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dx

dt
= Cx+Dy,

dy

dt
= Ax+By,
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∣∣∣∣ A B
C D

∣∣∣∣ �= 0.

C�� �$�''#3#��4#. �t� �' �%� �  � ��''0���� ## %'�< %�20�/ �< '$�(��% ���� #. �%��,
��� �8� ���% � #. A + (B − C)λ − Dλ2 = 0, % 2�%#'#0�'�# �� ���33#4#� ��% A, B, C,
D.

�1�1?�  �� ��0;$��' �� (#'$� ��$.�  � �#;�� 
 #0�  �! ��2$#(�-� �$$#;�#(�'�#�
��0;$��' �� (#'$�! 8#;��1�$#(�'�#� ��0;$��' �� (#'$� # ;���1�$#(�'�#< ��0;$��' ��
(#'$� �5�! �9�� �1�1?�  �� ��0;$��' �� (#'$� <�������#2�-�'. '%��'�%�0 0 #0�� ��# #,
4� i� C�� �2 �(��� '$���-?��� S�'�& i2 = α + βi! ��8�� (#'$� ��$.�'.  � ���2�  �� �#;�

% 2�%#'#0�'�# �� ��8�! ���#0# .%$.-�'. α! β� �'$# α +
β2

4
< 0! �� ���#� �1�1?�  ��

��0;$��' �� (#'$� �� �'.�'. � S>>IDHIVELKBTM HIDM! �'$# /� α +
β2

4
> 0! �� � CIDEFAB�

>IVELKBTM! �'$# α +
β2

4
= 0 ~ DGFGAB>IVELKBTM� 	���! �'$# %2.�& i2 = −1! �� 0� ;�$�(#0

�1�( �� ��0;$��' �� (#'$�! ������� .%$.-�'. �� � #(�'�#0 %#��0 �$$#;�#(�'�#< �1�1,
?�  �< ��0;$��' �< (#'�$� �'$# i2 = 1! �1�2 �(#0 ����- 0 #0�- ��# #4� (���2 κ! ����
κ2 = 1! ��8�� ;�$�(#0 �%�� �� (#'$� ~ �� � #(�'�#� %#� 8#;��1�$#(�'�#< �1�1?�  �<
��0;$��' �< (#'�$� ���� �4! �'$# i2 = 0! �1�2 �(#0 ����- 0 #0�- ��# #4� (���2 ε! ����
ε2 = 0! �� ;�$�(#0 ���$& �� (#'$� ~ �� � #(�'�#� %#� ;���1�$#(�'�#< �1�1?�  �< ��0,
;$��' �< (#'�$� ��0��#0! (�� �u�(

a αb
b a+ βb

)(
x0

x1

)
⇔ (a+ ib)(x0 + ix1), A9B

8�� i2 = α+ βi # a, b, x0, x1, α, β ∈ R�
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ẋ0 = ax0 + αbx1,
ẋ1 = bx0 + (a+ βb)x1,

A5B

��% �'#$& � ���% � #-
ż = (a+ ib)z, AtB

8�� z = x0 + ix1, i
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z(t) = e(a+ib)tc,
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8�� c = c0 + ic1 ~ ;��#2%�$& �� �1�1?�  �� ��0;$��' �� (#'$�! 2��'& i2 = α+ βi�
��1'�%�  �� 2 �(� #. 0���#4� (

a αb
b a+ βb

)
A)B

��% � λ1,2 = a+βb/2±|b|
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α+

β2
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iL>I LILHETG �.� FGORBLI>QRG PIaaEFERdIG>QRBTM MFGORERI@ �/� P>? aMRKdII LB JRG�
VERI?TI O S>>IDHIVELKIU VIL>GU� HB HID HBVKI DBKB? (0, 0) Z aBKML I>I dERHF 

iL>I LILHETG �.� FGORBLI>QRG PIaaEFERdIG>QRBTM MFGORERI@ �/� P>? aMRKdII LB JRG�
VERI?TI O CIDEFAB>IVELKIU VIL>GU� HB HID HBVKI DBKB? (0, 0) Z LEP>B I>I AIKFIHIVELKI]

MJE> 

iL>I LILHETG �.� FGORBLI>QRG PIaaEFERdIG>QRBTM MFGORERI@ �/� P>? aMRKdII LB JRG�

VERI?TI O DGFGAB>IVELKIU VIL>GU� HB HID HBVKI DBKB? (0, 0) Z TBRBKFIHIVELKI] MJE> 

iL>I ^E a �= 0� b = 0� HB LILHETG �.� FGORBLI>QRG PIaaEFERdIG>QRBTM MFGORERI@ �/�

P>? aMRKdII LB JRGVERI?TI O PE]LHOIHE>QR[U VIL>GU m SHBT L>MVGE� HID HBVKI DBKB?

(0, 0) Z PIKFIHIVELKI] MJE> 
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n∑
j=1

(xj − x∗j )2 → min, A9B

b∗i ≤ xki
− xli ≤ b∗i , i = 1,m; A5B

d∗j ≤ xj ≤ d∗j , j = 1, n. AtB

���'& xj! j = 1, n! ~ #'��0�� ;���0�  ��� x∗j ! d∗j ! d
∗
j ! j = 1, n! b∗i! b∗i ! i = 1,m! , #2%�'� ��
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