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 Ú Ï Ù Ê)Í Ù ãqÎ Ø Þ Ó Ê Ù Ê�Þ&çèÊèÛXÊ â ÎUÍ�éÌ!Ê âæÙVÚ ÎUÍ 7 � 9��� Ê â�ñ Î Ú 
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é � Ê)Ï\ÎUÏ â�Ú�Ó�Ó�ÒTÙVÚ ÎUÍ~Ï�Ê)ÍXÝ!Ê)Í~Û~Þ ×Ê�Ê)Ï �,�Í â�Ú�Ù Ê�Þ Ò ã Ò Þ�ç Ú�Ó Ê)Ï\ã Ó�Ø Ï Ú çKãqÎ!Þ ÙVÒ Í Ù Ï ö�������������� �!�"�$#&%(')��+*-, Ó�â ÎUÍ~Ï Ú Ï Ù ÊCÐÒKØXÙVÚ�Ó�Ú Ï·Ê�Þ Ø Í.ã~ÞVÎ îJÓqÓ�Ú Í ×Ê Ò!Ú ÞVÊ=Ê)Í Ù ÞVÊ Ó Ê)ÏËãqÎ Ú Í Ù Ï/.ÔÊ Ùìûoë�â ÎUÍ�Û Ø~Ú Ï Ò Í Ù ÐÒ�ö
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1 Ê Ù·Ù Ê ×Ê�Ì Ò!Ó�Ø~ÒTÙVÚ ÎUÍ Ê)Ï Ù ã~Þ ×Ê â�Ú Ï·Ê Ò!Ø Ï·Ê â ÎUÍ~Û Î!Þ�Û~ÞVÊ Ó Î!Þ&ÏVå Ø Ê Ó Ê�ç Ò!Ú�Ó�Ó�Ò Ý!Ê$Ê)Ï Ù=Ø Í Ú �_Î!Þ�çKÊ�Táã�Î Ú Í Ù3U÷Ò!Ø ç Ú�Ó�Ú Ê Ø Û ØÏ·Ê�ÝUçèÊ)Í Ù . ûWVX�ü�ý	þ�ÿ��������áý	þ!Y F �HGIGIJKL�áý	þ�SÕ�×Ê ÙVØ ÛXÊ Ò ã~ã�ÞVÎ��_ÎUÍ�Û Ú ÊMÛ ÕëØ Í�Ý!Þ Ò Í~Û$ÍXÎUçZ��ÞVÊmÛXÊmÏ â&ñ�×Ê)ç Ò Ï	Û ÕëÚ Í Ù Ê�Þ�ãqÎ Ó�ÒTÙVÚ ÎUÍ Ò ã�Ê�Þ�ç ÚòÙ Û ÕëÒ ��Î ØXÙVÚ Þ�ÐÒËÓbÕ�×Ê Ó�Ò �qÎ!Þ ÒTÙVÚ ÎUÍÛ ÕëØ Í~Ê â�Ó�Ò ÏVÏ·Ê$ÛXÊóÏ â�ñ ×Ê)ç Ò Ï Ù Þ ×Ê)Ïìã�Ê�Þ[�áÎ!Þ�ç Ò Í Ù Ï9DXÛXÎUÍ ÙìÓ�Ò ã~Þ Ú Í â�Ú ã Ò!Ó Ê â�Ò Þ Ò!âæÙ°×Ê�Þ Ú Ï ÙVÚ å Ø Ê$Ê)Ï Ù å Ø�ÕëÚ�Ó Ï�Ï·ÎUÍ Ù � Ò Ï ×Ê)ÏíÏ Ø ÞÓ�Ò Í ÒTÙVØ ÞVÊèã ñ�\ Ï Ú å Ø ÊøÛ~Ê Ó�Ò Ï·Î Ó�ØXÙVÚ ÎUÍßã Ó�Ø~Ù5SÎ Ù å Ø ÊCÏ Ø Þ Ó�Ò ã�Þ ×Ê â�Ú Ï Ú ÎUÍàÛ Ø Ï â�ñ ×Ê)ç ÒI�]�SÕ�×Ê ÙVØ ÛXÊ?ÛXÊ ÓÖÕëÚ Í_^ Ø Ê)Í â ÊèÛXÊÓÖÕëÚ çKãqÎ!Þ ÙVÒ Í â Ê?ÞVÊ Ó�ÒTÙVÚ Ì!Ê�Û~Ê Ó�Òäâ ÎUÍ°Ì!Ê âæÙVÚ ÎUÍÔÊ Ù ÛXÊ Ó�Ò Û Ú`A�Ø Ï Ú ÎUÍ Ï Ø Þ Ó�Ò Í ÒTÙVØ ÞVÊ�ÛXÊ Ó�Ò ÏVÎ Ó�ØXÙVÚ ÎUÍ Ò ãqÊ�Þ&ç Ú ÏøÛXÊÛXÎUÍ~Í~Ê�ÞËÍ Ò!Ú ÏVÏ Ò Í â Ê Ò!Ø 
 Ï â�ñ ×Ê)ç Ò Ï÷Ï Ø~Ú Ì Ò Í Ù Ï 8����������a��� �!��b$cd7�#&��#&%(ef��g)*h, Ó Ï Ø ã~ã�ÎUÏ·Ê\å Ø Ê Ó ÊËã~ÞVÎ î�Ó Ê)Í Ù ÞVÊh.;Ê ÙSû Ê)Ï Ù ÞVÊ�ã~Þ ×Ê)ÏVÊ)Í Ù�×Ê÷ã Ò Þ Ó�Ò Ï·Î Ó�ØXÙVÚ ÎUÍøÊ�
 Ò!âæÙ ÊÛ~Ê ÓbÕ�×Ê)å Ø~ÒTÙVÚ ÎUÍZÛ~Ê â ÎUÍ°Ì!Ê âæÙVÚ ÎUÍIi8Û Ú`A�Ø Ï Ú ÎUÍßçèÎUÍXÎ Û Ú çèÊ)Í~Ï Ú ÎUÍ~ÍXÊ Ó�Ó Ê=Ê Ù�â Ê Ù·Ù Ê â Î Ø Þ[��ÊéÊ)Ï ÙóØ~ÙVÚ�Ó�Ú Ï ×Ê�ÊéãqÎ Ø Þ÷Ê9�Hi�áÊ âæÙVØ Ê�Þ Ó Ê)Ï Ú Í Ù Ê�ÞVã�Î Ó�ÒTÙVÚ ÎUÍ�Ï ��C Î ØXÙ Ê9�áÎ Ú ÏjD â ÊìÏ â�ñ ×Ê)ç Ò Í Õ Ê)Ï Ù ã Ò ÏmÊ�
 Ò!âæÙ Û Ò Í~Ï Ó Ê â�Ò Ïk� Ú Û Ú çèÊ)Í~Ï Ú ÎUÍ�ÍXÊ Ó�Ò Ì!Ê âÙ Ê�Þ&çèÊ)Ï\Ï·Î Ø Þ â Ê)ÏLD°Ê Ù\Ó Ê Ù Ê)çèã�Ï�ÛXÊ â�Ò!Ó�â�Ø~ÓqÚ çèã�Î!Þ ÙVÒ Í Ù Í ×Ê âJ×Ê)ÏVÏ Ò!Ú ÞVÊ=ã�Î Ø Þ ÓbÕ�×Ê�Ì Ò!Ó�Ø~ÒTÙVÚ ÎUÍêÛ Õ Ê�
�ã�ÎUÍXÊ)Í ÙVÚ Ê Ó�Ó Ê)Ï Ó Êã ×Ê)Í Ò!Ó�Ú Ï·Ê �����������a��� �l�nmpo$'�ef2P�q*), Ó	â ÎUç	� Ú ÍXÊ Ó Ê)Ï÷Ï â�ñ ×Ê)ç Ò Ï â Ê)Í Ù Þ ×ÊèÊ Ù Û ×Ê â Ê)Í Ù Þ ×Ê Ò çèÎUÍ Ù ã�Î Ø Þ÷ç Ú Ê Ø 
�Ï·Ê�Þ Ò ã~ã�ÞVÎ â&ñ Ê�ÞÛ Ø Ï â�ñ ×Ê)ç Ò Ê�
 ãqÎUÍ~Ê)Í ÙVÚ Ê Ó�Ù Î Ø~Ù Ê)Í Ò ÏVÏ Ø Þ Ò Í ÙíØ ÍXÊ)��ÎUÍ~ÍXÊóÏ ÙVÒ � Ú�Ó�ÚòÙ°×Ê �Ï Úsrutwv!xZyzv!t ÎUÍ ØXÙVÚ�Ó�Ú Ï·Ê Ó ÊóÏ â�ñ ×Ê)ç ÒCâ Ê)Í Ù Þ ×ÊÏ Ú�{ xZy4{I|!t ÎUÍ Ø~ÙVÚ�Ó�Ú Ï·Ê Ó ÊóÏ â&ñ�×Ê)ç ÒêÒ çèÎUÍ ÙÒ Ì!Ê â	xZy-} á[~ ø � ö ãC� å ú� TïÍ~ÎUçZ�~Þ�ÊóÛXÊZ.ÀÊ â�Ó Ê ÙìÓ Î â�Ò!Ó�Ò!Ø ã�Î Ú Í ÙZU�VX�����������a��� �!2P�]cs�def�"����#s�5�l* 1 Õ Ê)Ï ÙmÓ ÊËÏ â&ñ�×Ê)ç Ò Þ�Ê â ÎUçKç Ò Í~Û ×Ê � , Ó Ê)Ï Ù ã~Þ�Ê)ÏVå Ø Ê Ò!Ø ÏVÏ Ú ã~Þ ×Ê â�Ú Ïmå Ø Ê Ó ÊËÏ â�ñ ×Ê)ç ÒÊ�
 ã�ÎUÍXÊ)Í ÙVÚ Ê Ó Ê Ù Í ×Ê â�×Ê)Ï�Ï ÚòÙ ÊøçèÎ Ú Í~ÏíÛXÊ Ù Ê)çèã�ÏíÛXÊ â�Ò!Ó�â�Ø�Ó=�W� Ê$ã~Þ�Î î�Ó Ê�
�ã�ÎUÍXÊ)Í ÙVÚ Ê Ó Ê)Ï ÙíÚ�â�Ú¼Ò ã~ã~ÞVÎ�
 Ú ç ×Ê$ã Ò ÞØ ÍXÊ â Î Ø Þ[��Ê=ã Ø~Ú ÏVÏ Ò Í â Ê=Û Ø�� ÐÊ)çèÊéÎ!Þ�ÛXÞVÊ �� @��	DF@~Æ?� G B��K@�� c ¦wE���BLMG,G O ²Z�"� Ç?�HE�� d >�� G � MG �-MG ��@p� G���� D��2B G ��¦�Ep�F@~B�DFEp�. ÒTÙVÒ Í_� Ò Þ]�B��� @ Ò Û ×Ê�Ì!Ê Ó Î!ã~ã ×Ê Ø Í��áÎ!Þ�ç Ò!Ó�Ú Ï�çèÊèÝ ×Ê)Í ×Ê�Þ Ò!Ó å Ø~Ú Þ�Ê�Ý!ÞVÎ Ø ã�Ê Ó Ê)Ï â�Ú Í�åjÏ â&ñ�×Ê)ç Ò Ï�ã~Þ ×Ê â�×Ê)ÛXÊ)Í Ù ÏéÊ)Í Ø ÍXÊÏ·Ê Ø~Ó ÊZ�áÎ!Þ�ç Ø�Ó Ê �h� Í ã�Ê ØXÙ÷Ò!Ú Í~Ï Ú¼â�ñ~Ò ÍXÝ!Ê�Þ=ÛXÊ�Ï â�ñ ×Ê)ç ÒCÙ Þ ×Ê)Ï=Ï Ú çèã Ó Ê)çKÊ)Í Ù Þ Ú Ê)Í�å Ø�Õ Ê)Í Ò5EVØ Ï ÙVÒ Í Ù�Ó�Ò Ì Ò!Ó Ê Ø Þ÷Û ÕëØ Íã Ò Þ Ò ç.ÐÊ Ù Þ�Ê �
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Û Ò Í~Ï Ó Ê)ÏVå Ø Ê Ó�Ó Ê)Ï Ó Ê)Ï â Î�Ê9¬ â�Ú Ê)Í Ù Ïuh��Ê Ùu® �qÏVÎUÍ Ù �áÎUÍ âæÙVÚ ÎUÍ�ÏËÛ Ø Ï â&ñ�×Ê)ç Ò Û ÕëÚ Í Ù Ê�ÞVã�Î Ó�ÒTÙVÚ ÎUÍ ØXÙVÚ�Ó�Ú Ï ×Ê 8
Â	ô°¯ Ã¢±u²´³sµ�¶$·�¸P¹ ¨�`»º ¸ ²´¼L½¿¾(ÀÁ¶¯ ôÂ¯ Ã¢±u²´³sµ�¶$·�¸ ¨�`»º ¸Ã Ò Í~Ï â Ê)ÏFÊ�
 ã~ÞVÊ)Ï�Ï Ú ÎUÍ~Ï9D Ó Ê)ÏFÍ~ÎUçZ�~Þ�Ê)Ï xZy D$Ä Ê Ù�Å Û ×Ê î Í Ú Ï Ó Î â�Ò!Ó Ê)çèÊ)Í ÙmÒ!Ø ç Ú�Ó�Ú Ê Ø ÛXÊ ÓÖÕëÚ Í Ù Ê�Þ[� Ò!â Ê�DUÞVÊ�ã~Þ ×Ê)Ï·Ê)Í Ù Ê)Í ÙÞVÊ)Ï·ã�Ê âæÙVÚ Ì!Ê)çKÊ)Í ÙìÓ ÊóÍXÎUçZ��ÞVÊóÛXÊz.ÀÊ â�Ó Ê Ù D Ó ÊóÍXÎUçZ��ÞVÊóÛXÊ â ÎUÍ°Ì!Ê âæÙVÚ ÎUÍ�Ê ÙíÓ ÊóÍXÎUç	�~ÞVÊóÛXÊóÛ Ú`A�Ø Ï Ú ÎUÍ 8³sµ ¯ ÆLÇ £ÈÉ ¯ Ç £&ô ²´¼L½¿¾ËÊ�¶Ã ¯ È £ ôÆ £�¼Ò �_ÎUÍ âæÙVÚ ÎUÍ�Ì Ê)Ï ÙéØ ÍXÊw�áÎUÍ âæÙVÚ ÎUÍ;Û Ø ÍXÎUç	�~ÞVÊKÛXÊ�.	Ê â�Ó Ê Ù å Ø�Ú Û ×Ê�ã�Ê)Í~ÛäÛ Ø Ï â&ñ�×Ê)ç Ò Û ÕëÚ Í Ù Ê�ÞVã�Î Ó�ÒTÙVÚ ÎUÍ â�ñ Î Ú Ï Ú=�õ ÎUÍêÊ�
 ã~ÞVÊ)ÏVÏ Ú ÎUÍ�Ê)Ï Ù ÛXÎUÍ�Í ×Ê�Ê�Û Ò Í~Ï Ó Ê ÙVÒ � Ó Ê Ò!Ø ¡ �¿t4���mÕ Î!ã ×Ê�Þ ÒTÙ Ê Ø ÞwÍLÎ`Ï9Î�ÍËÞVÊ Ù Î Ø Þ�Í~Ê Ó�Ò Ì Ò!Ó Ê Ø Þ�Û Ø ã Ó�Ø ÏSÝ!Þ Ò Í~Û?ÛXÊÏ·Ê)ÏËÛ~Ê Ø 
 Ò Þ�Ý Ø çèÊ)Í Ù Ï � ÐdÑ§ÒÁÓ¥ÔIÕ U ��Ö�×hØU ÓwÙrjÚ Î ��{ x	y�{ 1 Ê)Í Ù Þ ×Ê� Û÷çèÎUÍ ÙÌÜT xZy5V Í Ú ÏL� r Ú Î ��{ xZy�{ Í Ý \ �~Þ Ú ÛXÊÍ Ú Ï�TË� r Ú Î´� { xZy�{ÞVàß Í . Ø�Ú ÏVÏ Ò Í â Êá ânãXáäæåXç§è á ânãÁá é�ênë û 
�ã�ÎUÍXÊ)Í ÙVÚ Ê Ó
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	�������fù���ú
, Ó Ê)Ï Ù ÐÒ ÍXÎ Ù Ê�Þ$å Ø Ê â Ê Ù·Ù Ê3�áÎ!Þ�ç Ø~Ó�ÒTÙVÚ ÎUÍßÊ)Ï ÙóÓ�Ú ç ÚòÙ�×Ê�Ê Ò!Ø 
ZÏ â�ñ ×Ê)ç Ò Ï$Û ÕëÚ Í Ù Ê�ÞVã�Î Ó�ÒTÙVÚ ÎUÍÑÐÒ ÛXÊ Ø 
jã�Î Ú Í Ù Ï3T � Ê Ù�P� � VX���� ��� � Æ?������� � ����������� ��!� O#" �"�5� Ç%$ � � � ���'& � ��� � Æ&�����'()�p�*������& � ���+&,�!� "�mÕëØ~ÙVÚ�Ó�Ú Ï ÒTÙVÚ ÎUÍKÛXÊ)Ï Þ ×Ê)Ï Ø~ÓòÙVÒTÙ Ï ã~Þ ×Ê âJ×Ê)ÛXÊ)Í Ù ÏËÍ ×Ê âJ×Ê)ÏVÏ Ú�Ù Êóå Ø Ê Ó å Ø Ê)Ï Ù Þ Ò Í~Ï[�_Î!Þ�ç ÒTÙVÚ ÎUÍ~Ï Û Ò Í~Ï Ó Ê â�Ò Ï Î�ÐØ?Ó Ê)Ï Ú Í â ÎUÍ~Í Ø Ê)Ïã~Þ Ú Í â�Ú ã Ò!Ó Ê)ÏSÏ·ÎUÍ Ù\Ó Ê)Ï Ì Ò Þ Ú�Ò � Ó Ê)Ï â ÎUÍ~ÏVÊ�ÞVÌ ÒTÙVÚ Ì!Ê)Ï � , Ó � Ò!ØXÙ\Ò!Ó Î!Þ�Ï�Ê�
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LNMPO/QSRMUTVMUWYXZX[Q]\-^_\a`cbd\fegRMUh=\iQVQjRMkTVl9QZbm\onp\aT[MqesrtlpWDuwvSe9Mqe9Mqux\abmuxl/byegRMx^aMUbzvaOpOgRMD{\|b}rt`mW/T[XV`mXVl9X~e9M��GRMUux\aW/`m�jl9M
e9MUT��+bml/`me9MUT�e9M|ð�v�l/bzv�lpT[Ma����b�MUT[X�n�v�W�e9M;Q]\iO/O�MUbzMxQ~bmMUT�RMxXV\iO�MUT���l/`�v�WYX�hZMUWgRMqe/l�uwvje9M;vaQ]`z��`mWp\ab�\al�O/QVvi�
�aQ]\ah�h�M�\auwXVl9MUb9\i�pWs��esrtlpW9M�O�\iQVXx�Ye9MdhZMxX[X[QVMdMUW�RMx^S`me9MUW/uwM�W/vaX[QVMduwv�WYX[Q]`mnpl9XV`zv�W�MxXx�Yesrt\al/X[QVMyOp\iQVXx�YbzMUT��aQ]\aWpe9MUT
e/`��RMxQVMUW/uwMUT��jl/`yMw�9`mT[X[MUW�XZMUWYX[Q]MkbzMUTZe9MUlS��uwvje/MUTx��LNMke9MxQ�W/`zMxQ�O�v�`mWYX�hZMUW�XV`zv�W/WgRM�MUTVX�b {\|O�v�l9Q�Q]\iO/O�MUbzMxQZbm\
WgRMUupRMUTVTV`zXjRM¡esrtl/W/Md^_\abm`ce/\iXV`zv�WZe/lZW9v�l/^aMU\al=uwvSe9M�e9M�ux\abmuxlpb}�¢LNMUT�RMxXV\iO�MUT�epl�e�RMx^aMUbzvaO/O�MUhZMUW�X�e/l�W/v�l9^aMU\al=uwvSe9M
e9M£ux\abmuxlpbNT[v�W�X�bzMUT�TVlp`z^_\aW�X[MUTx¤
¥ ���p\ah�`mbm`m\iQ�`mTV\iXV`zv�Wq\-^aMUu�bzM£uwvSe9M£vaQ]`m��`mW/\ab}�
¦ �§�kvSe/`z�pux\iXV`zv�W|e9MUT¨uwv�W/ep`zXV`zv�W/T§\alS�fbm`ch�`zX[MUT��jl/`£RMxXV\a`zMUW�X¡XV©�RMxvaQ]`m�jl9MUhZMUW�XªMxQ]QVv�W�RMxMUT�¤§L«M�uwvSe9M�W9M�uwv�WS�
^aMxQ]�aMU\a`zX�Op\aT;¬bzMUT£^i\abzMUl9Q]T¡h�v-®aMUW/W9MUT~e9MUT�ep`��RMxQVMUW�X[MUT£^i\iQ]`m\in�bzMUT¡\al9��hZMUW�XV\a`zMUW�X~e9MZ¯\±°uwv�W�hZv�W/vaX[v�W9M
eEÿl�\alq¯\a`zX���l/M£bzMUT�uwv�W/e/`mXV`zv�W/Td\alS�qbm`mh�`mX[MUT=RMxXV\a`mMUWYX§XV©�RMxvaQ]`m�jl9MUhZMUW�X�h�\absO�v�TjRMxMUT�²��

�j��h�vje/`m�pux\iXV`zv�W/T³e9M|bm\�T[X[Q�l/uwXVl9QVM|e/l5uwvje9M´¬e/`chZMUW/TV`zv�Wµe9MUT;^_\iQ]`c\inpbzMUTx��MxXq\·¶[v�l9XPe9Mfux\abcuxl/bmT³TVl9QPbzMUT
¯�QVv�W�XV`{MxQVMUT�²�\i�pWqe9M£O�MxQ]hZMxX[X[Q]M£b}rt`mhZOpb¸RMUh�MUWYXV\iXV`zv�Wqe/M�uwv�W/e/`zXV`mv�W/Ty\alS��bm`mh�`zX[MUTy\iQVn�`zX[Q]\a`zQVMUTU�

¹9�ªº�»¢¼»U½U¾ �¿À ¾[»�½]ÁiÂd��Ã��» ¿ » � À ½�Á � »~»wÄPÂ�Å � Ã�ÃzÅUÆ�»¡Ä�ÁiÄ � À Ä � � Ái¾¸Â=»w��ÇgMxX[X[MqRMxXV\iO�Mª\£W�RMUupRMUTVTV`zXjRM£e9M�Q]Mx¯�\a`zQ]MdX[v�l9X[Mbc\�e/`mTVuwQSRMxXV`mT]\iXV`zv�Ws��Èªl´uwv�l9Q�TZe9M�uwMxX[X[M�Op©/\aTVMa��esrt`mh�O±vaQ]XV\aWYX[MUTZuwv�W�X[Q]`znpl/XV`zv�W/T�v�WYX�RMxXjRMf\iO/O�vaQVX�RMxMUTf{\
bÉrt\abz�avaQ]`zXV©/h�Moe9M|ux\abmuxl/b}¤ÊL«MoX[Q�\a`zX[MUhZMUW�X³e9MUT³X[MxQ]h�MUT³TVv�l9Q]uwMUTP`mTVTVlpT=e9M|bm\�ep`mTVuwQSRMxXV`mTV\iXV`mv�Wµe9MUT þ l9�
e/Mouwv�W�^aMUuwXV`zv�WS�Ëe/`�sl/TV`mv�WÌ¬�jl/`�T[v�W�X;W/v�l9^aMU\alS�ÍeEÿlÎ{\�b}rtl9XV`cbm`mTV\iXV`zv�W�e9MUT;^i\iQ]`m\inpbzMUT=uwv�W/T[MxQV^i\iXV`z^aMUT�²�MxX
bÉrt\ae/\iO/XV\iXV`zv�Woe9M�bm\ZhDRMxXV©9vSe9M�Ï��VÐ/ÑÎ\al�ux\aTªe9MUTd^i\iQ]`m\inpbmMUT�uwv�W/T[MxQV^i\iXV`z^aMUT�¬��ÒbNMUT[X�n�v�W�e9M£Q�\iO/O�MUbzMxQ�`mux`
�jl9MZbm\³h�RMxXV©9vSe9MZÏ��VÐ/ÑÓ\´RMxXjRM=OpQjRMUT[MUWYXjRMxM�MUW|^i\iQ]`m\in�bzMUT�OpQ]`mh�`zXV`m^aMUT�²��¡ÇyMxX[X[M�e9MxQ]W/`}{MxQVM�RMxXV\iO�MZ\U®�\aW�X£MUl
bmM£TVl9O/O�vaQVXde9M£b}rt\al/X[MUl9Q�e9M£bm\ZhDRMxXV©/vje9M~Ï��VÐ/Ñ��/ÔªQ¾Ë£�9�¸�/��TVTV\S�

Õ �ªÐ9l9O/O/QVMUT]TV`zv�WÊe9MUT~vanpT[XV\auxbmMUT�O/QjRMUT[MUW�XVT�ep\aW/T~bmM³uwvSe9M³vaQ]`z��`mW/\ab�MxX�\aep\iO/XV\iXV`zv�WÖ{\obc\ouwv�W9�p��l9Q]\iXV`zv�WDe/l
e/MUh�`�Ëux\aW/\absO�bm\aWq\a`mW/TV`s�jlsr×{\�X[v�l9X[MUT§bzMUT�uwv�W9�p��l9Q]\iXV`zv�W/T���l/`�v�W�X�¯\a`zX�b}rØvanS¶[MxX�e9M�W/vaX[QVMfRMxXVl/e9M

ÈªlÊ^SlÊe9M�X[v�l9X[MUT~uwMUT~h�vje/`m�pux\iXV`zv�W/Tx�«Opbml/TV`mMUl9Q]T§X[MUT[XVT�v�W�X�RMxXjRM³Mw��RMUuwXVlgRMUTx�kÙ§v�l/T�O/QjRMUT[MUW�X[v�W/T~uwMUl9���Ëux`�e/\aW/T
bzMUT�TVMUuwXV`zv�W/T��jl/`sTVl/`m^aMUWYXx��L«M¡X[MUT[X§bmM¡Opbml/Ty`mhZO�vaQVXV\aW�X;RMxXV\aWYX§np`zMUWPMUW�X[MUW/e/l�uwMUbcl/`sl9XV`mbm`cT�RM¡O±v�l/Q�bm\�^_\abc`me/\iXV`zv�W
¬uwv�hZOp\iQ�\a`mT[v�W�\-^aMUu~e9MUT�QjRMUTVl/bzXV\iXVT�Opl9npbm`¸RMUT¸²��

Ú~Û�Ü ÝoÞ�ßpàâá Ãäã�ådÃ�æ Þ�ç Ãéè¢å áZÞêß Ã�ëíì ç�î�ï]ïVçdð§Þòñ ã î]ó å�ëNì Þ
LNMoX[MUT[X;bmMkOpbmlpT�RMUb�RMUhZMUWYXV\a`mQVMoO�v�l9Q³bzMkW9v�l/^aMU\alµuwvSe9MkMUWµh�\a`mbmbc\i�aMkW9v�WS�Ël/Wp`z¯×vaQ�hZM�uwv�W/TV`mTVX[M�{\�T]`mh~lpbzMxQ�bzM
hqôMUhZM�RMUuwv�l/bzMUhZMUW�Xg�jl9M�ep\aW/T�bzM�uwvSe9M�vaQ�`z��`mW/\ab9MUW;l9XV`mbm`cTV\aWYX¢l/W=h�\a`mbmbm\i�aM�{\¡Op\aT�uwv�WpT[XV\aWYXx��LNM�W9v�l/^aMU\al;uwvSe9M
e9Mx^jQ]\a`zX§ôMxX[QVM¨MUW³h�MUTVl9QVM¨e9M�Q]MxO/QVvSe/l/`zQVM§bzMUT�QSRMUT]l/bzXV\iXVTde9M¨b}rt\aW/ux`zMUW³uwvSe9Ma��L«\�uwv�W9�/��l9Q�\iXV`zv�W;l/XV`mbm`mTjRMxMªMUT[XyuwMUbmbzM
e/lquwvSe9M£vaQ]`m��`mW/\ab±MxX�MUT[X�egRMUuwQ�`zX[M~TVl/Q�bm\��/��l9QVM¡¹9� ¥ �

��bSTxrt\i��`zX¢e9Mdb}r RMUuwv�l/bzMUhZMUW�X�e/\aW/T+l/W�e9MUh=`�Ëux\aW/\abjOpbm\aW�\U^aMUudvan�T[XV\auxbzMUT¢hZvSe�RMUbm`mTV\aW�X¢e9MUT�Q]l9�av�TV`mX�RMUT�e9M�O�\iQVv�`}�
LNMUT�Op\iQ]\ahq{MxX[QVMUTªl9XV`mbm`cT�RMUTde/\aW/T�bzMUT�MUTVTV\a`mT�TVv�WYX�bmMUTdTVl/`z^i\aWYXVT£¤
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�o\a`mbmbm\i�aMZ¤�¹�WQX ¥ 2�l/W/`m¯×vaQ]h�M£Çd\iQVX�RMUTV`zMUW
ÐSu�©�RMUh�\=esrt`cWYX[MxQVO�v�bm\iXV`mv�Wo¤�©Y®jn/Q]`me/M{\�b}rØMUW�X[QSRMxMa��bmM¡O/QVva�pbse9M¡^S`zX[MUTVTVM£TVl/`z^i\aWYXdMUTVX�`mhZO�v�TjRMa¤

l1mon�p_qsrut v&wxt�y n{z}|l�~����������� �����+�R� ������ ���_� v&w nN�}| mo���g�+p
\U^aMUu l ~���� q��x�������� mo��� � pLNMUT~MUTVTV\a`cT£v�W�XÊRMxX�RMPMw��RMUuwXVlgRMUT�TVl/Q õ /�/�/�/fOp\aT�e/M=X[MUhZOpT�MUW�O�\iQVXV\aWYX�e9M=uwv�W/ep`zXV`zv�W/T~`mW/`zXV`m\abmMUT¡e9MQ�pl/`ce9M�\al
QVMxO�v�Tx�

L«MUT�QSRMUTVl/bmXV\iXVT�van/X[MUWjl/T�T[v�WYXge9v�W/WgRMUT�TVl9Q�bzMUT��/��l9QVMUT�¹9� ¦ MxX�¹9� õ ��lp`9QVMxO/QSRMUT[MUW�X[MUW�X�bzMUT�^aMUuwX[MUl9Q]Tge/l�u]©p\ahZO
e9M�^S`zX[MUTVT[Ma�~ÇgMUl9���Ëux`¢T[v�W�X¨Op\iQV¯\a`zX[MUhZMUW�X¡`me9MUW�XV`m��l/MUTx�"�§W��xvjv�h TVl9Q¨bm\Pux\U^S`zX�RM=e9v�W/W/M�l/W/M�hZMU`cbmbzMUl9Qª`mh�\i�aM
O�v�l9Q�uwv�hZOp\iQ�\a`mT[v�W�¬��/��l/QVM¡¹9�Ø¹=MxX�¹9� Õ ²��

L«MUTdu]©/\ahZO�T�e9M¨O/QVMUTVT]`zv�WPT[v�WYX�\alpTVTV`±MUWPX[QjRMUTdn�v�Wq\auxuwvaQ]eqnp`mMUW³�jl9M¡W9v�WPQVMxOpQjRMUT[MUWYXjRMUT§`mux`}����v�l9X[Mx¯×v�`cTx�9bzMUT
^i\abzMUl9Q]T~hZv-®aMUW/W/MUT�e/M=X[v�l9X[MUT�bzMUT�^_\iQ]`c\inpbzMUT�\al/��hZMUWYX[MUW�X�e9M=¯\±°uwv�W�hZv�W9vaX[v�W9MPuwQVv�`mTVT]\aWYX[M³\U^aMUuPbzM=X[MUh�OpTx�
ÇgMUbm\fMUT[X�e�ôlD\al�¯\a`zXZ�jl9MqbzMUT�uwv�W/e/`zXV`zv�WpT�\al9�Dbm`mh=`zX[MUT~�jl/`y`mhZO�v�T[MUW�XZbzMUT�O/QVva�pbcT~e9MP^S`zX[MUTVT[M�\alpTVTV`gnp`zMUWÖ{\
b}rØMUW�X[QjRMxM��jlsr×{\�bc\�T[vaQVXV`zM~T[v�WYX§h�\abNO�v�TjRMxMUTx��ÇgM£X[MUTVX§WsrØMUT[X§e9v�W/u£�jlsrtl/W9M£uwv�h�Op\iQ]\a`mT[v�WkMUWYX[Q]M~e9MUlS�quwvSe9MUT��jl/`
e9v�W/W/MUWYXªX[v�l/T¨bzMUTªe9MUlS�ke9MUTªQSRMUTVl/bmXV\iXVT¨MxQVQVv�WgRMxMUT¡h�\a`mTªuwv�hZOp\iQ�\inpbzMUTx�£Ñ¨WoQ]\iO/O�MUbmbzM��jlsrt`mux`É��`mb�Txrt\i��`zX¨e9M�^av�`zQ
TV`sbzM£W/v�l9^aMU\alkuwvSe9M£X[v�l9Q�W9M¡MxX�e9v�W/W/M¨e/MUTdQjRMUTVl/bzXV\iXVT§T[MUh~npbm\inpbzMUT�{\=uwMUlS�qvan/X[MUW�lpT�\U^aMUu�T[v�WqO/QSRMUegRMUuwMUT]T[MUl9QU�
Ú~Û�� ÝoÞ�ßpàâá�ñ ã�å ñ æ Þ�ç�ñ è¢å áZÞêß�ñ ëíì ç�î�ï]ïVçdð§Þ ã�åªã�� ñ ã îVó å§ëNì Þ
Ï�v�l9Q�^av�`zQ�uwv�h=hZMUWYXZT[MPuwv�hZO�vaQVX[MPbzM;W/v�l9^aMU\al�uwvSe9MP\U^aMUuql/W�h�\a`mbmbc\i�aM=^i\iQ]`m\inpbzMa��v�WDl9XV`mbm`mTVM=l/W9M=uwv�W/�/�i�
l9Q]\iXV`mv�Wo\aW/\abmva��l9Mk{\³bc\=O/QSRMUu�RMUe9MUW�X[M;h=\a`mT§\-^aMUu�e9MUT¨e/`mh�MUW/TV`zv�W/T§e/`��RMxQVMUWYX[MUT¨MxX¡l/Wfh�\a`mbcbm\i�aM�W/v�WS�Ël/W/`z¯�vaQ]hZM
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Axe de symmetrie

u
Sortie

P=Po

Entree

v=0
u=f(y)

T=To

T=To  ,   u = v = 0

profil sinusoidal
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OpbmlpT�bzM�uwvSe9M�\�RMxX�RM�^i\abm`megRM�\-^aMUu�TVl/uxupRMUTªMxX�O�MUl9X�e9v�W/u�ôMxX[QVM�l/XV`mbm`mTjRM£\-^aMUu�uwv�W/�p\aW/uwM�O�v�l9Q§e9MUT�`mW�^aMUT[XV`z��\iXV`mv�W/T
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�¨Û�Ü ¬ ã à ëså á�ñ è à�î å§ã
Ô�rtl/W|O�v�`mW�X§e9M�^Sl9MZh�\iXV©�RMUh�\iXV`m�jl9Ma�«bm\³QSRMUT[v�bcl9XV`zv�W|esrtl/WfO/QVvan�b{MUhZM�e/MZ�GRMUux\aW/`m�jl9M�ÔªMUT£�+bml/`me/MUT§WgRMUu�RMUTVTV`mX[M
e9MUT+uwv�W/e/`mXV`zv�W/T+\alS�~bm`ch�`zX[MUT�e/`zX[MUT+\aW/\abz®jXV`m�jl9MUTd¬�v�l�Op©Y®STV`m�jl9MUT�²N��lp`Y¯�v�WYX�e/MguwMUbmlp`�Ëux`�lpW~OpQVvanpb}{MUhZMynp`zMUW~O�v�T�RMa�
ÇgMxO�MUW/e/\aW�Xx��e/l�O�v�`mW�X�e9Md^Sl9MdWjl/h�RMxQ]`m�jl9Ma��e9MUT¢uwv�W/ep`zXV`zv�W/T�TVl9O/O�b�RMUhZMUWYXV\a`mQVMUT¢TVl9Q¢bzMUT+^i\iQ]`m\inpbmMUTd{\¨bm\ª¯�QVv�W�XV`{MxQVM
e9v�`z^aMUW�X~ôMxX[Q]M�`cWYX[QVvSe/l/`mX[MUT�O�v�l9Q§bmM�O/QVvan�b{MUhZM�ep`mTVuwQSRMxXV`mTjRMa�£ÇgMUT¨uwv�W/e/`zXV`mv�W/Tx��ep`zX[MUT§Wjl/hDRMxQ]`c��l9MUTU��e9v�`z^aMUW�X�ôMxX[QVM
uwv�hZOp\iXV`mnpbzMUT�\-^aMUu�bm\�Op©�®STV`m�jl9M¡e/lPO/QVvanpb}{MUh�M£\a`mW/TV`s�jlsrt\U^aMUu~bzMUT�uwv�W/ep`zXV`zv�W/Td\alS�qbm`mh=`zX[MUTgOp©Y®STV`m�jl9MUTx�

L�\�QSRMUT[v�bcl9XV`zv�WPe/l;O/QVvanpb}{MUhZM¨`mW/`mXV`m\ab9Op\iQyl/W9M¨h�RMxXV©9vSe9M¡W�l/hDRMxQ�`m��l/M§WgRMUuwMUTVTV`mX[M¨bc\~bm`ch�`zXV\iXV`zv�W;e/l;e/v�h�\a`mW9M
Op\iQPe9MUT;¯×QVv�W�XV`}{MxQVMUT³�puwXV`z^aMUTPTVl/Q;bzMUTV�jl9MUbmbmMUT�v�W5W9Mouwv�W/Wp\a`zX=Op\aTÊ{\�O/Q]`zvaQ]`§bm\�TVv�bml9XV`zv�Ws�ÌÑ¡WÍMUT[XP\ahZMUWgRMÍ{\
`mW�X[QVvSe/l/`zQVM�e9MUT£uwv�Wpe/`zXV`zv�W/T¡\al9�|bm`ch�`zX[MUT¡\iQVXV`z��ux`zMUbmbzMUT¨TVl9Q£uwMUT�¯×Q]v�WYXV`}{MxQVMUT~��lp`¢e9v�`z^aMUW�X£QVM��yRMxX[MxQ�\alÊh�`zMUlS�|bm\
Op©�®jT]`m��l/M�e/loO/QVvanpb}{MUhZMa�¡ÐSl9QªbzMUT�O�\iQVXV`zMUT§O±MxQ�h�RMU\inpbzMUTªe9M�bc\�¯�QVv�WYXV`}{MxQ]M~vN{l|b}rÒRMUuwv�l/bzMUh�MUWYX¨MUT[X¨TVl9npTVv�W/`m�jl9M¡MxX
bzvSux\abzMUhZMUW�X«X[v�l9Q]np`mbmbzv�WpW/\a`zQVMa�Ubm\�T[OgRMUux`z�pux\iXV`zv�W�e9MUT�uwv�W/e/`zXV`zv�WpTN\alS�£bm`mh�`mX[MUTsO�v�T[M�l/W�O/QVvanpb}{MUhZM�ux\iQ�v�W~W9M�O�MUl9X
Op\aT+l9XV`mbc`mT[MxQ«bzMUT�hDRMxXV©9vSe9MUT¢bzvSux\abzMUT�np`zMUW�uwv�WpW�l9MUT+\iO/OpQVvaOp`¸RMxMUT�O�v�l9Q�bzMUT�RMUuwv�l/bzMUh�MUWYXVT¢�jl/\aTV`�ÉO�\iQ]\abmb}{MUbzMUTx��Ô�rtl/W9M
Op\iQVXx��uwMUbm\¡\al9Q]\a`zX+O�v�l9Q�uwv�W/TjRMU�jl9MUW/uwM§l/W9Md\abzX�RMxQ]\iXV`zv�W;e9M�bm\ªO/QSRMUux`mTV`mv�WZe/lZux\abmuxl/b9\al�^av�`mT]`mW/\i�aM�e9M�bm\ª¯�QVv�W�XV`{MxQVM
MxX��jesrt\al9X[QVM�O�\iQVXx��bm\¨QSRM��yRMw�9`zv�W;MxX�bm\¡��RMUWgRMxQ]\iXV`mv�W³eNrØv�W/e9MUT¢Op\iQ�\aTV`zX[MUT§{\~bm\¨¯×Q]v�WYXV`}{MxQVM�O±v�l/QVQ]\a`zMUW�X�\U^av�`zQgl/WZMw��MxX
egRMUux`mTV`m¯�TVl9Q�bÉr RMx^av�bcl9XV`zv�W�e/l³Op©gRMUW/v�hP{MUW9Ma��W9vaXV\ah=hZMUWYX§bzM¡e�RMx^aMUbzvaO/O�MUhZMUW�X�esrt`mW/TVXV\inp`mbm`zXjRMUTg©Y®Se9QVvSe9®SW/\ah�`m�jl9MUTx�

L«MUT�hZvSe�{MUbzMUT�Wjl/hDRMxQ]`m�jl9MUT¢O�v�l9Q�bc\¡TV`mh�l/bm\iXV`zv�W�e9MUT�RMU�jl/\iXV`zv�WpT�e9M�bm\£�GRMUux\aW/`m�jl9M§ÔªMUT���bcl/`me9MUT+QVMU�jl/`}{MxQVMUW�X
e9v�W/uye9MUT¢uwv�Wpe/`zXV`zv�W/T�\alS�Zbm`mh�`mX[MUT�`mWpT[XV\iXV`zv�W/W/\a`mQVMUT�ep\aW/T+uwM�ux\aTx��Ï�v�l9Q�bzMUT+T[®ST[Xw{MUhZMUT�©�®�O�MxQVn�v�bm`c��l9MUTU�-X[MUbmT¢�jl9M
bzMUT�RMU�jl/\iXV`zv�W/T�esrV�lpbzMxQU�av�lZO�v�l9Q�uwMUlS��e9M§bm\¡h�\i��WgRMxX[v�©�®je9Q]vje9®SW/\ah�`c��l9Ma��l/W9M�hDRMxXV©9vSe9M�e9M�TVOgRMUux`z�pux\iXV`zv�W;e9MUT
uwv�W/e/`mXV`zv�W/T�\alS��bm`ch�`zX[MUTduwv�W/TV`cT[X[MP{\�`cWYXjRMx�aQVMxQ¡e/`zQ]MUuwX[MUhZMUWYX§bzMUTqRMU�jl/\iXV`zv�W/T§e9M�uwv�W/TVMxQV^_\iXV`mv�WoTVl/Q�bm\Z¯�QVv�W�XV`{MxQVMa�
ÈGuwMxX[X[M��pWN�Ybm\¡hDRMxXV©9vSe9M§e/MUT�ux\iQ]\auwX�RMxQ]`mT[XV`c��l9MUT�MUT[X�l/XV`mbm`mTjRMxMdO�v�l9Q�X[Q�\aW/T[¯�vaQ]hZMxQ�uwMUT�RMU�jl/\iXV`zv�WpT�MUW=lpWZT[®jTVXw{MUh�M
esrÒRMU�jl/\iXV`zv�W/T¡e9MZuwv�hZO�\iXV`znp`mbm`mX�RM�e9v�W�X¨bÉrt`mWYXjRMxQUôMxX£OpQ]`mW/ux`zO�\absMUT[X¡e9MZhZMxX[X[QVM�MUW RMx^j`ce9MUW/uwMZbzMUT¨e/`��RMxQVMUWYX[MUT¨v�Wpe9MUT
�jl/`�TVMªOpQVvaOp\i�aMUW�X£{\�X[Q]\-^aMxQ]T�bm\�¯�QVv�W�XV`{MxQVM¨MxXye/MªO�MxQ]h�MxX[X[QVMª\a`cW/TV`±bm\�OpQVMUTVuwQ]`zOpXV`zv�W;e/Mªuwv�W/ep`zXV`zv�W/Tg\alS�³bc`mh�`zX[MUT
Op©�®jT]`m��l/MUTg\aegRMU�jl/\iX[MUTx��ÇgMxX[X[M�hDRMxXV©/vje9M~\�RMxX�RM�`mW�X[QVvSe/l/`zX[MªOp\iQ<��©/v�hZOpT[v�W#» ¦ ¹�½NO�v�l9Q�bmMUT;RMU��l/\iXV`mv�W/T�esrV�l/bzMxQ
MxX�Op\iQk®Êlk\aW/e°¯§l » ¦ b�½NO�v�l9Q�bzMUT=RMU��lp\iXV`zv�W/T�e/M¨bc\Zh�\i��W�RMxX[v�©Y®Se9QVvSe9®SW/\ah�`m�jl9Ma��Ï�bml/TgXV\iQ]es�plpW;¯�vaQ]h�\abc`mTVhZM
l/W/`m�pux\iX[MUl9Q£e9M�OpQVMUTVuwQ]`zOpXV`zv�W|e9M�uwv�W/e/`zXV`mv�W/T¡\alS�Êbm`mh�`mX[MUT¨np\aT�RM;TVl/Q£bm\qhPôMUhZM;hDRMxXV©/vje9M³\µRMxX�RM³OpQVvaO�v�T�RMZOp\iQ��©9v�h�OpT[v�W » ¦aÕ ½£O�v�l9QqbzMUTqT[®jXw{MUhZMUTk©�®�O�MxQVn�v�bm`c��l9MUTf¬�MxX�MUWGOp\iQVXV`cuxl/bm`zMxQ³O�v�l9QqbzMUTÍRMU��l/\iXV`mv�W/T�esrV�l/bzMxQ¸²�MxX
\iO/Opbc`m��lgRMoOp\iQ�ÐSl/Ws�k®ÊlG\aW/e5ÔªQV®aMxQ#» ¦aõ ½¡e/\aW/T³bzMoux\aTqe9MUTÍRMU�jl/\iXV`zv�W/TPe9Mfbm\�h=\i��W�RMxX[v�©Y®Se9QVvSe9®SW/\ah�`m�jl9Ma�
Ï�v�`mW/T[vaX³\aW/e5LNMUb¸RM·» ¥ \�½ªv�W�X³O/QVvaO�v�T�RMol/W/MkMw�SX[MUW/TV`zv�W5e9MouwMUTPuwv�W/ep`zXV`zv�W/T;\alS�Íbm`mh�`mX[MUT�\alS�êRMU�jl/\iXV`zv�W/T³e9M
Ùª\U^S`zMxQ[�ÒÐjX[v�±aMUT§��lsrt`cbmT�v�W�XdX[MUT[XjRM�TVl/Qyep`��RMxQVMUW�XVTdX ®�O�MUTdesrÒRMUuwv�l/bzMUh�MUWYXVT�\-^aMUu�\ahDRMUbm`mvaQ]\iXV`zv�Wqe/\aW/TgX[v�l/TdbmMUTdux\aTx�

L«M�npl9X£e9M�uwMxX[X[M´RMxXVl/e9M�MUTVX�esrt\ae/\iO/X[MxQ�uwM�XË®jO�M=e9M�uwv�W/ep`zXV`zv�W/T¡\alS�Êbm`ch�`zX[MUT�{\�l/WÊuwvSe9M�Ùª\U^S`zMxQ[�ÒÐjX[v�±aMUT
uwv�hZO/Q]MUTVTV`znpbmMa�j`mWpT[XV\iXV`zv�W/W/\a`mQVMa�Ynp`ce/`mhZMUW/T]`zv�W/W9MUb}�aMUWP^av�bcl/hZMUTg�pW/`mT�MxX�l9XV`mbc`mTV\aW�X�bm\�h�RMxXV©9vSe9M;{\�Op\aTy¯×Q�\auwXV`zv�WS�
W/\a`zQ]M�Ï��VÐ/Ñ » ¥a¥ ½�O�v�l9Q�QSRMUT[v�lpe9QVM~bmM~uwv�l9Opbc\i�aM�van/X[MUWjlobmvaQ]T�e9M�bm\�e/`cTVuwQjRMxXV`mTV\iXV`zv�WoX[MUhZO�vaQVMUbmbmM¡Op\iQªbmM�TVu]©gRMUh=\
esrV�l/bzMxQ£`mhZO�bm`mux`zX[Ma�ZÇgMUT£uwv�W/e/`mXV`zv�W/T¡\alS��bm`mh�`mX[MUTªe/Mx^�Q]\a`mMUWYX£\iO/O�vaQVX[MxQ~e9MUT£\ahDRMUbm`zvaQ�\iXV`zv�W/T£e/\aWpT¡bm\qTV`mh�l/bm\_�
XV`zv�Woe9MUT§`cW/T[XV\inp`mbc`zX�RMUT�e9My¶[MxX§�jl/`«TVv�WYX§X[QjRMUTªTVMUW/TV`znpbmMUTd\alS��v�W/e9MUT§\auwv�l/T[XV`m�jl9MUT§Op\iQ]\aTV`zX[MUT�MUW9�aMUW/e9QSRMxMUTªOp\iQªbm\
QSRM��/MUuwXV`zv�W�e9MUT£v�Wpe9MUT£e9M�b}rÒRMUuwv�l/bmMUhZMUWYX�TVl9Q�bmMUT¡¯×Q]v�WYXV`}{MxQVMUT�vs{l�e9MUT�uwv�W/e/`zXV`zv�WpT¡\alS�|bc`mh�`zX[MUT¡W9v�W�\ae�RMU��l/\iX[MUT
T[v�W�X�l9XV`mbc`mT�RMxMUTx�
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ñxÐÜñ+Ý ø Ö f Ä�ø Ð� q t m ÿ�� � ÿJpÖ × ÉÑç
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ò Ö î Ã Ê¶Ð@É�ç ÃRÄ1Å ÉËÊ × Ö Î>Æë× Éà' ñØ�o�@ØâÃ Õ1Ê Ì É ÅxÈÉÑÔ�Õ;Ö Î>ÆëÃRÄ1ÅêÇàÒV Õ Ì ÉËÊkå Æ~Ç1Æ Ð�É Ä;Å>ÆëÃRÄ1Ä É Ì�Ì É Å É Å�ÎêÌ Ö Å Õ Æë× Ö ÄKÎ É �

ñxÐÜñ+Ý ø ñIÑ �ñ�ó ø ñIÑ ìñ n q t m ÿ�� � G(p
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ÐÜ qâáããä ���l��ç� �
åçææè Ñ � qéáããä ��l��l ì ø ò��l�çm � � ø ò p«l

åçææè Ñ ì qéáããä ��ç��ç�l��ç ì ø òm � � ø ò p«ç
åçææè
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ñRÜñ+Ý øvÞc� ñRÜñ�ó ø@Þ ì ñRÜñ n q t m ÿ�� � H(p
Ö × ÉÑç

Ü qâáããä �l ç
ò

å ææè Þc� qëáããä l � t tt l t �ªì��t t l ttîí ò t l
å ææè Þ ì qëáããä ç t � tt ç t ttÁt ç �ªì��tÁtïí ò ç
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Ö q áããä � t t tl � t tç t � tt ! ÿ�mol�ì ø ç�ì�p ��l ��ç �ò � �
å ææè m ÿ�� é t p

× � q áããä l � t tl�ì � ��l t �l�ç ��ç ��l tt ò¼óò � � t òªôò � �
åçææè × ì qëáããä ç t � tl�çÁ��ç ��l tç�ì t � ��ç �t t ò¼óò � � òªõò � �
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RTS%Â ÃJ_�Zd]~ÄcÅ ÆÇÅ WiXÈ]~W~bcÉyZ�Y�ÆÊÅ
e�x�q%xy�%q�ktxT�pk®v+�?�xyk��xy}~xyu�qrflmn{rx'��s$u+�cmn�%q%x=�f^�rm®}'v+knx�{�vpuË�xy��s$v+ktxy}~xyu�qdv+upmt§�sl{�}~xl²Ì Í Ì �ÎÏÍ ÐÑ Í Ñ � Ò l�Ó¡ÔrÕÖ Í Ö��

@ Í @ �«�x�q%xy�%q�xy�%q�v+u�}~s�Álxyu£x ú ��fl��xT�.s$v;{�o¬�xy��xyktx�{�ktxy��x�{r{rxyv+{c�¬o+x���s#o+fjzlx o ¹s$v;q%xi��x�{cqrv;{r�pfjqrmts$u=o;xik¥ ��xy��s$v+ktxy}~xyu�qflv¦hls$mn�rmnu+fjzlx'o;x'knf^§�{rs$u�qrm¥�x�{rxwo;x'�%sl{cqrmtx�mnu+opmn��v+xivpu�}^flkt§¨s$u+��qrmts$upu;xy}~xyu�q�o;xy����s$u+o+mtqrmts$up��flv#��knmn}^mnq%xy����egxy�
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SORTIE

Conditions limites
non−reflechissantes

σ = 0

ENTREE

v = 0

T = T

ρu =     U
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��knv+mno+xw²�û�mt{
�¦flmnknknfjzlxT² ³ �(��� ³l³y× fyhlxy�L�(�\u+s�xyv+op��o+flu+��knfiú�s$u+xdv+u+mn§�sl{c}^xl�egf\qrflmnknktx�o;x�}?flmnknktx�flv;z$}~xyu�q%x`�f�k¥ ªx���q��x�{cmnxyv;{xyu����x�{cmnx\z�x�s$}��x�q%{cmn��v;xwo+xT{cflmn�%s$u��m� ³ � ³ �»#��|¬�xy}^f?o1 ¡m®u�q%x�{r�.s$knfjqrmns$uæ´���knv;�£��s$u�hlxy��qrmts$u#�"o+mtØ.v+�cmts$u°¶d²�«�xyu�q%{#�x\xyu�xy�%�pfl��xl�»#��|¬�xy}^f��e�%»��ü�f?o;xyv#�=�°fl���

(a) Uot/l = 0

Max=0.5Max=0.5

(b) Uot/l = 0.28

Max=0.5

(c) Uot/l = 0.42

Max=0.5

(f) Uot/l = 0.84

Max=0.493

(i) Uot/l = 1.54

0.002

0.01

(h) Uot/l = 1.12

Max=0.318

(g) Uot/l = 0.98

Max=0.477

(d) Uot/l = 0.56

Max=0.5

(e) Uot/l = 0.70

Max=0.5
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e� ¡fl}^�pknmtqrv+o+x�o;x'knf`�.x�{rqrv;{r�pfjqrmns$u@A	d����´
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¹xº0»�»�º�¼eº0½v¾i¿,Àº0½vº�Á#Â�Ãi¿eº�Ä�»Å¼iº�Ä�¿ÇÆ�¾eº�È�ÉiÉÊÈ�Ä#ËºÌÀÍ&Î º�Ï Ãb¿i¼eºÐÏ,Ñ?È�¾i¼iº Í�Î È�ÃiÄ�»�¿ Â�Ãeº�Á#º�Ä�» Í ¼eÒ�º Î »�Ëº0ºÓÉ Í ½xÏ,ÑÔËº Î È�ÃiÏÇº�ÕÖº�¾#»ÀÍ Ï Í Ò�¿Ç»�º�ÄvÄ�º orq�×�Ç ¾eº Í Ãi»�½�ºY½�º�Õ Í ½=Â#ÃeºY¿¸ÕÖÉÊÈ�½�» Í ¾L»�º�Á Î È�¾ Î º0½v¾eº&Ï Í Ï ¿ ¾xËº Í ½v¿¸Ä Í »�¿ÇÈ�¾Ø¼iÃØ»�º0½=ÕÖº&Ä�È�Ãe½ Î ºÌÙÚº0»D¼eº�ÄÎ È�º Â Î ¿Çº�¾#»�ÄÜÛ�¼eºÜÏ,Ñ?È�ÉjËº0½ Í »�º�Ãe½]Ý�Þ¸ßà¼ Í ¾iÄYÏ,Ñ�Ëº�Â�Ã Í »�¿ÇÈ�¾�¼eº]Éi½�Ëº�¼i¿ Î »�¿ÇÈ�¾á¼eºmÏ,ÑÔËº�¾eº0½�Æ�¿Çº � ×¨��f�× ¹xÈ�Õ]ÕÖºmÕÖº�¾L»�¿ È�¾i¾lËºÉi½�Ëº Î Ëº�¼eº�ÕÖº�¾#»0Áâ¿ ÏÊº�Ä�»�¾lËº Î Ëº�ÄvÄ Í ¿Ç½�º�¼âÑÔËº0Ò Í Ï¸Ãeº0½ Î º�ÄD»�º0½vÕÖº�Ä�ÀÍ Ï,Ñ*¿ ¾iÄ�» Í ¾L»&Û G�ã�ã@yåäæçã�ãiyI�&ã ß Íéè ¾ç¼âÑÔËº0Ò�¿Ç»�º0½ÓÏ Í]Î ½�Ëº Í »�¿ È�¾¼eºYÏ,Ñ?È�¾b¼eºàÉ Í ½ Í Ä�¿ »�ºàÉi½�Ëº Î Ëº�¼eº�¾L»�ºpÀÍ » �~��×
Ç ¾eº Í Ãe»�½�ºÌ½�º�Õ Í ½vÂ�Ãeº Î È�¾ Î º0½v¾eºÖÏÇº Î È�Õ]É�È�½v»�º�ÕÖº�¾L»êÀÍ Ï Í]ë ½�È�¾#»�¿�Àº0½�ºÖ¼eºoÄ�È�½�»�¿Çº ×LÇ ¾eº Í ¾eÈ�Õ Í Ï¸¿Çº&ÉÊº�Ãe»oìº0»�½�º¼xËº Î º�Ï;Ëº0ºíÄv¿DÏÇºîÉi½vÈ è Ï�Éb½�Ëº�Ä�º�¾L»�ºïÃb¾�ÉS¿ Î ÄvÃe½ØÏ,Ñ*Ãi¾eºð¼eº�Ä@Ò Í ½=¿ Íéñ ÏÇº�Ä Î È�Õ]ÕÖºï¿ ¾b¼i¿ Â�ÃlËº0ºðÄ�Ãi½ÜÏ Í�è Æ�Ãi½�º ��× �éò Û ñ ß ×¹xº�Ï Í ¾eÈ�ÃiÄ Í ÉÊº0½vÕ]¿ Äêº�¾L»�½�º Í Ãe»�½�º�Ä�ÁD¼eº Î È�½�½v¿ÇÆ�º0½ØÃi¾ ñ È�¾�¾iÈ�Õ ñ ½vºð¼âÑ?º0½v½�º�Ãe½vÄm¼ Í ¾iÄ@Ï Í Ébó Í Ä�ºð¿ ¾i¿Ç»�¿ Í Ï ºç¼eº¼xËº0Ò�º�ÏÇÈ�ÉiÉÊº�ÕÖº�¾#»�¼eºYÏ3Ñ Í ÏÇÆ�È�½v¿Ç»�óiÕ]ºY¼eº Î È�¾i¼i¿Ç»�¿ È�¾iÄ Í Ã�ôØÏ ¿ Õ]¿Ç»�º�Ä ×

õ �i�Öö����]÷��S�[öF�¸���V�����Ü�bø�ùú�
�����V�A�#� õÌûDü �L� õoû�ýþ º�ÄÌÉi½vº�Õ]¿Çº0½vÄ&º�Ä�Ä Í ¿ ÄÌ¼eºmÏ3Ñ?È�¾i¼eº Í�Î È�ÃbÄ�»�¿ Â�ÃeºÜÕ]È�¾eÈ�¼b¿ ÕÖº�¾iÄ�¿ È�¾i¾eº�Ï ÏÇº�È�¾#»áËº0»�Ëº ë�Í ¿Ç»�Ä Í Ò�º Î ÏÇº�Ä Î È�¾i¼i¿Ç»�¿ È�¾iÄ Í Ã�ôÏ ¿ Õê¿Ç»�º�Ä&¹ þÅÿ Û
º0»Ì¹ þ�� Â#Ãi¿Å¼eÈ�¾i¾eº�¾#»Y¼eº�ÄY½�Ëº�ÄvÃiÏÇ» Í »�Ä&¿¸¼eº�¾L»�¿¸Â#Ãeº�Ä;ß ×êþ º�Ä&½�Ëº�Ä�ÃiÏ Í »�ÄoÄ�È�¾L»&Éi½�Ëº�Ä�º�¾#»#Ëº�ÄÖÄ�È�ÃiÄ ë È�½vÕÖº¼âÑ*Ãi¾mÄ�Ãi¿ÇÒ�¿e¼iÃêÉi½�È è ÏiÏ È�¾eÆ�¿Ç»�Ãi¼i¿¸¾ Í Ïe¼eº�Ï Í ÉÊº0½�»�Ãe½ ñbÍ »�¿ È�¾]¼eºÐÉi½vº�Ä�Ä�¿ÇÈ�¾îÀÍ ¼i¿���Ëº0½�º�¾#»�Äl¿ ¾bÄ�» Í ¾L»�Ä ×Fþ ÍYè Æ�Ãi½�ºoÛ Í ß º�Ä�»Ãe»�¿ Ï¸¿ Ä#Ëº0º�ÉÊÈ�Ãe½ ÕÖÈ�¾#»�½�º0½lÏ,Ñ?È�¾b¼eº Í�Î È�ÃiÄ�»�¿ Â�Ãeº�Ä�ºÐÉi½�È�É Í Æ�º Í ¾#» Ò�º0½vÄlÏ Íàë ½�È�¾#»�¿�Àº0½�º�¼eº�Ä�È�½�»�¿Çº�º0»lÄ�È�¾ Î È�ÕÖÉÊÈ�½�»�º�ÕÖº�¾#»ÀÍ Ï Í »�½ Í Ò�º0½vÄ�Ëº0º&¼iº Î º�Ï Ï º ò Î ¿ × þ Íoè Æ�Ãe½�º�Û ñ ß ½�º0Éi½�Ëº�Ä�º�¾#»�ºYÏ,Ñ?È�¾i¼eºD½�Ëº��xËº Î ói¿ º Í Éi½�Ëº�Ä�Ï Í Ä�È�½�»�¿ÇºÓ¼eºDÏ3Ñ?È�¾i¼eº Í�Î È�ÃiÄ�»�¿ Â�Ãeº¼iÃ@¼eÈ�Õ Í ¿¸¾eºà¼eº Î0Í Ï Î ÃiÏ × ¹xº0»�»�º&¼iº0½v¾i¿,Àº0½�ºÓÄ�ºY¼xËº0ÉbÏ Í�Î ºàº�¾ØÄ�º�¾iÄ�¿ ¾#Ò�º0½vÄ�º�Á�½�º�ÕÖÈ�¾#» Í ¾L»DÏ,ÑÔËº Î È�ÃiÏÇº�ÕÖº�¾#»oÀÍ Ï Í Ò�¿ »�º�Ä�Ä�ºÛ | º�� q ß ×RÇ ¾eº ë È�¿ ÄFÏ Í�ë ½�È�¾#»�¿,Àº0½�º�¼âÑ?º�¾#»�½�Ëº0º Í »�»�º�¿ ¾#»�º�Á Î º0»�»�º�È�¾i¼eºxÒ Í Ä�ºx½�Ëº��xËº Î ói¿ ½DÀÍ ¾iÈ�ÃeÒ�º Í ÃÌº0»FÄ�ºlÉi½vÈ�É Í Æ�º0½FÒ�º0½vÄÏ Í Ä�È�½�»�¿Çº × ¹xºÓÕ�Ëº Î0Í ¾i¿ ÄvÕÖºà¼eº	��
�
�����������SÁ�º�Ä�»�Ï,Ñ*Ãb¾ê¼eº�ÄxÉi½v¿¸¾ Î ¿ÇÉ Í Ã�ô�¼lËº0»�½ Í�Î »�º�Ãe½vÄ�¼eºDÄ�¿¸Õ]Ï Ã Í »�¿ÇÈ�¾bÄÅ¾�ÃiÕíËº0½v¿ Â�Ãeº�Ä
� f



¼âÑ*¿ ¾bÄ�» Íéñ ¿ Ï ¿ »#Ëº�ÄmÛ
»�º�Ï ÄoÂ�ÃeºÜÏÇº�Ä Î È�¾ è Æ�Ãe½ Í »�¿ÇÈ�¾bÄ&¼eº��.º0»0Á Î È�Ã Î óeºÜÏ¸¿ Õ]¿Ç»�º Î ¿¸Ä Í ¿ Ï Ï;Ëº0º�Á ×Ç×Ç× ß ×©Æ ¾áº��Êº0»0Á Î º�ÄoÉ�º0½v»�Ãe½ ñbÍ ò»�¿ÇÈ�¾iÄ���È�Ãeº�¾L»àÏÇºo½�ìÈ�ÏÇº�¼eº Î0Í » Í Ï���Ä�º�Ãe½�Á Í Ãe»�È ò º�¾#»�½�º0»�º�¾ Í ¾#»&ÏÇº�Ä�¿ ¾iÄ�» Íéñ ¿¸Ï ¿Ç»#Ëº�Ä�º0»ÓÏÇº�Ä�»�½ Í ¾iÄ ë È�½vÕ Í ¾L»Ó¼âÑ*¿ ¾iÄ�» Íéñ ¿ Ï ¿Ç»�Ëº�ÄÎ È�¾#Ò�º Î »�¿ÇÒ�º�Ä�º�¾p¿ ¾iÄ�» Íéñ ¿ Ï ¿Ç»�Ëº�Ä Íéñ Ä�È�Ï¸Ãeº�Ä ×
þ ÍØè Æ�Ãe½�º ��× � ½�º0Éi½�Ëº�Ä�º�¾L»�ºÜÏÇº�Äà½�Ëº�Ä�ÃiÏ » Í »�Ä&È ñ »�º�¾�ÃiÄ&É�È�Ãi½ ÿ � �z��� � º0» ÿ � � Û þ º�ÄY½�Ëº�ÄvÃiÏÇ» Í »�ÄÌÄ�È�¾L»o¿ ¼eº�¾ ò»�¿ Â�Ãeº�Ä=ß ×! È�Ãe»Ðº�¾çÄ�ºYÉi½�È�É Í Æ�º Í ¾L»DÒ�º0½vÄ�Ï Í Ä�È�½�»�¿Çº è Æ ��× �7ò Û Í ß=ÁÊÏ,Ñ?È�¾i¼iºY¼i¿ Õ]¿ ¾�ÃeºÓ¼âÑ Í ÕÖÉbÏ¸¿Ç»�Ãi¼eºÓº�¾pÄ0Ñ�Ëº�Ï Í ½vÆ�¿ Ä�Ä Í ¾#»Û�Ãi¾@ÉbóxËº�¾iÈ�Õ@Àº�¾eºY»"��Éb¿ Â�Ãeºà¼eºY¼i¿��ÊÃiÄv¿ÇÈ�¾Sß ×�û Ï Í »�½ Í Ò�º0½vÄ�Ëº0ºo¼iºYÏ ÍÌë ½�È�¾#»�¿,Àº0½�º�ÁbÏ3Ñ Í ÕÖÉbÏ ¿Ç»�Ãb¼eºD¼eºYÏ3Ñ?È�¾i¼eº Í ÃeÆ�ÕÖº�¾#»�ºñ ½vÃbÄ�Â#Ãiº�ÕÖº�¾L» × ¹xº Î ¿�¾QÑ?º�Ä�»êÉ Í ÄêÉbó���Ä�¿¸Â#Ãeº�Õ]º�¾L» Í�Î0Î º0Éi» Íéñ ÏÇºçº0»ÜÏÇº�Ä Î È�¾i¼b¿Ç»�¿ÇÈ�¾iÄ Í Ãeô Ï¸¿ Õ]¿Ç»�º�Ä�È�¾#»m¼eÈ�¾ Î Ãi¾Éi½�È ñ Ï�Àº�ÕÖº ×�û Éi½�Ëº�Ä�Ï Í Ä�È�½v»�¿Çº&¼eºÌÏ,Ñ?È�¾i¼eº Í�Î È�ÃiÄ�»�¿ Â#Ãiº�ÁSÃi¾eº&È�¾i¼eºY½�Ëº��jËº Î ói¿Çº è Æ ��× �7ò Û ñ ßÐº�Ä�»�Æ�Ëº�¾xËº0½�Ëº0ºÖº0»DÈ�¾çÉÊº�Ãe»º�Ä�»�¿ Õ]º0½ Ä�È�¾ Í ÕÖÉbÏ ¿ »�Ãi¼eºÓÀÍ �i�$# ¼eº�Ï,Ñ Í ÕÖÉbÏ ¿ »�Ãi¼eºl¼iºjÏ3Ñ?È�¾i¼eº�¿ ¾ Î ¿ ¼iº�¾L»�º × ¹xº0»�»�º�Æ�½�È�Ä�Ä�º�É�º0½v»�Ãe½ ñbÍ »�¿ÇÈ�¾QÁ�Æ�Ëº�¾xËº0½�Ëº0ºêÀÍÏ Í Ä�È�½�»�¿Çº�¼eº�Ï,Ñ?È�¾b¼eº Í�Î È�ÃbÄ�»�¿ Â�Ãeº�Á�º�¾L» Í�Î óeº�ÏÇº�Ä�½�Ëº�Ä�ÃbÏÇ» Í »�Äå¼eº�Ï Í Ä�¿ ÕÌÃiÏ Í »�¿ÇÈ�¾Ì¼âÑ?º0½�½�º�Ãi½vÄ�Æ�½�È�Ä�Ä�¿,Àº0½�º�Ä Î È�Õ]ÉbÏ�Àº0»�º�ÕÖº�¾#»¿ ¾ Í�Î0Î º0Éb» Íéñ ÏÇº�Ä ×
� È�Ãe½]Ãi¾iºÜÒ Í ÏÇº�Ãe½ ÿ�� � � � ÁlÈ�¾ È ñ »�¿Çº�¾L»ÖÏÇº�Ä�½�Ëº�ÄvÃiÏÇ» Í »�Ä]¼eºØÏ Íðè Æ�Ãi½�º ��×¨��×Pû Éi½�Ëº�Ä�º�¾#»0ÁjÏ,Ñ?È�¾i¼eº@¼i¿ Õ]¿¸¾#Ãeºñ ½vÃbÄ�Â#Ãiº�ÕÖº�¾L»j¼âÑ Í ÕÖÉSÏ ¿Ç»�Ãi¼eº]ÀÍ Ï Í Ä�È�½�»�¿ ºÓ¼bÃØ¼eÈ�Õ Í ¿ ¾eºà¼eº Î0Í Ï Î ÃbÏ ×"Ã ºàÉbÏ ÃiÄ0Á�Ï,Ñ?È�¾i¼iº�½�Ëº��jËº Î ói¿ÇºÌÂ#Ãi¿�º�Ä�»Ð¼iºYÄ�¿ÇÆ�¾eºÎ È�¾#»�½ Í ¿Ç½�º Í ÃeôÜ½�Ëº�Ä�ÃbÏ Í »�ÄÐÉi½�Ëº Î Ëº�¼eº�¾#»�Ä Í »�»�º�¿ ¾L» � �$# ¼eºYÏ3Ñ Í ÕÖÉbÏ ¿Ç»�Ãb¼eº�¼iºYÏ,Ñ?È�¾i¼eºY¿ ¾ Î ¿ ¼eº�¾#»�º ×
Ã Ñ Í Ãe»�½�º�ÄÌÒ Í ÏÇº�Ãe½vÄÌ¼eº ÿ ¼eÈ�¾i¾iº�¾L»Ì¼eº�Ä&½�Ëº�ÄvÃiÏÇ» Í »�Ä�Â#Ãb¿ÅÄ�ºÜ½ Í ÕØÀº�¾eº�¾#»ØÀÍ Ï,Ñ*Ãi¾í¼eº�ÄÌ¼eº�Ã�ô Î0Í ÄÌº`ô�ÉÊÈ�Ä�Ëº�Ä × � ¾Î È�¾ Î Ï Ãi»0ÁÊ¼QÑ*Ãi¾eºÌÉ Í ½�»0ÁâÂ#ÃiºÌÏÇº�Ä Î È�¾i¼b¿Ç»�¿ÇÈ�¾iÄ Í Ã�ô Ï ¿¸Õ]¿Ç»�º�Ä�¹ þÅÿ º0»&¹ þ�� Ä�È�¾#»Ó¿¸¾ Í ÉiÉi½�È�Éb½v¿=Ëº0º�ÄÐº0»0ÁQ¼âÑ Í Ãi»�½�º�É Í ½�»0ÁÂ�ÃeºYÏÇºàÉ Í ½ Í ÕØÀº0»�½vº ÿ ¿ ¾%�bÃeº�¾ Î º Î È�¾iÄ�¿ ¼xËº0½ Íéñ ÏÇº�ÕÖº�¾#»�ÏÇº Î È�ÕÖÉÊÈ�½�»�º�Õ]º�¾L»�¼iºYÏ Í Ä�È�Ï Ãe»�¿ È�¾áÀÍ Ï Í�ë ½�È�¾L»�¿,Àº0½vº ×

õ �i�Öö����]÷��S�[öF�¸���V�����Ü�bø�ùú�
�����V�A�#� õÌû'&þ º�Ä�½�Ëº�Ä�ÃiÏÇ» Í »�ÄD¼eºYÏ Í Ä�º Î »�¿ È�¾pÉi½�Ëº Î Ëº�¼eº�¾#»�ºÌÕ]È�¾L»�½�º�¾#»DÂ�ÃeºYÏÇºà»�½ Í ¿Ç»�º�ÕÖº�¾#»�¼eº�Ä Î È�¾b¼i¿Ç»�¿ÇÈ�¾iÄ Í Ãeô@Ï ¿¸Õ]¿Ç»�º�Ä Í Ã�ôØ¿ ¾ òÄ�» Í ¾#»�Ä[¿¸¾L»�º0½vÕ�Ëº�¼b¿ Í ¿Ç½�º�ÄâÉÊº�Ãe» ìº0»�½vº Í ¼xËº�Â�Ã Í »[ÉÊÈ�Ãe½ Î º0½v» Í ¿ ¾eº�Ä Î È�¾ è Æ�Ãe½ Í »�¿ È�¾iÄÅÛ
È�¾i¼eºÅº�¾L»�½�È�ÉS¿ Â#Ãiº7ßÊÕ Í ¿ Ä�É Í ÄâÉÊÈ�Ãe½¼âÑ Í Ãe»�½vº�ÄÜÛ
È�¾i¼iº Í�Î È�ÃiÄ�»�¿ Â�ÃeºÜÕÖÈ�¾eÈ ò ¼i¿ Õ]º�¾iÄ�¿ÇÈ�¾i¾iº�Ï ÏÇº7ß × ¹ÓÑ?º�Ä�»&ÉÊÈ�Ãe½ Î º0»�»�ºÜ½ Í ¿ Ä�È�¾áÂ�Ãeºm¾eÈ�ÃbÄ Í Ò�È�¾iÄÌº�¾#Ò�¿¸Ä Í Æ[ËºÏÇºY»�½vÈ�¿ Ä�¿,Àº�ÕÖº Î óeÈ�¿ ôp¼eº Î È�¾b¼i¿Ç»�¿ÇÈ�¾iÄ Í ÃeôØÏ¸¿ Õ]¿Ç»�º�Ä�¹ þ � × ¹xº�ÄD¼eº0½v¾i¿,Àº0½vº�Ä Î È�¾i¼i¿Ç»�¿ È�¾iÄ Í Ã�ôpÏ ¿ Õê¿Ç»�º�ÄjÉi½�Ëº�Ä�º�¾#»�º�¾L»�Ï ÍÉ Í ½�»�¿ Î ÃiÏ Í ½v¿Ç»�ËºÌ¼âÑ*¿ ÕÖÉÊÈ�Ä�º0½�ÏÇº�Ä�Ò Í ½v¿ Íéñ ÏÇº�Ä�ÏÇº�ÄDÉbÏ ÃbÄ�Ä�º�¾iÄv¿ ñ ÏÇº�Ä � Á G º0» � ×�þ º�Ä�½�Ëº�Ä�ÃiÏÇ» Í »�Ä�È ñ »�º�¾�ÃiÄÓÄ�È�¾#»�¼iÈ�¾i¾lËº�ÄÉ Í ½�Ï ÍÖè Æ�Ãe½�º ��× � Â#Ãb¿â½�º0Éi½�Ëº�Ä�º�¾#»�ºoÏ º�ÄÐÉÊº0½�»�Ãe½ ñSÍ »�¿ÇÈ�¾iÄx½�º�Ï Í »�¿ÇÒ�º�ÄD¼eº � ½�º�Ä�Ä�¿ÇÈ�¾QÁe»�º�ÕÖÉxËº0½ Í »�Ãe½�ºoº0»�Ò�¿Ç»�º�Ä�Ä�ºoÏÇÈ�¾eÆ�¿ ò»�Ãi¼i¿¸¾ Í ÏÇº ×�( º�ÃiÏÇºÌÏ Í ÉSó Í Ä�º�¼eºÌÄ�È�½�»�¿ÇºÖ¼eº�Ï,Ñ?È�¾i¼eºoº�Ä�»Ó½�º0Éi½�Ëº�Ä�º�¾#»#Ëº0º�Á[Ï Í Ébó Í Ä�º�¼eº�½�Ëº��iº`ôe¿ÇÈ�¾ Ëº0» Í ¾L»Y»�½ Í ¿Ç»#Ëº0ºÖÉbÏ ÃiÄÏÇÈ�¿ ¾ ×Üþ Ñ?È�¾i¼eºêÄ�È�½v»o¼eº ë
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Zone de maillage uniforme
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SORTIE

Conditions limites
non−reflechissantes

σ = 0

ENTREE

v = 0

T = T
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Vorticity ω

(a) (b) (c) (d)

velocity (u-uo)/uo

(e) (f) (g) (h)

ct / l = 0.8ct/l = 0 ct / l = 0.6 ct / l = 1
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