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dA0x(t)
dt

= Ax(t), t ∈ T = [0, t1], A9B

x(0) = q, q ∈ Rn, A5B

' %�<���0
y(t) = Gx(t), AtB

2��'& A0 (A) # G 6 ;�'��.  �� n × n− # r × n− 0���#4� '���%��'�%�  �! x(t), t ∈ T, 6
 �;����% �. 3� �4#.! � A0x(t), t ∈ T, 6  �;����% � �#33��� 4#���0�. 3� �4#.! t1 > 0 6
3#�'#��%�  �� 0�0� � %��0� #�

�(#���0! (�� '#'��0� A9B .%$.��'. ��8�$.� ��� '�?�'�%��� ����� ��0;$��' �� λ, (��
det[λA0 − A] �= 0, �  �(�$& �� %����� q .%$.��'. ��;�'�#0�0! �� �'�& '#'��0� A9B! A5B
#0��� ���� #�� � $#�������� ���#�  �(�$& �� ��  ��  �2�%�-� ���/� '�8$�'�%�  �0# �9�
#$# '�%0�'�#0�0#�

��(�$& �� n,%����� q 1���� ��;�'�#0�0 �$. '#'��0� A9B ��8�� # ��$&�� ��8��! ��8��
%�;�$ .��'. ��%� '�%�

[E − C0A0]q = 0, A)B

8�� C0 6 ;��%�� �$�0� � '#'��0� 1�2�%�< 0���#4 Ci, i = 0, k, k = index(A0, A) �9��
��0��#0! (�� % '$�(�� detA0 �= 0, �'$�%#� A)B ��'��'�%���! ��� ��� ��8�� C0 = A−1

0 �9� #
$-1��  �(�$& �� %����� q ∈ Rn 1���� ��;�'�#0�0 A'�8$�'�%�  �0B �$. '#'��0� A9B�

�� 9�*�� ��w*m����� !& �*>�w��)�����������*&�"p  � !���

1(����*���� �� nGVG>QRBE DB>B^ERIE x(0) = q LILHET[ ����/�� MPBO>EHOBF?@NEE

ML>BOI@ �0�� RGJBOET RGA>@PGET[T DB W kG>TGRM� EL>I ECB TB^RB OBLLHGRBOIHQ DB O[�

UBPM �/� EPIRLHOERR[T BAFGJBT 

eILHETM ����/� RGJBOET DB>RBLHQ@ RGA>@PGETB] DB W kG>TGRM� EL>I KG^PBE EE PB�

DMLHITBE RGVG>QRBE DB>B^ERIE RGA>@PGETB 

������� �� =>? DB>RB] RGA>@PGETBLHI DB W kG>TGRM LILHET[ ����/� REBAUBPITB I

PBLHGHBVRB� VHBA[

rank
[
λA0 −A

G

]
= n

P>? OLEU KBTD>EKLR[U λ 

� ;�0�?&- �� � #(�'��� 3��0� �9� '#'��0� A9B,AtB ;�$�(� ��#���#� ;�$ ��  �1$-,
���0�'�# '#'��0� A9B,AtB % ;���0���#(�'��0 %#��

rank

⎡⎢⎢⎣
GC0A0

GC0A
. . .

G(C0A)d−1

⎤⎥⎥⎦ = n,

2��'& d 6 '��;� & ;�$# �0� det[λA0 −A].
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1(����*���� 
� eILHETM RGA>@PERI? ����/� RGJBOET DB>RBLHQ@ RG�
A>@PGETB] DB n n kFGLBOLKBTM� EL>I P>? >@ABCB RGVG>QRBCB OEKHBFG q,
MPBO>EHOBF?@NECB �0�� LMNELHOMEH r × n−TGHFIVRG? aMRKdI? V̄ (τ) =
= [V1(τ); V2(τ); . . . ;Vn(τ)] L S>ETERHGTI BCFGRIVERRB] OGFIGdII RG T, HGKG?� VHB

x′(0) = q′ =

t1∫
0

y′(τ)dV̄ (τ).
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� `B>RBLHQ@ RGA>@PGETG? DB W kG>TGRM LILHETG ����/� ?O>?EHL? DB>RB�

LHQ@ RGA>@PGETB] DB n n kFGLBOLKBTM 


� 6���*&�� ��w*m����� !& �*>�w��)�����������*&�"p  � !��� S�'�& �1����
 �1$-�� #. �;#'�%���'. '#'��0��

dA0x(t)
dt

= Ax(t) +Bu(t), t ∈ T = [0, t1], AuB

x(0) = q, q ∈ Rn, AyB

' %�<���0
y(t) = Gx(t), A:B

8�� B 6 ;�'��.  �. 0���#4� ��20���% n × m, u − m,%����� �;��%$� #.! %�1#���0�� #2
0 �/�'�%� ��;�'�#0�< �;��%$� #� UA0 , ������� '�'��#� #2 '�8$�'�%�  �< '  �(�$& �0
�'$�%#�0 AyB ��'����( � 8$���#< 3� �4#� u(t), t ∈ T :

[E − C0A0] q =
k∑
i=1

(
d

dt

)i−1

[CiBu(t)]
∣∣∣
t=0

,

2��'& k = index(A0, A), Ci, i = 0, k, 6 1�2�%�� 0���#4� ;��� 0���#4 (A0, A) �9��
� '$�(�� detA0 �= 0 0 �/�'�%� UA0 '�'��#� #2 %'�< ��'�( �, �;����% �< 3� �4#�

u(t), t ∈ T.

1(����*���� }� eILHETM �&�� �o� RGJBOET IPEG>QRB RGA>@PGETB]� EL>I RM>EOBTM O[�

UBPM y(t) ≡ 0, t ∈ T, REJGOILITB BH >@ABCB PBDMLHITBCB MDFGO>?@NECB OBJPE]LHOI?

u(·) ∈ UA0, LBBHOEHLHOMEH HB>QKB RM>EOBE FEXERIE x(t) ≡ 0, t ∈ T.

����0 '(#���&! (�� 0���#4� B �1���#0� '$�%� (Bu = 0 ⇔ u = 0).

������� }� =>? IPEG>QRB] RGA>@PGETBLHI LILHET[ �&���o� REBAUBPITB I PBLHGHBV�
RB� VHBA[

rank
[
λA0 −A −B

G 0

]
= n+m

P>? OLEU KBTD>EKLR[U λ.
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