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ÞÕÔEÛ�ûUÚ ö ×fÔEßYÙ�Û�Ùfâ�ã?ß�Ûm×fÔEÛ)�KÚ � ÖhØYÔCÙmÔsû�âHÖYÛf×fÒÕ×�ßYÔUÙÔEÖ ×fÔ ç ö ÛMÙYåÔUÔEÞ Þ��OåÔL[�â�Þ�ßY×�ÒÕâHÖCØ,Ô\[èÚèÙ�Ò÷Úèã�ÞÕÔüÛJÒ ç ö â�Ùm×®Ú�ÖH×fÔEÛ)�H×fÔEÞ�ÞÕÔEÛMé>ß,Ô³Þ÷Ú
×fÔEÖYÔEßYÙMÔEÖ�ÔsÚèß��>Þ÷Ú û�âHß�ÞÕÔEßYÙ)�Ú�Ò�ÖYÛ�Òáé>ßYÔkØYÔEÛ ö ÚèÙ®Ú ç ùÔU×fÙmÔüÛËûÓÒ�Ö¾åÔU×�Ò�éTßYÔEÛký ö ÚèÙ ÔÓþ,Ô ç ö ÞÕÔ ÞÕÔ1û�â>ÔLW�ûÓÒÕÔEÖT× Ø,Ôk×mÙ®Ú�Ö�Ûk#/ÔUÙf× ØYÔ1û®Ü?Ú�ÞÕÔEßYÙÔEÛm×�Ò ç åÔ Û�Ò ç ß�ÞÕ×®Ú�ÖMåÔ ç ÔEÖT×pÚ�[�ÔüûËÞ÷Úl[èÚèÙ�Ò÷Ú�ã?ÞÕÔCØ��OåÔU×®Ú�×�ÿm.10325476&689;:�9;<�=?>@�¨�)AnABC^�5032(=Vo�:?<�p�I|ÔU×�Ú�Þ�%Q�
�)AnANMS�;DE:&FHG�I?:?<5Jq�<�)AnANMBO�%

br�ìÒ�Ö�Ø�ß�Ûm×mÙ�ÒÕÔ�Ú�Þ�Ò ç ÔüÖH×®Ú�ÒÕÙmÔ ÙmÔüéTß�ÒÕÔUÙf×¾ØYÔEÛdûUÚ ö ×fÔEßYÙ�ÛJÙfâ�ã?ßYÛf×mÔEÛMÔU×áØYÔEÛdÚèÞÕà�â�Ù�ÒÕ×fÜ ç ÔEÛ$ý2ÔEÛm×�Ò ç Úè×fÔEßYÙÝÿûUÚ ö Ú�ã?ÞÕÔEÛ Ø�� Ô)sutüûwv�ß*tLxZy*t)z ç t�zfß*xkt)z{tLv|y*t)z�}N~;}�ÞQP zkt)zlt�~�Þ��ÕàB~*t-� ö tLx ç tLv$v�}N~&v|}n��~^z$����y��]}nz$z�ß x$tLx
Þ�}1éTß;}�Þ��Qv�åt-�Vy��]}�ßYà ç t)~&vktLx�Þ�} ö xfâ8y�ß?ûwv��Õâ-~�tLvKy��ìâ ö v�� ç ��zktLx�ÞQt ö xfâ,ûLåt)y¾åt�t�~�v$t ç ö zqx�åt)tEÞ�%��\}n~^z û�tûw�-~&vktÓþ v$t-�����]��~*y^�^zkv$x$�Qt�y^� û)},#`�t�t)zkv(�^~EtÓþ t)� ö �Qt@��~&v^�t)xkt)z�z�}n~-v�� ö �^��z$�8�?�]���8~?��tÓþ*��zkv$t ö }nz5y�����~^zkv$x��*�mt)~ �
v�}Nv��Q�-~ ö �-�*x��mt)z$�*x$tLx���}+�8�;}N���Qv^�t3y^� ö x$� y^�*�Qv��*�8�*�?t)zkv��^~*tf#7�-~?ûwv$�Q�-~ªûw�-� ö �����8���tLt3y*tfy^�Qs��tLx$t)~&v$t)z

�!�
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¡ x�}n~^y*t)�*x$z�ý8û��B�^�Qt)�*x��V}Nx,!�-�mt-� ¡ ��!�*v��(¢ ¢ ûw�Bx ö z�£ £2ÿ¤%���t¥~*�-�q¦*x$t)�^zkt)z	�t)v�} ö t)zEy*t�v$x�}N~^zk#7�Bx���},v��Q�-~�y*t
��}q��}Nv$�úùtLx$t�z$�B~&v�~��tüûwt)z�z�}n�Qxkt)z ö �-� x��B¦*v$t)~^�Qx��^~ ûL}N#`�t�¦u�B��z�zk�-~ ö x�!tLv ö �-� xf!tLv$xkt�ûw�-~^zk�-�§�¨�t-%8©H}Nx$�§�
vk�-�*v$t)zMûwt)z��tLv�} ö t)z)�-��}fvk�Bx$x*�tL#�}�ûwv��Q�B~mt)zkv ö x$�B¦;}N¦;�Qt)�mt)~&v������ ö �tLx�},v��Q�-~§��} ö ���^z@��� ö �Bxkv�}n~-v$t-�HûL}Nx@t)���Qtûw�-~*#OùtLx$tª}n� ö x$� y^�*�Qv�zkt)z��&�;}n���Qv^�t)z��Bx ¡ }n~*�B�Qt ö v����8�*t)z)%

bV}\v$�nx$x^�tL#�}�ûwv��Q�-~qt)zkvr�^~*t�� ö �t)x�}Nv��Q�B~+�^~^�Qv�}N�Qx$t��8�^�?û��B~^z$��z$vkt�ù}�û¤«^}n�*sut)xU�Qt)z ¡ x�}N��~^zUy*t ûL}N#`�t�[nt)xkvù}+�^~*t3v$t)� ö �tLx�}Nv$�*x$t�ûw�-� ö x���zkt\t�~-v$x$t¬�LCB¬B�T®tLv[�nCn¬B¤T\%*��t)�,þ ö «;}Nz$t)z ö t)�*[nt�~-vª!tLv$xktfy^��zkv$��~ ¡ ���t)t)z
}n��ûw�-�*x�z�y*t���}3v$�Bxkx^�t)#�}�û�v$�Q�-~�%nbV} ö x$t)�§�úùtLx$t ö «;}nzkt$ûw�Bxkx$t)z ö �-~^y¥}n��z*�tüû�«;} ¡ t
ý�ù}ªy*t)z�v$t)� ö �tLx�}Nv$�*x$t)z
y^� ¡ x�}n��~|��~*#`�t)x$�Qt)�*x$t)z�ù}A�)Cn¬B�Tdÿw�;�Qt�z�x^�t�}�ûwv��Q�-~^z�zk�-~&v¯}n�Q�Bx�z�t)~^y*�Bv$«*tLx��§���&�*t)z�%;bV}�zktüû��B~^y*t ö «;}nzkt
t)zkv�tÓþ �Bv$«*tLx��§���8� tftLv û��nx$x$t)z ö �-~*y"ù}§��}+vk�Bx$x*�tL#�}�ûwv��Q�B~�ý�ù}my*t)z�v$t)� ö �t)x�}Nv�� x$t)z�y^� ¡ x�}n��~kûw�-� ö x���zkt)z
t)~&vkx$tÍ�)Cn¬B�T¨tLvH�nCB¬n¤Táÿw�Hûn�°t�zkvrt)���Qt��8�*� ö x$�,[n� �8�*t�y*t)zrx^�t�}�ûwv$�Q�-~^zUy*t ö P8x$�-�QP8z$t
ý���}fy��t ¡ x�}Ny;}Nv��Q�B~+tLv
��} ö �B�QP �d�tLx$��z�},v��Q�-~¥y*tpûwtLx$v�}n��~^záû��B� ö �-z*�t)zÝÿr��~^y^�^��z�}n~-v���}q#7�Bx��§}Nv��Q�-~¥y*tfz$�*¦;zkv�}n~�û�t)z�t)z$zkt�~-v��Qt)���Qt)z
ö �B�*x�y*�-~^~*tLx)�*t�~-v$x$tª}n�*vkx$t)z)�*��}+�8�;}n���Qv*�t3z$t)~^zk�Bx$�Qt)���Qt3y*tE��}q¦u�-��z$zk�-~ªY

± ��}®y��t)~;},v��*x�}Nv��Q�-~²y t�z ö x$�nv^�t)��~*t)z�t)~³}�ûL��y t�z´}n�§��~��t)z ö }Nx$v$�÷ûL� ö t&�¯}�[Btüû��Qt�z´z$�?ûwxkt�z)��y^}n~^z
�Qt)zqx*�t�}�ûwv��Q�B~^zqy*t�µ�¶N·¹¸7¸Q¶Nº$»	¼u�B�*xmy �-~^~*tLxËû�tLxkv�}n��~^z ûw�-�m¼S�-z*�t)zK}Nx$�-�§}Nv����8� t�zq�8�*��}�[Btüû¥��}
y��tüûw�-�m¼u�-z$�Qv$�Q�-~ly*tª��}Kvkx�� ¡ �-~ t�������~ t�ûw�-~&v$x$�Q¦;�*t)~&v�}n�{y��tL[Bt)�Q�B¼^¼St��+t�~-v�y*tª���]<�:\½2(J�9V�

± ��}+y��tüû��B�m¼u�-z$�Qv��Q�B~ly*t)z�}�û���y*t)zÅû�«^�Q�nx$� ¡ �t)~^���8�*t)záûw�-~^y*�^�Qv�y^�Qx$tüûwv$t)�mt)~&v�}n��¾(2 ½=VIH�
± ��}q#7�nx���}Nv$�Q�-~¿y*tª��},v^�tLx$�Qt��S¼u�-�QP8�d�tLx����&�*t�ûw�-�§�mt3�Qt)z��+t���}N~*�-��y^��~*t)záûw�-����},¦u�Bx$t)~&v�}n� û�«;}n~ �
¡ t��+t�~-v�y*tª��}§À?25=V6&9S=V:U�

± y t�z�¼u�-�QP8z�}�ûEû�«;},x���y*t)zHÁÂ�B�*t)~&v��^~ZxN!�-�Qtª���m¼S�Bx$v�}n~&v�y^}n~^z���}+x^�t)vkt)~&v��Q�-~{y*t)z ûw�-�m¼u�-z�}n~-v�z�[B�n�
��},v����Qt)zH¼u�-�*x@}n��y t)x ù}f��}3[ ��z�ûw�-z$�Qv^�t�y*��û)},#`�t�¦u�-��z$zk�-~��n¼St)xNÃû���ûw�-�§�+t��Qt\¢ ¢aÀ?25:�ÄSG&£ £a�-�Qt)zU���Q¼;��y*t)z
#�})[B�Bx���zkt)~&v¿�t ¡ }N�Qt��+t�~-vdûwtLv$vktf¼^xk�B¼^x$���tLv^�t¥.�Å�6&6wFÆ}n~^y|Çm4È<�p�4X�<�LABABÉNO�%

T�t)z�x^�t�}�ûwv$�Q�-~^záû�«^���§���&�*t)z�z)�e}�ûUûw�-�m¼;} ¡ ~*t)~&v�y������m¼u�Bxkv�}n~-v$t)z��+� y^� � ûL}Nv$�Q�-~^z��m�Bx$¼^«*�-�Q� ¡ ���&�*t)zý7[B�-���^�mt-�-��}nz$zkt-�B#7�Bx��mt�ÿ¤%&b?t)z@x^�t�}�ûwv��Q�-~^z ¡ �t)~9ùt)xkt)~&v�y^�{ÊªË\Ì)�&y*�-~-v��^~*t�¼;}Nx$v$�Qt�z��Â�tüû�«;}N¼*¼ut¯tLv��^~*t
¼S},x$v��Qtqt)zkv�x$tLv$t)~8�*tKy;}n~^z\�Qt)z³ûwt)�����^�Qt)z�y*� ¡ x�}n��~?%?T�t)vkv$tK¼^«;}nzkt+y*tKv$�Bxkx^�t)#�}�û�v$�Q�-~|y*�-�QvK!tLv$xktKz��*�Q[ �Qt
x�}N¼;��y*t)�mt)~&v�y����^~*t��t)v�}N¼ut¯y*t�x$tL#7x$�-��y*��z�zkt)�mt)~&v�} � ~¥y��]}Nx$x)!tLv$tLxr��}fvk�Bx$x*�tL#�}�ûwv��Q�-~m}n�¥y t ¡ x^�t�y��t)z$�Qx^�t�tLv
�t)[8�Qv$tLx��^~ÍxN!�nv���z$z�} ¡ tEtÓþ�ûwt)z�z$�Q#U�8�^�5y��tLv^�tLx$�Q�Bx$tLx�}N�Qv¯�Qt)z\}Nx,!�-�mt)zm.�Å�6&6wFÎ}n~^y´Çm4È<5pV4X�Ô�)ABABÉ^��Ï§=jFH2(I(�
�)AnA��^�,'�t�zkv$���t-�#�n¬B¬��B�-ÐjÀjÑ?Ò3<�:*I�ÓBÔj9;:?¾��#�n¬B¬¤�`Oa%,bV}¯v$t)�m¼��tLx�}Nv$�*x$t�y^� ¡ x�}n��~qtLvH��}¯y^�*x*�tLt�zk�-~&vHy t��>þ
¼S},x�}n� ùtLv$x$t)z�v$xUùt)z����m¼S�Bx$v�}n~&v�z�¼S�-�*x�y��tL[Bt)�Q�B¼*¼utLx���}K�8�;}n���Qv*�t3y^�1ûL}N#`�t-%

�\}n~^z¯���]��~*y^�^zkv$x$�Qtqy^�ñûL}N#`�t&�^�^~*tE¦u�-~^~*tK��}�!"Qv$x���zktªy*t)z¯vkt)�m¼��tLx�}Nv��*xkt)z�tLv�y^�|v$t)�m¼;z¯y*tqz*�tkÁÂ�-�*x
¼utLx$�mtLv�y����n¦^v$t)~^�Qx��^~�¼^x$� y*�^�Qv � ~*�hy*t��8�;}n���Qv*�t ûw�-~*z$v�}n~&vkt&�-��}N��z@�^~^���8�*t)�mt)~&v�z$�u��}ª�8�;}n���Qv*�t¯y t3��}
��},v��úùtLxkt+¼^xkt)�§�úùtLx$t+~*tm[N}Nx��Qt+¼S}nz)%?©5�-�*xf��}¿v$�nx$x^�tL#�}�ûwv��Q�-~´},x$v���z�}n~^}n�Qt-�j���°�B¼��tLx�}Nvkt�� x3z$�^�Qv3¼;���^z$�Qt)�*x�z
¼S},x�}n� ùtLv$x$t)z�y*��¼^x$�,ûj�t)y��tEy �-~&v¯�Qt�z�¼^���^z����m¼S�Bx$v�}n~&v�z�z$�B~&v���}Cûw�-�^�Qt)�*x¯y*t)z ¡ x�}n��~*z�tLv��QtE�m�-�mt)~&v
�Gù���^~ ûwx�}n�8� t��+t�~-vKt)zkv��t��m��zq¼S}Nx+�Qt)z ¡ x�}n��~^z)%5b?tlv$t)�m¼;zKy*tlvk�Bx$x*�tL#�}�ûwv��Q�-~�~��°t)zkv+¼S}Nz+y��tüû���y��t�¶
Õ º¤· ÖNº¤·Åûw�-�§�+tKy;}n~*z3������~^y^�^zkvkx��Qt-�u�§}n��z¯¼;���*vN!�nv3},Ác�^zkv^�tqt)~�v$t)�m¼;z�x*�tLt)��%u�\}n~^z\��}�v$�Bxkx^�t)#�}�û�v$�Q�-~��^���
~��°tÓþ*��zkv$t�¼;}nzU�*~*t���~*z$vkx��^�+t�~-v�}Nv$�Q�-~qz$¼��tüû�� � �8�*t�¦S}nz*�t)t�z$�*xU�Qtáû)},¼^v$t)�*xc�X}n� ¡ �Bx$�Qv�«^�mt�¼u�-� xr��}�!"Qv$x���zktLx
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ûwtLv$vkt¯�B¼��tLx�}Nv��Q�-~?�Bz$t)�^�S�Qt���}`!"Qv$xkt�v$�nx$x^�tL#�}�ûwv$t)�*x ¡ }Nx�}n~&v��Qv�y*t���}ª�8�;}n���Qv*�t � ~;}n�Qt-%&b��°�B¦^vkt)~&v��Q�-~�y?�]�^~ t
�8�^}n���Qv^�t�},v$v$t)~^y*�*t ý¹t)~�vktLx��mt¯y��]}NxN!�-�+t¯¼S},x@tÓþ t)�m¼;�Qt�ÿ5¼S}nz$zkt¯y*�-~?û�¼S}Nx@�Qt ûw�-~&v$x,!�-�Qt¯y*t¯¼*x$�B¼^x$���tLv^�t)z
ù}m���Â�tüû�«*t)���Qt3y*tª���°�B¼��t)x�}Nv��Q�B~ly*tfvk�Bx$x*�tL#�}�ûwv��Q�-~�ýúûw�-�*�Qt�� x�� v�}n�����Qtfy t�z ¡ x�}n��~^z)� vkt�~ t�� x�t)~{t�}n�4ÿ¤%

©�t��Æy��Â�tLv$�^y*t)z¿}n~-v^�tLx$�Qt�� x$t)zm�-~&v¿},¦u�Bx�y��t���}�vk�Bx$x*�tL#�}�ûwv��Q�B~_ûw�-�§�mt��^~ tÍ�n¼��tLx�},v��Q�-~d�^~^�Qv�}n�Qx$t-%
'��-�^z�~*�-�^z�¼^xk�B¼u�-zk�-~*z�y tEy��tL[Bt)�Q�B¼^¼utLx��^~*tªzkv$x�}Nv^�t ¡ �Qt3y*t
ûw�-~&v$x,!�-�Qt\t�~Z}N¼^¼;�����8�^}n~&v�y*t)z ûL}N¼*v$t)�*x�z
tLv�y*t)z�}n� ¡ �nx��Qv�«*�mt)z¯} � ~�y*tEx*�tL¼u�-~^y x$tK}n�,þZtÓþ*� ¡ t)~?ûwt)z�y*tq���]��~*y^�^zkv$x$�Qtqy^�ñû)},#`�t-�?ûn��t)zkvk��ù},�ay*�Qx$tE�8�*tûwtLv$vktªzkv$x�}Nv^�t ¡ �QtCý8û)},¼^v$t)�*x$zk�X}N� ¡ �Bx��Qv$«^�mt)zÝÿry*�B�Qv�Y

× ¼S�-�*[B�-�Qx(¼^x$t)~^y*xkt�t)~ ûw�-�m¼^vkt��Qt)z([N}Nx���}Nv$�Q�-~^z(y*t���},v��úùtLxkt�¼^x$����}n�Qx$t�t)v¤Ø`�-�+y^�K¼^x$�,ûj�t)y��t�y^}n~^z
������~^y^�*z$vkx��Qt-�

× #7�B�*x�~^�Qx)�>ù}�¼;}Nx$v$�Qx�y*t)z��mt)z�� x$t)z�y^��zk¼u�-~*�Q¦;�Qt)z��L�^~*t�t)zkv�����}Nv$�Q�-~fy*t@��}Åûw�-�^�Qt)�*xVtLv5y t@��}�z$�*xk#�}�ûwt
y*� ¡ x�}n��~��^} � ~Zy*tªy��t�y*�^�Qx$tf��}m�&�;}n���Qv^�tfy*�{¼^x$�8y^�^�Qv�t)~{v$t)�m¼;z�x^�t)t)���

× }N��~^z$�j¼utLx��mtLvkv$x$tfy��°�B¼^v����m��z$tLx�t)~|��� ¡ ~ tf�Qt�z�[N}Nx$��}N¦;�Qt)z�y^�{¼^x$�,ûj�t)y��t-%
br�����m¼;���t��+t�~-v�}Nv$�Q�-~Zy*t)z$ûL}N¼^v$t)�*x$z¯t)v�y t�z\}n� ¡ �Bx$�Qv�«^�mt)z�z$�*x��Qtq¼^xk�Yûh�t)y��tqy*tKv$�nx$x^�tL#�}�ûwv��Q�-~Zy �-�Qv

ûw�-~^z$��y��tLx$tLx��Qtpûw�V!�*v��j!tLv$xktf#�}�û����Qt)�mt)~&v�x^�t`}N����z�},¦;�Qt�t)vª!tLv$x$t � }N¦;�Qt-%

� ¼^xEùt)zE���e}n~^}n�QP zkt�¦^�Q¦;���Q� ¡ x�}N¼;«^���8� t�y;}n~^zE�Qt û�«;}N¼;�Qvkx$tY�*�V~*�-�*zq¼*x$�B¼u�Bz$tLxk�-~^zE��}|zkvkx�}Nv*�t ¡ �Qt§y*t
ûw�-~&vkxN!�-�Qt-�H��}n�8�*t)���QtZt)zkv¥y^�Q[ ��z*�tLtZt)~Ævkx$�-��zm¼S}Nxkv��Qt)z)%rb�}�¼^xkt)�§�úùtLx$t{¼S}Nx$v$�Qt|t)z$v�ûw�-~^z�}�ûwx^�tLt|ù}����]��~^zc�
vkx��^�mt)~&v�}Nv��Q�B~{tÓþ ¼��tLx����mt)~&v�}n�Qt\tLv¯}N�,þlx^�t)z��*�Qv�}Nv$z�tUþ8¼��tLx����+t�~-v�}n�,þl}�ûL�&�^��z�y*t
û�tLxkv�}n��~*t)z�[n},x���}N¦;�Qt)z
���m¼S�Bx$v�}n~&v$t)z�ýúû�«;}N¼�%'�§tLv�M,ÿw�S��}§y t��>þ*�úùt)�mtª¼S}Nxkv��Qtªt�zkv�y��t)y^���tLt�ù}§��}��m� y��t)����z�}Nv��Q�-~{y*t)z�[n},x���}N¦;�Qt)z
}�û��8�*��z$t)z�ýúû�«;}N¼�%;Ù�ÿrtLv���}Ev$xk�-��z$�úùt)�mt�¼;}Nx$v$�Qt3t)zkv��^~*tf��~&v$xk� y^�?ûwv$�Q�-~�ù}K����t)zkv����§}Nv��Q�-~¥y*tf��}q[N}Nx$��}N¦;�Qt
y��Â�tLv�}Nv
ýúû�«;}N¼�%;CTÿ¤%
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séchage
naturel
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séchage
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artificiel

décorticage triage et
calibrage
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x$�KI¤« t&��¼;�^��z$z�}n~&v+tLv§��~&vkt)~^zkt`ª(�Qt�IL}N#`�t�k��B¦;�^zkv�}/y t|���]ia~^y*t|}/�*~*t|���t ¡ GtLx$t{}BI���y^�Qv*�t{})[BtWIOI��nx$¼;z+tLv
}Nx,!�-�mt)z�y��t)���KIL}Nv�z)%

ð�ñkò@ñx« ¬ ú öcõ ÿ ú£b ÷�� ú õ�ô ÿ?õ � ùú��ú£b ø
�&�^�Qv$t"G}���}�x*�tWIw�-�Qv$t-�����-#�}n�*vHy��tL¦S}Nxkx�}nz$zktLx5�Qt ¡ x�}n��~qy*t�zk�-~Et�~-[Bt)�Q�B¼^¼ut@¼u�-�*x5�B¦^v$t)~^�Qx(�Qt@IL}N#`�t�[BtLx$v)%

©5�B�*x����Q¦��tLxkt)x���}E#TGtL[Bt�y t3��}[Iwt)x$��zkt&�-y*t)�6S¥�d�t)v$«*� y*t)z�¼ut)�*[nt�~-v3!tLvkx$t��§��zkt)z�t)~t®ª�*[8x$t�Y-��}q�¨�tLv�«*�8y*t
zUGtWI�«*t��B�¥��}f�d�tLv�« � y*t¯«8�^�§��y*t-%-b�}ª�¨�tLv�«*�8y*t¯«8�^�m��y*t¯t)zkv�¼;���^zrx^�tWIwt)~&v$t-�nt)���Qt�t)z$v�¼^x$��~JI��Q¼S}n�Qt)�mt)~&v
�*v$������z*�tLt{¼u�B�*x¥�Qt�I)},#`�t|}Nx�},¦;�KIL}Æ.�Ç�<�pV479S:U�R¯)AnÉB°^�`	�9uÓ-2�<��.¯)ABÉBA^�rÅ�6&6�F }n~^yÆÇm4È<�pV4X�R¯)ABABÉ,Oa%UbV}
±5� ¡ �*xkt\²*%+²{�+�-~&v$xkt§�Qt�z/�t)v�}N¼ut)zªy*t)zªy*t)�6S��d�t)v$«*� y*t)z3¼u�-� xq��}l¼*x^�tL¼S},x�}Nv$�Q�-~/y*t)z ¡ x�}n��~^zfy*ttIL}N#`�t
[BtLxkv�%



� �Q�"!$#ª�&%
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³ s m�v8� pM´µpM¶ �P· p�¸ m�w p�s vx� p�¹ m st¸ m ´ op �Wº � · p ºf� ´ vx· p

� ¼^x9Gt)z�x*�tWIw�-�Qv$t-�L�^~E��}�[N} ¡ tr¼^x*�t)�����§��~;}n�Qxktry t�z�#7x$�^�Qv�z�t�zkv5~��tWIwt)z$z�}N�Qx$tr¼S�-�*xE�t)�����§��~*tLx��Qt�zf�t)���t)�mt)~&v$z
�t)vkx�}n~ ¡ tLx�z3tLvE�Qt)zª���m¼;�*xktLv^�t)z)%�b?t)z�IwtLx���zkt)zfy*t¥�8�;}n���Qv*�tm��~*#`�tLx��Qt)�*xkt§zk�-~&vªz*�tL¼S},x^�tLt)z3¼S}Nx ) �Bv$v�}n��zk�-~�%
©H},xf��}¿z$�^�Qvkt&�h�Qt)z"IwtLx���zkt)z\¼S}Nz�zkt)~&v3y;}n~^z3�Qtmy��tL¼;�*�Q¼ut)�*xtG}¨IwP ����~^y x$t)z\�B�1G}ly^��z$�8�*t)z\¼u�-� xfz^�tL¼S}Nx$tLx
�Qt)z ¡ x�}n��~^z+y t|��}�¼;�^�Q¼ut-%�»¯~¼Iw�-�*x�}N~&vmy?��t�}n�¨t)zkv+t)~^z$�^�Qv$t{�*v�������z*�t¿¼u�-�*x+#�}BI������Qv$tLxK��}´z*�tL¼S},x�}Nv$�Q�-~
tLv �tL[n}�IL� t)xq��}Z¼;�^�Q¼ut-%(ia��x$t)zkv$tl}n�Q�Bx$zq�^~ tl�§��~JIwt®�tL¼S}n��z$zkt�� xO� ¬^�eÙ`�T²|�§�t�fy*t¿¼^�^�Q¼utX�¹�K�JI�����} ¡ t
�
#7�Bxkv$t)�mt)~&v�}ny^«��tLx$t)~&v$ttG}+��}+¼;}Nx½I�«*t-%^b?tªy��tL¼;�*�Q¼S} ¡ t3t)zkv�z$�^�Q[ �?y��]�*~*tª#7tLx��mt)~&v�}Nv��Q�B~l~;}Nv�� x$t)���Qtf�8�^�
t)zkv��QtU¼^x$��Ih�t�y��tr�Qtr¼^���^z£I��B�*x�}n~-vVy*t�y��t)�K�JI�����} ¡ ��~;}Nv��Q�B~�%wb?t��K� IL����} ¡ tUt)zkvVy��t ¡ x�}ny��tU¼S}NxV�Qt)z�t)~�¾LP �+t�z
y��tkÁ9G}l¼^x^�t)z$t)~&vkt)zªy^}n~^zª�Qt��m�����Qt��´tLvªy��tL[Bt)�Q�B¼*¼��tLt)z\¼S}Nxª�Qt)zf�§�KIwx$�n���Bx ¡ }n~^��z$�mt)z)%�T�t§¼^xk��Ih�t)y��tm¼ut)�*v
y^� x$tLx\y*tO¯)ÉrG}t°BC�«*t)�*xkt�z)�;tLv\y��t)¼St�~*yÍy*tK��}§vkt��+¼��tLx�},v��*xktK}n�E¦;��}n~&vkt&% � ¼^x9Gt�z�#7tLx��mt)~&v�}Nv��Q�-~?�;�Qt)z
¡ x�}n��~^z�zk�-~&v�zk�-� ¡ ~*t)�^zkt)�mt)~&v���}�[��t)z�¼u�-�*x��8�*t3��}E¼S}NxFI¤« t3zk�-�Qv@tZS t)�m¼^v$t\y*t\v$�B�*v$t\vkx�}BIwt\y*t\¼;�^�Q¼ut-%
�r~*z��*�Qv$t-�j�Qt)z ¡ x�}N��~^z\t)~/¼;}Nx½I�«*tPI��B~&v$t)~;}n~-vEÙn¬ � G}�_,¬ � y��°t�}n��zk�-~&v3z*�tWI�«��t)z\zk�-�Qvf}n��zk�-�Qt)�����uzk�-�Qv
¼S},x�z^�tWI¤«^} ¡ tf}Nxkv�� � I��Qt)��% bV}Kv$t)~*t)�*x�t)~lt`}N� � ~;}n�Qtfy^� ¡ x�}n��~¿[BtLxkv�~*tfy*�-�Qv�¼S}nz�y��tL¼S}nz$zktLxN¯9² � %*��t
IwtLv$vkt¿#�}hÃIw�-~ �Qt¨IL}N#`�t¥t)~ ¼S}NxFI�«*t¿z$tWI�t)zkvqt)�§��} ¡ }Nz���~��t�¼u�-� x{!tLv$xkt¿y��tL¼S}NxFI�«��t�t)v{I���}nz$z*�t¿}�[N}n~-v+��}
Iw�-�§�+t)xFI���}n����z�}Nv��Q�-~/.+	�9uÓ-2?<@�z¯)ABÉnA^�*Ç�<�pV479S:U�f¯)AnÉB°^�^Å�6&6wF®}N~^y|Çm4È<�p�4X�f¯LABABÉNO�%

³ s m�v8� pM´µpM¶ �P· p�¸ m�w p�s vx� p�¹ m st¸ m ´ op �Wº � · p �B¿p w2º p
��Hv�}n~&v�y*�-~^~��t3�8� t3¼u�B�*x�IwtLv$v$t\�d�tLv�«*� y tf}N�JI��^~l��}�[N} ¡ t¯t�zkv�tLshtWIwv����t-�-t)���Qt�t�zkv�¼;���^z�y^�Qx$tWIwv$t�tLv

~*�nx���}n�Qt)�mt)~&v\¼;���^z/�tWIw�-~*�-�§���&�*t-%?b?t�z3#7x$�^�Qv�z3x^�tWI��B�Qv^�t)z\zk�-~&vªz*�tLI�«��t)z��hz$�B�Qv3¼S}Nxªz*�tWI�«;} ¡ t§}Nx$v$� � I��Qt��
�-�Z}n�Zzk�-�Qt)�����8t)~��tL[ �Qv�}n~&v�v$�-�*vktL#7�-��z���}�I��^��z$zk�-~{y*tª��}K¼;�^�Q¼ut-� I��B�§�mtf¼S�-�*x��Qt)z ¡ x�}n��~*z�t�~l¼S}Nx½I�«*t
y;}N~^zE��}Z�d�tLv$«*� y*t�«&�^�§��y*t-%5T�tLv$v$t��d�t)v$«*� y*tmt�zkvª¼*x�}Nv$���8���tLt�y^}n~^zª�Qt�zf¼S}�P8zEy*�B~&vq�Qt�IL�����§}Nvft)zkv
¼S},x$v��KI��^���§GtLx$t)�mt)~&v�I�«;}n�*ydtLv§y���«8�^�§��y^�Qv*�t{x$t)��}Nv$�Q[Btl¦S}nz$zkt-%�±5��~;}n�Qt)�mt)~&vm�Qt)z�IwtLx���zkt)zmzUGtWI�«*t)zmz$�B~&v
y��tWI��nx$v����&���tLt)zHtLv��Qt)z ¡ x�}n��~*z`IL}n���Q¦^x*�t)z¯.À	�9uÓ-2�<��J¯)ABÉnANOa%-T@tLv$vkt¯�¨�tLv�«*�8y*t�t�zkvrv$xUGt)zr� v�������z*�tLt�}n�t©�x^�t)z$���
tLv�¼*x$t)z$�8�*tftZS I����^z$�Q[Bt)�mt)~&v�x^�t)z$tLxk[@�tLt�G}m��}q¼^x$�8y^�JIwv��Q�-~{y*t{��Ö��&�M7&�a¶�.+*r=�4¹G)9SI?Ij4X��²n¬B¬B²,Oa%

� ¼^x9Gt)zK���°�B¦^vkt)~&v��Q�-~�y��]�*~ÁI)},#`�t¥[nt)xkv+}�[BtWI��^~ t{«8�*�§��y^�Qv^�t¥y*t{ÉG}V¯9² � t)~ ¦V%�z)%���z��*�Qv+}n�Q�Bx$z
���Â�tLv�},¼ut3t)z�zkt)~&v$�Qt����Qt-�zG}mz�}�[n�-�Qx���}qv$�Bxkx^�t)#�}�I�v$�Q�-~�%

ð�ñkò@ñÃÂ Ä �`bJb ùú � õrÿhø;÷ � þ û ô ÿ?õ � ùú
bV}fvk�Bx$x*�tL#�}BIwv��Q�-~Kt)z$v��^~ t¯�B¼��tLx�}Nv��Q�-~m�^~*�Qv�}n�Qxkt&%��U���QthIw�-~*z���zkvkt{G}E}N�mt)~*tLx�})[BtWI�x�� ¡ � t�� x@�Qt ¡ x�}n��~

y*t\IL}N#`�tm[BtLx$vE}n�{Ác�^zkv$t�y*t ¡ x*�t�y*t ¡ x$������} ¡ tmzk�-�^«;}N�Qv^�t-�jzk�-�^��� ¡ ~;}N~&vE}n��~*z��U�Qt)zª�8�;}n���Qv*�t)z3¼*x���~JI��Q¼S}n�Qt)z
y^�ÅIL}N#`�t�Y�}NxN!�B�mt-� ¡ �V!�*v��£Iw�-�^�Qt)�*xªtLv§¢ ¢^Iw�Bxk¼;z�£ £�%HT�tLv$v$t�v$x�}n~^zk#7�Bx��§}Nv��Q�-~�y^�ÅIL}N#`�t§t)z$vq�mt)~��tLt¥zk�-�^z
���°tLshtLv�y*t\��}�I�«;}n�Qt)�*x�t)v�y t�z@x^�t�}BIwv$�Q�-~^zcI�«^���§���&�*t)z@�8�^�uz$t\y��tL[Bt)�Q�B¼^¼ut)~&v)%8©U���^z�y*t{¯)¬n¬B¬�I��B�m¼u�-z*�t)z
y��]}Nx,!�-�mt)zH�-~&v+�tLv^�t�y��tLv$tLx$�§��~��t)z(y;}n~*zr�Qt�I)},#`�t�vk�Bx$x*�t � �t-%nT@t)zHx^�t�}BIwv��Q�-~^z�I¤«*���§���8�*t)zHz)�]}BIUI��B�m¼S} ¡ ~ t�~-v
y������m¼u�nx$v�}N~&v$t)zH�m�8y^� � IL}Nv��Q�B~^z(�m�Bx$¼^«*�-�Q� ¡ ���&�*t)z@�¹#7�Bx$�mt-�`[B�-���^�mt-�
Iw�-�^�Qt)�*x��`¼St)xkv$t�y*t�¼u�-��y^z��w%Nb?t�z
x*�t�}BIwv��Q�-~*z ¡ �t)~zGt)xkt)~&v¯y^�/ÊEË�Ì)�uy*�-~&v��^~*tK¼S}Nx$v$�QtKz)�Â�tWI�«;}N¼^¼utEtLv\�^~*tK¼S}Nxkv��QtEt�zkv¯x$tLv$t)~8�*tKy;}N~^z\�Qt)z
Iwt)�����^�Qt)z¯y*� ¡ x�}n��~¨.�Å�6&6wF�}n~*y/Çm4È<�pV4X��¯)ABABÉ^�?ÐjÀjÑ?Ò3<�:*I�ÓBÔj9;:?¾���²n¬B¬�²*�?Ï§=jFH25IH��¯LABAB°^��	�9SÓ-2�<��
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¯)AnÉBA^�^'�t�zkv$���t-� ²n¬B¬ ¯B��Æf2(G�I?9��f¯LABCBÉNO�%

bV}§v$�nx$x^�tL#�}BIwv��Q�-~ZzktE#�}n�Qv¯¼;}Nx=I�«;}n�*sj} ¡ tqy^�QxktWI�v)�;¼S}Nx=I�«;}N�*s?} ¡ tq��~^y^�QxktLIwv��-�|¼S}Nx ) �*��y^��z�}Nv��Q�-~
y;}N~^z��^~�Iw�-� x�}n~&v�y��]}n�Qx�I�«;}N�^y�%*bV}{I�«;}n� s?} ¡ t3��~*y^�Qx$tWIwv�t�zkv��Qt�¼^x$��Ih�t�y��t\�Qt\¼;���^z��*v$������z^�t\y;}N~^z�������~ �
y^�*z$vkx��Qtªy^��IL}N#`�t�. Ï§=jFH25IH�z¯)ABAB°NO�%

Å�6&6�F	}n~^y§Çm4È<5pV4H.Ç¯)ABABÉ,Oa�8Ï§=jFH2(I	.Ç¯)ABAB°,Oa��Èª<59SJ�F	}n~^y\*U<5J\Ôh9S6&9SI	.Ç¯)ABÉ�²,O���ÈE<�9SJ�F®.É¯)AnÉ ¯�O
�-~-v¥y��tLv$tLx$�§��~��tZtZS ¼��t)x$���mt)~&v�}N�Qt��+t�~-vmy*t)�6S ¼;«;}Nz$t)z¿}n�ÊIw�-� x�z¥y t´��}/v$�Bxkx^�t)#�}�I�v$�Q�-~dy*trIL}N#`�t&%rbV}
¼^xkt)�§�§GtLx$t¯¼^«;}nzktf}N¼^¼St����tLt\z*�tWI�«;} ¡ t\}E���Qt��ËG}qy*t)z�v$t)�m¼��tLx�}Nv$�*x$t)z@y^� ¡ x�}n��~¥y��°t)~&[ �Qx$�B~r¯)¬B¬B�T\% ©5t)~ �
y;}N~&v`IwtLv$vkt�¼^«;}nzkt��Qt)zHx^�t�}BIwv$�Q�-~^z(zk�-~-vUt)~^y*�nv�«*tLx��m���8�*t)z)%nbV}3zktWIw�-~^y*t�¼;«;}nzkt�}N¼*¼ut)���tLt�vk�Bx$x*�tL#�}BIwv��Q�B~
t)zkv�tZS �Bv$«*tLx��§���&�*t{�FG}Ey*t)z@v$t)�m¼��tLx�}Nv$�*x$t)z�y^� ¡ x�}n��~tI��B�m¼^x���zkt)z�t)~&v$xkt{¯)Cn¬B¤T tLv.²nCn¬B¤T��¤�&t)���QthIw�Bxk�
xkt�zk¼u�B~^yÎ}n�6S®x*�t�}BIwv��Q�B~^z\I�«^���§���&�*t)z¿y*t/y��t ¡ x�}ny;},v��Q�-~ÆtLvly t´¼u�-�QP �d�tLx���z�}Nv��Q�B~®y t�z¿¼*x^�tWI��*x$z$t)�*x$z
y��]}Nx,!�-�mt-%(Å�6&6wFü}N~^y¨Çm4È<5pV4q.Ç¯)ABAnÉNO@�B~&vK�m�B~&v$x*�t¿�&���8G}Íy t�zEv$t)�m¼��t)x�}Nv�� x$t)zqy^� ¡ x�}N��~ÅIw�-�+¼^x���zkt)z
t)~&vkx$t[¯)AB¬B�T¨tLvc²�¯)¬B�T\�B�Qt)zUx^�t�}BIwv��Q�-~^zUy t�¼8P8xk�-�QP zkt)zrzk�-~&vr��}
S*����}N�Qt�z)%Nb�t)zUx^�t�}BIwv��Q�-~^zUy t)[8�Qt�~*~*t)~&v
���t ¡ GtLx$t)�mt)~&vUt)~^y*�nv�«*tLx��m���8�*t)z�¼ut)~^y;}n~-v��^~OIw�-� x$v���~&vkt)xk[N}n���Qt¯y*t¯v$t)�m¼;z)�-t)~�x�}n��zk�-~�y*t\���Â�tWI�«;}N¼*¼ut��
�mt)~&v¿y*t)z¨Iw�-�m¼S�-z�}n~&v�z�[B�-��}Nv$���Qt�z§¼;�^��z)��}N�*v$�-� xly*t�²�¯)¬  T��@�Qt�z�x^�t�}BIwv$�Q�-~^z�tZS �nv�«*tLx��m���8�*t)z¥x$t��
¼^xkt)~^~*t)~&v�%;b?�Bx�z�y t�Iwtª¼S}Nz�z�} ¡ tEy?��t)~^y*�nv�«*tLx��m���8�*tOG}+tZS �Bv�« t)x$�§���8�*t-�*���?t)z$v�¼u�Bz�z$�Q¦;�Qtªy��°t)~&v$t)~^y x$t
�^~�z$� ¡ ~^}n�;zk�-~ �Bx$tZ�t)�§�QvH¼S}Nx��Qt)z ¡ x�}N��~^zry*thIL}N#`�t-%�»¯~�zktWIw�-~^y§z$� ¡ ~;}n�JIw�Bx$xkt�zk¼u�B~^y�G}f����tZS ¼;�Q�Bz��Q�B~my*t)z
Iwt)�����^�Qt)z�y*�*tOG}m��}q¼^x$t)z$z$�Q�-~{��~&v$tLx�~ t&� ������~^y*���8�*tª��} � ~Zy*tfv$�nx$x^�tL#�}BIwv��Q�-~�%

Ì op �Wº � · p � ¹�� � s�Í m s m ¶ �Wv s�¸ m�Îz�£m ¸ vÏ��op ·��ÊwBmJnMop � ��sLs op�Ð op
�\}n~^z@IwtLv$vktÍ�tLv�}N¼ut\y*t\vk�Bx$x*�tL#�}BIwv��Q�-~?�By^�Qs��tLx$t)~&v$t)z@�d�tLv�«*� y t�z@zk�-~&v�� v�������z*�tLt)z�¼S�-�*x.Iw�-~^zktLx$[BtLx@tLv

¡ },x�}n~&v$�Qx���}+�8�^}n���Qv^�tfy^��I)},#`�t-% �Qt�z�¼;���^z����m¼u�nx$v�}N~&v$t)z�zk�-~&v��Qt)z�z$�^�Q[N}n~-v$t)zVY

¯B%�I�«*�B��z��Qx¿�Qt�z ¡ x�}n��~^z)��Å�6&6wF�}n~*y Çm4È<5pV4¿.Ç¯)ABABÉ,O\�B~&v{y��tL[Bt)�Q�B¼*¼��t´�*~ÎzkP zkv9Gt)�mt´y*t�Iw�-~&vkxN!�-�Qt
}N�*v$�-�§}Nv����8� tK¼u�-�*xfz*�t��QtWIwv��Q�B~^~*tLx��Qt)z ¡ x�}n��~^z\y*tPIL}N#`�tq[BtLx$vf}�[N}n~-v3y��Q!tLv$xkt+vk�Bx$x*�t � �t)z\} � ~´y*t
¡ }Nx�}n~-v��Qx���}m�&�;}n���Qv^�tfy*�Z¼^xk� y^�^�Qv)�JIwtLv$vktªz*�t)�QtWIwv��Q�-~¿t)zkv�t)~Z#7�B~JIwv��Q�-~ly*tª��}PIw�-�*�Qt�� x��-�Zy*tE��}
#7�nx��mtfy^� ¡ x�}n��~l¦^x��*v)�

²*%�x*�tWI��*¼��t)xktLx(�Qt)zH},xN!�-�mt)z)�`'�t)zkv����tf.y²n¬n¬ ¯�O*}��m��z(}n�K¼S�-��~&v5tLv(¦^xktL[BtLv^�t��*~K¼^xk��Ih�t)y��t�}N¼^¼ut)���tRÑ�¸Ò�w·Ï5
Ó ºzÔÖ2���3¼u�-� x���}q#�}N¦^x$�KIL}Nv��Q�-~¿y*tª'�t)zFI)},#`�t-% ia�fIw�-~^z$��zkv$t�G}Kx*�tWI��*¼��tLxkt)x�¼S},x��Qt3#7xk�-��y{���°t)z�zkt)~&v$�Qt��
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sens du flux du gaz
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2 torréfacteur
3 cyclone
4 recyclage du gaz

5 échangeur
  de chaleur
6 café vert
7 refroidisseur
8 air frais
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courant d’air chaud
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 grains de café

, 4¹¾.-z² %�M�/1~;ÖNº¤º�;�x:�¶��U���&� ºÁó¶*)c� · »N·87L¶���· Ö25/»��N�,+ Õ �=�*-�&� .&ë<0/[�&�Mì*¶2�M71/[��Ö����F�2&@���%(�EU�



� �4365/� ��7#.8�#\� #18Ï%¥�X�`�k��(#�'§%-�`���7�,� ²nC

air frais
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direction du gaz
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direction du gaz
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¼^xkt)�§�§GtLx$t3�8�*tªy*t)zRIw�-~^y^�Qv$�Q�-~^z�y*t3v$�Bxkx^�t)#�}�I�v$�Q�-~�% ia�jt)z$v����m¼u�Bxkv�}n~-v�y*tf~*�Bvkt)x��&�*tª��}+vk�Bx$x*�tL#�}BIwv��Q�B~
G}§���c�tLI�«*t)���Qtf��~^y*�^zkv$x��Qt)���Qt3t�zkv¯�^~|¼*x$��Ih�t)y��tªy^�QWtI����Qt\G}§��~^zkv$x��*�mt)~&v$tLx�¼u�-�*x¯y��t)vktLx��§��~*tLx�t�~|��� ¡ ~*tE��}
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gZY�YVf[N`cms � N��!L�{UT^��T^XbPe{UT¹ �¯F°eTlZQPe�DN � RD}DWUPG|~}DLOXDR � XhPG{YWUTl}´{UTlZ%NDvT^L ü P�W � XDZ	T9û � PQ�9T]N���WY|~}[T^Zlc;o�X
� }[PQNQTbzÇÂ¤ÄBÄl¸ìL�XDR±Å Ê ªD Ê LúgZY�YVy[N � XbP?��TlXhP�W � X9X�vT	|~};KM}DX�Z�T ü�� XDR�ZQWU�bXDLO{�Z � X � NQTvTl��WYZ���L�N?{UT	�VN LOWYX
WYXDR9WY|~}9T´{iL�í@X R9T¢P � N�NDvT]�_L ü PQW � Xmc�Æ�´2¸@¬U«ÈL gZY�YVf[N	�DN � � � Z�T�|~}9T�{UTlZ ü N LO|h}9Tl��TlXhP�Z�R9TlZ��VN L�WYXDZ
Z � XhPaRmKMLO}9P L�XhP�� � WYXDZ�WY��� � N�P LOXbP�Za|h}9T�{iL�\~WUPQTlZQZQT�R[T�P � NQN9vT]�_L ü P�W � X´TlZ�P�{UTlXhP�Thc��mT�� � ��TlXhPaR9}
ü N L�|~}9Tl��TlXhP©vTl��WYZ���L�N%{UT��ON LOWYXTlZQP�R � X ü }DX©��L�N�LO��¥TlP�NQT�¥L ü�� XDZQWYR�vT]NQT]N�L�í@X�RmKMLOWYR9T]N�¥L��DNQTlXDR[NQT
{iL�R�vT ü WYZQW � X�R9TG{iL�|~}@L�{YWUPDvT�í@X@L�{UTGRD}��DN � RD}DWUP^c

s � }DZ�Ll\ � XDZSZQ}DWU\[W[{UT?Z�WU�VX@LO{~Z � X � NQT�RD}��9N �£ü vTlR�vTG¥L	{`K�L�WYR9T�RmK�}DX���W ü N � �@� � X[Tj{YW�vTe¥L	{`K � N�RDWYXDL�PQTl}9N
õjÐ@Ñb
���}DX9W�RmKM}9X9T ü L�N�PQT	R9T%Z � X ü�� ���@L�P�WUÜ@{UT��¬��Ð[Ô�ÑBg�ÏU
����t����c*��X��DN � �VN L�����TvT ü N�WUP�TlXÉg�
��¤k��_LOWUP
{`KML ü |~}DWYZQWUP�W � XìRD}ôZQWU�bXDLO{'Z � X � NQT�TlP�{`K�TlX9N�Tl�VWYZQP�NQT�R@LOX9Z�}DXìí ü �DWUT]N^züTlX§}9P�WY{YWYZ�LOXhP�{iL ü�� ���!LOX9R9T
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[r^����ÓqEt��Í*I*I�E<g®ÎÏL©Ð�µjªD�«jº!µ�zIxOwVwVw[N`c���L�d1WU�b}9N�T�fDcëÝhL��DNDvTlZQTlXhP�T!{UT!Z�WU�VX@LO{�Z � X � NQT��DN�WYZ�RDLOXDZ
}DX¢WYXhPQT]NQ\�LO{Y{UT�R9T�PQTl���@Z%R[T�P � NQNDvT]�_L ü P�W � X\ÿ�ÜDN�}9WUP ü NDvT]T��DNQWYX ü WU��LO{UTl��TlXhP���L�Ne{UT�\VTlXhPQWY{iL�PQTl}9N��@{Y}DZ
{UT ü N LO|~}[T^��T^XbP�vTl��WYZ	��L�N�{UT��VN�LOWYX���c���íDX´R;K�T9û[P�N LOWUN�T�{UT ü N�LO|~}9Tl��TlXhP ü L�N L ü P9vT]N�WYZ�PQWY|~}9TaRD}�ÜDNQ}DWUP
R9T�� � XDRmz�X � }DZ%L^\ � XDZ	�_LOWUP�}DX9T�P�N LOX9ZQ� � N��ìvTlTaR9T�d � }9NQNQWUTlN�RD}�ZQWU�bX@LO{�ÿ�� � X ü P�W � X��P%R9Th=jÓ]��
[rO����c
��L¡dSWU�V}9NQT¢f9c�ÝVÜ � � XbPQNQT©{iL/RDWU��vT]NQTlX ü T©R[T���N9vTl|~}9TlX ü TlZ!TlXhP�NQT�{UTÜDNQ}DWUP�RD}uP � NQN9vT]�_L ü PQTl}9N�T]P�{UT
ü N L�|~}9Tl��TlXhP�RD}��VN LOWYX;c�s � }DZ�L^\ � XDZ�LOWYXDZQWmN�T^��L�N�|~}?vT�|~}9Ta{UTlZ ü N LO|~}[T^��T^XbP�ZAZ � XhP�vTl��WYZa¥L!�@LO}[PQT
��N9vTl|~}9TlX ü Tbz@WY{YZ�Z � XhP%LOWYX9Z�Wm�_L ü WY{UT^��T^XbPARDWU��vT]NQTlX ü WiL�ÜD{UT^Z'RD}ÜDNQ}DWUP�R9Ta� � X9Rmc�s � }DZ	L^\ � XDZATlXh\[WYZ�L���vT
{iL©��WYZ�T�TlX��@{iL ü T�RmK�}DX�í@{UPQN�T���L�Z�Z�T��@L�}9P���TlNQ��T]PQP�LOXhP�R9T�{YWY��WUPQT]N�{iL©|~}DLOXhP�WUP9vT�R9T�R � XDX�vT]T^Z�¥L
P�N LOWUP�TlNlc¬r�{S�_L�}9P%X � P�T]Ne|~}[T ü TlZ%R � XDX�vT]TlZ�X9T�Z � XhP���LOZ%}9PQWY{YWYZDvT]T^Z	R@L�XDZ ü T��ìvTl� � WUN�Tbz�X�vT^LOXD� � WYX9Z^z
Tl{Y{UTlZ���Tl}9\VTlXhPG�T]PQN�T%T^���@{ � �=vTlTlZ?� � }9N'{`K�Ll\VTlXDWUN ü�� ����Te}DX�LO}9PQN�Te��L�N LO��¥T]PQNQT%WY��� � NQP L�XhP^c

Ñ x*ÒjR " t " ) "u� QwTD(Çt "%$ SJv�(�t
��LGd1WU�b}[NQT�fDc�ß%� � XhP�NQT'{UTAZ��[Z�Pl¥T^��T'T9û[�jvTlNQWY��TlXhP L�{9R�vTl\OT^{ � �D�jvT�� � }[N=ZQ}DWU\hNQTA{iL ü�� }D{UTl}9N�L³�Q��Ð�p~�¼c

rO������c�g�ÏY��ÐJN � }�LO}!XDWU\VT^LO}!R9TlZ=WYXhPQTlXDZQWUPDvTlZ�{Y}9��WYX9Tl}DZ�TlZ ý ý XDWU\OT¸L�}!R9T��VN�WYZyþ þ�T]P={iLGZQ}9NQ�_L ü T�R9TlZ��VN L�WYXDZ
R9T ü L��¸vT�LO} ü�� }[N�Z�R9T�{iL!P � N�NDvT]�_L ü PQW � Xmc�µ=T�Z��[Z�P]¥Tl��TaTlZQP ü�� XDZ�PQWUP�}�vThz ü�� ����TaP � }DZ�{UT^Z	RDWYZ�� � ZQWUP�WU�ÃZ
ü {iLOZQZQWY|~}9TlZjRmKMLOX@LO{U�~ZQTeRmK�WY�!L��VT��

� R;KM}DX Z��[Z�Pl¥Tl��T©RmK3vT ü {iL�WUN L��VT���}DX[T¢Z � }9N ü T�R9T¢{Y}9��W�¥T]NQT©L^\VT ü R9Tl}}ûu��TlPQWUP�Z�Z�� � P�Z�R[T�íDÜ9NQT
� �DP�WY|~}[TGZ � XhP�vTlP�L�Ü@{YWYZ?� � }9N�vT ü {iLOWUN�T]Nj{iL�Z ü ¥TlX9Tbz

� R;KM}DX ü L��9PQTl}9N�R;KMWY�!L��VTlZ��S}DX9T ü LO�ÎvT]N L\[WYR?vT � µ'µ�  ÿ ü L��@L ü WUPDvT�¥L�P�N LOXDZ���T]NQP�R9T ü �@L�NQ�OT^Z��
ü�� }9{UT^}[N�pmk�� a �Q��Ð�p~�¼c�rO������c�g�ÏY��ÐWm�R9TA�!L�N�|~}9T	n � Xh�>ÿ_� � R¬¥Tl{UT�¦	µ�êc_[gOglö?��PQN Ll\OL�WY{Y{iLOXhPüRDLOXDZ
{UT�\[WYZQWUÜ@{UT!T]P��a}DXDWUT�RmK�}DX � Ü9ÚÛT ü P�WU�jR9T�ßOw���ÔÓ¬xVß[zéß9cSµ=T�PÛ�~��T�R9T ü L��9PQTl}9NaTlZQPa{UT��@{Y}DZ
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}[P�WY{YWYZ9vT�T]P'{UTG� � WYX9Z ü�� �}9P�T^}¨û;z

� R;KM}DXôZ��[Z�Pl¥Tl��T�R9TX~}9�ìvT]N�WYZ�L�PQW � X9�1X � }DZ�L^\ � XDZ�}9P�WY{YWYZ9vT�{`K � N�RDWYX@L�PQTl}9N�õjÐ@Ñb
Oz���}DX9WAR;KM}DX[T
ü L�N�PQT�R;K�L ü |~}9WYZ�WUPQW � X�\[WYR�vT �§Ù 
�Ð¸�b�D
�Ð�p~�wÚ���Ô@?�Û vT^|h}DWU�jvT]T�RmKM}9X ü�� Xh\VT]N�P�WYZQZ�T^}[N,g����%r�ÎJÜWÎ
��TlNQ��T]PQP�LOXhP�{iL�X~}D�ìvTlNQWYZ�L�P�W � X R9T�{`K�WY�!L��VTbc�s � }DZ�Ll\ � XDZ�\ � { � XhP LOWUN�Tl��TlXhP�L��D�D{YWY|~}�vT ü T^Z
��L�PDvTlNQWUTl{YZ��VN LOX9R��@}9Ü@{YW ü � � }9N�{UTl}9NAN � Ü@}DZ�PQTlZQZ�T�¥L�� � WYXDR9N�T ü�� �}9P^zD�!LOWYZAZQ}9N�P � }[P�{iL�R9WYZQ� � ê
X9WUÜ@WY{YWUPDvT%R9TlZ ü�� R9TlZAZ � }[N ü TlZ'R9TlZj�@WY{ � P�T^Zj{ � �bW ü WUT^{YZ?RD} ü�� ��� � Z L�XhP�g����%r�ÎJÜWÎVc

µ � ����T � X´��Tl}9P�{UT�\ � WUNGR@LOX9Z�{iL�íD�b}9N�T�f9céß9z;{iL ü LO�ÎvT]N L�TlZ�PGWYXDZ�P LO{Y{�vT]T¥L�{`K�T9û[P9vT]N�WUTl}9NeR9T�{iL
ü �@LO��ÜDNQT?R9T�P � NQNDvT]�_L ü P�W � XGT]PS\~WYZ�}DLO{YWYZ�T?{iL	Z ü ¥TlX9T�LO}aPQN Ll\VT]N�ZSR;KM}DX[Tj��TlXm�TlP�NQT=TlXa\VT]NQNQT?|~}DW[WYXhPQN � RD}DWUP
}DX[TaRDWYZ�P � NQZ�W � X�X?vT]�b{YWU��vTlT%RD} ü �[T^��WYX � �DPQWY|~}9Tbc@��K�L ü |~}9WYZ�WUPQW � X�R9TlZ�WY��L��VTlZjTlZ�PA�_LOWUP�TeTlX�}9P�WY{YWYZ�LOXbP
{UT�{ � �bW ü WUTl{¥g����%rlpO�Q
BgwÿQÓ ������
�Ô�Ñh�;g����%rlpO�Q
Bg�E`� b E¼ÝÞEtÏ b E3���b���ÔE3Ñ*½±E Ì ÍOß�IKE#Ú>ß!Î�I��qLÃàáªDÄZ«jº!µ�z
xOwOwDgON`c�µ�T�{ � �bW ü WUT^{j�DN9vTlZ�TlXhPQT{`K�L^\�LOXbP L��VTR[T©� � }9\ � WUN©�T]PQN�T�L��D�@{YWY|~}?vT ü�� ����T©}DX[T ü�� ���!LOX9R9T
}9PQWY{YWYZ9vT]T�TlXág�
��¤k~c�r�{I��T^}[P%Z�LO}9\VT]�hL�NQR9T]N�¥L�WYXhP�TlN�\�LO{Y{UTlZAN9vT]�b}D{YWUT]N�Z�{UTlZ�WY�!L��VTlZDÿÃX � }DZ�L^\ � XDZ�}9P�WY{YWYZ9vT
ÝhyOw�â Ø�Ýhw�ãJänå!æWç�èhz~f �£ü PQT]P�Z���L�N=�@W�û[Tl{���RDLOXDZ?RDWU\VT]N�Z�� � N���L�P�Z�R � XhP?{UT��b����ÿ�� � N�P L�Ü@{UT��@W�û[Tl{��!L����
ZQ}9N�{UT�RDWYZQ|~}9TjRD}[N^cO��L�\[WYZQ}@LO{YWYZ�L�PQW � XaR9TlZ � Ü9ÚÛTlPQZ1T^Z�PS�_LOWUP�T'Ll\VT ü {UTj{ � �VW ü WUTl{Ç��r¸c�ö � }[N�{UT?P�N LOWUP�T^��T^XbP
R9TlZüWY�!L��VTlZIT^X�P�Tl���@ZSN9vT]Tl{`z¸X � }DZ�L^\ � XDZavT ü N�WUPS}DX��DN � �ON LO����T�R@LOX9Z�{UT�{iLOX9�bL��VT>=jÓ]��
[rO��L©¨�ª«�¬U�z
xOwOwDgON`c

ï>ð<é ò ê÷ ô�ë�ì±í ÷��
)'*%î	*�, � F.m>ï�:'4�.B:���>@6�óA2	.

µ � ����T�P � }9PeZ��[Z�Pl¥Tl��T�R9T�PQN L�WUPQTl��TlXhP�RmK�WY�!L��VTlZ	TlP ü�� ����T�X � }DZe{`KML^\ � XDZ�\~} ÿ�íD�b}9N�T!fDc�ßb��z
X � PQNQTaZ��[Z�P]¥Tl��TGTlZ�P ü�� X9Z�WYR?vT]NDvT ü�� ����T�}DX9TaZQ} üGü TlZQZQW � X�R9T�P�N � WYZ�vT]P L���TlZ��D{`K�L ü |~}9WYZ�WUPQW � XÏÿ�\[WYZQ}@LO{YWúê
Z�L�PQW � X�R9TlZ � ÜDÚÛT]PQZ^z[X~}9�ìvT]N�WYZ�L�PQW � X���z~{UT%P�N LOWUP�T^��T^XbP�T]Pj{`K�T9û[P�N L ü PQW � X�R[TG{`K�WYX9� � N���L�P�W � X�LËÆ�´ Ê�ð ªDµ�ñ
T]PjLO{`cUz�gZY�Ybx9zJò�¬U´DñDµjªD�«T]PjL�{`cYz�gZY�Y�Ý@zÆ�´ Ê�ð ªUµ�ñ�zDx�wVwDgON`c~s � }DZ?��L�NQ{UT]N � XDZ=RmKML�Ü � NQR�R9T�{iLa��WYZ�T
LO}�� � WYXhP'R9TG{iL��9NQTl��W�¥T]N�T�vT]P L���T²ÿ¸vT ü {iLOWUN L��OThz � ÜDÚÛT ü P�WU��T]PAX~}9�ìvT]N�WYZ�L�PQW � X���c

zó x � S "� Sv!(
�;T ü L��9PQTl}9N1ÿ ü LO�ìvT]N�Lh�ITlZ�P�R[T^Z�PQWYX�vTa¥LeN9vT ü }9�jvT]N�TlN�{UTAZQWU�bX@LO{D{Y}D��WYX9Tl}}û��DN � \VTlX@LOXbP�R9T�{iL%Z ü ¥TlX9T�¥L

LOXDLO{U�[Z�T]N^z�RDLOXDZ ü T ü LOZ�{UTlZS�VN LOWYX9Z�R9T ü L��¸vTbc���L%Z ü ¥TlX9Tj|~}9T'X � }DZ�\ � }D{ � XDZ�LOX@LO{U�~ZQT]NüTlZ�P�Z�WUPQ}�vT]TjRDLOXDZ
{`KëTlZQ�@L ü T�R�vTlíDXDW~�@L�Nü{iL ü �@L��aÜDNQT?R9}�P � NQN9vT]�_L ü PQTl}9N�ÿ_L^\VT ü R[T^}¨û � }9\VT]N�P�}9N�T^Z��^{`KM}DX[Tj{iL�PDvT]N�LO{UTbz^{`KMLO}9PQN�T
ZQ}9N�{iL��_L ü TGZQ}9�jvT]N�WUTl}9NQT���c@r�{mTlZ�P�R � X ü X�vT ü TlZQZ�LOWUNQTeR9Ta��TlP�PQN�TGTlX��@{iL ü T�}DX�RDWYZ�� � ZQWUP�WU�SRmKÛvT ü {iLOWUN�L��VT
��T]NQ��T]PQP L�XhPaR[T ü NDvTlT]N�}9X9TuvT^X[TlN��bWUT!{Y}D��WYX9Tl}DZ�T!Z�}Ç¢!Z�LOXhPQT�ZQ}9Na{iL�Z ü ¥TlX9T!T]P�vT]\[WUP�LOXhP�{UTlZ � �aÜ9NQTlZ
� � NQPDvT]T^Zj|~}DW;X~}DWYZ�TlXhPALO}�PQN�LOWUPQTl��TlXhPlc9��KÛvTl{YWY��WYX@L�PQW � X�R9TlZ � �aÜ9NQTlZ���Tl}9P��T]PQNQT%��T]N���WYZ�T%TlX��VN�LOXDR9T
��L�NQP�WUT��@L�N	}9X©RDWYZ�� � ZQWUP�WU�SRmKÛvT ü {iLOWUN L��OT�LOR�vTl|~}@L�Plc�öüL�N ü Tl{iLDz@X � }DZ�L^\ � XDZ'�DN �£ü vT^R?vT�¥L!RDWU\VT]NQZATlZQZ�LOWYZ
RmKÛvT ü {iLOWUN�L��VT�R9T�{iL ü �@LO�aÜDN�T�RD}eP � NQNDvT]�_L ü PQTl}9N^c] �TlZIWY��L��VTlZ � XhPevT]PDvT�PQTlZ�PDvT]TlZ�RDLOXDZ�{UTlZI���Tl��TlZ ü�� XDRDWúê
PQW � XDZ�R9T��DNQWYZQTlZ�R[T%\[}[T^Zlz~�!LOWYZ?Z � }DZ�RDWU��vT]N�T^XbP�Z=PÛ�~��T^Z?RmK3vT ü {iL�WUN L��VTlZ	ÿ¸vT ü {iLOWUN L��OT�{iL�PDvT]N LO{`z�vT ü {iLOWUN�L��VT



¹[º³Õ�¼�¿À ¾_Ö!×ÇØ À ý Ýhw

LOX9X~}D{iLOWUN�T�T]P�vT ü {iLOWUN L��VT�Ü@WY{iL�PDvT]N�LO{���c;s � }DZaL^\ � XDZeN�T^��L�N�|~}?vT!|~}[T�{`K3vT ü {iLOWUN�L��VT�{iL�P9vT]N L�{ü��T]NQ��T]P�R9T
Ü@WUTlX©WY{Y{Y}9��WYX9T]N�{iL!Z ü ¥TlX9Ta�!LOWYZ�{UT^Z � �aÜDN�TlZ�R9TlZ	�VN L�WYXDZ�Z � XhP	� � NQPQTl��TlXhP'�DN � X � X ü vT]TlZlz�{`K3vT ü {iL�WUN L��VT
LOX9X~}D{iLOWUN�T�XmKëTlZ�P���LOZGT9û[�@{ � WUP�L�Ü@{UT�¥L ü LO}DZ�T�R9TlZ�N�Tl�9TlPQZ�|~}DW�Z�T!� � N���TlXhPGZ�}[Na{UT^Z�R[T^}¨û�\~WUPQNQTlZGR9T
{iL ü �@L��aÜDNQTaR9T�P � NQN9vT]�_L ü P�W � X;zDT]P�{`K3vT ü {iLOWUN�L��VTeÜ@WY{iL�P9vT]N L�{���TlNQ��T]P�RmKÛvT]\[WUP�T]N	{UT^Z � ��ÜDNQTlZlz���LOWYZ	WY{IX9T
��T]NQ��T]Pj��L�Z'R9TeRDWYZ�� � ZQT]NjRmK�}DX vT ü {iLOWUN L��OT�}DXDWU� � N���T%ZQ}9N'}DX9T%�VN�LOXDR9TeZQ}9N��_L ü TbcDs�vT^LOXD� � WYXDZlz ü K�TlZ�P
ü T�Pt�~��T�RmK3vT ü {iL�WUN L��VT�|~}[T!X � }DZGLl\ � XDZ�Tl���@{ � �=vT ü L�NeWY{1TlZ�Pe{UT���TlWY{Y{UTl}9N ü�� ���DN � ��WYZlz�{UT���LOXD|~}9T
RmK�}DXDWU� � N���WUP9vT%R9TG{`K3vT ü {iLOWUN�L��VT	� � }[\OL�XhP��TlP�NQT%P�N LOWUP9vTeR9Te�_L�ôü�� X�{ � �bW ü WUTl{Y{UT�ÿ�íD�b}9N�T�fDcéßV��c
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Tair=230°C
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Tair=240°C
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Tair=250°C
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Tair=270°C
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Tair=290°C
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 déviation de la tendance

Température de l’air de 300°C 
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Tair=270°C

0 100 200 300 400 500 600

0 100 200 300 400 500 600

0

2

4

6

8

0

2

4

6

8

Temps (s)

P
er

te
 d

e 
po

id
s 

(%
)
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Tair=300°C
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Ò�Í ô ÿ4ÖËXü7ÖË9ü�Ë7ú ô Í²Í�ÖË��IÉ$ÿ2ú±Ð ô Ñ1Ë�ÑPú²Ë õ Ò�Î Í�ÖË~ËXö3ËXÑwÌ�ú±Ð'ö'Ð'Î"ÉAÑ�ú�ücË�Î Ò�ÉEÍ"É õ �ËXú²Í±ËXÎ�Ò ô Ì�Í�ü7ÖËXú²Ë~Í õ Ð'Ñ�Ë~Í ö�Ë9ü�Ë~Ï$Í�ÖË
ü�ËKú ô Í²Í�ÖË��IÉAÿmú±Ð ô Ñº¦$� ô Ì�ÎjÑ ô Ì�ÎjÐ'Ñ�ú�ÖË~Í±ËXÎ±Î ô Ñ�Î³ÐÊÿmÐ��É_öÊÉMÿ ô Ì�ö�ËXÌ�Í¨æ ô Ì��É1ö¿÷ÙÐ'Ñ�ú²Ë�Ñ�Î"Ð�ú�ÖËHü�Ë0Ñ�Ð�ø$Ë�ÉAÌcþbü�ËKÏ$Í"Ð'Î�í
�3Ì�Ð�Ë�Î²ú;Ì�Ñpÿ2Í"Ð�ú��Ë~Í±Ë�ü�Ë��3Ì�ÉAö'Ð�ú�ÖË õ É ��Ë�ÌcÍÔæ�ù2Ó�¦'¼A¦åâYí)¦
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LVÉAö�Ï$Í�ÖË�ö�ËXÎ/Ò�Í�ÖË�ÿ~ÉAÌcú"Ð ô Ñ�ÎM��Ì�ËbÑ ô Ì�Î_É�ø ô Ñ�ÎØÉEÒ�Ò ô Í±ú�ÖË~Ë�ÎN�ÉGöÊÉ õ Ë�Î±Ì�Í²Ëfû�ö�ËXÎØÐ õ ÉEÏAË�Î/Î ô Ñ�ú�Ò�Í±Ð'Î²Ë�Î
ü�ÉEÑ�Î ü�ËXÎ ÿ ô Ñ�ü�Ð�ú"Ð ô Ñ�ÎºÒ�Í ô ÿ&ï�ËXÎ�ü�Ì õ Ð'ö'Ð�ËXÌ_Ð'Ñ�ü�Ì�Î²ú±Í±Ð�Ë�ö¿¦���öfË�Î²ú�ü�Ð�àÚÿmÐ'ö�Ë}ü�Ë7ÿ ô Ñ�ú²Í�öô ö�Ë~Í�Í±Ð�Ï ô Ì�Í²ËXÌ�Î²Ë õ Ë�Ñfú
ö¿÷�ÖË�ÿmöÊÉAÐ�ÍUÉ�Ï$Ëfû)ö�ËXÎºÐ õ É�Ï$ËXÎ�ü7ÖË~Ò*ËXÑ�ücË�Ñfú�ü ô Ñ�ÿ�ü�ËXÎ�ÿ ô Ñ�ü�Ð�ú"Ð ô Ñ�Î�ËmþcÒ9ÖËXÍ±Ð õ ËXÑ�úUÉEö�Ë�ÎX¦2��öEË�Î²úºü ô Ñ�ÿ�ÑjÖË�ÿ2Ë�Î±Î"ÉAÐ�Í²Ë�û
Ò ô Ì�Í;ÿ ôfõ Ò�É�Í±Ë~Íjö�ËXÎ?Í�ÖËXÎ"Ì�ö�úUÉEú±Î?ü�Ë�ü�Ð�ø$Ë~Í±Î±ËXÎ}Ë~þ3Ò9ÖË~Í"Ð�ËXÑ�ÿ2ËXÎXûfü�Ë/Ò�Í ô ÿ4ÖËXü�Ë~ÍO�ÉMÌ�Ñ�Ë�P P¿ÿ~ÉAö'Ð�ý�Í"ÉEú"Ð ô Ñ:Q Q�Ò ô Ì�Í
Í"ÉEÒ�Ò ô Í²ú±Ë~ÍÚö�ËXÎbÍ�ÖËXÎ±Ì�ö�úUÉ�ú"ÎbÑ3Ì õ ÖË~Í"ÐR��Ì�ËXÎ��É ü�ËXÎ`ü�Ð õ ËXÑ�Î±Ð ô Ñ�Î`ÉEý�Î ô ö'Ì�ËXÎXû�ü ô Ñ�ÿ{Ð'Ñ�ü7ÖËXÒ�Ë�Ñ�ü�ÉAÑ�ú²Ë�Îbü�ËXÎ
ÿ ô Ñ�ü�Ð�ú"Ð ô Ñ�ÎØËmþcÒ9ÖËXÍ±Ð õ ËXÑ�úUÉEö�Ë�ÎX¦�� ô Ì�Î1Î ôfõbõ Ë�Î1ÿ ô Ñ���Í ô Ñ�ú�ÖËXÎØÒ�Í"Ð'Ñ�ÿmÐ�Ò�ÉAö�Ë õ ËXÑ�úS�ÉpÌ�ÑcËåï7ÖËXú�ÖË~Í ô Ï�ÖËXÑ7ÖË�Ð�ú�ÖË
ü�ÉEÑ�Î�ö¿÷ÙËXÎ²Ò�É$ÿ2Ë#T�ÿ&ï�É	�3Ì�Ë³Ò ô Ð'Ñ�úºü�Ë}ö¿÷�Ð õ É�Ï$Ë�Ñ�Ë³Í±Ë�Uÿ ô Ð�ú�Ò�ÉAÎ�öÊÉ õ öË õ Ë��3Ì�ÉAÑ�ú"Ð�ú�ÖË�Ë~ú�öÊÉ õ öË õ Ë��3Ì�ÉAö'Ð�ú�ÖË�ü�Ë
ö'Ì õ Ð��Ë~Í±Ë,í Ë~újü�ÉAÑ�Î7ö�Ë0ú²Ë õ Ò�ÎMT-ö�Ë�Îjÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�Î?üº÷�ÖË�ÿmöÊÉAÐ�ÍUÉ�Ï$ËfûAÒ ô Î±Ð�ú"Ð ô Ñ�Î?ü�ËXÎ7Î²Ò ô ú"ÎXûcÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�Î?üº÷RËXÑ<÷
Î ô ö�ËXÐ'ö'ö�Ë õ ËXÑ�ú�û�Ò*ËXÌ�ø$ËXÑ�úØÿ�ï�ÉAÑ�Ï$Ë~ÍCí)¦�� ô Ì�Î�ü�Ë~ø ô Ñ�Î�ü ô Ñ�ÿMË�V*Ë�ÿ2ú"Ì�Ë~Í�Ì�ÑcËbÿXÉEö'Ð�ý�ÍUÉEú±Ð ô Ñ Ò ô Ì�Í_ÿ&ï�É��3Ì�Ë
Î�ÖË~Í±Ð�ËØü�Ë õ ËXÎ"ÌcÍ±ËXÎ9Ë�V*Ë�ÿ2ú±Ì7ÖË~ËXÎX¦

WOX òIñDY�Y3íÕî$ì[Z+\^]�Y`_^YÅïbadcY3îfï Y ò X Y�e Y
À Ð}ö�ËXÎ1ÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�Î_üº÷�ÖË�ÿmöÊÉAÐ�Í"ÉEÏ$ËwÎ ô Ñ�úÔïjÖË~ú�ÖËXÍ ô Ï3�Ë�ÑcË�Î�ü�ÉAÑ�Î1ö¿÷RËXÎ²Ò�É$ÿ2Ëfû�öÊÉpÿ ô Ì�ö�ËXÌ�Í_ü�ËXÎ_Ï$ÍUÉAÐ'Ñ�Î_ü�Ë

ÿ~É	��ÖË õ Ë�Î±Ì�Í�ÖË~Ë0Ò�ÉEÍ9Ñ ô ú²Í±ËØÉ�Ò�Ò�ÉEÍ²Ë�Ð'ö'öÊÉ�Ï$Ë�TIÑ ô ú�ÖË~Ë_·KT�f�ThgÔí}üjÖË~Ò*ËXÑ�üGü�Ë�ö�ËXÌ�Í"ÎjÒ ô Î±Ð�ú"Ð ô Ñ�ÎjÎ±Ì�Í9ö¿÷ÙÐ õ ÉEÏAË�¦
À Ð�ÿ2ËXÎ�ÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�Î�øEÉEÍ"Ð�ËXÑ�ú�É�ø$Ë�ÿ?ö�Ë7ú±Ë õ Ò�Î�û�öÊÉ�ÿ ô Ì�ö�Ë�ÌcÍ=T,·HT�f�Thg�í�ü7ÖË~Ò*ËXÑ�ü�ü�Ì2� ô Ì�Í�ü�Ë;ö¿÷RËmþcÒ9ÖËXÍ±Ð�ËXÑ�ÿ2Ë�¦
ÿ ô Ì�Íjÿ ô Ñ�ú²Í�öô ö�Ë~Í³ö�ËXÎ õ Ë�Î±Ì�Í²ËXÎ³Ë~ú`ÖË~ø$ËXÑ�ú±Ì�ËXö'ö�Ë õ Ë�Ñfú³ö�ËXÎ?ÿ ô Í²Í"Ð�Ï$Ë~Í�ûAÑ ô Ì�ÎjÉ�ø ô Ñ�Î³Ò�Í±Ð'Î?ücË�Î}Ð õ ÉEÏAË�Î³üº÷ÙÌ�Ñ
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Ñ�Ð�ø$Ë�ÉAÌßü�ËØÏ$Í±Ð'Î Ð õ ÉEÏ$ËÚ° Ð õ ÉEÏ$Ë(k

u ô Ñ�Ë`¼ vxwdy{z7vF|}y vF|}~{z���y}~
u ô Ñ�ËMÓ vx|�v�z���y}y ��y �#z���vx~
u ô Ñ�ËÔë �dy�v�z���vxy ��vD�#z��d�d~
u ô Ñ�ËO� ��vdv�z��d�dy �d�}�#z����}~
u ô Ñ�ËMâ �}��v�z����}y ��� �#z��D�	~

� ô Ñ�ü ý�öÊÉAÑ�ÿ_Ì�Ñ�Ð�� ô Í õ ËMÉ�øEÉAÑ�ú0ÿ&ï�É	�3Ì�Ë1ËmþcÒ9ÖËXÍ±Ð�ËXÑ�ÿ2Ë�¦�� ô Ì�Î ô ý�ú±ËXÑ ô Ñ�Î0ÉAÐ'Ñ�Î±Ð�ö�ËXÎHøEÉAö�ËXÌ�Í±ÎKü�ËPÿ&ï�É��3Ì�Ë
Ò�Ð þ3Ë�ö�ËXÑ ¯±¨EB$L3«mûº>A«2¯m©9Ë~úbkm@'«2B�T,·HT�f�Thg
�9Î±Ì�Í0Ì�Ñ ô ÿ2ú±Ë~ú/ÿ&ï�É$ÿmÌ�Ñ�Ëf¦Óÿ ô Ì�ÍKú²ÍUÉ�øEÉAÐ'ö'ö�Ë~ÍHÎ±Ì�Í0ö¿÷�Ð'Ñfú±ËXÑ�Î±Ð�ú�ÖË
ü�Ë_ö¿÷�ÖË�ÿmöÊÉAÐ�ÍUÉ�Ï$Ëfû ô ÑGÒ*ËXÌ�ú;Ò�ÉAÎ±Î²ËXÍ9ËXÑ{Ñ�Ð�ø$Ë�ÉAÌGü�ËØÏ$Í"Ð'Î7Ë�ÑßÌ�ú"Ð'ö'Ð'Î"ÉAÑ�ú7ö¿÷lÖËd��Ì�ÉEú"Ð ô ÑGÎ"Ì�Ð�øAÉEÑ�ú±Ë}�

���%���d���[�����O��� ���M� ���d�3����������� �����x�t���
� Tt��¦�¼}�

Ô�É2 �Ð�ÏfÌcÍ±ËK��¦¢¡$ÉHÒ�Í�ÖË�Î²ËXÑ�ú²Ë7ö¿÷¤£7ÖË~ú�ÖË~Í ô Ï�ÖËXÑ7ÖËXÐ�ú�ÖË³ü�ÉAÑ�Î Ì�Ñ�Ë9Ð õ É�Ï$Ë?Í±Ë~Ò�Í�ÖËXÎ²Ë�ÑfúUÉAÑ�ú�Ì�Ñm� ô Ñ�üMý�öÊÉAÑ�ÿA¦A�0Ñ
Ò*ËXÌ�ú{ÖËXÏfÉAö�Ë õ ËXÑ�ú ô ý�Î²Ë~Í±øAËXÍ;ö¿÷ÙÐ'Ñ�¥�ÌcË�Ñ�ÿmË_ü�Ì�� ô Ì�Í9ËXÑpÿ ôfõ Ò�ÉEÍ"ÉAÑ�ú;ö�ËXÎr¦�ÏfÌ�Í±ËXÎr��¦¢¡$ÉPË~ú=��¦¢¡Eý�TIö�ËXÎ9øEÉ,÷
ö�ËXÌ�Í±Î�ü�Ì�Ñ�Ð�ø$Ë�ÉAÌPü�Ë7Ï$Í"Ð'Î ü�Ë;ÿ2ËXÎ�Ð õ ÉEÏ$ËXÎ�Î ô Ñ�ú�ü�ÉAÑ�Î�ö�ËjúUÉEý�ö�Ë�ÉAÌ§��¦'¼d�2¦ ó Ë7Ò�Í ô ý�ö��Ë õ Ëjüº÷�ÖË�ÿmöÊÉAÐ�ÍUÉEÏAË?ËXÎ²ú
üXöÌÚÉAÌcþbÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�Î�ËmþcÒ9ÖË~Í±Ð õ ËXÑ�úUÉAö�ËXÎXûEÑ ô úUÉ õwõ ËXÑ�ú{�É_öÊÉ/Ò�Í�ÖË�Î²ËXÑ�ÿ2Ë2P P�ü�ËKü�ËXÌcþ¨Q Q�øcÐ�ú²Í±ËXÎ�ËXÑ�ú±Í²ËKö�ËXÎ ô ýV÷
��Ë~ú"Î Ë~ú�öÊÉ�ÿ~É õ ÖË~ÍUÉ�¦�Ô�É�ÿ2ËXö'ö'Ì�ö�Ë7ücË9ú ô Í±Í�ÖË��IÉ$ÿ2ú"Ð ô Ñ1Ñº÷RË�Î²ú�Ò�ÉAÎ ô Ò�ú±Ð õ Ð'Î�ÖË~Ë?Ò ô Ì�Í�ö¿÷�ÉAÑ�ÉAö��cÎ²Ëjüº÷�Ð õ ÉEÏ$Ëf¦EÔ�Ë�Î
õ öË õ ËXÎjÒ�Í ô ý�ö��Ë õ ËXÎjÎ ô Ñ�újÍ±ËXÑ�ÿ ô Ñfú±Í�ÖËXÎ?ËXÑ õ Ð'ö'Ð�ËXÌÚÐ'Ñ�ü�Ì�Î²ú±Í±Ð�ËXö¿¦c��ö�Ñ ô Ì�Î9Î²Ë õ ý�ö�Ë/ü�Ð�àÚÿmÐ'ö�Ë0üº÷�É õ ÖËXö'Ð ô Í²ËXÍ
ËXÑ�ÿ ô Í²ËMö¿÷lÖË�ÿmöÊÉAÐ�Í"ÉEÏ$Ëf¦�Ô�É`Î²Ë�Ì�ö�Ë1Ò ô Î±Î±Ð�ý�Ð'ö'Ð�ú�ÖË_ËXÎ²úKü ô Ñ�ÿ1ü�Ë1Í±Ë�ÿ ô Ñ�Î²ú"Ð�ú±Ì�Ë~Í�û©�ÉbÒ�É�Í±ú"Ð�ÍKü�ËXÎ0ü ô Ñ�Ñ7ÖËXËXÎKü�Ð'Î3÷
Ò ô Ñ�Ð�ý�ö�ËXÎXû�Ì�Ñ�Ë õ ËXÎ±Ì�Í²Ë�¦�ÉEý�ö�Ë{Ð'Ñ�ü7ÖËXÒ�Ë�Ñ�ü�ÉAÑ�ú²Ëpü�Ì�� ô ÌcÍwË~úbü�Ëpö¿÷RË õ Ò�öÊÉ$ÿ2Ë õ ËXÑ�ú�¦�ÔºËßÒ�Í±Ð'Ñ�ÿmÐ�Ò*Ë{ü�Ë
ÿ2ËßÒ�Í�ÖËK÷¿ú±ÍUÉEÐ�ú±Ë õ ËXÑ�úMËXÎ±úwücËpÎ ô Ì�Î±ú²ÍUÉAÐ�Í²Ë+�Éiÿª£�É��3ÌcË{Ð õ ÉEÏAËßü�ËßÏ$ÍUÉAÐ'Ñ�Îgý¢«m¬®-¬°¯ þ²±F³?´�µ�±F¶ Ì�Ñ�Ë{Ð õ ÉEÏ$Ë
ü�Ì·� ô Ñ�ü\ý�öÊÉAÑ�ÿÚÒ�Í"Ð'Î²ËGü�ÉAÑ�Î�ö�ËXÎ õ öË õ ËXÎ�ÿ ô Ñ�ü�Ð�ú"Ð ô Ñ�ÎMüº÷lÖË�ÿ~öÊÉEÐ�ÍUÉEÏ$Ëðý¢«m¬®-¬°¯ þ²±F³ ¦��0Ñ ô ý�ú"Ð�ËXÑ�úwÉEÐ'Ñ�Î±Ð
ú²Í ô Ð'Î õ ÉEú±Í±ÐÊÿ2Ë�Î?Ñ ô ú�ÖËXËXÎ²ý¤«�¬°-¬®¯ þh±F³[´�µ�±F¶ ��ý¤«�¬°-¬®¯ þh±F³ ÉAÌcþ���Ì�ËXö'ö�Ë�Î ô ÑGÉ	� ô Ì�ú±Ë0ö�Ë�Îjÿ ô3ô Í"ü ô Ñ�Ñ7ÖËXËXÎjÿ ô ÷
ö ô Í±Ð õ ÖË~ú²Í"ÐR�3Ì�ËXÎ õwô �$ËXÑ�Ñ�ËXÎØü�Ì¸� ô Ñ�üiý�öÊÉAÑ�ÿ õ Ë�Î±Ì�Í�ÖË~ËXÎS�É{ö¿÷�ÉAÐ'ücË`üº÷ÙÌ�Ñ ÿ ô ö ô Í±Ð õ �Ë~ú²Í±Ë¹LÅ�,�/��Ôc�
� Ë~ú
ü�Ì(ö ô ÏfÐÊÿmÐ�ËXö�ü�Ë§ºVBcD�¬X«m@�@ g ¨A@�¨E¯åýRÿ ô ö ô Í�û3Ó�����¼ þ ¦�ÔºËKÍ�ÖË�Î±Ì�ö�ú"ÉEú}ËXÎ²ú7Ì�ÑcËØÿ ô Ì�ö�Ë�ÌcÍjü�Ë�ÿXÉ ��ÖË0ÿ ô Í±Í"Ð�Ï�ÖË~ËKü�ËXÎ
øEÉEÍ±ÐÊÉEú"Ð ô Ñ�Î9üº÷lÖË�ÿ~öÊÉEÐ�ÍUÉEÏ$Ë/Ñ ô ú�ÖË~Ë¤ý¢«m¬®-¬°¯ þ�»½¼%¾¿¾%ÀÂÁÄÃ¶ ¦
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ÆHÑ�Ëm� ô Ð'Î�ÿ2ËPÒ�Í�ÖËK÷¿ú±Í"ÉAÐ�ú±Ë õ ËXÑ�úHË�V4Ë�ÿ2ú"Ì7ÖËfû*Ð'ö^�IÉAÌ�ú0Ò ô Ì�ø ô Ð�Í/ü7ÖË~ú±Ë~Í õ Ð'Ñ�Ë~Í0ö�ËXÎ0øEÉAö�ËXÌ�Í"Î/ücË¬ý¤«�¬°-¬®¯ þ
ü�Ë_öÊÉ u ô Ñ�Ë_Î ô Ì�£�ÉEÐ�ú�ÖË~Ë§P P�ö�Ë_ÿXÉ ��ÖË�Q Q�¦»ÿ ô Ì�ÍHÿ2ËXöÊÉ�û�Ñ ô Ì�Î;ü�Ë~ø ô Ñ�Î;Ì�ú±Ð'ö'Ð'Î±Ë~Í9Ì�ÑpÎ²ËXÌ�Ð'ö'öÊÉEÏ$Ëf¦
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Ô�Ë_ý�Ì�ú0ü�ÌpÎ²Ë�Ì�Ð'ö'öÊÉEÏ$ËØËXÎ²úKöÊÉbÎ�ÖË~Ò�É�ÍUÉEú±Ð ô Ñ{ü�ËXÎKÐ õ ÉEÏAË�Î9ËXÑpÒ�ÉEÍ±ú±Ð�Ë�ÎXû�É	¦�ÑVü�÷�Ð'Î ô ö�Ë~ÍHö�ËXÎ ô ý���ËXú±ÎKü�Ì
� ô Ñ�üº¦�ÔºË`Î²ËXÌ�Ð'ö'öÊÉEÏ$Ëbÿ ô Ñ�Î±Ð'Î±ú²ËÌ�É{ü�Ð�øcÐ'Î²Ë~Í_ö¿÷�Ð õ ÉEÏ$ËwËXÑ ÓGÍ�ÖË~ÏfÐ ô Ñ�ÎO£ ôfõwô Ï��ËXÑ�ËXÎXûºÿ~ÉEÍ"É$ÿ2ú�ÖË~Í±Ð'ÎUÉEÑ�úØü�ÉAÑ�Î
Ñ ô ú±Í±ËMÿ~ÉAÎ1@'« h ¨ED4FßË~ú1@'«)¬0LA¯±°Eª�D�¬MF�«PJU° h <«)¬2¦�Ô
É õ ÖËXúÍ£ ô ü�Ë_ü�ËMÎ²ËXÌ�Ð'ö'öÊÉEÏAËØËXÎ²ú0ÿ ô ÌcÍUÉ õbõ Ë�ÑfúHÌ�ú±Ð'ö'Ð'Î�ÖË~Ë
ü�ÉEÑ�Î/ö�ËXÎ0Î±�3Î±ú��Ë õ ËXÎKü�ËPú²ÍUÉAÐ�ú²Ë õ ËXÑ�úKüº÷ÙÐ õ ÉEÏ$ËXÎXû�öÊÉÚü�Ð�àÚÿmÌ�ö�ú�ÖËPÿ ô Ñ�Î±Ð'Î²ú±ËÎ�É(ÿª£ ô Ð'Î±Ð�ÍKö�ËPý ô ÑÅÎ²ËXÌ�Ð'ö¿¦*×�Ñ
Ë�V*ËXúXû�ö�ËPÿª£ ô Ð þ{ü�÷�Ì�Ñ Î²ËXÌ�Ð'ö
ÉEÍ±ý�Ð�ú±ÍUÉEÐ�Í±Ë_Ò�Í�ÖËXÎ²ËXÑ�ú±Ë1Ì�Ñ ÏAÍ ô ÎHü7ÖË��IÉAÌcú
��ÿmËXö'Ì�Ðºü�ËPÑcË1Ò�ÉAÎHú±ËXÑ�Ð�Í0ÿ ôfõ Ò�ú²Ë
ü�Ë ö¿÷lÖË~ø ô ö'Ì�ú±Ð ô Ñ ü�Ë öÊÉiÎ"ÿ	�ËXÑ�Ë ÉAÌ¾ÿ ô Ì�Í"Îbü�Ì ú±Ë õ Ò�ÎX¦ À ÐHö�ËpÎ²ËXÌ�Ð'ö9ËXÎ²ú`Ò�öÊÉ$ÿ4ÖËßú±Í ô Ò¾ý�ÉEÎ�û�ö�ËXÎwÒ�Ð þcËXö'Î
ÉEÒ�Ò�ÉEÍ±ú²ËXÑ�ÉAÑ�ú;ÉAÌ{ÿ~É	��ÖËÏTIÎ ôfõ ý�Í±Ë �³Í"Ð'ÎÍ�3ÌcË�Ñfú;üº÷:öË~ú²Í±Ë�Í±Ë(��Ë~ú�ÖËXÎ�¦<ÿ ÉEÍHÿ ô Ñfú±Í±ËfûcÎ±Ð�ö�Ë�Î±ËXÌ�Ð'ö4Ë�Î²ú7Ò�öÊÉ$ÿ4ÖË/ú±Í ô Ò
£�ÉEÌ�ú�û�ö�ËXÎ9Ò�Ð þcËXö'Î9ü�Ì�� ô Ñ�üßÍ"Ð'ÎÍ�3ÌcË�Ñfú;üº÷aöË~ú±Í±Ë�Ò�Í"Ð'Î;ÿ ôfõbõ ËÚJU° h <«m¦

ÿ ô Ì�Í�ü7ÖË~ú±Ë~Í õ Ð'ÑcËXÍ0öÊÉ u ô Ñ�Ëwüº÷ÙÐ'Ñ�ú�ÖË~Í)öË~ú�T�Ï$ÍUÉAÐ'Ñ�Îx�)û ô ÑVÒ*ËXÌ�ú�ú±Í"É�øEÉAÐ'ö'ö�Ë~Í0ü�Ëwü�ËXÌcþ õ ÉAÑ�Ð��ËXÍ²ËXÎ��*Î ô Ð�ú
Ì�Ñ`ú²Í"Ð�Ò�ö�ËKÎ²Ë�Ì�Ð'ö'öÊÉEÏ$ËÒýÑÐ_û¤ÒPû°Ó þ û�Ì�Ñ`Ò�É�Í7ÿ ô Ì�ö�ËXÌ�Í � ô ÌÚÎ ô Ð�ú?Ì�ÑÚÎ²ËXÌ�ö�Î²Ë�Ì�Ð'ö'öÊÉEÏ$ËHü�Ë#�IÉ?Uÿ ô Ñbý�Ð'Ñ�ÉAÐ�Í±ËHÒ ô Ì�Í
ö¿÷ÙÐ õ ÉEÏ$Ë;ÉAÌbÑ�Ð�ø$Ë�ÉAÌwü�Ë;Ï$Í±Ð'Î�¦AÔºË;ú²ÍUÉ�øEÉAÐ'ö�Î±Ì�Í}ücË�Î³Ð õ É�Ï$ËXÎ�ü�Ë;Ï$Í"Ð'Î�ü ô Ñ�Ñ�ËHü�ËXÎ³Í�ÖËXÎ±Ì�ö�úUÉ�ú³É$ÿ~ÿ2ËXÒ�úUÉEý�ö�ËXÎX¦
Ô�É/ú±Í"ÉAÑ�Î(� ô Í õ ÉEú"Ð ô ÑPüº÷ÙÌ�Ñ�ËHÐ õ ÉEÏAË;ÿ ô Ì�ö�ËXÌ�Í#�ÉØÌ�Ñ�ËHÐ õ É�Ï$Ë9ËXÑwÑ�Ð�ø$Ë�ÉAÌ�ü�Ë;ÏAÍ"Ð'Î Ë�Î²ú³Î±Ð õ Ò�ö�Ë�T�ÖË��3Ì�ÉEú±Ð ô Ñ
��¦�¼}�)û3Ì�ÑÔ£�Ð'Î²ú ô ÏAÍUÉ õbõ ËKË�Î²ú7Ì�ú±Ð'ö'Ð'Î�ÖËKÒ ô Ì�Í9öÊÉ1Í²Ë~Ò�Í�ÖË�Î²ËXÑ�ú"ÉEú"Ð ô ÑbÏ$ÍUÉ�Ò3£�ÐR�3Ì�Ë/ü�ÌGÑ ôfõ ý�Í²Ë�ücË�Ò�Ð þ3Ë�ö'Î?ü�Ë
ÿª£�É���Ì�ËpÑ�Ð�ø$Ë�ÉAÌ ü�Ë{Ï$Í±Ð'Î�¦³�0Ñ ô ý�ú±Ð�Ë�ÑfúbÉAÐ'Ñ�Î±Ð¿û�ö�ËXÎwü�ËXÌcþ u ô Ñ�ËXÎwý�Ð�Ë�Ñ Ð'ü�ËXÑ�ú±Ð�¦9ÖË~ËXÎ�T�ÿ~É	��ÖËßË~ú¹� ô Ñ�ü[�2¦
Ô³÷¤£�Ð'Î²ú ô Ï$Í"É õbõ Ë�Ñ ô Ì�Î_ÉEÒ�Ò ô Í±ú²Ëbü�ËXÎØÐ'Ñ�� ô Í õ É�ú"Ð ô Ñ�ÎKÒ�Í�ÖË�ÿmÐ'Î²ËXÎ/Ë~ú�Ïfö ô ý�ÉAö�ËXÎ/Î±Ì�Í_ö¿÷ÙÐ õ ÉEÏAË�û�ËXÑÅÒ�ÉEÍ²ú"Ð+÷
ÿmÌ�ö'Ð�Ë~Í9Î"ÌcÍKö�ËXÎ7Ò ô Î±Î±Ð�ý�Ð'ö'Ð�ú�ÖË�Îjü�Ë_Î±Ë~Ï õ Ë�ÑfúUÉEú±Ð ô Ñº¦

Ô�É{ �Ð�ÏfÌ�Í²Ë7��¦C�7Ò�Í�ÖËXÎ±ËXÑ�ú²Ëjö¿÷¢£�Ð'Î±ú ô Ï$Í"É õbõ Ë³Ë~ú ö¿÷�Ð õ ÉEÏ$Ë?üº÷ÙÌ�ÑMÏ$ÍUÉEÐ'Ñ1Î±ËXÌ�Ð'ö'ömÖËfû ô �ÌMö�ËjÑ ô Ð�Í�Í±Ë~Ò�Í�ÖËXÎ²ËXÑ�ú±Ë
ö�Ë_ÏAÍUÉAÐ'ÑßË~úHö�Ë_ý�öÊÉEÑ�ÿ�ËXÎ²úKö�ËO� ô Ñ�üº¦�� ô Ì�ÎKÉ�ø ô Ñ�Î;Ì�ú±Ð'ö'Ð'Î�ÖË_ö�Ë õ öË õ Ë_Î²ËXÌ�Ð'öºÒ ô Ì�Í0ÿª£�É���Ì�Ë_ËmþcÒ9ÖËXÍ±Ð�ËXÑ�ÿ2Ë�¦
×³Ñ Ë�V*Ë~ú�û ô ÑÕü7ÖË~ú²ËXÍ õ Ð'Ñ�Ë ö�ËXÎN£�Ð'Î²ú ô Ï$ÍUÉ õwõ ËXÎ`ü�ËXÎ`Ò�Í²Ë õ Ð��Ë~Í±ËXÎbÐ õ ÉEÏ$ËXÎXû³ÿ2ËXö'ö�ËXÎ ô �Ì¾ö�Ë�ÎbÏ$ÍUÉEÐ'Ñ�Î`ü�Ë



��åä{æ %)+��¿���U&G�U�4�}.��)¥;�'&(+Xç��U¥0���j�±!��-%2+�è��I�����V.��K�)é �'��ê���%±&(+c������� â$Ó

576-á 8[��¦°Õ1:pÖ�ª ¬�×mB�«MF�«MFEª�°E¾N«m©I¯"«MF�«1dßJm

ÿ~É	��ÖË�Î�Î ô Ñfúbö�ËXÎ�Ò�ö'Ì�Î`ÿmöÊÉAÐ�Í±ÎX¦ À ÷�Ð'ö7ËXÎ²ú�Ò ô Î±Î±Ð�ý�ö�Ë{üº÷�É�ø ô Ð�Í�ü�ËXÎ�øAÉEö�Ë�ÌcÍ"ÎwücËpÎ²Ë�Ì�Ð'öjÒ*Ë~Í±ú±Ð'Ñ�ËXÑ�ú±ËXÎ�Ò ô Ì�Í
ÿ2ËXÎ;Ð õ É�Ï$ËXÎ�ûcÿ2Ë�Î9Î²Ë�Ì�Ð'ö'Î7Ò ô Ì�Í²Í ô Ñ�ú;ÎX÷�ÉEÒ�Ò�ö'ÐR�3Ì�Ë~Í§�Éwö¿÷RËXÑ�Î²Ë õ ý�ö�Ë�ü�ËXÎHÐ õ ÉEÏ$ËXÎ9ücË�Î7Ï$ÍUÉEÐ'Ñ�Î9ü�Ë1ÿ~É	��ÖËM�3Ì�Ð
ÎX÷�ÉAÎ±Î ô$õ ý�Í"Ð'Î±Î²ËXÑ�ú;ÉAÌpÿ ô Ì�Í±Î;ü�Ë_ö�ËXÌ�Í9ú ô Í±Í�ÖË��IÉ$ÿ2ú"Ð ô Ñº¦

!#"%$&"%$ ØÚÙ8:4�8^1HGI.(6{*�43.0576Û@{8Ü,0*Ý4�*-.(,(,08Þ@MÉ9ßM.b<#8©,

Ô�ËXÎjü�Ð'Î±ú"ÉAÑ�ÿ2ËXÎ?Î±Ì�Í7ö�ËXÎjÐ õ ÉEÏ$ËXÎ?Î ô Ñfú7ÿ ôfõ Ò�ú�ÖË~ËXÎ}ËXÑÚÑ ôfõ ý�Í²Ë/ü�ËKÒ�Ð þcËXö'ÎX¦3×³ö'ö�ËXÎ}ü7ÖË~Ò*ËXÑ�ü�ËXÑ�újü ô Ñ�ÿ
ü�ËXÎbÿ ô Ñ�ü�Ð�ú±Ð ô Ñ�ÎMËmþcÒ9ÖË~Í±Ð õ ËXÑ�úUÉAö�ËXÎ1Ë~ú�ËXÑ Ò�ÉEÍ±ú±ÐÊÿ~Ì�ö'Ð�ËXÍPü�ËßöÊÉÅü�Ð'Î²ú"ÉAÑ�ÿ2ËÔ� ô ÿ~ÉAö�ËGü�Ë{ö¿÷ ô ý���Ë�ÿ2ú±Ð��HË~ú�ü�Ë
öÊÉ^ü�Ð'Î²úUÉAÑ�ÿmË{ü�ËXÎ ô ý���Ë~ú"Î��É^öÊÉiÿXÉ õ ÖË~ÍUÉ�¦���ö9ËXÎ²ú`ü ô Ñ�ÿ{Ñ7ÖË�ÿmËXÎ±Î"ÉAÐ�Í±Ëßü�Ë{Ò�ÍUÉEú±ÐR�3Ì�Ë~ÍbÌ�Ñ�Ë ÿ~ÉAö'Ð�ý�ÍUÉ�ú"Ð ô Ñ
Ò ô Ì�Í`ÿ ô Ñ�øAËXÍ²ú"Ð�ÍMö�Ë�Î�ü�Ð'Î±ú"ÉAÑ�ÿ2ËXÎPËmþcÒ�Í"Ð õ ÖËXËXÎMËXÑ Ñ ôfõ ý�Í±ËGü�ËßÒ�Ð þcËXö'Î�û�ËXÑ õ Ð'ö'ö'Ð õ �Ë~ú±Í²ËXÎ�¦Pÿ ô Ì�Íbÿ2Ë~ú±ú²Ë
ÿ~ÉAö'Ð�ý�Í"ÉEú"Ð ô Ñºû�Ñ ô Ì�ÎMÉ�ø ô Ñ�Î�Ò�Í"Ð'Î_Ì�Ñ�ËÚÐ õ É�Ï$ËwÍ±Ë~Ò�Í�ÖËXÎ±ËXÑ�ú"ÉAÑ�úØÌ�Ñ½ü�Ð'ÎÍ�3ÌcËÚÑ ô Ð�Í1ü�Ë`ü�ÐÊÉ õ �ËXú²Í±Ë � � õbõ
Î±Ì�Í�Ì�Ñ�� ô Ñ�ü ý�öÊÉAÑ�ÿ�T½¦�Ï�¦H��¦¢Õ��2¦��0ÑVü7ÖË~ú±Ë~Í õ Ð'Ñ�Ë
�IÉAÿ~Ð'ö�Ë õ ËXÑ�úHöÊÉV@�°E¯�L3«2Bc¯wË~ú�öÊÉ�n�°EB�©,«2Bc¯bü�ÌÅü�Ð'ÎÍ�3Ì�Ë
ËXÑÅÎ ôfõbõ ÉEÑ�ú0ö�ËXÎ/ö'Ð�ÏfÑ�ËXÎ ô ÌÅö�Ë�Î/ÿ ô ö ô Ñ�Ñ�ËXÎ/ücË�öÊÉ õ ÉEú±Í±ÐÊÿmËMü�Ë�Ñº÷ÙÐ õ Ò ô Í±ú±Ëm�3Ì�ËXö'ö�Ë�ÿ ôfõ Ò ô Î"ÉAÑ�ú±Ë�ÿ ô�à
ö ô Í±Ð õ ÖË~ú²Í"ÐR�3Ì�ËØü�ËPö¿÷ÙÐ õ ÉEÏAËñý¤Ð_ûÑÒ�û¢Ó þ ô Ì Ñ�Ð�ø$Ë�ÉAÌ3þ{ü�ËMÏ$Í±Ð'ÎXû�ÿ ôfõbõ Ë1ö�Ë õwô Ñfú±Í±Ë1öÊÉ¹¦�ÏfÌcÍ±Ë
��¦°á�¦�� ô Ì�Î
Ò ô Ì�ø ô Ñ�Î ÖË~Ï�ÉAö�Ë õ ËXÑ�úbüjÖË~ú±Ë~Í õ Ð'Ñ�Ë~ÍböÊÉiÎ±Ì�ÍÍ�IÉAÿmËpü�Ì¾ÿXÉ�Í±Í�ÖË ÿmÐ�ÍUÿ ô Ñ�Î"ÿ2Í"Ð�úbÉAÌ¾ü�Ð'Î���Ì�ËpËXÑ¾Ñ ôfõ ý�Í±Ëpü�Ë
Ò�Ð þ3Ë�ö'ÎXû�É	¦�Ñiü�Ë`ÿ~ÉAö'Ð�ý�Í±Ë~Í�öÊÉßÎ±Ì�ÍÍ�IÉAÿmËwü�ËÚÿ2Ë`ÿ~ÉEÍ±Í�ÖËf¦eÿ ô Ì�Í_ÿmËXöÊÉ�û4Ñ ô Ì�Î1ÉXø ô Ñ�Î õ ËXÎ"ÌcÍ�ÖËwÌ�Ñ�Ë`öÊÉ�Í±Ï$ËXÌ�Í
ü�ËØÓf�}�MÒ�Ð þcËXö'Î?Ë~újÌ�Ñ�ËM£�ÉEÌ�ú±ËXÌ�Í7ü�ËØÓ�¡fÓØÒ�Ð þ3Ë�ö'Î}Ò ô Ì�Í7ö¿÷ÙÐ õ ÉEÏ$Ë0ü�ÌGü�Ð'ÎÍ�3ÌcË�¦3Þ ô Ñ�ÿAû3ö�Ë�ÿ~ÉEÍ²Í�ÖË/ÿmÐ�Í"ÿ ô Ñ�Î à
ÿ2Í"Ð�úMü�ËÎá���� õbõ Ý ÿ ôfõ Ò�ú²ËGü ô Ñ�ÿß�c¼��	Õ�Õ{Ò�Ð þ3Ë�ö'ÎXû ô Ñ\ü7ÖËXü�Ì�Ð�úPöÊÉpÎ"ÌcÍÍ�IÉ$ÿ2Ë(üº÷ÙÌ�Ñ\Ò�Ð þ3Ë�ö?ü�ÉAÑ�ÎPÑ ô ú±Í±Ë
Î²�cÎ²ú��Ë õ ËPü�Ë���¦¢��¼�ÓAâ � � õwõ Ý ¦4Ô�ÉÚÎ±Ì�ÍÍ�IÉAÿmËMü�ÌVÒ�Ð þcËXö�ËXÎ±ú0Î²ú ô ÿ�â?ÖËXËMü�ÉAÑ�Î/Ì�Ñ`¦�ÿª£�Ð�Ë~ÍKú±Ëmþcú²Ëm�3Ì�Ð�Î²Ë~ÍUÉ
ö'Ì(Ì�ö�ú�ÖË~Í"Ð�ËXÌ�Í±Ë õ ËXÑ�ú?ÉAÌGÿ ô Ì�Í±Î7ü�ÌÚú±ÍUÉEÐ�ú±Ë õ ËXÑ�ú?üº÷�Ð õ ÉEÏ$ËXÎX¦cÔ�ËXÎ?Í�ÖËXÎ±Ì�ö�ú"ÉEú"Î ô ý�ú±ËXÑ3Ì�Î7Î ô Ñfú7Î²Ë õ ý�öÊÉEý�ö�ËXÎ
�3ÌcË�ö'ö�Ë{�3Ì�Ë/Î ô Ð�újöÊÉ_Ò ô Î±Ð�ú"Ð ô Ñ(ü�ÌGü�Ð'ÎÍ�3ÌcË�Î±Ì�Íjö¿÷�Ð õ ÉEÏ$Ëf¦���ö[�IÉAÌcú7Ñ ô ú²Ë~Í��3Ì�Ë/öÊÉ1öÊÉEÍ²Ï$ËXÌ�Í?Ë~újöÊÉ
£�ÉAÌ�ú±ËXÌ�Í
ü�Ë~ø3Í"ÉAÐ�ËXÑ�ú§ãË~ú±Í±ËiÖËXÏfÉAö�ËXÎ�û�ÿ2Ë~Ò*ËXÑ�ü�ÉAÑfú0ÿ2Ë1Ñº÷RË�Î²úHÒ�ÉAÎKö�Ë1ÿ~ÉAÎX¦�×³Ñ{Ë�V*ËXúXû�ÿ2ËXú²ú±ËØÒ*Ë~ú"Ð�ú²Ë1ü�Ð'Î²ú ô Í"Î±Ð ô ÑßÒ*ËXÌ�ú
ãËXú²Í±Ë_ü�Ì�Ë��ÉböÊÉ�Í�ÖËXÎ ô ö'Ì�ú±Ð ô ÑGÎ²Ò�ÉEú"ÐÊÉEö�Ë_ü�Ì ÿ~ÉEÒ�ú²ËXÌ�Í ó9ó ÞB�3Ì�Ð�ÖË�ÿF£�ÉAÑ�ú"Ð'ö'ö ô Ñ�Ñ�Ë/Ò�ö'Ì�Î;ËXÑpöÊÉEÍ²Ï$ËXÌ�Í=�3Ìº÷RËXÑ
£�ÉEÌ�ú±ËXÌ�ÍX¦

!#"%$&"ä! åÏ13*-.b4�8^GI8©6K4æ@{8©ç�.(GI*ËÊ78©ç

Ô³÷ ô ý���Ë�ÿ2ú±Ð��Mü�Ì ú²ÍUÉAÐ�ú²Ë õ Ë�Ñfúßüº÷�Ð õ ÉEÏ$ËXÎGË�Î²úpücË Í�ÖË�ÿmÌ�Ò9ÖË~Í²ËXÍßö�ËXÎ{Ð'Ñ�� ô Í õ É�ú"Ð ô Ñ�ÎGÎ ô Ì�£�ÉAÐ�ú�ÖË~ËXÎXû?ËXÑ
Ì�ú±Ð'ö'Ð'Î"ÉAÑ�ú ü�ËXÎ�ÉAö�Ï ô Í±Ð�ú�£ õ ËXÎ ÿ~ÉEÒ�É�ý�ö�ËXÎ�ücË õ ÉEÑ�Ð�Ò�Ì�ö�Ë~Í�Ì�Ñ�Ë ô ÌPÒ�ö'Ì�Î±Ð�ËXÌ�Í"Î Ð õ ÉEÏAË�ÎX¦�Ô³÷�ÉAö�Ï ô Í"Ð�úÍ£ õ Ë7�IÉAÐ�ú
ÉEÒ�Ò*ËXö-�ÉPü�ËXÎ ô Ì�ú±Ð'ö'Îr�3Ì�Ð�Ë�V*Ë�ÿmú±Ì�Ë~Í ô Ñfú9ö¿÷�É$ÿD�3Ì�Ð'Î±Ð�ú±Ð ô Ñ(ü�ËXÎ9Ð õ ÉEÏAË�ÎjÑ3Ì õ ÖË~Í"ÐR��Ì�ËXÎjÒ ô Ì�ÍOãË~ú²Í±Ë/ú²ÍUÉAÐ�ú�ÖË~ËXÎ�¦
À ËXö ô Ñ�Ò0Ð�øcÐ�Ë~Í�Ë~ú�ÿ ô Ñ�Î¨ý°è²ù  �é
	��
Æ�û(ËXú}ÉEö¿¦'û�¼�á�á	� þ ûAöÊÉØÿ ô Ñ�ÿmË~Ò�ú±Ð ô Ñwüº÷ÙÌ�Ñbú²ÍUÉAÐ�ú²Ë õ ËXÑ�ú�üº÷ÙÐ õ ÉEÏ$ËXÎ�ËXÎ²ú
ÖËd��Ì�Ð�øEÉAö�ËXÑ�ú±Ë§�É/öÊÉ�ÿ ô Ñ�ÿ2Ë~Ò�ú"Ð ô Ñ�üº÷ÙÌ�Ñ`ÉAö�Ï ô Í"Ð�ú�£ õ Ë7ü�Ë;Í�ÖËXÎ ô ö'Ì�ú"Ð ô ÑPüº÷ÙÌ�ÑwÒ�Í ô ý�ö��Ë õ Ë7Ð'Ñ�� ô Í õ ÉEú"ÐR�3ÌcË�¦E×�Ñ
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ÿ ô Ñ�Î�ÖËd��Ì�ËXÑ�ÿ2Ë�û�ÿ2ËXÎ_ÉAö�Ï ô Í"Ð�úÍ£ õ ËXÎ0ü�Ëwú±ÍUÉEÐ�ú±Ë õ ËXÑ�ú/üº÷ÙÐ õ ÉEÏ$ËXÎ/Ò*ËXÌ�ø$ËXÑ�úØÎ²Ë��IÉAÐ�Í±ËPËXÑiÑº÷ÙÐ õ Ò ô Í²ú±Ë¹�3Ì�ËXö
öÊÉAÑcÏ�ÉEÏ$ËØü�ËØÒ�Í ô Ï$Í"É õbõ ÉEú±Ð ô Ñºû3Ñ ô Ì�ÎHÉ�ø ô Ñ�ÎHÿª£ ô Ð'Î±Ð'ÎH�/ÿmú"É�ø$ËSë¢ìH�3í:î�Æ}û�Ó�����¼Dï�¦

ð Yp] X Y òt]�YÄZ+Y3í?]

ó}ôfõbõ ËÚÑ ô Ì�ÎMö¿÷�É�ø ô Ñ�Î_øcÌñTIÎ²Ë�ÿ2ú"Ð ô Ñ � ¦ � ¦åÓ��)ûºÌ�Ñ½Ò�Í ô Ï$ÍUÉ õbõ Ë ÖË�ÿ2Í"Ð�ú_ËXÑ k"°�¬ªn öÊÉAÑ�ÿ2ËÚü�ËS�IÉ?Uÿ ô Ñ
Î±Ð õ Ì�ö�ú"ÉAÑ7ÖËXËÚö�ËXÎPÉ$ÿD�3Ì�Ð'Î±Ð�ú±Ð ô Ñ�Î1ü�ËXÎPÐ õ É�Ï$ËXÎ1Ë~úPö�Ë(Ò�Í ô Ï$Í"É õbõ ËÚü�Ë(ú²ÍUÉAÐ�ú²Ë õ Ë�ÑfúMüº÷�Ð õ ÉEÏ$Ëf¦
Ô�É ÏAË�Î à
ú±Ð ô Ñ^ü�ËXÎ�ü�Ð�V0ÖË~Í±ËXÑ�ú±ËXÎVÖË~úUÉEÒ*ËXÎ�ü�ÌÅú±ÍUÉEÐ�ú±Ë õ ËXÑ�ú/üº÷ÙÐ õ ÉEÏ$Ë�ËXÎ²ú_ÉEÎ"Î±Ì�Í�ÖË~ËPÒ�ÉEÍØö�Ë�Ò�Í ô Ï$ÍUÉ õbõ Ë\ÖË�ÿ2Í±Ð�ú/ËXÑ
ò J~©�°E>A«mû:�3Ì�Ð�Í�ÖË�ÉEö'Ð'Î±Ëbö�Ëbú±Í"ÉAÐ�ú±Ë õ ËXÑ�úØüº÷�Ì�Ñ�Ë(Ð õ É�Ï$Ë ô ý�ú²ËXÑ�ÉAÑ�ú1ö�ËXÎMÿ ôfõ Ò ô Î"ÉAÑ�ú±ËXÎ1ÿ ô ö ô Í"Ð õ ÖËXú²Í"ÐR�3ÌcË�Î
ó ·HT�f�T©g�ô)ûcö�Ë�Ñ�Ð�ø$Ë�ÉAÌGücË�Ï$Í"Ð'ÎjË~ú9öÊÉMÎ±Ì�ÍÍ�IÉAÿmË/ü�ËXÎ7Ï$ÍUÉAÐ'Ñ�ÎjË~ú9Î²ú ô ÿ�â$Ë�ö�ËXÎjÍ�ÖËXÎ±Ì�ö�úUÉ�ú"ÎjÎ±Ì�Í9ö¿÷ ô Í"ü�Ð'Ñ�ÉEú±ËXÌ�Í
i�«"Ff°A¦A×�Ñ ô Ì�ú±Í²ËfûAÿ2Ë~ú³ÉEö�Ï ô Í"Ð�úÍ£ õ Ë7� ô Ñ�ÿ2ú"Ð ô Ñ�Ñ�Ë7ü�Ër�IÉ[Uÿ ô ÑPÒ�É�Í±ú"ÐÊÿmÌ�ö'Ð��Ë~Í±Ë?Ò�Ì�Ð'ÎÍ�3Ì�÷�Ð'ö�ÉEú±ú²Ë�Ñ�ü�ö¿÷ÙËmþ�Ð'Î²ú±ËXÑ�ÿ2Ë
ü�Ë�ö¿÷ÙÐ õ ÉEÏ$ËKÒ ô Ì�Í7ËmþjÖË�ÿmÌ�ú²ËXÍjÎ ô ÑÚú±Í"ÉAÐ�ú±Ë õ ËXÑ�úX¦ ó Ë~ú²ú±Ë0Ò�ÉEÍ²ú"ÐÊÿmÌ�öÊÉEÍ±Ð�ú�ÖËKö'Ì�Ð*Ò*Ë~Í õ Ë~ú7ü�Ë2� ô Ñ�ÿ2ú"Ð ô Ñ�Ñ�Ë~Í?ËXÑ
õ ãË õ ËMú±Ë õ Ò�Î2�3Ì�Ë�ÎX÷ÙË�V*Ë�ÿ2ú±Ì�Ë�ö¿÷�É$ÿD�3Ì�Ð'Î±Ð�ú"Ð ô Ñpü�ËXÎ�Ð õ ÉEÏ$ËXÎX¦4Ô�ËXÎ�Ð õ ÉEÏ$ËXÎ/É$ÿD�3Ì�Ð'Î²ËXÎ/Î ô ÑfúÅÖË~Ï�ÉAö�Ë õ ËXÑ�ú
Î²ú ô ÿªâ}ÖË~ËXÎ9Î"ÌcÍHö¿÷ ô Í"ü�Ð'Ñ�ÉEú±ËXÌ�Í{i�«"Ff°A¦

Ô�Ér  Ð�Ï$Ì�Í±Ë���¦�¼��7ü7ÖË�ÿ2Í"Ð�ú�ö¿÷ ô Í²Ï�ÉAÑ�Ð�ÏAÍUÉ õbõ Ë ü�Ì�ú±ÍUÉEÐ�ú±Ë õ ËXÑ�ú�ü�ËXÎºÐ õ ÉEÏ$ËXÎ¨��Ì�Ë}Ñ ô Ì�Î�É�ø ô Ñ�Î�Ë�V*Ë�ÿ2ú±Ì7ÖËf¦
Ô�ÉPÒ�Í±Ë õ Ð��Ë~Í±ËÅÖËXú"ÉEÒ*ËØü�Ìßú±Í"ÉAÐ�ú±Ë õ ËXÑ�ú9ÿ ô Ñ�Î±Ð'Î±ú²ËS�É ô ý�ú±ËXÑ�Ð�Í9ö�ËXÎ9ú²Í ô Ð'Î õ É�ú±Í"ÐÊÿ2ËXÎ9ÿ ô ö ô Í"Ð õ ÖË~ú±Í"ÐR��Ì�ËXÎMT,·HT
f�T�g
�4ü�Ë?ÿª£�É��3Ì�Ë³Ð õ ÉEÏ$Ë�Ò ô ÌcÍ�Ð'ücË�Ñfú"Ð�¦�Ë~Íºö�Ë�Î u ô ÑcË�Îºüº÷ÙÐ'Ñ�ú�ÖËXÍ�ãË~ú�¦DÆKÑ�Ë�� ô Ñ�ÿmú±Ð ô Ñ�ú²Í ô Ñ��3Ì�Ë}Î±Ð õ Ò�ö�Ë õ Ë�Ñfú
ö�ËXÎ9ý ô Í±ü�ÎKücË1ö¿÷�Ð õ ÉEÏ$ËØü�ËÚ¼���Ò�Ð þcËXö'ÎX¦�×³ÑßË�V4Ë~ú�û�ö ô Í"Î;ücË1ö¿÷�ÉAÿ���Ì�Ð'Î±Ð�ú"Ð ô Ñºûcö�ËXÎ9ý ô Í±ü�ÎHü�Ë1ö¿÷ÙÐ õ ÉEÏAËØÎ ô Ñ�ú
Ñ ô Ð�Í"ÎX¦ ó ËXÎ_ý ô Í"ü�ÎMÑ�Ë(ÿ ô Í±Í±ËXÎ²Ò ô Ñ�ü�ËXÑ�ú1Ò�ÉAÎÔ�ÉpÌ�Ñ�ËGÉ$ÿD�3Ì�Ð'Î"Ð�ú±Ð ô Ñiü�Ë(öÊÉ{ÎUÿ	�Ë�ÑcË�û õ ÉEÐ'ÎMÉEÒ�Ò�ÉEÍUÉEÐ'Î"Î²ËXÑ�ú
ö ô Í±Î�ü�ËwöÊÉßÿ ô Ñfø$Ë~Í"Î±Ð ô ÑVü�Ëbö¿÷ÙÐ õ ÉEÏ$Ë�ÉAÑ�ÉAö ô ÏfÐR�3ÌcËPËXÑiÐ õ ÉEÏ$Ë�Ñ3Ì õ ÖË~Í"ÐR��Ì�Ëf¦�×³Ñ�Î±Ì�Ð�ú²Ëfû�Ñ ô Ì�ÎØÌcú"Ð'ö'Ð'Î ô Ñ�Î
öÊÉ õ ÖË~ú�£ ô ücË�ü�ÌGÒ�Í�ÖË à ú±ÍUÉEÐ�ú±Ë õ ËXÑ�újü�Ð'Î"ÿmÌ�ú�ÖËPù���¦ � ¦'¼$¦�õ³Ì�Ð'Î7ö�ËØÎ²ËXÌ�Ð'ö'öÊÉEÏAË0ËXÎ²ú7Ë�V4Ë�ÿ2ú"Ì7ÖËØÿ ôfõbõ Ë/Ð'Ñ�ü�ÐR�3Ì7ÖË
ù���¦ � ¦åÓc¦�Ô�Ë�Í�ÖËXÎ±Ì�ö�ú"ÉEú/ËXÎ²ú_ÿ ô Ñ�Î²ú±Ð�ú"Ì7ÖËwü�Ëwú²Í ô Ð'Î0ø$Ë�ÿ2ú±ËXÌ�Í"ÎÏT�·HT�f�Thg
�KücË�Î�Ò�Ð þ3Ë�ö'Î�ÿ ô Í±Í²ËXÎ±Ò ô Ñ�ü�ÉAÑfú_ÉAÌ3þ
Ï$Í"ÉAÐ'Ñ�Î;ü�ËMÿ~É	��ÖËf¦�Ô�É�úUÉAÐ'ö'ö�ËØücËMÿ2Ë�Î9ø$Ë�ÿ2ú±ËXÌ�Í±ÎHÿ ô Í±Í±ËXÎ²Ò ô Ñ�üpü ô Ñ�ÿS�ÉwöÊÉwÎ±Ì�Í(�IÉ$ÿ2ËØËXÑ{Ò�Ð þcËXö'Î9ü�ËXÎ;Ï$ÍUÉEÐ'Ñ�Î
ü�ËGÿXÉ ��ÖËf¦�Ô�É Î±Ì�Í(�IÉ$ÿ2ËÚËXÎ²úMö¿÷�Ì�Ñ ü�ËXÎ1Ò�ö'Ì�ÎMÎ±Ð õ Ò�ö�ËXÎ1ü�ËXÎ"ÿ2Í"Ð�Ò�ú²Ë�ÌcÍ"ÎMÌcú"Ð'ö'Ð'Î�ÖË`ü�ÉAÑ�ÎMöÊÉ ÿ~ÉEÍUÉAÿmú�ÖË~Í"Ð'Î"ÉEú±Ð ô Ñ
ü�ËXÎ=� ô Í õ ËXÎX¦�×³ö'ö�ËØÎX÷ ô ý�ú"Ð�ËXÑ�ú9Ò�ÉEÍ;ü7ÖË�ÿ ôfõ Ò�ú±ËØü�ËXÎ;Ò ô Ð'Ñ�ú"Î;ÉEÒ�Ò�ÉEÍ²ú±ËXÑ�ÉAÑfú
�ÉwöÊÉm� ô Í õ Ëf¦�Ô�ËXÎ9Ï$ÍUÉEÐ'Ñ�Î9ü�Ë
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Image numérique (fond + objet)

Identification des zones d’intéret

Image numérique (fond)

Images sélectionées

Image (fond + café) Image (fond)

Pré-traitement 

Seuillage 

Traitement des zones de pixels des grains

Séparation entre le café  et le fond blanc

Surface du café niveaux de gris
ou [R,V,B] du

café 

Modélisation 

Comptage du 
nombre de pixels moyenne des pixels

Degré de la
torréfaction (voir

plus loin sect. 4.3.5)

% de l’acroissement

Prédiction en temps réel
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HJI�K7LMNIO2HQPGO�R�SUT�MNVWI�X9PR9R5LMJK=IGH�X�YZP\[]S9O�^5Y1S�S_M4[	X�O5[EMNMQ`Ea�I[5S9YZP\[�bGP\V1O5cdY1e�O�M ùEf [+HJIVWHQO5VZMgLMJh	IVZM4cdM4[	X
VWI�cdP$iM<[�[�M�T�M4Sjb�IVZM4O�R�SjT�MkH £ Ie�O�MlbGM<H�X9M4O�R ü9
�m�ý��Qnpo�xü�� MJX�qQr ��m TEM<SjhGR*IY1[�SjT�MkH4I$K7LM ù
s M4S�X9R_P\Y1S�b�IVZM4O�R9StcdP7iGM4[5[�M4S�T�Mvuxwzy:wl{|TEM<S�hGR�IY1[5S�T�MzH4I$K7LM a}M4O�bGM4[	Xz~MJX9R9M?H�P\[\bGMJR9X�YZM4S

T�I�[5S�O5[t[5YZbM7I�OtT�MAhGR9Y1S n M4[�O�X�Y1V1Y1S�I[	X.V&�(LM4e�O�I$X�YZP\[d� ù�ú�ù s MJX9X_MAb�IVZM4O�RUT�M6[5YZbGM<IO�T�MAhGR9Y1S.a}PGO�R9R�IYZX
S9O��]R_M+�IdT�LMJX9MJR�c]Y1[EM4R0VZM�T�MJhGR�LM�T�M�X9PR9R5LMJK=IGH�X�YZP\[�IOgH�P\O�R9SxT�O a5R9P�H�LM<T�LM ù5� IdcdPET�LM4V1Y1S�I�X�YZP\[+TEM�H�M<S
a�I$R*Ic �MJX9R9M4S��=S9O�R_K=IGH�M�MJXx[5YZbM7I�OE`+T�M�hGR�Y1S���M<S_X0T�LMJbGM4VZPGa5a�LMJMlT�I[�SxVZM�H*��I�a�YZX_R9M F ù

�A�&�x��� �� �����_�x�����U���6���Q�D�_�6���.�� ¢¡£�����U�¤�¦¥0�5��¡����5�¨§¡¢©N¡��������ª�N�¬«�_ ®¡°¯U�±«
² b�I[	X.TEMxa�R5LM4S_M4[	X9MJR°VZM4S£R5LM4S9O5VZX�I�X�S³MQ`EX9R�IYZX�SA�Ila�I�R9X9YZR�T�M4S�Y1c�I�hM<S£T5Oda5R9PX9P�H�P\VZMjMQ`EajLMJR�Y1cdM4[	X�IV

��´�µ ù � ù·¶ � n [�P\O5S�bGP\O�VZP\[5Sdc�P\[	X9R_MJRde�O¦�¸Y1V�M4S_Xda}PGS�S9YZ^�VZM�TEM K=IYZR9M�O�[�M�MJ`�ajLMJR�YZM4[�H�M+M4[¹X_M<c�a�S�R5LMJM4V
I<bM7H�VZMºS_iES_X4�M4cdM�T¦�»IGHQe�O5Y1S9YZX�YZP\[gT¦�¸Y1c�I�hGMka5R5LM<S_M4[	X�LM n I�¼5[zT¦�»I�R_R<~MJX_M4R6VZMka5R9PEHpLM4T�LM�VZPGR9S9e�O�MºVZM�T�MJhGR5LM
T�MlX9PGR_R5LM4K=IHQX9YZP\[�M4S9XjPa5X�Y1c�I�V ùE½ P\O�R0H�M4VWI n [�P\O5S0HQPG[5[�IY1S9S_P\[5S�VZM4S�bI�VZM<OER�S�T�M2¾À¿ nÀÁ�n»ÂUÃ TEM<S�hGR*I�Y1[5S
�IgH��5Ie�O�MtIGHQe�O5Y1S9YZX�YZPG[Äa�I�Rk[EPGX9R_M2H4I�cÅLMJR*I s0s�Æ MJXkX_R*IYZX_M<c�M<[\X�T¦�¸Y1c�I�hGM ù Æ P\[�H]V&�¸Y1[	X9M4[5S9YZX�LM]T�O
[5YZbM7I�OªT�MÇhGR�Y1StY1S9S9OªT5OÈX_R*IYZX_M4cdM4[	XtT¦�¸Y1c�I�hGMÇa}M4O�Xz~MJX_R9MzH�P\cda�I�R�LMJMÇM4[ÈV1YZh\[�MzI<bGM<H VWIÉb�IVZM4O�R
PGa�X�Y1c�IVZMdT5OÉ[�YZbGM<IOvTEM�hGR9Y1S�T¦�»O�[ÊHJI�K7LM]T�LM_Ë4�I+X9PGR_R5LM4¼�LM ù Æ I[5SkHQM�H4I�S n [�P\O5SkI<bGPG[5S�O�X9Y1V1Y1S5LM�X9R_P\Y1S
X�i�a}M4S�T�MNHJI�K7LMxX_PGR9R�LMJ¼jLM6H�P\c]cdMJR*HQYWIV ùG� M4S.bI�VZM<OER�SUT�Md¾¸¿ n¸Áºn·Â.Ã PGa�X�Y1c�IVZM4S°P\[	X�LMJX�LMxPG^5X9M4[�OEM<SUT5I[5S
[�PX9R9M�S_iES_X4�M4cdM+T¦�»I[�IVZi�S9M�T:�»Y1c�I$hGM4SºM4X]H�PGR_R9M4S_a}P\[5TEM<[\XÇ�IzT�M4S�hR*IY1[5S�TEMÇHJI�K7LM+X_PGR9R�LMJ¼jLM<Ska�I�R]µ
M4[	X_R9MJa5R�Y1S_M4S0T�YZÌ6LM4R_M4[	X9M4SÎÍ

Ï®Ð¦Ñ6ÒÔÓÕ.Ö u0× Ð±ØxÑ u0Ù¢TEM�Ú5R�I[�H�M]� s I�K7LM Ñ üÍþ q �DÛªþ ��IºH�P\c]cdMAbI�VZM<OER�T�M�¾ ü9
�m�ý�� w o�xü�� wUqQr ��m5Ã
¾ FÜ n �AÝ�Þ F n»ß Ý�à ß5n ú Ã M4X0TEP\[�HlVZM�[5YZbM7I�O TEM�hR�Y1SjM4S_X�LMJh	I�V.�I�Þ ß5n F n

Ï®Ð¦Ñ6Ò ×�y Õ u ��m�áv�9â�DãQm�� I�HQPGc]cdM�b�IVZM4O�Rº¾ FGF n ¶ä Ü Ý�Þ ¶ n ä Ü Ý�ÞGÞ n FÜ à Ã MJXxVZM�hGR9Y1S0M4S_XgLMJh	IVU�I
Ü à n Ü ß à � s I�K7LM Ñ ü�þ q �DÛªþ � n

Ï®Ð¦Ñ6ÒÔÓÕ Ð�å u0Ù å { Ñ ��m2áv�9â�DãQm�� I�H�P\c]c�MNb�IVZM4O�Rk¾ F � n Þ�à0Ý5Þ ú n Ü àjÝ5Þ�à n µGµ Ü Ã MJXjVZMNhGR9Y1S�M4S_X
LMJh	IV��I Ü à n ¶ Ü Þ2� s I�K7LM�u 
 q m����¿þ � ù

æ VNM4S_X Y1[\X5LMJR_M<S9S�I[	X2T¦�¸P^�S_M4R_bGMJR�e�O�MvVWIÊT5YZÌALMJR_M<[5HQM?M4[	X9R_MçVZM<S2b�IVZM4O�R�S+T�Mª¾À¿ nÀÁ�n»ÂUÃ T5OèHJI�K7LM
X_PGR9R�LMJ¼jLMºa}P\OERkVZM4SNX_R9P\Y1SNM4[	X_R9MJa5R�Y1S_M4SNM4S_X�c]Y1[5Y1c�M ù s M<HQY£M4S_XlX9RJ�M4SlY1cda}PR9X*I�[	X�HJI�R�VWI�H�P\O5VZM4O�RlT�M4S
hGR�IY1[5SjT�MkHJI�K7LMlX_PGR9R�LMJ¼jLM4S�M4S_Xja5R_M<S9e�OEMkVWIºcg~M4cdM ù�é [+P\O�X_R9M n H�MJX9X_M�T5YZÌALMJR9M4[�H�MNa}M4O�X�~MJX_R9M�T�O�MkIO�`
X_R9P\Y1S�X�i�a}M4S0T�M�T�MJhGR5LM4SjT�M�HJI�K7LMNX_PGR9R�LMJ¼jLM.Í�VZMlK�P\[�H�LM n VZM�c�P$iGM4[2MJX0VZM�HJVWI�YZR n MJX0[�P\O5Sj[�M�S�I<bP\[5S�a�IS
IO�e�O�M4V�H�PGR_R9M4S_a}P\[5TçH*��Ie	O�Mdb�IVZM4O�RNPGa5X9Y1c�IVZM ù Æ Mda�V1O�S n Y1V³K=IO�X�[�PX9MJR�e�O�Md[�P\O5S�I<bGPG[5SzLMJX�O�T5YQLM
T�M4OE`tX(i�a�M<SjTEM�H4I$K7LM4Sl� Ñ üÍþ q �DÛªþ MJX6u 
 q m����¿þ � ùE� I�Ú¬YZh\O�R_Ml� ùRú�ú cdP\[\X9R9MNV&�»Y1[	X_M4[5S9YZX5LM6T5O�[5YZbGM<IO2T�M
hGR9Y1SAPG^5X9M4[�OgM<[ÇX9M4cda5S6R�LMJM4VÎK�P\[�H�X9YZP\[ÇT5O?X_M4cda�Sd�I2O�[�MºX9M4cda�LMJR*I�X9O�R9M�T:�·IYZR6T�M ¶ µ ßGê*s IOzH�P\O�R�S
T�MlVWIkX_PGR9R�LMJK=IGH�X�YZP\[ ù	� MNa5R_P�H�LM4T�LM6M4S_XjHQPG[5S9Y1T�LMJR5LMA¼5[5Ype�O�I[5T+VZMN[5YZbM7I�O2T�MNhGR�Y1S�T�M4S�hGR�IY1[5S�T�M�HJI�K7LM
I�X_X9M4Y1[	X�V&�¸Pa5X�Y1cºO�cëT�LMJX9MJR9c]Y1[�LM+HJYíì�TEM<S9S9O5S n T�M�a�V1O�S�H�MJX9X_M+¼5h ù � ù�ú�ú a5R�LM4S_M4[	X9M HQY1[5eÉY1c�I�hM<S n VZM4S
X_R9P\Y1S�a5R9M4c]YD�M4R_M4SjS_P\[	X0VZM4S�PGa5X�Y1c]IVZM4SjT�MkH*��Ie	O�M�M<[\X9R9MJa5R9Y1S_MlM4X0VZM4SjT�M4OE` TEM4R9[5YD�MJR_M<SjS_P\[\X±Í�VZM�HJI�K7LM
bGMJR_X°M4X�VZMxHJI�K7LMjP^5X9M4[�OdVZPGR9S°T�MAH�MJX9X_M0MQ`EajLM4R9YZM4[�H�M ùGf [da�M<OEX�PG^�S_MJR9bM4R°e�O¦�ÀP\[dP^5X�YZM4[	X°O5[�MAH�P\O5VZM4O�R
IGHJH�MJa5X*I$^�VZM ù5î P\O5SAH�P\cdcdM4[	X9MJR9PG[5SjVWIºK�PGR9cdM�T�M�VWIdH�P\O�R9^�M�a5V1O5S0VZP\Y1[z´�� ù µ ù F ù
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Temps de fin 

Café ENSIA (pendant le procédé) 

Température de l’air de 230°C 

Café RICHARD (torréfié) 

Café CAFIVER (torréfié) 

Café CORDOBA (torréfié) 
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î P\O5SjI4bGP\[5S.R5LM4O5S9S9Y£�IºIGHQe�O�LM4R9YZRUMJX��I�X_R*IYZX_M4RUVZM4S�Y1c�I�hGM4S.M4[2X_M4cda�SUR5LM4M4V�I�O�H�P\O�R9S�T5O2a5R9PEHpLM4T�LM
T�MkX_PGR9R�LMJK=IGH�X�YZPG[�T�M�HJI�K7LM ù s MkS�O5H4H��M<SjM<S_XAT£~O?IOE`�a�R9PGhGR�Ic]cdM4S0e�O5Y¦K�P\[5HQX9YZP\[5[�M4[	XxH�PGR9R_M7H�X_M<c�M<[\X
M4[ta�I$R*IV1VD�M<VZM ùGé [tMJÌ}MJX n VZMAX_M<c�a�SUT�MlHJIVWHQO5V�a}PGO�RjH*��Ie	O�M6Y1c�I�hGMxM4S_X�T¦�¸M4[	b�YZR9P\[]� n ��S_M7H�P\[�T�M4S n PGR
VZM4SAY1c�I�hM<S0S9PG[	XAa5R�Y1S_M4S0X9P\O�X_M4S6VZM4S ¶ ß S_M<HQPG[5T�M4S ù s MJX9X_Mk^�IS_M�T�MkX9M4cda�SAT�M ¶ ß SA[�P\O5S6I�a5a�I$R*I7~ �ZX
S9O���S�I[\X9M2a}PGO�R+~MJX9R_M+e	O�IV1YZ¼jLM4MtT�M2X9M4cda�S�R�LMJM4VUH�P\cda5X_M2X9M4[�O T�M4S�HQPG[5S_X*I[	X_M4SºTEM2X9M4cda�S�T�M�VWI
X_PGR9R�LMJK=IGH�X�YZP\[ ù£� MÇHJI�K7LMgIY1[�S�Y�P^5X9M4[�O I LMJX5LMgH�P\[5S_P\cdcÅLM�T�I�[5S�VZM VWI�^}PGR�I�X9P\YZR_M+MJXtI LMJX�LM T�LM<HQVWI�R5LM
IGHJH�MJa5X*I$^�VZM ù s M4XAM4S�S�IY³H�P\[E¼5R�cdMºe�O¦�¸Y1V±M<S_X6a}P\S9S9YZ^�VZMºT�MºX_PGR9R�LMJ¼5MJR6T�M4S6hGR*IY1[�SNTEMdHJI�K7LMkbGMJR9XNT5I[5S
[�PX9R9M S_iES_X4�M4cdM+MJXdT¦�¸Pa5X�Y1c]Y1S_MJR�VZM�a5R_P�H�LM4T�LM2M4[ÅV1YZh\[�M ù³î PGO5S�H�P\[5S9Y1T�LM4R_P\[5S�a�I�RdVWIÄS9O5YZX_M e�OEMgVWI
cdM4S9O�R_MNMQ`Ea�R�Y1cÅLM4MxM4[2[5YZbGM<IOtT�M6hGR9Y1S�H�P\[5S_X9YZX�O�M6O5[2Y1[5T5YWHJI�X_M4O�RU¼�I�^�VZMAMJX�R5LMJajLMJX*I$^�VZMAT5O2T�MJhGR5LM6T�M
X_PGR9R�LMJK=IGH�X�YZP\[ ù

�������� ��!"� � � �$#&% ��(' ��) � �  �* � � ��+ � � * ��� '�,-* � � + � ��. '/* �����
² a5R4�M4SºVWIÇH4I�V1YZ^5R*I�X9YZP\[ÉTEM+VWIÇS9O�R9K=IHQM2T5OÉa�Yí`EM4VN��´*� ù µ ù µ	� n VWIgS9O�R9K=IGH�M2T5O hGR�IY1[ÉM4S_XºcdM4S9O�R�LMJM

M4[102043��I]a�I�R9X9YZR6T�O?[�P\c�^�R9M�T�M�a�Yí`EM4V1SAH�P\cda5X�LM4SAS9O�R6V&�»Y1c]I�hGM ù�� I2Ú¬YZh\OER9Mk� ù�ú<¶ I]cdP\[	X_R9M�V&�»IGH�ì
H�R9PGY1S�S_M4cdM4[	XUT�MlVWIkS9O�R9K=IHQM6T�M4S�hGR�IY1[5SUM4[tK�PG[�H�X�YZP\[tT�MlVWI�X_M<c�ajLMJR*I$X�O�R_M6T�MNV&�·IYZRUMJX�T5O2X_M4cda�S�T�M
X_PGR9R�LMJK=IGH�X�YZP\[ÄLM4X9O5T5YQLM ù s M4S³H�P\O�R_^}M4S³T�M�S9O�R_K=IGH�Ml��¼5h ù � ù�ú<¶ I\�pa5R5LM4S9M4[	X_M4[	X¬O5[ºIGHJH�R9P\Y1S9S_M4cdM4[	X±TEM ú F�5
�I Þ ß 5 a}PGO�R�TEM<SNX_M4cdajLMJR�I�X�O�R_M4SNT:�·IYZR6M4[	X_R9M ú4ä ßGê*s MJX�µ ßßGê�s ù�½ I�RlIY1V1VZM4O�R9S n76989:";=<?>A@7B$C9DE> �
¾ ¶ ßGß ¶ Ã Ikc�P\[	X9R�LMAO�[�M6MQ`Ea�I�[5S9YZP\[�T�MAbGP\V1O�cdMAT5O�hGR�IY1[�T�M F ß 5 �I ú<¶ ß 5 a�P\O�R�T�M4S.X9M4cda�LMJR*I�X9O�R9M4S
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T¦�»IYZRjT�M ¶ Þ ß ê s �I FGF ß ê s ùGFIH @">"< M4X0IV ù ¾ ¶ ßGß ú Ã P\[	XjT�LMJX_M4R9c]Y1[�LMlO�[�MkIOEh\cdM4[	X*I$X�YZP\[2T�MlbGP\V1O�cdM
T�M ú<¶ ß 5 M<[ O5[�X9M4cda�S0T�M�X_PGR9R�LMJK=IGH�X�YZP\[+TEM ú4¶ cdY1[�MJXº�IdO5[EM�X9M4cdajLMJR*I�X9O�R9M�T�M ¶ Þ F ê�sNn M4[gOEX�Y1V1Yíì
S�I[	X�O�[�H*��I�O�Ì:I$hGM0T�YZR9M<H�XA��a5R9P�H�LM<T�LMjVZMja�V1O�S.I[�HQYZM4[�e�O5Y5[¦�ÀM4S9X°a5V1O5S�O�X9Y1V1Y1S�LM�Y1[5T5O5S_X_R�YZM4V1VZM4cdM4[	X�� ù�� I
X_M<c�ajLMJR*I$X�O�R_M6T�MNV&�·IYZR.M4S_X�T�P\[5H6O�[+T�M4SUa�I�R�Ic �M4X_R9M4S.Y1cda}PGR_X*I[	X.a}P\OERjVZMAhGP\[AJ�M<c�M<[\X�T5O�HJI�K7LMNI�O
H�P\O�R9SATEM�VWI�X9PGR_R5LM4K=IHQX9YZP\[ ù�f [ a}M4O�X6IO�S�S9Y±H�P\[5S_X*I$X9MJRxe�O:�·IO�`�X9M4cdajLM4R�I�X�OER9M4S0T�M ¶ à ß ê s �I�µ ßGß ê s
MJX0a�P\O�RxO5[�X9M4cda�SjS�OEajLMJR�YZM4O�R��Idµ Ü ß S_M<H�P\[5T�M4S n V&�·IGHJH�R9PGY1S�S_M4cdM4[	X�M4S_X0a5R_M<S9e�OEM�X_MJR�c]Y1[�LM���bGP\YZR�¼5h ù
� ù�ú<¶ I\� n HQM<HQY.a}M4O�X+~MJX_R9M2T°~Oè�IÇVWIgX9M4cdajLMJR*I�X9O�R9M�PGa5X�Y1c]IVZMtT5O hGR�IY1[ �(´ ¶�ù�ú�ù F �le�O5Y.M<S_XºT�LM4a�IS9S5LMJM n
VWIdS9O�R�ì&X9PGR_R5LM4K=IHQX9YZP\[�IdT�PG[�H�V1YZM4O ùLKNMPO @"D ¾ ú4ä Ü à Ã Idc�M<[\X�YZP\[5[�LM�e�O�M�VZM�bP\V1O5cdM�T5O hGR*I�Y1[ [:�·IOEhì
cdM4[	X_M�a�V1O�SxVZPR�S9e�O�M�VWI�X_M4cdajLMJR�I�X�O�R_M�T�O hGR�IY1[�T�LMJa�I�S�S_M�VZM4S ¶ à ß ê s ù

½ P\O�RUO5[�MNc�M<Y1V1VZM4O�R_M6H�P\cda5R�LM4��M4[5S9YZP\[]T�MlH�MAa���LM4[�PGc �M4[�MAT:�·IGHJH�R9PGY1S�S_M4cdM4[	X n VWI�¼5h\OER9MNc�P\[	X9R_M
LM4h\IVZM4cdM4[	XtO�[�MçHQY1[�LMJX�Y1e�O�MÇT�MzS�OER9K=IGH�M?MJX+T�M?X9M4cda�LMJR*I�X9O�R9MÇT5OªhR*IY1[ M4[ÈK�P\[5HQX9YZP\[ÈT5OÈX9M4cda�S
��¼5h ù � ù�ú<¶ ^ÅMJXd¼5h ù � ùRú<¶ H7��a}P\O�R]O5[�M X_M<c�ajLMJR*I$X�O�R_M T¦�»IYZR]TEM ú4ä ßGê*s ù s MJX_X9M�¼5h\O�R_M � ù�ú<¶ ^Åa�M4R�ì
cdMJXlTEMdcdMJX9X9R_M�M4[ÔLM4b�Y1T�M4[�H�M�e�O�MdVZMºhGR*I�Y1[zT�M]HJI�K7LMdH�P\c]cdM4[�H�Mg�IthP\[AJ5MJRlS_M4O5VZM4cdM4[	XNe�O�I[�TçVWI
X_M<c�ajLMJR*I$X�O�R_MkY1[\X9MJR�[�M�T5OghGR�IY1[ T�MJbEYZM4[	XxS�OEajLMJR�YZM4O�R_M2�I ú ßGß ê s6n H�Mke�O5Y±H�P\[E¼5R�cdMkV&�¸�	i�a}PGX9�:�M4S_M�T�M
Q H9RSM @ ¾ ú4äGä µ Ã e�O5Y°I$X9X9R9YZ^�O�M]H�MJX9X_M�MQ`Ea�I�[5S9YZP\[ �I2VWIta5R9M4S9S9YZP\[zT�Mdb�I�a�M<OER�T¦�¸M<IO ù:é [zR_MJbI�[�H*��M n
FIH @">"< M4X�IV ù ¾ ¶ ßGß ú Ã P\[	X�cdM4[	X9YZP\[5[�LM2e�O�M�V&�»IGHJHQR_P\Y1S9S_M<c�M<[\X�T�M�VWI?S9O�R_K=IGH�M+M4S_Xºa5R_P$bGPEe	O�LM2a�I�R
µ�a5��LM4[�P\c��M4[�M4SAe�O5Y±P\[\XNV1YZM4Oga}M4[5T�I[	XNVZMka5R9P�H�LM<T�LM�T�M�X9PR9R5LMJK=IGH�X�YZP\[�Í5V&��LM4b�I�a�PGR*I�X9YZP\[gT�MºV&�ÀM7I�O n VWI
V1YZ^jLMJR*I�X9YZP\[�T5OÇT5YZP<`EiET�MkT�M�H4I$R9^}P\[EM�T�U 3 n MJX6VZMkT�LMJX*IGH*��M4cdM4[	X0T�M�HQPGcda}P\S�I[	X9SxbP\VWI�X�Y1VZM4S���PGR9h	I7ì
[5Y1e	O�M4S���T�M4SUhGR�IY1[5S n c]IY1S�VWI�K�PGR9c�I�X�YZPG[tT�MNTNU 3 S�OEa5a}P\S_MlO5[EMNhGR*I�[5T�M6a}MJR�cÅLM<I�^�Y1V1YZX5LM��I�V&�VU 3 T�M4S
a�I$R9P\Y1SxH�Mke�O5Y¦S_M<ck^�VZM�T5YZ�tHQY1VZM�S9Y¦P\[gH�P\[5S9Y1T:�MJR_M�e�O�M�V&�·IOEh\cdM4[	X*I$X�YZP\[+T�MkbP\V1O5cdMlM<S_XxT5O�M+�IdO5[�M
hGR�I[5T�a�R9M4S9S�YZPG[ Y1[\X9MJR�[�M ù

æ V¬M<S_XlY1c�a}PGR9X�I[	XlTEMdcdM4[	X�YZP\[�[�MJRle	O�M][�PGO5S�I<bGP\[�SNK=IYZXNO5[zM4S9S�IY¬a}PGO�R�I[�IVZi�S9MJRlS9Y³VZMºhGP\[Eì
J5M4cdM4[	X�T�OÄhGR*I�Y1[?M<S_X���PGcdPGh��M<[EM n H�¸M4S_X_ì��I$ì�T�YZR9M�S�Y³V&�¸MQ`Ea�I�[5S9YZP\[zR_M<VWI$X�YZbGM�T�OÄhGR*I�Y1[?M<S_X�VWI2cg~M4cdM
T�I�[5SjX9P\O�X_M4SjVZM<SjT�YZR9M<H�X�YZP\[5S ùE½ P\O�R0H�M<VWI n [EP\O5SxI4bGP\[5S0I[5IVZiES�LMlVZMlhP\[AJ5M4cdM4[	XjT�M4SjhGR�IY1[5SjT�M�HJI�K7LM
T�I�[5S6VZM<SxX_R9P\Y1Sxb�O�M4S6T5YZÌALMJR9M4[	X_M4S6IO?H�P\O�R9S6T�M�VWI]X_PGR9R�LMJK=IGH�X�YZP\[�Í�hR*IY1[5S��I]a�VWI$XAbEOEM�IOEì�TEM<S9S9O5SAMJX
bEOEMÇI�OEì�T�M4S9S9PGO5S n MJX�hGR�IY1[ÊbGMJR_X�YWHJIVl��¼5h ù � ù�ú µ	� ù³î P\O5S]I<bP\[5SºPG^�S_MJR9b.LM�e�O�M VZM4SºX9R_P\Y1S�b�O�M4SdT�M4S
hGR�IY1[5SdI[5IVZiES�LMJM4S�P\[	Xºa5R�LM4S_M<[\X5LM2O5[¹hGP\[WJ5M4cdM4[	Xd�EP\cdPGh��M4[�Mv¾YX DE>7Z\[<�Z&]?D�B M4XdIV ù n ¶ ßGßGß�Ã ù³½ I�R
H�P\[5S�LM<e	O�M4[	X n PG[�a}M4O�X0K=IGHQY1VZM4cdM4[	XjH4I�VWHJO�VZM4R�VZM�bGP\V1O�cdM ù

�������� ��!"� � � �$#&% ��(' ��) � �  �* � � ��+ � �$����� � � '\�� +��^���`_ �(* �a+ � . ' ���I+��b. '/* ���
� I0Ú¬YZh\O�R_M°� ùRú �xa�R5LM4S_M4[	X9M°VZM4S:b�IVZM4O�R�S¦T�M.VWIjHQPGO5VZM4O�RU�=S_iES_X4�M4cdM�u 
�m�ý��Qn y �xü��Dn MJX£{0r ��m ��cdM4S9O�R�LMJM

a�I$RjVWI�HJIcÅLMJR*I sjs�Æ MJXjH�PGR9R9YZh°LMJM4S6�(´�� ù µ ùRú ��I�O�H�P\O�R9S�T�MNVWIkX9PGR_R5LM4K=IHQX9YZP\[�I<bGM<HAO5[EMNX9M4cdajLMJR*I�X9O�R9M
T�M H�P\[�S�YZhG[�Mça}P\OERgV&�·I�YZRgTEM ¶ � ß ê s ùj� M<SgIV1V1O�R_M4S TEM<SÇH�P\OER9^}M4S T�MÉVWIÊ¼5h\OER9Mv� ù�ú �S9PG[	X S�Y1cdYíì
VWIYZR_M4S ùGc P\OEX9M4SNHQM4S6HQPGO�R9^}M4SAa5R�LM4S_M<[\X9M4[	X6O5[�M�IV1V1OER9MºI<bGM<H�O5[�MºT�LM<H�R9PGY1S�S�I[5HQM�R*I$a�Y1T�M �I]a�I�R9X9YZR6T�M
¶ ß S_M<H�P\[5T�M4S n S9O5YZb�YZM�T¦�¸O5[�M]H�R9P\Y1S9S�I[�H�Mºe�O�I�S�Yíì�S_iEc¹LMJX9R9Y1e�O�M��=IO�X_P\O�RlT�M Ü ß ì ú ßGß S�� n M4[5S9O5YZX9M n O5[�M
T�LM<HQR_P\Y1S9S�I[�H�M�H�P\[\X�Y1[�O�M�T:�·IV1V1OER9M�MQ`Ea�P\[�M4[	X�YZM4V1VZMNM4S9XxH�P\[5S_X*I�X�LMJM ù
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é [ P\O�X9R_M n VWI�¼5h\O�R_M�� ù�ú F cdPG[	X9R_Mke	O�M4V1e�O�M4SxY1c�I�hM<S�^5R�OEX9M4Sº��S�I[5S0X_R*IYZX_M<c�M<[\X��.T5O hGR*I�Y1[ T�M
HJI�K7LMtIO H�P\OER�SkT�MtVWI�X_PGR9R�LMJK=IGH�X�YZP\[za}PGO�R�O5[�M�X_M<c�ajLMJR*I$X�O�R_M�T�M2H�P\[5S9YZh\[�M]a}P\OER�V&�»IYZRkT�M ¶ µ ß ê s ù
s M4X_X9M2¼5h\O�R_M+a�R5LM4S_M4[	X9MÈLM4h\IVZM4cdM4[	X�VWIzH�P\OER9^}M2MQ`EajLMJR9Y1cdM4[	X*IVZMtT�O¹[5YZbGM<IOÊTEM+hGR9Y1S�K�P\[�H�X9YZP\[ÊT�O
X_M<c�a�S a}P\O�RgX9P\OEX9MÉV&�ÀMJ`�ajLMJR�YZM4[�H�MçT�MvX9PGR_R5LMJK=IGH�X9YZP\[ ù�� �¸Y1c�I�hGMÈ�`�W�~�V���A���&��H�PGR_R9M4S_a}P\[5T IOèhGR*IY1[
T�M?HJI�K7LM�bGMJR9X ù.f [Åa}M4O�X�P^�S_M4R_bGMJR�HQPGc]cdM4[	X]VZMg[5YZbGM<IOÅT�MghGR9Y1S]T�LM7H�R_P�~ �ZX�M4[	X9R_M ¶ ß MJX Ü ß S]T�M
X_PGR9R�LMJK=IGH�X�YZP\[È�`�A� �V���A����� MJXN�AT �V��������� � ù¬� M4SºY1c]I�hGM4S~�A� �V���L������� n �A� �V���L� 3 ��� MJXN�A� �V���L���r��� cdP\[	X_R9M4[	X
V&�»IO�h\c�M<[\X*I�X9YZP\[çT�MtVWI V1O5cdY1[�I[�H�M�T5OvhGR�IY1[çe�O5Y�a�I�S�S_M]a�I�RkO5[�M2HQPGO5VZM4O�RjË_IO5[�MQì&a³~IVZM ù¦é [5S9O5YZX9M
VZM4S�Y1c]I�hGM4S��A���V���L���z���:MJXp�A�\�V���L���z���EË�O�hGM4[	XUVZMAa�IS9S�I�hGM6T�MUË_IO5[EMJì&a¬~IVZMd�I�R_P\O�hGMQì&^5R9O5[ ù s M6a�IS9S*I$hGM
T�MNH�P\O5VZM4O�R.R_P\O�hGMQì&^5R9O5[�M<S_X�LMJh	IVZM4cdM4[	X�P^�S_M4R_bULMxbEY1S9O�M4V1VZM4cdM4[	X�a�I�R����(� R I[�T2� ÷ <?Z ÷ ¾ ú4äGä à Ã ù�f [
bGPGYZXjS9O�R0V&�¸Y1c�I�hM
�W� �V��� 3�3 ��� VZM�H*��I�[�hGM4cdM4[	X�T�MlR9PGO�hGMQì&^5R�O�[ �IºO5[�M�H�P\O5VZM4O�R�K�P\[�H�LMJMNMJX�¼�[�IVZM4cdM4[	X
VZM4S£Y1c�I�hGM4S?�G� �V����� 3 ��� M4X��A  �V���E¡ 3 ��� a5R5LM<S_M4[	X_M<[\X°O�[�MxH�P\O5VZM4O�R£a�V1O�S£K�P\[�H�LMJM ù �A¢ �V����������� M4S_X°VWIlH�P\O5VZM4O�R
PGa�X�Y1c�IVZMlT5O�hGR*I�Y1[É��bGP\YZR�¼5h ù � ù�ú�ú � ù

½ P\O�RNO�[�MºcdM4Y1V1VZM<OER9M�HQPGcda5R5LM4��M4[5S9YZP\[ÇT�M�HQM4SNIV1V1O�R_M4SAT�M4SlH�P\OER9^}M4Sd��¼5h ù � ùRú �2MJX6T�M4SNY1c�I�hGM4S
T�M4SNhGR*IY1[�S�� n LM4X9O5T5YZP\[�S_ì�VZM4S6M4[vH�P\[�S�Y1T�LMJR*I[\XlVWItX9M4cdajLMJR*I�X9O�R9M�T�OÄhGR*I�Y1[?K�P\[�H�X�YZP\[zT�OÄX9M4cda�S]��¼5h ù
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�GÍÞÎ Ü ��ÍGß6O�I�X_R9M�a5��IS_M4SxT�YZÌ6LM4R_M4[	X9M4SjS_P\[	XjPG^5S9MJR_bULMJM4S0IOgH�P\O�R9S0T5O�a5R_P�H�LM4T�LM.Í
Î$Í�a�M<[�T�I[	XxVZM4S�a5R9M4c]YD�MJR9M4SjS_M<H�P\[5T�M4S���ajLM4R9YZPET�M�T�M ß �I ¶ ß S�� n VZM<S�hGR*I�Y1[5S�R9M4S_X9M4[	XjT�M�VWI�cg~M4cdM
H�P\O�VZM<OER n

¶ ÍjVZPR�S9e�O�MzVWIÉX_M4cdajLMJR�I�X�O�R_M?Y1[	X9MJR�[EMzT5OªhGR*I�Y1[ I�X_X9M4Y1[	XàÎ ßGßGê�s ��¼5hGÍ.�GÍÞÎ Ü � n VWIÊH�P\O5VZM4O�R2T�MQì
b�YZM<[\XlVQLMJh��M4R_M4cdM4[	XAa�V1O5SNK�P\[�H�LMJM ��ajLMJR�YZP�T�M�M4[	b�YZR9P\[zT�M ¶ ß �I Ü ß S�� n H�Mde�O�Y³a}M4O�X]~MJX_R9M�T°~OÈ�I
V&�(LMJb�I�a}PR*I�X9YZP\[+T¦�ÀM7I�O [�P\[ V1YQLMJM n

µ�Í0I�OEì�T�M4S9S�O�SjT�M\Î Ü ß ê sNn VZM4S�hGR�IY1[5SjH�P\cdcdM4[�H�M<[\Xk�IºS4��LM7HQVWIYZR�HQYZR�T�M�c]I[5YD�MJR_MNX_R4�M<S�Y1cda}PGR_X*I[	X_M
��ajLMJR9YZPET�MlM4[	bEYZR_P\[ Ü ß �IvÎ ßGß S�� n

�GÍ�M4[5S9O5YZX_M2VWIgH�P\O5VZM4O�R�S4�»IS9S_P\c�^5R9YZX�a�M<O �I a�M<O Ë�O5S9e�O¦�W�I?H�M<V1VZM]T5OÊHJI�K7LMtHJI�R9^�P\[5Y1S�LM?��bEY1S9O�M4V1VZMQì
c�M<[\X��	Í

� I Ú¬YZh\OER9M¹�GÍÞÎ7ÞÈT�LM7H�R9YZXÄV&��LM4bP\V1O�X�YZPG[ÔT5O�[�YZbGM<IO T�MÅhR�Y1SÄT�O hGR*IY1[ T�M HJI�K7LMÊa�M<[�T�I[	XvVWI
X_PGR9R�LMJK=IGH�X�YZP\[ �IÇT�YZÌ6LM4R_M4[	X9M4S�X9M4cdajLM4R�I�X�OER9M4S�T¦�»IYZRáÍ �² ��IOEX9M4SkX_M<c�ajLMJR*I$X�O�R_M<S�T¦�·I�YZR+��â ¶ Ü ßGê*s �lVZM
H*��I[EhGM4cdM4[	X³T�Oº[5YZbGM<IO�T�MUhGR�Y1S±M<S_X¬a�V1O�S¬R*I$a�Y1T�M�a�M<[�T�I[	X³VZM�a5R_P�H�LM4T�LM�Í � M4S£H�P\O�R_^}M4S³T�M�[5YZbGM<IOkT�M
hGR9Y1Sjc�P\[	X9R_M4[	X�T�P\[�H6e�O�M�VWIkX9M4cdajLMJR*I�X9O�R9MlTEM�V&�»IYZR�MJXjVZMlX_M4cda�S�S9PG[	XjT�M4OE`tK=IGH�X9M4O�R�S�Y1cda}PGR_X*I[	X9S
a}PGO�R6VZMka5R9PEHpLM4T�LMkTEM�X9PR9R5LMJK=IGH�X�YZP\[7Í � IdR5LM4a�LMJX�YZX9YZP\[�T�M4SAM4S9S*I�Y1S n [�PGX�LMJM�S9O�RAVZM4S6H�P\O�R9^�M<SATEMº[5YZbGM<IO
T�M�hGR9Y1S n cdP\[	X_R9Ml^�YZM4[ O5[gHJI�R�IGH�X4�MJR_M�T�M�R�LMJajLMJX�I�^�Y1V1YZX5LMlIGHJH�MJa5X*I$^�VZM�Í

��������������������
s MJX9X9M LMJX�O5TEMAcdP\[	X_R9Mxe�O¦�¸Y1V�M4S_X.a}PGS�S9YZ^�VZMxT¦�¸Y1[5S_X9R9O5cdM4[	X_M4R.VWI�H�M<V1V1O�VZMxT�MxX9PGR_R5LM4K=IHQX9YZP\[dTEMAK=ILãH�P\[
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ìËíMî9Mï�ðÚñ�òEM�ï�óZMÂî_M�ðIôEõ ì Mvî_P$ïµï íMö�÷$ø	î�ñZP$ò P$ôAî�ñ�ð\÷Ùó n ôG÷�ïdMiùEM�ðIôEóZMvø�M�ó1O�ñ�e�OAñËô}Mï�ðdMî ì �Y÷úîµî_M�ñ�ò ì ï9M
óZM�ò�ñÞûGMá÷O ì Mºh$ïµñ�õNP$ôAî�ñ�ð\÷Ùó ìqíMî9Mï�ðIñ�ò íM × � Ö Ð Ü Ö Ð ô}P\OAï ì M�õNh$ï�÷Ùñ�ò�õ ìËíM_Ë4�÷{î_P$ïµï íMJ¼ íM�õ���ø	ïµñÞî4�Mï_MIø�P�ðºì
ðdMï�øñ�÷úó��	Í î P\OAõ ì ñ�õ�ô}P$õ9P$ò�õ ì �»OAò�M�üG÷Ùõ_M ì M ì P�ò�ò íMJMáõAMiùWô íMï�ñ�ðdM�ò(î�÷ÙóZM�õÇï íM�ô íMî¹÷úü�óZMáõ n ø�P�ò(î_Máò�÷Ùò(îýó�÷
î_Máð�ô íMï¹÷�î�OAï_M ì O�h$ï�÷Ùñ�ò n ó�÷lð\÷úõ�õ_M n ó�÷
øQPGO�óZM4OAïpþ�uxwJy:w {7ÿ�MîPó�÷lõ9OAï�ö�÷$ø�M¸ô�ï9PË(Mî íMJM ì O��$ï�÷Ùñ�ò n M�ò�ö�P�òEø�ì
îµñZP�ò ì O{î_M�ðIôEõ�Í æ ó�ö�÷�OAîËò�PÙî9Mï���O�MýóZM�õ ì M4OWù\ô�ï_P$üEóD�M�ðdM�õpï_Máò�øQP$ò(îµï íM�õ ì ÷Ùò�õËò�PÙîµï9M
õ��Wõ�î4�M�ðdM ì �V÷Ùò�÷$ì
ó��Wõ_M ì �Yñ�ð\÷��GM�õ n ó&�¸� íM�î íMï9P�� íM�ò íMáñÞî íM ì MÇó&� íMáøió�÷ÙñÞï�÷	�GM ì ÷Ùò�õSó&�¸M�õ�ôG÷$ø�M�Mî ì ÷Ùò�õSóZMËî9M�ðIôEõ³P�ò(î íM�î íMqï íM�õ9P$ó1O�M�õ n
ð\÷úñ�õ¸ñ�ó5Máõ�î ì P�òEøoò íMáø�Máõµõ�÷ÙñÞï_M n ô�P\OAïqø���÷���O�MAMiùWô íMï�ñZM�òEø�M ì �V÷úòE÷Ùó��Wõ_M ì � ñ�ð\÷	�GM�õ n ì Mlô�ï_PAø íM ì Mïl�÷�O�ò�M

 
 ø�÷úó�ñÞü�ï¹÷úîµñZP�ò�� �9ô}P\OWï
÷�ûGP�ñÞï ì M�õ�ï íM�õ�OAóÞî¹÷úîµõ�ñ�ò ìËíMô}M�ò ì ÷Ùò(î�õ ì M�õoøQP$ò ì ñÞî�ñZP$ò�õjMiùWô íMï�ñ�ðdM�ò(î�÷ÙóZM�õáÍ
æ ójM�õ�îÚñ�ðIô}P$ï�î¹÷Ùò(î ì M4ðdM�ò(îµñZP�ò�ò�Mï�	O�M1óZM�õ��Ùï¹÷Ùò ì M<OWï�õÚðdM�õ�OWï íMJM�õg��î_Máð�ô íMï¹÷�î�OAï_M ì O��$ï�÷Ùñ�ò n

ð\÷úõ�õ_M n ò�ñÞûGMá÷O ì M�$ïµñ�õ�MîNõ9OAïµö�÷ÙøQM ì O��Ùï¹÷Ùñ�ò}�lõ_P�ò�î�ò íMá÷Ùò�ðdP$ñ�ò�õ ì ñZ�\øñ�óZM�õ��÷ÂðdM�õ9OAï9Mï ì ÷Ùò�õ�O�ò�M
MiùWô íMï�ñZM�òEø�Mª�÷°ó&� íMáø*��M�ó�óZM ñ�ò ì O�õ�îµïµñZMáó�óZM�Í î P\O�õ M�õµõ¹÷��GMï9P�ò�õ ì P�òEø ì M ìËíMî_M�ïµðÚñ�ò�Mï�M�ò î9M�ðIô�õvï íMJM�ó
��OEMáó��	O�M�õ+O�ò�M�õ ì M ø�M�õ��$ï�÷Ùò ì M4OAïµõ ô}P\OAï ìqíMî9Mï�ðIñ�ò�Mï óZM ì M��$ï íM ì M³î9PÙïµï íMö�÷$ø	î�ñZP�òÔ��ð�Máõ9OAï íMàôE÷úï
óZM�ò�ñÞûGMá÷O ì M��Ùï�ñ�õ6Mî íM�ûMáò�î�O�M�ó�óZM�ðdM�ò(îló�÷ õ�OWïµö�÷$ø�M ì O��$ï�÷Ùñ�ò}� n M�òÄOAîµñ�ó�ñ�õ�÷Ùò(î ì Máõ~ø÷úôAî9M4OAï�õ6Mî ì M�õ
÷Ùó��P$ï�ñÞî9��ðdM�õ�ö�÷$øiñ�óZMáõÇ�÷ ñ�ò�õ�î�÷Ùó�óZMï?�÷vOAò�M íMáø*��M�ó�óZMvñ�ò ì O�õ�îµïµñZM�ó�óZM n ø�P�ðÚðdMvó&�Yñ�ò ì ñ���O�M4ó�÷Ä¼��\OAï_M ¶ Í·àAÍ
� M�õÚø���÷úôEñÞîµï_M�õ�?Mî Ü õ_P�ò�î ì P�ò�øvø�P�òAõ¹÷Ùøiï íM�õ �÷ ìqíMûGM�óZP$ô�ô}Mï ì M�õIðdP ì �MáóZM�õ ��÷Ùó��GP$ïµñÞî���ðdM�õ��=ô}P\OAï
ìËíMûGM�óZP$ô�ô}MïjO�ò�M�õ�îµï�÷úî íM���ñZM ì M�ø�P�ò(î�ï�~P�óZM�Í
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D ÷Çîµï¹÷úò�õ�ö�P$ï�ð\÷�î�ñZP�ò ì MËø�÷�ö íMpûGMï�î±M�ò ø÷úö íMæî9P$ï�ï íM�E íMpõ9M¸ö�÷úñÞîGF ì M¸ö�÷Lãø�P�òH� íM�ò íMï¹÷ÙóZMIFõ_P\O�õ�óKJ ñ�òAJ�OEMáò�øQM
ì MÚó�÷ î9M�ðIô íMï¹÷úî9OAï9MºMî ì O8�$ï�÷ ì ñZM�ò(î ì MIî9M�ðIô íMï¹÷úî9OAï9M ì O8�$ï¹÷Ùñ�ò"ÍMLP÷úïNø�P�òAõ íM���O�M�ò(îGF�O�ò«ø�P�ò(î�ï	NP�óZM
õ íMûPOMï9M ì M{ó�÷2î9M�ðIô íM�ï�÷úî�OWï9M ì O"�Ùï¹÷Ùñ�òÄM�õµî�M�õµõ9M�ò(îµñZM�óæ÷O ø�P\OAï�õ ì O ô�ï9PAø íM ìqíM�Í î P\OAõ�÷úü}P$ï ì P�ò�õNñ�øiñ
ó�÷ ðdP ìËíM�ó�ñ�õ�÷úî�ñZP$ò ì Máõýî�ï¹÷ÙòAõµö�Mï�î�õ ì MIðÚ÷úî�ñQOM�ï_M�M�î ì MÚøSRE÷ÙóZM4OAï ì ÷úò�õ=óZM��Ùï¹÷Ùñ�ò7Í î P\OAõ~øQP$ò�õ�îµï�OAñ�õ9P$ò�õ
íM���÷ÙóZM�ðdM�ò(î ì M�õ&ðdP ì OM�óZMáõ ì Mpï9Mô�ï íM�õ_Máò�î¹÷úîµñZP�òýô}Mï�ðdMî�î¹÷Ùò(î ì M ìqíMî9Mï�ðIñ�ò�Mï&óZM ì M��$ï íM ì Mpî_P$ïµï íMö�÷$ø	î�ñZP$ò
ì O4ø÷úö íM�Í

T�U�V W XZY\[]_^�] Ya`abdc�e f�gih ]�j Xhdk ^�]mlon kpcqb lsr�] k npl Y ] e c n ft[] k ]
]Bn Y ] uwv c ^�] hdk l hxk ^�] y kpc�f�b

D J íMî�O ì M ì M�õ�îµï�÷áûú÷OWùÂ÷Ùò(î íMï�ñZM4OAïµõ�ð�P�ò(îµï_MH��OEMNô�Máò ì ÷Ùò(îoó�÷ î9P$ï�ï íM�ö�÷ÙøiîµñZP�òHz
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par convection
entre l’air et le grain

 conduction
(supposée

instantanée)

transmission de la chaleur  

réactions chimiques
(exothermiques)

évaporation
(refroidissement)

transfert de chaleur
par convection de l’air

au métal 
 

transfert de chaleur
entre le métal et le grain 

Air

chambre de torréfaction  

transfert de chaleur 
entre le grain et le métal

Φa    b

Φm    bΦa    m

Φb    m Φv

Φr

métal = parois de l’enceinte 

Tas
Tb, X

chambre de torréfaction

coefficient de transfert
de chaleur global : α

direction moyenne
du flux d’air :
 G, Cpa, Tae G, Cpa, Tas

G est le flux massique,
Cpa, chaleur massique de l’air,

Ta, température de l’air.

grille

Tb
Ta

Tae

ä�å½æ ä�çpæ
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Φ     =Φ     =
GCpa(Tae-To)

ae
GCpa(Tas-To)

as
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La surface de la section perpendiculaire 

à la direction du flux thermique : S

Tae Tas

TaTa

 la distance parcourue par
 le flux thermique : Z

Z Z+  Z∆

Aab
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T de l’air=240 C
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Tb  , Ta   , Aab,  X   , mbo       e                o

he 

S, Hr, Pvsat, Y, Vh, G

ka, Va, Cpa, db, 
ρ  , µ a     a

α =

dX
dt

Cpb(1+X) = 1,099 + 0,0070*Tb(t) + 5,0*X(t)

Qr =A * exp  -

dTb
dt

[Tae(t)-Tas]=[Tae(t)-Tb(t)]   1 - exp  - 

4,32 * 10   X(t)-

GCpa(Tae-Tas) + mbs[Qr+Lv       ] 
=

dX
dt

mbs(1+X)Cpb Tbt+1

(Eq. 5.12)

(Eq. 5.13)

(Eq. 5.11)

(Eq. 5.1)

(Eq. 5.17)

(Eq. 5.4)

(Eq. 5.16)

α

he 

1+ 0,15 he * db
kb 

(t) Aab 
GCpa 

= exp   -
dp 

9 2 

2 
9889 

Tb(t)+273 

Ha 
Rg[Tb(t) (°K)] 

Het-He 
Het 
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13254L¼�¼K¾¿JÅ 254LÏL¼ ¿�Ä�¿(Å�Æ�Å76 Ç¿MÈ½¿ Ï�Ò+¾¿MË 4 Á�6\Ã 2?º Å�À=Ã98 Ï ¿MÅ%Å 4 ÅMÉ º%2:4 Å-ÁMÊ 2?º Å ¾¿JÀ ¼ Ã;6 4Kº Â ¼72 Í ¼ ÁEÈ�È½¿�Ã º%<=2�¼ 8ÈtÁ	6%ÃVË 4 ¿�¿ º?>A@ $B.�C!�ED�FHG/IKJML ÉON!P!P  -Q&�OR ¿�Â ¼S2 Í ¼ Á�È�Èo¿ <=2?º ÀT6%Ã 2�ºKº ¿ Ï ¿½ÄOÁjÈ�Á º Ã Ç¿ ¼ ¿oÅ 4 Ã�ÊEÁ º 6\¿VU ÇÁÄ Ò Ã º Å76`Á º 6�WÐÕXPLÉ 2?º À 2�ºKº ÁZY[;6
\ ÄOÁ]6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿�Ã º Ã;6\ÃOÁ�Ä�¿ Ï�4 Í ¼ Á�Ã º_^a`cbedab W bgfih É
\ Ä�¿j6\¿ º ¿ 4L¼ ¿ º ¿)Á 4 Ã º Ã;6%ÃOÁEÄ�¿ Ï ¿MÅ Í ¼ Á�Ã º Å�k bedab W bgfih É
\ ÄOÁ]6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï ¿"Ä Ò Á�Ã ¼ ¿ º ¿ º 6 ¼L¾¿e¿ ^ Û ® ÉLÈ½¿MÅ 4L¼K¾¿M¿(¿ º ÄVÃ�Í º ¿ �

R ¿JÅ Ï%2�ºKº�¾¿e¿MÅ Â�¿ ¼ È½¿�6S6�¿ º 6 Ï ¿ ÀMÁEÄOÀ 4 Ä�¿ ¼ Á 4 6�¿MÈ½Â�Å�WÐÕ?P
l Ä�¿"À 2 ¿�m'À=Ã�¿ º 6 Ï ¿n6 ¼ Á º Å < ¿ ¼ 6 Ï ¿�À�o�ÁEÄ�¿ 4�¼ Í?Ä 2 Î�Á�Ä�Ô É
l ÄOÁ]6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï ¿"Ä Ò Á�Ã ¼ ¿ º Å 2�¼ 6\Ã�¿ ^ Û%Ý#É
l ÄOÁ�Ê�Ã;6�¿MÅ%Å�¿ Ï ¿�ÂS¿ ¼ 6\¿�¿ º ¿JÁ 4�prqpts Él ÄOÁ½À�o�Á�Ä�¿ 4L¼ ÈtÁ�Å\Å\ÃVË 4 ¿(Í?Ä 2 Î�ÁEÄ�¿ Ï�4 Í ¼ Á�Ã ºvu  xw kvy7zx{ ` É
l ÄOÁ�Ê�Ã;6�¿MÅ%Å�¿ Ï ¿�Â ¼72�Ï�4 ÀT6\Ã 2?ºsÏ ¿ À�o�Á�Ä�¿ 4L¼ é�ê �| Á�È ¾¿�6}o 2�Ï ¿ Ï ¿ � "i(�~��-����"%$�$B. Ï�Ò�2�¼%ÏL¼ ¿�Ë 4 Á�6 ¼ ¿�ÁEÂKÂ�ÄVÃVË 4�¾¿e¿ ÇÁ�Ä ÒH¾¿MË 4 Á	6%Ã 2?º ���V  º%2:4 Å8Á½ÂS¿ ¼ È�ÃVÅÏ ¿ Ï�¾¿�6\¿ ¼ È�Ã º ¿ ¼ ÄOÁH6\¿ º ¿ 4L¼ ¿ º ¿JÁ 4sÇÁfÄ Ò Ã º Å76%Á º 6�Å 4 Ã�ÊEÁ º 6 u W w�� WSy � | Á8Ë 4 Á º 6%Ã;6 ¾¿ Ï ¿-À�o�Á�Ä�¿ 4L¼ Â ¼S2�Ï�4 Ã;6\¿Â�Á ¼ Ä�¿MÅ ¼K¾¿)Á�À-6\Ã 2?º Å	¿eÑ 2 6}oL¿ ¼ È�ÃVË 4 ¿MÅ�� ® ¿JÅ76 ÀeÁ�ÄOÀ 4 Ä ¾¿e¿f¿ º Á ÏKÏ Ã;6%Ã 2?ºKº Á º 6 ÇÁoÀ�o�ÁEË 4 ¿ ¾¿,6%ÁEÂS¿ Ï%4 ÀeÁ�ÄOÀ 4 ÄÄ�¿MÅ-Ë 4 Á º 6\Ã;6 ¾¿MÅ�Â ¼S2�Ï�4 Ã;6\¿MÅH� ® ÕX�_��;�%� u é�êe��y ��R ¿)À=Ã�Â�¿ ¼ È½¿�6 Ï ¿ ÀeÁ�ÄOÀ 4 Ä�¿ ¼ ÄOÁ]6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï�4 Í ¼ Á�Ã ºÇÁsÄ Ò Ã º Å76`Á º 6 u W w?� WSyf¿ º Ã º 6 ¾¿eÍ ¼ Á º 6�Ä Ò+¾¿MË 4 Á�6\Ã 2?º �L��� Â�Á ¼ ÄOÁxÈ ¾¿�6So 2�Ï ¿ Ï�Ò ¹c4 Ä�¿ ¼ � Ç� Â�Á ¼ 6%Ã ¼"Ï ¿'À#¿JÅÊEÁ�Ä�¿ 4L¼ ÅJÉ�Ä�¿JÅ�ÊEÁ ¼ ÃOÁEÎKÄ�¿JÅ u  Vw kvy7zx{ ` É�é�ê)É ^ Û%Ý#É�Ô É ptqpts Å 2�º 6 ¼ ¿JÀeÁ�ÄOÀ 4 Ä ¾¿e¿MÅ�Â 2:4L¼ Ä�¿j6\¿MÈ½Â�Å u W w�� WSy �� º ÂS¿ 4 6fÁ�Ã º Å%Ã�ÀeÁ�ÄOÀ 4 Ä�¿ ¼ 6 2:4 6\¿MÅ-Ä�¿MÅ�Ê�Á ¼ ÃOÁEÎ�Ä�¿MÅ ÇÁ½À�o�Á�Ë 4 ¿"Â�Á�Å¸À 2 È�È½¿�Ä�¿"È 2?º 6 ¼ ¿�ÄOÁ]�KÍ 4L¼ ¿ �����K�
¹»º�¼L¾¿JÀeÁEÂ�Ã;6 4 ÄOÁ º 6MÉ#Ä�¿JÅ�ÊEÁ�Ä�¿ 4L¼ Å º�4 È ¾¿ ¼ ÃVË 4 ¿MÅ Ï ¿MÅmÀ 2?º Å76%Á º 6\¿MÅ 4 6%ÃVÄVÃVÅ ¾¿M¿MÅ�Â 254L¼�¼K¾¿MÅ 2:4KÏL¼ ¿ÐÄ�¿ÐÈ 2�Ï�Ç¿MÄ�¿Å 2?º 6 ¼ ¿eÍ ¼7254 Â ¾¿M¿MÅ Ï Á º Å�Ä�¿�6`Á�Î�Ä�¿JÁ 4 �L�� �� | ¿JÅ	ÊEÁ�Ä�¿ 4L¼ Å Ï ¿MÅ À 2?º ÅS6%Á º 6�¿JÅ	Â/oUÆ�Å\ÃVË 4 ¿JÅ Ï ¿�Ä Ò ÁEÃ ¼x4 6\ÃVÄVÃVÅ ¾¿e¿MÅ
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 N¸ å u�¹Å¹ y �

zx{�Û�ÉÇÆUÛEÉÉÈ;Û�¿�6�ÊEÛ�Å 2�º 6 2 Î�6\¿ º�4 ¿JÅ ÇÁ'Â�Á ¼ 6%Ã ¼�Ï ¿oÄOÁjÄVÃ;676 ¾¿ ¼ Á�6 4�¼ ¿ D�ËVÌ =Í JOÎ É À ¶ �:��Q ¿ º À 2?º Å%Ã Ï�¾¿ ¼ Á º 6À�o�Á�Ë 4 ¿Ï6\¿MÈ½Â ¾¿ ¼ Á�6 4�¼ ¿ Ï ¿sÄ Ò Á�Ã ¼Eu À ¶ P	8 
 P:P Ã R y�Ð | ¿MÅoÊ�ÁEÄ�¿ 4�¼ Å Ï ¿JÅ�À 2�º Å76`Á º 6�¿MÅJÉMo 4 È�Ã Ï Ã;6 ¾¿sÁEÎKÅ 2 Ä 4 ¿Ï ¿[Ä Ò Á�Ã ¼�Ñ ÉÌÊ 2 Ä 4 È½¿ Ï�Ò Á�Ã ¼ o 4 È�Ã Ï ¿ ·]ÒÓu Ê 2 Ä 4 È½¿sÅ�Â ¾¿)À=Ã;��Ë 4 ¿	y#É6Â ¼ ¿MÅ\Å\Ã 2?º4Ï ¿[ÊEÁEÂS¿ 4L¼ Å%Á�6 4�¼ Á º 6�¿
Ô ü`Ý�Û s ÉiÕ 4 Ñ ÈtÁEÅ%Å\ÃVË 4 ¿ Ï ¿�Ä Ò Á�Ã ¼HÖ É�Å 2?º 6 2 Î�6\¿ º�4 ¿JÅ-À 2 È½È½¿�Ä Ò Ã ºKÏ ÃVË 4 ¿ ©Ø×KÙiÚ ªÇG3ÛÜD À ¶ º P Q ÇÁoÀ�o�Á�Ë 4 ¿¿=Ñ�Â ¾¿ ¼ Ã�¿ º À#¿?É?¿ ºÅ4 6%ÃVÄVÃVÅ%Á º 6�Ä�¿MÅ ÊEÁ�Ä�¿ 4L¼ Å Ï ¿��ÏÝ u Ê 2 Ã ¼ 6`ÁEÎ�Ä�¿JÁ 4 
 Ð À yTÐ | Á�ÊEÁ�Ä�¿ 4L¼�Ï ¿�ë¸Û ` ¿MÅ76-ÀeÁ�ÄOÀ 4 Ä ¾¿e¿À 2 È�Èo¿"Ä�¿�È 2?º 6 ¼ ¿�Ä Ò � ºKº ¿=Ñ�¿ZN%Ð
Þ�ß7àáßeâ ã µäMå ²jægç�èéç åêä ç ³jë åiì ² åiå ëríáî å ³�²ðïñí¸³óòä æ ä

ô¸º ¿pÀMÁ ¼ Á�ÀT6 ¾¿ ¼ ÃVÅ76%ÃVË 4 ¿[ÃVÈ½Â 2�¼ 6`Á º 6\¿ Ï�4 È 2�Ï�Ç¿MÄ�¿ Â ¼72 Â 2 Å ¾¿Q¿MÅ76jË 4�Ò .�" @ "i(öõ�.�÷}.�±ê²�-$'÷}�ø(aù . ��-$ ��.túT"��T$ �� Â 2:4L¼ Ï�¾¿)À ¼ Ã ¼ ¿�Ä�¿MÅ À=Ã º�¾¿�6%ÃVË 4 ¿MÅ Ï ¿û6\¿MÈ½Â ¾¿ ¼ Á�6 4L¼ ¿ Ï�4 Í ¼ Á�Ã º Ð | ¿(Â ¼S2 Í ¼ Á�È�È½¿�Á ¾¿�6 ¾¿ ¾¿JÀ ¼ Ã;6�Á�� ºÏ ¿[Â ¼K¾¿ Ï Ã ¼ ¿sÄOÁü6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï%4 Í ¼ Á�Ã º ¿ º�<=2?º ÀT6%Ã 2?ºàÏ�4 6�¿JÈoÂ�ÅMÉÌÂ 254�¼¥4Kº 6 2�¼�¼K¾¿ < Á�À-6�¿ 4L¼ ¿ º Á�Ã ¼À�o�Á 4LÏ ÁJÊ�¿JÀ�N » Í Ï ¿�ÀeÁ <)¾¿�Ê�¿ ¼ 6 ÇÁ Ï Ã;ý ¾¿ ¼ ¿ º 6\¿MÅ�6\¿MÈ½Â ¾¿ ¼ Á�6 4�¼ ¿MÅ Ï�Ò Á�Ã ¼Øu À ¶ P ÇÁ 
 P!P Ã R y�Ð | ¿JÅ Ï%2?ºKº�¾¿e¿JÅ¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6%Á�Ä�¿MÅ�À 2 È�È½¿(Ä�¿MÅ Ï%2�ºKº�¾¿e¿MÅ�Å%ÃVÈ 4 Ä ¾¿e¿MÅ Å 2?º 6 2 Î%6\¿ º�4 ¿MÅ ÇÁ�6\¿MÈ½Â ¾¿ ¼ Á�6 4�¼ ¿ Ï�Ò Á�Ã ¼ À 2?º Å76`Á º 6\¿5Ð
þ Á º Å�ÄOÁtÈ 2�Ï�¾¿JÄVÃVÅ%Á�6\Ã 2?ºsº%254 Å(ÁMÊ 2?º ÅfÅ 4 ÂKÂ 2 Å ¾¿�Ë 4 ¿oÄOÁ�6\¿MÈ½Â ¾¿ ¼ Á�6 4L¼ ¿ Ï�4 È ¾¿�6`ÁEÄk¿MÅS68ÄOÁ'ÈEY¿JÈo¿�Ë 4 ¿ÄOÁó6�¿MÈ½Â ¾¿ ¼ Á�6 4L¼ ¿ Ï ¿"Ä Ò Á�Ã ¼ É/ÿ�Û�� ø ÕXPo¿�6«ÿ�ø�� ` Õ P%Ð%k ÕXP�� À P » µ p���� Û
	µ��� �� ¿,6 ^É` Ã º Ã;6%ÃOÁEÄ�¿JÅMÉLë¸Û ` É ^ Û � É¹Ï` Ý�Å 2?º 6 4 6%ÃVÄVÃVÅ ¾¿MÅ,Ð

|ÐÒH¾¿eÊ 2 Ä 4 6%Ã 2?º'Ï ¿�ÄOÁ�6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿�¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6%Á�Ä�¿ Ï�4 Í ¼ Á�Ã º ¿�6 ÄOÁ�ÊEÁ�Ä�¿ 4L¼ Å%ÃVÈ 4 Ä ¾¿e¿8¿ º_<=2?º ÀT6%Ã 2?ºÏ�4 6\¿MÈ½Â�Å�Å 2?º 6�Â ¼L¾¿MÅ�¿ º 6 ¾¿e¿MÅ Ï Á º Å�ÄOÁø�KÍ 4L¼ ¿ » Ð ¨ Á[Â 254�¼ 4Kº ¿Å6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï�Ò Á�Ã ¼�Ï ¿�N � P Ã R Ð | ¿6 ¼ Á�À ¾¿ Ï ¿MÅ¸ÊEÁ�Ä�¿ 4L¼ Å¸Å\ÃVÈ 4 Ä ¾¿e¿MÅ ¿ º�<=2?º ÀT6%Ã 2?ºxÏ ¿MÅ Ï%2?ºKº�¾¿e¿JÅ-¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6`ÁEÄ�¿JÅ u �LÍ�Ð » Ð ¨ ÎÉy�È 2?º 6 ¼ ¿ 4Kº ¿¼L¾¿eÂ�Á ¼ 6%Ã;6%Ã 2�ºî¾¿MË 4 ÃVÄVÃ�Î ¼L¾¿e¿ Ï ¿MÅ ¼L¾¿MÅ\Ã Ï�4 Å ÇÁAÂ�Á ¼ 6%Ã ¼½Ï ¿ À » P Ã R ¿,6 4Kº ¿[Ä ¾¿eÍ Ç¿ ¼ ¿ Ï ÃVÅ�ÂS¿ ¼ Å\Ã 2?º Á 4 6 254L¼½Ï ¿ÄOÁxÂ ¼ ¿MÈ�Ã Ç¿ ¼ ¿½Î�ÃVÅ\Å�¿JÀT6 ¼ ÃOÀ#¿5Ð ôfº Á�ÀeÀ 2�¼%Ï ¿MÅS6 2 Î�6�¿ º�4 ¿ º 6 ¼ ¿tÄ�¿JÅ Ï%2?ºKº�¾¿e¿JÅ�¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6`ÁEÄ�¿JÅ�¿�6�À#¿JÄVÄ�¿MÅÅ\ÃVÈ 4 Ä ¾¿e¿JÅfÂ�Á ¼ Ä�¿½È 2�Ï�Ç¿MÄ�¿5Ð ¹ÐºÜ254 6 ¼ ¿?É�ÄOÁ¥�LÍ 4L¼ ¿ » Ð º Â ¼L¾¿MÅ�¿ º 6\¿oÄ�¿MÅ(À=Ã º�¾¿�6%ÃVË 4 ¿MÅ8¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6%Á�Ä�¿MÅ Ï ¿ÄOÁø6�¿JÈoÂ ¾¿ ¼ Á	6 4L¼ ¿ Ï%4 Í ¼ Á�Ã º ¿�6½Ä�¿ 4L¼ ÅoÅ\ÃVÈ 4 ÄOÁ	6%Ã 2?º Å"Â�Á ¼ Ä�¿ È 2�Ï�Ç¿MÄ�¿j¿ º�<=2?º À-6\Ã 2?ºXÏ�4 6�¿JÈoÂ�Å�Â 254L¼
6 254 6\¿MÅ Ä�¿MÅ�¿=Ñ�Â ¾¿ ¼ Ã�¿ º À#¿JÅ Ï ¿n6 2�¼\¼L¾¿ < Á�ÀT6%Ã 2?º É�À#¿�Ë 4 Ã�À 2�º%<=2�¼ 6�¿�ÄOÁ�Î 2?ºKº ¿ ÀeÁEÂ�Á�À=Ã;6 ¾¿ Ï ¿�Í ¾¿ º�¾¿ ¼ Á�ÄVÃVÅ%Á�6%Ã 2?ºÏ�4 È 2�Ï�Ç¿MÄ�¿5Ð ¹Ðºt¼ ¿eÊ�Á º À�oL¿?ÉUÄOÁn�LÍ 4L¼ ¿ » Ð º È 2�º 6 ¼ ¿8Ë 4 ¿8ÄOÁ�ÂS¿�6%Ã;6\¿ Ï�¾¿MÊ�ÃOÁ�6%Ã 2?º Ë 4 ¿ º%254 Å�ÁJÊ�Ã 2�º Å Ï�¾¿�� ÇÁ2 ÎKÅ\¿ ¼ Ê ¾¿ Ï Á º ÅtÄOÁAÂ�Á ¼ 6\Ã�¿s¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6`ÁEÄ�¿ u�� � Ð À Ð N5y º�Ò ¿MÅ76�Â�Á�Å�Â ¼L¾¿ Ï Ã;6�¿sÂ�Á ¼ Ä�¿[È 2�Ï�Ç¿JÄ�¿5Ð R 2 È½È½¿
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È½¿ º 6\Ã 2?ºKº�¾¿?É�À#¿MÅ Ï�¾¿eÊ�ÃOÁ�6\Ã 2?º Å Ï ¿MÅ�À 254L¼ ÎS¿MÅ�¿=Ñ�Â ¾¿ ¼ ÃVÈ½¿ º 6%Á�Ä�¿MÅ u�^ Û ��+ N � P Ã R ¿�6xW-, À P:P Å�yÌÂS¿ 4 Ê�¿ º 6Y¿,6 ¼ ¿ ¿eÑ�Â�ÄVÃVË 4�¾¿M¿MÅ¸Â�Á ¼j4LºAÏ�¾¿eÎ 4 6 Ï�Ò�4Kº ¿oÅ 4�¼ 8e6 2�¼\¼K¾¿ < Á�ÀT6%Ã 2?º ÉKÄOÁtÊ�Ã;6�¿JÅ\Å�¿ Ï ¿ ¼K¾¿)Á�À-6\Ã 2?º Ïi2?ºKº�¾¿M¿�Â�Á ¼ ÄOÁÄVÃ;676 ¾¿ ¼ Á�6 4L¼ ¿ º�Ò ¿MÅ76½Á�Ä 2�¼ Å�ÂKÄ 4 Å�ÊEÁ�ÄOÁ�Î�Ä�¿jË 4 Á ºKÏ Ä�¿MÅ�Í ¼ ÁEÃ º ÅoÀ 2 È�È½¿ º À#¿ º 6 ÇÁ�Y¿,6 ¼ ¿xÀeÁ ¼ Î 2?º ÃVÅ ¾¿JÅ,Ð 1 Á ¼À 2?º Å ¾¿JË 4 ¿ º 6JÉ�Ä�¿�È 2�Ï�Ç¿JÄ�¿ º ¿�ÂS¿ 4 6 Â�Á�Å-À 2?º Å\Ã Ï�¾¿ ¼ ¿ ¼ À=¿�676\¿(ÂS¿ ¼ 6 4L¼ Î�Á�6%Ã 2?º Â 4 ÃVÅ\Ë 4�Ò ÃVÄ º ¿j6\Ã�¿ º 6 Â�Á�Å�¿ ºÀ 2 È½Â%6\¿"Ä Ò ¿�ý;¿�6 Ï ¿ ÀeÁ ¼ Î 2?º ÃVÅ%Á�6\Ã 2?º Ð
.A254 Å¸ÁJÊ 2�º Å Ê ¾¿ ¼ Ã;� ¾¿�Ë 4 ¿ ÄOÁoÅ\ÃVÈ 4 ÄOÁ	6%Ã 2?ºjÏ ¿"ÄOÁ]6\¿ º ¿ 4L¼ ¿ º ¿JÁ 4 ¿JÅ76¸Á�ÀeÀ#¿eÂ�6`Á�Î�Ä�¿(¿ º À 2 È½Â�Á ¼ Á º 6Ä�¿ ¼L¾¿MÅ 4 Ä;6`Á�6�¿eÑ�Â ¾¿ ¼ ÃVÈo¿ º 6`Á�Ä Ï�Ò ¿ º�¼ ¿eÍ?ÃVÅ76 ¼ ¿JÈo¿ º 6 Ï ¿MÅoÊEÁ ¼ ÃOÁ�6%Ã 2?º Å Ï ¿sÈtÁ�Å\Å�¿ u*� � Ð N5y ÇÁAÄOÁ ÊEÁ�Ä�¿ 4L¼ Å\Ã98È 4 Ä ¾¿e¿8Â�Á ¼ Ä ÒH¾¿MË 4 Á�6\Ã 2?º » Ð À ÉUÂ 254L¼�4Kº ¿û6\¿MÈ½Â ¾¿ ¼ Á�6 4L¼ ¿ Ï�Ò ÁEÃ ¼�Ï ¿�N!N!P Ã R u �LÍ�Ð » Ð ¶ yTÐ .H254 Å�Å 4 ÂKÂ 2 Å 2?º ÅÃVÈ½ÂKÄVÃOÀeÃ;6�¿MÈ½¿ º 6 Á�Ã º Å%Ã�Ë 4 ¿�ÂS¿ ºKÏ Á º 6¸Ä�¿MÅ 
 � PoÅ�¿JÀ 2�ºKÏ ¿MÅMÉKÄOÁ�ÂS¿ ¼ 6\¿ Ï�Ò ¿JÁ 4 ¿MÅ76-Å�¿ 4 Ä�¿ ¼ ¿MÅ�Â 2?º Å`Á�Î�Ä�¿ Ï ¿ÄOÁ Ï ÃVÈ�Ã º*4 6%Ã 2?º Ï ¿"ÄOÁoÈtÁ�Å\Å�¿ Ï�4 Â ¼S2�Ï�4 Ã;6¯Ð�/�Ã�¿ º Ë 4 ¿ º%2?º Å 4 ÂS¿ ¼ Â 2 Å ¾¿M¿MÅMÉLÄ�¿JÅ Ï ¿ 4 ÑsÀ 254L¼ ÎS¿MÅ 2?º 6¸ÄOÁÈEY¿MÈ½¿"Á�ÄVÄ 4L¼ ¿*Ð

Þ�ß7àáß10 2?î�èVæ*3 åiä54ûä å�ä î å ë
6jë7æ7ëgç87ä54:9 ï í 4 òä æ ä
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Tair=190°C
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Tair=200°C
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Tair=210°C
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Tair=220°C
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Tair=230°C
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Tair=240°C
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Tair=250°C
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Tair=260°C
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Tair=270°C
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Tair=280°C
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Tair=290°C
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Tair=300°C
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Tair=220 C
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Tair=240 C
db = 4, 5, 6, 7 mm
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Tair=300 C
db = 4, 5, 6, 7 mm
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Tair=240 C
Xo=9, 11, 13 % b.s.
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Tair=300 C
Xo=9, 11, 13 % b.s.
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Tair=240 C
-- Cpb= constante (2,41),
 - Cpb= variable f(X,Tb)
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Tair=300 C
-- Cpb= constante (2,41),
 - Cpb= variable f(X,Tb)
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Tair=240 C
Va = 2, 4, 6 m/s
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Tair=300 C
Va = 2, 4, 6 m/s
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ËµÌ%ÍÏÎ j® � �ÑÐÓÒ[Ô:Õ¿Ö�Ô:×VØxÙuÕÄÙuÚ~ØÜÛ:ÝÞÚPß�àNÙ`á:Ý¤Û�ÙãâN×4ßåä j Ô:Ú*æfØqß-Ô:ÚHç�Û�ÙéèUá�ØxÙuÕ¿Ö6êÙu×eáNØqÝl×`ÙëÛ:Ý�âN×eá:ß�Ú
ì ÙeíuÖ6êÙu×4ß�ÕÄÙuÚ~Ø�áNè§Ù�ÙVØ�ä4ß�Õ6Ýjè2êÙXÙxî k Û:ÝïØxÙuÕ¿Ö~ä�ÙVØ@Û�ÙÄèUáKàXß%ØxÙ4ä0äBÙðÛ�Ù@Ö ×eÔXÛ:ÝPæfØqß-Ô:ÚñÛ�Ù�æ Æ áNè§ÙuÝl×ðÙeí�ÔNØ Æ Ùu×uò
Õ6ß-óVÝ~ÙXô

vGõeö§÷ u ��øfù �"úû�ü � õ`÷ ujû�ü ù � � õAõ�úû � ùGø � ö �>ý\®Gþd�>� ÷ ù � �Gý ÷ û ý � ö§÷ ù v[úûqu[� � � ö ü ö§÷ û õ ü ù �Aû r�ÿÏúû õ ù � � õ û(u � vGõ ù ö ý
�>� ü ù �Aû r ÿÏúû õ ù � � õ ûgujû øu�>ý ÷`ö?v ý û ÿ �>� õ üb� ù öUõ øV� r$r û�û ý � õ�úûfûgu � r � uy�ûBüUû ® ¶ û ÷Ór û ö ü§üUû � õe÷[õ�úû ÷ � üU� ù � ÷
÷ �>ý � � � �eû ýD� ÷ �ù ÿ ù õ � öUõ ujû'ü ù �eû r�ÿÏúû õ ù � � õ û8u � vNõ ù ö ý ÷eö%r � ü úûfû ÿ ù õ üUû r � uy�ûBüUû8u s ýPù r ö%t � û ��� ��� �
ûf� üUû��eû r�ÿ�÷ ujû�� � õAõ�úû � ùGø � ö �>ý ¢ � � � öUõ � v ®�j® �"� ù � ®���ý ÿ û � � úû	� ù üUû�
�û ý �Hû ý � ö§÷ ù �Gû õ��� � � ö ü ö§÷ û õ ü ù
�Aû�
 ÿÏúû õ ù � � õ û � � � õ ù ö ý û�� ÿÏúû õ`ö 
�û ý � ù üUû���
 ù ö§÷ ø ûf�e�Aû ÷ � ü � � ö �>ýÜý � û ÷ � ÿ ù ÷Hõ�úû ù ü ö§÷ �Aû ùN�Üý ö�� û ùN� ö ý��
� � ÷ � õ`ö ûBü øBù õ ûXü§üUû@û ÷ �d� õ��û ÷��jö�� ø ö üUû �ù ��� �eû ý öUõ�� ù:ý ÷ ��ý � � õeõjúû � ùGø �eû � õ ®

 ùNý ÷ üUû!
 � �"�ûBüUû � û ÷ � õe� ùGø û õ�úû � � ö �eû�� ýj�>� ÷ ù � �>ý ÷ øu�>ý ÷eö#�µúû õjúû ü ù �eû�
 ÿÏúû õ ù � � õ û � û øu�>ý ÷`ö � ý û
ÿ �G� õ ü � ù öUõ �%$ ûf�düUûM�Aû�
 ÿP÷�� ûM� � õAõ�úû � ùNø � ö �>ý ¢ �%� � ®Pj® �"� � � ®

� �>� õ ö#� û ý � ö � û õ üUû ÷ øV� û � ø ö û ý � ÷&� � 
 � �'�ûBüUû�ûf�oüUû � ù ü ö#� û õ � ýl�>� ÷ ù � �>ý ÷�ÿ ù õ � ù � úû¿üUû ÷�õ�úû ÷ � üU� ù � ÷
û�� ÿÏúû õ`ö 
�û ý � ùN� �Üû ý �jý û �~ù ÷ û ��� ù ÿ�ÿ�õ û ý � ö§÷e÷ ù �Gû øu� 
 ÿ � ÷�úûfû � û)( � ö �'û�� ÿÏúû õ`ö û ýPø û ÷ � � ù ö �eû ÷)�ù �f¯+*,�
�j�	*,�j�G��*,�j�"�-*,�j�  *.�j�>�/*,�j� Ç *�ûf��0+*�*+1 � � ûf� ��ý û �~ù ÷ û � û@�Aû ÷ � øu�>ý ÷ � ö � � úûfû � û32 �Pù � õ û ø ö ý úûf� ö 2 � û ÷
� ��*+*,�P�/0+*,�P� � * ûf�¿�N¯�* 1 � � ® � ( ù 2 � û'û�� ÿµúû õ`ö û ýPø ûHû ÷ � øV� 
 ÿ � ÷júûfû � ûM� õ � ö§÷Ïõjúû ÿÏúûf� ö � ö �>ý ÷ ®

465879;:�<>=�?BÈ.?@:A9-?CBjÈ�=EDGF�È,?�DGH%IJF�9;:!KLH�FNM9;=G9;:
O ý 
 � �"�ûBüUû � û õjúû ÷ û ùN� � � û ý û � õ �>ý û ÷ û ÷ � � � ö ü ö§÷júû ÿ �G� õdÿ�õjúû ��öUõ ûMüUû ÷�� ù õeö ù � ö �Gý ÷P� û ý ö�� û ùN� � û

� õeö§÷)�ù ÿ ù õ � öUõ� ûÄü ù �eû�
 ÿÏúû õ ù � � õ û � � � õ ù ö ý ÷eö 
 � ü úûfû ûf� � � �eû�
 ÿP÷ û�� ÿ ü ö ø ö �Aû ® O ý ùN� � õ û ÿ�õjúû ��ö �
ü � ùGøfø õ � ö§÷e÷ û�
�û ý � � û�ü ù ÷ � õA� ùGø û � � � õ ù ö ý �+û ý � �>ýPø � ö �>ý � û�ü ù �eû�
 ÿµúû õ ù � � õ û � û øV�Gý ÷eö � ý û ÿ �>� õ
ü � ù öUõ ûB� � � �eû�
 ÿP÷ û	� ÿ ü ö ø ö �eû ®

QSR H'FNM9�=�9UTVH%<�W)=G9XI>D�B%9�ÈY<ZF�9U[%W\DE:
 ùNý ÷ ü ù ÿ ( ù ÷ û ��� ù ÿ�ÿjõ û ý � ö§÷e÷ ù �Gû�� ýj�>� ÷ ù � �>ý ÷]�µúûB�Aû õ 
 ö ý úû^2 � û üUûL
�û ö ü§üUû � õ�õjúû ÷ û ùN� ÿ �>� õ

ÿ�õjúû ��öUõ û�üUû ý ö�� û ùN� � û_� õeö§÷�õ�úû � � ö � øu� 
 ÿ � õ �eûS0 ý û � õ �>ý û ÷A� ù:ý ÷ øu�>��ø (lû øfùGø ( úûBû ®�` ü ù � �>ýPø ��0
øu� û � ø ö û ý � ÷ � ¯ ÿ � ö#��÷ ûf�¿� � ö ù ö§÷ � ® � �>� õa� ù ü ö#� û õ ø ûb
 � �'�ûBüUû-� ýj�>� ÷ ù � �>ý ÷¿÷eö 
 � ü úû üUû ÷ ø ö ý úûf� ö 2 � û ÷
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Tbsim
(°C)

t (s)

g

T de consigne pour l’air (°C)
S

r (t)

r (t)

réseau
de neurone

(gris)

réseau
de neurone
(surface)

Modèle
de transfert
thermique 
sur le grain

Variables
opératoires
Paramètres

liés au produit

(a)

(b)

ËµÌ%ÍÏÎ j® �"� ÐsrïêÙ4äBÙ`á:ÝGí�Û�ÙMÚ ÙuÝl×`Ô:Ú Ù4äjt ÙuÚ æ0Ô:Ú�ä4ß-ÛÏêÙu×eá:Ú~Ø è§Ù ØxÙuÕ¿Ö~ä6ÙeíuÖ*èbß-æVß%ØxÙ�ÙuÚ ÙuÚ~Øq×wêÙXÙXô

øu�>ý �Aû ýD� û ÷u� ùNý ÷ ü ùv�~ù ÷ û � ûÏ�Aû ÷ � ® ¶V�Wúû � � ü � � ö �Gý � ��ý ö�� û ùN� � ûP� õ`ö§÷,õjúû � � ö �|û�� ÿÏúû õeö 
�û ý � ù ü ÿ �>� õ ��ý û
�Aû�
 ÿÏúû õ ù � � õ û � û øV�Gý ÷eö � ý û ��� ù öUõ� ûY� � * 1 � û ÷ � øu� 
 ÿ ù õ�úûfû � � � õ û j® � Ç ù �ù ü ù õjúû ÿ �>ý ÷ û ÷`ö 
 � ü úûfû ®
¶ ù 
swû�
�û øu� 
 ÿ ù õ ù ö§÷ �>ý û ÷ � � ù ö �eû � � � õ û j® � Ç � �*û ý úûf� � ��ö ùNý �Mü ù�ø ö ý úûf� ö 2 � û � û ý ö�� û ùN� � ûC� õ`ö§÷ ®
� ûx
 � �"�ûBüUû ÿjõ�úû ��ö � � û � ù�yøu�>ý ÷ ù � ö§÷A� ù ö§÷ ùNý �Aû'� �>� �Aû ÷ üUû ÷ øu�>� õ � û ÷z� �Ký ö�� û ùN� � ûb� õeö§÷ ùN�Køu�>� õ`÷v� û
ü ù � � õeõ�úû � ùGø � ö �>ýÜù � û ø6��ý øu� û � ø ö û ý � � û øV� õeõ�úûBü ù � ö �>ý ª�{}|~*.��¯ Ç � ®"` ü � ùN� � ýj� �eû õ 2 � û üUû!
 � �'�ûBüUû
ÿ�õjúû ��ö � � ö û ý üUû ÷Ïÿ�õ û�
 ön�û õ û ÷oÿ ( ù ÷ û ÷a� û ü ù�øu�>� õ � û � û ý � õ û}* ûf� ��*�* ÷ û øu�>ý � û ÷ ��2 � ö û ÷ � øu� 
 ÿ üUû��lû ®
� ýK�>� � õ û��*üUû6� õ ùGø úû � û � �>� �Aû ÷ üUû ÷z� ù üUû � õe÷H÷eö 
 � ü úûfû ÷ û ý � �>ý�ø � ö �>ý � û ÷3� �>ý�ý úûfû ÷ û	� ÿÏúû õ`ö 
 û ý � ù üUû ÷
� û6ü ùC�~ù ÷ û � û �eû ÷ � �%� � ®*j® � Ç ø ��
 �>ý � õ û ��ý û õ�úû ÿ ù õ � ö � ö �>ý úû�2 � ö ü ö � õjúûfû � û ÷¿õ�úû ÷eö#� � ÷ ® ¶V�Wúû øBù õ � � ��� ÿ û
ÿ �G� õ ü ùC�~ù ÷ û � û �eû ÷ �¿û ÷ � � ûx*,��*G�G�N¯�ûf� ÿ �>� õ ü � ù ÿ�ÿ�õ û ý � ö§÷e÷ ù �Gû � ûx*,�d*>�  � ® ¶ ù ÷eö 
 ö ü ù õeö � úû � û ø û ÷
� û � � � ù üUû � õ`÷ 
 �>ý � õ ûMü ù�øfù ÿ ùGø ö � úû ÿ�õ�úû �jö ø � ö�� û � û ø û
 � �'�ûBüUû ®

QSR H'FNM9�=�9UTVH%<�W)=%È^:�<�W\�(È~Ê+9XF><J[�W2ÈYDEI

� �>� õKÿ�õjúû ��öUõ ûïü ùëø ö ý úûf� ö 2 � û � û ÷ � õA� ùGø û � � � õ ù ö ý �¿üUû�
�û ö ü§üUû � õ õ�úû ÷ û ùN� û ÷ � ÷eö 
 ö ü ù öUõ û ù:�
ÿ�õjúû ø úû � û ý � ® ¶ û ÷A�,ö � � õ û ÷ j® �B¯ ù ûf� j® �B¯ � ÿ�õ�úû ÷ û ý �Aû ý ���+ü �<úû � � ü � � ö �>ý ��� ùGøfø õ � ö§÷e÷ û�
�û ý � � ûðü ù ÷ � õ �
� ùGø û û	� ÿÏúû õ`ö 
 û ý � ù üUû6ûf� ÷eö 
 � ü úû û ý � �>ý�ø � ö �>ý � � �eû�
 ÿP÷Mÿ �>� õ ��ý û ø ö ý úûf� ö 2 � û øu�>ý �Aû ý�� û � ùNý ÷ ü ù
�~ù ÷ û � û¿�eû ÷ � � � � * 1 � � ®.��ý ÿ û � � øu�>ý ÷ � ù �Aû õ ü ù � ù õeö ù � ö �Gý � û�ü ù ÷ � õe� ùNø û � � � õ ù ö ýÄùN�YøV�G� õ`÷N� û�ü ù
� � õeõjúû � ùGø � ö �>ýY�%� � ®Nl® �B¯ � � ® ¶ ù ÿjõ�úû ø ö§÷eö �>ý � � 
 � �'�ûBüUû�û ÷ �%� � � úûfû ÷ ù � ö§÷e� ù ö§÷ ù:ý �eû�� øfù õ üUû øu� û � ø ö û ý � � û
øu� õAõ�úûBü ù � ö �>ý û ÷ � � û@ª { |�*.��¯G¯�0 ÷eö �Gý øu�>ý ÷eö#�'�û õ ûHüUû ÷ û	� ÿÏúû õ`ö û ýPø û ÷�� û ÷�� û � � �Pù ÷ û ÷ ®�� � 
!
 û ÿ �>� õ
üUû ý ö�� û ùN� � û�� õ`ö§÷ ��ü ù � � � õ û j® �B¯ øMøu� 
 ÿ ù õ û'üUû ÷�� ù üUû � õ`÷�÷eö 
 � ü úûfû ÷ ùN� � � ù üUû � õe÷ û	� ÿÏúû õ`ö 
 û ý � ù üUû ÷
ÿ �G� õ � �G� �eû'ü ùx�~ù ÷ û � û'�Aû ÷ ���jûBü§üUû�
 �>ý � õ û'ü ù�øfù ÿ ùGø ö � úû � û ÿjõ�úû ��öUõ ûMüUû ÷ øu�>� õ � û ÷���� ùGøfø õ � ö§÷e÷ û�
 û ý �
� ûYü ù ÷ � õA� ùGø û ýj�>ýãù ÿ�ÿ�õeö§÷ û ®,� û ø ö û ÷ � øV�Gýj� õ 
 úû ÿ ù õ ü �<úû øfù õ � � ��� ÿ û øV� 
 ÿ ù õ ù/� üUû ÷ � õ ü ùS�~ù ÷ û � û
�Aû ÷ � � *,�d*>�G�>� ��� ù ÿ�ÿ�õ û ý � ö§÷e÷ ù �Gû � *,��*�0+*�� ®
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ë&�Töv�®ë»ç~��é*ë��;æ
çi���«ë��®ë ��õ æ�ï"�få}÷æêHæ�é�ðæR�hðæ è�é*ê�ì�å ðæ ç��häTêHæ
çTå��®ë»ë�ðæ
æ
çxæoÿ ã ðæ
ä;ì�ï�æ
ë&��é�êHæç â ì�êRäßæëhåöv�®ï ã �;æ2åhæ
ç=öoì�ë�ðæR�Nì ñ �hæ
çTå}ò �»ëfæ;�Eé�>öv�®ë«ç�é��Nì�ç~�Eé*ì�çNé*ë&�ßæ ��õ ��ï�ï�æ¢ë����»ç ênò?éè��®ë»çTï�æ
ë&�Nì��®ëhë�ðæ â ç;ì»êHæ
ç ã é��äNé*ïÅ÷æR�ßä;æ
ç å3�üï"�få ÷æ
êHæ�� ÜuÝ;Ì â ? Ì â : Ì â Í�� â 6¼8 Ì â ËõÝ�� â < Ý ç~�®ë&��è�é*ê�ì�åfæç â êHæuï"�Rå}÷æ
êHæ ã æN���gúæR�ßä;æ=���Nì�ê�ì�çhðæå»ìHäßæöZ�ßæ
ï�æ
ë&� ã ���häüöpæÅç~�fç~�
÷æï«æ�åhæE����äßä»ðæR�Eé�öv�;ì��®ë � ÚAê ã æN���"�Eé�öoì�êHæï«æë��EúæR�;ä;æÅé�åCé ã �hðæ¨÷é å[òÔé����ßä;æ
ç
�� ã æ
çÙåhæµ�~��ä;ähðæR�Eé�öv�;æN�hä ��Ù é�ä°æ�ÿRæï ã êHæûêíé ã ä;ì�ç;æüæ
ë'öZ��ï ã �;æüå3���;äNé*ë»ç~�7æ�ä��!åhæ�öI5»é*êHæN�hä!å3�©ø�ä�é*ì�ëè�æ�ä;ç�êHæÅï ðæR��é*ê æR��å3�Xï ðæR�Né*ê è�æ�äNç�êHæcø�ä�é*ì�ë ã æ�äNï�æR��åfæ�ï"�få�ðæ
ê�ì�ç;æ�ä«êHæ
ç±�;æ
ï ã ðæ�ä�é����hä;æ
ç«åCé�ë»ç¸�hë
�~��ä;ähðæR�Eé�öv�;æN�hä¢åfæC�� ã æ¢��é�ïÕî[���hä �

Ù ���häûêHæ
çûöoì�ë�ðæR�Nì ñ �hæ
ç�å3�ë»ìHè*æ�é��åfæ�ø�ä;ì�çüåhæ
çüø�äNé*ì�ë»çüåhæ ö�é���ðæ â ë����»ç�éèT��ë»çüå�ðæ�è�æ
ê�� ãhã ðæ7�hëï"�Rå}÷æ
êHæcåhæcäßæ ã ä»ðæçßæ
ë&�Né��Nì��®ë�÷é�î%é�ç;æ�åfæcä»ðæ
çßæé��fÿ'åhæcëhæN�hä��®ëfæç�éjä��Nì�¡Cö�ìHæ
ê�ç �Çõ æcï"�få}÷æêHæ ã æN����ç;ì«�ï��hêHæ
ä°åfæ��Eé�>öv�®ëúçNé��;ì�ç��Eé�ì�ç�é�ë&�;æ«ênò ì�ë&�ßæëhçNì��hðæ«å3�©ë»ìHè�æé��-åhæ�ø�äNì�ç°é��'öv���fäNç°åhæüêíé��~��ä;ähðæR�Eé�öv�Nì���ë â æ
ë
���;ì�ê�ì�çNé*ë&�ÙêíéE�ßæï ã ðæ�ä�é��|�häßæûå3�©ø�ä�é*ì�ëúæR�ÕêHæ¸�ßæï ã çÕöv�®ï�ï�æüæ
ë&�ßä»ðæ�æ � @ ���»ç ã ���hèT��ë»çÕï�æ
ë&�;ì��®ë»ëhæ�äñ �fæ�öpæ�ï±�få}÷æ
êHæ�é ðæR�»ðæûè*é�ê�ì�å�ðæcéè�æöûåhìHô�ðæ
äßæ
ë&�;æ
ç«öv���häßîõæ
ç�æR��ì�ê é ðæR�»ðæb�z�hø ðæ�é�ö�öpæ ã ��é�îCêHæcéè�æö �hëöv�RæR�ûöoìHæ
ë&��åhæ�öv��äßä»ðæêíé��Nì��®ë'åhæ�D���� ù���� S&. � ½�ëä�����;ä;æ â ë����»ç�é
èT�®ë»ç�å�ðæ�è�æ
ê�� ãhã ðæµ�;ä~�®ì�ç�ï"�få}÷æêHæ
çå»ìHô�ðæ�äßæë��Nç�÷écî%é*çßæ�åfæ�ähðæ
çßæé��fÿ�åhæ�ëhæN�hä~�®ëhæ
çÛä»ðæöZ�häßä;æ
ë&�NçÛé�¡Cë-åhæ ã ���hèT��ìHä ã ä»ðæåhìHä;æ«êHæ�ë»ìHè�æé�� åhæø�ä;ì�çüé��ª�;æ
ï ã ç�ç��»ìHè�é*ë��Ð� ��� �   â æë¯öv�®ëhçNì�å ðæ�ä�é*ë���åhæ
ç�è*é�êHæo�fäNç ã ähðæömðæ
åhæ
ë&��åhæ�ëhìHè�æé��Xåfæ�ø�äNì�ç �
õ æç°ï"�få}÷æêHæ
ç_�®ë��°îCìHæ
ëúç;ì�ï��»êoðæ�êíé�è*é�êHæo�fä�÷é�ênòPðæR��é ã æ�ç��»ìHè�é*ë&�ßæ â ïüé�ì�ç â ì�ê �Eé����!ë��T�ßæ�ä ñ �hæ�êHæçÛè�é��êHæN�hä;çuç;ì�ï��hêoðæ�æ
ç¢åCé*ë»çuêHæ
ç �NùTù ã äßæ
ï�ì×÷æ�ä;æ
ç¢çßæöv�®ë»åhæ
ç2ç~�®ë&�uï±�®ì�ë»ç¢î[�®ë»ëfæç ñ �hæ ã ���häuêHæ
ç¢ä»ðæ
çßæé��fÿ©÷é
�ßæï ã ç�æoÿ ã ê�ìíöoì��;æ �[õ æ ã æ
ë»åCé*ë�� â êHæ
çuä»ðæ
çßæé��fÿÅä»ðæöR�fä;ä;æ
ë&�;ç�äßæç~�ßæë���êHæç�çßæN�»ê�çY���Nì�ê�ì�çNé�î»êHæçuç;ì$�®ë�è�æN���
�ßæëhìHä öv�®ï ã �ßæ�å[òA�»ëhæ�è�é�äNìíé��Nì��®ë�åhæ
ç öv�®ë»å»ì��;ì��®ë»ç�� ã ðæ�ä�é��~�®ìHä;æ
ç�é��ûöv���hä;ç�å�� ã ä~�hömðæ
å�ðæ �&õ æ
ç=ï"�få}÷æêHæ
çähðæöZ�hä;äßæë��Nç��®ë&��é��»ç;ç;ì¢ðæR�hðæ2è�é*ê�ì�å ðæ
ç�ç��hä�êHæ
ç ä»ðæ
ç|�hê���é��;ç æoÿ ã ðæ
ä;ì�ï�æ
ë&��é��fÿ â ï"��ë&�;äNé*ë&��êHæN�hä�ö�é ã é�öoì��»ðæ2åhæø ðæ
ë�ðæ�ä�é�ê�ì�ç�é��Nì��®ë �
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Ù ���hä�êHæç�öv���häßîõæ
ç å[òÔé�ö�öpä��®ì�ç;çßæ
ï�æ
ë&�=åhæ�êíé!ç��hä~�Eé�öpæ�å3�üø�ä�é*ì�ë â ë����»ç�é
èT�®ë»ç�ö�é*êíöZ�»êoðæ=�»ë�ï±�få}÷æ
êHæåhæ«ä;æ ã ähðæ
çßæë���é��;ì��®ëù÷é�î%é*çßæ�åhæ«ähðæ
çßæé��fÿ�åhæ�ëhæN�hä���ëhæ
ç�æï ã ê����aé*ë��Ûöv�®ï�ï�æÕè*éjäNìíé�îCêHæ
ç�å}ò æ
ë&�ßä»ðæ�æ«êHæ

�ßæï ã ç=æR�=êíét�;æ
ï ã ðæ
äNé��|�fä;æuåhæ�öZ��ë»ç;ìHø®ëhæ ã ���hä�ênòÔé*ìHä�é��ûöv���fäNç=åhæ�êíét����äßä»ðæR�Eé�öv�;ì��®ë ��� æ�ï"�få}÷æ
êHæ ã æ
äz�ï�æR�§åhæ�îCìHæ
ë ã ä»ðæåhìHä;æ ênòÔé��hø®ï�æ
ë&�Né��Nì���ëÙåhæ êíé�ç|�fä��Eé�öpæ å3�Õø*ä�é*ì�ëÕéè�æö¨�hë�öv�RæR�ûöoìHæ
ë&��åhæ¢öv��ä;ähðæ
êíé��Nì���ëåhæ�D���� ù������ Ó ã ä��hö45hæ�åhæÅênòóæ�ä;äßæo�fä�æoÿ ã ðæ�ä;ì�ï�æ
ë&��é*êHæ �Çõ æ�ï"�Rå}÷æ
êHæ�é-é��»ç;ç;ì�ðæN�hðæ�è�é*ê�ì�å ðæ�éè*æ�öûåhæ
çå���ë»ë�ðæ�æ
ç�æoÿ ã ðæ�äNì�ï�æ
ë&�Né*êHæ
ç2å�ðæ
ï"�®ë��;ä�é�ë&�uêíéûö�é ã é�öoì��hðæÙåhæ�ç;ì�ï��»êHæ�ä�êHæ
ç�öv���häßîõæ
ç�å3��øT�®ë�F»æ
ï�æ
ë&��å��ø�äNé*ì�ë �

þ ìaêHæ
ç�ö
éjä�é�öv�»ðæ�äNì�ç~�Nì ñ �fæç��Eå»ì�ï�æ
ë»ç;ì��®ëhç   åfæç[ø�ä�é*ì�ëhç�åfæ ö�é���ðæg� ãÉ� æoÿ � ^ Øa¾pÉRºpÁAÄ�  ç~�®ë&��å»ìHô�ðæ�ä;æ
ë&�;ç[åhæöpæ
ê�êHæ
ç�ðæR�|�»å»ìoðæ�æç åCé*ë»ç öpæ=�ßä�éè�é*ì�ê â ë����hç ã ä~� ã �®ç~�®ëhç�å[ò ���Nì�ê�ì�çßæ�ä=êHæ�ï"�Rå}÷æ
êHæuå��fëCé�ï�ì ñ �hæ�öv�®ëhçNì�å ðæ�ä�é*ë��êHæ
ç�ï�æ
ç|�fä;æ
ç�åhæ±�ßæï ã ðæ�ä�é��|�häßæ«åfæ�ênò?é*ìHä�å[òóæë��;ä»ðæ�æ�æR�Ûåhæ�ç~��ä��;ìHæÕæëÐ�;æ
ï ã ç�ä»ðæ�æê â é�¡Cë å[òóæç~�;ì�ï�æ�äÛêíé
�ßæï ã ðæ�ä�é��|�häßæ�å3�üø�ä�é*ì�ëûé��cöv���fäNç å�� ã ä��hömðæ
å�ðæ � ½�ë»ç��»ì��ßæ â ë����»ç ã ���hè��®ë»ç�é ã»ã ê�ì ñ �hæ�ä�êHæ�ï"�få}÷æ
êHæ�åhæäßæ ã ä»ðæ
çßæ
ë&��é��Nì��®ë ã ���hä ã ä»ðæ
å»ìHäßæ!êHæ!ë»ìHè�æé���åhæ!ø�ä;ì�çué��E�;æ
ï ã ç � ����é��E�;æ
ï ã çuç��»ìHè�é*ë��b� � � �   � ½ ë
�����;ä;æ â ç;ìxênò��®ë�è�æN���g����äßä»ðæR¡»æ�ä�å3�-ö�é���ðæÙè�æ�ä��C^ Øa¾pÉRºpÁAÄ éè�æöC�»ë-é����ßä;æb�k� ã æ«åhæ��~��ä;ähðæR�Eé�öv�;æN�hä âCã é�äæoÿfæ
ï ã êHæ"�hëL����äßä»ðæN�Eé*öZ�ßæN�häÛåhæ±��é*ïÕîV���hä!éè�æö�åhæ
ç ã é�ä���ì�çÛç���ê�ì�åhæ
ç�æN�¢���Nì�ê�ì�çNé*ë&�ÛênòÔé*ìHä°ö45Cé��»å â �»ëhæã ��çNç;ìHîCì�ê�ì��hðæ2æ
ç~� å[òÔé ã»ã ê�ì ñ �hæ�ä êHæ ã äNì�ëCöoì ã æ ñ �hæ�ë����»ç éèT�®ë»ç=å�ðæ
è*æê�� ã»ã ðæ2æ
ëûê��»ìõé ã»ã ê�ì ñ �Cé*ë&��êHæ
ç�ë��T���è�æ
ê�êHæ
çÛöv�®ë»åhì��Nì��®ë»çg� ã ðæ�äNé����®ìHäßæ
ç"�7èfì��;æ
ç;çßæ«åhæ�ênòÔé*ìHä â FÂ�fÿ ïüé*ç;ç;ì ñ �hæ â å»ì�ï«æëhçNì���ë»çÛå��L�~��ä;ähðæR�Eé�öv�;æN�hä â
�����   æR�üå[òóæ�ômæöv�|�hæ�ä ñ �hæ
ê ñ �hæ
çüï±�få»ì�¡%ö�é��;ì��®ë»ç�åCé*ë»çüêHæ�ï"�få ÷æ
êHæÅå��fëCé*ï�ì ñ �hæ��8æ
ëöv�®ë»ç;ì�å�ðæ�ä�é*ë&��êHæ
�ßä�é*ë»ç~�7æ�ä��¢åhæÙö45Cé*êHæN�hä�æ
ë&�ßä;æ°êHæ°ï ðæR��é�êmæR�2êHæ
ç�ø�ä�é*ì�ëhç â æR�¢åhæ
ç2ø*ä�é*ì�ë»ç è�æ�äNç¢êHæ°ï ðæR�Né*ê ã éjä¢æ�ÿRæï ã êHæ   �

Ù é�ä�êíéüç|�hì��;æ â ì�êÉ�Eé��»åfä�é*ì���é ã»ã ê�ì ñ �hæ�ä�æN��è�é*ê�ì�åhæ�ä�êíéüç��ßä�é��hðæ�ø®ìHæÙåfæ�öv�®ë&�;ä�ú�®êHæ ã ä~� ã �®çhðæ�æ â é�¡»ë�åhæå�ðæR�;æ�äNï�ì�ëfæ
ä¢æ
ë�ê�ìHø®ëhæ!êíé ñ �Cé�ê�ì��»ðæ°å[òA�»ë�ö�é���ðæµ��` È;Äa¾p¼)��Ä â ^ Øa¾pÉRºpÁAÄ â������   æë7���Nì�ê�ì�çNé*ë&�;�»ë�é����ßä;æC�� ã æåhæ¹�~��ä;ähðæR�Eé�öv�;æN�hä � ö�æ ã ê��»ç â ì�ê��Eé��»åhä�é�ì���ðæ�øaé*êHæ
ï�æ
ë&��é ã»ã ê�ì ñ �hæ�äuåCé*ëhç�êíé�ç��ßä�é��hðæ�ø®ìHæ â å[ò?é����;äßæç�é�êHøT���ä;ì��|5»ï�æ
çuå[òóæç~�;ì�ïüé��Nì���ë²�"! ¼8¿ ÁEÈN¸«Ãa¸$#�Ä*¿ÀÆ�Ä�¹32&%xÉ%¸p¹ ¾�¸pÈ×ÊR¸pÈ42('!Ø�È½¼*)Ø�¹�Ê�¿À¼ º�º�Ä�¹%Á�Ä�Ú*¸|�Õ¼7¹mÃ�¼)��Ä*Á�¸pÉfÈÕÃa¸
+ ÉCÄ*¿À¼8Á»Â¸I2AÑ7Ñ7ÑX  é�¡»ë©åhæûöv��ä;ä;ìHø�æ�ä°êHæ
ç°æ�äßä;æN�häNç ã ��çNç;ìHîCêHæ
ç°åhæ ã æ�ä����hä;î%é��Nì��®ë»çt���©åfæ�è�é�äNìíé��;ì��®ë»çÛç|�fäÙêHæï"�Rå}÷æ
êHæüçNì=ë�ðæ�öpæ
ç;çNé*ìHä;æ ��Ù é�äÕé*ì�ê�êHæN�hä;ç â ì�ê�æ
ç~� ã �®ç;ç;ìHîCêHæûå[ò ì�ë&�;ä~�få3�»ìHäßæ-÷é�êíé�ç~�;äNé��»ðæ�ø®ìHæ�å[ò?é����;äßæçÙè�é��ä;ìíé�îCêHæ
ç ã ���hä2ø®é�ä�é*ë��NìHä�êíé ñ �»é*ê�ì��»ðæÛå�� ã ä��Rå3�»ì�� âRã é�ä¢æoÿfæ
ï ã êHæÛåhæÙöv�®ëhçNì�å ðæ�ä;æ�ä�êHæ°ç;ìHø®ëCé*ê ç~�®ë���äßæt�T�ênòPðæ
ï�ì�ç;ç;ì��®ë�åhæ¢�1�»ï ðæ�æ
ç �

� éÅç��ßä�é��hðæ�ø®ìHæ�å�ðæ
è*æê�� ã»ã ðæ�æ�ìíöoì ã ���häßä�é ðæ�øaé*êHæ
ï�æ
ë&�¸úæR�;ä;æûé ã»ã ê�ì ñ ��ðæ�æ ÷éÅå[òÔé����;äßæ
ç ã ä~�hömðæ
å�ðæ
çÙé�ê�ì«�ï�æ
ë&�Né*ìHä;æ
ç2é��hçNç;ì}å»ìHè�æ�äNç ñ �hæ!êíé��~��ä;ähðæR�Eé�öv�Nì���ëcåhæÙö�é�ö�é�� â ���ÅênòÔé��üëCé�ø*æ°åhæ¢�7ä��®ïüéjø�æ �
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/ �1032 ÆÉÓ �54 ØÃ¢Â¸o¿À¼ º�Ä*ÁE¼×Ø�¹-º½¼7Æ�Éh¿ ÁAÄ�¹ÙÂ¸¸üÃa¸½º«ÁEÈ;Ä�¹»º10�¸pÈpÁ8ºü¸oÁ�Ãa¸�¿ßÞNÂ¸pÚ�Ø*¿ÀÉhÁE¼×Ø�¹ÏÃa¸�¿HÄ + ÉCÄ*¿À¼8Á»Â¸�Á�¸|��6a¹mØ�7¿HØNÊ*¼ + É%¸�Ã�É¨È½¼*)�È;Ä®Ã®Ã�8ú¸p¹ùÚÉ%¸cÃ�Þ Ø½ÇmÁE¼7Æ«¼ º
¸pÈü¿�¸½º ��Ø�¹mÃ�¼8ÁE¼×Ø�¹»ºûÃa¸üº§Â¸N��6hÄ
ÊR¸ ��Ù 5Âö �|5hæ
ç;ì�ç â ½=öv�®êHæ
@ é��Nì��®ë»é*êHæ þ � ã æ�ä;ìHæo�fä;æ!åhæ
ç=ÚAë»å3�»ç~�;ä;ìHæ
ç Ñ ø�äNìíöv�®êHæ
ç æR� Ñ ê�ì�ï«æë���é*ìHäßæç â ¬�ù�ùTù �

9 é�ì;:�æ�ä 0=< ²?> Æ â /�é�ä��Né � @ æ�@��;æö45»ë���ê���ø®ìHæ
ç��+��äTöv�®ë��;ä���ê ã ä~�höpæç;ç;ì�ëhø�ïüé�ë]���Eé�öv�|�fä;æ=ä��aé*ç~�ßæåÕöv��ômæ�æ �
` ¿À¼7Æü¸p¹%ÁAÄ*ÁE¼×Ø�¹32i� + Éf¼�Ç»ØjºA8CBõ¸|�o¹mØ*¿HØNÊ*¼×Ä â � µ ÷ SED¶ �Tù â �F��� . �

Ñ �8ë���ä � � Ä~0xÂ¸úÖ%¸pÈpÁ�¸p¹HG�È;Ä�¼7¹»º42JIXÂ¸oÁ�¸pÈ½Æ�¼7¹mÄ*ÁE¼×Ø�¹ÏÃa¸«¿HÄ�Á�¸p¹ ¸pÉfÈ�¸p¹ù¸NÄ�É]2 ¹mØ�È½Æû¸LK ! ÖÇ���E7�NM���¸oÁ
K ! ÖÇ���E7�NMEM � À»ä�é�ëCöpæ â ��� . µ3�

ÁÂ� ÁÂ�JOAPRQA2 �VÌ �VÍ{é*ë»åS/ �&T ÅiÌ <�P Ì �VU Äjº
¸½ºÅÃ�ÉúÊ2Â¸p¹C¼n¸ÅÃa¸½ºÙÇõÈ;Øo� Â¸
Ã¢Â¸½º�Ä*¿À¼7Æû¸p¹%ÁAÄ�¼7ÈN¸½º � / é�çNç~�®ë â
Ù éjäNì�ç â ����� D �

� ì��®ëhæ
ê �WO Å P?XYX �VÊ1�3Ë�Æ[Z � �=ºpÁE¼7ÆüÄ*ÁE¼×Ø�¹{Ã�Þ ��ÁAÄ*Á!Ãa¸µ/ È;Øo� Â¸
Ã¢Â¸½º5K!Ø�¹\7�¿À¼7¹ÙÂ¸
Ä�¼7ÈN¸½º�] 4 Â¸oÁR6hØÃa¸_^Ä`'!Ø�È½¼R7
)Ø�¹aG¢¿À¼ º�º�Ä�¹%Á�Ä�Ú*¸|��bN¹mÃ�¼)��Ä*Á�¸pÉfÈûÃa¸dc�ÉCÄ*¿À¼8Á»Â¸ ��Ù 5Âö �|5hæ
ç;ì�ç â ½=öv�®êHæµög�höv���*ä�é*êHæ�æ
ë þ öoìHæë»öoæ
ç!åhæênò ÚAëhø ðæëhìHæo�fä2åhæ 9 ä;æ
ë���î»êHæ â ����� µ3�

ÁÂ�WO ÅÇÆÉÓ$Ê�Ë$Ì$Í â 9 � þ¢ÅiÊ�Ê P �VÆ â é*ëhå ÙÇ� þ¢ÅiÆ X �ÂÍ � � Ä½ÇmÁ�¸pÉfÈ�º�¸oÁ�Æû¸½º½ÉfÈN¸½ºÅ¸p¹�¾p¼×Ø*Á�¸|��6a¹mØ*¿HØNÊ*¼n¸ âö45Cé ã �;æ�ä�ö�é ã �;æN�hä;ç ã 5&�fç;ì ñ �hæ
ç�e��ßä�é*ì��ßæï«æë���åhæ
ç çNìHø�ëCé��fÿ�æR� åhæ
ç å��®ë»ë�ðæ�æç�eRé ã»ã ê�ìíö�é��Nì���ëüåhæÛé*ëCé��ê��fçßæ«å[ò ì�ïüé�ø�æ
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