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� áá¬®âà¨¬ ­  ®âà¥§ª¥ 0 � t � 1 «¨­¥©­®¥ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ á ¬ «ë¬
¯ à ¬¥âà®¬ " > 0 ¢¨¤ 

L"y � "y(n) +A1(t)y(n�1) + � � �+An(t)y = F (t) +

+
Z 1

0

[H0(t; x)y(x; ") +H1(t; x)y0(x; ") + � � �+Hm+1(t; x)y(m+1)(x; ")]dx (1)

á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ ¢ ¯à ¢®© â®çª¥ ¤ ­­®£® ®âà¥§ª 

y(i)(1; ") = �i; i = 0; n� 1; (2)

£¤¥ �i, i = 0; n� 1, | ­¥ª®â®àë¥ ¨§¢¥áâ­ë¥ ¯®áâ®ï­­ë¥,   m | «î¡®¥ æ¥«®¥ ç¨á«®, ã¤®¢«¥â¢®-
àïîé¥¥ ­¥à ¢¥­áâ¢ ¬ 0 � m � n� 3.

�ãáâì ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï:
I. �ã­ªæ¨¨ Ai(t), F (t), i = 1; n, ­  ®âà¥§ª¥ 0 � t � 1,   Hi(t; x), i = 0;m+ 1, ¢ ®¡« áâ¨

D = (0 � t � 1, 0 � x � 1) ï¢«ïîâáï ­¥¯à¥àë¢­ë¬¨ ¢¬¥áâ¥ á® á¢®¨¬¨ ¯à®¨§¢®¤­ë¬¨ ¤® (n� 1)-
£® ¯®àï¤ª  ¨ Hm+1(t; 0) 6= 0 8t 2 [0; 1]:

II. �ã­ªæ¨ï A1(t) ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã

A1(t) � 
 = const > 0 8t 2 [0; 1]:

� ¤ ­­®© áâ âì¥ ¤«ï ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®© § ¤ ç¨ (1), (2) ¤®ª §ë¢ îâáï â¥®à¥¬  ® áã-
é¥áâ¢®¢ ­¨¨, ¥¤¨­áâ¢¥­­®áâ¨, ¨­â¥£à «ì­®¬ ¯à¥¤áâ ¢«¥­¨¨,   â ª¦¥ â¥®à¥¬ë ®¡ ®æ¥­ª¥ à¥è¥­¨©
¨ à §­®áâ¨ ¬¥¦¤ã à¥è¥­¨ï¬¨ ¨áå®¤­®© á¨­£ã«ïà­® ¢®§¬ãé¥­­®© ¨ ¢¨¤®¨§¬¥­¥­­®© ­¥¢®§¬ãé¥­-
­®© § ¤ ç. �®ª § ­®, çâ® à¥è¥­¨¥ § ¤ ç¨ (1), (2) ®¡« ¤ ¥â ï¢«¥­¨¥¬ ­ ç «ì­®£® áª çª  «î¡®£®
¯®àï¤ª , â. ¥. ¢ â®çª¥ t = 0 ­¥ª®â®àë¥ ª®¬¯®­¥­âë à¥è¥­¨ï ¯à¨ " ! 0 ï¢«ïîâáï ¡¥áª®­¥ç­®
¡®«ìè¨¬¨ à §­ëå ¯®àï¤ª®¢. �â® á¢®©áâ¢® à¥è¥­¨ï ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®© § ¤ ç¨ áãé¥-
áâ¢¥­­ë¬ ®¡à §®¬ § ¢¨á¨â ®â ¯®àï¤ª  ¯à®¨§¢®¤­ëå, ¢å®¤ïé¨å ¯®¤ §­ ª®¬ ¨­â¥£à «  ¢ ¯à ¢®©
ç áâ¨ ãà ¢­¥­¨ï (1).

�â¡à áë¢ ï ¢ (1) ¨­â¥£à «ì­ë¥ ç«¥­ë, ¯®«ãç ¥¬ ®¡ëª­®¢¥­­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥-
­¨¥

L"y = F (t) (3)

á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ (2). �§¢¥áâ­® ([1], á. 236; [2], á. 12), çâ® ¢ á¨«ã ãá«®¢¨ï II à¥è¥­¨¥ § ¤ ç¨
(3), (2) ¯à¨ " ! 0 ¨ ¯à®¨§¢®«ì­ëå �i áâà¥¬¨âáï ª ¡¥áª®­¥ç­®áâ¨ ¢ ¯®«ã¨­â¥à¢ «¥ 0 � t < 1 ¨,
á«¥¤®¢ â¥«ì­®, ­¥ ¨¬¥¥â ª®­¥ç­®£® ¯à¥¤¥« .

� ¯à®â¨¢®¯®«®¦­®áâì íâ®¬ã à¥è¥­¨¥ y(t; ") ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®© § ¤ ç¨ (1), (2), ª ª
¯®ª § ­® ¢ ¤ ­­®© áâ âì¥, ¯à¨ "! 0 ¨¬¥¥â ª®­¥ç­ë© ¯à¥¤¥« y(t):

lim
"!0

y(i)(t; ") =

(
y(i)(t); i = 0;m� 1; 0 � t � 1;

y(i)(t); i = m;n� 1; 0 < t � 1:
(4)
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�¤­ ª® y(t) ­¥ ï¢«ï¥âáï à¥è¥­¨¥¬ ®¡ëç­®£® ¢ëà®¦¤¥­­®£® ãà ¢­¥­¨ï, ¯®«ãç ¥¬®£® ¨§ (1) ¯à¨
" = 0,   ã¤®¢«¥â¢®àï¥â ¨§¬¥­¥­­®¬ã ¢ëà®¦¤¥­­®¬ã ãà ¢­¥­¨î

L0y = F (t) +
Z 1

0

[H0(t; x)y(x) + � � �+Hm+1(t; x)y
(m+1)(x)]dx +�(t) (5)

á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨

y(i)(1) = �i; i = 0; n� 2; (6)

£¤¥ �(t) | â ª ­ §ë¢ ¥¬ë© ­ ç «ì­ë© áª ç®ª ¨­â¥£à «ì­®£® ç«¥­ , ¯®¤«¥¦ é¨© ®¯à¥¤¥«¥­¨î.
�® â¥®à¥¬¥ �ã ©®­  [3] ¤«ï äã­¤ ¬¥­â «ì­®© á¨áâ¥¬ë à¥è¥­¨© (ä. á. à) ®¤­®à®¤­®£® ¤¨ä-

ä¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï L"y = 0 ¯®«ãç ¥¬ á«¥¤ãîé¨¥  á¨¬¯â®â¨ç¥áª¨¥ ¯à¨ " ! 0 ¯à¥¤áâ -
¢«¥­¨ï (á¬., ­ ¯à., [4]):

yi(t; ") = yi0(t) +
n�2�mX
j=1

"jyij(t) +O("n�1�m); i = 1; n� 1;

y
(k)
i (t; ") = y

(k)
i0 (t) +

n�2�mX
j=1

"jy
(k)
ij (t) +O("n�1�m); i; k = 1; n� 1;

yn(t; ") = exp
�
1
"

Z t

0

�(x)dx
��

yn0(t) +
n�2�mX
j=1

"jynj(t) +O("n�1�m)
�
;

y(k)n (t; ") =
1
"k
exp

�
1
"

Z t

0

�(x)dx
��

u
(k)
n0 (t) +

n�2�mX
j=1

"ju
(k)
nj (t) +O("n�1�m)

�
; k = 1; n� 1;

£¤¥

�(t) = �A1(t); u
(k)
nj (t) =

jX
l=0

lX
i=0

C i
kh

(k�i)
n;l�i (t)y

(i)
n;j�l(t); j = 0; n� 2�m:

�¤¥áì C i
k | ç¨á«® á®ç¥â ­¨© ¨§ k í«¥¬¥­â®¢ ¯® i,   h(k)nj (t), i = 1; n� 1, ®¯à¥¤¥«ïîâáï à¥ªãàà¥­â-

­ë¬¨ ä®à¬ã« ¬¨

h
(k)
nj (t) =

8>>><
>>>:
�k(t); j = 0;
k�1�jP
i=0

�i(t)
d

dt
h
(k�1�i)
n;j�1 (t); j = 1; k � 1; h

(l)
nj(t) = 0; l < 0;

0; j � k:

�®íää¨æ¨¥­âë yik(t), i = 1; n� 1, k = 0; n� 2�m, ¯®á«¥¤®¢ â¥«ì­® ®¯à¥¤¥«ïîâáï ¨§ «¨­¥©­ëå
ãà ¢­¥­¨© (n � 1)-£® ¯®àï¤ª , ¯à¨ç¥¬ äã­ªæ¨¨ yi0(t) � yi(t), i = 1; n� 1, ï¢«ïîâáï ä. á. à.
®¤­®à®¤­®£® ¢ëà®¦¤¥­­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï L0y = 0.

�ãáâì äã­ªæ¨¨ Ki(t; s; "), i = 0; n� 1, ¯à¨ 0 � s � t � 1 ï¢«ïîâáï à¥è¥­¨ï¬¨ ®¤­®à®¤­®©
á¨­£ã«ïà­® ¢®§¬ãé¥­­®© ¤¨ää¥à¥­æ¨ «ì­®© § ¤ ç¨

L"Ki(t; s; ") = 0; K
(j)
i (s; s; ") = �ij ; i; j = 0; n� 1: (7)

�¥è¥­¨ï Ki(t; s; "), i = 0; n� 1, § ¤ ç¨ (7) ­ §ë¢ îâáï äã­ªæ¨ï¬¨ �®è¨, ¨ ¨å ¬®¦­® ¯à¥¤áâ -
¢¨âì ¢ ¢¨¤¥

K
(j)
i (t; s; ") =W

(j)
i+1(t; s; ")W

�1(s; "); i; j = 0; n� 1;

£¤¥ W (j)
i+1(t; s; ") | ®¯à¥¤¥«¨â¥«ì, ¯®«ãç ¥¬ë© ¨§ ¢à®­áª¨ ­ W (s; ") § ¬¥­®© ¥£® (i+1)-© áâà®ª¨

ä. á. à. y(j)1 (t; "); : : : ; y(j)n (t; ") á¨­£ã«ïà­® ¢®§¬ãé¥­­®£® ®¤­®à®¤­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥-
­¨ï L"y = 0.
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�ãáâì äã­ªæ¨¨ Qi(t; "), �i(t; "), i = 0; n� 1, ï¢«ïîâáï à¥è¥­¨ï¬¨ á«¥¤ãîé¨å ¨­â¥£à®-
¤¨ää¥à¥­æ¨ «ì­ëå § ¤ ç:

L"Qi(t; ") =
Z 1

0

�
H0(t; x)Qi(x; ") + � � �+Hm+1(t; x)Q

(m+1)
i (x; ")

�
dx;

Q
(j)
i (0; ") = �ij ; i; j = 0; n� 1;

(8)

L"�i(t; ") =
Z 1

0

�
H0(t; x)�i(x; ") + � � �+Hm+1(t; x)�

(m+1)
i (x; ")

�
dx;

�(j)
i (1; ") = �ij ; i; j = 0; n� 1:

(9)

�¥è¥­¨ï § ¤ ç (8), (9) ­ §®¢¥¬ á¯¥æ¨ «ì­ë¬¨ äã­ªæ¨ï¬¨ § ¤ ç¨ �®è¨ (1), (2).
III. �ãáâì ç¨á«® � = 1 ­¥ ï¢«ï¥âáï á®¡áâ¢¥­­ë¬ §­ ç¥­¨¥¬ ï¤à 

K(t; s) =
1

A1(s)W (s)

Z 1

s

m+1X
j=0

Hj(t; x)W
(j)

n�1(x; s)dx; (10)

£¤¥ W (t) | ¢à®­áª¨ ­ ä. á. à. yi(t), i = 1; n� 1, ®¤­®à®¤­®£® ¢ëà®¦¤¥­­®£® ¤¨ää¥à¥­æ¨ «ì­®£®

ãà ¢­¥­¨ï L0y = 0,   W
(j)

n�1(t; s) | ®¯à¥¤¥«¨â¥«ì, ¯®«ãç ¥¬ë© ¨§ ¢à®­áª¨ ­  W (s) § ¬¥­®© ¥£®
(n� 1)-© áâà®ª¨ áâà®ª®© y

(j)
1 (t); : : : ; y(j)n�1(t).

�¥¬¬  1. �á«¨ ¢ë¯®«­¥­ë ãá«®¢¨ï I{III, â® à¥è¥­¨¥ § ¤ ç¨ (8) ­  ®âà¥§ª¥ 0 � t � 1
áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ ¢ëà ¦ ¥âáï ä®à¬ã«®©

Qi(t; ") = Ki(t; 0; ") +
1
"

Z t

0

Kn�1(t; s; ")
�
ai(s; 0; ") +

Z 1

0

R"(s; p)ai(p; 0; ")dp
�
ds;

£¤¥

ai(t; s; ") =
Z 1

s

[H0(t; x)Ki(x; s; ") + � � � +Hm+1(t; x)K
(m+1)
i (x; s; ")]dx; i = 0; n� 1;

Ki(t; s; "), i = 0; n� 1, | äã­ªæ¨¨ �®è¨, R"(t; s) | à¥§®«ì¢¥­â  ï¤à  K"(t; s) = K(t; s) + O("),
£¤¥ K(t; s) ¨¬¥¥â ¢¨¤ (10) ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ï¤à® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï, á®®â¢¥âáâ¢ã-

îé¥£® ¢ëà®¦¤¥­­®© § ¤ ç¥ (5), (6).

�®áâ ¢¨¬ â¥¯¥àì ®¯à¥¤¥«¨â¥«ì

!(1; ") = detfQ(i)
j (1; ")g; i; j = 0; n� 1; (11)

£¤¥ i | ­®¬¥à áâà®ª¨,   j | ­®¬¥à áâ®«¡æ . �¬¥áâ® í«¥¬¥­â®¢ íâ®£® ®¯à¥¤¥«¨â¥«ï ¯®¤áâ ¢«ï¥¬
¨å  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï,   § â¥¬, ¯à¨¬¥­ïï ª áâ®«¡æ ¬ í«¥¬¥­â à­ë¥ ¯à¥®¡à §®¢ -
­¨ï, ¤«ï ®¯à¥¤¥«¨â¥«ï (11) ¯®«ãç¨¬  á¨¬¯â®â¨ç¥áª®¥ ¯à¨ "! 0 ¯à¥¤áâ ¢«¥­¨¥

!(1; ") = �"n�1�m(�(n�1)
0 (0; 0))n�1�(m)

0 (0; 0)[!(1) +O(")]; (12)

£¤¥ �(j)
0 (0; 0) = �j�n+1(0),   !(1) | £« ¢­ ï, ­¥ § ¢¨áïé ï ®â " ç áâì  á¨¬¯â®â¨ç¥áª®£® ¯à¥¤áâ -

¢«¥­¨ï (12):

!(1) =

���������

T
n�1;0
00 (1) � � � T

n�1;0
n�2;0 (1) Hm+1(1)

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :

T
n�1;n�2
00 (1) � � � T

n�1;n�2
n�2;0 (1) H

(n�2)
m+1 (1)

T
n�1;n�1

00 (1) � � � T
n�1;n�1

n�2;0 (1) H
(n�1)

m+1 (1)

���������
; (13)

£¤¥ äã­ªæ¨¨ T n�1;i
i0 (t), T

n�1;n�1

i0 (t), H(i)
m+1(t), H

(n�1)

m+1 (t), i; j = 0; n� 2, ®¯à¥¤¥«¥­­ë¬ ®¡à §®¬ ¢ë-
à ¦ îâáï ç¥à¥§ ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï (1).

IV. �ãáâì !(1) 6= 0.
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�¥¬¬  2. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï I{IV. �®£¤  á¯¥æ¨ «ì­ë¥ äã­ªæ¨¨ �i(t; "), i = 0; n� 1,
ï¢«ïîé¨¥áï à¥è¥­¨ï¬¨ § ¤ ç¨ (9), ­  ®âà¥§ª¥ 0 � t � 1 áãé¥áâ¢ãîâ, ¥¤¨­áâ¢¥­­ë ¨ ¢ëà ¦ -

îâáï ä®à¬ã«®©

�i(t; ") =
!i+1(t; 1; ")
!(1; ")

; i = 0; n� 1; (14)

£¤¥ !(1; ") ¨¬¥¥â ¢¨¤ (12),   !i+1(t; 1; "), i = 0; n� 1, | ®¯à¥¤¥«¨â¥«ì, ¯®«ãç ¥¬ë© ¨§ ®¯à¥¤¥«¨-

â¥«ï !(1; ") § ¬¥­®© ¥£® (i+ 1)-© áâà®ª¨ áâà®ª®© Q0(t; "); : : : ; Qn�1(t; ").

�¥®à¥¬  1. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï I{IV. �®£¤  à¥è¥­¨¥ § ¤ ç¨ (1), (2) ­  ®âà¥§ª¥ 0 �
t � 1 áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ ¢ëà ¦ ¥âáï ä®à¬ã«®©

y(t; ") = (�0 � P (1; "))�0(t; ") + � � �+ (�n�1 � P (n�1)(1; "))�n�1(t; ") + P (t; ");

£¤¥ á¯¥æ¨ «ì­ë¥ äã­ªæ¨¨ �i(t; "), i = 0; n� 1, ¢ëà ¦ îâáï ä®à¬ã«®© (14),   äã­ªæ¨ï P (t; ")
ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï (1) á ­ã«¥¢ë¬¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ ¨ ¢ëà ¦ ¥âáï ä®à¬ã«®©

P (t; ") =
1
"

Z t

0

Kn�1(t; s; ")
�
F (s) +

Z 1

0

R"(s; p)F (p)dp
�
ds:

�¥¬¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï I{IV. �®£¤  ¤«ï äã­ªæ¨¨ �i(t; "), i = 0; n� 1, ¯à¨ 0 �
t � 1 á¯à ¢¥¤«¨¢ë  á¨¬¯â®â¨ç¥áª¨¥ ¯à¨ "! 0 ¯à¥¤áâ ¢«¥­¨ï :

�(j)
i (t; ") =

!
(j)
i+1(t; 1)
!(1)

+O("); j = 0;m� 1;

�(m)
i (t; ") =

!
(m)
i+1(t; 1)
!(1)

+
�(m)

0 (t; 0)

�(m)
0 (0; 0)

Ai+1;n

!(1)
exp

�
1
"

Z t

0

�(x)dx
�
+O(");

�(m+1)
i (t; ") =

!
(m+1)
i+1 (t; 1)
!(1)

+
1
"

�(m+1)
0 (t; 0)

�(m)
0 (0; 0)

Ai+1;n

!(1)
exp

�
1
"

Z t

0
�(x)dx

�
+

+O

�
"+ exp

�
1
"

Z t

0

�(x)dx
��

;

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�(n�1)
i (t; ") =

!
(n�1)
i+1 (t; 1)
!(1)

+
1

"n�1�m

�(n�1)
0 (t; 0)

�(m)
0 (0; 0)

Ai+1;n

!(1)
exp

�
1
"

Z t

0
�(x)dx

�
+

+O

�
"+

1
"n�2�m

exp
�
1
"

Z t

0

�(x)dx
��

;

£¤¥ �(t) = �A1(t) < 0, !(1) ¨¬¥¥â ¢¨¤ (13), !(j)
i+1(t; 1), i; j = 0; n� 1, | ®¯à¥¤¥«¨â¥«ì, ¯®«ãç ¥-

¬ë© ¨§ !(1) § ¬¥­®© ¥£® (i+1)-© áâà®ª¨ áâà®ª®© ¨§ í«¥¬¥­â®¢ T
n�1;j
00 (t); : : : ; T n�1;j

n�2;0 (t), H
(j)
m+1(t)

¤«ï j = 0; n� 2 ¨ áâà®ª®© ¨§ í«¥¬¥­â®¢ T
n�1;n�1

00 (t); : : : ; T
n�1;n�1

n�2;0 (t), H
(n�1)

m+1 (t) ¤«ï j = n � 1,  
Ai+1;n, i = 0; n� 1, |  «£¥¡à ¨ç¥áª®¥ ¤®¯®«­¥­¨¥ (i + 1)-£® í«¥¬¥­â  ¯®á«¥¤­¥£® áâ®«¡æ  ®¯à¥-

¤¥«¨â¥«ï !(1).

�¥®à¥¬  2. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï I{IV. �®£¤  ­  ®âà¥§ª¥ [0; 1] ¤«ï à¥è¥­¨ï y(t; ") § -
¤ ç¨ (1), (2) ¯à¨ "! 0 á¯à ¢¥¤«¨¢ë  á¨¬¯â®â¨ç¥áª¨¥ ®æ¥­ª¨

��y(i)(t; ")�� � K

!(1)
(
���0��+ � � �+

���n�1

��+ 

F (t)

); i = 0;m� 1;

��y(i)(t; ")�� � K

!(1)

�
1 +

1
"i�m

exp
�
�


t

"

��
(
���0��+ : : :+

���n�1

��+ 

F (t)

); i = m;n� 1;

£¤¥ !(1) ¨¬¥¥â ¢¨¤ (13),   K > 0, 
 > 0 | ­¥ª®â®àë¥ ¯®áâ®ï­­ë¥, ­¥ § ¢¨áïé¨¥ ®â ".
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�¢¥¤¥¬ ¯®­ïâ¨¥ ¯®àï¤ª  ­ ç «ì­®£® áª çª .

�¯à¥¤¥«¥­¨¥. �ã¤¥¬ £®¢®à¨âì, çâ® à¥è¥­¨¥ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®© § ¤ ç¨ (1), (2)
®¡« ¤ ¥â ¢ â®çª¥ t = 0 ï¢«¥­¨¥¬ ­ ç «ì­®£® áª çª  k-£® ¯®àï¤ª , ¥á«¨ ®­® ¢ íâ®© â®çª¥ ¨¬¥¥â
á«¥¤ãîé¨© ¯®àï¤®ª à®áâ 

y(k+1)(0; ") = O

�
1
"

�
; y(k+2)(0; ") = O

�
1
"2

�
; : : : ; y(n�1)(0; ") = O

�
1

"n�1�k

�
; "! 0:

�§ â¥®à¥¬ë 2 á«¥¤ã¥â, çâ® §­ ç¥­¨ï y(i)(0; "), i = 0;m, ®£à ­¨ç¥­ë ¯à¨ " ! 0,   §­ ç¥­¨ï
y(i)(0; "), i = m+ 1; n� 1, ¯à¨ " ! 0 ï¢«ïîâáï ¡¥áª®­¥ç­® ¡®«ìè¨¬¨ ¯®àï¤ª  O

�
1

"i�m

�
, â. ¥.

à¥è¥­¨¥ § ¤ ç¨ (1), (2) ¢ «¥¢®© â®çª¥ t = 0 ®¡« ¤ ¥â ï¢«¥­¨¥¬ ­ ç «ì­®£® áª çª m-£® ¯®àï¤ª .

�¥®à¥¬  3. �ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï I{IV. �®£¤  ¤«ï à §­®áâ¨ ¬¥¦¤ã à¥è¥­¨ï¬¨ á¨­-

£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨ (1), (2) ¨ ­¥¢®§¬ãé¥­­®© § ¤ ç¨ (5), (6) ­  ®âà¥§ª¥ 0 � t � 1
á¯à ¢¥¤«¨¢ë  á¨¬¯â®â¨ç¥áª¨¥ ®æ¥­ª¨

��y(i)(t; ")� y(i)(t)
�� � K"+K max

0�t�1

�����(t)� !n(1)
!(1)

Hm+1(t; 0)
����; i = 0;m� 1;

��y(i)(t; ")� y(i)(t)
�� � K"+K max

0�t�1

�����(t)� !n(1)
!(1)

Hm+1(t; 0)
����+ K

"i�m
exp

�
�


t

"

�
; i = m;n� 1;

£¤¥ K > 0, 
 > 0 | ­¥ª®â®àë¥ ¯®áâ®ï­­ë¥, ­¥ § ¢¨áïé¨¥ ®â "; !(1) ¨¬¥¥â ¢¨¤ (13), !n(1) |
®¯à¥¤¥«¨â¥«ì, ¯®«ãç ¥¬ë© ¨§ !(1) § ¬¥­®© ¥£® n-£® áâ®«¡æ  áâ®«¡æ®¬ �0 � P (1); : : : ; �n�1 �
P (n�1)(1).

�§ â¥®à¥¬ë 3 á«¥¤ã¥â, çâ® ¤«ï áâà¥¬«¥­¨ï à¥è¥­¨ï y(t; ") á¨­£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨
(1), (2) ¯à¨ "! 0 ª à¥è¥­¨î y(t) ­¥¢®§¬ãé¥­­®© § ¤ ç¨ (5), (6) ¤®áâ â®ç­® ¯®«®¦¨âì

�(t) =
!n(1)
!(1)

Hm+1(t; 0): (15)

�®£¤  ¨¬¥îâ ¬¥áâ® ¯à¥¤¥«ì­ë¥ à ¢¥­áâ¢  (4), â. ¥. à¥è¥­¨¥ á¨­£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨ (1),
(2) ¯à¨ " ! 0 áâà¥¬¨âáï ª à¥è¥­¨î y(t) ­¥¢®§¬ãé¥­­®© § ¤ ç¨ (5), (6), £¤¥ ­ ç «ì­ë© áª ç®ª
�(t) ¢ëà ¦ ¥âáï ä®à¬ã«®© (15).
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