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noeuds non concernés par le contact

Pièce
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noeuds concernés par le contact
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þ�ë��më�þ�ë�þ ß�ô7ÿ��m÷ï�Pømÿ���ð�÷�ÿ@ó�í(ùúô#÷(�Pø!ñß�ô·�Pÿm	�í#ùúø*õ¥ì ð1÷(�PíBCmó-ø��Pð��}÷! Î�¿3Ó�Ê¾ôKÐ�¿5Î<ÑsÀ�¿3×�Å�ËEÌÙÆÉèEÅÇË{×�¿dÅ�Ï�ÆÂË�ôEÈ�Ê<Ë�ÀÂËlÑ�ÕWÞ<ÃEÌ�¿ÜÐ¾ÖZÆÂÎÚÏ�Ã.Á�Å�¿5Ï�ÆÂÒ�Î(Ë.ÎÍÏ�ËEÌÍ×<ÑOÕWÞ<Ò�ÆÂÑ�ÆÚË.Ñ~ÏQÊ<ÎÍÑ�ÕWÞ<ÃEÌ�¿Ð¾Ö ù Ê<ÀÉËEÅÝË.ï�×<ÀÂÆÉÕ.ÆÂÏ�Ë ´ ! Î�Õ.Ò�Î<Ñ�ÆÂÐ<èEÅ�ËáÐ<Ò�Î<ÕáÀæ¿ ÓÚÆÂÏ�Ë.Ñ~Ñ�Ë�Õ.ÒdÎ<Ñ�Ï#¿5Î�Ï�Ë3¿5Ê�Õ.Ò�Ê�ÅÇÑ�Ð<ËáÀåÖ?ÆÉÎ<ÕEÅÇÃEÌÍË.ÎÚÏÝÐ<Ë�ÕE¿aÀÉÕ.Ê<À ´ß�øúÿ��m÷�õ9ð��Pð��m÷�õ9ô�ÿ��m÷ï�Pømÿ���ð�÷�ÿ@ó�í(ùúô#÷(�Pø!ñ1ô& Ê�Õ.Ò�Ê�Å�ÑÜÐ<Ë.Ñ�ÆÂÎ<ÕEÅ�ÃEÌÍË.Î�Ï�Ñ3Ð<ËÍÕE¿5ÀÂÕ.Ê<À ô\Ò�Î�Ó�Ë.Ê<ÏÜ×�Å�Ë.Î<Ð�Å�Ë(Ë.Î�Õ.Ò�ÌÍ×<Ï�Ë(ÀÂËÍÐ<Ã.×<Àæ¿aÕ.ËEÌÍË.ÎÚÏáÐ<Ë.ÑáÎ�*(Ê<Ð<ÑË.Î�Õ.Ò�Î�Ï#¿5Õ.Ï(È�Ê<Æl×�Ë.Ê<Ó�Ë.Î�Ï�Ë.Î<Á�Ë.Î<Ð�ÅÇËEÅ�Ð<Ë.ÑÍ×\Ã.Î<Ã.Ï#Å�¿5Ï�ÆÂÒ�Î<Ñ�Ð�¿5Î<ÑÍÀ ÖZÒ�Ê<Ï�ÆÂÀlÒ�Ê;Ð<Ë.Ñ�ÅÇË.ÀZ"aÕ#Þ<ËEÌÍË.Î�Ï�Ñ ´¾Ô ¿Õ.Ò�Î<Ð<ÆÂÏ�ÆÂÒ�ÎõÐ<Ë�Õ.Ò�Î�Ï#¿5Õ.ÏlË.Ñ�Ï3Ð<ÒdÎ<Õ�ÌÍÒÚÐ<Æ�÷�Ã.Ë�×�Ò�Ê�ÅlËEÌÙ×m�.ÕWÞ<ËEÅlÀÂË.Ñ�Î�*(Ê<Ð<ÑáÐ<Ë�×\Ã.Î<Ã.Ï#Å�ËEÅlÐ�¿5Î<ÑÜÀåÖ?Ò�Ê<Ï�ÆÂÀ ´� Ò�Ê�ÅÝÕ.Ë.À�¿<ô<Ò�Î2ÓdË.Ê<Ï{Æ�ÌÍ×\Ò�Ñ�ËEÅ�é � / �0i / Ý þ



³<´½µ Ô Ë.Ñ3Ã.È�Ê�¿5Ï�ÆÂÒ�Î<ÑlÐ<Ê�Õ.ÒdÎÚÏ#¿aÕ.Ï M µ
! ÎõË.ïÚ×�Å�Æ�ÌÍË(Õ.Ë.Ï~Ï�Ë�Õ.ÒdÎ<Ð<ÆÉÏ~ÆÉÒdÎø¿5Ê�Ï�ËEÌÍ×<Ñ��l¿5×�Å�è.ÑlÊ<Î<Ë�ÀÂÆÂÎ<ÃE¿�Å�ÆÂÑ#¿aÏ�ÆÂÒ�Î2Ð¾ÖZÒÚÅ�Ð�ÅÇË µ Ë.Î2Ï~ËEÌÍ×<ÑQé� / �0i / ý � /ùk � " � / '� � z¯�(k ] "@z¯� ¬ ' $ ³<´½µ N %

ý � / k � "[I / K / %&� / '� � z¯�(k ] "@zÿ� ¬ ' $ ³<´½µ�µ %
ý � / k � "[K /  \I / '� � %2� / z¯�;k ] "@z¯�a¬)'lÕE¿�Å � � /� � %�"VI / K / '�ýrþ $ ³<´½µE³ %
ý � / k � "[K^]�'� � %&� / zÿ�F � "VIC]�'� � %&� / z¯�<k ] "@z¯�ª¬O'
ý � / k "1á ,.-�/10 �  á>'�%2� / zÿ�<k ] "@z¯�ª¬�' $ ³<´½µ M %! Î�Å�Ã.Ã.ÕEÅ�ÆÂÏlÀæ¿öÕ.Ò�Î<Ð<ÆÂÏ�ÆÂÒ�Î2Ð<Ë(Õ.Ò�Î�Ï#¿5Õ.ÏlÊ<Î<ÆÂÀ�¿5Ï�ÃEÅ�¿aÀ�é

f á+ 7á ,.-�/10 � n %&� /  � /z¯� 3 þ $ ³<´½µX_ %í ËlÈ�Ê<ÆÚÕ.ÒdÎ<Ð<Ê<ÆÉÏ�¿aÊ<ï·Ì��EÌÍË.ÑOÃ.È�Ê�¿5Ï�ÆÂÒ�Î<ÑEô.Ë.Î�Å�ËEÌÙ×<Àæ¿� E¿5ÎÚÏOÑ�Æ�ÌÍ×<ÀÂËEÌÍË.Î�Ï�¿5Ê�Î<ÆÂÓ�ËE¿aÊ·Ð<ÆÂÑ�ÕEÅÇË.ÏsÀæ¿áÓ5¿5ÀÂË.Ê�ÅÐ<Ë % �\ ×�¿dÅ¾é % �\ ý ¶ »¼¸ ½ � \
�
þ ,�-�/90 � %�7 / k � /z¯� � �B¾þ ëF�}ëæþ ëZ` ß�ô7ÿ��}÷(�Pømÿ���ôâ;��ñ�ðNÿ@ð��PôÔ Ö�¿5ÀÂÁ�ÒÚÅÇÆÉÏ~Þ�ÌÍË�Ð<Ë�Õ.ÒdÎÚÏ#¿aÕ.Ï�×�Å�Ã.Ñ~Ë.ÎÚÏ�ÃÍË.Ñ�Ï(Ð<ÆÂÏ)Ë�Ë.ïÚ×<ÀÂÆÂÕ.ÆÂÏ�Ë;Ì ´)a Àsäº¿5Ê<Ï�×�ÅÇÃ.Õ.ÆÉÑ~ËEÅ(Õ.Ë.Ï�Ï�Ë�¿5×<×\Ë.ÀÂÀæ¿aÏ�ÆÂÒ�Î ´! Îõ×�Ë.Ê<ÏáË.ÎÚÓ�ÆÂÑ#¿5Á�ËEÅÝÀ�¿�ÁdË.Ñ�Ï�ÆÂÒ�Î2Ð<Ê�Õ.ÒdÎÚÏ#¿aÕ.Ï{Ð<Ë�Ð<Ë.Ê<ï*Ìö¿5Î<ÆÂèEÅ�Ë.Ñ ´�Ô ¿Ù×�Å�ËEÌÍÆÂèEÅ�Ë�Õ.ÒdÎ<Ñ�ÆÂÑ�Ï�Ë�ØÍÑ�Ê<×<×\ÒT�Ñ�ËEÅ ÈÚÊ<ËöÀæ¿,Õ.Ò�Î<Ð<ÆÂÏ�ÆÂÒ�Î�Ð<Ë�Õ.Ò�Î�Ï#¿5Õ.Ï�Å�Ë.Ñ�Ï~Ë·À�¿õÌ��EÌÍË�Ë.Î;Ð<Ã.Ä<Ê<Ï�Ë.Ï�Ë.Î�÷�Î�Ð¾ÖZÆÂÎ<ÕEÅ�ÃEÌÍË.Î�Ï ´0ã Î�Î�*(Ê<ÐË.Î;Õ.ÒdÎÚÏ#¿aÕ.Ï�Å�Ë.Ñ�Ï�Ë�Ë.Î�Õ.Ò�ÎÚÏW¿5Õ.Ï�Ñ~ÆQÀ�¿�×�Å�Ë.Ñ�Ñ~ÆÉÒdÎøÐ<ËÍÕ.Ò�Î�Ï#¿5Õ.ÏáË.Ñ�ÏáÕ.ÒÚÌÍ×�Å�Ë.Ñ~Ñ�ÆÂÓ�Ë�ô�ÒdÎøÀÂÊ<ÆsÆ�ÌÍ×\Ò�Ñ�Ë�¿5ÀÂÒÚÅ�Ñ"1á� á ,.-�/10 � '�%&� ý�þ<ô¾Ë.ÏÍÊ<Î�Î�*(Ê<ÐSÐ<Ë2Ñ~Ê�ÅAä�¿aÕ.Ë�ÀÂÆÉÄ�ÅÇË�Å�Ë.Ñ�Ï�Ë�Ð<Ë�Ñ�Ê�ÅAäº¿5Õ.Ë�ÀÂÆÂÄ�Å�Ë ´cb ¿5ÆÂÑÍÕ.Ë.Ï�Ï�Ë�Þ�çÚ×\ÒT�Ï�Þ<è.Ñ~Ë�Î¾ÖZË.Ñ~Ï�×�¿5Ñ�Ó�Å�¿aÆÉË�×<Ê<ÆÂÑ�È�Ê<Ë�Õ.ËEÅ�ÏW¿5ÆÂÎ<Ñ�Î�*(Ê<Ð<Ñ�×\Ë.Ê<Ó�Ë.ÎÚÏ�Ë.ÎÚÏWÅ�ËEÅ(Ë.Î�Õ.Ò�Î�Ï#¿5Õ.Ï(×�Ë.Î<Ð�¿aÎÚÏ�ÀåÖ?ÆÉÎ<ÕEÅÇÃ��ÌÍË.Î�Ï ´Où Î�÷�Î�Ð¾ÖZÆÂÎ<ÕEÅ�ÃEÌÍË.Î�ÏEôOÆÉÀÝäº¿5Ê<Ï�Ð<ÒdÎ<Õ�Å�Ë.×�Å�Ò"Û~Ë.Ï�ËEÅáË.Î�Ñ�Ê�ÅAäº¿5Õ.Ë�ÀÉË.ÑöÎ�*(Ê<Ð<Ñ·È�Ê<ÆlÒ�Î�Ï·×\Ã.Î<Ã.Ï#Å�Ã ´Ô Ëö×�Å�ÆÂÎ<Õ.ÆÉ×�¿aÀsÆÉÎ<Õ.ÒdÎÚÓ�Ã.Î<ÆÂË.Î�Ï�Ð<ËÍÕ.Ë.Ï�Ï�Ë�ÌÍÃ.Ï~Þ<ÒÚÐ<ËÍÅ�Ã.Ñ�ÆÂÐ<Ë�Ð�¿5Î<Ñ(ÀÂË.Ñ(×�ËEÅÇÏ�Ë.Ñ(Ð<ËÍÓ�Ò�ÀÂÊ�ÌÍËÍË.Ï(Ð<Ë�×�Å�Ã.Õ.Æ��Ñ�ÆÂÒ�ÎõË.Î<Á�Ë.Î<Ð�Å�Ã.Ñá×�¿�ÅlÀÂË.Ñ�Å�Ë.×�Å�Ò5Û�Ë.Õ.Ï~ÆÉÒdÎ<Ñ ´ í Ë(Ñ�Ò�Î�Ï3Ð<Ë.Ñ(¿5ÀÂÁ�ÒÚÅ�ÆÂÏ�Þ�ÌÍË.ÑÜË.ïÚ×<ÀÂÆÂÕ.ÆÂÏ�Ë.Ñ(Ë.Î�Ï�ËEÌÍ×<Ñ ´�d Ò�Ï�Ò�Î<ÑÈ�Ê<ËÍÀåÖ?Ò�Î�×�Ë.Ê<Ï�¿�ÌÍÃ.ÀÂÆÂÒÚÅ�ËEÅÜÀ�¿�×�Å�Ã.Õ.ÆÂÑ�ÆÂÒ�Î;Ð<ËÍÏ�Ë.ÀÂÑ�¿5ÀÂÁ�ÒÚÅÇÆÉÏ~Þ�ÌÍË.Ñ3×�¿�ÅáÊ<Î<ËÍÁ�Ë.Ñ�Ï~ÆÉÒdÎ�Ð<Ê�×�¿5Ñ(Ð<ËÍÏ�ËEÌÍ×<Ñe * ÒdÁ�Þ�Å�Æ�Ë.Ïá¿5À ´�ó�ügf ô e í Ë.Ñ�Õ.Ê<Ï�Ï�Æ ü�ó�f ô e � Ê�Å�Ð<Ò�Î�Ë.Ïá¿5À ´�ü:'gff´Ô ¿�Ñ~Ë.Õ.Ò�Î<Ð<ËÍäº¿Th.Ò�Î�Ð<ËÍÏ#Å~¿5ÆÂÏ�ËEÅ3ÀÂË�Õ.ÒdÎÚÏ#¿aÕ.Ï�Õ.Ò�Î<Ñ~ÆÉÑ~Ï�Ë�Ø�Ó�ÒdÊ<ÀÉÒdÆæÅáÈ�Ê<Ë�À�¿�Õ.Ò�Î<Ð<ÆÂÏ�ÆÂÒ�Î�Ð<Ë�Õ.Ò�Î�Ï#¿5Õ.ÏÜÑ�Ò�ÆÂÏÓ�ÃEÅÇÆ�÷�Ã.Ë�Ø �FkÁz¯� ´i� Ò�Ê�Å3Õ.Ë.À�¿<ô0ÒdÎ;Ã.ÕEÅ�ÆÂÏ(À�¿2Õ.Ò�Î<Ð<ÆÂÏ�ÆÂÒ�Î;Ø!�~k#zÿ��Ë.Ï(Ò�Î�À�¿2ÀÂÆÂÎ<ÃE¿�Å�ÆÂÑ�Ëö×�Ò�Ê�ÅáÈ�Ê¾ÖZË.ÀÂÀÂËÑ�ÒdÆÉÏ�Ë.ï�×�Å�Æ�ÌÍÃ.Ë2Ë.Î�ä Ò�Î<Õ.Ï�ÆÂÒ�Î�Ð<ËõÓ"¿�Å�Æ�¿5Ä<ÀÂË.Ñ�Õ.Ò�Î<Î�Ê<Ë.Ñ*Ø�� ´ í ËõÑ�Ò�Î�Ï·ÀÂË.Ñ�ÌÍÃ.Ï~Þ<ÒÚÐ<Ë.Ñ�Æ�ÌÍ×<ÀÂÆÂÕ.ÆÂÏ�Ë.Ñ2Ë.ÎÏ�ËEÌÙ×<Ñ ´ í Ö?Ë.Ñ�ÏsÕ.Ë�Ï�ç�×�ËáÐ<Ë�ÌÙÃ.Ï�Þ<ÒÚÐ<ËÜÈÚÊ<ËáÎ<Ò�Ê<Ñ�ÓdË.Î<Ò�Î<Ñ�Ð<ËáÐ<Ã.ÕEÅ�Æ�Å�Ë ´�b ¿5ÆÂÑEô�ÀÂË.ÑlÐ<Ò�Î<Î<Ã.Ë.ÑlÐ<Ê�Õ.ÒdÎÚÏ#¿aÕ.Ïj Î<Ò�Å�Ì�¿5ÀÂË�Ë.Ï�Ð<ÆÂÑ�Ï#¿5Î<Õ.Ë�ØõÀ ÖZÒ�Ê<Ï�ÆÂÀ#köÑ�Ò�Î�Ï�ÕE¿5ÀÂÕ.Ê<ÀÂÃ.Ë.Ñ*Øg�·Ë.ÏÍÑ�Ê<×<×\Ò�Ñ�Ã.Ë.Ñ�Õ.ÒdÎ<Ñ�Ï#¿5Î�Ï�Ë.Ñ ´ í ÖZË.Ñ�Ï�Ë.Î$Õ.Ë.À�¿È�Ê<Ë�À�¿�ÌÍÃ.Ï~Þ<ÒÚÐ<Ë�Ð<ËöÕ.Ò�ÎÚÏW¿5Õ.Ï�Ë.Ñ~Ï�Ð<ÆÂÏ�Ë,l�Ë.ï�×<ÀÂÆÉÕ.ÆÂÏ�Ë�m ´nb ¿5ÆÂÑ·¿KÓ�Ë.ÕÍÊ<Î<Ë�Ï�Ë.ÀÂÀÂË�Õ.ÒdÎ<Ð<ÆÉÏ~ÆÉÒdÎ¾ô¾Ò�ÎS¿aÄ�Ò�Ê<Ï�ÆÂÏØ�Ð<Ë.Ñ(×�Å�ÒdÄ<ÀÉèEÌÙË.Ñ�Ð<ËÍ×�Å�Ã.Õ.ÆÂÑ�ÆÂÒ�Î�Ë.Î�÷�Î�Ð<ËÍÕE¿5ÀÂÕ.Ê<ÀQ×<Ê<ÆÂÑ�È�Ê<Ë�À ÖZÃ.Ó�ÒdÀÉÊ<Ï~ÆÉÒdÎøÐ<ËÍÀ�¿�Ñ�Ê�ÅAäº¿5Õ.Ë�Ð<Ë·Õ.ÒdÎÚÏ#¿aÕ.Ï¿5Ê2Õ.ÒdÊ�Å�ÑlÐ<Ë(ÀåÖ?ÆÉÎ<ÕEÅÇÃEÌÍË.ÎÚÏÜÎ¾ÖZË.Ñ�Ïl×�¿5Ñ3×�Å�ÆÂÑ�Ë(Ë.Î2Õ.Ò�ÌÍ×<Ï�Ë ´ í Ë.Ï�Ï�ËáÑ�Æ�ÌÍ×<ÀÂÆ�÷�ÕE¿5Ï�ÆÂÒ�ÎõÐ¾ÖZÒÚÅ�Ð�Å�Ë µ Å�Ë.Ó�ÆÉË.Î�Ï3Ø¿5×<×�ÅÇÒÚÕWÞ<ËEÅOÀÂÒÚÕE¿5ÀÂËEÌÍË.Î�ÏsÀ�¿(Ñ�Ê�Åfä�¿5Õ.ËlÐ¾ÖZÒdÊ<Ï�ÆÂÀÚ×�¿�ÅOÊ<Îö×<Àæ¿aÎ j Ó�Ò�Æ�Å�ÀÂË.Ñs÷�Á�Ê�Å�Ë.Ñ ³I´7o Ñ~Ê�ÅOÀÉË.Ñ~ÈÚÊ<Ë.ÀÂÀÂË.Ñ3À ÖZÒ�Ê<Ï�ÆÂÀË.Ñ�ÏlÓ�Ê�Õ.Ò�Ì�ÌÍË3ÀÂË(×<À�¿5Î�p / Ð<ÃW÷�Î<Æ0×�¿�Åoè / Ë.Ï 7 / Ë.Ï3Å�Ë.×�Å�Ã.Ñ�Ë.Î�Ï�Ã3Ë.Î�×�Ò�ÆÂÎ�Ï�ÆÂÀÂÀÉÃ.Ñ�k ´�Ô ÒÚÅÇÑ�ÈÚÊ<ËáÀ ÖZÒ�Ê<Ï�ÆÂÀ0Ë.Ñ�ÏÕ.Ò�Ê�ÅÇÄ�Ë�ô0ÆÂÀsÑ�Ë�×�ÅÇÒÚÐ<Ê<ÆÂÏ(Ð<Ë.Ñ(×�Å�Ò�Ä<ÀÂèEÌÍË.ÑáÐ<ËÍÕ.Ò�Î�Ï#¿5Õ.Ï ´q� Ê�ÅáÀ�¿ö÷�Á�Ê�ÅÇË ³<´7o j ¿:k.ô�ÀÂËÍÎ�*(Ê<Ð;Î<ËÍ×�Ë.Ê<Ï(×�¿5ÑÐ<Ã.×<À�¿5Õ.ËEÅÍ¿5Ê;Ð<Ë.À�ØõÐ<Ë�À�¿õÀÂÆÉÁdÎ<Ë�×\Ò�ÆÂÎÚÏ�ÆÂÀÂÀÂÃ.Ë2ÈÚÊ<ÆÝË.Ñ�Ï�À Ö�¿a×<×�Å�Ò5ïÚÆ�Ì�¿5Ï~ÆÉÒdÎø×<À�¿5Î<ËöÐ<Ë�À ÖZÒ�Ê<Ï~ÆÉÀ ôO¿5ÀÂÒÚÅ�Ñ�È�Ê<ËÕ.ËÍÐ<Ã.×<À�¿5Õ.ËEÌÍË.Î�Ï�Ë.Ñ~Ï�ÀÂÆÂÕ.ÆÂÏ�Ë ´Q� Ê�Å3À�¿Ù÷�Á�Ê�Å�Ë ³<´7o j ÄqkyôÚÀÂË�Î�*(Ê<ÐøÎ<ËÍÓ�ÒdÆÉÏÜ×�¿5Ñ�ÀÂËÍÕWÞ�¿5Î<Á�ËEÌÍË.Î�ÏlÐ¾Ö�¿5Î<Á�ÀÂËÐ<ËÍÀ ÖZÒ�Ê<Ï�ÆÂÀOË.Ï�ÀÂËÍÐ<Ã.×<À�¿5Õ.ËEÌÍË.Î�Ï�ÆÂÎ<Ð<ÆÂÈ�Ê<Ã�Ë.Ñ�Ï(¿5Õ.Õ.Ë.×<Ï�Ã·¿aÀÉÒ�Å�Ñ3È�Ê<Ë·ÀÂËÍÎ�*(Ê<Ð�×\Ã.Î<è.Ï#Å�ËÍÐ�¿5Î<ÑáÀ ÖZÒ�Ê<Ï�ÆÂÀ ´ &
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��� ¸����V¸Í¸O� ���:��� ¸ ��� �À ÖZÆÂÎ<ÕEÅ�ÃEÌÍË.Î�Ï�Ð<Ë3Ï~ËEÌÍ×<Ñ�Ñ�Ê<ÆÂÓ5¿5ÎÚÏKô5Àæ¿ ×�Ã.Î<Ã.Ï#Å~¿5Ï�ÆÂÒ�ÎÍÐ<Ê�Î�*(Ê<ÐöË.Ñ�Ï�Ð<Ã.Ï�Ë.Õ.Ï~Ã.Ë{Ë.ÏÝÀÂË�Î�*(Ê<Ð�Ë.Ñ~Ï{Å�Ë.×�Å�Ò5Û�Ë.Ï~ÃË.Î�Ñ~Ê�ÅAä�¿aÕ.Ë ´þ�ë��më�þ�ë � ß�ô��Pó�ø!ð��Pô#ùúô(÷(�=õ9ô���ÿ��mð1÷>�
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� ì��cöcóUícì$òcñró+è/ì$ëó�öcícì$ìù�ó	íUæõéhò8ó�ëôOè/ì1èXöcò]ù�ñ�ähê�ìö;è¦îcähöcùoðñ8û�î;ëó�éÆó�é�XcüOöcì�ä5æDçCähô�ñ8è éÆó�ú;û�ì�ícì<è/ëù�éhícöû�éhòcékûJçCäoüOöcéUìù�ó�öcó�éhähéhù�ë�í;çCòcù�ähì�ähñ�ô�éhðéhìä �C�O�k����{râ � ñ�ö;è�ðìäkçc÷Xñ�òµù1æõìù�ó�ícékè/éhô�ë�ê�ì1è ù�ähìù û�ëó�úcñ8ícìùû öcähó�éhô8è/éhähähìù>üOöcéUî;è/ëù�ìòOó�ìòOó<ícìù�ó+çCö�
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¶î;è ëù�ìò8ó�ëù í;çWòcùB¡ � ì]í;çCéhò ) ã�¢î;è/ñrî;ñ�ù+çWò8ó<ähì]ô8è�çCícéhìòOó<ðñ�ò�o�öcôröcë]ðñ8ûJû�ì�ähéÆù�ù�ìö;è â� òpù1æõìù�ó<ìòcù�öcéhó�ì]ì�£¦ñ8è/ðë]íUæDçCí;çWîcó�ì1è�ðìó�ó�ì]û�ëó�úcñOícì�û�öcähó�éhô8è éÆähähì çWö�
Óî;ç�è ó�éhðöcäÞçrè/éhó�ëù�ícöµùQlOù�ó�ï1û�ì�Jè ëù�ñ�öcí;è/ì�ìó�ícöµî;è/ñ+�cähï1û�ì]ícìdX5ñ8è/ôrì1çCô�ì�í;çCòcùFù�ñ�òµìòcù�ì1û]�cähì�¤
¥ ô�ìù�ó�éhñ�ò�ícöZðñ�òOó+çCðó]�;çCù�ëì�ù�ö;è�öcòcìµû�ëó�úcñOícìµícìÓîXëò;çCähéÆù6çCó�éhñ�ò3ìó�üOöcé<ô�ëòcï1è/ì�ícñ�òcðµícìùó�ì1è�û�ìù<ó+è ïùRôOè�çCòcícù<ü8öcé	î;ìöcê�ìòOó<î;ì1è/ó�ö;èP�;ì1è<äkçJè/ëù�ñ�ähöcó�éhñ�òµícöµùQlOù�ó�ï1û�ì�÷
¥ è/ëî;ç�è/ó�éÆó�éÆñròµúcëó�ë1è/ñ�ô�ïòcì�ícì�äkç�ê8éhù�ðñrù�éhó�ë]ü8öcé	î;ì1è/ó�ö;èP�;ì�ëôOçCähì1û�ìò8ó<ähì�ðñ�òcícéhó�éhñ�òcòcì1û�ìòOó�ícìäkçJûJçCó+è éÆðì�÷
¥ ícë�XañOè�ûJçCó�éhñ�òcù�ù�ö��céhìù>î;çrè�ähì�ûJçCéhähäÞçWô�ì â
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Oî;ñrù�ì1è/ñ�òcù�äÆì]î;è éÆòcðéhîXì�ícìù>û�ëó�úcñ8ícìùû öcähó�éhô8è/éhähähìù ìó òcñ�öcù]òcñ�öcù éÆòOó�ë1è/ìù�ù�ì1è/ñ�òcù��µähìö;è�çWîcîcäÆéhð1çCó�éÆñròeçCö�
-î;è ñ+�cähï1û�ìù�éhòcðñ8û�î;è ìù�ù�é��cähìù â� òOþ;òU÷$òcñ�öcùJî;è/ëù�ìò8ó�ì1è ñ�òcù�äÆìµù�ñ�ähê�ìö;è�üOöcìµòcñ�öcùÓçEê�ñ�òcù�ícëê�ìähñ�îcîXëµìò3î;è/ëù�ìòOó+çCòOó�ù�ìùJî;ì1è§X5ñ8è§�ûJçWòcðìù>ù�ö;èFícìù�ð1çCù>çCð1çCícë1û éÆüOöcìù�ícìbX5ñ8è/ôrì1çCô�ì��Jäkç¨Xañ�éhù]ÿJìód*Jô8è éÆähähìù1÷¦îcöcéhù�äÆìù�çrû�ëähéÆñOè�çCó�éhñ�òcùüOöcì�òcñ�öcù�ç1êrñ�òcù�í Ç éhòOó+è/ñOícöcékè/ì]î;ñ�ö;èFó+è�çWéÆó�ì1è�ähìù�ð1çCù�ícìDXañ8è ô�ì1çCô�ì�îcähöcù>ðñ8û îcäÆì�
Oìù1÷cðì ü8öcé	òcñ�öcùîXì1è�û�ìó�ó+è�ç�ícì]ó�ì1è�û�éhòcì1è�ù�ö;è<ícéU£ ë1è/ìòOó�ù�ð1çWùRíUæ�çCîcîcähéÆð1çWó�éhñ�ò â
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FLG F I F J K FHG FHGF I F I F IF J F JK K KF I F J KFHG FHG F JM�P�O

Symétrique

1 2 Nbnoe FHGFCIFCJK

F G
F G
FCI
FCI
FCI
FCJ
FCJ
K
K
K

FCIFCJK
F G
F G

FCJ
FHG F I F J K FHG FHGF I F I F IF J F JK K KF I F J KFHG FHG F JMkÈ�O
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* â ã � çJû�ëó�úcñ8ícì�ícì�è/ëù�éhícö¶û éÆòcékûJçWä �+*

� òpðñ�òcù�éhícï1è/ì]öcòcì]ícëðñ8û�îXñ�ù�éhó�éhñ�òµícì � è ñ�öcó â
Õ ß Ðc Ðd Ðc á

Ðc ìù�ó�öcòcì¶ûJçWó+è/éhðìµó+è/ékçCòcô�öcäkçCékè/ìpéhò�Xaë1è/éhìö;è/ìpícñ�òOóJäkç�ícéÞçWô�ñ�ò;çCähìµìù�ó ã ìó Ðd ìù�óÓöcòcì_ûJçCó+è éÆðìícékçCô�ñrò;çCähì â � òcì�ðñ�òcícéhó�éhñ�ò_ù�ö � ù+çCòOó�ì]î;ñ�ö;èFüOöUæõöcòcì�ó�ìähähì�ícëðñ8û�îXñ�ù�éhó�éhñ�ò-ì�
Oéhù�ó�ì�ìù�ó�üOöcìnÕåù�ñ�éhóùQlcû�ëó+è éÆüOöcì â é î;ç�è/ó�ékè�ícì>ðìó�ó�ì>ícëðñOû�î;ñ�ù�éÆó�éÆñròU÷�ñ�ò�éhò8ó+è ñ8ícöcéhó<ícìù<ícëðñ8û�î;ñrù�éhó�éhñ�òcù<éÆòcðñOû�îcähïó�ìùícì]ícéU£ ë1è ìò8ó�ùFñ8è/í;è/ìù â�� ìö;è�ñ8è/í;è/ì�ícëî;ìòcípícöÓòcñOûb�;è ì>ícì]ðñOì � ðéhìò8ó�ùRícì]äkçJû�çCó+è/éhðì�ícìdX�çCðó�ñ8è é��ù+çWó�éhñ�ò c üOöcé¦ù�ñ�òOóRù�ó�ñ8ð�¼Cëù â�� òµòUæõöcó�éÆähéhù�ì1è�ç éÆðé	ü8öcì]ícìù�ícëðñ8û�îXñ�ù�éhó�éhñ�òcù<íUæõñ8è/í;è ì %câH�lc¸Cg;n ë$g `�ì�íXì4g;m ì(m$¸CgXnµëo^QEEíXï¶dDï : î1g;iiíJd$fhgqîCdQî+ïfehg�i�jlk� ñ�ö;è öcòcì>ícëðñOû�î;ñ�ù�éÆó�éÆñròÓéhòcðñ8û�îcähïó�ì�íUæõñ8è í;è/ì % ÷rñ�òÓòcì�ð1çCähðöcähì]î;çCù Ðc ìó Ðd ûJçCéhù c ìó d ó�ìähäÆìùüOöcì]ähì>ù�ó�ñ8ð�¼1çCôrì�ðñ8û�î;çCðó�ícì c ù�ñ�éhó�éhícìòOó�éhü8öcìb� ðìähöcéUícìdÕ â�� ò�òcì]ð1çCähðöcäÆì]üOöcì�äÆìùFó�ì1è�û�ìù c Ø �ó�ìähù�ü8öcì�Õ Ø �%mßJá â
n Ù , G ÿ Ú G ,2o ÿ p�à Ø �%mß á G Ðc Ø � ß 2Ðd � qr Õ Ø � Ä � *môÍÏ=� ô Þ s Ø ú�t� ó ìó s ú � t� ó Ðc Ø Ï Ðc Ï�� Ðd Ï=uv

n , G Ðd Ø ß Õ Ø�Ø Ä Ø4*�ôÍÏ=� ô Þ s Ø ú t� ó Ðc :Ø Ï Ðd Ï
H�lc¸Cg;n ë$g `�ì�íXì4g;m ì(m$¸CgXnµëo^QEEíXï¶dDï : î1g;iií�negUdDì w$lEïxg » i�jlk
Ý # � � ¤Ê#øñ8ícé�þ;ìí � òcðñOû�îcähìó�ì � è/ñ�öcó<ícìðñ8û î;ñ�ù�éhó�éhñ�ò Þ� ñ�ö;è öcòcì]ícëðñ8û�îXñ�ù�éhó�éhñ�òJéhòcðñ8û�îcähïó�ì�û ñ8ícé�þ;ëì�íUæõñ8è/í;è/ì % ÷�ñ�ò�ð1çCähðöcähì�çCöcù�ù�éXähìù�ó�ì1è�û�ìù c Ø � ó�ìähùüOöcìnÕ Ø � ßCá ûJçWéÆù�ñ�òpòcì�ähìù]ù�ó�ñOð²¼Wì]î;çCù1÷cñ�òpähìù�ç�o�ñ�öcó�ì]çCö-ó�ì1è�û�ì]ícékçCô�ñ�ò;çCä d Ø â½� ò¶ð6úcì1è/ð6úcìb�ê�ë1è éDþ;ì1è äÞç ðñ�òcícéhó�éhñ�ò-ù�öcéhêCçCò8ó�ì�¤

n , Í � Õ Ø � ß Í � �ÍÏ=� ô c Ø Ï c Ï�� d Ï
� ñOè/ù�üOöcìµäaæ ñ�òeöcó�éÆähéhù�ìpöcòZù�ó�ñOð²¼EçCô�ì�ðñ8û�î;çCðó ù�ö;è�öcòcì-ûJçCó6è/éhðìÓð1è/ìöcù�ì�÷�ðìµó¾lOî;ìµíUæõéhò�X5ñ8è�ûJçWó�éhñ�òè/ìî;è ëù�ìò8ó�ìÓöcòZù�ö;è ðñ Ç ó�ó+è ïù ékû�îXñ8è/ó+çWò8ó â0� æõì�
Oéhù�ó�ìòcðìµícìµäkçpícëðñ8û�î;ñrù�éhó�éhñ�òZéhòcðñ8û�îcähïó�ì-çpëó�ëû�ñrò8ó+è ëì>îXñ�ö;è�ðì1è/ó+çCéhòcù�ó¾lOî;ìù<ícì�ûJçCó+è éÆðìù Ý ìòµî;çrè/ó�éhðöcähéÆì1è äÆìùd#`� û�çCó+è/éhðìù Þ â�[ çCòcù�ähì ð1çCù<îcäÆöcùô�ëòcë1è�çCä8ícìù�û�çCó+è/éhðìùoùQl�û ëó+è/éhü8öcìùoícë6þ;òcéhìù�îXñ�ù�éhó�éhê�ìù1÷Cä5æõì�
Oéhù�ó�ìòcðì<ícì�ðìó�ó�ì�ícëðñ8û�îXñ�ù�éhó�éhñ�ò�òUæõìù�óî;çCùFô8ç�è�çCòOó�éhì â
p�ðwèwðR;�ðRp _ î1lc¸Cg;m$dDìFíXì4g;mom)ïOiiîÓ`6i)î�^Fê_n ê�íXî
ì5¸Tïy#;ìFíXïc``�ï_g;iZ^�ê¶n ê�íXî
ì5¸Tïy#;ì�íXï�``�ï{z5ë)î+ï�``�ì4g;m
¦ ñ�öcù�ç1êrñ�òcù�ó�ìù�ó�ëµícìö�
Zó¾lOî;ìùJícìµícëðñ8û î;ñ�ù�éhó�éhñ�òcù�éhòcðñ8û�îcähïó�ìù â�� òZòcñ�öcù�éhòcù�îcékè�çCòOóJícìùícéU£ ë1è ìò8ó�ùFî;è/ëðñ�òcícéhó�éhñ�òcòcìö;è/ùM�cähñ8ðùFícéÞçWô�ñ�ò;çCö�
¦÷�òcñ�öcù�çEê�ñ�òcù�ðñ8û�î;ç�è ë�öcòÓî;è ëðñ�òcícéhó�éhñ�òcòcìö;è<ícìó¾lOî;ìMX�çCðó�ñ8è éÆù6çCó�éhñ�ò�éhòcðñ8û�îcähïó�ì�ù�ö;è$äkç�û�çCó+è/éhðì�ô�ähñ+�;çWäÆìFü8öcì�ä5æõñ�òJòcñ�ó�ì1è�ç*| � � êOî{}�ìó�öcò�î;è/ëðñ�òcícéU�ó�éhñ�òcòcìö;è7X�çCðó�ñ8è/éhù+çWó�éhñ�òµéhòcðñ8û�îcähïó�ì�ù�ö;è�äkçµûJçCó6è/éhðì]ê8éhó�ìù�ù�ì�öcòcéhü8öcì1û ìò8ó1÷Xìò-î;è ìò;çCò8óFäÞç�êCçCähìö;èç��cù�ñ�ähöcì]ícö-ó�ì1è�û ì>ícékçCô�ñrò;çCä¦ìòµî;è/ìù�ù�éhñ�òU÷-| � � } Ý êrñ�ékè$þ;ôrö;è/ì Ý * â * ÞQÞ â

³$�Å�U�(³ S_! 
CV�� �+Ó'��

� òÓðñ8û î;ç�è/ì<í;çCòcù�ðìFî;ç�è�çCô8è�çCîcúcì<äÆìù<îXì1è§XañOè�ûJçCòcðìùoícìù<ícé�£¦ë1è/ìòOó�ù�î;è/ëðñròcícéÆó�éÆñròcòcìö;è/ù�ó+çWò8óìòpðñ Ç ó<ícì]ù�ó�ñOð²¼EçCô�ì�ü8öUæõìòµðñ Ç óRícì�è/ëù�ñ�ähöcó�éhñ�ò ���� â



��! : éiê�ë)ì�íXî
ï<p;ð©=���C«ª¬dEb®¯G¨HK�DC�ª°JK=�E��|@B±\�²=�=��DC

Symétrique

1 2 Nbnoe ~=�~`�~H�
¾

~ �
~ �
~`�
~`�
~`�
~H�
~H�¾
¾
¾

~`�~H�
¾

~ �
~ �

~H�
~=� ~`��~H�
¾

~=� ~=�~`� ~`� ~`�~H� ~H�
¾ ¾ ¾

~`��~H�
¾

~=� ~=� ~H�
M N�O

1 2

valeur absolue du terme

Symétrique

Nbnoe ~`�~H�
¾

~ �
~ �
~`�
~`�
~`�
~H�
~H�¾
¾
¾

~`�~H�
¾

~ �
~ �

~H�
~=� ~`��~H�
¾

~=� ~=�~`� ~`� ~`�~H� ~H�
¾ ¾ ¾

~`��~H�
¾

~=� ~=� ~H�

~=�

M�P�O
Terme considéré par le préconditionneur

Symétrique

Nbnoe21 ~`�~ �
¾

~ �
~ �
~`�
~`�
~`�
~ �
~ �¾
¾
¾

~`�~ �
¾

~ �
~ �

~ �
~ � ~ � ~ �
¾

~ � ~ �~ � ~ � ~ �~ � ~ �
¾ ¾ ¾

~ � ~ �
¾

~ � ~ � ~ �

~=�

MkÈ�O
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* â ã � çJû�ëó�úcñ8ícì�ícì�è/ëù�éhícö¶û éÆòcékûJçWä �+�

p�ðwèwðRp�ðwè C�ígU¸`�Eêcbqï
� ìù�ûJçCó+è/éhðìù�ícì>î;è/ëðñròcícéÆó�éÆñròcòcì1û�ìò8ó�î;ç�è0X�çCðó�ñOè/éhù+çCó�éhñ�ò�éhòcðñ8û�îcähïó�ì�ù�ñ�òOó�îcähöcù<ðñ Ç ó�ìöcù�ìùM�ù�ó�ñ8ð�¼Cì1è â�� ò-î;è/ëù�ìòOó�ì�äkç�ðñ8û�î;ç�è�çCéhù�ñ�ò�ícì]äÞç ó+çCéhähäÆì ícìù�ù�ó�ñOð�¼1çCô�ìù<í;çCòcùFäÆì]ó6ç��cähì1çCöL* â ã â� ñ�ö;è	öcò�ù�ó�ñOð²¼EçCô�ì<û�ñ8è/ù�ì�÷ÄäÆì<òcñ8û]�;è/ì�ícì<ó�ì1è�û�ìùoìù�óoícñ�òcòcë<î;ç�èUähì<î;è/ñOícöcéhó$ícö òcñOûb�;è ì�ícì<ò æ öcícùícöÓû�çCéhäÆäkçCôrìRî;çrèUähì�òcñ8û]�;è/ì�ícì<ícìô8è/ë<ícì<äÆé��Xì1è/ó�ë�î;ç�è	ò æ öcí Ý !�î;ñrö;è � � êOîU÷T*�îXñ�ö;è � � Þ ÷�û öcähó�éhîcähéhëî;ç�è ähì�òcñ8û]�;è/ì<ícì�ê�ñ�éhù�éhòcù�ô�ëñ8û�ëó+è éÆüOöcìù$ícöJò æ öcíJðñròcù�éhícë1è/ë>û öcähó�éhîcäÆéhë]î;ç�èoähì�òcñ8û]�;è/ì�ícì�ícìô8è/ëícì�ähé �Xì1è/ó�ëµî;ç�è�ò æ öcí âY� ìJòcñ8û]�;è/ì�û�ñ�l�ìò_ícìÓê�ñréÆù�éÆòcù�îXñ�ö;è]öcò�ò æ öcíeíUæ öcòeûJçCéhähäkçCô�ìK* [ ìù�óìù�ó�éÞû ëb� ã ÿ`¡�#-çrè/éhì ) �Æ¢ â

HäìFêcbXg;miêc^*��^4gU¸ � : � : #;ëûJçCó+è éÆðì » á Ö á ûJçCó6è/éhðìù c ìó d ûJçCó6è/éhðìù c ìó d
C;íg ¸`�Eêcbqï 2 á Ò Ö L2� . 2 á á Ò Ö L2� . 21á�� Ò Ö L2� .d	i ëiî1lc¸Cg;m$dDìFíXì4g;mom)ïOiiîC�ígU¸`�Pêcbwï�ígqíXêc^ � á � Ò Ö L�� . � á 2 Ò Ö L2� . ���-� Ò Ö L2� .Õ�� ëiî1lc¸CgXmÑdDìFíXì4g;momiï8iiî

.0/2158 * â ã ¥ y É�Â�>hÁ�ÍQÁ�Ï Î²É�ÑLË+Ì²Î�:�É-��ÅÈÎzË+ÌDÎ~Å6É`:=�"Á P Ì�Ë+Ì²Î�>mÍQÄ=:~É"Ñ'Ë�ÏwÅkÏkÉ�Ñ�Ñ'ÌÆÐSÍ�ÎzÌ�ÑKÑ'É"Â�AÆÍQÌbË+ÌDÅ6Ì�Í�Â¨Ì²ÎÂ	Á�ÅkÍ�Ï;:ÆÏOÌÆÀUÎ
p�ðwèwðRp�ðR; E ï8n ëÑ` :>_ J
�6m�#qïEîY`�ì4g;m"dDï�` ë)îEl�¸CgXmÑdDì�íXì(gXm�miï8iiîY`é ð+ú;çCüOöcì�éhó�ë1è�çCó�éhñ�òU÷céhäÒX�çCöcó�ð1çCähðöcähì1è�ähìù]î;è/ëðñ�òcícéhó�éhñ�òcòcìö;è/ù�ìó>ähìö;è�éhòOê�ì1è/ù�ì â � ñrö;è�ähìù�î;è/ëðñ�ò��ícéhó�éhñ�òcòcìö;è/ùK�cähñOð�÷�ñrò3éhò8êrì1è/ù�ìµì�£ ìðó�éÆêrì1û�ìò8ó�ähìù-ûJçCó+è éÆðìù�çCähñ8è/ùJüOöcì-îXñ�ö;èJähìù\X�çWðó�ñ8è/éhù+çCó�éÆñròcùéhòcðñ8û�îcähïó�ìùE÷cî;ñ�ö;è ð1çCähðöcäÆì1èFÔ *�ô 7 ÷Oñ�ò-è/ëù�ñ�öcó<äÆì]î;è ñ+�cähï1û�ì�¤������� è/ñ�öcêrì1è9��ó�ìä¦üOöcìc?d"c á � ß 7
� ç ðñ8û�îcähì�
8éhó�ë ícöµð1çCähðöcäUícìù�ícéU£ ë1è ìò8ó�ìù7X�çCðó�ñ8è/éhù+çCó�éhñ�òcù�ìù�ó�éhòcícéhü8öcëì í;çCòcù�ähì�ó6ç��cähì1çCöL* â ÿ â� ò_òcñ�ó�ì1è�çJüOöcì�ähìù]ðñ Ç ó�ù]ícì�ð1çCähðöcä$ícìù ûJçWó+è/éhðìù c ìó d ù�ñ�òOó�Xañ8è ó�ì1û�ìòOó�ícëî;ìòcí;çCòOó�ù]ícì�äkç

Häì�êcb;g;miêc^*��^4gU¸ � : � : #;ë�*�����W�@ H¡�¢H�=£7��� �*¤�¥�¢H¡2¥�¦¨§ �*�����W�@ H¡�¢H�=£7��� ¢H¤�¥;¢L¡�¥©¦�§ �*�����W�@ H¡�¢L�@£7��� ¢H¤�¥;¢L¡�¥5¦¨§dDï Ô *�ô Ô *�ô 7 dDï�c ìó d Ô�� ß 7 dDïªc ìó d Ô�� ß 7«�¬@�®�¯r���-° ¬@±�®�¯r���-° ²r£@³X´Wµ&¶H·©¸Bµ&´�¹Hº�» ¼H®?¯����-° ½C¾`¿C³X´�µ&¶H·À¸Bµ&´�¹Lº ±H®?¯����-°Á C±H®?¯����-°HÂ6�1¯C� Á ±HÃ`®�¯��r�1°LÂ+�-¯C�
.2/01�8 * â ÿ ¥ y É�Â�>mÀ9Ì�ÄTÏÈÅ6ÄbË�ÐÅ:�Á�À :�Ð�ÀZÌ�ÅaË8ÌbÀ�Æ ÐSÅkÏÈÀ�Ï9Î�Á�ÅkÏOÉ"ÑLË+Ì�Î*>mÍQÄ=:~É"Ñ'Ë�ÏwÅkÏkÉ�Ñ�Ñ'ÌÆÐSÍ�ÎÇ`È PCÉaÊ�Ë�Ì�ÍÎÊ È1Ï=Ð PCÑÒÊ*Ó`Ê�É Ï�Ô Ë ÔÕÈ Ë Ð*Ï�Ö Ê Èa×�ÏWØ Ñ Ø`ÈaÈ1Ù©Ø ÓlÚ Ô Í × Ê Ø Ì5Û�Ì7ÑÒÊ?ÊË�Ì ÔÎÐ*Ü?ÝaÞ�ß9×�ÏWØ Ñ Ø`ÈàÐ N Ô ÍÕÍÎN=á@Ê�â@ã?Ú-ÍÎÊ×�ÏWÔÕÈ Ì ÔÎÐ�×�Ï ÑÒÌ�N È Ì©Ê�Ë�Ì�ä Ø�å Ô Í × Ê Ø Ì©Û�Ì7ÑÒÊ©P Ï Ñ È-Ü5ÔÕÈ Ó Ü]× Ê È ÓCN Ð9Ð Ê È Ì5Ó ØàÐ N Ô ÍÕÍÎN@á=Ê

ò;çCó�ö;è/ìÓícö�ù�ó�ñOð�¼1çCô�ì�ícìù û�çCó+è/éhðìù â � ñ�ö;è]öcòcì`X�çCðó�ñ8è éÆù6çCó�éhñ�ò_ícì � è/ñ�öcó�ðñOû�îcähïó�ìÓìò�ù�ó�ñOð�¼1çCô�ì�;çCòcícì�÷ äÆì]ðñ Ç óRícì�ð1çCähðöcäUìù�ó<ìò Òçæ�c ÖWè : ñ�é Ò ìù�ó<ähì]òcñ8û]�;è/ì�ícì]ícìô8è/ëù<ícì]ähé��;ì1è/ó�ë]ìó c ÖWè äkçäkç�è/ôrìö;è<ícì��;çCòcícì]ícì]äkçJûJçCó6è/éhðì â



� � :àê©ë&ìBí7îHïCð p2ñ©=���C«ª¬dEb®¯G¨HK�DC�ª°JK=�E��|@B±\�²=�=��DC
: gXm�# ð{ï b ð m$¸ ðyë `=D¦n ì©î g îHí ßXi ð
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í�Ihù�ð�HOSó�IÆù K óJIhñ�òcù�í�U�ó¿lOî�U P ñ�Lhö;û=Uù]þ;ò�Ihù�ñ�ö_í�IU£ZS�HOUòcð�Uù þ;ò�IWUùzUù�ó1÷{Uò	U�£ZUó1÷ K ù�ùJU�&]X K ð�IYLYUu� � Uö�HöcóJIYLYIhù K óJIhñ�ò K SóJS,Uòcù�ö�IhóJU,Só�Uòcícö�UL�_í(M K öcó�HTUù î�H ñ+��Lhï1û=Uù1÷3HOSù�ñ�LhöcóJIhñ�òZí�Uù�Sü8ö K ó�IÆñròcù í(M � ö�LYU�H¡�# K P HOIhî�LYIhù ) ÿ ¢ ÷'¡A@ K ò�í�U�H�û K7K HOU�L ) ÿ ¢ ÷�í�U ,Oó�ñ�¼�Uù ¡A@FIhòcð�Uò8ó ) ��¢ í�U ¦ K P IYU�H§�¿,Oó�ñ�¼�Uù¡ � U�H/òcôzUó K L� ) D ¢ ÷¡ � ñrù�óJU�HOLYU�U ) �Æ¢ ÷½¡ [ Ihð²¼�Uó K L� ) ÿ ¢ ÷8í�U�î�H/ñ+��Lhï1û=Uù<í�U]ó�ö�HP�cö�LWUòcð�Un¡�,Oú�Uòcô;Uó K L� ) � ¢ ¡ � K HJHTU ) � ¢ � � LYLWUùù�ñrò8ó K ù�ù�U�&$î�Uö�î�HTSùJUò8ó�Uù í K òcù(LYU�ícñ8û K IÆò�U$í�U3L K û=Sð K ò�IhüOö�U$í�UùUù�ñ�LYIhí�Uù�ð K H�LYUö�H	öcóJIYLYIÆù K óJIhñ�ò K P Uðí�Uù.S�LYS1û=UòOó�ù�þ;ò�IÆù.Uù�ó<î�Lhöcù<í�S�LYIÆð K óJU�� � Ihó�ñ�òcù<î;ñ�ö�H ó K òOó$í�UùRó�H K P K ö�
 ù�ö�H3LMAS�L K ù�ó�IÆð�IhóJS	¡ � U]í K Ihò ) D ¢¡ � U�U )+� ¢ ÷�¡�#|IÆó�ð+ú�U�LYL(Uó K L�� )+� ¢ ÷cû K Ihù K öcù�ù�I ù�ö�H�í�UùFð K Lhðö�LÆù�í�U P Ihù�ðñ�î�L K ù�ó�IÆð�IhóJS	¡ � L¦ú K í�o � �Æ¢� U�î�HOIhòcð�Ihî K L K P K ò8ó K ô�U-í�U ð�Uù¶û=Só�úcñOí�Uù,Uù�ó+LWUö�Høó K ö�
 í�Ueðñ�ò P U�H/ô7Uòcð�U K ùQlcû�îcó�ñróJIhü8ö�U[Uòö Ù�÷ c � è ÷ Ú ÷ ñ�ö ö Ù�÷ Ú ù�ñ�öcùµð�U�H ó K Ihò�Uùµðñ�òcí�IhóJIhñ�òcù�� � Uó�óJU_î�H/ñ�î�HOIYSóJS[UòçX K Ihóµí�Uù¶û=Só�úcñ8í�Uù
IhóJS�H K óJI P Uù�î�LÆöcù�î�U�H§X5ñ5H�û K ò8óJUù ü8ö�U\LYUùÓû=Só�úcñOí�Uù�ð�L K ù�ùJIhüOö�Uù Ý û=Só�úcñOí�Uù�í�U]}_H¾l!LÆñ P ÷Uô5H K í�IYUò8óðñ�ò�o�öcô�ö�S�÷ � úcñ�LYUù~¼�I5÷p�#�#� Þ ícñrò8ó.LYU�ó K ö�
Jí�U]ðñ�ò P U�H/ô�Uòcð�UFUù�óRUòyö Ù�÷[~ Ú.K P Uð;� o ù���� �� M ñ5HOIhô�Ihò K LYIhóJS_��U���U�ó¾l5�aU���U]û=S���ú��!��UR��U�HOSù���Lhö��JIY���;UùJ�.LMõö��JIYLYIhù K �JIY���,��UF��LhöcùJIYUö�H/ù>û K IYLYL K ô�Uù.��U
� K IWLYLYU;��S���HO�7IÆù�ù K �!�JU�� � U=��LÆöcù�þ��[UùJ�VLWUJû K IWLYL K ô�U=��Uz� K LY�ö�L3��L K ù�ùJIhü8ö�U=U��FLYUù���Lhöcù]ô5HO�rù�ùJIYU�H/ù�ùJ�7�5�
��Uù�û K IWLYL K ô�UùF��UùJ�JIY��Sù��;��UùF� K LY�ö�LG��U����5HJHTU����JIY���,��U=L K ùJ��Lhö��JIY���(� � ��U P K HOI K �5��UR� K Lhô�S���HOIhü8ö�U=}
�����cù�IÆù��JUb�=�����cùJ��H/ö�I#HOU���LhöcùJIYUö�H/ù�ùQlOùJ�J�1û=Uù.��U_� K IWLYLYU���S���HT��Ihù�ù K �!�JU��[_K �cù\��U]�6ú K ��IY��HOU+����öcù;U�
!����ù�U�HO���cù\��LÆöcù\U�����S�� K IYLRLYU[��HOIY����IY��U	��U+��Uù@û=S���ú��5��Uù K P K �!�;��U
��HOSù�U��5�JU�HQ����ùR�6ú���I�
���Uz��S P U�LY������U1û=U��!�R�a��ö�HRL K ù�IÞû ö�L K �JIY���<* [ �cöKX�5H/ô�U K ô7U�� é ��HO�ùRLM K � K L�lOùJU
��Uù_��HOU1û^IWU�H ù�HOSù�ö�LY� K ��ùE÷�����öcù P U�HJHT���cù�LYUù K û^S�LWIY�5H K �JIY���cù K �����5HT�JS�Uùz�\��U�� K LÆô7�5HOIY��ú;û=Uz����ö�HVLYU
HOU�����HTU;U�1�� K ��U=U���HO�+�cöcù��JU=� K �cù_LYU;� K ��HOU=�cö<X�5H/ô�U K ô�U�� [_K �cù���U;���7�5�JU�
!�JU�÷aIYL K X K LYLÆö K � K ���JU�H
L K û=S���ú��!��U K ö+�¿l!��U_��U ùQlOùJ�J�1û=U]ö��JIYLYIhùJS�� � �+� K HO�JIY�ö�LYIYU�H÷aIWLÒX K ö��R��HOU�����HOUzU��]���8û^���JU_L K X�5H�û=U
��U;L K û K ��HOIY��U=�cö�UK�\L K ùJ� K ��IYLYIhù K �JIY����� K HFLYU@û=IY��IU��S�LYS1û=U��!� ÝTD � D 6+Þ � � LYX K ö��_U��cù�ö�IY�JU;���7�cùJIY��S�HOU�H
LYUù=��HO�+��LY�1û=Uù_IY���cö�IY��ù=� K HFLMõö��JIYLYIhù K �JIY���	�(M ö���U�H/ú�S���LY��ô�IYU;���7�uLYIY��S K I#HOU\U���� K HFLM K LÆô7�5HOIY��ú;û=U=��U
�����!� K ���3� K H��aS�� K LYIhù K �JIY���(� � L K X K LYLhö K öcù�ùJI������cù�IW��S�HTU�H�L K ��S�X�5H�û K ��IW�7�m�cöµû K IYLYL K ô�U K ö�����ö�H ù��cö
� K LY�ö�Loü8ö�IoùJ��ö�LY� P U_��UùF��HO�+��LY�1û=UùF��U����Oû=� K �JI���IYLYIW��S�U��!��HOU_LYUù_��I P U K ö�
,��U�ô!HOIYLWLYUù�� � �Oþ��U÷'����öcù
��HOSù�U��5�JU�HT���cù.LWUùFHOSù�ö�LY� K ��ù.�+����U��8öcù<ù�ö�H.��IU£pS�HOU��5��ùR� K ùR��UdX�5H/ô�U K ô�U��
�3������� �;� y�����y��R�
� ����H3U�
!������U�H.LYU_��HOIY����IW�aU���U_L K;  S���¡��5��U�¢!�������.�������.LYI   IY�JU�HO������¢'� K ���.���,��HOU   IYU�H`�JU   ����¢�=����U   S��J¡��!��U���IY£5HOIYLYLWU Ý LYU  ;K IYLYL K £�U���U_� K LY����LYò¤���  ;K IWLYL K £�Uz£5HO�����JIYU�H Þ � ¦ �����R£7S���S�H K LYIY�JU�HO�����

U����J��IY�JU K ��¥   S��J¡��!��U��   ��LY�JIY£5HTIWLYLYU���� ¦ �����_��S�� K IYLWLYU�HO�7����U��!¦��(¢pLYU���S�LYS   U��!�J��§!��I3� K H K ���JS�HOIY�JU��!�
LYU��F��I�£pS�HOU��!�JU��RS�� K �aU��R��U_�JU�LYLYU��   S��J¡��5��U��4�
p ñR; ñwè¨ñwè = ë	��2{îHêBû � ð � íQú¨ïCí7ýQý7ð

¨F�©���7���JIY����HOU]��U���¥  ;K IYLYL K £�U�����U[� K IWLYLYU[��U  ;K IYLYLWU[��HO�7IW��� K �!�JU]ª.«0U��,ªR¬	����H;���   �   U
���  �K IY��U��
 ëfìBê©ë��=ð � ð ýQí���=ë&ú�ð
®!��IY�R���+��HO��¯�LY�   UF��IY�J��HOU��R�J��HVª ¬ ¢ Õm¬4°�¬_± Ö ¬ Ý² �w³ Þ
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¨F�[IY�5��HT�5����IY�F°¼Ã¬ L K �J��LY���JIY��� K ����HT�5��¡�S�U����[��HO��¯�LY�   U K ��HO���_Ä+IW��S�H K �JIY�����R�(MÅ����U   S��J¡��5��Uz��U
HOS��J�7LW����IW�7�,IW��S�H K �JI P U K P U����a����H.IY��IY�JI K LYIY� K �JIY���[° ó¬ ��¨F�+�����JU�H K ¤

° Ã¬ ±ÇÆ Ù ° ó¬�È Ä Ú
®!I(���,���7�JU Ð°\¬�L K �J��LY���JIY���,U�¥ K ���JUF���,�JÉ!�J�J�   U�¢!���,��S�¦���IY�RL K ���5H�HOU����JIY���\� K H

Ê ° Ã¬ ± Ð° ¬FË ° Ã¬
§!��I P S�HOIÌ¦�U�¤ Õm¬ Ê ° Ã¬ ± Ö ¬ Ë Õm¬Í° Ã¬ ±�Î Ã¬ Ý² � ² Þ
¨F� P U�����HOS��J������HTU_L�MÅS�§5� K ��IW�7� Ý² � ² Þ ¢  ;K IY�F��U�L K U��J� K ���J�JI(���7Ï��JU���¥�§!��U�LYUz��HO��¯�LY�   U_��U���S�� K HO���
¨F� P K �������_��H K ���OÐS�HOU�H3��U_�JÉ!�J�J�   U��J��H`���  ;K IYLYL K £�U_��LY����£5HT���J�JIYU�H��
Ñ K ���5H�HOU����JIY���_� K LY����LYS�UR�J��H{L K £5HOIYLYLWU.£5HT���J�JIY��HOU`U��J��U�1\� K ��U��JI!LYU.��HO��¯�LY�   U���HT��Ò�U��JS3�J��H{LWU  ;K IYLYL K £�U
£5HO�7�J�JIYU�HzU��J�=��HO�5��¡�U\���Ó��HO�7¯�LW�   U,�J��HzLWU  �K IYLWL K £7U\¦��(��®!��H^L K ¦�£���HTU ² � 6 ¢(���   ���5��HOU=U�� ÝK Þ
����U K ����HT��¥!I  ;K �JIY��� Ê ° « ��HO�5��¡�U=��U Ê ° ¬ ¢(U��_U�� Ý ¯ Þ ����U  ;K � P K IY�JU K ����HO��¥!I  ;K �JIY���+��U Ê ° ¬ �
Ñ U;��HTU   IYU�HF� K �_���5HJHOU����������[Ô\����U   S��J¡��5��U=IY�JS�H K �JI P U�§!��I3��HOS��JU��!�JU=��U=¯�������U��_��HO�7��HOIYS��JS��_��U
LYIY�J� K £�U_��UzLMAU�HJHOU���H`�����!��H K I#HOU   U��5�.Ô Ý ¯ Þ ��é\LWUzLYIW��� K £�U_U��J�VIW��� K �JIY�OÐ K IY� K �!���

Õ

Ö Õ�×
Ö Õ�ØÖ Õ

M N�O
Õ

Ö Õ�×
Ö Õ�ØÖ Õ

M�P�O
354Q6*8 ² � 6 ¥ U¿ÁWV�ÙMÍ~ÍJÚ�Ð�Í�À�Ï9Î�Î²Ä�ÚzÎ~Ð�ÍbÀ9Á_�+Í�ÏÈÀwÀ#Ú{Û�Ñ�Ú=Y U�A]VÜÚ�Í�ÍJÚ�Ð�Í Â	Á�À�À�Ï ÎQÎ²Ä�ÚdÎ~Ð�ÍbÀ9Á_�8Í~ÏÈÀwÀ#Ú{Û�Ñ�Ú�U�ÝQÚ]>�ÍPÄ�^ÎÂÚÆÑ�Å6Á�ÅkÏOÉ"Ñ¼Þ�ß�V
 ë�ìBê©ë��=ð � ðÅþ-û¨ïCï`ð þ-îHí7û�ü
à ����HC� K LY����LWU�H Ê ° Ã« ¢7���5HJHOU�����IW�7�m����H3L K £5HOIYLYLWUF£5HO�7�J�JIY��HOU�¢�IYLaÐ K ���3��H K ���OÐS�HOU�HGLYU���HT��¯�LY�   U Ý² � ² Þ ����H
��U��J�JUF£5HOIYLYLYU�£5HT���J�JIY��HOU�� à ����H`��U�L K ���,IY�5��HT�5����IY�.���,����S�H K �JU���H`��U�HOU��J��HTIW����IW�7�bå « ¬ U��N�7�]HOS��J�����`LWU
��HO��¯�LY�   U_����I P K �!�R�J��H.LYU  ;K IYLYL K £�U=ª.«4¤

à « Ê ° Ã« ±«å « ¬ Î Ã¬
��é à « U��J�.L K; ;K ��HOIY��UR���,��HO��¯�LY�   UF�J��H`L K £5HOIYLYLYU�£5HO�7�J�JIY��HOU�áV��URÐ��IY�R��U��J��U����5H�HOU����JIY���;£5HT���J�JIY��HOU
� K LY����LYS�U�¢!IWL'Ð K ���3���5HJHOIY£�U�H{LYU P U�����U���HG° Ã¬ � à ����H{��U�L K IYL!Ð K ���3��H K ���TÐ�S�HOU�H{L K P K LYU���H3��URL K ���!HJHOU����JIY���
Ê °	Ã« �J��HGL K £5HOIYLYLWUV¦���U�ªR¬zÔ_LM K IY��UR��UFLMA���aS�H K �JU���HG��UR��HT��LY����£�U   U��!�Zå ¬« �!¨F� K Ò������JURÔF°	Ã¬ ��U��J�JU
���5HJHTU����JIY�����a����H.��¯���U���IâHQ����U_����� P U�LYLYU K ����HO��¥!I  ;K �JIY���;��U Ð°\¬=�����JS�UF° Ã¬ �sô

° Ã¬ �sô ±�° Ã¬_ã å ¬« Ê ° Ã«



² �Ì³ Ñ U��   S���¡��5��U��   ��LY�JIY£5HOIYLYLWU��0¤3��HOS��JU��!� K ��IW�7� 6 D

®!Ia°¼Ã¬ �sô ��U P S�HTIw¦�UV� K ��LMAS�§!� K �JIY��� Ý² �Ì³ Þ Ô¾L K ��HOS���IY�JIY��� P ����LY��U�¢����;IY�J��HTURLYU���HO�!��U��J�J���3U�������� K �5�0¤
° ó¬ � ä ±�° Ã¬ �sô

¨F� P IYU��!�R��U_��S���HOI#HOU_��IÌå���U��J�J���nÐSÑ :�
�:�À#Ú A�ÏY�+Í�ÏwÀÈÀ#Ú � §!��I(�JU_��S����   ������U�U��,��LY���JIYU���HO�FS�� K �aU��2¤
D � Ñ IY�J� K £7U�¤�Ä�ÏÈÅ6Ä�ÍQÁ�ÅkÏkÉ�Ñ�Î>Ë�Æ ÐSÑ�Ú]Â	Ä�ÅÈÇÊÉ|Ë�Ú�ÏÈÅ6Ä�ÍQÁ�ÅkÏ7\�Ú

° Ã¬ � æ ±ÇÆ Ù ° ó¬ � æ È Ä Ú
³�� õ.U��J��HTIW����IW�7�,���]HOS��JIY��� K �  ;K IYLYL K £�Uz£5HO���J��IWU�HÆ¤

Î Ã« � æ ±«å « ¬ Î Ã¬ � æ
² �Rç.�5HJHTU����JIY����� K H�£!HOIYLWLYUz£5HO���J��IW��HTU�¤'ÍQÄ�Î�É�À�ÐSÅkÏkÉ�Ñ Ë"Ð`Î�
|Î~Å�è�Â;Ú]Î~Ð�Í�À#Ú]Â¨Á"ÏwÀÈÀ9Á��5ÚV�+ÍQÉ|ÎQÎ~ÏÚ�Í

Õ « Ê ° Ã« � æ ±�Î Ã« � æ Ý² �Aé Þ
é�� à HO�7LW�7��£�U   U��!����U_L K ���!HJHOU����JIY���\�J��H`LYU  ;K IYLYL K £�UF¦��b¤

Ê ° Ã¬ � æ ±«å ¬« Ê ° Ã« � æ
ê �Rç K LY����L(��U_L K ����� P U�LWLYU K ����HO��¥5I  ;K �JIY���b¤

° ó¬ � æ�ëÒô ±ì° Ã¬ � æ ã Ê ° Ã¬ � æõ.U  �K HO§!��U��2¤
¥ Ñ K HTS��J��LY���JIY���   ��LW��IW£!HOIYLWLYU_U��J�3������HO�5��U����J���3IY�JS�H K �JIÌÐ Ý U�����¡ K�í ��U   U��!�3��UR��É5��LYU�� Þ §5��Ia���JIYLYIW��U����U   S��J¡��!��U_IY�JS�H K �JI P UF��UmHTS��J��LY���JIY���\��U_�JÉ5���J�   UFLWIY��S K I#HOU Ý Æ Þ ¢!LWU_LYIY�J�JU���HX�
¥ ¨F�,���JIYLYIW��UmU��,£7S���S�H K Lp��U��R��É!��LWU�� K P U��_����U_�JIY¥5IY�   UzS�� K ��U�¢ K ���aU�LYS�U����7�J�Oå�LYIY�J� K £�U�¢!��é]¤

° ó¬ � æ�ëÒô ±îÆ Ù ° Ã¬ � æ ã Ê ° Ã¬ � æ È Ä!ï Ú
Ñ MAS�� K ��U D U��J� K LY�5HT��¢!� K H`����������IW��IW�7�(¢ K ����U�LYS�Uz��HOS�å�LYIW��� K £�U��

¥ � LpÐ K ���.��S�¦���I#HR��LY���JIYU���HO�F� K H K7  ����HOU��3��UzL K�  S��J¡��!��U����  �  U�¤
¥ L K;  S��J¡��!��U_IY�JS�H K �JI P UF��U_LYIY�J� K £�U�¢¥ LYU����   ¯�HOUF�(MAIY�JS�H K ��IW�7���N��U_��HTS_U��N�a���J�Oå�LYIY�J� K £�U�¢¥ LYU������aS�H K �JU���HT����U_��H K ���OÐ�U�HT�2å ¬« U��Yå « ¬ ¢
¥ L K;  S��J¡��!��U_��U_� K LY����L(��U�Õ�«=¢¥ L KR  S��J¡��!��U3��U�HOS��J��LY���JIY���_��U3L K ���!HJHOU����JIY��� Ý ���  ;  U��5�pHOS��J������HOUYÕz« Ê ° Ã« � æ ±ðÎ Ã« � æ Þ ¢

¶ ñâñ ñwè¨ñâñ  ë	��2{îHêBû � ð]�fÿ©ýQîHí7ú�ï`íQý7ý7ð
à ����H3� K ���JU�H`�(MA����U   S��J¡��!��U�¯�IY£5HTIWLYLYUmÔz����U   S���¡��5��U   ��LW��IW£!HOIYLWLYU�¢aIYL(�J�!1��`��U�HOU������ P U�LYU�H`LYU

H K IW��������U   U��!�N�a����H.L K HOS�����LY���JIY���,���,��HO��¯�LY�   U Ý² �Aé Þ K P U��F����U_£5HOIYLYLYU�U������5HTU_��LW���F£5HO�7�J�JIY��HOU�� � L
Ð K ��� K LY�5HO�`��S�¦���IâHQ��U��N�7��S�H K ��U���HO���J������LYS   U��!� K I#HOU��.U��!��HOURLYU��R£!HOIYLWLYU��R£!HO���J�JIY��HOU��4��¨F���aU���� K IY���JI¢
��Uz��HO�5��¡�UFU��]��HO�!��¡�U�¢!IY�!��HO�!����IâHTU_��LW����IWU���HT����I P U K ��¥\��U_£5HOIYLYLYU����
Ñ �!HO�J§!�(MA���[���JIYLYIW��U���LY���JIYU���HO�=��I P U K ��¥[��U;£5HTIWLYLYU��=�JU=������U;LYU���HO�7¯�LW�   U;��U;� K P ��I#HV���  ;  U��!�_U��!å
��¡ K�í ��U�H_LYU��mHTS��J��LY���JIY�����_£5HOIYLYLYU=¦���U�¢(£!HOIYLWLYU Ý � Þ   ��É�U�����U Ý � Þ U��z£5HOIYLYLYU;£5HO�����JIY��HOU�� � L3U�¥5IY�J��U;� K ���_L K
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LYIY�J�JS�H K ����HOU���LY���JIYU���HO�F��É!��LWU�� Ý @Rå���É!��LYU���¢�ÛÇå���É!��LYU��m�#�ò� Þ �5¨F�,U��,��HTS��JU��5��U�H K §!��U�LY§5��U��R�����V� K ���.LWU
��¡ K ��IY��HOU ² �Aéa� ² �

¨F�\��S�� K IYLYLYU�H K � K ���`L K �J��IY�JUF§5��U�LY§!��U��R��¡��7IW¥������J��IW¯�LYU��R�a����H3LYU��R� K H K�  ����HTU��3��U�L K=  S��J¡��!��U
  ��LY�JIY£5HOIYLYLWU��`ç.U���I���U,HOU���HOS��JU��!�JU�H K � K �m����U\LYIY�J�JU,U�¥!¡ K ���J�JI P U K � P ��U���U\LMAS��JU�������U\��U�� K ����LYIwå
� K �JIY��������U��   S���¡��5��U��   ��LY�JIY£5HOIYLYLYU���¡wóF����£�L K �`U�� K L� ¢ � � ������U�Ð���IY��¢G���Ç���7����U�H K ��� K ��U�HO?��ì��U��
���7�J�JIY¯�IYLWIY�JS��_§!��Ip�JU_�J���!�.��HOS��JU��!�JS�U���Ôz�������R�a����H.L K;  IY�JU_U��,��L K ��Uz�(MA���,�J��L P U���H   ��LY�JIY£5HOIYLYLYU��

�3������ ô�õ ��ö|� ��÷ ����ø õ �úù ÷ � �7õ(û�ü Ô�ýi�+þ ��õ ö�ö�ø�� �

� L3�������FÐ K ����IY�!��HO�!����I#HOU=���	��HO��¯�LY�   U=£5HO�7�J�JIYU�HR§!��I3�J��IY�_����U K ����HO��¥!I  ;K �JIY���+���u��HT��¯�LY�   U
�J��H.LYU  ;K IYLYL K £�UF¦��(� à ����H`��U�L K ¢���U���¥\£5H K ����U�� P ��IYU��RU�¥!IY�J�JU��!����®!��IY�R���+�������J��HT��IW�.U�£pU����JI P U   U��!�
LYU��,��IU£ZS�HOU��!�J�  ;K IYLYL K £�U��,�J��H=LYU��J§!��U�LY�]���ì� K LY����LWU[L K� ;K ��HOIY��U+������HO��¯�LY�   U�¢a:�Æ Ú�Î�ÅbÀ�Æ Á@>�>mÍQÉC:²ÇÿÚ
�SÄ�É�Â	Ä�ÅkÍ�Ï��Ð�Ú���®!��IY��¢C�����(MAIY�5��HT�5����IY�;� K �\��U  ;K IYLYL K £�U[�J������LYS   U��!� K I#HOU  �K IY�����ì��S��JU�H   IY��U+LWU
�JÉ!�J�J�   U\LYIY��S K I#HOU]£5HT���J�JIYU�H�Ô+� K HT�JI#H����Ç��É5�J���   U;LYIY��S K I#HOU,¦��Ç� K HzLYU]¯�I K IY�;�(MÅ����S�H K �JU���HO��¢�:¨Æ Ú²Î~ÅÀ�Æ Á@>�>mÍQÉC:²ÇÿÚbÁ�ÀA��ÄCA�Í�Ï��Ð�Ú��
¶ ñ#ñ2ñ#ñ2ñÈè .B ë&ìBì©ïCû�þ`êBð úa2�ûa�Ó2{îHïCí��¨ÿBð

¨F�\�������J��HO��IY�3��I�£pS�HOU��!�J�  ;K IYLYL K £�U���¢�LYUF¦��;U��.LYU��.£5HO�����JIYU�HO����®!��H3��¡ K �����\��UR��U��  ;K IYLYL K £�U���¢7���
� K LY����LYU�L K\ ;K ��HOIY��UF���5HJHOU���������� K �!� K �,��HO��¯�LY�   U��
à LY���JIYU���HO�   S��J¡��5��U��G�J���!�G���JIYLWIY�JS�U��3� K ���3L K LYIY�J�JS�H K ����HOU��a����H(���7���J��HO��I#HOU`LWU��3��IU£pS�HOU��5���  ;K IWLYL K £�U��4�
Ñ U.LYU����JU���H{IW�!�JS�HOU����JS��a����HJH K ���7���J��LY�JU�HpLYU.��¡ K ��IY��HTU�é�� ² ��U ¡�� K P HOIY��LYIY����� ¢ �a����H{É_��HO��� P U�Ha�(M K ����HOU��
HOS�ÐS�HOU�����U��RU��.�(M K ����HOU��   S��J¡��!��U����
 ð���ú¨ïCí7ýQý7ðÿ�lí7ü � 2�ì5ð{ü � ë&ü�îHð��
Ñ U��`��I�£pS�HOU��!�JU���£5HTIWLYLYU��������5�3���7���J��HO��IY�JU��GIY����S���U���� K� ;  U��5��¢ K P U��.�a����HG�JU���L���HOIY�J��HOU.����UR� K IYLWLYUF��U
 ;K IYLYLYUR��S���HO��IY�J� K �5��U ¡�� K P HOIY��LYIY�RU�� K L��� ´Æ¢ ¢�¡�� K P HOIY��LYIY��� êÆ¢ ¢�¡�� K ��£=U�� K L��� êÆ¢ ��®!��HG��U.�JU�LY�  ;K IWLYL K £�U��4¢
IYLaÐ K ���`U����J��IY�JUF�������J��HO��I#HOUV��U��N�7��S�H K ��U���HO����U_HOU��J��HTIW����IW�7�;U�����UF��HO��LY����£�U   U��5��¢���UF§!��IZ��S���U����JIY�JU
����U���HT�5��S�����HOU`�(MAIY�5��U�HO����L K ��IW�7�_��U����
	_�����G�(MA���  ;K IYLYL K £�U`� K ����LYU  ;K IYLYL K £�U�§!��I5U����(��LY����£5HT���J�JIYU�H
U��R� K ���V��U�LW��I{§5��I(U����N��LY���V¦�� Ý P ��I#HC¦�£���HOU ² ��� Þ �

Ñ U;�JU���L�I   �aS�H K �JIÌÐR§!��U�����I P U��!�mHTU   ��LYIâH¾��U��  ;K IWLYL K £�U��=U��J�_��U\��S���HOI#HOU;L K[  �   U^Ð�HO�7�5�JIY��HOU��
Ñ U_��HOIY����IY� K L(IY������� P S���IYU��!�N��U_��U��   S��J¡��!��U���U��J�.§!�(MAIYLpÐ K �����������J��HO��I#HOU�U��.�J���5��¼�U�H3LYU��R��IU£pS�HOU��5���
���aS�H K �JU���HO�3��U_HOU��J��HOIY���JIY���;U��.��U���HT��LY����£�U   U��!�3U��5��HOURLYU��.��I P U K ��¥;��U  ;K IYLYL K £�U�¢�U��.§!��U�LYUF� K LY����L
��U��R���  �  ����IY� K ��IW�7����U��!��HOUR£5HTIWLYLYU��R� K H`��U��.���aS�H K �JU���HO�`U��J�.����Ï��JU���¥;U��\�JU   ���4�5óFUF��LW���V� K ���.LWU
� K �F� K HO�JIY����LYIYU�HF��U=L K �JI   ��L K �JIY���[���,Ð�5HO£�U K £�U�¢!LWU���HTU  ;K IYLYL K £�U��������5�F���   ¯�HOU���¥\U������7Ï��JU���¥,U��
�JU   ���Rç à á�� éGP U��F����U_�JU�LYLYU   S���¡��5��U�¢!IYLaÐ K ����H K IY�NHOU  ;K IWLYLYU�H`�J�����`LWU��V��I P U K ��¥;��U  ;K IYLYL K £�U���¢!��U
§!��I K LY����HO��I#H K IY�.U������5HOU_L K ��HT�5��S�����HOU��
½ 2{ïCë��xü©ð5� ð{ü�î � ð]� ë&íQý7ý7ë&ú�ð��ü
¨F�[� K HO�.�(MA���  ;K IYLYL K £�Uz¦��]U��F���,��U=�������JU�H P U_§!��U���U�HT� K IY���R�
	_�����_��U���U  ;K IYLYL K £�U��p¨F�]��U����4¢
� K HCU�¥5U   ��LYU�¢!U�¥!��H K I#HOUR��U��.�
	_�����.U��\��HOU�� K �!�����\�
	_���,�J��H3��U���¥L¡��F��IWLYL K HO��� ² ¢ ����U��\���JIYLYIY� K �!�
L K �J¡�S��5HOIYU=��U��F£5H K ��¡�U��n¡wóF�5H�� K HT�mU�� K L����� ¢ � Ñ U��_£5HOIYLYLYU��_�J���!� K LY�5HT��U   ¯�� í ��S�U���� K HV�
	_���Ç�(¨F�
��¯��JIYU��!�����\�5� K £�UR��UF����IY�!�J��£5HT���J�JIYU�HO�`§5��URLMA�7����HTI K ��£���LYUR� K H3��� K LY£��5HTIW��¡   UR��UR�OÉ!��UF@3�5HO���������
áV��U K ����HOU   S��J¡��!��U����7���JIY�J�JURÔRS�LYI   IY��U�HG��U�HO� K IW��U�� K H¾����U������  ;K IYLYL K £�U�¢�Ô K7  S�LYIW�!HOU�H(L K �J���a��LY��£�IYU
� K H.IY� P U�HO�JIY���\�(M K HP���JU��.����IW�_ÔzLYIW���JU�HRL K ��IY�J��HOIY¯����JIY���,��U����
	_�����]¡�� K �J� K ��£ K ��É���� ¢ �
Ñ M K P K �5� K £�URU��J�V§5��U_LMA���,� K HO�.���  ;K IYLYL K £�U���U_� K LY����Lp¦��+������H`����������HO��I#HOU_LYU  ;K IYLYL K £�U�£!HO���J�JIYU�H��
Ñ MAIY������� P S���IYU��!��U��J�`§5��URLMA�7�;I   ������U K ��¥  ;K IYLYL K £�U�����UFHOU��J��U�����U�H K ����HO��¥!I  ;K �JI P U   U��!�(L K�  �   U
Ð�HO���!�JIY��HOU�¢���U=§5��IG�(MAU��J�V� K ��������ÒJ�7��HO� K IY�JSz� K ����LYU=� K �F��U=£�S��   S���HTIWU��V���   ��LYU�¥5U��4� � L(Ð K ��� K LY�5HO�



² �Ì³ Ñ U��   S���¡��5��U��   ��LY�JIY£5HOIYLYLWU��0¤3��HOS��JU��!� K ��IW�7� 6 ²

Prolongement

Maillage fin Maillage grossier

Restriction

3547698 ² ��� ¥�� >hÄ�ÍQÁ�Å�ÚÆÐSÍ�ÎzË�Æ ÏÈÑ�Å�Ú�Í�>hÉ�À9Á�ÅkÏkÉ�Ñ Ë7ÚbË�ÚÆÐ�Ä��+Í�ÏÈÀwÀ#Ú�Î�ÏÈÑ'Ë+Ä]>�Ú�Ñ'Ë+Á�Ñ�Å�Ú²Î
IY�!��HO�!����IâHTUR�  ;K �!��U�LWLYU   U��!��}_��U��R�
	_������Ô=���7���JU�H P U�H`LY�5HO�.���]��S�H K 1���U   U��!���
ç.U��aU���� K �!����UR�OÉ!��UR��U   S��J¡��!��U.�(MAU�¥5IY�J��UR§5��UV������HC��U��  �K IYLWL K £7U��N³�ó=���C� ² ó=¢�LYU���HT��¯�LY�   URU��J�
¯�IYU��]��LY���.���   ��LYIY§!��S Ý ��HOI K ��£���L K ��IW�7�;��U��R�
	_����� Þ U��NIYL(�(MÅU�¥5IY�J�JUF� K ��¢!Ôz������HOUR���7��� K IY�J� K ����U�¢!��U
��S�H K 1���U   U��!�N��U  �K IYLWL K £7U_��HOIY��I   U����JIY������U�L�
 ðªï`ë��xü©ð5� ð�üÀî � ðÅú�ï`íQý7ý7ðªú¨ïCûp���=í E ïCð
¨F�,� K HT�NIY��Ip�(MA����U_£5HTIWLYLYU_£5HO�7�J�JIY��HOUF§5��UFLMA��� P K H K 1���U�H�¢�����IY�N��U  �K ��IY��HOU���É5�J��S  ;K �JIY§!��UR���  ;  U
� K ����¡��CLp¡ K ��Ò���� ¢ ¢'¡ Ñ U_� K IW��� D ¢ ¢'¡��|���J�JIY�,U�� K L��� êÆ¢ ¢7�J��IY��U��\��M K IW� K �5�`�(MA���;U��J�JI  ;K �JU���H3�(MAU�H�HOU���H K
�a���J�JU�HOIY�5HTIm¡��|���'¼ K LWLYU��+U�� K L���� D ¢ ��ç¾MAU��J�G����UN��HT�5��S�����HOU`�JI   ��LYU�¢  ;K IW�GU�� ² ó=¢4LWURH K 1���U   U��!�(�(MA���
�JS���H K ����HOU=��U����   U���U�HzÔ,��U��z�JS���H K ����HTU��_��S�£�S���S�HOS��$¡��,���J�JIY�,U�� K L���� êÆ¢ U������7����Ô,���  ;K IYLYL K £�U
S�LYS   U��!�J�z¦���IY�;��U  ;K � P K IY�JU�§!� K LYIY�JS��3óFU���LY����¢GIYL`Ð K ���m§!��U\LWU  �K IYLWL K £7U K IY���JI.��¯���U��5����S���HOI P U
LYU,�����!�J����HV¦�� P �7��LW�(�GóFU��=��S�£�S���S�HOU��J��U�����U��z�J������LYS   U��5� K I#HOU��=��U�� P U��!� K ��� K H K�í ��HTUmLY�5HT�m��U\L K
��HO��ÒJU�����IW�7����U��R�
	_�����V¦����R�J��H`L K Ð�HO�7�5�JIY��HOU Ý P ��I#HC¦�£���HOU ² ��� Þ �
¶ ñâñ ñâñ ñâñ .B ë&ìBì©ïCû�þ`ê©ðªë&ý7ú�2 � ïCí���ÿ©ð

Ñ U��   ��LY�JIY£5HOIYLYLWU�� K LY£�S�¯�HOIY§!��U�� Ý é ��� Þ �����5� K ��� K HO��U�� K �_��S�¯����(��U�� K ����S�U���� ´ ¡wx.H K �����.U�� K L����é ¢ ��CLWLYU��_���JIYLYIY�JU��!��LYU��FIW�!Ð�5H  �K �JIY�����.�����!�JU��5��U��.� K ���FL K; ;K ��HOIY��U_���]��HO��¯�LY�   U_�a����H.����������HO��I#HOU_LYU��
��IU£ZS�HTU��5�J�FS�LYS   U��!�J�.��U�L K;  S��J¡��!��U Ý ��I P U K ��¥\��U�HOS��J��LY���JIY���(¢!���aS�H K �JU���HO�.��U_��H K ���OÐU�HO���#�#� Þ �
 ðªì©ïCí7ü5þ-íQì5ð�CLWLYU��`�J���!�3¯ K �JS�U��G�J��HGLMA���JIYLYIW� K �JIY���;�(MA���=�JU���L  �K IYLWL K £7U���¨F�;��S��JU�H   IY��U.LYU��3����S�H K �JU���HO�GU��3LYU��  ;K å
��HTIW��U��`£5HO�����JIY��HOU��3U����������FLYU��.��U�£5HOS��3��UFLWIY¯aU�HO�JSF£5HO���J��IWU�HT��Ô_� K HO��IâHG��UFL K P K LYU���H���U��`�JU�H   U��3��UFL K
 ;K ��HOIY��UG¦���U���ç.U��J��U   S���¡��5��U K ���7��Hp��HOIY����IY� K ��¥ K P K �!� K £�U��a��U3��U�� K �p��¯�LYIY£�U�HGÔ.�������J��HO��I#HOU���IU£pS�å
HOU��!�J�  ;K IWLYL K £�U��`U����a���J�J����U.���;� K H K ���J��HOU K ���J�  ;K �JIY§5��U.§!� K �5�3Ô_L K �������J��HO������IW�7�m��U��3��HT��¯�LY�   U��
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354Q6*8 ² ��� ¥�� ÍQÉ! �Ú@:ÆÅkÏOÉ�ÑçË�Ú Ñ�"�Ð�Ë|Î;Û�Ñ�ÎÓÚÆÑ$#�ÍQÉ�Ñ�ÅkÏ�èÆÍJÚl>hÉ�Ð�Í<ÐSÑ�ÚrÂ	ÄÆÅÈÇÊÉ�Ë�Ú Ë�Ú�ÍQÁ!% Ñ�ÚÆÂ;Ú�Ñ�Å$Ë�ÚÂ	Á�ÏÈÀwÀ9Á��!Ú
£5HO�7�J�JIYU�HO���
�3LYLYU�U����R���JIYLYIW��S�U����7��H.L K HOS�����LY���JIY���,��U_��HO��¯�LY�   U��RU�LYLYIY���JIY§5��U��	¡�� K ����U�L(U�� K L����� ¢ ¢�U��
  S�� K ��IY§!��U;��U��Fy���IY��U������[��U��_�J�7LWIY��U��`¡wx`�5U�HO�  ;K U�� K L������ ¢ �ZçQU���U���� K �!�_U�LYLWU�U��J�_£�S���S�H K LYU   U��!�
  ��IY����H K ��IY��U_§5��U_LYU��   S��J¡��!��U��N£7S��   S���HOIY§!��U��.�(M K ��HO����¡ Ñ K LWLYU  ;K ������³ ¢ �
µ û¨ü��=îHï`ÿ�þ-îHí7û�ü � ðÅý7ë	� ë&îHïCí�þ-ð ú�ïCûp���=í E ïCð
Ñ U��F����S�H K �JU���HO�0å « ¬ U���å ¬« �J���!�.� K LY����LYS��cÔ=� K HO�JI#H`��U�� P K LYU���HO�F��U��R���!U�1���IYU��5���R��U à ¬!��¨F�+�����JU÷ /�LMAU�����U   ¯�LYU_��U�� P ��IY�JIY���R���,��U�£5HTS_��U_LWIY¯aU�HO�JS'&�¢!��S�¦���I(� K HZ¤n(&*)�+5� È-,.,.,#È ÷ Ö�/�/1032 È ÷ /Z±4+ ÿ )5+5� È6,.,.,òÈ ÷ Ö�/�/�0!2 p�7 / �%m±98 2
��é ÷ Ö:/�/�0 U��J�RLYU=���   ¯�HOUF��U���U�£5HOS��V��U�LYIY¯�U�HO�JSzU��<; /�LMAU����JU   ¯�LYU���U��F���7IW�!�J� K ��¥5§!��U�LY��LYU���U�£!HOS��U�LYIY¯�U�HT�JS=&3U��J�QÐ��5HT�JU   U��!����������U����JS�¢!��MAU����QÔ^��IâHTU�¤n(&>) ÷ / È ; / ±@? ÿ )�+5� È6,.,.,òÈ ÷ Ö�/�/�0�2 p�AB7 / � A�C�D ô(EGFIHJ t� / AB7 / J A K P U�� D ô )LKM8 È �NKPO
¨F�ú�������J��HO��IY�]LMAU��J� K ��U j /=��U��[�
	_�����	£5HO�7�J�JIYU�HO�,� K H|����UÇ��HO�5��S�����HTU	IY�JS�H K �JI P U���S���HOIY�JU�� K H
U�¥!U   ��LYUm� K ���	¡ Ñ K LYLYU  ;K ������³ ¢ U��_���JIYLYIW� K �5�FLYU���U��J� K ��U�� ÷ /3U��=;p/��(¨F�[��S�¦���IY� K IY���JIGLMA����S�H K �JU���Hå ¬« � K HZ¤

Ù3Q ¬ Ú /Z± Ù å ¬« Q « Ú /p±SRTU TV
Ù�Q « Ú / �JIW&X) j /Y�[Z]\
^ 7 / �7 /W/ Ù�Q « Ú � �JIY�����

Ñ M!���aS�H K �JU���HÒå « ¬ U��J�.��S�¦���I�� K H0å « ¬ ±«å ¬« á U��.L K= ;K ��HOIY��UR���\��HO��¯�LY�   UF£5HO���J��IWU�HCU��J����S���U�H   IY��S�U
� K H.L K HTU�L K �JIY���b¤ à «�±«å « ¬ à ¬�å ¬« §!��U_L�MÅ���,���  ;  U � É�Ñ'Ë�ÏÈÅkÏOÉ"Ñ¯Ë7ÚG_ Á"ÀâÚÆÍ���ÏwÑ��
¶ ñ#ñ2ñ#ñ2ñ ¶ `Xÿ©îHïCð��=��2�îHê©û � ð�� � ð þ-û�ü3�=îHïCÿ5þ-îHí7û�ü
 ðÿ�z��2�îHê©û � ð�� �3B ë&ú�ú¨ýQûa�Ó2{ïCë&îHí7û�ü
ó K ���¡w}V�!��¯�������é ¢ ���;���   ¯�IY��U.LWU��  ;K IYLYL K £�U���S�LYS   U��!�J�G¦���IY�.U�� P ��LY�   U��G¦���IY���a����H3L K HOS�����LY���JIY���
��U���HT��¯�LY�   U��.¡5É!��U�HO¯a��LYIY§5��U���� é � K HO�JI#H`���  ;K IWLYL K £�U_S�LYS   U��!�J�.¦���IY��¢'���,�������J��HT��IW�.���  ;K IYLYL K £�U



² �Ì³ Ñ U��   S���¡��5��U��   ��LY�JIY£5HOIYLYLWU��0¤3��HOS��JU��!� K ��IW�7� 6�ê

P �7LW�   U��=¦���IY��Ô[LM K IY��U,��U�� P �7LW�   U��m��U,���7�5��HT��LYU���ç.U�� P ��LY�   U��=�J���!�mU�������IW��U K £�£�LY�   S�HTS�����U
Ð K ?����[�J������U��J��I P U;������H¾�������J��HT��IâHTUmLYU��  ;K IYLYL K £�U�� P �7LW�   U��F¦���IW�z£5HO�����JIYU�HO���pç_MAU��J�F����U   S��J¡��5��U
§!��I(�JU�H K ����HO�5��¡�UF��U��   S��J¡��!��U��.��U���S�H K 1\��U   U��5�`��U  ;K IYLYL K £�U��
 ðÿ�=��2{îHêBû � ðÿ� ê©í 2{ïCë&ï-þCê©í���ÿ©ð��
Ñ U�����I�£pS�HOU��!�J�=��I P U K ��¥	�J���!�=�������J��HT��IW���mÔ+� K HO�JI#H¾�(MA����U�£!HOIYLWLYU+£5HO���J��IW��HTU;U��ÓU���HTIW��¡�IY�J� K �!�=�J����å
��U��J��I P U   U��5�FLYU��FÐ��7�����JIY�����R��U�¯ K �JU�S�LYS   U��!�J�V¦���IW�	¡ à HOU��J��¯���HO£�U�H3U�� K L��� êÆ¢ ��ç.U��   S��J¡��!��U��R�J�7�5�
��IÌ1���IYLYU���Ô K � K ����U�H�ÔF������HOU.� K �3��é=LYU���Ð�������JIY�����G��UR¯ K ��UR������HGL K P IY�JU��J��UNU��3L K ��HOU��J�JIY���;���7I P U��5�
P S�HTIw¦�U�HQ��U��R��������IY�JIY�����R��Uz���   � K �JIY¯�IYLYIY�JS��

�3����� � a � ü ø�ö�ö�Óaþ��cb ü ÓÇ� õ(��� �a���Íø õ �¤��� ü �aö õ �ed � Ó½�Í� ÷�� ö
¶ ñâñ ñ ¶ ñwè  ð ý7í����=ë&ú¨ð
 ðÿ�=��2{îHêBû � ðÿ�gf1þ-ý7ë����=í���ÿ©ð���h
Ñ U��   S��J¡��5��U��V��U�LYIY�J� K £�U=§!��U�LMA���+��HO��� P U�� K ���FL K LYIY�J�JS�H K �J��HOU_�J�7�5�R����� P U��!�R��U��   S��J¡��5��U��F��U
�OÉ!��UXi K ���7¯�IÊ¡�� K P HTIW��LYIY�FU�� K L���� ´Æ¢ ¢�®�¨aõ«¡ à HOU��J�J¯���HT£�U�H3U�� K L���� êÆ¢ �7�=� K ���J�Oåe®!U�IY��U�L¢S¡ à U�HO��£�U�� K L���� D ¢ ¢¡��CL  ;K ��� 6Æ¢ �j�3LYLYU����a���J�J����U��!��¢aU��uU�£pU���¢p��U;¯a������U��_��HO����HOIYS��JS��F�(MAS�LYI   IY� K �JIY���	��U��_���   ����� K �5��U��
¡ K ����U��FÐ�HOS�§!��U�����U�� K �u���7��HO�_��U��_��HOU   IY��HOU��zIW��S�H K �JIY����� Ý ��MAU��J�TåeÔ4å���I#HOU=��Um¯a������U�����HT����HOIYS��JS��_��U
LYIY�J� K £7U���U_LMAU�HJHOU���H Þ �
¨F�+��HO��� P U K ���J��IZ��U��   S��J¡��!��U��.��U���S����   �����JIY�JIY���,IY�����   ��LW����U � Ñ áiS��J����IYS�U��F� K H�¡sÛìIY�J�J�   ��� ¢
U��.���JIYLYIY�JS�U��R� K ����¡��CL  �K ��� 6Æ¢ U���¡ � & K �������7³ ¢ �!®!I à ± clk Ë�m U����NL K ��S����   �a���JIY�JIY���\IY�����   ��LY���JU
��UzL K� ;K ��HOIY��U à ���+��HO��¯�LY�   U à °0± Ö ¢!���,� K LY����LYU�¤

° J ëZô ± Ù�clk ÚNn ô m ° J ã Ù�clk Ú[n ô Ö
 ðÿ�=��2{îHêBû � ðÿ� � ðÅî D ì5ð ú�ï`ë � í7ð�üÀî"þ-û�ü
oHÿ©ú�ÿG2
¨F�	��HO��� P Uz��U��[�(M K ���JU���HT�����JIYLYIY� K �!����U��   S���¡��5��U��F��U;£5H K ��IWU��!�F������ÒJ��£7��Sm���  ;  U�LYIY�J�JU���HX�W�3�
U�£pU��u��U��OÉ5�aUÓ��U   S��J¡��!��UÓHOS�����IY�[�JI   ��LY� K ��S   U��!�]LYU��[���   �a��� K �!�JU��,¡ K ���JU��+U��]¯ K ���JU��,Ð�HOS�å
§!��U�����U��3��U.L�MÅU�HJHOU���H�¡wx.H K U��J��� 6�¢ � Ñ MA���JIYLYIY� K �JIY���=��U.�JU�LY�3�J��L P U���HT��U��=� K �!�G§5��U.LYIY�J�JU���HGU��J�G�������RH K HOU¡wv K HO¡ K �.U�� K L����� ¢ ¢�¡wx`�5HT��U  ;K ���\U�� K L��� 6Æ¢ � � �����JU�Ð��IY��¢��J��Hp��U��G��HO��¯�LY�   U��(�(MAS�L K ���JIY��IW��S3U��(��U P IY�J����å��L K �J��IW��IY�JS�¢a�J���,����IWLYIY� K ��IW�7� K ��������S���U_¯a�����cHTS��J��LY� K �J��¡��CLZ¡ K ��Ò���� ¢ ¢Ò¡ Ñ U_� K IY��� D ¢ �Z¡Ì¨F���J�JU�HOLYU�U6��� ¢
���JIYLYIY�JU=����U   S��J¡��!��U<�p� õe��®|���  ;  UFLYIY�J�JU���HV������H`��U��R��HO�7¯�LW�   U��R��U   S�� K ��IY§!��U_��U��.y���IY��U����

óFU  ;K ��IW��HTU�£�S���S�H K LYU�¢(LM K �J���5��I K �JIY���+�SÂnÐ�À ÅkÏY�+Í�ÏÈÀwÀ#Ú!q��+ÍQÁ+Ë�ÏÚ�Ñ�Å[:�É�Ñ[ �Ð��8ÐÊÄ��\�JU;Ð K IY�=�J��HO�J�7����� K H
LMA���JIYLYIY� K �JIY������U��   S��J¡��!��U��r�������  ;  U���HTS���������IY�JIY������U���H(��U��   S��J¡��5��U��G��U.£5H K ��IYU��!�����7��ÒJ��£���S¡w®!IYL P U��J��U�H.U�� K L����é ¢ ¢8¡wx`�5U�HO�  ;K U�� K L������ ¢ ¢+¡wó K P IW���.U�� K L������ ¢ � à K HaU�¥!U   ��LYUN� K ����LM K LY£��!HOIY�J¡   U ² � D ¢
LYUF� K LY����L���UF- n ôJ° U��J� K �J�JI   IYLYScÔ¾���;� K LY����L K ����HO�5��¡�SR��UÕ��=±�° U���Ð K IY� K �!�3§5��U�LY§!��U��N��É!��LYU��
�(MA����U   S��J¡��5��U   ��LY�JIY£5HOIYLYLYU��

¶ ñâñ ñ ¶ ñâñ  ëxþ�û�ïCï`ð þ�îHíQû¨ü
à ����H�HOS���������HOU;LYU\��HO��¯�LY�   U\�J��HzL K £5HTIWLYLYU,L K ��LW����£5HO���J��IW��HTU�¢pL K[  S���¡��5��U\L K ��LY���=�J��� P U��5�

���JIYLYIY�JS�UFU��J��L K_  S���¡��5��U.��I#HOU����JU��I�3�=U�£ZU��4¢��������JIYLYIY�JU�¢�U��=£�S���S�H K L¢����;���   ¯�HTU3S�LWU P SR��U  ;K IYLYL K £�U��
§!��IR�J���!�=�JU�LY�;§!��U,L K £5HOIYLYLWU|¦���U,U��J�;��HT����¦���U,U��=L K £5HOIYLYLWU,£!HO���J�JIY��HOU\U��J�;��HO���=£5HO���J��IW��HTU���ó K ���¡��|�5H K ������³ ¢ ¢{LM K ���JU���H¾���JIYLWIY�JU 6  ;K IYLYL K £�U��=�����5�zLYU,��LW���z¦��Ç�a���J�J����U D ³�³��Íé,�
	_�����mU��=LYU\��LW���
£5HT���J�JIYU�H D ���5áV��UcHTS��J��LY���JIY���;� K H`L K=  S��J¡��!��UR��I#HOU����JUF�(MA���\�JU�L��JÉ!�J�J�   URU��J�.�������R�aU��,����Ï��JU����JU��



6�6 µ ê©ë&ìBí7îHïCð[¶ ñ·`¸_¹«ª¬Fºb®¼»^½,¸¾¹�ª¤¿,pº_À4ÁB±�ÀÂ`�¸¾¹

¶ ñ#ñ2ñ ¶ ñ ¶  ð���û�ì32{ïCë&îHð{ÿBï��
Ñ Um��¡���IY¥,��U��_���aS�H K �JU���HO�V��Um��H K ���OÐU�HO�.U��5��HOU�LYU��_£5HOIYLYLYU�����S��aU����]Ð�5HO��U   U��5�V��UmL K\  S��J¡��!��U

��U����7���J��HO�����JIY������U�����IU£ZS�HTU��5�J�  ;K IYLYL K £�U����
¥ à ����H`LWU��   S��J¡��!��U�� K LY£�S�¯�HTIW§!��U���¢�LYU��R�7��S�H K ��U���HO�.�J���!�N���7���J��HO��IY�J��Ô^� K HO�JI#H`��U�����U�H   U��.��UL K� ;K ��HOIY��UV¦���U�U�� P S�HOIÌ¦�U��!��å « ¬ ±«å ¬« á �
¥ à ����HRLYU��   S���¡��5��U��_¡�IYS�H K HT��¡�IY§!��U���¢�LYU��z����S�H K �JU���HO�R�aU�� P U��5������HOU��JI   ��LYU   U��!�_��U��_IY��ÒJU���å�JIY�����R�(MA����U_£5HTIWLYLYU�����H�LM K ����HOUn¡ à HOU����J¯���HO£�U�HCU�� K L��� êÆ¢ �
¥ �3�!¦��	�a����H_LYU��   ��LW��IW£!HOIYLWLYU��;£7S��   S���HOIY§!��U���¢aLWU��=���aS�H K �JU���HT�_�J���!�_��U��mIY�!�JU�HO�a��L K �JIY�����_§!��I��U�� P U��!������HTUN���7���J� K �!�JU���¢4LYIW��S K IâHTU��R���=§5� K ��H K �JIY§!��U�����ó K ���¡�� K P HOIY��LYIY��� ê|¢ ¢�LM K ���JU���H3��¡���IÌå
�JIY�,��U��,����S�H K �JU���HO�\�(MAIY�5�JU�HT����L K �JIY���ìLYIW��S K IâHTUÓU��!��HOU+LWU��+��IU£ZS�HOU��!�J�  ;K IYLYL K £�U��,����������HO��IY�J�
IW����S��aU���� K� ;  U��!���pó K ���b¡w¨F�7�J�JU�HOLYU�U6��� ¢ ¢�LMA�7��S�H K ��U���H.��U=��HO��LY����£�U   U��!�RU��J�F����U�IY�!�JU�HO�a��å
L K �JIY����LWIY��S K I#HOU K LY�5HO�\§!��U	LMA����S�H K �JU���H���U¼HTU��J��HOIY���JIY����U��J�,�������aS�H K �JU���H�� K H   ��É�U�����U
��������S�HOS�U��(ó K ���>¡ÎõQ��¯ K HO����³ ¢ ¢Y¡ Ñ U_� K IW��� D ¢ ¢pL�MÅ����S�H K �JU���HR��U���HO��LY����£�U   U��!�RU��J�_��S�¦���I`� K H
LWU��CÐ��7�����JIY�����3��UR¯ K �JU.S�LYS   U��!�J�3¦���IY�`���JIYLWIY�JS�U��.U��`L�MÅ����S�H K �JU���H(��UFHOU��J��HOIY���JIY���=U��J�3��S�¦���Ia� K H
L K HOU�L K �JIY���b¤ å « ¬ ±«å ¬« á



² � ² LYU��   S��J¡��!��U��   ��LY�JIY£5HOIYLYLWU��FU��.LYU�����HO�7¯�LW�   U��RIY�����   ��HOU��J��IW¯�LYU�� 6 �
³cb¿³ l�gYº,hjµGjm¶=k�·=gYº;h »=l�jZn�o¹pn�lJl�gYº;gGj]l�gYº\rn¹pkes=l�t3h0gYº;n�svu�kVh0r>¹pgYº½º�n[sml�gYº

¨F�	��HOS��JU��!�JU=IY��IQH K ��IY��U   U��5�_LYU��z��I�£pS�HOU��!�JU��   S���¡��5��U��z���JIYLWIY�JS�U��=� K ���_L K LYIY�J�JS�H K ����HOU��a����H
��H K IY�JU�H`LWU��F��HO��¯�LY�   U��.IY�����   ��HTU��J�JIY¯�LYU���� K ���VLWU_� K ��HOU_� K HO�JIY����LYIYU�H.��U��   S���¡��5��U��   ��LY�JIY£5HOIYLYLYU����

�3� �3��� a �	� ��õ{û�ü Ôaýi�	ù`�xw0� õcy ��ö
à ����Hp��U��3H K IY�J�����(��U`�JI   ��LYIY��IW��S�¢���� K �J�JI   IYLYU�H K ������HOU3��HO�7¯�LW�   U K ����HO�7¯�LW�   U���UN®!���S¼�U��(�a����H

L K ��HOS��JU��!� K �JIY���=��U��.��IU£ZS�HOU��!�JU��   S��J¡��!��U���� Ñ UV��HO��¯�LY�   UF��U�®!�J�S¼�U��`U��J�������JÉ5���J�   UR�(MAS�§!� K �JIY���
U�� P IY�JU��J��U_U��N��HTU��J�JIY���,§!��I(��MAS���HOIY�.��U_L K� �K ��IY��HOU�����I P K �!�JU�¤���������

� HT��� P U�H Ù{z È å Ú RTU TV
Ë Ä m z ã}|�~-��� å�±9� �J��HRª

��I P1z ±98 �J��HRªz ±9� �J��He�pª
§!��I(��������U�¢ K ��HO���.��IW����HOS��JIY� K �JIY���,LYU_�JÉ!�J�J�   U��J��I P K �5�FÔ;HOS��J������HTU�¤��� �p�� 8�� �}�� � ± ��� 8��
��é � U��J�R����U  �K ��HOIY��UF�JÉ   S���HOIY§5��U_��S�¦���IYUz�����JIY�JI P U��
Ñ K� ;K ��HOIY��UF£�LY��¯ K LYU_���,�JÉ!�J�J�   UV��HOS���S���U��5�VU��J�  ;K L����7����IW��IW�7����S�U�� K H`U�LYLYU����   �a�5HO�JUV��U��R&�S�HO���
�J��H^L K ��I K £���� K LYU���¨F�Ç��U,�aU����;�������,� K �;IY� P U�HO�JU�Hz��U,�JÉ!�J�J�   U�� K H^��U��   S��J¡��!��U��=IW��S�H K �JI P U��
��L K �J��IW§!��U����

�3� �3�� a ��ö,ý9d��]� õ ù��aö;ù*da� õ(÷ � ü d��aö
áR��U   S��J¡��!��U3��L K �J�JIY§5��U.�a����H�HTS��J������HOU3LYU��G�JÉ5���J�   U��   IY¥!�JU��(IY�J�J���3��U`��HO��¯�LY�   U��(IY�����   ��HOU��Oå

�JIY¯�LYU��_U��J�R��Uz��S���������LYU�HRLYU��_S�§!� K �JIY�����R��UzL K P IY�JU��J�JU_U��F��U�L K ��HOU��J�JIY���(� Ñ M K LY£��5HOIY�J¡   U��(MwáV& K � K� P ��I#H�LM K LW£7�5HOIY�J¡   U ² �w³��`U��J�4¢5� K H�U�¥!U   ��LYU���HO���.���JIYLWIY�JS��`lýQú¨û�ï`íQîHêG�xð	¶ ñâñ�� LY£��5HTIW��¡   U_�(MwáV& K � K ������H`L K HTS��J��LY���JIY���\��S���������LYS�U�U�� P IY�JU��J�JU6�Í��HOU��J�JIY����[������� ��� �� �� ð �-��� � � ð
��¡���IY¥\��Ue¡�ó

% �£¢� �¤.� �!¥  �-�¦� � � �§ � ãx¨ � � �=© Q æ ± � Ë � � ¡ æª-�¬«W��  I®� �¯ $e¡ æ�ëW°¡ æ�ëc° ±x¡ æ Ë ¨ � Q æ± �³²L¥�´-¥:� $� �%z$ �eªlµ�® ð�¶ ®�¤¸·¹  �p � �6º $� #"�$ �- $» �¹��  "��! � �¦¼�½ $



6 � µ=¾�¿
ÀrÁ{Â:Ã6Ä ¶jÅ `¸_¹xÆÈÇFº=É¼»^½,¸¾¹ÊÆ¤¿,pº_À4Á�Ë�ÀÂ`�¸¾¹
¶jÅ#¶jÅ ñ Å{Ì  Ä �=�fÿ©ý Â:Á ú Ã-Á ý7ý Ä ��þ-û���� Ä ��2 Â:¾ û � Ä � Ä�Ã 2��=û�ý7ÿ Â:Á û�ü

Ñ U�� K ���JU���HO�3���JIYLYIY�JU��5�.�J�7� P U��5�`L Km  S��J¡��5��UV��UR��S���������L K £�UF�(MwáV& K � K �a����H3L K HOS��J��LY���JIY������U��
��HO��¯�LY�   U��FIY�����   ��HOU����JIY¯�LWU K P U��_��U��   S��J¡��5��U��   ��LY�JIY£5HTIWLYLYU����pó K ���=Í��CLp¡ K ��Ò����:ÎGU��'ÍÎõQ��¯ K HO����³NÎe¢
IYLY�����JIYLYIY�JU��!�R����U   S���¡��5��U   ��LW��IW£!HOIYLWLYUz������H`IY� P U�HO�JU�H`LYU_�JÉ5���J�   UFU�� P IY�JU��J��U_����IW§!��U   U��!����ó K ���Í Ñ �7���J� K LYU6� ² Îe¢�LM K ���JU���H�¢ K P U��.����U K ����HOU   S���¡��5��U.��UF��S���������L K £�U�¢�Ï.ÐÒÑGÓ:Ô{Õ�Ö-×�ÚgØ�*OE �*Ù Ù.¢!���JIYLWIY�JU����U   S��J¡��5��U   ��LY�JIY£5HOIYLYLWUz������HVHOS��J������HOUF��HO��¯�LY�   U_U�� P IY�JU��J�JU��Ú ���J�����G§5��U.LMA��� K ��H K IY�JS�IY��I���URLMAU�¥!��HOU��J�JIY���z���;��HO��¯�LY�   U.U�� P IW��U��J�JU.U��3��HOU��J�JIY���(¢  ;K IY�3§!��U.L�MÅ���
��HO�7� P U K ���J��IZ� K ���NL K LYIY�J�JS�H K ����HOU�LMAU�¥!��HOU��J��IW�7�����,��HO�7¯�LW�   U���U�®!�J��Û�U���U�� P �!HO�JIY��IY�JSRU��`Ð��7�����JIY���
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ç�x0|�z ¦ ®L©�¬?{�¬?¨MxcÔ]{�l£8®L¬Mx"w,ª�©�xIw~}0¬M®L|Jª�¨M{J®L©�x0À�z ¦ ¨Mxf¬Mª�w,|�z]¸(w�{�|J|JxI¸Sw~®L¬M¬M{J¤"w~x5«�xI�z ©�{J¤"w~x_ÔI©'�¶}0¨Mª�«�{Jx"w
ÄSª�x�|*��{J©SÔ�ª�x0© ¦ x´«�ª�|J{J¬M¬$z-¸Lx�¬Mª�wf|�z[w�}0¬M®L|Jª�¨M{J®L©�]ª�|�¨?{�¸Sw~{J|�|JxLm�Óf©Õw~}0¬M®Lª�¨.x0À�z ¦ ¨Mx"�x0©(¨fx0©�ª�¨M{J|J{J¬$z ©S¨
|�z´�}0¨M·�®(«�x.«�xIw�}0¬M{J«�ªÁl{J©�{��z |�z � x ¦ ª�©�xI£�w�} ¦ {�¬?{�®i© � 8 n�Ö m�Óf©Áw�x0£�®(w~¨?xe«�z ©�¬5|�x]¨$z�¯�|Jx"z ª ² m=½I|Jx0¬
w~}0¬Mª�|J¨$z-¨M¬�®�¯�¨Mx0©Sª�¬�¬?ª�w�|�z�£�w~x"l{J¤"w~x<w~}0¬M®i|�ª�¨?{�®i©�«'�¶ª�© ¦ z ¬�«'��} ¦ wMz-¬Mx"lx0©S¨'«'��ª�©�|J®L£�{J© ¦ ª�¯�{JÄSª�xex0©S¨$w~x
«�x0ª�À�¨$z ¬�£�|�z ¨M¬"m Ñ z�w~·�}0®L|J®L¸L{Jxf«�ª[|J®L£�{J©[x0¬?¨ ¦ ®i©�¬M{J«�}"w~}0x.©�x:�<¨M®L©�{Jx0©�©�x.x0¨<|Jx ¦ ®L©(¨6z ¦ ¨Kx0¬M¨QÐ�w~®i¨M¨$z ©S¨z � x ¦ ª�© ¦ ®Sx6Â ¦ {Jx0©(¨f«�x ´ mw³�maÄÁw�x0£�w~}0¬Mx0©S¨MxI«�xl©�®(z¯�w~x.«'��{J¨M}"w?z ¨M{J®L©�¬f{��£�®L¬M}0x0¬f¬Mª�wf|�z°¸(w~{J|J|�x�Ã�©�xLm
Ñ x��z {J|J|�z ¸Lx ¦ ®(l£�®Sw~¨Mx�x0© � {�w~®L© �c× 8�8�8³©
	.ª�«�¬�Ã�©�¬�x0¨ �L� 8�8Ø©
	.ª�«�¬´¸(w�®L¬M¬M{Jx"w~¬"m Ñ x¼¨Mx"�£�¬�«�x
w~}0¬M®i|�ª�¨?{�®i©T£�zLw,|�z�l}0¨M·�®S«�xf«�xIw~}0¬M{J«�ªÁl{J©�{��z |Px0¬M¨5«�xIÙ × ¬Mx ¦ ®L©�«�x0¬5£�®Lª�w í ´ �f{J¨M}"wMz-¨M{J®L©�¬"m

Óf©l©�®L¨?xK¬Mª�w ¦ x0¬Gw�}0¬Mª�|J¨$z ¨M¬�Ä(ª�x,|JxV©�®S�¯�w�xK«�x ¦ É ¦ |Jx0¬�x0¨�|JxV¨?x"l£�¬�ç à á¿¬Mx,¬M¨$z�¯�{J|J{J¬Mx0©(¨Kz-ª�¯�®iª�¨
«'��ª�©�x � {J©�¸L¨6z {J©�xe«'��{J¨M}"w?z ¨M{J®L©�¬"m���©Tw~x � z © ¦ ·�x ¯ ®i©´®�¯�¬?x"w � x<ª�©Tl{J©�{�Iª�Ú«�ª�©�®(z¯�w~x<«'��{J¨M}"w?z ¨M{J®L©�¬
¦ ª�]ª�|J}0x0¬�¬Mª�w]|�z¼¸(w~{J|J|Jx�Ã�©�xT£�®Lª�w=Ä�±ÜÛÝm�ó.z-©�¬I|�z¼|J{J¨M¨M}"wMz ¨?ª�w~x ¯ |JxT©�®(z¯�w~x�«�xT£�z-¬�«�xT|J{J¬M¬$z-¸Lx
®L£�¨M{�]ª�Üx0¬?¨I¬M®Lª � x0©(¨]«�x�|*��®(w~«�w~x°«�xÜ³³®Lª ² £�®Lª�w]|�z[�}0¨M·�®(«�x�«�x i(z ¦ ®�¯�{�x0¨ ² ®iª í³£�®Lª�w�|�x
¸(wMz-«�{�x0©S¨ ¦ ®L©�Ò?ª�¸Lª�}GÍ Ñ x.«�z {J©�����Î�m
¶jÅJ¹WÅ ñ Å ñ Þ s�ß 7 Ã-Ä[Ñ�à Á Â0Ò�Ã6¿
Â:Á�s�»�q G� Ò¼s�v}ÀrÃFÒÅtIÁ*q[Á�s�» G� Ò�Ä

Ñ zTÄSª�x0¬M¨M{J®L©�¬Mx°£�®L¬Mx°«�x�¬$z � ®L{�wf¬M{ ¦ x�©�®(z¯�w~xl®L£�¨M{��z |�«'�¶{�¨?}"wMz ¨M{J®L©�¬.«�}0£8x0©�«Õ«�ª�£�w�®�¯�|J¤"lx
¦ ®L©�¬M{J«�}"w~}Lm à ®Lª�w�ª�©Ë|J{�¬?¬Mx0ª�w]«�xT¨eÉS£�x�¸(wMz-«�{�x0©S¨ ¦ ®i©�ÒMª�¸Lª�} ¯ ª�©�x ¦ ®L©�«�{J¨M{J®L©¿¬Mª�w]|�zØ£�w~} ¦ {J¬M{J®L©Õx0¬?¨
£�zLw�Ð*®L{J¬T£�|Jª�¬Áz «�z-£�¨M}0xLmNó.z-©�¬ Í�Óf®i¬M¨Mx"w~|Jx0x6���NÎ ¯ |*��z ª�¨Mx0ª�w°£�w~} ¦ ®L©�{J¬Mx ¦ x¼¨OÉS£�x¼«�x ¦ ®L©�«�{J¨M{J®L©X£�®iª�w
®L£�¨M{�l{J¬Mx"wf|�z ¦ ®L© � x"w~¸ix0© ¦ xI«�xl|�zTl}0¨M·�®S«�x ¯ z � x ¦ ª�©Á|J{J¬M¬Mx0ª�wf«�x°¨eÉS£�xv�p�[áe�`®Pm Ñ x�l4"�xI¨OÉ(£8x
«'��}0¨Mª�«�x.x0¬?¨<x6�2x ¦ ¨Mª�}.x0©T}0¨?ª�«�{�z-©(¨<«�{ � x"w�¬Mx0¬<£�w~} ¦ {J¬M{J®L©�¬<«�x<â ¦ ®i© � x"w�¸Lx0© ¦ x[èe«�ªT|J{J¬M¬Mx0ª�w0m

Óf© ¦ ®L©�¬M¨$z ¨?xIÄSª�xIÃ�ÀSx"wf|�zT£�w~} ¦ {J¬M{J®L©�Ôö8 , � «�®L©�©�xl«�x0¬�w�}0¬Mª�|J¨$z ¨M¬f}0Ä(ª�{ � z |Jx0©(¨M¬=Ô�ª�©�©�®(z¯�w~x
«�xI£�z-¬V«�x.|J{J¬M¬$z-¸Lx.Ã�ÀS}�ÔlÛl¬Mª�w ¦ x ¦ z ¬Fm



² mîí �T{J¬Mx]x0©T£�|�z ¦ x.«'��ª�©�xIl}0¨M·�®S«�xI]ª�|�¨?{�¸Sw~{J|�|Jx ² óxÝ � £�£�|J{ ¦ z ¨M{J®L©uÔ�|�z�¬M{�Iª�|�z ¨?{�®i©T«�ª
Ð*®(w~¸Lx"z-¸Lx�Ô ¦ ·�z ª�« � ê

Ä ñ ¶ ¹ ã ä å æ ç
Þ s8ß 7 Ã6ÄTÑWÄ
µIè't r{Ä�q ê � ² ³ �6� � � ½ ½ ê

Þ s�ß 7 Ã6ÄöÂ0sLÂ:¿�r
Ñ�à Á{Â0Ò1Ã-¿
Â:Á�s8»Gq �i� ê � ê ½ ê í ê í�í ² � í ² í ²

µ 3_¿ � ê � ´ ��³L½ í�í ´ ³�³�� ³ ´ ² �:í1� �:í�� ��³7³ÌÅé Ì�Ì Ì ñ Ì�ã ñ é
ê ê í í íí5³ í ê í(½ ê�´ ½ ²�4³�� ��³�³ ��� ��� � ´ �

ê�ë�ì�� ² m�½��ìÝ³Ó6#6�1Ï Ô ÐIÔ�#.+�Ö �S)T�(%}Ô�Ú6#�Ôv×�Ú[�c��gi)$�{Ï Ï#Ú���×�Ó[ÐIÏ#Ú°#$�()T�S%ôÓ6H0)¦ÐF#�Ú:Ñ;Ú0%
Ô=×�Ú�Ï.Ö?+2��%íH0���0�*î0��Ú
Úc%
Ô*)TÚÒÔ ÐF#�+jÏçÐ]Ô�#��°%�ÖIÑ��0)JÚ=×�& �{Ô Ó0)¦ÐIÔ*��Ö % ×7Ú=ÏJ��#M#NÐ0g!ÚCÛ�ï]Ó�Ú"�uð�%6b<��Ú0%�H�Úv× �T%�ÖIÑ��0)JÚFÄ ×'& �{Ô Ó0)¦ÐIÔ*��Ö %S# ×7ÚÏJ��#M#NÐ0g!Ú"�

ñMò éjÅ�ã é Å ñ é Å Ì�ã éjÅ{Ì é Å�é8ã éjÅ�éjÌ
Þ s�ß 7 Ã-Ä[ÑWÄ
µIè't r{ÄÅq ��³ ê ê í ² ²

À Â0Ò1Ã-¿
Â:Á�s8»Gq í(½ ² � í�� í�� ½�� � ê í
µ 3_¿ ² ´7´ ��³ ´ ��³�� ��� �L½ ���

ê�ë�ì�� ² m��,�;Ý³Ód#$��Ï¸Ô Ð]Ô�#'+�Ö-�()��S% Ô�Úd#�Ô£×7Úe�c��gi)$�{Ï Ï#Ú,��×�Ó�Ð]ÏâÚV#$�()5�(%öÓ$Hc)¦ÐF#ÂÚ:Ñ;Úc%
Ô ×7ÚeÏ.Ö?+2��%´Hc�Å�c�jîc�ÿÚRÚc%
Ô*)JÚÔ ÐF#�+jÏçÐ]Ô�#��y+2)¦Ó$Hc��#6�MÖ %¾Û�ï]Ó�Ú,+�Ö �()ÒÏ#ÚpÏJ��#?#ÂÚ0�S)
Óf©¿«�} ¦ {J«�xT«�xµw~x0¨?x0©�{�w ¦ x0¨M¨Mx ¦ ®i©�«�{�¨?{�®i© D ò ± 8 , � ¯ zT£�w�{�®Sw~{ ¯ l{Jx0ª�ÀÕz «�z-£�¨M}0x�£�®iª�w.£�w~x0©�«�w~x�x0©
¦ ®(�£�¨Mx.¨M®Lª�¨�¨OÉ(£8xe«�x.£�w�®�¯�|J¤"lxLm

¶ Å�¹cÅ ñ Åâ¶ D Ò�Ã6Á  tI¿
Â:Á�s8»óÑcÄÅqÒÀ�Ã"s�À�Ã6Á�Ò�Â0ÒÅqlßôv�r{Â:Á�ºLÃ6Á�r�r{Ä
Óf©Á¬?®Lª�·�z {J¨Mx � }"w~{=Ã�x"w5Ä(ª�xl|Jx�|J{J¬M¬Mx0ª�w.ÄSª�xl©�®Lª�¬.z � ®L©�¬ ¦ ·�®L{J¬M{ ¦ ®L©�«�ª�{J¨�Ô�ª�©�x�l}0¨M·�®S«�x�]ª�|Ìå

¨M{J¸(w�{�|J|Jx�ÄSª�{�x0© � }"w�{�Ã�xl|Jx0¬.£�w~®L£�w�{�}0¨?}0¬e}0|J}"lx0©S¨$z {�w~x0¬"mPÓf© � }"w~{=Ã�xI¨?®Lª�¨e«'�=z�¯�®(w�«[ÄSª�xI|Jx�£�w~® ¦ x0¬M¬Mª�¬«�x ¦ ®L© � x"w~¸Lx0© ¦ x]x0¬M¨f{�©�«�}0£8x0©�«�z ©S¨.«�ªØ°z {J|�|�z ¸ixLm à ®Lª�w ¦ x0|�z ¯ ®L©[¨$w?z ¦ xI|*��} � ®i|�ª�¨?{�®i©Á«�ª¼w~}0¬M{J«�ª�z ª
¦ ®Lª�w�¬<«�x0¬ ¦ z | ¦ ª�|J¬e£8®Lª�w,£�|Jª�¬M{Jx0ª�w~¬y°z {J|�|�z ¸ix0¬"m Ñ x0¬ew�}0¬Mª�|J¨$z ¨M¬�¬M®L©S¨<w~x0£�®Sw~¨M}0¬�¬Mª�w,|�zlÃ�¸Lª�w�x ² m��:í�m

Óf© ¦ ®L©�¬M¨$z ¨?x�Ä(ª�xT|Jx0¬�«�{=�P}"w~x0©(¨?x0¬ ¦ ®Lª�wO¯8x0¬�®7¯�¨Mx0©(ª�x0¬ ¯ £�®iª�wl«�{=�2}"w~x0©S¨M¬��z {J|J|�z ¸Lx0¬ ¯ ¬?®L©(¨]¬Mª!å
£8x"w~£�®L¬?}0x0¬ ¯ ¦ xlÄSª�{Kl®L©S¨$w~x_¯�{Jx0©¼|*��{J©�«�}0£�x0©�«�z © ¦ x�«�xl|�z ¦ ®L© � x"w~¸Lx0© ¦ x]£�zLwfwMz £�£�®Sw~¨ez ª¼�z {J|J|�z-¸LxLm
ç�x0¨?¨Mxe£�w�®L£�w~{J}0¨M}.x0¬M¨�©�} ¦ x0¬M¬$z-{�w�x.£�®Lª�w<z-¬M¬Mª�w~x"w,ª�©�x ¦ ®L© � x"w~¸Lx0© ¦ xfx0©Tõ § §ÁU,öc÷Ý§ © m
¶ Å�¹cÅ ñ Å�¹ ½ Ò1Â:Ä�Ã"ß�Á�»r¿
Â:Á�s�»�ÑcÄ/r{¿9ÀrÃFÒÅt]Ájq[Á�s�»øÑcÄít-s�»'�LÄ1ÃFº�ÄS»GtIÄùs�À�Â:Á�ß�¿�r{Äíq6v�ÃËr ¿�ºLÃ6Á�r�r{Ä

º�ÃFs2q0q[Á 9 Ã-Ä
®Sª�w�|Jx[¨6z�¯�|Jx"z ª ² m�� ¯ ®L©íw~x"°zLw~ÄSª�x´ÄSª�x[|Jx¼¨Mx"l£�¬�«�x ¦ z | ¦ ª�|ex0¬?¨�¯�{Jx0©/£�|Jª�¬T}0|Jx � }³Ä(ª'��z � x ¦|�z¿l}0¨M·�®S«�xT«�xÁw~}0¬M{J«�ª/l{J©�{��z | � �Ií�¬Mx ¦ ®i©�«�x0¬��0m3ç�x0|�z � {�x0©S¨�«�ª�Ð�z {J¨�ÄSª�x[|*��®i©/z¼{�l£�®L¬?}[ª�©�x

w~}0¬?®L|Jª�¨M{J®L©¼x0ÀÅz ¦ ¨?x�¬?ª�w<|�zT¸Sw~{J|�|Jx�¸Sw~®L¬M¬M{J¤"w~x ¯ ¦ x�Ä(ª�{�©'��x0¬M¨.£�z-¬e©�} ¦ x0¬M¬6z {�w~xLm'Óf©�w~x ¦ ·�x"w ¦ ·�xl«�®L© ¦ |�z



�L½ µ=¾�¿
ÀrÁ{Â:Ã6Ä ¶jÅ `¸_¹xÆÈÇFº=É¼»^½,¸¾¹ÊÆ¤¿,pº_À4Á�Ë�ÀÂ`�¸¾¹

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1
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1 2 3 4 5 6 7 8

re
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du

cycles

17486
13897
10836
8261
4401

645

������� ² m��:í¼��ú(ÐIÏ#Úc�()�× �ù)¦Ó6#$��× �X)JÚ:Ï.ÐIÔ*� #���Ï.Ð�ÛK%È×�ÚôH[Õ�ÐLîc�ÿÚ¼Hck-HÜÏ#Ú�Ñl��Ï Ô*��gi)$�{Ï Ï#Ú�+�Ö �S)l+(ÏJ�i#$�Ú0�S)M#ÑGÐ �{Ï Ï.Ð0g!Ú6#�×�Ú¼%�ÖIÑ��0)JÚ$×7Ú[%�",�
×F#ÕH0)¦Ö ��#M#NÐ %
Ô�#¿û � )¦ÖL�ÜÏ#è:Ñ;Ú�×'& Ó6H0)¦ÐF#ÂÚÜÑ^Úc%
Ô'×'& �S%üHc�Å��Ú¼%�ÚcýXÔ Ö %���Úc%
Ú0%
Ô*)JÚÒÔ ÐF#�+(Ï.ÐIÔ�#�#0)PÖ]Ô�Ô Ð %
Ô�#*þ
£�w~} ¦ {J¬M{J®L©³®L£�¨M{��z |Jx D"ÿ «�x.|�z´w~}0¬?®L|Jª�¨M{J®L©´¬?ª�w�|�z�¸(w�{�|J|JxI¸Sw~®L¬M¬M{J¤"w~xLm à ®Lª�w ¦ x0|�z ¯ ®i©�Ã�À(x.|�zl£�w~} ¦ {J¬M{J®L©¸(w~{J|J|Jx�Ã�©�x�Ô D ò ±98 , � m Ñ x0¬Kw~}0¬?ª�|�¨6z ¨M¬�®�¯�¨Mx0©Sª�¬�£8®Lª�w�«�{=�2}"w~x0©S¨Mx0¬ � z-|�x0ª�w�¬K«�x D ÿ ¬M®L©S¨�w~x0£�®(w�¨M}0¬�«�z-©�¬
|Jx.¨$z�¯�|Jx"z ª ² m���m5®Sª�w|�zI«�x0ª�ÀS{J¤"lx.|J{J¸L©�x.«�ª´¨6z�¯�|Jx"z ª ² m�� ¯ ®L© � ®L{J¨VÄSª�xf|�®Sw~¬MÄSª�x<|�z�w�}0¬M®L|Jª�¨M{J®L©�©'��x0¬M¨D ÿ � 8 nÅÖ � 8 n�� � 8 n�� é Å�é8ã éjÅ{Ì éjÅ{ÌÅã é Å ñ éjÅ�ã

µIè't r{ÄÅq ê ê ê ê ê ½ ½ ½
Þ 7 Á Â ² � ² � ² � ² � ² � ê � ê ½ ² ��³
µ 3_¿ �4³ ´ ��� ê � ³�� ³ ê ³�� ³�� ���

ê�ë�ìG� ² m��]�[ß=Ó:Ô�Ú0)[Ñl��%�Ð]Ô*�MÖ %�×�ÚvÏ.Ð�+2)¦Ó$Hc��#6�MÖ %Tgi)$�{Ï Ï#ÚfgL)¦ÖF#?#$��èc)JÚ D ÿ +�Ö-�()l�S%�Ú5+2)¦Ó$Hc��#6�MÖ %Tgi)$�{Ï Ï#ÚCÛK%�ÚD ò ±98 , �
£�z ¬ez-¬M¬Mx0¾.£�w~} ¦ {J¬Mx � £�w�} ¦ {�¬?{�®i©���8 , � � ¯ |Jx]©�®(z¯�w~xe«'�¶{�¨?}"wMz ¨M{J®L©�¬<¬?ª�wK|�z°¸(w~{J|J|Jx.Ã�©�xIz ª�¸(�x0©(¨Mxf£�®iª�w
¦ ®(l£8x0©�¬Mx"w�|�z]£�x"w�¨Mx<«�xf£�w~} ¦ {J¬M{J®L©'m�®Sª�w�|�z]¨$w~®L{J¬M{J¤"lx<|J{J¸L©�x.®L©°®�¯�¬Mx"w � x5Ä(ª�x<|J®(w�¬MÄ(ª�xf|�zIw~}0¬?®L|Jª�¨M{J®L©
¸(w~{J|J|JxI¸(w�®L¬M¬M{J¤"w~xfx0¬M¨<¨$w�®L£´£�w�} ¦ {�¬?x ¯ |Jx.¨Mx"l£�¬<«�x ¦ z | ¦ ª�|'x0¬?¨<{J©(ª�¨M{J|Jx"lx0©S¨<¸(wMz-©�«'m

Óf©[w�x"�zLw~ÄSª�x<ÄSª�xe|*��®L©[w�}0«�ª�{�¨�¨$w�¤0¬V¬?x0©�¬M{Y¯�|�x"�x0©(¨<|Jx.¨Mx"�£�¬V«�x ¦ z-| ¦ ª�|P£�zLw�wMz-£�£�®(w~¨.Ô]|�z°l}�å
¨M·�®S«�x<«�x.w~}0¬M{J«�ªµ�{�©�{��z-|jm Ñ xflx0{J|�|Jx0ª�w�¨?x"l£�¬Nç à áùx0¬M¨K«�x�³ ê ¬Mx ¦ ®L©�«�x0¬ ¯ ¦ x<ÄSª�{2w~x0£�w�}0¬Mx0©(¨?x<ª�©�xz ¦0¦ }0|J}"wMz ¨?{�®i©T«�x ² ¯ ��m
ç�x0¬�w~}0¬Mª�|J¨$z ¨?¬�¬M®i©(¨'¨6w~¤0¬'x0© ¦ ®Lª�wMz-¸Lx"z ©S¨M¬ ¯ ¨M®Lª�¨'£�ziw~¨M{ ¦ ª�|J{�¤"w�x"lx0©(¨�£8®Lª�w�«�x0¬�£�w~®7¯�|�¤"�x0¬�{J© ¦ ®(l£�w�x0¬Oå
¬M{Y¯�|Jx0¬"m Ñ ��ª�¨M{J|J{J¬$z ¨M{J®L©T«�ª¼w~}0¬M{J«�ª[l{J©�{��z | ¦ ®(°lxe|J{J¬M¬Mx0ª�w5£�zLwMz í ¨�«�®L© ¦ £�ziw�Ð�z-{�¨?x"lx0©(¨pÒMª�¬?¨M{=Ã�}0xLm
Ñ x0¬�w~}0¬Mª�|J¨$z ¨M¬�¬?ª�w ¦ x ¦ z ¬,¨Mx0¬M¨�£�zLw�¨M{ ¦ ª�|�{Jx"w®L©(¨�}0¨?} ¦ ®L©SÃ2wMl}0¬�¬?ª�w�¨M®Lª�¬�|Jx0¬�z ª�¨$w~x0¬ ¦ z ¬,«�x.Ð*®(w~¸Lx"z ¸ix}0¨Mª�«�{J}0¬ ¯ ©�®Lª�¬]£�x"wMlx0¨?¨$z ©S¨e«�x ¦ ®L©�¬M{J«�}"w~x"w�|�x0¬ � z |Jx0ª�w~¬I«�x D ò x0¨ DFÿ ¦ ®(��x�{J©�«�}0£�x0©�«�z ©S¨Mx0¬l«�ª
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² mîí �T{J¬Mx]x0©T£�|�z ¦ x.«'��ª�©�xIl}0¨M·�®S«�xI]ª�|�¨?{�¸Sw~{J|�|Jx ² óxÝ � £�£�|J{ ¦ z ¨M{J®L©uÔ�|�z�¬M{�Iª�|�z ¨?{�®i©T«�ª
Ð*®(w~¸Lx"z-¸Lx�Ô ¦ ·�z ª�« ���
|�zT£�w�} ¦ {�¬?{�®i©Á¬?¨$z ©�«�zLw~«³«�x"�z ©�«�}0x*Ý � 8 n�� m Ñ x0¬Iw~}0¬Mª�|J¨$z-¨M¬e£8x0ª � x0©S¨.40¨$w~xIª�©¼£8x0ª�«�{=�2}"w~x0©S¨M¬.¬M{�®L©
«�x"�z-©�«�x[ª�©�xT£�w~} ¦ {J¬M{J®L©X£�|Jª�¬´}0|Jx � }0x³«�xT|*��®(w~«�w~xT«�x � 8 n�� m*��©ù£�zLw~¨M{ ¦ ª�|J{Jx"w ¯ |*��z ¦0¦ }0|J}"wMz ¨?{�®i©/x0¬M¨
lx0{J|J|Jx0ª�w~x � x0© � {�w~®i© ê �0m���©Tw~¤0¸L|Jx<¸L}0©�}"wMz-|�xf£�|Jª�¬�|�z]£�w~} ¦ {J¬M{J®L©T«�x"°z ©�«�}0x<x0¬M¨,¸(wMz ©�«�x ¯ £�|�ª�¬�|�zll}�å
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¨M{J¸(w�{�|J|Jx�z-{�©�¬?{2®i£�¨M{�l{J¬M}0xcÔ]|�z]¨$z {J|J|Jx.«�xy�z-{�|J|JxIx0¨�x0¬M¨?{��x"w�|Jx.¨$z ª�Àl«�x ¦ ®L© � x"w~¸Lx0© ¦ xfz ¬JÉ�l£�¨M®L¨M{JÄSª�x
«�x]|�z°l}0¨M·�®S«�xLm
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ç�®(��x�£�w�} ¦ }0«�x"�lx0©S¨ ¯ ®L©Õw~x0|J¤ � x�|�z � z |Jx0ª�wI«�ª¿w~}0¬M{J«�ª w�x0|�z-¨M{ÌÐ�x0©ôÃ�©¿«�x ¦ É ¦ |Jx�£�®Lª�w ê
�z {J|J|�z ¸Lx0¬<«�{=�2}"w�x0©(¨M¬ ¦ ®(l£�®Sw~¨$z ©S¨Kw~x0¬M£8x ¦ ¨M{ � x"lx0©S¨y� ² ����� ¯ �-�Ií1�L½ ¯ ³i½Ií��"½ ¯ ² �6�Ií8�<x0¨ ² ���L½7³©
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¬Mª�£�x"w�£�®L¬$zÍ¯�|�x0¬Fm Ñ z ¦ ®L© � x"w~¸ix0© ¦ x<x0¬M¨<«�®L© ¦ ¯�{Jx0©³{�©�«�}0£8x0©�«�z ©S¨MxI«�ª[�z-{�|J|�z ¸Lx.ª�¨?{�|J{J¬M}Lm
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�����V� ² m�� ê �/ðM%�×�Ó±+�Ú0%�×�Ð %�H�Ú5×�Ú�Ï.ÐÕH[Ö %�!�Úc)*g5Ú0%�H�Úö×�Ú�Ï.Ð$ÑGÓÜÔ{Õ�Ö6×�Ú�Ñl�1Ï Ô*�JgL)6� Ï{Ï#ÚöÐ �xÑGÐ � Ï{Ï.Ð0g5Ú�Ð !�Ú6HD ò ±98 , � Ú:Ô D ÿ ±98 , �
� Ñ x.¨$z ª�À�«�x ¦ ®L© � x"w~¸Lx0© ¦ x.z ¬JÉ�l£�¨M®i¨M{JÄ(ª�x
à ®Lª�w,«�}0¨Mx"wMl{J©�x"w�|Jx]¨$z ª�À�«�x ¦ ®L© � x"w~¸Lx0© ¦ x.z ¬JÉ�l£�¨M®L¨M{JÄSª�xe«�x]|�z�l}0¨M·�®S«�xI]ª�|�¨?{�¸Sw~{J|�|Jx ¯ ®L©
ª�¨M{J|J{�¬?x�½l�z {J|J|�z ¸Lx0¬�«�®L©S¨K|Jx.©�®(z¯�w~xf«�xe©
	.ª�«�¬<¬?ª�wK|�z]¸(w~{J|J|Jx.Ã�©�x � zLw�{�x.«�xl�L� ´7´�´ Ô ² � ´�´�´ m
à ®Lª�w ¦ ·�z ¦ ª�©¼«�x ¦ x0¬I�z-{�|J|�z ¸Lx0¬ ¯ ®L©³x6�2x ¦ ¨Mª�xT� ´ {�© ¦ w�}"lx0©(¨?¬e«�x ¦ z | ¦ ª�| ¯ £�ª�{J¬.®L©Áw~x0|J¤ � x]|Jx
¨Mx"l£�¬�«�x ¦ z | ¦ ª�| ¦ ª�]ª�|�}Lm Ñ z ¦ ®Lª�wT¯�xf®�¯�¨Mx0©Sª�xyz � x ¦f¦ x0¬<½ � z |Jx0ª�w~¬�x0¬M¨<z £�£�w~® ¦ ·�}0xf£�zLw,ª�©�x
z ¬JÉ�l£�¨M®L¨?xK|J{J©�}"z {�w~x ¯ £�ª�{J¬M¬$z © ¦ xfx0¨K|J®L¸SzLw~{J¨M·�l{JÄSª�xLm(Óf©�©�x.l®L©S¨$w~x ¯ ¬Mª�w|�zfÃ�¸Lª�w~x ² m��"½ ¯ ÄSª�x|�z ¦ ®Lª�wO¯8x.|�z�£�|�ª�¬f£�w~® ¦ ·�x ¯ ¦ x0|J|Jxlx0©[§ÁU,öc÷Ý§¿mÚ ª�l}"w~{JÄSª�x"lx0©(¨ ¯ ®i©Áw~x0¨$w�®Lª � xF¯�{�x0©¼|JxI¨6z ª�À´«�x ¦ ®L© � x"w~¸Lx0© ¦ x.¨M·�}0®Sw~{JÄ(ª�x.x0©¼õ § §ÁU,öc÷Ý§ ©
«�x0¬Il}0¨M·�®S«�x0¬e]ª�|J¨M{J¸(w~{J|J|�x0¬ ¯ £�®Lª�w]� ´ {�© ¦ w�}"lx0©(¨?¬e«'��ª�©³} ¦ wMz ¬Mx"�x0©(¨<x0©S¨$w~x]¨$z ¬<£�|�z ¨?¬RÐhw~®L¨Oå
¨$z ©S¨M¬�«'��ª�©�|�®i£�{�©³«�x�w~·�}0®i|�®i¸L{Jx.©�x:�<¨M®L©�{Jx0©�©�xLm
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Ñ z<l}0¨M·�®S«�x! �{J¸(w~{J|J|�x � }"w�{�Ã�x�|Jx0¬�£�w~®L£�w~{J}0¨M}0¬']ª�|J¨M{J¸(w~{J|J|JxVx0¨�«�®L©�©�x�«�x0¬�w~}0¬Mª�|J¨$z-¨M¬Px0© ¦ ®Lª�wMz ¸Lx"z-©(¨M¬¬Mª�wª�© ¦ z ¬,«�x#"*®(w~¸Lx"z ¸ixV¬?{��£�|�xLmSÓf©´¬?®Lª�·�z {J¨Mx<«�®L© ¦ ¨Mx0¬M¨Mx"w��z-{�©S¨Mx0©�z ©S¨ ¦ x0¬K«�} � x0|�®i£�£�x"lx0©S¨M¬K¬?ª�w
ª�© ¦ z-| ¦ ª�|�$I¸Sw~{J|�|Jx0¬"m

% ÅJ¹WÅ % Å{Ì 3 Ã"s 7 r�Ò(ß�¿
Â:Á'&8v�Ä % ºLÃ6Á�r�r{ÄÅq
( x´£�w~®� �|�¤"�x´x0¬M¨]«�x´«�}6Ã�©�{�wl|*��x0© ¦ ·�z	)J©�x"lx0©S¨l«�x0¬ ¦ z-| ¦ ª�|J¬l¬Mª�w]|Jx0¬*$[©�{ � x"z-ª�À�«�{=�2}"w~x0©S¨M¬l«�x

¸(w~{J|J|Jx0¬"m+ Á�Ð~ºLÃ6Á�r�r{Ä$Ã"Ò�t v�Ã q[Á���Ä( zl£�w�x"l{J¤"w~x.{J«�}0xIx0¬M¨<«'�¶ª�¨M{J|�{J¬Mx"w�|�z�l}0¨M·�®S«�x, �{�¸Sw~{J|�|Jxl«�x,"hz	-0®L©[w~} ¦ ª�w~¬?{ � xLm/.���x0¬M¨103240h«�{�w~xfÄSª�x.|j�¶®L©
w~x"l£�|�z ¦ x]|�z´w~}0¬?®L|Jª�¨M{J®L©[£�zLw5w~}0¬M{J«�ªÁl{J©�{��z |�¬Mª�w�|�z°¸(w~{J|J|Jx�¸Sw~®L¬M¬M{J¤"w~x.£�ziw�ª�©�x�l}0¨?·�®(«�x5 �{�¸Sw~{J|�|JxLm.�x0¨M¨?x´¬M®i|�ª�¨?{�®i©Õx0¬M¨°x6Â ¦ z ¦ x�¬M{�|�zôl}0¨M·�®S«�xµ]ª�|J¨M{J¸(w~{J|J|Jx[x0¬M¨ ¦ ®(l£8}0¨M{J¨M{ � xTz � x ¦ |�z�l}0¨?·�®(«�x�«�x
w~}0¬M{J«�ª¼l{J©�{�°z |'£�®iª�w�ª�©�xI£�w~} ¦ {J¬M{J®L©T«�x]|*��®(w~«�w~xf«�x'8 , � ��� z |Jx0ª�w<w�x0¬M¬M®(w~¨?{�x.«�x.|*��z-©�z |76(¬Mx8 �{J¸(w�{�|J|Jx6�0m9Sª�w�|Jx ¦ z ¬<£�w�}0¬Mx0©(¨ ¯ ª�©�x.«�{J¾"z {J©�xI«'��{J¨M}"w?z ¨M{J®L©�¬�«�xIw~}0¬M{J«�ª[l{J©�{��z |'x0¬?¨V¬?ªSÂ´¬$z ©S¨Mx<£8®Lª�w�«�{ � {J¬Mx"w�|�x
w~}0¬M{J«�ª³£�zLwf��:�m�Óf©T©�x.£�x0ª�¨f«�®L© ¦ x0¬M£8}"w~x"w�z ¦0¦ }0|J}"w~x"w�|�z�l}0¨M·�®S«�x.«�x ¦ x0¨M¨MxI°z ©�{J¤"w~xLm; è't r{ÄÅq°t r ¿�q0q[Á<&8vrÄ�q
E*|�x0À({J¬M¨Mx.«�z-©�¬<|�zl|J{�¨?¨M}"wMz ¨Mª�w�xe«�{=�2}"w�x0©(¨M¬5¨36S£�x0¬5«�x ¦ 6 ¦ |Jx0¬ ��� ®L{�w,£�zLw,x0À(x"�£�|�x�Ã�¸Lª�w~x8$�m���=��0m
% ÅJ¹WÅ % Å> ? Ä�q[Â"qvÄS» D ÐMt è't r Ä.�®(�lx�£�®iª�w�|�zll}0¨M·�®S«�x@ �{J¸(w~{J|J|�x ¯ ®L© ¦ ®(��x0© ¦ x<£�zLw�"hz {�w~x<«�x0¬,¨Mx0¬M¨M¬,x0©µ]ª�|J¨M{J¸(w~{J|J|Jxe{J«�}"z |JxLm
Óf©T¬"��x0¬?¨K|J{�l{J¨M}�2]«�x0¬ ¦ 6 ¦ |Jx0¬<«�x.¨16S£�x,A@0 ¦ 6 ¦ |Jx ¯ ¦ ��x0¬M¨@2]«�{�w�x.¬$z ©�¬ ¦ 6 ¦ |Jx.{J©S¨Mx"wMl}0«�{�z {�w~xf|J®(w~¬�«�x.|�z
«�x0¬ ¦ x0©S¨Mxfx0¨V«�xf|�zlw~x"l®L©S¨M}0x�«�xe|�z]¸(w~{J|J|JxfÃ�©�xB2.|�z]¸(w~{J|J|Jx.¸(w~®L¬M¬?{�¤"w�x � ¦ ®L©S¨$wMz {�w~x"�x0©(¨�z ªDCE0 ¦ 6 ¦ |�x6�cmÓf©Tz.{�l£�®i¬M}<ÄSª�xe|�z.£�w�} ¦ {�¬?{�®i©´¬Mª�w|�z.¸(w~{J|J|Jx.{J©(¨Mx"w?l}0«�{�z {�w~x<¬M®L{J¨,}0¸(z |JxF2.|�z]£�w~} ¦ {J¬M{J®L©�¬Mª�w�|�z]¸(w~{J|J|�x
Ã�©�xLm�Óf©[zlz {J©�¬M{�¨Mx0¬?¨M}e£�|Jª�¬M{Jx0ª�w~¬ ¦ 6 ¦ |Jx0¬�¬Mª�w,ª�© ¦ z ¬K«�x.¨6z ¬K£�|�z ¨�®�à�|�zI¸Sw~{J|�|JxfÃ�©�x ¦ ®(�£�®(w~¨?x@G�HI$I$
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©�V.ª�«�¬fx0¨�|�z°¸(w~{J|J|JxI|�zl£�|Jª�¬f¸(w~®L¬M¬?{�¤"w�xI�L��W�mL.z ©�¬�ª�©�£�w~x"l{Jx"w,¨Mx"l£�¬ ¯ ®L©´z � ®Lª�|Jª � }"w~{=Ã�x"w,|*��ª�¨M{J|J{�¬6z ¨M{J®L©T«'��ª�©�xf¸(w~{J|J|JxfÃ�©�xyz ¬?¬Mx0¾<Ã�©�xfx0¨�«'��ª�©�x
¬Mx0ª�|Jxf¸(w~{J|J|Jx<¸(w~®L¬?¬M{J¤"w~x ¯ ¨$w~¤0¬�¸(w~®L¬?¬M{J¤"w~x<zLl}0|J{J®(wMz {J¨�|Jx0¬Vw~}0¬?ª�|�¨6z ¨M¬"m	.�x0|�zIw~x � {Jx0©(¨X2f©�x5£�z ¬!"hz {�w~x�«'��{J¨M}Y0
wMz-¨M{J®L©�¬e«�xl|J{J¬M¬$z ¸ixI¬Mª�w5|�z�¸(w~{J|J|�xl{J©S¨Mx"wMl}0«�{�z {�w~x ¯ �z {J¬.¬Mx0ª�|Jx"lx0©S¨e«�x0¬.®i£�}"wMz ¨?{�®i©�¬<«�x�w~x0¬M¨$w~{ ¦ ¨M{J®L©x0¨,«�xe£�w~®i|�®i©�¸Lx"lx0©S¨"m Óf© ¦ ®(l£�ziw~xK|Jx0¬<w~}0¬Mª�|J¨$z ¨?¬�®I �¨Mx0©Sª�¬Vz � x ¦ |*��z |J¸L®(w~{J¨M·��xZ �{J¸(w�{�|J|Jx.{J«�}"z |Jxex0¨,|Jx
¦ 6 ¦ |JxI«�}6Ã�©�{�¬Mª�w,|�z�Ã�¸Lª�w~x8$�m��4[�m ( x0¬ew~}0¬Mª�|J¨$z-¨M¬�¬M®L©S¨�w�x0£�®(w~¨?}0¬V«�z-©�¬<|JxI¨$z	 �|Jx"z ªP$Ým\N�m(Óf© ¦ ®L©�¬M¨$z-¨Mx

�����V� $Ým���[f��] Ó:Ô{Õ�Ö4�IQ�+�#^Q0����Ö�_	Tjgi)$�{Ï{Ï`Qd#ba�#NÐ %S#=ÏJ��#M#NÐ0gcQ�#$�()ÒÏ.ÐIgi)$�{Ï ÏQf��%
ÔdQ0)[ÑGÓe� ��Ð ��)bQ
ÄSª�x�|�zTl}0¨M·�®S«�x� �{�¸Sw~{J|�|Jx�x0¬M¨f£�|�ª�¬]x6Â ¦ z ¦ xlx0©¼¨Mx"wMlxl«�x ¦ 6 ¦ |�x0¬l]ª�|�¨?{�¸Sw~{J|�|Jx0¬]x0¨.«'��{J¨M}"wMz ¨M{J®L©�¬f«�x
|J{J¬M¬$z ¸ixLm/.�x0£�x0©�«�z ©S¨ ¯ ®L© � ®L{J¨ ¦ |�z {�w~x"lx0©S¨K|*��ª�¨M{J|J{J¨M}.«'��ª�©�x<¸Sw~{J|�|Jx.¸(w�®L¬M¬M{J¤"w~x�«�xf£�|�ª�¬�£8x0¨M{J¨Mxe¨6z {J|�|Jx.z ª
©�{ � x"z ª³«�ªT¨Mx"l£�¬@.@fhg ¯ |�zl¬Mx ¦ ®L©�«�xI�}0¨M·�®(«�x.}0¨6z ©(¨�¸L|J®I �z-|�x"�x0©(¨<l®L{J©�¬ ¦ ®�i�¨Mx0ª�¬MxLmL.z ©�¬Tª�©X¬Mx ¦ ®i©�«í¨?x"l£�¬T®L© ¦ ®Sl£�zLw~x³ª�©jA@0 ¦ 6 ¦ |Jx ¦ |�z ¬M¬M{JÄSª�x�z � x ¦ ª�©kAl0 ¦ 6 ¦ |JxÕz-ª�Ä(ª�x0|.®L©Xz
w~x0¨?{�w�}I|Jx0¬.®L£�}"w?z ¨M{J®L©�¬f«�xI£�w~}Y0h|J{J¬M¬$z ¸ix�¬?ª�w�|�z�¸(w~{J|J|�xl¸(w�®L¬M¬M{J¤"w~x]¬Mª�w<|�z°¸(w~{J|J|Jx�{J©(¨Mx"w?l}0«�{�z {�w~xI|J®(w~¬f«�x
|�z°«�x0¬ ¦ x0©(¨?x ��� ®L{�wÃ�¸Lª�w~xB$�m���N��0m ( x0¬.w~}0¬Mª�|J¨$z-¨M¬�¬M®L©S¨�w�x0£�®(w~¨?}0¬V«�z-©�¬<|JxI¨$z	 �|Jx"z ªP$Ým���:.x0¨fl®L©S¨$w~x0©S¨
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¬M®L©S¨<x0© ¦ ®L©(¨6z ¦ ¨�x0¨e«'��z-ª�¨$w~x0¬<©�®L©'m�9S{�®L©[} ¦ w~{J¨fª�©[¨Mx"w?lxI«�x]|�zT°z ¨$w~{ ¦ x.¸(w~®i¬M¬M{J¤"w~xIw~x0|J{�z ©S¨
«�x0ª�À ¦ ®(�£�®L¬$z-©(¨Mx0¬,«�xI|�z � {J¨Mx0¬M¬Mx.«�ªT©�V.ª�«�»l«�x.|�zlÃ�¸Lª�w�xR$�m�HI= ¯ ®i©T®I �¨M{Jx0©(¨�Ý¼ ; ½�¾¿½«À �jÁ á3Â C ¡�Ã; ½�¾ á ¼ Ãá C ¡�Ã; ½«À C�K{Jx0©ùÄ(ª�xP»ô©�xT¬M®L{J¨�£�z ¬°x0© ¦ ®L©(¨6z ¦ ¨�z � x ¦ |*��®Lª�¨?{�| ¯ |�z¼£�w�® ÀS{�l{J¨M}T«�ªË©�V.ª�«´Ä � �z {J|J|�z-¸Lx
Ã�©���x0© ¦ ®L©S¨$z ¦ ¨Vz � x ¦ |*��®Lª�¨M{J|P¬Mx.¨$w?z «�ª�{J¨V£�ziwKª�©�x ¦ ®i©(¨$w�{Å �ª�¨?{�®i©´«�x ¦ ®L©S¨$z ¦ ¨�¬Mª�w ¼ ; ½�¾d½«À m�f�zLwx0À(x"l£�|Jx ¯ ¼ ÃÆYÆ x0¬?¨<ª�©T¨Mx"wMlxf«�x.£�}0©�z-|�{J¬$z-¨M{J®L©[ÄSª�{ ¦ ®L©S¨$w~{7 �ª�x82 ¼ ; ½b½ m¼ ; ½b½ �����{Ç ¡ Ã; ½ Æ ¼ ÃÆeÆ ¡ Ã; ½ Æ( xI¨Mx"w?lx��z-¨$w~{ ¦ {Jx0| ¦ ®L©S¨Mx0©�z ©S¨F»�£�w~x0©�«[«�®i© ¦ «�x0¬ � z |Jx0ª�w~¬f«�ª�l4"lxI®Sw~«�w~x.«�xI¸SwMz ©�«�x0ª�w
Ä(ª�x.¬M{P|JxI©�V.ª�«�»l}0¨$z {J¨<x0© ¦ ®i©(¨$z ¦ ¨"mf�®Lª�w�w~}0¬M®Lª�«�w~x ¦ x<£�w�®I �|J¤"lx ¯ ®L©´zfx0¬M¬6z�6i}V«�xfw~x0©�«�w~x�|�zI�z ¨6w~{ ¦ x ¼ ; � «�ªl£�w~®I �|J¤"lx<¬?ª�w�|�x
«�®(�z {J©�x@È ; ��£�|Jª�¬�£�w~® ¦ ·�x�«�x�|�z.�z ¨$w�{ ¦ x :¼ ; }0|J}"lx0©(¨?¬�Ã�©�{�¬FmIf�®Lª�w ¦ x0|�z ¯ ®L©�zf«�} ¦ ®(l£8®L¬M}
|�z°�z ¨$w~{ ¦ x ¼ Ã x0© ¼ Ã � ¼ ÃÉ<Ê ¦ªË Ç ¼ ÃÌ
®�à ¼ ÃÉ<Ê ¦!Ë w~x0£�w~}0¬Mx0©S¨Mx�|�zf£�zLw~¨?{�x,{J¬M¬Mª�xK«�ª ¦ ®(�£�®(w~¨?x"lx0©(¨Px0¨ ¼ ÃÌ |�zf£�zLw~¨M{Jx,{�¬?¬Mª�xK«�ª ¦ ®L©S¨$z ¦ ¨"mLfx.|�z°l4"lxl"�z	-0®i© ¯ ®i©T«�} ¦ ®(l£�®i¬Mxe|Jxlw~}0¬M{J«�ªÁa Ã x0©=Ý

a Ã � a ÃÉ<Ê ¦ªË Ç a ÃÌ
�im<Óf©/z�z £�£�|J{JÄ(ª�}³|�z ¦ ®L©�«�{J¨M{J®L©Ë«�x��.z |Jx"w¦ÛL{J©ùª�©�{�ÄSª�x"lx0©S¨¢2 � ÃÉ<Ê ¦!Ë x0¨�z ¬M¬Mx"5 �|J}´|Jx0¬

¨Mx"wMlx0¬�«�x ¦ ®L©S¨$z ¦ ¨�¬Mª�w,|�z��z ¨6w~{ ¦ x.¸(w~®L¬M¬?{�¤"w�x*Ý¼ ; � ¡ ; Ã ¼�ÃÉ<Ê ¦ªË ¡ Ã; Ç :¼ ; É<Ê ¦ªË



$�mJG KT{J¬Mx]x0©T£�|�z ¦ x.«'��ª�©�xIl}0¨M·�®S«�xI]ª�|�¨?{�¸Sw~{J|�|Jx�$ILxÝ � £�£�|J{ ¦ z ¨M{J®L©M2�|�z�¬M{�Iª�|�z ¨?{�®i©T«�ª"*®(w~¸Lx"z-¸LxF2 ¦ ·�z ª�« [I=

OutilOutil

Noeud grossier

Noeud fin

Pièce

k
Influence du contact

I

Pas d’influence du contact

Pièce

������� $�m\HI=y�[ðM%6b<�/Qc%��eQ�� �P�[Ö %
Ô ÐI�ÜÔ�gL)6�{Ï ÏQ�}K%�Q�#$�S)=ÏQd#y%�Í,���F#!£d)¦Ö %
Ô*�<¤0)bQd#�gi)PÖ #M#$�<Q0)?#
.�x0¨M¨Mx.l}0¨M·�®S«�x ¦ ®L©�«�ª�{J¨F2l«�x0¬5£�w~® ¦ x0¬?¬Mª�¬�«�{ � x"w~¸Lx0©S¨M¬"mH�m@L.z ©�¬I|JxTl4"lx�®Sw~«�w~x�«'��{J«�}0x ¯ ®L© z�ª�¨M{J|J{�¬?}T«�x0¬�®i£�}"wMz ¨?x0ª�w~¬.«�x´¨6wMz ©�¬1"*x"w~¨f«�{��P}"w~x0©S¨M¬
£�®Lª�w�|�z�£�zLw~¨M{Jx ¦ ®(l£8®(w~¨Mx"�x0©(¨$z-|�x5x0¨V|�z°£�zLw~¨M{Jx ¦ ®L©S¨$z ¦ ¨rÝ¼ ; � ¡ ; Ã ¼ ÃÉ<Ê ¦ªË ¡ Ã; Ç » Ã; ¼ ÃÌ » Ã;
®�àP» ;Ã w~x0£�w~}0¬Mx0©S¨Mxf|*��®L£�}"w?z ¨Mx0ª�w,«'��{J©�~Mx ¦ ¨?{�®i©T«�}6Ã�©�{'£�zLwWÝ

» ;Ã §<Î Æ © �ÐÏ Î Æ ¬?{�ÄDÑÜ¸(w~{J|J|JxI¸(w~®i¬M¬M{J¤"w~x� ¬?{�©�®i©
$�m@g<©�x�z ª�¨6w~xÁl}0¨?·�®(«�x¼z ¦ ®L©�¬M{J¬M¨M}�2 ¦ ®L©�¬Mx"w � x"w°|�z ¦ ®L©�«�{J¨M{J®L©X«�x��.z |Jx"w¦ÛL{J©�£8®Lª�w�|�z

¦ ®L©�¬M¨$w�ª ¦ ¨M{J®L©Ë«�x¼|�z¿�z ¨6w~{ ¦ x[¸(w~®i¬M¬M{J¤"w~xT«�z ©�¬�¬M®L©ùx0©�¬Mx"5 �|�x��z-{�¬�x0©/ª�¨?{�|J{J¬$z ©S¨Tª�©
®L£�}"w?z ¨Mx0ª�w,Ä(ª�{ � }"w�{�Ã�x Ý ¡ ; Ã ½ Æ �j�
z � x ¦ |Jx0¬f©�®L¨$z ¨?{�®i©�¬K«�xI|�z]Ã�¸iª�w~xR$Ým\HI=�m.�x0¨M¨Mxfl}0¨M·�®S«�xez]£�x"wMl{J¬�«'��zL�}0|�{J®(w�x"w�|*��x6Â ¦ z ¦ {J¨M}f«�x0¬<]ª�|�¨?{�¸Sw~{J|�|Jx0¬�¬Mª�w ¦ x"w~¨$z-{�©�x0¬�w~}Y0¬M®L|Jª�¨M{J®L©�¬��z {J¬ ¦ x0|J|JxY0 ¦ {�w~x0¬M¨Mx�¸i|�®� �z |Jx"lx0©(¨�{�©�¬6z ¨M{J¬1"hz {J¬$z ©S¨Mx�£�zLw�wMz £�£�®Sw~¨'z ª�Àyw�}0¬Mª�|J¨$z ¨M¬
®I �¨Mx0©Sª�¬�¬Mª�w�|JxI¨$z-¬V£�|�z ¨Fm

�íE*©SÔ�ª�x0© ¦ x]«�ª ¦ ®L©(¨6z ¦ ¨�¬Mª�w,|�z��z ¨6w~{ ¦ xe¸(w�®L¬M¬M{J¤"w~x
Óf©�¬"��x0¬?¨Kz |J®(w~¬K{J©S¨M}"w~x0¬M¬?}�2�|*��{J©SÔ�ª�x0© ¦ xe«�x<|�z ¦ ®L©�«�{J¨M{J®L©�«�x,�.z |Jx"w¦ÛL{J©�¬Mª�w�|Jx0¬,¨Mx"wMlx0¬Kw~x0|J{�z ©S¨
|Jx0¬V«�x0¸Sw~}0¬K«�xf|J{Å 8x"w~¨M}.«�x8H.©�V.ª�«�¬�«�{J¬M¨M{J© ¦ ¨M¬�«�z ©�¬,|�zl�z-¨$w~{ ¦ x<¸(w~®i¬M¬M{J¤"w~xLmIf�zLwx0À(x"l£�|Jx ¯ ¬Mª�w
|�z°Ã�¸Lª�w~x*$�m\HI= ¯ |Jx�¨?x"wMlxI«�x ¦ ®L©S¨$z ¦ ¨fz £�£�zLwMz {J¬M¬6z ©(¨5«�z ©�¬.|Jx� �|J® ¦ «�{�z ¸L®L©�z-|�«�xl|�zT�z ¨$w�{ ¦ xÃ�©�xI£8®Lª�w<|Jxl©�V.ª�«MÄ³z £�£�®Sw~¨Mx.ª�©�x ¦ ®i©(¨$w�{Å �ª�¨?{�®i©Áz ª�À�¨Mx"wMlx0¬fw~x0|J{�z-©(¨f|Jx0¬e©�V.ª�«�¬8»�x0¨yA¿m
Óf©[zeÝ ¼ ; ½ B � Á á1Â C ¡�Ã; ½ á ¼ Ãá C ¡�Ã; B<C ���Ò��{Ç ¡�Ã; ½ Æ ¼ ÃÆYÆ ¡�Ã; B Æ Çk�Ò��
.�®(��x ¼ ÃÆYÆ ¦ ®L©S¨M{Jx0©(¨.«�x0¬l¨Mx"w?lx0¬.«�x´£8}0©�z |J{J¬$z ¨M{J®L©¿«�ª ¦ ®i©(¨$z ¦ ¨ ¯ ¼ ; ½ B £�w�x0©�« z ª�¬?¬M{�«�x0¬
� z |Jx0ª�w~¬]}0|Jx � }0x0¬I«'��ª�©¼¨Mx"w?lxl«�x�£�}0©�z |J{J¬$z ¨?{�®i©ÕÓf©�®I �¨M{Jx0©S¨Iz {J©�¬M{Kz � x ¦ «�x0¬.¨Mx"wMlx0¬.«�x°£�}Y0
©�z |J{J¬$z ¨M{J®L©�·�®Sw~¬I«�ª� �|J® ¦ «�{�z ¸i®L©�z |*m ( �¶ª�¨M{J|�{J¬$z-¨M{J®L©Õ«'�¶ª�©�£�w~} ¦ ®L©�«�{J¨M{J®L©�©�x0ª�w�«�{�z-¸L®L©�z |! �|J® ¦©'��x0¬M¨<£�z-¬e¨$w�¤0¬ex6Â ¦ z ¦ xI¬Mª�w�«�xl¨Mx0|J|Jx0¬I�z ¨6w~{ ¦ x0¬ ¯ |Jx0¬.¨Mx"wMlx0¬5x0À(¨$w?z40h«�{�z ¸L®L©�z ª�À°©'��}0¨$z ©S¨<£�z ¬
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ÀrÁ{Â:Ã6Ä % Ånmho8p ÆÈÇ ? Érqts oup Æwv m�?8x4y Ë x^mhmXoup
¦ ®L©(¨6w1ÓL|J}0¬l£�zLwl|Jx[£�w~} ¦ ®i©�«�{�¨?{�®i©�©�x0ª�w0mX9Sª�wl|Jx[¨6z	 �|Jx"z ª¬$�m���$ ¯ ®L© � ®i{�¨°Ä(ª'��x6�Px ¦ ¨M{ � x"lx0©S¨l|�x
¨Mx"l£�¬�«�x ¦ z | ¦ ª�|f¬Mª�w]¸(w~{J|J|JxÁ¸Sw~®L¬M¬M{J¤"w~x�x0¬M¨�|�z¼£�ziw~¨M{JxT|�z�£�|Jª�¬ ¦ ®Ii�¨Mx0ª�¬MxT«�x0¬ ¦ 6 ¦ |Jx0¬´«�x³|�z
l}0¨M·�®S«�xy]ª�|J¨M{J¸(w~{J|J|JxLm
E*|S¬"��z � ¤"w�x�«�®L© ¦ ©�} ¦ x0¬M¬$z {�w~x,«'��ª�¨M{J|J{J¬Mx"w'ª�©]£�w~} ¦ ®L©�«�{J¨M{J®L©�©�x"lx0©S¨�£�|�ª�¬�£�x"w3"j®(w?�z ©S¨2ÄSª�{(z ¸i{�¬?¬Mx; è't r{Ä Ì > % ¹ ã ä å æ ç Ì�é;�38v t s�Ã-Ã6Ä�tIÂ:Á�s�» H G ½ H $ ½ � H ½ H;�38v t è't r{Ä H = N G ½ [ $ ½ = G

ê�ë�ìG� $�m���$5��z*ÖIÑ5+�Ð )¦Ð ��#NÖ %P�-� ÔdQÜÑ<+8#R�IQ5z�Ô�Õ���QpÏ.Ð���Ö )6)bQe�ÜÔ*�MÖ-%�gi)$�{Ï ÏQ,gL)¦ÖF#M#6�'¤c)§QV+�Ð )5)PÐ$+L+�Ö )[Ô*Ð �ÔdQ:Ñ5+�#*z�Ô�Õ�� �P�ckI�:ÏQ,+�Ö �()pÏQ��[ÐF#u��Q�+�Ö ��%�³ Ö %�%�QÜÑtQc%
Ô
¬Mª�w,|�x0¬5¨Mx"wMlx0¬�x0ÀS¨$wMz40h«�{�z ¸L®i©�z ª�À2m Ú ®Lª�¬ez � ®i©�¬Vw~x ¦ ®Lª�w�¬�2 ¦ x0|Jª�{'«�xB.<w�®Lª�¨K{J© ¦ ®(l£�|Jx0¨ ¯ £�w~}Y0
¬Mx0©(¨?}ex0©³«�}{ �ª�¨<«�x ¦ ·�z-£�{�¨6w~xLmÓf© z�«�®L© ¦ ¨?x0¬M¨M}l¬M®L©�{J©SÔ�ª�x0© ¦ x ¯ ©�®i©�¬Mx0ª�|Jx"lx0©S¨�¬?ª�w.|�z³¸(w~{J|J|�x�¸(w~®i¬M¬M{J¤"w~x´�z-{�¬lz ª�¬M¬M{�¬?ª�w
|�z¿¸Sw~{J|�|Jx³Ã�©�xLm ( x0¬Tw~}0¬Mª�|J¨$z ¨?¬´¬M®i©(¨´w�x0£�®(w~¨?}0¬�«�z ©�¬T|Jx0¬T¨$z	 �|Jx"z ª�À¬$�m��{G�x0¨�$�m��"½ ¯ £8®Lª�w�|Jx0¬
£�w~} ¦ ®L©�«�{J¨M{J®L©�©�x0ª�w~¬eE�.Xx0¨eE ¦ � £[w~x0¬?£�x ¦ ¨M{ � x"lx0©S¨"m

x Â0Ò1Ã-¿
Â:Á�s8»Gq Ë Ò�q[ÁjÑ�v/ß�Á�» Å Æ v�r Â:Á�º�Ã-Á�r�r Ä Æ v�r{Â:Á�ºLÃ6Á�r�r{Ä Æ v�r Â:Á�º�Ã-Á�r�r Ä
ÑWÄ Þ Å Ë ¿
À�¾�q6s�» Ö �Å×§Ë Ø x ; �jÀ y Ù,Ú�yPyPÛ�Ü Ø x ; �jÀ yPyPÛ�ÝÌ �{G�H G�H HIN�Þ8W	GZß $IN � $�m�½���à> $I:I$ [L½ G�WIÞ8WUG WL½ � W�mJG1�% H���: WI= $L½IÞ8WUG G�$ � G�m�N��

¹ HI:IN ½�� $I[IÞ8WUG G(½ � G�m�W��
ã W���W HL½IH ��:�NIÞ8W	G ��$IN � $�m\=��
ä ��NIN N	G $I=IÞ8WUG G�: � W��
å ½IH H�� HI:IÞ8WUG HIH � H�m�N��
æ ��[�� ½IW $INIÞ8WUG G�N � $�m�=��? sLÂ:¿�r ��[IH�� ½I[I[ =I[IW G�$	G � G�m\H��

ê�ë�ìG� $�m��{Gf��ð�%6b<��Q0%��YQ8� ��+2)¦Óe�[Ö %�� �{Ô*�MÖ-%�%�Q:Ñ*Q0%
ÔP#6�()êÏQ5z�Ô�Õ��IQêÏ.ÐÒÑGÓ:Ô{Õ�Ö4�IQ.�0�JgL)6� Ï{ÏQF��Ð %S# ÏQ8��Ð #�IQ�+�Ö-��%�³IÖ %�%�Q:Ñ*Q0%
Ô@QÜÔ8+�Ö �S)�� � �<Óc)§Qc%
ÔdQ6#e�{Ô Ó0)¦ÐIÔ*��Ö %S#B�IQu¯uQcýXÔ Ö %cTd�eÐ?+�ÕL#:Ö %á	âZã1ä«å	æ{ç�è�â!é4ê\ä«ë\ìbí<ë¸ê¸ê\è�é	ä«ë¸ê¸ë\î<ïbð�äuê\è8ñ4ídã3ò1æ¨ðçóë\ä«ë\æbð4ðUè�é4ítô�ídæ¨éälë¸ðò1æYâXñ4ê\è1ä8î«é�í,ê\ï*ìbí<ë¸ê¸ê\è5õ4ðèBè1ä@î«é4íFê\ï�ìbí<ë¸ê¸ê\èì¨ídæeî<î«ë\ö�ídè÷ âZã1ä«å	æ{ç�èXâªé�ê\ä«ë\ì¨í<ë¸ê¸êÅè#é	ä«ë¸ê¸ë\î<ïbð�ä�ê\èªñ�ídã1ò1æbð	ç{ë\ä«ë\æ¨ð�ð	èdé	íZô�ídæ¨éä±ë¸ðò1æeâhñ4ê\è3ä!î«é4í�ê\ï#ì¨í<ë¸ê¸ê\è#ìbídæYî<î«ë\ö�ídèXé4ð�ë\øYé	è3â#è�ð�äù{ú è!î<è1ò1æbð	ç8ò<å4ë¸ûídèªídè�ñ�ídã1î<è�ð�ä<è!ê\èXä<è1âhñîüç�è�ýïeò1ä<æ¨í<ë\î<ïeä«ë\æ¨ð�ç4è�ê\ï@ç�ã1ò1æYâXñIæYî«ë\ä«ë\æbð�ë¸ð	ò3æYâhñ�ê\ö1ä<è#ìbí<ë¸ê¸ê\èhõ4ðèþ	ÿ ð�ä«ídè,ñï¨ídè�ð�ä«åö1î<è,õì¨é�ídèlê�� ïYò1ò1ãdê\ã�ídïYä«ë\æbð�ñï¨í#ídïbñ4ñUæ¨ídä��uê\ï�â#ã1ä«åæ{ç4è,ídã1î«ë\ç{é�âXë¸ð4ë\â#ïbê�ñ�ídã1ò1æbð	ç{ë\ä«ë\æ¨ð�ðIã8ñ	ïbí�����
	
Óf© ¦ ®(l£�zLw�xI|Jx0¬�w~}0¬Mª�|J¨$z ¨M¬f¬Mª�w�£�|�ª�¬?{�x0ª�w�¬I{J¨M}"wMz ¨?{�®i©�¬.«�x Ú x{�5¨M®L©c0�á<z £�·�¬?®L©'m�¡©�x6�2x0¨ ¯ ®L©
w~x"�zLw~ÄSª�xfÄ(ª�x]|j�=z ¦0¦ }0|J}"wMz ¨M{J®L©T«�x0¬.]ª�|�¨?{�¸Sw~{J|�|Jx0¬.£�zLw5wMz £�£�®Sw~¨<z ªÁw~}0¬?{�«�ª¼l{J©�{��z |'£8x0ª�¨ � z40
w~{Jx"w�¬Mª�{ � z ©S¨<|Jx0¬<{J¨M}"wMz-¨M{J®L©�¬�x0¨<|Jx0ª�w ¦ ®(�£�|�x0ÀS{J¨M}Lm
Óf© � ®i{�¨�¬Mª�w|�zI¨6w~®L{J¬M{J¤"lx ¦ ®L|J®L©�©�xe«�ª�¨$z	 �|Jx"z ª�$�m��óG.Ä(ª�xf|Jx.¨Mx"l£�¬K©�} ¦ x0¬?¬$z {�w~x82I|�zu"hz ¦ ¨M®(w~{�0¬$z ¨M{J®L©l«�xf|�z]�z ¨$w�{ ¦ x,Ã�©�xf£�®Lª�w�|Jx ¦ z | ¦ ª�|�«�ª�£�w~} ¦ ®L©�«�{J¨M{J®L©�©�x"lx0©S¨�x0¬M¨,¨$w~¤0¬�{�l£�®Sw~¨$z ©S¨�£�zLw
wMz £�£�®Sw~¨Gz-ª�¨Mx"l£�¬�«�xf|�zIl}0¨M·�®S«�x<]ª�|�¨?{�¸Sw~{J|�|JxLm�E*|8©'��x0¬M¨�«�®L© ¦ £�z ¬Vz � z-©(¨$z-¸Lx0ª�À.«�xel®S«�{=Ã�x"w
|�x]£�w~} ¦ ®L©�«�{J¨M{J®L©�©�x"lx0©S¨�«�x.|�z´�z-¨$w~{ ¦ x<Ã�©�x.£8®Lª�w�|Jx0¬f{�¨?}"wMz ¨M{J®L©�¬�«�x.|J{J¬M¬$z ¸LxLmf�zLw ¦ ®L©S¨$w~x ¯ |JxT£�w~} ¦ ®i©�«�{�¨?{�®i©�©�x0ª�wI£�ziw,"hz ¦ ¨M®(w~{J¬$z-¨M{J®L©¼{�© ¦ ®Sl£�|J¤0¨Mx´¬?x"B �|Jx[w~}0¸i|�x"w�|Jx0¬�£�w~®	0 �|�¤"�x0¬<«�x ¦ ®L© � x"w~¸ix0© ¦ x<¬Mª�w�|�zl¸(w�{�|J|JxI¸Sw~®L¬M¬M{J¤"w~xLm�L.z ©�¬�|�zlÄSª�z ¨$w~{J¤"lx ¦ ®L|J®L©�©�x.«�ª³¨$z	 �|Jx"z ª ¯
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À�¾Gq6s8» Ö �7×1Ë Ø x ; y Ù,Ú�yPy�Û�Ü Ø x ; y�yPÛ�ÝÌ �{GcH G�H G�=�Þl��= ß G�$ � $�m\$�� à> $I:�$ [L½ =�NIÞl��= =IN � $�m�[��% H��4: WI= WUG�Þl��= WI$ � G��
¹ HI:�N ½�� Wi½IÞl��= ½I: � $�m�W��
ã W��4W Hi½IH ��NI=IÞl��= HI$I$ � H�m\H��
ä ��N�N N	G Gc[IÞl��= WL½ � $�m=½��
å ½IH H�� Hi½IÞl��= HIH � H�m�[��
æ ��[Ý� ½IW W�[IÞl��= WI= � $�m�H��? s�Â:¿�r �4[IH�� =�:�� =I:�� ½�:I$ � $��
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( z<£�w~® ¦ }0«�ª�w~x�«�x<w~x"�z-{�|J|�z ¸Lx,«�®L{J¨�40¨6w~xKl®S«�{�Ã�}0x,«�z ©�¬�|�x ¦ z «�w�x�«�xV|*��ª�¨?{�|J{J¬$z ¨?{�®i©�«�x0¬�l}0¨M·�®S«�x0¬
]ª�|J¨M{J¸(w~{J|J|�x0¬Fm Ú ®iª�¬�z � ®L©�¬]x0©Õx6�Px0¨ ¦ ·�®L{J¬M{�«�x�¸L}0©�}"w~x"w]|Jx0¬�«�{=�P}"w~x0©(¨?¬�©�{ � x"z-ª�À�«�x[�z {J|J|�z ¸Lx0¬lx0©
£�zLw~¨6z ©(¨5«�ªØ°z {J|�|�z ¸ix�¸Sw~®L¬M¬M{Jx"w0m�.�x ¦ ·�®L{JÀ[©�®Lª�¬f£�x"w?lx0¨e«�x�w~x"°z {J|�|Jx"wf|�z�¸(w~{J|J|Jxl¸(w~®L¬M¬?{�¤"w�xIx0¨f©�®L©
|�zT¸(w�{�|J|Jx°Ã�©�x ¯ ¦ x�Ä(ª�x°©�®Lª�¬.x0¬M£�}"w�®L©�¬Il®L{J©�¬ ¦ ®�i�¨Mx0ª�À2mP1�®Lª�¨MxY"*®L{J¬ ¯ z � x ¦l¦ x0¨M¨?x�¬?¨$wMz ¨M}0¸i{�x ¯ {J|!"hz ª�¨"hz {�w~x,"�z ¦ xB2I£�|Jª�¬M{Jx0ª�w~¬f£�w~®I �|J¤"lx0¬Fm

% ÅJ¹WÅ�ãjÅ{Ì Ë ÄSß ¿
Á�r�r ¿�ºLÄÁºLÃ"sPq0q[Á Ä�Ãf�x0©�«�z-©(¨�|�zô£�w~® ¦ }0«�ª�w~x[«�x¼w~x"�z {J|J|�z ¸Lx[«�ªX�z {J|J|�z ¸Lx[¸Sw~®L¬M¬M{Jx"w ¯ {J|,"hz ª�¨�¬Mx¼wMz £�£�x0|Jx"w°Ä(ª�x ¦ x�z {J|J|�z ¸Lx�¬Mx"wMzTwMz Â´©�}�x0¨IÄSª�x�|JxT�z {J|J|�z-¸Lx´®� �¨Mx0©(ªô¬Mx"wMz�ª�©Ë�z {J|J|�z-¸Lx´«�x ¦ z | ¦ ª�|V}0|J}"lx0©S¨M¬�Ã�©�{�¬Fm9Sª�w,|�zfÃ�¸Lª�w~x,$�m\HI[ ¯ ®i©´l®L©S¨$w~x�ÄSª�x<|J®(w~¬K«�xf|�z]£�w~®~?x ¦ ¨M{J®L©l«�x0¬�©�V.ª�«�¬Vl{J|J{Jx0ª�À´¬Mª�w|�zI¬?ª�w�"�z ¦ x ¯ ®L©£�x0ª�¨5®I �¨Mx0©�{�w�«�x0¬<}0|J}"lx0©S¨M¬�Ã�©�¬ez-£�|�z-¨M{J¬"m
E*|�"hz ª�¨,«�®L© ¦ {J©(¨6w~®(«�ª�{�w~x5«�z ©�¬K|�z]£�w~® ¦ }0«�ª�w~x<«�x.w~x"�z {J|J|�z ¸Lx<ª�© ¦ w~{J¨M¤"w~x<£8®Lª�w�£�w�x0©�«�w~x<x0© ¦ ®(l£�¨Mx

Triangle de mauvaise qualité

�����V� $�m�HI[f��®e�ÜÔdQ0%
Ô*��Ö %M��& �S% ÓÜÏçÓÜÑ*Q0%
ÔZ��QpÑGÐ �S! Ð ��#^Q�îc��ÐIÏJ�{Ô Ó=Ð?+P)§¤d#y)¦Ð��/%�QÜÑ*Q0%
Ô
|�z�¸i}0®(l}0¨$w~{Jx<{J¬M¬?ª�xI«�x.|�zl¸(w~{J|J|Jx.Ã�©�xLm

% ÅJ¹WÅ�ãjÅ> p ¿�v���ÄSº�¿
Ã ÑWÄ¼Ñ'vùß ¿
Á�r�r{¿�º�Ä�q6v�Ã > ¿�tIÁ'&8v�Ä���»( ®(w~¬'«'��ª�©Iw�x"�z {J|J|�z-¸Lx ¦ |�z ¬M¬M{JÄSª�x ¯ |�z5¬Mª�w�"hz ¦ x�«�x,|�z�£�{J¤ ¦ xVx0¬?¨ ¦ ®L©�¬Mx"w � }0xGz ª ¦ ®Lª�w~¬P«�ª�w�x"�z {J|J|�z-¸Lx
£�zLw�|�z�£�w~{J¬Mx�x0© ¦ ®(l£�¨Mxl«�x�|�z ¦ ®Lª�w1 �ª�w�x�«�ªË�z {J|J|�z ¸Lx � ¦ ®L©�¬Mx"w � z ¨M{J®L©¼«�x0¬ ¦ ®L{J©�¬��cm�9S{K|*��®i© � x0ª�¨
w~x"�z-{�|J|Jx"w.ª�©�x°¬Mª�w�"hz ¦ x]Ã�©�x�£�zLwfª�©Õ�z-{�|J|�z ¸Lx°¸(w~®L¬M¬?{�x"w ¯ {J|!"hz ª�¨.¸(ziw~«�x"w<x0©¿l}"l®L{�w~x ¦ x ¦ ®L©S¨M®Lª�wÃ�©'m�9Sª�w�|�zyÃ�¸Lª�w~xF$�m�HIN ¯ ®L©�l®L©S¨$w~xKÄSª�x<|Jx0¬Vz-©�¸L|Jx0¬K©�x<¬M®i©(¨�£�z ¬ ¦ ®i©�¬Mx"w � }0¬�£�x0©�«�z ©S¨K|Jxew�x"�z {J|J|�z-¸Lx
¬M{'®i©T©�x.¬$z ª � x0¸(ziw~«�x<£�z ¬<|Jx ¦ ®L©S¨M®Lª�wÃ�©'m



$�mJG KT{J¬Mx]x0©T£�|�z ¦ x.«'��ª�©�xIl}0¨M·�®S«�xI]ª�|�¨?{�¸Sw~{J|�|Jx�$ILxÝ � £�£�|J{ ¦ z ¨M{J®L©M2�|�z�¬M{�Iª�|�z ¨?{�®i©T«�ª"*®(w~¸Lx"z-¸LxF2 ¦ ·�z ª�« N��

(c)
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�����V� $Ým\HIN°��û Ð?þP] Ð-� Ï{Ï.Ð0g�Q°��%��{Ô*��ÐIÏ�aIû��±þ�] Ð � Ï{Ï.Ð0g�QD�[Ö %S#$�<��Ó0)¦Ó Ï.Ö )?#��-�Õ)bQ:ÑGÐ �{Ï{ÏçÐcg�Q]#$�pÖ %Ë%�Q°#NÐ-�IT
!	Qhg�Ð )b�IQf+�ÐF# ÏQ ÑGÐ �{Ï Ï.Ð0gcQ#}K%Xû3��þP] Ð �{Ï Ï.Ð0gcQ¢�[Ö %S#$�<��Óc)PÓ Ï.Ö )?# � �ô)§QÜÑGÐ � Ï{Ï.Ð0g�Q�#$� Ö-%¿#NÐ �S!Q±g1Ð )b�IQ ÏQÑGÐ �{Ï Ï.Ð0gcQ�}K%

¡�© ¦ ®L©�¬M{J«�}"wMz ©S¨ ¦ x0¨M¨?xew~x"�zLw�Ä(ª�x ¯ ®L© � ®L{J¨,Ä(ª'��{J|�"�z ª�¨<l®S«�{=Ã�x"w�|Jx ¦ w~{J¨M¤"w~x5«�xIw~x"�z {J|J|�z ¸Lx<£8®Lª�w
£�w~x0©�«�w�x�x0© ¦ ®(l£�¨Mx]|J®(w~¬f«�ªØw�x"�z {J|J|�z-¸LxIª�© ¦ w~{J¨M¤"w~x]«�x�w~x0¬M£�x ¦ ¨f«�xI|�z�¬Mª�w3"�z ¦ x]x0¨e©�®i©[|Jx ¦ w~{J¨M¤"w~x«�x ¦ ®Lª�w1 �ª�w~x ¦ |�z-¬M¬M{JÄ(ª�x.«�z-©�¬K|Jxyw�x"�z {J|J|�x0ª�w Í\.�®Lª�£8x0¾�N���Î�mc.�xf¨36S£�x5«�xyl®S«�{=Ã ¦ z ¨M{J®L©�«�ª ¦ w�{�¨?¤"w~x<«�xw~x"°z {J|�|�z ¸ixIzl«�}d~e2�}0¨M}Iz	 �®Sw~«�}e«�z-©�¬=Í�á�®S«�w~{J¸Lª�x0¾ � {�|J|�zINI= Î�m
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 � Ê.�®(�lx,©�®Lª�¬K©'��z � ®i©�¬�£�z ¬�«�} � x0|�®i£�£�}f«�x<£�w~® ¦ }0«�ª�w~x�«�xew~x"�z {J|J|�z ¸Lxez-¬M¬M® ¦ {�}0xfz ª´wMzFÂ�©�x"lx0©(¨
«�x��z {J|J|�z ¸Lx ¯ ©�®Lª�¬´£�w�® ¦ }0«�®L©�¬�z ªE"*®(w~¸Lx"z-¸LxT«�ª/|J®L£�{J©X«�ªX¨$w~{�z ÀSxB~Mª�¬MÄSª'�\2¼«�}0¸i}0©�}"w~x0¬ ¦ x0© ¦ x¼«�ª
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}0|J}"lx0©S¨M¬<¬Mª�w�|JxI�z-{�|J|�z ¸Lx�Ã�©'m ( x ¦ ®Sx6Â ¦ {Jx0©(¨5«�x,"�w~®i¨M¨Mx"lx0©S¨Kx0¬M¨�«�x�: ¯ H�m
% Å�ãjÅ{Ì�Å{Ì Ë ¾�Ò(s8r�s8º�Á{Ä¼»rÄ#"GÂ0s�»�Á{Ä(»�»rÄ

Óf© ¦ ®(l£�zLw~xl|Jx0¬l¨Mx"l£�¬.«�x ¦ z-| ¦ ª�|,«�x0¬�l}0¨?·�®(«�x0¬]«�x´w~}0¬M{J«�ªÕl{J©�{��z |,£�w~} ¦ ®L©�«�{J¨M{J®L©�©�}�£�zLw �|J® ¦ «�{�z ¸L®i©�z | Ö �7×1Ë ®Lª[£�ziw@.<w~®Lª�¨5{�© ¦ ®Sl£�|Jx0¨ � Ed. � £���x0¨f«�xl|�z�l}0¨M·�®S«�x�]ª�|J¨M{J¸(w~{J|J|Jx�ª�¨M{J|J{J¬$z ©S¨
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Óf©Tl®L©S¨$w~x<«�z ©�¬,|Jx.¨$z	 �|Jx"z ª¢$�m���=f|Jx0¬ew~}0¬Mª�|J¨$z ¨?¬�®I �¨Mx0©Sª�¬Vz £�w~¤0¬#$L½I:�{�© ¦ w�}"lx0©(¨?¬K«�x ¦ z | ¦ ª�| ¦ xfÄSª�{
w~x0£�w~}0¬?x0©(¨Mx8=I=%$Ú«�ªD"*®(w~¸Lx"z-¸Lx ��� ®i{�wÃ�¸Lª�w�xB$�m\$I:��cm
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Contribution à la simulation numérique tridimensionnelle du forgeage à chaud : étude du 
contact et calcul multigrille. 
 
Résumé : 
Ce travail se situe dans le cadre de la modélisation numérique par éléments finis du procédé de 
forgeage à chaud des métaux. Il a pour but l'optimisation du logiciel de simulation numérique  
tridimensionnelle Forge 3. Il s'oriente autour de deux points bloquants pour une utilisation de ce 
logiciel : des problèmes de précision sur la surface de contact entre la pièce et l'outil et un temps 
de calcul élevé. Dans la première partie, on étudie le problème du contact unilatéral. En partant 
de la méthode de pénalisation existant, on améliore  l'algorithme de contact par la mise en place 
d'un algorithme implicite. On valide ces développements sur plusieurs cas de forgeage où l'on 
montre l'apport du nouvel algorithme en terme de précision de gestion de la surface entre la pièce 
et l'outil. Dans la seconde partie, on traite du problème de temps de calcul. Malgré la mise en 
place d'une méthode de calcul parallèle les délais de calcul pour une simulation tridimensionnelle 
restent  très élevés. Nos travaux ont donc consisté à remplacer le solveur de type résidu minimal 
implémenté dans Forge 3 par une méthode asymptotiquement optimale basée sur l'utilisation de 
multigrilles. Nous avons développé une méthode originale utilisant la méthode de résidu minimal 
comme lisseur et une méthode de raffinement de maillage pour la construction des différents 
niveaux. Nous avons optimisé cet algorithme en introduisant en particulier  un préconditionneur 
utilisant une factorisation de Crout incomplète pour les résolutions grille grossière. Les résultats 
obtenus en bigrille sur différents cas de forgeage sont excellents  et les quelques résultats sur un 
calcul avec trois niveaux de maillage sont très encourageants. 
 
 
Contribution to 3D numerical simulation of hot forging process : Study of contact and 
multigrid computation. 
 
 
Abstract: 
This work is within the framework of numerical modeling by finite elements of the process of hot 
forging of metals. The purpose of it is optimization of the software Forge 3 of three-dimensional 
digital simulation. It is directed around two points blocking for a use of this software: problems 
of precision on the surface of contact between the part and the tool and a high calculating time. In 
the first part, we study the problem of the unilateral contact. On the basis of the method of 
penalization existing, we improve the algorithm of contact by the installation of an implicit 
algorithm. We validate these developments on several cases of forging where one shows the 
contribution of the new algorithm in term of precision on the management of surface between the 
part and the tool. In the second part, wee deal with problem of calculating time. In spite of the 
installation of a method of parallel computation the time of calculation for a three-dimensional 
simulation remain very high. Our work thus consisted in replacing the solvor of minimal residual 
type implemented in Forge 3 by a method asymptotically optimal based on the use of multigrid. 
We developed an original method using the method of minimal residual like smoother and a 
method of  grid refinement for the construction of the various levels. We optimized this algorithm 
by introducing in particular a preconditioner using an incomplete Crout factorization for the 
resolutions on the coarse grid. The results obtained with two-grids on various cases of forging are 
excellent and the few results on a calculation with three levels of grid are very encouraging.  
 


