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�§ãç¥­ë âà¨ ª« áá  «¨­¥©­ëå ¨ ª¢ §¨«¨­¥©­ëå ­¥ ¢â®­®¬­ëå á¨áâ¥¬ ®¡ëª­®¢¥­­ëå ¤¨ä-
ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (à¥£ã«ïà­® ¢®§¬ãé¥­­ë¥ á¨áâ¥¬ë á ¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â -
¬¨, á¨­£ã«ïà­® ¢®§¬ãé¥­­ë¥ á¨áâ¥¬ë á ¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨ ¨ á¨áâ¥¬ë á ¯®«¨­®-
¬¨ «ì­® ¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨), ¤«ï ª®â®àëå ¯®«ãç¥­ë ªà¨â¥à¨¨  á¨¬¯â®â¨ç¥áª®©
ãáâ®©ç¨¢®áâ¨, ãáâ®©ç¨¢®áâ¨ ¨ ­¥ãáâ®©ç¨¢®áâ¨ âà¨¢¨ «ì­®£® à¥è¥­¨ï.

� ®â«¨ç¨¥ ®â ¨§¢¥áâ­®£® [1]{[8] ¯à¥¤«®¦¥­­ë©  «£®à¨â¬, ¢ ®á­®¢¥ ª®â®à®£® «¥¦¨â ®¤¨­ ¨§
¢ à¨ ­â®¢ ¬¥â®¤  à áé¥¯«¥­¨ï [9]{[11], ¯®§¢®«ï¥â ¯à®¢®¤¨âì ¨áá«¥¤®¢ ­¨¥ ãáâ®©ç¨¢®áâ¨ ¤®áâ -
â®ç­® ¯à®áâ® ¨ ¡¥§ ¨á¯®«ì§®¢ ­¨ï (¤«ï ­¥«¨­¥©­ëå á¨áâ¥¬) âà ¤¨æ¨®­­®£®  ¯¯ à â  äã­ªæ¨©
�ï¯ã­®¢  [3]{[6], ¢ª«îç ï ªà¨â¨ç¥áª¨© á«ãç ©.

1. �áá«¥¤®¢ ­¨¥ à¥£ã«ïà­® ¢®§¬ãé¥­­ëå á¨áâ¥¬ á ¯¥à¨®¤¨ç¥áª¨¬¨
ª®íää¨æ¨¥­â ¬¨

�ï¤ § ¤ ç ¬¥å ­¨ª¨ ¨ ä¨§¨ª¨ ¯à¨¢®¤¨â ª ¨§ãç¥­¨î ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢¨¤ 

_x = A(t; ")x + f(x; t); x(0; ") = x0�
A(t; ") =

1X
0

Ak(t)"k; f(0; t) � 0; kA(t; ")k � C; t � 0; j"j � "0 < 1
�
;

(1.1)

£¤¥ Ak(t), k � 0, | ¤®áâ â®ç­® £« ¤ª¨¥ T -¯¥à¨®¤¨ç¥áª¨¥ ¬ âà¨ç­ë¥ äã­ªæ¨¨ (­ ¯à., ãà ¢­¥­¨ï
�¨«« {� âì¥, ¢®§­¨ª îé¨¥ ¯à¨ ¨§ãç¥­¨¨ ¤¢¨¦¥­¨ï �ã­ë [6]).

�¥®à¥¬  1.1. �¨áâ¥¬  (1:1) ¢ á«ãç ¥, ª®£¤  ¬ âà¨æ  A0 ï¢«ï¥âáï ¯®áâ®ï­­®© ¨ ¥¥ á¯¥ªâà

f�0jg
n
1 ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

�jk � �0j � �0k 6= i2�qT�1; j 6= k; j; k = 1; n; q = 0;�1; : : : ; (1.2)

¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ ­  á ¯®¬®éìî ­¥¢ëà®¦¤¥­­®© (¯à¨ ¤®áâ â®ç­® ¬ «ëå j"j � 1) § ¬¥-
­ë ª á¨áâ¥¬¥ á ¯®çâ¨ ¯®áâ®ï­­®© ¨ ¤¨ £®­ «ì­®© ¬ âà¨æ¥©

_z = Q(t; ")z + b(z; t); z(0; ") = z0;

Q(t; ") = �(") + "N+1G(t; "); �(") =
NX
0

�k"
k; N = 0; 1; 2; : : : ;

(1.3)

£¤¥ ¬ âà¨æë �k, k = 0; N , ï¢«ïîâáï ¯®áâ®ï­­ë¬¨ ¨ ¤¨ £®­ «ì­ë¬¨,   ¬ âà¨æ  G(t; ") à ¢­®-
¬¥à­® ®£à ­¨ç¥­  ¯® ­®à¬¥ ¯à¨ t � 0 ¨ j"j � 1, â. ¥. kG(t; ")k = O(1), t � 0, j"j � j"0j � 1.

�®ª § â¥«ìáâ¢®. � á¨«ã ãá«®¢¨© (1.2) ¢á¥£¤  áãé¥áâ¢ã¥â ­¥¢ëà®¦¤¥­­ ï ¬ âà¨æ  S0 â -
ª ï, çâ® § ¬¥­ 

x = S0y (S�10 A0S0 = �0 = diagf�01; : : : ; �0ng) (1.4)
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¯à¥®¡à §ã¥â á¨áâ¥¬ã (1.1) ª ¢¨¤ã

_y = B(t; ")y + h(y; t); y(0; ") = y0; (1.5)

£¤¥ B(t; ") = S�10 A(t; ")S0 =
1P
0
Bk(t)"k (B0 = �0). �®á«¥¤ãîé ï T -¯¥à¨®¤¨ç¥áª ï ­¥¢ëà®¦¤¥­-

­ ï ¯à¨ ¤®áâ â®ç­® ¬ «ëå j"j � 1 § ¬¥­ 

y = H(t; ")z; H(t; ") = E +
NX
1

Hk(t)"k; (1.6)

¯®§¢®«ï¥â ¯®«ãç¨âì á¨áâ¥¬ã (1.3). �à¨ íâ®¬ ¬ âà¨æë H(t; "), Q(t; ") ¨ B(t; ") á¢ï§ ­ë á®®â­®-
è¥­¨¥¬

_H = B(t; ")H(t; ") �H(t; ")Q(t; "): (1.7)

�à¨à ¢­¨¢ ï ¢ (1.7) ª®íää¨æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëå áâ¥¯¥­ïå ", ¯®«ãç¨¬ ¯à®áâë¥ ¤¨ää¥à¥­æ¨-
 «ì­ë¥ ãà ¢­¥­¨ï ¤«ï ¯®á«¥¤®¢ â¥«ì­®£® ¨ ®¤­®§­ ç­®£® ®¯à¥¤¥«¥­¨ï ª ¦¤®© ¨§ ¯®áâ®ï­­ëå
¤¨ £®­ «ì­ëå ¬ âà¨æ �k ¨ T -¯¥à¨®¤¨ç¥áª¨å ¬ âà¨æ Hk(t), k = 1; N ,

_Hk(t) = Pk(t)� �k +�0Hk(t)�Hk(t)�0; P1(t) = B1(t);

Pk(t) = Bk(t) +
k�1X
j=1

(Bj(t)Hk�j(t)�Hk�j(t)�j); k = 2; N:
(1.8)

�«ï ã¤®¡áâ¢  ¤ «ì­¥©è¥£® ¨§«®¦¥­¨ï ¤«ï ¯à®¨§¢®«ì­®© ª¢ ¤à â­®© ¬ âà¨æë A ®¡®§­ ç¨¬

A = fajkg
n
1 ; A = diagfa11; : : : ; anng; A = A�A:

� «¥¥ ®â¬¥â¨¬, çâ® ª ¦¤®¥ ¨§ ãà ¢­¥­¨© (1.8) à á¯ ¤ ¥âáï ­  ¤¢  ãà ¢­¥­¨ï

_Hk(t) = P k(t)� �k; Pk(t) = fpijk(t)g; (1.9)

_
Hk(t) = �0Hk(t)�Hk(t)�0 + P k(t); Hk(t) = fhijk(t)g; k = 1; N; (1.10)

¯à¨ íâ®¬ ãà ¢­¥­¨¥ (1.9) ¨¬¥¥â ¢ ª« áá¥ CT T -¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨© ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥

Hk(t) =
Z t

0

(P k(s)� �k)ds 2 CT ;

¥á«¨ ¯®«®¦¨âì

�k = T�1
Z T

0
P k(s)ds; k = 1; N:

�à ¢­¥­¨¥ (1.10) à á¯ ¤ ¥âáï ¢ á¢®î ®ç¥à¥¤ì ­  (n2 � n) áª «ïà­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢-
­¥­¨©

_hijk(t) = �ijhijk(t) + pijk(t); i 6= j; i; j = 1; n; k = 1; N;

à¥è¥­¨¥ ª ¦¤®£® ¨§ ª®â®àëå ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥

hijk(t) = e�ij (t+T )(1� e�ijT )�1
Z t+T

t

e��ijspijk(s)ds 2 CT :

�æ¥­ª  kG(t; ")k = O(1) á«¥¤ã¥â ¨§ á®®â­®è¥­¨ï (1.7) ¨ à ¢¥­áâ¢ 

G(t; ") =
1X

k=N+1

Bk(t)"k�N�1 +
NX
j=1

(Bj(t)HN+1�j(t)�HN+1�j(t)�j);

çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë.
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� ¬¥ç ­¨¥ 1.1. �¥®à¥¬ã 1.1 ¬®¦­® à áá¬ âà¨¢ âì ª ª  á¨¬¯â®â¨ç¥áª¨© (¨, ¢ ®â«¨ç¨¥ ®â
à ­¥¥ ¨§¢¥áâ­®£® [3]{[6], ª®­áâàãªâ¨¢­ë©)  ­ «®£ ¨§¢¥áâ­®© â¥®à¥¬ë �«®ª¥{�ï¯ã­®¢  ® ¯à¨-
¢®¤¨¬®áâ¨, â. ª. ¯à¥®¡à §®¢ ­¨ï (1.4) ¨ (1.6), ¯à¨¢®¤ïé¨¥ ¨áå®¤­ãî á¨áâ¥¬ã ª ¡®«¥¥ ¯à®áâ®¬ã
¢¨¤ã, ¨¬¥îâ ï¢­®¥ ¯à¥¤áâ ¢«¥­¨¥.

� ¬¥ç ­¨¥ 1.2. �à¨ ­ «¨ç¨¨ ã ¬ âà¨æë A0 ªà â­ëå â®ç¥ª á¯¥ªâà  f�0jg
p
1, ã¤®¢«¥â¢®àïî-

é¨å ãá«®¢¨ï¬

�jk 6= i2�qT�1; j 6= k; j; k = 1; p; 1 � p � n; q = 0;�1;�2; : : : ; (1.11)

¯®á«¥ § ¬¥­ë ¢¨¤  (1.4) ¯®«ãç¨¬ á¨áâ¥¬ã ¢¨¤  (1.5), £¤¥

B0 = S�10 A0S0 = J0 = diagfJ01; : : : ; J0pg; J0j = �0jE +Nj ;

Nj { ­¥ª®â®àë¥ ­¨«ì¯®â¥­â­ë¥ ¬ âà¨æë (j = 1; p).

� ãç¥â®¬ áâàãªâãàë ¬ âà¨æë B0 = J0 ¬®¦­® ¯®áâà®¨âì § ¬¥­ã (­¥ª®â®àë©  ­ «®£ \áà¥§ -
îé¥£® ¯à¥®¡à §®¢ ­¨ï", á¬. ­ ¯à., [10])

y = U(")v; U(") = diagfU1("1); : : : ; Up("p)g; mj = dimJ0j ;

Uj("j) = diag(1; "j ; "2j ; : : : ; "
mj�1
j ); "

mj

j = "i; j = 1; p;

¯à¨¢®¤ïéãî á¨áâ¥¬ã ¢¨¤  (1.5) ª á¨áâ¥¬¥ á ¯à¥¤¥«ì­®© ¤¨ £®­ «ì­®© ¬ âà¨æ¥©

_v = F (t; �)v + g(v; t; �); v(0; �) = v0 (1.12)�
� = ���

j=1;p

("j); F (t; �) =
1X
0

Fk(t)�
k; F0 = �0 = diagf�01; : : : ;�0pg; �0j = �0jE; j = 1; p

�
:

� ãç¥â®¬ áâàãªâãàë ¬ âà¨æë J0 ¤«ï ¯à®¨§¢®«ì­®© ª¢ ¤à â­®© ¬ âà¨æë A ®¡®§­ ç¨¬

A = fAjkg
p
1; bA = diagfA11; : : : ; Appg;

^̂
A = A� bA:

�¥¢ëà®¦¤¥­­ ï ¯à¨ ¤®áâ â®ç­® ¬ «ëå j�j T -¯¥à¨®¤¨ç¥áª ï § ¬¥­  v =
�
E +

N1P
1
Hk(t)�k

�
z

¯®§¢®«ï¥â, ª ª ¨ ¢ëè¥, ¯à¥®¡à §®¢ âì á¨áâ¥¬ã (1.12) ª á¨áâ¥¬¥ á ¯®çâ¨ ¯®áâ®ï­­®© ¡«®ç­®-
¤¨ £®­ «ì­®© ¬ âà¨æ¥© ¢¨¤ 

_z = Q(t; �)z + b(z; t; �); z(0; �) = z0; Q(t; �) = �0 +
N1X
1

bQk�
k +O(�N1+1); b(0; t; �) � 0: (1.13)

�à®æ¥áá à áé¥¯«¥­¨ï á¨áâ¥¬ë (1.13) ¬®¦¥â ¡ëâì ¯à®¤®«¦¥­ ¨ ¤ «¥¥.

� ¬¥ç ­¨¥ 1.3. �£à ­¨ç¥­¨ï ¢¨¤  (1.2) ¨«¨ (1.11) ­  ­ «¨ç¨¥ à¥§®­ ­á­ëå á®®â­®è¥­¨©
­¥ ï¢«ïîâáï áãé¥áâ¢¥­­ë¬¨ ¨ ¨å ¬®¦­® ã¡à âì, ¥á«¨ ­  á®®â¢¥âáâ¢ãîé¥¬ è £¥ ¤¨ £®­ «ì­ãî
¬ âà¨æã �0 ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

�0 = D0 + iC0; C0 = 2�T�1 diagfm1; : : : ;mpg;

  á¯¥ªâà ¬ âà¨æë D0 ã¦¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ ¢¨¤  (1.2). �à¨ íâ®¬ ªà â­®áâì ­¥ª®â®àëå
â®ç¥ª á¯¥ªâà  ¬®¦¥â ¨§¬¥­¨âìáï, çâ® ¯®§¢®«ï¥â ¯®á«¥ § ¬¥­ë y = exp(iC0t)z ¯¥à¥©â¨ ª á¨áâ¥¬¥
¢¨¤  (1.3).

� ¬¥ç ­¨¥ 1.4. �â¬¥â¨¬, çâ® áâàãªâãà  ¬ âà¨æë Q(t; ") ¢ ãà ¢­¥­¨¨ (1.3) ¯®§¢®«ï¥â ¯à®-
¢¥áâ¨ ¨áá«¥¤®¢ ­¨¥ ãáâ®©ç¨¢®áâ¨ âà¨¢¨ «ì­®£® à¥è¥­¨ï § ¤ ç¨ (1.3) ¨ íª¢¨¢ «¥­â­®© ¥© § ¤ ç¨
(1.1) [10].

53



� áá¬®âà¨¬ ­¥áª®«ìª® ¯à¨¬¥à®¢.
1. �à ¢­¥­¨¥ � âì¥

�x+ (� + "0 cos t)x = 0; (1.14)

£¤¥ � ¨ "0 | ­¥ª®â®àë¥ ¯ à ¬¥âàë, ®¯¨áë¢ ¥â ¯à¨ ­¥ª®â®àëå ¤®¯ãé¥­¨ïå ¤¢¨¦¥­¨¥ �ã­ë ([6],
á. 246). �¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ âà¨¢¨ «ì­®£® à¥è¥­¨ï ãà ¢­¥­¨ï (1.14) ­  ¯«®áª®áâ¨ ¯ à ¬¥-
âà®¢ "0 ¨ � ®¡ëç­® ®¯à¥¤¥«ïîâáï á ¯®¬®éìî ®¯à¥¤¥«¨â¥«¥© ¡¥áª®­¥ç­®£® ¯®àï¤ª  ¨ áâà®ïâáï
á ¯®¬®éìî ¤¨ £à ¬¬ë �©­á {�âà¥ââ  ([6], á. 250). �®ª ¦¥¬, çâ® à¥è¥­¨¥ íâ®© § ¤ ç¨ ¬®¦­®
¯®«ãç¨âì á ¯®¬®éìî ¡®«¥¥ ¯à®áâ®£® ¬¥â®¤ , ®¯¨á ­­®£® ¢ëè¥. �¡®§­ ç¨¢ � = �2, ¯à¥®¡à §ã¥¬
ãà ¢­¥­¨¥ (1.14) ª á¨áâ¥¬¥

_y = A(t; "0)y; A(t; "0) = A0 + "0A1(t); (1.15)

£¤¥

A0 =
�

0 1
��2 0

�
; A1(t) =

�
0 0
�1 0

�
cos t; y =

�
x
_x

�
;

ª®â®à ï ¯®á«¥ § ¬¥­ë ¢¨¤  (1.6) ¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ ­  ª ¢¨¤ã

_z = B(t; ")z; B(t; ") = �0 + "B1(t); " = "0=2�;

�0 = i�

�
�1 0
0 1

�
; B1(t) = i

�
�1 �1
1 1

�
cos t; S0 =

�
1 1
�i� i�

�
:

(1.16)

� á¨«ã â¥®à¥¬ë 1.1 á¨áâ¥¬  (1.16) ¢ ­¥à¥§®­ ­á­®¬ á«ãç ¥ (�jk 6= i2�nT�1) ¬®¦¥â ¡ëâì á «î¡®©
â®ç­®áâìî ¯à¥®¡à §®¢ ­  ª á¨áâ¥¬¥ ¢¨¤  (1.3) á ¯®çâ¨ ¯®áâ®ï­­®© ¨ ¤¨ £®­ «ì­®© ¬ âà¨æ¥©,
¨áá«¥¤®¢ ­¨¥ ª®â®à®© ­¥ ¢ë§ë¢ ¥â § âàã¤­¥­¨©. �à¨ ­ «¨ç¨¨ à¥§®­ ­á­ëå á®®â­®è¥­¨©, ª®-
£¤  � = n=2 (�jk = �2i� = in, n = 0;�1;�2; : : : ), ¨áå®¤­®¥ ãà ¢­¥­¨¥ ¯®á«¥ ¤®¯®«­¨â¥«ì­ëå
¯à¥®¡à §®¢ ­¨© ¯à¨¢®¤¨âáï ª á¨áâ¥¬ ¬ ¤àã£®£® ¢¨¤ .

�à¨ n = 0 á¨áâ¥¬  (1.15) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã

_y = (�B1(t) + �3B3)y; "0 = �2; � = "20�;

£¤¥

B1(t) =
�

0 1
� cos t 0

�
; B3 =

�
0 0
�� 0

�
;

çâ® ¯®§¢®«ï¥â ¯®á«¥ § ¬¥­ë y =
�
E +

3P
1
Hk(t)�k

�
z ¯®«ãç¨âì á¨áâ¥¬ã _z = (�C1+ �3C3+ o(�3))z,

£¤¥

C1 =
�
0 1
0 0

�
; C3 =

�
0 2

�(� + 0; 5) 0

�
:

�­ «¨§ ¯à¨¡«¨¦¥­­®£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï j�C1+�3C3��Ej = 0 ®¯à¥¤¥«ï¥â ®¡« áâì
­¥ãáâ®©ç¨¢®áâ¨ � + 1=2 < 0, � < �"20=2 ¯à¨ n = 0.

� á«ãç ¥ n = 1 ¯®á«¥ § ¬¥­ � = 1=2+ "0�, z = exp(�0t)v á¨áâ¥¬  (1.16) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã

_v = i"P (t)v; P (t) =
�
�� 0
0 �

�
+
�

�1 � exp(�it)
exp(�it) 1

�
cos t+O(");

¨ ¯®á«¥ ¥é¥ ®¤­®© § ¬¥­ë v = (E + "H1(t))w ¨¬¥¥¬

_w = ("Q1 + o("))w; Qt = i

�
�� �1=2
1=2 �

�
;

çâ® ¯®§¢®«ï¥â, ª ª ¨ ¢ëè¥, § ¯¨á âì ­¥à ¢¥­áâ¢ 

�2 < 1=4; 1=4� "0=2 < � = �2 < 1=4 + "0=2;

®¯à¥¤¥«ïîé¨¥ ®¡« áâì ­¥ãáâ®©ç¨¢®áâ¨ ¯à¨ n = 1.
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�à¨ n = 2, ¯®«®¦¨¢ � = 1 + "20�, ¯®á«¥  ­ «®£¨ç­ëå ¯à¥®¡à §®¢ ­¨© ¯®«ãç¨¬ á¨áâ¥¬ã

_y = ("2C2 + o("2))y; C2 = i

�
�� + 1=3 1=2
�1=2 � � 1=3

�
:

�âàãªâãà  ãá¥ç¥­­®£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï jC2��Ej = 0 ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì £à -
­¨æë ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ 1� "20=12 < � = �2 < 1 + 5"20=12 ¯à¨ n = 2.

�®«ãç¥­­ë¥ ®æ¥­ª¨ ®¡« áâ¥© ­¥ãáâ®©ç¨¢®áâ¨ á®¢¯ ¤ îâ á ¨§¢¥áâ­ë¬¨ à ­¥¥ à¥§ã«ìâ â ¬¨
([6], á. 253).

2. �¨áâ¥¬  ¤¢ãå á¢ï§ ­­ëå ®áæ¨««ïâ®à®¢ ®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢­¥­¨© ([5], á. 191)

�x+ a2x = 2"y sin t; a; b 2 R; a 6= b;

�y + b2y = 2"x cos t; ab 6= 0; ja� bj 6= 1;
(1.17)

ª®â®à ï ¯®á«¥ ®¡®§­ ç¥­¨© x1 = x, x2 = _x, x3 = y, x4 = _y, z1;2 = x2 � iax1, z3;4 = x4 � iBx3
¯à¥®¡à §ã¥âáï ª á¨áâ¥¬¥ ç¥â¢¥àâ®£® ¯®àï¤ª  _z = (�0 + "A1(t))z, £¤¥

�0 = diagfia;�ia; ib;�ibg; A1(t) = i

�
0 b�1C sin t

a�1C cos t 0

�
; C =

�
�1 1
�1 1

�
:

� ¯®¬®éìî ¯à¨¢¥¤¥­­®£® ¢ëè¥  «£®à¨â¬  ¯®á«¥ § ¬¥­ë z =
�
E+

2P
1
Hk(t)"k

�
v ¯®á«¥¤­ïï á¨áâ¥¬ 

¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ ­  ª ¢¨¤ã

_v =
� 2X

0

�k"
k + o("2)

�
v; (1.18)

£¤¥

�1 = 0; �2 = diagf�1; �2; �3; �4g; �1 = �2 = ��3 = ��4 =
1

2�ab

�
1

1� (a+ b)2
�

1
1� (a� b)2

�
:

�âàãªâãà  ¬ âà¨æ �k (k = 0; 2) ¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® ­¥ãáâ®©ç¨¢®áâ¨ âà¨¢¨ «ì­®£® à¥è¥-
­¨ï á¨áâ¥¬ë (1.18) ¨ íª¢¨¢ «¥­â­®© ¥© á¨áâ¥¬ë (1.17) ¯à¨ «î¡ëå ¤¥©áâ¢¨â¥«ì­ëå ¯ à ¬¥âà å
a ¨ b ¢ á«ãç ¥, ª®£¤  a 6= b, ab 6= 0, ja� bj 6= 1.

3. �®¢ë© ¬¥â®¤ ®ª § «áï ¯®«¥§­ë¬ ¯à¨ ­ å®¦¤¥­¨¨ ®¡« áâ¨ ãáâ®©ç¨¢®áâ¨ áâ æ¨®­ à­ëå
¢à é¥­¨© á¨¬¬¥âà¨ç­®£® ¨¤¥ «ì­® ¯à®¢®¤ïé¥£® â¢¥à¤®£® â¥«  ¢ ¯¥à¥¬¥­­®¬ ¬ £­¨â­®¬ ¯®«¥,
çâ® ¨¬¥¥â ¯à¨«®¦¥­¨¥ ¢ â¥®à¨¨ £¨à®áª®¯®¢ [11]. �®á«¥ àï¤  ã¯à®é¥­¨© ¤¢¨¦¥­¨¥ â ª®£® â¥« 
á ­¥¯®¤¢¨¦­ë¬ æ¥­âà®¬ ¬ áá ¬®¦¥â ¡ëâì § ¯¨á ­® ¢ «¨­¥ à¨§®¢ ­­®© ä®à¬¥

_x = (A0 + "A1(t))x; (1.19)

£¤¥

A0 = �0 = i
diagf1; 0g; A1(t) =
�
�p(t) r(t)
p(t) r(t)

�
;

p(t) = (1� �)
 sin2 !t+ i!(� � 1)(sin 2!t)=2; r(t) = p(t)� 
sin2 !t; � = I1=I2;

� = �3=�1; " = �1H
2
0=L;


 | ç áâ®â  ­ãâ æ¨®­­ëå ª®«¥¡ ­¨© â¥« , ! | ç áâ®â  ª®«¥¡ ­¨© ¬ £­¨â­®£® ¯®«ï, Ik | ¬®-
¬¥­âë ¨­¥àæ¨¨ â¥«  ®â­®á¨â¥«ì­® ¥£® ®á¥©, � | ¢¥«¨ç¨­ ,®¯à¥¤¥«ï¥¬ ï ¯®«ïà¨§ã¥¬®áâìî â¥« 
®â­®á¨â¥«ì­® ¥£® ®á¥©, " | ¡¥§à §¬¥à­ë© ¬ «ë© ¯ à ¬¥âà. �®á«¥ § ¬¥­ ¢¨¤  (1.6) ¢ ­¥à¥§®-
­ ­á­®¬ á«ãç ¥ (
 6= 2!) á¨áâ¥¬  (1.19) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã

_y = (�0 + "�1 + o("))y; �1 =


2I3

�
(I1 � I3) 0

0 �I1

�
;
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®âªã¤  á«¥¤ã¥â, çâ® ¢ íâ®¬ á«ãç ¥ áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ¤ ­­®£® â¥«  á® á¯«îá­ãâë¬ í««¨-
¯á®¨¤®¬ ¨­¥àæ¨¨ (I3 > I1) ¯à¨ ¤®áâ â®ç­® ¬ «ëå j"j  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®,   ¤«ï â¥« 
á ¢ëâï­ãâë¬ í««¨¯á®¨¤®¬ ¨­¥àæ¨¨ (I3 < I1) ­¥ãáâ®©ç¨¢®. �à¨ ç áâ®â å, ¡«¨§ª¨å ª à¥§®­ ­á-
­ë¬,  ­ «¨§ ãáâ®©ç¨¢®áâ¨ ãá«®¦­ï¥âáï. � ¯à¨¬¥à, ¯®á«¥ § ¬¥­ë x = exp(�0t)v á¨áâ¥¬  (1.19)
¯à¨­¨¬ ¥â ¢¨¤

_v = "Q(t)v; Q(t) =
�
(�p(t) + i�) �r(t) exp(�2i!t)
p(t) exp(2i!t) r(t)

�
;

¨ ¤ «¥¥ ¯®á«¥ § ¬¥­ë ¢¨¤  (1.6) ¯®«ãç ¥¬ á¨áâ¥¬ã _z = ("C1 + o("))z, 
 = 2! + "�, £¤¥

C1 =
�

(1� �)! + i� !(1� 2�� �)=4
�(1� 2�+ �)!=4 ��!

�
:

�á¨¬¯â®â¨ç¥áª ï ãáâ®©ç¨¢®áâì áâ æ¨®­ à­ëå ¤¢¨¦¥­¨© â¢¥à¤®£® â¥«  ¢ íâ®¬ á«ãç ¥ ¨¬¥¥â
¬¥áâ®, ª®£¤  ª®à­¨ ãá¥ç¥­­®£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï

jC1 � �Ej = 0; �2 + (! � i�)�+ a+ ib = 0; a = !2(1 + 12�� 12�2 � �2)=16; b = �!��;

«¥¦ â ¢ «¥¢®© ¯®«ã¯«®áª®áâ¨ Re �1;2 < 0, çâ® ¯à¨¢®¤¨â ª ­¥à ¢¥­áâ¢ã�
(�� 1=2)

.s 4 + �

4(3 + �)

�2

+ (�=
p
4 + � )2 < 1; � =

4�2

!2
: (1.20)

�¡« áâì, ®¯à¥¤¥«ï¥¬ ï ­¥à ¢¥­áâ¢®¬ (1.20), ¯à¥¤áâ ¢«ï¥â á®¡®© í««¨¯á ¢ ¯à®áâà ­áâ¢¥ � ¨
�, § ¢¨áïé¨© ®â ¯ à ¬¥âà  �. �®«ã®áì í««¨¯á  ¢ ¯«®áª®áâ¨ � = 0 ¬®­®â®­­® ã¡ë¢ ¥â á ã¢¥«¨-
ç¥­¨¥¬ \à ááâà®©ª¨" � ¨  á¨¬¯â®â¨ç¥áª¨ áâà¥¬¨âáï ª §­ ç¥­¨î 1=2 ¯à¨ � ! +1. � ¯«®áª®áâ¨
� = 1=2 ¯®«ã®áì í««¨¯á  ­¥®£à ­¨ç¥­­® ¢®§à áâ ¥â á à®áâ®¬ � ¨ ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å §­ -
ç¥­¨ïå � ®£à ­¨ç¥­¨ï ­  á®®â­®è¥­¨ï ª®íää¨æ¨¥­â®¢ ¯®«ïà¨§ã¥¬®áâ¨ ¢ íâ®¬ á«ãç ¥ ¡ã¤ãâ
®âáãâáâ¢®¢ âì. � ª¨¬ ®¡à §®¬, ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå � ®¡« áâì ãáâ®©ç¨¢®áâ¨ ¢¡«¨§¨ à¥§®-
­ ­á  ¯¥à¥å®¤¨â ¢ ®¡« áâì ãáâ®©ç¨¢®áâ¨, ­ ©¤¥­­ãî ¢ ­¥à¥§®­ ­á­®¬ á«ãç ¥, ª®£¤  í««¨¯á®¨¤
¨­¥àæ¨¨ á¦ â (I1 < I3) ¯à¨ «î¡®¬ �.

2. �­ «¨§ á¨­£ã«ïà­® ¢®§¬ãé¥­­ëå á¨áâ¥¬ á ¯¥à¨®¤¨ç¥áª¨¬¨
ª®íää¨æ¨¥­â ¬¨

�«ï ¨áá«¥¤®¢ ­¨ï ãáâ®©ç¨¢®áâ¨ âà¨¢¨ «ì­®£® à¥è¥­¨ï á¨­£ã«ïà­® ¢®§¬ãé¥­­®© § ¤ ç¨ �®-
è¨ ­  ¯®«ã®á¨

" _x = A(t; ")x + "b(x; t); A(t; ") =
1X
0

Ak(t)"
k; x(0; ") = x0; (2.1)

£¤¥ àï¤
1P
0
Ak(t)"k áå®¤¨âáï  ¡á®«îâ­® ¨ à ¢­®¬¥à­® ¯à¨ t � 0 ¨ j"j � "0, b(x; t) ¨ Ak(t), k � 0,

| ¤®áâ â®ç­® £« ¤ª¨¥ ¨ T -¯¥à¨®¤¨ç¥áª¨¥ ¯® t äã­ªæ¨¨, â ª¦¥ ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ à áé¥-
¯«¥­¨ï.

� á«ãç ¥, ª®£¤  á¯¥ªâà f�0j(t)gn1 ¬ âà¨æë A0(t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

�jk(t) � �0j(t)� �0k(t) 6= 0; j 6= k; j; k = 1; n; t � 0; (2.2)

§ ¬¥­ 
x = S0(t)y; S�10 (t)A0(t)S0(t) = �0(t) = diagf�01(t); : : : ; �0n(t)g

¯à¥®¡à §ã¥â § ¤ çã (2.1) ª ¢¨¤ã

" _y = B(t; ")y + "f(y; t); y(0; ") = y0; B(t; ") = �0(t) +
1X
1

Bk(t)"k:
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� «¥¥ á ¯®¬®éìî ­¥¢ëà®¦¤¥­­®£® ¯à¨ ¤®áâ â®ç­® ¬ «ëå j"j ¯à¥®¡à §®¢ ­¨ï

y = H(t; ")z; H(t; ") = E +
NX
1

Hk(t)"
k;

¨¬¥¥¬ ¢®§¬®¦­®áâì ¯¥à¥©â¨ ª  ­ «¨§ã á¨áâ¥¬ë á ¯®çâ¨ ¤¨ £®­ «ì­®© ¬ âà¨æ¥©

" _z = Q(t; ")z + "h(z; t; "); z(0; ") = z0; (2.3)

£¤¥

Q(t; ") = �(t; ") + "N+1G(t; ");

�(t; ") =
NX
0

�k(t)"
k = diagf�1(t; "); : : : ; �n(t; ")g; kG(t; ")k = O(1); t � 0; j"j � "0 < 1;

¯à¨ íâ®¬ ¬ âà¨æë H(t; "), Q(t; ") ¨ B(t; ") á¢ï§ ­ë á®®â­®è¥­¨¥¬

" _H = B(t; ")H(t; ") �H(t; ")Q(t; ");

çâ® ¤ ¥â ¢®§¬®¦­®áâì ¯®«ãç¨âì ¯à®áâë¥  «£¥¡à ¨ç¥áª¨¥ ãà ¢­¥­¨ï ¤«ï ¯®á«¥¤®¢ â¥«ì­®£® ¨
®¤­®§­ ç­®£® ®¯à¥¤¥«¥­¨ï ¤¨ £®­ «ì­ëå �k(t) ¨ \¡¥§¤¨ £®­ «ì­ëå" Hk(t) ¬ âà¨æ, k = 1; N ,
( à£ã¬¥­âë ®¯ãé¥­ë)

�0Hk �Hk�0 = �k � Pk; P1 = B1;

Pk = Bk +
k�1X
j=1

(BjHk�j �Hk�j�j)�
dHk�1

dt
; k = 2; N;

�0Hk �Hk�0 = �P k; Pk = fpijkg; Hk = fhijkg;

¯à¨ íâ®¬

�k(t) = P k(t) 2 CT ; hijk(t) = ���1ij (t)pijk(t) 2 CT ; i 6= j; i; j = 1; n; k = 1; N:

�¥®à¥¬  2.1. �á«¨ ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (2:2) ¤«ï ­¥ª®â®à®£® N � 1 á¯¥ªâà f�j(t; ")gn1
¬ âà¨æë �(t; ") ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬

Re�j(t; ") � "q(�� + '(t)); � > 0; 0 � q � N;

Z t

0

'(s)ds � C; t � 0;

¨ ¤«ï ¤®áâ â®ç­® £« ¤ª®© äã­ªæ¨¨ b(x; t) á¯à ¢¥¤«¨¢  ®æ¥­ª 

kb(x; t)k � Ckxk1+�; C; � > 0; t � 0;

â®£¤  ¯à¨ ¤®áâ â®ç­® ¬ «®¬ ä¨ªá¨à®¢ ­­®¬ " > 0 âà¨¢¨ «ì­®¥ à¥è¥­¨¥ § ¤ ç¨ (2:3) ¨ íª¢¨-

¢ «¥­â­®© ¥© § ¤ ç¨ (2:1)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®.

�®ª § â¥«ìáâ¢®. � ãç¥â®¬ à¥§ã«ìâ â®¢ à ¡®âë [12] § ¯¨è¥¬ ¤¨ää¥à¥­æ¨ «ì­®¥ ­¥à ¢¥­-
áâ¢® ¤«ï ­®à¬ë à¥è¥­¨ï § ¤ ç¨ (2.3)

djzj2

dt
= 2Re(z�Q(t; ")z)"�1 + 2Re(z�h(z; t; ")) �

� (2(�� + '(t))"q�1 +O("N ) + C1jzj
�)jzj2 �

� (�2�1 + 2'(t))"q�1jzj2; � > �1 > 0;

®âªã¤  á«¥¤ã¥â ®æ¥­ª 

jz(t)j � jz0j exp
�
"q�1

Z t

0

(��1 + '(s))ds
�
� jz0j exp((��1 +O("))t"q�1);
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çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë.

� ¬¥ç ­¨¥ 2.1. �¥®à¥¬  2.1 á®åà ­ï¥â á¯à ¢¥¤«¨¢®áâì ¨ ¢ ªà¨â¨ç¥áª®¬ á«ãç ¥, ª®£¤  ­¥-
ª®â®àë¥ (¨«¨ ¢á¥) â®çª¨ á¯¥ªâà  ¯à¥¤¥«ì­®© (" = 0) ¬ âà¨æë A0(t) «¥¦ â ­  ¬­¨¬®© ®á¨
(1 � q � N).

� ¬¥ç ­¨¥ 2.2. �à¨ ­ «¨ç¨¨ ã ¬ âà¨æë A0(t) â®¦¤¥áâ¢¥­­® ªà â­ëå â®ç¥ª á¯¥ªâà  ¨¬¥¥â
¬¥áâ®  ­ «®£ â¥®à¥¬ë 2.1, ¤«ï à¥ «¨§ æ¨¨ ª®â®à®£® ­¥®¡å®¤¨¬® ¢¢¥áâ¨ á®®â¢¥âáâ¢ãîé¨¥ ¤à®¡-
­ë¥ áâ¥¯¥­¨ ¬ «®£® ¯ à ¬¥âà  " ¨ ¢®á¯®«ì§®¢ âìáï \áà¥§ îé¨¬" ¯à¥®¡à §®¢ ­¨¥¬ [10].

�«ï ¨««îáâà æ¨¨ ¯à¥¤«®¦¥­­®£®  «£®à¨â¬  à áá¬®âà¨¬ ª¢ §¨«¨­¥©­®¥ ãà ¢­¥­¨¥ ª®«¥¡ -
­¨© § àï¤  q(t) ­  ¯« áâ¨­ å ª®­¤¥­á â®à  ¢ í«¥ªâà¨ç¥áª®¬ ª®­âãà¥ á ¯¥à¥¬¥­­®© ¥¬ª®áâìî
C(t) ¯à¨ ­ «¨ç¨¨ ­¥«¨­¥©­®© í«¥ªâà®¤¢¨¦ãé¥© á¨«ë (í. ¤. á.)

L�q +R _q + qC�1(t) = f(t)q2; q(0) = q0; (2.4)

§¤¥áì L| ¨­¤ãªâ¨¢­®áâì, R | á®¯à®â¨¢«¥­¨¥, f(t)q2 | ­¥«¨­¥©­ ï í. ¤. á., C(t) ¨ f(t) | ¤®áâ -
â®ç­® £« ¤ª¨¥ T -¯¥à¨®¤¨ç¥áª¨¥ äã­ªæ¨¨. �à¨ L = "2L0, R = "2R0 ¨ f(t) = "f0(t) (" | ¬ «ë©
¯ à ¬¥âà) § ¤ ç  (2.4) ¬®¦¥â ¡ëâì § ¯¨á ­  ¢ ¢¥ªâ®à­®© ä®à¬¥

"
dy

dt
= (A0(t) + "A1)y + "h(y; t); y(0; ") = y0; (2.5)

£¤¥

y = (q; " _q)T ; h(y; t) = (0; f0(t)L�10 q2);

A0(t) =
�

0 1
�!2(t) 0

�
; A1 =

�
0 0
0 �2�0

�
; !2(t) =

1
C(t)L0

; 2�0 =
R0

L0

:

�¤¥áì ¨¬¥¥¬ ªà¨â¨ç¥áª¨© á«ãç ©, â. ª. ¯à¥¤¥«ì­ë© ®¯¥à â®à A0(t) ¨¬¥¥â ç¨áâ® ¬­¨¬ë© á¯¥ªâà
�01;2 = �i!(t). � ¤ ç  (2.5) ¯®á«¥ ­¥¢ëà®¦¤¥­­®© ¯à¨ ¤®áâ â®ç­® ¬ «®¬ " > 0 § ¬¥­ë

y = S0(t)(E + "H1(t0))z; S0(t) =
�

1 1
�i!(t) i!(t)

�
; H1(t) =

�(t)
2i!(t)

�
0 1
�1 0

�
; �(t) = �0 +

_!(t)
2!(t)

;

¯® ®¯¨á ­­®¬ã ¢ëè¥  «£®à¨â¬ã ¯à¥®¡à §ã¥âáï ª ¢¨¤ã

" _z = (�0(t) + "�1(t) + o("2))z + "b(z; t; "); z(0; ") = z0;

�0(t) = i!(t)
�
1 0
0 �1

�
; �1(t) = ��(t)E; �(t; ") =

1X
0

�k(t)"
k:

�®á«¥¤­ïï á¨áâ¥¬  ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë 2.1, â. ª.

kb(z; t; ")k � Cjzj2; Re�1;2(t; ") = (��0 � 0; 5 _!!�1(t))";

�0 > 0;
1
2

Z t

0

_!(s)
!(s)

ds =
1
2
(ln!(t)� ln!(0)) � C;

çâ® £ à ­â¨àã¥â  á¨¬¯â®â¨ç¥áªãî ãáâ®©ç¨¢®áâì âà¨¢¨ «ì­®£® à¥è¥­¨ï § ¤ ç¨ (2.4). �à¥¤«®-
¦¥­­ë©  «£®à¨â¬ ¯®§¢®«ï¥â ¯®áâà®¨âì  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥­¨¥ à¥è¥­¨ï § ¤ ç¨ (2.5) ¢
¢¨¤¥

y(t; ") = S0(t)(E + "H1(t)) exp
�
1
"

Z t

0

�(s; ")ds
�
C +O("2);

¯à¨ íâ®¬ áâàãªâãà  ¯®£à ­á«®ï ¨¬¥¥â ï¢­®¥  ­ «¨â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ¨ ®¯à¥¤¥«ï¥âáï ­¥
â®«ìª® á¯¥ªâà®¬ ¬ âà¨æë A0(t), ­® ¨ á¯¥ªâà®¬ ¢á¯®¬®£ â¥«ì­®© ¬ âà¨æë �1(t).
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3. �áá«¥¤®¢ ­¨¥ ­¥ª®â®àëå á¨áâ¥¬ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©
á ¯®«¨­®¬¨ «ì­® ¯¥à¨®¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥­â ¬¨

�à¥¤«®¦¥­­ë©  «£®à¨â¬ ®ª § «áï ¯®«¥§­ë¬ ¨ ¯à¨ ¨áá«¥¤®¢ ­¨¨ ­¥ ¢â®­®¬­ëå «¨­¥©­ëå
¨ ª¢ §¨«¨­¥©­ëå á¨áâ¥¬ [2], [8] ¢¨¤ 

_x = A(t)x+ f(x; t); x(t0) = x0;

A(t) = tm
1X
0

Ak(t)t
�k; m � 1; f(0; t) � 0; t � t0 � 1;

(3.1)

£¤¥ Ak(t) (k � 0) | ¤®áâ â®ç­® £« ¤ª¨¥ T -¯¥à¨®¤¨ç¥áª¨¥ ¬ âà¨ç­ë¥ äã­ªæ¨¨. �â¬¥â¨¬, çâ® ª
ãª § ­­ë¬ «¨­¥©­ë¬ á¨áâ¥¬ ¬ (¯à¨ ¯®áâ®ï­­ëå ¬ âà¨æ å Ak) á¢®¤¨âáï ¡®«ìè®© ª« áá ãà ¢-
­¥­¨© £¨¯¥à£¥®¬¥âà¨ç¥áª®£® â¨¯ 

p(t)�x+ q(t) _x+ �x = 0; (3.2)

£¤¥ q(t) ¨ p(t) | ¯®«¨­®¬ë ­¥ ¢ëè¥ ¯¥à¢®© ¨ ¢â®à®© áâ¥¯¥­¨ á®®â¢¥âáâ¢¥­­®, � | ­¥ª®â®àë©
¯®áâ®ï­­ë© ¯ à ¬¥âà. � ãà ¢­¥­¨ï¬ ¢¨¤  (3.2) ®â­®áïâáï ãà ¢­¥­¨¥ �©à¨ �x+ tx = 0, ãà ¢­¥­¨¥
�¥áá¥«ï t2�x+ t _x+ (t2 � �2)x = 0, ãà ¢­¥­¨¥ �à¬¨â  �x� 2t _x+ 2�x = 0 ¨ ¬­®£¨¥ ¤àã£¨¥.

�¥®à¥¬  3.1. �á«¨ ¯¥à¨®¤¨ç¥áª ï ¬ âà¨æ  A0(t) ¨¬¥¥â ¯à®áâ®© á¯¥ªâà

f�0j(t)gn1 ; �jk(t) � �0j(t)� �0k(t) 6= 0; j 6= k; j; k = 1; n; t � t0;

â®£¤  áãé¥áâ¢ã¥â ­¥¢ëà®¦¤¥­­ ï ¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å t0 > 1 § ¬¥­ 

x = S0(t)H(t)z; H(t) = E +
m+1X
1

Hk(t)t�k; S�10 (t)A0(t)S0(t) = �0(t) = diagf�01(t); : : : ; �0n(t)g;

¯à¥®¡à §ãîé ï á¨áâ¥¬ã (3:1) ª á¨áâ¥¬¥ á ¯®çâ¨ ¤¨ £®­ «ì­®© ¬ âà¨æ¥©

_z = (�(t) + t�2F (t))z + b(z; t); z(t0) = z0;

�(t) = tm
m+1X
0

�k(t)t
�k = diagf�1(t); : : : ; �n(t)g; kF (t)k � C

(3.3)

(¬ âà¨æë �k(t) ¨ Hk(t) ®¤­®§­ ç­® ®¯à¥¤¥«ïîâáï ¢ å®¤¥ ¤®ª § â¥«ìáâ¢  (k = 0;m+ 1)).

�®ª § â¥«ìáâ¢®. � ãá«®¢¨ïå â¥®à¥¬ë ¢á¥£¤  áãé¥áâ¢ã¥â ­¥¢ëà®¦¤¥­­ ï ¤®áâ â®ç­® £« ¤-
ª ï T -¯¥à¨®¤¨ç¥áª ï § ¬¥­  x = S0(t)y, ¯à¨¢®¤ïé ï á¨áâ¥¬ã (3.1) ª ¢¨¤ã

_y = B(t)y + h(y; t); y(t0) = y0; B(t) = tm
m+1X
0

Bk(t)t�k; B0(t) = �0(t);

ª®â®à ï ¯®á«¥ ¥é¥ ®¤­®© ­¥¢ëà®¦¤¥­­®© § ¬¥­ë y = H(t)z, H(t) = E+
m+1P
1
Hk(t)t�k ¯à¨ ¤®áâ -

â®ç­® ¡®«ìè¨å t0 > 1, ¯à¨¢®¤¨â ª ¢¨¤ã (3.3). �à¨ íâ®¬ ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

_H = B(t)H(t)�H(t)Q(t); Q(t) = �(t) + t�2F (t);

¯®§¢®«ïîé¥¥ ¯®«ãç¨âì ¯à®áâë¥  «£¥¡à ¨ç¥áª¨¥ ãà ¢­¥­¨ï ¤«ï ¯®á«¥¤®¢ â¥«ì­®£® ¨ ®¤­®§­ ç-
­®£® ®¯à¥¤¥«¥­¨ï ¬ âà¨æ �k(t) ¨ Hk(t), k = 1;m+ 1 ( à£ã¬¥­âë ®¯ãé¥­ë) �0Hk � Hk�0 =

�k � Pk, P1 = B1, Pk = Bk +
k�1P
j=1

(BjHk�j �Hk�j�j)�Hk�m = fpijkg, k = 2;m+ 1,
_
HS = 0, s � 0,

Hk = fhijkg, ¯à¨ íâ®¬ �k = P k, k = 1;m+ 1, hijk = ���1ij pijk, i 6= j, i; j = 1; n, k = 1;m+ 1, t � t0,
çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë.
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�¥®à¥¬  3.2. �á«¨ ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© â¥®à¥¬ë 3:1 á¯¥ªâà f�j(t)g ¬ âà¨æë �(t) ã¤®-
¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ ¬

Re�j(t) � �(t); a(t) =
Z t

t0

�(s)ds! �1; t! +1; j = 1; n;

â®£¤  âà¨¢¨ «ì­®¥ à¥è¥­¨¥ «¨­¥©­®© ®¤­®à®¤­®© (f � 0) á¨áâ¥¬ë (3:3) ¨ á¨áâ¥¬ë (3:1)  á¨¬-
¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯à¨ a(t) � C ãáâ®©ç¨¢®,   ¢ á«ãç ¥ Re �j(t) � �(t), a(t)! +1, t! +1,

j = 1; n, ­¥ãáâ®©ç¨¢®.

�®ª § â¥«ìáâ¢®  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ (¨«¨ ãáâ®©ç¨¢®áâ¨) á«¥¤ã¥â ¨§ ¤¨ää¥à¥­-
æ¨ «ì­®£® ­¥à ¢¥­áâ¢  [10]

djzj2

dt
= 2Re(z��(t)z) + 2Re(z�F (t)z)t�2 � (�(t) +O(t�2))jzj2;

¯à¨ íâ®¬ jz(t)j � jz0j exp
� tR
t0

(�(s) + O(s�2))ds
�
,   ¤®ª § â¥«ìáâ¢® ­¥ãáâ®©ç¨¢®áâ¨ | ¨§  ­ -

«®£¨ç­®£® ®¡à â­®£® ­¥à ¢¥­áâ¢  djzj2

dt
� (2�(t) + O(t�2))jzj2 ¨ á®®â¢¥âáâ¢ãîé¥© ¥¬ã ®æ¥­ª¨

jz(t)j � jz0j exp
� tR
t0

(�(s) +O(s�2))ds
�
.

�«¥¤áâ¢¨¥ 3.1. �á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 3.1 á¯¥ªâà f�j(t)gn1 ¬ âà¨æë �(t) ã¤®¢«¥â¢®àï¥â
­¥à ¢¥­áâ¢ ¬ Re �j(t) � �� < 0, j = 1; n, t � t0, â® âà¨¢¨ «ì­®¥ à¥è¥­¨¥ «¨­¥©­®© ®¤­®à®¤-
­®© (b(z; t) � 0) § ¤ ç¨ (3.3) ¨ á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ (3.1)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯à¨
Re�j(t) � 0, j = 1; n, t � t0, ãáâ®©ç¨¢®,   ¢ á«ãç ¥ Re �j(t) � � > 0, j = 1; n, t � t0, ­¥ãáâ®©ç¨¢®.

�¥®à¥¬  3.3. �á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 3:1 áãé¥áâ¢ã¥â â ª®¥ q, (0 � q � m), ¯à¨ ª®â®à®¬
á¯¥ªâà ¬ âà¨æ �k(t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

Re�qj(t) � �� + '(t); Re �kj(t) � 0; k = 0; q � 1; � > 0;
Z t

t0

'(s)ds � C; t � t0;

¨ ¯à¨ íâ®¬ äã­ªæ¨ï f(x; t) ï¢«ï¥âáï ¤®áâ â®ç­® £« ¤ª®© ¨ ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã

jf(x; t)j � Cjxj1+�, C;� > 0, t � t0, â® âà¨¢¨ «ì­®¥ à¥è¥­¨¥ § ¤ ç¨ �®è¨ ¤«ï ª¢ §¨«¨­¥©-

­®© á¨áâ¥¬ë (3:3) ¨ íª¢¨¢ «¥­â­®© ¥© § ¤ ç¨ (3:1)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®.

�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ ¤¨ää¥à¥­æ¨ «ì­®£® ­¥à ¢¥­áâ¢ 

djzj2

dt
� 2Re(z��q(t)z)tm�q + C1jzj

2tm�q�1 + 2Re(z�b(z; t)) �

� (�2�1 + 2'(t))jzj2; � > �1 > 0; t � t1 > t0 > 1;

¨ á®®â¢¥âáâ¢ãîé¥© ®æ¥­ª¨

jz(t)j � jz0j exp
�Z t

t0

(��1 + '(s))ds
�
� jz0j exp(��2(t� t0)); �2 > 0:

� ¬¥ç ­¨¥ 3.1. �à¨ ­ «¨ç¨¨ ã ¬ âà¨æë A0(t) â®¦¤¥áâ¢¥­­® ªà â­ëå â®ç¥ª á¯¥ªâà  ¬®¦­®
¢®á¯®«ì§®¢ âìáï  ­ «®£®¬ \áà¥§ îé¥£® ¯à¥®¡à §®¢ ­¨ï" [10].

� ¯®¬®éìî ¯à¥¤«®¦¥­­®£®  «£®à¨â¬  ¨áá«¥¤ã¥¬ ­  ãáâ®©ç¨¢®áâì ¬ «ë¥ ª®«¥¡ ­¨ï ®á¨ £¨à®-
áª®¯  (­  áâ ¤¨¨ ¥£® à §£®­ ) á ¯¥à¥¬¥­­ë¬ ª¨­¥â¨ç¥áª¨¬ ¬®¬¥­â®¬ [13], ª®â®àë¥ ®¯¨áë¢ îâáï
á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ç¥â¢¥àâ®£® ¯®àï¤ª 

_x = (A0t+A1)x; A0 =
�
0 0
0 R

�
; A1 =

�
0 E
�K (hR)

�
;
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x = (�; �; _�; _�)T ; K =
�
k11 k12
k21 k22

�
; R =

�
0 �1
1 0

�
; E =

�
1 0
0 1

�
;

� ¨ � | ã£«ë ®âª«®­¥­¨ï £¨à®áª®¯ , h ®¯à¥¤¥«ï¥âáï ­ ç «ì­ë¬ ª¨­¥â¨ç¥áª¨¬ ¬®¬¥­â®¬, á®-
áâ ¢«ïîé¨¥ (k11�+ k12�) ¨ (k21�+ k22�) ®¯¨áë¢ îâ ¤¥©áâ¢¨¥ ¯®§¨æ¨®­­ëå á¨«. �®á«¥ § ¬¥­ë

x = S0

�
E +

2X
1

Hkt
�k

�
y; S0 =

�
E 0
0 P

�
; P =

�
1 1
�i i

�
;

 ­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã, ¯®«ãç ¥¬ á¨áâ¥¬ã á ¯®çâ¨ ¤¨ £®­ «ì­®© ¬ âà¨æ¥©

_y = (�0t+�1 +Q2t
�1 +O(t�2))y; �0 = diagf0; 0; i;�ig; �1 = h�0;

Q2 =
�
Q21 0
0 Q22

�
; Q21 =

�
k21 k22
�k11 �k12

�
;

Q22 = diagf(k12 � k21 + i(k11 + k22)); (k12 � k21 � i(k11 + k22))g=2:

�â® ¯®§¢®«ï¥â ­ ©â¨ ®¡« áâì ãáâ®©ç¨¢®áâ¨ k11k22 � k12k21, k12 = k21, ¬ «ëå ª®«¥¡ ­¨© ®á¥©
£¨à®áª®¯ .
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