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^>_`^>_`^ acbedgfih]j�k�lmdinoheb
prqtsvuJqtw5x�qyu5w5x�qts�z|{g}|sv~�q�z��i�v{g��}�q@z�qtsv�v��w�uJ�is���s��y�qt�Gqtsu��qy�T�i}|z�qt}����{�z�qtsGqt}c��qt����s���wy�����

�qtw��i}��i}|���m��qtsS�v{���qt��u5s>��z|{g}|s:~�qts:��}|z|�|s���u5��qts8�v{g}m����{gw��J��u5���qyuJqtsy��~�{��v��}|��{��J��u5��sJ{��J���i}�z�qtsR�|uJ���
z|�|���Jsy��~�  ��}���uJ��z|�|w��J���i}@z�qSz|��s��T�isJ���J����sX�v��w�uJ�����qt~�qtw���uJ�i}|���m��qtsy�D~�qSz*�qy¡gqt~��g�|�Tqt�Gqt}��¢z�qts<�£�qy�Jx���z�qts
z�qG�v��w�uJ�g��{�¤|u5��wy{��J���i}�s��i}��R�|}�qGz�qts¥wy~�qy��s¥z|�������J��u>�r~�qts¢¤���qt}|s¢z> ¦�qt�m�|���Tqt�Gqt}��¢qy�Rz�qGw��i}|s��i�S�
�v{��J���i}§z��i��¡gqt}����{¨w�qts��qy¡g�i~����J���i}|s¥~�  {gwyw�uJ�i��sJs�qt�Gqt}��8z�qG~�qt��u5s<�TqyuJ�©�gu5�v{g}|w�qts¢qy�8z�qG~�qt��u<ªD{�¤��«�
~����m�qg�>~�{�¤�{g��sJs�qSz�qS~�qt��u5s¢w��r¬���Js¢qy�8~�  q�����{g}|sJ���i}z�qts¥�v{�u5w5x*�qts8�m�|�eqt}�u��qtsJ�|~���qg�r{t¡gqtwv�|}���G��{gw��
w��i}|sJ��z*�qyu5{�¤�~�qsJ��u:~�qts:�G��z�qts:z�qv¡���q�z|{g}|sR~�qts:{��|��~���wy{��J���i}|s:® ®O¯gu5{g}|z�����¤�~���w±° °¢²�{g�����i�G�g¤���~�qg�
z��i�G�g�J���m��qg�|�£�qtz�qtwy��}�qg��sm�qtwy��u5���m�q:z�qR~�  qt}�¡���uJ�i}|}�qt�Gqt}��´³5µ
prqts8{gw��J���i}|s8qt}�¯i{�¯¶�qyqtsSz|{g}|s8~�qvz��i�v{g��}�qvz�qts8�v��w�uJ�is���s��y�qt�Gqts8�i}��Rz��i}|}*�q~���qt�·�{@z|��¡gqyu5s�qts

�©�gu5�GqtsRz�qvw��i~�~�{�¤T�gu5{��J���i}|s8w��i}���u5{gw��J��qt~�~�qtsy�X�{@z�qts8¯guJ�i���Tqts¥�Jx*�qt�v{��J���m��qtsy�X�{�z�qts8{gsJs���wy��{��J���i}|s
�v�«����qts8{t¡gqtwz�qts8��}|z|�|s���u5��qt~�syµD¸¶�i��u8u��qy�T�i}|z�uJqv{g����qt}c��qt����qy�R{g���§z*�q�ªDs8{gw��J��qt~�sR�m��qG�T�is�qt}��
~�qtsv�v��w�uJ�is���s��y�qt�Gqtsy�,~�q¹,º<»¢¼½{��v��sGqt}���~�{gw�q�~�q�¾,¿�ÀJÁg¿�Â�ÃSÃÄ�Å�Æ�Çy¿�ÀcÈ´ÉcÈ�ÊiËÄ�ÃÄ´È��m�|�X¡���s�q@~�q
z*�qy¡gqt~��g�|�Tqt�Gqt}��Sz�q¨�v{��m�qyu5��{g���£}��i��¡gqt{g���T��~�{��v��s�q�{g���T�i��}��:z>  �i���J��~�sRz�q�w��i}|w�qy�|�J���i}£qy�Sz�q
�v��w�uJ�g��{�¤|u5��wy{��J���i}���}|}���¡�{g}��Js8qy�:~�  {g�£�qt~����gu5{��J���i}�z�qts8�TqyuJ�©�gu5�v{g}|w�qtsRz�qtsR��}|s���u5�|�Gqt}��Js8z�q��Gq��
sJ��uJqgµeÌ<��}|��¡gqt{g��qt��uJ�g�,�qyqt}>�¶~�qts8�Jx*�qt�v{��J���m��qtsR�|uJ�g�T�ism�qyqtsRqt}���uJqt}��:z|{g}|sR~�qw5x|{g�G��sRz�qts8�|uJ���
¯gu5{g�v�Gqts]Í*ÈoÎD¿´Æ�Ê��gÍ,Ï�¿�À5ÎD¿�ÂiÇtÊ�Æ�Ç´Ä���ÐO¿´Æ�Ê`Ä*qy�]Ñ5ÒtÓyÀ�¿´ÃvÂgÊ�Æ�À�Ò�ÔDÄJÇ�Õ�ÒDÀ�Ö�ÀJÁgÆoÄ´È´µgpC  qt}|s�qt�R¤�~�q�z�qtsr�|uJ�c��qy�Js
�m�|��s��i}��*s��i����qt}m�|s*{gw��J��qt~�~�qt�Gqt}��*��{�u,~�q¢¾,¿�ÀJÁg¿�Â�ÃSÃÄ¢Å�Æ�Çy¿�ÀcÈ´ÉcÈ�ÊiËÄ�ÃÄ´È8×�Ï�ØrÙ<Ú4Û�s��i}��*��ut�qts,z|�«�
¡gqyu5sJ�«ªX�qtsyµ�Ü¢}§���uJ�i��¡gqz�qts8�|uJ�c��qy�Js¥��u5{g���J{g}��Rz�qts8��qtw5x|}|���m��qts8z�qv�v��w�uJ�g��{�¤|u5��wy{��J���i}§�m�|�]s��i}��
���J��~���sJ{�¤�~�qtsT�T�i��ue~�{Ou��qt{g~���sJ{��J���i}:z�q*s���s��y�qt�Gqts��£�qtwy{g}|���m��qtsy�e�qt~�qtw���uJ�i}|���m��qtsy�c�£�qtwy{���uJ�i}|���m��qts¶�T�i���
¡�{g}��<��}��m�qy¯guJqyu¢z�qts4�v��w�uJ��wy{��|��qt��u5sy��z�qts4�v��w�uJ�i{gw��J���i}|}�qt��u5sXqy�<z�qts<s���s��y�qt�Gqts@�qt~�qtw���uJ�i}|���m��qts4z�q
��u5{g����qt�Gqt}���z�qOz��i}|}*�qyqtsCqy��z�q4w��i}���u�¬�i~�q4w��i�v�v{g}|z�qg���v{g��s]{g�|sJsJ�|z�qts]�|uJ�c��qy�JsCsJ��uC~�qtsC�£�qy�Jx���z�qts
z�qXw��i}|w�qy�|�J���i}Gz�qts��v��w�uJ�is���s��y�qt�Gqtsyµiprqts]z��i�v{g��}�qts�z>  {��|��~���wy{��J���i}:z�q,w�qtsCs���s��y�qt�GqtsCs��i}��]¡�{�u5�´�qts
qy�4~�qtsXq���qt�G��~�qtsO}�q8�v{g}|�m��qt}��X��{gsR²�w��¶ª�¯i��uJqvÝ�µ�Ý�³5µ
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^P_,`JaSbWc�b�dfeAg3h�iNjHg3h*kmlonDpHq/r k*s k�t	uh�lvh*kHw

x�y{z}|�~��@�<�@�<�#�<�@|��8���T���/���C�����	z}y<|������3���C���@���/�/�@��|������8�C|��C�@���C���@y{�3��y<~����yf�D� |����8��H�>|N�����
������z}|�~��@�	�/�Y�/�H���z����Hc�x������C�@� �/�H�@�[���Zz}|�~��@�<�@�<�#�<�@|��8�����������>y<�C~����/�	���[~��8�<�>���	�C�P������3yW�[�N�
�[�rWi�h��ZnDpHq/rWq/r� @r<t,nDjHg3h�hHt$�ZnDpHq/r k*s k�t	uh�lvh*k¡�C�T¢A£�¤�¥�cC¢P�H�/�/�¦�C|��@~H|N�3��|����§�H� |����8��H�@���@�/�m�/�	���A�3yW�@�@|©¨
~H�C��|D��H�@��z��������y¦�D����H�@�C�����H�J��ym�Y���y<��|��@yW�@|N�	�}���§z}|�~��@�<�@�<�#�<�@�ª�H�J���§z}|�~��@�	z}y<~>«C|������Hc	x�ym�/�A���~H|©¬�~H|N�8��
�U� �C��z}|�~��@�<�@�<�#�<�S���/�J�����#�	�@�8������H�Py<�}z��	|��C�ª�C�}z}|�~��@�Y~HyW�C�/������<�C�}z��Y�C�C�N�A�����/�>y<|N�/��z������J�C�
�@|N®	�Cy<�Y�H�P�C�}y<~��@|N�	�C�������P�8�C|C���C|Y�#�H�>z��H�/�/�����P�U� |����/�H�>yW®	|N�Jy�¯<��~��N�§z}|���|N���o��°Y�8��H�>|N�����J����v|��C���H¯8�>y
��±#��~��@���H�7�@y§� ²y<~>«��<c	x����S�C|�z����C�@|N�	�C���C�³z}|�~��@�<�@�<�#�<�¦��H�@y<���7|���´���H�>|N�����@�����y��8�������8�����$~������@|�z[��H�/�@���
~H���#���H	��ym´,yW�C�>|�~HyW�@|N�	�}�����J�C|©±§��H�@�����@�J~��	�C�/�@|N�@�Cy<���@�J´,y<|N�J�/�	��¯<�����PyW�C�#���Cy<�Y°��/��~>«C�C|��8�����7���§z}|©¨
~��@�<´,yW�C�>|�~HyW�@|N�	�Uc�µT����P��H�>y<�N��z������HS�N����yW�C�3��|�~HyW�@|N�	�C��y<�Y°��8�������N�����N����z}|�~��@�<�@�<�#�<�@�m�/�	���¦�����/�@|��P����
|�z��#�	�/�������C���Jz}|��C|�yW�@���>|��@yW�@|N�	����°Y�/��²��z���������~HyW�C�/�����>�H ������y<~��@|N�	�C�������>��y<|��C�@|<�8���P�C�¦�/�Y�/�H���z��
����~��	���/�W²�	�N�<c8¶$�	���P|������C�/�/�@�H�ª~��§�C�@�<�#�	�H<�	�}�#�����ª�3yW�>�N�H�J�U� �C�}�����ª®<�>y<�C�C�7��²�H¯<���P���§��y¦z}|�~��@�<�@�W¨
�#�<�@|��8�����8�C|��/�H�>y<|N�������#�	��¯<�	|N�A´,yW�C�>|��8���H�A�C��z}|�~��@�<�@�<�#�<�A�8���m�D� �	���#�	���@�>y<|N�P|�� �/��~��/�H���Cy<�C�A�N�
~��<�@�3�7«8�Cz}y<|��o�H�J�8�C|��/�H�>y<|N�7~HyW�3yW�3�N�����§�/���P��H�3��y<~��H�J¯<�H�>�J�C�o���C���@�	|N�ª�C�Y���~H|��H<�H�P�����/�	|N®	���H�J�C�
�/�>y<�Cz}yW�@|��@z��<��C|N�@��~��/��z����������H�3�C|��P�D� |����8��H�>|N�������C�[~��<�@�3�Hc3·���|�z}yW®	|�����~��¦z}|�~��@�<�@�<�#�<�v����8�C|N�A��
�U� �C�5�/�Y�/�H���z��}���o�C�@�<�3�C���@|N�	�����C|��#�H�>z��H�/�@y<���m�U����H¯<�	�����H�¡�Cy<�C���N����yW�@�H��H�@���H��U� �C�5�/�Y�/�H���z��v���
¯Y|��@|N�	�T�@����¯<���	y<���¡�N����|���´M�<�>z}yW�@|N�	�C���y��D� ��°Y�8��H�>|N������Uy<�Zzf�������~H|��Z~>«CyW�@®$��v���o�D� |����/�H�@¯<�����@|N�	�U#���
�C�>y<�vz}y<�C|N�3�C��yW�/�����>�o�	�����C~��<�@�5�U� �C���/�Y�/�H���z��5�#�	��¯Wy<������|N�A��H�@�H�v�������@���3�/�@y<�C~����\�y{�C�]���Y¨
���@�	|N�¦�/������³�C�Y���~H|��HcSx7� �C���������¡�C�@��z}|D��H�@���³�C|©¸�~H�C�N�8����¡�8�����D� �	�{�@���C~��	���/�@�����fz}|�~��@�<�@�<�#�<�@|��8���
���/�A�D� ��±#�H�A������y¦�@y<|����N�<c8¹J�v��±#�H�HCy<�Y°}´M�<�>~��������	z}|��Cy<���/���J�@���C~��	���/�Y��H�����Cy<�C�A�N��z}y<~��@�W¨?z��	�C���<
¯Y|N���C�������m�H� y��/�	���/�H�³�N���m´M�<�>~����¡����º7y<�{���H�¦»�y<y<���H$�N����´M�<�>~����\����N��~��/�@�	�/�@yW�@|��8�����H$�N���m�/���C�@|N�	�C�
���§�@���@´,y<~����P���	���A�D� ��±#�H�H��y¡~��H�/�/�5���~>«������N���U� ���/�P�3���C�7�P��H®	��|N®<��yW�3�N�<��H�A�8�C|C�@���C�������P�N���J�/�Y�/�H���z����
~H��y<�@�@|��8�����J|��8���@|���|��@yW�3�N���ª�Cy<�C�J~�����~��	�C�C|N�@|N�	�C�Hc�¶$�	���A~��H�/�/�m�>y<|��/�	�U8��y¡z}|�~��@�<�@�<�#�<�@|��8����´,y<|N�AyW��¨
�#�����y����o���	��¯<��y<�Y°5�C�>|��C~H|N�#���§�U� y<~��@|N�	�C����z������@���<�>|N®	|��Cy<�Y°��8�C|��	���m�D� y�¯Wy<���@yW®<�����o�/�o�C��²�H�/�H�
�3���C�7´,y<~H|��N��z������¦�yo��y³z}|��C|�yW�@���>|��@yW�@|N�	�Uc	ºª�	|�~H|��3yW�A��°Y��z��3�N�<Y�C���C�@� �/�H�A����z}|�~��@�<�@�<�#�<�Az��<�3|��N�
¼,½�¾ £ ¾�½5¿ £mÀ$�8�C|Y���	�C�$¯Y|N�����ª�����D� Á Á ¾ �C�/�@|N�@���/�P´M�<�7¶7�@�Y~����@�J¢P�	���/�@�	�CÂ�¤��<�#�<�@|�~H��Ã Ã������D� �C�C|N¯<�H�/¨
�@|N�8�������Ä¦yW�>���/�>�C«��J�H�7�8�C|Yy���H�8��§�P��H¯<���N�<�C�A��§�Cy<�C�ª�N��~Hy<���@���U� �C�³�C�@� �/�H�PÅPk)Æ�q*n,tAÇ©b�È É)c ½�¾ £ ¾�½5¿ £
���/�ª�C�oz}|�~��@�<�@�<�#�<�Sz��<�3|��N�¦�ym~H|��C�¦���H®<�Y����7������|N�#�H�@�8��<W~HyW�3yW�3�N�������/���P��H�3��y<~��H�7�H�7����z}y<�C|N�3�C�N�H�



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

Pattes piezo-électriques

Outil 
orientable

.0/2143�5	6%7986�:486�;�/$< 6>=�5@?!A B�;DC$;DC�E'C$F

Pollen

Outil 
MINIMAN

.GE'1HC�I486�;�/+FDA C�:KJL5�;M5	:@I'C�< < 6�:K=�6%N�6�5�;

O�PRQ>S%T�U VXWZY�[L\^]`_�]`_ba+_'cdYfe`g@e`Yfh@gjiRe$kml2cR[RcRnmc�o>p^_�]rqs]`_�\�o�l$lut"_�kvcR]`_�wsxzy!_ba+_'cR[L\2l�{'|

}m~��(���0�2�+���D�'�9�`~^�+�s�R�2� U��v��� �+~ T�U V@�r�$U	��� ~��`���~�� � �G�s�~s}�� � �2�+�G����m~ � �$�M�v���~^�^�����~ � ~��2�`�$�0� � ~��%� � � ��0� �G�+~��
� �� �+�0�2� � �$�m~���� � � �0� ��4~^�$��~^�`�`~��b�s}�� �'��`~���G���b~����v� � �`~@}m~@� � ��G� ��0� �+�G�����b}m~��>�9�~��`� �0� �+�G�����}m~
�4���+�G�+�G����m~���~��b���0�m���~^�$�G~ � �+~��u�� T^¡ ��¢~^�£~�� �v� � �`~¤}�� � ���+�9�$�m~'�(}m~��£¥9�G�`~��+�`~��£}m~u¦Z�^� U �2§�¨ U
©f��ª«��©¬@ª �4~ � �@�+~��2~^¥'���G��� �0� �+�G~ � �$�®��¯,�4~��K}�� � � �+� � �@}m~*��9�~��^�0�+�G���°� � �%�`���b� � �+� � �0� � � � ~��®�4� � �
� � ��G� �� ~^�����`�$�G~^���m� � �0�+�G�s}m~��!���0�2�+���D�'�9�`~^�+�!}�G¥'~^�$���R�2� U,�v��� �+~ T�U V � �$Um± � � �!� � �G�+~r� � �2~ �'� }��²��
� �� �,�~��r� � � ~�� � ~��}m�+~��b� � ~��®�³�'�$�2~��r} � ���0�2�+���������}m~ � �'�$�«}m~��«� � �$�m~��K}m~X���0�2�+����� � ��G� ��0� �+�G�����
� ~��£� � �+� � �£�`���b� �~�� � �G�s�~��*}m~u���0�2�+�9� � ��`~ � �$�£}m~��³�'�$�2~��X~^�*}m~u���0�2�+�9� � ��`~ � �$�X}m~��2���b� � �2��� � �
�+~��b¥'���G~��b� � ~��d�`~��� � �+�G����>}m~!�`� � �$�m~^������ � �'�s�~^� � �`~ � �s� � � � �0� U,´ ~^�d~2µ9~���� � ~®�4~^�$��~^�d}�� � �0�0� �`�`�+~^�
� ~r��+�'�4���s� � �G¥ � �b��¶ � �m~K}m~�� � � � �}m~��s��9�~^�9�^� � � � �+�G����®}m~ �0� ���0�2�+�'�+�'�4�'�+�0� � ~@~��`�®}m~K}�0�`�4���`~^�
}�� � �2�+�G����m~ � �@�4~^�+�³�'�$� � �b�+�r� � �·�4� � �+�+���b�X¸~^�`�+~�� � �+� � �0�,�~��«�4� � � � ~�� � �� � �0� � �+�G����®� � � � �+~��r} � ��
� ~����0�2�+���������}m~ U

¹�º�¹�º³» ¼®½v¾f¿ÁÀ�Â9Ã�Ä4Å2Æ�Â,Ç�ÀDÄ·È>Èd½vÉdÃb¾

Êr� � � �G�u}m~ �0� }�G¥'~^�$�+�G�,�~�}m~����`¯9�`�^�~���~��Ë� � ~ � � ���Ì�4~ � �¤�+~���2���b�`�+~^��� � ���~^� � }m~�}m~������0�2�+���
� �2�+�G����m~ � �$���4� � � �0� ���0�2�+�'�+�'�4�'�+�0� � ~u~��`� � �Í¥ � �`�`~}m��� � �0�m~ UdÎ � � �¤}�� � �4�'�$}Í�4� � ��}��~ � ��G�
� � � �2�+�G����m~ � ���v��� � ~£�2����+�0}��~^�+~*�2������~ � �f�`¯9�`�^�~���~*� � �M�`� � ��`�³�'�$��~ � �m~°�~��m~^� � �G~X}�� �'�$� � �0�m~
�~ � ~��2�`�$�0� � ~'��+�m~^�$���0� � ~'��$��0���0� � ~'�m~^�+���v~�� � �Ë�`� � ¥ � � � �Ï�~�� � ��0� � ~ UHÊr� �� � ~K��$�0��^�G�4~'�,���f}�0���
�4���`~K}m~K� �� �`�+~ � � � �}m~��®� � �,�~ � �'�$�G~��«}����~��m~^� � �G~��!��$�0� � �G�+~���� � �4�`~�}��~��2�����4���`~��b�®~��Ë}��Ð«�~^�+~��b�+�
�`� � ��� � �+� � �4~��>~^�!� � �H�2���} � �0�`~��b����*� � � �2�+�G����m~ � �s� � �+�+�0� �� �G~^�r�R�2� �v��� �+~ T�U ¦ �$UÊ ~K�2~^�`�`~ � �0�`�`~'�
���Ñ}�0�`�+�0� ��� ~Z}m~ � µÒ��$�0��^�G� �'� ~���� � �,�~ � �'�$�G~��Z}m~���0�2�+��� � �2�+�G����m~ � �$� U>Ó·� ��+~����L�~^�+~� � �,�~ � �'�$�G~
~�� ��� �'�4~ � ~��s�`¯9�`�^�~���~��!� � � � �+� � �0�`~��b�>}m~��s�Ï�~�� � ��0�+��~��!�2�����4���,�~��!}m~@� �0� �+�G~ � �$�%�v�L�~��2~��s~��u��� � �
¥'~���~��b� � � � �m~«� � �s� � ��4�'�+�K��X� � �'� �`�+~ Uv´ � ~��`� � ~r� � �!}m~�� � �2�+�G����m~ � �$���~ � ~��2�`�+��� ��� ���~^�+�0� � ~�� UvÓ ~��
�+~��}m~���~��b�+� � �~����~^� �'� ~���~��b�>�'��`~�� � �d�`���b�"� � �G� � ~��·~���� � �0�`���*}m~ �0� � �'� ¥ � �0�`~!� � ¸ ÔG�`�$�0�`~s}m~��"�³�+�'���
�`~���~��b�+��~^�X}m~��K�³�'�$�2~��£}�� � }���~^�+~���2~'�·} � �� � ~��K�4~^�+�G�`~���}�0��~���+�G���� U4Ó·� }m~ � µm�L�~���~�� � �,�~ � �'�$�G~
~�� ��� �'�4~ � ~����`¯9�`�^�~���~��*� � � � �+� � �0�`~��b� �0� }��~^�³�'�$� � �+�G���Ï}�� � �Õ� � �,�~^�$� �'�Ï� �2�+�G� U"´ � ~��`� � ~¤� � �X}m~��
� �2�+�G����m~ � �$�d� ��� ���~^�`���`�`�$�0�2�+�G�R�^�,�v���~^�^�����~ � ~��2�`�$�0� � ~��^�>�~ � ~��2�`�+���`�`�$�0�2�+�G�R�^�4�� }� �0� � � �+�G�����+�m~^�$���0� � ~'�4��
�Ï�~������G�+~X}m~£�³�'�$��~£~^�Z�~ � ~��2�`�+�9�$��0���0� � ~�� U4´ ~��@}m~^�$��G~^�$�!�³���b� � � �'�9�`~^�@}m~£�+~��$�m~^�$�$�m~��@�4� � �+�,�~^~��



� �������	� 
�����

����������������������������� !�#"	�$��������%&�'��(!)*�!��%!�,+-%&�#%&�$ !�#"/.'0&�*1324����)*.5�#6�"	�!�&��%&�'�87������.5���#"	���#)9�#6;:<%&����=
0�>/(&�')*%!�;6;:<%&�������� ��&��%!��)9�#6;:<%&���? @��%&A*�����CB�����#�D.��;)*�#�<7����(!)*�!���FE %!�&�G"	%H�FE )*%&���#�C(&�C.5����(&��%/I
.�)9�<7��J*"*�'6�����1LKM�N�5O@����=!�FE )*.5�#6�"	�!�&��%&�N7������.5���#"	���#)9�#6;:<%&��%&�#6;�;6;���P(&���Q.'0!)9�#J*���G7������.5���'6;:<%&���R��"	6��Q @"	%&�
�$�������#�P���N�#"*�#)9�#6�"	�G���P�#"*��"*�R(SE %!�N��6;.5�#"	�$"*����%&��=<��"	6��3 @"	%&�3(37��+T"*�'�$���U%!�&�P�����'%!.5�#%&�#�UV��5I&6������*1
2WE�7���&���#J	6��GVL%!6;(!6;:<%&��%&�#6;�;6;���N�FE �5O@���$(&�X�;)D !�#���#�#6�"	�8��"	6��Y @"	%&�$(37�� ��;)*.5����%!�8�Z7��.�)*�!6;�#�$�*=W��"	6��
 @"	%&�W(37��+T"*�'�$���3%!�&�R�$�����!�')*�&�[)*.5�#6�A*�*1<2WE )*.5�#6�"	�!�&��%&�W <><�#"*����.'0!�!6;:<%&�R�����M%!�$ @��%\�)] �)9�#�W(!)*�!�
.5�������C.��;)*�#�#6_^L.�)9�#6�"	�Z.�)9��6;�3�SE �����$%&�#6;�;6;�#)9������:<%SE %!�&�G����%!����+T"	6;��1W`3���$(!6_O[7���#�����#�?��"	%!�bacJ*�#"	%& @���
(&"	�!�&�����$�;6���%8)*%/I8(!6_O[7���#�����#��)*.5�#6�"	�!�&��%&�'�?:<%SE 6;�3������ @"	�#�#6������N(SE %&�#6;�;6;�����Y���,��6;.5�#"*�#"*�@"*�#6;:<%&�
d_e�fhg3d i�fhgQd j9k9g 1�l�"	%!�U.5���U !�'6;�!.�6� @���3(SE )*.5�#6�"	�!�&���$������=R7������.5���#"	���#)9�#6;:<%&����=� �6m7��n�"9a97������.5���'6;:<%&����=L <>�a
�#"*����.'0!�!6;:<%&����=	���#.U"	���3����%&�'�W)�A9)*���#)9J*���Q���3����%&�'�o6;�!.5"	��AW7���!6������#�M���������'�$�P(&�[��6;�!6;)9�#%&�'6;�#)9�#6�"	�S1
p )*�!�R��"	%!�[�����U.�)*��=�.'0!)*:<%&�q�r>< @��(SE )*.5�#6�"	�!�&��%&�U+-)*6��U)9 ! @���M�)�%!�X�#)�A*"	6���ac+-)*6��#�q��6����G �)9�#�#6;.�%!�;6����
:<%!6s�����q !�#"* !�#�$)*%t(&"	��)*6;�&��:<%!6o����.5"	�!.5���'�&�*1ul�"	%&����+T"	6;��=4�����q��)9�<7���'6;)*%/Iv)*.5�#6�+-�]"	%Zw w[x/��)9�#�
y )9�����'6;)*�;�Gz zQ"	���$�FE )�A9)*���#)9J*�D(SE�7��A/6��������;)\+-)9�!�'6;.�)9�#6�"	�8(&�N �6F���.5�����Z7��.�)*�!6;:<%&���$.5"	�$ ����5I/����1s{b�;�
 @��%&A*�����UB�����#��.5"	�s|.�%!�W������>/��������$���Q�$"	�&"*����"/.��W:<%!6&+-)*.�6;�;6��������M�;)�+-)9�!�'6;.�)9�#6�"	��(!)*�!�W�FE�7��.'0&���;���P(!%
��6;.5�#"X���� @���'�$������������%!�}�������')~B �;�&���$������(!6��#��.5��(!%t�Z7��.�)*�!6;�#�$�*=��#)*�!�q �6F���.5���Y6;�������'�Z7��(!6;)*6��#���
(&�]���')*�!�#��6;�#�#6�"	�S=/(SE "4�%C����%&�U6;���<7����B���P��"	%&�U �)9�#�#6;.�%!�;6����Q���C��6;.5�#"*�#"*�@"*�#6;:<%&�*1

�S�r�S�T� �U���\���L�3��!���c�S�o���S�<�	�c���
� �Z(!6;�� @"	����(&�G:<%!)9���#�NJ*�')*�!(&��%&�'��:<%!)*���#6_^L)9��������=u6;���<7���#���#�#)*�������$ @"	%&�Y���N.5"	�!.5�� !����%&��(&�

��6;.5�#"*�#"*�@"*�#��=W:<%!6U @���'�$�����������N(&�\.�)9�')*.5�<7���'6;�����X%!�H��)9�<7���'6;)*%�)*.5�#6�+�13KM�;��������"	���4�M�;)t(&���!�#6��<7�
(SE�7���&���#J	6��*=3�;)t(37��+T"*�'��)9�#6�"	�S=3���C�����$ ���(&�C�/7�� @"	�!���\���N���X�#���!(&���$������132�)t(&���!�#6��<7�D(SE�7���&���#J	6��
�#�� !�/7�����������Z�FE�7���&���#J	6��Z�Z7��.�)*�!6;:<%&�8(37��A*����"* ! Q7���Z �)9�D�FE )*.5�#6�"	�!�&��%&�\ �)9�D%!�!6��<7�v(&�tA*"	�;%!�$�o�P�;)
(37��+T"*�'��)9�#6�"	�t(&"	�!�&�$�;)G.5"	%&�'����(&�?���')�A9)*6;�o:<%&���FE "	�� @��%&��"*�!�����!6��S�4���?�����$ ��](&�$�/7�� @"	�!����.�)ha
�')*.5�<7���'6;���R�;)[�')9 �6;(!6��<7�Q(&�3+T"	�!.5�#6�"	�!�&���$������1*KM�/^L�S=h���3�#���!(&���$�����u�����o���3�')9 ! @"*�#���������#�R���3���')�A9)*6;�
�Z7��.�)*�!6;:<%&�Q+T"	%&�'�!6� �)9�W�FE )*.5�#6�"	�!�&��%&�u���W�FE�7���&���#J	6��R)9 ! @"*�#�<7���*1�24���o)*%&���#���sJ*�')*�!(&��%&�'�s:<%!6<�&�R��"	���
 �)*�U:<%!)*���#6_^L)9�������Q���P:<%!6S��"	���U��"	%&�����P)*%!�#�#646;�$ @"*�#�#)*�������U��"	���[�FE )9 !�#6��#%!(&�q)*%C��6;.5�#"9ar%!�#6;�!)9J*�*=
�FE )9 !�#6��#%!(&��)*%,��6;.5�#"9ar)*�#���������;)9J*�*=o�;)\.5"	����)*�!(!)9��6;�;6��<7�G(!%Z��6;.5�#"9ar)*.5�#6�"	�!�&��%&�Y @"	%&�?�;)D.5"	�?a
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Type d'énergie Sous groupe Type d’actionneur

Electrostatique
Champs magnétique et électrique

Electromagnétique
Electrique

Magnétostrictif
Forces moléculaires --------------- Piézo-électrique

Electrostrictif

Haute pression
Energie pneumatique -------------

Basse pression
Fluidique

Energie hydraulique ---------------- Hydraulique

Bi-matériau
Dilatation ---------------------------

Mono-matériau
Thermique

Transformation de phase ------------ A mémoire de forme

Forces électrolytiques ---------------- Electrochimiques
Chimique

Forces explosives -------------------- Pyrotechniques
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Lame piézo supérieure

Lame piézo inférieure

Générateurs
de tension

1 cm
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U4V	W8W8XZY<X7[7XZ\^]_ W`V�a _%b \ _ W�U<c b [7cdW'V	[7eJ\8XZV	fgU<X.]_%h V�i�]_ [ _�j \ b X7k^e _Cl�m V	X j X/[#n _6o1_�p U<[ _rq n esf _rp X j6b V�iDU<X7f j6_
b ]_ cC[7X7W^]_%_ cCeut�c�Y4V b c�\'V	X b8_>q n vIeJ\'V p c�\8X7k^e _wqJ_wx�_ W8cCfzyj V	f|{ j6} ��~<� e b8_ ��� �^�)��� _ \'\ _rp X j6b VCU<X7f j6_
_ W'\ j V	fsW'\8XZ\8e�]_%_MqJ_`qJ_ e orq V	X � \8W�c j \8X } WIk^esX�U _ e mC_ f�\�W8eJY<X b�qJ_ W q ]_6�<_6o XZV	fsW qJ_ �	�L� p W'V	esW qJ_ W
\ _ fsW8XZV	fsW qJ_�� ��� V	[Z\8W � t�c j ]_%b c p X7k^e _����4��_ W'\ j V	[7[.]_%_�_ fLY<X7[7c p�_ c mC_�jIq eL[7cCXZ\'V	f qJ_�p cCfsX#�_%b8_ �c
c p U<[7X ~ _%b [ _ W q ]_%} V b)p c�\8XZV	fsW q e ���4� �4��� cCk^e _�q V	X � \ qJ_ [7c p X j6b VCU<X7f j6_ U _ eJ\��_ \ b8_ cCW8W _%b8m X _ f
U4V	W8XZ\8XZV	fLc mC_�j esf _ U b ]_�j X7W8XZV	fFX7f } ]_%b X _ e b8_ �c �%� f p �^� f qJ_ W q V	X � \8W�U _ eJ\M]_ � cC[ _�p�_ f�\O�_ \ b8_ eJ\8X7[7X7W^]_
j V pLp�_`j c�Us\ _ e b�qJ_O} V b)j6_ U4V	e b esf j V	f�\ b �V	[ _ c j \8X }zqJ_ [7c�U b8_ W8W8XZV	f qJ_ W _%b8b c � _ �

���^�L���J����^���,�<�A� ���s¡*¢£����R¤<�%�R���,¥C�¦�,§¨�
� f p c�\^]_%b X7cCe p c � f�]_ \'V	W'\ b X j \8X } U b ]_ W _ f�\ _ esf _ U b VCU b X.]_ \^]_ W8X p X7[7cCX b8_ cCe o!p c�\^]_%b X7cCe o U<X.]_%h V�i

]_ [ _�j \ b X7k^e _ W l4p cCX7WI[ _ W q ]_%} V b)p c�\8XZV	fsWIV	f�\O[7X _ e©[ZV b W8k^e _ [ _Mp c�\^]_%b X7cCe _ W'\OW'V	e p X7W��c>esf j � c p U<W
p c � f�]_ \8X7k^e _ V b X _ f�\^]_ � t _ W q ]_%} V b)p c�\8XZV	fsW q e p c�\^]_%b X7cCe`W8esX mC_ f�\A[7c q X b8_�j \8XZV	f q e j � c p U<W p c � f�]_ i
\8X7k^e _ � t _ \ _%b8},_ fJV	[ªi¨«¬c qJ_ \ b �_ WdY4V	fsf _ WU b VCU b X.]_ \^]_ W p c � f�]_ \'V	W'\ b X j \8X mC_ W ��® f¯VCYs\8X _ f�\ qJ_ W
q ]_%} V b)p c�\8XZV	fsW qJ_ � l °d±²_ \M[7c qJ_ fsW8XZ\^]_wq n�]_ f _%b � X _>_ W'\ _ f m X b V	f m X7f � \ } V	X7W`W8eJU�]_%b X _ e b8_ �c j6_ [7[ _
q n esf _Lj ]_%b c p X7k^e _w���4� � t�c j V pLp cCf qJ_ W _F} cCXZ\`U<c b£j V	f�\ b �V	[ _wq e j � c p U p c � f�]_ \8X7k^e _ { j6b ]_ ]_
U<c b esf j V	e b cCf�\ q cCfsW�esfW'V	[.]_ fJVR³ ´ qJ_ � c�UsU<[7X7k^e�]_�_ \O[ _ W�\ _ fsW8XZV	fsW�W'V	f�\OX7f } ]_%b X _ e b8_ WM�c j6_ [7[ _ W p X7W
_ f�V _ e m^b8_ U4V	e b [ _ W j ]_%b c p X7k^e _ W�U<X.]_%h V�i�]_ [ _�j \ b X7k^e _ W � t�c j V pLp cCf qJ_�_ f©U4V	W8XZ\8XZV	frf _ U4V	W _ U<cCW
qJ_Fq Xªµ j es[Z\^]_ WOU<c b \8X j es[7X#�_%b8_ W j c b [7c b ]_ U4V	fsW _FqJ_ [#n c j \8XZV	fsf _ e b�_ W'\£[7X7f�]_ cCX b8_ � � V	e b [#n X7fsW'\8cCf�\ l X7[
_ W'\�\ b �_ W q Xªµ j X7[ _OqJ_ U b V q esX b8_OqJ_ Ww]_ [.]_�p�_ f�\8W p c � f�]_ \'V	W'\ b X j \8X } W��cF[#n�]_�j � _ [7[ _`p X j6b V	W j VCU<X7k^e _ � « _
U<[7esW l X7[ _ W'\�f�]_�j6_ W8W8cCX b8_OqJ_Iq X7W'U4V	W _%b�q n esfu]_ k^esXZU _�p�_ f�\�[ZV	e b)q�_6o \^]_%b X _ e b U b V q esX7W8cCf�\�[ _Ij � c p U<W
p c � f�]_ \8X7k^e _Cl<j6_ k^esX4U4V	W _�qJ_ W q Xªµ j es[Z\^]_ W�X p U4V b \8cCf�\ _ W/U4V	e b [#n X7f�\^]_ � b c�\8XZV	f �

���^�L���J����^���,�<�A�¶��1·,�^¥C�R�¦¤<�%�R���,¥C�¦�,§¨�
t _ W p c�\^]_%b X7cCe o ]_ [ _�j \ b V	W'\ b X j \8X } W/U b ]_ W _ f�\ _ f�\ qJ_ W�U � ]_ fJV p �_ f _ W�cCfscC[ZV � e _ W£�c j6_ e o VCY<W _%b8m ]_ W

U4V	e b [ _ W j ]_%b c p X7k^e _ W�U<X.]_%h V�i�]_ [ _�j \ b X7k^e _ W �z¸ V	esWI[#n _ a _ \ q n esf j � c p U¯]_ [ _�j \ b X7k^e _Cl esf _ U4V	[7c b X7W8c¦i
\8XZV	frX7f q esXZ\ _ c�UsU<c b cR� ´Z\ q cCfsW�[ _Op c�\^]_%b X7cCe ��¸ V	esW/[#n _ a _ \ qJ_�j6_ \'\ _ U4V	[7c b X7W8c�\8XZV	f l [ _�p c�\^]_%b X7cCe©W _
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g�hiMj=k'l$mni go'pq(rsoErst m t?u i g i q k pvhi rso'qwu+tsxMt?u,hi 6�y k�z u(x k�mWmni rso9{5t�hiM|Mk�} hi r i xIu l tsxMt?u,hi'~ rK��hi r i xIu l+k qwu l tsxIu+t k p
i qwuno z q+q+t z p iI��i u�hi r i xIu l+k�m hi xMo'pts� zGi x k�z {5r�hi 63� i { i pgo'pUu ~ {5o l*k {{ k q+t?u+t k p�o zP��m o�u,hiMl tso zP�
{5t�hiM|Mk�} hi r i xIu l ts� zGi q�� z t ~�z p i�j=k tsq�{ k rso l tsq,hi q ~ { l hi q i pUu i pUu z p i rstsp�hi o l t?u,hi g i r i�zGl(l hi { k pq i�i p*u iMl$mni
g i g�hiMj=k'l$m o�u+t k p ~ r i q m o�u,hiMl tso zP� hi r i xIu l+k qwu l tsxIu+t j q[q k pUu�� z o'rst��!hi q�g i p k p�rstsp�hi o't l+i q ~ xMo l tsr�o�{ }
{5o l o�� �?u�� zGi rso]g�hiMj=k'l$m o�u+t k pBtspg z t?u i�i qwu�{ l+k { k'l u+t k pp i rsr i o z xMo l+l hi g i rsoT{ k rso l tsq+o�u+t k p 6U� � i qwu�r i
xMo'q9g z�m o�u,hiMl tso z g z u��,{ i��P~ -����5�Y�P�������E�5�+����� � }��P~ 4 ��� y t � � ~ � zGi rK� k p�p k�mWmni {5r z q�q+t m {5r iI}
mni pUu �3��� 6 � o l o'tsrsr i�zGl q ~ r i qTx5hiMl o m ts� zGi qTg i u��,{ i �3��� p i { l hi q i pUu i pUu]{5o'qEr i {5��hi p k�m��i p i
g � �U�,u,hiMl+i q+tsq k � q iMl+¡ hi go'pqBr i q ��¢ y j=iMl+l+k�} hi r i xIu l ts� zGi q 6 � o l x k pUu l+i'~ r i x$�o m {£hi r i xIu l ts� zGi¤�o
o�{{5rsts� zGiMl�i qwu!{5r z q!t m { k'l u+o'pUu!� zGi { k�zGl r i q ��¢ y ~Gm o'tsq k p k � u+t i pUuEg i q9g�hiMj=k'l$m o�u+t k pq i p ¡ t }
l+k pYg i�zP��j=k tsqE{5r z q9t m { k'l u+o'pUu i qEo ¡'i x*r i q �3��� 6�¥ i u i�m {5qTg i�l hi { k pq i[i qwu]g i rK� k'l g l+i g i rso
m tsx l+k q i x k pg i 6�� i q m o�u,hiMl tso zP� q i�m � r i pUu%{ l+k�mni uwu i�zGl q({ k�zGl g i q%o�{{5rstsxMo�u+t k pq(g i u��,{ i�m tsx l+k�}
{ k q+t?u+t k pp i�mni pUu ~�iI� t � i o'pUu �oTrso j=k tsq z p i u l��i q � l o'pg i { l hi xMtsq+t k p i u z p i � k pp i3l+i { l+k g z xIu+t � tsrst?u,hi
g i q9g�hi {5rso'x i�mni pUu+q 6

¦�§,¨B©�ªG«(¬§,�®=ª5¯±°�«	²�§,�©�³_©´¬§,µ�ª5¶(®=·±¯�§,¨
y k�z q±r i q m o�u,hiMl tso zP� q k pUu�q z	¸wi u+q±o z {5��hi p k�m��i p i g i gtsrso�u+o�u+t k p¹u+� iMl$m ts� zGi 6�º t'rK� k p¹x k pq+tsg �iMl+i

z p»hi r�hi�mni pUu[� zGi rsx k p� zGi g i r k p � zGi�zGl]¼�~ i p j o'tsq+o'pUu ¡ o l t iMl q+o½u i�m {�hiMl o�u zGl+i g i � zGi rs� zGi q]gt }
| o'tsp i q±g i g i � l hi q ~�k p k � u+t i pUu z p i g�hiMj=k'l$m o�u+t k p[g k pUu�rK� k'l g l+i g i � l o'pg i�zGl ¡ o l t i"i pUu l+i3�P~ 7,6s4 �,¾¿
À i u[Á 7,6s4 �,¾¿ À 6±Â z u+o'pUu[gt l+i � zGi r i q�g�hi {5rso'x i�mni pUu+q k � u i p z q�q k pUu�u l��i q j o't � r i q 6 � k�zGl u+o'pUu
i p�o'q+q k xMtso'pUu�g i�zP��m o�u,hiMl tso zP� g k pUu¹r i q¹x k,iIÃ xMt i pUu+q¹g i gtsrso�u+o�u+t k p�q k pUu�gt � hiMl+i pUu+q ~�k p�{ i�z u
k � u i pt l g i q � tsrso mni q�u+� iMl$m ts� zGi q�� z t k pUu9g i � k pp i q�xMo l o'xIu,hiMl tsqwu+ts� zGi q m hi xMo'pts� zGi q 6Ä o'pq!x i
xMo'q ~ r i q¹g�hiMj=k'l$m o�u+t k pq¹{ i�zG¡'i pUu�o�uwu i tspg l+i 4 À o ¡'i x z p i g i pq+t?u,hi g ��hi p iMl � t i g iW�P~ ÅYÆ 6 x mÇ¾ � 6
� o l x k pUu l+i'~ r i½l+i pg i�mni pUu i qwu*tsp j hiMl t i�zGl��o 4 � À i u*r i u i�m {5q�g i½l hi { k pq i g�hi { i pg�q zGl u k�z u
g i q]{ k q+q+t � tsrst?u,hi qTg inl+iMj=l+k tsgtsq+q i�mni pUu]g z qw�Pqwu �i�mni 6(È p m tsrst i�z x k pP�_p�hi'~ x i q[o'xIu+t k pp i�zGl q]q k pUu
tsp z u+tsrstsq+o � r i q 6P¥ � iI�Pi�m {5r i � z t i qwu]g k pp�hi tsxMt mnk pUu l+i�z pYqw�Pqwu �i�mni xMtsrso't l+i { k�zGl rsoWr k x k�mnk u+t k p
g � k � ¸wi u+q*É1x j 6 � � zGl+i 4�6 7�Ê$6�� �o'� zGi xMtsr i qwu i p j o't?u z p � tsrso mni u+� iMl$m ts� zGi � z t i qwu]x$�o zP� hi {5o l
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Déformation Densité d'énergie Rendement

( % ) ( J.cm    ) ( % )

Piézo-électrique (PZT) 0,2 0,1 > 90

Magnétostrictif (terfenol D) 0,2 2 60 ms

Polymères actifs (ICPF) 10 0,06 30 ms

Dilatation thermique (Al) 1 0,4 < 10 s

AMF (NiTi) 6 à 8 > 10 < 1 s

Actionneur Temps de 
réponse-3

µs
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wbj	hbikr!{�q��z~&i�hbikf�~�q m }&j]y4|j0�'j	}&r'tzt�|j0j`�m }P� � ����wzx(vk~&vkhbv��.�hbi���~�q�ikr�x(v(i�hb�Cvkhbikv(j	q��zwz~&��� ��ybj�� m i�}�x(i�hz�bjKq m i
}&j	x�y4|j0� m v(v(j	suj	w�vkx�y � r�hb�'j0ikvkhbikjXx(r�w�v�v(i	�j	x�xkhbt�|j0i�~&j	hbi�x m h���y4|j0� m v(v(j	suj	w�vkx�r'�zv(j	wChzx m �'j	q�hzw
s m vC|j0i�~ m hXq0} m xkxk~��Chbj��9q�� < egf�hbikj �!<��0��o�<

p � ~�wzyzhzx(v(i�~&j�x(t m vk~ m }&jaj0v�}P� m ��~ m vk~&r�w�hbvk~�}�~�x(j	w�vF|j0f m }&j	suj	w�v�}&j	x3�*����t�r�hbi�i�|j m }�~�x(j0i�ybj	x3q�r�wzwbj	q.{
v(j	hbi�xKybj�vkhb��j	x�j0v]ybj�vkhb  m h��[xkhbi]}&j	xnq0~&i�q0hz~&vkxn�� �ybi m hz}�~��Chbj	x�� m hbv(j�j0v]� m xkx(j�tzikj	xkxk~&r�w ¡�ybj	x
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t�j	hbv;}&j�q�r�wzx(v m v(j0i	¡b}&j	x4�*���[x(r�w�v�ybj*tg}�hzxaj	w�tg}�hzx;hbvk~�}�~�xC|j	xAt m i�}P� ~�wzyzhzx(v(i�~&j <'£�m wzx�}&j*ybr�s m ~�wbj
ybj	x;s�~�q�ikr�x( �x(v0�j	suj	x4ybj	x]|j0vkhzybj	x4x(r�w�v;j	w�q�r�hbi�x0¡ m eHw�y ��|j0� m }�hbj0i4} m t�r�xkxk~&�g~�}�~&vC|j�y � hbvk~�}�~�x(j0ia}P� �*���
q�r�s�suj�s m vC|j0i�~ m h m q�vk~&�¤t�r�hbi�}&j�s�~�q�ikr m q�vk~&r�wzwbj	suj	w�v < �*q�vkhbj	}�}&j	suj	w�v0¡�}&j�s�~�q�ikr!{ m q�vk~&r�wzwbj	hbi
�*���¬� m ~&v�}P� r'��(j0vnybj�wbr�sn�zikj	hzx(j	x¤tghb�g}�~�q m vk~&r�wzx��Chz~asur�w�v(ikj	w�vn}&j	x�t�r�xkxk~&�g~�}�~&vC|j	xFr!®�j0ikv(j	xnt m i
q�j]v� Ct�juybj]s m vC|j0i�~ m h m q�vk~&� <�¯ w�ikj0v(ikr�hb�'j]f�|j	w4|j0i m }&j	suj	w�vK}&j]s�~�q�ikr!{ m q�vk~&r�wzwbj	hbi¤�*���°x(r�hzx�} m
�¥r'i�sujnybj¤eH}�x0¡zybj¤eH}�s�x�s�~�wzq�j	x�r�h?�g~&j	w?x(r�hzxF} m �¥r'i�sujnybjn} m suj	xFs�~�wzq�j	x±y m wzx±ybj	xFx( �x(v0�j	suj	x
~�w�vC|j0f'i�|j	x <
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¯ wÇyz~�x(vk~�wbf�hbj�tzi�~�wzq0~&t m }&j	suj	w�v�ybj	h��Çx(r'ikv(j	x?ybjªs�~�q�ikr!{ m q�vk~&r�wzwbj	hbi�x©�m eH}�x§�*��� <FÈ r�hbv
y � m ��r'i�y ¡�q�j	h��§�Chz~�hbvk~�}�~�x(j	w�v4ybj	x4eH}�x�xk~�sutg}&j	x;v(i m � m ~�}�} m w�v�j	w�v(i m q�vk~&r�w�tghz~�x�q�j	h����Chz~ hbvk~�}�~�x(j	w�v
ybj	x�eH}�xav(i m � m ~�}�} m w�vAj	w�v(r'i�xk~&r�w ¡�r�h�j	wzq�r'ikj*ybj	xAikj	xkx(r'ikvkx <CÈ  Ctg~��Chbj	suj	w�v0¡�}&j�eH}z�*���¢j	x(v4sur�w�vC|j
xkhbi�hzw¢s©|j	q m wz~�xksuj�y4|j0�¥r'i�s m �g}&jur3�hªhzw`r'ikf m wbj�ybjui m tzt�j	}���~&j	w�v m xkxkhbikj0in} m y4|j0�¥r'i�s m vk~&r�w[ybj
}P� �*���É}&r'i�x�ybj	x�tg� m x(j	x�ybjXikj0�¥ikr�~�yz~�xkx(j	suj	w�v?�9q���egf�hbikj �!<��	Ê[m�o�< �F�'j	q�hzwËv(j	}*s©|j	q m wz~�xksuj'¡
}&j§q�r�w�v(i!Ìr�}&jXybjX} m v(j	sut�|j0i m vkhbikj�yzh©eH}��*���Zt�j	hbv�x(j§� m ~&ikj?ybj?yz~¦®F|j0ikj	w�v(j	x�s m wz~P�j0ikj	x0¡As m ~�x
y m wzx4} m s m (r'i�~&vC|j¤ybj	x�q m x±}&j�q�� m h�® m f'j�ybj	x;eH}�x;j	x(v m xkxkhbi�|j�t m i�j�®�j0vFÍ'r�hz}&j <�p ��|j0vkhzybj�� m ~&v(j�t m i
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I)J	K6LNMJ'O+P�IRQSORJNTSJ�U%V W1XBY �HZ�[ J]\DJ'I'^H_ [�` J�ORJ'I)OR_�QSa-JNb]_ [Sc OR_ [ IdMJeP-QfLgOR_-hiU%jJ	K6J�TgQkORJ c OR_�l�Tgl `R` J	K6J [ I
b'P�O!b]J `m`)no` I'jJ	K6J `<` _ [ I ` _�QSa-J [ I!b]_ [�pb'Q ` LD_�QSO c _ [ b]IRl?_ [g[ J'O!TgP [g` TSJ ` KFl�U�l?J	Qoq>b]_ [ors[ MJ ` J'I
LDJ	Q>P-b'b]J `R` l?hiU?J `'�et V J ` I [ _-IRP-KFK6J [ IuU?JBb'P ` LD_�QSOuU?J ` b'P�IRv�MJ'I)J'O ` P-b]IRl c�`uw Qgl c _ [ IuU%V _-hox)J'IuTSJ
[ _�KfhgORJ	Q ` J ` ORJ	b+vSJ'O+b+vSJ ` P-Qzy�P�LD_ [{��| P�O}J]qoJ	K6LiU?J-^�~ ��� l�K�J'I ` _ [ MJ w Qgl?LDJ!I)O+P	a�P-l�U�U?J [ I ` QSO
Q [ KFl�b]OR_ob'P�IRv�MJ'I)J'O�TSJ � ^ � KFK�TSJFTgl�P-KmjJ'I)ORJ-^NjPuhiP ` JFTSJ r U�W1XBY�K6_ [ IdMJ ` QSOkQ [ J ` I)O+Qgb]IRQSORJ
J [ a-J'ORORJ]� ` l�U�l�b]_ [ J#��b c��Eri� QSORJ �������-�}� �-�H� ��� J `kr U ` W1XBY ` _ [ I�b+vgP-Qo\�MJ ` LiP�O�J]\DJ'I6y-_�QgU?JFJ'I�U?J
ORJ c OR_�l�Tgl `R` J	K6J [ IsJ ` I�P `R` QSOoMJ7LiP�O�b]_ [ a-J	b]IRl?_ [�[ P�IRQSORJ	U�U?J �	� J�I)J	K6L ` TSJ7ORJ c OR_�l�Tgl `R` J	K6J [ IsJ ` I�TSJ � ^ �
` J [ aol?OR_ [ ^ ` P [g`E� P-l [ J�J]qoIdMJ'O+l?J	QSORJ �H� _-O `Rw QSJ�U�P � P-l [ J7J ` IELgOoMJ ` J [ I)J-^�U?J�I)J	K6L ` TSJ�ORJ c OR_�l�Tgl `R` J	K6J [ I
J ` I6LiU�Q ` U?_ [S�S��Z�[�c P-l?I'^7U?JuORJ c OR_�l�Tgl `R` J	K6J [ I�TSJ `�r U ` W1XBY�J ` IFQ [ adO+P-l�LgOR_-hiU%jJ	K6JmLD_�QSO6U?J `
`)no` I'jJ	K6J ` TSJkI n LDJ�� ��b'P�IRv�MJ'I)J'O�P-b]IRl ce� �%�

� P [g` U?J�Km�J	K6J�_-O+TSORJ�T{V l�T�MJ'J-^o� � W�O+P-KFP��olSJ'I ` _ [ MJ w Qgl?LDJN_ [ I�T�MJ'a-J	U?_-LgLNMJ1Q [ b'P�IRv�MJ'I)J'OeP-b]IRl c
TSJ � KFK�TSJ�Tgl�P-KmjJ'I)ORJ-^oTS_ [ INU%V l [ IdMJ � O+P�IRl?_ [ J ` I�J [ b]_-ORJ1LiU�Q ` LD_�Q `R` MJ'J � � � �d� UiJ ` INb]_�K6LD_ ` MJ�T{V Q [
J	K6Lil�U?J	K6J [ I�TSJuK6_oTgQgU?J ` l [ IdMJ � O+P [ IFU?J ` W1XBY�^�U?J ` b'P�LgI)J	QSO ` TSJ}I)J	K6LNMJ'O+P�IRQSORJuJ'I6T{V P-U�U?_ [S� J]�
K6J [ I�J'I�U%V J [g` J	KfhiU?J�TSJ6U�P}b]_ [g[ J	b]IRl w QSJ!��b c��sri� QSORJ �����	���+��t vgP-b'Q [ J6TSJ ` I)OR_�l ` U�P-K6J ` KFl [ b]J `
W1XBY�T{V Q [ MJ'IRP � J�MJ	U�MJ	K6J [ IRP-l?ORJ�TgQ#b'P�IRv�MJ'I)J'O�J ` I�l ` _�U�MJ'J MJ	U?J	b]I)O+l w QSJ	K6J [ IkTSJ ` P-QSI)ORJ ` MJ	U�MJ	K6J [ I `
J'Ieb�V J ` I�Q [Fr U�K�K�QgU?IRl¡� c _ [ b]IRl?_ [ X � Yz��XBQgU?IRl¡� c Q [ b]IRl?_ [��¢[ I)J � O+P�I)J	T!Y�l�U�K � b]_�U�U�MJ ` QSONU%V W1XBY£J'I
b]_�KFKFP [ T�MJ�LiP�O1J]\DJ'Ify-_�QgU?J w Qgl¤P `R` QSORJ�U?J�b+vgP-Qo\{P � J6LiP�O�b]_ [ TgQgb]IRl?_ [ IRvSJ'O+KFl w QSJ�TSJ�b]J6TSJ'O)�
[ l?J'O �ot J'I)I)J�K MJ'IRvS_oTSJ1J ` I�I)O	jJ ` J]¥}b'P-b]J�U?_-O ` TSJ ` LivgP ` J ` TSJ1b+vgP-Qo\{P � J�KFP-l ` U?J�ORJ c OR_�l�Tgl `R` J	K6J [ I
TSJ�U%V W1XBY£J ` IeI)O	jJ ` U?J [ Ik�/J [ aol?OR_ [!¦�`�� J [ b]_�K6LiP�O+P-l ` _ [ TgQub'P�IRv�MJ'I)J'O�TSJf~ �g� l�K �o� J `)no` I'jJ	K6J
MJ'IRP [ I�I)O	jJ ` b]_�K6LiP-b]I'^dU�Pkb]_ [ a-J	b]IRl?_ [}[ P�IRQSORJ	U�U?JeJ ` I�K6_�l [g` J]¥}b'P-b]J w QSJ ` QSO7Q [F`)no` I'jJ	K6J1_�QSa-J'ORI'^
w Qgl c P	a-_-O+l ` J�U�P}b'l?O+b'QgU�P�IRl?_ [ TSJ�U%V P-l?O�J [ aol?OR_ [g[ P [ I�P-QSI)_�QSO�TSJ ` W1XBY �{� J�LiU�Q ` ^ib+vgP w QSJ£MJ'IRP � J
TgQmb'P�IRv�MJ'I)J'O�aol?J [ IeLiP�O+P ` l?I)J'O�IRvSJ'O+KFl w QSJ	K6J [ I�U%V�MJ'IRP � J�a-_�l ` l [ ^oLgOR_�a-_ w QgP [ I�TSJ ` T�MJ'LiU�P-b]J	K6J [ I `
w Qgl [ J ` _ [ I�LiP `�` _�QgvgP-l?IdMJ `'�

� P [g` hil?J [ TSJ ` b'P ` ^¤U%V l�T�MJ'J}TSJFhiP ` JFJ ` I ` MJ	TgQgl ` P [ I)J}KFP-l `f` _ [ l [ IdMJ � O+P�IRl?_ [ LD_ ` J�TSJ ` Tgl c �
r b'QgU?IdMJ ` I)J	b+v [ _�U?_ � l w QSJ `Bw QglkLDJ	QSa-J [ I£�J'I)ORJ�l [g` QSO+K6_ [ IRP�hiU?J `'�1t V J ` IBU?J£b'P ` TSJ U�P [ P � J'_�l?ORJ
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Fil AMF

Fil AMF
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e,fg�h�g�iRj�k]k fg�glknm1oqp 0Pr�0<s g e]t2u]t j�v t2w g�v w j uxfg�y<z t k{g5| }�~�� 0P�K� t2e,fg�g e gE�nm w gWg w v e gWo fg�m�i t2w g�o,z u g u m��
��g�j t o>g9m��Qv t h�g5m��Qv t j u]u,fg�g9knm1o e g wE�l��� 0n� g e,fg���j u]w v�o m1v�g�z�o t2u]t v t m�ing w vl�Qj u]w v t v>z fg e � z u k]o>j1�Gi
m fg�o>j e��)u m�� t y<z�g w v>m u]e m1o e y<z t k{g�z�v w g e,fg��Aj�o ��g�o w z�o w mlknm1o>v t gqm1o>o tN�g�o>g���o1�m��Qg �m
i � m��Qv t j u�e g��Gi w
�l��� v�g u]e z wl�m�i � gQ�)v fg�o t g�z�o���g u �Qj u v>m��Qv e]t o>g��QvKm�h�g��Ei � g�m�z��.�Q� 0 �n��z�o>g (102(�3�� 0]� g�v�v�g e]t2w k{j w>t v t j u
k{g�o ��g�v e � j��]v�g u]t o
z u gZ�Ao fg�y<z�g u �Qg e � j w � t i2i2m1v t j u k]o>j)� ��g e g (�` ��g�o>v�������m1o9iRgZo>g��Ao>j t2e]t2w>w g���g u v
e za�GiMg w vlv�o �g w o m1k t2e g e m u]w i � g�m�z��{�a�g���g w>t iRg5� �]m�z)��m1��gZknm1o�gQ�{g�v
��j�z]iRg e g��&m u]e g e g5�Aj�o>v w
�Qj�z�o m u v wle m u]w iRg
�Gi �l��� 0G� u o>g�k]o>g u m u vE�Qg5�Qj u �Qg�k]v e g u m1��g�j t o>g e,fg��Aj�o �&m1�niRg��Gi � fg�y<z t k{g e g
p 0)r�0)s g e]t2u]t j�v t2w m t �&m1� t2u,fg�z u�w��)w v �g���g
v�o �g w m w v>z]� t g�z)�{�)�5z]iRv t � e g���o fg wqe g�i t �{g�o>v fg��)�Qj u]w v t v>z fg
e g�h�g�o>v �g��]o>g w m1o>v t ��z]i fg�g w �5z�g w knm1o e g w i2m���g w g uU�l��� �.�Q� 0 �n��z�o>g (10 '1`P� 0�� g w��)w v �g���g7g w v
m��Qv>z�g�i2iRg���g u v�g u �Qj�z�o w�e g e,fg�h�g�iRj�k]k{g���g u v 0��K� fg�v>z e g e,fg�v>m t i2i fg�g e � z u k{j t2u v e glh)z�glv>��g�o � t y<z�g
k{g�o ��g�v�v�o m e gqk]o fg�h�j t o�iRgq�Qj���k{j�o>v�g���g u v�y<z�gWi � j u k{g�z�v�g w k fg�o>g�oKj��]v�g u]t oKm�h�g��Ez u v�g�i w��)w v �g���g 0
  i�g w v �m�k]o fg�h�j t o e g��Aj�o>v�g wEt2u v�g�o m��Qv t j u]w g u v�o>g9iRg w i2m���g wW�l��� h�j t2w>t2u g w 0 �¡t2u m�iRg���g u v��niRg
knm w �
w m1��g e z w��)w v �g���g �m¢z u£e g���o fg e g5i t �{g�o>v fg�� �m��Gi �l��� �{m�z w��)w v �g���g5h�g�o>v fg��]o fg&�5z]iRv tMe g���o fg w�e g
i t �{g�o>v fg t2u v fg���o fg��G�5z]iRv t kni t gW��o m u]e g���g u vWiRg w�e]t�¤ ��z]iRv fg w v�g�� � u j�iRj�� t y<z�g w v>m u v w z�oqiRglkni2m u�e g
i2m
�Qj u �Qg�k]v t j u �<y<z�g w z�o�iRgWkni2m u&e gEi2m
o fg�m�i t2w m1v t j u g�v,i2m
�.m1�]o t ��m1v t j u 0��K� t2u v fg���o m1v t j u¢e g w �5z]iRv t kniRg w
� t �Qo>j1�¥m��Qv t j u]u g�z�o wW�l��� �{� t �Qo>j)��m1k]v�g�z�o wWe g9v�g���k fg�o m1v>z�o>g�� e g�k{j w>t v t j u g�vlm�z�v�o>g wlw��)w v �g���g w
t2u]e]t2w k{g u]w m1�niRg w m�za�Aj u �Qv t j u]u g���g u v��]�Qj u]w v t v>z�g u vWz u g
h fg�o t v>m1�niRg
�nm1o>o tN�g�o>g
m�z e,fg�h�g�iRj�k]k{g���g u v
e g w �.z�v>z�o w � t �Qo>j�o>j��{j�v w 0

¦ m u]w v�j�z w iRg w ��m w �{� �]m�y<z�g w��)w v �g���g t2u v fg���o fg �m§�nm w g e � �l��� m w m&k]o>j�k]o>g w k fg�� t �G� t v fgZy<z t
e,fg�k{g u]e�e g§i � g u h t o>j u]u g���g u v e g&v�o m�h1m t iKg�v e z e g���o fg e � t2u v fg���o m1v t j u¨e g w©fg�i fg���g u v w �Qj u]w v t v>z)�
v t � w�e z w��)w v �g���g 0,� gak{j t2u vZ�Qj��&�5z uIe g�v�j�z w �Qg w&w��)w v �g���g w g w v&y<z � t i w5w j u v w g u]w>t �niRg wa�mªi2m
v�g���k fg�o m1v>z�o>g��nk]o t2u � t knm�iRgE��o m u]e g�z�o e g��Qj��&�&m u]e g e g wW�l��� 0
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Refroidissement sans
changement de forme

Déformation

Retour à la forme initiale
lors du chauffage
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V

VA

Austénite Austénite + martensite

VM

@BA&CDA EFE�A:GIH JIH K=LNM
O PFLFQ�R=A:GIH A L4JIQ6MSQ�TUA:G,JIQVLFW,H JIQ

Phase mère
v1 v2

v3 v4

Plan d’accolement@YX�C[Z4P�A:J,GIQ�R=A:GIH A L4JIQVW�MSQ�TUA:G,JIQVLFW,H JIQ
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kcb'k-lbH`bHd�e'fhpcbHd�wtb	q\`b	eDvJlbHd�j4`VicdVbBkcbD`d�j*pmqVft`Vfts�pXkcbDvMamj*qb'gZicb	whwtbDgZicb'qs�ft`:whj��Qs�p}`d�j*fhp}`bWj4vcx
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fUg&h�i4j�klfUg&m�hon	kqp�i4h�i�rtsdn5uBvxwy{z g|hon	fM}�~n,m2g&h�sdm�n��dnM�7k��dnUhom2g5kqpo�>j5m2fUg&h�i4j�klfUg&m�hon	kqp�i4h�i�rtsdn5uB��w�
z g�hon	fM}�~n,m2g&h�sdm�n��dn��E~n,��sdhU�dnOhom2g5kqpo�>j5m2fUg&h�i4j�k{g5sqpoht~n	kqi4h�i�rtsdn|n,h\��wy�z g�hon	fM}�~n,m2g&h�sdm�n��dn|�7k
�dnYhom2g5kqpo�>j5m2fUg&h�i4j�k�g5sqpoht~n	kqi4h�i�rtsdn5u�g5slkqi4�5n	g5s��dnM��j�k�hom2g5i�k�hon\� K�� n z g�f|�n	fMn\fUg5kqi��n,m�nM������ u
�B�Y�� poj�k�h z n	p���j�k�hom2g5i�k�hon	p��dn��E~n,��sdh��dn z glhom2g5kqpo�>j5m2fUg&h�i4j�k�fUg&m�hon	kqp�i4h�i�rtsdn��Gv���� �Mn,h
g5sqpoht~n	kqi4h�i�rtsdn\�G�¡�¢v£�2u$�g z gYhon	fM}�~n,m2g&h�sdm�n¥¤ K

¦�§I¨�©\ª¬«¨ª�®7¯>°�¨O±(¯Gª�²$³>¨�±	¨´�±
µ nY��j�fM}�j5m�hon	fMn	k�h�n	pohU�g z�¶ j5m2i4·�i�kdn^�dn z�¶ g&}q}�n z�z g&h�i4j�k�¸ ¸Eg z�z i�g&·5n|�g�f�~n	fMj�i4m�nY�dn¥�>j5m2fMn�¹ ¹ K�º z

p ¶ j5�qh�i4n	k�hEp�i�fM} z n	fMn	k�h:n	k\�Gg5i�p�g5k�hIp�sd��i4mIg5s\fUg&ht~n,m2i�g5s z n`��»� z n`h�¼dn,m2fMj�f�~n	�,g5kqi�rtsdn�p�sqi4�&g5k�h��G��� K
��·�sdm�n J&K ��� ��½

L J ½:~n,h�g&h z i4�qm�n*�dn`��j�k�hom2g5i�k�honM�G��¾À¿��`�g ÁÃÂÄ��Åy u�pon	s z n	fMn	k�h z�¶ g5sqpoht~n	kqi4hon���n	pohI}qm~n	pon	k�honIÆ
L¡� ½�m�n,�>m�j�i��qi�p�pon	fMn	k�h�Ç�sqp�rts ¶ �g�ÁÃÈÄvxÅy u��>j5m2fUg&h�i4j�kU�dn�fUg&m�hon	kqp�i4hon�g5sdhoj&É<g5�,��j�fMj�qg5k�hon�j�s
fUg&m�hon	kqp�i4hon�� ¶ j5m2i4·�i�kdn*h�¼dn,m2fUi�rtsdn*v � u���j�kqpoh�i4h�sE~n,n�i�kq�qiAÊ`~n,m�n	fUfMn	k�h[�dn	p ��� �&g&m2i�g5k�hon	pI�dn
fUg&m�hon	kqp�i4hon��G��� K ��·�sdm�n J&K ��� g�� K�Ë ¶ g5po}�n	��hbfUg5��m�j�p���j5}�i�rtsdnU�qs�fUg&ht~n,m2i�g5s�k ¶ ~n,�5j z sdnU}�g5p,u
z n	p��E~n,�>j5m2fUg&h�i4j�kqp�i�kq�qsqi4hon	p z j�,g z n	fMn	k�h�}�g&m`�2¼qg5rtsdnb�&g&m2i�g5k�honbpon^��j�fM}�n	kqp�g5k�h�Æ

L¡Ì ½dg&}q} z i��,g&h�i4j�k�� ¶ sqkdn���j�k�hom2g5i�k�hon\� J ¿5¿��g J	Í ¿MÎ�Ï$gY}�j�sdm*sqk�Ð�i�¤�i>�[rtsqi7gY}�j�sdmEn�Ê�n,h��dn
m~n,j5m2i4n	k�hon,m z g�fUg&m�hon	kqp�i4hon|g5sdhoj&É<g5�,��j�fMj�qg5k�hon5u[j�kÑj5�qh�i4n	k�hY�dn z g�fUg&m�hon	kqp�i4hon�j5m2i4n	k�ht~n,n
vxwMrtsqi�}qm�j(�5jrtsdn z n��E~n,} z g5��n	fMn	k�h�· z j5��g z � Í �gMÒYÓÔ}�j�sdm z n�Ð�i�¤�i>���G��� K ��·�sdm�n J&K ��� ����Æ
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�>=@?BA0C%D/A0E�F7GHF7I0IJC	K2C	L�MNGHO,PRQ'STVUXWY[Z]\^Z UXW_a` Q TVb E�L�MJA T F7L�MJC T�cHc Q7F7deO�fC%CgD T	h E�AiF7IJCjQlk T�cHc5TnmAiFoM0FoE�L GHFoA0C b MJC9G;C9K T A0MJC	LHI0FoMJCjE�AiFoC	L�MefC%C�p
�)q�?5QoC�PRQ"A0C c A0C	LHG I T QoE�L;r�O;C	O;AsF7LHFoM0F T QoC�QoE�AiI0deO;C \^t UXW_ �
u FvQ Twb E�L�MJA T F7L�MJC T�cHc Q7F7deO�fC%C T OxPRQvLyk C	IJM c5T IzI0OB{zI T K,K2C	L�M|r�A T LHG;C ` F7Q T�cHc5T A T~} � MzG;C�Q TK T A0MJC	LHI0FoMJC�M0�;C%AiK,F7deO;C�QoE�AiI�GHO>A0C%D/A0E�F7GHF7I0IJC	K2C	L�M|C	L�MJA0C�Q Twc � T IJC�=�C%M�q �@� T LHI b C b%T I ` Q TG�fC%D/E�AiK T M0FoE�L�O;M0F7Q7F7I T�� QoC c E�O;AsQoC�PRQy�g����C	IJMvF7L;D	fC%AiFoC	O;A0C|ST q���� �~� �

�g�����|����B�w�R�/�n�����R���� /��¡	�B¢�¡
£ k C*¤"C%MzK¥fC	K2E�FoA0C�G;E�O � QoC�IJC	LHI,D/E�L b M0FoE�LHL;C�I0O;AzQoC�K }C	K2C c AiF7L b F c C deO;C�Qlk C*¤"C%MzK¥fC	K2E�FoA0C

I0F7K c QoC�IJC	LHI¦ST Q T GHF§¤vfC%A0C	L b C c A	SC	IvdeO;C9Qlk �g���¥C	IJM b%T�c5T�� QoC9G;C9IJC9G�fC%D/E�AiK2C%AgG;C c5T AsQ7OHF"K }C	K2C `
b k C	IJM T GHFoA0C�G;C b ABfC%C%A�G;C@Q T K T A0MJC	LHI0FoMJCNE�AiFoC	L�MefC%C ` QoE�AiI�G;C	I c � T IJC	I�G;CNA0C%D/A0E�F7GHF7I0IJC	K2C	L�M ��¨ C	Q T C	IJM
c E�I0I0F � QoCvIJC	OHQoC	K2C	L�M�C	L Qlk T�� IJC	L b CjG;C b E�L�MJA T F7L�MJCjC%M T�c A	SC	I@deO;CjQoC�K T MefC%AiF T O T I0OHF h F5OHLzMJA T FoMJC m
K2C	L�M@M0�;C%AiK2E�K¥fC b%T LHF7deO;C � FoC	L c5T A0M0F b OHQ7FoC%A@deO;C9Qlk E�L T�cHc C	Q7QoC¦© ©�MJA T FoMJC	K2C	L�MgGyk�fC	GHO b%T M0FoE�L�ª ª �5£ C
MJA T FoMJC	K2C	L�M�Gyk�fC	GHO b%T M0FoE�L b E�LHI0F7IJMJCjST C*¤"C b M0O;C%A�G;C	I b*«Bb QoC	I�M0�;C%AiK,F7deO;C	IyGHO9M «ec C�K¥fC	K2E�FoA0C�I0F7K c QoC
IJC	LHI ` IJE�OHIgQlk T�b M0FoE�L�Gyk OHL;C b E�L�MJA T F7L�MJC ¬ b D � P5r�O;A0C ��� ���� � � c A	SC	I c Q7OHI0FoC	O;AiI@GHFo® T F7L;C	IsG;C b*«Bb QoC	I `Q T b E�L�MJA T F7L�MJC c C	O;M }C%MJA0C�I0O cHc AiF7K¥fC%C2C%M¦QoC|K T MefC%AiF T O b E�L�M0F7LeO;C|IJC	I¦G�fC c Q T�b C	K2C	L�M0IVI0OHF h�T L�M9Q T
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`bac ` cPde�f�gc	hCdi�jkeYcLlmf	nLc	hPdi�o^dcGpXi�j\qro?s^ctf `ZuEv jkdYo?w^c5w^cPw,xcGpXiLe ` f3dYjki�s uEv o?qyezxc	w?o?jkdc 2A{ ctde�fLjkdcC|
` c	sQd,wm}�xc	w?o?hGf3dYjki�sDp.f	nLiLe�j\qc v } f u?u f3e�jkdYjki�s'w^cyn3f3e�j\fLsQdc	q,w^c ` f3eYdc	s?qYjkdc u f3eYdYj\hGo v j>~cGeYc	qUfLoDeYcGpXeYi�j�|
w?j\qYqc ` c	sQd ` fLj\q,��o?j u c	o^nLc	sQd�qc�ezxcGiLe�jkc	sQdcGe�qYjEo?s^cJhCi�sQde�fLj\sQdcJc	qd�f u?uEv j\��o,xcGc 2Q{ }�xc	w?o?hGf3dYjki�s�w^c
v } �J����c	qd�xcG��f v c ` c	sQd u i�qYqYjk� v cyc	s�p.fLj\qYfLsQd�qYo^�Ejke,fLo ` f3d�xcGe�j\fLobw^c	q�hC�zh v c	q u qc	o?w^i3|3xc v fLqdYj\��o^c	q 2
� s^crpXi�j\qy��o^c v c ` f3d�xcGe�j\fLo7c	qdbxc	w?o?��o,xcLl v crpXi�s?hCdYjki�s?s^c ` c	sQd�c	qd v c]qYo?jkn3fLsQd5�.hCp 2^� ��o^eYc 032 (�)L�A�

4 0 � w,xc u f3eYd�~f��������� l u ezxc	qc	s?hCc�w^c v f ` f3eYdc	s?qYjkdc7dY�^cGe ` j\��o^c�cGdDw^c v f ` f3eYdc	s?qYjkdc
iLe�jkc	sQd�xcGc%�

4V(�� h��?fLoz�mf3�Lc�w?o � v ~f �J�¡��¢�£�¤�J�� l v } f u?u f3e�jkdYjki�s�w^c v } fLo?qd�xc	s?jkdc u eYi�nLiz��o^c v } cC�AcGd
` xc ` i�jkeYctw^c]pXiLe ` cLl v c ` f3d�xcGe�j\fLo u c	o^d�xcGnLc	sQdYo^c v\v c ` c	sQd���xc	s,xcGeYcGe]o?sbcC�AiLeYd ` iLdc	o^eJo^dYj�|
v j\qYf3� v c u i�o^e v } fLhCdYjki�s?s^c ` c	sQd��

4V¥�� v iLe�qY��o^c��§¦¨�J�� l v } �J���©c	qdyc	s7fLo?qd�xc	s?jkdct�ª�
4¬«y� eYcGpXeYi�j\w?j\qYqc ` c	sQdyw?o � v ~fD���¡�¦¨�¦®���� l;f u?u f3e�jkdYjki�s7w^c ` f3eYdc	s?qYjkdc5dY�^cGe ` j\��o^crcGd
w^c ` f3eYdc	s?qYjkdc�iLe�jkc	sQd�xcGcyj\s?w?o?jkdc u f3e v c,de�fLjkdc ` c	sQdUwm}�xc	w?o?hGf3dYjki�sml�qi�o?q1hCi�sQde�fLj\sQdcys�o v\v c1�

4V¯�� v c � v eYc u eYc	s?wbqYf v i�s^��o^c	o^eyj\s?jkdYj\f v c v iLe�qY��o^cJ�§�¨���� 2
° cGddc u eYi u e�j±xcGd�xc�w^c ` xc ` i�jkeYc�w^cbpXiLe ` c7w^i�o^� v cbqc	s?qDf�xcGd�xc�cC² uEv i�jkd�xcGc u i�o^e'fLqYqYo^eYcGe v f

ezxcGi�o^nLcGeYdYo^eYc5w^c v f ` j\hCeYi u j\s?hCcr�J���³w,xcGnLc v i u?u xcGcb~f v } ´%µ%� { �.hCp 2m¶�032\032 ¥�� 2

·t¸;¹ªºU¸E»�¼�½z¹ª½z¾;¼Pº�¿	½zÀÂÁ�¸^Ã;Ä½zÅXÆ?¿G¼�ÇXÈ�ÀÂ½
É i�o^dUhCi `'` c v fJdc `Zu xcGe�f3dYo^eYcLl v f�hCi�sQde�fLj\sQdc u c	o^d u eYi�nLiz��o^cGe v f�de�fLs?qYjkdYjki�sPw^c u �?fLqc 2�{ c	q

hCi�s?w?jkdYjki�s?q u i�o^e�iL�EqcGeYnLcGe�hCc u �,xc	s^i ` ~c	s^ctqi�sQd v c	qyqYo?jkn3fLsQdc	q5�.hCp 2^� ��o^eYc 032 (LÊ��A�
4 0 � w,xc u f3eYd�~f��Ë¦¤�J�� �.hCcGddc�dc `Zu xcGe�f3dYo^eYc7c	qd � ²zcbw?o^e�fLsQdPdi�o^d v } c	qYqYfLj � l#qc	o v c ` c	sQd
v } fLo?qd�xc	s?jkdc5�§c	qd u ezxc	qc	sQdc%�

4V(�� f u?uEv j\hGf3dYjki�s u eYiL�LeYc	qYqYjknLcPw^c v f�hCi�sQde�fLj\sQdcLlmf u?u f3e�jkdYjki�s�w^c ` f3eYdc	s?qYjkdctiLe�jkc	sQd�xcGc'��o?j
u eYi�nLiz��o^cZo?s^cPw,xcGpXiLe ` f3dYjki�s w^ctde�fLs?qpXiLe ` f3dYjki�s�w^c u �?fLqctc	s uEv o?q�w^c v f�w,xcGpXiLe ` f3dYjki�s
xc v fLqdYj\��o^c]w^c v } fLo?qd�xc	s?jkdc��.hCp 2^� ��o^eYc 032 (LÊ h � �

4V¥�� � s7w^crde�fLs?qYjkdYjki�sbw^c u �?fLqcLl?qc	o v c ` c	sQd v f ` f3eYdc	s?qYjkdc]iLe�jkc	sQd�xcGc5c	qd u ezxc	qc	sQdcU�
4¬«y� qYo u?u eYc	qYqYjki�s u eYiL�LeYc	qYqYjknLc'w^c v fbhCi�sQde�fLj\sQdcLl�w?j\q u f3e�jkdYjki�s�w^c v f ` f3eYdc	s?qYjkdcZiLe�jkc	sQd�xcGc
��Ìy�

4V¯�� eYcGdi�o^eP~f v fPpXiLe ` c5j\s?jkdYj\f v c 2
° cGddc u eYi u e�j±xcGd�xc u qc	o?w^i3|3xc v fLqdYj\��o^c�c	qdUo^dYj v j\q�xcGcyw?fLs?q v c	q u j\s?hCc	q#s^c	o^eYi3|Íh��?jke�o^eY��j\hGf v c	q1w,xcGnLcC|

v i u?u xcGc	qr~f v } Î ÎXÏ
s?qdYjkdYo^d#p±Ðo^e,��j\hCeYi�qde�o^Ñ�dYo^eYdc	h��?s?jkÑAÒ ÒEw^c�Ó]f3e v qe�o?�^cLl�hGf3e v c	q%w,xcG�Ef3ddc ` c	sQdYq�wm} i�oz|
nLcGeYdYo^eYc'qi�sQdrde	~c	q5qYo u xcGe�jkc	o^e�qrfLoz²�w,xcG�Ef3ddc ` c	sQdYq5iL�?dc	s�o?q]f	nLc	hDo?s ` f3d�xcGe�j\fLoªh v fLqYqYj\��o^cb�.hCp 2
¶�032 ( 2\0 � 2
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M3NLOLP�QSR9T,OLP�UWV�UXQSUZY[P�R9\]QSR^PST�NLO
_a`'b�cDdZe^f*gJh `�i3jlk'mniBoDm$fiBo�pF`�i�c<oDk'iBo<fqgnksr*tf[u�`'b�jlk1oDm$`�ivr^fwgJh xzyX{*|S}�b�mncamni�m$oDmnk'g$fjAfiBoafiC}9~�k'c<f

jlk1bDo<fi�cDm$oDmndZe^f3bItf[`'b�m$fiBoZtf[f'|�e�i^f�tfg	tf[�1k1oDm$`�i�r^fAgnk�o<fjA}wtf[b�k1oDe^bDfA�1k�}�bD`��'`IdZe^f[b�e�i^fApF`�iBo<b�k'mniBo<f
mnjA}�`'bDoDk'iBo<fl��fiB�L0a/ &1� yX�"kv}�`�e^bqe�i��zmn��m���|^k1}�}�fg	tf[f�pF`�iBo<b�k'mniBo<f�r^f�bDfc<oDk'e^b�k1oDm$`�i��,pFu�0^�9��e^bDf
/10 %'& ��0^�*f[o<o<fs`'}wtf[b�k1oDm$`�i�i*tfpFfcDcDm$o<fze�i^fqu�`'bDo<f�tfg	tf[�1k1oDm$`�i�r^f�gnk�o<fjA}wtf[b�k1oDe^bDfsp[k1b*k'eAu,e^b f[o��k�jAfF�
cDe^bDfwdZe^fqgnk�pF`�iBo<b�k'mniBo<f�k'e^��jAfiBo<f'|Bg$fc�o<fjA}wtf[b�k1oDe^bDfc r^fwo<b�k'i�cDm$oDm$`�ivr^fw}9~�k'c<fqc<fqr*tfp[k'g$fiBo �'f[b�c
g$fC~�k'e^o[|�b�k'g$fiBoDmncDcDk'iBosk'mni�cDm�gnkAo<b�k'i�c<u�`'b�jlk1oDm$`�i��,pFu�0��9��e^bDfl/10 %'� ��0]�*f[o<o<fC`'}wtf[b�k1oDm$`�iXj��fi^f��De�c��
dZe�h��k3gnkCr*tf[oZtf[b�m$`'b�k1oDm$`�i�f[owj��fjAf�gnk�b�e^}�oDe^bDfsr�e�jlk1oZtf[b�mnk'e�|^dZe�k'i�r�gJh�tfg	tf[�1k1oDm$`�i�r^fzo<fjA}wtf[b�k1oDe^bDf
fc<oCo<bD`'}�mnjA}�`'bDoDk'iBo<fX��fiB�L0�� �'� yX�"k�}�`�e^bCe�i��zmn��m���0a_]kWpF`�iBo<b�k'mniBo<f�r^flbDfc<oDk'e^b�k1oDm$`�i�}�fe
o<bD`�e^�'f[bCr^fc�k1}�}9gnmnp[k1oDm$`�i�cz}�`�e^b�r^fc�c<�Ic<o[�fjAfcCr^fA��tfi*tf[b�k1oDm$`�i�r�h fF��`'bDoCp[k1b3mng�fc<o�}�`�cDcDm$�9g$f'| �k
gJh k'mnr^f�r�h e�i�k'cDc<f[bD�ImncDc<fjAfiBo[|9r�h k'cDcDe^bDf[b�e�i�pF`�iBo<b1�`�g$f�}�bItfp[mnc�r^f�gJh fF��`'bDo���tfi*tf[bItf�� �S�G0

 .ilpF`�i�p[gne�cDm$`�ilr^f�pFfs}9k1b�k1�'b�k1}9~^f'|BmngIbDfcDc<`'bDo.dZe^fsgJh xzyX{¡fc<o*e�iljlk1oZtf[b�mnk'e�k'eI¢A}�bD`'}�b�m	tf[oZtfc
r�m$�'f[b�c<fcldZe�mqk¡��fk'e�pF`�e^}£r�h k�'fi�m$b�pF`�jljAfXjlk1oZtf[b�mnk'e£k'pFoDm$u�r�k'i�clg$fcljlmnpFbD`�c<�Ic<o[�fjAfclf[o�gnk
jlmnpFbD`'bD`'��`'oDmndZe^f'0�y��fjAf�c[h mng*i^f�}�fe^oC��tfi*tf[bDf[b�e�i�o<b�k�1k'mngwj�tfp[k'i�mndZe^f�dZe^f�r�k'i�c3e�i�c<fi�c[|"mng
kXgnkW}9k1bDoDmnp[e�gnk1b�m$oZtf�r^f�cDe^}�}�`'bDo<f[b3i�h mnjA}�`'bDo<f�dZe^fg.o?�Z}�f�r^f�c<`�gngnmnp[m$oDk1oDm$`�i�f[oAcDe^�9m$b�o<`�e^ovo?�Z}�f
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RTS	UHVWVYXDZ�UH[2S9X]\5^ S-_TS9V]`2Z�Ua\bS@c�Uad�S	eYVfUagihjZlk2S	giVYX	mS	efS-npo9q2o-SjRTZ�UHXf\bS@osraq2UI_�q6t2S<Uagad�c�UHS	hjS	g�V �
\bSWXDS9uEXDZ�d�vad�eDeYS	hjS	g�VwvHZ�dbV xS9VYXDSyq2eDeDUHXIzSyv�^ UagHS q2UHVYXDS h<q2gad5mS9XDS �I{ ^ S-_TS9V�`2Z�Ua\bS e9^ Z2|aVDdbS	g�V�S	gpu�q2d�eDq2g�V
o9dbXso9Ua\bS9X<Uag}o-Z�UHXsq2g�V~zS	\bS	o-VYXsd�c�UHS�eYZ�dbV�vadbXDS	o-VYS	hjS	g�Vpvaq2gae�\5^ � ������eYZ�dbV�vaq2gae�UagHS"XIzS	eDd�eYVDq2gao-S
zS	\bS	o-VYXsd�c�UHS�S	gAo-Z�g�VDq2o-Vwq	[2S	o�\5^ � ��� ��� zS	g�zS9Xsq2\bS	hjS	g�V9��\5^ UHVDd�\�d�eDq6VDdbZ�g]vHS�o-Z�UHXsq2g�VDe)o-Z�g�VDd�g�Uae�vHZ�gagHS
v�^ S-�Ho-S	\�\bS	g�VDe�XIzS	eDUa\bVDq6VDe ��� ^ q6RaX	mS	e�� ������� kIhjZl�WdbS9�2�Id�\aS	eYV�RTZ�eDeDdb|/\bS�v�^ q2h�zS	\�dbZ2XDS9X�\5^ S-npo9q2o9dbV�zSfvaU
osraq2UI_�q6t2S�S	gAUHVDd�\�d�eDq2g�VLUag]o-Z�UHXsq2g�V�S	gFr�k�RTS9XDuEXIzS	c�UHS	gao-Sy�5��� �9�2� ���W���s��uEZ�gav�zS�eDUHX�\bS�RaXsd�gao9dbRTS
vHS \5^ S-_TS9V�vHSWRTS	q2Ui� �2�-� �Ih<q2d�e�o-S9VYVYSfVYS	osragad�c�UHSWRTZ�eYSW|TS	q2Uao-Z�UHRpvHSyvad�npo9Ua\bV�zS	ewVYS	osragHZ�\bZ2t�d�c�UHS	e �
� \�S	eYV]zS9t�q2\bS	hjS	g�V�RTZ�eDeDdb|/\bSwv�^ q2eDeDUHXDS9X�\bS�osraq2UI_�q6t2S�R/q6X)d�gavaUao-VDdbZ�g�zS	\bS	o-VYXDZ6�%h<q6t�g�zS9VDd�c�UHS ��� q2gae�\�q
o9q6V�zS9t2Z2XsdbSWvHS	e�eYkIeYV9mS	hjS	ewXIzS9[2S9XseDdb|/\bS2�2\�q h�zS9VDrHZIvHSAmqyS-_TS9Vw��S	\bVDdbS9XweYS	hF|/\bS�VYX	mS	ewRaXDZ�hjS9VYVYS	UaeYS ��{ S	e
XIzS	eDUa\bVDq6VDey\bS	eWR/\�UaeWd�g�V�zS9XDS	eDeDq2g�VDe]eYZ�g�V Z2|aVYS	g�Uaey\bZ2XseDc�UHS { ^ � ���}S	eYVyvadbXDS	o-VYS	hjS	g�V S	g<�YZ�gao-VDdbZ�g
q	[2S	oyUag�h<q6V�zS9Xsd�q2UpVDrHS9XshjZ6�6zS	\bS	o-VYXsd�c�UHS � �W[2S	o o-S9VYVYSfVYS	osragad�c�UHSWZ�g�RTS	UHVwS	g�[Id�eDq6t2S9X�Uag�eYkIeYV9mS	hjS
v�^ q2o-VDdbZ�gagHS	UHXLc�Uad�gHS�g�zS	o-S	eDeDdbVYS�q2Uao9UagHSweYZ�UHXso-S�vHS�osraq2\bS	UHXLS	g�[IdbXDZ�gagaq2g�VYSwS9V�c�Uad2uEZ�gao-VDdbZ�gagHS�R/q6X
VYXsq2gaeYuES9XDVDeyvHS@osraq2\bS	UHXf\bZIo9q2\�d�e�zS	e9��o-Z�h<h<q2gav�zS	eyR/q6XfUagio-Z�UHXsq2g�V�zS	\bS	o-VYXsd�c�UHS2��h<d�gad�h<d�eDq2g�V�q2d�gaeDd
\bS	eARTS9XDVYS	e@v�^�zS	gHS9XDt�dbS�R/q6Xjvad�eDeDdbR/q6VDdbZ�g ��� q2gaejo-S�osraq6R/dbVYXDS2��gHZ�Uae@q2\�\bZ�gae�zS9VDUavadbS9XjvHS�h<q2gad5mS9XDS
R/\�Uae�v�zS9VDq2d�\�\+zS9S@\bS	e�RTZ�eDeDdb|/d�\�dbV�zS	e�c�U�^ Z6_TXDS	g�Vy\�q�h�zS9VDrHZIvHSj   wS-_TS9Vf`2Z�Ua\bS�¡ ¡�S9Vy\�q�h�zS9VDrHZIvHSj   wS-_TS9V
��S	\bVDdbS9X]¡ ¡ �
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� q2gae)o-S�R/q6Xsq6t2Xsq6R/rHS�eYZ�g�V�S-�IRTZ�e�zS	e)\bS	e�XDS	\�q6VDdbZ�gae�uEZ�gavaq2hjS	g�VDq2\bS	e)vaUAhjZIv�mS	\bS�vHS�o-Z�hjRTZ2XDVYS-�
hjS	g�V�vHS	e�� �����Ic�UadaeYZ�g�V�UHVDd�\�d�e�zS9S	ewR/q6X�\�q]eDUadbVYSWvaq2gae�o-SyvHZIo9UahjS	g�V � ��Z�UHX�R/\�UaewvHSWRaXIzS	o9d�eDdbZ�gae
eDUHX@\bS�hjZIv�mS	\bS�UHVDd�\�d�e�zS2��d�\�u�q2UHVjeYSpXIzS9u	zS9XDS9Xpq2UI�CVYXsq	[6q2UI�Ão9dbV�zS	ejS	g�|/db|/\�dbZ2t2Xsq6R/radbSN� � � � � Ä �1��Å g
osrHZ�d�eDdbVWd�o9d�UagHSF\bZ�d�vHSFo-Z�hjRTZ2XDVYS	hjS	g�VyeDq2gaeWu�q2dbXDSFd�g�VYS9XD[2S	gadbXW\5^ S-_TS9VyvHSA\�q<o-Z�g�VYXsq2d�g�VYS���Æ�Ç � �
ZLmU�eYS	Ua\bS	hjS	g�V�\�qfuEXsq2o-VDdbZ�g�[2Z�\�Uah<d�c�UHS�vHSWh<q6XDVYS	gaeDdbVYSWVDrHS9Xsh<d�c�UHS�È9É�S	eYV�RaXsd�eYS�S	g�o-Z�hjRaVYS �I{ S	e
d�gavad�o-S	e � S9V � o-Z2XDXDS	eYRTZ�gavHS	g�VWXDS	eYRTS	o-VDdb[2S	hjS	g�V<mq�\5^ q2UaeYV�zS	gadbVYSAS9V<mq�\�q�h<q6XDVYS	gaeDdbVYSFVDrHS9Xsh<d�c�UHS �
� q2gae�o-SFo9q2e9�/\5^ S-�IRaXDS	eDeDdbZ�g�vHS]\5^�zS	gHS9XDt�dbSF\�db|aXDSyvaU"eYkIeYV9mS	hjSF|/dbR/raq2e�zSfS	eYV�vHSF\�q@uEZ2XshjS�Ê
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Zone considérée?

i = 1

DEBUT

AMF

Transition de phase?

FIN

non

2

1 et 3

A fi  M

Calcul de      avec eq. 2.39 ikT,

Calcul de      avec eq. 2.37 ikz,

i = i+1

i > n ?

Intégration de kX,

Connection

Calcul de      avec eq. 2.35ikT,

0=ikz,

Calcul de      avec eq. 2.36 

non

oui

M → A

ikT,Calcul de      avec eq. 2.38 

ikT,

Calcul de      avec eq. 2.37 ikz,

ikT,
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d’ interface

Ta Ta

d1 d2

1 : connexion 3 : connexion2 : AMF
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d3 

x

x1 x3
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0 0
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+-,/. 0�132#4�57698 :<;>=�8 ?@; , A
BDCFE G 1IH"JLK!MN8 O"PQ; , R ,/. 0�1TSL5 * K7O"P>8 :<; 0 R

U&CFE G 132LV KN2L8W2�KX;ZY�[�8 :

+ = 132#4�57698 :<;>=�8 ?@; , A
B&\ 1IH"]LK!MN8 O"PQ; , R

= 1^J * K�K7O"P>8 :<; 0 R
U�\ 1^JXV _�4X8W2�KX;ZY�[�8 :

`ba 1^4LK J * 4)MN8 O"PQ; , `dc 1^J�J)MN8 O"PQ; , e!f g 1IH K�K!MN8 O"PQ; , h ,�1 h
= 1iK'V *

jN,/. 0�132�K'8W2�KX; 0 : h 1iK'V SL5X8W2�KX; 0 : k = 132�K)698 :<; , 8 ?@; , k-,/. 0l1IH"57698 :<; , 8 ?@; ,

m = 1^_XV S	H�HN8W2�KX; ,on : 0 prq 1^4'2#s	t

u)v�wyx 4Xz 4�{b|L}L~W���'�����Q�'�^����D�F���>�D���"�D���N}L�/}L��������&�D���N�L�'��~W���d�#�L�'~W���N�L�'~W������L�Q�-�&���F�L�����~W�&�#���D�F���>�
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¹�ºd»>¼N½¿¾NºdÀ�ºÂÁ>ÃLÄ�ÃLÅ�Ä�ÃLÁ>ÆNºÇº#È/½É¾NºdÊÇË Ì"½/Ä&º�Ä�À�Ë ÊdÊÇº#Ì"½ÉÍWÃÏÎ�Ë�Ä�ÊÇºdÅyÐº�Ë Ê®Ðº�½/Ä�ÑWÒX¼NºÓ¾NºÂÍFÔ Õ×ÖÙØ

Ú ÃbÊÇË'¾QÑ�Û>º�Ä�ÍÜº¿À�Ë ÊÇÁ-Ë�Ä&½/º#ÊÇº#Ì"½�½&ÆNº�Ä�ÊdÑWÒX¼Nº�¾Nº¿À�º#ÍW¼QÑ�ÝoÀ�Ñ zQÞ ÌÏÈ/º¿Á>ÍWÃ�À�º¿ÑWÀ�Ñ-¾QÃ�ÌQÈ�¼QÌÏÀ�Ã�ÈlÑW¾!Ðº#Ã�Í-Ë�ß¼
ÍFÔ Ë ÌàÈ&¼NÁQÁ-Ë È/ºÇÒX¼NºÂÍFÔ º�á'½/Ä'Ðº#ÊdÑÜ½XÐºÓÍWÑÜ»QÄ&ºÇ¾Nº#ÈÉÀ�Ë ÌQÌNº�áNÑÜË ÌQÈ�Ë ¼@¾Nº#È¿ÛZÍWÈâÐº#ÍÜº#À�½/Ä�ÑWÒX¼Nº#È�ã�º#È/½äÄ&º#ÍWÑDÐº<ßÃå¼QÌ
Ä�Ã�¾QÑWÃL½/º#¼NÄ!½&ÆNº�Ä�ÊdÑWÒX¼Nº z ¹�ÃÉ½/º#ÊÇÁ�Ðº�Ä�ÃL½&¼NÄ&ºäÃ�¼'ádº�á'½/Ä'Ðº#ÊdÑÜ½XÐº#È�º#È/½�Ã�ÑWÌQÈ&Ñ>ÊdÃ�ÑWÌ"½/º#ÌX¼Nº×À�Ë ÌQÈ/½&Ã�Ì"½/º�ãyßÃ�ÍWÃ
½/º#ÊÇÁ�Ðº�Ä�ÃL½&¼NÄ&ºÂÃ�ÊÉ»>ÑWÃ�Ì"½/º prq z�æ Ë ¼NÄÉÀ�º�½/½/º�Ðº�½&¼Q¾Nº�ã�ÍÜº Ú Ë ÍW¼QÊÇº m = ¾NºdÍWÃÏÍWÃ�ÊÇºdÕ×ÖÙØ^À�Ë ÌQÈ&ÑW¾!Ðº�Ä'Ðº�º
º#È/½�ÊdÃ�ÑWÌ"½/º#ÌX¼ÙÀ�Ë ÌQÈ/½&Ã�Ì"½�ã-º�½×Ë ÌâÎ�Ã�ÑÜ½ Ú ÃLÄ�ÑÜº�Ä×È&ÃÓÍÜË ÌNÅ ¼Nº#¼NÄ j = z ¹7ÔÐº�Á>Ã�ÑWÈ&È/º#¼NÄ¿çä¾Nº�ÍWÃÂÍWÃ�ÊÇº�È�ÔÐº#À�Ä�ÑÜ½
Ã�ÍÜË�Ä�Èrè

ç 1 m =h j =
é 4Xz * 4 ê

Þ ÌëÀ�ÆNË ÑWÈ&ÑÜ½Ç¾rÔ ÃLÁQÁ>ÍWÑWÒX¼Nº�Ä�¼QÌNºÏ¾Nº#ÌQÈ&ÑÜ½XÐºå¾NºìÀ�Ë ¼NÄ�Ã�Ì"½äí = À�Ë ÌQÈ/½&Ã�Ì"½/ºâ¾QÃ�ÌQÈbÍWÃ<ÍWÃ�ÊÇº z)î ¼QÑ Ú Ã�Ì"½
ÍWÃdÍÜË ÌNÅ ¼Nº#¼NÄ j = ¾NºÉÍWÃÂÍWÃ�ÊÇº�ÒX¼NºÉÍFÔ Ë ÌÙÀ�Ë ÌQÈ&ÑW¾rßº�Ä&º�ãZÍÜº�À�Ë ¼NÄ�Ã�Ì"½×ÃLÁQÁ>ÍWÑWÒX¼!ÐºÉÃ�¼ÙÊÇË'¾Q¼QÍÜº¿½&ÆNº�Ä�ÊdÑWÒX¼Nº
Ã�¼NÄ�ÃbÁ-Ë ¼NÄ�º�á'ÁQÄ&º#È&È&ÑÜË Ì�è

a 1 í = c = 1
í = m =j =

é 4Xz * _ ê
¹�º#È�Á>ÃLÄ�Ã�Êìßº�½/Ä&º#È�ÒX¼QÑ-Ë Ì"½ÏÐº�½XÐºb¼N½&ÑWÍWÑWÈXÐº#È�¾QÃ�ÌQÈ�À�ºÉÀ�Ã�ÍWÀ�¼QÍrÈ/Ë Ì"½�¾NË ÌQÌ!Ðº�º#È�¾QÃ�ÌQÈ�ÍWÃb½&ÃL»>ÍÜº 4Xz 4XzQï ÍWÈ

Ë Ì"½ÇÐº�½XÐº�À�ÆNË ÑWÈ&ÑWÈ$Á-Ë ¼NÄ7¼QÌNºlÀ�Ë ÌQÌNº�áNÑÜË ÌëÐº#ÍÜº#À�½/Ä�ÑWÒX¼Nºlº#ÌÇÎ�º�Ä#ã º#ÌÇÄ�Ã�ÑWÈ/Ë Ìd¾Nº�È/Ë ÌÇÎ�Ã�ÑÜ»>ÍÜºlÀ�ËXº�ðÓÀ�ÑÜº#Ì"½)¾Nº
À�Ë ÌQ¾Q¼QÀ�½&ÑÜË ÌÓ½&ÆNº�Ä�ÊdÑWÒX¼Nº�º�½�Á-Ë ¼NÄ�¼QÌNº¿ÍWÃ�ÊÇº¿Õ×ÖÙØ®º#ÌåÌQÑWÀ&ñ�º#Í�Ý¨½&ÑÜ½&Ã�ÌNº z ¹�º#È�Ä'Ðº#È&¼QÍÜ½&ÃL½&ÈlÒX¼QÑZË Ì"½ÓÐº�½XÐº
Ë�»Q½/º#ÌX¼QÈ7È/Ë Ì"½!¾NË ÌQÌ!Ðº�º#È)È&¼NÄ7ÍWÃ�Û>Å ¼NÄ&º 4XzW2�HNzXò ÌÇÎ�Ã�ÑWÈ&Ã�Ì"½ Ú ÃLÄ�ÑÜº�Ä)ÍWÃ¿ÍÜË ÌNÅ ¼Nº#¼NÄ7¾Nº�ÍWÃ¿ÍWÃ�ÊÇºlº#ÌdÕ×ÖÙØ
º#Ì"½/Ä&º 2 º�½ 2#J ÊdÊìãrË ÌàÀ�Ë ÌQÈ/½&ÃL½/ºÓÈ&¼NÄÉÍWÃÂÛ>Å ¼NÄ&º 4XzW2�H »ëÒX¼rÔ ÑWÍyó<Ãå¼QÌNº Ú Ã�ÍÜº#¼NÄ¿Ë�ÁQ½&ÑWÊdÃ�ÍÜºdÈ&¼NÄäÍWÃ
Ä�ÃLÁ>ÑW¾QÑÜ½XÐº�¾Nº�À�ÆQÃ�¼'ôrÃLÅ�º�º�½7È&¼NÄ$ÍWÃ�½/º#ÊÇÁ�Ðº�Ä�ÃL½&¼NÄ&ºl¾Q¼�Ä'Ðº�Å ÑWÊÇº�Á-º�Ä�ÊdÃ�ÌNº#Ì"½�ã�Á-Ë ¼NÄ j = 1 * ÊdÊ z�õ Ã�ÌQÈ
À�º�À�Ã�È�ã�ÍÜº!½/º#ÊÇÁ>È�¾Nº!Ä'Ðº�Á-Ë ÌQÈ/º�Á-Ë ¼NÄyË�»Q½/º#ÌQÑÜÄ�ÍWÃ�½/Ä�Ã�ÌQÈ&ÑÜ½&ÑÜË Ì�¾Nº!Á>ÆQÃ�È/º!º#È/½$ÍWÃ�Á>ÍW¼QÈ�À�Ë ¼NÄ&½/º�Á-Ë È&È&ÑÜ»>ÍÜº z
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 ;»'  /213 ]�-0/ 5_� 6 3 [ -}¢y13 h ]·13 / 4�5m3 h�£9/ 5 ]�- [ 3 §t]�- 5_ \p�3 /;/ 3 13 /&6 ¤U3©^U3¿4&3#^ / 4 - 5 /\£B-  \¤95m4&3#p / 3 ] 3#^ / ¤ - ^9 [ 3�p - ¤U4&3¿¤U3�^ h   £ 4 13 h p�p 6U£B-0/ 5 h ^9  zBÀ�- ^9  [ 3 £B- 4 -0¢ 4 -0£ ¥U3¿� 6 5¶  6 5 /�§'h ^° �¹ 5_^ /213�4&3# & ;3 º- [ ¹ 5_^'Á 6 3#^9p�3
¤U3 [ - ^ -0/&6 4&3J¤U3 [ - p h ^9^U3�¦U5 h ^ 13 [ 3#p / 4�5_� 6 3 z�À�- ^9  [ -   6 5 / 3 §!h ^ -0£9£ 3 [_[ 3�4 -  &5 ]�£ [ 3 ] 3#^ / p�3# 
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n ^°p h ^9  /&-0/ 3©� 6 3 [ - 4 13 £�h ^9 ;3 / ¥U3�4 ] 5_� 6 3¸3#  / ¤¶¹ -�6U/&- ^ /\£ [ 6  �4 -0£ 5_¤U3�� 6 3 [ 3«p h 3�ãÞp�5m3#^ / ¤U3
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  h ^ / 5_^"l�3�4�  13#  zBä�69- ^9¤ [ 3�p h 3�ãÞp�5m3#^ / ¤U3�p h ^9¤ 6 p / 5 h ^Þ¤U3 [ - p h ^9^U3#p / 5 h ^�3#  /�¢ 4 - ^9¤ § [ 3# !p - [ h 4�5m3# 
  h ^ /�£ [ 6  )4 -0£ 5_¤U3 ] 3#^ /�13�l - p 6!13�3# �3 / [ ¹ Z , r 4&3 ¯ 4 h 5_¤95 / 4 -0£ 5_¤U3 ] 3#^ /�z'µyh 6 4 [ 3\4&3 ¯ 4 h 5_¤95_ & ;3 ] 3#^ / 5 [
3#  / ¤ h ^9p £ [ 6  �5_^ /213�4&3# &  - ^ / ¤¶¹ 6U/ 5 [ 5_ ;3�4 [ 3�p 6 5ml24&3 § ¤ 6]�h 5_^9 � &5 [ 3�p - ¥95m3�4\¤U3# �p�¥ - 4 ¢ 3# \^¶¹ 5 ]�£�h  ;3
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¯^°²±O³4´µ¶�·x¸�¹0ºs¶�»#¼ ³ ¶�½W¸ ±o¾;¿¶�»&¶¡Àfºo¸ ±"Á&¾SÁ ¸ Á&¾ ·�¶�¼4¹S¶#Â�Ã*Ä Â&Â ¾SÅM¾ ¹ ¾SÁfµ¶#Â^Àfº ´ ÄxÆ*»&¶j¹0¸ÇÂ�Ä ¹0º Á&¾ Ä ±ÈÁ&É ¶�»�½¡ÄxÊ
µ¶#¹S¶#Ë Á » ¾ Àfºs¶DÃ*Ä ºs»�¹0¸^Ë2Ä ½W½W¸ ±o³ ¶ ³ ¶)¹0¸ Á ¶#½¡Ã µ¶�»�¸ Á ºs»&¶ ³4´ º ± ¸�Ë Á&¾ Ä ±o± ¶#ºs» ¯6ÌOÍ ¼xÎ�Ä ºoÂ�¸#·�Ä ± Â�» µ¶#¸�¹ ¾ Â µ¶
º ± ¶ µ¶ Á º ³ ¶ ³!µ¶ Á ¸ ¾ ¹0¹ µ¶�¶ ³4´ º ± Â�Ï'Â Á�¿¶#½¡¶ Á&É ¶�»�½¡ÄxÊ µ¶#¹S¶#Ë Á » ¾ Àfºs¶ µ¶#¹ µ¶#½¡¶ ±"Á ¸ ¾ »&¶ e�Ð ¶ Á�Á ¶ µ¶ Á º ³ ¶�Â ´ ¸xÃoÃMº ¾ ¶
Â&ºs»�¹S¶#Â�Ë2Ä ±o± ¸ ¾ Â&Â&¸ ± Ë2¶#Â ³ ¶ Å ¸�Â�¶ ³ ¶�¹0¸ Á&É ¶�»�½¡Ä µ¶#¹S¶#Ë Á » ¾ Ë ¾SÁfµ¶ e²Ð ¶#Â Å ¸�Â�¶#Â�Â�Ä ±"Á�³ Ä ±o±!µ¶�¶#Â ¾ Ë ¾ ¼f¶ Á Â�Ä ±"Á
¾0±o³o¾ Â�Ã*¶ ± Â&¸ Å ¹S¶#ÂDÃ*Ä ºs»^¹0¸WË2Ä ½¡Ão» µ¶ É ¶ ± Â ¾ Ä ±�³ º�Â�Ï'Â Á�¿¶#½¡¶ Á&É ¶�»�½¡ÄxÊ µ¶#¹S¶#Ë Á » ¾ Àfºs¶�Àfº ¾ ¸ µ¶ Áfµ¶�» µ¶#¸�¹ ¾ Â µ¶Ñ¶ Á
Á ¶#Â Áfµ¶ e

Ò�ÓrÔ�ÓFÕ Ö�×�Ø�Ù Ú$Û)Ü)ÝfØ Þ=Ú�×àßáãâ=á Ø äDåoÙ"æçÚjèå â åMÝfØ�Ù"ÞFÝsÞ;Ø!èå
é�êfë#ì íxîrï�ð�îrñ²òçóôêfëWï�õ�öê'ò�ñ²÷ãøê'ò�êfëjð�õ�êfíx÷ùñsú²öê'ûrêfì�ð	íxîrüZý�êfë

þ ºo¸ ±o³ Ä ± Ä ºs·f»&¶Dº ± Ë ¾ »�Ë�º ¾SÁ Ë2Ä ½¡Ã*Ä Â µ¶ ³ ¶ ³ ¶#º'ÿ�½ µ¶ Á ¸�º'ÿ ³o¾ Æ µ¶�»&¶ ±"Á Â�Â�Ä ºo½ ¾ Â ¿¸ ³ ¶#Â ³o¾ Æ µ¶�»&¶ ± Ë2¶#Â
³ ¶ Á ¶#½¡Ã µ¶�»�¸ Á ºs»&¶ Àfºs¶#¹0Ë2Ä ± Àfºs¶#Â�¼�Ä ± Ä Å Â�¶�»&·�¶�¹ ´ ¸xÃoÃM¸x» ¾SÁ&¾ Ä ± ³4´ º ± ¶ � Ä�»�Ë2¶ µ¶#¹S¶#Ë Á »&Ä ½¡Ä Á » ¾ Ë2¶ ¸�º'ÿ
Å Ä�» ± ¶#Â ³ ºO½¡Ä ±"Á ¸���¶��bË � e ° � ºs»&¶ dfe0g�� ¸	� e�
 ± ¶ Á ¶#¹0¹S¶Ñ» µ¶#¸�¹ ¾ Â&¸ Á&¾ Ä ± ¶#Â Á ÃM¹0ºoÂ^Ë2Ä ±o± ºs¶jÂ�Ä ºoÂ6¹S¶ ± Ä ½
³ ¶ Á&É ¶�»�½¡Ä'Ë2Ä ºsÃM¹S¶� g��=eZÐ ¶ÑÃ É!µ¶ ± Ä ½ ¿¶ ± ¶ Á&É ¶�»�½¡ÄxÊ µ¶#¹S¶#Ë Á » ¾ Àfºs¶j¸ µ¶ Áfµ¶ ³!µ¶#Ë2Ä ºs·�¶�» Á ÃM¸x»�¹S¶ÑÃ É Ï'Â ¾ Ë ¾ ¶ ±
¸�¹0¹S¶#½W¸ ±o³�� ¶�¶ Å ¶#Ë�� ¶ ± g���d'gxe�� ¹SÄ Å ¸�¹S¶#½¡¶ ±"Á ¼s¹ ´ p���p�l��4p�p���p&��� ¶#Â Á »&¶#¹0¸ Á&¾ ·�¶#½¡¶ ±"Á Ë2Ä ½¡ÃM¹S¶2ÿ'¶ ¿¸Ñ¶2ÿfÊ
ÃM¹ ¾ Àfºs¶�» e�� Ä ºs» Ë2¶#¹0¸'¼ ¾ ¹ � ¸�º Á Â ´ ¸xÃoÃMºsÏ�¶�» Â&ºs»W¹S¶#Â Á »�¸#·x¸�º'ÿ ³ º Ã É Ï'Â ¾ Ë ¾ ¶ ± � »�¸ ±� Ë�¸ ¾ Â � ¶#¹ Á&¾ ¶�»WÀfº ¾
¸«ÃMº ½¡¶ Á�Á »&¶W¶ ± µ¶�· ¾0³ ¶ ± Ë2¶Wº ± Ã É!µ¶ ± Ä ½ ¿¶ ± ¶ Ë2Ä ±o± º Â�Ä ºoÂ�¹S¶ ± Ä ½ ³4´ p���p�l"!�p2{�lbv=p2t@e$# ± Ä Å Â�¶�»&·�¶
Ë2¶BÃ É!µ¶ ± Ä ½ ¿¶ ± ¶j¹SÄ�»�Â&Àfº ´ Ä ± » µ¶#¸�¹ ¾ Â�¶Ñº ± Ë2Ä ±"Á ¸�Ë Á�µ¶#¹S¶#Ë Á » ¾ Àfºs¶B¶ ±"Á »&¶ ³ ¶#º'ÿ�Ë2Ä ±o³ ºoË Á ¶#ºs»�Â ³ ¶ ± ¸ Á ºs»&¶
³o¾ Æ µ¶�»&¶ ±"Á ¶ e%
 ± Ë2Ä ºs»�¸ ±"Áçµ¶#¹S¶#Ë Á » ¾ Àfºs¶'&¡·x¸ùÃo»&Ä	·�Ä'Àfºs¶�»�º ± ¶2Æ*¶ Á«Á&É ¶�»�½ ¾ Àfºs¶O¸�º ±o¾ ·�¶#¸�º ³ ¶y¹0¸( Ä ± Ë Á&¾ Ä ± ¶ ±"Á »&¶«¹S¶#Â ³ ¶#º'ÿùË2Ä ±o³ ºoË Á ¶#ºs»�Â g ¶ Á dfe)# ± Ã*¶#º Á ¶2ÿ'Ão» ¾ ½¡¶�»�¹0¸�ÃMº ¾ Â&Â&¸ ± Ë2¶ Á&É ¶�»�½ ¾ Àfºs¶
Ão»&Ä ³ º ¾SÁ ¶�¼+*�,.-0/ 1323-54 ³ ¶ ³ ¶#º'ÿÈ½W¸ ±o¾;¿¶�»&¶#Â ³o¾ Æ µ¶�»&¶ ±"Á ¶#Â�¼4Â�Ä ¾SÁ ¶ ± � ¸ ¾ Â&¸ ±"Á�¾0±"Á ¶�»&·�¶ ±o¾ »�¹S¶#Â6Ë2Äf¶�6ÇË ¾ ¶ ±"Á Â� ¶�¶ Å ¶#Ë��87)9�¶ Á 7 � ³ ¶#Â ³ ¶#º'ÿOË2Ä ±o³ ºoË Á ¶#ºs»�Â6¸ ¾0± Â ¾ Àfºs¶j¹0¸ Á ¶#½¡Ã µ¶�»�¸ Á ºs»&¶;: ³ ¶j¹0¸ ( Ä ± Ë Á&¾ Ä ± ¼*Â�Ä ¾SÁ
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a	bdc�eXf�gNeXb�h�f�b�hHaAiNjXa	bkfli�mla	g�n-o�a-p4nAfla	b�hNgrqsa	mlhNflaAirtLu�aAhrtDvsw

x	yLz�{ |l}lz�~������ u&� � v �/��� ��� tLu&��tDv	�2�
��� u�vs��� � tLu�v2�r�:a	b��Yo�gNeXb�h � u�v ��� u&� � vJaAhrtLu�v � tLu���tDv � ��� ��� �

�&� a-�\���aAi>fla	bkn-a���o�b�hHiNa����:a&mla	gLn-o�a-p4nAfla	b�hNg�qsa	mlhNflaAi[aAh���aAaA�Ya	nN�S���aA�Ya	bk�:a	b�h[�:a&m�e�hHa	�����aAi>e�hN�:iNa �
q�e�ir���a-�2bkflhNflo�b@o�b��a	n-i>flhrm�e*iNa	m�e�hNflo�bdgN�kflj�eXb�hHa�w

t � �S� ����� �S�D� � ��� �X� �
 U� eX�:hHiNa��De�iNhA��f�mXa-�:f�gHhHa��kbWeX�:hHiNa��D¡��a	b:o��d¢a	b:a�hN¡:aAi>��o�£��a	mla	n-hHi>f����:a����a	n-o��:jXaAiNh��Ya	�U�:a�hHa	���Dg

e��ki	¢a	g��De�i�¤�f�m�m�f�eX��¥�¡:o��=gHo�b ���&� a-�\���aAi>fla	bkn-aJ��aAhHhNeXb�h�a	b¦�aAj\f��:a	bkn-a§m � +�IJ+A6�Z[8\<�;U]A<�0 n-o�bkgNf�gHhHa
¢eW�kiNa	bk�:iNa§�kb"�2m2�:a§�Dm�e�hNf�b:a§a	b4c9oXi>��aS�:aJ¨X©§¨UaAhU¢eU�Dmlo�b:ªXaAi�mlaJn-o��k�:aSf�b:c	�aAi>fla	�:i��keXbkg��kb"�DeXf�b
� � ¡��kf�mla � n-c � �Dª��:iNa ����� � �Y� �k« b�c�eXflh&�DeXgNgHaAi��kb=n-o��:i>eXb�h=�a	mla	n-hHi>f����:argN�\p4gNeX�=��a	b�h�f�b�hHa	bkgHa��keXbkg
mla&�2mB� �Yo��:is�YoXiNhHaAi�eX�UiNo��:ªXa�mla	g��YoXiNhNflo�bkgsgN�:���aAi>fla	�:iNa	gs�:a	g��:a	�\�E�ki>eXbkn>¡:a	g ��� a�iNaAc9iNo�f��kf�gNgHa	��a	b�h
�De�i�mla��DeXf�b�� � ¡��kf�mla��kiNo\�k�kflh��kb*ªXi>eX�kfla	b�h��:a�hHa	�����aAi>e�hN�:iNa§�keXbkg&n>¡keX���:ar�ki>eXbkn>¡:a��k�*�2m ��  eXbkg
m � �kb:aU�:a	gJ�ki>eXbkn>¡:a	gA�Lmla�n-o��:i>eXb�hSnAfli>nA�kmla*�keXbkgSmla*gHa	bkgS�k�¬ªXi>eX�kfla	b�hJhN¡:aAi>�=f����:aX�Y�keXbkgJm � eX�:hHiNa
�ki>eXbkn>¡:a"f�m�nAfli>nA�kmla=a	b�gHa	bkgUf�b�jXaAi>gHa �s�&� f�bknAeXbk�:a	gNn-a	bkn-a"oX�DgHaAiNj&�aAadb � a	gHhW�DeXgUgH\�7�aAhHi>f����:a � �\�:i
m � �kb:a&�:a	g[�ki>eXbkn>¡:a	gA��m�e��YoXiNhNflo�bSiNo��:ª�fla��k�S�2m�g � �aAhHa	bk�U�Dm��kgL�DeXg����:a�gN�:i�m � eX�:hHiNa ��� er�kf�gNgH\�7�aAhHi>fla
g � f�b�jXaAi>gHa®mloXi>gN���:a�m � o�b^f�b�jXaAi>gHa¬mla®gHa	bkg"�k�¦n-o��:i>eXb�h"� ���&� +�IJ+A6@Z[8\<�;U]A<�0 n-oXiNiNa	gH�Yo�bk�¯¢e��kb
���aAª�e�ªXa	��a	b�h°�a	m(�a	��a	b�hNeXfliNa±� � �a	b:aAiNª�fla±nAeXmloXi>f²�2���:a®³ xA|�´ gN�:i"�kb:a��YoXiNhNflo�b^�:a¬mlo�b:ª��:a	�:i"³�µ�aAh
g � a-�\�ki>f���a"¢e=m � eXf��:aS�k�dn-o�a-p4nAfla	b�hrhN¡:o��=gHo�b�¶�u��k���=e�h��aAi>f�eX�Ew

³ xA|�´U� ¶�u � �S�D�2³X� � ��� � � �
� a	g[hHiNo�f�g[ªXi>eXbk�:a	�:i>g[hN¡:aAi>��o�£��a	mla	n-hHi>f����:a	gs���kfXj\fla	bkb:a	b�h�� �l·aAhHiNa	gs�ki\�a	gHa	b�h��aAa	g�f�nAfB� gHo�b�hs���aA�Ya	b\£

�keXb�hHa	g�mla	g��kb:a	g��:a	g�eX�:hHiNa	g �D« b"�Ya	�:h�iNaAhHiNo��:jXaAi�mla	g�a-�\�kiNa	gNgNflo�bkg����kfYmla	g�iNa	m�fla	b�hA��a	b¦�aAhN�k�kf�eXb�h
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_a`IbdcNe�f�gah8`Ibji&gIb�k�cmlPnPob#pqb#fBirk�h8s6_Ib 5
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� `H��� h8`"i6ob�k&b#�&�rb�h8f�h��e�_a`IbNcNe�f�gah8`Ibmi&gIb�k�cmlPnPob#pqb#fBirk�h8s6_Ib���fBl `a�ri&hqi&_!ob�b���� _a`�b#cm�Vh8pqb#cmb#`"ij�Ib
irk&l h8��cNePi6ob�k�h8e�_'���ah���ob�k&b#`"i&�j�1fB� 56�V� _Ik&b 36587#9 e"� 5 � `�_Ii&h8p8h8�rb�_a`�cNePi6ob�k�h8e�_ �rb#cNh�n¡fBl `a�a_afBirb#_Ik#�'�a_
irb#p8p8_Ik&b¢�Ib�£Vh8�&c¤_Ii&gN¥¤¦¡§�¨�©#ªP�6s6_ahIb#�ri)irk#�b#�!�*b�k&�El�k�cNe�`"i)��� _a`N�*l h8`"i)�Ib¢«'_Ib�i&gIb�k�cmlPnPob#pqb#fBirk�h8s6_Ib��
e�h8`a�&h's6_Ib¢�a_mf�_ahq«6k&bd�¡¬d� 5  b�irb#p8p8_Ik&b��Ib�£Vh8�&c¤_Ii&g¤b#�ri$irk�e�hqi6ob��VePk®�Il��Ve � b��Ib�cNe�`ahT�b�k&bW�e�l�£airb#`ahqk
_a`H�rb#cNh�n¡fBl `a�a_afBirb#_Ikd�*l �&hqi&hq���1¯¤�4l _;`!ob � ePi&hq�°�1±H� 5� � b#`a�rb#c°£VpqbNfBl cm�*l�k&irb�s6_aePirk&b�²�l `afBi&hql `a�
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.!/10)24365 3�798;:$<>=�?A@>BC@>DFE�<>GIHJGLK1B&HNMO@PE�<>M QAK1DR<>G�@>GS@>M T�K1DRU�QLHVH�K!MO@VE�<>M QAK1DR<>GWGXQ'=ZYHJB[DRU�QLH[\�] @>GAENM^H
_ @�EN]>Q _J` @>QJab@#c6H9H�K!] @>GAEdM^H _ @�EN]>QeB&H1f[BC<>DR]>DFE�E#HJ=VHJGLKhg
ikjlm#n6oXp>q&rOs t i s tXt lm�m#t 365 u�uA5Lv m#w�xJs t i rOq&rOs tXw!p�o'y{z^r^|}rOqCm#w!w&oA~�z^pNqCm#|9� lm�~�p>q&oA~&m�wCs t"q lm�� p�zOm#|9m#t"q
r^tXx��Xp�tA� lm�m#w�m�q�wCs t"q i s tXt lm�m#wbm#t 365 u"�654v m#w lm#n6oXp>q&rOs tXw�w&oA~�z^pVxJs t"q&r^t6oXrOq lm i o��So'y i mNx��Xp�zOm#oA~#�
p�o�tXrO��m#p�o i m#w��Cs tXxJq&rOs tXw 3 m�q 7 �Lw jlm#xJ~�rOq�|}p�r^t"qCm#tXp�t"q4�

���*�"�A� ���1�A�J�
�X� ����� ��� � � �1�"�>�>��� ��� ���X�

������ ���X�A�A� � �1�"�
�X� �

���X�A�A� � �1�"�	�
�X� � ��� �C� � � �1�"�>�#�C� ��� �C�X�

��C��� ���X�A�A� � �1�"�
�X� �

� 365   , �
v p¡wCs z^oAq&rOs t i o¢wC£'wCq�¤m#|9m ikjlm#n6oXp>q&rOs t i r�¥ lm�~&m#t"q&rOm#z^zOm 365 u�u m#wCq i s tXt lm�m��Lp>~¦zOm�wC£'wCq�¤m#|9mikjlm#n6oXp>q&rOs tXw 365 u6§"5L¨ tVx�p�z^x�oXzOmbzOm#w)xJs tXwCq&p�t"qCm#w ikj r^t"q lm���~�p>q&rOs tª© � � 5O5O5 � ©�«�m#tPoAq&r^z^r^w&p�t"q¬zOm#w!xJs t i r�

q&rOs tXw®p�o'yªz^r^|}rOqCm#w 365 u"� m�q 365   , 5S¯ r^tXp�zOm#|9m#t"q�s t�s�°Xq&rOm#t"q®zOm�wC£'wCq�¤m#|9mNz^r^t lm#p�rO~&m�w&oXrO�>p�t"q*�
±�² © �Z³ ² � 365   § �

´ s oXw�zOm#w�qCm�~�|9m#w i m#w i r�¥ lm�~&m#t"qCm#w�|}p>qC~�r^xJm#wµm�q���m#xJqCm#oA~�wdwCs t"q i s tXt lm�m#w i p�tXwµz j p�tXtAmJy'm}¶ 5
¨ t{s�°Xq&rOm#t"q�zOm#w�xJs tXwCq&p�t"qCm#w ikj r^t"q lm���~�p>q&rOs t��Lp>~®r^t"��m�~�w&rOs t i mµz^p9|}p>qC~�r^xJm ± 5Xv p·~ lm��Lp>~&q&rOq&rOs t i m
qCm#|9� lm�~�p>q&oA~&mµw&oA~�zOmb|9s i oXzOmb¸�s oXzOm��6m#tV~ lm�� r^|9m��*m�~�|}p�tAm#t"q��'wCm�x�p�z^x�oXzOm9¤pd�Lp>~&q&rO~ i m�z jlm#n6oXp>q&rOs t365 u6§"5�¹ t;�X~&m#tXp�t"q i m#wV�Lp>~�p�|ª¤m�qC~&m#w{r i m#t"q&r^n6oAm#w��)zOm��X~&s>ºSz i meqCm#|9� lm�~�p>q&oA~&m»m#tI~ lm�� r^|9m»�*m�~C
|}p�tAm#t"q���s�°XqCm#t6o��Lp>~·z^pe~ lm#wCs z^oAq&rOs t i m#w lm#n6oXp>q&rOs tXw i o¼|9s i oXzOm{¸�s oXzOm���w&oXrO�>p�t"q·z^pe| lm�q&�As i m
t6oX| lm�~�r^n6oAm��'m#wCq�qC~#¤m#w��X~&s'x��Am i mµxJm#z^oXrSs�°XqCm#t6o{�Lp>~®z^pN~ lm#wCs z^oAq&rOs t{p�tXp�zO£6q&r^n6oAm � xJ½ 5 ºL� oA~&m 365 3�7 � 5
¾�¿ÁÀ�¿ÁÂ ÃÅÄÆXÇ"ÈRÉ�Ê'ËSÌ ÈhÍ�ÎÏÆAÐ$Ñ ÄÆXÇ"È�Ò¡ÆLÎ�Ì�ËkÓhÆ
Ô!Õ»Ö¼×kØ�Ù�ÚÁÕ»ÛbÕ'ÚFÜ�ÝÁÕ6ÞPßbà4á·âÕ6Þ>Ý1Ö¼Õ'ãSÜ	äLÚ

å s oA~N�>p�z^r i m�~NzOmP|9s i ¤m#zOmP�L�"£'w&r^n6oAmVn6oXr¬�'rOm#t"q ikjOæm�qC~&m{mJy'�*s w lm��$oXt�wC£'wCq�¤m#|9m{mJy'� lm�~�r^|9m#t"q&p�z
¤p lm�q lm�|}r^w�p�oW�*s r^t"q�� i mP|}p�tXrR¤m�~&m¦¤p�~&m��X~&s i oXrO~&m9zOm#wdxJs t i rOq&rOs tXw i m}½Ás tXxJq&rOs tXtAm#|9m#t"q i o¼|9s>i oXzOm å m#zOq&rOm�~�¶bç ¯!5�è m}|9s t"q&p>��mVw j p>�X�*m#z^zOm}é é�zOm9|9s i oXzOm å m#zOq&rOm�~µmJy'� lm�~�r^|9m#t"q&p�z�ê ê � xJ½ 5 ºL� oA~&m
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4.6 4�d.e�6gf�hji*k#lnmpo5qRrsm&qRhnt lnk�u#vMw�l'xyonk#l'xjkFx'msu'zk#{:q_m.zk#rTo5ly{}|'o5l5~_k�vc~_k#rponk#l'xju�w�o5qRwQmsk#lnu�r�k#h�w�~Rl'�
{:qRh5qRl5{��.l5qMw�r&r&lnu&k#h"m!~_k�{:w�qRh"m&q_k#hJonkp~RwTmsk#{}i�zk�u�wQm&lnu&k�onk#r!onk#l'x��s| h5�Fm&q_| h5r��Iu&| qRonk#r - k�m)dj�w�~Rw
msk#{}i�zk�u�wQm&lnu&kTw�{��MqRw�h"mskp��� 6'��w�iMwQu&m&q_kpt w�l5���nkTonkA~�� k#h5rsk#{��M~_kp�F| l5~RqRr&rskpk�m�i*k�u�{}k�m�onkA{:w�qRh"mskF�
h5q_u�k#h�i5u&k#r&r&q_| h�vMiMwQuA~�� qRh"msk�u�{�zk#o5qRw�q_u&k�o�� l5hyu&k#r&rs|�u&m�v*~_k#r�onk#l'x�~RqRhnt�|�m&rponkEmsk#~R~Rlnu&k�onk��MqRr&{�lnm&�
w�qRh5r&q��.lnkJ~�� �p���!6g�Zk#r�o5qR{}k#h5r&q_| h5r�onkU���5w��.lnkU~RqRhnt�|�m�rs| h"mZ� -Q� �a�`�'� ���`�'� � {:{:��6g��lnu�w�h"m
~_k#r�i5u&k#{:q_k�u�r�k#r&r&w�qRr�vc~��zk#~>zk#{}k#h"mT�Fk#h"msu�w�~�o5l�{}|'o5l5~_kU�2~��zk#���5w�h"m&qR~R~_| hyk#h��p����eE�w zk�m.zk}u&k#{}iM~Rw��Mzk
iMwQu�l5h]zk#~>zk#{}k#h"m�k#hU~Rw�q_ms| h�6.¡)h:kF¢*k�m�vn�F| {:{}k�hn| l5r!~_k�£�k�u&u&| h5r!o5w�h5r!~Rw�r&l5q_msk�v"qR~5k#rsm!iM~Rl5r��2w���qR~_k
onkJrs| l5onk�u�~_k#r�~RqRhnt�|�m&r�onk:msk#~R~Rlnu&kJonk:�MqRr&{�lnm&�¤r&lnu�o5l<~Rw�q_ms| h¤�.lnkUr&lnu�o5l¤h5qR�&¥�k#~)m&q_m&w�hnk�6g�pk
iM~Rl5r�v �Fk�msmskArs| l5o5lnu&k��F| h5o5q_m&q_| h5hnk�msu#�k#r!�I|�u&msk#{}k#h"m�~Rw��.l5w�~Rq_m.zkpo5l:u&k��Iu&| qRo5qRr&rsk#{}k#h"m�onkp~��zk#~>zk#{}k#h"m
�Fk#h"msu�w�~��.l5q�rsk�u&m:o��zk#���5w�h"m&qR~R~_| h�6��Zk#r}msk#{}i�zk�u�wQm&lnu&k#rJ~_ka~_| hnt¤o5l]{}|'o5l5~_kUkFx'i�zk�u�qR{}k#h"m&w�~�rs| h"m
{}k#r&lnu'zk�k#r�w#£�k#��msu&| qRr�m&�nk�u�{}|'�F| lniM~_k#r��2���nu&| {}k#~�w�~Rl5{}k#~Ie)�.l5qZrs| h"m�o5qRrsi*| r.zk#r�v5r&lnu�~��zk#~>zk#{}k#h"mpk#h
��l5q_£.u&ka�wUt w�l5���nk}i5u#�k#r�onkE~RwA�s| h5�Fm&q_| h - v�r&lnuA~��zk#���5w�h"m&qR~R~_| h�k#h"msu&k}~_k#r��s| h5�Fm&q_| h5r�4Jk�mT¦Jk�mAr&lnu
~��zk#~>zk#{}k#h"m!k#h:��l5q_£.u&k��wTonu&| q_msk�v i5u#�k#r)onk�~Rw!�s| h5�Fm&q_| h}dn6.§phnk���wQu&mskazk#~_k#�Fmsu&| h5qR�.lnk�rsk�u&m)o�� qRh"msk�u&�2w��Fk
k#h"msu&kj~_ka{}|'o5l5~_k�¨gk#~_m&q_k�u}kFx'i�zk�u�qR{}k#h"m&w�~�k�m:~�� |�u�o5qRh5wQmsk#lnuE�.l5q�i*k�u�{}k�m}onk�iMqR~_|�msk�u}~_ka�F| lnu�w�h"m
zk#~_k#�Fmsu�qR�.lnk:©pwQi5iM~RqR�.l!zk}k�m�onk:�2w�q_u&k:~�� w����.l5qRr&q_m&q_| h`onk#rTon| h5h!zk�k#r�kFx'i�zk�u�qR{}k#h"m&w�~_k#r�6��Zk#r�on| h5h!zk�k#r
{}k#r&lnu'zk#r�rs| h"mZ� ~_k#r�msk#{}i�zk�u�wQm&lnu&k#r�onk#r$msu&| qRr�m&�nk�u�{}|'�F| lniM~_k#rg��ª�«FvQ��¬'vQ��ª®�v ~_k��F| lnu�w�h"m�wQi5iM~RqR�.l!zk
©�k�mp~RwEmsk#h5r&q_| haw�l'x��*|�u�hnk#r�onk#r�onk#l'xUu�w�o5qRwQmsk#lnu�r�¯g°!±�²�6

��w�³Mt lnu&kA4.6 4�7}{}| h"msu&kA~_k#r�{}k#r&lnu&k#r��.l5qc| h"mUzk�m.zkT|��5msk#h.lnk#r�w#£�k#�Tl5h´zk#���5w�h"m&qR~R~_| h�k#ha~Rw�q_ms| h
onkTo5qRw�{a�k�msu&k - v ¦:{:{µk�m�onk�~_| hnt lnk#lnu - v - {:{a6cf�hj�F| h5rsm&wQmsk��.lnkT~�� | hai*k#lnm��2w���qR~_k#{}k#h"m��2w�q_u&k
£QwQu�q_k�u�~RwJmsk#{}i�zk�u�wQm&lnu&k}onkE~��zk#���5w�h"m&qR~R~_| h�k#h�~Rw�q_ms| h�r&lnu�l5hnk�iM~RwQt�kEonk�msk#{}i�zk�u�wQm&lnu&k}w�~R~Rw�h"m�onk
� - 7�¶#·¸�wy¹ � 7�¶#·ºk#hU�s| l5w�h"mTr&lnuT~_k}�F| lnu�w�h"mT©&6�»�~��2w�lnmThn|�msk�u��.lnk:o5lnu�w�h"mA�Fk�mTk#r&r&w�q�v�~_k#rTonk#l'x
u�w�o5qRwQmsk#lnu�r�u&k#rsmsk#h"mp�w�~Rw�msk#{}i�zk�u�wQm&lnu&k�onk�~Rw�iMq��k#�Fk�v �Q� k#rsm��w�o5q_u&k�4�4�¶#·¤k#h"£'q_u&| h�6Q��wpmsk#{}i�zk�u�wQm&lnu&k
onkp~��zk#���5w�h"m&qR~R~_| h:i*k#lnm)w�~R~_k�u��&l5r&�.l��I�w�¦ , ¶	·]k#hUonk#r&rs| l5r)onkp~RwTmsk#{}i�zk�u�wQm&lnu&k�onkp~RwAiMq��k#�Fk�65¼�l5w�h5o
©�k#rsm�i*| r&q_m&q_�vn~��zk#���5w�h"m&qR~R~_| hj���5w�l'¢*kTk�m��.l5w�h5o�©�k#rsm�h!zk�t wQm&q_�vc~��zk#���5w�h"m&qR~R~_| hau&k��Iu&| qRo5q_m�6'��w}iM~RwQt�k
onk��F| lnu�w�h"m�lnm&qR~_kp£Qw�onkp� - 6 ½E�¾�w � 6 ½E��6M·!k�{}| h"m&wQt�kAkFx'i�zk�u�qR{}k#h"m&w�~*£Qw�i*k�u�{}k�msmsu&k�onk�£Qw�~RqRonk�u
~_k�{}|'o��k#~_k��.l5q.wyzk�m.zkpo!zk#�Fu�q_m�w�l�iMwQu�wQt�u�wQiM�nk�4.6 7.6 4.v"k#hE�F| {}iMwQu�w�h"m�~_k#r�u'zk#r&l5~_m&wQm&r�kFx'i�zk�u�qR{}k#h"m&w�l'x
w�l'xa��w�~R��l5~Rr�|��5msk#h.l5r�iMwQu�r&qR{�l5~RwQm&q_| h�h.l5{�zk�u�qR�.lnkTo5la{}|'o��k#~_k�o5qRr&�Fu&k�m�6
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CQHQR"_7?7GIU`A"<)Ga<	CQCQB"JI<@A"<@\-HQUI=bB"GIcdB"GIHQCQHQU'N<	U�e�fg<	UhCQHQR"_7?7GIUF?�R�GdN<�G'N<Y_7JPS7W�HD<	B+Ua<	=@<	R�Ghi$?�B"JPR+HQU[M-S�JhCQS
Ua?�W�HjN<�G'N<`klS�JIm7<	CPn�e';�S>M+JI?�W-N<	A+B"JI<[WL?�R+UIHQUaGa<1oSh=@<	UIB"JI<�Jp<LK�MON<�JPHQ=@<	R�GIS7CD<	=@<	R�GOCQS`Ga<	R+UIHD?�RqZ'<�<�\V<	WI]
r B+H"S�M+M-S�JPS0s tDGuS7B�K@\V?7JPR"<	UuA+B@=@?�A+B+CD<vGIc"<�JP=)H r B"<>wyx	z�{|e';�S>=@<	UIB"JI<�Ua<�i}S7HDG~<	R�A"<	B�K@U'N< r B"<	R+WL<	U�e
;�S>M+JI<	=)H�o<�JI<[U'N< r B"<	R+WL<FWL?�R+UIHQUaGa<@oSbS�M+M-CQH r B"<�JuB+R�WL?�B"JPS7R�G)N<	CD<	WLGaJPH r B"<��~S7BY=@?�R�GIS�_7<7�"WL< r B+H"m�S
M+JI?0m7? r B"<�JvB+R"<FA+Hy��N<�JI<	R+WL<`A"<FGa<	=@MON<�JPS�GIB"JI<`<	R�GaJI<[�T�b<�Gg�T�Le"�FS7R+UvCQS1A"<	B�K"H�o<	=@<FU'N< r B"<	R+WL<7�+?�R
?�B"m'JI<>CD<>W�HDJPW�B+HDG�A"<>=)S7R+H�o<�JI<qoS)S7R+R'B+CD<�J�CD<>WL?�B"JPS7R�G��pA"<hUa?7JIGa< r B"<hCQS1Ga<	R+UIHD?�R�=@<	UIB"J�N<�<)���g���
Ua?�HDGbCQS�Ga<	R+UIHD?�R�Z'<�<�\V<	WI]��}WLi�e��-_�B"JI<q�'e �7��S��Peu�pR3<L�V<�G��uA+S7R+UbCD<YW�S7U1J�N<�<	C�� CD<q=@?�R�GIS�_7<^SlB+R"<
J�N<	UIHQUaGIS7R+WL<�N<	CD<	WLGaJPH r B"<@R"?�RdRgN<�_�CQHD_7<	S�\-CD<7e:�[<)WL<@i}S7HDG��TC�� <LK�M+JI<	UIUIHD?�RlA"<Y���g���Fi}S7HDG`HQR�Ga<�JIm7<	R+HDJ`CQS
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NiTi f  = 0,8 mm NiTi  0,2 x 0,8 mm
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T° > 600 °C T° > 600 °C T° = 20 °C
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Q/R�SUTUT8VWV	XDYZV'[\S8]�XDVG^�_\V`_\V	aM[Db']�XOX\V	b'^)V	a\c5dDeV	T8V	b'^)c5SUf�a\V	dgV	X9bGaOS8Q�c2V�h�f�aOSOR�d2d2a\c2V	X�^�T-i R�TUSUjDV	X�^2R/^2S8]�X
eV	T8V	b'^)c5SUf�a\VDR�SUXOd2Skf�a\VDTURl^)c5R�XOd2jmSUd2d2S8]�Xn_\VDT-i V'op]�c2^qjD]�^)V	a\c<Q�VGc5dqTURKd)^)c5aOb'^2a\c2V$R�b'^2S8]�XOX�eVGV �sr X\V
_\V	d`V'[M^)cMeV	jmS8^�eV	d�_\V$T-i R�b'^2S8]�XOX\V	a\c>V	d)^tSUjmjD]�uZSUTUSUd�eVGV�vZR/ctaOXnd2a\vOvp]�c2^xwO[MVFVG^tT-i R�a\^)c2VFV'[M^)cMeV	jmS8^�eV
vZS8Q�]�^)Vq_�i aOXPR�X\y�T8Vqz\hOT8]�c5d2f�a\V<TURDTUR�jDVq{>|n}!V	d)^`_�eVG~�]�c5j6eVGV ��� a\cxTURFwZy�a\c2V ���U� hZTURDTUR�jDVq{>|n}
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R/vOc	�V	d�_�eVG~�]�c5jmR/^2S8]�X��R�T-i�eVG^2R/^FjmR/c2^)V	XOd2S8^2SUf�a\VD_\V9z����2��� ���@� �k� VG^�R�b'^2S8]�XOX\V	a\c�a\^2SUTUSUd)V$T-i V'opVG^
j6eV	jD]�S8c2V�_\V<~�]�c5jDVqd2SUjDvZT8V<d)V	XOd �Or X\Vqb5�OR/c2y�VFR/vOvZTUSUf�a�eVGVl�RmT-i V'[M^)cMeV	jmS8^�eVFTUS8uOc2V<_\VqT-i R�b'^2S8]�XOX\V	a\c
d)VGc2^x_�i V'op]�c2^x_\V<c5R/vOvpV	T�vp]�a\c�TUR$vOcMeV'��_�eVG~�]�c5jmR/^2S8]�X@_\VqT-i {>|n}�hOT8]�c5d�_\VqTUR$^)c5R�XOd2S8^2S8]�XK_\V<vZ�OR�d)V
����� �Z� V	dx_OSUjDV	XOd2S8]�XOdW_\VqT-i R�b'^2S8]�XOX\V	a\cxd)]�X�^�� �G��� �¡�¢� jmj �
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^2aOR�X�^W_\V>_�eVGvZR/c2^WV	d)^WaOXDw�TZV	Xl½>SU¾xSZ_\Vt_OSUR�jP�VG^)c2V � h � jmj ��r X\V>vOc2V	jmS-�VGc2V`vZ�OR�d)Vt_\V`c2V	b'^2S¼w�bGR��
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VG^�_\V � h � jmjÀ_\VtTUR/c2y�Vm��b'~ � wZy�a\c2V ��� � � �O� V<jD]�X�^2R/y�VqR�eVG^�eVFb']�XkÁbGaK_\V<jmR�XOS-�VGc2V9�RFSUjmjD]�uZSUTUSUd)VGc
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MONQP�R4SUTVMCW�X6Y R4NCZ�[\W	]�T^R�T^SU_�]!Ta`	bW	cdcaW	]Oc^SUe1XUW@MCWfX>R\TaW	[\gihWH`GR�T^NC`^WfjlkVWHT�j�m � M�Y R�gO`	bW	cnXUW	c�`=hW	c^NOXUT^R�T^c
MONpoGqOR�g1SUTa`^Wsr�tlXUW	c�MCW	N=uvg1S>]Oo*W	c@W	]wX>R4SUTa_�]8rxWHT ��y _�NCW	]�TzXUW;`�{_�XUW.MCW;`GR4MOS>R�TaW	NC`fWHTphWH|�R4oHNCW	]�T
MCW.[;R4]OS6bWH`^WsS>[\g}_4`^T^R4]�TaW.XUW	c�oHR4XU_4`GSUW	c�MCWsX>R!X>R4[\W ��~ X#caW.Ta`^_�NC|4Ws��N�Y S>oHS�XUW	c�MCW	N=u�g1S>]Oo*W	cfca_�]�T
MCWn[;R4NC|�R4S>c#`GR4MOS>R�TaW	NC`�o*_�[\gOTaWnTaW	]�NQMCWnX>Rfg1NOS>c^c^R4]Oo*WQhW	XUW	o*Ta`GS>��NCWnS>[\g}_4`^T^R4]�TaWn��NOSOW	caTiMOS>c^c^SUgihWHW
MOR4]OcVX>R;X>R4[\W ��� _�NOcnR	|4_�]Oc:hWHZ�R4XUW	[\W	]�Td|=N:MOR4]OcVXUWzoGqOR�g1SUTa`^W'r;��NCWzXUWfgO`^_���X�MCWfTaW	[\gihWH`GR�T^NC`^W
XUWVXU_�]CZ�MCWnX>R�X>R4[\WV]�Y W	caT�g1R4c�o*_�]OcaT^R4]�T�WHT���NCWnX>RfTaW	[\gihWH`GR�T^NC`^WdMCW	c#W*u=Ta`=hW	[;SUT�hW	c�MCWnX>R�X>R4[\W�W	caT
S>]CP	hWH`GSUW	NC`^W�MCWdr4� IH� g1R�`�`GR�gOg}_4`^TdbR@j�� ��� ];W*�}WHTHtCMONC`GR4]�T�XUWVP-_�]Oo*T^SU_�]O]CW	[\W	]�THt�X>R@TaW	[\gihWH`GR�T^NC`^W
MCWVX6Y W	]OcaW	[�e1XUWVMON;[\_=MONOXUW ?�� _�NOXUWVcHY�hW	X6bWH|4WfMCWV��NCW	X>��NCW	c I	� o*Wn��NOSOgO`^_K|4_=��NCWnX>R@Ta`GR4]Oc^SUT^SU_�];MCW
g1qOR4caWi������MOR4]Oc�XUW	clg1R�`^T^SUW	clW*u=Ta`	{W	[\W	c�MCWiX>RnX>R4[\WiWHT�R4NCZ�[\W	]�TaW�R4S>]Oc^S����H� ����M�Y W	]�|=SU`^_�] � t � �
[;[�Ta_�NCT�R4N;XU_�]CZ�MCWVX6Y W	c^c^R4S � � W�g1q�hW	]C_�[xbW	]CWnW	caT�NO]CW�MOS��soHNOXUT�hWVc^NCgOg1X%hW	[\W	]�T^R4SU`^WzbRfc^NC`G[\_�]�TaWH`
g}_�NC`�R4c^c^NC`^WH`VXUWfo*_�]�Ta`�{_�XUWfW	]xe}_�NOoHXUW@P-WH`G[whW�MCWfX>R\M�hW*�1W*uCSU_�]:MCWfX6Y R4o*T^SU_�]O]CW	NC` �

� _�NOcVR	|4_�]Ocd[;S>c�W	]�hWH|=S>MCW	]Oo*WzMOR4]Oc�o*Wzg1R�`GR�Z4`GR�g1qCW�X6Y S>[\g}_4`^T^R4]Oo*W�MCW�X6Y R4cag}W	o*T@� �#o*_�]�Ta`�{_�XUW
T^qCWH`G[;S>��NCW�MCW#X6Y �n�¡ �¢ ¢ �K� ]dW*�}WHTHt£MOR4]OcEXUW#oHR4cEg1R�`^T^S>oHNOX>SUWH`�MONf[\_=MONOXUW ?p� _�NOXUW4t	X>RiTaW	[\gihWH`GR�T^NC`^W
MCWfX6Y �n�¡ ¤W	caTVMOS��soHS>XUW	[\W	]�T�[;RK{ ¥UTa`GS>c^R�e1XUWdo*_�[\gOTaW�TaW	]�N!MCWfTa_�NOc�XUW	c�g1q�hW	]C_�[xbW	]CW	cVT^qCWH`G[;S>��NCW	c
��NOSnca_�]�TxW	] y W	N¦MOR4]OcxXUWvca§=caTHbW	[\W �V¨ _�NC`xP-_�]Oo*T^SU_�]O]CWH`xo*_4`^`^W	o*TaW	[\W	]�THtnXUWv[\_=MONOXUW ?©� _�NOXUW
MC_�SUT�{WHTa`^W8g1X>R4o1hW8MOR4]Oc!NO]�W	]�|=SU`^_�]O]CW	[\W	]�T!]C_�]ªo*_�]=��]�hW8R	|4W	o8NO]CW�TaW	[\gihWH`GR�T^NC`^WwR4[�e1S>R4]�TaW
caT^R�e1XUW:WHTxS>]CP	hWH`GSUW	NC`^W«bR¤�¬� �i® R4]Ocxo*W�oHR4cHt�X>R8o*_�]Oca_�[;[;R�T^SU_�]¯hW	XUW	o*Ta`GS>��NCW¡W	caTQ`^W	X>R�T^SU|4W	[\W	]�T
S>[\g}_4`^T^R4]�TaW4t�XUW;o*_�NC`GR4]�T�M�Y R4X>S>[\W	]�T^R�T^SU_�]°hWHT^R4]�T�gO`^_=oGqCW;MCW.�Q� ��± S�X6Y _�]pca_�NOqOR4SUTaWwhW	X>R�`^Z�SU`fXUW	c
MC_�[;R4S>]CW	c�M�Y NCT^S>X>S>c^R�T^SU_�]�MCW�X6Y R4o*T^SU_�]O]CW	NC`	t�ca_�SUT�W	]\[;S>X>SUW	Nzo*_�]=��]�hW�_�N\c^S>[\g1XUW	[\W	]�Tlg}_�NC`l`=hW	MONOSU`^W
X>R8o*_�]Oca_�[;[;R�T^SU_�]¯hW	XUW	o*Ta`GS>��NCW4tiS>XVW	caTxR4XU_4`Gc.Ta`	bW	c!S>]�T�hWH`^W	c^c^R4]�TxM�Y NCT^S>X>S>caWH`.X>Rw[whWHT^qC_=MCW8� ��W*�}WHT
¨ W	XUT^SUWH`f¢ ¢Eg}_�NC`�XUWfo*_�]�Ta`�{_�XUW�MCWfX>R'TaW	[\gihWH`GR�T^NC`^WzMCWfX>R\X>R4[\Wf�n�¡  �

²f³µ´ ¶¸·^¹�º�»i¼�½�¹l¾�·^»n¿\¿'À�Á'º©Â½ÄÃ^½�ÅÄÀÆÂ½ÇÀ�ÈQÀ�¾BÉwÀ�Ãµ¾�·^À#º

Ê Wp[;S>o*`^_�ËÌR4o*T^SU_�]O]CW	NC`¤bRÍX>R4[\W¦bR«W*�}WHT ¨ W	XUT^SUWH`¤Î-_�N°[\_=MONOXUW ? ¨ W	XUT^SUWH`*Ï.W	caT:NO]ª[;S>o*`^_�Ë
R4o*T^SU_�]O]CW	NC`.MC_�]�TsXUW:o*_�]�Ta`�{_�XUWvMCW:X>R�TaW	[\gihWH`GR�T^NC`^WvMCW:X6Y �n�¡ �W	caTsR4c^c^NC`=hW:g1R�`.W*�}WHT ¨ W	XUT^SUWH` �
~ XEW	caT@o*_�]OcaT^SUT^N�hW\M�Y NO]CWzX>R4[\W'�n�¡ ÍW	] � S>Ð�S�S>MCW	]�T^S>��NCWxbRso*W	X>XUW'MON¡[\_=MONOXUW ?Ñ� _�NOXUW�WHTnP-_�]Oo%Ë
T^SU_�]O]CW@W*uCR4o*TaW	[\W	]�T@MCW�X>R;[x{W	[\Wz[;R4]OS6bWH`^Wz��NCW�o*WzMCWH`G]OSUWH` �CÊ R;ZlhWH_�[whWHTa`GSUW\MCW	cVMCW	N=u![\_=MONOXUW	c
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L�M�N)O?PQL�RSN�O?T0UQL�LKN)V?W�M�L�UXVYL�PXO	ZD[LK\�L�RX]ELD^!OYL�RSN)PXU�_+W`OYN)T0UQLDV?W3V?W`a�L�b�ced�PXUfa�g!PXUXVYL @ih g�UXVYL�L�M�N
L�Rkj�g�RX]EN�OYg�RlW�^`L�]3PXUl]KUXOY^0\�L`mQW`VYg`\�M�T0UQLAV?W�V?W`a�L�b�cednPXUla�g!PXUXVYL @po L�VYN�OYLK\qL�M�N�L�R3j�g�RX]EN�OYg�R
W�^`L�]3PQL�U!rlV?O?RQs`g`N�MqPQL�N�L�V?V?UQ\�LAPQLAtuO?M�akUQN�vwPQg`xy[L�MD\�L�M�x$L�]EN�OY^`L�a�L�RSN o LKNDz|{+]E_ /Q} s�UQ\�L -0/ 1�~�/

��������� ���$�#�S���!�����H�7�C�������?�.�0���H�7�#���u���
� LKN�N�L3g`xy[LK\�W=N�OYg�R5L�M�N�\�L�RXPXUQLAN�\��L�M�P)[L�V?O?]KW=N�Lw�W:]KW`UXM�L3PQL3V�� LEr!N�\��L�a�L3_�\�W=s�O?V?OYN0[L�PQL�M�V?O?RQs`g`N�M�PQL

N�L�V?V?UQ\�LfPQL�tuO?M�akUQN�v�LKN�PQL�MkxX\![L�]KW`UQN�OYg�RXM�T0U.� O?V�_+W`UQN3xX\�L�RXPQ\�L:x$g�UQ\�[LK^!OYN�LK\�PQLwVYL�MkP)[LKN0[LK\�OYg`\�LK\ /
� g�UQN�P.� W=t$g`\�P.m�g�R�PQg�OYN UQN�O?V?O?M�LK\ UXRQLyM�g�UXPXUQ\�L)M�xy[L�]KO?W`VYL��W�V��[LKN�W`O?R�T0UXO0RQLy]Eg�RSN�OYL�RSN�xuW`M�PQLy]KUXOY^0\�L`m
x$g�UQ\�RQLkxuW`MA]Eg�RSN�W`a:O?RQLK\�VYL�M�V?O?RQs`g`N�M / � LKN�N�L�M�g�UXPXUQ\�LkL�M�NAUXR¡W`V?V?O?W=s`L�PQLktuO?M�akUQN�v¢LKNAP.�[LKN�W`O?R
L�UQN�L�]EN�O?T0UQL�W�£�W`RSN�UXRQL�N�L�a�xy[LK\�W=N�UQ\�LkPQLA_+UXM�OYg�RwPQL & -`1f¤ � T0UXO$L�M�N�M�xy[L�]KO?W`VYL�a�L�RSNDUQN�O?V?O?M0[L�x$g�UQ\
V?W:M�g�UXPXUQ\�L3PQL�MDV?O?RQs`g`N�MDPQL�N�L�V?V?UQ\�L�PQL3tuO?M�akUQN�v5M�UQ\DVYL�M�\�LK_�\�g�O?PXO?M�M�L�UQ\�M o L�VYN�OYLK\�PXU¢]Eg�a:a�LK\�]EL /
¥ L�_+W=tX\�O?]KW`RSN�PQL3V?W:M�g�UXPXUQ\�L�L�M�NDV?W:M�g!]KO¦[LKN0[L:§ 6E>Y¨�9=Il©«ªQ6EI¦8:9�6E>?6�¨�F+I¦G�¨E¬!�/u¥ L�MDV?O?RQs`g`N�M�T0UQL3RQg�UXM
W�^`g�RXMyUQN�O?V?O?M0[L�M�RQg�UXM�g�RSN�[LKN0[L�W`O?a:W=tuVYL�a�L�RSN#PQg�RXR)[L�M#xuW=\)c¢g�RXM�OYL�UQ\ hQ/Q® N�g!]�¯!vQg�V?a°PQLDV?W�M�g!]KO¦[LKN0[L
§�± I¦²`6E>7©«ªQ6EI¦8:9�6E>?6�¨�F+I¦G�¨E¬�³ LKN�x$g�M�MK�L�PQL�RSN�UXR } R�P)[LKx��g`N�PQLyRXO?]�¯`L�V«�WAVYL�UQ\�M7LEr!N�\![L�a:OYN0[L�M / � LqP)[LKx��g`N
PQL�RXO?]�¯`L�V$M�LK\�NyPQLDtuW=\�\�O��LK\�L�PQL�PXO	Z.UXM�OYg�R:W`Uw]KUXOY^0\�L�T0UXO�mSM�Oug�RwRQLDxX\�L�RXP:xuW`My]ELKN�N�L�xX\![L�]KW`UQN�OYg�R.m
^=W�\�L�RXPQ\�L�VYL�V?O?RQs`g`N�O?R0UQN�O?V?O?M�W=tuVYL�P.� UXRex$g�O?RSN�PQL�^!UeN�vQLK\�a�g [L�VYL�]EN�\�O?T0UQL /«¥ Ww]Eg�a�x$g�M�OYN�OYg�R¡]�vXO	´
a:O?T0UQL�PQL�MDV?O?RQs`g`N�MDPQL�N�£0x$LkzµL�M�N %=¶S·¹¸kº ³�»�¼�½ LKN &K¶S·¾¸kº ³�¿�¼�½ /�¥ W:]Eg�a�x$g�M�OYN�OYg�R¢]�vXO?a:O?T0UQL
PQL�M�V?O?RQs`g`N�M�PQLkN�£0x$L o L�M�N3À=Á · ¿�Â¦³¦»�¼�½ LKN�Ã`Á ·¹¸kº ³�»�¼�½ /�Ä V?M�M�g�RSN�g`tXN�L�R0UXM�xuW=\�_+UXM�OYg�R5xuUXO?M
M�g�V?O?PXO } ]KW=N�OYg�R5PXOY\�OYs [LKLkT0UXO VYL�UQ\�]Eg�RQ_�LK\�L�RSN�UXRQLkM�N�\�UX]EN�UQ\�Lka�g�RQg!]E\�O?M�N�W`V?V?O?RQL�W�^`L�]�PQL�MDxuV?W`RXMDPQL
]KV?OY^=W=s`L�T0UQLwV�� g�RÅ\�LKN�\�g�UQ^`LwW=xX\��L�M�P)[L�]Eg�UQx$L`m�PXW`RXMkV�� W�r!LwPXUÅV?O?RQs`g`NwÆ - Ã�Ç / � LKN�N�LlM�g�V?O?PXO } ]KW=N�OYg�R
PXOY\�OYs [LKLkL�M�N�R)[L�]EL�M�M�W`OY\�L�x$g�UQ\�V�� g`tXN�L�RSN�OYg�R¡P.� UXR¢_+W`]EN�L�UQ\APQL�aÈ[LK\�OYN�L�O?RSN0[LK\�L�M�M�W`RSN�a:W`O?M�a:W`V?vQL�U!´
\�L�UXM�L�a�L�RSNKm$L�V?VYL�\�L�RXP¡VYL�MAV?O?RQs`g`N�M�N�\��L�MA_�\�W=s�O?VYL�M�LKNAN�\��L�M�P)[L�V?O?]KW=N�M��Wla:W`RXOYxuUXVYLK\ /u¥ L�_+W`]EN�L�UQ\�PQL
aÈ[LK\�OYN�L¡P.� UXRÉa:W=N0[LK\�O?W`UÉL�M�NlUXRQL¢s`\�W`RXPQL�UQ\w]KW=\�W`]EN0[LK\�O?M�N�O?T0UQLÊT0UXO�\�L�RXPÉ]Eg�a�xXN�L¡PQL�MwT0UXW`V?OYN0[L�M
N�vQLK\�a�g [L�VYL�]EN�\�O?T0UQL�M�PXU¢a:W=N0[LK\�O?W`U / d�O?RXW`VYL�a�L�RSNKm�V�� W`]EN�OYg�RXRQL�UQ\�a�g�RSN0[L�N�L�V�T0UQLkVYLka�g�RSN�\�L�V?W } ´
s�UQ\�L -0/ 1 L�M�N�O?R0UQN�O?V?O?M�W=tuVYLAM�O V�� g�R¢RQL3xX\![LK^`g�OYN�xuW`M�UXR5\�L�RQ_�g`\�N�W`UQN�g�UQ\�PQL�M�V?O?RQs`g`N�MDzCLKN o m$T0UXO
^=W¢x$LK\�a�LKN�N�\�LwV?W5N�\�W`RXM�a:O?M�M�OYg�RÅPQL�M3LEZ$g`\�N�M�^`LK\�M�V?W¢M�N�\�UX]EN�UQ\�LwW`]EN�OYg�RXR)[LKL /�o g�UQ\�\![L�M�UXa�LK\�m�V?W
xX\�g!]u[L�PXUQ\�L�P.� g`tXN�L�RSN�OYg�R5P.� UXRQL)j�g�RX]EN�OYg�RlL�M�N«Ë

2 [LKN�W`a�LK\�V?WkM�UQ\�_+W`]EL�P.� b�cedÅL�R�j�g�RX]EN�OYg�R.m!W�^`L�]APQL�V?WkM�g�UXPXUQ\�L�ÌyO ® RfM�g�UXM#Í�U!rfP)[L�]KW=xuW`RSNKm
Î¦Ï�ÐKÑ�ÑHÒSÓ Ô¦Ô�Õ.Õ.Õ�Ï Öq×ÙØ ÚÙÛ�Ü�Ï ÚÙÛ¦ÖDÔ
ÝKÏ�ÐKÑ�ÑHÒSÓ Ô¦Ô�Õ.Õ.Õ�Ï Ö�Þ�ÜHßE×ÙØ ÑH×¦Ï ÚÙÛ¦Ö
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�BAC@D'E�FGC@H�I8E J'KLH'M�E�N=CGOLC6PRQ8N'S�C	ITORKUI8Q8PLV�W�D:OLCGX�C	YZQ\[]E	^�C	N1OLCGI8E J*W�KRORKLH'C_YZQa`#PUJ*W�KRJcbdK#e
O AC	N@E3f-E�P�D@[

� H AC	E�I8Q8J*C@H<IgC:fhW�J'QgD'QgW�PRPLC	FGC	P�D�OLC	JiOLC	K#e AC	I AC	FGC	P�D'J<C@D<IgC	JiF6E�Q8P�D*C	PRQgH�H,E3fRfRH'W#N,j AC	J@[
� N,jRE�K#khC@H�l'KRJ'm�K�naoEpM�KRJ'QgW�PGOLC<I8E:J*W�KRORKLH'CiJ*CiD*H'W�KL^3E�P�D�J'KLH�I8E�l*W�PRN=D'QgW�P�[�D*W�Kql*W�KLH,JrJ*W�KRJTbdK#e
O AC	N@E3f-E�P�D �

s C@D*D*CpW�f AC@H,E3D'QgW�PtOLW�QgDcuC@D*H'C:C=khC	N=D'K AC@CvE	^�C	NwE�KLD'E�P�DiOLCpJ*W�Q8Pxm�KLCcfhW�J'J'Qgy-IgC<N@E3HiI8E�m�KRE�I8QgD AC:OLC
I8E<l*W�PRN=D'QgW�P H AC	E�I8Q8J AC@CwC	J*DiD*H	oC	JcQ8FGfhW�H'D'E�P�D*C:fhW�KLHiI8EGm�KRE�I8QgD ACwORK H'C@MaH'W�Q8ORQ8J'J*C	FGC	P�D:z �q{ �

|~}a�~}a� ���T�����%���B�_�-�\���%�R�
� PLC:MaW�Q8J�m�KLCwIgC	J�m�KRE3D*H'CZl*W�PRN=D'QgW�PRJZD'jLC@H,FGW AC	IgC	N=D*H,Q8m�KLC	J�� s K#����[R�T���c����[-�c�������v[d�i� s Kd�

J*W�P�DxH AC	E�I8Q8J AC@C	J@[<I\n AC@D'E3fhC�J'KRQg^3E�P�D*CUN=W�PRJ'Q8J*D*C�oE�M�E3yRH,Q8m�KLC@HxIgC�H'C	PLMaW�H'D F AC	N@E�PRQ8m�KLC � ��W�KLHtN=C@D*D*C
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\"]_^�`DaP^Bb�cXcOd-`_efcg\Ih�e_i d�^�e�d c
jfcgd c�kmlni1oqpsr�iOt�^�`Uu�cOvwu�h�x6j_x6i�i c�kmc�e�d 3�y
z h�{n^ z c�kmc�e�d z cHkmhDj_` z c
|~} c z d�x�cOu
c�i d
{nx�c�eZl z `_i z c�e�d��4`fc z c�kmhDj_` z c |�� h�` z c 3%�(���cOd�`_jfc�v/^�x�d cm^�`�\"]_^Blnx�d u�c?�?l%cOu"kmcOd
j � cI�Dl z x6�4`fcOu�\IcOd d c9j_x�a �cOu�c�e_\Ic 3_� cF\Ih4cI�q\Ox�c�e�dgjfcF\Ih�e_j_`_\Id�x�h�eRj_`qd c z6z `fu�c�jfc
{nx6i�k9`fd�]q�B^�`fd 5 t Q
d�^�e_j_x6i��4`fc�\Ic z `_xPj_`;\O`_x��4u�c��B^�`fd 2���Q43T� h�kml_d c�d c�e4`Zjfc z ^�vwh�u�d c�j_x6i�i�x�ln^Bd�x�h�eqd�]fcOu"k?x6�4`fc
ln^Bu
\Ih�e_j_`_\Id�x�h�e�j_^�e_i z c9\O`_x��4u�c�t z ^Ujf�De_^�k?x6�4`fcFd�]fcOu"k?x6�4`fcFc�i d �c z cO� �cOcmj_^�e_i z c9kmhDj_` z c |~� h�` z c 3
�X� c�i d z c�\Ih�e�d u"^�x�u�cZl%h�`fu z c�kmhDj_` z c |�} c z d�x�cOu 3�� cZln] �c�efh�kR�c�efc�^�l%h�`fuU\Ih�e_i �c��4`fc�e_\Ic�`_efc
u"^Blnx6jfc �c z��cO�B^Bd�x�h�e�j � `_efcmj_x���^�x6efcmjfcUjfcOb�u �c�i�jfc z ^�d c�kml �cOu"^Bd�`fu�cqjfc�i�lnx6e_\Ic�i�j � cI�Dd u �c�k?x�d �c�i9j_`
kmhDj_` z c |�� h�` z cF^ z h�u"iH�4`fc z����c z��cO�B^Bd�x�h�e�jfc z ^md c�kml �cOu"^Bd�`fu�c9jfc�iglnx6e_\Ic�i�j_`;kmhDj_` z c |[} c z d�x�cOu
c�i dgl_u"^Bd�x6�4`fc�kmc�e�dgx6efcI�fx6i d�^�e�d c 3

� ^�\Ih�kmln^Bu"^�x6i h�e�jfc z ^Zln`_x6i�i�^�e_\Ic �c z c�\Id u"x6�4`fcRk?x6i cUc�eZ� c�`Pt z h�u"i�j_`�u �cOb�x6kmcRl%cOu"k?^�efc�e�d
�^ *���� � t�i � cIa%c�\Id�`fcqv/^�\Ox z c�kmc�e�dFc�e�v/^�x6i�^�e�d z c?l_u�hDj_`_x�d�j_`�\Ih�`fu"^�e�d9^B{ni h�u�{ �cU XcOd9jfc z ^Rd c�eD¡
i�x�h�eRkmc�i�`fu �cOc?¢�£-¤�¥H^�`D��{%h�u"efc�igj_`RkmhDj_` z c 3f� ^?\Ih�e_i h�k?k?^Bd�x�h�eZj_`;kmhDj_` z c |¦� h�` z c�c�i dHjfc
��� Q km§¨cOd�\Ic z6z cmj_`�kmhDj_` z c |©} c z d�x�cOu�c�i d�jfc�r 5 km§ªi h�`_iFjfc�i�\Ih�`fu"^�e�d�i�j � ^ z x6kmc�e�d�^Bd�x�h�e
u�c�i l%c�\Id�x�v/i�jfc 243 )m« l%h�`fu z c
l_u�c�k?x�cOu�cOd � t r )?« l%h�`fu z cFi c�\Ih�e_j 3f¬ \Ox�t z c�u"^Bl_l%h�u�d�jfcF\Ih�e_i h�k�¡
k?^Bd�x�h�e �c z c�\Id u"x6�4`fc�c�i dgjfc 7 t 7 ^ z h�u"i��4`fc z����cOd�`_jfcFj_`�\"]_^Blnx�d u�c��9jfh�e_e_^�x�d�`_equ"^Bl_l%h�u�d�jfc 5�2 t ) 3
� c�iXl%cOu�vwh�u"k?^�e_\Ic�i
jfc z�� cIa%cOd } c z d�x�cOu
h�{_d c�e4`fc�i
c�e�u �c�^ z x�d �cUi h�e�d�x6efv �cOu"x�c�`fu�c�im�^q\Ic z6z c�i
�4`fc z�� h�e
l%c�`fd1c�i l �cOu�cOu�h�{_d c�e_x�u�tP�^�\O^�`_i c
jfc�i-u �c�i�x6i d�^�e_\Ic�i�jfc
\Ih�e�d�^�\Id�i �c z cO� �cOc�ig^�`�e_x���c�^�`�jfc�iP� h�e_\Id�x�h�e_i
d�]fcOu"kmh �c z c�\Id u"x6�4`fc�i 3
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GIH(GIHKJ LNMPO�Q�RTSVUXWYSZR+[�\TS)]
^`_babc/d)e)fg_ihkjl_	fgmong_3p@q(c�r)s:mongc�r)rt_buoetp@fg_bawv_	ab_yx)pzn�r)s3ngx{_"|�et_yfg_babc/d)e)fg_Y}~jl_	fgmong_3p�ay��n�u

uo�Yq(c�pzab_@�l�_3c�a��_3m�pzn�|�et_i_	u�m��{_	��e)s:c�etx$xZf�e)u���f�fgc�rt�l�_3_�p/�_	d)e)n�uo��r�m���n�r)uon�f+� _	r)s:c�a"�)po_	ab_	r�m�pz��d)n���f
� s:q��l�Z��etpo_w�����	���z��^�� etmon�f�n�uo�5mongc�r�d�� e)rt_Xf���ab_X�k����_	r�q(c�pzab_wdt_Xh"��e�f�ng_	e�d�� e)rt_�q(c�pzab_X_	r
�~x{_3pzab_3m�e)rt_"ab_	n�f�fg_	etpo_�m�_	r�et_ia��_	s3��r)n�|�et_id)ewpo_	rtq(c�pom�s:c�abx{c�uongm�_"��eBr)ng��_	��eBdt_	uI��c�r)s:mongc�r)u
�k�����K��_	��n+��^��>f���ab_Y�k���D_	r�h�_	u�mkc��)m�_	r�et_i_	r�e)rt_iu�_	e)fg_"c�x��_3pz�5mongc�r�����>xZ�5pomongpkd�� e)r$��f�dt_
 kn���n�dt_$d)n���aw�_3m�po_7�5� ¡¢aya£_3mbxZ�5pyd��_	s:c�etxZ�5��_��	��_	s$e)rt_way��sz¤)n�rt_���¥�_	fg_	s:m�poc5�5�_3poc�uongc�r¦�����f+�
�_3�/ngmo��r�m���n�r)uon�m�c�etm�_	u�fg_	u�c�x��_3pz�5mongc�r)u�dt_�po_	s:mon§��s3�5mongc�rw|�e�� n�fZq���etm�_:¨{_	s:moet_3p��	��_	s�f��Yf���ab_k_	rX�i�
© r7c��)mong_	r�mYe)r7h"dt_�d)n�ab_	r)uongc�r)u"�«ª¬�5� ¡«ª�/� � aya®�	��_	swe)rt_��_3xZ��n�uou�_	etpYdt_�f���ab_�dt_X/� ¡
aya � s:q��t�Z��etpo_"�����	¯��z����x)p	�_	u�f��Yd��_	s:c�etx{_"��eX��f+�tf��bf���ab_�uoet�Zngm�e)rXm�pz��ngm�_	ab_	r�m�mo¤t_3pzayn�|�et_@dt_
po_	u�mo��etpz�5mongc�rBdt_>�3>ayn�r�etm�_	uY���¯5��° ±k�Z^��y�)pz��uoetpo_�d�� ��s3s:poc/sz¤t_Y��e/²$dt_	e/²w_:²/m�p/�_	ayngm��_	u@d)ewh"��
�_3m��_>p/�_	��f�n�u��_3_&��X�Z��uou�_bm�_	abx��_3pz�5moetpo_>�	��_	sye)r¢��f�f�n��5��_>³/r)���wu�c�e)uk´�e/²&d��_	s3�5xZ��r�m"u�x��_	s3n���f�dt_bf��
u�c/s3n0�_3m��_iµ)¶/*z· < # <:= 45.08 ? ·�· E %+¸z*�,�%+45't1�¹z'�¸ F»º9��^`_	u�p/�_	uoe)fgmo�5mou�u�c�r�m�m�p	�_	u��{c�r)u�s3�5p�c�r>c��)mong_	r�m�e)r
abc�e)n�f�f��5��_Ys:c�popo_	s:m@_	r�m�po_>fg_ba��_3mo��f��5x)x{c�pom��_b_3m�f+� �k�����`fg_i´�e/²&d��_	s3�5xZ��r�m¢�_3mo��r�m�m�p	�_	u�_:¼�s3��s:_
x{c�etpw�_	f�n�ayn�rt_3p�f��>s:c�e)sz¤t_bd�� c	²/½/dt_Y��e�abc�ab_	r�m�dt_if��>u�c�e)d)etpo_���^`_	u�x{c�uouong�Zn�f�ngm��_	u�c5¨{_3pom�_	ukxZ�5p
fg_@abc/d)e)fg_�h�jl_	fgmong_3p�r�� c�r�m�xZ��u�_	r)s:c�po_¢�_3m��_	uk_:²/xZfgc�p/�_3_	u3�

GIH(GIH(¾ L¿\KÀ�\TÁ�[�Q�]�\KÂ9Á�[�\TM�ÀÃSt[�\KÀ�[�ÄS)Å`]�Á�[�\TM�À�O�Á�À�Â�RTSZÂwÆÇ\KÈ/]�M�Â É�Â [)ÊSZÆËSZÂ
Ì���r)u�fg_ixZ�5pz�5��pz�5xZ¤t_ix)p/�_	sZ�_	dt_	r�m3��rtc�e)u��	��c�r)u�x)p/�_	u�_	r�m��_>e)r�d��_	abc�r)u�m�pz�5m�_	etp�|�e)nls:c�r/�Zpzab_

f+� n�r�m��_3p	v_3mPd�� etmon�f�n�u�_3ple)riu�½/u�m3�_	ab_"��k_:¨{_3mPjl_	fgmong_3plx{c�etpIfg_�s:c�r�m�p5vc�fg_�dt_�f���m�_	abx��_3pz�5moetpo_�dt_�f+� �k�����
Í�r7f+���_3mo�5mb��s:moet_	f+�lf��$a��_3mo¤tc/dt_�dt_yq��5�)pzn�s3�5mongc�rÎd)e7abc/d)e)fg_	u"}Ïjl_	fgmong_3p"c�e7h�jl_	fgmong_3p"_	u�m"m�p	�_	u
�5pomon�uo��r)��fg_P_3mIdt_	ay��r)dt_P�{_	��e)s:c�etxid�� ��dtpo_	uou�_����f+� c�x��_3pz�5m�_	etpI|�e)n�_	u�m�_	risz¤)�5po��_�dt_�fg_	u�q��5�)pzn�|�et_3p	�
Ìk_&xZf�e)u3���	��_	s7s:_3m�m�_7a��_3mo¤tc/dt_���n�f�_	u�mwd)n§¼�s3n�fg_Bdt_�p/�_	d)e)ngpo_&d)�	�5��r�mo�5��_Îfg_	u�d)n�ab_	r)uongc�r)u>dt_	u
abc/d)e)fg_	uijl_	fgmong_3p	�Pjlc�etpys:_3m�m�_$pz��n�u�c�r��Ic�rV_	r��/n�uo�5��_$d�� ��etm�po_	uYx{c�uouong�Zn�f�ngm��_	uidt_Xq��5�)pzn�s3�5mongc�r�_3m
xZf�e)u�xZ�5pomon�s3e)f�n+�_3po_	ab_	r�m�_	rBetmon�f�n�uo��r�m�fg_	u�m�_	sz¤)r)n�|�et_	u�dt_"ayn�s:poc�q��5�)pzn�s3�5mongc�rX_	r$uo��f�fg_@�Zf���r)sz¤t_@_3m
d�� e)uon�r)�5��_�sz¤)n�ayn�|�et_���uoetp�uoet�Zu�m�pz�5m�_	r�uon�f�n�s3n�e)aw�5�ks:moet_	f�fg_	ab_	r�m3�/n�ft_	u�m�x{c�uouong�Zfg_�dt_�p/�_	��f�n�u�_3p�dt_	u
d��_3x{c�mouYdt_X kn���n�uoe)ng�5��r�mis:_	uim�_	sz¤)r)n�|�et_	uXÐ �/�3Ñ�Ð Ò�� Ñ�Ð§� � Ñ�Ð ¡ � Ñ�ay��n�uw���rtc�m�po_Xs:c�r)r)��n�uouo��r)s:_��In�f
r�� _	u�m�xZ��u�x{c�uouong�Zfg_�d�� c��)m�_	r)ngp�dt_	u�d��_3xIvc�mou�dt_�m�_	f�f�etpo_�dt_��Zn�uoaietmo¤ydtc�r�m�c�r>s:c�r�m�p5vc�fg_�fg_�dtc�xZ�5��_��
Ó etc�n/|�e�� n�f�_	ryu�c�ngm3��c�rbx{_	etmIm�c�etm�dt_�awv_	ab_�_	r��/n�uo�5��_3p�dt_	uPu�½/u�m3�_	ab_	u��k����mo¤t_3pzabcl�_	fg_	s:m�pzn�|�et_	u
c`�eBfg_	ul��c�r)s:mongc�r)u�q(poc�n�dt_	u � ��_3m�Ò���u�c�r�m�d��_3x{c�pom��_3_	ukxZ�5p�pz�5x)x{c�pom���e/²i��c�r)s:mongc�r)u�sz¤)��e)dt_	u � ¡b_3m
���ks:_>|�e)nlx{_3pzab_3m�dt_bf�n�ayngm�_3p@fg_	u��_	sz¤)��rt��_	u"xZ�5p�s:c�r)d)e)s:mongc�r&mo¤t_3pzayn�|�et_Y_	r�m�po_yf+� �k���Ç_3m�fg_	u
pz��d)n��5m�_	etpzu � s:q��t�Z��etpo_"����� ���z��Ìk_"m�_	f�u�u�½/u�m3�_	ab_	u�x{_	et��_	r�m@v_3m�po_7�_3moe)d)n0�_	u���rt_	ab_	r�m�_3m�c�x)mon�ayn�u��_	u
_	rVetmon�f�n�uo��r�mYf���a��_3mo¤tc/dt_$r�e)a��_3pzn�|�et_XxZ�5pbd)n§¨��_3po_	r)s:_	uY��r)ng_	u3�l_:²/x{c�u��_3_$��e�sz¤)�5xZngm�po_$¡����l��r�m
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En fonction du type d’actionnement à
réaliser , il est préférable d’utiliser des

Fils AMF Formes
“compactes”

AMF

La température
ambiante est

fixe et
inférieure à M f

Il y a
possibilité
d’évacuer

facilement les
calories avec
un radiateur

On souhaite
réduire autant
que possible la
consommation

électrique

L’encombrement
ne permet pas
d’utili ser un

radiateur
volumineux

La température
ambiante varie ou
est supérieure à M f

(environnement
confiné)

On dispose
d’une

alimentation
électrique à
fort courant

débité

JOULE

PELTIER
JOULE

PELTIER

PELTIER
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