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ϕ(p) = det (pI −A) = p3
− 3p2

− 10p = p (p+ 2) (p+ 5)

� ""� # ������� �� ���� $% &'% ()
'� *�����+, " �� �� - ����"�.,�,+/ � "�

C =
[
B AB A2B

]
=




1 9 36
2 7 40
1 3 21




rank (C) = 3
� "� �0�+12� - ����"�.���

#� ������ �� �� � 22�"�� 3 ��+ �� �4/+�+ ��"� �� .��� � 2��-"� �� � 22�"��

ψ(p) = (p+ 1)
3

= p3 + 3p2 + 3p+ 1

⇒ K̃ =
[

1 13 6
]T

ϕ(p) = p3 − 3p2 − 10p

5�+ �� �" .��� ,",+,���! K = K̃M−1���� M 2�+�,�� �� �����-� �" .��� � 2��-"� �� � 22�"��
M =

[
m1 m2 m3

]

m3 = B =




1
2
1




m2 = (A− 3I)B =




6
1
0





m1 =
(
A2 − 3A− 10I

)
B =




−1
−1
2





M =




−1 6 1
−1 1 2
2 0 1



 ⇒ M−1 =
1

27




1 −6 11
5 −3 1
−2 12 5



 ⇒ K =
[

2 1 2
]T

6,"���2�"+7 �� � , �� � 22�"�� �4/��,+ u = e−2x1−x2−2x3 = e−x̃1−13x̃2−6x̃38� *+��� �� �� � .��+���� �,� 3 �,� �� K9" ���"� ��� �:�2��� K =
[

2,2 1 2
]T 7 � ,+ �"� ���,�+, " �� �$; ��� �" ��� +� ,� -�,"�� 9"
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det (pI −A+BK) = p3 + 3,2p2 + 4,2p+ 0,8 ⇒ pi = −0,22; −1,5 ± 1,14

� "� �" �<�� � 2,"�"+ ) = ,� ���� ��"+>
?��� K =

[
1,8 1 2

]T

det (pI −A+BK) = p3 + 2,8p2 + 1,8p+ 1,2 ⇒ pi = −2,23; −0,28± 0,67
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



ẋ =




0 1 0
0 0 1
0 0 1



x+




0
0
1



u

y =
[

1 0 0
]
x

'� ������ �� ��+ �� �4/+�+
ψ(p) =

(
p2 + p+ 1

)
(p+ α)

���� α@�, "� � ,+ ��� ���+��.�� �� �0"�2,@�� � 2,"�"+�!  " ���"� α = 3 ��� �:�2����

ψ(p) = p3 + 4p2 + 4p+ 3

⇒ K̃ = K =
[

3 4 5
]T

ϕ(p) = p3 − p2

#� ������ �� ��+ �� �� � �+,�
x1 = y x2 = ẏ x3 = ÿ

u = e− k0y − k1ẏ − k2ÿ avec K =
[
k0 k1 k2

]T

U(p) = E(p) −
(
k0 + k1p+ k2p

2
)
Y (p) = E(p) − 5

(
p2 + 0,8p+ 0,6

)
Y (p)

�� = "�+, " �� +��"�=��+ �" . ���� =��2/� ���,�"+ �� ��
Y (p)

E(p)
=

1
p2(p−1)

1 + 5p2+4p+3
p2(p−1)

=
1

p2 (p− 1) + 5p2 + 4p+ 3
=

1

ψ(p)

8� ���  � x3
" " 2�����.��

u = e−
[
k

′

0 k
′

1 0
]T
x

�� @�, � ""� �" . ���� =��2/� ABF = A−B
[
k

′

0 k
′

1 0
]T 7 �4 � �" � �0"<2� �����+/�,�+,@��

det (pI −ABF ) = p3
− p2 + k

′

1p+ k
′

0��� � ���,�"+� �� p3 �+ p2� "+ �� �,-"��  �� �/�7 � "� ,� 0 � �� 2 ,"� �"� ���,"� � �,+,��! �� �0�+12�
��+ ,"�+�.��

∀k
′

0
�+

∀k
′

1

�
������ �

Y (p)

U(p)
=

1

p2 + 5p+ 6
⇔





ẋ =

[
0 1
−6 −5

]
x+

[
0
1

]
u

y =
[

1 0
]
x

�� � �0"<2� �����+/�,�+,@�� �" C6 ψ(p) = p2+2p+1
� ""� �" -�," �� ��+ �� �4/+�+KT =

[
−5 −3

]�+
� "� �" �/-���+��� U(p)

ε(p) = −5 − 3p
� �� = "�+, " �� +��"�=��+ �" . ���� =��2/� ���,�"+

Y (p)

E(p)
=

−5 − 3p

p2 + 2p+ 1
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Y (p)

E(p)
=

k2p
2 + k1p+ k3

p3 + (k2 + 5)p2 + (k1 + 6)p+ k3

& k1
7
k2

�+ k3
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