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¸O�~³ �`jih,�le�}~n{m�}�xzk¦oAkRoA�~¼qm�}�WqyHjb�Åy�n{e,x��ijih,h�yHhw��� oA·�n{�~}xwR�µoAm�}�xzkX��������������������������������������� QIY
¸O�~³I�~³ Ã[oA���ly{�2�{jihw�ixqjzy��l}�jlkqm,h��{j��Go�·�oAm�e�}��ijt�{j��Å}xN;yHh,}�xzk��Åy�kHxµ¼4oAy�m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj{��� QIY
¸O�~³I� ¸ Ã[oA���ly{�2�Åy��ixqjzy��l}�jlkqmT��� oA·�n{�~}xwR�µoAm�}�xzk¦m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj|��������������������������� QI_
¸O�~³I�RQ Ã[oA���ly{�2�{j`�Go��Å}�h�m�e�}~|{y{m�}�xzk��Åy��²ÏRoA·�n¦oz�ixzyHh�m�}�WqyHjq������������������������������������� QI_

¸O� ¸ Þ"kO\HyHjlkH�ijb�Åy�e,glår}~·(j#��� }~k4m,jle²oz�lm�}�xzk¦m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjM��������������������������������������� ¹4´
¸O� ¸O�~³ �`gl·�oAe,�,ÏHjth�y{}~��}�j ��������������������������������������������������������������������� ¹4´

}
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¸O� ¸O� ¸ ÞækO\HyHjlkH�ij`�Åy«e,glår}~·(j`��� }~k4m,jle²oz�lm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h�y{e���jihá�ixzkH�Å}~m�}�xzkHhÚ�{j`�{gi�l��jlkÅé
�,ÏHjl·(jlkqmM������������������������������������������������������������������������������� ¹H³

¸O� ¸O�RQ ÞækO\HyHjlkH�ijT�Åy�e,glår}~·(j���� }~kqm,jle²oz�lm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h,y{eu�Go`�Å}�h�m�e�}~|{y{m�}�xzk��Åy��,ÏRoA·�n
oz�ixzyHh�m�}�WqyHjn����������������������������������������������������������������������������� ¹4¸

¸O�RQ Þ"kO\HyHjlkH�ijb�{j��Go��Å}�h�m�e�}~|{y{m�}�xzk¦�{j`m,jl·�n;gle²oAm�y{e,j�������������������������������������������������� ¹9S
¸O�RQO�~³ ÞækO\HyHjlkH�ija�{jÒ�Go¢�Å}�h�m�e�}~|{y{m�}�xzk×�{jÒm,jl·�n;gle²oAm�y{e,jah�y{e¬��j>�ixqjzy��l}�jlkqmM��� oA·�n{�~}xwR�µoAm�}�xzk

m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj3��������������������������������������������������������������������� ¹9S
¸O�RQO� ¸ ÞækO\HyHjlkH�ijÚ�{j[�Go��Å}�h�m�e�}~|{y{m�}�xzk(�{j�m,jl·�n0gle²oAm�y{e,jwh�y{eÛ�Go��Å}�h�m�e�}~|{y{m�}�xzk��Åy��,ÏRoA·�n�oz�ixzyHh,m�}�W4yHja¹9Y

¸O� ¹ ��}�h,�lyHh,h�}�xzkh������������������������������������������������������������������������������������� ¹9_
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QO�~³ �`jih,�le�}~n{m�}CÄu�Åy¨·(xq� �l��j#�{j�e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,jh������������������������������������������������� Sr¸

QO�~³I�~³ ÉoWqyRoAm�}�xzk�����gl��xz�~y{m�}�xzk��{j`��� oA·�n{�~}~m�yH�{jt�{j�n{e,jih,h�}�xzk¦oz�ixzyHh�m�}�W4yHj ��������������������� SIQ
QO�~³I� ¸ ÉoWqyRoAm�}�xzkHh��Åy�m�e²oAkHh�n0xze�m��{j`�Go��²ÏRoA��jly{e ����������������������������������������������� SA¹
QO�~³I�RQ Ã[ozh���� y{k��²ÏRoAyON�oAå�j#}~k4m,jle�kHj`����������������������������������������������������������� S)[

QO� ¸ �`jih,�le�}~n{m�}�xzk��{jih�n{e,xq�ijih,h,yHh[kHxzk��~}~kHgµoA}~e,jih��{jbhÔoAm�y{e²oAm�}�xzk ������������������������������������� SI^
QO� ¸O�~³ ÉÛÝÅn{e,jih,h�}�xzk�oAkRoA�~¼�m�}�W4yHj#�{j��Go��ixzkH�ÅyH�lm�}~�q}~m,g#m�ÏHjle�·�}�W4yHjtoz�ixzyHh�m�}�W4yHjl·(jlkqm�}~kH�Åy{}~m,j ��� SI^
QO� ¸O� ¸ Á�x�� �l��jbh�}~·�n{�~}xwRg#�{j`�q}~m,jih,h²j��Åy���jlk4mToz�ixzyHh,m�}�W4yHj`������������������������������������� SI_
QO� ¸O�RQ È$jihwn{e,x��ijih,h�yHh��{j��µozh,�µoz�{j�ÏRoAe�·(xzk{}�WqyHj#jlmw�{j�n0jle�m,jihÚ·�}~kHjly{e,jih���������������������� YÅ³

QO�RQ dfe,x��igi�Åy{e,j#�{j��µoA���ly{���Åy�e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j ������������������������������������������������� Yr¸
QO�RQO�~³ ê��,ÏHgl·�o��{j�e,gih,xz�~y{m�}�xzk ����������������������������������������������������������������� Yr¸
QO�RQO� ¸ Ã�xz·�nRoAe²oA}�h,xzk�jlkqm�e,j#h�}~·ty{�GoAm�}�xzkHhwkqy{·(gle�}�W4yHjih�jlmÚe,gih�y{�~m²oAm,h�j ÝÅn0gle�}~·(jlk4m²oAyÅÝ ��������� YIQ

QO� ¹ Î�gih,y{�~m²oAm,hw�{jbh�}~·ty{�GoAm�}�xzkHhwk4y{·(gle�}�WqyHjih�������������������������������������������������������� YIS
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QO� ¹@� ¸ Î�gih�y{�~m²oAm,h��{j�h�}~·#y{�GoAm�}�xzkHh�k4y{·(gle�}�WqyHjih�oi��ji��n{e�}�h,jtjlk��ixz·�n{m,j��{jihTjzN�jlm,h��{j#�µozh,�µoz�{j

ÏRoAe�·(xzk{}�W4yHjtjlmw�{j�n0jle�m,jihÚ·�}~kHjly{e,jihJ��������������������������������������������������� [z¸
QO�RS ��}�h,�lyHh,h�}�xzkh������������������������������������������������������������������������������������� [°¹
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¹@�~³I� ¹ Ü�}~�GoAk��{�{jih,�le�}~n{m�}�xzk��Åy¨e,glår}~·(j#m�e²oAkHh�}~m,xz}~e,jbh,xzyHhÚÄÆxze�·(jb��� y{kF\ dzmw�HoAkHh����`����������� ^r¸

¹@� ¸ ÊTkRoA�~¼�h,j��{j#h�m²oA|{}~�~}~m,g���nRoAe�m�}~e���� y{kHj`ÄØxze�·#y{�GoAm�}�xzk¦jl·�n{}~e�}�W4yHjt�Åy��ixqjzy��l}�jlkqmT��� oA·�n{�~}xwR�µoAm�}�xzk ^IQ
¹@� ¸O�~³ ÉÛÝÅn{e,jih,h�}�xzk�jl·�n{}~e�}�WqyHjb�Åy��ix�jzy��l}�jlk4m���� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI� ��������� ^A¹
¹@� ¸O� ¸ Ê�kRoA�~¼Åh,j��Åy��µozh��{j wHåry{e,jbx��¨����jzN�jlm��Åy¨��jlk4m`oz�ixzyHh�m�}�W4yHj#jih�mÚn{e,gi�{xz·�}~kRoAk4m!�e��������� ^IS
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È$jih�å�glkHgle²oAm,jly{e,h�����xzkH�{jih¬ÑÆxzyP·(xzm,jly{e,hÔÓ�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjih�h,xzkqm��{jih�e,gih,xzkRoAm,jly{e,h«oz�ixzyHh,m�}�W4yHjih��HoAkHh

��jih WqyHjl��há��� }~kqm,jle²oz�lm�}�xzk��{jihÚxrh,�l}~�~�GoAm�}�xzkHhwoz�ixzyHh�m�}�WqyHjihÚjlm[m�ÏHjle�·�}�W4yHjihwoAyÕ��xz}�h�}~kRoAå�j��{j�nRoAe,xz}�hÚh,xz�~}��{jih[h,xzy{·�}�h²jih
�by{k«ÄØxze�máåre²oz�Å}�jlkqm��{j�m,jl·�n;gle²oAm�y{e,j�jlk{å�jlkH�Åe,j�y{kHj`�ixzk4��jle,h,}�xzk�����glkHjle�år}�j�m�ÏHjle�·�}�W4yHj�jlk¨glkHjle�år}�j�oz�ixzyHh�m�}�WqyHjI�
Ã�j�n{e,xq�ijih²h�yHh���� oA·�n{�~}xwR�µoAm�}�xzk?m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h,yHh,�l}~m²o«��� }~k4m,gle��lm#�{j��GoÕ�ixz·�·ty{kRoAy{m,g�h,�l}�jlkqm�}xw W4yHj�� �ih��Go
wHk��Åy�
�����h�}��i�l��j#��xze,h W4yHj#Üá¼�e,xzk��T}~årår}~kHh�e,glyHh²h�}~m ���le,gijle��{jih�xrh,�l}~�~�GoAm�}�xzkHh`oz�ixzyHh�m�}�WqyHjih��HoAkHhTy{k�m�y{|;jbåre��z�ij
��y{kHj \8oA·�·(j[º»yH�Å}��l}�jlyHh,jl·(jlk4mTn{�Goz�igijbh�y{eÚ�Go�nRoAe,xz}$��� y{k�e,gih,xzkRoAm,jly{e�� ¸IS�� �{��� oAy{m�e,jihwe,gµoA�~}�hÔoAm�}�xzkHh��{jb�ij`m"¼qn0j
�{j�·�oz�,Ï{}~kHj#�q}~e,jlkqm���j[º�xzy{e ���Go wHk��Åy�
�����h�}��i�l��j#oµ��ji�b��j�m�y{|0jb�{j�ê�xzkH�ÅÏRoAyHh��RSI^��<xzy���jbm�y{|;jb�{j#Îw} º K�j��RSr´�� �
È�o�m�ÏHgixze�}�j��{jb��� }~kqm,jle²oz�lm�}�xzk¬m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj¨ÑÆjlkqm�e,jt�²ÏRoA·�nHh`oz�ixzyHh,m�}�W4yHj�jlm�m�ÏHjle�·�}�WqyHjJÓ�o�glm,g#�{gi�le�}~m,j��{j
ÄØo��ixzk6å�glkHgle²oA��j�jlk�³!^IYI^ÕnRoAe��`}~e,h,�²Ï{ÏHxBNÛÇ(W4y{}f}~kqm�e,xq�Åy{}�h�}~mt�GoÕ�ixzkH�ÅyH�lm�}�xzkÒ�{j��GoÕ�²ÏRoA��jly{et�HoAkHh��Go¨m�ÏHgixze�}�j(�{j
�Go�n{e,xznRoAå4oAm�}�xzk6�Åy�h²xzk6�;Ã���jih�m�h�y{e��Go(|Rozh,j#�{j��ijihwm�e²oµ�zoAyÅÝ Wqy$� y{kHjtn{e,jl·�}��le,j#}~kqm,jle�n{e,glm²oAm�}�xzkEW4yRoA�~}~m²oAm�}~��j��Åy
m�y{|;jÕ�{j�ê�xzkH�ÅÏRoAyHh�o¦glm,gÕ�{xzk{kHgijÕnRoAe�È$xze,�aÎToµ¼q��jl}~årÏ�jlk ³!^I_IY �RSÅ³!�æÇ�W4y{}Úh,xzy{�~}~årkHj¨jlk©nRoAe�m�}��ly{�~}�jleqWqyHj���jih
xrh,�l}~�~�GoAm�}�xzkHh��{j�m,jl·�n0gle²oAm�y{e,jTh,y{|{}�jih�oAyÕ�ixzy{e,há��� y{kÕ�l¼Å�l��jToz�ixzyHh�m�}�WqyHj�nRoAeáy{kHj�nRoAe�m�}��ly{��j��{j \Hy{}��{j�ÑÆh�}~m�yHgij`oAy
��xz}�h�}~kRoAå�jw��� y{kHjÚnRoAe,xz}H�Åy�e,gih,xzkRoAm,jly{eXh,xzy{·�}�h,j���y{k(ÄÆxze�mfåre²oz�Å}�jlkqmá�{j[m,jl·�n0gle²oAm�y{e,jJÓf�{xz}~��jlk4mXkHgi�ijih,h²oA}~e,jl·(jlk4m
�lm�e,j�jlkae,jlm²oAe,���{j¨n{ÏRozh²j¨e,jl�GoAm�}~��jl·(jlk4m¨oAy��{gln{�Goz�ijl·(jlk4m«nRoAe�m�}��ly{�GoA}~e,j�oz�ixzyHh�m�}�WqyHj¨n0xzy{eqWqyHjÕ��j¨n{e,xq�ijih²h�yHh
��� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h,j`n{e,xq�Åy{}�h²jI�

��oAkHhu��jih�oAk{kHgijihT³!_IYr´ÅÇ4y{kHj�glm²oAn0jÚ}~·�n;xze�m²oAkqm,jwÄÆy{muÄÆe²oAkH�,Ï{}�j���xze,h WqyHj�Ã[oAe�m,jleájlmá�ixz�~� �"�~³!S��R·�}~e,jlkqm[oAy�n;xz}~kqm
y{k6m�y{|;j��{j�ê�xzkH�ÅÏRoAyHh`Ulxzn{m�}~·�}�h,g)U�nRoAeb��� o°º�xzy{mb��� y{k?jl·�n{}~��jl·(jlkqmt�{j�n{�Go:WqyHjih�ÑÆh�m²oz� KHÓ`�HoAkHh���j�e,gih²xzkRoAm,jly{eµÇ
n;jle�·(jlm�m²oAkqmMoA}~kHh�}���� oz�i�le,xAÂ�m�e,jah,}~årk{}xwR�µoAm�}~��jl·(jlk4mM����jzy��µoz�l}~m,g©�{jÒ�Go�·�oz�²Ï{}~kHjI� Ã�j>�Å}�h�n0xrh�}~m�}CÄ»ÇTe,jln{e,gih,jlkqm,g
h,�,ÏHgl·�oAm�}�WqyHjl·(jlk4máh�y{eÛ�GoTÐ2}~å@�Å³rÇzjih�mkW4yRoA�~}xwRg �Tn{e,gih,jlkqmu�{já·(xzm,jly{efm�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj ��xzkH�{jihfh�m²oAm�}�xzk{kRoA}~e,jihJÇ
n{y{}�h WqyHj���j�e,gih²xzkRoAm,jly{eÕjih,m���j�h,}��lå�j�����xzkH�{jih¨oz�ixzyHh�m�}�WqyHjih«h,m²oAm�}�xzk{kRoA}~e,jih!�á��oAkHh«�ij�h,¼�h�m �l·(jrÇáh,xzyHh�e,gih,jle���j
�{j�·�oA}~kqm,jlk{}~e���j¦åre²oz�Å}�jlk4m��{j¦m,jl·�n0gle²oAm�y{e,jMoAy¢�{jih,h,yHh«��� y{k��ijle�m²oA}~k h,jly{}~����� }~kHh�m²oA|{}~�~}~m,grÇÚ�{jihÕxrh,�l}~�~�GoAm�}�xzkHh
oz�ixzyHh�m�}�WqyHjih2oAy{m,xAéæjlkqm�e,jlm,jlk4yHjihX�{jXÄØxze�m,j�oA·�n{�~}~m�yH�{j�ÑÆ�{já����xze,�Åe,já�{j#
 ��
%$'& �{jX�Go�n{e,jih,h�}�xzk�h�m²oAm�}�W4yHjJÓ$n{e,jlk{kHjlk4m
n{�Goz�ij��HoAkHh`��j�e,gih,xzkRoAm,jly{eµÇ ���Go�ÄÆe,g�W4yHjlkH�ij��Åy6·(x��{j���jtn{�~yHhb}~kHh�m²oA|{��j�ÑUå�glkHgle²oA��jl·(jlk4mt}~�uhµ� oAår}~m�jlk6n{e,jl·�}��le,j
oAn{n{e,xiÝÅ}~·�oAm�}�xzk��Åy�·(x��{j`��xzk{år}~m�yH�Å}~kRoA�Û�{jl·�}CéæxzkH�{jJÓz�

êqy{e��Go(|Rozh,j#�{jih��{gi�ixzy{��jle�m,jih��{j�Ã[oAe�m,jleµÇ;�{jihTm�e²oi�roAyÅÝ�xzk4m�glm,gtjlk{å4oAå�gih��{jln{y{}�h`jlm�n{�~yHh�}�jly{e,h�n{e,xzm,xzmæ¼�n0jih
�{j�·(xzm,jly{e,h�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjih�xzkqm�glm,g«e,gµoA�~}�h,gih�jlk>�GoA|;xze²oAm,xz}~e,jI�fdÛoAe²oA�~���l��jl·(jlk4mµÇXÎ�xzm�m¨ÑÆ�{j¦³!_)[z´ �Ò³!_I_r´�Ó
�RSr¸ÅÇcSIQÅÇ SIY���glm²oA|{�~}~m«��jih�|Rozh,jih�m�ÏHgixze�}�W4yHjihÕ�{j��GoM�Å}�h,�l}~n{�~}~kHj�jlm�n{e,xzn0xrh,j�y{kHj�·(xq�{gl�~}�hÔoAm�}�xzk�oAkRoA�~¼�m�}�W4yHj��{j
��� }~kHh�m²oA|{}~�~}~m,g�jlk{å�jlkH�Åe,gij�nRoAeb��� }~k4m,jle²oz�lm�}�xzk>m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj��HoAkHh#��jih�m�y{|0jih#�{j�Ù<oz�ixzk{}�h�jlm#�{j�ê�xzkH�ÅÏRoAyHh+�
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Z[E��[¾<³
	�Î�jln{e,gih²jlk4m²oAm�}�xzk�h²�,ÏHgl·�oAm�}�WqyHj#��� y{k�·(xzm,jly{ewm�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj ��xzkH�{jihwh�m²oAm�}�xzk{kRoA}~e,jih

È�jih�m�e²oi�roAyÅÝ¬j ÝÅn0gle�}~·(jlk4m²oAyÅÝ?�{j��áo�
JoBK�}Xjlmb�ixz�~� � � [z´ÅÇ([�³!�XjlkP³!_I^r´Õ�ixzkOwHe�·(jlkqm WqyRoA�~}~m²oAm�}~��jl·(jlk4mt�Go«�zoA�~}��Å}~m,g
�{j��Go«m�ÏHgixze�}�j(�{j�ÎTxzm�m!���`jln{y{}�h`��j��{gl|{y{m#�{jihboAk{kHgijih ^r´ÅÇ�gln0x=WqyHj����Go:W4yHjl�~��j�����g�Wqy{}~n0j��{j�ë�e,jlå�ê��Ú}CÄUm(ÑU��xz}~e
nRoAe�j Ý{jl·�n{��j �RSI_��UÓ#oAyaÈ$xrh�ÊT�GoA·(xrh�¶�oAm�}�xzkRoA�ÚÈ�oA|0xze²oAm,xze�¼Òhµ� }~kq��jih�m�}~m(�HoAkHh���jÕ�{xz·�oA}~kHjrÇ<��jih�e,ji�²ÏHjle,�,ÏHjih�jlk
m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj�hµ� }~kqm,jlkHh�}xwRjlk4m!��Ã[oAe�h�}<��j#n{e,x��ijih,h�yHh U ·(xzm,jly{e`m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj)U¨ÑÆ�ixzk4��jle,h�}�xzkM����glkHjle�år}�j
m�ÏHjle�·�}�WqyHjXjlktglkHjle�år}�jáoz�ixzyHh�m�}�WqyHjJÓ0n0jly{m �lm�e,jX�ixzkHh,}��{gle,gáoAybn{e,jl·�}�jlefoA|;xze,�#�ixz·�·(juy{kHjX�ly{e�}�xrh,}~m,gXh,�l}�jlkqm�}xw W4yHjrÇ
h²xzk�y{m�}~�~}�h²oAm�}�xzk¨jlkÕm²oAk4m WqyHjTh²xzy{e,�ij��{j�m�e²oµ�zoA}~�0·(gi�µoAk{}�WqyHj�ÑØoz�ixzyHh,m�}�W4yHjJÓán0xzy{eám�e²oAkHh�ÄÆgle,jle[y{k`\HyÅÝ��{j`�,ÏRoA��jly{e
��� y{kHj#h,xzy{e,�ij�ÄUe,xz}��{jb��jle,hÚy{kHjbh,xzy{e,�ijb�²ÏRoAyH�{j�ÑUnRoAe�jzN�jlmwm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj �RQI^��UÓ�k$��jlk��ixzkHh,m�}~m�yHjbnRozhÚ·(xz}~kHh
y{k¬jlkzº�jly¦e,gijl�;º»yHh�m�}xw8oAk4m ���~y{}fh,jly{�<��� oAn{nRoAe�}~m�}�xzkÒ�{jt�ijlm�m,j�kHxzy{��jl�~��j��Å}�h,�l}~n{�~}~kHj Wqy$��jih�m`�Go(m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�
ÉukMjzN0jlmµÇ���jihtoAn{n{�~}��µoAm�}�xzkHhbn0xzm,jlk4m�}�jl�~��jih��{j��ij�kHxzy{��jµoAyMmæ¼�n0j(�{j�·�oz�,Ï{}~kHjihte,g ÄUe�}~å�gle²oAkqm,jihtoA�~�~}GoAkqmth�}~·�n{�~}��l}~m,g
ÑÆ�{xzkH�(ÄØoA}~|{��j��ix��{mt�{j�n{e,xq�ÅyH�lm�}�xzk8Ó Ç<e,xz|{yHh�m,jih,h,j¦ÑUnRozh#�{j�n{}��i�ijih#·(xz|{}~��jih�oAy{m�e,jih WqyHj(��j \Hy{}��{j�xrh,�l}~�~�GoAkqmÔÓbjlm
e,jlkH�{jl·(jlkqm�e²oA}�h,xzk{kRoA|{��j�h,xzkqm�·ty{�~m�}~n{��jih(ÑU��xz}~e`nRoAe`j Ý{jl·�n{��j � ¸Å³ �UÓz�;Î�jih�m,j ���ijTº�xzy{e Wqy$� y{k¬}~·�n;xze�m²oAkqmbjzN0xze�m
�{xz}~m�jlkH�ixze,j��lm�e,j�jzN�ji�lm�yHg�jlk��qyHj�����xzn{m�}~·�}�h,jle��ijih�·�oz�,Ï{}~kHjihµÇ�jzN0xze�m`W4y{}T�{xz}~m�kHxzm²oA·�·(jlk4m«n0xze�m,jle�h�y{e(�Go
�ixz·�n{e,glÏHjlkHh,}�xzkM�{jihTn{e,x��ijih,h�yHh�kHxzk¦�~}~kHgµoA}~e,jih�·�}�h`jlk�º�jly¬��xze,h`�{j#�Go«h²oAm�y{e²oAm�}�xzk6�{j�����xzkH�{j�oz�ixzyHh�m�}�W4yHj��HoAkHh
��jihw·(xzm,jly{e,hwm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjih!�

*<*
	�52 B*D�0'9*<5o1F$21 
 "��(')�+*,"��0�01=;�1=��� $219GVG �6G!���=;E1=G ��
019 :;E" > '9"H&0G��+*��6&(1=G
È$jan{e,x��ijih,h�yHhM��� }~kqm,jle²oz�lm�}�xzk jlkqm�e,j{\Hy{}��{jPjlm6nRoAe,xz}�h²xz�~}��{j��{xzk{kRoAk4mÒ�~}�jly ���Go �ixzkq��jle,h�}�xzk ����glkHjle�år}�j

m�ÏHjle�·�}�WqyHj�jlk�glkHjle�år}�j¦oz�ixzyHh�m�}�W4yHjÕ·(jlm�jlk6º»jly��{jih(n{e,xq�ijih,h,yHh(�ixz·�n{��j ÝÅjih�jlm(kHgi�ijih,h�}~m,jÕy{kHj¨·(x��{gl�~}�h²oAm�}�xzk
n{e,gi�l}�h²j �~³µ´ÅÇ�¸I_{Ç)SIY�� �4Ã�jln0jlkH�HoAk4mµÇ4y{kHj�oAn{n{e,xq�²ÏHj��ixzkH�ijln{m�yHjl�~��j�h�}~·�n{�~}xwRgij ������j ÝÅm�e��l·(jwn0jle�·(jlmX��� oAn{n{e,glÏHjlkH�{jle
��jih#·(gi�µoAk{}�h�·(jiht·�}�htjlk�º»jly?�HoAkHht��j��Å}�h,n;xrh�}~m�}CÄw�{j��Go¨Ð2}~å@�X³I�2Ã�xzkHh,}��{gle,xzkHhty{kHj�nRoAe�m�}��ly{��j��{j \Hy{}��{j�h�}~m�yHgij
oAy?��xz}�h�}~kRoAå�j���� y{kHj�nRoAe,xz}áh,xz�~}��{j(�Åy>h�m²oz� K0Ç���j���xzk{å¦�Åy@W4yHjl��jih�mb}~·�n0xrh,g�y{k6ÄØxze�mbåre²oz�Å}�jlkqm��{j�m,jl·�n;gle²oAm�y{e,j
����ÑÆÐ2}~å@�<¸?ÑØo�Ó�Óz�<È�o¨m,jl·�n0gle²oAm�y{e,j«�{j��ijlm�m,j(nRoAe�m�}��ly{��jrÇÛoAy?e,jln0xrh#h²xzyHhby{kHj(n{e,jih²h�}�xzkÒh�m²oAm�}�WqyHj��{xzk{kHgij����rÇ
jih,m�}~·�n0xrh,gij�nRoAe«�Go?n{e,gih,jlkH�ij6�{j��GoÒnRoAe,xz}�ÑÆ�{xzkqmÕ��� }~kHjle�m�}�j¬m�ÏHjle�·�}�W4yHj¬jih�mÕh�y{n{n0xrh,gij¦m�e �ih�åre²oAkH�{j¬�{jl�roAk4m
�ijl�~��j6�ÅyM\Hy{}��{jJÓz��êqy{n{n0xrh,xzkHh �>n{e,gih²jlk4mFWqyHj¬����glm²oAm��{j6�ijlm�m,j¬nRoAe�m�}��ly{��j \HyH�lm�yHjMh,xzyHhÕ����jzN�jlm���� y{k��,ÏRoA·�n
oz�ixzyHh,m�}�W4yHj>h�m²oAm�}�xzk{kRoA}~e,j>h�}~k4yHh,x����HoA� �`Éf�~��jÒn{e,jlkH� � �ih���xze,h�y{k ·(xzy{��jl·(jlk4m6xrh,�l}~�~�GoAk4m6h�}~kqyHh,x����HoA��Ç�oAy@W4yHjl�
h²xzk4m�ozh,h,x��l}�gijih��{jih�xrh,�l}~�~�GoAm�}�xzkHh�}~kOwHk{}~m,gih�}~·�oA��jih��{jÕn{e,jih,h,}�xzkPoz�ixzyHh�m�}�W4yHj������! ÕÑ"�$#%#&�'�JÓ Çfjlkan{ÏRozh,j�oi��ji�
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��jÕ�{gln{�Goz�ijl·(jlk4m(nRoAe�m�}��ly{�GoA}~e,j�oz�ixzyHh,m�}�W4yHj�� ���  �ÑÆxzy�jlk WqyRoz�Åe²oAm�y{e,j��{j«n{ÏRozh,j¨oi��ji�Õ�Go¦��}~m,jih,h,jÕoz�ixzyHh�m�}�WqyHjJÓz�
Ê�yÅÝ?xrh²�l}~�~�GoAm�}�xzkHh��{j�n{e,jih,h�}�xzkaoz�ixzyHh�m�}�WqyHj�h²xzk4m(ozh,h,x��l}�gijiht�{jih�xrh,�l}~�~�GoAm�}�xzkHh��{j�m,jl·�n;gle²oAm�y{e,jÕh�y{n{n0xrh,gijihµÇ<jlk
n{e,jl·�}��le,jtoAn{n{e,xµÝ�}~·�oAm�}�xzk$Ç0jlk�n{ÏRozh²jtoi��ji�#��jih�xrh,�l}~�~�GoAm�}�xzkHh`�{j�n{e,jih²h�}�xzk¦oz�ixzyHh�m�}�WqyHj�ÑÆÐ2}~å@��Q�ÑØo�Ó ÇHm�e²oA}~mTn{��jl}~k8Ó Ç
Ï4¼�n;xzm�Ï@�ih²j��roA�~}��{j�h,}X��j�·(xzy{��jl·(jlk4m(�{j��Go�nRoAe�m�}��ly{��jÕjih�mÕÑDW4yRozh�}KÓtoz�Å}GoA|RoAm�}�WqyHjI�2Ê+m�}~m�e,j�����j Ý{jl·�n{��j6ÑÆxze,�Åe,jih
�{j�åre²oAkH�{jly{eÔÓ Ç8n;xzy{ewy{kHj#nRoAe�m�}��ly{��jt��� oA}~e�h,xzy{·�}�h,jbjlk¦�,ÏRoA·�n��~}~|{e,j ��y{kHj#xzkH�{jtoz�ixzyHh�m�}�WqyHj#h�}~kqyHh,x����HoA��j ���Go
ÄUe,g�WqyHjlkH�ijw�{jt³ K �

�Ç�jlm��{xzk4m���� oA·�n{�~}~m�yH�{j�oAm�m,jl}~kqmá��jwh²jly{}~�8�{jw�{xzy{��jly{e[�{jÚ����xze,jl}~�~��jTÏ4y{·�oA}~kHj�Ñ"�������	��
�$ �
�{Ó Ç
��� oA·�n{�~}~m�yH�{j��{jih�xrh²�l}~�~�GoAm�}�xzkHh`oz�ixzyHh,m�}�W4yHjih`�{jtm,jl·�n;gle²oAm�y{e,j�oAm�m,jl}~k4m�� ����� � 
%$������©ÇHn0xzy{eTy{k¬�{gln{�Goz�ijl·(jlk4m
nRoAe�m�}��ly{�GoA}~e,j
� ����� �{j�����xze,�Åe,jt�{j 
%$������E�{d<xzy{eT�Go��l�GoAe�m,g#�{j`����j ÝÅn0xrh,grÇHjlmwnRoAe,�ij�WqyHj���j`n{e,xzn0xrh�jih�mÚ}��l}��~}~·�}~m,g
�(�Go��ixz·�n{e,glÏHjlkHh�}�xzkMn{Ïq¼�h,}�W4yHj��{jih`n{ÏHglkHxz·V�lkHjih�ÄÆxzkH�HoA·(jlkqm²oAyÅÝ¦·�}�h�jlk�º�jly$Ç8h�y{n{n0xrh,xzkHh�m,xzy{m���� oA|;xze,� WqyHj
��j�·(xzy{��jl·(jlk4m�n{e,gih,jlkqm,jbkHxzk�nRozh�y{k�n{e,xBwH��m,jl·�n0xze,jl��h�}~kqyHh,x����HoA��·�oA}�h�y{k�n{e,xBwH�<�µoAe�e,g�ÑÆ� Ä �HÐ2}~å@� Q�ÑØo�Ó ÇRm�e²oA}~m
m�}~e,jlm,gJÓz��È$j��l¼��l��j�h�y{}~��}ÛnRoAe`�Go�nRoAe�m�}��ly{��j�h²j��{gle,xzy{��j(oA��xze,h�h,y{}~�zoAkqm�W4yRoAm�e,j�n{ÏRozh,jih��Å}�h�m�}~kH�lm,jih��0�ixz·�n{e,jih,h,}�xzk
oz�Å}GoA|RoAm�}�W4yHj éæj ÝÅnRoAkHh�}�xzk }�h,xz|RoAe,j éæ�{glm,jlk4m,j©oz�Å}GoA|RoAm�}�W4yHj éæ�ixzkqm�e²oz�lm�}�xzkâ}�h,xz|RoAe,jI��È$jih�n{ÏRozh,jih��{j6�ixz·�n{e,jih,h,}�xzkÅé
�{glm,jlk4m,j�h²xzk4m(h�y{n{n0xrh,gijih(oz�Å}GoA|RoAm�}�WqyHjih��µoAe(h�yOy�h²oA·�·(jlkqm(e²oAn{}��{jihµÇÛm²oAkH�Å}�hVWqy$� oAyÅÝ©n{ÏRozh,jih(����j ÝÅnRoAkHh�}�xzk�jlm
�ixzk4m�e²oz�lm�}�xzk¬h,xzk4m�ozh,h,x��l}�gihw�{jihwm�e²oAkHh»ÄØjle�m,hw�{jb�²ÏRoA��jly{e�jlkqm�e,j�\Hy{}��{jbjlm�nRoAe,xz} �RÈ$jb�l¼Å�l��jbh�y{}~��}$nRoAew�Go�nRoAe�m�}��ly{��j
n{e,gih,jlk4m,j(oA��xze,h`��� oA�~�~y{e,j�}~kH�Å}�WqyHgij�h�y{e`�Go«Ð2}~å@�$¸¦ÑU|8ÓæéÔÑÆjJÓ Ç0��xze,hLW4yHj���j�åre²oz�Å}�jlk4m#�{j�m,jl·�n0gle²oAm�y{e,j ���ßoAn{n{�~}�WqyHg
�(�Go�nRoAe,xz}fjih�m�m,jl�2WqyHj�������� �������������@�;ÊT}~kHh�}�ÇR�Go�nRoAe�m�}��ly{��j�e,j%�ixz}~m`y{kHj WqyRoAk4m�}~m,g��{j��,ÏRoA��jly{e	 �Åy{e²oAkqmbh²o
n{ÏRozh,j«�{j«�ixz·�n{e,jih²h�}�xzkajlm�e,jih,m�}~m�yHj�y{kHj`WqyRoAk4m�}~m,g¨�{j«�,ÏRoA��jly{e! #"��Åy{e²oAk4m�h²o�n{ÏRozh,j«�{jÕ�{glm,jlk4m,jI�XÃ�j�·��l·(j
�l¼��l��j �VWqyRoAm�e,jbn{ÏRozh,jihTn;jly{m �lm�e,jbe,jln{e,gih,jlkqm,g��{jbÄØo��ixzk�h,�,ÏHgl·�oAm�}�WqyHjth,y{}~�zoAkqmTy{k��Å}GoAåre²oA·�·(j��{j�Ãá�GoAn;jl¼�e,xzk
ÑÆÐ2}~å@�0Q{ÑU|8Ó�Óz��Þ"�áoAn{nRoAe²oA}~m�oA��xze,ht�l�GoA}~e,jl·(jlkqm Wqy$� oAyÒ�ixzy{e,h��Åy?·(xzy{��jl·(jlkqm��{j��Go¨nRoAe�m�}��ly{��jrÇ<y{kHjqWqyRoAk4m�}~m,g«�{j
�,ÏRoA��jly{e$ �%& �"�o�glm,g��ixzk4��jle�m�}�j�jlk�y{k�m�e²oµ�zoA}~�Û·(gi�µoAk{}�WqyHjÕÑU} ��jI�;jlk¬glkHjle�år}�j�oz�ixzyHh�m�}�WqyHjJÓ Ç;e,jln{e,gih,jlk4m,g�nRoAe��Go

µxzkHj�ÏRoz�,Ïqy{e,gij#�{j��Go�Ð2}~å@� Q¨ÑU|8Óz�

Éf��}��{jl·�·(jlk4mµÇ;��jb·(gi�µoAk{}�h,·(j�����gi�²ÏRoAk{å�j��{j#�,ÏRoA��jly{e�jlkqm�e,j�\Hy{}��{j�jlmTnRoAe,xz}2jih�m�n{�~yHh`�ixz·�n{��j Ý{j WqyHjbkHj#��j
�GoA}�h,h,jlkqm#jlk4m,jlkH�Åe,j���jih�n{e,xzn;xrhbn{e,gi�igi�{jlk4m,h!�<ÉfkMe,gµoA�~}~m,grÇ$n0xzy{eb�ixz·�n{e,jlkH�Åe,j�jlk?n{e,xAÄÆxzkH�{jly{eb��j(n{e,xq�ijih,h,yHh�e,gijl�
��� oA·�n{�~}xwR�µoAm�}�xzk¨m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjrÇÅy{kHj`oAm�m,jlkqm�}�xzk¨nRoAe�m�}��ly{�~}��le,j`�{xz}~m �lm�e,j�n0xze�m,gijTh,y{eá��jih�e,jl�GoAm�}�xzkHhÚ�{jTn{ÏRozh,j
jlk4m�e,j�xrh,�l}~�~�GoAm�}�xzkHht�{j�n{e,jih,h�}�xzk$Ç$�{j��q}~m,jih²h,j�nRoAe�m�}��ly{�GoA}~e,j«jlm#�{j(m,jl·�n0gle²oAm�y{e,j�oz�ixzyHh�m�}�WqyHjih!�ÛÃ�xz·�·(j�}~kH�Å}�WqyHg
n{e,gi�igi�{jl·�·(jlk4mµÇX��jih��zoAe�}GoAm�}�xzkHh��{jÕm,jl·�n;gle²oAm�y{e,j���� y{kHjÕnRoAe�m�}��ly{��j��{j`\Hy{}��{j�h,xzk4m��~}�gijih�oAyÅÝ>�ixz·�n{e,jih,h�}�xzkHh�é
�{glm,jlk4m,jihbjlm����Go«m,jl·�n0gle²oAm�y{e,j���x��µoA��j��{j��Go�nRoAe,xz} ��È<oÕ�Å}�h�m²oAkH�ij(jlk4m�e,j�nRoAe�m�}��ly{��j��{j \Hy{}��{j�jlm�nRoAe,xz}ujih�m�� �ih
��xze,h�y{kÒnRoAe²oA·V�lm�e,jÕ}~·�n0xze�m²oAk4m��ixzkH�ijle�kRoAk4m��Go�kRoAm�y{e,jÕ�Åy>n{e,xq�ijih,h,yHh�����gi�²ÏRoAk{å�j¨�{j��²ÏRoA��jly{e � U ��xz}~k(U«�{j��Go
nRoAe,xz}�ÇÅ��j�n{e,xq�ijih,h,yHhÚjih�m�oz�Å}GoA|RoAm�}�W4yHj�jlmÚ�Go�m,jl·�n0gle²oAm�y{e,jboz�ixzyHh�m�}�WqyHj�xrh,�l}~�~��j��HoAkHhÚ��j�m,jl·�nHhwjlk¨n{ÏRozh,jboµ��ji�`�Go
n{e,jih,h�}�xzk�oz�ixzyHh,m�}�W4yHj(' U ��n{e,xµÝ�}~·�}~m,g)UT�{jw�GobnRoAe,xz}�Ç���jwn{e,x��ijih,h�yHhájih�mu}�h,xzm�ÏHjle�·(j�jlmX�Go�m,jl·�n;gle²oAm�y{e,j�oz�ixzyHh�m�}�WqyHj
jih�mw}~·�n0xrh,gij����,ÏRo:WqyHjb}~kHh�m²oAkqmTnRoAeT�Go�m,jl·�n;gle²oAm�y{e,jt��x��µoA��j#�{j��Go(nRoAe,xz})'H·�oA}�hTn;xzy{ewy{kHj#nRoAe�m�}��ly{��jt�{j�\Hy{}��{j
h�}~m�yHgij �(y{kHj��Å}�h�m²oAkH�ij��{j#����xze,�Åe,j���� y{kHj�glnRoA}�h,h,jly{e��{j��ixzyH�,ÏHj��~}~·�}~m,j�m�ÏHjle�·�}�W4yHj+*�,«�{j#�Go�nRoAe,xz}�Ç;��jt�ixzkqm²oz�lm
m�ÏHjle�·�}�W4yHj�jlk4m�e,j�nRoAe�m�}��ly{��j�jlm(nRoAe,xz}�jih,m Ulh�yOy�h²oA·�·(jlkqm�|0xzk(U«n;xzy{e W4y$� y{k¢gi�,ÏRoAk{å�j��{j��,ÏRoA��jly{e«oA}~m��~}�jly$Ç
·�oA}�h�Ulh�yOy�h²oA·�·(jlk4mÚ·�oAy{�roA}�h+UTn0xzy{e WqyHjT�ijlmÚgi�²ÏRoAk{å�j��{jT�²ÏRoA��jly{ewh,j�m�e²oz�Åy{}�h²jTkHxzkÕnRozh�nRoAe[y{k«�²ÏRoAk{å�jl·(jlk4m
}~kHh�m²oAk4m²oAkHgÕ�{j��Go¨m,jl·�n0gle²oAm�y{e,jÕ�Åy�\Hy{}��{jrÇ2·�oA}�htnRoAety{k>e,jlm²oAe,��Ç<xzy>n{�~yHh�n{e,gi�l}�h,gl·(jlk4m�nRoAe�y{k>�{gln{ÏRozhÔoAå�jrÇ
jlk4m�e,j�·(xzy{��jl·(jlk4mwoz�ixzyHh�m�}�WqyHj`jlmám�e²oAkHh�ÄÆjle�m[�{jT�²ÏRoA��jly{ebÑ-* ,$.0/ 
214365�Çqx��71Õjlm85©�{gih�}~årkHjlk4m[e,jih�n0ji�lm�}~��jl·(jlk4m
�Go6�Å}xN0yHh�}~�q}~m,g�m�ÏHjle�·�}�W4yHj��ÅyA\Hy{}��{j�jlm(�Go6n{y{��h²oAm�}�xzk�oz�ixzyHh�m�}�WqyHjJÓz�[Ã���jih�m�|;jl��jlm�|{}�jlk��ij��{gln{ÏRozh²oAå�j�jlkqm�e,j
xrh,�l}~�~�GoAm�}�xzkHhÚ�{j�m,jl·�n;gle²oAm�y{e,j�jlmÚ�{jTn{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHj W4y{}�jih�m�e,jih�n0xzkHh²oA|{��j`�{jT�Go��ixzkq��jle,h�}�xzk�����glkHjle�år}�jrÇ{jlm
��jf�l¼��l��jXh�y{}~�q}rnRoAe��GoÚnRoAe�m�}��ly{��jujih�m�oA��xze,h<oAkRoA��xzåryHj�oAybh,�,ÏHgl·�o��{jÛ�Go[Ð2}~å@�+Q{ÑÆ�JÓz�µÉfkbe,gih,y{·(grÇµh,jly{��jih���jih�nRoAe�m�}��ly{��jih
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Z[E��[¾H¸ 	«Ãá¼��l��j`·(xzm,jly{ewh,y{}~�q}�nRoAe[y{kHj`nRoAe�m�}��ly{��jb�{j \Hy{}��{j�h,xzyHh[����jzN�jlmw��� y{kHj�xzkH�{j#oz�ixzyHh�m�}�WqyHj�h�m²oAm�}�xzk{kRoA}~e,j
oAy���xz}�h�}~kRoAå�jÚ��� y{kHj�nRoAe,xz}{h,xzy{·�}�h,j �Ty{k�åre²oz�Å}�jlk4mu�{j�m,jl·�n;gle²oAm�y{e,j ��� ��� > 	fnRoAe�m�}��ly{��j[}~k{}~m�}GoA��jl·(jlkqmáoAy�e,jln;xrh!�
� m 	Ú�ixz·�n{e,jih,h�}�xzk�oz�Å}GoA|RoAm�}�W4yHjI��� ' 	Új ÝÅnRoAkHh�}�xzkÕ}�h,xz|RoAe,jI��� $ 	Ú�{glm,jlkqm,jboz�Å}GoA|RoAm�}�W4yHjI��� 1 	��ixzk4m�e²oz�lm�}�xzk¨}�h,xz|RoAe,jI�
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pression

volume

pmax

,−ξmax

Z[E��[¾ Q 	#� > 	�gl��xz�~y{m�}�xzkHhTm,jl·�n;xze,jl�~��jih�h�}~k4yHh²x����HoA��j�ÑUm�e²oA}~m�n{��jl}~k8Ówjlm UioAe�m�}��ly{��gij)U�ÑUm�e²oA}~mTm�}~e,jlm,gijJÓÚ�{jih��zoAe�}GoA|{��jih
�{j�n{e,jih,h�}�xzk$Çfm,jl·�n0gle²oAm�y{e,j�jlm��{gln{�Goz�ijl·(jlk4m�oz�ixzyHh�m�}�WqyHjih �%$��&$ �6n0xzy{e�y{kHj�xzkH�{j¦oz�ixzyHh�m�}�WqyHj�h�m²oAm�}�xzk{kRoA}~e,jI�
È�jihbn0xz}~k4m,h(è�Ç�ÊtÇ�Ü`Ç Ã�Ç��+�ixze�e,jih,n;xzkH�{jlkqm�e,jih,n;ji�lm�}~��jl·(jlkqm�oAyÅÝ?glm²oAm¨ÑØo�Ó Ç�ÑU|8Ó Ç�ÑÆ�JÓ Ç�ÑÆ�RÓtjlm«ÑÆjJÓ��{j��Go�Ð2}~å@�<¸O�'� m 	
��}GoAåre²oA·�·(j��{j�Ãá�GoAn;jl¼�e,xzk�oAyP�ixzy{e,h���� y{k��l¼Å�l��j�oz�ixzyHh�m�}�W4yHj UioAe�m�}��ly{��g)U:�(� ' 	Õ��}GoAåre²oA·�·(j��{j�Ãá�GoAn0jl¼qe,xzk
U e,gijl� U:�
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�{j \Hy{}��{j�h�}~m�yHgijih ��y{kHj��Å}�h�m²oAkH�ij��{j`����xze,�Åe,j#��� y{kHj�glnRoA}�h,h,jly{ew�{j��ixzyH�,ÏHjb�~}~·�}~m,j�m�ÏHjle�·�}�W4yHj#�ixzk4m�e�}~|{yHjlk4m ���Go
�ixzk4��jle,h�}�xzkM����glkHjle�år}�j(m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjI�2èTkM�ixz·�n{e,jlkH�6� �ih���xze,hboA}�h,gl·(jlk4m�n0xzy{e WqyHxz}f����jl·�n{��xz}u��� y{kMh�m²oz� K
�{xzk4mÚ��jih[n0xze,jih�ÑU} ��jI�Å�Got�Å}�h,m²oAkH�ij`}~k4m,jle»é�nRoAe,xz}�hÔÓ[h²xzk4mw�ixze�e,ji�lm,jl·(jlk4mT�Å}~·(jlkHh�}�xzk{kHgihwe,jl�GoAm�}~��jl·(jlkqm �t�Got�Å}�h,m²oAkH�ij
*�,�n0jle�·(jlm�����xzn{m�}~·�}�h²jle���j�n{e,x��ijih,h�yHh��{j��ixzkq��jle,h�}�xzk©m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj¨jlk>·�o°ÝÅ}~·�}�h²oAk4m��Go�n{e,xzn0xze�m�}�xzka�{j
\Hy{}��{jqUljzy��µoz�ij)U:�

ÉfkOwHk$Çin0xzy{e��ixzkH�l�~y{e,já�ijlm�m,jfn{e,gih,jlk4m²oAm�}�xzktn{ÏHglkHxz·(glkHxz��xzår}�W4yHj��{jf����jzN�jlm$m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjue²oAn{n0jl��xzkHh(WqyHj
��� }~k4m,jle²oz�lm�}�xzkam�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj«n;jly{m �lm�e,j�·�}�h,j�jlk©xqjly{��e,j�n;xzy{ete,gµoA�~}�h,jle���j�ÄØxzkH�lm�}�xzk{kHjl·(jlk4m(jlkXU n;xz·�n0j
���²ÏRoA��jly{e+U:�uÉfkajzN�jlmµÇ<}~�woAn{nRoAe²o°Â�m(�Å}~e,ji�lm,jl·(jlkqm�oAyÒe,jlå4oAe,�a�Åya�l¼Å�l��jÕh,�,ÏHgl·�oAm�}�WqyHj¨�{j«�Go�Ð2}~å@�Û¸ÅÇ�W4yHjÕh�}���j
åre²oz�Å}�jlk4mw�{j�m,jl·�n0gle²oAm�y{e,jboAn{n{�~}�W4yHg`��j���xzk{å��{j��Go#nRoAe,xz}�jih�m[m,jl�%WqyHj � ����� ��� # � ����� Çq��j`h,jlkHhÚ�{jih�m�e²oAkHh»ÄØjle�m,h
�{j��,ÏRoA��jly{e�hµ��jlk6m�e,xzy{��jle²o�oA��xze,h#}~k4��jle,h,grÇ�m,xzy{m#�ixz·�·(j���j(h²jlkHhb�{jihb�l¼Å�l��jih#�{jihbÐ2}~å@�(QMÑU|8Ó�jlm�ÑÆ�JÓz�$ÊTyM�ixzy{e,h
��� y{k6�l¼��l��jrÇ��Åy6m�e²oµ�zoA}~�Xoz�ixzyHh�m�}�WqyHj�jih�mboA��xze,h��ixzkHh,xz·�·(g�n0xzy{e`m�e²oAkHh»ÄØgle,jleb�{jtn{e,x��,ÏHj�jlk6n{e,x��,ÏHj�y{k \HyÅÝ¬�{j
�,ÏRoA��jly{e`m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj���� y{kHj�j Ý�m�e,gl·�}~m,g��Åy6h�m²oz� K ����� oAy{m�e,j¨ÑU}��l}�Ç8�{jtå4oAyH�,ÏHj ���Åe,xz}~m,jJÓ Ç0�{jth²xze�m,j Wqy$� y{k
åre²oz�Å}�jlk4m��{j`m,jl·�n;gle²oAm�y{e,jthµ��glm²oA|{�~}~m�jlm�h,j`·�oA}~kqm�}�jlk4mT��j���xzk{å��Åy�h�m²oz�LK��

*D*D* 	q.e�!>O� $21{?,>  B19'�
019 B' 
01 G#&( ?<19G352 B"%')19G!G#&(G3�0"H� ?D*<�079>@*< B19G $01 G!>O�+&0 #>O�+*<"H� $21 ?sr�*D�(G��!> m�*D?D* �!7
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È$jih WqyRoAk4m�}~m,gih�·�}�h,jih�jlk¦º»jly��HoAkHh��Go¬�{jih,�le�}~n{m�}�xzk��Åya·(xzy{��jl·(jlkqm«oz�ixzyHh�m�}�WqyHj¨h,xzkqm��Go�n{e,jih²h�}�xzk �(Ç2�Go
�q}~m,jih²h,j�nRoAe�m�}��ly{�GoA}~e,j����Çu�Go?·�ozh,h,j���xz�~y{·�}�W4yHj��8Çá�Go?m,jl·�n;gle²oAm�y{e,j ��jlm�����jlkqm�e,xzn{}�j��[ÇXjlmÕ�,ÏRoz�ly{kHj¬�{j¦�ijih
�zoAe�}GoA|{��jihwn;jly{m �lm�e,j��{gi�ixz·�n0xrh,gijbh�y{}~�roAk4mwh²o��ixz·�n0xrh²oAk4m,j#h�m²oAm�}�W4yHj(ÑÆxze,�Åe,jt´�Ó�jlm[hÔo��ixz·�n;xrh²oAkqm,j#oz�ixzyHh�m�}�WqyHj
ÑÆxze,�Åe,j(³JÓ�xrh,�l}~�~�GoAkqm ���Go�n{y{��h²oAm�}�xzk 5 �
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x��6��jih�W4yRoAkqm�}~m,gih �'�rÇ%�� �rÇ�� �AÇ � �zÇ�� ��h,xzk4mbh,y{n{n;xrh,gijih��ixzkHh,m²oAk4m,jih#�HoAkHhb��j�m,jl·�nHh��«����gi�,ÏHjl�~��j���� y{kHj�n;gle�}�x��{j
oz�ixzyHh�m�}�WqyHjI��Ã���jih�m#jlk6}~k4m�e,x��Åy{}�h²oAkqmt�ijih��roAe�}GoA|{��jihb�HoAkHh���jihbg�WqyRoAm�}�xzkHh`ÄØxzkH�HoA·(jlk4m²oA��jih��Åy6·(xzy{��jl·(jlk4m¨ÑU} ��jI�
g�W4yRoAm�}�xzk �{j�¶�oµ�q}�jle»é%êqm,x:K�jihJÇ#g�WqyRoAm�}�xzk �{j��ixzkHh,jle��roAm�}�xzk �{j��Go�·�ozh,h,jrÇbg�WqyRoAm�}�xzkß�{j�ÐRxzy{e�}�jleµÇ#g�WqyRoAm�}�xzk
����glm²oAm#�ÅyE\Hy{}��{jI�b�b� Óbjlm#jlkMkHj�e,jlm,jlkRoAkqm WqyHj���jih�m,jle�·(jih��ÅyMn{e,jl·�}�jle�xze,�Åe,jqWqyHj�¶�}bK�xz�GozhtÎ�xzm�m �RSIY��áo��{gi�le�}~m
oAkRoA�~¼qm�}�WqyHjl·(jlk4m��HoAkHh���jih(oAk{kHgijih [z´���� }~k4m,jle²oz�lm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj���� y{k{\Hy{}��{j¨xrh,�l}~�~�GoAk4m«oAy>��xz}�h,}~kRoAå�j
��� y{kHj#nRoAe,xz}fh,xz�~}��{jI�;Þ"�2hµ� oAår}~m�� ���{j#�Go�m�ÏHgixze�}�j��~}~kHgµoA}~e,jtå�glkHgle²oA��j�e,jl�GoAm�}~��j�oAyÅÝ�·�oz�²Ï{}~kHjih`m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjrÇ
W4y{}�Ç4�ixz·�·(jTh,xzk�kHxz·ß��� }~kH�Å}�WqyHjrÇq�ixzkHh�}�h,m,j �`�~}~kHgµoAe�}�h,jle���jihXg�WqyRoAm�}�xzkHh��Åy�·(xzy{��jl·(jlk4m��`����xze,�Åe,j��{jih8WqyRoAk4m�}~m,gih
oz�ixzyHh�m�}�WqyHjih#ÑDW4yRoAkqm�}~m,gihT�Åy¨n{e,jl·�}�jle�xze,�Åe,jJÓz�

êq}�����glm²oA|{�~}�h,h,jl·(jlk4mf�{já�Gowm�ÏHgixze�}�j��~}~kHgµoA}~e,j�å�glkHgle²oA��j[�{jih�·�oz�²Ï{}~kHjihÛm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjbÑUå�glkHgle²oAm,jly{e,hf����xzkH�{j
jlmÚn;xz·�n0jih ���²ÏRoA��jly{eÔÓÚe,jl·(xzkqm,jtoAyÅÝ¨m�e²oi�roAyÅÝ��{jbÎ�xzm�mµÇÅ��jih�n{e,jl·�}��le,jihT�ixzkqm�e�}~|{y{m�}�xzkHh�e,jl·�oAe WqyRoA|{��jihTn;xze�m²oAkqm
n{e,gi�l}�h,gl·(jlk4mfh�y{e<��jih��ixzkH�Å}~m�}�xzkHhf�{já�{gi�l��jlkH�,ÏHjl·(jlk4mu�{já����xzkH�{j[oz�ixzyHh�m�}�W4yHj��HoAkHh<y{k#·(xzm,jly{e2m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj
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�ÕxzkH�{jihth�m²oAm�}�xzk{kRoA}~e,jih�h,xzk4m#�ijl�~��jiht�{j(�Å}~��jle,htoAy{m,jly{e,h � ¸IQÅÇ(QÅ³rÇ�¹9_��æÇ$·�oA}�h#jlkMn{e,jl·�}�jlet�~}�jly?�ijl�~��jih#����Ê[m,�²Ï{��jl¼
� ¸ÅÇ@QÅÇH¹�� �8Ã�j��{jle�k{}�jle�n{e,xzn0xrh,j`y{k�·(x�� �l��j#oAkRoA�~¼�m�}�W4yHjbh,}~·�n{��jrÇ{n;jle�·(jlm�m²oAkqmT�{jb�{gzwHk{}~e�y{k¨ÄØoz�lm,jly{eT�{j�W4yRoA�~}~m,g
�Åy�h�¼Åh�m �l·(j W4y{}qm,jlkH�t��jle,h2��� }~kOwHk{}{� �ih2��xze,h�W4yHjá��� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj[n{e,jlkRoAk4mf�~}�jly��HoAkHh2��jáh�m²oz�LK
�ixz·�n0jlkHh,já��jihÛn;jle�m,jih2��}�h WqyHjlyHh,jih<jlmÛm�ÏHjle�·�}�WqyHjihf�HoAkHhÛ����jlkHh,jl·#|{��jÚ�Åy��Å}�h�n0xrh�}~m�}CÄ�Ç°�ixzkH�Å}~m�}�xzk(�{j[�{gi�l��jlkH�,ÏHjl·(jlkqm
�{j`��� }~kHh,m²oA|{}~�~}~m,gbm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�

��jln{y{}�h#·�oA}~k4m,jlkRoAkqmty{kHj(�Å} 
JoA}~kHj���� oAk{kHgijihµÇ�y{kM}~·�n0xze�m²oAk4m�jzN�xze�mb�{j�e,ji�,ÏHjle,�²ÏHj�jih�mt�ixzkHh²oz�le,g �Õ����glm�yH�{j
�{jih�n{e,x��ijih,h�yHh�n{Ï4¼Åh�}�WqyHjih�·�}�h�jlk�º�jly�oAn{e �iht��jÕ�{gi�l��jlkH�²ÏHjl·(jlk4m��{j���� }~kHh�m²oA|{}~�~}~m,gÕm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjrÇujlm W4y{}
h²xzk4m(e,jih�n0xzkHh²oA|{��jih«�{j¨�GoMhÔoAm�y{e²oAm�}�xzk�jlk¢oA·�n{�~}~m�yH�{j¦�{j�����xzkH�{j¦oz�ixzyHh�m�}�WqyHjI�Xdfy{}�h WqyHj��Go6å�glkHgle²oAm�}�xzk¢��� y{kHj
xzkH�{j�oz�ixzyHh�m�}�W4yHj(nRoAetjzN�jlmbm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h,j�n{e,x��Åy{}~m#h,xzyHh#e,gih,jle���jVWqyHj���� oA·�n{�~}xwR�µoAm�}�xzk©�HoAkHhb��j(h�m²oz�LK
�ixz·�n0jlkHh,j���jih�n;jle�m,jih[�~}~kHgµoA}~e,jih��HoAkHhá��j�e,jih�m,j`�Åy¨�Å}�h�n0xrh�}~m�}CÄ�ÑUn0jle�m,jih[�q}�h²�ixzm�ÏHjle�·�}�W4yHjihÚn{e�}�h²jih�jlk¨�ixz·�n{m,j��HoAkHh
��jih�g�W4yRoAm�}�xzkHh«�ÅyP·(xzy{��jl·(jlkqm��~}~kHgµoAe�}�h²gijihÔÓ ÇX�Go?h²oAm�y{e²oAm�}�xzk��ixzkHh²gi�ly{m�}~��j��{j�����xzkH�{j�oz�ixzyHh�m�}�WqyHj�h,j�n{e,xq�Åy{}~m
kHgi�ijih²h²oA}~e,jl·(jlk4mfjlk�e²oA}�h,xzk���� oAy{m�e,jih2m"¼qn0jihÛ�{jun0jle�m,jih2Wqy{}4kHj�h,xzkqm<nRozh2n{e�}�h,jih2jlk��ixz·�n{m,j[�HoAkHh2��� oAn{n{e,xiÝÅ}~·�oAm�}�xzk
�{j���� oz�ixzyHh�m�}�WqyHj[�~}~kHgµoA}~e,jrÇr·�oA}�hkWqy{}{h,xzk4mfn{e,gih,jlkqm,jihujlk�m²oAk4moWqyHj W4yRoAkqm�}~m,gihX�Åy�h,ji�ixzkH��xze,�Åe,jbÑÆjlmÛn{�~yHhÔÓ2�HoAkHhÛ��jih
g�WqyRoAm�}�xzkHh<ÄÆxzkH�HoA·(jlkqm²oA��jihf�{jX�Go�·(gi�µoAk{}�WqyHjá�{jih2·�}~�~}�jlyÅÝt�ixzkqm�}~k4yHhfjlmÛ�HoAkHh<����g�WqyRoAm�}�xzk�����glm²oAmÛ�Åy \Hy{}��{jI�AÊ�}~kHh�}�Ç
����glm�yH�{j��ixz·�n{���lm,j��{jih[·(xzm,jly{e,hwm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjihJÇH�{jln{y{}�hÚ�Gotå�glkHgle²oAm�}�xzk��{j�����xzkH�{j�º%yHhLW4y$� ��h²o�h²oAm�y{e²oAm�}�xzk$Ç
jlkqm�e,jb�HoAkHhÚ��jb�µoz�Åe,j#�{j���� oz�ixzyHh�m�}�WqyHj�kHxzk��~}~kHgµoA}~e,jI�

��jXkHxrhHº�xzy{e,hµÇiy{k��ijle�m²oA}~ktkHxz·t|{e,j[�{ju·(gi�µoAk{}�h�·(jih2kHxzk#�~}~kHgµoA}~e,jihÛxzkqm<n{y �lm�e,jcWqyRoA�~}xwRgih<�ixz·�·(j Ulgl�~�~}~år}~|{��jih+U
n0xzy{eMj ÝÅn{�~}�W4yHjleM�Go�h²oAm�y{e²oAm�}�xzk �{j©����xzkH�{j¢oz�ixzyHh�m�}�W4yHjP�HoAkHhM��jih6·(xzm,jly{e,h?m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjih+��èTy{m�e,ja��j
n{e,x��ijih,h�yHhX�l�Gozh,h�}�WqyHjÚ�{jw�µozh,�µoz�{jÚÏRoAe�·(xzk{}�WqyHjtÑUm�e²oAkHh»ÄØjle�mXglkHjle�å�glm�}�WqyHj��Åy�ÄØxzkH�HoA·(jlk4m²oA�8��jle,hu��jihfÏRoAe�·(xzk{}�WqyHjih
h,y{n;gle�}�jly{e,hÔÓ ÇAglm�yH�Å}�g�m²oAk4muj ÝÅn;gle�}~·(jlkqm²oA��jl·(jlk4m �~³rÇIYr´�� W4yHj[�{jXÄØo��ixzk�m�ÏHgixze�}�WqyHj � ¸IQÅÇ:Qr¸ÅÇI[:Y��æÇ°��jih2e dz��jihfgl��jlk4m�yHjl��h
�{jih�m�y{e�|{y{��jlkH�ijih#oz�ixzyHh,m�}�W4yHjih��HoAkHh`��j�åry{}��{j�����xzkH�{jrÇ�xzy6�{jihTn0jle�m,jih`·�}~kHjly{e,jih(ÑUå�glkHgle²oAm�}�xzk?�{j�m,xzy{e�|{}~�~��xzkHhÔÓ
oAyÅÝ�j Ý�m�e,gl·�}~m,gihf�Åy�h�m²oz� KtjlmÛ�{jihÛgi�²ÏRoAk{å�jly{e,hu�{já�²ÏRoA��jly{e �RQ)[ÅÇ:Yr´��Åh,xzkqmfglå4oA��jl·(jlk4mujlk4��}�h²oAå�gihÛn0xzy{e2j ÝÅn{�~}�WqyHjle2��j
n{ÏHglkHxz·V�lkHjT�{jwh²oAm�y{e²oAm�}�xzk6�qd2oAe[oA}~�~��jly{e,hµÇ�����j Ý{�l}~m²oAm�}�xzk�����xzkH�{jih�oz�ixzyHh�m�}�W4yHjihá�HoAkHhuy{k��²ÏRoA·�n«�{jwm,jl·�n;gle²oAm�y{e,j
}~k{ÏHxz·(xzå)�lkHjtn0jly{mw}~kH�Åy{}~e,jt�{jih�n{e,xq�ijih²h�yHhwm,jlkH�HoAkqm ��e,gi�Åy{}~e,j#��jbåre²oz�Å}�jlkqm��{j�m,jl·�n0gle²oAm�y{e,jt}~·�n;xrh,gI�8Èu� y{k��{j
�ijih�n{e,xq�ijih²h�yHheWqyHj�����xzk¬�{gih�}~årkHjle²o�}��l}2nRoAe���j#m,jle�·(j#�{j Ul�ixzkH�ÅyH�lm�}~�q}~m,gtm�ÏHjle�·�}�WqyHj�oz�ixzyHh�m�}�WqyHjl·(jlk4m`}~kH�Åy{}~m,j)U
�RSISÅÇ)[z¸��Hh,jám�e²oz�Åy{}~mfnRoAeÛy{k�m�e²oAkHh�ÄÆjle�mÛår��xz|RoA�H�{j[�,ÏRoA��jly{eTÑÆ����xze�}~år}~kHj[m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjJÓÛ�{j�����j ÝÅm�e,gl·�}~m,gÚ�,ÏRoAyH�{j
�Åy6h�m²oz�LK���jle,h�h,xzk¬j ÝÅm�e,gl·�}~m,g�ÄUe,xz}��{jrÇ0·(x��Å}xw8oAk4m��Go«�Å}�h�m�e�}~|{y{m�}�xzkM�{j�m,jl·�n0gle²oAm�y{e,j(jlm`}~kO\HyHjlk �µoAk4m#�{j��ijtÄØoA}~m
��� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�AÃ�jlm�jzN�jlm��{jfn0xz·�nRoAå�jX�{jX�,ÏRoA��jly{e<jih,m$}~�~�~yHh�m�e,guh�y{e��GowÐ<}~å@�°¸ÅÇµx��b}~�qoAn{nRoAe²o°Â�m
Wqy$� y{kHjqWqyRoAk4m�}~m,gÕ�{j��,ÏRoA��jly{e  #"Xo�glm,g(m�e²oAkHh�n0xze�m,gij«�{j��Åe,xz}~m,j �¨å4oAyH�²ÏHj«�Åy{e²oAkqm�y{kÒ�l¼Å�l��j¦ÑU�Go3W4yRoAkqm�}~m,g«�{j
�²ÏRoA��jly{e� %� #"{oi¼4oAk4máglm,gw�ixzk4��jle�m�}�jTjlk(glkHjle�år}�jToz�ixzyHh�m�}�WqyHjJÓz���`jihfe,ji�,ÏHjle,�²ÏHjiháh²xzk4muglå4oA��jl·(jlk4m�·(jlkHgijih �R_{Ç)YA¹��
h,y{eá��jTe dz��j`�{jih�gi�ixzy{��jl·(jlkqm,hwe,ji�Åe,jih,h²gih��{xzkqm[y{kHjTn{e,jl·�}��le,j`}~·�oAå�jTÄÆy{m��{xzk{kHgij�jlk¬³!_I_I^ � [°¹ ���HoAkHháy{kÕ·(xzm,jly{e
�#xzkH�{jih[h�m²oAm�}�xzk{kRoA}~e,jih!�HÃ�j�n{e,x��ijih,h�yHhán{Ï4¼Åh�}�WqyHjrÇ4nRoAe»ÄØxz}�h[�{glkHxz·�·(g U ��jlk4mÚoz�ixzyHh�m�}�W4yHj)UzÇÅh,j�n{e,xq�Åy{}~m[n0xzy{eá�{jih
k{}~��jµoAyÅÝ¨oz�ixzyHh�m�}�WqyHjihÚgl��jl��gihÚjlm[h²j�m�e²oz�Åy{}~mÚnRoAe[�Gotå�glkHgle²oAm�}�xzk���� y{k�gi�ixzy{��jl·(jlk4mÚ·(xJ¼�jlk��Åy`\Hy{}��{jTå�glkHgle,g`nRoAe
�{jih<n{e,x��ijih,h�yHhÛoz�ixzyHh�m�}�W4yHjih2kHxzk��~}~kHgµoA}~e,jihf�Å}~��jle,h �RSA¹HÇBS)[ �Ån{e,jlkRoAk4mÛn{�Goz�ij[�HoAkHh���jihÛ�ixzyH�²ÏHjihÛ�~}~·�}~m,jihÛoz�ixzyHh,m�}�W4yHjih
�bn{e,xiÝÅ}~·�}~m,gT�{jih�nRoAe,xz}�h��Åy�e,gih²xzkRoAm,jly{e`ÑÆxzyÕ�Åy�h�m²oz�LK{Óz��Ê�m�}~m�e,j�����j Ý{jl·�n{��jrÇ���� oA�~�~y{e,jT�{jihá�~}~årkHjih[�{j��ixzy{e²oAkqm[�Åy
��jlkqmToz�ixzyHh�m�}�WqyHjb�HoAkHhÚy{k�e,gih²xzkRoAm,jly{e��{jl·�}CéæxzkH�{j�ÑÆh²oAkHh�h�m²oz� KHÓ[jih�mÚn{e,gih,jlkqm,g#h�y{eÚ�Go�Ð2}~å@�{¹@�
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δ

λ/4 λ/2

p

Z[E��[¾�¹ 	aÈ$}~årkHjih«�{j¬�ixzy{e²oAkqm«e,jl�GoAm�}~��jih �?����gi�ixzy{��jl·(jlk4m�e,ji�Åe,jih,h,g¦�HoAkHh�y{k�e,gih,xzkRoAm,jly{e�oz�ixzyHh�m�}�WqyHj¦�{jl·�}Cé
xzkH�{jI�8È�jiheWqyRoAk4m�}~m,gih�*qÇRn$Ç8jlm��¦�{gih�}~årkHjlkqm�e,jih,n;ji�lm�}~��jl·(jlkqm�����glnRoA}�h²h,jly{e��{jt�ixzyH�,ÏHj��~}~·�}~m,jtm�ÏHjle�·(xµ��}�h W4yHjlyHh²jrÇ
��� oA·�n{�~}~m�yH�{j#�{j`n{e,jih,h,}�xzk�oz�ixzyHh�m�}�WqyHjrÇHjlmÚ�Go���xzk{åryHjly{eT����xzkH�{jtoz�ixzyHh�m�}�W4yHjI�

¶�xzm,xzkHh�WqyHj�m,xzyHhb��jih#m�e²oi�roAyÅÝ¬n{e,gi�igi�{jl·�·(jlkqm��l}~m,gihbn0xze�m,jlk4mth,y{e#�{jih#h�¼Åh�m �l·(jih �¨xzkH�{jih#h�m²oAm�}�xzk{kRoA}~e,jih+�
��k©oAy{m�e,j«mæ¼�n;j«�{j�·(xzm,jly{e(o�glm,g�n{e,xzn0xrh,g«jlk ³!_)[:_�nRoAe(Ã�jln;jle���jl¼ �~³!YÅÇá³+[��æÇ<�{xzkqm���� }��{gij«�ixzkHh�}�h�m,j ��n{�Goz�ijle
��j�h�m²oz�LKM�HoAkHh#y{kÒe,gih,xzkRoAm,jly{e�oAk{k4y{�GoA}~e,j¬ÑÆÐ<}~å@��S�Óz��ÈX� }~k4m,gle��lm���� y{kHj(m,jl�~��j«�ixzkOwHåry{e²oAm�}�xzkajih�m�Wqy$��jl�~��j�n0jle�·(jlm
��jt�{gl��jl��xzn{n0jl·(jlk4mt����xzkH�{jih�n{e,xzåre,jih,h�}~��jihµÇ0jlmµÇ0h�y{}~�roAk4m`��� oAkRoA�~¼Åh,j W4yRoA�~}~m²oAm�}~��j�Ä�oA}~m,j#nRoAe`��� oAy{m,jly{eµÇ�jl�~��j�hµ� oµ�)�le,j
n{e,xz·(jlm�m,jlyHh,j�jlk?m,jle�·(jiht�{j�e,jlkH�{jl·(jlkqm!�ÛÃ�jln0jlkH�HoAk4m���jih�m,jlkqm²oAm�}~��jiht}~kÅÄÆe�yH�lm�yHjlyHh,jih��{j�Ã�jln0jle���jl¼¦n0xzy{e�Ä�oA}~e,j
ÄÆxzkH�lm�}�xzk{kHjle�y{k�n{e,xzm,xzmæ¼�n;j?j Ý�n0gle�}~·(jlk4m²oA��xzk4m�n0xzy{e¨y{k�m,jl·�nHh��GoA}�h,h,g¬��� }��{gijM�HoAkHh¨����xzy{|{�~} �`Ã�j6k$��jih�mFWqyHj
e,gi�ijl·�·(jlk4m�Ñ»³!_I_I^�Ó�WqyHj �áo�
JoBKq};jlmX�ixz�~� � � [:Q��RxzkqmXn{y{|{�~}�g���jihum,xzy{mun{e,jl·�}�jle,háe,gih�y{�~m²oAm,hXj ÝÅn0gle�}~·(jlk4m²oAyÅÝ�xz|{m,jlk4yHh
h�y{eÛy{k�n{e,xzm,xzmæ¼�n;jÚ�{j[å�glkHgle²oAm,jly{eXm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjToAk{k4y{�GoA}~e,jrÇ��ixzkOwHe�·�oAkqmcWqyHjá��j[åre²oz�Å}�jlkqmX�{j[m,jl·�n0gle²oAm�y{e,j
kHgi�ijih,h²oA}~e,j�oAy¨�{gi�l��jlkH�,ÏHjl·(jlkqm��{j�����xzkH�{jboz�ixzyHh�m�}�WqyHj`jih�m[n{�~yHh�ÄØoA}~|{��j`�HoAkHhÚ�ij�h�¼Åh�m �l·(j W4yHj`�HoAkHh[y{k�h�¼Åh�m �l·(j
�ÕxzkH�{jih#h�m²oAm�}�xzk{kRoA}~e,jih Ulg�Wqy{}~�zoA��jlkqm+U:�<�Tk?oAkMn{�~yHhbm²oAe,��Ç�Ü[oz�LKqÏRoAyHh�jlm#�ixz�~� � �R^����ixzkHh�m�e�y{}�h,jlk4mty{kMn{e,xzm,xzmæ¼�n0j
�{jÕ·�oz�,Ï{}~kHj��{j�êqm�}~e��~}~k{åÒ�ixzy{n{�GoAkqm�y{k�e,gih,xzkRoAm,jly{e«oAyPh�¼Åh�m �l·(j�oAk{k4y{�GoA}~e,jrÇ�jlmVW4y{}�n;jle�·(jlm���� oAm�m,jl}~kH�Åe,j�y{k
e,jlkH�{jl·(jlk4m�glå4oA� ��� 
 & �{jÕ�ijl�~y{}w�{j�Ã[oAe�kHxzm!�fÞ"��h�·(xzk4m�e,jlk4m ����� oA}��{j¨�Åy��ixq�{jÕ�{j¨h�}~·ty{�GoAm�}�xzkP�`jl�~m²ozÉ �RSI_��
W4yHj`�Go�n{ÏRozh,jbjlk4m�e,j#n{e,jih,h�}�xzk�jlmw��}~m,jih,h,jboz�ixzyHh,m�}�W4yHjb�HoAkHh�y{k�m,jl��h�¼Åh�m �l·(j�jih�mT�ijl�~��jb��� y{kHjbxzkH�{j�n{e,xzåre,jih,h,}~��jI�
Î�jih�m,j WqyHj��ijih�oAy{m,jly{e,h�kHjÕn{e,xzn;xrh,jlkqm�nRozh(�{jÕ·(x��{gl�~}�h²oAm�}�xzk¢�{jih�å�glkHgle²oAm,jly{e,h�����xzkH�{jih�m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj
oAk{k4y{�GoA}~e,jihµÇám²oAk4mÕjlk��ij3Wqy{}T�ixzkH�ijle�kHj���j�h,jly{}~��jlm��Go6ÄUe,g�WqyHjlkH�ij��{j��{gi�l��jlkH�,ÏHjl·(jlk4m W4yHj��GoMh²oAm�y{e²oAm�}�xzk��{j
����xzkH�{j`nRoAe�jzN�jlmÚkHxzk¨�~}~kHgµoA}~e,jI��Ã���jih�m[Ä�oz�ij ���ij��ixzkHh�m²oAm/WqyHj#êqm,gln{ÏRoAkHj���xz|�o��{gl|{y{m,gbjlkM³!_I_I^�y{kHjbm�Ï@�ih,jboAy
È�oA|0xze²oAm,xz}~e,j�����ÊÚ�ixzyHh�m�}�WqyHj��{jÚ�����Tk{}~��jle,h�}~m,gw�Åy�Á¦oA}~kHjÚn0xze�m²oAk4m�h�y{eu����glm�yH�{j�m�ÏHgixze�}�W4yHjwjlmáj Ý�n0gle�}~·(jlk4m²oA��j���� y{k
·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj[oAk{k4y{�GoA}~e,j � ¸I_��æÇJh,xzyHh��Go[e,jih�n0xzkHh²oA|{}~�~}~m,gX�{j��T}~m²oA�~¼�}�ë�yHh²jl���°êqy{e<�GoÚ|Rozh,jX�{jih�m�e²oµ�zoAyÅÝ
m�ÏHgixze�}�W4yHjihw·(glkHgihÚnRoAewÎ�xzm�m �RSr¸{Ç@SIQÅÇ@SIY��$jlmTë�yHh,jl�«jlmw�ixz�~� � � ¸IQ��æÇÅy{k¨·(x�� �l��jboAkRoA�~¼qm�}�WqyHjboz�HoAn{m,g#oAy�h�¼Åh�m �l·(j
oAk{k4y{�GoA}~e,jbo�glm,g��{gl��jl��xzn{n;grÇ �tnRoAe�m�}~eÚ�Åy@W4yHjl�0��j`h,jly{}~�0jlm[�GobÄÆe,g�WqyHjlkH�ij��{j��{gi�l��jlkH�,ÏHjl·(jlkqmTxzkqm[glm,g`xz|{m,jlkqyHhw�{j
ÄØo��ixzkMoAkRoA�~¼�m�}�W4yHjrÇ0n{y{}�h��µoA���ly{��gih`kqy{·(gle�}�W4yHjl·(jlkqm!���Tk¬n{e,xzm,xzmæ¼�n;j��{j�·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�oAk{k4y{�GoA}~e,j
o�glm,gÒe,gµoA�~}�h,grÇ W4y{}�o�n0jle�·�}�h��{j>�ixzkOwHe�·(jle¬nRoAe�����j ÝÅn0gle�}�jlkH�ij?��jih¦e,gih�y{�~m²oAm,h¬oAkRoA�~¼qm�}�WqyHjih¬jlm�kqy{·(gle�}�W4yHjihJÇ
kHxzm²oA·�·(jlk4m��ijlyÅÝ¨xz|{m,jlkqyHhwn0xzy{ew��j�h,jly{}~�$�{jb�{gi�l��jlkH�²ÏHjl·(jlk4m!�

È$jihTm�e²oi�roAyÅÝ�n{e,gih,jlkqm,gih��HoAkHh`�ij#·(gl·(xz}~e,j Wqy{}$ÄØxzk4m`h�y{}~m,j �(�ijlyÅÝ�jlk{å4oAå�gih�nRoAebêqm,gln{ÏRoAkHj��4xz|¦jlm	�T}~m²oA�~¼�}
ë�yHh,jl�0Çwn0xze�m,jlk4m6n{�~yHh¦n{e,gi�l}�h,gl·(jlkqmMh�y{e���jih¦n{e,x��ijih,h�yHh�kHxzkâ�~}~kHgµoA}~e,jih¬e,jih�n;xzkHhÔoA|{��jih¦�{jÒ�Go¢h²oAm�y{e²oAm�}�xzk jlk
oA·�n{�~}~m�yH�{jX�{jf����xzkH�{j�oz�ixzyHh�m�}�WqyHjX�HoAkHh$y{k#·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�oAk{kqy{�GoA}~e,jI��Ã�jih�n{e,xq�ijih²h�yHh$kHxzkb�~}~kHgµoA}~e,jih
ÑÆ�µozh,�µoz�{jMÏRoAe�·(xzk{}�WqyHjrÇ�n;jle�m,jih�·�}~kHjly{e,jihµÇTm�y{e�|{y{��jlkH�ijrÇ`�ixzkH�ÅyH�lm�}~�q}~m,g©oz�ixzyHh�m�}�WqyHjl·(jlk4m¬}~kH�Åy{}~m,jI�b�b� Ó�glm�yH�Å}�gih
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Z�E��[¾�S 	�Î�jln{e,gih,jlkqm²oAm�}�xzk�h,�²ÏHgl·�oAm�}�W4yHjt��� y{k�·(xzm,jly{ewm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjtoAk{kqy{�GoA}~e,j

n{e,gi�{gi�{jl·�·(jlkqmÕn;xzy{e«�{jih�h�¼Åh�m �l·(jih �MxzkH�{jih�h�m²oAm�}�xzk{kRoA}~e,jihtº�xzyHjlk4mÕo6n{e�}�xze�}�y{k�e dz��j�}~·�n0xze�m²oAk4mÕ�HoAkHh�y{k
�Å}�h,n;xrh�}~m�}CÄ��6xzkH�{jih�n{e,xzåre,jih,h�}~��jih+�X�TkHj��Å}xN�gle,jlkH�ij�kHxzm²oA|{��j¦�{xz}~m �lm�e,j��ijln0jlkH�HoAk4mÕh,xzy{�~}~årkHgij('�jl�~��j��ixzkH�ijle�kHj
����j Ý{�l}~m²oAm�}�xzk6��� y{kMgi�ixzy{��jl·(jlk4mbe,ji�Åe,jih²h,gth²jl��xzk WqyHj���j�e,gih,xzkRoAm,jly{eboz�ixzyHh�m�}�W4yHj�jih,m��{j�mæ¼�n0j UÔÄØjle�·(g)UÕÑÆÐ2}~å@�2³JÓ
xzy�|{}�jlkpU |0xzyH�l��g)U#ÑÆÐ2}~å@�=S�Óz�qÉfk�jzN�jlmµÇ4oA��xze,h W4yHjÚ�Gobå�gixz·(glm�e�}�jT�Åy�e,gih,xzkRoAm,jly{e[oz�ixzyHh,m�}�W4yHjT�{jÚ�GobÐ2}~å@�R³w}~·�n;xrh,j
WqyHjw��jJ\HyÅÝ(·�ozh,h�}�WqyHj��{j�����gi�ixzy{��jl·(jlk4mÚe,ji�Åe,jih,h,g�·(xµ¼�jlk{kHg`h�y{eáy{kHj�h,ji�lm�}�xzkÕ�Åy�m�y{|0jTh²xz}~mXk4y{�fÑÆ�ixzkÅÄØxze�·(gl·(jlk4m
���GobÐ<}~å@��¹qÓ Çz�Go`å�gixz·(glm�e�}�jToAk{kqy{�GoA}~e,j��Åy(e,gih,xzkRoAm,jly{e��{jÚ�Go`Ð2}~å@�9S`k$� }~·�n0xrh,jÚjlk(e,jl�roAkH�,ÏHj�nRozhu�ijlm�m,j��ixzkH�Å}~m�}�xzk6�
�TkHj«n{e,jl·�}��le,j¨glm�yH�{j¨h�y{e���jih��ixzkH�Å}~m�}�xzkHh(�HoAkHh���jih WqyHjl�~��jih�y{k©��jlk4m�oz�ixzyHh�m�}�WqyHjÕ�{j`\HyÅÝÒ·�ozh,h,}�W4yHj«kHxzk©k4y{�
n0jly{m��lm�e,j�å�glkHgle,gij��HoAkHh�y{k>�le�¼�xzå�glkHgle²oAm,jly{e���xzkH�{jih�n{y{��h,gijihbÄÆy{m#n{e,xzn0xrh,gij�jlk�³!_I_)[�nRoAe�ë`ji�{jixzk � ¸r¸��æÇ�jlm
·�}�h²j�jlk�gl��}��{jlkH�ij�j ÝÅn;gle�}~·(jlkqm²oA��jl·(jlk4m�nRoAewê��Ú}CÄÆmwjlmw�ixz�~� �{jlk6³!_I_I_ �RYÅ³ � �ÅÈ�o�m�ÏHgixze�}�j�e,jl�GoAm�}~��j ���Gotå�glkHgle²oAm�}�xzk
��� y{k�gi�ixzy{��jl·(jlkqm(e,ji�Åe,jih,h,g¨�HoAkHh(y{ka·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj�oAk{k4y{�GoA}~e,j¨ÄÆy{m��{gl��jl��xzn{n;gij�nRoAe�ë�yHh,jl�Òjlm
�ixz�~� � � ¸A¹��æÇ�glm²oA|{�~}�h²h²oAk4m�WqyHj�����gi�ixzy{��jl·(jlk4m�·(xµ¼�jlkÒ�{j \Hy{}��{j(�Å}~e�}~å�g�ÑÆ�HoAkHh���j�h�m²oz�LK{Ó`�{j��GoÕh²xzy{e,�ij�ÄUe,xz}��{j���jle,h
�Go�h,xzy{e,�ij��,ÏRoAyH�{j�·(x��Å}xwRjt�Go��Å}�h�m�e�}~|{y{m�}�xzk6�{jtm,jl·�n;gle²oAm�y{e,j��HoAkHh���jtkHxµ¼4oAy¬m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjrÇ0}~kO\HyHjlk �µoAk4m
�{j#�ij�Ä�oA}~m���jbn{e,x��ijih,h�yHhT��� oA·�n{�~}xwR�µoAm�}�xzk6jlmT�{j#hÔoAm�y{e²oAm�}�xzk¦�{j#����xzkH�{j«ÑU��xz}~e�Ð<}~å@�RY�Óz�;È�o(n{e,gih,jlkH�ij#jzN�ji�lm�}~��jt�{j
�ijlm�gi�ixzy{��jl·(jlkqm#e,ji�Åe,jih,h,g(o«glm,g�·�}�h,j�jlk6gl��}��{jlkH�ij(j ÝÅn;gle�}~·(jlkqm²oA��jl·(jlk4m#nRoAe��4xz|Mjlmb�ixz�~� � �RQr´��æÇ�jlm`hÔo«�q}~m,jih,h²j
·(xJ¼�jlk{kHj«o�glm,g�jih�m�}~·(gij�jlk?e,glår}~·(j«h�m²oAm�}�xzk{kRoA}~e,j�nRoAe#�Go¨·(x��Å}xwR�µoAm�}�xzk©�{j(�Go��Å}�h,m�e�}~|{y{m�}�xzk>�{j�m,jl·�n;gle²oAm�y{e,j
}~kH�Åy{}~m,jI�ÛÈ$jih�e,gih,y{�~m²oAm,h�j Ý�n0gle�}~·(jlk4m²oAyÅÝah,xzk4m�jlk©|0xzk©oz�i�ixze,��oµ��ji����jih�e,gih,y{�~m²oAm,htm�ÏHgixze�}�WqyHjih�n{e,gl��yHh�nRoAe���j
·(x�� �l��j��{gl��jl��xzn{n0gbnRoAeTë�yHh,jl�Õjlm��ixz�~� � � ¸A¹�� �

Î�jih�m,j W4y$� �T��� ÏHjly{e,jwoz�lm�yHjl�~��jrÇz}~�Åk$��j ÝÅ}�h�m,j�nRozh ��kHxzm�e,jÚ�ixzk{kRoA}�h²h²oAkH�ijÚ�{j�·(xq� �l��j[n0jle�·(jlm�m²oAk4mu�{j[�{glm,jle�·�}~kHjle
�Go��ixzk4m�e�}~|{y{m�}�xzk �{j>�²ÏRoz�ly{k×�{jih¦n{e,xq�ijih,h,yHh�kHxzkâ�~}~kHgµoA}~e,jih��P�Go¢h²oAm�y{e²oAm�}�xzk×�{jÒ����xzkH�{ja�HoAkHh�y{kâ·(xzm,jly{e
m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj¦oAk{k4y{�GoA}~e,jI��Ã���jih,m�n;xzy{e�nRoA�~}�jle �M�ijlm�m,j�oA|Hh,jlkH�ij��{j¨·(x�� �l��jnW4yHjÕ��jih(m�e²oi�roAyÅÝ©n{e,gih²jlk4m,gih
�HoAkHh��ijt·(gl·(xz}~e,jtxzkqm`glm,gtjlk{å4oAå�gih!�;Éfm²oAk4m��{xzk{kHg��Go(�ixz·�n{��j ÝÅ}~m,g�jlm��Go��Å}~��jle,h�}~m,gt�{jihTn{e,x��ijih,h�yHhT·�}�h�jlk�º»jly$Ç
����xz|Åº�ji�lm�}CÄ�o#y��²ÏHgtn0jly{m�nRoAe²o°Â�m�e,j�oA·t|{}~m�}�jlyÅÝ ��¶�gµoAk{·(xz}~kHhµÇ8��� }~k{}~m�}GoAm�}�xzkM�{jt�ijlm�m,j�glm�yH�{j�e,jln;xrh,jth�y{e���jt�ixzkHh�m²oAm
WqyHj[n0jly��{jÚm�e²oi�roAyÅÝ(xzk4m�glm,gwjzN0ji�lm�yHgih�ÑÆxzy(m,xzy{má�Åy�·(xz}~kHhun{y{|{�~}�gihÔÓÛh,y{eu�Go��Å¼�kRoA·�}�W4yHjw�Åy�e,glår}~·(jwm�e²oAkHh�}~m,xz}~e,j
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Z[E��[¾6Y 	�ÎTjln{e,gih,jlk4m²oAm�}�xzk?h²�,ÏHgl·�oAm�}�WqyHj(�{j���� }~kO\HyHjlkH�ij(�Åy6��jlk4m�oz�ixzyHh�m�}�W4yHj�h,y{e���j��²ÏRoA·�n?�{j�m,jl·�n0gle²oAm�y{e,j
�HoAkHhÚy{k�·(xzm,jly{ewm�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj�oAk{k4y{�GoA}~e,jI�

�{jln{y{}�hb��j��{gi�l��jlkH�²ÏHjl·(jlk4m��{j�����xzkH�{j�oz�ixzyHh�m�}�WqyHj`º»yHh Wqy$� �Õh²oÕh²oAm�y{e²oAm�}�xzk?nRoAetjzN0jlm,h�kHxzk?�~}~kHgµoA}~e,jih!�<èTkMn0jly{m
e²oA}�h,xzk{kRoA|{��jl·(jlk4m¦n0jlkHh,jle3WqyHj6��jih¨m,jl·�nHh��µoAe²oz�lm,gle�}�h,m�}�W4yHjih¦�{jM�{gl��jl��xzn{n0jl·(jlk4m¬jlk�e,glår}~·(jMm�e²oAkHh�}~m,xz}~e,jÒ�{j
�,ÏRoz�ly{k��{jih�n{e,x��ijih,h�yHh�·�}�h<jlkwº�jly#�Å}xN%�le,jlk4mÛh�y{}~�zoAkqm$�GoÚkRoAm�y{e,já�Åybn{e,x��ijih,h�yHh$·��l·(jI�°Éfkt��� oAy{m�e,jih<m,jle�·(jihµÇAoA��xze,h
W4y$��jlk�e,glår}~·(j`h�m²oAm�}�xzk{kRoA}~e,j�����jlkHh²jl·#|{��j`�{jih�n{e,xq�ijih,h,yHhXkHxzk��~}~kHgµoA}~e,jihwoAår}�h,h,jlk4m[jlk�nRoAe²oA�~���l��j�ÑÆh�}~·ty{�~m²oAkHgl·(jlk4mÔÓ Ç
����glm�yH�{já�Åy�e,glår}~·(jám�e²oAkHh�}~m,xz}~e,já�{xz}~m2n0xzy{��xz}~e<kHxzyHh<ÄØxzy{e�k{}~e2�{jih<}~kÅÄÆxze�·�oAm�}�xzkHh2n{e,gi�l}�jlyHh,jihÛh�y{e<��� }~kO\HyHjlkH�ij�n{e,xzn{e,j
�{j��,ÏRoz�ly{k¦�{jihÚ·(gi�µoAk{}�h�·(jih��{j#h²oAm�y{e²oAm�}�xzk��{j�����xzkH�{j�ÑDWqy{}�n0xzy{e�e²oA}�jlk4m�oAår}~eT�{j`ÄØo��ixzk�h²g�W4yHjlkqm�}�jl�~��jJÓz�

È$j��,ÏRoAn{}~m�e,j�³�o�n0xzy{e`xz|Åº�jlm��{j��{xzk{kHjle#oz�i���ih ��y{k6jlkHh,jl·t|{��j��{j�e,gih�y{�~m²oAm,h�j Ý�n0gle�}~·(jlk4m²oAyÅÝ6xz|{m,jlk4yHh#�ijih
�{jle�k{}��le,jih¨oAk{kHgijihÕoAy�È$ÊÚ��Á �ixzkH�ijle�kRoAk4m¨��j�e,glår}~·(j�m�e²oAkHh,}~m,xz}~e,j¦�{j��{gi�l��jlkH�,ÏHjl·(jlkqm�jlm«�{j�h²oAm�y{e²oAm�}�xzk �{j
��� }~kHh�m²oA|{}~�~}~m,gTm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjI�{È�jihXe,gih�y{�~m²oAm,h[xz|{m,jlkqyHh[·(jlm�m,jlk4mÚjlk�gl��}��{jlkH�ijeWqyHjT��jwe,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j�h�y{}~m
y{kHj#�Å¼�kRoA·�}�W4yHj#m�e �ih��ixz·�n{��j Ý{jrÇRn{e,xz|RoA|{��jl·(jlkqm��ixzk4m�e dz��gij�nRoAe�n{�~yHh�}�jly{e,hTn{e,x��ijih,h�yHhwkHxzk��~}~kHgµoA}~e,jih!�R�`j#n{�~yHhµÇ
�¨nRoAe�m�}~e��{j(·(x�� �l��jih�h�}~·�n{��jihµÇ$kHxzyHh�·(xzkqm�e,xzkHh WqyHj(��jihtn{e,x��ijih,h�yHh��l�Gozh,h�}�WqyHjiht�{j��µozh,�µoz�{j�ÏRoAe�·(xzk{}�WqyHjrÇÛ�{j
m�y{e�|{y{��jlkH�ijih�oz�ixzyHh�m�}�WqyHjihÚjlmÚ�{jTn0jle�m,jih[·�}~kHjly{e,jihÚkHj�n0jly{��jlk4mÚnRozhÚh�yOy(e,j ��j Ý�n{�~}�WqyHjle[�GotkRoAm�y{e,j��{jih[e,glår}~·(jih
xz|Hh,jle���gihµÇÛjlm W4yHj�nRoAe��ixzkHh,g�WqyHjlk4m���jih�n{e,x��ijih,h�yHh�kHxzk©�~}~kHgµoA}~e,jih���� }~k4m,jle²oz�lm�}�xzk�jlkqm�e,j¨�,ÏRoA·�nPoz�ixzyHh�m�}�WqyHjÕjlm
�,ÏRoA·�n��{jbm,jl·�n;gle²oAm�y{e,jt�{xz}~��jlk4m �lm�e,j`n{e�}�hTjlk��ixz·�n{m,jI�

��oAkHh���j¨�,ÏRoAn{}~m�e,j¦¸ÅÇÛy{kHj¨glm�yH�{j�oAkRoA�~¼�m�}�W4yHj�jih,m�n{e,xzn;xrh,gijrÇÛnRoAe��Go:WqyHjl�~��j¨��jÕn{e,x��ijih,h�yHh(��� oA·�n{�~}xwR�µoAm�}�xzk
�HoAkHh�y{ka·(xzm,jly{e(m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�oAk{kqy{�GoA}~e,j�n0jly{m��lm�e,j¨�{gi�le�}~m(n;xzy{e�y{kHj¨�Å}�h,m�e�}~|{y{m�}�xzk��{jÕm,jl·�n0gle²oAm�y{e,j
W4yHjl���ixzk@WqyHj��HoAkHh`��jth,m²oz� K>ÑUnRoAe�m�}�jFUioz�lm�}~��j)U��Åy¬kHxJ¼4oAy6m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjJÓ�jlmÔäAxzyM�HoAkHh��Go�nRoAe�m�}�j��Åy¦åry{}��{j
����xzkH�{jf}~k{ÏHxz·(xzå)�lkHj�jlkbm,jl·�n;gle²oAm�y{e,j�ÑUnRoAe�m�}�j/U nRozh,h�}~��j)Uu�ÅybkHxµ¼4oAytm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjJÓz�rÃ�jlm�m,juglm�yH�{jrÇJ·(xzm�}~��gij
nRoAeÛ��jihfxz|Hh,jle��zoAm�}�xzkHhfj ÝÅn0gle�}~·(jlk4m²oA��jihoWqy{}Å·(xzk4m�e,jlk4m��{jih2�zoAe�}GoAm�}�xzkHhuh,}~årk{}xwR�µoAm�}~��jihu�Åy��,ÏRoA·�n��{j�m,jl·�n0gle²oAm�y{e,j
oAy �ixzy{e,h��Åy�e,glår}~·(j6m�e²oAkHh�}~m,xz}~e,jrÇwo>n0xzy{eÕxz|Åº�ji�lm�}CÄ��{j¦�ixz·�n{e,jlkH�Åe,jMn;xzy{e WqyHxz}bjlm��ixz·�·(jlk4m��Go?ÄØxze�·(j6�Åy
�,ÏRoA·�n¬�{jbm,jl·�n0gle²oAm�y{e,j#}~kO\HyHjlkH�ijt��jbn{e,x��ijih,h�yHh���� oA·�n{�~}xwR�µoAm�}�xzk¬m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�;È�jih�e,gih�y{�~m²oAm,h�xz|{m,jlk4yHh
·(xzk4m�e,jlkqm�W4y$��jlk¦n{�~yHh��Åy�åre²oz�Å}�jlkqm�·(xµ¼�jlk6�{j�m,jl·�n;gle²oAm�y{e,j�oAyÅÝ�j ÝÅm�e,gl·�}~m,gih��Åy¬h�m²oz� K0Ç;�Go�ÄØxze�·(jt�Åy6�²ÏRoA·�n
�{jÚm,jl·�n0gle²oAm�y{e,jrÇ4kHxzm²oA·�·(jlkqm[�HoAkHhX�Go`nRoAe�m�}�jTnRozh,h�}~��jw�Åy(kHxJ¼4oAy�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjrÇq}~kO\HyHjlkH�ijTjzN�ji�lm�}~��jl·(jlk4m
�{j�ÄØo��ixzk�h�}~årk{}xwR�µoAm�}~��j���j�n{e,x��ijih,h�yHhw��� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�

��oAkHhf��jw�²ÏRoAn{}~m�e,jeQÅÇzy{k(·(x�� �l��j�oAkRoA�~¼�m�}�W4yHjw�{gi�le�}~�roAk4má��jÚe,glår}~·(jÚm�e²oAkHh�}~m,xz}~e,jT�{jln{y{}�hu��jÚ�{gi�l��jlkH�²ÏHjl·(jlk4mÚ�{j
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��� }~kHh,m²oA|{}~�~}~m,gbm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjTº%yHh Wqy$� ��h²oAm�y{e²oAm�}�xzk�nRoAeTjzN�jlm,hwkHxzk��~}~kHgµoA}~e,jihT��� }~kqm,jle²oz�lm�}�xzk¬jlkqm�e,jt�²ÏRoA·�n¦�{j
m,jl·�n0gle²oAm�y{e,jwjlmX�²ÏRoA·�n«oz�ixzyHh�m�}�WqyHjwjih�mfn{e,xzn0xrh,gI����oAkHhá�ij[·(xq� �l��jÚ����g�WqyRoAm�}�xzk�����gl��xz�~y{m�}�xzk«�{jÚ��� oA·�n{�~}~m�yH�{j��{j
n{e,jih²h�}�xzk�oz�ixzyHh�m�}�WqyHj#jih�mw�ixzy{n{��gij�oAyÅÝ�g�W4yRoAm�}�xzkHhT�{gi�le�}~�zoAkqmT��jih�m�e²oAkHh»ÄØjle�m,hwm�ÏHjle�·�}�WqyHjih�nRoAe��{jihwÄØoz�lm,jly{e,heW4y{}
n{e,jlk{kHjlkqm#jlkM�ixz·�n{m,j���jih`n{e,x��ijih,h�yHh��{j��ixzkH�ÅyH�lm�}~��}~m,g�oz�ixzyHh�m�}�WqyHjl·(jlk4mt}~kH�Åy{}~m,j�jlmb�{j���jlk4mtoz�ixzyHh�m�}�WqyHjI��È$jih
e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jihJÇ�xz|{m,jlkqyHhw�{j�ÄØo��ixzk«k4y{·(gle�}�WqyHjrÇ{h,xzk4mÚjlk«|;xzk¨oz�i�ixze,�¨oi��ji����jih�e,gih�y{�~m²oAm,hÚj ÝÅn;gle�}~·(jlkqm²oAyÅÝ
kHxzk�h²jly{��jl·(jlk4mTh,y{eÚ��j�n{�GoAk3WqyRoA�~}~m²oAm�}CÄ2·�oA}�h�oAyHh,h�}$h�y{eÚ��j`n{�GoAk3WqyRoAk4m�}~m²oAm�}CÄ �

�`oAkHh<��jX�²ÏRoAn{}~m�e,jX¹HÇ°m�}~e²oAk4m2nRoAe�m�}q�{jih2jlkHh,jl}~årkHjl·(jlkqm,hf�{jih<�²ÏRoAn{}~m�e,jih<n{e,gi�igi�{jlkqm,hµÇA�Gow�{jih,�le�}~n{m�}�xzk�oAkRoA�~¼�m�}�W4yHj
�ÅyÕe,glår}~·(j�m�e²oAkHh,}~m,xz}~e,j�jih�mwh�}~·�n{�~}xwRgij ������j ÝÅm�e��l·(jI�{�`oAkHhw��� oAn{n{e,xq�²ÏHjb�{gl��jl��xzn{n;gijrÇÅ�Go��Å}�h,m�e�}~|{y{m�}�xzk��Åy��,ÏRoA·�n
�{j>m,jl·�n0gle²oAm�y{e,j��HoAkHh6��j>kHxµ¼4oAyßm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjrÇtgl��gl·(jlk4m?jih²h,jlk4m�}�jl� �¢�Go¢�{jih,�le�}~n{m�}�xzkß�Åy n{e,x��ijih,h�yHh
��� oA·�n{�~}xwR�µoAm�}�xzk$Ç2jih�mb�{gi�le�}~m,j�nRoAe#h,jly{��jl·(jlk4mtm�e,xz}�hbnRoAe²oA·V�lm�e,jihÕÑ �¨h²oµ��xz}~e#����gi�µoAe�m#�{j�m,jl·�n0gle²oAm�y{e,j�jlkqm�e,j(��jih
�{jlyÅÝ¨j ÝÅm�e,gl·�}~m,gih��Åy�h�m²oz�LK;Ç{jlm��{jlyÅÝÕ��xzk{åryHjly{e,h��µoAe²oz�lm,gle�}�h,m�}�W4yHjih�e,jln{e,gih,jlk4m²oAm�}~��jih��{j`�Go�ÄØxze�·(j��Åy��,ÏRoA·�n��{j
m,jl·�n0gle²oAm�y{e,jJÓ`�{xzkqm���jih��zoAe�}GoAm�}�xzkHhbn{e,jlk{kHjlk4m#jlkM�ixz·�n{m,j�����jlkHh²jl·#|{��j(�{jih�m�e²oAkHh�ÄÆjle�m,h`m�ÏHjle�·�}�WqyHjih#�ixzkH�ÅyH�lm,xAé
�ixzkq��ji�lm�}CÄÆh+�Ú��j¦�Go©h,xze�m,jrÇ[��j¦n{e,xz|{���l·(jMh²j�e,gi�Åy{}~m �Òy{k�h�¼Åh�m �l·(j¦kHxzk �~}~kHgµoA}~e,j6����g�WqyRoAm�}�xzkHh��Å}xN0gle,jlkqm�}�jl�~��jih
xze,�Å}~kRoA}~e,jihJÇT�{xzkqm¦�GoPe,gih,xz�~y{m�}�xzkân0jle�·(jlm¦�{jÒe,jlm�e,xzy{��jleZW4yRoA�~}~m²oAm�}~��jl·(jlkqm6��jih�e,gih,y{�~m²oAm,h¦j ÝÅn0gle�}~·(jlk4m²oAyÅÝ jlm
kqy{·(gle�}�W4yHjih#�{jihb�,ÏRoAn{}~m�e,jih#n{e,gi�igi�{jlk4m,h!�$ÈX� oAn{n{e,xq�²ÏHj��{gl��jl��xzn{n0gij�}��l}fn;jle�·(jlmb�{j��ixzkOwHe�·(jlet��jte dz��j�jih²h,jlk4m�}�jl�
º�xzyHg¦nRoAe¨��j¬��jlk4m�oz�ixzyHh,m�}�W4yHj6jlm¨�Go©�ixzkH�ÅyH�lm�}~��}~m,g?oz�ixzyHh�m�}�WqyHjl·(jlk4m�}~kH�Åy{}~m,jM�HoAkHhÕ�Go>kRoAm�y{e,jM�{jihÕe,glår}~·(jih
m�e²oAkHh,}~m,xz}~e,jihMxz|Hh,jle��roA|{��jihµÇ`·�oA}�h6glå4oA��jl·(jlk4m>��� oi�roAkH�ijleM�HoAkHh6�Go¢�{jih,�le�}~n{m�}�xzkß�ixzkH�ijln{m�yHjl�~��j��{jih6n{e,x��ijih,h�yHh
n{Ïq¼�h,}�W4yHjihÚ·�}�h�jlk�º»jly6�

Ê�ynwH�<�{jb�ijb·(gl·(xz}~e,jrÇ8�Å}~��jle,h�e,jlkq��xz}�hTjlk¬oAk{kHj ÝÅjbh²xzk4m�n{e,xzn0xrh,gih!�;Ã�jihToAk{kHj Ý{jihT�ixz·�n0xze�m,jlk4m`�{jih��{glm²oA}~��h
�{jt�µoA���ly{��h�W4y{}<kHjth²xzk4m`nRozhTjih²h,jlk4m�}�jl��h ���Go(��ji�lm�y{e,j��Åy¦·(gl·(xz}~e,jrÇ8·�oA}�h Wqy{}<h,xzkqm��ijln;jlkH�HoAkqm�y{m�}~��jih�n0xzy{eTy{k
j ÝHoA·(jlk�oAn{n{e,xAÄØxzkH�Å}<�Åy�m�e²oµ�zoA}~�$n{e,gih²jlk4m,gI�
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Ü�}�jlk�WqyHjÒm,xzy{m,jÒj ÝÅn;gle�}�jlkH�ij©jzN�ji�lm�yHgijÒh,y{e�y{k ·(xzm,jly{e¬m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj©}~·�n{�~}�WqyHjÒkHgi�ijih,h²oA}~e,jl·(jlk4m
����xz|Hh,jle��roAm�}�xzk���� y{k�e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,jrÇA�Go��{jih,�le�}~n{m�}�xzk��Åy�e,glår}~·(j���� oA·�n{�~}xwR�µoAm�}�xzk�jlm2�{j[h²oAm�y{e²oAm�}�xzk��{já����xzkH�{j
oz�ixzyHh�m�}�WqyHjTk$� oAn{nRoAe²o°Â�mJWqyHjTm�e �ihán0jlyÕ�HoAkHh[�Gob�~}~m�m,gle²oAm�y{e,j �~³!Q{ÇOQ)[�Ç Yr´ÅÇlYI_HÇO[I[ � �ÅÈ$jTe,gih�y{�~m²oAmÚ�l�Gozh,h�}�WqyHj`xz|Hh,jle���g
�HoAkHhu�{jihXh,¼�h�m �l·(jih �`xzkH�{jihXh�m²oAm�}�xzk{kRoA}~e,jihá·(xzk4m�e,j�y{kHj�oA·�n{�~}xwR�µoAm�}�xzk�j ÝÅn;xzkHjlkqm�}�jl�~��j�h�y{}~��}�jw��� y{kHjwhÔoAm�y{e²oAm�}�xzk
��jlk4m,j �RQ)[ÅÇHYI_�� �;Ã�jln0jlkH�HoAk4mµÇ��{jihTn{e,xq�ijih,h,yHh�n{�~yHh��ixz·�n{��j ÝÅjih`xzkqm`glm,g�h�}~årkRoA��gih!�;��oAkHhTh²jihTj ÝÅn;gle�}�jlkH�ijih`h�y{eTy{k
n{e,xzm,xzmæ¼�n;j#�{j`·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj ��xzkH�{jihTh�m²oAm�}�xzk{kRoA}~e,jihwe,jlkÅÄØjle�·�oAk4m��{j���� �Tjl�~}~y{· å4o�
µjlyÅÝ¨h²xzyHhÚy{kHj
n{e,jih,h�}�xzk«h�m²oAm�}�W4yHjT�{jw����xze,�Åe,j��{j#³µ´b|RoAe,hµÇ�ê��Ú}CÄÆm �RYr´��;e²oAn{n;xze�m,j W4yHjw��xze,h W4yHj���jw·(x��{j��{jT�,ÏRoAyON$oAå�j�jih,mum,jl�HWqyHj
��j�h,jly{}~�[�{j«�{gi�l��jlkH�,ÏHjl·(jlk4m�jih�mtm�e²oµ��jle,h,g���jlk4m,jl·(jlk4mµÇu��j��{gi�l��jlkH�,ÏHjl·(jlkqm��{j���� }~kHh�m²oA|{}~�~}~m,g«m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj
jih�mtoA��xze,h�h�y{}~��}X��� y{kHj�·(xq�Åy{�GoAm�}�xzk>n;gle�}�x��Å}�WqyHj���� oA·�n{�~}~m�yH�{jÕ�{j(����xzkH�{jÕoz�ixzyHh�m�}�WqyHj¦ÑUn0gle�}�xq�{j��{j(����xze,�Åe,j«�{j
�Go¦�Å} 
JoA}~kHj«�{jÕh,ji�ixzkH�{jJÓz�fÞ"�[e²oAn{n;xze�m,jÕglå4oA��jl·(jlkqmqW4yHj«��� oA·�n{�~}~m�yH�{j¨�{jÕ�ijih�xrh,�l}~�~�GoAm�}�xzkHh�|Rozh²h,j éØÄUe,g�WqyHjlkH�ijÕ�{j
�GoÕn{e,jih,h�}�xzk>oz�ixzyHh�m�}�W4yHj�jzy��µoz�ij��le,xAÂ�m#jl�~��j é�·��l·(j«j ÝÅn;xzkHjlkqm�}�jl�~��jl·(jlk4mµÇ8º%yHhLW4y$� �¨�ijqW4y$� oAyM|0xzy{m#�{jVWqyHjl��WqyHjih
·�}~k4y{m,jihX��jihXxrh,�l}~�~�GoAm�}�xzkHháhµ� oAe�e��lm,jlk4m!��È$jÚ·(xzm,jly{eám�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjTh�y{}~máoA��xze,hXy{k(e,glår}~·(jw�{jw�{gi�l��jlkH�²ÏHjl·(jlk4m,h
jlm[oAe�e��lm,h[h�yH�i�ijih²h�}CÄÆhJÇ4�{xzk4m[�Go#n;gle�}�x��{j`jih�má�{j�����xze,�Åe,j`�{jTn{�~yHh���� y{kHj�ÏHjly{e,jI�Hê��Ú}CÄÆmán{e,gi�l}�h,j�glå4oA��jl·(jlk4mJWqyHjT��xze,h
�{j��ij�e,glår}~·(jT�{j��{gi�l��jlkH�,ÏHjl·(jlkqm,hwjlm�oAe�e��lm,h�h�yH�i�ijih,h�}CÄØhµÇ4�Go�·(jih�y{e,jT�{j�m,jl·�n0gle²oAm�y{e,j�oAy«k{}~��jµoAyÕ�{jw����j ÝÅm�e,gl·�}~m,g
�,ÏRoAyH�{jt�Åy�h�m²oz�LK«}~kH�Å}�WqyHjby{kHj�ÄÆxze�m,jt�Å}~·�}~k4y{m�}�xzk¬�{j�m,jl·�n;gle²oAm�y{e,j�� �ihw��xze,heW4yHjb��jih�xrh,�l}~�~�GoAm�}�xzkHh`oz�ixzyHh�m�}�WqyHjih
oAm�m,jl}~årkHjlk4m�y{k k{}~��jµoAy h�yOy�h²oAkqmÒÑÆjlk4��}~e,xzk ³¬|RoAeÔÓz�TÃ�j¬e,glår}~·(j?�{jM�{gi�l��jlkH�,ÏHjl·(jlkqm¦jlm�oAe�e��lm,h�h�yH�i�ijih,h�}CÄØh�o
glå4oA��jl·(jlk4m�glm,g`xz|Hh,jle���g`nRoAe��8ÏHxzy�jlmÚ�ixz�~� � � [I[��$h�y{e[y{k¨�Å}�h�n;xrh,}~m�}CÄÛoAkRoA��xzåryHjI�RèTkÕn;jly{mÚjlkOwHk��l}~m,jleÚ��jih[m�e²oµ�zoAyÅÝ
�{j«ÃáÏHjlk©jlmt�ixz�~� � �~³!^��æÇ$n0xze�m²oAk4m�h�y{et��j��µoAe²oz�lm �le,j«Ï4¼Åh�m,gle,glm�}�WqyHj��Åy©�{gi�l��jlkH�,ÏHjl·(jlkqm(jlmt�{j���� oAe�e��lm��{j�����xzkH�{j
oz�ixzyHh�m�}�WqyHju�HoAkHh�y{k#·(xzm,jly{e��ÚxzkH�{jih2h�m²oAm�}�xzk{kRoA}~e,jih!�°È$jih$e,gih�y{�~m²oAm,h2j ÝÅn;gle�}~·(jlkqm²oAyÅÝbn{e,gih,jlk4m,gih<nRoAe<�ijih$�{jle�k{}�jle,h
·(xzk4m�e,jlkqm WqyHj���jÕåre²oz�Å}�jlkqm��{jÕm,jl·�n0gle²oAm�y{e,j�h,jly{}~�ÚkHgi�ijih,h²oA}~e,j�oAya�{gi�l��jlkH�²ÏHjl·(jlk4mÕ�{jÕ��� }~kHh�m²oA|{}~�~}~m,g?ÑU��xze,h WqyHj
����xzk¢oAy{år·(jlkqm,j�n{e,xzåre,jih²h�}~��jl·(jlk4mÕ�Go6n{y{}�h²h²oAkH�ij�m�ÏHjle�·�}�WqyHj�ÄØxzy{e�k{}�j �M����gi�,ÏRoAk{å�jly{e¨�{j¦�,ÏRoA��jly{eÕ�,ÏRoAyH�RÓ�jih�m
å�glkHgle²oA��jl·(jlk4m�n{�~yHh�gl��jl��gpWqyHj¦��j¬åre²oz�Å}�jlk4m��{j¦m,jl·�n0gle²oAm�y{e,j��ÒnRoAe�m�}~e��Åy@W4yHjl�`����xzkH�{jMoz�ixzyHh�m�}�WqyHj6hµ��glm,jl}~kqm
��xze,h WqyHj`����xzk��Å}~·�}~k4yHj#n{e,xzåre,jih,h�}~��jl·(jlk4mT�Go�n{y{}�h,h²oAkH�ij`m�ÏHjle�·�}�WqyHj�ÄØxzy{e�k{}�j�������gi�²ÏRoAk{å�jly{e��²ÏRoAyH�%�

Þ"��h,jl·#|{��ju�{xzkH�8W4y$� oAyH�ly{kHjáglm�yH�{juh�¼Åh�m,gl·�oAm�}�W4yHjÛk$� oA}~m2glm,gÛ·(jlkHgijrÇµ��xz}~e,jf·��l·(jukHjuh,xz}~m�n{e,xzåre²oA·�·(gijrÇAh�y{e$�ij
h�yzº�jlmu�HoAkHhu��jihfåre,xzy{n0jihX�{jÚe,ji�²ÏHjle,�,ÏHj�jlk(m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjT�{jwnRoAeu��jÚ·(xzkH�{jI��Ã���jih,mu�Go�e²oA}�h,xzk�n0xzy{ef�Go:WqyHjl�~��jrÇ
oAyÅéæ�{jl� �¬�{jÕ��� }~k4m,gle��lm«h,�l}�jlk4m�}xw WqyHj�jlm�n{�~yHh�m²oAe,�am,ji�²Ï{k{}�W4yHjrÇoWqy$� y{kHj¨glm�yH�{j¨�{glm²oA}~�~��gij��Åyae,glår}~·(j¨m�e²oAkHh,}~m,xz}~e,j
�HoAkHh�y{k¦·(xzm,jly{e`m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�oAk{kqy{�GoA}~e,j�jih�mT·(jlkHgij�oAy¬È$ÊÚ�TÁ �;Èu��xz|Åº»jlm`�Åy¦n{e,gih,jlk4m`�,ÏRoAn{}~m�e,j�jih�m��{j

³r³
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·(xzkqm�e,jleXnRoAeá����j Ý�n0gle�}�jlkH�ij/WqyHjÚ��jw�{gi�l��jlkH�²ÏHjl·(jlk4mw�{jÚ����xzkH�{j�oz�ixzyHh�m�}�W4yHj�n;jly{má�{xzk{kHjleX�~}�jly �b�{jihX�Å¼�kRoA·�}�W4yHjih
�{jue,glår}~·(jih<m�e²oAkHh,}~m,xz}~e,jih��roAe�}�gijihµÇµm,jl��h0W4y$� y{ktn{e,xq�ijih²h�yHh��{já�{xzy{|{��j éæ�{gi�l��jlkH�,ÏHjl·(jlk4má�{ju����xzkH�{j[oz�ixzyHh�m�}�W4yHj�oi�roAk4m
hÔoAm�y{e²oAm�}�xzk wHkRoA��j�xzyqWqy$� y{k(e,glår}~·(jw�{j��{gi�l��jlkH�,ÏHjl·(jlk4m,hÚjlm�oAe�e��lm,hun0gle�}�xq�Å}�WqyHjihujlm8WqyHjrÇ4oAy�m,jle�·(j��{jw��� oAkRoA�~¼�h,j
�{jihX�{xzk{kHgijihXj ÝÅn;gle�}~·(jlkqm²oA��jihµÇ���jihXn{e,xq�ijih,h,yHhfkHxzk(�~}~kHgµoA}~e,jihu}~kO\HyHjlk �µoAkqmá�Go`�Å}�h,m�e�}~|{y{m�}�xzk��{jÚm,jl·�n0gle²oAm�y{e,j��HoAkHh
��jukHxµ¼4oAy�m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj<º�xzyHjlk4m<n{e,xz|RoA|{��jl·(jlk4mfy{kbe dz��já}~·�n;xze�m²oAkqm2�HoAkHh��GoÚkRoAm�y{e,j��{jih$e,glår}~·(jih2m�e²oAkHh,xz}~e,jih
xz|Hh²jle���gih!�
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� "!
#%$&#'$&# (*)�+-,/.10�243�516�78+9240':<;87=3>2?)�:A@10'.1B%3�516�C�6<,/DFE

échangeur de chaleur chaud

stack

microphones piezo-résistifs

thermocouples

échangeur de chaleur froid
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O
PPP
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Z[E��[¾u³I�~³ 	6ê��,ÏHgl·�o��ÅyMn{e,xzm,xzmæ¼�n;j�j Ý�n0gle�}~·(jlk4m²oA�
}~kHh,m�e�y{·(jlk4m,g

Z[E��[¾�³I� ¸ 	¬dfÏHxzm,xzåre²oAn{Ï{}�j¨�Åy>n{e,xzm,xzmæ¼�n0j�j ÝÅn;gle�}Cé
·(jlk4m²oA�<}~kHh�m�e�y{·(jlk4m,g

��k?h²�,ÏHgl·�o�jlm#y{kHj(n{ÏHxzm,xzåre²oAn{Ï{}�j«�Åy?�Å}�h�n0xrh�}~m�}CÄwj Ý�n0gle�}~·(jlk4m²oA�[h,xzk4m#n{e,gih,jlk4m,gih�h�y{eb��jihtÐ<}~å@�á³I�~³(jlm�³I� ¸O�
�Tk�åry{}��{j�����xzkH�{j�oAk{kqy{�GoA}~e,j�jlk¬oz�l}�jleT}~kHxiÝÅ¼��HoA|{��j��{j#�Å}GoA·V�lm�e,jt}~k4m,jle�kHjRQ .TS4U �7� jlm��{j#��xzk{åryHjly{eTm,xzm²oA��jV . 
XW 
 �(� e,jlkÅÄÆjle�·(j��{já��� oA}~eÛh²xzyHh�n{e,jih,h,}�xzk�oAm�·(xrh�n{ÏHgle�}�WqyHjI�zÈ$j�h�m²oz� K�ÑÆÐ2}~å�³I�RQO� Ó<jih�m�y{k�·�oAm,gle�}GoAy�n;xze,jlyÅÝtjlk
�igle²oA·�}�WqyHj��{jT�ixze,�Å}�gle�}~m,jrÇÅ�{xzk4m���jihun0xze,jih ��h²ji�lm�}�xzk«�µoAe�e,gijTxzk4m�y{kHjToAe��lm,j��{jT´O�R_�·�·F�qd<xzy{e WqyHjw��jwn{e,x��ijih,h�yHh
�{j��ixzkq��jle,h�}�xzk�����glkHjle�år}�jbm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjth,xz}~m�xzn{m�}~·�oA��Ç{��jih��Å}~·(jlkHh�}�xzkHh��{jihÚn0xze,jihw�Åy�h�m²oz�LK¨�{xz}~��jlk4m �lm�e,j
�²ÏHxz}�h�}�jih�jlk�ÄØxzkH�lm�}�xzkHh��{jih��Å}~·(jlkHh�}�xzkHh`�Åy�e,gih²xzkRoAm,jly{e�ÑÆ�r��jih�m �(�Å}~e,j�jlk�Ä�oA}~mTjlk�ÄÆxzkH�lm�}�xzk¬�{jb�Go�ÄUe,g�WqyHjlkH�ijt�{j
e,gih²xzkRoAkH�ij Wqy{}X�{xz}~m �lm�e,j�å�glkHgle,gij«�HoAkHh#��j�åry{}��{j�����xzkH�{jJÓ Ç2jlmt�{j�·�oAk{}��le,j«m,jl�~��jqWqyHj(��j(e²oµ¼�xzk©å�gixz·(glm�e�}�W4yHj
��� y{k�n0xze,j[h,xz}~mu�Åy�·��l·(jÚxze,�Åe,jÚ�{j[åre²oAkH�{jly{e8Wqy$� y{kHjÚglnRoA}�h,h,jly{eu�{jÚ�ixzyH�²ÏHjÚ�~}~·�}~m,jwoz�ixzyHh�m�}�WqyHjI�rÞ"�l}�Çz�Go��Å}�h�m²oAkH�ij
jlkqm�e,j`�{jlyÅÝ�nRoAe,xz}�hÚ��� y{kÕn;xze,j��Åy«h,m²oz� K�jlk«e,jlå4oAe,�«��� y{kHj`�{j���� oAy{m�e,j��ixze�e,jih�n0xzkH�ÕoAn{n{e,xiÝÅ}~·�oAm�}~��jl·(jlk4m �#¹�ÄÆxz}�h
����glnRoA}�h²h,jly{e��{jt�Go��ixzyH�,ÏHj��~}~·�}~m,jtm�ÏHjle�·�}�W4yHj+*�, .ZY � ,

�
x�� 1¬jlm 5 �{gih�}~årkHjlk4m`e,jih�n0ji�lm�}~��jl·(jlk4m��Go��Å}xN0yHh�}~�q}~m,g
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m�ÏHjle�·�}�W4yHj��{j���� oA}~e �6m,jl·�n0gle²oAm�y{e,j¦oA·t|{}GoAk4m,j¬h,xzyHh(n{e,jih²h�}�xzk¢oAm�·(xrh�n{ÏHgle�}�WqyHj¦jlm(�Go6n{y{��h²oAm�}�xzk oz�ixzyHh�m�}�WqyHj
�Åy?·(x��{j�ÄØxzkH�HoA·(jlk4m²oA��Ç2å�glkHgle²oA��jl·(jlk4m���j(n{�~yHht}~kHh�m²oA|{��j¦Ñ 5 . ��� � �� Ç����	� U � 
 � " ��� �{gih�}~årkRoAkqmt�Go��igl��gle�}~m,g
oz�Å}GoA|RoAm�}�W4yHj#�Åy�h,xzk ��m,jl·�n0gle²oAm�y{e,jtoA·#|{}GoAkqm,jJÓz�

dÛoAe[oA}~�~��jly{e,hµÇ��{jlyÅÝ�h�m²oz�LK�h��Åy�·��l·(jT·�oAm,gle�}GoAy«·�oA}�h��{j���xzk{åryHjly{e,h[�Å}xN0gle,jlkqm,jih�h²xzk4m�y{m�}~�~}�h,gih�Ñ»³!S	� � n0xzy{e
��j`n{e,jl·�}�jleµÇHjlm/S
� ��n0xzy{eÚ��j�h,ji�ixzkH�RÓz�HÉfkOwHk$Ç{����gi�²ÏRoAk{å�jly{e��{j��²ÏRoA��jly{ewÄÆe,xz}��¨jih�mw�ixzkHh�m�}~m�yHgb��� y{kHjbnRoAe�mw��� y{kHj
n{}��i�ij#�le,jlyHh,j�jlk��ly{}~��e,jrÇ;�{j#�Å}GoA·V�lm�e,jt}~k4m,jle�kHj�o°º%yHh,m,g �(�ijl�~y{}Û�Åy�åry{}��{j�����xzkH�{j�jlm ����� }~kqm,gle�}�jly{e,j��{j#�Go:WqyHjl�~��j
�l}~e,�ly{��j��{j#����jµoAy ��m,jl·�n;gle²oAm�y{e,j(oA·t|{}GoAk4m,jrÇ�jlm���� oAy{m�e,j�nRoAe�m���� y{kHjtåre�}~�~��j��{j��ly{}~��e,j�jlk¬�ixzk4m²oz�lmb�Å}~e,ji�lmboµ��ji�
����j Ý�m�e,gl·�}~m,g��ÅyÒh�m²oz�LK¬n;jle�·(jlm�m²oAkqmt��j�m�e²oAkHh�ÄÆjle�m��{j(�,ÏRoA��jly{e�nRoAet�ixzkH�ÅyH�lm�}�xzk>��jle,hb��j�·�}~�~}�jlyÒj ÝÅm,gle�}�jly{e«ÑÆÐ2}~å@�
³I� ¹qÓz�

Z[E��[¾�³I�RQ 	�êqm²oz�LKPnRoAe�m�}�jl�~��jl·(jlk4m¨}~kHh²gle,g¦�HoAkHh«��j
åry{}��{jb����xzkH�{jI�

Z[E��[¾<³I� ¹�	«Éu�²ÏRoAk{å�jly{eT�{jb�²ÏRoA��jly{ewÄÆe,xz}��%�

#'$&#'$�� 
Z,�E 3 E 3 : @10'5��"0�B/3
�`jlyÅÝ�mæ¼�n;jih$����gi�²ÏRoAk{å�jly{e,hÛ�{ju�,ÏRoA��jly{eÛ�,ÏRoAyH�txzk4m<glm,guy{m�}~�~}�h,gihµÇ!Wqy{}4�{xzk{kHjlk4m2�~}�jly �Ú�{jih�e,glår}~·(jih$m�e²oAkHh�}~m,xz}~e,jih

|{}�jlk¨�Å}�h�m�}~kH�lm,h!�{È$j`n{e,jl·�}�jle�jih,m[�ixzkHh,m�}~m�yHg���� y{kHj`nRoAe�mw��� y{kHj`n{}��i�ij�jlk¨}~kHxiÝÕo°º»yHh�m,gijboAy¨�Å}GoA·V�lm�e,jbj ÝÅm,jle�kHj��Åy
m�y{|;jtÑÆÐ<}~å@�R³I�RS�Óf�HoAkHhu�Go:WqyHjl�~��j�h²xzk4mX}~kHh²gle,gijihuÏ4y{}~máe,gih�}�h�m²oAkH�ijihá�,ÏRoAyON$oAk4m,jihÚoA�~}~·(jlk4m,gijih�nRoAeXy{k�|{��xq�Úm�Ïq¼qe�}�h,m,xzeµÇ
jlmT��� oAy{m�e,jtnRoAe�m���� y{k¦jlk{e,xzy{��jl·(jlk4mb��� y{k¦e�y{|RoAk���� }~kHxµÝ>ÑØ¸IS(·�·��{j#�GoAe�å�jly{eÔÓwn{�Goz�ig��HoAkHh���j#åry{}��{jt����xzkH�{j �
y{kHj#�Å}�h�m²oAkH�ij��{jt¸(·�·¯�{jt����j Ý�m�e,gl·�}~m,g��Åy�h,m²oz� K0ÇRjlm`�{xzk4m���jbe dz��j#jih,mT�{j�Ä�oz�l}~�~}~m,jle���jbm�e²oAkHh»ÄØjle�mT�{j��,ÏRoA��jly{e �
��� }~k4m,gle�}�jly{e`�Åy�åry{}��{j�����xzkH�{j«ÑÆÐ2}~å@�<³I�RY�Óz�RÊ<��ji�#�ijlmTgi�²ÏRoAk{å�jly{e��{j#�,ÏRoA��jly{e`�,ÏRoAyH��Ç;�{jlyÅÝ�·(x��{jihT�{jt�,ÏRoAyON$oAå�j
h,xzk4m(jlkq�q}�hÔoAå�jµoA|{��jih �f�ijl�~y{}JW4y{}wozh,h,y{e,jrÇÛnRoAe(�ixz·�·�oAkH�{j�U ·�oAk4yHjl�~��j)UzÇXy{k�h�}~·�n{��j«}~kH�le,gl·(jlk4m��{jÕn{y{}�h²h²oAkH�ij
gl��ji�lm�e�}�W4yHjrÇÅjlm[�ijl�~y{}%W4y{}0ozh,h�y{e,jTy{kÕozh,h²jle��q}�h,h²jl·(jlk4mÚjlk�m,jl·�n0gle²oAm�y{e,jrÇÅåre��z�ij �by{k«m�ÏHjle�·(xq�ixzy{n{��j��{jTe,g ÄØgle,jlkH�ij
n{�Goz�ig�jlk4m�e,j���j�m�y{|0j�jlm��Go�n{}��i�ij��²ÏRoAyON�oAkqm,j�ÑÆÐ2}~å6³I�RSO� Ó�jlm�e,jl�~}�g ��y{k6e,glåry{�GoAm,jly{e�Wqy{}f�{xzk{kHj��Go«�ixzkHh�}~årkHj��{j
n{y{}�h,h²oAkH�ijboAy�|{��x��`m�Ï4¼�e�}�h�m,xze!�
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Z[E��[¾�³I�RS 	 Éu�²ÏRoAk{å�jly{e?�{j©�,ÏRoA��jly{eM�²ÏRoAyH�%�#èTk
n0jly{m�kHxzm²oA·�·(jlkqm#�Å}�h�m�}~k{åryHjle�Y(�{jih�^��µoAe�m,xzyH�,ÏHjih
�²ÏRoAyON�oAkqm,jih«}~kHh,gle,gijih��HoAkHh���j�|{��x������ }~kHxiÝ�ÇáoA}~kHh,}
WqyHj��GoÒh,xzkH�{j¦�{j�m,jl·�n0gle²oAm�y{e,j¬}~kHh,gle,gij¦jlk4m�e,j¦�ij
|{��x��¨jlm(��jÕåry{}��{j�����xzkH�{jrÇXn;jle�·(jlm�m²oAkqm�y{k�ozh²h,jle»é
��}�h,h,jl·(jlkqmwjlk�m,jl·�n0gle²oAm�y{e,jI�

Z[E��[¾�³I�RY 	 Éfk{e,xzy{��jl·(jlk4m���� y{k e�y{|RoAk ��� }~kHxµÝ0Ç
n{�Goz�ig¨�HoAkHh���j«m�y{|;j¨oAya�Åe,xz}~m(�{j«����gi�,ÏRoAk{å�jly{e��{j
�,ÏRoA��jly{e��,ÏRoAyH��Ç(n0xzy{e>ÄØoz�l}~�~}~m,jleP��j�m�e²oAkHh»ÄÆjle�m��{j
�,ÏRoA��jly{e ����� }~k4m,gle�}�jly{e`�Åy¨åry{}��{jb����xzkH�{jI�

È$jÚh,ji�ixzkH��mæ¼�n0jÚ����gi�,ÏRoAk{å�jly{eá�{jÚ�²ÏRoA��jly{eXjih�mfn{�Goz�igÚ�Å}~e,ji�lm,jl·(jlkqmá�HoAkHhf��j[m�y{|0jrÇ � S�·�·×�{j[����j Ý�m�e,gl·�}~m,gw�Åy
h,m²oz� KMÑÆÐ2}~å@��³I� [rÓz��Ã���jih�mwy{kHjbå4oA��jlm�m,j��Åy�·��l·(j#·�oAm,gle�}GoAypWqyHjb��j#h�m²oz� K0ÇRh,jle��roAk4m�����xrh,h²oAm�y{e,jtn;xzy{e���jbnRozh,h²oAå�j
��� y{kAwH���{j�¶T}��,Ï{e,xz·(j>ÑU·�oAm,gle�}GoAy¢�{jÕÄØxze�m,j¨e,gih�}�h,m²oAkH�ij�gl��ji�lm�e�}�WqyHj��ixzy{e²oA·�·(jlk4m«y{m�}~�~}�h,g��ixz·�·(j�e,gih�}�h�m²oAkH�ij
�²ÏRoAyON�oAkqm,jrÇ{kHxzm²oA·�·(jlk4mT�HoAkHhÚ��jih�åre�}~�~��j é�nRoA}~kHhÔÓ[�HoAkHh[��j�WqyHjl�$jih�mÚ�Å}�h,h�}~n0gijT�Gotn{y{}�h,hÔoAkH�ij�gl��ji�lm�e�}�WqyHj�n{e,xJ��jlkRoAk4m
�ÅyÕ|{��x���m�Ï4¼�e�}�h�m,xze!�{È�otå4oA��jlm�m,j��{j��igle²oA·�}�W4yHj`n0xze,jlyHh,j`jih�mÚjlk4m,xzy{e,gij���� y{kHj��ixzyH�²ÏHjb�{jewH|{e,j`�{j`��jle�e,jrÇÅo#wHk��{j
e,gi�Åy{}~e,j(��j�m�e²oAkHh»ÄØjle�m#�{j(�,ÏRoA��jly{e�e²oz�Å}GoA�u��jle,h#��jihbnRoAe,xz}�h#�Åy?m�y{|;jih#n;xzy{ebn{e�}~��}~��glår}�jleb��j�m�e²oAkHh�ÄÆjle�m��{j(�,ÏRoA��jly{e
��jle,hw��j�h�m²oz� K �

Z[E��[¾�³I� [ 	«Èu��gi�,ÏRoAk{å�jly{e��{jt�,ÏRoA��jly{eT�²ÏRoAyH���ixzkHh,m�}~m�yHg#��� y{kFwH�<�{j#¶T}��,Ï{e,xz·(j#jlk{e,xzy{��g��HoAkHhwy{kHj#xrh,h²oAm�y{e,j#jlk
�igle²oA·�}�WqyHj
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#'$&#'$�� �-. +9246 5�� 3�. 240�24D&,/.
Èu� }~kHh�m�e�y{·(jlkqm²oAm�}�xzk×�Åy �Å}�h�n0xrh�}~m�}CÄ(j ÝÅn;gle�}~·(jlkqm²oA��jih�m�n{e,gih,jlk4m,gij>h�yH�i�l}~kqm,jl·(jlk4m6h�y{e��GoPÐ2}~å@�#³I�~³I���`jlyÅÝ

·�}��le,xzn{ÏHxzkHjih�n{}�j 
µxAé�e,gih�}�h�m�}CÄØh(ÑÆh,jlkHh�}~|{}~�~}~m,g��{j�����xze,�Åe,j��{j�� $
	���3��
�{Ó Ç$o���jly{e²oAk4m ���Go�nRoAe,xz}Û}~k4m,jle�kHj��Åy¬m�y{|0jrÇ
n;jle�·(jlm�m,jlkqma�{j�·(jih�y{e,jle©�Go�ÄÆe,g�WqyHjlkH�ij�jlm>��� oA·�n{�~}~m�yH�{j��{jihÒxrh,�l}~�~�GoAm�}�xzkHh©�{j�n{e,jih,h�}�xzk oz�ixzyHh�m�}�WqyHjI���Ty{}~m
m�ÏHjle�·(xq�ixzy{n{��jih[m�e �ih wHkHh�Ñ�
�$
	����{j`�Å}GoA·V�lm�e,jJÓ��Å}�h�n0xrh,gih�e,glåry{�~}��le,jl·(jlk4mw��jT��xzk{å(�Åy«h,m²oz� K¦ÑÆÐ2}~å@�0³I�R^O� Óáh�y{e[h,xzk
o°ÝÅj�·(gi�Å}GoAk��{xzk{kHjlkqm�oz�i���ih ���Go�·(jih,y{e,jÚ�{j[�Go`�Å}�h�m�e�}~|{y{m�}�xzk��{jÚm,jl·�n0gle²oAm�y{e,jw�HoAkHhf��jÚh�m²oz�LK��4ÃáÏRo:WqyHj2º�xzkH�lm�}�xzk
m�ÏHjle�·(xqgl��ji�lm�e�}�WqyHj�jih�m�}~kHh,gle,gijt�HoAkHh�y{kHj#|RoAkH�{jl��jlm�m,jt�{jt�ly{}~�qe,j#n{y{}�hT�ixz�~��gij�h�y{ew��jth�m²oz� K �(��� oA}��{j#��� y{kHjtn"�Am,j
jlk(�igle²oA·�}�W4yHjtÑU��jihÛ|RoAkH�{jl��jlm�m,jihXn0jle�·(jlm�m,jlk4mX��� ozh²h�y{e,jleuy{kHjÚ�ixzkH�Å}~m�}�xzk(}�h,xzm�ÏHjle�·(j�jlk4m�e,jÚ��jÚh�y{n{n0xze�mu�igle²oA·�}�WqyHj
jlmÚ�Go�º»xzkH�lm�}�xzk8Óz�HÊ/wHk�����glm�yH�Å}�jlewy{kHj�gl��jlkqm�yHjl�~��jb}~k{ÏHxz·(xzå�glkHgl}~m,g#�{j`�Go��Å}�h,m�e�}~|{y{m�}�xzk��{j`m,jl·�n;gle²oAm�y{e,jbe²oz�Å}GoA��jrÇ
�{jlyÅÝ(m�ÏHjle�·(xq�ixzy{n{��jihÚh,y{n{n{��gl·(jlk4m²oA}~e,jihwh,xzkqmán{�Goz�igih�e,jih�n0ji�lm�}~��jl·(jlk4m�� 
%$tjlm 
�$t·�· �{jT��� o°ÝÅjT·(gi�Å}GoAk6�{Ã�jlm�m,j
}~kHh�m�e�y{·(jlk4m²oAm�}�xzk�o¬glm,g¨·�}�h(jlk�x�jly{�qe,j¨h,y{e���jih��{jlyÅÝah,m²oz� KÅh�y{m�}~�~}�h,gigih�Ñ S¬�l·�jlm�³!S6�l·�Óz�fÈX��jlkHh,jl·#|{��j��{jih
�µoAn{m,jly{e,h�jih�mw�ixzk{kHji�lm,g ��y{kHjb�µoAe�m,jb��� oz��Wqy{}�h�}~m�}�xzk�n0xzy{eÚ����jlk{e,jlår}�h�m�e,jl·(jlk4m`jlmw��j`m�e²oA}~m,jl·(jlkqm��{jihw�{xzk{kHgijih+�

Z[E��[¾Û³I�R^ 	���}�h�n;xrh,}~m�}CÄá�{j�·(jih�y{e,j��{jtm,jl·�n0gle²oAm�y{e,j��HoAkHh`��j�h�m²oz� K �0��jih`m�ÏHjle�·(x��ixzy{n{��jih�m�e �ihewHkHh(Ñ�
�$
	��ª�{j
�Å}GoA·V�lm�e,jJÓáh,xzk4m[�Å}�h�n0xrh,gihue,glåry{�~}��le,jl·(jlkqmw��jw��xzk{å��Åy«h,m²oz� K�h�y{e�h,xzk¨o°ÝÅj�·(gi�Å}GoAk¬Ñ,wHåry{e,j`�{jTå4oAyH�,ÏHjJÓz�ÅÈ$j�h�m²oz� K
jih�mwjlkHh�y{}~m,j�e,gµozh²h,jl·#|{��g�Ñ,wHåry{e,j#�{jb�Åe,xz}~m,jJÓ[jlmw}~kHh,gle,g��HoAkHh���j`åry{}��{jb����xzkH�{jI�

�"��� � ��
���������� ��� ��� 
����R! ����� ����! ��� �"! �1����� 

#'$ ��$F# 
Z,�E 3 ,$# )	6<0�24,/D 6<3

��oAkHh���jihÛj ÝÅn;gle�}�jlkH�ijih2n{e,gih,jlkqm,gijihf�l}Céæ�{jih,h,xzyHhµÇ°��jáåry{}��{já����xzkH�{j�e,jlkÅÄØjle�·(j��{jX��� oA}~efh,xzyHh�n{e,jih²h�}�xzk�oAm�·(xrh,n{ÏHg é
e�}�W4yHj`jlmÚ�Go���xzk{åryHjly{e��Åy¨h�m²oz�LK�}~kHh,m�e�y{·(jlk4m,g#jih,m[�{j�³!S � �E�{È$j`·(x��{j��{j��,ÏRoAyON$oAå�j�e,jlm,jlk4y�jih�m[y{k��,ÏRoAyON$oAå�j



- � - .e�+&0$01 1)465o7= B*D;E1l���!>@?<1 $�&A B79C�*<;�1n�! B>@�(G+*,�!"�*, B1

j ÝÅm,jle�kHj�ÑUn{e,jl·�}�jle`m"¼qn0j#����gi�²ÏRoAk{å�jly{eb�{jt�²ÏRoA��jly{e`�²ÏRoAyH�RÓÚe,glåry{��g�nRoAe`ozh,h,jle���}�h,h,jl·(jlk4m`�{jt�Go�m,jl·�n0gle²oAm�y{e,j��Åy
m�ÏHjle�·(x��ixzy{n{��j#�{j#e,g ÄÆgle,jlkH�ijth�}~m�yHgbjlkqm�e,j#�Go�nRoAe,xz}2j Ý�m,jle�kHjt�Åy�åry{}��{jt����xzkH�{j#jlmw�Go(n{}��i�ij#�,ÏRoAyON$oAk4m,j�jlk�}~kHxµÝ0Ç
�Go�m,jl·�n0gle²oAm�y{e,j ������j Ý�m�e,gl·�}~m,g«ÄÆe,xz}��{j¨glm²oAk4m�·�oA}~kqm,jlk4yHj��ixzkHh,m²oAk4m,jÕåre��z�ij ������gi�,ÏRoAk{å�jly{e��{jÕ�²ÏRoA��jly{e�ÄUe,xz}��%�
d2xzy{eT�²ÏRoz�ly{kHjt�{jihw·(jih�y{e,jihTjzN�ji�lm�yHgijihµÇ{��jbåre²oz�Å}�jlk4m`�{j�m,jl·�n;gle²oAm�y{e,j ��� ���� % ���©jih,mw}~k{}~m�}GoA��jl·(jlk4m w{Ý{g�º%yHh�m,j
oAyÅéæ�{jih²h,xzyHhX�{jTh²o`�roA��jly{eá�le�}~m�}�WqyHjT�ixze�e,jih�n0xzkH�HoAk4mÚoAy��{gi�l��jlkH�²ÏHjl·(jlk4mw�{j���� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjI����k
}~kH�le,gl·(jlkqm��{j#³ ��h�y{eu��jwnRoAe²oA·V�lm�e,jT�{jw�ixzkqm�e dz��j � � ���� jih�máoA��xze,háh�yOy�h²oAkqmXn0xzy{e8W4y$� y{kHjTxzkH�{j�oz�ixzyHh�m�}�WqyHj�h,xz}~m
å�glkHgle,gij«�HoAkHht��j(åry{}��{j«����xzkH�{jI�<¶�xzm,xzkHh Wqy$� oi�roAk4m��,ÏRo:WqyHj�·(jih�y{e,jrÇ�}~���ixzk4��}�jlk4m���� oAm�m,jlkH�Åe,j W4yHj�����g�W4y{}~�~}~|{e,j
m�ÏHjle�·�}�WqyHjbh,xz}~mwglm²oA|{�~}<�HoAkHhw����jlkHh,jl·t|{��j#�Åy��Å}�h�n0xrh�}~m�}CÄ �

#%$ ��$ � ��)�:	�&3�. :A@13 � 3�. 2�
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��5 3�
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Z[E��[¾�³I�R_ 	�ÊT·�n{�~}~m�yH�{j©jzy��µoz�ijÒ�{j?�Goan{e,jih,h,}�xzk
oz�ixzyHh,m�}�W4yHjÕ�Åya·(x��{j�ÄØxzkH�HoA·(jlk4m²oA��ÑUm�e²oA}~m�n{��jl}~k8Ó
jlmÚ�Åy¨n{e,jl·�}�jlewÏRoAe�·(xzk{}�WqyHj�ÑUn0xz}~k4m�}~�~��gihÔÓwoAyÕ�ixzy{e,h
�Åy �{gi�l��jlkH�,ÏHjl·(jlkqm×jlm �{j×�Go h�m²oA|{}~�~}�h²oAm�}�xzk �{j
����xzkH�{j¨oz�ixzyHh�m�}�WqyHjrÇ2e,jln{e,gih,jlk4m,gijÕh�y{e��{jih�gi�,ÏHjl�~��jih
�~}~kHgµoA}~e,jih�jlmu��xzå4oAe�}~m�Ï{·�}�WqyHjih!�{Ã�jÚe,glår}~·(j�m�e²oAkHh²xz}~e,j
jih,m�xz|{m,jlkqyan;xzy{e�y{k©}~kH�le,gl·(jlkqm����+�{j3[ ��oAy
�{jih²h�yHhÚ�Åy�åre²oz�Å}�jlk4m��{j`m,jl·�n;gle²oAm�y{e,jth,jly{}~� �
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position le long du stack, relativement à l’extrémité froide (x=0 mm)
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au déclenchement
après 10 minutes

Z[E��[¾T³I�~³µ´ 	©�T}�h,m�e�}~|{y{m�}�xzk��{j¨m,jl·�n0gle²oAm�y{e,j�kHxze»é
·�oA�~}�h,gij �������  % ���  3 ��� � % ���  <��j[��xzk{å#�Åy�h�m²oz�LK
�«�{jlyÅÝ�}~kHh�m²oAkqm,hboAy¬�ixzy{e,h��Åy¦e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j
Ñ�� ��oAy(�{gi�l��jlkH�²ÏHjl·(jlk4mµÇ�� �r�Å}CÝ�·�}~kqy{m,jiháoAn{e �ihf��j
�{gi�l��jlkH�,ÏHjl·(jlkqmÔÓz�ÛÈu� o°ÝÅj��{jih �?e,jln{e,gih,jlkqm,j(�GoÕ�Å}�h»é
m²oAkH�ij�e,jl�GoAm�}~��j ������j ÝÅm�e,gl·�}~m,g`ÄÆe,xz}��{j��Åy�h�m²oz� K0Ç{j Ýqé
n{e�}~·(gijbjlk�·�·F�

È�o�wHåry{e,ja³I�R_?n{e,gih²jlk4m,j6�ij W4y$� }~���ixzkq�q}�jlkqm���� oAn{n;jl��jleÕy{k �{gi�l��jlkH�,ÏHjl·(jlkqm{Ul�l�Gozh²h�}�W4yHj)U¦�{j¦��� }~kHh�m²oA|{}~�~}~m,g
m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj��RQ)[�Ç YI_�� �ÅÈu� oA·�n{�~}~m�yH�{j#jzy��µoz�ijb�{j��Go�n{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHj`¼�jih�m[e,jln{e,gih,jlkqm,gijbjlk«ÄÆxzkH�lm�}�xzk
�Åy�m,jl·�nHh`h�y{e��{jih�gi�,ÏHjl�~��jih`�~}~kHgµoA}~e,j¨ÑÆ�ixzy{e�|0jih`�Åy�ÏRoAy{mÔÓ�jlmT��xzå4oAe�}~m�Ï{·�}�WqyHjih(ÑÆ�ixzy{e�|0jih��Åy�|RozhÔÓz�;È$jih`�ixzy{e�|;jih
jlk©m�e²oA}~m(n{��jl}~k��ixze�e,jih,n;xzkH�{jlkqm �¦��� oA·�n{�~}~m�yH�{j��{j«�Go¦n{e,jih,h�}�xzkPoz�ixzyHh,m�}�W4yHj¨jzy��µoz�ij��Åya·(x��{j«ÄØxzkH�HoA·(jlk4m²oA��Ç
�{xzkqm(�Go¦ÄÆe,g�W4yHjlkH�ij�·(jih�y{e,gij�� � � 
 S4U�� �?e,jih,m,j¨n{e,xq�²ÏHj��{j¨�Go¬ÄUe,g�WqyHjlkH�ij � . �

�� . 
 S 
XW 
 � �©�Åy�·(xq�{j
ÄØxzkH�HoA·(jlk4m²oA���Åy e,gih,xzkRoAm,jly{e¬oAk{kqy{�GoA}~e,j©h²oAkHh�h,m²oz� K ��m,jl·�n;gle²oAm�y{e,j©oA·#|{}GoAkqm,jI��Ê�y �ixzy{e,h��{j>�ijMe,glår}~·(j
m�e²oAkHh,}~m,xz}~e,jrÇ8��� oA·�n{�~}xwR�µoAm�}�xzkÒj Ý�n0xzkHjlk4m�}�jl�~��j��{j���� oA·�n{�~}~m�yH�{j��{j�����xzkH�{j(oz�ixzyHh�m�}�WqyHj�jih,m�h�y{}~��}�jtnRoAe�y{k¬e,glår}~·(j
�{jth�m²oA|{}~�~}�h²oAm�}�xzk¦�{jb����xzkH�{jI�;Èu� oA·�n{�~}~m�yH�{j��Åy�n{e,jl·�}�jle�ÏRoAe�·(xzk{}�W4yHj��{j�ÄÆe,g�W4yHjlkH�ij!� � � U $#" � �HÇRe,jln{e,gih²jlk4m,gij
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jlk�m�e²oA}~m,hán;xz}~kqm�}~�~��gih[h�y{eX�Go#Ð<}~å@�8³I�R_O�~Çqjih,májlk�e,glår}~·(j�h�m²oAm�}�xzk{kRoA}~e,j��{j�����xze,�Åe,j��{j 
 &ß�{j��ijl�~��j��Åy(ÄØxzkH�HoA·(jlk4m²oA� �
È�o©�Å}�h�m�e�}~|{y{m�}�xzk �{j¬m,jl·�n;gle²oAm�y{e,j?�HoAkHh¨��j6h�m²oz� K�ozh,h²xq�l}�gij6oAy e,glår}~·(j6m�e²oAkHh�}~m,xz}~e,j?�{j6�Go©Ð2}~å@��³I�R_©jih�m

n{e,gih,jlk4m,gij¦jlk�Ð2}~å@�T³I�~³µ´O�[Ã�jlm�m,j��Å}�h�m�e�}~|{y{m�}�xzk �{j�m,jl·�n0gle²oAm�y{e,j�jih�m�kHxze�·�oA�~}�h,gij¦jlm�m�e²oz�igij �6�{jlyÅÝ�}~kHh�m²oAk4m,h
�Å}�h�m�}~kH�lm,h��Åy�e,glår}~·(jTm�e²oAkHh�}~m,xz}~e,jrÇ�} ��jI��oAyÕ�{gi�l��jlkH�,ÏHjl·(jlkqm#ÑUm�e²oA}~m[n{��jl}~k8Óujlm��Å}CÝ�·�}~k4y{m,jih�n{�~yHh�m²oAe,�¦ÑUn0xz}~k4m�}~�~��gih Óz�
èTk©n;jly{m���xz}~e��Å}�h�m�}~kH�lm,jl·(jlk4m�y{kHj¨gl��xz�~y{m�}�xzk��{j��Go¦�Å}�h�m�e�}~|{y{m�}�xzk��{j«m,jl·�n0gle²oAm�y{e,j��HoAkHh���jÕh�m²oz� K©oAya�ixzy{e,h
�Åy m,jl·�nHhJÇTgl��xz�~y{m�}�xzk �{xzk4m¬����xze�}~år}~kHj©jih�m¬oAm�m�e�}~|{yRoA|{��j©oAyÅÝ n{e,xq�ijih,h,yHh�kHxzk �~}~kHgµoA}~e,jih6��� }~k4m,jle²oz�lm�}�xzk×jlkqm�e,j
�,ÏRoA·�nHh#oz�ixzyHh,m�}�W4yHj(jlm�m�ÏHjle�·�}�WqyHjrÇ0} ��jI���ixzk4��ji�lm�}�xzk?ÄÆxze,�igij��ÅyHj �«����j Ý{�l}~m²oAm�}�xzk?��� y{k6��jlkqmtoz�ixzyHh�m�}�WqyHj�jlmÔäAxzy
�ixzkH�ÅyH�lm�}~�q}~m,gbm�ÏHjle�·�}�W4yHj�oz�ixzyHh�m�}�W4yHjl·(jlkqm�}~kH�Åy{}~m,jI�

#'$ ��$�� ��6<,�: 3�+ +-5 +?E 3 E ,/5 � � 3 E1)�:	�&3�. :A@13 � 3�. 2
êq}w��jih�e,gih�y{�~m²oAm,h�n{e,gih²jlk4m,gih«jlkPÐ2}~å�h!�w³I�R_Mjlm�³I�~³µ´Mh,xzkqm�n0xzy{e(��j¨·(xz}~kHh«�l�Gozh,h�}�WqyHjihµÇfy{kHj��Å¼�kRoA·�}�W4yHj��{j

e,glår}~·(jMm�e²oAkHh�}~m,xz}~e,j?n{�~yHh�h�y{e�n{e,jlkRoAkqm,j>o�glå4oA��jl·(jlk4m¬glm,g?xz|Hh,jle���gijI�TÞæ�bhµ� oAår}~m¦��� y{k�n{e,x��ijih,h�yHh��{jTUl�{xzy{|{��j
�{gi�l��jlkH�,ÏHjl·(jlkqm+UMoAy��ixzy{e,hÕ�Åy@WqyHjl�T��� oA·�n{�~}~m�yH�{j¬�{j�����xzkH�{j¦oz�ixzyHh�m�}�WqyHj¦h�y{}~m«�{jlyÅÝ�n{ÏRozh²jih«��� oA·�n{�~}xwR�µoAm�}�xzk
j Ý�n0xzkHjlk4m�}�jl�~��jb|{}�jlk��Å}�h�m�}~kH�lm,jih�oAy��ixzy{e,h��Åy¨e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,jrÇR�ixz·�·(jb��j`·(xzk4m�e,jlk4mT��jihw�ixzy{e�|0jihw�{j��Go�Ð2}~å@�
³I�~³r³I�<èTkMe,jl·�oAe WqyHj�jlk?jzN�jlm�WqyHj�n;xzy{et�{j�ÄØoA}~|{��jih#}~kH�le,gl·(jlk4m��{j�m,jl·�n0gle²oAm�y{e,j ��� oAyÒ�{jih,h�yHhb�Åy?h²jly{}~�X�{j
�{gi�l��jlkH�,ÏHjl·(jlkqm¬ÑÆ�ixzy{e�|0jih(jlkam�e²oA}~m(n{��jl}~kPjlm(jlkan0xz}~k4m�}~�~��gih Ó Çf����xzkH�{j�oz�ixzyHh�m�}�WqyHj�h�y{|{}~m�y{kHj¨n{e,jl·�}��le,j�n{ÏRozh,j
��� oA·�n{�~}xwR�µoAm�}�xzkÒj ÝÅn;xzkHjlkqm�}�jl�~��jrÇ$h�y{}~��}�j���� y{kHj�n{ÏRozh,j��{j WqyRozh�}Céæh�m²oA|{}~�~}�h²oAm�}�xzkÒ�{xzk4mb�GoÕ�Åy{e,gij�jih�m�}~kq��jle,h,jl·(jlk4m
n{e,xzn;xze�m�}�xzk{kHjl�~��j �6��� }~kH�le,gl·(jlkqm ���tÇun{y{}�h«��� y{kHj�kHxzy{��jl�~��j�n{ÏRozh,j���� oA·�n{�~}xwR�µoAm�}�xzk�j Ý�n0xzkHjlk4m�}�jl�~��j¬oi�roAk4m«�Go
h²oAm�y{e²oAm�}�xzknwHkRoA��jb�{jb����xzkH�{j�nRoAe�jzN�jlm,hÚkHxzk¨�~}~kHgµoA}~e,jih!�
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Z[E��[¾`³I�~³r³ 	PÉf��xz�~y{m�}�xzk��{j¦��� oA·�n{�~}~m�yH�{jMjzy��µoz�ij
�{jÚ�Go�n{e,jih²h�}�xzk�oz�ixzyHh�m�}�WqyHj�jlk�ÄÆxzkH�lm�}�xzk«�Åy(m,jl·�nHhµÇ
n;xzy{ew�Å}~��jle,h�}~kH�le,gl·(jlk4m,h��{j`m,jl·�n;gle²oAm�y{e,j�oAy��{jih»é
h�yHhÚ�Åy�åre²oz�Å}�jlkqmTh,jly{}~� �
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Z[E��[¾Å³I�~³µ¸ 	�Éf��xz�~y{m�}�xzk(�{j��GoT�Å}�h�m�e�}~|{y{m�}�xzk(�{j�m,jl·�é
n0gle²oAm�y{e,jw��jw��xzk{åt�Åy�h�m²oz�LK���xze,hX��� y{k�e,glår}~·(jwm�e²oAkÅé
h,}~m,xz}~e,j �w�{xzy{|{��já�{gi�l��jlkH�,ÏHjl·(jlkqm�Ñ ��� . 
��MÓz�JÈ�jih
m,jl·�n0gle²oAm�y{e,jih���
rÇ � U Ç � "ÅÇJjlm � �wh�y{e$��jih2o°ÝÅjih���jle»é
m�}��µoAyÅÝ¨e,jln{e,gih,jlkqm,jlk4m`e,jih�n0ji�lm�}~��jl·(jlk4m,hT��jihwm,jl·�n0g é
e²oAm�y{e,jiht·(jih�y{e,gijihtjlk � . ${Ç 
 ��� 3�
�Ç " ��� 3�
�Ç<jlm
� . ��� �
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È$jih(e,gih�y{�~m²oAm,h«j ÝÅn;gle�}~·(jlkqm²oAyÅÝ��{j¨�Go wHåry{e,jÒ³I�~³r³�xzkqm�glm,g�xz|{m,jlkqyHh«oµ�zoAkqm���� }~kHh,m�e�y{·(jlk4m²oAm�}�xzk �Åy�h�m²oz�LK
jlk©m�ÏHjle�·(x��ixzy{n{��jih!�uÈ$j¨�Å}�h,n;xrh�}~m�}CÄ`j Ý�n0gle�}~·(jlk4m²oA�`o¦jlkHh�y{}~m,j¨glm,g¨�{gl·(xzk4m,g�jlk>��yHj¨��� �lm�e,jÕ}~kHh�m�e�y{·(jlkqm,gI�XÈ$jih
e,gih,y{�~m²oAm,hwxz|{m,jlk4yHh`oAn{e �ihwe,jl·(xzkqm²oAå�jth,j�h²xzk4mToA��xze,h�oi��gle,gih��Å}xN�gle,jlk4m,h��{jihÚe,gih�y{�~m²oAm,h�}~k{}~m�}GoAyÅÝ �RÉfk�nRoAe�m�}��ly{�~}�jleµÇ
�Gowå4oA·�·(j[��� }~kH�le,gl·(jlk4m,hu�{jám,jl·�n;gle²oAm�y{e,j�n0xzy{e<�Go:WqyHjl�~��jáy{kte,glår}~·(j[�{j��{xzy{|{��j éæ�{gi�l��jlkH�,ÏHjl·(jlk4m�jih�m<xz|Hh²jle��zoA|{��j
hJ��jih�m¬e,gi�Åy{}~m,ja�{j ��� � 
 
 � � ��� � 
 �{��È$xze,hM�Åyâe,jl·(xzkqm²oAå�jP�Åy×�Å}�h�n0xrh�}~m�}CÄ«j ÝÅn0gle�}~·(jlk4m²oA��oAn{e �ih
}~kHh,m�e�y{·(jlk4m²oAm�}�xzk$Ç(�Goâ�Å}�h,m²oAkH�ij jlk4m�e,j ��j�h�m²oz�LK jlma����gi�²ÏRoAk{å�jly{e��{j �,ÏRoA��jly{e��,ÏRoAyH� ÑU·�oA���ixzk{kqyHj oi�roAk4m
}~kHh,m�e�y{·(jlk4m²oAm�}�xzk8Ó�jih�m�h�yHh,�ijln{m�}~|{��j���� oi��xz}~e«�zoAe�}�grÇujlm��ij¨nRoAe²oA·V�lm�e,j�n0jly{m(n{e,xz|RoA|{��jl·(jlk4m �lm�e,j�e,jih,n;xzkHh²oA|{��j
�{jihT�Å}xN0gle,jlkH�ijih`�ixzkHh�m²oAm,gijih�ÑU|{}�jlkpW4y$��xzk�kHj#n{y{}�h,h²j�nRozh���� o#y(e�·(jle�ÄØxze�·(jl�~��jl·(jlk4mÔÓz�0Î�jih,m,j�W4yHj#��jb·��l·(jtmæ¼�n;j
�{jTe,glår}~·(j �#�{xzy{|{��j`�{gi�l��jlkH�²ÏHjl·(jlk4mTot�ijln;jlkH�HoAkqmwglm,g`xz|{m,jlk4y$ÇÅjlmá����gl��xz�~y{m�}�xzk�ozh²h,xq�l}�gij��{jT�Go#�Å}�h�m�e�}~|{y{m�}�xzk��{j
m,jl·�n0gle²oAm�y{e,j(�HoAkHh���j�h,m²oz� K6o¨oA��xze,h�n{y �lm�e,j�·(jih�y{e,gijI��È�o�Ð<}~å@�f³I�~³µ¸¨n{e,gih,jlk4m,j���jih�h,}~årkRoAyÅÝ¦}�h,h,yHhb�{j W4yRoAm�e,j
�{jihTÏ4y{}~m`m�ÏHjle�·(x��ixzy{n{��jih��Å}�h�n0xrh,gih�e,glåry{�~}��le,jl·(jlkqm���j#��xzk{å¨�Åy¬h�m²oz� K0Ç8��xze,hT��� y{k¬e,glår}~·(jtm�e²oAkHh�}~m,xz}~e,j����{xzy{|{��j
�{gi�l��jlkH�²ÏHjl·(jlk4m�xz|{m,jlk4y¦n0xzy{e�y{k�}~kH�le,gl·(jlkqm`�{jbm,jl·�n;gle²oAm�y{e,j!��� �{j�³ � �RÈ�o��Åy{e,gij#�Åy�e,glår}~·(jbm�e²oAkHh�}~m,xz}~e,j
jih,m�oA��xze,h�����jlk4��}~e,xzkASr´�·�}~k6�2È$jih�m,jl·�n;gle²oAm�y{e,jih�� 
rÇ � U Ç � "ÅÇ2jlm �#��h�y{et��jih�o°Ý{jiht��jle�m�}��µoAyÅÝÒe,jln{e,gih,jlkqm,jlk4m
e,jih,n;ji�lm�}~��jl·(jlkqmT��jih�m,jl·�n;gle²oAm�y{e,jih�·(jih�y{e,gijih�jlk � . ${Ç4
 ��� 3�
�Ç�" ��� 3�
�Ç8jlm � . ��� ÑÆx���� . $(�ixze�e,jih,n;xzkH�
�t����j ÝÅm�e,gl·�}~m,g�ÄUe,xz}��{j`�Åy¨h�m²oz�LK«jlmÚx�� � � �{gih�}~årkHj`�Got��xzk{åryHjly{ew�Åy¨h�m²oz� KHÓz�{Þæ��oAn{nRoAe²o°Â�m��l�GoA}~e,jl·(jlkqm�h�y{e[�Go�Ð<}~å@�
³I�~³µ¸ WqyHj���jih�m,jl·�n0gle²oAm�y{e,jih�}�h,h�yHjih��{jih�m�ÏHjle�·(xq�ixzy{n{��jih���
 � � "�h,y{|{}�h,h,jlk4m�y{kHj�}~·�n;xze�m²oAkqm,j¨�{gi�le,xz}�h,h²oAkH�ij
oAn{e �ih«��j¦h,ji�ixzkH�¢�{gi�l��jlkH�,ÏHjl·(jlk4mµÇ�n{e,xz|RoA|{��jl·(jlk4m��ÅyHj �?�Go?�ixzkq��ji�lm�}�xzk�ÄÆxze,�igij¦�ixzkHh,gi�ly{m�}~��j �?����j ÝÅ�l}~m²oAm�}�xzk
��� y{k�gi�ixzy{��jl·(jlk4m`e,ji�Åe,jih,h,gb�{j�\HyÅÝ�·�ozh,h�}�WqyHj�kHxzk�k4y{�2jlmT�Å}~e�}~å�gt�{j��Go�h,xzy{e,�ijbÄUe,xz}��{j���jle,hT�Go�h,xzy{e,�ij#�,ÏRoAyH�{jI�
ÈX��gl��xz�~y{m�}�xzk��{j��Go�m,jl·�n0gle²oAm�y{e,j ������j ÝÅm�e,gl·�}~m,gÕ�,ÏRoAyH�{j¨�Åyah�m²oz�LK¢ÑUm�ÏHjle�·(x��ixzy{n{��j �#��Ó#nRoAe²o°Â�m�jlk©e,jl�roAkH�,ÏHj
n{�~yHh��Å}xy��l}~��j �¦}~k4m,jle�n{e,glm,jle!�XÉuk�jzN0jlmµÇfxzkae,jl·�oAe WqyHjFWqyHj¨�ijlm�m,jÕm,jl·�n;gle²oAm�y{e,j�oAy{år·(jlkqm,j�m,xzy{m�oAya��xzk{åM�Åy
m�e²oAkHh,}~m,xz}~e,jrÇrº»yHh W4y$� ��hÔoAm�y{e²oAm�}�xzk��{jb����xzkH�{jrÇR��� oAy{år·(jlk4m²oAm�}�xzk6�{j�m,jl·�n0gle²oAm�y{e,jtoAm�m,jl}~årkRoAkqmXº»yHh Wqy$� �(¸ ��ÇRoA��xze,h
·��l·(jnWqyHjÕ��� }~kH�le,gl·(jlk4m«�{jÕm,jl·�n;gle²oAm�y{e,j����+}~·�n;xrh²g¨h�y{e���jÕm�ÏHjle�·(xq�ixzy{n{��j��{j�e,g ÄØgle,jlkH�ij � � ���� k$��jih�mVW4yHj
�{j�³ � ��Þ"�u¼Mo��{xzkH���{jihb·(gi�µoAk{}�h�·(jih��{j�m�e²oAkHh»ÄÆjle�m��{j(�,ÏRoA��jly{e��ixz·�n{��j Ý{jihtjlkqm�e,j(����j ÝÅm�e,gl·�}~m,g��Åy>h�m²oz� KMjlm
����gi�²ÏRoAk{å�jly{e��{j��,ÏRoA��jly{eT�,ÏRoAyH�%�HÎTjih�m,j W4yHj`�Got·(jih�y{e,j��{j`m,jl·�n0gle²oAm�y{e,jb�HoAkHhÚ��j`h�m²oz�LK�kHj`n0jly{mÚnRozh�ÄÆxzy{e�k{}~e�o
n{e�}�xze�}0����j ÝÅn{�~}��µoAm�}�xzkÕh,y{eX�Go#n{e,jl·�}��le,j�hÔoAm�y{e²oAm�}�xzk«�{jT����xzkH�{j�k{};·��l·(j�h�y{eX��j�h,ji�ixzkH�«�{gi�l��jlkH�,ÏHjl·(jlk4mµÇHn{y{}�h W4yHj
�ij��{jle�k{}�jleuoAn{nRoAe²o°Â�muoi�roAk4moWqy$� y{kHjX�roAe�}GoAm�}�xzk�h�}~årk{}xwR�µoAm�}~��jÚ�{jih2m,jl·�n;gle²oAm�y{e,jihf�HoAkHh2��j�h�m²oz� KtkHjáh,xz}~mÛ�ixzkHh�m²oAm,gijI�
ÊXº�xzy{m,xzkHhájlkOwHk W4yHj���xze,h[�{jwm,xzy{m,jih���jiháj ÝÅn0gle�}�jlkH�ijihán{e,gi�igi�{jl·�·(jlkqmÚ·(jlk4m�}�xzk{kHgijihµÇ���� ÏHxz·(xzå�glkHgl}~m,g��ÅyÕ�,ÏRoA·�n
�{j�m,jl·�n0gle²oAm�y{e,j�e²oz�Å}GoA�<o�n{y��lm�e,j���gle�}xwRgij`n{y{}�h WqyHj`��jihÚ·(jih�y{e,jih[·(xzkqm�e,jlk4mTy{kHj��Å}xN0gle,jlkH�ijb�{j`����xze,�Åe,j#�{j�³ �
jlkqm�e,j`�Go�m,jl·�n;gle²oAm�y{e,jb·(jih�y{e,gij�h�y{e[��� o°ÝÅj`·(gi�Å}GoAk��Åy�h,m²oz� KÕjlm[�ijl�~��j`}�h²h�yHj��ÅyÕm�ÏHjle�·(xq�ixzy{n{��j�n{�Goz�ig ��¸r´�·�·
�{j`��� o°Ý{jb�Åy�h�m²oz�LK��

����� � ��� � ����������� ��
�� � � ��� !  ����� ��"�
Ã�xz·�·(j#n{e,gi�l}�h,g�oAy{nRoAe²oi�roAk4mµÇ;��jih�j Ý�n0gle�}�jlkH�ijih�n;jly{��jlkqm#�lm�e,j#e,gµoA�~}�h,gijih�oi��ji���{jlyÅÝ�mæ¼�n;jih�����gi�,ÏRoAk{å�jly{eb�{j

�²ÏRoA��jly{e!�[È$j¦n{e,jl·�}�jleÕgi�²ÏRoAk{å�jly{e¨�{j¦�²ÏRoA��jly{eMÑÆÐ<}~å@��³I�RS�Ó�}~·�n;xrh²j�y{k��,ÏRoAyON$oAå�j¬j Ý�m,jle�kHj¦�Åy�åry{}��{j�����xzkH�{j
jlk�}~kHxiÝ%�áÊ<��ji�¦�ij�mæ¼�n0j��{j��,ÏRoAyON$oAå�jrÇáy{kHj�|0xzk{kHj�ÏHxz·(xzå�glkHgl}~m,g¦e²oz�Å}GoA��j¦�Åy¢�²ÏRoA·�n��{j�m,jl·�n;gle²oAm�y{e,j¬jih�m
ozh²h�y{e,gij��Åy�Ä�oA}~m��{j���� }~·�n;xze�m²oAkqm,j�}~kHjle�m�}�j�m�ÏHjle�·�}�W4yHj��Åy¬e,gih,xzkRoAm,jly{ebjlk¬}~kHxµÝaÑUy{kHj��Å}xN�gle,jlkH�ij��{j�h,jly{��jl·(jlk4m
WqyHjl��WqyHjih�K�jl�~��}~kHh�oAn{nRoAe²o°Â�m�jlkqm�e,j��Go�m,jl·�n;gle²oAm�y{e,j«h�y{e���� o°ÝÅj�jlmt�Go�m,jl·�n;gle²oAm�y{e,jÕh�y{et��jih#nRoAe,xz}�h�}~kqm,jle�kHj«�Åy
m�y{|0jJÓz�áÃ�jln0jlkH�HoAk4mµÇ��ijlm�m,j3WqyRozh�}Úy{k{}CÄØxze�·�}~m,g��ÅyP�²ÏRoA·�n��{j�m,jl·�n;gle²oAm�y{e,j�e²oz�Å}GoA�Th,jÕÄ�oA}~m�oAyP�{glm�e�}~·(jlkqm«�Åy
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e,jlkH�{jl·(jlk4m«�{jÕ�Go¬·�oz�,Ï{}~kHjrÇá�µoAe(}~�wjih�m�oA��xze,h�kHgi�ijih,hÔoA}~e,j��{j��,ÏRoAyON�jle(y{k�}~·�n0xze�m²oAk4m���xz�~y{·(j���� }~kHxiÝPoµ�zoAkqm
W4yHj#��� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjtkHj�h,jt�{gi�l��jlkH�,ÏHjI�0È$j�h,ji�ixzkH��m"¼qn0j�����gi�,ÏRoAk{å�jly{e��{jt�²ÏRoA��jly{e`n;jle�·(jlm�y{k
�,ÏRoAyON$oAå�j�}~kqm,jle�kHjrÇ4�Go�e,gih�}�h�m²oAkH�ij��,ÏRoAyON$oAk4m,j�glm²oAk4m[�Å}~e,ji�lm,jl·(jlk4m[}~kHh,gle,gij��HoAkHhX��jwåry{}��{jT����xzkH�{jI�Åêq};�ijÚmæ¼�n;jT�{j
�,ÏRoAyON$oAå�jbozh,h�y{e,jTy{k¨·(jl}~�~��jly{eÚe,jlkH�{jl·(jlk4mµÇ{��� y{k{}CÄØxze�·�}~m,g��Åy¨�,ÏRoA·�n��{j�m,jl·�n0gle²oAm�y{e,j`e²oz�Å}GoA��k$��jih�mÚ�ijln;jlkH�HoAkqm
n{�~yHháozh,h,y{e,gijÚn{y{}�h WqyHjw�{jihX�Å}xN�gle,jlkH�ijihá�{j�n{�~yHhX�{jb³µ´r´���h,xzkqm�oA��xze,hu·(jih,y{e,gijih ������j ÝÅm�e,gl·�}~m,g��²ÏRoAyH�{jT�Åy�h�m²oz� K
jlk4m�e,jt�Go�m,jl·�n0gle²oAm�y{e,jth,y{e���� o°Ý{j#�Åy�e,gih²xzkRoAm,jly{e�jlm��ijl�~��j ��¸r´(·�·��{j#��� o°ÝÅjI�8Ê�y¦�{jl� �(�{jt�ijihT�ixzkHh�}��{gle²oAm�}�xzkHh
h�y{ew��j#e,jlkH�{jl·(jlk4m��{jb�Go(·�oz�,Ï{}~kHj�jlmTh�y{eT��� y{k{}CÄÆxze�·�}~m,g��Åy��²ÏRoA·�n¦�{j#m,jl·�n;gle²oAm�y{e,jte²oz�Å}GoA��ÇR}~�2jih�mw}~kqm,gle,jih,h²oAk4m
����j Ý{oA·�}~kHjle`��� }~kO\HyHjlkH�ij��Åy¦·(xq�{j��{j��,ÏRoAyON$oAå�j�ÑÆj Ý�m,jle�kHj�xzy¦}~k4m,jle�kHjJÓ�h�y{e���� oA�~�~y{e,j��{jihTe,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih
ÑÆjlmÚn;jle�·�oAkHjlkqm,hÔÓÚxz|Hh²jle���gih!�H�`jihwgl��gl·(jlk4m,hT�{j�e,gln0xzkHh,j ���ij�h�yzº�jlmwh,xzk4m�n{e,gih,jlk4m,gihT�HoAkHhw�Go�h�y{}~m,jI�

d2xzy{ef����jlkHh,jl·#|{��jw�{jihÛ·(jih,y{e,jihÛn{e,gih,jlk4m,gijihu�HoAkHhf�ij�nRoAe²oAåre²oAn{ÏHjrÇ�xzk�y{m�}~�~}�h²jáy{k�h�m²oz�LK��{j S��l·â}~kHh�m�e�y{·(jlk4m,g
jlk#m�ÏHjle�·(x��ixzy{n{��jihÛm�e �ih6wHkHh2e,glåry{�~}��le,jl·(jlkqmu�Å}�h�n;xrh²gih<h�y{}~�roAk4m2��� o°Ý{ju·(gi�Å}GoAk��Åyth�m²oz�LK;ÇA�ixzkÅÄØxze�·(gl·(jlk4m �Ú�GoTÐ2}~å@�
³I�~³!QO�J�TkHju}~kHh�m�e�y{·(jlkqm²oAm�}�xzk(jlk#m�ÏHjle�·(x��ixzy{n{��jihÛ�HoAkHh��GownRoAe�m�}�já�Åytåry{}��{já����xzkH�{já}~k{ÏHxz·(xzå)�lkHj[jlk#m,jl·�n0gle²oAm�y{e,j
obglå4oA��jl·(jlkqm[glm,g�·�}�h,j�jlk�x�jly{�qe,jI�ÅÃ�jlm�m,j�·(jih�y{e,j�jih�mue,gµoA�~}�h²gij�nRoAe S�m�ÏHjle�·(x��ixzy{n{��jih�e,glåry{�~}��le,jl·(jlk4mw�ixz�~��gih�h�y{e
y{kHj`|RoAe�e,jb��� }~kHxiÝ�ÇHn{�Goz�igij#h�y{eÚ��� o°ÝÅj#�Åy¨e,gih,xzkRoAm,jly{e�ÑÆÐ2}~å@��³I�~³JÓz�
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Z[E���¾�³I�~³!Q 	�ÎTjln{e,gih,jlk4m²oAm�}�xzk¦h,�,ÏHgl·�oAm�}�WqyHj#�{j`��� }~kHh�m�e�y{·(jlkqm²oAm�}�xzk6�Åy�h�m²oz� K¨�{j�S��l·+jlk�m�ÏHjle�·(x��ixzy{n{��jih!�

#'$ ��$F# ��@ 0'5 �"0 B%3 3���243	6 . 3
��oAkHh(��jih«j Ý�n0gle�}�jlkH�ijih`W4y{}�h�y{}~��jlk4mµÇá��j�e�y{|RoAk¢��� }~kHxiÝP}~k{}~m�}GoA��jl·(jlkqm«n{�Goz�ig�n{e �ih«�{j�����j ÝÅm�e,gl·�}~m,g��²ÏRoAyH�{j

ÑÆÐ2}~å@��³I�RY�Ó��Åy¢h�m²oz�LKPo?glm,g�jlk{��jl��grÇÚo#wHk��{j¦h�}~·�n{�~}xwRjle���j¦�Å}�h�n0xrh�}~m�}CÄ#j ÝÅn;gle�}~·(jlkqm²oA� ��Éuk�jzN�jlmµÇX��j�·(xq�{j¦�{j
m�e²oAkHh»ÄØjle�m��{j��Go��²ÏRoA��jly{e���jle,h���j�h�m²oz�LKMnRoAe��ijlm�m,j�n{}��i�ijÕjih�m�·�oA��·�o°Â�m�e�}�h,grÇ2kHxzm²oA·�·(jlk4m(jlk©n{e,gih,jlkH�ij«��� y{kHj
xzkH�{jToz�ixzyHh�m�}�WqyHj��{jÚÄØxze�muk{}~��jµoAy
'q�ijlm�m,jTn{}��i�ij�jih,má�{xzkH��h²xzy{e,�ijT�{jT�Å}xy��ly{�~m,gih�jlk�m,jle�·(jihá�{jT�ixz·�nRoAe²oA}�h,xzkÕ�{jih
e,gih�y{�~m²oAm,h�j Ý�n0gle�}~·(jlk4m²oAyÅÝ ���{jih�e,gih,y{�~m²oAm,h�}�h,h,yHhT��� y{k�·(xq� �l��jI�;d2oAe�oA}~�~��jly{e,hµÇ8�Go(h�y{n{n{e,jih²h�}�xzk��{jt�ijlm�gl��gl·(jlkqm
k$� opW4yHj«n0jly>��� }~kO\HyHjlkH�ij�h,y{e���jÕh,jly{}~�Ú�{jÕ�{gi�l��jlkH�,ÏHjl·(jlkqm��{j«����xzkH�{j�oz�ixzyHh�m�}�WqyHjrÇÛ����jih,h,jlkqm�}�jl�w�{j��Go¦�²ÏRoA��jly{e
}~kzº»ji�lm,gij�glm²oAk4m#m�e²oAkHh�ÄÆgle,g�nRoAet�ixzkH�ÅyH�lm�}�xzkÒ��j���xzk{å��{jihbnRoAe,xz}�h#�Åy?m�y{|;j(jlk?}~kHxiÝ%�$È�o wHåry{e,j�³I�~³l¹�e,jln{e,gih,jlkqm,j
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�Å}xN�gle,jlk4m,háe,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih[�{j��{gi�l��jlkH�²ÏHjl·(jlk4mw�{jT��� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjrÇ���xze,h WqyHjw����xzk�n{e,xq���i�{j
��y{k6�,ÏRoAyON$oAå�j�nRoAe�gi�,ÏHjl��xzkM�{jtn{y{}�h,h²oAkH�ijI�0Ê��roAk4m��²ÏRo:W4yHj�·(jih�y{e,jrÇ;�Go�n{y{}�h,h²oAkH�ij�m�ÏHjle�·�}�WqyHj��Å}�h,h�}~n0gijt�HoAkHh
��jih[e,gih,}�h�m²oAkH�ijihÚgl��ji�lm�e�}�W4yHjih�jih�m[}~k{}~m�}GoA��jl·(jlk4mJw{Ý{gij �ty{kHj`�zoA��jly{e  %�T�{j`m,jl�~��j�h²xze�m,j WqyHj`��j`h�¼Åh�m �l·(j`h,xz}~m2º%yHh�m,j
oAy��{jih²h,xzyHh��Åy�h²jly{}~���{j��{gi�l��jlkH�,ÏHjl·(jlkqm�Ñ  � � 
%$ $��âÓz�RÈ�xze,h W4yHjb����g�W4y{}~�~}~|{e,j#m�ÏHjle�·�}�W4yHjtjih�mwglm²oA|{�~}�ÑÆjlkq�q}~e,xzk
³lÏ Qr´�Ó ÇÛ�Å}~��jle,h�gi�²ÏHjl��xzkHh(�{j«n{y{}�h,h²oAkH�ij �  �h,xzkqm�oAn{n{�~}�WqyHgih�jlm���� }~kHh�m²oA|{}~�~}~m,gÕm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj¨h,j�n{e,xq�Åy{}~m!�
È<o?Ð2}~å@��³I�~³!S?n{e,gih,jlkqm,jpWqyRoAk4m �Òjl�~��j���jih�e,glår}~·(jih«m�e²oAkHh�}~m,xz}~e,jih¨xz|Hh,jle���gih�n;xzy{e«y{k¢�²ÏRoAyON�oAå�j¬j ÝÅm,jle�kHj�nRoAe
ozh²h,jle��q}�h²h,jl·(jlk4mfjlk�m,jl·�n;gle²oAm�y{e,j��Åy�m�ÏHjle�·(x��ixzy{n{��jÚ�{j[e,g ÄØgle,jlkH�ijI�4èTk�n{e,x����i�{jÚ�{j��GoT·��l·(j�ÄØo��ixzk WqyHj��HoAkHhÛ��j
nRoAe²oAåre²oAn{ÏHj�
 W 
 �°�Go�m,jl·�n0gle²oAm�y{e,jÚ�Åy�m�ÏHjle�·(x��ixzy{n{��jw�{jÚ�ixzk4m�e dz��j � � ���� ÑÆh�}~m�yHgÚjlk4m�e,jÚ�GoTn{}��i�ijÚ����Þ"kHxiÝ��{j��Go`Ð<}~å@�
³I�RS�jlmf��j[�Å}GoA·V�lm�e,jÚj ÝÅm,jle�kHjÚ�Åy�åry{}��{jÚ����xzkH�{jJÓ2jih�mÛ}~k{}~m�}GoA��jl·(jlk4mow{Ý{gij ��
 � �������{j�m,jl�~��jÚh,xze�m,j Wqy$� y{k�}~kH�le,gl·(jlk4m
�{jÕ³ � h�yOy�h²j �Õ�{gi�l��jlkH�²ÏHjle#��� }~kHh�m²oA|{}~�~}~m,g(m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjI�<È �ÕjlkH�ixze,jrÇ0}~�ujih�m�kHgi�ijih,hÔoA}~e,j���� oAm�m,jlkH�Åe,jVW4yHj
����g�Wqy{}~�~}~|{e,j�m�ÏHjle�·�}�WqyHjbh,xz}~m�glm²oA|{�~}~m�ÑÆjlk4��}~e,xzk Qr´�·�}~k8ÓÚoµ�zoAkqmT��� }~·�n0xrh,jleÚ��� }~kH�le,gl·(jlk4m`�{j�m,jl·�n0gle²oAm�y{e,jI�
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Z[E��[¾�³I�~³l¹ 	PÎ�glår}~·(jMm�e²oAkHh�}~m,xz}~e,jM�{j6�{gi�l��jlkH�,ÏHj é
·(jlkqm#nRoAe#�²ÏRoAyON�oAå�j«j ÝÅm,jle�kHj�oi��ji��}~kH�le,gl·(jlk4m��{j
n{y{}�h²h²oAkH�ijI�
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Z[E��[¾#³I�~³!S 	�Î�glår}~·(j¬m�e²oAkHh�}~m,xz}~e,j?�{j6�{gi�l��jlkH�,ÏHj é
·(jlk4mfnRoAeu�²ÏRoAyON�oAå�j�j Ý�m,jle�kHjÚoi��ji�Tozh,h,jle���}�h,h,jl·(jlk4m
jlk�m,jl·�n0gle²oAm�y{e,jb�Åy�m�ÏHjle�·(x��ixzy{n{��j#�{j`e,g ÄØgle,jlkH�ijI�

Èu� oAkRoA�~¼�h²j��ixz·�nRoAe²oAm�}~��jÕ�{jih#e,gih,y{�~m²oAm,h��{jih�Ð2}~å@�X³I�á³l¹¦jlm«³I�X³!S¨n0jle�·(jlm��{j��ixzkH�l�~y{e,j`W4yHj��Go�n{e�}~kH�l}~nRoA��j
�Å}xN�gle,jlkH�ij��{j��ixz·�n;xze�m,jl·(jlkqm�}~·�n{y{m²oA|{��j«oAy?·(x��{j(�{j��²ÏRoAyON�oAå�j¦ÑU}~kH�le,gl·(jlk4m��{j�n{y{}�h,hÔoAkH�ij�xzyÒozh,h²jle��q}�h,h²j é
·(jlkqm�jlk�m,jl·�n0gle²oAm�y{e,jJÓÚ�ixzkH�ijle�kHj#�Go��Åy{e,gijb�Åy�e,glår}~·(j�m�e²oAkHh,}~m,xz}~e,j �{��j`e,glår}~·(jth�m²oAm�}�xzk{kRoA}~e,j#jih�m�oAm�m,jl}~kqm�n{�~yHh
e²oAn{}��{jl·(jlkqmánRoAe�}~kH�le,gl·(jlk4m[�{jwm,jl·�n0gle²oAm�y{e,j W4yHj�nRoAeX}~kH�le,gl·(jlk4mÚ�{jÚn{y{}�h²h²oAkH�ijI�qÉuk�e,jl�roAkH�,ÏHjrÇlW4yHjl��WqyHjih,xz}~mX��j
·(x��{j��{jt�²ÏRoAyON�oAå�jrÇ0��jih�e,glår}~·(jih`m�e²oAkHh�}~m,xz}~e,jih�xz|Hh,jle���gih�h²xzk4m�h�}~·�}~�GoA}~e,jih �Ry{kHj�n{ÏRozh,j���� oA·�n{�~}xwR�µoAm�}�xzkMj ÝÅn;xAé
kHjlkqm�}�jl�~��j�jih�mTh�y{}~��}�j#��� y{kHjtn{e,jl·�}��le,j�h²oAm�y{e²oAm�}�xzk¦n{y{}�h���� y{kHjtkHxzy{��jl�~��jtn{ÏRozh,jt��� oA·�n{�~}xwR�µoAm�}�xzkMh²jbn{e,x��Åy{}�h²oAk4m
h²xzyHh[e,gih,jle���j�WqyHj��Go�n{y{}�h,h²oAkH�ij�}~kzº�ji�lm,gijbh,xz}~mwh,yOy�h²oA·�·(jlk4m�gl��jl��gijI�
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Z[E��[¾<³I�~³!Y�	¨Éf��xz�~y{m�}�xzk¦�{jih�m,jl·�n;gle²oAm�y{e,jih �(����j Ýqé
m�e,gl·�}~m,gw�,ÏRoAyH�{j��Åy�h�m²oz�LK�� � Ç4oAy(�ijlk4m�e,j��Åy(h�m²oz� K
� � Ç;jlmb�HoAkHhb��jtåry{}��{j�����xzkH�{j �¬³µ¸O�RSÕ�l·��{j�����j Ýqé
m�e,gl·�}~m,g��,ÏRoAyH�{j��ÅyMh�m²oz�LK ���ªoAy6�ixzy{e,h��{j��{jlyÅÝ
e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih!�;È$jih`�ixzy{e�|;jih�jlk�m�e²oA}~m�n{��jl}~k
ÑUe,jih�n0ji�lm�}~��jl·(jlk4m�jlkam�e²oA}~m�m�}~e,jlm,gJÓ��ixze�e,jih�n;xzkH�{jlkqm
�6�GoÒ�ixzy{e�|;j¦jlk¢m�e²oA}~m«n{��jl}~k ÑUe,jih�n6�ám�}~e,jlm,gJÓ��{j��Go
Ð2}~å@��³I�~³l¹HÇwxz|{m,jlk4yHjMjlk �,ÏRoAyON$oAå�jMj Ý�m,jle�kHjMn;xzy{e
y{kt}~kH�le,gl·(jlkqmX�{ján{y{}�h,h²oAkH�ij �  . $ W 
��  � ÑUe,jih�n6�
�  . $ W 
 
( %�  z�2Èu� }~kHh�m²oAk4m � . $¦�ixze�e,jih�n;xzkH� �

��� oAn{n{�~}��µoAm�}�xzk��{j �  V�
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Z[E��[¾2³I�~³+[ 	«Éf��xz�~y{m�}�xzk¬�{jihTm,jl·�n;gle²oAm�y{e,jih ������j Ý�é
m�e,gl·�}~m,gT�,ÏRoAyH�{jT�Åy�h�m²oz� K�� � Ç4oAy��ijlk4m�e,j��Åy�h�m²oz� K
� � Ç�jlm��HoAkHh���j�åry{}��{j�����xzkH�{j �¦³µ¸O�RSÕ�l·��{j�����j Ý�é
m�e,gl·�}~m,g��²ÏRoAyH�{j(�Åy6h�m²oz� K ��� oAy6�ixzy{e,hb�{j��{jlyÅÝ
e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih+�;È�jihT�ixzy{e�|0jih`jlk�m�e²oA}~m`n{��jl}~k
ÑUe,jih,n;ji�lm�}~��jl·(jlkqmujlktm�e²oA}~mÛm�}~e,jlm,gJÓ<�ixze�e,jih�n0xzkH�{jlk4m �
�Go(�ixzy{e�|;jbjlk�m�e²oA}~mwn{��jl}~kÒÑUe,jih�n6�{m�}~e,jlm,gJÓÚ�{j��Go�Ð2}~å@�
³I�~³!SÅÇ<xz|{m,jlk4yHj«jlk?�,ÏRoAyON$oAå�j«j Ý�m,jle�kHj«oi��ji��ozh²h,jle»é
��}�h,h,jl·(jlkqm�jlk�m,jl·�n0gle²oAm�y{e,j��Åy�m�ÏHjle�·(x��ixzy{n{��j��{j
e,g ÄØgle,jlkH�ij�jlmÚn0xzy{e�y{k¨}~kH�le,gl·(jlkqm��{j`m,jl·�n0gle²oAm�y{e,j
��� . 
 
��*ÑUe,jih�n6� ��� . S " �MÓz��Èu� }~kHh�m²oAk4m � . $
�ixze�e,jih,n;xzkH� ����� oAn{n{�~}��µoAm�}�xzk¬�{j ��� �

È�o¬Ð2}~å@�Ú³I�~³!Y¦n{e,gih,jlkqm,j¨����gl��xz�~y{m�}�xzk�m,jl·�n0xze,jl�~��j��{jÕm�e,xz}�h�h�}~årkRoAyÅÝ©nRoAe�m�}��ly{�~}�jle,h��{jÕm,jl·�n0gle²oAm�y{e,jrÇf} ��jI�Û�Go
m,jl·�n;gle²oAm�y{e,j
� � �b����j ÝÅm�e,gl·�}~m,gT�²ÏRoAyH�{j`�Åy«h�m²oz�LK�Ñ�� � . � � h�y{e��GobÐ2}~å@�;³I�~³!Q�Ó Ç4�Go#m,jl·�n0gle²oAm�y{e,j � � oAy«�ijlkqm�e,j
�Åy¦h,m²oz� KÒÑ�� � . ���th�y{e��Go�Ð2}~å@�2³I�~³!Q�Ó Ç;jlm��Go�m,jl·�n;gle²oAm�y{e,j � � ·(jih�y{e,gij��HoAkHh���jtåry{}��{jt����xzkH�{j���³µ¸O�RS��l· �

�Åe,xz}~m,j`�{jT����j ÝÅm�e,gl·�}~m,g��,ÏRoAyH�{j��Åy¨h�m²oz�LK��HÃ�jihÚgl��xz�~y{m�}�xzkHhÚm,jl·�n0xze,jl�~��jihÚ�{j�m,jl·�n;gle²oAm�y{e,j#h,xzk4m[e,jln{e,gih,jlkqm,gijih�oAy
�ixzy{e,hÛ�{j��{jlyÅÝte,glår}~·(jihÛm�e²oAkHh�}~m,xz}~e,jihu�Å}�h�m�}~kH�lm,hµÇAxz|{m,jlk4yHhXjlk��²ÏRoAyON�oAå�j[j ÝÅm,jle�kHj�nRoAe2}~kH�le,gl·(jlkqmX�{ján{y{}�h,h²oAkH�ij[jlm
�ixze�e,jih�n0xzkH�HoAk4mwoAyÅÝ��ixzy{e�|0jih�jlk«m�e²oA}~m[n{��jl}~k«jlm[jlk«m�e²oA}~m�m�}~e,jlm,g��{jT�Go#Ð2}~å@�0³I�~³l¹@�qdÛoAe²oA�~���l��jl·(jlk4mµÇH��jih�gl��xz�~y{m�}�xzkHh
m,jl·�n;xze,jl�~��jih<�{j�� � Ç � � jlm ��� h,xzkqm$e,jln{e,gih,jlk4m,gijih2jlk#Ð2}~å@��³I�~³+[ÚoAyt�ixzy{e,h��{ju�{jlyÅÝ`e,glår}~·(jih�m�e²oAkHh,}~m,xz}~e,jih�xz|{m,jlk4yHh
jlk��,ÏRoAyON$oAå�jÚj Ý�m,jle�kHj�nRoAeuozh,h,jle���}�h,h,jl·(jlkqmÛjlk�m,jl·�n0gle²oAm�y{e,jÚ�Åy�m�ÏHjle�·(xq�ixzy{n{��jÚ�{j�e,g ÄØgle,jlkH�ijÚjlm2�ixze�e,jih�n0xzkH�HoAk4m
oAyÅÝÕ�ixzy{e�|0jihwjlk�m�e²oA}~m�n{��jl}~k�jlmwjlk�m�e²oA}~mwm�}~e,jlm,gb�{j`�Go(Ð<}~å@��³I�~³!SO�

Èu� oAkRoA�~¼Åh,j(�{glm²oA}~�~��gij«�{j(�,ÏRoz�ly{kHj«�{jih wHåry{e,jih«³I�~³!Y¨jlm�³I�~³+[�oA}~kHh�}8WqyHj���jly{etoAkRoA�~¼Åh,j(�ixz·�nRoAe²oAm�}~��jÕoA·V�lkHj
�ÒÄÆxze�·ty{��jle�n{�~yHh�}�jly{e,h�e,jl·�oAe W4yHjih+�wÙ�xzy{m���� oA|0xze,��ÇToAy e,jlå4oAe,� �{jih�gl��xz�~y{m�}�xzkHh��{jM�Go©m,jl·�n;gle²oAm�y{e,j � � Ç[}~�
oAn{nRoAe²o°Â�meWqyHj��HoAkHhwm,xzyHh���jihw�µozh��{j wHåry{e,jihTn{e,gih,jlk4m,gih�}��l}�Ç{�Go�n{e,jl·�}��le,jth²oAm�y{e²oAm�}�xzk��{j�����xzkH�{jtoz�ixzyHh�m�}�W4yHj�ÑÆh,j
n{e,xq�Åy{}�hÔoAk4m2nRoAe2j Ý{jl·�n{��j � �(� 
%$ $ "Úh�y{e��Go��ixzy{e�|;j�jlk�m�e²oA}~m�n{��jl}~k��{jX�Go�Ð<}~å@��³I�~³!Y�Ó�jih�m�m,xzyzº�xzy{e,h2oz�i�ixz·�nRoAårkHgij
��� y{k?oAe�e��lm#�{j���� oAy{år·(jlkqm²oAm�}�xzk>�{j�� � ÑØoAy{år·(jlkqm²oAm�}�xzkÒ}~k{}~m�}GoA��jl·(jlkqmt�ÅyHj�oAyM�²ÏRoAyON�oAå�jJÓz�<dfy{}�hµÇ�oAn{e �iht�ijlm�m,j
n{e,jl·�}��le,j�h²oAm�y{e²oAm�}�xzk6�{j�����xzkH�{j(oz�ixzyHh�m�}�W4yHjrÇ;��jih�m,jl·�n0gle²oAm�y{e,j�� � jlm � � m,jlkH�{jlk4m��«�Å}~·�}~k4yHjle�n0jlkH�HoAk4m�WqyHj
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�Go�m,jl·�n0gle²oAm�y{e,j ��� oAy{år·(jlk4m,j?ÑUn{e,xz|RoA|{��jl·(jlkqm«jlka�ixzkHh,g�WqyHjlkH�ij��{j«����j ÝÅ�l}~m²oAm�}�xzk��Åya��jlk4m�oz�ixzyHh�m�}�WqyHjJÓz�uÞ"�
jih,m#}~k4m,gle,jih²h²oAk4m��{j�kHxzm,jle�}��l} W4yHj���jih�gl��xz�~y{m�}�xzkHh��{j���� oA·�n{�~}~m�yH�{jÕ�{j�����xzkH�{jÕoz�ixzyHh,m�}�W4yHjÕoAn{e �ih��Go�n{e,jl·�}��le,j
hÔoAm�y{e²oAm�}�xzkth,xzkqm$ÄØxze�m,jl·(jlk4mÛ�ixze�e,gl��gijih2oAyÅÝbgl��xz�~y{m�}�xzkHh2�{jih$m,jl·�n0gle²oAm�y{e,jih�� � Ç � � jlm ��� �µxzkbe,jl·�oAe WqyHj�jlk#jzN0jlm
WqyHj���xze,h WqyHj��GoÕn{e,jl·�}��le,j(h²oAm�y{e²oAm�}�xzk>�{j�����xzkH�{j�oz�ixzyHh�m�}�WqyHj(jih�m#h,y{}~�q}�j���� y{kHj�oA·�n{�~}xwR�µoAm�}�xzkÒ��jlk4m,j¦ÑÆ�ixzy{e�|;jih
jlk«m�e²oA}~m[n{��jl}~k8Ó ÇÅ�ijlm�m,j`oA·�n{�~}xwR�µoAm�}�xzk�jih,m[oz�i�ixz·�nRoAårkHgijb��� y{kHj��Å}~·�}~k4y{m�}�xzk�h�}~·#y{�~m²oAkHgij��{j � � jlm � � jlm���� y{kHj
oAy{år·(jlkqm²oAm�}�xzk��{j � � ��êq}Hjlk�e,jl�roAkH�,ÏHjw�Go�n{e,jl·�}��le,jÚh²oAm�y{e²oAm�}�xzk�jih�mfh�y{}~��}�j[��� y{kHjÚh�m²oA|{}~�~}�h²oAm�}�xzk��{j���� oA·�n{�~}~m�yH�{j
�{j[n{e,jih²h�}�xzk�oz�ixzyHh�m�}�WqyHjtÑÆ�ixzy{e�|0jihujlk(m�e²oA}~mám�}~e,jlm,gJÓ Çr��jihum,jl·�n0gle²oAm�y{e,jih � � Ç�� � jlm � � h²jÚh�m²oA|{}~�~}�h,jlk4m�jl�~��jihXoAyHh,h�}
e²oAn{}��{jl·(jlkqm�'0�ijlm�m,j#�ixze�e,gl�GoAm�}�xzk�ÄÆxze�m,jtjlk4m�e,j�gl��xz�~y{m�}�xzk¦�{j#��� oA·�n{�~}~m�yH�{j��{j#n{e,jih,h�}�xzk�oz�ixzyHh,m�}�W4yHj�jlmTgl��xz�~y{m�}�xzk
�{j��Go#�Å}�h,m�e�}~|{y{m�}�xzk«�{jTm,jl·�n;gle²oAm�y{e,j�oAn{nRoAe²o°Â�mÚ�{jÚÄ�o��ixzk«m�e �ihXnRoAe��GoAkqm,j�h,y{eá�Go#�ixzy{e�|;j�jlk�m�e²oA}~m�n{��jl}~kÕ�{jw�GotÐ<}~å@�
³I�~³+[l�4ÉfkOwHk$Çr}~�8oAn{nRoAe²o°Â�m W4yHj[��jihXm,jl·�nHhX�µoAe²oz�lm,gle�}�h�m�}�WqyHjihX�{jw�²ÏRoAyON�oAå�jTh,xzk4mXn{�~yHhue²oAn{}��{jihunRoAe�ozh,h,jle���}�h,h,jl·(jlk4m
�{j(m,jl·�n;gle²oAm�y{e,j W4yHj�nRoAet}~kH�le,gl·(jlk4m��{j�n{y{}�h,h²oAkH�ijrÇ<jlm�WqyHj(�ijlm�m,j��Å}xN�gle,jlkH�ij��{j�m,jl·�nHht�µoAe²oz�lm,gle�}�h�m�}�WqyHjihth,j
m�e²oz�Åy{}~m���xzår}�WqyHjl·(jlk4m��HoAkHh#�Go��Å¼qkRoA·�}�WqyHj«�{j��{gi�l��jlkH�,ÏHjl·(jlkqm��{j(����xzkH�{jÕoz�ixzyHh�m�}�WqyHj¦ÑÆ�{gi�l��jlkH�²ÏHjl·(jlk4m�n{�~yHh
e²oAn{}��{j#�HoAkHhÚ��jb�µozhw��� y{k��²ÏRoAyON�oAå�jbnRoAeTozh,h,jle���}�h,h,jl·(jlkqm��{j`m,jl·�n;gle²oAm�y{e,jJÓz�
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�`oAkHh��ijTnRoAe²oAåre²oAn{ÏHjrÇÅ��jih��{xzk{kHgijih[j ÝÅn;gle�}~·(jlkqm²oA��jihÚe,jln0xze�m,gijih�h²xzk4m[�ijl�~��jihÚxz|{m,jlk4yHjih[��xze,h WqyHj��Go#n{y{}�h,h²oAkH�ij

gl��ji�lm�e�}�WqyHjXÄÆxzy{e�k{}�jánRoAe<��já|{��x��um�Ï4¼�e�}�h�m,xzefjih�m2�Å}�h,h�}~n0gijX�Å}~e,ji�lm,jl·(jlk4mu�HoAkHh2��jáåry{}��{já����xzkH�{jI�zÈ�o�n{}��i�ij��,ÏRoAyON$oAk4m,j
ÑÆÐ2}~å@��³I� [rÓ�jih�m[n{�Goz�igij � S�·�·+�{j�����j ÝÅm�e,gl·�}~m,gb�Åy�h�m²oz� K �{È�o�n{y{}�h,hÔoAkH�ij�gl��ji�lm�e�}�W4yHj	 %�T�Å}�h²h�}~n;gij��HoAkHh[��j wH�$�{j
¶T}��,Ï{e,xz·(j�jih�mT}~k{}~m�}GoA��jl·(jlk4m w{Ý{gijt�{j#m,jl�~��j�h,xze�m,j�WqyHj#��jth�¼Åh�m �l·(jth²xz}~muº»yHh�m,j#h,xzyHh���jth,jly{}~�2�{j��{gi�l��jlkH�,ÏHjl·(jlkqm
Ñ  %� . S � �âÓz�{È�o�Ð2}~å@��³I�~³!^�n{e,gih,jlk4m,jb��jihÚe,glår}~·(jihÚm�e²oAkHh�}~m,xz}~e,jihTxz|{m,jlk4yHhwn0xzy{eÚ�Å}~��jle,h�gi�²ÏHjl��xzkHh��{j`n{y{}�h,h²oAkH�ijI�
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Z[E��[¾�³I�~³!^ 	©Éf��xz�~y{m�}�xzk�jlkaÄØxzkH�lm�}�xzk��ÅyPm,jl·�nHh��{j���� oA·�n{�~}~m�yH�{j¦jzy��µoz�ij��{jih�xrh,�l}~�~�GoAm�}�xzkHh��{j�n{e,jih,h�}�xzk��Åy
·(x��{j�ÄÆxzkH�HoA·(jlkqm²oA� � � . 
 S �>W U�� �  án;xzy{e[�Å}xN0gle,jlkqm,h[}~kH�le,gl·(jlk4m,hw�{jTn{y{}�h,h²oAkH�ij �  oAy¨�{jl� �t�{j��Gotn{y{}�h,h²oAkH�ij
h²jly{}~�8�{j��{gi�l��jlkH�²ÏHjl·(jlk4m#Ñ  %� . S � �âÓf�{jT��� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjI�ÅÈ$jih W4yRoAm�e,jih�e,glår}~·(jihám�e²oAkHh�}~m,xz}~e,jih
n{e,gih²jlk4m,gihtÑØo�Ó Ç�ÑU|8Ó Ç�ÑÆ�JÓwjlm#ÑÆ�RÓ[�ixze�e,jih�n0xzkH�{jlk4mTe,jih�n;ji�lm�}~��jl·(jlkqm � �! $32 � . S &¨Ç 
%$'&ÕÇ�
�$'& jlm U $'& �

È$jih�e,glår}~·(jihtm�e²oAkHh,}~m,xz}~e,jih�xz|Hh,jle���gih��HoAkHh��ijih��ixzkH�Å}~m�}�xzkHh�h²xzk4m�kHjlm�m,jl·(jlk4m(�Å}xN�gle,jlk4m,h��{jÕ�ijlyÅÝÒxz|Hh,jle���gih
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��xze,h WqyHj�����xzkMn{e,xq���i�{j(nRoAeb�,ÏRoAyON$oAå�j�j ÝÅm,jle�kHjI�$d<xzy{e��{j�ÄØoA}~|{��jihb}~kH�le,gl·(jlk4m,h��{j�n{y{}�h,h²oAkH�ij(oAy?�{jl� ���ÅyMh,jly{}~�
�{jb�{gi�l��jlkH�,ÏHjl·(jlkqm�ÑÆÐ2}~å@��³I�~³!^�ÑØo�ÓæéÔÑÆ�JÓ�Ó Ç8����gl��xz�~y{m�}�xzk¬�{j���� oA·�n{�~}~m�yH�{j��{j�n{e,jih,h�}�xzk¬oz�ixzyHh�m�}�W4yHjth�y{}~m�y{k�e,glår}~·(j
�{jT�{gi�l��jlkH�²ÏHjl·(jlk4m,h�jlmwoAe�e��lm,hÚh�yH�i�ijih,h�}CÄØhµÇ4�{xzkqmÚ�Gotn;gle�}�x��{jTjih,m��~}�gij �#����gi�,ÏHjl��xzk��{j�n{y{}�h,hÔoAkH�ij�ÄØxzy{e�k{} �ÅÈ$xze,h WqyHj
��� }~kH�le,gl·(jlk4mf�{ján{y{}�h,h²oAkH�ij�jih�m<h�yOy�hÔoAk4mwÑÆÐ2}~åt³I�~³!^�ÑÆ�RÓ Ç �  	32 � . U $'&�Ó ÇJ��� oA·�n{�~}~m�yH�{j[�{já����xzkH�{j�oz�ixzyHh�m�}�WqyHj[h,j
h�m²oA|{}~�~}�h,j ��y{kHjÚ�zoA��jly{eowHk{}�jI�4Éfk�xzy{m�e,jrÇq�ijlm�m,jwh�m²oA|{}~�~}�h²oAm�}�xzk«jih�mun{e,gi�igi�{gijT��� y{k Ulxµ��jle,h�ÏHx�xzm+U#ÑÆ�{glnRozh²h,jl·(jlk4m[jlk
e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,jÚ�Åy�k{}~��jµoAy��{j�n{e,jih,h,}�xzk�oz�ixzyHh,m�}�W4yHj�e,jl�GoAm�}~��jl·(jlk4m �T�ijl�~y{}{xz|{m,jlkqy(jlk�e,glår}~·(jÚh,m²oAm�}�xzk{kRoA}~e,jJÓ Ç
jlmÚ�Go��Åy{e,gijb�{j`m�e²oAkHh�}~m�}�xzk¦�{jln{y{}�hÚ��jb�{gi�l��jlkH�²ÏHjl·(jlk4m�º%yHhLW4y$� �t�Go�h�m²oA|{}~�~}�hÔoAm�}�xzknwHkRoA��jb�Åy�k{}~��jµoAy���� oA·�n{�~}~m�yH�{j
oz�ixzyHh�m�}�WqyHjbjih�mÚkHjlm�m,jl·(jlk4mTn{�~yHhw�ixzy{e�m,j�WqyHj`��xze,h WqyHj`����xzk�n{e,x����i�{j�nRoAe��,ÏRoAyON$oAå�j#j ÝÅm,jle�kHjI�
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Z[E��[¾Å³I�~³!_ 	bÉf��xz�~y{m�}�xzk(�{j��Go��Å}�h�m�e�}~|{y{m�}�xzk(�{jám,jl·�é
n;gle²oAm�y{e,j��HoAkHh<��jáh�m²oz�LK���xze,hÛ�Åy#e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j
ozh,h,x��l}�g ���Go�Ð2}~å@�<³I�~³!^{ÑØo�Ó ÇRjlm�e,jln{e,x��Åy{}~m�}��l}<h�y{e��Go
�ixzy{e�|;j��ÅyÕÏRoAy{m!�ÅÈ$jih�m,jl·�n;gle²oAm�y{e,jih �#
ÅÇ � U Ç � �HÇ�jlm
� S h,xzk4m���jih�m,jl·�n;gle²oAm�y{e,jih�·(jih�y{e,gijih���jÕ��xzk{åM�{j
��� o°ÝÅjá·(gi�Å}GoAk��Åy�h�m²oz� K��ixzkÅÄÆxze�·(gl·(jlkqmXoAy�h²�,ÏHgl·�o
�{j`��� }~kHh�m�e�y{·(jlk4m²oAm�}�xzk¬�{j��Go�Ð2}~å@�$³I�~³!QO�
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Z[E��[¾Å³I� ¸r´ 	�Éf��xz�~y{m�}�xzk(�{j��GoT�Å}�h�m�e�}~|{y{m�}�xzk(�{j�m,jl·�é
n0gle²oAm�y{e,j��HoAkHh<��jáh�m²oz� K#��xze,h<�Åy�e,glår}~·(jXm�e²oAkHh,}~m,xz}~e,j
ozh²h,xq�l}�g ���Go�Ð2}~å@�$³I�~³!^{ÑÆ�RÓ ÇRjlmwe,jln{e,x��Åy{}~mw}��l}�h,y{ew�Go
�ixzy{e�|0j`�Åy�ÏRoAy{m!�ÅÈ$jih[m,jl·�n0gle²oAm�y{e,jih � 
ÅÇ � U Ç �	�HÇ�jlm
� S h,xzk4m���jih�m,jl·�n0gle²oAm�y{e,jih(·(jih,y{e,gijih���jÕ��xzk{åM�{j
��� o°Ý{j�·(gi�Å}GoAk��Åy�h,m²oz� K#�ixzkÅÄØxze�·(gl·(jlk4máoAy�h,�²ÏHgl·�o
�{jb��� }~kHh�m�e�y{·(jlk4m²oAm�}�xzk¬�{j`�Go�Ð2}~å@��³I�~³!QO�

È$jih[Ð2}~å@�8³I�~³!_tjlm`³I� ¸r´#n{e,gih²jlk4m,jlk4mÚ��jih�gl��xz�~y{m�}�xzkHh[e,jih�n0ji�lm�}~��jih[�{j��Got�Å}�h�m�e�}~|{y{m�}�xzk��{jTm,jl·�n;gle²oAm�y{e,j`�HoAkHh���j
h�m²oz� K¨e,jl�GoAm�}~��jih�oAyÅÝ�e,glår}~·(jihTm�e²oAkHh�}~m,xz}~e,jih�³I�~³!^�ÑØo�Ówjlm�³I�~³!^�ÑÆ�RÓz�8È�jih�m,jl·�n0gle²oAm�y{e,jih
� 
 � � S h,xzkqmT·(jih,y{e,gijih
��j¬��xzk{å��Åy�h�m²oz� K �ixzkÅÄØxze�·(gl·(jlk4m¬oAyÅÝ�h,�²ÏHgl·�ozh��{j6�Go©Ð2}~å@��³I�~³!QO�TèTk e,jl·�oAe WqyHjM�l�GoA}~e,jl·(jlk4m¦h�y{e¨�Go©Ð2}~å@�
³I�~³!_ZWqy$� oAy�e,glår}~·(j¨m�e²oAkHh�}~m,xz}~e,j��{j��{gi�l��jlkH�,ÏHjl·(jlkqm,h«jlm«oAe�e��lm,h(n0gle�}�xq�Å}�WqyHjih�h,xzkqm�ozh,h,x��l}�gijih(�{jih(gl��xz�~y{m�}�xzkHh
n;gle�}�x��Å}�WqyHjihÚ�{jihwh�}~årkRoAyÅÝ¨�{j`m,jl·�n;gle²oAm�y{e,jI�8È$xze,h WqyHj`�Go�n{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHj#oAm�m,jl}~k4m�y{k¨k{}~��jµoAy�h�yOy�h²oAkqmµÇ{�Go
m,jl·�n;gle²oAm�y{e,jT�Å}~·�}~k4yHj`h�}~årk{}xwR�µoAm�}~��jl·(jlkqm ������j Ý�m�e,gl·�}~m,g��,ÏRoAyH�{j��Åy�h�m²oz�LK�Ñ�� �#jlm � S ÓÛjlm�oAy{år·(jlkqm,jT�HoAkHháy{kHj
·(xz}~kH�Åe,j�·(jih�y{e,j�h�y{e�h²o�nRoAe�m�}�j�ÄÆe,xz}��{jÕÑ��#
Õjlm
� U Óz��Ê�n{e �ih`��� oAe�e��lmb�{j�����xzkH�{j(oz�ixzyHh�m�}�WqyHjrÇ0��jih`m,jl·�n;gle²oAm�y{e,jih
gl��xz�~yHjlk4mwjlkÕh,jlkHh[�ixzk4m�e²oA}~e,j`n0xzy{e[oAm�m,jl}~kH�Åe,j`��jly{e,h�k{}~��jµoAyÅÝ«}~k{}~m�}GoAyÅÝ¬ÑØoi�roAk4mw�{gi�l��jlkH�²ÏHjl·(jlk4mÔÓz�8Èu��gl��xz�~y{m�}�xzk��{j
�Go(�Å}�h�m�e�}~|{y{m�}�xzk¬m,jl·�n0gle²oAm�y{e,j��HoAkHh���jth�m²oz� K���xze,h��Åy¬�{gi�l��jlkH�,ÏHjl·(jlk4mb�{jt����xzkH�{j�oz�ixzyHh�m�}�W4yHjt}~kH�Å}�WqyHjt�{xzkH�t�Go
n{e,gih,jlkH�ij���� y{k \HyÅÝ��{j��²ÏRoA��jly{e[oz�ixzyHh,m�}�W4yHjl·(jlkqm�}~kH�Åy{}~mµÇ��Å}~e�}~å�g��{jw�Gobh²xzy{e,�ij��,ÏRoAyH�{j���jle,hX�Gobh,xzy{e,�ij�ÄUe,xz}��{j�ÑU}~�
hµ� oAår}~m�n{e,gi�l}�h,gl·(jlkqmt�Åy6n{e,x��ijih,h�yHh`kHxzk6�~}~kHgµoA}~e,j(�{jFUl�ixzkH�ÅyH�lm�}~��}~m,g�oz�ixzyHh�m�}�WqyHjl·(jlk4mt}~kH�Åy{}~m,j)U�·(jlk4m�}�xzk{kHg�jlk
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}~kqm�e,xq�ÅyH�lm�}�xzk8Óz��d2oAeboA}~�~��jly{e,hµÇ0����gl��xz�~y{m�}�xzkM�{jih`m,jl·�n0gle²oAm�y{e,jihb�HoAkHh���j�h�m²oz� K¦h�y{e`�Go�Ð2}~å@�Û³I� ¸r´�ÄØoA}~m�oAn{nRoAe²o°Â�m�e,j
WqyHjrÇf��xze,h WqyHj¨��� oA·�n{�~}~m�yH�{j¦�{j�����xzkH�{j¦oz�ixzyHh�m�}�W4yHj�h,j�h�m²oA|{}~�~}�h²j �¬y{k�k{}~��jµoAyAwHk{}�ÑU} ��jI�un;xzy{e�y{kHj�n{y{}�h,h²oAkH�ij
}~kzº�ji�lm,gij¬h�yOy�h²oAkqm,jJÓ Ç[y{kHj¦h,m²oA|{}~�~}�h²oAm�}�xzk �{jihÕm,jl·�n;gle²oAm�y{e,jihÕ��j¦��xzk{åa�Åy h�m²oz� K¢h,j�n{e,x��Åy{}~m¨h�}~·#y{�~m²oAkHgl·(jlkqm!�
ÊT}~kHh�}�Çr��jih[oAkRoA�~¼Åh,jih8Wqy{}Rn{e,gi���i�{jlkqm��GoA}�h²h,jlk4m �`n0jlkHh,jlecWqyHjw��jihán{e,xq�ijih²h�yHhXxz|Hh,jle���gihám�e,xzy{��jlk4m[��jly{e�xze�}~år}~kHjT�HoAkHh
��� }~kqm,jle²oz�lm�}�xzk�kHxzk��~}~kHgµoA}~e,jtjlk4m�e,jb�²ÏRoA·�n¦oz�ixzyHh�m�}�WqyHjbjlmw�²ÏRoA·�n��{j�m,jl·�n0gle²oAm�y{e,jI�

��� � � ��� � ��������� � !  ��
"���"���%
�� 
"� �  
�� � ��! ! �
d<xzy{e[m,xzy{m,jih���jih�·(jih�y{e,jih[�{gi�le�}~m,jihwoAyÅÝ(nRoAe²oAåre²oAn{ÏHjih 
 W 
�jlm#
 W U ��� o°ÝÅj��ÅyÕåry{}��{jT����xzkH�{j`jih�m[jlk«m,xzy{mán0xz}~k4m

n{�Goz�ig#n;jle�n0jlkH�Å}��ly{�GoA}~e,jl·(jlk4m#oAy¦�,ÏRoA·�n¬�{jbn0jih²oAk4m,jly{e!�;Éfk¦xzy{m�e,jrÇR��� oAkRoA�~¼Åh,j#�{jih�e,gih�y{�~m²oAm,h`xz|{m,jlk4yHh`oA·V�lkHj �
�ixzkH�l�~y{e,j WqyHj��Go�ÄÆxze�·(j��{j��Go«�Å}�h�m�e�}~|{y{m�}�xzk?�{j�m,jl·�n0gle²oAm�y{e,j(�HoAkHh`����jlkHh,jl·t|{��j(�Åy6kHxµ¼4oAy6m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj
h²jl·#|{��j�º»xzyHjle2y{k#e dz��já}~·�n;xze�m²oAkqmf�HoAkHh<��já�{gi�l��jlkH�,ÏHjl·(jlkqmXjlm<�Go�h²oAm�y{e²oAm�}�xzk��{ju��� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI�
Þ"�qj ÝÅ}�h�m,j�y{k�·(xµ¼�jlk(h�}~·�n{��j[�{j���gle�}xwRjlef�ijlm�m,j��ixzkH�l�~yHh,}�xzk �J}~�Åh�yOy(mf�{j[�,ÏRoAk{å�jlef�GoT�Å}�h�m�e�}~|{y{m�}�xzk(�{j�m,jl·�n;gle²oAm�y{e,j
}~k{}~m�}GoA��j[jlmÛn0xzy{eÛ�ijl�Go��{j[�,ÏRoAk{å�jlef����xze�}�jlkqm²oAm�}�xzk��Åy��Å}�h�n0xrh�}~m�}CÄ8j ÝÅn;gle�}~·(jlkqm²oA�{�q}�h ���q}�hÛ�Åy��,ÏRoA·�n(�{j�n0jih²oAk4m,jly{e!�
ÉukP��� oAy{m�e,j¨m,jle�·(jihµÇf��� y{m�}~�~}�hÔoAm�}�xzk��{j¨�Go¬�ixzkq��ji�lm�}�xzk�kRoAm�y{e,jl�~��j��{xz}~m(n;jle�·(jlm�m�e,j��{j¨�zoA�~}��{jle���jih(�ixzkH�l�~yHh�}�xzkHh
n{e,gi�igi�{jlkqm,jihqWqyRoAk4m �¦��� }~·�n0xze�m²oAkH�ij��{j¨�Go�ÄØxze�·(j¨�Åy��,ÏRoA·�n��{j¨m,jl·�n;gle²oAm�y{e,j��HoAkHh�����jlkHh,jl·#|{��j��ÅyakHxµ¼4oAy
m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjI�Åd2xzy{e��ijwÄØoA}~e,jrÇ�xzk��Å}�h�n0xrh,jT�{jwm�e,xz}�h�xze�}�jlk4m²oAm�}�xzkHh[n0xrh,h�}~|{��jihµÇq�ixzkÅÄÆxze�·(gl·(jlkqmÚoAyÅÝ�h²�,ÏHgl·�ozh
�{j`�Go(Ð<}~å@��³I� ¸Å³I�
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Z[E��[¾$³I� ¸Å³ 	ÕèTe�}�jlkqm²oAm�}�xzk¦�Åy��Å}�h�n;xrh,}~m�}CÄ2j ÝÅn;gle�}~·(jlkqm²oA��e,jl�GoAm�}~��jl·(jlk4m�oAy��²ÏRoA·�n��{j�n0jih²oAk4m,jly{e

È�j#�Å}�h�n0xrh�}~m�}CÄXj ÝÅn;gle�}~·(jlkqm²oA�2jih�m��ijl�~y{}<�{gi�le�}~m�oAy�nRoAe²oAåre²oAn{ÏHj 
 W U ÑÆh,m²oz� K��{j S��l·�Ç8�²ÏRoAyON�oAå�jt}~k4m,jle�kHjJÓz�0È�o
Ð2}~å@�2³I� ¸r¸�n{e,gih,jlk4m,j���jih`�Å}�h�m�e�}~|{y{m�}�xzkHhb�{jtm,jl·�n;gle²oAm�y{e,j��HoAkHh���j�h�m²oz� K¬oAy¦�{gi�l��jlkH�²ÏHjl·(jlk4mtn;xzy{e`�,ÏRoz�ly{kHj��{jih
m�e,xz}�há�ixzkOwHåry{e²oAm�}�xzkHhµÇ{oA}~kHh�} WqyHjw��jihXn{y{}�h,h²oAkH�ijihum�ÏHjle�·�}�WqyHjih[�ixze�e,jih�n0xzkH�HoAk4m,jih  �[kHgi�ijih,hÔoA}~e,jihXn0xzy{e�oAm�m,jl}~kH�Åe,j
��j�h,jly{}~�[�{j��{gi�l��jlkH�²ÏHjl·(jlk4m!�XÈ�jih�xz|Hh²jle��zoAm�}�xzkHh�·(xzk4m�e,jlkqm(�l�GoA}~e,jl·(jlk4mVWqyHj��Go��Å}�h�m�e�}~|{y{m�}�xzk��{j�m,jl·�n;gle²oAm�y{e,j
oAy¬�{gi�l��jlkH�,ÏHjl·(jlkqmt�Å}xN%�le,jth²jl��xzk¦����xze�}�jlkqm²oAm�}�xzk?�Åy¦e,gih,xzkRoAm,jly{e!��Ã�jln;jlkH�HoAkqmµÇ0}~�2jih,m�}~·�n0xze�m²oAk4mb�{j��Å}�h�m�}~k{åryHjle
��j�åre²oz�Å}�jlkqm#h,jly{}~�wÑ!��� � % ���  3 ��� Ó��{j��Go«n{y{}�h,h²oAkH�ij�m�ÏHjle�·�}�WqyHj(h,jly{}~�8 �:��ÉfkMjzN�jlmµÇ0h�}Û��j�åre²oz�Å}�jlk4mth²jly{}~�2��j
n{�~yHhwÄØoA}~|{��j��ixze�e,jih�n0xzkH� �(�Go(�ixzkOwHåry{e²oAm�}�xzk�ÑØo�Ó ÇR��j#m�e²oAkHh»ÄØjle�mT�{j#�²ÏRoA��jly{e��ixzk4��ji�lm�}CÄX��jle,hT��jbåry{}��{jt����xzkH�{jtjih�m
n{e�}~��}~��glår}�g¨�HoAkHh��ijlm�m,j¨�ixzkOwHåry{e²oAm�}�xzk$ÇXoAya�{glm�e�}~·(jlk4m«�Åy©m�e²oAkHh»ÄÆjle�m���jle,h���jÕh�m²oz�LK;ÇÛjlk��ixzkHh,g�WqyHjlkH�ij¨�{j W4yHxz}
�Go�n{y{}�h,h²oAkH�ij�gl��ji�lm�e�}�WqyHj�kHgi�ijih,h²oA}~e,j�n;xzy{e�oAm�m,jl}~kH�Åe,j��ij�åre²oz�Å}�jlk4mb�le�}~m�}�WqyHj�jih�mTn{�~yHh�}~·�n0xze�m²oAk4m,j WqyHj��HoAkHhT�Go
�ixzkOwHåry{e²oAm�}�xzk©ÑÆ�JÓz�
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position le long du stack

configuration (b), Q
0
=58 W

configuration (a), Q
0
=44 W

configuration (c), Q
0
=36 W

Z[E��[¾X³I� ¸r¸ 	��T}�h,m�e�}~|{y{m�}�xzk?�{j�m,jl·�n0gle²oAm�y{e,j�oAy?�{gi�l��jlkH�,ÏHjl·(jlkqmtn0xzy{eb�,ÏRoz�ly{kHj��{jih�m�e,xz}�hbxze�}�jlkqm²oAm�}�xzkHh#��}�h �
�q}�hÚ�Åy��,ÏRoA·�n��{j`n0jih²oAkqm,jly{etÑÆÐ2}~å@�$³I� ¸Å³JÓz�
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Z[E��[¾`³I� ¸IQ 	PÉf��xz�~y{m�}�xzk��{j¦��� oA·�n{�~}~m�yH�{jMjzy��µoz�ij
�{j>n{e,jih,h�}�xzk×oz�ixzyHh�m�}�WqyHj�Ñ � . 
 S �>W U�� �qÓ6n;xzy{e
�Å}xN0gle,jlkqm,h�}~kH�le,gl·(jlk4m,h��{jtn{y{}�h,h²oAkH�ij!�  oAy��{jl� �
�Åy�h,jly{}~���{j#�{gi�l��jlkH�,ÏHjl·(jlk4m��{j���� }~kHh,m²oA|{}~�~}~m,gbm�ÏHjle»é
·(x�oz�ixzyHh�m�}�WqyHj  � . � � � ÇÚ�HoAkHhÕ�Go>�ixzkOwHåry{e²o°é
m�}�xzk�ÑØo�Óz��È$jiht�l}~k@W�e,glår}~·(jih#m�e²oAkHh�}~m,xz}~e,jihtxz|{m,jlkqyHh
ÑØo�Ó Ç�ÑU|8Ó Ç�ÑÆ�JÓ Ç�ÑÆ�RÓtjlm�ÑÆjJÓb�ixze�e,jih,n;xzkH�{jlkqmte,jih�n0ji�lm�}~��j é
·(jlk4m � �  	32 � . 
 &ÕÇ)
�$'&¨Ç U � &¨Ç ��$'&âjlm 
���$'& �
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Z[E��[¾�³I� ¸A¹ 	aÉu��xz�~y{m�}�xzk �{j¦��� oA·�n{�~}~m�yH�{j6jzy��µoz�ij
�{j>n{e,jih,h,}�xzkßoz�ixzyHh�m�}�W4yHj�Ñ � . 
 S4U W 
 � �qÓ¦n0xzy{e
�Å}xN�gle,jlk4m,h�}~kH�le,gl·(jlkqm,hb�{jbn{y{}�h,hÔoAkH�ij �  oAy¬�{jl� �
�Åy�h,jly{}~���{jb�{gi�l��jlkH�²ÏHjl·(jlk4m��{j���� }~kHh�m²oA|{}~�~}~m,gtm�ÏHjle»é
·(x�oz�ixzyHh,m�}�W4yHj  %� . U " � Ç[�HoAkHhÕ�Go©�ixzkOwHåry{e²o°é
m�}�xzk�ÑÆ�JÓz��È$jiht�l}~k@W¦e,glår}~·(jih#m�e²oAkHh�}~m,xz}~e,jih�xz|{m,jlk4yHh
ÑØo�Ó Ç�ÑU|8Ó Ç�ÑÆ�JÓ Ç�ÑÆ�RÓtjlmÕÑÆjJÓ��ixze�e,jih�n0xzkH�{jlk4m�e,jih�n0ji�lm�}~��j é
·(jlkqm � �  $32 %� . 
%$'&ÕÇ U $'&ÕÇ�� $'&¨Ç 
 S & jlm

 U $'&n�

È$jih�Ð2}~å@�T³I� ¸IQMjlm�³I� ¸A¹Òn{e,gih,jlk4m,jlkqm«��jih«oA�~�~y{e,jih�e,jih,n;ji�lm�}~��jih��{jih(e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih�xz|Hh²jle���gih��HoAkHh���jih
�ixzkOwHåry{e²oAm�}�xzkHh�ÑØo�ÓÛjlmTÑÆ�JÓfjlmXn;xzy{eX�Å}~��jle,há}~kH�le,gl·(jlk4m,h��{jwn{y{}�h²h²oAkH�ij��  oAy��{jl� �b�Åy�h,jly{}~�R�{j��{gi�l��jlkH�²ÏHjl·(jlk4mµÇ
e,gih�y{�~m²oAm,h ���ixz·�nRoAe,jle ���ijlyÅÝ��{jt�Go�Ð2}~å@�2³I�~³!^�xz|{m,jlkqyHh��HoAkHh��Go��ixzkOwHåry{e²oAm�}�xzkPÑU|8Óz�;Ê�y¦e,jlå4oAe,�¬�{jih�e,glår}~·(jih



i � - .e�+&0$01 1)465o7= B*D;E1l���!>@?<1 $�&A B79C�*<;�1n�! B>@�(G+*,�!"�*, B1

m�e²oAkHh,}~m,xz}~e,jihÚxz|{m,jlk4yHhµÇÅ����xze�}�jlkqm²oAm�}�xzk��Åy¨�Å}�h�n;xrh,}~m�}CÄ<j Ý�n0gle�}~·(jlk4m²oA����}�h �t�q}�h[�Åy¨�,ÏRoA·�n��{j�n0jih²oAk4m,jly{e�oAn{nRoAe²o°Â�m
�ixz·�·(jáy{k#nRoAe²oA·V�lm�e,j�n{e,gln0xzkH�{gle²oAk4mµÇzm²oAkqm2h�y{e<��jXe,jlkH�{jl·(jlkqmf�Åyt·(xzm,jly{e2m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjrÇIW4yHjáh�y{e���� oA�~�~y{e,j
�{jih�e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih¦xz|{m,jlk4yHh+�TÈ�oP�ixzkOwHåry{e²oAm�}�xzk ÑÆ�JÓ¨jih�m��ijl�~��j�Wqy{}bn0jle�·(jlm�����xz|{m,jlk{}~e���jih�·(jl}~�~��jly{e,h
e,gih,y{�~m²oAm,h¨jlk m,jle�·(jih¨�{j¬e,jlkH�{jl·(jlk4m!��dÛoAe�j Ý{jl·�n{��jrÇ[n;xzy{e¨y{kHj¦n{y{}�h,h²oAkH�ij¬m�ÏHjle�·�}�WqyHj6}~kzº�ji�lm,gij  � 
 �  
�{j [I[��âÇ{��jihTk{}~��jµoAyÅÝ�oz�ixzyHh�m�}�W4yHjih�xz|{m,jlk4yHh`jlk�e,glår}~·(jth�m²oAm�}�xzk{kRoA}~e,j�h,xzkqmTe,jih�n0ji�lm�}~��jl·(jlk4m`�{j U $ $«dÛo��HoAkHh
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ÑØo�Ówx�������gl��xz�~y{m�}�xzk¬�{jt��� oA·�n{�~}~m�yH�{j��{j#n{e,jih,h�}�xzk6oz�ixzyHh�m�}�WqyHjth�y{}~mTy{k��ixz·�n0xze�m,jl·(jlk4mbjle�e²oAm�}�WqyHjI�8�`j#n{�~yHhµÇ8xzk
xz|Hh²jle���jtjlkH�ixze,jt�Go�n{e,gih,jlkH�ij���� y{k Ulxµ��jle,h�ÏHx�xzm+UzÇ�oA}~kHh�}0Wqy$� y{kHjtn;xrh,h,}~|{}~�~}~m,g#����xrh,�l}~�~�GoAm�}�xzkHh`|Rozh,h²j éØÄUe,g�WqyHjlkH�ijt�{j
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Èu��jlkHh,jl·#|{��j>�{jih�e,gih�y{�~m²oAm,h�j ÝÅn0gle�}~·(jlk4m²oAyÅÝ n{e,gih,jlkqm,gih�n{e,gi�igi�{jl·�·(jlkqm6·(jlm�jlk gl�q}��{jlkH�ijÒ�{jih�e,glår}~·(jih
�ixz·�n{��j Ý{jihµÇ<�{j�h,xze�m,j W4yHj��Go�h²oAm�y{e²oAm�}�xzk©�{j(����xzkH�{j�oz�ixzyHh,m�}�W4yHj�jih�m#n{e,xz|RoA|{��jl·(jlkqm��ixzkqm�e dz��gij«nRoAe#n{�~yHh�}�jly{e,h
m"¼qn0jih�����jzN0jlm,hákHxzk��~}~kHgµoA}~e,jih+�qÊ �ijTh�m²oz�{jT�{j�����glm�yH�{jrÇ4}~�0jih�mán;xrh,h,}~|{��j�����jih�m�}~·(jle���jwe dz��jXº»xzyHg�nRoAe WqyHjl��WqyHjihXy{kHh
�{j��ijihwn{e,xq�ijih,h,yHhÚkHxzk��~}~kHgµoA}~e,jih!�

Ù$e,xz}�hÛmæ¼�n0jih<nRoAe�m�}��ly{�~}�jle,hX�{ján{e,x��ijih,h�yHh2kHxzk��~}~kHgµoA}~e,jihfn0xzy{�zoAkqm;º»xzyHjleÛy{k�e dz��j[�HoAkHhÛ�GoThÔoAm�y{e²oAm�}�xzk��{j�����xzkH�{j
oz�ixzyHh,m�}�W4yHj[h,xzkqm2n{e,gih²jlk4m,gihu�HoAkHhÛ�ij�nRoAe²oAåre²oAn{ÏHj �°}~�ÅhJ� oAår}~mÛ�{j��Go�m�y{e�|{y{��jlkH�ij�oz�ixzyHh�m�}�WqyHjrÇz�{jihÛn;jle�m,jih2·�}~kHjly{e,jih
jlm��ÅyPn{e,x��ijih,h�yHh«�{j��µozh,�µoz�{j�ÏRoAe�·(xzk{}�W4yHjI��Þæ��h�xzk4mÕ�{g%º �¬ÄØoA}~m�����xz|Åº»jlm«����glm�yH�{jihÕoAn{n{�~}�WqyHgijihÕoAyÅÝ�·�oz�,Ï{}~kHjih
m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjihµÇq·�oA}�hákHxzyHhX·(xzkqm�e,xzkHh��HoAkHhá�Gobh,y{}~m,j/WqyHjrÇ4hµ� }~�8k$��jih�mXnRozh�j ÝÅ�l�~y`W4yHjT�ijihum�e,xz}�há·(gi�µoAk{}�h�·(jih
kHxzk��~}~kHgµoA}~e,jih;º�xzyHjlk4mÛy{k�e dz��j��HoAkHh2�GoTh²oAm�y{e²oAm�}�xzk(�{já����xzkH�{j[oz�ixzyHh,m�}�W4yHjrÇz��� oAy{m�e,jihfjzN�jlm,h<kHxzk��~}~kHgµoA}~e,jihf�{jl��e,xzk4m
�lm�e,j`n{e�}�hTjlk��ixz·�n{m,jbn0xzy{eÚe,jln{e,xq�Åy{}~e,jb��jihwe,glår}~·(jihwm�e²oAkHh,}~m,xz}~e,jih�xz|Hh,jle���gihwj ÝÅn0gle�}~·(jlk4m²oA��jl·(jlk4m!�

ÊJwHk��{j6�{gi�le�}~e,j6�²ÏRoz�ly{k �{jihÕn{e,x��ijih,h�yHh��{j¬�GoÒÄ�o��ixzk �Go>n{�~yHh¨h�}~·�n{��j6n0xrh,h�}~|{��jrÇ WqyHjl��W4yHjih¨Ïq¼qn0xzm�Ï@�ih,jih
h²xzk4m`e,jlm,jlk4yHjih��HoAkHh`����jlkHh,jl·t|{��j��{j��ijtnRoAe²oAåre²oAn{ÏHjI��Ù<xzy{mb��� oA|;xze,��Ç;kHxzyHh��ixzkHh�}��{gle,jle,xzkHh�WqyHj�����jlkHh,jl·#|{��j��Åy
�Å}�h,n;xrh�}~m�}CÄ2jih�má��j`h�}��lå�j`��� y{kHj�xzkH�{j�oz�ixzyHh�m�}�WqyHj�n{y{e,jl·(jlk4mwn{e,xznRoAå4oAm�}~��jrÇH�{j`h,xze�m,j WqyHj�����gl��xz�~y{m�}�xzk¨m,jl·�n;xze,jl�~��j
�{j`n{e,jih²h�}�xzk�oz�ixzyHh�m�}�WqyHj�n{y{}�h,h,j�hJ��gi�le�}~e,jb�ixz·�·(jbh�y{}~m �
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x��+���<jih,m2�GoT�igl��gle�}~m,gwoz�Å}GoA|RoAm�}�WqyHjÚ�Åy(h,xzk�jlm 5 ��
������ 3-V6jih�mÛ�GoTn{y{��h²oAm�}�xzk�oz�ixzyHh�m�}�WqyHj[�Åy�·(xq�{jáÄØxzkH�HoA·(jlk4m²oA�
Ñ VPjih�mÚ�Go���xzk{åryHjly{e��Åy�e,gih,xzkRoAm,jly{eÔÓz�RÈu� oA·�n{�~}~m�yH�{j#�{jihwxrh²�l}~�~�GoAm�}�xzkHh��{j`n{e,jih,h�}�xzk�oz�ixzyHh,m�}�W4yHj � � jih�mwh,y{n{n;xrh,gij
��jlkqm,jl·(jlk4mw�roAe�}GoA|{��jboi��ji� �lÇ�e,jl�GoAm�}~��jl·(jlk4m �t�Gotn0gle�}�xq�{jboz�ixzyHh�m�}�WqyHjI�ÅÉfkHh�y{}~m,jrÇÅ��je\Hy{}��{j�jih�mÚ�ixzkHh�}��{gle,g��ixz·�·(j
Ä�oA}~|{��jl·(jlk4m[�Å}�h,h�}~nRoAm�}CÄ�Ç��{jTh,xze�m,j/WqyHjÚ�Gob�Å}�h,m�e�}~|{y{m�}�xzk�e²oz�Å}GoA��jT�{jw��}~m,jih,h,j�oz�ixzyHh�m�}�WqyHj�h,y{eXy{kHj�h²ji�lm�}�xzk��Åy(åry{}��{j
����xzkH�{j#xzy���� y{k¨n;xze,j��Åy�h,m²oz� KÕjih�mJW4yRozh,}�y{k{}CÄÆxze�·(jrÇHjlmJWqyHj`n{e,jih,h�}�xzk�jlmÚ��}~m,jih,h,jboz�ixzyHh,m�}�W4yHjihwh²xzk4mÚe,jl�~}�gijih�jlk
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dÛoAe�·�}<��jihT·(gi�µoAk{}�h�·(jihTkHxzk��~}~kHgµoA}~e,jih`�{xzk{kRoAk4m`�~}�jly �(y{kHj#�Å}�h,h,}~nRoAm�}�xzk�����glkHjle�år}�jrÇ8}~�<jih�mTn;xrh,h,}~|{��j�W4yHj#�Go

m�y{e�|{y{��jlkH�ij¨oz�ixzyHh�m�}�W4yHjÕ�{xz}~��j �lm�e,j�n{e�}�h,jÕjlk>�ixz·�n{m,jI�Ûd2jly©�{jÕ�{xzk{kHgijih�h�y{e���jih�·(gi�µoAk{}�h�·(jih��{j�m�e²oAkHh,}~m�}�xzk
��jle,h��Go�m�y{e�|{y{��jlkH�ij��HoAkHh���jt�µozh���� y{k3\Hy{}��{j�jlk¬gi�ixzy{��jl·(jlk4mbxrh,�l}~�~�GoAkqm`�HoAkHh�y{k�m�y{|;j�h,xzk4m`�Å}�h�n0xzk{}~|{��jih`�HoAkHh
�Got�~}~m�m,gle²oAm�y{e,jI�HÈ$jih[m�e²oi�roAyÅÝ¨��� èTÏ{·�}$jlmw�ixz�~� � �RQI_HÇq¹4´��$h,xzy{��jlkqm�gl��xlW4yHgihÚxzkqmÚ·(xzk4m�e,g�WqyHj��ijlm�m,j`m�e²oAkHh,}~m�}�xzk�jih�m
n{�~yHhw�ixz·�n{��j Ý{j�W4yHj��HoAkHh���j��µozhw��� y{k�gi�ixzy{��jl·(jlkqm�h�m²oAm�}�xzk{kRoA}~e,jI�
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 5 " .�� / � � .���� ���� jlmw�Åy�kHxz·t|{e,j#�{j�ÎTjl¼qkHxz���{h!�{��� oAn{e �ih�� ¹4´�� �

È�o¦Ð2}~å@�á³I� ¸IS©Ñ � ¹4´��UÓ#}~�~�~yHh�m�e,j«��jih��Å}xN�gle,jlk4m,h�mæ¼�n0jih��{j«e,glår}~·(jih�xz|Hh,jle��roA|{��jih�jlk>ÄÆxzkH�lm�}�xzka�{j��GopW4yRoAkqm�}~m,g

 5 " .���� ���� ÑÆx�� � jlm+* � �{gih�}~årkHjlk4m�e,jih,n;ji�lm�}~��jl·(jlkqm(��j«e²oi¼�xzk��Åy©m�y{|;jÕjlm�����glnRoA}�h,h,jly{e(�{jÕ�ixzyH�²ÏHjÕ�~}~·�}~m,j
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x�� � �{gih,}~årkHj��Go��q}�h,�ixrh,}~m,g��l}~kHgl·�oAm�}�WqyHj«�Åy�\Hy{}��{jI�<Ê nRoAe�m�}~e��{j«�ijih#e,gih�y{�~m²oAm,h�j ÝÅn;gle�}~·(jlkqm²oAyÅÝ0ÇÛ�Å}xN�gle,jlk4m,jih
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xzy�kHxzk��{jÚm�y{e�|{y{��jlkH�ijihÚoz�ixzyHh�m�}�WqyHjihX�HoAkHhX��j��Å}�h�n0xrh�}~m�}CÄ0m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj�glm�yH�Å}�gw}��l} �qÈ�o�WqyRoAk4m�}~m,g 
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È$j��Å}�h�n0xrh�}~m�}CÄ[j ÝÅn0gle�}~·(jlk4m²oA�á�{xzkqmb}~�ujih�m�WqyHjih�m�}�xzk6}��l}XjlmµÇ0n{�~yHh�å�glkHgle²oA��jl·(jlkqmµÇ�����jlkHh²jl·#|{��j��{jihb·�oz�,Ï{}~kHjih

m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjihµÇ4h,xzk4mf��j[h�}��lå�jÚ����xrh,�l}~�~�GoAm�}�xzkHháoz�ixzyHh�m�}�W4yHjihX��� oA·�n{�~}~m�yH�{jihXgl��jl��gijih!�4èTeµÇz�Go�kHxzk��~}~kHgµoAe�}~m,gÚ�{jih
n{e,xzn{e�}�glm,gih#�Åy \Hy{}��{j�ÑU}��l}f��� oA}~eÔÓ�jlk{å�jlkH�Åe,jrÇ�n;xzy{eb�{jih`k{}~��jµoAyÅÝMoz�ixzyHh�m�}�WqyHjihbgl��jl��gihµÇ��{jih`m�e²oAkHh»ÄØjle�m,hb����glkHjle�år}�j
�HoAkHh���jXh�n0ji�lm�e,jfÄÆe,g�WqyHjlk4m�}�jl��ÇBW4y{}�h,jfm�e²oz�Åy{}�h,jlkqm<nRoAe<�GoÚå�glkHgle²oAm�}�xzk�����xrh,�l}~�~�GoAm�}�xzkHhfoz�ixzyHh�m�}�WqyHjih��Ú�{jih�ÄÆe,g�W4yHjlkH�ijih
·ty{�~m�}~n{��jih��{j��Go ÄUe,g�WqyHjlkH�ij¢ÄØxzkH�HoA·(jlk4m²oA��jI��Ã�j�n{e,x��ijih,h�yHhµÇ��ixzy{e²oA·�·(jlkqm�oAn{n;jl��g �µozh²�µoz�{j�ÏRoAe�·(xzk{}�W4yHjrÇ
jih,mÒy{kHj�h,xzy{e,�ij¢�{j�h²oAm�y{e²oAm�}�xzk jlk oA·�n{�~}~m�yH�{j �{j¢����xzkH�{j oz�ixzyHh�m�}�WqyHj ÑKÄÆxzkH�HoA·(jlkqm²oA��jlm>ÏRoAe�·(xzk{}�WqyHjihÔÓz�
Éuk+jzN0jlmµÇ � ·(jih�y{e,jXWqyHj���j�·(x��{j¢ÄÆxzkH�HoA·(jlkqm²oA��jih�mPoA·�n{�~}xwRg nRoAe�jzN�jlmam�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj oAy+�ixzy{e,h
�Åy e,glår}~·(j>m�e²oAkHh�}~m,xz}~e,jrÇ�y{kHjÒn{e,xzn0xze�m�}�xzkâ�{j?����glkHjle�år}�j©jih�m�m�e²oAkHh»ÄØgle,gijÒ��jle,h���jih¦ÏRoAe�·(xzk{}�WqyHjih¦h,y{n;gle�}�jly{e,h!�
Ã�jih�ÏRoAe�·(xzk{}�W4yHjih�kHj�h²xzk4m�nRozhÕoA·�n{�~}xwRgih�nRoAe�jzN�jlm�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjrÇá�µoAe���j�åre²oz�Å}�jlkqm«�{j�m,jl·�n;gle²oAm�y{e,j
kHgi�ijih²h²oA}~e,j �w��� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHj[�Åyth²ji�ixzkH�#ÏRoAe�·(xzk{}�WqyHjájih,m�n{�~yHh2gl��jl��g8WqyHjX�ijl�~y{}�kHgi�ijih,h²oA}~e,j �
��� oA·�n{�~}xwR�µoAm�}�xzk«�Åy�ÄØxzkH�HoA·(jlk4m²oA� � ¸I_�� �rÉfk(e,jl�roAkH�,ÏHjrÇ��Go�n{e,gih²jlkH�ijw��� ÏRoAe�·(xzk{}�W4yHjih�h�y{n0gle�}�jly{e,hXjih�mfe,jih,n;xzkHh²oA|{��j
��� y{kHj�oAy{år·(jlkqm²oAm�}�xzk¢�{jih(n;jle�m,jih���}�h,�ixzm�ÏHjle�·�}�WqyHjih�oAyÅÝ©nRoAe,xz}�hµÇfn{e,xzn0xze�m�}�xzk{kHjl�~��jih �¦�Go¦e²oz�l}~kHj��µoAe�e,g��{jÕ�Go
ÄÆe,g�WqyHjlkH�ij(oz�ixzyHh�m�}�W4yHjrÇ�jlm#�HoAkHh�y{kHj�|{}�jlkM·(xz}~kH�Åe,j(·(jih�y{e,j(��� y{kHj�oAy{år·(jlkqm²oAm�}�xzk>�{jihb�Å}�h²h�}~nRoAm�}�xzkHhtoAyMh,jl}~k
�Åy3\Hy{}��{j«ÑUÏHxze,h��ixzyH�,ÏHjih��~}~·�}~m,jihÔÓ Ç8n{e,xzn0xze�m�}�xzk{kHjl�~��jihboAy��µoAe�e,g��{jb�Go�ÄÆe,g�WqyHjlkH�ij�oz�ixzyHh�m�}�WqyHj�ÑUy{kHj�jih�m�}~·�oAm�}�xzk
e²oAn{}��{j �>nRoAe�m�}~e��{jih¨g�W4yRoAm�}�xzkHh>Ñ QO�~³r³!^�ÓÕjlm?Ñ QO�~³r³!_�Ó«�{j¬�Go>e,g ÄÆgle,jlkH�ij �~³l¹ ��·(xzk4m�e,j�WqyHj¦�Go©�Å}�h,h�}~nRoAm�}�xzk oAy
h²jl}~k©�ÅyA\Hy{}��{jÕkHj��{glnRozh,h,j 
%$ & �{jÕ�Go¬�Å}�h²h�}~nRoAm�}�xzk�m,xzm²oA��jFWqyHj¨h�}[�Go�ÄUe,g�WqyHjlkH�ij��{jÕ����xzkH�{j�oz�ixzyHh,m�}�W4yHj¨jih�m
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h�y{n0gle�}�jly{e,j � U W 
�� � �HÇ8} ��jI�Hn0xzy{eT�{jihÚÄÆe,g�WqyHjlkH�ijihTh�y{n0gle�}�jly{e,jih ���ijl�~��j#�Åy 
 �������	��ÏRoAe�·(xzk{}�WqyHjJÓz�8Þ"��jlk�e,gih�y{�~m,j
W4yHjrÇ°h,xzyHh2��� Ï4¼�n;xzm�Ï@�ih²já��� y{kHj[h²oAm�y{e²oAm�}�xzk�nRoAeÛ�µozh,�µoz�{j�ÏRoAe�·(xzk{}�W4yHjrÇA��� oA·�n{�~}~m�yH�{jÚ�{jih2xrh,�l}~�~�GoAm�}�xzkHhuoz�ixzyHh�m�}�WqyHjih
�Åy�·(xq�{jáÄØxzkH�HoA·(jlk4m²oA�8h²jáh�m²oA|{}~�~}�h²j[kHgi�ijih,h²oA}~e,jl·(jlk4m ��y{k�k{}~��jµoAy wHk{}Åm,jl�@WqyHj�����jlkHh,jl·#|{��jw�{jihÛn0jle�m,jihf�ÅyHjih �T�Go
å�glkHgle²oAm�}�xzkt��� ÏRoAe�·(xzk{}�WqyHjih<h,y{n;gle�}�jly{e,h<�ixz·�n;jlkHh,ju��� oA·�n{�~}xwR�µoAm�}�xzktm�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjX�Åy#·(xq�{jÛÄØxzkH�HoA·(jlk4m²oA� �

��oAkHh���jih�j Ý�n0gle�}�jlkH�ijih�n{e,gih,jlk4m,gijih(n{e,gi�igi�{jl·�·(jlk4mµÇu��� oAkRoA�~¼Åh,jÕ�Åya�ixzk4m,jlkqy�h�n0ji�lm�e²oA�Ú�{jih�xrh²�l}~�~�GoAm�}�xzkHh(�{j
n{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHjbo�e,gl��gl��g`�Go�n{e,gih,jlkH�ij��{j��ixz·�n0xrh²oAk4m,jih�ÏRoAe�·(xzk{}�W4yHjih+�8Ã�j�n{ÏHglkHxz·V�lkHjto���� oA}~�~��jly{e,hw�{g%º �
glm,g�xz|Hh,jle���g�nRoAe ��xz|�jlm«ë�yHh²jl� � ¸I_���jlkPe,glår}~·(j¦h�m²oAm�}�xzk{kRoA}~e,j¦h�y{e(��j�·��l·(j��Å}�h�n0xrh�}~m�}CÄbj ÝÅn;gle�}~·(jlkqm²oA��ÇcWqy{}
e²oAn{n;xze�m,jlkqm��{j�n{�~yHhnWqyHj���� oA·�n{�~}~m�yH�{jM�{jih«ÏRoAe�·(xzk{}�W4yHjih¨h�y{n0gle�}�jly{e,h¨�{j¦����xzkH�{j6oz�ixzyHh�m�}�W4yHj¦�roAe�}�j¬h�y{}~�zoAkqm
y{kHj6��xz}t�µoAkHxzk{}�WqyHj�ÑU��� oA·�n{�~}~m�yH�{j>�{jM��� ÏRoAe�·(xzk{}�WqyHj 
 �zoAe�}�jÒ�ixz·�·(jM�Go©n{y{}�h,hÔoAkH�ij 
 �����	� �{j6��� oA·�n{�~}~m�yH�{j
�Åy>ÄÆxzkH�HoA·(jlkqm²oA�KÓz�áÃ�jlm�m,jÕn{e,xzn{e�}�glm,g¨�µoAe²oz�lm,gle�}�h�m�}�WqyHj¨�{jÕ��� oz�ixzyHh�m�}�W4yHj�Ä�oA}~|{��jl·(jlk4m(kHxzk©�~}~kHgµoA}~e,jrÇfn0jle�·(jlm��{j
·(xq�{gl�~}�h²jlew��j�n{e,x��ijih,h�yHhw�{jb�µozh²�µoz�{j�ÏRoAe�·(xzk{}�W4yHj � ¸I_ÅÇ8ÃáÏ{n6�H[ �<jlk��{gi�ixz·�n;xrh²oAkqm�����xrh,�l}~�~�GoAm�}�xzk�m,jl·�n;xze,jl�~��jt�{j
n{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHjbh�y{}~�roAk4mTh²o��ixz·�n;xrhÔoAk4m,j�ÄØxzkH�HoA·(jlk4m²oA��j � � ���! Újlmwh,xzk�n{e,jl·�}�jlewÏRoAe�·(xzk{}�WqyHj � � ���  
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x�� ����� jih,m2��j�nRoAe²oA·V�lm�e,j[kHxzk��~}~kHgµoA}~e,jÚ�Åy \Hy{}��{jbÑ ����� . 
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 ��j�kHxz·#|{e,jw�{j[Á¬oz�,Ï(oz�ixzyHh�m�}�WqyHjrÇ
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È�o�n{e�}�h,jtjlk��ixz·�n{m,jt�{j���� oA·�n{�~}xwR�µoAm�}�xzk¬m�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHj��Åy�·(x��{j�ÄØxzkH�HoA·(jlk4m²oA��Ç;jlm��{j#��� oAm�m,glk4yRoAm�}�xzk6�Åy
h,ji�ixzkH�ÒÏRoAe�·(xzk{}�W4yHjÕ�ÅyHjÕoAyÅÝ?n;jle�m,jih�nRoAe�}�glm²oA��jih�h,j(ÄØoA}~m�nRoAe���� o°º»xzy{m��{j«�{jlyÅÝ?m,jle�·(jih�n{ÏHglkHxz·(glkHxz��xzår}�W4yHjih
�HoAkHhÚ��jihwg�WqyRoAm�}�xzkHhtÑ»³I�~³µ´�Ó[jlm�Ñ»³I�~³r³JÓ[�ixz·�·(jbh�y{}~m � ¸I_�� �
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W Ñ»³I�~³!Q�Ó
Ã���jih�mwnRoAeT�Go�e,gih,xz�~y{m�}�xzk¦�{j#�ijbh�¼Åh�m �l·(jb����g�WqyRoAm�}�xzkHh��ixzy{n{��gijiheWqyHj���� }~kO\HyHjlkH�ij��Åy�n{e,xq�ijih²h�yHh��{jt�µozh,�µoz�{j

ÏRoAe�·(xzk{}�W4yHj�h�y{eT�Go(h²oAm�y{e²oAm�}�xzk¬�{jb����xzkH�{jtn;jly{m#�lm�e,j#jih�m�}~·(gijrÇ;h,xzyHhTe,gih,jle���j#�{jt�ixzk{kRo°Â�m�e,j���jbm,jl·�nHh��µoAe²oz�lm,g é
e�}�h�m�}�WqyHj���� oA·�n{�~}xwR�µoAm�}�xzk � ����� � �Åy�ÄØxzkH�HoA·(jlk4m²oA��jlm���j�m,jl·�nHh��µoAe²oz�lm,gle�}�h�m�}�WqyHj`��� oAm�m,glk4yRoAm�}�xzk ��� � � �Åy«n{e,jl·�}�jleÏRoAe�·(xzk{}�W4yHjI�ÛÃ���jih�m �«nRoAe�m�}~e��{jihb�{xzk{kHgijihtj ÝÅn0gle�}~·(jlk4m²oA��jih W4yHj�����xzkÒoz�i���i�{j �¨�ijihb�{jlyÅÝ6m,jl·�nHh#�µoAe²oz�lm,gle�}�h�é
m�}�W4yHjih+�RÈ$jtn{e,jl·�}�jle�jih�mTxz|{m,jlkqy¬jlk¦·(jih�y{e²oAkqm��Go��le,xz}�h,h²oAkH�ijt}~k{}~m�}GoA��j��{jb��� oA·�n{�~}~m�yH�{j��{jt����xzkH�{j�oz�ixzyHh,m�}�W4yHj �
�ijlm�m,jÚ�le,xz}�h,h²oAkH�ij[jih�muj ÝÅn;xzkHjlkqm�}�jl�~��jrÇ�h,xz}~mÛy{kHjÚ�Åe,xz}~m,jÚ�HoAkHhÛy{k(�Å}GoAåre²oA·�·(jÚ��xzåqä°�~}~k$Çr�{xzkqmf�Go�n;jlkqm,jÚ�{xzk{kHjwoz�i���ih
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� � ����� � �0È$j�h,ji�ixzkH�¦m,jl·�nHhb�µoAe²oz�lm,gle�}�h,m�}�W4yHj�jih�m�xz|{m,jlkqy���nRoAe�m�}~eb�{j��Go�·(jih�y{e,j�jlk¬e,glår}~·(j�h�m²oAm�}�xzk{kRoA}~e,j��{jih
oA·�n{�~}~m�yH�{jih�e,jih�n0ji�lm�}~��jih��Åy�ÄØxzkH�HoA·(jlk4m²oA�ÛjlmT�Åy�n{e,jl·�}�jle�ÏRoAe�·(xzk{}�WqyHjrÇ8�ij W4y{}2�ixz·#|{}~kHg�������g�WqyRoAm�}�xzk©Ñ»³I�~³!Q�Ó
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È$jih wHåry{e,jih¨³I� ¸IY�jlmÕ³I� ¸)[�n{e,gih,jlk4m,jlkqm��,ÏRoz�ly{kHjÕy{kHj«�ixz·�nRoAe²oA}�h,xzk�jlkqm�e,jÕy{kÒe,glår}~·(jÕm�e²oAkHh�}~m,xz}~e,jÕj ÝÅn;gle�}Cé
·(jlkqm²oA��ÑU��� y{k?xz|{m,jlkqyÒnRoAet�,ÏRoAyON$oAå�j�j ÝÅm,jle�kHjrÇ�jlmb��� oAy{m�e,j�nRoAe#�,ÏRoAyON$oAå�j(}~kqm,jle�kHjJÓbjlmby{k?e,glår}~·(j(m�e²oAkHh�}~m,xz}~e,j
m�ÏHgixze�}�WqyHjwxz|{m,jlkqy�jlk(e,gih,xz�~�roAk4mX��jwh�¼Åh�m �l·(jÚ����g�W4yRoAm�}�xzkHh`Ñ»³I�~³µ¸�ÓæéÔÑ»³I�~³!Q�ÓwÑUe,gih²xz�~y{m�}�xzk�k4y{·(gle�}�WqyHjwnRoAeá�Å}xN0gle,jlkH�ij
wHk{}�j�oi��ji�á�GoÚ·(glm�ÏHx��{jX�{jáÎwy{k{å�j é
�`y{m�m²oT����xze,�Åe,jX¹qÓ Ç°�HoAkHh���j�WqyHjl�4��jih<m,jl·�nHh<�µoAe²oz�lm,gle�}�h,m�}�W4yHjih � ����� � jlm � � � � h,xzk4m�ijlyÅÝ«·(jlk4m�}�xzk{kHgih�n{e,gi�igi�{jl·�·(jlk4mTjlmÚxz|{m,jlkqyHh �tnRoAe�m�}~ew�{jihÚ�{xzk{kHgijihwj ÝÅn;gle�}~·(jlkqm²oA��jih!�HÈ$jih[e,gih�y{�~m²oAm,h�xz|{m,jlk4yHh
oA·V�lkHjlkqm �(�{jlyÅÝÕe,jl·�oAe WqyHjihµÇR�zoA�GoAkqmT�,ÏRoz�ly{kHj WqyHjl�0WqyHjbh,xz}~mw��j#·(xq�{jb�{j#�,ÏRoAyON$oAå�j#e,jlm,jlkqy6�8dfe,jl·�}��le,jl·(jlkqmµÇ
��� oA�~�~y{e,j�W4yRoA�~}~m²oAm�}~��jb�{jih��ixzy{e�|;jihTj Ý�n0gle�}~·(jlk4m²oA��jih��Å}xN �le,j��{jih��ixzy{e�|;jih�m�ÏHgixze�}�W4yHjiheW4y{}�n{e,gl��xz}�jlkqm�y{kHjbh�}~·�n{��j
oA·�n{�~}xwR�µoAm�}�xzk¦j Ý�n0xzkHjlk4m�}�jl�~��jth�y{}~��}�jb��� y{kHjbh�m²oA|{}~�~}�h²oAm�}�xzk ��y{k�k{}~��jµoAy���� oA·�n{�~}~m�yH�{j�wHk{} �H�`jlyÅÝ�}��l·(jl·(jlkqmµÇH��jih
k{}~��jµoAyÅÝÕ�{j�h²oAm�y{e²oAm�}�xzk�jlk�oA·�n{�~}~m�yH�{jb�{j�����xzkH�{jboz�ixzyHh�m�}�WqyHj`n{e,gl�qyHh[nRoAeÚ��j�·(x�� �l��j��{j��µozh²�µoz�{j`ÏRoAe�·(xzk{}�W4yHj
h²xzk4m�h�y{n;gle�}�jly{e,h����ijlyÅÝÒxz|Hh,jle���gih�j Ý�n0gle�}~·(jlk4m²oA��jl·(jlkqm!�uÊT}~kHh�}�Ç<hJ� }~�Xk$��jih�m�nRozh�j ÝÅ�l�~y W4yHj��Go�hÔoAm�y{e²oAm�}�xzk>nRoAe
�µozh²�µoz�{j#ÏRoAe�·(xzk{}�WqyHjth²xz}~mTy{k¦gl��gl·(jlk4m �(n{e,jlkH�Åe,j�jlk¦�ixz·�n{m,j��HoAkHhT����glm�yH�{j��{jih�n{e,x��ijih,h�yHhTkHxzk¦�~}~kHgµoA}~e,jih��{j
hÔoAm�y{e²oAm�}�xzk«�{j�����xzkH�{jToz�ixzyHh�m�}�WqyHjrÇq�ij�·(gi�µoAk{}�h�·(jTkHjwn0jly{má�ijln0jlkH�HoAk4m�nRozháj ÝÅn{�~}�W4yHjle �`�~y{}0h,jly{�H�GobkRoAm�y{e,jT�{jih
e,glår}~·(jihwm�e²oAkHh�}~m,xz}~e,jihTxz|Hh²jle���gih!�
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·(x�� �l��j��{j�h²oAm�y{e²oAm�}�xzkÒnRoAe��µozh,�µoz�{j�ÏRoAe�·(xzk{}�W4yHj
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èTk?�{gih�}~årkHj(}��l}unRoAeb��j�m,jle�·(j��{j�n;jle�m,jihb·�}~kHjly{e,jih#��jihb�Å}�h²h�}~nRoAm�}�xzkHh#����glkHjle�år}�j«�ÅyHjih#oAy?�²ÏRoAk{å�jl·(jlk4m��{j
h,ji�lm�}�xzk�|{e�yHhLW4yHj�oAyÅÝ�j Ý�m�e,gl·�}~m,gih`�Åy¬h�m²oz� K?ÑÆxzy¬�{jih�gi�,ÏRoAk{å�jly{e,h��{j#�²ÏRoA��jly{eÔÓ Ç�jlmeWqy{}<h,j#m�e²oz�Åy{}�h,jlk4m`nRoAe�y{kHj
å�glkHgle²oAm�}�xzkM�{j#m,xzy{e�|{}~�~��xzkHhtoAy¦��xz}�h,}~kRoAå�j��{jih`�²ÏRoAk{å�jl·(jlk4m,h#�{j�h,ji�lm�}�xzkHh+��Ã�jtn{ÏHglkHxz·V�lkHj(jih�m�}~�~�~yHh�m�e,g�h�y{e��Go
Ð2}~å@�2³I� ¸I^ÅÇ�x��6}~�uoAn{nRoAe²o°Â�m�WqyHj��GoÕ�µoAe²oz�lm,gle�}�h²oAm�}�xzk?�{jih`n0jle�m,jih`·�}~kHjly{e,jihb�Å}xN%�le,j�h,jl��xzkEW4yHj���j \HyÅÝ6�{jt·�ozh²h,j
jih�mwjlk4m�e²oAkqm�Ñ U }~k(UµÓ[xzy�h,xze�m²oAk4mtÑ Ulxzy{m+UµÓz�
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Z[E��[¾�³I� ¸I^�	�Î�jln{e,gih²jlk4m²oAm�}�xzk W4yRoA�~}~m²oAm�}~��jt�{j`�Go�å�glkHgle²oAm�}�xzk¦�{jbm,xzy{e�|{}~�~��xzkHhToAyÅÝ�j Ý�m�e,gl·�}~m,gihT�Åy�h�m²oz�LKÕxzy��{jih
gi�,ÏRoAk{å�jly{e,h��{j��,ÏRoA��jly{e!�

Èu��jzN�jlmM�{jih6n0jle�m,jih¬·�}~kHjly{e,jihM�ÅyHjih��¢y{k×�,ÏRoAk{å�jl·(jlkqm?|{e�yHh WqyHja�{jah,ji�lm�}�xzk ÑÆ�ixzy{e²oA·�·(jlkqm>oAn{n0jl��gijih
n;jle�m,jih��{jÕ�,ÏRoAe�å�j�h�}~k{åry{�~}��le,jih�jlk©·(gi�µoAk{}�W4yHj¨�{jih \Hy{}��{jihÔÓ�jih,mtm�e²oz�Å}~m�}�xzk{kHjl�~��jl·(jlkqm�e,jln{e,gih,jlkqm,g¨�HoAkHh���jÕ�µozh
�{jih�gi�ixzy{��jl·(jlkqm,h¨n0jle�·�oAkHjlk4m,hÕnRoAe«y{kHj��Å}xN�gle,jlkH�ij�jlkqm�e,j¦��jih�n{e,jih,h,}�xzkHh�Ïq¼��Åe,x��Å¼�kRoA·�}�W4yHjihÕjlk oi�roA��jlmÕjlk
oA·(xzk4m[�Åy«�²ÏRoAk{å�jl·(jlk4mw�{j�h,ji�lm�}�xzk$Çqn{e,xzn;xze�m�}�xzk{kHjl�~��jboAy«�µoAe�e,gT�{jT�Gob��}~m,jih,h,jw·(xµ¼�jlk{kHj�h�y{eáy{kHjTh,ji�lm�}�xzk � � �{j
����gi�ixzy{��jl·(jlk4m!�;Ê�}~kHh,}�Ç{�HoAkHhÚ��jb�µozhw��� y{kn\HyÅÝ¨h,xze�m²oAkqmµÇH�ijlm�m,jb�Å}xN�gle,jlkH�ij#�{j`n{e,jih,h�}�xzk�hµ��gi�le�}~m��
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jih�mÚ��j#�ixqjzy��l}�jlkqmT�{j`n0jle�m,jb�{j��,ÏRoAe�å�jihTe,jl�GoAm�}CÄ ��y{k�gl�GoAe�år}�h,h,jl·(jlk4mT|{e�yHh WqyHjb�{j�h,ji�lm�}�xzk6�

Ã�xzkHh�}��{gle,xzkHh �¬n{e,gih,jlkqm`WqyHj¨��j¨e,gih,xzkRoAm,jly{eÕoAk{k4y{�GoA}~e,j¬jih�m(��j�h�}��lå�j���� y{kHj�xzkH�{j¦oz�ixzyHh�m�}�WqyHj�n{y{e,jl·(jlk4m
n{e,xznRoAå4oAm�}~��j'�'���  . � � ���! �"���
 � 58�  <x�����jXm,jl·�nHhÛe,jlm²oAe,�{g � . � % � 3 ����e,jlkH���ixz·�n{m,j[�Åy�m,jl·�nHhf�{jXn{e,xznRoAå4oAm�}�xzk
�{j�����xzkH�{j�jlm�x��P��jih��zoAe�}GoAm�}�xzkHhÕ�{j���� oA·�n{�~}~m�yH�{j��{j�n{e,jih,h�}�xzk¢oz�ixzyHh,m�}�W4yHj��ÅyP·(x��{j¨ÄØxzkH�HoA·(jlk4m²oA� � � h,xzkqm
h�y{n{n0xrh,gijih�m�e �ih���jlkqm,jih��{jl�zoAkqmT�Go�n;gle�}�x��{j�oz�ixzyHh�m�}�W4yHjI�0ÐRoA}�hÔoAk4m`yHh²oAå�j��{jt����g�WqyRoAm�}�xzk¬����Éfy{��jle ���
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 � 58�  Ç{�{j`h,xze�m,j W4yHjT��jih[n;jle�m,jih[�{j`�,ÏRoAe�å�j#h�}~k{åry{�~}��le,jih[n;jly{��jlkqm �lm�e,j`jih�m�}~·(gijihÚ�HoAkHh[��j
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n0jle�m,jih[·�}~kHjly{e,jihµÇ{xz|{m,jlkqy�jlkÕe,gih,xz�~�zoAkqmw��j`h�¼Åh�m �l·(j`����g�W4yRoAm�}�xzk?Ñ»³I� ¸IS�ÓæéÔÑ»³I� ¸IY�Óz�8Þæ�$oAn{nRoAe²o°Â�mJWqyHj`��� oAm�m,glk4yRoAm�}�xzk
h,y{n{n{��gl·(jlk4m²oA}~e,j��ÅyHj�oAyÅÝ�n;jle�m,jihT·�}~kHjly{e,jihboAår}~m`�{jbÄ�o��ixzk¦h,}~årk{}xwR�µoAm�}~��j�h�y{e���jih�k{}~��jµoAyÅÝ¦oAm�m,jl}~kqm,h�jlk�e,glår}~·(j
h,m²oAm�}�xzk{kRoA}~e,jrÇ4jlm8WqyHjÚ�ijÚ·(gi�µoAk{}�h�·(jT�{jwh²oAm�y{e²oAm�}�xzk��{xz}~m��{xzkH� �lm�e,jÚn{e�}�hXjlk(�ixz·�n{m,jI�qÎ�jih�m,j/W4yHj[��jihXe,jl·�oAe W4yHjih
�{g%º ��ÄØxze�·#y{��gijihboAy¦nRoAe²oAåre²oAn{ÏHj�� 
 W S W 
«e,jih�m,jlk4m`��e²oA}�jih �8nRoAe��Go�h,jly{��jtn{e�}�h,jtjlk¦�ixz·�n{m,j��{jih�n;jle�m,jihT·�}~kHjly{e,jih
jlm��Åy?n{e,x��ijih,h�yHh��{j��µozh,�µoz�{j�ÏRoAe�·(xzk{}�WqyHj���jihtk{}~��jµoAyÅÝ>oz�ixzyHh�m�}�WqyHjih�oAm�m,jl}~kqm,h�jlk?e,glår}~·(j«h�m²oAm�}�xzk{kRoA}~e,jÕh,xzk4m
h,y{n;gle�}�jly{e,h �a�ijlyÅÝ xz|{m,jlk4yHh¦j Ý�n0gle�}~·(jlk4m²oA��jl·(jlkqmµÇ`jlm��Goa�Å¼�kRoA·�}�W4yHjÒ�ixz·�n{��j ÝÅjÒ�{jih�e,glår}~·(jih�m�e²oAkHh�}~m,xz}~e,jih
j ÝÅn0gle�}~·(jlk4m²oAyÅÝ¨k$��jih�mwnRozhÚe,jln{e,x��Åy{}~m,jI�
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Ê�y(m,jle�·(jT�{jw�ijlm�m,j�glm�yH�{j�j ÝÅn;gle�}~·(jlkqm²oA��jrÇ4}~�8oAn{nRoAe²o°Â�m WqyHjÚ�Go��Å}~��jle,h�}~m,g��{jihue,glår}~·(jihám�e²oAkHh�}~m,xz}~e,jih�xz|{m,jlk4yHh

m,gl·(xz}~årkHj>�{jÒ�Go��ixz·�n{��j ÝÅ}~m,g>�{jih�n{e,x��ijih,h�yHh�kHxzk �~}~kHgµoA}~e,jih¦·�}�h¦jlk�º�jly6�TÈ$jih¦jih�m�}~·�oAm�}�xzkHh¦·(xzk4m�e,jlkqmEW4yHj
��jih�n0jle�m,jih��ÅyHjih ������j Ý{�l}~m²oAm�}�xzkâ��� ÏRoAe�·(xzk{}�W4yHjih6h�y{n0gle�}�jly{e,h©ÑÆ�{xzk4m¬����glkHjle�år}�j©jih�m�n{�~yHh¦�Å}�h,h�}~n0gij�WqyHjÒ�ijl�~��j
�Åy�ÄÆxzkH�HoA·(jlkqm²oA�KÓ Ç�oAyÅÝ m�y{e�|{y{��jlkH�ijih¬oz�ixzyHh�m�}�W4yHjih¦�HoAkHh���jMåry{}��{j?����xzkH�{jMxzy �©�Go©å�glkHgle²oAm�}�xzk �{j?��xze�m,j Ý
oAyÅÝ>j Ý�m�e,gl·�}~m,gih��Åy©h�m²oz� KÒkHj«n;jly{��jlkqm �lm�e,j ������xze�}~år}~kHj¨�{jih�n{e,xq�ijih,h,yHh�����xJ��jle,h�ÏHx�xzmµÇf�{j��{gi�l��jlkH�²ÏHjl·(jlk4m�jlm
oAe�e��lm,h#h�yH�i�ijih,h�}CÄØhbxzy?�{j(�{xzy{|{��j��{gi�l��jlkH�,ÏHjl·(jlk4m!�ÛdÛoAe�oA}~�~��jly{e,hµÇ��HoAkHhb����jlkHh,jl·t|{��j��{jih#j ÝÅn0gle�}�jlkH�ijihbe,gµoA�~}�h,gijihµÇ
�{jih�gl��xz�~y{m�}�xzkHh�jlk�e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j¦�Åy��²ÏRoA·�n¢�{j�m,jl·�n;gle²oAm�y{e,j¦xzk4m«glm,g�xz|Hh,jle���gijih!�[Ã�jih�xz|Hh²jle��zoAm�}�xzkHh
m,gl·(xz}~årkHjlkqm��{j(�Go�n{e,gih,jlkH�ij���� y{kMU ��jlk4m(oz�ixzyHh�m�}�WqyHj)U��{jV\HyÅÝM·�ozh,h�}�WqyHj(kHxzk>k4y{��Ç2�Å}~e�}~å�g��HoAkHht��j«h,jlkHh#�{jih
Ý¢n;xrh,}~m�}CÄÆh � ¸r¸��æÇwoA}~kHh�}�WqyHj¬��� y{kX\HyÅÝ¢�{j6�²ÏRoA��jly{e�����xze�}~år}~kHj6m�ÏHjle�·(x�oz�ixzyHh,m�}�W4yHjM�HoAkHh���j6h�m²oz� K¢m,jlkH�HoAk4m �
e,gi�Åy{}~e,j���jáåre²oz�Å}�jlk4mu�{jám,jl·�n;gle²oAm�y{e,j�}~·�n0xrh,g#� [z¸�� �°ÊT}~kHh�}�Ç°��jihÛxz|Hh,jle��zoAm�}�xzkHhÛ�ixzkzº�xz}~k4m,jihf�{j�e,glår}~·(jih2m�e²oAkHh�}~m,xz}~e,jih
�ixz·�n{��j Ý{jih�jlm��{jih�gl��xz�~y{m�}�xzkHh`ozh,h,x��l}�gijih��{j��Go��Å}�h�m�e�}~|{y{m�}�xzk¬�{j�m,jl·�n;gle²oAm�y{e,j��HoAkHhw����jlkHh²jl·#|{��j��Åy��Å}�h�n0xrh�}~m�}CÄ�Ç
}~kH�Å}�WqyHjlk4m W4yHj¬��jihÕn{e,x��ijih,h�yHhÕkHxzk��~}~kHgµoA}~e,jih��~}�gih �>��� }~k4m,jle²oz�lm�}�xzk jlk4m�e,jM�²ÏRoA·�n oz�ixzyHh�m�}�WqyHjMjlm��,ÏRoA·�n �{j
m,jl·�n0gle²oAm�y{e,j��{xz}~��jlkqm��lm�e,j©n{e�}�hMjlk×�ixz·�n{m,jrÇbjlmEWqy$� y{kHja·(x��{gl�~}�h²oAm�}�xzkß�{ja�ijlm�m,ja}~kqm,jle²oz�lm�}�xzk jlk e,glår}~·(j
m�e²oAkHh,}~m,xz}~e,j�n0jly{m�n0jle�·(jlm�m�e,j¦�{j�e,jlm�e,xzy{��jleµÇ WqyRoA�~}~m²oAm�}~��jl·(jlk4m�oAyP·(xz}~kHhJÇX��jih«�ixz·�n;xze�m,jl·(jlkqm,h��Å¼�kRoA·�}�W4yHjih
xz|Hh²jle���gihwj Ý�n0gle�}~·(jlk4m²oA��jl·(jlkqm!�
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Èu��glm�yH�{j�j ÝÅn0gle�}~·(jlk4m²oA��jTn{e,gih,jlk4m,gij�oAy��,ÏRoAn{}~m�e,jt³Ú·(xzk4m�e,j WqyHj[��j��{gl��jl��xzn{n0jl·(jlk4m[jlk(e,glår}~·(jwm�e²oAkHh�}~m,xz}~e,jT�{j
��� }~kHh�m²oA|{}~�~}~m,g�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj��{xzk{kHjt�~}�jly ���{jihTe,glår}~·(jih��ixz·�n{��j Ý{jihµÇ�oAyÅÝ W4yHjl��h�h,xzk4mbozh,h²xq�l}�gijih��{jih`gl��xz�~yÅé
m�}�xzkHh�m�e²oAkHh�}~m,xz}~e,jihÚh�}~årk{}xwR�µoAm�}~��jihÚ�Åy¨�,ÏRoA·�n¨�{j�m,jl·�n;gle²oAm�y{e,j`�HoAkHh�����jlkHh,jl·t|{��j��Åy«kHxJ¼4oAyÕm�ÏHjle�·(x�oz�ixzyHh�m�}�W4yHjI�
�`j#n{�~yHhµÇ;��jih�jih�m�}~·�oAm�}�xzkHh#jzN0ji�lm�yHgijih�h�y{e`��� }~kO\HyHjlkH�ij��{jih`n{e,x��ijih,h�yHh�kHxzk6�~}~kHgµoA}~e,jih��{j��µozh,�µoz�{j�ÏRoAe�·(xzk{}�WqyHjrÇ
�{j�n;jle�m,jih�·�}~kHjly{e,jihwjlmÚ�{j�m�y{e�|{y{��jlkH�ijih�oz�ixzyHh�m�}�WqyHj�·(xzk4m�e,jlk4m W4y$� }~�0jih�m[kHgi�ijih,h²oA}~e,j`�{j�n{e,jlkH�Åe,j�jlk¨�ixz·�n{m,j`�Go
n{e,gih,jlkH�ij��Åy���jlkqm[oz�ixzyHh�m�}�WqyHj`jlmá�{jT�Go#�ixzkH�ÅyH�lm�}~��}~m,g�oz�ixzyHh�m�}�WqyHjl·(jlk4m[}~kH�Åy{}~m,j�n;xzy{eá��jT�{gl��jl��xzn{n0jl·(jlk4m[ÄÆy{m�y{e
��� y{k�·(x�� �l��j�oAkRoA�~¼qm�}�WqyHj`�{gi�le�}~�zoAkqm[��j�e,glår}~·(j�m�e²oAkHh�}~m,xz}~e,j`�{jln{y{}�h[��j��{gi�l��jlkH�,ÏHjl·(jlk4muº%yHh Wqy$� �#�Go#h�m²oA|{}~�~}�hÔoAm�}�xzk
�{j`��� oA·�n{�~}~m�yH�{j#�{j�����xzkH�{jtoz�ixzyHh�m�}�W4yHjI�

Ã�jln;jlkH�HoAkqmµÇXoi�roAk4m(�{j«·(jlm�m�e,j¨jlkax�jly{�qe,j«y{k©m,jl�Ú·(xq� �l��jrÇ2}~�Ú�ixzk4��}�jlk4m�����gi�l�GoA}~e,�l}~e(��j«k{}~��jµoAy©��� }~kO\HyHjlkH�ij
�{jÕ�Go¦ÄØxze�·(j¨�{j¨�Go¬�Å}�h�m�e�}~|{y{m�}�xzk��{j�m,jl·�n;gle²oAm�y{e,j�h,y{e���� oA·�n{�~}xwR�µoAm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHjI��Éfk�jzN0jlmµÇu}~�wjih�m
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oz�ixzyHh�m�}�WqyHjl·(jlk4mb}~kH�Åy{}~m,j�m,jlkH�{jlkqm �«e,gi�Åy{}~e,j��GoÕ�Å}xN�gle,jlkH�ij(�{j�m,jl·�n;gle²oAm�y{e,j ��� � % ���� `oAyÅÝ6j ÝÅm�e,gl·�}~m,gihb�Åy
h�m²oz� K0Çr��jiháxz|Hh,jle��zoAm�}�xzkHh�j ÝÅn;gle�}~·(jlkqm²oA��jihX·(xzkqm�e,jlk4mÚ��� y{kHjwnRoAe�m W4y$� }~�Rjih,mun;xrh²h�}~|{��jrÇ4oAn{e �ih��{gi�l��jlkH�,ÏHjl·(jlk4mµÇOWqyHj
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� ¸I_��`jih�m(e²oAn{n0jl��g�|{e�}��l��jl·(jlkqm!�ÚÃ�j�·(xq� �l��jrÇX|Rozh,g�h,y{e(y{kHj�oAn{n{e,x��,ÏHj�·�oAm�ÏHgl·�oAm�}�W4yHj¬�{gl��jl��xzn{n0gij�n0xzy{e(��jih
�Å}�h,n;xrh�}~m�}CÄØh ��xzkH�{jih`h�m²oAm�}�xzk{kRoA}~e,jih � ¸IQ��æÇ8e,jln;xrh²jth�y{eT��jbÄØxze�·�oA�~}�h�·(j��{jt�Go(·�oAm�e�}��ij��{j��Å}xN;yHh�}�xzk¦n0xzy{e��{gi�le�}~e,j
��j«�,ÏRoA·�n�oz�ixzyHh�m�}�WqyHjÕ�HoAkHh�y{kÒ·(xzm,jly{e�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�oAk{k4y{�GoA}~e,jrÇf�HoAkHh���j«�µozh���� y{kHj��Å}�h�m�e�}~|{y{m�}�xzk��{j
m,jl·�n0gle²oAm�y{e,j��{xzk{kHgijI�;Ê nRoAe�m�}~e`�{jt�ij#·(xq� �l��j�oAkRoA�~¼�m�}�W4yHjrÇ8��jihT�ixzkH�Å}~m�}�xzkHh`�{j��{gi�l��jlkH�,ÏHjl·(jlkqmµÇ0�Go�ÄÆe,g�W4yHjlkH�ij
�ixze�e,jih,n;xzkH�HoAkqm,jT�{jiháxrh,�l}~�~�GoAm�}�xzkHh�oz�ixzyHh,m�}�W4yHjihµÇqjlmX�Go��Å}�h,m�e�}~|{y{m�}�xzk«�Åy«�,ÏRoA·�n«oz�ixzyHh,m�}�W4yHjT�HoAkHhX����jlkHh,jl·t|{��jT�Åy
�Å}�h,n;xrh�}~m�}CÄ2n;jly{��jlkqm �lm�e,j��µoA���ly{��gijihwkqy{·(gle�}�W4yHjl·(jlkqm!�;ê�jly{��jih���jih[åre²oAkH�{jihw�~}~årkHjihw�Åy¨·(x�� �l��j�h,xzk4mÚn{e,gih²jlk4m,gijih��
��jih��{glm²oA}~��h��{jÕ�Go6�{gl·�oAe,�²ÏHj�h,xzkqm(e,jln;xze�m,gih�jlk�oAk{kHj Ý{j�Ê �fÈ�j¨nRoAe²oAåre²oAn{ÏHj�¸O� ¸6jih,m(�ixzkHh²oz�le,g �¦����glm�yH�{j��{j
��� }~kO\HyHjlkH�ij��ÅyÕe,glår}~·(j���� }~kqm,jle²oz�lm�}�xzk�m�ÏHjle�·(x�oz�ixzyHh�m�}�WqyHj�h�y{e[��jih��ixzkH�Å}~m�}�xzkHh��{j��{gi�l��jlkH�²ÏHjl·(jlk4m ���ijlm�m,j`glm�yH�{j
·(xzkqm�e,j WqyHjb�GoqW4yRoAkqm�}~m,g�*�,�� � 3 � �µÇRe²oAn{n;xze�m`�{jih�glnRoA}�h²h,jly{e,hT�{jt�ixzyH�,ÏHjih��~}~·�}~m,jih�m�ÏHjle�·�}�W4yHj�jlm���}�h WqyHjlyHh,jbh�y{e
��j«e²oµ¼�xzkaå�gixz·(glm�e�}�W4yHj¨�{jih�n0xze,jih��Åyah�m²oz� K0Çuo�y{kHj�}~kO\HyHjlkH�ij�h�}~årk{}xwR�µoAm�}~��j¨h�y{e��Go¦�Å}�h�m�e�}~|{y{m�}�xzk��Åy��,ÏRoA·�n
oz�ixzyHh,m�}�W4yHj�jlmbh�y{e`��j�åre²oz�Å}�jlkqmt�{j�m,jl·�n0gle²oAm�y{e,j(h,jly{}~�fkHgi�ijih,h²oA}~e,j(oAyM�{gi�l��jlkH�²ÏHjl·(jlk4m!�2È$j�nRoAe²oAåre²oAn{ÏHjqQO�RQ¨o
n0xzy{e�xz|Åº»jlmb�{j�·(xzkqm�e,jle�W4yHjrÇ0n0xzy{e`y{kHj��Å}xN0gle,jlkH�ij��{j�m,jl·�n0gle²oAm�y{e,j�Ñ�� � % ���fÓJw{ÝÅgijrÇ0�Go�ÄØxze�·(j��ÅyM�,ÏRoA·�n
�{j¦m,jl·�n0gle²oAm�y{e,j �����  �}~kO\HyHjlkH�ij6h,}~årk{}xwR�µoAm�}~��jl·(jlk4m���� oA·�n{�~}xwR�µoAm�}�xzk �{jih¨xzkH�{jih�oz�ixzyHh�m�}�WqyHjih!�ÚÉfk�jzN�jlmµÇá�Go
·(x��Å}xwR�µoAm�}�xzk��{j��Go��Å}�h�m�e�}~|{y{m�}�xzk��{j`m,jl·�n0gle²oAm�y{e,j`}~·�n{�~}�W4yHj`y{kHj`·(x��Å}xwR�µoAm�}�xzk��{j`�Go��Å}�h�m�e�}~|{y{m�}�xzk��Åy��,ÏRoA·�n
oz�ixzyHh,m�}�W4yHj©ÑUn{e,jih,h�}�xzk�oz�ixzyHh�m�}�WqyHjrÇ��q}~m,jih,h²j¦oz�ixzyHh�m�}�WqyHj¦jlm«n{ÏRozh²j�jlkqm�e,j¬n{e,jih,h�}�xzk�jlm���}~m,jih,h,jJÓ�jlm�nRoAe¨h�y{}~m,j
·(x��Å}xwRj���j�m�e²oµ�zoA}~�Ûoz�ixzyHh�m�}�WqyHj�n{e,xq�Åy{}~mT�HoAkHhw��jbh�m²oz�LK��RÉfkOwHk$ÇRh�y{e��Go�|Rozh,jb�{jb�ijihwe,gih�y{�~m²oAm,hµÇHy{kHj#j Ý�n{�~}��µoAm�}�xzk
WqyRoA�~}~m²oAm�}~��jb�{j�WqyHjl��WqyHjihÚe,gih�y{�~m²oAm,hwj ÝÅn;gle�}~·(jlkqm²oAyÅÝ�jih�m�oi�roAkH�igijI�
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 k mEc � q s>syi45 q cni6}~c *Mgjm k c��wcni k x#" o1��� x s��#}Io k sfgji k 56cnm��wg<oj}~g q u k s�� q c'> � x c~u k d�gji6} k m 
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~u x gjmEu��g1uEurs�; x c d�c }Io x } q x cnm x c�mEl��1s��wc k mpoti6urs k gjsymEcKd�cvd�l~} x cni6}656c��wcni k d�c x#" syi6u k o1;�s x s k l k 56cnm��wg<oj}~g q u k s�� q c'��� q c x c�wg�d�c|d�cZ}�5#o q43 o1�<c�uEgjs k c), k cnmri6c7 �4��J��jJ � ��g q syi k cnmri6c  ��4��J��jJ��
�)��cniD��mEcni#oti k cni¢}~g���� k c'���zs(o x c~u+��mEg�}~c~uEu q ui6gji x syi6lIotsymEc~u�d�c:}~gji6d q } k s���s k l k 56cnm��es�� q c{oj}~g q u k s�� q c��wcni k syi6d q s k c  ��4��J � J�� �>g q d�c �<cni k oj}~g q u k s�� q c  ��4��J � J � �)�x c[}~g q � x o1�<c�cni k mEc x#" l��<g x q�k sfgji�d q }�5#o1���Qd�c k c�����lnmpo krq mEcec k }~c xyx cZd�c x#" o1��� x s krq d�ced�cA��mEc~upursfgji�oj}~g q u k s�� q c ��4��J��jJ��Qg q �4��J � J���urs x c~u�c 3 c k u�d�c¢}IojuE}Iojd�c.5#otm��wgji�s�� q c�c k d�c ��cnm k c~u �esyi6c q mEc~uvuEgji k ��mrsfuvcni+}~g���� k c �)>�Xo krq mEc xyx c��wcni k �>s x i " c~u k �#oju[cni8��sfupo1�<cIo1; x cvd�cwmEl~uEg q d�mEc d�c�*!o��~gji�oti#o x : k s�� q c q i k c x u�:�u k 
��wcwd " l � q o k sfgji6ui6gji x syi6lIotsymEc~u��;c k x o{mEl~uEg x q�k sfgji[d q mEl��1s��wc k mpoti6urs k gjsymEc,uEc *!ots k sf}ns8�#otm>d�c~u �wl k 56g�d�c~u2i q �wlnmrs�� q c~u�d�c�d�s 3 lnmEcni6}~c~u

�6i�sfc~u > �,gji6}~cnmri#oti k x o �#otm k sfc k 56cnm��es�� q c'� x o&�wl k 56gzd�cXi q �wlnmrs�� q c|}�56gjsfursfc ��g q m/mEl~uEg q d�mEc x c �rc q d " l � q o k sfgji6uo q ,_d�lnmrs��<l~c~u��#otm k sfc xyx c~u/c~u k,k symEl~c�d " q i �_oti q c x d�l~d�sfl�o q ,$�wl k 56g�d�c~u,i q �wlnmrs�� q c~u'o1�2� x s�� q l~c~u{o q , k mpoti6u�*Mcnm k uk 56cnm��es�� q c~u � �8/��=4�s x u " o1�1s k d�c x o �wl k 56g�d�c¢d�c �:mpoti2B ���Lsf}656g x uEgji=�/d�gji k x c.��mrsyi6}ns��#o x o��joti k o1�<c'�/g q�k mEcCupouEs���� x sf}ns k l@d�cI�esfuEcXcni�gzc q ��mEc'��c~u k � q " c xyx c@c~u k syi6}~gji6d�s k sfgji�i6c xyx c��wcni k u k o1; x c ��g q m'd�c~u���mEg�; x 
��wc~uL} x ojupurs�� q c~ud�c{d�s 3�q ursfgji k 56cnm��es�� q c x syi6lIotsymEc'> �@oti6u x c{}Ioju ��mEl~uEcni k � x#" c),�sfu k cni6}~c'd�c/i6gji x syi6lIotmrs k l~u�d q c~u:o q ,[c 3 c k u�d q �<cni koj}~g q u k s�� q c�c k d�c x oZ}~gji6d q } k s��zs k l�oj}~g q u k s�� q c��wcni k syi6d q s k c@g�; x s��<c � }�56gjsfuEsym q i �#oju k c����0gjmEc x u q �_upo1���wcni k}~g q m k  Md�c x#" gjmEd�mEc�d q d�s ,�s�
��wc_d�c_upc~}~gji6d�c �I��g q m�i6c!�#ojuZmrsfu(� q cnm|d�c!�<lni6lnmEcnm[d�c~u|syi6u k o1;�s x s k l~uZi q �wlnmrs�� q c~u Md�s��<cnm��<cni6}~c �'c k i6c �#oju{i q symEc � x oG��mEl~}nsfursfgjiCd q }Io x } q x >8�,gji6}~cnmri#oti k x oG�#otm k sfc|oj}~g q u k s�� q c'� x#" l � q o k sfgji  \�->Y�
�g q x c�u�:�u k 
��wcKd " l � q o k sfgji6uH \�->Y���
� �  \�-> �,�
�_uEgji k mEl~upg x q u!�#otm x o �wl k 56gzd�c�d�c < q i2�<c���� q�krk o�d " gjmEd�mEc ��> @2o��mEg�}~l~d q mEc�d�c@}Io x } q x d q mEl��1s��wc k mpoti6urs k gjsymEc|c~u k d�gji6} x o�u q s��1oti k c7 %�<gjsymP3%s���>5�->Y�
�)>
� �2g q�k d " o1;�gjmEd � x oD��mEc~uEursfgji+oj}~g q u k s�� q c�c~u k u q �2��g1uEl~cvi q xyx c�d6oti6u x#" cni6uEc��A; x cCd q d�sfu��0g1uEs k s * � � q sfu x o� q sfupupoti6}~c k 56cnm��es�� q c *.g q mri�sfc � x#" l~}65#oti2�<c q m,d�c'}65#o x c q m,}65#o q d_c~u k syi�s k s(o x c��wcni k �2,�l~c �@q i6c��1o x c q m � � k c xyx c'�� q " cniv}Io x } q x oti k x oZd�sfu k mrs�; q�k sfgji�d�c k c����0lnmpo krq mEcX}~gjmrmEc~u���gji6d6oti k c'�#c k o1��m 
~u/u k o1;�s x sfu�o k sfgji�d�c~u k c�����lnmpo krq mEc~ud6oti6u x#" cni6uEc��A; x c[d q i6g :7o qCk 56cnm��wg<oj}~g q u k s�� q c'� x c|}~g�c
�_}nsfcni k d " o1��� x s��#}Io k sfgji k 56cnm��wg<oj}~g q u k s�� q c�?�uEgjs k d�cx#" gjmEd�mEc|d�c � � } � C  �s#>hc'>�� q u k c@uEg q u x c�upc q s x d�c�d�l~} x cni6}�56c��wcni k �)>� 3 x#" syi6u k oti k � 	 � � � x#" o1��� x s krq d�cwd�cG��mEc~upursfgji�oj}~g q u k s�� q c�syi�s k s(o x cec~u k �2,�l~c ��q i6cG�jo x c q m k c xyx c  %�<lni6l��mpo x c��wcni k � } � w ��t � � q c x c~u k mpoti6u *.cnm k u k 56cnm��es�� q c~u�ojupuEgz}nsfl~u � x#" l~}~g q x c��wcni k mEc~d�mEc~uEuEl�c k � x ov}~gji6d q } k s��zs k loj}~g q u k s�� q c��wcni k syi6d q s k c�uEgji k i6l�� x s��<cIo1; x c~u�> 3 q � � �wc@syi6u k oti k � 	 � � � q iKsyi6}nmEl��wcni k d�cI� q sfupupoti6}~c�� � c~u ko1�2� x s�� q l'>
� 3�}~c&�0gjsyi k � x c|}�5#o1����d�c k c�����lnmpo krq mEc � U � � �
	 � � j f � � � x#" syi6u k oti k � j f � c~u k }Io x } q x l'� � q sfu �#otm�u q s k cx c k c����6u�}Iotmpoj} k lnmrsfu k s�� q c|d " o1��� x s��#}Io k sfgji � � � 
 � � � j f � �)� x#" o1��� x s krq d�c|d�c ��mEc~uEursfgjiCoj}~g q u k s�� q c � � � � j f � �/c kcni �6i x c~u k cnm��wc~u'd�c�}~g q � x o1�<c � U � � � � j f � �,c k �4U � � j f � �/uEgji k d�l~d q s k u�>
� �,c krk c�g��0lnmpo k sfgji¢c~u k o x gjmEu{mEl���l k l~c � q u(� q " � u�o krq mpo k sfgji �6i#o x c|d�c x#" o1��� x s krq d�cZd�c x#" gji6d�c|oj}~g q u k s�� q c'>� 5#oj} q i6c@d�c~u{urs�� q x o k sfgji6u{i q �wlnmrs�� q c~u���mEl~uEcni k l~c~u+�#otm x o[u q s k cXc~u k g�; k cni q c|o �<c~} q i �#oju{d " l~}�5#oti k s xyx gji��i#o1�<c k c����0gjmEc x d�cs�zJut � } � w �8>4@8c_}Io x } q x �>c 3 c~} krq l�uEg q u �¢o k x o1;�u q m q i�gjmEd�syi#o k c q m �%cni k s q � ���$� �+� /-> ���� q
� �-?�/��CgKd�c=< 3�� � ��mEcni6d�o x gjmEu@cni8��symEgjid�75D��g q m q i�mEl��1s��wc k mpoti6urs k gjsymEced " q i6ced q mEl~ced�cG�[�[�vu�> @8cx c~} k c q m k mEg q �<cnmpo¢cni�oti�i6c),�c � � q c x � q c~uA��mEl~}nsfuEsfgji6u[u q m x o�mEl~uEg x q�k sfgji�i q �wlnmrs�� q cvd q mEl��1s��wc k mpoti6urs k gjsymEc'�
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otsyi6urs � q cwu q m x c�}�56gjs ,�d q �#oju�d " l~}65#oti k s xyx gji�i#o1�<c ��cnm��wc krk oti k d " ojuEu q mEcnm x o�}~gji8�<cnm��<cni6}~cvd�c~u�mEl~u q x k o k uZd�curs�� q x o k sfgji6u >

Eqs. (3.24)-(3.25)
ou

Eqs. (3.5)-(3.7)
Eq. (3.9)Eq. (3.8)

isT (x,t  )0 T (x,t  )
wT (x,t  )00

Chp. 2

Chp. 2

Eq. (3.9)Eq. (3.8)

Eq. (3.35)

(b)(a)

etc... etc...

Eqs. (3.10),(3.37)

T (x,t+dt)iT (x,t+dt)

ou
Eqs. (3.5)-(3.7)

T (x,t+dt)ws

00 10 2
rms

(t+dt)α

∆t>t  , Q(t)=Q  +   Q, p     (t)=         Pa

Eqs. (3.24)-(3.25)
rms00

(t+dt)

t<t  , Q(t)=Q  , p     (t)=0

0(t )=0α

s,w

ou
Eq. (3.3)

p     (t+dt)rms

Eqs. (3.39)-(3.40)

v(t+dt)sλ

8:9��:;m�->Y� e <Lc���mEl~uEcni k o k sfgji uE}656l��_o k s�� q c�d�c x o ��mEg�}~l~d q mEc�d�c�}Io x } q x d " q i�mEl��1s��wc k mpoti6urs k gjsymEc'> 	m� 
 @2o� q sfuEupoti6}~c k 56cnm��es�� q c+*.g q mri�sfc�c~u k syi�s k s(o x c��wcni k �2,�l~c �@q i6c �jo x c q m � � k c xyx c'� � q " cniv}Io x } q x oti k x o|d�sfu k mrs�; q�k sfgjid�c k c����0lnmpo krq mEc_}~gjmrmEc~u��0gji6d6oti k c'� x ceu�:�u k 
��wc�uEgjs k � q u k ceuEg q u x ceuEc q s x d�ced�l~} x cni6}656c��wcni k > 	�� 
 3 x#" syi6u k oti k
� 	 � � � q i3syi6}nmEl��wcni k d�c � q sfuEupoti6}~c � � c~u k o1�2� x s�� q l

�
x c�u�:�u k 
��wc d " l � q o k sfgji6u�d�l~}nmrs��joti k x c mEl��1s��wck mpoti6urs k gjsymEc�c~u k o x gjmEuLmEl~uEg x q �#oju � �#oju�� q u(� q " � upo krq mpo k sfgji �6i#o x cZd�c x#" o1��� x s krq d�c|d�c ��mEc~upursfgji�oj}~g q u k s�� q c'>

��������
 ���%)O*:��5<�� �9t�2" �#"%$15<��9j �)������	$< ��2"�9v"���) P657 �=����#9K�6$�5 P#9j���!$1�	$<9K� ��* P#57 �)+�#"%$1��� �
�2g q�k c~u x c~u �wc~u q mEc~ued�c7��mEc~uEursfgji�oj}~g q u k s�� q c ��mEl~uEcni k l~c~uwo q }65#o1��s k mEc ?�uEgji k sfuEu q c~u[d " q i �esf}nmEg��256gji6c��sfc+qIg	�!mEl~ursfu k s *@o � c q mpoti k � x o �#otmEgjs{syi k cnmri6cKd q � q sfd�cKd " gji6d�cKc k � x oj}~l � ? � ��cni�o1;0}nsfuEupc�} q m���s x s��1i6c'��d�cx#" c), k mEl��es k lv}65#o q d�cKd q u k oj}�BF M} " c~u k x c7�esf}nmEg��256gji6c�d�c d�mEgjs k cKu q m x c up}�56l��_o¢d�c x o 3>s���>�?'>�?7�=> ?�/-��d�gji kx#" o1;0}nsfupuEcZ} q m���s x s��1i6cw}~gjmrmEc~u���gji6dQo q �0gjsyi k 	 	�� � ��}~g�gjmEd�gji�i6l~cw}�56gjsfursfced6oti6u x c �wg�d 
 x cG�0g q mXs�����g1uEcnm x o}~gji6d�s k sfgji�o q , x s��es k c~u  \�-> /[�
���)> � m���cni k g q�k cXmrs�� q c q m�� x#" o1��� x s krq d�c�c
�_}Ioj}~cXd�c ��mEc~uEursfgji�oj}~g q u k s�� q c �

�
sfuEu q cd�c~u/}Io x } q x u/i q �wlnmrs�� q c~u'd�gjs k �nk mEc x o&��mEc~uEuEsfgjiKoj}~g q u k s�� q c � x#" c���� x oj}~c��wcni k d q u k oj}6B ��}Iotm/d " q i6cI�#otm k ��d6oti6ux#" l � q o k sfgji  \�->Y���
�)� x o�}~gji6d q } k s���s k l k 56cnm��es�� q c d q u k oj}6B c~u k u q �2�0g1upl~c_d�l���cni6d�mEc�d q }IotmrmEl�d�c x o ��mEc~upursfgjioj}~g q u k s�� q c�d6oti6u x c�u k oj}�B ��c k d " o q�k mEc �#otm k ��d6oti6u x#" l � q o k sfgji  \�->Y���
� x#" o krk lni q o k sfgji�d q c@o q ,$��cnm k c~u �esyi6c q mEc~u 

� � w � � � � V�� D ¤ �/d�l���cni6d�d�c x oG��mEc~upursfgji�oj}~g q u k s�� q c|o q ,vc), k mEl��es k l~uLd q u k oj}�B >3�syi6urs#� x#" o1��� x s krq d�c[c
�_}Ioj}~cZd�c ��mEc~upursfgji¢oj}~g q u k s�� q c �
�
sfuEu q c�d�c~u�}Io x } q x uLi q �wlnmrs�� q c~u�i6c ��c q�k �#oju �nk mEc}~g����#otmEl~cKd�symEc~} k c��wcni k � x#" o1��� x s krq d�c�d�c ��mEc~uEuEsfgji�oj}~g q u k s�� q c �wc~u q mEl~c�4�cni k g q�k cvmrs�� q c q m���}~gji�i#otsfuEupoti kx#" o1��� x s krq d�cvc
�_}Ioj}~c d�c$��mEc~uEursfgji�oj}~g q u k s�� q c � x#" c���� x oj}~c��wcni k d q u k oj}�B �8s x *!o q�k }Io x } q x cnm x o�d�sfu k mrs�; q�k sfgjid q }65#o1����oj}~g q u k s�� q c  �� q sXd�l���cni6dOd�c x o�d�sfu k mrs�; q�k sfgji�d q }�5#o1����d�c k c�����lnmpo krq mEc �)�{d�c x o � q c xyx c x#" o1� �� x s krq d�c�c
�_}Ioj}~cvd�c7��mEc~uEursfgji�oj}~g q u k s�� q cvo q ��gjsyi k d�c$�wc~u q mEcvc~u k d�l~d q s k c'� � q sfu[}~g����#otmEl~cKo q , mEl~u q x k o k uc), ��lnmrs��wcni k o q , >
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8:9��:;P�->�� e ��sfu k mrs�; q�k sfgji�d�c k c����0lnmpo krq mEc  Mcni5#o q�k �%c k d�sfu k mrs�; q�k sfgjiwd q }65#o1���_oj}~g q u k s�� q c/d6oti6ux#" cni6uEc��&; x c�d q d�sfu��0g1uEs k s * �D� q u k c upg q u x c upc q s x d�cd�l~} x cni6}�56c��wcni k  M? r � � � } � C � � � r � } � �)�2c k��g q m q i �wgzd�c|d�c@}�5#o q43 o1�<c|c), k cnmri6c'>

@8c~u 3>s��<u�>s�-> ��c k �->��OmEc���mEl~uEcni k cni k x c~uQd�sfu k mrs�; q�k sfgji6u�i6gjm��_o x sfuEl~c~u�d q }�5#o1��� oj}~g q u k s�� q c  %��mEc~uEursfgjioj}~g q u k s�� q c'� ��s k c~uEuEc�oj}~g q u k s�� q c�c k �25#ojuEc�cni k mEc ��mEc~uEuEsfgji�c k �zs k c~uEupc �[d6oti6u x#" cni6uEc��A; x cCd q mEl~uEgji#o k c q m���c k��g q m�d�c q ,ed�sfu k mrs�; q�k sfgji6u �#otm k sf} q x s�
nmEc~u,d q }�5#o1��� d�c k c����0lnmpo krq mEc'>�@8c~u�d�sfu k mrs�; q�k sfgji6u:d q }�5#o1����oj}~g q u k s�� q cupgji k }Io x } q x l~c~u'u q s��1oti k x oA��mEg�}~l~d q mEc�d�l�� � d�l~}nmrs k c|o q �#otmpo1�1mpo1�256cA/->�?'>Y�-> �@oti6u x cI��mEc��esfcnmL}Ioju& 3%s���>5�-> ���)� x c}65#o1��� d�c k c����0lnmpo krq mEc�c~u k }Io x } q x l���g q m q i$�wg�d�cLd�c�}�5#o q43 o1�<cLsyi k cnmri6cXd�cLuEgjm k c � q c x c�u�:�u k 
��wcLuEgjs k � q u k cupg q u x c�uEc q s x d�c|d�l~} x cni6}�56c��wcni k  M? r � � � } � C � � � r �Pt � �)> �@oti6u x c�uEc~}~gji6d�}Ioju& 3>s���> �->��
�)� x c|}�5#o1���Cd�ck c�����lnmpo krq mEc�c~u k }Io x } q x lA�0g q m q i �wgzd�c@d�c�}65#o q43 o1�<cZc), k cnmri6c7 M? r � � � } � C � � � r � } � �)>
��c �#otm x#" oti#o x :�uEc�d q }65#o1���+oj}~g q u k s�� q c'�:s x o1�2�#otmpo�� k � q c x c~u o1��� x s krq d�c~u�d�c ��mEc~uEursfgjiOoj}~g q u k s�� q c �x#" c���� x oj}~c��wcni k d q u k oj}6B�c k o q ��gjsyi k d�c!�wc~u q mEc�uEgji k ojuEuEc+q$��mEg�}�56c~u x#" q i6c_d�c x#" o q�k mEc_d6oti6u x c~uZd�c q ,�}Iojud�c ��� q mEc~uD �syi k cnmri6c�g q c), k cnmri6c �)�:d�cCuEgjm k c � q c �6i#o x c��wcni k �/s x c~u k �0g1uEuEs�; x c�cni ��mEc��es�
nmEcQo1�2��mEg ,�s��_o k sfgjid�cv}~gji6ursfd�lnmEcnm4� q c x o.��mEc~uEursfgji�oj}~g q u k s�� q cKd6oti6u x cKu k oj}�B�c~u k x oD� � �wc6� q cK}~c xyx c�o q x sfc q d�c �wc~u q mEc'��}~c

� q s��0cnm��wc k d�cK}~g����#otmEcnmwd�symEc~} k c��wcni k x c~uemEl~u q x k o k ued�cKurs�� q x o k sfgji6u o q ,�mEl~u q x k o k uwc),-��lnmrs��wcni k o q , >+�Li6cd�c~up}nmrs�� k sfgji9� x q u���mEl~}nsfuEcK}~gji6ursfu k cnmpots k � x gjmEued�c~uwurs�� q x o k sfgji6u�d q mEl��1s��wc k mpoti6urs k gjsymEc'� � }Io x } q x cnm � }65#o � q cs k lnmpo k sfgji k c����0gjmEc xyx c x oQd�sfu k mrs�; q�k sfgjiOd q }�5#o1���+oj}~g q u k s�� q c � q sfu�d " cni�d�l~d q symEc x#" o1��� x s krq d�cCd�c ��mEc~uEursfgjioj}~g q u k s�� q c�o q x sfc q d�c �wc~u q mEc'> �,c���cni6d6oti k �:}~c~}ns�o q �'�wcni k cnmpots k }~gji6ursfd�lnmpo1; x c��wcni k x c~u k c����6u_d�c�}Io x } q x u Md�l�� � l x c��<l~u �)�Xc k }~c krk c�d�l��_otmE}�56c�i6c�uEc � q u k s��#c�d�gji6} � q c�urs x c�}65#o1��� d�c k c�����lnmpo krq mEc  Mc k d�gji6} x c}65#o1���3oj}~g q u k s�� q c � l��<g x q cQurs��1i�s��#}Io k s��<c��wcni k o q }~g q mEuKd q mEl��1s��wc k mpoti6uEs k gjsymEc'� �#otmKc),�c���� x cQcni�mpotsfuEgjid�c x#" c),�}ns k o k sfgjiCd q �<cni k oj}~g q u k s�� q c'>
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 k mEc~u��<l~g��wl k mrs�� q c~uLc k d�c~uL}Iotmpoj} k l��mrsfu k s�� q c~u k 56cnm��wg��25�:�uEs�� q c~u q�k s x sfupl~c~u,d6oti6u x c �wg�d 
 x c�upgji k }~c xyx c~u x sfu k l~c~u/d6oti6u x c k o1; x cIo q �->�?'>��Xc � x q u���d6oti6uk g q�k c x oZu q s k c�d�cX}~cX}�5#o1��s k mEc'� x c~u��#otmpo1� 
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bNc d&;��-> / e���o x c q mEuXmEc k cni q c~u �0g q m x c~u �#otmpo1� 
 k mEc~u@mEl��1sfuEupoti k x c~u@c 3 c k u�i6gji x syi6lIotsymEc~u@d�c �<cni k oj}~g q u k s�� q c'�d�c@}~gji6d q } k s��zs k l[oj}~g q u k s�� q c��wcni k syi6d q s k c'�	d�c@}IojuE}Iojd�c 5#otm��wgji�s�� q c|c k d�c ��cnm k c~u �esyi6c q mEc~u�>
�2g q�k c~u x c~u�urs�� q x o k sfgji6u ��mEl~uEcni k l~c~u �#otm x o�u q s k c�gji k ��g q m�g�;
�Gc k d " �nk mEc�}~g����#otmEl~c~u�o q , mEl~u q x k o k uc), ��lnmrs��wcni k o q ,�d�c~u&3>s��<u�> ?'>�?��Xc k ?'>�?��-� x c~u ��mEc��esfcnmEu�l k oti k g�; k cni q u �#otm�}�5#o q43 o1�<c,c), k cnmri6c,c k x c~u>uEc~}~gji6d�u �#otm}�5#o q43 o1�<c�syi k cnmri6c'��}~c�}656gjs ,|l k oti k �wg k s��<l �#otm � x q uEsfc q mEu8mpotsfuEgji6u�> �2g q�k d " o1;�gjmEd �;upc x gji � q c x c�}�5#o q43 o1�<c�c~u k d�ck : �0cLsyi k cnmri6c�g q c), k cnmri6c'� x o�i#o krq mEc�d�c~u�mEl��1s��wc~u k mpoti6urs k gjsymEc~u/g�;6uEcnm��<l~u:c~u k�k m 
~u:d�s 3 lnmEcni k c'> � i }~gji6uEl � q cni6}~c'�x o[}~g����#otmpotsfuEgji�d�c~u{mEl~u q x k o k u{c),-��lnmrs��wcni k o q ,�o q , mEl~u q x k o k u{d�c@urs�� q x o k sfgji6u�d6oti6u{}~c~u'd�c q , }~gji ��� q mpo k sfgji6ud�gjs k ��cnm��wc krk mEcLd�c��1o x sfd�cnm x c��wg�d 
 x cLd6oti6u x#" l��<cni krq o x s k l�g�� x c~u�d�c q , k : �0c~u�d�c'mEl��1s��wc~u k mpoti6urs k gjsymEc~u/ojuEuEg�}nsfl~uo q ,�d�c q , �wgzd�c~u�d�c[}�5#o q43 o1�<cA� q sfuEupcni k �nk mEcZ}~gjmrmEc~} k c��wcni k mEc���mEgzd q s k u�d6oti6u x c~u�urs�� q x o k sfgji6u�> � i6u q s k c'� x c~umEl~u q x k o k u'c),-�0lnmrs��wcni k o q ,�d�c~u 3>s��<u�>=?'>�?��_c k ?'>�?��wgji k l k l@mEc k cni q u+��g q m q i6c�}~g����#otmpotsfuEgji�o q �wg�d 
 x cI�#otmE}~c

� q c x c��wgji k o1�<c�c), ��lnmrs��wcni k o x d6oti6u|}~c~uZd�c q ,Q}~gji ��� q mpo k sfgji6u�c~u k mEl~d q s k � upo � x q uA�1mpoti6d�c_urs���� x sf}ns k l'�%d�cuEgjm k c � q c@}~cnm k otsyi6u���mEgz}~c~uEu q u �258:�urs�� q c~u{d�s �_}ns x c~u � �wgzd�l x sfupcnm�� q sfuEcni k �nk mEcXi6l�� x s��<l~u > � i�c 3 c k ��d " q i6c �#otm k �x#" gjmrsfcni k o k sfgjiwd q d�sfu���g1urs k s *#c),-�0lnmrs��wcni k o x d6oti6u>}~c~u�d�c q ,Z}~gji ��� q mpo k sfgji6u�c~u k%k c xyx c2� q c x#" c 3 c k d�c x o�}~gji8�<c~} k sfgjii#o krq mEc xyx c{c~u k �esyi�s��_o x �1c k d " o q�k mEc��#otm k ����g q m x c �wg�d�c/d�c/}�5#o q43 o1�<c{c), k cnmri6c'� x o ��s�
~}~c �wl~}Ioti�s�� q c{}~gji6u k s krq l~cd " q iQcni�mEg q x c��wcni k d�c�m q ;#oti�d " syi6g�,9 3>s���> ?'>Y�
��syi�s k s(o x c��wcni k � x oj}~l~ced6oti6u x cG� q sfd�ced " gji6d�c � ��mEg ,�s��es k lwd�cx#" c), k mEl��es k le}65#o q d�cwd q u k oj}�BQo l k leu q �2��mrs��wl~c'��d�ceuEgjm k c � q c x c~u k mpoti6u *Mcnm k u k 56cnm��es�� q c~u�cni k mEcw}~c krk c ��s�
~}~cc k x c�u k oj}6B ����mEg�;#o x c��wcni k d�s �_}ns x c~u � �wg�d�l x sfuEcnm! �i6g k o1���wcni k cni.��mEl~uEcni6}~c�d " q i6cegji6d�ceoj}~g q u k s�� q c�d�c *.gjm ki�s��<cIo q �)��i " oG�#oju x sfc q d " �nk mEc ��mrsfu'cni�}~g���� k c'>
���65���
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@8c~uP3%s��<u > �->Y�wc k �->a`G��mEl~uEcni k cni k d�c~uLmEl~u q x k o k uLd�c|urs�� q x o k sfgji6uXg�; k cni q u x gjmEu(� q c�uEc q x u x c~uLc 3 c k uLd q �<cni koj}~g q u k s�� q c�c k d�c x o'}~gji6d q } k s���s k l,oj}~g q u k s�� q c��wcni k syi6d q s k c,uEgji k ��mrsfu>cniZ}~g���� k c,d6oti6u x o{u�o krq mpo k sfgji[d�c x#" gji6d�coj}~g q u k s�� q c'>��,c~u�mEl~u q x k o k u:uEgji k g�; k cni q u:cni�mEl~uEg x �joti k x#" l � q o k sfgjiD \�->Y�
��}~g q � x l~c�o q ,wl � q o k sfgji6u:d�l~}nmrs��1oti k x c~uk mpoti6u *.cnm k u k 56cnm��es�� q c~u >
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@8c~u�}~g q m�;0c~u�d�c x o 3>s���>	�->Y�CuEgji k � }~g����#otmEcnm_o q ,�}~g q m�;0c~u�c),-�0lnmrs��wcni k o x c~uwd�c x o 3>s���> ?'>�?�����}~g q m�;0c~u
� q seuEgji k mEc���gjm k l~c~uQsf}nseu q m x o 3>s���>��->a` > @ " oti#o x :�uEc�}~g����#otmpo k s��<c�d�c~uQmEl~u q x k o k uQd�c�uEs�� q x o k sfgji6u c k d�c~umEl~u q x k o k u�c),-�0lnmrs��wcni k o q , *!ots k o1�2�#otmpo�� k mEc � q c'� � x g�;#o x c��wcni k � x c �wg�d 
 x cZmEc���mEgzd q s k ;�sfcni x c~u�c 3 c k u�g�;6uEcnm��<l~uc),-��lnmrs��wcni k o x c��wcni k � k oti k u q m x c � x oti � q o x s k o k s * � q c&� q oti k s k o k s *�> � i+c 3 c k ��u q m x c � x oti � q oti k s k o k s *�� x c~ud q mEl~c~u%mEc x o k s��<c~u � x#" o1��� x s��#}Io k sfgjiwc k x oLu k o1;�s x sfupo k sfgji[d�c x#" gji6d�c,oj}~g q u k s�� q c'�jotsyi6urs � q c x c~u8i�s��<cIo q ,[o krk cnsyi k u>cnimEl��1s��wc/u k o k sfgji�i#otsymEc{upgji k�k m 
~u ��mEgz}656c~u�d�c~u �jo x c q mEu�g�;6uEcnm��<l~c~u�c),-��lnmrs��wcni k o x c��wcni k � � q c x � q c,uEgjs k x#" syi6}nmEl��wcni kd�c � q sfuEupoti6}~c � � o1�2� x s�� q l[o q u�:�u k 
��wc'> ��c � x q u�� x#" o xyx q mEc�� q o x s k o k s��<c[d�c~uL}~g q m�;�c~u'sfuEu q c~uLd�c~uLuEs�� q x o k sfgji6u�wgji k mEc q i6c�o1��� x s��#}Io k sfgji�c),-�0gji6cni k sfc xyx c'��u q s��zsfc�d " q i6cXupo krq mpo k sfgji=� � q sfu:d " q i6c �25#ojuEc�d " o1��� x s��#}Io k sfgji x cni k co��joti k upo krq mpo k sfgji �6i#o x c'> � i�mElIo x s k l'� x o�uEc q x cKd�s 3 lnmEcni6}~cKd�c k ots xyx c�cni k mEc �wg�d 
 x c�c k c), ��lnmrsfcni6}~c�}~gji6}~cnmri6cx#" g�;6upcnm��jo k sfgji=�'��g q m�d�c~u � � � � � l x c��<l~u:d�c x otm��<c~u�g1uE}ns xyx o k sfgji6u:d�c x#" o1��� x s krq d�cLd�c���mEc~uEuEsfgji�oj}~g q u k s�� q cLo �1oti kx o �25#ojupc�d " o1��� x s��#}Io k sfgji x cni k c|c k d�c�u k o1;�s x sfu�o k sfgji=>
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�_}Ioj}~cd�c~u�g1uE}ns xyx o k sfgji6u,d�c���mEc~uEursfgji oj}~g q u k s�� q cLd q �wgzd�c*.gji6d6o1�wcni k o x �0g q m>d�s 3 lnmEcni k u2syi6}nmEl��wcni k u�d�c � q sfu �upoti6}~c � � o q d�c x � d�c x o � q sfuEupoti6}~ceuEc q s x d�ced�l��} x cni6}�56c��wcni k  � � r � }[} � ��d�c x#" syi6u k o1;�s x s k l k 56cnm ��wg<oj}~g q u k s�� q c'>�@2c~u�� q o k mEc~uLmEl��1s��wc~u k mpoti6urs k gjsymEc~u��mEl~uEcni k l~u¢upgji k g�; k cni q uD�#otmC}�5#o q43 o1�<c�c), k cnmri6c��g q m � � � � � 	 � � � ��� � ��� 
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��wc[}~gji k syi q cwd�ceu q s��zmEc�}~c k : �0cd�c'mEl��1s��wc'�zo x gjmEu � q c x c~u�mEl~u q x k o k u�c),-�0lnmrs��wcni k o q ,$�wgji k mEcni k:q i6cLu k o1;�s x sfupo k sfgji �6i#o x c�d�c x#" gji6d�c�oj}~g q u k s�� q c'>
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�
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 k mEc~u,d�cL}~gji k m1T x c �
� � � U � � ��c k �
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 k mEc �
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R Jgf ��LN[ Y aQPSLNI	RUX][|j>��Pba2XMOyO2X:5*#&%
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[|j � Y jlIZaQPba f 5*#<7 1 N % XMOQa�_UV2LN_FLNVQaQPSLNIUI=XW[b[SX}e>[ J PbIZa2XWI=O2Pba f jNKML Y OQaQP�� Y X�r L Y j Y KnjlVQV f RUX\[|j>_UV2XMO2OQPSLNI�jNKML Y O2aQP�� Y X
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. 5*# A 7 / . M 5 #
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/ � 5 # A 7/ 0 
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XWa?_ Y PSO � Y X65*#
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/ 5*# A 7
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