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ā =7�2	�2�=
~a =7�AP�2�=

0�� 1 � 134 ���(%�) (% * & #( * ��+�* �� ,"(

# $% % &'() � )�% ��� �$' ��)%� �)
7 � .��%# ()$��(

xx x7 � ()$��( * &@(%
xx x7 � $ (� � ()$��(
xxx7 , ()$��( %�.�� '
xxx7
Q2- ()$��( # 2"% ��#��� %
xx x7

Q2- ()$��( #( #("? ��#��� %)
xx x

0�� 1 � 12 4 � )$��() (% * &#( * ��+�* �� ,"(



8� �������� �� �� ���� � ������������


*�+ �) *)'�

012.R 5 2()� 0 2�," 1�0(%� #" H 56AO	A4 I #( ;<��� #( 3�)( 4
�	A2� ; 2(%"�
�( #" �+�&�B* ( ()� )�$��� #" �&�$) $�� "% �+�%.(* (%� #( 0 .%( 4
4 2	� .R�	A2� 5&* * ( �	A2� * � ) 0( %"* ��& #" �+�&�B* ( ()� #�%) 0� * ��.( 4
P62R�A�	A2� 5&* * ( �	A2� * � ) (% ��+�%.(�%� 0( � ��( (� 0( %"* ��& 4
P62R�A 5&* * ( 012.R * � ) (% ��+�%.(�%� 0( � ��( (� 0( %"* ��& 4
4 2	� .R 5&* * ( 012.R * � ) 0( %"* ��& ()� *  ) #�%) 0� * ��.( 4

0�� 1 � 1� 4 5�@0() #( �+�&�B* () ���($��) $�� 0( $����.( 56AO	A4

� �� 	� �� ��
� ������ ����
5 2()� "% $����.( #( :(%= �*  % ������ >� ��9 4
@% � )&"1(%� #(* �%#� #�%) 0() %(� ) �&* * (%� $�& #" �( "% � 0#( �$�� "%( &" $0") ("�)

0(���() (% * & #( * ��+) ! (� %&% $�) �" #())") 4
A 2� #&%� ��� � �( $(� � $����.( ," '&"�% � 0� �&* * �%#( 7Q5 .1-A ! ,"  )( �&* $ &��( �&* * (

75 .1-A ! * � ) (% $ 0���%� 0( � 0#( )&") 0� 0(���( 4
+�� (?(* $0( !

abc
˜
6= ab
˜
6= a
˜
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∂ÿ

∂t
= ˙̈y

∂ ˙̈y

∂t
= ¨̈y

G () ���(%�) * ��+�* �� ,"() &%� ��� �(#�7% ) $ &"� ," 2&% $" ))( (% * (���( #("? )"� 0�
* 
* ( 0(���( )�%) ��&$ #( # � �"0�� 4 +&"� (% )�1& � $0" ) ! 1& � ��3 0(�" � 4C 4

" ,�� ,� # &( )
@% $("� #&��%�1�%� (%��#�(� #() '&�* "0() !

7 8 7�OBA-�7/Q4 �.Q�.�7RA

7�OBA-�7/Q4 �.��.� 7:
$�& #" ��

∑

i

ui 6=
∑

i

vi

;() �B�+() 6 ��00&%.( ! � 2()� ��B) $��� ,"( $ &"� �(��� %() '&�*"0() ! * � ) �� $���) �( $�)
* �0 ;<��� #�%) )() +�3 �"#() 4
7 87B1AF52		O��5AB5A�7:
7 87B1AF52		O� 85AB5A 1OR�:�5AB5A�7:
7 87B	 .�652		O��5AB5A�7:
7 87B	 .�652		O� 85AB5A 1OR�:�5AB5A�7:



� � �
�
�� ����
�
 ������������
 ��

#&%%(��
texte←−−−

texte←−−−−−−
textelong

texte−−−→

texte−−−−−−→
textelong

� ��' ����*�� ��  ���
����� �� AMS�
	
�(�

;() (?�(%) &%) #( 0 2AMS )&%� %&* 3�(")() (� '&%� 0 2&3= (� #( $0" ) ("�) $����.() ," �&")
(%)(*30( $&��(%� 0( = & 0 %&* #( AMS";<��� 4

	% $����.( $��� �"0 (� ()� 24 /4 256 $" )," 2 0 �&* $�(%# (%��( �"��() 0() ��& ) $����.()
24 /5AB5 ! 24 /� /3 ! (� 24 /O0R )�%) 0( # �( 4

" ,�� ,� �&%�&�)� ( �)��)'��$'�

24 /4 256 ;( * &%)��( #��� � � "#())") 4 >0 '� � �$$ (0 6 24 /5AB5 ! 24 /� /3 (� 24 /O0R (� '&"�% �
�&"� "% ��) #( �&%)��"�� &%) * ��+�* �� ,"() ,"( = ( %( #& �"* (%�( $�) 4
>0 $�(%# �&"� "% ��) # 2&$� &%) $&)) 3 0() !
�N� ��� ��� 3 &�%() �""#())") (� �" "#())&") #()  %��.��0()
N� �N� ��� ��� 3 &�%() 6 �E�� #()  %��.��0()
�	� ��� ��� $��( 0 $ &"� 0() )&* * ()
N��	� ��� ��� 3(% ! ("+ ! = ( �( '� ) "% #()) % �
N
�L ��� ��� �&* * ( $ &"� 24 /O0R
N� N
�L ��� ��� �&* * ( $ &"� 24 /O0R
�LM N� %"* ��&) # 2�,"�� &%) 6 .�"�+(
�LMN� %"* ��&) # 2�,"�� &%) 6 #�& �(
�LN�L ��

� = ( )� ) $�)
� ��

� = ( )� ) $�) %&% $0")
KLMN &$� &% .0&3�0( $� )( (% �&* $�( -0() �,"�� &%) +&�)"�(?�( )&%� *  )() 6 .�"�+( (�

%&% $�) �(%���()/
+�� #�'�"� 0() &$� &%) N� �N� ��� ��� ! � 	� ��� ��� ! N
�L ��� ��� ! (� �LN�L ��

� )&%� $ &) � &%%�() 4

24 /5AB5 5��( 0( $)("#&"�0$+�3(� 75AB5 4
24 /� /3 +&"� 0() �0$+�3 (�) 7�O1-/34�O1 (� 704� 4
24 /O0R �(�&"�+( 0() 71.4 ! 74 2B (� �"��() �&* * �%#() #" * 
* ( ����3  � 4 ; 2&$� &% N� N
�L�

��� ��� #& �  %�(�# �( #( * (���( 0() �&* * �%#() #" �@$( 71.4 &" #" * & %) �(%#�(  %��� '
0( $ &) � &%%(* (%� #( 0 2 %# �( (% #())&") 4 +�� (?(* $0( (% $�& #" )�%�

limn→+∞ un = `�" 0 (" #(
lim

n→+∞

un = `
24 /564 5 2�* ")( �1(� 0() �+�&�B* () 4 ;( $����.( 56AO	A4 #( ���%� � ��������� ()� * ( 00("� !

1& � 6 �( )"= (� 0� )(�� &% � 4E $�.( 8� 4
24 /.R5B +&"� 0() �+&)() � .&0&�() )"� 0()  %��.��0() 4



�D �������� �� �� ���� � ������������


24 /P- +&"� 0() # �.��* * () �&* *"��� ') ! * � ) = 2(% ��")( $�) 4
24 /B5	2 ��&$ �&* $0 ,"� $&"� ,"( = ( �( ���&%�( 4 +�) ��B) "� 0( 4
24 /�AR 5+��.(* (%� #( ,"(0,"() * ���&) "� 0() �"? �"��() $����.() 4 5(�� �+��.� �"�&* �� "

,"(* (%� 4

" ,�� ,� �&%�&�)� � $� �)� �+%� $ �)�
; 2AMS '&"�% � 0() $����.() )" 1�%�) $&"� #�7% � #( %&"1(�"? )@* 3&0() (��&" #( %&""

1(�"? �0$+�3 (�) 4
24 /FOR5 / � +&"� �+��.(� 0() '&%�() !  %  %���())�%� 4 ; 2&$� &% ��
���� N�� ()� �(�&%%"( 4
24 //34� � +&"� �+��.(� 0() )@* 3&0() ! �$$ (00( �&"� )("0 24 /FOR5 / ! �(�&%%�?� 0 2&$� &% ��
��

��� N�� #��� �( $0") 0& % 4
AQ /P	 .05 � +&"� �+��.(� 0 2�0$+�3 (� 7�Q�P	 .05 4 �#* (� ��& ) &$� &%) !

��
���� N�� "� 0 )( 0() 1(�) &%) +&)�5�� $� #() '&%�() 4 �" %( 0() �) $�&3�30(* (%� $�) (�
�� )(�� .�&))&"* & #& 6 $�) .��%# �+&)( >� 4

�
���
 � 74 256 P21 #(1 (%� �0&�) �," 1�0(%� 6 7�Q�P	 .05 4
�
���� � 74 256 /P	 ()� ���� (� ()� �,"  1�0(%� 6 7�Q�P	 .05 4

AQF	2� � +&"� �+��.(� 0 2�0$+�3(� 7�Q�	2� 4 �#* (� 0 2&$� &% ��
���� N�� 4
AQ P21 � 5&* * ( AQ /P	 .05 �1(� 0 2&$� &% �
���
 � $�� #�'�"� 4

� ��� 	� �� ��
� ������

5( $����.( ! ,"( %&") #(1&%) �" 3� ��%% ,"( �  �� �

��� �D� ! ��(%# �&%) #���30(* (%�
0( ���# � &%%(0 H ���(%� I * ��+�* �� ,"( 7�AP -�' 4 ��30(�" � 4� $�.( 88/ 4

A( �( ��$$(00( ! �1�%� # 2�00(� $0") 0& % ! ,"( 7�AP�2� $�& #" �
~a

4 5 2()� 0� %&��� &% 0� $0" )
")"(00( (% * ��+�* �� ,"() ! = " )," 26 0� �(�*  %�0( 4 G 2�"��() )&%� $��1"() ! $ &"� 0() $+@) � (%)
$�� (?(* $0( !

7Q�AP�2� a7��AP�2� a7/�AP�2� a

G ( $0") &% %&�( )&"1(%� 0() 1(��("�) #( %&�* ( � �1(� "% ���(%� � ��&%�(?( 4 5 2()� (% (C(�
�( ," ()� $��1"  � $ &"� 0() H Q�AP I -"%��@ 1(��&�/ !
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