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ẋ = A(µ)x+BD(µ)y +Bu, y = Cx, u = g(y, µ)−D(µ)y,

A(µ)
����¡j��¥I�a�x����¡¨£j�ª����¡>���¾��¡1��À�®½£j¡¨£¨�½��£¨�

(0, 0)
·
g : IRm × IR → IRl �����ª� ¡¨£j�ª����¡h· B ∈ IRn×l · C ∈ IRm×n Â

D(µ) ∈ IRl×m »I¼���¡¨���M��¥¤�M���x���«���!¯��5¬!��®½���M£j�e����¬��!©ª�����«������©¤�ZÄS����¡¨£j©¤�
S : (Le)(s) = −G(s, µ)(Lu)(s),©½�«�¤©ª�

G(s, µ) ∈ ICm×l
���l¡j�{­\®½�¤¯�£¦§5���������½��­����M���½¯�£��$©ª��´I�½£j©¤�$¯��5¬��

G(s, µ) = C [sI − (A(µ) +BD(µ)C)]
−1
B
·

f : IRm × IR → IRl ��� Ck ����¡���¥I�a�x�����ª��¡j£¨�ª�Z�a¡[©ª��´¤�¤£¨©¤� f(e, µ) = g(y, µ) − Dy ·sÂ e = −y »l¼�®ª¥s�5�½²��a¬��5�À�®ª�
ê
����¡¦�ª¯���¡j¬!���5���!¡j��Å¤�½£¨¯����x�5¡j®½¯�£¨§5�¾©½�

G(0, µ)f(e, µ) + e = 0
Â
J = (Df)ê = D(µ)

»�¼��Z�a�
G(s, µ)J
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λk(s, µ)
·
k = 1, · · · ,m Â ξ1(ω0, µ0)

®½�
¯��5¬�¥¤¡¦�M�u��¯�®ªÂ«��¯�³�¡j¯�®½¡¨��£j�½¯�¡j®�Â5��©ª����£¦ «��©¤���{¢¤���e���
�«��©ª�������M���$©ª�

f(e, µ)
Â��M�����½¯�®ª���5�M���
��Áª¥¤¡¨£j¯�£¦����©½�����Èµ ¸ª·ª¹�ºS»

��É�ÊIËZÉ�ÌÈÍÏÎ¤Ð!Ñ:Ò�Ó�Ò�Ô}Õ�Ö\Õ�×SÒ�Ø�Ó S Ù Ò�Ú�Ö Û�Ü�Ó�ÝsÞ5ß�àáeâÈã«ä
df
à
λ̂(ω, µ) = λj(iω, µ) å�æ Ó�ÚMÓ�Ó«Ô çaèªÝ j å 1 ≤ j ≤ m å Ò�Õ
Ô¨Ó�è�ÝIÖBÜ�Óêé�ë�ÝsÜ�Öhì�ÝíÜ�Ó�ÚMÓ5Ü�×SÒ�Ú�î\Õ�×BÖhÜ�Ó�ï�ëIÒ Ù Ò�Ú�Ö Û�Ü�Ó

λ̂(ω0, µ0) = λj(iω0, µ0) = −1 ð
áeâ*ñªä

df
à ∣∣∣∣∣

∂Re λ̂
∂µ |(ω0,µ0)

∂Re λ̂
∂ω |(ω0,µ0)

∂Im λ̂
∂µ |(ω0,µ0)

∂Imλ̂
∂ω |(ω0,µ0)

∣∣∣∣∣ 6= 0, ò
áeâ-ó�ä

df
à
Reξ1

∂Imλ̂
∂ω |(ω0,µ0) − Imξ1 ∂Reλ̂∂ω |(ω0,µ0) 6= 0.

ôzÝI×Vß�ÝsÜ�Ò�Õ�Ô¨Ó�Ò�Ü�ë½Ó�Ü�Öhì�Ý-Þ�Ò
õ�Ö é�ë�ÚMÜ�Ó5Ü�ÖBì�Ý-Þ�Ò�Õ�ß«Ô�ë½Ü�Öhß�Ý}Ò�Õ æ Ò�Ú�Öhì�Þ�ÖBÜ�ÓaÕ�Ò�ÝöÒ�Ô�Þ5ß�Ø!Ö\Ý¤Öhß{é�Ú�ÒMÜ�ëIÒ�ÝsÜ�ÖhÓ�Ò�Õ
θ (ε θ2 + δ µ+O(θ2)) = 0,

Ü�ß�Ý
ε = Reξ1

∂Imλ̂
∂ω |(ω0,µ0) − Imξ1 ∂Reλ̂∂ω |(ω0,µ0) å δ =

[
∂Re λ̂
∂µ

∂Im λ̂
∂ω − ∂Imλ̂

∂µ
∂Reλ̂
∂ω

]
|(ω0,µ0) ÷>ø ëIÒSç5ß å Ò�ù�Ö�Õ�×SÒ�ëªÝsÓÚMÓ�Ø�Ó�Þ�Ò�Õ�ß«Ô�ë½Ü�Öhß�Ý}Ò�Õ æ Ò�Ú�Öhì�Þ�ÖBÜ�ÓaÕ�Ýsß%×BÚ�Ö Ù ÖhÓ«Ô¨Ò�Õ�ï�ë¤Ò�ÝsÓ5Ü�Ò�Þ�Ò�Ô æ ë�ÝI×Vß�Þ�Ò
Ò�ï�ë�ÖBÔ�ÖVõ�Ú�ÖBß�Ó æ Ó�Ú�×BÖ;Ú�Þ�Ò µ = µ0 ÷ÑIÖ

G(s, µ)J
Ýsß�×BÖVÒ�Ý}Ò æ ß«Ô¨ßaÕ
Ò�ÝúÒ�Ô4Õ�Ò�Ø!Ö æ Ô¨Ó�Ýsß�Þ�Ò�Ú�ÒMÜ�ûªß å Ò�Ô æ ë�ÝI×Sß (−1, 0)

Ò�Õ�ÚMß�Þ�Ò�Ó5Þ5ß�Õ�ì«Ô¨ß æ ß�Ú!Ò�Õ�×VÓ�é�ëªÝsÜ�ÖBì�ÝÜ�Ó�ÚMÓ5Ü�×SÒ�Ú�î\Õ�×hÖBÜ�Ó ò dReλ̂
dµ (µ0) < 0 å Þ�Ò;Û|Ý¤Ö\Ø�ßaÕ σ1 = − ε

δ ÷�ø ëIÒSç5ß�Õ�Ö σ1 < 0 å Ô¨ÓaÕ�Õ�ß«Ô�ë½Ü�Öhß�Ý}Ò�Õ æ Ò�Ú�ÖBì�Þ�ÖhÜ�ÓaÕ�ï�ë¤Ò�ÝsÓ5Ü�Ò�ÝÓ æ Ó�Ú�×BÖ\Ú�Þ�Ò µ0
Õ�ß�ÝÈÒ�Õ�×VÓ�õ�ÔjÒ�Õ ÷

ü G½ýªG¤8:G½6lþ¤9;2lH
ÿ K��|�
^��>U�b T��aR QVP���y{g�O�W v ^�m�de�Zg�Y��«Yxfx^	�	
���
���� ����
���
������������ �"!#��$%�&
��(' 
 )*���"+"����
�!��-,/.��"!#��0�1�2%!��4365S^��lwawab¨^���g�QS�5^�m�dMR¨^�798�^�m�wZfVR O�_�Yxf;n

: YxfVb g�_Zt�K<;��>=�^ÿ �?�[�|^a��YeYxPx^�@�0�����AB
�+��C!D)�E/�"�"�GF"�G+�HI�%0����J��AB�u^�K�U��ZOML�R�b Yey�NÈm�U�O�PMtao4�ZR du�ZYePhQVYefxt�K<;���K�^ÿ O#�[�|^���YeYxP}g�O�WMPI^�o:��TZg�^�r4��Y&QlU�w�R«�aR R¦T�fhdMg�QSR U�OzQS��YeU�fhYx~íg�O�W$R QhP:g�wab R dMg�QSR U�O�PsQhU|O�U�OZb R O�YMg�fsU�PhdMR b b g�QSR U�O�P:R OXdMR fhdMTZR QVP}g�O�W$Phy�PhQVYx~zPx^
5*STSUSV,��"�#�%��3T!��XWY
��"+?3Z�	0��<3�ta��[�\ ��O>=<]��>=#^Zt�K<;>_�;�^ÿ ^��CKZ^���U�R U�b�gqg�O�WB�z^�o:��YMO5^G`a!�$#)b' 
 )*���"+"����
�!��dce����� 0��"
���f�cgE%�"�"h��%����+�0a@i!�AM�#
��dc $>$%�"!?�G+�.�tM]�U�b TZ~�Y���K�^�k�U�OZb�R O�YMg�fIm�dMR YMO�deY�t?L
U�fVb Wm�dMR YxO�QSR jad�t�K?;�;�[�^


