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� áá¬®âà¨¬ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

_x = A(t; �)x+ f(t; x; �)x; (1)

¢ ª®â®à®© x 2 E2, A(t; �) = [aij(t; �)]
2

1
¨ f(t; x; �) = [fij(t; x; �)]

2

1
| !-¯¥à¨®¤¨ç¥áª¨¥ ¯® t ¬ âà¨æë,

� 2 Em, � | ¯ à ¬¥âà, t 2 R =]�1;1[, Es | s-¬¥à­®¥ ¢¥ªâ®à­®¥ ¯à®áâà ­áâ¢®.
�ãáâì jxj = max

i
jxij, D(�0) = f(x; �) : jxj � �0; j� � �0j � �0g, W (�0) = f� : � 2 E2; j�j � �0g,

�(�0) = f� : � 2 Em; j�� �0j � �0g, �0 > 0 | ­¥ª®â®à®¥ ç¨á«®, �0 2 Em.
�¯à¥¤¥«¨¬ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï ­¥­ã«¥¢®£® ¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï á¨áâ¥¬ë (1). � ª ï

§ ¤ ç  ¬¥â®¤®¬ ¬ «®£® ¯ à ¬¥âà  ¨§ãç « áì ¢ [1]. � [2] § ¤ ç  ® áãé¥áâ¢®¢ ­¨¨ ¯¥à¨®¤¨ç¥áª®£®
à¥è¥­¨ï á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¯à¨ ãá«®¢¨¨ áãé¥áâ¢®¢ ­¨ï äã­ªæ¨¨ �à¨­  ¢
­¥ª®â®à®¬ ®¡®¡é¥­­®¬ á¬ëá«¥ á¢¥¤¥­  ª  ­ «®£¨ç­®© § ¤ ç¥ ¤«ï á¨áâ¥¬ë ¨­â¥£à «ì­ëå ãà ¢­¥-
­¨©, ª ¨áá«¥¤®¢ ­¨î ª®â®à®© ¯à¥¤« £ ¥âáï ¯à¨¬¥­ïâì ¯à¨­æ¨¯ á¦ âëå ®â®¡à ¦¥­¨©. � [3] ¤«ï
á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, ¯à ¢ ï ç áâì ª®â®à®© | £®«®¬®àä­ ï ¢¥ªâ®à-äã­ªæ¨ï
¯® ¯¥à¥¬¥­­ë¬ x, �, ¢ ãá«®¢¨ïå ¢ë¯®«­¨¬®áâ¨ ¡¨äãàª æ¨®­­®© á¨áâ¥¬ë à ¢¥­áâ¢ ¤®ª § ­  â¥®-
à¥¬  ® áãé¥áâ¢®¢ ­¨¨ ¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï. �à®¡«¥¬  ®¯à¥¤¥«¥­¨ï ãá«®¢¨© áãé¥áâ¢®¢ ­¨ï
¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï ¢ [4] á¢¥¤¥­  ª ¯à®¡«¥¬¥ à §à¥è¨¬®áâ¨ âà ­áæ¥­¤¥­â­ëå ãà ¢­¥­¨©
¡¨äãàª æ¨©.

� ¤ ­­®© à ¡®â¥ ¤®ª § ­  â¥®à¥¬  ®¡ ãá«®¢¨ïå áãé¥áâ¢®¢ ­¨ï ­¥­ã«¥¢®£® ¯¥à¨®¤¨ç¥áª®£®
à¥è¥­¨ï á¨áâ¥¬ë (1), ®¯à¥¤¥«ï¥¬ëå ¤®áâ â®ç­® ®¡é¥© § ¢¨á¨¬®áâìî ®â ¯ à ¬¥âà  í«¥¬¥­â®¢
¬ âà¨æë á¨áâ¥¬ë «¨­¥©­®£® ¯à¨¡«¨¦¥­¨ï, ¯à¨ íâ®¬ ¯à¥¤¯®« £ ¥âáï, çâ® ­¥«¨­¥©­ë¥ ç«¥­ë
â®«ìª® ­¥¯à¥àë¢­ë, á¨áâ¥¬  (1) ®¡« ¤ ¥â á¢®©áâ¢®¬ ¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï.

� «¥¥ ¢áî¤ã ¯®« £ ¥¬, çâ® ­  ¬­®¦¥áâ¢¥ R�D(�0) ¬ âà¨æë A(t; �) ¨ f(t; x; �) ­¥¯à¥àë¢­ë,
f(t; 0; �) � 0.

� ¬¥­®© ¯¥à¥¬¥­­ëå

x1 =
�
exp

Z t

0

a11(�; �)d�
�
y1; x2 =

�
exp

Z t

0

a22(�; �)d�
�
y2 (2)

á¨áâ¥¬ã (1) á¢¥¤¥¬ ª á¨áâ¥¬¥

_y = B(t; �)y +	(t; y; �)y; (3)

¢ ª®â®à®© B(t; �) = [bij(t; �)]21, bii(t; �) � 0, 	(t; y; �) = [ ij(t; y; �)]21,

b12(t; �) = a12(t; �) exp
Z t

0

[a22(�; �) � a11(�; �)]d� ;

b21(t; �) = a21(t; �) exp
�
�

Z t

0

[a22(�; �)� a11(�; �)]d�
�
:

63



�«ï á¨áâ¥¬ë (3) á®åà ­¨¬ ®¡®§­ ç¥­¨ï, ¯à¨­ïâë¥ ¤«ï á¨áâ¥¬ë (1). �¨¬¢®«®¬ y(�; �; �) ®¡®§­ -
ç¨¬ ­¥¯à¥àë¢­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (3), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î y(0; �; �) = �. �ç¥¢¨¤­®, ¯à¨
«î¡®¬ � 2 �(�0) à¥è¥­¨¥¬ á¨áâ¥¬ë (3) ï¢«ï¥âáï y � 0.

�¯à¥¤¥«¥­¨¥. �«¥¤ãï ([5], c. 172), ­ §®¢¥¬ �0 ¡¨äãàª æ¨®­­ë¬ §­ ç¥­¨¥¬ ¯ à ¬¥âà  � á¨-
áâ¥¬ë (3), ¥á«¨ ¤«ï «î¡®£® " > 0 áãé¥áâ¢ãîâ ¢¥ªâ®àë � 2 E2, � 6= 0, � 2 Em â ª¨¥, çâ®
� 2 �("), à¥è¥­¨¥ y(�; �; �) á¨áâ¥¬ë (3) ï¢«ï¥âáï !-¯¥à¨®¤¨ç¥áª¨¬ à¥è¥­¨¥¬, ã¤®¢«¥â¢®àïîé¨¬
­¥à ¢¥­áâ¢ã jy(�; �; �)j < " ¯à¨ «î¡®¬ t 2 [0; !].

�¤­®¢à¥¬¥­­® á á¨áâ¥¬®© (3) à áá¬®âà¨¬ «¨­¥©­ãî á¨áâ¥¬ã

_z = C(t; �; �)z; (4)

¢ ª®â®à®© z 2 E2, ¬ âà¨æ  C(t; �; �) = B(t; �) + 	(t; y(t; �; �); �). �ãáâì Z(t; �; �) | äã­¤ ¬¥­-
â «ì­ ï ¬ âà¨æ  á¨áâ¥¬ë (4), Z(0; �; �) = E, E | ¥¤¨­¨ç­ ï ¬ âà¨æ .

�¯à¥¤¥«¨¬ ®¯¥à â®à � à ¢¥­áâ¢®¬

(Z(!; �; �) �E)�� = 0 (5)

¯à¨ ãá«®¢¨¨, çâ® �(�) = ��.

�¥®à¥¬  1. �ãáâì ¬ âà¨æë B(t; �) ¨ 	(t; y; �) !-¯¥à¨®¤¨ç¥áª¨¥ ¯® t. �¥ªâ®à �0 â®£¤  ¨

â®«ìª® â®£¤  ï¢«ï¥âáï ¡¨äãàª æ¨®­­ë¬ §­ ç¥­¨¥¬ ¯ à ¬¥âà  � á¨áâ¥¬ë (3), ª®£¤  ¯à¨ «î¡®¬
� 2 ]0; �0] áãé¥áâ¢ã¥â ¢¥ªâ®à � 2 �(�0), ¯à¨ ª®â®à®¬ ®¯¥à â®à � ¨¬¥¥â ­¥¯®¤¢¨¦­ãî â®çªã

�0 6= 0, �0 2W (�0).

�¯à ¢¥¤«¨¢®áâì â¥®à¥¬ë ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ ¯®áâà®¥­¨ï á¨áâ¥¬ë (4) ¨ ®¯à¥¤¥«¥­¨ï
¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï.

�ãáâì Y (t; �) | äã­¤ ¬¥­â «ì­ ï ¬ âà¨æ  á¨áâ¥¬ë _y = B(t; �)y, Y (0; �) = E. �®£¤  ¬ âà¨æã
Z(t; �; �) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ Z(t; �; �) = Y (t; �)+�(t; �; �), �(0; �; �) | ­ã«¥¢ ï ¬ âà¨æ ,
�(t; �; �) = ['ij(t; �; �)]21, lim

j�j!0
'ij(t; �; �) = 0 à ¢­®¬¥à­® ®â­®á¨â¥«ì­® �.

� âà¨æã Y (t; �) ¡ã¤¥¬ à áá¬ âà¨¢ âì ª ª ¬ âà¨æ ­â á¨áâ¥¬ë _y = B(t; �)y ([6], c. 74). �®£¤ ,

ãç¨âë¢ ï ¢¨¤ ¬ âà¨æë B(t; �) ¨ ¯®«®¦¨¢ b0=1, bn(t; �)=
Z t

0

b21(t1; �)dt1

Z t1

0

b12(t2; �)bn�1(t2; �)dt2,

c0 = 1, cn(t; �) =
Z t

0

b12(t1; �)dt1

Z t1

0

b21(t2; �)cn�1(t2; �)dt2, § ¯¨è¥¬ ¯à¥¤áâ ¢«¥­¨¥

Y (t; �)�E =

0
BBB@

1X
n=0

Z t

0

cn+1(�; �)d�
1X
n=0

Z t

0

b12(�; �)bn(�; �)d�

1X
n=0

Z t

0

b21(�; �)cn(�; �)d�
1X
n=0

Z t

0

bn+1(�; �)d�

1
CCCA :

�¥®à¥¬  2. �ãáâì 1) áãé¥áâ¢ã¥â � 2 ]0; �0] â ª®¥, çâ®
Z !

0

a11(t; �)dt =
4X

s=1

a3s(�)�
�s
s +o(j�j),

Z !

0

a22(t; �)dt =
4X

s=1

a4s(�)�
�s
s + o(j�j) ­  ¬­®¦¥áâ¢¥ �(�) � E4; 2) ¢ë¯®«­ï¥âáï ®¤­  ¨§ ç¥âëà¥å

á¥à¨© ãá«®¢¨©:

I.
1X
n=0

Z !

0

b12(t; �)bn(t; �)dt =
4X

s=1

�1s(�)�
�s
s + o(j�j),

1X
n=0

Z !

0

bn+1(t; �)dt =
4X

s=1

�2s(�)�
�s
s + o(j�j);

II.
1X
n=0

Z !

0

cn+1(t; �)dt =
4X

s=1

�1s(�)��ss + o(j�j),
1X
n=0

Z !

0

b21(t; �)cn(t; �)dt =
4X

s=1

�2s(�)��ss + o(j�j);
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III.
1X
n=0

Z !

0

b21(t; �)cn(t; �)dt =
4X

s=1

�1s(�)��ss + o(j�j),
1X
n=0

Z !

0

bn+1(t; �)dt =
4X

s=1

�2s(�)��ss + o(j�j)

¨ b21(t; 0) = 0 ¯à¨ «î¡®¬ t 2 [0; !],
Z !

0

b12(t; 0)dt 6= 0;

IV.
1X
n=0

Z !

0

cn+1(t; �)dt =
4X

s=1

�1s(�)�
�s
s + o(j�j),

1X
n=0

Z !

0

b12(t; �)bn(t; �)dt =
4X

s=1

�2s(�)�
�s
s + o(j�j)

¨ b12(t; 0) = 0 ¯à¨ «î¡®¬ t 2 [0; !],
Z !

0

b21(t; 0)dt 6= 0,

£¤¥ � = (�1; �2; �3; �4), �p = ��pp ¯à¨ «î¡®¬ p 2 f1; 2; 3; 4g, lim
�!0

o(j�j)=j�j = 0, äã­ªæ¨¨ �! �ps(�)

­¥¯à¥àë¢­ë, ¬ âà¨æ  [aij(0)]41 ­¥®á®¡¥­­ ï;
3) �s > 0 ¯à¨ «î¡®¬ s 2 f1; 2; 3; 4g ¨ ã¤®¢«¥â¢®àï¥â à ¢¥­áâ¢ã (�
)�s = �(
)�s , 
 > 0 |

­¥ª®â®à®¥ ç¨á«®.

�®£¤  �0 = 0 | ¡¨äãàª æ¨®­­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  � á¨áâ¥¬ë (3).

�®ª § â¥«ìáâ¢®. �ãáâì " > 0 ¨ � > 0 â ª®¢ë, çâ® ¯à¨ «î¡®¬ � 2 W (�), � 2 �(�) à¥è¥­¨¥
y(�; �; �) á¨áâ¥¬ë (3) ®¯à¥¤¥«¥­® ­  ¯à®¬¥¦ãâª¥ [0; !] ¨ ¯à¨ «î¡®¬ t 2 [0; !] ¢ë¯®«­¥­® ­¥à ¢¥­-
áâ¢® jy(t; �; �)j < ". �«¥¤®¢ â¥«ì­®, ­  ¬­®¦¥áâ¢¥ W (�)� �(�) ¬ âà¨æ  Z(!; �; �) ®¯à¥¤¥«¥­ .

� áá¬®âà¨¬ á­ ç «  á«ãç ©, ª®£¤  ¢ë¯®«­¥­ë ãá«®¢¨ï á¥à¨¨ I. �¡¥¤¨¬áï, çâ® ç¨á«® � 2 ]0; �0]
¬®¦­® ¢ë¡à âì â ª, çâ® ¤«ï «î¡®£® ç¨á«  �1 2 ]0; �] áãé¥áâ¢ãîâ ¢¥ªâ®àë � 2 W (�1), � 6= 0,
� 2 �(�1) â ª¨¥, çâ®

1X
n=0

Z !

0

b12(�; �)bn(�; �)d� + '12(!; �; �) = 0;

1X
n=0

Z !

0

bn+1(�; �)d� + '22(!; �; �) = 0; (6)

Z !

0

aii(t; �)dt = 0; i = 1; 2:

�§ ãá«®¢¨© 1) ¨ 2) â¥®à¥¬ë á«¥¤ã¥â, çâ® á¨áâ¥¬ã (6) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

4X
s=1

�ps(�)�s + o(j�j) + 'p2(!; �; �) = 0: (7)

�ãáâì �(�) = [�ps(�)]41. � ª ª ª ¬ âà¨æ  �(0) ­¥®á®¡¥­­ ï, â® � 2 ]0; �0] ¬®¦­® ¢ë¡à âì
â ª¨¬ ®¡à §®¬, çâ® ¯à¨ «î¡®¬ � 2 �(�) ¬ âà¨æ  �(�) â ª¦¥ ­¥®á®¡¥­­ ï. �¨áâ¥¬ã (7) § ¯¨è¥¬
¢ ¢¨¤¥

� = ���1(�)[o(j�j) + '2(!; �; �)];

'2(!; �; �) = ('12(!; �; �); '22(!; �; �); 0; 0):

�¯¥à â®à A ®¯à¥¤¥«¨¬ à ¢¥­áâ¢®¬ A� = ���1(�)[o(j�j) + '2(!; �; �)].
�ç¨âë¢ ï á¢®©áâ¢  o(j�j) ¨ '2(!; �; �), ¬®¦­® ãâ¢¥à¦¤ âì áãé¥áâ¢®¢ ­¨¥ â ª®£® ç¨á«  � 2

]0; �0], çâ® ¯à¨ �1 2 ]0; �] ®¯¥à â®à A ­  ¬­®¦¥áâ¢¥ f� : j�j � �1g ­¥¯à¥àë¢¥­ ¨ ¯à¨ «î¡®¬
ä¨ªá¨à®¢ ­­®¬ � 2W (�1) ¤«ï «î¡®£® ¢¥ªâ®à  �, ã¤®¢«¥â¢®àïîé¥£® ­¥à ¢¥­áâ¢ã j�j � �1, ¨¬¥¥â
¬¥áâ® ¢ª«îç¥­¨¥ A� 2 f� : j�j � �1g. �«¥¤®¢ â¥«ì­®, ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ­­®¬ � 2 W (�1)
®¯¥à â®à A ­  ¬­®¦¥áâ¢¥ f� : j�j � �1g ¨¬¥¥â ­¥¯®¤¢¨¦­ãî â®çªã.

�ãáâì ¢¥ªâ®à �� = (0; �2), �2 6= 0, â ª®¢, çâ® j��j � �1. �§ ¯à¨¢¥¤¥­­ëå à ááã¦¤¥­¨© á«¥¤ã-
¥â, çâ® áãé¥áâ¢ã¥â �� 2 �(�1), ¯à¨ ª®â®à®¬ ¢â®à®© áâ®«¡¥æ ¬ âà¨æë Z(!; ��; ��) � E ï¢«ï¥âáï

­ã«¥¢ë¬,   äã­ªæ¨¨ t ! exp
Z !

0

aii(�; �
�)d�, t ! bij(t; ��) ï¢«ïîâáï !-¯¥à¨®¤¨ç¥áª¨¬¨, i 6= j,
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i; j = 1; 2. �®íâ®¬ã ¯à¨ � = �� ¢¥ªâ®à �� ï¢«ï¥âáï ­¥¯®¤¢¨¦­®© â®çª®© ®¯¥à â®à  �, ®¯à¥¤¥«¥­-
­®£® à ¢¥­áâ¢®¬ (5). �âáî¤  ¯® â¥®à¥¬¥ 1 �0 | ¡¨äãàª æ¨®­­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  � á¨áâ¥¬ë
(3).

�®ª § â¥«ìáâ¢® â¥®à¥¬ë ¢ á«ãç ¥ ¢ë¯®«­¥­¨ï ãá«®¢¨© á¥à¨¨ II  ­ «®£¨ç­®.
�ãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï á¥à¨¨ III. �¨áâ¥¬  (4) ¯à¨ � = 0, � = 0 ¯à¨¬¥â ¢¨¤

_y1 = b12(t; 0)y2; _y2 = 0: (8)

�¥è¥­¨¥¬ á¨áâ¥¬ë (8), ã¤®¢«¥â¢®àïîé¨¬ ­ ç «ì­ë¬ ãá«®¢¨ï¬ y1(0) = 0, y2(0) = 1, ï¢«ï¥âáï

¢¥ªâ®à-äã­ªæ¨ï y(t) =
� Z t

0

b12(�; 0)d�; 1
�
. �®£¤  ¢ á¨«ã ­¥¯à¥àë¢­®© § ¢¨á¨¬®áâ¨ à¥è¥­¨ï á¨-

áâ¥¬ë (3) (á«¥¤®¢ â¥«ì­®, ¨ á¨áâ¥¬ë (4)) ®â ­ ç «ì­ëå ¤ ­­ëå ¨ ¯ à ¬¥âà  ¬®¦­® ¢ë¡à âì
ç¨á«® � 2 ]0; �0] â ª¨¬, çâ®¡ë ¯à¨ «î¡ëå (�; �) 2W (�) � �(�) ¢ ¬ âà¨æ¥ Z(!; �; �)�E í«¥¬¥­â

1X
n=0

!Z
0

b12(t; �)bn(t; �)dt+ '12(!; �; �) 6= 0:

�®ª ¦¥¬, çâ® � 2]0; �0] ¬®¦­® ¢ë¡à âì â ª, çâ® ¤«ï «î¡®£® ç¨á«  �1 2]0; �] ¡ã¤ãâ áãé¥áâ¢®-
¢ âì ¢¥ªâ®àë � = (�1; �2) 2W (�1), � 6= 0, � 2 �(�1) â ª¨¥, çâ®

� 1X
n=0

Z !

0

cn+1(t; �)dt + '11(!; �; �)
�
�1 +

� 1X
n=0

Z !

0

b12(t; �)bn(t; �)dt+ '12(!; �; �)
�
�2 = 0;

1X
n=0

Z !

0

b21(t; �)cn(t; �)dt+ '21(!; �; �) = 0; (9)

1X
n=0

Z !

0

bn+1(t; �)dt + '22(!; �; �) = 0;

Z !

0

aii(t; �)dt = 0; i = 1; 2:

�«ï ¯à®áâ®âë § ¯¨á¥© ¯®«®¦¨¬

1X
n=0

Z !

0

cn+1(t; �)dt+ '11(!; �; �) = B1(!; �; �);

1X
n=0

Z !

0

b12(t; �)bn(t; �)dt+ '12(!; �; �) = B2(!; �; �):

�®£¤ , ãç¨âë¢ ï ãá«®¢¨¥ 1) â¥®à¥¬ë, á¨áâ¥¬ã (9) § ¯¨è¥¬ ¢ ¢¨¤¥

�2 = �B�12 (!; �; �)B1(!; �; �)�1;
4X

s=1

aps(�)��ss + o(j�j) + '2p(!; �; �) = 0; p = 1; 2; 3; 4; (10)

'23(!; �; �) � '24(!; �; �) � 0:

� ª ª ª ¬ âà¨æ  �(0) ­¥®á®¡¥­­ ï, â® � 2]0; �0] ¬®¦­® ¢ë¡à âì â ª¨¬ ®¡à §®¬, çâ® ¯à¨
«î¡®¬ � 2 �(�) ¬ âà¨æ  �(�) ¡ã¤¥â â ª¦¥ ­¥®á®¡¥­­®©.

�¨áâ¥¬ã (10) § ¯¨è¥¬ ¢ ¢¨¤¥

�2 = �B�12 (!; �; �)B1(!; �; �)�1;

� = ���1(�)[o(j�j) +  (!; �; �)];

 (!; �; �) = ('21(!; �; �); '22(!; �; �); 0; 0):
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�¯¥à â®à A ®¯à¥¤¥«¨¬ à ¢¥­áâ¢®¬ A� = (A1�2; A2�), ¢ ª®â®à®¬

A1�2 = �B�1
2
(!; �; �) �B1(!; �; �)�1; A2� = ���1(�)[o(j�j) +  (!; �; �)]; � = (�2; �):

�¨á«  � 2 ]0; �0] ¨ �1 2 ]0; �] ¬®¦­® ¢ë¡à âì â ª¨¬ ®¡à §®¬, çâ®¡ë ¯à¨ «î¡®¬ �2 2 ]0; �] ¨ «î-
¡®¬ ä¨ªá¨à®¢ ­­®¬ �1(j�1j � �1) ®¯¥à â®à A ­  ¬­®¦¥áâ¢¥ D(�2) = f� : j�2j � �2; j�j � �2g ¡ë«
­¥¯à¥àë¢¥­ ¨ ¤«ï «î¡®£® ¢¥ªâ®à  � = (�2; �), ã¤®¢«¥â¢®àïîé¥£® ­¥à ¢¥­áâ¢ ¬ j�2j � �2, j�j � �2,
¢ë¯®«­ï«¨áì ­¥à ¢¥­áâ¢  jA1�2j � �2, jA2�j � �2. � íâ® §­ ç¨â, çâ® ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ­­®¬
�1 6= 0, j�1j � �1, ®¯¥à â®à A ­  ¬­®¦¥áâ¢¥ D(�2) ¨¬¥¥â ­¥¯®¤¢¨¦­ãî â®çªã (��2; �

�
). �ë¡¥-

à¥¬ ¯à®¨§¢®«ì­®¥, ­® ä¨ªá¨à®¢ ­­®¥ ç¨á«® ��1 6= 0, ã¤®¢«¥â¢®àïîé¥¥ ­¥à ¢¥­áâ¢ã j��1j � �1. �§
¯à¨¢¥¤¥­­ëå à ááã¦¤¥­¨© á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ¢¥ªâ®à ��, ¯à¨ ª®â®à®¬ ®¯¥à â®à �, ®¯à¥¤¥-

«¥­­ë© à ¢¥­áâ¢®¬ (5), ¨¬¥¥â ­¥¯®¤¢¨¦­ãî â®çªã �0 = (��1; �
�
2
), �0 6= 0,   t! exp

Z !

0

aii(�; ��)d�,

t ! bij(�; ��) | !-¯¥à¨®¤¨ç¥áª¨¥ äã­ªæ¨¨, i 6= j; i; j = 1; 2. �âáî¤  ¯® â¥®à¥¬¥ 1 �0 | ¡¨äãà-
ª æ¨®­­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  � á¨áâ¥¬ë (3).

�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï â¥®à¥¬  ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© á¥à¨¨ IV.

�â¬¥â¨¬, çâ® ¥á«¨ ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 2, â® �0 | ¡¨äãàª æ¨®­­®¥ §­ ç¥­¨¥ ¯ à -
¬¥âàa � á¨áâ¥¬ë (1). �â® á«¥¤ã¥â ¨§ â®£®, çâ® ¢ ¯à®æ¥áá¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2 ãáâ ­®¢«¥­®

áãé¥áâ¢®¢ ­¨¥ ¢¥ªâ®à  ��, ¯à¨ ª®â®à®¬ äã­ªæ¨¨ t ! exp
Z !

0

aii(�; ��)d� !-¯¥à¨®¤¨ç¥áª¨¥, á¨-

áâ¥¬  (3) (á«¥¤®¢ â¥«ì­®, ¨ á¨áâ¥¬  (1)) ¨¬¥¥â ­¥­ã«¥¢®¥ !-¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥.

� ¬¥ç ­¨¥. �¥®à¥¬  2 ®áâ ¥âáï á¯à ¢¥¤«¨¢®© ¨ ¢ â®¬ á«ãç ¥, ª®£¤  ¯à¨ ­¥ª®â®à®¬ ¨«¨
¤ ¦¥ ¯à¨ «î¡®¬ i 2 f1; 2g aii(t; �) � 0. �à¨ íâ®¬, ¥á«¨ aii(t; �) � 0 ¯à¨ ­¥ª®â®à®¬ i, â® ¯à¨

j 2 f1; 2g, j 6= i, ¢ ¯à¥¤áâ ¢«¥­¨¨
Z !

0

ajj(t; �)dt (ãá«®¢¨¥ 1)),   â ª¦¥ ¢ á¥à¨ïå I{IV s = 1; 3,

� 2 E3. �á«¨ ¦¥ aii(t; �) � 0 ¯à¨ «î¡®¬ i 2 f1; 2g, â® ãá«®¢¨¥ 1) á­¨¬ ¥âáï,   ¢ á¥à¨ïå I{IV s = 1
¨ 2, � 2 E2.

�à¨¬¥à. � áá¬®âà¨¬ á¨áâ¥¬ã (1), ¢ ª®â®à®©

a11(t; �) = 2�1 sin
2 t+ 3�1=32 (1 + cos t) + 3�3=53 cos2 t+ �21;

a12(t; �) = �1(1 + cos t) + �
1=3
2 (1 + sin t) + �

3=5
3 cos 2t+ �

3=4
2 ;

a21(t; �) = sin 2t; a22(t; �) � 0;

f(t; x; �)x = (7�1x
10=7
1 cos2 t+ 3�1�2x

6=5
2 sin 2t; �22x

4=3
2 cos 2t+ x1x2):

� ª ª ª a22(t; �) � 0, â®, ¯®« £ ï ! = 2� ¨ ãç¨âë¢ ï à ¢¥­áâ¢  (2), ¯®«ãç¨¬

1X
n=0

Z 2�

0

b12(t; �)bn(t; �)dt = 2��1 + 2��1=32 + o(j�j);

1X
n=0

Z 2�

0

bn+1(t; �)dt = ���1 � ��
1=3
2 +

�

2
�
3=5
3 + o(j�j);

Z 2�

0

a11(t; �)dt = 2��1 + 6��1=32 + 3��3=53 + o(j�j);

£¤¥ � = (�1; �2; �3), �1 = �1, �2 = �
1=3
2 , �3 = �

3=5
3 (�1 = 1, �2 = 1=3, �3 = 3=5),

det

0
BB@
2� 2� 0

�� ��
�

2
2� 6� 3�

1
CCA = �4�3:
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�«¥¤®¢ â¥«ì­®, ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥¬ë 2 (á¬. § ¬¥ç ­¨¥), ¯®íâ®¬ã �0 | ¡¨äãàª æ¨-
®­­®¥ §­ ç¥­¨¥ ¯ à ¬¥âà  � á¨áâ¥¬ë (1).
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