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� ¤ ­­®© à ¡®â¥ ¨§ãç ¥âáï «¨­¥©­ ï á¨áâ¥¬  x0(t) = eA(t)x(t) á !-¯¥à¨®¤¨ç¥áª®© ¢¥é¥áâ¢¥­-
­®© ¬ âà¨æ¥©-äã­ªæ¨¥© eA(t) ¢â®à®£® ¯®àï¤ª , ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î Sp eA(t) � 0, t 2 R.
� ª ¨§¢¥áâ­® [1]{[3], ¤«ï â ª¨å á¨áâ¥¬ á¯à ¢¥¤«¨¢  äã­¤ ¬¥­â «ì­ ï â¥®à¥¬  �«®ª¥{�ï¯ã­®¢ ,
¢ á¨«ã ª®â®à®© ¬ âà¨æ ­â X(t) á¨áâ¥¬ë ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ X(t) = F (t)eRt, £¤¥ R | ¯®áâ®ï­­ ï
¢¥é¥áâ¢¥­­ ï ¬ âà¨æ  á® á«¥¤®¬, à ¢­ë¬ ­ã«î, a F (t) | ¯¥à¨®¤¨ç¥áª ï ¬ âà¨æ -äã­ªæ¨ï á
¯®áâ®ï­­ë¬ ®¯à¥¤¥«¨â¥«¥¬, à ¢­ë¬ ¥¤¨­¨æ¥, ¨ F (0) = I.

�áá«¥¤ãîâáï á¨áâ¥¬ë, ¤«ï ª®â®àëå F (t) ¨¬¥¥â á¯¥æ¨ «ì­ë© ¢¨¤,   ¨¬¥­­®,

F (t) = A0 +Ak cos
2�k
!

t+Bk sin
2�k
!

t;

£¤¥ A0, Ak, Bk | ¯®áâ®ï­­ë¥ ¬ âà¨æë. � ¤ «ì­¥©è¥¬ ¯à® â ª¨¥ á¨áâ¥¬ë ¡ã¤¥¬ £®¢®à¨âì, çâ®
®­¨ ¨¬¥îâ ¬ âà¨æ ­â âà¥¡ã¥¬®£® ¢¨¤ .

� ª ª ª F (t) ¨¬¥¥â ¯®áâ®ï­­ë© ®¯à¥¤¥«¨â¥«ì ¨ F (0) = I, â® ®ç¥¢¨¤­®, çâ® íâ¨ ãá«®¢¨ï
­ ª« ¤ë¢ îâ ®£à ­¨ç¥­¨ï ­  ¯®áâ®ï­­ë¥ ¬ âà¨æëA0, Ak, Bk, ¢å®¤ïé¨¥ ¢ à §«®¦¥­¨¥ ¬ âà¨æë-
äã­ªæ¨¨ F (t).

�¥®à¥¬  1. �«ï â®£® çâ®¡ë ¬ âà¨æ -äã­ªæ¨ï

F (t) = A0 +Ak cos
2�k
!

t+Bk sin
2�k
!

t

ã¤®¢«¥â¢®àï«  ãá«®¢¨ï¬ F (0) = I ¨ jF (t)j � 1, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë ¬ âà¨æë A0,

Ak, Bk, ¢å®¤ïé¨¥ ¢ ¯à¥¤áâ ¢«¥­¨¥ F (t), ã¤®¢«¥â¢®àï«¨ ãá«®¢¨ï¬

A0 �A�
0 +

1
2
Ak � A�

k
+
1
2
Bk �B�

k
= I; (1)

A0 � A�
k
+Ak � A�

0 = 0; (2)

A0 � B�
k
+Bk � A�

0 = 0; (3)

Ak �B�
k
+Bk � A�

k
= 0; (4)

Ak �A�
k
�Bk �B�

k
= 0; (5)

A0 +Ak = I; (6)

£¤¥ A� | ¬ âà¨æ , ¯à¨á®¥¤¨­¥­­ ï ª ¬ âà¨æ¥ A.

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì. � ª ª ª jF (t)j � 1,   F�1(t) = jF (t)j�1 � F�(t) = F�(t),
â® F (t) � F�(t) � I. �¥£ª® ¯à®¢¥à¨âì, çâ® ¤«ï ¬ âà¨æ ¢â®à®£® ¯®àï¤ª  ®â®¡à ¦¥­¨¥, áâ ¢ïé¥¥
ª ¦¤®© ¬ âà¨æ¥ A ¥¥ ¯à¨á®¥¤¨­¥­­ãî ¬ âà¨æã A�, ï¢«ï¥âáï «¨­¥©­ë¬ ®¯¥à â®à®¬. �«¥¤®¢ -
â¥«ì­®,

F�(t) = A�
0 +A�

k
cos

2�k
!

t+B�
k
sin

2�k
!

t:

�¬­®¦¨¢ F (t) ­  F�(t), ¯®«ãç¨¬ ãá«®¢¨ï (1){(6).
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�®áâ â®ç­®áâì. � ª ª ª F (0) = A0 + Ak = I ¢ á¨«ã á®®â­®è¥­¨ï (6), â® ®áâ ¥âáï â®«ìª®
ã¡¥¤¨âìáï ¢ â®¬, çâ® jF (t)j � 1. � ¬¥â¨¬, çâ® ¤«ï ª¢ ¤à â­ëå ¬ âà¨æ A, B ¢â®à®£® ¯®àï¤ª 
¨¬¥¥â ¬¥áâ® ä®à¬ã« 

jA+Bj = jAj+ jBj+ Sp(A � B�);

¯®íâ®¬ã

jF (t)j =
����A0 +Ak cos

2�k
!

t+Bk sin
2�k
!

t

���� = jA0j+ cos2
2�k
!

t � jAkj+ cos
2�k
!

t � Sp(A0A
�
k
) +

+ sin
2�k
!

t � Sp(A0B
�
k
) + cos

2�k
!

t � sin 2�k
!

t � Sp(AkB
�
k
) + sin2

2�k
!

t � jBkj;

  ®âáî¤  ¢ á¨«ã ãá«®¢¨© (2){(6) jF (t)j = jA0j+ jAkj = jA0 +Akj = jIj = 1.
�«¥¤ãîé ï â¥®à¥¬ , ª®â®à ï ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ â¥®à¥¬ë 1, ¯®«­®áâìî ®¯¨áë¢ ¥â áâàãª-

âãàã ¬ âà¨æ-äã­ªæ¨© F (t) âà¥¡ã¥¬®£® ¢¨¤ . � ¤ «ì­¥©è¥¬ ¬­®¦¥áâ¢® â ª¨å ¬ âà¨æ-äã­ªæ¨©
¡ã¤¥¬ ®¡®§­ ç âì á¨¬¢®«®¬ 
!

1 [6].

�¥®à¥¬  2. �«ï â®£® çâ®¡ë ¬ âà¨æ -äã­ªæ¨ï F (t) 2 
!

1 , ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®-

¡ë F (t) «¨¡® ¨¬¥«  ¯à¥¤áâ ¢«¥­¨¥ ¢¨¤ 

F (t) =
1
2
[I +XY �1] +

1
2
[I �XY �1] cos

2�k
!

t+
1
2
[X � Y ]J sin

2�k
!

t; (7)

£¤¥ k 2 N , X ¨ Y | ¯®áâ®ï­­ë¥, ­¥ à ¢­ë¥ ¬¥¦¤ã á®¡®© ¬ âà¨æë, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬

X = X�, Y = Y �, detX = det Y = 1, J = [ 0 �1
1 0 ], «¨¡® ¨¬¥«  ¯à¥¤áâ ¢«¥­¨¥ ¢¨¤ 

F (t) = I � �B + �B cos
2�k
!

t+ �B sin
2�k
!

t; (8)

£¤¥ B 6= 0, SpB = detB = 0, � 2 R, � 2 R, �2 + �2 6= 0, k 2 N .

�¨¦¥, ¨á¯®«ì§ãï áâàãªâãàã í«¥¬¥­â®¢ ¬­®¦¥áâ¢  
!

1 , ¨áá«¥¤ã¥¬ «¨­¥©­ë¥ á¨áâ¥¬ë, ¨¬¥î-
é¨¥ ¬ âà¨æ ­â âà¥¡ã¥¬®£® ¢¨¤ . �à¨ íâ®¬ ¢ëà®¦¤¥­­ë¬ á«ãç ¥¬ ­ §ë¢ ¥¬ á¨âã æ¨î, ª®£¤ 
F (t) ¨¬¥¥â ¯à¥¤áâ ¢«¥­¨¥ (8),   à¥£ã«ïà­ë¬ á«ãç ¥¬ | á¨âã æ¨î, ª®£¤  F (t) ¨¬¥¥â ¯à¥¤áâ ¢«¥-
­¨¥ (7).

�ëà®¦¤¥­­ë© á«ãç © ï¢«ï¥âáï ¡®«¥¥ ¯à®áâë¬ ¯® áà ¢­¥­¨î á à¥£ã«ïà­ë¬ ¨ ¥£® ã¤ ¥âáï
¯®«­®áâìî ¨§ãç¨âì. � ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¯à¨¢¥¤¥¬ ¤¢  à¥§ã«ìâ â .

�¥®à¥¬  3. �ãáâì ¬ âà¨æ ­â X(t) «¨­¥©­®© á¨áâ¥¬ë ¨¬¥¥â ¢¨¤

X(t) =
�
I � �B + �B cos

2�k
!

t+ �B sin
2�k
!

t

�
� eRt;

£¤¥ ¬ âà¨æë R ¨ B «¨­¥©­® ­¥§ ¢¨á¨¬ë, SpRB 6= 0 ¨ �(�2 � �2) 6= 0, �; � 2 R. �®£¤  ¬ âà¨æ eA(t) ­¥®¡å®¤¨¬® ¨¬¥¥â ¢¨¤

eA(t) = eA0 + eAk cos
2�k
!

t+ eBk sin
2�k
!

t+ eA2k cos
4�k
!

t+ eB2k sin
4�k
!

t;

£¤¥ ¯®áâ®ï­­ë¥ ¬ âà¨æë eA0, eAk, eBk, eA2k, eB2k § ¤ îâáï ä®à¬ã« ¬¨

eA0 = R+ �[RB �BR]� 2�1[3�2 + �2]BRB;

eAk = 2�k!�1�B � �[RB �BR] + 2�2BRB;

eBk = �2�k!�1�B � �[RB �BR] + 2��BRB;

eA2k = 2�1(�2 � �2)BRB;

eB2k = ���BRB:
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�à®¬¥ â®£®, ¬ âà¨æë eA0, eAk, eA2k ®¡à §ãîâ «¨­¥©­® ­¥§ ¢¨á¨¬ãî á¨áâ¥¬ã ¨ ã¤®¢«¥â¢®àïîâ

ãá«®¢¨ï¬

Sp eA0 = Sp eAk = Sp eA2k = det eA2k = 0;

Sp eA0
eA2k 6= 0;

eAk = �[ eA0
eA2k � eA2k

eA0] + � eA2k;

�2 +
2

Sp eA0
eA2k

� 0:

�à¨ íâ®¬ ¥á«¨ �2+ 2

Sp ~A0
~A2k

> 0, â® � | «î¡®¥, ®â«¨ç­®¥ ®â ­ã«ï ¤¥©áâ¢¨â¥«ì­®¥ ç¨á«®; ¥á«¨

�2 + 2

Sp ~A0
~A2k

= 0, â® � = 0.

�¥®à¥¬  4. � âà¨æ ­â X(t) «¨­¥©­®© !-¯¥à¨®¤¨ç¥áª®© á¨áâ¥¬ë

x0(t) = eC(t)x(t) á eC(t) = eC0 + eCk cos
2�k
!

t+ eDk sin
2�k
!

t;

£¤¥ ¯®áâ®ï­­ë¥ ¬ âà¨æë eC0, eCk, eDk ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

Sp eC0 = Sp eCk = Sp eDk = det eCk = det eDk = 0;

eCk 6= 0; eDk = � eCk (� 2 R); eC0
eCk = 
 eCk; 
 6= 0;

¨¬¥¥â ¢¨¤

X(t) =
�
I +


 + �k!�1�

2(
2 + �2k2!�2)
eCk � 
 + �k!�1�

2(
2 + �2k2!�2)
eCk � cos 2�k

!
t+

�k!�1 � 
�

2(
2 + �2k2!�2)
eCk sin

2�k
!

t

�
� eRt;

£¤¥

R = eC0 + 


 + �k!�1�


2 + �2k2��2
eCk:

�¥à¥å®¤¨¬ â¥¯¥àì ª à áá¬®âà¥­¨î à¥£ã«ïà­®£® á«ãç ï. �®-¯¥à¢ëå, ¯®«ãç¥­ á«¥¤ãîé¨© à¥-
§ã«ìâ â, ª®â®àë© ¬®¦­® áç¨â âì ®á­®¢­ë¬.

�¥®à¥¬  5. �«ï â®£® çâ®¡ë á¨áâ¥¬ 

x0(t) = eA(t)x(t)
¨¬¥«  ¬ âà¨æ ­â âà¥¡ã¥¬®£® ¢¨¤ , ¯à¨ç¥¬ jAkj = jBkj 6= 0, A0 6= 0, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®,

çâ®¡ë áãé¥áâ¢®¢ «¨ ¢¥é¥áâ¢¥­­ë¥ ç¨á«  �, �, � ¨ ¯®áâ®ï­­ë¥ ­¥¢ëà®¦¤¥­­ë¥ ¬ âà¨æë F1,
F2, F3, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬

SpF1 = SpF2 = SpF3 = 0; (9)

jF2j = jF3j; (10)

F1 � F2 = jF1 + F2j � F3 (11)

â ª¨¥, çâ®

eA(t) = eA0 + eAk cos
2�k
!

t+ eBk sin
2�k
!

t+ eA2k cos
4�k
!

t+ eB2k sin
4�k
!

t; (12)

eA0 =
�
1� 2jF1 + F2j
2jF1 + F2j �� �k

!jF1 + F2j
�
� F1 � 1� jF1 + F2j

jF1 + F2j �F2 +
1� jF1 + F2j
jF1 + F2j �F3; (13)

eAk = 2 � 1� jF1 + F2j
jF1 + F2j �F1 + �F2; (14)

eBk = 2 � 1� jF1 + F2j
jF2 + F2j �F1 � �F3; (15)
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eA2k = �F2 + �F3; (16)

eB2k = �F2 � �F3: (17)

�¥®à¥¬  5 ¯®§¢®«ï¥â áâà®¨âì «¨­¥©­ë¥ á¨áâ¥¬ë, ¬ âà¨æ ­â ª®â®àëå ¨¬¥¥â âà¥¡ã¥¬ë© ¢¨¤.
�«ï íâ®£® ­ã¦­®, çâ® á«¥¤ã¥â ¨§ â¥®à¥¬ë 5, § ¤ âì ¯®áâ®ï­­ë¥ ¬ âà¨æë F1, F2, F3, ã¤®¢«¥â¢®-
àïîé¨¥ á®®â­®è¥­¨ï¬ (9){(11), ¯à®¨§¢®«ì­ë¥ ¢¥é¥áâ¢¥­­ë¥ ç¨á«  �, �, � ¨ ¬ âà¨æë eA0, eAk,eBk, eA2k, eB2k ä®à¬ã« ¬¨ (13){(17) á®®â¢¥âáâ¢¥­­®.

� «¥¥, ¨§ â¥®à¥¬ë 5 á«¥¤ã¥â, çâ® ¥á«¨ «¨­¥©­ ï á¨áâ¥¬  x0(t) = eA(t)x(t) ¨¬¥¥â ¬ âà¨æ ­â
âà¥¡ã¥¬®£® ¢¨¤ , â® eA(t) ¨¬¥¥â ¢¨¤

eA(t) = eA0 + eAk cos
2�k
!

t+ eBk sin
2�k
!

t+ eA2k cos
4�k
!

t+ eB2k sin
4�k
!

t;

¯à¨ç¥¬ ¬ âà¨æë eA0, eAk, eBk, eA2k, eB2k § ¤ îâáï ä®à¬ã« ¬¨ (13){(17) á®®â¢¥âáâ¢¥­­®. �à¨ íâ®¬
¢®§¬®¦­ë á«¥¤ãîé¨¥ âà¨ á¨âã æ¨¨:

A) ¥á«¨ � = � = � = 0, â® eA(t) = eA0 | ¯®áâ®ï­­ ï ¬ âà¨æ ;
B) ¥á«¨ � = � = 0, � 6= 0, â® eA(t) = eA0 + eAk cos 2�k

!
t+ eBk sin 2�k

!
t, ¯à¨ç¥¬ j eAkj = j eBkj 6= 0;

C) ¥á«¨ �2 + �2 6= 0. � ¬¥â¨¬, çâ® íâ®â á«ãç © ¯®ª  ¤® ª®­æ  ­¥ ¨áá«¥¤®¢ ­.

�¥®à¥¬  6. �«ï â®£® çâ®¡ë ¬ âà¨æ ­â «¨­¥©­®© á¨áâ¥¬ë á ¯®áâ®ï­­®© ¬ âà¨æ¥© ¨¬¥«

âà¥¡ã¥¬ë© ¢¨¤, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë

eA0 = ��k
!
UJ�1; £¤¥ U = U�; jU j = 1; J =

�
0 �1
1 0

�
:

� «¥¥ à áá¬ âà¨¢ ¥âáï «¨­¥©­ ï á¨áâ¥¬ 

x0(t) =
� eA0 + eAk cos

2�k
!

t+ eBk sin
2�k
!

t

�
� x(t); (I)

¯à¨ç¥¬ j eAkj = j eBkj 6= 0, çâ® á®®â¢¥âáâ¢ã¥â á¨âã æ¨¨ B).

�¥®à¥¬  7. �«ï â®£® çâ®¡ë «¨­¥©­ ï á¨áâ¥¬  (I) ¨¬¥«  ¬ âà¨æ ­â âà¥¡ã¥¬®£® ¢¨¤ ,

­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë ¨¬¥«¨ ¬¥áâ® á®®â­®è¥­¨ï

Sp eAk = Sp eBk = Sp eAk
eBk = 0;

j eAkj = j eBkj < 0;

eA0 = 
 eAk
eBk;

¯à¨ç¥¬


 =2
�

�k

!j eAkj
� 1q

�j eAkj
;

�k

!j eAkj
+

1q
�j eAkj

�
: (18)

�®ª § â¥«ìáâ¢®. �¥®¡å®¤¨¬®áâì. � ª ª ª ¬ âà¨æ ­â �(t) ¤ ­­®© á¨áâ¥¬ë ¨¬¥¥â âà¥¡ã-
¥¬ë© ¢¨¤, â® ¢ á¨«ã â¥®à¥¬ë 5 áãé¥áâ¢ãîâ ¢¥é¥áâ¢¥­­ë¥ ç¨á«  �, �, � ¨ ¯®áâ®ï­­ë¥ ­¥¢ë-
à®¦¤¥­­ë¥ ¬ âà¨æë F1, F2, F3, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ (9){(11) â ª¨¥, çâ® ¢ë¯®«­ïîâáï
á®®â­®è¥­¨ï (12){(17). �® ãá«®¢¨î, ¤¢¥ ¨§ ç¥âëà¥å ¬ âà¨æ eAk, eBk, eA2k, eB2k ­ã«¥¢ë¥,   ®áâ «ì­ë¥
¤¢¥ ­¥¢ëà®¦¤¥­­ë¥. �¥£ª® ¢¨¤¥âì, çâ® íâ® ¬®¦¥â ¡ëâì â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  � = � = 0
¨ � 6= 0. � ª¨¬ ®¡à §®¬, ¨¬¥¥¬

eA0 =
�
1� 2jF1 + F2j
2jF1 + F2j �� �k

!jF1 + F2j
�
� F1;

eAk = �F2;eBk = ��F3;
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®âªã¤  á«¥¤ã¥â Sp eA0 = Sp eAk = Sp eBk = 0. � ª ª ª F3 = 1

jF1+F2j
F1 � F2, â® SpF1F2 = 0 ¨

F2 � F3 = 1
jF1 + F2jF2F1F2 = � 1

jF1 + F2jF1F
2
2 =

jF2j
jF1 + F2jF1:

�âáî¤  á«¥¤ã¥â, çâ® eA0 = 
 eAk
eBk, £¤¥ 
 | ¢¥é¥áâ¢¥­­®¥ ç¨á«®.

� ª ª ª F 2
1 = AkB

�
k
� AkB

�
k
= �jAkj2 � I, F1 � F2 = jAkj � F3, â® jF1j = jF1 + F2j2 > 0, ¨ â®£¤ 

jF2j = jF3j < 0, â. ¥. j eAkj = j eBkj < 0. � ª¨¬ ®¡à §®¬, ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë ®áâ «®áì
ã¡¥¤¨âìáï, çâ® 
 ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (18).

�¬¥¥¬ eAk
eBk = ��2F2F3 = ��2 � jF2j

jF1+F2j
F1, á«¥¤®¢ â¥«ì­®,


 =
�
1� 2jF1 + F2j
2jF1 + F2j �� �k

!jF1 + F2j
�
(�1) � jF1 + F2j

�2jF2j =
�k

!�2jF2j +
2jF1 + F2j � 1

2�2jF2j �:

� «¥¥,

jF1 + F2j � (1� jF1 + F2j) = jF1 + F2j � jF1 + F2j2 = jF1 + F2j � jF1j = jF2j = 1
�2
j eAkj:

� ª¨¬ ®¡à §®¬, jF1+F2j ï¢«ï¥âáï ª®à­¥¬ ª¢ ¤à â­®£® ãà ¢­¥­¨ï y2� y+��2j eAkj = 0, â. ¥. «¨¡®

jF1 + F2j = ��
p
�2�4j ~Akj

2�
, «¨¡® jF1 + F2j = �+

p
�2�4j ~Akj

2�
.

�á«¨ jF1 + F2j = ��
p
�2�4j ~Akj

2�
, â®


 =
�k

!j eAkj
+

��
p
�2�4j ~Akj

�
� 1

2j eAkj
� � = �k

!j eAkj
�

q
�2 � 4j eAkj
2j eAkj

¨, â. ª. � 6= 0, j eAkj < 0, â®


 >
�k

!j eAkj
�

q
�4j eAkj
2j eAkj

=
�k

!j eAkj
+

1q
�j eAkj

:

�á«¨ ¦¥ jF1 + F2j = �+

p
�2�4j ~Akj

2�
, â®


 =
�k

!j eAkj
+

�+

p
�2�4j ~Akj

�
� 1

2j eAkj
� � = �k

!j eAkj
+

q
�2 � 4j eAkj
2j eAkj

¨, á«¥¤®¢ â¥«ì­®, 
 < �k

!j ~Akj
� 1p

�j ~Akj
.

�â¬¥â¨¬, çâ® ¢ à áá¬®âà¥­­ëå ¢ëè¥ â¥®à¥¬ å ¬ âà¨æë F1, F2, F3 á¢ï§ ­ë á ¬ âà¨æ ¬¨ A0,
Ak, Bk á®®â­®è¥­¨ï¬¨ F1 = AkB

�
k
, F2 = BkA

�
0 , F3 = AkA

�
0 , £¤¥ A

� | ¬ âà¨æ , ¯à¨á®¥¤¨­¥­­ ï ª
¬ âà¨æ¥A, ¨ ®¡à §ãîâ «¨­¥©­® ­¥§ ¢¨á¨¬ãî á¨áâ¥¬ã. �á«¨ ¦¥ ®­¨ ®¡à §ãîâ «¨­¥©­® § ¢¨á¨¬ãî
á¨áâ¥¬ã, â® ­¥®¡å®¤¨¬® A0 = 0 ¨ F (t) = I � cos 2�k

!
t+Bk � sin 2�k

!
t.

�¥®à¥¬  8. �«ï â®£® çâ®¡ë «¨­¥©­ ï á¨áâ¥¬  ¨¬¥«  ¬ âà¨æ ­â ¢¨¤ 

X(t) =
�
I � cos 2�k

!
t+Bk sin

2�k
!

t

�
� eRt;

­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­® çâ®¡ë eA(t) ¨¬¥«  ¢¨¤
eA(t) = eA0 + eA2k cos

4�k
!

t+ eB2k sin
4�k
!

t

¨ ¢ë¯®«­ï«¨áì á®®â­®è¥­¨ï

Sp eA2k = Sp eB2k = Sp eA2k
eB2k = 0;
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j eA2kj = j eB2kj < 0;

eA0 = 
 eA2k
eB2k:

B § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ®, ªà®¬¥ á¨âã æ¨¨ C), ã¤ ¥âáï ¯®«­®áâìî ®¯¨á âì ª« áá ¯¥à¨®¤¨ç¥-
áª¨å á¨áâ¥¬ ¢â®à®£® ¯®àï¤ª , ¬ âà¨æ ­â X(t) ª®â®àëå ¨¬¥¥â ¢¨¤ X(t) = F (t)eRt, £¤¥ F (t) 2 
!

1 .
�®«ãç¥­­ë¥ à¥§ã«ìâ âë ¤ îâ ¢®§¬®¦­®áâì ï¢­® ­ å®¤¨âì ¯à¥®¡à §®¢ ­¨¥, ¯à¨¢®¤ïé¥¥ ¯à®¨§-
¢®«ì­ãî á¨áâ¥¬ã ¨§ íâ®£® ª« áá  ª á¨áâ¥¬¥ á ¯®áâ®ï­­®© ¬ âà¨æ¥© ¨ á ¬ã íâã ¬ âà¨æã, â. ¥.
à¥è¥­¨¥ ¯®«ãç ¥âáï ¢ § ¬ª­ãâ®© ä®à¬¥. �â¬¥â¨¬, çâ® ¡®«ìè¨­áâ¢® ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢
¨­â¥£à¨àã¥¬®áâ¨ ¢ § ¬ª­ãâ®© ä®à¬¥ ­¥ á«¥¤ãîâ ¨§ à¥§ã«ìâ â®¢ �.�.�àã£¨­  [4], [5] ¨ ï¢«ïîâáï
­®¢ë¬¨, â. ª. ®­ à áá¬ âà¨¢ « á¨áâ¥¬ë ¢¨¤ 

x0(t) = [A1'1(t) +A2'2(t)]x(t);

£¤¥ A1 ¨ A2 | ¯®áâ®ï­­ë¥ ¬ âà¨æë (¯à®¨§¢®«ì­®£® ¯®àï¤ª ), a '1(t) ¨ '2(t) | áª «ïà­ë¥
äã­ªæ¨¨, ¯à¨ íâ®¬ ¬ âà¨æë A1 ¨ A2 ã¤®¢«¥â¢®àïîâ ãá«®¢¨î

A1(A2A1 �A1A2)� (A2A1 �A1A2)A1 = 0: (19)

� ¤ ­­®© à ¡®â¥ ¢áâà¥ç îâáï á¨áâ¥¬ë

x0(t) =
� eA0 + eAk cos

2�k
!

t+ eBk sin
2�k
!

t+ eA2k cos
4�k
!

t+ eB2k sin
4�k
!

t

�
x(t);

¯à¨ç¥¬ ¢ ¡®«ìè¨­áâ¢¥ á«ãç ¥¢ eA0 6= 0,   ¢ â®¬ á«ãç ¥, ª®£¤  eA0 = 0, ¬ âà¨æë Ak ¨ Bk ­¥
ã¤®¢«¥â¢®àïîâ ãá«®¢¨î (19). � ª, á¨áâ¥¬ 

x0(t) =
�
0 �1
1 0

�
+
�
0 1
1 0

�
cos t+

�
1 0
0 �1

�
sin t

ã¤®¢«¥â¢®àï¥â ¢á¥¬ ãá«®¢¨ï¬ ¨§ â¥®à¥¬ë 7 ¨ ¯®íâ®¬ã ¨¬¥¥â ¬ âà¨æ ­â âà¥¡ã¥¬®£® ¢¨¤ . � â® ¦¥
¢à¥¬ï, ­¥ ¯à¥¤áâ ¢«ï¥â âàã¤  ¯à®¢¥à¨âì, çâ® ¬ âà¨æë A1 = [ 0 1

1 0 ], B1 = [ 1 0
0 �1 ] ­¥ ã¤®¢«¥â¢®àïîâ

ãá«®¢¨î (19). �¥©áâ¢¨â¥«ì­®,

A1 � (B1 � A1 �A1 �B1)� (B1 �A1 �A1 �B1) �A1 = �4 � I 6= O:

�¨â¥à âãà 
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