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� ¡ ­ å®¢®¬ ¯à®áâà ­áâ¢¥ E ¯à¨ t > 0 à áá¬ âà¨¢ ¥âáï ãà ¢­¥­¨¥

v0(t) =
nX
i=1

ai(t)A iv(t); (1)

£¤¥ A i | ª®¬¬ãâ¨àãîé¨¥ £¥­¥à â®àë á¨«ì­®-­¥¯à¥àë¢­ëå ª®á¨­ãá-äã­ªæ¨© C i(t) (á¬. [1]),
ai(t) � 0 | ­¥¯à¥àë¢­ë¥ ¨ ®£à ­¨ç¥­­ë¥ ¤¥©áâ¢¨â¥«ì­®§­ ç­ë¥ äã­ªæ¨¨ ¤«ï t 2 [0;1). �áá«¥-
¤ã¥âáï ¯®¢¥¤¥­¨¥ ¯à¨ t!1 à¥è¥­¨ï ãà ¢­¥­¨ï (1), ã¤®¢«¥â¢®àïîé¥£® ­ ç «ì­®¬ã ãá«®¢¨î

v(0) = v0: (2)

� à §¢¨â¨¥ à¥§ã«ìâ â®¢ ® áâ ¡¨«¨§ æ¨¨ à¥è¥­¨© § ¤ ç¨ �®è¨ ¤«ï ¯ à ¡®«¨ç¥áª¨å ãà ¢­¥-
­¨©, ®¡§®à ª®â®àëå á®¤¥à¦¨âáï ¢ [2], ¢ [3] ­ ©¤¥­ë ­¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®ç­ë¥ ãá«®¢¨ï áâ ¡¨-
«¨§ æ¨¨ à¥è¥­¨ï § ¤ ç¨ (1), (2) ¢ á«ãç ¥, ª®£¤  n = 1 ¨ ai(t) � 1. �¥â®¤ë à ¡®âë [3], ­ àï¤ã
á ¨­â¥£à «ì­ë¬¨ ¯à¥¤áâ ¢«¥­¨ï¬¨ à¥è¥­¨©, ¯®«ãç¥­­ë¬¨ ¢ [4], ¯®§¢®«ïîâ ãáâ ­®¢¨âì ­¥®¡å®-
¤¨¬®¥ ¨ ¤®áâ â®ç­®¥ ãá«®¢¨¥ áâ ¡¨«¨§ æ¨¨ à¥è¥­¨ï § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨ï

w0(t) =
nX
i=1

�iA iw(t) (3)

á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨ �i. � ¬¥â¨¬, çâ® ®¯¥à â®à
nP
i=1

�iA i , ¢®®¡é¥ £®¢®àï, ã¦¥ ­¥ ï¢«ï-

¥âáï £¥­¥à â®à®¬ ª®á¨­ãá-äã­ªæ¨¨ (á¬. [1]).
�¥«ìî ¤ ­­®© à ¡®âë ï¢«ï¥âáï ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë ®¡  á¨¬¯â®â¨ç¥áª®© ¡«¨§®áâ¨ à¥-

è¥­¨© § ¤ ç¨ �®è¨ ¤«ï ãà ¢­¥­¨© (1) ¨ (3).
�¡®§­ ç¨¬ ç¥à¥§ D (A ) ¬­®¦¥áâ¢®, ­  ª®â®à®¬ ®¯à¥¤¥«¥­ë ¢á¥¢®§¬®¦­ë¥ ¯à®¨§¢¥¤¥­¨ï ®¯¥-

à â®à®¢ A i , ¨ ¡ã¤¥¬ áç¨â âì D (A ) = E .
�­ «®£®¬ â¥®à¥¬ë 1 ¨§ [3] ¤«ï § ¤ ç¨ (1), (2) ï¢«ï¥âáï

�¥®à¥¬  1. �ãáâì v0 2 D (A ) ¨ ¤«ï i = 1; : : : ; n bi(t) =
R t
0
ai(x)dx. �®£¤  äã­ªæ¨ï

v(t) =
�
4n�n

nY
i=1

bi(t)
��1=2 Z

Rn

exp
�
�1=4

nX
i=1

y2i =bi(t)
� nY

i=1

C i (yi)v0dy (4)

ï¢«ï¥âáï ¥¤¨­áâ¢¥­­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1), (2).

� ª ¨§¢¥áâ­® [1], ¤«ï «î¡®© ª®á¨­ãá-äã­ªæ¨¨ C i (t) áãé¥áâ¢ãîâ â ª¨¥ ç¨á« Mi � 1 ¨ !i � 0,
çâ® ¯à¨ t 2 R á¯à ¢¥¤«¨¢  ®æ¥­ª 

kC i(t)k �Mi exp(!ijtj): (5)
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� ç áâ­®¬ á«ãç ¥, ª®£¤  ¢á¥ !i = 0, ªà¨â¥à¨© áâ ¡¨«¨§ æ¨¨ à¥è¥­¨ï § ¤ ç¨ (1), (2) ï¢«ï¥âáï
á«¥¤áâ¢¨¥¬ â¥®à¥¬ë 1 ¨ à¥§ã«ìâ â®¢ à ¡®âë [5], ¢ ª®â®à®© ãáâ ­®¢«¥­ ªà¨â¥à¨© áâ ¡¨«¨§ æ¨¨
¨­â¥£à «  �ã áá®­  á ®£à ­¨ç¥­­®© ­ ç «ì­®© äã­ªæ¨¥©.

�¥®à¥¬  2. �ãáâì v(t) | à¥è¥­¨¥ § ¤ ç¨ (1), (2), v0 2 D (A ), i 2 E ¨ ¢ (5) ¢á¥ !i = 0. �«ï
â®£® çâ®¡ë lim

t!1
v(t) = i, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë áãé¥áâ¢®¢ «

lim
t!1

��n=2t�n�(1 + n=2)
Z
jsj�t

nY
i=1

C i (si
q
bi(t)=t)v0ds = i:

� ®¡é¥¬ á«ãç ¥ ¬ë ¤®ª §ë¢ ¥¬ â¥®à¥¬ã ®¡  á¨¬¯â®â¨ç¥áª®© ¡«¨§®áâ¨.

�¥®à¥¬  3. �ãáâì max
i

!i = 0, äã­ªæ¨ï �(t) =
� nQ
i=1

bi(t)
�1=n

¬®­®â®­­® ¢®§à áâ ¥â ¨

lim
t!1

�(t) =1. �ãáâì ¤«ï ¢á¥å i = 1; : : : ; n áãé¥áâ¢ãîâ ¯à¥¤¥«ë lim
t!1

bi(t)=�(t) = �i > 0, ¯à¨ç¥¬

bi(t)� �i�(t) = o
�
exp
�
�2

nP
i=1

!2

i bi(t)
��
. �®£¤  lim

t!1
kv(t)�w(�(t))k = 0, £¤¥ v(t) | à¥è¥­¨¥ § ¤ ç¨

(1), (2),   w(t) | à¥è¥­¨¥ ãà ¢­¥­¨ï (3), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î w(0) = v0, v0 2 D (A ).

�®ª § â¥«ìáâ¢®. �á¯®«ì§ãï â¥®à¥¬ã 1, ¯®«ãç¨¬

v(t)� w(�(t)) = 2�n��n=2
Z
Rn

�� nY
i=1

bi(t)
��1=2

exp
�
�1=4

nX
i=1

b�1i (t)y2i

�
�

� ��n=2(t)
� nY
i=1

�i

��1=2
exp
�
�1=4

nX
i=1

��1i ��1(t)y2i

�� nY
i=1

C i (yi)v0dy: (6)

�­â¥£à «, áâ®ïé¨© ¢ ¯à ¢®© ç áâ¨ (6), à §®¡ì¥¬ ­  ¤¢ . �¤¨­ ¢ëç¨á«ï¥âáï ¯® ¬­®¦¥áâ¢ã D1,
®¯à¥¤¥«ï¥¬®¬ã ­¥à ¢¥­áâ¢®¬

nX
i=1

y2i =bi(t) � 32
nX
i=1

!2

i bi(t);

®¡®§­ ç¨¬ ¥£® I1(t). �â®à®© | ¯® ¬­®¦¥áâ¢ã D2 = Rn nD1, ®¡®§­ ç¨¬ ¥£® I2(t).
�«ï ®æ¥­ª¨ I1(t) ¨á¯®«ì§ã¥¬ ®æ¥­ªã (5) ¨ í«¥¬¥­â à­®¥ ­¥à ¢¥­áâ¢®

!ijyij � (8b(t))�1y2i + 2!2

i b(t): (7)

�ã¤¥¬ ¨¬¥âì

kI1(t)k �M

Z
D1

� nY
i=1

bi(t)
��1=2

exp
�
�1=8

nX
i=1

b�1i (t)y2i + 2
nX
i=1

!2

i bi(t)
�
dy +

+M

Z
D1

��n=2(t)
� nY

i=1

�i

��1=2
exp
�
�1=8

nX
i=1

��1i ��1(t)y2i + 2
nX
i=1

�i!
2

i �(t)
�
dy;

£¤¥ M = ��n=22�nkv0k
nQ
i=1

Mi. �âáî¤  ¯®á«¥ § ¬¥­ë ¯¥à¥¬¥­­ëå ¨­â¥£à¨à®¢ ­¨ï ®ª®­ç â¥«ì­®

­ ©¤¥¬

kI1(t)k � 2M
Z
S
exp(�1=32jxj2)dx; (8)

£¤¥ S | ¬­®¦¥áâ¢®, ®¯à¥¤¥«ï¥¬®¥ ­¥à ¢¥­áâ¢®¬

jxj2 > 30
nX
i=1

!2

i bi(t):
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�á¯®«ì§ãï ­¥à ¢¥­áâ¢® (7), ®æ¥­¨¬

kI2(t)k �M

Z
D2

� nY
i=1

bi(t)
��1=2

exp
�
�1=8

nX
i=1

b�1i (t)y2i

�
f(t)�

�
����1� q(t) exp

�
�1=4

nX
i=1

hi(t)y2i

�����dy; (9)

£¤¥ f(t) = exp
�
2

nP
i=1

!2

i bi(t)
�
, q(t) =

� nQ
i=1

bi(t)
�1=2�

�n(t)
nQ
i=1

�i

��1=2
, hi(t) = ��1i ��1(t)� b�1i (t).

� ª ª ª ¢ ®¡« áâ¨ D2 y
2

i � 32bi(t)
nP
i=1

!2

j bj(t), â® ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å t ¢ë¯®«­ï¥âáï

f(t)
����1� q(t) exp

�
�(1=4)

nX
i=1

hi(t)y2i

����� � f(t)j1� q(t)j+

+ 16q(t)
nX
i=1

!2

j�j

nX
i=1

��1i f(t)jbi(t)� �i�(t)j+ 
(t); (10)

£¤¥ 
(t) | ¡¥áª®­¥ç­® ¬ « ï ¢¥«¨ç¨­  ¯® ®â­®è¥­¨î ª ¯à¥¤ë¤ãé¥¬ã á« £ ¥¬®¬ã.
�ç¥¢¨¤­®, ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å t áãé¥áâ¢ã¥â â ª ï ¯®áâ®ï­­ ï M0 > 0, çâ®

f(t)j1� q(t)j = f(t)
�����n(t)

nY
i=1

�i �
nY
i=1

bi(t)
����
�
�n(t)

nY
i=1

�i

��1=2
�

�
�vuut�n(t)

nY
i=1

�i +

vuut nY
i=1

bi(t)
��1

=

= f(t)
�����n(t)

nY
i=1

�i �
nY
i=1

bi(t)
����
,�

�n(t)
� nY

i=1

�i +

vuut nY
i=1

�ibi(t)=�(t)
��

�

�M0f(t)o
�
exp
�
�2

nX
i=1

!2

i bi(t)
��

: (11)

�§ (6), (8){(11) ¨ ãá«®¢¨© â¥®à¥¬ë ¢ëâ¥ª ¥â âà¥¡ã¥¬®¥ ãâ¢¥à¦¤¥­¨¥.

� ¬¥â¨¬, çâ® ­ «®¦¥­­ë¥ ¢ â¥®à¥¬¥ 3 ãá«®¢¨ï ­  ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï (1)  ¢â®¬ â¨-
ç¥áª¨ ¢ë¯®«­¥­ë ¤«ï ãà ¢­¥­¨ï á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ai(t) = ai (¯à¨ íâ®¬ äã­ªæ¨ï
�(t), ¨£à îé ï à®«ì ¢à¥¬¥­¨, à ¢­  t

p
a1 � � � an, bi(t) = ai(t), �i = ai=

p
a1 � � � an, bi(t)��i�(t) � 0).

� ç áâ­®¬ á«ãç ¥, ª®£¤  A i = @2=@x2i , ¯à¥¤¥«ë ¯à¨ t ! 1 ®â­®è¥­¨© bi(t)=�(t) ®¯à¥¤¥«ïîâ
¯®«ã®á¨ í««¨¯á®¨¤ , ¯® ª®â®à®¬ã ­ã¦­® ãáà¥¤­ïâì ®£à ­¨ç¥­­ãî ­ ç «ì­ãî äã­ªæ¨î v0(x),
çâ®¡ë ¯®«ãç¨âì ­¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç­®¥ ãá«®¢¨¥ áâ ¡¨«¨§ æ¨¨. �ë¡®à í««¨¯á®¨¤  ¤¨ªâã¥âáï
å à ªâ¥à®¬ ¯®¢¥àå­®áâ¥© ãà®¢­ï äã­¤ ¬¥­â «ì­®£® à¥è¥­¨ï (á¬. â¥®à¥¬ã 3 ¨§ [2] ¨ § ¬¥ç ­¨ï
ª ­¥©).

�â¬¥â¨¬ â ª¦¥, çâ® â¥®à¥¬  3 ¢¥à­  ¨ ¢ á«ãç ¥ max
i

!i = 0, ¯à¨ íâ®¬ ®£à ­¨ç¥­¨ï ­  áª®à®áâì

áâà¥¬«¥­¨ï bi(t)=�(t) ª ¯à¥¤¥«ã ­¥ ¢®§­¨ª îâ.

�¨â¥à âãà 
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