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1. �¢¥¤¥­¨¥

� áá¬®âà¨¬ § ¤ çã �®è¨

A(t)x0(t) +B(t)x(t) = g(t); t 2 [0; 1]; (1)

x(0) = a; (2)

£¤¥ A(t) ¨ B(t) | n � n-¬ âà¨æë á ¢¥é¥áâ¢¥­­®- ­ «¨â¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨, g(t) | ¤®-
áâ â®ç­® £« ¤ª ï ¨§¢¥áâ­ ï, x(t) | £« ¤ª ï ¨áª®¬ ï ¢¥ªâ®à-äã­ªæ¨¨.

�  ¢å®¤­ë¥ ¤ ­­ë¥ ¨áå®¤­®© § ¤ ç¨ ­ «®¦¥­ë ®£à ­¨ç¥­¨ï:

 ) detA(t) � 0 (¬ âà¨æ  B(t) â ª¦¥ ¬®¦¥â ¡ëâì ¢ëà®¦¤¥­­®©),

¡) á¨áâ¥¬  (1) ¨¬¥¥â å®âï ¡ë ®¤­® à¥è¥­¨¥ ¯à¨ «î¡®© ¤®áâ â®ç­® £« ¤ª®© g(t),

¢) ­ ç «ì­®¥ ãá«®¢¨¥ (2) § ¤ ­® â ª, çâ® ¨áå®¤­ ï § ¤ ç  ¨¬¥¥â à¥è¥­¨¥.

�â¨ ®£à ­¨ç¥­¨ï ¯®ïá­ï¥â

�à¨¬¥à 1.

�
1 0
0 0

� 
x01(t)
x02(t)

!
+
�
0 1
d 0

� 
x1(t)
x2(t)

!
=

 
g1(t)
g2(t)

!
; t 2 [0; 1]: (3)

�á«¨ áª «ïà d = 0, â® á¨áâ¥¬  (3) ¨¬¥¥â ¬­®¦¥áâ¢® à¥è¥­¨© â®«ìª® ¯à¨ g2(t) � 0 (¢ íâ®¬

á«ãç ¥ x(t) =
� tR
0

(g1(�) � v(�)d� + c; v(t)
��
, £¤¥ v(t) | ¯à®¨§¢®«ì­ ï ¨­â¥£à¨àã¥¬ ï äã­ªæ¨ï,

c 2 R), â.¥. ®£à ­¨ç¥­¨¥ ¡) ­¥ ¢ë¯®«­¥­®. �á«¨ d 6= 0, â® ¯®«ãç¨¬ ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ x(t) =
(g2(t)=d g1(t) � g02(t)=d)

�, ¨ â®£¤  ¢ ­ ç «ì­®¬ ãá«®¢¨¨ (2) ¤®«¦­® ¡ëâì a = (g2(0)=d g1(0) �
g02(0)=d)

�. ( � )� ®§­ ç ¥â âà ­á¯®­¨à®¢ ­¨¥.

�¢¥¤¥¬ ¯®­ïâ¨ï, ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¨å à ááã¦¤¥­¨©.

�¯à¥¤¥«¥­¨¥ 1. �¨áâ¥¬  (1) ¨¬¥¥â á¥¬¥©áâ¢® à¥è¥­¨© â¨¯  �®è¨ ¨­¤¥ªá  r, ¥á«¨ áãé¥áâ¢ã-
îâ â ª¨¥ £« ¤ª¨¥ n� n-¬ âà¨æë �(t), K0(t; �), K1(t);K2(t); : : : ;Kr(t), ¯à¨ç¥¬ rank�(t) = const,
Kr(t) 6= 0 8t 2 [0; 1], çâ® «¨­¥©­ ï ª®¬¡¨­ æ¨ï

x(t; c) = �(t)c +
Z t

0

K(t; �)g(�)d� +
rX

i=1

Ki(t)g(i�1(t) 8c 2 Rn;

ï¢«ï¥âáï à¥è¥­¨¥¬ (1) ¨ ­  «î¡®¬ ®âà¥§ª¥ [�; �] � [0; 1] ­¥â à¥è¥­¨©, ®â«¨ç­ëå ®â x(t; c).

� ¡®â  ¯®¤¤¥à¦ ­  £à ­â®¬ ���� OUTR.CRG.961082.
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�à¨¬¥à 2. �¨áâ¥¬ 

�
t 0
0 0

�
x0 +

�
1 0
0 1

�
x =

 
0

g2(t)

!
; t 2 [0; 1]; (4)

¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ x(t; c) = x(t) = (0; g2)�. �®£¤  �(t) = K0(t; �) =
�
0 0
0 0

�
; K1 =�

0 0
0 1

�
:

�á«¨ t 2 [�; �], � > 0, � � 1, â® íâ  á¨áâ¥¬  ¨¬¥¥â á¥¬¥©áâ¢® à¥è¥­¨© ¢¨¤  x(t; c) = (�c1=t g2)�.
� âà¨æë �(t), K0(t; �), K1(t) ¢ íâ®¬ á«ãç ¥ á®®â¢¥âáâ¢¥­­® à ¢­ë�

�1=t 0
0 0

�
;

�
�=t 0
0 0

�
;

�
0 0
0 1

�
; r = 1:

� ª ª ª �(t) ¨¬¥¥â ¯¥à¥¬¥­­ë© à ­£, â® ¤ ­­ ï á¨áâ¥¬  ­¥ ®¡« ¤ ¥â à¥è¥­¨¥¬ â¨¯  �®è¨.

�à¨¬¥à 3. �¨áâ¥¬ 

�
0 t
0 0

�
x0 +

�
1 0
0 1

�
x =

 
g1(t)
g2(t)

!
; g1; g2 2 C1; (5)

¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥, ª®â®à®¥ ­ å®¤¨âáï ¯® ä®à¬ã«¥ ([1], c. 85): x(t) = g(t) � A(t)g0(t),
â.¥. x(t; c) = x(t) = (g1 � tg02; g2)

� ¯à¨ «î¡®¬ t 2 (�1;1).

� íâ®¬ á«ãç ¥ �(t) = K0(t; �) =
�
0 0
0 0

�
; K1(t) =

�
1 0
0 1

�
; K2(t) =

�
0 �t
0 0

�
; ¨ ¥¥ ¨­¤¥ªá à ¢¥­

¤¢ã¬.

�¯à¥¤¥«¥­¨¥ 2 ([2]). �¨áâ¥¬  (1) ¯à¨¢®¤¨¬  ª æ¥­âà «ì­®© ª ­®­¨ç¥áª®© ä®à¬¥, ¥á«¨ áã-
é¥áâ¢ãîâ ¢¥é¥áâ¢¥­­®- ­ «¨â¨ç¥áª¨¥, ­¥¢ëà®¦¤¥­­ë¥ ¤«ï «î¡®£® t 2 [0; 1] ¬ âà¨æë P (t), Q(t)
â ª¨¥, çâ® ¯à¨ § ¬¥­¥ ¯¥à¥¬¥­­®© x(t) = Q(t)y(t) ¨ ã¬­®¦¥­¨¨ á«¥¢  ­  P (t) á¨áâ¥¬  (1) ¯à¨¬¥â
¡«®ç­ë© ¢¨¤

PAQy0 + (PAQ0 + PBQ)y =
�
Es 0
0 N(t)

� 
y01(t)
y02(t)

!
+

+
�
J(t) 0
0 En�s

� 
y1(t)
y2(t)

!
=

 
g1(t)
g2(t)

!
; P g = (g1; g2)

�; (6)

£¤¥ Es ¨ En�2 | ¥¤¨­¨ç­ë¥ ¬ âà¨æë à §¬¥à®¬ s ¨ n�2 á®®â¢¥âáâ¢¥­­®, J(t) | ­¥ª®â®à ï s� s-
¬ âà¨æ , N(t) | n�s�n�s-¢¥àå­¥âà¥ã£®«ì­ ï ¬ âà¨æ  á ­ã«¥¢®© ¤¨ £®­ «ìî, ¯à¨ç¥¬ N r(t) �
0, J(t) ¨ N(t) | ¢¥é¥áâ¢¥­­®- ­ «¨â¨ç¥áª¨¥ ¬ âà¨æë, â.ª. ï¢«ïîâáï «¨­¥©­ë¬¨ ª®¬¡¨­ æ¨ï¬¨
¢¥é¥áâ¢¥­­®- ­ «¨â¨ç¥áª¨å ¬ âà¨æ.

� à ¡®â¥ [3] ¤®ª § ­®, çâ® á¨áâ¥¬  (1) ¨¬¥¥â á¥¬¥©áâ¢® à¥è¥­¨© â¨¯  �®è¨ ¨­¤¥ªá  r â®£¤ 
¨ â®«ìª® â®£¤ , ª®£¤  ®­  ¯à¨¢®¤¨¬  ª æ¥­âà «ì­®© ª ­®­¨ç¥áª®© ä®à¬¥.

�à¨¢¥¤¥¬ ­¥ª®â®àë¥ á¢®©áâ¢  ¬ âà¨æë N(t).

�¢®©áâ¢® 1 [1].
rQ

j=1
Nj(t) � 0, £¤¥ ¢ ª ç¥áâ¢¥ Nj ¬®£ãâ ¢ëáâã¯ âì «î¡ë¥ ¯à®¨§¢®¤­ë¥ ¬ âà¨æë

N(t), ¢ â®¬ ç¨á«¥ ¨ ­ã«¥¢®£® ¯®àï¤ª .

�¢®©áâ¢® 2.

("E +N(t))�1 = "�1E � "�2N + "�3N 2 + � � � + (�1)r+1"�rN r�1:

4



�®ª § â¥«ìáâ¢®. �ç¨âë¢ ï á¢®©áâ¢® 1, ­¥¯®áà¥¤áâ¢¥­­®© ¯à®¢¥àª®© ¯®«ãç¨¬

("�1E � "�2N + "�3N 2 + � � �+ (�1)r+1"�rN r�1) � ("E +N) = E:

�§ ä®à¬ã«ë (6) á«¥¤ã¥â, çâ®

y1 =M(J(t))c +
Z t

0

M(J(t))M�1(J(�))g1(�)d�; (7)

M(J(t)) | ¬ âà¨æ ­â á¨áâ¥¬ë y01 + J(t)y1 = 0 ¨ c 2 Rs,

y2 =
r�1X
i=0

(�1)iT ig2; (8)

£¤¥ T | ®¯¥à â®à, ¤¥©áâ¢¨¥ ª®â®à®£® ­  ¢¥ªâ®à-äã­ªæ¨î ®¯à¥¤¥«¥­® ¯® ¯à ¢¨«ã T 0g2 = g2,
Tg2 = N(t)(d=dt)g2 (Tg2 = Ng02, T

2g2 = N 2g002 +NN 0g02; : : : ), T
rg2 � 0 | ¯® á¢®©áâ¢ã 1.

�¯à¥¤¥«¥­¨¥ 3 ([4]). �ãç®ª n� n-¬ âà¨æ �A(t) + B(t) ­ §ë¢ ¥âáï à¥£ã«ïà­ë¬ ­  ®âà¥§ª¥
[0,1], ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ ç¨á«® �, çâ® det(�A(t) +B(t)) 6= 0 8t 2 [0; 1].

� á¨«ã [1] ¯à¨ ¯®áâ®ï­­ëå ¬ âà¨æ å A ¨ B á¨áâ¥¬  (1) ¨¬¥¥â á¥¬¥©áâ¢® à¥è¥­¨© â¨¯  �®è¨
¨­¤¥ªá  r â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¯ãç®ª ¬ âà¨æ �A+B à¥£ã«ïà­ë©. � íâ®¬ á«ãç ¥ ¨­¤¥ªá
á¨áâ¥¬ë (1) à ¢¥­ ¨­¤¥ªáã ¬ âà¨ç­®£® ¯ãçª , â.¥. ¬¨­¨¬ «ì­®¬ã æ¥«®¬ã ­¥®âà¨æ â¥«ì­®¬ã
ç¨á«ã,¯à¨ ª®â®à®¬ á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®

rank((�A+B)�1A)k+1 = rank((�A +B)�1A)k:

�â¬¥â¨¬, çâ®  «£®à¨â¬ë ç¨á«¥­­®£® à¥è¥­¨ï § ¤ ç¨ (1), (2) ¨­¤¥ªá  ¢ëè¥ ¥¤¨­¨æë ¯à¨­æ¨-
¯¨ «ì­® ®â«¨ç îâáï ®â ¬¥â®¤®¢ à¥è¥­¨ï á¨áâ¥¬ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©,
à §à¥è¥­­ëå ®â­®á¨â¥«ì­® ¯à®¨§¢®¤­®© (­ ¯à., [1], [3]).

2. �¥â®¤ë ¢®§¬ãé¥­¨ï

�¯¥à¢ë¥ ¬¥â®¤ ¢®§¬ãé¥­¨ï, ª®â®àë© § ª«îç ¥âáï ¢ ¯¥à¥å®¤¥ ®â ­ å®¦¤¥­¨ï à¥è¥­¨ï § ¤ ç¨
(1){(2) á ¯®áâ®ï­­ë¬¨ n� n-¬ âà¨æ ¬¨ A ¨ B ª ­ å®¦¤¥­¨î à¥è¥­¨ï á¨áâ¥¬ë ®¡ëª­®¢¥­­ëå
¤¨ää¥à¥­æ¨ «ì­ëå à ¢­¥­¨© á ­¥¢ëà®¦¤¥­­®© ¬ âà¨æ¥© ¯¥à¥¤ ¯à®¨§¢®¤­®©, ¡ë« ¯à¥¤«®¦¥­
¢ ([1], á.103). � ¤ «ì­¥©è¥¬ ¬¥â®¤ë ¢®§¬ãé¥­¨© ¤«ï § ¤ ç¨ (1), (2) ¨ ¤«ï ­¥ª®â®à®£® ª« áá 
§ ¤ ç ¢¨¤ 

A(t)x0(t) + '(x(t); t) = 0; x(0) = a; t 2 [0; 1]; detA(t) � 0;

á ¤®áâ â®ç­® £« ¤ª¨¬¨ ¢å®¤­ë¬¨ ¤ ­­ë¬¨ ¡ë«¨ à §¢¨âë ¢ à ¡®â å [5], [6].
�à¨ à¥ «¨§ æ¨¨ â ª¨å  «£®à¨â¬®¢ âà¥¡®¢ «®áì ¢ëç¨á«ïâì ¯à®¥ªâ®àë ­  ï¤à® ¬ âà¨æë A(t),

çâ® ï¢«ï¥âáï ¤®áâ â®ç­® á«®¦­®© ¢ëç¨á«¨â¥«ì­®© § ¤ ç¥©, ®á®¡¥­­® ª®£¤  à ­£ ¬ âà¨æë A(t)
¯¥à¥¬¥­­ë© (á¬. (8), ¡«®ª N(t) ¬®¦¥â ¨§¬¥­ïâì à ­£, ­® à¥è¥­¨¥ ¡ã¤¥â à¥è¥­¨¥¬ â¨¯  �®è¨
¨­¤¥ªá  r).

�®«¥¥ â®£®, ¢ëè¥¯¥à¥ç¨á«¥­­ë¥  «£®à¨â¬ë ¢®§¬ãé¥­¨ï ¯à¥¤«®¦¥­ë ¤«ï à¥£ã«ïà­®£® ¯ãçª 
¬ âà¨æ �A(t) +B(t)

�à¨¬¥à 4. �
1 t
0 0

�
x0 +

�
0 0
1 t

�
x = g (9)

¨¬¥¥â à¥è¥­¨¥ â¨¯  �®è¨ ¨­¤¥ªá  2. �¯ãáª ï ­¥á«®¦­ë¥ ¢ëª« ¤ª¨, «¥£ª® ã¡¥¤¨âìáï, çâ® ¤ ­-
­ ï á¨áâ¥¬  ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ x(t; c) = x(t) = (g2 � t(g02 � g1); g02 � g1).

� íâ®¬ á«ãç ¥ �(t) = K0(t; �) =
�
0 0
0 0

�
; K1(t) =

�
t 1
�1 0

�
; K2(t) =

�
0 �t
0 1

�
:
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� ¯à¨¬¥àã 4 ¯à¨­æ¨¯¨ «ì­® ­¥ ¯à¨¬¥­¨¬ë ¢ëè¥®¯¨á ­­ë¥  «£®à¨â¬ë ¢ á¨«ã â®£®, çâ®
¬ âà¨æ  A(t) + "C(t)B(t) ¡ã¤¥â ¢á¥£¤  ¢ëà®¦¤¥­­®© ¤«ï «î¡ëå t 2 (�1;1) ¨ ¤«ï «î¡®©
¬ âà¨æë C(t).

�¨¦¥ ¯à¥¤«®¦¥­  «£®à¨â¬ ¢®§¬ãé¥­¨ï ¤«ï § ¤ ç¨ (1), (2), ª®â®àë© ¯à¨¬¥­¨¬ ¨ ¤«ï á¨áâ¥¬
(1) á á¨­£ã«ïà­ë¬ ¯ãçª®¬ ¬ âà¨æ �A(t) +B(t).

� ¯¨è¥¬ § ¤ çã (1), (2) ¢ ¨­â¥£à «ì­®© ä®à¬¥

A(t)x(t) +
Z t

0

(B(�)�A0(�))x(�)d� =
Z t

0

g(�)d� +A(0)a:

� ­­®© á¨áâ¥¬¥ ¨­â¥£à «ì­ëå ãà ¢­¥­¨© á®¯®áâ ¢¨¬ ¢®§¬ãé¥­­ãî á¨áâ¥¬ã

(A(t)x(t) + "(B(t)�A0(t)))x"(t) +
Z t

0

(B(�)�A0(�))x"(�)d� =
Z t

0

g(�)d� +A(0)a; 0 < "� 1:

�¨ää¥à¥­æ¨àãï íâ® à ¢¥­áâ¢®, ¢­®¢ì ¯®«ãç¨¬ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

(A(t) + "(B(t)�A0(t)))x0"(t) + (B(t) + "(B0(t)�A00(t)))x"(t) = g(t); t 2 [0; 1]; (10)

¤«ï ª®â®à®© ¯®áâ ¢¨¬ § ¤ çã �®è¨ á ãá«®¢¨¥¬

x"(0) = a: (11)

�¥à¥¤ ®¡®á­®¢ ­¨¥¬ ¤ ­­®£® ¬¥â®¤  ¢®§¬ãé¥­¨ï ¯à¨¢¥¤¥¬ ­¥ª®â®àë¥ ¢á¯®¬®£ â¥«ì­ë¥ à¥-
§ã«ìâ âë. � âà¨æ ­â M(D(t)) á¨áâ¥¬ë x0 +D(t)x = 0 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ àï¤  ([4], á.430)

M(D(t)) = E �

Z t

0

D(t1)dt1 +
Z t

0

D(t2)
Z t2

0

D(t1)dt1dt2 + � � � : (12)

(�¤¥áì ¨ ¤ «¥¥ ç¥à¥§ M(Y(t)) ¡ã¤¥¬ ®¡®§­ ç âì ¬ âà¨æ ­â á¨áâ¥¬ë x0+Y (t)x(t) = 0.) � âà¨æ ­â
M(D(t) + g(t)) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ ([4], á.431)

M(D +G) =M(D)M(M�1(D)GM(D)): (13)

�¡®§­ ç¨¬ ç¥à¥§ T" ®¯¥à â®à ("E+N(t))d=dt, £¤¥ N(t) | ¢¥àå­¥âà¥ã£®«ì­ ï ¬ âà¨æ  á ­ã«¥¢®©
¤¨ £®­ «ìî â ª ï, çâ® N r(t) � 0. �® á¢®©áâ¢ã 1 á«¥¤ã¥â, çâ® ¯à¨ l � r

T l
"g = "lg(l) + "k�1N1g

(l�1) + � � �+ "l+1�rNr�1g
(l+1�r); (14)

£¤¥N1, i = 1; 2; : : : ; r�1, â ª¦¥ ï¢«ïîâáï ¢¥àå­¥âà¥ã£®«ì­ë¬¨ ¬ âà¨æ ¬¨ á ­ã«¥¢®© ¤¨ £®­ «ìî,
¯à¨ç¥¬ N r

i (t) � 0.
� áá¬®âà¨¬ ¤¢¥ § ¤ ç¨:

Nx0 + x = g; t 2 [0; 1]; x(0) = a; (15)

¨

("E + ~N)x0" + x" = ~g; t 2 [0; 1]; x" = a; (16)

£¤¥ ~N â ª¦¥ ï¢«ï¥âáï ¢¥àå­¥âà¥ã£®«ì­®© ¬ âà¨æ¥© á ­ã«¥¢®© ¤¨ £®­ «ìî, ~N r � 0 ¨ k ~N �
NkC2r�2 � �, k~g � gkC2r�2 � �, � � L", 0 < "� 1, L <1.

�¤¥áì ¨ ¢áî¤ã ¢ ¤ «ì­¥©è¥¬ ¨§«®¦¥­¨¨ § ¢¨á¨¬®áâì ®â t ¤«ï ªà âª®áâ¨ ¡ã¤¥¬ ®¯ãáª âì.

�¥¬¬ . �ãáâì í«¥¬¥­âë ¬ âà¨æë N(t) ¨ ¢¥ªâ®à-äã­ªæ¨¨ g(t) ã á¨áâ¥¬ë (15) ¤®áâ â®ç-
­® £« ¤ª¨¥. �®£¤ , ­ ç¨­ ï á ­¥ª®â®à®£® " (0 < " < "0 � 1), á¯à ¢¥¤«¨¢  ®æ¥­ª 

kx� x"k = O("); t 2 ["0; 1];

£¤¥ x ¨ x" ï¢«ïîâáï à¥è¥­¨ï¬¨ § ¤ ç (15) ¨ (16) á®®â¢¥âáâ¢¥­­®.
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�®ª § â¥«ìáâ¢®. �¢¥¤ï ®¡®§­ ç¥­¨ï

�x = x" � x; �N = ~N �N; �g = ~g � g;

§ ¯¨è¥¬
("E + ~N)�x0 + �x = �N 0x� "x+ �g; t 2 [0; 1]; �x(0) = 0:

�ë¯¨áë¢ ï x(t) ç¥à¥§ ®¯¥à â®à T (á¬. ä®à¬ã«ã (8)) ¨ ãç¨âë¢ ï ¤®áâ â®ç­ãî £« ¤ª®áâì �N
¨ �g, ¤ ­­ãî á¨áâ¥¬ã ¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥

("E + ~N)�x0 + �x = "q; t 2 [0; 1]; (17)

�x(0) = 0; (18)

£¤¥ q { ¤®áâ â®ç­® £« ¤ª ï ¢¥ªâ®à-äã­ªæ¨ï. �® á¢®©áâ¢ã 2 á«¥¤ã¥â, çâ® ("E + ~N)�1 = "�1E �
"�1 ~N + "�3 ~N 2 + � � � + (�1)r+1"�r ~N r�1. � ãç¥â®¬ ®¡®§­ ç¥­¨ï H(t; ") = ("E + ~N)�1, N(t; ") =
�"�2 ~N + "�3 ~N 2 + � � �+ (�1)r+1"�r ~N r�1 á¨áâ¥¬ã (17) ¯¥à¥¯¨è¥¬ ¢ ä®à¬¥

�x0 +H(t; ")�x = "H(t; ")q(t); t 2 [0; 1]: (19)

�¥è¥­¨¥ § ¤ ç¨ (19), (18) ¨¬¥¥â ¢¨¤

�x =M(H(t; "))�x(0) + "

Z t

0

M(H(t; "))M�1(H(�; "))H(�; ")q(�)d�: (20)

�á¯®«ì§ãï á¢®©áâ¢  ¬ âà¨æ ­â  (12), (13) ¨ â®, çâ® M("�1E) = exp(�t=")E, H(t; ") = "�1E +
N(t; "), ®¯ãáª ï ¢ëª« ¤ª¨, ¯®«ãç¨¬

kM(H(t; "))k �M0 exp(�t=")"2�2r; M0 <1: (21)

�®¤áâ ¢«ïï ¢® ¢â®à®¥ á« £ ¥¬®¥ ¢ ä®à¬ã«¥ (20) §­ ç¥­¨¥

H(�; ") =M 0(H(�; "))M�1(H(�; "));

ª®â®à®¥ á«¥¤ã¥â ¨§ â®¦¤¥áâ¢ 

M 0(H(�; ")) +H(�; ")M(H(t; ")) = 0;

¨ ãç¨âë¢ ï â®â ä ªâ, çâ®

(M�1(H(t; ")))0 = �M�1(H(t; "))M 0(H(t; "))M�1(H(t; "));

¯®«ãç¨¬

"

Z t

0
M(H(t; "))M�1(H(�; "))H(�; ")q(�)d� = "

Z t

0
M(H(t; "))(M�1(H(�; ")))0q(�)d�:

�­â¥£à¨àãï ¤ ­­®¥ â®¦¤¥áâ¢® ¯® ç áâï¬,ãç¨âë¢ ï ®æ¥­ªã (21), ¨¬¥¥¬


"M(H(t; "))M�1(H(�; "))q(�)
���=t

r=0
+ "

Z t

0

M(H(t; "))M�1(H(�; "))q0(�)d�



 �

"kqk+M1 exp(�t=")"3�2r +


" Z t

0
M(H(t; "))(M�1(H(�; "))H(�; "))(H�1(�; "))q0(�)d�




; M1 <1: (22)

�­®¢ì ¨­â¥£à¨àãï ¢â®à®¥ á« £ ¥¬®¥ ¢ (22) 2r� 2 à §  ¯® ç áâï¬, ãç¨âë¢ ï ä®à¬ã«ã (14), ¨ â®â
ä ªâ, çâ® H�1(�; ") = "E + ~N(�), ®¯ãáª ï £à®¬®§¤ª¨¥ ¢ëª« ¤ª¨, ¯®«ãç¨¬

k�xk � exp(�t=")
2r�2X
i=0

Mi"
2�2r+i + L0"; L0;M1 <1; i = 0; 1; : : : ; 2r � 2:

�®«ì§ãïáì â¥¬, çâ® äã­ªæ¨ï exp(�t=") áâà¥¬¨âáï ª ­ã«î ¯à¨ "! +0 ¡ëáâà¥¥ «î¡®© áâ¥¯¥­¨ "
­  «î¡®¬ ["0; 1], ®ª®­ç â¥«ì­® ¯®«ãç¨¬ k�xk = O("), t 2 ["0; 1].
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�¥®à¥¬ . �ãáâì ¤«ï § ¤ ç¨ (1), (2) ¢ë¯®«­¥­ë ãá«®¢¨ï 1) ¨áå®¤­ ï á¨áâ¥¬  (1) ¯à¨¢®¤¨¬ 
ª ª ­®­¨ç¥áª®¬ã ¢¨¤ã (6), ¯à¨ç¥¬ P (t) = P | ¯®áâ®ï­­ ï ¬ âà¨æ ; 2) g(t) 2 C3r�3.

�®£¤ , ­ ç¨­ ï á ­¥ª®â®à®£® " (0 < " < "0 � 1), á¯à ¢¥¤«¨¢  ®æ¥­ª 

kx� x"k = O("); t 2 ["0; 1];

£¤¥ x" ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (10), (11).

�®ª § â¥«ìáâ¢®. �¨áâ¥¬ã (10) ã¬­®¦¨¬ ­  ¬ âà¨æã P ¨ ¯à®¨§¢¥¤¥¬ § ¬¥­ã ¯¥à¥¬¥­­®©
x"(t) = Q(t)y", £¤¥ P ¨ Q | â¥ ¦¥ ¬ âà¨æë, çâ® ¨ ¢ ä®à¬ã«¥ (6). �®«ãç¨¬

P (A+ "(B �A0))Qy0" + (P (A+ "(B �A0))Q0 + P (B + "(B0 �A00))Q)y" = Pg:

�á¯®«ì§ãï ãá«®¢¨¥ 1) â¥®à¥¬ë ¨ ä®à¬ã«ã (6), § ¯¨è¥¬ ¬ âà¨æë

P (A+ "(B �A0))Q = PAQ+ "(PBQ+ PAQ0)� "P (AQ)0

P (A+ "(B �A0))Q0 + P (B + "(B0 �A00))Q = (PAQ0 + PBQ) + "(P (AQ0)0 + P (BQ)0)� "P (AQ)00

¢ ¡«®ç­®¬ ¢¨¤¥

�
Es 0
0 N

�
+ "

�
J 0
0 En�s

�
� "

�
0 0
0 N 0

�
=
�
Es + "J 0

0 "En�s +N � "N 0

�
;

�
J 0
0 En�s

�
+ "

�
J 0 0
0 0

�
� "

�
0 0
0 N 00

�
=
�
J + "J 0 0

0 En�s � "N 00

�
:

�â ª, ®â­®á¨â¥«ì­® y" ¯®«ãç¨¬ á¨áâ¥¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

�
Es + "J 0

0 "En�s +N � "N 0

� 
y01"
y02"

!
+
�
J + "J 0 0

0 En�s � "N 00

� 
y1"
y2"

!
=

 
g1
g2

!
;

£¤¥ (g1; g2)� = Pg. �â­®á¨â¥«ì­® y2" ¨¬¥¥¬ ("En�s+N�"N 0)y02"+(En�s�"N
00)y2" = g2. �ç¨âë¢ ï,

çâ® (¯® á¢®©áâ¢ã 2)

(En�s � "N 00)�1 = En�s + "N 00 � "2(N 00)2 + � � �+ (�1)r�1"r�1(N 00)r�1;

¯®«ãç¨¬ ("En�s + ~N)y02" + y2" = ~g2, £¤¥ ~N ¨ ~g2 ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ «¥¬¬ë.
�â ª, ky2" � y2k = O("), t 2 ["0; 1].
� ª ª ª y01 + Jy1 = g1 ¨ y1"(0) = y1(0), â® ky1" � y1k � ky1"(0) � y1(0)k + L", t 2 [0; 1], L <1,

â.¥. ky1" � y1k = O("), t 2 [0; 1]. �á¯®¬¨­ ï, çâ® x = Qy, x" = Qy", ®ª®­ç â¥«ì­® ¯®«ãç¨¬
kx" � xk � kQk ky" � yk = O("), t 2 ["0; 1].

� § ª«îç¥­¨¥ ãª ¦¥¬ ­¥ª®â®àë¥ á«ãç ¨, ª®£¤  ¤«ï á¨áâ¥¬ë (1) ¢ë¯®«­ï¥âáï ãá«®¢¨¥ 1) â¥-
®à¥¬ë:

 ) ¬ âà¨æ  (�A(t) +B(t))�1A(t) ®¡« ¤ ¥â á¢®©áâ¢®¬ 
 ([1], á.90),

¡) ¨­¤¥ªá á¨áâ¥¬ë (1) à ¢¥­ 2, ¨ ¨áå®¤­ë¥ ¬ âà¨æë ¨¬¥îâ ¡«®ç­ë© ¢¨¤

A(t) =
�
A1(t) A2(t)
0 0

�
; B(t) =

�
B1(t) B2(t)
B3(t) B4(t)

�
;

  ¬ âà¨æ  A2 �A1B
�1
3 B4 ï¢«ï¥âáï ¯®áâ®ï­­®©.
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