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

2002 ���������� ò 2 (477)

��� 517.925

�.A.������

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

�à¨ ¨áá«¥¤®¢ ¨¨ ãáâ®©ç¨¢®áâ¨ à¥è¥¨ï ¥ ¢â®®¬ëå «¨¥©ëå, ª¢ §¨«¨¥©ëå ¨ ¥«¨-
¥©ëå á¨áâ¥¬ ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¢ ®â«¨ç¨¥ ®â «¨¥©ëå ®¤®à®¤-
ëå á¨áâ¥¬ á ¯®áâ®ï®© ¬ âà¨æ¥© (ª®£¤  ¯®¢¥¤¥¨¥ ¨å à¥è¥¨ï ¯®«®áâìî ®¯à¥¤¥«ï¥âáï á¯¥ª-
âà®¬ ¬ âà¨æë á¨áâ¥¬ë) ¢®§¨ª ¥â ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¯à®¡«¥¬, «¨èì ç áâ¨ç® ¨§ãç¥ëå,
 ¯à¨¬¥à, ¢ [1]{[11].

�§¢¥áâ¥ àï¤ â¥®à¥¬ [2], [6], [7], ¯®§¢®«ïîé¨å ¨áá«¥¤®¢ âì ãáâ®©ç¨¢®áâì âà¨¢¨ «ì®£® à¥-
è¥¨ï ¥ ¢â®®¬ëå á¨áâ¥¬ ¯à¨ \¬ «ëå" ¢®§¬ãé¥¨ïå ¯®áâ®ï®© ¬ âà¨æë á¨áâ¥¬ë ¨«¨ ¯à¨
 «¨ç¨¨ \¬ «ëå" ¥«¨¥©ëå ¥®¤®à®¤®áâ¥© ¢ á¨áâ¥¬ å á ¯®áâ®ï®© ¬ âà¨æ¥© ( ¯à., â¥®-
à¥¬  �ï¯ã®¢  ®¡  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¯® ¯¥à¢®¬ã ¯à¨¡«¨¦¥¨î).

�®¦® ¢ë¤¥«¨âì â ª¦¥ ¥ª®â®àë© ª« áá \¯à¨¢®¤¨¬ëå" «¨¥©ëå ¥ ¢â®®¬ëå á¨áâ¥¬,
¤«ï ª®â®àëå áãé¥áâ¢ã¥â (¨ ¢ ¥ª®â®àëå á«ãç ïå ¬®¦¥â ¡ëâì ¯®áâà®¥®) ¥¢ëà®¦¤¥®¥ ¯à¥-
®¡à §®¢ ¨¥ [1]{[7], ¯à¨¢®¤ïé¥¥ ¨áå®¤ãî á¨áâ¥¬ã ª á¨áâ¥¬¥ á ¯®áâ®ï®© ¬ âà¨æ¥© ( ¯à.,
¨§¢¥áâ  â¥®à¥¬  �«®ª¥{�ï¯ã®¢  ® ¯à¨¢®¤¨¬®áâ¨ ¯¥à¨®¤¨ç¥áª¨å «¨¥©ëå á¨áâ¥¬). �â¬¥â¨¬
à¥§ã«ìâ â � ¦¥¢áª®£® [2], [7], ®â®áïé¨©áï ª «¨¥©®© ¥ ¢â®®¬®© á¨áâ¥¬¥, ¬ âà¨æ  ª®â®à®©
ª®¬¬ãâ¨àã¥â á ¨â¥£à «®¬ ®â íâ®© ¬ âà¨æë. �à¨ íâ®¬ ¯®¢¥¤¥¨¥ à¥è¥¨ï â ª®© á¨áâ¥¬ë (ª ª ¨
¢ á«ãç ¥ á¨áâ¥¬ë á ¯®áâ®ï®© ¬ âà¨æ¥©) ¯®«®áâìî ®¯à¥¤¥«ï¥âáï á¯¥ªâà®¬ ¬ âà¨æë á¨áâ¥¬ë.
�¤ ª® ¤«ï ¯à®¨§¢®«ì®© «¨¥©®© ¥ ¢â®®¬®© á¨áâ¥¬ë íâ®â ä ªâ ¥ ¨¬¥¥â ¬¥áâ .

�à¨¬¥à 1. �à¨¢¨ «ì®¥ à¥è¥¨¥ á¨áâ¥¬ë

_x = A(t)x; A(t) =
��1� 2 cos 4t �2 + 2 sin 4t
2 + 2 sin 4t �1 + 2 cos 4t

�

¥ãáâ®©ç¨¢®, çâ® ¤®ª § ® ¢ ([9], á. 123) á ¯®¬®éìî ¯®ª § â¥«¥© �ï¯ã®¢ , å®âï á®¡áâ¢¥ë¥
§ ç¥¨ï ¬ âà¨æë A(t), à ¢ë¥ �1;2 = �1, «¥¦ â ¢ «¥¢®© ¯®«ã¯«®áª®áâ¨.

�à¨¬¥à 2. �«ï «¨¥©®© á¨áâ¥¬ë á ¯¥à¨®¤¨ç¥áª®© ¬ âà¨æ¥©

_x = A(t)x; A(t) =
�
cos!t sin!t
sin!t � cos!t

�
;

¯à¥¤«®¦¥®©  ¢â®àã ¯à®ä. �.�.�¨«¨¯¯®¢ë¬, ã¤ «®áì ¤®ª § âì (¯à¨  «¨ç¨¨ ¯®áâ®ïëå á®¡-
áâ¢¥ëå § ç¥¨© �1;2 = �1 ¬ âà¨æë A(t)), çâ® ¯®¢¥¤¥¨¥ à¥è¥¨ï á¨áâ¥¬ë ¯à¨ t ! +1
áãé¥áâ¢¥® § ¢¨á¨â ®â ç áâ®âë !. �ë«  ¯®áâà®¥  ¥¢ëà®¦¤¥ ï ã¨â à ï § ¬¥ 

x = U(t)y; U(t) =
�� sin !t

2
cos !t

2

cos !t
2

sin !t

2

�
;

¯à¨¢®¤ïé ï ¨áå®¤ãî á¨áâ¥¬ã ª á¨áâ¥¬¥ á ¯®áâ®ï®© ¬ âà¨æ¥©

_y = U�(t)(A(t)U(t) � _U(t))y � Cy; C =
� �1 0; 5!
�0; 5! 1

�
;

� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥ �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï �®áá¨©áª®© �¥¤¥à æ¨¨, £à â

òE00-10-158.
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çâ® ¯®§¢®«¨«® (á ãç¥â®¬ á¯¥ªâà  �1;2 = �
q
1� !2

4
¬ âà¨æë C) á¤¥« âì ¢ë¢®¤ ® ¥ãáâ®©ç¨¢®áâ¨

âà¨¢¨ «ì®£® à¥è¥¨ï ¯à¨ ! < 2 ¨ ãáâ®©ç¨¢®áâ¨ ¯à¨ ! � 2.

� ¯®á«¥¤¥¥ ¢à¥¬ï ¨§ãç¥ ¡®«ìè®© ª« áá «¨¥©ëå ¨ ª¢ §¨«¨¥©ëå à¥£ã«ïà® ¨ á¨£ã«ïà-
® ¢®§¬ãé¥ëå ¥ ¢â®®¬ëå ¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬,   â ª¦¥ «¨¥©ëå á¨áâ¥¬ á ¯®«¨®¬¨-
 «ì® ¯¥à¨®¤¨ç¥áª®© ¬ âà¨æ¥© [11], ¤®áâ â®ç® ç áâ® ¢áâà¥ç îé¨åáï ¢ ¯à¨ª« ¤ëå § ¤ ç å,
¤«ï ª®â®àëå ¯®«ãç¥ë ®¢ë¥ ª®áâàãªâ¨¢ë¥  «£®à¨â¬ë ¨áá«¥¤®¢ ¨ï ãáâ®©ç¨¢®áâ¨.

� § ª«îç¥¨¨ íâ®£®, ¤ «¥ª® ¥ ¯®«®£®, ®¡§®à  ¬®¦® ®â¬¥â¨âì, çâ® ¢ ®¡é¥¬ á«ãç ¥   «¨§
ãáâ®©ç¨¢®áâ¨ ¥ ¢â®®¬ëå «¨¥©ëå, ª¢ §¨«¨¥©ëå ¨ ¥«¨¥©ëå á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ì-
ëå ãà ¢¥¨© ®áâ ¥âáï ¨ ¢  áâ®ïé¥¥ ¢à¥¬ï ¤ «¥ª® ¥ âà¨¢¨ «ì®© § ¤ ç¥© ¨ ª ¦¤ë© ®¢ë©
à¥§ã«ìâ â ¢ íâ®© ®¡« áâ¨ ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á.

� ¤ ®© à ¡®â¥ ¯à¥¤«®¦¥ ¬¥â®¤ ¨áá«¥¤®¢ ¨ï ãáâ®©ç¨¢®áâ¨, ª®â®àë© á ¯®¬®éìî ã¨â à-
ëå ¯à¥®¡à §®¢ ¨© ¯®§¢®«ï¥â ¨§ãç âì ¤®áâ â®ç® ¡®«ìè®© ª« áá ¥ ¢â®®¬ëå «¨¥©ëå ¨
ª¢ §¨«¨¥©ëå á¨áâ¥¬ á ®à¬ «ì®© ¨ \¯®çâ¨ ®à¬ «ì®©" ¬ âà¨æ¥©, çâ® ¯à¨¢®¤¨â ª ®¡®¡-
é¥¨ï¬ ¨§¢¥áâëå â¥®à¥¬ ¤«ï   «®£¨çëå á¨áâ¥¬ á ¯®áâ®ï®© ¬ âà¨æ¥© [1]{[7], ¥ª®â®àëå
à¥§ã«ìâ â®¢ � ¦¥¢áª®£® [2], [7],   â ª¦¥ â¥®à¥¬ë �ï¯ã®¢  ®¡  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨
¯® ¯¥à¢®¬ã ¯à¨¡«¨¦¥¨î [1], [2]   ãª § ë© ª« áá á¨áâ¥¬.

�«£®à¨â¬ ¬¥â®¤  ã¨â àëå ¯à¥®¡à §®¢ ¨© ¤®áâ â®ç® ¯à®áâ ¨ ª®áâàãªâ¨¢¥. � ¤ ¥â
¢®§¬®¦®áâì ¤«ï á¨áâ¥¬ á ®à¬ «ì®© ¬ âà¨æ¥© (¨á¯®«ì§ãï ¨å á¢®©áâ¢  ([8], c. 279)) § ¯¨á âì
¤¨ää¥à¥æ¨ «ì®¥ ¥à ¢¥áâ¢® ¤«ï ª¢ ¤à â  ®à¬ë ¨å à¥è¥¨ï,  ¯àï¬ãî á¢ï§ ®¥ á® á¯¥ª-
âà®¬ ¬ âà¨æë ¨áå®¤®© á¨áâ¥¬ë (á¬. â¥®à¥¬ë 1{5), ¯®§¢®«ïï § ¬¥â® à áè¨à¨âì ª« áá á¨-
áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ¤«ï ª®â®àëå ¯à¨¬¥¨¬ á¯¥ªâà «ìë© ¬¥â®¤ ¨áá«¥¤®¢ ¨ï
ãáâ®©ç¨¢®áâ¨.

�¥®à¥¬  1. �à¨¢¨ «ì®¥ à¥è¥¨¥ «¨¥©®© á¨áâ¥¬ë _x = A(t)x á ¥¯à¥àë¢®© ®à¬ «ì-

®© ¬ âà¨æ¥© A(t) (A(t)A�(t) � A�(t)A(t))  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¥á«¨ ¢á¥ á®¡áâ¢¥ë¥

§ ç¥¨ï f�j(t)gn1 ¬ âà¨æë A(t) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

Re�j(t) � (t); a(t) =
Z t

0

(s)ds ����!
t!+1

�1 (j = 1; n);

ãáâ®©ç¨¢® ¯à¨ a(t) � C (t � 0) ¨ ¥ãáâ®©ç¨¢®, ¥á«¨

Re�j(t) � (t); a(t) ����!
t!+1

+1 (j = 1; n):

�®ª § â¥«ìáâ¢®. �«ï «î¡®© ®à¬ «ì®© ¬ âà¨æë A(t) ¢á¥£¤  [8] áãé¥áâ¢ã¥â (¯à¨ «î¡®¬
ä¨ªá¨à®¢ ®¬ t) ã¨â à ï ¬ âà¨æ  U(t) (U�(t) � U�1(t)) â ª ï, çâ® U�(t)A(t)U(t) � �(t) =
diagf�1(t); : : : ; �n(t)g, â. ¥. «î¡ ï ®à¬ «ì ï ¥¯à¥àë¢ ï ¬ âà¨æ  ã¨â à® ¯®¤®¡  ¤¨ £®-
 «ì®© ¥¯à¥àë¢®© ¬ âà¨æ¥ ¨§ ¥¥ á®¡áâ¢¥ëå § ç¥¨©. �à¨ íâ®¬ ª¢ ¤à â ¥¢ª«¨¤®¢®© ®à¬ë
à¥è¥¨ï ¨áå®¤®© á¨áâ¥¬ë ã¤®¢«¥â¢®àï¥â [2], [9], [10] ¤¨ää¥à¥æ¨ «ì®¬ã á®®â®è¥¨î

1
2
djxj2
dt

= Re(x�A(t)x) = Re(y��(t)y) =
nX
1

�j(t)jyj j2 � (t)jxj2

(á ãç¥â®¬ ã¨â à®© § ¬¥ë x = U(t)y ¨ à ¢¥áâ¢  jx(t)j � jy(t)j, t � 0), ®âªã¤  á«¥¤ã¥â  á¨¬-
¯â®â¨ç¥áª ï ãáâ®©ç¨¢®áâì (¨«¨ ãáâ®©ç¨¢®áâì) âà¨¢¨ «ì®£® à¥è¥¨ï. �«ï ¤®ª § â¥«ìáâ¢  ¥-
ãáâ®©ç¨¢®áâ¨ á«¥¤ã¥â ¢®á¯®«ì§®¢ âìáï   «®£¨çë¬ ¤¨ää¥à¥æ¨ «ìë¬ ¥à ¢¥áâ¢®¬ ®¡à â-
®£® § ª .

�¥®à¥¬  2. �à¨¢¨ «ì®¥ à¥è¥¨¥ ª¢ §¨«¨¥©®© á¨áâ¥¬ë _x = A(x; t)x á ¥¯à¥àë¢®© (¯à¨
t � 0, jxj < R) ®à¬ «ì®© ¬ âà¨æ¥© A(x; t)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¥á«¨ ¥¥ á¯¥ªâà

f�j(x; t)gn1 ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

Re�j(x; t) � (t); a(t) =
Z t

0

(s)ds ����!
t!+1

�1 (j = 1; n; jxj < R; t � 0);
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ãáâ®©ç¨¢® ¯à¨ a(t) � C (t � 0; j = 1; n) ¨ ¥ãáâ®©ç¨¢® ¯à¨ ¢ë¯®«¥¨¨ á®®â®è¥¨©

Re�j(x; t) � (t); a(t) ����!
t!+1

+1 (j = 1; n; jxj < R; t � 0):

�®ª § â¥«ìáâ¢®. � ãç¥â®¬ ¥¯à¥àë¢®£® ã¨â à®£® ¯à¥®¡à §®¢ ¨ï

x = U(x; t)y (U�(x; t)A(x; t)U(x; t) � �(x; t))

ã¦ë© à¥§ã«ìâ â á«¥¤ã¥â ¨§ ¤¨ää¥à¥æ¨ «ì®£® á®®â®è¥¨ï

1
2
djxj2
dt

= Re(x�A(x; t)x) = Re(y��(x; t)y) =
nX
j=1

�j(x; t)jyj j2 (jx(t)j � jy(t)j; t � 0): �

�«¥¤áâ¢¨¥ 1. �à¨¢¨ «ì®¥ à¥è¥¨¥ «¨¥©®© _x = A(t)x ¨«¨ ª¢ §¨«¨¥©®© á¨áâ¥¬ë _x =
A(x; t)x á ¥¯à¥àë¢®© ª®á®á¨¬¬¥âà¨ç¥áª®© (¨«¨ ª®á®íà¬¨â®¢®©) ¬ âà¨æ¥© ¢á¥£¤  ãáâ®©ç¨¢®,
â. ª. ãª § ë¥ ¬ âà¨æë ï¢«ïîâáï ®à¬ «ìë¬¨ ¨ ¨¬¥îâ ç¨áâ® ¬¨¬ë© á¯¥ªâà.

�«ï «¨¥©ëå _x = (A(t)+B(t))x ¨ ª¢ §¨«¨¥©ëå _x = (A(x; t)+B(x; t))x á¨áâ¥¬ á ®à¬ «ì-
ë¬¨ ¬ âà¨æ ¬¨ ¨¬¥¥â ¬¥áâ® ¥ª®â®àë©   «®£ ¯à¨æ¨¯  áã¯¥à¯®§¨æ¨¨.

�¥®à¥¬  3. �à¨¢¨ «ì®¥ à¥è¥¨¥ ª¢ §¨«¨¥©®© á¨áâ¥¬ë _x = (A(x; t) + B(x; t))x á ¥¯à¥-

àë¢ë¬¨ (¯à¨ t � 0, jxj < R) ®à¬ «ìë¬¨ ¬ âà¨æ ¬¨ A(x; t) ¨ B(x; t)  á¨¬¯â®â¨ç¥áª¨
ãáâ®©ç¨¢®, ¥á«¨ ¨å á¯¥ªâà f�Aj

(x; t)gn1 ¨ f�Bj
(x; t)gn1 ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

Re�Aj
(x; t) � A(t); Re�Bj

(x; t) � B(t);

a(t) =
Z t

0

(A(s) + B(s))ds ����!
t!+1

�1 (t � 0; jxj < R; j = 1; n);

ãáâ®©ç¨¢® ¯à¨ a(t) � C (t � 0, j = 1; n) ¨ ¥ãáâ®©ç¨¢® ¢ á«ãç ¥, ¥á«¨

Re �Aj
(x; t) � A(t); Re �Bj

(x; t) � B(t) (j = 1; n; t � 0; jxj < R);

a(t)! +1 (t! +1):

�®ª § â¥«ìáâ¢®. � ãç¥â®¬ ¥¯à¥àë¢ëå ã¨â àëå § ¬¥

x = U(x; t)p = S(x; t)q (jx(t)j � jp(t)j � jq(t)j; t � 0);

U�(x; t)A(x; t)U(x; t) = �A(x; t) = diagf�A1
(x; t); : : : ; �An

(x; t)g;
S�(x; t)B(x; t)S(x; t) = �B(x; t) = diagf�B1

(x; t); : : : ; �Bn
(x; t)g

ãáâ®©ç¨¢®áâì ¨  á¨¬¯â®â¨ç¥áª ï ãáâ®©ç¨¢®áâì âà¨¢¨ «ì®£® à¥è¥¨ï á«¥¤ã¥â ¨§ ¤¨ää¥à¥æ¨-
 «ì®£® ¥à ¢¥áâ¢ 

1
2
djxj2
dt

= Re(x�A(x; t)x) + Re(x�B(x; t)x) =

= Re(p��A(x; t)p) + Re(q��B(x; t)q) =
nX
j=1

�Aj
(x; t)jpj j2 +

nX
j=1

�Bj
(x; t)jqj j2 �

� A(t)jpj2 + B(t)jqj2 = (A(t) + B(t))jxj2:
�¥ãáâ®©ç¨¢®áâì âà¨¢¨ «ì®£® à¥è¥¨ï á«¥¤ã¥â ¨§   «¨§    «®£¨ç®£® ¤¨ää¥à¥æ¨ «ì®£®
¥à ¢¥áâ¢  ®¡à â®£® § ª .

�«¥¤áâ¢¨¥ 2. �á«¨ á¯¥ªâà ®à¬ «ìëå ¬ âà¨æ A ¨ B «¥¦¨â ¢ «¥¢®© ¯®«ã¯«®áª®áâ¨
(Re �Aj

< 0, Re�Bj
< 0, j = 1; n), â®£¤  ¨ á¯¥ªâà ¬ âà¨æë C = A + B â ª¦¥ «¥¦¨â ¢ «¥¢®©

¯®«ã¯«®áª®áâ¨ (Re �Cj
< 0, j = 1; n). (�ã¬¬  ®à¬ «ìëå ¬ âà¨æ ¢ ®¡é¥¬ á«ãç ¥ ¥ ï¢«ï¥âáï

®à¬ «ì®©.)
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�®ª § â¥«ìáâ¢®. � á¨«ã â¥®à¥¬ë 3 âà¨¢¨ «ì®¥ à¥è¥¨¥ á¨áâ¥¬ë _x = (A + B)x  á¨¬¯â®-
â¨ç¥áª¨ ãáâ®©ç¨¢®, â. ¥. Re �Cj

< 0.
�«ï ¯à®¨§¢®«ìëå ¬ âà¨æ íâ®â à¥§ã«ìâ â ¥ ¨¬¥¥â ¬¥áâ ,  ¯à¨¬¥à,

A =
��3 �3
3 1

�
; B =

��3 3
�3 1

�
; C = A+B =

��6 0
0 2

�
;

�Aj
= �Bj

= �1� i
p
5 (j = 1; 2); �C1

= �6; �C2
= 2: �

�à¨¬¥à 3. �¢ §¨«¨¥© ï á¨áâ¥¬  _x = (E sin t + A(x; t))x, £¤¥ A(x; t) | ª®á®á¨¬¬¥âà¨ç¥-
áª ï ¬ âà¨æ , ¨¬¥¥â ãáâ®©ç¨¢®¥ âà¨¢¨ «ì®¥ à¥è¥¨¥, çâ® ¤®ª § ® ¢ ([4], á. 68) á ¯®¬®éìî
¬¥â®¤  áà ¢¥¨ï. �â®â à¥§ã«ìâ â áà §ã á«¥¤ã¥â ¨§ â¥®à¥¬ë 3 á ãç¥â®¬ ç¨áâ® ¬¨¬®£® á¯¥ªâà 
ª®á®á¨¬¬¥âà¨ç¥áª®© ¬ âà¨æë A(x; t) ¨ á®®â®è¥¨ï

Z t

0

sin � d� � 2 (t � 0):

�à¨¬¥à 4. �áâ®©ç¨¢®áâì âà¨¢¨ «ì®£® à¥è¥¨ï á¨áâ¥¬ë _x = (A(t) + B(t))x, £¤¥ A(t) =
diagfa1(t); : : : ; an(t)g| ¤¨ £® «ì ï ¬ âà¨æ  (aj(t) � 0, j = 1; n) ¨ B(t) | ª®á®á¨¬¬¥âà¨ç¥áª ï
¬ âà¨æ , ¤®ª §   ¢ ([4], á. 23) á ¯®¬®éìî  ¯¯ à â  äãªæ¨© �ï¯ã®¢ . �â®â à¥§ã«ìâ â áà §ã

á«¥¤ã¥â ¨§ â¥®à¥¬ë 3 ¨ ¯à¨ ¬¥¥¥ ¦¥áâª¨å ®£à ¨ç¥¨ïå
tR
0

aj(s)ds � C (j = 1; n, t � 0).

�à¨¬¥à 5. �à¨¢¨ «ì®¥ à¥è¥¨¥ á¨áâ¥¬ë ([4], á. 156)

_x = A(t)x; A(t) = fajk(t)g21;
a11(t) = �b+ a cos2 bt; a12(t) = b� a sin bt cos bt;

a21(t) = �b� a sin bt cos bt; a22(t) = �b+ a sin2 bt

¯à¨ b < a < 2b ï¢«ï¥âáï ¥ãáâ®©ç¨¢ë¬, å®âï á¯¥ªâà �1;2 = 1

2
(a � 2b �pa2 � 4b2 ) ¬ âà¨æë A(t)

ï¢«ï¥âáï ¯®áâ®ïë¬ ¨ «¥¦¨â ¢ íâ®¬ á«ãç ¥ ¢ «¥¢®© ¯®«ã¯«®áª®áâ¨. �®¢¥¤¥¨¥ à¥è¥¨ï ¤ ®©
á¨áâ¥¬ë áâ ®¢¨âáï ¯®ïâë¬, ¥á«¨ ¬ âà¨æã á¨áâ¥¬ë § ¯¨á âì (¯®á«¥ ®¡®§ ç¥¨ï � = bt) ¢
¢¨¤¥ áã¬¬ë ¤¢ãå ®à¬ «ìëå ¬ âà¨æ A(�) = A0 +B(�),

A0 =
�
0 1
�1 0

�
; B(�) =

��1 + C0 cos2 � �C0 sin � cos �
�C0 sin � cos � �1 + C0 sin

2 �

�
;

£¤¥ ª®á®á¨¬¬¥âà¨ç¥áª ï ¬ âà¨æ  A0 ¨¬¥¥â ç¨áâ® ¬¨¬ë© á¯¥ªâà,   á¯¥ªâà ¬ âà¨æë B(�) à ¢¥
�B1

= �1, �B2
= C0 � 1 (C0 = a=b). � ª¨¬ ®¡à §®¬, âà¨¢¨ «ì®¥ à¥è¥¨¥ ¨áå®¤®© á¨áâ¥¬ë ¯à¨

a < b  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯à¨ a = b ãáâ®©ç¨¢o,   ¢ á«ãç ¥ a > b ¨¬¥¥¬ ¥ãáâ®©ç¨¢®¥
âà¨¢¨ «ì®¥ à¥è¥¨¥.

�¥®à¥¬  4. �à¨¢¨ «ì®¥ à¥è¥¨¥ á¨áâ¥¬ë _x = (A(t) + B(t))x á ¥¯à¥àë¢®© ®à¬ «ì®©

¬ âà¨æ¥© A(t) ¨ ¯à®¨§¢®«ì®© ¥¯à¥àë¢®© ¬ âà¨æ¥© B(t)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¥á«¨

á¯¥ªâà f�j(t)gn1 ¬ âà¨æë A(t) ¨ ®à¬  kB(t)k ã¤®¢«¥â¢®àïîâ á®®â®è¥¨ï¬

Re�j(t) � (t); a(t) =
Z t

0

((s) + kB(s)k)ds ����!
t!+1

�1 (j = 1; n; t � 0);

¨ ãáâ®©ç¨¢® ¯à¨ a(t) � C (j = 1; n; t � 0).

�®ª § â¥«ìáâ¢® á ãç¥â®¬ ã¨â à®© § ¬¥ë

x = U(t)y (U�(t)A(t)U(t) � diagf�1(t); : : : ; �n(t)g = �(t))

á«¥¤ã¥â ¨§ ¤¨ää¥à¥æ¨ «ì®£® ¥à ¢¥áâ¢ 

1
2
djxj2
dt

= Re(x�A(t)x) + Re(x�B(t)x) � Re(y��(t)y) + kB(t)k jxj2 � ((t) + kB(t)k)jxj2
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¨ ¯®á«¥¤ãîé¥© ®æ¥ª¨

jx(t)j � jx(0)j exp
�Z t

0

((s) + kB(s)k)ds
�
: �

�¥®à¥¬  5. �à¨¢¨ «ì®¥ à¥è¥¨¥ ª¢ §¨«¨¥©®© á¨áâ¥¬ë _x = A(t)x + f(x; t) (f(0; t) � 0)
á ¥¯à¥àë¢®© ®à¬ «ì®© ¬ âà¨æ¥© A(t) ¨ ¥¯à¥àë¢®© äãªæ¨¥© f(x; t) (¯à¨ t � 0, jxj < R)
 á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¥á«¨ á¯¥ªâà f�j(t)gn1 ¬ âà¨æë A(t) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ ¬

Re�j(t) � �� (� > 0, t � 0, j = 1; n) ¨ ¤«ï äãªæ¨¨ f(x; t) ¯à¨ ¤®áâ â®ç® ¬ «ëå jxj ¨ «î¡®¬

t � 0 á¯à ¢¥¤«¨¢  ®æ¥ª  jf(x; t)j � Cjxj1+� (�;C > 0).

�®ª § â¥«ìáâ¢® (á ãç¥â®¬   «®£¨ç®© ¯à¥¤ë¤ãé¥¬ã § ¬¥ë x = U(t)y) á«¥¤ã¥â ¨§ ¤¨ä-
ä¥à¥æ¨ «ì®£® ¥à ¢¥áâ¢ 

1
2
djxj2
dt

= Re(x�A(t)x) + Re(x�f(x; t)) � Re(y��(t)y) + Cjxj2+� �
� (�� + Cjxj�)jxj2 � (��1)jxj2 (0 < �1 < �): �

�®á«¥¤ïï â¥®à¥¬  ï¢«ï¥âáï ¢ ®¯à¥¤¥«¥®¬ á¬ëá«¥ ®¡®¡é¥¨¥¬ ¨§¢¥áâ®© â¥®à¥¬ë �ï-
¯ã®¢  [1], [2] ®¡  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¯® ¯¥à¢®¬ã ¯à¨¡«¨¦¥¨î ¤«ï ¥ ¢â®®¬ëå
á¨áâ¥¬ á ®à¬ «ì®© ¬ âà¨æ¥©.

�¢â®à ¡« £®¤ à¨â � ãâ¨  �« ¤¨¬¨à  �¢ ®¢¨ç  §  ¯®«¥§ë¥ á®¢¥âë ¨ ¯®¬®éì ¢ à ¡®â¥.

�¨â¥à âãà 

1. �ï¯ã®¢ �.�. �¡é ï § ¤ ç  ®¡ ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥¨ï. { �.: �®áâ¥å¨§¤ â, 1950. { 472 á.
2. �¥¬¨¤®¢¨ç �.�. �¥ªæ¨¨ ¯® ¬ â¥¬ â¨ç¥áª®© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨. { �.: � ãª , 1967. {

472 á.
3. �®§® �. �¥«¨¥©ë¥ ª®«¥¡ ¨ï ¨ â¥®à¨ï ãáâ®©ç¨¢®áâ¨. { �.: � ãª , 1971. { 288 á.
4. �ãè �., �¡¥âá �., � «ã  �. �àï¬®© ¬¥â®¤ �ï¯ã®¢  ¢ â¥®à¨¨ ãáâ®©ç¨¢®áâ¨. { �.: �¨à,

1980. { 300 á.
5. � à¡ è¨ �.�. �ãªæ¨¨ �ï¯ã®¢ . { �.: � ãª , 1970. { 240 á.
6. �¥àª¨ �.�. �¢¥¤¥¨¥ ¢ â¥®à¨î ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥¨ï. { �.: � ãª , 1987. { 304 á.
7. �®à®§®¢ �.�., � «¥®¢  �.�. �æ¥¨¢ ¨¥ ¨ ã¯à ¢«¥¨¥ ¢ ¥áâ æ¨® àëå «¨¥©ëå á¨áâ¥-

¬ å. { �.: �§¤-¢® ���, 1988. { 144 á.
8. �®¥¢®¤¨ �.�. �¨¥© ï  «£¥¡à . �ç¥¡. ¯®á®¡¨¥. { �.: � ãª , 1974. { 336 á.
9. �ë«®¢ �.�., �¨®£à ¤ �.�., �à®¡¬  �.�., �¥¬ëæª¨© �.�. �¥®à¨ï ¯®ª § â¥«¥© �ï¯ã®¢  ¨

¥¥ ¯à¨«®¦¥¨ï ª ¢®¯à®á ¬ ãáâ®©ç¨¢®áâ¨. { �.: � ãª , 1966. { 576 á.
10. �®ï¥¢ �.�. �®áâ â®çë¥ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ à¥è¥¨© ¥ª®â®àëå ª« áá®¢ ®¡ëª®¢¥-

ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¢ ªà¨â¨ç¥áª¨å á«ãç ïå // �¨ää¥à¥æ. ãà ¢¥¨ï. { 1990.
{ �. 26. { ò4. { �. 709{712.

11. �®ï¥¢�.�. �¯¥ªâà «ìë© ¬¥â®¤ ¨áá«¥¤®¢ ¨ï ãáâ®©ç¨¢®áâ¨ ¥ª®â®àëå ª« áá®¢ ¥ ¢â®-
®¬ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© // �§¢. ¢ã§®¢. � â¥¬ â¨ª . { 2000. { ò5. { �. 51{61.

�®áá¨©áª¨© ã¨¢¥àá¨â¥â �®áâã¯¨« 

�àã¦¡ë  à®¤®¢ 23.07.1999

45


