
���������
	���
�������������������
������

��� � !#"%$'&)(+*-,.(

/�021�3546087938:;46<>=?<A@CBEDGFH:JILK�<NMOBQP
384H:JI�K�<R=2<TSU0RVW057X:JY�46<�ZC35[O=2<L[QFLP�<H\]ZC05F�<>^5_E^G\
`�[�:;a5<L4�F�:;7bPA@�:J<�4H46<><�7cVW084H:J<�Z�Kd4H:J<�\fe�@gSU02h�<jikKEF�FH:J<�KE\mlon5_En5_p@�054H:qF)ZC<
=?<6rNs2n5\�tu4605[Oh
<

vUwox#yQw5z-vU{Q|6}R~8� ����x
x#��wL��� ���

� �O� �����>����
c�f��� ���+� �����f��������	��f
�������� � � � �����f�
	���
������������������T
������

� �QvU|6�U�bx6~L�2v�w��2��}>�2�
w�{Q�
w�~��qx6wLv���� KdS�7X: ��SU<L�9FLh
05S�< � <L7;B�3�= ��x���|
w�~��QyQ�q ?��w>�2��{�w��#|
�Q�6¡%�5|6���2yW|
�QwL�?�6�¢¡��8�
x#w�£¤�2y�|
�Qw���y?|
�6�d£d�%~H|6���2y¥�8�]�?£Q£d�U|6���2y��2v��6wox6~��8v�w�£§¦5�2�6�q�2¡QvUwoxL¨fx
�o�+|
�U}>w�¦5�8�
�q�8¡Qv�w�x�¨u���?�6}R�2vUv��§~��?y�x#�q£dw��6wo£
�2x��Uy%£dwL{�wLy%£dwLy?|�¦5�2�6�q�2¡QvUwox��2y�£�£dw�x
~��
��¡Q�Uy�©Nw��?~
�¤�¢£d�Uª�w��6w�y?|T|
�U}>w�x
~L�8v�w¢«����2�T|6�Qw�x
�8¬2wR�2�mx#��}>{Qv���~L�­|��?¨�®
¯ �Uv�vc}R�8��yQv���~��2y%x#�q£dwL�T�¢£d�Ey��8}>�q~������8}>w ¯ �2�
¬W�8y%£+|6��}>wpx
~L�2vUwoxL°��2vUv�~L�2y§¡�wR|6���8y%x#{��kx#wo£W|6�Wx#{%�5|6�q�8v�£dw��
{%w�y�£dw�y�~�w�x]�8y�£±x
~L�8v�w�x�²H�Q®9|m���?x�¡�wLwLy�³���x#|m£QwL¦2wLv��2{�wo£p|6�R�%�8y�£dv�w�x6�UyQ©?�Qvq�8�mx#�U|6���8|6���2y%xg��y ¯ �Q�q~
�N£Q�ky%�8}>��~
�6wL©?��}�wox��8�u£Q�­ªOwL�
wLyk|�~
���2�
�?~H|
wL�
��x#|6�q~�x
~L�2vUwox´~��dw�µd��x#|c�8y�£���y?|
wL�
}>�UyQ©?vUwm�Uy)x#�%~
�R� ¯ �o��|
���5|�x#|6���8��©2�k|#���?� ¯ �8�
£
{%w��#|
�Q�
¡��5|
�U�?yRw�µd{��8y%x#���2y�x��8�
wmyQ�8|��QyQ�U���2�
}>vU�R~��?yk¦2wL�
©2w�y?|c��yR|
�U}>w�«���wLy�~�w-�2��vU��}>�­|
w�£)�
wLv�wL¦5�2y�~�w]�2y�£R��x6wo²
£d�Qw�|
��x6�8�b~L�8v�v�w�£ FL<�h�KdS�054m79<L4 � F ©2�
� ¯ ��yQ©-��yk¡��2�Qy%£dw�£ ¯ �­|
��|6��}�w?°5|6��w����
wLwo£d�2}¶�Uyk|6�
�d£d��~Lw�£T|6�?©2w�|
�QwL� ¯ �­|
�
|6�Qw>w�µE|6���p¦8�8�
���2¡QvUwox]��y�£dwLwo£+�2vUv�� ¯ x]|6����}>{��?x6w�~L�2y�£d�U|6���?y�x {Q�6w�¦2wLy?|
��yQ©p���
�2}·|6�Qwox#w>x6w�~L�Qvq�8�A£d��¦2wL�
©2w�y�~�wox
�8y�£���}�{��6�5¦E�UyQ©�|
�Qw�~L�2yE¦2wL�
©2wLy%~�w �8��|
�Qw�{�w��#|
�Q�
¡��5|
�U�?y�x6wL�
��w�x��d®9|m�E��wLvq£Qxm�>©2v��2¡��2vu{�wL�6|6�Q�
¡��5|
���2y±x#�?vU�Q|6���2y
£dw�x
~��
�U¡Q��yQ©T¸ 35:;[%7¹S­D |6�Qw�¡�wL���G¦E�U�?�-�8| x6}R�8v�v��2y�£¢v��2�6©?wTx6~��8v�w�x���ºg�Q��x-|6w�~��QyQ�q k�Qwj¡�w�vU�?yQ©?xm|
�)|
�QwT�J�2� ¯ �q£dwL�
�
�2yQ©2��yQ©�~Lv��?x6xg�8��� KdS�7X:;�9FLh
05S�<j0��2��463o02h�B�<�F °�|6�Qwox#w�~L�2y�¡�w�£d��¦E��£dwo£���y����2�Q��}R�2�Uy±x6�Q¡d�b~�vq�2x
x#woxL»
¼ ²�� <�05[���½�<LSU=p7b<
h�BE[%:JI�K�<�F w�µd{Qv��2�U|6��yQ©px6~��8v�wTx#w�{��8���5|
�U�?y�¡�wL| ¯ w�wLyN�J�2x#| �8y�£¢x#v�� ¯ ~��?}>{��2yQw�y?|
x]�8�´|6�Qwj£Q�?�
y��8}>�q~LxL�?ºg��wm�UyQ¾��QwLy�~Lwm�2�O|6�Qw-x#v�� ¯ ¦5�8�
�q�8¡Qv�w�x��?y?|
�A|
�Qw��J�?x�|�£Q�ky%�8}>��~�xL¨2�U���2yk�?¨8�qx´|
�6wo�5|6wo£���y)��£dw�~L�2�Q{Qv�w�£
¯ �o� ¯ �U|
�Q�UyN��{��2�
�2}>w�|6�
�q~-�2{Q{Q�
�oµd��}R�5|6���2y�¨E�2vUv�� ¯ �UyQ©>�2y±�2£d�q�8¡%�5|6�q~-w�vU��}>��y��5|
�U�?y��8�f�J�2x#|�¦8�8�
���2¡Qv�w�xA«b¿mÀk²�°
Á ² FH:;[kÂ2KdSU054m�Q<L4H7XKd4L1
057X:J35[�F ¨��Uy ¯ �Q��~��¢��y�£d��¦E��£Q���8vf�J�2x#| ~��?}>{%�?yQwLyk|
x]�QvU|6��}R�5|
wLv���©?�U¦2wT�
��x6w�|
��x#v�� ¯ |
�
wLy�£Qx
�8y�£���yd¾��QwLy%~�wc|6�Qw�vq�8�
©2w��bx6~��5v�w���w��8|6�Q�
w�x��GÃd~L�2vUw�x6wL{��2�
�8|6���2yA�Qw��6wc¡Q�
w��2¬Ex�£d� ¯ yT�5|fv��2y�©�|6��}>w�x��8y�£�}T�QvU|
�U{Qv�w��
x6~L�2v�w }>w�|
�Q�d£��qxg|6�Qw�y±��}>wL|6�Q�d£��8��~��Q�2�q~�wR«�¿ Á ²H°
Ä ²-� 057bh
B�<
=�<6r��Q08[QFH:J35[�F ¯ �QwLy±�6w�©2��}�wox��8�´£d�­ªOwL�
wLyk|]x6~��8v�w�xgx6��~�~�wLwo£�«�¡��2��y�£Q�8�
�k�Xvq�G�2wL�gx#��yQ©?�Qv��2�6�U|��2¨O¿]Å2²�°
Àk² 4#<L[O354 � 05S�:UÆo057X:J35[Ç79<�h
Bd[�:JILK�<HF ¨��UyÈx6�dx�|
wL}Rx)wLµd�Q�U¡Q�U|
�UyQ©Éx6�2}>w¢¬E��y�£.�8����yQ�U¦2w��
x
�8v��U|b�É��y.|6��wW�6w�v��8|6���2y�x
¡%wL| ¯ wLwLy�|
�QwL����¡�w����o¦E���2��xg�5|m£d�UªOwL�
wLy?|]x
~L�2vUwoxL¨dw2� ©��Qx
~L�2vUwA��yk¦5�2�6�q�8y%~�w>«b¿]Ê?²��
®HË v�v�³���x�|R{��6wox#w�y?|>|
�QwN{Q�
�Uy�~L�U{�vUwox>�8�A}T�Qv­|
�U{�vUwL�9x
~L�2vUw±}>w�|
�Q�d£u¨�£dw�|
�2��v��U|
x>|
w�~��QyQ�q~L�8vm��}>{QvUw�}>wLy?|��5|
�U�?yÌ�?y
x#��}>{QvUw��2¡�x�|
�
�?~H|fw�µQ�8}>{Qv�w�x��8y�£T~��U|6w�x6�2}>wC|��k{���~��8vE�8{Q{�vU�q~L�8|6���2y�x��oºg�QwLyT®HË v�vE�8�6|6�q~��Qvq�5|
wC|6�Q�qx�|
w�~��QyQ�q ?��w ¯ �­|
�
}��?�6w>©2wLy�wL�
�2v�}T�QvU|6�U�9x
~L�2vUw>}>w�|
�Q�d£QxA��y§��¡Q�
��w����5¦2wL�
¦k��w ¯ «b¿ Ä ²H��ºg�Qw>���8y�©2w��8��}T�QvU|6�U�9x
~L�2vUwR�8{�{Q�6�k�2~��Qw�x
�8y�£§|6wo~
�Qy���~��8v�|6�E�?v�x ¯ �Uv�v�¡�wp|6�Qw�y¤��v�vU��x#|
�
�8|6w�£¤�8y�£¤~L�2}>{��2�6wo£���y�|
�Qw�~L�2yk|6w�µE|j�2�]£d�­ªO��x6�U�?y�¨�Í��6� ¯ yQ�q�8y
}��2|6���2y±�8y%£p|6���8y�x6{��2�6|g{Q�QwLy��2}>wLy��±«�¿ Î8²H�

Ï �������f�H�±����	���
������ � ���f���R� � ����� � 
��H�±�����

ÐgÑ#Ò Ó+ÔcÕ�Öd×uØgÖuÙ ÚEÛ#Õ]ÜcÝ-Þ�ß�àÉá�×�àdÖQÝmà�â]ß�ÖQÛ�ÔcÕ-Ú�ß´Õ]ã·Úk×�äuÝ-Þ�ß�àåã]Û�æc×�àQÜC×�Õ-äO×�Ú
� �QvU|6��{Qv�w��bx6~��8v�wp}�wL|6�Q�d£�xT���G¦2wp¡�wLwLyÉ£dwL¦2w�vU�?{�w�£§|6�+���8y�£QvUw�x6�U|6���8|6���2y�xT��y ¯ ����~���|
�Qw�£d�Ey��8}>�q~LxT��yd�

¦2�2v�¦2w�x���x6}R�8v�vO{��8���8}>wL|6wL�
ε
«�w?� ©%�k|
�QwA�
�8|6���j�8��|
�QwA}R�2x
x#wox��8��£d�UªOwL�
wLy?|mx6�Q¡�x6�dx�|
wL}Rx�¨k|6�Qw�x#|6�
wLyQ©2|6���8���2y

�2£Q£d�U|6���2y%�8v?�Uyk|6w��
�?~H|6���2y�¨L|6�Qw��2}�{�vU�U|6��£Qw��8���2yT�8{Q{Qv���w�£A³�w�v�£%²�£d���6wo~H|6v���~��2yk|6�
�2v�vU��yQ©�|
�Qw�x#w�{��8���5|
�U�?yA¡�w�| ¯ w�wLy
|6�Qw�£d�Uª�w��6w�y?|m~����8���2~�|6wL�
�qx�|6�q~�|
��}�wL�9x
~L�2vUwox��8��|
�QwAwL¦2�?vU�d|
�U�?y��2y�£u¨Qx#{�wo~��U³%~L�8v�v��2¨dx6��~
��|6���8| 7�BQ<j1
<�BQ08a�:J384cç�354

¼

Annick
Texte tapé à la machine
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coordonnée  par J.P. Françoise, G. Naber et T.S. Tsun, Elsevier (2006).
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ẍ0 + x0 = 0, ẍ1 + x1 = −x3
0, . . .

«�v��Uy�w��8�
��
Lw�£��2{�w��
�8|6�?�
Lx ≡ ẍ + x
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ẋ0 = ax0
�E�Uw�v�£Qx

x0(t) = c0e
at � � |A�?�
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