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� l6�kx�lktv� �[½ z}| � lh�6z}usqs|/�³wJqs��l*� E�� ,��|,��|,�� ��z}ustvxyq{z}| � t�����g/�kj9w�¯$�·�(wJxyq{� ¸wJqsx�uHw���lkuHwJxyq{z}| � l � q{�y��lk����q{z}|�+u ½ z}� � ��l¬n/¶J±�wJ|/�4uHw+���yqsusu{l �/|/l�Ã¥uHw+��lkuHwJxyq{z}| � l � q{�y�0lk���yq{z}|�l6�yx4��wJxyq{� ®wJqsx�l*�=u ½ z}� � ��l=�L¶J�4z}tv��¾  ¾ .lkx � -, �  Ã_�6l�x�lk�yjml �[½ z}� � ��l���l6��x�j9wV� z}���$�*wJ�\[� . y =

9 0 .�����,�}�}
�
,�� ,b . � � z�" b  9 0 �����9 0 ����� !©	| �(wJ�v��lkusu{lc¹3t/l9u{l9���(g/�kj9w � l��¬l6l � �k�yq �*lcwJt/����q¬uHw ��lkuHwJxyq{z}| � l � q{�y�0lk���yq{z}| �ºu ½ z}� � ��l»�L¶4��wJ�

le�vlkj��vu{l�Ã0��z}tv��tv|/l�z}| � l��vuHwJ|/l � l>� l6�kx�lktv� �[½ z}| � l��6z}usqs|/�³wJqs��l�� E�� ,����J���
� Ã4�6l�x�lk�yjml �[½ z}� � ��lm�l6�yx � z}|v|/���*wJ�  � -, �F[ � . y =
9 0 .,  8 � � ��, ; !�]w�jm�kxyg/z � l�¹rt/l$|/z}t/���v��z}�0z���z}|/��l6�yx � z}|/��xy��i6�=��lkt � q{�y��lk����qs� l�¶

	 
 �!'_�> ���h�_' �$��� �! �#(<$���!'8���	��' (��)���' � �+���h2 ��#(� ����'�#��+�>����

±�wJ|/� u{l �³w}�mjmz}|/zJ´ � qsjmlk|/��q{z}|v|/lku¸Ã=z}| jmz}|3xy��l·¹rt/l u{l ���(g/�kj9w ¯���� �k�yq �*l uHw²��lkuHwJxyq{z}| � l
� q{�y�0lk���yq{z}| ��u ½ z}� � ��l�nm��qªlkx+��lktvu{lkjmlk|3xC�yq

¾  }A� � .� � . � � !  X!X �

©	| w·|/z}x�� �  9 � � 9 0 ¶¬©	| �6z}|/�yx(wJx�l |rtvjm�k�yq{¹3t/lkjmlk|rx ¹3t/l u{l ����g/�kj9w ¯$� q{����t � l uHw~®z}� ´
j�tvu{l  X!X �=l6��x	�yx(wJ«vu{l � i6��u{z}���C¹3t/l � � , ¶*±$l6�+���6�ytvusx(wJx��+|rtvjm�k�yq{¹3t/l6�Cqsusust/�yxy��lk|rxC�kq ´ � l6�(��z}t/�	�6l6��v��z}�v�yq{�kx��6�³¶

���� ������������������� ����!"���
©	|>�yqsj�tvu{l¿u ½ �k� z}ustvxyq{z}| �[½ tv|��vtvu{��l X6± � wJ|/�]tv|/l��³w6�Pqsx���jm�kx(wJususq{¹rt/l�¶�©	|>�yx�z}�v�0l!uHw+�yqsj�tvuHwJxyq{z}|

� i6�¿u{z}���¬¹rt/l�u{l��vtvu{�(l	w�l �[l6�kxyt/��X³��wJusu{lk��� ´¸��lkx�z}tv���³¶v©	|cw���lk�v���6��lk|3x��C�ytv�¿u{l6� �/��tv��l6�h�ytvqs��wJ|3x�l6�¿uHw
��z}ustvxyq{z}|~lk|Zl6�y�*w}�6l �[½ tv| � l6�C��g*wJj��/�	u{z}����¹rt/l�u{l��³wJu{�ktvu�l6�yx�x�lk�yj�qs|/��¶[©	| jmz}|rxy��l��ytv��uHw �/��tv��l
 X ��uHw ��z}ustvxyq{z}| z}«vx�lk|rt/l~�*wJ�»¯�wJu{lk�y°Pqs| ��X ®¾  , �e¶��0z}tv�9u{l~��� � j9wV�Pqsj9wJu  ¹rtvq+l6�yx � wJ|/��6l��³w}���k�3wJu�� , �  �e¶ �]l6�$�vg/�k|/z}jmik|/l6� � l � q{�y�0lk���yq{z}|§wJ�v�*wJ�(wJq{����lk|3x��kuHwJqs��lkjmlk|rx³¶ª��z}tv��u{l�jmÁkjml��� �  �/��tv��l�� �eÃvuHw9��z}ustvxyq{z}|Zz}«vx�lk|rt/l��*wJ��¯$� |/l��v���6��lk|3x�l��*w}� � l � q{�y�0lk���yq{z}|ª¶_©	| jmz}|rxy��l���tv�
uHw �/��tv��l ®� ��uHw·��z}ustvxyq{z}| z}«vx�lk|3t/lº�*wJ� ¯$��u{z}����¹rt/l»u{l ��� � l6��x��k�3wJu+�TX�¶ �]w·�(z}ustvxyq{z}| l6�yx �
|/z}tv� l³wJt � lCxy��i6�=«0z}|v|/l�¹3t*wJusqsx���¶v�	qs|/�yq¸ÃL�ytv� � l6�=���yqsusu{l6�h���k��tvusq{ik��l6� X6±>ÃPuHw>�0z}| � �k�(wJxyq{z}| � l6��¼/tL�
|/z}t/���0lk�yjmlkx � l���� � tvqs��l��6z}|/�yq � �k�(wJ«vu{lkjmlk|rx$u{l6�+�vg/�k|/z}jmik|/l6� � l � q{�y�0lk���yq{z}|ºx�z}tvxClk| � q{�y�0z��(wJ|rx
�[½ tv|/l��6z}| � qsxyq{z}| � l��yx(wJ«vqsusqsx�� � lktL�» z}q{��jmz}qs|/�=��l6�yxy�yq{�kxyqs� l�¶

��$# %�&('*),+.- �0/1�"��23��!�&��

©	|~�yqsj�tvu{l�uHw��v��z}�*wJ�3wJxyq{z}| �[½ tv|Z�vtvu{��l � wJ|/�+tv| j�qsusq{lkt g/�kx��k��z}� ik|/l�¶ �ªl��vtvu{�(l�l6�yx�qs|vqsxyqHwJusq{���
� wJ|/�	u{l��Pq � l�

@  @ � �hlkxC��l��v��z}�*wJ� l�� lk���+u{l�j9wJx��k�yqHwJt  @   � @ � �e¶ �ªl��*wJ�(wJjmikxy��l>¾ l6��x+��g/z}q{�yq� l	j9wJ|vq{ik��l����(wJxyq{� ¸wJqs��l�uHw���lkuHwJxyq{z}| � l � q{�y�0lk���yq{z}| ��u ½ z}� � ��lCn � wJ|/��u{l	j9wJx��k�yqHwJtª¶P�·wJus�����	u{l=®z}�yx
�(wJtvx �[½ qs| � q{�6l�Ã/uHwm�(z}ustvxyq{z}|Zz}«vx�lk|3t/l  �/��tv��l�n �=��l��6z}j��*wJ��l��*wJ� ¸wJqsx�lkjmlk|3x���uHw���z}ustvxyq{z}|·le�/w}�kx�l�¶
�ªl�j9wJqsusuHwJ� l��6z}�y��l6�y�0z}| � ��xy��lk|3x�l��0z}qs|3x�� � wJ|/�+u{l��ytv�v��z}�yx � l�uHwm�3wJt/���yq{lk|v|/l�¶ �4w�jm�kxyg/z � l�¯$�
l6�yx � z}|/���>jmÁkjml � l$xy�(wJqsx�lk� � l$®z}�yx�l6�=g/�kx��k��z}� �k|/�kqsx��6�³¶

3)4Ra53)6
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’Galerkin S1’
’Solution exacte’

����� '+X ) ���������
	��� � x � ¾ -, 	�� � � �  (.
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’Galerkin Pondere’
’Solution exacte’

����� '*� ) ���������=	,�� � ��F.ng���g�� � � �  , � ¾  	 �
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’Galerkin Pondere’
’Solution exacte’

����� '*� ) ���������=	,�� � ��F.ng���g�� � � � -,
� ¾  ,�'�

a+acb�dVe8f�g=h
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Materiau Vide

Onde reflechie

Onde transmise
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’Galerkin’ 
’Solution Exacte’ 

����� '/n ) � � �
�V�'3 �!��� �� .>w �"9�5�N� �'��. ��V�$�N 01�!�Wg���� ��� 1
@L  � @ �

���� %�& ��������� ���	��� ��)�
 & ��� ��& /� '*2�� '�-�� +�� ��& '*� +����	� ) /1�"� ��),���

©	|c�v��z}��z��(l � lC�yqsj�tvu{lk��uHw��v��z}�*wJ�3wJxyq{z}| �[½ tv| �vtvu{��l � wJ|/�¿tv| � z}j9wJqs|/l$�6z}|/�yxyqsxyt/� � l��Pq � lClkx
� l � lktL� �6z}t/��g/l6�hj�qs|/�6l6� � l	j9wJx��k�yqHwJt  �/��tv��l�� �e¶ �]w�x(wJqsusu{l � t � z}j9wJqs|/l$l6�yx�n�jmikxy��l6�³¶ � ½ �k�*wJq{� ´
��lktv� � l»��g*w}�ktv|/l � l6���6z}t/�(g/l6�ml6�yx � l �Z�6lk|rxyqsjmikxy��l6�³¶��]w~�0lk�yj�qsxyxyqs�Pqsx�� � t �v��lkj�q{lk��j9wJx��k�yqHwJt
l6�yx

@A  � @ � lkx��6lkusu{l � t§��l6�6z}| � l6�yx @A�, �1� @ � ¶]©	|§�yx�z}�v�0l�uHw �yqsj�tvuHwJxyq{z}| � �  � � �c|/�³¶ �ªl6��/��tv��l6�+��tvqs�}wJ|rx�l6�+jmz}|rxy��lk|3xCuHw���z}ustvxyq{z}| lk| l6���*w}�6l � t �(g*wJj�� : ��uHw �/| � t �³wJu{�ktvu¸¶ �]w �/|/l6���(l
� l��(g*w}�ktv|/l � l6�¿�6z}t/��g/l6�¿|/z}t/�¬qs|/�kqsx�l+���(wVÂm|/lk�¬u{zP�³wJu{lkjmlk|3x�u{l=j9wJqsusuHwJ� l	wJtvx�z}tv� � l6�¬�6z}t/�(g/l6�³¶ �4w
�/��tv��l ^ jmz}|3xy��l�¹rt ½ z}|»z}«vxyq{lk|rx � lCxy��i6�¿«0z}|/�h���6�ytvusx(wJx���w³� l6�	u{l$���(g/�kj9wm¯�wJu{lk�y°Pqs|»��z}| � �k����w6� l6�
tv|·j9wJqsusuHwJ� lm�6z}j��0z���� � lm�����9�0z}qs|3x��� � z}|3x1X³���c�0z}qs|3x����ytv�$uHw ���yqsusu{l �/|/lmwJtvx�z}tv� � l6���6z}t/��g/l6�
� l�j9wJx��k�yqHwJtL���e¶ �]w���z}ustvxyq{z}|»l6�yx¬�6z}j��*wJ���6l���tv|/l	��z}ustvxyq{z}| � l+���e �k��lk|/�6lCz}«vx�lk|3t/l	�*wJ�¬u{l	����g/�kj9w
� l��¬l6l�w³� l6�������������0z}qs|3x��³¶
�ªlº�(��g/�kj9w"($�4�@�0lktvx wJt/����q=xy�(wJqsx�lk� �6l»xµ�P�0l � l �v��z}«vu{ikjml lk| tvxyqsusq{�(wJ|3x � l6�����yqsusu{l6�m�(wVÂm|/�6�³¶
©	|·�6z}|/�yq � ik��l>j9wJqs|3x�lk|*wJ|3x�tv|Zj9wJqsusuHwJ� l � lktL� ®z}q{�	�vust/� �/|  ��z}qsx ^ ��� ��z}qs|rx�� ��¹rt/l>�6lkustvq�tvxyqsusq{�(�
�v���6�6� � lkj�jmlk|3x³¶ �ªl»|/z}j�«v��l � l � lk����� � l»usqs«�lk�yx�� l6�yxmwJu{z}����u{l»jmÁkjml ¹rt/l»�v���6�6� � lkj�jmlk|3x Êu{l
���(g/�kj9w ¯$� ��l6¹3tvq{lk�yxClk| X6± � lktL� ®z}q{�=�vust/� � l �v� u4¹rt/l�u{l��(��g/�kj9w�($�4� �e¶ �]w �/��tv��l���jmz}|3xy��l
¹rt/l�u{l6�¿���6�ytvusx(wJx��hz}«vx�lk|3t/�h��z}|3x�«vq{lk|cjmz}qs|/�¿«0z}|/��¹3t/l	�6lktL�9z}«vx�lk|3t/��w6� l6�	uHw�jm�kxyg/z � l�¯�wJu{lk�y°Pqs|
��z}| � �k����¶*©	|»z}«vxyq{lk|rx � l6�¿���6��tvusx(wJx�� � l	¹rt*wJusqsx��$�yqsj�qsuHwJqs��l�w6� l6�Cu{l	�(��g/�kj9w (C��� u{z}���(¹3t/l	uHw����yqsusu{l
l6�yx��6z}|/�yxyqsxyt/�6l � l X³�������0z}qs|3x��  � z}|rx	�������ytv�=u{l����yqsusu{l �/|/l �e¶
�]w �/��tv��l>�mjmz}|3xy��l�lk| �/|~u{l����6�ytvusx(wJx$z}«vx�lk|3t§w³� l6��u{l>����g/�kj9w � l��¬l6l>�ytv�	tv|/l����yqsusu{l�tv|vq  z}�yjml
� l ^ ���>�0z}qs|3x��³¶ �]w>���yqsusu{l�l6��xh�kuHwJqs��lkjmlk|rx+xy��z}� ����z�����q{ik��l�¶v�4z}tv�+z}«vx�lk|vqs� � l6�h���6�ytvusx(wJx�� � l�¹rt*wJusqsx��
�6¹rtvqs�}wJu{lk|rx�l�� �6lktL� � t ���(g/�kj9wZ¯$��Ã]�������º��z}qs|rx�����z}|rx�|/�6�6l6���(wJqs��l6�³¶ �ªl�x(wJ«vu{l³wJt � jmz}|3xy��lmu{l6�
�6z!1vx�� � l��6l6� � q��[�k��lk|3x�l6��wJ�v�v��zP��g/l6�	��z}tv�	tv|/l�¹rt*wJusqsx�� � l����6�ytvusx(wJx��+�6¹rtvqs�}wJu{lk|rx�l�¶_��z}tv�$�6l�xµ�P�0l
� l��yqsj�tvuHwJxyq{z}|ªÃ/uHw>jm�kxyg/z � l�¯�wJu{lk�y°Pqs| ��z}| � �k����l6�yx=uHw��vust/����lk� ®z}�yj9wJ|3x�l�¶

� 
 �!'_�> ���h�_' �$��� �! �#(<$���!'8���	��' (��)���'8�� �# 2 ��#(� ����'�#��+�>����

���� ������������+ ���"� � ����!"����+

©	|>�yqsj�tvu{l¬u ½ �k� z}ustvxyq{z}| � t�jmz � l��v��z}�v��l  X�Ã2X�Ã2X � � wJ|/�]tv|/l¬�³w6�Pqsx���jm�kx(wJususq{¹rt/l¬�ktv«vq{¹rt/l�j9wJqsusu{�6l
� l�j9wJ|vq{ik��l�tv|vq ®z}�yjml�¶ �]l���� � l6�yx+q{�kq��k�3wJu � , � } ¶ª©	|~z}«vxyq{lk|rx � l6�+���6�ytvusx(wJx��Cq � lk|rxyq{¹3t/l6�C�0z}tv��[½ wJtvxy��l6����wJu{lktv��� � t �����¬¶ �]w �yqsj�tvuHwJxyq{z}| �0z}�yx�lm�ytv��n3� ���k�yq{z � l6�³¶]©	|§jmz}|rxy��l9u ½ �k� z}ustvxyq{z}| lk|

3)4Ra53)6
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4cm

4m

Materiau 1

Materiau 2

Propagation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

−2 −1.5 −1 −0.5 0 0.5 1 1.5 2
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Galerkin Pondere
Solution de reference

����� ' ^ ) � ���V��� �
� 0`��5�=�
� � 	 ��� � ��� �������
� � �4�=�$.�� ���N��0 � : u �  � � � �� 1G���������
	����� ��5.ng8�Fg�8�)01�������2�'34��� ���  g�� * � � � �������� 	
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VFC
Solution de reference

����� 'v� ) � ���V��� �
� 0`��5�
�
� � 	 ��� � ��� �� �� �
� � � �=� .�� ���N��0 � : u �  � � � V� 1 � ���T�8�G01�������2�'34�
� ��� 5g ��� � � � �!������/	

a+acb�dVe8f�g=h
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Yee
Solution de reference

����� 'v� ) � ���V��� �
�$0`��F�=�
� 1 �.	 ��� � ��� �� �� ��� � � �
� .!� ���N��0 � : u �  � � � V� 1/	 ��� g�01�9."���������� � � �V����5��� 	
�	«v� � l��6lkusustvu{l6� �	«v� �v� u ��x��k�(wJxyq{z}|/�+lk| x�lkj��/� f4lkj��/�$��� Z  ��l6� �

¯$� Êj9wJqsusuHwJ� l��(wVÂm|/� � ����� X³����� � X³�Jn �LÃ ^
($�4� Êj9wJqsusuHwJ� l��(wVÂm|/� � X³����� ������� ��� X³� X�Ã ^

�¬l6l ������� X³������� ������� �LÃ-,

"$#&%('0� ) � ���N� .4�
��0Tg8���N��.4�
�`�� x � �V���"�/�"F� �5��g �8���
� ��%� .4������+s8���
x�lkj��/� � l�uHw��6z}j���z���wJ|3x�l : � lk|ctv|c��z}qs|rx � l+uHw����yqsusu{l��³zrz}jm�6lC�ytv�¿u{l6��� � lk�y|vq{ik��l6�¿�0�k�yq{z � l6�³¶ �4w
�/��tv��l ,�jmz}|3xy��l�u{l6�����6�ytvusx(wJx��Cz}«vx�lk|3t/�	��z}tv�	u{l6� � lktL� ��wJu{lktv�����0z����yqs«vu{l6� � l>¾ �ytv��tv| j9wJqsusuHwJ� l
�9����z}qs|rx��+�*wJ��u{z}|v��t/lktv� �[½ z}| � l�¶ �]l6�+���6�ytvusx(wJx��C��z}|rx�«vq{lk| jmlkqsusu{lktv���C�0z}tv�	¾  ¾ . ¶%�ªz}���(¹3t/l�u{lj9wJqsusuHwJ� lcl6�yx��vust/� �/|  XknZ��z}qs|rx����*wJ��u{z}|v��t/lktv� �[½ z}| � l �eÃ4u{l6�����6��tvusx(wJx��  �/��tv��l X³� ���(z}|3x>wJu{z}���
x�z}tvx ��¸wJqsx��6z}j��*wJ�(wJ«vu{l6�³¶ �4w � q{�y�0lk���yq{z}| l6�yx � wJ|/�=u{l6� � lktL� �³w}��xy��i6�h®wJqs«vu{l�¶

��$# ������������+ &�2 &�� '*2 &	� 23� � ��+
©	| �v���6��lk|3x�l9q{�kq � l6�����6��tvusx(wJx���|rtvjm�k�yq{¹3t/l6���ytv� � l6�����yqsusu{l6��|/z}|L´µ�6z}|L®z}�yjml6����z}tv��u{l6� � lktL�

��wJu{lktv���9�0z����yqs«vu{l6� � lZ¾¿¶h©	|D�*wJ�yu{lk�(w � l �(wVÂm|/lkjmlk|rx%X![ |Du{z}����¹rt/lºu{lZ�(wJ�v��z}�yxclk|3xy��l~uHw²���yqsusu{l
����z����yq{ik��lclkx>uHwº���yqsusu{l �/|/l l6��x�|ª¶��]w �/��tv��l X!X jmz}|3xy��lctv| le�Llkj��vu{l � l �(wVÂm|/lkjmlk|3x X![ � |/z}|L´
�6z}|L®z}�yjml�¶L©	|c�yqsj�tvu{l	u ½ �k� z}ustvxyq{z}| �[½ tv| jmz � l��v��z}�v��l � wJ|/�¬tv|/l	�³w6�Pqsx��+jm�kx(wJususq{¹rt/l�¶ �ªl+j9wJqsusuHwJ� l
� l>uHwc�³w6�Pqsx���l6�yx	�(wVÂm|/�mwJt·j�qsusq{lkt � l>j9wJ|vq{ik��l�|/z}|L´µ�6z}|L®z}�yjml�¶ �ªl>x(wJtL� � l>�(wVÂm|/lkjmlk|3x�l6�yx$n/¶
�]w �yqsj�tvuHwJxyq{z}| ��z}�yx�l �ytv��n3�»�0�k�yq{z � l6�¥¶4©	|§jmz}|3xy��l u ½ �k� z}ustvxyq{z}| lk|§x�lkj��/���ytv��u{l6��� � lk�y|vq{ik��l6�
�0�k�yq{z � l6� � l�uHw��6z}j���z��(wJ|rx�l : � ¶
�ªl6�����6��tvusx(wJx�� � l»uHw �/��tv��l6X³�·��z}|3xm�6lktL� z}«vx�lk|3t/��u{z}���(¹3t/l»u{lcj9wJqsusuHwJ� l � l»uHw~���yqsusu{l»����z�����q{ik��l
�6z}�y��l6�y�0z}| � � �²�0z}qs|3x�� �*wJ� u{z}|v��t/lktv� �[½ z}| � l�¶h��z}j�jml � wJ|/� u{l �³w}�mtv|vq ®z}�yjml�Ã¿u{l6�9���6�ytvusx(wJx��
��z}|rx�jmlkqsusu{lktv����u{z}����¹rt/l»¾  ¾ . ¶�©	| �(wJ�v�0lkusu{l ¹rt/lc�6l»�(g/z}q � |/�6�6l6����qsx�l»u ½ lkj��vu{z}q �[½ tv| �*w}� � lx�lkj��/� � lktL�·®z}q{���vust/���0lkxyqsx�¹rt/l��6lkustvq¬tvxyqsusq{���mu{z}����¹3t/l ¾  ¾ ( ¶ �ªl�x�lkj��/� � lm�³wJu{�ktvu¬l6�yx�wJu{z}���� lktL�» z}q{���vust/��u{z}|v�/¶%�ªz}���(¹3t/l�uHw����yqsusu{l�����z����yq{ik��l�l6��x�j9wJqsusu{�6l�� X ^ �0z}qs|3x��+�*wJ��u{z}|v��t/lktv� �[½ z}| � l
 �/��tv��l%X³� �eÃ]u{l6�����6�ytvusx(wJx��>�0z}tv��u{l6� � lktL�§��wJu{lktv��� � l»¾;��z}|rx�xy��i6�>�v��zP��g/l6�³¶��]w � q{�y�0lk���yq{z}| l6��x
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�*wJ� ¸wJqsx�lkjmlk|3x�j9wVÀ{xy�yq{���6l�¶�©	| wº��lk�v���6�(lk|3x��  �/��tv��l6Xkn ��u ½ �k|/lk�y��q{l wJt �6z}tv��� � t x�lkj��/���0z}tv�>uHw
�yqsj�tvuHwJxyq{z}|§��lkuHwJxyqs� l � uHw �/��tv��l X³�L¶]��z}j�jml��v���k�PtªÃ0u ½ �k|/lk�y��q{l�l6�yx$�*wJ� ¸wJqsx�lkjmlk|3x��6z}|/��lk�y� �6l���tv�
� l6�=j9wJqsusuHwJ� l6�+|/z}|L´µ�6z}|L z}�yjml6�³¶
�ªl ��g/z}q � � l�uHwc��wJu{lktv� � l9¾ � �k��lk| � � z}|/� � t²�v��z}«vu{ikjmlc¹3t/l�u ½ z}| w xy�(wJqsx�lk�³¶4prtv�v��z��(z}|/��¹rt/l
u ½ z}| wJqsx'� xy�(wJqsx�lk��tv| �/u �[½ �k�*wJq{���(lktv���LÃ ^ j�j&w³� l6� tv|/lcu{z}|v��t/lktv� �[½ z}| � l � � l ���}�kjº¶ �ªl9�*w}�
�[½ l6�y�*w}�6l�qsj��0z����>�*wJ�$uHw9x(wJqsusu{l � t �/u!��lk�(w � z}|/� � l � �  �1� ¶4prq!z}|·tvxyqsusq{��l>tv|·�(wVÂm|/lkjmlk|3x9X![2X³�LÃ
u{l��*w}� �[½ l6�y�*w}�6l � l�uHw����yqsusu{l�����z�����q{ik��l���lk�(w � �  � ¶ �]l�j9wJqsusuHwJ� l � l�uHw����yqsusu{l�����z��(�yq{ik��l���lk�(w � z}|/��ytLÂ9�(wJj�jmlk|rx�� �/|��	�0z}tv�=z}«vx�lk|vqs� � lCxy��i6�h«�z}|/�����6�ytvusx(wJx���w³� l6��¾  ¾ ( ¶vprqª�6z}j�jml$�ytv�huHw��/��tv��lX³�LÃ�uHwm���yqsusu{l>����z�����q{ik��l>l6��x	xy��z}���µ����z����yq{ik��l���Êjmz}qs|/� � l>�9��z}qs|rx��$�*wJ�$u{z}|v��t/lktv� �[½ z}| � l �eÃ0qsu4¸wJtvx
��g/z}q{��qs�	¾  ¾ . ¶ �]l�|/z}j�«v��l �[½ qsx��k�(wJxyq{z}|/�+lk|ºx�lkj��/��l6��x	wJu{z}��� � lktL�c z}q{�=�vust/�+���(wJ| � ¶
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���� ����2�����/���2�& ���$� & � 2���� � ��2 � ��� + ��� � &�� �3� ������� � 23�1/1��� ��& / ��)�
 &��"�
©	| �v���6��lk|rx�l�q{�kq[u{l6�h���6�ytvusx(wJx���z}«vx�lk|rt/�=�0z}tv�=tv| jmz � l$�v��z}�v��l  X�Ã2X�Ã2X �h��tv��tv|/l$���yqsusu{l$�(wVÂm|/�

|/z}|L´µ�6z}|L®z}�yjmlºz�" u{lcx(wJtL� � l»�(wVÂm|/lkjmlk|rx9l6�yx X³�L¶ �ªl»j9wJqsusuHwJ� l � l»uHw~���yqsusu{l»����z�����q{ik��l l6�yx � l
X¥� ��z}qs|rx����*wJ��u{z}|v��t/lktv� �[½ z}| � l�¶¬��lkustvq � l»uHw ���yqsusu{l��/|/l �6z}�y��l6�y�0z}| � wJu{z}��� � X¥�}� �0z}qs|3x��m�*wJ�
u{z}|v��t/lktv� �[½ z}| � l�¶¬�	z}t/�9w³� z}|/�9�(g/z}q{�yq	¾  ¾ . ¶��]l ����� �}wJtvx � z}|/� , �  ¶��]w²��qsj�tvuHwJxyq{z}| l6��x�yx�z}�v�0�6l�wJ�v��i6�+,������k�yq{z � l6�³¶L�µu[� ½ wJ��qsx � z}|/� �[½ tv|/l��yqsj�tvuHwJxyq{z}| lk| x�lkj��/�hu{z}|v�/¶���q{lk|º¹3t/lCu{lCx(wJtL�
� l=�(wVÂm|/lkjmlk|rx¿��z}qsx¬�ku{lk� ��Ã u{l6����z}ustvxyq{z}|/�¬z}«vx�lk|rt/l6��|/l��(z}|3x��*w}� � q{����lk�����6l6�  �/��tv��l/X³� �e¶ �]w �/��tv��l
X ^ jmz}|3xy��lºtv|/lc�6z}tv�0l � t ��g*wJj�� : � �ZuHw �/| � t �³wJu{�ktvu=�v��zJ�ylkx�� �ytv��uHw~���yqsusu{l»����z����yq{ik��l�¶ �4w��z}ustvxyq{z}| �³wJu{�ktvu{�6l���l��6z}j��*wJ��l�xy��i6�=«vq{lk| ��uHw���z}ustvxyq{z}| le�/w}�kx�l�¶
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�Cz}t/� w³� z}|/�9�v���6��lk|rx��ºtv|/l |/z}tv� lkusu{lºjm�kxyg/z � l � lZ¯�wJu{lk�y°Pqs| ±Cq{���6z}|rxyqs|3t8�³wJ�*wJ«vu{l � l xy�(wJq ´
x�lk�$u{l6�	�6¹rt*wJxyq{z}|/� � l��~wV�LÌ¿lkusu�xy�yq � qsjmlk|/�yq{z}|v|/lkusu{l6���ytv� � l6�Cj9wJqsusuHwJ� l6��z}�yxyg/z}� z}|*wJtL�²�6z}|L z}�yjml6�
z}t~|/z}|L´µ�6z}|L z}�yjml6�³¶/�]w �6z}|/��lk�y��wJxyq{z}| �[½ tv|·�6¹rtvqs�}wJu{lk|rx � q{�(�k��lkx � l�u ½ �k|/lk�y��q{l��ku{l6�kxy��z}j9wJ��|/�kxyq{¹3t/l
|/z}t/��w}�(�ytv��lmuHw ��x(wJ«vqsusqsx�� � t �(��g/�kj9wL¶]�·wJus�����muHw �v���6��lk|/�6l � l9xy��z}q{��®z}q{���vust/� � l � lk�����6� � l9usq ´
«0lk�yx��9¹rt/lmu{l9�(��g/�kj9w � l �¬l6l�Ã]u{l6�� z}�yx���x(wJtL� � lm�(wVÂm|/lkjmlk|rx��mwJtvx�z}�yq{���6����lk| � lk|rx�uHwºjm�kxyg/z � l
wJxyxy�(w6�3wJ|rx�l�¶3�C�³wJ|vjmz}qs|/�³ÃJuHwC� lk���yq{z}|��v���6��lk|3x��6l�q{�kqP| ½ wC�kx�����wJusq � �6l=lk|��}±D¹rt/l���tv��u{lh�³w}� � t�jmz � l
�v��z}�v��l � wJ|/�htv|/l	�³w³�rqsx��Cjm�kx(wJususq{¹rt/l�¶ �]w��6z}|v|*wJq{���(wJ|/�6l � l	uHw��(z}ustvxyq{z}|cle�/w}�kx�lC|/z}t/�hw��0lk�yj�q{� � l
jmz}|3xy��lk�$u{l>�³wJ�(w}�kx�ik��l��0lkt � q{�y��lk����q  � t·���(g/�kj9w9�ytv� � l6�C���yqsusu{l6��®z}�yx�lkjmlk|3x$�(wVÂm|/�6l6�³¶�±$l6�+x�l6�yx��
�6z}j��vu{�kjmlk|3x(wJqs��l6�C��l6�yx�lk|rx � z}|/�������³wJusq{�(lk����z}tv�=��wJusq � lk��x�z}x(wJu{lkjmlk|rx+uHw�jm�kxyg/z � l�¶
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� � ����1� ���N�6�2�T�Fg��8��� �N��� �� .��
�`d,�8� ��09� .4� # �'&�()����� x � �
�N� ."�
�`3����������
� � ���  g��
� � �'�=���2�801�8�� �	wJ�v�0z}�yx��µ|v�yqHw~�Cz n3��� X�Ã
����� X�¶

� �  � ¶ ��¶��¿g/lk��wJusq{lk�CwJ| � ��¶%#/¶ �[t/lk«v«�lk���¥Ã �G��� � � �'�=��� 3!�
� . ( ����� 01�!� ����� ���+��� �� hS���
��� � � � �
f]�(wJ|/�³¶/z}| �	|3x�lk|v|*w}�CwJ| � �!��z}�*wJ�3wJxyq{z}|ªÃ/n3� ®� ��[ n�X!Xe´¸n3� X�Ã��·wJ����g X$, , �P¶

� �  �$¶ª��zr�(°r«vtv�y|ªÃ�¯�¶ ��¶ ��wJ�y|vqHw � wJ°Pq{��wJ| � �¬´ �:¶]prgrtªÃ �2� �/���`hS�8� �
����09����$� 7/�$���8�=��������� �!�4�
���������
	���T#%�8���N�'.�� Ã��ªl6�kxytv��l»�	z}x�l6��qs| ��z}j��vtvx(wJxyq{z}|v|*wJu	pP�kq{lk|/�6l»wJ| � ��|v��qs|v|/l6lk�yqs|v�/Ã�� zJ´
ustvjml1X!X�Ã�pr�v�yqs|v� lk�³Ã*�������L¶

� n  ��¶2�ªl6�(wJqs|rx³Ã3��¶ ��¶3�	w6�PqHwJ�yx'[��  �$� ���� � �8�2��09��5�+09�8���N��. 78��� ����� h'��N3 ���V�� ���N��� �� ��� ��V� � ���8�
�Fs�� �!��� �� Ã!�·wJxyg/lkj9wJxyq{�³wJu+�C�y�0l6�kx>zJ$�4qs|vqsx�l �!u{lkjmlk|rxmqs| ��wJ�yxyqHwJu	±	q��[lk��lk|3xyqHwJu �¬¹3t*wJxyq{z}|/�³Ã
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