡ë
kr > l; 
 | ­¥ª®â®à ï ¯®áâ®ï­­ ï. �ç¥¢¨¤­®,

NY
n=r

P(Akn) �
NY
n=r

(1� C4=kn) = exp
� NX
n=r

ln(1� C4=kn)
�
�

� C5 exp
�
�

NX
n=r

C4


n lnn

�
! 0 ¯à¨ N !1:

� áá¬®âà¨¬ â¥¯¥àì ¢â®à®¥ á« £ ¥¬®¥ áã¬¬ë (1.2). �çâ¥¬, çâ®

kn+1 � kn � 
(n+ 1) ln(n+ 1)� 1� 
n lnn � C6 + 
 ln(n+ 2):

27



�®íâ®¬ã �(kj�2; kj�1) � �0�
C6�ln j
 = C7j

��
 , £¤¥ � = ln(1=�) > 0, â. ¥.

NX
j=r+2

�(kj�2; kj�1)
NY
n=j

P(Akn) �
NX

j=r+2

C5(ln j= lnn)

j��
 � C8(lnN)

�
 ! 0

¯à¨ N !1, 
 > 1=�. �â ª,

1X
j=r+2

�(kj�2; kj�1)
1Y
n=j

P(Akn) +
1Y
n=r

P(Akn) = 0;

¢á«¥¤áâ¢¨¥ ç¥£® P
� NT
n=r

Akn

�
= 0, â. ¥. P(A) = 0 ¨«¨ P(A) = 1.

�¡®§­ ç¨¬ ç¥à¥§ A(z) à¥è¥­¨¥ ãà ¢­¥­¨ï

'�(A) = H(Tz; �(A)): (1.3)

�ç¥¢¨¤­®, N(Tz; ") � N(Tz; 1) sup
t2Tz

N(B(t; 1); ") � exp(H(Tz; 1) + h(")). �¡®§­ ç¨¬ H(Tz; 1) ç¥à¥§

�(z) ¨ ¯¥à¥¯¨è¥¬ ãà ¢­¥­¨¥ (1.3) ¢ ¢¨¤¥

'�(A) = �(z) + h(�(A)): (1.4)

� «¥¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® �(z)!1 ¯à¨ z !1 ¨ çâ® h(�(x)) = o('�(x)) ¯à¨ x!1. �®£¤ 
¬®¦­® ¯®ª § âì, çâ® ãà ¢­¥­¨¥ (1.4) ¨¬¥¥â ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå ¯ à ¬¥âà  z ¥¤¨­áâ¢¥­­®¥
à¥è¥­¨¥ A(z) = '��1(�(z))(1 + o(1)), z !1.

�¨¦¥ ¡ã¤ãâ ¢ë¢¥¤¥­ë ãá«®¢¨ï, ¯à¨ ª®â®àëå �(t) ã¤®¢«¥â¢®àï¥â á ¢¥à®ïâ­®áâìî 1 á®®â­®è¥-
­¨î

lim
z!1

�
sup
t2Tz

�(t)=A(z)
�
= 1 (1.5)

¨«¨ ¯à¨ ¤®¯®«­¨â¥«ì­ëå ®£à ­¨ç¥­¨ïå ¡®«¥¥ á¨«ì­®¬ã à ¢¥­áâ¢ã

lim
z!1

�
sup
t2Tz

�(t)�A(z)
�
= 0: (1.6)

�«ï ¢ë¢®¤  á®®â­®è¥­¨© (1.5) ¨ (1.6) ¯à¨áãâáâ¢ãîé¨¥ ¢ ­¨å ¢¥àå­¨¥ ¯à¥¤¥«ë ­ã¦­® ¡ã¤¥â
®æ¥­¨âì á¢¥àåã ¨ á­¨§ã.

2. �æ¥­ª¨ á¢¥àåã

�®ïá­¨¬ á­ ç «  ¢®§­¨ª­®¢¥­¨¥ ãà ¢­¥­¨ï (1.3). �«ï íâ®£® ­ ©¤¥¬ â ª¨¥ ­¥á«ãç ©­ë¥
äã­ªæ¨¨ A(z) ¨ B(z), çâ® ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å z

P

��
sup
t2Tz

�(t)�A(z)
�
=B(z) > u

�
� C9 exp(�C10u): (2.1)

�¥®à¥¬  2.1. �ãáâì

 ) á. ¯. �(t) «®ª «ì­® ®¤­®à®¤­® ­  ¬­®¦¥áâ¢¥ T ,
P
n
2�nh(2�n) � 1;

¡) �(z)!1 ¯à¨ z !1, A(z) | à¥è¥­¨¥ ãà ¢­¥­¨ï (1.4), B(z) = 1='�(A(z));
¢) áãé¥áâ¢ãîâ â ª¨¥ ª®­áâ ­âë z0 ¨ C11 < 1, çâ®

sup
z�z0

fh(�(A(z) +B(z)u))� h(�(A(z)))g � (1� C11)u:

�®£¤  ¯à¨ z � z0 á¯à ¢¥¤«¨¢  ®æ¥­ª  (2.1).
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�®ª § â¥«ìáâ¢®. �æ¥­¨¢ ï ¢¥à®ïâ­®áâì (2.1) á¢¥àåã ¯® ä®à¬ã«¥ (1.1), ¯®«ãç¨¬

P(z) = P

��
sup
t2Tz

�(t)�A(z)
�
=B(z) > u

�
= P

�
sup
t2Tz

�(t) > A(z) +B(z)u
�
�

� C3 expf�'�(A(z) +B(z)u) +H(Tz; �(A(z) + b(z)u))g:

�á­®, çâ®

H(Tz; �(A(z) +B(z)u)) � �(z) + h(�(A(z) +B(z)u)) �

� �(z) + h(�(A(z))) + h(�(A(z) +B(z)u)) � h(�(A(z))):

� ª ª ª '�(x) | ¢ë¯ãª« ï äã­ªæ¨ï, â® '�(A + Bu) � '�(A) + Bu'�0(A). �®íâ®¬ã,   â ª¦¥ ¢
á¨«ã ãá«®¢¨ï â¥®à¥¬ë ¨¬¥¥¬

P(z) � C3 expf�'�(A(z)) + �(z) + h(�(A(z)))g �

� exp
�
h(�(A(z) +B(z)u)) � h(�(A(z))) �B(z)u'�0(A(z))

	
� C3 exp(�C11u);

çâ® ¨ âà¥¡®¢ «®áì ¤®ª § âì.

� ¬¥â¨¬, çâ® ãá«®¢¨¥ ¢) ­  ¯à ªâ¨ª¥ ¢ë¯®«­ï¥âáï ¯®çâ¨ ¢á¥£¤ . � ¯à¨¬¥à, ¥á«¨ h(") �
h0 + k ln(1="), â® ®­® á¯à ¢¥¤«¨¢® ¤«ï ¢á¥å '�(u) � C12 exp(juj(1 + o(1)) ¯à¨ u ! 1. �á«¨ ¦¥
'�(u) = C13juj

q, q > 1, â® ãá«®¢¨¥ ¢) ¢ë¯®«­¥­® ¤ ¦¥ ¯à¨ h(") � C14"
�1=q.

�¥¯¥àì ®æ¥­¨¬ á¢¥àåã ¯à¥¤¥«ë (1.5) ¨ (1.6).

�¥®à¥¬  2.2. �ãáâì á. ¯. �(t) «®ª «ì­® ®¤­®à®¤­® ­  ¬­®¦¥áâ¢¥ T , áå®¤¨âáï àï¤
P
n
2�nh(2�n)

¨ h(�(u)) = o('�(u)) ¯à¨ u!1. �®£¤  á ¢¥à®ïâ­®áâìî 1

lim
z!1

�
sup
t2Tz

�(t)=A(z)
�
� 1:

�®ª § â¥«ìáâ¢®. �ãáâì zn | ¬®­®â®­­® ­¥ã¡ë¢ îé ï ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì­®áâì, zn !
1 ¯à¨ n!1 ¨ "0 > 0. �®£¤  ¤®áâ â®ç­® ¯®ª § âì, çâ® ¤«ï «î¡®£® " 2 (0; "0) ¯à¨ ¢á¥å n � n0 > 0
á ¢¥à®ïâ­®áâìî 1 ¢ë¯®«­¥­® á®®â­®è¥­¨¥

sup
z2[zn�1;zn]

�
sup
t2Tz

�(t)=A(z)
�
� 1 + ": (2.2)

�æ¥­¨¬ ¢¥à®ïâ­®áâì á®¡ëâ¨ï, ¯à®â¨¢®¯®«®¦­®£® (2.2). �à¨¬¥­ïï (1.1), ¨¬¥¥¬

Pn(") = P

�
sup

z2[zn�1;zn]

�
sup
t2Tz

�(t)=A(z)
�
> 1 + "

�
� P

�
sup
t2Tz

�(t) > (1 + ")A(zn�1)
�
�

� C3N(Tzn ; �((1 + ")A(zn�1))) exp(�'
�((1 + ")A(zn�1))) �

� C3 expf�(zn) + h(�((1 + ")A(zn�1)))� '�((1 + ")A(zn�1))g:

�® ãá«®¢¨î â¥®à¥¬ë h(�(u)) = o('�(u)) ¯à¨ u!1, ¯®íâ®¬ã h(�((1 + ")A(zn�1))) � (("=2)=(1 +
"))'�((1 + ")A(zn�1)). �ç¨âë¢ ï «¥¬¬ã 1.1 ¨ ãà ¢­¥­¨¥ (1.4), ¯®«ãç¨¬

Pn(") � C3 expf�(zn)� (1� ("=2)=(1 + "))(1 + ")�(zn�1)(1 + o(1))g =

= C3 expf�(zn)� �(zn�1)� ("=2)�(zn�1)(1 + o(1))g:

�ë¡¨à ï zn = ��1(n), ¨¬¥¥¬ Pn(") � C15 exp(�"(n � 1)=2). � ª¨¬ ®¡à §®¬,
P
n
Pn(") < 1 ¨ ¨§

«¥¬¬ë �®à¥«ï-� ­â¥««¨ á«¥¤ã¥â (2.2).

�æ¥­¨¬ ¢¥àå­¨© ¯à¥¤¥« ¢ ¡®«¥¥ á¨«ì­®¬ á®®â­®è¥­¨¨ (1.6).
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�¥®à¥¬  2.3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 2.2 ¨, ªà®¬¥ â®£®, ¤«ï «î¡®£® " 2 (0; "0)
áå®¤¨âáï àï¤

P
n
exp

�
�"n='��1(n)

�
. �®£¤ 

P

�
lim
z!1

�
sup
t2Tz

�(t)�A(z)
�
� 0

�
= 1:

�®ª § â¥«ìáâ¢®. �®ª ¦¥¬, çâ® ¤«ï «î¡®£® " > 0 ¯à¨ n � n0 á ¢¥à®ïâ­®áâìî 1 ¢ë¯®«­¥­®
­¥à ¢¥­áâ¢®

sup
z2[zn�1;zn)

�
sup
t2Tz

�(t)�A(z)
�
� ": (2.3)

�à¨¬¥­ïï (1.1), ®æ¥­¨¬ ¢¥à®ïâ­®áâì ¯à®â¨¢®¯®«®¦­®£® á®¡ëâ¨ï.

Pn(") = P

�
sup

z2[zn�1;zn)

�
sup
t2Tz

�(t)�A(z)
�
� "

�
� P

�
sup
t2Tzn

�(t) > A(zn�1) + "
�
�

� C3N(Tzn ; �(A(zn�1) + ")) exp(�'�(A(zn�1) + ")) �

� C3 expf�(zn) + h(�(A(zn�1) + "))� '�(A(zn�1) + ")g:

�¡®§­ ç¨¬ z0n(") = inffz : A(z) = A(zn) + "g. �ç¥¢¨¤­®, z0n(") > zn ¨, ªà®¬¥ â®£®, �(z0n(")) �
�
�
1 + "(1 + o(1))='��1(�(zn))

�
�(zn)(1 + o(1)). �«¥¤®¢ â¥«ì­®,

Pn(") � C3 expf�(zn)� �(z0n�1("))g �

� C3 expf�(zn)� (1 + o(1))�(zn�1)� "(1 + o(1))�(zn�1)='��1(�(zn�1))g:

�ë¡¨à ï, ª ª ¨ ¯à¥¦¤¥, zn = ��1(n), ¨¬¥¥¬
X
n

Pn(") � C16

X
n

exp
�
�"(n� 1)='��1(n� 1)

�
<1 ¯® ãá«®¢¨î â¥®à¥¬ë:

�¥¯¥àì ¨§ «¥¬¬ë �®à¥«ï-� ­â¥««¨ ¢ëâ¥ª ¥â (2.2),   §­ ç¨â, ¨ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë.

3. �æ¥­ª¨ á­¨§ã

�ã¤¥¬ ¯à¥¤¯®« £ âì áãé¥áâ¢®¢ ­¨¥ â ª®© äã­ªæ¨¨  (u), çâ®

P(�(t) > u) � C17 (u) exp(�'�(u)): (3.1)

�ãáâì zn | ¬®­®â®­­® ­¥ã¡ë¢ îé ï ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì­®áâì. �¡®§­ ç¨¬ ç¥à¥§ �m ­ ¨-
¬¥­ìèãî �- «£¥¡àã, ¯®à®¦¤¥­­ãî ¢á¥¬¨ §­ ç¥­¨ï¬¨ ¯®«ï �(t) ¯à¨ t 2 Tm, â. ¥. �m = �f�(t); t 2
Tzmg. �®¤®¡­ë¬ ®¡à §®¬ ®¯à¥¤¥«¨¬ �- «£¥¡àã �n = �f�(t); t 2 T nTzn�1g. �ç¥¢¨¤­®, ¤«ï á®¡ëâ¨©
â¨¯  f�(t) > ug �- «£¥¡àë �m ¨ �n è¨à¥, ç¥¬ Fm ¨ F n, ¢¢¥¤¥­­ë¥ ¢ x 1. �®íâ®¬ã ¥á«¨ ãá«®¢¨¥
­  ª®íää¨æ¨¥­â ¯¥à¥¬¥è¨¢ ­¨ï �(m;n) á¯à ¢¥¤«¨¢® ¤«ï �m ¨ �n, â® â¥¬ ¡®«¥¥ | ¤«ï Fm ¨
F n.

�¥®à¥¬  3.1. �ãáâì á. ¯. �(t) «®ª «ì­® ®¤­®à®¤­® ­  ¬­®¦¥áâ¢¥ T , j ln (u)j = o('�(u)) ¯à¨
u!1 ¨ áãé¥áâ¢ãîâ â ª¨¥ ª®­áâ ­âë C18 ¨ � < 1, çâ® �(m;n) � C18�

n�m ¯à¨ ¢á¥å m < n.
�®£¤  á ¢¥à®ïâ­®áâìî 1

lim
z!1

�
sup
t2Tz

�(t)=A(z)
�
� 1:

�®ª § â¥«ìáâ¢®. �ãáâì zn " 1, n!1. �ç¥¢¨¤­®,

lim
z!1

�
sup
t2Tz

�(t)=A(z)
�
� lim

n!1

�
sup
t2Tzn

�(t)=A(zn)
�
� lim

n!1
(�(tn)=A(zn));
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£¤¥ tn 2 Tzn n Tzn�1 . �à¥¡ã¥âáï ¯®ª § âì, çâ® á ¢¥à®ïâ­®áâìî 1 ¤«ï «î¡®£® " 2 (0; "0) á®¡ëâ¨ï
f�(tn)=A(zn) > 1� "g ¯à®¨áå®¤ïâ ¡¥áª®­¥ç­® ç áâ®. � ¯®¬®éìî (3.1) ®æ¥­¨¬ á­¨§ã ¢¥à®ïâ­®áâ¨
íâ¨å á®¡ëâ¨©

Qn(") = P(�(tn)=A(zn) > 1� ") = P(�(tn) > (1� ")(A(zn)) �

� C17 ((1 � ")A(zn)) exp(�'
�((1 � ")A(zn))) �

� C17 expfln ((1 � ")A(zn))� '�((1� ")A(zn))g:

�® ãá«®¢¨î â¥®à¥¬ë ln ((1 � ")A(zn))='�((1 � ")A(zn)) < "=(1 � ") ¨ '�(A(zn)) � 2�(zn) ¯à¨
¡®«ìè¨å n ¢ á¨«ã (1.4). �à®¬¥ â®£®, á®£« á­® á«¥¤áâ¢¨î 1.1 ¤«ï «î¡ëå " 2 (0; 1), x 2 R1 ¢ë¯®«-
­¥­® á®®â­®è¥­¨¥ '�((1 � ")x) � (1 � ")'�(x). � ãç¥â®¬ íâ®£® ¨¬¥¥¬ Qn(") � C17 exp(�2�(zn)).
�ë¡¨à ï zn = ��1(lnn=2), ¯®«ãç¨¬ Qn(") � C17=n, ¨ ¯® «¥¬¬¥ 1.2 â¥®à¥¬  3.1 ¤®ª § ­ .

�¥®à¥¬  3.2. �á«¨ ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 3.1, â®

P

�
lim
z!1

�
sup
t2Tz

�(t)�A(z)
�
� 0

�
= 1:

�®ª § â¥«ìáâ¢®. � ª ¨ à ­¥¥, ®æ¥­¨¢ ¥¬ á­¨§ã ¢¥à®ïâ­®áâì

Qn(") = P
�
sup
t2Tzn

�(t)�A(zn) � �"
�
�

� C17 expfln (A(zn)� ")� '�(A(zn)� ")g � C17 exp(�2�(zn)):

�ë¡¨à ï zn = ��1(lnn=2), ¢ á¨«ã «¥¬¬ë 1.2 ¤®ª §ë¢ ¥¬ â¥®à¥¬ã 3.2.

� ¬¥ç ­¨¥ 3.1. � £ ãáá®¢áª®¬ á«ãç ¥  (u) = 1=u,   '�(u) = u2=2 ¨ j ln (u)j = lnu = o(u2=2)
¯à¨ u!1, â. ¥. ãá«®¢¨ï â¥®à¥¬ 3.1 ¨ 3.2 ¢ë¯®«­ïîâáï.

4. �à¨¬¥àë

�ãáâì ¯à¨ � 2 (��0; �0) '(�) = j�jp=p, p > 1, â®£¤  '�(x) = jxjq=q, £¤¥ 1=p+ 1=q = 1.
�. � áá¬®âà¨¬ ª®­¥ç­®¬¥à­ë© á«ãç ©: T � Rk, d(t; s) � C19jt � sj�, t � s ! 0, � > 0.

�®£¤  H(Tz; ") � H0(z) + (k=�) ln(1=") ¯à¨ " ! 0, H0(z) ! 1 ¯à¨ z ! 1, �(z) = H0(z), h(") �
(k=�) ln(1=") ¯à¨ "! 0.

�¡®§­ ç¨¬ ç¥à¥§ V (Tz) ®¡ê¥¬, â. ¥. «¥¡¥£®¢ã ¬¥àã ¬­®¦¥áâ¢  Tz, B1 | è à à ¤¨ãá  1
¢ Rk. �ç¥¢¨¤­®, V (Tz) � N(Tz; 2)V (B1) � 2�k=�N(Tz; 1)V (B1). � ¤àã£®© áâ®à®­ë, V (Tz) �
N(Tz; 1)V (B1). � ª¨¬ ®¡à §®¬, lnV (Tz) � �(z) ¯à¨ z !1. �¥£ª® ¯®ª § âì, çâ® ¯à¨ z !1

A(z) � '��1(lnV (Tz)) +

+
(k=�)

�
ln'��1

�
lnV (Tz)

�
+ ln'�0

�
ln'��1

�
lnV (Tz)

���

'�0
�
ln'��1

�
lnV (Tz)

��
�

k=�

'��1(lnV (Tz))
+

'�00
�
'��1(lnV (Tz))

�

'�0
�
ln'��1(lnV (Tz))

�
(1 + o(1)):

�â  ä®à¬ã«  á¯à ¢¥¤«¨¢  ¯à¨ «î¡®© äã­ªæ¨¨ '�(x). � ­ è¥¬ ¦¥ á«ãç ¥

A(z) � (q lnV (Tz))1=q +
k ln lnV (Tz)
�q2=q lnV (Tz)

(1 + o(1)); z !1:

�ç¥¢¨¤­®, h(�(u))='�(u) = (kq2=�)juj�q ln juj ! 0 ¯à¨ u ! 1. �¡ëç­®  (u) = u�
 , 
 > 0, â®£¤ 
j ln (u)j = 
 lnu = o('�(u)) ¯à¨ u!1. � ª®­¥æ,

X
n

exp(�"n='��1(n)) =
X
n

exp(�"q1=qn1=p) <1:
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� ª¨¬ ®¡à §®¬, ¥á«¨ �(m;n) � C18�
n�m, â® ¢ á¨«ã â¥®à¥¬ 2.3 ¨ 3.2

P

�
lim
z!1

�
sup
t2Tz

�(t)�A(z)
�
= 0

�
= 1

¨ â¥¬ ¡®«¥¥

P

�
lim
z!1

�
sup
t2Tz

�(t)=A(z)
�
= 1

�
= 1:

�. �ãáâì â¥¯¥àì H(Tz; ") � H0(z) + C20"
��, "! 0, � < 1. �®£¤ 

A(z) � (qH0(z))1=q + C20(qH0(z))��1=p(1 + o(1)); z !1:

�à¨ íâ®¬ h(�(u))='�(u) = C20qu
�(1��)q ! 0 ¯à¨ u ! 1. �á«¨  (u) = u�
 , 
 > 0, ¨

�(m;n) � C18�
n�m, â® ¢ë¯®«­¥­ë ¢á¥ ãá«®¢¨ï â¥®à¥¬ 2.2, 2.3, 3.1 ¨ 3.2, ¢ á¨«ã ç¥£® á¯à ¢¥¤«¨¢ë

á®®â­®è¥­¨ï (1.5) ¨ (1.6).
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